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This publication is the result of a program to improve 
the quality of chemicals available for biochemical re
search by establishing criteria, standards, or specifica
tions useful for describing such chemicals, particularly 
with regard to purity. These pages represent an effort to 
satisfy a long-felt need of biochemists for more knowl
edge of the chemicals used in their investigations. 

The program was initiated by Dr. Sam R. Hall* who, 
as a result of discussion with prominent biochemists, 
brought the matter to the attention of the Biochemistry 
Study Section of the National Institutes of Health at its 
meeting of January 1955. The Study Section recom
mended that a joint committee be established by the two 
largest organized groups of biochemists, the American 
Society of Biological Chemists and the Division of Bio
logical Chemistry of the American Chemical Society. 
The governing bodies of these societies referred the 
problem to the then newly formed Committee on Bio
logical Chemistry of the Division of Chemistry and 
Chemical Technology, National Academy of Sciences
National Research Council. Under the chairmanship of 
Prof. Herbert E. Carter, this Committee surveyed the 
need by submitting a questionnaire to the memberships 
of both societies. The response was 42 percent ( consid
erably beyond normal expectations), and about 90 per
cent of the replies indicated a serious need for improve
ment in the quality and the standards of biochemicals. t 

• Dr. Hall was at that time Exe<:utive Secretary of the Endocri
nology Study Se<:tion of the National Institutes of Health. He 
played a leading role in the early development of this program 
and remained active in it until he left NIH in 1956 to join the 
statl of the American Cancer Society. 
t Science, 123, 54 (1956). 

Preface 

This response, together with many additional comments 
and communications, was regarded by the Committee 
on Biological Chemistry as a mandate for action. 

Much of the earlier work on the project was carried 
out by the Committee on Biological Chemistry. How
ever, the need for a continuing examination of problems 
in this area has been recognized by the formation of a 
Committee on Specifications and Criteria for Biochemi
cal Compounds, a standing committee of the Division of 
Chemistry and Chemical Technology of the National 
Academy of Sciences-National Research Council. This 
committee has been responsible for preparing the third 
edition of this work. Many individuals were involved, 
and they relied heavily on the work of the numerous 
persons who contributed to the preparation of the earlier 
editions. A cumulative list of all the members of the 
former Committee on Biological Chemistry and the 
earlier subcommittees is to be found in the second edi
tion, published in 1967. Following this preface is a list 
of present members of the Committee on Specifications 
and Criteria for Biochemical Compounds and its sub
committees. It should be realized that many other indi
viduals helped immeasurably with the task of preparing 
this volume, and the Committee expresses its gratitude 
to these unnamed persons. 

The principle guiding the Committee and its sub
committees has been to select those criteria and speci
fications that permit adequate characterization of quality 
for each compound included. For the sake of uniform
ity, the following definitions have been adopted as guide
lines: Criteria state what a compound or material is, or 
what it does, or both; criteria describe any or all of the 
following: (a) chemical properties, (b) physical prop-

iii 
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erties, (c) some kind of activity; criteria describe the 
properties of the purest and most highly active speci
men reported to date. Specifications are based on cri
teria; they give acceptable ranges for the selected 
criteria and procedures for determining that these re
quirements have been met. Specifications may also de
scribe properties that the material shall not possess, as 
well as requirements for preserving, handling, packag
ing, dating, and labeling. 

Fine biochemicals-unlike inorganic chemicals-are 
supplied by a comparatively small number of specialized 
manufacturers who are, however, widely dispersed on 
this continent, as well as in Europe, Asia, and South 
America. The preparations may involve not only a vari
ety of procedures, but also starting materials of various 
degrees of purity. Some classes of compounds, such as 
the sugars and amino acids, were relatively well charac
terized before this program was initiated. For those 
compounds, the criteria and specifications represent 
accurate descriptions of existing high-grade commercial 
preparations. Many other substances, however, such as 
the enzymes and coenzymes, cannot be described so 
rigorously. The subcommittees felt that it would be more 
appropriate to describe such substances in terms of cri
teria by which the user could form his own judgment as 
to their purity. 

The Committee believes that the major burden of 
evaluating the acceptability of biochemicals for any spe
cific use or purpose belongs, in the long run, to the users 
themselves. Although the representations of suppliers 
may generally be relied upon, users should be acquainted 
with the best available and practicable guide for recog
nizing the degree of purity required, and it should be 
the user's responsibility to determine what, if any, fur
ther purification may be needed. Many of the com
pounds for which criteria and specifications are given in 
this book are labile, and precautions should be taken to 
ensure their stability. Normally, recommendations of 
the manufacturer should be followed when storing these 
materials. 

This edition contains criteria and specifications for 
521 compounds. The first edition consisted of two vol
umes of loose-leaf pages, covering 225 compounds, and 
the second was a hard-cover volume containing data on 
392 compounds. 

Although there has been a progressive increase in the 
size of successive editions, the coverage is, of course, by 
no means complete. Each of the subcommittees has ad
ditional compounds under consideration for future edi
tions, and other subcommittees will probably be ap
pointed to consider categori~s of biochemicals not yet 
included. It is considered that the criteria and specifica
tions here selected for the individual compounds consti
tute the best information available to date. In the future, 

improved techniques will undoubtedly reveal better cri
teria, and improvements in manufacturing practice will 
put on the market products having a degree of purity 
not now commercially feasible. 

The problem of setting criteria and specifications for 
radioactively labeled biochemicals is one that has long 
plagued the Committee, for it was realized that this 
Pandora's Box should be opened with care. Neverthe
less, with so many labeled compounds available com
mercially, a start in this direction had to be made. As a 
first step, some general comments concerning the use of 
these materials are included in this volume, in a section 
prepared by Dr. Horace S. Isbell. For the performance 
of this task, the Committee is extremely grateful to Dr. 
Isbell, who has acquired an extensive knowledge of the 
problem through his many years of experience in the 
synthesis and use of isotopically labeled materials. 

In accordance with unit prefixes and abbreviations 
recommended by the International Bureau of Weights 
and Measures,• nm has been used for nanometre (for
merely, m11 for millimicron) and p.111 for micrometre 
(formerly, 11 for micron) . Where the name in common 
use for a compound differs from that in the Subject 
Index to Chemical Abstracts, the latter name is usually 
given also (parenthetically in boldface type) in the 
heading for a specification. 

The Committee on Specifications and Criteria for 
Biochemical Compounds would greatly appreciate hav
ing any errors or omissions found in this publication 
brought to its attention. This request is earnestly di
rected to all purchasers and other interested persons. 
The Committee is also eager to receive criticisms and 
suggestions regarding either substantive text or publica
tion format. As in many ventures with multiple author
ship, there have been differences of opinion on selection 
of information and on the best manner to assemble and 
present the material. It is hoped that suggestions from 
the scientific public will result in improvement of future 
editions. 

Another important aspect is evaluation by users of 
the adequacy of the data in actual situations. If some 
users find, for example, that the specifications and cri
teria are of limited value to them because of the manner 
of presentation or because certain additional informa
tion is not supplied, these facts will be of interest to the 
Committee, and communications will be welcome. In 
this connection, it should be pointed out that the bio
chemical characterizations were developed for general 
use in research. The criteria and specifications of the 
biochemical materials in this publication relate to pur
ity standards and not to use of the materials for pur-

• "The International System of Units (st)," National Bureau of 
Standards Special Publication 330 (January 1971 ). 
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poses other than biochemical research. Users with 
special requirements should discuss their needs directly 
with the manufacturers. 

Certain commercial products and instruments are 
identified in this publication in order to specify the ex
perimental procedure in sufficient detail. In no case 
does such identification imply recommendation or en
dorsement by the National Academy of Sciences
National Research Council, nor does it imply that the 
product or equipment so identified is necessarily the 
best available for the purpose. 

Reports of errors, suggestions for revisions, and 
other comment on either substance or format may be 
addressed to: 

Committee on Specifications and Criteria for 
Biochemical Compounds 

Division of Chemistry and Chemical Technology 
National Academy of Sciences-National Research 

Council 
Washington, D.C. 20418 

In conclusion, the Committee expresses appreciation 
for encouragement and support by the National Insti
tutes of Health under Contract PH 43-64-44, Task 
Order No. 13, without which this project could not have 
been realized. The Committee owes a special debt of 
gratitude to Dr. R. Stuart Tipson, who edited the manu
script. Thanks are owing also to Dr. Waldo E. Cohn, 
Director of the NAS-NRC Office of Biochemical Nomen
clature, for valuable advice regarding approved nomen
clature. 
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D-Galactono-1.4-lactone .... ........ .. ..... .... ...... . . ... ..... . Carbo-24 39 
D-Galactopyranose ............................................ Carbo-2S 39 
D-Galactopyranuronic Acid Monohydrate ..... .. ........ . ........ Carbo-26 39 
D-Glucitol. ................................................... Carbo-27 40 
D-Glucono-l.S-Iactone .. . ..... ............... .. ....... ...... .. . Carbo-28 40 
D-Glucopyranose. Anhydrous ...... ... ............... ..... ... .. . Carbo-29 40 
tJ-D-Glucopyranose Pentaacetate ... ............ . ............. .... Carbo-30 41 
D-Glucurono-6.3-lactone ................. . ......... . ........... Carbo-31 41 
Glycogen ..................................................... Carbo-32 41 
o-Gulono-1.4-lactone .. ........ . .... ... ..... .. . ......... ...... . Carbo-33 42 
o-g/ycero-o-gu/o-Heptono-1.4-lactone ............................ Carbo-34 42 
~Heptulose .............. .... . ... . ... ...... ... ... . ... .. Carbo-3S 42 
myo-lnositol ....................... ......... .. ..... . . . ........ Carbo-36 42 
Inulin . ................................. ............ ....... ... Carbo-37 43 
Lactose Monohydrate .......................................... Carbo-38 43 
o-Lyxopyranose ............................................... Carbo-39 43 
Maltose Monohydrate . .... .. ............................. .. . .. Carbo-40 43 
o-Mannitol. ................................... . ......... . .... Carbo-41 44 
o-Mannopyranose . ........... ............................... .. Carbo-42 44 
L-Mannopyranose .. ........... . .. . ........ ......... ........... Carbo-43 44 
Melezitose Monohydrate ........... . . ...................... .... Carbo-44 4S 
Melibiose Monohydrate . ........ .... ...... . .. ......... .. . ... ... Carbo-4S 4S 
Methyl a-D-Glucopyranoside ............................. ... ... Carbo-46 4S 
Methyl tJ-D-Glucopyranoside ........ . . .. .. ..... . ... .. ... ........ Carbo-47 46 
Methyl a-o-Mannopyranoside .. . ............. . ... . ......... .... Carbo-48 46 
Methyl tJ-o-Xylopyranoside ........ . ......................... .. . Carbo-49 46 
Phenyl tJ-D-Giucopyranoside .............. . .. .............. ..... Carbo-SO 46 
Raffinose Pentahydrate ...... ... . . ................ . ........... .. Carbo-Sl 46 
a-L-Rhamnopyranose Monohydrate ............ ............ .. ... Carbo-S2 47 
Ribitol. ... ................... .... .. . ... . .. ............ ..... .. Carbo-S3 47 
o-Ribopyranose .......................................... .. .. . Carbo-S4 47 
Salicin ... . . ... .... ............. ... ..... .. ...... . ...... . . ... . . Carbo-SS 48 
Sedoheptulosan Monohydrate ................................... Carbo-S6 48 
Sodium o-glycero-o-gulo-Heptonate Dihydrate . ................... Carbo-S7 48 
L-Sorbopyranose ............................................ . . Carbo-S8 49 
Stachyose Tetrahydrate ....... .... .. .. . ....... .. ....... .. . ..... Carbo-S9 49 
Starch. Soluble ................................................ Carbo-60 49 
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Carbobydratel and Related Compounds (eoatiaued) 

Sucrose ...................................................... Carbo-61 SO 
Tetra-0-acetyl-~D-ribofuranose ................................. Carbo-62 SO 
Tetra·O·acetyl-~D-ribopyranose ....... .. ............ ... ......... Carbo-63 SO 
a,a· Trehalose Dihydrate ....................................... Carbo-64 S I 
Tri-0-acetyl·D-glucal ........................................... Carbo-6S S 1 
Turanose ..................................................... Car~ S1 
Xylitol. ...................................................... Carbo-67 S 1 
D-Xylopyranose ............................................... Carbo-68 S2 
L·Xy1opyranose ............... .. ..................... . ........ Carbo-69 S2 

CaroteDoldl and Related Compounds 

General Remarks and Analytical Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S3 
Analyses of Commercial Products. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S4 

Antheraxanthin ................................................. Carot-1 SS 
JJ-Apocarotenal ................................................. Carot-2 SS 
IJ-Apocarotenoic Acid Ethyl Ester .... . .... ... ....... . .... ... ...... Carot-3 S6 
IJ-Apocarotenoic Acid Methyl Ester .... ... ..... ............ .. ..... Carot-4 S6 
Astacin ............ ... .............................. .... ....... Carot·S S6 
Bixin .......................................................... Carot-6 S1 
Can~thin ...................... . . . ....................... .. Carot-7 S8 
Capsanthin .................................................... Carot-8 S8 
Capsorubin . ........................... . ... .................. .. Carot-9 S9 
a-Carotene .. ....... ......... .......... ................... ..... Carot-10 60 
~arotene .................................................... Carot-11 60 
")'-Carotene .................................................... Carot-12 61 
r-earotene .................................................... Carot-13 62 
Citranaxanthin ............................................... . Carot-14 62 
Crocetin .... ................. ................................ . Carot-1 S 63 
Crocetin Diethyl Ester ...... ... .... ........ ............. . ..... .. Carot-16 63 
Cryptoxanthin ................................................. Carot-17 64 
2,2'-DiketospiriUoxanthin . ........ . .. .. ................ .. ....... Carot-18 64 
Echinenone ... ... . .... ...... .... . . .................... . .... . . . Carot-19 6S 
Famesyl Pyrophosphate ..... ................................... Carot-20 6S 
Geraniol. ................................................. . ... Carot-21 66 
Geranyl Pyrophosphate ......................................... Carot-22 67 
Geranylgeranyl Pyrophosphate .................................. Carot-23 67 
lsopentenyl Pyrophosphate ..................... . ................ Carot-24 68 
Lutein~ ....................................................... Carot-2S 68 
Lycopene ..................................................... Carot-26 69 
Lycoxanthin ... ....................... .. .... .. . . .. . ............ Carot-27 70 
Mevalonic Acid ................................................ Carot-28 70 
Mevalonic Acid S-Phosphate ....................... ... .......... Carot-29 71 
Mevalonic Acid S-Pyrophosphate ........ ...... . ... . ........ ... . . Carot-30 71 
Nerolido1 ..................................................... Carot-31 72 
Neurosporene ..................................... ... ........ . Carot-32 72 
Physalien ..................................................... Carot-33 73 
Phytoene ..................................................... Carot-34 73 
Phytofluene ................................................... Carot·3S 74 
Prolycopene ................................................... Carot-36 1S 
Proneurosporene ........ .......... ........... ....... .......... . Carot-37 1S 
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Carotenolds and Related Compounds (coatlaued) 

Retinal .... . . . . .. . .. .. .... . . ... . ......... . . . . . ..... .. ........ . Carot-38 76 
Retinoic Acid ... . . . .. . . . ....... . . . .. . . . ... . ..... . . .... ... . .... Carot-39 76 
Retinol .. . ...... ... .... . ...... . . .. ..... . . .. .... .. ..... . .... . .. Carot-40 77 
Retinyl Acetate .. . .. . .. . . . ..... . ..... . ..... . ... . .. . . . .......... Carot-41 78 
Retinyl Palmitate . . . . . ................ . ..... . ..... .. ..... . .... ."carot-42 79 
Spirilloxanthin . ...... . ... . .. . .......... . .. . . . . . ................ Carot-43 79 
Squalene .......... . ... . ..... . ...... . ..... . .. .. ... . ............ Carot-44 80 
Torularhodin, Ethyl Ester .......... . ...... .. .. . ... ... .. .. . . ... . . Carot-45 81 
Torularhodinaldehyde . . ... . ....... . ... .. ......... . ..... . . .. .. . . Carot-46 81 
Violaxanthin ...... . . . . . ................ . . . .. . ........ . .. . . . ... Carot-47 81 
IJ-Zeacarotene . .... . .. . . ........ . .. . . . ..... ... .......... .. . . ... Carot-48 82 
Zeaxanthin .. . . . . . .. . .. ... . . .. . .... . ... . .. . .... . . . . . ........ . .. Carot-49 83 

CoeDZ)'IIlel and Related Coaapouads 

General Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 

Acetyl Coenzyme A .. . ......... ... . . .. . .............. . . . ... . ..... CoE-1 86 
3-Acetylpyridine Analog of NAD .......... .. ...................... . . CoE-2 86 
3-Acetylpyridine Analog of NADP .. .. ............ ..... . . .. . ......... CoE-3 86 
Cobamide Coenzymes: 

I. Adenylcobamide Coenzyme 
II. Benzimidazolylcobamide Coenzyme 

III. 5,6-Dimethylbenzimidazolylcobamide Coenzyme .... . .. .. . .. .... . CoE-4 87 
Coenzyme A ............. . ............. . .................. . ..... CoE-5 87 
Nicotinamide Adenine Dinucleotide .... . ...... . ... . ..... . .... .. ... . CoE-6 87 
Nicotinamide Adenine Dinucleotide Phosphate .. . .. . .... . .. . .. . . . . . . CoE-7 88 
Nicotinamide Hypoxanthine Dinucleotide ........ . ...... . ..... . .. . . . CoE-8 88 
Reduced Nicotinamide Adenine Dinucleotide .. . ...... . . . .. . .. . ... .. . CoE-9 88 
Reduced Nicotinamide Adenine Dinucleotide Phosphate . .. .... . .. . .. CoE-1 0 89 
Uridine Diphosphoglucose ................... .. ...... .. . . ... . . .. . CoE-11 89 

EDZ)'Jiles 

General Remarks . . . ..... . .. ... .... . ... . .. .. .... .. ... . .. .. ............. 91 
Format for Criteria Sheets.. . ........ . ........ . ........ . . . .... .. ........ 91 

Acetylcholinesterase (Electrophorus electricus) . .. .. .. . ... . .. .. ...... . ... E-1 94 
Alcohol Debydr()lenase (Horse Liver) .... . .. .... . . .. .. . . .......... . ... E-2 94 
Alcohol Dehydrogenase (Yeast) ... .. ...... ... . .. . ... .. . .... . ......... E-3 95 
Aldolase (Rabbit Skeletal Muscle) ..... . . ... ............... . ......... . E-4 95 
Alkaline Phosphatase (Esherichia coli) ............. . .......... .. ...... . E-5 96 
o-Amino Acid Oxidase (Pig Kidney) .. . .. . .. . ..... ... ............... .. E-6 96 
L-Amino Acid Oxidase (Crotalus odamanteus Venom) . .. .. ... . ... . ... .. . E-7 97 
Aminoacylase (Pig Kidney) ........... . ........... . .. . .............. . E-8 97 
a-Amylase (Pig Pancreas) .. .. . .............. . ....... . . . ............. . E-9 98 
IJ-Amylase (Sweet Potato) ..... .. .................... ... ... .. ....... E-10 98 
ATP-Creatine Phosphoransferase (Rabbit Skeletal Muscle) ............. E-ll 99 
Carbonic Anhydrase (Bovine Erythrocytes) . . ....... .. ... . ... . .... . ... E-12 I 00 
Carboxypeptidase A (Bovine Pancreas) . . . . ... . ........ . ...... . ....... E-13 100 
Carboxypeptidase B (Pig Pancreas) .................. .. .............. E-14 101 
Chymotrypsin A (Bovine Pancreas) .. . .......... .. ................... E-15 101 
Citrate Synthase (Pig Heart) ... . .. . ........ .. .. . ..... . . . ....... . . .. . E-16 102 

:dl 
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Enolase (Rabbit Muscle) . ... . ....... . . . .. . .... . ..... . ......... . .. .. E-17 102 
Enolase (Yeast) .... . . . . . . .. ............... . .. . .. ... ......... .... . . E-18 102 
Extracellular Nuclease (Staphylococcus aweus) . ............. . . ....... . E-19 103 
o-Glucose-6-pbosphate Dehydrogenase (Brewers• Yeast) . . .. .. . . . .. ... . . E-20 104 
o-Glyceraldehyde-3-phosphate Dehydrogenase (Rabbit Muscle) . ..... . .. . E-21 104 
L-Glycerol-3-phosphate Dehydrogenase (Rabbit Skeletal Muscle) . . ... ... E-22 lOS 
Hexokinase (Bakers• Yeast) .. .. .. . . ... . .. .. . . . . . ........ . . ... .... ... E-23 106 
D(-)-3-Hydroxybutyrate Dehydrogenase (Bovine Heart) .. ... . .. .... . . . . E-24 107 
D(- )-3-Hydroxybutyrate Dehydrogenase (Rhodopseudomonas spheroides) . . E-25 107 
Inorganic Pyrophosphatase (Yeast) . . . ...... . .. .... . ..... ... . ... . ... . E-26 108 
L(+)-Lactate Dehydrogenase (Bovine Heart) ... . . ..... . ... ... .. .... ... E-27 108 
Lipoyl Dehydrogenase (Pig Heart) . . . .. ... . .. . ... .. . ..... . . .. ...... . . E-28 109 
Myokinase (Rabbit Skeletal Muscle) . ... ... .. . ... . ... ..... .. .... . .... E-29 109 
Papain (Papaya Latex) .. ..... .. .. . .. ... ...... .. ... .. ............... E-30 ll 0 
Pepsin (Pig Gastric Mucosa) ... . . .. .. . .. . .. ... . .. ...... . .... .. . .. ... E-31 lll 
Peroxidase (Horseradish) . .. . ........... . . ... . ... . ........ . ... . . . .. . E-32 Ill 
Phosphorylase a (Rabbit Muscle) . . . ..... .. . .. ... . ...... .. .... ... .... E-33 l12 
Phosphorylase b (Rabbit Muscle) .. ...... . .. ... . . . . ..... . ... . . .. .. ... E-34 ll3 
Phosphoglucomutase (Rabbit Skeletal Muscle) ...... . ... . ...... .. ..... E-35 113 
Pyruvate Kinase (Rabbit Skeletal Muscle) . ... . .. . . . .... ... . .. .. . .. ... E-36 114 
Ribonuclease A (Bovine Pancreas) ...... .. .. .. . . . . . . ... .. .. ..... ..... E-37 liS 
Subtilisin (Bacillus subtilis) . .. . . . ............. ... .. ..... .. . . .. ... . . . . E-38 liS 
Taka-Amylase A (Aspergillus oryzae) .... ... .. ... ....... . . ... ... . .... . E-39 116 
Trypsin (Bovine Pancreas) ... . .. . . . . . . . ... .. .. ... .. . . ... . . . . . .. ... . . E-40 116 
Urease (Jack Bean) . . ... .. . ... . . . . .... ... .. . .. .. . . . . . ....... . .. .... E-41 117 
Xanthine Oxidase (Cream) .. . . . ... . .. .. .. . . ... . .. . .... . . ....... .... . E-42 117 

IJpWs llld Related Coaapoaads 

General Remarks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 
Analytical Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 

Table I for Fatty Acids C2 through Cs 
Acetic Acid .. .. ..... .. ... .. . ... . . ... . . . . .. .. ... . . . . . .. . .. . . . ... . . L-1 125 
Propionic Acid .... .. .. .. . ... .. ...... ... . ... . ... . ... . ... . . . ... .. .. L-2 125 
Butyric Acid . . . .. .. . .. .. . ... .. ... .... . . . . . . . . . . . . . . . . . ... . .. . .. . . L-3 125 
Isobutyric Acid .. ... .. .... . . ... . ....... . ... . . . . . . . . . ... ... .. . ... . L-4 125 
Crotonic Acid .... . . .... . ....... . .... ......... . . . . . ... . .. .. ....... L-5 125 
3-Hydroxybutyric Acid ... ... .. ... . . . . ................ . ....... .. .. . L-6 125 
V aleric Acid . . . . .. . ... .. ...... . ... . .. . ... ... . .... . .. . ..... . . . . . .. L-7 125 

Table 2 for Normal Saturated Short-Chain Fatty Acids C6 through Ca3 
Caproic Acid ... ... .. .. . .. .. ....... . .. .. .. ... . . . ... . . .. .. . .. . . ... L-8 126 
Enanthic Acid ..... . .... .. ...... ... ... . ... .. ...... . . . . ... . ... .... L-9 126 
Caprylic Acid . ............... . . . . . ... ... . .. . ... . .... . .. .. . ... . . . L-10 126 
Pelargonic Acid . ... .. . . .. .. ...... .... . . .. ... . ....... .. . .. .. .... . L-11 126 
Capric Acid .. ... . . . . . . . .. . ...... .. .. . . ..... . . . ..... . .. . ... . . . . . L-12 126 
Hendecanoic Acid . . .. . .... . .. . .. ... .. . ... ... . . . ..... . . . ..... .... L-13 126 
Lauric Acid .. ...... . .. .. .. . .. . .. .... .. . .. ... ... ..... .. .. .. ... .. . L-14 126 
Tridecanoic Acid ....... .. .. ..... .. ... . . . . . . ... . ... . ..... .. . . .. .. L-1 S 126 

Table 3 for Saturated Long-Chain Fatty Acids ~Ca• 
Myristic Acid . ..... ... .... ... . .. ... .... . .. . . ......... . ... . .. .... L-16 127 
lsomyristic Acid ... . ...... . . . . . . ... . ......... . .... ... ... . ........ L-17 127 
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Uplds and Related Compounds (c:oatinued) 

Pentadecanoic Acid .. .. ..... .. .......... . ........................ L-18 127 
12-Methyltetradecanoic Acid ............ . ........ ... ..... ......... L-19 127 
Palmitic Acid ............................ . .. ...... ..... .. .. .. . .. L-20 127 
lsopalmitic Acid . ........ . ............... .. ...... . . ... . .......... L-21 127 
Margaric Acid . . ..... .. .... .. ... . ........ . ...... . ......... . .... . L-22 127 
Anteisomargaric Acid ... ......... . ............................... L-23 127 
Stearic Acid ... . . .. .... . ...... . ....... . . . . ... ................ ... L-24 127 
Isostearic Acid . ................................... . .... .... . .. .. L-25 127 
Nonadecanoic Acid ... . . ............ ...... ...... .. . ...... ...... . . L-26 127 
Arachidic Acid . .. . ........... . ............... .. . . ... . .. ...... . . . L-27 127 
Phytanic Acid ............................. . ........... . ....... .. L-28 127 
Heneicosanoic Acid ... ... . ..... . .. .. . ............................ L-29 127 
Behenic Acid ........ .......... .... ...... ... . ... . .. ...... . . ... .. L-30 127 
Tricosanoic Acid .. ..... .... .. ..... .. ...... .. ... . ..... . .. . ....... L-31 127 
Lignoceric Acid ... . . .. ......... . .. . ...... . .. .. .. ... . . ... . ... . .. . L-32 127 
Cerotic Acid ....... . .... ... ... . . .. .. . .. . ........ .... . . . . .. . . .... L-33 127 

Table 4 for Unsaturated Long-Chain Fatty Acids 
Myristoleic Acid ................... . . . .... . ..................... L-34 128 
Palmitoleic Acid .... ...................... . ....... . ....... .. . .. . . L-35 128 
Palmitelaidic Acid ......................... . ... . .. .. .... ... .. . ... L-36 128 
Petroselioic Acid ....................... .. ... . ...... . ............ L-37 128 
Oleic Acid ..... . ...... .. ... .. ...... .. ..... .. .. . ... . .... ....... . . L-38 128 
Elaidic Acid . . .................... . . . ........... . . .. . ... . .. ..... L-39 128 
cis-V accenic Acid . . .. . ...... . .. .. .. . ....... . .. .. .. .. .. . .. ....... . L-40 128 
trans-V accenic Acid . . ....... . ...... .. .. .. . . .... .. . . ... . . .. . . ..... L-41 128 
Linoleic Acid .. . ............. .. . .. . . ... ... ..... ... ..... .. ....... L-42 128 
Linoelaidic Acid ...... . . .. . . .. .. . .. . . . ........................... L-43 128 
Linolenic Acid ........... .. . ... . ... ... . . . ... ........ . .... .. ... .. L-44 128 
cis-S-Eicoseno~c Acid .. . . . .. ... ....... .... ..... . .. ... ............ L-45 129 
Eicosenoic Acid . .... ....... ...... .. ..... . . ....... . ... . . . . ... .. . . L-46 129 
Arachidonic Acid . ... . . .. .. . ... ....... .. ... .. . . .......... .. .... . . L-47 129 
Eicosapentaenoic Acid .. . . ............ . . . . ..... ... . ............. . L-48 129 
Erucic Acid ... . . .. .. .. ... .. ... .. . . .... . . . .. .. .. .. . ... . ... ....... L-49 129 
Docosahexaenoic Acid .. .... . .. .. . .... . .. . . .. . .. .. ... . . ..... . .... L-SO 129 
Nervooic Acid .. .... . .... ... . ... . .. . ...... . .. . . . ... ... .. .. . . .... L-SI 129 

TableS for Normal Saturated Short-Chain Methyl Esters <Ct-t 
Methyl Butyrate . .. ....... . ....... .. .... .. .. ........ .. .. ... .. . . . . L-52 130 
Methyl Caproate ... . . ... .... . ... . .... .. ... ... .... . .. .. .. ..... . . . L-53 130 
Methyl Enanthate ........... .... . ..... . . ....... ........... . ..... L-54 130 
Methyl Caprylate . . .. ........ . .. ... . .. . . .. .. . ... ... . . . ...... . .... L-SS 130 
Methyl Pelargonate .. . ..... . ... . .... ......... .... ........ . ...... . L-56 130 
Methyl Caprate .......... . ...... . .. . . .. ......... . . .. ..... .. . . . .. L-57 130 
Methyl Hendecaooate . .. .............. .. ....... . . ................ L-58 130 
Methyl Laurate .. .... ..... . .... .... .. . . .... .. . .. ... . ... .. . ... .. . L-59 130 
Methyl Tridecaooate . . . .. . . .. ............. . .. ... ... . . . . . ...... .. . L-60 130 

Table 6 for Saturated Long-Chain Methyl Esters ~c •• 
Methyl Myristate .. ......... .. ...... . . . . . . .... . ..... ........ . . .. . L-61 131 
Methyllsomyristate ........... . ....... .. ..... .. .. .. .. ... ... . .. . . L-62 131 
Methyl Pentadecanoate .. ... ... .. ....... ..... ... ..... ... . .. ... . ... L-63 131 
Methyl 12-Methyltetradecanoate ... ...... . .. ...... .. ... .. ......... . L-64 131 
Methyl Palmitate ....... . ...... . .... . ... . . .. . ...... .... ... .... .. . L-65 131 
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Upids and Related Compounds (CGDtlaed) 

Methyllsopalmitate .. . ..... ... . . .... ... .. .... . . ... . .......... .. . L-66 131 
Methyl Margarate . . . ....... ... . ..... ..... . ... . .... . .. .. ... .. . . .. ~7 131 
Methyl Anteisomargarate ... . . . . .. .... ... .. .. .. ...... .. .. ... .. .. .. L-68 131 
Methyl Stearate . .. . ....... . ... . . . ... . . .... ... ... .... .. ....... .. . L-69 131 
Methyl Isostearate ... ... ..... ... .... . ... . ....... .. .. .. .. ... .... .. L-70 131 
Methyl Nonadecanoate .... . ... . . ... . .. . . . . .. ....... . .. .. . ... .... . L-71 131 
Methyl Arachidate . .. ... .. .. ... ... . . .. .. . ..... . . . ..... . . . ..... . .. L-72 131 
Methyl Heneicosanoate . ... ..... .. ... .. ... .. .... .. .... .. .. .... .. . L-73 131 
Methyl Behenate . ...... .. ......... . ... . . . ... ....... ... . . .. . .. . . . L-74 131 
Methyl Tricosanoate ....... ...... .. . .. .......... .. .. .... .... .. .. . L-7S 131 
Methyl Lignocerate ..... . ... . ..... .. ... . .... . .. . .. . ..... . .. .. . . .. L-76 131 
Methyl Pentacosanoate .. . .. .. . .. .. .. .... . . . . . . . .... . .. . ... . . . . . .. L-77 131 
Methyl Cerotate .. ... . .. . . .. .... .. . .. ... ... . .......... . ... . . . .. . . L-78 131 

Table 7 for Unsaturated Long-Chain Methyl Esters 
Methyl Myristoleate .. .... .. . .. .................................. L-79 132 
Methyl Palmitoleate .... . ... . ... . ................ . ... . . . ......... L-80 132 
Methyl Palmitelaidate .... . . ............. . ...... . ... . ... . ......... L-81 132 
Methyl Petroselinate .. . ............ . .. . .... . ... . ... . .. .... . . ..... L-82 132 
Methyl Oleate ..... . . ............. . . ... . .. ........... . ... . . . ..... L-83 132 
Methyl Elaidate . . . . ....... . ..... . .. ....... .. .. .. . ... . . . . . ....... L-84 132 
Methyl cis-Vaccenate ........ .. .. . .. ... . .. .. .. .. . .... . ....... . ... L-8S 132 
Methyl trans-V accenate . ... . . . ....... . . ... . ... ... .. .. . . . . . .. .. ... L-86 132 
Methyl Linoleate .. ... .. . ... . .. ..... . ... .. .. . . .. . . ...... .. ....... L-87 132 
Methyl Linoelaidate . . . ... .. .. .. ... .. .... ... .. ... . . . .. ... ... . .. . . L-88 132 
Methyl Linolenate ... . . .. .... . .. . ..... . ..... . . . . . ....... . .. ... ... L-89 133 
Methyl cis-S-Eicosenoate .. . . . ... . ... .. . .. ....... . ... . . .... .. .... . L-90 133 
Methyl Eicosenoate .. .... ..... . .... .. . . ........... . . . ..... . ... . .. L-91 133 
Methyl cis-11-cis-14-Eicosadienoate . ..... ... . .... . .. ... . .... .. .... . L-92 133 
Methyl Arachidonate ......... . . . . . .. . .............. .. .. . ...... . . L-93 133 
Methyl Eicosapentaenoate . ... . ... ..... ....... . .... .... ........... L-94 133 
Methyl Erucate . . . . .. ...... . ............. . . . .... .. ........ . .. . .. L-9S 133 
Methyl I>ocosahexaenoate . . . . .. . . . . .... .. ... . .. ... .... . . ........ . L-96 133 
Methyl Nervonate .. . ........... . ..... . ................... . ..... . L-97 133 

Table 8 for Ricinoleic Acid and Related Compounds 
Ricinoleic Acid .. .. . . ... .. . . ........... .. ... .. .. . . .. . . .... . .. . ... L-98 134 
Methyl Ricinoleate . . . . ............ . ........... . . . ... .. ... . . . .. . . L-99 134 
Methyl Ricinelaidate ... . . .. . .... .... .... . ... . . .. . . . . . . ... .. .. . .. L-100 134 

Table 9 for Normal Saturated Short-Chain Alcohols <Ct• 
Caproyl Alcohol. . . ... . .. .. .. . ...... .. .. . ... . . ... ..... . .... . ... L-101 135 
Capryl Alcohol .... .. ..... . . . .. . .. . ... . ... .. ... ...... .. .. ....... L-102 135 
l>ecyl Alcohol. . ... ... ...... .. . . . . ... . ... . ... .. ... . .... . .. .. . .. L-103 135 
Laury I Alcohol. .. . .. .. . ... ... .... .... . .. . ... . .. .. . . ... . .. ... . . . L-1 04 135 

Table 10 for Normal Saturated Long-Chain Alcohols ~Ct• 
. Myristyl Alcohol. ...... . . . .. .. .. . ........... ...... . . ... . .. . .... L-IOS 136 

Cetyl Alcohol .... ....... .. .. .. . .. ... .. ....... ..... . . .. ... .. . ... L-1 06 136 
Stearyl Alcohol. . . .. ... . . ... ... . . . ......... . . ... ...... . .... . ... L-1 07 136 
Arachidyl Alcohol ... .. .. .. ... . . . . .. .. . ... .. ..... ..... . ......... L-108 136 
Behenyl Alcohol .. .... . ..... . . .. .. ... .. .. ..... . .. . ... . .... . ..... L-109 136 
Lignoceryl Alcohol. . ....... ..... ... . .. .. ....... . .. .... ... ... .. . L-110 136 
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Uplds IDd Related Coaapouads (c:oatinued) 

Table 11 for Long-Chain Unsaturated Alcohols 
Oleyl Alcohol. ... .. ............................................ L-111 137 
Elaidyl Alcohol. ............................................... L-112 137 
Linolyl Alcohol. ................................. . .. .. .. ..... .. L-113 137 
Linolenyl Alcohol. ............................................. L-114 137 

Table 12 for Monoglycerides 
1-Monomyristin . ................. .... ........... . ........ . ..... L-115 138 
1-Monopalmitin .. . ... .. . ..... .. ........ . .. ...... ... .......... .. L-116 138 
2-Monopalmitin .......... ...... .. .. . .. .. . ....... . ....... .. ..... L-117 138 
1-Monostearin .. ........ .. .. .... ... ... ..... ..... ....... .. . ..... L-118 138 
1-Monoolein .. ... . .. ........................................... L-119 138 
2-Monoolein . ..... ... . ....................... . . ...... . .. .. . .... L-120 138 
1-Monolino1ein . . .. .... . ... .. .... .... ... ..... ......... . .. . ...... L-121 138 

Table 13 for Diglycerides 
1,2-Dimyristin .... ... . . . .. .. .. . ...... . .. ....... . . .............. L-122 139 
1,3-Dimyristin .... . .. . .. . .... . ........ ... . .. .. . .... . . .......... L-123 139 
1 ,2-Dipalmitin .... ......... . .... .. .. .. . . ... ... ........ . . ....... L-124 139 
1,3-Dipalmitin .......... ..... ................. . ................ L-125 139 
1,2-Distearin ..... .. ............. ... . . .................. . ..... . . L-126 130 
1,3-Distearin .... . .. .. . .. . . .... .......... .. ...... . . ... .. .. ...... L-127 139 
1,2-Diolein . . . . . ................ ..... . . ... .. .. ... . .. .. ..... .. .. L-128 139 
1,3-Diolein ... . .... .. .. . . ...... ... . ...... .. ...... .. ... . ... . .... L-129 140 
1 ,3-Dilino1ein . . ...... ..... . .. . ... ... ... .............. . . ....... . L-130 140 

Table 14 for Triglycerides 
Triacetin . .. .. . .......... . . .... .. . ... .. ........ ... . ... .. . ...... L-131 141 
Tributyrin .. . .... . . ... ..... .. . ............... ... ... . .. .. . ...... L-132 141 
Tricaproin ........ .............. .. .... ..... ... .. ... . .. .. .. ..... L-133 141 
Tricaprylin . . . . .. ........... ...... . . .. .. ........... . . ... ...... . L-134 141 
Tricaprin ......... .... .. ...... .. ............ . .... . ... . ... ... .. . L-135 141 
Trilaurin ....... . . .... . ... .. ....... . ........ .. ... ..... .. . ..... . L-136 141 
Trimyristin ...... ......... . ... ... . .... .. ..... .. .. .. . ... . ... .... L-137 141 
Tripalmitin ...... . . ... .. ............ .. ..... . ..... . . . . . . . .. . . .. . L-138 142 
Tripalmitolein . . ....... . .. . ... . . ........ ... .......... .. ........ . L-139 142 
1,2-Dipalmitoylstearin .... ...... . .... ...... . ... . .. .. . . . ... .. . . . .. L-140 142 
1,2-Dipalmitoylolein ............. . . . . . . ... . ... . ... . .. . ... ...... . L-141 142 
1,3-Dipalmitoylo1ein .. . . ... ...... .. .. . . . ..... . .. .. . .. ... . . .. ... . L-142 142 
1 ,2-Distearoylpalmitin . ....... ....... ..... . ...................... L-143 142 
Tristearin ... ... . .. . ... .. ... .... .... . ... . . . . . . . . . .. ... . . . ....... L-144 142 
1,2-Dioleoylstearin .. ............. .. .. . ... ... . . ... .... .. .. ...... . L-145 142 
Tripetroselinin . ... .. .......... ... .. . . ... ... ..... . .......... . .. . L-146 142 
Triolein . . .. ... ... . . ... .. . .. . ..... ... .. . .... . .... . ..... ... .... . L-147 143 
Trielaidin . .. ... . . ...... ...... ... .. .. . .. ... .. ... . . .. ..... . . ... . . L-148 143 
Trilinolein .... .. .... .. ............ . . . . ... . . . ... . ... . .. .. . ..... . L-149 143 
Trilinolenin ...... . ...... .. ....... . . ....... . . . ...... . .. .. . .... . . L-1 50 143 
Triarachidin .. . . .... .. .. .. .... . ................................ L-151 143 
Trieicosenoin ............ . ... . . ..... ... . ......... . ............. L-152 143 
Tribehenin .................... .. ... . ... . ....................... L-153 143 
Trierucin .... ... . ... ... . . . .... .. ..... ... .... .... .... . ... . ... .. . L-154 143 

Table 15 for Sterols 
Cholesterol. . .............. . .................... . ......... . . . . . L-1 55 144 
Campesterol. .. ............. . ... .. . . ... . .. ......... . ..... . ... .. L-156 144 
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Uplds aad Related Compounds (coatlaued) 

Ergosterol. .. . ... . ........... ... . ... .... . .......... ... .. . ... . . . 1.-157 144 
fl-Sitosterol .. .... ......... ... . . . . .. . .... . . .. . . ..... . .... . .. . ... L-1 58 144 
Stigmasterol. ... .. ............ .. .. . .... . . ... ....... ... .. . . . .... L-1 59 144 

Table 16 for Sterol Esters 
Cholesteryl Pelargonate . . . . .. ... . . . . ......... .. ... . ..... . ....... L-160 145 
Cholesteryl Hendecanoate ........ . .. . ..... . . . . .. ... .. . .... . ..... L-161 14S 
Cholesteryl Laurate . .... . .... . .. . ....... . .. . . . . . . .. ....... . .. . .. L-162 14S 
Cholesteryl Tridecanoate .... .. ... . ...... . .... ... . . ........ . ... . . L-163 14S 
Cholesteryl Myristate . . ................ . . . ....... . .... . .. . .... . . L-164 145 
Cholesteryl Pentadecanoate . .. .... . .. .... ... . . .... . . .... . . ... .... L-165 146 
Cholestery1 Palmitate . . . . . . .... . .... .. ... .. ..... .. .. . ........... L-166 146 
Cholesteryl Margarate .. .. . . .... .. ... . .. .. ... .. .. . ...... . . . ... . . L-167 146 
Cholesteryl Stearate ........ . . . .. .. ....... . .. . .. . .. .. .. . .. . . . . . . . L-168 146 
Cholesteryl Oleate .............. . . . ......... .. . . . .. . . . . . . . .... .. L-169 146 
Cholesteryl Linoleate . . ..... .. .. . ... .. . . ..... . ... . .............. L-170 146 
Cholesteryl Linolenate .. . .. ..... .. . . .. .. . .... ... ... ..... ..... ... L-171 147 
Cholesteryl Nonadecanoate ...... .. ... . .. . ..... . . ... . . . . .. ... .. . . L-172 147 
Cho1esteryl Arachidate .... . .. . . . .. .. . ....... .. . . ... ..... . .. .. . .. L-173 147 
Cholesteryl Arachidonate ..... .. .. .. .......... . .......... . .. . .. . . L-174 147 

Nuc:leoddes aad Related Compound~ 

General Remarks and Analytical Procedures.... . .. .. . ..... . . .. .. .. .. . . . . . 149 
Results . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ISS 

Adenine . .. . .. . ... . ............. . . . ... . .... . . . . . ... . . ...... . . .... . N-1 157 
Adenosine ... . . .. ... . ........... . ... . .... .. . . ... . ... . ............ .. N-2 157 
Adenosine 3': 5' -Cyclic Phosphate . ...... . .. .. ...... . . . . . . . . . ..... . ... N-3 157 
Adenosine 5'-Diphosphate . .... .. .. .. . ........ . . . . . . . .. . ........... . . N-4 157 
Adenosine 2'-Phosphate ......... .. ... . . . ..... .. ... . ... . ....... . .... . N-S 158 
Adenosine 2'(3')-Phosphate . . ..... . .. . . ............ . ........... . .... . N-6 158 
Adenosine 3'-Phosphate ... . .. . ... ... . ... . .... .. .. . . . .. . . . .. . .. . ... . . N-7 158 
Adenosine 5'-Phosphate ....... . . ... .. . ....... . ... .. .. . . ...... .. .. . . . N-8 159 
Adenosine 5'-Triphosphate . . . . . .. .. ...... .. . . . . .... .. . .... .. . .. .... . N-9 159 
6-Azauridine ... .. .. . . ....... .. . .. . ... . . . .... ... ...... .. ...... . .... N-10 159 
5-Bromo-2' -deoxycytidine .. ....... . .. ....... ... .. .. . .. . .. .... .. .. .. N-Il 160 
5-Bromouridine . . ... .... . .. . ... ........ ..... . ... . ... . . . .. . ..... . . . N-12 160 
Cytidine . . . . ... . ........ .. ... . .. . .. . .. . . .. . . . .. .. ... . ... . .... . . . . N-13 160 
Cytidine 2':3'-Cyclic Phosphate . .. .. ....... . ... . .... . . . . ... . ..... . . . N-14 161 
Cytidine 5'-Diphosphate ..... .. .. . .. . . . . . . . . . . .. . .... . .... . . ..... . . N-15 161 
Cytidine 2'-Phosphate ............ . ... . . . ... . ..... ..... ... . ... ... . . N-16 161 
Cytidine 2'(3')-Phosphate ... ... .... . ........... . ... . ... . ....... . ... . N-17 162 
Cytidine 3'-Phosphate . ... .... . . . .. ....... . . . . ... ... ... . . ... .. ... . . N-18 162 
Cytidine 5' -Phosphate .... . . .. .... . . ... . .... ... . . .. ... .. . .. .. . .. ... N-19 162 
Cytidine 5'-Triphospbate ... . .. . .. . ... . ..... . .. . .. . ... .. ....... . .. . . N-20 163 
Cytosine ....... . . . ..... . ....... . .. .. ........ . .. . ........ ... . . .. . . N-21 163 
2'-Deoxyadenosine . . .. ...... . ... . .... .. .. ... ... .. ... . ......... . . . . N-22 163 
2'-Deoxyadenosine 5'-Diphosphate ........... . ... . .... . .. .. .... . . . .. N-23 164 
2'-Deoxyadenosine 5'-Phosphate . . . . . . .. .. . . . . . . .......... . .. . .... . . N-24 164 
2'-Deoxyadenosine 5'-Triphosphate .. .. . . . . . . . ... . . ... . . . .... .. . .. .. . N-2S 164 
2'-Deoxycytidine . .. . ....... . .... . .. ... . ...... . ..... . ........ . . .. . . N-26 164 
2' -Deoxycytidine 5' -Diphosphate .. . ........... . . .. . . . . . .. . ....... . . . N-27 165 
2' -Deoxycytidine 5' -Phosphate . ... ...... . ..... . .. . . . . . . . . .. . ... . . . .. N -28 165 

Copyright © National Academy of Sciences. All rights reserved.

Specifications and Criteria for Biochemical Compounds:  Third Edition
http://www.nap.edu/catalog.php?record_id=21491

http://www.nap.edu/catalog.php?record_id=21491


Nacleotldes and Related Compounds (continued) 

2'-Deoxycytidine 5'-Triphosphate .................................... N-29 165 
2'-Deoxyguanosine .. .. .............. .. .. . ....... .. ...... . ...... .. . N-30 166 
2'-Deoxyguanosine 5'-Diphosphate ................... . .... . ..... .. .. N-31 166 
2'-Deoxyguanosine 5'-Phosphate . . ......... . ..... .. ..... ... . . ... . . . . N-32 166 
2'-Deoxyinosine .... . .. . . ......... .. ................ .. ....... ... ... N-33 166 
2'-Deoxyuridine ...... . ..... . ........... .. .............. .. ....... .. N-34 167 
2'-Deoxyuridine 5'-Phosphate . ........ . ...... . ... . .. .. ...... . ... .. .. N-35 167 
N6,N6-Dimethyladenine . . . .. .......... .. . .. ............ . ...... .. .. . N-36 167 
N2,N2-Dimethy1guanine .... .......... .. ............ . ..... . ......... N-37 168 
Guanine ............................... . ............... . . . .. ..... N-38 168 
Guanosine ................. . ..... . . .... .. . ............... . ... . .. . N-39 168 
Guanosine 2':3'-Cyclic Phosphate .. .. . ........ ... .. ..... . ... . . ... .. . N-40 169 
Guanosine 5'-Diphosphate ........... .. ............ ... .. . .. . ... . ... N-41 169 
Guanosine 2'-Phosphate ..... . .. . .................................. N-42 169 
Guanosine 2'(3')-Phosphate .. . .... .. . ......... ..... ..... .. . ... ..... N-43 169 
Guanosine 3'-Phosphate .. . .. .. .. .. . ... ... ........... . .. ...... .. ... N-44 170 
Guanosine 5'-Phosphate ..... . .. . . .. .. .. .. . . .. ... . . . .. .... . . . ...... N-45 170 
Guanosine 5'-Triphosphate . . .. .. . ... . ... . . . . . . ....... .. . ... . . ... . .. N-46 171 
Hypoxanthine .. . ..... . . .. . ... ... ... . .. .. .. .. ..... ..... . .......... N-47 171 
Inosine ..... . . .... . .. . ... ........... · ... . ...... . . ... ... . . ......... N-48 171 
Inosine 5'-Diphosphate ... . ................ . .... .... .. . . . . . . . . .... . N-49 171 
Inosine 5'-Phosphate .. . ............. . ...... . ... . ... ... . . . . . . . . .... N-50 172 
Inosine 5'-Triphosphate ... .. .. ....... . ........ .. .. . . ....... . . . .. ... N-51 172 
5-Iodo-2'-deoxycytidine ....................................... . .... N-52 172 
5-Iodo-2'-deoxyuridine ... ........ . .... .. ..... .... . ... . ... ... . . . .. .. N -53 173 
5-Iodouridine . .. .... .. . ..... .... .. . .. ... ....... .. . ... . . ... . .. .. .. . N-54 173 
N6-Isopentenyladenine .... ... ... ... .... . ..... .. .. .. . . ......... .. . . . N-55 173 
N6-Isopentenyladenosine . ...... ... .. ...... . .. . ...... . ..... . ... . .... N-56 173 
Kinetin ................ . ............... .. .. . ...... ... ..... . . . .... N-57 174 
N6-Methyladenine ................................................. N -58 174 
5-Methy1cytosine ................................................ . . N-59 174 
5-Methyl-2'-deoxycytidine . .. ....................................... N -60 175 
7-Methy1guanine ...... . . . .. .. ............ .. ......... .. .. . .... .... . N-61 175 
1-Methylinosine ....................................... . ... . .. ... .. N-62 175 
5-Methyluridine ................................................... N-63 176 
Orotic Acid ..... .. . . .... . . . . . .. . .. . ......... .. ... . ... ... ........ . N-64 176 
Pseudouridine, Mixed Anomers . ... . .. . .. . .............. .. ..... . .... N-65 176 
Pseudouridine, {3 Anomer ...................... . ................... N-66 177 
9-{3-o-Ribosy1kinetin . .... . ....... . ........... .... . .. ............ . . . N-67 177 
Thymidine . . .. . .. . .. . . .. ............. . ........ . . .... . .. .. ... .... . N-68 177 
Thymidine 3',5'-Bisphosphate ...... .... .. . ....... . .................. N-69 178 
Thymidine 5'-Diphosphate .. ..... . ....... ... .... . ... . . ... . . .... ... . N-70 178 
Thymidine 5'-Phosphate . .. . . . . . ..... . ... ... .......... . ... . ....... . N-71 178 
Thymidine 5'-Triphosphate .... ... . . ..... . ... .. ... .................. N-72 178 
Thymine .... . .......... . .... ......... ... .................... . .... N-73 179 
Uracil. ... . .. ..... .. ........ ... .......... . .... ........ ... .. . .... . N-74 179 
Uridine . .. .. . .. . ................................................. N-75 179 
Uridine 2':3'-Cyclic Phosphate .. . ... . ... . ... ...... .. .... . .. . ... .. ... N-76 180 
Uridine 5'-Diphosphate ..... . . ....... ... .... .... .... .......... ... . . N-77 180 
Uridine 2'-Phosphate ..... . ..... ...... . .... ............... .. ... .... N-78 180 
Uridine 2'(3')-Phosphate ..... .......... . .. ...... ..... . ... ...... . ... N-79 180 
Uridine 3'-Phosphate ... ....... . .... . .... ... ... . . . . .... .. ..... . .... N-80 181 
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Nudeotldes and Related Compoaads (coatinued) 

Uridine 5'-Pbosphate .. .. .. .. .. ..... ... . .... . ... ...... .... . . . ...... N-81 181 
Uridine 5'-Triphosphate ...... . . . . .... . . . . .... . .. . ... ... .. . .. ... . . .. N-82 181 
Xanthine ...... ....... . . . .. . . .. ...... . ... ... . .. ....... . . . .. ....... N-83 182 
Xanthosine ... . . ... . . ..... . .. .. ... . ... . ... . .. . . . . . . ... .. . .. .. ..... N-84 182 
Xanthosine 5'-Phosphate ...... ... . .. .. . . .. ...... ...... .. ... . .. . . . . . N-8S 182 

Porpbyrias and Related Compounds 

General Remarks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 

5-Aminolevulinic Acid Hydrochloride .. ......... .. . . . ... ..... ... . . ... Po-l 189 
Bilirubin IXa . .. . . . . ...... . .... .. .. . . ........ . . ... . . . . ... .. .. .. . . . Po-2 189 
Biliverdin IXa ..... . .. .... .. ... ... . ... ..... .. .. .. . ... ....... .. . ~ .. Po-3 190 
Chlorophyll a .. . . .. .. . . . .. ... ... .. . ...... . . . .. . .. . ..... . . . . .... .. . Po-4 190 
Chlorophyll b . . .. ... . .. .... .. . ... ... . ....... ... . .... .. . ..... .... .. Po-S 191 
Chloroprotoporphyrin IX Iron (III) ... . ... . . .. .. . ... .. .. . ... ... . .. .. . P~ 192 
Coproporphyrin I. . .... ..... .. .. ... .. . . . ... .. . ... .. ... ....... .. . . . Po-7 193 
Coproporphyrin II ... ... . .. ... ..... . . . . .. . .... .. . ... .. .. ...... . ... . Po-8 193 
Coproporphyrin III . . .. ..... ... .. . .. .... ... .... . ... . .. ....... .. . . .. Po-9 194 
Coproporphyrin IV .. .. ... .... . .... ...... .... . .... .. . ... .. .. . .... . Po-l 0 194 
Deuteroporphyrin IX . .. . .... . . . ... ..... .... ... .. .. .. .. ...... .. . .. Po-ll 195 
Hematoporphyrin IX .... ... . . ... . ..... ... .. . .. .. .. .. . . . .. ..... . .. Po-12 196 
Mcsobilirubin IXa . .... .. ... . . ... . ... . ..... .. .. . . . .. . .. .... ... .. . . Po-13 196 
Mesoporphyrin IX . . . .. . .... . ... . ... . . .. . . .. ... ... .. . ...... . ..... . Po-14 197 
(+)-Phytol. . . . ......... ... . .. . . .... . . ...... ... ... .. .. . . .. .. .. . . . Po-15 197 
Porphobilinogen ..... . ... ..... ... . ... . .. .. ...... . . . ..... .. . . ... .. . Po-16 198 
Protoporphyrin IX .. . ... ..... .. .. .. .. .. . . ... .. ... .... .. . . . .. .... . Po-17 198 
Stercobilin .... .. ... .. .. ... .. .. .. . . ... . ... . . .. .. . ... .. ... . . . ... ... Po-18 199 
Half-Stercobilin . . . .. .. .. ...... .. .. .. .. .. .... .... .. .. . . ....... . .. . Po-19 199 
MS-Tetraphenylporphin . . ... ... ... . ... . . .. . ... . . . .... . . . . .. .... . ... Po-20 200 
Urobilin . . . ..... . . .. . ... .. .. . .... .. .. . ... . ...... .. ... .... .... ... . Po-21 200 
Uroporphyrin I . . . . . .. . . . . ..... . .. . . . .... . .. . ... . . . . . . .. .... . . .. . Po-22 201 
Uroporphyrin II . . . .. .. ... .. ..... .. .. .. .. .. ..... ... .. ... . . ..... ... Po-23 201 
Uroporphyrin III. .. . .. ... . ...... .. . .... . . .. ...... . ..... . ... . .. ... Po-24 202 
Uroporphyrin III, Octamethyl Ester . .. . . . .. ..... .. ... . .. .. ...... ... Po-25 202 
Uroporphyrin IV .. . . .. .. .. . ... .. . .... ... ... . ... . . . . . .. ... . . . .. ... Po-26 203 

RadloaedYeCompouads... . ... .. .. .. .. .. ... ....... . . . .... .... . .... . ... . . 205 

Compoaad Jadex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209 
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GENERAL REMARKS 

The Subcommittee on Amino Acids has selected for 
consideration those amino acids that, for the most 
part, are readily available on the commercial market. 
Of these compounds, some are racemic and some are 
the natural, optically active L forms. The latter com
pounds have been isolated from the hydrolyzates of 
various proteins or by resolution of the synthetic race
mic amino acids. 

The manufacturers of amino acids have performed 
an outstanding service in furnishing materials to the bio
chemical field in volume and at relatively low cost. Each 
year sees a lowering of costs, with consequent gain to 
the consumer. In general, the quality of the amino acids 
sold has been high and for this the manufacturers de
serve added credit. What constitutes an adequate stan
dard of purity, however is, in the long run, the respon
sibility of the investigator. 

The Subcommittee initially selected for consideration 
only those amino acids that are generally recognized to 
be present in proteins. Subsequently, several new amino 
acids, derivatives, and intermediate metabolites were 
added. These have been retained, but no new additions 
have been made. Several of the amino acids are avail
able in the D form, but these have not been listed sepa
rately because most of their properties are the same as 
those of their L counterparts, the primary differences 
being in their direction of rotation and their enzymic 
response. Occasionally, slight differences are found in 
their Rr values on paper chromatograms. 

Amino Acids 
and 
Related 
Compounds 

ANALYTICAL AND IDENTIFICATION 
PROCEDURES•· 2 

Melting Point 

The melting points of the amino acids and their salts are 
generally not sharp, and are therefore of little value 
either as a means of identification or as a criterion of 
purity. 

Loss of Weight OD Drying 

Unless otherwise specified, the general procedure for 
determining volatile contaminants (normally water) is 
the following, described in section 31.005 ("Vacuum 
Drying-Official Final Action") of the Official Meth
ods of Analysis of the Association of Official Analytical 
Chemists, 11th ed., AOAC, Washington, D.C. (1970), 
p. 525. 

Dry 2-S a of prepared sample (ground, if necessary, and 
mixed to uniformity) in flat dish (Ni, Pt, or AI with tight-fit 
cover), 2 h at :S 70 °C (preferably 60 °C), under pressure 
:S SO mmHg. Bleed oven with current of air (drying by pass· 
ing through anhydrous CaSQ,, P205, or other efficient desiccant) 
during drying to remove H20 vapor. Remove dish from oven, 
cover, cool in desiccator, and weigh. Redry I h and repeat 
process until change in weight between successive dryings at 
l·h intervals is :S 2 mg. 

Unless it is otherwise indicated, the pure amino acids 
should not lose more than 0.5% of their weight. 

1 
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Ash (salfated) 

Weigh 5 g of the amino acid into a tared 50-100-ml 
platinum dish. Add 5 m1 of 10% (by wt) sulfuric acid, 
heat gently with a low flame until the sample is well car
bonized, and then ash in a muft!e furnace at about 
550 °C. Cool, add 2-3 m1 of 10% sulfuric acid, evapo
rate on a steam bath, dry on a hot plate, and ignite at 
800±25 °C for 15 min. 

Heavy Metals (u Pb) 

The sample is ashed at a low temperature, and the ash 
taken up with hydrochloric acid. The solution is filtered 
if turbid, buffered with sodium acetate, and treated with 
hydrogen sulfide. The turbidity caused by heavy-metal 
sulfides is compared with known standards. 

Reagents 

1. Standard lead solution: Dissolve 1.5985 g of lead 
nitrate, Pb(NOa)z, and 1 m1 of concentrated nitric acid 
in water, and make up to 1 liter. Dilute 10 ml of this 
stock solution to 1 liter to obtain a solution containing 
10 p.g of lead per ml. The dilute solution is not stable, 
and should therefore be freshly prepared at frequent 
intervals. 

2. Hydrogen sulfide solution: Prepare by allowing 
hydrogen sulfide to bubble through distilled water for 
10 min. 

3. Sodium acetate, 20 g made up to 100 ml with 
distilled water. 

4. Hydrochloric acid, HCl, 6 M solution. 
5. Acetic acid, glacial, C.P. 

Procedure 

1. To a 2-g sample in a small casserole, add 1 m1 of 
a 20% solution of magnesium nitrate, dry, and ash. The 
temperature should not exceed 500 °C. It may be neces
sary to cool the sample, wet it with concentrated nitric 
acid, dry, and reignite it to complete the oxidation of 
the organic matter. 

2. Add to the residue 10 ml of 6 M hydrochloric acid 
and I ml of nitric acid. Cover and digest on the steam 
bath for 15 to 20 min. Uncover, wash down the sides of 
the casserole and the cover glass, and evaporate to dry
ness. Add 2 ml of 6 M hydrochloric acid, warm gently, 
dilute, and filter through a small Whatman No. 40 filter 
paper into a 50-ml color-comparison tube. Add 2 ml of 
sodium acetate solution, and neutralize part of the acid 
with ammonium hydroxide, if necessary. The pH should 
be about 5 before the hydrogen sulfide is added. 

2 

3. Dilute the buffered solution to 40 ml, add 10 ml 
of hydrogen sulfide solution, mix, and compare with 
standards of the same volume prepared by adding grad
uated amounts of lead to solutions containing the quan
tities of reagents used in the test and treated exactly 
like the sample. 

The limit of sensitivity of this test is about 20 p.g of 
lead. 

equivalent lead (pg) 
mass of sample (g) X 1~ = % heavy metala 

Ultimate AaalyHS 

These are performed by standard procedures. The 
values found should agree with the calculated values 
within the following limits: 

C, 1% relative; N, 3% relative. Sulfated ash 
should not exceed 0.1%. 

Speclftc Rotation 

The specific optical rotations are determined on samples 
previously dried to constant weight by the procedure 
given under "Loss of Weight on Drying" and made up 
to a 1-2% solution. The numerical value obtained will 
depend upon the solvent system employed, according 
to the rule of Oough, Lutz, and Jirgenson. This rule 
applies only to those a-amino acids that contain a single 
center of asymmetry, and may be given as follows: The 
addition of acid to an aqueous solution of an L-amino 
acid will cause the specific rotation to be shifted toward 
a more positive value; aqueous solutions of o-amino 
acids show a negative shift in direction of rotation on 
like treatment. 

The above rule is not rigidly applicable to a-amino 
acids having two or more centers of optical asymmetry. 
It does become applicable, however, when based upon 
shifts in the partial molar rotation of the a-asymmetric 
center as determined by calculations developed by 
Winitz, Birnbaum, and Greenstein, 1. Am. Chem. Soc., 
77, 716 ( 1955). 

[ ] 1 = lOOa 
aD pl ' 

where [a]b is the specific rotation at t degrees Centi
grade using the D-line of sodium; 

a is the observed rotation in degrees, 
p is the mass concentration of amino acid in grams 

per 100 ml of solution, 
1 is the length of the polarimeter tube in decimeters, 

and 
t is the temperature. 
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The D-Une of sodium is used except where indicated 
otherwise. Conditions of concentration, temperature, 
and solvent are those found in the literature. For sev
eral of the amino acids, solutions in water give the high
est specific rotation, although this may be offset by low 
solubility (and hence a low observed rotation). When 
~a is employed, a large excess is often necessary to 
msure the presence of the amino acid as a single species. 
Readings should be taken in a darkened room, prefer
ably by two or more individuals. The method is not of 
the highest accuracy, the results being simply those 
agreed upon by the majority of observers. A difference 
of ±2% in such readings may well be tolerated. 

PaperCIIro ....... )"·· 

Although the paper-chromatographic methods described 
here will not give the quantities of impurities present, 
the latter can be approximated by noting the size and 
intensity of the spots in comparison with those given by 
known quantities of the contaminant. The sulfur
containing amino acids, and the iodotyrosines and iodo
thyronines may decompose during and after application 
to the paper. It is, therefore, advisable to avoid the use 
of beat and strong light during their application to the 
paper and to develop the chromatograms immediately 
after the spot bas dried. 

Spotting with SO 14g of the amino acid is recom
mended. The following solvents and color reagents are 
used for developing and staining: 

Solvents 

I. 88% w/v Pbenol-H20 = 100:20 v/v. Add 15 
mg of 8-quinolinol per 100 ml. Run in the presence of 
100 m1 of 2 M NH.OH. 

2. 1-Butanol-Acetic Acid-HaO = 450:SO: 12S v/v. 
3a. 2-Butanol-3.3% aq NH40H = 1S0:60 v/v. 

Aqueous NH.OH is prepared by diluting 6S m1 of 14.8 
M NH.OH to SOO m1 with H20. 

3b. 2-Butanol-3% aq NH.OH = 150:SO v/v (1:6 
aq NH.OH atmosphere). 

4. 2-Methyl-1-butanol-Formic Acid 88% w/v
Water = 70:1:29 v/v. 

S. 2-Methyl-1-butanol-2 M NH.OH = 70:30 v/v. 
6. ten-Butanol-Formic Acid, 88% w/v-Water = 

70:1:29 v/v. 
Method A. Solvent 1 followed by Solvent 2. 
Method B. Solvent 1 followed by Solvent 3. 
Method C. Solvent 2 followed by Solvent 3. 

Paper 

Wbatman No. 1 and/or Wbatman No.3. 

Color Reagents 

Ninhydrin for aU amino acids: 0.2S% w/v in acetone. 
Sakaguchi for arginine: 1-Napbthol-bypobromite re
agent. Prepare a 0.01% w/v solution of 1-naphthol in 
ethanol containing S% w/v urea. Add KOH to S% 
w /v just before spraying. Air dry a few minutes, and 
spray lightly with a solution of 0.8 m1 of Br2 in 100 m1 
of S% w/v KOH. 

Nitroprusside for cystine and cysteine: Reagent 1: 
Sodium nitroprusside ( l.S g) is dissolved in S m1 of 
1 M H2SO.. Then 9S m1 of methanol and 10 m1 of 
28% ammonia are added. The solution is filtered and 
stored in the refrigerator. Reagent 2: Two grams of 
NaCN is dissolved inS m1 of water and diluted to 100 
m1 with methanol. Prepare fresh. 

Pauly for histidine and tyrosine: Reagents: Sulfanila
mide ( 1% w/v) in 10% v/v HO; S% w/v NaN02 ; 

half-saturated Na,CO,. Place S m1 of sulfanilamide 
solution and S m1 of NaNO~ in a 100-ml separatory fun
nel. Shake for 1 min. Then add SO m1 of 1-butanol. 
Shake for 1 min and let stand for 4 min. Decant the 
butanol layer, and spray or dip the chromatogram. Dry 
the sheet in a current of air and then dip into the 
NaaCOa solution. Imidazoles give a deep cherry-red 
color. 

Ehrlich for tryptophan: A mixture of 1 g of p-dimethyl
aminobenzaldebyde, 90 m1 of acetone, and 10 m1 of 
concentrated HCI is freshly prepared. 

Platinic iodide for cystine, cysteine, and methionine: 
Add, in the following order, 4 ml of 0.002 M PtO., 
0.2S ml of 1 M Kl, 0.4 ml of 2 M HO, and 76 m1 of 
acetone. The dried chromatograms are dipped into this 
reagent. Cystine, cysteine, methionine, and some reduc
ing substances also give a white spot on a red-purple 
background. 

Ceric sulfate-sodium arsenite for iodoamino acids: See 
directions for iodo compounds below. 

Periodate-Nessler for serine and threonine: The paper 
is sprayed with Nessler's reagent almost saturated with 
NaiO •. 

lsatin for proline and hydroxyproline: Spray with 
0.40% w/v isatin in acetone, dry the chromatogram in 
air, and beat it for 10 min in an oven at 7~76 °C and 
100% humidity. Proline and hydroxyproline give blue 
colors: cystine and tyrosine often also give blue colors. 
Glutamic and aspartic acids give pink spots that tum 
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blue on standing. The other amino acids give pink spots 
that fade. Pipecolic acid also gives a blue color with 
isatin. 

QualiCadve Detection of lodo ColllpODDds 
on Paper Cllromatop'ams 

Reagents 

A. 10% eerie sulfate, Ce(HS0.} 4 , w/v in 10% 
H2SO• v/v. 

B. 5% w/v aqueous sodium arsenite (Na2As01 ) . 

C. 0.05% w/v methylene blue. 
D. Ammonia (sp. gr., 0.90). 

Procedure 

After development of the chromatogram, the paper is 
dried thoroughly in an atmosphere free of phenol. The 
paper is then sprayed lightly on both sides with a mix
ture of reagents A and B in the proportion of 2 and 3 
volumes, respectively (use immediately after mixing) . 
The paper is dried in an air stream (fan) for 5 min. It 
is then sprayed lightly with reagent C, dried for 5 min, 
and then subjected to NH, vapor. The completion of 
the neutralization can be detected by a change in the 
background color from pale purple to bright yellow. 
The chromatogram is again dried. The iodo compounds 
appear as bright blue spots against a yellow background. 
The minimum amount detectable is of the order of 0.1 
to 0.2 p.g of iodine. 

Estimation of Carboxyl Groups (Vu Slyke) 

Principle 

Amino acids are oxidized at acid pH to yield C02, 
which is determined by collection in barium hydroxide. 

0 
II 
C OH 

R·CH<NH,)COOH+(')/ "-c/ -R·CHO + NH, +CO. 
~ /" C OH 

I' 

0 

Apparatus 

Carbon dioxide can be determined either in the well
known Van Slyke-Neill manometric gas-analysis appa
ratus, or more conveniently in two 25-ml Erlenmeyer 
ftasks without lips, one for the reaction and one for 
standard Ba(OH)2. The ftasks are connected by means 
of a U -tube. The U -tube has a small sidearm that per
mits the entire apparatus to be evacuated. 

4 

Reagents 

1. Citrate buffers. pH 4. 7: Grind together 17.65 g of 
trisodium citrate dihydrate and 8.40 g of citric acid 
monohydrate to a fine powder. pH 2.5: Grind together 
2.06 g of trisodium citrate dihydrate and 19.15 g of 
citric acid monohydrate. 

2. Standard Ba (0H)2. 0.125 M: Saturated Ba(OH), 
is adjusted to 0.15 M with CO,-free water. Five volumes 
of this solution are mixed with 1 volume of 12% w/v 
BaOa prepared in COa-free water. Three milliliters of 
the standard baryta should be titrated with M/7 Ha to 
pH 8, using the veronal (barbital) buffer color standard 
with 1 drop of 1% phenolphthalein as the indicator to 
obtain the blank value. 

3. Veronal (barbital) buffer. pH 8: Dissolve 10.3 g 
of sodium veronal in 500 ml of water. Mix 7 ml of this 
solution with 4 ml of M/ 14 HO; add phenolphthalein. 
This is the color to which the Ba(OH) 2 is titrated. 

Method 

1. Hydrolyzate. Adjust to faintly acid to bromophe
nol blue. 

2. Removal of preformed C02. To 1-5 ml of solu
tion in the 25-ml Erlenmeyer ftask, add 50 to 100 mg 
of either pH 2.5 or 4. 7 citrate buffer and 1 drop of alco
hol. Boil off preformed C02. Stopper and cool to 15 °C. 
In the meantime, remove C02 from titration ftask by a 
stream of C02-free air. Add 3 ml of 0.125 M Ba(OH), 
to the titration ftask. 

3. Oxidation. Add 50 to 100 mg of ninhydrin tore
action ftask. Connect to Ba(OH)2 flask by means of u
tube and rubber tubing. Make connections glass to glass. 
Evacuate at the water pump, and then immerse entire 
apparatus, as far as the top of the U -tube, in boiling 
water for 7 min or longer. 

4. Distillation of C02. Cool the Ba(OH)2 flask in 
water, but keep the reaction vessel at 100 °C. Shake for 
3 min to facilitate the distillation and absorption of all 
C02. 

5. Titration. Titrate Ba(OH)2 with M/7 HO from 
a 5-ml burette, usinc 1 drop of 1% phenolphthalein as 
the indicator. Subtract reagent blank. 

1 m1 M/7 Ha = 1 mg of carboxyl nitrogen 
= 0.857 mg of carboxyl carbon 

Estimation of Amiao Group 
(Vu Slyke, Modified by Sobel) 

Principle 

Ammonia resulting from the oxidative deamination of 
amino acids with ninhydrin is aerated into boric acid 
and titrated. 
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Reagents 

1. Octyl alcohol saturated with thymol. 
2. Ninhydrin, solid. 
3. Buffer: pH 2.5 citrate buffer [See "Estimation of 

Carboxyl Groups (Van Slyke)"]. Dissolve in water to 
10% w/v. 

4. Ha02: 30% w/v. 
S. Saturated KOH: To a cylinder containing water, 

under mineral oil l-in. thick, add solid KOH to satura
tion. Preserve under oil. 

6. Indicator: Ten parts of 0.1% w/v bromocresol 
green plus 1 or 2 parts of 0.1% w/v methyl red in 95% 
ethanol. 

7. Boric acid: Twenty grams of H,BOs is diluted to 
1 liter with water. Add 20 m1 of indicator per liter. 

8. Hydrochloric acid: Standard 0.0714 MHO. 

Method 

Place 1 m1 of solution containing 20 to 100 mg of N in 
an aeration tube and add 0.3 ml of buffer and 50 mg of 
ninhydrin. The pH should be 2.4 to 2.6. Mix and place 
in boiling water for 10 min. At the end of 2 min beat
ing, shake to dissolve the ninhydrin. At the end of 1 0 
min, add 3 drops of 30% w/v H202, shake, and heat 3 
min longer. 

Set up the tubes for aeration. Add I ml of saturated 
KOH, and aerate into the boric acid solution for 40 min 
using 1.5 ml of 2% boric acid to trap the NH,. Titrate 
withHO. 

Volumeof0.0714MHC1 (m1) x 1,000 
= mass of amino acid N (mg) 

Estimation of AIDiDo Groap (Titration)5 

Principle 

The amino group is titrated with a solution of perchloric 
acid in glacial acetic acid. 

Reagents 

1. Perchloric acid, approximately 0.2 M. Dissolve 
17.3 ml of 70% w/v perchloric acid in 800 m1 of glacial 
acetic acid, add 44 g of acetic anhydride, and dilute to 
1 liter with glacial acetic acid. Allow to stand overnight, 
and then standardize an aliquot against 250.0 mg of 
pure dry N~COa (see below). Do Not Heat! 

2. Bromothymol blue indicator. 0.1% w /v in glacial 
acetic acid. 

3. Glacial acetic acid, reagent grade. 

-------

Method 

Weigh 1.000 g of amino acid into a 150-ml beaker and 
add 25 m1 of glacial acetic acid and 10 drops of indica
tor. Titrate with 0.2 M perchloric acid, with constant 
(mechanical) stirring, to a faint pink color. 

Calculations 

O.OS30 x volume of perchloric acid (ml) 

= molar concentration of HClO, ( M) 

volume of percbloric acid (ml) X molar concentration (M) X 
Mol. Wt. of amino acid X I 00 

sample mass (g) 

= % of amino acid 

Comment 

As the HOO,-CHaCOOH mixture bas a high coeffi
cient of expansion, it should be standarized each time it 
is used. 

Estilllation of Carbosyl Groap (Titration)• 

Principle 

The carboxyl group is titrated with NaOH in the pres
ence of HCHO. 

Reagents 

1. Sodium hydroxide, 1 M, free of carbonate. 
2. Formaldehyde: 35 to 37%, reagent grade. 

Method 

Dissolve 2 to 3 g of amino acid in 100 m1 of HCHO 
and titrate with 1 M NaOH using a pH meter to follow 
the reaction. The endpoint is where addition of 0.1 m1 
of NaOH causes a marked increase in pH. Correct for 
the reagent blank by titrating 100 m1 of HCHO to the 
same pH as the endpoint. 

Calculation 

net volume of I M NaOH (ml) X Mol. Wt. of amino acid X 100 
sample mass (g) 

= % of amino acid 

Infrared Spectroscopy 

Infrared spectra can be used for the identification of 
amino acids, and are also useful in specific cases for the 

5 
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determination of small amounts of impurities that are 
difficult to detect by paper chromatography. Examples 
(with appropriate absorption bands of the impurity) 
are (a) DL-Ieucine ( 11.78 p.m) in the epimeric mixture 
of L-isoleucine with IkJlloisoleucine, (b) the epimeric 
mixture of L-isoleucine and D-alloisoleucine ( 12.48 p.m) 
in DL-leucine, and (c) DL-allothreonine (9.95 or 11.99 
p.m) in DL-threonine. Minimum detectable amounts 
are about 0.5% in the leucine-isoleucine pairs and 
about 2% of al/othreonine in threonine. 

Ultra.tolet Absorption 

Tyrosine and tryptophan possess characteristic absorp
tion in the ultraviolet region. The molar absorption co
efficients for tyrosine in acid are 1,340 at 274.5 nm and 
8,200 at 223.0 om, both of which are maxima, and 170 
at 245.0 nm, which represents a minimum in the curve 
for this region; the corresponding values in alkaline 
solution are 2,330 at 293.5 nm and 11,050 at 240.0 
nm for the maxima and 1,000 at 269.5 nm for the 
minimum. For tryptophan in either acid or alkaline solu
tion, the maxima are 4,550 and 5,550 at 287.5 om and 
278.0 nm, respectively, and the minimum is 1,930 at 
242.0 nm. 

Determiaation of Optical Parity with L- or 
o-Amiao Add Oxidase or Bacterial Decarboxylases 

Most of the amino acids isolated from proteins can be 
obtained in the pure L form. L-Cystine, however, is a 
notable exception, for it is often not only contaminated 
by L-tyrosine (removable by the charcoal treatment in 
the recrystallization procedures), but also by D- and 
meso-cystine as a result of some racemization by the 
boiling HCl used in the hydrolysis of the original pro
tein. Experience in several laboratories has shown that 
commercially available L-cystine contains 5 to 15% of 
o-cystine. 

Contamination by the D isomer in samples of sup
posedly pure L isomers of cystine, hydroxyproline, pro
line, leucine, phenylalanine, and tyrosine, for example, 
can be determined by using o-amino acid oxidase as fol
lows: To each of four Warburg vessels are added 1,000 
p.mol of the isomer to be tested, and to two of these 
ftasks 1 l'mol of the optical enantiomorph is also intro
duced. To these four ftasks, as well as to two others 
which will serve as enzyme blanks, 1.5 to 2.5 ml of 
buffer solution is added. The buffers are made up of 0.1 
M sodium pyrophosphate at pH 8.1. A saturated solu
tion ( 300 to 400 ~) of a crude o-amino acid oxidase 
preparation from bog kidney is placed in the side arm 
of all six vessels. Crude D-amino acid oxidase prepara-
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tions usually contain sufficient catalase to make addition 
of this enzyme unnecessary. After a 10- to 15-min equili
bration period, the ftasks are tipped, and the gas ev~ 
lution or consumption is noted from time to time until 
the reaction bas ended ( 15 to 120 min) . Ten micr~ 
moles of an optically pure, completely susceptible 
amino acid consumes 112 ~ of oxygen gas or evolves 
224 ~ of carbon dioxide gas, under standard conditions. 
This method is obviously applicable only where 1 p.111ol 
of added susceptible isomer is readily and quantitatively 
oxidized or decarboxylated in the presence of the 1,000-
fold amount of the resistant enantiomorph. 

The 1,000 p.mol of the L isomer alone should con
sume less than 1 p.mol of 0, but the added 1 1'1001 
of D isomer should be quantitatively oxidized, as shown 
by the increment in the value over the L isomer. All 
values are corrected for the enzyme blanks. 

Tests for contamination of aD-amino acid with an L

amino acid may be similarly made by the use of snake 
venom L-amino acid oxidase or the appropriate, spe
cific, bacterial L-amino acid decarboxylase, each at es
sentially the saturation level. With the L-amino acid 
oxidase, 0.1 M 2-amino-2-(hydroxymethyl)-1,3-pro
panediol ( tris) buffer is used at pH 7 .2. Twenty-five 
units of crystalline catalase are added to the main com
partment of the W arburg vessels in determinations with 
L-amino acid oxidase. With bacterial decarboxylases, 
0.1 M acetate buffer is employed at pH 4.9. 

Recrystallization 

Many of the amino acids are easy to purify, for they are 
readily and rapidly crystallizable either from water or 
from water-ethanol mixtures. For this reason, the Sub
committee has described, where possible, the appro
priate solvent required for each of the amino acids. The 
general, but not invariable, procedure is to bring the 
solvent to the boiling temperature and to pour it over 
the solid amino acid in a large Erlenmeyer flask. 
Enough of the hot solvent is added to bring most of the 
amino acid into solution. The mixture is then placed on 
a hotplate and gently boiled. If the remainder of the 
solid does not dissolve, more of the hot solvent is added 
to the boiling mixture until practically all the solid has 
dissolved. At this point, acid-washed charcoal (Norit or 
Darco) is carefully added (if added too quickly, froth
ing will occur) in the proportion of about 1 g of char
coal for every 100 g of amino acid, and the mixture is 
boiled carefully for 2 to 5 min. At the end of this period, 
the mixture is filtered through two layers of filter paper 
(usually Whatman No. 4) in a bot-water-jacketed fun
nel. The hot filtrate may then be chilled without further 
treatment (for proline or tryptophan, for example), or 
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a second hot solvent may be added, slowly and with 
careful stirring, to some specified volume (alanine or 
arginine, for example), or a reagent such as hot dilute 
ammonium hydroxide may be introduced (cystine) 
prior to chilling. In all cases, the amino acid is obtained 
in crystalline form within a few hours, filtered off with 
suction, washed successively with ethanol and ether, and 
dried. The recoveries are generally better than 80% . 
The recrystallization procedure, as described, should 
remove all traces of color from the commercial prepara
tions (tryptophan may require two recrystallizations to 
accomplish this purpose), and practically all traces of 
salts, heavy metals, proteins, more soluble compounds, 
and adventitious impurities, and frequently, although 
not invariably, traces of the racemic form. The more 
thorough investigator may wish to perform two or 
more recrystallizations of a given amino acid prepara
tion before he is completely satisfied. 

loa-Exchange Cllromatograpby 

The widely used chromatographic analysis of amino 
acids on sulfonated polystyrene resins, introduced by 
Moore and Stein in 1951, is an excellent tool for eval
uating the purity of these compounds. This procedure 
will indicate the presence, for example, of meso-cystine 
in L-cystine or alloisoleucine in isoleucine. Readers de
siring to use this technique are referred to the publi
cations on these methods.7•8 

Color of Solutioa 

Pure amino acids yield colorless solutions. Lack of 
color and turbidity may be verified spectrophotometri
cally. A clear and colorless solution should show a 
transmission of 98% or more in a 10-cm cell at 430 
om; one which is substantially clear and colorless should 
show more than 95%. 
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N-Acetyl-~ Add I N-Acee11-L-blltldlae 

AA-1 HOOC-C~C~CH(NHCOC~)COOH 

N-Acetyl-DL-glutamic Add 
Ac-DLGlu 

P__.a: C,HuNO. 
P.-. Wt.: 189.17 
Calc. %: C, 44.44; H, 5.86; N, 7.41; 0, 42.29 

Scaa or Mdbod of Pnperadoa: Synthetic, via acetylation or 
DL·glutamic acid, or acetylation or L-glutamic acid roDowed by 
racemization of the N-acetyl-L-glutamic acid so derived. 

BIWiolniPII7: M. Berpnann and L Zenaa, Bl«ltmt. Z., 203, 280 (19ll); J. P. 
Greelllleln aud M. Wlnltz, Cltmtl#ry oftlte Am61o Aclth, John Wiley A Soaa, 
lac., New Yort (1961), p. 1941. 

SpecUk Rotadoa: None. 
H~: Paper-chromatographic evidence for purity should 

be presented from a minimum of two solvent systems that wiD 
permit the detection of smaD amounts of the most likely impurity: 
glutamic acid. 
Technique and results are to be presented by the supplier. 

Volatile Matter: Not more than 0.3%. 
Water-I'Dioluble Material: 5 g in 50 ml of water has a turbidity not 

greater than that given by 0.4 mg of BaSO. in 50 m1 of water. 
Ash (llllfated): Less than 0.1 %. 
HeaYJ Metals (as Pb): Not more than 20 ppm. 
Ukely Imparities: N-Acetyl-L-glutamic acid, L-glutamic acid, DL-

glutamic acid. 
CrystaiUzadoa Medium: Minimum amount of boiling water. 
Stability ad Storage: Stable. 
Melting Point: 185 •c. 

AA-2 
N-Acetyi-L-glutamic Acid 
Ac-Giu 

Formula: C,HuNO, 
Formula Wt.: 189.17 
Calc. %: C, 44.44; H, 5.86; N, 7.41; 0, 42.29 

Scaa or Metbod of Preperadoa: Synthetic, via acetylation of 
L-glutamic acid. 

BlllliocnPII:r: M. Berpnann and L. Zenas, Bl«ltmt. Z., 203, 280 (1928); J. P. 
Greenaldn and M. Wlnltz, Cltmrlstry o/th Am61o Aclth, John Wiley A S0111, 
Inc., New Yol'lt (1961), p. 1941; A. Meisler, L. Lcvlnt-, R. B. Klnpley, aud 
J. P. Oreenateln, J. Bioi. Cltmt., 192, 535 (1951). 

Spedlk Rotation: -16.6° in water, p "" 1 g/100 ml, t ""25 °C. 
HOIIIOllftlftty: Paper-chromatographic evidence for purity should 

be presented from a minimum of two solvent systems that wiD 
permit the detection of small amounts of the most likely impurity: 
L-glutamic acid. 
Technique and results are to be presented by the supplier. 
Alternatively, the presence of contaminating L-glutamic acid may 
be detected by the use or glutamic acid decarboxylase (Clostridium 
we/chiz). 

Volatile Matter: Not more than 0.3%. 
Water-lnloluble Material: S g in 50 m1 of water has a turbidity not 

greater than that given by 0.4 mg of BaSOc in 50 ml of water. 

8 

Alii (Mfated): Less than 0.1 %. 
HeaYJ Metall (as Pb): Not more than 20 ppm. 
Ukely ...... ldt6: L-Giutamic acid. 

AA-1/ AA-4 

CrystaiUzadoa M-...: Minimum amount of boilina water. 
StahWty ad Storqe: Stable. 
Melfllll Polin: 201 "C. 

AA-3 
N-Acetyl·DL·hlstidlae• 
Ac-DLHJs 

F--.la: c.HuN.O. 
Fc.w.la Wt.: 197.20 
Calc. %: C, 48.72; H, 5.62; N, 21.31; 0, 24.34 

Scaa or Metbod of Pnperadoa: Synthetic, via acetylation of DL· 

histidine, or simultaneous acetylation of L-histidine and racemi
zation. 

BlllllolnPII;r: M. Berpnann aud L. Zenas, Bl«ltmt. Z., 203, 210 (1928); J.P. 
Oreelllleln and M. Wlnltz, Cltmtl#ry o/tlt' Am61o Aclth, John Wile)' A s
Ine., New Y ort (1961), p. 1919. 

SpecUk Rotadoa: None. 
H~ty: Determined by paper chromatography. 

One dimensional: Solvents 2 and 3. Two dimensional: Method C. 
Color re&llltnt: Pauly; indicator dyes (N-acetyl-DL·histidine 

should not give a positive ninhydrin reaction). 
Rr 0.14, Solvent 2, descending. 
R, 0.06, Solvent 3, descending. 
RBCP 0.21, Solvent 2, descending. Rscp refers to the distanc:e 
moved by the compound calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1% 
w /v solution in ethanol. 

Volatile Matter: Not more than 0.3%. 
Water-IIIIOiuble Material: 5 g in 50 ml of water has a turbidity not 

greater than that given by 0.4 rng of BaSO. in 50 ml of water. 
Alii (IUirated): Less than 0.1 %. 
HeaY)' Metals (as Pb): Not more than 20 ppm. 
Ukely I.,....dt6: DL·Histidine, N-acetyl-L-histidine. 
CrystaiUzadoa M-...: Water, then acetone to 80%. 
Stability aad Storqe: Stable. 
Melting Pomt: 148 •c for monohydrate. 

• Available as monohydrate. 

AA-4 
N-Acetyl-L·bistidine• 
A c-His 

F__.a: c.HnN.O, 
F__.a Wt.: 197.20 
Calc. %: C, 48.72; H, 5.62; 

N, 21.31; 0, 24.34 

H 
/N, 

HC CH 
I I 
C-N 

I ~HCOC~ 
C~-C-COOH 

I 
H 

Scaa or Metbod or Pnperatlon: Synthetic, via acetylation of 
L-histidine. 
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AA-5/ AA·7 

BMtt ....,: M. 8erpaann aDd L Zervu. Bloc,_, Z., Z03, 210 (1928); 1. P. 
Oreeutein aDd M. Wlaitz, Clt-l#ry of tiN Amillo Arib,lobn WUey A: Soal, 
Inc., New y odt (1961), p. 1731. 

Sped8c Rotatloa: +46.t> in water, p ... 1 g/100 ml, 1 • 25 °C. 
HCIIBIJIIIIIIty: Determined by paper chromatography. 

One dimensional: Solvents 2 and 3. Two dimensional: Method C 
Color reagent : Pauly; indicator dyes (N-acetyl-L-histidine should 

not give a positive ninhydrin reaction). 
Rt 0.14, Solvent 2, descending. 
Rt 0.06, Solvent 3, descending. 
Racp 0.21, Solvent 2, descending. RBCP refers to the distance 
moved by the compound calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Alternatively, the praence of contaminating L-histidine may be 
detected by the use of snake venom L-amino acid oxidase (Crola
/118 adomanleiU). 

VolatDe Matter: Not more than 0.3%. 
w.-. ....,... MateNI: S gin SO ml of water has a turbidity not 

greater than that given by 0.4 mg of BaSOc in SO ml of water. 
Alii (..,.ted): Less than 0.1 %. 
H•YJ Metals (u Pb): Not more than 20 ppm. 
IJkely I..,..ntles: L-Histidine. 
~ M.._: Water, then acetone to 80%. 
StaiiOity ud Stenp: Stable. 
Meltlag Polllt: 169 OC for monohydrate. 

AA-5 
N-Acetyl·DL-tryptopban H 

Ac-DLTrp ~N') 

~CH2CH (NHCOCH5)COOH 
F--aa: C.aH,.N,O, 
F.-.l.a Wt.: 246.27 
Calc. %: C, 63.40; H, S.73; N, 11.38; 0, 19.49 

S..U or Medlod of Preparadoa: Synthetic. 

••••11•: 1. P. Oftlllllldn aad M. Wlaitz, Clteftl#ry of tiN Amillo Aclth, lobo 
W1JeJ A: Soal, Inc., New Y odt (1961), pp. 23»-2336. 

Sped8e Roadoa: None. 
Ho.opoelty: Determined by paper chromatography. 

One dimensional: SolventS. 
Color reagent: Ehrlich. 

R1 0.46, Solvent S, ascending. 
VolatDe Matter: Not more than 0.3%. 
Water-IMolallle MateNI: S g in SO ml of water has a turbidity not 

greater than that given by 0.4 mg of BaSOc in SO ml of water 
All (..,.ted): Less than 0.1 %. 
H•'1 Metals (u Pb): Less than 20 ppm. 
Llbl7 ..... Ides: DL· Tryptophan. 
Cryitdlzadoa M-...: Ethanol, then water to excess. 
SIIIIIOJty ud Stenp: Stable. 
Meld~~ Polllt: 206 oc. 

AA-6 
N-Aeetyl-L-tryptopban 
Ac-Trp 

FCinllllla: C,alf,cN.Oa 
F.-la Wt.: 246.27 
Cak. %: C, 63.40; H, S.73; N, 11.38; 0, 19.49 

Source or Medlod of Preparatloa: Synthetic, via acetylation of 
L-tryptophan or resolution of N-acetyl-DL-tryptophan. 

• .........., : 1. L Warnell aDd C. P. Beq. J. Am. C"-. Soc., '7t, 1108 (1954); 
V. du Vlpwaad aad R. R. S.lock, J. Bioi. Cit-., N, 511 (1932); C. P. Bcra. 
J. Bioi. C"-·• 100, 19 (1933) ; J.P. OreeDitebl aDd M. Wlaltz, Clteftl#ry of tit' 
Amho Aclth, Jobn WUey A: Soal, Inc., New YOlk (1961), p. 2126. 

Sped8e Rotatloa: +30.1° in water containing I equivalent of 
NaOH, p • I g/100 ml, I = 2S °C. 
H~ty: Determined by paper chromatography. 

One dimensional: SolventS. 
Color reagent: Ehrlich. 

Rt 0.46, Solvent S, ascending. 
VolatDe Matter: Not more than 0.3%. 
Water-._..... MateNI: S gin SO ml of water bas a turbidity not 

greater than that given by 0.4 mg of BaSOc in SO ml of water 
Alb (...,.tecl): Less than 0.1 %. 
H•YJ Metals (u Pb): Less than 20 ppm. 
Likely I..,..ntles: L-Tryptophan, N-acetyl-o-tryptophan. 
CrystaiUzadoa MecUaa: Water. 
&MOJty ud Stenp: Stable. 
MeltiDa Polat: 188 oc. 

AA-7 CHaCH(NH2)COOH 

DL-AlaDJDe 
DLAla 

FCinllllla: c.H,NO. 
F....aa Wt.: 89.09 
Cale. %: C, 40.44; H, 7.92; N, IS.72; 0, 35.92 

Source or Medlod of Preparadoa: Synthetic. 
Spedftc: Rotatloa: None. 
H~ty: Determined by paper chromatography. 

One dimensional : Solvent 2. Two dimensional: Methods A and 
B. 
Color reagent: Ninhydrin. 

R1 0.4S, Solvent 2, ascending. 
RacP 0.32, Solvent 2, descending. RBCP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

VolatDe Matter: Not more than 0.3%. 
Water-lasolullle Material: S g in SO ml of water has a turbidity not 

greater than that given by 0.4 mg of BaSOc in SO ml of water. 
Alb (IUifated) : Less than 0.1 %. 
H•YJ Metals (u Pb): Not more than 20 ppm. 
Likely ._parities: 2, 2'-lminodipropionic acid. . 
CrystaUizatloa Mecaa.: Water, then ethanol to 80% v/v, or water-

ethanol (1:4 v/v). 
sc.blllty ud Stenp: Stable. 

9 
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NHz 
I 

CH,-c-COOH 
I 

P.-a:C.U,NO, 
P.-la Wt.: 89.09 
Calc. 7o: C, 40.44; H, 7.92; N, 15.72; 0, 35.92 

H 

Solfte or Medlod of Preparadoa: Resolution of synthetic, or from 
natural sources. 

Sped8c Rotatloa: +14.-,o in 1.0 M HC, p- 5.8 a/100 ml, I
IS°C. 
H~: Determined by paper chromatosrapby. 

One dimensional: Solvent 2. Two dimensional: Methods A and 
B. 
Color reagent: Ninhydrin. 

R, 0.45, SoiYent 2, ascencfina. 
Racr 0.32, SoiYeDt 2, descending. Racr refers to tbe distance 
moved by the amino acid calculated as tbe fraction of tbe dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w ;v solution in ethanol. 

VolatDe Matta-: Not more than 0.3%. 
Wmr-IMolable MaCerial: 5 g in SO ml of water bas a turbidity not 

greater than that giYeD by 0.4 mg of oaso. in so ml of water. 
Alb (..,.ted): Less than 0.1 %. 
HeaYJ MeCall (as Pb): Not more than 20 ppm. 
IJkely -...ltlei: 2, 2'-lminodipropionic acid, vitamin 0.. 
Crystalllzadoa Medlaa: Water, then ethanol to 80% v /v, or water-

ethanol (I :4 v/v). 
&UIIIty ud &uraae: Stable. 

NHCOCHzCHzNHz • HNO, 
I 

AA-9 ~-c-COOH 
I 

L-ADserine Nitrate 

P.-a: CtaHnNaO, 
p.,..Ja Wt.: 303.28 
Calc. %: C, 39.60; H, 5.65; 

N, 23.10; 0,31.65 

H 

Solfte or Method of Preparadoa: Synthetic. 

• ........., : 0. K. Bebreauod V. du Vl.-ud. J. Bioi. C'-·• UO, 517 (1937); 
1. P. Oteeaatda and M. Wlaltz. C'-l#ry of tlw Amlllo Aclb, Joba Wiley A: 
So111, lac., New York (1961), pp. 74-75, 1521-UZl. 

Sped8c Rotadoa: +12.~ in water, calculated as Cree anserine, 
P - 5 a/100 ml, 1 - 30 oc. 
H~ty: Determined by paper chromatosraphy. 

One dimensional: Solvents 4 and 6. 
Color reagent: Ninhydrin. 

Rt 0.29, Solvent 4, ascending. 
Rt 0.34, SoiYent 6, ascending. 

VolatDe Matter: Not more than 0.3%. 
Water-r.olallle Material: Gives a clear colorless solution in water. 
Alb (llllfated): Less than 0.1 %. 
HeaYJ MeCall (as Pb): Less than 20 ppm. 
Ukely ............. : 1-Methylimidazole-S-alanine, histidine. 
CrystaiUzadoa Medlaa: Dilute methanol. 
&UIIIty ud 5Curaae: Stable. 
Meltllla Polat: m oc. 
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AA-10 
L-Arlinlne Hydrochloride* 
Ara·HO 

Ntiz• HCI 

HN•b ~ 
I I 

Porada: CaH...aNA 
P.-la Wt.: 210.67 
Calc. %: C, 34.21; H, 7.18; 

0,16.83; N, 26.60; 0,15.19 

HN-CHzCHzCHz -C- COOH 
I 
H 

Source or Method of Preparatt.: Gelatin, blood meal, seed afobu
lins. 

Sped8c Rotatloa: +26.~ in 6 M HC, calculated as Cree L-aqinine. 
p • 2 g/100 ml, I • 25 °C. 
H~ty: Determined by paper chromatoarapby. 

One dimensional: SoiYent 2. Two dimensional: Methods A and 
B. 
Color reagent: Ninhydrin. 

R, 0.26, SolYent 2, ascending. 
Racr 0.09, SoiYent 2, descending. Racr refers to the distance 
moved by tbe amino acid calculated as tbe fraction of tbe dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

VolatDe Matter: Not more than 0.5%. 
Water-IIIIOiallle Material: 5 g in SO ml of dilute HC bas a turbidity 

not greater than that giYeD by 0.4 mg of oaso. in so ml of water. 
Alb (llllfated): Less than 0.1 %. 
HeayY MeCall (as Pb): Not more than 20 ppm. 
IJkely -...atlei: Ornithine. 
CrystalllzatiGD Medlaa: Water pH 5 to 7, then ethanol to 80% v/v. 
Stability ud &uraae: Stable if kept dry. 

• Alto a...U.ble u fiW L-UIIaiae: Fonaula Wt.: 174.21; N • 32..16~ 

AA-11 
L-Arglaiaoluc:dnJc Add 
Arg(Suc) 

P.-a: CsoHuNA 
P.-a Wt.: 290.28 
Calc:. %: C, 41.37; H, 6.25; 

N, 19.30; 0, 33.07 

H 
I 

HOOC-C-CH2 -COOH 
I 
NH 
I 

HN•C NHz 
I I 

HN-(CHz)s-C-COOH 
I 
H 

Source or Medlod of Preparadoa: Biosyntbetic. Isolated as tbe 
amorphous alkaline barium salt. 

BIWID11....,: S. Rataer, W. P. Aaii-,Jr., and B. PwUack, J.lllol. 0..., JM. 
115 (1953). 

Sped8c Rotatloa: +16.4° in H.O, p • 2.90 a/100 ml, I • 24 °C; 
+5.~ in 0.5 M HC, p • 2.90 g/100 ml, 1 • 24 °C; +26.6" in 0.5 
M NaOH, p = 2.90 g/100 ml, I • 24 °C. 
H~: Determined by paper chromatoaraphy. 

One dimensional: SoiYent I and SoiYent Py [pyridine-H,O 
(70:30) on paper washed with acetic acid). Two dimensional: 
SoiYent Py, followed by SoiYent 1. 
Color reagent: Ninhydrin. 

R, 0.38, Solvent I, ascending. 
Rr 0.22, SoiYent Py, ascending. 

Copyright © National Academy of Sciences. All rights reserved.

Specifications and Criteria for Biochemical Compounds:  Third Edition
http://www.nap.edu/catalog.php?record_id=21491

http://www.nap.edu/catalog.php?record_id=21491


AA-12 I AA-14 

Volatile Matter: Cannot be heated without change. 
w ........... Material: s g in so ml or water bas a turbidity not 

greater than that given by 0.4 mg or BaSOc in so ml or water. 
Alii (llllfated): Less than 0.1 %. 
H•YJ Meall (u Pb): Not more than 20 ppm. 
Ukely ..... ltlei: Fumaric acid. Readily undergoes ring closure to 

the anhydride at neutral or acid pH.1 

Qoyledlzatloa MaUa.: Water, then ethanol to 60%. 
SIUIUty ud SUqe: Stable as solid barium salt when stored at 
~S •c under anhydrous conditions. 

Addltlollllllal.,..doa Dellrallle: Colorimetric estimation.• 
...._ 
I. S. RaiDer, 8. PwUack, and 0. Rocb-IIIIIJ, J. Mol. Qeft., 204,9$ (19$3). 
2. S. RaiDer, H. Morell, aod B. CArvalho, Ardl. Bloc!Nm. Blop/ty1., 91,280 (1960). 

AA·ll 
L-Arglainosucdnlc Anhydride 

F.-la: C,oH,,N.O. 
P..- Wt.: 272.26 
Calc. %: C, 44.11; H, S.92; N, 20.S8; 0, 29.38 

H 
I 

HOOC-C-CHz 
I \ 
N C=O 
I I 
C-NH 

I 7Hz 
Ht.I-(CHz)s-c-COOH 

I 
H 

I lll 

&.a or Method of Prepuadaa: From solutions or argininosuc
cinic acid aUowed to stand at neutral pH (anhydride II) or acid 
pH (anhydride Ill). 

Bal......,: S. RaiDer, 8 . Pwack, aod 0. Rocb-IIIIIJ, J. Bioi. C'-t., 204,9$ 
(19$3); R. 0. Watall,lli«'-t. J., 17, 13$ (1960). 

Sped8c Rotatloa of 0 : -10.00 in H.O, p - 2. 72 g/100 ml, 1 - 23 
°C; +8.~ in O.S M HO, p - 2.72 g/100 ml, 1 - 23 °C; +S.t» in 
O.S M NaOH, p - 2.72 g/100 ml, 1 - 23 °C. 
H~ty: Determined by paper chromatography. 

One dimensional: Solvent 1 and Solvent Py (pyridine: H.O, 
70:30 on paper washed with acetic acid). Two dimensional: 
Solvent Py, foUowed by Solvent I. 
Color IUFflt : Ninhydrin. 

Rr 0.39 Anhydride D, 0.49 Anhydride Ill, Solvent 1, ascending. 
Rr0.38 Anhydride II, 0.25 Anhydride Ill, Solvent Py, ascending. 

Volatile Matter: Cannot be heated without change. 
Water ........ Material: S g in SO ml of water has a turbidity not 

greater than that given by 0.4 mg or BaSOc in so ml or water. 
Alii (llllfated): Less than 0.1 %. 
H•YJ Metall (u Pb): Not more than 20 ppm. 
1Jke1J ............. : In solution, various mixtures of anhydride II, 

anhydride Ill, and argininosuccinic acid are dneloped, depend
ing on pH and temperature. 

~ M.._: Water, then ethanol to 70%, v;v. 
StabiUty ud Stontae: Stable. 
Addltlollllllal.,..doa Delhllle: Anhydride Ill, but not anhydride 

II, may be estimated colorirnetricaUy.1 

..,_ 
I. S. RaiDer, H. Morell,aod E. CArvalho, Arcll.lllodiMt. Bloplty1., 91,280 (1960). 

AA-13 
L·Asparagine Monohydrate• 
Asn· H20 or Asp(NH2)· H~ 

P..-: C.H,.N.Oc 
Porada Wt.: 1SO.l4 
c.Jc. %: C, 32.00; H, 6.71; N, 18.66; 0, 42.63 

Solfte or Method of Preparadoa: Lupine seedlings. 

Spedftc Rotatloa: + 32.ff in 0.1 M Ha, calculated as asparagine, 
p - I g/100 ml, I • 20 °C. 
H~: Determined by paper cbromatoaraphy. 

Two dimensional: Methods A and B. 
Color reagent : Ninhydrin. 

Rr O.S3, Solvent 1, descending. 
RBCP 0.11, Solvent 2, descending. RBCP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

~:Amide nitrogen (2M HO, reflux for 2 h): 9.4%. 
Volatile Matter: Not more than 12%. 
Water·I'Moluble Material: S g in SO ml of dilute HO has a turbidity 

not greater than that given by 0.4 mg or aaso. in so ml or water. 
Alii (llllfated): Less than 0.1 %. 
H•YJ Metall (as Pb): Not more than 20 ppm. 
IJkely Imparities: Aspartic acid, tyrosine. 
Crym)Uzadoa Medlua: Water, or water and ethanol. 
StabiUty ud Storqe: Slowly effloresces in dry air. 

• Alto available aaanh,droun-atpal'llp: Formula WL 132.12; N - 21.21 "-· 

AA·14 
DL-Aspartic Add 
DLAsp 

HOOC- CH2CH (NHz) COOH 

F.....aa: CJf,No. 
Ponaala Wt.: 133.10 
c.Jc. %: C, 36.09; H, S.30; N, 10.S2; 0, 48.08 

Solfte or Method of Preparadoa: Synthetic. 

SpecUk Rotatloa: None. 
H~: Determined by paper chromatography. 

One dimensional: Solvent 1. Two dimensional: Methods A and 
B. 

11 
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Color reagent: Ninhydrin. 
R, 0.25, Solvent 1, ascending. 
Rt 0.22, Solvent 2, descending. 
RBCP 0.11, Solvent 2, descending. RBCP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

VolatDe Matter: Not more than 0.3%. 
Water-IDioluble Material: 5 g in 50 ml of dilute HCl has a turbidity 

not greater than that given by 0.4 mg of BaSO. in 50 ml of water. 
Alb (llllfated): Less than 0.1 %. 
Hea91 Mecall (u Pb): Not more than 20 ppm. 
CryJcaDizatioD Media.: Water, then ethanol to 80% v/v. 
Stability ud SUqe: Stable. 

AA-15 
L-Aspartic Add 
Asp 

Fonaala: C.H1NO. 
F..U Wt.: 133.10 
Calc:. %: C, 36.09; H, 5.30; N, 10.52; 0, 48.08 

Source or Medlod of Preparatioa: Natural sources, or hydrolysis of 
L-asparagine. 

Spedftc: Rotadon: +25.4° inS M HCI, p = 2 g/100 ml, I= 25 °C. 
Homogeaelty: Determined by paper chromatography. 

One dimensional : Solvent 1. Two dimensional: Methods A and 
B. 
Color reagent: Ninhydrin. 

R, 0.25, Solvent I, ascending. 
R, 0.22, Solvent I, descending. 
Racp 0.11, Solvent 2, descending. RBCP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w jv solution in ethanol. 

VolatDe Matter: Not more than 0.3%. 
Water-lllloluble Material: 5 g in 50 ml of dilute HCI has a turbidity 

not greater than that given by 0.4 mg of BaSO. in 50 ml of water. 
Alb (sulfated): Less than 0.1 %. 
HeaY)' Metals (u Pb): Not more than 20 ppm. 
IJkely lmpurldes: Glutamic acid, NH.ct, cystine, asparagine. 
Crystallization Medium: Water, then ethanol to 80%, v;v. 
StabWty and Storage: Stable. 

AA-16 
L-Carnosine 

Formula: C.UI.NtOa 
Formula Wt.: 226.24 
Calc:. %: C, 47.78; H, 6.24; 

N, 24.77; 0, 21.22 

Source or Medlod of Preparation: Synthetic, from histidine. 

Blblio.....,_: R. H. Slfl'erd •nd V. du Vlaoeaud, J. Bioi. Cllmt., 101, 753 (1933) ; 
N. C. O.vla .ad E. Smith, Bl«ll~m. Prq., 4, 38 (1955); J. P. Oreeaatein •nd 
M. Wlnltz, Cllmtlllry o/ til~ Am/Ito AcltU, John Wiley .t Sona, Inc .. New York 
(1961), pp. 74, Ull. 

AA-15 I AA-11 

Sped8c: Rotadon: +20.SO in water, p - 2 g/100 ml, 1 c 25 °C. 
H-.-efty: Determined by paper chromatography. 

One dimensional: Solvents 4 and 5. 
Color reagent: Pauly. 

R, 0.24, Solvent 4, ascending. 
R, 0.32, Solvent 5, ascending. 

VolatDe Matter : Not more than 0.3%. 
Water-IDioluble Material: Gives a clear colorless solution in wata'. 
Alb (..,_ted): Less than 0.1 %. 
HeaY)' Metals (u Pb): Less than 20 ppm. 
IJkely lllflll'ides: Histidine, ,Wlanine. 
Crywtalllzatioa Medium: Water, then ethanol to excess. 
Stability ud Stanae: Stable. 

AA-17 
L-Cltrulline 

FOI'DIIIIa: C.U"N.Oa 
Fomala Wt.: 175.19 
Calc:. %: C, 41.13; H, 7.48; N, 23.99; 0, 27.40 

Source or Medlod of Preparation: Synthetic:, via action of cyanate 
or urea on copper complex of L-omithine. 

BlllliocnPIIY: L. H. Smlth,J. Am. Cllmt. Soc., 77,6691 (195S); P. B. Kamlttoo.
R. A. Andenon, Bl«llmt. P,q., 3, 100 (1953); J.P. Orect181dn •nd M. Wlllltz, 
Cllmtl#ry o/ IM AmiM AcltU, John Wiley .t Soaa, Inc., New York (1961), 
pp. 2492-2494. 

Spedftc Rotadon: +4.00 in water, p = 2 g/100 ml, 1 c 25 °C; 
+24.t> in 5 M HCI, p = 2 g/100 ml, 1 = 25 °C; +17.SO in glacial 
acetic: acid, p = 2 a/100 ml, 1 = 25 °C. 

H-.-efty: Determined by paper chromatoaraphy. 
One dimensional: Solvents I and 5. 
Color reagent : Ninhydrin. 

R, 0.46, Solvent I, ascending. 
Rt 0.46, Solvent 5, ascending. 

VolatDe Matter: Not more than 0.3%. 
Water-lllloluble Material : Gives a clear colorless solution in water. 
HeaY)' Metals (u Pb): Not more than 20 ppm. 
Ukely Impurities: Ornithine, arginine. 
CryJcaDizatlon Medium: Water, then 5 volumes of ethanol. 
Stability and Storage: Stable. 

AA-18 
Creatine Monohydrate 

F....ta:C.UuNA 
Formula Wt.: 149.15 
Calc:. %: C, 32.21; H, 7.43; N, 28.18; 0, 32.18 

Source or Medlod of Preparation: Synthetic. 

Spec:lftc: Rotadon: None. 
H-.-efty: Determined by paper chromatography. 

One dimensional: Solvents I and 3. Two dimensional: Method B. 
Color reagent: Heat at 100 oc for I b to convert into c:reatinine, 
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AA-19 I AA-21 

then spray with freshly prepared mixture of either 10% w/v 
sodium hydroxide (10 ml) and saturated aqueous picric acid 
(50 ml), or 5% wjv sodium nitroprusside (2 ml), 3% wjv 
hydrogen peroxide (5 ml), and 10% w/v sodium hydroxide 
(1 ml) diluted to IS ml with water. 
Rr 0.90, Solvent 1, descending. 
RBCP 1.08, Solvent 1, descending. RBCP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by brOIJlOCreSOl purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile Matter: Loses water of hydration at 105 °C. 
Water-1...,.... Material: Gives a clear colorless solution in water. 
Alb (IUifated): Not more than 0.1 %. 
H•YJ Metals (as Pb): Not more than 50 ppm. 
Ukely blparltlel: Creatinine and other guanidino compounds. 
CrystaiUzadoa ~: Water. 
SCIIblllty 8lld &Graae: Stable. 
Addltloaal IDIOI'IIIIldon: Gives a neptive color reaction with picric 

acid and a positive color reaction with 1-naphthol and 2,3-
butanedione. 

AA-19 
Creatinine 

PGI'IIIIIIa: CJf1N.0 
PGI'IIIIIIa Wt.: 113.12 
Calc. %: C, 42.47; H, 6.24; N, 37.IS; 0, 14.14 

Source or Medlocl of Preparadoa: Synthetic. 

Sped8e Rotadoa: None. 
H~: Determined by paper chromatoaraphy. 

One dimensional: Solvents I and 2. Two dimensional: Method A. 
Color reagent: Spray with freshly prepared mixture of either 10% 

w/v sodium hydroxide (10 ml) and saturated aqueous picric 
acid (50 ml) or 5% w/v sodium nitroprusside (2 ml), 3% w/v 
hydrogen peroxide (5 ml), and 10% w/v sodium hydroxide 
(1 ml) diluted to IS ml with water. 
R, 0.91, Solvent 1, descending. 
RBCP 0.56, Solvent 3, descending. RBCP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile Matter: Not more than 0.3%. 
Water ......... Material: Gives a clear colorless solution in water 
Alb (llllfated): Not more than 0.05%. 
H•YJ Metall (as Pb): Not more than 30 ppm. 
Likely I..,...ltlel: Creatine, ammonium chloride. 
er,.taDIJadoa Medluaa: Dilute hydrochloric acid followed by 

neutralization with ammonium hydroxide. 
Water, then excess of acetone. 

SCIIblllty 8lld Stontge: Stable when stored under anhydrous condi
tions. 

Addltioul fllfon.don: Gives a negative color reaction with 
1-naphthol and 2,3-butanedione, and a positive color reaction 
with picric acid. 

Creatinine I L-Cyatelne Hydrodtlorlde Monohydrate 

AA-20 
L-Cystelc Add• 
Cys(OaH) 

P.-la: C.U1NO.S 
P.-a Wt.: 169.16 
Calc. %: C, 21.30; H, 4.17; N, 8.28; 0, 47.29; S, 18.96 

Source or Medlocl of Preparadon: Synthetic, via oxidation of cystine 
with bromine. 

Balla ...... : E. Freldmana, B•ltr. C'"'". Pllyml. Pt~tht>l., 3, 1 (1903); H. T. Clarke 
and J. M. lllOU)'e, J. Bltll. Cltmt., H. S41 (1931-32); J. P. Oreclllleln and M. 
Wlnltz, Clt-utry of tit• A~~tbto Aclth, John Wiley A: Sou, r-. New York 
(1961), p. 1908. 

Sped8c Rotatloa: +8.~ in water, calculated as monohydrate, 
P - 7 g/100 ml, I a 20 °C. 

H......,.b': Determined by paper chromatography. 
One dimensional: Solvents 1 and 2. Two dimensional: Method A. 
Color reagent: Ninhydrin. 

Rr 0.04, Solvent I, descending. 
Rr 0.01. Solvent 2, descending. 
RBCP O.OS, Solvent I, descending. RacP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile Matter: Not more than 0.3%. 
Water-I.IIuble Material: S gin 50 ml of water has a turbidity not 

greater than that given by 0.4 mg of BaSOc in 50 ml of water. 
Alb (sulfated): Less than 0.1 %. 
Hea.,- Metall (as Pb): Not more than 20 ppm. 
Ukely ..... Ides: Cystine, oxides of cysteine. 
Crystalllzadoa M-...: Water, then 2 volumes of ethanol. 
Stability 8lld Stontge: Stable. 

AA-21 
L-Cystelne Hydrochloride Monohydrate• 
Cys•HO·H20 

NH2• HCI 
I 

Pormala: CelfJoCINO.S 
P....aa Wt.: 175.64 

HSCHe-C- COOH • ~0 
I 

Calc. %: C, 20.51; H, 5.14; Cl, 20.19; 
N, 7.98; 0, 27.33; S, 18.26. 

H 

Source or Medlocl of Preparadoa: Reduction of cystine. 

Sped8c Rotadon: +6.53° in 5 M HCI, calculated as cysteine, 
p = 2 g/100 ml, I .,. 25 °C. 

H.....aty: Determined by paper chromatography. I. 
One dimensional: Solvent 2. 
Two dimensional: Method A, after condensing with N-ethyl
maleimide. 
Color reagent: Ninhydrin. 
Specific reaaent: Nitroprusside. 

Rr 0.08, Solvent 2, ascending. 

13 

Copyright © National Academy of Sciences. All rights reserved.

Specifications and Criteria for Biochemical Compounds:  Third Edition
http://www.nap.edu/catalog.php?record_id=21491

http://www.nap.edu/catalog.php?record_id=21491


Volatile Matter: Cannot be dried by AOAC method without decom
position. 

Water-IDioluble Material: 5 g in SO ml of dilute HCJ has a turbidity 
not greater than that given by 0.4 mg of BaSOc in SO ml of water. 

Alii (IIUifated): Lea than 0.1 %. 
HeaYJ Metllll (u Pb): Not more than 20 ppm. 
lJkely laaparfdes: Cystine, tyrosine, H.S. 
CryscaiUzadoa M.._: Methanol, then ether (peroxide-free). 
SCabiUty ud Storage: Decomposes and oxidizes slowly; hygro-

scopic. ..,_ 
I. R. J. Block. B. L. Durrum, and 0. Zwela. Ptlper ClvomtiiOfroplty tllfll p,.,_ 

El«t,.,_rm, Academic Praline:.. New York (19SI). 

• Abo available u anbydroua L<)'lleine : Formula WL 121.16; N - 11.567.. 

AA-22 
L-Cystine 
r---1 
Cys Cys 

F....W.: C.UJsNtO& 
F.-a Wt: 240.30 
Calc.%: C, 29.99; H, 5.03; N, 11.66; 

0, 26.63; s. 26.68 

~tit 
SCHt-C- COOH 

I 
H 

NHt 
I 

SCHt-C-COOH 
I 
H 

Solfte or Medlod of Preperatloa: Hair and wool wastes 

Sped8c Rotatloa: -212" in I M HCI, p = 1 g/100 ml, 1- 25 °C. 

Hoaogenelty: Determined by paper chromatography. 
One dimensional: Sol~nt 2. 
Color reagent: Ninhydrin. 
Specific reagents: Nitroprusside-NaCN. 

R, 0.12, Solvent 2, ascending. 
RBCP 0.03, Solvent 2, descending. Racp refers to the dista~ 
mo~ by the amino acid calculated as the fraction of the dis
tance mo~ by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile Matter: Not more than 0.3%. 
Water-IMOIIIIIIIe Material: 5 gin SO ml of dilute HCI has a turbidity 

not greater than that gi~n by 0.4 mg of BaSOc in SO ml of water. 
Alb (sulfated): Less than 0.1 %. 
HeaY)' Metals (u Pb): Not more than 20 ppm. 
Likely Impurities: o-Cystine. mt-so-cystine, tyrosine. L·Cystine and 

mt-so-cystine can be distinguished by infrared spectroscopy• or 
by column chromatography1 t and separated by recrystallization 
of the hydrochlorides.1 

Crystallization MedJum: 1.5 M HCI, then NHcOH to neutrality. 
Stability ud Storqe: Stable. . .,_ 
I. N. Wrllbt. J. Bioi. CMm., UO, 641 (1937). 
2. H. S. Lorina and V. du Vlancaud. J. Bioi. Cllmt., 101, 287 (1933). 

• See N1Dfrared Spec:tto.:opy. w p. 5. 
t See Nlon-Exdlanae ChromaiOIJaph:r,w p. 7. 
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AA-23 
3-(3,4-Dibydroxypbenyl)-DL-alanine 
DLPbe(OH)2 or DLDopa 

F....W.: C.UuNOc 
F....aa Wt.: 197.19 
Calc. %: C, 54.82; H, 5.62; 

N, 7.10; 0, 32.46 

Solfte or Medlod of Preperatloa: Synthetic • 

AA-22 I AA..z4 

a~~~~~op.-,: J.P. OteellllciD and M. Wlnltz. Cllmtutry oftllr Am..., Aclth, Joba 
Wiley A Soaa, Inc:., New York (1961), pp. 27J:J.-2711. 

Sped8c Rotatloa: None. 
H~ty: Determined by paper chromatography. 

One dimensional: Solvent 2. 
Color reagent: Ninhydrin. 
Specific reagent: Freshly prepared 0.5% w /v sodium 1,2-napb
thoquinone-4-sulfonate in 0.2 M borate buffer, pH 8.9. 

Rr 0.16, Sol~nt 2, descending. 
RBCP 0.21, Sol~nt 2, descending. RacP refers to the distance 
mo~ by the compound calculated as the fraction of the dis
tance mo~ by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile Matter: Not more than 0.3%. 
Waler-IDioluble Material : 5 g in SO ml of dilute HCJ has a turbidity 

not greater than that gi~n by 0.4 mg of BaSOc in SO ml of water. 
Alb (llllfated): Less than 0.2%. 
HeaYJ Metllll (u Pb): Not more than 20 ppm. 
Ukely Imparities: Vanillin, hippuric acid, 3-methoxytyrosine. 
Crystalllzatloa Medium: Dilute hydrochloric acid, then dilute am-

monium hydroxide to pH 5. 
Stability ud Storqe: Unstable in aqueous alkali. 

AA-24 
3-(3,4-Dibydroxypbenyi)-L-alanine 
Pbe(OH)2 or Dopa 

F.-a: C.HuNOc 
F....aa Wt.: 197.19 
Calc. %: C, 54.82; H, 5.62; 

N, 7.10; 0, 32.46 

f\_ NH2 

HO _'t=' CHt-~-COOH 
HO H 

Source or Medlod of Preperatioa: Synthetic, from L-tyrosine, reso
lution of the racemate, or natural sources, e.g., ~l~t beans. 

BIWiopaplly : T. Torquatl, Arcll. Ftumocol. Sprr., 15,308 (1913); M. Quaeabdm. 
Z. Pllyml. Cllmt., II, 276 (1913); E. Wuer and M. Lewandowlld, Hdr. C1IMI. 
Acta, 4, 6'7 (1921); C. R. Harinaton and S. S. Randall, BIDcltmt. J., 25, 1029 
(1931); K. Vosterand H. Baumprtner, Hrl•. Clllm. Acta, 35, tn6 (19,2); J. P. 
Oreellllein and M. WlniiZ, Cllmtulry of tllr Amino Ac/ih, John Wiley A Soaa. 
Inc:., New York (1961), pp. 68-69, 2714-2711 • 

Sped8c Rotatloa: -12.0" in 1 M HCJ, p - 2 g/100 ml, I- 2S °C. 
H~ty: Determined by paper chromatography. 

One dimensional: Sol~nt 2. 
Color reagent: Ninhydrin. 
Specific reagent: Freshly prepared O.S% w /v sodium 1,2-napb
thoquinone-4-sulfonate in 0.2 M borate buffer at pH 8.9. 

R, 0.16, Sol~nt 1, descending. 
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R.cr 0.21, Solwnt I, descending. R.cr refers to the dist.aDce 
mowd by the compound calculated as the fraction of the dis
tance mowd by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanoL 

VolatDe Matter: No more than 0.3%. 
Wa1er·IDiolullle MaterW: 5 8 in 50 ml of dilute Ha bas a turbidity 

not peater than that giwo by 0.4 mg of BaSO. in 50 ml of water. 
A8 (llllfated): Less than 0.2%. 
Hepy MetU (u PI»): Not more than 20 ppm. 
IJkely -...ltlei: Vanillin, hippuric acid, 3-metboxytyrosine, tyro

sine, 3-aminotyrosine. 
CrymlllzatiGD Melllla: Dilute hydrochloric acid, then dilute am

monium hydroxide to pH 5. 
SIUIUty ud Sturqe: Unstable in aqueous alkali. 

Poramhl: c.H.IsNOt 
P...aa Wt.: 432.99 
Calc. %: C, 24.96; H, 2.10; I, 58.62; N, 3.24; 0, 11.09 

&.a or Medlod o1 Pnpu-atloa: Iodination of tyrosine. 

Sped8c Rotatloa: +I.SO in I MHO, p • 5 a/100 ml, t• 25 •c. 
Hoaogeaett)': Determined by paper chromatography. 

One dimensional: Solwnt 3b. Two dimensional: Method C. 
Color reagent: Ninhydrin. 
Specific reagents: Ce(HSO.). + NaAsO,. 

R1 0.29, Solvent 3b, descending. 
Rt 0.16, Solwnt 3, descending. 
R.cr 0.87, Solwnt 2, descending. R.cr refers to the distance 
mowd by the amino acid calculated as the fraction of the dis
tance mowd by bromocresol purple, which is applied as a 0.1% 
w /v solution in ethanol. 

VolatDe Matter: Not more than 0.5%. 
Waw-1..,.... MateNI: 5 8 in 50 ml of dilute NaOH has a tur· 

bidity not peater than that given by 0.4 mg of BaSO. in 50 ml of 
water. 

A8 (llllfated): Less than 0.1 %. 
HeaYJ Metall (as PI»): Not more than 20 ppm. 
1Jke1y I..,..ntlei: Tyrosine, 3-iodotyrosine, iodide, iodine. 
Qoyltallzatloa Medf.-: Cold dilute NH.OH, then acetic acid to 

pH6. 
&UIIJt7 ud &anae: Decomposes slowly to liberate iodine and 

iodide. 

AA·l6 
L-Etbloabae (L·l-AmJno-4-(etbyltblo)butyrlc Add) 

Porada: c.HuNO,S 
Porada Wt.: 163.24 
Calc. %: C, 44.15; H, 8.03; 

N, 8.58; 0, 19.60; S, 19.64 

NHz 
I 

CHJCHzSCHfCHf -c- COOH 
I 
H 

&.a or Medlod o1 Pnpu-atloa: Synthetic, from L·metbionine, or 
resoJution of the racemate. 

BIMitl ...,: S. M. lllmba11111, L. Levlntow, R. B. Kblploy, and J. P. o.......m, 
J, Mol. C'AML, IN. 455 (1952); H. M. Oyer, J, Bioi. C'AMI., 124, 519 (1938) ; 
J, P. 0--.ID and M. WIDita, C,_lltry o/ tlw b!Mo Arib, Jobll Wtloy A 
Soaa, IDe., New Y odt (1961), pp. 2658-2659. 

Sped8c Rotatloa: +23.1' in 5 M ua, p- 2 11100 m1,'- 25 •c. 
H~: Determined by paper chromatography. 

One dimensional: Solwots I and 3. Two dimensional: Method B. 
Color reagent: Ninhydrin. 
Specific reaJtDt: Platinic iodide. 

R, 0.85, Solvent I, descending. 
R, 0.16, Solwnt 3, descending. 
R.cr 1.13, Solwnt I, descendina. RBCP refers to the dist.aDce 
mowd by the compound calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w ;v solution in ethanoL 

VolatDe Matter: Not more than 0.3%. 
Waw-t.olable MateNI: 5 8 in 50 ml of water bas a turbidity not 

peater than that given by 0.4 m8 of BaSO. in 50 ml of water. 
Alii (llllfated): Less than 0.1 %. 
HeaYJ Metall (u PI»): Not more than 20 ppm. 
IJkely l..,..ndel: N-ac::etyl-o-etbionine, N-ac::etyl·L«bionine, L· 

methionine, o-ethionine. 
Crymlllzatloa M.._: Water, then 4 volumes of ethanol. 
StllbiUty ud Stanae: Stable. 

AA·l7 
L-GiutaJDlc Add 
Glu 

NHz 
I 

HOOC-CHfCHz -C-COOH 
I 

P.-a: c.HaNOt 
Porada Wt.: 147.13 
Calc. %: C, 40.81; H , 6.17; N, 9.52; 0, 43.50 

H 

Solfte or Medlod of Pnpu-atloa: Wheat gluten, beet suaar filtrate. 

Sped8c Rotatloa: +31.S0 in 5 M Ha, p • 2 a/100 ml, t • 20 •c. 
H-.-eft)': Determined by paper chromatoaraphy. 

One dimensional: Solvent 1. Two dimensional: Methods A and 
B. 
Color reaJtDt: Ninhydrin. 

Rt 0.33, Solwnt I, ascending. 
R1 0.33, Solvent I, descending. 
R.cr 0.21, Solvent 2, descending. R.cr refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance mowd by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

VolatOe Matter: Not more than 0.3%. 
Water-...,.... MaterW: 58 in 50 ml of dilute Ha bas a turbidity 

not peater than that given by 0.4 mg of BaSO. in 50 ml of water. 
Alii (llllfated): Less than 0.1 %. 
HeaYJ Metall (u PI»): Not more than 20 ppm. 
IJkely l ...... del: Aspartic acid, cystine. 
Crymlllzatloa Medium: Water, then ethanol to 80% v/v. 
StllbiUty ud &anae: Stable. 
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L-Ghdudae 1 L-HIItldl. Moaollydrocblorl Mooola)cbte 

AA-28 
I.-Glutamine 
Gin or Glu(NH2) 

NH2 
I 

H2NCOCHzCH2- C- COOH 
I 

F.-.: c.HJoN.O. 
Funllllla Wt.: 146.15 
Calc.%: C, 41.09; H, 6.8S; N, 19.17; 0, 32.82 

H 

Suan:e or Metbud of Preparatlua: Synthetic:, or beet extract. 

Spedftc Rutatlua: + 7.00 in wata", p = 2 g/100 ml, I "" 2S °C; 
+31.SO in 1 M HCl, p = 2 g/100 ml, 1 = 2S °C. 

H......-elty: Determined by paper chromatography. 
One dimensional: None. Two dimensional: Methods A and B. 
Color reagent: Ninhydrin. 

Rr 0.6S, Solvent I, descending. 
RBCP 0.13, Solvent 2, descending. Rac:p refers to the distance 
moved by the amino acid c:alc:ulated as the fraction or the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w/v solution in ethanol. 

Allays: Amide nitrogen (2 M HCl, reftuxing for 2 h, or water at 
100 oc for 3 h): 9.6%. 

VulatDe Matter: Not more than O.S%. 
Water-IIIIUiuble Material: S g in SO m1 of dilute HCI has a turbidity 

not greater than that given by 0.4 mg of BaSO, in SO m1 of water. 
Alb (sulfated): Less than 0.1 %. 
HeayY Metals (u Pb): Not more than 20 ppm. 
Likely Impurities: Glutamic: ac:id, ammonium salt of pyroglutamic: 

ac:id, • tyrosine, asparagine, isog)utaminc, arginine, nickel. 
CrystaUizatlua Medium: Water, then ethanol to 80% v/v. 
StabWty ud Sturaae: Stable; converted into ammonium salt of 

pyroglutamic: ac:id in hot water. 

• f'yrotjlulamk: add can be made vlllble In two-dimensional chromatoaraphy by 
apraylna with an •cld-b111e lodlaator. 

AA-29 
Glycine 
Gly 

FUI'IIIIIIa: C,H,NO, 
Formula Wt.: 75.07 
Calc. %: C, 32.00; H, 6.72; N, 18.66; 0, 42.63 

Suarce or Metbud of Preparation: Synthetic:. 

Spedfk Rotatlua: None. 

Homogeneity: Determined by paper chromatography. 
One dimensional: Solvent 1. Two dimensional: Methods A and 
B. 
Color reagent: Ninhydrin. 

Rr 0.48, Solvent 1, ascending. 
Rr O.S6, Solvent 1, descending. 
Rac:P 0.1 S, Solvent 2, descending. RBcP refers to the distance 
moved by the amino ac:id cak:ulatcd as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w ;v solution in ethanol. 

VulatDe Matter: No more than 0.2%. 
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AA-28 I AA-31 

WaC.-InlolaiJie Material: .5 gin SO ml of water has a turbidity not 
greater than that given by 0.4 mg of BaSO, in SO ml of wata". 

Alii (sulfated): Less than 0.1 %. 
HeaY)' Metall (u Pb): Not more than 20 ppm. 
Likely I...-ltlei: Ammonium salt, iminodiac:etic: ac:id and its am

monium salt, nitrilotriac:ctic ac:id, NH,CI. 
CrystaiUzatiua M~: Water, then ethanol to 80% v/v. 
Stability ud Sturaae: Stable. 

AA-30 
L-Histidine* 
His 

FurDIIIIa: c.HeN.O. 
F......aa Wt.: 1SS.l6 
Calc. %: C, 46.44; H, S.8S; 

N, 27.09; 0, 20.62 

Suan:e or Metbud of Preparation: Blood meal, hemoglobin. 

Spedfk Rutatlua: + 13.00 in 6 M HCl, p = 1 g/100 ml, t - 2S °C. 
H......-efty: Determined by paper chromatography. 

One dimensional: Solvent 2. Two dimensional: Methods A and 
B. 
Color reagent: Ninhydrin. 
Specific reagent: Pauly. 

Rr 0.80, Solvent I, descending. 
R1 0.22, Solvent 2, ascending. 
R8cp 0.07, Solvent 2, descending. Rac:P refers to the distance 
moved by the amino ac:id cak:ulated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w ;v solution in ethanol. 

VulatDe Matter: Not more than 0 . .5% for histidine· HCl. 
Water-IIIIUiable Material: .5 g in SO ml of dilute HCI has a turbidity 

not greater than that given by 0.4 mg or BaSO, in so m1 or water. 
Alb (llllfated): Less than 0.1 %. 
HeaY)' Metall (u Pb): Not more than 20 ppm. 
Likely Impurltlei: Arginine. 
Cr)'ltaUization Medium: Water, then ethanol to 80% v/v. 
Stability ud Sturaae: Stable. 

• A110 •VIlllable aa the 111drochlorlde. 

AA-31 
L-Histidine Monohydrocbloride Monohydrate 
His·HCI·H20 H 

F......aa: c.HuClN.O. 
Formula Wt.: 209.63 
Calc. %: C, 34.38; H, S.77; Cl, 16.91; 

N, 20.0S; 0, 22.90 

/N' 
HC CH 

I I 
C-N 

I ~H~· HCI 

CHt-~- COOH • Ht0 
H 

Suan:e or Metbud of Preparation: Blood meal, hemoglobin. 
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Sped8c Rotatloa: + 13Jf' in 6 M Ha, calculated as free L·histidine, 
p • I a/100 ml, I • ~ °C. 

u-..-ty: Determined by paper chromatosraphy. 
One dimensional: Solvent 2. Two dimensional: Methods A and 
B. 
Color reagent: Ninhydrin. 
Specific reagent: Pauly. 

R, 0.80, Solvent 1, descending. 
Rt 0.22, Solvent 2. ascending. 
RBCP 0.07, Solvent 2. descending. RBCP refers to the distance 
l1lCMd by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol 

Volatile Matter: Not more than 0.5% for histidine·HC. 
Water-r.olallle Material: 5 g iD 50 ml of dilute HO has a turbidity 

not greater than that given by 0.4 mg of BaSOc in 50 ml of water. 
Alii (llllfated): Less than 0.1 %. 
Hea91 Metals (u Pb): Not more than 20 ppm. 
IJkely I ....... del: Arginine. 
Crym)Uzadoa M.._: Water, then ethanol to 80% v/v. 
SCabiUty alld Storqe: Stable. 

AA-31 
L-Homoeerlae (l-Amlno-4-hydroxybutyrlc Add) 
lise 

PCirlllllla: CJf.NO. 
P.-a Wt.: 119.12 
Calc. %: C, 40.33; H, 7.61; N, 11.76; 0, 40.30 

Source or Metllod of Preparadoa: Resolution of synthetic racemate. 

BMtll_,.,: S. M. lllmbaum aDd 1. P. 0~ AreA. BlodiMt. BIDplufz., 42, 
212 (1953); M. D. Anutroaa,l. Am. C"-. Soc., 71, 3399 (1949); 1. P. o
llidD aDd M. WIDIIZ, C'-tl#ry of tlw AmiiiO AcltU, John Wiley A Soal, I DC., 

New York (1961), pp. 2612-2616. 

SpecUk Rotatloa: -8.8'" in water, p .. 5 g/100 ml, 1 .. 26 °C; 
+18.~ iD 2M HC, p .. 2 g/100 ml, 1-26 °C 

u.....-ty: Determined by paper chromatography. 
One dimensional: Solvents 2 and 3. Two dimensional: Method C. 
Color reagent: Ninhydrin. 

Rt 0.60, Solvent I, descending. 
Rt 0.03, Solvent 3, descending. 
RBCP 0.78, Solvent I, descending. RBCP refers to the distance 
moved by the compound calculated as the fraction or the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution iD ethanol 

Voladle Matter: Not more than 0.3%. 
Water-..._...... Material: Gives a clear colorless solution in water. 
Alii (llllfated): Less than 0.1 %. 
HeaY)' Metals (u Pb): Not more than 20 ppm. 
Llbl7 l....,tdel: N~Chloroacetyl)-L-homoserine, N~chloroace

tyl)-o-bomoserine, o-bomoserine, homoserine lactone, homoser
ine anhydride (diketopiperazine compound). 

a,.taDIJatlon M.._: Water, then 9 volumes of ethanol. 
StabOity alld Storage: Stable in solid state (anhydrous conditions). 

Stable in basic and dilute aqueous (neutral) solutions. 
Cyclizes to lactone in strongly acidic solutions. 
Cyclizes to diketopiperazine compound in concentrated aqueous 
and slightly acidic solutions. 

AA-33 HOOC-CH(OH)CH(NH2)COOH 

erythr~3-Hyclroxy-DL-aspartic Acid 

PCirlllllla: CJ{,NO. 
F.-la Wt.: 149.10 
Calc. %: C, 32.21; H, 4.73; 

N, 9.40; 0, 53.65 

Source or Metllod of .,.,.doll: Synthetic, by amination of 3-
chloromalic acid. 

8..........,.: H. D. Daldn,/. Bid. C"-·• 41, 273 (1921); 1. P. 0~ and 
M. Wlalu, C"-l#ry of tlw AmiiiO AcltU, John Wiley a: Sona, Inc., New York 
(1961), pp. 214-215, 2416-2418. 

Spedftc Rotation: None. 
H~: Determined by paper chromatosraphy. 

One dimensional: Solvents 1 and 2. 
Color reagent: Ninhydrin. 

R, 0.06, Solvent 1, ascending. 
R, 0.07, Solvent 2, descending. 
RBCP 0.12, Solvent 2, descending. RBCP refers to the distance 
moved by the compound calculated as the fraction of the dis
tance l1lCMd by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile Matter: Not more than 0.3%. 
Water-........._ Material: 5 gin 50 m1 of dilute HO has a turbidity 

not greater than that given by 0.4 mg of BaSOc in 50 m1 of water. 
Alii (llllfated): Less than 0.1 %. 
Hea91 Metall (u Pb): Not more than 20 ppm. 
IJkely 1..-ldel: 3-Chloromalic acid, ammonium chloride, thP'e0-

3-hydroxyaspartic acid. 
~M ..... :Water. 
Stability alld Storqe: Stable. 

AA-34 
5-Hyclroxy·L·lyslne Monohyclrodtloride 
Lys(OH)·HO 

Ponada: CJiuONA 
PCirlllllla Wt.: 198.65 
Calc. %: C, 36.27; H, 7.61; a, 17.85; N, 14.10; 0, 24.16 

Soarce or Method of Preparation: Natural sources (gelatin), or reso
lution or racemate. 

BIWiocnPII7: P. B. Hamilton and R. A. A...._, Bloclwm. Pr~p .. I, 55 (1961); 
W. S. Pona, Bloclwm. Pnp., I, 62 (1961); W. S. Pona,/. Am. CIIMt. Soc., 75, 
4865 (1953); 1. P. Orecnaldn and M. WlnliZ, CIJ-I#ry of til~ AmiiiO AcltU, John 
WUey A Sona, Inc., New York (1961), pp. 1996-2016. 

Sped8c Rotadoa: + 17 .8'" in 6 M Ha, calculated as free 5-bydroxy
L-Iysine, p ... 2 g/100 ml, 1 = ~ °C. Epimerization lowers the ro
tation of the product obtained from gelatin hydrolyzates. 

Hc.ogeaelty: Determined by paper chromatosraphy. 
One dimensional: Solvents 1 and 2. 

17 
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Color reqent: Ninhydrin. 
Rt 0.67, Solvent 1, ascending. 
Rr 0.06, Solvent 2. ascending. 
RBCP 0.15, Solvent 3a, dcacendina. Ram refers to the distaDce 
mowd by the compound calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1% 
w /v solution iD ethanoL 

Volatile Matter: No more than 0 5%. 
Wa1er-IIIIOiaiJie Matlrlal: 5 1 in 50 ml of water has a turbidity not 

sreater than that given by 0.4 rna of BaSOc in 50 ml of water. 
Alii (sulfated): Less than 0.1%. · 
HeaY)' MeCIIII (a Pb): Not more than 20 ppm. 
IJkely laaparltles: ,S.Q//o-Hydroxy-o-lysioe, ,S.Q//o-hydroxyoo~.-lysiDe, 

histidine, lysine, ornithine. 
CryiCaiUzadoa Medlllla: Water, then ethanol to 60% v/v, with fur. 

tber additions of ethanol to 90% as crystallization proceeda. 
St81101ty aad Storaae: Stable. 

AA-35 
Hydroxy-L-proiiDe 
Pro(OH) 

P.-a: c.H.NO. 
F.-..la Wt.: 131.13 

H 
N 

Oeoo. 
Cak. %: C, 45.79; H, 6.92; N, 10.68; 0, 36.61 

Sowc:e or Medlod of Prepentloa: Collagen, aelatin. 

Sped8c Rollltioa: -76.7" iD H.O, p- 201/100 ml, t- 25 °C. 
H~ty: Determined by paper chromatoaraphy. 

One dimensional: Solvent 2. Two dimensional: Methods A and 
B. 
Color reaaenta: Ninhydrin and isatin. 
Specific rea,enta: lsatin followed by Ehrlich. 

Rr 0.74, Solvent 1, descendina. 
Rr 0.20, Solvent 2, ascending. 
RBCP 0.18, Solvent 2. descending. Ram refen to the distanc:e 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Alaya: Amino aroup (ninhydrin accordina to VanSlyke): 0.0%. 
VolatDe Matter: Not rnore than 0.3%. 
Wa1er-r..luble Matlrlal: 5 a in 50 ml of water has a turbidity not 

peater than that given by 0.4 rna of BaSO. in 50 ml of water. 
Alii (sulfated): Less than 0.1 %. 
HeaY)' MeCIIII (a Pb): Not more than 20 ppm. 
IJkely ..... del: Proline. 
~ Medlua: Ethanol-methanol (1:1 v/v). 
SCabllity ud Sbqe: Stable. 

AA-36 
5-Hydroxy-DL-tryptopban Monohydrate 
DLTrp(OH)· H20 

FOIWIIIa: CuH1.N.O. 
FOIWIIIa Wt.: 238.25 

18 

Ode. "-: C, 55.45; H, 5.92; N, 11.76; 0, 26.86 

~ 

HOD.:lCHtCH INHz)COOH • HzO 

Sowc:e or Medlod ol PlepM8tioa: Synthetic. 

