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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.

* Dr. Hall was at that time Executive Secretary of the Endocri-
nology Study Section 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
staff 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-
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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,

iv

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, mp for millimicron) and pum for micrometre
(formerly, p 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 (s1),” 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 NaAs—-NRrc Office of Biochemical Nomen-
clature, for valuable advice regarding approved nomen-
clature.
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Carotenolds and Related Compounds

General Remarks and Analytical Procedures. . ....................cvnun..
Analyses of Commercial Products. .. .......ooirutrieiinirereinnnnneeenes
Antheraxanthin. ... ........... ...ttt Carot-1
B-Apocarotenal. . .. ..., ...ttt i e Carot-2
B-Apocarotenoic Acid Ethyl Ester...................cccociiviinnnn Carot-3
B-Apocarotenoic Acid Methyl Ester. ....................ccovvinnn Carot-4
PARERC N i ooy i T TS TG e R Y S P e B e Carot-5
BIRID Lo e s o e e R e e T S Carot-6
CanthRXABtRIN o oivevine fomaiimn oras siive, £l SOTOTRIRens S IR Carot-7
Capsanthin. . ... ... ...ttt Carot-8
CaPBOTUDII . . ...\ttt e Carot-9
L T L T Carot-10
DCCBTOREIIR ... 511550 cxmmeic0 v o 0 R A A SR BN Carot-11
NOREOMBHE . o oo v oommin s s ot e e R s et R st T Carot-12
PECRPOMRDE oo wvavse s o T SN R SO S e o esls s Carot-13
CIRAanRXENERIN . «oooviaminesion s mae s sty Frve vaTaaii s Carot-14
ORI s i L S m v ey e a8 s e R R Carot-15
Crocetin Diethyl Ester..................ccoiiiiiiiiiiininnnns Carot-16
Cryptoxanthin. .. ...............iitiiirieiiiireeinaneenanneens Carot-17
2. 2=DRKetospirillORBIERIN . ... oo rvmmsmammmmaas e ms e Carot-18
ECRINBIIONE. . ccavoi it s omassr i e i o o 2 e S e e Carot-19
Farnesyl Pyrophosphate. . ....................civiiiiiiiiinnen. Carot-20
GErANIOL: ¢ o mss s R R R A R S e Carot-21
Geranyl Pyrophosphate.................cccivviviviiiieniinnens Carot-22
Geranylgeranyl Pyrophosphate. . .................c.cccovviinnnn... Carot-23
Isopentenyl Pyrophosphate. ..................ccciviiieiiiinnen.. Carot-24
L Carot-25
LY 5. s s e B T BT O S TR oo Carot-26
N CORBEIR 5050 8 BN 02T R AT M S VAR Carot-27
MeEVRIORIC ACId. - ovvs comnimm muainsas vvanies s s sRvor W Carot-28
Mevalonic Acid 5-Phosphate. . ............... ...t Carot-29
Mevalonic Acid 5-Pyrophosphate. ....................coiiinnn Carot-30
Nerolidol. . ... ..o i e Carot-31
NUTOSPOTEIE . . ..o i ottt et e et aeanannnnsnanns Carot-32
Physalien. .. ... ...t e Carot-33
PRVEOCIIE . ..o, o0t i 4 o 54 S 08 0 e R Carot-34
PRYTOMUENE . . onvciiaiammmnas s s i e A T AR AT LA Carot-35
PIOIVOODENE oo comivm v (s s s e v s wsia Carot-36

wyuuuurea §

53

55
55

57
58

59

61
62
62

63

65

67
67

70
70
n
7
72
72
73
73
74
75
75
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Carotenoids and Related Compounds (continued) Code Number
RREHDRL. < v mesmrmoasiais o ssma oysismm 608 s a7 AT F SR G Carot-38
REUBOICACH . .o vivamammioman s s s e s sl s a ik Carot-39
REHROL. ooy sina g sy semiemi s e ey P s S e Carot-40
Retingh ACetbe. oo susinsnv i s R ovavsns venvteass Carot-41
Retingl PAIMIME: ... i i i men dn so i dlin s s sk &k a e s Carot-42
Spirilloxanthin. ........ ... ... i e Carot-43
SquUAlene. ... .. e Carot-44
Torulashodin, Ethyl BSter. . .ouous o savenvamssesimms s sesimmsis Carot-45
Torularhodinaldehyde. . .........cocvimenan snamenmas s s Carot-46
Violaxanthin' .« cocuiven somsmres o posvmmisminmie e seeaea e Carot-47
PTERCRTOIENE ; o onncwin il s R A e S R e Carot-48
ZeaXBDRNIN - oo o i 9 T e G e SRR SR e e e e e Carot-49
Coenzymes and Related Compounds

General REMBIKS. (.. .vviiinne e cmssetns v oars e s snensss
ACetyl COBNZYINE A iviivviiivin v divimminas s wddis 8 s o s S o s i CoE-1
3-Acetylpyridine Analog oOf NAD.............. ...t CoE-2
3-Acetylpyridine Analog of NADP.................cooiiiiniiiinnn., CoE-3
Cobamide Coenzymes:

I. Adenylcobamide Coenzyme
I1. Benzimidazolylcobamide Coenzyme

III. 5,6-Dimethylbenzimidazolylcobamide Coenzyme................. CoE-4
CORRZVINE A - . s v vinimuminmeiossssiatihinsin #7000 8 Aaasi v e i CoE-5
Nicotinamide Adenine Dinucleotide. . .............................. CoE-6
Nicotinamide Adenine Dinucleotide Phosphate. .. ................... CoE-7
Nicotinamide Hypoxanthine Dinucleotide. .......................... CoE-8
Reduced Nicotinamide Adenine Dinucleotide. . ...................... CoE-9
Reduced Nicotinamide Adenine Dinucleotide Phosphate. . ........... CoE-10
Uridine Diphosphoglucose. . ............coiiiiiiiieiiiieninaenn.. CoE-11
Enzymes

General Remarks: . :. . coi i oo io e avi iy met o5 s vos s«
Format for Criteria Sheets. . .. ....... ... ... i,
Acetylcholinesterase (Electrophorus electricus). .. ....................... E-1
Alcohol Dehydrogenase (Horse Liver)......................oiiiinnnnn. E-2
Alcohol Dehydrogenase (Yeast). . ...........cvviiiiiereeannnnennnnnns E-3
Aldolase (Rabbit Skeletal Muscle). ...t E-4
Alkaline Phosphatase (Esherichia coli). ................................ E-5
D-Amino Acid Oxidase (Pig Kidney)...................ooiiiiiiinins E-6
L-Amino Acid Oxidase (Crotalus adamanteus Venom). . . ................ E-7
Aminoacylaie (PIg KIADEY): . i cuvevvamivasy vis sy ave i insy vigieasae E-8
a-Amylase (Pig PANCTERAS). ... . ..u it ivisiisvivenssssasanssnsss E-9
B-Amylase (Sweet Potato). .. ...ttt E-10
ATP—Creatine Phosphoransferase (Rabbit Skeletal Muscle). . ........... E-11
Carbonic Anhydrase (Bovine Erythrocytes). . ......................... E-12
Carboxypeptidase A (Bovine Pancreas). .............................. E-13
Carboxypeptidase B (Pig Pancreas). . ..............covvvviiiiineenans E-14
Chymotrypsin A (Bovine Pancreas)..................c.cooviiiiinennns E-15
Citrate Synthase (Pig Heart). . .... .ooviviisinviiiieiiimnsivominensie E-16

76
76
77
78
79
79

81
81
81
82
83

85
86

86

87
87
87
88
88
88
89
89

91
91

95
95

97
98

100
100
101
101
102
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Enzymes (continued) Code Number

Enolase (Rabbit Muscle). . ............. ... E-17
Enolase (YeRst). -« iuuon suivymyi s vins s s s wsssmisi s ut E-18
Extracellular Nuclease (Staphylococcus aureus). . . . .................... E-19
D-Glucose-6-phosphate Dehydrogenase (Brewers’ Yeast)................ E-20
D-Glyceraldehyde-3-phosphate Dehydrogenase (Rabbit Muscle).......... E-21
L-Glycerol-3-phosphate Dehydrogenase (Rabbit Skeletal Muscle). . ... ... E-22
Hexokinase (Bakers! YEast). . .. ccoon vvusmmmsmmmmsnis oiemasmsss i v o E-23
p(—)-3-Hydroxybutyrate Dehydrogenase (Bovine Heart)................ E-24
D(—)-3-Hydroxybutyrate Dehydrogenase (Rhodopseudomonas spheroides) . .E-25
Inorganic Pyrophosphatase (Yeast). ................................. E-26
L(+)-Lactate Dehydrogenase (Bovine Heart). .. ....................... E-27
Lipoyl Dehydrogenase (Pig Heart). .................................. E-28
Myokinase (Rabbit Skeletal Muscle). . ............................... E-29
Papain (Papaya Latex). . .............oitiriiineintiiiineaneinnennns E-30
Pepzin (PIg Qastric MUCOBR) . ...cvwn svuovs s vaime e v s s e smh e E-31
Peroxidaie (HOBSFAAISRY . v s v v o SR smin E-32
Phosphorylase a (Rabbit Muscle)..........................coiini.n E-33
Phosphorylase b (Rabbit Muscle).................................... E-34
Phosphoglucomutase (Rabbit Skeletal Muscle). . ...................... E-35
Pyruvate Kinase (Rabbit Skeletal Muscle). . .......................... E-36
Ribonuclease A (Bovine Pancreas). ... ...........covuuuurrenenennnnnn. E-37
Subtilisin (Bacillus subtilis). ... ........ .. ... .. i E-38
Taka-Amylase A (Aspergillusoryzae)......................cccccvvvnn.. E-39
Trypsin (Bovine Pancreas). . ..., E-40
Urease (Jack Bean): i, oovamisns v i v st i dai e i vais o E-41
Xanthine Oxidase (Cream).:.«ov: o svwuiii s, hemi vos, o o 58 4 E-42
Lipids and Related Compounds
CETRERL REIIMTKS ... .0 s s i e S RO AR oS B A e
ANRIVHCAT PTOCOAUIRE. . cums. v sowansin oo i s s ioe 903 L 45, V60T R
Table 1 for Fatty Acids Cz through C;
RCBEIC A . vvss0is smmmrvisomonas s i s AT VN e PR THNES L-1
PYOPIONIC A .. vvvvawimimns wuim mim s evmoms i s S wisism vaasssses. 2 L-2
BUYEIC ACI. <o cnvmvnsnnmmmman s s s s e i R e s L-3
Isobutyric Acid . .: s sums Loy e IR E AR S e S L4
Crotonic Ao o v sani ssia Sva Tl S vt o v Sasmey s i L-5
3-Hydroxybutyric Acid.............. .. . i L-6
Valeric Acid. .. ... L-7
Table 2 for Normal Saturated Short-Chain Fatty Acids Cg through C,3
COPTOIC ALHE: oo o vvivininit i ia s s sniies Shes cAve TR v s S 230 L-8
Enanthic Acid. . .. ... ... o e L9
Caprylic Acid. .. ..ottt e L-10
PEIRTRONIC ACH . .. oo covmmmsmnn oremsromonme i ass axains doaisohess s 416558 70 okt o L-11
CEPTICACHD o wcvirocimmmmonsimms e st s Mo ¥ 5 o0 S R TR L-12
Hendecanoic Acid: ..vvon v s amna e v s s e s L-13
Eautie Beit . vo oo voimnsannii S e s i S e e s S L-14
Tridecanoic Acid . :::. v s sovsaeiimi s vy e ias e s L-15
Table 3 for Saturated Long-Chain Fatty Acids >Cjq4
MYTISHE ACI v vvam v v om0 o S P ST S e 572 L-16

ToOMYEBHC ACIH: cvsos soism s e e v R e SR A s T I L-17
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104
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109
109
110
111
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115
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116
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Lipids and Related Compounds (continued) Code Number Page
Pentadecanoic Acid.............. ... it L-18 127
12-Methyltetradecanoic Acid. ... .............coiiiiiiiiiniannn... L-19 127
PAIMIGC ACHE . o o i suoesmmimimas. aomiaren sy a0 e i R TS e A4 L-20 127
TROPAIMIEE AGHE .. o oa s mmosmisiniisss i e o 4 B AT S R L-21 127
MRUEATIC ACKE - v wmssmsiiv s S e s A S e s s L-22 127
Anteisomargaric Acid. .. c.ovvrisss s s e s R e L-23 127
Stearic ACI: v o i cuve s iie i e nas s e v e L nE S e e S e L-24 127
Isostearic ACid. ..........oooiiin i L-25 127
Nonadecanoic ACId..............ouriiiinit i eiaaeeanns L-26 127
Arachidic Acid........... ..ot L-27 127
PRVIARIC ACI - v mmsosmicins sy mimsi e 4 siese s e s e L-28 127
Heneicosanoic Acld. .. v civvvimnvinmin o s s i e L-29 127
BERERIC AL o conssvm v s S S T S L-30 127
TrHcosAROIC Al s ioems i e e T o o AR R s L-31 127
LABNOCEIC ACIA . ..o .. oos e binnis s Srmms oo o b s o5, oo St st srma s s L-32 127
Cerotic ACId. .. ...ttt e L-33 127

Table 4 for Unsaturated Long-Chain Fatty Acids
Myristoleic ACH: o iii i o e ¥ e 5is o st hd sl s i s s L-34 128
Palmitoleic Acid............. ... .. ..o it L-35 128
Palmitelaidic Acid. . ......... ... ... ... i L-36 128
Petroselinic Acid. . ... ...t L-37 128
MBI ACID .o oivrssiowrisssions i s o 6 e o e S i S e e L-38 128
BIAIIC ACI - voonmnnimimnmmmvnn sems s s s v i L-39 128
els-Naceenic Acid ;v somsvns s mts o oerEe e SR A SR L-40 128
trans-Yaccenic ACId s msainavimn Sive SoETRRETRE e SRR s L-41 128
LAOEIC ACHE . . .05 e v onmninimmimcmmcnims . sim b msm by m b b i L-42 128
Linoelaidic Acid........... ... ... i e L-43 128
Linolenic Acid. . ... ... ... . i L-44 128
CASD RO ACM : .. cnmms ssimmsiassrsissiwionsa ati e s s A8 L-45 129
EACOSSHOIC ACIE: v v s i a5 s e T 4 3 W TS L-46 129
Arachidonic Acid .« v uovissumnnams sesnsnres b reeeuslvaevsugd L-47 129
Eicosapentaenoic Acid: covnaen svpeainisai sevs ias iraee s L-48 129
BruCICACIE . o o fe it e o R S B S Bt s S B R A L-49 129
Docosahexaenoic Acid. ............. ..o L-50 129
Nervonic ACId. . . .....iiitt it et L-51 129

Table 5 for Normal Saturated Short-Chain Methyl Esters <Cj4
Methyl BUEVIBEE .o o e s s v & 00 s e S e ek L-52 130
MEhYI TEPIOME . 115505 v v s v o o S e R S ST 1% L-53 130
Methyl Enanthate . coomw s s iovassessisiiey sy dayan cuas L-54 130
Methyl Capeylate .. .o oo omri i casss s sin Sise suie i ot sags L-55 130
Methyl Pelargonate. . ........... ...ttt L-56 130
Methyl Caprate. .. ... ... ...ttt eiaie s L-57 130
Methyl PenQECatDRTE. - ..ciinmssns s e s w5 s L-58 130
IMEABYL L BRI <10 mmimmssmn s s i a0 AR S SR B L-59 130
Methyl TOAECRBORE . o cc.o oo v i & searsns i wialv s 568 o 50 L-60 130

Table 6 for Saturated Long-Chain Methyl Esters >C4
Methyl Myristate. ... ..ooieeeecinneiiavassisein vesveseiaves L-61 131
Methyl Isomyristate. . . ............ 0o it L-62 131
Methyl Pentadecanoate. .................ccoveiiiiiiiniiiiinnnnn.. L-63 131
Methyl 12-Methyltetradecanoate. ..................coviviiniiinn.ns L-64 131
MEEhY] PAMICATE oo anssiasesvas aummrsm miarons: siiss s s S i L-65 131
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Lipids and Related Compounds (continued) Cods Number Page

Methyl Isopalmitate. . ............ooiiriiiiiiiiiiiii i, L-66 131
Methyl Margarate. ... .........oouiimuiiineiiiieaieeneeens L-67 131
IR DRSO ROTIIR. ;om0 imsiaonn smbaciom s ST DN S L-68 131
Methyl SEEIALE . . . . ...ttt e L69 131
Methyl IS0StERIRLE . < .cvi v ivmvimmminvamm s s e s s e s L-70 131
Methyl Nonadecanoate. ... ...........ovuiiniiirineennnnnensennss L-71 131
Methyl Acachidate. ... ..o viveiviimevin svvvinvsmnne e oo v L-72 131
Methyl Heneicosanoate. . . ..............coviiiinrnniannnnrannns L-73 131
Methyl Behenate. . . ......o.viiiiii i eanas L-74 131
Methyl Tricosanoate. . ...........oviiinueer i nerineeennnens L-75 131
MELhy]l LABIOCELRLE : o5 i s oim s e i st svars s s or s o aaars L-76 131
Methyl Pentacosauoate. - ... o v samaas s i s ae sisiasd L-77 131
Methyl CErotate . .o conn vvsimmmm s ume ey 5 s e e S s L-78 131
Table 7 for Unsaturated Long-Chain Methyl Esters
MIEthy]l MYTISEOIBEIE . . ouoiwmunumnmmnis e s s b sas e v iea A R G i as L-79 132
Methyl Palmitoleate. . . .......... ... ... .. L-80 132
Methyl Palmiteldidate. ... .ooousniieon voevessmniame dops ssvare L-81 132
Methyl Petroselin®fe . ovs i v oo fave ais s S5 o5 S sinie s niis L-82 132
Methyl Oleate. ... ... ..ot i L-83 132
Methyl Elaidate. . ........... ..ot L-84 132
MELhY] CISSNBCOBIMBIE ..o:srwmsnmssme sommsn msaneriniesi s i B S A AT L-85 132
Methyl 17ans-VBCOENALE. . . .o covivusun i vamim sims s s s s ises L-86 132
Methyl LINOMBE ... inviminnnnisinsmms s aassi isins s L-87 132
Methyl Linoelaidate. . ......................ciiiiiiiiiiiinininn. L-88 132
Methyl Linolensbe. . cvvivoionas v deia e s Vavaniie i L-89 133
Methyl cis-5-Eicosenoate. . ........ ..ottt L-90 133
Methyl Eicosenoate. . ... ..........viiieeiieee e iiiininennnns L91 133
Methyl cis-11-cis-14-Eicosadienoate. . . ...................ccvvven... L-92 133
Methyl ATachIdODAE. .. cowveimnmu wusmmssmesam oa wwas s i L-93 133
Methyl EicoRRPEHASIONEE . .o svsmaysiiiis s S v suiem L-94 133
MEthyl Brucate .o wovoommmm s s smaas d s, 8 wa i s L-95 133
Methyl DocosaheXaenoate. . .. ........vvivevrinreianeennssnniasas L-96 133
Methyl Nervonate. .. ... .. oo i s nvns sine vaiinsnas veovassiesai o L-97 133
Table 8 for Ricinoleic Acid and Related Compounds
Ricinoleic Acid o v s S s v S s e R L-98 134
Methyl RICINOICAE . . i . oo ivias cive sive sias sima dsivm o ae sslalisiiai o sdia L-99 134
Methyl Ricinelaidate.. . ........ ... ... ... L-100 134
Table 9 for Normal Saturated Short-Chain Alcohols <C4
Caproyl Alcohol. . . s cvin v v i s vt i s i s i sai aan sy L-101 135
Capryl Alcohol. ... ... ... ... e L-102 135
Decyl Alcohol. . .. ... . s L-103 135
Lauryl Alcohol....... ..ot i L-104 135
Table 10 for Normal Saturated Long-Chain Alcohols >C4
B = T e S L-105 136
Cotyl ACONOL:u ;v sioe ¥ oy e v S S W s L-106 136
Stearyl AleoloL: o . oiiiss suis si i, i i o 9 e A e L-107 136
Arachidyl Alcohol. ... .. ... ..ot e L-108 136
Behenyl Alcohol. . ... .. ... L-109 136

Lignoceryl Alcohol. . ...... ...ttt L-110 136
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Lipids and Related Compounds (continued) Code Number
Table 11 for Long-Chain Unsaturated Alcohols
OLEYL AICOBOL. ... crvvia s cainiasus sumiimsmasmbamseie s ST T R S SR e L-111
Blatdyl ALCOROL. i covnnnmimmviaminmsonminia s e an s aions s L-112
LIl AICOROL oy wavaminsm wms i v v e wey R A e L-113
Linolenyl- Alcohol: .o oounvmisanin snrmuisin iss s v ses i L-114
Table 12 for Monoglycerides
I-MonOmYriStin. . ... ...t L-115
1-Momnopalmitin. .. ........iiiint it L-116
ZoVIOOPRIIANCIIN: o oo i 56 53 5 L-117
LEMORIOBEEATIIN = . +ovunwmsmviamio S st 0 & AT e s s L-118
FMODOOIEIN . o vv s sin womm s sa s e e s S A R L-119
Z-MONOOMI. o O S e e v S R O T it L-120
F=Monolnolein . . v vvisiiy v sins srssses soseiistms st mes s seess L-121
Table 13 for Diglycerides
L2-Dimyristin. . . ...ttt L-122
L3-Dimyristin. . . . ...ttt i e L-123
L 2REMPAIINEIR oo e s SR AR BTSSR L-124
1.3-DIpaMitin: . .o commnussmsrmriamnypn s wes e SRy s L-125
L 2 DASERREIN o s s T e e R L-126
13 EMBERTIN oo v s e S s B b A R el B i L-127
L 2-Di0lein. . ..o e L-128
L3<Dioleim. . . L-129
L3-Dilinolein. .. ... L-130
Table 14 for Triglycerides
TRROBHINN oo invmimemncmin v Gy o o B e S e DT Rt S L-131
T B R s i e S e s G S e e L-132
TOCBPEOMY . i s dommmms s imsnmns 5o m b ot e P L-133
Tricaprylin. . .. ... L-134
B8 51 o L-135
Trilaurin. . ... L-136
TRAROVTIIIY . < oo aisions o vt s iars abeimis i oot o i e A e A e L-137
TOPBRIMION . ccvvvvrnmmmmminas weameessm e PR s A R e L-138
TopalmIolein «oopinommmmnu i e v s e T e S L L-139
1. 2-DipalmitovIStesring: ..cv: cvvnvsmamna vids Havs i s s et L-140
1,2-Dipalmitoylolein. . ...ttt L-141
1,3-Dipalmitoylolein. . ...............coiiiiiiii i L-142
1,2-Distearoylpalmitin................coviriviiinee i, L-143
TEEIRBREIIN .o T O A AT BT MR SR TS L-144
1R DIROMSONIIERIIN - . v oo o smmmn s S SR L-145
TOPATOSENIN .« . ccvvinmiinimiarievos e s miEes e s R e L-146
TR s i o 5 S o o e aigs L-147
B S T L-148
Trilinolein. .. ... ... . . e L-149
Trilinolenin. .. ... ... ... e L-150
Triarachidin. . ........ ... ... i L-151
TRICICOMBIION v sovsrmnvosisieds s o oo A T A R B A DSBS L-152
TAAOCREIII onmwrivi s s e SO SR o T o S B AR B RV T S L-153
THERRI o irirso i i ooy e i SOar S e T P e L-154
Table 15 for Sterols
ChOIBSETOL: . .1 ¢ o hnrinsvnis s st s 070, v b, s s e BnlS e L-155
Campesterol. .. ... ... . L-156

137
137
137
137

138
138
138
138
138
138
138

139
139
139
139
130
139
139
140
140

141
141
141
141
141
141
141
142
142
142
142
142
142
142
142
142
143
143
143
143
143
143
143
143

144
144
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Lipids and Related Compounds (continued) Code Number

Ergosterol. ..o e tnsio s s S s s e e L-157
B-SIORterol: . coianmi cuvi inieiins S 59 e e i R e S e s L-158
Stigmasterol. . ... ... e L-159
Table 16 for Sterol Esters
Cholesteryd PEIBrBonate . c oo oo i ivievsi oo simaiine svas svitn. L-160
Cholesteryl Hendecanoate. . .................coiiiiiiiiiinnnnnn. L-161
Cholesteryl Laurate. .. ......... ..ot L-162
Cholesteryl Tridecanoate. . .................c.iiiiriuriranninnnnnns L-163
CHOLEStErVL MVTIBLARE .. .-+ o:oiioaimsca m w5 6o mm - S s e L-164
Cholesteryl Pentadecanoate. ...............c.c.cviviniinininnareenns L-165
Cholesteryl PaBIMETE - conoicvinsassmmnmemmmns @y s ase L-166
Cholesteryl Margarate: .. ..o vis i uyemvs deysve s samsss L-167
Cholesteryl StEarate. . .ovuinvana ivis St v et o ks nb it s a mis o3k 3 4 L-168
Cholesteryl Oleate. .. .........ooiuiiiiiiii it iaeeeanns L-169
Cholesteryl Linoleate. . .. ........ ... ... ciiiiiiiiiiiiiiinannn, L-170
Cholesteryl Linolenate. . . ............. .. .coiiiiiiiiiiiiiiinanan.. L-171
Cholesteryl Nonadecanoate. .................cooiiiiiiiiiinnannn. L-172
Cholesteryl Arachidate: ... . .covusvummmim s esas v s e s L-173
Cholesteryl Arachidonate...................... ... ... ........... L-174
Nucleotides and Related Compounds
General Remarks and Analytical Procedures. . ............................
ReSUIS. o i v v A o AT e S50 R e e M e S e e
AEIMIE . 5:cevsimvemamnmmansim s i i oo e a8 R TS Yo e N-1
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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 R, values on paper chromatograms.

Amino Acids

and
Related
Compounds

ANALYTICAL AND IDENTIFICATION
PROCEDURES"*?

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 on 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 2-5 g of prepared sample (ground, if necessary, and
mixed to uniformity) in flat dish (Ni, Pt, or Al with tight-fit
cover), 2 h at < 70 °C (preferably 60 °C), under pressure
< 50 mmHg. Bleed oven with current of air (drying by pass-
ing through anhydrous CaSOy, P20s, or other efficient desiccant)
during drying to remove H20 vapor. Remove dish from oven,
cover, cool in desiccator, and weigh. Redry 1 h and repeat
process until change in weight between successive dryings at
1-h intervals is < 2 mg.

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

Weigh 5 g of the amino acid into a tared 50-100-ml
platinum dish. Add 5 ml of 10% (by wt) sulfuric acid,
heat gently with a low flame until the sample is well car-
bonized, and then ash in a muffle furnace at about
550 °C. Cool, add 2-3 ml of 10% sulfuric acid, evapo-
rate on a steam bath, dry on a hot plate, and ignite at
80025 °C for 15 min.

Heavy Metals (as 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(NO;),, and 1 ml 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 ug 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, HCIl, 6 M solution.

5. Acetic acid, glacial, C.P.

Procedure

1. To a 2-g sample in a small casserole, add 1 ml 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 1 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 ug of
lead.

equivalent lead (ug)
mass of sample (g)

X 10~ = % heavy metals

Ultimate Analyses

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% .

Specific 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 Clough, Lutz, and Jirgenson. This rule
applies only to those «-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 D-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 e-asymmetric
center as determined by calculations developed by
Winitz, Birnbaum, and Greenstein, J. Am. Chem. Soc.,
77, 716 (1955).

fely = 00

where [a]t, is the specific rotation at ¢ 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,

I is the length of the polarimeter tube in decimeters,
and

t is the temperature.
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The D-line 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
HCI is employed, a large excess is often necessary to
insure 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.

Paper Chromatography* ¢

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 heat and strong light during their application to the
paper and to develop the chromatograms immediately
after the spot has dried.

Spotting with 50 pg of the amino acid is recom-
mended. The following solvents and color reagents are
used for developing and staining:

Solvents

1. 88% w/v Phenol-H,O = 100:20 v/v. Add 15
mg of 8-quinolinol per 100 ml. Run in the presence of
100 ml of 2 M NH,OH.

2. 1-Butanol-Acetic Acid—-H,O = 450:50:125 v/v.

3a. 2-Butanol-3.3% aq NH,OH = 150:60 v/v.
Aqueous NH,OH is prepared by diluting 65 ml of 14.8
M NH,OH to 500 ml with H,O.

3b. 2-Butanol-3% aq NH,OH = 150:50 v/v (1:6
aq NH,OH atmosphere).

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

5. 2-Methyl-1-butanol-2 M NH,OH = 70:30 v/v.

6. tert-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
Whatman No. 1 and/or Whatman No. 3.

Color Reagents

Ninhydrin for all amino acids: 0.25% w/v in acetone.
Sakaguchi for arginine: 1-Naphthol-hypobromite re-
agent. Prepare a 0.01% w/v solution of 1-naphthol in
cthanol containing 5% w/v urea. Add KOH to 5%
w/v just before spraying. Air dry a few minutes, and
spray lightly with a solution of 0.8 ml of Br; in 100 ml
of 5% w/v KOH.

Nitroprusside for cystine and cysteine: Reagent 1:
Sodium nitroprusside (1.5 g) is dissolved in 5 ml of
1 M H.SO,. Then 95 ml of methanol and 10 ml of
28% ammonia are added. The solution is filtered and
stored in the refrigerator. Reagent 2: Two grams of
NaCN is dissolved in 5 ml of water and diluted to 100
ml with methanol. Prepare fresh.

Pauly for histidine and tyrosine: Reagents: Sulfanila-
mide (1% w/v) in 10% v/v HCl; 5% w/v NaNO,;
half-saturated Na,CO,. Place 5 ml of sulfanilamide
solution and 5 ml of NaNO, in a 100-ml separatory fun-
nel. Shake for 1 min. Then add 50 ml 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
Na,CO, solution. Imidazoles give a deep cherry-red
color.

Ehrlich for tryptophan: A mixture of 1 g of p-dimethyl-
aminobenzaldehyde, 90 ml of acetone, and 10 ml of
concentrated HCl is freshly prepared.

Platinic iodide for cystine, cysteine, and methionine:
Add, in the following order, 4 ml of 0.002 M PtCl,,
0.25 ml of 1 M KI, 0.4 ml of 2 M HCl, and 76 ml 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
NalO,.

Isatin for proline and hydroxyproline: Spray with
0.40% w/v isatin in acetone, dry the chromatogram in
air, and heat it for 10 min in an oven at 70-76 °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 turn

3
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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.

Qualitative Detection of Iodo Compounds
on Paper Chromatograms

Reagents

A. 10% ceric sulfate, Ce(HSO,),, w/v in 10%
H,SO, v/v.

B. 5% w/v aqueous sodium arsenite (Na,AsO,).

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 ug of iodine.

Estimation of Carboxyl Groups (Van Slyke)

Principle

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

1
C OH
W o0
R:CH(NH,)COOH + /C\ — R:CHO + NH, +CO.
OH

5

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
flasks without lips, one for the reaction and one for
standard Ba(OH),. The flasks 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 (OH).. 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
BaCl, prepared in CO,-free water. Three milliliters of
the standard baryta should be titrated with M/7 HCl 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 HCI; add phenolphthalein.
This is the color to which the Ba(OH), is titrated.

Method

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

2. Removal of preformed CO,. To 1-5 ml of solu-
tion in the 25-ml Erlenmeyer flask, add 50 to 100 mg
of either pH 2.5 or 4.7 citrate buffer and 1 drop of alco-
hol. Boil off preformed CO,. Stopper and cool to 15 °C.
In the meantime, remove CO, from titration flask by a
stream of CO,-free air. Add 3 ml of 0.125 M Ba(OH).
to the titration flask.

3. Oxidation. Add 50 to 100 mg of ninhydrin to re-
action flask. Connect to Ba(OH), 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 CO,. Cool the Ba(OH), flask in
water, but keep the reaction vessel at 100 °C. Shake for
3 min to facilitate the distillation and absorption of all
CO..

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

1 ml M/7 HCI = 1 mg of carboxyl nitrogen
= 0.857 mg of carboxyl carbon

Estimation of Amino Group
(Van Slyke, Modified by Sobel)

Principle

Ammonia resulting from the oxidative deamination of
amino acids with ninhydrin is acrated 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. H,0,: 30% w/v.

5. Saturated KOH: To a cylinder containing water,
under mineral oil 1-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,BO, is diluted to
1 liter with water. Add 20 ml of indicator per liter.

8. Hydrochloric acid: Standard 0.0714 M HCL.

Method

Place 1 ml 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 heat-
ing, shake to dissolve the ninhydrin. At the end of 10
min, add 3 drops of 30% w/v H,0,, shake, and heat 3
min longer.

Set up the tubes for aeration. Add 1 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
with HCI.

Volume of 0.0714 M HCI (ml) x 1,000
= mass of amino acid N (mg)

Estimation of Amino Group (Titration)’
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 ml 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 Na,CO, (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 ml 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

mass of NazCOs (g)
0.0530 x volume of perchloric acid (ml)
= molar concentration of HCIO4 (M)

volume of perchloric acid (ml) X molar concentration (M) X
Mol. Wt. of amino acid x 100

sample mass (g)

= % of amino acid

Comment

As the HCIO,—CH,COOH mixture has a high coeffi-
cient of expansion, it should be standarized each time it
is used.

Estimation of Carboxyl Group (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 ml of HCHO
and titrate with 1 M NaOH using a pH meter to follow
the reaction. The endpoint is where addition of 0.1 ml
of NaOH causes a marked increase in pH. Correct for
the reagent blank by titrating 100 ml of HCHO to the
same pH as the endpoint.

Calculation

net volume of 1M 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
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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) pL-leucine (11.78 um) in the epimeric mixture
of L-isoleucine with D-alloisoleucine, (b) the epimeric
mixture of L-isoleucine and D-alloisoleucine (12.48 um)
in DL-leucine, and (c¢) pL-allothreonine (9.95 or 11.99
pm) in DL-threonine. Minimum detectable amounts
are about 0.5% in the leucine—isoleucine pairs and
about 2% of allothreonine in threonine.

Ultraviolet 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 nm, 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 nm and
278.0 nm, respectively, and the minimum is 1,930 at
242.0 nm.

Determination of Optical Purity with L- or
D-Amino Acid 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 p- and
meso-cystine as a result of some racemization by the
boiling HCI 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
D-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 D-amino acid oxidase as fol-
lows: To each of four Warburg vessels are added 1,000
pmol of the isomer to be tested, and to two of these
flasks 1 pmol of the optical enantiomorph is also intro-
duced. To these four flasks, 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 ul) of a crude p-amino acid oxidase
preparation from hog kidney is placed in the side arm
of all six vessels. Crude p-amino acid oxidase prepara-

6

tions usually contain sufficient catalase to make addition
of this enzyme unnecessary. After a 10- to 15-min equili-
bration period, the flasks are tipped, and the gas evo-
lution or consumption is noted from time to time until
the reaction has ended (15 to 120 min). Ten micro-
moles of an optically pure, completely susceptible
amino acid consumes 112 ul of oxygen gas or evolves
224 yl of carbon dioxide gas, under standard conditions.
This method is obviously applicable only where 1 pmol
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 pumol of the L isomer alone should con-
sume less than 1 umol of O, but the added 1 umol
of p 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 a D-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 Warburg 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 hot-water-jacketed fun-
nel. The hot filtrate may then be chilled without further
treatment (for proline or tryptophan, for example), or


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

Amino Acids and Related Compounds

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.

Ion-Exchange Chromatography

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.”®

Color of Solution

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
nm; one which is substantially clear and colorless should
show more than 95%.
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N-Acetyl-DL-glutamic Acld / N-Acetyl-L-histidine

AA-1 / AA4

AA-1 HOOC- CH,CH, CH(NHCOCH5) COOH
N-Acetyl-DL-glutamic Acid

Ac-DLGlu

Formula: Cﬁ;HnNOI

Formula Wt.: 189.17
Cale. 7: C,44.44; H, 586; N, 7.41; 0,42.29

Source or Method of Preparation: Synthetic, via acetylation of
pL-glutamic acid, or acetylation of L-glutamic acid followed by
racemization of the N-acetyl-L-glutamic acid so derived.

Bibliography: M. Bergmann and L. Zervas, Blochem. Z., 203, 280 (1928); 1. P.
Greensteln and M. Winitz, Chemistry of the Amino Acids, John Wiley & Sons,
Inc., New York (1961), p. 1948,

Specific Rotation: None,

Homogeneity: Paper-chromatographic evidence for purity should
be presented from a minimum of two solvent systems that will
permit the detection of small amounts of the most likely impurity:
glutamic acid.

Technique and results are to be presented by the supplier.

Volatile Matter: Not more than 0.37].

Water-Insoluble 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.

Ash (sulfated): Less than 0.17%.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Imparities: N-Acetyl-L-glutamic acid, L-glutamic acid, pL-
glutamic acid.

Crystallization Medium: Minimum amount of boiling water.

Stability and Storage: Stable.

Melting Point: 185 °C.

AA-2 NHCOCH;
N-Acetyl-L-glutamic Acid HOOC- CH,CHy - C~ COOH
Ac-Glu )

Formula: C;H,;NO,
Formula Wt.: 189.17
Cale. 7: C,44.44; H, 5.86; N, 741; 0, 42.29

Source or Method of Preparation: Synthetic, via acetylation of
L-glutamic acid.

Bibliography: M. Bergmann and L. Zervas, Blochem. Z., 203, 280 (1928); J. P.
Greenstein and M. Winitz, Chemistry of the Amino Acids, John Wiley & Sons,

Inc., New York (1961), p. 1948; A. Meister, L. Levintow, R. B. Kingaley, and
J. P. Greenstein, J. Biol. Chem., 192, 535 (1951).

Specific Rotation: —16.6° in water, p = 1 g/100 ml, 1 = 25 °C.

Homogeneity: Paper-chromatographic evidence for purity should
be presented from a minimum of two solvent systems that will
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 of glutamic acid decarboxylase (Clostridium
welchii).

Volatile Matter: Not more than 0.3%,.

Water-Insoluble 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.

Ash (sulfated): Less than 0.1%,.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: L-Glutamic acid.

Crystallization Medium: Minimum amount of boiling water.
Stability and Storage: Stable.

Melting Poiat: 201 °C.

AA-3 H
N-Acetyl-DL-histidine® He” D eH
Pl
Ac-DLHis ? i
Formuala: C;H,,N,O, CH,CH (NHCOCHg) COOH

Formula Wt.: 197.20
Cale. 7: C,48.72; H, 5.62; N, 21.31; 0, 24.34

Source or Method of Preparation: Synthetic, via acetylation of pL-
histidine, or simultaneous acetylation of L-histidine and racemi-
zation.

Bibliography: M. Bergmann and L. Zervas, Biochem. Z., 203, 280 (1928); J. P.
Greenstein and M. Winitz, Chemistry of the Amino Acids, John Wiley & Sons,
Inc., New York (1961), p. 1989.

Specific Rotation: None.
Homogeneity : Determined by paper chromatography.
One dimensional : Solvents 2 and 3. Two dimensional: Method C.
Color reagent: Pauly; indicator dyes (N-acetyl-pi-histidine
should not give a positive ninhydrin reaction).
Ry 0.14, Solvent 2, descending.
R 0.06, Solvent 3, descending.
Rece 0.21, Solvent 2, 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 asa 0.17
w/v solution in ethanol.
Volatile Matter: Not more than 0.3%,
Water-Insoluble 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.
Ash (sulfated) : Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: pL-Histidine, N-acetyl-L-histidine.
Crystallization Medium: Water, then acetone to 807.
Stability and Storage: Stable.
Melting Point: 148 °C for monohydrate.

* Available as monohydrate.

AA-4 H
N-Acetyl-L-histidine® He”
Ac-His 1

Formula: C;H\;N;O,
Formula Wt.: 197.20 CH,-
Cale. %: C, 48.72; H, 5.62;

N, 21.31; O, 24.34

Source or Method of Preparation: Synthetic, via acetylation of
L-histidine.
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AASS [ AA-T

N-Acetyl-DL-iryptophan / DL-Alanine

Bibliography: M. Bergmann and L. Zervas, Biochem. Z., 203, 280 (1928); 1. P.
Greenstein and M. Winitz, Chemisiry of the Amino Ackds, John Wiley & Sons,
Inc., New York (1961), p. 1738.

Specific Rotatlon: +46.2° in water, p = 1 g/100 ml, 7 = 25 °C.
Homogeneity: 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).
Ry 0.14, Solvent 2, descending.
Ry 0.06, Solvent 3, descending.
Racp 0.21, Solvent 2, descending. Race refers to the distance
moved by the compound calculated as the fraction of the dis-
tance moved by bromocresol purple, which is appliedasa 0.1%
w/v solution in ethanol.
Alternatively, the presence of contaminating L-histidine may be
detected by the use of snake venom L-amino acid oxidase (Crora-
lus adamanteus).
Volatile Matter: Not more than 0.3%,.
‘Water-Insoluble 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.
Ash (sulfated): Less than 0.1,
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: L-Histidine.
Crystalization Medium: Water, then acetone to 80%.
Stability and Storage: Stable.
Melting Point: 169 °C for monohydrate.

* Avallable as moochydrate.

AA-5
N-Acetyl-pDL-tryptophan
Ac-DLTrp

CH,CH (NHCOCHy) COOH
Formula: C;;H, N0,
Formula Wt.: 246.27

Cale. 7,: C, 63.40; H, 5.73; N, 11.38; O, 19.49

ZX

Source or Method of Preparation: Synthetic.

Biblography : J. P. Greensteln and M. Winitz, Chemistry of the Amino Acids, John
Wiley & Sons, Inc., New York (1961), pp. 2330-2336.

Specific Rotation: None.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvent 5.
Color reagent: Ehrlich.
R; 0.46, Solvent 5, ascending.
Volatile Matter: Not more than 0.3%.
Water-Insoluble 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
Ash (sulfated): Less than 0.17.
Heavy Metals (as Pb): Less than 20 ppm.
Likely Impurities: pL-Tryptophan,
Crystallization Medium: Ethanol, then water to excess.
Stability and Storage: Stable.
Melting Point: 206 °C.

AA-6 H
N
N-Acetyl-L-tryptophan NRCOCH,
Ac-Trp CHz‘f‘COOH
H
Formmla: C,;H,N;0,
Formmla Wt.: 246.27

Cale. 7,: C, 63.40; H, 5.73; N, 11.38; O, 19.49

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

Bibliography : J. L. Warnell and C. P. Berg, J. Am. Chem. Soc., 76, 1708 (1954);
V. du Vigneand and R. R. Sealock, J. Biol. Chem., 96, 511 (1932); C, P. Berg.
J. Biol. Chem., 100, 79 (1933); J. P. Greenstein and M. Winitz, Chemisiry of the
Amino Acids, John Wiley & Sons, Inc., New York (1961), p. 2726.

Specific Rotatlon: +30.1° in water containing 1 equivalent of
NaOH, p = 1 g/100 ml, 1 = 25 °C.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvent 5.
Color reagent: Ehrlich,
Ry 0.46, Solvent 5, ascending.
Volatile Matter: Not more than 0.3%.
Water-Insoluble 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
Ash (sulfated): Less than 0.1 7.
Heavy Metals (as Pb): Less than 20 ppm.
Likely Impurities: L-Tryptophan, N-acetyl-p-tryptophan.
Crystallization Medium: Water,
Stability and Storage: Stable,
Melting Point: 188 °C.,

AA-T CH3CH (NHp) COOH

DL-Alanine
DLAla

Formmla: C;H;NO,
Formula Wt.: 89.09
Cale, %: C, 40.44; H, 7.92; N, 15.72; O, 35.92

Source or Method of Preparation: Synthetic.
Specific Rotation: None.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvent 2. Two dimensional: Methods A and
B.
Color reagent: Ninhydrin.
Ry 0.45, Solvent 2, ascending.
Racp 0.32, Solvent 2, descending. Rpcp 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-Insoluble 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.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: 2, 2'-Iminodipropionic acid, )
Crystallization Medium: Water, then ethanol to 809, v/v, or water—
ethanol (1:4 v/v).
Stability and Storage: Stable.
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L-Alanine / L-Argisinosuccisic Acid

AAS [ AA-LL

AA-8 NHe
L-Alanine CH;-?- COOH
Ala H
Formula: C;H,NO,

Formula Wt.: 89.09

Cale. 7: C, 40.44; H, 7.92; N, 15.72; O, 35.92

Source or Method of Preparation: Resolution of synthetic, or from
natural sources.

Specific Rotation: +14.7° in 1.0 M HCl, p = 5.8 g/100 ml, =
15°C.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvent 2. Two dimensional: Methods A and
B.
Color reagent: Ninhydrin.
Ry 0.45, Solvent 2, ascending.
Rscp 0.32, Solvent 2, descending. Racp refers to the distance
moved by the amino acid cakculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1%
w/v solution in ethanol.
Volatile Matter: Not more than 0.3 7.
Water-Insoluble Matertal: 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.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: 2, 2’-Iminodipropionic acid, vitamin B
Crystallization Medium: Water, then ethanol to 809 v/v, or water—
ethanol (1:4 v/v).

Stability and Storage: Stable.
NHCOCH *H
NHCOCH,CHoNH, « HNO

AA-9 CH!-?-COOH

L-Anserine Nitrate H

Formula: Cp;Hy;N;O; (;'”!

Formula Wt.: 303.28 LN

Cale. %: C, 39.60; H, 5.65; E <.:|-|

N, 23.10; 0,31.65 HC— N

Source or Method of Preparation: Synthetic.

Bibliography : O, K. Behrens and V. du Vigneaud, J. Biol. Chem., 120, 517 (1937);
J. P. Greenstein and M. Winitz, Chemistry of the Amino Acids, John Wiley &
Sons, Inc., New York (1961), pp. 74-75, 1521-1522.

Specific Rotation: +12.2° in water, calkulated as free anserine,
p=5g/100 ml, r = 30 °C.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvents 4 and 6.
Color reagent: Ninhydrin.
R; 0.29, Solvent 4, ascending.
Ry 0.34, Solvent 6, ascending.
Volatile Matter: Not more than 0.3%.
Water-Insoluble Material: Gives a clear colorless solution in water.
Ash (sulfated): Less than 0.1 7.
Heavy Metals (as Pb): Less than 20 ppm.
Likely Impurities: 1-Methylimidazole-5-alanine, histidine.
Crystallization Medium: Dilute methanol.
Stability and Storage: Stable.
Meiting Point: 225 °C.

10

AA-10 NMye HCI

L-Arginine Hydrochloride®  vw=¢ Wy
Arg-HCl HN~CHyCHy Chy -G COO
Formula: C;H,,CINO, H
Formula Wt.: 210.67

Cale. 7,: C, 34.21; H, 7.18;
Q1,16.83; N, 26.60; 0, 15.19

Source or Method of Preparation: Gelatin, blood meal, seed globu-
lins.

Specific Rotation: +26.9° in 6 M HC], cakulated as free L-arginine,
p=2g/100 ml, r = 25 °C.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvent 2. Two dimensional: Methods A and
B.
Color reagent: Ninhydrin.
Ry 0.26, Solvent 2, ascending.
Racr 0.09, Solvent 2, descending. Racp refers to the distance
moved by the amino acid calkculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.17]
w/v solution in ethanol.
Volatile Matter: Not more than 0.5%,
Water-Insoluble 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.
Ash (sulfated): Less than 0.17%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Ornithine.
Crystallization Medium: Water pH 5 to 7, then ethanol to 807 v/v.
Stability and Storage: Stable if kept dry.

* Also available as free L-arginine: Formula Wt.: 174.21; N = 32.16 %.

AA-11 Iil
L-Argininosuccinic Acid HOOC-C - CHy - COOH
Arg(Suc) NH

|
Formula: CisHuN.O, i He

N
]

Formula Wt.: 290.28 HN= (CHy )}y —C ~ COOH

Cale. 7: C, 41.37; H, 6.25; !

N, 19.30; O, 33.07

= o

Source or Method of Preparation: Biosynthetic. Isolated as the
amorphous alkaline barium salt.

Bibliography: 5. Ratner, W. P, Anslow, Ir., and B. Petrack, J. Biol. Chem., 204,
115 (1953).

Specific Rotatlon: +16.4° in H,0, p = 2.90 g/100 ml, 1 = 24 °C;
+5.2°in0.5MHCQL, p = 290 g/100 ml, r = 24°C; +26.6°in 0.5
M NaOH, p = 2.90 g/100 ml, r = 24 °C.

Homogeneity : Determined by paper chromatography.

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

R 0.38, Solvent 1, ascending.

Ry 0.22, Solvent Py, ascending.
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AA-12 [ AA-14

L-Argininosuccinic Anhydride / DL-Aspartic Acld

Volatile Matter: Cannot be heated without change,
Water-Insoluble 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.

Ash (sulfated): Less than 0.1%.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: Fumaric acid. Readily undergoes ring closure to
the anhydride at neutral or acid pH.!

Crystallization Medium: Water, then ethanol to 607,

Stability and Storage: Stable as solid barium salt when stored at
0-5 °C under anhydrous conditions.

Additional Information Desirable: Colorimetric estimation.?

1. 8. k, and O. Rochovansky, J. Biol. Chem., 204, 95 (1933).
2. S. Ratner, H. Morell, and E. Carvalho, Arch. Biochem, Blophys., 91, 280 (1960).

AA-12
L-Argininosuccinic Anhydride

Formula: CyoH {N/Oy
Formumla Wt.: 272.26
Cale. 7,: C,44.11; H, 5.92; N, 20.58; O, 29.38

H
Hooc-t::—c\u, "

': ,C=o 0=?—?-Cﬂa-cwﬂ

C—NH i

] YHe
| NH, HN=(CHz)3~C - COOH
HN - (CHg)3=C - COOH H
H
) | m

Source or Method of Preparation: From solutions of argininosuc-
cinic acid allowed to stand at neutral pH (anhydride II) or acid
pH (anhydride III).

Bibliography: S. Ratner, B. Petrack, and O. Rochovansky, J. Biol. Chem., 204, 95
(1953); R. G. Westall, Biochem. J., T7, 135 (1960).

Specific Rotation of II: —10.0° in HyO, p = 2.72 g/100 ml, 7 = 23
°C; +8.9°in 0.5 M HCl, p = 2.72 g/100 ml, 1 = 23 °C; 45.2° in
0.5 M NaOH, p = 2.72 g/100 ml, ¢ = 23 °C.

Homogeneity : 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, followed by Solvent 1.
Color reagent: Ninhydrin,
R 0.39 Anhydride II, 0.49 Anhydride III, Solvent 1, ascending.
R¢0.38 Anhydride II, 0.25 Anhydride I1I, Solvent Py, ascending,

Volatile Matter: Cannot be heated without change.

Water-Insoluble 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.

Ash (sulfated): Less than 0,1%.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: In solution, various mixtures of anhydride II,
anhydride III, and argininosuccinic acid are developed, depend-
ing on pH and temperature.

Crystallization Medium: Water, then ethanol to 70%, v/v.

Stability and Storage: Stable.

Additional Information Desirable: Anhydride III, but not anhydride
11, may be estimated colorimetrically.!

Reforencs

1. S. Ratner, H. Morell, and E. Carvalho, Arch. Blochem. Biophys., 91, 280 (1960).

AA-13 N
L-Asparagine Monohydrate® NH,COCH,~C~COOH * H,0
Asn-H2z0 or Asp(NH3)-Hz0 A

Formula: C,H;,N,O,

Formula Wt.: 150.14
Cale. 7: C, 32.00; H, 6.71; N, 18.66; O, 42.63

Source or Method of Preparation: Lupine seedlings.

Specific Rotatlon: +32.6° in 0.1 M HCQ], calculated as asparagine,
p=1g/100 mi, r = 20 °C.
Homogenelty : Determined by paper chromatography.
Two dimensional: Methods A and B.
Color reagent: Ninhydrin,
R 0.53, Solvent 1, descending.
Recp 0.11, Solvent 2, descending. Recp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1%
w/v solution in ethanol.
Assay: Amide nitrogen (2 M HCI, reflux for 2 h): 9.4%.
Volatile Matter: Not more than 12%,.
Water-Insoluble Material: 5 g in 50 m] of dilute HCI has a turbidity
not greater than that given by 0.4 mg of BaSO, in 50 ml of water.
Ash (suifated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Aspartic acid, tyrosine.
Crystallization Medium: Water, or water and ethanol.
Stability and Storage: Slowly effloresces in dry air.

* Also avallable as anhydrous L-asparagine : Formula Wt 13212; N = 21.21 %.

AA-14 HOOC - CH,CH (NH,) COOH

DL-Aspartic Acid
DLASp

Formmla: C,H;NO,
Formula Wt.: 133.10
Cale. %: C, 36.09; H, 5.30; N, 10.52; O, 48.08

Source or Method of Preparation: Synthetic.

Specific Rotation: None.

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

11
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L-Aspartic Acld / Creatine Monohydrate

AA-15 [ AA-18

Color reagent: Ninhydrin,
R; 0.25, Solvent 1, ascending.
Ry 0.22, Solvent 2, descending.
Recp 0.11, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1%
w/v solution in ethanol.
Volatile Matter: Not more than 0.3%.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Crystallization Medium: Water, then ethanol to 807 v/v.
Stability and Storage: Stable.

AA-15 l'imz
L-Aspartic Acid HOOC — CH,—C — COOH
Asp '

H

Formula: C,H;NO,
Formula Wt.: 133.10
Calc. %: C, 36.09; H, 5.30; N, 10.52; O, 48.08

Source or Method of Preparation: Natural sources, or hydrolysis of
L-asparagine.

Specific Rotation: +25.4° in 5 M HCl, p = 2 g/100 ml, ¢t = 25 °C.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 1. Two dimensional: Methods A and
B.
Color reagent: Ninhydrin,
R 0.25, Solvent 1, ascending.
R 0.22, Solvent 1, descending.
Rece 0.11, 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 asa 0.1
w/v solution in ethanol.
Volatile Matter: Not more than 0.3 %,
Water-Insoluble 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.
Ash (sulfated): Less than 0.1 7.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Glutamic acid, NH,Cl, cystine, asparagine,
Crystallization Medium: Water, then ethanol to 80%, v/v.
Stability and Storage: Stable.

AA-16 rfucocazcrc,unz
L-Carnosine CHp -(I: =COOH
H
Formula: C;H;(N,O; H
Formula Wt.: 226.24 e
Cale. 77: C, 47.78; H, 6.24; M
N, 24.77; 0, 21.22 HC—N

Source or Method of Preparation: Synthetic, from histidine.

Bibliography: R. H. Sifferd and V. du Vigneaud, J. Biol. Chem., 108, 753 (1933);
N. C. Davis and E. Smith, Biochem. Prep., 4, 38 (1955); J. P. Greenstein and
M. Winitz, Chemistry of the Amino Acids, John Wiley & Sons, Inc., New York
(1961), pp. 74, 1521.
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Specific Rotation: +20.5° in water, p = 2 g/100 ml, r = 25 °C.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvents 4 and 5.
Color reagent: Pauly,
Ry 0.24, Solvent 4, ascending.
R¢ 0.32, Solvent 5, ascending.
Volatile Matter: Not more than 0.3%.
Water-Insoluble Material: Gives a clear colorless solution in water.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Less than 20 ppm.
Likely Impurities: Histidine, g-alanine,
Crystallization Medium: Water, then ethanol to excess.

Stability and Storage: Stable.

AA-17 Wrls

L-Citrulline NHzcouHCHZCH,cHz-cl:-GOOH
H

Formmla: GH;N,0,
Formmla Wt.: 175.19
Cale. %: C, 41.13; H, 7.48; N, 23.99; O, 27.40

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

Bibliography: L. H. Smith, J. Am. Chem. Soc., T7, 6691 (1955); P. B. Hamilton and
R. A. Anderson, Biochem. Prep., 3, 100 (1953); J. P. Greenstein and M. Winitz,
Chemistry of the Amino Acids, John Wiley & Soms, Inc., New York (1961),
PD. 2492-2494.

Specific Rotatlon: +4.0° in water, p = 2 g/100 ml, r = 25 °C;
+24.2°in M HCl, p = 2g/100 ml, ¢ = 25°C; +17.5° in glacial
acetic acid, p = 2 g/100 ml, ¢ = 25 °C.

Homogeneity : Determined by paper chromatography.

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

R; 0.46, Solvent 1, ascending.

Ry 0.46, Solvent 5, ascending.

Volatile Matter: Not more than 0.3%.

Water-Insoluble Material: Gives a clear colorless solution in water.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: Ornithine, arginine.

Crystallization Medium: Water, then 5 volumes of ethanol.

Stability and Storage: Stable.

AA-18 CH3NCH,COOH * H;0
Creatine Monohydrate HN=CNH,
Formwla: C,HuN;O4

Formula Wt.: 149.15
Calc. %: C, 32.21; H, 7.43; N, 28.18; O, 32.18

Source or Method of Preparation: Synthetic.

Specific Rotation: None.

Homogeneity : Determined by paper chromatography.
One dimensional: Solvents 1 and 3. Two dimensional: Method B,
Color reagent: Heat at 100 °C for 1 h to convert into creatinine,
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AA-19 [ AA21

Creatinine / L-Cysteine Hydrochloride Monohydrate

then spray with freshly prepared mixture of either 109, 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 15 m] with water.
R; 0.90, Solvent 1, descending.
Racr 1.08, Solvent 1, descending. Rpcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is appliedasa 0.1%
w/v solution in ethanol.

Volatile Matter: Loses water of hydration at 105 °C.

Water-Insoluble Material: Gives a clear colorless solution in water.

Ash (sulfated): Not more than 0.1%.

Heavy Metals (as Pb): Not more than 50 ppm.

Likely Impurities: Creatinine and other guanidino compounds.

Crystallization Medism: Water,

Stability and Storage: Stable.

Additional Information: Gives a negative color reaction with picric

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

AA-19 /NH -CO0
Creatinine HN= c\

HsCN — CH,
Formula: CH;N;O

Formula Wt.: 113.12
Cale. 7: C,4247; H, 6.24; N, 37.15; O, 14.14

Source or Method of Preparation: Synthetic.

Specific Rotation: None,
Homogeneity : Determined by paper chromatography.
One dimensional; Solvents 1 and 2, Two dimensional: Method A.
Color reagent: Spray with freshly prepared mixture of either 107
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 15 ml with water.
R 0.97, Solvent 1, descending.
Race 0.56, Solvent 3, 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 asa 0.1 %
w/v solution in ethanol,
Volatile Matter: Not more than 0.3%7.
Water-Insoluble Material: Gives a clear colorless solution in water
Ash (suifated): Not more than 0.05%.
Heavy Metals (as Pb): Not more than 30 ppm.
Likely Impurities: Creatine, ammonium chloride.
Crystallization Medium: Dilute hydrochloric acid followed by
neutralization with ammonium hydroxide.
Water, then excess of acetone.
Stability and Storage: Stable when stored under anhydrous condi-
tions,
Additional Information: Gives a negative color reaction with
1-naphthol and 2,3-butanedione, and a positive color reaction
with picric acid.

M-Zﬂ TH:
L-Cysteic Acid* HO3S—CHy,—C—COOH
Cys(O:H) .'1

Formula: C,H;NO,;S
Formala Wt.: 169.16
Calc. %:C, 21.30; H,4.17; N, 8.28; 0, 47.29; S, 18.96

Source or Method of Preparation: Synthetic, via oxidation of cystine
with bromine.

Bibliography : E. Freldmann, Beitr, Chem. Physiol. Pathol., 3, 1(1903); H. T. Clarke
and J. M. Inouye, J. Biol. Chem,, 94, 541 (1931-32); J. P. Greensteln and M.

Winitz, Chemistry of the Amino Acids, John Wiley & Sons, Inc., New York
(1961), p. 1908.

Specific Rotation: +8.7° in water, calculated as monohydrate,
p=7g/100 ml, 1 = 20 °C.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvents 1 and 2. Two dimensional: Method A.
Color reagent: Ninhydrin.
R 0.04, Solvent 1, descending.
R; 0.01, Solvent 2, descending.
Racp 0.05, Solvent 1, 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 asa 0.1%
w/v solution in ethanol.
Volatile Matter: Not more than 0.3 7.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Cystine, oxides of cysteine,
Crystailization Medium: Water, then 2 volumes of ethanol.
Stability and Storage: Stable.

* Avallable as the monohydrate.

AA-21
L-Cysteine Hydrochloride Monchydrate*
Cys-HCI1-H:0

TH: . HCI
Formmla: CyH;,CINO:S HSCH,—C~ COOH * H,0
Formula Wt.: 175.64 |
Cale. %: C, 20.51; H, 5.74; Cl, 20.19; H

N, 7.98; O, 27.33; S, 18.26.

Source or Method of Preparation: Reduction of cystine.

Specific Rotation: +6.53° in 5 M HCI, cakulated as cysteine,
p=2g/100 ml, r = 25 °C.
Homogeneity: Determined by paper chromatography.™
One dimensional: Solvent 2.
Two dimensional: Method A, after condensing with N-ethyl-
maleimide.
Color reagent: Ninhydrin,
Specific reagent: Nitroprusside,
R; 0.08, Solvent 2, ascending.
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L-Cystine / 3-(3,4-Dihydroxyphenyl)-L-alanine AA-22 | AA-24
Volatile Matter: Cannot be dried by aoac method without decom- AA-23
position. 3,4-Dihydroxyphenyl)-DL-alanine
Water-Insoluble Material: 5 g in 50 ml of dilute HCI has a turbidity EP;IG(OP:)Q ol'y yD-
not greater than that given by 0.4 mg of BaSO, in 50 ml of water. DLDopa
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm. Formula: C,H, NO, HO CH,CH (NHp) COOH

Likely Impurities: Cystine, tyrosine, H,S.

Crystallization Medium: Methanol, then ether (peroxide-free).

Stability and Storage: Decomposes and oxidizes slowly; hygro-
scopic.

Reforsmce

1. R. J. Block, E. L. Durrum, and G. Zwelg, Paper Chromatography and Paper
Electrophoresis, Academic Press Inc,, New York (1958).

* Also available as anhydrous Lcysteine: Formula Wt 121.16; N = 11.56%.

AA-22 NH,
L-Cystine SCH,~C ~ COOH
| e | |
Cys Cys H
"I""a
Formula: CGHisN:OS, SCHp—C— COOH
Formmla Wt: 240.30 |
Cale. %: C, 29.99; H, 5.03; N, 11.66; H
0, 26.63; S, 26.68

Source or Method of Preparation: Hair and wool wastes
Specific Rotation: —212° in 1 M HCl, p = 1 g/100 ml, ¢ = 25 °C.

Homogeneity: Determined by paper chromatography.

One dimensional: Solvent 2.

Color reagent: Ninhydrin.

Specific reagents: Nitroprusside—NaCN.
R; 0.12, Solvent 2, ascending.
Recp 0.03, Solvent 2, descending. Racp refers to the distange
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1%
w/v solution in ethanol.

Volatile Matter: Not more than 0.3%,.

Water-Insoluble 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.

Ash (sulfated): Less than 0.1%.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: p-Cystine, meso-cystine, tyrosine, L-Cystine and
meso-cystine can be distinguished by infrared spectroscopy® or
by column chromatography't and separated by recrystallization
of the hydrochlorides.?

Crystallization Medium: 1.5 M HCI, then NH,OH to neutrality.

Stability and Storage: Stable.

References

1. N. Wright, J. Biol. Chem., 120, 641 (1937).
2. H. 8. Loring and V. du Vigneaud, J. Biol. Chem., 102, 287 (1933).

* See “Infrared Spectroscopy,” p. 5.
t See “lon-Exchange Chromatography,” p. 7.
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Formmula Wt.: 197.19
Cale. %: C, 54.82; H, 5.62;
N, 7.10; O, 32.46

Source or Method of Preparation: Synthetic.

Bibliography : J. P. Greenstein and M. Winite, Chemistry of the Amino Acids, John
Wiley & Sons, Inc., New York (1961), pp. 2713-2718.

Specific Rotation: None.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvent 2.
Color reagent: Ninhydrin.
Specific reagent: Freshly prepared 0.5%, w/v sodium 1,2-naph-
thoquinone-4-sulfonate in 0.2 M borate buffer, pH 8.9.
Ry 0.16, Solvent 2, descending.
Recr 0.21, Solvent 2, descending. Rpcp refers to the distance
moved by the compound calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 7]
w/v solution in ethanol.
Volatile Matter: Not more than 0,3%.
Water-Insoluble 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.
Ash (sulfated): Less than 0.2%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Vanillin, hippuric acid, 3-methoxytyrosine.
Crystallization Medium: Dilute hydrochloric acid, then dilute am-
monium hydroxide to pH 5.
Stability and Storage: Unstable in aqueous alkali.

AA-24
3-(3,4-Dihydroxyphenyl)-L-alanine
Phe(OH); or Dopa

Formmla: GH,;;NO,

e
HO-Q CHp~C~COOH
Cale. %: C, 54.82; H, 5.62; HO' H

Formumla Wt.: 197.19
N, 7.10; O, 32.46

Source or Method of Preparation: Synthetic, from L-tyrosine, reso-
lution of the racemate, or natural sources, e.g., velvet beans.

Bibli by : T. Torquat, Arch. Far ol. Sper., 15, 308 (1913); M. Guggenbeim,
Z. Physiol. Chem., 88, 276 (1913); E. Waser and M. Lewandowski, Helv. Chim.
Acta, 4, 657 (1921); C. R. Harington and S. 5. Randall, Biochem. J., 15, 1029
(1931); K. Vogler and H. Baumgartner, Helv, Chim. Acta, 35, 1776 (1952); J. P.
Greenstein and M. Winitz, Chemisiry of the Amino Acids, John Wiley & Sons,
Inc., New York (1961), pp. 68-69, 2714-2718.

Specific Rotation: —12.0° in 1 M HCl, p = 2 g/100 ml, ¢ = 25 °C.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvent 2.
Color reagent: Ninhydrin,
Specific reagent: Freshly prepared 0.5% w/v sodium 1,2-naph-
thoquinone-4-sulfonate in 0.2 M borate buffer at pH 8.9.
R; 0.16, Solvent 1, descending.
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AA-28 [ AA-2T7

3,5-Dilodo-L-tyresine / L-Glutamic Acid

Racp 0.21, Solvent 1, descending. Race refers to the distance
moved by the compound calkculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1%
w/v solution in ethanol.
Volatile Matter: No more than 0.3%.
Water-Insoluble Material: 5 g in 50 ml of dilute HCI has a turbidity
not greater than that given by 0.4 mg of BaSQ, in 50 ml of water.
Ash (sulfated): Less than 0.2%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Vanillin, hippuric acid, 3-methoxytyrosine, tyro-
sine, 3-aminotyrogine.
Crystallization Medium: Dilute hydrochloric acid, then dilute am-
monium hydroxide to pH 5.
Stability and Storage: Unstable in aqueous alkali,

AA-25 1 :
3,5-Dilodo-L-tyrosine \"e
T,'I'ﬂ 3) |'|° CH!" ? - COOH

H
Formula; GH,I;NO, 1

Formaula Wt.: 432.99
Cale. %: C, 24.96; H, 2.10; I, 58.62; N, 3.24; O, 11.09

Source or Method of Preparation: Iodination of tyrosine.