BAlas...,: A. Ilk and 8. Witkop, J. be. CAMt. Soc., 'M, 5579 (1954); W, R. 
..._, J. be. CAMt. Soc., 71, 2502 (1953); 0 . ~101 aad P. L. Clmbb, 
C.. J, CAMt., 37,1374 (1959); 1. P. 0.-elo and M. WlDllz. CAMsiMry ofdw 
........, Adlll,1obll W1kJ A Soal, 1111:., New York (1961), pp. 2734-2737. 

Spedftc Roadoa: None. 
H-.-eHY: Determined by paper chromatoarapby. 

One dimensional: Solvents I, 2, 4, and 5. 
Color reagent: N'mhydrin. 
Specific: reagent: Ehrlich. 

Rr 0.58, Solvent 1, ucendina. 
Rr 0.17, Solvent 2. ascending. 
Rr 0.35, Solvent 4, ascending. 
Rr 0.19, Solvent 5, ucendina. 

Waur ......... Matlrlal: Gi~ a clear colorless solution in water. 
Alii (llllfaced): Less than 0.1 %. 
HeaY)' MeCIIII (u Pb): Less than 20 ppm. 
IJkely lalparidel: .S.Benzyloxy-DL-tryptophan. 
er,.ta~Uzadoa Media.: Water, then ethanol, iDa niti'OieD atmo

sphere. 
~ ... Sbqe: Decomposes on contact with air. 

Store iD an atmosphere of nitro,en. 

AA-37 
5-Hydroxy-L-tryptoplum 
Trp(OH) 

POIWIIIa: CuHnN.O. 
FOIWIIIa Wt.: 220.23 
Cak. %: C. 59.99; H, 5.49; N, 12.72; 0, 21.80 

Source or Medlod ol Prepentloa: Resolution Qf racemate. 

B~: A. I. Morrb aad M. D. ArmltlOIIS. J. Orr. C'AMt., U. 306 (1957); 
1. P. 0-llltdu aad M. Wlaltz, ClwNI#ry of tlw Amlllo A db, 1obll WIIIIJ' A 
9-. IDC., N- York (1961), pp. 2732-2737. 

Sped8c Rotadoa: -32 . .S0 in water, p • 1 g/100 ml, I • 22 °C; 
+16.0" in 4 MHO p • I g/100 ml 1 • 22 °C 
H~: Determined by paper cbromatoarapby. 

One dimensional: Solvents I and 2. 
Color reqent : Ehrlich. 

Rr 0.52, Solvent I, uc:endina. 
Rr 0.27, Solvent 2, ascending. 
Racp 0.57, Solvent 3a, descending. RacP refen to the distanc:e 
moved by the compound calculated as the fraction of the dis
tance moved by bromoc:resol purple, which is applied as a 0.1 % 
w /v solution in ethanoL 

VolatDe Matter: Not more than 0.3%. 
Wa1er-..... uble Matlrlal: 5 gin 50 m1 of dilute sodium hydroxide 

has a turbidity not peater than that given by 0.5 rna of BaSO. iD 
50 ml or water. 

Alii (llllfaced): Less than 0.1 %. 

Copyright © National Academy of Sciences. All rights reserved.

Specifications and Criteria for Biochemical Compounds:  Third Edition
http://www.nap.edu/catalog.php?record_id=21491

http://www.nap.edu/catalog.php?record_id=21491


llea'7 MeCIII8 <• Pb): Not more than 20 ppm. 
IJbi;J ..._ldel: S.Hydroxy-o-tryptopban, S.benzyloxy-o-, DL-, 

or L-tryptopban. 
~ ~: Water, then ethanol, in a nitfOiell atmo

sphere. 
sc.11a1t7 _. Storqe: Decomposes on contact with air. Store in an 

atmosphere of nitfOICD. 