Specific Rotation: +1.5° in 1| M HCl, p = 5 g/100 ml, r = 25 °C.
Homogeneity: Determined by paper chromatography.,
One dimensional: Solvent 3b. Two dimensional: Method C,
Color reagent: Ninhydrin,
Specific reagents: Ce(HSO), + NaAsO,.
R 0.29, Solvent 3b, descending.
R; 0.16, Solvent 3, descending.
Recp 0.87, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 %
w/v solution in ethanol,

Volatile Matter: Not more than 0.5%.

Water-Insoluble Material: 5 g in 50 ml of dilute NaOH has a tur-
bidity not greater than that given by 0.4 mg of BaSO, in 50 ml of
water.

Ash (sulfated): Less than 0.1%.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: Tyrosine, 3-iodotyrosine, iodide, iodine.

Crystallization Medium: Cold dilute NH,OH, then acetic acid to
pH 6.

Stability and Storage: Decomposes slowly to liberate iodine and
iodide.

AA-26
L-Ethionine [L-2-Amino-4-(ethylthio)butyric Acid]

Formula: C;H;;NO,S TH:

Formmla Wt.: 163.24 -

Cak. %: C, 44.15; H, 8.03; CHy ChBCHpCHy 0~ CO0H
N, 8.58; O, 19.60; S, 19.64 H

Source or Method of Preparation: Synthetic, from L-methionine, or
resolution of the racemate,

Bibliography: S. M. Birnbaum, L. Levintow, R. B. Kingsley, and J. P. Greensteln,
J. Biol. Chem., 194, 455 (1952); H. M. Dyer, J. Biol. Chem., 124, 519 (1938);
J. P. Greenstein and M. Winitz, Chemistry of the Amino Acikds, John Wiley &
Sons, Inc., New York (1961), pp. 2658-2659.

Specific Rotatlon: +23.7°in § M HCl, p = 2 g/100 ml, ¢ = 25 °C,
: Determined by paper chromatography.
One dimensional: Solvents 1 and 3. Two dimensional: Method B.
Color reagent: Ninhydrin.
Specific reagent: Platinic iodide.
Ry 0.85, Solvent 1, descending.
Ry 0.16, Solvent 3, descending.
Racp 1.13, Solvent 1, descending. Recp refers to the distance
moved by the compound calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 7
w/v solution in ethanol,
Volatile Matter: Not more than 0.37.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1 %.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: N-acetyl-pD-cthionine, N-acetyl-L-ethionine, L-
methionine, p-ethionine,
Crystallization Medium: Water, then 4 volumes of ethanol.
Stability and Storage: Stable.

AA-27 llmz
L~Glutamic Acid HOOC - CHpCH, -(lz-oooo-t
Glu I-l
Formula: C,H,NO,

Formula Wt.: 147.13
Cale. %: C, 40.81; H, 6.17; N, 9.52; O, 43.50

Source or Method of Preparation: Wheat gluten, beet sugar filtrate.

Specific Rotatlon: +31.5° in § M HCl, p = 2 g/100 ml, 1 = 20 °C.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvent 1. Two dimensional: Methods A and
B.
Color reagent: Ninhydrin.
Ry 0.33, Solvent 1, ascending.
Ry 0.33, Solvent 1, descending.
Rece 0.21, Solvent 2, descending. Racp refers to the distance
moved by the amino acid cakulated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.17;
w/v solution in ethanol.
Volatile Matter; Not more than 0.3%.
Water-Insoluble Material: 5 g in 50 ml of dilute HC1 has a turbidity
not greater than that given by 0.4 mg of BaSO, in 50 ml of water.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Aspartic acid, cystine.
Crystallization Medium: Water, then ethanol to 807, v/v.
Stability and Storage: Stable.
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L-Glutamine / L-Histidine Monohydrochloride Monohydrate

AA28 | AA-31

AA-28 NH
L-Glutamine HaNCOCH,CHp— C - COOH
Gln or Glu(NH2) A
Formmla: CiH,iN;Oy

Formmla Wt.: 146.15
Cale. 7: C, 41.09; H, 6.85; N, 19.17; O, 32.82

Source or Method of Preparation: Synthetic, or beet extract.

Specific Rotatlon: +7.0° in water, p =2 g/100 ml, 1 = 25 °C;
+31.8°in1 M HCl, p = 2g/100 ml, ¢ = 25 °C.
Homogeneity: Determined by paper chromatography.
One dimensional: None. Two dimensional: Methods A and B.
Color reagent: Ninhydrin,
Ry 0.65, Solvent 1, descending.
Recp 0.13, Solvent 2, descending. Rece refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1%
w/v solution in ethanol.
Assays: Amide nitrogen (2 M HCI, refluxing for 2 h, or water at
100 °C for 3 h): 9.6%.
Volatile Matter: Not more than 0.5%.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Glutamic acid, ammonium salt of pyroglutamic
acid,* tyrosine, asparagine, isoglutamine, arginine, nickel.
Crystallization Medium: Water, then ethanol to 807 v/v.
Stability and Storage: Stable; converted into ammonium salt of
pyroglutamic acid in hot water.

* Pyroglutamic acid can be made visible in two-di jonal chr graphy by
spraying with an acid-base indicator.
AA-29 HaNCH,COOH
Glycine
Gly

Formula: C,;H;NO,
Formula Wt.: 75.07
Cale. %: C, 32.00; H, 6.72; N, 18.66; O, 42.63

Source or Method of Preparation: Synthetic.
Specific Rotation: None.

Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 1, Two dimensional: Methods A and
B.
Color reagent: Ninhydrin.
R 0.48, Solvent 1, ascending.
R 0.56, Solvent 1, descending.
Rece 0.15, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 %
w/v solution in ethanol,
Volatile Matter: No more than 0.2%.
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Water-Insoluble 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.

Ash (sulfated): Less than 0.1%;.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: Ammonium salt, iminodiacetic acid and its am-
monium salt, nitrilotriacetic acid, NH,Cl.

Crystallization Medium: Water, then ethanol to 80% v/v.

Stability and Storage: Stable.

AA-30 /n
L-Histidine* I-l(.: \gﬂ
His e—N
Formala: CH,N;O; fiHe
Formula Wt.: 155.16 CH, =G~ COOH
Cale. %: C, 46.44; H, 5.85; N

N, 27.09; O, 20.62

Source or Method of Preparation: Blood meal, hemoglobin.

Specific Rotation: +13.0°in 6 M HCl, p = 1 g/100 ml, ¢ = 25 °C.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvent 2. Two dimensional: Methods A and
B.
Color reagent: Ninhydrin,
Specific reagent: Pauly.
Ry 0.80, Solvent 1, descending.
R:0.22, Solvent 2, ascending.
Recr 0.07, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 %
w/v solution in ethanol.
Volatile Matter: Not more than 0.5% for histidine - HCI.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Arginine.
Crystallization Medium: Water, then ethanol to 80% v/v.
Stability and Storage: Stable.

* Also available as the hydrochloride.

AA-31
L-Histidine Monohydrochloride Monohydrate
His-HCI-H.0 H
VAN
Formula: C;H;sCIN;O, Hf.: EH
Formula Wt.: 209.63 cC—N
Cale. %: C, 34.38; H, 5.77; Cl, 16.91;
N, 20.05; O, 22.90 TH,- HCI
CHa—C~ COOH « g0
H

Source or Method of Preparation: Blood meal, hemoglobin.
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AA-32 / AA-34

L-Homoserine / 5-Hydroxy-L-lysine Monohydrochloride

Specific Rotatlon: +13.0° in 6 M HCI, cakulated as free L-histidine,
p=1g/100 ml, r = 25 °C.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvent 2. Two dimensional: Methods A and
B.
Color reagent: Ninhydrin,
Specific reagent: Pauly.
Ry 0.80, Solvent 1, descending.
Ry 0.22, Solvent 2, ascending.
Racp 0.07, Solvent 2, descending. Rucp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1
w/v solution in ethanol.
Volatile Matter: Not more than 0.5% for histidine - HCI.
Water-Insoluble 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,
Ash (suifated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Arginine.
Crystallization Medium: Water, then ethanol to 807 v/v.
Stability and Storage: Stable.

AA-32
L-Homoserine (2-Amino-4-hydroxybutyric Acid)
Hse

NH,

|
Formula: CH,NO, HOCH,CH,-C —~ COOH
Formula Wt.: 119.12 i-lf

Cale. 7: C, 40.33; H, 7.61; N, 11.76; O, 40.30

Source or Method of Preparation: Resolution of synthetic racemate.

BibHography: S. M. Birnbaum and J. P. Greensteln, Arch. Blochem. Biophys., 42,
212 (1953); M. D. Armstrong, J. Am. Chem. Soc., T1, 3399 (1949); J. P. Green-
stein and M. Winitz, Chemistry of the Amino Acids, John Wiley & Sons, Inc.,
New York (1961), pp. 2612-2616.

Specific Rotation: —8.8° in water, p = 5 g/100 ml, r = 26 °C;
+18.3°in2M HQl, p = 2g/100 ml, r = 26 °C

Homogeneity : Determined by paper chromatography.

One dimensional: Solvents 2 and 3. Two dimensional: Method C,
Color reagent: Ninhydrin.
Ry 0.60, Solvent 1, descending.
R; 0.03, Solvent 3, descending.
Race 0.78, Solvent 1, descending. Rpcp refers to the distance
moved by the compound calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1%
w/v solution in ethanol.

Volatile Matter: Not more than 0.3%,.

Water-Insoluble Material: Gives a clear colorless solution in water,

Ash (sulfated): Less than 0.1%.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: N-(Chloroacetyl)-L-homoserine, N-{chloroace-
tyl)-p-homoserine, p-homoserine, homoserine lactone, homoser-
ine anhydride (diketopiperazine compound).

Crystallization Medium: Water, then 9 volumes of ethanol.

Stability and 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 (NH,) COOH
erythro-3-Hydroxy-DL-aspartic Acid

Formula: CH,NO,

Formula Wt.: 149.10

Cale. 7: C, 32.21; H, 4.73;
N, 9.40; O, 53.65

Source or Method of Preparation: Synthetic, by amination of 3-
chloromalic acid.

Bibliography: H. D. Dakin, J. Biol. Chem., 48, 273 (1921); J. P. Greensteln and
M. Winitz, Chemisiry of the Amino Acids, John Wiley & Sons, Inc., New York
(1961), pp. 214-2135, 2416-2418.

Specific Rotation: None.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvents 1 and 2,
Color reagent: Ninhydrin,
Ry 0.06, Solvent 1, ascending.
R 0.07, Solvent 2, descending.
Racp 0.12, Solvent 2, 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 asa 0.17
w/v solution in ethanol.
Volatile Matter: Not more than 0.3%.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: 3-Chloromalic acid, ammonium chloride, threo-
3-hydroxyaspartic acid.

AA-34
S-Hydroxy-L-lysine Monohydrochloride
Lys(OH)-HCI

Formaula: CH,;CIN/O,
Formula Wt.: 198.65
Cale. %: C, 36.27; H, 7.61; Cl, 17.85; N, 14.10; O, 24.16

OH NH,
HCI + NH,CH,=C - CH,CHp ~C—COOH
H H

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

Bibliography: P. B. Hamilton and R. A. Anderson, Biochem. Prep., 8, 55 (1961);
W. S. Fones, Biochem. Prep., 8, 62 (1961); W. 5. Fones, J. Am. Chem. Soc., 75,
4865 (1953); J. P. Greenstein and M. Winitz, Chemistry of the Amino Acids, John
Wiley & Sons, Inc., New York (1961), pp. 1996-2016.

Specific Rotation: +17.8° in 6 M HC], cakulated as free 5-hydroxy-
L-lysine, p = 2 /100 ml, r = 25 °C. Epimerization lowers the ro-
tation of the product obtained from gelatin hydrolyzates.

Homogeneity : Determined by paper chromatography.

One dimensional: Solvents 1 and 2.

17


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

Hydroxy-L-proline / S-Hydroxy-L-tryptophan

AA-35 [ AA-37

Color reagent: Ninhydrin,
Ry 0.67, Solvent 1, ascending.
R, 0.06, Solvent 2, ascending.
Rucp 0.15, Solvent 3a, descending. Rpcp refers to the distance
moved by the compound calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 7
w/v solution in ethanol.
Volatile Matter: No more than 0 5%.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1%. ’
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: 5-allo-Hydroxy-p-lysine, 5-allo-hydroxy-L-lysine,
histidine, lysine, ornithine.
Mediem: Water, then ethanol to 607 v/v, with fur-
ther additions of ethanol to 907, as crystallization proceeds.
Stability and Storage: Stable.

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

Formala: CGH,NO,
Formmia Wt.: 131.13
Cale. 7: C, 45.79; H, 6.92; N, 10.68; O, 36.61

ZX

COOH

Source or Method of Preparation: Collagen, gelatin.

Specific Rotation: —76.7° in H,0, p = 20 g/100 ml, ¢ = 25 °C.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvent 2. Two dimensional: Methods A and
B.
Color reagents: Ninhydrin and isatin.
Specific reagents: Isatin followed by Ehrlich.
R; 0.74, Solvent 1, descending.
R 0.20, Solvent 2, ascending.
Racp 0.18, Solvent 2, descending. Rscr refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1%
w/v solution in ethanol,
Assays: Amino group (ninhydrin according to Van Slyke): 0.0%.
Volatile Matter: Not more than 0.3%,.
Water-Insoluble 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,
Ash (sulfated): Less than 0.17.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Proline.
Crystallization Medium: Ethanol-methanol (1:1 v/v).
Stability and Storage: Stable.

AA-36
S5-Hydroxy-DL-tryptophan Monohydrate
pLTrp(OH)-H:0

Formula: C,,H,(NO,
Formula Wt.: 238.25
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Cale. 7: C, 55.45; H, 5.92; N, 11.76; O, 26.86

o
” CHaCH (NH,) COOH + H,0

Source or Method of Preparation: Synthetic.

Bibliography: A. Ek and B. Witkop, J. Am. Chem. Soc., 76, 3579 (1954); W. R.
Boechme, J. Am. Chem. Soc., 78, 2502 (1953); G. Frangatos and F. L. Chubb,
Can. J. Chem., 37, 1374 (1959); J. P. Greensteln and M. Winitz, Chemistry of the
Amino Acids, John Wiley & Sons, Inc., New York (1961), pp. 2734-2737.

Specific Rotation: None,
: Determined by paper chromatography.
One dimensional: Solvents 1, 2, 4, and 5.
Color reagent: Ninhydrin.
Specific reagent: Ehrlich.
R; 0.58, Solvent 1, ascending.
Ry 0.17, Solvent 2, ascending.
Ry 0.35, Solvent 4, ascending.
R¢ 0.19, Solvent 5, ascending.
Water-Insoluble Material: Gives a clear colorless solution in water,
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Less than 20 ppm.
Likely Impurities: 5-Benzyloxy-pL-tryptophan.
Crystallization Medium: Water, then ethanol, in a nitrogen atmo-
sphere,
Stability and Storage: Decomposes on contact with air.

Store in an atmosphere of nitrogen.
AA-37 n
5-Hydroxy-L-tryptophan NHp
Trp(OH) " cu,—%-com
H

Formula: C,,;Hy;yN:O,
Formaula Wt.: 220.23
Cale. 7: C. 59.99; H, 5.49; N, 12.72; O, 21.80

Source or Method of Preparation: Resolution of racemate.

Bibliography: A. J. Morris and M. D. Armstrong, J. Org. Chem., 12, 306 (1957);
J. P. Greensteln and M. Winitz, Chemistry of the Amino Acids, John Wiley &
Sons, Inc., New York (1961), pp. 2732-2737.

Specific Rotation: —32.5° in water, p =1 g/100 ml, r = 22 °C;
+160°in4d MHCl p=1g/100ml = 22°C

Homogeneity : Determined by paper chromatography.

One dimensional: Solvents 1 and 2,

Color reagent: Ehrlich,
Ry 0.52, Solvent 1, ascending.
R 0.27, Solvent 2, ascending.
Rucp 0.57, 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 asa 0.1 %
w/v solution in ethanol.

Volatile Matter: Not more than 0.3 7.

Water-Insoluble Material: 5 g in 50 ml of dilute sodium hydroxide
has a turbidity not greater than that given by 0.5 mg of BaSO, in
50 ml of water.

Ash (sulfated): Less than 0.1%.
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AA-38 / AA40

3-lodo-L-tyrosine / L-Isoleucine + D-Allolsolencine

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: S-Hydroxy-p-tryptophan, 5-benzyloxy-p-, pL-,
or L-tryptophan,

Crystallization Medium: Water, then ethanol, in a nitrogen atmo-

sphere.
Stability and Storage: Decomposes on contact with air. Store in an
atmosphere of nitrogen.

AA-38
3-Todo-L-tyrosine
Tyr(D)

Formmula: CH,,INO,
Formmla Wt.: 307.09
Cale. %: C, 35.19; H, 3.28; I, 41.32; N, 4.56; O, 15.62

NHg
no-@- cu,—t}.— COOM
H

1

Source or Method of Preparation: Iodination of tyrosine.

Specific Rotation: —4.4° in 1 M HCl, p = 2 g/100 ml, ¢t = 25 °C
Homogeneity : Determined by paper chromatography,
One dimensional: Solvent 3b. Two dimensional: Method C.
Color reagent: Ninhydrin,
Specific reagents: Ce(HSO)—NaAsO,.
R; 0.38, Solvent 3, descending.
Ry 0.59, Solvent 3b, descending.
Racp 0.70, Solvent 2, descending. Rucp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is appliedasa 0.1,
w/v solution in ethanol.

Volatile Matter: Not more than 0.3%.

Water-Insoluble Material: 5 g in 50 ml of dilute NaOH has a tur-
bidity not greater than that given by 0.4 mg of BaSO, in 50 ml of
water,

Ash (sulfated): Less than 0.1%.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: Tyrosine, diiodotyrosine, iodide, iodine.

Crystallization Medium: Dilute NH,OH at room temperature, then
acetic acid to pH 6.

Stability and Storage: Liberates iodine; keep cold.

AA-39 H;Ci: IfH,
L-Isoleucine CH3CHp~C - C —COOH
Ile |!| |!.
Formula: GH,,)NO,

Formala Wt.: 131.18
Cale. 7: C, 54.94; H, 9.99; N, 10.68; O, 24.40

Source or Method of Preparation: Natural sources.

Specific Rotatlon: 4-40.6° in 6.1 M HCl, p = 5.1 g/100 ml, ¢ =
20°C.
: Determined by paper chromatography.
One dimensional: Solvents 1 and 3b. Two dimensional: Methods
A and B.

Color reagent: Ninhydrin,
Ry 0.87, Solvent 1, descending.
Ry 0.82, Solvent 2, ascending.
Racp 0.76, Solvent 2, descending. Rucp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is appliedasa 0.1 %
w/v solution in ethanol (This amino acid is poorly separated
from leucine.)
Volatile Matter: Not more than 0.3 %,
Water-Insoluble 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.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Leucine, tyrosine, methionine, allvisoleucine,
p-isoleucine,
Crystallization Medium: Water, then ethanol to 807, v/v.
Stability and Storage: Stable,

AA-40

L-Isoleucine + D-Alloisoleucinc*

De palle HaC
CHyCHp=C = CH(NH,) COOH

Formala: C;H,NO, A

Formuila Wt.: 131.18
Cale. 7: C, 54.94; H, 9.99; N, 10.68; O, 24.40

Source or Method of Preparation: Synthetic.
Specific Rotatlon: =4=3° in § M HCI, p = 5 g/100 ml, ¢ = 20 °C.

Homogeneity : Determined by paper chromatography.
One dimensional: Solvents 1 and 3b. Two dimensional: Methods
A and B.
Color reagent: Ninhydrin,
R; 0.87, Solvent 1, descending.
R; 0.82, Solvent 2, ascending.
Racr 0.76, Solvent 2, descending. Race refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1%
w/v solution in ethanol. (This amino acid is poorly separated
from leucine.)
Volatile Matter: Not more than 0.3 7.
Water-Insoluble 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.
Ash (suifated): Less than 0.1 %.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Leucine, D-isoleucine, L-alloisoleucine.
Crystallization Medium: Water, then ethanol to 80% v/v.
Stability and Storage: Stable.

* Some commercial samples of labeled pL-Isoleucine are the epimeric mixture of
L-isoleucine and p-allolsoleucine. The detection of alloisoleucine Is best carried out
by infrared spectroscopy (p. 3), or by column chromatography on jon-exchange
resins (Refs. 7, 8, p. 7). If a pure sample of L-isoleucine is available, further assays
can be done, using microbiological methods.
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L-Kynwrenine Salfate Monohydrate / L-Lysine Monohydrochloride AA-41 | AA44
AA41 AA-43 ?“a ’i*'z
L-Kynurenine Sulfate Monohydrate L-Leucine tl:Ht:H,-tlz—ooou

Leu CHsy H
Formala: C,H,N/OsS m-u,- HpSO4* Hp0 3

Cale. 7: C, 37.03; H, 497,
N, 8.64; O, 39.47; §, 9.89

I—O—

U&"’
NH,
Source or Method of Preparation: Synthetic, from L-tryptophan.

Bibliography: J. L. Warnell and C. P. Berg, J. Am. Chem. Soc., 76, 1708 (1934);

J. P. Greenstein and M. Winltz, Chemistry of the Amino Acids, John Wiley &
Sons, Inc,, New York (1961), pp. 2723-2727.

Specific Rotation: +9.6° in water, p = 1 g/100 ml, r = 25 °C.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvents 1 and 5.
Color reagent: Ninhydrin.
R 0.78, Solvent 1, ascending.
Ry 0.71, Solvent $, ascending.
Water-Insoluble Material: Gives a clear colorless solution in water.
Ash (sulfated): Not more than 0.2%,.
Heavy Metals (as Pb): Less than 20 ppm.
Likely Impurities: L-Tryptophan, N-acetyl-L-tryptophan,
Crystallization Medium: Water, then excess of ethanol.
Stability and Storage: Stable.
Melting Point: 178 °C.

AA-42 CHy

DL-Leucine CHCH, CH (NH,) COOH
DLLeu (';H!

Formula: C;H,;NO,

Formula Wt.: 131.18
Cale. 7: C, 54.94; H, 9.99; N, 10.68; O, 24.40

Source or Method of Preparation: Synthetic.

Specific Rotation: None.
Homogeneity : Determined by paper chromatography.
One dimensional: Solvents 2 and 3b. Two dimensional: Methods
Aand C.
Color reagent: Ninhydrin,
Ry 0.88, Solvent 1, descending.
Ry 0.85, Solvent 2, ascending.
R 0.82, Solvent 2, descending.
Volatile Matter: Not more than 0.3%.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: L-Isoleucine, p-alloisoleucine,
Crystallization Medium: Water, then ethanol to 807, v/v.
Stability and Storage: Stable.

Formmla Wt.: 131.18
Cale. 7: C, 54.94; H, 9.99; N, 10.68; O, 24.40

Source or Method of Preparation: Casein, wheat gluten, hemoglobin.,
Specific Rotatlon: +15.6° in § M HCl, p = 2 g/100 ml, r = 25 °C.

Homogeneity : Determined by paper chromatography.
One dimensional: Solvents 2 and 3b Two dimensional: Mﬂhod:
Aand C.
Color reagent: Ninhydrin.
Ry 0.88, Solvent 1, descending.
Ry 0.85, Solvent 2, ascending.
Ry 0.82, Solvent 2, descending.
Volatile Matter: Not more than 0.3%,
Water-Insoluble 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.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Isoleucine, valine, methionine,
Crystallization Medium: Water, then ethanol to 80% v/v.
Stability and Storage: Stable.

AA-4

L-Lysine Monohydrochloride*

Lys-HCI NH,
HCI* Nl-lzcu,crl,cu,cu,—t':—coon

Formula: C;HuCIN:O, +I-I

Formula Wt.: 182.65
Cale. 7: C, 39.45; H, 8.28; C], 19.41;
N, 15.34; O, 17.52

Source or Method of Preparation: Natural sources, or resolution of
synthetic.

Specific Rotation: +25.9° in § M HCI, cakulated as free L-lysine,
p=2g/100 ml, ¢ = 25 °C,
Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 2. Two dimensional: Methods A and B.
Color reagent: Ninhydrin.
Ry 0.92, Solvent 1, descending.
Rt 0.18, Solvent 2, ascending.
Racp 0.05, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 %7,
w/v solution in ethanol.
Volatile Matter: Not more than 0.5%.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1 %.
Heavy Metals (as Pb): Not more than 20 ppm.
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AA4S | AA4T

DL-Methionine / DL-Methionine Sulfoxide

Likely Impurities: Arginine, D-lysine, 2,6-diaminoheptanedioic acid,
glutamic acid.

Crystallization Medium: For lysine- HCI, water at pH 4 to 6, then
ethanol to 80% v/v; for lysine- 2HCIl, methanol, then ether, in the
presence of excess HCL.

Stabllity and Storage: Stable at less than 607 relative humidity;
above this, the dihydrate is formed.

* Also available as the dihydrochloride.

AA-4S CHySCH, CHg CH (NH,) COOH

DL-Methionine
pLMet

Formula: GH;NOsS
Formmla Wt.: 149.21
Cale. %: C, 40.25; H, 7.43; N, 9.39; O, 21.45; S, 21.49

Sowrce or Method of Preparation: Synthetic.

Specific Rotation: None.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 2. Two dimensional: Methods A and B.
Color reagent: Ninhydrin.
Specific reagent: Platinic iodide.
R¢ 0.83, Solvent 1, descending.
Ry 0.50, Solvent 2, ascending.
Rscp 0.53, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 %
w/v solution in ethanol.
Volatile Matter: Not more than 0.3%
Water-Insoluble 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.
Ash (suifated): Less than 0.1 7.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Methionine sulfoxide, methionine sulfone,
methanethiol, ethionine.
Crystallization Medium: Water, then ethanol to 807 v/v.
Stability and Storage: Protect from light. Develops an odor on long
storage.

AA-46 n’m,
L-Methionine CH3SCHCHy~C - COOH
Met N
Formsula: C;H,;;NO.S

Formmla Wt.: 149.21
Cale. 7: C, 40.25; H, 7.43; N, 9.39; O, 21.45; S, 21.49

Source or Method of Preparation: Natural sources, or resolution of
synthetic.

Specific Rotation: +21.2° in 0.2 M HCI, p =0.8 g/100 ml, t =
25°C.

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

Specific reagent: Platinic iodide.
Ry 0.83, Solvent 1, descending.
R; 0.50, Solvent 2, ascending.
Rpcp 0.53, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 %
w/v solution in ethanol.
Volatile Matter: Not more than 0.3%.
Water-Insoluble Material: 5 g in 50 ml of dilute HC1 has a turbidity
not greater than that given by 0.4 mg of BaSO, in 50 ml of water.
Ash (sulfated): Less than 0.1 7.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Methionine sulfoxide, methionine sulfone,
methanethiol, p-methionine.
Crystallization Medium: Water, then ethanol to 807 v/v.
Stability and Storage: Protect from light. Develops an odor on long
storage.

AA-47
pL-Methionine Sulfoxide
[2-Amino-4-(methylsulfinyl)butyric Acid]
pLMet(0)

CH3SCHZCHaCH (NH,) COOH
Formula: CQH"NOS Ls]

Formula Wt.: 165.21
Cale. 7: C, 36.35; H, 6.71; N, 8.48; 0, 29.05; S, 19.41

Sowrce or Method of Preparation: Synthetic, via oxidation of pL-
methionine.

Bibliography: A. Lepp and M. S. Dunn, Blochem. Prep., 4, 80 (1955); J. A. Roper
and H. Mcllwain, Blochem. J., 41, 485 (1948); J. P. Greenstein and M. Winitz,

Chemistry of the Amino Acids, John Wiley & Sons, Inc,, New York (1961),
pp. 2145-2148.

Specific Rotation: None.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvents 1 and 3. Two dimensional: Method B.
Color reagent: Ninhydrin.
Specific reagent: Platinic iodide.
Ry 0.72, Solvent 1, descending.
R¢ 0.03, Solvent 2, descending.
Rpcp 0.93, Solvent 1, descending. Rpcp refers to the distance
moved by the compound calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1%
w/v solution in ethanol.
Volatile Matter: Not more than 0.3 %,
Water-Insoluble 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.
Ash (sulfated): Less than 0.1 7.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: pL-Methionine sulfone, pL-methionine.
Crystallization Medium: Water, then ethanol to excess.
Stability and Storage: Stable.
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S-Methyl-L-cysteine / DL-Pheaylalanine

AA48 [/ AASL

AA-48

S-Methyl-L-cysteine [3-(Methylthio)alanine]
Cys(Me)

Formmla: CH,NO,S ';""z
Formula Wt.: 135.19 CHy SCHy=C - COOH
Cale. 7: C, 35.54; H, 6.71; H

N, 10.36; O, 23.67; §, 23.71

Sowrce or Method of Preparation: Synthetic, from L-cystine.

Bibliography : V. du Vigneaud, H. S. Loring, and H. A. Craft, J. Biol. Chem., 108,
481 (1934); W. H. Horner and E. J, Kuchinskas, J. Biol. Chem., 234, 2935 (1959);
C. J. Morris and J. F. Thompson, J. Am. Chem. Soc., T8, 1603 (1956); J. P.
Greensteln and M. Winitz, Chemistry of the Amino Acids, John Wiley & Sons,
Inc., New York (1961), pp. 1902-1903,

Specific Rotation: —32.0° in water, p = 1 g/100 ml, t = 26 °C.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvents 1, 2, and 3. Two dimensional: Method
B.
Color reagent: Ninhydrin.
R 0.79, Solvent 1, descending.
Ry 0.13, Solvent 2, descending.
Ry 0.06, Solvent 3, descending.
Racp 1.57, Solvent 2, 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 asa 0.1 7,
w/v solution in ethanol.
Volatile Matter: Not more than 0.3%.
Water-Insoluble Material: Gives a clear colorless solution in water.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Less than 20 ppm.
Likely Impurities: Cysteine, cystine, S-methyl-DL-cysteine.
Crystallization Medium: Water, then 4 volumes of ethanol.
Stability and Storage: Stable.

AA-49
S-Methyl-L-methionine Chloride
Met(Me)

NHy
Formula: CH;,CINO,S + % -
Formula Wt.: 199.70 °“3?°"=°”2’{’ CooH| ¢
Calc. %: C, 36.08; H, 7.07; CHg H
C1,17.76; N, 7.02; 0, 16.02;
S, 16.06

Source or Method of Preparation: Synthetic, from L-methionine.
Bibliography : A. Stevens and W. Sakami, J. Biol. Chem., 234, 2063 (1959).

Specific Rotation: +33°in 0.2 M HCl, p = 1 g/100 ml, ¢ = 23 °C.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvents 1 and 2.
Color reagent: Ninhydrin.
Specific reagent: Azide-iodine (weak).
R¢ 0.89, Solvent 1, ascending.
Ry 0.11, Solvent 2, ascending.
Rpcp 0.21, Solvent 3a, descending. Recp refers to the distance
moved by the compound cakulated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 7
w/v solution in ethanol.
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Volstile Matter: Cannot be dried by aoac method without decom-

Water-Insoluble 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.

Ash (sulfated): Less than 0.1%.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: Methionine, methionine sulfoxide, methionine
sulfone.

Crystallization Medium: Water, then ethanol to 95% v/v.

Stability and Storage: Undergoes slow decomposition. Store in a

cool dry place. Protect from light.
AA-50
L-Ornithine Monohydrochloride* =
Orn-HC1 NHe
HCI - NH,CHyCHyCHy—C— COOH
Formula: GH,,CIN,O, H

Formula Wt.: 168.62
Cale. %: C, 35.61; H, 1.77; Cl, 21.03; N, 16.62; O, 18.98

Source or Method of Preparation: Synthetic, via enzymic (arginase)
or alkaline degradation of arginine.

Bibliography : A. Hunter, Biochem, J., 33,27 (1939); D. E. Rivard and H. E. Carter,
J. Am. Chem. Soc., T1, 1260 (1955); D. E. Rivard, Blochem. Prep., 3,97 (1953);

J. P. Greenstein and M. Winitz, Chemistry of the Amino Acids, John Wiley &
Sons, Inc., New York (1961), pp. 2477-2488.

Specific Rotation: 428.3° in S M HCl, p = 2 g/100 mi cakulated as
free base, r = 25 °C.
Homogeneity: Determined by paper chromatography.
One dimeasional: Solvents 1 and 2. Two dimensional: Method A.
Color reagent: Ninhydrin.
R¢ 0.87, Solvent 1, descending.
R; 0.01, Solvent 2, descending.
Rpcp 1.12, Solvent 1, descending. Rpcp refers to the distance
moved by the compound calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 %,
w/v solution in ethanol.
Volatile Matter: Not more than 0.3%,.
Water-Insoluble 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.
Ash (sulfated): Less than 0.17.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Citrulline, arginine, D-ornithine.
Crystallization Medium: Water, then 4 volumes of ethanol.
Stability and Storage: Stable.

* Also available as the dihydrochloride.

AA-51
DL-Phenylalanine
DLPhe

{O)-omentung coon

Formula: GH,;,NO,
Formmula Wt.: 165.19
Cale. %: C, 65.44; H, 6.71; N, 8.48; O, 19.37
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AA-82 /| AAS4

L-Pheaylalanine / DL-Serine

Sowrce or Method of Preparation: Synthetic, from benzaldehyde.

Specific Rotation: None.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 2. Two dimensional: Method A.
Color reagent: Ninhydrin.
R¢0.90, Solvent 1, descending.
Ry 0.80, Solvent 2, ascending.
Rpcp 0.69, Solvent 2, descending. Race refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 %
w/v solution in ethanol.
Volatile Matter: Not more than 0.3%.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Crystallization Medium: Water, then ethanol to 807 v/v.

Stability and Storage: Stable.

AA-52 NH
L-Phenylalanine Q—cu,—clz-coou
Phe H
Formaula: CiHuNO;

Formula Wt.: 165.19
Cale. %:C, 65.44; H, 6.71; N, 8.48; O, 19.37

Source or Method of Preparation: Resolution of synthetic, or from
natural sources.

Specific Rotatlon: —34.0° in H:0, p = 2 g/100 ml, ¢ = 25 °C,
Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 2. Two dimensional: Method A.
Color reagent: Ninhydrin.
Ry 0.90, Solvent 1, descending.
Ry 0.80, Solvent 2, ascending.
Recr 0.69, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid cakulated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1
w/v solution in ethanol.
Volatile Matter: Not more than 0.3%.
Water-Insoluble 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.
Ash (sulfated): Less than 0.17.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Leucines, valine, methionine, tyrosine, bD-
phenylalanine.
Crystallization Medium: Water, then ethanol to 807, v/v.
Stability and Storage: Stable.

AA-S3 i
L-Proline
Pro

Formula: GH,NO,
Formula Wt.: 115.13
Cale. 7: C, 52.16, H, 7.88; N, 12.17; O, 271.79

Source or Method of Preparation: Collagen, wheat gluten.

Specific Rotatlon; —85.1° in H/O, p = 2 g/100 ml, r = 25 °C.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 2. Two dimensional: Method A.
Color reagents: Ninhydrin and isatin.
R 0.30, Solvent 2, ascending.
Racp 0.35, Solvent 2, descending. Rgcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 %
w/v solution in ethanol.
Assays: Amino group (ninhydrin according to Van Slyke): 0.0%.
Volatile Matter: Not more than 0.5,
Water-Insoluble 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.
Ash (suifated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Hydroxyproline.
Crystallization Medlam: Absolute ethanol.
Stability and Storage: Hygroscopic; keep in a desiccator.

AA-54
DL-Serine
DLSer

HOCH,CH (NHg) COOH

Formula: CGH,NO,
Formula Wt.: 105.09
Cale. %: C, 34.28; H, 6.72; N, 13.33; O, 45.67

Source or Method of Preparation: Synthetic.

Specific Rotation: None.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 1. Two dimensional: Methods A and B.
Color reagent: Ninhydrin.
Specific reagents: Nessler and HIO,.
R 0.43, Solvent 1, ascending.
R; 0.47, Solvent 1, descending.
Rycp 0.14, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 7,
w/v solution in ethanol.
Volatile Matter: Dry to constant weight at 105 °C at atmospheric
pressure: 0.3%.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1 %.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Glycine.
Crystallization Medium: Water, then ethanol to 80%, v/v.
Stability and Storage: Store in a desiccator, after drying.
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L-Serine / L-Thyroxine

AASS | AAS8

AA-55 Wy
L-Serine HOCH,—C ~ COOH
e N
Formula: G;H,NO,

Formula Wt.: 105.09
Cale. 7: C, 34.28; H, 6.72; N, 13.33; O, 45.67

Source or Method of Preparation: Resolution of synthetic.

Specific Rotation: +14.5° in 1.0 M HCl, p =9.3 g/100 ml, ¢ =
25°C.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 1. Two dimensional: Methods A and B
Color reagent: Ninhydrin.
Specific reagents: Nessler and HIO,.
R; 0.43, Solvent 1, ascending.
Ry 0.47, Solvent 1, descending.
Racr 0.14, 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 asa 0.1 %,
w/v solution in ethanol.
Volatile Matter: Dry to constant weight at 105 °C at atmospheric
pressure: 0.3 7.
Water-Insoluble 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 ml of water.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb); Not more than 20 ppm.
Likely Impurities: Glycine, D-serine.
Crystallization Medium: Water, then ethanol to 807, v/v.
Stability and Storage: Store in a desiccator, after drying.

AA-56
DL-Threonine
pLThr

CH3CH (OH)—CH (NH,) COOH

Formsala: C;H;NO,
Formula Wt.: 119.12
Cale. %: C, 40.33; H, 7.62; N, 11.76; O, 40.30

Source or Method of Preparation: Synthetic.

Specific Rotation: None.
Homogeneity: Determined by paper chromatography.
One dimensional: Solveat 1. Two dimensional: Methods A and B.
Color reagent: Ninhydrin.
Specific reagents: Nessler and HIO,.
R; 0.55, Solvent 1, ascending.
R; 0.61, Solvent 1, descending.
Racp 0.24, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.17;
w/v solution in ethanol.
Volatile Matter: Dry to constant weight at 105 °C at atmospheric
pressure: 0.3 7.
Water-Insoluble 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.
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Ash (sulfated): Less than 0.1%.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: Allothreonine,* glycine.
Crystallization Medium: Water, then ethanol to 807 v/v.
Stability and Storage: Store in a desiccator, after drying.

* See “'Infrared Spectroscopy.” p. 5.

AA-57 ril Plng
L-Threonine CHy~C—C—COOH
Thr W &
Formmla: CH,NO,

Formsula Wt.: 119.12
Cale. 7;: C, 40.33; H, 7.62; N, 11.76; O, 40.30

Source or Method of Preparation: Resolution of synthetic.

Specific Rotation: —28.4° in water, p = 1.0 g/100 ml, r = 26 °C.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 1. Two dimensional: Methods A and B.
Color reagent: Ninhydrin.
Specific reagents: Nessler and HIO,.
R; 0.55, Solvent 1, ascending.
R; 0.61, Solvent 1, descending.
Racr 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 asa 0.1 %
w/v solution in ethanol.
Volatile Matter: Dry to constant weight at 105 °C at atmospheric
pressure: 0.3 %.
Water-Insoluble 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.
Ash (sulfated): Less than 0.17.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Allothreonine,* glycine, p-threonine.
Crystallization Medium: Water, then ethanol to 80%, v/v.
Stability and Storage: Store in a desiccator, after drying.

* See “Infrared Spectroscopy,” p. 5.

AA-58
L-Thyroxine

Formula: C;;H,,[{NO,

oo
Formmla Wt.: 776.88

Cale. 7: C, 23.19; H, 1.43; I, 65.34; N, 1.80; O, 8.24

Source or Method of Preparation: Natural sources, or resolution of
synthetic.

Specific Rotation: +26° in ethanol-1 M aq. HCI (2:1), p = 1-2
g/100 ml, 7 = 22 °C.

Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 3b. Two dimensional: Method C.
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AA-59 / AA-61

3,3’ 5-Trilodo-L-thyronine / L-Tryptophan

Color reagent: Ninhydrin.

Specific reagent: Ce{HSO)—NaAsO,.
Racr 1.14, Solvent 3b, descending.
Ry 0.60, Solvent 3, descending.
Rpcp 1.20, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid calkulated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 7,
w/v solution in ethanol.

Water-Insoluble Material: 5 g in 50 ml of dilute NaOH has a tur-
bidity not greater than that given by 0.4 mg of BaSO, in 50 ml of
water.

Ash (sulfated): Less than 0.17.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Imparities: Tyrosine, iodotyrosines, and other iodothy-
ronines,* iodide,* iodine.*

Crystallization Mediam: Dilute NHOH at room temperature, then
acetic acid to pH 6.

Stability and Storage: Decomposes slowly in the cold.

* These impurities are often present in thyroxine-131] and may account for one
balf of the total radioactivity.

AA-59

3,3’ 5-Triiodo-L-thyronine

Formala: CuH,uLNO, -@- -Ocua—b COOH
Formmla Wt.: 650.98

Cale. 7,: C, 27.67; H, 1.85; |
I, 58.49; N, 2.15; 0, 9.83

Source or Method of Preparation: Synthetic.

Specific Rotation: +21.5° in ethanol-1 M aq. HCl (2:1), p =2
g/100 ml, r = 29.5 °C.

Homogeneity: Determined by paper chromatography.

One dimensional: Solvent 3b. Two dimensional: Method C.
Color reagent: Ninhydrin.
Specific reagent: Ce(HSO)—NaAsO,.
Race 1.46, Solvent 3b, descending.
Rpcp 1.13, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 %
w/v solution in ethanol.

Water-Insoluble Material: 5 g in 50 ml of dilute NaOH has a tur-
bidity not greater than that given by 0.4 mg of BaSO, in 50 ml of
water.

Ash (sulfated): Less than 0.1%.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: C/. thyroxine.

Crystallization Medium: Dilute NH,OH at room temperature, then
acetic acid to pH 6.

Stability and Storage: Decomposes slowly in the cold.

AA-60

DL-Tryptophan
DLTrp CH,CH(NH,) COOH
Formula: C;;H;sN;O,

Formula Wt.: 204.23

Cale. %: C, 64.69; H, 5.93; N, 13.72; O, 15.67

Source or Method of Preparation: Synthetic.

Specific Rotation: None.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 3b. Two dimensional: Methods A and
B.
Color reagent: Ninhydrin.
Specific reagent: Ehrlich.®
R¢ 0.60, Solvent 3, ascending.

Water-Insoluble Material: 5 g in 50 ml of dilute NaOH has a tur-
bidity not greater than that given by 0.4 mg of BaSO, in 50 ml of
water.

Ash (sulfated): Less than 0.1 %.

Heavy Metals (as Pb): Not more than 20 ppm.

Crystallization Mediam: 659 v/v ethanol.

Stability and Storage: Store in a dark place; darkens on prolonged
exposure to light.

* Impurities in the solvents may interfere with this reaction.

AA-61 n

L-Tryptophan Ny

Trp CH,~C - COOH
H

Formula: C;;H]:NlO'

Formmla Wt.: 204.23
Cale. %: C, 64.69; H, 593; N, 13.72; O, 15.67

Sowrce or Method of Preparation: Resolution of synthetic.

Specific Rotatlon: —33.3° in H;0, p = 1 g/100 ml, 7 = 25 °C.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 3b. Two dimensional: Solvents A and
B.
Color reagent: Ninhydrin.
Specific reagent: Ehrlich.*
Ry 0.60, Solvent 3, ascending.

Volatile Matter: Not more than 0.3%.

Water-Insoluble Material: 5 g in 50 ml of dilute NaOH has a tur-
bidity not greater than that given by 0.4 mg of BaSO, in 50 ml of
water.

Ash (sulfated): Less than 0.1%.

Heavy Metals (as Pb): Not more than 20 ppm.

Likely Impurities: p-Tryptophan.

Crystallization Medium: 65%, v/v ethanol.

Stability and Storage: Store in a dark place; darkens on prolonged
exposure to light.

* Impurities in the solvents may interfere with this reaction.
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DL-Tyrosine / L-Valine /
AA-62 AA-64 CHy

o HO CHyCHINHICOOH o uon CHCH (NH,) COOH
DLT“I""“"' pLVal CHy

Formula: C;H;;NO, Formmla: C,H,;;NO,

Formaula Wt.: 181.19
Cale. 7: C, 59.66; H, 6.12; N, 7.73; O, 26.49

Sowrce or Method of Preparation: Synthetic.

Specific Rotation: None.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 2. Two dimensional: Methods A and B.
Color reagent: Ninhydrin.
Specific reagent: Pauly.
R 0.69, Solvent 1, descending.
R; 0.60, Solvent 2, ascending.
Race 0.41, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid cakulated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 %,
w /v solution in ethanol.
Volatile Matter: Not more than 0.3 %.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: o-Tyrosine (on paper chromatograms developed
with Solvent 1).1
Crystallization Medium: Dilute NH/OH, then acetic acid to pH 5.
Stability and Storage: Stable.

Reference
1. 1. P. Lambooy, J. Am. Chem. Soc., T8, 771 (1956).

AA-63 'k
L-Tyrosine HO CH,—-C—COOH
Tyr H

Formmla: GH,;,;NO,
Formmla Wt.: 181.19
Calc. %: C, 59.66; H, 6.12; N, 7.73; O, 26.49

Source or Method of Preparation: Casein, hair.

Specific Rotation: —10.0° in 5§ M HCl, p = 2 g/100 ml, r = 25 °C.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvent 2. Two dimensional: Methods A and B.
Color reagent: Ninhydrin.
Specific reagent: Pauly.
R; 0.69, Solvent 1, descending.
Ry 0.60, Solvent 2, ascending.
Recr 0.41, Solvent 2, descending. Racp refers to the distance
moved by the amino acid calkulated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.17,
w/v solution in ethanol.
Volatile Matter: Not more than 0.3%.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1 7.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: Ammonium salt, L-cystine.
Crystallization Medium: Dilute NH,OH, then acetic acid to pH §.
Stability and Storage: Stable,
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Formsula Wt.: 117.15
Cale. 7: C, 51.26; H, 9.47; N, 11.96; O, 27.32

Sowrce or Method of Preparation: Synthetic.

Specific Rotation: None.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvents 2 and 3b. Two dimensional: Methods
A and B.
Color reagent: Ninhydrin.
R¢ 0.81, Solvent 1, descending.
Rscp 0.57, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 %
solution in ethanol.
Volatile Matter: Not more than 0.3 9.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1 7.
Heavy Metals (as Pb): Not more than 20 ppm.
Crystallization Medium: Water, then ethanol to 807, v/v.

Stability and Storage: Stable.

AA-65 HyC MM,
L-Valine HC‘?- COOH
Val H,(|: H

Formmala: C,H;;NO,
Formula Wt.: 117.15
Cale. 7: C, 51.26; H, 9.47; N, 11.96; O, 27.32

Source or Method of Preparation: Resolution of synthetic.

Specific Rotation: +26.7° in 6.0 M HCl, p = 3.4 g/100 ml, ¢ =
20 °C.
Homogeneity: Determined by paper chromatography.
One dimensional: Solvents 2 and 3b. Two dimensional: Methods
A and B.
Color reagent: Ninhydrin.
R 0.81, Solvent 1, descending.
Rpcp 0.57, Solvent 2, descending. Rpcp refers to the distance
moved by the amino acid calculated as the fraction of the dis-
tance moved by bromocresol purple, which is applied asa 0.1 %,
w//v solution in ethanol.
Volatile Matter; Not more than 0.3%.
Water-Insoluble 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.
Ash (sulfated): Less than 0.1%.
Heavy Metals (as Pb): Not more than 20 ppm.
Likely Impurities: p-Valine.
Crystallization Medium: Water, then ethanol to 807, v/v.
Stability and Storage: 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 D-line, on

* In revising the specifications for some compounds, the op-
portunity has been taken to include the modern 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,”
J. 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, [«]2’, is cal-
culated according to the formula

[a]?* = 100a/Ip,

where « is the observed rotation in circular degrees and
[ 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
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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 Official Methods of Analysis
of the Association of Official Analytical Chemists, 11th
ed., aoac, Washington, D.C. (1970), p. 525.

Dry 2-5 g prepared sample (ground, if necessary, and mixed to
uniformity) in fiat dish (Ni, Pt, or Al with tight-fit cover), 2 h
at < 70 °C (preferably 60 °C) under pressure < 50 mmHg.
Bleed oven with current of air (drying by passing through an-
hydrous CaSOy, P20s, or other efficient desiccant) during drying
to remove HzO vapor. Remove dish from oven, cover, cool in
desiccator, and weigh. Redry 1 hr and 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 Official Methods of
Analysis of the Association of Official Analytical Chem-
ists, 11th ed., aoac, Washington, D.C. (1970), p. 526
is used.

Weigh 5 g sample into 50-100 ml Pt dish, add 5 ml 10% (by
wt) H2S80,, ignite until sample is well carbonized, and then ash
in muffle at about 550 °C. Cool, add 2-3 ml 10% H2SO4, evapo-
rate on steam bath, dry on hotplate, and again ignite at 550 °C to
constant weight. Express result as % sulfated ash.

Paper Partition Chromatography:
General Procedure!?

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
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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 100-mg
sample of the carbohydrate to be tested is dissolved in
water to make a volume of 1.0 ml and a 2-4l aliquot is
applied on a line that is lightly ruled about 6 cm 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 cm 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 1. 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

1. 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:* 2% (w/v)
aqueous NalO, and freshly prepared 1% (w/v) KMnO,
in 2% (w/v) aqueous Na,CO,. The two solutions are
mixed, 4:1 by volume, just before use, and are sprayed
lightly 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: 1 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:7 5 g of AgNO,,
95 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:
General Procedure® !

Layers

Standard layers, 0.25 mm thick, of silica gel G 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 G 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 10-mg sample of
the carbohydrate to be tested is dissolved in methanol,

* Radiation of approximately 254 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 pl are applied to three spots that are 2 cm
from the bottom of the layer and at least 1 cm apart.
The application is made portionwise, with a micropipet,
in such a way that the spot is not more than 4 mm in

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 cm 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 cm from the origin spots of
the sample. The layer is then removed from the cham-
ber, dried under a current of warm air, well sprayed
with concentrated H,SO,, 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.

Gas-Liquid Chromatography:
General Procedure'* '*

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.'***

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 ¥s-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.
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Chromatography

Gas chromatographs are operated with gas flow-rates of
75 to 150 ml/min for the 0.2-in. i.d. columns, or 25-30
ml/min for the Y6-in. 0.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 HCl 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.

Iron

Dissolve 1 g of the compound in 10 ml of water. Add
1 ml of concentrated HCI, about 30 mg of ammonium
persulfate, and 15 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 ug 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.
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Apparatus

A wide-mouthed bottle of about 60-ml capacity serves
for the generator. It carries a glass tube about 1 cm in
diameter and 6 to 7 cm 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.
All 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 cm 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 SnCl,-2H,O dissolved in hydro-
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.

Chloride Determination

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 50 ml. Filter the solu-
tion if it is not clear. Dilute 10 ml of the solution to 25
ml, add 1 ml each of concentrated HNO, and 0.1 M
aqueous AgNO,, 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 50 ppm (0.005% ), x = 2;
for 200 ppm (0.02% ), x = 0.5.

The standard solution of chloride should be prepared
from reagent-grade sodium chloride. Dissolve 0.165 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.

Sulfste Determination

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 (1 volume of concentrated
HCl plus 19 volumes of H.O) and 2 ml of 0.5 M
barium chloride solution and allow to stand 10 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 50 ppm (0.005% ), x = 2; for 200 ppm (0.02% ),
x=05.

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

Calcium Determination

The method described in Section 36.310 and 3.011 of
the Official Methods of Analysis of the Association of
Official Analytical Chemists, 11th ed., A0Ac, Washing-
ton, D.C. (1970), pp. 672, 35, is used.

Transfer a representative portion of well-mixed sam-
ple containing at least 50 mg of calcium to a 100-ml
platinum or porcelain dish. Ash at a temperature not
greater than 525 °C, until apparently carbon-free (gray
to brown). Cool, moisten with 20 ml of H,0, break up
ash with stirring rod, and add 10 ml of concentrated
HCl, cautiously, under watch glass. Rinse off watch
glass into dish, and evaporate to dryness on steam bath.
Add 50 ml of 4% HCI, heat on steam bath 15 min, and
filter through quantitative paper into a 200-ml volu-
metric flask. Wash filter and dish thoroughly with hot
H.0, cool filtrate, dilute to mark, and mix. Transfer
aliquot containing 20 to 40 mg of calcium to suitable
beaker, dilute to 100 ml.

Transfer aliquot to a 200-ml beaker, add H,O (if
necessary) to make up to 50 ml, heat to boiling, and
add 10 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 5.0), and let
stand at least 4 h. Filter, and wash with H.O 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,0. Add about 10 ml of 20%
H.SO,, heat to about 90 °C, add about 50 ml of hot
H.O, 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.

Potentiometric Determination 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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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 buffer 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 buffer 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 “flow-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.
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Carbo-1 / Carbo-4

2-Acetamido-2-deoxy-D-galactopyrancse / N-Acetylmuramic Acid

Carbo-1
2-Acetamido-2-deoxy-D-galactopyranose
(N-Acetyl-D-galactosamine)
Symbol: GalNAc HOH,C
HO
Formala: C;HuNO, oH (HIOH

Formmla Wt: 221.21
NHCOCH3

Specific Rotation: [a]p +90.0° +1.0° (o = 2 g/100 ml) determined
on a sample dried as described on p. 28.

Homogeneity: Determined by paper and gas-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 homogeneous by gas-liquid
chromatography on a polyester column, isothermal at 170 °C.

Loas of Weight on Drying: Not more than 0.1 7.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.1 7.

Heavy Metals (as Cu): Not more than 10 ppm.

Irom (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Chiloride: Not more than 50 ppm.

Carbo-2
2-Acetamido-2-deoxy-D-glucopyranose
(N-Acetyl-D-glucosamine)

Symbol: GlcNAc HOHG

Formmla: C;H,;NO, HO tHioH

Formmila Wt.: 221.21 NHCOCHy

Specific Rotation: [a]f +41.2° 4-0.3° (p = 2 g/100 ml) determined
on a sample dried as described on p. 28,

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

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 trimethylsilylated derivative is homogeneous by gas-liquid
chromatography on a polyester column, isothermal at 170 °C.

Loss of Weight on Drying: Not more than 0.1%.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.1%.

Heavy Metals (as Cu): Not more than 10 ppm,

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Chloride: Not more than 50 ppm.

Carbo-3
2-Acetamido-2-deoxy-pD-mannopyranose Monochydrate
(N-Acetyl-D-mannosamine Monohydrate)
Symbol: ManNAc-H0
H

Formula: G,H;sNOs- H/O

Formula Wt.: 239.23 (H)OH * H,0

HO NHCOCH

Specific Rotation: [o]]) +10.2° +0.3° (o = 4 g/100 ml) determined
on a sample dried as described on p. 28.

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

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

The trimethylsilylated derivative is homogeneous by gas-liquid
chromatography on a polyester column, isothermal at 170 °C.

Loss of Weight on Drying: Not more than 0.1%;.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 5 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Chloride: Not more than 50 ppm

Carbo-4
N-Acetylmuramic Acid [2-Acetamido-2-deoxy-
3-0-(p-1-carboxyethyl)-D-glucopyranose]

Symbol: AcMur ¢
Formaula: C;;H,,NO, 0
Formula Wt.: 292.19 H
]
CC—COOH (o
HO N\,o
NHCOCHg

Specific Rotation: [u]ﬁ +41.8° +0.2° (p =1.58 g/100 ml) at
equilibrium (after 6 h).

Homogeneity: Determined by paper chromatography. Homogene-
ous by use of 5:5:1:3 pyridine-ethyl acetate-acetic acid-water,
with detection by aniline hydrogen phthalate.

Loss of Weight on Drying: Not more than 0.177.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.1%.

Infrared Spectrum: Consistent with structure.
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N-Acetylnenraminic Acld / 2-Amino-2-deoxy-D-glucopyrancee Hydrochloride

Carbo-5 / Carbe-7

Carbo-5

N-Acetylneuraminic Acid (5-Acetamido-3,5-dideoxy-D-
glycero-a-D-galacto-nonulopyrancsonic Acid)
Symbols: NeuAc or AcNeu

CH3CONH

Formaula: C;yH;,)NOs HsCo 0 §0:H
Formsula Wt.: 309.27

oH

OH

OH

OH

CHyOH

Specific Rotation: [a]3 —32.1° (o = 2 g/100 ml) found for a sample
isolated from human milk.! Values for the compound prepared
synthetically are [a]p —33° (o = 0.8 g/100 ml} and [o]}) —32.2°
(p = 0.18 g/100 ml).?

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

Homogeneous by paper chromatography in solvent system |
on Whatman No. 1 paper, prewashed with 1% hydrochloric acid,
and then distilled water, or on Schleicher and Schuell No. 589
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
250 °C, shows a single peak.

Loss of Weight on Drying: Not more than 0.1 %.

Ash: Not more than 0.05%7.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than § ppm.

Arsenic (as As): Not more than 0.5 ppm.

References

F. Zilliken and P. J. O'Brien, Biochem. Prep., 7, | (1960).

J. W. Comnforth, M. E. Firth, and A. Gotischalk, Biochem. J., 68, 57 (1958).
W. Wesemann and F. Zilliken, Ann. Chem., 695, 209 (1966).

D. A. Craven and C. W. Gehrke, J. Chromatogr., 37, 414 (1968).

R.

1.
2
3
4.
5. Kleustrand and A. Nordal, Acta Chem. Scand., 4, 1320 (1950).

* The o is prepared from inol, 0.5 g, thrichl tic acid, 15 g, and
1-butanol saturated with water, 100 ml.* The paper is dried and sprayed with the
reagent, then heated at 105 *C for 15-20 min.

Carbo-6

2-Amino-2-deoxy-D-galactopyranose Hydrochloride
(D-Galactosamine Hydrochloride; Chondrosamine
Hydrochloride)

Symbol: GalN-HCI oHge
0

HO

Formula: C¢H,;NO,-HCl

Formula Wt.: 215.64 OH (HIOH

NHp+ HCI

Specific Rotation: [a); +96.2° +1° (p = 1 g/100 ml) determined
on a sample dried as described on p. 28. Based on a measure-
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ment reported by Gardell! 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 with ammoniacal silver nitrate. Two
spots, one for the free base and one for the hydrochloride, are
observed when the phenol-water system is used.

Loss of Weight on Drying: Not more than 0.05%.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.1%,.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

References

1. S. Gardell, Acta Chem. Scand., 7, 207 (1953).

2. S. M. Partridge, Biochem J., 42, 238 (1948).

* Descending chromatography is used as described by Partridge.? The trough s
filled with phenol saturated with water. In a dish at the bottom of the chromatog-
raphy chamber is placed a humidifying solution consisting of water, saturated with
phenol and containing 1 % (w/v) of NHa and a few crystals of KCN. The phenol
used in this work should be the best reagent-grade available,

Carbo-7

2-Amino-2-deoxy-D-glucopyranose Hydrochloride
(D-Glucosamine Hydrochloride)

Symbol: GlcN-HCI

Formula: C;H,,;NO,-HCl1 HO OH (H)OH

Formula Wt.: 215.64
NHg*HCI

Bibliography: J. C. Irvine and J. C. Earl, J. Chem. Soc., 121, 2370 (1922).

Specific Rotation: [a]) +72.5° 0.7° (o = 1 g/100 ml) determined
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, are
observed when the phenol-water system is used.

Loss of Weight on Drying: Not more than 0.1%.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.1%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

* The phenol-water sy for chr graphy is described under Carbo-6.
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Carbo-8 / Carbo-11

D-Arabinitol / L-Arabiropyrancee

Carbo-8

D-Arabinitol (D-Arabitol) "'OEIOH
-

Formala: C;Hs04 HCOH

Formmla Wt.: 152.15 CH,OH

Bibliography: N. K. Richtmyer and C. S. Hudson, J. Am. Chem. Soc., T3, 2249
(1951).

Specific Rotation: [a]p +130° £1° (o = 0.4 g/100 ml in an excess of
acidified molybdate) determined on a sample dried as described on
p. 28. An accurately weighed sample (about 0.1 g) is dissolved in
20.0 ml of stock ammonium molybdate and made up to 25.0 ml
with 0.5 M H,SO..

Stock ammonium molybdate solution: 25.0 g of the commercial
hydrated salt (NH,Mo/Oy-4H;O (Mallinckrodt analytical
grade or the equivalent) is dissolved in distilled water to make 500
ml 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.

Melting Point:! 103.2-104.2 °C.

Homogeneity : 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.

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.

Loss of Welght on Drying: Not more than 0.1 7.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5§ ppm.

Arsenic (as As): Not more than 0.5 ppm.

Reforeace
1. Communicated by Planstichl Laboratories, Inc.

Carbo-9 GHaOH

L-Arabinitol (L-Arabitol) lﬁﬂ
HO

Formmla: GH,/0, HOEH

Formmia Wt.: 152.15

&Hy0H

Specific Rotatioa: [a]p —130° +1° (o = 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 excess acidified molybdate is
prepared as described for p-arabinitol, Carbo-8.

Meiting Point:!' 102.6-103.6 °C.
Homogeneity : 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,

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.

Loss of Weight on Drying: Not more than 0.1%.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%,.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Rafervace
1. Communicated by Pfanstichl Laboratories, Inc.

Carbo-10
D-Arabinopyranose (D-Arabinose) Ho JI(HIOH
Symbol: Ara HO

Formmla: C;H,,04
Formula Wt.: 150.13

Specific Rotation: [a] —104.5° +0.5° (» = 4 g/100 ml) determined
on a sample dried as described on p. 28.

Homogeneity: 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.

Loss of Welght on Drying: Not more than 0.1%.

Water-Insoluble Material : Should give a clear colorless solution in
water.

Ash: Not more than 0.05%,.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Carbo-11

HO
L-Arabinopyranose (L-Arabinose) OH
Symbol: LAra

(H)OH

Formmula: C,H,,0,
Formula Wt.: 150.13

Bibliography: H. S. Isbell and W. W. Pigman, J. Res. Nat. Bur. Stand., 18, 141
(1937); 1. Rosin, Reagent Ch. Is and Standards, 5th ed., D. Van Nostrand
Co., Inc., Princeton, New Jersey (1967), p. 60,

Specific Rotation: (a)p +104.5° +0.5° (p = 4 g/100 ml) deter-
mined on a sample dried as described on p. 28.

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

Descending paper chromatography in system 2 for 48 h, or in
system 1, 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.

35


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

L-Ascorbic Acid / Calcium D-glycero-D-gulo-Heptonate Dihydrate

Carbo-12 / Carbo-14

Loss of Weight on Drying: Not more than 0.1 %.
Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.
Iron (as Fe): Not more than 5§ ppm.

Arsenic (as As): Not more than 0.5 ppm.

Carbo-12 HOH,?
L-Ascorbic Acid HCOH
0
Formula: C;H:O,
Formula Wt.: 176.13 HO OH

Bibliography: The Pharmacopeia of the United States of America, 18th Revision
(U.S.P. XVIII), Mack Publishing Co., Easton, Pennsylvania (1970), p. 51.

Specific Rotation: []p +21.0° +0.5° (» = 10 g/100 ml)* determined
on a sample dried as described on p. 28.

Melting Polnt:! 190-192 °C.

Assay: Not less than 99.57.

Loss of Weight oa Drying: Not more than 0.1%,.

Water-Insoluble Material: Should give a clear practically colorless
solution in water.

Heavy Metals (as Cu): Not more than 10 ppm.

Method of Assay: 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 mg of CsHOs.

Refersnce

1. Data provided through the
Inc., Brooklyn, New York.

y of A. J. Schmidiz of Charles Pfizer & Co.,

* To be used for both criteria and specifications.

Carbo-13 [ ]
Calcium p-Gluconate ?
(!:0_
Formula: C;yHn0,,Ca H?OH
Formula Wt.: 430.38
HOCH Ca
HCOM

H!:OH
| o

Bibliograghy: The Pharmacopeia of the Unlted States of America, 18th Revision
(U.S.P. XVIIN, Mack Publishing Co., Easton, Pennsylvania (1970), p. 91.

2

Assay: Minimum of 99.8 %, calculated on the dried basis.
Loss of Weight oa Drying: Not more than 0.27,.
Chloride: Not more than 10 ppm.

Salfate: Not more than 100 ppm.

Heavy Metals (as Cu): Not more than 10 ppm.

Arsenic (as As): Not more than 1 ppm.

Sucrose: Negative to test given in U.S.P. XVIII, p. 12.
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Method of Assay: Weigh accurately ~800 mg of cakium p-gluco-
nate, and dissolve in 150 ml of water containing 2 ml of dilute
hydrochloric acid. While stirring, preferably with a magnetic
stirrer, add about 30 ml of 0.05 M disodium (ethylenedinitrilo)
tetraacetate from a 50-ml buret, then add 15 ml of sodium hy-
droxide (T.S.) and 300 mg of hydroxynaphthol 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 mg
of C;yHwO,.Ca.

Carbo-14
Calcium D-glycero-D-gulo-Heptonate Dihydrate
Formala: CyHx0,(Ca-2H,0 [ o ]
Formula Wt.: 526.46 "
?o_
H(‘:OH
H(IJOH
HORH Ca e 2 H0
ml:on
H?OH
CHaOH
- Jz

Homogenelty: Determined by gas-liquid chromatography.

The corresponding 1,4-lactone, derived from the salt by acidifi-
cation and evaporation to dryness, contained two contaminants
shown by gas-liquid chromatography of its trimethylsilylated
derivative. On an SE-30 column, temperature-programmed from
150 to 250 °C at 4 °C per min, three components were detected in
the approximate ratios of 2:42:7.

Loss of Weight on Drying: 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-Insoluble Material: A 107, aqueous solution should be clear
and colorless.

Calclum: 7.5 +0.3%,. The theoretical value for the dihydrate is
7.61%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 100 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Salfate: Not more than 200 ppm.

Chloride: Not more than 200 ppm.

pH: A 107 solution should have a pH of 7.0-8.0.
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Carbo-15 / Carbo-18

Cellobiose / Erythritol

Carbo-15 HOH,C
Cellobiose
OH (H)OH
Formala: C;;HwOy
Formmia Wt.: 342.30 OH
HOH,C
o]
HO
OH

Bibliography : F. J. Bates and Associates, Polarimetry, Saccharimetry and the Sugars,
U.S. Govt. Printing Office, Washington, D.C. (1942), p. 710.

Specific Rotation: [«]p +34.6° £0.1° (o = 8 g/100 ml) determined
on a sample dried as described on p. 28.
Homogenelty: 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 of the trimethylsilylated derivative
shows no contaminants on an SE-30 column, temperature-
programmed from 170° to 280 °C at 4 °C per min.
Loss of Weight on Drying: Not more than 0.1%,.
Water-Insoluble Material: Should give a clear colorless solution in
water.
Ash: Not more than 0.05%.
Heavy Metals (as Cu): Not more than 10 ppm.
Irom (as Fe): Not more than 5§ ppm.
Arsenic (a8 As): Not more than 0.5 ppm.