AA-38 
~~~L-tyrosine 
Tyr(l) 

-o- NHt 

HO CHzi- COOH 

F.-.: c.HJtiNO. 
F.-. Wt.: 307.09 

1 

calc. %: C, 3.5.19; H, 3.28; I, 41.32; N, 4 • .56; 0, 1.5.62 

Source or Medlod of Preparatloa: Iodination of tyrosine. 

Spedlc Rotatlea: -4 .... in 1 M HC, p • 2 a/100 ml, t• 2.5 °C 
Ha.D~~Mit.J: Determined by paper cbromatoarapby, 

One dimensional: Solwnt lb. Two dimensional: Method C. 
Color reaaent: N'mhydrin. 
Specific reaaents: Ce(HSOt).-NaAsO,. 

Rt 0.38, Solvent 3, descencfioa. 
Rt 0 • .59, Solvent 3b, desceocfioa. 
Raor 0. 70, Solvent 2, descendin.. RBCP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanoL 

v•tlle Matter: Not more than 0.3%. 
Waa.-r-nllle Malertal: .5 8 in .SO ml of dilute NaOH bas a tur· 

bidity not areater than that aiwn by 0.4 1111 of BaSO. in .SO ml of 
water. 

Alii (lllll'ated): Less than 0.1 %. 
llea'7 MeCU <• Pb): Not more than 20 ppm. 
LlkiiJ lmpiattlaJ: Tyrosine, diiodotyrosine, iodide, iodine. 
er,.talllzatloD Medha: Dilute NH.OH at room temperature, then 

acetic acid to pH 6. 
sc.11a1t7 ...S Storqe: Liberates iodine; keep cold. 

AA-39 
L-lloleudae 
De 

HsC NH2 
I I 

CHsCHz-C- C-COOH 

~ ~ 

F..,..._:c.HuNO. 
F..,..._ Wt.: 131.18 
calc. %: C, .54.94; H, 9.99; N, 10.68; 0, 24.40 

Source or Medlod of Preparatloa: Natural sources. 

Spedlc Rotatlea: +40.~ in 6.1 M HC, p • .5.1 a/100 ml, t• 
20•c. 
H~: Determined by paper cbromatoaraphy. 

One dimensional: Solwnts 1 and 3b. Two dimensional: Methods 
A and B. 

Color reqent: N'mhydrin. 
Rt 0.81, Solwnt 1, descencfioa. 
Rt 0.82, Solwnt 2, ascencJina. 
Raor 0.16, Solwnt 2, desceocfioa. Raor refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol (This amino acid is poorly separated 
from leucine.) 

v•tlle Matter: Not more than 0.3%. 
Water-r.olullle Malertal: .5 8 in .SO ml of dilute HC bas a turbidity 

Dot areater than that aiwn by 0.41111 of BaSO. in .so m1 of water. 
Alii (lllllated): Less than 0.1 %. 
llea'7 MeCU <• Pb): Not more than 20 ppm. 
IJbi;J blpialtlel: Leucine, tyrosine, methionine, a//oisoleuc:ine, 

D-isoleucine. 
CryiCallbatloa Maaa.: Water, then ethanol to 80% v/v. 
sc.llalt7 ... Storqe: Stable. 

AA-40 
L-lsoleudDe + D-AIIolsoleudnt* 
DeDGDe 

F.-.:c.HuNO. 
F.-. Wt.: 131.18 

HsC 
I 

CHsCHt-C-CH(NHz)COOH 
I 
H 

calc. %: C, .54.94; H, 9.99; N, 10.68; 0, 24.40 

Source or Medlod of Preparatloa: Synthetic. 

Spedlc Rotatlea: :3° in .5 M HC, p • .5 a/100 ml, t • 20 °C. 

H...,._..ty: Determined by paper cbromatoaraphy. 
One dimensional: Solvents 1 and 3b. Two dimensional: Methods 
A and B. 
Color reaaent: Ninhydrin. 

Rt 0.81, Solwnt 1, descendiftlo 
Rt 0.82, Solwnt 2, ascendiDJ. 
RBCP 0. 76, Solvent 2, descendin.. RBCP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w/v solution in ethanol. (This amino acid is poorly separated 
from leucine.) 

v•tDe Matter: Not more than 0.3%. 
Water-r.olullle Material: .58 in .SO ml of dilute HC bas a turbidity 

Dot peater than that aiven by 0.41111 of BaSO. in .SO ml of water. 
Alii (lllllated): Less than 0.1 %. 
llea'7 MeCU <• Pb): Not more than 20 ppm. 
I.lbly blpialtlel: Leucine, o-isoleuciDe, L-ai/oisoleucine. 
CryiCallbatloa Medha: Water, then ethanol to 80% v/v. 
SCablllty ...S Storqe: Stable. 

• s-COIIIIIMI'Cialumpl• of libeled oL-boleudae are tbe epimeric mixture or 
L·lloleuclae aod IHilolloleuciDe. The cletecdoll of allolloleuclae Ia belt catried out 
by lnf'rared apectroecopy (p. 5), or by column cbromatopaJIII7 onloiHl!Cba~~~t 
NIDI (Refa. 7, 8, p. 7). If 1 pure ...Dpio of L·lloleuclDe Ia evalllbll, f'unber .-ya 
Clll bo d0111, lllina mlcrobloiOiicll methode. 

19 
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AA-41 
L·Kyn.eaiae Sulfate Monohydrate 

P..,..._: C.oHJ.NAS 
P..,..._ Wt.: 324.31 
Ode. %: C, 37.03; H, 4.97; 

N, 8.64; 0, 39.47; S, 9.89 

Source ar Medlod of Pnpntloa: Synthetic, from L·tryptophan. 

BIN11 lfiiJ: J. L Wamell aDd C. P. Seq, J. A111. 0... Soe., 1'6, 1701 (1954); 
J. P. 0-ao aDd M. Wlaltz, O..l#ry o/ tlw AM61o Acfdl, Jobll Wile, A 
s-,loc., New York (1961), pp. 21U-27%7. 

Spedlc Rocadoa: +9.6" in water, p - 1 8/100 ml, I • 2.S "C. 
H-.-lt:J': Determined by paper chromatoaraphy. 

One dimensional: Solvents 1 and 5. 
Color reagent: Ninhydrin. 

Rt 0. 78, Solvent 1, ascendin" 
Rt 0.11, Solvent 5, ascending. 

Water-'-oluble Material: Gives a clear colorless solution in water. 
Alii (llllfated): Not more than 0.2%. 
Heaty Metall <• Pb): Less than 20 ppm. 
UkeJy l...,..ttlel: L· Tryptophan, N-acetyl-L·tryptophan. 
CrysaJIJzatloa M.._: Water, then excess of ethanol. 
Stability ..a Storqe: Stable. 
Meltlaa Polat: 178 "C. 

AA-42 
DL·LeudDe 
m.Leu 

F..,..._: CtH1,NO, 
FOI'IIIIIla Wt.: 131.18 
Calc. %: C, 54.94; H, 9.99; N, 10.68; 0, 24.40 

Source or Metbod of Prepwatloa: Synthetic. 

Spec:fftc Rotatloa: None. 
HOIIIOgellelty: Determined by paper chromatoaraphy. 

One dimensional: Solvents 2 and 3b. Two dimensional: Methods 
A and C. 
Color reagent: Ninhydrin. 

R, 0.88, Solvent 1, descending. 
Rt 0.85, Solvent 2, ascending. 
R, 0.82, Solvent 2, descending. 

Volatile Mateer: Not more than 0.3%. 
Water-III80iable Material: 5 8 in 50 ml of dilute HO has a turbidity 

not greater than that given by 0.4 m8 or aaso. in 50 ml or water. 
Alii (lllllfated): Less than 0.1 %. 
Heaty Metall <• Pb): Not more than 20 ppm. 
UkeJy ltapurltlel: L-lsoleucine, o-alloisoleucine. 
Crystalllzatloa Medlwa: Water, then ethanol to 80% v;v. 
StabDity ..a Stonge: Stable. 

AA-43 
L-Leudne 
Leu 

P.-.: CtHuNO, 
P__.. Wt.: 131.18 
calc. %: C, 54.94; H, 9.99; N, 10.68; 0, 24.40 

M-41/M-44 

CH1 ~ 
I I 
CHCHz-C-COOH 
I I 
CH1 H 

Soarc:e ar Metbod of Prepwatloa: Casein, wheat gluten, hemoglobin. 

Sped8c Rocadoa: + 1.5.6" in 5 M HO, p .. 2 8/100 ml, I • 2.S "C. 

H~ty: Determined by paper chromatoaraphy. 
One dimensional: Solvents 2 and 3b Two dimensional: Methods 
A and C. 
Color reagent: Ninhydrin. 

R, 0.88, Solvent 1, descendin" 
Rt 0.85, Solvent 2, ascending. 
Rt 0.82, Solvent 2, descending. 

Volatile Mateer: Not more than 0.3%. 
Wacer-IDiolallle Material: 5 8 in 50 m1 or dilute Ha bas a turbidity 

not greater than that given by 0.4 ms or BaSO. in 50 ml or water. 
Alii (llllfated): Less than 0.1 %. 
Heaty Metall <• Pb): Not more than 20 ppm. 
1JkeJJ Imparftlel: Isoleucine, valine, methionine. 
CrysaJIJzatloa ~:Water, then ethanol to 80% vjv. 
Stability ..a Storqe: Stable. 

AA-44 
L-Lysine Monohydrodlloride* 
Lys·HO 

POI'IIIIIIa: CtHuONA 
P__.. Wt.: 182.65 
ca1c. %: c. 39.45; H, 8.28; a. 19.41: 

N, 15.34; 0, 17.52 

Soarc:e ar Metbod of Preparadoa: Natural soun:es, or resolution of 
synthetic. 

Spec:fftc Rotatloa: +2.5.9" in 5 M HO, calculated as free L·lysine. 
P - 2 8/100 mi. 1 - 25 oc. 

H...-Jty: Determined by paper chromatography. 
One dimensional: Solvent 2. Two dimensional: Methods A and B. 
Color reagent: Ninhydrin. 

Rt 0.92, Solvent 1, descending 
Rr 0.18, Solvent 2, ascending. 
Racr 0.05, Solvent 2, dc:scending. Racr refers to the distaoce 
moved by the amino acid calculated as the fraction of the diJ. 
tance moved by bromocresol purple, which is applied as a 0.1 % 
w ;v solution in ethanol 

Volatile Matter: Not more than 0.5 %. 
Water-IDiolallle Material: 5 8 in 50 ml of water has a turbidity not 

greater than that given by 0.4 ms of BaSO. in 50 ml or water. 
Aa (IUlfated): Less than 0.1 %. 
Heaty Metala <• Pb): Not more than 20 ppm. 
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AA-45 I AA-41 

I..0re1J ..... ltlel: Arginine, o-lysine, 2,6-diaminoheptanedioic acid, 
glutamic acid. 

o,.tantatloa Medha: For lysine·HC, water at pH 4 to 6, then 
etbanol to 80% v /v; for lysine· 2Ha, methanol, then ether, in the 
praeoce of excess HC. 

5a1J0JtJ _. Stonae: Stable at less than 60% relative humidity; 
above this, the dihydrate is formed. 

• Abo avallable u lbe cllb7drocblortde. 

AA-45 
DL-Methloalne 
DLMet 

P.-.: c.HnNO.S 
P...ta Wt.: 149.21 
Cale. %: C, 40.25; H, 7.43; N, 9.39; 0, 21.45; S, 21.49 

Seine cw Mediad of Prepuadoa: Synthetic. 

Spedlc Rotatloa: None. 
Ha.,.e•dtJ: Determined by paper chromatography. 

One dimensional: Solvent 2. Two dimensional: Methods A and B. 
Color reagent: Ninhydrin. 
Specific reagent: Platinic iodide. 

Rr 0.83, Solvent 1, descending. 
Rr 0.50, Solvent 2, ascending. 
RBCP 0.53, Solvent 2, deacending. Racp refers to the distance 
moved by the amino acid calculated as the fraction of the dia
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol 

Volatile Matter: Not more than 0.3% 
Water-IDiolallle Material: 5 1 in 50 ml of dilute Ha has a turbidity 

not greater than that given by 0.4 mg of BaSO. in 50 ml of water. 
Aa (...rated): Less than 0.1 %. 
llea'1 Metals <• Pb): Not more than 20 ppm. 
IJkel)' ..... ltlel: Methionine sulfoxide, methionine sulfone, 

methanethiol, ethionine. 
a-,.talllzadoD Medium: Water, then ethanol to 80% v/v. 
5aiJOJtJ aad Storap: Protect from light. Develops an odor on long 

stcrqe. 

AA-46 
r.-Methloalne 
Met 

P.-la: C.HnNO.S 
P...ta Wt.: 149.21 
Calc. %: C, 40.25; H, 7.43; N, 9.39; 0, 21.45; S, 21.49 

Source • Medlod of PreparaUoa: Natural sources, or resolution of 
ayntbetic. 

Spedlc Rotatloa: +21.2" in 0.2 M HC, p • 0.8 g/100 ml, t • 
25°C. 

H...,...lt:J: Determined by paper chromatography. 
One dimensional: Solvent 2. Two dimensional: Methods A and B. 
Color reagent: Ninhydrin. 

DL-Mecbloalee I DL-Mecllloable Sulfoxide 

Specific reagent: Platinic iodide. 
Rr 0.83, Solvent I, descending. 
Rr 0.50, Solvent 2, ascending. 
RacP 0.53, Solvent 2, deacending. Racp refers to the distance 
moved by the amino acid calculated as the fraction of the di• 
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile Matter: Not more than 0.3 %. 
Water-IDiolallle Material: 5 1 in 50 ml of dilute Ha has a turbidity 

not greater than that given by 0.4 ms of BaSO. in 50 ml of water. 
Alii (salfated): Less than 0.1 %. 
Hea'Y Metals (a1 Pb): Not more than 20 ppm. 
Ukely laparldes: Methionine sulfoxide, methionine sulfone, 

methanethiol, n-metbionine. 
CrywcaiUzaUoo Medium: Water, then ethanol to 80% v/v. 
StaiiUICy aad Stonae: Protect from light. Develops an odor on 10111 

storage. 

AA-47 
DL-Metblonine Sulfoxide 
(l-A.Jnino..4..(methylsulftnyl)butyric Acid] 
DLMet(O) 

P...ta: c.HnNO.S 
P.-la Wt.: 165.21 
Calc. %: C, 36.35; H, 6.71; N, 8.48; 0, 29.05; S, 19.41 

Seine • Medlod of PreparaUoo: Synthetic, via oxidation of DL· 
methionine. 

.............. : A. Lepp aDd M. S. DuDD, Bloc'-t. l'rq., 4. 80 (1955); I. A. Roper 
aDd H. Mc:llwaln, BI«JNM./., 42, 485 (1948); I. P. Oreenatcln aDd M. Wlaltz, 
a.-l#ry of tiN Amlllo Acllb, lobn Wiley & Soaa, lne., N- York (1961), 
pp. 214$-2148. 

Sped8c Rotatloo: None. 
H~: Determined by paper chromatography. 

One dimensional: Solvents I and 3. Two dimensional: Method B. 
Color reagent: Ninhydrin. 
Specific reagent: Platinic iodide. 

Rr 0.72, Solvent 1, descending. 
R, 0.03, Solvent 2, descending. 
Racp 0.93, Solvent 1, descending. Racp refers to the distance 
moved by the compound calculated as the fraction of the d• 
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile Matter: Not more than 0.3 %. 
Water-IIIIOIIIble Material: 5 1 in 50 ml of water has a turbidity not 

greater than that given by 0.4 mg of BaSO. in 50 ml of water. 
Alii (salfated): Less than 0.1 %. 
Hea')' Metals <• Pb): Not more than 20 ppm. 
Likely Lupailtlel: DL·Methionine sulfone, DL·methionine. 
o,.tantatloa Medha: Water, then ethanol to excess. 
StaiiUICy aad Stonae: Stable. 

21 
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AA-48 
S.Metbyl·L-C)'Itelne [3-(Metbyltblo)alanlne] 
C)'I(Me) 

F..U: CJI.NO.S 
Formula Wt.: 13S.19 
Calc. %: C, 3S.S4; H, 6.71; 

N, 10.36; 0, 23.67; S, 23.71 

Seine or Metbod of..............,: Synthetic, from L-cystine. 

BIWiaiRPIIJ: V. du ~H. S. Lortq. aDd H. A. Cral't,J. Bioi. a-., lOS, 
481 (1934) ; W. H. H__.aadE.J. Kucblalku,J. Bioi. a.-., 234,2935 (1959) ; 
C. J. Monla aDd J.P. lbampeo~~, J. MI. CTNM. S«., 71, 1605 (1956); J. P. 
ar-tdo aad M. WIDitz, a.-lltry of tlw A111lllo Adb, Jabn \We, A s-, 
Is., New York (1961), pp. 1902-1903. 

Spedfte Rotatloa: -32.00 in water, p- 11/100 ml,l- 26 °C. 
HGmOifaelty: Deterinined by paper chromatography. 

One dimensional: Solvents I, 2, and 3. Two dimensional: Method 
B. 
Color reaaent: Ninhydrin. 

Rt 0.19, Solvent 1, dcsc::endiq. 
Rt 0.13, Solvent 2, dcsc::endiq. 
Rt 0.06, Solvent 3, dcsc::ending. 
RBCr U7, Solvent 2, descendina. Racr refers to the distance 
moved by the compound calc:ulated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile Matter: Not more thaD 0.3 %. 
waa.-IIIIOiable Material: Gives a claar colorless solution in water. 
Alii (.afated): Less than 0.1 %. 
Hea91 Metala (as Pb): Less than 20 ppm. 
Likely Imparities: Cysteine, cystine, S-methyl·DL-cysteine. 
o,.aulzldoa Medium: Water, then 4 volumes of ethanol. 
StaiiiUty _. Storqe: Stable. 

AA-49 
S.Metbyi-L-methlonlne Chloride 
Met(Me) 

FonDala: c.a,.aNO.S 
Formula Wt.: 199.70 
Calc. %: C, 36.08; H, 7.07; 

a, 17.76; N, 1.o2; o,16.o2; 
s, 16.06 

Sclarce or Medlod of Preparadoa: Synthetic, from L·methionine. 

81Whi"PIIJ: A. Stewnuad W. Sakaml, J. Bioi. CMIII., 234,2063 (1959). 

Sped8c Rotatloa: +33° in 0.2 M Ha, p • 1 1/100 ml, 1 • 23 °C. 
H0111opaelty: Determined by paper chromatography. 

One dimensional: Solvents I and 2. 
Color reaaent: Ninhydrin. 
Specific reagent: Azide-iodine (weak). 

ll 

R1 0.89, Solvent I, ascendina. 
Rt 0.11, Solvent 2, ascendiq. 
Racr 0.21, Solvent 3a, descending. RacP refers to the distance 
moved by the compound calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile Matter: Cannot be dried by AOAC method without ~ 
position. 

waa. • .._.... Material: s 1 in so m1 of dilute Ha has a turbidity 
not greater than that aiven by 0.4ma ofBaSO. in so ml or water. 

Alii (IUICated): Less than 0.1 %. 
Hea91 Metall <• Pb): Not more than 20 ppm. 
LllreiJ llllparldea: Methionine, methionine sulfoxide, methionine 

sulfone. 
o,.taiUzatiOD ~:Water, then ethanol to 95% vjv. 
StaliDitJ _. Storqe: Underaoes slow decomposition. Store in a 

cool dry place. Protect from liahL 

AA·SO 
L..()rnltbJne Monobydrocbloride* 
Om·HO 

F..U: c.HaaCINA 
F.-la Wt.: 168.62 
Calc. %: c, 35.61; H, 7.77; a, 21.03; N, 16.62; o, 18.98 

Seine or Metbod of Preplntloa: Synthetic, via enzymic: (arainue) 
or alkaline dearadation or arainine. 

81Wloi"PIIJ: A. Hunter, Bloc'-t. J., 33, 27 (1939) ; D. E. ltfwrd aad H. E. Carter, 
J. Alii. CMIII. S« .. 7'7, 1260 (1955); D. E. Rivard, Bloc"-. Prq .. 3, 97 (1953); 
J. P. O~ln and M. Wlnltz, C'-tllfry of tlw A111lllo Adtb, Jabn Wiler A 
s-. Is., New York (1961), pp. un-2481. 

Spedlc Rotadoa: +28.~ in 5 M Ha, p - 2 a/100 ml calculated as 
free base, I • 2S °C. 

H~-eltJ: Determined by paper chromatography. 
One dimensional: Solvents I and 2. Two dimensional: Method A. 
Color reqent: Ninhydrin. 

Rt 0.81, Solvent 1, descending. 
Rr 0.01, Solvent 2, dcsc::ending. 
Racr 1.12, Solvent I, descendin1- Racr refers to the dista.nce 
moved by the compound calc:ulated as the fraction or the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

VolatDe Matter: Not more thaD 0.3 %. 
Water-IIIIOiuble Material: S 1 in SO ml of water has a turbidity not 

greater thaD that aiven by 0.4 ma of BaSO. in SO ml of water. 
Alii (IUifated): Less than 0.1 %. 
Hea91 Metals <• Pb): Not more than 20 ppm. 
Likely lmparldel: Citrulline, arginine, o-ornithine. 
er,.ta111zat1oa ~: Water, then 4 volumes or ethanol. 
StahUity aad Storaae: Stable. 

• Abo a...U.ble u the ~lorlcle. 

AA-51 
DL·Pbenylalanine 
DLPbe 

Formula: c.HuNO, 
F.-la Wt.: 16S.19 
Calc. %: C, 65.44; H, 6.71; N, 8.48; 0,19.37 
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&.a or Medlod of Prea-adoa: Synthetic, from benzaldehyde. 

SpedDc Roc.doa: Nooe. 
H....-lt.J: Determined by paper chromatopaphy. 

One dimensional: Solvent 2. Two dimensional: Method A. 
Color raaent: Ninhydrin. 

Rr 0.90, Solvent 1, descending. 
Rr 0.80, Solvent 2, ascendina. 
Racr 0.69, Solvent 2, descending. Racr refers to the distllDCe 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Vol8tlle Matter: Not more than 0.3 %. 
W8ter-........ae M8terlal: 5 gin 50 m1 of dilute Ha has a turbidity 

not grater than that given by 0.4 mg of BaSO. in 50 ml of water. 
Aa (..ar.ted): Less than 0.1 %. 
Hea91 Metll1a <• Pb): Not more than 20 ppm. 
~ Medllla: Water, then ethanol to 80% v/v. 
St8biUty ..a Stonae: Stable. 

AA-Sl 
L·Pbeaylalaaine 
Pbe 

F.-.: c.HuNO. 
F.-la Wt.: 165.19 
Calc. %: C, 65.44; H, 6.71; N, 8.48; 0, 19.37 

S..C. or Metbod of Prepuadoa: Resolution of synthetic, or from 
natural sources. 

SpedDc Roc.doa: -34.00 in HtO, p • 2 g/100 ml,t- 25 °C. 
H~ty: Determined by paper chromatopaphy. 

One dimensional: Solvent 2. Two dimensional: Method A. 
Color reagent: Ninhydrin. 

Rr 0.90, Solvent 1, descending. 
Rr 0.80, Solvent 2, ascending. 
RBCP 0.69, Solvent 2, descending. Racp refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Vollldle Matter: Not more than 0.3%. 
W8ter-........ae Material: 5 g in 50 m1 of dilute Ha has a turbidity 

not grater than that given by 0.4 mg of BaSO. in 50 m1 of water. 
Aa (IUifated): Less than 0.1 %. 
H•YJ Metll1a <• Pb): Not more than 20 ppm. 
lJbly lmpiattlaJ: Leucines, valine, methionine, tyrosine, o

phenylalanine. 
CryRalllzatloa ~:Water, then ethanol to 80% v/v. 
Stability and Stonp: Stable. 

AA-53 
L-ProUne 
Pro 

F..U:C.H,NO, 
F...U Wt.: 115.13 
Cak. %: C, 52.16, H, 7.88; N, 12.17; 0, 27.79 

S..C. or Medlod of Preparadoa: Collagen, wheat gluten. 

Spedftc Rotatloa: -85.1° in HtO, p • 2 g/100 ml, t ... 25 °C. 
H~: Determined by paper chromatopaphy. 

One dimensional: Solvent 2. Two dimensional: Method A. 
Color reasents: Ninhydrin and isatin. 

Rr 0.30, Solvent 2, ascending. 
Racp 0.35, Solvent 2, descending. Racp refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Allays: Amino group (ninhydrin according to VanSlyke): 0.0%. 
Volatile Matter: Not more than 0.5% 
Water·lllloluble Material: 5 g in 50 ml of water has a turbidity not 

greater than that given by 0.4 mg of BaSO. in 50 ml of water. 
Alii (.alated): Less than 0.1 %. 
H•'Y Metals (a Pb): Not more than 20 ppm. 
lJbly ....... Ides: Hydroxyproline. 
Cryata)Uzatloa M..._: Absolute ethanol. 
Sta1JU1ty ..a Stonp: Hygroscopic; keep in a desiccator. 

AA-54 
DL•Serine 

DLSer 

F.-la: Ctlf,NO, 
FOI'IIIIIIa Wt.: 105.09 
Calc.%: C, 34.28; H, 6.72; N, 13.33; 0, 45.67 

Source or Medlod of Prepuatloa: Synthetic. 

Spedftc Rotatloa: None. 
H~: Determined by paper chromatopaphy. 

One dimensional: Solvent I. Two dimensional: Methods A and B. 
Color reagent: Ninhydrin. 
Specific ragents: Nessler and HIO •. 

Rr 0.43, Solvent I, ascending. 
Rr 0.47, Solvent 1, descending. 
Racp 0.14, Solvent 2, descendina. RBCP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile Matter: Dry to constant weight at 105 °C at atmospheric 
pressure: 0.3 %. 

W8ter·lllloluble Material: 5 g in 50 ml of dilute HC has a turbidity 
not greater than that given by 0.4 mg of BaSO. in 50 m1 of water. 

Aa (..ar.ted): Less than 0.1 %. 
H•YJ Metll1a <• Pb): Not more than 20 ppm. 
Likely Lllparldea: Glycine. 
~ Medlam: Water, then ethanol to 80% v/v. 
StabUity and Stonae: Store in a desiccator, after drying. 
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AA-55 
L-Serfne 
Ser 

P__..:C.UtNOa 
P__.. Wt.: IOS.09 
Calc. %: C, 34.28; H, 6.72; N, 13.33; 0, 4S.67 

N~ 
I 

HOCHz-C-COOH 
I 
H 

Sca1:e ar Metbod of Preparation: Resolution of synthetic. 

Specl8c Rotatioa: +14.5" in 1.0 M HC, p = 9.3 g/100 ml, 1 -
2S•c. 
H~ty: Determined by paper chromatography. 

One dimensional: Solvent I. TWo dimensional: Methods A and B 
Color reqent: Ninhydrin. 
Specific reqents: Nessler and HIO •. 

R, 0.43, Solvent 1, ascending. 
R, 0.47, Solvent 1, descending. 
RacP 0.14, Solvent 2, descending. RBCP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile MaUer: Dry to constant weigbt at lOS •c at atmospheric 
pressure: 0.3 %. 

Waw-Jmoluble Material: s 1 in so m1 of dilute Ha has a turbidity 
not greater than that given by 0.4 mg of BaSO. in SO ml of water. 

Alb (llllfated): Less than 0.1 %. 
lleaYJ Metals (81 Pb): Not more than 20 ppm. 
Ukely lmpurttiel: Glycine, o-serine. 
Cryaalllzatlon M..._: Water, then ethanol to 80% v/v. 
Stahlllty aad Storap: Store in a desiccator, after drying. 

AA-56 
DL-Threonine 
DL1br 

P..U:CJi,NOa 
F...aa Wt.: 119.12 
Calc.%: C, 40.33; H, 7.62; N, 11.76; 0, 40.30 

Source or Metbod of Preparatloa: Synthetic. 

Specl8c Rotatioa: None. 
H~: Determined by paper chromatoaraphy. 

One dimensional: Solvent I. Two dimensional: Methods A and B. 
Color reagent: Ninhydrin. 
Specific reqents: Nessler and HI04• 

R, O.SS, Solvent I, ascending. 
R, 0.61, Solvent 1, descending. 
RacP 0.24, Solvent 2, descending. RacP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile Matter: Dry to constant weight at lOS •c at atmospheric 
pressure: 0.3 %. 

Water-laloluble Material: S 1 in SO ml of water has a turbidity not 
greater than that given by 0.4 mg of BaSO. in SO ml of water. 

Alii (111111ded): Less than 0.1 %. 
HeaYJ MeDII (81 Pb): Not more than 20 ppm. 
Likely laipailtlel: Allothreonine,• glycine. 
Crywtalllzatloa MaUa.: Water, then ethanol to 80% vjv. 
StaliiUty aad Storaee: Stol'e in a desic:cator, after drying. 

• See "Infrared SpeciiOICOpy," p. 5. 

AA-57 
L· Threonine 
1br 

Pon.la: CJi.NOa 
F.....U Wt.: 119.12 
Calc. %: C, 40.33; H, 7.62; N, 11.76; 0, 40.30 

H Nt4t 
I I 

CH,-C -C- COOH 

ttb ~ 

Sca1:e ar Metbod of Preparatloll: Resolution of synthetic. 

Spedftc Rotation: -28.4° in water, p = 1.0 g/100 ml, 1- 26 •c. 
H~: Determined by paper chromatoaraphy. 

One dimensional: Solvent 1. Two dimensional: Methods A and B. 
Color reagent: Ninhydrin. 
Specific reaaents: Nessler and HIO •. 

R, O.SS, Solvent I, ascending. 
R, 0.61, Solvent 1, descending. 
Racp 0.24, Solvent 2, descending. Racp refers to the distaDcc 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1% 
w fv solution in ethanol. 

Volatile Matter: Dry to constant weight at lOS •c at atmospheric 
pressure: 0.3 %. 

Water-I.Mohlllle Material: S 1 in SO ml of water has a turbidity oot 
greater than that given by 0.4 mg of BaSO. in SO ml of water. 

Alii (llllfated): Less than 0.1 %. 
HeaYJ Metala (81 Pb): Not more than 20 ppm. 
Ukely Iapurltlel: A//othreonine,• glycine, o-threonine. 
Crystallization Medium: Water, then ethanol to 80% vjv. 
StahWty aad Storap: Store in a desic:cator, after drying. 

• See "Infrared SpeciiOICOpy," p. 5. 

AA-58 
L· Thyroxine 

FC1111lula: c • .Hui.NO. 
Fon.la Wt.: 716.88 
Calc. %: C, 23.19; H, 1.43; I, 6S.34; N, 1.80; 0, 8.24 

Source or Metbod of Preparadoa: Natural sources, or resolution of 
synthetic. 

Spedftc Rotation: +26" in ethanol-1 M aq. HC (2:1), p- 1-2 
a/tOO m1, 1 = 22 •c. 
H~: Determined by paper chromatography. 

One dimensional: Solvent 3b. Two dimensional: Method C. 
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AA-59 I AA-61 

Color reqent: Ninhydrin. 
Specific reagent: Ce(HSO,)c-NaA!Ot. 

RacP 1.14, Solvent 3b, descending. 
Rt 0.60, Solvent 3, descending. 
Racp 1.20, Solvent 2, descending. RacP refers to the distance 
moved by the amino acid c:alculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Water-'-'lallle Material: 5 a in SO ml of dilute NaOH has a tur
bidity not greater than that given by 0.4 rna of BaSO, in SO ml of 
water. 

Alii (181fated): Less than 0.1 %. 
Hea'f Metals (u Pb): Not more than 20 ppm. 
Uke1J ~: Tyrosine, iodotyrosines, and other iodothy

ronines, • iodide, • iodine. • 
CeyDIIIzadoD M.U..: Dilute NH.OH at room temperature, then 

acetic acid to pH 6. 
StaiiDity and StCJnt~e: Decomposes slowly in the cold. 

• TbcK lmpurltica are oCt.m .,._ntln thyroalne-UIJaDd may account roc one 

balf o( tbe -· radiOKdvity. 

AA-59 
3,3' ,5-TrU.,..I.-thyronlne l 

P.-Ja: CtaHtt~O, HO-oOJ==\_CHzJ~2COOH 
P.-la Wt.: 6S0.98 v- ~ 
Calc. %: C, 27.67; H, 1.85; I I 

I, 58.49; N, 2.IS; 0, 9.83 

Soarce or Metbod of Preparadoa: Synthetic. 

Sped8c: Rotatloa: +21.5" in ethanol-1 M aq. Ha (2: 1), p- 2 
8/100 ml, , - 29.5 °C. 

Hc.oopnelty: Determined by paper chromatography. 
One dimensional: Solvent 3b. Two dimensional: Method C. 
Color reaaent: Ninhydrin. 
Specific reagent: Ce(HSO,).-NaAsO,. 

RaCP 1.46, Solvent 3b, descending. 
RacP 1.13, Solvent 2, descending. RacP refers to the distance 
I'Dm'ed by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /V solution in ethanol. 

Water-r.ohlllle Material: 5 8 in SO ml of dilute NaOH has a tur
bidity not greater than that given by 0.4 rna of BaSO, in SO m1 of 
water. 

Alia (181fated): Less than 0.1 %. 
llea'J Metals (u Pb): Not more than 20 ppm. 
Ubi)' Lupcaltlei: Cf. thyroxine. 
CrysaWzatloa M.U..: Dilute NH.OH at room temperature, then 

acetic acid to pH 6. 
SCIIIIilit)' and StCJnt~e: Decomposes slowly in the cold. 

3,3' ,5-Trilodo-L-Cbyroldae I vl'ryptopbu 

AA-60 
DL-Tryptophan 
DLTrp 

FonBula: CuHrtNA 
Formula Wt.: 204.23 
Calc. %: C, 64.69; H, 5.93; N, 13.72; 0, IS.67 

Source or Method of Preparatloa: Synthetic. 

Sped8c: Rotatloa: None. 
H01D01elldty: Determined by paper chromatography. 

One dimensional: Solvent 3b. Two dimensional: Methods A and 
B. 
Color reagent: Ninhydrin. 
Specific reagent: Ehrlich.• 

Rt 0.60, Solvent 3, ascendina. 
Water-'-'luWe Materbll: 5 8 in SO ml of dilute NaOH has a tur

bidity not greater than that given by 0.4 ma of BaSO, in SO ml of 
water. 

Alia (lalfated): Less than 0.1 %. 
lfea'Y Metals (u Pb): Not more than 20 ppm. 
er,.talllzatloa Medium: 65% v /V ethanol. 
Stability and StCJnt~e: Store in a dark place; darkens on prolonged 

exposure to light. 

• lmpurltlea In tbe eolwnll may Interfere with tbll r.ctloa. 

AA-61 H N NH 
I 2 L-Tryptophan 

Trp CHz-~-COOH 

Formula: CuHr1NA 
F.-la Wt.: 204.23 
Calc. %: C, 64.69; H, 5.93; N, 13.72; 0, 15.67 

&.a or Metbod of Preparatloa: Resolution of synthetic. 

H 

Spedflc Rotatloa: -33.3° in HiO, p "" I 8/100 ml, t ~ 25 °C. 
HC~~~~C~PneitJ: Determined by paper chromatography. 

One dimensional: Solvent 3b. Two dimensional: Solvents A and 
B. 
Color reagent: Ninhydrin. 
Specific reagent: Ehrlich. • 

Rt 0.60, Solvent 3, ascendina. 
Volatile Matter: Not more than 0.3 %. 
Water-r.ohlllle Material: 5 8 in SO ml of dilute NaOH has a tur

bidity not greater than that given by 0.4 mg of BaSO, in SO ml of 
water. 

Alia (IUifated): Less than 0.1 %. 
HeaYJ Metals (u Pb): Not more than 20 ppm. 
IJkel)' ~: o-Tryptophan. 
CryltaiUzatloa Medium: 65% v /v ethanol. 
Stability and StCJnt~e: Store in a dark place; darkens on prolonged 

exposure to light. 

•Jmpurltica In the aolveota may Interfere with thla reaction. 

25 
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DL-,.,...._ I L-Vallae 

AA-61 
DL-Tyroslae 
DLTyr 

P...aa: CtHuNO. 
F..,..._ Wt.: 181.19 
Calc.%: C, 59.66; H, 6.12; N, 7.73; 0, 26.49 

&.a ar MeCbod of Prepuatloa: Synthetic. 

Sped8c Rotatl011: None. 
H~: Determined by paper chromatopapby. 

One dimensional: Solvent 2. Two dimensional: Methods A and B. 
Color reaaent: Ninhydrin. 
Specific reaaent: Pauly. 

Rr 0.69, Solvent 1, descending. 
Rr 0.60, Solvent 2, ascending. 
Rscp 0.41, Solvent 2, descending. Rscp refers to the distance 
moved by the amino acid calculated as tM fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Vollltlle Matter: Not more than 0.3 %. 
Waeer • ._.able Material: 5 g in 50 ml of dilute HCI has a turbidity 

not greater than that given by 0.4 mg of BaSO. in 50 ml of water. 
Alii (IUifated): Less than 0.1 %. 
Heaty Metals <• Pb): Not more than 20 ppm. 
Likely lapurldee: o-Tyrosine (on paper chromatopams developed 

with Solvent 1).' 
er,.talllzatlon Medlma: Dilute NH.OH, then acetic acid to pH 5. 
StaiJUity 8IMI Storqe: Stable . . .._ 
t. J.P. Lambooy. J. ""'· Cltmt. Soc •• '71, 771 (1956). 

AA-63 
L·Tyroslne 
Tyr 

F.-la: C.HuNOa 
Fon.Ja Wt.: 181.19 
Calc. %: C, 59.66; H, 6.12; N, 7.73; 0, 26.49 

Soan:e ar Metbod of Preparation: Casein, hair. 

Spec:ffte Retatlon: -10.0" in 5 M HCI, p = 2 g/100 ml, t = 25 °C. 
HC~~DC~Pneity: Determined by paper chromatography. 

One dimensional: Solvent 2. Two dimensional: Methods A and B. 
Color reagent: Ninhydrin. 
Specific reagent: Pauly. 

Rr 0.69, Solvent I, descending. 
Rr 0.60, Solvent 2, ascending. 
RacP 0.41, Solvent 2, descending. RacP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w ;v solution in ethanol. 

Volatile Matter: Not more than 0.3 %. 
Water-...,.ullle Material: 5 g in 50 ml of dilute HCl has a turbidity 

not greater than that given by 0.4 mg of BaSO. in 50 ml of water. 
Alii (aulfated): Less than 0.1 %. 
Heaty Metals (as Pb): Not more than 20 ppm. 
Ukely Imparities: Ammonium salt, L-cystine. 
Cryltalllzatlon Medium: Dilute NH.OH, then acetic acid to pH 5. 
StaiiiUty 8IMI Storqe: Stable. 

AA-64 
DL-VaUne 
DLVal 

F.-la: CtHuNO. 
F.-la Wt.: 117.15 
Calc. %: C, 51.26; H, 9.47; N, 11.96; 0, 27.32 

&.a ar MeCbod of Prepuatloa: Synthetic. 

Sped8c Rocadoa: None. 

Ctfs 
I 
CHCH(NHtlCOOH 
I 
CHs 

H~: Determined by paper chromatopaphy. 
One dimensional: Solvents 2 and 3b. Two dimensional: Methods 
A and B. 
Color reaaent: Ninhydrin. 

Rr 0.81, Solvent 1, descending. 
Rscp 0.57, Solvent 2, descending. RscP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.17. 
solution in ethanol. 

Volatile Matter: Not more than 0.3 %. 
Water·lalolable Material: 5 g in 50 ml of dilute HCI has a turbidity 

not greater than that given by 0.4 mg of aaso. in 50 m1 of water. 
Alii (lalfated): Less than 0.1 %. 
Heaty Metals (as Pb): Not more than 20 ppm. 
Crywtalllzatlon Medii.: Water, then ethanol to 80% v/v. 
StaiJUity 8IMI Storqe: Stable. 

AA-65 
L-V aline 
Val 

For.da: c.HuNOa 
Formula Wt.: 117.15 
Calc. %: C, 51.26; H, 9.47; N, 11.96; 0, 27.32 

H5C ~ 
I I 

HC-C-COOH 
I I 

H5C H 

Source ar Medlod of Preparation: Resolution of synthetic. 

Spec:ffte Retatlon: +26.~ in 6.0 M HCI, p = 3.4 g/100 ml, t • 
20°C. 

HOIIIC)Ieoelty: Determined by paper chromatography. 
One dimensional: Solvents 2 and 3b. Two dimensional: Methods 
A and B. 
Color reagent: Ninhydrin. 

Rr 0.81, Solvent I, descending. 
RacP 0.57, Solvent 2. descending. RscP refers to the distance 
moved by the amino acid calculated as the fraction of the dis
tance moved by bromocresol purple, which is applied as a 0.1 % 
w /v solution in ethanol. 

Volatile Matter: Not more than 0.3 %. 
Water-llllolullle Material: 5 g in 50 ml of dilute HCl has a turbidity 

not greater than that given by 0.4 mg of aaso. in 50 ml of water. 
Ash (aulfated): Less than 0.1 %. 
HeayY Metals (as Pb): Not more than 20 ppm. 
Ukely Impurities: o-Valine. 
Crystallization Medium: Water, then ethanol to 80% vfv. 
StaiiiUty 8IMI Storqe: Stable. 
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GENERAL REMARKS 

The majority of commercially available carbohydrates• 
meet exceedingly high standards of purity, comparable 
with those for U.S.P. dextrose. Optical rotatory power 
is an almost ideal property for characterization of 
purity, particularly when the specific rotation is rela
tively large and when the wavelength of the light used 
is known and controlled. However, even specific-rota
tion measurements may fail to detect small amounts of 
contaminating carbohydrates. Therefore, paper, thin
layer, and gas-liquid chromatography-qualitative pro
cedures of great delicacy-are here adopted as routine 
methods for ascertaining homogeneity. 

When kept tightly sealed in amber-glass containers 
and stored away from strong light in a cool place, the 
carbohydrates are usually stable for an indefinitely long 
period of time. Exceptional cases are noted. 

NOTES ON ANALYTICAL PROCEDURES 

Specific Rotation 

Unless otherwise noted, specific rotations are deter
mined in water at 20 °C, using the sodium 0-line, on 

• In revising the specifications for some compounds, the op
portunity bas been taken to include the modem systematic 
name. This is given first, followed in some cases by one or more 
less-desirable names in parentheses. Some compounds have ap· 
proved trivial names ["Rules of Carbohydrate Nomenclature," 
I. Org. Chem., 28, 281 (1963)]; in such cases, only that name 
is given. 

Carbohydrates 
and 
Related 
Compounds 

samples dried to constant weight in vacuo at 60 °C (see 
"Loss of Weight on Drying," p. 28). The mass concen
tration, p, is expressed in grams of substance per 100 ml 
of solution. For substances that mutarotate, only the 
equilibrium rotation is given. To hasten mutarotation, 
one drop of a solution that has been made by diluting 
concentrated (28%) aqueous ammonia with an equal 
volume of water may be added in making up a 25-ml 
solution of the sugar. The specific rotation, [a]~0, is cal
culated according to the formula 

[a]~ = IOOa/lp, 

where a is the observed rotation in circular degrees and 
I is the length of the polarimeter tube in decimeters. For 
hydrated compounds, the calculation is based on the 
weight of the hydrated form, the weight loss on drying 
being used to adjust the specific rotation to correspond 
with the formula weight of the anhydrous compound. 

Melting Point 

At the time the Subcommittee on Carbohydrates was 
established, a review was made of available methods by 
which purity of a carbohydrate could be measured. 
Samples of several sugars were submitted to various 
laboratories. Excellent agreement was obtained in all 
instances except for melting points. The decision was 
then made that melting points be omitted except for 
certain sugar alcohols, lactones, glycosides, and a few 
sugars for which the values could be rigorously de
fended. Based on this decision, the melting points used 

'1.7 
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~..a Related Co.po~1DIII 

are limited, and are usually given only as criteria, not 
as specifications. 

Any of a large variety of apparatus may be used, the 
temperature being raised at a rate of 1 to 2 °C per 
minute during the actual determination. The values 
given are corrected for stem exposure, if any, and repre
sent the range from the first appearance of liquid to the 
disappearance of the last crystal. 

Loss of Weight on Drying 

Unless otherwise specified under individual specifica
tions, the general procedure for determining volatile 
contaminants (normally water) is the following one, 
described in Section 31.005 ("Vacuum Drying-Offi
cial Final Action") of the Of!icial Methods of Analysis 
of the Association of 01/icial Analytical Chemists, lith 
ed., AOAC, Washington, D.C. (1970), p. 525. 

Dry 2-S g prepared sample (ground, if necessary, and mixed to 
uniformity) in ftat dish (Ni, Pt, or AI with tight-fit cover), 2 h 
at ~ 70 •c (preferably 60 •q under pressure ~ SO mmHg. 
Bleed oven with current of air (drying by passing through an
hydrous CaSOt, P:z05, or other efficient desiccant) during drying 
to remove H:zO vapor. Remove dish from oven, cover, cool in 
desiccator, and weigh. Redry I brand repeat process until change 
in weight between successive dryings at 1-h intervals is ~ 2 mg. 

Ash Determination 

The method described in Section 30.014 ("Sulfated 
Ash-Official Final Action") of the 01/icial Methods of 
Analysis of the Association of 01/icial Analytical Chem
ists, 11th ed., AOAC, Washington, D.C. (1970), p. 526 
is used. 

Weigh S g sample into S0-100 ml Pt dish, add S ml 10% (by 
wt) H2S04, ignite until sample is well carbonized, and then ash 
in muffte at about SSO •c. Cool, add 2-3 milO% H2SOt, evapo
rate on steam bath, dry on hotplate, and again ignite at SSO •c to 
constant weight. Express result as % sulfated ash. 

Paper Partition Chromatography: 
General Procedure1 - 3 

Paper 

Whatman No. 1 filter paper, in sheets 18.25 in. x 22.5 
in., is used, the "grain" of the paper (indicated by an 
arrow on the package) being in the direction of the 
longer dimension. Chromatography, whether ascending 
or descending, is conducted across the grain of the 
paper, the vertical dimension always being 18.25 in., 
and the horizontal dimension differing according to the 
number of samples to be tested or the capacity of the 
container used. Where descending chromatography is to 

28 

be used and it is desired to allow the liquid front to run 
off the paper, the lower end of the paper is serrated with 
a pair of dressmaker's pinking shears (coarse teeth) in 
order to obtain uniform runoff. 

Chromatography 

Either ascending or descending chromatography may be 
used, although the latter is often preferable since the 
process may be continued beyond the stage when the 
advancing front reaches the end of the paper. A 1 00-mg 
sample of the carbohydrate to be tested is dissolved in 
water to make a volume of 1.0 ml and a 2-p.l aliquot is 
applied on a line that is lightly ruled about 6 em from, 
and parallel to, the edge of the paper whence the sol
vent front will start. The application is made portion
wise, so that the spot is not more than 3 mm in diameter. 
Evaporation may be hastened through the use of a 
gentle stream of warm air (the ordinary household hair 
dryer is useful for this purpose). Other spots may be 
placed on the line at about 4-cm intervals. The paper 
containing the materials is exposed for 4 h, at the tem
perature to be used for chromatography, to an atmo
sphere saturated with the solvent system to be used. The 
edge of the paper nearer the spots is now dipped into 
the liquid phase in a suitably enclosed chamber (either 
a glass cylinder or a chromatography chest, which is 
protected from drafts or other influences that might re
sult in uneven temperatures in the chamber) and kept 
at a fairly constant temperature ( ± 3 °C) for the length 
of time specified or until the liquid front has reached 
approximately 2.5 em from the end of the paper. The 
paper is then dried in a gentle stream of air (hood or 
hair dryer), and the spots are developed. 

Solvent Systems 

(Reagent-grade materials are used without further puri
fication.) 

(a) System I. 1-Butanol-pyridine-water (3.0:2.0: 
1.5 v/v). 

(b) System 2. 1-Propanol-water (0.9:2.8 v/v). 
(c) Special solvent systems as described under indi

vidual specifications. 

Spraying Reagents 

I. Aniline hydrogen phthalate reagent:• 1.66 g of 
phthalic acid, 0.93 g of freshly distilled aniline, and 100 
ml of 1-butanol saturated with water. The reagent is sta
ble for a considerable period of time when stored in a 
brown-glass bottle in the refrigerator; it should be dis
carded after darkening becomes marked. The reagent is 
sprayed evenly upon the paper, but not in sufficient 
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quantity to run. The paper is then dried at 105-110 °C 
for 5 to 10 min; respraying and redrying intensifies the 
spots. Weak spots may be verified by viewing the paper 
under ultraviolet light. • 

2. Periodate-permanganate reagent: 5 2% (w/v) 
aqueous Nal04 and freshly prepared 1% (w/v) KMnO. 
in 2% (w/v) aqueous N~COa. The two solutions are 
mixed, 4 : 1 by volume, just before use, and are sprayed 
lighdy and evenly on the paper. When the spots have ap
peared, excess reagent is removed by washing the paper 
in water. Weak spots may be intensified by spraying with 
a solution made as follows : I g of benzidine, 8 g of tri
chloroacetic acid, 20 ml of glacial acetic acid, 12 ml of 
water, and 150 ml of absolute alcohol.• 

3. Ammoniacal silver nitrate reagent: 1 5 g of AgN03, 

9S ml of water, and 6 ml of concentrated ammonia. To 
avoid the danger of formation of explosive silver resi
dues, the reagent should be made up just before use and 
be discarded promptly thereafter. The paper is sprayed 
with the reagent and left overnight in the dark to de
velop. The background coloring is then removed with 
"Kodak Liquid X-ray Fixer," and the paper is washed 
with water and dried. 

Thin-Layer Chromatography: 
Geaeral Procedures-It 

Layers 

Standard layers, 0.25 mm thick, of silica gel 0 are used 
(silica gel containing about 14% of plaster of Paris, 
E. Merck, Darmstadt, Germany), prepared with a com
mercial apparatus or in one of many other ways. An 
aqueous slurry of silica gel 0 consisting of two parts of 
water to one part of adsorbent is shaken vigorously for 
1 min and spread in an even film over clean glass plates. 
The layers are allowed to dry for 30 min and are then 
activated by placing them in an oven at 110 °C for 1 h. 
The layers are stored over calcium chloride or other 
solid desiccant. 

Chromatography 

Ascending chromatography is used. A 1 0-mg sample of 
the carbohydrate to be tested is dissolved in methanol, 

• Radiation of approximately 2S4 nm wavelength, such as is 
provided by the model V-41 "Mineralight" of Ultra-Violet 
Products. Inc., South Pasadena, California, is satisfactory. 
the solution is diluted to 1.0 ml, and successive volumes 
of 2, 4, and 8 ~ are applied to three spots that are 2 em 
from the bottom of the layer and at least 1 em apart. 
The application is made portionwise, with a micropipet, 
in such a way that the spot is not more than 4 mm in 

Ca1NIQ*ates aa11 Related c....-.. 
diameter. Evaporation may be hastened by carrying out 
the operation on a warm (50-60 °C) metal block or 
by using a gentle stream of warm air (hair dryer). The 
edge nearer the spots is then dipped into the prescribed 
solvent mixture, so that about 1 em of the layer lies 
under the surface. The development is carried out at 
room temperature in a chamber just large enough to 
hold the layer. The sides of the chamber are at least half 
lined with filter paper previously wetted with the chosen 
solvent. Development is allowed to continue until the 
solvent front has moved 15 em from the origin spots of 
the sample. The layer is then removed from the cham
ber, dried under a current of warm air, weD sprayed 
with concentrated H2SO., and kept in an oven at 110 
°C for 10 min. 

Solvent Systems 

The solvents are reagent grade, used without further 
purification, and are prescribed for each compound. 

Gu-Uquid Chromatography: 
Geaenl Procedure12• 13 

Liquid Phases 

The homogeneity of most carbohydrates can be verified 
by gas-liquid chromatography of their trimethylsilyl 
ethers. Two types of liquid phase are used. A nonpolar 
phase (Apiezon M or SE-30) is useful for establishing 
the absence of carbohydrate impurities of lower or 
higher molecular weight in the sample, and a polar 
phase [poly(ethylene glycol succinate) (EGS) or neo
pentyl glycol sebacate polyester ( NPGS)) is useful in 
establishing the absence of carbohydrates having molec
ular weights similar to that of the sample. 14• 15 

Sample Preparation 

The carbohydrate (about 10 mg) is treated with hexa
methyldisilazane ( 0.2 ml), chlorotrimethylsilane ( 0.1 
ml), and pyridine ( 1 ml) and the mixture is shaken 
vigorously at room temperature for 30 min. Samples of 
the reaction mixture are examined directly on the gas 
chromatograph. 

Columns 

Columns 4 to 6 ft long having 0 .2-in. i.d., or analytical 
columns of 'AI-in. o.d., are packed with 10% (w/w) of 
poly( ethylene glycol succinate), neopentyl glycol seba
cate polyester, Apiezon M, or SE-30 as the liquid phase 
on 80-100 mesh Chromosorb W. 

29 
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Cat»ool) ............. Cc.paq ... 

Chromtllography 

Gas chromatographs are operated with gas flow-rates of 
15 to 150 ml/min for the 0.2-in. i.d. columns, or 25-30 
ml/min for the ~-in. o.d. columns. Nonpolar columns 
are temperature-programmed at linear rates from 125 
to 250 °C, to cover the analysis of compounds ranging 
from derivatives of tetroses to those of oligosaccharides. 
Polar columns are operated at fixed temperatures in the 
range of 130 to 240 °C, in order to establish the ab
sence of carbohydrates having molecular weights simi
lar to those of the samples under investigation. 

Heavy Metals 

Dissolve 2 g of the compound in 20 ml of water and 
add 0.5 ml of 1 M HO and 10 ml of a freshly prepared 
saturated aqueous solution of hydrogen sulfide. Any 
darkening produced should not be more than that in a 
blank to which 0.02 mg of Cu has been added. 

lroa 

Dissolve 1 g of the compound in 10 ml of water. Add 
1 ml of concentrated HCl, about 30 mg of ammonium 
persulfate, and 1 5 ml of butanolic potassium thiocya
nate. Shake vigorously and allow to separate. Any red 
color in the clear butanol layer is to be not darker than 
that in a blank to which 0.005 mg of Fe has been added. 

Reagent: Dissolve 10 g of KSCN in 10 ml of water. 
Warm this solution to 25-30 °C, add sufficient butanol 
to make 100 ml, and shake vigorously until clear. 

Arsenic 

The method used is that given under "Dextrose" in 
Reagent Chemicals, American Chemical Society, Wash
ington, D.C. (1955), pp. 4 and 151, and in various 
textbooks and collections of official methods of analysis. 
The ACS description is given here. 

The arsenic in a sample (5 g) is determined by the 
Gutzeit method. If the amount of stain produced is less 
than that given by 2 JLg of arsenic, the sample contains 
As at less than 0.5 ppm. 

The widely used Gutzeit method for arsenic, which is 
prescribed for testing reagents, depends on the measure
ment or comparison of stains produced by the action of 
evolved arsine on strips of paper that have been impreg
nated with mercuric bromide from an alcoholic solution. 
Details of the method are given in collections of official 
methods of analysis and in textbooks. Because of the 
nature of the test it is important to have the greatest 
possible uniformity in the preparation of the stains from 
samples and from measured amounts of arsenic. 

30 

Apparatus 

A wide-mouthed bottle of about 60-ml capacity serves 
for the generator. It carries a glass tube about 1 em in 
diameter and 6 to 7 em long, which is constricted at the 
bottom to pass through the stopper of the bottle. The 
tube is to hold glass wool, purified cotton, or similar 
material, moistened with a 10% solution of lead acetate. 
AU tubes of a set of generators should be charged with 
equal amounts of this material. The solution serves to 
hold back any hydrogen sulfide generated in the bottle, 
and also helps to maintain a uniform content of moiS
ture in the evolved gases. 

Above the lead acetate tube is a narrow glass tube of 
2.6- to 2.7-mm i.d. and 10 to 12 em long that holds the 
strip of mercuric bromide paper. The diameter of this 
tube must not be large enough to permit curling of the 
paper strip. The paper strips are best obtained by the 
purchase of commercially cut strips which are of uni
form width of 2.5 mm and are generally supplied in a 
manner that facilitates their preparation for use. The 
strips are soaked about an hour in a 5% solution of 
mercuric bromide in alcohol. They are drained and 
allowed to dry in clean air. It is essential that all strips 
used for a particular test be sensitized in the same man
ner and at the same time. 

Procedure 

Place the sample in the generator bottle with water and 
about 5 ml of acid. The acid may be either sulfuric or 
hydrochloric but in any set of determinations the kind 
and the amounts of acid in all the bottles must be the 
same. If acid is used up in dissolving the sample, the 
amount must be replaced and the bottles for prepara
tion of standards must contain an amount of arsenic
free salt equal to that resulting from the action of the 
acid on the sample. Add 7.5 ml of potassium iodide 
solution ( 10 g in 100 ml) and 4 drops of stannous chlo
ride solution ( 40 g of SnC12 • 2H20 dissolved in hyd~ 
chloric acid to make 100 ml). Mix, allow to stand 30 
min at not less than 25 °C, and dilute to 40 ml. Prepare 
the lead acetate tube, removing excess solution, and in
sert the paper strip into the small tube. Add to the bottle 
the required amount of zinc, which may be 10 to 15 g 
of stick zinc or 2 to 5 g of granulated zinc. Insert the 
stopper carrying the tubes and immerse the generator 
bottle in a water bath maintained at a constant tem
perature between 20 and 25 °C. At the end of 1.5 h, 
remove the paper strips and compare the stains. 

The character of the stain is affected by variables that 
should be controlled as closely as possible. Moisture is 
a factor that is regulated in part by the lead acetate 
solution on the inert material in the tube next to the 
generator. A major factor is the rate of evolution of 
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arsine and hydrogen. The kind and concentration of 
acid in the generator can be regulated fairly easily, but 
special pains must be taken to have the zinc the same 
in all generators of a set. Uniformity in a set is much 
more important than the form of the zinc. Good results 
may be obtained with pieces of stick zinc, mossy zinc, 
or granulated zinc. The best concentration of acid may 
depend on the form of the zinc and the amount used in 
each generator. 

Attention to all the details is necessary to make cer
tain that stains from equal amounts of arsenic in sam
ples and standards shall be of equal length and appear
ance. This factor must be emphasized if the practice is 
followed of making a series of standard stains and using 
a graph based on the relation between amounts of arse
nic and length of stain. A control of average arsenic 
content should give a stain whose length falls on the 
graph. A blank will show any significant amount of 
arsenic in the reagents used. 

Claloride DeterminatioD 

Dissolve x g of the compound under test in 30 to 40 ml 
of water and, if the solution is basic, neutralize to litmus 
with nitric acid before diluting to SO mi. Filter the solu
tion if it is not clear. Dilute 10 ml of the solution to 2S 
ml, add I ml each of concentrated HNO, and 0.1 M 
aqueous AgNOa, and allow to stand for 10 min pro
tected from direct sunlight. Any turbidity should not 
exceed that produced by 0.10 mg of chloride in an equal 
volume of solution treated exactly like the sample. 

The quantity x depends on the chloride limit for the 
compound. For a limit of SO ppm (O.OOS% ), x = 2; 
for 200 ppm (0.02% ), x = O.S. 

The standard solution of chloride should be prepared 
from reagent-grade sodium chloride. Dissolve 0.16S g 
of reagent-grade sodium chloride in water and dilute to 
100.0 ml with water. Dilute a 10.0-ml aliquot of this 
solution to 1 liter with water. The resulting solution con
tains 0.01 mg of chloride per ml. 

Salfate Determlaadoa 

Dissolve x g of the compound under test in 20 ml of 
water and, if the solution is not clear, filter. Add 2 ml 
of dilute hydrochloric acid ( I volume of concentrated 
HQ plus 19 volumes of H20) and 2 m1 of O.S M 
barium chloride solution and allow to stand I 0 min. 
Any turbidity should not exceed that produced by 0.10 
mg of sulfate (so.) in an equal volume of solution, 
treated exactly like the sample. 

The quantity x depends on the sulfate limit for the 
compound, but should not exceed about 2. For a limit 
of SO ppm (O.OOS% ), x = 2; for 200 ppm (0.02% ), 
x=O.S. 

The standard solution of sulfate should be prepared 
from anhydrous sodium sulfate and contain 0.10 mg of 
sulfate per mi. Dissolve 0.148 g of ACS reagent-grade 
anhydrous sodium sulfate in water and dilute to 1 liter 
with water. 

Calcium Determinatloa 

The method described in Section 36.310 and 3.011 of 
the Official Methods of Analysis of the Association of 
Official Analytical Chemists, lith ed., AOAC, Washing
ton, D.C. ( 1970), pp. 672, 3S, is used. 

Transfer a representative portion of well-mixed sam
ple containing at least SO mg of calcium to a I 00-ml 
platinum or porcelain dish. Ash at a temperature not 
greater than S2S °C, until apparently carbon-free (gray 
to brown). Cool, moisten with 20 ml of H20, break up 
ash with stirring rod, and add 10 ml of concentrated 
HCI, cautiously, under watch glass. Rinse off watch 
glass into dish, and evaporate to dryness on steam bath. 
Add SO ml of 4% HQ, heat on steam bath IS min, and 
filter through quantitative paper into a 200-ml volu
metric flask. Wash filter and dish thoroughly with hot 
HzO, cool filtrate, dilute to mark, and mix. Transfer 
aliquot containing 20 to 40 mg of calcium to suitable 
beaker, dilute to 100 mi. 

Transfer aliquot to a 200-ml beaker, add H20 (if 
necessary) to make up to SO ml, heat to boiling, and 
add I 0 ml of saturated ammonium oxalate solution and 
a drop of methyl red (dissolve 1 g of methyl red in 200 
ml of alcohol) . Almost neutralize with 28% NH.OH, 
and boil until precipitate is coarsely granular. Cool, add 
6% NH.OH until color is faint pink (pH S.O), and let 
stand at least 4 h. Filter, and wash with HzO at room 
temperature until filtrate is oxalate-free. Pierce the point 
of the filter with a platinum wire, and wash precipitate 
into the beaker in which the calcium was precipitated, 
using a stream of hot H 20 . Add about I 0 ml of 20% 
H 2SO., heat to about 90 °C, add about SO ml of hot 
HzO, and titrate with 0.01 M KMnO •. Finally, add the 
filter paper to the solution, and complete the titration. 
Correct for KMnO. consumed in the blank determina
tion. 

Poteadometrk Detenainadon of pH 

The general directions provided in The Pharmacopeia 
of the United States, 18th revision (U.S.P. XVIII), 
Mack Publishing Co., Easton, Pa. (1970), p. 938, may 
be used as a guide. 

Electronic instruments for measuring pH (pH meters) 
sense electrical potential differences between a reference 
electrode (usually of the calomel type) and some pH
dependent electrode (glass, hydrogen, or antimony, for 
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Cat1MIIa)daateiud Rel...a C_,... 

example). The pH-dependent electrode is immersed in 
the solution of unknown pH, whereas the reference 
electrode is brought into contact with this solution 
through a special "salt bridge," usually a saturated solu
tion of potassium chloride. By means of internal circuits 
involving potential standards, these instruments may be 
adjusted to read pH differences for any selected tem
perature. However, absolute pH values read from a pH 
meter are meaningful only shortly after the instrument 
has been calibrated against a standard butler solution. 

Readings obtained with a pH meter may not be 
assumed to represent the pH of the corresponding sam
ples, unless (a) the readings can be reproduced after 
repeated rinsing of the electrode with portions of the 
sample and (b) two or more standard butler solutions 
have been found to give a correct reading on the same 
instrument during the same period of operation. Read
ings obtained on unbuffered samples, such as solutions 
in distilled water, will have a considerably greater un
certainty than those for buffered solutions and will show 
a tendency for the reading to drift. Prolonged washing 
of the electrodes after standardization is necessary. 
Readings obtained from "ftow-type" cells may be used 
if comparable evidence of validity is obtained. 

Because of variations in the nature and operation of 
the available pH meters, it is not practicable to give de
tailed universally applicable directions for the potentio
metric determination of pH. The instructions provided 
for each instrument by its manufacturer should be 
followed. 

Special Tests 

Certain special tests are required for individual com
pounds. Details of these are given in the appropriate 
specifications. 

3% 
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c.bo-1 I Carbo-4 

Carbo-1 
2-Acetami_.Z«oxy-D-galactopy1'81108e 
(N-Acetyi-D-galactosamine) 
Symbol: GaiNAc 

F--aa: c.Ht.NO, 
F--. Wt: 221.21 

HOHzC 

HO~IHI<ll< 
NHCOCH5 

s,edlc Rotatlo.: [aft: +90.0" ::t: 1.0" (p ... 2 s/100 ml) determined 
on a sample dried as described on p. 28. 

n.....-.ty: Determined by paper and ps-liquid chromatogra
phy. 

Homogeneous by paper chromatography in solvent systems 1 
and 2, detected by ammoniacal silver nitrate or by periodate-
benzidine as described for Carbo-24. 

The trimethylsilylated derivative is homoseneous by ps-liquid 
chromatography on a polyester column, isothermal at 170 oc. 

Lea or Wdgbt oa Dryias: Not more than 0.1 %. 
Water-I.Jiable Material: Should give a clear colorless solution in 

water. 
.uti: Not more than 0.1 %. 
Hea')' MeCa1s (u Cu): Not more than 10 ppm. 
..,_ (u Fe): Not more than S ppm. 
A..-lc: (u Aa): Not more than O.S ppm. 
C'lllorlde: Not more than SO ppm. 

Carbo-l 
l-Acetaml_.Z«oxy-D-glucop)'l'llDOie 
(N·Acetyl-D-glucosamine) 
Symbol: GlcNAc 

F....aa: c.Ht.NO. 
F....aa Wt.: 221.21 

s,edlc Rotatlo.: [aft: +41.2" ::t:0.3° (p = 2 s/100 ml) determined 
on a sample dried as described on p. 28. 

H...,....ty: Determined by paper and ps-liquid chromatosra
pby. 

Homogeneous by paper chromatography in solvent systems 1 
and 2, detected by ammoniacal silver nitrate or periodate--benzi
dine as described for Carbo-24. 

The trimetbylsilylated derivative is homoseneous by ps-liquid 
chromatography on a polyester column, isothermal at 170 °C. 

Lea or Wdgbt oa Dryias: Not more than 0.1 %. 
Water-I..aallle Material: Should give a clear colorless solution in 

water. 
Alii: Not more than 0.1 %. 
Hea')' Metall (u Cu): Not more than 10 ppm. 
lroa (a Fe): Not more than S ppm. 
Arwalc (a Aa): Not more than O.S ppm. 
Cblorlde: Not more than SO ppm. 

~3 

2-Ace ........ Z«oxy·D-IIWIDOp)'l'llDOie Monohydrate 
(N-Acetyl-D-IIUlDDOS8Jiline Monohydrate) 
Symbol: ManNAc·H~ 

F....ta: c.HtaNO.· H,O 
F....ta Wt.: 239.23 

HOHtf 

~IHIOH•HzO 
HO NHCOCH, 

Sped8c Rotatioa: [afu + 10.2" ::t:0.3° (p = 4 g/100 ml) determined 
on a sample dried as described on p. 28. 
H~ty: Determined by paper and ps-liquid chromatogra

phy. 
Homoseneous by paper chromatography in solvent systems 1 

and 2, detected by ammoniacal silver nitrate or by periodate-
benzidine, as described for Carbo-24. 

The trirnethylsilylated derivative is homogeneous by ps-liquid 
chromatosraphy on a polyester column, isothermal at 170 °C. 

Loll or Wdgbt oa DryfDa: Not more than 0.1 %. 
Water-I..aallle Material: Should give a clear colorless solution in 

water . 
Alii: Not more than O.OS%. 
HeaY)' Metals (u Cu): Not more than S ppm. 
lroa (u Fe): Not more than S ppm. 
Anealc (u Aa): Not more than O.S ppm. 
Cblorlde: Not more than SO ppm 

c ....... 
N-Acetylmuramic Acid [l-Acetami_.l-deoxy-
3-().(D-1-carboxyetbyi)-D-glucop)'l'llDOie 1 
Symbol: AcMID' 

F....ta: CuH,,NO. 
F....ta Wt.: 292.19 

(H)OH 

NHCOCHs 

Spedfte Rotadoa: [aft: +41.8" ::t:0.2" (p = l.SB g/100 ml) at 
equilibrium (after 6 h). 

H.,...,.eeeity: Determined by paper chromatography. Homogene
ous by use of S: S: I : 3 pyridine-ethyl acetate-acetic acid-water, 
with detection by aniline hydrogen phthalate. 

Loll or Weight oa Dryias: Not more than 0.1 %. 
Water-lnllolallle Material: Should give a clear colorless solution in 

water. 
Alb: Not more than 0.1 %. 
Infrared Spectrum: Consistent with structure. 
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Carbo-5 
N-Acetylaeuraminlc Add (5-A~3,5-dldeoxy-o
glycero-a-o-galacto-nonulopyranosonic Add) 
Symbols: NeuAc or AcNeu 

F....U: CuHttNO. 
F....U Wt.: 309.27 

Spedfte Rotlldo.: [afo -32.1° (p - 2 g/100 ml) found for a sample 
isolated from human milk.1 Values for the compound prepared 
synthetically are [afo -33° (p = 0.8 g/100 ml)l and (a)~ -32.2" 
(p ... 0.18 g/100 ml).1 

HOIIICJitMity: Determined by paper chromatography, thin-layer 
chromatography. and gas-liquid chromatography. 

Homogeneous by paper chromatography in solvent system I 
on Whatman No. I paper, prewashed with I% hydrochloric acid, 
and then distilled water, or on Schleicher and Schuell No. S89 
paper when sprayed with orcinol reagent. • 

Homogeneous by thin-layer chromatography on Kieselguhr G 
in 7:3 1-propanol-water when sprayed with orcinol reagent. 

The per(trimethylsilyl) derivative, on a 2% OV-17 column at 
2SO •c, shows a single peak. • 

Loa or Weiallt oa Dryhlg: Not more than 0.1 %. 
Ash: Not more than O.OS%. 
HeayY Metals (u Cu): Not more than 10 ppm. 
lroa (u Fe): Not more than S ppm. 
AneDk (u As): Not more than O.S ppm • . .,_ 
I. F. Zllllken and P. J. O'Brien. BI«IJmt. p,p .• 7, t (1960). 
l. J. W. Comfonh, M. E. Flnh, and A. GottJChalk, BI«IJmt.l., 68, ~7 (19~). 
3. W, We~em~~nn and F. Zllliken, AM. CIJmt., 695, 209 (1966). 
4. D. A. Craven and C. W. Gehrke,/. CIJrom~~torr .. 37, 414 (1968). 
S. R. Kleuatrand and A. Nordal, Acto CIJ'"'· Scolld., 4, 1320 (19"'1. 

• The re~aent Is prepared from orcinol, 0.~ a. thrlchloroacetlc add, U a. and 
l·butanolaaturated with water, 100 mi.' The paper Is dried and aprayed with the 
re~&ent, then heated at lOS -c for U-20 min. 

Carbo-6 
2-Amino-2-deoxy-o-galactopyranose Hydrochloride 
(o-Galactosamine Hydrochloride; Chondrosamine 
Hydrochloride) 
Symbol: GaiN· HCI 

Formula: C,HuNO, · HCI 
FOI'DNia Wt.: 215.64 

~0~ 
~(H)OH 

NH2•HCI 

Spedftc Rotation: [a)~ +96.2" ± 1° (p = I g/100 ml) determined 
on a sample dried as described on p. 28. Based on a measure-

34 

ment reported by Gardell 1 Ammonia sbould DOt be uet to 
hasten the mutarotation of this compound as it affects tbe 
equilibrium value attained. 

H-1enelty: Determined by paper chromatography.• 
Homogeneous when chromatographed in aystem 2. or in 

phenol-water, and detected with ammoniacal silver nitrate. Two 
spou, one for the free bese and one for the hydrochloride, aR 

observed when the phenol-water system is used. 
Loa or Welaht oa Drylag: Not more than O.OS%. 
Water-lnlolullle Material: Should give a clear colorltss solution in 

water. 
Alii: Not more than 0.1 %. 
Hen?J Metall (u Cu): Not more than 10 ppm. 
lroa (u Fe): Not more than S ppm. 
AneDk (u AI): Not more than O.S ppm. 
..,_ 
I. S. Gardcll, Acto CAmt. Salttt/., 7, 207 (1953). 
l. S. M. PanridJe, Blodt.,/., 41, 238 (1948). 

• Dacendlna chroma!DifapbJ Is uted aa dacribed by Partriqe.• Tbe tr'Oalb Ia 
lilted with phenol uturatecl with water. In a dilb at the bo«om ol tile ~101-
raphy chamber Ia placed a humldlfylna aoludoo coo8ldaa olwallel', acurated whb 
pheool and c:ootalnlna I 7. (w M ol NHa and a few c:t')'llala ol KCN. Tbe pheaol 
uted In th1a work lhould be the beat re~aent-padc a~ble. 

Carbo-7 
2-Amino-l-deoxy-o-glucopyranose Hydrochloride 
(o-Giucosamine Hydrochloride) 
Symbol: GleN· HCI 

FOI'DNia: C.HtaNOa· Ha 
Formula Wt.: 21S.64 

B.......,.: J. C. Irvine and J. C. Earl,/. Chmt. S« .. 121, 2370 (1922). 

Spedftc Rotatioa: [a)~ +72.SO :o.r (p = 1 g/100 ml) detcnnincd 
on a sample dried as described on p. 28. Ammonia should not be 
used to hasten the mutarotation of this compound as it affects the 
equilibrium value attained. 

Homogeneity: Determined by paper chromatography. 
Homogeneous when chromatographed in system 2, or in 

phenol-water,• and detected by ammoniacal silver nitrate. Two 
spots, one for the free base and one for the hydrochloride, aR 

observed when the phenol-water system is used. 
Loa or Weight oa Drying: Not more than 0.1 %. 
Water-IIIIOiuble Material: Should give a clear colorless solution in 

water. 
Ash: Not more than 0.1 %. 
HeayY Metals (u Cu): Not more than 10 ppm. 
Iron (as Fe): Not more than S ppm. 
Al'lellk (u As): Not more than O.S ppm. 

• The phenol-water ayaum ror c:bromatoaraJ!bJ Is dacrlbed under Carbo-6. 
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c.-.. I c.t.o-11 

Carbo-8 
o-Arablnitol (o-Arabitol) 

F....aa:c.H,A 
F....aaWt.:U2.U 

HO~ 
Hbott 

I 
HCOH 

I 
CHzOH 

Ml111....,: N. K. Rlcb11117W and C. S. Huc~Mxt, J. be. a-.. $«., 13, 2249 
(1951). 

s,edllc Rotatlo.: [am+ 130" ::1° (p - 0.4 a/100 m1 in an excess of 
acidified molybdate) determined on a sample dried as described on 
p. 28. An acx:uratcly weighed sample (about 0.1 g) is dissolved in 
20.0 m1 of stock ammonium molybdate and made up to 25.0 m1 
with 0.5 M HtSO •. 

Stock ammo~~hun molybdllte IO!Mtlon: 25.0 g of the commercial 
hydrated salt (NH.>.M0!0..·4H.O (Mallinckrodt analytical 
srade or the equivalent) is dissolved in distilled water to make 500 
m1 of solution, and filtered if necessary. Small amounts of crystal
line material may separate from this solution on standing; the 
clear supernatant solution is used for rotatory measurements. 

Meltllla Polllt:1 103.2-104.2 "C. 
n-uaealltJ: Determined by gas-liquid chromatography. 

The trimethylsilylated derivative gives only one peak when ex
amined by gas-liquid chromatography on a polyester column, 
isothermal at 170 "C. 

........ MataUJ: A sample applied to filter paper, as in the stan
dard procedure for paper chromatography, gives no coloration 
with aniline hydroaen phthalate spray. 

Loll of WefPt OD DryiDg: Not more than 0.1 %. 
Water-IIIIIOiallle Material: Should give a clear colorless solution in 

water. 
Alii: Not more than 0.05 %. 
Hea'f)' Metall (u Ca): Not more than 10 ppm. 
Iroa (u Fe): Not more than 5 ppm. 
A.-.lc: (u AI): Not more than O.S ppm. 

..,._ 
I. c-aalc:ated by PfaDIIIehl Laboratoriea. Inc. 

Carbo-9 
L-Arablnitol (L-Arabitol) 

F....aa:c.H.A 
F....aaWt.:U2.U 

<(HzOH 
HCOH 
HO~ 
HOCH 
~OH 

Spedftc Rotatl•: [am -130" %1° (p - 0.4 a/100 ml in an excess of 
acidified molybdate) determined on a sample dried as described on 
p. 28. The solution of the sample in excess acidified molybdate is 
prepared as described for o-arabinitol, Carbo-8. 

Meltlllg Potat:1 102.~103.6 "C. 
Ho.opaelty: Determined by gas-liquid chromatography. 

The trimethylsilylated derivative gives only one peak when ex
amined by gas-liquid chromatography on a polyester column, 
isothermal at 170 oc. 
~ Material: A sample applied to filter paper, as in the stan

dard procedure for paper chromatography, gives no coloration 
with aniline hydroaen phthalate spray. 

Loa of Wefaht OD Dryiaa: Not more than 0.1 %. 
Water-:t.oluble MataUI: Should give a clear colorless solution in 

water. 
Alii: Not more than O.OS %. 
Hea'f)' Metall (u Ca): Not more than 10 ppm. 
lroa (u Fe): Not more than S ppm. 
Anealc (u AI): Not more than O.S ppm. 
..,_ 
I. Commuak:ated by Pf&llltiehl Laboratoriea. Inc. 

C...._. tO 
o-Arabinopyranose (D-Arabinose) 
Symbol: Ara 

HO~IHIOH 
Fomada: C.H.A 
Fonaula Wt.: 150.13 

Sped8c: Rotadoa: (am -104.SO ::o.so (p = 4 g/100 ml) determined 
on a sample dried as described on p. 28. 

HOIDCJitiiC!ity: Determined by paper and gas-liquid chromatogra
phy. 

Descending paper chromatography in system 2 for 48 h, or in 
system 1, shows no contaminants on treatment with aniline hydro
gen phthalate. 

Gas-liquid chromatography of the trimethylsilylated derivative 
shows no contaminants on a polyester column, isothermal at 
170 °C. 

Loa of WeiPt oa Dryiaa: Not more than 0.1 %. 
Water-181lallle MataUI: Should give a clear colorless solution in 

water. 
Alb: Not more than O.OS %. 
Heaty Metall (u Ca): Not more than 10 ppm. 
Iroa (u Fe): Not more than S ppm • 
Anatk (u AI): Not more than O.S ppm. 

C...._.ll 
L·ArabinoP)'I'Illl08e (L·Arabinose) 
Symbol: lAra 

Fonaula: C.H,A 
Fonaula Wt.: ISO.l3 

'"QIHIOH 

OH 

BIIIIJocnphy: H. S. Isbell and W. W. PIIJIIIID, J. R~1. Nat. /lilT. Stand., II, 141 
(1937); J. ROlin, RfGifflt Chemical• tutd Sttllllllmh, 5th eel., D. Van Noetrand 
Co., Inc., Princeton, N- Jcney (1967), p. 60. 

Sped8c: Rotadoa: (a)~ + 104.SO ::O.SO (p - 4 a/100 ml) deter· 
mined on a sample dried as described on p. 28. 

Ho-aeaetty: Determined by paper and gas-liquid chromatogra
phy. 

Descending paper chromatography in system 2 for 48 h, or in 
system I, shows no contaminants when treated with aniline hydro
gen phthalate. 

Gas-liquid chromatography of the trimethylsilylated derivative 
shows no contaminants on a polyester column, isothermal at 
170 °C. 
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I.a. or Weight oa Dryiaa: Not more than 0.1 %. 
Alii: Not more than 0.05%. 
Hea')' Metllll (u Cu): Not more than 10 ppm. 
Iron (u Fe): Not more than 5 ppm. 
Anealc (u As): Not more than 0.5 ppm. 

Carbo-12 
L·Ascorbic Add 

F...aa:CtHA 
Formala Wt.: 176.13 

HOHzC 

"t)-o 
HO OH 

I...,...,: l'tw P,_,pftl ofllr' U11IUd $hJI" of AIMrlaJ, 18th Revllloo 
(U.S.P. XVRI), Mack Publilhiaa Co., Euton,l'ennlylvanla (1970), p. 51. 

SpedBc Rotadoa: [aro + 21 .<1' :o.so (p - 10 g/100 ml)• determined 
on a sample dried as described on p. 28. 

Meltbll Polat:1 1~192 °C. 
Aaaf: Not less than 99.5%. 
I.a. or Welgbt oa Dryfag: Not more than 0.1 %. 
W.ter-IJIIolullle Material: Should give a clear practically colorless 

solution in water. 
Hea')' Metala (u Cu): Not more than 10 ppm. 
Medlod or Allay: Dissolve -400 mg of ascorbic acid, accurately 

weighed, in a mixture of 100 ml of water and 25 ml of dilute sul
furic acid. Titrate the solution at once with 0.1 N iodine, adding 
3 ml of starch (T.S.) as the end-point is approached. Each ml of 
0.1 N iodine is equivalent to 8.806 ma of C.H.Oe. 

..,_ 
I. O.ta provided tbroup the courteay or A. J. Sdunldu or Cbartca Pilar A Co., 

Inc., Brooklyn, New York. 

• To be uted f« both criteria and apedficadona. 

Carbo-13 
Caldum o-Giucoaate 

Formula: CnHaO~tCa 
Formula Wt.: 430.38 

r co
l 

HCOH 
I 

HOCH 
I 

HC04 

Hbo.t 
~OH 

Co 

2 

..... ...,: :rtw P,_,P'III oftM U11l18 Sttll" of Am,laJ, 18th Revlllon 
(U.S.P. XVIII), Mack Publllhlna Co., Eaaton, PciUIIYivanla (1970), p. 91. 

Allay: Minimum of99.8%, calculated on the dried basis. 
I.a. or Welgbt oa Dryfag: Not more than 0.2 %. 
Cblorlde: Not more than 10 ppm. 
SaU'ate: Not more than 100 ppm. 
Ilea')' Metllll (u Cu): Not more than 10 ppm. 
Alwalc (u Aa): Not more than I ppm. 
Sucroae: Negative to test given in U.S.P. XVUJ, p. 12. 

c.t.o-U I c.t.t4 

Medlod or Allay: Weigh accurately -soo mg of calcium o-siV~» 
nate, and dissolve in ISO ml of water containina 2 ml of dilute 
hydrochloric acid. While stirring, preferably with a mqnetic 
stirrer, add about 30 ml of 0.05 M disodium (etbylenedinitrilo) 
tetraacetate from a SO-ml buret, then add U ml of sodium hy
droxide (T.S.) and 300 mg ofhydroxynaphthol blue indicator, and 
continue the titration to a blue end-point Each ml of 0.05 M 
disodium (ethylenedinitrilo)tetraacetate is equivalent to 21.52 1111 
of C,,H.OuCa. 

Carbo-14 
Caldmn o-glycero-D-gulo-Heptonate Dihydrate 

F...aa: c •• H.OtA·2H,O 
Formula Wt.: 526.46 

0 . 

" co-
l 

HCOH 
I 

HCOH 
I 

HOCH 
I 

HCOH 
I 

HCOH 
I 
CHtOH 

Co•2"t0 

2 

H~: Determined by gas-liquid chromatography. 
The correspondina I ,4-lactone, derived from the salt by acidifi· 

cation and evaporation to dryness, contained two contaminants 
shown by gas-liquid chromatography of its trimetbylsilylated 
derivative. On an SE-30 column, temperat~programmed from 
I SO to 2SO °C at 4 °C per min, three components were detected in 
the approximate ratios of 2:42:7. 

I.a. or Welgbt oa Dryiaa: Not more than 5% when dried at 60 °C, 
0.5 mmHg to constant weight. The theoretical value for the di
hydrate is 6.85 %. 

Water-IIIIOiullle Material: A 10% aqueous solution should be clear 
and colorless. 

Cald ... : 7.5 ± 0.3 %. The theoretical value for the dihydrate is 
7.61%. 

HeayY Metllll (u Cu): Not more than 10 ppm. 
lroa (u Fe): Not more than 100 ppm. 
Anenk (u Aa): Not more than 0.5 ppm. 
Sulfate: Not more than 200 ppm. 
Cblorlde: Not more than 200 ppm. 
pH: A 10% solution should have a pH of 7.0-8.0. 
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c.tto-15 1 c.t.o-11 

~IS 

Celloblole 7;-)IHIOH 
F.....aa:Culf~a 
F.-. Wt.: 342.30 :QJ~ 

OH 

DllocniP'Y: F. J. Baaaaod ~Ia, Poltulmnry, SocclttubMtry tllld the SM,au, 
U.S. Oovt. Prlndq Oftlce, Wublnatoo, D.C. (1942), p. 710. 

SpecUie Rotatla.: [afo +34.6" ::1::0.1° (p = 8 g/100 ml) determined 
on a sample dried as described on p. 28. 

Hoaaoee•lty: Determined by paper and gas-liquid chromatography. 
Descending paper chromatography for 48 h in system 1 or 2 

shows no contaminants by permanganate-periodate spray. 
Gas-liquid chromatography ofthe trimethylsilylated derivative 

shows no contaminants on an SE-30 column, temperature
programmed from 17<1' to 280 °C at 4 °C per min. 

U. of Welaht oa Drylaa: Not more than 0.1 %. 
Water-IIIIOiable Material: Should give a clear colorless solution in 

water. 
Alii: Not more than 0.05 %. 
llea'f MeUis (as Cu): Not more than to ppm. 
lroll (as Fe): Not more than 5 ppm. 
Aneak <• AI): Not more than 0.5 ppm. 

Carbo-16 
2-Deoxy-D-arobino-bexopyranose 
(2-Deoxy-o-glucose) 
S)'lllbol: dGic 

F.....aa:c.HaA 
F.....aa Wt.: 164.16 

HOHzC 

.?--~.(H)OH 
H~ 

Sped8c: Rotatla.: [am +46.6° ::1::0.2" (p = 2 g/100 mi> determined 
on a sample dried as described on p. 28. Inspection of the rather 
extensive literature on 2-deoxy-o-glucose indicates that [afo 
+46.6" is the most probable equilibrium value for this sugar in 
water. 

HOIIIGIE•Ity: Determined by paper and gas-liquid chromatog
raphy. 

Descending paper chromatography for 24 h in system 1 or 2 
shows no contaminants detectable by aniline hydrogen phthalate 
spray. 

Gas-liquid chromatography of the trimethylsilylated derivative 
shows no contaminants on a polyester column, isothermal at 
170°C. 

1.- of WeJPt oa Dryfag: Not more than 0.1 %. 
Water-lnlolable Material: Should give a clear colorless solution in 

water. 
Alii: Not more than O.Q5 %. 
He&'f MeUis (as Cu): Not more than 10 ppm. 
lroll (as Fe): Not more than 5 ppm. 
Aneaic (as AI): Not more than 0.5 ppm. 
Storage: Should be kept under an inert gas or in a vacuum desiccator 

after the package has been opened. 

Cellollioee/Erytlll'ltol 

Carbo-17 
2-Deoxy-~e~th~pentopyranose 

(2-Deoxy-o-ribose) 
S)'lllbol: dRib 

F......ra:c.HaoO• 
Fonaula Wt.: 134.13 

Spedfte Rotadoa: [afu -57.3° ::1::0.3° (p- 1 g/100 ml) determined 
on a sample dried as described in section below on "Loss of 
Weight on Drying. "• 

Homogeaelty: Determined by paper and gas-liquid chromatography. 
Descending paper chromatography for 24 h in system 1 or 2 

shows no contaminants detectable by aniline hydrogen phthalate 
spray. 

Gas-liquid chromatography of the trimethylsilylated derivative 
shows no contaminants on a polyester column, isothermal at 
170°C. 

Lea ol WeJgbt oa Drylaa: Not more than 0.1 % when dried at 40 °C 
and not above 0.1 mmlfg for 1.25 h. 

Water-IIIIOiable Material: Should give a clear colorless solution in 
water. 

Alii: Not more than 0.05 %. 
lfea'Y Metals (as Cu): Not more than 5 ppm. 
Iroa (as Fe): Not more than 5 ppm. 
Anellk (as AI): Not more than O . .S ppm. 
StabU.Ity ud Storage: When stored in glass bottles, samples have 

been found to show a change in specific rotation. Should be kept 
under an inert gas or in a vacuum desiccator after the package has 
been opened. 

• Unpublbbed -ot by Harry W. Diehl, NadooaliDitituaa oCHealtb • 

Carbo-18 
Erythritol 

Fonaula: C.HaoO• 
F......ra Wt.: 122.12 

Sped8c Rotatla.: None. 
Meldng Point: Not below 118 or above 120 °C. The freezing point 

of erythritol has been found• to be 118.9 °C. Melting points from 
120 to 126 °C have been reported for this compound. 

HOIDCJICIICity: Determined by gas-liquid chromatography. 
Gas-liquid chromatography of the trimethylsilylated derivative 

shows no contaminants on a polyester column, isothermal at 
150 °C. 

Redudng Material: A sample applied to paper, as in the standard 
procedure for paper chromatography, gives no coloration with 
aniline hydrogen phthalate spray. 

Loss or Weight oa Drylaa: Not more than 0.1 %. 
Water-IIIIOiuble Material: Should give a clear colorless solution in 

water. 
Alii: Not more than O.O.S%. 
Hea'f Metals (as Cu): Not more than 10 ppm. 
lroa (as Fe): Not more than .S ppm. 
Aneaic: (as AI): Not more than 0.5 ppm. 

..,_ 
1. 0. S. Parka and C. T. Aode,_, 1. Am. Cltem. Soc., 48, 1$06 (1926), 
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o-FnlctopJruole I Galectuie Add 

Carbo-19 
D-Fructopyranose (D-Fructose) 
Symbol: Fru 

FOIWIIa:c.Ht.O. 
FOIWIIa Wt.: 180.16 

Blllhc .... : H. S. bbelland W. W. Plpnan, /. R~1. Not. &u. Sttllttl .. ZO, 773 
(1931): J. ROlin, Rllll6~t Cltmokllh tllttl StilltdGnb, 5th ed., D. Van N01trand 
~. Inc., PriDI:etoa, New Ieney (1967), p. 262. 

SpedfteRotatioll: [afo -9-r' %1° (p = 10 g/100 ml)detennincd on a 
sample dried as described on p. 28. Unlike most other suprs, o
Ctuctose shows a marked change in specific rotation with changes 
in (a) temperature and (b) the wavelength of the light used. 

HOIIICJitMity: Determined by paper and gas-liquid chromatogra· 
phy. 

Homogeneous by paper chromatography in system I or 2; 
sprayed with aniline hydrogen phthalate. 

Homogeneous by gas-liquid chromatography of its trimethly· 
silylated derivative on a polyester column, isothermal at 170 •c. 

I.a. of Weiallt oa Dryfag: Not more than 0.1% 
Water·IDiolallle Material: Should give a clear colorless solution in 

water. 
Alii: Not more than 0.05 %. 
HeayY Metals (as Cu): Not more than 10 ppm. 
Iroa (as Fe): Not more than 5 ppm. 
Anealc (as AI): Not more than 0.5 ppm. 

Carbo-20 
D-Fucopyranose (D-Fucose) 
Symbol: Fuc 

Fon.la: c.HtA 
Fon.da Wt.: 164.16 

Spedftc Rotadoa: [afo + 15.ff :::i:O.ff (p = 4 g/100 ml) determined 
on a sample dried as described on p. 28. 

HC11ft0&81City: Determined by paper and gas-liquid chromatogra· 
phy. 

No contaminants detectable with either periodate-benzidine 
(see Carbo-24) or ammoniacal silver nitrate sprays, when chro
matographed on paper in 1-butanol-acetic acid-water (4: 1:1 
V/V). 

No contaminants are detected by gas-liquid chromatography 
of the trimethylsilylated derivative on a polyester column, iso
thermal at 170 •c. 

I.Gis of WeJabt oa Dryfag: Not more than 0.1 %. 
Water-llllolallle Material: Should give a clear colorless solution in 

water. 
Alii: Not more than 0.05 %. 
HeayY Metals (as Cu): Not more than 5 ppm. 
Iroa (u Fe): Not more than 5 ppm. 
Anenk (as AI): Not more than 0.5 ppm. 
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Carbo-21 
L·Fucopyranose (L·Fucose) 
Symbol: LFuc 

Fonaula: C.Ht.O. 
FOIWIIa Wt.: 164.16 

c.tto-tt I c.t.o-2l 

HO~(H)OII 
HO 

Blllhc...,: F.J. Bates and Alloda•l'oltrirwtry, Soo:do!uflrwtrJf.,. dw ~. 
U.S. Govt. l'rtlld111 Ofllce, WubJDatoa, D.C. (1942), p. 716. 

Spedfte Rotadoa: [afo -15.~ %0.-r' (p • 4 g/100 ml) determined 
on a sample dried as described on p. 28. 

Ha.a1eaelty: Determined by paper and gas-liquid cbromatoera· 
phy.• 

No contaminants detectable with arnmoniac:al si.l\ler nitrate 
after paper chromatography in system I or 2. 

Gas-liquid chromatography of the trimethylsilylated daivative 
shows no contaminants on a polyester column, isot.bermal at 
110 •c. 

Loa of Welaht oa DryiDg: Not more than 0.1 %. 
Water-IDiolallle Material: Should give a clear colorless solution in 

water. 
Alii: Not more than 0.05%. 
HeayY Metals (as Cu): Not more than 10 ppm. 
Iroa (as Fe): Not more than 5 ppm. 
Alwalc (as AI): Not more than 0.5 ppm. 

• I(- purilled thrOUib a ct'yllaltine clerivadve, L.f'- -Y be c_rn!,.llld 
with o-mannitol. Tbla Impurity Ia, however, nedlly detectable oo a .-per cru--~ 
aram with ammoolacal lllver nitrate. 

Carbo-22 
Galactaric Add (Mucic Acid) 

Fonaula: C.Ht.O. 
FOIWIIa Wt.: 210.14 

Sped8c Rotatioa: None. 
Meldag Point: Not below 213 or above 215 •c.• 
HC11ft0&81City: Homogeneous by gas-liquid chromatography of the 

trimethylsilylated derivative on an SE-30 column, temperature
programmed from 170 to 258 •c at 4 •c per min. 

Loa of Weiallt oa Drylag: Not more than 0.3%. 
Water-lllloluble Material: A saturated aqueous solution (about 

0.3 %> should be clear and colorless. 
Alii: Not more than 0.05%. 
Reducing Material: A sample applied to filter paper as a saturated 

solution should give no color with aniline hydrogen phthalate. 
HeayY Metals (as Cu): Not more than 10 ppm. 
Iroa (as Fe): Not more than 5 ppm. 
Anenk (as AI): Not more than 0.5 ppm. 
Nitrate: Nil.t 

• Meldna occurt with clec:ompolitlon and Ia very clepenclmt upoo the rate of 
heatfna. The ranae quoted Ia obtaiDed after Ilea dna to 105 'C In 10 min. follond 
by a headna rate ol I 'C per min. 

t A aturated aoludoo (I ml) at I 00 'C Ia cooled, and I M ferroua .tfate IOiu· 
don (3 mi) Ia added. After removal of any crya~attlzed mucic add, c:oncentnted 
.Jfurfc add Ia carefully added to the aoludoo 10 that the two aolud0111 do- aD. 
A brown rfna witt be _,. at the juocdoo of the two tlqulda If nitrate Ia ..-., 
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C .... 23 I Carbo-26 

Carbo-23 
Galactltol (Dulcitol) 

P....U:c.Hi.Ot 
P..-a Wt.: 182.17 

Sped8c RotatloD: None. 

Hr 
~ 

CHpt 

Meltllla Polat: Not below 188 or above 189 °C. The melting range 
from 188 to 189 oc is most frequently quoted for this substance. 

Ha.l..-ty: Determined by gas-liquid chromatography. 
No contaminants detectable by gas-liquid chromatography of 

the trimethylsilylated derivative on a polyester colunm, isothermal 
at 170 °C. 

Redlldaa Material: A sample applied to filter paper, as in the stan
dard procedure for paper chromatography, gives no coloration 
with aniline hydrogen phthalate. 

U. of Weiallt a. Dryhlg: Not more than 0.1 %. 
Water-lalolaiJie Material: Should give a clear colorless solution in 

water. 

Alii: Not more than 0.05%. 
Hea'f)' Metllll (as Ca): Not more than to ppm. 
lroa (as Fe): Not more than 5 ppm. 
A.-..k (as AI): Not more than 0.5 ppm. 

Carbo-24 
D-Galaetono-1,4-lactoae (o-Galactono--y-lactone) 

....... :c.Hi.O. 
P...U Wt.: 178.14 6t>·· 

HlfH OH 
CHzOH 

Spedle Rotatloa: [crto -78.~ :t:O.~ (p - 4 g/100 ml; initial rota
tion•) determined on a sample dried as described on p. 28. 

Meltllla Polat:1 133-135 oc. 
H..,.eaeity: Determined by paper and gas-liquid chromatogra

phy. 
Homogeneous when chromatographed for 20 h in !-butanol

acetic acid-water (4: I :5 v/v, top layer), or in 2-butanone-acetic 
acid-boric acid (saturated, aqueous) (9: 1:1 v/v) and sprayed 
with periodate-benzidine reagent. t 

Homogeneous by gas-liquid chromatography of the trimethyl
silylated derivative on an SE-30 colunm, temperature-pro
grammed from I SO to 260 OC at 4 °C per min. 

U. of Wapt oa Dryhlg: Not more than 0.1 %. 
Water-lalolaiJie Material: Should give a clear colorless solution at 

tO% concentration. 
Alit: Not more than 0.05%. 
llea'f)' Metllll (as Ca): Not more than 10 ppm. 
lroa (as Pe): Not more than 5 ppm. 
A....te (as AI): Not more than 0.5 ppm. 

..,._ 
I. P. J. Beta and Alloclatea. Poltlrlmary, Stlcdttlrllrwtry tlltd IM SllfO'I, U.S. 

Oon. PriDdDa Oftlce, WatbJDatoD, D.C. (1942), p. 719. 
2. N. K. Rlcb~, R. M. Haan, and C. S. H~. J. Am. Cllmt. Soc., 61, 340 

(1939). 

3. M. Vllcolldal, D. Hocb, and P. Karrer, H*l•. Clllm. ACM, 31, 642 (1955). 

• AvalueoCl•ro' +78.4.(tb0,,. • 4a/100ml)f'or~l.4-lac-bu 
been reported.• 1be optical rotalioa cbai!ICI 10 .a-ay tbat a rotadoa me~lllted 
witbiD 10 mill af'ter dllloludoa may be cOIIIIdered to be a valid lnldalrotadon. 

t 1be .. pet Ia ftnt IPftJ*I with a 0,, 7. (w /v) aqueouaiOdlum -perlodate 
toludoaand, af'ter I mill at,_ temperature, tbe .. pet Ia IPftJ*I with a bem:ldlDe 
IOiudoa (O.S 7. w /V bem:ldlDe In etbanol-aJadal 8CeCk: acid (4 : 1)). A wblte epot 
appean at once, oa a blue-~y backarowxl* 

Carbo-25 
D-Galactopyranose (D-Galactose) 
Symbol: Gal 

ForDNia: c.HisO. 
F......aa Wt.: 180.16 

~CHI~ 

B.........,: H. S. llbell and W. W. Plpnaa, J. R*•· Nlll. Blu. Sttlltd., II, 141 
(1937); J. ROlin. RM6erJI CMmlcob tlltd Stlllllltmb, 5th ed .. D. Vaa Nottrand 
Co., Inc., Princetoa, New Jcney (1967), p. 213. 

SpecUk Rotatioll: [crto +80.2" :!:0.4° (p - 5 g/100 ml) determined 
on a sample dried as described on p. 28. 

HCIIDCJitMity: Determined by paper and gas-liquid chromatogra
phy. 

Descending paper chromatography for 48 h in systems 1 or 2 
shows no contamination detectable by aniline hydrogen phthalate 
spray. 

Gas-liquid chromatography of the trimethylsilylated derivative 
should show no contaminants on a polyester column, isothermal 
at 170 OC. 

I.a. or Welallt a. Dryt.g: Not more than 0.1 %. 
Water-lnlolallle Material: Should give a clear colorless solution in 

water. 
Alii: Not more than 0.05%. 
HeaY)' Metala (as Ca): Not more than 10 ppm. 
lroa (as Fe): Not more than 5 ppm. 
.v.aJc: (as AI): Not more than 0.5 ppm. 

Carbo-26 
o-GalactopyranlWonic Acid Monohydrate 
(o-Galacturonic Acid Monohydrate) 
Symbol: GalVA· H20 

ForDNia: C.H1A·H,O 
ForDNia Wt.: 212.16 

HOzC 

'0CHIOH•Hz0 

OH 

SpecUk Rotadoa: [cr)~ +51.9° :t:O.SO (p - 4 s/100 ml; at equilib
brium, about 60 min) determined on a sample dried as described 
on p. 28. 

HOIIICIPIIftty: Determined by paper and gas-liquid chromatogra
phy. 

When chromatographed on paper in 1-butanol-acetic acid
water (4: 1: I v /v), no contaminants detectable after spraying 
with periodate-benzidine (see Carbo-24). 
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When the compound is reduced by borohydride to L-p)actonk 
acid, and the latter is lactonized, gas-liquid chromatography of 
the trimethylsilylated lactone should show no contaminants on a 
polyester column, isothermal at 200 •c. 

Loll of Weight oa Drylaa: Not more than 0.1 %. 
Water-laloluble Material: Should give a clear colorless to pale yel-

low solution in water. 
Am: Not more than 0.2%. 
HeayY Metals (as Cu): Not more than 5 ppm. 
Iron (u Fe): Not more than 10 ppm. 
AneDk (u Aa): Not more than O.S ppm. 

Carbo-27 
o-Giudtol (Sorbitol) 

Fonaula: C.U1A 
Forada Wt.: 182.17 

Blllliol"tllh7: R. K. Nea, H. 0. Fletdler, Jr., and C. S. Hud100,/. Am. Cl,m. $«., 
'73, 4759 (19~1); N. K. Rlcbllllyer and C. S. HudiOO,/. Am. Clwm. S«., '73, 
2249 (19~1). 

Sped8c Rotadoa: [a)~ + 103° ± 1° (p = 0.4 g/100 ml in an excess of 
acidified molybdate) determined on a sample dried as described on 
p. 28. The solution of the sample in an excess of acidified moly~ 
date is prepared as described for Carbo-B. 

Meldna Polat:1 IUH 12 •c (anhydrous). 
Homogeneity: Determined by gas-liquid chromatography.• 

No contaminants are detected by gas-liquid chromatography 
of the trimethylsilylated derivative on a polyester column, iso
thermal at 170 •c. 

Reducing Material: A sample applied to filter paper, as in the stan
dard procedure for paper chromatography, gives no coloration 
with aniline hydrogen phthalate spray. 

Loa or Weight oa Dryblg: Not more than 0.1 %. 
AJb: Not more than 0.05%. 
HeaY)' Metals (as Cu): Not more than 10 ppm. 
Iron (u Fe): Not more than S ppm. 
AneDk (as As): Not more than O.S ppm. . .,_ 
I. P. 0. Steeber (ed.), 77, M"ck lrwkx, 8th ed., Merck A Co., Inc., Rahway, New 

Jer.ey (1968), p. 971. 

• Commercial samples may c:onraln tnJc:a or IHNinnltol, unlea they have been 
purified throuah the pyridine addldon c:ompound. 

Carbo-28 
o-Giucono-1,5-lactone (o-Giucono-8-lactone) 

Formula: C.H1.0. 
Formula Wt.: 178.14 

Spedftc Rotadoa: (aro +411° ± 1° (p ... o.s g/100 ml, in an excess or 
acidified molybdate) determined on a sample dried as described 
on p. 28. 

40 

An accurately weighed sample (about 0.5 g) is dissolved in 2S 
m1 of water; 2.5 g of (NH,).Mo,O.. ·4H.O (Mallioclaodt 1111-

lytical grade, or the equivalent) is dissolved in the solutioo. 
Glacial acetic acid (5.0 ml) is added, and the solution is made up 
with water to 100 mi. Change in rotation is complete after about 8 
h, and the equilibrium rotation may then be determined. • 

Meldltl Polat:1 150-152 °C. 
flomoteDelty: Determined by paper and gas-liquid chromatoara

pby. 
Homogeneous when chromatographed on paper for 20 b in 

1-butanol-acetic acid-water (4: I :S v/v, top layer) or 6 bin etbyl 
acetate-acetic acid-formic acid-water (1 8: 3: I :4 v /v) and sprayed 
with periodate-benzidine as described for Carbo-24. 

Homogeneous by gas-liquid chromatography of the trimetbyJ.. 
silylated derivative on an SE-30 column, temperature-pr~ 
med from 150 to 260 °C at 4 °C per min. 

U. of Wefaht oa Drying: Not more than 0.1 %. 
Water-laloluble Material: Should give a clear colorless solutioo in 

water at 10% concentration. 
Alii: Not more than 0.05 %. 
Hea'f)' Metals <• Cu): Not more than 10 ppm. 
Iron <• Fe): Not more than S ppm. 
Anenk (as Aa): Not more than 0.5 ppm. 
..,_ 
t. F. J. Batea and AIIOdatea, PoWIIIt~try, S«c,_,«ry lllf4 dw .s.,.n, U.S. 

Oovt. Printlna Ofllce, Wuhinaton, D .C. (1942), p. 731 . 

• We are Indebted Jo F. H. Hecteer. Charla PftJcr A Co., Brooldyo, New York. 
for thla method, whic:h -• deviled for aodlum .,..auc:onate. H. S. llbeU aad H. L 
FNtb,/. R~•· Nlll. /IIU. Sttllld., II, 649 (1933) reported l•fo• +66.2"(111ldal)c:buil
lna to +8.8" at24 h (p • 'a/IOOmlln-ter). Thelnldalc:hanae lllrotadoall
fatt, and tbc equilibrium value too ~m~~ll, for prac:dc:al u.e or optical rotadoe Ia 
-ter u a eped&adon. 

Carbo-29 
o-Giucopyranose, Anhydrous (o-Giucose; Dextrose) 
Symbol: Glu 

Fonaula: c.Ht.<>. 
Forada Wt.: 180.16 

HOHtC 

~(HIOI< 
OH 

81...,...,: R~t~tmt Clt,.,koh, 4th ed., Aawrbn Cbemlc:al Society, Wubtae
ton, D .C. (1968), p. 267; F. J. Batea and Alloclatea, PoWIIItnry, ~ 
tllld tit~ s .. ,., •. u.s. Govt. Prindna Ofllce, Waahlnatoo. D.C. (1942), pp. )90, 

$$1; J. Rolin, R~t~~ml Clt,.,lct~l• tllld Sttllldtuth, ~th eel., D. Van N-..f Co.. 
Inc., Prlncetoo, New Jer.ey (1967), p. 167; TM P~ of tlw Urflll.t 
SUit~• of AIMrlal, 18th revWon (U.S.P. XVIO), Mac:k Publilhina Co., ~. 
Pennlylvanla (1970), p. 180. 

CRITERIA: Standard Reference Material 917 of the National 
Bureau of Standards, Washington, D.C. 

Purity 99.9% 
a-D-Glucopyranose >99.0% 
tJ-o-Giucopyranose <1.0% 
Moisture 0.06% 
Ash 0.002% 
Insoluble matter 0.001 to 0.006% 
Nitrogen <0.001% 

The value for the purity has an estimated inaccuracy of ±0.1 %. 
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s,ed8c Rotatloa: [a; +S3.t» (at equil., p • 20.1 g/100 ml in water) 
[aJI. +62.SO (at equil., P - 20.1 g/100 ml in water) 
[afo + 112.(;'» (initial, p • IO.OS g/100 ml in methyl sulfoxide) 

The o-atucose used for this standard reference material was ob
tained from Pfanstiehl Laboratories, Inc., Waukepn, Illinois. 

SPECIFICATIONS: 
Spedftc Rotatfoe: [aro +S2.SO ::1::0.so (p- 4 a/100 ml) determined 

on a sample dried as described on p. 28. 
H.....-ty: Determined by paper and gas-liquid chromatogra

phy. 
Homogeneous by descending paper chromatography for 17 h 

in system 1 or 2, detected with aniline hydrogen phthalate spray. 
Should be homoaeneous by aas-liquid chromatography of its 
ttimethylsilylated daivative on a polyester column, isothermal at 
170°C. 

La. of Welabt 011 Drylaa: Not more than O.S %. 
w ..... fMohlllle Maeerlal: Should give a clear colorless solution in 

water. 
Aa: Not more than O.OS %. 
H~ Metals <• 01): Not more than S ppm. 
lnD <• Pe): Not more than S ppm. 
Anellle <• As): Not more than O.S ppm. 

Carbo-30 
P.o-Glucopynuaoee Pentaacetate 
Symbol: GlcAc& 

P...aa:C,eHuOu 
P...aa Wt.: 390.34 

OCOCH, 

s,edlk Rotatloa: [«fo +4.0" ::1:: t.O" (p = 2.S to 4.0 g/100 ml in 
chloroform). 

Meldlla Pelat: Not below 130 and not above 133 °C. Melting points 
from 127 to 134 °C have been reported for this compound. 

H..a1eaelty: Determined by paper, thin-layer, and gas-liquid 
chromatography. 

Homogeneous (and separable from the anomer) on chroma
tography on Whatman No. I paper containing N ,N-dimetbyl
fonnamide as the stationary phase, and developina with either 
isopropyl ether or light petroleum ether.' 

Homogeneous (and separable from the anomer) by thin-layer 
chromatography on silica Rei containing methyl sulfoxide as the 
stationary phase, and developing with ether or I : 1 ether
isopropyl ether.• 

Homogeneous (and separable from the anomer) by gas-liquid 
chromatography on a ftuoroalkybilicone polymer, QF-1, at' 170 
°C or on a 1,4-butanediol succinate, Dow-Comins grease on 
Cbromosorb 8 column at' 213 °C. 

Lea of Welabt 011 Drylaa: Not more than 0.1 %. 
Aalt: Not more than O.OS %. 
"-'1 Metals <• 01): Not more than 10 ppm. 

lroa <• Pe): Not more than S ppm. 
Anealc <• As): Not more than O.S ppm. 
..,_ 
I. B. Wldl:berJ, Ac14 ClrGI. S-.d., U, 615 (1958). 
2. 0. R. 111811a./. Clrlomoto,-., 20, 417 (1965). 
l. W. J. A. Vaodeo Heuvcl aud B. C. Horolna, BlocMm. Bloplty6. R'l. c-.. 

4, )99(1961). 
4. S. W. Gunner, J. K. N. Jooa. aDd M. B. Pmy, Cilll. l. Cit-., 39, 1892 (1961). 

Carbo-31 
o-Gluawono-6,3-lactone 
( a-o-Glurofuranurono-6,3-lactone; o-Glucurone) 

P.-a:CeH.Oe 
Formula Wt.: 176.13 ~0~ 

~OH 

Sped8c Rotadoa: [aro +19.~ ::1::0.~ <P .. 8 g/100 ml; at equilib
rium, about 60 min)• determined on a sample dried as deac:ribed 
on p. 28. 
H~: Determined by paper and gas-liquid chromatogra

phy. 
Homogeneous wben chromatographed on (a) paper for 16 bin 

2-butanone-acetic acid-boric acid (saturated aqueous) (9 : I: 1 
v /v) or (b) Whatman No.4 paper for 6 h in 2-propanol-pyridine
acetic acid-water (8:8:1 :4 v/v), and sprayed with paiodate
benzidine as described for Carbo-24. 

Homogeneous by gas-liquid chromatography of the trimethyl
silylated daivative on an SE-30 column, temperature-pr~ 
arammed from ISO to 2SO °C at 4 °C per min. 

Lea of Welabt oa Drying: Not more than 0.1 %. 
Water-IMohlllle Material: An aqueous solution should be clear and 

colorless at 10% concentration. 
Alb: Not more than O.OS %. 
Hea')' Metals <• 01): Not more than 10 ppm. 
lroa <• Pe): Not more than S ppm. 
Aneak <• Aa): Not more than O.S ppm. 

• L Zervu aDd P. Saller, a-. !Hr., M. 1326 (19))), reportecl I•J: +19.4• 
(' - a a/100 ml, at equiUbrtum). 

Carbo-31 
Glycogen• 

B............, : 7Tw Mm:lc lfldu, 8th ed. (1968), p. 501. 

Sped8c Rotadoa: [afn +19SO ::1::3.0" (p- 2 g/100 ml). 
Lea of WeJabt oa Drylaa: Not more than 0.1 %. 
Water-IIIIOiable Material: A 2% solution in water should give a 

slightly opalescent solution, free from foreign matter. 
Alb: Not more than 0.2S %. 
Redudaa Sapn: Trace. 

• Produced from molllllb. 

41 
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Carbo-33 

o-Galoao-1,4-lactoae (o-Guloao--y-lactoae) ~ 
•O 

F...._:c.HA 
F ..... Wt.: 178.14 

HCOH 
I 

HOHtC 

Spec:lk Rotatloa: [crfo -56.t» ±1.00 (p • 4 a/100 ml; initial value) 
determined oo a sample dried as described on p. 28. 

Meltllla Poblt:1 187.3-189.3 °C. 
Hc.-1 rltJ: Determined by papa- and aas-liquid cbromatoara· 

phy. 
Paper chromatoaraphy in 1-butanol-ac:etic: acid-water (4: 1: 1), 

and sprayina with periodate-benzidine as described in Carbo-24, 
rewaled three spots. The weaker slower-movina spots are 
probably the 1,5-lac:tone and the free acid. 

Gas-liquid chromatoaraphy of the trimethylsilylated derivative 
or the lac:tooe reveals no contaminants on a polyester column, 
isothermal at 200 °C. 

Loa or Weiabt 011 DryfDa: Not more than 0.1 %. 
w.-.r.o~a~~~e MaterUI: Should aive a clear colorless solution in 

water. 
Alb: Not more than 0.05 %. 
lleaYJ Metllls <• Ca): Not more than 5 ppm. 
lroa <• Fe): Not more than 5 ppm. 
Anealc: <• Aa): Not more than 0.5 ppm. ....... 
I. c-uabeed by Pf'UIIIIbl Laboratorla, 1111:. 

Carbo-34 ~ 
o-glycero-D-gui&Heptono-1,4-lactone 

1 
"ri • 0 

FOI'IIIIIIa: C,H110, HCOH 
FOI'IIIIIIa Wt.: 208.17 I 

HCOH 
I 
CHzOH 

Spec:lk Rotatloa: [afo -51.SO ±O.SO (p • 4.3 a/100 ml)• deter· 
mined on a sample dried as described on p. 28. 

MeltfDg Polat:1 152-154 °C. 
H~ty: Determined by paper and gas-liquid chromatoara· 

phy. 
When chromatoaraphed on paper, usina the same solvent sys

tems and spray reagent as described for Carbo-24, all samples 
tested showed two spots. The weaker slower-movina spot is pre
sumably the free acid. 

No contaminants detectable by gas-liquid chromatoaraphy of 
the trimethylsilylated derivative on an SE-30 column, tempera
ture-proarammed from 150 to 260 oc at 4 OC per min. 

Loa ol Welallt 011 Drylaa: Not more than 0.1 %. 
Wa•·IIIICihlllle Matwill: At a concentration of 10%. a clear color-

less solution in water should be obtained. 
Alb: Not more than 0.05%. 
H•YJ Meals <• Ca): Not more than 10 ppm. 
lroa <• Fe): Not more than 10 ppm. 
A..-k (u Aa): Not more than 0.5 ppm. 
Cldorlde: Not more than 50 ppm. 

4l 

s.lfale: Not more than 50 ppm. ....... 
I. c-mcaeed by Pf'UIIIIbl Laboratariel, 1111:. 

• A. 'lholllpeoo ud M. L Wolr.-, J • ..U.. cr.-. S«., .. ISIO (1~, • 
ported l•~ -5J.a•<- • 4.la!IOOmllowalllr). TbedluJeelo,_d_la.._,UIIII 
a •dlf'actory btldal rvcadoll ~ be o11tau.t witblo 5 miD .r~er dllloladom Ia _,._ 

Carbo-35 
D-manno-Heptaloee 

F...._:C,H.A 
FOI'IIIIIIa Wt.: 210.19 

CHzOH 
I 
C•O 
I 

HOCH 
I 

HOCH 
I 

HCOH 
I 

HCOH 
I 
CHzOH 

Specific Rotatloa: [afo +29.00 ±O.SO (p • 2 a/100 ml) ddenDiDed 
oo a sample dried as described on p. 28. 

Ho.1raelty: Determined by paper and gas-liquid chromatoara· 
phy. 

No contaminants detectable by periodate-benzidine (see 
Carbo-24) or ammoniacal silver nitrate sprays, after paper c:bro
matoaraphy in system 1 or 2. 

No contaminants detectable by gas-liquid chromatosraphy of 
the trimethylsilylated derivative on a polyester c:olumn, isothermal 
at 170 °C. 

Loa or Welallt OD Drylaa: Not more than 0.1 %. 
Wa•-...,..._ Matwill: Should aive a clear c:olorless solution in 

water. 
Alb: Not more than 0. 1 %. 
H•'>' Metall <• Ca): Not more than 10 ppm. 
lroa <• Fe): Not more than 5 ppm. 
A..-k (u Aa): Not more than 0.5 ppm. 

Carbo-36 
myo-Inosltot• 

FOI'IIIIIIa: c.Ht.O. 
FOI'IIIIIIa Wt.: 180.16 

1::1 
HO OH 

............,: T1w Na7lolttll F-ary, lltb revbloo (NPXDI),l. B.~ Co.. 
Pblladelpbla. Pelulqlva .. (1910). 

Spedftc Rotatloa: None. 
Meltial Polat: Not below 225 or above 226 oc.• 
HOIDOI'IIdty: Determined by paper and gas-liquid chromatopa

phy. 
No contaminants are detectable with periodate-permanpnate 

spray after paper chromatoaraphy in system I or 2. 
One commercial sample was homoaeneous; another showed • 

small contaminant that moved faster than tbe trimethylsilylated 
derivative on gas-liquid chromatoaraphy on an SE-30 column, 
temperature-proarammed from 150 to 250 OC at 4 OC per min. 

r:.e. of Welallt 011 DryfDa: Not more than 0.1 %. 
Water-IIIICihlllle Matwill: Should aive a clear c:olorless solution at 
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a concentration of 10%. 
Aa: Not more than 0.057.. 
a..., MeCall <• C.): Not more than 10 ppm. 
..._ <• Fe): Not more than S ppm. 
Anlllll1c <• AI): Not more than O.S ppm. 

• n. _. _.. ,_ .. ..adall1 aabJdroua. IIU'C>-IDCIIbol cryllaiU.. 

........ below 50 'Cu. ~ ..... (rGD wbldl die-- ot cryllallladoa caD 

ba .___.by ....... - a& 105 'C. 

3" s ..... I 71w M.ei!IIMa, lib ed. (IMI), p. S8; H.IWlaal. AM. 0... J0S. 
145 (1110); I. R. Kata aDd J. C. o.t.o, R«. Tlwlr. eMil., .. 241 (19ll); 1. R. 
Kataaad A. WekJiaser,lbltl.,1133; B. L Hint. D. L Mc011Yra7, and B. 0. V. 
Pwchal,l. a-. $«., 1297 (IHO). 

o.aflidoe: Polysaccharide; c:olorlaa, tuteleu 10lid; amorphous, 
ot spberocrystals that show an x-ray powder diffraction pattern. 
A fructan containina a amaJl proportion ( -6 7.> of o-slueo~e. 
Found in many tubers and roots; also in some cacti. The purest 
form 10 far investipted is foUDd in dahlia (IJGNIIJ WJrillbUu) 
tubers in tbe autumn. R.Wy IOluble in warm water; very slishtly 
IOluble in water at room temperature. The c:rystalline form is less 
IOluble, and more stable, tban tbe amorphous fotm. [crfo varies 
from -Yf to -4d (p- 51/100 ml, water), dependina on tbe 
toun:e and purity; tbe -4d value was obtained on hishlY purified 
product from dahlia tubers. 

CRITERIA: 
s,edlc ~: [crfo -4d (p • S 1/100 ml). 

SPECJIIICATIONS: 
s,edlc ......_: [crfo - 3SO :SO <P - 51/100 ml). 
I.e. fill w.._. 011 DrJill: Not more tban 107.. 
Alit: Not more thaD 0.2%. 

OH 

3'' s ...,I rrw n-w-. ... of llw VrrW SMt• of.,._.., lith rm.1oa 
(U.s.P. XVDI), M-* Publilbbls Co., Eucoa, "--71_. (1970), p. 351; 
B.S. 11be11 aDd W. W. Plplaa.J. R-. Ntll. Bttr. S...t,ti,J41 (19)7); J. ROlla. 
R...-t C ........ $,.,.,., 5th ed., D. Vaa NOIIralld Co., IDe.,~. 
N.w ,..., (1967), p. 2A6. 

s,edlc Rotatt.: [crfo +52.(;'» :O.SO (p • 81/100 ml) determined 
on a •mple dried at 80 •c fot 2 b. 

lfeeal•lltJ: Determined by paper and ps-liquid chromatogra
phy. 

No contaminants detectable with ammoniacal silver nitrate 

after 48 h of desc:eodina paper chromatography in either system 
1 or 2. BccaUJe of the relatively low solubility of lactoee in water, 
only hsH the standard quantity of material is applied to the paper. 

No contaminants detectable by ps-liquid chromatography of 
the trimetbylsilylated derivative on an SE-30 colunm, tempera
ture-programmed from 170 to 2SO oc at 4 oc per min. 

U. of Welalat 011 Drylaa: Not more than 0.17. after dryina at 80 
oc for 2 h. 

Wa._ • ._..... Ma...,..: Should give a clear colorless solution in 
water. 

Datrt.: A solution of O.S a in 10 ml or water should show no 
coloratioa when treated with a few drops of iodine solution. 

Alb: Not more than 0.057.. 
H•YJ MeCall <• C.): Not more than 10 ppm. 
lnJa <• Fe): Not more than S ppm. 
A.-k <• AI): Not more than O.S ppm. 

Carbo-39 
D-LyxopyraJIOIIe (D-Lyxoae) 
Symbol: Lyx 

F...aa:c.HaA 
F...aa Wt.: 150.13 

~~(H)OH 
H~ 

............,: H. S. llbell aDd W. W. Plplaa. J. R•. Nt11. Bttr. SIMtl., 11. 141 
(1937). 

Spec:lk Rotatt.: [crfo -13.8" :o.~ (p - 4 a/100 ml) determined 
on a •mple dried as described on p. 28. 

H-.meltJ: Determined by paper and ps-liquid chromatogra
phy. 

No contaminants detectable by aniline hydr()Jell phthalate 
after paper chromatography in system 1 or 2. 

No contaminants detectable by ps-liquid chromatography of 
the trimetbylsitylated derivative on a polyester colunm, iso
thermal at 170 °C. 

U. of WefPt 011 DryfDI: Not more than 0.1%. 
w .... JIIICihlllle Ma...,..: Should give a clear colorless solutioa in 

water. 
Alii: Not more than O.OS 7.. 
H~ MeDJs <• C.): Not more than 10 ppm. 
lrOII <• Fe): Not more than 5 ppni. 
A.-k (M AI): Not more than O.S ppm. 

Carbo-40 
Maltoee Moaohydrate 

F...aa: CuH.O.a·H.O 
F.-. Wt.: 360.32 

Mite ..... : H. S. llbell aDd W. W. Plplaa. I. R-. Ntlt. Bttr. sr-I.. tl, 141 
(19)7). For a 1CUCJ7 ot lbo ~doll ot -•-. -1. B. Cleland and W. R. 
.....,,ltttl. a.. CNR.. Alttll. BtL. 14, n (1942). 
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Spec:lk Retatlell: [crfo +130.4° ::I::I.J» (p- 4 a/100 ml) determioed 
oo an UDdried sample and calculated on the basis or the mono
hydrate. 

HOIDIJIIIIdtJ: Determined by paper and ps-liquid chromatosra
phy. 

No comrnen:ial samples of maltoee have yet been found to be 
hOJnOICDeOUS by paper chromatosraphy in system I or 2. 

No contaminants were detected by ps-liquid chromatography 
of the trimethylsilylated derivative on an SE-30colunm, tempera
ture-programmed from 170 to 250 OC at 4 •c per min. 

U. of Weflld oa Dr1fill: Not more than 6% (to constant ~ght 
at too •c and not more than o.s mmH&). • 

Water...._..... Material: Should give a clear colorless solution in 
water. 

Datrt.: A solution of O.S 8 in 10 m1 of water should give no 
coloration when treated with several drops of dilute iodine solu
tion. 

Alb: Not more than O.OS %. 
HeaYy MeDII (81 01) : Not more than 10 ppm. 
..._ (81 Fe): Not more than S ppm. 
A.-de (81 AI): Not more than O.S ppm. 

• a-u. ot tbe drylna mecboda ....... commerdaiiMI- _, -taln ·
.... ot C~J~tallbadoolbaa lbe , .00 ~ lbeorelkally required for lbe monobJdrate. 
1bla molllure Ia JOlt ooly llowl)' at 60 'C tt -but relatlwly rapidly at 100 'C 
aacl 0.' 1D1DJ1a. It lboukt be DOted !bat tbe aabydroua material Ia ~; 
wdiblaplboukt tben(ore be made with lbe -pouad In a cl~ cootalner. 

Carbo-41 
D-Mualtol 

F..-.:c.H~tOe 
F..-. Wt.: 182.17 

HiCHpf 
H H 

H 

~HzOH 

81W11...-, : N. K. IUcbtmyel' aacl C. S. Hucboo. J • ..U.. o-. $«., '73. 2249 
(J9SI). 

Sped8c Rotatloa: [crfo + 141° ::1::1° (p • 0.4 s/100 m1 in an excess of 
acidified molybdate) determined on a sample dried as dacribed 
on p. 28. 

The solution in acidified molybdate is prepared as described for 
o.arabinitol, Carbo-B. 

Redudaa Material: A sample applied to filter paper, as in the stan
dard procedure for paper chromatography, gives no coloration 
with aniline hydrogen phthalate spray. 

Meltilll Polat :• 166-168 •c. 
Hcaoeeaelty: Determined by gas-liquid chromatography. 

Homogeneous by ps-liquid chromatography of the trimethyl-
silylated derivative on a polyester colunm, isothermal at 170 OC. 

U. of Weflld oa llr'Jflll: Not more than 0.1 %. 
Alb: Not more than O.OS%. 
Hea'Y Meals <• 01): Not more than 10 ppm. 
..._ <• Fe): Not more than s ppm. 
A..-k (u AI): Not moe1han O.S ppm. 
..,._ 
I. 77N Mndc htdu, 8th cd. (lHI), p. 664. 

Carbo-41 
D-Manaopynnoee (D-MIJDD(IIIe) 
Symbol: Maa 

HOHaC 

HO~(HIC)H 
F..-.:c.H.A 
F...._ Wt.: 180.16 

Blll•e•: H. S. IJbell aacl W. W. P1eaao. J. Ru. N111. Bw. s--.. II. 141 
(1931). 

Sped8c Retatlell: [crfo + 14.2" ::1::0.~ (p - 4 s/100 ml) determined 
on a sample dried as dacribed on p. 28. 

H..a1•elty: Determined by paper and ps-liquid chromatogra
phy. 

No contaminants detectable by aniline h)'droeen phthalate 
after paper chromatography in either system 1 or 2. 

No contaminants detectable by ps-liquid chromatosrapby or 
the trimethylsilylated derivative on a polyester column, isotbcrmal 
at 170 •c . 

U. ol Weiald oa Dryfaa: Not more than 0.1 %. 
Wakr-...,..._ Material: Should give a clear colorless solution in 

water • 
Alb: Not more than o.os % • 
Hea'Y Metala (81 01): Not more than 10 ppm. 
lroa <• Fe): Not more than S ppm. 
A..-k (u AI): Not more than O.S ppm. 

Carbo-43 
L•Mamlopyranoee (L-MIJDD(IIIe) 
S)'Dlbol: LMaa 

HO~HIClH 

F.-a:c.H.A 
F.-a Wt.: 180.16 

HO OH 

Sped8c Rotadoll: [afo -14.2" ::1::0.~ (p • 4 a/100 ml) determined 
on a sample dried as dacribed on p. 28. 

Ho.opnelty: Determined by paper and ps-liquid chromatogra. 
phy. 

No contaminants detectable by aniline hydroaen phthaJate 
spray after paper chromatography in system 1 or 2. 

No contaminants detectable by gas-liquid chromatography or 
the trimethylsilylated derivative on a polyester column, isotbermal 
at 170 ·c. 

U. of Weflld oa llr'Jflll: Not more than 0.1 %. 
w.-. .._.... Material: Should give a clear colorless solution in 

water. 
Alb: Not more than O.OS %. 
HeaYy Metala (81 01): Not more than 10 ppm. 
..._ <• Fe): Not more than S ppm. 
A.-de <• AI): Not more than O.S ppm. 
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Carbo-44 
Melezitoee Monohydrate 

P...aa: Culf.O.e· H.O 
F...aa Wt.: 522.46 

~ 
OHO 

OH 

8'¥ 1 ...., : N. K. Rlcbeqer aocl C. S. H~ I. 0,. C"-·• II, 610 (1946). 

s,ecMc Rotatt.: [crfo +91.~ zO.SO (p • 21/100 ml) determined 
on a ample dried as in section below on "Loss of Weight on 
Drying .. and calculated on the basis or tbe monohydrate. 

H-ar nrltJ: Determined by paper and ps-liquid cbromatosra
phy. 

No contaminants detectable by periodate-permanaanate ~ 
aaent after 48 h of paper chromatosraphy in system 1 or 2. 

No contaminants detectable by gas-liquid chromatosrapby or 
tbe trimethylsilylated derivative on an SE-30 column, tempera~ 
prosrammed from 170 to 2SO °C at 4 °C per min. 

I.- or Weflld oa DryfDa: Not ov« 3.6 7. at 110 °C and about 1 
mmHa. These conditions w«e used by Richtmy« and Hudson, 
cited above. A value of 3.45 7. corresponds to the theoretic:alloss 
expected of a monohydrate. W••-...,..._ Material: Should give a clear colorless solution in 
water. 

Alii: Not more than 0.05 7.. 
llea'f Metllls <• C.): Not more than 10 ppm. 
tro. (u Fe): Not more than 5 ppm. 
A-* <• As): Not more than 0.5 ppm. 

F...aa: Ct.HaOu·H.O 
P...aa Wt.: 360.32 

Ctit 

ro'\..(H)OH• HzO 
H~ 

OH 

...........,: H. G. Fletdler, Jr., aocl H. W. Diehl,/. Am. C"-. Soc., 'M, 5774 
(l9S2). 

Sped8c Rotatt.: [crfo + 135.t> :o.~ (p - 4 a/100 ml) determined 
on a ample dried as in section below on "Loss of Weight on Dry-

ina .. and calculated Oil the basis or the monohydrate. F1etch« and 
Diehl found [crfo + 142.3° (anhydrous basis) from which the value 
presented for the monohydrate has been calculated. 

H.-aa r'tJ: Determined by paper and gas-liquid chromatosra
phy. 

No contaminants detectable by ammoniacal silv« nitrate after 
descending paper chromatography for 48 h in system I or 2. 

No contaminants detectable by ps-liquid chromatosraphy or 
the trimethylsilylated derivative on an SE-30 column, temperature
prosrammed from 170 to 2SO °C at 4 °C per min. 

I.e. ol Weflld oa DryfDa: Not more than 5.1 7. when dried to con
stant weight at 100 °C and not more than 0.5 mmHa. 

w.-• ...,..._ Material: Should give a clear colorless solution in 
water. 

Alb: Not more than 0.05 7.. 
lleaYJ Metals (u C.): Not more than 10 ppm. 
lroa <• Fe): Not more than 5 ppm. 
Aneale <• As): Not more than 0.5 ppm. 

0 1be • aDCIIIICr may be cry~tallbed from aqueoua alcobol u tbe mCIIICib)odnte 
or from dry mcthaoollo -..dally aabydroua focm. 011 lllalldlaa. tbe aab7di'GUI 
IIIOCWicadoa ablorbe mobcure from tbe atmolpbere aoclapproKbea tbe moaoby
drate lo water coateot. 1be flaure quoted Ia baed 011 tbe 57. ol water tbeoredc:ally 
COIIIaloed lo tbe mCIIICib)odnte plus tbe 0.17. toleraoce for addldoaal mobcure 
DOnllally acceptable lo tbe cue oiiiJibydrated 111Pft. 

Carbo-46 
Methyl a-D-Giucopynmoside 
S)'lllbol: aMeGic 

HOHzC 

HO~~ 
POI'IIIIIIa: <4HtA 
F...-. Wt.: 194.19 

OH 

Spedlk Rotatloa: [crfo +ISS.~ ::1.00 (p- 10 a/100 ml)l deter
mined on a sample dried as described on p. 28. 

Meldaa Pobat:' 168.8-169.3 °C. 
Homoteaehf: Determined by paper, thin-layer, and gas-liquid 

chromatography. 
Homogeneous when cbromatosraphed on paper for 48 h in 1-

butanol-acetic acid-water (4: I :5 v /v, top lay«) or in tt'rl-pentyl 
alcohol-propyl alcohol-water (4: I: 1.5 v /v),1 and SPrayed with 
periodate-permanpnate.. 

Homogeneous by thin-lay« chromatosraphy in ethyl acetate
acetic acid-water (9:2:2 v jv). 

Homogeneous by gas-liquid chromatosraphy of the trimethyl
silylated derivative on a polyester column, isoth«mal at 200 °C. 

Loa ol Weflld oa Drylaa: Not more than 0.17.. 
w.-.:~a~o~..ae Material: Should give a clear colorless solution at 

107. concentration. 
Alb: Not more than 0.05 7.. 
HeaYJ Metals <• C.): Not more than 10 ppm. 
lroD <• Fe): Not more than 5 ppm. 
Aneale <• As): Not more than 0.5 ppm. 
...._ 
I. P. J. Batea aocl Alloclatea, Polarlm,try, S«dttuumnry llltd '"' Sllf#VI, U.S. 

Ocwt. Prlntfna Ollice, Wublolton. D.C. (1942), p. 730. 
2. Coalmllllk:ated by Pfalllddtl Laboratoriea. Inc. 
3. J. A. Clfooclllaocl P. Smith, A1111l. Cltmt., 13, 1132 (1954). 

• Tbla II)'COiide Ia much llower than tbe reducloa IUPn In livloa a vlalble IPOt 
with thla reatmt. 
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Carbo-47 
Methyl tJ-D-Giucopyruoslde 
Symbol: ~MeGic 

F...._:CrHaA 
P...._ Wt.: 194.19 

HOHzC 

H?i:;~ 
OH 

Spedftc Rotatto.: [afn -34.2" ±0.5" (p - 10 g/100 ml)l deter-
mined on a sample dried as described on p. 28. 

MeJt111a Poillt:' 111.2-112.7 °C. 
Hoa.a1 dtJ: Determined by paper, thin-layer, and ps-liquid 

chromatosraphy. 
Homogeneous wbeo chromatosraphed on paper in tbe same 

IOlvent systems used for Carbo-46 and sprayed with periodate
permalllllDate.. 

Homogeneous by thin-layer chromatosraphy in ethyl acetate
acetic acid-water (9:2:2 v/v). 

Homoaeneous by gas-liquid cbromatosraphy of the trimethyl
silylated derivative on a polyester column, isothermal at 200 °C. 

Loa of Wefaht • Drytq: Not more than 0.1 %. 
Water-I.olallle MateNI: A 10% solution in water should be clear 

and colorless. 
Alb: Not more than O.OS %. 
Hea.y Met8ll <• Ca): Not more than 10 ppm. 
rro. <• Fe): Not more than S ppm. 
An.lc <• AI): Not more than O.S ppm. 
..,._ 
I. P. J. BIIICI and Alloclatc1, Polllrlwtnry, S«clttlrlmnry llltd IM $1q(Jr6, U.S. 

Oon. PrtntiDI Ollice, Wulllqtao. D.C. (1942). p. 730. 
:Z. c-unkalcd b)' Pf'alllllebl Laboraaoriea, IDe. 

0 1bla llycolide Ia anudl llower Jbao tbe redudna IUIJin In llvlna a vllible 11101 
wtlh lbJa rea~CDL 

Carbo-48 
Methyl a-D-Mamaopyruoside 
Symbol: aMeMan 

P01111Ula: CrHaA 
P01111Ula Wt.: 194.19 

Spedftc Rotatioa: [aro +79.2" ±1.0" (p = 4 a/100 mi> determined 
on a sample dried as described on p. 28. 

MeldDg Poiat:1 193-194 °C. 
HOIDOfltllelty; Determined by paper and gas-liquid chromatogra

phy. 
No contaminants detectable by periodate-benzidine (see Carbo-

24) or ammoniacal silver nitrate sprays after paper chromatog
raphy in system I or 2. 

No contaminants detectable by gas-liquid chromatography of 
the trimethylsilylated derivative. 

.to. of Welaht oa Dryiaa: Not more than 0.1 %. 
Water-l.llloluble Matera.~: Should give a clear colorless solution in 

water. 
Alb: Not more than O.OS%. 
HeayY MeUia <• Cu): Not more than S ppm. 
lroa <• Fe): Not more than S ppm. 
Anealc: <• AI): Not more than O.S ppm. . .,_ 
I. F. J. BIIICI and AlloclaiCI, Poltlrlmetry, S«cllllrlmetry llltd IM S....•. U.S. 

Oovt. Prtntlna Ollice, Walblqtoa, D.C. (1942), p. 746. 

Carbo-49 
Methyl tJ-o-Xylopyruoslde 
Symbol: ~MeXyl 

F...._:c.HaA 
PCII'alla Wt.: 164.16 

Spedftc Rotatto.: [afo -65.5" ± 1.0" {p - 13 g/100 ml)l deb:r
mined on a sample dried as dacribed on p. 28. 

MeJdDa Poiat:' IS9.1-160.1 °C. 
IJCJMI II ltJ: Determined by paper, thin-layer, and au-liquid 

chromatography. 
HOIJ10ieDeOUS when chromatographed on paper in (a) 1-

butanol-ecetic acid-water (4: 1 :S v/v) for 20 h, (b) ethyl acetate
acetic acid-formic acid-water (18:3: 1:4 v/v) for 20 h, or (c) ethyl 
acetate-formic acid-acetic acid-water (18:3: 1:4 vfv) for 6 h, and 
sprayed with periodate-benzidine as described for Carbo-24. 

Homogeneous by thin-layer cbromatosfaphy in ethyl.u:etate
acetic acid-water (9:2:2 V/V). 

Homoaeneous by gas-liquid chromatosraphy of tbe trimdbyl
silylated derivative on a polyester column, isothermal at 200 °C. 

.to. of Wellbt oa Drylaa: Not more than 0.1 %. 
Water-I.olallle Matera.~: Should give a clear colorless solution in 

water. 
·Alii: Not more than O.OS %. 
HeayY MeUia <• Ca): Not more than 10 ppm. 
lroa <• Fe): Not more than S ppm . 
An.lc <• AI): Not more than O.S ppm. 
..,._ 
I. C. S. H._, I. Am. CINm. Soc., 4'7, 265 (1925). 
:Z. Commllllk:alcd b)' Pf'aoadebl LaboraJorlea, Inc. 

Carbo-50 
Phenyl tJ-o-Giuc:opyranoslde 
Symbol: tiPbGic 

F01111Ula: Ca.Ha.O• 
F01111Ula Wt.: 256.26 

Spedftc Rotad011: [aro - 72.5" ± 1.0" (p .. 2 a/1 oo mt> determined 
on a sample dried as described on p. 28. 

Meltilll Polat:a 175-176 °C. 
Ho.a11aelty: Determined by paper and gas-liquid chromatogra

phy. 
The compound is not detectable on paper with periodate

benzidine or ammoniacal silver nitrate sprays. However, no con
taminants can be detected by these reagents after chromatogra
phy in system I or 2. 

The trimethylsilylated derivative gives a single peak on gas
liquid chromatography on a polyester column, isothermal at 170 
oc. 

La. of Wapt oa Dryiaa: Not more than 0.1 %. 
Water-IIIIOiuble Materfal: Should give a clear colorless solution in 

water. 
Alb: Not more than O.OS %. 
Hea'Y Metals <• C.): Not more than S ppm. 
lroa <• Fe): Not more than S ppm. 
An.Jc (u At): Not more than O.S ppm. 
..,._ 
1. c-wdcalcd b)' Pf'alllliebl Laboratariel, IDe. 
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Carbo-51 
R.tllnoe PeatUydrate 

F ..... : c..H.O!e·SH.O 
........ Wt.: 594.S2 

~2;-) 
~ )~I 

H~~o 
•5 HtO 

Cttt~ 
HO 

s,eclk RoCatiM: [afo +IOS.t" ::t:0.1' (p- 4 a/100 ml)l deter· 
miDcd on a ample dried as in the ICICtion below on "Loa of 
Weilht oo Dryina'' and calculated on tbe basil of the penta
bydrate. 

lh~Mar r'IJ: Determined by paper and ps-Hquid chromatosra· 
pby. 

No contaminants detectable by paiodate-permanpnate spray 
alter 48 h or paper chromatosrapby in system 1 or 2. 

No contaminants detectable by ps-liquid chromatosraphy of 
tbe trimethylsilylated derivative oo an SE-30 column, tempera
ture-propammed from 170 to m "C at 4 "C per min. 

.to.oiWefald• o.,.taa: Not more than IS.3%(toc:onatant M:iabt 
at 78 "C and about O.S mmH&). Theoretical for the pentabydtate 
is U.U%. 

Wac.-r.ohlllle Matlrilll: Should giYC a clear colorless solution in 
wat«. 

Alb: Not more than 0.6' 7.. 
11ea9J' MeDII <• 01): Not more than 10 ppm. 
Ina <• Fe): Not more than S ppm. 
Aneldc <• AI): Not more than O.S ppm. 
...._ 
I. P. J ..... aDd Allocla- l'olllrtltm7, So«,_,..,.y Mill tlw s...,., U.S. 

OC¥L l'rladaa Ollce, WulllaitGa, D .C. (1942), p. 750. 

Carbo-51 
a-L-Rhumopyraac.e Monohydrate 

P ..... :c.HA·H.O 
....... Wt.: 182.17 

Sped8c Rotatfoll: (czfo +8.2" ::1::0.~ (p - 4 a/100 ml) determined OD 

a sample dried as described below in ICICtion on "Loa of Weight 
Oil Dryina." 

a- ar•IIIJ: Determined by paper and au-liquid chromatosra· 
pby. 

No contaminants detectable by aniline hydrosen phthalate 
spray after paper chromatosrapby in system 1 or 2. 

No contaminants detectable by ps-liquid chromatoaraphy of 
tbe trimethylsilylated derivative on a polyester column, isothermal 
at 170 "C. 

.to. oiWefald• o.,.taa: Not more than 0.1% (toc:onatant M:iabt 
at 34 "C and O.S mmH&). • 

Wac.-IIIIIOhlble Mac.W: Should give a clear colorless solution in 
water. 

Alii: Not more than O.OS % • 
H•'Y MeDII <• Ca): Not more than 10 ppm. 
lroa <• Fe): Not more than S ppm. 
A.-lc <• AI): Not more than O.S ppm. 

• A~ to-- water ctiCI)'IIallbadoa framlhll b7drate at 64 "C • -
.-It Ia putlala.ldal. the &o. ttl water beiall- tbaD the tbeoredcaL UIMier the 
~ ~~*~~eel t.e, water ttl Cl)'llallbadoa doll DOt appear to be lOll. 

Carbo-53 
Ribitol (Adonitol) 

P ..... :c.H,A 
P.-laWt.:U2.U 

Spedlc Rotatloa: None. 
Meltlaa Polat: Not below 101 or above 102 "C. The meltina point 

of 102 "C, which E. Filcher reported1 for ribitol, bas been coo
ftrmed by various more recent authors. 

Ho.aa•rltr: Determined by ps-liquid chromatosraphy. 
No contaminants detectable by ps-liquid chromatosrapby of 

the trimethylsilylated derivative on a polyester column, isothermal 
at 170 "C. 

Redadaa Matwlal: A sample applied to filter paper. as in the stan· 
dard procedure for paper chromatosrapby, giYCS no coloration 
with aniline h)'droeen phthalate spray. 

.to. ol Welalrt • DrJilrl: Not more than 0.1 %. 
wac. • ._.... Matwlal: Should give a clear colorless solution in 

water. 
Alii: Not more than 0.6' %. 
H•tJ MeDII <• 01): Not more than 10 ppm. 
Ina <• Fe): Not more than S ppm. 
A.-lc <• AI): Not more than O.S ppm. 
....._ 
I. B. Pllc:ber, 0... /Hr., M, 633 (1193). 

Carbo-54 
o-Ribopyranose (D-Ribole) 
Symbol: Rib 

F ..... :c.H,A 
P ..... Wt.: U0.13 

(o)(H)~ 
HO~ 

Spedfk RoCat~M: £atn -20.~ ::1::0.~ (p- 2 a/100 ml>- detennincd 
on a ample dried as described on p. 28. 

Ha.aaraii!J: Determined by paper and ps-liquid chromatoara· 
phy. 

No contaminants detectable by aniline hydrosen phthalate 
after paper chromatoaraphy in system 1 or 2. 

No contaminants detectable by ps-liquid chromatoaraphy or 
the trimethylsilylated derivatiYC on a polyester column, isothermal 
at 170 "C. 
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I.e. fll Weflld •llrPII: Not more than 0.1%. 
Wa._ • ......,.. Material: Should live a dear colorless solution in 

water. 
Alii: Not more than 0.05 %. 
Heny MeDia (u Ca): Not more than 10 ppm. 
lrea (u Fe): Not more than 5 ppm. 
An.k (u As) : Not more than 0.5 ppm. 

C8J'bo.55 
SaJldal 

P.-.:CuHsA 
P.-. Wt.: 286.28 

Spedfle Rotatloa: [afo -62.3° ::I::O.fiO (p • 5 g/100 ml) determined 
oo a ample dried as described on p. 28. 

Meldlla Polllt:1 199-202 oc (crystallized from water). 
HM~~~t••HJ: Determined by paper and thin-layer chromatography. 

HOJnOICDeOUI when chromatographcd on paper in system 1 or 
2, and dctcc:ted by permanpnate-pcriodate spray. • 

A faster-moving trace contaminant is detected by thin-layer 
chromatography in ethyl acetate-acetic acid-water (9:2:2 v/v). 

I.e. of Weflld • DryWa: Not more than 0.1 %. 
Wa•·'-'lallle Material: A aturated aqueous solution (about 5 %) 

should be clear and colorless. 
Alii: Not more than 0.05%. 
HeaY)' MeCIIII (u Ca): Not more than 10 ppm. 
lroa (u Fe): Not more than 5 ppm. 
An.lc (u As): Not more than 0.5 ppm. 
..,._ 
J. Stalldarda wen let far •llclo In 7'11# Ntllbwl FOI'WNitlry, 9lb eel., J. B. UpPD. 

coct Co., Pblladelpbla, Pe1111117lvanla (19SO), p. 441. 
2. 7'11# "-" lttdu, lib eel. (1968), p. 929. 

•ro CCIIIIpa"- wtlb redudoiiiiPn. lbe IPOt appean llowl:r. 

C8J'bo.56 
Sedobeptuloan Moaobychte 

Formula: C,H.A · H.O 
Formula Wt.: 210.19 

HzC--0 

.~ .... 
HO 

Spedfle Rotatloa: [afo -134.00 ::1::2.00 (p • 2 8/100 ml) dctermilled 
on a sample dried as described on p. 28. 

HaeJJgeaeity: Determined by paper and ps-liquid chromatogra
phy. 

No contaminants detectable by pcriodate-bcnzidinc rcaaent 
(as described for Carbo-24) after paper chromatography in sys
tem 1 or 2. 

No contaminants detectable by ps-liquid chromatop-aphy of 
the trimcthylsilylated derivative on a polyester column, isothermal 
at 170 oc. 

I.e. ol Welgbt • Drylaa: Not more than 0.1 %. • 

48 

Wa._.....,..... Material: Should live a clear colorless solution in 
water. 

Alii: Not more than 0.1 %. 
llea'Y MeDia (u Ca): Not more than 10 ppm. 
lroa (u Fe): Not more than 5 ppm. 
Anealc (u As): Not more than 0.5 ppm. 

• Sedobepcul- Cl:yllaiU.. at.oln ao ....,._ r-. Into wtdcla abe
Ja:rdnte cao be comwtec~ b)' ncryataJJbadOD frGD u pana or _.., ..... , n. 
aob:rdraaa modllkadOD II mecutable, ......_. cbe b:ydralad r- II ...,._ ID air. 

C8J'bo.57 
Sodl.a D-glycero-D-p~Heptoaate Dlllychte 

P.-.: C,H..o.Na·2H.O 
P ....... Wt.: 284.20 

o-rNo·2HzO 

"fH .r 
I 

"r" 
HCOH 

!ttaOH 

Spedfle Rotatloa: [afo +69.~ ::I::O.SO (p • 0.5 1/100 ml); diiiOJve 
0.5 g of ample in 25 ml of water, add 2.5 g of ammonium molyb
date tctrahydrate [(Nif.)aMo,O,. · 4H.OJ, add 5 ml of aJaclal acetic 
acid, and dilute to 100 mi. Satisfactory readinas may be obWDed 
during the fint 20 min.. 

Ha.geaetty: Dctcrmincd by paper and ps-liquid chromatoara· 
phy. 

Homoaencous when chromatographcd on paper for 16 b in 
2-butanone-acctic acid -boric acid (aturated aqueous) (9: I : 1 
v tv) and sprayed with pcridoate-bcnzidinc rcaaent as dclc:ribed 
for Carbo-24. 

Gas-liquid chromatography of the trimcthylsilylated lactone 
derived from this compound showed two compoocnts in the ap
proximate ratio of 1:30 on an SE-30 column, tempera~ 
srammcd from 1 so to 250 oc at 4 oc per min. 

I.e. ol Weflld • DryfDa: Not more than 12.8% when dried at 100 
oc for 3 h at about 0.5 mmHs. 1bcoretic:al value for the dihydrate 
is 12.68%. 

w .... ......,.. Material : A 10% aqueous solution should be dear 
and colorless. 

Alii!: Not more than 8.5%. The tbcorctic:a1 value ia 8.097. for the 
dihydrate. 

HeaY)' Metals (u Ca): Not more than 10 ppm. 
lrea (u Fe): Not more than 10 ppm. 
A...ac <• As): Not more than 0.5 ppm. 
Clllorlde: Not more than SO ppm. 
s.lfate: Not more than SO ppm. 
pH: A 10% solution in water should have a pH of 7.~.0. 

• We are lndeb1ad to F. H. HecJeer, OlarJee Pizer A Co., IDe., 8roold:ra. New 
York. rar tbla medlod, wbicb was de¥ltecJ far lodlum o-s~-ce. 
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CariJo-58 
L-Sorbopyraaoee (L-&rboee) 

P ..... :c.HA 
...... Wt.: 180.16 

~tatptiOH 
HO 

pp I a ..., : H. S. llbell ud W. W. f'llaDu, J. Ru. N111. Bttr. StMII.. If, 443 
(1937). 

s,edlc R~: [afo -43.r' ~0.2" (p • 121/100 ml) determined 
on a ample dried as dacribed on p. 28. 

Ha.geaetty: Determined by paper and gas-liquid chromatopa
pby. 

No contaminants detectable by ammoniacal silver nitrate after 
paper chromatography in system I or 2. 

No contaminants detectable by psrliquid chromatography of 
the trimetbylsilylated derivative on a polyester column, isothermal 
at 170 "C. 

IA. ofWefPt • Drylaa: Not more than 0.1 %. 
Wac.-....,.. Matwill: Should &ive a clear colorless solution in 

water. 
Alit: Not more than 0.057.. 
H•'Y MeDII (u C.): Not more than 10 ppm. 
lroa <• Pe): Not more than 5 ppm. 
A...-.: (u AI): Not more than 0.5 ppm. 

Carbo-59 
Stadlyoee Tetnbychte 

P ..... : c..HA ·4H.O 
...... Wt.: 738.65 

3' I a ..., : M. L Wolfmn, R. C. llurrell, A. Tbompeoa, aDdS. S. Punt, J. Am. 
a-. S«., 74, 6199 (1952). 

Sped8c Rotatloal: [afo +13t.r' ~O.ff (p • 4 g/100 ml)detennined 
on a ample dried as in the section below on "Loss of Weight on 
Dryina" and calculated on the basis of the tetrahydrate. 

HOIDIJIIIIdty: Determined by paper and ps-liquid chromatogra
phy. 

No contaminants detectable by periodate-permanpnate spray 
after 48 h of paper chromatography in system I or 2. 

No contaminants detectable by psrliquid chromatography of 
tbe trimethylsilylated daivative on a 3% SE-30 column,• iso
thermal at 275 oc. 

IA. ofWefPt oa llr'Jflll: Not more than 9.9%t (to constant weight 
at 78 "C and about 0.5 mmHg). The theoretical value for the 
tetrahydrate is 9. 75 %. 

Wac.-.....,.. Matwill: Should &iw a clear colorless solution in 
water. 

Alii!: Not more than 0.05 %. 
H•YJ MeDII (u C.): Not more than 10 ppm. 
lroa <• Fe): Not more than 5 ppm. 
A...-.: (u AI): Not more than 0.5 ppm. 

• For die blaber o~ collllllllllbat COIIIalo l~ (u...d oll07.) 
ol Uquld pbue are RIC(Jm'IM ..W. Tbe blaber coateat ol Uquld pbue ..alta 1D 
lmpncdcall)' laqe retadoa vol-for~ compouoda. 

t Jlued on ualydcal e¥aluadona b)' Dr. Edward S. Roraa, W-.a Utlllzadoa 
a-rdl ud Developmeot Service. u.s. o.a-r-ot ol Aptculture, Albu)-, 
Callfonlla. 

Carbo-(JO 
Studl, Soluble 

P.-a: <c.H..O.). ·xH.O 

naUtili .... : J. C. Small, J. Am. Clwlrt. Soc., 4t, 116 (1919); J. ROlin, R-.MI 
CINirtktiU llltd Stlllttllturb, 5th ed., Van N01traod Co., Prilatoo, N- Jeney 
(1961), p. 498; 71N PlttlnMcoiHitl of tiN Vllitetl Slllt•• of Altwrlcll, lith NVIIIon 
(U.S.P. XVIII), Mack l'llblllhlna Co., Eutoo, l'amlylvaola (1970), p. 682; 
R-.fttr CllertktiU, 4th ed., American Cbemlcal Society, Wabloaton, D.c . 
(1968), p. 586. 

Allt:0.2%. 
Reducllta Sapn: Trace. Take 10 gin 100 m1 and shake for IS min 

at room temperature. Allow to settle and then filter, rejecting the 
lint 10 m1 of filtrate. Add SO m1 of Fehling's solution to SO m1 of 
the filtrate, bring to a boil in 4 min, and boil for 2 min. Filter at 
once through a tared Gooch crucible, wasb successively with bot 
water, 10 m1 of ethyl alcohol, and IS m1 of ether. Dry at 100 oc 
for 30 min, cool, and weiah. The weight of tbe cuprous oxide so 
obtained is not more than 0.047 a. 
~ ,...,.. ErydndextrfD: Erythrodextrin may be readily recog

nized by its iodine color test in solutions or the hydrolytic prod
ucts of starch after the removal of unchanaed starch, soluble 
starch, and amylodextrin. This is readily accomplished by the 
UJe of a reaaent containing 2 g of iodine and 6 g of potassium 
iodide in I liter of aturated ammonium sulfate solution. The ad
dition of an equal volume of this reaaent to an approximately I % 
solution of a soluble-starch sample immediately precipitates 
everything of molecuJar weight larger than that of the erythro
dextrin, and a clear, red-brown filtrate results. To the filtrate in a 
test tube is added, dropwise, 0.05 M sodium thiosulfate solution 
until the color is just discharae<f. To this liquid is added a mea
sured amount of an iodine solution sufficient to supply an excess 
or iodine. An equal volume of water, to which has been added the 
ame measured volume of iodine solution, serves as a controL 
The dextrin red stands out on comparison. Very smaU amounts 
of erythrodextrin can be recognized in this way. 
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s.r../T~ 

Carbo-61 
s.cr.e• 

P..-.:CuH.Ou 
P ..... Wt.: 342.30 

BIWID • ...,: at.pon ol the Pic 1 lfiDia olthe Teadl 5eM&oa ol the IDI.-doaal 
C_.....,.oa for Ualt- Metbodl ol Sueu AaaiY*. /11-. S..., J. U,lOI 
(1950); P. J. Batee aad Alloclatee, l'oMrllllmy, S«dwr##wtry tlltd 11w s...,., 
U.S. GM. Prtndoa Olb. WuJdaatoa, D.C. (1942), pp. 391. 551; 1. ROIID, 
lt....., a.-koU tlltd St41tdtlnb, 5th ed., D. Van NOIUUid Co.,IDc., ~. 
New Jenq (1967), p. 505; T1w ,.,..,_,. o/ llw VIIIIM Stt1U1 of AI!Nrb, 
lith rev111oa (U.S.P. XVIII), M-*l'lablllllllla Co., Eucoa, ......,.lvaala (1970), 
p.82. 

CRITERIA: Standard Reference Material 17 A of the National 
Bureau of Standards, Wubinatoo, D.C. 
Moisture <0.017. 
Alb <0.0017. 
Rcduc:ina substances, 

estimated as invert 
suprl <0.027. 
Each 100 ml or a "normal" suc:roee IOlution contains 26.000 a 

or dried substance, we:iahed with brut weights in air (760 mmHa. 
20 "C, ~7. relative humidity). At 20 "C, thia solution in a 2-dm 
polarimeter tube reads 100 "S (lnternationalaupr dqrees). The 
illumination is white liaht filtered throuah a IS.mm layer ora 67. 
solution of potassium dichromate. The International Supr Scale 
was defined and adopted by the International Commislion for 
Uniform Methods of Supr Allalysis at the Eiahth Seaioo, 
Amsterdam, 1932.' 

The rotation in circular dearees or the "normal" sucroee solu
tion, observed in a 2-dm polarimeter tube, for waYelenath $46.1 
nm is 40.763° and for waYelenath 589.2$ nm is 34.617°. 

The specific rotations of sucroee for the "normal" solution are 

(cr:... + 78.34tt (p - 26 a/100 ml or aolutioo) 
(cr:. .• + 66.529" (p - 26 a/100 ml or aolution) 

SPECIPICA110NS: 
H..a1•elty: Determined by paper and ~liquid chromatoara

phy. 
Homoaeneous by paper chromatoaraphy for 17 h in system 1 

or2. 
Homoaeneous by ~liquid chromatoaraphy or the trimethyl

silylatcd derivative, SE-30 column, temperature-propammcd 
from 170 to~ "Cat 4 "C per min. 

Redlldaa SuhtiiiCIII (allnwt ...->:Not more than 0.0047.. 
Alii: Not more than 0.0047.. 
~: Not more than 0.0027. . ...... 
I. P. J. Batca aad R. P. Jacboa. IJIIIl. /lw. $,.,.,_ 13, 67 (1916). 
l. Proceedlap ol abe Eilblh Sellloa, ID-d-1 c-••oa for Ualr

Methoda ol Sueu AaalJ*. 1111-. s..., J. 35, 17 (19)3); P. J. a.ca and 
Alloclata, NBS Circular 0440, pp. 79, 775 (1942). 

•The IUCrCIIO wu IUpplled by lbe Calll'onlla aad Hawaiian Supr Re1Jab1a 
Corporadoa of'Crocbu. eaurarm.. 
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Carbo-61 
Tetra-O«etyi-,_D-ribof.....,. 
Syaabol: RJbfAe. 

P ..... :CuH..O. 
P..-. Wt.: 318.28 

Deialpdoa: Crystalline IOlid (orthorhombic prisms). 
Specific Rotadoll: 

[cr~ -14.(;0 :t:l.OO (p • 5 a/100 ml in methanol) 
[crJij -12.(;0 :t:l.OO (p • 5 a/100 ml in chloroform) 

Meltlaa P*: 84-85 •c. 
1.- fill WefPt • Dr7iDI: Not more than 0.1 7.. 
Alii: Not more than 0.057.. 
Hea'f MeCall (a C.): Not more than 10 ppm. 
lroa <• Pe): Not more than 5 ppm. 
An.k <• Aa): Not more than 0.5 ppm. ...... 
I. H.~. cr.-. IW~ M. 117 (195)). 
l. 0. B. a.-a, J. Davoli, aad B. A. l.owy, Mdew. ~~ 4. 70 (19SS). 

Carbo-63 
Tetra-O.ac:etyt.,_IH'Ibopynnoee 
Syaabol:RibpAe. 

P...ta:CuHaA 
POI'IDIIla Wt.: 318.28 

Deialpdua: Crystalline solid (bipyramidal priama). 
Spedle Rotatloa: 

[crfn -56.SO :t:l0 (p • 4.9 a/100 ml in methanol) 
(cr! -57.~ ::1:1° (p • 5.2 a/100 ml in chloroform) 

Meltlaa P*: 113-114 •c. 
U. of WefPt • DrJfDI: Not more than 0.17.. 
Alii: Not more than 0.057.. 
Hea9y MeCall <• C.): Not more than 10 ppm. 
r... <• Fe): Not more than 5 ppm. 
An.k (a AI): Not more than 0.5 ppm. 
....._ 
I. 0. B. Browo,J. Davoli, and B. A. l.owy, Mdew. h9~ 4, 74 (19SS). 
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F.-.: CuH.OU ·2Hs0 
P ..... Wt.: 378.33 ~'\. .. ...., 

HO~ 
OH 

OH 

Sped8c R~: [aro + 179.9" ::t:o.~ <P - 1 a11oo mJ> determined 
on a ample dried as described in the ~eetion below on "Loa of 
Weight on Dryina" and calculated on the basis of the dihydrate. • 

H..aae '11: Determined by paper and ...-liquid chromatogra
phy. 

No contaminants detectable by periodate-pecmanganate spray 
after 48 b or deac:endina paper chromatography in system I or 2. 

No contaminants detectable by ps-liquid chromatography or 
the trimethylsilylated derivative on an SE-30 column, tempera
ture-programmed from 200 to 280 °C at 4 oc pee min. 

La. of Welafrt 011 DrJIDI: At 60 °C and not above O.S mmHg, not 
more than 9.6 %. 1beoretic:al moisture content for the dihydrate 
is 9.S2%. 

Water-._..... Matlrtal: Should give a clear colorless solution in 
water. 

Alii: Not more than O.OS %. 
H•YJ MeCall (u 01): Not more than 10 ppm. 
r.. (u Fe): Not more than S ppm. 
Anelde (u AI): Not more than O.S ppm. 

• Thlalpecllc rotadoa Ia tile averqe or tile clecermlllatloal -• with a llllbiY 
padlled .mple provided by Dr. N. K. Rlc:bta~JW, Nadoaallllldtu• o1 Hlallb. 

CarbH5 
Tri-O..acetyi-D-g)acal (3,4,6-Trt-O..acetyl-1,5-

;;;;~---··t-•) F~ H 

Ac~ 
H 

llllilllnPIIY: B.l'llcber, CUR. /16., 47, 196 (1914); P. A. l.eYelle and R. S. Tip
-.J.lllol. c.-...,10,94 (1931); B.llelfcridl, B. M. Mulcahy, and H. Zlealer, 
.... 11, 233 (19$4). 

o.rtpdoa: Colorless crystals. 
Spedftc Rotadoa: [crfo -16.0" ::t:O.S" (p .. 2 g/100 ml in anhydrous 

etbanol) 
MeltfDg Polllt: S7-S8 °C. 
H~ty: Hornoseneous by thin-layer chromatography with 

6: 1 chlorofornrbutanone; detection by spraying with sulfuric 
acid and beating. 

La. ol Wefabt • DrJial: Not more than 0.1 %. 
Alii: Not more than 0.1 %. 

F.-.:CuH.OU 
F.-. Wt.: 342.30 

(Ct4r0H)OH 

Nlae....,: H. S. llbei1&Dd W. W. Pleaan, I . Ra. Ntlt. Bw. S,.,_, ZO, 773 
(1931). 

Spedftc Rotatioll: [crfo + 1S.ff' ::t:0.4° (p • 4 g/100 ml) determined 
on a ample dried as described on p. 28. · 

Hc.uaealltJ: Determined by paper and ps-liquid chromatogra
phy. 

No contaminants detectable by ammoniacal silver nitrate spray 
after paper chromatosrapby in system I or 2. 

No contaminants detectable by gas-liquid chromatography of 
the trimethylsilylated derivative on an SE-30 column, tempeca
ture-prosrammed from 170 to 260 oc at 4 oc pee min. 

La. of Wetpt 011 Drytaa: Not more than 0.1%. 
Water-1_... Material: Should give a clear colorless solution in 

water. 
Alb: Not more than O.OS %. 
Hea'Y Mlall (u 01): Not more than 10 ppm. 
lroa (u Pe): Not more than S ppm. 
Anadc (u AI): Not more than O.S ppm. 

Carbo-67 
Xylltol 

FOI'IIIIIIa: C.HaA 
FOI'IIIIIIa Wt.: 1S2.1S 

Specfftc Rotation: None. 

fOH 
H 

H 

H 

HzOH 

Meltblg PoiDt: Not below 93 and not above 9S OC. • 
Ho.JJa-eity: Determined by gas-liquid chromatosraphy. 

No contaminants detectable by au-liquid chromatosraphy of 
the trimethylsilylated derivative on a polyester column, isothermal 
at 170 °C. 

Redac:laa Material: A ample applied to filter paper, as in the stan
dard procedure for paper chromatography, gives no coloration 
with aniline hydroaen phthalate spray. 

La. of Wefabt 011 Drytaa: Not more than 0.1 %. 
Water-IIIIOiullle Material: Should give a clear colorless solution in 

water. 
Alii: Not more than O.OS%. 
H•'Y MeDII (u 01): Not more than 10 ppm. 
lroa (u Fe): Not more than S ppm. 
Anadc (u As): Not more than O.S ppm. 
...._ 
I. M. L Wolfrom and E. J. Kobo./. AM. c.-... Soc., 64. 1739 (1942). 
1. J. F. ear-, S. W. Wallbroc, and F. T. Jooe~, /. Alff. Clrm~. Soe., A, 1m 

(1943). 

• XyUtol wu ftnt c:ryllallbed In a byargKoplc -.cable r-: melW.. at 
61~1.5 'C. It -•later obtained In a liable modlftcadoal meltlna at 9~.5 'C. 
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Carbo-68 
o-Xylopynmoee (o-XyiOie) 
Symbol: Xyl 

F.-.:c.H.A 
F.-. Wt.: 1~.13 

ltaHae ...-: H. s. llbeii&Dd w. w. Plpan, J. ltu. Nfll • ... St,.,., 11, 141 
(1937); J. Rolin,._,..., C,_,lctlh ,_, $,_,.,., 51b ed., D. Van N01ttaad 
Co., Inc., PriDcetoo. N- .Jcncy (1967), p. 543. 

Spedlc: Rotatloa: [afn + 18.8" ±0.~ (p - 4 g/100 ml) determined 
on a sample dried as described on p. 28. 

H.........,: Determined by paper and au-liquid c:hromatosra
phy. 

No contaminants detectable by aniline hydrogen phthalate 
spray after paper c:hromatosraphy in system 1 or 2. 

No contaminants detectable by au-liquid c:hromatosraphy of 
the trimethylsilylated derivati..-e on a polyester column, isothermal 
at 170 °C. 

U. of WefPt oa om.: Not more than 0.1 %. 
Water-r.olllllle Material: Should p..-e a clear colorless solution in 

water. 
Alii: Not more than 0.05%. 
Hea'J' Metall (M Ca): Not more than 10 ppm. 
lroa <• Fe): Not more than 5 ppm. 
Anmlc (M AI): Not more than 0.5 ppm. 
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Carbo-69 
L-Xylopyralae (L-Xylole) Hv-~~ ~(H)OH 

FCIIWIIa:c.H.A 
FCIIWIIa Wt.: 1~.13 

HO 

Spedlc: Ratatloa: [afn -18.8" ±0.~ (p - 4 g/100 ml) determiDed 
on a sample dried as described on p. 28. 

HHtaa-eftJ: Determined by paper and ps-liquid c:bromatopa
phy. 

No contaminants detectable by aniline hydroaen phthalate 
spray after paper c:hromatosraphy in system 1 or 2. 

No contaminants detectable by au-liquid c:hromatosrapby of 
the trimethylsilylated derivati..-e on a polyater column, isotbennal 
at 170 oc. 

U. of Wapt oa om.: Not more than 0.1 %. 
Water-I..ohlllle Material: Should pYe a c:lear colorless solutioa in 

water. 
Alii: Not more than 0.05 %. 
Hea,. MMIIII <• C.): Not more than 10 ppm. 
lroa <• Fe): Not more than 5 ppm. 
Anmlc (M AI): Not more than 0.5 ppm. 
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GENERAL REMARKS AND 
ANALYTICAL PROCEDURES 

The first step in the preparation of many pure carole
ooids is extraction from a natural source. This extrac
tion is made as gently as possible, to prevent the iso
merization and destruction of the carotenoids. The 
preferred method uses extraction of the carotenoids 
with a chiJled solvent. One quite satisfactory method 
involves the homogenization of plant material in a mix
ture of acetone and petroleum ether in a Waring 
Blendor. Frequently, solid carbon dioxide is added to 
keep the solution cold. Antioxidants and basic com
pounds (e.g., calcium carbonate) may also be added, 
to minimize oxidation of the carotenoids or their de
struction by plant acids. Other methods involve grinding 
with solvent in a mortar or extracting with boiling sol
vent (methanol or ethanol, for example). The carote
noids are transferred to a hydrocarbon solvent (petro
leum ether or benzene) after the addition of water and 
salt (sodium chloride or ammonium sulfate) to the alco
hol or acetone phase. Xanthophylls are then separated 
from the carotenes by partition between immiscible sol
vents. Most commonly, this separation is effected with 
petroleum ether and 90% methanol. However, other 
solvent mixtures are also used. The xanthophylls are 
found in the methanol (hypophase), and the carotenes 
are present in the petroleum ether ( epiphase). If xan
thophyll esters are present, the carotene solution is 
saponified with alcoholic potassium hydroxide (prefer
ably at room temperature or below), and the resultant 
xanthophylls are separated from the carotenes by parti
tion between petroleum ether and aqueous alcohol. Fol
lowing separation and thorough removal of water from 

Carotenoids 
and 
Related 
Compounds 

the hydrocarbon solvent, the carotenes are separated 
from one another by chromatography. The xanthophylls 
are also transferred to petroleum ether, the solution is 
dried, and the pigments are separated by chromatogra
phy. The separated compounds (carotenes or xantho
phylls) may then be crystallized or stored in a nonpolar 
solvent at -10 to -20 °C. Similar procedures are used 
for the purification of chemically synthesized carole
ooids. To minimize cis-trans isomerization of the ca
rotenoids, all operations should be carried out in dim 
light or semidarkness and as rapidly as possible. Pure 
solvents should be used, to minimize destruction of the 
carotenes, and, when possible, operations should be 
conducted in an inert atmosphere. 

The most useful criteria of purity for carotenoids are 
chromatography and absorption spectra. Colored im
purities in a carotenoid preparation are readily detected 
by chromatography. Thin-layer, paper, or column chro
matography may be used, with preference to the first 
two because they are more rapid and require a smliller 
amount of material. Colored impurities are also de
tected by examination of the absorption spectrum. The 
presence of cis-isomers in a carotenoid preparation may 
be determined by chromatography or by examination of 
the absorption spectrum. Most cis-isomers have pro
nounced "cis-peak" absorption. Colorless impurities in 
a carotenoid preparation are detected by a comparison 
of the absorption coefficients of the carotenoid with 
those of the preparation. 

Several other methods are quite useful for establish
ing the presence or absence of impurities in a carote
noid preparation. Infrared spectra wiJl show the pres
ence of colored or colorless impurities. However, this 
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method may not reveal the presence of small propor
tions of impurities. Nuclear magnetic resonance and 
mass spectrometry are more useful in establishing the 
purity of a carotenoid preparation. Gas-liquid chroma
tography of hydrogenated carotenoids has also been 
used to establish purity; this method is particularly use
ful if the column is programmed from about 1 SO to 
280 °C. 

Carotenoids are decomposed by light, air, and acid 
solvents. Therefore, it is recommended that they be 
stored in the dark (preferably in brown vials), in an 
inert atmosphere (or a sealed ampoule), at -10 to 
-20 °C. 

The colorless compounds related to the carotenes, or 
to precursors in their biosynthesis, are assayed for pur
ity by a variety of methods. These methods are detailed 
in the specifications for each compound. 

The presentation of physical characteristics of the 
carotenoids and related compounds is uniform through
out these specifications. Thus, all light-absorption wave
length maxima are given in nanometers ( nm), and all 
melting points and boiling points are given in degrees 
Celsius (°C) . 

Melting points are reported as stated in the particular 
reference cited. Since the melting point of a carotenoid 
can vary appreciably, depending upon the method used 
for its determination, original articles should be con
sulted when a comparison is made between an experi
mentally determined melting point and a value reported 
in these specifications. 

The references listed for a compound reported in these 
specifications should be consulted for the synthesis, iso
lation from natural materials, purification, and assay for 
purity of that compound. In addition, the following bib
liography may be consulted for a wide range of infor
mation of value in the preparation of carotenoids and 
in the analysis of these compounds for purity. 

Following the bibliography are the names of con
tributors and reviewers who particularly assisted the 
Subcommittee and whose work is hereby gratefully ac
knowledged. 

ANALYSES OF COMMERCIAL PRODUCI'S 

Analyses were carried out, during 1969, to determine 
the purity of 16 commercially available carotenoids and 
related compounds. The compounds assayed were pur
chased on the open market, and they were ones for 
which criteria and specifications bad been reported in 
Publication No. 1344 of the National Academy of 
Sciences, the previous edition of the present publication. 
These compounds varied considerably in purity. Seven 
carotenoids and related compounds bad purities of 9~ 
100% by the criteria reported in the earlier publication, 
and seven bad purities of 8~90%. One compound bad 
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a purity of 7~0%, and one had a purity of less than 
10%. None of the commercial products contained 
colored impurities. Hence, the impurities wece either 
colorless compounds that had not been removed in the 
preparation of the commercial product or colocless oxi
dation products that were formed during the time inter
val between their preparation by the coiiUDel'cial sup
plier and our receipt of the product. It seems probable 
that the product of very low purity was one in whi<:h 
much oxidation occurred after its preparation by the 
supplier. Such a product would, however. be almost 
worthless to the purchaser. 
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c.ot-t I c.rot-2 

c.rot-1 
Aatbera:xaatbln 
5,6-Epoxy-5,6-dfhym.ji,tkaroteae-3,3' -dlol 

....... :C:..S..O. 

....... Wt.: S84.89 
CU:. %: C, 82.14; H, 9.65; 0, 8.21 

OH 

Antberuanthin bas been characteri2Jed as 5,6-epoxy-3,3'-diby
droxy~otcne.t.a The stereocbemiatry of this compound is un
lmown. 

S..C.: 
Natllnll Solllftl. Antheraxanthin is praent as an ester in LJ/i11111 

llgrilrllm,1 from wbic:h it was oriainally isolated. It is also praent 
in smaller proportions in some fruita. 

Ptu1iol SyiiiMiil. Antheraxanthin is obtained on oxidation of 
zeaxanthin with monoperphthalic acid.1·u Two isomers, having 
different optical rotatory dispersion properties, are obtained. • 

bolatlaa Prucedw•:t-a Antheraxanthin is extracted from biological 
materials with acetone or ethanol and then transferred to benzene. 
This pigment is then separated from other carotenoids by chro
matography on a c:alcium hydroxide-Celite column. 

Medlodl of PWIIIcatloD: 
Solvem Partition. A partial purification of antheraxanthin can 

be obtained by partition bet~ several solvent combinations.• 
Chromatography. Antheraxanthin bas been purified by chroma

tography on columns of c:alc:ium hydroxide' and of zinc carbon
ate. I 

Cryltallization. Needles or thin plates are obtained on crystal
lization from benzene-methanoL• 

DerlwltiveJ. No derivatives other than the furanoid rearranae
ment product (mutatoxanthin) haw been reported. • 

Medlodl of~ for Plrif: 
Chromatography. Assays for chromatographic hOfDOICDeity 

can be carried out on thin-layer plates' or on kieselguhr paper.' 
Yi.Jibk Spectnun. Carbon disulfide:' 478 and 510 nm. Chloro

form:' 460.5 and 490.5 nm. 
Mau Spectnun. The mass spectrum of antheraxanthin has been 

reported.• 
Melting Point. Antheraxanthin melts• at 205 •c. 
Derlrative1. Mutatoxanthin is obtained on treatment of anther

axanthin with cbloroform containing a trace or hydrochloric 
acid. I 

PrebaiJie Iwp;wldel: Violaxanthin and mutatoxanthin. 
o.tle-. of Storaae: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and low temperature (- 20 •q. 
....._ 
1. P. Karrer and B. Juclrcr, H.lr. Clllllf. AcM, 21, 300 (1945). 
1. P. Karrer and B. Juc:ker, C-moltb. B. A. Braude (tnnllator), Ellevler, N

Yodr (1950). 
3. P. Karrer aad A. Olorald, H.lr. Cllh. Act~~, II, 1303 (1935). 
4. L llutleu, W. KlyDe, W. P. M~. P. M. Sc:opee, 0. Oaluko, A. K. Mallama, 

B. C. L W-'oo, J. Szaboka, and 0. T61b, J. CAM~. Soc. (C), 2527 (1969). 
5. A. L CWt and 0. F. Balley, J. A,r. Food Clwm., 1, 68S (1954). 
6. H. R. Jlolli8lr, A. KOala, and U. Sc:bwlela', Clllllfltl, II, 136 (1964). 

7. A. ,_and S. u.--J-. AcM Clwm. Scotttl., 13, 1163 (1959). 
I. H. lludDJdewlcz, H. Bra:alab, and 8. Joa.-, M-M. Clwm., 101, 579 

(1910), 

Carot-2 
ji-Apocaroteaal 
8' -Apo-fl-caroten-8' -al 
(li-Apo-8' -caroteaal) 

P__.:c..H.O 
P ..... Wt.: 416.6.5 
Calc. %: C, 86.48; H, 9.68; 0, 3.84 

So.aa: 

%-H 

Natllnll SOIII'Cel. P-Apocarotenal has been reported to be pres
ent in citrus fruits,1•1 various vegetabJes,t grass, t,a liwr,1 and 
duodenal mucosa.• 

Cltemkal Syntltem. tJ-Apocarotenal bas been synthesized from 
"tJ-C~t·aldehyde."• It bas also been prepared by oxidation or 
jkarotene with potassium permanpnate.'·' 

Medlodl of Purlfkatloa: tJ-Apocarotenal is purified by recrystalliza
tion from organic solwnts (petroleum ether or petroleum ether
ethyl acetate). 

Medlodl of ~)'laa for Plriy: 
Chromatography. tJ-Apocarotenal may be assayed for purity by 

chromatography on a column of partially deactivated alumina. 
It may also be chromatographed on thin-layer plates of silica ael 
G (Merck) or secondary magnesium phosphate. Cyclohexane
ethyl ether (8:2), carbon tetrachloride, or petroleum ether~thyl 
ether (19: I) may be used as the dewloping agenL 

Visible Spectnun. Cyclohexane: E::,. 2640 at 461 nm; 2165 at 
488 nm. 

Nuclear Magnetic ReiONUtCe. The nuclear magnetic resonance 
spectrum has been reported.• 

Melting Point. 139 •c, violet plates from methanol.• 
ProbUie Impurfdel: ci.r-Isomers of tJ-apocarotenal. 
Condlttc. of Storage: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and low temperature (0 •q. ..,_ 
I. A. Wlntcntdn, A. Studer, and R. RQea, C/Nm. /Hr., 93,2951 (1960). 
1. H. Thommen, Naturwluni«IIQ/tm, 49,517 (1962). 
3. H. Thommen aad 0. Wla, Z. ~rwlu. Srlppl .. 3, l8 (1963), 
4. A. Wlnrentcin, A"•"· C"-., 71,902 (1960). 
5. R. Rtlea, M. Montavon, 0. R)'ICI', 0. Saucy, U. Sc:hwlerer, aad O.llla', H.lr. 

Clllllf. Acta, 42, 154 (1959). 
6. P. Kaner and U. Soma.en, H.IY, Clllllf. Acta, 20, 682 (1937). 
7. P. Karrer, U. ~.and W. Oqelmann, H#IY. Clllllf. ACIII, 20, 1020 (1937). 
8. U. Sc:hwletcr, 0. Enaten. N. RipJtl, aad W. Vetter, Pw# Appl. C/Nm., 20, 365 

(1969). 
9. P. Kaner aad B. Juc:ker, C-moltb, B. A. Braude (tnnllator), Ebevler, N

Yodr (1950) • 
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Carot-3 
jl-Apocarotenok Add Ethyl Ester 
Ethyl 8' -Apo-tk:aroten-8' -oate 
(tl-Apo-8'-carotenoic Add (Cao) Ethyl Ester] 

P...aa:CaHuO. 
F...aa Wt.: 460.71 
c.lc. %: C, 83.42; H, 9.62; 0, 6.96 

Soan.: 
NatuNI S~es. tJ-Apocarotenoic acid is a metabolic product 

of tJ-apocarotenaJ.u tJ-Apocarotenoic acid has been isolated from 
maizle.• 

Clwmica/ Syntlwsis. Ethyl tJ-apocarotenoate is prepared in 
analogy to the methyl este~ from 1S,IS'-dehydro-10'-apo-p-c8rot
enal (Ct!) and (1-ethoxycarbonylethyl)triphenylpbosphonium 
bromide. 

Metbodl of Adkatloa: Ethyl p-apocarotenoate is purified by crys
tallization from organic solvents (petroleum ether or petroleum 
ether--ethyl acetate). 

Metbodl of~ for Plriy: 
Chromatography. Ethyl tJ-apocarotenoate is assayed for purity 

by chromatography on a column of partially deactivated alu
mina or on thin layen of secondary magnesium phosphate or 
alkaline silica sel G (Merck). Petroleum ether--1:thyl ether (19: 1) 
is used to develop the thin-layer chromatogram. 

Visible Spect111m. Cyclohexane: E :~ ... values are 2550 at 449 nm 
and 2140 at 475 nm. The absorption spectra of tJ-apocarotenoic 
acid ethyl ester in hexane, ethanol, and petroleum ether have been 
published. 

Melting Point. A range of 134-138 °C has been reported. 
Probeble IIIQIIII'ftlfs: cis-lsomen of tJ-apocarotenoic acid ethyl ester. 
CoadltJc. of Storage: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and low temperature (-20 °C}. 

..,._ 
I. 0. Wbaalld H. Thommen, Ctuotltw lllfll Ctuotbtoltl,, K. La1111, eel., D . Stelnkopi'F 

Vcrtaa, O.ftlllladt (19631, p. 179. 
l. H. Thommen, Clllm/4, 15, 433 (1961). 
l. J. Baraud, F. Benitez, L. Oencvob, and A. Maurice, Compt. Rmd., 1*1, 1045 

(1965}. 
4. 0 . Iller, W. Gucx. R. ROca. 0 . ~. 0. Saucy, U. Schwlc1cr, M. Waltcr,alld 

A. Wintcntdn, H'l•. Clllm. Acta, 41, 164 (1959). 

Carot-4 
fj-Apocarotenoic Acid Methyl Ester 
Methyl 8' -Apo-fj-caroten-8' -oate 
[tl-Apo-8' -carotenoic Add (Cao) Methyl Ester] 

F...-.: C.tHtsOt 
F...-. Wt.: 446.68 
Calc. %: C, 83.36; H, 9.48; 0 , 7.16 

Soan.: 
NatuNI Sources. tJ-Apocarotenoic acid is a metabotic product 

of tJ-apocarotenaJ.I.I 
Clwmica/ Syntlwsis. The methyl ester of tJ-apo-8'-caroteooic 

acid (C.C) is prepami from 15,15'-dehydro-8-apo-10'-carotenal 
(C.,) and (1-methoxycarbonyletbyl)tripbenylphospbonium tJro. 
mide.• 

Metbodl of Plrilcatloa: The methyl ester of tJ-apocarotenoic Kid 
il purified by recrystallization from petroleum ether or petroleum 
ether--ethyl acetate. 

....,.. of~ for Plriy: 
Chrotnlltograplry.1-a The methyl ester of tJ-apocarotenoic acid 

il assayed for purity by chromatography on a column of partially 
deactivated aluminum oxide or by chromatography on a thin 
layer of secondary magnesium pboapbate or alkaline silica ac1 G 
(Merck). The thin-layer chromatograms are de\doped with a 
mixture of petroleum ether--ethyl ether (19: 1). 

Visible Spect111m. Petroleum ether: 446 and 471 nm. ~!. 2575 
and 2160, respectively.• 

Nuclear Magn~tlc Rlsonance. The nuclear magnetic resonena: 
spectrum of the methyl ester has been reported.• 

Melting Point.• The methyl ester of tJ-apocarotenoic acid melts 
at 136-137 oc. 

Probllble ...... ldel: Traces of ci.J.isomen of tJ-apocarotenoic acid 
methyl ester. 

CcJadfta- of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (-20 oq. 

..,_ 
I. 0 . Wba aDd H. Thommen, Wlu. Ynw§.,l. Oat. Gu. ~. t, 111 

(1963). 
l. H. Thommen, Clllm/4, 1!, 433 (1961). 
3. O.lalcr, W. Oucx, R. RQca, 0. ~. 0. Saucy, U. Schwictcr, M. Walter, aDd 

A. Wlnt.cnldn. H'''· Clllm. Acta, 41, 164 (1959). 
4. U . Schwlctcr, 0. E.nalert, N. Ripllli, aDd W. Vetter, Pwn Ani. C"-·· Zit, 365 

(1969). 

Carot-5 
Astacin 
3,3' -Dihydroxy-2,3,2' ,3' -tetrabydro-fj,B-

carotene-4,4' -dione =:; fj,P-Carotene-3,4,3' ,4' -tetroae 
(Astacene) 

F...-.:c.o~~t.o. 
F.-. Wt.: 592.83 
Calc. %: C, 81.04; H, 8.16; 0, 10.80 

0 

Astacin has been characterized as 3,3' ,4,4' -tetraketo+carotene. The 
enol form of this compound (shown above) preponderates. I 

Soan.: 
Natural Sources. Astacin is not a commonly occurring natural 

pigmenL However, it may be obtained on treatment of astuan
thin or astaxanthin esters with alkali.1 Astaxanthin may be iso
lated from some algae and from a wide variety of animals. • One 
of the best sources of this compound is lobster shells. • 
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ClwmJcal Syntlltm. The synthesis of utacin from cantbuan
tbin bas been reported.• 

llal8tloa Procedlll•:'-' SheDs of freshly killed lobsters are covered 
with 2 M HCI and left to stand therein until they turn red. They 
are then washed with water and the hypodermis is separated. Pia
ment is extracted with acetone at room temperature and then 
transferred to petroleum ether, with dilution of the elltract with 
water. The petroleum ether solution is washed with water and 
90% methanol, diluted with 2 M NaOH and sufficient ethanol to 
form a hOfD08CileOUisolution, and kept in the dark at room tem
perature for S h. Sufficient water is then added to produce two 
layers. The ethanolic: layer is separated, and covered with petro
leum ether, and the astac:ene is precipitated by careful acidifica
tion with acetic acid. The pi,ment is washed with hot water, dis