Carbo-16 HOH,C
2-Deoxy-D-arabino-hexopyranose

(2-Deoxy-D-glucose) o | (HIOH
Symbel: dGlc

Formala: C;H,:0;

Formmla Wt.: 164.16

Specific Rotatioa: [«1: +46.6° 4:0.2° (p = 2 g/100 ml) determined
on a sample dried as described on p. 28. Inspection of the rather
extensive literature on 2-deoxy-p-glucose indicates that [a]}
+46.6° is the most probable equilibrium value for this sugar in
water.

Homogeneity: 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
shct:x no contaminants on a polyester column, isothermal at
170 °C.

Loss of Weight on Drying: Not more than 0.1 %,.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash; Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iroa (28 Fe): Not more than 5 ppm.

Arsenic (as As): 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.

Carbo-17

2-Deoxy-D-erythro-pentopyranose (H)OH
(2-Deoxy-D-ribose) HO

Symbeol: dRib HO

Formula: CH,/0,
Formula Wt.: 134.13

Specific Rotation: [a)) —57.3° £0.3° (p = 1 g/100 ml) determined
on a sample dried as described in section below on “Loss of
Weight on Drying.”"*

Homogeneity: 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.

Loss of Welght on Drying: Not more than 0.1 %, when dried at 40 °C
and not above 0.1 mmHg for 1.25 h.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%,.

Heavy Metals (as Cu): Not more than 5 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Stability and 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.

* Unpublished measurement by Harry W. Diehl, National Institutes of Health.

Carbo-18 (H2OH
Erythritol OH
Formula: C;H,0, CHOH

Formula Wt.: 122.12

Specific Rotatlea: None.

Melting 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.

Homogeneity: Determined by gas-liquid chromatography.

Gas-liquid chromatography of the trimethylsilylated derivative
shows no contaminants on a polyester column, isothermal at
150 °C.

Reducing Material: A sample applied to paper, as in the standard
procedure for paper chromatography, gives no coloration with
aniline hydrogen phthalate spray.

Loss of Weight on Drying: Not more than 0.1%,.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%,.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Reference
1. G. S. Parks and C. T. Anderson, J. Am. Chem. Soc., 48, 1506 (1926).
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D-Fructopyrancse / Galactaric Acld

Carbo-19 / Carbo-22

Carbo-19
D-Fructopyranose (D-Fructose)
Symbol: Fru

Formula: CH;;0,
Formula Wt.: 180.16

(OH)CH,O0H

Bibliography: H. S. Isbell and W. W. Pigman, J. Res. Nar. Bur. Stand., 20, T13
(1938); J. Rodln, Reagent Chemicals and Standards, 5th ed., D. Van Nostrand
Co., Inc., Princeton, New Jersey (1967), p. 262

Specific Rotation: [a]f —92° +1°(p = 10 g/100 ml) determined on a
sample dried as described on p. 28. Unlike most other sugars, p-
fructose shows a marked change in specific rotation with changes
in (a) temperature and (b) the wavelength of the light used.

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

Homogeneous by paper chromatography in system 1 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.

Loss of Weight on Drying: Not more than 0,17

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Carbo-20 CHy
D-Fucopyranose (D-Fucose) HO

Symbol: Fuc oH (H)OH
Formula: C;H,/0, OH

Formula Wt.: 164.16

Specific Rotation: [a]p +75.6° £0.6° (» = 4 g/100 ml) determined
on a sample dried as described on p. 28.

Homogeneity: 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.

Loss of Weight on Drying: Not more than 0.1 7.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 5 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Carbo-21 3
L-Fucopyranose (L-Fucose) @ (H)OH
Symbeol: LFuc HO

HO
Formula: CH,:04

Formula Wt.: 164.16

Bibliography: F. ]. Bates and A ! , Sacch y and the Sugars,

U.S. Govt. Printing Office, Wm D.C. (1942). p. 716

Specific Rotation: [a]'; —75.9° +0.2° (p = 4 g/100 ml) determined
on a sample dried as described on p. 28.

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.*

No contaminants detectable with ammoniacal silver nitrate
after paper chromatography in system 1 or 2.

Gas-liquid chromatography of the trimethylsilylated derivative
shows no contaminants on a polyester column, isothermal at
170 °C.

Loss of Weight on Drying: Not more than 0.1%.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm,

Arsenic (as As): Not more than 0.5 ppm.

* If not purified through a crystalline derivative, L-fucose may be contaminated
with p-mannitol. This impurity is, however, readily detectable on a paper chromato-

gram with lacal sllver ni

Carbo-22 (:Ot:»-ll
Galactaric Acid (Mucic Acid) I-l?m
Formula: CiH,,0, i
Formula Wt.: 210.14 "'Of"

COOH

Specific Rotation: None.

Melting Point: Not below 213 or above 215 °C.*

Homogeneity : 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.

Loss of Weight on Drying: Not more than 0.3%.

Water-Insoluble Material: A saturated aqueous solution (about
0.3%) should be clear and colorless,

Ash: 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.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Nitrate: Nil.t

* Melting occurs with decomposition and is very dependent upon the rate of
heating. The range quoted is obtained after heating to 205 °C in 10 min, followed
by & heating rate of 1 °C per min.

t A saturated solution (1 ml) at 100 *C is cooled, and | M ferrous sulfate solu-
tion (3 ml) is added. After removal of any crystallized mucic acid, concentrated
sulfuric acid is carefully added to the solution so that the two solutions do not mix.
A brown ring will be seen at the junction of the two liquids if nitrate is present.
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Carbo-23 / Carbo-26

Galactitol / D-Galactopyramwonic Acid Monohydrate

Carbo-23 HO0H

Galactitol (Dulcitol) H
HOCH

Formula: CyH,/0, H

Formmla Wt.: 182.17

Specific Rotation: None.

Melting Point: Not below 188 or above 189 °C. The melting range
from 188 to 189 °C is most frequently quoted for this substance.

Homogenelty : Determined by gas-liquid chromatography.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a polyester column, isothermal
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.

Loss of Weight on Drying: Not more than 0.1%.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%,.

Heavy Metals (as Cu): Not more than 10 ppm.
Iron (as Fe): Not more than § ppm.

Arseaic (as As): Not more than 0.5 ppm.

Carbo-24
D-Galactono-1,4-lactone (D-Galactono-y-lactone)

Formmla: C;H;/0,
Formmla Wt.: 178.14

Specific Rotation: [a]} —78.4° +:0.4° (» = 4 g/100 ml; initial rota-
tion®) determined on a sample dried as described on p. 28.

Melting Point:! 133-135 °C.

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

Homogeneous when chromatographed for 20 h in 1-butanol-
acetic acid-water (4:1:5 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 column, temperature-pro-
grammed from 150 to 260 °C at 4 °C per min.

Loss of Weight on Drying: Not more than 0.1%.

Water-Insoluble Material: Should give a clear colorless solution at
109 concentration,

Ash: Not more than 0.057%,.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Redorsmces

1. F. J. Bates and Assoclates, Polarimetry, Saccharimetry and the Sugars, U.S.
Gowt. Printing Office, Washington, D.C. (1942), p. 719.

2 N. K. Richtmyer, R. M. Hann, and C. S. Hudson, J. Am. Chem. Soc., 61, 340
(1939).

3. M. Viscontini, D. Hoch, and P. Karrer, Helr. Chim. Acta, 38, 642 (1955).

* A value of [a) +78.4°(HsO, » = 4 g/100 ml) for L-galactono-1,4-lactone has
been reported.? The optical rotation changes so slowly that a rotation measured
within 10 min after dissolution may be considered to be a valid initial rotation.

t The paper is first sprayed with a 0.5% (w/v) aqueous sodium metaperiodate
solution and, after 8 min at room temperature, the paper is speayed with & benzidine
solution [0.5% w/v benzidine in ethanol-glacial acetic acid (4:1)]. A white spot
appears at once, on a biue-to-gray background.?

Carbo-25

p-Galactopyranose (D-Galactose)
Symbol: Gal (HIOH
Formula: C;H,,0,

Formula Wt.: 180.16

Bibliography: H. S. Isbell and W, W, Pigman, J. Res. Nat. Bur. Stand., 18, 141
(1937); J. Rosin, Reagent Chemicals and Standards, 5th ed., D. Van Nostrand
Co., Inc., Princeton, New Jersey (1967), p. 213.

Specific Rotation: []p +80.2° +0.4° (o = 5 g/100 ml) determined
on a sample dried as described on p. 28.

Homogeneity: 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 °C.

Loss of Welght on Drying: Not more than 0.1 7.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%,.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (a8 Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Carbo-26
p-Galactopyranuronic Acid Monohydrate
(D-Galacturonic Acid Monchydrate)
Symbol: GalUA-H20
HOLC
Formula: CjH,s0; - H,O 0
Formula Wt.: 212.16 OH (H)OH « H,0
OH

Specific Rotation: [a]f +51.9° +0.5° (o = 4 g/100 ml; at equilib-
brium, about 60 min) determined on a sample dried as described
on p. 28,

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

When chromatographed on paper in l-butanol-acetic acid-
water (4:1:1 v/v), no contaminants detectable after spraying
with periodate-benzidine (see Carbo-24).
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D-Glucitol / D-Glucopyranose, Anhydrous

Carbo-27 [/ Carbo-29

When the compound is reduced by borohydride to L-galactonic
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.

Loss of Weight on Drying: Not more than 0.1%,.

Water-Insoluble Material: Should give a clear colorless to pale yel-
low solution in water.

Ash: Not more than 0.2%.

Heavy Metals (as Cu): Not more than 5 ppm.

Iron (as Fe): Not more than 10 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Carbo-27 F-leI-l
D-Glucitol (Sorbitol) uﬁ‘
Formula: C;H,0, H
Formmla Wt.: 182.17 H
CH,0H

Bibliography : R. K. Ness, H. G, Fletcher, Jr., and C. S. Hudson, J. Am. Chem, Soc.,
73, 4759 (1951); N. K. Richtmyer and C. S. Hudson, J. Am. Chem. Soc., T3,
2249 (1951).

Specific Rotation: [a]§ +103° +1° (o = 0.4 /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 molyb-
date is prepared as described for Carbo-8.

Melting Point:' 110-112 °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.

Loss of Weight on Drying: Not more than 0.1%.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Reforsnce

1. P. G. Stecher (ed.), The Merck Index, Bth ed., Merck & Co., Inc., Rahway, New
Jersey (1968), p. 971.

* Commercial samples may contain traces of p-mannitol, unless they have been
purified through the pyridine addition compound.

Carbo-28
D-Glucono-1,5-lactone (D-Glucono-d-lactone)
Formula: C;H,;;0, HOH,C
Formula Wt.: 178.14
OH =0
HO
OH

Specific Rotation: [a]f +411° +1° (p = 0.5 g/100 ml, in an excess of
acidified molybdate) determined on a sample dried as described
on p. 28.
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An accurately weighed sample (about 0.5 g) is dissolved in 2§
ml of water; 2.5 g of (NHxMo0/Ow-4H;O (Mallinckrodt ana-
Iytical grade, or the equivalent) is dissolved in the solution
Glacial acetic acid (5.0 ml) is added, and the solution is made up
with water to 100 ml. Change in rotation is complete after about 8
h, and the equilibrium rotation may then be determined.*

Melting Polnt:! 150-152 °C.
Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

Homogeneous when chromatographed on paper for 20 h in
1-butanol-acetic acid-water (4:1:5 v/v, top layer) or 6 h in ethyl
acetate-acetic acid-formic acid-water (18:3:1:4 v/v) and sprayed
with periodate-benzidine as described for Carbo-24.

Homogeneous by gas-liquid chromatography of the trimethyl-
silylated derivative on an SE-30 column, temperature-program-
med from 150 to 260 °C at 4 °C per min.

Loss of Weight on Drying: Not more than 0.17%.

Water-Insoluble Material: Should give a clear colorless solution in
water at 109 concentration.

Ash: Not more than 0.05%,.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Reference

1. F. J. Bates and Associates, Polarimeiry, Saccharimetry and the Sugars, US.
Govt. Printing Office, Washington, D.C. (1942), p. 731.

* We are indebted to F. H. Hedger, Charles Pfizer & Co., Brooklyn, New Yark,
for this method, which was devised for sodium p-gluconate. H, S. Isbell and H. L.
Frush, J. Res. Nat. Bur. Stand., 11, 649 (1933) reported [a]f +66.2° (initial) chang-
ingto +8.8°at 24 h (» = 5 g/100 ml in water). The initial change in rotation is too
fast, and the equilibrium value too small, for practical use of optical toa In
water as a specification.

Carbo-29
D-Glucopyranose, Anhydrous (D-Glucose; Dextrose)
Symbol: Glu

HOMC
Formula: GH,,0,4
Formula Wt.: 180.16 (H)oH
OoH
Bibliography: Reagent Chemicals, 4th ed., American Chemical Soclety, Washing-

ton, D.C. (1968), p. 267; F. J. Bates and Amociates, Polarimetry, Saccharimetry
and the Sugars, U.S. Govt. Printing Office, Washington, D.C. (1942), pp. 390,
551; J. Rosin, Reagent Chemicals and Standards, 5th ed., D. Van Nostrand Co.,
Inc., Princeton, New Jersey (1967), p. 167; The Pharmacopeia of the United
States of America, 18th revision (U.S.P. XVIII), Mack Publishing Co., Easton,
Pennsylvania (1970), p. 180.

CRITERIA: Standard Reference Material 917 of the National
Bureau of Standards, Washington, D.C.

Purity 9.9%
a-D-Glucopyranose >99.0%
B-p-Glucopyranose <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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Carbo-30 / Carbo-32

p-D-Glucopyranose Pentaacetate / Glycogen

Specific Rotation:
[alp +53.2° (at equil., p = 20.1 /100 ml in water)
[ake +62.8° (at equil., p = 20.1 g/100 ml in water)
[ar]= +4112.6° (initial, p = 10.05 g/100 ml in methyl sulfoxide)
The p-glucose used for this standard reference material was ob-
tained from Pfanstichl Laboratories, Inc., Waukegan, Illinois.

SPECIFICATIONS:

Specific Rotation: [a]p +52.5° +0.5° (p = 4 g/100 ml) determined
on a sample dried as described on p. 28.

Homogeneity: 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 homogeneous by gas-liquid chromatography of its
u-im:thylsi]ylawd derivative on a polyester column, isothermal at
170 °C.

Loss of Weight on Drying: Not more than 0.5%.

Water-Insoluble Material: Should give a clear colorless solution in
water,

Ash: Not more than 0.05%,.

Heavy Metals (as Cu): Not more than 5 ppm.

Iroa (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Carbo-30

B-D-Glucopyranose Pentaacetate

Symbol: GlcAcs CH5000CHS

Formula: C,;HnOy; o}

Formula Wt.: 390.34 OCOCHy
OCOCHy

Specific Rotatioa: [a]f +4.0° +1.0° (p = 2.5 to 4.0 g/100 ml in
chloroform).

Melting Point: Not below 130 and not above 133 °C. Melting points
from 127 to 134 °C have been reported for this compound.

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

Homogeneous (and separable from the anomer) on chroma-
tography on Whatman No. 1 paper containing N,N-dimethyl-
formamide as the stationary phase, and developing with either
isopropyl ether or light petroleum ether.!

Homogeneous (and separable from the anomer) by thin-layer
chromatography on silica gel containing methyl sulfoxide as the
stationary phase, and developing with ether or 1:1 ether-
isopropyl ether.?

Homogeneous (and separable from the anomer) by gas-liquid
chromatography on a fluoroalkylsilicone polymer, QF-1, at* 170
°C or on a 1,4-butanediol succinate, Dow-Corning grease on
Chromosorb B column att 213 °C.

Loss of Weight on Drying: Not more than 0.1%.
Ash: Not more than 0.05%,.
Heavy Metals (as Cu): Not more than 10 ppm.

Irom (as Fe): Not more than 5 ppm.
Arsenic (as As): Not more than 0.5 ppm.

Reforences

. Wickberg, Acta Chem. Scand., 12, 615 (1958).
. R. Inglis, J. Chromatogr., 10, 417 (1969).
. J. A. Vanden Heuvel and E. C. Horning, Biochem. Biophys. Res. Commun.,
399 (1961).
. Gunner, J. K. N. Jones, and M. B, Perry, Can. J. Chem., 39, 1892 (1961).

|8
2.
3

£0

Lk

4.

Carbo-31

p-Glucurono-6,3-1actone
(a-D-Glucofuranurono-6,3-lactone; D-Glucurone)
Formula: CH,0, 0=¢C o
Formula Wt.: 176.13 H|”

OH

Specific Rotation: [a]p +19.4° +0.4° (p = 8 g/100 m; at equilib-
rium, about 60 min)* determined on a sample dried as described
on p. 28.

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

Homogeneous when chromatographed on (a) paper for 16 hin
2-butanone-acetic acid-boric acid (saturated aqueous) (9:1:1
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 periodate-
benzidine as described for Carbo-24.

Homogeneous by gas-liquid chromatography of the trimethyl-
silylated derivative on an SE-30 column, temperature-pro-
grammed from 150 to 250 °C at 4 °C per min.

Loss of Weight on Drying: Not more than 0.1%.

Water-Insoluble Material: An aqueous solution should be clear and
colorless at 107 concentration.

Ash: Not more than 0.05%;.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5§ ppm.

Arsenic (as As): Not more than 0.5 ppm.

* L. Zervas and P. Sessler, Chem, Ber., 66, 1326 (1933), reported [a]py +19.4°
(p = B §/100 ml, at equilibrium).

Carbo-32
Glycogen*

Formaula: (C:HyOx)

Bibliography: The Merck Index, 8th ed. (1968), p. 501.

Specific Rotation: [«]: +198° 43.0° (p = 2 g/100 ml).

Loss of Weight on Drying: Not more than 0.1%,.

Water-Insoluble Material: A 27 solution in water should give a
slightly opalescent solution, free from foreign matter.

Ash: Not more than 0.25%,.

Reducing Sugars: Trace.

* Produced from mollusks.
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D-Guiono-14-lactone / myo-Inositol

Carbo-33 / Carbo-36

Carbo-33
D-Gulono-1,4-lactone (D-Gulono-y-lactone)
=0
Formmla: CH,/0,
Formsla Wt.: 178.14
Vi
HOH,C

Specific Rotation: (a]p —56.2° £1.0° (p = 4 g/100 ml; initial value)
determined on a sample dried as described on p. 28,

Melting Point:! 187.3-189.3 °C.

Ha:quﬂty: Determined by paper and gas-liquid chromatogra-
poy.

Paper chromatography in 1-butanol-acetic acid-water (4:1:1),
and spraying with periodate-benzidine as described in Carbo-24,
revealed three spots. The weaker slower-moving spots are
probably the 1,5-lactone and the free acid.

Gas-liquid chromatography of the trimethylsilylated derivative
of the lactone reveals no contaminants on a polyester column,
isothermal at 200 °C.

Loss of Weight oa Drying: Not more than 0.1 %.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%,.

Heavy Metals (as Cu): Not more than 5 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Reference
1. Communicated by Pfanstish] Laboratories, Inc.

Carbo-34
D-glycero-D-gulo-Heptono-1,4-lactone =0
Formula: GH,/0; HCOH

]

Formula Wt.: 208.17

H?OH
CHOH
Specific Rotation: [a]f —51.8° +0.5° (p = 4.3 /100 ml)* deter-
mined on a sample dried as described on p. 28.
Melting Point:! 152-154 °C.
Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

When chromatographed on paper, using the same solvent sys-
tems and spray reagent as described for Carbo-24, all samples
tested showed two spots. The weaker slower-moving spot is pre-
sumably the free acid.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on an SE-30 column, tempera-
ture-programmed from 150 to 260 °C at 4 °C per min.

Loss of Weight on Drying: Not more than 0.1%,.

Water-Insoluble Material: At a concentration of 107, a clear color-
less solution in water should be obtained.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 10 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Chloride: Not more than 50 ppm.

42

Salfate: Not more than 50 ppm.

Beferemcn
1. Communicated by Planstichl Laboratories, Inc.

® A. Thompson and M. L. Wolfrom, J. Am. Chem. Soc., 68, 1510 (1946), re-
ported [a]i —51.8°(s = 4.3 /100 ml in water), The change in rotation is slow, and
a mtsfactory initial rotation may be obtained within 5 min after dissolution is
complete.

Carbo-35 ?"':""'
D-manno-Heptulose ?-0
Formssla; CGH,0, HO?H
H 1
Formala Wt.: 210.19 i i
]
|
CHyO0H

Specific Rotation: [a]} +29.0° +:0.5° (o = 2 g/100 ml) determined
on a sample dried as described on p. 28.

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

No contaminants detectable by periodate—benzidine (see
Carbo-24) or ammoniacal silver nitrate sprays, after paper chro-
matography in system 1 or 2.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a polyester column, isothermal
at 170 °C.

Loss of Weight on Drying: Not more than 0.1%.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.1%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Carbo-36
myo-Inositol* OH

Formula: CH,;0,

Formala Wt.: 180.16 HO  OH

Bibliography: The National F lary, 13th revision (NF XIII), J. B. Lippincott Co.,
Philadelphia, Pennsylvania (1970).

Specific Rotation: None.

Melting Point: Not below 225 or above 226 °C.*

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

No contaminants are detectable with periodate-permanganate
spray after paper chromatography in system 1 or 2.

One commercial sample was homogeneous; another showed &
small contaminant that moved faster than the trimethylsilylated
derivative on gas-liquid chromatography on an SE-30 column,
temperature-programmed from 150 to 250 °C at 4 °C per min.

Loss of Weight on Drying: Not more than 0.17.
Water-Insoluble Material: Should give a clear colorless solution at
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Carbo-37 / Carbo-40

Inulin / Maltose Monchydrate

a concentration of 10%.
Ash: Not more than 0.057.
Heavy Metals (as Cu): Not more than 10 ppm.
Iroa (as Fe): Not more than 5 ppm.
Arsesic (as As): Not more than 0.5 ppm.
® The uvsual commercial form is ementially anhydrous. myo-Inocsitol crystallizes

from water below 50 °C as a dihydrate, from which the water of crystaliization can
bs removed by beating in vacwo at 105 °C.

Carbo-37
Inulin

Fermala: (CoHwOs)a

Bibllography: The Merck Index, 8th od. (1968), p. 569; H. Kilianl, Amn. Chem. 208,
145 (1880); J. R. Katz and J. C. Derksen, Rec. Trav. Chim., 50, 248 (1931); J. R.
Katz and A. Weldinger, ibid., 1133; B, L. Hirst, D. L McGilvray, and E. G. V.
Percival, J. Chem. Soc., 1297 (1930),

Description: Polysaccharide; colorless, tasteless solid; amorphous,
or spherocrystals that show an x-ray powder diffraction pattern.
A fructan containing a small proportion (~6%) of p-glucose.
Found in many tubers and roots; also in some cacti. The purest
form so far investigated is found in dahlia (Dahklia variabilis)
tubers in the autumn. Readily soluble in warm water; very slightly
soluble in water at room temperature. The crystalline form is less
soluble, and more stable, than the amorphous form. [a]p varies
from —30° to —40° (p = 5 g/100 ml, water), depending on the
source and purity; the —40° value was obtained on highly purified
product from dahlia tubers.

CRITERIA:

Specific Rotation: [a]p —40° (» = 5g/100 ml).

SPECIFICATIONS:

Specific Rotation: [a]p —35° £5° (» = 5 /100 mi).

Loss of Welght oa Drying: Not more than 10%.

Ash: Not more than 0.2%,.

Carbo-38 HOHC
Lactose Monohydrate
(H)OH * HO
Fermala: C,\HyOy, - HO
Formmia Wt.: 360.32
OH
OH

Bibllography: The Pharmacopeia of the United States of America, 18th revision
(US.P. XVIID, Mack Publishing Co., Easton, Pennaylvania (1970), p. 338;
H. S. Isbell and W, W, Pigman, J. Res. Nat, Bur, Stand., 18, 141 (1937); J. Rosin,
Reagent Chemicals and Standards, 5th ed., D. Van Nostrand Co., Inc., Princeton,
New Jersey (1967), p. 246.

Specific Rotation: [a]p +52.6° £0.5° (p = 8 g/100 ml) determined
on a sample dried at 80 °C for 2 h.
Homogenelty: Determined by paper and gas-liquid chromatogra-
phy.
No contaminants detectable with ammoniacal silver nitrate

after 48 h of descending paper chromatography in either system
1 or 2, Because of the relatively low solubility of lactose in water,
only half the standard quantity of material is applied to the paper.
No contaminants detectable by gas-liquid chromatography of

the trimethylsilylated derivative on an SE-30 column, tempera-
ture-programmed from 170 to 250 °C at 4 °C per min.

Loss of Weight on Drying: Not more than 0.17%; after drying at 80
°Cfor 2 h.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Dextrins: A solution of 0.5 g in 10 ml of water should show no
coloration when treated with a few drops of iodine solution.

Ash: Not more than 0.057,.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Carbo-39

p-Lyxopyranose (D-Lyxose)
Symbol: Lyx

HO

Bibliography : H. S. Isbell and W. W. Pigman, J. Res. Nat. Bur, Stand., 18, 141
(1937).

Formala: CH,/04
Formmla Wt.: 150.13

Specific Rotatioa: [a]p —13.8° +0.4° (o = 4 g/100 ml) determined
on a sample dried as described on p. 28.

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

No contaminants detectable by aniline hydrogen phthalate
after paper chromatography in system 1 or 2.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a polyester column, iso-
thermal at 170 °C,

Loss of Weight on Drying: Not more than 0.1%.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%,.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Carbo-40
Maltose Monohydrate

Formmla: CiyHnO,,-H/O
Formmla Wt.: 360.32

HOH.C HOHC "
HO 0
OH

Bibliography: H. S. Isbell and W. W. Pigman, J. Res. Nat. Bur. Stand., 18, 141
(1937). For a study of the dehydration of maitoss, see J. E. Cleland and W. R.
Fetzer, Ind. Eng. Chem., Anal. Ed., 14, 27 (1942).
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D-Mamnitol / L-Mammopyrancee

Carbo-41 / Carbo-43

Specific Rotatioa: [a]} +130.4° £1.3° (» = 4 /100 ml) determined
on an undried sample and calculated on the basis of the mono-
hydrate.

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

No commercial samples of maltose have yet been found to be
homogeneous by paper chromatography in system 1 or 2

No contaminants were detected by gas-liquid chromatography
of the trimethylsilylated derivative on an SE-30 column, tempera-
ture-programmed from 170 to 250 °C at 4 °C per min.

Loss of Weight on Drying: Not more than 677 (to constant weight
at 100 °C and not more than 0.5 mmHg).*

Water-Insoluble Material: Should give a clear colorless solution in
water.

Dextrins: A solution of 0.5 g in 10 ml of water should give no
coloration when treated with several drops of dilute iodine solu-
tion,

Ash: Not more than 0.05%,.

Heavy Metals (as Cu): Not more than 10 ppm.

Irom (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

® Because of the drying methods used, commercial maitose may contain less
water of crystallization than the 5.00 %, theoretically required for the monohydrate.
This molsture is lost oaly slowly at 60 “C i vecuo but relatively rapldly at 100 °C
and 0.5 mmHg. It should be noted that the anhydrous material is hygroscopic;
welghings should therefore be made with the compound in a closed container,

Carbo-41 CH0H
D-Mannitol H
H
Formmla: CH,,0, H
Formsla Wt.: 182.17
¢y om

Bibliography: N. K. Richtmyer and C. S. Hudson, J. Am. Chem. Soc., 73, 2249
(1951).

Specific Rotation: [a]] +141° :1° (p = 0.4 /100 m] in an excess of
acidified molybdate) determined on a sample dried as described
on p. 28,

The solution in acidified molybdate is prepared as described for
p-arabinitol, Carbo-8.

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.

Melting Point:! 166-168 °C.

Homogeneity : Determined by gas-liquid chromatography.

Homogeneous by gas-liquid chromatography of the trimethyl-
silylated derivative on a polyester column, isothermal at 170 °C.

Loss of Weight on Drying: Not more than 0.1%.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Irom (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Raference
I. The Merck Index, Bth ed. (1968), p. 664.

Carbo-42 HOH,C
D-Mannopyranose (D-Mannose)

Symbol: Man i oH HO A (HIOH
Formala: CH,,0,

Formmla Wt.: 180.16

Bibliography: H. S. Isbell and W. W. Pigman, J. Res. Nat. Bur, Stand., 18, 141
(1937).

Specific Rotation: [a]h +14.2° 2:0.4° (p = 4 g/100 ml) determined
on a sample dried as described on p. 28.

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

No contaminants detectable by aniline hydrogen phthalate
after paper chromatography in either system 1 or 2,

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a polyester column, isothermal
at 170 °C.

Loss of Weight on Drying: Not more than 0.1%.

Water-Insoluble Material : Should give a clear colorless solution in
water.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Carbo-43 HO
L-Mannopyranose (L-Mannose) @Hlm
Symbol: LMan

HO OH
Formula: CH,:0,

Formula Wt.: 180.16

Specific Rotation: [o]f —14.2° £0.4° (p = 4 g/100 ml) determined
on a sample dried as described on p. 28.

Homogeneity: Determined by paper and gas-liquid chromatogrsa-
phy.

No contaminants detectable by aniline hydrogen phthalate
spray after paper chromatography in system 1 or 2.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a polyester column, isothermal
at 170 °C.

Loss of Weight on Drying: Not more than 0.1%.

Water-Insoluble Material: Should give a clear colorless solution in
walter,

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (a8 Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.
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Carbo-44 |/ Carbo-46

Melezitose Monohydrate / Methyl o-D-Glucopyranoside

HOH,C

Melezitose Monohydrate

Formmla: C,yHuOye- HO
Formmla Wt.: 522.46

Bibliography: N. K. Richtmyer and C. 8. Hudson, J. Org. Chem., 11, 610 (1946).

Specific Rotatioa: [a]) +91.7° 0.5 (» = 2 g/100 ml) determined
on a sample dried as in section below on “Loss of Weight on
Drying” and calculated on the basis of the monchydrate.

Homsogeseity: Determined by paper and gas-liquid chromatogra-
phy.

No contaminants detectable by periodate-permanganate re-
agent after 48 h of paper chromatography in system 1 or 2.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on an SE-30 column, temperature-
programmed from 170 to 250 °C at 4 °C per min.

Loss of Weight on Drying: Not over 3.6%, at 110 °C and about 1
mmbHg. These conditions were used by Richtmyer and Hudson,
cited above. A value of 3.45 %, corresponds to the theoretical loss
expected of a monohydrate.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Trom (as Fe): Not more than 5§ ppm.

Arsenic (as As): Not more than 0.5 ppm.

HOH,C

HO
Carbo-45
Melibiose Monohydrate® 9
Formsla: C;HuOy-H/O CH,
Formula Wt.: 360.32

H)OH »
i OH (H)OH - Hy0
OH

Bibliography: H. G. Fleicher, Jr., and H. W. Dichl, J. Am. Chem. Soc., 14, 5774
(1952).

Specific Rotatioa: [o]} +135.2° £0.7° (o = 4 g/100 ml) determined
on a sample dried as in section below on **Loss of Weight on Dry-

ing" and calculated on the basis of the monohydrate. Fletcher and
Diehl found [a]} +142.3° (anhydrous basis) from which the value
presented for the monohydrate has been calculated.

Homogeseity: Determined by paper and gas-liquid chromatogra-
phy.

No contaminants detectable by ammoniacal silver nitrate after
descending paper chromatography for 48 h in system 1 or 2.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on an SE-30 column, temperature-
programmed from 170 to 250 °C at 4 °C per min.

Loss of Weight on Drying: Not more than 5.1 % when dried to con-
stant weight at 100 °C and not more than 0.5 mmHg.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (a8 Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

* The « anomer may be crystallized from aqueous alcohol as the monohydrate
or from dry methanol in essentially anhydrous form. On standing, the anhydrous
modification absorbs moisture from the atmospbere and approaches the monohy-
drate in water content. The figure quoted is based on the 5 % of water theoretically
contained in the monchydrate plus the 0.1 % tolerance for additional moisture
normally acceptable in the case of unhydmated sugars.

Carbo-46 HOH,C
Methyl a-D-Glucopyranoside 0.
Symbol: aMeGlc as OH OCHs
Formula: GH,/0, OH

Formula Wt.: 194.19

Specific Rotation: [n]: +158.9° +1.0° (p = 10 g/100 mil) deter-
mined on a sample dried as described on p. 28.

Melting Point:* 168.8-169.3 °C.

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

Homogeneous when chromatographed on paper for 48 h in 1-
butanol-acetic acid-water (4:1:5 v/v, top layer) or in rert-pentyl
alcohol-propyl alcohol-water (4:1:1.5 v/v),* and sprayed with
periodate—permanganate.®

Homogeneous by thin-layer chromatography in ethyl acetate—
acetic acid-water (9:2:2 v/v).

Homogeneous by gas-liquid chromatography of the trimethyl-
silylated derivative on a polyester column, isothermal at 200 °C.

Loss of Weight on Drying: Not more than 0.1 %.

Water-Insoluble Material: Should give a clear colorless solution at
10%, concentration.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Reforsaces

1. F. J. Bates and Assoclates, Polarimetry, Saccharimetry and the Sugars, U.S.
Govt. Printing Office, Washington, D.C. (1942), p. 730

2. Communicated by Pfanstich! Laboratories, Inc.

3. J. A. Cifonelli and F, Smith, Amal. Chem., 23, 1132 (1954),

*® This glycoside is much slower than the reducing sugars in giving a visible spot
with this reagent.
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Methyl 5-D-Glucopyrancside / Pheayl 5-D-Glucopyranoside

Carbo-47 / Carbo-50

Carbo-47 HOH,C

Methyl S-D-Glucopyranoside OCHy
Symbol: SMeGlc ", OH

Formsmla: C;H,/0, OH

Formala Wt.: 194.19

Specific Rotation: [a]p —34.2° +0.5° (o = 10 g/100 ml)* deter-
mined on a sample dried as described on p. 28.

Melting Point:* 111.2-112.7 °C.

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

Homogeneous when chromatographed on paper in the same
solvent systems used for Carbo-46 and sprayed with periodate-
permanganate.*

Homogeneous by thin-layer chromatography in ethyl acetate-
acetic acid-water (9:2:2 v/v).

Homogeneous by gas-liquid chromatography of the trimethyl-
silylated derivative on a polyester column, isothermal at 200 °C.

Loss of Weight om Drying: Not more than 0.1 %.

Water-Insoluble Material: A 109 solution in water should be clear
and colorless.

Ash: Not more than 0.05%,.

Heavy Metals (as Cu): Not more than 10 ppm.

Irom (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

References

1. F. J. Bates and Assoclates, Polarimetry, Saccharimetry and the Sugars, US.
Govt. Printing Office, Washington, D.C. (1942), p. 730.
2. Communicated by Pfanstichl Laboratories, Inc.

* This glycoside is much slower than the reducing sugars in giving a visible spot
with this reagent.

Carbo-48 HOM,C

Methyl a-D-Mannopyranoside

Symbol: aMeMan of oH ocH,
Formala: GH,0,

Formula Wt.: 194.19

Specific Rotation: [a]f +79.2° +:1.0° (» = 4 g/100 ml) determined
on a sample dried as described on p. 28.
Melting Point:! 193-194 °C.
Homogeneity: 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 1 or 2.
No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative.
Loss of Weight on Drying: Not more than 0.1 %,.
Water-Insoluble Material: Should give a clear colorless solution in
water.
Ash: Not more than 0.05%,.
Heavy Metals (as Cu): Not more than 5 ppm.
Iron (as Fe): Not more than 5 ppm.
Arsenic (as As): Not more than 0.5 ppm.

Referemce

I. F. J. Bates and Associates, Polarimetry, Saccharimetry and the Sugars, U.S.
Govt. Printing Office, Washington, D.C. (1942), p. 746.
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Carbo-49

Methyl S-pD-Xylopyranoside @
Symbol: SMeXyl HO 1,
Formmla: C.H ;05

Formula Wt.: 164.16

Specific Rotation: [a]y —65.5° +1.0° (p = 13 g/100 mi)* deter-
mined on a sample dried as described on p. 28.

Melting Point:? 159.1-160.1 °C.

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

Homogeneous when chromatographed on paper in (a) 1-
butanol-acetic acid—water (4:1:5 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 v/v) for 6 h, and
sprayed with periodate-benzidine as described for Carbo-24.

Homogeneous by thin-layer chromatography in ethyl acetate—
acetic acid-water (9:2:2 v/v).

Homogeneous by gas-liquid chromatography of the trimethyl-
silylated derivative on a polyester column, isothermal at 200 °C.

Loss of Weight on Drying: Not more than 0.1 7.
Water-Insoluble Material: Should give a clear colorless solution in
water.

-Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.
Iron (as Fe): Not more than 5§ ppm.

Arsenic (as As): Not more than 0.5 ppm.
Refersnces

1. C. 8. Hudson, J. Am. Chem. Soc., 47, 265 (1929).
2. Communicated by Pfanstichl Laboratories, Inc.

Carbo-50 HOHaC
Phenyl S-D-Glucopyranoside OCgHs
Symbol: SPhGlc HO

OH

Formula: C;;H,,0,
Formula Wt.: 256.26

Specific Rotation: [a]f —72.5° £1.0° (o = 2 g/100 ml) determined
on a sample dried as described on p. 28.

Melting Point:! 175-176 °C.

Homogeneity: 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 1 or 2.

The trimethylsilylated derivative gives a single peak on gas-
liquid chromatography on a polyester column, isothermal at 170
b B

Loss of Weight oa Drying: Not more than 0.1 %.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05 7.

Heavy Metals (as Cu): Not more than 5 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Raference
1. Communicated by Pfanstiehl Laboratories, Inc.
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Carbo-51 / Carbo-54

Raffincse Peatahydrate / D-Ribopyrances

Raffinose Peatahydrate

Formmia: C,,H0y- SHO
Formmla Wt.: 594.52

05&0
CHy0H

Specific Rotation: [o] +105.2° £0.7° (p = 4 g/100 ml)* deter-
mined on a sample dried as in the section below on “Loss of
Weight on Drying” and calculated on the basis of the penta-
hydrate.

Homogemelty: Determined by paper and gas-liquid chromatogra-
phy.

No contaminants detectable by periodate-permanganate spray
after 48 h of paper chromatography in system 1 or 2.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on an SE-30 column, tempera-
ture-programmed from 170 to 250 °C at 4 °C per min.

Loss of Weight on Drying: Not more than 15,3 % (to constant weight
at 78 °C and about 0.5 mmHg). Theoretical for the pentahydrate
is 15.15%.

Water-Insoluble Material: Should give a clear colorless solution in
water,

Ash: Not more than 0.05%.

Heavy Metals (s Cu): Not more than 10 ppm.

Irom (as Fe): Not more than 5 ppm.

Arsesic (as As): Not more than 0.5 ppm.

Beferences

1. F. J. Bates and Assoclates, Polerimetry, Saccharimeiry and the Sugars, U.S.
Govt. Printing Offics, Washington, D.C., (1942), p. 750.

a-blthmopynnue Monohydrate Q@

Formmla: C,HyOs - HO
Formmia Wt.: 182.17

Specific Rotation: []p +8.2° +:0.4° (p = 4 g/100 ml) determined on
a sample dried as described below in section on *Loss of Weight
on Drying”

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

No contaminants detectable by aniline hydrogen phthalate
spray after paper chromatography in system 1 or 2.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a polyester column, isothermal
at 170 °C.

Loss of Weight oa Drying: Not more than 0.1 % (to constant weight
at 34 °C and 0.5 mmHg).*

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.057,.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than (.5 ppm.

* Atsempts to remnove water of crystallization from this hydrate at 64 “C in vacwo
result in partial melting, the loss of water being less than the theoretical. Under the
conditions specified here, water of crystallization does not appear to be lost.

Carbo-53 CH,OH
Ribitol (Adonitol)

Formmla: CH;/0s

Formula Wt.: 152.15 HeOH

Specific Rotation: None.

Melting Point: Not below 101 or above 102 °C. The melting point
of 102 °C, which E. Fischer reported! for ribitol, has been con-
firmed by various more recent authors,

Homogeneity : Determined by gas-liquid chromatography.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a polyester column, isothermal
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.

Loss of Weight on Drying: Not more than 0.1%,.

Water-Insoluble Material: Should give a clear colorless solution in
water,

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Irom (2s Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Helersace
1. E. Flacher, Chem. Ber., 26, 633 (1893).

Carbo-54 0
p-Ribopyranose (D-Ribose)
Symbol: Rib HO

(H)OH

Formsla: GH/O,
Formmla Wt.: 150.13

Specific Rotation: [a]p —20.4° :0.4° (» = 2 g/100 ml)* determined
on a sample dried as described on p. 28.
Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.
No contaminants detectable by aniline hydrogen phthalate
after paper chromatography in system 1 or 2.
No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a polyester column, isothermal
at 170 °C.
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Salicin / Sodium D-glycero-D-gulo-Heptonate Dihydrate

Carbo-55 / Carbe-57

Loss of Weight on Drying: Not more than 0.1%.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.0577.

Heavy Metals (a8 Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

* Unpublished measurement by H. W, Dichl of the National Institutes of Health.

Carbo-55 HOH,
- "C"yb
Formmla: C;H,;Oy HO ‘e

Fornmla Wt.: 286.28 oM

Specific Rotation: [a]: —62.3° 20.6° (p = 5 g/100 ml) determined
on a sample dried as described on p. 28.
Melting Polnt:* 199-202 °C (crystallized from water).
Homogeneity : Determined by paper and thin-layer chromatography.
Homogeneous when chromatographed on paper in system 1 or
2, and detected by permanganate-periodate spray.*
A faster-moving trace contaminant is detected by thin-layer
chromatography in ethyl acetate-acetic acid-water (9:2:2 v/v).
Loss of Weight on Dryimg: Not more than 0.17.
Water-Insoluble Material : A saturated agueous solution (about 5%7)
should be clear and colorless.
Ash: Not more than 0.05%.
Heavy Metals (as Cu): Not more than 10 ppm.
Iron (as Fe): Not more than 5 ppm.
Arsenic (as As): Not more than 0.5 ppm.

Reforemces

1. Standards were set for malicin in The National F
cott Co., Philadelphis, Pennsylvania (1950), p. 441.
2. The Merck Index, 8th ed. (1968), p. 929.

lary, 9th ed., J. B. Lippin-

* In comparison with reducing sugars, the spot appears slowly.

Carbo-56 HgC 0
Sedoheptulosan Monohydrate

Formula: C;H,s04- HO HO CHeOM * HeO
Formula Wt.: 210.19 HO

Specific Rotation: []h —134.0° 2.0° (» = 2 g/100 ml) determined
on a sample dried as described on p. 28.

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

No contaminants detectable by periodate-benzidine reagent
(as described for Carbo-24) after paper chromatography in sys-
tem | or 2.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a polyester column, isothermal
at 170 °C.

Loss of Weight on Drying: Not more than 0.1 7,.*

48

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.1%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iroa (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

* Sedoheptulosan crystallives also in an anhydrous form, into which the mono-
hyd can be d by recrystallization from 15 parts of methanol. The
anhydrous modification is metastable, whereas the hydrated form s stable in sfr.

Carbo-57
Sodium D-glycero-D-gulo-Heptonate Dihydrate

o:;:u-zn,o
b

:
i

HCOH
dhgom

Specific Rotation: [a]) +69.9° 2£0.5° (o = 0.5 g/100 ml); dissolve
0.5 g of sample in 25 ml of water, add 2.5 g of ammonium molyb-
date tetrahydrate [(NHsMo/Ow-4H4O], add 5 ml of glacial acetic
acid, and dilute to 100 ml. Satisfactory readings may be obtained
during the first 20 min.*

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

Homogeneous when chromatographed on paper for 16 h in
2-butanone-acetic acid-boric acid (saturated aqueous) (9:1:1
v/v) and sprayed with peridoate-benzidine reagent as described
for Carbo-24,

Gas-liquid chromatography of the trimethylsilylated Iactone
derived from this compound showed two components in the ap-
proximate ratio of 1:30 on an SE-30 column, temperature-pro-
grammed from 150 to 250 °C at 4 °C per min.

Loss of Weight on Drying: Not more than 12.8%, when dried at 100
°C for 3 h at about 0.5 mmHg. Theoretical value for the dihydrate
is 12.68 7.

Water-Insoluble Material: A 105 aqueous solution should be clear
and colorless,

Ash: Not more than 8.5%. The theoretical value is 8.09% for the
dihydrate.

Heavy Metals (as Cu): Not more than 10 ppm.

Irom (as Fe): Not more than 10 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Chloride: Not more than 50 ppm.

Salfate: Not more than 50 ppm.

pH: A 107 solution in water should have a pH of 7.0-8.0.

Formmla: GH,;,O,Na-2H,0
Formmla Wt.: 284.20

® We are indebted to F. H. Hedger, Charles Pfizer & Co., Inc., Brookiyn, New
York, for this method, which was devised for sodium pD-gluconate.
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Carbo-58 [/ Carbo-60

L-Sorbopyrancee / Starch, Soluble

Carbo-58 0
L-Sorbopyranose (L-Sorbose) .@(CHIOHIOH
Formmla: CH,/0, HO

Formmla Wt.: 180.16

Biblisgraphy: H. S. Isbell and W. W, Pigman, J. Res. Nat. Bur. Stand., 19, 443
(1937).

Specific Rotatioa: [a]p —43.3° £0.2° (» = 12 g/100 ml) determined
on a sample dried as described on p. 28.

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

No contaminants detectable by ammoniacal silver nitrate after
paper chromatography in system 1 or 2,

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a polyester column, isothermal
at 170 °C.

Loss of Weight on Drying: Not more than 0.1 %.

Water-Insoluble Material: Should give a clear colorless solution in
water,

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Carbo-59
Stachyose Tetrahydrate

Formsla: CyHuOn -4HO
Formmia Wt.: 738.65

HOHZC OHgC OeC
HO
HO
OH OH
0
HOH,C :
* 4Hp0
CH,0H
HO

Bibllegraphy: M. L. Wolfrom, R. C, Burrell, A. Thompeon, and S. 8. Purst, J. Am.
Chem. Soc., 14, 6299 (1952).

Specific Rotatlon: [o]p +131.3° 0.6° (» = 4 g/100 ml) determined
on a sample dried as in the section below on “Loss of Weight on
Drying" and calculated on the basis of the tetrahydrate.

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

No contaminants detectable by periodate-permanganate spray
after 48 h of paper chromatography in system 1 or 2.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a 3%, SE-30 column,® iso-
thermal at 275 °C,

Loss of Weight on Drying: 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%.

Water-Insoluble Material: Should give a clear colorless solution in
water,

Ash: Not more than 0.05%,.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

* For the higher oligossccharides, columns that contain 3% (instead of 10%)
of liquid phase are recommended. The higher content of liquid phase results in
impractically large retention volumes for these compounds.

{ Based on analytical evaluations by Dr. Edward S. Rorem, Western Utlization
wm and Development Service, U.S. Department of Agriculture, Albany,

‘ornia.

Carbo-60
Starch, Soluble

Formula: (CeHyOs)s - xH/O

Bibliography: 1. C. Small, J. Am. Chem. Soc., 41, 116 (1919); J. Rosin, Reagent
Chemicals and Standards, Sth ed., Van Ni d Co., Pri New Jersey
(1967), p. 498; The Pharmacopeia of the United States of America, 18th revision
(U.S.P. XVIII), Mack Publishing Co., Easton, Pennsylvania (1970), p. 682;
Reagent Chemicals, 4th ed., American Chemical Soclety, Washington, D.C.
(1968), p. 586.

Ash: 0.2%.

Reducing Sugars: Trace. Take 10 g in 100 m] and shake for 15 min
at room temperature, Allow to settle and then filter, rejecting the
first 10 ml of filtrate. Add 50 ml of Fehling’s solution to 50 mi of
the filtrate, bring to a boil in 4 min, and boil for 2 min. Filter at
once through a tared Gooch crucible, wash successively with hot
water, 10 ml of ethyl alcohol, and 15 ml of ether. Dry at 100 °C
for 30 min, cool, and weigh. The weight of the cuprous oxide so
obtained is not more than 0.047 g.

Freedom from Erythrodextrin: Erythrodextrin may be readily recog-
nized by its iodine color test in solutions of the hydrolytic prod-
ucts of starch after the removal of unchanged starch, soluble
starch, and amylodextrin. This is readily accomplished by the
use of a reagent containing 2 g of iodine and 6 g of potassium
iodide in 1 liter of saturated ammonium sulfate solution. The ad-
dition of an equal volume of this reagent to an approximately 17
solution of a soluble-starch sample immediately precipitates
everything of molecular 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 discharged. To this liquid is added a mea-
sured amount of an iodine solution sufficient to supply an excess
of iodine. An equal volume of water, to which has been added the
same measured volume of iodine solution, serves as a control.
The dextrin red stands out on comparison. Very small amounts
of erythrodextrin can be recognized in this way.

49


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

Sucrose / Tetra-0-acetyl-g-D-ribopyrancee Carbo-61 / Carbe-£3
Carbo-61 HOM,C Carbo-62
Sucrose® etra- 0-acetyl-S-pD-ribofuranose

i Symbol: RibfAc,
Formala: C,,HuOy,
Formala Wt.: 342.30 Formala: Cy;HyOy °":°'°°“¢ -cn;

Formaia Wt.: 318.28
HOH,C
CHgOH oc-c
HO -? b

Bibliography : Report of the Proceedings of the Tenth Session of the International
Commisgion for Uniform Methods ufSu-.rAnllyﬁ.ﬁmm Sugar J. 52, 201
(1950); F. J. Bates and Associ imetry and the Sugars,
U.S.Oonrdnﬂncoﬂu.wm DC (l942) pp. 392, 551; J. Rosin,
Reagent Chemicals and Standards, 5th ed., D. Van Nostrand Co., Inc., Princeton,
New Jensey (1967), p. 305; mrhmh of the United States of America,
18th revislon (U.S.P. XVIII), Mack Publishing Co., Easton, Pennaylvania (1970),
p. 692,

CRITERIA: Standard Reference Material 17A of the National
Bureau of Standards, Washington, D.C.
Moisture <0.01%
Ash <0.001%
Reducing substances,

estimated as invert

sugar! <0.02%

Each 100 ml of a “normal" sucrose solution contains 26,000 g
of dried substance, weighed with brass weights in air (760 mmHg,
20 °C, 50% relative humidity). At 20 °C, this solution in a 2-dm
polarimeter tube reads 100 °S (International sugar degrees). The
illumination is white light filtered through & 15-mm layer of a 6%
solution of potassium dichromate. The International Sugar Scale
was defined and adopted by the International Commission for
Uniform Methods of Sugar Analysis at the Eighth Session,
Amsterdam, 1932.?

The rotation in circular degrees of the “normal” sucrose solu-
tion, observed in a 2-dm polarimeter tube, for wavelength 546.1
nm is 40.763° and for wavelength 589.25 nm is 34.617°.

The specific rotations of sucrose for the “normal” solution are

[al%.: + 78.342° (p = 26 /100 ml of solution)
[l » + 66.529° (» = 26 g/100 ml of solution)

SPECIFICATIONS:
Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.
Homogeneous by paper chromatography for 17 h in system 1
or 2
Homogeneous by gas-liquid chromatography of the trimethyl-
silylated derivative, SE-30 column, temperature-programmed
from 170 to 250 °C at 4 °C per min.
Reducing Substances (as invert sugar): Not more than 0.004%,.
Ash: Not more than 0.004 7.
Moisture: Not more than 0.0027;.

Refsrencss

1. F. J. Bates and R. F. Jackson, Bull. Bur. Stand. 13, 67 (1916).

2. Proceedings of the Eighth Session, International Commission for Uniform
Methods of Sugar Analysls, Jntern. Sugar J. 35, 17 (1933); F. J. Bates and
Associates, NBS Circular C440, pp. 79, 773 (1942).

* The sucrose was supplied by the California and Hawallan Sugar Refining
Corporation of Crockett, California.

Description: Crystalline solid (orthorhombic prisms).
Specific Rotation:
[a]p —14.6° £1.0° (o = 5 g/100 ml in methanol)
[alp —12.6° £1.0° (o = 5 g/100 ml in chloroform)
Melting Point: 84-85 °C.
Loss of Weight on Drying: Not more than 0.1%.
Ash: Not more than 0.05%.
Heavy Metals (as Cu): Not more than 10 ppm.
Iron (as Fe): Not more than 5 ppm.
Arsenic (as As): Not more than 0.5 ppm.

1. H. Zinner, Chem. Ber., 86, 817 (1933).
2. G. B. Brown, J. Davoll, and B. A. Lowy, Biochem. Prep., 4, 70 (1935).

Tetra- 0-acetyl-S-D-ribopyranose ~CHy
Symbol: RibpAcy 0
]
Formula: C,yH,sOs e
Formula Wt.: 318.28 GH'?) 0C-CH3
o o
Description: Crystalline solid (bipyramidal prisms).
Specific Rotatioa:
[a)fy —56.8° £1° (» = 4.9 /100 m! in methanol)
[alp —57.9° £1° (o = 5.2 /100 ml in chloroform)

Melting Polnt: 113-114 °C.

Loes of Weight oa Drying: Not more than 0.1 %.
Ash: Not more than 0.05%.

Heavy Metals (a8 Cu): Not more than 10 ppm.
Iroms (as Fe): Not more than 5 ppm.

Arseaic (as As): Not more than 0.5 ppm.

Radesumca
1. G. B. Brown, J. Davoll, and B. A. Lowy, Biochem. Prep., 4, 74 (1959).
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Carbo-64 / Carbo-67

ayr-Trehalose Dihydrate / Xylitol

Carbo-64
a,ce-Trehalose Dihydrate

Formala: CyHnO,,-2H,0

Formmla Wt.: 378.33 e§

HOH,C o 0'2*‘:0

OH

Specific Rotation: [a]p +179.9° +0.4° (» = 7 g/100 ml) determined
on a sample dried as described in the section below on “Loss of
Weight on Drying” and calculated on the basis of the dihydrate.®

Homogesedty: Determined by paper and gas-liquid chromatogra-
phy.

No contaminants detectable by periodate-permanganate spray
after 48 h of descending paper chromatography in system 1 or 2.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on an SE-30 column, tempera-
ture-programmed from 200 to 280 °C at 4 °C per min.

Loss of Weight on Drying: At 60 °C and not above 0.5 mmHg, not
more than 9.6%,. Theoretical moisture content for the dihydrate
is 9.52%.

Water-Insoluble Material: Should give a clear colorless solution in
water,

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Irom (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

* This specific rotation is the average of the determinations made with a highly
purified mmpie provided by Dr. N. K. Richtmyer, National Institutes of Health.

Carbo-65
Tri- O-acetyl-D-glucal (3,4,6-Tri- O-acetyl-1,5-
anhydro-2-deoxy-D-arabino-hex-1-enitol)
CH,0AC
Formala: C,,H, /0y
Formmla Wt.: 272.23 A
c H
AcO
H

Bibliography : E. Flscher, Chem. Ber., 47, 196 (1914); P. A. Levene and R. S. Tip-
son, J. Biol. Chem., 90, 94 (1931); B. Helferich, E. M. Mulcahy, and H. Ziegler,
Ber., ¥7, 233 (1954).

Description: Colorless crystals,

Specific Rotation: [u]"n —16.0° 40.5° (p = 2 g/100 ml in anhydrous
ethanol)

Melting Polmt: 57-58 °C.

Homogeneity: Homogeneous by thin-layer chromatography with
6:1 chloroform-butanone; detection by spraying with sulfuric
acid and heating.

Loes of Weight on Drying: Not more than 0.1%.

Ash: Not more than 0.1%.

Formmla: C,;HyOyy
Formmla Wt.: 342.30

HOM,C Wl (CHyOH) OH

OH

Bibliography: H. S. Isbell and W. W. Pigman, J. Res. Nat. Bur. Stand.,, 20, T73
(1938).

Specific Rotation: [a]p +75.8° +0.4° (» = 4 g/100 ml) determined
on a sample dried as described on p. 28. )

Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.

No contaminants detectable by ammoniacal silver nitrate spray
after paper chromatography in system 1 or 2.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on an SE-30 column, tempera-
ture-programmed from 170 to 260 °C at 4 °C per min.

Loss of Weight on Drying: Not more than 0.1%.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (as As): Not more than 0.5 ppm.

Carbo-67 HaOH
Xylitol HCOH

H
Formula: C;H,y0 HCOH

Specific Rotation: None.

Melting Point: Not below 93 and not above 95 °C.*

Homogeneity : Determined by gas-liquid chromatography.

No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a polyester column, isothermal
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.

Loes of Weight on Drying: Not more than 0.17.

Water-Insoluble Material: Should give a clear colorless solution in
water.

Ash: Not more than 0.05%.

Heavy Metals (as Cu): Not more than 10 ppm.

Iron (as Fe): Not more than 5 ppm.

Arsenic (a8 As): Not more than 0.5 ppm.

Rafsronces

1. M. L. Wolfrom and E. J. Kohn, J. Am. Chem. Soc., 64, 1739 (1942).
2. J. F. Carson, S. W. Walsbrot, and F. T. Jones, J. Am. Chem. Soc., 68, 1777
(1943).

* Xylitol was first crystallized in a hygroscopic metastable form! melting at
61-61.5 °C. It waa Iater obtained in a stable modification® melting at 93-94.5 *C.
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D-Xylopyramose / L-Xylopyramose Carbo-68 / Carbo-8
Carbo-68 o Carbo-69 HO o
D-Xylopyranose (D-Xylose) @mm L-Xylopyranose (L-Xylose) (H)OH
Symbol: Xyl HO

OH Formamla: C;H,/0,
Formmla: C;H,s0; Formmia Wt.: 150.13

Formula Wt.: 150.13

Bibliography: H. 5. Isbell and W. W, Pigman, J. Res. Nat. Bwr. Stand., 18, 141
(1937); 1. Rosin, Reagent Chemicals and Standards, 5th ed., D. Van Nostrand
Co., Inc., Princeton, New Jersey (1967), p. 543.

Specific Rotation: [a]p +18.8° +0.6° (» = 4 g/100 ml) determined
on a sample dried as described on p. 28.
Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.
No contaminants detectable by aniline hydrogen phthalate
spray after paper chromatography in system 1 or 2
No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a polyester column, isothermal
at 170 °C.
Loss of Weight on Drying: Not more than 0.17%.
Water-Inscluble Material: Should give a clear colorless solution in
walter.
Ash: Not more than 0.05%.
Heavy Metals (as Cu): Not more than 10 ppm.
Iroa (as Fe): Not more than § ppm.
Arseaic (as As): Not more than 0.5 ppm.

52

Specific Rotatioa: [a]) —18.8° +0.6° (» = 4 g/100 ml) determined
on a sample dried as described on p. 28.
Homogeneity: Determined by paper and gas-liquid chromatogra-
phy.
No contaminants detectable by aniline hydrogen phthalate
spray after paper chromatography in system 1 or 2
No contaminants detectable by gas-liquid chromatography of
the trimethylsilylated derivative on a polyester column, isothermal
at 170 °C.
Loss of Welght on Drying: Not more than 0.1%.
Water-Inscluble Material: Should give a clear colorless solution in
water.
Ash: Not more than 0.057,.
Heavy Metals (as Cu): Not more than 10 ppm.
Iron (as Fe): Not more than 5 ppm.
Arsenic (as As): Not more than 0.5 ppm.
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GENERAL REMARKS AND
ANALYTICAL PROCEDURES

The first step in the preparation of many pure carote-
noids 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 chilled 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 carote-
noids. 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 smaller
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 will show the pres-
ence of colored or colorless impurities. However, this
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Carotencids and Related Compounds

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 150 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), im 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 PRODUCTS

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 had 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 had purities of 90—
100% by the criteria reported in the earlier publication,
and seven had purities of 80-90% . One compound had
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a purity of 70-80%, and one had a purity of less than
10%. None of the commercial products contained
colored impurities. Hence, the impurities were either
colorless compounds that had not been removed in the
preparation of the commercial product or colorless oxi-
dation products that were formed during the time inter-
val between their preparation by the commercial sup-
plier and our receipt of the product. It seems probable
that the product of very low purity was one in which
much oxidation occurred after its preparation by the
supplier. Such a product would, however, be almost
worthless to the purchaser.

BIBLIOGRAPHY

M. S. Barber, J. B. Davis, L. M. Jackman, and B. C. L. Weedon,
J. Chem. Soc., 2870 (1960).

B. H. Davies, in Chemistry and Biochemistry of Plant Pigments,
T. W. Goodwin, ed., Academic Press, London and New York
(1965), p. 489.

S. P. Colowick and N. O. Kaplan, Methods in Enzymology:
Steroids and Terpenoids, Vol. XV, R. B. Clayton, ed., Aca-
demic Press, New York (1969).

T. W. Goodwin, in Carotine und Carotinoide, K. Lang, ed.,
D. Steinkopff Verlag, Darmstadt (1963), p. 1.

T. W. Goodwin, in Carotine und Carotinoide, K. Lang, ed.,
noids, Chapman & Hall, London (1952).

O. Isler, Carotenoids, Birkhiuser, Basel (1971).

O. Isler, R. Rilegg, U. Schwieter, and J. Wilrech, Viramins
Hormones, 18, 295 (1960).

S. Liaaen-Jensen, Pure Appl. Chem., 20, 421 (1969).
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Carot-1 / Carot-2

Antheraxanthin / S-Apocarotenal

Carot-1
Antheraxanthin
5,6-Epoxy-5,6-dihydro-3,5-carotene-3,3’-diol

Formala : CoHy Oy
Formula Wt.: 584.89
Cale. 7,: C, 8214; H, 9.65; 0, 8.21

OH

NN NN N

Antheraxanthin has been characterized as 5,6-epoxy-3,3'-dihy-
droxy-f-carotene.!* The stereochemistry of this compound is un-
known.

Sources:

Natural Sources. Antheraxanthin is present as an ester in Lilium
tigrimum,® from which it was originally isolated. It is also present
in smaller proportions in some fruits.

Partial Synthesis. Antheraxanthin is obtained on oxidation of
zeaxanthin with monoperphthalic acid.}*¢ Two isomers, having
different optical rotatory dispersion properties, are obtained.

Isolation Procedures:'~? 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 calcium hydroxide-Celite column.

Methods of Purification:

Solvent Partition. A partial purification of antheraxanthin can
be obtained by partition between several solvent combinations.?

Chromatography. Antheraxanthin has been purified by chroma-
tography on columns of cakium hydroxide® and of zinc carbon-
ate!

Crystallization. Needles or thin plates are obtained on crystal-
lization from benzene-methanol.?

Derivatives. No derivatives other than the furanoid rearrange-
ment product (mutatoxanthin) have been reported.?

Methods of Assaying for Purity:
Chromatography. Assays for chromatographic homogeneity
can be carried out on thin-layer plates® or on kieselguhr paper.’
Visible Spectrum. Carbon disulfide:* 478 and 510 nm. Chloro-
form:* 460.5 and 490.5 nm.
Mass Spectrum. The mass spectrum of antheraxanthin has been
[ ]

Melting Point. Antheraxanthin melts® at 205 °C.

Derivatives. Mutatoxanthin is obtained on treatment of anther-
axanthin with chloroform containing a trace of hydrochloric
acid.!

Probable Impurities: Violaxanthin and mutatoxanthin.
Conditions of Storage: Darkness (brown vial), inert
(sealed ampoule), and low temperature (— 20 °C).

Baferences

1. P. Karrer and E. Jucker, Helv. Chim. Acta, 18, 300 (1945).
2. P. Karrer and E. Jucker, Carotenokds, E. A. Braude (translator), Elsevier, New
York (1950).

atmosphere

3. P. Karrer and A. Oswald, Helv. Chim. Acta, 18, 1303 (1935).

4. L. Bartlett, W. Klyne, W. P. Mose, P. M. Scopes, G. Galasko, A. K. Mallams,
B. C. L. Weedon, J. Szabolcs, and G. Téth, J. Chem. Soc. (C), 2527 (1969).

5. A. L. Curl and G. F. Bailey, J. Agr. Food Chem., 2, 685 (1954).

6. H. R. Bolliger, A. Konig, and U. Schwieter, Chimia, 18, 136 (1964).

7. A. Jensen and 8. Lissen-Jensen, Acta Chem. Scand., 13, 1863 (1959).
8. H. Budsdkiewicz, H. Breezinka, and B. Johannes, Monmatsh, Chem., 101, 579
(1970).

Carot-2
B-Apocarotenal
8’-Apo-S-caroten-8’-al
(8-Apo-8’-carotenal)

Formula: CuoH,O
Formula Wt.: 416.65
Cale. %: C, 86.48; H, 9.68; O, 3.84

Eji:a/Lvﬂwafxwﬂrﬁvﬁwf&”
gl -~
Sources:

Natural Sources. g-Apocarotensal has been reported to be pres-
ent in citrus fruits,'® various vegetables,! grass, !* liver,! and
duodenal mucosa.

Chemical Synthesis. g-Apocarotenal has been synthesized from
*g-Cys-aldehyde.”® It has also been prepared by oxidation of
p-carotene with potassium permanganate.®?

Methods of Purification : 8-Apocarotenal is purified by recrystalliza-
tion from organic solvents (petroleum ether or petroleum ether—
ethyl acetate).

Methods of Assaying for Purity:

Chromatography. B-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 gel
G (Merck) or secondary magnesium phosphate. Cyclohexane~
ethyl ether (8:2), carbon tetrachloride, or petroleum ether—ethyl
ether (19:1) may be used as the developmg agent.

Visible Spectrum. Cyclohexane: E) = 2640 at 461 nm; 2165 at
488 nm.

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectrum has been reported.®

Melting Point. 139 °C, violet plates from methanol.?

Probable Impurities: cis-Isomers of g-apocarotenal.

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (0 °C).

Refersnces

nterstein, A. Stuﬁer and R. Riegg, Chem. Ber., 93, 2951 (1960).

l'ulﬂ hafr “. slT ‘lm

ommen and O. Wiss, Z. Ernachrungswiss. Suppl., 3, 18 (1963).

terstein, Angew. Chem., T2, 902 (1960).

flegg, M. Montavon, G. Ryser, G. Saucy, U. Schwieter, and O. lsler, Helr.

. Acta, 42, B34 (1959).

rrer and U. Solmssen, Helv. Chim. Acta, 20, 682 (1937).

rrer, U. Solmssen, and W. Gugelmann, Helv. Chim. Acta, 10, 1020 (1937).

U Schwieter, G. Englert, N. Rigassl, and W. Vetter, Pure Appl. Chem., 20, 365

(1969).

9. P. Karrer and E. Jucker, Carotenoids, E. A. Braude (transiator), Elsevier, New
York (1950).
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B-Apocarotencic Acld Ethyl Ester / Astacin

Carot-3 / Carot-S

Carot-3

B-Apocarotenoic Acid Ethyl Ester

Ethyl 8’-Apo-S-caroten-8’-oate
[B-Apo-8’-carotenoic Acid (C3o) Ethyl Ester]

Formula: Co;H Oy
Formula Wt.: 460.71
Cale. %: C, 83.42; H, 9.62; O, 6.96

Y
NOC,Hy

Sources:

Natural Sources. -Apocarotenoic acid is a metabolic product
of g-apocarotenal.!-? 8-Apocarotenoic acid has been isolated from
maize.?