soiYed in a smaD volume of highly purified pyridine, and crystal
lized by the addition of a small proportion of water. 

Medlodl ol Pwlllaltloa: 
Cltromotography. Astacin may be chromatographed on such 

weak neutral adaorbents as alumina-fibrous claY' (1 :4) or su
crose. • Other adsorbents, such as alumina, adsorb this compound 
too tightly, whereas such compounds as calcium carbonate do 
not adsorb it. 
Sol~nt Partition. Astacin may be partially purified by partition 

between petroleum ether and alkalioe methanof.l.e 
Cryllallizotlon. Astacin crystallizes in oeedles from pyridine

water.' 
Derlvatl~s. Astacin forms a dioxime,f a bis-pbenazioe deriva

tivc,7 and such esters as the diacetateU.• and dipelmitate.• 
Medlodl of~ far IWfty: 

Cltromotograplry. The purity of astacin may be determined by 
chromatography on kieselguhr peper,l 

Yuible Spectrum. Carbon disulfide,• broad maximum at SIO 
om. Pyridine,' broad maximum at SOO nm. The E:~ (mu), at 498 
om in pyridioe is 1 X UJI.• 

In/rami Spectrum. The spectra for astacin and astacin diacetate 
in a potassium bromide pellet have been reported.l 

N~~t:lear Magnetic ReiOifQIJCe Spectrum. The nuclear magnetic 
resonance spectrum of astacin bas been reported.l,t,u 

Mau Spectrum. The mass spectra of astacin and some of its 
derivatives have been determined.lO 

Melting Point. Several difl'erent melting points have been re
ported for this compound. These are 240-243 °C,• 241 oc,u 228 
oc,• and 228-230 °C! 

Optical Rotation. Astacin is optically inactive. 
PreiMIIJie laJgltJ: AstallaDthin. 
Cowllt"- of SWnp: Darkness (brown vial), inert atmosphere 

(tealed ampoule), and low temperature (- 20 °C}. 

....._ 
1. A. J. Auen aad S. Llaacn·Jeuen, Acto CMm. SC111td., ZO, 1970 (1966). 
2. R. Kabo, J. Steoe, aad N. A. ~o. CMm. /m., '71, 1688 (1939). 
3. P. Kaner aad E. Jucker, CtuOtmollb, E. A. Braude (trallllator), Ellma', 

New Yodl (l9SO). 
4. R. Kllbo aad B. Lederer, CMm. Jm., 116, 488 (1933). 
S. J. B. Da.Ja aad B. C. L Weedoa, PI'OC. c:Mm. Soc., 182 (1960). 
6. R. Kabo, B. Lederer, aad A. DeoiiCb, Z. Ployllol. CMm., UO, 219 (1933). 
7. P. Kaner aad L Loewe, H"•· Cloh. Acto, 17, 745 (1934). 
I. B. C. L WeedoD, ID CMmi6"Y tal Bl«lo-lmy of Plolu Plpt.,,, T. W. 

Ooodwlo, eel., Acadanlc Praa, New York (1965). 
9. B. C. L Weedoa, Fon.:lv. CMm. o,.. Nonullol,, 27,SI (1969). 

10. J. Baldu, Q. N. Portu, A. P. Lef'nrick, R. Hobel, B. C. L. Weedoa, aod J. 
Szaboka, J. C"-. Soc. (D), 415 (1969). 

II. P. Karrer aad P. Benz, H,l,, Cloli11. Acto, 17, 412 (1934). 

Carot-6 
Bixia 
Methyl Hydrogen 9' -a.-6,6' -Diapocarotene-6,6' -dioate 

F...U:c.H.oo. 
SCructure: See Kuhn and Winterstein,1 Barber et aJ.•·• 
F...aa Wt.: 394.52 
Cak. %: C, 76.11; H, 7.66; 0, 16.23 

So.al: 
Natural SotuCes. Bixin has been isolated from the seeds of Blxa 

o,y//ana' and all-tran.r-bixin has been found in the roots of 
Ariltolocltia cymbifera! Bixin is extracted from commercial 
orlean, pate de rocou,• or bixa seeds7 with Organic solvents. 

Clltmical Syntlltsu. Metbyl-cl.r-4-(natural) billinU and all
tran.r-methyl billin have been synthesized.lo-u 

Medlodl of Purl8catloD: Purification is achieved by recrystallization. 
Metllodl ol ~)'IDa far IWfty: 

Chromotography. Methyl bixin and its geometrical isomers 
have been separated on chromatographic columns.l• HO\vever, 
the column-chromatosraphic separation of the corresponding 
bixin isomers bas not been reported. Methyl bixin has also been 
assayed for purity by thin-layer chromatography." 

Derivatl~s. Methyl bixin, norbillin, their dihydro and perhydro 
derivativea, and various other esters of bixin have been prepared. • 

Jluible Spectrum. Bixin:' carbon disulfide, 459, 489, and S23.S 
om; chloroform, 439, 469.S, and 503 om; all-tran.r-bixin:' carbon 
disulfide, 4S7, 491, and S26.S nm; chloroform, 443, 47S, and 509.5 
om. Methyl bixin: benzene, 444, 471, and 502 nm. Absorption 
spectra for billin in ethanol and methyl bixin in hexane have been 
reported.' 

lnframl Spectrum. The infrared spectrum of methyl bixin bas 
been reported.11 

Mau Spectrum. The mass spectrum of bixindial bas been re
ported.n 

N~~t:lear Magnetic ResofUUICe. The nuclear magnetic resonance 
spectra for methyl natural bixin,• all-tran.r-methyl billin,u and 
cil-apo-1-norbixinal methyl ester'·• have been reported. 

Melting Point. Bixin melts at 198 °C, all-tran.r-bixin" at 216-217 
°C, and methyl bixin• at 163 oc. 

Prolleble l..,...tty: all-tran.r-Bixin. 
Coadltioal of SWnp: The conditions of storaae that are used for 

other carotenoids should be used for billin. However, the com
pound is much more stable than many other carotenoids to air, 
heat, and light.•• ..,_ 

I. R. Kabo aad A. Wlotentdo, c:Mm. Bn., 65, 646 (193:2). 
2. M. S. Barber, L. M. Jackman, aad B. C. L. Weedoo, Proc. CMm. Soc., 23 

(1960). 
3. M. S. Barber, A. HanH.oa, L M. Jackmao, aad B. C. L. Weedoo, J. CINm. 

Soc., 1625 (1961). 
4. P. Karrer aad B. Jucker, Corotmollb, E. A. Braude (trallllator), Ellma', N-

Yodl (19SO). 
5. A. Or.o, C. H. E!upter, aad P. Kaner, H"•· Clllm. Acto, 37, 1717 (1954). 
6. L Zecluodatcr, CtuOtfltoltk, JuUua Spdqer, Berllo (1934). 
7. R. Kuho aad L. Ehmaoo, H1lr. Clolm. Acto, 12, 904 (1929). 
8. 0 . Patteadeo, J. B. Way, aad B. C. L. Weedoo, J. CMm. Soc. (C), 235 (1910). 
9. B. C. L Weedoa, PIIN Appl. C"-.. ZO, 531 (1969). 

10. R. Ahmad aad B. C. L. Weedoo, J. CMm. Soc .. 3286 (1953). 
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II. H. H. Jabal'en aDd 0 . Rup6, AM. CMM., 591,214 (1955). 
12. 0. Iller, 0 . au-, M. MCJGtavoa, R.llOea. 0. Ryar aDd P. Zeller, Hrir. 

Ok Aa., 40, IUl (1957). 
13. e. Bucbu aDd F. Alld!W, a.-. ~m .. n. 3111 (lm). 
14. L Z«hmellter aDd R. B. l!lcue, J. AM. CMM. Soc .. f6. 3ll (1944). 
15. B. H. Davlei,ID CfiMtlmy tM4 Blodlm!lmy of,.,_,,.,.,_,, T. W. Ooodwlo, 

ed., Academk Prca, New York (1965), p. 489. 
16. B. C. L Weedoa, ID CIIMtlltry tM4 Blodlm!lltry of Pllml ,.,.,_,, T. W. 

Ooodwio, ed., Academk Prca, New York (1965), p. ?S. 
17. C. R. E!mell, 0 . W. Fraacla, aDdS.~. ACM CIIMt. ScMd., 23, 7l7 

(1969). 
II. L . Z«hmellter, Fomcltr. Cltmt. Orr. Ntllwllolf,, II, ll3 (1960). 
19. K. LuDde and L Z«hmellcer, J. A11t. a.-. Soc., 77, 1647 (1955). 

Carot-7 
Cuthaxanthin 
~~aroteae-4,4' -dfone 
~otene-4,4' -dioae) 

F.-.:CJI..o. 
Fonaala Wt.: ,64.86 
Calc.%: C, U06; H, 9.28; 0, , ,66 

S...U.: 
Natural Solli'Ces. Canthaxanthin has been reported to be pres

ent in crustaceae,1 fishes (trout),• the organs of ftaminaos,a.• the 
feathers of several species of birds, t-7 mushrooms,• insects,• and 
algae." 

Chemical Synthesis. Canthaxanthin has been synthesized from 
t~-earotene,n-11 U,l ''-didehydro-tJ-carotene,1• crocetindialde
hyde," and dehydrocrocetindialdehyde." 

Metbodl of Pldlcatloa: Canthaxanthin is separated from other pia
menta by chromatopaphy on columns of mapesia or partially 
deactivated alumina. Further purification is achieved by recrystal
lization (dichloromethane or other solvents). 

Medloda of ~YIDa for .-.tty: 
Chromotograplry. Purity of the piament may be determined by 

chromatography on columns of deactivated alumina or magnesia, 
or by chromatopaphy on a thin layer of silica ael G (Merck).U 
Dicbloromethane-ethyl ether (9: 1) is used to develop the chro
matopam. 

Visible Spectrum. Cyclohexane: The principal liaht-absorption 
maximum is found at 470 nm. An E:~m value of2200isfoundat 
this wavelength. 

Nuclear Magnetic Reso11ance. The nuclear magnetic resonance 
spectrum of canthaxanthin has been reported." ·" 

Mass Spectrum. The mass spectrum of canthaxanthin has been 
reported. •·11 

x-Ray Crystallography. The confiauration of canthaxanthin has 
been determined.11 

Melting Poin~. A meltina point of 211-212 oc has been re
ported." 

ProiJ8ble hapurftlel: Echinenone and cis-isomers. 
~of SWnp: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and low temperature (-20 °C). 
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c..t-7 I c.r.t.a 

..,_ 
I. H. lb-aDd H. Waclieraqd, NIIIWW~, 51,17 (1964). 
2. H. lb-aDdU. 0'-, N~•• 51, 161 (1965). 
3. H. lb-aDd H. Wacbnllltel, Blocltllft. B#oplty1. Ac141, .,, 317 (196)). 
4. D. L F011, Comp. Blodlm!. Pltyllol., .. I (1962). 
5. 0 . Voelker, N,_~lttl/let, 41, 511 (1961). 
6. D. L F011, c_,. lllociNM. Plryllol., S. 31 (1962). 
7. D. L F011, c_,. lllocltmt. Plryllol.., '- 305 (1962). 
I . F . Huo, lloiiM. Ga., IU, na (1950). 
9. F. ~aDd H. Tb-, J. IIU«t Pltyllol., 1'- 1155 (1970). 

10. F • .c. Cznan, ~,.. zo, m (1964). 
II . F. J. Peuacck aDd L Zeclunel..-, J. A11t. C,_,. Soc .. 71, 1427 (1956). 
11. C. aa- aDd L Zeclunel..-, Hrir. Clrbrt. Aa., 40, 1757 (1957). 
ll. R. EaiiCbd aDd P. Karrer, H,/r. CU... ACM, 41,402 (1951). 
14. 0 . l*r aDd P. Schudel, Wlu. 'Y_,MII. 0.. Cd1. ~. t, 76 (196)). 
15. C. K. Warren aDd B. C. L Weedoa, J. C,_,, Soc., J97l (1951). 
16. M. Akhtar aDd B. C. L Weedoa, J. C,.. Soc., 4051 (19~). 
17. H. R. Bolllier,ID '171111·~ C"'-1~,1!. Stabl, ed., Academic.,_ 

N- York (1964), p.liO. 
18. B. C. L Weedoa, Fortacltr. C""". Orr. Notwllolf,, 11, II (1969). 
19. U. Schwleler, 0. Ellllen, N. Rlpaal, aDd W. Vett«, PIIN .q,l. a.-., 211. J65 

(1969). 
210. C. R. E!mell, 0. W. Fraacla, aDdS. l..laaen.J-, ACM CAwlff. Saad.., 13, 7l7 

(1969). 
ll . H. BudDidcwb, H. Bnaloka, aDd B. Joba-, M-.lt. CMM., 101, 579 

(1970). 
n. J. C. J . Ban aDd C. H. MacOillaYf)', Acto Cryllill/tlrr .. Sect. 8, U. 1517 (1961). 

Carot-8 
Capsaatbin 
(3R,3'S,5' R)3,3' -Dihydroxy-~,«-carotea-6' -oae 

F....U:c..H..O. 
F....U Wt.: '84.89 
Calc. %: C, 82.14; H, 9.6,; 0, 8.21 

S...U.: 

OH 

Natural Sources. Fruits of red peppen (Capsicum aNUim) are a 
aood source of capsanthin.'-• 

Chemical Synthesis. The structure of capsanthin has been es
tablished throuah degradation,.-. and its synthesis from ~tra
~ has been reported., Tbe absolute configuration of capsanthin 
has been established as 3R, 3'S, '' R.•·•·10 

Medloda of Pwlftcatloa: The extraction, chromatopaphy on cal
cium carbonate, and crystallization of capsanthin have been re
ported.'·" 

Medloda of A..,~Dafor IWfty: 
Chratn4tography. Capsanthin may be assayed for purity by 

chromatopaphy on columns of calcium carbonate or zinc carbon
ate. Carbon disulfide or benzene-ethyl ether is used to develOP 
the column.'·ll Purity may also be determined by chromatopapby 
on a thin layer of silica ael G (R, 0.16 in a system of 20% ethyl 
acetate in dichloromethane),ll or kielselguhr impreanated with 
veaetable oil (R, 0.74 in a system of 20:4:3 methanol-acetone
water, saturated with vegetable oil).1• 

Derivatives. The foUowina derivatives of capsanthin have been 
prepared: capsanthin diiodide ; capsanthol ; capsanthin diacetate, 
dipropionate, dibutyrate, divalerate, dicaproate, dicaprate, di
myristate, dipalmitate, distearate, and dibenzoate; capsanthone; 
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aahydrocapsanthone; capsanthylal; c:apsanthylal monoxime; and 
capsaldcbyde.U.ll 

Solrent Partition. 1be solvent-partition ratio between petro
leum ether and 90% methanol is 0:100.11 

Jli.Jible Spectrum. Carbon disulfide: 503 and S42 nm. Petroleum 
ether: 4" and 503 nm. Benzene: 486 and 320 run, E~~ 1790 at 
486 nm.11 Complete apectrum.11-17 Iodine-isomerized c:apsantbin 
sbowa a "cis peak" at 3" nm. 

lnff'QJW/ Spectrum. 1be infared spectrum of capsanthin bas 
been reported. I• 

Mau Spectrum. 1be mass spectrum of capsantbin hu been 
reported. Ia 

Nuclear MagtWtic bMNtlllfCe Spectrum. The nuclear maptic 
resooancc spectrum of capsanthin bas been reported.• 

Optical Rotatory Duper~lolr. The optical rotatory dispersion 
cuna of capsantbin and related compounds have been reported.1• 

Meltlflg Point. 1be melting point of capsanthin hu been re
ported to be 176 "C (uncorrec:ted)D and t7s-176 °C (corrected). II 

Optical Rotat/011. An [orJc.t of +36° (chloroform) bas been re
ported." 

ProiiMie ......-: cis-Isomers and traces of zeaxanthin and 
c:apsorubin.ll 

ec.HIIc.- of SCurqe: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (-20° C). 

• f Ul 

I. L 7echnwlllef aDd L O.olnoky, AM. C"Mm., 454, 54 (1927). 
2.. L Zo:hmefecer and L O.olnolcy, AM. CAaft., 411, 197 (1931). 
3. L Zo:hmftlte• and L O.olnolcy, A1111. CAaft., 419, I (1931). 
4. R.I!Atll:bcland P. Karrer, Hm. Clllm. Acto, 43,19 (1960). 
S. M. S. Barber, L M. lac:kmao, C. K. Warrea, and B. C. L Weedoa, Proc. 

C'-. Soc., 19 (1960). 
6. M. S. Barber, L M. Jec:kmao, C. K. Wamn, and B. C. L Weedoa, J. Clrml. 

Soc., 4019 (1961). 
7. B. C. L. Weedoa, penoaal commullkadcm. 
I. R. D. 0. Coope!', L M. Jackman and B. C. L Weedoa, Proc. Clrml. Soc., 215 

(19Q). 
9. J. W. Falpe, H. MOller, W. voa PhiUplbom, and P. Karrer, Har. CU... Acto, 

47, 741 (1964). 
10. L Banlea, W. Kl,yoe, W. P. Ml*, P.M. 5capel. 0. Oaluko, A. K. Mallama, 

B. C. L Weedoa, J. Szabolcl, and 0. Tocb, J. CMm. Soc. (C), 2527 (1969). 
ll. L Zecbmeilccr and L O.o!Dok)o, A1111. c-.. .. !109, 269 (1934). 
12. P. Karrer and E. Iucker, Har. Cltlm. Acto, 21, 1143 (1945). 
13. B. H. Davlea, ill CMmUiry ,_, BIOt:MmUiry o/P'-t Pw-u, T. W. Goodwin, 

od., Academk rre., New York (1965), p. 419. 
14. X. Randeracb, .,.,_Ltq., C"'-torrql!y, Academic rre., New Y orl< (1963). 
IS. P. Karrer and E.lucar, CIII'OIIftOitb, E. A. Braude (tranalator), Ellevler, New 

y orl< (1950). 
16. L O.olaclk7, D. Szabo, and J. Szabolcl, AM. C"-.. liG6, 194 (1957). 
17. L. Zo:hnwlllef, Fon.clv. c-... Orr. N.,.,llol/•, 11, m (1960). 
II. C. K. Wanen and B. C. L Weedon, J. Clrml. Soc., 3972 (1958). 
19. H. Budzlldewicz, H. Bnezillka, and B. IC~bauma, M-Ilt. Cllan., 101, 579 

(1910). 
20. B. C. L. Weedoa, Fort.clv. CMm. 0,. Notwllo/fe, 11, 81 (1969). 
21. P. Karrer and A. Olwald, Heir. Cltlm. Acto, II, 1303 (1935). 

Carot-9 
Capeorabla 
(3S,SR,3'S,5' R)3,3' -Dibydroxy-JC,IC·~,6' -dione 

FOI'alla:c.Ha.Oc 
F....aa Wt.: 600.89 
c.1c. %: C, 19.96; H, 9.39; 0, 10.63 

0 ~ v 
OH 

So.ul: 
NatumJ Sources. Capsorubin occurs u an ester in ripe paprika 

(Cilpsicmn tlllfiiDfl) fruits.'·•lbe absolute configuration of capsoru
bin bas been established as JS, SR, 3'S, 3'R.•.u.• 

Chemical Synthesis. The chemical synthesis of capsorubin bas 
been reported.• 

boladoa Procedurea:l.7 Paprika pods are pretreated with ethanol, 
and then extracted with petroleum ether. The combined extracts 
are concentrated in vacuum, and the residue is cbromatographed 
on calcium carbonate. The capsorubin ester is saponified with 
methanolic potassium hydroxide. The unsaponifiable fraction, in 
carbon disulfide solution, is rechromatographed on calcium car
bonate. The chromatographically purified pigment is then crystal
lized from benzene-petroleum ether. 

Medlodl of hrl8c:aUoa: 
ChromtJtograplry. Capsorubin may be chromatographed on a 

column of calcium carbonate7 or magnesia. • 
Solvem Partition. A partial purification of capsorubin may be 

achieved by solvent partition.u 
Crystallizotion. Capsorubin crystallizes as violet needles from 

benZJene-petroleum ether and u plates from carbon disulfide.' 
Derivatives. A number of esters of capsorubin have been pre

pared. These are the diacetate,7·' dipropionate, dibutyrate, dival
erate, dicapronate, dicaprinate, dimyristate, dipalmitate, and 
distearate. • 1be reduction product, capsorubol,1.10·11 and the oxi
dation product, capsorubone,n-u have also been prepared. 

Medlodl of ~g for A.il)': 
Chromatography. The homogeneity of capsorubin preparations 

can be ascertained by microchromatographic methods.l1.11 Chro
matography on circular paper impregnated with a kieselguhr 
ftller is recommended. I• 

Visible Spectrum. Hexane :• 443, 468, and 503 nm. Petroleum 
ether:7 444, 474, and 507 nm. Benzene: 455,486, and 520 nm;7.17 

460, 487, and 522 nm;'463, 487, and 322nm.UCarbon disulfide:7 

468, 502, and 541.5 nm. Ethanol:' 482 nm. Spectral curves of 
capsorubin in hexane, benzene, and ethanol have been reported. • 
Molar absorption coefficients in benzene are the followins:1• 463 
nm, 89.2 X IOJ; 487 nm, 129.8 X lOJ; and 522 nm, 119.1 X 10J. 
lnfra~d Spectrmn. The infrared spectrum of capsorubin in 

chloroform has been reported. II 
Nuclear Magnetic ~soflafiCe Spectrum. The nuclear magnetic 

resonance spectrum of capsorubin hu been reported.1a.u 
Mau Spectrum. The mus spectrum of capsorubin hu been re

ported. I•.• 
Melting Point.• Capsorubin melts at 218 •c. 
Optical RotatiOII. The optical rotatory dispersion curve of 

capsorubin hu been reported.• 
ProiJable I.purltlel: Zeaxanthin and capsanthin. 
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ec.dl...,_ fll Stonge: Darkness (brown vial), inert atmosphere 
(aealcd ampou]e), and low temperature (-20 °C}. .. ,_ 

I. L Zeduaelller aDd L v. Cbolooky, AM. CMI!e., 509,l69 (1934) 
2. L v. Cbolooky, K. O,.llrv(y, B. NQ1, aDd M. Pineal, Acto CAbn. ACIIII. $d. 

H,.,.., 6, 143 (1955). 
3. R. D. 0. Coopec, L M. J~. aDd B. C. L Weedoa, Proc. a-..$«., :US 

(1962). 
4. H. Falale aDd P. Karrer, H•l•. CAlm. Acto, 44, 1257 (1961). 
5. J. W. Faille, H. Muller, W. von PbWpebom, aDd P. Kaner, HelP. C.U.. Acto, 

47, 741 (1964). 
6. L Banlett, W. Klyoe, W. P. Ml*, P. M. Scopa, 0. Oalullo, A. K. MaUama. 

B. C. L. Weedoo, J . Szabolca, aDd 0 . T61b, J. C"-. $«.(C), 2527 (1969). 
7. L Zecbmclllrt aDd L v. CbolnoiQt, A,... CMI!e., 516, 30 (1935). 
I. A. L. Cwl, J. -w. Food Cllmt., 10, 504 (1962). 
9. L v. Cbolnoky, D . Szab6, aDd J. Szabolca, A""' CMI!e., 606, 194 (1957). 

10. L v. Cbolooky aDd J. Szabolca, Nt~,.,'--:lwiftm, 44, 513 (1957). 
II. C. K. Warren aDd B. C. L Weedoa, J. C"-. S«., 3972 (1958). 
12. R. Entac:belaDd P. Karrer, H•lr. CAlm. A.:tt1, 43, 89 (1960). 
13. M. S. Barber, L M. Jadanan, C. K. Warren, aDd B. C. L. Weedoa, J. 0.0.. 

$«., 4019 (1961). 
14. L v. CbolnoiQt aDd J. Szabolca, Acto CAbn. ACIIII. Sci. H,.,.., U, 117 ( 1960). 
15. H. R. Bollliw, A. K611ia, aDd U. Sdlwleter, CAimltl, II, 136 (1964). 
16. A. Jemen aDdS. Llaaea·J-. A.:t11 a.-. SC111td., 13, 1863 (1959). 
17. R. Aluud aDd B. C. L Weedoo, J. Cllmt. So.:., 3286 (1953). 
II. B. C. L Weedoo, FtXt#,, CMI!e. o,. Nt~twllol•, 21, 81 (1969). 
19. J. Baldu, Q. N. P«tcr, A. P. Le(IWick, R. Holzlel, B. C. L. Weedon, aDd J. 

Szabolca, J. CMI!e. $«, (D), 415 (1969). 
:20. H. Budzildewkz, H. Bnalaka, aDd B. JobaiUICIII, M-tllt. CA-•• 101, 579 

(1970). 

Carot-10 
a-Carotene 
(6'R)~,E-Carotene 

F..U:CJf., 
F....U Wt.: 536.89 
c.Je. %: C, 89.49; H, 10.51 

So.a.: 
Natural Sources. a-Carotene is present in much smaller pro

portions than tr-carotene in most plant species. However, the best 
sources of this carotene are the same as the sources of tr-carotene: 
carrots,1 palm oil,u and green leaves of various species.• In some 
alpe, a-carotene is the major carotene.• 

Chemical Synthesis. The chemical synthesis of a-carotene has 
been reported ..... The absolute configuration of a-carotene has 
been established as 6' R.to 

holatloa Procedllr•: The extraction of a-carotene from plant 
sources, and its purification by distribution between immiscible 
solvents, chromatography, and crystallization have been re
ported,l-..u 

Mecbodl of Pldlcatloa: 
Chromatography. a-Carotene has been purified by chromatog

raphy on columns of calcium hydroxide, alumina, or magnesia.1• 

Crystallization. a-Carotene may be crystallized from the same 
solvent pairs used to crystallize tr-carotene and lycopene.u 

Mecbodl of Aaaybtg for Pwfty: 
Chromatography. The purity of a-earotene may be determined 

c.ret-to I c.nt-u 

by chromatography oo columns,ualumina paper,l' or thin-layer 
plates of mapesia. u 

SoiHifl Panitton.t•Tbe partition ratio between beJalne and 95~ 
methanol is 100:0. 

JIUible Spect,., Hexane (b.p. 65-67 °C): 422, 446, and 474 
nm. E::,. 2725 ( 446 nm) and 2490 ( 474 nm). Spectral curve.11 Liabt 
petroleum: 422, 444, and 473 nm. E:~ 2800 (444 nm). 

Mau Spectrum. The mass spectrum of a-carotene has been re
ported.l ... lt 

Nuclear Magttetlc ReMJnonce Spectrum. The nuclear mqnetic 
resonance spectrum of a-carotene bas been reported.u,n.• 

Optical Rotatory Dispersion. The optical rotatory dispersion 
curve of a-carotene bas been reported. a 

Melting Poilfl.M a-Carotene melts at 184-188 OC. 
Optical Rotation. (a~ +38S0 bas been reported, I 

PreiiUie ..,_ldel: Oxidation products, cU.isomers, and other 
carotenes (tl-carotene and phytofluene). 
~ fll Sfanae: Darkness (brown vial), inert atmolpbere 

(sealed ampoule), and low temperature (- 20 OC). ..,_ 
I. P. Kaner aDd 0 . Walll«, H•"'· Cl'lbn. Acto, 16,641 (1933). 
2. R. Killin aDd 1!. Lederer, Z. l'ltyllol. C"-., liDO, 2A6 (1931). 
3. R. Kuhn aDd 1!. Lederer, C"-. /hr., M, 1349 (1931). 
4. H. H. StraiD, J. Bltll. C~. 105, 513 (1934). 
5. M. B. Allen, L. Friel, T. W. Goodwin, aDd D. M. lb-. J. G.. Mlaoblol. 

34, 259 (1964). 
6. P. Karrer aDd C. H. Bupler, H•lr. CAbn. AcM, 33, 1952 (19SCJ», 
7. C. H. l!upler aDd P. Karrer, H.lr. CAl,., Acttl, 31, 610 (1955). 
8. H. H. Jabol'ea, U . Sdlwleter, aDd 0 . Rup6, AM. C'MM., -.111 (1954). 
9. C. Tldlanler, C. H. Bupler, aDd P. Karrer, H.lr. CMin. Acto. 40, 1676 (1957). 

10. C. H. Bupler, R. Bucbedrer, C. Tldtaroer, 0 . Uhde, aDd 0. Obloe', Heir. 
CTtbft. Aa~~, n, 1719 (1969). 

11. R. Killin aDd H. Brockman~~, z. Pl'lyllol. C"-., liDO, 255 (1931). 
12. F. P. Za:belle, J . W. White, Jr., 8 . W. S.dle,aDdJ. R. Ra.cb,,.,_, l'lol*"-• 

17, 331 (1942). 
13. A.lealea, AcM Cllmt. s-.1., 14,:2051 (1960), 
14. H. R. Bo1118er, A. K6ala. aDd U. Sdlwleter, CAimlll, II, 136 (1964). 
15. F. J. Pw8cck aDd L Ztlch-'-, AMI. 0.0.., Zl, 1484 (1956). 
16. U. Sdlwleter, H. R. Bolll8er. L H. Chopud-dlt.Jean, 0 . l!allert. M. KCI&r, 

A. K6ala. C. von Planta, R. Rllqa, W. v-. aDd 0. ltler, ~ It, 294 
(1965). 

11. u. Sdawieter, o. ED~~ert. N. Jlleulf, aDd w. v-. ""'' AIPI. a.-..., 
365 (1969). 

18. H. Budzlldewkz, H. 81'8B11nb, aDd B. J._, M-Ilt. CMM., 101, m, 
(1970). 

19. C. R.l!nall, 0 . W. Francia, aDdS. lJuen.lealea, AcM 0.0.. $Girl., J3. 7%7 
(1969). 

20. 8 . C. L Weedoo, FtXt#/w, C"-. 0,. N_,ol•, 21, II (1969). 
:11. L. Banlect, W. Klyne, W. P. MOll, P. M Scopa, 0 . Oaluko, A. K. Maa.a.. 

B. C. L. Weedoo, 0 , Szabolca, aDd 0. T61b, J. C"-. $«. (C), m7 (198). 

Carot-11 
tl-Carotene 
~~-Carotene 

F..U:C.U.. 
F..U Wt.: 536.89 
C8lc. %: C, 89.49; H, 10.51 
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S..C.: 
NtUIUGI SOillffl. Exc:eiJent sources are c:arrots,1 palm oil,• and 

areen leaves of many plant species. • 
ClwmlctiJ Syflllw1ll. ScMral cbemic:al synthaes of ,karotene 

baYe been reportecl,rt 
............. Medlodl of Pldlcatloa: The extnlction of ,karotene 

&om plant material and the separation and purification of this 
compound by solwnt partition, du'omatosraphy, and crystalliza
tion baw been reported.1-t.l.t1be standardization of some of the 
seeps in tbae procedwa has been effected tbrouab cooperative 
studies.•• 

MeiiiMII of~,..... ,_ JWitT: 
Cluotrttllogi'QPhy. Purity of the compound may be determined 

by column cbromatosrapby (usually on mapesia),11 chromatoa
rapby on kiaelauhr paper ,11 or chromatosraphy on a thin layer of 
mqaeaia.ll 

Solw111 Partlt/on.l1 1be partition ratio between hexane and 9'% 
mechaDol il 100:0. 

Jllslbk SP«trum.a.t.t• Hexane (b.p. 6s-67 °C): 4~ and 478 nm. 
£:!.. 2'90and 2280. Cyclohexane:4~and 484nm.£::,. ~and 
2UO. 

In/rand SP«trunt. The infnued absorption spectrum has been 
reported.• 

Nw:Jear Magnetic k10nance Spectrum. The nuclear maanetic 
resonaace spectrum has been reported. u 

x-Roy Cry1tailograplry. The confiauration of tr-carotene has 
been determined.•• 

Mau SP«trunt. The mass spectrum of ,karotene has been 
reported,l7-tl 

Meltlltg Point. ti-Carotene melts at 178-180 oc,a.• 
PreiiMie ..,_Idea: Oxidation products and C'll-isomers; small pro

portions of related carotenes (a- and r-carotenes) may aJso be 
present if cbromatosraphic purification has not been properly 
performed. 

ec.u.-. of SWnp: Darkness (brown vial), inert atmosphere 
(sealed ampoule), low temperature (- 20 °C}. 

....._ 
1. P. Karrer aDd 0. Walker, Hdr. Clllm. Aci<J, 16, 641 (1933). 
1 R. Kuhn aDd E. Lederer, z. P/lylfol. Cllmt., 200, 2A6 (1931). 
1. H. H. Slnlia, J. Bioi. Cllmt., 105, S13 (1934). 
4. H. H. laboft'en, P. ~. K. Bartram, G. Rummen aDd H. Pclmmer, AM. 

a-.. 5'70, S4 (1950). 
S. 0. Wer, H. Uncllar, M. Moatavoa, R. ROea. aDd P. Zeller, H,t •. Clllm. Act<J, 

39, 2A9 (19S6). 
6. 0. Wer, L H. Olopud~t.Jeu, M. Moatavoa, R. ROea, aDd P. Zeller, H,t •• 

"""'· "'""· 40, 12S6 (1957). 
7. 0. l*r, Orol-'11, Birkblu.er, lluel (1971). 
L B. W. Beadle aDd P. P. Zlchelle, J. Bioi. Cllmt., t44, 21 (1942). 
9. P. P. Zlcbelle, J. W. Wblte, Jr., B. W. Beadle, aDd J. R. Roach, P,., Pllyliol., 

17, 331 (1942). 
10. P. T. J- aDd E. M. Bickal', J. Auoc. OJik. Ap. Cllmt., 31, 776 (1948). 
U. A. Jeaall aDdS. Uaaen-Jeoten, Act• Cllmt. Sctlltf/., 13, 1863 (1959). 
12. H. R. BoiiJFr, A. K6nla, and U. Schwleter, Clllmt<J, II, 136 (1964). 
13. P. J. Petracek aDd L. ZechmeUter, """'· Cllmt., Zl, 1414 (1956). 
14. P. Sdtt, E. M. Blckal', G. P. Bailey, C. R. TbomJIIOD, aDdS. Prfedlaader, J. 

AU«. 01/k • .A,. Cllmt., 34, 460 (1951). 
IS. M.S. Barber, J. B. Davia, L M. Jaclanan, aDd B. C. L. Weedon, J. Cllmt. Soc. 

Z810 (19fi0). 
16. C. SteriiDe, Aci<J Cmllll,.,... t1, 1224 (1964). 
17. U. Scbwleter, H. R. BoiiJFr, L. H. OIO!lllrd~t·Jean, G. l!nalen. M. Koller, 

A. K6nle. C. voa Planta, R. ROea, W. Vetter, aDd 0. Iller, Clllmt<J, 19,294 
(1965). 

IL U. Scbwlef&t, G. EnaJen, N. Rlpai, aDd W. Vetter,,.,, Appl. Cllmt., 30, 365 
(1969). 

t9. H. Budzlldewlcz, H. Bnalnlta, aDd B. Jobannet, M01tt1llllt. Cllmt., tOt, 579 
(1970). 

210. C. R. Emell, G. W. Francia, aDd S. lJaaen.Jeoten, Act• Cllmt. Sctlltf/., 23, n1 
(1969). 

P...aa:c.H.t 
P.-. Wt.: '36.89 
Calc. %: C, 89.49; H, 10.51 

S..C.: 
NatiUGI Source1. A strain of Penicilli~~~n ICierotlorum is one of 

the best sources of this pisment.1 This compound is aJso present 
in small proportions in many plant materials, particularly fruits, 
that contain ,karotene. • 

Clwmical Syntlw1ll. The chemical synthesis of ')-C8rOtene bas 
been reported by Garben et a/.1 and Riiegg et al.• 
~ l'roc:eM•: .,.-Carotene is isolated from plant materials by 

the methods of solvent extraction, saponification, phasic eepara
tion, and chromatosraphy commonly used for other carotenes. 1 

Medlode of Pldlcatloa: 
Solvent Partition • .,.-Carotene is epiphasic on partition between 

90% aqueous methanol and petroleum ether.• 
C/trotnQtograplry. Purification of ')-C8rOtene may be achieved by 

chromatosraphy on a column of aluminum oxidet.• or c:alcium 
hydroxide.• 

Cryltailizotlon. Bemlene-methanol (2: I) has been used to 
crystallize .,.-caroaene. • 

Medlode of~ for Pwlty: 
C/trotnQtography. The purity of .,.-carotene may be determined 

by column (aluminum oxide) or thin-layer (magnesium oxide) 
chromatosraphy.7 

Jlillble SP«trum.t.•.7 Petroleum ether: 437, 462, and 494 mn. 
£::,. 20,, 3100, and 2720, respectively. Benzene: 448, 477, 
and '10 nm. 
lnfra~d SP«trum. The infnued spectrum of .,.-carotene has 

been reported. 7 

Nuclear Magnetic k10nance Spectrllllf. The nuclear mapetic 
resonance spectrum of .,.-carotene has been reported. 7-t 

Mau SP«trunt. The mass spectrum of .,.-carotene has been 
reported.7•1 

Meltlltg Point. A melting point of I~ oc has been reported10 for 
natural.,.-carotene. Synthetic traiJJ'-')'-c&rotene meltst·7 at U2-l~ 
oc. 

Prebldlle ..,.......: Oxidation products, cil-isomen, and lycopene 
(when isolated from natural sources). 

Coadltloal of Storaae: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (0 °C). ..,_ 

1. Y. Maw, W. J. Raboum, and P. W. Quackenbuth, Art:ll. Bt<Jcllmt. Bloplul1., 
•• 150 (1957). 

:Z. P. Karrer and E. Jucker, CtUOiaolth, E. A. Braude (trallllator), Bbevlcr, 
New York (1950). 

3. G. P. Oarben, C. H. Eupter,alld P. Karrer, Heir. Clllm. Act<J, 36, 1783 (1953). 
4. R. ROeaa. U. Scbwleter, G . ltyler, P. Schudel, and 0. Iller, Hel•. Clllm. Ati<J, 

44, 985 (1961). 
S. R. Killin aDd H. Broclanann, Cllmt. B,., d6, 407 (1933). 
6. S.C.Kuabwaha,C.Subbalayan,D. A. Beeler,andJ. W. Poner,J.Bt<Jt.CIImt .. 

244, 3635 (1969). 
7. U. Scbwleter, H. R. BoJIIaer, L. H. Cboperd-dlt·Jean, G. EnaJen, M. Koller, 

A. K6nle, C. voa Planta, R. ROeg, W. Vetter, and 0. Iller, Clllmi<J, t9, 294 
(1965). 
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L 8. C. L Weldcla, Forudr. a.-. o,.,. N_,•, l1, II (198). 
'· u. Sc:lnriiW, o. BatJen, N. Rllull • ...s w. v-. l'rlnlflpl. a.-.. 20, 365 

(198). 
10. L Z«hm I Ill aDd W. A. Scbroeder, Ardt. BlcdeR., I, 231 (1942,). 

Carot-13 
r-e.rotene 
7,JJ,7' .JJ'·Tetnhy~,!J--caroteae 
(7,8,7' ,8'-Tetnby*olycopene) 

P...aa:c.H. 
P...- Wt.: 540.90 
Calc. 7.: C, 88.82; H, 11.18 

S....: 
Naturtll &Hu'Ce1. Good sources oft-carotene are carrot roots,1 

fruit of certain varieties of tomato,• fruit of ~rajapolllca, tbe 
petals of CalefldM/a ofliclnalu, and certain funai.• An unsym
metrical r-carotene (7,8,11,12-tetrabydrolycopene) is found in 
le'm'81 photosynthetic bacteria. • 

Clllmlcal Sylllhllil. The chemical synthesis of tbe symmetrical 
and unsymmetrical r-carotenes has been reported. a.• 

........... Procedlwes: r-Carotene is isolated from plant materials by 
tbe methods of solvent extraction, saponification, phuic separa
tion, and chromatosraphy commonly used for other carotenes., 

Medlodl ~ Pwlftcadoll: 
Solvent Partition. t-Carotene is epiphasic on partition betweeo 

907. aqueous methanol and petroleum ether. 
Chromatography. t-Carotene may be purified from other carot

enes by chromatosraphy on SO% mapesia-Hyfto Supercel.7 

Columns are developed with hexane, and r-carotene is eluted with 
10% ethanol in hexane. Purification of r-carotene may also be 
effected on a column of alumina. 7 The chromatosram is developed 
with hexane containing 2-S% of dietbyl ether. 

Cryltallizotion. The crystallization of t-carotene has been 
reported.' 

Medlodl of ~Yiaa for Pwlty: 
Chromatography. The purity oft-carotene may be determined 

by column7 or thin-layer' cbromatosraphy. 
Yuible Spectnmt. ~oleum ether: 378, 400, and 42S om.'·7·' 

E:~. 2270 (400 nm).l.7·' Carbon disulfide:' 402, 424, and 4S2 om. 
The unsymmetrical r-carotene (7,8,11,12-tetrahydrolycopene) in 
petroleum ether has wavelength maxima• at 374, 394.S, and 418.S 
nm. 

In/rami Spectrum. The infrared spectra for the two forms oft· 
carotene have been reported.'·t.t• 

Nuclear Magnetic Re10nance. The nuclear mapetic resonance 
spectra of r-caroteoe and its unsymmetrical isomer have been 
reported.'·' 

Man Spectnmt. The mass spectra of symmetrical and unsym
metrical t-c&rOtene have been reported.t,U,It 

Melting Point. A melting-point range of 38-42 oc has been 
reported for all-tram-t-carotene.'·' 

ProiJUie 1..,.......: Oxidation products. 
~ of Storqe: Darkness (brown vial), inert atmosphere 

(sealed vial), and low temperature (-20 °C) •• 
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c..t-13 I c..t-14 

..,._ 
I. H. H. Slnlia aDd W. M. Mualaa. J. AM. OaR. S«~ 8, lUI (1943). 
2. J. w. Porter ...s R. a. lJDcoiD, Ardt. BlcdeR., n, m (1950). 
J. T. W. Ooodwia, AM. ltn. BI«JNM., 24, 497 (19S5). 
4. B. H. Davie~, B. A. H~ D. B. Loeber, T. P. Taube, aDd B. C. L Weedaa. 

J. c-... s.c. <C>. 1266 UHP). 
5. J. B. Davil, L N. Jadlmao, P. T. Sldd-. ud B. C. L WMOD, Proc. a.

$«., :161 (1961). 
6. J. B. Davia, L N. Jadlmu, P. T. Sldd-, aDd 8. C. L Weed-. J. CAM~. S«. 

(C), :ll54 (1966). 
7. H. A. Nub aDd F. P. Zlchlle, Ardt. BlcdeR., 7,305 (1945). 
I. B.H.Da ..... IDC'-dltryMtl~yofP,_,,_., T. W.Goodwla, 

ed., Academic Praa, New York (1965). 
9. H. A. Nub, F. W. QuaclleDINIII,aDCI J. W. PotW,J. AM. c.-.. S«., .,., 3613 
(1~. 

10. F. B. Juaplwala aDd J. W. Porter, .crdt. BlcdeR. ~ ... 110. 291 (1965). 
II. O. B. Weeb,A. 0. ~. 8.0. Brown, aDd B. C. L W_,_, N-. U. 

119 (198). 
l:l. B. C. L WeM1011, Fonldtr. Ciat. Orr. N-.tolfe, l1, II (IM!J). 

Carot-14 
Cltraaa:uuthin 
5',6'-Dihydro-5' -apo-18' -nor-~' -oae 

Ponaala: c.H..O 
Ponaala Wt.: 4S6.72 
Calc. 7.: C, 86.79; H, 9.71; 0. 3.50 

So.ees: 
Naturtll Smuce1. Citranaxantbin is found in the peel of the 

triaeneric hybrid Sinton cit rangrq1111t.1 
Clllmica/ Syntlll1u. The chemical synthesis of citranaxaotbin 

from p.apo-8' -carotenal <C.> and acetone has been reported.1 

lloladoll Proc:edllres: The extraction of citranaxantbin from the peel 
of Sinton citrangrq1111t fruit, tbe partial purification of this com
pound by distribution between immiscible solvents and its com
plete purification by chromatosrapby and crystallization have 
been reported.1 

Medlods of Pwlftcadoll: 
Chromatography. Citranaxanthin is purified by cbromatopa· 

phy on a column of I : 1 (w jw) maanesium oxide-Hyfto Supercel.1 

Cryltallizatlon. Citranaxanthin has been crystallized from 
petroleum ether.1 

Medlodl of ~Yiaa for Purity: 
Chromatography. The purity of citranaxantbio may be deter· 

mined by column chromatographY' or by chromatosrapby oo 
thin-layer plates of silica gel G. The chromatoplates are developed 
with 2: 3 petroleum ether-beluene. 

YU/ble Spectnmt. Hexane: 349 and 466 om; E:~ 410 and 2S7S, 
respectively. Cyclohexane: 3S2 and 471 nm; £:~ 400 and 247S, 
respectively. Beozcne: 360 and 482 om; E:~ 36S and 227S, 
respectively.1 

In/rami Spectnmt. The infrared absorption spectrum of 
citranaxanthin has been determined.1 

Nuclear Magnetic Re10nance Spectnmt. The nuclear rnqoetic 
resonance spectrum of citranaxanthin has been determioed.1 

Melting Point.l Citraoaxanthin melts at US..1S6 °C, 
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c.nt-ts I c..t-16 

DmNtiN•.' Otraaaxantbin forma an oxime that me1ta at 
1~197"C. 

Pr a a aUe ' z •~ Oxidation products aod cb-ilomen. 
CwMtllw el ...._.: De.rlmela (brown vial), iDert atmolpbere 

(.ud ampoule), aod low temperature (0 OC). ...... 
I. H. Yau,- aDd M. J. Wbl ... l. Or,. a.-.. 3D. 2411 (1965). 

F ..... :c.H..O. 
F ..... Wt.: 328.41 
C8le. ~: C, 73.13; H, 7.37; 0, 19.51 

S..C.: 

,o 
c'OH 

Nt11111'r11 Sowcu. Croc:etin (UDeltcrified) is praeot in trace 
amounts in some plant species. Most of this compound is found as 
cliaeotiobioee ester (c:rocin).1 .... Crocetin baa been isolated aa the 
climetbyl ester; this compound is formed throuab the action of 
cliJute sodium hydroxide in methanol on an exuact of saffron, 
CrociU Mti•IU. • Crocin is also found in Ced,y/a toona, Nyctantlw1 
arbor-trl#u, aod Jlel'6rue""' plr/omoiiJI• petals and in the fruit of 
GGnienla grrutdl/lora.• 

Cltmrk:tll S)'llllwlll. Tbe total synthesis of aJI.tnw-crocetin 
dimethyl ester baa been reported ... , 

Medlodl el Pwlllcado.: Crocetin from saffron~ and from the petals 
of CIOCIU lllleiU,• crocin from saffron,' and crocetin dimethyl ester 
from saftion" are purified lar&dy by cbromatopapby followed by 
c:rystallization, usually as the dimethyl ester. 

Medlodl el...,...ler PaitJ: 
C/uomatograplly. Crocetin dimethyl ester may be asaayed for 

purity by column cbromatopapby.u 
Ihr1Ntlre1. Mono- and dimethyl eaten of c:rocetin, perbydro

crocetin and its dimethyl ester and diamide, dibydrocrocetin and 
ita dimethyl ester, aod c:rocetin tetrabromide baw been prepared.• 

YUIIM Spectrwm.• Crocetin, in carbon disulfide: 426,453, and 
482 nm; pyridine: 411, 436, and 464 nm; cblorofonn: 434.5 and 
463 nm; petroleum ether (b.p. 40-60 °C): 424.5 and 450.5 nm; 
beune: 400, 420, and 444.5 nm. Crocetin dimethyl ester
petroleum ether (b.p. 40-60 OC): 422 and 448 nm;• 422 and 450 
nm;' 420 aod 444.5 nm." El~ values are aiwn as follows: 
Qocetin dimethyl ester in petroleum ether, 4750 at 448 nm; in 
etbaDol,• 5000 at 425 nm. 

lit/rami Spectr~~~~~. Tbe infrared spectrum of crocetin dimethyl 
atcr baa been reported,ll.lt 

Mt~~~ Spectr~~~~~. Tbe mass spectrum of crocetindial baa been 
reported.•• 

NIICiear Magrwt/c &IONIIICe. Tbe nuclear mapetic l'aOIWICe 

spectra of c:rocetin dimethyl ester and crocetindial baw been 
reported." 

Me/tlllg Polnl. Tbe followina mdtina points baw been reported: 
crocetin, 285 "C; aod crocetin dimethyl ester," 223 °C. 

........._ .......-: Picrocrocin, a c:olorlcss aJycolide closely related 
tocrocin. 

O..UdoM el ...._.: De.rlmela (brown vial), iDert atmosphere 
(IC&Ied ampoule), and low temperature (-20 oq. 

..,._ 
I. P.Kanw, P. 8ea1. R. Molf, H. ltaudiiiiZ, M. Stclll, aDd T. Tabbubl. Hm. 

OM. ..fCM, IS, 1399 (1932). 
Z. P. Karnr aDd H. Saa-ao. Hm. Ctiw. Att•, II, '13 (19Z8), 
3. P. Karnr aDd K. Mild, Hm. CAR. ..fCM, 12, 9IS (1929). 
4. R. Kubo aDd A. WlaleneeiD, C._, JW., 61, 344 (1934), 
'· P.Kanw aDd B. Jucbr, CM«-'tb, E. A. Braude, (tralltlator) l!llmlr, New 

y ark (1950), 
6. H. H. IDbo&a. 0 • ..,, G. voa del' a.,, G. Ratp6, P. Zeller, aDd R. All--. 

..... a.-. .•. 1 (19S3). 
1. 0 ...... H. Gullaall, H. LIDdlar, M. Moalavoa, R. RQea. G. a,-, aDd P. 

Zeller, H•l•. OM. ..fCM, 39,463 (19">. 
8. P. Karnr aDd H. Slllcmoa, H.t•. a.-. ..fCM, 10, 391 (1921), 
9. R. Kubo, A. WiDtenlela, aDd W. Wlqaad, Hm. CAlM. Achl, II, 716 (19Z8), 

10. R. Kubo aDd A. WlaleneeiD, a.-. JW., M-209 (1933): 
II. R. Kubo aDd H. Brockma1111, Z. Pllylllol. a.-., 206, 41 (1932). 
IZ. R. Kubo, H. H. labofrea, H. A. Staab, aDd W. ~ a.-. /W,, M. 965 

(19S3). 
13. K. LWide aDd L :lecbmelteer,/. bt. a.-. S«., Tl, 1647 (19S5). 
14. C. R. e-Q, G. W. PIUCII,ud S. ~ • ..fCM a.-.~. 23, Tn 

(198). 
IS. B. C. L Weedoa, Por~ldv. a.-. Or,. N-llol•. 21, 8l (198), 
16. R. Kubo aDd P. L'Ona, a.-. JW., ... 1732 (1931). 

Carot-16 
Crocetin Dietbyl Ester 
Dlethyl 8,8' -Diapocarotene-8,8' -dioate 

Formula: Ctdf.Ot 
Formula Wt.: 384.52 
c.lc. %: C, 74.97; H, 8.39; 0, 16.64 

So.al: 
Natural Source1. Crocetin is preaeot as the disentiobioee ester 

(c:rocin) in saffron (CrociU »tl•ru) flowers.•-. 
Chemical Syntlw.U. 1be chemical synthesis of crocetin dietbyl 

ester baa been reported ... • 
bolatloa Procedunl:' Crocin and crocetin are normally extracted 

from dried saffron flowers with ethanol after a pre-extraction of 
the flowers with ether. Crocin is obtained by c:rystallization from 
the alcoholic extract by the addition of ether. Crystalline crocetin 
may be obtained by addition of ether to an alcoholic exuact of 
saffron flowers after prior saponification and acidification. 

Metbodl eiiWIIIaltloa: 
Cllromatograplry. Crocetin diethyl ester may be purifted by 

chromatopaphy on a column of silica eel G.' 
CryltalliUJtion. Crocetin diethyl ester baa been crystalliJJed 

from benzene.• 
Metbodl el ~for PaitJ: 

Cllromatograplry. 1be purity of crocetin dietbyl ester may be 
determined by chromatopapby on a column or thin-layer plate of 
silica &d G. Dicblorometbane is the solwnt UJed in these separa
tions.• 

Yuible Spectrwm. Petroleum ether: 400, 422, and 450 nm. 
El~ 2340, 3820, and 3850, respectively.• Cyclohexane: 402, 425, 
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aod 452 nm. E:'!. 2190, 3590, and 3640, n:specti~y. Benzlene: 
411, 435, and 462 nm. E:'!. 1970, 3110, and 3000, n:specti~y. 
<llloroform: 412, 434, and 462 nm. E:'!. 2190, 3365, and 3200, 
n:specti~y.• 

Meltbrg Point. Meltina points of 218-219 oc and 21~218 oc 
have been reported' for crocetin diethyl ester. 

Pnllllllle .........._: Oxidation products and ci.r-isomers. 
CoedltiOIII of &erqa: Darkness (brown vial), inert atmosphere 

(tealed ampoule), and low temperature (0 "C). 
..,._ 
I. P. Kaner aDd H. Selomoa, Hd•. CU... AelG, 10, 397 (1927). 
Z. P. Kaner aDd K. Mild, Hd•. CAlM. ActG, 11, 985 (1929). 
) . P. Kaner, P. Benz, R. Mod, H. Raudnlcz, M. Stoll, aDd T. Tabhalbl, Hd•. 

C1161t. AelG, IS, 1218 (19)2). 
4. P. Kaner, P. Benz, R. Mod, H. Rauclnltz, M. Stoll, aDd T. Tabhalbl, Hd•. 

CU... ActG, IS. 1)99 (19)2). 
5. 0. Wee, H. Ov-011, M. Moa&avoa, R. Rllell, 0 . RJter, aDd P. Zelia', Hd•. 

CAlM. ActG, 40, 1242 (1957). 
6. U. Scbwlctu, H. Ov-011, H. Uodlar, R. Marbet, N. Riplll, R. Rllell, S. P. 

Scbaeml, aDd 0 . bier, H~. CAlM. ActG, 49,369 (1966). 
7. P. Kaner aDd E. Iucker, C-moltb, E. A. Braude (trallllator), Ellevler, New 

York, 1950. 
8. R. Kulul aDd H. BrodlmaDII, Z. l'~llol. CMm., J06, 41 (1932). 

Carot-17 
Cryptoxanthin 
(3R),i~-Caroten-~ 

<,i-Caroten-3-ol) 

Formula: c.oHt.0 
F...U Wt.: 552.89 
Calc. %: C, 86.90; H, 10.21; 0, 2.89 

HO 

S..C.: 
Natural Sourr:es. Cryptoxanthin may be isolated from maize 

seeds1 or calyces of Physalis alkekengi.1 It also occ:un in some 
fruits' and in milk and butter.• The absolute confiauration or 
cryptoxanthin has been established'·' as 3R. 

Chemical Synthesis. The synthesis of cryptoxanthin has been 
reported.'·' 

IIOiatloll Procedures: The extrac:tion, chromatoaraphy, and crystal
lization of cryptoxanthin have been reported.1·'·10 

Methods of Purlftc:atloll: 
Chromatography. Cryptoxanthin may be purified by chroma

toaraphy on magnesia, c:alcium c:arbonate, or deac:tivated alumina. 
Ethanol in ethyl ether is used to develop the column.• 

Crystallization. Cryptoxanthin may be crystallized from a mix
ture of chloroform and ethanolt.1 

Methods of Alsaylaa for Purity: 
Chromatography. Purity of the compound may be determined 

by c:olumn chromatoaraphy on maanesia• or by chromatoaraphy 
on kieseJauhr paper.u 

Solvent Partition. The partition ratio between hexane and 90% 
methanol is 87:3.11 

Visible Spectrum. Petroleum ether' (b.p. 40-60 °C}: 4S2 and 480 
nm. E:~ 2370 and 2080. Ethanol: 4Sl.S and 478 nm. E:! .. 2460 
and 216S. Hexane: 4SO and 478 nm. E:!a. 2460 at 4SO nm. 

c..t-11 I c.nt-11 

In/rami Spectrum. The infrared apec:trum of c:ryptoxanthin bas 
been reported.' 

Optical Rotatory Dispenlola. The opejc:al rotatory diapenioo 
c:urve of cryptoxanthin has been reported. • 

Meltbrg Point. Meltina points of 16s-169 00 and ISI-160 "0 
have been reported. 

........_..,...._:Oxidation products aod ci.Hsomen. 
O.UdaM of &erqa: Darkness (brown vial), inert atmolphae 

(sealed ampoule), low temperature (-20 °C} • 

...,._ 
I. R. Kulul aDd C. Gnuadma011, C1MM. S.., M. 1746 (19)3). 
Z. P . P. Zlcbele,J. W. Wblte,Jr., B. W. Beadle, aDd J. R. Raecb, ,.,_, I'AyJiol.. 

11,331(1~. 

3. W. Dlemalr aDd W. Pwtel, Wtu. fl-rM~I. "-1. Ga ~. t, ]j6 

(1963). 
4. J. C. Dnlmmoad, E. Siqer, aDd R. J. MacWalter,llloclwa J., 19, ~ (1935). 
5. T. E. DeVIUe,M. B. Hunlh«Me,S. W. R...U,aadB. C. L Weedaa, J . Ciao. 

Soc. (D), 1311"(19«19). 
6. L BanleU, W. Klyue, W. P. Moee, P. M. Sc:ol*, G. Oaluko, A. lit . .......... 

B. C. L Weedoa, J. Szabolca, and 0 . T6lh, J. C1MM. Soc. (C), 1527 (198). 
7. 0. Wee, H. Uodlar, M. Moatavoa, R. RCiell, 0. Saaey, aDd P. Zealr, H • • 

CA .... ActG, 40, 456 (1957). 
8. D. E. Loeber, S. W. R...U, T. P. Toube, B. C. L Weedoe, aDd J. ~.J. 

CMm. Soc. (C), 404 (1971). 
9. H. H. StralD, 1....t X-ltopltylll, Camqie lllldtutloa ol W........_, Wub-

laatoa. D.C. (1938). 
10. L Zecbmeilter, C_llto,., Jullua Sprineer, llerlla (1934). 
II . A. lellleft aDd S. 1Jaaen.'-, AciG CMm. &:MIL, 13, 1163 (1959). 
IZ. J. W. Wblte, Jr., aDd P. P. :z.cbdle, J. A111. c-.. Soc., ... 1440 (1942). 

Carot-18 
2,2' -DiketospiriUo:xanthin 
1,1 '-Dimethoxy-3,4,3' ,4' -tetrahydro-1,2,1 ',2' -tetralaydro

.f,.f-carotene-2,2' -dione 

Formula: c..H.O, 
F...U Wt.: 624.91 
Calc. %: C, 80.73; H, 9.03; 0, 10.24 

Soanlel: 
Natural Sourr:es. 2,2'-DiketospiriUoxanthin has been isolated 

from Rhodopseudomonas spheroldesl and Rhodopsellllomowll 
gelatlnosa.1•1 

Chemical Synthesis. The chemic:al synthesis of 2,2'-diketospiri)
loxanthin has been reported ... ' 

IIOiatloll Ptocedae~: 2,2'-DiketospiriUoxanthin is extrac:ted from 
Rhodopseudomonas species with ac:etone, the material is sapooified 
(after removal of acetone), and the nonsaponifiable c:ompounds 
are transferred to a benzene-petroleum ether rnixture.•.t.• 

Medlodl of IWIIIcadoe: 
Chromatography. 2,2'-DiketospiriUoxanthin is purified by 

chromatoaraphy on a c:olumn of partially deactivated, neutral 
aluminum oxide.' 

Crystallization. 2,2'-Diketospirilloxanthin has been c:rystallized 
from ac:etone-petroleum ether.' 

Medlodl of AllayfDa for Purity: 
Chromatography. The purity of 2,2'-diketospirilloxanthin may 

be determined by chromatoaraphy on filter paper c:ontainina a 
kieselguhr fiUer, by thin-layer chromatoaraphy on silic:a ael G 
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plata, or by cbromatopapby on a column of partially dcecti
vated, oeutnll aluminum oxide. • 

So/Mtt PanltloiiJ 1be partition ratio between petroleum ether 
and "7. methanol is 41:9. 

YUible Spectl'flm. Petroleum ether:t 487.5, 518, and 555 nm. 
Hexaoe: 349, 422. 488, 516, and SSI nm. £:!.. 550, 820, 2125, 
2725, aod 2150, respectively. C)dohexaae: 352,432,495, 523, and 
560 nm. E:!.. 510, 800, 20SS, 2580, and 2025, respectively. Ben
zeoe: 361, 539, aod 576 nm. £:!.. 550, 2365,and 1822.respect.ively. 
Carbon dilulfide:t 530, 561, and 603 nm. 

In/rami Spectr~~~r~. 1he infrared spectrum or 2,2' -diketospiril
loanthin bas been dctermined.a 

NIICiear MagMtic RIIOIItlltCe. 1he nuclear mapetic resonance 
spectrum of 2,2'-dikctospirilloxanthin bas been determined.• 

MGu Spectr~~~r~. 1he mass spectrum of 2,2' -diketospiril
loantbin bas been publisbed •• 

Mfitlng Point. A mdtina point of 222 oc bas been reported for 
naturally occurrina 2,2' -diketospirilloxantbin, and of 225-227 oc 
for the synthetic compound. • 

........... .......-:Oxidation products and cl.r-isomers. 
CwMtllw ol ...._.: Derknels (brown vial), inert atmosphere 

(aealed ampoule), and low temperature (0 OC). .. -
1. L M. ~aDd S. ~. Att• C"-. s-.1., II, 1403 (1964). 
1. T. W. OoodwiD, Ald. llllknlblol., 24, 313 (1956). 
J. U. Sc:bwlcler, R. R ..... aDd 0 ...... H~lr. C~. Aa., 49, 992 (1966). 
4. P. S. Me ...... ..t aDd B. C. L Weedoe, T,.,.,_ I.Att., 919 (1966). 
S. S. ,.._.,_, Att• C1MM. s-.1., 11, 303 (1963). 
6. c. a. aa.u, o. w. Fraac:ia, aad s. IJaMD.I-. Att• c-... SCMII., 23, m 

(198). 

F.-.:c.a..o 
F.-. Wt.: 550.88 
Ode. 7.: C, 87.21; H, 9.88; 0, 2.90 

S..C.: 
Nt11ural SoutUI. Echinenone is found in echinoideae,•·• in 

c:rustacea,• and in blue-peen alpe.• 
ClremJcol Syntlrelll, Ecbinenone is prepared synthetically from 

6-8~8'-carotenal (Carot-2).1.1 
Medlolll ol Pwl8catloll: Ecbinenone is purified by column chroma

tography on partially dcectivated alumina or maanesia.•-• Fur
ther purification is achieved tbrouah crystallization. 

Medlolll ol ~yillg for Pwlty: 
ClrromaJogrr~plly. 1be purity of ecbinenone may be determined 

by c:bromatoarapby on partially deactivated alumina or maa
nesia,1·1 or by chromatopaphy on a thin layer of silica gel G with 
4:1 C)'Ciobexane-ethyl ether as the developina solvent. 

Ylllble Spectr~~~r~. 1be principal maximum is found at 472 nm 
(benzene), 461 nm (C)'Ciohexane), and 458 nm (petroleum ether, 

b.p. 80-105 °C). 1be £:!..values are 2040, 2110, and 2160, respec
tively. Treatment of ecbinenone with sodium borohydride causes 
a shift in the absorption maximum (in ethanol) from 470 nm to 
423, 451, and 478 nm. 

Mau Spectr~~~r~. 1be mass spectrum of echinenone bas been re
ported,,·• 

Nw:lear Mag~Vtic RIIOfJQIICe. The nuclear maanetic resonance 
spectrum of ecbinenone bas been reported.• 

Melting Point. A mdtina point of 178-179 OC bas been re
ported.l 

Prollallle ...,.....: Oxidation products and traces of cl.r-isomen. 
e-n.._ ol..._.: Darkness (brown vial), inert atmosphere 

(lealed ampoule), and low temperature (-20 OC). 
..,_ 
1. E. Lederer, CMYf. Rmtl. S«. Bioi., 111,411 (1934). 
2. T. W. OoadwiA aad M. M. Taba, BfociNin./., 47, 244 (l9SO). 
3. H. TbOIIUMD aDd H. Wackemaeel, NIIIWWIIMuclttiftm, 51, 81 (1964). 
4. s. Herllbera aad s. IJaMD.Icuen, P/ultodNmu,y, S. 565 (1966). 
$. M. Akhtar aDd B. C. L Weedoa,l. Cltmt. Soc., 40$8 (19,). 
6. C. K. Wam:o aDd B. C. L Weedoa,/. CM~n. $«., 3986 (19$8) • 
1. C. R. Badl, 0. W. Fraac:ia, aad S. lJuen..Jcuen, Att• CA-. s-.1., 23, n7 

(1969). 
8. H. 8uclllklewlc&, H. Bnezlnb, aDd B. I~ lllottGtllll. CMin., 101, $19 

(1910) • 
9. B. C. L Weedoa, Fomclv. C"-. Oly. NGI!Irllol~. 11, 81 (1969). 

Carot-20 
Fanesyl Pyroplaospbate 

FOIWIIa: C.df.O,Pa 
FOIWIIa Wt : 382.34 
Cale %: C, 47.13; H, 7.38; 0, 29.29; P, 16.20 

So.al: 
Natural Sources. Famesyl pyrophosphate does not normally 

accumulate in significant quantity in biological materials. How
ever, this compound bas been synthesized enzymically from 
mevalonic acid1 and from isopentenyl and dimethylaUyl pyro
phosphates.t.• 

Chemical Syntlre1il. 1be chemical synthesis of farnesyl pyro
phosphate is effected throuah the pyrophosphorylation of fame
soL.-. 

Medlods of Pwtftcadoll: 
Derivative Formation. Chemical synthesis yields a mixture of 

famesyl phosphate and famesyl pyrophosphate. These com
pounds can be selectively crystallized by treatment of an aqueous 
solution of the mixture with cyclohexylamine followed by lithium 
chloride. •·• 1be products are the dicyclohexylammonium salt of 
rarnesyl phosphate and the lithium salt of farnesyl pyrophos
phate. The water-insoluble lithium salt can be converted into the 
ammonium salt by passaae' tbrouah a column of Dowex-50 ion
exchanae resin. 

Clrromatograplry. Famesyl pyrophosphate may be purified? by 
chromatoaraphy on Whatman No. 3 MM paper in a system or 
( 40:20: I : 39)(v /v) isopropyl alcohol-isobutyl alcohol-ammonia
water. An R1 value of 0.87 is obtained. The presence of phosphate 
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at this R, value is demonstrated by sprayina with the Roeenbera 
rcqent.• 

Meebodl ol ~ IGr Pwlf7: 
Phtnphote Determbtat/Ott Standard assays for the determina

tion of phosphate are used to assay for the purity or farnesyl 
pyrophosphate. ... 

Chrotnlltogrt~plry. The purity of Camcsyl pyrophosphate may be 
determined by papcrl.• or ion-cxcbanae' chromatopaphy. Famc
syl pyrophosphate may be cleaved by treatment with 1 M HC. 
The product (nerolidol) is extracted with petroleum ether, and 
assayed by ps-liquid chromatopaphy.1•1' Famcsyl pyrophos
phate may also be cleaved by bacterial alkaline phosphatuc or 
snake-venom dicsterasc. The liberated farnesol is extracted into 
petroleum ether and assayed by ps-liquid chromatopaphy.u.n 

Enzymic Auay. Radioactive famesyl pyrophosphate may be 
converted into radioactive squalene by a liver enzyme system,t.t a 
yeast extract,• or a plant extract.11 The radioactive squalene is ex
tracted from the incubation mixture with petroleum ether, and 
then assayed by ps-liquid chromatography. 

Prollable I.....,we.: Geranyl pyrophosphate and famcsyl phos
phate. 

Coadltloat of Sfianlt: Famesyl pyrophosphate is stored as the 
lithium or ammonium salt at low temperature (0 °C}. 

..,_ 
I. G. Krllbaa, H. W. Wbidock,1r., D. H. Feldbruege, aDd 1. W . Porter, A.rdl. 

BlocMm. B/oplly1., 114, 200 (1966). 
2. C. R. 8enedlct, 1. Kett, aDd 1. W. Porter, A.rdt. Blocllmt. Bloplly1., 110, 611 

(1965). 
3. 1. K. Doney,1. A. Doney, aDd 1. W. Poner, /.Bioi. Cltmt., Z41, 5353 (1966). 
4. F. Cramer aDd W. 1161un, .,,..,.., Cltmt., 71, 775 (1959). 
5. G. Popj6k,1. W. Cornforth, R. H. Comf'ortb, R. Ryhap, aDd D. S. Goodman, 

J. Bioi. Cltmt .. 137, 56 (1962). 
6. C. R. Cbllda, 1r., aDd K. Bloch,/. Bioi. Cllmt., 137, 6l (1962). 
7. D. G. Aodenoo, M.S. Rlce, aDd 1. W. Poner, Blocllmt. Bloplly•. Ru. c-

_,.,, 3, 591 (1960). 
8. H. Roeeobefl, J. C"'-tov., 1, 487 (1959). 
9. R. E. Dupn, E. Ra11011, and 1. W. Porter, A.1111l. Blocllmt., n, Z49 (1968). 

10. L.A. Wlttlna aDd 1. W. Porter, J. Bioi. Cltmt., 134, 2841 (1959). 
II. D. A. Beeler, D. G . Aodenoo, aDd 1. W. Poner, A.td. Blocltmt. Bioplly1., 101, 

16 (1963). 

Carot-21 
Geraniol 
(3, 7-Dimethyl-2,6-octadien-1-ol) 

FOIWIIIa: C,olf,a<> 
F...aa Wt.: 154.24 
Calc. %: C, 77.87; H, 11.76; 0, 10.37 

Saarcles: 

~-OH 

Naturo/ Sources. Geraniol is a constituent of many essential 
oils, such as palmarosa,1 citronella,• ginger grass,• geranium,• and 
attar of roses.• It also occurs in oils of Andropogon schoeflllnthus, 1 

Pelargonium odoratissum,1 Anthocepha/us cadamba,• Artemisia 
campestris,' citrus leaves,• carrots/ coriander,• lavender,• and 
Junipei'UJ sabiflllto It also is present in some algaen and seawccds.11 

Geraniol may be obtained from citronella and other essential oils 
by fractional distillation. 

Chemical Synthesis. Geraniol has been synthesized by reduction 

or methyl aeranate with lithium aluminum hydride. u It bas allo 
been synthesized in ether under preaure from 6-mctby&-S. 
hepten-2-one, powsium hydroxide, and acctylene.s• This raction 
yields dchydrolinalool, which is then hydrOICIIIlted in tbe praaxc 
of palladium-on-calcium carbonate to linalool (96 7. yield), and 
this is converted into aeraniol.l• 

Medlodl ol hrlllcatloll: 
Solveffl ExtrvctiOtt. The techniques of counterc:urrent dilcribu

tion and liquid-liquid cxtt'IICtion have been used for tbe ilolatioo 
of aeraniol from aeranium oil.• 

Chronllllograplry. Geraniol may be purified by IICelldina paper 
chromatopapby" or by thin-layer chromatography on plates ol 
kiCICiauhr G, with 130:70:1 acetone-water-liquid paraflin as the 
solvent systcm;1' ~yl acetate (1 :4) may abo be used u 
a solvent systcm.n Geraniol may be purified by ps-liquid ~ 
matography on 1 silic:onc-trcated colunm of Carbowax 20 M 
(10%) on Chromosorb W (60-80 mesh). It Other pHiquid ~ 
matographic systems have been used.te.lt.• 

MeCbodl ol ~ for Purity: 
Chi'Otnlltograplry. The aforementioned techniques of pepa-, 

thin-layer, and au-liquid chromatoaraphy may be U8Cd to .. Y 
for the purity or acraniaL 

Derlratlves. Geraniol may be identified, and assayed for purity 
by preparation of the 3,5-dinitrobcnzoatell (m.p. 63 "C), the 
phenyluretban• (m.p. 82 •q, or the allopbanafell (m.p. 124-124.5 
•q. 

Ultrariolet Spectrum. The ultraviolet absorption maximum, in 
c:yclohexane, is It 190-195 nm.• 

ln/ra~Yd Spectrum. The infrared spectrum of aeraniol bas been 
reported.• 

Nuclear MagMtic bJOIJQIICe. The nuclear mqnctic raoaencc 
spectrum or aeraniol has been reported •• 

Mass Spectrum. The fraamcntation pattern for eeraniol bu 
been reported.• 

bfrvct/ve Index.• The ~ is 1.4766. 
De1Uity.•1bc density of ,eraniol is 0.8894 8/ml at 20 OC.. 
SolllbUity. Soluble in alcohol and insoluble in water.11 

BoUing Point.• Geraniol has been reponed to boil at 230 "C. 
Probable Impurity. The cis-isomer (nerol) is the most common 

impurity. 
ConditioiU of Storagr. Geraniol should be stored in Cull, tiJbdy 

IC8led containers, in a cool place, protected from liaht. 

..,_ 
I. P. G. Stecher, ed., Merck ltttlu, llh edldcxa (1968), p. 487. 
2. A. M. Buqer, 1'•1'""' ICo-tlk, 40, 610 (1959); C"-. A#mr., M, 3571c 

(1962}. 
3. Sckrttljic S«tkM, &Hrltlol OU A.uocltlllolt U.S.A.., No. 16 (1956). 
4. R. Bahadur, G. N. Gupta, and M. C. Nlpm, 1'•1,.,. IC-Ik. 41, 191 

(1966); Cltmt. Abllr., 65, ll451d (1966). 
5. K. C. Guven, FoliG /'ltlum., 5, 586 (1963); C"-. Abltr., J9, 7851c (1963). 
6. 1. A. Attaway, A. P. Plerlneer,aod L 1. Barabu.~todNifll#ry, 5,141 (1966). 
7. G. V. PJauieWJ&', D. T. Motakul, and L. L. Rodiaa, Zll. l'rlld.ICIIIItt., 35, 1143 

(1962); Cllnn. A.bnr .. 57, 7396( (1962). 
I. G. M. Makarova aDd Yu. G. Borbyuk, F-•"· Zll. {Kiev), 14, 43 {I~; 

C"-. A.bllr., 58, 2320f' (1963), 
9. R. 1a~pcnen Scbib and H. Pluek, C-. Set. F-. COli/. c-.. 11,/'Ua, 

11161, 608 (196l); Cltmt. Abltr., 60, 15lla (1964). 
10. E. V. Rudlo«, C<111. J. Cltmt., 41, 2876 (1963). 
11. T. Katayama, ICtlpllllltttl Dtll,olul, ,s,,_, Galulbti/Ctyo, 13, 58 (1964); a.-. 

Abllr., 61, 10822b (1965). 
12. T. Katayama, Nip- S•,_, GaklulllltJ,11, 75 (1961); Cllmt. A.bltr., 56, 77Uib 

(196l). 
13. 1. W. K. Burrell, R. F. Oaawood, L M. 1adaaaD, E. O*ay, aDd B. C. L 

Weedon, J. Cltmt. S«., 1144 (1966). 
14. I. N. Nazarov, B. P. G-. and V.I. Gunar, Zll. Oblltdl. IC,.,., 18, 1444 

(1958); Cllmt. A.bltr., 53, 11021 (1959). 
15. L. Sypcr, Dlllmllllotwll'ltlum., 17,33 (1965); Cllmt. A.bltr., 63, 9035c (1965}. 
16. G. P. McSweeney, J. C,_tov., 17, Ill (1965). 
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17. T. Oldaatla, HlrollttM Nouo TMIIJ .DeliMit KM1cy11 Rolulb, 2, 237 (1965) ; 
c-.. AbiU., ... ~ (1966). 

... J. w. ,._, ,._ .y,l. a-. .•. ...., (198). 
19. s. 0.,., w. ZJ~ier, s. IWm, •ad R. Ma,.r, z. a-.. s. 309 (1965). 
J0. K. LMII ud A. Brm, &MI NSV T_..,• AW. TollrNI'-1 Fwlllullu Mill }tl. r-. r....,. s-.. 13. 57 (1964) ; CtNM. ANir., ••· 81331 (1964). 
21. L A. ~ ud J. W. P«w, BlodiMI. Bloplty•. R•~ c-. I, 341 

(IHJ). 
22. L IWibroll, Dld,_.y of o,._lc C_,.,.., 4cb Ed., Old'OC'd Uai¥W1117 ,._,New Yort. Val. 3, (1965), p. ,,_,., 
2l. C. • · ,.._, Hm. CU... Aet .. 45, 84 (1961). 
24.. R. Bodl ud D. A. Sbcarw, N,_, IN. 70S (1962). 
2S. M.S. Butler, J. B. Da¥11, L M. JIICI!mul, ud B. C. L Weedoa, J. C1NM. $«., 

2110 (19Q. 
l6. B.,......., S. ~.ud P. W. Mc:l.d'erty, Atllu of M- Sp«trol 

DMtl, l-..:ilace l'lablllben, N .. Yen, Val. 2 (1969), p. 931. 
21. H_.oolo/l'lcylllutal CltMtlmy, S2ad Ed., a-bl RubborCo., Clewlaad, 

Oblo (1971), p. C-309. 

P ..... :c.a.o,P, 
...... Wt.: 314.22 
Ode. 7.: C, 38.23; H, 6.42; 0, 35.64; P, 19.71 

S..C.: 
Nflllllrll Sowcu. Oeranyl pyropbOipbate does not normally 

....,tDMdete in sipifbnt quantity in bioloaical materiaL Neither 
bu an eazymic ayntbaia of geranyl pyrophosphate been deYel· 
oped that would result in the synthesis of an appreciable quantity 
o( tbia COIIIpOUDd 

Cltnrtktll SYifi/WIU. The chemical synthesis of geranyl pyro
pbolplaate is eft'ected tbrOUJ)l the pyrophosphorylation of 
..,.mc.L• 

Mlillol1l ol Pwlllcado.: 
O.rlwlttN FDmlllllolt. Cbemical synthesis yields a mixture of 

JCftllyl pbolpbate and JttUlyl pyropbOipbate. 1bele compounds 
c:aa be ldectiwly c:ryatalbed by treatment of an aqueous mixture 
with eydobexylamine followed by lithium chloride.'The products 
are Jti'Ulyl pbolpbate dicyclobexylammonium salt and the 
lithium salt of Jti'Ulyl pyrophosphate. The water-insoluble 
litbium alt can be converted into the ammonium salt by pessqel 
tbrouab Dowu·SO iOIHlfCbanie rain. 

Cluowttltogrtlplry. Oeranyl pyrophosphate may be purified by 
paper c:bromatoaraPbY on Wbatman No. 3 MM paper in a sys
tem of 40:20:1:39 (v/v) isopropyl alcobol-isobutyl alcohol
ammoaia-water.t.• An R, value of 0.77..0.82 is obtained. The 
praeoce of phOipbate at this Rr may be shown by sprayina with 
the Roeenbeq reaaent. • 

Mlillol1l ol ...,...,_ PwftJ: 
P/wplrtlle /Htermlllatiolt. Standard assays for the determina· 

tion of phOipbate are Uled to assay for the purity of geranyl pyro
pbOipbate.• 

Cluomtuogrt~p~ry. The purity or Jti'UIYI pyrophosphate may be 
determined by paper cbromatoaraphy.t.• Geranyl pyrophosphate 
may be cleaved with acid, or with becterial alkaline phosphatue, 
or ~wnom diesterue. t.a The resultant linalool or aeraniol is 
exbected with petroleum ether, and assayed by au-liquid chro
matoarapby.• 

Enzymic Auay. A mixture of geranyl pyrophosphate plus iso
pentenyl pyrophosphate is converted into farnesyl pyrophosphate 
by farnesyl pyrophosphate synthetue. t.a The product of the reac
tion is treated with I M HCI or alkaline phosphatue, as men
tioned, and the liberated terpenols are extracted with petroleum 
ether and assayed by au-liquid chromatoaraphy.• 

Prolleble ......, : Geranyl phosphate. 
Coadltloal ol&enae: Oeranyl pyrophospate is stored as the lithium 

or ammonium salt at low temperature (0 °C}. 

..,._ 
I. P. era- ud W. IN!bm, ~.C._,, 71,71$ (19,). 
2. C. R. BeDedlcl, J. Kell, aad J. W. Porter, Atd. Blodwttt. Blopltyl., 110, 611 

(1965). 
3. J. K. Doney, J. A. Doney, ud J. W. Porter, J. Bioi. a.-., 241, $3$3 (1966), 
4. H. Roeeabeq. J. aw-rov .. 2. 417 (19,). 
$. 0. Popj6k. J. W. Coraforlh, R. H. Coraforlh, R. ~. ud D. S. OoodmaD. 

J. Bioi. c .... 131,$6 (1962). 

Carot·ll 
Geranylpraayl Pyrophosphate 

F....._: c.H.OrP1 

F....._ Wt.: 450.40 
Calc. 7.: C, 53.34; H, 8.04; 0, 24.87; P, 13.75 

Soarcel: 
Natural SOIII'Ces. Oeranylgeranyl pyrophosphate does not nor

mally accumulate in sianificant quantity in bioloaical materiaL 
However, this compound is synthesized from mevalonate by a 
homoeenate of the endosperm of immature, wild cucumber 
seeds.' 

Chemical SyntlreiU. The synthesis of gerany)&eranyl pyrophos
phate by pyrophospborylation of geranylgeraniol has been re
ported.• 

Mecbodl ol Purlftc:a*-: 
Cltrontlltograplry. Oeranylseranyl pyrophosphate may be puri

fied by countercurrent distribution between the two phases of 
U: 5:1: 19 (v /v) butyl alcohol-isopropyl ether-ammonia-water.• 
Oeranylgeranyl pyrophosphate may be further purified by chro
matoaraphy on DI!AI!-cellulose. A linear gradient of0.02 M potu. 
sium chloride in I mM tria buffer (pH 8.9) is Uled. 1 

Medlods of~,-. for Pwtty: 
Plttnplrate Determlllatlon. Oeranylseranyl pyrophosphate is 

treated• with I M HCI for IS min at 100 °C. The liberated phos
phate (2 mol/mol of geranylaeranyl pyrophosphate) is then 
determined by assay.• 

Chrontlltograplry. Oeranylgeranyl pyrophosphate may be as
sayed for purity by chromatography on DEAE<ellulose.c.t It may 
also be cleaved by treatment with 1 M HCI. The aeranyllinalool 
and geranylgeraniol released are extracted into benzene, and then 
assayed by tbin-la)'a' chromatoaraphy on silica gel G plates in a 
solvent system of 9:1 (v/v) ~yl acetate.• Oeranyl· 
geranyl pyrophosphate may also be cleaved by treatment with 
bacterial alkaline phosphatase. The liberated geranylgeraniol is 
extracted into petroleum ether, and assayed by au-liquid chro
matoaraphy! 
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Enzymic A#tly. Geranylpanyl pyrophosphate is enzymically 
coowrted into kaurene by a cell-free extraa of EchitrOCyltll mac
roctUJIG.• Kaurene is extracted into acetone, and then assayed by 
thin-layer c:hromatoaraphy. Geranylseranyl pyrophosphate is 
enzymically conwrted into phytoene by an enzyme system ob
tained from tomato fruit plastids. • 

Prollllble ...,.....: GeranyJseranyl phosphate and ell-isomers of 
panylaeranyl pyrophosphate. 

c.dltloas of...._.: Geranyl&eranyl pyrophosphate is stored as 
a dry powder at low temperature (0 °C), 

..,._ 
I. M. 0 . OltQ and C. A. Wat, Ardt. Bloclwrrt. Blop/ly1., an, Ill (1961). 
2. C. D. Upper and C. A. Wat, J. Bioi. C'-t., 242, 3215 (1967), 
3. B. B. Manb, BlocloiM. Blop/ly1. Aa11, 3l. 357 (1959). 
4. R. E. Dupn, E. Rulon, and J. w. Porter,,.,.,.,, BlocMirt., n, 249 (1961). 
5. D. L Nandi aDd J. W. Porter, Ardl BlocMirt. Bloplty1., 105, 7 (1964). 
6. D. V. Sbah, D. H. Pddbrucge, A. R. H-. aDd J. W. Porter, Ardl. Blocllml. 

Blop/ly ... an. 124 <1961). 

Carot-l4 
lsopentenyl Pyropbospbate 
(3-Methyi-J..buten-1-yl Pyropbospbate) 

F..-.: C.HatOrPa 
F....._ Wt.: 246.09 
Calc. %: C, 24.41; H, 4.91; 0, 45.51; P, 25.17 

fHa ~ 8 
HzC=C-CHz-C~-0-P-0-P-OH 

~ &t 
S...:.: Synthesis of isopentenyl pyrophosphate is efl'ected1·• 

tbrouah pyrophosphorylation of 3-methyl-3-buten-1-oL Also, 
isopentenyl pyrophosphate may be synthesized enzymically from 
mevalonic acid.•·• 

Medlodl of Pwtftatdoll: 
Deril/Qtlve Formotlon. Isopentenyl pyrophosphate is conwrted 

into the monocyt:lohexylammonium salt by passage throuah a 
colunm of Dowex-50 (cyclohexylammonium form) ion-exchange 
resin.• Isopentenyl pyrophosphate may also be conwrted into the 
lithium saiL• 
lon-Exc~ Chromotograplty. Dowex-1 (formate form) is 

Uled to purify isopentenyl pyrophosphate. •·• Formic acid and am
monium formate are used as cluants. Isopcntenyl pyrophosphate 
may also be purified by chromatoaraphy on a column of DEAE

cellulosc.• 
Paper Chromotograplty. Isopentenyl pyrophosphate has an Rr 

value of 0.60 when chromatographcd on paper (Whatman No. I) 
in a system of 20:5:8 (v /v) tert-butyl alcohol-formic acid-water.• 
An Rrvalucof0.48isfound in 6:3: I (v/v) 1-propanol-ammonia
water.• 

Me6oda of~ for Purity: 
Plro1p/rote Determination. A standard assay may be used for 

the determination of phosphate. • 
Chromatography. Isopentenyl pyrophosphate may be assayed 

for purity by paper' or ion-exchange chromatography.'·' The 
Rosenberg color reagent (for phosphate) is used to detect iso
pentenyl pyrophosphate on paper.' 

Enzymic Asloy. Radioactive isopentenyl pyrophosphate is con
wrted into dimethylallyl pyrophosphate by isopcntenyl pyro-

68 

phosphate isome:ruc. • After acidification of the incubation mix
ture, this product is extracted into petroleum ether, and the a
tract is assayed for radioactivity. Isopentenyl pyropbospbate nay 
also be cleaved by bacterial alkaline phosphatase or by soate
vcnom dicstcraac. The liberated alcohol may then be usayed by 
gas-liquid chromatography. • 

Melting Polltt.• The tricyclohexylammonium salt melts at 145-
147 °C, 

lnfrand Spectrum. The infrared spectrum of the eycl~ 
monium salt of isopentenyl pyrophosphate bas been reported. 1 

~ of...._.: Store as the tricyclobcxylammoaium or tbe 
lithium saiL . .,._ 

I. P. L)'IIOII, H. Eaer'er. U. Heanlna, and I. ~. A,...... ere-. 78, 7ll (t951). 
2. C. Yuan and K . Blocb, J. Bioi. Cltmt., Z34, U05 (1~. 

3. C. D. POOle aDd P. WGid, BlocMirtl#ry, 2, 1254 (1963), 
4. D. H. Sbah, W. W. Cleland, aDd J. W. Porter,/. Bioi.~ Me. 1946(1965), 
5. K. Blocb, S. Cbayldn, A. H. PbWpe, aDd A. de Waanl, J. Bioi. a-., 2M.~ 

(1959). 
6. R. B. [)ueln, B. Rulon, aDd J. W. Porter, AMI. B~. U, 249 (IMI). 
7. H. Roeenbera. / . a.-to,., 2, 417 (1959). 
t. Mann ~ Labontodet,l'tlbllcarkllt No. Ztll, New Yen (1~. p. 66. 

Carot-25 
Lutein 
(3R,3' S,6' R)-,,e-Carotene-3,3' -dlol 
(Xanthophyll; a-Carotene-3,3' -diol) 

F....._:c.H..O. 
F...._ Wt.: 568.89 
Calc. %: C, 84.45; H, 9.92; 0, 5.63 

Soanlel: 
Natural Soiii'Cel. Lutein is a major c:oostitucnt of the xaatbo

phyll fraction of many plants. It is preacnt in appreciable propor
tions in green lea~,1•1 red and yellow ftowen (partly as the dipal
mitate, helcnicn),• and in egg yolk. • 

Chemical Syntlre118. The synthesis of this compound has DOt 
yet been reported. 

bolatlaa Ptocedw•: The extraction, chromatoaraphy, and crysW
Iization of lutein have been reported. a-a 

Medlodl of Pwllcadoll: 
Chroflllllograplty. Lutein may be purified by c:hromatoarapby 

on a column of magnesia or calcium hyckoxidc. t.a.• 
Crylta/liZiltion. A solvent pair frequently Uled for the crysW

lization of lutein is carbon disulfide-ctban•• 
Deri11ative Formotion. The dipalmitate (hclcnicn), other CS1al, 

ethers, and the ketone and perhydro dcrivati~. have been re
ported.•·' 

Medlodl of ~yillg far Purity: 
Clrromotograplty. The purity of lutein may be dctennincd by 

chromatography on magnesia or calcium bydroxidel.• or on 
kicsclguhr paper. • 

Vi.rible Spectrum. Ethanol : 423, 446.5, and 4n.5 nm. E:!. 
values 1750, 2560, and 2340, respectively. Spectral curve.• 

Mo.u Spectrum. The mass spectrum of lutein has been re
ported.•·•• 
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Nll!detu Magnetic RIIOfllUICe. 1be nuclear mapetic resonance 
spectrum of lldein bas been reportec~.n.•• 

Opdcal Rotatory Duperllon. The optical rotatory dispersion 
c:une of lutein bas been reported.11 

Mfttlltg Polllt.• Lutein melts at lSI °C. 
Optical Rotation. [a~ + J(j()O (chloroform) bas been reported.• 

Ptd •te r ; ldw: Oxidation products, cu-isomers, and possibly 
auanthin. 

ONI'I.._ of &enae: Darkness (brown vial), inert atmosphere 
(seaJed ampoule), and low temperature (-20 °C}, 

• , Ill 

1. L Wllllll- ud W. ~. AM. o-., 355, I (1907). 
2. P. P. z.:bdle. J. W. White, Jr., B. W. a-tie, ud J. R. R.ch,,.,., I'II)I.W., 

11, n1 (1M2). 
3. L Kuba. A. WIDtentda, ud B. Lederer, z. Plly.W. a-_, 19'7, 141 (1931). 
4. A. B. Gll1uD ud I. M. Helbroo, BfodNrrt. 1., lf, 1064 (1935). 
5.. H. H. SaaiD, "-- Xtllllltopllyfll, Camqle lllllltudoo oL Wublaaton. Wab· 

...._, D.C. (1931). 
6. J. B. MOIIer, P. W. ~. ud J. W. Por1et, bdl. BlodN& BlotJI!y .. , 

•• 217 (1952). 
1. S. ,..__,_,. ud S. Henzbera, ,..,,. a.-. s-td., 20. 1703 (1966). 
a. A.,_ ud s. ~.,..,.c-.. s-w.. 13, 1163 (195). 
9. H. BudDJdewkz, H. Bnezlnka, ud B. JobaluMa, M-M. c-.., 101, 579 

(1970). 
10. c. a. em.u. o. w. Praoda. ud s. ~ ,..,. o-. s-w~ .• 23, m 

(198). 
II. B. C. L Weedoa, Fortldr. Clwm. Orr. Notwllol•, 21, 81 (198). 
12. L Bartlett, W. Klyue, W. P. M._, P. M. !kopet, G. o.tuto, A. K. Mallama. 

B. C. L Weedoa, J. Slabolca, aDd G. T6tb,/. Clwm. S«. (C), 2521 (198). 

Carot-%6 
Lycopeae 
~,tf-Carotene 

F ..... :c.H. 
F ..... Wt.: 536.89 
Calc. 7.: C, 89.48; H, 10.52 

s-a.: 
NatiUDI S0111'Ce1. Tornatol·1 and various other fruits and veae

tables. animats,a.• and photosynthetic bacteria.• 
Chemical Syntlww. The total synthesis of lycopene has been 

reported. Ht 

.........,. Procedlll•: The isolation of lycopene has been de
ICribcd.'-t.Jl,lt 

MeCIIo* ol Ptilfteatlua: 
Cluomatograplly. Column chromatography of the nonsaponi

ftable fraction is normally employed. 1be adsorbents most com
monly Uled are deactivated alumina, calcium carbonate, calcium 
hydroxide, or maanesium oxide. •·11 

Cryltalllmtlon. Lycopene may be crystallized from the follow
iDa solwnt pain:' carbon disulfide-methanol; ethyl ether-petro
leum ether; acetone-petroleum ether. Lycopene is almost insolu
ble in methanol, moderately soluble in petroleum ether, benzene, 
or chloroform, and very soluble in carbon disulfide. 

MeCIIo* ol ~Jill for Pwlty: 
Clrromatograplly. The purity of the compound may be deter

mined by chromatography on circular filter paper having a suit
able fillcr,•a.•• thin-layer chromatography,'' or column chroma
top'apby.• 

Lycopeae 

SoiHnt Partition." The partition ratio between petroleum ether 
and 95% methanol is 100:0. 

Yulble Spectnllft. Petroleum ether (b.p. 4G-60 °C}: 446, 472. 
and 505 nm. £:'!.. 2250, 3450, and 3150, respectively. Spectral 
curve.J.'.It 8ell2Jelle:' 455, 487, and 522 nm. Isomerization with 
iodine results in "ci.r-peak" absorption at 345 nm (minor peak) 
and 362 nm in petroleum ether.U 

lnfrar.d Spectrum. Infrared absorption spectra in chloroform 
and carbon disulfide have been reported.' The spectrum in a po
tassium bromide peUet has also been reported." 

Nuclear Magnt!tlc ksonance Spectrum. 1be nuclear magnetic 
resonance spectrum bas been reported." 
Ma~s Spectrum. 1be mass spectrum of lycopene has been re

ported.•.a 
Melting Point. Lycopene melts at 172-173 oc in an evacuated 

tube.' 
Prolleble .......... : Oxidation products and c/.r-isomers; small 

proportions or related carotenes (neurosporene and hydroxylated 
carotenes) may also be present when lycopene is isolated from 
natural sources. 

Ceadltloal of Storage: Darkness (brown vial), inert atmosphere 
(seaJed ampoule), and a low temperature (-20 °C}. ..,_ 

I. L Zecbm daur, A. L IAR-. W. A. Schroeder, A. Po!Pr. ud L l'aalllll,l. 
Alii. CAM~. $«., 8, 1940 (1943). 

2. J. W. Por1et ud R. B. Uocoln, ..Crdt. Blot:lwllt. BkJp/ty1., 21, 390 (19SO). 
3. P. Karrer ud B. Iucker, C-moldl, E. A. Braude (Jr&DIIator), Ellevler, N

Yort (19SO). 
4. T. w. OoodwiD, nw c_,.,.,,.,~ Blot:lwllll#ry of tiN c-moltb. Chapman 

A HaU, Loadoo (19S2). 
5. S • .........,_,Ia ll«tmol Pltoloqllllle.U, H. Oat, A. San Pietro, ud L P. 

Vemoo, eda., ADdocb Pfta, YeU- Spriap, Oblo (1963), p. 19. 
6. P. Kaner, C. H. Eupcer, ud B. Tobler, Hdr. Cltllll. Acto, », 1349 (19SO). 
1. 0. Wer, H. Ou-., H. Uadlar, M. MooJ&voo, R. Rllela. 0. ~. ud P. 

Zeller, Hm. Cltllll. Aero, 39, 463 (1956). 
8. H • .._, AllfW. Clwllt., 11, 911 (1960). 
9. C. D. Robaoll, U.S. PaiCDl2,932,67 .. (1960); Clwlll. Abltr., 54. 24852& (1960), 

10. A. J. Olecbak, M. H. Stem, ud C. D. Robaon,l. Orr. Clwllt., lf, 181 (196t). 
II. S. 1Jaaen.Jcuen ud A. J-. ho6· Cltmo. Fot• Upltb, 8, 129 (1965). 
12. P. P. bebdle aDd J. W. Por1et, ..411111. a-_, It, .. 7 (1947). 
13. A. lealen ud S. Uaaen-JeDMD, Acto CINIII. SaDtd .. 13, 1163 (195). 
1 ... A. J-. ..4ao '""-·s-td., 14, 2051 (1960). 
15. H. ll.JioUI8er, A. K6Dia, ud U. Scbwieter, Cltlllllo, 18, 136 (196t). 
16. P. J. PeJracek ud L Zecbmelltrr, Alllll. Cltmo., 21. 1484 (1956). 
17, L Zecbmdller, .lr&JII/_,.,,., c-moldl, Jflt,.,bu ..4 tlltd ..Cry~. 

SpriDeer· Vedaa, Viama (1962). 
18. S. ~. K•l. Norlllc• Jfldenillcob. Sdsktlb1 Slul/t.r, No. 8, (1962). 
19. M.S. Barber, J. B. Davia, L. M. Jaclcman, aDd B. C. L Wflfldoo,l. Cltmo. S«., 

2870 (1960). 
:ZO. U. Scbwieter, H. R. Bo11i8ec, L H. Cbopanl-dit.Jcan, 0. Ellalut, M. Kaler, 

A. K6Dia, C. von Planl&, R. ROea. W. Vetler, aDd 0. laler, Cltlllllo, It, 2.94 
(1965). 

21. C. R.l!mell, 0 . W. Pranda, ud S. Uaaen.J-, Aero Clwlll. s-td., 23, tt7 
(198). 
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c.rot-17 
Lyco:uatldn 
1/1,1/1-Carotea-16-ol. 
(Lycopea-16-ol.) 

F.-la:c.H..o 
F.-la Wt.: SS2.90 
c.Jc. %: C, 86.90; H, 10.21; 0, 2.89 

HOHzC 

L~tbin, previously thouabt to be lycopcu-).ol,t bas recently 
been characterized as lyc:opcu-16-ol. a.a 
~= 

Natu1'GI SOIII'Us. Lycoxanthin is found in fruits of Solan11m du/
caman~,.-. SoiDIIIIm e~elllentllm,t.u and Tamru cOIPIIIIIIIW.' 

Cltmtkal Synthelis. The chemical synthesis of lycoxanthin bas 
been reported .• 
~ Procedw•: Lycoxantbin may be extracted from berries or 

fruit with ether, after dehydration of the tissues with ethanol.' The 
pigments of the extract are then transferred to benzene, and the 
lycoxantbin is purified by column chromatop"aphy. 

Medlodl of Pwllcdoa: 
Clrrotrultograplry. Lycoxantbin is purified by chromatop"aphy 

on a column of calcium carbonate, calcium hydroxide, deacti
vated alumina,'-' or alumina. The chromatoaram is ~loped 
with benzene, and lycoxantbin is eluted with 3: I benzlene
methanol.' 

Crystallization. Lycoxantbin can be crystallized from carbon 
disulfide or from a mixture of benzene and petroleum ether.' 

Medlodl of ~YIDI for .._..,.: 
Vl.rlble Spectrum.•.u Carbon disulfide: 473, S07, and S47 nm. 

Benzene:' 4S6, 487, and S21 nm. Petroleum ether:, 444, 412.S, and 
S03 nm. £:'!.. 3360 at 472.S nm. 

lnfn~red Spectrum. The infrared spectra of lycoxanthin and 
some of its derivatives have been reported. u 

Nuclear Magnetic Re$011Q11ce. The nuclear magnetic resonance 
spectra of lycoxanthin and lycoxanthin acetate have been re
ported.u 
Ma~s Spectrum. The mass spectrum of lycoxanthin bas been 

reported.• 
Melting Point. Lycoxanthin has been reported to melt at 168 

oc,• and, after crystallization from ethyl ether-light petroleum, at 
173-174 oc (uncorr.)l·' 

Derivatives. The acetate of lycoxanthin has been prepared.' This 
compound crystallizes from benzene-methanol and it has a melt
ing point of 137 °C.' The aldehyde derivative of lycoxanthin has 
also been prepared.' 

Probable laparlda: Lycophyll and oxidation products. 
Coadlti0111 of Storage: Darkness (brown vial), an inert atmosphere 

(sealed ampoule), and cold temperature ( -20 °C). lt--
1. I. C. Sedan& and B.S. Abmad,/. ScL IIIII. Ru. (lodla), 18, 1n (1948). 
2. M. C. Markham and S. Llaaen-1-. PlrJitodlsni#Ty, 1, 839 (1968). 
3. M. KeliJ, S. Autb6n·~. and S. Llaaen·lemen, Acta Clwm. Setlltd. 15, 

1607 (1971). 
4. L. :l.ecbDMIIIer and L v. Ololnoty, Cllsn. S.. 69, 422 (1936). 
5. L. v. Ololnoty aDd I. Sabob, Trtftllt«<roft Lltt., 1931 (1968). 
6. H. Kjnen and S. Llaaen.JeDICD, Acta C"-. Scalfll. 15, 1500 (1971). 
7. B. H. Davia In Cllsni#Ty ..ltd Blocllsni#Ty of Pial Pw-1, T. W. Goodwin, 

ed., Acadcmlc ~. New York (1965). 
8. P. Karrer and E. Iucker, C-moltl.r, E. A. Braude (tranllator), ~.New 

y orlt (1950). 
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9, C. Jt. &.II, 0. W. Prur.* aDd S. I h- J II I I, AcM a-. ~ 21, 127 
(1969). 

Carot-28 
Meftloak Add 
(3,5-Dibydroxy-3-atethylpeataaolc Add) 

F.-a:c.HuO, 
F.-a Wt.: 148.16 
Calc. %: C, 48.63; H, 8.17; 0, 43.20 

~: Prepared synthetically from 4-acetoxy-2-butaaooe and 
ethyl bromoecetate.l.t 

Methods ol Pw llc:adoa: 
D~rlvatlve Formation. Synthesis yields a racemic mixture of 

ethyl S-ac:etoxy-3-hydroxy-3-methylpentaooate.• This product is 
hydrolyzed to a mixture of (±)-mevalonic acid and (±)-meva
lono-1,S-lactone. The lactone may then be iaolated by short-path 
distillation, and crystallized from acetone-«her.• It may also be 
converted into a benzhydrylamide derivative.• The N ,N' -dibcmyl
ethylenediammonium (DBED) salt of mevalonic acid may abo be 
prepared and crystallilled.l·1 Only the natural ( +) optic:al ilona 
of mevalonic acid is biolo&ically active.• The bioloaically active 
isomer of mevalonolactone has the (R)-(-) c:onfiauration.• 

Medlodl of~ for.._..,.: 
Bioauay. Mevalonic acid and mevalonolactooe may be deter· 

mined quantitatively by microbio1osicalasay with Loctobtlcllbu 
acidophllru ATCC 4963.• 

Enzymic Auay. Mevalonic acid may be detenniDed quantita
tively by spectrophotometric assay in a sYStem in which mcvalooic 
acid is converted into pbospbomevalonic acid with mevaiCIIIic 
acid kinase.7 

HydnlxtllnQte Auay. Mevalonolactone may be converted into 
the hydroxamate, and the quantity of this compound may be 
determined spectrophotometrically.• 

Chromatogn~phy. Mevalonic acid may be chromatoaraPbed on 
paper or on a Dowex-1 (formate) column.• These methods are 
particularly useful if the mevalonic acid is radioactive. Mevalonic 
acid may also be assayed (as the lactone) by ps-liquid chro
matop"aphy.t• 

Mrltlng Point. Mevalonolactone' 27-28 °C; DBED salt• 124-125 
°C; benzhydrylamide derivative' 93-95 °C. 

lnfn~rrd Spectn~. Strong bands are observed at 2.~2.9S ,.m 
(hydroxyl function) and at S.78 14m (ester function), for rnevaJooo. 
lactone in chloroform.' 

C..utiOIII of Storage: As the DBED salt, or as the lactone, in a ~~~&lal 
container in a refriaerator. 

a.--
1. C. H. Holfmao, A. F. Wqner, A. N. WU.X., E. Walton, C. H. Sbunk, D. B. 

Wolf, F. W. Holl)o, aDd K. Folkcn,/. MI. C~ Soc., 79, 2316 (1957). 
2. K. Folkcn, C. H. Sbunk, B. 0. Linn, F. M. R~ P. E. WltJnlcb. I. W. 

Hull', I. L otUIIIan, aDd H. R. Sbaa,ln Bloq~ttltuU ofT~ Mil$,.,., 
0. W. Woblenbolme aDd M. O'Conllor, eda., Utile, Brown A Co., 8oa&oD 
(1959), p. liO. 

3. D. E. Wolf, C. H. Ho4'1nan, P. E. Aldricb, H. R . ...... L D. Wdlbt. aad 
K. Folkcn. I. A111. CMIIL Soc., 79, 1486 (1957). 
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4. LB. Conllortb, K. ...__,,H. Hellll. aad G. Popt6t. N.,_, Ill. 92l 
(I!NQ. 

5. M. lbde aad D. Arfaaal, Bm. Cllh. Acta, 43, "CI (IMO). 
6. H. L steal. L D. Wrlabt, B. L er-, 0. D. B. McltM, C. H. Hoft'maa, 

D. B. Wolf, aad K. Polllen, .1. Boet..W., 72, 519 (1956). 
7. T. T. Tct.l, .l.llfttl. C'-o., 233, 1100 (1951). 
1. H. J. at.u., J. D. Brodie, aad J. W. P«w, ./. u,ltl R.-., 3, 197 (1962). 
9. K. lllocb, S. Cbar1da. A. H. I'IIIJI..-, aad A. de Wunl, ./. Bioi. a-.., J34, 

3595 (1959). 
10. LB. Oucbbalt aad J. W. P«w, AMI. llltldMM., IS. 509 (1966). 

Carot-19 
MmaiGaic Add 5-Pbolpllate 
(3,5-DIIay*oxy-3-medlylpentanole Add 5-Pbolpllate) 

F__.a: c.HatOrP 
F...aa Wt.: 228.14 
Ca1e. 7o: C, 31.59; H, 5.72; 

0, 49.09; P, 13.58 

S..C.: Prepared synthetically by phosphorylation of mevalonic 
beozbydrylamicJel or reduced mevalonolactooe, followed by oxi· 
dation.' Mevalonic acid 5-phosphate may also be synthesized en
zymically from mevalonic acid."• Only the natural (R) optical 
ilomer of mevalonic acid is converted into the phosphate. 
~ ol Pwllc:adoll: 

DeriWIIM Formation. Mevalonic acid phosphate is converted 
into the tricyclohexylammonium salt by treatment with cyclo
bexylamine. The salt is then crystallized from water-acetone at 
-U°C.1 

Clrromotograplly. Mevalonic acid phosphate may be purified by 
iorHXChanac chromatography.•·• Purification may also be ef. 
fected by paper chromatography (Whatman No. I) in a system of 
isobutyric acid-ammonia-water (66:3:30 v/v).1 An R, of0.42 is 
obtained. The presence of phosphate at this R, may be shown by 
~pnying with Rosenberg's reagent. 1 

~of A1uJ1a1 for Purity: 
P/Knpltate Determination. A standard assay may be used for the 

determination of phosphate. a.• 
Enzymic Auay. Mevalonic acid phosphate may be assayed en· 

zymically through conversion into mevalonic acid pyrophosphate 
by phosphomevalonic kinase. A spectrophotometric method has 
been de\'eloped for this assay.a.• 

ClrromDJography. The purity of mevalonic acid phosphate may 
be determined by paper chromatography.• 

Melting Point. Melting points of 145-147 °C for the cyclo
bexylammonium salt' and 154-156 °C for the tricyclohexylam
monium salt' have been reported. 

C....,._ of Storqe: Store as the cyclohexylammonium salt. 
.....__ 
1. K. Polllen, C. H. Sbwak, B. 0. Uma, P. M. Relblmm, P. B. Wltudcb, J. W, 

HalF, J. L 011811aD, aad H. R. Sbaa,ln B#oqllllwd• ofT"-•IIItd Stnob, 
0. W. W~ aod M. O'Coaoor, ecb., Ulde, BtoWD A Co., Boltoa 
(1959), p. 20. 

:Z. C. D. P-aod P. Wold, .Btoc1Nml6try, 1, 1254 (1963). 
1. T. T. Tct.a, ./.Bioi. a-.., 233, 1100 (1951). 
4. H. L Lewy aad 0. Popjik, .BtocMm • ./., '75, 417 (IMO). 
5. 1(. Jllocb, S. ClaJida, A. H. f'lll11l.-, aad A. de Waard, ./. Bioi. CMM., J34,l595 
(1~. 

6. H. R_.,.., ./. a,-,,., 1, 417 (1959). 
7. P. LJ-,In B#oqlllltuU ofT.,_. llltd Stnob, 0. W. Wobleubalme aad M. 

O'Colm«, ecb., Ulde, BtoWD A Co., Boltoa (1959), p. 95. 
I. MaDD a.-reb Labontoriea, r.blblllott No. 202, New York (1966), P. 66. 

Carot-30 
M"~~Add5-~~~te 
(3,5-Dfbydroxy-3-metbylpentanoie Add 5-~~te) 

F...aa:c.HaAP• 
F...aa Wt.: 308.13 
Calc. %: C, 23.38; H, 4.58; 0, 51.93; P, 20.11 

Soaraa: 
Nat11ral Source1. Mevalonic acid 5-pyrophosphate does not 

normally accumulate in plant or animal tissue. However, this 
compound can be synthesized in small amounts by phospho
mevalonic kinase. 11te synthesis of this compound from mevalonic 
acid or mevalonic acid 5-phosphate by partially purified enzymes 
from yeast.u pig liver,• and rat liver-4 has been reported. 

Cltemkal Syntlte1b. The chemical synthesis of mevalonic acid 
5-pyrophosphate has not yet been reported. 

laolatloa Procedarel:t·• 1be incubation mixture is deproteinized 
with acid, and the precipitated protein is washed thoroughly with 
water. The supernatant solution is then subjected to chroma
toaraphy. 

Metbodl of Pwiftc:atloa: 
Chromatography. Mevalonic acid 5-pyrophosphate may be 

purified by ion-exchange chromatosraphy on Dowex-1 formate' 
or DEAE-cellulosea-' or by paper chromatography.1 .... •1 

Methode of~ for Purity: 
Cltromatography. The foregoing methods may be used to assay 

for the purity of a preparation of mevalonic acid 5-pyrophosphate. 
Chemical M~thods. Mevalonic acid 5-pyrophosphate may be 

cleaved with alkaline phosphatase.• Assays may then be made for 
mevalonic acid by gas-liquid chromatographyt or for phosphate.11 

Quantitative assays for these compounds may be performed.1•1'. 

Probable lapurttlea: Adenosine triphosphate and mevalomc 
phosphate. 
C~ of Storage: As a dry powder, or in a slightly alkaline, 

aqueous solution (pH 7-9) at a low temperature (-20 °C). . ., .. _ 
1. W. Helllllaa, B. M. MOIWD, aod F. LyDeG, ..frdl • .BtocMm • ...,., •• , 13, 159 

(1959). 
:Z. K. Bloch, S. Qayldn, A. H. PhiiUps, aod A. de Waard, ./. Bioi. CINm., J34,1595 

(1959). 
3. H. Hellla aad 0. Popj6k, ./. Upltl R., .. , 1, 235 (1961). 
4. L.A. Wlttlna aod J. W. Porter,/. Bioi. C1Nm.,143, 2141 (1959). 
5. R. B. Dupo, B. Raaon, aod J. W. Porter, A.lltll. BlodN.., ll,l49 (1961). 
6. D. N. SkWcter aad R. 0. 0. Kdtwkk, Blodl-. ./., 101, liP (1961) • 
7. D. N. Sldlleter aad R. 0. 0. Kekwkk, Alltll. 81«"-., 10, 171 (1967). 
8. L J. Roeen, S. P. J. Shah, aad T. W. Goodwin, BI«INm • ./., "• 381 (1966). 
9. R. B. Oucbbalt aod J. W. Porter, A.lltll. BI«INm., IS, 509 (1966), 

10. 0. R. Bartlett,./. Bioi. C'-'., J34, 466 (1959). 
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Carot-31 
Nerolldol 
(3,7,11-~yl-1,6,1~trien-~) 

F..-: c~.u.o 
F.-. Wt.: 22237 
Calc:. %: C, 81.02; H, 11.78; 0, 7.20 

ScMnel: 
Natural Source1. Nerolidol is obtained from cajaput, I camphor ,• 

grapefruit,• lime,• neroli,' and coriander fruit oils,• orange 
blossoms,? and Peru balsam.' Nerolidol is obtained from these 
oils by frac:tional distillation. 

Clwmkal Syntlwlll. Nerolidol bas been synthesized through the 
c:ondensation ofliualool with diketene, and subsequent hydrolysis 
and rcduc:tion of the intermediate. A 96% yield of pure produc:t 
bas been reported.• It bas also been synthesized by c:ondcnsation 
of c:yc:Jopropyl methyl ketone with the map1Ciium derivative of 
1-bromo-4,8-dimethyl-3,7-nonadiene at 75 °C. A 20% yield 
Of prodUC:t W8S reported. I 

Medlodl of Pw Ulcldloa: 
Cltromatograplry. Nerolidol may be purified!• by thin-layer 

c:bromatography on plates or kielelauhr G. It may also be puri
fted by thin-layer c:hromatography on a plate or silica aeJ that bas 
been impregnated with inc:reasing c:onc:entrations or silver nitrate. 
I ,2-Dic:hloroethane-c:hloroform-cthyl ac:etate-propyl alc:ohol 
(10: 10: I: I) is used as the solvent system.u Thin-layer plates 
(26 X 76 mm) or silic:a ael, 250 ,.m tbic:k, may also be used, with 
4: I ethyl ac:etate-hexane.11 Separation and purification of 
nerolidol bas been effec:tediUt by ps-liquid c:hromatography on 
butanediol suc:c:inate (20%) on Chromosorb W. 

Metllodl of Alla)1lla for Pwlty: 
Cltromatograplry. The foreaoing tec:hniques of thin-layer and 

aas-liquid c:hromatography may be used to assay for the purity of 
nerolidol. 

U/trarlolet Spectrum. The ultraviolet absorption spec:trum of 
nerolidol in c:yclohexane shows a maximum at 187-192 nm.IUt 

Infrared Spectrum. The infrared spec:trum of nerolidol bas been 
reported.!' 

kfractive Index. The n: for the isomen of nerolidol areJ• 
dextro, 1.4898; levo, 1.4799; DL, 1.4801. 

Specific Rotation. The [aJ: for the isomers of nerolidol are 
dextro,11 +14r; /evo,1' -6.5°; DL,' +15.5°, 

Dtlfllty. The density of nerolidolat 20 oc is 0.8778 g/ml.' 
Solubility. Nerolidol is soluble in alc:ohol, ether, and other 

orpnic: solvents.ll 
Derlvatl~l. The phenylurethan (m.p. 37-38 °C, b.p. 14S..I46 

0 C), sernic:arbazone (m.p. 134-135 °C) and ac:etate (b.p. 128-129 
°C at 1.6 mmHg) derivatives or nerolidol have been reported.' 

Boiling Point.' Nerolidol has been reported to boil at 276 °C. 
Probable lmpuritie1. c/1-lsomers and farnesol. 
Condltion1 of Storage. Nerolidol should be stored in tightly 

sealed c:ontainers, protec:ted from light, in a c:ool plac:e. . .,_ 
I. V. K. Soocl, Pw/wrt. Eumt. 011 R«., 5'7, 36l (1966); Chmt. Ab#r., 65,16611 

(1966). 
l. N. Hlrola aad M. Hiroi, KtNyo, '70, 23 (1963) ; Cltmt. Ab#r., 60, 9096e (1964). 
3. 0 . L. K . Hunter aad M. 0. MOthoou, /. Food ScL, 31, 167 (1966). 
4. L. Peyroo, Soop Pw/rlm. CoiiMt., 39, 633 (1966); Cltmt. Ab#r., 65, 11421' 

(1966). 

7l 

'· ... c.mnao. s-z. Dmr • ..._,, 33 (1), ' (1963); a-. ........ 
llli4P (1963). 

6. B. Sduatz ud S. M. I. S. Quldry, ,_,. M«<., 14, 310 (1!166) : a-. AMr., 
65, l3S)Oa (1966). 

7. L Hdlbroa, Dkt,_y of ar,.lc C_,_.,, 4lb ed. Vol. •• Ollf'onl u ..... 
tl~ Pfta, N- York (l96S), p. :Mil. 

8. L N. Nuaro¥, B. P. a-, ud V. I. Gular, Zla. 06*11. .lOria, 21. 1444 
(l9SI) ; Cltmt. AbiU •• IJ, uo:u (1959). 

9. M. lalla, s. lalla, ud R. Gu~~~an. IJidl. Soc. o... a on UMD). 
10. 0 . P. McS_,,/. ~ .. 17, 183 (l96S). 
II. B. Slllbl ud H. VollaaiiD, T.._,o, 12, SlS (l96S). 
ll. T. Oldaap, H,_.,_ Nouo TMid .DeliMit KfllkJI• Holullol, 2, (4), D7 

(196S); Cltmt. Ab#r., 65, OtOf (1966). 
lJ. I. w. Porter.,_ All/l. Cltmt., .. 449 Cl98). 
14. C. R. 8cnedlct. I. Kea, aad I. W. Porter, Alela. llttJeltmt. ~. lit, 611 

(l96S). 
IS. Y. R. Na- aad C. PNI, Hm. OM. Acto, 46. 2SSl (1963). 
16. C. v. ~. Hm. CAh. Acto, 45.14 (1962). 
17. A. Of'-, W. Kimel, A. Ho~miraa. ud P. P--., Hm. C1diL A-. G, 

2Sil (1959). 
II. HMtlboolc ofl'ltylkultd C/tmtl#ry, •7th eel., a-bl RubbwCo., ClcMad, 

Oblo (1966), p. C-430. 

Carot-3l 
Newosporeae 
7,8-Dfhy~,tf-arotene 

F...aa: c.H .. 
F.-a Wt.: 538.91 
Calc:. %: C, 89.15; H, 10.85 

ScMnee: 
Natural Source1. Neurosporene is widely distributed in small 

amounts in funp,1· ' fruits and \'qetables,"• and pbotOI)'IItbetic 
bac:teria.• 

Clremica/ Syntlrelll. The total synthesis of neurospore11e bas 
been reported.'·' 

IIOiadoa Jlroc:e~M'•: Neurosporene is extncted from natural 
sources•·• with a solvent suc:h as ac:etone, ethanol, or methanol 
The extrac:t is then transferred to petroleum ether, with or without 
aponific:ation, and subjec:ted to c:olurnn c:bromatography. 

Medlodl of PUilfteatloa: 
Cltromatograplry. Neurosporene is purified by c:hromatography 

on I :I magnesium oxide-Celite,• cak:ium hydroxide-Celite.' or 
alumina.• 

Metllodl of Allaylaa for Pwlty: 
Cltromatograplry. Assays for the purity of neurosporene may be 

c:onduc:ted by c:bromatography on c:ak:ium hydroxide-Cdite,1 

magnesium oxide-Celite,• or alumina.• Thin-layer chromatoa
raphy may also be performed. • 

Yilible Spectrum. Petroleum ether:• 416, 440, and 470 om. 
£:'!. 2990 at440 nm. Hexane:• 415,438.5, and 469 nm. £:'!.. 1920, 
2990, and 3010, respec:tively. Carbon disulfide:• 439.5, 410.5, and 
502.5 nm. 

Nuclear Magfll!tk ReiOifQifce. The nuc:lear magnetic: resonanc:e 
spec:trum or neurosporene bas been reported.'·' 

M011 Spectrum. The mass spec:trum or neurosporene has been 
reported,IO,II 

Melting Point. A melting point of 124 °C has been reported.' 
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Prallllllle IMpailta: Oxidation products, c#.r-isomers, .,..carotene, 
and eLf-isomers of lycopene. 

C......._. of Storqe: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature ( -20 °C). 

• s :u 

I. T. W. OoodwlD, 77w C_,.,.,IH llloclwMtnry of tiN c--ltb. e::balman 
aad HaD, Loodoo, 19». 

2. P. Ruo, AICJ\. BI«MM., 20, 400 (1949). 
J. H. H. Trambly aDd J. W. Porter, A1CJ\. B~ Bloplu!._, G, 443 (1953). 
4. T. W. OoodwlD, Am-. &zyiNOI., :U, 295 (1959). 
S. S. lJueo.J-. In Btlcterltll PltottuyiiiiN.U, H. Gal, A. San Plctro,aod L. P. 

Vemoa, eds., Andoch Pre.. Yell- Sprlnp, Ohio (1963). 
6. J. B. Davia, L. M. hckman, P. T. Sldd-. and B. C. L. W-too,l'r'oe. a-.. 

S«., 261 (1961). 
7. J. B. Davia, L. M. hckman, P. T. Sldcloaa, and B. C. L. W-too, J. Cltmt. 

Soc. (C), 2154 (1966). 
L S.C. KUibwaba, 0. Sazue, C. Subbarayan, and J. w. Porter, J. Bioi. c~. 

Z45, 4708 (1970). 
9. A. J-, In c--. IWI C_,o#M, K. Laaa. ed., p. 119, D. Stelnkop« 

Verlaa, Darmltadt (1963). 
10. B. C. L. W-too, Fonldv. C~ Qrw. NtiiiVItole, 11, II (1969). 
II. 0. B. Weeb, A. 0. Andmra, B. 0. Brown, and B. C. L. W-too, N-. ZU, 

179 (1969). 

Carot-33 
PbysaUen 
(3R,3' R~,/J-Caroteae-3,3' -dlol Dipalmitate 
(Zea:xantbin Dlpalmitate) 

F.-la: CnHu.Ot 
F.-la Wt.: 1043.73 
Calc. %: C, 82.70; H, 11.18; 0, 6.12 

CH3I~~~-o 
Sea-as: 

Natural Sources. Physalien occurs in a wide variety of plant 
materials. It was first isolated from the sepals of Phy$0/is alkekengf 
and Phy$0/is fi'QIIchetif.l Since then, it has been reported to be 
present in Lycium halimifolium,• Lycium barbanmr,• Solanum 
hender801fff,' Aspargus officinalu,• and Htppophaes rhamnoitks.•·• 

Chemical Synthesis. Zeaxanthin dipalmitate has been synthe
sized from zeaxanthin. • The total synthesis of zeaxanthin dipalmi
tate has also been reported.• 

&olatloa Procedures:' 'The sepals of PhyMiis alkekengi are exhaus
tively extracted with benzene. The combined extracts are concen
trated to a small volume, and the pigment is precipitated or 
crystallized by the addition of ethanol1 or acetone. • The pigment 
may also be purified by column chromatography. 

Metbodl or Pwlftcatloa: 
Chi'Omlltography. Physalien may be purified by chromatography 

on water" -deactivated aluminum oxide. Hexane-ethyl ether ( 19: 1) 
is used to develop the column. 

Crystallizatfon.7 Physalien has been crystallized from benzene
methanol and from petroleum ether~thanol. 

Metbodl of A.a)'laa for Purity: 
Chi'Omlltography. 'The purity of physalien can be deter"mined by 

chromatography on a column of aluminum oxide or magnesium 
oxide. Chromatograms are developed with chloroform or 19:1 
hexane-ethyl ether when aluminum oxide is used and with 
dichloromethane when magnesium oxide is the adsorbent. 

VLJible Spectnmr. Hexane:449 and 478 nm. E:';.. 1410 and 12SS, 
respectively. Petroleum ether: 4S2 and 480 nm. E:'!.. 133S and 
1190, respectively .• Cyclohexane: 4.54 and 483 nm. E:':.. 1350 and 
1180, respectively. Benzene: 463 and 492 om.£:':.. 12.50 and 1090, 
respectively . 

Melting Point. Physalien has been reported to melt at 93-96 °C 
(corr., under vacuum),• and at 98.s-99.S °C.7 

Probable mp.ita: Oxidation products, cf.f.isomers, and, possibly, 
zeaxanthin. 

Coadltl0111 of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and a low temperature (0 °C). ·--1. R. Kuhn aDd W. Wlepnd, Hd•. Cltllrt. Acto, 12, 499 (1929). 

2. L. Zecbmeiiler and L. YOII Cholnok)' • ........ Cltmt. 411, 42 (1930). 
3. A. Wlalcntcln and U. Ehreabera, Z. Pltyliol. Cltmt., 1117, 25 (1932). 
4. P. Karrer aDd H. WebrU, Heb. Cltft. Acto, 13, 1104 (1930). 
'· R. KuiiD, A. Wlntenldn, and W. Kaufmann, C~ /W., 63, 1419 (1930). 
6. 0. IM, H. Undlar, M. Montavoo, R. RQea, G. SaUCJ,aod P. Zeller, Hd•. 

CMR. Acto, 39, 2041 (1956). 
7. P. Kanw aad B. Jucbr, c-~. B. A. Braude (lrallllator), Bllevler, N

Y en (1950). 

Carot-34 
Phytoene 
15-cU.7 ,8,11,11, 7' ,8' ,11, ,ll' -Octahydro-lf,~-carotene 
(7,8,7',8',11,11,11',12'-0ctahydrolycopene) 

F...aa:c.H .. 
F...aa Wt.: .544.96 
calc. %: C, 88.16; H, 11.84 

Sources: 
Natural Sources. Phytoene is rather widely distributed in 

carotenoid-containing fruits and some other tissues not contain
ing chlorophyll. The best sources are tomato fruits,' .... tomato 
paste,• and carrot oil.• The naturally occurring isomer has a 
central c/.r-configuration. • 

CMmicaJ Synthesis. Phytoene has been synthesized from all
ti'QII.r-geranyllinalool. 7 .a 

bolatloa Procedllles: Phytoene is extracted from plant materials 
with a solvent such as acetone, ethanol, or methanol, and then 
transferred into petroleum ether.1-t This compound is then puri
fied by chromatography, with or without prior treatment with 
alcoholic potassium hydroxide. 

Meebodl of Parlfkatloa: 
Chromatography. Phytoene is purified by chromatography on a 

column of magnesia-5upercel,1 or alumina. •·• 
Meebodl of Allaylaa for hrit7: 

Chi'Omlltography. Phytoene may be assayed for purity by 
chromatography on magnesia-Supercel,• or alumina. a.• It may 
also be assayed for purity by thin-layer chromatography on silica 
gel.• 
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Ultra'llokt Spect,.. Hexane: Z75, 285, and 297 nm.• £:!.. 850 
(286 nm). 1 1be ultraviolet spectrum of aU-tnuu-pbytoene has also 
been reported •• 

In/ram! Spect,.. The infrared spectrum of c:entral-ct.r
pbytoene and aJl..tnuu-phytoene have been reported.""" 

NIICINr MogMtlc IUIOIIIII'Iff Spect,.. The nuclear mqnetic 
resonanu spectrum of phytoene has been reported.U·u 

MtW Spect,.. The mass spectrum of phytoene has been 
reported.ll.ll 

Me/tlllg Pol/ft. Phytoene has not yet been crystallized. On 
coolin& it forms a colorlesa glassy mass. 

PraiNIIJie Imp Ide&: Waxes and ct.r--tnuu-isomen formed durina 
isolation. 

c..lltiGM oiStllnle: In solution in petroleum ether under nitrogen 
at a low temperature (-20 °C). 

..,_ 
I. J. W. Porter aad P. P. Zlcblle, Ardl. ..._,, 10, 547 (1946). 
2. J. W. Porter aad R. E. lJDCOID, Ate\. BlodNM., 21, 390 (1950). 
3. W. J. Rabauna aad P. W. Qow bnbulb, Ald. ..._, IUo,lly .. , 44, I" 

(1953). 
4. G. ~.C. M. lUck, aad J. A. Jealdal,l'roe. Nfll. A-'- Sd. U.S., 42, 
404(1~. 

S. W. J. Raboum, P. W. Ql :M "'uub, aad J. W. Porter, Ate\...._, S. 
,., .. , 41, 267 (1954). 

6. P. B. J .......... aad J. W. Porter, Ate\. ..._, B~ ... 110, 291 (196$). 
7. J. B. Davia, L M. JKiaaaa, P. T. Sldd-. aad B. C. L Weedon, ~'roe. CAM.. 

$«., 261 (1961). 
I. J. B. Davia, L M. Jackmu, P. T. sw-, aad B. C. L Weedon,/. c-.. 

Soc. (C), 2154 (IH6). 
9. B. H. Davie~, D. J-, aad T. W. Goodwin, ..._,,,, 17, 326 (1963). 

10, W. J. Rabourn aad P. W. Ql :M "'uub, Ate\. BlodNitt. IUo,lly1., 61, Ill 
(1956). 

II. B. C. L Weedon, ID C"-bbry - ~-11 of,_, ,.,_,., T. W. 
Goodwin, eel., p. 7S, Acadlmlc Pr-. N- Yart (196S). 

12. B. C. L Weedon, Fon.ctv. CAM.. o,.. N11111r.tol#, 21, II (1969). 
13. 0 . B. Weeb, A. G. ADd,_.., B. 0. Browa, aDd B. C. L Weedon, NIIIIIN, 

Z24.179 (1969). 

Carot-35 
Pbytoftueae 
15-d.-7 ,8,ll,ll,7' ,8' -Hexahydro-./f,!f-auotene 
(7,8,7',8', ll',tl'-Hexahydrolycopene) 

F....-:c..Ha 
F....- Wt.: 542.94 
c.Jc. 7.: C, 88.49; H, 11.51 

Solftes: 
Natural S011rce1. Phytofluene is rather widely distributed in 

carotenoid-containina fruit and in some other tissues not con
tainina chloropbyU. It is found in persimmons,1 red peppers,1 

carrots,• tomato fruits,a.•and tomato paste.'·' aJl..tnuu-Phytoftuene 
also oc:cun naturally.1 

Chemical Sy11the1i1. Phytofluene has been synthesized chemi· 
caUy.t.t 
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........_ Procida•: Phytofluene is extracted from plant mataiala 
with such solvents as acetone, ethanol, and methanol and is tbeD 
transferred into petroleum ether.1-.lt is then purified by cbroma
toarapby, with or without a prior treatment with alcoholic po
tassium hydroxide. 

Medlodl ol ........ : 
Chromatograplty. Phytofluene is purified by cbromatosrapby 

on c:ak:ium hydroxide-alumina, e.• mqnesium ollide-Supcrc:d, 1t 

or alumina. u aU-tnuu-Phytoftuene is readily aeparated from cU. 
phytofluene on partially deactivated alumina.1 

Medlodl ol ~for PwitJ: 
Chromatograplty. Phytofluene may be assayed for purity by 

cbromatoaraphy on c:ak:ium hydroxide-alumina, e.• mqncsium 
ollide-Supercel,1• or alumina.n Allay may also be made by chro
matoarapby on peperl• or on a thin layer of silica JtL u 1be poli
tion of phytofluene on a cbromatopaphic: cobamn may be radily 
determined by ita cbaractcristic: peeo-wbice 8uott:iiot:ace wbcn 
exposed to ultraviolet liaht of lona waveleqth. 

Ultra'litJ/et Spectnun. Petroleum ether:'-"1• 331, 348, and 367 
nm. £:!.. t350at 348 nm. Berulene:11 338, 355, and 374 run. 1be 
ultraviolet spectrum of aU·trGIII·pbytoftuene has been reported. t.lt 

In/ram! Spect,.. 1be infrared spectrum of pbyto8ucae bu 
been reported. t,lt 

NIICiear Magttetlc RIMHIIlltCe Spect,.. 1be nuclear ll1qllttic 
raonance spectrum of phytofluene has been reported. e.n 

MtW Spect,.. The masa spectrum of pbytoftueoe bu been 
published.ll.lt 

Meltlllg Polllt. Phytofluene has not been crysta)li2led. On cool
ina, pbytoftuene forms a pay masa lackina crysta)line mucture. 

.....,..... Imp Ide&: Phytoene, tnuu-pbytofluene, and OKidatioo 
products. 
~ oiStllnle: In solution in petroleum ether under nitroten 

at a low temperature (-20 OC). 
..,_ 

I. L ZecbmebW aad A. Sand_., Ate\. BlodiMI., I, 42S (194$). 
2. H. H. Suaill,/. lllol. a-., 121, 191 (1939). 
3. V. W.U.C. aad J. W. Porter, Ate\. ..._, IUo,lly .. , 36, <4a (1952). 
4. J. W. P«w aDd P. P. Zlcblle, Ardl. ~ .. 10, 547 (1946). 
S. L Zecbmebter aDd A. Sand_.,/, A11t. CAM.. $«., •• 197 (1946). 
6. P. J. Pear-t aDd L Z«Jr=d•r,/. Alit. 0.... $«., '74. 114 (19~. 
7. S. C. Kuebwallll, G. Suale, C. Subbata7an, aad J. W • ._,I. Bioi. 0.... 

241, 4701 (1970). 
I. J. B. Davia, L M. JKiaaaa, P. T. Sidd-. aad B. C. L Weedon, ~'roe. 0.0. 

$«., 261 (1961). 
9. J. B. Davia, L M. Jackmu, P. T. Sldcloal, aad B. C. L Weedon, J. 0.0. 

Soc. (C), 2154 (IH6). 
10. J. W. p_, aDd R. E. UDcoiD, Ate\. ~ •• 21, 390 (1950). 
11. D. A. Beeler aDd J. W. ,_, BlodNM. IUo,lly .. It• .. c-, 1,367 (1962). 
12. A. ~. Aa. CAM.. s-td., 14, 20SI (1960), 
13. B. H. Da¥111, D. J-. aad T. W. Goodwin, BlodNM.I., 11, 326 (1963). 
14. B. H. Davie~, Ill CAM.ItiUy- B~ltiUy of,_,,.,._., T. W. Good

will, eel., p. 419, Acadlmlc "'-· N- Yart (196$), 
IS. T. W. Goodwill, Ill Mt~Mnt M«ltob of,_, AMIJI116, K. Paecb aad M. V. 

T..-y, eda., Vol. 3, (19SS), p. 272. 
16. P. B. Juaplwala aad J. W. Porter, Ardl. B#oclwR. B~1., 110, 291 (1965), 
17. B. C. L Weedon, ID C"-bbry - ..._,_11 of,_, ,.,._., T. W. 

Goodwin, eel., p. 7S, Acadlmlc "'-·New Yart (196$). 
11. 0. B. Weeki, A. G. ~.B. 0. Brvwn, aDd B. C. L Weedon, N-. 

Z24. 179 (1~). 

19. B. C. L Weedon, Fon.ctv. CAM.. o,.. NIIIWIIol#, 21, II (1969), 
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c.ot-36 
Prolycopene 

F ...... :~ 
F ...... Wt.: S36.90 
C8lc. %: C, 89.49; H, 10.S1 

~ is a poly-cl.t-lycopene or unknown stereochemical con
flauration. However, tbe sugestion has been made that it may be a 
S)'lllllletric: penta-cl.t-lycopene c:ootainina a central cis- and four 
other, unhindered, cis-double bonds.' 
s.rc.: 

Natural So1uce$, Prolycopene is found in small amounts in 
various fruita and flowers.• However, tbe best source of this pia
ment is tbe ripe fruit or the "tanaerine" or "golden jubilee" type 
of tomato ....... 

ClwmicaJ Synllw$u. The cbemical synthesis of prolycopene has 
DOt yet been reported. 

legledoe Prcicledlrl•="' Plant tissue is extracted with a solvent sucb 
u acetone, methanol, or ethanol and tbe carotenes are then trans
ferred into petroleum ether. Prolycopene in this extract is then 
purified by chromatography, either with or without prior saponi
fication with alcoholic potassium hydroxide. 

Medlodl of Pwl8cadoe: 
Cluomalography. Prolycopene may be purified by chromatoa

raphy on calcium hydroxide,• mapesium oxide-Supercel,• or 
dcectivatcd alumina.' 

Cry#alllzatiolr. Prolycopene has been crystalliad from petro
leum ether.' 

Medlolll of~ far PwtaJ: 
Cluomalography. The purity or prolycopene may be determined 

by chromatography on calcium hydroxide,,, magnesium oxide
Superc:el.1 or deactivated alumina. • 

VUible SP«t1111ft. Petroleum ether: 443.S and 470 nm.' £:!.. 
1920.• Carbon disulfide: 469.S and SOO.S nm. 1 Benzene: 4S4.S and 
48S nm.• Qdoroform: 4S3.S and 484 nm.• 

Ill/rand SP«t1111ft. Tbe infrared spectrum of prolycopene has 
been reported.' 

Mntbtg Polllt.• Prolycopene melts at 111 "C. 
PIPI .................. IMp Idea: Oxidation products, and other isomers of 

bcoPene-" 
Ot!Ml.._ of Stanie: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and low temperature (-20 °C). ... ~-
1. L bdlmdoteT, c:ie-craM-1-"t c--141. Ylt-6u A M1 Arylpol~•. 

Aaldemic Pre., N- Yort, 1962, p. 172. 
:t. P. ltanerud B.1ucbr, C-moltb, B. A. Br~~ude (trallllator), Ebevia', New 

Yort, 11150, p. 125. 
3. A. L LeRoaen ud L Zec:bmclater, J. AM. Cltmt. S«., 64, 1075 (194l}. 
4. L 7...._,1W, A. L LcRoaen, P. W. Wut, aDd L . Paulial, Proc. N.,. ACillll. 

sn. u.s .• n. • (1941). 
S. 1. W. P-aDd R. B. IJDcoln, Arclt. BltH:Itme., 21, 390 (1950). 
6. S. C. Kutbwaba, 0 . Suzue, C. Subbar~~yan, aDd 1. W. Porter, J. Bioi. Cltmt., 

245, 4701 (1970). 
1. L 7...._,1W aDd 1. H. PIDcbrd, J. AM. CIIMI. Soc., 6t, 11130 (1947). 
I. L 7edlmd!!l4!r, A. L LeRoaen, W. A. SchroNer, A. Polpr, and L Paulina, 

J. AM. CIIMI. S«., 65, 1940 (1943). 
II. K. Lunde ud L Zec:bmclater, J. Am. CIIMI. Soc., 11, 1647 (1955). 

10. B. P. Maaooo and L. Zechmeilter, Ardl. BltH:IIMI. Bloplt;,• .. 6t, 535 (1957). 

Carot-37 
Prone•osporene 
(Synonyms: Protetrabydrolycopene, Neone•osporene P, 

Unidentified Carotene I, and Poly-c~~-carotene)• 

F.-..da:~ 
F.-..da Wt.: S38.91 
Calc. %: C, 89.1S; H, 10.8S 

Proneurosporene is a poJy-cls-neurosporene that contains a trtUU

double bond at the middle or tbe molecule.1 

~= 
Natural Sotuee$. The principal sources of proneurosporene are 

tbe ripe berries of Pyrocamlw angiUti/olill' and fruits of the 
"golden jubilee" and "tangerine" varieties or tomato. a 

ClwmicaJ Synt/w$u. The chemical synthesis or proneurosporene 
has not yet been reported. 

llolatlaa ........... : Berries or fruit are extracted with a solvent 
sucb as ac:ctone, ethanol, or methanol. The carotenes are then 
transferred into petroleum ether and purified by chromatogra
phy, with or without prior saponification with alcoholic potas
sium hydroxide. 

Medlodl of Puri8catlaa: 
ChroiNJtography. Proneurosporene is purified by chromatogra

phy on 2:1 calcium bydroxide-Celite,1 3:1:1 magnesium oxide
calcium hydroxide-Celite,1 1:1 magnesium oxide-Supercel,a or 
deactivated alumina. • 

Medloda of~ for IWttJ: 
Chromatography. Assays for tbe purity or proneurosporene 

may be carried out by chromatography on columns or the ad
sorbents just given.t-t 

Vulble SP«t1111f1.1 Hexane: 408, 432, and 461 nm. £:'!... 2040 at 
432nm. 

In/rand SP«t1111ft. The infrared spectrum of proneurosporene 
has been reported.• 

NIICiear Magrwtlc &$0/IQifCe Spectrllll'l. The nuclear magnetic 
resonanc:e spectrum or proneurosporene baa not yet been re-
ported. 

Meltbtg Point. Proneurosporene bas not yet been crystalliad. 
........._ I....,ltlel: Prolycopene, other c/.J-isomers or neurospo

rene, and oxidation products. 
~ of &oraae: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and low temperature (0 °C), ..,_ 
I. L ZrimdiW, c:ie-craM-1-k c-moltb, Ylt-tu A tlltd Arylpoly-•, 

Academic PN., N- York, 1962, p. 74. 
2. E. F. Maaooo ud L Zec:hmciiW, Arcll. BltH:"-n. Bloplty6., M, 263 (1957). 
3. H. H. Trombbr and 1. W. Poncr, Arclt. BltH:"-n. B/ofiiiJI•., 43, 443 (1953). 
4. S.C. Kutbwaba, 0. Suzue, C. Subbarayan, ud 1. W. Poncr, J. Bioi. Cll-., 

145, 4701 (1970). 
5. K. Lunde aDd L Zec:bmclater, J. AM. Cltmt. Soc., 11, 1647 (1955). 
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Carot-38 
Retinal 
(Vitamin At Aldehyde) 

F....ala:C.,H.O 
F....ala Wt.: 284.44 
Cak. %: C, 84.4S; H, 9.92; 0, S.63 

~HO 

&o.ers: Six isomers of retinal have been reported :1 all-tnvrs; 13-cis 
(neo-a); II -cis (neo-b); 9-cis (iso-a); 9,13-di-c/s (iso-b); and 11,13-
di-c/s (neo<). 
~: All-tl'tUU-retinal and 13-cl.r-retinal have 91% of the bio

logical activity of all-tnvr.r-retinyl acetate. Other isomers (cis) of 
retinal have a lower biological activity.1 

Sources: 
Natr~rtll So11rc~s. All-tl'tUU-retinal is present in herrina roe and 

in hens' eus.• In the eyes of animals, marine fish, and crustacea, 
retinal is present as the II -cis isomer.• 

Clr~mical Syntlr~sis. Retinal is formed from retinol by oxidation 
with activated MnO. in petroleum ether.' 

MetiMMk of Purtfkadoe: Retinal may be separated from retinol and 
its esters by column chromatography. Retinal and its isomers may 
then be crystallized from petroleum ether; or their semicarba
zones from ethanol; or their (2,4-dinitrophenyl)hydrazones from 
ethyl acetate.' 

Metbods or Allaying for Purity: 
Column and Tlrin-Loy~r Clrromatograplry. The adsorbents used 

for the chromatoaraphy of retinal are similar, or identical, to 
those used for the chromatography or retinol and its derivatives,7•1 

Retinal is eluted from water-deactivated alumina columns with 
1-2% acetone. When retinal is chromatographed on thin-layer 
plates or silica gel G, the chromatograms are developed with 
ether-hexane (I : I). The isomers of retinal are partially separated 
in each of the above systems. 

Gas-Liqr~id Clrromatograplry. Retinal is more stable than reti
nol or retinyl acetate on sas-liquid columns. It can be recovered 
quantitatively under proper conditions.• However, isomerization 
oc:curs at high temperatures. 

Ultrav/ol~t S~ctr11m. The £:~ values and the absorption max
ima of retinal and its isomers in ethanol have been reported as 
follows:u·•• aU-tnvrs, IS30 (381 nm); 13-r:is, 12SO (37S nm); 
II -cis, 878 (376 nm); 9-cis, 1270 (373 nm); 9,13-di-c/s, 1140 (368 
nm); and 11,13-di-c/s, 700 (373 nm). 

OtMr S~ctra. The infrared• and ftuorescenceu spectra of 
retinal have been reported. 

M~lting Points. The melting points of retinal and its isomers 
have been reported as foUows:10 all-tnvrs, S1 and 6S °C; 13-cis, 
77 °C; 11-cls, 64 °C; 9-cis, 64 °C; and 9,13-di-cis, 49 and 8S 0 C. 

Qaandtadte Assays: The quantity of retinal is most frequently de
termined by ultraviolet absorption spectroscopy.•.uo However, 
retinal forms a transient, highly colored complex with antimony 
trichloride,• triftuoroacetic acid,11 and other Lewis acids. Hence, 
the quantity of retinal may also be determined through measure
ment or the quantity or light absorbed by this complex. The high
est recent value of£:~ at 666 nm is 4150.1 Previous values have 
been as low as 3340.1·11 The presence of acetic anhydride affects 
the absorption maximum and the extinction coefficient. Various 
retinal isomers, but not retinol, also react with thiobarbituric 
acid. The complex has £;~ 2040 at S30 nm.u 
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The 9-cis, 11-cls, and 9,13-di-c/s isomers or retinal react with 
opsin (isolated from the retina) to yield rhodopsin or isorhcxlopo 
sin.u.u In 2% digitonin solution, the £:!... values for the opsin 
complexes are 9-c/s, 1439 (487 nm); II -cis, 1467 (SOO om); and 
9,13-di-c/s, 1271 (487 nm). The retinol isomers having 11-c/s or 
13-cis double bonds may be distinguished by the maleic anhy
dride test.•·•• 

Probable llllparides: Retinol, cis-isomers, and oxidation products. 
Coadld.,. of Storace: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and low temperature (0 oq. Solutions or retinal 
in pure solvents are reasonably stable in the dark at low tempera
tures . ..,_ 

1. M. Ko8et and S. H. Rubin, Yl,_.,. H-. II, 3U (tHO}. 
l. S. R. Amel, W. J. Swa-. and P. L. HarriJ,/. Am. CAM.. Soc .. 17, 4136 

(t95S). 
3. P. A. Plack and S. K. Koa, Bl«ltaN.I., II, 561 (1961). 
4. 0. Wald, Yll-tu H-•· II, 417 (1960). 
5. H. B. Henbal, E. R. H. Jooee, and T. C. OweD, I. Cltmt. S«., 4909 (19S7). 
6. C. D. Robaoa, W. P. Blum, J. M. Dieterle, J. D. Cawlc)', and J. 0. Buter. 

I. Am. CINm. S«., 17, 4120 (t9SS). 
7. J. W. Porter and D. 0 . Aadenoa, In C"'-tOf"//PPIY, E. Hef'-na. eel., 

Reinbold Publilhlna C«p .. N- York (1961), p. 465. 
I. J. A. Oltoa, In Nr«, /llnltotb of N11trlllolttll B~l#ry, Vol. 2, A. A. 

Albanac, eel., Academic Pre.IJic., N- York (1965), p. 345. 
9. P. E. Dunallu, Jr., and J. A. Ollm, Alttll. Cltmt., 36, 756 (1964). 

10. J. 0. Bntcr, In c_,n.,n•lff Bl«ltmtutTy, Vol. 9, M. Floddn and E. H. 
Stotz, edl., Ebevicr, Amltcrdam (1962}, p. 169. 

11. W. A. Kalina and W. H. Jcaalap, DIM:uulolu FllrMay S«., 17, 180 (1,9), 
ll. R. E. Dupn, N. A. Friecrio, and J. M. Siebert, Alttll. C"-·• 36. 114 (1964). 
13. S. Futterman and L. D. Sallaw, 1. Bioi. Cltmt., 136, 1651 (1961). 
14. R. Hubbard, R. I. Oreecnnan, and 0. Wald,/. Gnt. l'ltyllol., 36, 4U (1953). 
15. D. C. Hcrtlna, E. E. DNry, and P. L. HarriJ, Alttll. Bloc,_,_, 4, 459 (1962). 
16. S. R. Amel and R. W. Lehman,/, Auoc. 01/'k. A,r. C.__, 43, ll (1960). 

Carot-39 
Retinoic Acid 
(Vitamin Aa Acid) 

Formula: C.,H.o, 
Formula Wt.: 300.44 
Calc. %: C, 79.96; H, 9.39; 0, 10.6S 

lsomen: The four unhindered isomers of retinoic acid (aU-tnvrs, 
9-cis, 13-cls, and 9,13-di-c/s) have been crystallized and charac
terized.• 

Blopotency: All-tnvrs-retinoic acid has UH41% of the growth
promoting activity of retinol. This discrepancy in activity is at
tributable to the method or administration or retinoic acid to 
the animal. cis-Isomers of retinoic acid have less biological activ
ity than the all-trans-compound. Retinoic acid does not fulfiU the 
visual or reproductive functions of retinol or retinal.l 

Sources: 
Nat11rtll So11rc~s. Traces of retinoic acid are found in liver and 

bile after the administration of retinal;• larger amounts are ex
creted in the bile as the p-o-glucosiduronic acid. • 

CMmical Syntlr~sls. Retinoic acid is prepared from retinal by 
oxidation with silver oxide, or as an intermediate in the synthesis 
or retinol.• 
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Medlodl of Pwlflc:atloll: Retinoic acid may be separated from many 
other compounds by chromatography on columns of silicic acid. 
Complete purification of the compound is achieved by crystalliza· 
tion from methanol, ethanol, or isopropyl alcohol. Methyl retina
ate is crystallized from methanol.• 

Medlods of AIAyJag for Purity: 
- Col111n11 and Thln-Lay~r Chromatogffl/}hy. Retinoic acid is eluted 

from silicic acid columns by small proportions of ethanol in hex
ane. This compound also migrates well on a thin-layer plate of 
silica gel G when a solvent system or 4:1:1 benzene-<:hloroform
metbanolf is used. Retinyl tl-o-glucosiduronic acid also migrates 
on silica gel G plates in .5: S: .5: 1 benzene-<:hloroform-methanol
acetic acid •• 

Partition Chromatogffl/}hy. Retinoic acid may be separated from 
retinol on silicone-treated paper (reverse phase) when various 
polar solvents are used to develop the chromatogram.7 

/on-Exchang~ Chromatography. Retinoic acid is eluted from a 
DEAE-cellulose column by 0.04 M Ha in ethanol,7 and from a 
Biorad AG-2-X8 anion-exchange column with S:9S acetic acid
methanol.• 

Gat-Liquid Chromatography. Methyl retinoate may be assayed 
for purity by gas-liquid chromatography. This compound may 
also be recovered quantitatively, since it is quite stable at elevated 
temperatures.• 

Ultraviol~t Spectrum. The £!~ values of retinoic acid and its 
isomers--n in purified ethanol• are: aU-trans, 1.500 (3.50 nm); 
13-cis, 1320 (3.54 nm); 9-cis, 1230 (34.5 nm); and 9,13-di-cis, I ISO 
(346nm). 

M~ltlng Point. Melting points for retinoic acid and its isomers 
bave been reported as follows: all-trwu, 180 °C; 13-cis, 17.5 oc; 
9-cis, 191 °C; and 9,13-di-cis, 136 °C.I.l• 

Quadtatfft Allays: Ultraviolet absorption spectroscopy is most 
commonly used to determine the quantity of retinoic acid.t-11 

The amount of light absorbed by the transient highly colored 
complex of retinoic acid with antimony trichloride,11 triftuoro
acetic acid,11 and other Lewis acids is also a measure of the quan
tity of retinoic acid. An £:'!... value of 1770 (.574 nm) has been 
reported for this complex.11 

Probable Ia; Idea: cis-Isomers and oxidation products. 
eo.lfti.,. of StOI'IIIC: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and low temperature (0 °C). Solutions of the 
acid in pure organic solvents in the dark are reasonably stable, 
whereas aqueous solutions of the acid deteriorate rapidly. ..,_ 

I. 0. bier, R. Rlleg, U. Scbwlcter, and J. Wllncb, li'lllunbu H-~•. II, 295 
(I MD). 

2. J. A. O!Mxl, J. Upld Jtu., 5,281 (1964). 
3. P. E. Dunalln, Jr., and J. A. Olloo, Blocltlm. Bfoplty1. Acta, 110, 432 (1964). 
4. P. E. Dunalln, Jr., E. H. Meadowa, Jr., and J. A. 011011, Sclmu, 141, B6 

(1965). 
5. C. D. Robaon, J.D. Cawley, L. Weiller, M. H. Stem, C. C. l!cldinaor, and 

A. J. Cbechak, /. A,., C,_,, Soc., 17, 4111 (1955). 
6. K. Yqilblra, P.R. Sunda~n. and 0. Wolf, NlltMn, :1:03, 410 (1964). 
1. S. Plltterman, J. Bioi. Cit ..... , J3'7, 617 (1962). 
I. P. E. Dunalln, Jr., and J. A. 0._, Alllll. C,_,,, 36, 756 (1964). 
9. M. Koler and S. H. Rubin, li'ltllmllll Honnott'•• 11, 315 (1960). 

10. J. 0. Baxter, In ComprdietUIN Bloclt.,.btry, Vol. 9, M. Plorldn and E. H. 
Stotz, ecb.,l!bevler, AmRerdam (1962), p. 169. 

11. J. A. O!Mxl, In Nrt~~er M#lltodl of NMtrlllolllll Bloclt.,.btry, Vol. 2, A. A. 
Albanae, eel., Academic Pre., New Y orlt (1965), p. 345. 

12. L Jurkowltz, Arclt. BlocA.t. Blopltyl., 91, 337 (1962). 
13. R. E. Dupn, N. A. Fri8erio, and J. M. Siebert, A1111l. Cit.,.., 36, 114 (1964). 

Carot-40 
Retinol 
(Vitamla At Alcohol) 

F~:c.H.O 
F~ Wt.: 286.46 
c.Ic. %: C, 83.86; H, 10 • .56; 

0, S.S9 

N...ac:lat.e: "Vitamin A, alcohol" bas been designated "retinol" 
by the Commission on Nomenclature of Biological Chemistry,• 
and the stereochemistry of methyl groups at C-1 has been assigned 
by analogy with that of lanostane. 

&om.~: Six isomers of vitamin A have been reported: aU-tran.r; 
13-cis (neo-a); 11-cis (neo-b); 9-cis (iso-a); 9,13-di-c/s (iso-b); 
and 11,13-di-cis (neo-c).1 

Biopoteacy: Pure all-trans-retinol has 3.333 X 10' I.U./g. Both the 
U.S.P. (United States Pharmacopeia) unit and International Unit 
(I.U.) are defined as the amount of aU-trans-retinyl acetate (0.344 
,..g) having the biological activity of 0.300 ,.g of all-tram-retinol. 

Sources: 
Natural Sourc~s. 1be best sources are liver oils of marine fish, 

where vitamin A1 occurs mainly as retinyl esters. Free retinol is 
also present in the blood and tissues of vertebrates and in the eyes 
of crustacea. 

Clwmkal Synthesis. Many procedures have been reported for 
the synthesis of retinol. These include synthesis from acetone and 
acetylene,• from t~-ionone via condensation with methyl 3-methyl
glutaconate,' from t~-ionone via vinyl-t~-ionol by the Wittig reac
tion,• and from t~-ionone via a Cu-aldehyde (Danens' reaction) 
foUowed by Grignard addition of 3-methyl-2-penten-4-yn-1-ol.' 
These methods of synthesis have been reviewed ..... 

Metllodl of Pwf8catlon: 
Crystallization. In the past, retinol or its esters were isolated 

from fish-liver oils by molecular distillation. At present, however, 
high-potency concentrates and crystalline retinol, or its deriva
tives, are generally prepared by chemical synthesis. Solvated crys
tals or aU-trwu-retinol are obtained from methanol or ethyl for
mate. Solvent-free crystals are obtained from propylene oxide or 
petroleum ether.'·10 

Column Chromatography. Many adsorbents have been em
ployed, including alumina, dicalcium phosphate, calcium car
bonate, magnesium oxide, magnesium carbonate, silicic acid, and 
bone meat.u Columns of water-deactivated alumina are com
monly used; from these, retinol is eluted quantitatively with 
3-S% acetone in hexane. Isomers of retinol may be separated on 
columns of dicalcium phosphateiU• or on thin-layer plates of 
silica gel G developed with petroleum ether (low boiling)
methyl-heptenone (11: 2)." Thin-layer plates of water-deactivated 
alumina have also been used with various solvents." Retinol may 
be detected by fluorescence under ultraviolet light, or by reaction 
with iodine vapor. 

Partition Chromatography. Various adsorbents, impregnated 
such as with vaseline or silicone oil, may be used as a stationary 
phase, with relatively polar solvents as the moving phase.1•11•11 

Gas-Liquid Chramatogffl/}hy. Retinol is rapidly converted into 
anhydroretinol under normal conditions of gas-liquid chroma
tography," but it may be isolated with little destruction at ISO oc 
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by Ule of hiab flow rates on columns of I% SE-30 on siliconizled 
60-80 mesh Guchrome P that bu been conditioned at 2SO •c 
and treated with an antioxidant. If 

Medlodl ol ~for Purity: 
Chromtltograplry. The above methods of chromatoaraphy may 

be used to usay the purity of retinol. 
Ultrorlol~t Spect,.. Retinol and its isomers eacb have a single 

lipt-absorption maximum.£:!.. in ethanol; all·t1'aiU, 1832 (325 
nm); 13-cl.r, 1686 (328 nm); ll-c/1, 1220 (319 nm) or 94S (322 
nm);' 9-cl.r, 1480(323 nm); 9,13-di-cil, 1379 (324 nm); and 11,13-
di-cl.r, 908 (311 nm). Several c~isomers also have small absorp
tion maxima (£:!.. about 3SO) between 23S and 260 nm. Spectral 
properties of retinol derivatives have been collated.'·10·tt 

l11/rrurd Spect""" The infrared spectrum of retinol has been 
reported.t.•.•t.u 

Fl110rr1C~ttee Spect,.. Light of wavelength 325 nm is absorbed 
maximally, and emitted at 470 nm,ll.lt 

NIIC/ear Magrwtlc ReiONlltC~ Spect,.. The nuclear maanetic 
resonance spectrum of retinol hu been reported.' 

M~ltbrg Pobrt. The melting points of retinol and some of its 
isomers have been reported u follows:• all-t1'aiU, 62-64 •c 
(solvent free), 8 •c (methanol-solvated); 13-cl.r, S8-fiO •c; 9-cl.r, 
82-83 •c; and 9,13-di-cl.r, ss-s9 •c. 

Odler Propenlee: Polaroaraphy of retinol• and the x-ray powder 
diagram of its crystals' have been reported. 

QautUadq ~: The quantity of retinol is usually determined 
by absorption Of Ultraviolet light,I.IO,II fluorescence Of retinol may 
be meuured.11 Assays may be made by the Carr-Price reaction. 
Retinol forms transient, but intensely colored, complexes with 
antimony trichloride, triftuoroacetic acid,• or other Lewis acids. 
The £:!.. value at 620 nm of this species is S070. AU isomers of 
retinol pvc the same complex. Retinol may also be dehydrated 
with acid to yield anhydroretinol, which is measured spectro
photometrically. E:~m values in ethanol are 2SOO at 3S I nm, 36SO 
at 371 nm, and 3180 at 392 nm.• 

Pnlbable l.,...tlel: c/1-lsomers and oxidation products of retinol 
are the most common impurities. 

Coadtdoas of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (0 •q. Peroxide-free ethyl 
ether and acid-free acetone or ethyl acetate are preferable to either 
ethanol or petroleum ether for storage. However, ethanol is suit
able as a solvent for brief periods, for spectroscopic analysis." . .,._ 

J. Commlulon on the Nomenclacure of Blolotlcal Chemlauy, IUPAC. 1. Am. 
Cltmt. Soc., U, S57S (1960); Blot:ltlm. Bloplty1. Acto, 107, I (196'1; I. Bioi. 
CINm .. 241, S27 (1966); Blot:ltmtutry, 10, 4827 (1971). 

2. M. Koller and S. H. Rubin, Jflt""'bt' Homt011,., II, JU (1960). 
3. W. Kal, J. D. Surmatla, J. Weber, G . 0 . Chaw, N. W. Su, and A. Of'ner, 

1. Orr. Cltmt., 11, 1611 (19S7). 
4. C. D. Robaoo, J. D. Cawley, L. Webler, M . H. Slem, C. C. Eddl._r, and 

A. J. Cbechak,l. Am. Cltmt. Soc., 17, 4111 (19SS). 
S. H. Pommer and W. Samedd, German Palenl 1,046,612 (Dec. 18, 19S8); 

German Palent I,OS9,900 (June 2S, 19S9). 
6. 0 . Iller, R. RQea, U. Schwleler, and J. WOndl, Jflt.,.bts HonnotUI, II, 29S 

(1960). 
7. J. G. Buler, Fomcltr. Cltmt. Orr. Nollmtolf,, 9, 42 (19S2). 
I. N. A. Milas, In Tl" Jflt.,.bl•, Vol. I, W. H. SebreU, Jr., and R. S. Harria, ecb., 

Academk Preu Inc., New York (19S4), p. 4. 
9. T. Moore, """"'"'A, Ellevier, Amllerdam ti9S7). 

10. J. G. Buter, In Compr,ltmsl•' Blocltmtutry, Vol. 9, M. Florkln and E. H. 
Stotz, ecb., Elsevier, Amslerdam (1962), p. 168. 

11. J. w. Poner and D. 0. Andenon, In Cltromotorrop/ty, E. Herunann, ed., 
Reinhold Publllblna Corp., New York (1961), p. 46S. 

12. J. A. OIIOR, Ill N,.,., M"ltodl of N•trltloNII Blot:ltmtl#ry, Vol. 2, A. A. 
AlbeRCIC, ed., Academic: Preu Inc., New York (196'1, p. 34S. 

13. W. Hjarde, Acto Cltmt. Sctlltd., 4, 628 (19SO). 
14 C. v. Planla, U. Schwieter, L. Otopard-dh-Jean, R. Roea.andO. bier, H'''· 

Cltlm. Acto, 45, S48 (1962). 
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ts. J. O.Wiek aad J. BlaUDA,/. awo-tor .. 7,104 (1961). 
16. T. NlocJmba, K. Kldokoro, M. Horipcbl, and N. ~ • .,,_ ... 27, 349 

(1963). 
17. P. E. Dwlqla, Jr., aad J. A. 0'-, A""L C"-., 36, 7S6 (1964). 
II. C. D. Robeloo, W. P. Blum, J. M. Diecerte, J. D. Cawley, aDd J. G. au., 

I. Am. Cltmt. Soc., 77, 4120 (19S$). 
19. D. E. Dugan, R. L. Bowman, B. B. Brodie, aDdS. Udeafdatd, Ald. BfootAML 

Bloplty1., •• I (19S7). 
20. E. J. Kuta, Sclac,, 144, 1130 (1964), 
21. S. Punemaa aad J. S. Andrewa,/. Bioi. C"-., Ut, II (1964). 
n. R. E. Dulaa. N. A. Fritlerio, aad J. M. Sieben, AMI, C"-., 36. I 14 (1964). 
23. K. Harublma, H. Okazaki, aad H. Aold,l. Jflt-lltGI. (K7oco), 7, UO (1961). 
24. S..,.lllotu for tlw StOI'Gf' tlllll UH of CryiUIIIIM .,,_ .. A, Dildlladoa 

ProducJa lndultriel, RodMaler, N. Y. ( 1964). 

Carot-41 
Retlnyl Acetate 
(Vitalllin A1 Acetate) 

Fon.la:C.~ 
Fon.da Wt : 328.SO 
c.Jc. %: C, 80.44; H, 9.82; 0, 9.74 

......... : The acetates or each or the six isomers or retinol bave been 
synthesized.• 

Blopoteecy: A U.S.P. unit or an International Unit (I.U.) of all
trons-retinyl acetate is 0.344 1'8- Therefore, pure all·tn:III.M'Ctinyl 
acetate contains' 2.904 X IOII.U./g. 

Sotftel: 
Naturol Soun'~l. Retinyl acetate is not found in natural mate

rials. 
Ch~mlca/ Sy11th~sis. Retinyl acetate is synthesized from retinol 

by treatment with acetic anhydride or acetyl chloride in pyridine, 
or from acetylated intermediates in tbe synthesis of retinol.• 

Methods of Purlfteadoll: Retinyl acetate may be separated from 
retinol by column chromatoaraphy. The compound may then be 
purified by crystallization from methanol. Purific:ation methods 
were reviewed in 1960.1 

Methods of ~Yiaa for Pwity: 
Column Chromtltogrophy. Similar or identical adsorbents are 

used for the column chromatography of retinol and retinyl ace
tate. •.• On columns of water-deactivated alumina, retinyl acetate 
is eluted, after tl-carotene, by hexane or O.S% of acetone in bex· 
ane. 

Partition Chromtltograplry. Column-partition c:hromatoarapby 
and reverse-phase paper chromatography have been used to sepa· 
rate retinyl acetate from retinol and other retinyl esters.l 

Gas-Liquid Chromtltogrophy. Retinyl acetate may be assayed 
for purity by gas-liquid chromatography. However, retinyl ace
tate forms anhydroretinol during gas-liquid chromatoaraphy un
less proper conditions are maintained. • 

Ultroviol~t Spectrum. The maximum for retinyl acetate differs 
from that or retinol in£:~ values only. The£:~ values reported 
for retinyl acetate in ethanol are: all·t1'aiU, IS60 (325-326 nm); 
J 3-cil, 1430 (328 nm); II -cis, 973 (3~321 nm); 9-ci.f, 1200 (323 
nm) ; 9,13-di-ci.f, II JO (324 nm); and 11,13-di-cil, 8S9 (31G-311 
nm).1·' 

Fluorr~e~nc~ Spectrum. Retinyl acetate maximally absorbs light 
of 32S nm, and emits part of the energy at 470 nm.u.u 
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Melting Pobrt. A value of 57-58 "C bas been reported. 
0t11er Propertlel: Infrared spectrum, nuclear mqnetic resonanu 

spectrum, and polarographic behavior are similar for retinol and 
retinyl acetate. 

Qaaadtathe Allayl: Ultraviolet-light absorption and colorimetric 
anaJysis1·' are moat commonly used in assays for quantity of 
retinyl acetate. Colorimetric assays may be made with the Carr
Price reaaent (antimony trichloride), or with triftuoroacetic acid' 
or other Lewis acids. The £:~ value at 616 nm is 4420 for the 
colored species. 

Probable Impurities: ct.r-lsomers, retinol, or oxidation products of 
retinyl acetate. 

Coadlti0111 of Storace: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (0 °C). Retinyl acetate is 
more stable in peroxide-free ethyl ether, acid-free acetone, or 
acid-free ethyl acetate in the dark than it is in other solvents.•• ..,_ 

t. M. Ko8cr and S. H. RubiD, f'"-llu H-. II, )15 (IMO). 
2. c-Jploa oa tbe N-'a!Un of BloloP:at Olemlllry, IUPAC, J. Alit. 

0... $«., 12, 5515 (IMO). 
3. N. A. Mllu, ID 71N VIIMttu, Vol. I, W. H. Sebnll, Jr., and R. S. Ranta, eda., 

AcadaDk Prell IDe., New Yort (1954), p. 4. 
4. J. W. P- and D. 0. ~. ID C"'-'o,lflllly, E. IW'tmaDD, ed., 

Relabold Publllhl111 Corp., New Y ort (1961), p. 465. 
5. J. A. 0'-. ID N- Mdltob of Nwtrlllolttll B~lllry, Vol. 2. A. A. 

.u.-, ed., Aaclemlc Praline., New Yort (1965), p. )45. 
6. P. B. Duaqla, Jr., and J. A. 0'-, btll. 0....., 36, 756 (1964). 
7. H. Sobodla, S. KaDD, and E. ~.J. AM. CAM.. S« .. 65, 1959 (194)). 
a. S. PuteermaD and J. S. Andrew., J. Bioi. 0..., UP, II (1964). 
9. R. E. Dupn, N. A. Prfeerio, and J. M. Siebert, Altol. CMm., 36, 114 (1964). 

10. ~lllolu /Dr tiN St-.. .,., UH of Cryii.UIM Vlllllflllt A, Dildlladoa 
Prnducta lndulalel, R~. N. Y. (1964). 

Carot-41 
Retlnyl Pallllftate 
(Vitamin At Palmitate) 

P...ta:Ca.H.A 
Por..ta Wt.: 524.88 
Calc.%: C, 82.38; H, ll.S2; 0, 6.10 

~...-o-S-~-e ... 
&u.en: Six isomers of retinyl palmitate may be formed (see 

Retinol, Carot-40). 
~:A U.S.P. unit or an International Unit of all-ti'WI.f

retinyl palmitate is 0.55 111- Thus, pure all-ti'WI.f-retinyl palmitate 
contains 1.817 X IOII.U./a. 

s-a.: 
Nat11rol S011rces. Retinyl palmitate is the major ester of retinol 

found in liver, intestine, and retina of many vertebrates. Smaller 
amounts of stearate, oleate, and other esters are also present.•-a 

Clrlmical Syntlrlsts. Retinyl palmitate is synthesized by direct 
esterification. of retinol with palmitoyl chloride in pyridine,• or by 
reaction with methyl palmitate in the presence of sodium ethox
ide.• 

Medlodl of Puli8c:atloa: Retinyl palmitate may be separated from 
retinol by column chromatography. It may then be crystallized 
from propylene oxide. • 

Metbodl of A8aJb11 for IWtty: 
Co/111M and Thin-Layer Chromotography. Similar adsorbents 

are uaed for the column chromatography of retinol and retinyl 
palmitate. •·7 Retinyl palmitate is eluted from columns of water
deactivated alumina with hexane or a very smaU percentap of 
acetone in hexane. Retinyl palmitate may also be chromato
araphed on a thin layer of silica pi G. Petroleum ether- isopropyl 
ether-acetic acid-water (180: 20:2: 5) or petroleum ether-acetoni
trile-acetic acid-water (190: 10: I :5)1 are used to develop the 
chromatogram. 

Part/t/Qtl Chromatography. Column-partition chromatography 
and reverse-phase paper chromatography have been used to sepa
rate retinyl palmitate from retinylacetate and retinol,M 

Gas-Liqllld Chromatography. Retinyl palmitate does not emerae 
from ps-liquid columns at temperatures suitable for the chroma
to1Jf8phy of retinyl acetate and retinol.• 

Ultlflvlolet Spect,.,, Retinyl palmitate differs from retinol in 
its ultraviolet absorption spectrum in £:~ values only. In etha
nol, aU-tlfliLM'etinyl palmitate has an £:~ value of 1000 at 325 
nm. 
Fl110~~n« Spect,.,, Liabt of 325 nm is absorbed maximally 

by retinyl palmitate. A portion of this eneraY is emitted1 as liabt 
of470nm. 

Melting Point. A value of 28-29 °C has been reported. 
Q.andtatiYe ~11: The quantity of retinyl palmitate is normally 

determined by measurement of ultraviolet liabt absorbed,7•1 or 
tbrouah measurement ofliaht emitted by ftuorescence.t.t.•• Assays 
may also be made by measur :na the absorbance of the colored 
complex formed with such Lewis acids as antimony trichloride 
and triftuoroacetic acid.11 An £:~ value of 2760 is obtained at 
616 nm. 

Prob8ble Jmpurltlea: Retinol, cis-isomers, and oxidation products. 
Coadltl0111 of Stontp: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and low temperature (0 °C). Solutions of retinyl 
palmitate are reasonably stable in the dark at low temperatures in 
peroxide-free and acid-free orpnic solvents.11 

..,_ 
I. S. Mabade¥ao and J. OanauiJ, BlodNIW. J., II, 5) (1961). 
2. S. Puuera.n and J, S. Andren, J. Blot. CAM~., 239, II (1964). 
). s. Putterman and J. s. Andren, J. Bioi. c-... .. UP, ¥117 (1964), 
4. J. 0. Buter and C. D. Robaoa, J. Am. CAM~. S« .. .. , 2407 (1942). 
'· V. Mabadnalland W. 0. Lundbera. J. Upld It•• .. 3, 106 (1962). 
6. J. W • ._ and D. 0. ~. ID C"'--Of'fll/ty, B. HeCtmaaD, eel., 

Relabold Publbblna Corp., New Yort (1961), p. 465. 
7. J. A. a-, ID N- Mdltoda of Nlllrllloltlll Blot:IIMdllry, Vol. Z, A. A. Al· 

"--• eel., Aaclemlc Prell, Ine., New Yort (1965), p. )45, 
8. M. Ko8cr and S. H. RubiD, VltMtllu H-, 11, 31' (IHO). 
9. P. B. Duaqla, Jr., and J. A. 0'-, Alwll. 0..., 36, 756 (1964), 

10. H. Sobodla, S. KaDD, and B. ~. J, Alfl. CMtt. S«., tl. 1959 (194)). 
11. R. B. Dupn, N. A. Prtaato, and J. M. Siebert, Altol. c-.., 36,114 (1964). 
12. Slln•lllolu /Or tiN Sr-.. 111111 UH o/ CrylltlliiM Vll-61 A, Dlldlladoa 

P1nducta lnduatr&el, Rocbeller, N. Y. (1964). 

Carot-43 
SplriUoxanthin 
1,1 '-Dimetboxy-3,4,3' ,4' -tetrahydro-1,1,1 ',1' -tetrahydro-

1/t ,1/t-earotene 
(Rhodo.tolasdn) 

F...ta: c.H.A 
F...ta Wt.: 596.95 
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s....-. 
c.Jc. %: C, 84.51; H, 10.12; 0, 5.37; OCH1, 10.40 

s-a.: 
Naturtll S011rces. Spirilloxanthin is found only in photosyn

thetic bacteria. Rlrodospiri/lllnt rubr~~nt (stationary-growth phase) 
is an excellent source or this compound.•·• 

Clrlmlcal Syntlrlsis. The total synthesis or spiriUoxanthin has 
been reported.•·• 

r.oladoa Procedln: The extraction, saponification, column chro
matography, and crystallization or spirilloxantbin have been 
reported,t.t-7 

Melledl of ..... doe: 
Chromatograplry. Column chromatography on either a calcium 

carbonate-calcium hydroxide mixture' or deactivated alumina7 
may be used to separate spirilloxanthin from other carotenoids. 

CrystalliZDtlon. Chloroform-petroleum ether,• acetone-petro
leum etber,7 benzene-petroleum ether,7 or benzenel·' are used for 
crystallization. Spirilloxanthin is only slightly soluble in petro
leum ether, moderately soluble in benzene, and readily soluble in 
acetone or carbon disulfide. 

Metbodl of AssaJI• ror Purity: 
Chromatography. The purity or spirilloxanthin may be deter

mined by chromatography on calcium hydroxide, • on cin:ular 
lUter paper having a suitable filler,•·• or by the tbin-layer tech
nique." 

Solvent Partltlmr. The partition ratio11 between petroleum ether 
and 9S% methanol is 88:12.7 

Visible Spectr~~nt. Petroleum ether (b.p. 40-70 °C): 463 493 
., t • 

and 528 nm. E a - 2680 at 493 nm.• Spectral curve.•·7 Acetone: 468, 
498, and S34 nm. Chloroform: 479, S09, and S44 nm. Benzene: 
480, SIO, and S48 nm. Carbon disulfide: 49S, S32, and S70 nm. 

Iodine-isomerized spiriUoxanthin shows "cis-peak" absorption 
at 367 and 38S nm in petroleum ether.• 

Infrared Spectr~~nt. The infrared absorption spectrum or spiril
loxanthin in a potassium bromide pellet has been reported.tt 

N~~elear Magnetic Resonance Spectrllnt. The nuclear mapletic 
resonance spectrum or spirilloxanthin has been reported.•·n 

MtUS Spect111M. The mass spectrum or spirilloxanthin has been 
reported. a. 

Melting Point. Spirilloxantbin melts at216-218 °C in an evacu
ated tube."' 

Probable... Idea: Oxidation products, cis-isomers, and rhodopin 
or anbydrorbodovibrin when spirilloxanthin is isolated from 
natural sources. 

CoadldOIII or Storaae: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (-20 °C). . .,_ 

I. S. Lluea-Je..a, Ill ll«tm.l l'ltotOIYIIIMm, H. Gal, A. San Pietro and 
L P. Vemoo, eda., Andoc:b Plea, Yellow Sprinp, Oblo (1963), p. 19. 

2. C. B. van Nlel and 1. H. C. Smith, Atd. Mll<roblol., 6, l19 (1935). 
3. 1. D. Surmadi and A. orner. 1. Orr. a-.. U, 2735 (1963). 
4. D. F. Scbnelder and 8. C. L W-soa, J. CMm. S«., (C), 1686 (t967). 
5. P. Karrer and U. Sol-o. Hrlr. Claim. Ac:ta, 11, 1306 (1935). 
6. A. PolPr, C. 8 . van Nlel, and L Zecbmelater, Arc: II. Bloc:llrm. Bloplty6, 5, l43 

(1944). • 

7. S. L '-"· Krl. Nor6kr Jfltleultob. Srl1kob6 Slcrl/lrr. 1 (1962), 
I. A. 1- and S. Uaacn..J-. Ac:ta C"-. Sctllll/., 13, t863 (19,). 
9. A. 1-. Ac:ta Cllmt. Sctllll/., 14, lOSt (1960). 

10. H. R. Bollleer, A. KOola, and U. Scbwieta', Clalmlll, II, 136 (1964). 
II . F. J. Petracek and L. Zecbmdller, A1111l. CINm., U, 1414 C1956). 
t2. S. I.Jaaea-1-. Ac:ta CMm. s-wl., 17, 500 (1963). 
13. M. S. Barber, L M. Jackman, and 8 . C. L. W-son, /'r«. Cllmt. Soe. 96 

(1959). • 
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14. C. R. Enllll, 0 . W. Fnuldl, and S. I.._..._, AeM 0., ~ U. 
727 (1969). 

Carot-44 
Squaleae 

F ....... :c..Ha. 
F ....... Wt : 410.74 
Calc. %: C, 87.73; H. 12.27 

s..a.: 
Natllrtll SoiU'Ces. Squalene is found in tbe laraat amounts in 

ftsb-liver oils, particularly tbose or elasmobrancbs,'·1 Squalc:ne is 
also found in plants. a.• 

Chemical Synthesis. Several chemical syntbe~e~ of squalene 
have been reported ..... In addition, it has been shown tbat natural 
squalene synthesized witb tritium at Cl2, has tbe R c:onficura
tion." It bas also been shown tbat natural squalene is tbe aD
trruu-isomer. u 

bolata. Procida•: Squalene is removed from bioJosical materials 
by extraction witb such solwnts as acetone, methanol, or ethanol. 
The mixture or compounds in tbe extract is then subjected to 
saponification, and, sublcquently, squalene and other nonsa
ponifiable compounds are transf'emd into petroleum ether. 

Methoda of Pwt8cata.: 
Chromatograplry. Squalene is purified by cbromatopphy on a 

column or alumina, on a tbin-layer plate, or by tbe pa-liquid 
technique.lt.U 

Medlodl of ~)'IDa for PwltJ: 
Chromatograplry. An assay for squalene by chromatography on 

a COlumn O( alumina has been reported, II 
Thin-Layer Chromatograplry. Squalene may also be aaa~• 

ror purity by chromatography on a thin-layer plate or sitic:a eel G. 
Gas-Liqllid Chromatography. The purity of squalene may be de

tennined11 by ps-liquid chromatography on a column or SE-30. 
Ihrlvative Formotiolf. Tbe bexabromides and hexacblorides or 

squalene bave been prepared.1 1be thiourea clathrate or squalc:ne 
has also been prepared,• and tbe biocbemic:ally important squa
lene 2,3-oxide has been synthesized ...... 

Solvent Partition. Squalene is insoluble in water, soluble in 
etber, petroleum ether, carbon tetrachloride, or acetone, and 
sparinsJy soluble in alcohol or glacial acetic acid." 

BoUing Point." h., 285 oc; b., 2SO °C; bo.11, 203 "C. 
Density. d't 0.8584 s/rnl; d: 0.8538. 
Refractive lndlx. n: 1.496S. 
In/rand Spectr~~nt. The infrared spectra of natural and syn

thetic squalene have been reported. 1 

Nuclear Magnetic ReSONUICe. The nuclear mapetic: resonance 
spectrum or squalene bas been reported.17 

......_... lmfl'll'h*: Oxidation products and cls-isomen. 
CCIIIIIIdoal of Stonge: In darkness, at a low temperature (0 oq. 
..,_ 

1. M. Taajlmoco, J. CINm. IIIli. (Tokyo), 9, 953 (1906). 
2. I. M. Heilbt'On, B. D. Kamm, and W. M. Owem, J. CAM~. $«., t6JO (192$. 
3. S. Q. Alam, J. 8-.d, and 0 . Madduney, N•~~~n. IN, 479 (l96l), 
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4. D. A. Beeler, D. 0. Ande.._,aad 1. W. Porter, Ardi.Biodwrll. Bfot1/IY.,,102, 
26 (1963). 

5. S. Trippett, CAeft. /ltd. (Loadoo), 80 (1956). 
6. P. Karrer aad A. Hdf-dn, Har. Cltlltt. Acua, 14,71 (1931). 
7. O.lller, R. Rllea, L O.opard-cllt.Jean, H. wa..-, aad K. Berabant, Har. 

CAft. AcM, 3t, 897 (1956). 
I. J. W. Canaf'orth, R. H. Conaforth, aad K. K. Mathew, J. Cltcm. Soc., 2519 

(1959). 
9. D. W. Dicker and M. C. Whidrlal, C"-. /ltd. (Loadoo), 351 (1956). 

10. B. Samuclloa aad D. S. Goodman, J. Bioi. C"-., 139, 98 (1964). 
II. N. Nlcolalda aad F. Lava, J. Am. Cltcm. Soc., 7t, 2596 (19S4). 
ll. B. CaJM~AC~t,Jr., N. ROlin, 0. A. Bloodln, aad W. R. Na, J. Bioi. CAeft., 140, 

3258(1965). 
13. G. Krillma, H. W. WbiUock, Jr., D. H. Fdclbnaege, aad J. W. Porter, Ardl. 

Blodlen. B~op~ty.,, 114, :ZOO (1966). 
14. E.J. Cony, W. E. Ru.ey, aad P.R. Ortiz de MOIIdcllano, J. Am. Cltcm. Soc., 

•• 4750 (1966). 
15. E. E. Van Tameleii,J. D. WUleu, R. B. ClaytOn, aad K. B. Lord, J. Am. C"-. 

Soc., •• 4752 (1966). 
16. TfN Mm:l IIIIWc, 7th Edidoa, Mack A Compat~Y, lac., RabQ¥, N- Jency 

(19410), p. 974. 
17. J. B. Davia, L M. Jackman, P. T. Siddolll, aad B. C. L Weedon, J. Cltcm. 

Soc. (C), 2JS4 (1966). 

Carot-45 
Torularbodin, Ethyl Ester 
Ethyl 3' ,4' -Didebyttr.~.~-carotea-16' -oate 
(tJ-C.o-Carotenoic Add, Ethyl Ester) 

F__.:CaH..O. 
F__. Wt.: 592.91 
Ode:. %: C, 85.08; H, 9.52; 0, 5.40 

s-us: 

-o-Cztt, 

Natural So11rces. Torularhodin has been isolated from micro
orpnisms.•-t 

Clwmkal Synthesis. The ethyl ester of torularhodin is prepared, 
in analogy to the methyl ester,• from p-apo-2'-carotenal (C.,) and 
[1-(etboxycarbonyl)ethyl]triphenylphosphonium bromide. 

Metllodl of Pldk:atloll: This pigment is purified by chromatogra
phy on a column of deactivated alumina, and by crystallization 
from organic solYeDts (e.g., ethyl acetate). 

MeCbodl of A11aJb11 for Purity: 
Chromatogl"tlppty. This compound may be assayed for purity by 

chromatography on a colunm of deactivated alumina, or by chro
matography on a thin-layer plate of secondary magnesium phos
phate or silica gel G.• Ethyl acetate-dichloromethane (1 :4), car
bon disulfide, or benzene are used to develop the latter chromato
pms. 

Visible SP«trllm. Torularbodin ethyl ester in hexane exhibits 
maxima at 475, .500, and 533 om. E:~ (hexane) 2290, 3050, and 
2430, respectively. 

Nuclear MagMtic RIMJnance. The nuclear magnetic resonance 
spectrum of torularbodin ethyl ester has been reported. 7 

Melting Point. Torularhodin ethyl ester melts at 156-158 oc 
(uncorr.) in an evacuated tube. 

ProbeiJie l..,...ds: cis-Isomers of the ethyl ester of torularhodin. 
Cuudltloal of Storage: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and at a low temperature (- 20 °C). 

.... _ 
I. B. Lodel'er, Compt. Rmd. Actlll. Sd. 197, 1694 (1933). 
2. P. Karrer aad 1. RuUchmann, Har. Cltlltt. Acto, Z6, 2109 (1943). 
3. P. Karrer and J. Rubdunann, H•lr. Cltlm. Acto, 11, 795 (1945). 
4. P. Karrer aad 1. Rubdunann, H•l•. Cltlm. Acto, 29, 355 (1946). 
5. 0. bier, W. Ouex, R. ROCA, 0. ~. 0. Saucy, U. Sdlwleter, M. Walter, aad 

A. Wlntentdn, Rm. Cltlltt. AciiJ, 42, 864 (1959). 
6. E. Stahl, H. R. BoiJieer, aad L Lehnert, iD CtuotiMIIIfll CIII'OIIiloltk, K. Lana, 

ed., D. Stclnkopll' Vertaa, Darmstadt (1963), p. 129. 
7. B. C. L Weedon, Fonldtr. C"-. Or,. Nlllllrnojfe, 21, II (1969). 

Carot-46 
Torularhodinaldebyde 
3' ,4' -Didebyttr.~.~-caroten-16' -al 
(3' ,4'-Didebydro-17' -oxo--y-carotene; ~C.o-Carotenal) 

F ..... :C.U..O 
For.da Wt.: 548.86 
Calc. %: C, 87.53; H, 9.55; 0, 2.92 

Solnel: 

9. 
~-H 

Nat11ral So11rces. This compound has not been reported to be 
present in any natural sources other than Rhodotorula species,1 

where it is present in small amounts. 
Chemical Synthesis. The synthesis of this compound from 

lS, 1 S'-didehydro-p-apo-8'-carotenal by enol ether condensation 
has been reported.• 

Metllodl of Pwlleab: This compound may be purified by chroma
tography on columns of alumina, and by crystallization from 
organic solvents. 1 

Metllodl or ~yflll for Purity: 
Chromatography. The purity of this compound may be deter

mined by chromatography on a colunm of alumina or on a thin 
layer of silica gel G (Merck). Ethyl ether--i:yclohexane (1 :4) is 
used to develop the latter chromatogram.• 

Visible SP«trum. Petroleum ether (b.p. 80--105 °C): S09 and 
S40 om (shoulder). Cyclohexane: 513 and S44 om (shoulder). 
Benzene: S22 om. The£:'!... value at S08 om is 286S (petroleum 
ether, b.p. 80--IOS 0C). 

Melting Point. A melting point of 166-168 oc has been re
ported.• 

ProiiUie lalpmitfell: cis-Isomers of torularhodinaldehyde. 
Coadftlolls of Storaae: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and at a low temperature (- 20 °C). . .,_ 
J. R. Bonaly and J. P. Maleqe, Blocltlltt. Blop/ly1. Acto, 164, 306 (1968). 
2. R. Rllea. M. MoalaYOll, 0. Ryar, 0 . Saucy, U. Sdlwleter,aad O.lller, Ha•. 

Cltlltt. Acto, 42, IS4 (1959). 

Carot-47 
Viola xanthin 
(3R,SR,6S,3'S,S' R,6'S)-5,6,5' ,6' -Diepoxy-5,6,5' ,6' -tetra

byttr.~~carotene-3,3' -diol 
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P...U:c.a..o, 
F..- Wt.: 600.89 
Olle. 7.: C, 79.96; H, 9.39; 0, 10.65 

HO 

Violuanthin has been c:baracteriad as S,6,S',6'-diepoxy-zeuao
tbin.1 The stereochemistry of this compound is known to be 3S,3' 
S,t.• and tbe cooftauration of aiCh S,6-epoxide group is thouaht to 
be S R, 6S.• 

s.rc.: 
Natlllrll Sowce1. Violuantbin is found in many flowers,• 

fruits,• peeo leaves,• and alpe.1.1 Crystallioe violuantbin has 
been isolated from Ylola tricolor.• 

Clwmlcal Syllllwlil. Violuantbin has aJieaedly been prepared, 
in low yield, by oxidation of zeuaotbin with monoperoxypbtbalic 
acid.• However, tbe main product probably differs from natural 
violaxantbin in tbe cooftauration of the S,6-epoxy lfOUps. 1 

......... Preceda•:' Yellow bloaoms of Ylola tricolor are dried, 
and then extncted with petroleum ether. The combined extracts 
are concentrated, and tbe material in tbe solution is saponi8ed. 
Violaxantbin is then extncted into petroleum ether, and purified 
by cryatallization or chromatoarapby. 

Medlodl ol Purllca .... : 
So/Hill Partltlolf. A partial purification of violaxantbin can be 

acbiewd by solYeDt partition.• 
ChromtJtograplty. Violaxantbin may be purified by chromatoa

rapby on a column of mqnesium oxide, .. • zinc carbonate,1• or 
calcium carbonate. • 

Cry1tallizlltlon. Violaxanthin can be crystallized from methanol 
or carbon disulfide. u 

/HrlvatiHI. Tbe di.(p-nitrobenzoate) and tbe dibenzoate of 
violuantbin have been reported, I• 

Metllodl of A8aJb11 for P1riJ: 
Clrromlltograplty. The homo,eneity of violaxanthin can be de

termined by cbromatoaraphy on thin-layer plates11 or on kielel· 
aubr a-per. II 

So/Hilt Partition. An observed polarity of 2.49 and an M.. of 
66.2 have been reported1' for this compound. 

Yillble Sf/«t1'flm.' Carbon disulfide: 440, 470, and SOl nm. 
Chloroform: 424, 4Sl.S, and 482 nm. Petroleum ether : 417.S, 443, 
and 472 om. Ethanol: 417.S, 442.S, and 471.S nm. £:!. approxi
mately 2400 at 442.S nm. ua Spectral curves for violaxanthin have 
been published. '·1• 

N~~elear Magnetic ReiOfftlllce. The nuclear mqnetic resonance 
spectrum for violaxanthin has been reported.u• 

Optical Roltltory DiiJ¥nl011. The optical rotatory dispersion 
curve foe violaxanthin has been reported.1• 

M1111 SP«t1'flm. The mass spectrum of violaxanthin has been 
reported.n 

Melting Pollft. Violaxanthin melts at 200 •c.• 
Optical Rotation. An [arc" of +35' (chloroform) has been re

ported for violaxanthin.u 
DerlvatiHI. Auroxanthin is formed on treatment or violaxan

thin with dilute acid, II 
Color Reactlon1. Violaxanthin aives a persistent blue coloe 

when an ethereal solution of this compound is shaken with 207. 
aqueous hydrochloric acid.1a 

Probld»le ..........._: Antberaxanthin, auroxanthin, and zeaxanthin. 
Coadltlo• of Stontp: Darkness (brown vial), inert atmosphere 

(..ted ampoule), and at a low temperature (-20 •q. Contact 
with acid vapors must be avoided. 

..,._ 
I. P. ltanw ud 8. Jucbr, H•l•. Cit .... AtM. 21, 300 (1945). 
1. L ButJ.u, W. KIJDe, W. P. Moee, P. M. SQopee, 0. o.tub, A. K. Malluat. 

B. C. L Weedon, J. Sabolca, ud O. T6da,/. ~ Soc. (C), 2S27 (198). 
3. T. 8. DeW.., M. B. Hundl-. S. W. R.-.ll,ud B. C. L Weedon,/.~ 

Soc. (11), 1311 (198). 
4. P. ltanw ud 8. Jucker, CM«-'11, 8. A. Braude (trulllatar), l!bevler, 

N- York (19"'. 
5. H. H. Strala, u./ X•tlto,ltylh, Canlllile IDidtudoa of W~ Wub

illltGG. D.C. (1931). 
6. A. '-, Ill c--. - C_...,., lt. Laad, ed., p. 119, D. Stdakop8' 

v ..... Duml&adt (1963). 
1. A. llqlr ud H. Stralllty, Ald. Mlluoblol., 12, 61 (1970). 
a. L z..._...., uc1 L von a.olnokJ, AM. c-... 516. JO (1935). 
9, A. L CUd ud 0. P. Ball.,,/, .q,, FOOII CAM~., 2, 615 (1954). 

10. P. ltanw ud J. RutecbmaDD, Hd•. Cit .... AcUI, 11, 1614 (1944). 
II. R. ltulul ud A. WIDeentelD, CAM~. S..., M. 326 (1931). 
11. H. R. BoJIIew, A. Koala. aod U. Scbwleter, C1llooiM. II, 136 (1964). 
13. A.~- ud s. ~ . .feN CIIMt. S<Mtl., 13, 1163 (19~. 
14. N. L Kr1D11!1. '"-'· Bloc-.,, 6. 293 (1963). 
IS. P. Kaner ud 8. WOraJ«, Hd•. Cit .... AcUI, l6. 116 (1943). 
16. B. C. L Weedon, Fonldv. CAM~. Orr. Nt~tw•olf•, 11, II (IM!I). 
11. H.~ H. Bnalllb, ud B. Ja-, M-tll. ~. 101, 579 

(1910), 

Carot-48 
~Zeacarotene 
7' ,8' -Dibydro-,9,tjt-carotene 
(all-tron.-7' ,8' -Dibydro--y-carotene) 

F..-.:c.a .. 
Formula Wt.: S38.90 
Cak. 7.: C, 89.J.S; H, 10.8S 

ScMnee: 
Nat11rol S011rce1. ti·Zeacarotene has been isolated from yellow 

corn arain,1 yeast,• and funai.• 
Chemical Synthe1i1. The chemical synthesis of t~-zeac:arotene 

from famesyl triphenylphosphonium bromide and IS,IS'-dide
hydro-apo-12'-carotenal by a Wittia reaction baa been reported.• 

r.olatloe .......,. : p.Zeacarotene is extracted from biolosical ma
terials with an oepnic solvent. The carotene is then transferred 
into petroleum ether, with or without prior saponification, and 
purified by chromatoarapby. 

Medlodl of Pw..UO.: 
ChromtJtography. ti·Zeacarotene is purified by chromatography 

on a column of mqnesium oxide-Supercel,l.laJumina,u oe cal
cium hydroxide-Celite.U 

Medlodl of A8aJb11 for Purity: 
ChromtJtography. p.Zeacarotene may be assayed foe purity by 

column chromatoaraphy as just noted. It may also be assayed foe 
purity by cbromatoarapby on a ltieselael plate, or by thin-layer 
chromatoarapby on alumina.• 

Visible SJ¥Ctt'llm. Petroleum ether: 406, 428, and 4S4 om. 
£:!. 1660, 2S20, and 2300, respectively.• 

In/rami SP«ti'IIM. The infrared absorption spectrum of /J·ZA· 
carotene has been reported. • 
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--------------

N~~elear MagMtlc RIJOIIQ/I~. The nuclear rnqnetic resonance 
spectrum or tJ-zeacarotene has been reported.• 

MtuS SP«trum. The mass spectrum of tJ-zeacarotene has been 
published.• 

Me/tillg Point.' tJ-Zeacarotene melts at ~7 °C. 
ProiNIIIle .... Ides: Oxidation products, ciJ-isomen or ~-zeacarot

ene, and, possibly, r-carotene. 
~ of Storace: Darkness (brown vial), inert atmosphere 

(aealed ampoule), and at a low temperature ( -20 °C). . ..._ 
I. B. N. ~d. P. W. Qulclreabulb, aDd M. Mc:QulllaD, Atdt. BlodtMt. 
~ ... u. 117 (195). 

2. JC. L Slmpeao, T. O. M. NU.yama, aDd C. 0. Ollcbelter,l. ll«<•lol., II, 
16111 (1964). 

3. R. I. H. wuu.ma, B. H. Davie~, aDd T. W. Ooodwia, l'#t)l~y, .. 75 
(1965). 

4. R. RGea, U. Scbwtew, 0. llywr, P. Schadel, aDd 0. bier, Hdr. CMM. Act .. 
..... 994 (1961). 

S. B. C. L Weedon, Fanldv. Cllcm. o,... N--.1',, 17,11 (1969). 
6. B. BDdzlldewlcz. H. Bnednb, aDd B. 1._, 111-M. C"-., 101, S19 

(1970). 

Carot-49 
Zeauatbln 
(3R,3' R)~,p.caroteae-3,3' -dlol 
(tJ-Carotene-3,3' -diol) 

F..-Ja:C..HaA 
F....ta Wt.: 568.89 
Calc. 7o: C, 84.4S; H, 9.92; 0, S.62 

HO 

Solwa.: 

OH 

Natural S011rce1. Maize seeds,1·' calyx of Phyltlli1 alkekengi (as 
pbysalicn, a zeaxanthin dipalmitate),H and in smaU proportions 
in other plant sources.t.a.• The absolute confiauration of natural 
zeaxanthin from Ph.v»lil alkekengi and maize has been estab
lished'·• as 3R,3' R. 

Chemical Synthe1is. The total synthesis of zeaxanthin has been 
reported.'·1' 

........... Procedarel: The isolation or zeaxanthin from natural 
sources involves extraction, saponification under mild conditions, 
extraction or the carotenediol with petroleum ether or ethyl ether, 
chromatography, and crystallization.t-..u 

Metllo* of Purtfkadoe: 
Solvent Partition. Zeaxanthin may be separated from carotenes 

by partition between petroleum ether and 9S 7o methanol. 1.11 

Chromtltography. Zeaxanthin may be purified by column 
chromatography on calcium carbonate, calcium hydroxide, 
zinc carbonate, maanesia, maanesium silicate, or deactivated 
alumina.I.I.Ut 

Cry1tallization. Several solvent combinations may be used for 
crystallization. Two or these are carbon disulfide-ethyl ether
petroleum ether' and dichloromethane-methanol. • Ethanol or 
methanol may also be used. Zeaxanthin is almost insoluble in 
petroleum ether, slightly soluble in ethyl ether, and quite soluble 

in chloroform or carbon disulfide. One aram or the piamcnt dis
solves in l.S liters of boilina methanol.• 

DeriWltiNI. Diesters' and diethersll or zeaxanthin have been 
reported. 

Medlodl of A11aJb11 for Purity: 
Chromatography. The purity or zeaxanthin may be determined 

by chromatography on columns,1 on circular paper havina a suit· 
able ftUer,u or on thin layers of adsorbcnt.t• 

So/Nnt Partition. The partition ratio between petroleum ether 
and 9S 7o methanol is II : 89; and between petroleum ether and 
8S7o methanol is 40:60.u 

Yillble Spectrum. Petroleum ether (b.p. 40-60 °C): 423, 4S2, 
and 480 nm. £:~ .. 23SO (4S2 nm) and 20SO (480 nm). Spectral 
curve.• Ethanol:• 423 (shoulder), 4Sl, and 483 nm. Methanol:' 
422 (shoulder), 4SO, and 481 nm. Chloroform:• 429 (shoulder), 
462, and 49S nm. Carbon disulfide: 4SO (shoulder), 482, and Sl7 
nm. Iodine-isomerized zeaxanthin shows "ell-peak" liaht ab
sorption at 336 nm (petroleum ether). I' 

In/rami Spectrum. The infrared spectra in chloroform and 
bromoform have been reported.• 

N~~elear MagMtlc ReJOIIQ/I~ SP«t1'11m. The nuclear mapetic 
resonance spectrum or zeaxanthin has been reported.n 

MtuS SP«trum. The mass spectrum of zeaxanthin has been 
reported. It 

Optical Rotatory Di1perlion. The optical rotatory dispersion 
curve or zeaxanthin has been reported.• 

Melting Point. Zeaxanthin melts at 20'-206 °C in an evacuated 
tube.• 

Optical Rotation. An [ale.~ value of -.WO to -4~ (chloroform) 
has been reported." 

Probable Impurities: Oxidation products, cl.r-isomers, and possibly 
lutein. 

Condld0111 of Storace: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and at a low temperature ( -20 °C) • ..,_ 

I. P. Kanw, A. Heir~. H. Weltrll, B. Pieper, and R. Mad, Hd•. CA .... 
Acta, 1 .. 619 (1931). 

2, L hcbmdller, C-lllo#M,Iulllll Sprlneer, Berlin (1934). 
3. P. P. Zlcbelle,l. W. Wbltc,lr., B. W. Beadle, aDd I. R. ROKII,I'ItMt P/utllol., 

17, 331 (1942). 
4. R. KuhD, A. Wlntcntelo, and W. KaufmatUI, CA..,. /W., 63, 1489 (1930). 
S. P.Karrer aDd B. Iucker, C--'t/1. B. A. Braude (trallllalol'), Bllevler, New 

YOlk (19"'. 
6. T. W. Goodwin, In CM«IM llltd c-tlltoltl#, K. La111, eel., D. Slllnk~ 

vertaa, Darmttadt (1963), p. t. 
7. T. B. DeWle, M. B. Hurtb-, S. W. Ru.ell, aDd B. C. L. Weedoa,/. C"-. 

Soc. (D), 1311 C1969) • 
I. L Bartlett, W. KIYM, W. P. Moee, P. M. Scopet, O. Oalalko, A.lt. MaUama. 

B. C. L. Weedon, I. Sabolc:t, aDd 0. T6tb,l. C"-. Soc. (C), 2517 (198). 
9. O. bier, M. Undlar, M Moatavoa, R. RQea, 0. Saucy, and P. Zeller, H•l•. 

CM!ft. Acta 3t, 2041 (19S6). 
10. D. 1!. Loeber, S. W. Ru.ell, T. P. Toube, B. C. L Weedon, aDd l. Dlmeat 

I. Cllcm. Soc. (C), 404 (1971). 
II. H. H. Strain, lMI/ Xtllfl/ropAyllt, Camecle lnatltudon ol Wublqtoa, Wub-

lnatoa, D. C. (1938). 
12. P. I. reu-k aDd L hcbmebter. Alllll. CAM!., 21, 1484 (19S6). 
13. H. MOller aDd P. Karrer, Hd•. CA .... Acta, 41, 2!11 (1965). 
14. A. lealeD aDdS. lJaun.J-, Actll C"-. Sctllld., 13, 1163 (195). 
IS. H. R. Bolllaer, A. K6Dia, aDdU. Scbwleter, Cll ... lll, II, 136 (1964). 
16. L Zecbmelttcr, .... aal-rk C--'t/1, Yltt~~~tlltl A-Aryipoly-1, 

Sprineer· Vertq, Vle1U1a (1962). 
17. M.S. Barber,l. B. Da¥11, L M.IIICkmaa, aDd B. C. L Weedoa,l. C"-- Soc., 

2870 (1960). 
II. C. R. Bmell, 0. W. Pranda, aDd S. lJalteo.l-, Act• CMN. Sctllld., 23, 

717(198). 
19. L ZadtJDel..,..., L v. CbCtlJtob, aDd A. J'oiPr, CA#M. IW., '72, 1671 (1939). 
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GENERAL REMARKS 

Preparations of the coenzymes commonly employed in 