Chemical Synthesis. Ethyl g-apocarotenoate is prepared in
analogy to the methyl ester® from 15,15’-dehydro-10'-apo-g-carot-
enal (Cy) and (l-ethoxycarbonylethyl)triphenylphosphonium
bromide.

Methods of Purification: Ethyl g-apocarotenoate is purified by crys-
tallization from organic solvents (petroleum ether or petroleum
ether-ethyl acetate).

Methods of Assaying for Purity:

Chromatography. Ethyl p-apocarotenoate is assayed for purity
by chromatography on a column of partially deactivated alu-
mina or on thin layers of secondary magnesium phosphate or
alkaline silica gel G (Merck). Petroleum ether—ethyl ether (19:1)
is used to develop the thin-layer chromatogram,

Visible Spectrum. Cyclohexane: E, %, values are 2550 at 449 nm
and 2140 at 475 nm. The absorption spectra of g-apocarotenoic
acid ethyl ester in hexane, ethanol, and petroleum ether have been
published.

Melting Point. A range of 134-138 °C has been reported.
Probable Impurities: cis-Isomers of -apocarotenoic acid ethyl ester.
Conditions of Storage: Darkness (brown vial), inert atmosphere

(sealed ampoule), and low temperature (— 20 °C).
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Verlag, Darmstadt (1963), p. 179.

2. H. Thommen, Chimia, 15, 433 (1961).

3, J. Baraud, F. Benitez, L. Genevols, and A. Maurice, Compt. Rend., 260, 7045
(1965).

4, 0. Isler, W. Guex, R. Riegg, G. Ryser, G. Saucy, U. Schwieter, M. Walter, and
A. Winterstein, Helv. Chim. Acta, 42, 864 (1959).

Carot-4

(-Apocarotenoic Acid Methyl Ester

Methyl 8’-Apo-S-caroten-8’-oate
[B-Apo-8’-carotenoic Acid (C3p) Methyl Ester]

Formula: CyH 0,
Formula Wt.: 446.68
Cale. %: C, 83.36; H, 9.48; O, 7.16
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Sources:

Natural Sources. 8-Apocarotenoic acid is a metabolic product
of g-apocarotenal !

Chemical Synthesis. The methyl ester of g-apo-8'-carotenoic
acid (Cy) is prepared from 15,15'-dehydro-g-apo-10’'-carotenal
(Cg) and (1-methoxycarbonylethyl)triphenylphosphonium bro-
mide.?

Methods of Purification: The methyl ester of g-apocarotenoic acid
is purified by recrystallization from petroleum ether or petroleum
ether-ethyl acetate.

Methods of Assaying for Purity:

Chromatography )~ The methyl ester of g-apocarotencic acid
is assayed for purity by chromatography on a column of partially
deactivated aluminum oxide or by chromatography on a thin
layer of secondary magnesium phosphate or alkaline silica gel G
(Merck). The thin-layer chromatograms are developed with a
mixture of petroleum ether-ethyl ether (19:1).

Visible Spectrum. Petroleum ether: 446 and 471 nm. E; s 2575
and 2160, respectively.?

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectrum of the methyl ester has been reported.t

Melting Point.* The methyl ester of g-apocarotenoic acid melts
at 136-137 °C.

Probable Impurities: Traces of cis-isomers of g-apocarotenoic acid
methyl ester.

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (—20 °C).

Roferences

1. O. Wiss and H. Thommen, Wiss. Veroeffentl. Deul. Ges. Ernachrung, 9, 188
(1963).

2. H. Thommen, Chimia, 15, 433 (1961).

3. O. Isler, W. Guex, R. Riegg, G. Ryser, G. Saucy, U. Schwieter, M. Walter, and
A. Wintersteln, Helv. Chim. Acta, 42, 864 (1959).

4. U. Schwieter, G. Englert, N. Rigassl, and W. Vetter, Pure Appl. Chem., 10, 365
(1969).

Carot-5

Astacin

3,3"-Dihydroxy-2,3,2",3’-tetrahydro-£3,5-
carotene-4,4’-dione = $,8-Carotene-3,4,3’,4’-tetrone

(Astacene)

Formmla : CoH O,
Formula Wt.: 592.83
Cale. %:C, 81.04; H, 8.16; O, 10.80

Astacin has been characterized as 3,3',4,4'-tetraketo-g-carotene. The
enol form of this compound (shown above) preponderates.!

Sources:

Natural Sources. Astacin is not a commonly occurring natural
pigment. However, it may be obtained on treatment of astaxan-
thin or astaxanthin esters with alkali.* 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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Carot-6

Chemical Synthesis. The synthesis of astacin from canthaxan-
thin has been reported.?

Isclation Procedures:*¢ Shells 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. Pig-
ment is extracted with acetone at room temperature and then
transferred to petroleum ether, with dilution of the extract with
water. The petroleum ether solution is washed with water and
90 % methanol, diluted with 2 M NaOH and sufficient ethanol to
form a homogeneous solution, and kept in the dark at room tem-
perature for 5 h. Sufficient water is then added to produce two
layers. The ethanolic layer is separated, and covered with petro-
leum ether, and the astacene is precipitated by careful acidifica-
tion with acetic acid. The pigment is washed with hot water, dis-
solved in a small volume of highly purified pyridine, and crystal-

Carot-6
Bixin
Methyl Hydrogen 9’-cis-6,6"-Diapocarotene-6,6’-dioate

Formula : CxHyO,

Structure: See Kuhn and Winterstein,! Barber et al.3?
Formala Wt.: 394,52

Cale. 7: C, 76.11; H, 7.66; O, 16.23

H
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lized by the addition of a small proportion of water. 0 OCH,

Methods of Purification: Sources:

Chromatography. Astacin may be chromatographed on such
weak neutral adsorbents 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.

Solvent Partition. Astacin may be partially purified by partition
between petroleum ether and alkaline methanol.!¢

Crystallization. Astacin crystallizes in needles from pyridine—
water.4

Derivatives. Astacin forms a dioxime,” a bis-phenazine deriva-
tive,” and such esters as the diacetate!** and dipalmitate.?

Methods of Assaying for Purity:

Chromatography. The purity of astacin may be determined by

chromatography on kieselguhr paper.!

Visible Spectrum. Carbon disulfide,* broad maximum at 510

nm. Pyridine,* broad maximum at 500 nm. The E} = (max), at 498
nm in pyridine is 1 X 10°}

Infrared Spectrum. The spectra for astacin and astacin diacetate
in a potassium bromide pellet have been reported.!

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic
resonance spectrum of astacin has been reported.!#8.¢

Mass Spectrum. The mass spectra of astacin and some of its
derivatives have been determined,!

Melting Point. Several different melting points have been re-
ported for this compound. These are 240-243 °C, 241 °C,!! 228
°C,! and 228-230 °C}

Optical Rotation. Astacin is optically inactive,

Probable Impurity : Astaxanthin,
Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (— 20 °C).
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Natural Sources. Bixin has been isolated from the seeds of Bixa
orellana® and all-rrans-bixin has been found in the roots of
Aristolochia cymbifera® Bixin is extracted from commercial
orlean, paté de rocou,® or bixa seeds’ with organic solvents,

Chemical Synthesis. Methyl-cis-4(natural) bixin*? and all-
trans-methyl bixin have been synthesized.l*-1*

Methods of Purification: Purification is achieved by recrystallization.

Methods of Assaying for Purity:

Chromatography. Methyl bixin and its geometrical isomers
have been separated on chromatographic columns.* However,
the column-chromatographic separation of the corresponding
bixin isomers has not been reported. Methyl bixin has also been
assayed for purity by thin-layer chromatography.'

Derivatives. Methyl bixin, norbixin, their dihydro and perhydro
derivatives, and various other esters of bixin have been prepared.t

Visible Spectrum, Bixin:* carbon disulfide, 459, 489, and 523.5
nm; chloroform, 439, 469.5, and 503 nm; all-rrans-bixin :* carbon
disulfide, 457, 491, and 526.5 nm; chloroform, 443, 475, and 509.5
nm. Methyl bixin: benzene, 444, 471, and 502 nm. Absorption
spectra for bixin in ethanol and methyl bixin in hexane have been
reported.*

Infrared Spectrum. The infrared spectrum of methyl bixin has
been reported.!*

Mass Spectrum. The mass spectrum of bixindial has been re-
ported.t?

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectra for methyl natural bixin,? all-rrans-methyl bixin*® and
cis-apo-1-norbixinal methyl ester®?® have been

Melting Poins. Bixin melts at 198 °C, all-rrans-bixin'® at 216-217
°C, and methyl bixin! at 163 °C.

Probable Impurity : all-trans-Bixin.

Conditions of Storage: The conditions of storage that are used for
other carotenoids should be used for bixin. However, the com-
pound is much more stable than many other carotenoids to air,
heat, and light.!?
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Carot-7

Canthaxanthin
B,8-Carotene-4,4’-dione
(B-Carotene-4,4’-dione)

Formaula: CoHuO,
Formula Wt.: 564.86
Cale. 7: C, 85.06; H, 9.28; O, 5.66

Sowrces:

Natural Sources. Canthaxanthin has been reported to be pres-
ent in crustaceae,! fishes (trout),! the organs of flamingos,** the
feathers of several species of birds, 7 mushrooms,? insects,® and
!lﬂt.“

Chemical Synihesis. Canthaxanthin has been synthesized from
p-carotene,'~1  15,15'-didehydro-g-carotene,’* crocetindialde-
hyde,'* and dehydrocrocetindialdehyde.*

Methods of Purification: Canthaxanthin is separated from other pig-
ments by chromatography on columns of magnesia or partially
deactivated alumina, Further purification is achieved by recrystal-
lization (dichloromethane or other solvents).

Methods of Assaying for Purity:

Chromatography. Purity of the pigment may be determined by
chromatography on columns of deactivated alumina or magnesia,
or by chromatography on a thin layer of silica gel G (Merck).!
Dichloromethane-ethyl ether (9:1) is used to develop the chro-
matogram.

Visible Spectrum. Cyclohexane: The principal light-absorption
maximum is found at 470 nm. An E, &, value of 2200 is found at
this wavelength.

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectrum of canthaxanthin has been reported.!*.1®

Mass Spectrum. The mass spectrum of canthaxanthin has been
reported.®.n

x-Ray Crystallography. The configuration of canthaxanthin has
been determined.®

Melting Poini. A melting point of 211-212 °C has been re-
ported.1®

Probable Impurities: Echinenone and cis-isomers.

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (— 20 °C).
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Carot-8

Capsanthin
(3R,3’S,5'R)3,3’-Dihydroxy-S,x-caroten-6"-one

Formula : C,oHiOs
Formula Wt.: 584.89
Cale. 7,: C, 82.14; H, 9.65; O, 8.21

Natural Sources. Fruits of red peppers (Capsicum annum) are a
good source of capsanthin,!—?

Chemical Synthesis. The structure of capsanthin has been es-
tablished through degradation,** and its synthesis from g-citra-
urin has been reported.’ The absolute configuration of capsanthin
has been established as 3R, 3'S, §'R3010

Methods of Purification: The extraction, chromatography on cal-
cium carbonate, and crystallization of capsanthin have been re-
ported.l.!

Methods of Assaying for Purity:

Chromatography. Capsanthin may be assayed for purity by
chromatography on columns of calcium carbonate or zinc carbon-
ate. Carbon disulfide or benzene-ethyl ether is used to develop
the column.!-12 Purity may also be determined by chromatography
on a thin layer of silica gel G (R 0.16 in a system of 207 ethyl
acetate in dichloromethane),'® or kielselguhr impregnated with
vegetable oil (R; 0.74 in a system of 20:4:3 methanol-acetone-
water, saturated with vegetable oil).1¢

Derivatives. The following 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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Carot-9

anhydrocapsanthone ; capsanthylal; capsanthylal monoxime; and
capsaldehyde 1518

Solvent Partition. The solvent-partition ratio between petro-
leum ether and 90%, methanol is 0:100.1%

Visible Spectrum. Carbon disulfide: 503 and 542 nm. Petroleum
ether: 475 and 505 nm. Benzene: 486 and 520 nm, E} % 1790 at
486 nm.!* Complete spectrum, %17 Jodine-isomerized capsanthin
shows a “‘cis peak” at 355 nm.

Infrared Spectrum. The infared spectrum of capsanthin has
been reported.®

Mass Spectrum. The mass spectrum of capsanthin has been
reported.l?

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic
resonance spectrum of capsanthin has been reported.®

Optical Rotatory Dispersion. The optical rotatory dispersion
curves of capsanthin and related compounds have been reported.!*

Melting Point. The meiting point of capsanthin has been re-
ported to be 176 °C (uncorrected)® and 175-176 °C (corrected).t

Optical Rotation. An [alca of +36° (chloroform) has been re-
ported.1®

Probable Impurities: cis-Isomers and traces of zeaxanthin and
capsorubin.'*

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (—20° C).

References

1. L. Zechmeister and L. Cholnoky, Aan. Chem., 454, 34 (1927).
2. L. Zechmeister and L. Cholnoky, Ann. Chem., 487, 197 (1931).
3. L. Zechmeister and L. Cholnoky, Ann. Chem., 489, 1 (1931).
4. R.
5. M

Eatschel and P. Karrer, Helv. Chim. Acta, 43, 89 (1960).
. 8. Barber, L. M. Jackman, C. K. Warren, and B. C. L. Weedon, Proc.
Chem. Soc., 19 (1960).
6. M. S. Barber, L. M. Jackman, C. K. Warren, and B. C. L. Weedon, J. Chem.
Soc., 4019 (1961).
7. B. C. L. Weedon, personal communication.
8. R. D. G. Cooper, L. M. Jackman and B, C, L. Weedon, Proc. Chem. Soc., 215
(1962).
9. J. W. Faigle, H. Mdller, W. von Philipsborn, and P. Karrer, Helv. Chim. Acta,
47, 741 (1964).
10. L. Bartlett, W, Klyne, W. P. Mose, P. M. Scopes, G. Galasko, A. K. Mallams,
B. C, L. Weedoa, J. Szabolcs, and G. Téth, J. Chem. Soc. (C), 2527 (1969).
11. L. Zechmeister and L. Cholnoky, Ann, Chem., 509, 269 (1934).
12. P. Karrer and E. Jucker, Helv. Chim. Acta, 18, 1143 (1949).
13. B. H. Davies, in Chemistry and Biochemistry of Plant Pigments, T. W. Goodwin,
ed., Academic Press, New York (1965), p. 489.
14. K. Randerath, Thin-Layer Ch graphy, Academic Press, New York (1963).
15. P. Karrer and E. Jucker, Carotenoids, E. A. Braude (translator), Elsevier, New
York (1950).
16. L. Cholnoky, D. Szabo, and J. Szabolcs, Ann. Chem., 606, 194 (1957).
17. L. Zechmeister, Fortschr. Chem. Org. Naturstoffe, 18, 223 (1960).
18. C. K. Warren and B, C. L. Weedon, J. Chem. Soc., 3972 (1938).
19. H. Budzikiewicz, H. Brzezinka, and B. Johannes, Monarsh. Chem., 101, 579
(1970).
20, B. C. L. Weedon, Fortschr. Chem. Org. Natursioffe, 27, 81 (1969).
21. P. Karrer and A. Oswald, Helv. Chim. Acta, 18, 1303 (1935).

Carot-9

Capsorubin

(3S,5R,3’S,5’R)3,3’-Dihydroxy-«,x-carotene-6,6’-dione

Formula : CuHyO,

Formaula Wt.: 600.89

Cale. 7,: C, 79.96; H, 9.39; O, 10.65 OH

C N N ‘o

OH

Sources:

Natural Sources. Capsorubin occurs as an ester in ripe paprika
(Capsicum annum) fruits."* The absolute configuration of capsoru-
bin has been established as 38, 5R, 3'S, 5 R.a45¢

Chemical Synthesis. The chemical synthesis of capsorubin has
been reported.?

Isolation Procedures:!.” Paprika pods are pretreated with ethanol,

and then extracted with petroleum ether. The combined extracts
are concentrated in vacuum, and the residue is chromatographed
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.

Methods of Purification:

Chromatography. Capsorubin may be chromatographed on a
column of calcium carbonate’ or magnesia.*

Solvent Partition. A partial purification of capsorubin may be
achieved by solvent partition.™*

Crystallization. Capsorubin crystallizes as violet needles from
benzene-petroleum ether and as plates from carbon disulfide.’

Derivatives. A number of esters of capsorubin have been pre-
pared. These are the diacetate,’? dipropionate, dibutyrate, dival-
erate, dicapronate, dicaprinate, dimyristate, dipalmitate, and
distearate.? The reduction product, capsorubol,®!*! and the oxi-
dation product, capsorubone,!* !4 have also been prepared.

Methods of Assaying for Purity:

Chromatography. The homogeneity of capsorubin preparations
can be ascertained by microchromatographic methods.!*!¢ Chro-
matography on circular paper impregnated with a kieselguhr
filler is recommended.!®

Visible Spectrum. Hexane:® 443, 468, and 503 nm. Petroleum
ether:” 444, 474, and 507 nm. Benzene: 455, 486, and 520 nm;""*
460, 487, and 522 nm;® 463, 487, and 522 nm.!* Carbon disulfide:”
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 following:!* 463
nm, 89.2 X 10%; 487 nm, 129.8 X 10%; and 522 nm, 119.1 X 108

Infrared Spectrum. The infrared spectrum of capsorubin in
chloroform has been reported.!

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic
resonance spectrum of capsorubin has been reported.13.18

Mass Spectrum. The mass spectrum of capsorubin has been re-
mcd_”.ﬂ

Melting Point? Capsorubin melts at 218 °C.

Optical Rotation. The optical rotatory dispersion curve of
capsorubin has been reported.*

Probable Impurities: Zeaxanthin and capsanthin.
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a-Carotese | f-Carotene

Carot-10 / Carot-11

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (— 20 °C).
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Carot-10
a-Carotene
(6’R)B,e-Carotene

Formula: CyHy
Formula Wt.: 536.89
Cale. 7: C, 89.49; H, 10.51
"'-.
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Sources:

Natural Sources. a-Carotene is present in much smaller pro-
portions than g-carotene in most plant species. However, the best
sources of this carotene are the same as the sources of g-carotene:
carrots,! palm oil,*? and green leaves of various species.* In some
algae, 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.1°

Isolation Procedures: The extraction of o-carotene from plant
sources, and its purification by distribution between immiscible
solvents, chromatography, and crystallization have been re-
ported 1—1

Methods of Purification:

Chromatography. «-Carotene has been purified by chromatog-
raphy on columns of calcium hydroxide, alumina, or magnesia.!*

Crystallization. a-Carotene may be crystallized from the same
solvent pairs used to crystallize g-carotene and lycopene,!*

Methods of Assaying for Purity:

Chromatography. The purity of a-carotene may be determined
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by chromatography on columns,!* alumina paper,!® or thin-layer
plates of magnesia ¢

Solvent Partition.!* The partition ratio between hexane and 95%,
methanol is 100:0.

Vbibk Spectrum. Hexane (b.p. 65-67 °C): 422, 446, and 474
nm. E) % 2725 (446 nm) and 2490 (474 nm). Spectral curve.!? Light
petroleum: 422, 444, and 473 nm. E; % 2800 (444 nm).

Mass Spectrum. Thenmsspec(rumofamhlsl:nm:e-
ported.te1®

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic
resonance spectrum of a-carotene has been reported,6.17.%

Optical Rotatory Dispersion. The optical rotatory dispersion
curve of a-carotene has been reported.®

Melting Point.* a-Carotene melts at 184-188 °C.

Optical Rotation. [aJss +385° has been reported.!

Probable Impurities: Oxidation products, cis-isomers, and other
carotenes (S-carotene and phytofluene).

Coaditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (— 20 °C).
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Carot-11
p-Carotene
B,B-Carotene

Formula: CyoHy
Formula Wt.: 536.89
Cale. %: C, 89.49; H, 10.51
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Carot-12 v-Carotene
Somrces: Carot-12
Natural Sources, Excellent sources are carrots,! palm oil,* and ~-Carotene
green leaves of many plant species.? B4-C
Chemical Synthesis. Several chemical syntheses of g-carotene w-Carofese
have been reported. ™7
Isolation and Methods of Purification: The extraction of S-carotene Formaula: Cyolls

from plant material and the separation and purification of this
compound by solvent partition, chromatography, and crystalliza-
tion have been reported.!-%%? The standardization of some of the
steps in these procedures has been effected through cooperative
studies.!®

Methods of Assaying for Purity:

Chromatography. Purity of the compound may be determined
by column chromatography (usually on magnesia),’* chromatog-
raphy on kieselguhr paper,"! or chromatography on a thin layer of
magnesia 1?

Solvent Partition?® The partition ratio between hexane and 95%
methanol is 100:0.

Visible Spectrum %1t Hexane (b.p. 65-67 °C): 450 and 478 nm.
E)'ea 2590 and 2280, Cyclohexane: 456 and 484 nm. E % 2500 and
2150.

Infrared Spectrum. The infrared absorption spectrum has been
reported.®

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic
resonance spectrum has been reported.l®

x-Ray Crystallography. The configuration of g-carotene has
been determined.!®

Mass Spectrum. The mass spectrum of g-carotene has been
1732

Melting Point. g-Carotene melts at 178-180 °C 3¢
Probable Impurities: Oxidation products and cis-isomers; small pro-
portions of related carotenes («- and {-carotenes) may also be
present if chromatographic purification has not been properly
performed.
Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), low temperature (— 20 °C).
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Formula Wt.: 536.89
Cale. 7: C, 89.49; H, 10.51

Sources:

Natural Sources. A strain of Penicillium sclerotiorum is one of
the best sources of this pigment.! This compound is also present
in small proportions in many plant materials, particularly fruits,
that contain g-carotene.?

Chemical Synthesis. The chemical synthesis of y-carotene has
been reported by Garbers er al.? and Riiegg er al.*

Isolation Procedures: v-Carotene is isolated from plant materials by
the methods of solvent extraction, saponification, phasic separa-
tion, and chromatography commonly used for other carotenes.?

Methods of Purification:

Solvent Partition. v-Carotene is epiphasic on partition between
90% aqueous methanol and petroleum ether.?

Chromatography. Purification of v-carotene may be achieved by
chromatography on a column of aluminum oxide®* or calcium
hydroxide.?

Crystallization. Benzene-methanol (2:1) has been used to
crystallize v-carotene.?

Methods of Assaying for Purity:

Chromatography. The purity of y-carotene may be determined
by column (aluminum oxide) or thin-layer (magnesium oxide)
chromatography.’

Visible Spectrum47 Petroleum ether: 437, 462, and 494 nm.

Ei%. 2055, 3100, and 2720, respectively. Benzene: 448, 477,

and 510 nm.

Infrared Spectrum. The infrared spectrum of y-carotene has
been reported.’

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic
resonance spectrum of y-carotene has been reported.”

Mass Spectrum. The mass spectrum of y-carotene has been
reported.’®

Melting Point. A melting point of 150 °C has been reported!® for
natural y-carotene, Synthetic rrans-y-carotene meltst? at 152-154
°C.

Probable Impurities: Oxidation products, cis-isomers, and lycopene
(when isolated from natural sources).

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (0 °C).
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Formula Wt.: 540.90 12. B. C. L. Weedon, Fortschr. Chem. Org. Naturstoffe, 27, 81 (1969).

Cale. 77: C, 88.82; H, 11.18
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Sources:

Natural Sources. Good sources of {-carotene are carrot roots,!
fruit of certain varieties of tomato,! fruit of Lonicera japonica, the
petals of Calendula officinalis, and certain fungi.® An unsym-
metrical [-carotene (7,8,11,12-tetrahydrolycopene) is found in
several photosynthetic bacteria.s

Chemical Synthesis. The chemical synthesis of the symmetrical
and unsymmetrical {-carotenes has been reported.’*

Isolation Procedures: {-Carotene is isolated from plant materials by
the methods of solvent extraction, saponification, phasic separa- WV N
tion, and chromatography commonly used for other carotenes.’

Methods of Purification:

Solvent Partition. {-Carotene is epiphasic on partition between
90 %, aqueous methanol and petroleum ether.

Chromatography, -Carotene may be purified from other carot-
enes by chromatography on 509, magnesia-Hyflo Supercel.’
Columns are developed with hexane, and {-carotene is eluted with
10% ethanol in hexane, Purification of {-carotene may also be
effected on a column of alumina,” The chromatogram is developed
with hexane containing 2-5% of diethyl ether.

Crystallization. The crystallization of {-carotene has been

Carot-14
Citranaxanthin
§’,6’-Dihydro-5’-apo-18’-nor-S-caroten-6’-one

Formula: CgH,.0
Formmla Wt.: 456,72
Cale. %:C, 86.79; H, 9.71; 0. 3.50

=0

Sources:
Natural Sources. Citranaxanthin is found in the peel of the
trigeneric hybrid Sinton citrangequat.!

Chemical Synthesis. The chemical synthesis of citranaxanthin
from g-apo-8'-carotenal (Cy) and acetone has been reported.!
Isolation Procedures: The extraction of citranaxanthin from the peel
of Sinton citrangequat fruit, the partial purification of this com-
pound by distribution between immiscible solvents and its com-

reported.t plete purification by chromatography and crystallization have
Methods of Assaying for Purity: been reported.!
Chromatography. The purity of {-carotene may be determined Methods of Purification:

Chromatography. Citranaxanthin is purified by chromatogra-
phy on a column of 1:1 (w/w) magnesium oxide-Hyflo Supercel!
Crystallization. Citranaxanthin has been crystallized from
petroleum ether.!
Methods of Assaying for Purity:

by column’ or thin-layer® chromatography.

Visible Spectrum. Petroleum ether: 378, 400, and 425 nm5".%
E} % 2270 (400 nm).%"8 Carbon disulfide 402, 424, and 452 nm.
The unsymmetrical {-carotene (7,8,11,12-tetrahydrolycopene) in
petroleum ether has wavelength maxima* at 374, 394.5, and 418.5

nm.

Infrared Spectrum. The infrared spectra for the two forms of -
carotene have been reported.®41?

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectra of p-carotene and its unsymmetrical isomer have been
reported.®¢

Mass Spectrum. The mass spectra of symmetrical and unsym-
metrical {-carotene have been reported.1.1

Melting Point. A melting-point range of 3842 °C has been
reported for all-trans-{-carotene b*

Chromatography. The purity of citranaxanthin may be deter-
mined by column chromatography! or by chromatography on
thin-layer plates of silica gel G. The chromatoplates are developed
with 2:3 petroleum ether-benzene.

Visible Spectrum. Hexane: 349 and 466 nm; E| & 410 and 2575,
respectively. Cyclohexane: 352 and 471 nm; E | 400 and 2475,
respectively. Benzene: 360 and 482 nm; E,% 365 and 2275,
respectively.!

Infrared Spectrum. The infrared absorption spectrum of
citranaxanthin has been determined.!

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic

Probable Impurities: Oxidation products.
Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed vial), and low temperature (—20 °C).?

resonance spectrum of citranaxanthin has been determined.!
Melting Point} Citranaxanthin melts at 155-156 °C.
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Carot-18 / Carot-16

Crocetin / Crocetin Diethyl Ester

Derivatives} Citranaxanthin forms an oxime that melts at
196-197 °C.
Probable Impurities: Oxidation products and cis-isomers.
Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (0 °C).

Bafsrenzy
1. H. Yokoyama and M. J. White, J. Org. Chem., 30, 2481 (1965).

Carot-15
Crocetin
8,8 -Diapocarotene-8,8 -dioic Acid

Formula: CoH,0,
Formula Wt.: 328.41
Cale. 7: C, 73.13; H, 7.37; O, 19.51

0 e
YR G
Ho” “OH
Sowrces:

Natural Sources. Crocetin (unesterified) is present in trace
amounts in some plant species. Most of this compound is found as
digentiobiose ester (crocin).)~* Crocetin has been isolated as the
dimethyl ester; this compound is formed through the action of
dilute sodium hydroxide in methanol on an extract of saffron,
Crocus sativus.® Crocin is also found in Cedrela toona, Nyctanthes
arbor-tristis, and Verbascum phlomoides petals and in the fruit of
Gardenia grandifiora.’

Chemical Synthesis. The total synthesis of all-rrans-crocetin
dimethy] ester has been reported.*’

Methods of Purification: Crocetin from saffron® and from the petals
of Crocus luteus,® crocin from saffron,? and crocetin dimethyl ester
from saffron'® are purified largely by chromatography followed by
crystallization, usually as the dimethyl ester.

Methods of Assaying for Purity:

Chromatography. Crocetin dimethyl ester may be assayed for
purity by column chromatography.!!

Derivatives. Mono- and dimethyl esters of crocetin, perhydro-
crocetin and its dimethyl ester and diamide, dihydrocrocetin and
its dimethyl ester, and crocetin tetrabromide have been prepared.®

Visible Specirum.® Crocetin, in carbon disulfide: 426, 453, and
482 nm; pyridine: 411, 436, and 464 nm; chloroform: 434.5 and
463 nm; petroleum ether (b.p. 40-60 °C): 424.5 and 450.5 nm;
hexane: 400, 420, and 444.5 nm. Crocetin dimethyl ester-
petroleum ether (b.p. 40-60 °C): 422 and 448 nm;* 422 and 450
nm;’ 420 and 444.5 nm.!® E;%, values are given as follows:
Crocetin dimethyl ester in petroleum ether, 4750 at 448 nm; in
ethanol® 5000 at 425 nm.

Infrared Spectrum. The infrared spectrum of crocetin dimethyl
ester has been reported.!2 18

Mass Spectrum. The mass spectrum of crocetindial has been
reported.!¢

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectra of crocetin dimethyl ester and crocetindial have been
reported.!

Melting Point. The following melting points have been reported:
crocetin, 285 °C; and crocetin dimethy] ester,!* 223 °C,

Probable Impurity: Picrocrocin, a colorless glycoside closely related

to crocin,

Conditions of Storage: Darkness (brown vial), inert atmosphere

(scaled ampoule), and low temperature (—20 °C).
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Carot-16
Crocetin Diethyl Ester
Diethyl 8,8’-Diapocarotene-8,8’-dicate

Formula: CyuHyO,
Formula Wt.: 384.52
Cale. %:C, 7497, H, 8.39; O, 16.64
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Sources:

Natural Sources. Crocetin is present as the digentiobiose ester
(crocin) in saffron (Crocus sativus) flowers.!—¢

Chemical Synthesis. The chemical synthesis of crocetin diethyl
ester has been reported.®?

Isolation Procedures:” 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 crystallization from
the alcoholic extract by the addition of ether. Crystalline crocetin
may be obtained by addition of ether to an alcoholic extract of
saffron flowers after prior saponification and acidification.

Methods of Purification:

Chromatography. Crocetin diethyl ester may be purified by
chromatography on a column of silica gel G.”

Crystallization. Crocetin diethyl ester has been crystallized
from benzene.*

Methods of Assaying for Purity:

Chromatography. The purity of crocetin diethyl ester may be
determined by chromatography on a column or thin-layer plate of
silica gel G. Dichloromethane is the solvent used in these separa-
tions.?

Visible Spectrum. Petroleum ether: 400, 422, and 450 nm.
E 1% 2340, 3820, and 3850, respectively.® Cyclohexane: 402, 425,
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Cryptoxanthin / 2,2°-Diketospirilloxanthin

Carot-17 / Carot-18

and 452 nm. Ei% 2190, 3590, and 3640, respectively. Benzene:
411, 435, and 462 nm. Ei%, 1970, 31!0 and 3000, respectively.
Chloroform: 412, 434, a.nd462nm.£ 2190, 3365, and 3200,
respectively.?
Melting Point. Melting points of 218-219 °C and 216-218 °C
have been reported® for crocetin diethyl ester.
Probable Impuarities: Oxidation products and cis-isomers.
Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (0 °C).
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Carot-17

Cryptoxanthin
(3R)B,8-Caroten-3-ol
(S-Caroten-3-ol)

Formula: CoH O
Formula Wt.: 552.89
Calc. %: C, 86.90; H, 10.21; O, 2.89

HO

Sources:

Natural Sources. Cryptoxanthin may be isolated from maize
seeds! or calyces of Physalis alkekengi.? It also occurs in some
fruits® and in milk and butter.* The absolute configuration of
cryptoxanthin has been established** as 3R.

Chemical Synthesis. The synthesis of cryptoxanthin has been
reported.’®

Isolation Procedures: The extraction, chromatography, and crystal-
lization of cryptoxanthin have been reported.?*!®
Methods of Purification:

Chromatography. Cryptoxanthin may be purified by chroma-
tography on magnesia, calcium carbonate, or deactivated alumina.
Ethanol in ethyl ether is used to develop the column.?

Crystallization, Cryptoxanthin may be crystallized from a mix-
ture of chloroform and ethanol.*’

Methods of Assaying for Purity:

Chromatography. Purity of the compound may be determined
by column chromatography on magnesia® or by chromatography
on kieselguhr paper.™

Solvent Partition. The partition ratio between hexane and 907
methanol is 87:3.12

Visible Spectrum. Petroleum ether” (b.p. 40-60 °C): 452 and 480
nm. E| ' 2370 and 2080. Ethanol: 451. 5 and 478 nm. E} % 2460
and 2165. Hexane: 450 and 478 nm. E| &, 2460 at 450 nm.

&4

Infrared Spectrum. The infrared spectrum of cryptoxanthin has
been reported.’
Optical Rotatory Dispersion. The optical rotatory dispersion
curve of cryptoxanthin has been reported.?
Meliing Poimi. Melting points of 165-169 °C* and 158-160 °C'
have been reported.
Probable Impurities: Oxidation products and cis-isomers.
Coaditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), low temperature (—20 °C).
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Carot-18

2,2’-Diketospirilloxanthin

1,1’-Dimethoxy-3,4,3',4’-tetrahydro-1,2,1°,2’-tetrahydro-
V,W-carotene-2,2’-dione

Formula: C,Hy O,
Formula Wt.: 624,91
Calc. %: C, 80.73; H, 9.03; O, 10.24

2
CHy O
: W\M’WYVYO%

Sources:

Natural Sources. 2,2’-Diketospirilloxanthin has been isolated
from Rhodopseudomonas spheroides' and Rhodopsendomonas
gelatinosa }*

Chemical Synthesis. The chemical synthesis of 2,2’-diketospiril-
loxanthin has been reported. 3¢

Isolation Procedures: 2,2-Diketospirilloxanthin is extracted from
Rhodopseudomonas species with acetone, the material is saponified
(after removal of acetone), and the nonsaponifiable compounds
are transferred to a benzene-petroleum ether mixture.!.%8

Methods of Purification:

Chromatography. 2,2'-Diketospirilloxanthin is purified by
chromatography on a column of partially deactivated, neutral
aluminum oxide.®

Crystallization. 2,2'-Diketospirilloxanthin has been crystallized
from acetone—petroleum ether.®

Methods of Assaying for Purity:

Chromatography. The purity of 2,2'-diketospirilloxanthin may
be determined by chromatography on filter paper containing a
kieselguhr filler, by thin-layer chromatography on silica gel G
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Carot-19 / Carot-20

Echinenone / Farnesyl Pyrophosphate

plates, or by chromatography on a column of partially deacti-
vated, peutral aluminum oxide.?

Solvent Partition.® The partition ratio between petroleum ether
and 95%, methanol is 41:9.

Visible Spectrum. Petroleum ether® 487.5, 518, and 555 nm.
Hexane: 349, 422, 488, 516, and 551 nm. E) % 550, 820, 2125,
2728, mdzlso respectively. Cyclohexane: 352, 432, 498, 523, and
560 nm. E\%, 570, 800, 2053, 2580 and 2025, respectively. Ben-
zene: 361, 539, and 576 nm. E} w 550, 2365,and 1822, respectively.
Carbon disulfide:* 530, 561, and 603 nm.

Infrared Spectrum. The infrared spectrum of 2,2’-diketospiril-
loxanthin has been determined.*

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectrum of 2,2'-diketospirilloxanthin has been determined.!

Mass Spectrum. The mass spectrum of 2,2'-diketospiril-
loxanthin has been published.*

Melting Point. A melting point of 222 °C has been reported for
naturally occurring 2,2’ -diketospirilloxanthin, and of 225-227 °C
for the synthetic compound.?

Probable Impurities: Oxidation products and cis-isomers.
Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (0 °C).
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Carot-19
Echinenone
B,5-Caroten-4-one
(B-Caroten-4-one)

Formmla: CoH,,0
Formmala Wt.: 550.88
Cale. 7:C, 87.21; H, 9.88; O, 2.90

Sowrces:

Natural Sources. Echinenone is found in echinoideae,!? in
crustacea,? and in blue-green algae.

Chemical Synthesis, Echinenone is prepared synthetically from
p-apo-8'~carotenal (Carot-2).5¢

Methods of Purification: Echinenone is purified by column chroma-
tography on partially deactivated alumina or magnesia.!-* Fur-
ther purification is achieved through crystallization.

Methods of Assaying for Purity:

Chromatography. The purity of echinenone may be determined
by chromatography on partially deactivated alumina or mag-
nesia!* or by chromatography on a thin layer of silica gel G with
4:1 cyclohexane—ethyl ether as the developing solvent.

Visible Spectrum. The principal maximum is found at 472 nm
(benzene), 461 nm (cyclohexane), and 458 nm (petroleum ether,

b.p. 80-105 °C). The E; %, values are 2040, 2110, and 2160, respec-
tively. Treatment of echinenone with sodium borohydride causes
a shift in the absorption maximum (in ethanol) from 470 nm to
423, 451, and 478 nm.
Mass Spectrum. The mass spectrum of echinenone has been re-
m;f.l
Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectrum of echinenone has been reported.?
Melting Poini. A melting point of 178-179 °C has been re-
§
Probable Impurities: Oxidation products and traces of cis-isomers.
Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (—20 °C).
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Carot-20
Farnesyl Pyrophosphate

Formula : C,;HyuO:Ps
Formmla Wt : 382.34
Cale %:C,47.13; H,7.38; 0, 29.29; P, 16.20

A/\/&/\A/“"z'mﬁ""ﬁ“’"
N & bu
Souwrces:

Natural Sources. Farnesyl pyrophosphate does not normally
accumulate in significant quantity in biological materials. How-
ever, this compound has been synthesized enzymically from
mevalonic acid' and from isopentenyl and dimethylallyl pyro-
phosphates.®®

Chemical Synthesis. The chemical synthesis of farnesyl pyro-
phosphate is effected through the pyrophosphorylation of farne-
sol.«+*

Methods of Purification:

Derivative Formation. Chemical synthesis yields a mixture of
farnesyl phosphate and farnesyl pyrophosphate. These com-
pounds can be selectively crystallized by treatment of an aqueous
solution of the mixture with cyclohexylamine followed by lithium
chloride.** The products are the dicyclohexylammonium salt of
farnesyl phosphate and the lithium salt of farnesyl pyrophos-
phate. The water-insoluble lithium salt can be converted into the
ammonium salt by passage® through a column of Dowex-50 ion-
exchange resin,

Chromatography. Farnesyl pyrophosphate may be purified” by
chromatography on Whatman No. 3 MM paper in a system of
(40:20:1:39) (v/v) isopropyl alcohol-isobutyl alcohol-ammonia-
water. An R, value of 0.87 is obtained. The presence of phosphate
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Geraniol

Carot-21

at this Ry value is demonstrated by spraying with the Rosenberg
]

reagent.
Methods of Assaying for Purity:

Phosphate Determination Standard assays for the determina-
tion of phosphate are used to assay for the purity of farnesyl
pyrophosphate.®®

Chromatography. The purity of farnesyl pyrophosphate may be
determined by paper®® or ion-exchange® chromatography. Farne-
syl pyrophosphate may be cleaved by treatment with 1 M HCL
The product (nerolidol) is extracted with petroleum ether, and
assayed by gas-liquid chromatography.!® Farnesyl pyrophos-
phate may also be cleaved by bacterial alkaline phosphatase or
snake-venom diesterase, The liberated farnesol is extracted into
petroleum ether and assayed by gas-liquid chromatography.!+1

Enzymic Assay. Radioactive farnesyl pyrophosphate may be
converted into radioactive squalene by a liver enzyme system,* a
yeast extract,® or a plant extract.!! The radioactive squalene is ex-
tracted from the incubation mixture with petroleum ether, and
then assayed by gas-liquid chromatography.

Probable Impurities: Geranyl pyrophosphate and farnesyl phos-
phate.

Conditions of Storage: Farnesyl pyrophosphate is stored as the
lithium or ammonium salt at low temperature (0 °C).
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Carot-21
Geraniol
(3,7-Dimethyl-2,6-octadien-1-ol)

Formula: C,,H,s0
Formula Wt.: 154.24
Cale. %: C, 77.87; H, 11.76; O, 10.37

ANAS
Sources:

Natural Sources. Geraniol is a constituent of many essential
oils, such as palmarosa,! citronella,! ginger grass,® geranium,® and
attar of roses.? It also occurs in oils of Andropogon schoenanthus,
Pelargonium odoratissum,! Anthocephalus cadamba,* Artemisia
campestris,* citrus leaves,® carrots,” coriander,® lavender,’ and
Juniperus sabina ¥ It also is present in some algae' and seaweeds.!
Geraniol may be obtained from citronella and other essential oils
by fractional distillation.

Chemical Synthesis. Geraniol has been synthesized by reduction

66

of methyl geranate with lithium aluminum hydride.!* It has also
been synthesized in ether under pressure from 6-methyl-S-
hepten-2-one, potassium hydroxide, and acetylene.!¢ This reaction
yields dehydrolinalool, which is then hydrogenated in the presence
of palladium-on-calcium carbonate to linalool (9657 yield), and
this is converted into geraniol.!4

Methods of Purification:

Solvent Extraction. The techniques of countercurrent distribu-
tion and liquid-liquid extraction have been used for the isolation
of geraniol from geranium oil.?

Chromatography. Geraniol may be purified by ascending paper
chromatography'* or by thin-layer chromatography on plates of
kieselguhr G, with 130:70: 1 acetone-water-liquid paraffin as the
solvent system;!® hexane—ethyl acetate (1:4) may also be used as
a solvent system.!” Geraniol may be purified by gas-liquid chro-
matography on a silicone-treated column of Carbowax 20 M
(10%) on Chromosorb W (60-80 mesh).!* Other gas-liquid chro-
matographic systems have been used.!s1%®

Methods of Assaying for Purity:

Chromatography. The aforementioned techniques of paper,
thin-layer, and gas-liquid chromatography may be used to assay
for the purity of geraniol.

Derivarives. Geraniol may be identified, and assayed for purity
by preparation of the 3,5-dinitrobenzoate® (m.p. 63 °C), the
phenylurethan® (m.p. 82 °C), or the allophanate® (m.p. 124-124.5
°C).

Ultraviolet Spectrum. The ultraviolet absorption maximum, in
cyclohexane, is at 190-195 nm.®

Infrared Spectrum. The infrared spectrum of geraniol has been
reported.®

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectrum of geraniol has been reported.®

Mass Spectrum. The fragmentation pattern for geraniol has
been reported.®

Refractive Index® The nfy is 1.4766,

Density.® The density of geraniol is 0.8894 g/ml at 20 °C.

Solubility. Soluble in alcohol and insoluble in water.”

Boiling Point.® Geraniol has been reported to boil at 230 °C.

Probable Impurity. The cis-isomer (nerol) is the most common
impurity.

Conditions of Storage. Geraniol should be stored in full, tightly
sealed containers, in a cool place, protected from light.
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Carot-22
Geranyl Pyrophosphate

Formmla: C,,HyO:P;
Formmla Wt.: 314.22
Cale. 7:C, 38.23; H, 6.42; O, 35.64; P, 19.71

Sowrces:

Natural Sources. Geranyl pyrophosphate does not normally
accumulate in significant quantity in biological material. Neither
has an enzymic synthesis of geranyl pyrophosphate been devel-
oped that would result in the synthesis of an appreciable quantity
of this compound.

Chemical Synthesis. The chemical synthesis of geranyl pyro-
phosphate is effected through the pyrophosphorylation of
geraniol.!

Methods of Purification:

Derivative Formation. Chemical synthesis yields a mixture of
geranyl phosphate and geranyl pyrophosphate. These compounds
can be selectively crystallized by treatment of an aqueous mixture
with cyclohexylamine followed by lithium chloride.! The products
are geranyl phosphate dicyclohexylammonium salt and the
lithium salt of geranyl pyrophosphate, The water-insoluble
lithium salt can be converted into the ammonium salt by passage?
through Dowex-50 ion-exchange resin,

Chromatography. Geranyl pyrophosphate may be purified by
paper chromatography on Whatman No. 3 MM peper in a sys-
tem of 40:20:1:39 (v/v) isopropyl akcohol-isobutyl alcohol-
ammonia-water.2? An R, value of 0.77-0.82 is obtained. The
presence of phosphate at this R; may be shown by spraying with
the Rosenberg reagent.*

Methods of Assaying for Purity:

Phosphate Determination. Standard assays for the determina-
tion of phosphate are used to assay for the purity of geranyl pyro-
phosphate.*

Chromatography. The purity of geranyl pyrophosphate may be
determined by paper chromatography.®? Geranyl pyrophosphate
may be cleaved with acid, or with bacterial alkaline phosphatase,
or snake-venom diesterase.*?* The resultant linalool or geraniol is
extracted with petroleum ether, and assayed by gas-liquid chro-
matography.!

Enzymic Assay. A mixture of geranyl pyrophosphate plus iso-
pentenyl pyrophosphate is converted into farnesyl pyrophosphate
by farnesyl pyrophosphate synthetase.** The product of the reac-
tion is treated with 1 M HCI or alkaline phosphatase, as men-
tioned, and the liberated terpenols are extracted with petroleum
ether and assayed by gas-liquid chromatography.?®

Probable Impurity: Geranyl phosphate.
Conditions of Storage : Geranyl pyrophospate is stored as the lithium
or ammonium salt at low temperature (0 °C).
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Carot-23
Geranylgeranyl Pyrophosphate

Formmula : CoHyO:Ps
Formula Wt.: 450.40
Cale. %:C, 53.34; H, 8.04; O, 24.87; P, 13.75

AAANAANA e odoko
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Sources:

Natural Sources. Geranylgeranyl pyrophosphate does not nor-
mally accumulate in significant quantity in biological material.
However, this compound is synthesized from mevalonate by a
homogenate of the endosperm of immature, wild cucumber
seeds.!

Chemical Synthesis. The synthesis of geranylgeranyl pyrophos-
phate by pyrophosphorylation of geranylgeraniol has been re-
ported.?

Methods of Purification:

Chromatography. Geranylgeranyl pyrophosphate may be puri-
fied by countercurrent distribution between the two phases of
15:5:1:19 (v/v) butyl alcohol-isopropyl ether-ammonia-water.?
Geranylgeranyl pyrophosphate may be further purified by chro-
matography on peae-cellulose. A linear gradient of 0.02 M potas-
sium chloride in 1 mM tris buffer (pH 8.9) is used.?

Methods of Assaying for Purity:

Phosphate Determination. Geranylgeranyl pyrophosphate is
treated® with 1 M HCl for 15 min at 100 °C. The liberated phos-
phate (2 mol/mol of geranylgeranyl pyrophosphate) is then
determined by assay.?

Chromatography. Geranylgeranyl pyrophosphate may be as-
sayed for purity by chromatography on Deag-cellulose.’¢ It may
also be cleaved by treatment with 1 M HCl. The geranyllinalool
and geranylgeraniol released are extracted into benzene, and then
assayed by thin-layer chromatography on silica gel G platesin a
solvent system of 9:1 (v/v) benzene-ethyl acetate.? Geranyl-
geranyl pyrophosphate may also be cleaved by treatment with
bacterial alkaline phosphatase. The liberated geranylgeraniol is
extracted into petroleum ether, and assayed by gas-liquid chro-
matography.®
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Isopentenyl Pyrophosphate / Lutein

Carot-24 / Carot-28

Enzymic Assay. Geranylgeranyl pyrophosphate is enzymically
converted into kaurene by a cell-free extract of Echinocystis mac-
rocarpa.! Kaurene is extracted into acetone, and then assayed by
thin-layer chromatography. Geranylgeranyl pyrophosphate is
enzymically converted into phytoene by an enzyme system ob-
tained from tomato fruit plastids.®

Probable Imparities: Geranylgeranyl phosphate and cis-isomers of
geranylgeranyl pyrophosphate.

Conditions of Storage: Geranylgeranyl pyrophosphate is stored as
a dry powder at low temperature (0 °C).
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uupun;

Carot-24
Isopentenyl Pyrophosphate
(3-Methyl-3-buten-1-yl Pyrophosphate)

Formula : CH,;O:P;
Formmla Wt.: 246.09
Cale. %:C, 24.41; H, 491; O, 45.51; P, 25.17

f

rt,c-rj:: ~CHy -0-P-0-P-OH
LR g

Sowrces: Synthesis of isopentenyl pyrophosphate is effected!—?
through pyrophosphorylation of 3-methyl-3-buten-1-0. Also,
isopentenyl pyrophosphate may be synthesized enzymically from
mevalonic acid.**

Methods of Purification:

Derivative Formation. Isopentenyl pyrophosphate is converted
into the monocyclohexylammonium salt by passage through a
column of Dowex-50 (cyclohexylammonium form) ion-exchange
resin.? Isopentenyl pyrophosphate may also be converted into the
lithium salt.?

lon-Exchange Chromatography. Dowex-1 (formate form) is
used to purify isopentenyl pyrophosphate.* Formic acid and am-
monium formate are used as eluants. Isopentenyl pyrophosphate
may also be purified by chromatography on a column of Deag-
cellulose.*

Paper Chromatography. Isopentenyl pyrophosphate has an R,
value of 0.60 when chromatographed on paper (Whatman No. 1)
in a system of 20:5:8 (v/v) rert-butyl alcohol-formic acid-water.?
An R, value of 0.48 is found in 6:3:1 (v/v) 1-propanol-ammonia—
water.*

Methods of Assaying for Purity:

Phosphate 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 Assay. Radioactive isopentenyl pyrophosphate is con-
verted into dimethylallyl pyrophosphate by isopentenyl pyro-

phosphate isomerase.® After acidification of the incubation mix-
ture, this product is extracted into petroleum ether, and the ex-
tract is assayed for radioactivity. Isopentenyl pyrophosphate may
also be cleaved by bacterial alkaline phosphatase or by snake-
venom diesterase, The liberated akcohol may then be assayed by
gas-liquid chromatography.*

Meliing Point.® The tricyclohexylammonium salt melts at 145-
147 °C.

Infrared Spectrum. The infrared spectrum of the cyclohexylam-
monium salt of isopentenyl pyrophosphate has been reported.?

Conditions of Storage: Store as the tricyclobexylammonium or the

lithium salt.
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Carot-25

Lutein
(3R,3’S,6’R)-8,e-Carotene-3,3’-diol
(Xanthophyll; a-Carotene-3,3"-diol)

Formula: Cy,HyuOs
Formula Wt.: 568.89
Cale. 7: C, 84.45; H, 9.92; O, 5.63

Sources:

Natural Sources. Lutein is a major constituent of the xantho-
phyll fraction of many plants, It is present in appreciable propor-
tions in green leaves,!? red and yellow flowers (partly as the dipal-
mitate, helenien),? and in egg yolk.

Chemical Synthesis. The synthesis of this compound has not
yet been reported.

Isolation Procedures: The extraction, chromatography, and crystal-
lization of lutein have been reported.1—*
Methods of Purification:

Chromatography. Lutein may be purified by chromatography
on a column of magnesia or calcium hydroxide.»&¢

Crystallization, A solvent pair frequently used for the crystal-
lization of lutein is carbon disulfide-ethanol.?®

Derivative Formation. The dipalmitate (helenien), other esters,
ethers, and the ketone and perhydro derivatives, have been re-
ported.!

Methods of Assaying for Purity:

Chromatography. The purity of lutein may be determined by
chromatography on magnesia or calcium hydroxide*® or on
kieselguhr paper.®

Visible Spectrum. Ethanol: 423, 446.5, and 477.5 nm. E;wm
values 1750, 2560, and 2340, respectively. Spectral curve.?

Mass Spectrum. The mass spectrum of lutein has been re-
p(rtgd,'.l.
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Carot-26

Lycopene

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectrum of lutein has been reported.’.1?
Optical Rotatory Dispersion. The optical rotatory dispersion
curve of lutein has been reported.!?
Melting Point.? Lutein melts at 151 °C.
Optical Rotation. [a}¢s +160° (chloroform) has been reported.?
Probable Impurities: Oxidation products, cis-isomers, and possibly
zeaxanthin,
Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (—20 °C).
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Carot-26
Lycopene
Y-Carotene

Formmia: CuH;,
Formmila Wt.: 536.89
Cale. 7: C, 89.48; H, 10.52

Sowrces:
Natural Sources. Tomato'? and various other fruits and vege-
tables, animals ¢ and photosynthetic bacteria.?
Chemical Synthesis. The total synthesis of lycopene has been
(']

Isclation Procedmres: The isolation of lycopene has been de-
ﬂ-jul-i,n.ll
Methods of Purification:

Chromatography. Column chromatography of the nonsaponi-
fiable fraction is normally employed. The adsorbents most com-
monly used are deactivated alumina, calcium carbonate, calcium
hydroxide, or magnesium oxide !

Crystallization. Lycopene may be crystallized from the follow-
ing solvent pairs:? 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.

Methods of Assaying for Purity:

Chromatography. The purity of the compound may be deter-
mined by chromatography on circular filter paper having a suit-
able filler,'s!¢ thin-layer chromatography,’* or column chroma-
tography.!

Solvent Partition® The partition ratio between petroleum ether
and 95% methanol is 100:0.

Visible Spectrum. Petroleum ether (b.p. 40-60 °C): 446, 472,
and 505 nm. Ei%. 2250, 3450, and 3150, respectively. Spectral
curve.l.73? Benzene:? 455, 487, and 522 nm. Isomerization with
iodine results in “cis-peak™ absorption at 345 nm (minor peak)
and 362 nm in petroleum ether.!”

Infrared Spectrum. Infrared absorption spectra in chloroform
and carbon disulfide have been reported.’” The spectrum in a po-
tassium bromide pellet has also been reported.!®

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic
resonance spectrum has been reported.’?

Mass Spectrum. The mass spectrum of lycopene has been re-
porled_..ﬂ

Melting Point. Lycopene melts at 172-173 °C in an evacuated
tube.?

Probable Impurities: Oxidation products and cis-isomers; small
proportions of related carotenes (neurosporene and hydroxylated
carotenes) may also be present when lycopene is isolated from
natural sources.

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and a low temperature (—20 °C).
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Lycoxanthin / Mevalonlc Acid

Carot-27 / Carct-23

Carot-27
Lycoxanthin
¥-Caroten-16-0l
(Lycopen-16-ol)

Formala: CuHyO
Formala Wt.: 552.90
Cale. %: C, 86.90; H, 10.21; O, 2.89

HOH,C

Lycoxanthin, previously thought to be lycopen-3-ol,' has recently
been characterized as lycopen-16-ol.%*
Sources:

Natural Sources. Lycoxanthin is found in fruits of Solamwn dul-
camara,3 Solanum esculentum 4% and Tamus communis.¢

Chemical Synthesis. The chemical synthesis of lycoxanthin has
been reported.®

Isolation Procedures: Lycoxanthin 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
lycoxanthin is purified by column chromatography.

Methods of Purification:

Chromatography. Lycoxanthin is purified by chromatography
on a column of calcium carbonate, calkcium hydroxide, deacti-
vated alumina*® or alumina. The chromatogram is developed
with benzene, and lycoxanthin is eluted with 3:1 benzene-
methanol.¢

Crystallization. Lycoxanthin can be crystallized from carbon
disulfide or from a mixture of benzene and petroleum ether.*

Methods of Assaying for Purity:

Visible Spectrum.*1® Carbon disulfide: 473, 507, and 547 nm.
Benzene:* 456, 487, and 521 nm. Petroleum cther:” 444, 472.5, and
503 nm. E1’% 3360 at 472.5 nm,

Infrared Spectrum. The infrared spectra of lycoxanthin and
some of its derivatives have been reported.*®

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectra of lycoxanthin and lycoxanthin acetate have been re-
pom_l.l

Mass Spectrum. The mass spectrum of lycoxanthin has been
reported.?

Melring Point. Lycoxanthin has been reported to melt at 168
°C and, after crystallization from ethyl ether-light petroleum, at
173-174 °C (uncorr.)**

Derivatives. The acetate of lycoxanthin has been prepared.t 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 Impurities: Lycophyll and oxidation products.

Conditions of Storage: Darkness (brown vial), an inert atmosphere
(sealed ampoule), and cold temperature (—20 °C).
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Carot-28
Mevalonic Acid
(3,5-Dihydroxy-3-methylpentanoic Acid)

Formula: GH,/0,
Formula Wt.: 148.16
Cale. %: C, 48.63; H, 8.17; 0, 43.20

HO-CHy- CHy- & -CHy-COMH

Sources: Prepared synthetically from 4-acetoxy-2-butanone and
ethyl bromoacetate.!:*
Methods of Purification:

Derivative Formation. Synthesis yields a racemic mixture of
ethyl S-acetoxy-3-hydroxy-3-methylpentanoate.® This product is
hydrolyzed to a mixture of (+)-mevalonic acid and (z)-meva-
lono-1,5-lactone. The lactone may then be isolated by short-path
distillation, and crystallized from acetone—ether.® It may also be
converted into a benzhydrylamide derivative.? The N, N'-dibenzyl-
ethylenediammonium (DBED) salt of mevalonic acid may also be
prepared and crystallized.!-* Only the natural (+) optical isomer
of mevalonic acid is biologically active.t The biologically active
isomer of mevalonolactone has the (R)-( —) configuration.

Methods of Assaying for Purity:

Bioassay. Mevalonic acid and mevalonolactone may be deter-
mined quantitatively by microbiological assay with Lactobacillus
acidophilus aATcc 4963.%

Enzymic Assay. Mevalonic acid may be determined quantita-
tively by spectrophotometric assay in a system in which mevalonic
acid is converted into phosphomevalonic acid with mevalonic
acid kinase.”

Hydroxamate Assay. Mevalonolactone may be converted into
the hydroxamate, and the quantity of this compound may be
determined spectrophotometrically.?

Chromatography. Mevalonic acid may be chromatographed 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 gas-liquid chro-
matography.'®

Melting Point. Mevalonolactone! 27-28 °C; salt? 124-125
°C; benzhydrylamide derivative® 93-95 °C.

Infrared Spectra. Strong bands are observed at 2.90-2.95 um
(hydroxyl function) and at 5.78 um (ester function), for mevalono-
lactone in chloroform.?

Conditions of Storage: As the DBED salt, or as the lactone, in a sealed
container in a refrigerator.
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Carot-29 [ Carot-30

Mevalonic Acid S-Phosphate / Mevalomic Acid 5-Pyrophosphate
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Carot-29
Mevalonic Acid 5-Phosphate
(3,5-Dihydroxy-3-methylpentancic Acid 5-Phosphate)

Formula: GH,;O,P

Formmla Wt.: 228.14

Cale. 7: C, 31.59; H, 5.72;
0O, 49.09; P, 13.58

3
uo-g;o-curcu,- ~CHy COM

Sources: Prepared synthetically by phosphorylation of mevalonic
benzhydrylamide! or reduced mevalonolactone, followed by oxi-
dation.* Mevalonic acid 5-phosphate may also be synthesized en-
zymically from mevalonic acid.*¢ Only the natural (R) optical
isomer of mevalonic acid is converted into the phosphate.

Methods of Purification:

Derivative Formation. Mevalonic acid phosphate is converted
into the tricyclohexylammonium salt by treatment with cyclo-
hexyl:g:ine. The salt is then crystallized from water-acetone at
—-15°Cz?

Chromatography. Mevalonic acid phosphate may be purified by
ion-exchange chromatography.!* Purification may also be ef-
fected by paper chromatography (Whatman No. 1) in a system of
isobutyric acid-ammonia-water (66:3:30 v/v).? An R, of 0.42 is
obtained. The presence of phosphate at this R; may be shown by
spraying with Rosenberg’s reagent.®

Methods of Assaying for Purity:

Phosphate Determination. A standard assay may be used for the
determination of phosphate.2*

Enzymic Assay. Mevalonic acid phosphate may be assayed en-
zymically through conversion into mevalonic acid pyrophosphate
by phosphomevalonic kinase. A spectrophotometric method has
been developed for this assay.®¢

Chromatography. The purity of mevalonic acid phosphate may
be determined by paper chromatography.®

Melting Point. Melting points of 145-147 °C for the cyclo-
hexylammonium salt’ and 154-156 °C for the tricyclohexylam-
monium salt® have been reported.

Conditions of Storage: Store as the cyclohexylammonium salt.
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Carot-30
Mevalonic Acid 5-Pyrophosphate
(3,5-Dihydroxy-3-methylpentanoic Acid 5-Pyrophosphate)

Formula: CH,;0,P,
Formula Wt.: 308.13
Cale. %: C, 23.38; H, 4.58; O, 51.93; P, 20.11

HO-P-0-P-0-CHy-CH, G -CH-COH
bu b

H

Sources:

Natural Sources. 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. The synthesis of this compound from mevalonic
acid or mevalonic acid 5-phosphate by partially purified enzymes
from yeast,!? pig liver,® and rat liver* has been reported.

Chemical Synthesis. The chemical synthesis of mevalonic acid
S-pyrophosphate has not yet been reported.

Isolation Procedures:** The incubation mixture is deproteinized
with acid, and the precipitated protein is washed thoroughly with
water. The supernatant solution is then subjected to chroma-
tography.

Methods of Purification:

Chromatography. Mevalonic acid 5-pyrophosphate may be
purified by ion-exchange chromatography on Dowex-1 formate?
or peae-cellulose’ or by paper chromatography.!—4¢

Methods of Assaying for Purity:

Chromatography. The foregoing methods may be used to assay
for the purity of a preparation of mevalonic acid 5-pyrophosphate.

Chemical Methods. Mevalonic acid 5-pyrophosphate may be
cleaved with alkaline phosphatase.® Assays may then be made for
mevalonic acid by gas-liquid chromatography® or for phosphate.!®
Quantitative assays for these compounds may be performed.?1°

Probable Impurities: Adenosine triphosphate and mevalonic
phosphate.

Conditions of Storage: As a dry powder, or in a slightly alkaline,
aqueous solution (pH 7-9) at a low temperature (—20 °C).
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Nerolidol / Newrcsporene

Carot-31 / Carot-22

Carot-31
Nerolidol
(3,7,11-Trimethyl-1,6,10-dodecatrien-3-ol)

Formmla: C,;HyO
Formala Wt.: 222.37
Cale. 7,: C, 81.02; H, 11.78; 0, 7.20

ANAAA/

OH

Sources:

Natural Sources. Nerolidol is obtained from cajaput,! camphor,?
grapefruit® lime,' neroli®* and coriander fruit oils,’ orange
blossoms,” and Peru balsam.” Nerolidol is obtained from these
oils by fractional distillation.

Chemical Synthesis. Nerolidol has been synthesized through the
condensation of linalool with diketene, and subsequent hydrolysis
and reduction of the intermediate. A 96% yield of pure product
has been reported.® It has also been synthesized by condensation
of cyclopropyl methyl ketone with the magnesium derivative of
1-bromo-4,8-dimethyl-3,7-nonadiene at 75 °C. A 209 yield
of product was reported.*

Methods of Purification:

Chromatography. Nerolidol may be purified'* by thin-layer
chromatography on plates of kieselguhr G. It may also be puri-
fied by thin-layer chromatography on a plate of silica gel that has
been impregnated with increasing concentrations of silver nitrate.
1,2-Dichloroethane—chloroform—ethyl acetate-propyl alcohol
(10:10:1:1) is used as the solvent system.!! Thin-layer plates
(26 X 76 mm) of silica gel, 250 um thick, may also be used, with
4:1 ethyl acetate-hexane.!® Separation and purification of
nerolidol has been effected!*1* by gas-liquid chromatography on
butanediol succinate (20%;) on Chromosorb W.

Methods of Asaying for Purity:

Chromatography. The foregoing techniques of thin-layer and
gas-liquid chromatography may be used to assay for the purity of
nerolidol.

Ultravioler Spectrum. The ultraviolet absorption spectrum of
nerolidol in cyclohexane shows a maximum at 187-192 nm.1%1¢

Infrared Spectrum. The infrared spectrum of nerolidol has been
re| R

Refractive Index. The np for the isomers of nerolidol are!®
dextro, 1.4898; levo, 1.4799; DL, 1.4801.

Specific Rotation. The [a]p for the isomers of nerolidol are
dextro,'® +142°; levo,® —6.5°; pL,” +15.5°.

Density. The density of nerolidol at 20 °C is 0.8778 g/ml.?

Solubility. Nerolidol is soluble in alcohol, ether, and other
organic solvents.!®

Derivatives. The phenylurethan (m.p. 37-38 °C, b.p. 145-146
°C), semicarbazone (m.p. 134-135 °C) and acetate (b.p. 128-129
°C at 1.6 mmHg) derivatives of nerolidol have been reported.”

Boiling Point.” Nerolidol has been reported to boil at 276 °C.

Probable Impurities. cis-Isomers and farnesol.

Conditions of Storage. Nerolidol should be stored in tightly
sealed containers, protected from light, in a cool place.

Relerences

1. V. K. Sood, Perfum. Essent. Oil Rec., 57, 362 (1966); Chem. Abatr., 65, 8661g
(1966).

2. N. Hirota and M. Hirol, Koryo, 70, 23 (1963); Chem. Abstr., 60, 9096e (1964).

3. G. L. K. Hunter and M. G. Moshonas, J. Food Scl., 31, 167 (1966).

4. L. Peyron, Soap Perfum. Cosmer., 39, 633 (1966); Chem. Absir., 65, 18420
(1966).

n

5. M. Calvarano, Essenze Dertv. Agrumari, 33 (1), 5 (1963); Cham. Abstr, 9,
L1184F (1963).
6. E. Schratz and 8. M, J. 8. Quadry, Planta Med., 14, 310 (1966); Chem. Abar.,
&5, 13530g (1966).
7. L Hellbron, Dictionary of Organic Compounds, 4th ed. Vol. 4, Oxford Univer-
sty Press, New York (1965), p. 2418.
8. L. N. Nazmarov, B. P. Gumsev, and V. L. Gunar, Zh. Obshch. Kikim., 18, 1444
(1958); Chem. Absir., 83, 1102 (1959).
9. M. Julia, S. Julia, and R. Guegan, Bull. Soc. Chin., 1072 (1960).
10. G. P. McSweeney, J. Chromartogr., 17, 183 (1965).
11. E. Stahl and H. Vollmann, Talania, 12, 515 (1963).
12. T, Okinaga, Hiroshima Nogyo Taenki Daigaku Kenkys Hokokw, 1, (4), 231
(1965); Chem. Absir., 65, 42400 (1966).
13. 1. W. Porter, Pure Appl. Chem., 10, 449 (1969).
14. C. R. Benedict, J. Kett, and J. W. Porter, Arch. Biochem. Biophys., 118, 611
(1965).
15. Y. R. Naves and C. Frel, Helv. Chim. Acta, 46, 2551 (1963).
16. C. v. Planta, Helv. Chim. Acta, 45, 84 (1962).
17. A. Ofper, W. Kimel, A. Holmgren, and F. Forrester, Helv. Chim. Acts, 41,
2581 (1959).
18. Handbook of Physics and Chemistry, 4Tth ed., Chemical Rubber Co., Cleveland,
Ohdo (1966), p. C-430.