biochemical investigations are now available commer
cially. Determinations of their purity rest on such cri
teria as enzyme assays, chromatographic analysis, and 
spectral properties. It is essential that the manufacturer 
provide adequate information concerning the criteria of 
biological activity and purity used for his preparations. 
The criteria sheets describe material of the highest 
available purity. Preparations may be available that are 
less pure but which may be satisfactory, provided that 

Coenzymes 
and 
Related 
Compounds 

they are adequately described and that the known im
purities are stated. 

The spectral reference values for nucleotide coen
zymes have been selected from the literature and are 
considered to be the best available at present. It is rec
ognized that some values are not known with certainty, 
and the Committee on Specifications and Criteria for 
Biochemical Compounds and its Subcommittee on Co
enzymes invite suggestions for revisions, particularly 
with reference to precise determinations of molar ab
sorption coefficients. 
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CoE-1 
Acetyl Coenzyme A 
S)'IDbol: CoA·Ac 

F ... ollJtllba s.Jt: c.H.LiaNrOnP.S 
Forllllla Wt.: 827.37 

Usually available as lithium salt with variable amounts of water of 
hydration. 
~ ~: Sugested Metbod:1 ... Enzymic transfer of the 

ICetyllfOUp from acetyi.COA to camitine. The reaction is cata
)yzied by acetyJ.CoA-carnitine acetyl transferue. The amount of 
sulfbydryl IP'OUP liberated in the reliCtion is determined with 
Ellman's reqent. 
Experimental Measurement: Increue in absorbency at 412 nm. 

Spedni......_.V.._: 
Molar absorption coefficient, e - 15.4 X 1011 moJ-1 em-• at 259 
nm and pH 7 (calculated from value for ATP). Ratio A.,/ A,. -
0.78 at pH 7. Ratio A.,jA., • 0.15 at pH 7 • 

..,_,eaeHJ: Evidence of cbromatoaraphic hOfllOitDCity should 
be presented. The cbromatoaraphic method should be capable of 
detectina small amounts of structurally related compounds, such 
as acetyl depbosphocoenzyme A, as well as other types of impuri
ties, such as ecetylaJutatbione. The amount of free sulfhydryl 
IP'OUP per unit amount of ~Cetyl coenzyme A should also be 
stated. 

A suitable soiYeDt for chromatoaraphy consists of equal vol
umes of 95 r. ethanol and 0.1 M sodium acetate-ecetic acid 
buffer, pH 4.5. A suitable paper is Wbatman No. 1 or its equiva
lent. A suitable soiYeDt system for diethylaminoethyJcellulOie 
column chromatoaraphy consists of a linear aradient of ua 
and Ha. The mixina wsael contains 500 mJ of 10 mM tris-HC 
buffer, pH 7.4, and the reservoir contains 500 mJ of a solution of 
0.4 M LiCI-0.04 M HC. Theae volumes are suitable for column 
beds about 50 em Jona and 1.5 em in diameter. The column 
should be eluted in the cold. The fractions should be ana)yzied for 
ultraviolet absorption, as weU as for concentration of tbioester 
and free sulfhydryL 

Certain types of impurities, such u a small amount of pro
pionyl-CoA, may be difficult to detect chromatoaraphically. 
Acetyl-CoA is usuaUy prepared by acetylation of CoA, and this 
type of impurity is best avoided by the use of pure acetylatina 
aaents. ..,_ 

I. 1. F. A. Que, D. 1. ,_,_,and P. K. Tubbl, Bf«llh. B/oplty1. Act•, M, 162 
(IHS). 

2. 0. L mta.D, A~ Blodleft. Bloplly1., 14, 443 (1958). 
3. 0. L EIIIIIUI, .bdl. Blodleft. Bloplly1., 12, 10 (195). 

CoE-l 
~Acetylpyrldlne Analog of NAD 

(~Acetylpyrldlne Adenine Dinucleodde; AcPyAD) 

Forllllla: c.H.N.O..Pt 
Forllllla Wt.: 662.45 

Usually available as free acid, with water of hydration. 

~ ~: Sugested Method: Reduction to l«etylpyridine 
analoa of NADH, usina alcohol dehydroaenue from yeast or 
liver.1•1 

16 

CoE-t I CoE-3 

Experimental Measurement: Increue in absorbancy at 363 run. 
Spedrai......_.V.._: 

Oxidiad form (3-ecetylpyridine anatoa ofNAD+): Molar~ 
tion c:oeffic:ient, e - 16.5 X 1011 moJ-1 cm-1 at pH 7.5 and 260 
nm. Ratio A.,/ A., - 0.81 at pH 7.5. Ratio A.,/ A,. - 0.24 at 
pH 7.5.1 

Reduced form (l«etylpyridine anatoa of NADH): Molar~ 
tion c:oeffic:ient, e - 9.1 X 1011 moJ-1 cnr1 at pH 10 and 363 run. 
Cyanide adduct of l«etylpyridine anatoa of NAD+: Molar ab
sorption coefficient, e - 8. 7 X 1011 moJ-1 cm-1 at pH 10 and 343 
run. 

HOIMIIIIICJ: Evidence for chromatoaraphy hOf'DOieiiCity sbould 
be presented, whenever possible, from a minimum of two solw:Dt 
systems that wiU permit the detection of small amounts of struc
turally related compounds. The dearee of contamination with 
other nucleotides, especially with adenosine diphOipboribOie, 
NAD, and the a-isomer of NAD should be stated whenever possible. 
If the preparation contains residual traces of orpnic soiYCDt, the 
amount should be stated in moJs of solvent per mol of the anatos. 

..,_ 
I. 1. M. Sleeel. 0 . A. Moo~. and R. M. Bock, Ald. BlodtMt. ~. 12, 

211 (195). 
2. N. 0. Kaplan and M. M. Ootd,/. Bioi. CleaR., Ul, 823 (1956). 

CoE-3 
~Acetylpyrldlne Analog of NADP 

(~Acetylpyrldlne Adealne Dinucleotide Phosphate; 
AcPyADP) 

F ... : c.H.N.NaOnP• 
F ... Wt : 764.41 

Available as sodium salt with water of hydration. 

~ ~Y: Sugested Method : Reduction to l«etylpyridine 
anatoa of NADPH usina isocitrate dehydrojp:nue (see NADP; 
CoE-8). 
Experimental Measurement: Increase in absorbency at 363 nm. 

Spedni......_.V.._: 
Reduced form (3-ecetylpyridine anatoa ofNADPH): Molar absorp
tion coefficient, e - 9.1 X 1011 moJ-1 cm-1 at pH 10 and 363 run. 
Cyanide adduct of 3-ecety1pyridine anatoa of NADr. Molar ab
sorption coefficient, e - 8. 7 X 1011 moJ-1 cm-1 at pH 10 and 343 
nm (from values for acetylpyridine anatoa of NAD+). 

~1eaeHJ: Evidence for chromatoaraphic hOfllOielleity should 
be presented, whenever possible, from a minimum of two sohent 
systems that wiU permit detection of small amounts of structurally 
related compounds. The dearee of contamination with other nu
cleotides, especially with adenosine diphOipboribOie phosphate 
and NADP should be stated. If the preparation contains residual 
amounts of orpnic soiYeDt, the amount should be stated in mob 
of soiYeDt per mol of the anatoa. 
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CoE-4/ c~ 

CoE-4 
Cobualde Coeazyaes: 

I. Adenylcobamide Coenzyme 
D. Benzlmldazolylcobamlde Coenzyme 
m. s,~Dintethylbeazimidazolylcobamlde Coenzyaae 

~ ~: Susgested Method :1 Conversion of glutamate to 
mesaconate using glutamate mutase coupled to tJ-methylaspar· 
taae. Maximum activities with II and Ill coenzymes are the same, 
activity with I coenzyme is very similar. The K.. values for the 
three coenzymes differ widely. 
Experimental Measurement : Culnge in absorbency at 260 nm. 
Alternative Method :1 Conversion of propanediol to propionalde
hyde. 

Spectral Ref--=e v .... : 
n :' Molar absorption coefficient, t .. 34.7 X lOll mot-• em-• at 
261 nm. 
H~: Paper electrophoresis.• Solvent A: O.S M acetic acid 

(40 V /em, 2 h); a single reddish-orange and ultraviolet-absorbing 
spot moving toward the cathode should be observed. Solvent 8: 
O.S M ammonia (10 V /em, 3 h). Paptr chroii'Ultography.1 A 
single colored and ultraviolet absorbing spot should be observed 
employing Whatman No. 1 paper, or equivalent, and the solvent 
mixture .we-butanol-glacial acetic acid-water (100: 3: SO, by vol
ume) in the descending manner, at room temperature. R, values 
are 0.16 and 0.22 for II and Ill coenzymes, respectively. R, 
values are 0.34 and 0.09 for cyanocobalamin and I coenzyme, 
respectively. 
Solubility test.• The solubility of crystalline II coenzyme in water 
at 24 oc is 0.0164 M. Add successive amounts of crystalline 
Ill coenzyme to water until the total exceeds the solubility of 
the enzyme by 60-100%. No significant increase in absorbance 
should occur after the solution becomes saturated with coen
zyme. This test shows that the crystalline Ill coenzyme is free 
( <2%) of ultraviolet-absorbing impurities. 
Stability.• Solutions are most stable at pH 6 to 7 (for several 
months at -10 °C). The dry crystalline coenzymes are moderately 
stable. They can be stored several months at -10 oc or several 
days at room temperature. Solutions of II and Ill coenzymes are 
~ry unstable under exposure to light or cyanide ion. • Either 
treatment causes loss of activity and a change in the absorption 
spectrum. No cyanide should be detectable as measured by the 
method described in Ref. S. 

..,._ 
I. H. A. Bartcer. R. D. Smylh, H. WeiubWl, A. Muncb-Petcnen,J. I. Toohey, 

1. N. Ladd, B. E. Volcani, and R. M. Wilton, J. Bioi. Cllmt., 135, 181 (1960). 
2. H. A. Lee, Jr., and R. H. Abela, I. Bioi. Cllmt., 238,2367 (1963); R. H. Abela, 

C. Myen, and T. A. Smidt, AMI. Bloclrnn., 15, 192 (1966). 
3. H. A. Bartcer, R. D. Smylh, H. WelubWl, J. I. Toohey, J. N. Ladd, and B. E. 

Volcani, J. Bioi. Cllmt., 135, 480 (1960). 
4. H. Wdabec:b, J. I. Toohey, and H. A. Bartcer, Proc. Nat. Acad. Sci. U.S., 45, 

Sll (195). 
5. G. E. Boar and J. C. Rlckarda, Arclr. Blocllmt., 30, 382 (1951). 

CoE-5 
Coenzyme A 
Synabol: CoA or CoASH 

Formula: CuH..NtO.eP.S 
Formula Wt.: 767.S4 

UsuaUy available as freeze.dried free acid containing variable pro
portions of water of hydration. 

Eazyme Allay: Suggested Method:• Conversion into sorbyl CoA, 
catalyzed by acyi-CoA SYnthase. 
Experimental Measurement: Increase in absorbency at 300 nm. 
Alternative Method :1 Conversion to succinyl CoA, catalyzed by 
a-ketoglutarate dehydrogenase. 
Experimental Measurement: Increase in absorption at 340 nm, 
or increase in fluorescence at 46S nm. 

Spectral Refereace Values : 
Molar absorption coefficient, E = IS.4 X I ()II mot-• em-• at 2S9 
nm and pH 7 (calculated from values for ATP). Ratio A110/A• -
0.78 at pH 7. Ratio A./A110 = 0.1S at pH 7. 

HCMDOI'!nelty: Evidence of chromatographic homogeneity should 
be presented. Many solvent systems for paper chromatography 
yield multiple spots with CoA, and this situation complicates 
the assessment of purity. Column chromatography on diethyl· 
aminoethylceUulose is recommended. A suitable column bed is 
l.S em in diameter and SO em in height. The column is eluted with 
a linear gradient of salt, using SOO ml of 10 mM tris-HCl, pH 7 .4, 
in the mixing vessel and SOO ml of 0.4 M LiCH).()4 M HCl in the 
reservoir. Fractions are analyzed for absorbance at 260 nm, 
sulfhydryl content, and enzymicaUy active CoA. 

Air oxidation on the column may be minimized by use of 
oxygen-free solvents. 

The degree of contamination with dephosphocoenzyme A and 
sulfhydryl compounds other than CoA should be stated when· 
ever possible. ..,_ 

J. S. J. WakU and G. HObtcber, J. Bioi. Clrnn., 135, 1554 (1960). 
2. J. R. WllllaliiiOil and B. E. Cortcey, Metlro<h Eluymol., 13, (1967). 

CoE-6 
Nicotinamide Adenine Dinucleotide (NAD) 
(Diphosphopyridine Nucleotide, DPN) 

Foraula: C.tHrrN~uPs 
Formula Wt.: 663.44 

UsuaUy available as free acid, with variable proportions of water of 
hydration. 

Eazyme ~:Suggested Method :1 Reduction to NADH using yeast 
alcohol dehydrogenase. 
Experimental Measurement: Increase in absorbency at 340 nm. 

Spectral Refereace Values: 
Oxidized form (NAD+):I.I Molar absorption coefficient, t ... 18.0 X 
I ()II mot-• em-• at pH 7 and 260 nm. Ratio A'lllll A'llll = 0.83 at 
pH 7. Ratio A.,/ A110 = 0.22 at pH 7. 
Reduced form (NADH) : Molar absorption coefficient, E ""6.2 X 
1()11 mot-• em-• at pH 10 and 340 nm. 
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NAD-(:yanide adduct:4·1 Molar absorption cod6cient, e ... 5.9 X 
1011 mo1-1 cm-1 at pH 10 and 327 nm. Ratio A.,/ A. - 0.82 at 
pH 10. 
H~: Evidence for chromatographic homogeneity should 

be presented, whenever possible, from a minimum of two solvent 
systems that will permit the detection of small amounts of struc
turally related compounds. The degree of contamination with 
other nucleotides, especially with adenosine diphosphoribose, 
NADP, and the a-isomer ofNAD, should be stated whenever possi
ble. NAD purified by ion-eJ~Change chromatoaraphy is usually iso
lated by precipitation with organic solvents. When this method is 
employed, tbe amount of residual orpnic solvent in tbe final prod
uct should be stated, preferably in mots of solvent per mol of NAD. 

..,_ 
t. M. M. Ootd and N. 0. Kaplan, 1t1nltod1 EltzylrtOI., 3, 890 (1957). 
2. A. Kombera and W. E. Pricer, BlocMin. Prq., 3, 20 (1953). 
3. J. M. 51e8d, 0. A. Moo.....,., aod R. M. Bock, Ardt.. Blocllmt.. Bloplty1., 12, 

211 (1959). 
4. B. L. Horeckcr aod A. Kombeq, J. Bioi. Clt.nn .. 175, 385 (1941), 
5. S. P. Colowkk, N. 0 . Kaplan, aod M. M. Ciotti, J. Bioi. Cit.-., 191, 447 (1951). 

CoE-7 
Nicotinamide Adenine Dlnucleodde Phosphate (NADP) 

(Trlphosphopyridlne Nucleodde, TPN) 

Forllllla: CuH~rNtNaOnPa 
F ..... Wt.: 765.40 

Usually available as sodium salt, with variable proportions of water 
of hydration. 

~ ~y: Sugested Method :1 Reduction to NADPH by iso
citrate dehydrogenase. 
Experimental Measurement: Increase in absorbancy at 340 nm. 

SpeetnJ Relenaee V..._: 
OxidiZied form (NADr+): Molar absorption coefficient,e - 18.0 X 
1011 mol-1 cm-1 at pH 7 and 260 nm.1 Ratio A110/ A1111 - 0.83 at 
pH 7;1 ratio A1111/A1111 = 0.21 at pH 7.1 

Reduced form (NADPH): Molar absorption coefficient, e • 6.2 X 
1011 moJ-1 cm-1 at pH 10 and 340 nm. 
NAop...cyanide adduct: Molar absorption coefficient, e ... 5.9 X 
1011 moJ-1 cm-1 at pH 10 and 327 nm. • 

HOIIIQitlllhy: Evidence for chromatoaraphic homogeneity should 
be presented, whenever possible, from a minimum of two solvent 
systems that will permit the detection of smaU amounts of struc
turally related compounds. The degree of contamination by other 
nucleotides should be stated whenever possible. ..,_ 

t. M. M. Ciotti aod N. 0 . Kaplan, ltletltods EltzylrtOI., 3, 892 (1957). 
2. A. Kombera and W. E. Pricer, Bloclt.nn. Prq., 3, 28 (1953). 
3, U.Jf, Sp«tra of5'·RibMwkotiMI, Cln:ular OR·IO, Pablt Laboratort., MD· 

waulree (1956), p. 19. 
4. B. L. Horecker aod A. Kombera, J. Bioi. CMin., 115, 385 (1941). 
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CoE-7 I CoE-9 

CoE-8 
Nkodnamlcle Hypoxantldne Dinucleotide (NHD) 
(Deamlao Analog of NAD) 

Formula: CuHaNeNaO.P, 
Formula Wt.: 686.40 

Available as sodium salt, with water of hydration. 

~Allay: Suaested Method:' Reduction to deamino anatoa 
of NADH using alcohol dehydrogenase, 
Experimental Measurement: Increase in absorbancy at 340 nm. 

SpeetnJ Refereac:e Val-: 
OxidiZied form (deamino analog of NAD+):1•1 Molar absorption 
coefficient, e = 14.7 X 101 I mot-• cm-1 at pH 6 and 249 nm. 
Ratio A.,; A., .. 1.36 at pH 6. Ratio A1111/A• ... 0.28 at pH 6. 
Reduced form (deamino anatoa of NADH): Molar absorption co
efficient, e = 6.2 X lOll mol-1 em-• at pH 10 and 340 nm (from 
value for NADH). 
H~: Evidence for chromatographic homogeneity should 

be presented, whenever possible, from a minimum of two solvent 
systems that wiD permit the detection of smaU amounts of struc
turaUy related compounds. The degree of contamination with 
other nucleotides, especially with NAD, the deamino anatoa of the 
a-isomer ofNAD, inosine diphosphoribole, and adenosine dipbos
phoribose should be stated whenever possible. If the preparation 
contains residual traces of orpnic solvent, the amount should be 
stated in mots of solvent per mol of the analog. ..,.,_ 

I. M. E. l'ullnw1, S. P. Col-lck. aod N. O. Kaplan, J. Bioi. Clt.ew.., lN. 593 
(1952). 

2. J. M. 51e8d, 0. A. Moat1omery, aod R. M. Boc:t, Ald. Blodl.t. ~~ .. 11. 
288 (1959). 

CoE-9 
Reduced Nlc:odnamlde Adealne Dlnucleodde (NADH) 

(Reduced Dlphosphopyridlne Nucleodde, DPNH) 

Formula: Ct~H~rN,Na,O"P' 
Foraala Wt.: 709.42 

Usually available as sodium salt, with variable proportions of water 
of hydration. 
~Allay: Suggested Method:' Oxidation to NAD+ using aJco. 

hoi dehydroaenase and acetaldehyde. 
Experimental Measurement: Decrease in absorbancy at 340 nm. 

Spectral Refenaee Val .. : 
NADH? Molar absorption coefficient, e - 6.22 X 1011 mot-• enr' 
at pH 10 and 338 nm; 14.4 X 1011 mot-• em'"' at pH 10 and 2S9 
nm. 

Ho.a1eae1t1: Evidence for chromatoaraphic homogeneity should 
be presented, whenever possible, from a minimum of two solvent 
systems that will permit the detection of amaU amounts of atruc
turaUy related compounds. The degree of contamination with 
other nucleotides should be stated, includini NAD and the -
isomer of NAD. NADH is usuaUy isolated by precipitatioo with or
sanic solvents. When this method is used, the amount of residual 
orsanic solvent in the final product should be stated, preferably 
in mols of solvent per mol of NADH. 

Prolonged storaee, or unsuitable storage conditions, lead to the 
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CoE-10 I CoE-11 

coowrsion or NADH into a substance that inhibits some dehydro
genues. Assays for the inhibitor produced by storage have not 
yet been standardized. The date or preparation, method or stor
a,e, and details Of transportation Of NADH should be Stated where 
possible. 

..,._ 
1. M. M. CIOC1i and N. 0. Kaplan, Mnltob E1u)IM., 3, 193 (1957). 
2. J. M. Slead, G. A. MCJGI&OIDCIY, and R. M. Bock, Ald. Ill«"-. B~1., 11, 

- (1959). 

CoE-10 
Reduced Nlcotinamlde Aclealne Dinucleotide Phosphate 

(NADPH) 
(Reduced Tripboepbopyrldiae Nucleotide, TPNH) 

F.-.: Ct.H.~Na.OnP• 
F.-. Wt.: 833.36 

Usually available as sodium salt, with variable proportions of water 
or hydration. 

Eaapie "-J: Sugested Method :1 Oxidation of NADPH using 
NADPH-specific glutathione reductase. 
Experimental Measurement: Decrease in absorbency at 340 nm. 

SpectnJ Rerereace v.-.: 
Molar absorption coefficient, e • 18.0 X J(JII moJ-• em-• at 260 
nm and pH 7; 6.2 X 1011 moJ-1 em-• at 340 nm and pH 7. 

Ha.oeeadty: Evidence for chromatopaphic homogeneity should 
be presented, whenever possible, from a minimum or two solvent 
systems that wiD permit detection of smaD amounts of struc
turally related compounds. The degree of contamination with 
other nucleotides should be stated. If the preparation contains 
residual amounts of orpnic solvent, the amount should be stated 
in mols of solvent per mol of NADPH. 

. .,_ 
1. M. M. Ootd and N. 0. Kaplan, Mnltotb E1u)IM., 3,194 (1957). 
2. B. L. Honcker and A. Kombera, J. Bioi. Cllmt., 175, 385 (1941). 

CoE-11 
Urldine Dfpboepboglucose (UDPG or UDP-Gic) 

F..._: C..HaNaNa,O.,Pa 
F..._ Wt.: 610.27 

Usually available as sodium salt, with water of hydration. 

Enzyme,._,: Suggested Method:1 Oxidation to UDP-g)ucuronic 
acid using UDPG dehydrogenase and NAD+. (Theory requires 2 
mol of NAD+ per mol of UDPG). 

Experimental Measurement: Increase in absorbancy at 340 nm. 
Spectral Refenace V..._: 

Molar absorption coefficient, e = 10.0 X 1011 moJ-• em-• at 262 
nm and pH 7 .u Ratio A110/ A., .. 0. 74 at pH 7; ratio A.,/ A., • 
0.38 at pH 7. The avera,e constants for UMP, UDP, and UTP are 
employed.U 

Hc.aaea*J: Evidence for chromatographic homogeneity should 
be presented, whenever possible, from a minimum or two solvent 
systems that wiD permit the detection of smaU amounts or struc
turaDy related compounds. . .,_ 

I. J. L. Stromlopr, E. S. Maxwell, J. Alldrod. and H . M. Kalcbr, J. Bioi. Cllmt., 
U4, 79 (1957). 

2. J. M. Ploaer and H. S. Lorins, J. Bioi. Cllmt., 171,431 (1949). 
3. R. M. Bock, N. S. Una. S. A. Morell, and S. H. Upton, .Ardt. Blocllmt. Bloplty1., 

61, 253 (1956). 
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GENERAL REMARKS 

The Subcommittee on Enzymes recognizes that chemists 
who purchase commercial enzyme preparations will be 
primarily concerned with the activity, stability, and pur
ity of an enzyme and are likely to be the most frequent 
users of these specifications and criteria for enzymes. 

The application of an enzyme determines how rigor
ously it must conform to ideal specifications. Fre
quently, a preparation containing multiple activities 
may be useful for specific purposes as a consequence 
of, or perhaps in spite of, the presence of the other en
eymes. In other cases, a minute trace of a second activ
ity may render the preparation useless. The present spe
cifications and criteria have been compiled with these 
considerations in mind. Furthermore, with increasing 
use of enzymic techniques for convenient and specific 
preparations (e.g., asymmetric syntheses of radioactive 
compounds or resolution of optical isomers), greater 
attention will be paid to recommended standards for 
commercial enzyme preparations. 

FORMAT FOR CRITERIA SHEETS 

The following plan has been used in the preparation of 
the Enzymes Section. Specifications apply to analytical
grade enzymes obtainable at a high level of activity and 
purity (no such materials are listed in this edition) ; 
maximum permissible activities of contaminating en
zymes should be specified. Criteria apply to all other 
enzymes. As additional data become available, criteria 
will be replaced by specifications in future editions. 

Enzymes 

Teldative Deslgadons 

Each set of data in the present edition should be re
garded as .. Tentative" until general acceptance indicates 
that deletion of .. Tentative" is justified. Future specifi
cations or criteria not designated .. Tentative" will also 
be subject to amendment, as research progress indicates 
changes desirable to reflect the state of the art. 

Nomenclature 

An enzyme is designated by its most generally accept
able common name. Configurational relationships in 
stereospecific reactions, abbreviations, and symbols are 
indicated according to accepted rules. 1•2 To facilitate 
cross-referencing to classification of enzymes by the 
IUB,1 the number and name assigned to each enzyme by 
the JUB appear in a footnote and are, in some cases, fol
lowed by other common names. 

Equations 

Whenever possible, an equation is given for the reaction 
of principal, uncomplexed, ionic species at the pH spe
cified in the assay. Structural formulas are not given. 
However, stereochemical configurations1 •2 are indicated. 

Methods of Isolation 

Appropriate references are listed. 
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Physical Coas1ants 

A reported molecular weight (or range of weights), 
with references, is given. The Subcommittee emphasizes 
that these values should not necessarily be accepted as 
authoritative, but rather as a guide to the relative 
molecular sizes of various enzymes. 

Procedures for Handling 

Procedures believed (at the time of publication) to be 
the most reliable for retaining activity during storage, 
shipment, dialysis, and dilution are given. 

CommerciaDy Available Substrates 

Pertinent commercially available compounds are listed. 
Sources of supply are not indicated. 

Activity Unit 

Whenever possible, and unless specifically stated other
wise, the activity unit, U, is defined as that amount of 
activity catalyzing the transformation of 1 JLlllO) of sub
strate per minute under the conditions specified. s Where 
this is neither practical nor desirable, the most reason
able alternative has been adopted and is described under 
"Assay Procedure" for each such enzyme. 

Specific Activity 

The specific activity is defined as activity divided by 
mass of protein and is expressed in the unit, U/mg. 
Reported values for the specific activity of an enzyme 
preparation believed to be of the highest purity (at the 
time of publication) are cited on each sheet. Whenever 
possible, these values are expressed in terms of activity 
obtained, with the reference assay procedure. 

Protein Assay 

Absorbance in the ultraviolet has generally been speci
fied for protein assays. Wavelengths are given in nan
ometers ( nm). The following symbols are used•: A, 
absorbance; a, specific absorption coefficient (absorp
tion coefficient for 1 mg of protein/ml of solution); (, 
molar absorption coefficient; /, internal cell-length; p, 

mass concentration; p =Alai. Unless otherwise stated, 
I= 1 em, and pis expressed in mg (of protein)/ml (of 
solution). Data are usually given in the form: A X y = 
milligrams of protein/milliliter of solution, where y = 
1 I a/. In most cases, an appropriate warning is given 
when absorbance measurements are unsuitable for 
grossly impure preparations or when contaminants hav
ing absorbance at the measured wavelength are likely to 
be present. 
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Activity Assay 

Suitable procedures for reference (or referee) activity 
are given in detail. The given procedure may not neces
sarily be the best for other purposes, but has been 
chosen because of its precision, simplicity, and general 
utility. These procedures are primarily given to permit 
comparison by a manufacturer and a consumer of a 
commercially available enzyme preparation. 

In some instances, references to alternative proce
dures that have definite advantages for specific purposes 
are listed. 

In general, it is convenient to determine the number 
of enzyme units present in the total volume of reaction 
mixture used in the assay measurement. The specific 
activity of the enzyme is readily calculated from the 
number of units present and the number of milligrams 
of protein added to this volume. 

Impurities 

Probable contaminants in crude preparations are listed. 
For analytical-grade enzymes, and those of lesser purity 
likely to be used for specific purposes, a recommended 
maximum for troublesome impurities is given. Ulti
mately, these activities will be expressed in U/mg as 
determined by the referee assay procedure reported on 
the parent sheet for the contaminating enzyme. Publica
tion of specifications with recommended minimum ac
tivity values for each enzyme, and maximum activities 
for contaminants, is planned for the next edition of this 
volume. 

lsoenzymes 

The Subcommittee on Enzymes does not believe that 
treatment of isoenzymes ( isozymes) is desirable at this 
time. Where appropriate, suitable references to the 
problems of isoenzymes have been included. 

Recommendations to Enzyme Manufacturers 

The Subcommittee suggests that the following informa
tion should be made available to users of commercially 
available enzymes: 

1. Source, method of isolation, number of recrystalli
zations (if applicable), solvents or media used for pre
cipitation or crystallization, and additives present at the 
time of shipment, e.g., ammonium sulfate or EDTA. 

2. A minimum specific activity at the time of pack
aging and the date of packaging. 

3. A list of contaminating activities known to be 
present and, in specifications (for analytical-grade en-
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zymes), the actual activities present at the time of 
preparation. 

4. If assays have been conducted by a procedure 
other than the method described herein, details of the 
procedure should be published in the manufacturer's 
brochure, accompanied by a factor permitting conver
sion into the equivalent unit obtained by the NRC refer
ence procedure. 

CoDUDerdally A..u.ble Enzymes for Wllkb Adequate 
Criteria Cauot Be Written at Preseat 

Criteria for the following enzymes have been studied by 
the Subcommittee on Enzymes. It has been agreed that, 
for the reasons stated, adequate criteria cannot be for
mulated at present. 

1. Glutamate Decarboxylase (Escherichia coli ATC 

No. 11246) 
Of those commercially available, this is the only 

amino acid decarboxylase for which the Subcommittee 
bas attempted to formulate criteria. After careful con
sideration, the Committee reached the conclusion that 
more research is needed. Publication of criteria at this 
time is inappropriate for an enzyme that frequently 
contains troublesome impurities leading to misleading 
observations. 

2. Deoxyribonuclease (Bovine Pancreas) 
In this instance, enzyme preparations may be of 

higher quality than the substrates. Since no suitable re
producible substrate is available for activity comparisons, 
criteria for this enzyme are not submitted at this time. 

3. Lysozyme (Hen Egg White) 
A suitable substrate is not available; the activity 

varies with the particular lot of substrate. Attempts are 

being made to make samples of a reference enzyme 
available for intercomparison by interested individuals. 

4. o-Glucose Oxidase 
Several fungal sources are used. Increases in o

glucosidase activity during purification and lack of spe
cificity for o-glucose have been reported5 for both crude 
and "purified" preparations. The Subcommittee believes 
that further study of this enzyme is needed. 
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E-1 
AcetylcboliDesterue* 
(Eiectrophorua electricru) 

~: Acetylcholine+ + HsO- acetate- + choline+ + H+ 
Mediad of boladoa: Crystallilled from ammonium sulfate solu-

tion. I-t 

CRITERIA (Tentative) 

Pllylkal c:c.c.t: Reported molecular weipt:1·- 230,000 to 
300,000. 

Ptocedw e for HudiiDa: 
Storage: Suspensions of crystals in ammonium sulfate solution, 

dry powders, or solutions (>0.1% of protein) of the enzyme in 
dilute neutral phosphate buffers are stable for at least 6 months 
wben refrigerated. Purified preparations are extremely labile be
low pH 5.5 and above pH 9.0. 

Dilution: Solubilization and dilution of the enzyme may be 
made in 0.02 M sodium phosphate, pH 7 .0. Because of the acidic 
isoionic point (pH approximately• 5.3) and acid lability, solutions 
of this enzyme should be buffered near neutrality, particularly 
when conducting dialysis, gel filtration, etc. 

011 1 daiiJ AYilllable Sulllcratel: Acetyl- and propionyl-choline 
(U halides). 

Sped8c ActiYity: One unit of activity for this enzyme is defined u 
the amount that catalyzes the hydrolysis of 1 ,.mol of acetylcho
line per min at 25 •c and pH 7.4. The crystalline, electrophoreti
c:ally homogeneous enzyme hu an activity of 12,500 U/mg (cal
culated from Leuzinger et a/.1) when assayed as indicated below. 

ProteiD ~y: A. X 0.62 = mg of protein per ml (in 0.02 M am
monium carbonate).l 

ActiYity ~y: 
Method:• The rate of release of acetic acid from acetylcholine 

is measured titrimetricaUy, at pH 7.4 and 25 •c. 
Reagents: Prepare, with COrfree distiUed water : 200 mM 

NaCl containing 40 mM MgCJ, and 0.02% crystalline bovine 
serum albumin; 2.16 X 10·• M acetylcholine chloride. Acetyl
choline esterase: 10 to SO ,ag per ml in 0.02% albumin solution. 

Procedure: Standardize an autotitrator at 25 •c. Pipette into a 
12-ml reaction vessel4.0 ml NaO-MgCI,-albumin solution, 1.0 
ml substrate, and 3.0 ml water. Adjust the pH to 7.4 with freshly 
prepared, standard 0.010 M NaOH. Initiate reaction by adding 
10 ,.I of enzyme solution; record the volume of standard NaOH 
required to maintain the pH at 7.4 for several minutes. 

Calculatfoal: From the linear portion of the curve, determine the 
volume of standard NaOH required per minute. No. of units 
(,.mol/min) = [volume NaOH (ml)/time (min)) X molar cone. 
(mol/1) X 101. 

Impurities: None has been reported for the crystalline enzyme. . .,_ 
I. W. Leuzlnaer and A. L. Baker, Proc. Nat. Acod. Sci. U.S., 57,446 (1967). 
2. W. Lcuzlnaer. A. L. Baker, and E. Cauvtn, Proc. Nat. Acod. Sci. U.S., 59, 6lO 

(1968). 
3. L. T. Kremzner and I. B. Wibon, J. Bioi. Cltmo., 231, 1714 (1963). 
4. L. T. Kremzner and I. B. Wilson, Blot:ltmolstry, 3, 1902 (1964). 
5. W. Leuzlnaer. pcnonal communlc:alion (1968). 
6. W. Lcuzlnaer, M. Goldbe,., and E. Cauvtn, J. Mol. Bioi., 40, 217 (1964). 

Acbo......_ta 

Orlclual compilation of Criteria: A. L . Baker. Contributloas by: W. Lcuzlnaer 
and I. B. Wll-. 

• ru• Clatllfk:atlon: 3.1.1.7, Acetylcholine hydrolaac (1964 Report) [not to be 
coaf'Uied with 3.1.1.8 acyk:hollnc acylhydrolaac (choll.-eraac or pacudocholln· 
atcraac)). 

E-2 
Alcohol Debydrogeaue* 
(Hone UYer) 

E-t I E-l 

~doa: R-CHsOH + NAD+ ;= R-CHO + NADH + H+ 
A variety of primary and secondary alcohols, but not metbanol, 

isopropanol, or tertiary alcohols, are oxidilled, 10111e with a rate 
exceeding that of ethanoJ.I.I Modification of the amino groups ol 
the enzyme significantly increases the rate of oxidation of ethanol.• 
Liver alcohol dehydrogenase exists as isozymes formed by hybrid
ization of dissimilar subunits, one of which oxidizes steroids;'·• in 
commeric:al preparations, the ethanol-active isozymes prepon
derate.• NADP+ is 1% as active as NAD+ as a coenzyme.• 

Mediad of IIOiadoa: Crystallilled from horse liver.7-l• 

CRITERIA (Tentative) 

Pla)'llcal COIIIIaatl: Reported molecular weipt: 79,100, based on 
S:, .... 5.08 S, D,. .• =- 6.23 X lo-7 cm'/s (extrapolated to JlerO 

concentration), P = 0.750 ml/ g.11 There are four bound zinc 
atoms per molecule of enzyme.11 The absorbance ratio11 at 280 
and 260 nm is 1. 7. A crystalline complex is formed in the presence 
of pyrazole." 

Pwcedure1 for HIIIIIIIIDa: UsuaUy stored u crystals, in lS-307. 
aqueous ethanol at - IS to - 20 •c. Storage in ammonium sul
fate solution is not recommended, because of relatively poor sta
bility,u Lyophililled commercial preparations have been reponed 
to have good stability.11 The enzyme cannot be dialyzed apinst 
ion-free water without extensive loss in activity, but may be di
alyzed against cold 0.01 M phosphate buffer (pH 7.3) and diluted 
in this buffer just prior to analysis. 

C-aaiiy AYilllable Sulllcratel: Ethanol, acetaldehyde. 
Spedlk ActiYity: One unit (U) is the amount of activity oxidizina 

1 ,.mol ethanol/min. A specific activity of 3.1 U /ma was obtained 
in the assay given below (recalculated from Dalziel).17 Prot• A~ay :a Spectrophotometrically at 280 nm. A• X 2.2 - ma 
of protein/mi. 

ActiYity ~ :11 

Reagents: 0.18 M ethanol in 0.1 M glycine buffer, pH 10.0; 
1.26 mM NAD+. 

Procedure: To 1.85 ml glycine buffer, 0.15 ml ethanol solution. 
and 1.0 ml NAD+ solution in a 1.0-cm cuvette is added 1 to 10 
,.1 of enzyme solution. The increment in absorbance at 340 om 
per minute is recorded. 

Calculations: Number of units (U) in reaction vessel - 0.483 X 
[.1Aaoo/ .1t(min)). 

w-
1. A. D. Merritt and G. M. Tompklna, J. Bioi. Cltmo., 134, 2771 (1959) • 
2. A. D. Winer, Acta Cltnn. Scllltd., 11, 1695 (1958). 
3. B. V. Plapp, J. Bioi. Cltmo., 245, 1727 (1970). 
4. R. Pletruako, A. Clatk, J. M. H. Grawe, and H. J. RiDioJd, B~ 

Bloplty1. R~1. C.......-., 13, 526 (1966). 
5. R. Pletruszko, H. J. Rinaold, T.-K. U, B. L. Vallee, .l. lk-. and H. 

lbeorell, Nlllun, 121, 440 (1969). 
6. M. E. Pulltnan, S. P. Colowlc:k, and N. 0. Kaplu, J. Bioi. Cltnn., tM, 593 

(1952). 
7. R. K. Borullchacn and A. W.-n, Ald. Blodlnn. Bloplry ... II, 361 (1941). 
8. R. K. Bonnlchacn and N. G. Brink, 111,/totb &uy,_,,, I, 495 (1955). 
9. K. O.lzlcl, Acta Cltnn. Scllltd., 11, 459 (1958). 

10. K. O.lzlcl, Blocltnn. J., 10, 440 (1961). 
II . R. W. Green and R. H. McKay, J. Bioi. Cltnn., 244, 5034 (1969). 
12. .l . .lkCIOil, Blocltmo. Bioplty•. R~•. c-., 17, 211 (1964). 
13. R. K. Bonnk:hacn, Acta Cltmo. Scllltd., 4, 715 (1950). 
14. T. Yonctanland H. lbeorell, Arclt. Blot:hnn. Blop/IJ' .. , 100, 554 (1963). 
15. A. he.oa, pctWnal communkation. 
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16. a. Flcn, ~ CCIIIIIIIUDkatloo. 
17. K. Dalziel, ACM Oaa. Sctlltd., II, 397 (1951). ........... 
OrlaiDal ccmplladoll oC Crlleda: J. B. Ncllaada. Contrlbudoaa by A. Allaon aDd 
R. Pion. Revlllon by: J. B. Ndlaada. 

E-3 
Alcohol Dehydrogenase* 
(Yeast) 

~: R-CHsOH + NAD+ ;:= R-cHO + NADH + H+ 
Ethanol and other primary, straisbt-chain alcohols are oxidizd 

at various rates. Reactivity with secondary and branched-chain 
alcohols is generally low. The specificity is narrower than that or 
the liver enzyme.• NADP is not a coenzyme for yeast alcohol de
hydrogenase. I 

Medlodl olllolatloa: The enzyme has been crystallized from brew
en• yeast,1 but the usual source is bakers' yeast.•·• The two prepa
rations are very similar.' 

CRITERIA (Tentative) 

Plr,Jslall CoMtaata: Reported molecular weisbt: 141,000, based on 
4.,. ,. 7.61 S, D.,. - S.08 X 10'"7 cml/s (independent of pro
tein concentration), V = 0.743 ml/g.1 The enzyme consists of 
four subunits, each of molecular weight 35,000.7 There are four 
tisbtly bound zinc atoms per molec:ulc.1 The absorbance ratio' 
at 280 and 260 nm is 1.82. 

l"rocedd.-er for ............. : The enzyme is unstable at pH values be
low 6.0 and above 8.2 (Ref. 2) and is sensitive to oxidizing agents 
(iDcluding air) and to chelating agents.• To avoid inactivation, the 
uee of an ultrarapid device for dialysis has been recommended.10 

The enzyme may be stored in SO% saturated ammonium sulfate 
at -20 •c and diluted, prior to use, with 10 mM potassium phos
pbate buffer (pH 7.S) containing 0.1% of gelatin or bovine serum 
aJbumin,U 

eo-dally Mailable Sabltrater: Ethanol, acetaldehyde. 
s,edlk Ac:tlnty: One unit (U) is the amount of activity oxidizing 

1 ,.mol ethanol/min. A specific activity of SOO U /mg was obtained 
in the assay given below.•• The pH optimum is close to 8.6 in 
either tris or pyrophosphate buffers.' 

ProaiD A.aray: Protein is determined spectrophotometrically at 280 
nm. A110 X 0. 796 =- mg of protein/ml (Ref. 9). The biuret proce
dure should be used for impure preparations. II 

Adlftty Allay:•• (Modified to yield increased concentrations of 
NAD+ and ethanol) 

ReaBmts: 2M ethanol; 4S mM pyrophosphate, pH 8.8; 2S 
mMNAD+. 
Stock solution of enzyme, containing approximately I mg/ml in 
100 mM phosphate buffer (pH 7.S). Dilute, just before use, in 10 
mM phosphate buffer (pH 7.S) containing 0.1% gelatin, to give 
a concentration of about S ,.gfml. 

Procedure: To 1.0 ml of pyrophosphate buffer, O.S ml of eth
anol solution, and 1.0 ml NAD+ solution in a 1-cm cuvette at 2S 
•c is added sufficient distilled water to give, after introduction of 
the enzyme solution, a volume of 3.0 mL The enzyme is added in 
approximatdy 0.2 ml of solution containing about I 14 of pro
tein. A blank cuvette is charged with all the reagents except the 

Aleobol DeiQdacJranre 1 Alllol..e 

enzyme. The increment in absorbance over a 30-s period during 
the initial (or linear) phase or the reaction is used to calculate 
activity units. 

Cak:ulations: Number of enzyme units (U) in reaction vessel ... 
0.483 X [AAa./ At( min)] • 

..,_ 
I. P. M. Dk:klmoa aDd K. Dalziel, NIIIIIN, 114, 31 (1967). 
l. H. Sund aDd H. Tbeorell, Eltzymu, 1A, 25 (1963). 
3. E. Nctldelo aDd H. J. Wull!', Bloclwm. Z., 193, 351 (1931). 
4. E. Racket, J. Bioi. c.wm., 114,313 (1950). 
5. K. Wallenf'cla and H. Sund, BlociNm. z., 319, 17 (1951). 
6. T. Kcled, Acta Plty1lol. Actld. ScL H11111., 13, 309 (1958). 
7. M. BOhner and H. Sund, &u. J. Blocltmt., II, 73 (1969). 
8. K. Wallenf'cla, H. Sund, A. Paealer, and W. Burchard, Bloclrmt. Z., 319, 31 

(1951). 
9. J. E. Haya aDdS. P. Vclk:k, J. Bioi. Cltmt., 107, 225 (19S4). 

10. A. Lamoa, ~ commulllcadoa. 
11. E. Racker, Met/roth Emymol., 1, 500 (1955). 
12. C. Worthiqton, penonal commulllcadoa. 
13. H. W. RobiDIOO and C. 0. HQIIden, J. Bioi. Clrmt., 135, n7 (1940). 
14. B. L Vallee aDd P. L. Hoch, Proc. Nlll. Acllll. Sci. U.S., 41, 327 (1955). 

A ........... tl 

OrtPaal ccmpiladon oCCrlterta: J. B. Ncllaada. Contribudoaa by: A. Lamon aDd 
C. Wortblnatoa. Rnlllon by: J. B. Ncllanda. 

• ru• Claulfic:adon: 1.1.1.1, Alcohol: MAD aaldonoduc:Jue. 

E-4 
Aldolase* 
(Rabbit Skeletal Muscle) 

Eqaab: CaHaoO.CPOa>:- ;:= CaHaO.POi + CaHaO.POi 
o-fructose 1,6- o-glyceraldehyde dihydroxyacetone 
bisphospbate 3-phosphate phosphate 

Methods of llolatlon: Taylor ~~ a/. ;1 Beisenherz ~~ at.• 

CRITERIA (Tentative) 

Pbyslcal Constant: Reported molecular weight :1·• I S8,000. 
Procedures for HaDdiJ.Da: 

Storage: As a crystalline suspension in 2 M ammonium sulfate 
at o-4 •c. 

Dilution: For assay, dilution of the ammonium sulfate suspen
sion with HsO is satisfactory. Enzyme preparations that are more 
concentrated and contain less salt may be obtained by centrifuging 
and dissolving the crystals in buffer or water. The salt may be re
moved by dialysis or gel filtration. Aldolase is unstable below pH 
4 and above pH 10. 

CommerdaiiJ Mailable Subltrater: o-Fructose 1,6-bisphosphate 
(Ba, Ca, Mg, Na, and tricyclohexylammonium salts); DL

glyceraldehyde diethyl acetal 3-phosphate Ba salt; dihydroxy
acetone dimethyl acetalt phosphate cyclohexylammonium salt 
monohydrate; and many other aldehydes. 

Spedfk Actlnty: One unit U of activity corresponds to 1 ,..mol o
fructose 1,6-bisphosphate (I) cleaved per minute at 2S •c. The 
purest enzyme has a specific activity of 16 U/mg, assayed as de
scribed below, but values as high as 20 U/mg have been reported.' 

ProteiD Allay: A150 X 1.06 = 1118 of enzyme/ml, I -em path length.' 
Actl?ity Allay: The dihydroxyacetone phosphate formed in the 

aldolase reaction is reduced by NADH with glycerophosphate de-
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bydroaawe. The reaction is foUowed specttopbotometrically' at 
340nm. 

Reagents: (1), 10 mM sodium salt of ~fructoee 1 ,~bisphos
pbate. NADH, 3 mM (2.2 mg/ml), cr-Oiyceropbosphate dehydro
eenase. 1: 10 dilution (in water) of tbe commercial ammonium 
sulfate suspension, 1 mg/ml (8 U/ml). (See E-22.) 

Procedure: To 0.3 ml of 100 mM tris-Ha buffer (pH 7.5-8.0) 
in a cuvette, add 0.15 ml NADH, 0.3 ml (I), 0.1 ml a-alycerophos
phate dehydrogenase, and water to give a volume of 3.0 mi. Re
cord any blank reaction that may occur. At zero time, add 0.1 ml 
or tess of aldolase, mix, and record the decrease in optical density 
at 340 nm. 

CaJculation of Activity: Number of units (U) in the cuvette 
(3 ml) = (4~/ 41(min)) X 0.483. 

..._..ties: For the purest enzyme, the foUowing activities should 
not be present in more than trace quantities : lactate dehydroge
nase; aJyceraldehyde 3-phosphate dehydrogenase; pyruvate 
kinase; a-aJycerophosphate dehydrogenase; triose phosphate 
isomerase; and phosphofructokinase. Crude aldolase preparations 
may contain troublesome amounts of these impurities. Chroma
tography on 0-[2-(diethylamino)ethyl)ceUuloee may be used to 
eliminate triose phosphate isomerase.• 

Noa.: Aldolase is not significantly affected by pH in the range from 
7 to 9. AU salts act as competitive inhibitors as a function of their 
ionic strength.• The substrate concentration given is approxi
mately 100 times the K..,, and, therefore, need not be adjusted pre
cisely. In the presence of triose phosphate isomerase, the rate of 
oxidation of NADH is double.t• The same assay may be used with 
aU other substrates of aldolase, such as ~fructose 1-phosphate. 

..,._ 
I. J. P. Taylor, A. A. Oreen, and 0 . T. Cori, J. Bioi. Cltnn., 173, 591 (1948). 
2. 0 . llcbenhetz, H. J. Bolue, T. BOcher, R. Czok, K. H. Oarbadc, E. MC)'CI'· 

Arendt, and 0 . Pftelde~r. Z . Natllr/o,clt., ... 555 (1953). 
3. K. Kawahara and C. Tanfonl, Blocltmtlnry, 5, 1578 (1966). 
4. P. J. Caatdllno and R. Barker. Blocltnnutry, 7, 2207 (1968). 
5. 0 . C. Rlcbatda and W. J. Rutter, J. Bioi. Cltmt .. W, 3185 (1961). 
6. J. W. DODOYan, Blocltmtlnry, 3, 67 (1964). 
7. E. Rackcr, J. Bioi. Cltnn., 167, 143 (1947). 
S. A. H. Mehler, J. Bioi. Cltmt., 131, 100 (1963). 

Acbo•w.-11 

Ortllnal compilation or Criteria : A. H. Mehler. Conlributlona by: W. J. Ruttcr. 
Re¥111oo by : F. Wold. 

• roa Claulftcadon : 4.1.2.13, D·Fructoee 1,6-blapba.pbatc o-slyceraldehyde-3· 
pba.pbatc-lyaac. ( PrcvioUIIy, blapba.phatc waa called cllpba.pbatc.) 

t PrcvloUIIy tennecl a ketal, "acetal" II now recommended. 
t The pracncc or lrioee pba.phatc laomcraiC may be detected by llliDs sJyceral· 

dlbJde 3-pba.pbate as a aubllrate In place or (I) In the a-y I)'IICm deec:ribcd 
above. 

E-5 
Alkaline Phosphatase* 
(Escherichia coli) 

Eqaatloa: ROPOi + H,O- HPO:- + ROH (R • alkyl or aryl 
groups) 

Inorganic pyrophosphate (PP,) is hydrolyzed :• p,or + H,O-
2HPO:- + H+ Transfer of phosphate from PP, to ~atucose 
bas also been reported.• o-Giucose + Pt0r -e ~atucose 
~phosphat~ + HPO:- + H+ 

Medlod of bolatloa: Crystallized from ammonium sulfate solu
tion.a.• 

96 

CRITI!lUA (TentatiYe) 

Pllyllcal eo.e.ts: Reported molecular weight : 80,000 (Ref'. 4), 
86,000 (Ref. S). The enzyme is compoeed of 2 identical subunits, 1 

and contains from 2 to 4 zinc atoms per molecule.'·' 
Procedae for HMdiJtlc: Crystal suspensions are stable at room 

temperature for months and can be stored at 0 "C, but are DOt 

stable to freezing. • lnorpnic phosphate is a powerful inhibitor 
(Ki • S ,M).1 

ec--dally Aftllallle Sulllcrac.: p-Nitrophenyl pholpbate, aDd 
many other monoester phosphates. 

Speellc ActlfltJ: One unit (U) of this enzyme is the activity that 
hydrolyzes I ,.mol of p-nitrophenyl phosphate per minute UDder 
the conditions dclcribed in "Activity Assay." The c:rystal1iDe en
zyme bas been reported to haYe a specific activity of 48 U/ma.t 

.....,.. Aaay~ To 2.4 ml of0.06 M ammonium sulfate, add 0.7 to 
3 ma of protein, mix, and add 0.1 ml of 2.S M trichloroacetic acid. 
Dilute to 3.0 ml, mix, and, after several minutes, read A-. 
Am X 1.39 • mg enzyme/ml (Ref. 2, 3). 

ActMty Allay:• 
Method: Measurement at 420 nm of p-nitrophenolate re&ea.d 

at pH 8 and 27 °C. 
Reagents: p-Nitrophenyl phosphate, 1 mM in 1 M tris 

(hydroxymethyl)aminomethane hydrochloride buffer, pH 8. 
Procedure: To 2.9 ml of buffered p-nitrophenyl phosphate at 

27 •c, add 0.1 ml of enzyme. Read change in ~ per miDu1c. 
The molar absorption coefficient is 1.32 X 10' for the mixture of 
p-nitrophenol and p-nitrophenolate liberated at this pH. 

Calculation: Number of enzyme units (U) in reactioo YeSid 
(3 ml),. (4Auo/4t(min)) X 0.227 

........-: Nucleases may be present as impurities. 

..,_ 
1. W. B. ~ aod R. C. Nonllic, J. Bioi. C"-., 2Al. 114 (1967). 
2. M. Malamy and B. L Horecka', M"ltotb EluyMOI., t, 639 (1966). 
3. M. Ma1amy aod B. L Horecbr, Blodwlrtlnry, 3, 1193 (1964). 
4. A. Oaren and C. Levinlbal, Blod!IM. Blap/cy1. ACM. •• 470 (1960). 
5. M. J . ScbiCIIineu aod K. Barrett, J. Bioi. C,_,, 240.4214 (1965). 
6. F. Rothman and R. !Iyme, J. Mol. Bioi., 6, 330 (1963). 
7. D. J. Plodre. C. Lcvlntbal, aod B. L Vall•, Bloc"-l#ry, l, 37) (1961). 
8. J. A. Reynold& aod M. J. ScbiCIIineu, Blocltmtl#ry, 6, 3552 (1967). 
9. T. BOc:ber, Bloclt""· Blap/cy1. Acta, I, l9:Z (1947). 

Acbo•""c II 

0r1s1na1 compiladoo of' Criteria: J. Lamer. Conlribud- by : M. J. Sc:bkwl...
aod B. L. Horecka'. 

•rua Clallltlcadon: 3.1.3.1. Ortbopha.pborlc-cn- pboepbob,droiue. 
t Calculated fRIIII data sJwa by Malamy aod Horecka'.t 

E-6 
o-Antlno Add Oxidase* 
(Pig Kidney) 

Reactioa: RCHNH:coo- + 0, + H,O- Rcocoo- + NH;' + 
HA 

Catalyzes the oxidative deamination of o-amino acids. For 
notes on specificity, see Burton• and Boulanger and Osteux. • 

Metboda of laolatlon: Crystallized from pig kidney.•·• (The crystalline 
enzyme is a combination of holoenzyme and benzoate, which, as a 
substrate substitute, acts as a stabilizer.) 
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E-7/ &I 

CRI'I'BRIA (Tentative) 

..,... COMtMtl: Reported molecular weiabt: For monomer, by 
tbe molec:ular-sieve technique, 3S,()()()-4(),000 (Ref. S) and ~.000 

(Ref. 6). The molar ratio of apoenzyme monomer to PAD has been 
reported to be 1: 1.• At low concentrations (0.3 rna/ml), the 
benzoate complex contains two fractions, one of Mol. Wt. 48,200, 
and the other of Mol. Wt. 9S,300 (Ref. 6). At 1-S mg/ml, the 
benzoate complex has' a Mol. Wt. of 9S,300. 
~e for HIUidiJaa: The purified enzyme, lyophilized in 13.3 

mM phosphate bufl'er (pH 6.2), is stable at room temperature for 
teVeral weeks. The enzyme is inactivated by reaaents that react 
with sulfhydryl groups. 
C~ A..Uallle s.atna.: Alanine (o- and DL·) and other 

c-amino acids. 
Spedlk Ac:dfltJ: One unit (U) represents the amount of activity that 

catalyzes the deamination or 1 ,.mol oro-alanine per minute at 37 
"C under tbe specified conditions, with air as tbe ps phase. 
Maaey et aJ. • reported that the crystalline enzyme has a specific 
avity of 2S U /rna at 37 °C, pH 8.3 (280 ,dOt/min per milligram 
of protein). 

......_~:tIn Na.Pt<>J bufl'er (20 mM), pH 8.3, A .. X 0.62S -
ma enzyme/mi. 
~ ~: Excess catalue is added to ensure complete decom

position of tbe H.O. formed in the oxidase reaction; no inter
fereoce is thea introduced by the various levels or catalue activity 
in tbe samples being assayed. With excess or catalase, the con
sumption or 1 molecule (2 atoms) or oxyaen corresponds to the 
oxidation of 2 molecules or c-amino acid. 

Method: The rate of uptake of 0, is measured.• 
Enzyme: O.S rna of enzyme/ml in 20 mM Na.Pt<>J. pH 8.3. 
Substrate: 300 mM DL-alanine in 20 mM Na.Pt<>J, pH 8.3. 
Procedure: In sinaJe-arm Warbura flasks, place pyrophosphate 

buffer (20 mM, pH 8.3, containina -2.s 1'8 of crystalline catalase/ 
mt), 1.8 ml into a test flask, and 2.3 ml into the control. Add O.S 
m1 or enzyme to the test flask. Into the side arm or each flask, add 
O.S ml of substrate, equilibrate 10 min, tip in the enzyme, and read 
at S.min intervals for 30 min. t Number of units (U) = (volume of 
0. taken up (,d)/t (min))/1 1.2. 

1aQ ltlei: Contaminatina impurities have not been determined. .. -
I. lt. 8urtaa, Mnllotb EluylltO#., Z. 199 (1965). 
2. P, IJoulueerandP.Oa-, M•tltodu/Eitz)l_,lt:AIUIIy#6, H . U. Berpneyer • 

.S.. Aclldentlc rre., New York (1963), p. 367. 
J. B. Kabo, T. Y-. M. lwatlllbo, H. Wauri, T. Sblp, aod A. 1-oto. 

lltlll. 8«. CAk Bltll., 42, 569 (1960). 
4. V • ..._,., 0. Palmer, and R. lleAnett, Blodlm. Blop/ly1. Acto, 41, I (1961). 
5. S. B. Baa and 0 . M. Acbn, I. Bioi. C._,, 244, 465 (1969). 
'- M. L Pooda and B. M. Anile,_, I . Bioi. C'-t., Z43, S635 (1968). 

Orfllaa1 ~dOD aod IW¥IIioa ol Criteria : C. Wortblqtoa. Cootribu~ by : 
A. Mtllter. 

•lVII O..e!ftcatioD: 1.4.3.3, o-Amlao acid : oanea od~ (deam.....,. 
t Ir uparlate Ia lhe IUblcrate, 0.2 ml 107. KOH lbould be aclded to lhe CCDter 

Will to tnp CO, formed by decarboxyladOD ol lhe oulo.celate tbat Ia fomMd. 

£.7 
L-Aalhlo Add Oxidase* 
(Crotalw adarnantew Venom) 

Radloe: RCHNHtcoo- + 0, + H,O -o RCOCOO- + NHt + 
H.O. 

Catalyzes the oxidative deamination of L-amino acids. For 
notes on specificity, see Ratner.t 

Metllods of llollldoa: Crystallized by the method of Wellner and 
Meister.' 

CRJTERIA (Tentative) 

Pllyllad Coastaats: Reported molecular weiaht: 130,0D0-140,000 
with tWO molecules Of PAD per molecule of enzyme.1 

Procedln for Hudlillg: The crystalline enzyme is soluble in 100 mM 
KCI. Solutions containina ammonium sulfate are stable for up to 
a week at room temperature, and for several months at S °C. 
Dialysis against cold water causes the enzyme to crystallize. • The 
enzyme may be inactivated' if it is stored at -S to -60 °C. The 
optimum pH depends on the amino acid used as the substrate. 
C~ly A..Uable Sullltnte: L-Leucine and many other L· 

amino acids. 
Specific Actlnty: One unit (U) for this enzyme is the activity that 

catalyzes the oxidative deamination of 1 pmol of L·leucine per 
minute under the specified conditions at 37 °C, with air as the gas 
phase. Hiahest specific activity reported:t S.l3 U/mg. 

Protem Allay:' In 100 mM KQ, A11a X O.S6 = mg enzyme/mi. 
AcdYity Allay: Excess catalase is added to ensure complete decom

position of the H.O. formed in the oxidase reaction: no inter
ference is then introduced by the various levels of catalase activity 
in the samples beina assayed. With excess catalase, the consump
tion or 1 molecule (2 atoms) of oxyaen corresponds to the oxida
tion of 2 molecules of L•amino acid. 

Method: The rate of uptake or Ot is measured.' 
Procedure: In Warbura flasks, place 1 ml of tris-HQ buffer 

(200 mM, pH 7 .8) containina 2-3 ,.g or crystalline catalase, 0.1 to 
0.2 ml or enzyme (0.2s-o.~ mg/ml in 100 mM KO), and 1.2 to 
1.1 ml of 100 mM KCI. Add O.S ml of L-leucine (100 mM) to the 
side arm. Equilibrate for 10 min, tip in the substrate, and read at 
s-min intervals for 30 min.t Number of units (U) - [volume of 
0, taken up {,d)/t(min))/11.2. 

JJ.parlties: Contaminatina activities have not been reported. . ., .... _ 
I. S. Ratner, M"ltotb EltzyMOI., l, 204 (19S5). 
l. D. Wdlner aod A. Meister,/. Bioi. Cltmt., 135, 2013 (1960). 
3. A. deKok and A. B. Rawlldl, Bl«'-tulry, 8, 140S (1968) • 
4. W. K. Palk and S. Kim, Bl«ltlm. B/oplly1. Acta, 96, 66 (1965). 
S. B. Curd, V. Maaey, and M. Zmudka, 1. Bioi. C'-t., Z43,l306 (1968). 

Ac~ 

Orlalnal complladoa and revlaloo ol Criteria : C. Worthinatoa. CODtribudooa by : 
A. Meister. 

•roa Clullflcatlon: 1.4.3.2, L·Amlao add : Oll)'l!llll oddorecluetaM (deam' 
inadJII). 

t Calc:ulated from lhe dala ol Wellner aod Melatet.• 
t If a..,ertate lalhc IUbltrate, 0.2 m1107. KOH lhould be aclded to lhe center 

-n to trllp co, formed by decarboxylation or lhe ouloac:elate tbat Ia formed. 

E-8 
Antinoac:ylue* 
(Pig Kidney) 

EqaatloD: RCONHCHR'coo- -o Rcoo- + +H.NCHR'CQO
where R is FaC-, QCHr, CH.CHr, CHr, H-, etc., and R' is 
the side chain of many amino acids. 

ReactloD: Catalysze the hydrolysis or amide bonds between car
boxyl-terminal L-amino acids and N-acyl groups; shows little 
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activity toward carboxyl-tenninaJ L-aspartic acid and carboxyl
terminal aromatic L-amino acids. 

Medlod of llolatlon: Purified from fresh or fresh-frozm boa kid. 
oey.•·· 

CRITERIA (Tentative) 

Pllylbl C..cut: Reported molecular weight: 76,500.1 

Ptvcedaiea for lfallllta: 
Storaae: The dry powder of partially purified enzyme is stable 

for months at S oc. 
Dilution: In 0.1 M phosphate buffer, pH 7.0. 
Dialysis: or concentrated solutions (more than so mafml) 

against distilled water or S x to-• M Naa. 
eo-erddJ A..a.llle ~: Acetyl-L-alanine. N-(chloro

acetyl)-L-alanine, acetyl-L-methionine (AM), and numerous other 
N-acylated L-amino acids. 

Spedlc Actl'ffty: One unit of activity, U, is the amount that cata
lyzes the hydrolysis of 1 ,.mol of AM per minute under the CODdi· 
tions specified below. Highest specific activity reported: About ISO 
U/mg (caJculated from data of Bruns and Schulzel). 

.....,._ "-ay:' A .. X 1.0 = mg of enzyme/mi. 
Actlnty Allay: 

Method: The rate of hydrolysis' of AM is measured by the de
crease in absorbance at 238 om. 

Procedure :• The spectrophotometer is nulled against 0.02S M 
L·methionine in 0.1 M phosphate buffer (pH 7.0) at 238 om with 
a slit width of --o.3 mm. The methionine solution is replaced by 
3 ml of0.02S M solution of AM in the same buffer. The absorbance 
difference is O.S3. A 10-,d portion of enzyme solution, containing 
O.OS to 0.1 S mg of enzyme, is added, and the decrease in A111 is 
recorded at 30-s intervals. The hydrolysis or I ,.mol or AM causes 
a decrease in Am of 0.00707. Rate measurements should not be 
made below an absorbance of 0. 31 ( 60% of the total initial A). 

Calculation of Activity: Number of units (U) = (4A111/4t 
(min)) X 141.S. 

l...,....dea: Appreciable o-amino acid oxidase activity is present in 
samples of aminoacylase I current available.' ..,_ 

I. F. H. Bruna and C. Schulze, Bl«ltmt. Z., 336, 162 (1962). 
2. S.M. Birnbaum, L. Levlntow, R. B. Klnpley, and I . P. Oreelllleln, 1. Blot. 

Cltmt., IN, 45S (1952). 
3. M. A. Mltz and R. I . Schlueter, Bl«ltlm. Bloplty1. Acta, 11, 168 (1958). 

Adlao.w.-11 

Orfalnal compDallon of Criteria: I. E. Folk. Contribudo• by: 0 . E. Pertmano. 

• roa Clullflcatlon: 3.5.1.4, Amlnoacylue; formerly called Acylue 1. 

E-9 
a-Amylase* 
(Pig Pancreas) 

ReactloD: Randomly hydrolyzes a·D·(I - 4) bonds in polysac
charides containing three or more adjacent a-D-(1 -4)-linked 
o-glucose residues. 

Metbod of lsolatloa: Crystallized from pig pancreas.•-• 

' CRITERIA (Tentative) 

Pll1*al Coastuts: Reported molecular weight:• 4S,OOO. The en
zyme contains at least I atom of Ca per molecule.• 

98 

E-9/ E-ll 

Procedllrea for HIUidiJaa: Preparation may be available as a crySial
line suspension in distilled water. At S °C, such suspensioas are 
stable for several months. Solutions (2 ma/ml) in 10 mM pbos
phate (pH 7.o-7.2) and 20 mM Naa are stable for 10 weeks at 
S °C. Freeze-drying partially inactivates the enzyme. Free:z:ina also 
results in a loss or activity.• Protease impurities are removed dur
ing purification, resulting in increased stability or the enzyme. 
C~ly A•allallle Sulllentea: Soluble starch, gl~. and 

potato amylopectin. 
Sped8c Actl?lty: One unit (U) for this enzyme is the activity that 

liberates 1 pmol or reducing groups per minute at 2S °C. Specific 
activity as high as 1400 U/ma has been reported' in assay caadi
tions similar to, but not identical with, thole dcsaibed unda' 
"Activity Assay." 

Protehl "-f: Measure A,., in water. A .. X 0.41 "" mg of enzyme/ 
ml, calculated from Caldwell et a/.1 and Hsiu et aJ.• 

Actiftty Allay: 
Method: Measurement or the rate at which reducing groups are 

formed from the substrate, estimated (as maltose) by reaction 
with 3,S-dinitrosalicyclic acid. a- (or NaO) is required for 
maximum activity.' 

Reagents: Substrate-I% or potato amylopectin in 20 mM 
sodium phosphate, pH 6.9, containing 6.7 mM Naa. Color Re
agent-I g of3,s.dinitrosalicylic acid is dissolved in 70 m1 ofHtO 
containing 1.60 g or NaOH, 30 g or potassium sodium tartrate is 
added, and the solution is diluted to 100 ml; protect from CO,. 

Procedure: Dilute the enzyme with HtO to l-2pg/mL Add O.S 
ml or enzyme solution to O.S ml or substrate at 2S °C. Incubate for 
3 min. Add 1 ml of color reaaent. Heat in a boilina-water bath for 
S min and cool. Add 10 ml of HtO and measure the absorbaDce at 
S40 nm against a blank containing buffer without enzyme. 

Calculations: The number or micromoles or reducing sroups is 
estimated by comparing the absorbance with a standard curve, 
established with maltose(O.t-1 mg/ml ofHtO). 

1........-: Protease activities may be present in samples that have 
not been highly purified. • . .,_ 

I. K. H. Meyer, E. H. Pilcher, and P. Bemfdd, ExJWrlnrllll, 3, 106 (1947). 
1. E. H. Pilcher and P. Bemfdd, Hn•. Cit .... Acta, 31, 1831 (1948). 
3. M. L. C.ldwell, M. AdamJ, I . T. Kuna, and 0. C. Tcnlballa,/. AM. a... 

Soc .. 74, 4033 (1952). 
4. C. E. Daniel-. HGIIIU, 160,899 (1947). 
5. B. L. Vallee, E. A. Stein, W. N. SwMrwell, and E. H. l'llcher,/. 111aL o-., 

134, 2901 (1959). 
6. I . Halu, E. H. Filch«, and E. A. Stein, Bl«ltmtl#ry, 3, 61 (1964). 
7. P. Bemfdd, Mnltolb Eluymo/., t, 149 (1955). 
8. E. H. Fla:ber and E. A. Stein, Eluy-•, .. 313 (1960). 

Acbo• ........ 

Orislnal compilation of' Criteria : C. Wordllnatoa. Cooulbudona by: P. Ben!ldd. 
M. Adami, M. L Qldwell, and F. Smllb.t Rmlloo: 0 . Oorta, P. Benareld, aad 
R. Flora. 

•w• Claul&adon: 3.2.1.1, 1,4-a..OI--n sJuc:aDOII)'drola-. Committee N-: 
lo lbe IVa report, lbe coafiaundon Ia not lodlcated. Tbe - lbould be e+ 
(I - 4)-sJ--n 4-sJ--nohyclrolue. 
to-.t 196$. 

E-10 
~Amylase* 
(Sweet Potato) 

Reac:tloa: Hydrolyzes a-o-(1 - 4) bonds in a-o-(1 -+ 4)-glucans, re
moving successive maltose residues rrom the nonreducina end or 
the chain. 
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E-ll 

Medlod of &oladoll: Crystallized from sweet potato.1•1 

CRITERIA (Tentative) 

PIIJiic8) Coastuts: Reported molecular weight:• 1 S2,000 ::1:: 1 S,OOO. 
This is probably4 an aggrepte of active subunits of weight SO,OOO. 

Proc:edlna for H ....... : Store as a crystalline suspension in 2.3 M 
ammonium sulfate at 4 °C. 

C-a-11)' A..U.a.le Sulllntes: Soluble starch, potato amylo
pectin, amylose, and alYcoaen. 

Spedllc AcdtltJ: One unit (U) for this enzyme is the activity that 
liberates 1 ,.mol of maltose per minute at 2S °C. A specific activity 
of about 1160 U/mg has been found' for preparations of the 
highest purity by the procedure described under "Activity Assay." 

......._ ~: Determine by the biuret procedure,• with bovine 
aerum albumin as the standard. For highly purified preparations 
(~ 1000 U/mg), ..4., may be used. Measure ..4., in acetate buffer 
(16 mM, pH 4.8) • ..4., X O.S9 - mg of enzyme/ml (Ref. 3). 

Acdftt7~: 
Method: Measurement of the rate at which maltose is formed 

from the substrate.. estimated by reaction with 3,s-dinitrosalicylic 
acid.' 

Reagents: Substrate-)% of potato amylopectin in 16 mM 
sodium acetate, pH 4.8. Color Reaaent-1 g of 3,s-dinitrosalicylic 
acid is dissolved in 70 ml of H,O containing 1.60 g of NaOH, 30 g 
of potassium sodium tartrate is added, and the solution is diluted 
to 100 ml. Protect from CO,. 

Procedure: Dilute enzyme to 1 ,g/ml with H,O. Add O.S ml of 
enzyme solution to O.S of substrate at 2S °C. Incubate for 3 min. 
Add 1 ml of color reagent. Heat in a boiling-water bath for S min 
and cool. Add 10 ml of H,O and measure absorbance at 540 nm 
qainst a blank containing buffer without enzyme. 

Calculations: The number of micromoles of maltose is esti
mated by comparing absorbance with a standard curve, esta~ 
lished with maltose (0.1-1.0 mg/ml of H,O). 

laQ ltlei: a-Amylase and acid phosphatase may occur in some 
amples, but can be removed by purification. . , _ .. 

1. A. K. Balla, M. K. Waldca, and R. R. lbompem,/. Bioi. Cltmt., 173, 9 (1948). 
2. S. Nalla18m8 aod S. Amapa, I. Bl«'-t., 54, 375 (1963). 
J. S. llailard and T. P. Silwer,/. Bioi. C'-t., 117, 213 (1950). 
4. J. A. n.-, D. E. KOiblaod, Jr., J. Rllldca, and R. BaldwiD, Bl«'-t. 

....,,_ ltu. c-., U, 184 (1963). 
S. P. Benl(eld, IIIIPUblltbed data. 
6. A. 0. O«all. C. J. Banlawlll, aod M. M. David, /. Bioi. C'-t., 177, 751 

(IMP). 
7. P. 8enJI'IId, llnltob EllzyiMI., 1, 149 (1955). 

A•• wll'c II 
Orfllaal~dOD of' Criteria: C. WonbJnatoo. CODutbud- by: P.llemf'eld, 
M. Adami, M. L Caldwell, aDd F. Smilh.t Revllloo: 0. OoriD, P.llemf'eld, and 
R. Placa. 

• IVa Oulllcadoa: 3.2.1.2. 1,4-a.CJiucan maltobydrolue. Committee Note: 
Ill tbe roa repon. lbo coallsuradoo Ia 1101 lodicated. The DUDe lhould be a-D· 
(I - 4>-ltucao maltob7drolue. 

t o.c..d 1965. 

E-11 
A~tlae Phospbotransfense• 
(Rabbit Skeletal Muscle) 

Mgt+ 
~: AT?'- +creatine ;::::: AD,... + phosphocreatinet- + H+ 
Mediad of....._: CrystaUized from aqueous ethanol.•-• 

CRITERIA (Tentative) 

PIIJ*8) ea.tut: Reported molecular weight: 81,()()()t, 82,6()()J. 

ATP--Cratble .................. 

Procedlna for H.....,: Limits of stability range, pH s-10. Stable 
for months as a crystalline suspension (at -10 °C), or when 
frozen (s-6% solution). May be lyophilized in the presence of 
glycine, pH 9, and stored indefinitely, ifkept dry and cold ( -10 
0C).1 May be dialyzed at 3 °C under a variety of conditions, pro
vided that an atmosphere of nitrogen is used to prevent oxidation 
of reactive -sH groups.._, 

Sped8c Actlnty: One unit of activity is equivalent to 1 ,.mol of phos
phocreatine formed per minute at 30 °C and pH 8.8. The enzyme, 
recrystaUized 2-3 times, has a specific activity of 1»-200 U/ 
mg.u 

ProteiD Allay: ..4., X 1.13 = mg of protein per ml (SO mM phos
phate, pH 7.0).' 

Actlnty Allay: 
Principle: At pH 8.8, the reaction yields one equivalent of H+ 

per mol of ATP consumed.•·• 
Reagents: Prepare with COrfree distiUed water: 32 mM ATP 

(neutralized with NaOH); 32 mM MgSO.; 80 mM creatine; 4% 
(w fv) crystalline bovine serum albumin; 10.0 mM NaOH (freshly 
diluted from standardized NaOH). 

ATP-Cteatine transphosphorylase: Just prior to measurement, 
dilute with ice-cold 1 mM glycine, pH 9, to about 100 to 500 
,g/ml. 

Procedure: Standardize a pH-stat (a commercial autotitrator) 
at 30 °C with a standard buffer. Pipet into a 12-ml reaction vessel 
(water-jacketed at 30°C and equipped with a stirrer) 4.00 ml of 
creatine, 1.00 ml of ATP, 1.00 ml of MgSO., and 0.20 ml of albu
min. Pass a slow stream or N, over the liquid (to exclude inter
ference by COt during titration), and start stirring. Adjust to pH 
8.8 with 0.01 M NaOH; add distiUed water to a total volume of 
8.0 ml and readjust to pH 8.8. After temperature equilibration 
(3-S min), with pH-stat set to record at pH 8.8, initiate the en
zymic reaction by adding 10 ,d of ATP-Creatine transphosphorylase 
( 1 to S ,.g). Repeat, but substitute water for creatine, to determine 
the relatively low "blank" rate. 

Calculations: The initial rate is calculated from the linear por
tion of the curve. The blank rate is subtracted from the overaU 
rate to obtain the enzymic rate, which is expressed in activity units 
(microequivalents of NaOH consumed per minute). 

1m,.....: May contain A TPase activity to the extent of I~ of the 
ATP: creatine transphosphorylase activity.•• Significant impurities 
have not been reported for the thrice-recrystallized enzyme. 
Traces of glycolytic enzymes (e.g., triose phosphate isomerase) 
may contaminate amorphous preparations. 

..,_ 
I. S. A. Kuby, L Noda, aod H. A. Lard)',/. Bioi. Cltmt., 209, 191 (1954). 
2. L Noda, T. Nlbel. aod M. F. Morala,/. Bioi. Cltmt., Z35, 2130 (1960). 
3. T. A. MabOWllld, E. A. Nol-nn, aod S. A. Kuby, J. Bioi. Cltmt., 13'7, 1535 

(1961). 
4. L Noda, S. A. Kuby, aod H. A. Lardy,/. Bioi. Cltmt., 209, 203 (1954). 
5. R. H. Yuc, R. H. Palmieri, 0. E. Otto~~. and S. A. Kuby, Bl«ltmtl#ry, 6, 3204 

(1967). 
6. E. A. NoiUIIIUUI, T. A. Mahowald, and S. A. Kuby,/, Bioi. Cltmt., 13'7, 1146 

(1961). 
7. M. L Tamer aod C. OUvara,/. Bioi. Cltmt., 134, 3201 (1959). 
8. S. A. Kuby, T. A. MabOWllld,aod e. A. Nol-nn, Bl«ltmtl#ry,J, 748 (1961). 
9. S. A. Kuby aod E. A. Noltmallll, Eltzymtl, 6, SIS (1962). 

10. T. Sua and L. Noda, Bl«lt"". Bfopltn. Aclo, 81, 270 (1964). 

Ad!MI• ......... 
OrisiDaJ complladoo oi'Crileria: S. A. Kuby. Contribudona by: 0. e. OIIOD and 
e. A. Nol-nn. 

•roa Cla..utcadoo: 2.7.3.2, 4lP: creadoe pbolpbotralllf'eraee; ~Y Uled 
name: cnadoe ldoale. 
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E-ll 
Carbonic Anhydrase* 
(Bovine Eiytbrocytes) 

F..qutiOM: CO, + HtO;: HCOI + H+ (I) 
CH,-CHO + HtO;: CH,-CH(OH)s (2) 
RCOOR + HtO;: RCOO- + H+ + ROH (3) 

Equation (1) represents the physioloaical function of the en
zyme. The hydration of acetaldehyde was first demonstrated by 
Pcxker and Meany .I The hydrolysis of p-nitrophenyl acetate and 
c:enain other esters has been studied by Pcxker and Stone,' 
Thorslund and Lindskog,' and Kaiser and Lo.• 

Metbocll of bolatloa: From bovine erythrcxytes by DEAE chroma
tography and zone electrophoresis on cellulose columns (Lindskog' 
and Lieflinder'). Some commercial preparations are made by us
ina the procedure of Keilin and Mann.' 

CRITERIA (Tentative) 

Pllysbl C«*WWD: Reported molecular weight: 31,000 :!:1 ,000 
(Ref. S), 30,000 (Ref. 8). The enzyme contains one atom of zinc 
per molecule of enzyme. 

Procedure~ for lludiJDa: Concentrated solutions (1-10 msJml) can 
be stored for several days at room temperature between pH S.S 
and 12 (ionic strength, O.IS) and for months in the refrigerator 
(pH 6-10). Lyophilization may cause a loss or crystallizabiUty.' 
The enzyme may be stored in 2 M ammonium sulfate at - 20 °C. 
Very dilute solutions or the enzyme <-1 ,..g/ml) are sensitive to 
agitation and heavy-metal impurities but can be stabilized by 
O.OS% peptone.10 The enzyme is inhibited by most monovalent 
anions. 1 Aromatic and heterocy.;lic sulfonamides are potent in
hibitors of carbonic anhydrase. Sulfate and phosphate are prac
tically noninhibitory. 

C...-dally A..a.JJie Sulllena.: Carbon dioxide, sodium hydro
gen carbonate, acetaldehyde, p-nitrophenyl acetate. 

Sped8c ActlntJ: One unit (U) is the activity that hydrolyzes I ,.mol 
of p-nitrophenyl acetate/min under conditions given in the " Ac
tivity Assay". t Highly purified preparations have a specific 
activity of0.73 U/mg. 

Proceia Allay:' A., X O.S26 ,. mg of enzyme/mi. 
Actinty Allay:' 

Reagents : 10 mM p-nitrophenyl acetate in acetone; tris-H.SO. 
buffer, pH 7.6, ionic strength, 0.1. (Dissolve 1.0 g oftris(hydroxy
methyl)aminomethane in 7S ml of HtO, neutralize to pH 7.6 with 
O.S M H.SO •• and dilute to 100 mi.) 

Prcxedure: Buffer and enzyme (total volume, 2.4 ml; final en
zyme concentration -so 1'8/ml) are mixed in a I -em cuvette. Sub
strate (0.1 ml) is added, and the solution is rapidly mixed. The 
reaction is followed at 348 om. A blank without enzyme is deter· 
mined, and the rate of the uncatalyzed reaction is subtracted from 
the total rate, to give the enzyme-catalyzed rate. Activity is calcu· 
lated from the initial rate, (dAm/dt)1- 0 , of the reaction. (If possi
ble, measure from the initial slope of the curve on a recording of 
the reaction.) 

Calculations: Number of units (U) in reaction vessel = 0.486 X 
[dA,./dtJ,-o (tin min). 

........-: Owing to the presence or other esterases in erythcxytes, 
an impure sample or enzyme may yield an esterase activity higher 
inhibitor, such as acetazolamide, permits non-carbonic anhydrase 
esterase activity to be measured.u . .,_ 

1. Y. Pocker and J. 1!. Meany, Bl«hmll#ry, 4, 2535 (1965). 
l. Y. Pocbr and 1. T. Stone, Bktellmll#ry, 6, 668 (1967). 

too 

1!'.-U I 1!'.-U 

3. A. Tbonluad and S. U..WCO., &top. I. Blodw&, 3, 111 (1967). 
4. 1!. T. KaUer and K .-W. Lo, J. A111. C'-o. Soc., 91, 4912 (198). 
5. S. Undlkoc, BlociiiM. Bloplty1. Aa., ,, 211 (1960). 
6. M. Uefllnder, Z. Pltyllol. C'-t., 335, 125 (1964). 
7. D. KelliD aDd T. Mana, Bl«'-o. 1., M, 1163 (IMO). 
8. P. 0 . N,_n and S. Undlkoc, Blodi/M. B/opll)'6. Aetot, a, 141 (1964). 
9. B. Strandbeq, B. nlander, K. Pridbcq. S. LiDdiiPia. and P. 0 . N,..._ 1. 

Mol. Bioi., 5, 583 (1962). 
10. A. M. Clark and D. D. PerriD, Bltd-. J., 41, 49S (19SI). 
II. 1!. 1!. IUcldl, S. A. S. Gbuanf«, B. H. Olbbona, and 1. T. l!dall, J • ..,_ 

c--.. ~. 100 (1964). 
ll. s. Llndtkoc, unpublllbed ..alta. 
13. 1. A. Vorpoone, S. Mehta , and J. T. Edall, J. Bioi. 0..., 141, 4221 (1967). 

Acllww .......... 

Orlalnal complladoo or Criteria: P. 0 . N,_n and S. IJndllcos. c-fbutioal by: 
1. T. Edall and G. Oorln. 

• w. aa.J6:adoa: 4.2.1.1, Carbonate~; ""'-te ~
t In lbe carboa cllaadcle hydradoo .--:doo wiDe lbe proceclwe de8crtbed by 

IUcldl ,.,,,ua unltladeftnocluiO(Il/r.) -I, wt.n ,.and t.arc ctn.aiD -.Ia 
required for a lfwn c:banet ID pH for blaak and ~labaed re8Cdola, 
rapecdwly. A value or about200,000 unlt/1111 for lbe boriDO ~tt Ia ~ 
by lhU procedure. The unllla arbitral)', and not ~e 10 ,.mol/miD wllbcNl 
uncenalnda. 

E-13 
Carboxypeptidase A • 
(Bovine Pancreas) 

Equadoa: R'CONHCH(R")COO- - R'COQ- + +H1NCH(R")
coo-
or 
R'COOCH(R")COO-- R'COO- + HOCH(R")COO

where 
R' =acyl side chain, acylamino acid side chain, or peptide side 

chain; and 
R" =specific amino or hydroxy acid side chain, preferentially 

that of an aromatic acid or branched-chain aliphatic acid. 
Reactioa: Catalyzes the hydrolysis or peptide or ester bonds of cer· 

tain aromatic and aliphatic, carboxyl-terminal, amino or bydroxy 
acids; pH optimum 7-9. 

Method of bolatloa: The crystalline enzyme is routinely isolated 
from bovine pencreas,t.t 

CRITERIA (Tentative) 

Pllysbl Coa&tant: Reported molecular weight:• 32,000; calculated:' 
34,440. 

Procedure~ for Hudlillg: 
Storage: Suspensions or crystals in water in the presence of a 

trace of toluene are stable at 4 °C for at least 6 months. Solutions 
(above 0.1 %) in 10% ua may be stored at 4 °C for approxi
mately I week without significant loss in activity. Sianificant 
losses in activity result from freezing either suspensions of crystals 
or solutions of the enzyme. 

Dilution: Crystals of the enzyme may be washed with Jarae 
volumes of cold water. The crystals dissolve slowly in cold 10% 
LiCl, to form 0.6 to 0.8% solutions. Even at low concentrations, 
the enzyme may crystallize rapidly from solutions that are less 
than 0.2 M in salt. 

Dialysis: Against 10% LiCI or I M Naa. 
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E-14/ E-15 

c-daiiJ A..u.llle ~: (Benzyloxycarbooyl)llycyl-L
pbenylalaninet, beazoylalycyl-L-pbenylalanine (hippuryl-L-phen
ylalanine, 1), (beozyloxycarbonyl)llycyl-L-tryptophan, and (ben
zyloxyc:arbonyl)llycyi-L-Ieucine. Many other protein and peptide 
substrates are available. 

s,edlle Act1Yit1: One unit catalyzes the hydrolysis of 1 pmoll/min 
at 25 oc and pH 7.S. Preparations having the highest purity have a 
specific: activity ofabout 88 U/mg by the method following. 

Prete~~~ ~: Am X O.SJS • mg of enzyme/ml; solvent, 10% 
Lict.• 

AdiYit7 Allay: 
Method: The rate of hydrolysis of I is measured by the increase 

in abeorbence at 254 om (based upon the method of Folk and 
Schirmert). 

Procedure: The assay is cooducted as follows: 
Take I (10 mM, in H.O), adjusted to pH H with about one 
equivalent of NaOH, 0.3 ml; tris buffer SO mM (pH 7.S) 1 M in 
NaCI, l.S ml; H.O, 1.2 mi. Add the enzyme, S to 20 1'1 containing 
O.S to 2.S 14 of protein, to the substrate mixture in a 1-cm quartz 
cuvette, and record A .. at 30-s intervals. 

The hydrolysis of 1 1'11101 of I causes an increase in A .. of 0.12. 
Number of units = [M .. / 41(min)) X 8.33. 

...,_ltlts: Recrystallized samples may have slight activity toward 
trypsin and chymotrypsin substrates. These activities can be 
eliminated by treatment with diisopropyl phosphorofluoridate.7 

Recrystallized samples may also be slightly contaminated with 
carboxypeptidue 8, as indicated by release of lysine or arginine 
from certain substrates at high levels of enzyme. .. -

1. M. L ~.I. G-. Pllynol., ZO, 663, m (1937). 
l. H. Neuratb, Mnltod• EnzyiMI •• 2, 77 (1955). 
J. F. W. PuiDam and H. Neuratb,/. Bioi. C'-e., 166, 60J (1946) • 
... E. L Smltb and A. Stockell,/. Bioi. Clwlff., 207, 501 (1954). 
S. B. L Vallee, I. A. Rupley, T. L. c-be, and H. Neuratb,/. Bioi. C'-e., 235, 

64(lMO). 
6. J. B. Polk and B. W. Scblrmer,l. Bioi. C'-e., 131, 3884 (196J). 
7. H. P...-a.c-t,l.l. Manta, and A. L Levy, Mnltodl Bloc"-. AMI., 2, J97 

(1955). 

OriiiDal compiladoo of Criteria: I. B. Polk. Cooutbudou by : F. W. Putoam, 
C. H. W. HJn, and R. L. HUI. 

• Rill Clulllcadoa: 3 .... 12.2, l'qlticlyloL-amiDo add bydrola-. 
t (BeaiJI~I)sJycylo~.-pbeoJialanloe • (cartloben&Oa7)sJycyi-L·pileiiJI· ......... 

E-14 
Carboxypeptidase a• 
(Pig Pucreas) 

Eqatiell: R'CONHCH(R")COO-- R'COO- + •H,NR"COO
or 
R'COOCH(R'')C()O-- R"COQ- + HOCH(R")COO-

where 
R' -acyl side chain, acylamino acid side chain, or peptide 

side cbain; and 
R" - side chain oflysine,arginine,omithine, or homoarginine. 

a.ctloD: Catalyzes the hydrolysis of peptide or ester bonds or 
carboxyl-terminal basic, amino, or hydroxy acids; pH optimum 
7-9. 

Medlod ollsol....,.: The enzyme is isolated from aqueous extracts of 
an acetone powder of autolyzed, porcine pancreas.1 

CRITERIA (Tentative) 

Pllylical Co.tut: Reported molecular weight,1 34,300. 
Procedares for HaadJiaa: 

Storage: Concentrated aqueous solutions (10 mg/ml and 
above), stored frozen at -10 °C, are stable for at least 6 months. 

Dilution: In cold water; should be made up daily. 
Dialysis: Against water at 4 °C. 

C-a.IIJ AY.U8ble Subltna.: a-N-Benzoylglycyl-L-arginine 
(hippuryl-L-arginine, 1), a-N-benzoylglycyl-L-lysine (hippuryl-L
Iysine). 

Spedflc Act1Yit1: One unit represents the hydrolysis of 11'111011/min 
at 2S °C and pH 8. Preparations having the highest purity have an 
activity ofabout 27S U/mg by the following method: 

Protei~~ Allay: Am X 0.468 = mg of enzyme/ml; solvent, S mM tris 
buffer, pH 8.0.1 

Actlftty Allay: 
Method: The rate of hydrolysis of I is measured by the increase 

in absorbence at 254 nm.l.l 
Procedure: The assay is conducted as foUows: 

Take 1,10 mM in H.0,0.3 ml; tris buffer, SOmM (pH 8.0),1.S ml; 
and H.O, 1.2 mi. Add enzyme, S to 20 pi containing 0.1 to O.S 14 
of protein, to the substrate mixture in a I -em quartz cuvette, and 
record A .. at 30-s intervals. 

The hydrolysis of I pmol of I causes an increase in A .. of0.12. 
Rates must be calculated from .<1A values below 0.14. Number of 
units- [M .. /..11(min)] X 8.33. 

1...,.-ldea: The purest samples may have slight activity toward 
trypsin and chymotrypsin substrates. These activities can be 
eliminated by treatment of solutions with diisopropyl phosphoro
fluoridate in a manner similar to that outlined for carboxypep
tidase A.• The purest samples show less than 0.1 % of carboxy
peptidase A activity when assayed by the procedure described for 
carboxypeptidase A (E-13). .., __ 

1. I. E. Folk, K. A. Plcz, W. R. Carroll, and I. A. Oladoer,/. Bioi. C'-e., 235, 
ll72 (1960). 

2. E. C. Wolf!', E. W. Scbirmer, and I. E. Folk,/. Bioi. C"-·• 137, 3097 (1962). 
3. H. Fraeokci..COorat, I. I. Harril, and A. L Levy, M"hot/1 Blocltm~. AIUII., 2, 

397 (19,5). 

Acbow ...... llta 

Ortalnal complladoo of Criteria: 1. E. Folk. Cootribudou by: F. W. Putoam. 
C. H. W. Hln, and R. L. HUI • 

•tua Clulllcadoo: 3.4.12.3, Pltpddyi-L·I)'IiDc bydrolaac. 

E-15 
Chymotrypsin A • 
(Bo•ine Pancreas) 

Equatloa: R'R"CHCOR"' -t R'R"CHCOO- + +H,NR or HOR 
where 

R' =(usually) an acylamido group; 
R" - a specific amino acid side chain, preferentially that of an 
aromatic amino acid; and 
R"' = -NHR or ..OR. 

Reaction: Catalyzes the hydrolysis of peptide (amide) or ester bonds 
at the carboxyl linkage of aromatic and certain long-chain 
aliphatic amino acids; pH optimum, 7-9. 

Metbod of lsolatloa: The active enzyme is routinely prepared foUow
ing slow tryptic activation of the zymogen, chymotrypsinogen A.1 
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CRITERIA (Tentative) 

P'II,Jalcal COBitut: Reported molecular weights:1 21,600 to 27,000; 
calculated:1 24,SOO. 

Procearea for H...Uilla: 
Storage: Salt-free lyophilized samples are stable wben stored at 

4°C. 
Dilution: In cold I mM Ha, 1 to 10 mg/ml, stable for several 

weeks at 4 °C. 
Dialysis: Apinst t mM HO at 4 °C. 

C-.DIIy AY.UIIble s.bielatea; N-Benzoyl-L-tyrosine ethyl ester 
(1), N-benzoyl-L-tyrosinamide, N-acetyl-L-tyrosine ethyl ester, N
acetyi-L-tyrosinamide, hemoglobin, and casein. Many other re
lated protein and synthetic substrates are available. 

Sped8e Actirity: One unit (U) catalyzes the hydrolysis in 2.5% 
methanol or 11'10011/min at 2.5 oc and pH 7.8. Preparations hav
ing the highest purity haYe a specific activity or about 3S U /mg by 
the following method: 

Proeela ~: A., X 0.49S = mg of enzyme/ml; solvent, 1 mM 
Ha.• 

Actirity Allay: 
Method: The rate of hydrolysis of I is measured by the increase 

in absorbance at 2S6 nm (based on the methods of Hummel'). 
Procedure: The assay is conducted as follows: 

Take I, S mM in SO% methanol (w /w), 0. 3 ml; tris buffer, 80 mM 
(pH 7.8), t.S ml; SO% methanol (w/w), 1.2 mi. Add enzyme, S to 
20 ,d containing 1 to S pg of protein, to the substrate mixture in a 
t-ern quartz cuvette, and record A .. at 30-s intervals. 

The hydrolysis of I 1'11101 of I causes an increase in A .. of 0.32. 
The rate must be calculated from 4A values below 0.14. Number 
or units (U) .. (M .. /4t(min)) X 3.13 .., __ 

I. M. Kunllz aod I. H. Nonhrop,/. Gnt. P/ul11ol •• It, 991 (1936). 
l. P. Deanuelle, Eluym,., 4, 93 (1960). 
3. M. Lukowlld, M"ltoth Eluylfttll., 2, 8 (1955). 
4. B. C. W. Hummel, c ..... I. Blocllntt. PltYIIol .. 31, 1393 (1959). 

~ 

OrtPnal complladoo ol Criteria : I. E. Folk. Cootrlbudona by : F. W. Putnam 
C. H. W. Hln, and R. L. Hill. 

•wa C...ulcatlon : 3.4.16.1, Chymouyplin A. Allo dlllpated ~ 
The active enzyme II herein clalpated chymotlyplio A to dlatlnpailh It from 
chymouyplin B, an enqme ol limllar ll*ifld!Y lbat occun In boriDO .. ncrea• u 
the ~IDOICII. ch)'tiiOUypllnopn B.• 

E-16 
Citrate Synthase• 
(Pig Heart) 

Ruction: Acetyi-CoA + H,O + oxaloacetatet" ~ citrate"' + 
CoASH + H+. The pig-heart enzyme is 100% stereospecific and 
forms the ($)-citrate enantiomer exclusively .I 

Method oflsolatloa: Crystallized from ammonium sulfate solution.1•1 

CRITERIA (Tentative) 

Playdcai CoiiiWit: Reported molecular weight:4 -94,000. 
Procedares for Hudlillg: 

Storage: The enzyme is relatively stable from pH S.S to 10.0. 
Solutions of the enzyme in dilute phosphate buffers, pH 7.4, are 
stable for several weeks when maintained at 4 °C. Solutions of at 

10l 

E-16/ E-17 

least 0.1 mg/ml in 26-100 mM phosphate buft'er, pH 7.0, main 
their activity for many months at - 20 °C. Ovalbumin (0.1 %) can 
be added to stabili21e more-dilute solutions for temporary ICOraF 
at -20°C. 

Dilution: Dilute solutions for assay may be prepared in either 
phosphate or tris-Ha buffers, pH 7.4-8.1. 

C-.Dil)' A..Uallle Set~Jecratee: Acetyl-CoA, oxaloecetate. 
CoASH, and citrate (malate dehydrogenase, NAD, and L-malate 
are available for a coupled, assay system'). 

Spedflc Ac:tiYity: One unit of activity for this enzyme catalyza the 
formation of I ,mol of free coenzyme A from ac:etyl-CoA pcr 
minute at 2S °C and pH 8. 1. Recrystallized pig-heart citrate 
synthase has a specific activity of approximately 180 U /ma. cal
culated from Srere ~~ al. • The specific activity in the malat~ 
malate dehydrogenase assay system is 64 U/mg.t.• 

Protei~~ ~:4 A., X O.S6 - mg enzyme/mi. 
Actirity ~: 

Method: The rate of formation of free coenzyme A is measured 
with S,S'-dithiobis(2-nitrobenzoate) (Nbst).t-7 

Reagents: Nbat, 1 mM in 1.0 M tris-HO, pH 8.1; acetyl-CoA, 
13 mM in water; oxaloacetate, 10 mM in 100 mM UU-HC, pH 
8.1. Citrate synthetase, 1 to S ,.g protein/ml orO. I % bovine 1er11m 
albumin. 

Prcxedure: Into a 1-ml cuvette, pipette the foUowina: 0.1 ml or 
Nbat solution, 0.02 ml of acetyl-CoA, a suitable aliquot of the 
enzyme, and H,O to make a volume of0.97 mi. Initiate the reac:
action by adding 0.03 ml of oxaloacetate, and follow the inc:reue 
in absorbance at 412 nm. 

Calculation: Number of units (U) = [.lAm/ 4t(min)) X 0 .073S. 
I ........ : Crystalline preparations of enzyme may contain tn1CeS of 

malate dehydrogenase and isocitrate dehydroaenue. .. ,_ 
1. I . R. Stem, C. S. Heare. and 0 . Bamben, BlodHMI#ry, S. 1119 (1966). 
2. P. A. Srere and 0. W. KOIIcld, J. Bioi. CAM~., 236, 2557 (1961). 
3. S. Ochoa, I. R. Stern, and M. C. Schnddet-,1. Bioi. C--., 193, 81 (1951). 
4. P. A. Srere, M. SlaP. aDd 0. C. Broob, pe-l--doG. 
5. P. A. Srere, M"ltoth Eluylfttll., 13, 3 (1969). 
6. P. A. Srere, H. Bruit, and L Oonen, Ano C--. ~ .• 1'7, 129 (1963). 
7. N. 0. lanpard, I. Unkel-, and D. E. A~. Blocltllrt. ~ .. AeM, 151, 

225(1968). 

A~ ......... 

Orillnal cornpilatloo of Criteria : A. L. Baker. Cootrlbudoaa by : P. A. Snft aDd 
I. R. Stern. 

• tua CIUIUicalloo: 4.1.3.7, Otrate ouloaeetafe.l,aa (CoA«ee)''adllll). Olblr 
conunon name, dtrate-CODdeaiiDa ~. 

E-17 
Enolale• 
(Rabbit Muscle) 

Eqaatloa: o-Giycerate 2-phosphatet" ~ phosph~IIOipyruva~ (PEP) 
+H,O 

Method of laolatloa: Purified from fresh or frozen rabbit muscle. 
Crystallized from ammonium sulfate.• 

CRJTERIA (TentatiYe) 

Playdcai Coaltaldl: Reported molecular weight,a.• 82,000. Dissoc:ia
tion into subunits has been reported.• 

......._.for H.....,: The enzyme is stable as a crystalline suspen
sion in ammonium sulfate. 
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E-tl I E-t9 

C-.:lally A..U.a.le s.lleaatea: Sodium and barium salts ofo
glycerate 2-phosphate. If the barium salt is used, barium may be 
removed by usina the procedure given by Winstead and Wold.1 

s,edlle AcdfltJ: One unit of activity for this enzyme wiU convert 1 
,.mol of o-atycerate 2-phosphate into PEP per minute at 2S °C by 
usins the ccnditions given under "Activity Assay." Pure rabbit
muscle enolase has been reported1 to have a specific activity of 90 
U /ms at 2S °C. 

.......... Allay:• A• X 1.11 ~ ms enzyme/ml (SO mM imidazole 
buffer, pH 7). 

AdiYICy A..,: 
Method: The rate of increase of absorbance at 240 nm at pH 

6.9 and 2S °C due to PEP formation is measured. 
Reaction Medium: 

o-Glycerate 2-phosphate 10 mM 0.3 ml 
Mapesium sulfate 10 mM 0.3 ml 
Ka 800 mM u ml 
lmidazole-Ha, pH 6.7 (SOO mM in imidazole) 0.3 ml 
H.O O.S ml 

Procedure: To 2.9 ml of reaction medium at 2S °C in a silica 
ceO, in a spectrophotometer with wavelensth set at 240 nm, add 
0.1 ml of enzyme ccntainins to-too 14 of enzyme/mi. Plot 
.1..4,. vs. time, and draw a tangent to the curve. from the slope of 
the curve, calculate the activity. Number of units (U) in 3 ml of 
reaction mixture .. 2.3 X (4AM0/4t(min)). 

..,_ltles: Likely contaminatins activities are other sJycolytic 
enzymes. The recrystallized enzyme gives a sinsJe band upon 
electrophoresis on poly(acrylamide) sel. ..,_ 

I. J. A. WIDI!ead and P. Wold, ft>cltmt. Prq., II, 31 (1965). 
2. A. Holt and P. Wold,./. Bioi. Cltmt .• 236, 3227 (1961). 
3. B. 0. Mahmtrom, Arclt. Bl«ltmt. Blop/ly1., Sappl. 1,247 (1962). 
4. J. A. WiDIIad and P. Wold, Bl«ltatl#ry, 4, 2145 (1965). 

AcbowWa .. 
Odilaal compilatloa of Criteria : P. Wold. Contribudona by: I. Lamer. 

E-18 
Enolase• 
(Yeast) 

~doe: o-Glycerate 2-phospbate'-;: pbosph~nolpyruvate"" (PEP) 
+H.O 

Medlod ol bolatloe: Purified from yeast extracts by fractionation 
with acetone and alcohol.l·• 

CRITERIA (Tentative) 

Pllydcal COIIItaata: Reported molecular weisht 88,000 (Ref. 3), 
67,000 (Ref. 4). Dissociation into subunits has been reported.•·• 

Procedares for Handllas: May be stored at pH 8-8.S in 0.1 mM Mgt+ 
in the presence of a drop of toluene. Solutions of the enzyme may 
be lyophilized if frozen rapidly.• (The lyophilized powder must be 
redissolved in buffer at 0 °C.) 

eom.em.lly A..U.a.le s.bltraa.: Sodium and barium salts of o
sJycerate 2-phosphate. If the barium salt is used, barium may be 
removed by usina the procedure given by Westhead.• 

Sped6c Actl.tty: One unit of activity (U) for this enzyme converts 1 

,.mol of o-sJycerate 2-phosphate into PEP per minute at 30 °C 
under the conditions stated in "Activity Assay." The specific ac· 
tivity of pure yeast enolase is reportedt.• to be ~220 U/ms. 

Protela A..,: A• X 1.12 =- ms enzyme/ml (in water).l 
Actlnty Allay:• 

Method: The rate of increase of absorbance due to PEP forma
tion is measured at 230 nm, at pH 7.8 and 30 °C. 

Reaction Medium: 
Sodium o-sJycerate 2-phosphate 20 mM 0.3 ml 
Mapesium acetate 10 mM 0.3 ml 
Tris acetate bulfer,t pH 7.8 tOO mM t.S ml 
EDTA 100 I'M 0.3 ml 
H.O O.S ml 

Procedure: To 2.9 ml of reaction medium at 30 °C in a silica 
ceU, add 0.1 ml of enzyme containing 3-30 14 enzyme/mi. Read, 
plot 4A110 vs. time, and draw a tangent to the curve. from the 
slope, calculate the activity. Number of units (U) in 3 ml of reac· 
tion mixture= 0.968 X [4A.,/4t(min)) (calculated from Ref. 2). 

1...,.-ltiel: Enolase purified with acetone-ethanol has 2S% of the 
maximum specific activity and may be used in the pbosphosJyc
erate mutase assay after chromatography on Dowex I to remove 
phosphosJycerate mutase and pyruvate kinase.' Pure enolase is 
obtained by further fractionation with DEAE-ceUulose and phos
phocellulose. 1 The enzyme consists of at least three active electro
phoretically distinct components . . .,.,_. 

1. 0 . Warbura and w. CbrildaD. Bl«ltmt. z., 210, 384 (1942). 
2. B. W. Weltbe8d, /11,/totb EllzY-'·· t, 670 (1966). 
3. K. 0 . Mana, F. l. CatldtiDO, and P. A. Harpave, Bl«ltmtl#ry, t, 4002 (1970) . 
4. B. 0. Malatrom, Etu)ltMI, 5, 471 (1961). 
5. I. M. Brew« and 0. Weber, Proc. Nat. Ae«<. Sci. U.S., 59, 216 (1968). 
6. T. H. Oawronald and E. W. Walhead, Bl«lt,,htry, 8, 4261 (1969). 
7. S. Orilolla, D. B. Bopn, and A. Tomllba, Bl«lt,. Btop/ly1. Acta, lSI, 298 

(1968). 

~ 

Orillnal compltatloa o( Criteria: P. Wold. Cootrlbudoal by: I. Lamer and B. 
Wadwad. 

•tua aa.t&adoo: 4.2.1.11, 2-PbOIPbo-o-sJyceratc h)ldro-tyue. 
t Neutralbe 50 ml of' lOO mM acetic add wltb I M trll(~l)amloo

metbaoe 10 pH 7.8 and dilute 10 100 mi. 

E-19 
Extracellular Nuclease• 
(Staphylococcua aureua) 

Reac:tloa: Endonucleolytic and exonucleolytic cleavase of S'·O· 
phospho ester bonds in ribonucleates or 2'-deoxyribonucleates, 
producins 3'-0-phosphonucleosides and dinucleotides.1•1 Also 
cleaves a number of p-nitrophenyl ester derivatives of 2'-deoxy
thymidine S'-phosphate, releasing p-nitrophenyl phosphate.' 

Method of llolatloa: The enzyme is obtained by ammonium sulfate 
fractionation of an extracellular culture medium of growins bac
teria, followed by ion-exchange column chromatography.•-. 

CRITERIA (Tentative) 

Pllyllcal Collltantl: Reported molecular weisht:7 16,800. 
Procedure for Handllas: 

Storage: Lyophilized preparations are stable when kept at 
-t0°C. 
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Handling: Enzyme dilutions of less than 10 Pl/ml should be 
made in 0.1% albumin solution.• Tbe enzyme is not retained by 
some commercial dialysis membranes, and dialysis should be 
done in heated, or boiled, dialysis membranes. 7 

c:c...enuu,. A..UIIble Substrates: Thymidine 3'-phosphate S'
(p-nitrophenyl phosphate) tri-U salt·4H.0, Mol. Wt. - 613.2; 
~ ... 271 nm, en, • ts,400 mot-• I em-•. K. for nuclease-
1.0 X to;M.1 

Speellc Actlnt)':• 1 rna of purified enzyme hydrolyzes 0.62 ,mot of 
substrate per minute. The specific activity is 0.62 U /rna under the 
conditions described below. (See "Activity Assay.") 

Protela Allay:' Am X 1.03 - rna of enzyme/mi. in SO mM tris 
buffer, pH 7.S. 

Aetint)' "-.)':' 
Method: The assay is based on the release of p-nitrophenyl 

phosphate, which is accompanied by a shift of its ultraviolet 
spectrum (to hiaber wavelengths) resulting from conversion ofthe 
mono- into the dianionic phosphate species. 

Procedure: The assay mixture contains 100 ,M thymidine 3'
phosphate S'(p-nitrophenyl phosphate) in a total volume of 1.0 
ml of SO mM tris-HO buffer, pH 8.8, 10 mM Caa,. A 10 mM 
stock substrate solution (in distilled water) can be kept frozen for 
many weeks. The assay mixture should be prepared daily. The 
mixture is plac:ed on a 1.0-ml quartz cuvette, and s-30 ,1 of en
zyme, containing I-SO ,g of protein, is added. The increase in ab
sorbance at 330 nm is continuously recorded, with the tempera
ture of the cuvette chamber at 24 •c. t Number of units (U) in 
cuvette = 0.23S[4Auo/4t(min)]. 

Illlpalitles: Pbosphatases and other protein contaminants may be 
present in all but highly purified preparations. •.• ..,_ 

I. M. Alaander, L. A. Heppel. and I . Hurwitz, J. Bioi. Cltnn., W, 3014 (1961). 
l. P. Cuatrec8at, S. Fucha. and C . B. Anfinaen. J. Bioi. Cltnn .• 142, 1541 (1967). 
3. P. Cuatrec8aaa, M. Wlkhek, and C . B. Anfi~~~en. Blocltnnlstry, I , 2277 (1969). 
4. B. Sulkowald aad M. Laakowald. Sr., J. Bioi. CMm •• 141, 4386 (1966). 
5. S. Fucha, P. Cuatrec8aaa, and C. B. Anll~~~en, J. Bioi. Cltmt., 142, 4768 (1967). 
6. L. Moravek, C. B. Anfinaen, I. L. Cone, and H. Taniuc:hl, J. Bioi. Cltmt., 144, 

497 (1969). 
7. H. Tanluchl, C. B. Anfinaen, and A. Sodja, J. Bioi. Cltnn., 142, 4752 (1967). 

Acboww.-ca 

Orfainal compilation of Criteria: S. Fucha. Conlribudona by: P. Cuatrec8ala aad 
C. B. Anfinacn. 

•roa Clallitlcadon: 3.1.4.7, Rlbonuclcat.e(dcoxyriboouclcate) 3' -nucleotldohy
drotue; mkrococcal nuctca.. 

t The number of jiiiiC)I or p-nitrophenyl phoaphate ronnec1 In I ml per minute • 
4.26(4Aaao/b.l(mln)). AEaao ror p-nitrophenyl phoaphate • 4,260 mot·• I em·•. 

E-20 
o-Glucose-6-pbosphate Dehydrogenase* 
(Brewers• Yeast) 

Equation: o-Glucose 6-phosphatet- + NADP+;:! 6-0-phospho-o
glucono-l,S-lactonet- + NADPH + H+ 

Metbod of Isolation: Crystallized from aqueous (NH.)tSO. solu
tions.' 

CRITERIA (Tentative) 

Pb)'Slcal Constaat: Reported molecular weight:• 102,000. 
Procedure for Handling: Stable as crystalline suspension in (NH.)tSO. 

solution.' At concentrations of micrograms per milliliter, the en
zyme is unstable below pH 4 and above pH 11. 

104 

ec-dall)' Aftllallle Sublbac.: o-Gluc:oee ~ospbate, NADr. 
Speellc Actlnt)': One unit of activity (U) is equivalent to 1 JdDC)I or 

NADPH formed per minute at pH 8.0 and 30 •c. Four-times re
crystallized enzyme has a specific activity of about 680 U /1118-1 

ProCela Allay: Biuret procedure:• A .. X 32 - rna of protein pel' 

10 mi.' 
AetlYit)' ~:• 

Reagents: 100 mM gl)":ylglycine, pH 8.0; 30 mM o-atucc.e ~ 
phosphate; 10 mM NADP+, pH 7.0; ISO mM MaSQ,; 50 mM 
EDTA (pH 8.0) containing crystalline bovine serum albumin (1 
ma/ml). 

o-Gluc:oee-6-phospbate dehydrogenase: Just prior to measure
ment, dilute with ice<old SO mM EDTA, pH 8.0, containina 
crystalline bovine serum albumin (1 mg/ml) to a conceutratioo of 
about 0.2 to 1.0 PI/mi. 

Procedure: A recording spectrophotometer, equipped with 
thermospacers through which water at 30 °C is circulated, is used 
to follow the chanae in absorbance at 340 nm. Into a 1.0-cm 
cuvette, pipette the foUowing: glycylglycine (100 mM, pH 8.0), 
2.S ml; o-glucose 6-phosphate (30 mM), 0.1 ml; NADP+ (tO mM), 
0.1 ml; MgSO. (ISO mM), 0.2 ml (measurements are made rdatiw 
to a blank cuvette containing the above reaction mixture + 0.1 ml 
of H.O). After temperature equilibration (about S min), the reac
tion is initiated by the addition of 0.1 ml of o-atucose 6-phospbate 
dehydrogenase. 

Calculations: Calculations of the activity are made from the 
initial slope or the curve or the absorbance vs. time: Number of 
units (U) per cuvette volume .. 0.483 [M.,./4t(min)]. 

Illlpalitles: In amorphous preparations: hexokin.ue,• myokinase. 
phosphoglucomutase, • 6-phosphogluconate dehydrogenase, gluta
thione reductase, phosphohexose isomerase} In preparations re
crystallized four or five times, none of the contaminating activities 
should exceed O.OS% of the o-glucose-6-phosphate deb~ 
genase activity. ..,_ 

I. B. A. Nol-nn, C. I. Oubler, aad S. A. Kuby, J. Bioi. Clwm., 236, 1225 (1961). 
l. R. H . Yue, E. A. Nol-nn, aad S. A. Kuby, Blocltnnlstry, 6, 1174 (1967). 
3. A. 0 . Oomall, C. I. Bardawltl, end M. M. O.vld,J. Bioi. CM!ft. 117,751 (1949). 
4. L. Olaaer and D. H. Brown, J. Bioi. Cltnn., 216, 67 (1955). 

Acbow .... 111 

OrlPDal compiledon or Criteria : S. A. Kuby. Coalribudolll by: B. A- Not-

•w• Claul&atlon: 1.1.1.49, 0.01- 6-phoaphate :MADP ~
Commonly uaed name: Zwilcherucrmeat. 

E-ll 
o-Giyceraldehyde-3-pbosphate Dehydrogenase* 
(Rabbit MliSCie) 

Equatioa: o-Glyceraldehyde 3-phosphatet- + NAD+ + HPO.a- ;:! 
1,3-diphosphoglycerare-- + NADH + H+ 

Metbod ol Isolatioa: Crystallized from ammonium sulfate solu
tions.'-• 

CRITERIA (Tentative) 

Pbysical COIIItaat: Reported molecular weight:a-7 118,000-ISO,OOO; 
140,000 (based on 4 subunits of 3S,OOO each).• 

Procedwe for HudUna: Stability properties have been summarized. • 
Solutions of the enzyme are stabilized by the presence of EDTA, re-

Copyright © National Academy of Sciences. All rights reserved.

Specifications and Criteria for Biochemical Compounds:  Third Edition
http://www.nap.edu/catalog.php?record_id=21491

http://www.nap.edu/catalog.php?record_id=21491


ducina qents, and NAD+. For storage over prolonged periods of 
time, the enzyme may be kept at o-4 °C as a crystalline suspension 
in ammonium sulfate solution (2.4-2.8 M, pH 7.5-8.3). Enzyme 
solutions are unstable' below pH 6. 

c-dally Aftllallle s.IJea atea: oL..Qiyceraldehyde 3-phosphoric 
acid (aq. solution), slight decomposition occun in solutions after 
several weeks in the frozen state; oL-aJyceraldehyde 3·phosphate 
diethyl acetal monobarium salt dihydrate; NAD+. 

Sped8e AetMty: One unit or activity for this enzyme reduces 1 
_.mol ofNAD+per minute at pH 8.4 and 2S °C. The specific activity 
of onc:e-c:rystaUized preparations (e.a., commercial preparations) 
ranges from 2S to 30 U/rna at 2S oc by the assay procedure de
ICribed below. An activity or 8S U/rna has been reported• at 
21 oc for the best preparation, with substrate concentrations or 
480 pM (NAD+ and o-aJ)Ura)dehyde 3-phosphate). 

PreCeiD Allay: When isolated by the procedures described,t-t the 
enzyme contains bound NAD+ and has an absorption maximum at 
216 nm: Am X 0.9S - mg/ml (in 0.03 M pyrophosphate, pH 
8.4). 

ActMty ~: Modified from procedure or Cori ~I aJ.t (based on 
Warburg and Christian') as summarized by Velick,• with arsenate 
replacina phosphate, and under conditions that permit measure
ments or initial veloclt~s. 

Rragents: Sodium pyrophosphate, 30 mM, pH 8.4; NAD+, 7 
mM; o-aJyceraldehyde 3-phosphate,8.8 mMt; disodium arsenate, 
170 mM; cysteine, 40 mM, pH 8.4 (freshly prepared) in pyrophos
phate, 30 mM, pH 8.4. o..Qiyceraldehyde-3-phosphate dehydro
senase: Prior to measurement <-s-to min), dilute with ice-cold 
30 mM pyrophosphate solution (containing 4 mM cysteine, pH 
8.4) to a concentration or 10-20 pg/ml. 

Procedure: Into a cuvette, pipette the following: 
Pyrophosphate 1.7 ml 
Arsenate 0.30 ml 
Cysteine 0.30 ml 
NAD+ 0.10 mJ 

Allow S min for temperature equilibration in a recording spec· 
trophotometer havina water jackets at 2S °C. Add O.SO ml of o
glyceraldehyde 3·phospha~ (8.8 mM); 2 min later, initiate the 
reaction with the addition or 0.1 ml or properly diluted o-aJyceral· 
debyde-3-pbosphate dehydrogenase. (Measurements are made 
relative to a blank cuvette containing the above reaction mixture, 
added in the above order, and containing 0.1 ml of H.O instead of 
enzyme.) 

Follow ~A .. to determine the initial rate. 
Calculations: Calculation or the activity is made from the 

initial slope of the curve of the absorbance vs. time. Number of 
units (U) per cuvette volume"' 0.483 X [~A..,/~t(min)). 

lliipurllles: Once-crystallized preparations may contain the following 
contaminants: Nucleoside diphosphokinase,t• myokinase, pbos
phoaJycerate kinase, tO and traces Of Other aJycoJytic enzymes (e.g. , 
triose phosphate isomerase, aldolase). 

•• m 
t. 0. T. Cod, M. W. Sleln. and C. F. Cod,/. Bioi. C'-t., 173, 605 (1948). 
2. 0 . 8eUeDberz, H. I. Bolae, T. Bllc:ber, R. Czok, K. 0. Oarbadc, F. Meyer. 

Areadt, aad 0. Pllddenr, Z. NIIIWp.ciJ., ft. 55S (19$3). 
3. S. P. Vellck, Mnltotb Eluymo/., I, 401 (19SS). 
4. S. P. Vellck aad C. Purfioe, Eluy,., •• 1, 243 (1963). 
S. I . B. POll aad W. Daodllker,/. Bioi. Cllmt., 211, S3 (19$61. 
6. I. L Harrla, In Sttwetllu lllltd Actttlty of EluytM•, FEB$ $ylffll. No. I. T. W. 

Ooodwln, I. L Harrll, aad B.S. HartJ.J, eda., Academic"-· LondOD 
(1964), p. 91. 

1. B. a.- aad I. H. Park,/. Bioi. C'-t., 242, $093 (1967). 
a. 0 . Warbura aad W. Chrtltlu, Blodwm. z .. 303, 40 (1939). 
9 . C. B. Ballou aad H. 0 . L Pllcber,l. Alff. C'-t. $«., 11, 3329 (19SS). 

10. R. L Ratlllr, R. H. Wawr, H. A. Lardy, and S. A. Kuby. /. Bioi. CMiff •• 
m. 30t (1964). 

Acbow ......... 

Orillnal ~tloa of' Criteria : S. A. Kuby. Coatributlotla by : B. A. Nol-1111. 

• WB Clull&atloa: 1.2.1.12, o-OI~deb)'dc 3-pbOII'bate:ICAD Ollldonclue
- (pboepborylatlna). Commonly ued - : Trtoee pboepbate deb)'..,..._; 
~3-pbOII'bate cSellydqeaue; pbOIPbollycenldeb)'dc deb)'~ 
.,eaa-. 

t Prepared from the cllethyl ac:etel barium alt. by remcMII or barium with 
Dowa SO ~ rain, aad comenlon Into the free acid aa dacrtbed by 
Ballou aad Pllcber. • Ac!Jult to pH 7.0; .. , eDZJIIIically by above-.,_, 
with llmltlna conc:en1radona of' IUbltnue, a1 te.at ten dmea the ..-at of' enzyme, 
aad omllllon of' the cyatelne. DDute to 8.8 mM In D•ilomer, and aton at -20• C. 

'o-Oiyceraldebyde 3·pb0111bate Ia added juat before the ftnal addldon or the 
enzyme, 10 m1nlmbe formadoo of' an addldoo _,ound with cyttelne; cysteine 
~d not be added to the atodc aldehyde 10ludon. 

E-ll 
L·Giycerol-J..pbosphate Dehydrogenase* 
(Rabbit Skeletal Muscle) 

Eqaadoa: Dihydroxyacetone 3-phosphatel- + NADH + H+ ;: L· 
glycerol 3-phospba~ + NAD+ 

Medlod oflloladoa: Crystallized from ammonium sulfate solution.t.t 

CRITERIA (Tentative) 

Pllyllall CoaiCaata: Reported molecular weight:' 78,000. One mole· 
CUJe Of NADH boundU per 39,000. 

Procedln for f~Md~J8c: 
Storage: A suspension of crystals in 2 M (N~)aSO. solution is 

stable for several \fteks at o-4 °C. 
Dilution: Solubilization of enzyme, centrifuged to remove most 

of tbe (NH.),S04, and dilution may be made in water containing I 
mM EDTA, pH 7.S. Stability is maintained even at high dilutions. 
Freezing is not recommended. • Inactivation on freezing is dilu· 
lion-dependent. Partial restoration or activity occun slowly after 
thawina.• 

C....maDy Aftllable Sullltrates: Dihydroxyacetone 3-phospbate 
dimethyl acetal dicyclohexylammonium salt monohydrate, DL-a

glyceropbosphate. 
Spec1ftc ActMty: One unit of activity for tbis enzyme catalyzes the 

reduction of I ,mol of dihydroxyacetone phosphate per minute at 
2S oc, pH 7.4. Crystalline enzyme has been reported7 to bave a 
specific activity or 83 U/mg. 

ProteiD Allay: The enzyme contains bound adenosine diphosphate 
ribose or a closely related compound, removal of whicb does not 
affect the crystalline form or tbe catalytic activity of the enzyme 
but does affect the electrophoretic mobility,a.a.T Native nucleotide
containing enzyme has Aseo/Atto ... 1.1, and aseo = 0.63 mg-t m1 
cm-t at 280 nm; nucleotide-free enzyme has Aseo/ A,.. .. 1.6, and 
«no - O.S3 mg-t m1 cm-t at7 280 nm. Protein may also be deter· 
mined by the biuret method, by use of bovine serum albumin as 
the standard.• Aseo X 1.S9 = rna protein/mi. 

Aedrit)':1 

Method: The decrrase in absorbance of NADH at 340 nm is 
monitored at 2S oc as a function of time. Nrar-optimum condi· 
tiona are 140 11M NADH, 100 ,M dihydroxyacetone phosphate, 
pH7.S. 

Rraction Medium: 
NADH 
Dihydroxyacetone phosphate 
Triethanolaminet · Ha 
H.O 

2.7mM 
IOmM 
1SOmM 

0.1S ml 
O.IOml 
1.0ml 
1.6Sml 
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Procedure: To 2.9 ml of reaction medium at 2S oc in a silica 
c:eU, add 0.1 ml of enzyme containing about I 118 of enzyme. 

Calculation: Calculation of the activity is made from the initial 
slope of the ~ of abosrbanc:e at 340 nm vs. time. Number of 
units (U) per cuvette volume- 0.483 X (4A .. /4t(min)). 

..........,: Probable contaminating enzymes are lactate deby~ 
acnae. glyceraldehyde-3-pbosphate dehydrogenase, aldolue, and 
pyruvate kinase. ..,_ 

I. 0. 8eUeahen. H. I . Bottle, T. BOcher, R. Czok, K. H. Oart.cle. E. Me,er· 
Arendt, and 0 . P8dcleter. Z. NIIIW/rwxlt., A, SSS (1953). 

2. 0. Bebenberz, T. IIOcber, aod K. H. Oart.cle, M"ltob Eluymol., I, 391 
(19SS). 

3. I. van E7a, B. I. N-a, aod M. K. Pate-, Jr., I . Bioi. C'-t .. 234,2301 
(19,). 

4. 0. P8dc1eter and F. Auriccblo, 81«'-t. Blop/l¥1. R'•· C-., 16, 53 (1964). 
5. S. I. Kim and B. M. Andenon,/. Bioi. Cltmr.,l46, 1547 (1969). 
6. I. van 1!11.1. 1udd,l. Ford. aod W. B. WOCMCk, 81«'-tlmy, 3, 1755 (1964). 
7. H. Ankd, T. BOcber, and R. Czok, 81«'-t. Z., 331,315 (1960). 
8. T. B. Wdchlelbaum, Am. I. Clllf. Potltol., T«<t. Suppl., 10, 40 (1946). 
9. H. I. Hobont,ln M"ltob of Elfzy_,k Altoly.U, H. U. llerpneyer, eel., A.ca· 

demk: Prea, New York (1963), p. liS. 
10. E. Bacr and H. 0. PIM:ber,/. Bioi. C'-t., IZI, 491 (1939). 

Acbo• ......... 

Orillnal compilation ol Criteria: R. W. Von Korff. Contributlona b)': I. van Eys. 
Rnlllon b)' : C. H. Sucltcr. 

• JUa Clullllcadon: J.I .U, L..01ycerol·3·pboepbate:NAD oxldonductue. 
Tbe CIIZ)'ID8 baa been lncorrecdy dellpated L(-)pycerol I ·pboepbate 
~ by Hobont.' Tbe confiawadon ol naturally oco:u""- e-aJycero. 
pboepbate baa been acablllbecl u tbe mltror lmap ol lbat ol o-sJyceraldebyde 
3-pbolpbate; It Ia L-aJycerol l·pboepbate or o-sJycerol 1-pboepbate.•• Tbe CIIZ)'ID8 

Ia coaunonly ~n u e-aJyceropboepbate clebydropnue. 
t 2,2' ,2'' ·NitrilotrielbaDol. 

E-23 
Hexokinue* 
(Bakers' Yeast) 

(Mgt+) 
EqaadoD: Ant-+ ~glucose ;: ADr + ~glucose 6-phospha~ + 

H+ 
Medlod of bolatloa: Crystallized from aqueous (NH.),SO. solu· 

tions.'-• 

CRITERIA (Tentative) 

Pllyllad Coaltut: Reported mo~ular weight: 96,600,1 102,000,• 
111,000. • Dissociation into subunits (half- and quarter-molealles) 
bas been reported. • 
~-for Hudlflla: Unstable below pH 4.1 For storage over 

long periods of time, the enzyme may be kept• as a crystalline sus
pension in ammonium sulfate solution containing 2 mM EDT A, pH 
7 or as a crystalline filter cake at 0 °C.1 The enzyme is unstable at 
high dilution (micrograms of protein/milliliter) and can be 
stabilized by ~glucose.' 

C-aally AYIIIWJie Sulllcratel: D-Glucose, ~glucose 6-phos
phate. 

Spedlc Aetirity: One unit of activity (U) is equivalent to 1 ,.mol of 
ADP formed per minute at 30 oc and pH 8. Enzyme that bas been 
recrystallized 4-6 times bas a specific activity of about 600 
U/rngP 

ProteiD ~: A1111 X 0. 77 =- mg of protein per ml.1 
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Actlrity Allay: According to Mahowald ~~ aJ.• 
Principle: The hexokinase reaction at pH 8.0 yields one 

equivalent of H+ per mol of ATP c:onsumed.'·~u 

Reagents: Prepare with COrfree diatilled water. 32 rnM ATP 

(neutralized with NaOH); 32 mM MaS<>.; 200 mM o-aJucoee; 4% 
(w /v) crystalline bovine .erum albumin; 10.0 mM NaOH (frably 
diluted from standardized NaOH). 

Hexokinase: Just prior to measurement, dilute with icc<old 
1 mM EDTA, pH 8.0, to about SQ-2SO PI of protein/mi. 

Procedure: Standardize a pH-stat (a commerc:ial autoeitrator) 
at 30 °C with standard buffer.Into a 12-ml reaction YCitCI (water
jacketed at 30 oc and equipped with a stirrer) pipet 2.00 ml of~ 
glucose solution, 1.00 ml of distilled water, 1.00 ml of ATP, 1.00 
ml of MaS<>., and 0.20 ml of albumin. Pilla a slow stream of ni· 
trogen over the surface (to exclude interference by carbon climide 
during titration) and begin atirrina. Adjust the pH to 8.0, and 
after temperature equilibration (3-S min), with the pH-stat ICt to 
record at pH 8.00, initiate the enzymic reaction by addition of 10 
pi of hexokinase (O.s-2. S 118). Repeat, but subltitute distilled water 
for the ~glucose solution, to determine the relati\'dy low .. blank .. 
rate. 

Calculations: Calculations of the initial rate are made from tbe 
linear portion of the ~; the blank rate ia subtracted from tbe 
over-aU rate to yield the enzymic rate, and this ia expreaed in 
microequivalents of NaOH consumed per minute. One unit (U) -
one ,.mol of NaOH per minute. 

I ......... : After six recrystallizations, the ATPUe should be dimin
ished to S X 10'"' of the activity of hexok.inue,' and the following 
contaminating impurities should be nqligible or 1esa thaD 3 X 
to-t of the hexokinase activity: adenylate kinase, ~ 
gluconate debydrogenue, glucose 6-pbospbate debydroaenuc. 
pyrophosphatase, pbospbohexoee isomerue, and trioee phos
phate dehydr01CQ81eS.1 The crystalline enzyme prepared by 
Derrow and Colowick1 contained trac:ea of proceolytic eazyme:s. 
The proteolytic activity can be remoYed by acborpdoa on 
diethylaminoethyl-c:eUuloee. • . .,_ 

I. M. Kunltz and M. R. McDonald,/. Gel. Plf¥11ol., 19, 393 (1946). 
2. M. R. McDonald, M"ltob Euymo/., I, 28 (195$). 
3. R. A. O.rrow and S. P. Colowlct, Mnltob Euymd., I, 226 (1962). 
4. N. R. Lazarua, M. Dencbla, aod E. A. Barhllrd,lllodwlrtblf7, '7,2390 (1961). 
S. I. S. Ealterby and M. A. R_,.. F£8$ IAit., 6, 14 (198). 
6. U. W. Kenkate and S. P. Colowlct, 1. Bioi. C'-t.. 240. 4570 (1965). 
7. K. A. Tra,.er and S. P. Colowlct, Ald. Blodwrt. ~ ... N. 161 (1961). 
8. T. A. Mahowald, E. A. Nottmann. and S. A. Kuby, J. Bioi. a.-., 23'7, 1535 

(1962). 
9. S. P. Colowlct and H. M. Kalcbr,/. Bioi. C'-t., 13'7, 719 (1941). 

10. S. P. Colowlct and H. M. Kalcbr, I . Bioi. C'-t., 141, 117 (1943). 
II. I. Wajzer, Compt. Rmd., ut, 1270(1949). 

Acbow .... 1•111 

Orillnal compilation ol Crileria : S. A. Kuby. Contributioaa by: 0. B. OIDl. 
E. A. Noltmann, and S. P. Colowlct. 

••u• Clullllcadon: 2.7.J.I, ATP:o-Heaoee ~-
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E-24 
D(-)3-Hydroxybutyrate Dehydrogenase* 
(Bo'flae Heart) 

V...,_: D(-)-3-Hydroxybutyrate- + NAD+ ~ acetoacetate- + 
NADH+H+ 

The enzyme is specific for the D(-) enantiomer and NAD+, 
with only slisht reactivity for the NAD analogs, 3-ac:etylpyridine 
and pyridi~3-aldehyde.1 The purified apodehydfoaenase reacts 
specifically with lecithin1-t in the presence of thiols to form the 
active enzyme complex. 

Mediad olllolatloa: The enzyme is found exclusively in mammalian 
mitochondria, and is isolated from bovine heart mitochondria by 
solubilization with potassium cholate. •·• The hishly purified 
apodehydrosenase is obtained by ammonium sulfate fractiona
tion of the active lecitbinoprotein complex.1 

CRli'ERIA (Tentative) 

f'll1*al Coastaatl: The hishly purified apodehydrosenase is insolu
ble, and requires 1.8 mg of pure micellar lecithin per milligram of 
apoenzyme and SO mM monothiol (or 5 mM dithiol) for solu
bilization and formation of the active enzyme complex.! Re
ported~ molecular weisht, 87,000, based on one gram-atom of 
Zn/mol. 

Procedare for lfudllaa: The enzyme is firmly bound to the electron
transport particle ...... and is stable when attached to respiratory 
membranes.U Further protection is afforded by the addition of a 
thiol, NAD+, and reducible substrate.• Lyophilized preparations of 
the apodehydrogenase are stable,! but the active lecithinoprotein 
complex dissociates• in the absence of a thiol and NAo+. 

C.-erdally A•ailllble Substntes: Sodium DL-3-hydroxybutyrate; 
the concentration or the D(-) monomer may be determined 
enzymicaJJy,IO 

s,ed8c Actf.tt,: One unit of activity (U) for this enzyme represents 
1 ,.mol of NAD+ reduced per minute by 3-hydroxybutyrate at pH 
8.1 at 37 °C. The specific activity reported for the most hishly 
purified preparation is 100 U/mg when assayed as described 
below.• 

Proeela Allay: Determined by the biuret method,11 with crystalline 
bovine serum albumin as the standard. 

AdMty Aaay:1 A prewarming is required, to allow the active 
lecithinoprotein complex to be formed. Tris-chloride buffer, pH 
8.1, 1.0 M, 0.15 ml; bovine serum albumin 2% (w/v), 0.06 ml; 
EDTA, 10 mM, 0.15 ml; 95% ethanol, 0.06 ml; cysteine (a freshly 
prepared neutral solution), 1.0 M, 0.15 ml; NAD, 20 mM, 0.3 ml; 
micellar lecithin, 10 mg/ml, 0.06-0.12 ml; apodehydrogenase, 10 
mg/ml, 0.03 ml; and deionized Hz() to give a volume of 2.9 mi. 
After incubation for 15 min at 37 °C, oL-3-hydroxybutyrate, 600 
mM, 0.1 ml, is added to initiate the reaction. Follow 6A,.,. Num
ber of units (U) in cuvette = [11Aaco/ 61(min)) X 0.483. 

IIDparitles: Flavoproteins, cytochrome, and phospholipid compo
nents released from the submitochondrial particles upon solu
bilization by cholate. 

..,._ 
I. P. Jurubuk, I. Sekuzu, and D. E. Green, J. Blot. Cltnn., 131, 3595 (1963). 
:Z. P. Jurubuk, I. Sekuzu, and D. E. Green, Bloclt'"'· Blopltys. R,. COflllfiiUI., 6, 

76 (1961). 
3. I. Sctuzu, P. Jurubuk, and D. E. Green, J. Blot. CMm., 131, 975 (1963). 
4. I. Sctuzu, P. Jurubuk, and D. E. Green, Blocltnn. Blopltys. R,. COflllfiiUI., 6, 

71 (1961). 
5. P. Jurubuk, I. Sekuzu, and D. E. Green, UDpUblilbed dala (1963). 
6. D. E. Green, J. G. Dewan, and L. P. Ldolr, Btocltnn. J., 31, 934 (1937). 
7. D. M. Zlealer and A. W. Unnane, Blocltllfl. Blopltys. Acto, 30, 53 (1958). 
I. A. L. ~.H. C. Sudclulh, and J. B. W'-,J. Blot. Cltnn.,135, 2450 (1960). 

9. J. B. W'- and A. L. ~. J. Blot. Cltnn., 237, 1363 (1962). 
10. D. H. WUitam.on, J. Mcllanby, and H. A. Krebe, Blocltnn. J., 11, 90 (1962). 
11. A. G. Gomall, C. J. Bardawill, and M. M. David, J. Blot. C"-., 177, 751 

(1959). 

~I .. .. 

Orlalaal c:omplladoa ol Criteria: Peter Jnrtlbuk. Coatribudoal by: Dan M. 
Zlealer and David E. G-. 

• ro• Clulllkadon: 1.1.1.30, o-3·HydrolQ'bu~tc:NAD Olddo~ 

E-25 
D(-)-3-Hydroxybutyrate Dehydrogenase* 
(Riwdopaeudomonas spheroides) 

Eqaadoa: D(- )3-Hydroxybutyrate- + NAD+ ~ acetoacetate- + 
NADH + H+ 

The enzyme is specific for the D(-) enantiomer of 3-hydroxy
butyrate, but is slishtly reactive with 3-hydroxypentanoate and 
3-hydroxyhexanoate. The enzyme is specific for NAo+, with slisht 
reactivity for the NAD analogs, 3-acetylpyridine and thionicotin
amide adenine dinucleotides.l 

Medlod of llolatloa:1 Isolated from extracts of RhodopHudomotUU 
sph~roid~s. and purified by precipitation with protamine sulfate, 
ammonium sulfate fractionation, and adsorption on DEAE

Sephadex. 

CRITERIA (Tentative) 

Pltyslcal Co..w.tl: Reported molecular weisht:1 85,000. 
Procedurel for Haodllaa: The enzyme is stabilized by the presence of 

divalent cations. Diluted solutions of the R. sph~roltks enzyme are 
inactivated by prewarming to 37 oc but are protected1 by Cat+ or 
NADH. 

COIIIIDel'dally Mailable Substntes: Sodium DL-3-hydroxybutyrate; 
the concentration of the D(-) enantiomer may be determined 
enzymically .1 

Sped8c Actf.tt,: One unit of activity (U) for this enzyme reduces 1 
1'11101 of NAD+ per minute with D(- )-3-hydroxybutyrate at pH 
8.4 and 25 °C. The specific activity reported for the most highly 
purified preparation is approximately 17 U/mg when assayed as 
described below.! 

ProteiD Aaay: Determined by the biuret method,• with crystalline 
bovine serum albumin as the standard. 

Actinty Allay:1 Tris-chloride buffer, pH 8.4, 330 mM, 0.3 ml; 
NAD+, 18 mM, 0.3 ml; o-3-hydroxybutyrate, 440 mM, 0.15 ml (or 
0.3 ml of the DL-salt); and deionized Hz() to give a final volume of 
3.0 mi. (CN-, 15 mM, 0.1 ml should be added when assaying ex
tracts that contain NADH-oxidizing enzymes. •) Follow 4Aaco with 
time after adding 10--SO ,.1 of enzyme containing 5 mg of protein/ 
mi. Number of units (U) in cuvette = [4Aaco/ 4t (min)) X 0.483. 

lmpwitles: NADH oxidases1·• are present in crude preparations that 
have not been centrifuged at 144,000 g for at least 60 min. Malic 
dehydrogenase is present in partially purified preparations.• 

w.._. 
1. H. U. llerpDeyer, K. Oawebn, H. KloiZtCb, H. A. Krebt, and D. H. WUllamton, 

Bloc"-. J., 102, 423 (1967) • 
:Z. D. H. Wllllamtoa, J. Mcllanby, and H. A. Krebt, Bloclt-. J .. 12, 90 (1962). 
3. A. G. Oomall, C. J. Banlawlll, and M. M. David, J. Blot. Cit'"'·· 177, 751 

(1959). 
4. P. Jurubuk, S. Marmlna, and C. R. Barrera, Ct111. J. Mlcroblot., 14, 775 (1968). 

A~b 

Oriclaal complladon of Criteria: Peter Jurubuk. Contrlbutloaa by: M. Doudoroll'. 

• tu• Claalflcatlon: 1.1.1.30, D·3·Hydi'OlQ'butyratc:NAD oxldorcduclate. 
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E-16 
laorpnle Pyropbosphatue* 
(Yeast) 

(Mgt+) 
~:HP~+H,O -+ 2H~ + H+ 
Medlod ollaoladoa: Isolated from bakers' yeast as crystals by frac

tionation with ak:ohol1•1 or by chromatosraphy on DEAE-Sepha
dex.• 

CRITERIA (Tentative) 

Pllfllad COIIItllat: Reported molecular weight:4 71,000. Two sub
unit&, apparently identical.,_. 

Procedwe for H811d1Jaa: Dry preparations are stable for many 
months at 5 OC. The enzyme is soluble in water, and stock solu· 
tions (1 mafml) at pH 6. 7-7.0 are stable for several months under 
refrigeration. Mg ions are necessary to activate the enzyme. The 
optimum conditions for activity are 40 •c, pH 7.0, 3-4 mM pyro
phosphate, and an equivalent concentration of Mgt+, 

Ca r daDy Aftllable Sabltrate: Sodium pyrophosphate. 
Spedllc ActMty: One unit of activity (U) liberates 2 pmo) of ortho

phosphate (P1) per minute at 30 •c under the conditions specified 
below.t Specific: activities of 600-650 U/mg at 30 •c have been 
reported for 3-5 times recrystallized enzyme.• 

Pro«eea A.ay:' A110 X 0.69 - mg of enzyme/ml (in either H,O or 
IOOmM HO). 

ActMty A.ay: 
Method: The rate of formation of inorganic orthophosphate 

from inorganic pyrophosphate (PP;) is measured.7 

Enzyme: 0.1-l.O pg in cold 100 mM tris buffer, pH 7.2. 
Procedure: Into a series of tubes maintained at 30 •c are 

placed the following: tris buffer, 50 mM, 4.0 ml ; sodium pyro
phosphate, 10 mM, 1.0 ml; magnesium chloride, 10 mM, 1.0 ml; 
and enzyme (at zero time), 1.0 mi. Include a blank containing 20 
mM tris buffer (pH 7.2) in place of the enzyme. After 15 min at 
30 •c, remove a l·ml aliquot and add to mixture of I ml of 2.5 
M H,SO, and 5.0 ml of H,O for orthophosphate determination 
by the method of Fiske and SubbaRow.•·• From a standard curve 
for inorganic phosphate, the number of micromoles of ortho
phosphate formed may be determined. Number of units (U) • 
(amount or phosphate (pmol) liberated in total reaction mix
ture)/2 X 15 min. 

lmpurltfel: The preparation should be free of ATP&Se. Kunitzt re
ported that twice-recrystallized enzyme shows some contaminat· 
ing, inorganic polyphosphatase activity. 

It has been reported by Schlesinger and Coon,10 and confirmed 
by Kunitz,11 that yeast pyrophosphatase (even five times recrystal· 
lized) exerts a slow, phosphohydrolytic action on ATP and ADP in 
the presence of Zn ions. 

Avaeva and co-workers11 reported that, in the presence of 
Znt+, yeast pyrophosphatase will hydrolyze 0-pyrophosphoserine 
and related compounds. 

..,_ 
I. M. Kunltz, At'Cit. Bl«ltmt. Bloplty1., 91, 270 {1961). 
2. L A. Hcppel and R. J. HUmoc, J. Bioi. Chmt., 191, 87 (19$1). 
3. B. S. Cooperman, maiiUICrlpt In preparadon. 
4. L G. Buller, Ellzym,., 4, 529 (1971). 
5. S. M. Avacva and G. I. Achmedor, Bloklllmlyo, 35, 31 (1970). 
6. M. Kunltz, J. Gnt. Pltymt., 35, 423 {1952). 
7. L A. Hcppel, Mnltod1 Ettzymol., 1, 570 {1955). 
8. C. H. Flake and Y. SubbaRow, J. Bf41. Chmt., 66, 375 (1925). 
9. C. H. FWte andY. SubbaRow, J. Blot. Chmt., II, 629 {1929). 

10. M. I. SchiCIIiJieer and M. J. Coon, Bl«ltlm. Blop/ty1. Aeto, 41, 30 {1960). 
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II . M. Kllllltz, J. OM. I'IIy6f41., 45. ~1., 31 {1961). 
12. S. M. Awaeva, S. N. Kara-Murza, and M. M. Botvialk, Bfolc/rW)W. 31,205 

{1967). 

Oriclnal compilation of'Crlleria: c. w~ Cooaibudom bJ: M. Kaala. 
Rm.s In 1970 bJ B. Cooperman. 

• w• Clulllkadon: 3.6. Ll, Pyropbotpbate pbolpbobJdrolue. 
t In previoiU edldonl, the unit wu ddlaed u the IICtivll)' llberadlla I ,.mol oL 

ortbophotphate per minute. The w• unit Ia ap,_j Ia tetma of' one qde of' r.c
doa, or one bond broba. Tberef'ore, one lnternadoaal Unit Ia equal to I ,.mol 
of' pyropbotphate d•wd or 2 ,.mot of' ortbopboepbate liberated per mlllute. 

E-27 
L( +)-Lactate Dehydrogenase* 
(Bovine Heart) 

Eqaadoa: L( +)-Lactate- + NAD+-+ pyruvate- + NADH + H+ 
Method of boladoa: Crystallized from ammonium sulfate solution. 

As generally prepared, the crystalline enzyme is a rnixture1 of 
80% isozyme He and 20% H.M (H • heart; M • muJCie). The 
pure H. form is more acidic than the H.M form from which it 
can be separated by DEAE-cellulose chromatosraphy.t 

CRITERIA (Tentative) 

Pb)'llc8l Coaltaata: Molecular weight reported from sedimentation 
and diffusion measurements is 123,000 to 131,000 for the H. 
tetramer and 136,000 to 153,000 for the Me tetramer.t 

Precedllte for Haadlfag : Store at 5 •c as a suspension in 2.25 M 
ammonium sulfate. Prior to assay, the suspension is centrifuaed, 
and the pellet is dissolved in phosphate buffer to give a concen
tration of about I ma/ml ; this solution serves as a stock from 
which further dilutions can be made. 

C..-clally Aftllable Sabltrates: Sodium pyruvate; sodium, cal· 
cium and lithium salts of L( +)-lactic acid; NAD; NADH. 

Spedfk Acdrity: One unit of activity (U) for this enzyme causes an 
initial rate of oxidation of I pmol of NADH per minute at 25 •c in 
100 mM phosphate buffer, pH 7.5. The reported turnover num
ber of 49,400 obtained at the optimum pyruvate concentration of 
600 ,.M, when used in conjunction with a molecular weight of 
130,000, yields a specific activity of 380 U /mg for the best prepa· 
rations. The turnover number of the Me form is approximately 
twice that of the H. form.' 

ProteiD A.ay: Atae X 0.66 .. ma enzyme/mi. 
Acdrity A.ay: The decrease in A,.. of NADH is monitored as a func

tion of time at 25 •c. A 3-ml reaction mixture is prepared to con
tain 1.5 ml of 200 mM potassium phosphate buffer, pH 7.5, 0.5 
ml of 2 mM sodium pyruvate, sufficient lactate dehydrogenase to 
give .:1Auo = 0.1~.2 per minute, water, and 0.5 ml of 700 ,aM 
NADH (added last). 

Calculation : The activity is c:alculated from the initial slope of 
the curve of Auo vs. time. Number of units (U) per cuvette vol· 
ume- 0.483 X [.:1A,../.:11(min)). 

llel-
1. D. B. Millar, V. Frauall, and G. E. wtlllck, Bl«hmtl#ry, I, 2416 {1961!1). 
2. A. Pace, R. H. McKay, F. Stolzenbadt, R. D. CaiiD. and N. G. Kaptaa, 

J. Blot. C"-.. 139, 1753 {1964). 

~ 

Oriclnal compilation of' Criteria : I . B. NeUanda. Conutbudoaa by : A. C. WU.. 
and N. 0 . Kaplan. 

•w• Clulilkatloa: 1.1.1.27, L·l.actate!NAD oddoreductale. 
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E-28 
Upoyl Dehydrogenase* 
(Pig Heart) 

~: 
S-S 

~CH.l.CORt + NADH + H+;: 
L_/ ( + )-1,2-Ditbiolane-3-valerate 

[(+)-Li~te) 

SH SH 

I I 
CH.--CHr-CH-(CH.),-COR + NAD+ 

(-)-6,8-dimercaptooctanoate 
[(-)-dihydroli~te or (-)-Htli~te) 

where R • OH, NHs, or various amino acid residues. 
H...-: The enzyme catalyza the inten:on\'ei'Sion or reduced and 

oltidized lipoic acid and derivatives by the NAD-NADH system.•-• 
Menadione, methylene blue, 2,6-dicblorophenolindophenol, and 
potassium ferricyanide can also serve as bydroten ~a~epton. • 

MetW olllolatla.: Fractionation with ammonium sulfate, and 
purification on c:alcium phosphate geL1 

CRITERIA (Tentative) 

Pll1*al c.-..: Reported molecuJar weight:• -100,000. The 
enzyme contains 2 mol PAD/mol. A.,/ A.. • S.3S (Ref. 2); 
A../ A. - 1.30 (Ref. 3). 

Procedlaelor Haadllaa: There is no appreciable loss of activity in 
le't'a8l months when an enzyme suapeosion in 3 M ammonium 
sulfate, pH 6, is stored at 4 °0 or when a solution in 30 mM 
phosphate, pH 7, containina 0.3 mM EM' A is frozen.• 

Oo r rddy A..aallle Sabltraa.: (%)-Lipoic acid, ( %)-li~mide. 
Spedllc Acdflty: One unit or activity (U) catalyza the oltidation or 

I ,.mol of NADH per minute at 2S °C, in the assay system described 
under "Activity Assay." Pure enzyme bas been reported to have 
a apecific activity of 2S U/mg.1 The activity with li~mide is 
so.rold areater.• 

.....,._ Allay: A,. X 0.94 • rna enzyme/mi. (The factor is based 
on a biuret procedure and, owina to various uncertainties, may 
be in errorr7 by as much as 10%.) 

Ac:d9fty Allay :1 

Method: The change in absorbance ofNADH at 340 nm is mea
sured spectropbotometrically. 

ReaFJlts: 
Sodium citrate buffer, I M, pH S.6S 
Crystalline bovine serum albumin 2% in 30 mM EM A 
(%)-Lipoic acid, 20 mM 
NADH,10mM 
NAD, IOmM 

The activity is dependent on the ionic strenath and on the 
praeDCC of NAD. 

Procedure: Prepen: two cuvettes as foUows (aU quantities in 
ml): 

Bionic AUily 
Citrate buffer 2.6 2.S 
Albumin-EM A 0.1 0.1 
(%)-Lipoic acid 0.0 0.1 
NADH 0.03 0.03 
NAD 0.03 0.03 
H.O 0.14 0.14 
fnzyme solution 0.10 0.10 

Read the sample cuvette against the blank cuvette at 340 nm. 
Number or units (U) in cuvette- 0.483 X [.1A...,/41(min)). The 
blank corrects for NADH oxidase activity of the enzyme. 

IMp;aldei: Impurities have not been reported • ..,_ 
1. V. Ma.ey, Bl«<ttlrt. mo,lly1. AC141, 37, 314 (1960). 
:z. v. Ma.ey, Mnltotb &uy-'., 9, m (1966). 
3. V. Ma.ly, Eluy-. 7A, 27' (1963). 
4. C. P. Bo1briJ11er IUid Sobll C«p., Biodllmbl c--.w, New York, N.Y. 

(1961). 
' · L CUola, P. E. BNmby, and V. M&.ey,/. Bioi. Cit-., Z41, ~n (1966). 
6. V. Ma.ly, T. Hof'IMIIII, and 0 . Pal_,,/, Bioi. C,_,., 237, 3820 (1962). 
7. v. MA.ey, ..-! COIIIIIIUIIIcadoa. 
I. K. Mlal- aDd W. C. Mclucb,/ • .bt. C"-. S«., 71, 5920 (19~. 

Acbo• ..... 

Orttllaal c:ompiladoo of' Crlleria : 0. Oorto. Cooulbudooa by: V. Ma~ aDd 
LT. Reed. 

0 1W Clullftcatfoa: 1.6.4.3, NADH:Lipoamlde Old~; reccJIIIIIIeDde 
-: llpaullde clebydroeenue. 

t Tbe-pecilclcy ollbo e11ZJ1De baa t..lltudied by MA.ey,t The UDMhlral 
( -) -~- oaly 7-127. aa rapidly aalbo (%) mbuure. The ablolute 
coollpntdoo ollbo lllbluate baa beeo eatablllbed.• 

E-29 
Myokfnue* 
(Rabbit Skeletal Musele) 

(Ma"") 
Equatloa: 2ADpt- ;: ATP'"" + ANpt-

Medlod or llolatloa: Crystallized from aqueous (NH.)tSOc solu
tions.•-. 

CRITERIA (Tentative) 

Pllyllad COIIICIUit: Reported molecuJar weigbt:t 21,000. 
Procedunl for ............ : 

Storage: The enzyme is stable for several months at I OC as a 
crystalline suspension in (NHJ,SO. solutions containina 10 mM 
EM' A at about pH 6."' Solutions in the microgram/milliliter range 
or concentration are stabilized by reducina agents, EMA, and 
bovine serum albumin.'·' One to three percent aqueous solutions 
are stable for several weeks at pH 6 to 7 under N,. 

Lyopbilimtion: May be lyopbilizled in the presence of succinate 
(10 mM) at about pH 6. If kept desiccated, the dry powder may 
be stored indefinitely. 

Dialysis: May be dialyzed apinst aqueous solutions saturated 
with N, to prevent oxidation or reactive SH aroupa. t.• 

COIUiel'dally A..a.IJie Sabltraa.: ATP, ADP, and AMP. 

Sped8e Acdrit)': One unit of activity (U) is equivalent to I ,.mol or 
ATP formedt per minute at pH 8.0 and 30 °C. Enzyme recrystal
lized 2-3 times bas a specific activity or 1,800-2,200 U/ma at pH 
8.0 and 30 °C. t.• 

~Allay: Biuret procedure:7 A..., X 31 • ma of protein per 
10 rn1 total volume. 1 

AcdYity Allay: Ac:cordina to Olson and Kuby:t 

adenylate kinase 
2 ADpt- ATP'"" + .u.pt-

Principle: 

hexokinase 
ATP'"" + IMJic ADpt- + IM)Jc-6. .. + H+ 

OveraU reaction: ADpt- + IMJie-+ .u.pt- + IMJic-6-.. + H+ 
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The rate of liberation of H+ at pH 8.0 is a measure of the rate of 
production of Aypt- in the myokinue reaction. 

Reqents: Prepen: with CO,.free distilled water. 32 mM ADP 

(neutralized with NaOH); 16 mM M,SO.; 200 mM o-aJucoee; 
4% (w/v) aystalline bovine serum albumin; O.OIClO M NaOH 
(freshly diluted from standardized NaOH). HexokinaseJ•.u is 
stored at 1 oc as a crystallinc suspension (about 40-45 ma of pro
tein/ml) in (NH.hSOt (about 2.2-2.4 M) containina 2 mM EDTA, 
pH 7. The bexokinue should be recrystallized until low in adcoy
late kinase activity, and the hexokinase activity should be at least 
140 U/ma (preferably, 500 U/mg). 

Myokinase: Just prior to measurement, dilute with ice-cold 
I mM wrA-1 mM 1,4-dithioerythritol, pH 8.0 (adjusted with 
NaOH) to about 10-50 14 of protein/mi. 

Procedure: Standa.rdize a pH-stat (a commercial autotitrator), 
wbile stirring at 30 oc with a standard bulfer (e.g., of pH 7.0). 
Pipet into a 12-ml reaction vessel (water-jacketed at 30 oc and 
equipped with a stirrer) 2.00 ml of o-glucosc, 1.00 ml of distilled 
H,O, 1.00 ml of ADP, 1.00 ml of M,SO., and 0.20 ml of albumin. 
Pass a slow stream of nitrogen over the liquid (to exclude inter· 
C~ by co, durina the titration) and start stirrina. Adjust to 
pH 8.0 with 0.01 M NaOH. Add 10 ,d of hexokinase (50-200 
units) ; readjust the pH to 8.00 witb 0.01 M NaOH. Add distilled 
water to a total volume of 8.0 mi. With the "endpoint" of the 
pH-stat set at 8.00, record the relatively low "blank titration." 

Mter equilibration (3-5 min) and sufficient time to record the 
blank rate (5-10 min), a 10.,.1 aliquot (containina 0.1-o.5 14 of 
myokinase) is added and the reaction rate is recorded. 

Calculations: The initial rate is calculated from the linear por
tion of the curve. The blank rate is subtracted from the overaU 
rate to obtain the enzymic rate, which is expressed in units, 
l U • l microequivalent of NaOH consumed per minute. 

Impurities: Thus far. sianificant impurities have not been reported 
Cor the enzyme recrystallized 2 to 3 times.11 Traces of glycolytic 
enzymes (e.g., triose phosphate isomerase) may be possible con
taminants in amorphous preparations. If used as a reagent for 
ADP determinations at the concentrations emplo~. the enzyme 
should be free of ATPUe and nucleotidase. . .,_ 

I. L Noel& and S. A. Kuby, J. Bioi. CMm., 216, 541 (1957). 
2. T. A. Mmaw~~ld, E. A. Noltnwno, and S. A. Kuby, J. Bioi. CMm., 237, I U8 

(196%). 
3. L. Noel& and S. A. Kuby, Mnltod1 Eluymol., 6, U3 (1963). 
4. L Noel& and S. A. Kuby, J. Blot. C"-.. 216, $$1 (1957). 
5. T. A. Mabowald, E. A. Noltnwno, and S. A. Kuby. J. Bioi. Cltmt., 237, 1535 

(1962). 
6. L Noel&, J. Blot. Chmt., 131, 237 (1958). 
7. A. 0. Oomall, C. J. Bardawlll, and M. M. David, J. Blot. C"-.. 177, 751 

(1949). 
8. S. A. Kuby, T. A. Mahowald, and E. A. Noltnwno, Blochmtlltry, I, 748 (1962). 
9. 0 . E. Ol101tand S. A. Kuby, J. Bioi. C"-·• 139, 460 (1964). 

10. R. A. Darrow and S. P. Colowkk, Mnltoth &zymot .. 5, 216 (1962). 
I I. M. Kunltz and M. R. McDonald. J. Get. Pltylllol., 29, 393 (1946). 
12. L Noel&, Eluym,, 6, 139 (196%). 

.u.-w.-ca 
Ortalnal o:omplladoo of' Crtleria : S. A. Kuby. Contribudoal by: 0 . E. OIIOR, 
L Noel&, and E. A. Noltnwnn. 

0 1\18 Clatllftcatlon : 2.7.4.3, ATP:ANP pbOIPhotralllf'erue; commoaly Uled 
namee: adenylate ldnue, ATP-ANP tranopbOIPhOIJiue. 

t Note that thla Ia equivalent to the JUa unit for the cate where two ldcntlc:al 
molecula react ; I ullit • 2 ,.mol of' ADP reacted per minute. 
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E-30 
Papain• 
(Pa .. ya Latex) 

ReectioM: 

R' 0 R' 0 

R-N--&J!:-R., + H,O--- R-NJ:HJ!:--oH + HR" 

~ ~ 
Catalyzes the hydrolysis of numerous peptide, amide, and 

ester bonds. R is preferentially the residue of an L-amino acid 
bearing a nonpolar side chain ;1 R' can be the side chain of 
argenine, lysine, glutamine, histidine, glycine, or tyrosine;' R., 
can be any of numerous amino acid, peptide, or alcobol resdiues. 

Method of &olaU.: Crystallized from an aqueous solution con
tainina cysteine-Naa.• 

CRITERIA (Tentative) 

Pllyllcal o-a-t: Molecular weigltt, based on crystalloarapbic 
analysis, 23,000 (calculated from Drenth et aJ.•). 

Prvcedwe for Haadllaa: 
Storage: Suspensions of the crystalline enzyme in water or 

dilute bulfers are stable for about 6 months at 4 oc. Solutions of 
the elll)'me (>3 mg/ml) in dilute acetate bulfer, pH 5.0, an: 
stable for several days at 5 OC. • 

Activation: The enzyme must be activated prior to assay. One 
method is to dilute suspensions of the crystalline enzyme to a 
concentration of 2-3 mg/ml in 10 mM citrate bulfer, pH 5.8, 
containing 1 mM EDTA and 40 mM cysteine. AssaY' within 5 b. 

CoiMierd8Dy AftOaiJie Sabltntes: Numerous proteins and pep
tides, N-benzoyl·L·arginine ethyl ester, N-benzoyi-L·Iysinamide, 
N-benzoylglycinamide, and benzyloxycarbonylglycine p-nitro
phenyl ester. 

Sped8c Acthtty: One unit of activity for this enzyme catalyzes the 
hydrolysis of 1 ,amol of benzyloxycarbonylglycine p-nitropbenyt 
ester per minute at pH 6.8 and 25 °C. Twice crystallized and suit· 
ably activated, papain has7 a specific activity of 6 to 8 U/mg • 

Proeela ~y:' Atto X 0.416 • ma enzyme/mi. 
Acthtty~y: 

Method: The rate of hydrolysis of benzyloxycarbonylglycine 
p-nitrophenyl ester is monitored spectropbotometricaUy at 400 
nm, at pH 6.8 and 25 °C.7·1 

Procedure: Place 0.6 ml of 100 mM phosphate buffer, pH 6.8, 
0.3 m1 of 10 mM EM' A, and 10 to 20 ,d of enzyme solution ( -o.2 
mg/ml) in a cuvette and dilute to 2.8 ml with distilled water. The 
reaction is initiated by stirring in, with a plastic spatula, 0.2 m1 
of 1.5 mM benzyloxycarbonylglycine p-nitrophenyt ester in ace
tonitrile. Read A400 at l 5-s intervals, or monitor with a recording 
spectrophotometer to obtain the initial reaction rate. Allow the 
reaction to proceed to completion (3-5 min) to obtain the final 
value of A400• Correct the reaction rate by use of a blank without 
enzyme. 

Calculations: The final value of A. is the absorbance of 0.3 
,amol of DNP/3 mi. Therefore, number of units (U) in reaction 

~A..,(sample)- A..,(blank))/~t(min) 
vessel= 0.3 X A.(ftnal) . .,_ 

1. I. Sdlechter and A. Berter, Bloc"-. Blop/Jy1. R,. c--.. 31,891 (IHI). 
2. A. N. Ola- and E. L. Smith, Eltq-1, 3, 502 (1971). 
3. J. R . Kimmel and E. L. Smith. Bloc"-. Prq., 6, 61 (19S8). 
4. J. Drenth. J. N. JUIIOIIlul, R. Koekoek, H. M. s-. and B. 0. WolU... 

NIIIIIN, 111, 929 {1968). 

Copyright © National Academy of Sciences. All rights reserved.

Specifications and Criteria for Biochemical Compounds:  Third Edition
http://www.nap.edu/catalog.php?record_id=21491

http://www.nap.edu/catalog.php?record_id=21491


E-31/ E-32 

S. C. Wonb~DatoD, ..-I __.nk:atloa. 
6. A. C. H111r1 and J. F. Klncb, B#odwmi6tq, 6, 3536 (1967). 
1. J. F. Klncb and M. laeelllnlm, Blodwmllky, 1.113 (1!166). 
I. I. B. KleiD and J. F. Klncb, J. Bioi. C"-., 244, 59211 (198). 

ActMwhll 1 tr 

Orlilaal oomplladoa or Criteria: J. F. Klncb and Leroy a.br. Coatrfbudoar b,: 
J. B. Nelland&. 

• Iva Carrlftc:adoD: 3.4.17 .2. 

E-31 
Pepsla• 
(Pig Gutric Mucosa) 

""-etc.: R'R"CHCOR"'- R'R"CHCQO- + +H,N-R 
where R' usuaUy is an acylamido aroup; R" is an amino acid aide 
chain, preferably, but not necessarily, that of L-phenylalanine, 
L-leucine, or L-tyroainc;1 and R"' is -NHR, R beina preferably, 
but not necessarily, a hydrophobic amino acid aide chain, or 
R"' is -OR (e.a •• #-phenyl-L-Iactic acid methyl ester'). 

a.ctlaa: Catalyzes the hydrolysis of certain peptide and ester 
bonds; pH optimum 1.5 to > 4, dependina on the substrate. Abo 
catalyzes transpeptidation. 

MeCIIod of llolactc.: The active enzyme is prepared from autolyzed 
pia pstric mucosa• or from purified commercial pepsinoaen by 
rapid activation• at pH 2. 

CRITERIA (Tentative) 

Pbylleal C..._.: Reported molecular wciahta: 32,700 (from 
aedimentation data1) and 34,163 (from amino acid analyair). 

PtoceiJn for HaadUIIa: 
Storage: At - 20 •c in ~ rnM, pH 4.4, sodium acetate buffer ,• 

or u the lyophilized powder at 4 •c. 
Dilution: Dilutions are made daily in acetate buffer,~ rnM, 

pH .5.3, at o •c. Autodigestion occurs below pH 4 and denatura· 
tion above pH 7. 

Dialysis: Between pH .5 and 6, at 4 •c. 
c-dally A9llllahle Sullltratel: N-Acetyi·L-phenylalanyi-L· 

tyrosine, N-acetyi·L·pbenylalanyl-L-diiodotyrosine (APADIT), he
IDOIJ)obin, and caaein, as weD u many other proteins and syn
thetic peptide derivatives. 

Sped8c: Acthtty:' One unit or activity for this enzyme catalyzes the 
hydrolysis of I ,..mol of APADIT per minute at 37 "C under the COD• 

ditions specified in "Activity Assay." Commercial pepsin (twice
c:rystallized) bu a speciftc activity of0.13 U/ma. The activity or 
pepsin freshly prepared from pepsinoacn is about 2.5% areater.• 

Profela A6ay:7 A171 X 0.676- rna enzyme/mi. 
ActMty A.ay: 

Method: 1be assaY'·"' is based on the estimation, by the uae or 
the ninhydrin reaction, of diiodotyrosine liberated from APADIT. 

Procedure: The assay mixture consists of 3.2 ml of buffered 
substrate solution (10.2 ma of APADIT dissolved in 3 ml of 20 mM 
NaOH at 37 •q poured slowly, with stirrina, into 80 ml of .5 mM 
sodium phosphate buffer, pH 2.0, containina 3% of methanol at 
37 OC and diluted to 100 ml with the same buffer (this substrate 
solution should be uled within 30 min after preparation) and 0.2 
ml or pepsin solution containina about 0.3 rna enzyme/ml of 1 
rnM acetic acid. Tbe reaction is terminated after 8 min at 37 •c 
by the additioo or 0.1 ml of 0.8 M NaOH. Portions, 0 . .5 ml CM:h, 

of ninhydrin solutioo (3 %, in peroxide-free methy)Ce))osolve) 
and freshly prepared acetate-cyanide buffer (1 ml of 10 mM NaCN 
and 49 ml of sodium acetate buffer,pH .5.3; 2.6.5 M insodiumioo) 
are added, and the color is devdoped by heatina for 1.5 min in a 
boili111-water bath. 1be Am of the solution is determined after 
dilution with 2..5 ml of 2-propanol. The diiodotyrosine liberated is 
estimated after correction for appropriate enzyme and substrate 
blaob. An A. of 0.268 per 0.1 ,.mol of diiodotyroainc hu been 
found by uaina the above procedure. Number or units (U) in re
action YeSiel - amount of diiodotyroainc (,.mol) produced per 
minute. 

blpoalllei: Commercial pepsin contains active and inactive auto
digestioo products,' u well u other pepsins derived from ~epa
rate Z)'lDOieDI of the pstric mucosa.t• 

...._ 
1. J. Ta~~~, N-., Itt, tOM (1963). 
2. 1t. IDouye and J. S. Pruton,l. b. C'Mm. Soc., It, 111 (1967). 
3. J. H. Northrop,/. OM. Plcydol., 30, 117 (1946). 
4. T. 0. a.Jqopalu, S. Moor., and W. H. StiiiD,I. Bioi. CiMI .. 241, *40(1!166). 
S. R. C. Wllllallll, Jr .. and T. Q, RaJaaapelen,J. Bioi. CiMI., 241, <4951 (1!166). 
6. H. M. Laaa end B. KuMil,lllodNmlltry, 10,2296 (1971). 
1. O. 0. Bl~d. J. Lecmla, and G. B. Pertmann, I. Bioi. 0...., 231, 379 

(1960). 
I. W. T. J~ M. ~tz, and A. Sbaw, Blodwm/ltry, 4, 1537 (1965). 
9. H. R-., Ald. Blodwm. Bloplry .. , 61, 10 (l9S7). 

10. A. P. R,le, lllodNm. 1., ... 415 (1!166). 

A' alIa tr 

OrfPoa1 oompllatloo or Criteria: B. ru..JI. Cootrlbudoar by: J. B. Polk, G. B. 
PeritMD, and A. H. Mehler. 

•~va Clulllcadoa: 3.4.11.1, New-= l'epllo A. 

E-31 
Peroxtdue• 
(Honeradlsb) 

R~: Peroxidase, a hemoprotein, catalyzes the oxidation by hy
droaen peroxide or a variety of hydroaen donors, includina phe
nols, aromatic primary, secondary, and tertiary amines, indole, 
and L-ascorbic acid.1 

Equadoa: AH, + H,O,- A + 2 H.O 
where AH, is the hydroaen donor, and H,O, is the oxidant. 

Metbod of lloladoa: CrystaUized from ammonium sulfate solu· 
tion.r-t Seven isozymes have been separated and characterized.t.7 

CRITERIA (Tentative) 

Pltylbl cc.eaca: Reported molecular weiahts: 40,200' and 39,800.1 
Tbe one molecule of protohemin IX per molecule of peroxiciaset.• 
is readily removed by treatment with acidic acetone. • Carbohy
drate, composed of suprs and amino supn, accounts for 18-28% 
Of the enzymei,IO by weiaht. 

Procedure for Haadllaa: 
Storaae and Dilution: Lyophilized powder is stable for more 

than I year when stored at 0 •c. Solutions at room temperature 
and pH 7.0 are stable for weeks. When warmed for 1.5 min,• the 
activity is stable up to 63 •c. fluoride and other halides, as well 
as CN- and N;, decrease the stability at pH <.5 . .5. 

C-a.IIJ A..Uallle Sullltratel: o-Dianisidinet (3,3'-dimethoxy
benzidine) recrystallized from ethanol and H.O; H,O, (30%). 

111 
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Spedfk AdiYity: One unit of activity for this enzyme consumes I 
,amol of HA per minute. The major component from a DEAl!· 

Sephadex column, of material passing through a (carboxymethyi)
Sephadex column, has been reported to have a specific activity of 
4,000 U/mg.l• Activities reported for the seven isozymes ranae 
from 2,SOOto 57,SOO U/mgat 30 °C(calculated from Kay~~ al.).' 

PrciRill Allay:• A..,, X 0.4 ... mg protein/ml.t 
Ac:tlnty Allay: Peroxidase activity is measured by following the 

change in absorbance at 460 nm due to oxidation of (Mfianisidine 
in the presence of HA and the enzyme. 

Reaction Medium: 
o-Dianisidine I % in methanol or SO mM Ha O.OS ml 

(fresh, in amber bottle) 
HA 100 mM 0.1 ml 
Sodium acetate SO mM, pH 5.4 2.15 ml 

Procedure: To 2.9 ml of the reaction medium at 30 "C in a 
spectrophotometer ceO, add 0.1 ml of enzyme containing 0.02-o.2 
,.g/ml. The assays are not linear with enzyme concentration above 
AA..,/t.t • 0.7/min. 

Calculations: The activity is calculated from the initial slope of 
the curve of the absorbance at 460 nm vs. time. Number of units 
per cuvette volume "'0.266 X [AA..,/t.t(min)). 

..,_ 
I. B. C. Sauodcn, A. 0. Holma-Sieclle, and B. P. s .. rtc, ill PnoJCitiiiN, Butter· 

wonh, Wuhlnpoa, D. C. (1964). 
2. H. '"-'ell and A. C. MMbly, Act11 Cllnn. Sctlltd., 4, 422 (19~. 
3. D. Kellilland E. P. a.nrw, Blocllnn. /., 49, 33 (1951). 
4. A. C. Mubly, M"lloth Eltzymol., 2. 801 (1955). 
5. R. d. Kenteo and P. J. 0. Mann, Blocllnn. 1., 51, 347 (1954). 
6. L M. Shannon, E. Kay, and J. Y. lAw, J. Bioi. Cllnn., 141, 2166 (1966). 
7. B. Kay, L M. Shannon, and J. Y. lAw, J. Bioi. Cllmt., 14%, 1410 (1967). 
I. R. Cecil and A. 0. ()pton, Blodtnn. 1., 49, 105 (1951). 
9. A. C. Maehly, Bloclllm. Blop/uf1. Act11, I, I (1952). 

10. R. Flora, peqonal -.ununlcadon. 

AclaiwW. II 

OriJfaal complladon of' Criteria: C. H. Suelter. Contrlbudona by: L M. Sba-

•roa Clalliftcatloa: 1.11.1.7, Pei'Olddate. 
t o-Dianbldlne Ia blabl:r toalc and can caute *In lnl .. don and telllidzadon. 

It lbould be bandied with care. 
fTbe abtorba~~~:e rado A..,t!Ane (~called the liZ number, Rdnhelt· 

zahl) baa been uted aa criterion o( purity; It variel from 3.15 10 4.19 for the 7 
1aozymq ill 0.05M ace .. te. pH 5.1. Tbe demoDIIradon that lhla rado illnlluenced 
by bufl'er and pH delracu from Ill uteful- aa a criterion o( purity.' 

E-33 
Phosphorylase a• 
(Rabbit Musde) 

EQIIIU..: G,. + x(a-o-glucose 1-phosphatet-) ~ G,.., + x (HPOr) 
where G,. is an a-o-glucan, such as glycogen, containing n o-glu
cose residues. AMP is not required. 

Method of llolatloa: Crystallized from rabbit muscle•-• or by con· 
version of purified b forme with phosphorylase b kinase.' 

CRITERIA (Tentative) 

Pllysical COMtaatl: Reported molecular weight:'·' 370,000. One 
molecule of the crystalline enzyme contains 4 molecules of 
pyridoxal phosphate'·' and 4 molecules of L-serine esterified with 
phosphate,IO 

111 

Procedunl for H811d1Jaa: Available u a crystalline suspension in 
L-cysteine-oL-glyceropbosphate buffer. May be stored at 4 "C; 
freezing destroys the activity. 

eo..erdally AftllaiJie Sullltra._: Gl)'COieD, a-o-glucoee 1-pbo.
phate, soluble starch, amylopectin. 

Spedfk Actlnty: The units are arbitrary, and correspond to I U-
1,000 k, where k is the first-order velocity constant.• Preparations 
having the highest purity have a specific activity of -1,500-2,000 
U/mg. Activities can also be expressed as amount of incqanic 
phosphate in micromoles releued from o-glucoee !-phosphate per 
minute per milligram of protein. (See "Activity Assay.'') 

ProteiD Allay: Am X 0.79 • mg protein/ml in 0.1 M sodium 
glycerophosphate or phosphate (pH 7.0).11 

AcdntJ Allay: 
Method: Measurement•• of the rate of release of orthophos

phate from a-o-glucoae 1-phospbate in the presence of gl)'COIJell 
and AMP, at pH 6.5 and 30 "C. 

Enzyme: About 25 ,.g of phosphorylase per ml in mercapto
ethanol (40 mM) and maleate (100 mM), at pH 6.5, containing 
I ma of crystalline bovine serum albumin/mi. 

Substrate: 2% of gl)'COICD,t ISO mM o-glucoee 1-phospbate, 
with or without 2 mM AMP, in 100 mM maleate, pH 6.5. 

Procedure: To 0.2 ml of the enzyme, 0.2 ml of substrate is 
added at 30 "C. After 5 min at 30 "C stop the reaction by addina 
acidified ammonium molybdate solution, and determine the in
oraanic phosphate released by the method of Fiske and Subba
Rowu and the usual procedure of IUingwortb and Cori. 1 UDder 
these conditions, one unit of activity (U) is defined as the amount 
of enzyme causing the release of I micromole of inorpnic phos
phate from o-glucose 1-phosphate per minute. In the praence of 
AMP, and by use of the protein assay described herein, the spe
cific activity is 88 U/rng. In the absence of AMP, phosphorylase a 
has a specific activity of 59 U/rng. 

..........-:To remove amylo-1 ,6-glucosidase, seven to ten recrystal
lizations are required.•• The fint batch of crystals may contain 
phosphorylase b and phosphatase. .... _ 

I. A. A. Green and 0. T. Corl, J. Bioi. Cllmt., 151, 21 (1943). 
2. B. llllnaworth and 0. T. Corl, Blocll-. l'rq., 3, I (1953). 
3. O. T. Corl, B. llllnporth, and P. J. Keller, M"lloth Ettzymol., I, 200 (1955). 
4. B. 0. Krebland E. H. Pla:ber, M"lloth Ettzymol., 5, 373 (1962). 
5. E. H. Pilcher and B. O. Krebl, M"lloth &zymol., 5, 369 (1962). 
6. V. L. Seery, B. H. Pilcher, and D. C. Tdler, Blocllmtl#ry, 6, 3315 (1967). 
7. D. L De~ and J. L. Hedrick, /llodwml#ry, 6, 3419 (1967). 
1. T. Ba~. B. llllnponb, D. H. Brown, and C. P. Corl, BlodiJM. .,.,., .. 

Actc, ZS, 16 (1957). 
9. A. B. Kent, E. 0. Krebl, and E. H. Pllcber, J. Bioi. Cllmt., 232, 549 (1951). 

10. E. 0. Krebs and E. H. Pilcher, Adwur. Ettzymol., 14, 263 (1962). 
II. C. Y. Huana and D. J. Orawa, Blocllmtl#ry, 9, 660 (1970). 
12. J. L. Hedrick and E. H. Pilcher, llloc"-l#ry, 4, 1337 (1965). 
13. C. H. Pllkc and Y. SubbeRow, J. Bioi. C"-.. 66, 375 (1925). 
14. 0. T. Corland J. Lamer,/. Bioi. C"-·• Ia, 17 (1951). 

~--
OriJfnal complladon o( Criteria: J. Lamer. Colltrlbudone by: E. 0. Knba. 
RevWon by: D. J. Ora-. 

•roa Clalliftcadoo: 2.4.1.1, 1,4-a-o-Oa-n : onbopbolpba.. ll1drolaa 
Commlttee Note: AI alwn ill the tua report, the eonftauradnn ~~- lndkallld. 
Tbe name lbould be a-o.(l - 4)·alucan:onbophoapbate-o-s!UC01JI1ralllfaue. 

tAMP nay be removed with a mllled-bed, io1Hac:ba11111 realn. T- o( -· 
~ praenl aa a contaminant ill -n:lal aiJCOeCD, an1 ..,.,.... to 
cau• a COIIIidaabla acdvadnn o( pboapbotylue b. 
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E-34 
Phosphorylase b* 
(Rabbit Mt8de) 

Eqaadoa: G,. + x (cr-o-aJucose 1-phospha~);: Gto+, + x (HPOh 
where G,. is an cr-o-glucan, such as glycogen, containing n o-glu
cose residues. AMP is required. 

Medlod of bolatloa: Crystallized from rabbit muscle! as the AMP

Mgt+ complex, namely, [(phosphorylase b) (Mgt+) (AMP)).' 

CRITERIA (Tentative) 

....,._. C.,....llt: Reported molecular weiaht:1•4 185,000. One 
molecule of the crystalline enzyme contains 2 molec:ules of pyri
doxal phosphate. • 

Proc:ed.• for Haadllag: Available as a suspension of crystals. AMP 

may be removed by passing a 1-2% solution of the protein 
through a I : I mixture of charcoal and cellulose powder on a 
small column. The charcoal that has been used is Norit A (acid
washed), and the cellulose powder is Whatman cellulose powder 
(coarse grade). The weiaht of charcoal required is approximately 
equal to that of the enzyme to be treated. Complete removal of 
the AMP is indicated when the A110/ As ratio equals 0.53, as mea
sured on solutions of the protein in water .I 

eo-a.Dy A..a.llle Sulllera•: Glycogen, cr-o-glucose l·phos
phate, soluble starch, amylopectin. 

Sped8e Actlnty: The units are arbitrary, and correspond to I U ... 
1,000 k, where k is the first-order velocity constant. Preparations 
having the hiahest purity have a specific activity of .-1,600 
U/ma.' Activities can also be expressed as amount of inorganic 
phosphate in micromoles released from o-glucoee 1-phosphate 
per minute per milligram of protein. (See "Activity Assay.")7 

ProCela Allay: Am X 0.76 • mg protein/ml in 0.1 M sodium 
glycerophosphate or phosphate (pH 7.0).' This applies to pro
tein solutions free from nucleotide. Nucleotides may be removed 
by passing enzyme solutions through a charcoal~ellulose col
umn. (See "Procedures for Handlin&.") 

Actlnty Allay: 
Method: Measurement of the rate of release7 of orthophosphate 

from a-o-glucose 1-phosphate in the presence of glycogen and 
AMP, at pH 6.5 and 30 °C. 

Enzyme: About 25 ,..g of phosphorylase per ml in mercapto
ethanol (40 mM) and maleate (100 mM), at pH 6.5, containing 
I rna of crystalline bovine serum albumin/mi. 

Substrate: 2% of glycoaen,t ISO mM o-glucose 1-phosphate, 2 
mM AMP in 100 mM maleate, pH 6.5. 

Procedure: To 0.2 ml of enzyme, 0.2 ml of substrate is added 
at 30 °C. After 5 min at 30 °C, the reaction is stopped by addition 
of acidified ammonium molybdate solution, and the inorpnic 
phosphate released is determined by the method of Fiske and 
SubbaRow' by following the usual procedure of lllinawortb and 
Cori.• Under these conditions, one unit of activity is defined as 
the amount of enzyme causing the release of I micromole of in
orpnic phosphate from o-glucose 1-phosphate per minute. In the 
presence of AMP, and by using the protein assay described herein, 
the specific activity for phosphorylase b is 88 U/mg. In tbe ab
sence of AMP, phosphorylase b has a specific activity of <0.9 
U/ma. 

l8parttle8: Amylo-1,6-glucosidase is destroyed•• in the alkaline 
incubation step used to isolate and purify the enzyme in the pro
cedure of Fischer and Krebs.' ..,_ 

I. E. H. Pilcher and E. 0. Krebt, M"lrod1 Enzymol., 5, 369 (1962). 
l. A. B. Kent, E. 0. Kreba, and E. H. Fllc:her, J. Bioi. Cll-., 13Z, S49 {1958). 

3. V. L. Seery, E. H. l'llcher, and D. C. Teller, B~ry, f. 3315 (1967). 
4. D. L DeVIoceozi and 1. L. Hedrick, Bl«ll-utry, 6, 3489 (1967). 
5. D. H. Browa and C. F. Cori, Enzytr~•l, 5, 2111 (1961). 
6. B. IJIIDportb aDd 0. T. Cori, BlocMm. ,.,q., 3, I (1953). 
7. 1. L. Hedrick and E. H. l'llcher, Blocltatl#ry, 4, 1337 (1965), 
I. A. M. Oold, Blodl-l#ry, 1, 2106 (1968). 
9. C. H. F11ke and Y. SubbaR-. J. Bioi. Clrmt., 66, )75 (1925). 

10. 1. Lamer and F. HuiiiDa. UJJPUblllbed data. 

Orillnal compltadoD ~Criteria: 1. Lamer. Coalribud- by: E. 0. Krebt. 
1970 Rcvilloa by: D. 1. Ora-. 

•tua OullftcadoD: 2.4.1.1, 1,4-a-o-Oiucan: orthopboepbata b)odroluc. 
tAMP may be removed with a mlaed-bed, IOD<XbaJIIII nlia. Tncea ~AMP, 

frequeaUy praeal u a contamlnaat Ia c:ornmerdal atycoaen, are lldlldent to 
CIIIIIC a coJIIIderable aclivatloD ~ phoepboryJue b. 

E-35 
Phosphoglucomutase• 
(Rabbit Skeletal Muscle) 

EqaatloD:t cr-o-glucoee 1-phosphate;: a-o-glucose 6-pbosphate 
Method of bola&.: Ammonium sulfate fractionation, heat pre

cipitation, and 0-(carboxymethyl)c:ellulose chromatography of 
muscle extracts.u 

CRITERIA (Tentative) 

Pbyllcal Coaltallts: Reported molecular weiaht: 62,000,1 64,900.• 
Proced.e for Haadllag: 

Storage: Maximal stability is found at pH .-5. The enzyme 
can be stored~ for one week or more in ISO mM acetate, pH 5.0, 
and is relatively stable between pH 4.5 and 8.5. Stable for up to 
1 month as a suspension in cold 2.5 M (NH.)tSO. containing SO 
mM sodium acetate. Stable indefinitely, if frozen and stored in 
liquid nitrosen as pellets of buffered solutions.• 

C..-cldy A..a.llle Sabltra•: a-D-Glucose 1-phosphate (some 
commercial preparations contain enough a-o-glucose 1,6-bisphos
phate to satisfy most of the assay requirement); o-glucose 6-
phosphate; a-D-glucose 1,6-bisphosphate. o-Giucose 1,6-bisphos
phate can readily be prepared by the procedure of Hanna and 
Mendicino.• 

SpecUic Actlftt)': One unit of activity (U) of this enzyme catalyas 
the conversion of I pmol of o-glucose 1-phosphate too-glucose 
6-phosphate per minute under the conditions specified below. 
The most active enzyme has a specific activity of 740 U /mg at 30 
OC and pH 7.5 (calculated from the data of Ray ~~ a/.'). 

ProteiD AIIIay:t Ana X 1.30 = rna protein/mi. 
Actlnty Allay: The difference in acid-labile phosphate, that is, 

o-glucose 1-phosphate, in the presence and absence of enzyme, 
can be measured by a modified Fislte-SubbaRow procedure.• 
Maximum activity requires'·'' a sufficiently high concentration of 
Mgt+ to convert aU of the enzyme into the Mgt+ complex, about 
I mM. 

F.nzyiU: Reactloa: The enzyme is diluted to about 0.08 U/ml in a 
solution, at pH 7.5, containing 2.0 mM Mgt+, 1.0 mM EDTA, 

100 mM imidazole, and SO mM tris-hydrochloride, and that 
contains 0.15 mg/ml of crystalline bovine serum albumin. The 
solution is prepared daily from crystalline albumin and two stock 
solutions, one containina magnesium chloride (sulfate is a good, 
competitive inhibitor) and the second, EDTA, tris, and imidazole. 
After standing for at least 5 min at room temperature, 0.1 ml of 

113 

Copyright © National Academy of Sciences. All rights reserved.

Specifications and Criteria for Biochemical Compounds:  Third Edition
http://www.nap.edu/catalog.php?record_id=21491

http://www.nap.edu/catalog.php?record_id=21491


enzyme is added to 0.4 ml of an assay mixture, at 30 "C and pH 
7.5, cootainina 630 ,M o-siucoee 1-pbosphate, 6 ,M o-slucoee 
1,6-bisphosphate, 2..5 mM Mat+, 1.3 mM BDTA, and 25 mM 
tria-bydroc:hloride. After 10 min at 30 oc, the reaction is 
stopped by addition of 0.5 ml of 1.0 M sulfuric acid, and acid
labile phosphate is measured. 

Add-IMIIe Pllolpbate Deta ...... : 
Reqents: Fislte-8ubbaRow Reqent-Dissolw 5.7 a of 10-

dium bydroaen sulftte, 0.2 a of sodium sulftte, and 0.1 a of puri
fted 1-arnino-2-naphthol-4-sulf'onic acid in 100 ml of H.O. Filter, 
and store in the dark in a rd'riaerator; this solution is stable for 
1-2 ~Its in a rd'riaerator (or until crystals appear). 

Acid ammonium molybdate solution-Add 28 ml of concen
trated H.SO, to -soo ml of H.O. Dissolw 3 a or ammonium 
molybdate in H.SO, and dilute to 11iter. 

lnorpnic Phosphate Standard-Dilute 1.4 ml of concentrated 
H.SO, with 100 ml of water, and dissolve 136 ma of dried KHsPO, 
therein. Dilute 1 to 10 with 0.25 M H.SO, to aive 1 prnol Pi/ml 
standard. 

Procedure: To the acidifted reaction mixture (I ml) from the 
enzyme reaction, and to the blanlt (acid added prior to addition 
of the enzyme), add 0.6 ml of Fislte-8ubbaRow reBJCDt and 10.0 
ml of acid ammonium molybdate solution. Cap each tube with a 
marble, and beat in a boU/ng-water bath for 10 min. Cool the 
tubes to room temperature, and read optical absorbance at 830 
nm. The color is stable for hours. Phosphate standards are devel
oped simultaneously with the enzyme assays. The phosphate 
standard (0.2 ml) is added to 0.8 ml of water and treated as 
above. The standard, thus, containi 0.2 pmol inorpnic phos
phate. 

Calculation of Activity: Number of units (U) in aliquot • 
(Ab- A,o)flOAPI, where API refen to the absorbance of 1 prnol 
inorpnic phosphate under the assay conditions, Ab is the absorb
ance of the blank (see above), and A,o is the absorbance of the 
assay mixture after the 10-min reaction period. ..,_ 

I. I. A. Y•akeeiOY, H. R. Horton, IIDd D. B. KOiblud, Jr., Bloc,._,Uiry, 3, 
349 (1964). 

2. J. 0. JOibl•ad P. H8ndler, J, Bioi. Cllnn., 244, 3343 (199). 
3. D. L. Pllmer •ad D. E. KOihl8ad, Jr., Bloc/Jim. Blop/ty•. Act•, 11, 334 (1963), 
4. S. H8nbmllo •ad H. R. Sill, Blocllnnlltry, I, 3423 (199). 
5. V. S. N•jjar, M"ltoth EluyttWI., I, 294 (1955). 
6. R. H8DM IIDd J. Mendlcloo, J. Bioi. Cllnn .. 145, 4031 (1970). 
1. W, J.ll8)', Jr., 0. A. Roteelll, •ad D. S. Klrlr:patrlck, J. Bioi. C"-·· Ul, 2603 

(1966). 
1. 0. R. llutlett, I. Bioi. C"-.. Z34, 466 (19!19). 
9. W, I. ll8y, Jr .. J. Bioi. Cllnn., 244, 3740 (199). 

10. E. J. Peck, Jr., •ad W. I . ll8)', Jr., J. Bioi. Cllnrt., 244, 3741 (199). 

"~-tl 