Carot-32
Neurosporene
7,8-Dihydro-y ,-carotene

Formula: CuHu
Formula Wt.: 538.91
Cale. 7: C, 89.15; H, 10.85

Sources:

Natural Sources. Neurosporene is widely distributed in small
amounts in fungi,!? fruits and vegetables,*¢ and photosynthetic
bacteria.®

Chemical Synthesis. The total synthesis of neurosporene has
been reported.®?

Isolation Procedwres: Neurosporene is extracted from natural
sources®* with a solvent such as acetone, ethanol, or methanol
The extract is then transferred to petroleum ether, with or without
saponification, and subjected to column chromatography.

Methods of Purification:

Chromatography. Neurosporene is purified by chromatography
on 1:1 magnesium oxide—Celite,! calcium hydroxide—Celite,! or
alumina.?

Methods of Assaying for Purity:

Chromatography. Assays for the purity of neurosporene may be
conducted by chromatography on calcium hydroxide-Celite,!
magnesium oxide—Celite,? or alumina.! Thin-layer chromatog-
raphy may also be performed.?

Visible Spectrum. Petroleum ether:® 416, 440, and 470 nm.

1= 2990 at 440 nm. Hexane:? 415,438.5, and 469 nm. E, & 1920,
2990, and 3010, respectively. Carbon disulfide:* 439.5, 470.5, and
502.5 nm.

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectrum of neurosporene has been reported.®?

Mass Spectrum. The mass spectrum of neurosporene has been

10,11

Melting Point. A melting point of 124 °C has been reported.?
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Carot-33 / Carot-34

Physalien / Phytoene

Probable Impurities: Oxidation products, cis-isomers, y-carotene,
and cis-isomers of lycopene.

Coaditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (—20 °C).

Faderuarces

1. T. W. Goodwin, The Comparative Biochemistry of the Carotenoids, Chapman
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2. F. Haxo, Arch. Biochem., 20, 400 (1949).
3. H. H. Trombly and J. W. Porter, Arch. Biochem. Biophys., 43, 443 (1953).
4. T. W. Goodwin, Advan. Enzymol., 11, 295 (1959).
3. 8. Liasen-Jeneen, in Bacterial Photosynthesis, H. Gest, A. San Pietro, and L. P.
Vemnon, eds., Antloch Press, Yellow Springs, Ohio (1963).
& J. B. Davis, L. M. Jackman, P. T. Siddons, and B. C. L. Weedon, Proc, Chem.
Soc., 261 (1961).
7. J. B. Davis, L. M. Jack
Soc. (C), 2154 (1966).
8. S. C. Kushwaha, G. Suzue, C. Subbarayan, and J. W, Porter, J. Biol, Chem.,
245, 4708 (1970).
9. A. Jensen, In Carotine und Carotinoide, K. Lang, ed., p. 119, D. Steinkopff
Verlag, Darmstadt (1963).
10. B. C. L. Weedon, Fortschr, Chem. Org. Naturstoffe, 27, 81 (1969).
11. O. B. Weeks, A. G. Andrewes, B. O, Brown, and B. C. L. Weedon, Natwre, 224,
879 (1969).

P. T. Sidd and B. C. L. Weedon, J. Chem.

Visible Spectrum. Hexane: 449 and 478 nm. E) & 1410 and 1255,
respectively. Petroleum ether: 452 and 480 nm. E; ' 1335 and
1190, respectively.® Cyclohexane: 454 and 483 nm. E} %, 1350 and
1180, respectively. Benzene: 463 and 492 nm. E; . 1250 and 1090,
respectively.

Melting Point. Physalien has been reported to melt at 95-96 °C
(corr., under vacuum),* and at 98.5-99.5 °C.7

Probable Impurities: Oxidation products, cis-isomers, and, possibly,
zeaxanthin.

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and a low temperature (0 °C).
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Carot-33

Physalien

(3R,3’R)B,8-Carotene-3,3’-diol Dipalmitate
(Zeaxanthin Dipalmitate)

Formala: Cnl'l]uo;
Formaula Wt.: 1045.73
Cale. 7: C, 82.70; H, 11.18; O, 6.12

1

D«O'CWM%
CH3ICI'|2I“3-0

Sources:

Natural Sources. Physalien occurs in a wide variety of plant
materials. It was first isolated from the sepals of Physalis alkekengi
and Physalis franchetii) Since then, it has been reported to be
present in Lycium halimifolium?® Lycium barbarum,} Solanum
hendersonii} Aspargus officinalis} and Hippophaes rhamnoides.?*

Chemical Synthesis. Zeaxanthin dipalmitate has been synthe-
sized from zeaxanthin.* The total synthesis of zeaxanthin dipalmi-
tate has also been reported.*

Isolation Procedures:® The sepals of Physalis 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 ethanol' or acetone.® The pigment
may also be purified by column chromatography.

Methods of Purification:

Chromatography. Physalien may be purified by chromatography
on water-deactivated aluminum oxide. Hexane-ethyl ether (19:1)
is used to develop the column.

Crystallization.” Physalien has been crystallized from benzene-
methanol and from petroleum ether—ethanol.

Methods of Assaying for Purity:

Chromatography. The purity of physalien can be determined 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.

Carot-34

Phytoene
15-cis-7,8,11,12,7’,8°,11’,12’-Octahydro-y,/-carotene
(7,8,7’,8°,11,12,11’,12’-Octahydrolycopene)

Formula: CoHg
Formula Wi.: 544.96
Cale. 7: 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 cis-configuration.®

Chemical Synthesis. Phytoene has been synthesized from all-
trans-geranyllinalool.”®

Isolation Procedures: Phytoene is extracted from plant materials
with a solvent such as acetone, ethanol, or methanol, and then
transferred into petroleum ether.*~* This compound is then puri-
fied by chromatography, with or without prior treatment with
alcoholic potassium hydroxide.

Methods of Purification:

Chromatography. Phytoene is purified by chromatography on a
column of magnesia—Supercel  or alumina.®¢

Methods of Assaying for Purity:

Chromatography. Phytoene may be assayed for purity by
chromatography on magnesia-Supercel® or alumina.®* It may
also be assayed for purity by thin-layer chromatography on silica
gel!

73
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Phytofiveae

Carot-35

Ultravioles Spectrum, Hexane: 275, 285, and 297 nm.* E| &, 850
(286 nm).* The ultraviolet spectrum of all-rrans-phytoene has also
been reported.®

Infrared Spectrum. The infrared spectrum of central-cis-

phytoene and all-rrans-phytoene have been reported.®*1¢
Nuclear Magnetic Resonance Spectrum. The nuclear magnetic
resonance spectrum of phytoene has been reported .1l
Mass Spectrum. The mass spectrum of phytoene has been

1313

Melting Point. Phytoene has not yet been crystallized. On
cooling it forms a colorless glassy mass.
Probable Impurities: Waxes and cis—trans-isomers formed during
isolation.
Conditions of Storage: In solution in petroleum ether under nitrogen
at a low temperature (—20 °C).
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Carot-35

Phytofluene
15-cis-7,8,11,12,7",8’-Hexahydro-y ,J~carotene
(7,8,7’,8’, 11’,12’-Hexahydrolycopene)

Formaula : CuHg
Formula Wt.: 542.94
Cale. 7:C, 88.49; H, 11.51

Sources:

Nartural Sources. Phytofluene is rather widely distributed in
carotenoid-containing fruit and in some other tissues not con-
taining chlorophyll. It is found in persimmons,! red peppers,
carrots,? tomato fruits,*‘and tomato paste.’* all-rrans-Phytofluene
also occurs naturally.”

Chemical Synthesis. Phytofluene has been synthesized chemi-
“nyt&'

74

Isolation Procedwres: Phytofluene is extracted from plant materials
with such solvents as acetone, ethanol, and methanol and is then
transferred into petroleumn ether.!™* It is then purified by chroma-
tography, with or without a prior treatment with alcoholic po-
tassium hydroxide.

Methods of Purification:

Chromatography. Phytofluene is purified by chromatography
on calcium hydroxide-alumina ** magnesium oxide—Supercel,*
or alumina.!! all-trans-Phytofluene is readily separated from cis-
phytofiuene on partially deactivated alumina.’

Methods of Assaying for Purity:

Chromatography. Phytofluene may be assayed for purity by
chromatography on cakium hydroxide-alumina,’* magnesium
oxide-Supercel,”® or alumina.! Assay may also be made by chro-
matography on paper!? or on a thin layer of silica gel.!* The posi-
tion of phytofluene on a chromatographic column may be readily
determined by its characteristic green—white fluorescence when
exposed to ultraviolet light of long wavelength.

Ultraviolet Spectrum. Petroleum ether:28.14 331, 348, and 367
nm. E} % 1350 at 348 nm. Benzene :'* 338, 355, and 374 nm. The
ultraviolet spectrum of all-trans-phytofiuene has been reported.®!

Infrared Spectrum. The infrared spectrum of phytofluene has
been reported.®!¢

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic
resonance spectrum of phytofluene has been reported.®!?

Mass Spectrum. The mass spectrum of phytofivene has been
published &1

Melting Point. Phytofluene has not been crystallized. On cool-
ing, phytofluene forms a glassy mass lacking crystalline structure.

Probable Impurities: Phytoene, srans-phytofluene, and oxidation
products.

Coaditions of Storage: In solution in petroleum ether under nitrogen
at a low temperature (— 20 °C).
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Carot-36 / Carot-37

Prolycopene / Proneurosporene

Carot-36
Prolycopene

Formmia: CoHy,
Foramia Wt.: 536.90
Cale. 7,: C, 89.49; H, 10.51

Prolycopene is a poly-cis-lycopene of unknown stereochemical con-
figuration. However, the suggestion has been made that it may be a
symmetrical penta-cis-lycopene containing a central cis- and four
other, unhindered, cis-double bonds.!

Sources:

Natural Sources. Prolycopene is found in small amounts in
various fruits and flowers.? However, the best source of this pig-
ment is the ripe fruit of the “‘tangerine” or *“‘golden jubilee” type
of tomato.**

Chemical Synthesis. The chemical synthesis of prolycopene has
not yet been reported.

Isolation Procedures:*¢ Plant tissue is extracted with a solvent such
as acetone, methanol, or ethanol and the 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.

Methods of Purification:

Chromatography. Prolycopene may be purified by chromatog-
raphy on cakium hydroxide,! magnesium oxide-Supercel? or
deactivated alumina.®

Crystallization. Prolycopene has been crystallized from petro-
leum ether.?

Methods of Assaying for Purity:

Chromatography. The purity of prolycopene may be determined
by chromatography on calcium hydroxide,*’ magnesium oxide-
Supercel ! or deactivated alumina.?

Visible Spectrum. Petroleum ether: 443.5 and 470 nm.! Ei%.
1920.® Carbon disulfide: 469.5 and 500.5 nm.? Benzene: 454.5 and
485 nm.? Chloroform: 453.5 and 484 nm.?

Infrared Spectrum. The infrared spectrum of prolycopene has
been reported.?

Melting Point.? Prolycopene melts at 111 °C.

Probable Impurities: Oxidation products, and other isomers of
lycopene.1*

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (—20 °C).
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3. A. L. LeRosen and L. Zechmelster, J. Am. Chem. Soc., 64, 1075 (1942).
4. L. Zechmelster, A. L. LeRosen, F. W. Went, and L. Pauling, Proc. Nar. Acad.
Sel. U.S., I7, 468 (1941).
5. J. W, Porter and R. E. Lincoin, Arch. Biochem., 17, 390 (1950).
6. 8. C. Kushwaha, G. Suzue, C. Subbarayan, and J. W. Porter, J. Biol. Chem.,
248, 4708 (1970).
7. L. Zechmelster and J. H. Pinckard, J. Am. Chem. Soc., 69, 1930 (1947).
8. L. Zechmeister, A. L. LeRosen, W. A. Schroeder, A. Polgar, and L. Pauling,
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Carot-37

Proneurosporene

(Synonyms: Protetrahydrolycopene, Neoneurosporene P,
Unidentified Carotene 1, and Poly-cis-y-carotene)!

Formula: CyuHy
Formula Wt.: 538.91
Cale. %: C, 89.15; H, 10.85

Proneurosporene is a8 poly-cis-neurosporene that contains a trans-
double bond at the middle of the molecule.?

Sources:

Natural Sources. The principal sources of proneurosporene are
the ripe berries of Pyracantha angustifolia® and fruits of the
*golden jubilee™ and “tangerine’ varieties of tomato.?

Chemical Synthesis. The chemical synthesis of proneurosporene
has not yet been reported.

Isolation Procedwres: Berries or fruit are extracted with a solvent
such as acetone, 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.

Methods of Purification:

Chromatography. Proneurosporene is purified by chromatogra-
phy on 2:1 calcium hydroxide-Celite,® 3:1:1 magnesium oxide-
calcium hydroxide-Celite,? 1:1 magnesium oxide-Supercel,? or
deactivated alumina.*

Methods of Amaying for Parity:

Chromatography. Assays for the purity of proneurosporene
may be carried out by chromatography on columns of the ad-
sorbents just given. 4

Visible Spectrum? Hexane: 408, 432, and 461 nm. E| %, 2040 at
432 nm.

Infrared Spectrum. The infrared spectrum of proneurosporene
has been reported.®

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic
resonance spectrum of proneurosporene has not yet been re-
ported.

Melting Point. Proneurosporene has not yet been crystallized.

Probable Impurities: Prolycopene, other cis-isomers of neurospo-
rene, and oxidation products.

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (0 °C).
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Retinal / Retinolc Acid

Carot-38 / Carot-3

Carot-38
Retinal
(Vitamin A, Aldehyde)

Formula: CxyHxO
Formula Wt.: 284.44
Cale. %: C, 84.45; H, 9.92; O, 5.63

Ww

Isomers: Six isomers of retinal have been reported:! all-trans; 13-cis
(neo-a); 11-cis (neo-b); 9-cis (iso-a); 9,13-di-cis (iso-b); and 11,13-
di-cis (neoc).

Bipotency : All-rrans-retinal and 13-cis-retinal have 91 % of the bio-
logical activity of all-trans-retinyl acetate. Other isomers (cis) of
retinal have a lower biological activity.?

Sources:

Natural Sources. All-trans-retinal is present in herring roe and
in hens' eggs.? In the eyes of animals, marine fish, and crustacea,
retinal is present as the 11-cis isomer.*

Chemical Synthesis. Retinal is formed from retinol by oxidation
with activated MnO; in petroleum ether.®

Methods of Purification: 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.t

Methods of Assaying for Purity:

Column and Thin-Layer Chromatography. The adsorbents used
for the chromatography of retinal are similar, or identical, to
those used for the chromatography of retinol and its derivatives,’®
Retinal is eluted from water-deactivated alumina columns with
1-2% acetone. When retinal is chromatographed on thin-layer
plates of silica gel G, the chromatograms are developed with
ether-hexane (1:1). The isomers of retinal are partially separated
in each of the above systems.

Gas-Liguid Chromatography. Retinal is more stable than reti-
nol or retinyl acetate on gas-liquid columns. It can be recovered
quantitatively under proper conditions.* However, isomerization
occurs at high temperatures.

Ultraviolet Spectrum. The E\ %, values and the absorption max-
ima of retinal and its isomers in ethanol have been reported as
follows:1-21¢ gll-rrans, 1530 (381 nm); 13-cis, 1250 (375 nm);
11-cis, 878 (376 nm); 9-cis, 1270 (373 nm); 9,13-di-cis, 1140 (368
nm); and 11,13-di-cis, 700 (373 nm).

Other Spectra. The infrared® and fluorescence! spectra of
retinal have been reported.

Melting Points. The melting points of retinal and its isomers
have been reported as follows:!? all-trans, 57 and 65 °C; 13-cis,
77 °C; 11-cis, 64 °C; 9-cis, 64 °C; and 9,13-di-cis, 49 and 85 °C.

Quantitative Assays: The quantity of retinal is most frequently de-
termined by ultraviolet absorption spectroscopy.l-*!* However,
retinal forms a transient, highly colored complex with antimony
trichloride,? trifluoroacetic acid,’* and other Lewis acids. Hence,
the quantity of retinal may also be determined through measure-
ment of the quantity of light absorbed by this complex. The high-
est recent value of Ej &, at 666 nm is 4150.? Previous values have
been as low as 3340.%1* 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 E} %, 2040 at 530 nm."*
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The 9-cis, 11-cis, and 9,13-di-cis isomers of retinal react with
opsin (isolated from the retina) to yield rhodopsin or isorhodop-
sin}" In 2% digitonin solution, the E %, values for the opsin
complexes are 9-cis, 1439 (487 nm); 11-cis, 1467 (500 nm); and
9,13-di-cis, 1271 (487 nm). The retinol isomers having 11-cis or
13-cis double bonds may be distinguished by the maleic anhy-
dride test,%1*

Probable Impurities: Retinol, cis-isomers, and oxidation products.

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (0 °C). Solutions of retinal
in pure solvents are reasonably stable in the dark at low tempera-
tures.
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Carot-39
Retinoic Acid
(Vitamin A; Acid)

Formula: CxHxO:
Formula Wt.: 300.44
Cale. %: C, 79.96; H, 9.39; O, 10.65

»0
i || “OH

Isomers: The four unhindered isomers of retinoic acid (all-zrans,
9-cis, 13-cis, and 9,13-di-cis) have been crystallized and charac-
terized.!

Biopotency: All-trans-retinoic acid has 10-141% of the growth-
promoting activity of retinol. This discrepancy in activity is at-
tributable to the method of administration of retinoic acid to
the animal. cis-Isomers of retinoic acid have less biological activ-
ity than the all-frans<compound. Retinoic acid does not fulfill the
visual or reproductive functions of retinol or retinal.?

Sources:

Natural Sources. 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 g-p-glucosiduronic acid.*

Chemical Synthesis. Retinoic acid is prepared from retinal by
oxidation with silver oxide, or as an intermediate in the synthesis
of retinol.!
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Carot-40

Methods of Purification: 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 retino-
ate is crystallized from methanol.b

Methods of Assaying for Purity:

Column and Thin-Layer Chromatography. 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 of 4:1:1 benzene—chloroform—
methanol® is used. Retinyl g-p-glucosiduronic acid also migrates
on sgilica gel G plates in 5:5:5:1 benzene-chloroform-methanol-
acetic acid.

Partition Chromatography. Retinoic acid may be separated from
retinol on silicone-treated paper (reverse phase) when various
polar solvents are used to develop the chromatogram.’

lon-Exchange Chromatography. Retinoic acid is eluted from a
peaE-cellulose column by 0.04 M HCI in ethanol,” and from a
Biorad AG-2-X8 anion-exchange column with 5:95 acetic acid-
methanol.?

Gas-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.®

Ultraviolet Spectrum. The E; s, values of retinoic acid and its
isomers* ! in purified ethanol* are: all-trans, 1500 (350 nm);
13-cis, 1320 (354 nm); 9-cis, 1230 (345 nm); and 9,13-di-cis, 1150
(346 nm). .

Melting Point. Melting points for retinoic acid and its isomers
have been reported as follows: all-trans, 180 °C; 13-cis, 175 °C;
9-cis, 191 °C; and 9,13-di-cis, 136 °C1.10

Quantitative Assays: Ultraviolet absorption spectroscopy is most
commonly used to determine the quantity of retinoic acid.*™"
The amount of light absorbed by the transient highly colored
complex of retinoic acid with antimony trichloride,!® trifluoro-
acetic acid,!® and other Lewis acids is also a measure of the quan-
tity of retinoic acid. An E,%, value of 1770 (574 nm) has been
reported for this complex.!?

Probable Imparities : cis-Isomers and oxidation products.

Conditions of Storage: 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.
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Carot-40
Retinol
(Vitamin A, Alcohol)

Formula: CyxHyO

Formula Wt.: 286.46

Cale. %: C, 83,86; H, 10.56;
0, 5.59

Nomenclatare: *Vitamin A, alcohol” has 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.

Isomers: Six isomers of vitamin A have been reported: all-trans;
13-cis (neo-a); 1l-cis (neo-b); 9-cis (iso-a); 9,13-di-cis (iso-b);
and 11,13-di-cis (neo-c).?

Biopotency : Pure all-rrans-retinol has 3,333 X 10% 1.U./g. Both the
U.S.P. (United States Pharmacopeia) unit and International Unit
(I.U.) are defined as the amount of all-rrans-retinyl acetate (0.344
1g) having the biological activity of 0.300 ug of all-rrans-retinol.

Sources:

Natural Sources. The best sources are liver oils of marine fish,
where vitamin A, occurs mainly as retinyl esters. Free retinol is
also present in the blood and tissues of vertebrates and in the eyes
of crustacea.

Chemical Synthesis. Many procedures have been reported for
the synthesis of retinol. These include synthesis from acetone and
acetylene,? from g-ionone via condensation with methyl 3-methyl-
glutaconate,* from g-ionone via vinyl-g-ionol by the Wittig reac-
tion® and from g-ionone via a C,~aldehyde (Darzens’ reaction)
followed by Grignard addition of 3-methyl-2-penten-4-yn-1-ol.
These methods of synthesis have been reviewed.*®

Methods of Purification:

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 of all-rrans-retinol are obtained from methanol or ethyl for-
mate. Solvent-free crystals are obtained from propylene oxide or
petroleum ether.!?

Column Chromatography. Many adsorbents have been em-
ployed, including alumina, dicalcium phosphate, calcium car-
bonate, magnesium oxide, magnesium carbonate, silicic acid, and
bone meal. Columns of water-deactivated alumina are com-
monly used; from these, retinol is eluted quantitatively with
3-5% acetone in hexane. Isomers of retinol may be separated on
columns of dicalcium phosphate!*" or on thin-layer plates of
silica gel G developed with petroleum ether (low boiling)—
methyl-heptenone (11:2).M 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. 1112

Gas-Liguid Chromatography. Retinol is rapidly converted into
anhydroretinol under normal conditions of gas-liquid chroma-
tography,!® but it may be isolated with little destruction at 150 °C

7
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Retinyl Acetate

by use of high flow rates on columns of 1% SE-30 on siliconized
60-80 mesh Gaschrome P that has been conditioned at 250 °C
and treated with an antioxidant.!”

Methods of Amaying for Purity:

Chromatography. The above methods of chromatography may
be used to assay the purity of retinol.

Ultraviolet Spectrum. Retinol and its isomers each have a single
light-absorption maximum, E| %, in ethanol; all-rrans, 1832 (325
nm); 13-cis, 1686 (328 nm); 11-cis, 1220 (319 nm) or 945 (322
nm);? 9-cis, 1480 (323 nm); 9,13-di~cis, 1379 (324 nm); and 11,13-
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di-cis, 908 (311 nm). Several cis-isomers also have small absorp-
tion maxima (E; & about 350) between 235 and 260 nm. Spectral
properties of retinol derivatives have been collated 11012

Infrared Spectrum The infrared spectrum of retinol has been
w.l.tlul

Fluorescence Spectrum. Light of wavelength 325 nm is absorbed
maximally, and emitted at 470 nm.1%1*

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic
resonance spectrum of retinol has been reported.?

Melting Point. The melting points of retinol and some of its
isomers have been reported as follows:* all-rrans, 62-64 °C
(solvent free), 8 °C (methanol-solvated); 13-cis, 58-60 °C; 9-cis,
82-83 °C; and 9,13-di-cis, 58-59 °C.

Other Properties: Polarography of retinol® and the x-ray powder
diagram of its crystals® have been reported.

Quantitative Assays: The quantity of retinol is usually determined
by absorption of ultraviolet light.%.!*.!* Fluorescence of retinol may
be measured.® Assays may be made by the Carr-Price reaction.
Retinol forms transient, but intensely colored, complexes with
antimony trichloride, trifluoroacetic acid,® or other Lewis acids.
The Ei%, value at 620 nm of this species is 5070. All isomers of
retinol give the same complex. Retinol may also be dehydrated
with acid to yield anhydroretinol, which is measured spectro-
photometrically. E|%, values in ethanol are 2500 at 351 nm, 3650
at 371 nm, and 3180 at 392 nm.®

Probable Impurities: cis-Isomers and oxidation products of retinol
are the most common impurities.

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (0 °C). 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.®
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Carot-41

Retinyl Acetate

(Vitamin A, Acetate)

Formaula : CaH»O,

Formula Wt : 328.50
Cale. 7%:C, 80.44; H, 9.82; 0,9.74

W%o-g-ws

Isomers: The acetates of each of the six isomers of retinol have been

synthesized.!

Blopotency: A U.S.P. unit or an International Unit (I.U.) of all-
trans-retinyl acetate is 0.344 ug. Therefore, pure all-rrans-retinyl
acetate contains® 2,904 x 10° L.U./g.

Sources:

Natural Sources. Retinyl acetate is not found in natural mate-
rials.

Chemical Synthesis. Retinyl acetate is synthesized from retinol
by treatment with acetic anhydride or acetyl chloride in pyridine,
or from acetylated intermediates in the synthesis of retinol.?

Methods of Purification: Retinyl acetate may be scparated from
retinol by column chromatography. The compound may then be
purified by crystallization from methanol. Purification methods
were reviewed in 1960.!

Methods of Assaying for Purity:

Column Chromatography. 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 8-carotene, by hexane or 0.5% of acetone in hex-
ane.

Partition Chromatography. Column-partition chromatography
and reverse-phase paper chromatography have been used to sepa-
rate retinyl acetate from retinol and other retinyl esters.!

Gas-Liguid Chromatography. Retinyl acetate may be assayed
for purity by gas-liquid chromatography. However, retinyl ace-
tate forms anhydroretinol during gas-liquid chromatography un-
less proper conditions are maintained.*

Ultraviolet Spectrum. The maximum for retinyl acetate differs
from that of retinol in E| & values only. The E) & values reported
for retinyl acetate in ethanol are: all-trans, 1560 (325-326 nm);
13-cis, 1430 (328 nm); 11-cis, 973 (320-321 nm); 9-cis, 1200 (323
nm); 9,13-di-cis, 1110 (324 nm); and 11,13-di-cis, 859 (310-311
nm),!#

Fluorescence Spectrum. Retinyl acetate maximally absorbs light
of 325 nm, and emits part of the energy at 470 nm.!*.%.¢
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Carot-42 / Carot-43

Retinyl Palmitate / Spirilloxanthin

Melting Point. A value of 57-58 °C has been reported.

Other Properties: Infrared spectrum, nuclear magnetic resonance
spectrum, and polarographic behavior are similar for retinol and
retinyl acetate.

Quantitative Assays: Ultraviolet-light absorption and colorimetric
analysis'* are most commonly used in assays for quantity of
retinyl acetate. Colorimetric assays may be made with the Carr-
Price reagent (antimony trichloride), or with trifluoroacetic acid®
or other Lewis acids. The E, value at 616 nm is 4420 for the
colored species.

Probable Impurities: cis-Isomers, retinol, or oxidation products of
retinyl acetate.

Conditions of Storage: 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.!®
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Carot-42
Retinyl Palmitate
(Vitamin A; Palmitate)

Formula: CyHyeOy
Formula Wt.: 524.88
Calc. 7: C, 82.38; H, 11.52; O, 6.10

Ej(\)\w'*r ~(CHyCHy

Isomers: Six isomers of retinyl palmitate may be formed (see
Retinol, Carot-40).

Biopoteacy: A U.S.P. unit or an International Unit of all-rrans-
retinyl palmitate is 0.55 ug. Thus, pure all-trans-retinyl palmitate
contains 1.817 X 10° L.U./g.

Sources:

Natural Sources. 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.!—?

Chemical Synthesis. 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_l

Methods of Purification: Retinyl palmitate may be separated from
retinol by column chromatography. It may then be crystallized
from propylene oxide.*

Methods of Assaying for Purity:

Column and Thin-Layer Chromatography. Similar adsorbents

are used for the column chromatography of retinol and retinyl
palmitate.®’ Retinyl palmitate is eluted from columns of water-
deactivated alumina with hexane or a very small percentage of
acetone in hexane. Retinyl palmitate may also be chromato-
graphed on a thin layer of silica gel G. Petroleum ether-isopropyl
ether-acetic acid-water (180:20:2:5) or petroleum ether-acetoni-
trile-acetic acid-water (190:10:1:5)* are used to develop the
chromatogram.

Partition Chromatography. Column-partition chromatography
and reverse-phase paper chromatography have been used to sepa-
rate retinyl palmitate from retinyl acetate and retinol.”*

Gas-Liguid Chromatography. Retinyl palmitate does not emerge
from gas-liquid columns at temperatures suitable for the chroma-
tography of retinyl acetate and retinol.’

Ultraviolet Spectrum. Retinyl palmitate differs from retinol in
its ultraviolet absorption spectrum in E; & values only. In etha-
nol, all-rrans-retinyl palmitate has an E)%, value of 1000 at 325
nm.

Fluorescence Spectrum. Light of 325 nm is absorbed maximally
by retinyl palmitate. A portion of this energy is emitted? as light
of 470 nm.

Melting Point. A value of 28-29 °C has been reported.

Quantitative Assays: The quantity of retinyl palmitate is normally
determined by measurement of ultraviolet light absorbed,’* or
through measurement of light emitted by fluorescence.221° Assays
may also be made by measuring the absorbance of the colored
complex formed with such Lewis acids as antimony trichloride
and trifluoroacetic acid! An E)s, value of 2760 is obtained at
616 nm.

Probable Impurities: Retinol, cis-isomers, and oxidation products.

Conditions of Storage: 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 organic solvents.!?
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Carot-43

Spirilloxanthin

1,1’-Dimethoxy-3,4,3’,4’-tetrahydro-1,2,1°,2’-tetrahydro-
V,W-carotene

(Rhodoviolascin)

Formula: CaHgOy
Formula Wt.: 596.95
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Squaleme

Carot-44

Cale. 7,: C, 84.51; H, 10.12; O, 5.37; OCH,, 10.40

stwwoma

Sources:

Natural Sources. Spirilloxanthin is found onlyin photosyn-
thetic bacteria. Rhodospirillum rubrum (stationary-growth phase)
is an excellent source of this compound.!-?

Chemical Synthesis. The total synthesis of spirilloxanthin has
been reported 24

Isolation Procedwre: The extraction, saponification, column chro-
matography, and crystallization of spirilloxanthin have been
reported .27

Methods of Purification:

Chromatography. Column chromatography on either a calcium
carbonate-calcium hydroxide mixture®* or deactivated alumina’
may be used to separate spirilloxanthin from other carotenoids.

Crystallization. Chloroform—petroleum ether,! acetone-petro-
leum ether,” benzene-petroleum ether,” or benzene®* are used for
crystallization. Spirilloxanthin is only slightly soluble in petro-
leun ether, moderately soluble in benzene, and readily soluble in
acetone or carbon disulfide.

Methods of Assayieg for Purity:

Chromatography. The purity of spirilloxanthin may be deter-
mined by chromatography on cakium hydroxide,* on circular
filter paper having a suitable filler,*® or by the thin-layer tech-
nique.!?

Solvent Partition, The partition ratio" between petroleum ether
and 959 methanol is 88:12.7

Visible Sm:mm Petroleum ether (b.p. 40-70 °C): 463, 493,
and 528 nm. E | &, 2680 at 493 nm.* Spectral curve.*” Acetone: 468,
498, and 534 nm. Chloroform: 479, 509, and 544 nm. Benzene:
480, 510, and 548 nm. Carbon disulfide: 495, 532, and 570 nm.

Iodine-isomerized spirilloxanthin shows “cis-peak™ absorption
at 367 and 385 nm in petroleum ether.®

Infrared Spectrum. The infrared absorption spectrum of spiril-
loxanthin in & potassium bromide pellet has been reported.*

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic
resonance spectrum of spirilloxanthin has been reported.®1?

Mass Spectrum. The mass spectrum of spirilloxanthin has been
reported.}

Melting Point. Spirilloxanthin melts at 216-218 °C in an evacu-
ated tube.®

Probable Impurities: Oxidation products, cis-isomers, and rhodopin
or anhydrorhodovibrin when spirilloxanthin is isolated from
natural sources.

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and low temperature (—20 °C).
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Carot-44
Squalene

Formula: CuHy,
Formula Wt : 410.74
Cale. 7:C, 87.73; H, 1.77

AAAAAAAAAAA/

Sources:

Natural Sources. Squalene is found in the largest amounts in
fish-liver oils, particularly those of elasmobranchs,-* Squalene is
also found in plants 3¢

Chemical Synthesis. Several chemical syntheses of squalene
have been reported.** In addition, it has been shown that natural
squalene synthesized with tritium at C-12, has the R configura-
tion.' It has also been shown that natural squalene is the all-
trans-isomer,!

Isolation Procedures: Squalene is removed from biological materials
by extraction with such solvents as acetone, methanol, or ethanol,
The mixture of compounds in the extract is then subjected to
saponification, and, subsequently, squalene and other nonsa-
ponifiable compounds are transferred into petroleum ether.

Methods of Purification:

Chromatography. Squalene is purified by chromatography on a
column of alumina, on a thin-layer plate, or by the gas-liquid
technique,'21?

Methods of Assaying for Puerity:

Chromatography. An assay for squalene by chromatography on
a column of alumina has been reported.’?

Thin-Layer Chromatography. Squalene may also be assayed'®
for purity by chromatography on a thin-layer plate of silica gel G.

Gas-Liquid Chromatography. The purity of squalene may be de-
termined!? by gas-liquid chromatography on a column of SE-30.

Derivative Formation. The hexabromides and hexachlorides of
squalene have been prepared.? The thiourea clathrate of squalene
has also been prepared,! and the biochemically important squa-
lene 2,3-oxide has been synthesized.!4.

Solvent Partition. Squalene is insoluble in water, soluble in
ether, petroleum ether, carbon tetrachloride, or acetone, and
sparingly soluble in alcohol or glacial acetic acid.!*

Boiling Point.» by, 285 °C; by, 250 °C; by.is, 203 °C.

Density. df 0.8584 g/ml; d% 0.8538.

Refractive Index. riy 1.4965.

Infrared Spectrum. The infrared spectra of natural and syn-
thetic squalene have been reported.’

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectrum of squalene has been reported.”

Probable Impurities: Oxidation products and cis-isomers.

Conditions of Storage: In darkness, at a low temperature (0 °C).
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Carot-45

Torularhodin, Ethyl Ester

Ethyl 3’,4’-Didehydro-3,J-caroten-16’-0ate
(B-C4o-Carotenoic Acid, Ethyl Ester)

Formuia : CoHyOy
Formula Wt.: 592.91
Cale. 7: C, 85.08; H, 9.52; O, 5.40

Sources:
Natural Sources. Torularhodin has been isolated from micro-
3 1—4

Chemical Synthesis. The ethyl ester of torularhodin is prepared,
in analogy to the methyl ester,® from g-apo-2'-carotenal (Cy;) and
[1{(ethoxycarbonyl)ethyl]triphenylphosphonium bromide.

Methods of Purification: This pigment is purified by chromatogra-
phy on a column of deactivated alumina, and by crystallization
from organic solvents (e.g., ethyl acetate).

Methods of Assaying for Purity:

Chromatography. This compound may be assayed for purity by
chromatography on a column 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-
grams,

Visible Spectrum. Torularhodin ethyl ester in hexane exhibits
maxima at 475, 500, and 533 nm. E| %, (hexane) 2290, 3050, and
2430, respectively.

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectrum of torularhodin ethyl ester has been reported.’

Melting Poins. Torularhodin ethyl ester melts at 156-158 °C
(uncorr.) in an evacuated tube.

Probable Impurities: cis-Isomers of the ethyl ester of torularhodin.

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and at a low temperature (—20 °C).
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Carot-46

Torularhodinaldehyde

3’ ,4’-Didehydro-£,J-caroten-16"-al
(3’,4’-Didehydro-17’-0xo-y-carotene; S-C4o-Carotenal)

Formmula : CoHy0
Formula Wt.: 548.86
Calc., %: C, 87.53; H, 9.55; O, .92

Sources:

Natural Sources. This compound has not been reported to be
present in any natural sources other than Rhodororula species,!
where it is present in small amounts.

Chemical Synthesis. The synthesis of this compound from
15,15'-didehydro-g-apo-8'-carotenal by enol ether condensation
has been reported.?

Methods of Purification : This compound may be purified by chroma-
tography on columns of alumina, and by crystallization from
organic solvents.?

Methods of Assaying for Purity:

Chromatography. The purity of this compound may be deter-
mined by chromatography on a column of alumina or on a thin
layer of silica gel G (Merck). Ethyl ether—cyclohexane (1:4) is
used to develop the latter chromatogram.?

Visible Spectrum. Petroleum ether (b.p. 80-105 °C): 509 and
540 nm (shoulder). Cyclohexane: 513 and 544 nm (shoulder).
Benzene: 522 nm. The E}x, value at 508 nm is 2865 (petroleum
ether, b.p. 80-105 °C).

Melting Point. A melting point of 166-168 °C has been re-
ported.?

Probable Impurities: cis-Isomers of torularhodinaldehyde.

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and at a low temperature (— 20 °C).
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Carot-47

Violaxanthin

(3R,5R,6S5,3’'S,5'R,6’S)-5,6,5’,6’-Diepoxy-5,6,5’,6’-tetra-
hydro-£,8-carotene-3,3"-diol

81
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p-Zeacarotene

Carot-48

Formula: CoH,O,
Formula Wt.: 600.89
Cale. 7: C, 79.96; H, 9.39; O, 10.65

Violaxanthin has been characterized as 5,6,5',6'-diepoxy-zeaxan-
thin! The stereochemistry of this compound is known to be 31§,
8§22 and the coafiguration of each 5,6-epoxide group is thought to
beSR,6S°

Sowrces:

Narural Sources. Violaxanthin is found in many flowers,*
fruits,* green leaves® and algae.’’ Crystalline violaxanthin has
been isolated from Viola tricolor.?

Chemical Synthesis. Violaxanthin has allegedly been prepared,
in low yield, by oxidation of zeaxanthin with monoperoxyphthalic
acid.! However, the main product probably differs from natural
violaxanthin in the coafiguration of the 5,6-epoxy groups.?

Isolation Procedwres:* Yellow blossoms of Viola tricolor are dried,
and then extracted with petroleum ether. The combined extracts
are concentrated, and the material in the solution is saponified.
Violaxanthin is then extracted into petroleum ether, and purified
by crystallization or chromatography.

Methods of Purification :

Solvent Partition. A partial purification of violaxanthin can be
achieved by solvent partition.®

Chromarography. Violaxanthin may be purified by chromatog-
raphy on a column of magnesium oxide!* zinc carbonate,’® or
calcium carbonate.*

Crystallization. Violaxanthin can be crystallized from methanol
or carbon disulfide.

Derivatives. The di-(p-nitrobenzoate) and the dibenzoate of
violaxanthin have been reported.!®

Methods of Assaying for Purity:

Chromatography. The homogeneity of violaxanthin can be de-
termined by chromatography on thin-layer plates'* or on kiesel-
guhr paper.?

Solvent Partition. An observed polarity of 2.49 and an My, of
66.2 have been reported for this compound.

Visible Spectrum.t Carbon disulfide: 440, 470, and 501 nm.
Chloroform: 424, 451.5, and 482 nm, Petroleum ether: 417.5, 443,
and 472 nm. Ethanol: 417.5, 442.5, and 471.5 nm. E, &, approxi-
mately 2400 at 442.5 nm.*!? Spectral curves for violaxanthin have
been published. 18

Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectrum for violaxanthin has been reported.t1¢

Optical Rotatory Dispersion. The optical rotatory dispersion
curve for violaxanthin has been reported.1*

Mass Spectrum. The mass spectrum of violaxanthin has been
reported.)”

Melting Point. Violaxanthin melts at 200 °C.¢

Optical Rotation. An [a]¢a of +35° (chloroform) has been re-
ported for violaxanthin.

Derivatives. Auroxanthin is formed on treatment of violaxan-
thin with dilute acid.!*

Color Reactions. Violaxanthin gives a persistent blue color
when an ethereal solution of this compound is shaken with 20%;
aqueous hydrochloric acid.!?

Probable Impurities: Antheraxanthin, auroxanthin, and zeaxanthin.

Conditions of Storage: Darkness (brown vial), inert atmosphere

(sealed ampoule), and at a low temperature (—20 °C). Contact
with acid vapors must be avoided.
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Carot-48

B-Zeacarotene
7’,8’-Dihydro-£,)-carotene
(all-trans-7’,8’-Dihydro-y-carotene)

Formala: CuHy
Formula Wt.: 538.90
Cale. %: C, 89.15; H, 10.85

Sources:

Natural Sources. g-Zeacarotene has been isolated from yellow
corn grain,! yeast,! and fungi.?

Chemical Synthesis. The chemical synthesis of g-zeacarotene
from farnesyl triphenylphosphonium bromide and 15,15'-dide-
hydro-apo-12'-carotenal by a Wittig reaction has been reported.

Isolation Procedwres : 5-Zeacarotene is extracted from biological ma-
terials with an organic solvent. The carotene is then transferred
into petroleum ether, with or without prior saponification, and
purified by chromatography.

Methods of Purification:

Chromatography. g-Zeacarotene is purified by chromatography
on a column of magnesium oxide-Supercel,!? alumina,'* or cal-
cium hydroxide—Celite.!?

Methods of Assaying for Purity:

Chromatography. g-Zeacarotene may be assayed for purity by
column chromatography as just noted. It may also be assayed for
purity by chromatography on a kieselgel plate, or by thin-layer
chromatography on alumina.? :

Visible Spectrum. Petroleum ether: 406, 428, and 454 nm.
El% 1660, 2520, and 2300, respectively.t

Infrared Spectrum. The infrared absorption spectrum of g-zea-
carotene has been reported.!
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Nuclear Magnetic Resonance. The nuclear magnetic resonance
spectrum of g-zeacarotene has been reported.*
Mass Spectrum. The mass spectrum of g-zeacarotene has been
published.®
Melting Point.* B-Zeacarotene melts at 96-97 °C.
Probable Impurities: Oxidation products, cis-isomers of g-zeacarot-
ene, and, possibly, {-carotene.
Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and at a low temperature (—20 °C).
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Carot-49

Zeaxanthin
(3R,3’R)B,8-Carotene-3,3’-diol
(B-Carotene-3,3’-diol)

Formala: CoHy Oy
Formula Wt.: 568.89
Cale. 7: C, 84.45; H, 9.92; 0, 5.62

OH

NN g g
HO

Sowrces:

Natural Sources. Maize seeds,!? calyx of Physalis alkekengi (as
physalien, a zeaxanthin dipalmitate),* and in small proportions
in other plant sources.2*¢ The absolute configuration of natural
zeaxanthin from Physalis alkekengi and maize has been estab-
lished™® as 3R,3'R.

Chemical Synthesis. The total synthesis of zeaxanthin has been
reported.».10

Isolation Procedures: The isolation of zeaxanthin from natural
sources involves extraction, saponification under mild conditions,
extraction of the carotenediol with petroleum ether or ethyl ether,
chromatography, and crystallization,!—¢.11

Methods of Purification:

Solvent Partition. Zeaxanthin may be separated from carotenes
by partition between petroleum ether and 95%, methanol.s1

Chromatography. Zeaxanthin may be purified by column
chromatography on cakium carbonate, calcium hydroxide,
zinc carbonate, magnesia, magnesium silicate, or deactivated
Ilnﬂ'l.im."-"“

Crystallization. Several solvent combinations may be used for
crystallization. Two of 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 gram of the pigment dis-
solves in 1.5 liters of boiling methanol.®

Derivatives. Diesters® and diethers! of zeaxanthin have been
reported.

Methods of Assaying for Purity:

Chromatography. The purity of zeaxanthin may be determined
by chromatography on columns,? on circular paper having a suit-
able filler,!* or on thin layers of adsorbent.1®

Solvent Partition. The partition ratio between petroleum ether
and 95% methanol is 11:89; and between petroleum ether and
857 methanol is 40:60.!*

Visible Spectrum, Petroleum ether (b.p. 40-60 °C): 423, 452,
and 480 nm. E,%. 2350 (452 nm) and 2050 (480 nm). Spectral
curve.? Ethanol:® 423 (shoulder), 451, and 483 nm. Methanol:*
422 (shoulder), 450, and 481 nm. Chloroform:* 429 (shoulder),
462, and 495 nm. Carbon disulfide: 450 (shoulder), 482, and 517
nm. lodine-isomerized zeaxanthin shows *‘cig-peak” light ab-
sorption at 336 nm (petroleum ether).'¢

Infrared Spectrum. Theinfrared spectra in chloroform and
bromoform have been reported.?

Nuclear Magnetic Resonance Spectrwn. The nuclear magnetic
resonance spectrum of zeaxanthin has been reported.!?

Mass Spectrum. The mass spectrum of zeaxanthin has been
W‘ll

Optical Rotatory Dispersion. The optical rotatory dispersion
curve of zeaxanthin has been reported.®

Melting Point. Zeaxanthin melts at 205-206 °C in an evacuated
tube.?

Optical Rotation. An [a)ca value of —40° to —42° (chloroform)
has been reported.l?

Probable Impurities: Oxidation products, cis-isomers, and possibly
lutein.

Conditions of Storage: Darkness (brown vial), inert atmosphere
(sealed ampoule), and at a low temperature (—20 °C).
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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.


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

Acetyl Coenzyme A [/ 3-Acetylpyridine Analog of NADP

CoE-1 / CoE-3

CoE-1
Acetyl Coenzyme A
Symbol: CoA-Ac

Formmula of Lithium Salt: CyHyLi; N/O,/P,S
Formula Wt.: 827.37

Usually available as lithium salt with variable amounts of water of

hydration.

Eaxyme Assay: Suggested Method:'* Enzymic transfer of the
acetyl group from acetyl-CoA to carnitine. The reaction is cata-
lyzed by acetyl-CoA—carnitine acetyl transferase. The amount of
sulfhydryl group liberated in the reaction is determined with
Ellman’s reagent.

Experimental Measurement: Increase in absorbancy at 412 nm.

Spectral Referemce Values:

Molar absorption coefficient, ¢ = 15.4 X 10° | mol~! cm™! at 259
nm and pH 7 (calculated from value for ATP). Ratio A/ A =
0.78 at pH 7. Ratio Axo/Ax = 0.15at pH 7.

Homogeneity: Evidence of chromatographic homogeneity should
be presented, The chromatographic method should be capable of
detecting small amounts of structurally related compounds, such
as acetyl dephosphocoenzyme A, as well as other types of impuri-
ties, such as acetylglutathione. The amount of free sulfhydryl
group per unit amount of acetyl coenzyme A should also be
stated.

A suitable solvent for chromatography consists of equal vol-
umes of 95% ethanol and 0.1 M sodium acetate-acetic acid
buffer, pH 4.5. A suitable paper is Whatman No. 1 or its equiva-
lent. A suitable solvent system for diethylaminoethylcellulose
column chromatography consists of a linear gradient of LiCl
and HCL. The mixing vessel contains 500 ml of 10 mM tris-HCl
buffer, pH 7.4, and the reservoir contains 500 ml of a solution of
0.4 M LiCl-0.04 M HCL. These volumes are suitable for column
beds about 50 cm long and 1.5 cm in diameter. The column
should be eluted in the cold. The fractions should be analyzed for
ultraviolet absorption, as well as for concentration of thioester
and free sulfhydryl.

Certain types of impurities, such as a small amount of pro-
pionyl-CoA, may be difficult to detect chromatographically.
Acetyl-CoA is usually prepared by acetylation of CoA, and this
type of impurity is best avoided by the use of pure acetylating
agents.

Bofersnom

1. 1. F. A. Chase, D. J. Pearson, and P, K. Tubbs, Biochim. Biophys. Acta, 96, 162
(1965).

2. G. L. Eliman, Arch. Biochem. Biophys., T4, 443 (1938).

3. G. L. Ellman, Arch. Biochem, Biophys., 82, 70 (1959).

CoE-2
3-Acetylpyridine Analog of NAD
(3-Acetylpyridine Adenine Dinucleotide; AcPyAD)

Formmla: CuHuNO\ Py

Formula Wt.: 662.45

Usually available as free acid, with water of hydration.

Eazyme Assay: Suggested Method: Reduction to 3-acetylpyridine

analog of NaDH, using alcohol dehydrogenase from yeast or
lim'l,l

Experimental Measurement: Increase in absorbancy at 363 nm.
Spectral Referemce Values:

Oxidized form (3-acetylpyridine analog of NAD*): Molar absorp-
tion coefficient, ¢ = 16.5 X 10° | mol~! cm™! at pH 7.5 and 260
nm. Ratio Auws/Ase = 0.81 at pH 7.5. Ratio Awe/Ase = 0.24 at
pH 7.5}

Reduced form (3-acetylpyridine analog of Nap#): Molar absorp-
tion coefficient, ¢ = 9.1 X 10° 1 mol™ cm™ at pH 10 and 363 nm.
Cyanide adduct of 3-acetylpyridine analog of naD*: Molar ab-
sorption coefficient, ¢ = 8.7 X 10° ]| mol™ cm™ at pH 10 and 343

nm.

Homogeseity: Evidence for chromatography 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,
NAD, and the a-isomer of NAD should be stated whenever possible.
If the preparation contains residual traces of organic solvent, the
amount should be stated in mols of solvent per mol of the analog.

Reforemces

1. J. M. Siegel, G. A. Montgomery, and R. M. Bock, Arch. Biochem. Blophys., 82,
288 (1959).
2. N. O. Kaplan and M. M. Clott, J. Biol. Chem., 121, 823 (1936).

CoE-3

3-Acetylpyridine Analog of NADP

(3-Acetylpyridine Adenine Dinucleotide Phosphate;
AcPyADP)

Formala : CyHgNNaO/P;
Formuila Wt.: 764.41

Available as sodium salt with water of hydratioa.

Eazyme Assay: Suggested Method: Reduction to 3-acetylpyridine
analog of NADPH using isocitrate dehydrogenase (see NADP;
CoE-8).

Experimental Measurement: Increase in absorbancy at 363 nm.

Spectral Reference Values:
Reduced form (3-acetylpyridine analog of NaADPH): Molar absorp-
tion coefficient, ¢ = 9.1 X 10° | mol~! cm™! at pH 10 and 363 nm.
Cyanide adduct of 3-acetylpyridine analog of NaDP*. Molar ab-
sorption coefficient, e = 8.7 X 10° | mol™! cm™ at pH 10 and 343
nm (from values for acetylpyridine analog of NaD*).

Homogeneity: Evidence for chromatographic homogeneity should
be presented, whenever possible, from a minimum of two solvent
systems that will permit detection of small amounts of structurally
related compounds. The degree of contamination with other nu-
cleotides, especially with adenosine diphosphoribose phosphate
and NADP should be stated. If the preparation contains residual
amounts of organic solvent, the amount should be stated in mols
of solvent per mol of the analog.
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CoE-4 / CoE-6

Cobamide Coenzymes / Nicotinamide Adenine Dinucleotide

CoE-4
Cobamide Coenzymes:
I. Adenylcobamide Coenzyme
I1. Benzimidazolylcobamide Coenzyme
III. 5,6-Dimethylbenzimidazolylcobamide Coenzyme

Enzyme Assay: Suggested Method:! Conversion of glutamate to
mesaconate using glutamate mutase coupled to g-methylaspar-
tase. Maximum activities with II and III coenzymes are the same,
activity with I coenzyme is very similar. The K values for the
three coenzymes differ widely.

Experimental Measurement: Change in absorbancy at 260 nm,
Alternative Method :* Conversion of propanediol to propionalde-
hyde.

Spectral Reference Values:

I1:* Molar absorption coefficient, ¢ = 34.7 X 10° | mol! cm™! at
261 nm.

Homogeneity : Paper electrophoresis® Solvent A: 0.5 M acetic acid
(40 V/cm, 2 h); a single reddish-orange and ultraviolet-absorbing
spot moving toward the cathode should be observed. Solvent B:
0.5 M ammonia (10 V/cm, 3 h). Paper chromatography? A
single colored and ultraviolet absorbing spot should be observed
employing Whatman No. 1 paper, or equivalent, and the solvent
mixture sec-butanol-glacial acetic acid—water (100:3:50, by vol-
ume) in the descending manner, at room temperature. Ry values
are 0.16 and 0.22 for II and III coenzymes, respectively. R
values are 0.34 and 0.09 for cyanocobalamin and I coenzyme,
respectively.

Solubility test.® The solubility of crystalline Il coenzyme in water
at 24 °C is 0,0164 M. Add successive amounts of crystalline
III 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 III 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 °C or several
days at room temperature. Solutions of 1I and Il coenzymes are
very 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. 5.

Raferences

1. H. A. Barker, R. D. Smyth, H. Weissbach, A. Munch-P 1. 1. Toohey,
J. N. Ladd, B. E. Volcanl, and R. M. Wilson, J. Biol. Chem., 135, 181 (1960).

2. H. A. Lee, Jr., and R. H. Abeles, J. Biol. Chem., 238, 2367 (1963); R. H. Abeles,
C. Myers, and T. A, Smith, Anal. Biochem., 15, 192 (1966).

3. H. A. Barker, R. D. Smyth, H. Weissbach, J. L. Toohey, J. N. Ladd, and B. E.
Volcani, J. Biol. Chem., 235, 480 (1960).

4. H. Welssbach, J. I. Toohey, and H. A. Barker, Proc. Nat. Acad. Sci. U.S., 48,
521 (1959).

5. G. E. Boxer and J. C. Rickards, Arch. Biochem., 30, 382 (1951).

CoE-5
Coenzyme A
Symbeol: CoA or CoAsH

Formula: CyHuN,OP>S
Formmula Wt.: 767.54

Usually available as freeze-dried free acid containing variable pro-
portions of water of hydration.

Enzyme Assay: Suggested Method:! Conversion into sorbyl CoA,
catalyzed by acyl-CoA synthase.

Experimental Measurement: Increase in absorbancy at 300 nm.
Alternative Method:® Conversion to succinyl CoA, catalyzed by
a-ketoglutarate dehydrogenase.

Experimental Measurement: Increase in absorption at 340 nm,
or increase in fluorescence at 465 nm.

Spectral Reference Values:

Molar absorption coefficient, € = 15.4 X 10° | mol™ cm™ at 259
nm and pH 7 (calculated from values for aTp). Ratio Auo/Aw =
0.78 at pH 7. Ratio Awm/Asw = 0.15at pH 7.

Homogeneity: 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-
aminoethylcellulose is recommended. A suitable column bed is
1.5 cm in diameter and 50 cm in height. The column is eluted with
a linear gradient of salt, using 500 ml of 10 mM tris-HCI, pH 7.4,
in the mixing vessel and 500 ml of 0.4 M LiCl-0.04 M HCl in the
reservoir. Fractions are analyzed for absorbance at 260 nm,
sulfhydryl content, and enzymically 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.

References

. S. 1. Wakil and G, Hibscher, J. Biol. Chem., 235, 1554 (1960).
J, R. Willlamson and B. E. Corkey, Methods Enzymol., 13, (1967).

CoE-6
Nicotinamide Adenine Dinucleotide (NAD)

(Diphosphopyridine Nucleotide, DPN)

Formula: C;:HnNionPl
Formula Wt.: 663.44

Usually available as free acid, with variable proportions of water of
hydration.

Enzyme Assay: Suggested Method:! Reduction 10 NADH using yeast
alcohol dehydrogenase.
Experimental Measurement: Increase in absorbancy at 340 nm.
Spectral Reference Values:
Oxidized form (NAD*):33 Molar absorption coefficient, ¢ = 18.0 X
10* 1 mol cm™ at pH 7 and 260 nm. Ratio Asuo/Am = 0.83 at
pH 7. Ratio Aw/Ase = 0.22 at pH 7.
Reduced form (NaDH): Molar absorption coefficient, ¢ = 6.2 X
10* 1 mol~* em™! at pH 10 and 340 nm.
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Nicotinamide Adenine Dinucleotide Phosphate / Reduced Nicotinamide Adenine Dinucleotide

CoE-7 [ CoE-H

NaD-cyanide adduct:** Molar absorption coefficient, ¢ = 5.9 X
10° | mol~! cm™ at pH 10 and 327 nm. Ratio Aus/Asm = 0.82 at
pH 10.

Homogenelty: 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 of NaD, should be stated whenever possi-
ble. NAD purified by ion-exchange chromatography is usually iso-
lated by precipitation with organic solvents, When this method is
employed, the amount of residual organic solvent in the final prod-
uct should be stated, preferably in mols of solvent per mol of NAD.

Reforences

1. M. M. Clotti and N. O. Kaplan, Merhods Enzymol., 3, 890 (1957).
2. A. Komberg and W. E. Pricer, Biochem, Prep., 3, 20 (1953).

3, J. M. Siegel, G. A. Montgomery, and R. M. Bock, Arch, Biochem. Biophys., 81,
288 (1959).

B. L. Horecker and A. Komberg, J. Biol. Chem., 175, 385 (1948).

§. P. Colowick, N. O. Kaplan, and M. M. Ciotd, J. Biol. Chem., 191, 447 (1951).

-

CoE-7
Nicotinamide Adenine Dinucleotide Phosphate (NADP)
(Triphosphopyridine Nucleotide, TPN)

Formmla : CyHyyN;NaOy;P,
Formula Wt.: 765.40

Usually available as sodium salt, with variable proportions of water
of hydration,

Enxyme Assay: Suggested Method:! Reduction to NADPH by iso-
citrate dehydrogenase.
Experimental Measurement: Increase in absorbancy at 340 nm.

Spectral Reference Values:
Oxidized form (NADP*): Molar absorption coefficient, e = 18.0 X
10* | mol—! cm™! at pH 7 and 260 nm.? Ratio Axe/Awm = 0.83 at
pH 7;? ratio Awo/Asw = 0.21 at pH 7.2
Reduced form (NADPH): Molar absorption coefficient, € = 6.2 X
10?1 mol~! cm™! at pH 10 and 340 nm.
NADP-cyanide adduct: Molar absorption coefficient, ¢ = 5.9 X
107 | mol~! cm™* at pH 10 and 327 nm.¢

Homogeneity: 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 by other
nucleotides should be stated whenever possible.

References

1. M. M, Ciotti and N. O. Kaplan, Methods Enzymol., 3, 892 (1957).

2. A. Komberg and W, E. Pricer, Biochem. Prep., 3, 28 (1953).

3. U.V. Spectra of §'-Ribonucleotides, Circular OR-10, Pabst Laboratories, Mil-
waukee (1956), p. 19.

4. B. L. Horecker and A. Kornberg, J. Biol. Chem., 175, 385 (1948).

CoE-8
Nicotinamide Hypoxanthine Dinucleotide (NHD)
(Deamino Analog of NAD)

Formula: CyHyN;NaO;P;
Formula Wt.: 686.40

Available as sodium salt, with water of hydration.

Enzyme Assay: Suggested Method:! Reduction to deamino analog
of NADH using alcohol dehydrogenase,

Experimental Measurement: Increase in absorbancy at 340 nm.

Spectral Reference Values:

Onxidized form (deamino analog of NAD*):}-* Molar absorption
coefficient, € = 14.7 X 10? | mol™ cm™ at pH 6 and 249 nm.
Ratio Awo/Ame = 1.36 at pH 6. Ratio Am/Am = 0.28 at pH 6.
Reduced form (deamino analog of NADH): Molar absorption co-
efficient, € = 6.2 X 10? | mol~! cm™! at pH 10 and 340 nm (from
value for NADH).

Homogeneity: 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 NAD, the deamino analog of the
a-isomer of NAD, inosine diphosphoribose, and adenosine diphos-
phoribose should be stated whenever possible. If the preparation
contains residual traces of organic solvent, the amount should be
stated in mols of solvent per mol of the analog.

Referemces

1. M. E. Pullman, S. P, Colowik, and N. O. Kaplan, J. Biol. Chem., 194, 593
(1952).

2, J. M. Siegel, G. A. Montgomery, and R. M. Bock, Arch. Biochem. Blophys.. 81,
288 (1959).

CoE-9
Reduced Nicotinamide Adenine Dinucleotide (NADH)
(Reduced Diphosphopyridine Nucleotide, DPNH)

Formula: C;,;HyN;Na;O,.P;
Formula Wt.: 709.42

Usually available as sodium salt, with variable proportions of water

of hydration.

Enzyme Assay: Suggested Method:! Oxidation to NAD* using alco-
hol dehydrogenase and acetaldehyde.

Experimental Measurement: Decrease in absorbancy at 340 nm.

Spectral Reference Values:

NADH # Molar absorption coefficient, ¢ = 6.22 X 10° | mol™ cm
at pH 10 and 338 nm; 14.4 X 10° 1 mol cm™ at pH 10 and 259
nm.

Homogeneity: 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 should be stated, including NAD and the o-
isomer of NAD. NADH is usually isolated by precipitation with or-
ganic solvents. When this method is used, the amount of residual
organic solvent in the final product should be stated, preferably
in mols of solvent per mol of NADH.

Prolonged storage, or unsuitable storage conditions, lead to the
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CoE-10 / CoE-11

Reduced Nicotinamide Adenine Dinucleotide Phosphate / Uridine Diphosphoglucose

conversion of NADH into a substance that inhibits some dehydro-
genases. Assays for the inhibitor produced by storage have not
yet been standardized. The date of preparation, method of stor-
age, and details of transportation of NADH should be stated where
possible.

Raefersnces

1. M. M. Ciotti and N. O. Kaplan, Methods Enzymol., 3, 893 (1957).
2. J. M. Slegel, G. A. Montgomery, and R. M. Bock, Arch. Biochem. Biophys., 82,
288 (19%9).

CoE-10

Reduced Nicotinamide Adenine Dinucleotide Phosphate
(NADPH)

(Reduced Triphosphopyridine Nucleotide, TPNH)

Formmula: C,,HyN;Na,Oy Py
Formula Wt.: 833.36

Usually available as sodium salt, with variable proportions of water
of hydration.

Enzyme Assay: Suggested Method:! Oxidation of NADPH using
NADPH-specific glutathione reductase.
Experimental Measurement: Decrease in absorbancy at 340 nm.
Spectral Reference Values:
Molar absorption coefficient, ¢ = 18.0 X 10° | mol~! cm™! at 260
nm and pH 7; 6.2 X 10 | mol~! cm™! at 340 nm and pH 7.
Homogeneity: Evidence for chromatographic homogeneity should
be presented, whenever possible, from a minimum of two solvent
systems that will permit detection of small amounts of struc-
turally related compounds. The degree of contamination with
other nucleotides should be stated. If the preparation contains
residual amounts of organic solvent, the amount should be stated
in mols of solvent per mol of NADPH.

References

1. M. M. Clottl and N. O. Kaplan, Methods Enzymol., 3, 894 (1957).
2. B. L. Horecker and A. Kornberg, J. Biol. Chem., 175, 385 (1948).

CoE-11
Uridine Diphosphoglucose (UDPG or UDP-Glc)

Formula : C;;HnN;Na;Oy Py
Formula Wt.: 610.27

Usually available as sodium salt, with water of hydration.

Enzyme Assay: Suggested Method:! Oxidation to upp—glucuronic
acid using UneG dehydrogenase and NaD*. (Theory requires 2
mol of NAD* per mol of UDPG).

Experimental Measurement: Increase in absorbancy at 340 nm.

Spectral Reference Values:

Molar absorption coefficient, ¢ = 10,0 X 10* 1 mol~! cm™ at 262
nm and pH 7.22 Ratio Aue/Awm = 0.74 at pH 7; ratio Aw/ A =
0.38 at pH 7. The average constants for umMp, UDP, and UTP are
employed.®?

Homogenelty: 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.

1. 1. L. Strominger, E. S. Maxwell, J. Axelrod, and H. M. Kalckar, J. Biol. Chem.,
» 19 (1957).
M. Ploeser and H. S. Loring, J. Biol. Chem., 178, 431 (1949).

.M. Bock, N.S. Ling, S. A. Morell, and S. H. Lipton, Arch. Biockem. Biophys..
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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-
zymes. 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

Tentative Designations

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."* To facilitate
cross-referencing to classification of enzymes by the
1UB,* the number and name assigned to each enzyme by
the 1UB 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 configurations'* are indicated.

Methods of Isolation

Appropriate references are listed.
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Enzymes

Physical Constants

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.

Commercially 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 umol of sub-
strate per minute under the conditions specified.® 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*: 4,
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 = A/al. Unless otherwise stated,
I =1 cm, and p is expressed in mg (of protein) /ml (of
solution). Data are usually given in the form: 4 X y =
milligrams of protein/milliliter of solution, where y =
1/al. 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.

L]

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.

Isoenzymes

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.

Commercially Available Enzymes for Which Adequate
Criteria Cannot Be Written at Present

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
has 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. p-Glucose Oxidase
Several fungal sources are used. Increases in D-
glucosidase activity during purification and lack of spe-
cificity for p-glucose have been reported® for both crude
and “purified” preparations. The Subcommittee believes
that further study of this enzyme is needed.
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Acetyicholinesterase / Alcohol Dehydrogenase

E1/ E2

E-1
Acetylcholinesterase®*
(Electrophorus electricus)

Reaction: Acetylcholine* + HsO — acetate~ + choline* 4+ H*
Method of Isolatiom: Crystallized from ammonium sulfate solu-
ﬁm"’l

CRITERIA (Tentative)

Physical Comstant: Reported molecular weight:'+#* 230,000 to
300,000,

Procedure for Handling :

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
when 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.

Commercially Available Substrates: Acetyl- and propionyl-choline
(as halides).

Specific Activity: One unit of activity for this enzyme is defined as
the amount that catalyzes the hydrolysis of 1 umol of acetylcho-
line per min at 25 °C and pH 7.4. The crystalline, electrophoreti-
cally homogeneous enzyme has an activity of 12,500 U/mg (cal-
culated from Leuzinger er al.?) when assayed as indicated below.

Protein Assay: A, X 0.62 = mg of protein per ml (in 0.02 M am-
monium carbonate).?

Activity Assay:

Method :® The rate of release of acetic acid from acetylcholine
is measured titrimetrically, at pH 7.4 and 25 °C.

Reagents: Prepare, with COyfree distilled water: 200 mM
NaCl containing 40 mM MgCl; and 0.02%; crystalline bovine
serum albumin; 2.16 X 10* M acetylcholine chloride. Acetyl-
choline esterase: 10 to 50 ug per ml in 0.02% albumin solution.

Procedure: Standardize an autotitrator at 25 °C. Pipette into a
12-ml reaction vessel 4.0 ml NaCl-MgCl;-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 ul of enzyme solution; record the volume of standard NaOH
required to maintain the pH at 7.4 for several minutes.