OrlalDal compll•doo of'Crftcrt.: E. J. Peck, Jr. ContrlbudODI by: W. J. Ray, Jr. 

• ~ a..llk:adoo: 2.7.5.1, a-o-01- 1,'-blapboepUte:a·D-tiUCOie 1-pb
pb8te pbOipbou.ftll'erate. 

t Althouah free D-11- 1,'-blapboopb8te Ia not •n obllptory -lon Inter· 
medi8te, under ••:r condldona, It Ia needed to prevent dead-end lnblbldoll or the 
tiiiQIDI due to the cllllocl8doo or the ~P- 1,'-blapboopb8te complex. 
A ,.do ofD-tiUCOiel·pboopb8te:D-al-t.'-blapbo.pluate ort,OOO:IIhould be 
ued for •U.loloa mulm81 8CIIvlty. 
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E-36 
Pynmate Klaue* 
(Rabbit Skeletal MUlde) 

~: (K+,Mal+) 
H+ + phoaph~nolpyruvacet- + ADpl-~ pyruvate- + A,.._ 

MeCIIod of bola&.: Crystallized from ammonium sulfate solu
tion,l,t 

CRITERIA (Tentative) 

Pltyalcal eo.taat: Reported molecular weight:' 237,000. Dissocia
tion into 4 subunita has been reported.' 

Procedul• for Hudlltla: 
Storaac: A suspension of crystals in (NHJ.so, solution aeer 

neutral pH is stable for at least 2 months at o-4 "C. 
Dilution: Solubilization of enzyme, centrifugr:d to remow: most 

of the(~. and dilution may be made in 50 mM potallium 
phosphate, imidazole or tris buffer of pH 7-9. Stability at a con
centration of 10 l'lfml is enhanced by 100 mM KCI and 1 mM 
MaCJ,. The same buffer may be used for acl filtration and dialy
sis. 

C-a.DJ Aftllable s.llltratel: The trisodium, tricyclobexyl
arnmonium,1 and barium silver salts or pbospb<¥nolpyruvic acid 
are available. 

Spedfk ActfYity: One unit of activity (U) for this enzyme catalyza 
the phosphorylation of 1 ,.mol of ADP per minute at 30 "C and 
pH 7.5. Crystallized enzyme has been reportecllo• to have a spe
cific activity or 250-300 U/ma. 

Protem ~:1 Ant X 1.85 • 1118 enzyme/mlat pH 7. 
Actfyfty: 

Method: The activity is determined by reaction oC pboe
ph~nolpyruvate with ADP, by use of lactate dehydrogenase and 
NADH. Near optimum conditions are 100 mM K+, 1 mM Mat+, 
1 mM PEP, 4 mM ADP, 160 I'M NADH, an excess of pyruvate 
kinase (400 U/ma> free of lactate dehydroaenase, and 0.0~.2 

"' of pyruvate kinase. 
Reaction Medium: 

KCI 1M 0.3 ml 
MaCJ, 10 mM 0.3 ml 
ADP 40 mM, pH 7.5 0.3 ml 
PEP 100 mM, pH 7.5 0.3 ml 
tris·HCI or imidazole·HCI 500 mM, pH 7.5 0.3 ml 
NADH 1.6 mM, pH 7.5 0.3 ml 
Lactate dehydroaenase o.5 mafml 0.1 m1 
H.O 1ml 

Procedure: To 2.9 ml of reaction medium at 30 °C, add 0.1 ml 
of enzyme containina 0.0~.2 1'1 of pyruvate kinase per mi. 

Calculations: Calculation or the activity is made from the ini
tial slope of curve of the absorbance at 340 nm vs. time. Number 
of units (U) per reaction vessel (3 ml) • 0.483 X [&A .. / &I( min)). 

blpllrldel: Contaminatina enzymes that may be praent are lactate 
dehydroaenase, adenylate kinase, enolase, phosphoslycerate 
mutase, and 3-phosphoslycerate kinase. For use in the determi
nation of ADP in the presence of AMP by measurement of pyruvate 
produced, the fraction or adenylate kinase should be so low that 
no detectable pyruvate is formed in the presence of AMP+ ATP 

(ADP.free) durin& the period required to make the assays. . ._ 
1. T. BOcber •ad 0. Helderer, M•ltoth &uylltOI., I, 435 (1955). 
2. A. Tietz •ad S. Ocboa, Ardl. BlocJwm. Blop/Jy1., '71, 417 (1951). 
3. R. C. W•mer, Arcll. Bloc"-. Blop/Jy1., 11,494 (1951). 
4. M.A. StelmMtz •ad W. C. Deal, Jr., Blocllnnlllry, 5, 1399 (1966), 
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5. P. Wol4 and C. B. Blllou. J. Bioi. c--. .. U'7, 301 (t9S7), 
6. A. Reyaanl, L. P. Ha•, D. D. Jacot.D, and P. D. &o,w, J. Bioi, 0.., 231. 

U77(1961). 

Orlalaal camplladon oi'Criterta: P. D. &o,w. Coalllbudolla by: H. 11 • .......,_, 
M. c-, and S. Ochoa. 1910 revilloD by C. H. s..Jter. 

E-37 
Rlboaucleue A • 
(BOYine Pancreu) 

Racdoa: a. Cleavaae ofribonucleates at the bonds between pyrimi
dine nucleotides, by formation of pyrimidine nucleoside 2' :3'· 
cyclic phosphates. 

b. Hydrolysis of 2': 3' -cyclic phosphates of pyrimidine nucl~ 
sides to the 3'-phosphates. 

Metllodl ol laoladoa: Crystalline ribonucleue may be obtained 
from acid extracts of pancreas.' Ribonuclease A may be isolated 
by chromatography of crystalline ribonuclease. • 

CRITERIA (Tentative) 

PIIJMl COIIIIut: Reported molecular weiabt:1 13,683. 
Procedure for Haadllna: 

Storqe: Lyophilized preparations may be kept at -10 °C for 
at least 2 years without detectable alteration. 

Handling: The enzyme is stable. Lyophilization, particularly 
from 50% acetic acid, induces aarqation; this is reversed, with
out loss of activity ,• by beating to 65 °C. The enzyme is not re
tained by certain commercial dialysis membranes.' 

ec.-dally AftiiUie Sullltrac.: Cytidine 2':3'-cyclic phosphate 
can be obtained as the free acid (98% pure) and as the sodium, 
ammonium, or cyclohexylguanidinium salt (95-99% pure). 
(Uridine 2':3'-cyclic phosphate is also available as the sodium 
or cyclohexylguanidinium salt.) The purity of these substrates 
should be sufficiently high to make any one of them acceptable 
as a standard. 

Spedk Adlrit)': One unit (U) catalyzes the hydrolysis of I prnol 
of substrate per min at 25 °C under the conditions specified in 
"Activity Assay." The specific activity is approximately 1.8 
U/ma. • 

.,.._ Allay:• Am.• X 1.40- mg enzyme/mi. 
Aedtfty Allay: 

Method: The assay7 is based on that of Crook '' al.• 
Substrate Solution: The substrate (either the free acid or the 

water-soluble salts already listed) is dissolved in Iris buffer (aee 
below) to aive a concentration of 215 ,.M; 3 ml of the solution is 
placed in a I -em cuvette and warmed to 25 °C in the thermostated 
cell compartment of a spectrophotometer. Ribonuclease is added 
at a level of 0.05-0.2 mg, and the initial rate of change in ab
sorbance at 286 nm is observed by recordina the time required to 
give a change of 0.030 absorbance units. The assay is most reli
ably performed in a double-beam instrument having a recorder 
span of 0-0.1 absorbance units. Under these conditions, the 
cbanae in absorbance at 286 nm per micromole of substrate 
cleaved is 1.37.7 

Tris Buffer: 100 mM Iris-hydrochloride containing 200 mM 
NaCI, pH 7.0, at 25 °C. 

..,_Jtlea: Contaminatina activities have not been reported in 
preparations of ribonucleue A. Preparations are usually not 
sterile. 

..,_ 
I. M. Kwtlcz,/. O...l'lcyelol., M,IS (1940), 
2. A. M. Cnldleld, W. H. SIIIID. and S. M-. I. Bioi. 0.., 231, 611 (1963), 
3. C. H. W, Hln, S. M-. and W, H. StiiiD,/. Bioi. 0..., 21f, 623 (19S6). 
4. A. M, Cnldleld, S. M-. and W, H. StiiiD, A~ Bloe/wm, /JfopllyL, Sllppl, I, 

2S7 (1962). 
5. L. C. Qala, T. P. KiDI. and A. Stntdter, /, bl. c--.. Soc., '7f, 3729 (l9S7). 
6. c. c. Bl8elow.l. Bioi. c--. .. 231. 1106 (1961). 
7. A.M. M.,rdock and C. H. W, Hln, wtp~bllllted data (1964). 
I. B. M. Crook, A. P. Matblae, and B. R. RabiD, Bfod~Me./., 74. 234 (19«1) • 

.u.. ........ 
Odilaa1 _,nadon ot Criteria: C. H. W, IIJn. Colltdbudoaa b)': W. H. StiiiD, 
A. M. Cnldleld, and R. K. Brown. Re¥IIIOD by: P. Wolcl. 

•.w aa.lftcadoD: 2.7.7.l6.1UbclmKl•te PJrlmld'-l"'eoddo-2'-tiUtlf
(C7dlnl), 

E-38 
Subtilisin* 
(&cillw aubtilia) 

Eqaatloa: R'R"CHCOR"'-+ R'R"CHCOQ- + HOR"' + H+ 
where R' - H, NH,, or an acylamino group; 

R" - an amino acid side chain; and 
R"' • - NHR or OR. 

Reacd.,.: Catalyzes the hydrolysis of numerous peptide, amino 
acid ester, and aliphatic ester bonds. The specificity is apparently 
more dependent on enzyme concentration and reaction condi
tions than on any inherent structural feature. 

Metllod of laolatloa: Crystallization from acetone solution. a.• 

CRITERIA (Tentative) 

Playllcal COIIIIut: Reported molecular weight:'·• 27,600. 
Proeeduns for H81111Uaa: 

Storage: Crystalline powders and frozen solutions containina 
calcium ion are stable for 6-12 months. Aqueous, salt-free solu
tions undergo rapid autolysis and denaturation. 

Dilution: The enzyme dissolved in 200 mM acetate buffer, pH 
6.0, containing 20 mM Caet., is relatively stable' for several days 
at 4 °C. Dilutions for assay should be made in 20 mM sodium 
acetate, pH 1.5, containina 10 mM calcium acetate. 

COIIID*'dally AY.Uable SullllraC.: N-Acetyl-L·tyrosine ethyl ester, 
N-benzoyl-L·arainine ethyl ester, methyl butyrate, methyl valer
ate, casein, and numerous other synthetic substrates7 and natural 
proteins. 

Spedftc Acdnty: One unit of activity (U) catalyzes the hydrolysis of 
I prnol of N-acetyl-L-tyrosine ethyl ester per min at a substrate 
concentration of 20 mM at 37 oc and pH 8.0. For subtilisin BPN', 
a specific activity of 315 U/ma has been reported' at a substrate 
concentration of 20 mM by use of the conditions described below. 

ProteiD Allay:6 Am X 0.856 .. mg enzyme/ml; solvent, 50 mM 
sodium acetate, pH 6.9. 

Acd•lty: 
Method:1 The rate of hydrolysis of N-acetyl-L·tyrosine ethyl 

ester is measured titrimetrically. at pH 8.0 and 37 °C. 
Procedure: Standardize an autotitrator at 37 °C. Add to the 
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reaction vessel $ ml of 20 mM N-acctyl-L-tyrosine ethyl ester in 
100 mM KO containina 8% p-dioxane (by volume). Initiate the 
reaction by addina 1-5 ,.ag of subtilisin. Record the volume of 
standardized 0.020 M NaOH required to maintain the pH at 8.0 
until 5% of the substrate has been hydrolyzed. 

Calculation: Number of units (U) .. [volume of NaOH (ml)/ 
I( min)) X molar cone. (mol/1) X 10'. 

.... Ida: Crystalline subtilisin preparations may contain as much 
as 30% of low-molecular-weiaht, dialyzable impurity produced 
by autolysis. u ..,_ 

I. S. A. OWtao, R. J. Dcl.aqe, aod E. L. Smllh, J.lllol. CM!t., 243. Sl96 (1961). 
l. A. N. Oluer, J. Bioi. CINM., UZ, 433 (1967). 
3. B. JlqibaJa, ........ Rq. Foe. Sd. (Oak& Uolv.), Z, 35 (1954). 
4. B. Hqlbara, H. MaiiUbara, M. Nakai, aod K. Okuould, J. Blodwllt. (TC!Qo), 

45, 115 (1958). 
5. H. MaiiUbara, C. B. Kuper, D. M. Browo, aod E. L. Smllh, J. Bioi. a.-.. 

uo. 112.5 (1965). 
6. E. L. Smllh, F. S. Martdaod, C. B. KaiPCf, R. J. DcLaoee, M. Laodoo, aod 

W. H. EV&III, J. Blot. CM!t. , Ul, "74 (1966). 
7. A. 0. Barel aod A. N. Glazer, J. Blot. CMm., %43, 1344 (1961). 
I. A. N. Oluer, penooal COIIIJIIWIIcatloo. 

Acbwl •• .. 

OriaiDal -.,lladoa of Criccria : I.Aro, Biker. Coatribulioal by: A. N. Oluer. 

•wa Clullftc:adoo: l.4.16.1l. SubdlWo. ISubtiiWo BPN' aod 111bt1Wo N
an ldeodcal (but 111bt11Wo C&rlabcq Ia dlll'aeat) ID amloo add ...-. aod 
kiJIICk~l) 

E-39 
Taka-AIIlylase A • 
(.hpergillw ory.ae) 

Reactloa: The enzyme randomly hydrolyzes a-D-(1 -+4)-alucosidic 
bonds in polysaccharides, and hydrolyzes the synthetic substrate 
phenyl a-maltoside to phenol and maltose. 

Metllod of boladoa: Crystallized from Takadiastase extracts.• 

CRITERIA (Tentative) 

f'll1lb) COIIItaDta: Reported molecular weight:u 51,000. Taka· 
amylase A contains I atom of calcium per molecule. The calcium 
is essential for its enzymic activity.• 

Proc:edanl for H....oJaa: Crystalline suspensions in 30-40% ace
tone, or lyophilized powders, are stable at 5 °C for several years. 

Commerdally AYalllllle Sullltratel: Soluble starch, amylose, and 
phenyl a-maltoside. 

Spedftc ActPity: One unit {U) produces I ,mol of phenol per minute 
from phenyl a-maltoside. The enzyme of highest purity has spe
cific activity of 0.097 U/ma, under the conditions described in 
.. Activity Assay." 

ProteiD Assay:• A., X 0.452 • mg protein/ml (pH 7.0). 
Acdnty Aaay:6 The amount of phenol liberated from phenyl 

a-maltoside is measured, by usina a phenol reagent. 
Enzyme: Jo-SO ,.ag/ml H.O. 
Substrate: 0.5% Phenyl a-maltoside in H.O. 
Buffer: 200 mM Acetate buffer (pH $.3). 
Color Reagents: 5% NaaCOa; phenol reagent'-Dilute stock 

2 M solution (may be purchased from most reagent supply firms) 
to I M with water. 

Procedure: Add 0.5 ml of substrate solution to a mixture of 0.5 
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ml of enzyme and 0.5 ml of buffer. Incubate at 37 •c for 30 min. 
Add 1.$ ml of 5% Na.CO. solution and 0.$ m1 ofpbeool rea,eot; 
allow to stand at 37 •c for 20 min. Read ablorbance at 660 om. 
A calibration curve for phenol standard solution is used to coo
vert ablorbance into amount of phenol (,..mol). 

IMp;alda: No data are available. 

....._ 
1. s. Abbori, B. Hqlbara, aod T. lbaiU&, J. ~ (TC!Qo), 41, m (1954). 
l. T. ~ aod S. Pujlta, J. lllodwm (TC!Qo), 44. 443 (1957). 
3. K. Narita, H. Murakami, aod T. lbaiU&, J. ~ (TC!Qo), •• 110 (IMQ. 
4. A. Olkawa aod A. Maeda, J. Blodwllt. (TC!Qo), 44, 745 (1957) • 
5. S. MaiiUbara, T. lbaiU&, aod S. Abbori, J. ~ (TC!Qo), 46,42.5 (1~. 
6. o. Folio aod v. Oocaheu, 1. Bioi. c-. .. 13, 617 (19%7). 

Acbwllp • 

OriaiDal-.,lladoa a( Criteria: H. Toda. Coallibulioal by: J. Polk. 

•wa CluiUicadoo: U.l.t, a.(l -4).01Kaa ...._~ _...,. 
tue. Alto, - f- UDder aoUQ'Iue. Tbla Ia a pnlpriecatJ JR~~U&doa. The 
....,_ Ia widely Uled, but tbe propenlea o( JR~~U&doaa _, ¥U7 _.., 

fruo - lot 10 aootber. 

E-40 
Trypsin* 
(Bovine Pucreu) 

~: R'R"CHCOR"'-+ R'R"~ + NHt, +H,NR, or 
HOR 
where 

R' - {usually) an acylamido aroup, 
R" - side cbain of L-lysioe or a.-arainine, and 
R"' • -NHa. -NHR, or -oR. 

ReactloD: Catalyzes the hydrolysis of peptide, amide, or ester booda 
at the carboxyl linkage of L-lysine or L-artPuine; pH optimum. 
7-9. 

MecW of....._: The active enzyme is routinely isolated after 
tryptic activation of the Z)'lnOien, t.rypsinoaen.•·• 

CRITERIA (Tentati~) 

PIIJibl c .... : Reported molecular weiahts=- 23,000 to 
25,000. Certain values of molecular weight reported are low or 
high, probably due to autolysis or polymerization, rapecti¥ely.• 

Procedunl for lfudllal: 
Storage: Lyophilized (salt-free or with M,SO.) prepuati0111 

are stable when stored at 4 oc. 
Dilution: In cold I mM HO, I to 10 ma/ml. 
Dialysis: Apinst 1 mM Ha at 4 oc. 

eo-u.t1y AftllaiJie Sullltrac.: a-N-p-Tolybulf~ 
methyl ester hydrochloride (I), a-N-benzoyl-a.-arainine ethyl C11eF 
hydrochloride, L-lysioe ethyl ester, a-N-benzoy1-L...,..minamide. 
bemqlobin, c:uein, and many other protein aDd syntbetic IUb
strat.es are available. 

Sped8c AdPity: One unit (U) catalyzes the hydrolysis of 1 ,.mol 
1/min at 2$ oc and pH 8.1 in the praeocet of 10 mM Cat+, Prep
arations of highest purity ha~ a specific activity of about 200 
U/ma by the followina method: 

Procela Aaaay: A,. X 0.64 • mg enzyme/ml; aolYeot, I mM HC 
(calculated from data of Smillie and Kayt). 

AdPity A8aay: 
Method : The rate of hydrolysis of I ia measured by the iDcreue 

in absorbance at 274 nm (bued on the method of Hummel'). 
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E-41/ £.42 

Procedure: Tbe assay is conducted as follows: 
Take I, 10 mM in HtO, 0.3 ml; tria buffer, 80 mM, pH 8.1, con
tainina 20 mM eaa,. 1.s m1: and Ht<>, 1.2 mi. Add enzyme, s to 
20 ,.1 containin8 0.1 to 0.5 14 or protein, to the substrate mixture in 
a 1<m quartz cuwtte, and record A.., at 30-s intervals. 
The hydrolysis or 1 ,.mot or 1 causes an increue in Atc1 or 0.18. 
Rates must be calcuJated from ~ values or not over 0.32. Num
ber of units (U) • [AAtc1/ .11(min)) X S.SS. 

.... Ida: Tbe purest samples haYC slisht activity toward chymo
trypsin substrates. This appears to be an inherent property or 
trypsin. The praeoce or ribonuclease activity in commercial 
crystalline trypsin has been reported. • 

..,._ 
I. M. Kualtz •nd J. H. Northrop,/, Otft. ~Idol .. tf, 991 (1936). 
2. M. R. McDoa8ld 8nd M. Kualu, /. Gfft. l',.,tdol., 19, 155 (1946). 
J. S. M. Oneo •nd H. Nounalb, l"roodu, 2. 1057 (1954). 
4. M. Lukowlld, Mnltt1tb Eluy_,,, 1, 26 (1955). 
S. P. Dealelle, EluytM•, 4, 93, 119 (1960). 
6. L. B. Smillie 8nd C. M. JC.y,/. Bioi. CMm., 236, 112 (1961). 
1. B. C. W. HUIJIIIId, C.. I. BI«MM. Plcytdol., 31, U93 (195). 
I. M. TWill.~'-«. 162, 912 (1961). 

•wa a..lllc:8doa: JA.t6.3, TI7PIIL 
t c.Jc:lum loaa eabuce lbe t~e:tlvlly •nd ltabllity pH > 6. 

E-41 
urease• 
(Jack Beaa) 

Eqaadoa :u HaNCONHa + H,O- NHt + NH,coo- (at pH 9) 
Tbe enzyme is almost completely specific; hydroxy- and di

hydrOXY·Urea are hydrolyzed at a low rate. 1 

Method ol &olatloll: The enzyme is crystallized from extract or jack 
beans.1·• Further purification by chromatoaraphy bas been de
scribed.'·' 

CRITERIA (TentatiYC) 
Plv*al COIIItat: Reported molecular weipt:1·' 480,000; this is 

an agrepte of at least 6 subunits. • 
l'rllceare for Haadllaa: Crystals stored in citrate-acetone mother 

liquor usually lose < 5% or their activity in I month. A I % solu
tion in 20 mM phosphate-EDT A (see "Reasents") loses about 10% 
ofits activity in I week; more dilute solutions are less stable. 1 

Ca-erdally A..o.ble Sabltrate: Urea. 
Spedfk Ac:tlfity: One unit of activity (U) hydrolyzes I ,mol of urea 

per minute under the conditions described in "Activity Assay." 
Three independent reports1•••• give the specific activity or carefully 
purified preparations as 750--850 U/m8.t 

Procela Allay:"'·' Ar~a X 1.4 ... mg enzyme/mi. Somewhat dis
crepant values have been reported. Values may be uncertain by 
as much as :1::15%. 

Ac:tlflty Alay: 
Method: The enzyme is allowed to react with the substrate for 

2 min. An excess or HC is then added, to stop the reaction and 
to hydrolyze carbamate (overall stoichiometry: HaNCONHa 
+ HtO + 2H+-e 2 NH.• +CO.). The excess of acid is titrated 
with NaOH. 

Rea(lellts: (Rea(lellts and water used should be of hish purity, 
because the enzyme is \'etY susc:eptible to inactivation by heavy 
metaJs.lt) Phosphate, 20 mM, pH 7 (1.66 8 Na.HPO •• 1.15 a 
NaH.PO. • HtO, and 372 rna EDTA disodium salt dihydrate, per 
liter); tria, 100 mM, pH 9 [12.1 8 tris(hydroxymethyl)amino
methane, 114 ml100 mM HC, and 372 rna EDTA disodium salt 
hydrate, per liter). Substrate, urea, 500 mM, in tria buffer. 

Procedure: Dilute the enzyme sample to 7-20 U /ml, and allow 
to stand for 2 h, in which time a IC~20% increue in activity may 
be obserYCd. Mix I ml or enzyme solution with 1 ml of substrate. 
After exactly 2 min, add 2.00 ml or 100 mM HC. Titrate with 500 
mM NaOH, usin8 methyl oranse as the indicator. Also, titrate a 
blank, containina 1 ml phosphate-EDT A, 1 ml substrate, and 2 ml 
HCI. 

Calculations: Jib - volume of NaOH (ml) consumed by blank; 
v.- volume (ml) consumed by sample, and c- molar concen
tration or NaOH (mol/liter). 

Activity (U) - 500 c (Jib - Jl.)/2 (min) - 250 c (Jib - Jl.). 
I.parltlea: A critical study of contaminatin8 impurities has not ~t 

been made. Many commercial preparations suitable for urea de
termination are crude extracts or jack bean meal and contain 
only a small percentase or ureue • ..,_ 

I. J. B. s-. Eluy,_, 1,113 (1951). 
2. J. B. V•mer, Euy-•· 4, 247 (1960). 
). W. N. l'bbbelll,/. Bioi. CMm., 244, Ita (IM9). 
4. 0. M8mlya •nd 0. Gorin, Blodtbn. Bloplty•. Act11, IGI, 312 (1965). 
5. K. R. L)'llll, Blodtbn. Bloplty•. Act11, 146, 20S (1961). 
6. R. L. Bt.keley, B. C. Webb, •nd B. Zemer, Bi«Mml#ry, I, 1914 (lM9). 
1. F. J. Rellbel•nd J. B. Robblal, Ardt. BI«Mm. Bloplty•., UO, 151 (1961). 
I. F. J. llellbei,J. B. Robblnl, •nd 0. Oorio, AreA. Bi«ltmt. Bloplty•., IGI, 409 

(1964). 
9. 0. Gorin 8nd C. C. ChiD, AIWII. Bi«Mm., 17, 49 (1966). 

10. W. H. R. Slww,/. Alit. CMm. $«., 16, 2160 (1954). 

OrfalnU compit.tloa of'CdleN: 0. Gorin. Coatdbudolla 11,: F. J. Rellbel8nd 
W. H. Pbbbela. 

• w• OUIIftc8tloD: 3.5.1.5, Una •mlclobyclrol•ee. 
t AllbOIIIh collliderably blaber v.luea wete reported by K. R. L)'llll,' It hu beeD 

DOled tbat tboee v.luea were 10 tm. too bJah.• 

E-42 
Xanthine Oxidase* 
(Cream) 

Eqaatloal: hypoxanthine + HtO + 0.- xanthine + HtO. 
xanthine + HtO + 0.- urate + HtO. 
R--cHO + H,O + 0.- R-COOH + H,O. 

R stands for any or a broad variety or aromatic and aliphatic 
groups. 

Xanthine oxidase catalyzes the oxidation or numerous purines, 
aldehydes, and heterocyclic compounds to the correspondin8 
hydroxylated compounds.l-7 

Metlledl of llol.adoD: The enzyme has been isolated from cream, and 
crystallized • .-u 

CRITERIA (Tentative) 

Pllysleal Coaltua: The reported molecular weishtr-11 ranse from 
215.000 to 362,000. Per molecule or enzyme, there are 2 molecules 
Of FAD, 2 atoms of molybdenum, 8 atoms Of iron, and 8 atoms of 
acid-labile sulfide.10 
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Prom I • lw a...._: 
Storqe: Aa a auspensioo in aturated ammonium IUII'ate at 

-20 "C. 1be enzyme is stable to repeated freezina and thawina 
in SO mM potallium phosphate c:ontainina 100 ,.M IDI'A (pH 
7.8). It is also stable to dilutioo with, or dialysis allinat, this 
bufrer. Salicylate stabi.liza the enzyme,14 and abould be praent 
at a CODCelltratioo or 1 mM durina ltorqe. 

Oa -•rdalb' Aftllllllle ~:Purine, bypoxanthine,xantbine. 
aticylaldebyde, and numerous other aldebyda and beterocydic 
compounda. 

SJ11C11c ActhiCJ: One unit (U) repraenta the amount or ICtivity 
that c:onwru 1 ,.mol or xanthine to urate per minute at 25 OC and 
pH 7.8. A apeci6c ICtivity or 3.5 U/ma bas been reportecPt wben 
the enzyme is aaayed u dacribed in "Activity Assay," An opti
mum or pH or 8.3 bas been reported by BraY" and or 8.9 by 
Palmer~~ ol." Howewr, u L for xanthine varia drutic:al1y 
with pH, wbereu Y. varia budly at all,' it is clear that the opti
mum pH must be a functioo or the aubltrate concentratioo uled. 

.,...... .w.,t: ~ x 4.35 (Ret. 8) - rna enzyme/ml (in so mM 
phoepbate at pH 7.8); A.! A. • 5.~5.2 (Ret. 13). 

ActhiCJ A-.,: 1be rate or productioo or urate from xanthine is 
followed at 295 nm. 1be aaay is conducted u follows.• 

Xanthine (1 mM), 0.1 ml 
K or Na pyrophosphate (100 mM, pH 8.3), 0.5 ml 
IDI'A (1 mM), 0.1 ml; H.O, 0.29 mi. 

1be final pH abould be 8.3. Equilibrate with air, and add 10 ,.1 or 
enzyme at a CODCeDtratioo yicldina 41A .. or 0.02~.05 per min. 
1be rormatioo or 1 ,.mol or urate/ml yiclda an increue in A .. or 
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9.6 (Ret. 13). Number or units (U) in cuvette (/ - 1 em. Y - 1 
ml) • [41A .. /411{min)) X 0.104. 

...._ 
1. V. H. lloodl, ---.1 .. 32. 503 (1931). 
2. P • ...._.. aad S. Dibella, I. ftll. 0..., W. 765 (1956). 
J. P ........ aad H. UJIIIU,/. bt. 0... S«.,ll, 3957 (IMO). 
4. H. u...,_w_ aad P • ........ 1.-11. llfll. Sd., I, 131 (1965). 
S. P ............ H. K.,.._, ......_ -..,, ACM. 33.19 (195). 
6. P • ....,.._, I. D. Da.w-, aad R. lt. Robbml, I. ftll. 0..., U6, 99) 

(1957). 
7. L G....a.aad P. Haadl«,/. ftll. 0..., Ut, IO!M)(l964). 
L P.O. A.ta. P ....... aad R. C. BnJ,I. 0... S«., 1100 (19S5). 
9. C. A. ~ aad P. lllladl«,/. ftll. 0..., J43, 5)61 (1961). 

10. V • ..._,, P. B. BnambJ, H. K_., aad 0 • ....._,I. llfol. CAM~., 2M, 
IA2(198). 

11. L I. Han, N. A. NcOenoll, H. R. Cllapmu, aad R. C. BnJ, ._._ 1 .. 
lit, 151 (1970). 

12. P. ADdrewa, R. C. BnJ, P. l!dwuda, aad K. V. Sboocer, Blodwa 1., fl. 627 
(1966). 

1). P. 0. Avla, P ....... aad R. C. BnJ,/. 0... $«.,1219 (1956). 
14. P ...... aad R. C. BnJ, N-., 171. II (1956) • 
15 . ... c. ...,, ~-. '· 5)) (196)). 
16. o . ....._,a. c . ...,, ..a H. B~~Mn,J. ftll. a-.. m. 2657 (1964}. 

A. w' 'e II 

OriiiMl _,.uadae alCdllria: C. Wonlllnlcoa. Coatrtba.._ by: L l'ridowkll, 
R. C. Bray, aad R. ..._ Rmlloa by: I. Frldoorkb. 

• IUa aa.llcadae: 1.2.).2, Xulhlne !GQ81D Cllldonductaa. 
tSAUI:JJatl, ~added u a ~- .....,_ wllb Jbe ~ 

~Irk: deMrmlaadae a(proiiiD, .... tboul4 be ..-.d by...,.. 
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GENERAL REMARKS 

The lipids listed herein were prepared by the manufac
turers either from natural sources or from commercial 
products of various degrees of purity. They may have 
undergone a very thorough isolation procedure, or 
merely a purification. Chemical reactions are involved 
in many instances. The methods most commonly used 
for the preparations include extraction, saponification, 
esterification, interesterification, crystallization, urea
adduct crystallization, fractional and batch distillation, 
countercurrent distribution, liquid-solid, liquid-liquid, 
and gas-liquid chromatography, hydrogenation, elai
dinization, and bromination. More complex synthetic 
procedures may also be involved. Methods are de
scribed in many versions, and the books by Hilditch 
and Williams1 and Markley2 serve as guides. 

The users of lipids listed should be warned that many 
commercially available samples of such substances are 
grossly impure. Directly before use, it is advisable to 
check the purity, particularly of unsaturated com
pounds, as these are subject to autoxidation if proper 
precautions have not been taken in shipping and stor
ing. Such samples should be shipped under an inert gas 
or sealed in vacuo. They should be restored to these 
conditions after each withdrawal of aliquots and should 
be stored at low temperature. Even with these precau
tions, samples should be rechecked for purity after re
peated withdrawals have been made from them. Any 
autoxidizable sample should be regarded with suspi
cion if these precautions have been neglected. 

Lipids 
and 
Related 
Compounds 

ANAL Y11CAL PROCEDURES 

Fatty Adds and Methyl Esten 

Traditionally, the purity of fatty acids and their de
rivatives has been established by measurement of the 
acid (or saponification) value, iodine value, melting 
point, and refractive index. These may be determined 
by the Official Methods of the American Oil Chemists' 
Society.s However, these methods are not particularly 
valuable for establishing purity at the levels in which 
lipids are available today; these methods are too insen
sitive, subject to confusion by certain mixtures includ
ing those of isomers, and require too much sample. 
Generally, the purity of fatty acids and their derivatives 
is best established by gas-liquid chromatography 
(GLC) and thin-layer chromatography (TLC). 

Gas-Uquid Chromatography 

GLC is best conducted with an instrument having a 
hydrogen-flame detector. Fatty acids may be directly 
chromatographed on "free fatty acid phase (FFAP)," 
a reaction product of Carbowax 20M with 2-nitrotere
phthalic acid, but, for the other stationary phases 
suggested, they must be converted into methyl esters: 
Secure a reagent consisting of 2% by weight of sulfuric 
acid or 12-1 S% boron trifluoride, in anhydrous meth
anol. Weigh -10 mg of fatty acid into a 15-ml glass
stoppered centrifuge tube. Add 1 ml of reagent to the 
tube. If the sulfuric acid reagent is used, heat the stop-
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pered tube for 1 h at 55 °C. H the boron trifluoride 
reagent is used, boil the tube contents for 2 min. Short
chain fatty acids may be selectively lost in such a con
version, and, when they are present, the conversion 
should be conducted in a tightly sealed tube. Long
chain acids ( C2o-Cso) may be difficult to dissolve in the 
reagents, and benzene or chloroform may be added to 
provide higher solubility. After the appropriate heating 
period, cool the reaction mixture, and add 5 ml of 
water and 1 ml of reagent-grade carbon disulfide, chlo
roform, or hexane. Stopper the tube and shake vigor
ously. Centrifuge to separate the two layers, and inject 
an aliquot of the organic layer into the gas chromato
graph. 

The homogeneity of the methyl esters should be 
checked by GLC on at least two columns, one of which 
has a polar (polyester) and the other a nonpolar (hy
drocarbon or silicone) phase. Polar stationary phases 
recommended are ethylene glycol succinate ( EGS), 
ethylene glycol succinate and methylsilicone copolymer 
(EGss-x), and diethylene glycol succinate (DEGS). The 
packing should consist of 10-15% by weight of these 
phases on acid-washed Chromosorb W or an equivalent 
support. Nonpolar phases recommended are Apiezon L 
(ApL) and GC-grade SE-30 (polydimethylsiloxane). 
The packing should consist of 3-15% of the latter 
phases on Chromosorb W ( HP) or an equivalent sup
port. For unesterified fatty acids, 10% FFAP on Chro
mosorb W (A W), or an equivalent support, may be 
used; this should be considered to be a polar phase. The 
columns should be 2-3 meters long and may be of 
metal or glass, except in the case of FFAP which should 
be in glass. They should have a minimum of 2,000 
theoretical plates. The number of theoretical plates may 
be measured by drawing straight lines from the linear 
segment of the sides of a peak to the base line and meas
uring the width, W, at the base line. The distance, D, 
from the midpoint of the peak to the injection point is 
also measured. The number of plates, N, is given by: 

N = 16(D!W)2 

The number of plates should be determined by measure
ments on a symmetrical peak that has a width of at least 
1 em. 

Samples to be injected are dissolved in reagent-grade 
hexane, carbon disulfide, or chloroform. The solvent 
giving the shortest peak duration and the steadiest base
line for a particular column and instrument should be 
used. To make sure that the sample is completely and 
reproducibly injected, use a 1 0-Jll syringe and charge it 
with approximately 1 ~ of pure solvent before the ali
quot of sample is drawn into the syringe. 

Compounds may be contaminated with solvent, par
ticularly when they are liquid at room temperature; this 
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is checked by injecting -1 ~ of the neat compound 
before it has undergone any physical or chemical treat
ment. This test needs to be done on only one sort of 
column. 

Gas flow rates, amounts of stationary phase, and 
temperatures should be so chosen as to give a conven
ient retention time for the main peak and to make sure 
that impurities are not obscured by the solvent peak or 
by too long a retention time. These variables can all 
affect the number of theoretical plates. Many polyester 
phases lose plate efficiency fairly rapidly at temperatures 
exceeding 200 °C. A retention time of -5-10 min for 
the main component is usually optimal and practical. 

Determination of the level of impurities requires 
either attenuation of the recorder signal or use of an 
internal standard. For the first of these methods, the de
tector output should be recorded on a strip chart that 
has a full-scale deflection of at least 9 in. The attenuator 
is set, and the amount injected is so chosen that the 
main peak gives a deflection between 50 and 100% of 
the full scale. The attenuation is decreased as much as 
possible up to 50-fold before the main peak leaves the 
baseline and after it returns, the pen being kept on the 
chart at all times. The attenuator should be calibrated 
over the range being used. 

When an internal standard is to be used, a compound 
must be selected that has a retention time different from 
any of those found in the chromatogram of the com
pound being tested. About 10% (by weight) of the 
internal standard is added to the sample. The amount 
of internal standard added must be known with a rela
tive error not exceeding 10%. The attenuator is so ad
justed that the internal standard gives a recorder re
sponse of 50-100% of full scale. The main peak is 
allowed to go off scale. 

The area under the peaks may be measured by means 
of a strip-chart integrator or a planimeter. The proce
dures have a sensitivity ~0.1%, depending on the re
tention time of the impurity and its resolution from the 
solvent and main component peaks. 

The preceding methods establish the homogeneity of 
sample by GLC. The identity of the sample is best estab
lished by retention times relative to those of suitable 
standards. Either of two reference systems may be used 
for fatty acids and their derivatives: (a) the equivalent 
chain-length ( ECL) system, 4 in which a homologous 
series of fatty acids or their appropriate derivatives is 
used as standards, or (b) the relative retention index 
(RI) or Kovats' system,5 in which normal hydrocarbons 
are used as standards. The ECL is established by deter
mining the retention times of a series of normal satu
rated fatty acids or their derivatives. The derivative 
selected should be of the compound being tested; that 
is, if the sample is a fatty acid, the standards should be 
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fatty acids, and if the sample is a methyl ester, the 
standards should be methyl esters. The compound to be 
tested is chromatographed under the same conditions as 
are applied to the standards. A plot of the logarithms of 
the retention times (measured from the beginning of 
the peak for the solvent or air) of the standards vs. 
their chain lengths gives a straight line. The ECL of the 
sample is read from the graph by noting the chain length 
equivalent to its retention time. For normal saturated 
fatty acids and their derivatives, the ECL, by definition, 
is the same as the chain length. Branching, or unsatura
tion, usually changes the ECL to a fractional value. The 
value for such compounds is a function of the stationary 
phase, but is relatively independent of other GLC condi
tions. Mixtures suitable for establishing the EeL stand
ard curve are available commercially. For short-chain 
fatty acids and their derivatives, convenient standards 
may be prepared from milk fat. For polyunsaturated 
acids and their derivatives, cod liver oil is a convenient 
source of standards. • 

The R.I is calculated from the equation 

200 log Veample- log Vc, 100 R.I = + Z, 
log V Czu - log V c., 

where V is the retention volume (corrected for that of 
an unabsorbed substance), C, is a normal hydrocarbon 
of chain length z, and C,.2 is a normal hydrocarbon 2 
carbon atoms longer; v c., ~ v aample ~ v c.+2' 

In this system, only the RI of the n-hydrocarbons is set 
by definition; that is, 600 for hexane or 1 ,800 for 
octadecane. The value for all other compounds is a 
function of the stationary phase but is relatively inde
pendent of other GLC conditions. Pure hydrocarbons 
suitable for establishing standard curves are available 
commercially. 

Thin-Layer Chromtltography 

Homogeneity established by GLC should be supple
mented by TLC studies, as the compounds may be con
taminated with nonvolatile materials not detected by 
GLC. This is particularly true of unsaturated fatty acids 
and their derivatives, which may undergo oxidative 
polymerization. One of the frequent contaminants of a 
free fatty acid is the methyl ester, from which the acids 
are usually prepared. Contamination by methyl esters 
can be detected by GLC of the fatty acids on FFAP or by 
TLC. 

To test homogeneity of fatty acids and derivatives by 
TLC, use plates of TLc-grade silica gel containing 10% 
calcium sulfate as a binder. The adsorbent should be 
about 200 I'm thick. The chromatographic chamber 
should be saturated with the solvent vapors by lining it 
with filter paper. The plates are developed in 80:20:1 

( v /v) hexane-ethyl ether-acetic acid. Spots are de
tected by spraying the plates with a saturated solution 
of potassium dichromate in 50% aqueous sulfuric acid 
and then beating them at 225 °C for 1 h. Approxi
mately 0.1 l'g of a lipid may be detected by this method; 
consequently, if 0.1 mg of the sample is applied to the 
plate, -0.1% impurity may be detected. The amount 
of impurity may be determined by densitometry. A 
control spot containing 0.1 l'g of a lipid should be ap
plied to all plates. Saturated fatty acids (and their de
rivatives) 'having chain lengths of less than 12 carbon 
atoms evaporate partially before charring and, there
fore, their detection is less sensitive; however, the 
method is still satisfactory for detecting nonvolatile 
organic impurities in these materials. 

Isomeric Unsaturadon 

Unsaturated fatty acids and their derivatives may be 
homogeneous by both GLC and TLC but actually con
tain positional and geometric isomers. Positional isomers 
are best detected by ozonolysis, 7 and geometric isomers, 
by TLC on silica gel plates impregnated with silver 
nitrate.' 

For ozonolysis, fatty acids should be converted into 
their methyl esters. The ozone may be generated by an 
apparatus similar to that described by Bonner,' or by 
one of those commercially available. A solution of 20 
mg of the methyl ester in 1 ml of carbon disulfide is 
cooled to -70 °C in dry ice-acetone, and ozone is 
passed through it. The presence of an excess of ozone 
may be detected by passing the gas leaving the reaction 
vessel into a solution of 5% potassium iodide in 5% 
sulfuric acid containing a starch indicator. • The solu
tion turns blue in the presence of ozone, and when 
ozone is no longer absorbed by the reaction mixture, 
the indicator will show the presence of ozone in the exit 
gas. When ozone absorption is complete, an excess of 
triphenylphosphine ( 100 mg) is added, and the reaction 
mixture is allowed to warm up to room temperature. 
The triphenylphosphine reduces the ozonides to the cor
responding aldehydes. An aliquot of the carbon disul
fide solution is gas-chromatograpbed on a column of 
5% Carbowax 20M on Chromosorb W or its equiva
lent. For elution of both the aldehyde and -formyl 
methyl ester fragments, it is necessary to use tempera
ture programming from 50 to 200 °C at-5-1 0 °C/min. 
When the main peaks are not emerging, it is desirable 
to diminish the attenuation of the recorder to detect 
minor components. Monounsaturated esters yield only 

• Sudan Red dissolved directly in the reaction medium has 
also been recommended as an indicator [W. Stoffel, I . Am. Oil 
Chem. Soc. , 42, 586 (1965)]; it gives a faster response than 
Kl/starch necessarily contained in a separate connecting vessel. 
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two peaks, corresponding to a terminal aldehyde and an 
-formyl methyl ester. Polyunsaturated esters that are 
methylene-interrupted also yield only two peaks, as the 
malonaldehyde that should be formed from that portion 
of the chain between two double bonds is not detected. 
Positional double-bond isomers are detected as addi
tional peaks. 

For the detection of geometrical isomers, chromatog
raphy on silica-gel plates impregnated with silver ions is 
used. Fatty acids should first be converted into methyl 
esters for this analysis. The coating on the plates should 
contain about 7.5 g of silver nitrate per 30 g of silica 
gel. The silver nitrate is dissolved in the water used for 
dispersing the silica gel. The coating should be about 
200 1£111 thick. The plates are developed in hexane-ethyl 
ether. The ratio of hexane to ether may be selected 
empirically to give a convenient Rr for the main com
ponent; a ratio of 4 : 1 (v/v) is usually suitable. Spots 
are best detected by spraying the plates with 50% sul
furic acid, and charring them at 225 °C for 1 b. 
(Chromic acid cannot be used with silver-ion plates 
because of the formation of silver chromate.) The 
minimum amount of fatty acid detectable by this 
method is -5-10 l'g; consequently, to detect 1 % of an 
impurity, a 0.5-1.0-mg sample should be applied. The 
R r value of the methyl esters tends to depend on the 
degree of loading, and, in some instances, there may be 
insufficient resolution between the main component and 
the expected impurity at these loads. Should this present 
a problem, the plate may be sprayed with 2,7-dichloro
ftuorescein instead of 50% sulfuric acid. With fluores
cein, ultraviolet light reveals the spots on the plates. 
Areas where the main component may have tailed into 
an area in which the presence of an impurity is sus
pected may be scraped off, and the methyl ester may be 
eluted with ethyl ether and rechromatographed on a 
silver-ion plate. The loading should thereby be lessened 
sufficiently to afford good resolution; however, it is 
necessary to work rapidly and to minimize exposure to 
air during these operations; otherwise, artifacts caused 
by autoxidation will be detected. 

Geometric isomers may also be detected by infrared 
spectroscopy.10 

The presence of conjugated isomers in methylene
interrupted polyunsaturated fatty acids and their deriva
tives is a good test of their exposure to oxidation or 
other abuse. The presence of conjugated diene is de
tected by ultraviolet absorption according to' the Offi
cial Method of the American Oil Chemists' Society Ti 
la-64. A solution is prepared containing about 0.01 mg 
of sample per milliliter of isooctane, and its absorbance 
at 233 nm is measured. The proportion of conjugated 
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diene present is calculated by the following equation: 

% Diene = 2~4 0.84(~- k ). 

where M is the molecular weight of the sample, A ia 
the absorbance at 233 om, l is the length of the light 
path length in em, pis the mass concentration in mg!ml 
of solution, and k is a constant introduced to correct for 
background absorbance. The value of k is 0.07 for 
esters and 0.03 for acids. 

Hydrosy Fatty Adds and Akoltols 

Long-chain alcohols and most hydroxy fatty acids can 
be gas chromatographed directly on FFAP columns (see 
"Fatty Acids and Methyl Esters"). On nonpolar col
umns, it is necessary to employ a derivative in which 
the acid and alcohol functions are protected, to prevent 
tailing. A hydroxy acid may be converted into its 
methyl ester by the techniques given in "Fatty Acids 
and Methyl Esters." The alcohol function may be con
verted into its acetic ester by reaction with acetic anhy
dride. 1 To acetylate the hydroxyl group boil 10 mg of 
the sample and 1 ml of acetic anhydride in a 15-ml 
standard-taper centrifuge tube under reftux for 2 b. 
Cool the mixture, add 10 ml of water, and boil for 15 
min under reftux to decompose any excess of acetic 
anhydride. Cool, add 1 ml of hexane, mix thoroughly, 
centrifuge, and remove the water layer. Wash with two 
2-ml portions of water. Analyze the derivative by GLC 

on SE-30 or Apiezon L (see "Fatty Acids and Methyl 
Esters"). Make sure that any seeming impurity is not 
acetic anhydride or acetic acid that bad not been re
moved. Trimethylsilyl and dimethylsilyl groups are also 
frequently used to modify the hydroxyl groups. Reagents 
for these conversions are available commercially. Alco
hols for GLC standards are available commercially, or 
may be prepared by reduction, with lithium aluminum 
hydride, of the appropriate fatty acids, ethyl esters, or 
natural triglyceride (such as milk fat). 

Such fatty acids as ricinoleic acid, which contain a 
hydroxyl group in the ,8-position with respect to a 
double bond, are readily dehydrated during GLC, even 
if the hydroxyl group has been converted to a derivative. 
To test the purity of ricinoleic acid or methyl ricinoleate, 
it is best to use TLC on silica-gel plates. The plates 
should be developed with 7:3 (v/v) hexane--ethyl 
ether, with detection by spraying with chromic acid fol
lowed by charring. A similar system may be used for 
detecting nonvolatile impurities in alcohols. 

Glycerides 

The presence of solvent and the fatty-acid composition 
of simple and mixed glycerides may be ascertained by 
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the methods already listed for fatty acids and methyl 
esters, but additional methods are required for verifying 
the positions occupied by the fatty acid residues on the 
glycerol residue. Positional isomers of partial glycerides 
may be checked by TLC on silica gel-boric acid, 10 and 
triglycerides are best tested by degradation with a Grig
nard reagent.11•12 

The 1- and 2-monoglycerides and 1,2- and 1,3-
diglycerides may be separated by TLC on plates of 19: 1 
( w /w) silica gel-boric acid. The boric acid is dissolved 
in the water that is to be used to disperse the silica gel. 
For monoglycerides, the plates should be developed 
with 145:50:1:4 (v/v) chloroform-acetone-acetic 
acid-methanol; for diglycerides, 24:1 (v/v) chloro
form or chloroform-acetone may be used. The presence 
of nonpolar contaminants in triglycerides may be 
checked13 by TLC on silica gel plates developed 47 :3 
(v/v) with hexane-ethyl ether. Spots are best detected 
by charring with chromic acid, as described for fatty 
acids and methyl esters. Standards for the TLC of glyc
erides may be obtained commercially or be prepared by 
the glycerolysis of corn oil. To prepare partial glyceride 
standards, beat 10 g of corn oil, 3 g of glycerol, and 65 
mg of sodium methoxide under nitrogen at 225 °C for 
2 h with stirring. Cool the mixture, and add dilute acetic 
acid. The upper layer is a glyceride mixture and nor
mally consists of components migrating in the following 
order of decreasing R1: triglyceride, 1,3-diglyceride, 
1,2-diglyceride, 2-monoglyceride, and 1-monoglyceride. 

To detect the presence of positional isomers in tri
glycerides,11·12 dissolve 40 mg of the sample in 2 ml of 
ether. Add 1 ml of freshly prepared, 0.5 M ethylmag
nesium bromide with mixing. After exactly 1 min, add 
0.05 ml of acetic acid. Wash the ether layer with 2 ml 
of water, 2 ml of 2% sodium carbonate, and 2 ml of 
water. Dry with sodium sulfate, and streak the sample 
on a 19: 1 ( w /w) silica gel-boric acid plate. Develop 
the plate with 1:1 (v/v) hexane-ethyl ether. Locate 
the bands on the plate with 2, 7 -dichloroftuorescein. 
Four bands should be visible; from top to bottom, these 
are fatty alcohols plus unreacted triglyceride, 1,3-
diglyceride, 1,2-diglyceride, and monoglycerides. Scrape 
the 1,2-diglyceride band from the plate, and place it in 
a medicine dropper whose tip has been plugged with 
glass wool. Pour 2 ml of methanol through the medicine
dropper microcolumn to elute the diglyceride. Add one 
drop of concentrated sulfuric acid to the eluate, and 
heat in a stoppered tube at 55 °C for 1 h to convert the 
diglyceride into the methyl esters. Find the percentage 
of fatty acids by GLC on an appropriate column, and 
compare the results with the specifications of the prepa
ration. 

Sterols 

Traditionally, the purity of sterols and their esters has 
been established by determining the melting point and 
optical rotation, but, as a rule, these methods are too 
insensitive to detect anything but gross contamination. 
Spectroscopic methods of all kinds, although giving 
more information, are likewise too insensitive to reveal 
impurities, and they require specialized equipment and 
techniques not usually available in biochemical labora
tories. For suitable systems under study, differential 
scanning calorimetry is capable of detecting 0.1 mol-% 
of impurity, but it is not available iri most laboratories. 
The purity of sterols and their esters is best established 
by GLcu·•• and TLC.'· .. •111 

Gas-Liquid Chromatography 

GLC should be conducted on an instrument fitted with a 
hydrogen-flame detector. GLC of free sterols may be 
performed directly on the sterol or after the hydroxyl 
group has been protected by treatment with a suitable 
reagent. Acetyl and trimethylsilyl groups are usually 
used to protect the hydroxyl group. Acetates may be 
prepared by the method already described for hydroxy 
fatty acids. Reagents for preparing trimethylsilyl ethers 
may be obtained commercially. Stationary phases rec
ommended for free sterols are 1% cyclohexanedimetha
nol succinate (Hi-EFF-88) at 225 °C, 3% OV-17 
(phenyl silicone) at 240 °C, and 5% OV-101 (methyl 
silicone) at 250 °C. The support should be Chromo
sorb W(HP) or its equivalent, and, for Hi-EFF-88, 
the support should first be baked to remove bound 
water and coated with 2% of poly(vinylpyrrolidinone) 
before the cyclohexanedimethanol succinate is applied. 
For trimethylsilyl ethers, 1% of the silicone polymers 
SE-52 or OV -3 are recommended. 

Steryl esters of long-chain fatty acids may be gas 
chromatographed directly on 60-cm columns packed 
with 3% of the silicone polymers QF-1 or OV-210 on 
Chromosorb W(HP) or its equivalent at 290 °C. How
ever, this procedure separates by molecular weight and 
will not resolve, for example, a mixture of cholesteryl 
stearate, cholesteryl oleate, and cholesteryl linoleate. 
Steryl esters of long-chain fatty acids should also be con
verted into the free sterols and the methyl esters of the 
fatty acids by the boron triftuoride>-methanol procedure 
(see "Fatty Acids and Methyl Esters") . The methyl 
esters can then be checked by the methods already 
given for methyl esters, and the purity of the sterols can 
be checked by the procedures given in this section. 

To test for homogeneity, GLC conditions are varied 
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and other procedures are chosen in accordance with the 
instructions given under fatty acids and methyl esters. 
The identity of the compounds is established by their 
retention times relative to those of other sterols and 
sterol derivatives. To establish relative retention times 
accurately. all of the GLC conditions must be rigorously 
standardized. 

Thin-Lay~r Chromatography 

The homogeneity of sterols and steryl esters should also 
be checked by TLC, to detect nonvolatile impurities and 
oxidation products. For free sterols, TLC is conducted 
on layers of silica gel that are 200-JLID thick. The plates 
should be activated for 1 h at 110 °C. The plates are 
developed in chloroform or 9:1 (v/v) hexan~thyl 
ether. and the spots are detected by spraying with 20% 
sulfuric acid in methanol and charring at 225 °C for 
1 h. As little as 0.3 pg of a sterol can be detected; 
therefore. with a 50-pg sample. as little as 0.6% of 
impurity is revealed. 
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INSTRUCI10NS FOR USE 
OF THIS SECI10N 

Because many of the lipids are homologous series or 
represent other groupings for which the same consid
erations of purity apply. general criteria and specifica
tions have been written for classes of lipids. These are 
followed by lists of compounds commercially available 
that should meet the various specifications. Information 
unique to each compound is included in the tables. 

The following abbreviations not elsewhere defined 
are used in the tables: 

ECL: Equivalent chain length 
FFAP: Free fatty acid phase 
RI: Relative retention index 
ApL: Apiezon L 
DEGS: Diethylene glycol succinate 
EGs: Ethylene glycol succinate 
EGssx: Ethylene glycol succinate-methyl silicone 

copolymer 
SE-30: A commercial polydimethylsiloxane 
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L-t I 1.-1 Upldl aad Related CCIIDpoaada 

GENERAL CRITERIA AND SPECIFICATIONS 1 FOR FA'ITY ACIDS C1 mROUGH Cs 

CRITERIA: 
H~: 

oLC: One component on PPAP. No detectable solvenL 
TLC: No nonvolatile components detectable on silica ael plates by charring. 

ldeatitJ: 
Gives the appropriate RJ. 

Gives the theoretical value for the ncuttalization cquivalenL 

SPECIFICATIONS: Not more than I% of impurity by OLC. Theoretical neutralization equivalent (within O.S% relative error). 
StCJ1118t: No special precautions, except to prevent loss by evaporation. 

TABLEt ~for Wlllda ~ CriUrla _. Spedllcadoall Are Applbble 

c-... Formula wt. N....,_ (S, I tic ...e) Fora.lla (aeutnllzadoa eq.) Structure 

L-1 Acetic acid CtH.Ot 60.0S CH.a>OH 
(etbanoic acid) 

L-2 Propionic acid C,H.O, 74.08 CH,CHsCOQH 
(propanoic acid) 

L-3 Butyric acid C.H.Ot 88.11 CHa(CH,)sCOQH 
(butanoic acid) 

L-4 Isobutyric acid C.H.Ot 88.11 (CHa)sCHCX>OH 
(2-methylpropanoic acid) 

H 
L-S Crotonic acid (m.p. 72 °C} C.H.Ot 86.()1) CH.c=ccooH 

(tmn.s-2-butenoic acid) H 

L-6 3-Hydroxybutyric acid C.H.Oa 104.11 CH,CH(OH)CHsCOQH 
(mc-3-hydroxybutanoic acid) 

L-7 Valerie acid CaH • .O, 102.13 CHa(CH,).a>OH 
(pentanoic acid) 

Rl 

1470 

IS SO 

1640 

1S60 

1780 

2180 

11SO 
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W/1..-15 

GENERAL CRITERIA AND SPECIFICATIONS l FOR NORMAL SATURATED SHORT-CHAIN FATI'Y 
ACIDS C6 mROUGH Cu 

CRITERIA: 
HCIIIlGJI I litf: 

oLC: One component on FFAP and, after conversion into methyl esters, on a nonpolar phase. No detectable solvent 
n.c: No impurities detectable on silica gel plates by charring. 

ldntltJ: 
ECL: Same as chain length on any phase. 
n.c: Miarates with fatty acids on silica gel plates. 

SPECIFICATIONS: Not more than 1% of impurity. 
StOI"'IP: No special precautions. 

TABLEl ~for Whlcll Geaenl Criteria ..a Specllc•donl 2 Are Appliadlle 

c_,. ... 
N ...... (S,IC-dc IIMie) Formula Formula wt. Structure 

L-8 Caproic acid C.H • .Ot 116.16 CHa(CHt).a>OH 
(hexanoic acid) 

L-9 Enanthic acid CtHuOt 130.19 CHa(CHt>.a>OH 
(heptanoic acid) 

L-10 Caprylic acid C.H • .Ot 144.22 CH,(CHt).COOH 
(octanoic acid) 

L-11 PelarJonic acid C.H • .Ot IS8.24 CH,(CHt).a>OH 
(nonanoic acid) 

L-12 Capric acid c • .H.Ot 172.27 CH,(CHt>.a:>OH 
(decanoic acid) 

L-13 Hendecanoic acid CuHnOt 186.30 CHa(CH,).a:>OH 
(undecanoic acid) 

L-14 Lauric acid c • .a,.o, 200.32 CH,(CHt).,COOH 
(dodecanoic acid) 

L-IS c • .a • .o~ 214.3S CH,(CH,)ua>OH 
(tridecanoic acid) 
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UkelyC!IIIIII I ... 
caprylic acid 

caproic and caprylic acids 

caproic and capric acids 

caprylic and capric acids 

caprylic and lauric acids 

capric, lauric, and lo-undecenoic acids 

capric and myristic acids 

undefined 
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L-16 I L-33 

GENERAL CRITERIA AND SPECIFICATIONS 3 FOR SATURATED LONG-CHAIN FATI'Y ACIDS ~ C14 

auTF.RIA: 
HGeDIIRIIIy: 

oLC: After conversion into the methyl ester, one component on polar and nonpolar phases. PPAP may be used without esterification and 
substitute for the polar phase. No detectable solvent. 

n.c: One component on silica ael plates. 
fdeedt7: 

ECL: The same as chain length for normakhain acids on any phase. For brancheckhain acids, the EC1 is specified under each compound. 
n.c: Miarates with fatty acids on silica ael plates. 

SPECIFICATIONS: Not more than 1% of impurity. 
Stonae: No special precautions. 

TABLE3 ~ for Wllldl Geaenl Crtterla _. Specllcatioal3 Are Applbllle 

~- c-... FOI'IRUia 
ller (~tic-) FOI'IRUia wt. Strudln 

L-16 Myristic acid CJJI,.O, 228. 38 CHa(CH,)J.COOH 
(tetradecanoic acid) 

L-17 lsomyristic acid CJJI,.O, 228. 38 (CHa)tCH(CH,)J.COOH 
( 12-metbyltridecanoic 

acid) 
L-18 CuH..O, 242.40 CHa(CH,)J.COOH 

(pentadecanoic acid) 
L-19 CuH..O, 242.40 CH.CHtCH(CH,)(CH,)J.COOH 

(12-metbyltetradecanoic 
acid)-

L-20 Palmitic: acid CnHa.Ot 256.43 CH,(CH,)JcCX>OH 
(hexadccanoic acid) 

L-21 lsopa)mitic acid C1elfa.Ot 256.43 (CH,)tCH(CH,)J.COOH 
( 14-methylpentadecanoic 

acid) 
L-22 Marpric acid CnHuOt 270.46 CHa(CH,)uCX>OH 

(heptadecanoic acid) 
L-23 Anteisomarpric acid CnHa.Ot 270.46 CHtCHtCH(CHa)(CHt)J.COOH 

(14-metbylheJiadec:anoic 
acid)-

L-24 Stearic acid CuHa.Ot 284.49 CHa(CH,)J.COOH 
(octadecanoic acid) 

L-2S lsostearic acid CnHa.Ot 284.49 (CHa)tCif(CHt)uCX>OH 
(16-metbylheptadecanoic 

acid) 
L-26 C1eH..Ot 298.S1 CH,(CH,)nCX>OH 

(nonadec:anoic acid) 
L-27 .Arachidic acid CtoH..Ot 312. S4 CHa(CH,)J.COOH 

(eic:osanoic acid) 
L-28 Phytanic acid C,.H..O, 312. S4 (CHa).CH[(CH,),cH(CHa)].CH.COOH 

(3,7,11 ,1S-tetramethyl-
heudec:anoic acid)-

L-29 CtJHc.Ot 326.S1 CH,(CH,)!.COOH 
(heneicosanoic acid) 

L-30 Bebeoic acid CttH • .o. 340.60 CHa(CH,)..COOH 
(docosanoic acid) 

L-31 CuHc.Ot 3S4.62 CH,(CH,),JCX>OH 
(tricosanoic acid) 

L-32 Lipoceric acid c .. H • .o, 368.6S CHa(CH,) .. CXX>H 
(tetracosanoic acid) 

L-33 Cerotic: acid CuH..Ot 396.70 CHa(CH,)t.CX>OH 
(hcxacosanoic acid) 

• Optical isomerism or commercial samples not specified. 
• Butanediol succinate. 

EO. Likely 
Medlyl eaten Ref. ~ 

lauric and pe)mitic 
acids 

12.40 EGS (20) undefined 
13.20 SE-30 (20) 

homotoaous acids 

14.50 EGS (20) undefined 
14. 30 SE-30 (20) 

stearic acid 

1S.40EGS (20) undefined 
1S .20 SE-30 (20) 

homologous acids 

16.SS EGS (20) undefined 
16. 30 SE-30 (20) 

pe)mitic and oleic 
acids 

17.40 EGS (20) undefined 
17. 20SE-30 (20) 

homologous acids 

stearic and behenic 
acids 

17.03 BDSt (21) undefined 

undefined 

arachidic acid 

undefined 

undefined 

undefined 
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GENERAL CRITERIA AND SPECIFICATIONS 4 FOR UNSATURATED WNG-CHAIN FATTY ACIDS 

CRITERIA: 
H~: 

oLC: After conversion into the methyl ester, one component on polar and nonpolar phases. No detectable solvent. 
n.c: After conversion into the methyl ester, one component on silica ael and silica aeJ-silver ion plates. 
Ozonolysis: After conversion into the methyl ester, yields only an aldehyde of chain length equal to the number or carbon atoma from tbc 

methyl end or the chain to the terminal double bond and a methyl crformylalkanoate (methyl ester, semialdehyde) or chain lenath equal 
to the number or carbon atoms from the carboxyl group or the chain to the first double bond. 

Ultraviolet Spectrum: No detectable conjuption of double bonds. 
ldeadty: 

Ea.: Specified for each compound. 
n.c: Migrates with fatty acids on silica gel plates. After conversion into methyl esters, tnurs-isomers migrate faster than the com:spoudina 

cis-isomers on silica gel-silver ion plates. 

SPECIFICATIONS: Not more than I% or impurity, unless otherwise noted. 
StOI"'IP: Below 0 °C under vacuum or an inert ps. 

TABLE 4 a.pouads for Wblcll Geatnl Crt._. ..a Spedllcadoal 4 Are Applbllle 

N--c-....e F....-.. (S,.._tlc....e) F...._ wt. St:rumn 

H H 
L-34 Myristoleic acid c.JJ,.o, 226.36 CHs(CHs)tC=C(CH,)ta)OH 

(ci.r-9-tetradecenoic acid) 

H H 
L-35 Palmitoleic acid CtJisoOt 254.42 CHs(CH,),C==C(CH,)ta)OH 

(ci.r-9-hexadecenoic acid) 

H 
L-36 Palmitelaidic Kid CtJis.Ot 254.42 CHs(CH,),C=C(CH,)ta)OH 

(t~YU~S-9-hexadecenoic acid) H 

H H 
L-37 Petroselinic acid C.JJ .. Os 282.47 CHs(CH,).oC=C(CH,).COOH 

(cis-6-octadecenoic acid) 

H H 
L-38 Oleic acid c • .H .. o, 282.47 CHs(CH,}JC=C(CH,)ICOOH 

(cis-9-octadecenoic acid) 

H 
L-39 Elaidic acid c • .H .. o, 282.47 CHs(CH,)JC=C(CH,)ta)OH 

(t~YJ~U-9-octadecenoic acid) H 

H H 
L-40 cis-Vaccenic acid c • .H .. o, 282.47 CHs(CH,),C=C(CH,)tCOOH 

(c/s-11-octadecenoic acid) 

H 
L-41 t~YJ~U-Vaccenic acid c • .H .. o, 282.47 CHa(CH,),C=C(CH,)tCOOH 

(tnurs-11-octadecenoic acid) H 

H H 
L-42 Linoleic acid Ct.Hs.Ot 280.46 CHs(CH,).(C=CCH,)t(CH,)sCOQH 

(cis-9-cis-12-octadecadienoic 
acid) 

H 
L-43 Linoelaidic acid c • .H • .o, 280.46 CHa(CH,).(C=CCH,),(CH,).COOH 

(tnurs-9-tnurs-12· H 
octadecadienoic acid) 

H H 
L-44 Linolenic acid c,.H • .o, 278.44 CH,CH,(C=CCH,)s(CH,).COOH 

(aU-cls-9,12,15-
octadecatrienoic acid) 

128 

ECL Likely 
MediJI .... Ref. eollll I 

14.80DEGS (22) myristic: acid 
14.15 EGS (22) 
13.38 ApL (22) 

16.55 DEGS (22) palmitic acid 
16.56 EGS (22) 
16.61 EGSSX ( 6) 
15.70ApL (22) 

16.6 DEGS (22) palmitic and 
16.6 EGS (22) 
16.6 EGSsX ( 6) 

palmitoleic acids 

15.1 ApL (22) 

18.57 DEGS (22) oleic acid 
18.54 EGS (22) 
17.71 ApL (22) 

18.51 DEGS (22) stearic, pelmitic. 8Dd 
18.50 EGS (22) linoleic acids 
18.33 EGSSX ( 6) 
17.71 ApL (22) 

18.47 DEGS (22) oleic, palmitic. and 
18.47 EGS (22) stearic acids 
18.30 EGSSX ( 6) 
17.7 ApL (22) 

18.6 DEGS (22) undefined 
18.5 EGS (22) 
17.8 ApL (22) 

18.58 DEGS (22) undefined 
18.53 EGS (22) 
17.80ApL (22) 

19.30 DEGS (22) oleic, stearic, and 
19.22 EGS (22) palmitic acids; 
19.00 EGSSX ( 6) cc:xQupted 
11.53 ApL (22) isomers 

19.3 DEGS (22) cls-i.somen 
19.2 EGS (22) 
19.0 EGSSX ( 6) 
11.5 ApL (22) 

20.40 DEGS (22) trwu- and c:onjupled 
20.13 EGS (22) isomers; linoleic 
19.80 EGSSX ( 6) acid 
17.51 ApL (22) 
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L-45 I wt Upldlaad Rei8Ced CCJIIIPOUIIIII 

TABLE4 ea.po.dl fCII' Wldda ~ Qitwla 111111 Spec:lla*- 4 An Applicable (coadaaed) 

N--c--- F..- Ea. Ukely ... <SJ•-*--> F..- wt. Struc:tlft Metllyl .... Ref. COIICullladl 

H H 20.4 DEGS (22) arachidic acid 
L-45 Ctoii..Ot 310. 52 CHa(CHt)taC=C(CH,)aCX>OH 20.4 EGS (22) 

(ci.r-5~icosenoic acid) 20.2 EGSSX ( 6) 
19. 8 ApL (22) 

H H 20.44 DEGS (22) arachidic acid 
L-46 Eicoseooic acid Ctolla.Ot 310.52 CHa(CH,),C=C(CH,).COOH 20.38 EGS (22) 

(ci.r-11-eicolenoic acid) 20. 20 EGSSX ( 6) 
19.78 ApL (22) 

H H 22.43 DEGS (22) positional and trans-
L-47 Arachidonic acid Ctolla.Oa 304.48 CHa(CHaMC=CCHt)c(CH,).COOH 22. 25 EGS (22) isomers; trienoic 

(aU-ci.r-5,8,11,14- 21.70 EGSSX ( 6) and pentaeooic 
eicosacetraenoic acid) 19.00ApL (22) acids 

H H 23.45 DEGS (22) polyenoic c., and 
L-48 Eicosapentaenoic acid C..H..Ot 302.46 CHaCH.<C=CCH,)a(CH,)aCX>OH 22.92 EGS (22) c .. acids 

(aU-ci.r-5,8,11,14,17- 22.30 EGSSX ( 6) 
eicosapentaenoic acid) 19.00ApL (22) 

H H 22. 28 DEGS (22) arachidic and 
L-49 Erucic acid CnH • .Ot 338. 58 CHa(CH,),C=C(CHt)ttCOOH 22. 30EGS (22) behenic acids 

(ci.r-13~ic acid) 22.00 EGSSX ( 6) 
21.57 ApL (22) 

H H 26.03 DEGS (22) Cu polyenoic acids 
L-50 Doc:osahexaenoic acid CnHa.Ot 328.50 CHaCH,(C=CCH,)aCH.a>OH 25.40EGS (22) 

(aU-ci.r-4,7 ,10,13,16,19- 24. 60 EGSSX ( 6) 
doc:osahexaenoic acid) 20.73 ApL (22) 

H H 24. 27 DEGS (22) undefined 
L-51 Nervonic acid CuHc.Ot 366.63 CHa(CH,),C=C(CHt)taCX>OH 24.40EGS (22) 

(cis- U-tetracosenoic acid) 23.67 ApL (22) 

129 
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GENERAL CRITERIA AND SPECIFICATIONS 5 FOR NORMAL SATURATED SHORT-CHAIN METHYL 
ESI'ERS <Cr• 

CRITERIA: 
Ha.aae•ltJ: 

oLC: One component on polar and nonpolar phases. No detectable solvent. 
nc: No impurities detectable on silica gel plates by charring. 

ldeadty: 
Ea.: Same as chain lenath on any phase. 
nc: Migrates with methyl esters on silica gel plates. 

SPECIFICATIONS: Not more than I% of impurity. 
Stonae: No special precautions. 

TABLE 5 Co.poaiMk for Wblch Geaeral Crltlrla .... Spedftcatloaa 5 Are Appllc:Bie 

c-.... N...._ (S,...dc--) F.-18 F..-wt. Sf:rumn 

L-52 Methyl butyrate C.H • .Ot 102.13 CH,(CH,),coocH, 
(methyl butanoate) 

L-53 Methyl caproate C7HI.Ot 130.19 CH,(CH,)cCOOCH• 
(methyl hexanoate) 

L-54 Methyl enanthate C.H • .Os 144.22 CH,(CHs).a>OCH, 
(methyl heptanoate) 

L-55 Methyl caprylate c.u.,o, 158. 24 CH,(CH,).ax>CH, 
(methyl octanoate) 

L-56 Methyl pclargonate c.oHsoo, 172.27 CH,(CH,),COOCH, 
(methyl nonanoate) 

L-51 Methyl caprate CuHnOs 186.30 CH,(CH,).COOCH, 
(methyl decanoate) 

L-58 Methyl hendecanoate c • .u,.o, 200.32 CH,(CH,).coocH, 
(methyl undecanoate) 

L-59 Methyllaurate c •• u,,o, 214.35 CH,(CH,) • .ax>CH, 
(methyl dodecanoate) 

L-60 c •• u,o, 228.38 CH,(CHs)uCOOCH• 
(methyl tridecanoate) 

130 

homolo&ous esters 

methyl caprylate 

methyl caproate and caprylate 

methyl caproate and caprate 

methyl caprylate and caprate 

methyl caprylate and laurate 

methyl caprate, laurate, and 
10-undecenoate 

methyl caprate and myristate 

undefined 
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Wl/ L-'78 

GENERAL CRITERIA AND SPECIFICATIONS 6 FOR SATURATED LONG-CHAIN METHYL FSI'ERS ~ C14 

CIUTEIUA: 
Hc.a1e rlr,: 

oa.c: One component on polar and nonpolar phases. No detectable solvent. 
n.c: One component on silica gel plates. 

ldeedty: 
Ea.: The same as chain length for normal-chain esters on any phase. For branched-chain esters, the ECL is specified under each compound. 
n.c: Migrates with methyl esters on silica gel plates. 

SPECIFICATIONS: Not more than 1% of impurity. 
Stonae: No special precautions. 

TABLE 6 0.,0. ... for Wlllc:b Genenl CrfUrla 111111 Spec:UDau. 6 An Applicable 

N--ee-- F__. Likely 
ller (~-.e) F__. wt. Struc:tlft Ea. Rlf. ~ 

L-61 Methyl myristate CuH.Ot 242.40 CH,(CH,)1.COOCH, methyllaurate and 
(methyl tetradecanoate) palmitate 

L-62 Methyl isomyristate CuH.Ot 242.40 (CH,).CH(CH,),.co<>CHa 12.40 EGS (20) undefined 
(methyl 12-methyltridecanoate) 13.20SE-30 (20) 

L-63 CnHuOt 256.43 CH,(CH,) .. COOCH, homologous methyl 
(methyl pentadecanoate) esters 

L-64 Ct.Ha.Ot 256.43 CH,CH,CH(CH,)(CH,),.co<>CH, 14.50 EGS (20) undefined 
(methyll2-methyltetradecanoate) 14. 30 SE-30 (20) 

L-6S Methyl palmitate CnH,.o, 270.46 CHa(CHt)t.co<>CHa stearic acid 
(methyl hexadecanoate) 

L-66 Methyl isopelmitate CnHuOt 270.46 (CH,).CH(CH,),.coocHa 1S.40 EGS (20) undefined 
(methyl14-methylpentadecanoate) IS. 20 SE-30 (20) 

L-67 Methyl rnarpnlte C,.H,.Ot 284.49 CH,(CH,),.coocH, homologous methyl 
(methyl heptadecanoate) esters 

L-68 Methyl anteisornarprate CuH,.Ot 284.49 CH.cH,CH(CH,)(CHt)t.coocHa 16.55 EGS (20) undefined 
(methyll4-methylhexadecanoate) 16.30 SE-30 (20) 

L-69 Methyl stearate c .. H • .o, 298 .Sl CH,(CH,),tCQOCH, methyl palmitate 
(methyl octanoate) and oleate 

L-70 Methyl isostearate CttHa.Ot 298.S1 (CH,).CH(CH,),.COOCH, 17.40 EGS (20) undefined 
(methyl16-methylheptadecanoate) 17.20SE-30 (20) 

L-71 CttH..Ot 312.S4 CHa(CH,)nCX>OCHa homologous methyl 
(methyl nonadecanoate) esters 

L-72 Methyl arachidate Ct~Ht.Ot 326.S7 CH,(CH,),tCQOCH, methyl stearate 
(methyl eicosanoate) andbehenate 

L-73 CnHuOt 340.60 CH,(CH,),.co<>CH, undefined 
(methyl heneicosanoate) 

L-74 Methyl behenate Ct.Ht.Ot 3S4.62 CHa(CH,)ttCOOCH, methyl arachidate 
(methyl doc:osanoate) 

L-7S CuH..Ot 368.6S CH,(CHt)IICOOCHI undefined 
(methyl tricosanoate) 

L-76 Methyllisnocerate CuH..Ot 382.68 CHa(CH,)nCOOCH, undefined 
(methyl tetracosanoate) 

L-n C,tfi,,O, 396.70 CHa(CH,),.COOCH, undefined 
(methyl pentacosanoate) 

L-78 Methyl c:erotate CnHwOt 410.73 CHa(CH,)uCX>OCH, undefined 
(methyl hexacosanoate) 

131 
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L-'79 I Lll 

GENERAL CRITERIA AND SPECIFICATIONS 7 FOR UNSATURATED LONG-CHAIN METHYL F.SI'ERS 

CRITERIA: 
Hc.opaeity: 

OLC : One component on polar and nonpolar phases. No detectable solvent. 
TLC: One component on silica gel and silica gel-silver ion plates. 
Ozonolysis: Yields only an aldehyde of chain length equal to the number of carbon atoms from the methyl end of the chain to tbe tcrmiDa1 

double bond and a methyl...-formylalkanoate (methyl ester, semialdehyde) of chain lenath equal to the number of carbon atoms from the 
carboxyl end of the chain to the lint double bond. 

Ultraviolet Spectrum: No detectable conjupted ester. 
ldelldty: 

Ea.. : Specified for each compound. 
nc: Miarates with methyl esters on silica gel plates. 

SPECIFICATIONS: Not more than I% of impurity, unless otherwise noted. 
Stanp: Below 0 °C under vacuum or an inert gas. 

H H 
L-79 Methyl myristoleate C,JI,.O, 240.39 CHa(CH,hC=(:(CH,)tCOOCHa 

(methyl ci.r-9-tetradecenoate) 

H H 
L-80 Methyl palmitoleate CnHnOs 268.45 CHa(CH,).c=c(CH,)ICOOCHa 

(methyl cis-9-hex.adecenoate) 

L-81 Methyl palmitelaidate 
(methyl tfriiU-9-

hex.adecenoate) 

H 
CnHnOa 268 .45 CHaCCHa).c=cCCH,),COOCHa 

H 

H H 
L-82 Methyl petroselinate C,.Ha.Ot 296.50 CHa(CH,),.c=<:(CH,).<X>OCHa 

(methyl cl.r-6-octadecenoate) 

H H 
L-83 Methyl oleate C,.H .. o, 296.50 CHa(CH,)IC=C(CHahCOOCHa 

(methyl ci.r-9-octadecenoate) 

L-84 Methyl elaidate 
(methyl tfriiU-9-

octadecenoate) 

L-85 Methyl cis-vaccenate 
(methyl cis-11-

octadecenoate) 

L-86 Methyl tfriiU-vacxenate 
(methyl tfrliU-11· 

octadecenoate) 

H 
C,.H,.O, 296. 50 CHa(CH,)IC=C(CH,)ICOOCHa 

H 

H H 
C,.Ha.Ot 296. 50 CHa(CH,).c=c<CH,)tCOOCHa 

H 
C,.Ha.Ot 296. SO CHa(CHa)aC=C(CH,)tCOOCHa 

H 

Ia. Ret. 

14.80DEGS (22) 
14.15 EGS (22) 
13. 38 ApL (22) 

16.55 DEGS (22) 
16.55 EGS (22) 
16. 61 EGSSX ( 6) 
15. 70ApL (22) 

16.6 DEGS (22) 
16.6 EGS (22) 
16.6 EGSSX ( 6) 
15.1 ApL (22) 

18.57 DEGS (22) 
18.54 EGS (22) 
17.17 ApL (22) 

18.51 DEGS (22) 
18.50 EGS (22) 
18. 33 EGSSX ( 6) 
17. 71 ApL (22) 

18.47 DEGS (22) 
18.47 EGS (22) 
18. 30 EGSSX ( 6) 
17.7 ApL (22) 

18.6 DEGS (22) 
18.5 EGS (22) 
17.8 ApL (22) 

18.58 DEGS (22) 
18.53 EGS (22) 
17.80ApL (22) 

H H 19. 30 DEGS (22) 
L-87 Methyllinoleate 

(methyl cis-9-ci.r-12-
octadecadienoate) 

c,,H .. o, 294.48 CHa(CHs).(C=CCH,)t(CH,)aCOOCHa 19. 22 EGS (22) 
19.00 EGSSX ( 6) 
11.53 ApL (22) 

LWy 
., .. I ,. 
methyl myri.state 

methyl palmitate 

methyl palmitate aad 
and palmitoleate 

methyl oleate 

methyl stearate, 
palmitate, and 
1iDoleate 

methyl oleate, 
palmitate. and 
stearate 

undefined 

undefined 

methyl oleate. 
stearate, and 
palmitate. ad 
~ted 
ilomers 

H 19. 3 DEGS (22) ci.r-ilomers 
L-88 Methyllinoelatdate 

(methyl tfriiU-9-tfrliU-12-
oc:tadecadienoate) 

131 

C,.HuOs 294.48 CHa(CH,).(C=CCH,)t(CH,)aCOOCHa 19.2 EGS (22) 
H 19.0 EGSSX ( 6) 

11.5 ApL (22) 
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1M I L-97 

TABLE7 ~ fCil" Wldda c-.1 Crhlrta .... Sped8c:adoM 7 Are AppiiCIIIIIe (COIIdnued) 

~-a-.- F...-la Ukely ... tleiiMie) F...-la wt. Stradln EO. Ref. coa••••llltl 
H H ~.40DEGS (22) tfYIIII- and con-

L-89 Metbyllinolenate c • .H • .o. 292.47 CHaCHt(C=CCH,)a(CH,).co<>CHa ~.13 EGS (22) juptcd isomers, 
(methyl all<i.f-9,12,15- 19.80 EGSSX ( 6) and methyl 

oc:tadecatricnoate) 17.51 ApL (22) linoleate 

H H ~.4 DEGS (22) methyl arachidate 
L-90 c,.H..o, 324.55 CHa(CH,).aC=C(CH,),(X)OCH, ~.4 EGS (22) 

(methyl cl.r-5-eicolenoate) ~.2 EGSSX ( 6) 
19.8 ApL (22) 

H H ~.44 DEGS (22) methyl arachidate 
L-91 Methyl eicoeenoete c,.H..o, 324.55 CHa(CH,),C=C(CH,),(X)OCH, ~.38EGS (22) 

(methyl cl.r-11-eicoseooate) ~-~ EGSSX ( 6) 
19.78 ApL (22) 

H H 21. 36 DEGS (22) undefined 
L-92 C..H..Ot 322.54 CHa(CH,).(C=CCH,)t(CH,)aCOOCHa 21 .13 EGS (22) 

(methyl cl.r-11</s-14- ~.83 EGSSX ( 6) 
eicosadienoate) 19.48 ApL (22) 

H H 22.43 DEGS (22) positional and tranr 
L-93 Methyl arachidonate c .. H..o, 318.50 CHa(CH,).(C=CCH,).(CH,),(X)OCHa 22.25 EGS (22) isomers; methyl 

(methyl all<l.r-5,8,11,14- 21.~ EGSSX ( 6) trienoate and 
eicosatetraenoate) 19.00ApL (22) pentaenoate 

H H 23.45 DEGS (22) c., and c. 
L--94 Methyl eicosapentaenoate Ct~Ha.Ot 316.48 CH,CHt(C=CCH,),(CH,).co<>CH, 22.92 EGS (22) polyenoates 

(methyl all<i.r-5,8,11,14,17- 22. 30 EGSSX ( 6) 
eicosapentaenoate) 19.00ApL (22) 

H H 22.28 DEGS (22) methyl arachidate 
L-95 Methyl erucate C..HuOt 352.60 CHa(CH,),C=C(CH,) •• <X>OCH, 22.30 EGS . (22) andbehenate 

(methyl cl.r-13-docosenoate) 22.00 EGSSX ( 6) 
21.57 ApL (22) 

H H 26.03 DEGS (22) Cn polyenoates 
L-96 Methyl docosahexaenoete C..Ha.Ot 342.56 CHa(CH,)(C=CCH,).cH.co<>CHa 25.40EGS (22) 

(methyl all<l.r-4,7,10,13, 24.60 EGSSX ( 6) 
16,19-doc:osahexaenoate) ~.73ApL (22) 

H H 24.27 DEGS (22) undefined 
L-97 Methyl nervonate c,.H • .o, 380.66 CHa(CHs),C=C(CHs) • .co<>CHa 24.40EGS (22) 

(methyl cl.r-U- 23.67 ApL (22) 
tetracoleooate) 
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L-91/ ~, •• 

GENERAL CRITERIA AND SPECIFICATIONS 8 FOR RICINOLEIC ACID AND RELATED COMPOUNDS 

CRITERIA: 
Ha.GIIBihJ: 

OLC: No detectable solvent. 
n.c: One component on silica gel plates. One component by chromatography of the methyl ester on silica gel-silver ion plates. 

ldelldty: 
n.c: The acid migrates more slowly than nonhydroxy fatty acids, and the methyl ester migrates more slowly than nonhydroxy methyl esters 

on silica gel plates. tnur.r-lsomer migrates faster than the ciJ on silica gel-silver ion plates. 
Ozonolysis: Methyl ester yields methyl 9-fonnylnonanoate ("methyl ester of azelaic semialdehyde"). 

SPECIFICATIONS: Not more than I% of impurity. 
Stonae: Under vacuum or an inert gas. 
IJkely Coataml•na: For acids: dihydroxy, oleic, stearic, and palmitic acids; for methyl esters: the corresponding methyl eseen. 

TABLE 8 eo.,o..dl for Wbldt Gealral Criteria .... Spec:lftcadoas 8 Are Appllc:Bie 

L-98 Ricinoleic acid 298.47 
[( +) 12-hydroxy-ciJ-9-octadecenoic acid) 

L-99 Methyl ricinoleate 312.SO 
[methyl ( + )12-hydroxy-ci.r-9-octadecenoate) 

L-100 Methyl ricinelaidate 312.SO 
[methyl ( + )12-hydroxy-tnurJ-9-octadecenoate) 

134 

H H 
CHa(CH,).CUCH.c=c(CHthCOOH 

I 
OH 

H H 
CHa(CH,).CUCHtC=C(CH,),COOCH, 

I 
OH 

H 
CH,(CH,).CUCH.c=c(CHt)I(X)()CH, 

I H 
OH 
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L·IOI I L-IM 

GENERAL CRITERIA AND SPECIFICATIONS 9 FOR NORMAL SATURATED SHORT-CHAIN ALCOHOLS 
<Cr• 

CRITERIA: 
Homoaeaeft7: 

GLC: One component on PPAP and, after acetylation, on a nonpolar phase. No detectable solvent. 
n.c: No nonvolatile impurities detectable on silica ael plates by charring. 

ldeatitJ: 
Ea.: Same as chain length on any phase. 
n.c: Migrates with ak:ohols on silica set plates. 

SPECIFICATIONS: Not more than 1% of impurity. 
Stonge: No special precautions. 

TABLE9 ~for Wllldt GeDenl Crltlrla aad Spec:UDau. 9 Are Applicable 

a...oa-.e 
Nlllllber (~de ....e) F..- F..-wt. Structure 

L-101 Caproyl ak:ohol c.HuO 102.18 CHa(CH,).CH,OH 
(1-hexanol) 

L-102 Capryl ak:ohol C.H,,O 130.23 CHa(CH,)aCH,OH 
(1-octanol) 

L-103 Decyl ak:ohol C,.H.O 1S8.29 CHa(CH,).cH,OH 
(1-decanol) 

L-104 Lauryl ak:ohol C,,H,.O 186.34 CHa(CH,),.CH,OH 
(l~ol) 

Ukely CIOIIta•lollats 

capryl ak:ohol 

caproyl and decyl ak:ohols 

capryl and Iaury! ak:ohols 

decyl and myristyl ak:ohols 
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~.-•• , L-111 

GENERAL CRITERIA AND SPECIFICATIONS 10 FOR NORMAL SATURATED LONG-CHAIN ALCOHOLS 
~c ... 

CRITERIA: 
HCIIDCIPMitJ: 

oLC: One component on FFAP and, after acetylation, on a nonpolar phase. No detectable solvent. 
n.c: One component on silica gel plates. 

Jdeadty: 
ECL: The same as chain lenatb on any phase. 
n.c: Migrates with alcohols on silica gel plates. 

SPECIFICATIONS: Not more than I% of impurity. 
Storqe: No special precautions. 

TABLE 10 eo.poa.• for Wblch Geaeral Crltlrla ..a SpeciBal..._ 10 Are Appllc:able 

N-· c-.... ... (~de ....e) F__.. F---.wt. Structure 

L-lO.S Myristyl alcohol c .. H..o 214.40 CH.(CH,)uCH,OH 
(1-tetradecanol) 

L-106 Cetyl alc:ohol c • .H • .o 242.4.5 CH.(CH,)uCH,OH 
(1-hexadecanol) 

L-107 Stearyl alc:ohol c • .H..o 270 • .50 CH.(CH,) • .CU,OH 
( 1-octadecanol) 

L-108 Arachidyl alc:ohol c,.u.,o 298 . .56 CH.(CH,) • .CU,OH 
(1-eic:osanol) 

L-lOCJ Behenyl alcohol CnH • .O 326.61 CH.(CH,),.cH,OH 
(1-docosanol) 

L-tlO Lignoc:eryl alcohol CtJf..O 3.54.67 CH.(CH,),.cH,OH 
( 1-tetracosanol) 

136 

moe 
FPAP 

2180 lauryl and cetyl alcohols 

2387 myristyl and staryl ak:oboll 

2.594 cetyl and oleyl alcobols 

undefined 

undefiDed 

undefiDed 
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L-Ilt I L-114 Upldlaad ....... c.c.,a ••• 

GENERAL CRITERIA AND SPECIFICATIONS 11 FOR LONG-CHAIN UNSATURATED ALCOHOLS 

atri'ERIA: 
u .... radt7~ 

oLC: One compooeot on PFAP and, after acetylation, on a nonpolar phase. No detectable solvent. 
n.c: One component on silica ael and silica ael-silver ion plates. 
Ozonolysis: After conversion into the acetate ester, yields only an aldehyde of chain lenath equal to the number of carbon atoms from the 

methyl end of the chain to the terminal double bond and an acetate ester of an -formylalkanol of chain lenath equal to the number of 
carbon atoms from the alcohol end of the chain to the fint double bond. 

Ultraviolet Spectrum: No detectable conjupted double bond. 
lcleadf:7: 

Ea.: Specified for each compound. 
n.c: Misrates with alcohols on silica ael plates. 

SPECIFICATIONS: Not more than I% of impurity. 
Stonae: Below 0 °C under vacuum or an inert ps. 

TABLE II Ce.pouadl for Which c-.1 Criteria 111111 Spedlimdonlll Are AppUcQie 

N-- c-.... F..-
blr (s,.e-dc IIMie) F..-. wt. Stradure 

H H 
L-111 Oleyl alcohol c • .n • .O 268.49 CH,(CH,),C=C(CH,),CH.OH 

(ci.J-9-octadecen-1-ol) 

H 
L-112 Elaidyl alcohol C.aH • .O 268.49 CH,(CH,),C=C(CH,),CH.OH 

(ttwU-9-octadecen-1-ol) H 

H H 

RJ oe ECL oe Likely 
PFAP PFAP eoata p+ ... 

2624 

2620 

18.26 cetyl and stearyl alcohols 

18.2 cetyl, stearyl, and olelyl 
alcohols 

L-113 Ct.UuO 266.47 CH,(CH,).(C=CCH,)a(CH,).cH,OH 2671 18. 68 stearyl, oleyl, cetyl, and 
conjupted alcohols 

H H 
L-114 Linolenyl alcohol C.aH .. O 264.46 CH.CU,(C=CCH,),(CH,).cH,OH 2732 19.3.5 conjupted and ltriM-

(a0-ci.J-9,12,1.S- isomers 
oc:tadecatrien-1-ol) 
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1.-IU I I,W 

GENERAL CRITERIA AND SPECIFICATIONS 1l FOR MONOGLYCERIDF.S 

CR.ITEIUA: 
HO.OIIBihJ: 

OLC: No detectable solvent. 
n.c: One component on silica gel-boric acid plates. 

fdnllt7: Conversion into methyl ester yields a compound medina the criteria for the appropriate methyl atel'. 
n.c: Migration with the appropriate monoaJyceride on silica ad-boric acid plates. 

SPECIFICATIONS: Not more than I% of other than the appropriate acyl aroup. At least 99% of the appropriate monoaJyceride isomer. 
sanae: For unsaturated monoaJycerides: below 0 °C, under vacuum or an inert ps; for saturated moooaJycerides: no special prccautioas. 
Llllel)' Coata••na: Improper monoaJyceride isomer; di- and triglycerides; the contaminants listed under the mcthylester of the c:oastituent 

acyl aroup. 

L-liS 1-Monomyristin 
(nr-1-tetradecanoylalycerol) 

L-116 1-Monopa)mitin 
(nr-1-hexadecanoylalycerol) 

L-1 17 2-Monopa)mitin 
(2-hexadecanoylalycerol) 

L-118 1-Mooost.earin 
(nr-1-octadecanoylalycerol) 

L-119 1-Monoolein 
(nr-1 (cis-9-octadecenoyl)glycerol) 

L-120 2-Monoolein 
(2-(c/s-9-octadecanoyl)glyceroQ 

L-121 1-Monolinolein 
[ nr-l·(c/s-9,c/s-12-octadecactienoyl )glycerol) 

138 

302.46 

330.SI 

330.SI 

3SS.S6 

3S6.SS 

3S6.SS 

3S4.S3 

CHt<)(X:(CH,)nCH 
I 

CHOH 
I 

CH.OH 

CHt<)(X:(CH,),.ctf, 

I 
CHOH 
I 
CH.OH 

CH.OH 
I 

CHOOC(CH,),.ctf, 

I 
CH.OH 

H H 
CHt<XX:(CH,)!C=C(CH,)rCH, 
I 

CHOH 
I 

CH,OH 

CH,OH 
I H H 

CHOOC(CH,)!C=C(CH,),CH, 

I 
CH,OH 

H H 
CHt<)(X:(CH,)r(C=CCHt)t(CH,)a(Ha 
I 

CHOH 
I 

CH,OH 
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(,.UZ I L-121 

GENERAL CRITERIA AND SPECIFICATIONS 13 FOR DIGLYCERIDF.S 

CRI'I'EIUA: 
u-.aeJty: 

GLC: No detectable solw:nt. 
n.c: One component oo silica gel-boric acid plates. 

u,ldlaad....._.C..,aw'r 

lidelldtJ: Conversion into methyl esters yields compound( a) meetina the criteria for the appropriate methyl ester(s). If the sample is a mixed 
dislYceride, OLC should show the methyl esters in 1 : 1 molar ratio. 
n.c: Miptioo with the appropriate dipyceride oo silica ael-boric acid plates. 

SPEaFICATIONS: Not more than 1% or other than the appropriate acylsroup(s). At least 99% or the appropriate diglyceride isomer. If 
the sample is a mixed diglyceride, the molar ratio of the two acylgoups should be 1:1 within 10% relative error. 

S...: For unsaturated diaiYcerides: below 0 °C under vacuum or an inert ps; for saturated diglycerides: no special precautions. 
Ur.e17 c._.,,..,: Improper diglyceride isomen, mono- and Crialycerides; the contaminants listed under the methyl esters or the constituent 

acylsroup(a). 

TABLE 13 ~for Which Geaenl Crtterla 111111 Spedllea..._ 13 An Applicable 

L-122 1,2-Dimyristin 512.72 
(nr-1 ,2-ditetradec:anoyJalyccrol) 

L-123 1,3-Dimyristin 512.72 
(1,3-ditetradecanoyJalyccrol) 

L-124 1,2-Dipe]mitin 5611.93 
(nr-1 ,2-dihexada:anoyJalycel'ol) 

L-125 1 ,3-Dipalmitin CuH..Oa 5611.93 
(1,3-dihexedecanoyJalyc:erol) 

L-126 1,2-Distarin 625.04 
(nr-1 ,2-dioc:tadecanoyJalycel'ol) 

L-127 1,3-Distarin 625.04 
(1,3-dioctadecanoyJalycel'ol) 

L-128 1,2-Diolein 621.00 

[nr-1,2-di(ci.J-9-octadecaloyl)llyc:eroQ 

CHtCJOC(CHs)taCHa 

I 
CHOOC(CH,)nCH, 

I 
CH,OH 

CHtOOC<CHt)tcCHI 

I 
CHOH 

I 
CH,OOC(CH,)uCHa 

CHtOOC(CH,),,cH, 

I 
CHOOC(CH,),.cHa 

I 
CH,OH 

H H 
CHtOOC(CH,),C=C(CHshCHa 

I H H 
CHOOC(CH,),C==C(CH,)ICH, 

I 
CH,OH 
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Lillldl ... a-.. c~ 

TABLE 13 C..., II fw WWdl ~ Cdtlria ... ~ 13 Are Afpllc:llllle (OM' 

L-129 1,3-Diolein 
(1,3-di(cl.r-9-octadeceooyl)lburoQ 

L-130 1,3-Dilinolein 
(1,3-di(cl.r-9,cl.r-12~yl)llyceroQ 

140 

621.00 

616.98 

L-129/ L-UI 

H H 
CH.OOC(CH.)IC=C(CH.),OL 

I 
CHOH 
I H H 

CH.OOCCCH.)IC=C(CH.),OL 

H H 
CH.OOC(CH.)r(C=CCH.).(CH.>.OL 

I 
CHOH 
I H H 

CH.OOC(CH.)r(C=CCH.).(CHt).CH. 
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L-131 I L·l37 

GENERAL CRITERIA AND SPECIFICATIONS 14 FOR TRIGLYCERIDES 

CRD'DUA: 
HCIIMII tlfJ: 

OLC: No detectable solveat. 
n.c: One component on silica ael and silica ael-boric acid plates. 

ldelldt;r: Conversion into methyl esters yields compound(s) meetina tbe criteria for the appropriate methyl ester(s). If tbe sample is a mixed 
1Jialyceride, OLC should show tbe methyl esters in tbe appropriate molar ratio. 
Gripard Df&radation: If tbe sample is a mixed trialyceride, this degradation yields 1,2-diglycerides that give methyl esters; OLC should 

show these in tbe appropriate molar ratio. 
n.c: Misration with Uiglyceride on silica ael-boric acid plates. 

SPECIFICATIONS: Not more than I% of other than tbe appropriate acylgroup(s). At least 99% of Uiglyceride. If the sample is a mixed 
Uiglyceride, tbe molar ratio oftbe acyl groups should be the appropriate value within 12% relativeer ror, and the ratio oftbe methyl esters 
from tbe Grignard degradation should be tbe appropriate value within IS% relative error. 

Stcnae: For unsaturated ttialycerides: below 0 °C under vacuum or an inert ps; for saturated Uiglycerides: no special precautions. 
Lib1J ('eebefne•: The contaminants listed under the methyl ester(s) of constituent acyl groups; for short-chain simple Uiglycerides: mono

and dialycerides; for lona<hain simple trialYcerides: 0-ac:etylglycerides; for mixed Uiglycerides: improper isomers. 

N-- c--
ber (5)111 de-> 
L-131 Triacetin 

(UiethanoyJabcerol) 

L-132 Tributyrin 
(UibutanoyJalyc:erol) 

L-133 Tricaproin 
(trihe:xanoylglyc:erol) 

L-134 Tricaprylin 
(Uioctanoylglyc:erol) 

L-13S Tricaprin 
(Uidecanoylglyc:erol) 

L-136 Trilaurin 
(Uidodecanoylglyc:erol) 

L-137 Trimyristin 
(Uitetradcamoylglyc:erol) 

218.~ 

302.31 

386. S3 

470. 70 

C..H.Oe SS4.86 

639.02 

C..H..Oe 723. 18 

OlsOOCCHa 
I 

OIOOCCHa 
I 

OlsOQCCH, 

Ol.oDC(OI,)sCH, 

I 
OIOOC(OI,)sCHa 

I 
01./X)C(OI,)sCH, 

01./X)C(CH,)eCH, 

I 
OIOOC(CH,)eCHa 

I 
01./X)C(OI,).cH. 

01./X)C(CH,)uCH, 

I 
OIOOC(OI,),,cH, 

I 
CH./X)C(Oit)t.cHa 
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141d1 .......... ec.,o..ll L-131 I L-146 

TABLE 14 ec.,o..ll for w.lcll o-.1 Crttaia ... Spedlb.._ 14 Are Alllllk .... (a.tl 110 

N-· c-.... PCII'IIda 
ber (S,III lk .... ) PCII'IIda wt. s.r....e 
L-138 Tripalmitin C.,H,.O, 8(17.35 CH.OOC(CH,)uCHa 

(tribeudecano)'laburol) I 
CHOOC(CH,)uClf, 

I 
CH.<>OC(CH,) • .clf. 

H H 
L-139 Tripalmitolein C..H..O. 801.30 CH.OOC(Oia),C=C(CH,).c:H. 

(tri-cl.r-9-bexadecenoylalycerol) I H H 
CHOOC(CHa)IC=C(CH.).c:H. 

I H H 
CH.<>OC(CH,)IC=C(CH,).cHa 

L-140 1,2-Dipalmitoylstearin c..H.JJ. 835.40 CH.OOC(CH,)J.clf. 
(Ne-1,2-diheJIIIdecanoyl-3-oc:tadec:anoyJalycerol) I 

CHOOC(CH,)JcClfa 
I 

CH.OOC(CH,) • .c:H. 

L-141 1,2-Dipalmitoylolein c..H • ..o. 833.38 CH.<>OC(CH,)J.clf. 
(Ne-1,2-dibexadecanoyl-3<Lr-9- I 

octadeclenoyJalycerol) CHOOC(CH,) • .clf. 

I H H 
CH.OOC(CH,),C=C(CH,),CH, 

L-142 1,3-Dipalmitoylolein C.,H,..O. 833.38 CH.OOC(CH,).cClfa 
(1,3~oyi-2<Lr-9- I H H 

octadecenoyJalycerol) CHOOC(CH,),C=C(CH,),OL 

I 
CH.OOC(CH,) • .clf. 

L-143 1,2-Distearoylpalmitin c.H.JJ. 863.45 CH.OOC(CH,).cClfa 
(Ne·1,2-octadecanoyl-3-hexadecanoylalycerol) I 

CHOOC(CH,).cClfa 

I 
CH.OOC(CH,)J.clf. 

L-144 Tristearin C.1Hn.O• 891.51 CH.<>OC(CH,) • .c:H. 
(trioctadecanoyJalycerol) I 

CHOOC(CH•)•cClfa 
I 

CH.<>OC(CH,) • .cHa 

H H 
L-145 1 ,2-Dioleoylstearin C.1Hao.Ot 887.47 CH.OOC(CH,),C=C(CH,),OL 

(Ne-1 ,2-di<Lr-9-oc:tadecaloyl-3- I H H 
octadecanoyJalycerol) CHOOC(CH,)1 C=C(CH,),OL 

I 
CH.<>OC(CH,)J.cHa 

H H 
L-146 Tripetroselinjn C.1Ha..Ot 885.46 CH.OOC(CH,).c=c<CH,)J.cHa 

(tri<Lr-6-oc:tadecaloyJalycerol) I H H 
CHOOC(CH,).c=c<CH,) • .cH, 

I H H 
CH.<>OC(CH,).c=c<CH,)J.cH, 
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L-147 I L-154 14'di ... Rei_.C~ 

TABLE 14 ea.,o-11 for Wlaldt G.a'lll Crltlria ... Speclla&. 14 Are Applladlle (CCiiiiiJalled) 

N_. c-- Fonlllla .... ~-- Fam.la wt. snct.e 

H H 
L-147 Triolein C.,H,..Oe 885.46 OfsOOC<CHs).C=C(Ofs)IO:I• 

(tri-cl.r-9-octadec:eooylglycerol) I H H 
OfOOC(Ofs)rC=C(CHs)IO:II 

I H H 
OfsOOC(Ofs)rC=C(CHs)IO:I. 

H 
L-148 Trielaidin C.,H,..Oe 885.46 CHsOOC<CHs).C=C(CHs)IO:I• 

(tri-traru-9-octadec:eooylglycerol) I H 
H 

CHOOC(CH.)rC=C(CHs)IO:I• 

I H 
H 

CHsOOC(CH.).C=C(Of•)IO:I• 
H 

H H 
L-149 Trilinolein C.tHe.Oe 879.41 CH.poc(CHs)r(C=CCHs)s(CHshOI• 

(tri-cl.r-9~·12~tadecadienoylglycerol) I H H 
CHOOC(CHs)r(C=CCHs).CCHshOI• 

I H H 
Of.poc(CHs)r(C=CCHs)s(CHshOI• 

H H 
L-150 Trilinolenin C.,He.O• 873.37 CH.poc(CHs)r(C=CCHs).CH, 

(tri-all-cl.r-9,12,15-oc:tadecatrienoylglycerol) I H H 
OfOOC(Ofs)r(C=CCHshOI• 

I H H 
OfsOOC(Ofs)r(C=CCHshOI• 

L-151 Trianlchidin CuH,..Oe 915.61 CHsOOC<CHs)tsCHI 
(triei<:osanoylglycerol) I 

OfOOC(CHs)tsCHI 
I 

CHsOOC<CHs)tsCHI 

H H 
L-152 Trieicolenoin c..Hu.Oe 969.62 CH.poc(CH.)eC==C(CHs)rCH• 

(tri-cl.r-11-eic:olenoylglycerol) I H H 
CHOOC(Ofs)eC==C(Ofs)IO:I. 

I H H 
CHsOOC(CHs)eC==C(Ofs)IO:II 

L-153 Tribehenin C..H,,.<>, 1059.83 CHsOOC<CHs)•CH• 
(tridocosanoylglycerol) I 

OfOOC(Ofs)..cH, 
I 

CHsOOC<CHs)..cH, 

H H 
L-154 Trierucin C..Ht..Oa 1053.79 CHsOOC<CHs)ttC=C(Ofs)rCH• 

(tri-cl.r-13-doc:olenoylglycerol) I H H 
CHOOC(CH.),,C=C(CHs)IO:I• 

I H H 
CH.poc(CHs)ttC=C(CHs)IO:I• 
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GENERAL CRITERIA AND SPECIFICATIONS 15 FOR STEROLS 

CRITFJUA: 
HCIIMII lltJ: 

oa.c: ODe component. No detectable solvent. 
n.c: ODe component on silic:a ael plates. 

fdelldtJ: Appropriate rdative retention time. 

SPECIFICATIONS: Not more than 1% of impurity. 
Stonae: Below 0 °C under vacuum or an inert gas. 

TABLE 15 CGilpo ..... for Wlllclt c-.1 Criteria_. Spedlc:a._ 15 Are ApplladJie 

L-155 Qolesterol 386.67 

HO 

L-156 Campaterol 400.69 

HO 

L-157 Eqosterol 396.66 
HO 

L-158 ,-Sitosterol 414.72 HO 

L-1 59 StipJasterol 412.71 HO 

• A, on HiEFF-88 at 225 "C; 8, on OV-101 at 2SO "C. 

144 

Rl lh•dllenWhetD 
tWoldlclieleMe" 

A B 

6.95 1.90 

2.46 

10.7 

11.6 3. 10 

9.9 2.77 
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L-160 I L-164 

GENERAL CRITERIA AND SPECIFICATIONS 16 FOR STEROL FSrERS 

CIUTERIA: 
Ho.oteMity: 

OLC: One component No detectable solvent 
TLC: One component on silica gel plates. 

ldellldty: Trans-esterification with methanol yields a sterol having the appropriate relative retention time plus a compound meeting the criteria 
for the appropriate methyl ester. 

SPECIFICATIONS: Not more than I% of other than the indicated acyl aroup. At least 99% of sterol ester. 
St.aae: Below 0 °C, under vacuum or an inert ps. 

TABLE 16 C...., II lor Wllldt c-.1 Criteria_. Spedllc...._ 16 Are ApplladJie 

N-- a--.e FCII'IIda 
ber (S)Riiwltlc -.e) F..- wt. Structure 

L-160 Qolesteryl peJaraonate 
(cholesteryl nonanoate) 

L-161 Qolesteryl heodecanoate 
(cholesteryl uodccanoate) 

L-162 Qolesteryllaurate 
(cholesteryl dodecanoate) 

L-163 
(cholesteryl tridecanoate) 

L-164 Qolesteryl myristate 
(cholesteryl tetradecanoate) 

CuH.O, 526.89 

C..H.O, S68.98 

C..H,.Oa S83.01 

CHa(CHa)u 
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TABLE 16 c.,o-11 for Widell o-.1 Crttaia ... Spedftc8U.. 16 Are Afpllc:llllle (~) 

L-16.5 
(cholesteryl peotadec:anoate) 

L-166 Ololesteryl palmitate 
(cholesteryl beudecanoate) 

L-167 Ololesteryl marprate 
(cbolesteryl heptadec:anoate) 

L-168 Ololesteryl stearate 
(cholesteryl octadecanoate) 

L-169 Ololesteryl oleate 
(cholesteryl c/s-9-octadec:enoate) 

L-170 Cholesteryllinoleate 
(cholesteryl ci.r-9,cis-12-octadecadienoate) 
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FOI'IImla 
FCII'IIda wt. Strwdae 

c..a,.o. 625.09 

C..HnOa 639.11 

C,.H..Oa 653.14 

C,.HnOa 6Sl.12 

C,aH,,O, 649.11 

H H 
CHa(CH,)IC=C(CH,),COO 

we I L-1'71 
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1..-111 I L-174 

TABLE 16 COCJ• ..... .-•1111 for w.lcll ~ Cdtlria ... ~ 16 Are Appllalllle (CU'M' ttl 

N-- c-.._ 
ber (Sj ..... tle -> 

L-171 Cllolesteryllinolenate CuHuOt 647.09 
(cbolesteryl all<Lf-9,12,15-oc:tadecatrienoate) 

L-172 c • .H • .o. 667.11 
(cbolesteryl nonadecanoate) 

L-173 Cllolesteryl aradlidate 
(cbolesteryl eicosanoate) 

CH,(CH,)rrCOO 

L-174 Cholesteryl aradlidonate C.,H,.Ot 673.13 
(cholesteryl all<i.r-5,8,11,14-eicosatetraenoate) 
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GENERAL REMARKS AND 
ANALYTICAL PROCEDURES 

The Subcommittee on Nucleotides and Related Com
pounds was formed to examine the problem of estab
lishing specifications and criteria for the purity of com
mercially available purine and pyrimidine derivatives. 
Although high-purity compounds are not always needed 
in research, a description of procedures that would 
enable research workers to evaluat.e the purity of their 
compounds when necessary is also useful in itself. Ini
tially, the Subcommittee considered 43 compounds; 
these were described in terms of their molar absorption 
coefficients and absorbancy ratios at several different 
wavelengths. In addition, the more probable impurities 
were listed. It was recognized that these data were really 
preliminary descriptions of the compounds, rather than 
actual specifications of purity. 

Subsequently, the Subcommittee addressed itself to 
the following questions: 1 ( 1 ) How shall impurities be 
detected? ( 2) How shall the impurities be identified? 
( 3) How shall the amount of an impurity be measured 
quantitatively? ( 4) What is a permissible level for a 
given impurity? Procedures were established for testing 
commercial samples by (a) paper chromatography in 
four different solvent systems, (b) high-voltage, paper 
electrophoresis, and (c) ultraviolet spectrophotometry. 
Purity specifications were then defined as follows: In 
order to be described as meeting National Research 
Council (NRC) specifications, a sample must (1) show, 
under ultraviolet light, no visible impurities on paper 

N ucleotides 
and 
Related 
Compounds 

chromatograms obtained under the conditions de
scribed, and ( 2) agree to within ± 3% with the values 
of 'max given in the data sheets. 

In this section, we consider these questions in some 
detail, and present the results of an extensive testing 
program. We have also brought up to date the informa
tion given on the data sheets, and have included addi
tional reference data. 

~~onoflmpurides 

The potential impurities in the compounds under con
sideration can be divided into three general groups: 
( 1 ) organic compounds absorbing in the ultraviolet 
region; (2) organic compounds that do not appreciably 
absorb in the ultraviolet region above 230 nm; and 
( 3) inorganic compounds. Of these, the ultraviolet
absorbing contaminants are by far the easiest to detect, 
and most techniques for observing impurities (after 
paper, thin-layer, and ion-exchange chromatography 
and paper electrophoresis, for example) depend on this 
property. Sensitivity of detection varies widely, depend
ing on the molar absorption coefficient of the impurity, 
its fluorescence, if any, and the precise way in which 
ultraviolet absorption is observed. We studied the detec
tion, by paper chromatography, of potential impurities 
added to adenine, for example, and could readily detect 
0.1 % by weight of fluorescing compounds, but could 
not detect 1% of a nonfluorescent compound having a 
relatively low molar absorption coefficient ( 'zso = 
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6,000 mol·• 1 em·•). Detection sensitivity is approxi
mately twice as great in a viewing cabinet equipped with 
both short- and longwave ultraviolet lamps as with an 
ultraviolet lamp in a darkened room. To test for ultra
violet-absorbing impurities, new samples of the 57 com
pounds previously tested that had not met NRC specifica
tions were examined by paper chromatography in four 
different solvent mixtures. In addition, anion- or cation
exchange chromatograms were obtained for those 
compounds that showed no impurities by paper chro
matography. 

Detection of impurities that are not ultraviolet
absorbing is difficult, as there are few general methods 
of analysis, and one rarely knows what specific com
pounds to test for. Previously, we have depended on 
quantitative measurement of ultraviolet molar absorp
tion coefficients and spectral ratios, but considering the 
normal precision of spectrophotometry (2-3% ), the 
lack, in many cases, of reliable reference data, the pos
sibility of ultraviolet-absorbing impurities masking 
nonultraviolet-absorbers, and the difficulty of removing 
water from hydrated materials, this is a crude method 
at best. We have found gas-chromatographic analysis 
(after formation of trimethylsilyl derivatives) to be a 
very sensitive and effective test in many instances. Gas 
chromatography is independent of the optical properties 
of the compound, is a high-resolution technique, has a 
wide dynamic range (large samples can be analyzed 
and small amounts of impurity detected), provides data 
that can assist in identification, and offers the possibility 
of at least a semiquantitative estimation of the quantity 
of impurities. This method is, of course, not without its 
difficulties, the primary one being that only compounds 
that are volatile, or form volatile derivatives, can be de
tected. In addition, there is the possibility of artifacts 
appearing because of incomplete derivatization, the for
mation of multiple derivatives, or decomposition on the 
column. In our experience, there is little or no difficulty 
with bases, most ribonucleosides (except cytidine de
rivatives), and ribonucleoside monophosphates. Arti
facts have been observed with some 2'-deoxyribonucleo
sides and 2' -deoxyribonucleoside monophosphates; 
halogenated compounds usually decompose; and we 
have not been able to obtain well-shaped peaks with di
and triphosphates. Other methods of analysis applica
ble to nonultraviolet-absorbing compounds that we 
evaluated were infrared and nuclear magnetic resonance 
spectroscopy and mass spectrometry, but we are not 
prepared to recommend any of these for routine testing, 
although they have been useful in specific instances. 

Analysis for many inorganic contaminants, particu
larly the heavy elements, is readily accomplished by 
emission spectroscopy, and some manufacturers provide 
the value for total heavy metals. In view of the profound 
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effect that many metal ions can have on biological sys
tems, we consider such information to be essential, and 
that it should preferably be given as analyses for indi
vidual elements. Determination of alkali and alkaline 
earth impurities is of less practical importance, as many 
nucleotides are supplied as salts, and a few analyses of 
bases and nucleosides did not reveal any significant con
tamination. However, one compound was supplied with 
the empirical formula of the tetrasodium salt and the 
molecular weight of the trisodium salt; a sodium analy
sis was necessary so that we could ascertain which salt 
actually had been supplied. No information whatsoever 
is available concerning inorganic anion impurities, al
though many bases are capable of forming hydrochlo
ride salts, for example. We intend to examine this 
matter in the future. One of the most troublesome 
nonultraviolet-absorbing impurities is water. Very often, 
commercial samples, as received, are hydrated, or con
tain adventitious water, or both. In order that meaning
ful spectral analyses be obtained, the water must either 
be removed or measured. It has been our experience 
that there is no universal drying procedure that will re
move moisture from all of the compounds tested with
out causing decomposition of some of them. Each com
pound presents a unique problem. Consequently, we 
have not attempted to dry our samples prior to spectral 
measurements, but have determined the water content 
by Karl Fischer titration, instead. We must draw atten
tion to the practice followed by some manufacturers of 
"adjusting" low molar absorption values to the theoreti
cal values by assuming that the sample is hydrated; this 
is not justified without actual analysis of the water con
tent, as it is possible that some impurity other than 
water is present. 

Idendftcatioa of Imparities 

Identification of impurities is a problem that has still 
not been adequately resolved, despite its obvious impor
tance. Often, the amount of a particular impurity can
not be measured until the impurity has been charac
terized. Furthermore, whether a particular sample of a 
compound can be used for a specific experiment may 
depend on the nature of the contaminant as well as the 
amount. At present, identifications are attempted mainly 
by comparison of R, values of the impurity with those 
of compounds considered to be likely contaminants. 

Manufacturers usually report the R, values of im
purities and occasionally identify them on this basis. 
Extensive tables of R 1 values that should be of assist
ance are included here. It should, however, be kept in 
mind that contaminants can be completely extraneous 
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materials. We have identified such materials as silicone 
grease, glue components (from the bottle cap), and 
plasticizers (probably leached from plastic bottles and 
tubing) in the samples tested. The separation of impur
ities by ion-exchange methods, with monitoring of the 
ultraviolet absorbance of the column eflluent at several 
wavelengths simultaneously, provides other useful items 
of information-the elution volume, wavelength ratios, 
and a rough estimate of 'mu· Impurity peaks can, of 
course, also be collected, but the total quantity of mate
rial that can be isolated by column separation on an 
analytical scale is usually too small to permit adequate 
characterization. Gas-chromatographic separation is 
applicable to nonultraviolet-absorbers, also, and pro
vides data on the retention time of the impurity. In 
addition, gas chromatography in combination with mass 
spectrometry bas been remarkably successful in eluci
dating the structure of very small quantities of unknown 
compounds. We feel that this is probably the most feasi
ble means of unambiguously identifying impurities and 
are actively working along these lines. 

Qaandaative Measuremeat of Imparities 

Ultraviolet-absorbing impurities that have been identi
fied can be measured quantitatively by spectrophoto
metric analysis following fractionation by any of the 
procedures described. Alternatively, when the amount 
of impurity is too small to be determined accurately by 
spectrophotometry, spots on paper or thin-layer chro
matograms can be measured with a densitometer, or 
peaks on ion-exchange column chromatograms can be 
integrated. These are conventional analytical techniques 
that are well described and discussed in the literature, 
and so they will not be considered here. 

Nonultraviolet-absorbing impurities are best meas
ured by gas chromatography when possible. Because 
the response of the flame-ionization detector usually 
employed depends mainly on the number of carbon 
atoms in the compound studied, and is relatively insen
sitive to their chemical state, it is not necessary to iden
tify the impurity prior to performing a semi-quantitative 
analysis (within a factor of 2, for instance). If the re
tention time (methylene-unit value) of the impurity is 
not too different from that of the major component, 
their relative peak areas may simply be measured. 

A discussion of methods for the measurement of in
organic compounds is beyond the scope of this discus
sion. In general, a semi-quantitative analysis by emis
sion spectroscopy should be adequate for indicating to 
the user whether the compound is sufficiently pure for 
his purposes. 

Permissible Lbalts of Impurities 

In many ways, the problem of setting permissible limits 
for impurities is the most difficult. Clearly, the accept
able limit will depend on the nature of the impurity and 
the use to which the compound under consideration is 
to be put. For example, a 5% contamination is seldom 
serious if a compound is to be used only as a chroma
tographic marker, but a few parts per million of a heavy 
metal can inhibit certain enzymic reactions. Further
more, it is impractical to set limits of purity that cannot 
be met by present manufacturing processes. In an at
tempt to reach a compromise between the very high 
purity that research workers would like and the levels 
that are now commercially feasible, the Subcommittee 
bad previously set the following tentative specifications 
for compounds to be designated as NRC grade: A sam
ple must show no visible ultraviolet-absorbing impur
ities on paper chromatograms prepared in the specified 
solvents under the conditions described and agree to 
within ± 3% with the values of 'mu given in the data 
sheets. A compound meeting these specifications was 
assumed to have less than I% of ultraviolet-absorbing 
impurities and less than 3% of nonultraviolet-absorbing 
impurities. These specifications have proved to be rea
sonably satisfactory to the research community and well 
within the capabilities of biochemical manufacturers. In 
our previous tests, 19 of 7 5 compounds met the specifi
cation for designation as NRC grade, and, after our 
present retests of 57 compounds plus I 0 additional 
compounds not previously tested, a total of 29 met spe
cifications and 6 tentatively met specifications. Manu
facturers have made extensive use of these specifica
tions, and generally offer "NRc-grade" compounds. 
Consequently, we shall retain the specifications de
scribed. However, as we are aware that the procedures 
given will not detect all possible impurities, we now 
make the following recommendations for additional 
tests: (I) A gas-chromatographic analysis shall be 
made when possible; ( 2) a cation-exchange separation 
shall be performed on bases and nucleosides and an 
anion-exchange separation on nucleotides that show no 
impurities on paper chromatograms; and (3) the com
pounds shall be analyzed for inorganic contaminants by 
emission spectroscopy. 

It should be emphasized that the specifications of 
purity described in this section, as well as the proce
dures to be followed in estimating the purity of a sam
ple, are tentative. The Subcommittee intends to con
tinue its efforts and will welcome recommendations 
from persons interested in any aspect of this work. It is 
also possible that this report contains some errors. Rec
ommendations and corrections should be sent to the 
Subcommittee chairman. 
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SPECIFIC PROCEDURF.S 

The following procedures were used for testing the com
mercial samples. The techniques are, in general, con
ventional analytical procedures and can be carried out 
in any laboratory that is reasonably well equipped. 
These procedures, or procedures demonstrated to be 
equivalent, must be used in establishing whether a spe
cific compound meets the specifications for designation 
as a NRc-grade sample. We trust that manufacturers 
will use all of these tests exactly as described and will 
continue to use such additional methods of quality con
trol as elemental analysis or optical rotation. 

Paper Cluomatopap•y 

All chromatograms were run on strips (7 x 22.5 in.) 
or sheets ( 46 x 57 em) of Whatman No. 40 chroma
tography paper, by use of the descending technique, in 
a sealed cabinet whose atmosphere had been presatu
rated with solvent vapor. The compounds were chroma
tographed in four solvent systems, designated A, B, C, 
and D and, occasionally, in a fifth system indicated in 
the individual data sheets. The R 1 values of the com
pounds examined are listed alphabetically in Table I, 
and the compositions of the solvent systems are given 
in the footnotes to the table. 

A minimum of ten A2"o units (A2so = ultraviolet ab
sorbance of the sample measured in a 1-cm quartz 
cuvette at 260 nm) were applied to the paper in a 5-,J 
aliquot as a 1.5-cm streak at a distance of 2.5 in. from 
one end. In a few cases (see individual data sheets), it 
was not possible to apply the req"ired ten A 2go units in 
a single aliquot. In these cases, multiple streaking, with 
air drying after each application, was used. 

The sample size required to give ten A 2fto units per 
5-111 aliquot can be calculated from the molar absorption 
coefficient at 260 nm. Values of t260 are usually avail
able from manufacturers' literature or other compila
tions. 2 Molar absorption coefficients may change dras
tically with pH, and this should be taken into account 
when calculating the sample sizes for the different 
solvents. 

The solubilities of different compounds differ mark
edly, and the actual solvent used for preparing chro
matographic samples is given in the data sheets. When
ever possible, the samples were dissolved in water. 
Insoluble acids were dissolved in I M NH40H, and in
soluble bases in 0.5 M HCI. 

Chromatograms in solvents A, B, and C were devel
oped overnight (about 16 h), and in solvent D, for 
about 8 h, and then air-dried. The ultraviolet-absorbing 
components were detected in a chromatographic cabinet 
equipped with both "shortwave" (254 nm) and "long-
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wave" (366 nm) ultraviolet lamps. Any fluorescence 
observed is indicated on the data sheets. It should be 
noted that the sensitivity of detection depends on the 
ultraviolet lamp used and the method of viewing. The 
viewing technique described is considerably more sensi
tive than an ultraviolet lamp in a darkened room. 

The R1 values of all the components in the com
pounds tested are given in the data sheets, and the R 1 

values of the major spots are listed in Table 1. 1be 
mobility of any impurity detected is expressed as R .. , 
which is defined as: 

R _ distance traveled by impurity 
" - distance traveled by major compound · 

All R1 and R11 values are taken from two chromato
grams where they agreed to within ±0.2 .uaia. The R, 
value of any impurity can be calculated by multiplying 
its R 11 value by the R 1 value of the major compound. In 
general, resolution of two components was obtained 
when their R1 values differed by more than 0.1. 

It should be mentioned that we were able to obtain 
comparable results on thin layers ( 250 JLM) of ~ 
crystalline cellulose, but had considerable difficulty in 
adjusting the quantity of sample applied to avoid over
loading and streaking. 

Paper Electrophoresis 

Results obtained by paper electrophoresis are not ~ 
ported, because in no case did we detect impurities that 
were not detected by paper chromatography. The mobil
ities of various compounds relative to adenosine 5'
phosphate (RAn) are included in Table 1. (Those in
terested in the procedure are referred to Ref. I. ) 

Gas Chromatograplay 

Gas-chromatographic analysis bas been successfully 
applied to the trimethylsilyl derivatives of purines and 
pyrimidines, ribonucleosides and deoxyribonucleosides, 
and nucleoside monophospbates. a The derivatives were 
formed by dissolving 1-2 mg of sample in 0.2 ml of 
pyridine or N,N-dimethylformamide and 0.3 ml 
of bis(trimethylsilyl)triftuoroacetamide containing 1% 
of chlorotrimethylsilane The reaction mixture was heated 
at 75 °C for 3 h for bases and ribonucleosides, and 
overnight for deoxyribonucleosides and nucleotides. 
Two microliters of the mixture were injected onto the 
column. 

The gas chromatograph was a Tracor Model MT-220 
instrument equipped with an all-glass injection system, 
a glass column ( 6 ft x 0.25 in.) packed with S% 
SE-30 on 80-100 mesh Chromosorb W(HP), and a 
flame-ionization detector. The inlet and detector tem-
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Nadeoddes ud Related C ...... 

TABLE I Paper~ .... FJedropllcJrMI 

~..,._.. .,.._ Electro-
A• • 0 1)4 ,...,._ 

o-,o-1 R,v.._ R.uv..._. 
I. Adenine 0.88 0.70 0.67 0.39 
2 Adenosine 0.83 O.SI 0.61 O.S6 

.r 3. Adenosine 3':S'~lic phosphate 0.6S 0.4S 0.4S 0.77 0.7 

" 4. Adenosine S' -diphosphate 0.37 0.03 0.14 0.91 1.6 
S. Adenosine 2' -phosphate 0.66 0.11 0.2S 0.88 0.9 
6. Adenosine 2'(3')-phosphate 0.6S 0.12 0.24 0.87 0.7 
7. Adenosine 3'-phosphate 0.6S 0.10 0.22 0.86 0.9 

v' 8. Adenosine S' -phosphate 0.49 0.14 0.18 0.89 1.0 
v 9. Adenosine S' -triphosphate 0.23 o.os 0.10 0.93 1.9 

10. 6-Azauridine o.so O.S6 0.63 0.89 
II. S-Bromo-2'-deolcycytidine 0.79 0.69 0.78 0.71 
12. S-Bromouridine O.S7 o.so 0.72 
13. Cytidine 0.74 O.S4 0.70 0.81 
14. Cytidine 2':3'~lic phosphate o.so 0.42 O.S3 0.91 0.8 
IS. Cytidine S' -diphosphate 0.19 0.04 0.18 0.93 1.6 
16. Cytidine 2'-phosphate o.so 0.24 0.31 0.9S 
17. Cytidine 2'(3')-phosphate 0.47 0.18 0.2S 0.91 
18. Cytidine 3' -phosphate 0.48 0.21 0.26 0.9S 
19. Cytidine S' -phosphate 0.39 0.14 0.16 0.87 0.6 
20. Cytidine S' -triphosphate 0.20 o.os 0.12 0.94 1.9 
21. Cytosine 0.76 o.so 0.70 0.71 
22 2' -Deoxyadenosine 0.93 O.S1 0.66 0.40 
23. 2' -Deoxyadenosine S' -diphosphate 0.30 0.07 0.26 0.88 1.7 
24. 2' -Deoxyadeoosine S' -phosphate O.S6 0.19 0.34 0.87 0.7 
2S. 2' -Deoxyadenosine S' -triphosphate 0.39 o.os 0.18 0.93 2.0 
26. 2' -Deoxycytidine 0.80 0.62 0.77 0.76 
27. 2'-Deoxycytidine S'-diphosphate 0.2S o.os 0.20 0.89 1.6 
28. 2' -Deoxycytidine S' -phosphate O.S3 0.16 0.21 o.ss 0.7 
29. 2' -Deoxycytidine S' -triphosphate 0.22 o.os 0.18 0.93 2.1 
30. 2' -Deoxyguanosine 0.64 0.46 0.68 0.63 
31. 2'-Deoxyguanosine S'-diphosphate 0.17 0.04 0.13 0.88 2.0 
32. 2' -Deoxyguanosine S'-phosphate 0.39 0.03 0.16 O.BS 1.1 
33. 2'-Deoxyinosine 0.62 0.44 O.S8 0.60 
34. 2' -Deoxyuridine 0.67 O.S6 0.76 
3S. 2' -Deoxyuridine S'-phosphate 0.39 0.12 0.24 1.3 
36. N',N'-Dimethyladenine 0.87 0.83 0.82 O.S1 
37. N' ,N'-Dimethylguanine O.S6 0.37 0.40 0.20 
38. Guanine 0.66 0.27 0.47 0.40 
39. Guanosine o.so 0.36 O.S3 0.62 
40. Guanosine 2': 3' -cyclic phosphate 0.34 o.ss o.so o.ss l.S 

v 41. Guanosine S'-diphosphate 0.12 0.02 0.08 _9.89 1.7 
42 Guanosine 2' -phosphate 0.31 0.10 O.IS 0.94 
43. Guanosine 2'(3')-phosphate 0.28 o.os 0.07 0.88 1.3 
44. Guanosine 3' -phosphate 0. 27 0.09 0.02 0.91 

v 4S. Guanosine S' -phosphate O.IS 0.06 o.os 0.87 1.4 
v 46. Guanosine S' -triphosphate 0.20 o.os !).10 0..9-$ 2.2 

47. Hypoxanthine 0.62 O.SI 0.66 o.ss 
48. Inosine 0.48 0.47 O.S9 0.74 
49. Inosine S' -diphosphate 0.13 0.02 0.11 0.88 2.2 
SO. Inosine S' -phosphate 0.28 0.03 o.u 0.90 I.S 
Sl. Inosine S'-triphosphate 0.20 o.os 0.16 0.9S 2.2 
S2 S-lodo-2' -deolcycytidine 0.80 0.63 0.70 0.64 
53. S-Iodo-2' -deoxyuridine 0.68 O.S9 0.84 
S4. S-lodouridine 0.61 O.S3 0.1S 0.73 
ss. N'-(lsopent-2-enyl)adenine 0.96 0.84 0.88 0.53 
S6. N'-(lsopent-2-enyl)adenosine 0.93 0.84 0.84 0.64 
S7. Kinetin 0.93 o.ss 0.85 
58. N'-Methyladenine 0.89 0.77 0.78 0.46 
39. S-Methylcytosine 0.80 0.6S 0.70 0.71 
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Nadeoddes ud Rebted c...-.. 
TABLEt Paper ~phy .... Eleetropbocllll (twdaaed) 

a._....pllk ..,._.. sy-. 
A• 

ColllpoaDd R,V.._ 

60. 5-Methyl-2' -deoxycytidine 0 . 81 
61. 7-Methylguanine 0.82 
62. 1-Methylinosine 0.65 
63. 5-Methyluridine 0.62 
64. Orotic acid 0.25 
65. Pseudouridine, mixed anomers 0.38 
66. Pseudouridine, {J anomer 0.44 
67. 9-{J-o-Ribosylkinetin 0.88 
68. Thymidine 0.72 
69. Thymidine 3',5'-bisphosphate 0.21 
70. Thymidine 5' -diphosphate 0.22 
71. Thymidine 5' -phosphate 0.39 
72. Thymidine 5' -triphosphate 0 . 23 
73. Thymine 0 .78 
74. Uracil 0.63 
15. Uridine 0.51 
76. Uridine 2':3'-cyclic phosphate 0.32 
77. Uridine 5'-diphosphate 0 . 14 
78. Uridine 2'-phosphate 0 . 32 
79. Uridioe 2'(3')-phosphate 0 . 28 
80. Uridine 3' -phosphate 0 . 31 
81. Uridine 5' -phosphate 0 . 22 
82. Uridine 5' -triphosphate 0.20 
83. Xanthine 0 . 54 
84. Xanthosine 0.37 
85. Xanthosine 5' -phosphate 0 . 16 

• Solvent A : isobutyric acid-Q.5 M NH.OH (5:3, v/ v). 

• C< 

0.65 0.77 
0 . 35 0.55 
0.51 0.15 
0.52 0.76 
0.45 0.43 
0.45 0.69 
0.41 0.65 
0 . 89 0 . 80 
0.73 0 .81 
0 .04 0.10 
0 .07 0 . 31 
0.22 0.48 
0 .05 0 . 20 
0 .63 0.72 
0.59 0 .70 
0.57 0 .68 
0.38 0 .65 
0 .02 0 . 16 
0.22 0.33 
0.18 0.30 
0.23 0.33 
0.11 0.28 
0 .05 0.19 
0.32 0.35 
0.35 0.41 
0.03 0.15 

()4 

0.80 
0.45 
0.84 
0.85 
0.84 
0 . 79 
0 .82 
0.68 
0.78 
0 .97 
0.91 
0.89 
0.94 

0.70 
0.80 
0 .94 
0 .89 
0.94 
0 . 87 
0 .96 
0 .90 
0.94 

0.71 
0.91 

3.1 
2.2 
1.4 
2.4 

1.7 
2. 2 

1.5 

1.3 
2.9 

1.5 

• Solvent B: isopropyl alcohol-cone. NH.OH-HtO (7: I :2, v/ v). 
• Solvent C: 95% ethanol-1 M sodium acetate (7:3, v/ v). 
4 Solvent 0 : H,O adjusted to pH 10 with NH.OH. 
• RA,'P =- mobility relative to adenosine 5' -phosphate on paper electrophoresis in 0.02 M citrate buffer at pH 3.5. 

peratures were -300 °C, the carrier gas was helium at 
a ftow rate of 80-90 ml/ min, and the temperature was 
programmed from 100 to 300 °C at 10 °C/min. Reten
tion data, as methylene unit ( MU) values, were ob
tained by chromatographing a mixture of n-alkanes 
along with the sample and calculating, by linear inter
polation, the retention time of the compound in n
alkane carbon equivalents. • A compound having the 
same retention time as the C.s alkane, for example, has 
an MU value of 16.00; one having a retention time half
way between the c.6 and c .. alkanes has an MU value 
of 16.50. Methylene unit values for the compounds 
tested, and the MU values and relative peak areas for 
any impurities found, are given on the individual data 
sheets. 

Anion-Excllange Chromatography 

The anion-exchange system used is an adaptation~ of 
the nucleotide analyzer developed by Anderson and co
workers. 6 This system consists of a heated stainless steel 
column of 0.62 em internal diameter and 160 em length, 
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packed with Dowex 1 x 8 resin of particle diameter 
5-1 0 11m or its equivalent. The detector is an ultraviolet 
spectrophotometer that operates alternately at four 
preselected wavelengths (250, 260, 280, and 310 nm). 
The sample of about 2 mg in 2 ml of solution is intro
duced onto the column by means of an injection valve 
and eluted first with 200 ml of 0.015 M ammonium 
acetate-acetic acid buffer, pH 4.4, and then with 1,300 
ml of a linear, 0.015 to 6 M gradient of acetate buffer 
at 60 °C at a ftow rate of 30 ml/h. Virtually all of the 
purine and pyrimidine bases, nucleosides, and nucleo
side mono-, di,- and triphosphates are resolved from 
one another in a 40-h run. Any impurities detected, 
and tentative identification based on elution position 
and wavelength ratios, are noted in the individual data 
sheets. 

Cation-Excllange Cllromatograp•y 

This cation-exchange separation is based on the method 
of Uziel, Koh, and Cohn. 7 The apparatus consisted of a 
high-pressure, glass column (0.9 x 40 em) having an 
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adjustable column head, packed with Dowex 50 x 8 
resin of particle diameter 1 0-15 J'lll or its equivalent, 
operating at 50 °C, and a very stable, high-sensitivity, 
ultraviolet monitor ( LDC Corp., Model 1205). The 
sample of about 250 11g was injected onto the column, 
and eluted with 0.4 M ammonium formate-formic acid 
buffer, pH 4.5, at 50 °C, at a flow rate of 30 ml/h. 
This system provides excellent resolution of most bases 
and nucleosides in 3-4 h. Any impurities detected, and 
tentative identification based on elution position, are 
noted in the individual data sheets. 

Spectral Aulyses 

The ultraviolet spectra of compounds that showed no 
detectable impurities by paper chromatography were 
obtained with a Cary Model 14 recording spectropho
tometer. No attempt was made to dry the compounds. 
Instead, the water content was determined by Karl 
Fischer titration," and the concentration of the sample 
was corrected. 

A quantity of each compound, calculated from values 
of fmu in the literature, was dissolved in I 00 ml of 
water at a concentration such that a dilution of one 
tenth would give a solution having an absorbance of 
-1 for the highest peak. The pH values of the solution 
were chosen to be at least I or, preferably, 2 pH units 
from the pK. of the base. For solutions of pH I or 2, 
sufficient 1 M HCI was added to the diluent to bring 
the concentration of HCl to O.IM or 0.01 M, respec
tively; I M NaOH was used to adjust the pH to It or 
12. Solutions at pH 7 were prepared by dilution with 
0.5 M potassium phosphate buffer, pH 7. All spectra 
were obtained within 15 min after dilution. Molar ab
sorption coefficients and wavelength ratios were deter
mined from these curves and compared with spectral 
data taken from the literature; any discrepancies are 
noted in the individual data sheets. 

RESULTS 

Data Sheets 

The data sheets are arranged alphabetically, according 
to the common name of the compound. In parentheses 
is the systematic name or the name under which the 
compound is listed in Chemical Abstracts if this is dif
ferent from the common name. 

The abbreviations given are those of the IUPAC-IUB 

Commission on Biochemical Nomenclature.' 
Formulas, molecular weights, and elemental analyses 

are for the nonhydrated form of the compounds and 
for the free acid form of nucleotides. 

Melting points of bases and nucleosides are given 

Nlldeoddel ud Related C.,.._.. 

when they are true melting points and not decomposi
tion points. The literature is not always clear on this 
distinction, so there may be exceptions. 

Specific rotations are given in their conventional 
form, followed by the mass concentration of the sample 
(g/100 ml of solution) and the medium in parentheses. 

As pK. values depend critically on temperature, ionic 
strength, and ionic medium, we report rounded-off 
values for them. References to more precise data are 
given. A compilation containing pK. data is also avail
able.2 

The Rr values in paper chromatography reported for 
the compounds retested are new values and are not 
identical with those previously obtained, although they 
usually agree to within 0.1 unit. The R, values for the 
compounds not retested (those that had previously met 
specifications), and all of the paper-electrophoresis data 
are earlier measurements. 1 A single asterisk ( •) indi
cates that the spot fluoresces on excitation with 254-nm 
light and a double asterisk ( • •) that it fluoresces on 
excitation with 366-nm light. 

Gas-chromatographic MU values, although relatively 
independent of such factors as column length, carrier
gas flow rate, and temperature-program rate, depend 
on the polarity of the liquid phase. The values on the 
data sheets were obtained by use of a nonpolar liquid 
phase, and different values would be expected with 
polar liquid phases. Where the relative peak-area of an 
impurity is given as "trace," the area is <0.2% of that 
of the primary peak. 

The spectral constants given are taken from the lit
erature references mentioned, ..\m•• values are in nan
ometers (nm), and the 'm•• values have been multiplied 
by to-s, that is, are expressed in units of (mmol/l)-1cm-1, 

to conserve space. These data have been reviewed and 
have been brought up to date where necessary; in the 
opinion of the Subcommittee, they are the best data 
available. In some cases, spectral data are still unavail
able for nucleoside di- and triphosphates, and so the 
data for the monophosphate derivative are used. Spectra 
obtained at pH values near to a pK. of a base represent 
mixed ionic forms and are difficult to reproduce; we 
have tried to avoid reporting such data. Phosphate 
ionizations do not usually have much effect on the 
spectrum. If the spectral reference data available for a 
compound are reasonably complete, and if the sample 
met NRC specifications, the actual measurements are not 
included, as they agreed to within ±3% with the ref
erence data. If the reference data are not complete, 
however, we have included measurements made on the 
NRC sample to provide additional information. 

In the "Remarks," we have indicated whether a sam
ple met specifications and any other information con
sidered of value. 
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TABLE l C~ Meetina NRC Sped8cadona 

Met Specifications 

Adenine 

Tentative 
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Adenosine 3':5'-<:yclic phosphate 
Adenosine S'-phosphate 
6-Azauridine 
5-Bromouridine 
Cytidine 
Cytidine 2':3'-<:yclic phosphate 
Cytidine 2' -phosphate 
Cytidine S' -phosphate 
Cytosine 
2' -Deoxycytidine 
2'-Deoxycytidine S'-phosphate 
2'-Deoxyuridine 
2'-Deoxyuridine S'-phosphate 
Guanine 
Guanosine S' -phosphate 
Hypoxanthine 
5-Jodo-2' -deoxycytidine 
5-lodo-2'-deoxyuridine 
S-Iodouridine 
s-Methylcytosine 
7-Methylsuanine 
Thymidine 
Thymidine 3' ,S' -bisphosphate 
Thymine 
Uracil 
Uridine 3'-phosphate 
Uridine S'-phosphate 
Xanthine 

Cytidine 3'-phosphate 
2' -Deoxyadenosine S' -phosphate 
2'-Deoxysuanosine S'-phosphate 
Guanosine 2'(3')-phosphate 
N1-(lsopent-2-enyl)adenosine 
5-Methyluridine 

Compounds Meeting Spedftaatiou 

Those compounds for which at least one sample met 
the specifications of purity previously described are 
listed in Table 2. The appearance of a compound in this 
list does not ensure that all commercial samples will 
meet the purity specifications, nor does the failure of a 
compound to appear on this list imply that no commer
cial sample meeting these specifications is available. It 
should be understood that the fact that a sample meets 
specifications does not guarantee a specific degree of 
purity, but only that impurities were not detected by 
the particular tests applied. We consider that samples 
meeting specifications are at least 95% pure, and that 
some are almost certainly better than 99% pure, exclu
sive of water. 

In order to be specified as "NRC grade," each lot of a 
compound must have been tested by paper chromatog
raphy in all four of the solvent systems described, and 
molar absorption coefficients shall have been measured 
at the pH values prescribed. Designation as "NRC grade., 
is not justified when all four of the solvent systems have 
not been employed, or other solvent systems have been 
substituted, or when molar absorption coefficients have 
been "adjusted" for hydration without an actual analysis 
for water having been made and reported. 
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N-1/ N-4 

N-1 
Adenine 

Allllretfatloa: Ade 
FOI'IIIIIIa: c.H.N. 
MoL Wt.: 13.5.13 
Calc. %: c, 44.4.5 

H, 3.73 
N,.51.82 

pi(.:IO,U 4.2, 9.8 

~ 

N:u:N~ ~ I } N N 
H 

Paper ~tO(p'aplly: Dissolve sample in 0 • .5 M Ha. 

Solvent Rt 

A 0.88 
B 0.70 
c 0.67 
D 0.39 

Gu ~tograplly: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

18 • .52 100 

Spec:tral ec.stana: 

AIIO A• 
pH ).,.,. Emu A• A• Ref. 

1 263 13.2 0.76 0.38 12 
7 261 13.4 0.76 0.13 

12 2fiJ 12.3 0 . .57 0.60 

Water Allalyall: 0.1 %. 

Relllarks: Three of four samples tested met NRC specifications. 
Cation-exchange chromatography showed, in only one sample, an 
impurity tentatively identified as 2-oxyadenine. 

N-l 
Adenosine 
(9-fj-D-Ribofuranosyladenine) 

Allllreriatloa: Ado 
FOI'IIIIIIa: c.oH •• N,o. 
Mol. Wt.: 267.2.5 
Calc:. %: c, 44.94 

H, 4.90 
N, 26.21 
0, 23.9.5 

Meltiag Pt.:ll 234-23.5 oc 
Spedftc Rotation: (a]~ -61.7° (0.7 g/100 m1, Hz())l• 
pK.:14 3.6, 12.4 

HO 

Paper Chromatography: Dissolve the sample in 1 M NH.OH. 

Solvent Rt Rx Rx 

A 0.83 
8 0 • .51 0.10 0.18 
c 0.61 0.67 
D 0 . .56 

Adealne I Adenosloe 5' -DipiiOipbate 

Gas ~tograpby: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

26 . .54 100 
2.5.82 2 

A* A• 
pH >-.. Emu A• A• 

2 2.57 1.5.1 0.86 0.22 
7 2.59 1.5.4 0.79 0.1.5 

11 2.59 1.5.4 0.79 0.1.5 

N-3 
Adenosine 3': 5'-CycHc Phosphate 

Allllreriatloas: Ado-3':.5'-P, 3':.5'-cyclic AMP 
Forada: C.oH.,N,O,P 
Mol. Wt.: 329.21 
Calc. %: c, 33.29 

H, 4.33 
N, 19.42 
0, 34.37 
P, 8 . .59 

Ref. 

1.5 

Paper ~tograpby: Dissolve the free acid or salts in H,O. 

Solvent Rt 

A 0.6.5 
8 0.4.5 
c 0.4.5 
D o.n 

Spectral Coastuts: 

pH ).,.,. fmaz ~D fmJo f1IO Ref. 

2 2.56 14 . .5 16 
7 2.58 14.7 
1.2 2.56 14.3 22.5 2.28 13.7 NRC sample 
6.9 2.59 14.6 227 2.60 14 . .5 

Remarks: The free acid and the barium salt met NRC specifications. 

N-4 
Adenosine 5'-Diphosphate 
(Adenosine 5'-Pyrophosphate) 

~ 
Abllreriatloas: Ado-.5'-P,, .5'-ADP Nj:> 
Formula: C.oH .. N,O.oPt O O ~ 
Mol. Wt.: 427.21 I I ~ 
Calc. %: C, 28.12 HO-f»-O-P-0 

H, 3 . .54 I I ........ 
N, 16.40 OH OH H H 
0, 37.4.5 H H 
P, 14 . .50 HO OH 

pK0 : 14 4.0, 6.4 
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Paper~: Dissolve the Li+, Na+, K+, or NHt salt in 
HaO. 

SoiYCDt Rr Rx Rx 

A 0.37 0.29 
B 0.03 
c 0.14 1.5 
D 0.91 0.88 

Spednl eo.cua: 
A• 

pH ,_,. e... A• 
2 2S1 1.5.0 0.85 
7 259 15.4 0.78 

11 259 1.5.4 0.78 

N-S 
Acleaoslne 2'-Pholphate 
(2'-AdenyUc Add) 

2.2 

Allllietla..._: Ado-2'-P; 2'-AMP 
FGnlllla: C.oH •• N,O,P 
Molecalar Wt.: 347.22 
Calc:. %: c. 34 • .58 

H, 4.06 
N, 20.17 
0, 32.26 
P, 8.92 

A• 
T. 
0.21 
0.16 
0.16 

Ref. 

15 

(i) 
HOCH~: 

H H 
H H 

HO 0 
I 

HO-P=O 
I 
OH 

Spedftc Rotadoa: [afo -6.5.4° (0 • .5 g/100 ml, 0 . .5 M NasHP04)17 

pK.:11 3.8, 6.2 

Paper Oaro.atotrapby: Dissolve the J..i+, Na+, or K+ salt in H.O. 
This compound should be supplied as a neutral salt, as isomeriza
tion of the phosphate group occurs at low pH. 

Solvent Rr Rx 

A 0.66 0.47 
B 0.11 4.6 
c 0.2.5 2.7 
D 0.88 0 . .58 
P 0.29 0 . .52 (3'-isomer) 

Gu Cbromatotrapby: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

30.06 100 

Spectral CcMiultl: 

A. A., 
pH E., A., A., Ref. 

2 14.2 0.8.5 0.23 19 
7 1.5.0 0.80 0.1.5 

12 1.5.0 0.80 0.1.5 

• To detec:t the 3'·'-tler, a ljledal110lvent u neceaary, DllmCiy, 79:19:2 (v/v) 
907. uturated (NHc).SOc~.l M pboepbace bull'er (pH 6)-ilopropyl alcohol. 
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N-6 
Acleaoslne 2'(3')-Pholphate, Mixed &omen 

Allllietla .... : Ado-2'(3')-P, 2'(3')-AMP 
FGnlllla: c.oH •• N,O,P 
Mal. Wt.: 347.22 
Calc:. %:c. 34 • .58 

H, 4.06 
N, 20.17 
0, 32.26 
P, 8.92 

6:> 
*XHv~ I 
~ 

0 OH 
I 

HO-P•O 
I 
OH 

6:> 
+~ 

HO 0 
I 

HO-P-0 
I 
OH 

Paper Oaro.atotrapby: Dissolve the fn:c acid in 1 M NH.OH; tbe 
J..i+, Na+, or K+ salt, in H.O. 

Solvent Rr Rx Rx 

A 0.6.5 0.4.5 
B 0.12 3.6 4.2 
c 0.24 2.7 
D 0.87 0.60 

Spednl CcMiultl: 

A .. A., 
pH E., A., A., 

2 14.2 0.8.5 0.23 
7 1.5.0 0.80 0.1.5 

12 1.5.0 0.80 0.15 

N-7 
Adenosine 3' -Phosphate 
(3'-AdenyUc Add) 

Abbreriat*-: Ado-3'-P, 3'-AMP 
FGnlllla: c.oHuN,O,P 
Mol. Wt.: 347.22 
Calc. %:c. 34 • .58 

H, 4.06 
N, 20.17 
0, 32.26 
P, 8.92 

Ref. 

19 

NH1 

(i) 
HOCHa~N 

H H 
H H 

0 OH 
I 

HO-P•O 
I 
OH 

Spedftc Roadoa: [afo -4.5.4° (0 . .5 g/100 ml, 0 • .5 M NasHP0.)17 

pK.:11 3. 7, .5.9 
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N.a IN-to 

...... ~: DissolYe the Li+, Na+, or K+ salt in H,O. 
This compound should be supplied as a neutral salt, as isomeriza
tion of the phosphate lfOUP occurs at low pH. 

SoMilt Rt R" R11 

A 0.65 0.45 
B 0.10 4.7 
c 0.22 1.4 2.9 
D 0.86 0.60 
p 0.19 

Ga ~: Trimethylsilyl derivatiYe. 

MU value Rei. Peak Area 

30.28 100 

Spednl eo.c.c.: 
A .. A .. 

pH ew A• A• 

2 14.2 0.85 0.22 
7 15.0 0.80 0.15 

12 15.0 0.80 0.15 

•s-2'-(N-S). 

N-8 
Adeaoslae 5'-Phosphate 
(5'-AdenyUc Add) 

AIIINetlatll&: Ad~5'-P, 5'·.utP 
F ..... : Csolf,.N.OrP 
MaL Wt.: 347.22 
Olle. %: c. 34.58 

H, 4.06 
N,~.l7 

o. 32.26 
P, 8.92 

Ref. 

19 

0 
I 

HO-P-0....._ 
I 
OH 

Spedle ......_:[a~ -26.00 (1.0 8/100 ml, 10% HO)II 
Jl(.:lf.D 0.9, 3.8, 6.2. 13.1 

Pllper a.ro.a......-.,: DissolYe the free acid in 1 M NH.OH; the 
Li+, Na+, or K+ salt, in H,O. 

SolYent Rt 

A 0.49 
8 0.14 
c 0.18 
D 0.89 

G.~: Trimethylsilyl derivatiYe. 

MU value Rei. Peak Area 

31.14 100 

s,.ctnl C4JeoCaMI: 

A• A• 
pH ~ ,._ A• A• Ref. 

2 257 15.0 0.84 0.22 IS 
7 259 15.4 0.79 0.16 

11 259 15.4 0.79 0.16 

War~: 4.2% (caJculated for the monohydrate, 4.97.,) • 

Re.arkl: Met NRC specifications. Anion-excbanse chromatography 
showed approximately 1 % of an unidentified impurity, possibly 
a purine nucleoside. 

N-9 NH2 
Adenosine 5'· Triphosphate ~ 

y y y "~t? 
HO-P-O-P-0-P-o, ~ 

I I I c 0 
OH OH OH H H 

~: A~5'-P,; 51-ATP 

Fonlllla: Csolf,,N,Or,P, 
MGI. Wt.: 507.19 
Olle. %:c. 23.67 

H, 3.18 
N,13.80 
o. 41.01 
P, 18.32 

,rc.:a• 4.0, 6.5 

H H 
HO OH 

Paper ~pby: DissoiYe the Li+, Na\ K\ or NHt salt in 
H,O. 

SolYent Rt R" 

A 0.23 1.2 
8 0.05 
c 0.10 3.4 
0 0.93 

SpedniC...._: 

A .. A., 
pH ~ fa.s A• A., Ref. 

2 257 14.7 0.85 0.22 15 
7 259 15.4 0.80 0.15 

11 259 15.4 0.80 0.15 

N-10 
6-AzaurfcUne 
(2-fj-o-Ribofuranosyl-a.-triazine-3,5(lR,4H)-dlone) 

Allllreriatloa: azaUrd 
Fonlllla: c.HuN.O. 
MGI. Wt.: 245.19 
c.lc. %:c. 39.19 

H, 4.52 
N,17.14 
o. 39.15 

Meltfaa Pt.:• 160 °C 
Sped8e Rotatioa: [aJ: -132° (pyridine)ll 
pK.:D 6.7 

,;-. 
HOC~J... N 

H H 
H H 

HO OH 
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Solwnt Rr 

A 0.~ 
8 0.56 
c 0.63 
D 0.89 

13 257 7.0 
1.2 262 6.05 230 3.0 

11.2 254 6.9 221 2.2 

a-b: Met NRC specifications. 

N-11 
5-Bromo-l'-deoxycytidfne 

~doa:5Brdcyd 
Formula: C.HuBrNaO, 
Mol. Wt.: 306.12 
Calc.%: c, 35.31 

H, 3.95 
Dr, 26.10 
N, 13.73 
0, 20.91 

MeltiDg Pt.:• 17s--179 oc 

24 
6.0 NRC sample 
6.6 

Paper a.ro.atotP'Qby: Dissolve the sample in H.O. 

Solvent R, 

A 0.79 
8 0.69 
c 0.78 
D 0.71 

SpedraiCOIIIWits: 

pH ~ fmaa 

2 300 9.6 

N-Il 
5-Bromourfdfne 

Allllrmadoa: 5BrUrd 
Formula: C.HuBrN.Ot 
Mol. Wt.: 323.10 
Calc.%: C, 33.46 

H, 3.43 
Dr, 24.73 
N, 8.67 
0, 29.71 

Rw 

0.0 
0.0 
0.0 

MeltiDg Pt.:• 213-214 oc 

160 

Ref. 

25 

0 

HN:.r· 
oJ..N 

7d HO OH 

Sped8c RGcadoa: [afo -61.8° (2 a/100 mi. H.O)" 
,K-:'18.2 

Paper~: Dissolve the sample in H.O. 

Solvent Rr 

A 
8 
c 

pH 

1-5 
8.0 

UH2 

0.57 
0.~ 
0.72 

~ 

279 
279 
278 

A .. 
E.u A,.. 

9.30 0.54 
8.15 
6.40 

a-b: Met NRC specifications. 

N-13 
Cytidine 
(1-{J-D-Ribof111'81101)'1cytosine) 

Allllrmadoe: cyd 
FOIWIIIIa: C.HuNA 
Mol. Wt.: 243.22 
c.le. %: c, 44.44 

H, 5.39 
N, 32.89 
0, 17.28 

A .. 
A• Ref. 

1.79 28 

Sped8c Rotadoa: [af~ +34.2" (2.0 a/100 ml, H.O)I' 
pi(.:"' 4.1, 12.2 

Paper O.O..top'apby: Dissolve the sample in H.O. 

Solwnt Rt 

A 0.74 
8 0.54 
c 0.70 
D 0.81 

N-11 I N-13 

Gu a.ro.a...-..,: Methoxime-trimethylsilyl derivati~.• 

MU value Rei. Peak Area 

24.91 100 

Spectral CoMtludl: 

A .. A,.. 
pH ~ f-a A,.. A,.. Ref. 

1 280 13.4 0.45 2.10 12 
7 271 9.1 0.86 0.93 

13 273 9.2 0.87 1.17 

a-b: Met NRC specifications. 
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N-14/ N-16 

N-14 
Cytidiae 2': 3 '-Cyclic: Phosphate 

Allbrerilltkm: Cyd-2':3'-P; 2':3'-cyclic CMP 

F....._: c,HuN,O,P 
MoL Wt.: 30S.20 
Calc. %: c, 35.42 

H, 3.96 
N, 13.77 
0, 36.70 
P, IO.IS 

pK.:G 4.2 

of.j 
HOC~ H H 

H H 

0 0 
\I 

p 
1\ 

HO 0 

Paper a.ro.atograpby: Dissolve the sample iD H.O. 

Solvent Rr 

A o.so 
B 0.42 
c O.S3 
D 0.91 

pH Am.. e.-s A..! a E.! a Ewo Ref. 

7 268 8.4 32 
I.S 276 12.2 240 1.1 8.0 NRC sample 
7.0 232 7.9 lSI 1.2S 7.6 

267 8.2 

~: Both the barium and the sodium salt met NRC speclft
catioas. 

N-15 
Cytidine 5 '-Dlpbospbate 
(Cytidine 5'-Pyropbospbate) 

NH2 

AllllietlldiiMI: Cyd-S'-P1, S'-cop n 
F..-.: c.HuNAaP1 0 0 ;.,.N)J 
MoL Wt.: 403.18 1 1 ~0 
011&:. %: C, 26.81 HO-t-0-t-O'cH 0 

H, 3.1S OH OH 
N, 10.42 H H H H 
0, 43.6S 
P, 1S.36 HO 0H 

pK.:II 4.6, 6.4 

...... a.ro.atograpby: DissolYe the Li+, Na+, K+, or NHt salt iD 
H.O. 

Solvent Rr R" R .. 

A 0.19 0.22 2.7 
B 0.04 
c 0.18 1.7 
D 0.93 

Spectnl Coaseuts: 

pH Am.. e.-s 

2 280 12.8 
7 271 9.1 

11 271 9.1 

N-16 
Cytidine 2'-Pbosphate 
(2 '-CytidyUc Add) 

A• 
A• 
0.46 
0.83 
0.83 

Abllreriatkm: Cyd-2'-P, 2'-cNP 
Formula: c.Ha•N•o.P 
Mal. Wt.: 323.20 
Calc.. %:c. 33.44 

H, 4.37 
N,13.00 
0, 39.60 
P, 9.S8 

A• 
A .. 

2.(17 
0.98 
0.98 

Ref. 

u 

·5 0 AN 
HOC?OJ.z 0 

H H 
H H 

HO 0 
I 

HO-P=O 
I 
OH 

Spedllc: Rotadoa: [am +20.7° o.o 11100 m1, H.O>" 
pK.:M 4.4, 6.2 

Paper a.ro.atoarapby: DissolYe the Li+ salt in H.O. 

Solvent Rr 

A o.so 
B 0.24 
c 0.31 
D 0.9S 

Spectnl eo.cua: 
A• A. 

pH Am.. e.-s A .. A .. Ref. 

2 278 12.7 0.48 1.80 12, 3S 
7 270 8.9 0.90 0.8S 

12 270 8.9 0.90 0.8S 

Water~: 11.7% (calculated for the dihydrate, 9.7%). 

~: Met NRC specifications. Anion-exchange chromatosrapby 
showed no 3'-isomer, and only traces of 3 nucleosides and 1 
nucleotide. 
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N-17 
Cytidiae 2'(3')-Pholphate, Mixed lsolaers 

Allllrma.._: Cyd-2'(3')-P, 2'(3')-cMP 
FG1'8111a: c.H~tN.O.P 
MeL Wt.: 323.20 
c.Jc. %: c. 33.44 

H, 4.37 
N,l3.00 
0, 39.60 
P, 9.58 ~ ~ 

of.j 

~ 
0 OH 

of.j 

+~ 
I 

HO-P•O 
I 
OH 

I 
HO-P•O 

I 
OH 

Paper~: Dissolve the free ac:id in 1 M NH.OH; the 
Li+, Na+, or K+ salt, in H.O. 

Solvent Rr R• 

A 0.47 0.62 
B 0.18 5.4 
c 0.25 2.6 
D 0.91 

Spedral Coaleluda: 

pH Am-a f- Ref. 

2 
7 

N-18 

278 
270 

12.7 36 
9.0 

Cytidine 3'-Pbospbate 
(3'-CytidyUc Add) 

R• 

1.5 

N;::: 

Allllrma.._: Cyd-3'-P, 3'<MP 
Formula: C.H,.N,O.P 
MoL Wt.: 323.20 
c.Jc. %: c. 33.44 

H, 4.37 
N, 13.00 

o~NjJ 
HOC~t 0 

H H 
H H 

0 OH 
I 

0, 39.60 HO- PaO 
P, 9.58 bH 

Spedfk: Rotation: [afo +49.4° (1.0 g/100 ml. H.O)I' 
pK.:N 4.3, 6.0 

Paper Cbromatoarapby: Dissolve the Li+ salt in H.O. 

Solvent Rr 

A 0.48 
B 0.21 
c 0.26 
D 0.95 
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N-17 I N-lf 

SpedniC.......: 

A .. A .. 
pH ~ ,_ A• A• Ret. 

2 279 (12.4) 0.45 2.00 12 (ratios) 
7 270 (8.4) 0.86 0.93 NaC sample (f values) 

12 270 (8.4) 0.86 0.93 

Wa• ~: 5.12% (c:alculated for the monohydrate. 5.107.). 

a-D: Anioo-exchan,e cbromatoaraphy showed no 2'-isomer, 
and only traces of 3 nucleosides. HC>We\W,literature data on tbe 
molar absorptivity are inconsisteot, and the purity of tbis com
pound is reprded u teatative. 

N-19 
Cytidine 5'-Phosphate 
(5 '.CytidyUc Add) 

Allllrma.._: Cyd-5'-P, 5'-<:MP 
FG1'8111a: c.a,.N,O.P 
MeL Wt.: 323.20 
c.Jc. %: c. 33.44 

H, 4.37 
N, l3.00 
0, 39.60 
P, 9.58 

Spedlk Rotadaa: [af~ +27.1° (0.54 g/100 ml, H.O)" 
pK.:11 4.5, 6.3 

Paper~: Dissolve the free ac:id in 1 M NHcOH; tbe 
Li+, Na+, or K+ salt, in H.O. 

Solvent Rr 

A 0.39 
B 0.14 
c 0.16 
D 0.87 

A .. A .. 
pH Am-a ,_ A• A• Ref. 

2 280 13.2 0.44 2.09 15 
7 271 9.1 0.84 0.98 

11 271 9.1 0.84 0.98 

Remarb: The free ac:id met NRC specifications. 
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N-20 I N-22 

N-20 
Cytidine 5'· Tripltospbate NHf 

Alllnrill*-: Cyd-5'-Pa. 5'<TP rfi 
F__..: c.HaeNaOJ,Pa 0 0 0 0 )..NJJ 
Mol Wt.: 483.16 I I I ~ ,._._ '"• C 22.37 HO-P-0-P-0-P-O, 
"-- /•• • I I I C 0 

H, 3.34 OH OH OH 
N, 8.70 H H H 
o. 48.36 
P, 19.23 H0 OH 

.... :114.8,6.6 

...,_~:Dissolve the Li+, Na+, K+, or NHt salt in 
a.o. 
Solvent Rt 

A 0.20 
B 0.05 
c 0.12 
D 0.94 

s,ednl C'alltMat 

pH 

2 
1 

11 

N-11 
C)1oiiDe 

~ --280 12.8 
271 9.0 
271 9.0 

R• R• 
1.U U5 

2.8 

Aw A., 
A• A., Ref. 

0.45 2.12 u 
0.84 0.97 
0.84 0.97 

NHz 

J') 
H 

...,_ a..,....aJ~~J: DissoM the sample in 1 M NH.OH. 

Solwnt Rt 

A 0.76 
B O.SO 
c 0.70 
D 0.71 

a.~: Trimethylsilyl derivative. 

MU value Rei. IUk Area 

15.18 100 

Spednl C'alltMat 

Aw A., 
pH ~ emu A• A., Ref. 

1 276 10.0 0.48 1.53 38 
1 267 6.1 0.78 0.58 

14 282 1.9 0.60 3.28 

~: A sample was dried for 8 h at 65 oc for spectral analysis. 
Met NRC specifications. 

N-ll 
l'-Deoxyadenosine 
(9-(l-Deoxy-tJ-o-ribofuranosyl)adenine] 

NHt 

Allllreriatt.: dAdo 
P......-: CaoHaaNaO. 
Mal. Wt.: 251.25 
Calc. %:c. 47.80 

(j::) 
HOKiJCt 0 

H H 
H H 

H, 5.21 
N, 27.88 
0, 19.11 

MeltiDa Pt.:" 188-190 oc 
Sped8e Rotatt.: [afz: -24.00 (0.378/100 ml, H,O)" 
pK.:'I 3.8 

Paper~: Dissolve the sample in H.O. 

Solvent Rt R• 

A 
B 
c 
D 

0.93 
0.51 0.10 
0.66 
0.40 2.1•• 

Ga a.ro..totrapby: Trimethylsilyl derivative. 

MU value Ret. IUk Area 

25.91 100 
24.95 2 

Spednl o.amts: 

Aw A., 
pH Amu -- A• A• Ref. 

1 258 14.6 39,40 
7 260 14.9 0.80 0.16 

13 260 14.9 

HO H 
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1'~ 5'-DipiiiNplaate /1'-~ 

N-23 
l'-Deoxyadenoslne 5'-Dlpltospbate 
(l'-Deoxyadenoslne 5'-Pyropltospbate) 

~ 
Allllre9fattc.: dAdo-5'-P,, 5'-dADP 0> 
F'G1'8111a: C,oH .. N,O.Pt ~ 
MaL Wt.: 411.21 i i ~ 
Cllc. %: C, 29.21 HO-P-0-P-O, 

H, 3.68 &.t &.t 0 
N, 17.03 H H 
0, 35.02 H H 
P, 15.06 HO H 

...... O.O..folrapby: Dissolve the u+, Na+, K+, or NHt salt in 
HtO. 

SoMnt R, R., R• 
A 0.30 0.40 1.8 
8 0.07 7.3 
c 0.26 1.6 
D 0.88 0.86 

Spednl Coalcluda: No spectral data in tbe literature; use tbe data 
for 2'-deoxyadenosine 5'-phosphate (N-24). 

N-24 
l'-Deoxyadenoslne 5'-Pbospbate 

Allllremldo.: dAdo-5'-P, 5'-dAMP 
F'.-..la: CsoH~tN,O.P 
Mol. Wt.: 331.23 
Calc. %: C, 36.25 

H, 4.26 
N, 21.14 
0, 28.98 
P, 9.35 

NHf 
N~N 

0 ~NJLN> 
II~ HO-P-0........._ 
I. CHI 0 
OH 

H H 
H H 

HO H 

Sped8c Retatloa: [afJ -38.0" (0.23 g/100 ml, HtO)O 
pK.:"·q 3.8, 6.4 

...,. Chr..atCJirllpby: Dissolve tbe Li+, Na+, K+, or NHt salt in 
H.O. 

Solvent Rt 

A 0.56 
8 0.19 
c 0.34 
D 0.87 

G• CllromatCJirllpby: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

3o.92 100 

w.- Allalysls: 8.90% (calculated for tbe dihydrate, 9.00%). 
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N-23/ N-14i 

Spedral COIIItaMI: Literature data are inconsisteol Our data are 
aiven. 

A .. A• 
pH A.a. e... A• A• Ref. 

2 258 14.8 0.83 0.23 NRC ample 
7 260 15.1 0.77 0.12 

11 260 15.2 0.77 0.12 

R....U: Anion-exchange chromatography showed traca of 2 
nucleosides and 1 nucleotide. In tbe abseoce of reliable, spectral 
rd'ereuce data, tbe purity of this compound is repnled as 
tentative. 

N-15 
l'-Deoxyaclenoslne 5'-Trlpbospbate 

~ 

Allllrmatioal: dAdo-5'-P,, 5'-dATP ~ 
F'....ta: C,oH .. N,OstPa O O O ~ 
Mol. Wt.: 491 .19 I I I ~ 
Cal .. 07 . C 24 45 HO-P-O-P-O-P-0 ... 

... /o• ' • I I I 'c 0 
H, 3.28 OH OH OH 
N, 14.26 H H 
0, 39.09 H H 
~1~~ HO H 

Paper Chr..atotP'IIIIIY: Dissolve the Li+, Na+, K+, or NHt salt in 
HtO. 

Solvent Rt R., R., 

A 0.39 0.10 1.3 
8 0.05 
c 0.18 4.9 
D 0.93 0.40 

Spectral COMWIII: No spectral data in tbe literature; use the data 
for 2'-deoxyadenosine 5'-phosphate (N-24). 

N-l6 NHa 
l'-Deoxycytidine N~ 
[1-(l-Deoxy-tJ-o-ribofiii'IUlOSYI)cytosine] A~J 

Allllremldon: dCyd ~0 
N 

F'.-..la: 4HstNt04 MOCHa 0 

Mol. Wt.: 227.22 H H H H 
Calc. %: C, 47.57 

H, 5.77 HO H 
N, 18.49 
0, 28.16 

Meltiaa Pt.:tt 207-209 °C 
Sped8c Rotatioa: (am +57.6" <2 g/100 ml, Ht01' 
pK.:ta4.3 

Copyright © National Academy of Sciences. All rights reserved.

Specifications and Criteria for Biochemical Compounds:  Third Edition
http://www.nap.edu/catalog.php?record_id=21491

http://www.nap.edu/catalog.php?record_id=21491


N-l7 I N-29 

...,_ a.n.atocrapiiJ: Dissolve the sample in H.O. 

Solvent Rr 

A 0.80 
B 0.62 
c o.n 
D 0.76 

Ga C'hr..at.......,: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

23.79 100 

Water Aalylk: 0.06%. 

Spectral CGIIItaaCI: 

AIIO A• 
pH ~ e..a A• A• Ref. 

1 280 13.2 0.42 2.15 44 
7 271 9.0 0.83 0.97 

11 271 9.0 0.83 0.97 

R_..: Met NRC specifications. Cation-exchange chromatog
raphy showed 1 impurity, probably less than I %. 

N-l7 
1 1-Deoxycytidine 51-Diphosphate 
(11-Deoxycytldlae 51-Pyrophosphate) f,*iz 

~: dCyd-''·Pt, ''-dcoP ~J) 
FC11811a: c.H~A.Pt 0 0 o;-._H) 
Mol. Wt.: 387.18 HO-~-o-J-o ~ 
c.Jc. %: C, 27.92 1 1 ' 0 

H, 3.90 OH OH 
N, 10.8' H H H H 
0, 41.32 
P, 16.00 HO H 

P1lper ~: Dissolve the Li+, Na+, K +,or NHt salt in 
H.O. 

Solvent Rr R• Rt~ 

A 0.25 0.27 2., 
B 0.0, 
c 0.~ 0.57 u 
D 0.89 

Spednl CGIIItaaCI: No spectral data in the literature; use the data 
for 2'-deoxyc:ytidine ''-phosphate (N-28). 

N-18 
1 1-Deoxycytldlae 51-Phosphate 

~: dCyd-''·P, ''-dcMP 

F...ta: c.HuNAP 
Mol. Wt.: 307.~ 
Calc. %: c. 3,.18 

H, 4.,9 
N, 13.67 
0, 36.46 
P, 10.08 

N)) 
o oAN)J 

H0-~-0,~ I Oit 0 
OH 

H H 
H H 

HO H 

Specific Rotadoa: [afri +38.~ (1.2 s/100 mi. H.O)t' 
p.K.:G 4.6, 6.6 

Paper C'hromatOIJallhy: Dissolve the free acid in 1 M NH.OH; the 
Li+, Na+, or K+ salt, in H.O. 

Solvent Rr 

A 0.,3 
B 0.16 
c 0.21 
D 0.8, 

Spectral CGIIItaaCI: Literature data on molar absorption c:oeffic:ients 
are inc:onsistent. Our data are siveo. 

AIIO A. 
pH ~ Emu A• A• Ret. 

U 279 13.0 0.43 2.12 12 (ratios) 
7.0 270 9.1 0.82 0.99 NRC sample (E values) 

R....U: The free acid met NRC specifications. 

N-19 
11 -Deoxycytldlae 51• Triphosphate 

NH2 

AbiJreriatlo•: dCyd-''-P,, ''-den> 0 
Forada: c.HttNAaPa ~ 
Mol. Wt.: 467.16 0 0 0 0 

Calc:. %: c, 23.14 Ho-J-o-J-o-J-o ~ 
H, 3.4, I I I 'c 0 
N, 8.99 OH OH OH H H 
0, 44.,2 H H 
~1~89 ~ H 

Paper C'hromatoarapby: Dissolve the Li+, Na+, K+, or NHt salt in 
H.O. 

Solvent Rr Rt~ Rt~ 

A 0.22 1.3 2.0 
B 0.0, 
c 0.18 0.50 2., 
D 0.93 

Spedral Collltanta: No spectral data in the literature; use the data 
for 2'-deoxycytidine ''-phosphate (N-28). 
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N-30 o 
2'-Deoxypuoslae HH~N 
(9-(2-Deoxy-tJ-o-rlbofuraDOI)'I)Iaalae] A .. ~N> 
Allllre9faU.: dGuo Ha~N N 
P......-: C..H11N.O, HOCH1 0 
MoL Wt.: 267.25 H H 
c.lc. %: C, 44.94 H H 

H, 4.90 H H 
N, 26.21 
o. 23.95 

Spedlk RocatSo.: [aft: -30.2° (0.20 8/100 ml H~)ll 
pK.:G-• 2.8, 9.5 

Paper~: Dissolve the sample in 1 M NH.OH. 

SoMnt Rr RM 

A 0.64 0.78 
B 0.46 0.65 
c 0.68 0.78 
D 0.63 

Ga a....._.aJ~~J: Trimcthylsilyl derivative. 

MUvalue Rei. Peak Area 

28.00 
19.80 
21.12 
27.60 
29.60 

100 
2 
1 <auanine> 
1 
3 

A.. A .. 
pH ~ e... A;; A;; Ref. 

7 254 13.0 1.16 0.65 39 

0 

Allllre9fa.._: dGuo-5'-Pt, 5'-doDP n~ 
Formula: C,olf,aNa~oPt O O He~N N 
MoL Wt.: 427.21 1 1 
c.lc. %: C, 28.12 HO-P-O-P-0- 0 

H, 3.54 ;,.. ;,.. H H 
N, 16.40 H H 
0, 37.45 HO H 
P, 14.50 

Paper a.n-topapby: Dissolve the sample in H~. 

Solvent Rr R., R• 
A 0.17 2.4 
B 0.04 7.7 
c 0.13 1.6 
D 0.88 0.32 0.90 

Spedral Conltaaa: No spectral data in the literature; uae the data 
for 2'-deoxyguanosine 5'-phosphate (N-32). 
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N-32 0 

2'-Deoxypuoslae 5'-Pbolphate 

~·X)) 
H0-~-0-CHFDJO 

~: dGuo-5'-P, 5'-doWP 
FOIWIIIa: Ct.H~tNaOrP 
MoL Wt.: 347.23 
c-. %: c, 34.58 

H, 4.06 
N, 20.17 
0, 32.26 
P, 8.92 

OH H H 
H H 

HO H 

Sped8e RocatSo.: [af~ -31° (0.43 8/100 ml, H~)" 
piC. ;'I 2.9, 6.4, 9. 7 

Paper a.n-.........,: Dissolve the free acid in 1 M NH.OH; the 
Li+, Na+, or K+ salt, in H~. 

Solvent Rr 

A 0.39 
B 0.03 
c 0.16 
D 0.85 

Ga ~: Trimetbylsilyl derivative. 

MU value Rei. Peak Area 

32.24 100 

w .... ~: 18.2% (c:alculated for 4.5 H~. 17.17.). 

Spednl c..e.a: Literature data are inconlistalt. Our data • 
,iven. 

A .. A .. 
pH ~ emu A• A• Ref. 

2 255 12.5 1.05 0.73 NltC sample 
7 253 13.8 1.18 0.67 

II 258 11.7 0.93 0.65 

a-D: Anion-exchanee chromatopaphy showed 1 nucleoride 
impurity (approximately 2%). In the ableftce of reliable.IIJCICUII 
reference data, the purity of this sample is reprded as tentatM. 

N-33 
2 '-Deoxylnollae 

Allllre9faU.: dlno 
F'OI'IIUa: C,olf .. N,O, 
MoL Wt.: 252.23 
c.lc. %: C, 47.62 

H, 4.80 
N, 22.21 
0, 25.37 

HN~ 
"N)l.l 

-~~~I 
~ 

HO H 

Sped8e RotaU.: [afn -21.5° (I 8/100 ml, H~)8 

Paper~: Dissolve the sample in H.O. 

Solvent Rr R .. 

A 0.62 0.30" 
B 0.44 
c 0.58 
D 0.60 1.4•• 
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N-34/ N-36 

C..~: Trimcthylsilyl derivative. 

MU value Rd. ~ Area 

25.44 
17.95 
28.10 

100 

s,ednl eo....a: 

2 (bypolUUithine) 
0.4 

pH A... tmu Ref. 

7 249 12.8 48 

N-34 
2' -Deoxyuridine 

Allllrftlattc.: dUrd 
FGnlllla: c.HuN.O. 
MoL Wt.: 228.21 
c.lc. %: c. 47.37 

H, 5.30 
N, 12.28 
0, 35.06 

Meltilla Pt.:41163 oc 

0 

HN~ 
O~N)J 

HOCH1/0........._ I 
~ 

HO H 

Sped8c Rotattc.: [«]~ +30.00 (2 g/100 ml, H,O)O 
pK.:" 9.3 

Paper a.ro.afDII'apby: Dissolve tbe sample in H.O. 

SolYeDt R, 

A 0.67 
B 0.56 
c 0.76 

A .. 
pH A... '-a A• 
1 262 10.2 0.72 
7 262 10.2 0.72 

12 262 7.6 0.81 

~: Met NRC apecific:ations. 

N-35 
2'-Deoxyuricline 5'-Pbospbate 

Allbr~llldoM: dUrd-5'-P, 5'-duMP 
FGnlllla: c.HuN.O.P 
MoL Wt.: 308.19 
c.lc. %: c, 35.08 

pK.:" 9.3 

H, 4.25 
N, 9.09 
0, 41.53 
P, 10.05 

A .. 
A• Ref. 

0.38 12 
0.38 
0.31 

0 HN'1 
O O~NjJ 

H0-~-0 ~ 1 'cHa o 
OH 

H 
H H 

HO H 

Paper a.-......,: Dissolve the U+, Na+, K+, or NHt salt In 
H,O. 

Solvent Rr 

A 0.39 
B 0.12 
c 0.24 

Spednl eo....a: Values in parentheses are NRC data for this 
compound. 

2 260 9.8 0.78 0.41 
7 260(262) (9. 7) 0.80 0.43 

12 260(261) (7.5) 0.83 0.32 

~: Met NRC specifications. 

N-36 
JV6,JV6-~etbyladeldne 
(6-Dimetbylamlnopurlne) 

Allllreriadoa: 6Me.Ade 
FOI'I8Uia: ~H1N1 
Mol. Wt.: 163.18 
Calc. %: C, 51.52 

H, 5.56 
N, 42.92 

Meltlaa Pt.:U 257 °C 
pK.:U 3.9, 10.5 

Ref. 

49 

Paper Chromatosrapby: Dissolve the sample in 0.5 M HO. 

Solvent Rr R,. 

A 0.87 0.85• 
B 0.83 0.84···· 
c 0.82 0.65···· 
D 0.51 0.18···· 

G• Chr..at08111pby: Trimethylsilyl derivative. 

MUvalue Rei. Peak Area 

17.95 100 

Spectral C.,....: 

pH )I_. Emu Ref. 

2 276 15.5 53 
7 275 17.8 

13 281 17.8 

167 
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N-37 
N 2,N2-Dbaethylganfae 
(l-Dbaethy~hyclroxypurlne) 

AllbreYIMioa: 2MMJua 
F...-a:C,H,N,O 
Mol. Wt.: 179.18 
c.Jc. %: c, 46.92 

H, 5.06 
N, 39.09 
0, 8.93 

Paper Chr..atowapby: A solution containing 10 A., units/5 ,d 
could not be made. The data reported here were obtained by dis
solving 1.6 mg in 0.3 m1 of 0.5 M Ha (2 A., units/5 ,d) with 
heating, and applying 5 separate aliquots to the paper, drying 
after each application. 

Solvent Rr R.,. R.,. 

A O.S6 1.4 
B 0.37 0.32 1.22 
c 0.40 
D 0.20 0.09 1.1 

G• Chr..atowapby: Trimethylsilyl derivative. 

MU value 

20.79 

Spectral Coaltallltl: 

A~~e A., 
pH Am.s fmas A., A., Ref. 

I 256 19.0 0.92 0.36 SO, 51 
II 282 7.5 1.6 I.S 

Raaarkl: The sample tested was srossly impure, containing among 
other constituents di-isobutyl phthalate, a plasticizer. Paper
chromatosraphic data are for the sample tested previously.l 

N-38 
Guanine 

Abbrnlatl011: Gua 
F...-a: CJI,N,O 
Mol. Wt.: 151.13 
Calc.%: C, 39.73 

H, 3.33 
N,46.34 
0, 10.59 

pK.:M 3.0, 9.3, 12.6 

Paper ChromatOIP"'lphy: A solution containing 10 A., units/5 ,d 
could not be made. The data reported here were obtained by dis
solving 3.0 mg in 0.3 ml of 0.5 M HCI (3.3 A., units/5 ,d) with 

168 

N~ /N..w 

heating and applying 3 separate aliquots to the paper, dryiDa after 
each application. 

Solvent Rr 

A 0.66 
B 0.27 
c 0.47 
D 0.40 

GM CllnaatCJ11'81111Y: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

21.15 100 

Spectral COIIItaa&a: 

A~~e 
pH >.... f-.a A., 

I 248 11.4 1.37 
7 246 10.7 1.42 

II 274 8.0 0.99 

R...U: Met NRC specifications. 

N-39 
Guanosine 
(9-{J-o-RiboflftllOIYlganiDe) 

AllbreYIMioa: Guo 
F...-a: c.oH •• N,O. 
Mol. Wt.: 283.25 
Calc. %: C, 42.40 

H, 4.63 
N, 24.73 
0, 28.24 

A., 
A., Ref. 

0.84 12 
1.04 
1.14 

Sped8c Rotlltloa: [crro -7r (1.4 g/100 ml, 0.1 M NaOH)I' 
p.K.:H·" 2.2, 9.2, 12.3 

Paper Chr..at011J'81111y: A solution containing 10 A., units/~ ,.1 
could not be made. Data reported here were obtained by cfit. 
solving 2.5 ms in 0.1 ml of I M NH.OH (5 A., units/5 ,d) with 
difficulty (i.e., the solid dissolves slowly) and applyins 2 sepente 
aliquots to the paper, drying after each application. 

Solvent Rr R.,. 

A o.so 
B 0.36 1.2 
c 0.53 
D 0.62 

G• Chromatowapby: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

28.02 
21.15 
27.61 

100 
0.5 (guanine) 
1.5 
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N-40 I N-t3 Ga....._ 2':3'-CJdk l'llolpbllte I Ga...a. 2'(3)'-.,..,..._te, Mbed .u... 

SpectnlC...._: 

AIIO A. 
pH A.a. e-. A- A• 

I 251 122 0.94 0.70 
7 253 13.7 1.15 0.67 

II 258-266 11.3 0.89 0.61 

N-40 
Guanoslae 2':3'-Cycllc Phosphate 

Ailllre9la..,_: Gu~2':3'-P; 2':3'-cyclic: OWP 

FC11811a: CaolfuN,OrP 
Mol. Wt.: 345.21 
Calc.%: C, 34.79 

H, 3.51 
N, 20.29 
0, 3244 
P, 8.97 

Ref. 

12 

Paper CllromatOfP'AIIIIy: Dissolve the U+, Na+, K+, NHt, or Bat+ 
salt in H,O. 

Solvent Rt Rt~ Rt~ 

A 0.34 0.39 0.54 
8 o.ss 0.33 
c 0.50 0.60 
D 0.85 1.1 

Spedral eo.tuts: There are no reliable data available; use the 
data for guanosine S'·phosphate (N4S). 

N-41 
Guanosine 5'-Dlpltospbate 
(Guanosine 5'-Pyropbosphate) 

Allllrnbd .. : Guo-S'·Ps, S'-oop 
F.-la: CaoHuN,OraPs 
Mol. Wt.: 443.21 

0 

HN'1-~ 
HzN~N)lN 

Cale. %:c. 27.10 
H, 3.41 
N, 15.80 

I I 
HO-P-O-P-0-C 0 

I I 
0 0 ~ 
OH OH H H 

0, 39.71 H H 

P, 13.98 HO OH 
pK.:11 29, 6.3, 9.6 

hper Cllr..atoarapby: Dissolve the Li+, Na+, K+, or NHt salt in 
H,O. 

Solvent Rt Ry 

A 0.12 4.0 
8 0.02 
c 0.08 
D 0.89 0.89 

Spectral C...._: 

AIIO 
pH A.a. E.u A• 
I 2S6 12.3 0.95 
7 253 13.7 1.15 

II 257 11.7 0.91 

N-42 
Guanosine 2'-Pbospbate 
(2'-GuanyUc Add) 

Allllretla..,_: Gu~2'·P, 2'-oMP 
F....a: C.oH •• N,O.P 
MoL Wt.: 363.23 
Cale. %: C, 33.06 

H, 3.88 
N,19.28 
0, 35.24 
P, 8.52 

pK.:G 9.2 

A. 
A• 
0.67 
0.66 
0.61 

Ref. 

IS 

0 

HN~N~ 
H N~NJLN~ 

H02C~O 
H H 

H H 
HO 0 

I 
Ho-P=O 

I 
OH 

Paper Cllro.-toarapby: Dissolve the Na+ salt in H,O. 

Solvent R, 

A 0.31 1.6 3.0 
8 0.10 29 
C ~IS 16 
D 0.94 0.70 
P 0.53 0.77 (3'-isomer) 

Ga a.ro.a......,: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

31.15 100 

SpedniC.......: 

AIIO A• 
pH A• A• Ref. 

1 0.90 0.68 12 
7 1.15 0.68 

12 0.89 0.60 

• See 2' •AMP (N•5). 

N-43 
GUIUlOiine 2'(3')-Phosplaate, Mixed Anomers 

Allllretla..,_: Gu~2'(3')-P, 2'(3')-oMP 
FGnlllla: C.olf .. N,O.P 
MoL Wt.: 363.23 
Cale. %: C, 33.06 

H, 3.88 
N,l9.28 
0, 35.24 
P, 8.52 
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~ 3'....._...... I c.u.a...e 5'-PINII!•nee 

·~ Ht"~NJ._N 

H~ H H 
H H 

0 OH 
I 

HO-P•O 
I 
OH 

Paper~: Dissolve the sample in 1 M NH.OH. 

Solw:Dt Rr 

A 0.28 
8 o.os 
c 0.07 
D 0.88 

W.._ ~: '-6% (calculated for the monohydrate, 4.27.). 

Spednl eo..tn: Literature data are inconsistent. Our data are 
,iYeD. 

...... .... .. 
pH ~ -.. ..... ..... Ret. 

1 1S7 12.3 0.92 0.6S NRC ample 
7 2S3 13.3 1.U 0.67 

12 263 11.2 0.88 o.ss 

..._..: Guanosine (about 1%), traces of 3 nuclcosidea, and 2'· 
and 3'-tJNP detected by anioo<Xehanee chromatoarapby.Jn the 
absence of reliable, spectral reference data, the purity of tbia com
pound is reprded u tentative. 

N-44 
GUIUlOiine 3'-Pbosphate 
(3'-Guanylk Add) 

Allllrefta&.: Guo-3'-P, 3'-GMP 
F....ala: CaoHatNaO.P 
MoL Wt.: 363.23 
Calc. %: c, 33.06 

pK.:G 9.2 

H, 3.88 
N,19.28 
0, 3S.24 
P, 8.S2 

Solvent Rr 

A 0.27 
8 0.09 
c 0.02 
D 0.91 
p 0.44 

170 

R,. 

1.7 
3.S 

O.?S 
1.2S (2'-isomer) 

"";,_,__; 
HaN-4N~N 
~;:~ I 
~ 

? OH 

HO-P•O 
I 
OH 

Gu a..........,: Trimethyllilyl deriwtive. 

MU value Rcl. flak Ana 

31.18 100 

...... ..... 
pH ~ ...... ..... 
1 2S6 0.93 0.69 
7 264 1.17 0.68 

12 260 0.88 o.ss 

N-45 
GUIUlOiine 5'-Pholphate 
(5' -Gaayllc Add) 

AIIIN;;Inlduw: Guo-S'·P, S'-oMP 
F....ala: CaoHatNao.P 
MoL Wt.: 363.23 
Calc. %: c, 33.06 

H, 3.88 
N,19.28 
0, 3S.24 
P, 8.S2 

pK.:U 2.4, 6.1, 9.4 

Ref. 

sa 

0 

~ 
H0-~-0-~:, I 

OH ~ 
HO OH 

Paper a.....,.api!J: Dissolve the free acid in 1 M NILOH; tbe 
Li+, Na+, or K+ salt, in H.O. 

Solvent Rr 

A o.u 
8 0.06 
c o.os 
D 0.87 

Gu a..........,: Trimethylsilyl derivative. 

MU value Ret. flak Ana 

31.79 100 

w .... ~: 6.3 7o (calculated for the monohydrate, 4.3 7.). 

Spednl eo..tn: 

...... ...... 
pH ~ -- ...... ..... Ret. 

1 2S6 12.2 0.96 0.67 u 
7 2S2 13.7 1.16 0.66 

11 2S8 11.6 0.90 0.61 

........ : Met NRC specificatioas. 
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N-46/ N-49 

N-46 
GIIIUlOIIae 5'-Trlpbosphate o 

Allllretla&.: Guo·-5'-Pa, 5'-oTP n~ 
FCII"'IIIa: CaJfa.N•O.tPa H,~N N N 
MaL Wt.: 523.19 0 0 ~ 
~~:C,~% HO-~-O-~-O-P-0-C 0 

/o I I I 
H, 3.08 OH OH OH H H 
N,13.39 H H 
0, 42.81 HO OH 
P, 17.76 

.rc,.:a• 3.3, 6.5, 9.3 

....... ~: Dillol"Ye the Li+, Na+, K+, or NHt salt in 
H,O. 

Solvent Rr R• 
A 0.~ 1.2 
B 0.05 
c 0.10 2.6 
D 0.94 

Spednl eo.t.a: 

pH ~ e.-

1 256 12.4 
7 253 

11 257 

N-47 
Hypo:untblae 

13.7 
11.9 

Alllntlatloa: Hyp 
P...sa:c.H.NtO 
MoL Wt.: 136.11 
c.Jc. %:c. 44.12 

H, 2.% 
N,41.17 
0, 11.75 

plC.:D 2.0, 8.9, 12.1 

R. 

0.50 

A., A• 
A• A• Ref. 

0.% 0.67 15 
1.17 0.66 
0.92 0.59 

.....,.. a.ro-toarapby: Dissolve the sample in 0.1 M Ha. 

Solvent Rr 

A 0.62 
B 0.51 
c 0.66 
D 0.58 

Ga a.ro..totrapby: Trimethylsilyl derivati"Ye. 

MU value Rel. Ptak Area 

17.92 100 

w .... ~:0.04%. 

Spednl c..tuca: 

A. A• 
pH ~ e.- A• A• Ref. 

1 248 10.8 1.45 0.04 12 
7 250 10.7 1.32 0.09 

11 259 11.1 0.84 0.12 

~:Met NRC specifications. Cation-excbanae chromatop'apby 
showed a trace of 1 impurity, poaibly xanthine. 

0 N-48 
IDOIIDe 
(9-fJ-D-Ribofuranosylbypo:untblae) 

AIJIJretladola: Ino 
P__.a: CsoHuNtO. 
Mol. Wt.: 268.23 
c.Jc. %: c, 44.78 

·~ 
~~, I 
~ H, 4.51 

N,~.89 
HO OH 

0, 29.82 
Specl8e Rotation: [crfn -58.8" (2.5 11100 ml, H,Q)I' 
pK.:"·" 1.0, 8.8, 12.3 

Papa- Clll'a.atCJII'&PhY: Dissolve the ample in H,O (warmina may 
be necessary to effect dissolution). 

Solvent Rr R• 

A 0.48 1.3 
B 0.47 
c 0.59 0.83°0 

D 0.74 0.81 

Ga CllrcaatGtrapby: Trimetbylsilyl derivative. 

MU value Rei. Peak Area 

25.% 100 

Spectral Co.taaea: 

A .. A• 
pH ~ e.- A. A• Ref. 

0 251 10.9 1.21 0.11 12 
6 249 12.3 1.68 0.25 

11 253 13.1 1.05 0.18 

N-49 
IDOIIDe 5 '-Diphosphate 
(lnoslne 5'-Pyropbospbate) 0 N;> 
AllllreYIIIdoal: Ino-5'-P,, 5'-mP ~ 
P.-la: CaoHa.N.O.aPt 0 0 N 

Mol. Wt.: 428.19 HO---o-J-o, d 
Calc. %: C, 28.05 1 1 C 0 

H, 3.30 OH 0H H H 
N,13.09 H H 
0,-41.10 HO OH 
P, 14.47 
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Paper~: Dissolve the Li+, Na+, K +,or NHt alt in 
H.O. 

Solvent Rr Rt~ 

A 0.13 3.0 
B O.o2 
c 0.11 1.6 
D 0.88 

Spectral C...._: No spec:ttal data in the literature; Ule the data 
for inosine 5'-pbosphate (N-50). 

N-50 
IDOIIae 5'-Phosplaate 
(5'-IDolbdc Add) 

~: lno-5'-P, 5'·1MP 
F__.a: c..H1aNAP 
Mol. Wt.: 348.21 
Calc. %: c. 34.48 

H, 3.76 
N, 16.09 
0, 36.76 
P, 8.89 

0 