Calculations: From the linear portion of the curve, determine the
volume of standard NaOH required per minute. No. of units
(umol/min) = [volume NaOH (mi)/time (min)] X molar conc.
(mol/lI) X 105

Impurities: None has been reported for the crystalline enzyme.
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E-2

Alcohol Dehydrogenase®
(Horse Liver)

Equation: R—CH,OH + NAD* = R—CHO + NADH + H*

A variety of primary and secondary alcohols, but not methanol,
isopropanol, or tertiary alcohols, are oxidized, some with a rate
exceeding that of ethanol.!* Modification of the amino groups of
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
commerical preparations, the ethanol-active isozymes prepon-
derate.’ NADP* is 1% as active as NAD* as a coenzyme.*

Method of Isolation: Crystallized from horse liver.”1¢

CRITERIA (Tentative)

Physical Constants: Reported molecular weight: 79,100, based on
Sow = 5.08 S, Dy,w = 6.23 X 10~ cm*/s (extrapolated to zero
concentration), ¥ = 0.750 ml/g" There are four bound zinc
atoms per molecule of enzyme.!* The absorbance ratio'? at 280
and 260 nm is 1.7. A crystalline complex is formed in the presence
of pyrazole.!*

Procedures for Handling: Usually stored as crystals, in 25-307
aqueous ethanol at —15 to —20 °C. Storage in ammonium sul-
fate solution is not recommended, because of relatively poor sta-
bility.* Lyophilized commercial preparations have been reported
to have good stability.!* The enzyme cannot be dialyzed against
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.

Commercially Available Substrates: Ethanol, acetaldehyde.

Specific Activity: One unit (U) is the amount of activity oxidizing
1 umol ethanol/min. A specific activity of 3.1 U/mg was obtained
in the assay given below (recalculated from Dalzel).'”

Protein Assay :* Spectrophotometrically at 280 nm. A X 2.2 = mg
of protein/ml.

Activity Assay:"

Reagents: 0.18 M ethanol in 0.1 M glycine buffer, pH 10.0;
1.26 mM NaD*.

Procedure: To 1.85 mi glycine buffer, 0.15 ml ethanol solution,
and 1.0 ml NaD* solution in a 1.0-cm cuvette is added 1 to 10
ul of enzyme solution. The increment in absorbance at 340 nm
per minute is recorded.

Calculations: Number of units (U) in reaction vessel = 0.483 X
[AAsw/Ar(min)].

1. A. D. Merritt and G. M. Tompkins, J. Biol. Chem., 234, 2778 (1959).
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Theorell, Narure, 121, 440 (1969),
6. M. E. Pullman, S. P. Colowick, and N. O. Kaplan, J. Biol. Chem., 194, 593
(1952).
7. R. K. Bonnichsen and A. Wassen, Arch, Blochem. Biophys., 18, 361 (1948).
8. R. K. Bonnichsen and N. G. Brink, Merhods Enzymol., 1, 495 (1955).
9. K. Dalziel, Acta Chem. Scand., 12, 459 (1958).
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Alcohol Dehyydrogenase / Aldolese
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*1us Classification: 1.1.1.1, Alcohol:Nap oxidoreductase.

E-3
Alcohol Dehydrogenase®
(Yeast)

Equation: R—CH;OH + NAD* = R—CHO + NADH + H*
Ethanol and other primary, straight-chain alcohols are oxidized

at various rates. Reactivity with secondary and branched-chain
alcohols is generally low. The specificity is narrower than that of
the liver enzyme.! NADP is not a coenzyme for yeast alcohol de-
hydrogenase.?

Methods of Isolation: The enzyme has been crystallized from brew-
ers’ yeast,? but the usual source is bakers' yeast.'* The two prepa-
rations are very similar.*

CRITERIA (Tentative)

Physical Constants: Reported molecular weight: 141,000, based on
So.w = 7.61 S, Dy = 5.08 X 1077 cm*/s (independent of pro-
tein concentration), ¥ = 0.743 ml/g.” The enzyme consists of
four subunits, each of molecular weight 35,000." There are four
tightly bound zinc atoms per molecule.® The absorbance ratio®
at 280 and 260 nm is 1.82.

Procedures for Handling: The enzyme is unstable at pH values be-
low 6.0 and above 8.2 (Ref. 2) and is sensitive to oxidizing agents
(including air) and to chelating agents.® To avoid inactivation, the
use of an ultrarapid device for dialysis has been recommended."?
The enzyme may be stored in 50%, saturated ammonium sulfate
at — 20 °C and diluted, prior to use, with 10 mM potassium phos-
phate buffer (pH 7.5) containing 0.1 % of gelatin or bovine serum
albumin.1!

Commercially Available Substrates: Ethanol, acetaldehyde.

Specific Activity: One unit (U) is the amount of activity oxidizing
1 umol ethanol/min. A specific activity of 500 U/mg was obtained
in the assay given below.!* The pH optimum is close to 8.6 in
either tris or pyrophosphate buffers.?

Protein Assay: Protein is determined spectrophotometrically at 280
nm. Awm X 0.796 = mg of protein/ml (Ref. 9). The biuret proce-
dure should be used for impure preparations.’

Activity Assay: (Modified to yield increased concentrations of
Nap* and ethanol.)

Reagents: 2 M ethanol; 45 mM pyrophosphate, pH 8.8; 25

mM Nap*.
Stock solution of enzyme, containing approximately 1 mg/ml in
100 mM phosphate buffer (pH 7.5). Dilute, just before use, in 10
mM phosphate buffer (pH 7.5) containing 0.1 gelatin, to give
a concentration of about 5 ug/ml,

Procedure: To 1.0 ml of pyrophosphate buffer, 0.5 ml of eth-
anol solution, and 1.0 ml NaD* solution in a 1-cm cuvette at 25
°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
approximately 0.2 ml of solution containing about 1 ug of pro-
tein. A blank cuvette is charged with all the reagents except the

enzyme. The increment in absorbance over a 30-s period during
the initial (or linear) phase of the reaction is used to calculate
activity units.

Calculations: Number of enzyme units (U) in reaction vessel =
0.483 X [AAye/Ar(min)].
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E4

Aldolase®

(Rabbit Skeletal Muscle)

Equation: CHiO(PO)i = GHOPOI + GHIOPO
p-fructose 1,6 D-glyceraldehyde dihydroxyacetone
bisphosphate 3-phosphate phosphate

Methods of Isolation: Taylor er al.;! Beisenherz ef al.?

CRITERIA (Tentative)

Physical Constant: Reported molecular weight:** 158,000.

Procedures for Handling:

Storage: As a crystalline suspension in 2 M ammonium sulfate
at 0-4 °C.

Dilution: For assay, dilution of the ammonium sulfate suspen-
sion with H:O 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.

Commercially Avaflable Substrates: p-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.

Specific Activity: One unit U of activity corresponds to 1 xmol p-
fructose 1,6-bisphosphate (I) cleaved per minute at 25 °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.®

Protein Assay: An, X 1.06 = mg of enzyme/ml, 1-cm path length.*

Activity Assay: The dihydroxyacetone phosphate formed in the
aldolase reaction is reduced by NADH with glycerophosphate de-
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Alkaline Phosphatase / D-Amino Acid Oxidase

ES / E$

hydrogenase, The reaction is followed spectrophotometrically’ at
340 om.

Reagents: (I), 10 mM sodium salt of p-fructose 1,6-bisphos-
phate. NaDH, 3 mM (22 mg/ml), o~Glycerophosphate dehydro-
genase, 1:10 dilution (in water) of the commercial ammonium
sulfate suspension, 1 mg/ml (8 U/ml). (See E-22.)

Procedure: To 0.3 ml of 100 mM tris-HCI buffer (pH 7.5-8.0)
in a cuvette, add 0.15 ml NaDH, 0.3 ml (I), 0.1 ml a-glycerophos-
phate dehydrogenase, and water to give a volume of 3.0 ml. Re-
cord any blank reaction that may occur. At zero time, add 0.1 ml
or less of aldolase, mix, and record the decrease in optical density
at 340 nm.

Calculation of Activity: Number of units (U) in the cuvette
(3 ml) = [AAso/Ar(min)] X 0.483,

Impurities: For the purest enzyme, the following activities should
not be present in more than trace quantities: lactate dehydroge-
nase; glyceraldehyde 3-phosphate dehydrogenase; pyruvate
kinase; a-glycerophosphate dehydrogenase; triose phosphate
isomerase; and phosphofructokinase. Crude aldolase preparations
may contain troublesome amounts of these impurities. Chroma-
tography on O-{2<(diethylamino)ethyljcellulose may be used to
climinate triose phosphate isomerase.®

Notes: Aldolase is not significantly affected by pH in the range from
7 to0 9. All 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.}? The same assay may be used with
all other substrates of aldolase, such as p-fructose 1-phosphate.
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E-5
Alkaline Phosphatase®
(Escherichia coli)

Equation: ROPO;™ + H;0 — HPO;” + ROH (R = alkyl or aryl
groups)

Inorganic pyrophosphate (PP;) is hydrolyzed:! PyO” + H,0 —
2HPO;” + H* Transfer of phosphate from PP, to p-glucose
has also been reported! p-Glucose + P,OF” — D-glucose
6-phosphater + HPO{ + H*

Method of Isolation: Crystallized from ammonium sulfate solu-
tion.n?

9%

CRITERIA (Tentative)

Physical Constants: Reported molecular weight: 80,000 (Ref. 4),
86,000 (Ref. 5). The enzyme is composed of 2 identical subunits.*
and contains from 2 to 4 zinc atoms per molecule.™®

Procedure for Handlimg: Crystal suspensions are stable at room
temperature for months and can be stored at 0 °C, but are not
stable to freezing.® Inorganic phosphate is a powerful inhibitor
(Ki = 5 uM)*

Commercially Avallable Substrates: p-Nitrophenyl phosphate, and
many other monoester phosphates,

Specific Activity: One unit (U) of this enzyme is the activity that
hydrolyzes 1 umol of p-nitrophenyl phosphate per minute under
the conditions described in “‘Activity Assay.” The crystalline en-
zyme has been reported to have a specific activity of 48 U/mg {

Proteia Assay ® To 2.4 ml of 0.06 M ammonium sulfate, add 0.7 to
3 mg of protein, mix, and add 0.1 ml of 2.5 M trichloroacetic acid.
Dilute to 3.0 ml, mix, and, after several minutes, read Age
Am X 1.39 = mg enzyme/ml (Ref. 2, 3).

Activity Assay:?

Method: Measurement at 420 nm of p-nitrophenolate released
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 AAy per minute.
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 reaction vessel
(3 ml) = [Adu/Ar (min)] X 0.227

Imparities: Nucleases may be present as impurities.
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E-6
D-Amino Acid Oxidase*
(Pig Kidney)

Reaction: RCHNH; COO- + Oy + H/O — RCOCOO~ + NH{ +
Hy0,
Catalyzes the oxidative deamination of p-amino acids. For
notes on specificity, see Burton' and Boulanger and Osteux.?
Methods of Isolation: Crystallized from pig kidney.** (The crystalline
enzyme is 8 combination of holoenzyme and benzoate, which, asa
substrate substitute, acts as a stabilizer.)
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E7/ES

L-Amino Acid Oxidase / Aminoacylase

CRITERIA (Tentative)

Physical Coastants: Reported molecular weight: For monomer, by
the molecular-sieve technique, 35,000-40,000 (Ref. 5) and 50,000
(Ref. 6). The molar ratio of apoenzyme monomer to FAD has been
reported to be 1:1.* At low concentrations (0.3 mg/ml), the
benzoate complex contains two fractions, one of Mol. Wt. 48,200,
and the other of Mol. Wt. 95,300 (Ref. 6). At 1-5 mg/ml, the
benzoate complex has* a Mol. Wt. of 95,300.

Procedure for Handling: The purified enzyme, lyophilized in 13.3
mM phosphate buffer (pH 6.2), is stable at room temperature for
several weeks. The enzyme is inactivated by reagents that react
with sulfhydryl groups.

Commercially Available Substrates: Alanine (p- and pL-) and other
D-amino acids.

Specific Activity: One unit (U) represents the amount of activity that
catalyzes the deamination of 1 umol of p-alanine per minute at 37
°C under the specified conditions, with air as the gas phase.
Massey ef al.* reported that the crystalline enzyme has a specific
activity of 25 U/mg at 37 °C, pH 8.3 (280 pl O,/min per milligram
of protein).

Protein Assay:* In Na,P;O; buffer (20 mM), pH 8.3, Aws X 0.625 =
mg enzyme,/ml.

Activity Assay: Excess catalase is added to ensure complete decom-
position of the H;0, formed in the oxidase reaction; no inter-
ference is then introduced by the various levels of catalase activity
in the samples being assayed. With excess of catalase, the con-
sumption of 1 molecule (2 atoms) of oxygen corresponds to the
oxidation of 2 molecules of p-amino acid.

Method: The rate of uptake of O, is measured.!

Enzyme: 0.5 mg of enzyme/ml in 20 mM Na,P;O;, pH 8.3.

Substrate: 300 mM pL-alanine in 20 mM Na,P;O,, pH 8.3.

Procedure: In single-arm Warburg flasks, place pyrophosphate
buffer (20 mM, pH 8.3, containing ~2.5 ug of crystalline catalase/
mi), 1.8 ml into a test flask, and 2.3 ml into the control. Add 0.5
ml of enzyme to the test flask. Into the side arm of each flask, add
0.5 ml of substrate, equilibrate 10 min, tip in the enzyme, and read
at 5-min intervals for 30 min.f Number of units (U) = [volume of
O, taken up (ul)/7 (min))/11.2.

Impurities: Contaminating impurities have not been determined.
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E-7
L-Amino Acld Oxidase®
(Crotalus adamanteus Venom)

Reaction: RCHNH; CO0~ + O; + H;0 — RCOCOO0- + NH; +
H/O,

Catalyzes the oxidative deamination of L-amino acids. For
notes on specificity, see Ratner.!
Methods of Isolation: Crystallized by the method of Wellner and
Meister.?

CRITERIA (Tentative)

Physical Constants: Reported molecular weight: 130,000-140,000
with two molecules of FAD per molecule of enzyme.?

Procedure for Handling: The crystalline enzyme is soluble in 100 mM
KCI. Solutions containing ammonium sulfate are stable for up to
a week at room temperature, and for several months at 5 °C.
Dialysis against cold water causes the enzyme to crystallize.* The
enzyme may be inactivated® if it is stored at —5 to —60 °C. The
optimum pH depends on the amino acid used as the substrate.

Commercially Available Substrate: L-Leucine and many other L-
amino acids.

Specific Activity: One unit (U) for this enzyme is the activity that
catalyzes the oxidative deamination of 1 umol of L-leucine per
minute under the specified conditions at 37 °C, with air as the gas
phase. Highest specific activity reported:t 5.13 U/mg.

Protein Assay:? In 100 mM KCl, Ans X 0.56 = mg enzyme/ml.

Activity Assay: Excess catalase is added to ensure complete decom-
position of the HyO, formed in the oxidase reaction; no inter-
ference is then introduced by the various levels of catalase activity
in the samples being assayed. With excess catalase, the consump-
tion of 1 molecule (2 atoms) of oxygen corresponds to the oxida-
tion of 2 molecules of L-amino acid.

Method: The rate of uptake of O, is measured.?

Procedure: In Warburg flasks, place 1 ml of tris-HCl buffer
(200 mM, pH 7.8) containing 2-3 ug of crystalline catalase, 0.1 to
0.2 ml of enzyme (0.25-0.50 mg/ml in 100 mM KCl), and 1.2 to
1.1 ml of 100 mM KCl. Add 0.5 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.} Number of units (U) = [volume of
O, taken up (ul)/f(min)]/11.2.

Impurities: Contaminating activities have not been reported.
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E-8
Aminocacylase*
(Pig Kidney)

Equation: RCONHCHR'COO~ — RCOO~ + *H;NCHR'COO~
where R is F;C-, CICHy-, CH;CHy-, CHy—, H-, erc., and R’ is
the side chain of many amino acids.

Reaction: Catalysze the hydrolysis of amide bonds between car-
boxyl-terminal L-amino acids and N-acyl groups; shows little
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a-Amylase / g-Amylase

E-9 / E-10

activity toward carboxyl-terminal L-aspartic acid and carboxyl-
terminal aromatic L-amino acids.

Method of Isclation: Purified from fresh or fresh-frozen hog kid-
m.l.l

CRITERIA (Tentative)

Physical Constant: Reported molecular weight: 76,500.!

Procedures for Handling :

Storage: The dry powder of partially purified enzyme is stable
for months at 5 °C.

Dilution: In 0.1 M phosphate buffer, pH 7.0.

Dialysis: Of concentrated solutions (more than 50 mg/ml)
against distilled water or 5 X 107* M NaCl.

Commercially Available Substrates: Acetyl-L-alanine. N-(chloro-
acetyl)-L-alanine, acetyl-L-methionine (amM), and numerous other
N-acylated L-amino acids,

Specific Activity: One unit of activity, U, is the amount that cata-
lyzes the hydrolysis of 1 umol of am per minute under the condi-
tions specified below, Highest specific activity reported : About 150
U/mg (calculated from data of Bruns and Schulze!).

Protein Assay:* Ay X 1.0 = mg of enzyme/ml.

Activity Assay:

Method: The rate of hydrolysis® of aM is measured by the de-
crease in absorbance at 238 nm.

Procedure:? The spectrophotometer is nulled against 0.025 M
L-methionine in 0.1 M phosphate buffer (pH 7.0) at 238 nm with
a slit width of ~0.3 mm. The methionine solution is replaced by
3 ml of 0.025 M solution of am in the same buffer. The absorbance
difference is 0.53. A 10-ul portion of enzyme solution, containing
0.05 to 0.15 mg of enzyme, is added, and the decrease in Aum is
recorded at 30-s intervals. The hydrolysis of 1 umol of am causes
a decrease in Au, of 0.00707, Rate measurements should not be
made below an absorbance of 0.31 (607 of the total initial A).

Calculation of Activity: Number of units (U) = [AAus/At
(min)] X 141.5.

Impurities: Appreciable p-amino acid oxidase activity is present in
samples of aminoacylase I current available.?
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E-9
a-Amylase*
(Pig Pancreas)

Reaction: Randomly hydrolyzes a-p-(1 —4) bonds in polysac-
charides containing three or more adjacent a-D-(1 — 4)-linked
p-glucose residues.

Method of Isolation: Crystallized from pig pancreas.!—?

CRITERIA (Tentative)

Physical Constants: Reported molecular weight:* 45,000. The en-
zyme contains at least 1 atom of Ca per molecule.?
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Procedures for Handling: Preparation may be available as a crystal-
line suspension in distilled water. At 5 °C, such suspensions are
stable for several months. Solutions (2 mg/ml) in 10 mM phos-
phate (pH 7.0-7.2) and 20 mM NaCl are stable for 10 weeks at
5 °C. Freeze-drying partially inactivates the enzyme. Freezing also
results in a loss of activity.? Protease impurities are removed dur-
ing purification, resulting in increased stability of the enzyme.

Commercially Available Substrates: Soluble starch, glycogen, and
potato amylopectin.

Specific Activity: One unit (U) for this enzyme is the activity that
liberates 1 umol of reducing groups per minute at 25 °C. Specific
activity as high as 1400 U/mg has been reported® in assay condi-
tions similar to, but not identical with, those described under
“Activity Assay.”

Protein Assay: Measure Ao in water. Am X 0.41 = mg of enzyme/
ml, calculated from Caldwell er al.* and Hsiu er al.*

Activity Assay:

Method: Measurement of the rate at which reducing groups are
formed from the substrate, estimated (as maltose) by reaction
with 3,5-dinitrosalicyclic acid. Cl~ (or NaCl) is required for
maximum activity.”

Reagents: Substrate—1% of potato amylopectin in 20 mM
sodium phosphate, pH 6.9, containing 6.7 mM NaClL Color Re-
agent—1 g of 3,5-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 the enzyme with HyO to 1-2 ug/mlL Add 0.5
ml of enzyme solution to 0.5 mi of substrate at 25 °C. Incubate for
3 min. Add 1 ml of color reagent. Heat in a boiling-water bath for
5 min and cool. Add 10 ml of HyO and measure the absorbance at
540 nm against a blank containing buffer without enzyme.

Calculations: The number of micromoles of reducing groups is
estimated by comparing the absorbance with a standard curve,
established with maltose (0.1-1 mg/ml of H;0).

Impurities: Protease activities may be present in samples that have
not been highly purified.®
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E-10
B-Amylase*®
(Sweet Potato)

Reaction: Hydrolyzes a-p«(1 — 4) bonds in a-D<(1 — 4)-glucans, re-
moving successive maltose residues from the nonreducing end of
the chain.
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E-11

A'r?—m Phosphotransferase

Method of Isolation: Crystallized from sweet potato.!-*

CRITERIA (Tentative)

Physical Constants: Reported molecular weight:? 152,000 +15,000.
This is probably* an aggregate of active subunits of weight 50,000,

Procedures for Handling: Store as a crystalline suspension in 2.3 M
ammonium sulfate at 4 °C.

Commmercially Available Substrates: Soluble starch, potato amylo-
pectin, amylose, and glycogen.

Specific Activity: One unit (U) for this enzyme is the activity that
liberates 1 umol of maltose per minute at 25 °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.”

Protein Assay: Determine by the biuret procedure, with bovine
serum albumin as the standard. For highly purified preparations
(21000 U/mg), Am may be used. Measure Ay, in acetate buffer
(16 mM, pH 4.8). A X 0.59 = mg of enzyme/ml (Ref. 3).

Actlvity Assay:

Method: Measurement of the rate at which maltose is formed
from the substrate, estimated by reaction with 3,5-dinitrosalicylic
acid.”

Reagents: Substrate—1% of potato amylopectin in 16 mM
sodium acetate, pH 4.8. Color Reagent—1 g of 3,5-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 ug/ml with HyO. Add 0.5 ml of
enzyme solution to 0.5 of substrate at 25 °C, Incubate for 3 min.
Add 1 ml of color reagent. Heat in a boiling-water bath for 5§ min
and cool. Add 10 m! of H;O and measure absorbance at 540 nm
against a blank containing buffer without enzyme.

Calkulations: The number of micromoles of maltose is esti-
mated by comparing absorbance with a standard curve, estab-
lished with maltose (0.1-1.0 mg/ml of H,0).

Impurities: oa~Amylase and acid phosphatase may occur in some
samples, but can be removed by purification.
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E-11
ATP—Creatine Phosphotransferase®
(Rabbit Skeletal Muscle)
Mg
Egqustion: ATP* 4 creatine = ADP" 4 phosphocreatine™ + H+
Method of Isolation: Crystallized from aqueous ethanol.!—*
CRITERIA (Tentative)
Physical Constant: Reported molecular weight: 81,0004, 82,6000,

Procedures for Handling: Limits of stability range, pH 5-10. Stable
for months as a crystalline suspension (at —10 °C), or when
frozen (5-6%; solution). May be lyophilized in the presence of
glycine, pH 9, and stored indefinitely, if kept dry and cold (—10
°C).! 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.®?

Specific Activity: One unit of activity is equivalent to 1 umol of phos-
phocreatine formed per minute at 30 °C and pH 8.8. The enzyme,
recrystallized 2-3 times, has a specific activity of 130-200 U/
m&?

Protein Assay: As X 1.13 = mg of protein per ml (50 mM phos-
phate, pH 7.0).%

Activity Assay:

Principle: At pH 8.8, the reaction yields one equivalent of H*
per mol of AT consumed.??

Reagents: Prepare with COrfree distilled water: 32 mM atp
(neutralized with NaOH); 32 mM MgSO,; 80 mM creatine; 47
(w/v¥) crystalline bovine serum albumin; 10.0 mM NaOH (freshly
diluted from standardized NaOH).

ATP-Ccreatine transphosphorylase: Just prior to measurement,
dilute with ice<cold 1 mM glycine, pH 9, to about 100 to 500
ug/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 of N; over the liquid (to exclude inter-
ference by COs during titration), and start stirring. Adjust to pH
8.8 with 0.01 M NaOH; add distilled water to a total volume of
8.0 ml and readjust to pH 8.8. After temperature equilibration
(3-5 min), with pH-stat set to record at pH 8.8, initiate the en-
zymic reaction by adding 10 ul of ATp-creatine transphosphorylase
(1 to 5 ug). Repeat, but substitute water for creatine, to determine
the relatively low “blank” rate.

Calkulations: The initial rate is calculated from the linear por-
tion of the curve. The blank rate is subtracted from the overall
rate to obtain the enzymic rate, which is expressed in activity units
(microeguivalents of NaOH consumed per minute).

Impurities: May contain ATPase activity to the extent of 107 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.
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Carbomic Anhydrase / Carboxypeptidase A E-12 / E13
E-12 3. A. Thorslund and S. Lindskog, Ewogp. J. Blockem., 3, 117 (1967).
4. E. T. Kaiser and K.-W. Lo, J. Am. Chem. Soc., 91, 4912 (1969).
Carbonic Anhydrase® 5. S. Lindskog, Biochim. Biophys. Acta, 39, 218 (1960),
(Bovine Erythrocytes) 6. M. Licflinder, Z. Physiol. Chem., 338, 125 (1964).
7. D. Kellin and T. Mann, Biockem. J., 34, 1163 (1940).
8. P.O. Nmnmds. l..lmhio[. Biockim. Blophys. Acta, 8S, 141 (1964).
CH,—CHO + H:0 = CH;—CH(OH), (2) 10. A. M. Clark and D. D. Perrin, Blockem. J., 48, 495 (1951),
RCOOR + HO0 = RCO0- + H* 4+ ROH (3) 1. E. E. Rickli, S. A. S. Ghazanfer, B. H. Gibbons, and J. T. Edmll, J. Biol.
Equation (1) represents the physiological function of the en- o m » 139, 1065 U’m il
zyme. The hydration of acetaldehyde was first demonstrated by 1 k“"“v e “""""’s lhlehu and J. T. Edsall, J. Biol, Chem.. 242, 4221 (1567).

Pocker and Meany.! The hydrolysis of p-nitropheny! acetate and
certain other esters has been studied by Pocker and Stone?
Thorslund and Lindskog,? and Kaiser and Lo.*

Methods of Isolation: From bovine erythrocytes by DEAE chroma-
tography and zone electrophoresis on cellulose columns (Lindskog?
and Lieflinderf). Some commercial preparations are made by us-
ing the procedure of Keilin and Mann.’

CRITERIA (Tentative)

Physical Constants: Reported molecular weight: 31,000 1,000
(Ref. 5), 30,000 (Ref. 8). The enzyme contains one atom of zinc
per molecule of enzyme.

Procedures for Handling : Concentrated solutions (1-10 mg/ml) can
be stored for several days at room temperature between pH 5.5
and 12 (ionic strength, 0.15) and for months in the refrigerator
(pH 6-10). Lyophilization may cause a loss of crystallizability.?
The enzyme may be stored in 2 M ammonium sulfate at —20 °C.
Very dilute solutions of the enzyme (~1 ug/ml) are sensitive to
agitation and heavy-metal impurities but can be stabilized by
0.059 peptone.’® The enzyme is inhibited by most monovalent
anions.? Aromatic and heterocyclic sulfonamides are potent in-
hibitors of carbonic anhydrase. Sulfate and phosphate are prac-
tically noninhibitory.

Commercially Avallable Substrates: Carbon dioxide, sodium hydro-
gen carbonate, acetaldehyde, p-nitrophenyl acetate.

Specific Activity: One unit (U) is the activity that hydrolyzes 1 umol
of p-nitrophenyl acetate/min under conditions given in the **Ac-
tivity Assay”.t Highly purified preparations have a specific
activity of 0.73 U/mg.

Protein Assay:? Az X 0.526 = mg of enzyme/ml.

Activity Assay:?

Reagents: 10 mM p-nitrophenyl acetate in acetone; tris-H,SO,
buffer, pH 7.6, ionic strength, 0.1. (Dissolve 1.0 g of tris(hydroxy-
methyl)Jaminomethane in 75 ml of H;O, neutralize to pH 7.6 with
0.5 M H,S0,, and dilute to 100 ml.)

Procedure: Buffer and enzyme (total volume, 2.4 ml; final en-
zyme concentration ~50 ug/ml) are mixed in a 1-cm cuvette. Sub-
strate (0.1 ml) is added, and the solution is rapidly mixed. The
reaction is followed at 348 nm. 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, (d Ass/d1)q, 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
[dAss/dr)em (¢ in min).

Impurities: Owing to the presence of other esterases in erythocytes,
an impure sample of enzyme may yield an esterase aclivity higher
inhibitor, such as acetazolamide, permits non-carbonic anhydrase
esterase activity to be measured.!?
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E-13
Carboxypeptidase A*
(Bovine Pancreas)

Equation: R’'CONHCH(R")COO~ — R'CO0O~ 4+ *H;NCH(R"')-
CoO0-

or
R'COOCH(R")YCOO~ — R"'COO~ + HOCH(R'"YCOO~
where
R’ = acyl side chain, acylamino acid side chain, or peptide side

chain; and
R" = specific amino or hydroxy acid side chain, preferentiaily
that of an aromatic acid or branched-chain aliphatic acid.
Reaction: Catalyzes the hydrolysis of peptide or ester bonds of cer-
tain aromatic and aliphatic, carboxyl-terminal, amino or hydroxy
acids; pH optimum 7-9.
Method of Isolation: The crystalline enzyme is routinely isolated
from bovine pancreas,'-?

CRITERIA (Tentative)

Physical Constant: Reported molecular weight:?* 32,000; calculated:*
34,440.
Procedures for Handling:

Storage: Suspensions of 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 109, LiCl may be stored at 4 °C for approxi-
mately 1 week without significant loss in activity. Significant
losses in activity result from freezing either suspensions of crystals
or solutions of the enzyme.

Dilution: Crystals of the enzyme may be washed with large
volumes of cold water. The crystals dissolve slowly in cold 107
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 109 LiCl or 1 M NaCl.
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E-14 / E-15

Carboxypeptidase B / Chymotrypsin A

Commerclally Available Sebstrates: (Benzyloxycarbonyl)glycyl-L-
phenylalaninet, benzoylglycyl-L-phenylalanine (hippuryl-L-phen-
ylalanine, I), (benzyloxycarbonyl)glycyl-L-tryptophan, and (ben-
zyloxycarbonyl)glycyl-L-leucine. Many other protein and peptide
substrates are available.

Specific Activity: One unit catalyzes the hydrolysis of 1 umol 1/min
at 25 °Cand pH 7.5. Preparations having the highest purity have a
specific activity of about 88 U/mg by the method following.

Protein Assay: Am X 0.515 = mg of enzyme/ml; solvent, 107
LiCl®

Activity Assay:

Method: The rate of hydrolysis of I is measured by the increase
in absorbance at 254 nm (based upon the method of Folk and
Schirmer®).

Procedure: The assay is conducted as follows:

Take I (10 mM, in HyO), adjusted to pH 6-8 with about one
equivalent of NaOH, 0.3 ml; tris buffer 50 mM (pH 7.5) 1 M in
NaCl, 1.5 ml; H/O, 1.2 ml. Add the enzyme, 5 to 20 ul containing
0.5 to 2.5 ug of protein, to the substrate mixture in a 1-cm quartz
cuvette, and record A, at 30-s intervals.

The hydrolysis of 1 umol of I causes an increase in As 0f 0.12.
Number of units = [A4ss/Af(min)] X 8.33.

Imparities: Recrystallized samples may have slight activity toward
trypsin and chymotrypsin substrates. These activities can be
eliminated by treatment with diisopropyl phosphorofluoridate.?
Recrystallized samples may also be slightly contaminated with
carboxypeptidase B, as indicated by release of lysine or arginine
from certain substrates at high levels of enzyme.
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E-14

Carboxypeptidase B*
(Pig Pancreas)

Egustion: R"CONHCH(R')YCO0~ — R'CO0O- + *H;NR" -
or
R'COOCH(R')YCO0O~ — R"C0O0~ 4+ HOCH(R'")C00~
where
R’ = acyl side chain, acylamino acid side chain, or peptide
side chain; and
R" = side chain of lysine, arginine, ornithine, or homoarginine,
Reaction: Catalyzes the hydrolysis of peptide or ester bonds of
carboxyl-terminal basic, amino, or hydroxy acids; pH optimum
7-9.
Method of Isolation: The enzyme is isolated from aqueous extracts of
an acetone powder of autolyzed, porcine pancreas.!

CRITERIA (Tentative)

Physical Constast: Reported molecular weight,! 34,300.

Procedures for Handling:

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.

Commercially Available Substrates: oN-Benzoylglycyl-L-arginine
(hippuryl-L-arginine, I), «-N-benzoylglycyl-L-lysine (hippuryl-L-
lysine).

Specific Activity: One unit represents the hydrolysis of 1 umol I/min
at 25 °C and pH 8. Preparations having the highest purity have an
activity of about 275 U/mg by the following method:

Protein Assay: Am X 0.468 = mg of enzyme/ml; solvent, 5 mM tris
buffer, pH 8.0

Actlvity Assay:

Method: The rate of hydrolysis of I is measured by the increase
in absorbance at 254 nm.!.?

Procedure: The assay is conducted as follows:

Take I, 10 mM in HO, 0.3 ml; tris buffer, 50 mM (pH 8.0), 1.5 ml;
and Hy0, 1.2 ml. Add enzyme, 5 to 20 ul containing 0.1 t0 0.5 ug
of protein, to the substrate mixture in a 1-cm quartz cuvette, and
record Asy, at 30-s intervals.

The hydrolysis of 1 umol of I causes an increase in Asx, of 0.12.
Rates must be calculated from AA values below 0.14. Number of
units = [AAdw/Ar(min)] X 8.33.

Impurities: The purest samples may have slight activity toward
trypsin and chymotrypsin substrates. These activities can be
eliminated by treatment of solutions with diisopropy! 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).
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E-15

Chymotrypsin A*
(Bovine Pancreas)

Equation: R'R"CHCOR’” — 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.

Method of Isolation: The active enzyme is routinely prepared follow-
ing slow tryptic activation of the zymogen, chymotrypsinogen A.!
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Citrate Systhase / Enolase

E-16 / E-17

CRITERIA (Tentative)

Physical Constant: Reported molecular weights:* 21,600 to 27,000;
calculated:? 24,500.

Procedwres for Handling:

mStorase: Salt-free lyophilized samples are stable wben stored at
4°C.

Dilution: In cold 1 mM HCI, 1 to 10 mg/ml, stable for several
weeks at 4 °C.

Dialysis: Against 1 mM HCl at 4 °C.

Commercially Available Substrates: N-Benzoyl-L-tyrosine ethyl ester
(I), N-benzoyl-L-tyrosinamide, N-acetyl-L-tyrosine ethyl ester, N-
acetyl-L-tyrosinamide, hemoglobin, and casein. Many other re-
lated protein and synthetic substrates are available.

Specific Activity: One unit (U) catalyzes the hydrolysis in 25%
methanol of 1 ygmol I/min at 25 °C and pH 7.8. Preparations hav-
ing the highest purity have a specific activity of about 35 U/mgby
the following method:

Protein Assay: A X 0.495 = mg of enzyme/ml; solvent, 1 mM
HCl.:

Activity Assay:

Method: The rate of hydrolysis of I is measured by the increase
in absorbance at 256 nm (based on the methods of Hummel®).

Procedure: The assay is conducted as follows:
Take I, 5 mM in 507, methanol (w/w), 0.3 ml; tris buffer, 80 mM
(pH 7.8), 1.5 ml; 50% methanol (w/w), 1.2 ml. Add enzyme, 5 to
20 ul containing 1 to 5 ug of protein, to the substrate mixture in a
1-cm quartz cuvette, and record A, at 30-s intervals.

The hydrolysis of 1 umol of I causes an increase in Ay of 0.32.
The rate must be calculated from A4 values below 0.14. Number
of units (U) = [Adue/Af(min)] X 3.13

Referonces

M. Kunliz and J. H. Northrop, J. Gen. Physiol., 19, 991 (1936).
2. P. Desnuelle, Enzymes, 4, 93 (1960).
3. M. Laskowski, Methods Enzymol., 1, 8 (1955).
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Original compilation of Criteria: J. E. Folk, Contributions by: F. W. Putnam
C. H. W, Hirs, and R. L. Hill.

* jus Classification: 3.4.16.1, Chymotrypsin A. Also designated s-chymotrypsin.
The active enzyme is herein designated chymotrypsin A to distinguish it from

chymotrypsin B, an enzyme of similar specificity that in bovine pa as
the zy hymotrypsi B3

E-16

Citrate Synthase®

(Pig Heart)

Reaction: Acetyl-CoA + H;O 4 oxaloacetatet™ = citrate* -+
CoASH + H*. The pig-heart enzyme is 1009} stereospecific and
forms the (S)-citrate enantiomer exclusively.!

Method of Isolation: Crystallized from ammonium sulfate solution.?3

CRITERIA (Tentative)
Physical Constant: Reported molecular weight:* ~94,000.
Procedures for Handling:
Storage: The enzyme is relatively stable from pH 5.5 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
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least 0.1 mg/ml in 20-100 mM phosphate buffer, pH 7.0, retain
their activity for many months at — 20 °C. Ovalbumin (0.1 %) can
be added to stabilize more-dilute solutions for temporary storage
at —20 °C.

Dilution: Dilute solutions for assay may be prepared in either
phosphate or tris-HCl buffers, pH 7.4-8.1.

Commercially Avallable Sabstrates: Acetyl-CoA, oxaloacetate,
CoASH, and citrate (malate dehydrogenase, NAD, and L-malate
are available for a coupled, assay system?).

Specific Activity: One unit of activity for this enzyme catalyzes the
formation of 1 umol of free coenzyme A from acetyl-CoA per
minute at 25 °C and pH B8.1. Recrystallized pig-heart citrate
synthase has a specific activity of approximately 180 U/mg, cal-
culated from Srere er al.* The specific activity in the malate—NAD-
malate dehydrogenase assay system is 64 U/mg.24

Protein Assay:* Am X 0.56 = mg enzyme/ml.

Actlivity Assay:

Method: The rate of formation of free coenzyme A is measured
with 5,5’-dithiobis(2-nitrobenzoate) (Nbs,).*7

Reagents: Nbs;, 1 mM in 1.0 M tris-HCI, pH 8.1; acetyl-CoA,
13 mM in water; oxaloacetate, 10 mM in 100 mM tris-HC1, pH
8.1. Citrate synthetase, 1 to 5 ug protein/ml of 0.1 % bovine serum
albumin.

Procedure: Into a 1-ml cuvette, pipette the following: 0.1 ml of
Nbs; solution, 0.02 ml of acetyl-CoA, a suitable aliquot of the
enzyme, and H;O to make a volume of 0.97 ml. Initiate the reac-
action by adding 0.03 ml of oxaloacetate, and follow the increase
in absorbance at 412 nm.

Calculation: Number of units (U) = [AAdus/Amin)] X 0.073S.

Impurities: Crystalline preparations of enzyme may contain traces of
malate dehydrogenase and isocitrate dehydrogenase.

J. R. Stern, C. S. Hegre, and G. Bambers, Blochemistry, 8, 1119 (1966).
P. A. Srere and G. W. Kosicki, J. Biol. Chem., 136, 2557 (1961).
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2

3. 8. Ochoa, J. R. Stern, and M. C, Schneider, J. Biol. Chem., 193, &1 (1951).

4. P. A. Srere, M. Singh, and G. C. Brooks, personal communica tion.

5. P. A. Srere, Methods Enzymol., 13, 3 (1969).

6. P. A. Srere, H. Brazl, and L. Gonen, Acta Chem. Scand., 17, 129 (1963).
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* 1us Classificaton: 4.1.3.7, Citrate oxaloacetate-lyase (CoA-acetylating). Other
common name, cltrate-condensing enzyme.

E-17
Enolase®
(Rabbit Muscle)

Equation : D-Glycerate 2-phosphate? = phosphoenolpyruvate® (pep)
+ H:0

Method of Isolation: Purified from fresh or frozen rabbit muscle.
Crystallized from ammonium sulfate.!

CRITERIA (Tentative)
Physical Constants: Reported molecular weight,*? 82,000. Dissocia-
tion into subunits has been reported.*

Procedure for Handling: The enzyme is stable as a crystalline suspen-
sion in ammonium sulfate.
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E-18 / E-19

Enolase / Exiracellular Nuclease

Commercially Available Substrates: Sodium and barium salts of p-
glycerate 2-phosphate. If the barium salt is used, barium may be
removed by using the procedure given by Winstead and Wold.!

Specific Activity: One unit of activity for this enzyme will convert 1
umol of p-glycerate 2-phosphate into PEP per minute at 25 °C by
using the conditions given under “*Activity Assay.” Pure rabbit-
muscle enolase has been reported® to have a specific activity of 90
U/mg at 25 °C.

Protein Assay:* A X 1.11 = mg enzyme/ml (50 mM imidazole
buffer, pH 7).

Activity Asay:

Method: The rate of increase of absorbance at 240 nm at pH
6.9 and 25 °C due to pep formation is measured.
Reaction Medium:

p-Glycerate 2-phosphate 10 mM 0.3 ml
Magnesium sulfate 10 mM 0.3 ml
KCl 800 mM 1.5 ml
Imidazole-HCI, pH 6.7 (500 mM in imidazole) 0.3 ml
H;O 0.5 ml

Procedure: To 2.9 ml of reaction medium at 25 °C in a silica
cell, in a spectrophotometer with wavelength set at 240 nm, add
0.1 ml of enzyme containing 10-100 ug of enzyme/ml. Plot
A Ay 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 [A4y/Ar(min)].

Impurities: Likely contaminating activities are other glycolytic
enzymes. The recrystallized enzyme gives a single band upon
electrophoresis on poly(acrylamide) gel.
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* yus Classification: 4.2.1.11, 2-Phospho-D-glycerate hydro-lyase.

E-18
Enolase®
(Yeast)

Equation: p-Glycerate 2-phosphate* = phosphoenol/pyruvate* (Pep)
+ H 0

Method of Isolation: Purified from yeast extracts by fractionation
with acetone and alcohol.!-?

CRITERIA (Tentative)

Physical Constants: Reported molecular weight 88,000 (Ref. 3),
67,000 (Ref. 4). Dissociation into subunits has been reported.®*

Procedures for Handling : May be stored at pH 8-8.5in 0.1 mM Mg
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.)

Commercially Available Substrates: Sodium and barium salts of p-
glycerate 2-phosphate. If the barium salt is used, barium may be
removed by using the procedure given by Westhead.?

Specific Activity: One unit of activity (U) for this enzyme converts 1

umol of p-glycerate 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 reported®? to be 200-220 U/mg.
Protein Assay: Ax X 1.12 = mg enzyme/ml (in water).!
Activity Assay:?
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 p-glycerate 2-phosphate 20 mM 0.3 ml
Magnesium acetate 10 mM 0.3 ml
Tris acetate buffer,t pH 7.8 100 mM 1.5 ml
EDTA 100 uM 0.3 ml
H:0 0.5 ml

Procedure: To 2.9 ml of reaction medium at 30 °C in a silica
cell, add 0.1 ml of enzyme containing 3-30 ug enzyme/ml. Read,
plot AAm 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 [AAm/Ar(min)] (calculated from Ref. 2).

Impurities: Enolase purified with acetone-ethanol has 257 of the
maximum specific activity and may be used in the phosphoglyc-
erate mutase assay after chromatography on Dowex 1 to remove
phosphoglycerate mutase and pyruvate kinase.” Pure enolase is
obtained by further fractionation with pDeag-cellulose and phos-
phocellulose.® The enzyme consists of at least three active electro-
phoretically distinct components.
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Original compilation of Criteria: F. Wold. Contributons by: J. Larner and BE.
Westhead.

* jus Classification: 4.2.1.11, 2-Phospho-p-glycerate hydro-lyase.
1 Neutralize 50 ml of 200 mM acetic acid with | M tris(thydroxymethyl)amino-
methane to pH 7.8 and dilute to 100 ml.

E-19
Extracellular Nuclease®
(Staphylococcus aureus)

Reaction: Endonucleolytic and exonucleolytic cleavage of 5'-O-
phospho ester bonds in ribonucleates or 2’-deoxyribonucleates,
producing 3'-O-phosphonucleosides and dinucleotides.!® Also
cleaves a number of p-nitrophenyl ester derivatives of 2’-deoxy-
thymidine 5'-phosphate, releasing p-nitrophenyl phosphate.?

Method of Isolation: The enzyme is obtained by ammonium sulfate
fractionation of an extracellular culture medium of growing bac-
teria, followed by ion-exchange column chromatography.**

CRITERIA (Tentative)

Physical Constants: Reported molecular weight:? 16,800.
Procedure for Handling:
Storage: Lyophilized preparations are stable when kept at
—10°C.
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D-Glucose-6-phosphate Dehydrogenase / D-Glyceraldehyde-3-phosphate Dehrydrogenase

E-20 [E-21

Handling: Enzyme dilutions of less than 10 ug/ml should be
made in 0.1 % albumin solution.? The enzyme is not retained by
some commercial dialysis membranes, and dialysis should be
done in heated, or boiled, dialysis membranes.”

Commercially Available Substrates: Thymidine 3’-phosphate §'-
(p-nitrophenyl phosphate) tri-Li salt-4H;0, Mol. Wt. = 613.2;
Amax = 271 Nm, & = 15,400 mol™ 1 cm™. K, for nuclease =
10X 10*M.?

Specific Actlvity:* 1 mg of purified enzyme hydrolyzes 0.62 umol of
substrate per minute. The specific activity is 0.62 U/mg under the
conditions described below. (See *Activity Assay.”)

Protein Assay:® A X 1.03 = mg of enzyme/ml, in 50 mM tris
buffer, pH 7.5.

Activity Assay:?

Method: The assay is based on the release of p-nitrophenyl
phosphate, which is accompanied by a shift of its ultraviolet
spectrum (to higher wavelengths) resulting from conversion of the
mono- into the dianionic phosphate species.

Procedure: The assay mixture contains 100 uM thymidine 3'-
phosphate 5'(p-nitrophenyl phosphate) in a total volume of 1.0
ml of 50 mM tris-HCI buffer, pH 8.8, 10 mM CaCl,. 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 placed on a 1.0-ml quartz cuvette, and 5-30 ul of en-
zyme, containing 1-50 ug 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 = 0.235[A Ay/Ar{min)].

Impurities: Phosphatases and other protein contaminants may be
present in all but highly purified preparations.**
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+ The number of umol of p-nitrophenyl phosphate fi d in | ml per minute =
4.26[AAs30/A(min)]. A€ss0 for p-nitrophenyl phowhlu = 4,260 mol-! | cm-1.

E-20
D-Glucose-6-phosphate Dehydrogenase®
(Brewers’ Yeast)

Equation: D-Glucose 6-phosphate* + NaDp* = 6-0-phospho-D-
glucono-1,5-lactone* + NaDpH + H*

Method of Isolation: Crystallized from aqueous (NHLSO, solu-
tions.!

CRITERIA (Tentative)

Physical Constant: Reported molecular weight:* 102,000.

Procedure for Handling: Stable as crystalline suspension in (NH,):SO,
solution.! At concentrations of micrograms per milliliter, the en-
zyme is unstable below pH 4 and above pH 11.
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Commercially Available Substrates : p-Glucose 6-phosphate, NADP*.

Specific Activity: One unit of activity (U) is equivalent to 1 umol of
NaDPH formed per minute at pH 8.0 and 30 °C. Four-times re-
crystallized enzyme has a specific activity of about 680 U/mg !

Protein Assay: Biuret procedure:? 4wy X 32 = mg of protein per
10 mlL}

Activity Assay:!

Reagents: 100 mM glycylglycine, pH 8.0; 30 mM p-glucose 6-
phosphate; 10 mM Napbe*, pH 7.0; 150 mM MgS0,; 50 mM
eptA (pH 8.0) containing crystalline bovine serum albumin (1
mg/ml).

p-Glucose-6-phosphate dehydrogenase: Just prior to measure-
meni, dilute with icecold 50 mM epta, pH 8.0, containing
crystalline bovine serum albumin (1 mg/ml) to a concentration of
about 0.2 to 1.0 pg/ml.

Procedure: A recording spectrophotometer, equipped with
thermospacers through which water at 30 °C is circulated, is used
to follow the change in absorbance at 340 nm. Into a 1.0-cm
cuvette, pipette the following: glycylglycine (100 mM, pH 8.0),
2.5 ml; p-glucose 6-phosphate (30 mM), 0.1 ml; Napp* (10 mM),
0.1 ml; MgSO;, (150 mM), 0.2 ml (measurements are made relative
to a blank cuvette containing the above reaction mixture + 0.1 ml
of Hy0). After temperature equilibration (about 5 min), the reac-
tion is initiated by the addition of 0.1 ml of p-glucose 6-phosphate
dehydrogenase.

Calculations: Calculations of the activity are made from the
initial slope of the curve of the absorbance vs. time: Number of
units (U) per cuvette volume = 0.483 [AA4u0/Ar (min)].

Impurities: In amorphous preparations: hexokinase,! 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 0.05%, of the p-glucose-6-phosphate dehydro-
genase activity.
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Original compilation of Criteria: S. A. Kuby. Contributions by: E. A. Noltmann.

*us Classification: 1.1.1.49, p-Glucose 6-phosphate:NADP oxidoreductase.
Commonly used name: Zwischenferment.

E-21
D-Glyceraldehyde-3-phosphate Dehydrogenase®
(Rabbit Muscle)

Equation: D-Glyceraldehyde 3-phosphater 4 nap* + HPO# =
1,3-diphosphoglycerate'~ + naDH + H*

Method of Isolation: Crystallized from ammonium sulfate solu-
tions.!—?

CRITERIA (Tentative)

Physical Constant: Reported molecular weight:*7 118,000-150,000;
140,000 (based on 4 subunits of 35,000 each).*

Procedure for Handling: Stability properties have been summarized.*
Solutions of the enzyme are stabilized by the presence of EDTa, re-
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E-22

ducing agents, and NaD*. For storage over prolonged periods of
time, the enzyme may be kept at 04 °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.

Commercially Avallable Substrates: pL-Glyceraldehyde 3-phosphoric
acid (aq. solution), slight decomposition occurs in solutions after
several weeks in the frozen state; pL-glyceraldehyde 3-phosphate
diethyl acetal monobarium salt dihydrate; NaD*.

Specific Activity: One unit of activity for this enzyme reduces 1
umol of NAD* per minute at pH 8.4 and 25 °C. The specific activity
of once-crystallized preparations (e.g., commercial preparations)
ranges from 25 to 30 U/mg at 25 °C by the assay procedure de-
scribed below. An activity of 85 U/mg has been reported? at
27 °C for the best preparation, with substrate concentrations of
480 uM (NaD* and p-glyceraldehyde 3-phosphate).

Protein Asmay: When isolated by the procedures described,!”® the
enzyme contains bound NAD* and has an absorption maximum at
276 nm: Ang X 0.95 = mg/ml (in 0.03 M pyrophosphate, pH
8.4).

Activity Assay: Modified from procedure of Cori er al.! (based on
Warburg and Christian®) as summarized by Velick,® with arsenate
replacing phosphate, and under conditions that permit measure-
ments of inirial velocities.

Reagents: Sodium pyrophosphate, 30 mM, pH 8.4; naDn*, 7
mM ; p-glyceraldehyde 3-phosphate, 8.8 mM#; disodium arsenate,
170 mM; cysteine, 40 mM, pH 8.4 (freshly prepared) in pyrophos-
phate, 30 mM, pH 8.4, p-Glyceraldehyde-3-phosphate dehydro-
genase: Prior to measurement (~5-10 min), dilute with ice-cold
30 mM pyrophosphate solution (containing 4 mM cysteine, pH
8.4) to a concentration of 10-20 ug/ml.

Procedure: Into a cuvette, pipette the following:

Pyrophosphate 1.7ml

Arsenate 0.30 ml
Cysteine 0.30 ml
NAD* 0.10 mi

Allow 5§ min for temperature equilibration in a recording spec-
trophotometer having water jackets at 25 °C. Add 0.50 ml of p-
glyceraldehyde 3-phosphate} (8.8 mM); 2 min later, initiate the
reaction with the addition of 0.1 ml of properly diluted p-glyceral-
dehyde-3-phosphate 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 A, to determine the initial rate.

Calculations: Calculation of 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 [AAw/Af (min)].

Impurities: Once-crystallized preparations may contain the following
contaminants: Nucleoside diphosphokinase,'® myokinase, phos-
phoglycerate kinase,!® and traces of other glycolytic enzymes (e.g.,
triose phosphate isomerase, aldolase).
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* us Classification: 1.2.1.12, p-Glyceraldehyde 3-phosphate: NAD oxidoreduc-
tase (phosphorylating). Commonly used names: Triose phosphate dehydrogenase;
slyceraldehyde-3-phosphate dehydrogenase; phosphoglyceraldehyde dehydro-
genase,

1 Prepared from the diethyl acetal barlum salt, by removal of barlum with
Dowex 350 lon-exchange resin, and conversion Into the free acid as described by
Ballou and Flscher.? Adjust to pH 7.0; assay enzymically by above test system,
with limiting concentrations of substrate, at least ten times the amount of enzyme,
and omission of the cysteine. Dilute to 8.8 mM in p-isomer, and store at —20* C.

1 D-Glyceraldehyde 3-phosphate is added just before the final addition of the
enzyme, to minimize formation of an addiion compound with cysteine; cysteine
should not be added to the stock aldehyde solution.

E-22

L-Glycerol-3-phosphate Dehydrogenase®
(Rabbit Skeletal Muscle)

Equation: Dihydroxyacetone 3-phosphate* + NabH + H* = L-

glycerol 3-phosphate* +4 NaD*
Method of Isolation: Crystallized from ammonium sulfate solution.!*

CRITERIA (Tentative)

Physical Constants: Reported molecular weight:* 78,000. One mole-
cule of NADH bound*® per 39,000.

Procedure for Handling:

Storage: A suspension of crystals in 2 M (NH,),S0O, solution is
stable for several weeks at 04 °C,

Dilution: Solubilization of enzyme, centrifuged to remove most
of the (NH,):SO,, and dilution may be made in water containing 1
mM EepTa, pH 7.5. Stability is maintained even at high dilutions,
Freezing is not recommended.® Inactivation on freezing is dilu-
tion-dependent. Partial restoration of activity occurs slowly after
thawing.*

Commercially Avallable Substrates: Dihydroxyacetone 3-phosphate
dimethyl acetal dicyclohexylammonium salt monohydrate, DL-a-
glycerophosphate.

Specific Activity: One unit of activity for this enzyme catalyzes the
reduction of 1 umol of dihydroxyacetone phosphate per minute at
25 °C, pH 7.4. Crystalline enzyme has been reported’ to have a
specific activity of 83 U/mg.

Protein Assay: The enzyme contains bound adenosine diphosphate
ribose or a closely related compound, removal of which does not
affect the crystalline form or the catalytic activity of the enzyme
but does affect the electrophoretic mobility,?*? Native nucleotide-
containing enzyme has Asw/Aw = 1.1, and asse = 0.63 mg™ ml
cm~! at 280 nm; nucleotide-free enzyme has Asm/ A = 1.6, and
amo = 0.53 mg~! ml cm™! at’ 280 nm. Protein may also be deter-
mined by the biuret method, by use of bovine serum albumin as
the standard.® Ao X 1.59 = mg protein/ml.

Activity:!

Method: The decrease in absorbance of NADH at 340 nm is
monitored at 25 °C as a function of time, Near-optimum condi-
tions are 140 uM NapH, 100 uM dihydroxyacetone phosphate,

pH 7.5.
Reaction Medium:
NADH 2.7 mM 0.15 ml
Dihydroxyacetone phosphate 10 mM 0.10 ml
Triethanolaminet - HCI 150 mM 1.0 ml
H O 1.65 ml
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Hexokinase

Procedure: To 2.9 ml of reaction medium at 25 °C in a silica
cell, add 0.1 ml of enzyme containing about 1 ug of enzyme.

Calculation: Calculation of the activity is made from the initial
slope of the curve of abosrbance at 340 nm vs. time. Number of
units (U) per cuvette volume = 0.483 X [AAso/Ar(min)].

Imparities: Probable contaminating enzymes are lactate dehydro-

genase, glyceraldehyde-3-phosphate dehydrogenase, aldolase, and
pyruvate kinase.
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(1959).
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* 1us Classification: 1.1.1.8, L-Glycerol-3-phosphate: MAD oxidoreductase.

The enzyme has been incorrectly designated L{—)glycerol [-phosphate
dehydrogenase by Hohorst.? The configuration of naturally occurring e-glycero-
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E-23
Hexokinase®
(Bakers’ Yeast)

(Mg™)
Equation: ATP* 4 D-glucose = ApP™ 4 D-glucose 6-phosphate* +
H+

Method of Isolation: Crystallized from aqueous (NH,)»SO, solu-
tions,!—?

CRITERIA (Tentative)

Physical Constant: Reported molecular weight: 96,600,! 102,000,
111,000.* Dissociatjon into subunits (half- and quarter-molecules)
has been reported.®

Procedures for Handling: Unstable below pH 4.* For storage over
long periods of time, the enzyme may be kept® as a crystalline sus-
pension in ammonium sulfate solution containing 2 mM epta, pH
7 or as a crystalline filter cake at 0 °C.! The enzyme is unstable at
high dilution (micrograms of protein/milliliter) and can be
stabilized by p-glucose.!

Commercially Available Substrates: p-Glucose, p-glucose 6-phos-
phate,

Specific Activity: One unit of activity (U) is equivalent to 1 umol of
ADP formed per minute at 30 °C and pH 8. Enzyme that has been
recrystallized 4-6 times has a specific activity of about 600
[ §] /ml.'l'

Protein Assay: A X 0.77 = mg of protein per ml.*
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Activity Assay: According to Mahowald er al.®

Principle: The hexokinase reaction at pH 8.0 yields one
equivalent of H* per mol of ATP consumed,!*1

Reagents: Prepare with COyfree distilled water. 32 mM arte
(neutralized with NaOH); 32 mM MgSO,; 200 mM p-glucose; 47,
(w/v) crystalline bovine serum albumin; 10.0 mM NaOH (freshly
diluted from standardized NaOH).

Hexokinase: Just prior to measurement, dilute with ice-cold
1 mM EepTaA, pH 8.0, to about 50-250 ug of protein/ml

Procedure: Standardize a pH-stat (a commercial autotitrator)
at 30 °C with standard buffer. Into a 12-ml reaction vessel (water-
jacketed at 30 °C and equipped with a stirrer) pipet 2.00 ml of p-
glucose solution, 1.00 ml of distilled water, 1.00 ml of aTe, 1.00
ml of MgSO,, and 0.20 ml of albumin. Pass a slow stream of ni-
trogen over the surface (1o exclude interference by carbon dioxide
during titration) and begin stirring. Adjust the pH to 8.0, and
after temperature equilibration (3-5 min), with the pH-stat set to
record at pH 8.00, initiate the enzymic reaction by addition of 10
ul of hexokinase (0.5-2.5 ug). Repeat, but substitute distilled water
for the D-glucose solution, to determine the relatively low “blank”
rate.

Calculations: Calculations of the initial rate are made from the
linear portion of the curve; the blank rate is subtracted from the
over-all rate to yield the enzymic rate, and this is expressed in
microequivalents of NaOH consumed per minute. One unit (U) =
one umol of NaOH per minute.

Impurities: After six recrystallizations, the ATrase should be dimin-
ished to 5 X 10~* of the activity of hexokinase,’ and the following
contaminating impurities should be negligible or less than 3 X
10~ of the hexokinase activity: adenylate kinase, 6-phospho-
gluconate dehydrogenase, glucose G-phosphate dehydrogenase,
pyrophosphatase, phosphohexose isomerase, and triose phos-
phate dehydrogenases.! The crystalline enzyme prepared by
Darrow and Colowick® contained traces of proteolytic enzymes.
The proteolytic activity can be removed by adsorption on
diethylaminoethyl-cellulose.*
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E-24 / E28

D(—)-3-Hydroxybutyrate Dehydrogenase

E-24
D(—)3-Hydroxybutyrate Dehydrogenase*
(Bovine Heart)

Equation: p{—)-3-Hydroxybutyrate~ 4 NAD* = acetoacetate~ +
NADH + H*

The enzyme is specific for the p(—) enantiomer and NAD*,
with only slight reactivity for the NAD analogs, 3-acetylpyridine
and pyridine-3-aldehyde.! The purified apodehydrogenase reacts
specifically with lecithin'=® in the presence of thiols to form the
active enzyme complex.

Method of Isolation : The enzyme is found exclusively in mammalian
mitochondria, and is isolated from bovine heart mitochondria by
solubilization with potassium cholate.®* The highly purified
apodehydrogenase is obtained by ammonium sulfate fractiona-
tion of the active lecithinoprotein complex.!

CRITERIA (Tentative)

Physical Constants: The highly purified apodehydrogenase is insolu-
ble, and requires 1.8 mg of pure micellar lecithin per milligram of
apoenzyme and 50 mM monothiol (or 5 mM dithiol) for solu-
bilization and formation of the active enzyme complex.! Re-
ported® molecular weight, 87,000, based on one gram-atom of
Zn/mol.

Procedure for Handling : The enzyme is firmly bound to the electron-
transport particle*® and is stable when attached to respiratory
membranes.®? 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 NaD™.

Commercially Avallable Substrates: Sodium pL-3-hydroxybutyrate;
the concentration of the p(—) monomer may be determined
enzymically.!®

Specific Activity: One unit of activity (U) for this enzyme represents
1 umol of NAD* reduced per minute by 3-hydroxybutyrate at pH
8.1 at 37 °C. The specific activity reported for the most highly
purified preparation is 100 U/mg when assayed as described
below.!

Protein Assay: Determined by the biuret method," with crystalline
bovine serum albumin as the standard.

Activity Assay:! 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; 959 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 H,O to give a volume of 2.9 ml.
After incubation for 15 min at 37 °C, pL-3-hydroxybutyrate, 600
mM, 0.1 ml, is added to initiate the reaction. Follow A A3,. Num-
ber of units (U) in cuvette = [A4;0/A(min)] X 0.483,

Impurities: Flavoproteins, cytochrome, and phospholipid compo-
nents released from the submitochondrial particles upon solu-
bilization by cholate.
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E-25
p(—)-3-Hydroxybutyrate Dehydrogenase®
(Rhodopseudomonas spheroides)

Equation: o{—)3-Hydroxybutyrate~ + NaD* = acetoacetate™ -+
NADH + H*

The enzyme is specific for the p(~) enantiomer of 3-hydroxy-
butyrate, but is slightly reactive with 3-hydroxypentanoate and
3-hydroxyhexanoate. The enzyme is specific for NaD*, with slight
reactivity for the NAD analogs, 3-acetylpyridine and thionicotin-
amide adenine dinucleotides.!

Method of Isolation:' Isolated from extracts of Rhodopseudomonas
spheroides, and purified by precipitation with protamine sulfate,
ammonium sulfate fractionation, and adsorption on DEAE-
Sephadex.

CRITERIA (Tentative)

Physical Constants: Reported molecular weight:! 85,000.

Procedures for Handling: The enzyme is stabilized by the presence of
divalent cations. Diluted solutions of the R. spheroides enzyme are
inactivated by prewarming to 37 °C but are protected! by Ca* or
NADH.

Commercially Available Substrates: Sodium pL-3-hydroxybutyrate;
the concentration of the p(—) enantiomer may be determined
enzymically.?

Specific Activity: One unit of activity (U) for this enzyme reduces 1
umol of NAD* per minute with p{—)-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.!

Protein Assay: Determined by the biuret method,? with crystalline
bovine serum albumin as the standard.

Activity Assay:! Tris-chloride buffer, pH 8.4, 330 mM, 0.3 ml;
NAD*, 18 mM, 0.3 ml; p-3-hydroxybutyrate, 440 mM, 0.15 ml (or
0.3 ml of the pL-salt); and deionized H,O to give a final volume of
3.0 ml. (CN-, 15 mM, 0.1 ml should be added when assaying ex-
tracts that contain NaDH-oxidizing enzymes.®) Follow A4, with
time after adding 10-50 ul of enzyme containing 5 mg of protein/
mi. Number of units (U) in cuvette = [AA4so/At (min)] X 0.483.

Impurities: NaADH oxidases** 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.?
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Inorganic Pyrophosphatase / L(+)-Lactate Deliydrogeaase

E-26 | E-27

E-26
Inorganic Pyrophosphatase®
(Yeast)

(Mg™)
Equation: HP,O}- + H,0 — 2 HPO{ + H*
Method of Isolation: Isolated from bakers’ yeast as crystals by frac-
tionation with alcohol'-* or by chromatography on DEAE-Sepha-
dex.'

CRITERIA (Tentative)

Physical Constant: Reported molecular weight:¢ 71,000. Two sub-
units, apparently identical.**

Procedwre for Handling: Dry preparations are stable for many
months at 5 °C, The enzyme is soluble in water, and stock solu-
tions (1 mg/mi) 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 Mg**,

Commercially Available Substrate: Sodium pyrophosphate.

Specific Activity : One unit of activity (U) liberates 2 umol of ortho-
phosphate (P,)) 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.*

Protein Assay:® Ay X 0.69 = mg of enzyme/ml (in either HyO or
100 mM HCI).

Activity Assay:

Method: The rate of formation of inorganic orthophosphate
from inorganic pyrophosphate (PP;) is measured.’

Enzyme: 0.1-1.0 ug 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 ml. Include a blank containing 20
mM tris buffer (pH 7.2) in place of the enzyme. After 15 min at
30 °C, remove a 1-ml aliquot and add to mixture of 1 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 of phosphate (umol) liberated in total reaction mix-
ture]/2 X 15 min,

Impurities: The preparation should be free of aTpase. Kunitz® re-
ported that twice-recrystallized enzyme shows some contaminat-
ing, inorganic polyphosphatase activity.

It has been reported by Schlesinger and Coon, and confirmed
by Kunitz,” 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-workers!? reported that, in the presence of
Zn*, yeast pyrophosphatase will hydrolyze O-pyrophosphoserine
and related compounds.
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E-27

L(+)-Lactate Dehydrogenase®*
(Bovine Heart)

Equation: L(+)-Lactate~ 4+ NAD* — pyruvate™ + NADH + H*

Method of Isclation: Crystallized from ammonium sulfate solution.
As generally prepared, the crystalline enzyme is a mixture! of
807 isozyme H, and 209 H;M (H = heart; M = muscle). The
pure H, form is more acidic than the H;M form from which it
can be separated by Deae-cellulose chromatography.?

CRITERIA (Tentative)

Physical Constants: 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 M, tetramer.?

Procedure for Handling: Store at 5 °C as a suspension in 2.25 M
ammonium sulfate. Prior to assay, the suspension is centrifuged,
and the pellet is dissolved in phosphate buffer to give a concen-
tration of about 1 mg/ml; this solution serves as a stock from
which further dilutions can be made.

Commercially Avallable Substrates: Sodium pyruvate; sodium, cal-
cium and lithium salts of L(+ )-lactic acid; NAD; NADH.

Specific Activity: One unit of activity (U) for this enzyme causes an
initial rate of oxidation of 1 umol 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 uM, when used in conjunction with a molecular weight of
130,000, yields a specific activity of 380 U/mg for the best prepe-
rations. The turnover number of the M, form is approximately
twice that of the H, form.?

Protein Assay: Ay X 0.66 = mg enzyme/ml.

Activity Assay: The decrease in As 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 Ady, = 0.1-0.2 per minute, water, and 0.5 ml of 700 xM
NADH (added last).