~~~ 
0 ~N,LN 

Ho-J-o,~ I 0 

OH H H 
H H 

HO OH 

Sped8c Rotatioll: [a~ - 36.8" (0.87 s/100 ml, 0.1 M HC)II 
piC.:" 1.5, 6.0, 8.9 

Paper a.n.atocrapi~J: Dissolve the Li+, Na+, K+, or NHt salt in 
H.O. 

Solvent Rr 

A 0.28 
B 0.03 
c 0.15 
D 0.90 

G• a.n.atOif&lllty: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

30.40 100 

Watlr Au~J~k: 8.9% (calculated for the dihydrate, 8.4%). 

SpedralCGIIItaaCI: 

A.. A. 
pH ~ e-. A.; T.; Ref. 

7 249 12.7 1.66 0.26 62 

Raaarb: The molar absorptivity at pH 7 was low, even after cor
rection for water content (11 .9). Anion-exchange c:hromatos
sraphy showed one nucleotide impurity (about 5 %). 

171 

N-51 
IDOIIae 5'-Tripllolpllate 0 

AllllreYiatloM: lno-5'-P,, 5'-rrP 
H 

Mol. wt.: 508.17 HO-J-o-J-o-J-o, 
Calc. %: C, 23.64 1 1 1 0 

H, 2.98 OH OH OH H H 
N, 11.03 H H 
0, 44.08 HO OH 
P, 18.28 

pK.:U9.2 

Paper~: Dissolve the Li+, Na+, K+, or NHt alt in 
H.O. 

Solvent Rr Rt~ Rt~ 

A 0.20 1.2 
B 0.05 
c 0.16 0.50" 2.1 
D 0.95 

Spectral C.....,.: No spec:ttal data in the literature; ua the data 
for inosine 5'-pbosphate <N-50). 

N-51 
5-lodo-1'-deoxyeyddlae 
(1'-Deoxy-5-iocloeyddlae) 

Allllrm8tlcMI: 51dCyd 
F.-..la: c.H1dN.Ot 
Mol. Wt.: 353.12 
Calc. %: C, 30.61 

H, 3.43 
I, 35.94 
N,ll.90 
0, 18.12 

Mea 
.. ~I 

o~NJ 

u 
HO H 

Paper~: Diuolve the ample in H.O. 

Solvent Rr 

A 0.80 
B 0.63 
c 0.70 
D 0.64 

Spectral C...._: 

pH A... e- Ref. 

1 309 8.15 64 
7 293 6.02 

13 294 5.93 

R....U: Met NRC specific:ations. 
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N-53/ N-56 

N-53 
5-100.2 '-deox)'18"ldine 
(2' -Deoxy-5-lodouridine) 

Allllreftatloa: 51dUrd 
P...ra: c.HuiNA 
Mol. Wt.: 354.10 
Calc:. %: c, 30.53 

pK.:•8.2 

H, 3.13 
I, 35.84 
N, 7.91 
0, 22.S9 

""~J' o)__N 

HOC~O 
H H 

H H 
HO H 

Paper Olr..atCJIFilllby: Dissolve the sample in H,O. 

Solvent Rt 

A 0.68 
B O.S9 
c 0.84 

Spectral Co.taldl: 

pH >...... e-a Ref. 

1 
7 

13 

289 7.83 64 
289 7.69 
280 5.79 

R...U: Met NRC specifications. 

N-54 
5-IodourlcUne 

Alllnriadoe: 51Urd 
Porada: c.HuiN,O, 
Mol. Wt.: 370.10 
Cak. %: C, 29.21 

pK.:•8.5 

H, 3.00 
I, 34.29 
N, 7.S7 
0, 2S.94 

Paper OlromatOII'Ilpby: Dissolve the sample in H,O. 

Solvent Rt 

A 0.61 
B 0.53 
c 0.7S 
D 0.73 

Spedral COIIItaats: 

pH >...... fmu Ref. 

1 289 8.02 64 
7 288 7.96 

13 280 6.17 

R...U: Met NRC specifications. 

N-55 
N&.Jsopentenyladealne 
(N&-(J..Metbyl-2-butenyl)adeaJne] 

AlllnriadOII: 6Pe1Ade 
P...ra: C1oHJ.N, 
Mol. Wt.: 203.24 
Calc. %: C, 59.09 

H, 6.45 
N, 34.46 

Meltlal Pt.:" 2J3.-21S °C 

Paper OlraaaatotP'apby: Dissolve the sample in 0.5 M HCI. 

Solvent Rt R.,. 

A 0.96 
B 0.84 0.89• 
c 0.88 
D 0.53 

G• OlromatOII'Ilpby: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

21.15 100 
23.76 0.5 

Spectral COIIItutl: 

pH >...... fmu Ref. 

1 273 18.6 66 
7 269 19.4 

12 275 18.1 

HaC, 
C-CH-H1C, .;H N-56 H,C_... N 

N~N> N6-1Jopenteaylaclenoslne 
(N&-(J..Metbyl-2-butenyl)aclenoslne] ~N)lN 
AlllnriadOII: 6Pe1Ado 
P...ra: CJoHsJN,o. 
Mol. Wt.: 335.36 
Calc. %: C, 53.72 

H, 6.31 
N, 20.88 
0, 19.08 

Meldal Pt.:11 145-147 °C 

HOCd.O 
H H 

H H 
HO OH 

Spedfte Rotatloa: [a)~ -103° (0.14 g/100 ml, EtOH)A 
pK.:• 3.8 

Paper OlromatOII'Ilpby: Dissolve the sample in H,O. 

Solvent Rt 

A 0.93 
B 0.84 
c 0.84 
D 0.64 
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G• ~: Trimethylsilyl derivative. 

MU value Rel Peak Area 

29.SO 100 
26.09 o.s 

Wider Aul7*: 2.2% 

SpedralC.-...: 

pH ~ t.u Ref. 

1 
7 

12 

26S 
269 
269 

20.4 66 
20.0 
20.0 

R.....U: Measured molar absorption coefficients were S% hiaher 
than those listed. The purity of this compound is reprded as 
tentative until additional spectral reference data are available, 
including ratios. This compound decomposes on storage, even at 
-70°C. 

N-57 
Klneda 
(NG-Furfuryladenine) 

Porada: CtoH.N,O 
Mol. Wt.: 21S.22 
Calc. %: C, SS.81 

H, 4.21 
N, 32.S4 
0 , 7.43 

Meldag Pt.:10 26s-266 °C 
pK.:71 3.8, 10.0 

Paper Chr--aopaplly: Dissolve the sample in O.S M HCI. 

Solvent Rt R .. 

A 0.93 0.4S 
8 0.8S 0.61 
c 0.8S 0.68** 

G• Olromatopaplly: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

22.04 100 
18.S2 1 

Spectral COIIItaldl: 

pH ,.,_ 
fill&& Ref. 

0 274 17.0 71 
6 267 18.8 

14 273.S 17.6 
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AllllrmMioe: 6MeAde 
Parada:CtH,N• 
Mol. Wt.: 149.16 
Calc. %: c, 48.31 

H, 4.73 
N,46.9S 

Meldlll Pt.:n 319-320 °C 
piC.:" 4.2, 10.0 

N-5'7 IN-59 

Paper Qr--aCJII'&IIby: Dissolve the sample in hot HtO. 

Solvent Rt R .. 

A 
8 
c 
D 
F• 

0.89 
o.n u• 
0.78 0.10 
0.46 1.2* 
0.62 0.10 

GM Olr--aCJII'&IIby: Trimethylsilyl derivative. 

MU value Rel Peak Area 

17.S9 100 
20.00 1.3 

2 267 1S.1 
7 266 16.2 

12 273 1S.8 

•Butanol aturaced willa HJO. 

N-59 
5-Metbyleytosine 

Allllre9fatloll: SMeCyt 
Porada: C.H,NtO 
Mol. Wt.: 12S.13 
Calc. %: C, 47.99 

H, S.64 
N, 33.S8 
0, 12.79 

piC.:" 4.6, 12.4 

Ref. 

S3 

Paper Olr--aCJII'&IIby: A solution containing 10 A. units/ ,.J could 
not be made. The data reported here were obtained by dissolviDa 
3.6 mg in 0.1 rnl of HtO (3.3 A• units/S ,d) with warming and 
applying 3 separate aliquots to the paper, drying after eiCh 
application. 

Solvent Rt 

A 0.80 
8 0.6S 
c 0.70 
D 0.71 

Copyright © National Academy of Sciences. All rights reserved.

Specifications and Criteria for Biochemical Compounds:  Third Edition
http://www.nap.edu/catalog.php?record_id=21491

http://www.nap.edu/catalog.php?record_id=21491


N~ /N-62 

GM ~: Trimethylsilyl derivative. 

MU value Rd. Peak Area 

15.44 100 

Spedral eo.tua: 

A .. 
pH ~ '-a A., 

1 283 9.8 0.41 
7 273 6.2 0.81 

14 289 8.1 0.85 

Remllrb: Met NRC specifications. 

N-60 
5-Metbyl-l '-deoxycytidine 
(l '-Deoxy-5-metbylcytidine) 

Alllnrildloa: 5MedCyd 
F...aa: CtoH~tN.O. 
Mol. Wt.: 241.25 
Calc. %: c, 49.79 

H, 6.27 
N, 17.42 
0, 26.53 

A. 
A., 

2.66 
1.20 
3.75 

Ref. 

12 

NH2 

NNHs 

O~NjJ 
HOCdO 

H H 
H H HO H 

Sped8e Rotatioli: [a~ +62" (1.0 g/100 ml, 1 M NaOH)'~'~ 
pK.:'~'~4.4 

hper OlrOIIIIItcJinplly: Dissolve the sample inH.O. 

Solvent Rr 

A 0.81 
B 0.65 
c o.n 
D 0.80 

w ... ~:0.7%. 

Specn1 C'oaltaMI: 

A .. A• 
pH ~ '-a A• A• Ref. 

1 287 12.4 0.43 3.00 73 
7 m 8.5 0.99 1.54 

14 279 8.8 

a-D: Molar absorption coeftlcients were .5-10% too low, even 
after correction for water content. Supplier claimed 1.5 molecules 
of water or hydration (10.1 %) per molecule. Cation-exchange 
cbromatosraphy showed 1 impurity (about 3 %). 

N-61 
7-Metbylguanlne 

Abllreriadoll: 7MeGua 
F.-la:c.H,N.O 
Mol. Wt.: 165.16 
Cak. %: C, 43.63 

• H, 4.27 
N,42.40 
0, 9.69 

pK.:76 3.5, 10.0 

Pllper Olro.atCJII1lllb1: Dissolve the ample in 0.5 M Ha. 

Solvent Rr 

A 
B 
c 
D 

0.82 
0.35 
0.55 
0.45 

Specn1 C'oaltaata: 

pH A.. '-a 

1 250 11.0 
7 283 7.8 

13 280 7.8 

A• 
A., 

0.79 
1.8 
1.9 

R...U: Met NRC specifications. 

Ref. 

74,75 

N-62 0 
1-Metbyllnosine ~c,N.AyN~ 
(1-Metbyl-9-tJ-o-rlbofaranosylbypoxantbJne) ~ •. J-tl' 
Allllreriadoa: 1Melno d 
FOI'IIIIIIa: Ct1H1•NA HOC 
Mol. Wt.: 282.26 
Calc. %: C, 46.81 H H 

H, 5.00 HO OH 
N, 19.85 
0, 28.34 

Me1t1Da Pt.:71 210-212 °C 
Specific Rotatioll: (a~ -49.2" (0.50 g/100 ml, H.0)71 

pK.:"1.2 

Paper Olrc.atopapby: Dissolve the sample in H.O. 

Solvent Rr R .. R,. 

A 0.65 o.n 1.2 
B 0.51 0.59 
c 0.75 0.87 
D 0.84 

Gu OlromatCJII1lllb1: Trimethylsilyl derivative. 

MU value Rel Peak Area 

29.80 100 
25.88 5 (inosine) 

Specn1 CcaWID: 

pH ~ e..a Ref. 

1 251 10.4 n 
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N-63 
5-Metllyluridine 
(5-Metbyi-1-,.D-rlbofuraaosyl ... dl) 

""~c•, 
0~ 

Alllnftlldoa: SMeUrd 
F...aa: Ct.HacNA 
Mol. Wt.: 2S8.23 
Calc. %: c. 46.51 

HOC~t 0 
H H 

H H 

H, S.46 
N,10.8S 
0, 37.18 

HO OH 

Meltllll Pt.:" 183-185 °C 
Spedfte Rotd011: [aJ: - ut (2 s/100 ml, HwO>" 
piC.:"9.7 

Pllper Or~: Dissolve the sample in H,O. 

Solvent Rr 

A 0.62 
8 0.52 
c 0.76 
D 0.85 

a.. Or...tCJII'IIIIby: Trimethylsilyl derivative. 

MU value Rel Peak Area 

25.02 100 
25.90 2 

w.- AM~y~~~: 3.8%. 

Spednl COIIItautl: Literature data are inconsistent Our data are 
liven. 

A.., A., 
pH A.a. e-. A., A., Ref. 

1 266 9.7 0.66 0.67 NRC sample 
7 21J7 9.S 0.61 0.79 

13 21J7 7.3 0.72 0.74 

R..U: In the absence or reliable, spectral reference data, the 
purity or this sample is reprded as tentative. 

N-64 
Orode Aeid 

Alllnftadon:Oro 
F........ta: c.HcNwO. 
Mol. Wt.: 156.10 
Calc. %: C, 38.48 

H, 2.S8 
N, 17.94 
0, 41.00 

piC.:" 2.4, 9.5 

HN~ 
O~NJlCOOH 

H 

Pllper <llromatCJ11'81*f: A solution containing 10 A., units/S ,d 
could not be made Data reported here were obtained by dis
solving 4.1 ms in 0.1 ml or I M NH.OH (SA., units/S ,d) and 
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app]yina two separate aliquots to the paper, dryiD8 aft« eecb 
application. 

Solvent Rr R.. R• 

A 0.25 0.20 
8 0.4S 
c 0.43 0.«>- 0.10 
D 0.84 

G• ~: Trimethylsilyl derivative. 

MU value Rel Peak Area 

17.50 100 
18.43 0.2 
20.13 0.3 

SpedniC.-.....: 

pH A.a. e-. Ref. 

1 280 7.S 38 
7 279 7.7 

12 286 6.0 

N-65 
P8eudotnline, Mixed Aaomers 

HNy"H 

0 

H 

Pllper Qr...tCJII'IIIIby: Dissolve the sample in H,O. 

Solvent 

A 
8 
c 
D 

MU value 

23.32 
23.7S 
24.10 
28.86 

Rr R• R .. 

0.38 1.9 1.3 (C1"8nomer) 
0.4S 0.76 I.S 
O.S9 1.2 1.3 
0.79 0.24•• 

Rei. Peak Area 

37.3 (a anomer) 
61.4 (II anomer) 
0.6 
0.7 

RM 

2o-• 

Spednl c.-...: Use the data for pseudouridine. tl-aDOIIICf' 

(N-66). 
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N-66/ N.Q 

N-66 
PBeudomidine, {:J-Aaomer 
(5-{:J-n-Rfboflnnosyl ... dl) 

~:9rd 

Famllla:c.Ht1NA 
MeL Wt.: 244.21 
Calc. %: c. 44.27 

H, 4.95 
N, tt.47 
0, 39.31 

Meld~~~ Pt.:11 233-234 oc 
Spedlk Rocatloa: (a)D -3° (1.0 g/100 ml, ILO)I' 
,IC.:G 9.1 

Paper~ ...... : Dissolve the sample in HaO. 

Solvent Rr Rx 

A 0.44 1.5 
B 0.41 
c 0.65 
D 0.82 

MUvalue 

23.75 
17.30, 24.13} 
24.89, 26.24 

Spec:cnl Coaleluaa: 

Rei. Peak Area 

100 

traces 

A,. A., 
pH ~ e.- A. A. Ref. 

o-7 263 8.1 0.36 0.40 81,82 
12 2B7 7.8 

0 
N-67 H-<" --~~Ht 
9-{:J-D-Ribosylkfnetin '\----(' NH 

0 

(N6-Furfuryladenosine) H H :r 
~?N N~ 

Fon.la: CuHnN,O. "'- tf 
MoL Wt.: 347.35 ~ 
Calc. %: C, 51.87 HOC 0 

H, 4.93 
N, 20.16 H H H 
0, 23.03 

MeltbiK Pt.:G 151-152 °C HO 0H 
Specllc Rotatloa: [afn -63.5° (1.13 g/100 ml, EtOH)N 

Paper ~toRraplay: Dissolve the sample in 0.1 M HO. 

SoMnt Rr RK R• RK 

A 0.88 0.39 0.93*··· 
B 0.89 0.63 0.73 
c 0.80 0.81•• 0.65*··· 
D 0.68 0.76•• 0.06*··· 1.1 

GM ~: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

30.47 100 
25.95, 26.43 0.6 
29.96, 31.32 0.4 

Spec:cnl Coaleluaa: 

Solvent >....ax e.- Ref. 

Ethanol 268 19.0 84 

N~ o 
Thymidine HN.AyCHs 

[1-(2-Deoxy-f;J-n-ribof1ftll08YI}tbymine] ~ ~.J 

::-=~~~~ HOC~t o
0 

N 
MoL Wt.: 242.23 H H 
Calc. %: C, 49.58 H H 

H, 5.83 HO H 
N,11.57 
0, 33.03 

MeltbiK Pt.:G 186-187 oc 
Spedftc Rocatloa: [afn + 18.5° (2 g/100 ml, HaO)tl 
pK.=-' 9.8, 12.9 

Paper ~play: Dissolve the sample in HaO. 

Solvent Rr 

A 0.72 
B 0.73 
c 0.81 
D 0.78 

Watlr~:0.1%. 

Spectral Coaleluaa: 

A., A., 
pH ~ ,_ A., A., Ref. 

1 267 9.65 0.65 0.72 12 
7 267 9.65 0.6S 0.72 

13 267 7.4 0.75 0.67 

Remarks: Met NRC specifications. Cation~cbange chromatog
raphy showed 1 impurity (less than 1 %). 
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N~ o 
'l1lymldlae 3' ,5'-BIIpbospbate HN~CH1 
('l'hyJDidiDe 3' ,5'-Dipbolpbate) ~ ... ) 

AlllntlatlaM: d'Ibd-3',5'·P•; 
3',5'-clmP 

P ..... : Ct.lluNsOuP1 
MaL Wt.: 402.19 
Ode. 7.: c. 29.86 

HO-~-o,~o N 
I C 0 
OH 

H H 

H, 4.01 
N, 6.V7 
0, 43.76 
P, 15.40 

0 H 
I 

HO-P•O 
I 
OH 

...,.. ~: Dillohe the U+, Na+, K+, or NHt salt in 
a.o. 
SoMDt Rt 

A 0.21 
B 0.04 
c 0.10 
n o.rn 

Waw ~= 21.27. (calculated for 6.5 H.O, u oo label, 19.3 7.). 

SpedraJ Cawawa: 

A. A. 
pH ~ .... A• A• Ref. 

1-2 267 9.9 0.65 0.70 85 
2 267 10.2 0.66 0.72 NltC sample 
7 268 10.4 0.65 0.72 

a-D: Met NltC speci8catioos. Anioo-e:tthult c:bromatoa
rapby showed one nucleolide and two nucleotide impuritia, 
totallna 2-37.. Molecular Miibt gi\'ell by supplier for the 
Na. · 6.5 H.O lilt is incorrect. 

N-70 

0 
Dymldine 5'-DipiiOipbate 
('nymldlne 5'-PyropiiOipbate) 

HtrCHs ~= d'Ibd-5'-P., 5'-clmP I 
F ..... : Ctelf,eN.OnP• o 0 O;....N 

MaL Wt.: 402..19 • I ~ 011c. ,;: c, 29.86 Ho- 1 -o-~-o'c 0 
H, 4.01 OH OH 
N, 6.V7 H H 
0, 43.76 
P, 15.40 H 

...,.. ~topaplly: Dissolw the [i+, Na+, K+, or NH! lilt in 
a.o. 
SolYent Rt R,. 

A 0.22 
B 0.07 
c 0.31 1.3 
D 0.91 

SpedraJ Cclaltmdl: No spectral data in the literature; use the data 
for thymidine 5'-pbospbate (N-71). 
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N~ I N-'72 

N-71 
n)'l8ldlae 5'-Pbolpbate 
(5'· DyaldyUe Add) o 

H...J..ycHs 

AlllntlatlaM: d'Ibd-5'-P, 5'-dNP J... .. J 
F ..... : Ct.II11NAP 0 0 N 

MGL Wt.: 322..21 HO-~-O, ~ 
Ode. 7.: C, 37.27 1 CHa o 

H, 4.69 OH H H 
N, 8.69 H H 
0, 39.73 HO H 
P, 9.61 

s,.clle Rotadoll: [afo -u· (0.41/100 ml, H.O>
JK.:" 6.5, 10.0 

...,.. ~.......,: Dissolw the u•, Na+, K+, or NHt a1t in 
a.o. 
SoiYent Rt R,. R• 
A 0.39 
B 0.22 
c 0.48 
D 0.89 0.36 0.10 

SpedraJC.....: 

A. A• 
pH ~ .... A~~t A~~t Ref. 

7 267 9.6 0.65 0.72 62 

N-72 
Dymldine 5' • TrlpiiOiphate 

AllllrfttatlaM: d'Ibd-5'-Pa, 5'-ctrrP no CHs 
F.-.: CteH"N.O..Pa 1 
Mol. Wt.: 482..17 9 ~ 9 o;....N 

Calc. 7.: C, 24-91 HO-~-o-P-o-~-o ~ 
H, 3.55 I I I ' 0 

OH Ott OH 
N, 5.81 H H 

0, 46.46 " " 
P, 19.27 H 

pK.:"9.8 

...,.. ~topaplly: Dillohe the [i+, Na+, K+, or NHt salt in 
a.o . 
SolYent Rt R,. R• 
A 0.23 1.2 1.7 
B 0.05 
c o.:m 2..0 
D 0.94 

SpedraJ Cclaltmdl: No spectral data in the literature; 111e the dMa 
for thymidine 5'-pbospbate (N-71). 
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N-73/ N-'75 

N-73 
Dyllliae 
(5-Metbyl ... dl) 

AllbieviMioa: Tby 
F.....aa:c.H.NA 
Mol. Wt.: 126.12 
Calc. %: c, 47.62 

IIIC.=-' 9.9 

H, 4.80 
N, 22.22 
0, 25.37 

Pilfer <llroalatCJII"Illlll7: A solution containina 10 A• units/5 ,d 
could not be made. The data reported here were obtained by ctis
solvina 1.4 rna in 0.1 ml or 2M NH.OH (5 A• units/5 ,d) and 
applyiJia two separate aliquots to the paper, dryina after each 
application. 

Solvent Rr 

A 0.78 
8 0.63 
c 0.72 

A .. 
pH ~ '-" A• 

4 264.5 7.9 0.67 
7 264.5 7.9 0.67 

12 291 5.4 0.65 

Reawb: Met NRC specifications. 

N-74 
Undl 

Allllrftlldoll: Ura 
F....-:Cdi.NA 
Mol. Wt.: 112.09 
c.le. %: c, 42.86 

pK.:I'9.5 

H, 3.60 
N, 24.99 
0, 28.55 

Aw 
A• Ref. 

0.53 12 
0.53 
1.31 

R ;o 
H 

hper Cllr..at01f8plly: A solution c:ontaining 10 A• units/5 ,d 
c:ouJd not be made. The data reported here were obtained by dis
solvina 2.9 rna in 0.2 ml of 1 M HCI (5 A• units/5 ,d) with heat· 
iDa and applying two separate aliquots to the paper, drying after 
each application. 

Solvent Rr 

A 0.63 
8 0.59 
c 0.70 
D 0.70 

G• CllrOIIIatcJiraplay: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

13.30 100 

Spectral c ........ : 
A .. 

pH ~ '-" Aw 

0 260 7.8 0.80 
7 260 8.2 0.84 

12 284 6.2 0.71 

Raurb: Met NRC spccifk:ations. 

N-75 
UricUne 
(1-fj-o-Ribor...no.yi1D'8dl) 

Aw 
A• Ref. 

0.30 12 
0.18 
1.40 

0 

or) 
Alllnrilldoe: Urd 
F.-la: c.HJ.NA 
Mol. Wt.: 244.21 
Cak. %: C, 44.26 

H~ H H 
H H 

H, 4.95 
N,11.47 
0, 39.31 

Meldlll Pt.:•163-165 °C 
Spedfte RotadOII: [afJ +9.~ (2.0 g/100 ml, H,O)I' 
piC.:" 9.3, 12.6 

HO OH 

hper Cllr..at01f8plly: Dissolve the sample in HtO. 

Solvent Rr 

A 0.51 0.75 
8 0.57 0.66 0. 74 
c 0.68 0.87 
D 0.80 

G• Cllromat01f8plly: Trimethylsilyl derivative. 

MU value Rel Peak Area 

24.66 100 
13.34 I (uracil) 
23.64 2.4 
32 1.6 

Spectral co-....: 
A110 Aw 

pH ""- '-" A• A• Ref. 

I 262 10.1 0.74 0.35 12,44 
7 262 10.1 0.74 0.35 

12 262 7.45 0.83 0.29 
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Uri!II.1':3'.C,CUC PIIOipbate I Uri!II.1'(3')-PIIOipbate, Mixed A-. N-76/ N-'79 

N-76 
Urldine 2': 3' -Cydk Pbolpbate 

0 

HN~ 
OJ...NJ 

~= Urd-2':3'-P; 2':3'-cydic UMP 
F...aa: c.HuNAP 
Mol. Wt.: 306.17 ~~o........._l 
Calc. %: c, 35.31 

pl(.:R 9.5 

H, 3.62 
N, 9.15 
0, 41.81 
P, 10.11 

~ 
0 0 
\I 

p 

l \OH 

Paper Olroaaat01111plly: Dissolve the Li+, Na+, K+, or NHt salt in 
HsO. 

Solvent Rr R.,. 

A 0.32 0.69 
8 0.38 0.25 
c 0.65 0.57 
D 0.94 

Spectral COIIItaDtl: 

pH ~ e-. 

7 258-259 9.6 

N-77 
Urldine 5' -Diphosphate 
(Urldine 5 '-Pyrophosphate) 

R.,. 

0.86···· 

Ref. 

32 

0 

AllllreYiatiOIII: Urd-5'-P,, 5'-UDP 
FOIWIIIa: c.HuNsOtzPz 
Mol. Wt.: 404.17 

HN'1 

0 0 O~N) 
Calc.%: C, 26.74 

H, 3.49 
N, 6.93 

HO-P-O-P-0....._ 
I I 0 I I d 
OH OH 

H H 
H H 0, 47.50 

HO OH P, 15.33 
pK.:" 6.5, 9.4 

Paper Cbr011111tography: Dissolve the Li+, Na+, K +,or NHt salt in 
HsO. 

Solvent Rr R.,. R.,. 

A 0.14 2.5 
8 0.02 
c 0.16 0.65 1.5 
D 0.89 

Spectral Collltalltl: 

A.., A., 
pH "-· E.,... AIIO A• Ref. 

2 262 10.0 0.73 0.39 15 
7 262 10.0 0.73 0.39 

11 261 7.9 0.80 0.32 
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N-78 
Urldine 2'-Pbolpbate 
(2'-Urldylle Add) 

~: Urd-2'-P, 2'-UMP 
F..._..a:c,HuNAP 
Mol. Wt.: 324.19 
Calc. %: c, 33.34 

H, 4.04 
N, 8.64 
0, 44.42 
P, 9.55 

HN~ 0~ 
HOCdO 

H H 
H H 

HO 0 
I 

HO-P-0 
I 
OH 

Paper Olr011111tCJ111111by: Dissolve the Li+ salt in HsO. 

Solvent Rr R.,. R.,. 

A 0.32 0.47 0.69 
8 0.22 3.8 
c 0.33 0.67• 
D 0.94 

Gu OlroaaatCIIfllllby: Trimethylsilyl derivative. 

MU value Rel Peak Area 

26.09 100 

Spec:tral Collltalltl: 

A• A• 
pH fteo A• A• Ref. 

2 10.0 0.80 0.28 12 
7 10.0 0.78 0.30 

12 7.4 0.85 0.25 

N-79 
Urldine 2'(3')-Pbolpbate, Mixed Anomen 

Abbreria&.: Urd-2'(3')-P, 2'(3')-UMP 
F ..... : c.Ht,NAP 
Mol. Wt.: 324.19 
Calc:. %: C, 33.34 N, 8.64 P, 9.55 

H, 4.04 0, 44.42 

0 

H~ 
O,l.N) 

HOCd 
H H 

H H 

OJ) 
+~ 

0 OH 
I 

HO-P•O 
I 
OH 

HO 0 
I 

HO-P-0 
I 
OH 
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N•/N-G 

Paper ~--pby: DissolYe the free acid in I M NH.OH; the 
J..i+, Na+, or K+ salt, in H.O. 

~t Rr Rv 

A 0.28 
B 0.18 5.1 
c 0.30 
D 0.87 

Spectnl CclaiiMtl: 

pH ~ '-a Ref. 

2 262 9.9 36 
7 262 10.0 

12 261 7.3 

N-80 
Uridine 3'-Pbospbate 
(3'-Urlclylic Add) 

AIIIJreriatAo.: Urd-3'-P, 3'-uMP 
F...ala: C.H1aNAP 
Mol. Wt.: 324.19 
c.Jc. %: c. 33.34 

H, 4.04 
N, 8.64 
0, 44.42 
P, 9.55 

Solvent Rr 

A 0.31 
8 0.23 
c 0.33 
D 0.96 

HN~ 
oANJ 

HOC~t 0 
H H 

H H 
0 OH 
I 

HO-P-0 
I 

OH 

Gu ~tepapby: Trimethylsilyl derivatiw. 

MU value Rei. Peak Area 

26.08 too 

w.-~: 10.9% (c:alculated for the dihydrate, 9.7%). 

Spedl'lll Cc~a~Cmda: 
A., A., 

pH "- Emu A• A• Ref. 

2 260 10.0 0.76 0.32 12 (ratios) 
7 261 9.9 0.73 0.35 NRC sample (A and e 

12 261 7.3 0.83 0.28 values) 

a-D: Met NRC specifications. Anion<xchange chromatography 
showed no 2'-isomer or other impurity. 

N-81 
Urldlne 5'-Pbospbate 
(5'-UrldyUc Add) 

HN~ 
0 O~NjJ 

~= Urd-5'-P, 5'-UNP 
F ..... :c.HuNAP 
MoL Wt.: 324.19 
Calc. %:c. 33.34 

H0-~-0,~ I C 0 
OH 

H H 
H H 

H, 4.04 
N, 8.64 
0, 44.42 
P, 9.55 

HO OH 

Sped8e Rotadoll: [aJ: +3.44° (1.02 8/100 ml, 10% HCI)I' 
pK.:11 6.4, 9.5 

Paper~: Dissolw the free acid in 1 M NH.OH; the 
Li+, Na+, or K+ salt, in H.O. 

Solvent Rr 

A 0.22 
8 0.11 
c 0.28 
D 0.90 

Gu ~--pby: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

28.96 100 

Watlr Aaa17111: 11.0% (calculated for the dihydrate, 8.9%). 

A., A., 
pH ~ Emu A* A* Ref. 

2 262 10.0 0.73 0.39 15 
7 262 10.0 0.73 0.39 

11 261 7.8 0.80 0.31 

Raaarks: Met NRC specifications. Anion<xchange chromatography 
showed no impurities. 

N-82 
Urldine 5'-Tripbospbate 

0 
Allllreriatfons: Urd-5'-P,, 5'-VTP :) 
Formula: CtH!aN.O .. Pa HN 
MoL Wt.: 484.15 O O O ;...... 
Calc. %: C, 22.32 II 1 1 roJO N 

H 3 12 HO-P-O-P-O-P-0 
' ' I I I ' 0 

N, 5.79 OH OH OH 
0, 49.57 H H 
P, 19.19 H 

pK.:1• 6.6, 9.5 HO OH 
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p.,_ ~:Dissolve tbe u+, Na+, K+, or NHt salt in 
MaO. 

Solwnt R, 

A 0.3) 
B 0.05 
c 0.19 
D 0.94 

Spednl CclaiiMCI: 

pH ~ '-a 

2 262 10.0 
7 262 10.0 

11 261 

AllllrmadoD: Xan 
F ..... : c.H.N.O. 
Mel. Wt.: 152.11 
Ode. %: c, 39.48 

H, 2.65 
N, 36.84 
0, 21.04 

pK.:" 7.7, 11.9 

8.1 

R• 
1.3 

2.2 

A • ...... 
A. A. Ref. 

0.75 0.38 15 
0.75 0.38 
0.81 0.31 

Paper a.ro-......,.y: A solution containing 10 A., units/5 ,.J 
could not be made. The data reported here were obtained by dil
solving 3.5 mg in 0.2 ml of 2 M NH.OH (3.3 A,.. units/5 ,d) and 
applying three separate aliquots to the paper, drying after each 
application. 

Solvent Rr 

A 0.54 
B 0.32 
c 0.35 

GM ~pby: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

20.05 100 

Spectral C.-...: 

A .. A., 
pH ~ Emu A., A., Ref. 

5 267 10.3 0.51 0.61 12 
10 277 9.3 1.29 1.71 
14 284 9.4 1.11 2.39 

R...U: Met NRC specifications. 

181 

N-84 
Xaatboslne 
(9-{J-D-RibofW'IlDOI)'Ixantblne) 

Allllretllldoa: Xao 
F...Ja: C,oH,tN.O. 
MoL Wt.: 284.23 
Ode. 7.: C, 42.26 

H, 4.26 
N, 19.71 
0, 33.77 

N-13/ N~ 

Spedftc Rotadoa: [aro -51.2" <0.8 s1100 m1, o.3 M NaOH)II 
piC.:" 5.7 

Solvent R, R. R• 
A 0.37 1.3 o.n-.•• 
B 0.35 0.06*··· 
c 0.41 1.7 o.n-.•• 
D 0.71 o.5~· 

GM ~: Trimethylsilyl derivatiw. 

MU value Rei. Peak Area 

27.05 100 

Wac.~: 11.7% (calcuJated for the dihydrate, 11.3%). 

A .. A. 
pH >..as Emu A., A., Ref. 

3 263 9.0 0.75 0.28 12 
8 278 8.9 1.30 1.13 

14 276 9.3 1.12 1.16 

R...U: Although this compound was labeled anhydrous, it was a 
stable dihydrate. The water was lost only at temperatura abcM 
13> •c. 

N-85 
Xanthosine 5'-Pbospbate 
(5'-Xanthylk Add) 

AIIIJreriatloM: Xao-5'-P, 5'·XNP 
FOIWIIIa: C,oH~tNtO.P 
Mal. Wt.: 364.21 
Ode.%: C, 32.98 

H, 3.60 
N, 15.38 
0, 39.54 
P, 8.50 

HN~ O~N tf 

Ho-f-o-~:, I 
~~ 

HO OH 
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Paper~: Dissolve the U+, Na+, K+, or NHt salt in 
HaO. 

Solwot Rt Rta 

A 0.16 0.~ 
8 0.03 0.33• 
c 0.15 
D 0.91 

0.. ~: Trimethylsilyl derivative. 

MU value Rei. Peak Area 

31.34 100 

Spednl Cclalbula: No spectral data in the literature; use the data 
for xanthosine (N-84). 
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GENERAL REMARKS 

A most useful and convenient criterion of purity and 
stability for many of these compounds is still their 
visible and near-ultraviolet-absorption spectra. How
ever, other forms of physical and analytical measure
ment, for example, nuclear magnetic resonance spec
troscopy, infrared spectroscopy, mass spectroscopy, 
electron spin resonance spectroscopy, and various forms 
of chromatography, are rapidly becoming conveniently 
useful and, moreover, provide deeper insight into the 
problems of establishing meaningful criteria of purity. 
The material in this section supplements, in a general 
way, that provided in the following tables and further 
acts as a guide to desirable future considerations and 
developments in characterizing these compounds. 

Absorption Spedn 

Near-ultraviolet and visible-absorption spectra of por
phyrins have traditionally been measured in 1 M HCl 
as a standard solvent because (a) the acid increases 
the solubility of sparingly soluble porphyrins by the for
mation of their diprotonic salts and (b) at this acidity 
various salt and aggregative effects are minimized. 
In aqueous media the sodium salts of many com
mon dicarboxylic acid porphyrins are relatively insolu
ble and are thus easily aggregated. Potassium or am
monium salts are more soluble. Di- and trivalent 
cations also cause aggregation of polycarboxylic acid 
porphyrins. 

Spectroscopic grade pyridine is also to be recom-

Porphyrins 
and 
Related 
Compounds 

mended as a useful solvent because (a) most porphy
rinic materials are reasonably soluble and stable in it 
and (b) the spectral resolution of trace materials from 
major components in terms of sharper and stronger ab
sorption peaks is often enhanced in this solvent. For 
the less ionic porphyrins, e.g., esterified derivatives, 
p-dioxane (peroxide free) and chloroform (phosgene 
and acid free) are also useful solvents. Tetrahydrofuran 
and N ,N' -dimethylformamide have also proven to be 
very useful solvents for general spectral studies on these 
materials. In detecting and evaluating trace impurities in 
porphyrinic materials, it is recommended that spectra 
taken in an acidic, neutral, and basic solvent be com
pared with the appropriate standards. Information on 
the purification and stability of such solvents is avail
able.1 

The wavelengths and absorption coefficients of both 
minima and maxima in the absorption spectra of por
phyrins are important criteria of purity. Shoulders are 
also often observed and should be noted. Bandwidths 
at half-maximal absorption are also reported, as they 
are a good measure of purity and usually indicate the 
occurrence of aggregation or complexation (which is 
also of theoretical and frequently practical interest). 
The changes in such properties with dilution or concen
tration can therefore provide a very useful measure of 
purity. 

Changes of substituents on the periphery at either 
beta position or at meso (or bridge) positions modify 
and shift the porphyrin spectrum in predictable ways. 
Rules originally worked out by A. Stern have been 
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summarized. u A further classification for electronic 
spectra of some porphyrins and metalloporphyrins has 
been reported. •·5·• The spectra of both bridge-reduced 
(e.g., phlorins)1 and ring-reduced (e.g., chlorins)e.t 
materials are also recorded. Spectra for several syn
thetic porphyrins, chlorins, and their metalloderivatives 
can be found in the literature.10•11•12 Useful reviews on 
the theory of these spectra are also available. 11• .. 

The ultraviolet and visible absorption spectra of bile 
pigments are useful in that changes in substituent 
groups or in chromophore length can alter the spectrum 
in a predictable way.15• 1• Solvents most frequently used 
are methanol-3M HO (100:1, v/v) and chloroform. 
Since isomeric bile pigments have nearly identical spec
tra, the differences found in such spectra are frequently 
too small to be useful. 17 Care must be taken to account 
for mixed species, such as the neutral and hydrochloride 
forms, which are easily interconvertible and exhibit sig
nificantly different spectra.•• Metal complexes also form 
readily. Thus, characteristic absorption and fluorescence 
spectra of zinc complexes have proven helpful in deter
minations of identity and purity.15·••·•• 

Nudeu Mapetk Raoaance Spedra 

Nuclear magnetic resonance spectra are particularly 
useful for proof of structure and for detection of im
purities. to-25 In addition to detection of substituent 
groups and their relative locations with iron porphyrins, 
information on the spin state, oxidation state, and 
iron-bound ligands are also determined. z&-so Amounts 
from 5 to 30 mg in 0.4 to 0.5 ml of suitable solvents 
(e.g., deuteriochloroform, pyridine-da, triftuoroacetic 
acid) may be conveniently studied. Even smaller quan
tities can be handled by microtechniques or accumula
tion methods. Chemical shifts may vary markedly with 
concentration due to variations in the extent of associa
tion; this sensitivity of chemical shift to concentration 
is dependent upon porphyrin structure. 2u 1 Thus, 
chemical-shift values computed for infinite dilution be
come useful." However, in metal-free porphyrins, an 
acidic solvent (e.g., deuteriochloroform with 2.5% 
trifluoroacetic acid) gives a protonated species with 
chemical shifts relatively insensitive to concentration 
changes.12 

Mass Spectroscopy 

Many porphyrins have sufficient volatility to give mass 
spectra of value in structure determination and purity 
analysis."·,. Moreover, although ionic and other por
phyrins of low volatility often thermally decompose 
before mass analysis, structural information may still 
be obtained by detailed analysis of the data from de-
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composition products. In many cases, volatility is in
creased by chemical modification, e.g., by esterification. 
Very small amounts of impurities may be detected, but 
some impurities, e.g., metalloderivatives, can actually 
arise from reactions within the source. 

Mass-spectral analysis is also an important aid for 
identification and evaluation of purity of bile pig
ments. sa,se Molecular ions as weU as many fragments 
are detected.u-as However, due to their low volatility 
and general instability, bile pigments undergo drastic 
changes in the mass spectrometer; secondary products 
are always detected with otherwise pure samples ...... 

Cluo ........ y 

Early work on the chromatography of porphyrins40 and 
chloroplast pigments .. has been reviewed. A bibliogra
phy on paper and thin-layer chromatography of these 
systems for 1961-1965 inclusive can also be con
sulted. n Absorption or liquid-liquid partition column 
chromatography is also an important step in the prepa
ration of large amounts of compounds of hiah purity. 
For most of the porphyrins discussed here, paper ~ 
matography with 2,6-lutidine-NH,-H,O is a recom
mended system. This system leads to the separation of 
porphyrins differing in their number of acidic groups, 
the distance moved being inversely proportional to the 
number of acidic functions. Metalloderivatives may 
prove either slower or faster than the free bases, de
pending on the structure and the metal. In many cases, 
the method may be quantified by determination of the 
fluorescence intensity of the spots. Many workers prefer 
thin-layer chromatography ( TLC) to the paper methods, 
as it permits more rapid separation and development, 
particularly for isomer separations. •• TLC methods sepa
rate porphyrins according to the number of carboxylic 
acids•• or esters•t-tr and variously substituted ~ 
xylic esters .. and their metal complexes. •• Free-acid or 
esterified bile pigments are separated and minor impur
ities removed by TLC methods.ar·10•11 Thus, isomeric 
bilirubins and biliverdins can be separated and prepared 
in pure form.n.u.sa 

DUierentiation of UrobWnolds 

Urobilinoids, which include the b-bilenes11 (urobilins, 
half-stercobilin, and stercobilins), are separated into 
three classes according to the degree of saturation of the 
end rings: dipyrrolinones, pyrrolinone-pyrrolidone, or 
dipyrrolidones ... Several methods are available for dif
ferentiation among these classes: ferric chloride oxida
tion, at mass spectroscopy,•• optical rotatory dispersion 
and circular dichroism, .. and chromic acid oxidation-N.IT 

Natural 1-stercobilin can be specifically identified by 
its molecular complex with ferric chloride." 
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S,..,_udTer.sUted 

For the system used here for numbering rings, substitu
ents, and the like of the porphyrins, see the structure of 
cbloroprotoporphyrin IX iron(lll) (Po-6). Note that 
this nomenclature does not follow the most recent 
IUPAC recommended rules (cf. I. Am. Chem. Soc. 82, 
SS82 (1960)]. The symbol «11111 is used for the milli
molar absorption coefficient (unit: mmol-11 em-•). The 
symbol nm (nanometer) is used in preference to its 
equivalent the mp (millimicron). The symbol O.SW 
(nm) is the width of the spectral absorption band at 
half the maximum absorption; min = position of the 
minimum in an absorption spectrum; and sh = position 
of a shoulder on a band in the spectrum. The HQ 
number is the percent of aqueous HQ saturated with 
ether that wiD extract two thirds of a particular por
phyrin from water-saturated ether into an equal volume 
of the aqueous HQ layer (this number can vary con
siderably in the presence of specific salts, with small 
amounts of other solvents, and with concentration). 
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Po-l/ Po-2 

.... 
5-Amlaolmllbde Add Hythdlloride 

F....aa: c.H • .ctN<>. 
F....aa Wt.: 167.~ 
Calc. %: C, 35.83; H, 6.02; a, 21.15; N, 8.36; 0, 28.64 

s.rce.: Found in tbe urine of acute porphyria patients.' Synthe
sis. u• Commercially available. 

l'llotc.etrlc: Detlelwbudloll: Condense with 2,4-pentanedione at pH 
4.6 to form 3-acetyl-2-methyl-pyrrole-4-propionic acid. Read 
optical density 15 min after mixing with an equal volume of mod
ified Ehrlich reaaent. e- at 553 nm is 64, with shoulder e- of 
47 at 525 nm for the colored salt.• 

~..........,: For 5-aminolevulinic acid on ucendina paper 
c:bromatopaphy Rr 0.35 in 1-butanol-acetic acid-water (4:1:5, 
v/v). 
Rr 0.20 in 1-butanol-1.5 M NH.OH (1: 1). 

For the 3-acetyl-2-methyl-pyrrole-4-propionic acid: 
Rr 0.9 in 1-butanol-acetic acid-H,O (4: 1 :5). 
R1 0.2 in l·butanol-1.5 M NH.OH (I :1).1•1 

.. ,.: 1so-ts2 •c. 
I.AeiJ ........,: NH.cl. 
LalaeW Ca.p ••: Preparations with '4C at positions 1,4,1 at 2,3,1 

at 4,• and at 5' have been reported. 
s,edal Retllftlb: For condensation to form the pyrrole, add 0.1 ml 

of 2,4-pentanedione to 9.9 ml of solution at pH 4.6 (acetate 
buffer). Stopper. Place in boilins-water bath for 10 min. For 
modified Ehrlich reaaent, see porphobilinoaen (Po-16). .... _ 

1. S. Oraakk and H. 0. Van den Sbrloclo:. Proc. S«. Exp. Bioi. M.J., a, 270 
(1955). 

1 D. Sbemla, Mnltofb EMy~ •• 4, 648 (1957). 
3. A. E. A. Nina. A. M. Fenamola, H. A. SaDCOYicb, and M. Orlalldn.l. l.tll»l. 

c-,4., 3, 20 (1967). 
4. P. Spuator'e and W. Cummine. BlociN.. hq., 10, 6 (1963). 
5. D. Maarerall and S. Onaakk,l. BloL C'-t., 119, 435 (1956). 
6. 0. Una1a and S. Onaakk,l. BloL CMM., 131, Ill (1!163). 

Po-l 
BDirublniXa 

F..ala:CaH.NA 
F..ala Wt.: 584.67 
Calc. %: C, 67.79; H, 6.21; N, 9.58; 0, 16.42 

~1;{~~* 
~ 3 ~~ 04JOt3 r 

CH2 ~~~ CH2 

o=c c=o 
~ ~ 
H H 

s-us: Commercially available as prepared from bile or san 
stones of bovine or porcine orisin. May be isolated from human 

or rat bile.' Occurs in frab bile as a mono- or a di-D-Siucosidu
ronic acid." 

Spectral Relereace Valael: In chloroform, A max at 4U-455 nm, 
e- - 62.6.1.* Tbe colored salt formed with diazo reagent (see 
below): A- at 545 nm, e- - 64.t.a.• 

-.,.:Decomposes on heatins (234-275 •q without meltina.• 
M.- Spidr-: Reported in Refs. 2, 5, 6. 
Oilier Properdel: Readily soluble in 0.1 M NaOH, but unstable. 

Stabilized by serum albumin and L-ucorbic acid.' lsomaization 
to Ria and Xllla compounds is acid catalyzed ... , Hydroaenation 
(Pd/C catalyst) in ammonia-methanol yields mesobilirubin1 and 
in acetic acid yields stetwbilinoaen.•Reduction with Na/Hs yields 
urobilinoaen." Debydroaenation with benzoquinone' or Evelyn
Malloy reaaent forms biliveridin. A red fluorescent Zn bilipur
purine (A max 635-640, S86, SIS nm) is obtained from treatment 
with alcoholic Zn acetate and iodine.U 

Qr--..plly: TLC On silica aeJI and OD polyamide.11 

L1ke1J laipwltlea: Biliverdin, mesobilirubin, bilifuac:in. Commercial 
preparations have been found to contain sisnificant amounts (up 
to 3S%) of isomers other than IXa (mainly lila and XInar).t.u 
In chloroform, Ina exhibited A max at 4S.s-1S8 nm, e- 6S.2 and 
Xlllar at 449-453 nm, e- S2.5.1 

Praent evidence suaests that only bilirubin IXa is present in 
serum; if any of the non-IXa isomers in fact occur, only trace 
proportions may be expected.'4•17 Tbe preseoce of the two addi· 
tional isomers in commen:ially available preparations of bilirubin 
IXar does not seriously affect the use of u:h preparations as 
standards in tbe routine clinical measurement of serum bilirubin 
either by the direct measurement of absorption at 4S3 nm or the 
diazo method; however, for use as a standard, a preparation 
should be the equivalent of those purified by the sodium bicarbo
nate extraction process' or by absorption on sodium sulfate.11 

The National Bureau of Standards issues a purified bilirubin 
preparation as a standard reference material for clinical use; it is 
mainly IXa but contains tbe lila and Xlllar isomers as well. The 
pure IXar isomer may be required for clinical research investip
tions, but it is presently obtainable only by preparative thin-layer 
chromatopaphy.'• 

Special Reaaellltl: Tbe diazo reasent involves solution A (1 1 
sulfanic acid, 1 S ml concentrated Ha, and 98S ml H,O) and 
solution B (O.S% NaNOs); 10 ml of A and 0.3 ml of Bare used. 
The Evelyn-Malloy reaaent consists of 2 ml concentrated Ha, 
0.4 ml30% H.O., and 97.6 ml9S% ethanol. 

..,._ 
1. H. P1Kber and H. Orth. Dl# CMMI# ., Pyrroll. Vol. 0, Part I. Akade-

mllcbe-Verlal, LdiJI.il, (1937); U.S. Pateota 2,166,073 and 2,386,716. 
1 A. P. Mc:Doaqb and P. Alllll, FEBS utt., II, 315 (1971). 
3. R. JlcarJ, S. L. 1acobe • .and N. Ollamori, Clllt. CMM., 6, 529 (1960). 
4. 1. T. 0. Owrbeek, C. L 1. Vlak, and H. Deemtra. R«. 7N•. CAIItl., '74, II 

(1955). 
5. 8. L Schram and H. H. Kroa, EIIT.J. BI«MM •• It, 511 (1971). 
6. a. lloaaett and A. P. McDoaqb, CA-. /ltd., 107 (IH9). 
7. T. K. Wltb, uapublllbed Information. 
1. a. lloaaett and A. P. McDoaqb,l. ell-. S«. (D), 231 (1970). 
9. Z. 1. Petrylra and C. 1. Wataoa, Tnraltabolt Lilt •• 51, 5313 (1967). 

10. C. 1. Wataoa.l. Bioi. CMM., -· 81 (1953). 
11. C. H. Onay, A. Llcblarowlcz.Ku!QJCka, and D. C. Nlcbo1-,l. CA-. S«., 

1261 (1!161). 
11 Z. 1. PetrJka and C. 1. Waaoa,l. C"'-t,.., 3'7, 76 (1968). 
13. Z. 1. ~.Proc. S«. Exp. Bioi. M.J., 113, 464 (1!166). 
14. A. P. McDoaqh, uapublllbed Information. 
15. 1. P01, S-.1. I. Clftt. Lllb. lttrnt., 16, 49 (1964). 
16. 8. H. 8llllaland P. H.1.-, G<utroetttnoloiJ', 61, 251 (1971). 
17. Z. 1. PetrJka, uapublllbed laformadoa. 

• 1be Natloaal Bureau ol Standanb hat ..-.ured a ample o1 tbe -
product reponed Ia Ref.1, and obtained a value ol61.1 (R. Schairer. uapublllbed 
laformadoa). 
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Blherdla IL I ~Ia 

Po-3 
BUPenHn IXa 

Fonllllla: c.H..NtO. 
Fonllllla Wt.: 582.66 
caJe. %: C, 68.02; H, 5.88; N, 9.61; 0, 16.49 

So.al: From bilirubin IXa by oxidation with H.O.,I HNO.,' 
FeCI, in acid,'-1 or benzoquinonet·1 followed by chromatogra
phy. • From coupled oxidation of hemin.• 

Spectral Relereace v.-.: In CHela, >.max <e.•> 645 nm (13.4); 
378 nm (41.7).1•1 Dimethyl esters in cua.,). max (e..) 656-664 
nm (15.1); 379 nm (51.8).4 

NMR s,eetrw: Dimethyl ester.• 
.. ,. : Dimethyl ester, 208-209 •c. • 
Odler Propertlel: Color of an alcoholic zinc acetate solution is 

green, A max at 385 and 685 nm. After oxidation with iodine, 
A max are at 51Q-51S, 588, and 637.s-640 nm.7 

Ukely 1........-: Choletelin, bilifuacin, isomeric biliverdins,•·• oxi
dation products. 

Cllrolaatopaplly: n.c on polyamide.• Dimethyl esters: n.c on silica 
gel.•.u.• Quantitative densitometry is done on the n.c plate.M ..,_ 

J. R. Lembeq and I. W. Lege, Aut. I. &p. Blol. /lied. Set .• II, 9S (1940). 
l. R. Lembefl, Bloc"-. 1., :za, 971 (1934). 
3. C. H. Oray, A. Licblarowicz-Kulc:zycka, D. C. Nichol-. and Z. Petryka 

I. C.V.. Soc., 2264 (1961). 
4. R. 8oaDeu and A. F. McDo,.ab,l. C'-t. Soc. (D), 4, 237 (1970). 
5. A. F. Mcno..ab and P. Alllll, FEliS /Att., 11, 315 (1971). 
6. C. 1. Waaoo and I. &o.enmaler, WIJIUblllbed Information. 
7. C. H. Oray, A. Lichlarowlcz·Kulc:zycka, and D. C. Nk:holaon,/. Cit-. Soc., 

2261 (1961). 
8. P. O'Carra and E. Colleran, FEliS IAtt., 5, 295 (1969). 
9. Z. 1. Petryb and C. 1. WaiiOn,/. C,_,.,towr., 31, 76 (1968). 

10. z. J. Pettyka,J. C"-towr .• so, 447 (1970). 
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Po-4 
CblorophyU a 

Fonllllla: C..HnN.O&Mg 
Fonllllla Wt. : 893.5 I 
caJe. %: C, 73.93; H, 8.12; Mg. 2.72; N, 6.27; 0, 8.95 

S...:.: Leaves or higher plants and alpe uaually as a mixture with 
chlorophyU bin the approximate ratio of 3:1. Synthesis.1 Iaola
tion, purification, and properties.'-' The method of choice is to 
chromatograph on powdered polyethylene, and then on sucrose. • 

Spectral Relereace v.-: 
In etheru 
A, nm 662 61S 578 533.5 430 410 380 326 312 296 282 
fall 90.1 14.6 8.28 3.77 117.5 76.1 49.1 2S.9 23.2 20.6 18.0 
In 80% acetone' 
>., nm 665 618 582 536 433 e.. 81.1 17.5 10.4 4.27 90.7 
In benzene (see BeUamy and Lynch)l 

Q.utitatm DIGI...._tloa of Olloroi*YIJia ad b Ia Mlxt.'e: 
In ether: 

chlorophyU a (mg/1) - 10.1 (O.D. 662 nm) - 1.01 (O.D. 664 
nm) 
chlorophyU b (mg/1) - 16.4 (O.D. 664 nm) - 2.57 (O.D. 662 
nm) 

In 80% acetone: 
chlorophyU a (mg/1) .. 11.63 (O.D. 665 nm) - 2.39 (O.D. 649 
nm) 
chlorophyU b (mg/1) = 20.11 (O.D. 649 nm) - 5.18 (O.D. 66S 
nm) 

Odler Propertlel: NMR and infrared spectra;' x-ray spacing in 
microcrystals;'·' density 1.079. 

-.,.: 1SG-1S3 •c, with decomposition. 
FJ.ol-=-ce: Maxima in ether at 668 and 723 nm, absorbance ratio 

1.0/0.17.10 
Opdc:al Rotatloa: In acetone [a~ -26zo.u 
Solablllty: Insoluble in water; soluble in wet petroleum ether; 

soluble in benzene, ether, acetone, methanol or chloroform. 
Dlltrlbutloa Ratio: Petroleum ether-85% methanol, 32: 1, petro

leum ether-90% methanol, 11 : 1. 
Cllrolaatopaplly: On paper, ucending, with petroleum ether and 

Ketone (2-10%) as developing, gives an approximate order from 
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bottom to top of chlorophyllides (minus phytol), pbeophorbide 
(minus phytol, minus M&), and oxidized chloropbylla, certain 
xantbopbyDs, chlorophyU b, chlorophyll a, pbcopbytin a, other 
xantbophyDs, c:arotene1. .,.,., For n.c of plant extracts 1ee Strain.11 

Pllllle Tilt: A neptive pbue test indicates the oxidation or absence 
of the cyclopentanone rina. Petroleum ether solutions of cbloro
pbyU a or b underlaid with a 307. solution of KOH in methanol 
form a colored zone at the interface, red for chloropbyU a, yellow 
for cbloropbyU b, and brown for the mixture of chloropbyDs 
a + b. Colors are transient, and cbanac to lfCCD. When abaken, 
the c:arotenoids, if praent, remain in the upper pbue. 

Spidaw of.........., ... a: Wic:ldifl' and Aronoff. II 
QoaUr Dklll-. ad Mapedc c:lraUr Dldll-.: Houaier and 

Sauer}' 
1Jte1J hDJ 1t1e1 ad Medlodl of ne.ctlaa: For chlorophyll b: 

Clromatosrapby and quantitative determination. For carot
enoids: Clromatoarapby, an absorption band at 480 nm; in the 
pbue test, the ;yellow color is in the upper pbue. For pbeophytin 
a (i.e., minus M&): bands at ~5 and 532 run. For pbeopbytin b: 
band at 523 nm. For oxidilJed cyclopentanone ri111: a neptive 
pbue test. Cdoropbyll derivatives lackina a phytol arouP are 
extracted from ether with 0.01 M KOH or with 6 M HCl. 

...._ 
1. R. 8. Woodward,~ A,J. a-.., 2, 313 (1961). 
:Z. 1. H. C. Smltb and A. Beaita, M.,_, M.rlto4 of P,_, AM.11N, Vol. IV, 
S~Vtdq, lleriiD (1955), p. 142. 

3. H. H. StniD and W. A. SYeC, In 7TN Clflorollu/IU, L P. VerDOD and 0. R. 
SeeiJ, eda., AA:ademlc: Plea, N- York (1966), p. U. 

4. A. F. H. ~and M. Calvin, N-. IN, 215 (1962). 
5. L P. VerDOD, "-1. a-.., 32, 1144 (1960), 
6. W. D. Bellamy and M. B. Lyncb, ae-.IBleculc ~rdal.abora~oryReport 

63-RL-34690 (1963). 
7. 1.1. Katz, R. C.~. and L I. Boucber, In 7TN Clflorollu/IU, L P. 

Ve.- and 0. R. SeeiJ, eda., Academic: ~. N- Yort (1966), p. 116. 
L 0. Doaay, Am\. B~ Blop/ly•., .,, ., (1959). 
9. B. B. 1-w, A. B. Vatlel', and A. S. Holt, Amllllodwa. Blop/ly•., 53, 221 

(1954). 
10. C. S. l'reacb,l. H. C. Smltb, H. I. VlrJID, and R. L Alrtb, PltMt P~tllol., 31, 

38(19S6). 
II. A. Stoll and B. WledlmaaD, H.t.. C1t6ft. Ac:t-. 16, 'J#1 (1933). 
I:Z. H. H. Strain, I. Sbcrma, and M. Orandol(o, "--.lllodwa., 24, 54 (1961). 
13. 1. L Wlcldllr and S. AI'ODOft', PltMt P~tllol., 37, 514 (1962). 
14. c. HCIUIIIer and K.. s. .... J. a. c-.. Soc:., n. m (1910). 

Clllaropllyll b 

P•5 
CbloropbyU b 

Fonlllla: c..H.,.N,O.Ma 
Fonlllla Wt.: 907.49 
Calc. 7.: C, 72.79; H, 7.78; Mg, 2.68; N, 6.17; 0, 10.58 

Jri_~: I 2 

Ha H, 8 0 N--· Ma ··-~ 8 

HaC~HCI r •~CH ! CHO 

P.'-c 7 'Y ~ ~ CHz -CHa 

0 HzH, /CJl:{CH 
I CIO 
CzoHae / ~ 6 !S 

C=O Ct CH1 
I II 
o, 0 

"CHa 

So.al: Alpe; leaves of higher plants. 

Spectral Ref..-:e VU..: 
In etberl.' 
)., run 644 595 549 455 430 375 351 334 325 306 290 
e.• 56.2 II.S 6.42 158.6 56.9 19.8 24.0 29.0 27.2 26.3 20.9 
In 80 7. acetone' 
)., nm 648.5 600 460 
e.. 47.6 13.0 134.3 

Odllr Prapertlel: See Cllorophyll a (Po-4). 
ap.: 183-185 oc, with decomposition. 
F'laonlcac:e: Maxima in ether at 649 nm and at 708 nm, ratio 

1.0/0.23.11 

Solabftlt7: See Chlorophyll a (Po-4). 
Dlltllbutluo Ratio: Petroleum etber-857. methanol, 4.5; petroleum 

ether-907. methanol, 0.67. 
Cllromatop'aplly: See Chlorophyll a (Po-4). 
Pllllle Tilt: See CllorophyU a. 
Likely lap ltlel: See Chlorophyll a. 
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OdwUfl ....... jlll)iiiiiiX lraii(lll) 

Po-6 
Olloroprotoporp IX lroa(lll) 
(Hendll Cllloride or Protobemin Cllloride) 

F..-: c..H..N.O.FeCl 
F ..... Wt.: 651.96 
c.Ic. %: C, 62.36; H, 4.95; N, 8.S9; 0, 9.82; Fe, 8.57; Cl, 5.44 

CHz 
u 
CH 

2 

Saine: Blood.a·• Eaten are obtained from metal-fn:e ester.• [1be 
protobemin esters are perhaps most readily characteriZied as 
,..oxo dimen. Thus when the hemin dicarboxylic acid is esteri
fied in 5% H.SO. in methanol at 2S °C, chromatopaphed on 
alumina with alcohol-free chloroform, and crystalliZied from 
chlorofornHaooctane (I :4, v fv), ,..oxo bis-1 protoporphyrin IX 
iron(ID)) ia obtained in hiah yield and purity.•·• This ,..oxo 
dimer is readily converted to monomers with any of a number of 
axiallipnds as well aa chloro.1·') 

PROPER11ES OF TilE DICARBOXYLIC ACID 

Spectral Retere.:e vu.: 
In p-dioxane7 

A. nm 635.5 
e.. 5.4 

538.5 
8.5 

508 
9.1 

In aqueous NaOH (pH 11.3) with 10% pyridine (where the spe
cies is ,..oxo dimer), A, nm (e.•) for maxima are 599(11.2), 
574(12.4), 39S(II7), and 361(82.3).1 Other data for species where 
ligands present are less clear include e.-11 of 131 at 398 nm in 
ethano~.05 M H.SO. (I : 1, v N1' and visible data in aeveral 
media reported by Shack and Clark.11 

For purpoaes of characterization of the iron porphyrin, but 
not the original axial ligand, the hemin can be reduced to the 
heme. This iron(ll) derivative gives two sharp (hemochroJnOiell) 
bands in the visible region that are characteristic and uaeful for 
both quantitative and qualitative determination of purity. When 
prepared from 0.1 mM hemin, 6 M pyridine, and 0.2 M aqueous 
NaOH with reduction by S mM Na.S.O., e.-11 values at 5S8, 52S, 
and S40 nm (a minimum) are 30.9, 16.2, and 9.06, respectively.11 

This spectrum and the solution are unstable with time.tt,n.aa 
NMR Spec;ti-: As cyanol• and other11•1' derivatives. 
ra Spidiw: Fe-CI stretch, 350 cm-t.n 
X-Ray: See Koenig.11 

CllroiDatD~r&pby: Column ligand-ligand partition.11 On paper, 
R, - 0.34 for ascending. reversed-phase chromatopaphy on 
Whatman No. I paper coated with a silicone; solvent is H,O:n-
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propanol: pyridine (5.5:0.1 :0.4, v/v); Rt- 0.45 for the reJated 
chloromesoporpbyrin IX iron(IIO.• The hemin ia belt made 
visible with a benzjdine-peroxide spray.• Another system u.s 
alacial acetic: acid-toluene( saturated with water) (8: 100, v /v).• 

L1b1J I q Idle: Denatured globin, peptides, lipoidal materials., 
hematoporphyrin, protoporphyrin, biliYerdin, adsorbed 101-
\Ults.•• Monomers with lipnds other than chJoro (e.g., acetato) 
and dimen I e.g., ,..oxo bis-{protoporpbyrin IX iron(ID)) ). Infra
red apcc:tra permit quantitative determination of unmodified vinyl 
groups" and cbloro (or other) ligand;t-17 elemental anaJ,.es ere. 
of c:oune, also helpful bere. 

PROPER11ES OF TilE DIME111YL ESrER 

Spectral Re~tnMe v.-.: 
In chloroforrnll 
A.nm 916 641 539 512 387 
e.. o.ss s.o 9.9 10.0 100 
In benlJeDell 
A,nm 889 637 S40 510 385 
e- 0.62 5.5 10.2 10.1 84 
Inpyridinell 
A,nm 928 632 525 409 
e- 0.44 3.3 10.0 121 
As the ,..oxo dimer in beilzlene' 
A,nm 601 573 397 
e •• 13.0 U.3 138 

mm Spec;tiw: As cyanol• and ,..oxo dimert' iron(ID) derivatives 
and as iron(IO derivatives.t.• 

IR Spec;tiw: Fe-CI stretch at 345 cnr1 in KBr.17 FeOFe ~~retCh of 
,..oxo dimer at 895 cnr1 in KBr.' Other derivatiws.• 

F• JR Spectra: See Brackett et aJ.rz M...._, Spectra: See Moa et aJ.• 
Odler Propertlel: Soluble in chloroform, pyridine, benaae. eec. 

Care must be taken to avoid replacement of the chloro liiiJlCI in 
solution to live monomeric or dimeric species with ligands other 
than chloro. Characteristic c:banaes in visible, NMR, infrared, 
far infrared, and MOsabeuer apcc:tra accompany such lipDCI 
chan,ea.•·• 

..,_ 
I. H. l'llcb«, o,.,. Sy11.,ll, 53 (IMI). 
l. R. P. Labbe aad G. Nlablda, llfDdlllll. /llotiiiYI. An., M, 437 (1957). 
:t. J. 0 . Alben. W. H. PlachaMa. C. A. .. udnau. and W. S. CaaPIJ • ....., 

dwtltl#ry. 7, 624 (1961). 
4. N. Sadulvan. H. I. l!beriiiJMCher, W. H.~ and W. S. CaailaeJ. 

BI«<NMI#ry, S, 5:J4 (11169). 
5. G. A. Smythe. C. H. Bart-. and W. S. CaQibcJ. IIJIIIUblllbed laf'ormadDD. 
6. S. McCoy and W. S. Caqhcy, Blodtmtlltry. t,l:tl7 (1910). 
7. A. Stem and H. Wenderlela, Z . l'tly.UC. OML. I'M, II (19)5). 
8. C. H. a.rt-.IIJipllblllbed iaf'onMdoa. 
9. A. C. Maehly and A. ~. An. C~. s-wt, tl, l:ut (1951). 

10. J. Sback and W. M. Clartt,l. Bioi. o-.. 171, 143 (1947). 
11. D. L DrabldD.I. Bioi. CMM .. 141, 605 (IMl). 
11. W. A. Gal1qber aad W. 8. Elllott,lllodNirt.l •• t7, 117 (1965). 
U. A. D. Adler, In H-Mil H-pr«du. 8. Cbua, R. W. I!Mabrook. and 

T. Yoaetaal. edt.. Academic Pfta. N- York (1966). p. 155. 
14. K. Wuetbrlcb, R. G. Sbul-a, 8. J. w,tada. and W. S. CaQibcJ, PrrK. N«. 

Act/Ill. Sci. U.S., 11, 636 (198). 
15. R. J. Kwtaad. D. G. Davia. aad C. Ho,l. Alii. OML 8«., to. 2700 (1961). 
16. H. A. 0 . HDiand K. G. Monti•, I. OML 8«. (D), 266 (1970). 
17. S. McCoy aad W. S. CaQibcJ, aapublllbed lal-doa. 
II. D. P. K-.la. Ac:141 Cry11., II, 663 (1965). 
19. W. S. CaQibcJ. W. Y. P..,_, A. J. lleardea, aad T. H. M011, BfGdtsz daiT7. 

5, 1155 (1966). 
:10. T. C. Cbu and B. J. H. O.u, J. Bioi. CMM., 112, I (1955). 
21. J . L eo-tty, M. Mom-. and B. Slob, I . Bioi. 0..., 233. 743 (1951). 
22. K. G. Paul, AdG ('MM. s-wl., 12, 1611 (1951). 
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23. A. D. Adl• ud I. L Hank. AMI.~. 14. 4n (1966). 
24. W. S. CaQibcJ, I. 0. Albea. W. P • ...,._..,, ud I. L Yort,l. Orr. 0..., 

31, 263 I (1966). 
2S. W. S. CaQibcJ ud S. McCoy, Ia 1TN H~ oflllodwlttlluy _. .,._ 

lf/lyllt:l, H. C. Damm, ed., The Wortd l'llblllblaa Co., Onelaad (1966), p. 446. 
26. W. S. CaQibcJ, Adr. C~ Sci., 100, 241 (1971). 
27. G. C. Bnldtea. P. L IUcbanll, aod W. S. CaQibcJ,I. C~ ""''·• 54. 4313 

(1971). 
21. T.H.M-,A.I ... rdea,udW.S.CaQibcJ,I. C~I'IIyl.,51,2624(19e). 

Po-7 
Coproporpllyrta I 

P...aa: c..H.N.O. 
F...aa Wt.: 6S4.73 (Tetramethyl ester, 710.83) 
c.Ic. %: C, 66.04; H, 5.85; N, 8.56; 0, 19.55 

HsC R 

HC-heH 
R)Q N ¢1CH3 

NH HN 

~C N R •eve· 
R CHs 

T~Uc add: R =- CHr-CHr-COOH 
T......_..,. .... : R • CHr-CHr-CO.CH. 

S..C.: From urine and feces of animaJs and humans having con
Jtllital porphyria ;1 .... synthesis of the tetramethyl ester. • 

PROPERnES OF TETRACARBOXYLIC ACID 

HO N..._: 0.091' for aU isomers. 
aro.atepaplly: Paper: 2,6-lutidine-aqueous ammoniae.• tepa

rates coproporphyrin I from aU other isomers, n.c: 2,6-lutidine
aqueous ammonia gives similar results.1• Colunm: 2,6-lutidine
aqueous ammonia and dilute H~ are UlefuJ.n.n,t• 

.... : Decompoees. 
Spectral......_. vaa..: 

In 1 M HCl14 (identical for aU coproporphyrin Isomers): 
)., nm 401.3 S48 591 
,_ 470 17.5 6.5 
In 0.1 M Ha :t• e.. of 489 at 399.5 nm 

PROPERnES OF TETRAME'IHYL ESTER 

~:See Chu et oJ.M.• and Demole.• 
-...: 251-252 °C.7•11 

Stectrai......_. vaa..: 
In purified dioxanel' 
)., nm 497 S29 567 621 
,_ 14.7 9.97 6.72 5.U 

c.,ra,o....,ala I I eopr..,....., ... n 

liilnnll Spedaw: See Fallt and Willis, 11 Otu and Chu,t• Dinsmore 
and Watson.• 

NMR Speebaa: See Abraham et oJ.•·• 
Ma. Steda-: See Jackson et oJ.• 
Likely 1a; ltlei: Other isomers, especially isomer m. porpbyrias 

having 3, S, or 6 metboxycarbonyl groups (in the esters) of the 
naturally occurring series; haloporphyrins in the synthetic com
pound; Cu or Zn chelates • 

..,._ 
1. H.l'l8cber ud H. Onb. Dw CAallltln Pymm, Vol. 0, Part I, Abden'..-. 

Vertq, Lelpda (19)7), p. 471, "'-
2. H. l'l8cber ud H. ADdenq, AM. 0..., 410, JOI (1926). 
3. C. ~. Act4 M& s-td., 143, 177 (19»). 
4. T. K. Wllb, BlociNM.I., 61, 717 (19S8). 
5. R. A. Cardiaal, L ._.._ler, Z. I. htryb, L 1~, ud C. I. Wa-. 

I. ~ •.• 31, 100 (1961). 
6. H. l'llcber, H. Prlodrtcb, W. t.u.IICb, ud K. Moqearolb, AM. 0..., <M6, 

147 (1921). 
7. H. Plcber aod H. Grlb, Dw C"-11 tin Pyrroll, Vol. 0, Pan I, Abden'.-. 

Vertq, Lelpda (1937), p. 471 ft, "'-
8. L ~.~.I. Clltt. Ltlb. 111-., 10, 39 (19S8). 
9. D. Ma-tt, I. b1. 0... S«., 82, 21601 (IHO). 

10. I. ,__I. crv-Cifr., 10. 236 (1963). 
II. L ~s-td. I . Clltt. Ltlb. Ill-., t, 97 (1957). 
12. G. S. Marb, H-_.~II, D. Vu NOIUaod Co., ""--• New 

Ieney (198), p. 71. 
13. W. R. IUcbarda ud H. Rapoport, ~ry, S, 1079 (1966). 
14. D. Ma-tt ud s. Graalct,J. Bioi. c~. Z3l. 1141 (19S8). 
15. c.~.~ 1., '7S, 620 (IHO). 
16. P. Monlaib aod S. P. MacDoaald,l. bt. CMM. S«., 82,4377 (IHO). 
17. I. B. Palk, ~IH lllodtmtbtry, Vol. 9, M. FlorldD aod B. H. Stotz, 

eda., Bllmer, Amllerdam (1963), p. II. 
II. I. B. Palk ud I. B. WUU.. bit. I. Sd. Ru. S•. A, 4, 519 (1951). 
19. T. c. ana ud B. 1. Otu,/. Bioi. a-., 234, 2751 (195). 
JO. H. ~ ud C. I . Wa-,1. Ltlb. Clltt. M.t., 56, 652 (IHO). 
21. R.I. Abraham, P. A. BuJbidte, A. H. lacboD, aod 0. W. ~. Proc. 
c~ s-.. 134 (1963). 

22. R. I. Abrabam, P. A. BuJbidte, A. H. lacboD, ud D. B. MacDonald, 
I . CMM. S«. (8), 620 (1966). 

23. A. H. lacboD, G. W. ~. K. M. Smllb, R. T. Alpla, H. Budzlldewlcz, aod 
C. D.lenuli, Tni'OitMirolt Lltt., 21, 2913 (1965). 

24. T. C. ana, A. A. Grwa, aod B. J. ana,/. Blol. CMM., Ito, 643 (1951). 
2S. T. C. Otu aod B. I . Otu,l. C"'-otr·• 21, 46 (1966). 
26. B. Demote. I. C"'-totr .• I, 24 (19S8). 

Po-8 
Coproporphyrin D 

F...aa: c..tfaNtO. 
FGnlllla Wt.: 6S4.73 (Tetramethyl ester, 710.83) 
c.Ic. %: C, 66.04; H, S.85; N, 8.56; 0, 19.55 

H5C R 

.eUe . 
Hf:.~ N ¢1R NH HN 

R c~ He --(;;reM 
R CH5 

R=CH2 -CHz-COOH 
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Cc+c+wa*J•I& m I Cc+c+wa*J•I&IV 

T~ Kill: R • CHr--CHr-COOH 
,......_...,. .... : R • CHr--CHr-CO.CH. 

PROPERTIES OF TETRACARBOXYLIC ACID 

HO ~:See coproporphyrin I. 
~:See coproporphyrin I. 
Spednl Ref.-.ce V.._: See coproporphyrin I. 
.... : Decompoees. 

PROPERTIES OF TETRAMETHYL ESTER 

~:See coproporphyrin I tetramethyl ester. 
.. ,.:e 288 oc 
Spednl aer..ce v.-: See coproporphyrin 1, tetramethyl ester. 
NNit Speda•: See Abrabam,7 
..,._ 
1. H. l'lldler aDd H. Onb, Cltadf 4n Pyrro/6, Vol. 0, Part I, Abdlallldle

Vertq.l.clprq (1937), p. 471, '"-
2. B. l'lldler aDd H. ADdenaa. AM. C.__, ... 201 (1926). 
3. 0 . P • .v-ult, B. Bullock, aDdS. F. MacDoaald, J. AIR. 0.... $«., 12.4314 

(1960). 
4. A. H. Jac:bon aDd 0. W. ~. N-., 211, 1126 (1967). 
S. R. L N. Hanta, A. W. 1om-a, aDd J. T. Kay, J. C"-. S«. (C), 22 (1966). 
6. F. Monlnlb and S. F. MacDoaald, J. AM. C.__ S«., 12. 4377 (1960). 
7. R.I. Abrabam, P. A. Burtlldle. A. H . '**-• aDd D. 8 . ~d,J. C.__ 

S«. (1), 620 (1966). 

Po-9 
Coproporphyrin m 

F.....aa:c.H.NA 
F...aa Wt.: 6S4.73 (Tetramethyl ester, 710.83) 
Calc. %: C, 66.04; H, S.SS; N, 8.S6; 0, 19.SS 

H5C R 

HCbcH 

H1~ N ¢rCH1 
NH HN 

R R · 
N 

HC-gCH 

R CH1 

R• CHa-CHa-COOH 

Tetnculloxylle Kill: R • CHr--CHr-COOH 
TetniDetbyl.._: R • CHr--CH,.....co,cH. 

SGUI'Ciel: Bacterial culture medium.1•1 Synthesis.•·•·• 

PROPERTIES OF TETRACARBOXYLIC ACID 

HCI Nlllilber: See coproporphyrin I. 
CliroiDatocraJihy: The free acid of the type Ill isomer is not sepa-
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Po-t I Po-to 

rated from the IV isomer by 2,6-lutidine-equeoua ammonia. See 
coproporphyrin I • 

.... : Decompoea. 
Spec:tnl RelenMe V.._: See coproporphyrin I. 

PROPERTIES OF TETRAMETHYL ESTER 

~CJII'IIIIIiJ: See With' and Chu et ol.' 
....: 1S2-1S4 OC,16.S-168 OC, 176-179 OC (polymorphic); Cu com-

plex 216-219 oc.• 
NNR Speda-: See Abraham.' 
Spec:tnl......._. v.-: See ... copr_.,oporpniWipb..t.yrin 1, tetrametbyl a~er. 
M- s,eea.-: See Jacbon et ol.' 
Otlier Properties: The aolubilities of isomers Ill and IV are similar, 

and are biJber than those of other isomers. The iiOIDCI'I abo 
form aolid solutions (mixed crystals).• The Cu chelates of copro
porphyrin Ill and IV methyl esters are not polymorphic and tbe 
m.p. can thus be used to distiquish them. • lnftared spectra. • 
The HCI number (1.7) is identical with that of other itomen. 

UlreiJ Lwpwltlei: Other isomers, porphyrins havina fewer or more 
carboxyl groups, haloporphyrins. 

..,._ 
J. I. B. NtUuda aDd I . A. Oullaldl,lllodwN.I'rq., 1, 36 (1960). 
2. I. l.u:llll-. Tmw,yrrol4 llloqltlltaU Mtllt• .. .,.,.,..,.., .......... N.w Yodl 

(1964). 
3. A. H. '**-· 0 . W. ~. 0 . MeOUtmay, and K. M. Salldl, J. a-. 

S«. (8), 294 (IHI). 
4. F. Monlnlb aDd S. F. MacDonald, J. AIR. Cit-. Soc., U. 4377 (1_,, 
S. R. LN. Hanll, A. W. J._, aDd LT. Kay, J. 0... S«. (C), 22 (196tt. 
6. R. J. Abnbam, P. A. 8artllcJet, A. H. J..._, aDd D. B. MacDonald, I . a-. 

S«. (8), 620 (1966). 
7. A. H.~ O. W. ~. K. M. Slllllb, R. T. Alpin. H. 8udllldlwk:a. aDd 

C. I>Jerull, T,..,.. Lm .. 21, 2913 (1965). 
I. T. K. Willa, J. ar-v,r., G, 319 (198). 
9. T. c. ana aDd e. J. ana, 1. ~ .. 21, 46 (1966). 

Po-10 
Coproporphyrin IV 

F.-la:c.H.NA 
F....aa Wt.: 6S4.73 (Tetramethyl ester, 710.83) 
Calc. %: C, 66.04; H, S.8S; N, 8.S6; 0, 19.SS 

R • CH1 -CH2 -COOH 

Tetracnoxylle Kill: R • CHr--CHr-COOH 
TetraiMtbyl.._: R • CHr--CHr-CO.CH. 
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.. II 

S..C.: Synthetic, from the methyl ester.'·"'·• 

PROPERTIES OF TETR.ACAR.BOXYLIC ACID 

HCI ~: See coproporphyrin I. 
~:See coproporphyrin III. 
ap.: Decompo~e~. 
Spednl a-... v.._: See coproporphyrin I. 

PROPERTIES OF TETR.AMETHYL ESTER. 

~:See coproporphyrin I cetrametbyl ester. 
..,.: 182-186 •c; polymorphic, with solid phase cbaDps at 168-

1700C and 175 •c; Cucomplex 230-233 •c.• 
Spednl Relweece Val-: See coproporphyrin I tetrametbyl ester. 
NNlt Speeta-: See Abraham.• 
Odler Propertle8: See coproporphyrin III. 
...._ 
1. H. Pllcber ud H. Orth, DN CAMIN ••I'Y,.,., Vol. 0, Pan I, Aka~ 

Vertq, Lelpda (1937), p. 471, '"-
2. G. P. ~ult, B. Bullock, Uld S. P. M8cDoaald, I. be. a-. Soc., U. 

4314 (tHO). 
3. A. H. 1_,._, G. W. ~. G. McOilllvra)', Uld K. M. Smltb, /. CAM!. 

Soc. •• 294 (198). 
4. P. Monilllb Uld S. P. M8cDoaa1d,l. bl. a-. Soc., 11, 4377 (tHO). 
5. R.1. Abnbul, P. A. Barbldee. A. H,1_,._, Uld D. B. MacDoMtd, I. CAM!. 

Soc • .. 620 (1966). 

Po-11 
Deuteroporpbyrla IX 

P...ta: c.HaoN.O. 
F ..... Wt.: 510.59 (Dimethyl ester, 538.65) 
Calc. %: C, 70.57; H, 5.92; N, 10.97; 0, 12.53 

HsC H 

HC-hCH Hs)Q N ¢1CHs 
NH HN 

HOOC-HzC-H2 N H HCQCH 
~Ha CH, 
CH2 

~OOH 
s...:e: Fusion of protobemin in resorcinol substitutes hydroaeos 

for vinylsroups to aive deuterobemin.1·"' Iron is removed in fer
rous sulfate-HCI' or formic acid-iron powderl.l mixtures. Iron 
removal and acid esterification are conveniently carried out in 
the ame solution.• 

PROPERTIES OF DICAR.BOXYLIC ACID 

Spednl Relereace Valae: In 0.1 M HCI, t..M 433 at 398 nm. • 
Odler Propertlel: HCI No. 0.4.1 The distribution coefficient be-

tween ether and 0.1 M HCI is 0.816 at 23 •c.• It is extracted into 

Dutr ClfOIIIQalaiX 

CHCla from 0.2% HCI. It is crystallized ftom pyridine-ether « 
acetic acid-ether in needles. Readily soluble in dilute KOH, 
acetic acid-ether, HCI, « pyridine. 