Calculation: The activity is calculated from the initial slope of
the curve of Ay vs. time. Number of units (U) per cuvette vol-
ume = 0.483 X [AAso/Af(min)].
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E-28 / E-29

E-28
Lipoyl Dehydrogenase®
(Pig Heart)

Equation:
s—S

CH;LCOR?t + NaDH + H* =
(+)-1,2-Dithiolane-3-valerate
[(+)-Lipoate]

TH SH
CHy—CHy—CH—(CH3)—COR + NAD*
(—)-6,8-dimercaptooctanocate
[(—)-dihydrolipoate or (—)-Hslipoate]

where R = OH, NH;, or various amino acid residues.

Reaction: The enzyme catalyzes the interconversion of reduced and
oxidized lipoic acid and derivatives by the NAD-NADH system,1=?
Menadione, methylene blue, 2,6-dichlorophenolindophenol, and
potassium ferricyanide can also serve as hydrogen acceptors.?

Method of Isolatiom: Fractionation with ammonium sulfate, and
purification on calcium phosphate gel.?

CRITERIA (Tentative)

Physical Comstants: Reported molecular weight:* ~100,000. The
enzyme contains 2 mol PAD/mol. Asm/Aws = 5.35 (Ref. 2);
A/ Ase = 1,30 (Ref, 3).

Procedure for Handling: There is no appreciable loss of activity in
several months when an enzyme suspension in 3 M ammonium
sulfate, pH 6, is stored at 4 °C* or when a solution in 30 mM
phosphate, pH 7, containing 0.3 mM epTa is frozen.?

Commercially Available Sabstrates: (2=)-Lipoic acid, (< )-lipoamide.

Specific Activity: One unit of activity (U) catalyzes the oxidation of
1 umol of NADH per minute at 25 °C, in the assay system described
under “Activity Assay.” Pure enzyme has been reported to have
a specific activity of 25 U/mg.! The activity with lipoamide is
80-fold greater.?

Protein Assay: Ay» X 0.94 = mg enzyme/ml. (The factor is based
on a biuret procedure and, owing to various uncertainties, may
be in error*" by as much as 10%.)

Activity Assay:?

Method: The change in absorbance of NADH at 340 nm is mea-
sured spectrophotometrically.
Reagents:
Sodium citrate buffer, 1 M, pH 5.65
Crystalline bovine serum albumin 2% in 30 mM epta
(+)-Lipoic acid, 20 mM
NADH, 10 mM
NAD, 10 mM
The activity is dependent on the ionic strength and on the
presence of NAD.
Procedure: Prepare two cuvettes as follows (all quantities in
ml):

Blank  Assay
Citrate buffer 2.6 2.5
Albumin-epTa 0.1 0.1
(=)-Lipoic acid 0.0 0.1
NADH 0.03  0.03
NAD 003 003
H;0 0.14 0.14

Enzyme solution 0.10 0.10

Number of units (U) in cuvette = 0,483 X [A4sw/Af(min)]. The
blank corrects for NADH oxidase activity of the enzyme.
Imparities: Impurities have not been reported.
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E-29
Myokinase*
(Rabbit Skeletal Muscle)

(Mg*)
Equation: 2ADP™ = ATP* 4 AMP™
Method of Isolation: Crystallized from aqueous (NH)SO, solu-
tions.!~*

CRITERIA (Tentative)

Phiysical Constant: Reported molecular weight:* 21,000.

Procedures for Handling :

Storage: The enzyme is stable for several monthsat 1 “Casa
crystalline suspension in (NH SO, solutions containing 10 mM
EDTA at about pH 6.%* Solutions in the microgram/milliliter range
of concentration are stabilized by reducing agents, epTa, and
bovine serum albumin.'* One to three percent aqueous solutions
are stable for several weeks at pH 6 to 7 under Na.

Lyophilization: May be lyophilized 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 against aqueous solutions saturated
with Nj to prevent oxidation of reactive SH groups.**

Commercially Avallable Substrates: ATP, ADP, and AMP.

Specific Activity : One unit of activity (U) is equivalent to 1 umol of
ATP formedt per minute at pH 8.0 and 30 °C. Enzyme recrystal-
lized 2-3 times has a specific activity of 1,800-2,200 U/mg at pH
8.0 and 30 °C.3*

Protein Assay: Biuret procedure:? Az X 31 = mg of protein per
10 ml total volume.®

Activity Assay: According to Olson and Kuby:*

adenylate kinase
2 ADPY ————————> ATP* 4 AMP*
Principle:

hexokinase
ATP" + D-Glc —— ADP*™ + D-Glc-6-P* 4 H*
Overall reaction: ApP*™ + p-Glc — amMp* + D-Glc-6-P* 4+ H*
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Papain

The rate of liberation of H* at pH 8.0 is a measure of the rate of
production of ATP* in the myokinase reaction.

Reagents: Prepare with COyfree distilled water. 32 mM apr
(neutralized with NaOH); 16 mM MgSO,; 200 mM p-glucose;
4% (w/v) crystalline bovine serum albumin; 0.0100 M NaOH
(freshly diluted from standardized NaOH). Hexokinase'*! is
stored at 1 °C as a crystalline suspension (about 40-45 mg of pro-
tein/ml) in (NH»S0, (about 2.2-2.4 M) containing 2 mM EDTAa,
pH 7. The hexokinase should be recrystallized until low in adeny-
late kinase activity, and the hexokinase activity should be at least
140 U/mg (preferably, 500 U/mg).

Myokinase: Just prior to measurement, dilute with ice-cold
1 mM epta-1 mM 1,4-dithioerythritol, pH 8.0 (adjusted with
NaOH) to about 10-50 ug of protein/ml.

Procedure: Standardize a pH-stat (a commercial autotitrator),
while stirring at 30 °C with a standard buffer (e.g., of pH 7.0).
Pipet into a 12-ml reaction vessel (water-jacketed at 30 °C and
equipped with a stirrer) 2.00 ml of p-glucose, 1.00 ml of distilled
H;0. 1.00 ml of app, 1.00 ml of MgSO,, and 0.20 ml of albumin.
Pass a slow stream of nitrogen over the liquid (to exclude inter-
ference by COy during the titration) and start stirring. Adjust to
pH 8.0 with 0.01 M NaOH. Add 10 ul of hexokinase (50-200
units); readjust the pH to 8,00 with 0.01 M NaOH. Add distilled
water to a total volume of 8.0 ml. With the *“endpoint’ of the
pH-stat set at 8,00, record the relatively low “*blank titration."

After equilibration (3-5 min) and sufficient time to record the
blank rate (5-10 min), a 10-ul aliquot (containing 0.1-0.5 ug 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 overall
rate to obtain the enzymic rate, which is expressed in units,
1 U = 1 microequivalent of NaOH consumed per minute.

Impurities: Thus far, significant impurities have not been reported
for the enzyme recrystallized 2 to 3 times.”* 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 employed, the enzyme
should be free of aTpase and nucleotidase.
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E-30
E-30
Papain®
(Papaya Latex)
Reactions:
R O R’
—!;I—éH—J‘:—R' + H,0 —— R—T:—CHJ:—OH + HR"
H H

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;' R’ can be the side chain of
argenine, lysine, glutamine, histidine, glycine, or tyrosine;* R”
can be any of numerous amino acid, peptide, or alcohol resdiuves.

Method of Isolatiom: Crystallized from an aqueous solution con-

taining cysteine-NaCl.?

CRITERIA (Tentative)
Physical Constant: Molecular weight, based on crystallographic

analysis, 23,000 (calculated from Drenth er al.%).

Procedure for Handling:

Storage: Suspensions of the crystalline enzyme in water or
dilute buffers are stable for about 6 months at 4 °C. Solutions of
the enzyme (>3 mg/ml) in dilute acetate buffer, pH 5.0, are
stable for several days at 5 °C.}

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 buffer, pH 5.8,
containing 1 mM epTa and 40 mM cysteine. Assay® within 5 h.

Commercially Available Substrates: Numerous proteins and pep-

tides, N-benzoyl-L-arginine ethyl ester, N-benzoyl-L-lysinamide,
N-benzoylglycinamide, and benzyloxycarbonylglycine p-nitro-
phenyl ester.

Specific Activity: One unit of activity for this enzyme catalyzes the

hydrolysis of 1 umol of benzyloxycarbonylglycine p-nitrophenyl
ester per minute at pH 6.8 and 25 °C. Twice crystallized and suit-
ably activated, papain has’ a specific activity of 6 to 8 U/mg.

Protein Assay: Ao X 0.416 = mg enzyme/ml.
Activity Assay:

Method: The rate of hydrolysis of benzyloxycarbonylglycine
p-nitrophenyl ester is monitored spectrophotometrically at 400
nm, at pH 6.8 and 25 °C."®

Procedure: Place 0.6 ml of 100 mM phosphate buffer, pH 6.8,
0.3 ml of 10 mM eDTA, and 10 to 20 ul of enzyme solution (~0.2
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 ml
of 1.5 mM benzyloxycarbonylglycine p-nitrophenyl ester in ace-
tonitrile. Read Au at 15-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 Au. Correct the reaction rate by use of a blank without
enzyme.

Calculations: The final value of A is the absorbance of 0.3
wmol of pNe/3 ml. Therefore, number of units (U) in reaction

Al Aw{sample) — Awo(blank)]/a7(min)
vessel = 0.3 X Auc(final)
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* s Classification: 3.4.17.2,

E-31
Pepsin®
(Pig Gastric Mucosa)

Equatioa: R'R"CHCOR’’ — R'R"CHCOO~ + *tH;N—R
where R’ usually is an acylamido group; R" is an amino acid side
chain, preferably, but not necessarily, that of L-phenylalanine,
L-leucine, or L-tyrogine;! and R’ is —NHR, R being preferably,
but not necessarily, a hydrophobic amino acid side chain, or
R’ is —OR (e.g., f-phenyl-L-lactic acid methyl ester?),

Reaction: Catalyzes the hydrolysis of certain peptide and ester
bonds; pH optimum 1.5 to >4, depending on the substrate. Also
catalyzes transpeptidation,

Method of Isolation: The active enzyme is prepared from autolyzed
pig gastric mucosa® or from purified commercial pepsinogen by
rapid activation® at pH 2.

CRITERIA (Tentative)

Physical Coastants: Reported molecular weights: 32,700 (from
sedimentation data®) and 34,163 (from amino acid analysis?).

Procedure for Handling :

Storage: At —20 °C in 50 mM, pH 4.4, sodium acetate buffer,*
or as the lyophilized powder at 4 °C.

Dilution: Dilutions are made daily in acetate buffer, 50 mM,
pH 5.3, at 0 °C. Autodigestion occurs below pH 4 and denatura-
tion above pH 7.

Dialysis: Between pH 5 and 6, at 4 °C.

Commercially Available Substrates: N-Acetyl-L-phenylalanyl-L-
tyrosine, N-acetyl-L-phenylalanyl-L-diiodotyrosine (APADIT), he-
moglobin, and casein, as well a8 many other proteins and syn-
thetic peptide derivatives.

Specific Activity:* One unit of activity for this enzyme catalyzes the
hydrolysis of 1 umol of APADIT per minute at 37 °C under the con-
ditions specified in *Activity Assay.” Commercial pepsin (twice-
crystallized) has a specific activity of 0.13 U/mg. The activity of
pepsin freshly prepared from pepsinogen is about 25%, greater.t

Protein Assay:’ Aps X 0.676 = mg enzyme/ml.

Activity Assay:

Method: The assay®** is based on the estimation, by the use of
the ninhydrin reaction, of diiodotyrosine liberated from APADIT.

Procedure: The assay mixture consists of 3.2 ml of buffered
substrate solution (10.2 mg of APaDIT dissolved in 3 ml of 20 mM
NaOH at 37 °C) poured slowly, with stirring, into 80 ml of § mM
sodium phosphate buffer, pH 2.0, containing 3%, of methanol at
37 °C and diluted to 100 ml with the same buffer (this substrate
solution should be used within 30 min after preparation) and 0.2
ml of pepsin solution containing about 0.3 mg enzyme/ml of 1
mM acetic acid. The reaction is terminated after 8 min at 37 °C
by the addition of 0.1 ml of 0.8 M NaOH. Portions, 0.5 ml each,

of ninhydrin solution (3%, in peroxide-free methylCellosolve)
and freshly prepared acetate-cyanide buffer (1 mlof 10 mM NaCN
and 49 ml of sodium acetate buffer, pH 5.3; 2.65 M in sodiumion)
are added, and the color is developed by heating for 15 min in a
boiling-water bath. The A 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
blanks. An Az of 0.268 per 0.1 umol of diiodotyrosine has been
found by using the above procedure, Number of units (U) in re-
action vessel = amount of diiodotyrosine (umol) produced per
minute,

Impurities: Commercial pepsin contains active and inactive auto-
digestion products,® as well as other pepsins derived from sepa-
rate zymogens of the gastric mucosa.!*
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* rus Classification: 3.4.18.1, New name: Peopsin A.

E-32
Peroxidase®
(Horseradish)

Reaction : Peroxidase, a hemoprotein, catalyzes the oxidation by hy-
drogen peroxide of a variety of hydrogen donors, including phe-
nols, aromatic primary, secondary, and tertiary amines, indole,
and L-ascorbic acid.!

Equation: AH; 4+ HiO:— A 4+ 2 H,O
where AH; is the hydrogen donor, and H,O; is the oxidant.

Method of Isolation: Crystallized from ammonium sulfate solu-
tion.™* Seven isozymes have been separated and characterized.®”

CRITERIA (Tentative)

Physical Constants: Reported molecular weights: 40,200* and 39,800.%
The one molecule of protohemin IX per molecule of peroxidaset.’
is readily removed by treatment with acidic acetone.! Carbohy-
drate, composed of sugars and amino sugars, accounts for 18-28 7
of the enzyme®1° by weight.

Procedure for Handling:

Storage and Dilution: Lyophilized powder is stable for more
than | year when stored at 0 °C. Solutions at room temperature
and pH 7.0 are stable for weeks. When warmed for 15 min,* the
activity is stable up to 63 °C. Fluoride and other halides, as well
as CN- and Ny, decrease the stability at pH <5.5.

Commercially Available Substrates: o-Dianisidinet (3,3'-dimethoxy-
benzidine) recrystallized from ethanol and HyO; HsO, (30%;).
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Phosphorylase a

E-33

Specific Activity: One unit of activity for this enzyme consumes 1
pmol of HyO; per minute. The major component from a DEAE-
Sephadex column, of material passing through a (carboxymethyl)-
Sephadex column, has been reported to have a specific activity of
4,000 U/mg.!® Activities reported for the seven isozymes range
from 2,500 to 57,500 U/mg at 30 °C (calculated from Kay et al.).”

Protein Assay:® 4y X 0.4 = mg protein/ml.{

Activity Assay: Peroxidase activity is measured by following the
change in absorbance at 460 nm due to oxidation of o-dianisidine
in the presence of HyO; and the enzyme.

Reaction Medium:
o-Dianisidine 1% in methanol or 50 mM HC1 0.05 ml

(fresh, in amber bottle)

H;0, 100 mM 0.1 ml
Sodium acetate 50 mM, pH 5.4 2.75 ml
Procedure: To 2.9 ml of the reaction mediumat 30 °C in a
spectrophotometer cell, add 0.1 ml of enzyme containing 0.02-0.2
pug/ml. The assays are not linear with enzyme concentration above

AAdue/At = 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 [AAw/AXmin)].
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® rus Classification: 1.11,1.7, Peroxid

t o-Dianisidine is highly toxic and can cause skin irritation and sensitization.
It should be handled with care.

$ The absorbance ratio Ay, /Azrs (s0metimes called the RZ number, Reinheit-
zahl) has been used as criterion of purity; it varies from 3.15 1o 4.19 for the 7
isozymes in 0.05M acetate, pH 5.8. The demonstration that this ratio is influenced
by buffer and pH detracts from its usefulness as a criterion of purity.?

E-33

Phosphorylase a*
(Rabbit Muscle)

Equation: G, + x (o~D-glucose 1-phosphate®) = G.,: + x (HPO})
where G, is an a-D-glucan, such as glycogen, containing n p-glu-
cose residues. AMP is not required.

Method of Isolation: Crystallized from rabbit muscle!~? or by con-
version of purified b form* with phosphorylase b kinase.b

CRITERIA (Tentative)

Physical Constants: 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.1°
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Procedures for Handling: Available as a crystalline suspension in
L-cysteine-DL-glycerophosphate buffer. May be stored at 4 °C;
freezing destroys the activity.

Commercially Available Substrates: Glycogen, a-D-glucose 1-phos-
phate, soluble starch, amylopectin.

Specific Activity: The units are arbitrary, and correspond to 1 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 inorganic
phosphate in micromoles released from p-glucose 1-phosphate per
minute per milligram of protein. (See *Activity Assay.")

Protein Assay: Am X 0.79 = mg protein/ml in 0.1 M sodium
glycerophosphate or phosphate (pH 7.0).1

Activity Assay:

Method: Measurement!® of the rate of release of orthophos-
phate from a-D-glucose 1-phosphate in the presence of glycogen
and amp, at pH 6.5 and 30 °C.

Enzyme: About 25 ug of phosphorylase per ml in mercapto-
ethanol (40 mM) and maleate (100 mM), at pH 6.5, containing
1 mg of crystalline bovine serum albumin/ml.

Substrate: 2% of glycogen,t 150 mM p-glucose 1-phosphate,
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 adding
acidified ammonium molybdate solution, and determine the in-
organic phosphate released by the method of Fiske and Subba-
Row!? and the usual procedure of Illingworth and Cori.? Under
these conditions, one unit of activity (U) is defined as the amount
of enzyme causing the release of 1 micromole of inorganic phos-
phate from p-glucose 1-phosphate per minute. In the presence of
aMP, and by use of the protein assay described herein, the spe-
cific activity is 88 U/mg. In the absence of amp, phosphorylase a
has a specific activity of 59 U/mg.

Impurities: To remove amylo-1,6-glucosidase, seven to ten recrystal-
lizations are required.!* The first batch of crystals may contain
phosphorylase b and phosphatase.
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*us Classification: 2.4.1.1, 1,4-a-D-Glucan : orthophosphate hydrolase.
Committee Note: As given in the 1us report, the configuration is not Indicated.
The name should be a-D<(l1 — 4)-glucan: orthophosphate-D-glucosyltransferase.

{ AMP may be removed with a mixed-bed, lonexchange resin. Traces of Amr,
frequently present as a contaminant in commercial glycogen, are sufficlent to
cause a considerable activation of phosphorylase b.
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E-34 [/ E-35 Phosphorylase b / Phosphoglucomutase
E-34 3. V. L. Seery, E. H. Flscher, and D. C. Teller, Biochemistry, 6, 3315 (1967),

4. D. L. DeVincenzi and J. L. Hedrick, Bilochemistry, 6, 3489 (1967).
Phosphorylase b* S, D. H. Brown and C. F. Corl, Enzymes, 5, 207 (1961).
(Rabbit Muscle) 6. B. lilingworth and G. T. Cori, Biockem. Prep., 3, | (1953).

7. 1. L. Hedrick and E. H. Flacher, Blockemistry, 4, 1337 (1965).

8. A. M. Gold, Biochemistry, 7, 2106 (1968).
Equation: G, + x (a-D-glucose 1-phosphate~) = G,.,, + x (HPO}") 9. C. H. Fiske and Y. SubbaRow, J. Blol. Chem., 66, 375 (1925).

where G, is an o-D-glucan, such as glycogen, containing n p-glu-
cose residues. AMP is required.

Method of Isolation: Crystallized from rabbit muscle! as the amp—
Mg** complex, namely, [(phosphorylase b) (Mg?*) (amP)).*

CRITERIA (Tentative)

Physical Comstant: Reported molecular weight:*¢ 185,000. One
molecule of the crystalline enzyme contains 2 molecules of pyri-
doxal phosphate.?

Procedures for Handling: Available as a suspension of crystals. amp
may be removed by passing a 1-2% solution of the protein
through a 1:1 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 weight of charcoal required is approximately
equal to that of the enzyme to be treated. Complete removal of
the amp is indicated when the A/ A ratio equals 0.53, as mea-
sured on solutions of the protein in water.!

Commercially Available Substrates: Glycogen, a-D-glucose 1-phos-
phate, soluble starch, amylopectin.

Specific Activity: The units are arbitrary, and correspond to 1 U =
1,000 k, where k is the first-order velocity constant. Preparations
having the highest purity have a specific activity of ~1,600
U/mg.* Activities can also be expressed as amount of inorganic
phosphate in micromoles released from D-glucose 1-phosphate
per minute per milligram of protein. (See “Activity Assay.”)’

Protein Assay: 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-cellulose col-
umn. (See “Procedures for Handling.”")

Actlvity Assay:

Method: Measurement of the rate of release’ of orthophosphate
from a-pD-glucose 1-phosphate in the presence of glycogen and
AMP, at pH 6.5 and 30 °C.

Enzyme: About 25 ug of phosphorylase per ml in mercapto-
ethanol (40 mM) and maleate (100 mM), at pH 6.5, containing
1 mg of crystalline bovine serum albumin/ml.

Substrate: 27 of glycogen,t 150 mM p-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 § min at 30 °C, the reaction is stopped by addition
of acidified ammonium molybdate solution, and the inorganic
phosphate released is determined by the method of Fiske and
SubbaRow? by following the usual procedure of Illingworth and
Cori.* Under these conditions, one unit of activity is defined as
the amount of enzyme causing the release of 1 micromole of in-
organic phosphate from p-glucose 1-phosphate per minute. In the
presence of AaMP, and by using the protein assay described herein,
the specific activity for phosphorylase b is 88 U/mg. In the ab-
sence of amp, phosphorylase b has a specific activity of <0.9
U/mg.

Impurities: 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.!

Reforsaces

E. H. Flscher and E. G. Krebs, Merhods Enzy 5, 369 (1962).
A, 32

1 s
2. A. B. Kent, E. G. Krebs, and E. H. Flscher, J. Biol. Chem., 132, 549 (1958).

H
. J. Larner and F. Huljing, unpublished data.

Acksowisdgmmats

Original compllation of Criterla: J. Larner. Contributions by: E. G. Krebs.
1970 Revislon by: D. J. Graves.

°
L

* 1us Classification: 2.4.1.1, 1,4-a-D-Glucan: orthophosphate hydrolase.

t AMP may be removed with a mixed-bed, ion-exchange resin. Traces of amr,
frequently present as a contaminant in commercial glycogen, are sufficient to
cause a considerable activation of phosphorylase b.

E-35
Phosphoglucomutase*
(Rabbit Skeletal Muscle)

Equation :t a-D-glucose 1-phosphate = a-D-glucose 6-phosphate

Method of Isolatiom: Ammonium sulfate fractionation, heat pre-
cipitation, and O-{(carboxymethyl)cellulose chromatography of
muscle extracts.!?

CRITERIA (Tentative)

Physical Constants: Reported molecular weight: 62,000, 64,900.¢

Procedure for Handling:

Storage: Maximal stability is found at pH ~35. The enzyme
can be stored® for one week or more in 150 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,)SO; containing 50
mM sodium acetate. Stable indefinitely, if frozen and stored in
liquid nitrogen as pellets of buffered solutions.!

Commercially Available Sobstrates: «-D-Glucose 1-phosphate (some
commercial preparations contain enough a-p-glucose 1,6-bisphos-
phate to satisfy most of the assay requirement); p-glucose 6-
phosphate ; a-D-glucose 1,6-bisphosphate. p-Glucose 1,6-bisphos-
phate can readily be prepared by the procedure of Hanna and
Mendicino.*

Specific Activity: One unit of activity (U) of this enzyme catalyzes
the conversion of 1 umol of p-glucose 1-phosphate to p-glucose
6-phosphate per minute under the conditions specified below.
The most active enzyme has a specific activity of 740 U/mg at 30
°C and pH 7.5 (calculated from the data of Ray et al.7).

Protein Assay:® Agn; X 1.30 = mg protein/ml.

Activity Assay: The difference in acid-labile phosphate, that is,
p-glucose 1-phosphate, in the presence and absence of enzyme,
can be measured by a modified Fiske-SubbaRow procedure.?
Maximum activity requires®* a sufficiently high concentration of
Mg** to convert all of the enzyme into the Mg** complex, about
1 mM.

Enzymic Reaction: The enzyme is diluted to about 0.08 U/ml in a
solution, at pH 7.5, containing 2.0 mM Mg*, 1.0 mM EDTAa,
100 mM imidazole, and 50 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 containing 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
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enzyme is added to 0.4 ml of an assay mixture, at 30 °C and pH
7.5, containing 630 uM D-glucose 1-phosphate, 6 uM D-glucose
1,6-bisphosphate, 2.5 mM Mg*, 1.3 mM Eepta, and 25 mM
tris-hydrochloride. After 10 min at 30 °C, the reaction is
stopped by addition of 0.5 ml of 1.0 M sulfuric acid, and acid-
labile phosphate is measured.

Acid-labile Phosphate Determination:

Reagents: Fiske-SubbaRow Reagent—Dissolve 5.7 g of so-
dium hydrogen sulfite, 0.2 g of sodium sulfite, and 0.1 g of puri-
fled 1-amino-2-naphthol-4-sulfonic acid in 100 ml of H;O. Filter,
and store in the dark in a refrigerator; this solution is stable for
1-2 weeks in a refrigerator (or until crystals appear).

Acid ammonium molybdate solution—Add 28 ml of concen-
trated H,SO, to ~800 ml of H,O. Dissolve 3 g of ammonium
molybdate in H;SO, and dilute to 1 liter.

Inorganic Phosphate Standard—Dilute 1.4 ml of concentrated
H,SO; with 100 ml of water, and dissolve 136 mg of dried KH;PO,
therein. Dilute 1 to 10 with 0.25 M H,SO, to give 1 umol Pi/ml
standard.

Procedure: To the acidified reaction mixture (1 ml) from the
enzyme reaction, and to the blank (acid added prior to addition
of the enzyme), add 0.6 ml of Fiske-SubbaRow reagent and 10.0
ml of acid ammonium molybdate solution. Cap each tube with a
marble, and heat in a boiling-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, contains 0.2 umol inorganic phos-
phate,

Calculation of Activity: Number of units (U) in aliquot =
(A — Ay)/10Ap;, where Ap refers to the absorbance of 1 umol
inorganic phosphate under the assay conditions, A, is the absorb-
ance of the blank (see above), and A, is the absorbance of the
assay mixture after the 10-min reaction period.
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* ws Classification: 2.7.5.1, «-0-Glucose 1,6-blsphosphate:s-D-glucose 1-phos-
phate phosphotransferase.

t Although free p-glucose 1,6-bisphosphate ls not an obligatory reaction inter-
mediate, under asay conditions, it is needed to prevent dead-end inhibition of the
enzyme due to the dissociation of the enxyme—p-glucose 1,6-bisphosphate complex.
A ratio of D-glucose 1-phosphate : D-gl 1,6-bisphosphate of 1,000:1 should be
used for attaining maximal activity.
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E-36
Pyruvate Kinage*
(Rabbit Skeletal Muscle)

Bgaatios: K+ Mg**)
H* 4 phosphoenoipyruvate* + ADP* = pyruvate~ + ATP—
Method of Isolatiom: Crystallized from ammonium sulfate solu-
ﬁm.l.i

CRITERIA (Tentative)

Physical Constant: Reported molecular weight:? 237,000. Dissocia-
tion into 4 subunits has been reported.*

Procedures for Handling :

Storage: A suspension of crystals in (NH),SO, solution near
neutral pH is stable for at least 2 months at 04 °C.

Dilution: Solubilization of enzyme, centrifuged to remove most
of the (NH,)»SO,, and dilution may be made in 50 mM potassium
phosphate, imidazole or tris buffer of pH 7-9. Stability at a con-
centration of 10 ug/ml is enhanced by 100 mM KCl and 1 mM
MgCl. The same buffer may be used for gel filtration and dialy-
sis.

Commercially Available Substrates: The trisodium, tricyclohexyl-
ammonium,® and barium silver salts of phosphoenofpyruvic acid
are available,

Specific Activity: One unit of activity (U) for this enzyme catalyzes
the phosphorylation of 1 umol of ADP per minute at 30 °C and
pH 7.5. Crystallized enzyme has been reported®® to have a spe-
cific activity of 250-300 U/mg.

Protein Assay:' Ay X 1.85 = mg enzyme/ml at pH 7.

Activity:

Method: The activity is determined by reaction of phos-
phoenolpyruvate with ADP, by use of lactate dehydrogenase and
NADH. Near optimum conditions are 100 mM K*, 1 mM Mg,
1 mM pep, 4 mM ADP, 160 uM NADH, an excess of pyruvate
kinase (400 U/mg) free of lactate dehydrogenase, and 0.05-0.2

ug of pyruvate kinase,
Reaction Medium:
KCl 1M 0.3 ml
MgCly 10 mM 0.3 ml
ADP 40 mM, pH 7.5 0.3 ml
PEP 100 mM, pH 7.5 0.3 mi

tris- HCI or imidazole- HCI 500 mM, pH 7.5 0.3 ml

NADH 1.6 mM, pH 7.5 0.3 ml
Lactate dehydrogenase 0.5 mg/ml 0.1 ml
H O 1ml

Procedure: To 2.9 ml of reaction medium at 30 °C, add 0.1 m!
of enzyme containing 0.05-0.2 ug of pyruvate kinase per mi.

Calculations: Calculation of 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 [AA4sp/Af(min)).

Impurities: Contaminating enzymes that may be present are lactate

dehydrogenase, adenylate kinase, enolase, phosphoglycerate
mutase, and 3-phosphoglycerate kinase. For use in the determi-
nation of ADP in the presence of amMp by measurement of pyruvate
produced, the fraction of adenylate kinase should be so low that
no detectable pyruvate is formed in the presence of AMP + ATP
(app-free) during the period required to make the assays.
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* us Classification: 2.7.1.40, aTr: Pyruvate phosphotransferase.

E-37
Ribonuclease A*
(Bovine Pancreas)

Reaction: a. Cleavage of ribonucleates 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 nucleo-
sides to the 3’-phosphates.

Methods of Isolation: Crystalline ribonuclease may be obtained
from acid extracts of pancreas.! Ribonuclease A may be isolated
by chromatography of crystalline ribonuclease.!

CRITERIA (Tentative)

Physical Constant: Reported molecular weight:* 13,683,

Procedure for Handling:

Storage: 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 aggregation; this is reversed, with-
out loss of activity,* by heating to 65 °C. The enzyme is not re-
tained by certain commercial dialysis membranes.?

Commercially Avallable Substrates: Cytidine 2':3'cyclic phosphate
can be obtained as the free acid (98% pure) and as the sodium,
ammonijum, 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.

Specific Activity: One unit (U) catalyzes the hydrolysis of 1 umol
of substrate per min at 25 °C under the conditions specified in
“Activity Assay.” The specific activity is approximately 1 8
U/mg.

Protein Assay:* 4 X 1.40 = mg enzyme,/ml.

Activity Assay:

Method: The assay’ is based on that of Crook er al.?

Substrate Solution: The substrate (either the free acid or the
water-soluble salts already listed) is dissolved in tris buffer (see
below) to give a concentration of 275 uM; 3 ml of the solution is
placed in a 1-cm 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 recording 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
change in absorbance at 286 nm per micromole of substrate
cleaved is 1.37.7

Tris Buffer: 100 mM tris-hydrochloride containing 200 mM
NaCl, pH 7.0, at 25 °C.

Imparities: Contaminating activities have not been reported in
preparations of ribonuclease A. Preparations are usually not
sterile.
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* us Classification: 2.7.7.16, Ribooucleate pyrimidinenucleotido-2'-transferase
(cycling).

E-38
Subtilisin®
(Bacillus subtilis)

Equation: R'R”"CHCOR"’ — R'R"CHCOO~ + HOR"' 4+ H*

where R’ = H, NH;, or an acylamino group;
R” = an amino acid side chain; and
R’ = — NHR or OR.

Reactions: 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.

Method of Isolation: Crystallization from acetone solution.®*

CRITERIA (Tentative)

Physical Constant: Reported molecular weight:%-¢ 27,600.

Procedures for Handling:

Storage: Crystalline powders and frozen solutions containing
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 CaCls, is relatively stable! for several days
at 4 °C. Dilutions for assay should be made in 20 mM sodium
acetate, pH 7.5, containing 10 mM calcium acetate.

Commercially Available Substrates: N-Acetyl-L-tyrosine ethyl ester,
N-benzoyl-L-arginine ethyl ester, methyl butyrate, methyl valer-
ate, casein, and numerous other synthetic substrates’ and natural
proteins.

Specific Activity : One unit of activity (U) catalyzes the hydrolysis of
1 umol of N-acetyl-L-tyrosine ethyl ester per min at a substrate
concentration of 20 mM at 37 °C and pH 8.0. For subtilisin BPN’,
a specific activity of 375 U/mg has been reported® at a substrate
concentration of 20 mM by use of the conditions described below.

Protein Assay:® Am X 0.856 = mg enzyme/ml; solvent, 50 mM
sodium acetate, pH 6.9.

Activity:

Method:! 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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E-3 / E40

reaction vessel 5§ ml of 20 mM N-acetyl-L-tyrosine ethyl ester in
100 mM KCI containing 8 7 p-dioxane (by volume). Initiate the
reaction by adding 1-5 ug 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)/

f(min)] X molar conc. (mol/1) X 10,

Impurities: Crystalline subtilisin preparations may contain as much
as 307, of low-molecular-weight, dialyzable impurity produced
by autolysis.®?

References

Olaitan, R. J. DeLange, and E. L. Smith, J. Biol. Chem., 243, 5296 (1968).
. Olazer, J. Biol. Chem., 242, 433 (1967).

Haglhara, Ann, Rep. Fac. Sci. (Osaka Univ.), 2, 35 (1954).

Hagihara, H. Matsubara, M. Nakal, and K. Okunuki, J. Biockem. (Tokyo),
» 185 (1958).

Matsubara, C. B. Kasper, D. M. Brown, and E. L. Smith, J. Biol, Chem.,
1125 (1969).

Smith, F. 5. Markland, C. B. Kasper, R. J. DeLange, M. Landon, and
. Evans, J. Biol. Chem., 241, 5974 (1966).

. Barel and A. N. Glazer, J. Biol. Chem., 243, 1344 (1968).

. Glazer, personal communication.

Acksowledgments
Original compilation of Criteria: Leroy Baker, Contributions by: A. N, Glazer.

AW
aEwpn
z¥>

T

ry:

L]
FrEM
ZOzl"

* e Classification: 3.4.16.12, Subtilisin. [Subtilisin BPN’ and subtilisin Novo
are ldentical (but subtilisin Carlsberg is different) in amino acid sequence! and
kinetic properties.?)

E-39
Taka-Amylase A*
(Aspergillus oryzae)

Reaction; The enzyme randomly hydrolyzes a-p-(1 — 4)-glucosidic
bonds in polysaccharides, and hydrolyzes the synthetic substrate
phenyl a-maltoside to phenol and maltose.

Method of Isolation: Crystallized from Takadiastase extracts.!

CRITERIA (Tentative)

Physical Constants: Reported molecular weight:** 51,000. Taka-
amylase A contains 1 atom of calcium per molecule. The calcium
is essential for its enzymic activity.!

Procedures for Handling: Crystalline suspensions in 30-40% ace-
tone, or lyophilized powders, are stable at § °C for several years.

Commercially Available Substrates: Soluble starch, amylose, and
phenyl o~-maltoside.

Specific Activity : One unit (U) produces 1 umol of phenol per minute
from phenyl a~-maltoside. The enzyme of highest purity has spe-
cific activity of 0.097 U/mg, under the conditions described in
“Activity Assay.”

Proteln Assay:? Aw X 0.452 = mg protein/ml (pH 7.0).

Activity Assay® The amount of phenol liberated from phenyl
a-maltoside is measured, by using a phenol reagent.

Enzyme: 10-50 ug/ml H,O.

Substrate: 0.5%, Phenyl o-maltoside in H;O.

Buffer: 200 mM Acetate buffer (pH 5.3).

Color Reagents: 5% Na:CO,; phenol reagent*—Dilute stock
2 M solution (may be purchased from most reagent supply firms)
to 1 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 1.5 ml of 5%, NasCO, solution and 0.5 ml of phenol reagent;
allow to stand at 37 °C for 20 min. Read absorbance at 660 nm.
A calibration curve for phenol standard solution is used to con-
vert absorbance into amount of phenol (umol).

Impurities: No data are available.
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E-40
Trypsin®
(Bovine Pancreas)

Eguation: R'R"CHCOR"’ — R'R"COCO0~ + NH{, *H;NR, or
HOR
where

R’ = (usually) an acylamido group,
R" = gide chain of L-lysine or L-arginine, and
R’ = —NH;, —NHR, or —OR.

Reaction : Catalyzes the hydrolysis of peptide, amide, or ester bonds
at the carboxyl linkage of L-lysine or L-arginine; pH optimum,
7-9.

Method of Isolatiom: The active enzyme is routinely isolated after
tryptic activation of the zymogen, trypsinogen.'?

CRITERIA (Tentative)

Physical Comstants: Reported molecular weights:** 23,000 to
25,000, Certain values of molecular weight reported are low or
high, probably due to autolysis or polymerization, respectively.®

Procedures for Handling:

Storage: Lyophilized (salt-free or with MgSQO,) preparations
are stable when stored at 4 °C,

Dilution: In cold 1 mM HCI, 1 to 10 mg/ml.

Dialysis: Against 1 mM HCl at 4 °C,

Commercially Available Substrates: o-N-p-Tolylsulfonyl-L-arginine
methyl ester hydrochloride (I), a~N-benzoyl-L-arginine ethyl ester
hydrochloride, L-lysine ethyl ester, a-N-benzoyl-L-argininamide,
hemaglobin, casein, and many other protein and synthetic sub-
strates are available.

Specific Activity: One unit (U) catalyzes the hydrolysis of 1 umol
I/min at 25 °C and pH 8.1 in the presence{ of 10 mM Ca*. Prep-
arations of highest purity have a specific activity of about 200
U/mg by the following method:

Protein Assay: A X 0.64 = mg enzyme/ml; solvent, 1 mM HQO
(calculated from data of Smillie and Kay®).

Activity Assay:

Method : The rate of hydrolysis of I is measured by the increase
in absorbance at 274 nm (based on the method of Hummel").
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Procedure: The assay is conducted as follows:

Teke I, 10 mM in HyO, 0.3 ml; tris buffer, 80 mM, pH 8.1, con-
taining 20 mM CaCl,, 1.5 ml; and HyO, 1.2 ml. Add enzyme, 5 to
20 ul containing 0.1 to 0.5 ug of protein, to the substrate mixture in
a 1-cm quartz cuvette, and record Ay at 30-s intervals.

The hydrolysis of 1 umol of I causes an increase in Ay of 0.18.
Rates must be calculated from AA4 values of not over 0.32. Num-
ber of units (U) = [A4sa/Af(min)] X 5.55.

Impurities: The purest samples have slight activity toward chymo-
trypsin substrates. This appears to be an inherent property of
trypsin, The presence of ribonuclease activity in commercial
crystalline trypsin has been reported.?
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E-41
Urease*
(Jack Bean)

Equation:'.* H{NCONH,; + H;O — NH} + NH,COO~ (at pH 9)
The enzyme is almost completely specific; hydroxy- and di-
hydroxy-urea are hydrolyzed at a low rate.?
Method of Isolation: The enzyme is crystallized from extract of jack
beans.!¢ Further purification by chromatography has been de-
scribed &6

CRITERIA (Tentative)

Phiysical Constant: Reported molecular weight:!? 480,000; this is
an aggregate of at least 6 subunits.?

Procedure for Handling: Crystals stored in citrate-acetone mother
liquor usually lose <5% of their activity in 1 month. A 1% solu-
tion in 20 mM phosphate-EDTA (see *“Reagents”) loses about 107
of its activity in 1 week ; more dilute solutions are less stable.?

Commercially Available Substrate: Urea.

Specific Activity: One unit of activity (U) hydrolyzes 1 umol of urea
per minute under the conditions described in **Activity Assay.”
Three independent reports!-*? give the specific activity of carefully
purified preparations as 750-850 U/mg.{

Protein Assay#’® Aps X 1.4 = mg enzyme/ml. Somewhat dis-
crepant values have been reported. Values may be uncertain by
as much as +15%.

Activity Assay:

Method: The enzyme is allowed to react with the substrate for
2 min. An excess of HCIl is then added, to stop the reaction and
to hydrolyze carbamate (overall stoichiometry: H:NCONH;
+ H;:0 + 2H*— 2 NH,* 4+ COy). The excess of acid is titrated
with NaOH.

Reagents: (Reagents and water used should be of high purity,
because the enzyme is very susceptible to inactivation by heavy
metals.’?) Phosphate, 20 mM, pH 7 (1.66 g Na;HPO,, 1.15 g
NaH;PO,-H;0, and 372 mg eora disodium salt dihydrate, per
liter); tris, 100 mM, pH 9 [12.1 g tris(hydroxymethyl)amino-
methane, 114 ml 100 mM HCI, and 372 mg eota disodium salt
hydrate, per liter]. Substrate, urea, 500 mM, in tris buffer,

Procedure: Dilute the enzyme sample to 7-20 U/ml, and allow
to stand for 2 h, in which time a 10-20% increase in activity may
be observed. Mix 1 ml of enzyme solution with 1 ml of substrate.
After exactly 2 min, add 2.00 ml of 100 mM HCI. Titrate with 500
mM NaOH, using methyl orange as the indicator. Also, titrate a
blank, containing 1 m! phosphate—epTa, 1 ml substrate, and 2 ml
HCL

Calculations: ¥, = volume of NaOH (ml) consumed by blank;
¥, = volume (ml) consumed by sample, and ¢ = molar concen-
tration of NaOH (mol/liter).

Activity (U) = 500 ¢ (V, — V,)/2 (min) = 250 ¢ (Fy, — V).

Impurities: A critical study of contaminating impurities has not yet
been made. Many commercial preparations suitable for urea de-
termination are crude extracts of jack bean meal and contain
only a small percentage of urease.
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noted that those values were 10 times too high.®

E-42
Xanthine Oxidase*
(Cream)

Equations: hypoxanthine 4+ HyO + O; — xanthine 4+ H,Oy
xanthine + HyO + Oy — urate + HyOy
R—CHO + H/ O + 04— R—COOH + H:0O:

R stands for any of a broad variety of aromatic and aliphatic
groups.

Xanthine oxidase catalyzes the oxidation of numerous purines,
aldehydes, and heterocyclic compounds to the corresponding
hydroxylated compounds.!—"

Methods of Isolation : The enzyme has been isolated from cream, and
cmwhud =11

CRITERIA (Tentative)

Physical Constants: The reported molecular weights*!? range from
275,000 to 362,000. Per molecule of enzyme, there are 2 molecules
of FAD, 2 atoms of molybdenum, 8 atoms of iron, and 8 atoms of
acid-labile sulfide.!®
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Xanthine Oxidase

E-42

Procedures for Handling:

Storage: As a suspension in saturated ammonium sulfate at
—20 °C. The enzyme is stable to repeated freezing and thawing
in 50 mM potassium phosphate containing 100 yM EpTA (PH
7.8). It is also stable to dilution with, or dialysis against, this
buffer. Salicylate stabilizes the enzyme,' and should be present
at a concentration of 1 mM during storage.

Commercially Avaiiable Substrates : Purine, hypoxanthine, xanthine,
salicylaldehyde, and numerous other aldehydes and heterocyclic
compounds.

Specific Activity: One unit (U) represents the amount of activity
that converts 1 umol of xanthine to urate per minute at 25 °C and
pH 7.8. A specific activity of 3.5 U/mg has been reported® when
the enzyme is assayed as described in “Activity Assay,” An opti-
mum of pH of 8.3 has been reported by Bray"® and of 8.9 by
Palmer er al!* However, as K. for xanthine varies drastically
with pH, whereas V,, varies hardly at all,” it is clear that the opti-
mum pH must be a function of the substrate concentration used.

Protein Assayt: AAue X 4.35 (Ref. 8) = mg enzyme/ml (in 50 mM
phosphate at pH 7.8); Awe/Aus = 5.0-5.2 (Ref, 13).

Activity Assay: The rate of production of urate from xanthine is
followed at 295 nm. The assay is conducted as follows.®

Xanthine (1 mM), 0.1 ml

K or Na pyrophosphate (100 mM, pH 8.3), 0.5 ml

E0TA (1 mM), 0.1 mi; H;O, 0.29 ml.
The final pH should be 8.3. Equilibrate with air, and add 10 ul of
enzyme at a concentration yielding AAws of 0.02-0.05 per min.
The formation of 1 umol of urate/ml yields an increase in Aws of
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9.6 (Ref. 13). Number of units (U) in cuvette (/ =1 cm, V' = 1|
ml) = [AAws/Af(min)] X 0.104.
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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 Williams' and Markley? 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

ANALYTICAL PROCEDURES

Fatty Acids and Methyl Esters

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.® 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
(6Lc) and thin-layer chromatography (TLC).

Gas-Liquid 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 12-15% 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. If 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 (C:o‘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% FraP on Chro-
mosorb W(AW), 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)*

The number of plates should be determined by measure-
ments on a symmetrical peak that has a width of at least
1 cm.

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 10-ul syringe and charge it
with approximately 1 ul 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 ul 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,* in which a homologous
series of fatty acids or their appropriate derivatives is
used as standards, or (b) the relative retention index
(r1) or Kovats’ system,® 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 EcL 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 ri is calculated from the equation

IOB Vumple - 108 VC,
log V,,, — log Vo,

where V is the retention volume (corrected for that of
an unabsorbed substance ), C, is a normal hydrocarbon
of chain length z, and C,,; is a normal hydrocarbon 2
carbon atoms longer; Ve, < Viampie < Vo,,,-

In this system, only the Rr1 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.

RI = 200 + 100 z,

Thin-Layer Chromatography

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 um 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 heating them at 225 °C for 1 h. Approxi-
mately 0.1 pg 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 pg 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 Unsaturation

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,” 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-chromatographed 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—10 °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, J. Am. Qil
Chem. Soc., 42, 586 (1965)]; it gives a faster response than
KI/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 pm thick. The plates are developed in hexane—ethyl
ether. The ratio of hexane to ether may be selected
empirically to give a convenient R, 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 h.
(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 ng; consequently, to detect 1% of an
impurity, a 0.5-1.0-mg sample should be applied. The
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-
fluorescein 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.®

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 Qil Chemists’ Society Ti
la-64. A solution is prepared contaiing 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:
. M A_
% Diene = 294 0.34(5 k).

where M is the molecular weight of the sample, 4 is
the absorbance at 233 nm, [ is the length of the light
path length in cm, p is 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.

Hydroxy Fatty Acids and Alcohols

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.® 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 reflux for 2 h.
Cool the mixture, add 10 ml of water, and boil for 15
min under reflux 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 had 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 B-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,'® and
triglycerides are best tested by degradation with a Grig-
nard reagent.'"!?

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
checked!® 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, heat 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 R,: triglyceride, 1,3-diglyceride,
1,2-diglyceride, 2-monoglyceride, and 1-monoglyceride.

To detect the presence of positional isomers in tri-
glycerides,'*!? 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-dichlorofluorescein.
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 in most laboratories.
The purity of sterols and their esters is best established
by GLc¢!® and TLC.%!41®

Gas—Liguid 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-8B) 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-8B,
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 trifluoride—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-Layer 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-um thick. The plates
should be activated for 1 h at 110 °C. The plates are
developed in chloroform or 9:1 (v/v) hexane—ethyl
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-ug sample, as little as 0.6% of
impurity is revealed.

124

INSTRUCTIONS FOR USE
OF THIS SECTION

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

pEGS: Diethylene glycol succinate

ecs: Ethylene glycol succinate

EGssx: Ethylene glycol succinate~methyl silicone
copolymer

SE-30: A commercial polydimethylsiloxane
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GENERAL CRITERIA AND SPECIFICATIONS 1 FOR FATTY ACIDS C; THROUGH Cs

CRITERIA:
Homogeneity :

GLC: One component on FrAP. No detectable solvent.

TLC: No nonvolatile components detectable on silica gel plates by charring.
Identity:

Gives the appropriate RI.

Gives the theoretical value for the neutralization equivalent.

SPECIFICATIONS: Not more than 1% of impurity by gLc. Theoretical neutralization equivalent (within 0.5% relative error).
Storage: No special precautions, except to prevent loss by evaporation.

TABLE 1 Compounds for Which General Criteria and Specifications 1 Are Applicable

Common name Formula wt.

Nuomber (Systematic name) Formula (neutralization eq.) Structure RI

L-1 Acetic acid C:H 0, 60.05 CH,COOH 1470
(ethanoic acid)

L-2 Propionic acid C:H{O, 74.08 CH,CH,COOH 1550
(propanoic acid)

L-3 Butyric acid C.H;0, 88.11 CH;(CH;)yCOOH 1640
(butanoic acid)

L4 Isobutyric acid CHs0, 88.11 (CH;)yCHCOOH 1560
(2-methylpropanoic acid)

H

L-5 Crotonic acid (m.p. 72 °C) CH O, 86.09 CH,C=0C00H 1780
(trans-2-butenoic acid) H

L-6 3-Hydroxybutyric acid CH 0, 104.11 CH,CH(OH)CHCOOH 2180
(rac-3-hydroxybutanoic acid)

L-7 Valeric acid CsH,60: 102.13 CH,(CH,);COOH 1750
(pentanoic acid)
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GENERAL CRITERIA AND SPECIFICATIONS 2 FOR NORMAL SATURATED SHORT-CHAIN FATTY
ACIDS C¢ THROUGH Cy3

CRITERIA:
Homogeneity :
aLc: One component on FFAP and, after conversion into methyl esters, on a nonpolar phase. No detectable solvent.
TLC: No impurities detectable on silica gel plates by charring.
Identity:
EcL: Same as chain length on any phase.
TLC: Migrates with fatty acids on silica gel plates.

SPECIFICATIONS: Not more than 17, of impurity.
Storage: No special precautions.

TABLE 2 Compounds for Which General Criteria and Specifications 2 Are Applicable

Common name

Number (Systematic name) Formula Formula wt. Structure Likely contaminants

L-8 Caproic acid CeH 404 116.16 CH;(CH;):COOH caprylic acid
(hexanoic acid)

L9 Enanthic acid CH,0, 130.19 CH,(CH,);COOH caproic and caprylic acids
(heptanoic acid)

L-10 Caprylic acid CH,40, 144,22 CH;(CH,)yCOOH caproic and capric acids
(octanoic acid)

L-11 Pelargonic acid CoH 10y 158.24 CH,(CH;,COOH caprylic and capric acids
(nonanoic acid)

L-12 Capric acid CieHO, 172.27 CH,(CH,»COOH caprylic and lauric acids
(decanoic acid)

L-13 Hendecanoic acid CiiHnOy 186. 30 CH;(CH,)»COOH capric, lauric, and 10-undecenoic acids
(undecanoic acid)

L-14 Lauric acid CisH3Os 200,32 CH,(CHy)1yCOOH capric and myristic acids
(dodecanoic acid)

L-15 - Ci1:H104 214.35 CH,(CH,),;COOH undefined
(tridecanoic acid)
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GENERAL CRITERIA AND SPECIFICATIONS 3 FOR SATURATED LONG-CHAIN FATTY ACIDS = C,,

CRITERIA:
Homogeneity :
cLc: After conversion into the methyl ester, one component on polar and nonpolar phases. FFAP may be used without esterification and
substitute for the polar phase. No detectable solvent.
TLC: One component on silica gel plates.
Identity :
ecL: The same as chain length for normal-chain acids on any phase. For branched-chain acids, the Ecv is specified under each compound.
TLC: Migrates with fatty acids on silica gel plates.
SPECIFICATIONS: Not more than 1% of impurity.
Storage: No special precautions.

TABLE 3 Compounds for Which General Criteria and Specifications 3 Are Applicable

Num- Comsmon name Formula ECL Likely
ber (Systematic name) Formula wt Structure Methyl esters Ref. contaminants
L-16 Myristic acid CHuO; 228.38 CHy(CH,),yCOOH — lauric and palmitic
(tetradecanoic acid) acids
L-17  Isomyristic acid CiHunO; 228.38 (CH;»CH(CH,);sCOOH 12.40 EGS (20) undefined
(12-methyltridecanoic 13.20 SE-30 (20)
acid)
L-18 — CuHpO: 242.40 CH,(CH,)#COOH s homologous acids
(pentadecanoic acid)
L-19 - CiHyO0; 242.40 CH,CHCH(CH;XCH;),:COOH 14.50 EGS (20) undefined
(12-methyltetradecanoic 14.30 SE-30 (20)
acid)®
L-20 Palmitic acid CieH3yOy 256.43 CH;(CH,),COOH — stearic acid
(hexadecanoic acid)

L-21 Isopalmitic acid CiHyO: 256.43  (CH,¥CH(CH;),eCOOH 15.40 EGS (20) undefined

(14-methylpentadecanoic 15.20 SE-30 (20)
acid)
L-22 Margaric acid CuyH;0; 270.46 CHy(CH;),;COOH - homologous acids
(heptadecanoic acid)
L-23  Anteisomargaric acid CyH; 0, 270.46 CHCH,CH(CH;XCH,);yCOOH 16.55 EGS (20) undefined
(14-methylhexadecanoic 16. 30 SE-30 (20)
acid)®
L-24  Stearic acid CiH:sOs 284.49 CH,(CH,)«COOH - palmitic and oleic
(octadecanoic acid) acids
L-25 Isostearic acid CisHisO: 284.49 (CH,;)CH(CH,),;COOH 17.40 EGS (20) undefined
(16-methylheptadecanoic 17.20 SE-30 (20)
acid)
L-26 —_ CiH30; 298.51 CH,(CH,),yCOOH — homologous acids
(nonadecanoic acid)
L-27  Arachidic acid CyxHuO; 312.54 CH,(CH;)OOOH - stearic and behenic
(eicosanoic acid) acids
L-28 Phytanic acid CwuHuwO; 312.54 (CH,),CH[(CH,);CH(CH;)l;,CH;COOH 17.03 BD$ (21) undefined

(3,7,11,15-tetramethyl-

hexadecanoic acid)®
L-29 — CyH0: 326.57 CH(CH;4yCOOH — undefined
(heneicosanoic acid)
L-30 Behenic acid CyuHy0;s 340.60 CH;(CH,)xCOOH - arachidic acid
(docosanoic acid)
L-31 — CﬁH“oj 354.62 CH;(CH.).;CDOH Fc undefined
(tricosanoic acid)
L-32 Lignoceric acid CuHy0: 368.65 CH;(CH,):COOH - undefined
(tetracosanoic acid)
L-33  Cerotic acid CyHyuO; 396.70 CH,(CH,),,COOH — undefined
(hexacosanoic acid)
* Optical isomerism of commercial samples not specified.
* Butanediol succinate.
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L34 /L4

GENERAL CRITERIA AND SPECIFICATIONS 4 FOR UNSATURATED LONG-CHAIN FATTY ACIDS

CRITERIA:
Homogeneity:
oLc: After conversion into the methyl ester, one component on polar and nonpolar phases. No detectable solvent.
TLC: After conversion into the methyl ester, one component on silica gel and silica gel-silver ion plates.
Ozonolysis: After conversion into the methyl ester, yields only an aldehyde of chain length equal to the number of carbon atoms from the
methyl end of the chain to the terminal double bond and a methyl w-formylalkanoate (methyl ester, semialdehyde) of chain length equal
to the number of carbon atoms from the carboxyl group of the chain to the first double bond.
Ultraviolet Spectrum: No detectable conjugation of double bonds.

ecL: Specified for each compound.
TLC: Migrates with fatty acids on silica gel plates. After conversion into methyl esters, rrans-isomers migrate faster than the corresponding
cis-isomers on silica gel-silver ion plates.

SPECIFICATIONS: Not more than 1% of impurity, unless otherwise noted.
Storage: Below 0 °C under vacuum or an inert gas.

TABLE 4 Compounds for Which General Criteria and Specifications 4 Are Applicable

Num- Common name Formula ECL Likely
ber (Systematic name) Formula wt Structure Methyl esters Refl. costaminants
H H 14.80 DEGS (22) myristic acid
L-34 Myristoleic acid CiHuO: 226.36 CH;(CH,);C—=C(CH;»COOH 14.75EGS (22)
(cis-9-tetradecenoic acid) 13.38 ApL  (22)
H H 16.55 DEGS (22) palmitic acid
L-35 Palmitoleic acid CiHyO: 254,42 CH,(CH,):C=C(CH,)»CO0H 16.56 EGS (22)
(cis-9-hexadecenoic acid) 16.61 EGSSX ( 6)
15.70 ApL  (22)
H 16.6 DEGS (22) palmitic and
L-36 Palmitelaidic acid CiHi0: 254.42 CH,(CH,),C—=C(CH,;»CO0OH 16.6 EGS (22)  palmitoleic acids
(trans-9-hexadecenoic acid) H 16.6 EGSSX ( 6)
15.7 ApL (22)
H H 18.57T DEGS (22) oleic acid
L-37 Petroselinic acid CiH3O; 282.47 CHi(CH,),0C=C(CH,){COOH 18.54 EGS (22)
(cis-6-octadecenoic acid) 17.71 ApL (22)
H H 18.51 DEGS (22) stearic, palmitic, and
L-38 Oleic acid CyH10; 282.47 CHi)(CH3shC=C(CH,;COOH 18.50 EGS (22) linoleic acids
(cis-9-octadecenoic acid) 18.33 EGSSX ( 6)
17.71 ApL  (22)
H 18.47 DEGS (22) oleic, palmitic, and
L-39 Elaidic acid CH, 0, 282.47 CHy(CHhC—=C(CH;);COOH 18.4TEGS (22) stearic acids
(trans-9-octadecenoic acid) H 18.30 EGSSX ( 6)
17.7 ApL (22)
H H 18.6 DEGS (22) undefined
L-40 cis-Vaccenic acid CiH,O: 282.47 CH,y(CH,)sC=C(CH,»COOH 18.5 EGS (22)
(cis-11-octadecenoic acid) 17.8 ApL (22)
H 18.58 DEGS (22) undefined
L-41 trans-Vaccenic acid CuH3O; 282.47 CH,(CH,):C—=C(CH,)COOH 18.53 EGS (22)
(trans-11-octadecenoic acid) H 17.80 ApL  (22)
H H 19.30 DEGS (22) oleic, stearic, and
L-42 Linoleic acid CiH;sO: 280.46 CHy(CH;)((C—=CCH;),(CH,;);COOH 19.2EGS (22) palmitic acids;
(cis-9-cis-12-octadecadienoic 19.00 EGSSX ( 6)  conjugated
acid) 17.53 ApL (22) isomers
H 19.3 DEGS (22) cis-isomers
L-43 Linoelaidic acid CisHisO: 280.46 CH,(CH,)((C—=CCH,):(CH;)COOH 19.2 EGS (22)
(rrans-9-trans-12- H 19.0 EGSSX ( 6)
octadecadienoic acid) 17.5 ApL (22)
H H 20.40 DEGS (22) rrans- and conjugated
L-44 Linolenic acid CisHyO; 278.44 CH,CH(C—=CCH,):(CH,)¢{COOH 20.13EGS (22) isomers; linoleic
(all-cis-9,12,15- 19.80 EGSSX ( 6) acid
octadecatrienoic acid) 17.51 ApL  (22)
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TABLE 4 Compounds for Which General Criteria and Specifications 4 Are Applicable (continued)

Num- Cossmon name Formwula ECL Likely
ber (Systematic name) Formula wt. Structure Methyl ester Ref. contaminants
H H 20.4 DEGS (22) arachidic acid
L-45 — CxHuO: 310.52 CH,y(CH;)’C—=C(CH:);COOH 20.4 EGS (22)
(cis-5-eicosenoic acid) 20.2 EGSSX ( 6)
19.8 ApL (22)
H H 20.44 DEGS (22) arachidic acid
L-46 Eicosenoic acid CxH30; 310.52 CH,(CH;C—C(CH:COOH 20.38EGS (22)
(cis-11-eicosenoic acid) 20.20 EGSSX ( 6)
19.78 ApL  (22)
H H 22.43 DEGS (22) positional and trans-
L-47 Arachidonic acid CuHy0: 304.48 CH,(CH,y)(C=CCH,)(CH;»COOH 22.25EGS (22) isomers; trienoic
(all-cis-5,8,11,14- 21.70 EGSSX ( 6) and pentaepoic
eicosatetraenoic acid) 19.00 ApL  (22) acids
H H 23.45 DEGS (22) polyenoic Cys and
L-48 Eicosapentaenoic acid CuHpO; 302.46 CH,CHy(C—CCH,):(CH,);COOH 22.92EGS (22) Cx acids
(all-cis-5,8,11,14,17- 22.30 EGSSX ( 6)
eicosapentaenoic acid) 19.00 ApL (22)
H H 22.28 DEGS (22) arachidic and
L-49 Erucic acid CuHO: 338.58 CH,(CH;3)yC—=C(CH,)\COOH 22.30EGS (22) behenic acids
(cis-13-docosenoic acid) 22.00 EGSSX ( 6)
21.57T ApL  (22)
H H 26.03 DEGS (22) Cis polyenoic acids
L-50 Docosahexaenoic acid CnHi0y 328.50 CH;CHy(C=CCH,){CH;COOH 25.0EGS (22)
(all-is-4,7,10,13,16,19- 24.60 EGSSX ( 6)
docosahexaenoic acid) 2.73 ApL  (22)
H H 24.27 DEGS (22) undefined
L-51 Nervonic acid CuHO: 366.63 CH,y(CHy»C—=C(CH;),;COOH 24.40EGS (22)
(cis-15-tetracosenoic acid) 23.67 ApL  (22)
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Ls2 / L&

GENERAL CRITERIA AND SPECIFICATIONS 5 FOR NORMAL SATURATED SHORT-CHAIN METHYL
ESTERS <Cy4

CRITERIA:
Homogeneity :

aLC: One component on polar and nonpolar phases. No detectable solvent.
TLC: No impurities detectable on silica gel plates by charring.
Identity :
ECL: Same as chain length on any phase.
TLC: Migrates with methyl esters on silica gel plates.

SPECIFICATIONS: Not more than 1% of impurity.

Storage: No special precautions.
TABLES Compounds for Which General Criteria and Specifications S Are Applicable
Common name

Number (Systematic name) Formsula Formsula wit. Structure Likely contaminants

L-52 Methyl butyrate CiH,:0, 102.13 CH,(CH,)yCO0OCH, homologous esters
(methyl butanoate)

L-53 Methyl caproate C:H,0, 130.19 CH,(CH,),CO0CH, methyl caprylate
(methyl hexanoate)

L-54  Methyl enanthate CsH,140, 144,22 CH,y(CH;)sOCOOCH, methyl caproate and caprylate
(methyl heptanoate)

L-55  Methyl caprylate GH 04 158.24 CH,(CH,)¢«COOCH, methyl caproate and caprate
(methyl octanoate)

L-56  Methyl pelargonate CioHxO0, 172.27 CH,(CH;»OOOCH, methyl caprylate and caprate
(methyl nonanoate)

L-57  Methyl caprate CiH1 0, 186.30 CH,(CH,)sCO0OCH, methyl caprylate and laurate
(methyl decanoate)

L-58 Methyl hendecanoate CisH10s 200.32 CH,(CH;yOOOCH, methyl caprate, laurate, and
(methyl undecanoate) 10-undecenoate

L-59 Methyl laurate C:H30, 214.35 CH,(CH,),«COOCH, methyl caprate and myristate
(methyl dodecanoate)

L-60 - Ci1H20, 228.38 CH,(CH,),yOOOCH, undefined

(methyl tridecanoate)
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GENERAL CRITERIA AND SPECIFICATIONS 6 FOR SATURATED LONG-CHAIN METHYL ESTERS > Cy

CRITERIA:
Homogeneity :
GLc: One component on polar and nonpolar phases. No detectable solvent.
TLC: One component on silica gel plates.
Identity :
eci: The same aschain length for normal-chain esters on any phase. For branched-chain esters, the ecv is specified under each compound.
TLC: Migrates with methyl esters on silica gel plates.

SPECIFICATIONS: Not more than 1% of impurity.
Storage: No special precautions.

TABLE 6 Compounds for Which General Criteria and Specifications 6 Are Applicable

Nuom- Cosmmon name Formula Likely

ber (Systematic name) Formula wt Structure ECL Ref. contaminants

L-61 Methyl myristate CiHpOy 242.40 CH,(CH,),sCOOCH, — methyl laurate and
(methy! tetradecanoate) palmitate

L-62 Methyl isomyristate CiuHpnO: 242.40 (CH,)yCH(CH;),/COOCH, 12.40 EGS (20) undefined
(methyl 12-methyltridecanoate) 13.20 SE-30 (20)

L-63 — CisH;s0; 256.43 CH,(CH,),sCO00CH, — homologous methyl
(methyl pentadecanoate) eésters

L-64 — CiHisO: 256.43 CHyCH,CH(CH,)XCH,),;COOCH; 14.50 EGS (20) undefined
(methyl 12-methyltetradecanoate) 14.30 SE-30 (20)

L-65 Methyl palmitate CuH,0;: 270.46 CH,(CH;)¢COOCH, — stearic acid
(methyl hexadecanoate)

L-66 Methyl isopalmitate CiyHi 0y 270.46  (CH,)CH(CH,)yCOOCH, 15.40 EGS (20) undefined
(methyl 14-methylpentadecanoate) 15.20 SE-30 (20)

L-67 Methyl margarate CisHyO: 284.49 CH,(CH,),yOOOCH; - homologous methyl
(methyl heptadecanoate) esters

L-68 Methyl anteisomargarate CisHyd0: 284.49 CH CH,CH(CH,;)(CH,);sCOOCH,; 16.55 EGS (20) undefined
(methyl 14-methylhexadecanoate) 16.30 SE-30 (20)

L-69 Methyl stearate CuH;s0; 298.51 CH,(CH,),«COOCH; — methyl palmitate
(methyl octanoate) and oleate

L-70 Methyl isostearate CuH,0: 298.51 (CH,)yCH(CH,),/COOCH, 17.40 EGS (20) undefined
(methyl 16-methylheptadecanoate) 17.20 SE-30 (20)

L-71 — CypHyO: 312.54 CH,(CH;) 2 — homologous methyl
(methyl nonadecanoate) esters

L-72 Methyl arachidate CyuHiOs 326.57 CH,y(CH,),¢COOCH, — methyl stearate
(methyl eicosanoate) and behenate

L-73 — CyH0; 340.60 CH,(CH,)wCOOCH;, — undefined
(methyl heneicosanoate)

L-74 Methyl behenate CuHO: 354.62 CH,(CH,)%COOCH, — methyl arachidate
(methyl docosanoate) .