PROPERTIES OF 1HE DIMETHYL ESTER. 

ap.: After crystallization out of chloroform-methanol: 227 •c.• 
224.5 •c.• (dietbyl ester, 204.5 •c.~ 

HCI N..._: 2.0.• 

Spednl Relweece V.._: 
In chloroform.' band maxima 
A,nm 619 S66 530 497 399 267 
1,.)1 4.1 6.3 8.3 14.4 187 7.4 
In dioxane, • band maxima 
>.,nm 618 593 S6S 525 495 399 
1,.)1 4.3 1.3 6.8 8.6 15.9 175• 
with minima 
A,nm 601 590 S48 514 
1,.)1 0.68 1.21 1.19 3.08 

NNR Speeta-: 2,4-protons at 9.12 1 (infinite dilution value) in 
coa. and at 9.431 in CDCla with 2.5% F.CCOOH.• 
an..~: Column: Alumina.• Paper: Rr • 0.45 ascend

ina. with silicone as stationary phase and water-acetonitrile
propanol-pyridine (3.8: I: 2:0.5).t.t Also, see References, p. 187. 

..,_ 
1. H. Pllcber Uld H. Ortb, DN CAMtw ••I'Y,.,., Vol. 0, Pan I, Aka~ 

Vertaa, Lelpda (1937), p. 414. 
2. T. C. Cbu aDd B. 1. H. Cbu,/. bl. a.-. Soc .. 74, 6276 (1952). 
3. W.S.Cauat-J,1. 0. Albeo, W. Y.l'lljlmoto,Uld1. L York,/. Or,. CAM1.,31, 

2631 (1966). 
4. C. RlmiDitoD, BlodNM.I .. 11, 620 (tHO). 
5. S. Graalck aDd L Bosorad,/. /llol. a-.. 281, 111 (1953). 
6. A. H. CorwiD Uld R. H. Krieblo,l. bl. CAM!. Soc., 63, 1829 (1941). 
7. W. S. Cauat-J, W, Y. Fujimoto, Uld B. D. 1obaloa, BI«JNMt.try, I, 3830 

(1966). 
I. A. Slenl Uld H. WeoderleiD, z. PII)I.UC. CAM!., AI'JI, 405 (1936). 
9. T. C. Cbu Uld B. 1. H. Cbu,/, /llol, C._,, JOI, 537 (1954). 
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Po-ll 
Hematoporphyrin IX 

F...ta:CaJf..NA 
F...ta Wt.: 598.70 (Dimethyl ester, 626.76) 
Calc.%: c, 68.21 

H, 6.40 
N, 9.36 
0, 16.03 

So.ca: From protohemin with acetic acid-HBr. Crystallized u 
the dihydrochloride from 2.5% HCL• The product is a mixture 
of compounds. 1 The dimethyl ester from esteriflc:ation with di
azometbane can be obtained in hiah purity foUowing chromatoa
raphy on alumina.• 

PROPERTIES OF THE DIMETHYL ESTER 

Spedra1 Rer..ce V.._: 
In 1M HCI4 
>.,nm 402 $48 592 
fd 383 U.6 5.6 
O.SW, nm 13 20 -14 
In ehloroformt 
A,nm 622 $69 534 499 402 ,.... 4.3 6.9 9.5 u.o 193 
In pyridine' 

269 
8.9 

A,nm 623 $69 532 499 401 45$(min) ,.... 4.3 6.7 9.0 14.8 174 2.1 
603(min) 
0.84 

NMR s,ectn.: I values for the 2,4-(1-hydroxyethyl) groups in 
CDCia c:alculated to infinite dilution are CHa (2.06) and HQ
C-H (6.14), and in CDCia with 2.5% FaCCOOH are CHa (2.22) 
and HO-C-H (6.59).•·u 

a.ro.atotnplly: R,-=0.08 in ker~Cla (100:65 v/v) on 
paper.' Alumina column.• 

Odler Properties: m.p. 212-217 OC. HQ No. of unesterified com
pound 0.1. Aqueous solutions of strong acids ca~~~e equilibration 
between vinyl and 1-hydroxyetby1 groups. 

Likely -..Ides: Protoporphyrin, 2(4)-(1-hydroxyethyl)-4(2)
vinyldeuteroporphyrin, chloro- or bromoethyldeuteroporphyrins. 
Purification by countercurrent distribution has been achieved.t 
The only recorded opticaUy active sample was one derived from 
cytochrome c.• 
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P.U/Po-13 

....._ 
I. H. Pllcber aDd H. Ortb, D/6 C"-W dai'Yrrob, Vol. 0, Put I, Ab~ 

VerJ .. ,LIIama (1931), p. 421. 
2. S. Oranlck, L .,.,..._ aDd H. 1a&,l. Bioi. QMI., 201,101 (1953). 
3. W.S.CaUIMJ,1.0. Albea, W. Y. Pujl-,aDd1. L York,/.~. QMI., Jl, 

2631 (1966). 
4. D. Ma-aJ, uapubllllled lnf'-doa. 
5. W. S. Cauabe1, W. Y. PlaJmoto, aDd B. D. ~. BlodNMI#77, S, JllO 

(1966). 
6. B. D. Becbr, R. B. Bradl.,, a1111 c. 1. WatiDD,/. Aa c~ Soc., U. 3743 

(1961). 
1. T. c. a.a, A. A. o,_, a1111 &1. a.a.1. Bioi. QMI., 190. 643 (1951). 
I. K. 0. Pul, Actc CAlM. s-.1., S. 319 (1951). 

Po-13 
MeiObiUruiU IXa 

F...ta:CaH.NA 
F...ta Wt.: 588.71 
Calc.%: C, 67.33; H, 6.85; N, 9.51; 0, 16.31 

&.ce: Hydrogenation of bilirubin (Pd catalyst).•·• NaturaL• 
Spedra1 Rer..ce Val .. : In chloroform,,.... 54.6 at 434 nm.• 

54.7 at 429 nm.• 
•• ,.:3U°C. 
ar-t........,: Paper,• n.c on polyamide.' 
Odler Properdel: Oxidation with alcoholic Zn acetate+ 0.1 m1 of 

1 % alc:oholic iodine yields red fluoracence of Zn chelate of oxi
dized forms (mesobiliverdin and mesobilivioline, for example) at 
626, 597, and 513 nm. 

IJkely kz; Ides: Dihydrobilirubin,1 dihydromesobilirubin,• and 
isomers present in bilirubin employed for hydroaenation (com
pare Po-2). 

..,._ 
I. H. P11cber aDd H. Ortb, Dw CAMtw dai'Yrrob, Vol. 0, Put I, Aka...._. 

Veri ... Lelpda (1937). 
2. H. PIICber, H. Plleniaeer, aDd A. Wcillbntb, Z.Pf!¥11ol. QMI., ... 197 (1941). 
3. C. 1. WatiOD, uapublllbedlnf'-doa. 
4. C. H. Gray, A. K~. aDd D. D. N~,/. QMe. Soc .. 2M (1961). 
5. C. 1. WatiDD aDd 1. a-ua.Jer, uapublllbedlnf'-doa. 
6. L B. Pear- aDd C. 1. WatiOD, l'roc. Soc. Eq. IIJol. M&, 112, 756 (196)). 
7. Z.1. Petryka aDd C. 1. WatiOD,/. car-o,r., 3'7, 76 (1961). 
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Po-14/Po-15 

P•14 
MeiOPOI')Ibyria IX 

F...aa: c..H.N.O, 
F...aa Wt.: S66.70 (Dimethyl ester, S94.76) 
c.1e. 7.: C, 72.06; H, 6.76; N, 9.89; 0, 11.29 

CHs 

HsC~Hz 

Hc--4 ~H 
N~ Ha CH1 

NH HN 

HOOC-HzC-Hz N CHz -CH5 

HC-uCH 

~Hz CHa 

~~ 
Saarce: Reduction of the vinyl groups of protoporphyrin or its iron 

complex. Reducing conditions include formic acid with Hs and 
PdO,,t.s with H1 and colloidal Pd,1 and aqueous KOH with H, 
and Plat.' 

PROPERTIES OF DICARBOXYLIC ACID 

Spedral Refaeace Values: 
In 1M HCl 
>., nm .592 S49 401 
tal( .5.8 14.9 390 

619 
0.6(min) 

.582 
3.4(min) 

Odler Propertiel: HCl No. 0.5. Distribution coefficient betwam 
ether and 0.1 M HCl at 23 oc is 2. 93: 1.1 Difficult to dissolve in 
chloroform, readily soluble in ammonia. Recrystallized from 
acetic acid~ther. The Na salt is precipitated at concentrations 
areater than 0.8% of NaOH. Mesoporphyrin I may be separated 
chromatographically from mesoporphyrin IX. • 

PROPERTIES OF THE DIMETHYL ESTER 

HC No.: 2.5. 
a.p.: 215 °C (Diethyl ester,1JJ7 oq.s 
Cllroaa.....,.plly: See References, p. 187. 

Spedral Refaeace Values: 
In chloroform' 
>., nm 619 S66 532 498 

e- 4.9 6 . .5 9.9 14.0 
In p-dioxane' 

399 . .5 
168 

270 
7.9 

>., nm 620 S61 528 496 590(min) S49(min) .SIS( min) 

tall .5.4 16.6 9.8 14.2 1.15 1.19 3.1 

NMR Spectrua: For the 2,4-ethyl groups, the CH, and CHa groups, 
respectively, appear at & values of 4.30 and 1.88 in CDCI,, at 
4.17 and 1.74 in CDCla with 2.5% F,CCOOH,1 and at 4.31 and 
1.84 in F,CCOOH.• 

...._ 
1. l. P. Taylor,/. Bioi. CU..., 135, 510 (1940). 
2. W. S. CauPl'. l. 0. Albell, W. Y. Fujimoto, and l. L. York,/. Orr. CMrrl., 

31, 2631 (1966). 

3. S. Orul&:k, I. Bioi. a.-., 1'7Z, 717 (1948). 
4. B. W. Baker, M. Jtucda, and A. H. Conrin, AMI. B~, I, 512 (1964). 
5. L. lloiorad and S. Gramck, I. Bioi. 0..., Z0Z. 711 (1953). 
6. c. lUmiaiiOa and A. aa-.1. ~ .. 6. 350 (1961). 
7. W. S. CauPl', W. Y. ~.and B. P. lobaloa, lllodiMtl#ry, I, 3830 

(1966). 
I. A. Slenl and H. Wendedeln, Z. P/ullllc. a.-., Al74, 11 (1935). 
9. Jt. l. Abrabllm, A. H.l~. and 0. w. ~.I. cu... Soc., 3461 (1961). 

F...aa:c.H.O 
F...aa Wt.: 296.S4 
c.le. %: C, 81.01; H, 13.60; 0, .5.39 

Solwce: Hydrolysis of chlorophyll.l 
Spectral Rer...ce Val•: tall 1.10 at 212 nm in alcohol. 
J.alrared Spectr-: See Stair and Coblentz' and Weigle and Living

ston.• 
Sped8c: Rotadoa: [af~ +O.WO. 
Otller Propertlel: Refractive index, n~ 1.4637; density,~ 0.8491; 

b.p. 132 °C (0.02 mmHg), 1.50 °C (0.06 mmHg), 203 °C (10.0 
mmHg). 

DeriYathe.: Allophanate, m.p. 71 °C;' pyruvate semicarbazone, 
m.p. 72-75 °C. 

CbrOIIUltCJ11'1111111: On paper impregnated with silicone oil, develop 
with methanol-water (8: 2). 

Rr "" 0.4-0.5. Paper dried, and treated with iodine in petroleum 
ether. After the paper becomes white, spray with starch solution, 
and compare the blue zone with a phytol control; 1o-40 1'1 esti
mated quantity.1 

GraYimetrk Eltiaaatloa: 1-Naphthylamine derivative of phytyl 3,.5-
dinitrobenzoate.' 

Likely IRsp Idee: Phytadiene, carotenoids, steroids, alcohols of 
high molecular weight, and other neutral nonsaponifiable sub
stances.l.l 

NMR Spectrua: See reference 6. .. .,_ 
1. P. 0. Pl.:her and H. Bonn, A1111. CMrrl., 611, 2l4 (1955). 
2. Jt. Slalr and W. W. Coblentz, I. Re•. Not. /lw. Sttllld., 11, 703 (1933). 
3. l. W. Welale and Jt. Uvlnptoo,/. Am. CINM. Soc., 75, 2173 (1953). 
4. P. Karrer, H. Slmoa, and B. Zblndeo, Heir. Cllbrt. .ilcUI., Z7, 313 (1944). 
5. A. Hrmatb, W. Broil, and L. Stentzel, MOIIIIIIII. C1Nm.,l9, 54, 116, 126, (1955). 
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P•16 
PorpbobiJJaoaea 

F...aa: Ca.H~tN.O.·H.O 
F...aa Wt.: 244.25 
Calc. %:c. 49.17 

H, 6.60 
N, 11.47 
0, 32.7S 

S.U.: From the urine of acute porphyria patients' and from 
urine of animals treated with such compounds u (2-ilopropyl-
4-pentenoyl)urea (Sedormid). Enzymically, from 5-aminolevulinic 
acid.1•1 By chemical synthesis. •·• 

Pbotcaetrlc Determblatloa: Condense with modified Ehrlich re
aaent; the apparent e.. at SS3 nm is 61, and there is a shoulder 
at S25 nm, e- 47.• 

Cllrc.atCIIP'&IIIIY: Rt- O.S on ucendina paper chromatopaphy 
with 1-butanol-ac:etic acid-water (4:1 :S, V/V).1 

a.,.: 174-177 °C with decomposition.• 
Odler Propertlel: The hydrochloride.' The lactam.1 X-ray powder 

photopaph.4•7 Infrared spectrum.' Quantitatively converted into 
uroporphyrinogens, either chemically' or enzymically.• e.. at 
212 nm - 6.77.10 pX.- 3.70, 4.9S, 10.1.10 The Ehrlich color alt 
of porphobilinoaen in acetate buffer (pH 4-S) is insoluble in 
butanol, which dist.inauishes it from the urobilinoaen color alt. 

Likely llllparidel: Not well defined;• poly(pyrrylmethanes). 
Spedal Reaaeaa: Modified Ehrlich reaaent: Prepare fresh. p-Di

methylaminobenzaldehyde (1 g) is dissolved in 30 ml of alacial 
acetic acid, 8.0 ml of 70% perchloric acid is added and the solu
tion is diluted to SO ml with acetic acid. Mix with an equal vol
ume of porphobilinoaen solution at 23 °C and read at IS min. 
The p-dimethylaminobenzaldebyde may be recrystallized from 
hot ethanol-water to give a colorless product. 

....._ 
I. 0. H. Cooluoa aad C. RimlqtDa, BI«Mrrt. J., 51, 476 (1954). 
2. Jt. Schmid aad D. Sbemla, J. AM. Clwm. Soc., 77,506 11956). 
3. H. A. Saacovlch, A. M. Penamola, A. M. clel C. Bailie, aad M. OriDiteln, 

Mnltob &zymol., 17, 220 (1970). 
4. 0. P. Aneaault aad S. P. MacDoaald, C1111. J. Clwm., 39,1043 11961). 
S. B. Prydmaa, M. E. Dapu)o, aad H. Rapopon, J. A,.. CMIII. Soc., 17, 3530 

(1965). 
6. D. Mauarallaad S. Oraalck, J. Bioi. Cll-., lit, 435 (1965). 
7. 0. Kcaaarcl, Nt~~~~n, 111, 876 ( 1953). 
I. D. Mauarall, J. AM. Clwm. Soc., 11, 1605 (1~. 
9. L BotJorad, J. Bioi. Clwm., 133, SOl, SIO (1958). 

10. S. Oraak:k aad L BotJorad, J. A,.. C'-t. Soc .. 75, 3610 (1953). 
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Po-16/Po-17 

P•17 
Protoporpllyrla IX 

F...aa:c..H..~. 
F ..... Wt.: 562.27 (Dimethyl ester, 590.73) 
Cak. %: C, 72.57; H, 6.09; N, 9.97; 0, 11.37 

HOOC- HzC-H2C 

CH2 
I 
CH2 

looH 

CH, 

CH=CHz 

Scua: Dic:arboxylic acid is prepared from hemin chloride by re
ftuxing in 98% formic acid with iron powder to re~ iron.t.t.a 
Diester is obtained from hemin chloride by carrying out iron re
moval and estcriftcation in ame solution (FeS04, HCI, alcohol),• 
u well u by estcriftcation of the metal-free dicarboxylic acid. • 

PROPERTIES OF THE DICARBOXYLIC ACID 

Spedral aw..c. v.-.: 
IniMHCI' 
)., nm 600 SS6 408 S20 
Ea11 S.6 U.S 241 3.2(min) 
In 1.37 M HCI,e. .. 27S at 408 nm.• 

Olroaatotraplly: On paper in 2,6-lutidine-NHa,7 protoporphyrin 
IX l1lOYCI u a porphyrin having two carboxyl JrOUps. 

Odler Propertlel: Readily soluble in CHela (when acid), mineral 
acids, or pyridine. SparinaJy soluble in 0.01 M KOH in 507. 
alcohol; colloidal in aqueous alkali. Recrystallized from formic 
acid~ther in fine needles. HCI No. 2.S. 

PROPERTIES OF THE DIMETHYL ESTER 

HO No.- S.S. 
-.,.: Thouah aenerallY sharp, reports vary from 214 to 232 "C. 

Diethyl ester, 215 "C.• 

Spedral aw..c. v.-.: 
In chloroform' 
~.nm 630 576 541 S06 407.S 27S 
fall s.o 6.S 11.1 13.8 161 13.0 
In p-dioxane' 
).,nm 630 S7S S37 503 
e.. S.6 6.8 11.6 14.6 

lcleatlftc:adoa of VIIIJI Groapl: NNR 4 values at 1.64, 3.66, and 3.83 
in CDCia• and at 1.71, 3.43, and 3.61 in FaCCOOH." Infrared 
absorption of terminal methylenes in CHela are at 1.628 ,am 
(e.. ... 0.98) and at 2.116 ,am. • 
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Po-18/ Po-19 

c.ro..tDflraplly: Column.• Papcr.u See References, p. 187. 
Llbly IIDparlties: Compounds that contain iron, ethyl or 1-hy

droxyethyl aroups, and oxidation products (650 nm band). ..,_ 
I. H.l'llcberand H. Orth, Dw Cltmtl~lkaPyrrob, Vol. U, Pan I, Akaclemllcbo

Verlq, Lelpda (19)7), p. 471 ft'., 596. 
2. V. 0. Ramtey, BI«MMrt. Prq., 3, l9 (1953). 
3. W. S. Calllbe7, W. Y. Fujimoto, A.l.llearclco,and T. H. Mo., Blocltmtl#ry, 

S, 1255 (1966). 
4. W. S. CaiJibey, I. 0. Albea, W. Y. Fujimoto, and I. L. York, J. Orr. Cit-., 

31, 2631 (1966). 
5. D. Mauzerall, uapub111bed W'ormadoo. 
6. C. RJmiDatoa, Blocltmt. J., 75, 620 (1960). 
7. I. B. Falk, J. C"'-tov., S, ln (1961). 
I. W. S. Calllbe7, W. Y. Fujimoto, and B. P. lolmloa, Blocltmtl#ry, S, 3830 

(1966). 
9. A. Slenl and H. Wenderleln, Z. Plty11k. Cltmt., AI'JO, 337 (1934). 

10. R.I. Abraham, A. H.lacbon, and 0. W. Kenner,J. c-... Soc., 3461 (1961). 
II. T. C. Cbu and B. I. Cbu, J. Bioi. C"-., D, 537 (1954). 

P•18 
Stercobilln (DipyrroUdone) 

F...aa: c..H..N.O. 
F.-la Wt.: 594.76 
Calc.%: C, 66.64; H, 7.80; N, 9.42; 0, 16.14 

Soarc:el: Natural from human feces. (Yields are larger from pa
tients with hemolytic anemia. Absent, or present in small amount, 
after administration of broad spectrum antibiotics,!) Synthesized 
from bilirubin• or from total synthesis.• 

Spectral Refenace Valuea: Acid form exhibits an tax of 92.9 at 496 
nm in CHCia• and of 90.3 at 492 nm in methanol-3 M Ha 
(100: I, v/v).1 

a.p.: 234-236 •c;• hydrochloride, 158-160 •c,1 140-142 •c.' 
Spedflc Rotatloa: 

[a)~=- -4,000" as hydrochloride in CHCia (natural).1 

[afo • -3,900" as hydrochloride in CHCia (synthetic).• 
[afo • 0" (synthetic), I.' 

Otller Propenles: X-ray diffraction powder patterns and infrared 
spectrum are distinct for dipyrrolidones.1•1·' Natural stercobilin is 
the tran.r-trruu-isomer.• Both cis-d3' and trans-tran.rl0 have been 
synthesized. Stability toward ferric chloride oxidation10 and abil
ity to form a molecular complex with ferric chloride11 permit dis
tinction from other urobilinoids. Chromic acid oxidation yields 
ethyl methyl succinimide.•·• Mass spectrum (molecular ion, 594).11 

UkeiT Impurities: Pyrrolidone-pyrrolinone, dipyrrolinones, and 
their oxidation products,lo,lt 

..,_ 
I. C. J. Wa-, P. T. Lowry, V. B. SbnroY, W, H. Hol1in~Mad, S. Kohan, and 

H. 0. Matte, J. Bioi. Cltmt., 200, t1T1 (1953). 

Stereab1U11 I Half..sten:oiiiUa 

2. I. T. Kay, M. Weiner, and C. J. Watson, J. Bioi. Cltmt., 231, 1122 (1963). 
3. H. PllenlnFr, K. Ehl, and A. Tapia, A1111. Cltem,, 736,43 (1970); H. Pllenln

IICr and U. Len:b, """· Cit-., 691, 196 (1966). 
4. C. H. Oray, A. Ucbtarowicz-KulC2,)1Cb, and D. C. Nlcbobon, J. Cltmt. Soc., 

2276 (1961) • 
5. C. I . Watson and I • ..__.,, uapublllbed W'ormadoo. 
6. C. I. Watton and P. T. Lowry, J. Bioi. Cltem., 211, 633 (19~. 
7. C. J. Watton, A. Mo.:owltz, D. A. IJahtner, Z. J. Petryka, E. O.vla, and 

M. Welnxr, Proc. Nat. Actlll. Sci. U.S., 51, 1957 (1967). 
8. C. H. Oray, 0. A. Lemmon, and D. C. Nlcholton, J. Cltmt. Soc. (C), 178 

(1967). 
9. z. J. Petryka and c. J. Wa-. Tnl'tlltalrolt IAtt., 52, 5323 (1967). 

10. C. J. Watson, M. Weinxr, Z. J. Petryka, D. A. Uabtner, A. Mo.:owltz, 
B. O.vla, and N. A. Beach, Arclt. Blodlem. Blop/ty1., 131,414 (1969). 

11. C. J. Watson and Z. J. Petryka, ANJI. Bloc/tem., 30, 156 {1969). 
12. D. A. IJabtner, A. Mo.:owttz, Z. J. Pell')'ka, S. Jonea, M. Welnxr, E. Davia, 

N. A. Beach, and C. J. Watson, .Ardr. Blocltem. Blopltya., 131, 566 (1969). 

P•19 
Half-Stercobilln 
(PyrroUdone-Pyrrolinoae) 

FOI'IIIIIIa: CaH..N,O. 
FOI'IIIIIIa Wt.: 592.74 
Calc. %: C, 66.87; H, 7.48; N, 9.45; 0, 16.25 

Sc.ce: Human feces;1 bacterial reduCiion;1 by-produCI of cata
lytic hydrogenation or bilirubin.• 

Spectral Reference Valuea: Acid form, absorption maximum be
tween 490.5 and 492.5 nm in chloroform.1 

Spedftc Rotatloa: [am from -1,900" to -3,000" for acid forms in 
chloroform.1 

ap.:1 148-154 •c. 
Ma8l Spec:tra:1 Molecular ion 592. 
0t11er Propenles: X-ray powder pattern distinct from stercobilin 

and urobilin.1 Ferric chloride oxidation• and chromic acid oxida
tion! differentiate half-stercobilin from other urobilinoids and 
indicate presence or impurities. 

LlkeiT 1.-puiitlea: Stercobilin, urobilin, and their oxidation prod
ucts. 

a.r-
1. C. J. Watson, A. Mo.:owltz, D. A. Uabtner, Z. J. Petryka, E. Davis, and 

M. Welnxr, Proc. Nat. Acad. Sci., U.S., 51, 1957 {1967). 
2. C. J. Watson rtal., Blocltmo. M«<., 1, 461 (1969); 2, 484 (1969); 4, 149 (1970). 
3. Z. J. Petryka, unpubllshecl W'ormatlon. 
4. C. J. Watson, M. Welnxr, Z. J. Petryka, D. A. Llllhtner, A. M01Cow1tz, 

E. O.vlt, and N. A. Beac:b, Arclt. Blocltem. Bloplty1., 131, 414 (1969). 
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Ms-T~/U ......... 

Po-lO 
MS-Tetrapbeaylporpllin 
(~,"Y ,&-Tetrapbeaylporplline) 

Formala: c.df.N, 
F.-. Wt.: 614.75 
c.le. %: C, 85.90; H, 4.92; N, 9.12 

Soarce: Syn~densation of pyrrole and benzaldehyde in 
propionic acid.1 Useful data on preparative procedures and the 
reaction mechanisms have been reported. I-t Metal complexes are 
readily preparedP 

Spednl Reltralce V.._: 
In benzene,7-lt band maxima 
>.. nm 649 592 548 51$ 

-· 3.8 5.7 8.4 19.8 
Mall SpeclrOICOPJ: See Adler~~ a/.11 

NWR SpeclrOICOPJ: See Badger~~ a/.10 

483(sh) 418 
3.7 480 

~...........,.: n.c.11 A useful column chromatography proce
dure foUows: A solution of crude TPP (I g) in reagent-arade 
chloroform (200 ml) is added to a 3 X 12-in. column of dry 
packed neutral or acidic alumina of a chromatographic arade. 
Elution with chloroform, which develops a slow intense narrow 
peen band and a faster broad diffuse purple-red band, is con
tinued until the peen band has reached within I in. of the bottom 
of the column. The material of the purple-red band, after elution 
and crystallization from chloroform-methanol, is 99.5% pure 
with adsorbed solvent and a trace of the hydrochloride (acid salt) 
as the only impurities. Further purification can be accomplished 
by sublimation.' 

IJkely Imparities: Polypyrrole by-products, MS-tetraphenylchlorin 
salts, and adsorbed solvents. . .,_ 

t. A. D. Adler, F. R. Lonao. J. D. Finarelll, J. OoldtMcher. J. Allour, and 
L. Konakotr, J. Orr. Clwm., 31, 476 ( 1967). 

l. A. D. Adler, L. Sklar, F. R. Lonao. J. D. Finarelll, and M. 0. Finarelll, 
J. H'tnocycl. Cltmt .. 5, 669 (1968). 

3. D. Dolpbln, J. H"'rocycl. Cltem., 1, 27$ ( 1970). 
4. H. W. Wbltlodl:, R. Hanauer, M. Y. Oeller, and B. K. Bower, J. Am. Cltem. 

S«., tl, 748$ (1969). 
$. A. Trelba and N. Haeberle, AM. Cltmt., 711, 183 (1968). 
6. D. W. Tbomaa and A. 1!. Mancil, I. Am. Cltem. S« .. '71, 1338 (19$6). 
7. A. D. Adler, F. R. Lonao, F. Kampu, and J. Kim, J. r_,. N11cl. Clwm., 31, 

2443 (1970). 
8. J. A. MulliDa, A. D. Adler, and R. M. H~. J. Cltmt. Pltys., 43,2$48 

(196$). 
9. 0 . D. Doroup, J. R. MUter, and F. M. Hue1111Cke111, J. Am. Cltmt. Soc .. 13, 

431$ (19$1). 
10. 0. M. Bade«. R. A. Jonea, and R. L. LulCII, A111t. J. Cltmt., 11, 1028 (1964). 
11. A. D. Adler, J. H. Orem, and M. Mautner, Orr. Mou SP«tiWC., 3, 9$$ ( 1970). 
12. R. W. Balek and A. Szutka, J. Cluomato,r., 17, 127 (196$). 
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Po-ll 
Urobilin~) 

FOI'IIIIIIa: I. c..H.aN.O. 
n. c.HaN.O. 

Formala Wt.: I. $88.71 
II. 590.73 

c.1e. %: I. C, 67.33; H, 6.85; N, 9.52; 0, 16.31 
D. C, 67.09; H, 7.17; N, 9.49; 0, 16.25 

Po-28/ Po-ll 

Soaral: Infected fistula tube; feces of individuals receivina broad 
spectrum antibiotics;' total synthesis;' bilirubin reduction with 
sodium amalpm'-' or catalytic reduction. • 

Spectral Rer.-.ce Value8: Acids formed in CHCI, exhibit EaK 
values of 93.7 for I and 72.1 for 111 at 499 nm. In methanol-3 M 
Ha (100:1, V/Y), f ... at 494 nm is 90.6 for I and 89.7 for n.• 

m.p.: 1: 172-174 •c.'n: 11~1n •c,a.• 1~180 •c.• 
Spedlk Rotatfoa: [am for lhe monobydrochloride in CHCI, varies 

from -480001 to +$000°.1 . 

Odlw Properties: X-ray powder patterns differ amona optically 
active and inactive urobilins, stercobilin, and half~biJin. 
Infrared spectra for urobilins are similar but ditrer from ster
cobilin spectra. Urobilins are easily oxidizled with ferric cbloride7 

or bromic acid' and can be separated, u dimethyl esttn, on n.c. • 
IJkely r.purides: Mesobiliviolin, glaucobilin, stercobilin, half

stercobilin, mesobilifuscin. 

Rtl-

1. C. J. WabOD aDd P. T. Lowry, J. lllol. C/wm., 211, 633 (1956). 
l. H. Pllenlaeer, K. Ebl, and A. Tapia, AM. Cltmt., 136,62 (19701. 
3. C. J. WabOD, J. Bioi. Cltmt .. ZGO, 691 (19$3). 
4. H. Fllo:ber and H. Orlh, Die Clwmw lk1 Pyrroll, Vol. U, Pan I, Abdeml ..... 

Verlq, Ldpda (1934), p. 68$. 
S. C. H. Gray, A. Kulczycb, aDd D. C. N~. J. Cltmt. S«., l%76 (1961). 
6. C. J. WabOD aDd I. a-maier, uopublilbed WonMdoo. 
7. C. J. Wawoo, M. Weimer, Z. J. Pelryka, D. A. IJibtoer, A. M-'tz. 

1!. Davil, aDd N. A. Beach, Ardl. Blodlem. Blopltys., 131,414 (1969). 
8. C. I . Wawoo, A. Mo.cowitz, D. A. lJahtoer, Z. J. Petrylra, 1!. Davia, aDd 

M. Weimer, Proc. N111. Aalll. Set., U.S .. •• 19S7 (1967). 
9. Z. J. Pcuyka, uopublllhed io(om.doo. 
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P•ll 
Uroporphyrin I 

Forlllllla: c.H.N.~e 
F..- Wt.: 830.77 (Octamethyl ester, 942.98) 
c.1c. %1 C, 57.83; H, 4.61; N, 6.74; 0, 30.82 

A R 

HC-nCH 

:~NH : HN¢J: 
HC-aCH 

R A 

A= CHaCOOH 

R=CHaCHaCOOH 

Soarae: By hydrolysis of the methyl ester.1•1 From urine of beef 
cattle having congenital porphyria,• and from urine of humans 
having coneenital porphyria. • By chemical synthesis.• 

Spednll Reltralce V8luel: Same as for uroporphyrin Ill (P~24) in 
1MHO. 
~play: See uroporphyrin III (Po-24). 
Odler Propertlel: See uroporphyrin Ill. Is decarboxylated to 

coproporphyrin I, either chemicaUy,1•1 or enzymicaUy as uro
porphyrinogen.' 

PROPERTIES OF lHE OCTAMETHYL ESTER 

Spednll Reren.ce V.._: Same as for uroporphyrin III ester 
(~25). 

NMR Spedna: See Becker et a!.• 
a.r-topaplay: Rr .. 0.02 in kerosene-p-dioxane (8: 3 by volume); 

same as for uroporphyrin II ester.t-11 The Rr is criticaUy depen
dent on the experimental conditions. 

a.p.: 291-292 °C (corrected).' 
Odler Proper1lel: PracticaUy insoluble in ether. May be crystallized 

as the hydrochloride. X-ray powder photograph.1•11 Infrared 
spectrum.tt.•• May also be identified by conversion into copr~ 
porphyrin I by quantitative decarboxylation at 180 oc for 4 h in 
deoxygenated 1 M Ha,•.u and by 2,(~lutidine-water chromatog
raphy (see coproporphyrin I, Po-7). 

l.lkiiJ J!DpUI'idel: Isomeric uroporphyrins,• hepta- (and lower) car
boxylic esten,•·•.,•• haloporphyrins, and Cu or Zn chelates. ..,_ 

1. H. PIKher and H. Orth, Dk Cll-le lk• Pyrroh, Vol. 0, Part I, Abdemllcbo-
Verlaa, Ldpda (1937), p. 504. 

2. H. Fl.lcher and 1. Hll-r, z. Pltynol. Clwm., 149, 65 (192S}. 
3. T. K. With, Bloc/wm. J., 61, 717 (19SS). 
4. C. Rlmlnaton and C. A. MUee, Bloclwm. J., 10, l02 (19,.). 
S. S. F. MacDonald and R. J. Sledman, CM. J. C/wm., 31, 896 (1954). 
6. P. R. l!dmoncbon and S. Schwanz, J. Bioi. Cllm~. , 105, 605 (1953). 
7. D. Mauzeratland S. Oranlck, J. Bioi. C/wm., 131, I 141 (1958). 
I . E. D. Becker, R. B. Bradley, and C. J. Wa11011, J. AM. Cll-. $«., 13, 3743 

(1961). 
9. 1. E. Palk and A. &nlon, Blocltm~. J •• 55, 101 (1953). 

10. 1. E. Palk, E. I. B. D..-1, A. 8c1110n, and B. C. Knlaht, Blodleln. J., 63, 
87 (1956). 

I I. P. A. D. Comford and A. &nlon, J. Clw_,owr •• 10, 141 (1963). 

Uropo~plaJ•IDI I Uroporpla)rla D 

12. J. E. Palk and 1. 8. WUU., ...,.,.,,.... J. Set. Ru., Ser. A, 4, 519 (1951). 
13. T. c. Cbu and E. Cbu, J. Bioi. 0..., 134, 2741, 2751 (1959). 
14. D. Mauzerall, J. Am. Clwm. S«., U, 2601 (1~. 

Forlllllla: c.H.N.~, 
Forlllllla Wt.: 830. n (Octamethyl ester, 942.98) 
c.1e. %: C, 57.83; H, 4.61; N, 6.74; 0, 30.82 

A R 

HC~CH 
J~NH: HN¢J: 

HC--aCH 

R A 

A=CH2COOH 

R=C~C~COOH 

s..ce: By hydrolysis of the synthetic methyl ester.t.t 
Spectral Relera.c:e Values: The same as for uroporphyrin III 
(P~24). 

~play: Rr same as for uroporphyrin III. 
Otber Propenlea: Is decarboxylated to coproporphyrin II, either 

cbemicaUy1•1 or enzymicaUy.• 

PROPERTIES OF lHE OCTAMETHYL ESTER 

Spectral Referalc:e Values: The same as those of uroporphyrin III 
ester (P~24). 

NMR Spectrum: See Abraham et al.' 
Cbromato&raphy: Rr ... 0.02 in kerosene-p-dioxane, like that of 

uroporphrin I ester, but unlike those of uroporphyrin Ill ester or 
uroporphyrin IV ester.' ·' Rt is criticaUy dependent on the condi
tions.• 

ap.: 31o-313 °C.1•1 

Otber Properties: As the least soluble of the isomen, it may fre
quently be separated from uroporphyrin mixtures by crystalliza
tion from pyridine,• ot from chloroform-acetone.l·' Identify by 
decarboxylation and 2,6-tutidine-HtO chromatography of the 
coproporphyrin 11.7·' X-ray powder and infrared (mull) spectra.l·' 

l.lkely lmpuridel: Other isomen, haloporphyrins, and Cu and Zn 
chelates . . .,_ 

t . S. F. MacDonald and K. H. Michl, CM. J. Cltm~., 34, 1768 (1956). 
2. 0 . P. AJWnauh, E. Bullock, and S. F. MacDonald, J. AM. Cllm~. $«.,11, 4384 
(1~. 

3. P. R . Edmoncbon and S. Schwanz. J. Bioi. Cltm~., 105, 605 (1953). 
4. D . Mauzeralland S. Oranlck, J. Bioi. Cllm~., 131, 1141 (1958). 
5. R. J. Abraham, A. H. Jackaon, and 0 . W. Kenner, J. Cllm~. $« •• 3461 (1961). 
6. 1. E. Palk and A. 8c1110n, Bloclrml. J., 55, tOt (1953). 
7. J. E. Falk, E. I. B. D~t. A. 8c1110n, and B. C. Knlaht, Bloclrml. J., 63, 87 

(1956). 
8. P. A. D. Comford and A. Bc1110n, J. C"""""towr .. 10, 141 (1963). 
9. D. MaUZiCrall, J. AM. Cllm~. S«., 11, 2601 (1~. 

lOt 
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UroparpiiJrfll m I Uroporpllyrfll m, ~ Eater 

P•l4 
Uroporphyrin m 

Forlllllla: c..H.N.Ot1 

F...aa Wt.: 8JO.n 
Calc. %: C, S7.83; H, 4.61; N, 6.74; 0, 30.82 

A R 

HC~CH 

:G·· : ··¢d: 
HC-aCH 

R A 

A:C~COOH 

R: CH2C~COOH 

Soarcel: From turacin, its Cu chelate.•.s.• Enzymically from S-ami
nolevulinic acid or porphobilinogen.• By synthesis. • 

Spectral Refereace v.-.: 
In I M HCI' 
>.. nm 406 SS2 593 4SO(min) S20(sh) 57()(sh) 584(min) 
fmll SOS 17.S 6.15 0.6 2.9 6.1 3,9 
O.SW, nm 10.0 20.0 -14 
In 0.5 M Ha, t.11 541 at 406 nm.• 

a.r-topaplly: Not distinguishable from other uroporphyrin 
esten by 2,6-lutidine--H,O chromatography 

&p.: [)e(:omposes. 
Odler Properliel: Insoluble in ether, soluble in cyclohexanone 

slightly soluble in ethyl acetate-acetic acid. Reversibly reduced 
to uroporphyrinogen Ill, but the latter rearranges to a random 
mixture of isomen in hot I M hydrochloric acid. • Is decarboxyl
ated to coproporphyrinoaen Ill, either chemically1•4•7 or, in the 
form of the uroporphyrinogen, enzymically.• 

Likely Impurities: Inorganic salts, and Cu and Zn chelates · other-
wise, as for the ester (Po-25). ' . .,_ 

I. J. E. Palk, E. I. B. Dret.l, A. Benlon, and B. C. Kniaht, Bl«llmt.l., 63, 87 
(1956). 

l. R. E. H. Nicbolu and C. Rlmincton, B/«11,.1., 50, 194 (19,.). 
3. w. H. Lockwood and A. BentOn, Bl«llmt.l .• 75, 3n (1960). 
4. E. J. Tarllon, S. F. MacDoMid, and E. Ballazzl, 1. Am. Clt~m. Soc., 11, 4389 

(1960). 
5. D. Mauzeralt,/. Am. Cll,. Soc., 11, 2601 ( 1960). 
6. C. Rlmlncton. Bl«llmt. 1 .. 75, 620 (1960). 
7. P. R. Edmoncbon and S. Schwanz,/. BID/. Cltmt., 205, 605 (1953). 
8. D. Mauzeralland S. Oranick,l. Bioi. Cllmt., JJZ, 1141 (1958). 

• S. Schwanz and C. J. WataOn (unpublllhed) claim that 10me umplea contain 
uJ'OPC)rJihfrln I. 

FOIWifa: C.Ha.N.Ot, 
FOIWifa Wt.: 942.98 
Calc. %: C, 61.14; H, S.77; N, S.94; 0, 27.U 

A R 

HC-nCH 

:Q< ¢: 
HC-a-CH 

R A 

A=C~COOMe 

R:Q\CHzCOOMe 

Soarcel: From turacin, the Cu chelate of the porphyrin;'·' by syn
thesis.• 

Spectral Refereace v.-.: 
In chloroform• 
~.nm 406 SOl 536 S72 627 

Emil 215 U.8 9.3S 6.8S 4.18 
0.5W,nm 22 23.S 16.5 20.S 12 
With minima 
~.nm 458 522 SS4 608 
fmll 1.9 3.3 1.4 0.8S 

<::llnaatepaplly: Rr "'0.5 in kerosine (b.p. 19G-2SO 0C)-p-dioxane 
(8:3 v/v); same as that of uroporphyrin IV ester.t-7 The Rr is 
critically dependent on the conditions., 

&p.: 267-269 •c (hot staae>:• 25.5--260 •c: polymorphic.• 
Odler Properties: X-ray powder photographs'·• and infrared (mull) 

spectra10•11 depend on the crystal form ;•like the infrared spearum 
in chloroform, they are worthless as criteria of purity.• Howewr, 
they may suggest the presence of either or both of the uroporphy
rin Ill and IV esten in complex mixtures. • The solubilities or the 
uroporphyrin Ill and IV esten are similar, and are higher than 
those or the other isomen. They also form solid solutions ("mixed 
crystals").• Compare also, uroporphyrin IV octametbyl ester. 
The purity of this isomer can only be assessed by decarboxylation 
to coproporphyrin followed by 2,6-lutidine--H.O chromatogra
phy; this does not, however, distinguish between isomen Ill and 
IV.14 The HCI No. is 5.0.• 

Ukely Impurities: Other isomen:• porphyrins having fewer 
methoxycarbonyl groups. ' ·11 

Rel-

1. R. E. H. Nlchotaa and C. Rlmitlllon, Bl«<ome. 1., 10, 194 (1951). 
2. T. K. With, Sctlltd. I. Cll11. lAb. /11•"'·• t, 398 (1957). 
3. E. J. Tarlton, S. F. MacDoMid, and E. Baitazzl, / • .bt. Cltmt. S«., IZ, 4319 

(1960). 
4. D. Mauzeralt,/. Am. Cltmt. S«., IZ. 2601 (1960). 
5. J. E. Fatk, E. I. B. nr-1, A. Beoaon, and B. C. Knilbt, BfodiML /., 63.17 

(1956). 
6. J. E. Falk and A. Beoaon, Bl«llmt. 1., 55, 101 (1953). 
1. P. A. D. Cornlord and A. Benaon,/. C"'-t>P•o 10, 141 {1963). 
8. C. J. WataOD and M. Befl,/. Bioi. C"--, 114, 537 (1955). 
9. 0. Keonard and C. Rlmlncton, Bloclwm. 1., 55, 105 (1953). 
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10. 1. B. Palk Uld 1. B. WUlla, At11t. l. Sci. R,1., s,. A, 4, 4'l9 (1951). 
11. T. C. Olu aad B. 1. H. Olu, J. Blot. Clime., 134,2751 (1959). 
12. T. C. Olu Uld B.1. H. Olu, J. Blot. CAme., 134,2741 (1959). 

Po-26 
Uroporpllyrin IV 

Fontlllla: C.OHaN.~, 
Forrrmla Wt.: 830.77 (Octamethyl ester, 942.98) 
c.k. %: C, 57.83; H, 4.61; N, 6.74; 0, 30.82 

A R 

HC-nCH 

:C·H : HN~: 
HC-aCH 

A R 

A=C~COOH 

R = CHzCHzCOOH 

Uroporpll)rla IV 

s-ee: By hydrolysis of the methyl ester1•1 formed by synthesis. 
Spectral~ v.-.: Same as those of uroporphyrin III in 

I.OM HO. 
~: R, same as that of uroporphyrin Ill (Po-24). 
Odlw Properties: Is dccarboxylated to coproporphyrin IV, either 

chemically,•-e or enzymicallyt (in the form ofuroporphyrinoaen). 

PROPERTIES OF THE OCTAMETHYL ESTER 

Spectral Refenace v.-.: Same as for the Ill isomer (Po-25). 
Oromatotnphy: R, same as for the Ill isomer (Po-25). 
a.p.: 255-258 oc (polymorphic).'·' 
Odlw Properties: The x-ray powder photographs and infrared 

(mull) spectra depend on the crystal form;1•1 like the infrared 
spectrum in chloroform, they are worthless as criteria of purity.• 
The purity of this isomer can only be assessed by examining the 
derived coproporphyrin IV by decarboxylation and 2,~1utidine
H,O chromatography; this does not distinguish between isomen 
Ill and IV. 

l.lkely I......,...: Other isomen, haloporphyrins • . .,_ 
I. S. P. MacDonald aad K. H. Michl, CM. J. CMm., 34, 1768 (1956). 
2. 0 . P. ArKnault, E. Bullodl:, and S. P. MacDonald, / . A,.. CMm. Soc., 81, 4384 

(1960). 
3. P. R. Edmoncbon and S. Schwartz, J. Blot. CMm., 105, 605 (1953). 
4. D. Ma1121eralland S. Oranlck,/, Blot. Cllmt., 131, 1141 (1958). 
5. B. 1. Tarlton, S. P. MacDonald, and B. Balt.azzl, J. A,.. CMm. Soc •• 11, 4389 

(1960). 
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Much biochemical research is carried on with isotopi
cally labeled compounds. Radioactively labeled com
pounds, in particular, are now widely available from 
commercial sources, but specifications for them are 
neither well understood nor simple to define. The Com
mittee felt unprepared in this edition of Specifications 
and Criteria for Biochemical Compounds to establish 
specifications for radioactively labeled biochemical com
pounds, but it did feel the need to outline as follows 
some of the problems involved. Further attention will 
be paid in future editions to actual specifications for 
such compounds. 

Nomendature 

Labeled compounds are classified as specifically labeled, 
uniformly labeled (U.L.), and generally labeled (G.L.). 
The position of the isotope atom in a specifically labeled 
compound may be shown by a locant following the 
name of the compound and preceding the symbol for 
the radioisotope. The recognized symbol for a radio
isotope is the chemical symbol preceded by a super
script specifying the mass number with one exception: 
For 'H (tritium), T is used alternatively in formulas 
and t alternatively in names, just as, for 2H ( deute
rium), D is used in formulas and d in names. In some 
publications and catalogs, C14 is used for 14C, but this 
practice is discouraged, because it is not in accord with 
internationally accepted recommendations for the sym
bols of isotopes in general. As a word, carbon-14 is 
acceptable, but C-14 is not, because this abbreviation 

Radioactive 
Compounds 

BY HORACE S. ISBELL 

designates the position (No. 14) of a carbon atom in 
a molecule. Where no ambiguity can arise, a labeled 
atom may be indicated by an asterisk. In naming spe
cifically labeled compounds, the location of the labeled 
atom may be indicated by the number of the atom in
volved according to conventional nomenclature rules, 
but when the labeled atom is attached to the molecule 
in a unique way, the position may be described by a 
locant such as 0-t, carboxyl-14C, hydroxyl-t, amino-t, 
etc., placed in square brackets directly attached to the 
name of the compound substituted. Typical names and 
formulas are* 

• CH3-CH2-0H, [l-14C]ethanol; CH,-CHT-OH, [1-'H] 
ethanol; CH1T-CHs-OH, [2-'H]ethanol; CHaCHs-OT, 
[0-'H]ethanol; C*H,S(CH2 ) 2 CH(NH,) COOH, L
[methyl-14C]methionine; CH,S(CH,)2CH(NH~)C*OOH, 
L-[carboxyl-14C]methionine. 

The symbol U.L. denotes labeling that is distributed 
with statistical uniformity throughout the labeled mole
cule or a specified portion of the molecule. With tritium 
compounds, the symbol is used to denote uniform 
labeling in nonlabile positions only. Uniformly labeled 
carbon compounds are ordinarily prepared from 14COz. 

• A complete description of this system for isotopic designa
tion, which has been accepted by the JVB Commission of 
Editors of Biochemical Journals and by The American Chem· 
ical Society and The Chemical Society (London), may be found 
in the 1972 Instructions to Authors of the Journal of Biologi
cal Chemistry and the Biochemical Journal.5 
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lbdi«M~Cthe C.,.,.... 

Biosynthesis from 14C02 does not necessarily yield a 
product that truly is uniformly labeled, because of non
labeled endogenous materials that may enter the syn
thesis from the biological pool. For precise work, deg
radation of the product is needed to determine the 
degree of uniformity. For many purposes, a generally 
labeled (but not uniformly labeled) product is ade
quate. Compounds are designated G.L. when there is 
reason to believe that the distribution of the label is not 
uniform at the various labeled positions. 

The specific radioactivity of a labeled compound is 
defined as the radioactivity percent (by weight). It may 
be expressed as microcuries per milligram ( I'Cil mg) . 
The molar radioactivity may be expressed in the unit, 
miUicuries per millimole (mCi/mmol), without allow
ance for the isotopic enhancement of the molecular 
weight. However, at very high specific activities, an 
appreciable fraction of the carbon-12 atoms of a com
pound have been replaced by carbon-14, with a signifi
cant increase in molecular weight; hence, the molar 
radioactivities obtained, if no allowance is made for the 
isotopic enrichment. are not true values. 

The radioisotopes most commonly used in biological 
research are as tabulated:• 

~Particle 
Isotope Half-Ufe Energy (MeV) Specific Activity 

Carbon-14 S130 yean 0.1SS 4.4 mCi/mg of 14C 
Tritium 12.3 yean 0.018 9.6 Ci/mg of 1H 
Sulfur-3S 88 days 0.168 42 Ci/ma of •s 
Phosphorus-32 14.3 days 1.71 28S Ci/mg of •p 

The decrease in radioactivity with time for each of the 
isotopes listed may readily be calculated from the half
life. For the times normally involved in biological re
search, the change in the radioactivity of a carbon-14 
compound is negligible; with the other isotopes listed. 
the changes are substantial and a correction is necessary 
to obtain the radioactivity of the compound at any par
ticular time after the measurement was made. 

Chemical and Radiochemical Purity'·2 

The distinctive properties of radioactive products. and 
the exacting techniques required in their use, make it 
necessary that labeled compounds meet rigorous re
quirements for purity. Purity means little unless it de
fines the suitability of the product for the intended use. 
Users of radioactive biological compounds are ordinar
ily interested primarily in radiochemical purity. 

Radiochemical purity is the percentage of the radio
activity that arises from the specified isotope, in the 
specified position. in the specified compound. The 

• Data from Ref. 4. 

chemical purity is the percentage of the product that is 
in the stated chemical form. Chemical impurities may 
be immaterial, or very objectionable, depending on the 
projected use of the product. Addition to a labeled 
compound of pure "carrier" consisting of nonlabeled 
pure compound raises the chemical purity, but leaves 
the radiochemical purity unchanged unless further puri
fication is carried out. For this reason. chemical purity 
is not a satisfactory criterion for labeled compounds. 

Gas-liquid, paper. and thin-layer chromatography. 
reverse isotope-dilution analysis, derivative preparation, 
and spectroscopic methods are employed for testing 
both the chemical and the radiochemical purity. Paper 
and thin-layer chromatography, in conjunction with 
radioautography. are the techniques most widely used. 
The reliability of the methods depends on the use of de
veloping solvents capable of separating the impurities 
from the pure compound. By searching the literature 
for specific systems capable of separating suspected im
purities, and by examining the product by means of the 
systems selected, reliable conclusions may be drawn 
from chromatographic studies, but verification of the 
purity of the compound by a second method is always 
necessary. 

Isotope-dilution analysir is a very useful technique 
for determination of radiochemical impurities. The 
method may be applied to any compound provided that 
two isotopic forms of it are available. The method de
pends on (a) the change in the isotopic content (spe
cific radioactivity) that follows dilution of an unknown 
amount of the labeled compound with a known amount 
of the pure, nonlabeled compound (reverse-dilution 
analysis), or (b) the change that follows addition of a 
known amount of a labeled compound to an unknown 
amount of the nonlabcled compound (isotope-dilution 
analysis) . For measurement of radiochemical purity, a 
small sample of the labeled compound is diluted at least 
tOO-fold with the pure, nonlabeled compound. After 
rigorous purification by recrystallization (or other tech
nique) , the specific radioactivity of the purified mixture 
is determined. The radioactivity of the isotopic com
pound before dilution, A 1 w 1, equals the radioactivity of 
the compound after dilution, Az(w, + w2) where A, 
and A 2 are the specific activities and w, and w2 are the 
weights of the compound and the carrier (unlabeled 
compound) . respectively. 

A reverse-dilution analysis of a labeled compound by 
using an anticipated impurity as the carrier provides a 
critical test for specific impurity in products. The tech
nique requires use of pure carriers and rigorous purifi
cation. When the carrier for the impurity contains some 
of the product, it will take up some of the radioactivity 
of the labeled product, and the sum of the activities of 
the carrier containing the product and of the carrier 
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containing the impurities will exceed 1 00 percent. This 
complication is particularly troublesome with com
pounds that form mixed crystals. For example, samples 
of ~>[l-14C] tagatose and ~>[l-14C] sorbose (obtained by 
rearrangement of ~>[l-14C] galactose) gives mixtures 
that are difficult to separate either by chromatographic 
methods or by dilution analysis. The chemical and 
radiochemical purity of a compound depends in large 
measure on the synthetic route employed in its prepara
tion and the purification steps applied to the product. 
Hence, the manufacturer's literature accompanying the 
product should disclose the methods of synthesis and 
purification, as well as chemical and radiochemical im
purities known to be present. 

Determillation of Isotopic Distribution 

Ideally, each batch of a labeled compound should be 
tested for the location of the isotope, but this would 
greatly increase the cost of radiochemicals. For this 
reason, the investigator must make his own evaluation 
of the distribution of the isotope, taking into account 
the requirements of his research. In general, compounds 
(labeled with either carbon-1 4 or tritium) prepared by 
chemical or biological methods that have been shown 
to yield products labeled in specific positions are as
sumed to have the label in the position stated by the 
producer, unless evidence to the contrary develops. 
Methods for determining the distribution of the isotopes 
at various positions in labeled carbohydrates are dis
cussed in Ref. 3. 

RADIATION DECOMPOSITION 

Labeled compounds undergo slow decomposition as a 
result of radiation effects. Only about 0.01 percent of 
the 14C atoms per annum are lost by disintegration, but 
the resulting ,8-irradiation produces ions and excited 
molecules that cause far greater degradation of the com
pound. The rate of decomposition is greatly affected by 
the physical state of the sample and by the presence of 
solvents, oxygen, etc. The rate of radiation-induced de
composition increases with increasing specific activity, 
and varies widely with different compounds. Any 
labeled compound that has been stored for over 6 
months should be checked for decomposition before 
use. 

Recommended storage conditions are (a) low tem
perature in absence of oxygen, (b) low molar specific 
activity, (c) dispersal of solids in a dry, inert gas or in 
vacuum, (d) dilute solution in benzene or similar sol
vent, and (e) exclusion of light. 

Coalamiaation Problems 

In the United States, possession and use of radioiso
topes are regulated by law, and purchasers of radio
isotopes in quantities in excess of certain limited amounts 
must possess a license issued by the United States 
Atomic Energy Commission or one of the States, which 
have assumed local control. Researchers who employ 
radioisotopes in humans must hold either an AEc-313A 
License for nonroutine uses, or an AEC Broad License 
for medical uses. Precautions are needed in the use and 
handling of radioisotopes, not only to protect health, 
but also to keep the research laboratory and equipment 
free from radioactive contamination. For tracer studies, 
in order to maintain satisfactory working conditions, 
virtually no contamination can be tolerated. 

Recommendations to Producen 

The Committee suggests that the following information 
be made available to users of labeled compounds: 

Chemical name, including 
I. Type of radioactive label 
2. Position or positions of radioactive label 
3. Additional descriptive information (configuration, 

etc.) 
Analysis 
1. Specific activity by weight 
2. Molar radioactivity, expressed on molecular 

weight of nonlabeled compound 
3. Chemical purity 
Tests of radiochemical purity 
1. Chromatographic scans, with solvent systems used 
2. Isotope-dilution analysis 
3. Other tests 
Distribution of radioactive label 
1. How assigned· (method of synthesis) 
2. Assignment of radioactive label checked by degra

dation 
3. Literature references that show the basis for as

signment of the radioactive label to the positions indi
cated 

Method of synthesis or preparation 
1. Carriers added 
2. Purification steps employed 
3. Impurities or by-products removed 
Packaging 
1. Additives, solvents, and concentration (if in 

solution) 
2. Solids under inert gas, air, or vacuum 
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2-Acetamid~2-deoxy-3-Q.(o-1-carboxyethyl)-

o-slucopyranose; N-Acetylmuramic acid ... . ........ . . Carbo-4 
2-Acetamid~2-deoxy-o-p]actopynmoee . . .. ........ . .. . Carbo-1 
2-Acetamid~2-deoxy-o-glucopyranose . .. . .... . . . . .. . . . . Carbo-2 
2-~2-deoxy-o-mannopynmoee monohydrate . . . . Carbo-3 
5-~3,5-dideoxy-o-g/yc~ro-ao-pl«lo-

nonulopyranosonic acid; N-Acetylneuraminic acid . .. .. Carbo-5 
Acetic acid .. ...... . . . . .. . . ..... . . .. . . ... . . . .. . .. ... . . .. L-1 
Acetylcholinesterase (Eieclrop/ronu ~l~clrlcll.l) . . . ... .. .. . ... . . E-1 
Acetyl coenzyme A .. . .. . .. .... ... .. . ..... . .. . . .... .. .. CoE-1 
N-Acetyl-o-plactosamine; 2-Acetamid~2-deoxy-
o-placto~ . . . .... . .. .. .. . . .... . ....... . .... Carbo-1 

N-AcetyJ-o-alucosamine; 2-Acetamid~2-deoxy-o-
gl~ .. ... . ... . .. .. ... . . . .. . .. .. ..... . . . .. Carbo-2 

N-Acetyl-oL-aJutamic acid .. ...... . . . ... . . .. . . .. . . ....... AA-1 
N-Acetyk.-alutamic acid . .. . . . .. . .. .... .. . . . ....... . .. .. AA-2 
N-Acety~-hjsUdWDe .. . .... ... .. . ......... .. . . . . . . .... . AA-3 
N-Acetyl-L-bistidWDe . ... ... .. .... .. . .......... . ... .. . ... AA-4 
N-Acetyl-o-mannosamine monohydrate; 2-Acetamid~ 

2-deoxy-o-mannopyranose monohydrate .. . ..... .. . .. . Carbo-3 
N-Acety~acid .. ... .. ............... ... ..... . . Carbo-4 
N-Acetylneuraminic acid . . . .. . .. ... .. . . .... . . .. . . ..... Carbo-5 
3-Acetylpyridine adenine dinucleotide; 3-Acetylpyridioe 

aualoa of NAD • • ••. .• •. . . • • • • • ••. .• •••.. .. .• . .. . . .. . CoE-2 
3-AcetylpyridWDe adenine dinucleotide phosphate; 

3-Acetylpyridine analoa of NADP .... . . . ........... . ... CoE-3 
3-AcetylpyridWDe analog of NAD . . . .. . . .. .. . . . . . . . ...... . . CoE-2 
3-Acety)pyridine analog of NADP . . .. ... . .. .. . . .... . . .. . . CoE-3 
N-Acety~-~phan . . ...... . . . . . . ..... ....... . ... ... AA-5 
N-Acety~han .. . . . .. . .. .. .... .. ... . .. . . . . .. . . . . AA-6 
AcPyAD; 3-Acetylpyridine analoa ofNAD ... . . ...... .... . CoE-2 
AcPyADP; 3-Acetylpyridine analoa ofNADP . . . . .. . . ...... CoE-3 
AdeniDe .. .. . ..... . ... . ..... .. ..... . .. . ..... . ... .. .. ... . N-1 
Adenolioe .... . . .. . . .. ... . . .... . ...... . .. . .. . . .. .. . ... . . N-2 
Adenosine 3':5'<YClic phosphate . . ..... . .... , . ... . . ... . ... N-3 

Compound 
Index 

Adenosine 5'-diphosphate . ... . ..... . . . .... .... . . ... .. .... N-4 
Adenosine 2'-phosphate . . .. ... . . .. . . ...... . .. . . . . .. ...... N-5 
Adenosine 2'(3')-phosphate, mixed isomers . . .... . . .. . .. .... N-6 
Adenosine 3'-phosphate ... . . . . . .. .. . . . . .. . . .. . ...... ... . . N-7 
Adenosine 5'-phosphate . .... .. ........ . ... . ........ . ..... N-8 
Adenosine 5'-pyrophosphate; Adenosine 5'-diphosphate . . . .. . N-4 
Adenosine 5'-triphosphate . . . ....... . . . ...... ... ........ .. N-9 
Adenylcobamide coenzyme .. ..... . ... .. . . .. . . . ... . . .. . . CoE-4 
2'-Adenylic acid; Adenosine 2'-phosphate ... .. ... .. ... .... . . N-5 
3'-Adenylic acid; Adenosine 3'-phosphate . .... .. .. . ...... . . . N-7 
5'-Adenylic acid; Adenosine 5'-phosphate . . . ... .. .. . ..... . . N-8 
Adonitol; Ribitol .. . . . . .. .. ..... . . . ..... . .. . ........ Carbo-53 
DL·Alanine . . . .. . .. .... ... .. ............. . . . ... . .... . .. AA-7 
L-Alanine . .............. ... .... . .. .. ... . .. .... . . .. . .. . AA-8 
Alcohol dehydrogenase (horse liver) .. .. ..... .. .. . .. . . . . . .. . E-2 
Alcoholdehydrosenase<Yeast) .. . .. ...... . ............. . . .. E-3 
Aldolase (rabbit skeletal muscle) . . . . .... . . . ... . .. . .... .. ... E-4 
Alkaline phosphatase (&cherichia coli) . .. .... .. .... .. . . .... E-5 
o-Amino acid oxidase (pig kidney) ..... .. . . . . ....... . .. . . . . E-6 
L·Amino acid oxidase ( Cro1m111 adturUU~IeiU venom) . .. .... . . . E-7 
Aminoacylase (pig kidney) .. . . ... .. . ... ... ... .. . ..... . . ... E-8 
2-Amin~2-deoxy-o-plactopyranose hydrochloride . .. .... Carbo-6 
2-Amin~2-deoxy-o-glucopyranose hydrochloride . ....... Carbo-7 
L-2-Amino-4-(ethylthio)butyric acid; L-Ethionine . ......... AA-'JfJ 
5-Aminolevulinic acid hydrochloride .. .. .. ... . . ..... . ..... P~ 1 
2-Amino-4-(methylsulfinyl)butyric acid ; DL-Methionine 

sulfoxide .. . . . ....... . . . ........ . . . . . ..... .. .. .. .. . . AA-47 
a-Amylase (pig pancreas) . .... . . . .... . .. . ........ . ... . .. . . E-9 
P..Amylase (sweet potato) .. . ... .. ... . ....... . . . ........ . . E-10 
L-Anserine nitrate . . ... . ... ... ........ . . . ... . ... . . .. .... AA-9 
Anteisomargaric acid . .......... . . .... .. . ......... . . ... .. L-23 
Aotheraxanthin ...... . ......... . . . ... . . . ... .. ....... . Carot-1 
P..Apocarotenal .... .. . . ... .. ... . . . . . ... .. . . ....... . . . Carot-2 
8'-Apo-P-caroten-8'-al; P-Apocarotenal . .. . .. .. .. ... . .. .. Carot-2 
P-A~8'-carotenal; P-Apocarotenal ... .. . ... . . . . . .. . .... Carot-2 
P..Apocarotenoic acid ethyl ester . . . . ... . .. . ... .... ... . . . Carot-3 
P..A~'-carotenoic acid (C.,) ethyl ester; 

P-Apocarotenoic acid ethyl ester .. ... . . ........ ... ... Carot-3 
P..Apocarotenoic acid methyl ester . . ... . ....... . ..... . .. Carot-4 
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tf-Apo-8'<arotenoic acid <C..> methyl ester; (3R,3'S,6'R)-tJ,e-Carotene-3,3'-diol; Lutein .... . ... .. . .. . carot-25 
tJ-Apocarotenoic acid methyl ester .. . . .. . .. ... .. . . . . . Cerot-4 (3R,3' R.li'.P-Carotene-3,3' -diol; Zeaxanthin . . ...... . .... Carot-49 

o-Arabinitol. .... . . . .. . . .... . . . . . .. . . . . .. . . . .. . . . . . . Cerbo-8 (3R,3' R)',p.Carotene-3,3'-diol dipalmitate; Physalien . . .. Carot-33 
L-Arabinitol ... . .. . . . ... . . . . . ... . . ... ... .. .... . .. . . .. Carbo-9 tf-Carotene-4,4' -dione; Canthaxanthin .... .. . . . .. . .. ..... Carot· 7 
o-Arabinopynlnose . . .. . . . ... . .. . ... .. .. .. .. . .. . . . .. Cerbo-10 p,p.Carotene-4,4' -dione; Canthaxanthin . . . .. . . .. . .. . .... Carot· 7 
L·Arabinopyranose .. . . . . ...... . ... .. ...... . ......... Cerbo-11 tJ-C..o-Carotenoic acid, ethyl ester; Torularhodin, ethyl 
o-Arabinose; o-Arabinopynlnose ... . ... . ... . . . .. . . . . carbo-tO ester . . . . ... . .. ..... . ....... . ...... . ... .. ..... . . . . Carot-45 
L·Arabinose; L·Arabinopynlnose . ......... . .. .. ... . ... Carbo-II tf-Caroten-3-ol; Cryptoxanthin .... . . .. .. . ... . ........ . Carot-17 
o-Arabitol ; o-Arabinitol .. . . . ...... . . .. ... . ... . . . . .. . . Carbo-8 (3R)',p.Caroten-3-ol; Cryptoxanthin ... .. ..... . . .. . ... . Carot-11 
L·Arabitol; L·Arabinitol. ........ ..... . .. .... ..... ... . C8rbo-9 ~,rCaroten-16-ol; Lycoxanthin .. ... .......... .. . .. . . . Carot-27 
Arachidic acid . .... .. . . .. ... . .. ....... . .. .. ..... . .. .. ... L-27 tf-Caroten-4-one; Eehinenone . .... .... . .. . .. . ........ . Carot-19 
Arachidonic acid . .. . .. ... .. ....... . .. . ... ..... . . . . ..... L-47 IJ.P-Caroten-4-one; Eehinenone .. .. . . . . ........ . .. . .. . . Carot-19 
Arachidyl alcohol. .... .. .. ........ . .. . ......... . ... ... . L-108 Cellobiose .. .. . . . ... . .. .. . .. . .. ... .. ........ ... .... Carbo-15 
L·Arsinine hydrochloride .. .............. . .... .. ..... ... AA·IO Cerotic acid . . .. ..... . .. .. .. . . .. .... . . . ... .. .......... . . L-33 
L·Arsininosuocinic acid .. . .... . ........................ AA-11 Cetyl alcohol ... .. .. .. .. ..... . ...... .. . .. .............. L-106 
L·Argininosuccinic anhydride ... . ...... . . . .. . . ... . . .. . .. AA-12 Chlorophyll a .. . . . . .. . . .. . .... . . . ... . . . ....... . . ... . ... Po-4 
L-~bicacid ..... .. ...... . . . .. . .. . . . ... ..... . .... Cerbo-12 Chlorophyll b ......... .. .... . . . ......... .. ..... .... ... . Po-S 
L·Asparagine monohydrate ... . .. .. ... .. . .. ... .. ... .. .. . AA-13 Chloroprotoporphyrin IX iron (Ill) . .. ... ...... . .. . . ... .. . Po-6 
DL·Aspartic acid . .. ... ...... . . ....... .... .... .. .... . . . AA-14 Cholesterol . . .... . . .. . . . . ........... . .. . .......... .. .. L-1 SS 
L·Aspartic acid ... . . ... .............. .. .. ... ... .... . . . AA-1 S Cholesteryl arachidate ... .. .... . .. . ... .. .......... .. ... . L-173 
Astacene; Astacin .. . ... .. .............. . .... .. ....... carot-S Cholesteryl arachidonate . ... . ... . . ... . . . .. . . . . . . ...... . . L-174 
Astacin ....... . .... . ....... .. .. ... .. . .. . .. . .. . ..... . C8rot-S Cholesteryl dodecanoete; Cholesteryllaurate ... . .. . . .. . . .. L-162 
ATP<reatine phosphotransferase (rabbit skeletal muscle) ..... E-ll Cholesteryl eicosanoete; Choesteryl arachidate . . .. . .. . .. ... L-173 
~Azauridine . ..... . .. . .. .. ... ... ..... ............ ... .. . N-10 Cholesteryl all-cis·S,8,ll,l4-eicosatetraenoete; Cholesteryl 

arachidonate .... .. . . ... ... ..... .. . . ... . ..... . ....... L-174 

Behenic acid .... .. .. . .... . . . .. .. .. ..... . ..... . .. . .... . . L-30 
Behenyl alcohol. . ... . ...... .. . . . . . . .. . . . ....... ....... L-109 
Bcnzimidazolylcobamide coenzyme . .. . ... .. . .. . . .. ... . . . CoE-4 
Bilirubin IXa ...... ......... . ... . .. . ..... .. ..... . ... .... Po-2 
Biliverdin IXa .. .. .. ... . ......... . . . . .. . . .. . .. . . . ..... .. Po-3 
Bixin ....... ... . . ....... . . . ... . . . . . .. . ... . ... . . . . . .. Carot-6 
S.Bromo-2'-deoxycytidine ... . . .. . ............ .. . ... ... .. . N-11 
S.Bromouridine . . . . . .. .. . .. ... ... ... .. .. .. ... . . .. .. .... N-12 
Butanoic acid; Butyric acid .. .. ... . ...... .... ....... . .. ... L-3 
trons-2-Butenoic acid; Crotonic acid .... ....... . ..... . .. . .. . L-S 
Butyric acid .. ....... . ......... ... .. .. ....... . .... . ... . . . L-3 

Cholesteryl hendecanoete . . ... ..... .. . .. . .... . .... . .... . L-161 
Cholesteryl heptadecanoete; Cholesteryl margarate ........ . L-167 
Cholesteryl hexadccanoete; Cholesteryl palmitate . .. . . . . .. . L-166 
Cholesteryllaurate .... . . .. . . . .... .. .... .. .............. L-162 
Cholesteryllinoleate . ...... . .. .. .. . .. . . .. ............... L-170 
Cholesteryllinolenate ...... .. ... .. .. .. .......... .. ..... L-171 
Cholesteryl margarate . .. .. .. . .............. . .... ... .. . . L-167 
Cholesteryl myristate .. . .. .... .. ..... . .... ... . ... ....... L-164 
Cholesteryl nonadccanoete .... . ... . . . . ... .. .. . ..... . . ... L-172 
Cholesteryl nonanoete; Cholesteryl peliu'gonate .. .. . . . . . . .. L-160 
Cholesteryl cis-9-cis-12-octadccadienoete; Cholesteryl 

linoleate . . . ..... ... ...... .. ..... . . . .. ... . .. .. . . . .... L-170 
Cholesteryl octadecanoete; Cholesteryl stearate .... ........ L-168 

Calcium o-gluconate . ... .. . . . . ... . . . . .. . .... . . ... .. . Carbo-13 Cho1esteryl all-c/s-9,12,1 S.OCtadccatrienoete; Cholesteryl 
Calcium o-glycero-o-gulo-heptonate dihydrate ..... .. . . . Carbo-14 linolenate . . . . .. ..... . . ... ........ .. .......... .... .. . L-171 
Campesterol. . .... . . .... . .... .... ... .... .. . . . .. . . .. . .. L-1 S6 Cholesteryl cis-9-octadecenoete; Cholesteryl oleate . . . . . . ... L-169 
Canthaxanthin . ......... .. ... . . .. ........ . ..... . ... . . Carot· 7 Cholesteryl oleate ...... . . ...... ... .. . . .... .. .. . .... . ... L-169 
Capric acid . . ... . .. .. ...... .. . ... . . ....... ... . . ...... .. L-12 Cholesteryl palmitate . ......... . .. ... . . ... . ... . . . .... . . . L-166 
Caproic acid . ....... .. . . . .. ... . .. . . . ..... . . .... .. . .. . . .. L-8 Cholesteryl pelargonate ... .... .. . .... . . .. ... . ....... . .. . L-160 
Caproyl alcohol. ... ... . .......................... . ... . L-101 Cholesteryl pentadccanoete ........ .. .. .... .. .. . . ....... L-165 
Capryl alcohol. .. .... ... .. . . ... ............ . ..... .. ... L-102 Cholesteryl stearate . . ..... .. .......... ... ............. . L-168 
Caprylic acid . ..... .. .... .. ...... . ..... . . .. ... .. ........ L-10 Cholesteryl tetradccanoete; Cholesteryl myristate ...... . . . . L-164 
Capsanthin .... . . ... ......... .. . . . . . ..... .. ... . . ... .. Carot-8 Cholesteryltridccanoete ....... . ..... . . . ........ ... .. ... L-163 
Capsorubin .. . .. . . ..... .. . .. . . . . ...... . . . . .... .. ..... Carot-9 Cholesteryl undccanoete; Cholesteryl hendccanoete ... . . . . . L-161 
Carbonic anhydrase (bovine erythrocytes) . . . . . ... .. . ... .... E-12 Chondrosamine hydrochloride; 2-Amino-2-deoxy-
Carboxypeptidase A (bovine pancreas) .. . .... . .. . .. . . . . . .. . E-13 o-galactopyranose hydrochloride .. ........ . . . ..... . .. Carbo-6 
Carboxypeptidase B (pig pancreas) . . ... .. . . . .. ..... . . . .. . . E-14 Chymotrypsin A (bovine pancreas) .... . .. . .... . .. . . . . . .. .. E-1S 
L-Camosine . . ......... . ... . . . ... . . .... . . . . . . ... . ..... AA-16 Citranaxanthin ...... ... . . ... ... .. . . . ... ... .... . ..... Carot-14 
tJ-Coo-Carotenal; Torularhodinaldehyde . . . . .. .. ... . . . . . Carot-46 Citrate synthase (pig heart) ......... . ..... .... ..... .. ..... E-16 
a-Carotene . . . . . ... . . .... ... ... . . . . . . . . .. . . .. ..... . . Carot-10 L-Citrulline ..... . . .. .. . . . ....... . .... .. .... . .. . .... .. . AA-17 
p-Carotene . ... .. ... .. ...... . .......... .... ...... . .. Carot-11 CoA; Coenzyme A . .. . . . . .... .. ........ .. .. .. .. .. . . .. . CoE-5 
'Y-Carotene ..... . . .. .... . . ... . .. . .. . .. .. .... .... .. .. Carot-12 CoA-Ac; Acetyl coenzyme A ... . ...... . .. . .... .. .... . .. CoE-1 
r-Carotene . . ..... .. ... ... ..... . .. . .... . ... .. ....... Carot-13 CoASH ; Coenzyme A .. . .. . . ....... . .... . .. .. . . .. .. ... CoE-S 
IJ,ti-Carotene; ti·Carotene .... .... .. .. . . . ......... . .. .. Carot-11 Coenzyme A ..... . ....... . . . .. . ... . ...... . ... . . . ... . . . CoE-S 
(6' R}ti,t-Carotene; a-Carotene ..... .. . .... .. ....... . .. Carot-10 Coproporphyrin I. ... . .. .. . .............. . ... . ... . .. . . . . Po-7 
tJ.rCarotene; ')'-Carotene . ..... . .... . .. .. ... ... . . .. . . Carot-12 Coproporphyrin II ...... . ... . ......... .. ... .. ........... Po-8 
~.r<:arotene ; Lycopene .. . . ... . . . .. . .. ... . ... .... . ... Carot-26 Coproporphyrin Ill . . ........ . . ..... .. . ..... . ...... . .. .. Po-9 
a-Carotene-3,3' -diol ; Lutein .. .. . . . .. ... .... ... .. ... .. Carot-25 Coproporphyrin IV . . . . . .. . . . .. .... . ..... . .. . ....... . . . Po-10 
tJ-Carotene-3,3' -diol; Zeaxanthin ... . .. . .. .. .. . ........ Carot-49 Creatine monohydrate .. . . . . .... . ....... . ..... . ..... .. . AA-18 
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Creatine .. .. .. ....... ... . . . . . .. .. . . ....... . . . .... . . . . AA-19 
Crocetin . . . .. .... ...... . . .. . ... . . . ... ... . .. .. . .. . . . carot-J 5 
Croc:etin diethyl ester .. .. ........ .. . ... . ... .. ..... . .. C&rot-J 6 
Crotonic acid . .. .... . ... .. . . . . . .. ... ... .. .. .. .... ... .. .. L·5 
Cryptoxanthin ..... ... .. . .. . ... . .... .. . ...... . ..... . Carot-17 
L-C)'steic acid . . . . ...•.. . . ...... . . .. . . ... .. . . . .. . ... .. AA-20 
L-C)'steine hydrochloride monohydrate . . .. ... . ..... . . . . . . AA-21 
L-Cystine .. . ........ ... . . . . ... .. . . .. ... .. . . .. . ... . . . . AA-22 
Cytidine .. .. .... .. . ... .. .... . . . .. .. . . . . . . . . .. ... . . . . .. . N-J 3 
Cytidine 2':3'<yclic phosphate . . . .. . . ...... ... . . . . . . . . ... N-14 
Cytidine 5'-diphosphate .. ... . . .. . .. ..... . .. . . . . . . ... .. .. N-15 
Cytidine 2'-phosphate ... . .. .. .... . ... .... . ... . .. .. . . . ... N-16 
Cytidine 2'(3')-phosphate, mixed isomers . . ... .. ....... . ... N-J 7 
Cytidine 3'-phosphate ... .. . ..... .. . . . . . . . . . ... . . .. .. . ... N-18 
Cytidine 5'-phosphate ... ... . . . .. . . ... . . . .. ........... . . . N-19 
Cytidine $'-pyrophosphate; Cytidine 5'~iphosphate . .... . ... N-IS 
Cytidine $'-triphosphate .. ... . ....... . ... . . . . ... ... .. .. .. N-20 
2'-Cytidylic acid; Cytidine 2'-phosphate ... . .. . ............ N-16 
3'-Cytidylic acid; Cytidine 3'-phosphate ... ... . .. . . .. .. .. . . N-18 
5-'Cytidylic acid; Cytidine 5'-phosphate ... ... .. . . . .. . . . . .. N-19 
Cytosine . ... .. .. ....... .... . ... . ... . . . ........ . ..... . . N-21 

Deamino analoa ofNAD; Nicotinamide hypoxanthine 
dinucleotide (NHD) . . ... ..... . . . . . . .... . . .. . . ... ... .. CoE-8 

Dccanoic acid; Capric acid ....... .... ... . . ..... . . .. . ... . . L-12 
1-Dccanol; Dccyl alcohol ... . ... . ......... .. .. .... ... .. . L-103 
Dccyl alcohol .. ... ........ .. . . . .. . ... .. . . . .. . .. . ... . .. L-103 
2'-Deoxyedenosine ... . ... . .. ... .. .. . . . .. .. . ............. N-22 
2'-Deoxyadenosine $'-diphosphate . .... . ..... .. ........ . .. N-23 
2'-Deoxyadenosine 5'-phosphate .. .. . .. .. .. . . . . ..... .. . .. . N-24 
2'-Deoxyadenosine 5'-triphosphate . . . .. ... . . ... .. .. . . . .... N-25 
2'-Deoxyadenosine $'-pyrophosphate; 2'-Deoxyadenosine 

5'-diphosphate ... .. . ... ... .. . . ...... . .... .. .... . ..... N-23 
2'-Deoxycytidine . . .. . . .. . . ... . . . . ... .. .. . ........ ... .. . N-26 
2'-Deoxycytidine 5'-diphosphate .... .. . .. . . . . . . ... . .. . .... N-27 
2'-Deoxycytidine 5'-phosphate . . .. . . . . . . . . . . . ...... . . .. . . . N-28 
2'-Deoxycytidine $'-pyrophosphate; 2'-Deoxycytidine 

5'-diphosphate . . .. .... ..... .. .. . .... . . .. ... . . . . .. .. .. N-27 
2'-Deoxycytidine 5'-triphosphate .. . . ......... . ... . .... . . . . N-29 
2-Deoxy-o-glucose; 2-Deoxy-o-orab/n~hexopyranose . . .. Carbo-J 6 
2'-Deoxyguanosine . .... . . . . .. ... .. .. ..... . . . . . .. .. .... . N-30 
2' -Deoxyguanosine 5-diphosphate ... . . . ............ . ..... N-32 
2'-Deoxyguanosine 5'-diphosphate . . .. . ...... . . . . . .... .. .. N-31 
2'-Deoxyguanosine $'-pyrophosphate; 2'-Deoxyguanosine 

5'-diphosphate ....... . .. ... .. .. ... ... ... .. ....... .... N-31 
2-Deoxy-o-orabtno-hexopyranose ........ . .. .. .. ..... . Carbo-16 
2'-Deoxyinosine .. .. . . . . . .. ... .... .. .. ... .... . . .. . .. ... . N-33 
2'-Deoxy-5-iodocytidine; S·lod()o2'~eoxycytidine . . .... . . .. . N-52 
2' -Deoxy-5-iodouridine; 5-fod()o2' ~eoxyuridine . ... .. . ..... N-53 
2' -Deoxy-5-methylcytidine; 5-Methyl-2' ~eoxycytidine .. . . . . . N-60 
2-Deoxy~ryth~pentopyranose .. . . .. ..... . ... .... . . C&rbo-17 
9-(2-Deoxy-tJ-o-ribofuranosyl)adenine; 2'-Deoxyadenosine . .. N-22 
1-(2-Deoxy-tJ-o-ribofuranosyl)cytosine; 2'-Deoxycytidine . . . . . N-26 
9-(2-Deoxy+o-ribofuranosyl)guanine; 2'-Deoxyguanosine . . . N-30 
1-(2-Deoxy-tJ-o-ribofuranosyl)thymine; Thymidine .. . . . . .. .. N-68 
2-Deoxy-o-ribose; 2-Deoxy-o-eryth~pentopyranose .. .. C&rb()o J 7 
2'-Deoxyuridine .. ... .. .. . ....... .......... ... . . . . . ..... N-34 
2'-Deoxyuridine 5'-phosphate ... . . . .. .. ... .. . .... . . ...... N-35 
I>eutoporphyrin IX . . . . ... .. .... . . .. . . . . ......... .. . .. . P()o J I 
8,8'-Diapocarotene-8,8' ~ioic acid; Crocetin .. . . . .. .. . .. C&rot-1 S 
3' ,4'-Didehydr()o/J#(:aroten-J 6'-al; 

Torularhodinaldehyde .. . .. . ... . . . .. .......... .... . C&rot-46 
3' ,4'-Didehydr()o J 7'-oxo-y-aarotene; 

Torularhodinaldehyde . ... .. .. . ................... . C&rot-46 

(3R,SR,6S.3' S,5' R,6' S)-5,6,5' ,6'-Diepoxy-5,6,5',6'-
tetrahydro-tJ,/J-carotene-3,3' ~iol; Violaxanthin . .. ..... C&rot-47 

Diethyl 8,8'-diapocarotene-8,8'-dioete; Crocetin diethyl 
ester . . ..... ... .. ... . . ... . . ... . .. ... . ... .. . .. .. . . . C&rot-16 

rue- I ,2-Dihexadecanoylglycerol; I ,2-Dipalmitin . .. ..... . . . . L-J 24 
I ,3-Dihexadecanoylglycerol; I ,3-Dipalmitin .... . . .... ..... L-125 
rrK· I .2-Dihexadecanoyl-3-octadecanoylglycerol; 

1,2-Dipalmitoylstearin ......... . .. . . . . . ... .. .. . .. ... . . L-140 
rrK·I ,2-Dihexadecanoyl-3-c/.r-9-octadecenoylglycerol; 

I ,2-Dipalmitoylolein . ........ .. ........ . .. .. ...... ... L-I 41 
J ,3-Dihexadecanoyl-2-c/.r-9-octadecenoylglycerol; 

1,3-Dipalmitoylolein . . . ............ . .... . . .... . . . . ... L-142 
5',6'-Dihydr()oS'·ap()-18'-nor-/J-Caroten-6'-one; 

Citranaxanthin ....... . . . . .. . ... ... .... . .. .. ..... .. C&rot-14 
7,8-Dihydrov,\kaJ'otene; Neurosporene ..... . .. . . . ... . carot-32 
7' ,8'-Dihydro-tt,\kaJ'otene; tJ-Zeacarotene .... .. . .... . .. Carot-48 
all-tron.r-1' ,8'-Dihydr()o')-CBfotene; tJ-Zeacarotene ... ..... C&rot-48 
(3S,5R,3' S,5' R)3,3'-Dihydroxy-<r,...carotene-6,6' ~ione; 

Capsorubin .. ... . .. ......... . .. .. ... . . ..... .. ... . . . carot-9 
(3R,3'S,S'R)3,3'-Dihydroxy-/J,<r<aroten-6'-one; 

Capsanthin . .. ... . . . .. .. .... ... ... . . . ...... . . . ... .. C&rot-8 
3,5-Dihydroxy-3-methylpentanoic acid; Mevalonic acid .. C&rot-28 
3,5-Dihydroxy-3-methylpentanoic acid 5-phosphate; 

Mevalonic acid 5-phosphate .. .. .. ... . .. . ... . ... . . . . carot-29 
3,5-Dihydroxy-3-methylpentanoic acid 5-pyrophosphate; 

Mevalonic acid 5-pyrophosphate . .. .. .. .. . . . ... .. . . . C&rot-30 
3-(3,4-Dihydroxyphenyl)-DL·alanine . . . ... .. . . . . . . . . .... . AA-23 
3-(3,4-Dihydroxyphenyl)-L·alanine ... ... ... . . ... .. . . . ... . AA-24 
3,3' ·Dihydroxy-2,3,2' ,3'-tetrahydr()o/J,/J-carotene-4,4' ~ione <=/J.JJ-

C&rotene-3,4,3' ,4'-tetrone; Astacin . .. .. ... ... .. .. .. . . . Carot·S 
3,5-Diiod()oL•tyrosine . .. .. . .. .. ... . . . ... . . . ... ...... . . . AA-25 
2,2'-Diketospirilloxanthin . . .. . . . .. . . . . . . .. ... . . . .. . .. C&rot· I 8 
J ,3-Dilinolein . . . .. .... ... .. .. . ... .... . . .. . .. .. .. .. ... . L-J 30 
I ,I '·Dimethoxy-3,4,3' ,4'·tetrahydr()o1 ,2,1 ',2'-
tetrahydr~,rcarotene; Spirilloxanthin ... . ... .... . . . Carot-43 

J ,I '·Dimethoxy-3,4,3' ,4'-tetrahydr()o J ,2, J ',2'-tetrahydr()o 
.J-#(:arotene-2,2'-dione; 2,2'-Diketospirilloxanthin .. .. C&rot· I 8 

N',N'-Dimethyladenine ... .... . . ... . .. . .... . . . ...... . .... N-36 
2-Dimethylamin()-6-hydroxypurine; N',NI-Dimethylguanine .. N-37 
6-Dimethylaminopurine; N',N'-Dimethyladenine ... . . ... . .. . N-36 
5,6-Dimethylbenzimidazolylcobamide . . ... . . ... . . . . . ..... CoE-4 
N',NI-Dimethylguanine .. ... ... .. .. . .... .. ...... . . .. . . .. . N-37 
3,7-Dimethyl-2,6-octadien-J-ol; Geraniol. . .. .. ..... ... . C&rot-21 
I ,2-Dimyristin ..... ... ......... ... .... . . .. .... . . . . .. .. . L-122 
J ,3-Dimyristin . ......... . . . . . .. . ... .. . . .. ... .. . . .. . .... L· J 23 
rr.rc-1 ,2-Dioctadecanoylglycerol; I ,2-Distearin . ... . .... . . ... L-126 
1 ,3-Dioctadecanoylglycerol; I ,3-Distearin . . . .. ....... . .... L· J 27 
J ,2-Diolein . . .. . . . .... .. . · .... .. ... . . . ... . . .. ..... . .. . .. L-128 
J ,3-Diolein . ... . . .. ... . .. .. .. ....... .. . . ... . . .. . . ... ... L· J 29 
1 ,2-Dioleoylstearin . .. .. . ... . . . . . .... ...... .. ... . .. . . . . . L-145 
J ,2-Dipalmitin ...... .. ....... ... .. .. . . ...... .. .. .. .... . L-124 
J ,3-Dipalmitin .... ....... . ... .. . .. .. .. ... ... .. . .. . .... . L-I 25 
J ,2-Dipalmitoylolein .. . ...... . .... . .. . . ... .... . .. ... .. . L-14 J 
I ,3-Dipalmitoylolein . .. .. . .. ... . .... . . . .. ..... ..... .. . . L-142 
I ,2-Dipalmitoylstearin .. ... . . .. ...... . ..... ... .......... L-140 
Diphosphopyridine nucleotide (DPN); Nicotinamide 

adenine dinucleotide (NAD) .. ... . .. . . . . .. . . .. .. ....... CoE-6 
Dipyrrolidone; Stercobilin . . . .. ....... . .. . ... .. .. .. ... .. P()o J 8 
Dipyrrolinone; Urobilin ..... ..... . . . . . ... . .... . .. . .. . .. P()o21 
J ,2-Distearin . . . . ... .. . .. . .......... ... .. . . . . . ... .... . . L-126 
I ,3-Distearin . . .. . . .. .. . ... . .. .. .. . .. .. .... . . . .. . ... . . . L-127 
J ,2-Distearoylpalmitin ... .. .. .. .... ..... . .. . .... . .... .. . L· J 43 
me-J ,2-Ditetradecanoylglycerol; I ,2-Dimyristin ..... . .. .. .. L-122 
J ,3-Ditetradecanoylglycerol; J ,3-Dimyristin .. .. .. . . . . . . ... L· I 23 
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~aad ... ..... . ..... .. .. . . . ...... .. . .. . . . ~so ~lucono-1,5-lactone . .. ... .... ... ........ . .. . ... . .. Carbo-28 
1-Doc:osanol; Behenyl alcohol ...... ... . .. . .. . ........ ... L-109 ~l1.1C0110-.J-lactone; ~lucono-1,5-lactone ... ... . ..... Carbo-28 
1-Dodecanol; Lauryl alcohol . . . .. .. . .. . . . ....... . . ... . .. L-104 ~lucopyranose, anhydrous .. . .. ... . . ....... . .. .... . Carbo-29 
aD-cl.t-4,7 ,10,13,16,19-Docosahexaenoic &ad .... .. . ... . . . . .. ~50 ,_~lucopyranoee pentaacetate .. . .. ...... . ...... .... Carbo-30 
Docosanoic acid; Behenic acid . .... . . .. .... . ... .. . . .. ... . ~30 ~lucorono-6)-lactone ....... . . . ..... ... ........... Carbo-31 
cii-13-Docosenoic acid; Erucic acid . . . .. . . . ..... . . . .... . . . L-49 ~lucosamine hydrochloride; 
Dodecanoic &ad; Lauric acid ... .... ..... .. . ...... .... . . . . ~ 14 2-Amino-2-deoxy-~glucopyranoee hydrochloride . .. .. . Carbo-7 
Dulcitol; GabM:titol. .. . . .. . ... . . . ...... .. . . . . ....... Carbo-23 ~lucose, dextrose; ~lucopyranose, anhydrous . .... . Carbo-29 

~lucose-6-phosphate dehydfoaenase (brcwm' yeast) .. . .. . E-20 
EA:binenone .. .. ... .. . . .. . . . ........ . . .. .. ....... .. . . Carot-19 ~lucurone; ~lucurono-6,3-lactone .. . .... . . .. . .. . . Carbo-31 
Eicosanoic acid; Arachidic acid . . ... . .. . . . ... . .... .. . . ... . L-27 L-Glutamic &ad . . . ..... .. ... . . . ... ... . . .. ... . . ... . . .. . AA-27 
1-Eicosanol; Anlchidyl alcohol .. .... ... ... . . .. . .. . ... . .. L-108 L-Glutamine . . . ... ... . .... ... .. ... . . . .. . ..... . . .... . . . AA-28 
Eicosapentaenoic acid ...... . ... . ..... . ... . . ... .. . . ..... . L-48 ~lyceraldehyd~3-phosphate dehydroaenue (rabbit 
aD-ci.f-S,8,11,14,17-Eicosapentaenoic acid; Eicosapentaenoic mUJCle) . .. . . . . . . . . .. . .. . . . ....... ..•• .. .. • ... . ... .•.. E-21 

acid .... ... ..... .... . . . . .. . ... .. ... .. .... . ... . .. ... . . L-48 L-Glycerol-3-phosphate dehycfroaenue (rabbit sltelelal 
aD-ci.f-S,8,11,14-Eicosatetracnoic acid; Arachidonic acid ...... L-47 mUJCle) . .. . ..... .. .. . . .... ..... ... . ..... . . .. .. . .. . . . . E-22 
Eic:osenoic acid .. . . . . .. . . ..... . ... . .... . . . ... . .. . ... .... L-46 Glycine .... .. . .. ..... . . ... . . .... . .... . . . ... .. . . . . . ... AA-29 
ci.f-5-Eicosenoic acid . . ... ... . . .... .. ... . . ...... . . . . . .. .. L-45 Glycoaen . . . .. .. ....... . .. . .. . ... . . .. . .. .. . . . .. . .. . Carbo-32 
c/.r-11-Eicosenoic acid; Eic:osenoic acid ... ... ....... . ... . . . L-46 Guanine . . . . . . . .. . . . ......... .. ... .. ....... . . . .. . .. .... N-38 
Elaidic acid . . . .. .. .. . . ... . . .. .... .... . .... . . . .. . ....... L-39 Guanosine .... ... ........... . . . .. . . . . . ... ... ... . . ... . . . N-39 
Elaidyl alcohol ... . .. . . .... . .... . ..... . ...... .... .. .. . . L-112 Guanosine 2':3'-cyclic phosphate . . ..... . .. . ... .. .... .. .. . N-40 
Enanthic: acid . . .. .. .. ... .. . .. . . .. . ... . . . . ... ... . . . ... . . . L-9 Guanosine S' -diphosphate .. .. .. . . ..... . ... . .. .. . . .. . ... . N-41 
Enolase (rabbit mUJCle) . . . . ....... . .... .. . .. . ... . . .. .. ... E-17 Guanosine 2' -phosphate . ................ .. .. .. .... . ... .. N-42 
Enolase (yeast) . .. .. .. ... .. . . . . .. . ..... . .. ..... . .. . . . ... E-18 Guanosine 2'(3')-phosphate, mixed anomers ... . . .... ....... N-43 
S,6-Epoxy-S,6-dihydr~JJ-carot~3,3'-diol; Guanosine 3' -phosphate . .. .... . ...... . . . . . ..... . . .. ..... N-44 

Antheraxanthin .. ... .... .... . .... . ..... .. . . .. ... ... Carot-1 Guanosine S'-phosphate . .... . . . . ..... . . ... ...... . . .. .... N-45 
Ergosterol. . ... . ... .. . . .. .. . . . ....... .. . . .. ...... . .... L-1 57 Guanosine S'-pyrophosphate; Guanosine S'-dipbosphate . .. .. N-41 
Erythritol . .. .. . . . .. . .. .. . . . . .. .. .. . . .... . ... . ... . .. Carbo-18 Guanosine S'-triphosphate . .... .... . . . ... . . .... . . . .. .. . . . N-46 
Erucic &ad . .. ... ..... .. ... . . .. .. . ... .. . .. ... . ..... .. .. . L-49 2'-Guanylic acid; Guanosine 2'-phosphate .. . .... .. . . . . .... N-42 
Ethanoic acid; Acetic acid .. . . ...... . ...... ... ..... . ...... L-1 3'-Guanylic acid; Guanosine 3'-phosphate . . . .. . ........ .. . N-44 
L-Ethionine ... . ......... . ... .... ... ... . .... .... .. . . . . AA-26 S' -Guanylic acid; Guanosine S' -phosphate . . ....... ... . . ... N-45 
Ethyl8'-apo-tJ-caroten-8'-oate; ,_Apocarotenoic acid ethyl ~ulono-1 ,4-lactone . .. . . ..... . . .. . ... . . . . .... . ... . . Carbo-33 

ester . . .. . .... .. .. . . . . ... .. ..... . . . ... .. ... .. .... .. Carot-3 ~ulono--y-lactone; ~ulono-1,4-lactone . . . ....... ... Carbo-33 
Ethyl 3' ,4' -Didehydro-~J,rcaroten-16' -oate; 

Torularhodin, ethyl ester . .. .. . . ... . .. . . . ... .... . .. . Carot-45 Half-stercobilin . .. .. . ... . ..... . .. . ... .. . . . .. ... . . .. .. . . Po-19 
Extracellular nuclease (Staplr/ococciU llll"IU) . .. .. .. . ... ... . E-19 Hematoporphyrin IX . . .. .............. ... ... . . .... .. . .. Po-12 

Hemin chloride; Chloroprotoporphyrin IX iron (Ill) .. ... .. . Po-6 
Farnesyl pyrophosphate ..... ......... .. .. . . . .. . . .... . Carot-20 Hendecanoic acid ... . ... . .... . . . ... . ... . .. ... ........ . .. ~ 13 
~Fructopyranose ... .... .. .. . .. ...... .. ..... . ... . . . . Carbo-19 Heneicosanoic acid . . . ... .. ... . . .. . ... . ... .. . . ... ... ... . . ~29 
~Fructose; ~ Fructopyranoee . . .......... .. ... .. ..... Carbo-19 Heptadecanoic acid; Marpric acid . . .... . ....... .... ...... L-22 
~Fucopyranose . . . .... ..... . . . .. . . ... .. . .... . ... . . . Carbo-20 Heptanoic acid; Enanthic acid . ..... .. . . ... . .. . .. . .. .. . .. . . ~ 
L-Fucopyranose . . . ............. . .. .. . . . .... . .. .... . Carbo-21 ~glycero-~gui~Heptono-1,4-lactone . . .. . . ... . ... . . .. . Carbo-34 
~Fucose; ~Fucopyranose . . . .. .... . .. . ... . .. . ... . . . . Carbo-20 ~~Heptuloee ... .. . . . . . . . ... . . . .. .. .. . . . .. ... . Carbo-35 
L-Fucose; L-Fucopyranose . . . . . . . . . ..... ..... . ....... Carbo-21 Hexacosanoic &ad; Cerotic acid .. . .. . .. ......... . ...... .. ~33 
N'-Furfuryladenine; ~inetin .. . . .. . ....... .. ..... .... .. .. N-57 Hexadecanoic acid; Palmitic acid .. ....... . . .. ........ .. .. ~20 
N'-Furfuryladenosine; 9-,.~Ribosylkinetin ..... . ... ... . . .. N-67 1-Hexadecanol; Cetyl alcohol ... . ........... . . ..... ... . . L-106 

roc-1-Hexadecanoylalycerol; 1-Monopalmitin . . . . . . ........ L-116 
Galactaric acid .. . . . .. .. ..... . ... .. ... .... .. . .... . .. Carbo-22 2-Hexadecanoylglycerol; 2-Monopalmitin .... . . ... ... .. . . . ~ 117 
Galactitol ......... ... ... ..... .. . ... . ... .... ... .. ... Carbo-23 c/.r-9-Hexadecenoic &ad; Palmitoleic acid .... . .. ... . .... ... L-35 
~abM:tono-1,4-lactone ...... ..... .. . . ... .. .. ... . . .. Carbo-24 tnm.r-9-Hexadecenoic acid; Palmitelaidic acid ..... .. ... . .. . . L-36 
~alactono--y-lactone; ~alacton~ 1,4-lactone ..... ... Carbo-24 15-ci.r-7,8,11,12,7',8'-Hexahydr~,.rcarotene; 
~alactopyranose ...... . ... .. ... . .... .. .... . ... .. . . Carbo-25 Phytofluene . ...... . ... . .. .. ... . .. . . ... .. . .. .. .... Carot-35 
~abM:topyranuronic acid monohydrate ..... . ........ Carbo-26 7,8,7',8' ,11 ',12'-Hex&hydrolycopene; Phytofluene ... ... .. Carot-35 
~alactosamine hydrochloride; 2-Amino-2-deoxy- Hexanoic acid; Caproic &ad .. . ..... . .. ... . ... .. . . .. ... . .. L-8 
~galactopyranose hydrochloride ... . ... . .. .. .. . .. .. .. Carbo-6 1-Hexanol; Caproyl alcohol .. . ........ . ... . . . ... . .. ..... L-101 

~abM:tose;~alactopyranose .. ... .. . .... .... . .. ... Carbo-25 Hexokinase (bakers' yeast) .... ... .. .. . ... . . ... .. . . .. . .. . . E-23 
~alacturonic acid monohydrate; ~alactopyranuronic L-Histidine ......... . .. ... ... . ..... . ..... . . .. .. .. . . .. . AA-30 

acid monohydrate . . .. . .... .... . .... .. . . .. .... .. .. Carbo-26 L-Histidine monohydrochloride monohydrate .. ...... .... . AA-31 
Geraniol. . . . .... ... . . . .. . . . ........ . . .. . . . . . .... . .. Carot-21 L-Homoserine . . . . .. . . . . . . . ... . ... . . . ...... . .. . . .. ... . AA-32 
Geranylgeranyl pyrophosphate . . ........ ... .... . ...... Carot-23 erythro-3-Hydroxy-m.-aspartic &ad . .. . .. .. . . .. . . . . . .... . AA-33 
Geranyl pyrophosphate .. ....... .. .. . ..... . .. . .... . .. Carot-22 roc-3-Hydroxybutanoic acid; 3-Hydrobutyric acid .... . . . .... . L~ 
~lucitol. .. . . . ....... . ... .. ... .. ... .. .. ... . . . . . . . Carbo-27 D-(- )-3-Hydroxybutyrate dehydrotenue (bovine heart) ..... . E-24 
a-D-Glucofuranurono-6,3-lactone; ~lucurono-6,3- D-(- )-Hydroxybutyrate dehydroaenase (~ 

lactone .. . ...... . .... . .. . .... . . ... ...... . ........ Carbo-31 spheroide!) . .. . . . .. . .. . .. ..... . ..... . .... . . . ..• ... •... E-25 
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3-lfydroxy~yricacki .................................... L-6 
5-lfydroxy-a.-lysine monohydrochloride .. . .. .. ........... AA-34 
( +)12-lfydroXY-ci.t-9-octadecenoic acid; Ricinoleic acid ...... L-98 
Hydroxy-a.-proline .................................... AA-3.S 
5-Hydroxy-DL·tryptopban monohydrate .................. AA-36 
5-lfydroxy-a.-tryptopban .. . . ...................... .. ... AA-37 
Hypoxanthine .... .... ................................ .. N-47 

I~ pyropbosphatase(yeast) ........................ E-26 
loosine ................................................ N-48 
Inosine .S'-dipbosphate .................................. N-49 
Inosine .S'-pbosphate .................. .... .............. N-.SO 
Inosine .S'-pyropbosphate; Inosine .S'-dipbosphate .......... . N-49 
Inosine .S'-tripbosphate ............................ ...... N-.Sl 
.S'-Inosinic acid; Inosine .S'-pbospbate ..... . ............... N-.SO 
myo-lnositol. ...................................... Carbo-36 
IDsulin .................. ... ....................... Carbo-37 
5-lodo-2'-deoxycytidine ......... .. ...................... N-.S2 
5-lodo-2'-deoxyuridine .. . .. . ..................... . ...... N-.S3 
3-lodo-a.-tyrosine .. ....... .... . .. ..... . ...... ... ....... AA-38 
5-lodouridioe . ...... .. ............. .. .......... . .... ... N-.54 
Isobutyric acid .......................................... L-4 
L·lsoleucine ... .. .... ... ........... .... .... . .... . ... .. AA-39 
L-lsoleucine + D-GJ/oisoleucine .. ......... ... ... ... . .. ... AA-40 
lsomyrisaic: acid ..... .. .......... . .... . .......... . ....... L-17 
lsopalmitic acid ........................................ L-21 
~lsopenteny~ ................................... N-.S.S 
~lsopentey~ne ..... . ...... .. .... ...... .. .. ..... . N-.S6 
lsopentenyl pyrophosphate .............. ... .......... Carot-24 
lsostearic acid ............................... .. ........ . L-2.S 

Kinetin ............ . ................ .. ................ N-.S7 
L-Kynurenine sulfate monohydrate ............. . ...... .. AA-41 

L( +)-Lactate dehydrogenase (bovine heart) ............. . ... E-27 
Lactose monohydrate . .............................. Carbo-38 
Lauric acid ........... . ..... . .......................... L-14 
Lauryl alcohol .. ................. . ..................... L-104 
DL-Leucine .................................. .. ....... AA-42 
L-Leucine ..... . . . .............. ... ....... .. .......... AA-43 
Lipoceric acid ......................................... L-32 
Lipoceryl alcohol. ..................... .... .. ... ..... . L-110 
Linoelaidic acid ..... . .. . .... . .. ... . ... .... . ............ L-43 
Linoleic acki ...... . ..................... . ....... ... .... L-42 
Linolenic acid .. .... .. ... .. . ..... . ......... . ........... . L-44 
Linolenylalcohol .... . ... . ............ .. ............... L-114 
Linoyl alcohol ......................... .. ... ...... . ... . L-113 
Lipoyl debydroaenase (pig heart) ......................... E-28 
Lutein .. . ...... ... ........... ... .... .. ......... . ... Carot-25 
Lyeopene ................... ... . ................... Carot-26 
Lycopen-16-ol; Lycoxantbin ...... ... ... . ............. Carot-27 
Lycoxantbin ............... .. ........ . .............. Carot-27 
L-Lysine monohydrochloride ...... ... .................. AA-44 
o-Lyxopyranoee ......................... . ...... . ... Carbo-39 
o-Lyxose;o-Lyxopyranose .................. ... ...... Carbo-39 

Maltose monohydrate . . ............................. Carbo-40 
o-~~tol .............. . .... .... ........ ......... Carbo-41 
o-~opyranose . ... ........ ..... .... . ....... .. . . . Carbo-42 
L-~annopyranose .................................. Carbo-43 
o-~annc.e;o-~annopyranoee ... .. . ....... . . ..... ... Carbo-42 
L-~ose;L-~annopyranose ....................... Carbo-43 
Margaric acid .............................. ..... ... . .. . L-22 
~dezitose monohydrate ..... . ...... .. ............... Carbo-44 

~elibiose monohydrate .............................. Carbo-4.S 
~esobilirubin IXa .... . . ..... ... .. .... ... . .. .. . . .. . .... Po-13 
~esoporphyrin rK .. .. ..... .. ............... .. ......... Po-14 
DL· ~ethionine . ....... . .. .......... . . .... ............. AA-45 
L-~ethionine .............................. .. ......... AA-46 
DL-~ethionine sulfoxide .......................... . .. . . AA-47 
~~ethyladenine ........... ... .............. . ..... ... . N-.S8 
~ethyl anteisomargarate . ...... ... ....................... L-68 
~ethyl8'-apo-P-caroten-8'-oate; fj-Apocarotenoic acid 

methyl ester ... .... ........ .. ... . ......... ... ...... Carot-4 
~ethyl aracbidate ........ ... .................. .... .. ... L-72 
~ethyl aracbidonate .............................. . ..... L-93 
~ethyl bebenate .... . ............. . ..................... L-74 
~ethyl butanoate; ~ethyl butyrate .......... ... ... .. ... .. L-.S2 
~3-~ethyl-2-butenyl)adenine; N'-Isopentenyladenine ...... N-.S.S 
~3-~ethyl-2-butenyl)adenosine; ~lsopentenyladenosine .. N-.S6 
3-Methyl-3-buten-1-yl pyrophosphate; lsopentenyl 

pyrophosphate .. .... .... .. ............... . ........ Carot-24 
~ethyl butyrate ........................... ... .......... L-.S2 
~ethyl caprate ........................................ . L-.S7 
~ethyl caproate ..... . ........... . . ... . ... ...... .... .... L-.S3 
~ethyl caprylate .......... ... .... . .. . . .. .. .. . .......... . L-.S.S 
~ethyl cerotate ........... .. ............................ L-78 
s-~ethyl-L-cysteine ................................... AA-48 
5-~ethylcytosine .... . .. .... ............ .. ..... . ........ N-.S9 
Methyl dccanoete; methyl caprate ..... .. . . .... .. ... .. . . .. L-.S7 
.s-~ethyl-2'-deoxycytidine ....... ... ..................... N-60 
~ethyld~te . . ... . ....... ... .. . .. . ........ . . L-96 
~ethyl aU-ci.r-4,7,10,13,16,19-docosahexaenoate; ~ethyl 

docosabexaenoate ..................................... L-96 
~ethyl docosanoate; ~ethyl bebenate ... . . .. .. . . .......... L-74 
~ethyl ci.t-13-docosenoate; ~ethyl erucate ...... ... ...... . . L-9.S 
~ethyl dodccanoate; ~ethyllaurate .. ................. . . . L-.S9 
Methyl cl.t-11-ci.t-14-eicosadienoate .............. .. . ....... L-92 
Methyl eicosanoate; Methyl arachidate . .............. ... .. L-72 
~ethyleicosapentaenoate .... ..... ................. . ..... L-94 
~ethyl aU-ci.f-.S,8,11,14,17-eicosapentaenoate; Methyl 

eicosapentaenoate ... .......... .. .... .... .............. L-94 
Methyl aU-ci.t-.S,8,11,14-eicosatetraenoete; ~ethyl 

arachidonate ... ... ....... . ........ . .... ... . . . ........ L-93 
~ethyl eicosenoate ... . ............ . ..................... L-91 
~ethyl ci.t-5-eicosenoete ...... ...... ... . ............. ... . L-90 
~ethyl ci.t-11-eicosenoate; ~ethyl eicosenoete ........... ... L-91 
~ethyl elaidate ............... .... ...................... L-84 
~ethyl enanthate ....................... : ........... . .. . L-.54 
~ethyl erucate ...... .. ............ .. ................... L-9.S 
~ethyl a-o-glucopyranoside ... . .................. . ... Carbo-46 
Methyl fj-o-glucopyranoside .... . ....... ... ....... . . . . Carbo-47 
7-~ethylguanine .... ... ......... .. ..................... N-61 
~ethyl hendccanoate .. . .......... . .... ... .. .. . .......... L-.S8 
~ethyl heneicosanoate . .. .... ..... . . ............. . ...... L-73 
Methyl heptadccanoete; ~ethyl margarate . .. .............. L-67 
16-Methylheptadccanoic acid(lsostearic acid ............... L-2.S 
~ethyl beptanoate; Methyl .nthate . ... ............... .. L-.S4 
Methyl hexacosanoate; Methyl cerotate .. . .... . . .... ..... . . L-78 
Methyl hexadccanoate; Methyl palmitate ............ .. . . .. L-6.S 
14-Methylhexadccanoic acid; Anteisomargaric acid .......... L-23 
~ethyl ci.t-9-hexadecenoate; Methyl palmitoleate ........... L-80 
Methyl tmns-9-hexadecenoete; Methyl palmitelaidate ........ L-81 
~ethyl hexanoete; ~ethyl caproate ................. . ..... L-.S3 
~ethyl hydrogen 9' -ci.t-6,6' -diapocarotene-6,6'-dioete; 

Bixin ........................... . .. . ............. . Carot-6 
~ethyl ( + )12-hydroxy-ci.t-9-octadecenoete; ~ethyl 

ricinoleate ... . ................... . ... .... ......... . .. L-99 
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Methyl ( + )12-bydroxy-tnvr.t-9-oc:tadecenoate; Methyl Methyl ci.t-vaccenate .. . . . . ... ..... ... .... . .. .. . .. ... . ... L-85 
ricinelaidate . .. . .. .. ........ .. .. . . . . ... . . ....... ... .. L-100 Methyltnvr.t-vaccenate . .. .. . . .. . . . . .. .. ... .. .. ..... .. . . . L-86 

1-Methylinosine ..... . . .. . ... . ... ... . . . .. . .. ... . . ...... . N-62 Methyl p.o-xylopyranoside .... . .. . . ......... . . . . .... . Carbo-49 
Methyl isomyristate . ......... ............. . ...... . .. . . .. L-62 Mevalonic acid . ............ . . .. ...... . ... ... . . . . . .. Carot-28 
Methyl isopalmitate . ... . . .. . . . . ... . .... .. , ...... . . .. . . . . L-66 Mevalonic acid 5-phosphate . ... . .. . ... ..... ... . .. .... Carot-29 
Methyl isostearate ... ... . . ... .. .... . . ........ .. .... .. . .. L-70 Mevalonic acid 5-pyrophosphate .. . . . . . . ..... . . . .. . . . . Carot-30 
Methyllaurate . . . .. ..... . . . .. . ......... . .. . . . .. . ....... L-59 1-Monolinolein .. . ..... . . . . .... ... .... ..... . .. .. .... .. . L-121 
Methyllignocerate ..... . .. .... . ...... . .. . . .. ..... . ...... L-76 1-Monomyristin . . ... . . . ...... . . . .. . . .. ................ L-115 
Methyllinoelaidate . .. .... . .. ... . . .. . .. . . .. . . .... . .... . . L-88 2-Monoolein . . .. .. ...... . .......... . . .. . . . . .. . ... .. . . . L-119 
Methyllinoleate .. ... .. .. ... . . . . . . ... .... .. .. . .... .. . . . . L-87 2-Monoolein . . . . . ... . . ... ... ..... . .. . ... . . . .. . . . ... .. . L-120 
Metbyllinolenate .... .... . .. ... .... .. ... ... .... ... ..... . L-89 1-Monopalmitin . ... . .. . . .. ... .. . ..... .. ..... ... ..... .. L-116 
Methyl a-o-mannopyranoside . . ...... . ..... ..... ... . . Carbo-48 2-Monopalmitin .. .... . ... .. ...... ... .................. L-117 
Methyl marprate ... ............ . ... . ..... . . . . . ... .. .... L-67 1-Monostearin ....... . ... .. . .. ... . . . .. . ... . .. .. . . ...... L-118 
S-Methyl-L-methionine chloride .. ....................... AA-49 Mucic acid; GabM:taric acid . ... . . ... ... . . . .. . ..... . . . Carbo-22 
Metbyl16-metbylheptadecanoate; Methyl isostearate .... . .. . L-70 Myokinase (rabbit skeletal muscle) ......... . .. .. ..... . .. . . E-29 
Methyl 14-methylhexadecanoate; Methyl anteisomarprate . .. L-68 Myristic acid ... . ........ .. ... . .. . . .. . ... ... ...... . .. ... L-16 
Methyl 14-methylpentadecanoate; Methyl isopalmitate .... . .. L-66 Myristoleic acid . .. ..... ... . . . ..... . .......... . ... . .... . L-34 
Methyl 12-metbyltetradecanoate .. .... . ... . .. . ...... . . .. .. L-64 Myristyl alcohol .. .. ... ..... .. .... .. .... .. .... .. ... ... . L-105 
Methyll2-methyltridecanoate; Methyl isomyristate . ....... . L-62 
Methyl myristate . . . .. . ..... ....... ... . .. .. .... . . . . . .. . . L-61 
Methyl myristoleate . .... . . ... .. .... . . ... .. . . . . . . ... ..... L-79 
Methyl nervonate ... ... . .. .... .. . .. ..... .. . . ....... . .... L-97 
Methyl nonadecanoate ........ . .... . . . .... .. .. ... . . . . . . . L-71 
Methyl nonanoate; Methyl pelargonate .. .... ... .. ..... .... L-56 
Methyl ci.t-9-ci.t-12-octadecadienoate; Methyllinoleate ... .... L-87 
Methyltnvrs-9-tnvrs-12-octadecadienoate; Methyl 

linoelaidate ..... ...... ... ... .. . ......... .. ..... .. .. . . L-88 
Methyl all-c/s-9,12,15-octadecatrienoate ; Methyl 

linolenate .. .. . ...... . ... . . . . . . .. . .. . ... . . ... . .... . .. . L-89 

Neoneurosporene P; Proneurosporene .. .. . . ... .. .. . . . . Carot-37 
Nerolidol . .. .. .... .... . ..... .. .. . . . . ...... .. ....... Carot-31 
Nervonic acid ... .. ... . . . .. .. .. .. . . ...... .. .... . ... .. .. . L-SI 
Neurosporene . .. .... .. ......... . ... . . . .. . .... . . . .. . Carot-32 
Nicotinamide adenine dinucleotide (NAD) .. . .. . .... ... .... CoE-6 
Nicotinamide adenine dinucleotide phosphate (NADP) . . . . . . CoE-7 
Nicotinamide hypoxanthine dinucleotide (NHD) . . . ... . . . .. . CoE-8 
Nonadecanoic acid .. .. .. . ........ . .... . . . .. ..... ..... . . . L-26 
Nonanoic acid; Pelargonic acid ........ .. ...... . . . .. .. . ... L-11 

Methyl cis-6-octadecenoate; Methyl petroselinate . . ... . ..... L-82 
Methyl cl.t-9-octadecenoate; Methyl oleate .. . . ... . . . . .... . . L-83 ci.t-9-ci.t-12-0ctadecadienoic acid; Linoleic acid .. .. .. . .. . ... L-42 
Methyltnvr.t-9-octadecenoate; Methyl elaidate . ... . ... .. . . .. L-84 truns-9-trun.t-12-0ctadecadienoic acid; Linoelaidic acid . .. .. . L-43 
Methyl cis-11-octadecenoate; Methyl ci.t-vaccenate . .. .. .. . . . L-85 cis-9,ci.t-12-0ctadecadien-1-ol; Linoyl alcohol. . ... . . .... .. L-113 
Methyltnvr.t-11-octadecenoate; Methyltnvrs-vaccenate ... .. . L-86 IYIC·I-(ci.t-9,ci.t-12-0ctadecadienoyl)glycerol; 
Methyl octanoate; Methyl caprylate .. . ...... .... .. . . .... . . L-55 1-Monolinolein ... . . .. . . .. . . . .. . . . .. . . . ... .. ... .. .. .. L-121 
Methyl octanoate; Methyl stearate .. .. . . .. ... . . .. . . .. ... . . L-69 1,3-di( -c/s-9 ,cl.t-12-0ctadecadienoyl)glycerol; 
Methyl oleate .. . . . .. .. .. . . .... ... . .. .. ... . .... ... . .... . L-83 1,3-Dilinolein .. . .. ... .. ....... ............... .. .. ... L-130 
Methyl palmitate ... . . .. . .. ...... .. . . .. ... . . ... . . .. ... .. L-65 Octadecanoic acid; Stearic acid . ..... ... ... .... .. . . .. . . . . . L-24 
Methyl palmitelaidate . . .. . . . .. .... .. .... .. . . .... . .... ... L-81 1-0ctadecanol; Stearyl alcohol. ... . . ..... .... ....... .... L-107 
Methyl palmitoleate .. .... . .. . . . .. . . .. ... . .... . . ... ...... L-80 IUC-1-0ctadecanoylglycerol; 1-Monostearin .... . . .. . .. . . ... L-118 
Methyl pelargonate . . .... . .. . . ... . ... . ... . .. .. ..... . ... . L-56 2-(ci.t-9-0ctadecanoyl)glycerol; 2-Monoolein . . ... . .... . ... . L-120 
Methyl pentacosanoate .. . . ......... . .. . . . . . . . . . . ... . ... . L-77 IYIC-1,2-0ctadecanoyl-3-hexadecanoylglycerol; 
Methyl pentadecanoate . . . . ..... .. .. .. ...... . ......... .. . L-63 1,2-Distearoylpalmitin .. . . . .... .. . . ..... . . .. . .. . ..... . L-143 
14-Methylpentadecanoic acid; lsopalmitic acid . .. . .... .. .... L-21 all-c/s-9,12,15-0ctadecatrienoic acid; Linolenic acid .... . .... L-44 
Methyl petroselinate . ... . . . ... .. . . ... . ... ... .. . .. . . . .... L-82 aU-c/.t-9 ,12,15-0ctadecatrien-1-ol; Linolenyl alcohol. ...... . L-114 
2-Methylpropanoic acid; Isobutyric acid . .. . .... . .. . . . . . . .. . L-4 ci.t-6-0ctadecenoic acid ; Petroselinic acid .... . .... . . . . .... . L-37 
1-Methyi-9-P-o-ribofuranosylhypoxanthine; cis-9-0ctadecenoic acid; Oleic acid ... .. .... ... . . .... . .. . . . L-38 

1-Methylinosine . . . . . .. .. .. . ..... . ... . . . ... . . . . . .. . . .. N-62 tnvrs-9-0ctadecenoic acid; Elaidic acid . . . .. . .. . . . ... . .... . L-39 
5-Methyi-1-P.o-ribofuranosyluracil ; 5-Methyluridine .. . . ... . N-63 ci.t-11-0ctadecenoic acid; ci.t-Vaccenic acid .... . . ... ..... . .. L-40 
Methyl ricinelaidate ... . ... .... . .. ..... .. ... . ... . . ..... . L-100 trans-11-0ctadecenoic acid; trun.t-Vaa:enic acid .. . .. .. . ..... L-41 
Methyl ricinoleate . ... ........ ... .. ... ... .. . ... . .... . ... L-99 ci.t-9-0ctadecen-1-ol; Oleyl alcohol. . .. . ..... .. . ... . .... .. L-Ilt 
Methyl stearate .. ... .... ... . .. . .... ... .......... .. .. . ... L-69 tnvrs-9-0ctadecen-1-ol; Elaidyl alcohol. . .. . .... . . .. ... .. . L-112 
Methyl tetracosanoate; Methyllignocerate . .. ... . . . .. . ... . . L-76 fYIC·I(cls-9-0ctadecenoyl)glycerol; 1-Monoolein . . ... .. . ... . L-119 
Methyl cis-15-tetracosenoate; Methyl nervonate . . .. . . ... .. . . L-97 IUC-1,2-di( -ci.t-9-0ctadecenoyl)glycerol; 1,2-Diolein .. ... ... . L-128 
Methyl tetradeconoate; Methyl myristate . ...... .... .... . .. L-61 1,3-di-(cis-9-0ctadecenoyl)glycerol; 1,3-Diolein . . . .. . ..... . L-129 
12-Methyltetradecanoic acid .... . .... .. .. ............... .. L-19 IYIC-1,2-di-cls-9-0ctadecenoyl-3-octadecanoylglycerol; 
Methyl cis-9-tetradecenoate; Methyl myristoleate . ..... . ... . L-79 1,2-Dioleoylstearin .. ... .. . .. .. ...... .... .. . .......... L-145 
3-(Methylthio)alanine; S-Methyl-L-cysteine ... .. . . ... .... . AA-48 15-cis-7,8,11,12,7',8',11',12'-0ctahydro-Y,\k:8fotene; 
Methyl tricosanoate .. .. . . .. . ... ... . .. ... . . . ... ... . . ... .. L-75 Phytoene .. ... ... ... .... .. ...... ... ... . .. . ....... . Carot-34 
Methyltridecanoate . . ... . . .. ... .. .. .. ... . . ... . .. ... . .. . . L-60 7 ,8, 7',8',11,12,11',12'-0ctahydrolycopene; Phytoene . . .... Carot-34 
12-Methyltridecanoic acid; lsomyristic acid .. . .. . . . . . ..... . L-17 Octanoic acid; Caprylic acid .. ... . ... ... .. .. . .. ... ... . .. . L-10 
Methyl undecanoate; Methyl hendecanoate . . ... . .... . .. .. . L-58 1-0ctanol; Capryl alcohol. .... . . ............... . .. .. ... L-1 02 
5-Methyluracil; Thymine .. .. . . ... . .... . .. . .. . .. .. ... .. .. N-73 Oleic acid .. .. . .. . . . . ... . ........ . . . ......... ... . . . .. .. . L-38 
5-Methyluridine ....... ... . .. . . ........... . ............. N-63 Oleyl alcohol ...... . ........ . .. . .. .. ....... ...... . .... . L-111 
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L-Omithine monohydrochloride ....... .. ... . . ........ . . . AA-SO Ribonuclease A (bovine panc:reas) .. ..... .. .. . .. .. .. . ...... E-37 
Orotic acid .... ..... . . . . .. ................ ............. N-64 o-Ribopyranose ........... . .. . ..... . . . ........... . . Carbo-.54 

o-Ribose; o-Ribopyranose . .. . ..... .. . . ..... ... .. . ... Carbo-.54 
Palmitelaidic acid .......... . . .... ........ .. ............. L-36 9-~J-o-Ribosylltinetin .......... ... . . ..... .. ....... .. ..... N-67 
Palmitic acid . .. ......... . .. ....... .. . .. ................ L-20 Ricinoleic acid ..... . . . . .... . ........ . . ... .. ... ... ... .. . L-98 
Palmitoleic acid . . . .... ....... .. ........... .. . .. ........ L-3.5 
Papain (papaya latex) .. .. .................. .. .... ....... E-30 Salicin .... .. .... . ......... .... ... ...... ... ..... . .. Carbo-55 
Pelargonic acid ............. . . ..... ... . .. . . . ... . .. .... .. L-11 Sedoheptulosan monohydrate ...... .. . .... ... ..... . . . Carbo-56 
Pentadccanoic acid .... ....... ....... ... . ... . ... .... ... . . L-18 DL-Serine ............ . ..... . .. . . ........... .. ........ AA-.54 
Pentanoic acid; Valerie acid .. ............................. L-7 L-Serine ................ ... . . ..... . . .. ........ . ....... AA-.5.5 
Pepsin (pig gastric muc:osa) ..... .. ...... ... ..... .... . . ... E-31 tJ-Sitosterol ..... . . .. .. ....................... . . ... .... L-1.58 
Peroxidase (horseradish) . . . . ........ ..... . .. ... . . . ... . . .. E-32 Sodium o-glycer&-o-gulo-heptonate dihydrate ...... . . ... Carbo-57 
Petroselinic acid . . ... .. .. ..... ... . . ........ . . .... ... .. . . L-37 Sorbitol; o-Giucitol. . .. ..................... . ....... Carbo-27 
DL·Phenylalanine . . ... . .... . .... .... ...... ... . ..... .... AA-.51 L-Sorbopyranose .. . ... . .... . .. . . ...... . .... .. ... ... . Carbo-.58 
L·Phenylalanine ............. ... .. . . .... .... . . .... .... . AA-.52 L-Sorbose; L-Sorbopyranose ................. . ..... ... Carbo-.58 
PhenyltJ-o-gluc:opyranoside . ............ ....... . .. ... Carbo-50 Spirilloxanthin ......... . ..... .. .... ... . . .... ........ Carot-43 
Phosphogluc:omutase (rabbit skeletal muscle) .. .......... .. . E-3.5 Squalene . ..... . .. . .......... . . . .. ... .. . ..... ....... Carot-44 
Phosphorylase a (rabbit muscle) .......... ......... . . .... . E-33 Stachyose tetrahydrate ......... . .................... Carbo-.59 
Phosphorylase b (rabbit muscle) . ............ ....... ... .. . E-34 Starch, soluble ... ... . ... .. .. . . . .. ...... . ..... . ..... Carbo-60 
Physalien ... .. .. .... ...... .. ....................... Carot-33 Stearic acid ........ .. . .. . . .. ... . . ........ .... ........ . . L-24 
Phytanic: acid ......... . ... . ... ...... . ..... . .. ... .. ...... L-28 Stearyl ak:ohol. . .... ....................... . ... .. . .... L-107 
Phytoene ...... . ... . ..... .... .. ............. ..... . .. Carot-34 Sterc:obilin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ Po-18 
Phytofluene ...... ... ........ . ..... ..... . .. . . .... . .. Carot-3.5 Stigmasterol. . .. .. ... ...... .. . . . ..... . ...... . . ... ...... L-1 .59 
<+)-Phytol.. ...... .... ............. ..... .............. Po-1.5 Subtilisin (Bacillus .fllbtills) . ............ ... .. .. ... .. ... .. . E-38 
Poly-c/.s+-c:arotene; Proneurosporene .. ........ ..... .. . Carot-37 Suc:rose .......... . .... . . .... . ........ . ............. Carbo-6 1 
PorphobilWnogen ................ . ...... . . .... . . .. ...... Po-16 
L-Proline .. ............ ....... . .. ..... . . .. ..... .. . ... . AA-.53 Taka-amylase A (Aspergillus oryUJe) .. . . . .... . .. ..... . ... .. E-39 
Prolyc:opene .... . . ... . . ... . . . . ... . . .... .... . . ....... Carot-36 Tetra-0-acetyl-~J-o-ribofuranose .... ........ .... .. . . . . Carbo-62 
Proneurosporene . .... ...................... . ..... ... Carot-37 Tetra-0-acetyl-~J-o-ribopyranose ...... ... . ...... . .... . Carbo-63 
Propanoic acid; Propionic acid .. . ........... ..... ... . .. ... L-2 Tetrac:osanoic: acid; Lignoc:eric acid ....................... L-32 
PrOPionic acid . ... . . . ... . ............... .. . . .. .. .... . . ... L-2 ci.r-1.5-Tetracosenoic acid; Nervonic acid ... . .......... . .... L-.51 
Protetrahydrolycopene; Proneurosporene . . . .. .. ...... .. Carot-37 1-Tetrac:osanol; Lignoceryl ak:ohol ... . ............ . . .. . .. L~l 10 
Protohemin; ChlorOProtoporphyrin IX iron (Ill) ........ . .. Po-6 Tetradccanoic acid; Myristic acid ... .... ........... . . . .... L-16 
Protoporphyrin IX ................ .... . . ... ... ... .. ... . Po-17 ci.r-9-Tetradccanoic acid; Myristoleic acid ..... . ....... ... .. L-34 
Pseudouridine, ~J-anomer .... . •......... ....... . . ... ... .. N-66 1-Tetradec:anol; Myristyl ak:ohol. . . . . ..... . . .... . .. .. .. . . L-10.5 
Pseudouridine, mixed anomers .. . ..... . . ... ........... ... N-6.5 nu--1-Tetradec:anoylglycerol; 1 -Monomyristin .............. L-11.5 
Pyrrolidone-pyrrolinone; Half-stercobilin .. ... . ... . ... . ... Po-19 7,8,7',8'-Tetrahydro?,rcarotene; t-Carotene .. ...... . . . Carot-13 
pyruvate kinase (rabbit skeletal muscle) ... . ...... ... . . .... . E-36 7 ,8, 7',8'-Tetrahydrolycopene; t-Carotene . ... .. ..... .... Carot-13 

3, 7,11, 1.5-Tetramethylhexadccanoic acid; Phytanic acid .. . ... L-28 
Raffinose pentahydrate ............. . . ....... ... .. . .. Carbo-.51 MS-Tetraphenylporphin .. ............................. .. Po-20 
Reduc:ed diphosphopyridine nucleotide (DPNH); a,P,-y,&-Tetraphenylporphine; MS·Tetraphenylporphin . .. .... Po-20 

Reduc:ed nicotinamide adenine dinucleotide (NADH) ... ... CoE-9 DL· Threonine ...... . ... .... . .. ..... . ...... .. ...... . . .. AA-.56 
Reduc:ed nic:otinamide adenine dinucleotide (NADH) . ....... CoE-9 L-Threonine .... .. .. .. ... .. . ..... .. . ... .... ....... . .. . AA-.57 
Reduc:ed nic:otinamide adenine dinucleotide phosphate Thymidine .. ..... .. .. .... ......... . ..... .... ...... . .... N-68 

(NADPH) . .. ........... . ............ . . . ............. CoE-10 Thymidine 3',.5'-bisphosphate . . . . .. . . .. .. ...... . ..... ... . N-69 
Reduced triphosphopyridine nuc:leotide (TPNH); Reduced Thymidine 3',.5'-diphosphate; Thymidine 3',.5'-bisphosphate .. N-69 

nicotinamide adenine dinucleotide phosphate . ..... ... . CoE-10 Thymidine .5'-diphosphate .............................. . N-70 
Retinal ... . .. . .... .. ..... ......... . ... . ....... . . ... Carot-38 Thymidine .5'-phosphate ......... . ... ........... . . . ... ... N-71 
Retinoic acid ..... ............... .. .. .... ...... ..... Carot-39 Thymidine .5'-pyrophosphate; Thymidine .5'-diphosphate .... . N-70 
Retinol. .. .. ........ .... .. .... ... .... . ..... . .. ... . . Carot-40 Thymidine .5'-triphosphate ..... . .. . .. . ........... ... . .... N-72 
Retinyl ac:etate .... .. ... . ... .. . . . . . ..... . .. ... ...... . Carot-41 .5'-Thymidylic acid; Thymidine .5'-phosphate . .. .. . ......... N-71 
Retinyl palmitate ... ........................... .. .... Carot-42 Thymine .... .. .. . .. ... .. .............................. N-73 
a-L·Rhamnopyranose monohydrate .. .. . . . ... . .. . ..... Carbo-.52 L· Thyroxine ... ......... ... .. .. ..... .... ........... .. . AA-.58 
Rhodoviolasc:in; SpiriUoxanthin ...... .... . ...... . ..... Carot-43 Torularhodin, ethyl ester ............ . ................ Carot-4.5 
Ribitol. ....... ..... ......... . .. .... .... . ... . .. . . .. Carbo-.53 To~hodinaldehyde .. ... . . ................. .. ..... Carot-46 
9-~J-D-Ribofuransyladenine; Adenosine .. . . .. .. .. .... .... .. . N-2 a,a-Trehalose dihydrate ... ... ... ... ................. Carbo-64 
1 +o-RibofuranOSYlc:ytosine; Cytidine . . . . .. ..... . ...... ... N-13 Triacetin .. .... .... . ... . ......... .. .. . .. .. . .... .... .. . . L-131 
9-IJ-o-Ribofuranosylguanine; Guanosine . ... .......... . . . .. N-39 3,4,6-Tri-O-acetyl-I ,.5-anhydro-2-deoxy-o-arabino-
9-IJ-o-Ribofuranosylhypoxanthine; Inosine ................. N-48 
2-tJ-o-RibofuranOSYl-as-triazine-3,.5(2H,4H)-dione; 

hex-1 -enitol; Tri-0-acetyl-o-gluc:al. .... . ........... . Carbo-6.5 
Tri-0-acetyl-o-gluc:al. ...... ... .. .. ... . ... ....... .. .. Carbo-6.5 

6-Azauridine .......... . .......... . ............... . . .. N-10 Triarachidin . ...... .......... . .. .. ..... . ...... .... . . ... L-1.51 
1-tJ-o-RibofuranOSYiuracil; Uridine .. .. .... .. ............. N-7.5 Tribehenin .... . ....... ... . . .. . . ... . .... . . .. . . ........ . L-1.53 
.5-~J-o-Ribofuranosyluracil; Pseudouridine, ~J-anomer . . ... ... N-66 Tributanoylglycerol; Tributyrin . .. .. .. . .. . .. . . ........... L-132 
9-tJ-o-RibofuranOSYlxanthine; Xanthosine .... ... . . ...... ... N-84 Tributyrin ... . . ......... ... . ..... . .... .. ......... .. . .. L-132 
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Tricaprin ... . . . ...... .. ..... .......... . .. ..... ....... . L-13.5 
Tricaproin .. . ... ... . ...... . ... .. . . ... ....... .. . .. ..... L· 1 33 
Tricaprylin ........ .. . .... .. ....... .. . ..... .. . .. . . .. . .. L-134 
Tricosanoic acid .... . . .. .. . ... . .. ..... ... .. .. .. .. .. . . . .. L-31 
Tridecanoic acid ......... ... . ... .. . ....... ....... ... .... L-1.5 
l)i~y~ycerol; T~ ......... . ... ... .... . . . ... . L-13.5 
Tridocosanoylglycerol; Tribehenin ...... .... .... .. . . .... . L· 1.53 
Tri-cl.t-13-docosenoylglycerol; Trierucin . . ........ ... . .. .. . L-1.54 
Tridodecanoy~ycerol; Trilaurin . ..... ........ . . . . . ... . . . L-136 
Trieicosanoylglycerol; Triarachidin ... ... . . . . . . .. ......... L-1.51 
Trieicosenoin ...... . . . . . . .... . . . . ... . . . .. .... . . ........ L-1.52 
Tri-cts-11 -eicosenoylglycerol; Trieicosenoin .. ... . ... . . . ... . L-1.52 
Trielaidin .. ... . ..... . . ..... . .. . .... .... .... . . . .. . . ... . L· 1 48 
Trierucin . .. ................................ . ....... . . L-1.54 
Triethanoy~ycerol; Triacetin .... . ... ..... ..... . ........ L-131 
Trihexadecanoy~ycerol; Tripalmitin . .. . .... .... . .. . . .... L· 138 
Tri-cts-9-hexadecenoy~ycerol; Tripalmitolein . .. . . ... . . ... L-139 
Trihexanoy~ycerol; Tricaproin ... . .. ... . .. ... ... ... . ... L-133 
3,3' ,.5-Triiodo-L·thyronine ... . . ...... .. . . . . ..... ... . ... . AA-.59 
Trilaurin . . .. .. .... .. .. . . . . . . .... .. . . . ... .......... . ... L-136 
Trilinolein ........ . .. . ... .. . .. .. .... .. . . ... ... ... . . ... L-149 
Trilinolenin ........................................... L-1.50 
3,7,11-Trimethyl-1 ,6,10-dodecatrien-3-ol; Nerolidol. ... . . Carot-31 
Trimyristin . ...... ... . ....... . ... . .. . ....... .. . . . . . ... . L-137 
Tri-cis-9,cis-12-octadecadienoy~ycerol; Trilinolein . ...... .. L· 149 
Trioctadecanoylglycerol; Tristearin .......... .. . .. ...... .. L· 144 
Tri-all-cis-9,1 2,1 .5-octadecatrienoylglycerol. . ...... ... ...... L· 1.50 
Tri-cts-6-octadecenoylglycerol; Tripetroselinin . . .. . ... .... . L-146 
Tri-ci.t-9-octadecenoylglycerol; Triolein . .... . . .. . .. .. . . .. . L-147 
Tri-tnurs-9-octadccenoy~ycerol; Trielaidin . .. ............. L-148 
Trioctanoylglycerol; Tricaprylin ... . . . ... .. . ... . .. . .. . ... L-134 
Triolein .... . . ... . .. .... . ........... . . ... .. . .... . . . . .. L-147 
Tripalmitin . . .. .... . . . . .. . .. . .... ... .. . ...... . . . ...... L-138 
Tripalmitolein . .... ...... .. . ... .. . ....... . ... . .. . .. . . .. L-139 
Tripetroselinin ............•.................. . ......... L-146 
Triphosphopyridine nucleotide (TPN); Nicotinamide 

adenine dinucleotide phosphate (NADP) .. ... . . . . . . .. .... CoE-7 
Tristearin . .. . . ... ....... . . .......... ... .... . .. . .. ..... L-144 
Tritetradecanoylglycerol; Trimyristin ..................... L-137 
Trypsin (bovine pancreas) . ....... .. ........... ... . .. ..... E-40 
DL· Tryptophan .. . .... .. . . . . . . . . .... . . . ... . ..... . .. ... AA-60 
L· Tryptophan .. . .. . · . . . .. . .. .. . . ... .. . . .... . . ... ... .... AA-61 
Turanose .. .... .. .. . .. . .. . .. .. . ..... . .... . .. .... ... Carbo-66 
DL· Tyrosine ... .. . . . .. .. . ...... . . . . . . . . . ... .. . .. ... ... AA-62 
L-Tyrosine ................... . ... . .. ................. AA-63 

UDPO; Uridine diphosphogluc:ose .... . . .. .. . ...... . . .. .. CoE· 11 
uoP-Glc; Uridine diphosphoglucose .................. . . CoE-11 
Undecanoic acid; Hendecanoic acid . . . . . . .. . . . . ...... . .. . . L-13 
Unidentified carotene I; Proneurosporene . ...... . ... ... Carot-37 
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Uracil . . . .. . . . . . . . . ..... .. .... .. . . ..................... N-74 
Urease (jack bean) .. ... .... ...... ...... . . .. ... .. ... ..... E-41 
Uridine . . . . . . ... . . .... . . ....... . ... . .. . ... ...... ... . .. N-7.5 
Uridine 2':3'-cyclic phosphate . ....... ...... . . . . .... . .. .. . N-76 
Uridine .5'-diphosphate . . .... . ... ... ...... ............... N-77 
Uridine diphosplqluc:ose .... . . . .. ...... . ....... ... ... CoE-11 
Uridine 2'-phosphate .... . .. .. ... .... ... .... . .. ....... . . . N-78 
Uridine 2'(3')-phosphate. mixed anomas . . .... . . . . . ...... . N-79 
Uridine 3'-phosphate . .. .. .. .... .......... .. ... .. . . . . . .. . N-80 
Uridine .5'-phosphate . ... .. . .... ..... .. .. . . . ... .......... N-81 
Uridine .5'-pyrophosphate; Uridine .5'-diphosphate .......... N-77 
Uridine .5'-triphosphate .. .. ..... . ........ ... . .. . . . ....... N-82 
2'-Uridylic acid; Uridine 2'-phosphate . .. ... ... .... . .... .. . N-78 
3'-Uridylic acid; Uridine 3'-phosphate .... ... ... . .......... N-80 
.5'-Uridylic acid; Uridine .5'-phosphate ..... ... ............. N-81 
Urobilin . ... .. . . . ... . ... .. .. ... .... . ... ..... .. . . . ... .. Po-21 
Uroporphyrin I. . . . ... ...... .. .. ....................... Po-22 
Uroporphyrin II . .... . ... . . ... . .. . .. . .... . . ............ Po-23 
Uroporphyrin Ill ................... . . . ................ Po-24 
Uroporphyrin Ill, octamethyl ester ... .... ... ... . ......... Po-2.5 
Uroporphyrin IV . . .. . .. . . ... . ... . . . .. ................. Po-26 

c/s-Vaccenic acid .... ..... .. . ...... . ...... . . ... .. . . ... ... L-40 
tnurs-Vaccenic acid ...... .. . ... . . . ... . . ... . ... .. ..... . ... L41 
Valerie acid . ... . ... .... . . . . ............................. L-7 
DL-Valine .. . .... . ...... . . ... ......... .... . ......... . . AA-64 
L-Valine . ... ..... ... ... ... ... .. . . .. .... . ............. AA-6.5 
Violaxanthin . ... .. . . . . .... ... ..... .... .. .. ... ..... . Carot-47 
Vitamin A, acetate; Retinyl acetate .. .. ... . . . . .... . ... . Carot-41 
Vitamin A, acid; Retinoic acid . .. .. ... ........... .. . .. Carot-39 
Vitamin A, alcohol; Retinol. ....... . . .. ... ........ . .. Carot-40 
Vitamin A, aldehyde; Retinal. ................ . ....... Carot-38 
Vitamin A, palmitate; Retinyl palmitate .. .. . ..... . . . . .. Carot-42 

Xanthine . .. ...... ..... . . .. . ... . ... ... .. .. . .. ...... .. .. N-83 
Xanthine oxidase (cream) ......... . . .... .......... ... .... E-42 
XanthophyU; Lutein ........ .. ......... . . ....... . . . .. Carot-2.5 
Xanthosine ...... . ... ... ... . . . ... . ... .. . ... . ........... N-84 
Xanthosine .5'-phosphate . . .. ... . .. . ............... . ..... N-8.5 
.5'-Xanthylic acid; Xanthosine .5'-phosphate .. ... . .... .. .. .. N-BS 
Xylitol .. .... . .... .. ... .. ....... ... . ..... . ..... .... Carbo-67 
o-Xylopyranose . .... . ... . . ...... . .. . ............... Carbo-68 
L-Xylopyranose ...... . . . ... .. ... .... .. .. ..... .... . . ~ 
o-Xylose; o-Xylopyranose .. ... ... ... . . . . . .... .. . .... Carbo-68 
L-Xylose; L·Xylopyranose ... . ..... . . . ....... . ... . .... Carbo-69 

ti·Zeacarotene ........ . ... . . . .. .. . ..... . .. ....... .. . Carot48 
Zeaxanthin ... .... ............................ .. .... Carot49 
Zeaxanthin dipalmitate; Physalien ................... . . Carot-33 
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