L-75 — CyH0O; 368.65 CH,;(CH,)»COOCH, o undefined
(methyl tricosanoate)

L-76 Methyl lignocerate CyHyO;: 382.68 (CH,(CH,):COOCH, — undefined
(methyl tetracosanoate)

L-77 —_ CaHisO: 396.70 CHi(CH;),COOCH, == undefined
(methyl pentacosanoate)

L-78 Methyl cerotate CrHuO: 410.73  CHi(CH,),OO0CH, - undefined

(methyl hexacosanoate)
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GENERAL CRITERIA AND SPECIFICATIONS 7 FOR UNSATURATED LONG-CHAIN METHYL ESTERS

CRITERIA:
Homogeneity :
aLc: 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 the terminal
double bond and a methyl «-formylalkanoate (methyl ester, semialdehyde) of chain length equal to the number of carbon atoms from the
carboxyl end of the chain to the first double bond.
Ultraviolet Spectrum: No detectable conjugated ester.

ECL: Specified for each compound.
TLC: Migrates with methyl esters on silica gel plates.

SPECIFICATIONS: Not more than 1% of impurity, unless otherwise noted.
Storage: Below 0 °C under vacuum or an inert gas.

TABLE 7 Compounds for Which General Criteria and Specifications 7 Are Applicable

Nom- Commson name Formula Likely
ber (Systematic name) Formula wt. Structure ECL Ref. contassinants
H H 14.80 DEGS (22) methyl myristate
L~-79 Methyl myristoleate CisHyOy  240.39  CH,(CH,):C=C(CH»OOOCH, 14.75EGS (22)
(methyl cis-9-tetradecenoate) 13.33 ApL (22
H H 16.55 DEGS (22) methyl palmitate
L-80 Methyl palmitoleate CyyHsO, 268.45 CH,(CH,){C=C(CH,»COOCH, 16.55 EGS (22)
(methyl cis-9-hexadecenoate) 16.61 EGSSX ( 6)
15.70 ApL  (22)
H 16.6 DEGS (22) methyl palmitate and
L-81 Methyl palmitelaidate CiiHO: 268.45 CH,y(CH,)sC=C(CH,)yCO0CH, 16.6 EGS (22) and palmitoleate
(methyl trans-9- H 16.6 EGSSX ( 6)
hexadecenoate) 15.7 ApL (22)
H H 18.57 DEGS (22) methyl oleate
L-82 Methyl petroselinate CiyHi0: 296.50 CH,y(CH,),C—=C(CH,),CO0CH, 18.54 EGS (22)
(methyl cis-6-octadecenoate) 17.17 ApL  (22)
H H 18.51 DEGS (22) methyl stearate,
L-83 Methyl oleate CisHyO: 296.50 CH,y(CH3C—=C(CH;»COOCH, 18.50 EGS (22) palmitate, and
(methyl cis-9-octadecenoate) 18.33 EGSSX ( 6) linoleate
17.71 ApL  (22)
H 18.47 DEGS (22) methyl oleate,
L-84 Methyl elaidate CieHyd0: 296.50 CH,(CHC—C(CH;yCOOCH, 18.47 EGS (22) palmitate, and
(methyl trans-9- H 18.30 EGSSX ( 6) stearate
octadecenoate) 17.7 ApL (22)
H H 18.6 DEGS (22) undefined
L-85 Methyl cis-vaccenate CuH;0: 296.50 CH,(CH,){C=C(CH;»COO0CH, 18.5 EGS (22)
(methyl cis-11- 17.8 ApL (22)
octadecenoate)
H 18.58 DEGS (22) undefined
L-86 Methyl rrans-vaccenate CpHi0: 296.50 CH,(CH,),C—C(CH,»COOCH, 18.53 EGS (22)
(methyl trans-11- H 17.80 ApL (22)
octadecenoate)
H H 19.30 DEGS (22) methyl oleate,
L-87 Methyl linoleate CpH0: 294.48 CH,(CH,)(C=CCH,);(CH,);CO0CH, 19.22 EGS (22) stearate, and
(methyl cis-9-cis-12- 19.00 EGSSX ( 6) palmitate, and
octadecadienoate) 17.53 ApL  (22)  conjugated
isomers
H 19.3 DEGS (22) cis-isomers
L-88 Methyl linoelaidate CiHy O3 294.48 CH,(CH,)(C=0CH,)«(CH,);CO0CH, 19.2 EGS (22)
(methyl rrans-9-trans-12- H 19.0 EGSSX ( 6)
octadecadienoate) 17.5 ApL (22)
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TABLE 7 Compoumds for Which General Criteria and Specifications 7 Are Applicable (continued)

Nem- Commson name Formula Likely
ber (Systematic name) Formula wt. Structure ECL Ref. contaminants
HH 20.40 DEGS (22) trans-and con-
L-89 Methyl linolenate CiH30: 292.47 CH,CHy(C=CCH:h(CH,){COOCH: 20.13EGS (22)  jugated isomers,
(methy! all-¢is-9,12,15- 19.80 EGSSX ( 6) and methyl
octadecatrienoate) 17.51 ApL (22) linoleate
H H 20.4 DEGS (22) methyl arachidate
L-90 — CuHuwO: 324.55 CHi(CH3)C—C(CH;)yCOOCH, 20.4 EGS (22)
(methy] cis-5-cicosenoate) 20.2 EGSSX ( 6)
19.8 ApL (22)
H H 20.44 DEGS (22) methyl arachidate
L-91 Methyl eicosenoate CuHuO: 324.55 CH,(CH»C—=C(CH;»OO0OCH, 20.38EGS (22)
(methyl cis-11-eicosenoate) 20.20 EGSSX ( 6)
19.78 ApL (22)
HH 21.36 DEGS (22) undefined
L-92 - CuHypOy 322.54 CHi(CH4)J((C=CCH;)(CH;yCOOCH; 21.13 EGS (22)
(methyl cis-11-cis-14- 20.83 EGSSX ( 6)
eicosadienoate) 19.48 ApL (22)
H H 22.43 DEGS (22) positional and trans-
L-93 Methyl arachidonate CuHy0s 318.50 CH,(CH,)(C=CCH,)(CH:»O00CH,; 22.25 EGS (22 isomers; methyl
(methyl all-cis-5,8,11,14- 21.20 EGSSX ( 6) trienoate and
eicosatetraenoate) 19.00 ApL  (22) pentaenoate
H H 23.45DEGS (22) Cjsand Cy
L-94 Methyl eicosapentaenoate CyH;s0: 316.48 CH,CH{(C=CCH,){(CH;»COOCH, 22.92EGS (22) polyenoates
(methyl all-cis-5,8,11,14,17- 22,30 EGSSX ( 6)
eicosapentacnoate) 19.00 ApL  (22)
HH 22.28 DEGS (22) methyl arachidate
L-95 Methyl erucate CuH, O 352.60 CH,(CH,;)C=C(CH,),,CO0OCH; 2.30 EGS - (22) and behenate
(methyl cis-13-docosenoate) 22.00 EGSSX ( 6)
21.57T ApL  (22)
H H 26.03 DEGS (22) Cy polyenoates
L-96 Methyl docosahexaenoate CyuH;0; 342.56 CH;(CH;}C=CCH,){CHOOCH, 25,40 EGS (22)
(methyl all-cis-4,7,10,13, 24.60 EGSSX ( 6)
16,19-docosahexaenoate) 20.73 ApL  (22)
HH 24.21 DEGS (22) undefined
L-97 Methyl nervonate CuHuOs 380.66 CH,(CH,)»C=C(CH,),«COOCH, 24.40 EGS (22)
(methyl cis-15- 23.67 ApL (22)
tetracosenoate)
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Lipids and Related Compounds L-98 / L-189

GENERAL CRITERIA AND SPECIFICATIONS 8 FOR RICINOLEIC ACID AND RELATED COMPOUNDS

CRITERIA:
Homogeneity:
GLC: No detectable solvent.
TLC: One component on silica gel plates. One component by chromatography of the methyl ester on silica gel-silver ion plates.
Identity :
TLC: The acid migrates more slowly than nonhydroxy fatty acids, and the methyl ester migrates more slowly than nonhydroxy methyl esters
on silica gel plates. rrans-1somer migrates faster than the cis on silica gel-silver ion plates.
Ozonolysis: Methyl ester yields methyl 9-formylnonanocate (*‘methyl ester of azelaic semialdehyde™).

SPECIFICATIONS: Not more than 1% of impurity.
Storage: Under vacuum or an inert gas.
Likely Contaminants: For acids: dihydroxy, oleic, stearic, and palmitic acids; for methyl esters: the corresponding methyl esters.

TABLE 8 Compounds for Which General Criteria and Specifications 8 Are Applicable

Comsmon name
Number (Systematic name) Formula Formula wt. Structure
H H
L-98 Ricinoleic acid CisH Oy 298.47 CH,(CH,){CHCHC=C(CH:OCOOH
[(+)12-hydroxy-cis-9-octadecenoic acid) |
OH
H H
L-99 Methyl ricinoleate CsHis0, 312.50 CH,;(CH,);CHCHC=C(CH; yCOOCH,
[methyl (+)12-hydroxy-cis-9-octadecenoate]
OH
H
L-100 Methyl ricinelaidate CnH;0, 312.50 CH;(CH,;)sCHCH C=C(CH)yCOOCH;
[methyl (+)12-hydroxy-trans-9-octadecenoate) | H
OH
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L-101 / L-104 Lipids and Related Compounds

GENERAL CRITERIA AND SPECIFICATIONS 9 FOR NORMAL SATURATED SHORT-CHAIN ALCOHOLS
<Cy

CRITERIA:

Homogeneity:
cLc: One component on FFAP and, after acetylation, on a nonpolar phase. No detectable solvent.
TLC: No nonvolatile impurities detectable on silica gel plates by charring.

ECL: Same as chain length on any phase.

TLC: Migrates with alcohols on silica gel plates.
SPECIFICATIONS: Not more than 1% of impurity.
Storage: No special precautions.

TABLE 9 Compounds for Which General Criteria and Specifications 9 Are Applicable

Common name

Number (Systematic name) Formuia Formula wt. Structure Likely contaminants

L-101 Caproyl alcohol CH, 0 102.18 CH\(CH,),CH:OH capryl alcohol
(1-hexanol)

L-102 Capryl alcohol C:H,s0 130.23 CH,(CH,);CH,OH caproyl and decyl alcohols
(1-octanol)

L-103 Decyl alcohol CisH:»0 158.29 CH,(CH,)¢{CH,OH capryl and lauryl alcohols
(1-decanol)

L-104 Lauryl alcohol CisH»O 186.34 CH,(CH,)CH;OH decyl and myristyl alcohols
(1-dodecanol)
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Lipids and Related Compounds L-108 / L-110

GENERAL CRITERIA AND SPECIFICATIONS 10 FOR NORMAL SATURATED LONG-CHAIN ALCOHOLS
> Cy

CRITERIA:
Homogeneity:
GLc: One component on FFAP and, after acetylation, on a nonpolar phase. No detectable solvent.
TLC: One component on silica gel plates.
Identity:
EcL: The same as chain length on any phase.
TLC: Migrates with alcohols on silica gel plates.

SPECIFICATIONS: Not more than 1% of impurity.
Storage: No special precautions.

TABLE 10 Compounds for Which General Criteria and Specifications 10 Are Applicable

Nom- Common name RI om

ber (Systematic name) Formula Formula wt.  Structure FFAP Likely contaminants

L-105 Myristyl alcohol CiHpO 214.40 CH,(CH)/CH,OH 2180 lauryl and cetyl alcohols
(1-tetradecanol)

L-106 Cetyl alcohol CiH; O 242.45 CH,(CH: i «CH;OH 2387 myristyl and stearyl alcohols
(1-hexadecanol)

L-107 Stearyl alcohol CiHiO 270.50 CH,(CHs)1CH,OH 2594 cetyl and oleyl alcohols
(1-octadecanol)

L-108  Arachidyl alcohol CxH O 298.56 CH,(CH,),/«CH;OH — undefined
(1-eicosanol)

L-109 Behenyl alcohol CypHiO 326.61 CHi(CH,)»CH;OH — undefined
(1-docosanol)

L-110 Lignoceryl alcohol CuHuO 354.67 CH;(CH;)»CH,OH — undefined
(1-tetracosanol)
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L-111 / L-114 Lipids and Related Compounds

GENERAL CRITERIA AND SPECIFICATIONS 11 FOR LONG-CHAIN UNSATURATED ALCOHOLS

CRITERIA:
Homogeneity:

aLc: One component on FFAP and, after acetylation, on a nonpolar phase. No detectable solvent.

TLC: One component on silica gel and silica gel-silver ion plates.

Ozonolysis: After conversion into the acetate ester, yields only an aldehyde of chain length 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 w-formylalkanol of chain length equal to the number of
carbon atoms from the alcohol end of the chain to the first double bond.

Ultraviolet Spectrum: No detectable conjugated double bond.

ecL: Specified for each compound.
TLC: Migrates with alcohols on silica gel plates.

SPECIFICATIONS: Not more than 1% of impurity.
Storage: Below 0 °C under vacuum or an inert gas.

TABLE 11 Compounds for Which General Criteria and Specifications 11 Are Applicable

Num- Commson name Formula Riom ECLoa Likely
ber (Systematic name) Formmla wt Structure FFAP FFAP contaminants
H H
L-111 Oleyl alcohol CiH;sO 268.49 CH,(CH;»C=C(CH,}yCH;OH 2624 18.26  cetyl and stearyl alcohols
(cis-9-octadecen-1-ol)
H
L-112 Elaidyl alcohol CisHidO 268.49 CH,(CH,;»C—=C(CH;»CH,;OH 2620 18.2 cetyl, stearyl, and olelyl
(trans-9-octadecen-1-ol) H alcohols
H H
L-113 Linolyl alcohol CiHy O 266.47 CH,(CH,)((C=CCH,):(CH,){CH,OH 2671 18.68  stearyl, oleyl, cetyl, and
(cis9cls-12- conjugated alcohols
octadecadien-1-ol)
HH
L-114 Linolenyl akcohol CisHisO 264.46 CH,CH«(C=CCH;)u(CH,;))CH,OH 2732 19.35 j and trans-
(all-cis-9,12,15- isomers
octadecatrien-1-ol)
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Lipids and Related Compounds L-118 / L-121

GENERAL CRITERIA AND SPECIFICATIONS 12 FOR MONOGLYCERIDES

CRITERIA:
Homogeneity :
GLC: No detectable solvent.
TLC: One component on silica gel-boric acid plates.
Idestity: Conversion into methyl ester yields a compound meeting the criteria for the appropriate methyl ester.
TLC: Migration with the appropriate monoglyceride on silica gel-boric acid plates.
SPECIFICATIONS: Not more than 1% of other than the appropriate acyl group. At least 999 of the appropriate monoglyceride isomer.
Storage: For unsaturated monoglycerides: below 0 °C, under vacuum or an inert gas; for saturated monoglycerides: no special precautions.
Likely Contaminants: Improper monoglyceride isomer; di- and triglycerides; the contaminants listed under the methylester of the constituent
acyl group.

TABLE 12 Compounds for Which General Criteria and Specificatioms 12 Are Applicable

Num- Comsmon name Formula
ber (Systematic name) Formaula wt. Structure
L-115 1-Monomyristin CiH 0, 302.46 CH,O0C(CH;),y'CH
(rac-1-tetradecanoylglycerol) |
leHOH
CH OH
L-116 1-Monopalmitin CuH:0, 330.51 CHyO0C(CH;)1CH,
(rac-1-hexadecanoylglycerol) |
?HOH
CH OH
L-117 2-Monopalmitin CioH;0, 330.51 CH,OH
(2-hexadecanoylglycerol) |
CHOOC(CH;)1«CH,
CH:,OH
L-118 1-Monostearin CllH“Ol 358.56 C}lm(CHl)iCHl
(rac-1-octadecanoylglycerol)
CHOH
|
CH, OH
H H
L-119 1-Monoolein CyH,0, 356.55 CHyOOC(CH,)yC=C(CH;CH,
[rac-1(cis-9-octadecenoylglycerol] |
(i:HOH
CH,OH
L-120 2-Monoolein CyH O, 356.55 CH;OH
[2-(cis-9-octadecanoyl)glycerol] [ HH
Cll'IOOC(a'ls):C:C(CHt)?a‘la
CH, OH
H H
L-121 1-Monolinolein CyH,0, 354.53 CH{OOC(CH, 1 (C=0CH:)s(CH,)yCH,
[rac-1-(cis-9 cis-12-octadecadienoyl)glycerol]
(|3HOH
CH,OH

138


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

L-122 / L-128 Ligpids and Reisted Compomnds

GENERAL CRITERIA AND SPECIFICATIONS 13 FOR DIGLYCERIDES

CRITERIA:

Homogeneity:
cLc: No detectable solvent.
TLC: One component on silica gel-boric acid plates.

Idesntity : Conversion into methyl esters yields compound(s) meeting the criteria for the appropriate methyl ester(s). If the sample is a mixed
diglyceride, gLc should show the methyl esters in 1:1 molar ratio.
TLC: Migration with the appropriate diglyceride on silica gel-boric acid plates.

SPECIFICATIONS: Not more than 17 of other than the appropriate acyl group(s). At least 9%, of the appropriate diglyceride isomer. If
the sample is a mixed diglyceride, the molar ratio of the two acyl groups should be 1:1 within 107 relative error.

Storage: For unsaturated diglycerides: below 0 °C under vacuum or an inert gas; for saturated diglycerides: no special precautions.

Likely Contaminants: Improper diglyceride isomers, mono- and triglycerides; the contaminants listed under the methyl esters of the constituent
acyl group(s).

TABLE 13 Compounds for Which General Criteria and Specifications 13 Are Applicable

Num- Common name Formula
ber (Systemsatic name) Formula wt. Structure
L-122  1,2-Dimyristin CuHuO, 512.72 CH/O0C(CH,1):sCH,
(rac-1,2-ditetradecanoylglycerol)
(I:l‘lOOC(CHa}Ima
CH,OH
L-123  1,3-Dimyristin CaHunOs 512.72 CH,OOC(CH3)15CH,
(1,3-ditetradecanoylglycerol) |
Cltl-lOH
CH,OOC(CH)1/CH,
L~-124 1,2-Dipalmitin CuHeOs 568.93 CHyOOC(CH;3)/CH,

(rac-1,2-dihexadecanoylglycerol)
CHOOC(CH,),,CH,

CH;OH
L~125 1,3-Dipalmitin CuHoOs 568.93 CH,OO0C(CH,),CH,
(1,3-dihexadecanoylglycerol) |
CHOH

I
CH,00C(CH:)uCH,

L-126 1,2-Distearin CuH;O4 625.04 CH;00C(CHj,),sCH,
(rac-1,2-dioctadecanoylglycerol)
CI:HOOC(CHs)llCHu
CH.OH
L-127 1,3-Distearin CauH1/0, 625.04 CH00C(CH;):sCH,
(1,3-dioctadecanoylglycerol) |
(i:HOH
CH/O0C(CH:),{CH,
H H
L-128 1,2-Diolein CuH10; 621.00 CH OOC(CH;yC—=C(CH:CH,
[rac-1,2-di(cis-9-octadecenoyl)glycerol] | H H

tl.Tl-lOOC(m.):C=C(CH.),CH|
CH, OH
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Lipids and Related Compounds L-129 / L-1%

TABLE 13 Compounds for Which Geseral Criteria and Specifications 13 Are Applicable (Contisned)

Nmm- Common name Formesla
ber (Systematic name) Formula wt. Structure
H H
L-129 1,3-Diokin CasHnOs 621.00 CH;O0C(CH;):C=C(CH;)CH,
[1,3-di(cis-9-octadecenoyl)glycerol] |
CHOH
H H
CH;O0C(CH)yC—=C(CH,)CH,
H H
L-130  1,3-Dilinoein CuHuOs 616.98 CH{OOC(CH,)(C=OCH,):{(CH;):CH,
(1,3di(cis-9,cis-12-octadecadienoyl)glycerol] |
CHOH
| H H
CHOOC(CH ;) (C=OCH;):{(CH1):CH,¢
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L-131 / L137 Lipids and Related Compounds

GENERAL CRITERIA AND SPECIFICATIONS 14 FOR TRIGLYCERIDES
CRITERIA:

Gic: No detectable solvent.
TLC: One component on silica gel and silica gel-boric acid plates.

Identity: Conversion into methyl esters yields compound(s) meeting the criteria for the appropriate methyl ester(s). If the sample is a mixed
triglyceride, gLC should show the methyl esters in the appropriate molar ratio.

Grignard Degradation: If the sample is a mixed triglyceride, this degradation yields 1,2-diglycerides that give methyl esters; gLc should
show these in the appropriate molar ratio.
TLC: Migration with triglyceride on silica gel-boric acid plates.

SPECIFICATIONS: Not more than 17 of other than the appropriate acyl group(s). At least 99% of triglyceride. If the sample is a mixed
triglyceride, the molar ratio of the acyl groups should be the appropriate value within 127 relativeer ror, and the ratio of the methyl esters
from the Grignard degradation should be the appropriate value within 15 % relative error.

Storage: For unsaturated triglycerides: below 0 °C under vacuum or an inert gas; for saturated triglycerides: no special precautions,

Likely Contaminants: The contaminants listed under the methyl ester(s) of constituent acyl groups; for short-chain simple triglycerides: mono-
and diglycerides; for long-chain simple triglycerides: O-acetylglycerides; for mixed triglycerides: improper isomers.

TABLE 14 Compounds for Which Geaeral Criteria and Specifications 14 Are Applicable

Num- Commson name Formula
ber (Systemmatic name) Formula wt. Structure
L-131 Triacetin GH,1 04 218.20 CH;00CCH,
(triethanoylglycerol) |
(I:HOOCIH;
CH/ O0CCH,
L-132 Tributyrin CyH Oy 302.37 CH;O0C(CH,)sCH;
(tributanoylglycerol)
CIHOOC(CHz);CI-!a
CHyOOC(CH;,),CH,
L~-133 Tricaproin CuH,;0, 386.53 CH/ O0C(CH,),CH,
(trihexanoylglycerol)
CHOOC(CH;)/CH;
CH00C(CH,)CH,
L-134 Tricaprylin CinHOy 470.70 CH{OOC(CH;)¢CH,
(trioctanoylglycerol)
CHOOC(CH3;)¢«CH,
CHs OOC(CH,){CH,
L-135 Tricaprin CyHetOy 554.86 CH OO0C(CH,)«CH;
(tridecanoylglycerol) I
CHOOC(CH;)sCH,
CH O0C(CH,)yCH,
L-136 Trilaurin CusH10, 639.02 CH;00C(CH,),«CH,
(tridodecanoylglycerol)
lel'lOOC(CHa)nCl'la
CH{OOC(CH},):«CH,
L~-137 Trimyristin CyHyO4 723.18 CHO00C(CH;):,CH;
(tritetradecanoyliglycerol)
CHOOC(CH,)1:CH;
CHyOOC(CH;),sCH,
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Lipids and Related Compounds L-138 / L-146
TABLE 14 Compounds for Which General Criteria and Specifications 14 Are Applicable (contianed)
Num- Commmon name Formula
ber (Systematic name) Formula wt. Structare
L-138 Tripalmitin CiHuO4 807.35 (':H.OOC(CH:)uG-l.
(trihexadecanoylglycerol)
CHOOC(CH W (CH,
CHyOOC(CH;),/CH,
HH
L~139 Tripalmitolein CuHO4 801.30 CH OOC(CHyC=C(CH,)«{CH,
(tri-cis-9-hexadecenoylglycerol) H H
CHOOC(CH:yC=C(CH1)/{CH,
H H
CHyO0C(CH3s}C=C(CH,),CH,
L-140 1,2-Dipalmitoylstearin CyuHi0/04 835.40 CH OO0C(CH 1 {CH,
(rac-1,2-dihexadecanoyl-3-octadecanoylglycerol)
CHOOC(CHh (CH,
CHOOC(CHh¢CH,
L-141 1,2-Dipalmitoylolein CauH 1004 833.38 CH,O0C(CH;hCH;,
(rac-1,2-dihexadecanoyl-3-cis-9-
octadecenoylglycerol) CHOOC(CH,)1CH,
H H
CH{OOC(CHyC=C(CH:xCH;
L-142 1,3-Dipalmitoylolein CaaH 1000y 833.38 CH O0OC(CH,),{CH,
(1,3-dihexadecanoyl-2-cis-9- H H
octadecenoylglycerol) (!:'HOOC(GL)?C=C(G!-):CH-
CH,O0C(CH;)1{CH,
L-143 1,2-Distearoylpalmitin CuH 10104 863.45 CHy OOC(CH,),/CH;
(rac-1,2-octadecanoyl-3-hexadecanoylglycerol)
CHOOC(CH,)1/CH,
CHOOC(CH)1/CH;
L-144 Tristearin CuHi1104 891.51 CHO0C(CH;),/CH,
(trioctadecanoylglycerol)
(l'-'ﬂma'ln)nﬂla
CH;00C(CH,)1/CH,
H H
L-145 1,2-Dioleoylstearin CyuH 1004 887.47 CH{OOC(CHs)yC=C(CH,;)yCH,
(rac-1,2-di-cis-9-octadecenoyl-3- HH
octadecanoylglycerol) CHOOC(CH;) C=C(CH1):CHs
|
CH,O0C(CHhCH,
HH
L~146 Tripetroselinin CatH 1004 885.46 CH{O0C(CH;){C=C(CH;):sCH,
(tri-cis-6-octadecenoylglycerol) HH
CHOOC(CH,;){C—=C(CH};),s/CH,
H H

142
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L-147 / L-154 Lipids and Related Compounds

TABLE 14 Compounds for Which General Criteria and Specifications 14 Are Applicable (continued)

Num- Common name Formmla
ber (Systematic name) Formsla wt. Structure
HH
L-147 Triolein CaH 1004 885.46 CHOOC(CH, }yC—=C(CH;CH,
(tricis-9-octadecenoylglycerol) | H H
CHOOC(CH)}/C—=C(CH:)CH,
HH
CH OOC(CH;C—C(CH,):CH,
H
L-148 Trielaidin CaHi1004 885.46 CH OOC(CH;yC—=C(CH,yCH,
(tri-rrans-9-octadecenoylglycerol) H
H
CHOOC(CHyC—C(CHyCH,
H
H
CHOOC(CH yC—=C(CH,)CH,
H
HH
L-149 Trilinolein CaHyiO4 879.41 CH;OOC(CH;)(C—CCH};)«(CH;)yCH,
(tri-cis-9,eis-12-octadecadienoylglycerol) | H H
CHOOC(CHh(C—=0CH;)s(CH;)yCH,
HH
CHyOOC(CH; )»(C=CCH,)«(CH;):CH,
HH
L-150 Trilinolenin CaHsO4 873.37 CHO0C(CH,;)(C=C0CH,):CH,
(tri-allcis-9,12,1 S-octadecatrienoylglycerol) | H H
CHOOC(CH 1 (C=CCH,;),CH,
HH
CHOOC(CH s (C=CCHyCH;
L-151 Triarachidin CaHie/Os 975.67 CH00C(CH,)1sCH,
(trieicosanoylglycerol)
CHOOC(CH,),sCH;
CHyOOC(CH3):1sCH,
H H
L-152 Trieicosenoin CuHndOs 969.62 CH;O0C(CH; yC=C(CH,)yCH,
(tri-cis-11-cicosenoylglycerol) | HH
CHOOC(CH »C=C(CH;xCH,
HH
CH{OOC(CH;)yC=C(CH3»CH,
L-153 Tribehenin CuH 1104 1059.83 CH,00C(CH,)»CH;
(tridocosanoylglycerol)
CHOOC(CHjy)»CH,
CHyOOC(CH,)sCH;,
HH
L-154 Trierucin CuHi104 1053.79 CHyOOC(CH,)C=C(CH;»CH,
(tri-cis-13-docosenoylglycerol) | H H
CHOOC(CH,),,C=C(CH,xCH,
HH

CH{OO0C(CH)1;C—C(CH;CH,
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Lipids and Related Compounds L-188 / L-19

GENERAL CRITERIA AND SPECIFICATIONS 15 FOR STEROLS

CRITERIA:
Homogenaeity:
oLc: One component. No detectable solvent.
TLC: One component on silica gel plates.
Identity: Appropriate relative retention time.

SPECIFICATIONS: Not more than 1% of impurity.
Storage: Below 0 °C under vacuum or an inert gas.

TABLE 15 Compounds for Which Geseral Criteria and Specifications 15 Are Applicable

Reteation time relative to
Nem- that of cholestame®
ber Commson name Formula wi. Structore A B
L-155 Cholesterol CpH\ O 386.67 6.95 1.90
L-156 Campesterol CuH O 400.69 — 2.46
=
b
CHy
L-157 Ergosterol CuH, O 396.66 10.7 -
HO
b
CaHs
L-158 p-Sitosterol CuH 0 414.72 Ho 11.6 3.10
L-159 Stigmasterol CuH O 412.71 9.9 2.1

« A, on HiEFF-8B at 225 °C; B, on OV-101 at 250 °C.
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L-160 / L-164 Lipids and Related Compounds

GENERAL CRITERIA AND SPECIFICATIONS 16 FOR STEROL ESTERS

CRITERIA:

Homogeneity:
oLc: One component. No detectable solvent.
TLC: One component on silica gel plates.

Identity: 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 17 of other than the indicated acyl group. At least 997 of sterol ester.
Storage: Below 0 °C, under vacuum or an inert gas.

TABLE 16 Compounds for Which General Criteria and Specifications 16 Are Applicable

Num- Common name Formula
ber (Systematic name) Formula wt. Structure
L-160 Cholesteryl pelargonate CiHetOy 526.89

(cholesteryl nonanoate)

CH;,(CH,y)yCO0
L-161 Cholesteryl hendecanoate CuHuO;: 554.95
(cholesteryl undecanoate)
CH;(CH,
L-162 Cholesteryl laurate CuHuO, 568.98
(cholesteryl dodecanoate)
CH,(CHy), /000
L-163 _— CyHy 0Oy 583.01
(cholesteryl tridecanoate)
CH,(CH)u
L-164 Cholesteryl myristate CuH:0, 597.03
(cholesteryl tetradecanoate)
CH,(CH:)1y000
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Lipids and Relsted Compounds

L-165 / L-17®

TABLE 16 Compounds for Which General Criteria and Specifications 16 Are Applicable (continued)

Num- Comsson name Formula
ber (Systematic name) Formula wit. Structure
L-165 — CuH;0; 611.06
(cholesteryl pentadecanoate)
CHy(CH;hsOC00
L-166 Cholesteryl palmitate CuHi Oy 625.09
(cholesteryl hexadecanoate)
CH:(CHx),
L-167 Cholesteryl margarate CuH:0y 639.11
(cholesteryl heptadecanoate)
CH,(CH,),,C00
L-168 Cholesteryl stearate CuHyO, 653.14
(cholesteryl octadecanoate) )@95\‘__(
CH,(CH,),/C00
L-169 Cholesteryl oleate CuH:0, 651.12
(cholesteryl cis-9-octadecenoate)
H H
CH;(CHy»C=C(CH,yCOO
L-170 Cholesteryl linoleate CuH: Oy 649.11

146
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H H
CH,(CH;):(CHC=C)s(CH,)0C00
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L7 / L174

TABLE 16 Compounds for Which Gemeral Criteria and Specifications 16 Are Applicable (contiawed)

Num- Common name Formula
ber (Systematic name) Formula wt. Structare
L-171 Cholesteryl linolenate CuH,O; 647.09
(cholesteryl all-cis-9,12,15-octadecatrienoate)
HH
CH,(CH{C=C);(CH,»000
L-172 CiHysO;s 667.17
(cholesteryl nonadecanoate)
CH,(CH,),yCOO
L-173 Cholesteryl arachidate CaHuO, 681.20
(cholesteryl eicosanoate)
CH,(CH,):s000

L-174 Cholesteryl arachidonate
(cholesteryl all-cis-5,8,11,14-eicosatetraenoate)

CuH:Oy 673.13

CH,(CH,)y(CHLC=C)((CH,)/COO
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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 evaluate 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) 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

Nucleotides

and
Related
Compounds

chromatograms obtained under the conditions de-
scribed, and (2) agree to within +=3% with the values
of enax 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.

Detection of Impurities

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 (ezs0 =
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6,000 mol* 1 cm). 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,

Identification of Impurities

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, 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 effluent at several
wavelengths simultaneously, provides other useful items
of information—the elution volume, wavelength ratios,
and a rough estimate of en,,. 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 has 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.

Quantitative Measurement of Impurities

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 Limits 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
had previously set the following tentative specifications
for compounds to be designated as NRcC 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 ;.. given in the data
sheets. A compound meeting these specifications was
assumed to have less than 1% 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 75 compounds met the specifi-
cation for designation as NRcC grade, and, after our
present retests of 57 compounds plus 10 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: (1) 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 PROCEDURES

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 Chromatography

All chromatograms were run on strips (7 X 22.5 in.)
or sheets (46 X 57 cm) of Whatinan 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, values of the com-
pounds examined are listed alphabetically in Table 1,
and the compositions of the solvent systems are given
in the footnotes to the table.

A minimum of ten A.,, units (4., = ultraviolet ab-
sorbance of the sample measured in a 1-cm quartz
cuvette at 260 nm) were applied to the paper in a 5-ul
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 required ten A.,, 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, units per
5-ul aliquot can be calculated from the molar absorption
coefficient at 260 nm. Values of .4, are usually avail-
able from manufacturers’ literature or other compila-
tions.* 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 1 M NH,OH, 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 R, values of all the components in the com-
pounds tested are given in the data sheets, and the R,
values of the major spots are listed in Table 1. The
mobility of any impurity detected is expressed as Ry,
which is defined as:

_ distance traveled by impurity
¥ ™ distance traveled by major compound °

All R, and Ry values are taken from two chromato-
grams where they agreed to within 0.2 upit The R,

R

- value of any impurity can be calculated by multiplying

its Ry value by the R, value of the major compound. In
general, resolution of two components was obtained
when their R, values differed by more than 0.1.

It should be mentioned that we were able to obtain
comparable results on thin layers (250 um) of micro-
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 re-
ported, because in no case did we detect impurities that
were not detected by paper chromatography. The mobil-
itics of various compounds relative to adenosine 5'-
phosphate (R,s-¢) are included in Table 1. (Those in-
terested in the procedure are referred to Ref. 1.)

Gas Chromatography

Gas-chromatographic analysis has been successfully
applied to the trimethylsilyl derivatives of purines and
pyrimidines, ribonucleosides and deoxyribonucleosides,
and nucleoside monophosphates.® 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)trifluoroacetamide 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 5%
SE-30 on 80-100 mesh Chromosorb W(HP), and a
flame-ionization detector. The inlet and detector tem-
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Chromatographic solvent systesss Electro-
As B C D4 phoresis
Compound R¢ Valunes Ravp Values
1. Adenine 0.88 0.70 0.67 0.39
2. Adenosine 0.83 0.51 0.61 0.56
“ 3, Adenosine 3':5'-cyclic phosphate 0.65 0.45 0.45 0.77 0.7
v 4. Adenosine 5'-diphosphate 0.37 0.03 0.14 0.91 1.6
5. Adenosine 2'-phosphate 0.66 0.1 0.25 0.88 0.9
6. Adenosine 2'(3’')-phosphate 0.65 0.12 0.24 0.87 0.7
7. Adenosine 3'-phosphate 0.65 0.10 0.22 0.86 0.9
v/ 8. Adenosine 5'-phosphate 0.49 0.14 0.18 0.89 1.0
v 9. Adenosine 5'-triphosphate 0.23 0.05 0.10 0.93 1.9
10. 6-Azauridine 0.50 0.56 0.63 0.89
11. 5-Bromo-2'-deoxycytidine 0.79 0.69 0.78 0.7
12. 5-Bromouridine 0.57 0.50 0.72
13. Cytidine 0.74 0.54 0.70 0.81
14. Cytidine 2’:3'-cyclic phosphate 0.50 0.42 0.53 0.91 0.8
15. Cytidine 5’-diphosphate 0.19 0.04 0.18 0.93 1.6
16. Cytidine 2'-phosphate 0.50 0.24 0.31 0.95
17. Cytidine 2'(3')-phosphate 0.47 0.18 0.25 0.91
18. Cytidine 3'-phosphate 0.48 0.21 0.26 0.95
19. Cytidine 5’-phosphate 0.39 0.14 0.16 0.87 0.6
20. Cytidine 5'-triphosphate 0.20 0.05 0.12 0.94 1.9
21. Cylosine 0.76 0.50 0.70 0.7
22, 2'-Deoxyadenocsine 0.93 0.57 0.66 0.40
23. 2'-Deoxyadenosine 5'-diphosphate 0.30 0.07 0.26 0.88 1.7
24. 2'-Deoxyadenosine 5’-phosphate 0.56 0.19 0.4 0.87 0.7
25. 2’-Deoxyadenosine 5'-triphosphate 0.39 0.05 0.18 0.93 2.0
26. 2’-Deoxycytidine 0.80 0.62 0.77 0.76
Z1. 2'-Deoxycytidine 5'-diphosphate 0.25 0.05 0.20 0.89 1.6
28. 2'-Deoxycytidine 5'-phosphate 0.53 0.16 0.21 0.85 0.7
29. 2'-Deoxycytidine 5'-triphosphate 0.22 0.05 0.18 0.93 2.1
30, 2’-Deoxyguanocsine 0.64 0.46 0.68 0.63
31. 2’-Deoxyguancsine 5'-diphosphate 0.17 0.04 0.13 0.88 2.0
32. 2-Deoxyguancsine 5'-phosphate 0.39 0.03 0.16 0.85 1.1
33. 2’-Deoxyinosine 0.62 0.4 0.58 0.60
34. 2'-Deoxyuridine 0.67 0.56 0.76
35. 2’-Deoxyuridine 5’-phosphate 0.39 0.12 0.24 1.3
36. NS, N*-Dimethyladenine 0.87 0.83 0.82 0.51
37. N*,N*-Dimethylguanine 0.56 0.37 0.40 0.20
38. Guanine 0.66 0.7 0.47 0.40
39. Guanosine 0.50 0.36 0.53 0.62
40. Guanosine 2': 3'-cyclic phosphate 0.4 0.55 0.50 0.85 1.5
v 41. Guanosine 5'-diphosphate 0.12 0.02 0.08 0.89 1.7
42. Guanosine 2'-phosphate 0.31 0.10 0.15 0.94
43. Guanosine 2'(3')-phosphate 0.28 0.05 0.07 0.88 1.3
44. Guanosine 3'-phosphate 0.27 0.09 0.02 0.91
v 45. Guanosine 5'-phosphate 0.15 0.06 0.05 0.87 1.4
+ 46. Guanosine 5'-triphosphate 0.20 0.05 0.10 0.94 2.2
47. Hypoxanthine 0.62 0.51 0.66 0.58
48. Inosine 0.48 0.47 0.59 0.74
49. Inosine 5'-diphosphate 0.13 0.02 0.11 0.88 2.2
50. Inosine 5’'-phosphate 0.28 0.03 0.15 0.90 1.5
51. Inosine 5'-triphosphate 0.2 0.05 0.16 0.95 2.2
52. 5-lodo-2'-deoxycytidine 0.80 0.63 0.70 0.64
53. 5-lodo-2'-deoxyuridine 0.68 0.59 0.84
54, 5-lodouridine 0.61 0.53 0.75 0.73
55. N*-(Isopent-2-enyl)adenine 0.96 0.84 0.88 0.53
56. N*-(Isopent-2-enyl)adenosine 0.93 0.84 0.84 0.64
57. Kinetin 0.93 0.85 0.85
58. N*-Methyladenine 0.89 0.7 0.78 0.46
59. 5-Methylcytosine 0.80 0.65 0.70 0.71
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Chromatographic solvent systems Electro-
A Bt C D4 phoresis
Compound R Values Ravp Values®

60. 5-Methyl-2'-deoxycytidine 0.81 0.65 0.77 0.80

61. 7-Methylguanine 0.82 0.35 0.55 0.45

62. 1-Methylinosine 0.65 0.51 0.75 0.84

63. 5-Methyluridine 0.62 0.52 0.76 0.85

64. Orotic acid 0.25 0.45 0.43 0.84

65. Pseudouridine, mixed anomers 0.38 0.45 0.69 0.79

66. Pseudouridine, 8 anomer 0.44 0.41 0.65 0.82

67. 9--p-Ribosylkinetin 0.88 0.89 0.80 0.68

68. Thymidine 0.72 0.73 0.81 0.78

69. Thymidine 3',5'-bisphosphate 0.21 0.04 0.10 0.97 3.1

70. Thymidine 5'-diphosphate 0.22 0.07 0.31 0.91 2.2

71. Thymidine 5’-phosphate 0.39 0.22 0.48 0.89 1.4

72. Thymidine 5'-triphosphate 0.23 0.05 0.2 0.94 2.4

73. Thymine 0.78 0.63 0.72

74. Uracil 0.63 0.59 0.70 0.70

75. Uridine 0.51 0.57 0.68 0.80

76. Uridine 2':3'<cyclic phosphate 0.32 0.38 0.65 0.94 1.7

77. Uridine 5’-diphosphate 0.14 0.02 0.16 0.89 2.2

78. Uridine 2’-phosphate 0.32 0.22 0.33 0.94

79. Uridine 2’(3')-phosphate 0.28 0.18 0.30 0.87 1.5

80. Uridine 3'-phosphate 0.31 0.23 0.33 0.96

81. Uridine 5’-phosphate 0.2 0.11 0.28 0.90 1.3

82. Uridine 5'-triphosphate 0.2 0.05 0.19 0.94 2.9

83. Xanthine 0.54 0.32 0.35

84. Xanthosine 0.37 0.35 0.41 0.7

85. Xanthosine 5’-phosphate 0.16 0.03 0.15 0.91 1.5

= Solvent A: isobutyric acid-0.5 M NH,OH (5:3, v/v).

® Solvent B: isopropyl alkcohol-conc. NH,OH-H;O (7:1:2, v/v).

< Solvent C: 959 ethanol-1 M sodium acetate (7:3, v/v).
4 Solvent D: H,O adjusted to pH 10 with NH,OH.

* Rayvp = 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 flow 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,, alkane, for example, has
an MU value of 16.00; one having a retention time half-
way between the C,; 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-Exchange Chromatography

The anion-exchange system used is an adaptation® of
the nucleotide analyzer developed by Anderson and co-
workers.® This system consists of a heated stainless steel
column of 0.62 cm internal diameter and 160 cm length,
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packed with Dowex 1 X 8 resin of particle diameter
5-10 pm 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 flow 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-Exchange Chromatography

This cation-exchange separation is based on the method
of Uziel, Koh, and Cohn.” The apparatus consisted of a
high-pressure, glass column (0.9 X 40 cm) having an
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adjustable column head, packed with Dowex 50 x 8
resin of particle diameter 10~15 um or its equivalent,
operating at 50 °C, and a very stable, high-sensitivity,
ultraviolet monitor (Lbc Corp., Model 1205). The
sample of about 250 ug 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 mi/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 Analyses

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 enax in the literature, was dissolved in 100 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 1 or, preferably, 2 pH units
from the pK, of the base. For solutions of pH 1 or 2,
sufficient 1 M HCI was added to the diluent to bring
the concentration of HCI to 0.1M or 0.01 M, respec-
tively; 1 M NaOH was used to adjust the pH to 11 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 1UPAC-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

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.?

The R, 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.” 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, A... values are in nan-
ometers (nm), and the .. values have been multiplied
by 10-3, that is, are expressed in units of (mmol/1)-'cm-,
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 2 Compounds Meeting NRC Specifications

Met Specifications

Tentative

Adenine

Adenosine 3':5<cyclic phosphate
Adenosine 5’-phosphate
6-Azauridine

5-Bromouridine

Cytidine

Cytidine 2':3'cyclic phosphate
Cytidine 2'-phosphate
Cytidine 5’-phosphate
Cytosine

2'-Deoxycytidine
2"-Deoxycytidine 5'-phosphate
2'-Deoxyuridine
2'-Deoxyuridine 5’-phosphate
Guanine

Guanosine 5'-phosphate
Hypoxanthine
5-lodo-2'-deoxycytidine
5-lodo-2'-deoxyuridine
5-lodouridine
5-Methylcytosine
7-Methylguanine

Thymidine

Thymidine 3',5-bisphosphate
Thymine

Uracil

Uridine 3’-phosphate

Uridine 5’-phosphate
Xanthine

Cytidine 3’-phosphate
‘-Deoxyadenosine 5'-phosphate
2'-Deoxyguanosine 5'-phosphate
Guanosine 2'(3')-phosphate
N*{Isopent-2-enyl}adenosine
5-Methyluridine
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Compounds Meeting Specifications

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 / N4

Adenine / Adenosine 5’-Diphosphate

N-1
Adenine

Abbreviation: Ade
Formmia: GH;N;
Mol. Wt.: 135,13
Cale. 7: C, 44.45
H, 373
N, 51.82
pK,:01 4.2 98

C"i>

Paper Chromatography: Dissolve sample in 0.5 M HCI.
Solvent Ry

A 0.88
B 0.70
C 0.67
D 0.39

Gas Chromatography: Trimethylsilyl derivative.
MU value  Rel. Peak Area
18.52 100

Spectral Constants:
Am  Aw

1 263 13.2 076 038 12
7 261 134 076 0.13
12 269 123 057 060

Water Analysis: 0.17;.

Remarks: Three of four samples tested met NrC specifications.
Cation-exchange chromatography showed, in only one sample, an
impurity tentatively identified as 2-oxyadenine,

N-2 NHp
Adenosine

(9-8-p-Ribofuranosyladenine) k

Abbreviation: Ado
Formula: ClnH“N.o.
Mol. Wt.: 267.25
Cale. %: C, 44.94 N H
H, 490
N, 26.21
0, 23.95
Melting Pt.:1? 234-235 °C
Specific Rotation: [y —61.7° (0.7 g/100 ml, H,0)
pK." 3.6, 12.4

Paper Chromatography: Dissolve the sample in 1 M NH,OH.
Solvent Ry Ru Ru

A 0.83

B 051 0.10 0.8
C 0.61 0.67

D 0.56

Gas Chwomatography: Trimethylsilyl derivative.

MU value  Rel. Peak Area
26.54 100
25.82 2
Spectral Constants:
A Am
PH Amax €max A Ao Ref.
2 257 151 086 022 15
7 259 154 0.79 0.15
11 259 154 0.79 0.15
N-3 NH,
Adenosine 3':5’-Cyclic Phosphate
Abbreviations: Ado-3':5-P, 3':5'cyclic amp LN
Formula: C:nHlleoiP
Mol. Wt.: 329.21 -
Cale. 7: C, 33.29 HO 0
H, 4.33 M H
N, 19.42 /\ OH
0, 34.37 0 0
P, 8.59

Paper Chromatography: Dissolve the free acid or salts in H,0.
Solvent Re

A 0.65
B 0.45
C 0.45
D 0.77
Spectral Constants:
pH Amax €max Amin €min €0 Ref.
2 256 14.5 16

7 258 14.7
1.2 256 143 225 228 13.7 nNrc sample
6.9 259 146 227 260 145

Remarks: The free acid and the barium salt met NRc specifications.

N-4
Adenosine 5'-Diphosphate
(Adenosine 5'-Pyrophosphate)

Abbreviations: Ado-5'-P,, 5'-aDP

Formula: CmHllNiOlnP! 0

Mol. Wt.: 427.21

Cale. %: C, 28.12 m_!
H, 3.54 |
N, 16.40 OH OH
0, 37.45
P, 14.50

pK.:4 4.0, 6.4

0
-—-o—-%—o\
H
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Adenosine 2-Phosphate / Adencsine 3'-Phosphate NS / N7
Paper Chromatography: Dissolve the Li*, Na*, K*, or NH{ salt in N-6
HO. Adenosine 2'(3')-Phosphate, Mixed Isomers
Solvent Ry Ru Ru
Abbreviations: Ado-2'(3)-P, 2'(3)-amp
g g-g; 02 22 Formla: C,0HiN,O:P
c oie s Mol. Wt.: 347.22
D 0'91 0:88 Cale, 7,: C, 34.58
* H, 4.06
N, 20.17
Spectral Constants: 0, 32.26
P, 8.
Ase 2"2 o 8%
pH Amax €max A [ Ref.
NHp NHg
2 257 150 085 021 15
7 259 154 0.78 0.16
11 2% 154 07 016 g
H H
H H + H H
N-5 t|> OH HO ?
Adenosine 2'-Phosphate HO—P=0 HO—P=0
2'-Adenylic A | |
( y cid) OM OoH
Abbreviations: Ado-2'-P; 2'-ampP =
Formsia: C,;H,,N;O:P Paper Chromatography: Dissolve the free acid in 1 M NH,OH; the
Molecular Wt.: 347,22 Li*, Na*, or K* salt, in H,O.
Cale. 7: C, 34.58 t R R«  Ru
H, 4.06
N, 20.17 0.65 0.45
0, 32.26 012 3.6 42
P, 892

Specific Rotation: [a]p —65.4° (0.5 g/100 ml, 0.5 M Na;HPO
pK.: 3.8, 6.2

Paper Chromatography: Dissolve the Li*, 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.

A 0.66 047

B 0.11 4.6

C 025 27

D 0.88 0.58

P 029  0.52 (3-isomer)

Gas Chromatography: Trimethylsilyl derivative.
MU value Rel. Peak Area

30.06 100
Spectral Constants:
Ao Am

pH ew Aw  Am  Ref.

2 142 085 023 19
7 150 080 0.15
12 150 080 0.15

* To detect the ¥'-isomer, a special solvent is necessary, namely, 79:19:2 (v/v)
90% saturated (NHq)3S0¢-0.1 M phosphate buffer (pH 6)-isopropyl alcohol.
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Solven

A

B

G 024 27

D 0.87 0.60
Spectral

pH €30 Ao Ao Ref.

2 142 085 023 19
7 150 080 0.15
12 150 080 0.15

N-7
Adenosine 3’-Phosphate
(3’-Adenylic Acid)

Abbreviations: Ado-3'-P, 3'-amp
Formsla: C;.H“N.O,P
Mol. Wt.: 347.22
Cale. 7:C, 34.58
H, 4.06
N, 20.17

HO—P=0

0, 32.26 b

P, 892
Specific Rotation: [a]f —45.4° (0.5 /100 ml, 0.5 M Na;HPO)**
pK.:* 37,59
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N-8 / N-10

Adenosine 5’-Phosphate / 6-Azauridine

Paper Chromatography: Dissolve the Li*, Na*, or K* salt in H;O.
This compound should be supplied as a neutral salt, as isomeriza-

A 065 045

B 010 47

C 02 14 29
D 086 0.60

P 0.19

Gas Chromatography: Trimethylsilyl derivative.

MU value  Rel. Peak Area
30.28 100
Spectral Constants:
A e

PH @n Am Awm Ref

2 142 085 o022 19
7 150 080 0.5
12 150 080 015

* See 2'-anr (N-5).

N-8
Adenosine 5’-Phosphate
(5’-Adenylic Acid)

Abbreviations: Ado-5'-P, 5'-amp
Formsla: C,,H,,N,O,P
Mol. Wt.: 347.22
Cale. %:C, 34.58

H, 4.06

N, 20.17

0, 32.26

P, 892
Specific Rotatioa: [af) —26.0° (1.0 g/100 mi, 10% HCly®
pK,:148 0.9, 3.8, 6.2, 13.1

Paper Chromatography: Dissolve the free acid in 1 M NH,OH; the
Li+, Na*, or K+ salt, in H/O.

Solvent Ry

A 0.49
B 0.14
C 0.18
D 0.89

Gas Chwomatography: Trimethylsilyl derivative.
MU value  Rel. Peak Area
3114 100

154 079 0.16

Amas

257 150 084 022 15
259

259 154 079 016

Water Analysis: 4.27] (calculated for the monohydrate, 4.9%).

Remarks: Met Nrc specifications. Anion-exchange chromatography
showed approximately 1% of an unidentified impurity, possibly
a purine nucleoside.

N-9
Adenosine 5'-Triphosphate
(o] o] 0
| i i
HO—P—0—P—0—P —0x_

Abbreviations: Ado-5'-P;; 5'-ATP
Formmia: CyoHyN,OwPy
Mol. Wt.: 507.19
Cale, 7,: C, 23,67
H, 3.18
N, 13.80
0, 41.01
P, 18.32
pK.:14 4.0, 6.5

Paper Chromatography: Dissolve the Li*, Nat, K*, or NH} salt in
H:0.

Solvent Ry Ru
A 0.23 1.2
B 0.05
C 0.10 34
D 0.93
Spectral Constants:
Amo Ao

PH Amax €max Am Ao Ref.

2 257 147 085 022 15
7 259 134 080 0.15
11 259 154 080 0.15

N-10
6-Azauridine
[2-B-D-Ribofuranosyl-as-triazine-3,5(2 H,4 H)-dione]

Abbreviation: azaUrd 0
Formmla: GHiN;Oy HN)W
Mol. Wt.: 245.19 J\
Cale. %: C, 39.19 o N
H, 4.52
N, 17.14
0, 39.15
Melting Pt.:® 160 °C My
Specific Rotation: [a]}¥ — 132° (pyridine)®
pK. 6.7 HO OH
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S-Bromo-2'-deoxycytidise / Cytidine N-11 / N-13
Paper Chromatography: Dissolve the sample in HyO. Specific Rotation: [o] —61.8° (2 g/100 mi, H;0)®
58
Solvent Ry P2
A 0.50 Paper Chwromatography: Dissolve the sample in HyO.
B 0.56
C 0.63 Sohttll Rf
D 0.89 A 0.57
B 0.50
Spectral Constants: C 0.72
PH Acaz €max Amin Emin €m0 Ref. ;
13 257 7.0 24 4 4
1.2 262 6.05 230 30 6.0 Nrc sample il L=
1.2 254 69 21 22 66 pH Moaz  €mx  Aw  Am  Ref.
1-5 279 9.30 0.54 1.79 28
Remarks: Met NRC specifications. 8.0 279 8.15
10-12 278 6.40
Remarks: Met NrC specifications.
N-11 NHp
S-Bromo-2’-deoxycytidine fj/ﬂf
Abbreviation: SBrdCyd o” N N-13 NHp
Formaula: C,H,,BrN,0, Cyﬂdm
Mol. Wt.: 306.12 (1-8-p-Ribofuranosylcytosine)
Cale. 7,: C, 35.31
H, 3.95 Abbreviation:
Br, 26.10 Formsia u:ﬂc;‘:o‘
H 18
N, 13.73 Mol. Wt.: 243.22
O, 2.9 Cale. 7: C, 44.44 "
Melting Pt.:® 175-179 °C H, 5.39
N, 32.89
Paper Chromatography: Dissolve the sample in H;O. 0, 17.28

Solvent R¢

Ry

0.79
0.69
0.78
0.71

oow>»

€max

0.0
0.0
0.0

Ref.

2 300 9.6

25

N-12
S-Bromouridine

Abbreviation: 5SBrUrd
Formula: C.HuBI'NzOI
Mol. Wt.: 323.10
Cale. 7:C, 33.46
H, 343
Br, 24.73
N, 8.67
0, »¥.7
Melting Pt.:® 213-214

160

& o

OH)N::T )

HO OH

Specific Rotation: [a]}} +34.2° (2.0 g/100 ml, HyO)®
pK.® 4.1,12.2

Paper Chwomatography: Dissolve the sample in HyO.
Solvent Ry

A 0.74
B 0.54
& 0.70
D 0.81

Gas Chromatography: Methoxime-trimethylsilyl derivative.?

MU value Rel. Peak Area
2491 100
Spectral Constants:
Ao Assg

PH Acax €max K ]; Ref.
1 280 13.4 0.45 2.10 12
7 2N 9.1 0.86 0.93

13 273 9.2 0.87 1.17

Remarks: Met NrcC specifications.
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N-14 / N-16 Cytidine 2°:3'-Cyclic Phosphate / Cytidine 2’-Phosphate

N-14
Cytidine 2’:3'-Cyclic Phosphate
pH Amax €max A Ao Ref.

2 280 128 046 207 15
7 mn 91 083 098
1

Abbreviations: Cyd-2':3-P; 2':3'cyclic cmp
Formula: C,H,;:N;O,P

Mol. Wt.: 305.20 11 2m 91 08 098
Cale. 7: C, 35.42
H, 3.96
N, 13.77
0, 36.70
P, 10.15 N-16 NH2
5
L at i Cytidine 2'-Phosphate .
(2’-Cytidylic Acid) |
Paper Chromatography: Dissolve the sample in H,O. 0
: Cyd-2'-P, 2
Sy Formala: GHNOP HOCHe -0
A 0.50 Mol. Wt.: 323.20 H O H
B 0.42 Cale, 7:C, 33.44 H H
C 0.53 :. 1;3; HO ?
D 0.91 s 13 e
0, 39.60 No=png
Spectral Coustants: P, 9.58 OH
’ Specific Rotation: [a]p +20.7° (1.0 g/100 ml, H;0)®
PH Az €max Aain Emin €m0 Ref, ’KG:" 4.4i 6.2
7 268 8.4 12 Paper Chromatography: Dissolve the Li* salt in HyO.
LS 2716 122 240 1.1 8.0  Nrcsample Solvent  R:
70 232 79 251 725 16 _—
267 8.2 A 0.50
B 0.24
Remarks: Both the barium and the sodium salt met NrC specifi- C 0.31
cations, D 0.95
Spectral Constants:
A Am
PH dax  €mx Aw  Awm  Refl
2 278 127 048 180 12,35
N-15 7 20 89 09 085
Cytidine 5'-Diphosphate 12 270 89 09 085
(Cytidine 5’-Pyrophosphate)
NHz Water Analysis: 11.7 % (calulated for the dihydrate, 9.7%).
Formmia: C,l-i M”;P" e J\ " Remarks: Met NrC specifications. Anion-exchange chromatography
Mol We:403.18 o @ o” N showed no 3'-isomer, and only traces of 3 nucleosides and 1
Cak. %:C, 26.81 HO=P-0-P—0\ o nucleotide.
H, 375 OH OH
N, 10.42 i H H
0, 43.65 H
P, 15.36 HO OH
pK.:* 4.6,6.4
Paper Chromatography: Dissolve the Li*, Na+, K+, or NH} salt in
H;0.
Solvent R Ru Ru
A 019 o022 2.7
B 0.04
C 0.18 1.7
D 0.93
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Cytidine 2°(3")-Phosphate, Mixed Isomers / Cytidine 5’-Phosphate N-17 / N-19
N-17 Spectral Coastants:
Cytidine 2/(3")-Phosphate, Mixed Isomers s i
PH Daer €m: Aw Aw  Rel
o PRy 2 29 (124 045 200  12(ratios)
2 7 270 (84) 086 093 n~Nmc sample (¢ values)
Mol. Wt.: 323.20 i . 5
Cale. %: C, 33.44 270 (84) 086 093
H, 4.37
N, 13.00 Water Amalysis: 5.12% (calculated for the monohydrate, 5.10%).
0, 39.60
P, 9.58 NHp NHp Remarks: Anion-exchange chromatography showed no 2'-isomer,
and only traces of 3 nucleosides. However, literature data on the
J\ J\ molar absorptivity are inconsistent, and the purity of this com-
o N o N pound is regarded as tentative,
H H H H
H H
0O OH + N-19 MM,
| 1 Cytidine 5'-Phosphate
HO=P=0 o (5"-Cytidylic Acid)
OH OH ° o” "N
Abbreviations: Cyd-5'-P, 5'-cmP HO—P=0~_
Formula: GH,N;O,P (I)H
Paper Chromatography: Dissolve the free acid in 1 M NH,OH; the Mol. Wt.: 323.20
Li*, Na*, or K+ salt, in H,O. Cake. 7: C, 33.44 H H
, 437
Sol\!ent Rl' Rl RI :. la.m m m
A 047 062 L5 0, 39.60
B 0.8 5.4 P, 9.58
o 025 26 Specific Rotation: [a]}} +27.1° (0.54 g/100 ml, H:0)®
D 0.91 pK." 4.5, 6.3
Spectral Constants: Paper Chromatography: Dissolve the free acid in | M NH,OH; the

pH Amax Eonax Ref.

2 278 127 36
7 270 9.0

N-18 NHg

Cytidine 3'-Phosphate N

(3'-Cytidylic Acid) J\ |
0 N

Abbreviations: Cyd-3'-P, 3'-cmp
Formula: CgHuN;QP
Mol. Wt.: 323.20
Cale. %: C, 33.44
H, 4.37 o
N, 13.00 1
0, 39.60 HO—P=0
P, 9.58 oM
Specific Rotation: [a]p +49.4° (1.0 g/100 ml, H:0)®
pK.* 4.3, 6.0

Paper Chromatography: Dissolve the Li* salt in H:O.
Solvent Ry

A 0.48

OH

B 0.21
c 0.26
D 0.95

162

Li*, Na*, or K* salt, in H/O.

Solvent Ry

A 0.39

B 0.14

C 0.16

D 0.87
Spectral Constants:

Am  Awm
pH Aenax €max A Ao Ref.
280 132 0.4 2.09 15

2
7 271 91 084 098
1 21 91 084 098

Remarks: The free acid met NRC specifications.



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

N-20 / N-2

N-20
Cytidine 5’-Triphosphate NHg

Abbreviations: Cyd-5'-P;, 5'-cTP
Formmia: GH,N:OuP: ¢
Mol Wt.: 483,16 [ ]
Cale; X:C, 037 WO=TP=0R=0=ES08
H, 3.34 OH OH OH
N, 8.70 L H H
0, 48.36
P, 19.23 HO  OH
pK,:» 4.8, 6.6

Paper Chromatography: Dissolve the Li*, Na*, K*, or NH{ salt in
H,0.

Solvent Ry Ru Ru

A 0.20 1.15 1.55
B 0.05
C 012 28
D 0.94
Spectral Coastants:

pH Aemax €max Az A Ref.

2 280 128 045 212 15
7 m 90 084 097
11 n 90 084 097

N-21 NHp

N ie

Formsala: CH;N;O
Mol. Wt.: 111.10
Cale. 7:C, 43.24
H, 4.54
N, 37.82
0, 14.40
pK.® 46,122

Paper Chromatography: Dissolve the sample in 1| M NH,OH,
Solvent Ry

0.76

0.50

0.70
0.71

CaOw»

Gas Chwromstography: Trimethylsilyl derivative.
MU value  Rel. Peak Area
15.18 100

Aw  Am
pH Acsax Emax A Az Ref.

1 276 100 048 1.53 38
7 267 61 078 0.58
14 282 79 060 328

Remarks: A sample was dried for 8 h at 65 °C for spectral analysis.
Met NRc specifications.

N-22 NHe
‘-Deoxyadenosine NF
[9-(2-Deoxy-B-D-ribofuranosylyadenine] \, |

Abbreviation: dAdo

Formula: CyoHiyN,O, HOCHg -0

Mol. Wt.; 251.25

Cale. %:C, 47.80 H
H, 5.21 HO H
N, 27.88
0, 19.11

Meiting Pt.:® 188-190 °C

Specific Rotation: [a] —24.0° (0.37 /100 ml, H,0)®

pK. = 3.8

Paper Chromatography: Dissolve the sample in H:O.

Solvent Ry Ru
A 0.93

B 0.57 0.10
C 0.66

D 0.40 2.1**

Gas Chromatography: Trimethylsilyl derivative.
MU value  Rel. Peak Area

25.91 100
24,95 2
Spectral Constants:
A Am
PH Moz €max  Aw  Aw  Ref,
1 258 14.6 39, 40
7 260 149 080 0.16
13 260 149
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2’-Deoxyadencsine 5’-Diphosphate / 2’-Deoxycytidine

N-23 / N-26

N-23

2'-Deoxyadenosine 5’-Diphosphate

(2’-Deoxyadenosine 5’-Pyrophosphate)

Abbreviations: dAdo-5'-P,, 5'-dabpp

Formuda: C;,H;sN;OyPs

Mol. Wt.: 411.21 ? E'

Cake. 7: C, 29.21 HO=P—0-P=-0+
H, 3.68 | |
N, 17.03 OH OH
0, 35.02
P, 15.06

Paper Chromatography: Dissolve the Li*, Na*, K*, or NH{ salt in
H,0.

Solvent Ry Ru Ru

Spectral Constants: Literature data are inconsistent. Our data are

given.
Ao fm
PH Doz fmex  Aw  Awm  Rel
2 258 148 083 023 n~Nrcsample
7 260 15.1 0.717 0.12
11 260 15.2 0.77 0.12

Remarks: Anion-exchange chromatography showed traces of 2
nucleosides and 1 nucleotide. In the absence of reliable, spectral
reference data, the purity of this compound is regarded as

tentative.

N-25

A 030 040 1.8
B 007 73

[ & 0.26 1.6

D 0.88 0.86

Spectral Constants: No spectral data in the literature; use the data
for 2'-deoxyadenosine 5'-phosphate (N-24).

N-24
2’-Deoxyadenocsine 5'-Phosphate NHg

N N
Abbrevistions: dAdo-5-P, 5'-damp @">

Formula: C;,;H,,N;O,P
Mol. Wt.: 331.23
Cale. %: C, 36.25

H, 4.26

N, 21.14

O, 28.98

P, 9.35
Specific Rotation: [a]’]; —38.0° (0.23 g/100 ml, H;O"
pK,:¢ 38, 64

Paper Chwomatography: Dissolve the Li*, Na*, K*, or NH{ salt in
HyO.

Solvent Ry

A 0.56
B 0.19
C 0.34
D 0.87

Gas Chromatography: Trimethylsilyl derivative.
MU value Rel. Peak Area
30.92 100

Water Analysis: 8.907 (calculated for the dihydrate, 9.00 7).
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‘-Deoxyadenosine 5’-Triphosphate

Abbreviations: dAdo-5'-P;, 5'-datp

Formula: C,H,;N,0,,P, 0 0 0

Mol. Wt.: 491.19

Cale. 7: C, 24.45
H, 3.28
N, 14.26
0, 39.09
P, 1892

Paper Chromatography: Dissolve the Li*, Na*, K*, or NH{ salt in
H,0.

Solvent Ry Ru Ru

A 039 010 13
B 0.05

C 0.18 49

D 093 040

Spectral Constants: No spectral data in the literature; use the data
for 2'-deoxyadenosine 5’-phosphate (N-24).

N-26 NH,
2'-Deoxycytidine N
[1-(2-Deoxy-g-D-ribofuranosyl)cytosine] J\

Abbreviation: dCyd
Formula: Ci-HanO-I.
Mol. Wt.: 227.22
Cale. 7: C, 47.57

H, 577

N, 18.49

0, 28.16
Melting Pt.:® 207-209 °C
Specific Rotation: [a]% +57.6° (2 g/100 mi, H/O)®
pK.* 4.3
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N-27 [/ N-29

2’-Deoxycytidine 5’-Diphosphate / 2’-Deoxycytidine 5’-Triphosphate

Paper Chromatography: Dissolve the sample in H;O.

Solvent Re

A 0.80
B 0.62
C 0.77
D 0.76

Gas Chwromatography: Trimethylsilyl derivative.

MU value  Rel. Peak Area
23.79 100
Water Analysis: 0.06%.
Spectral Constants:
Ao Am

PH Moz €max  Aw  Aw  Rel

1 280 132 042 215 4
7 m 90 083 097
11 271 9.0 0.83 097

Remarks: Met NRC specifications. Cation-exchange chromatog-
raphy showed 1 impurity, probably less than 1 %.

N-27
2!.Deoxycyﬂdiu 5"'ml1|108plulte
(2'-Deoxycytidine 5'-Pyrophosphate)
Abbreviations: dCyd-5'-P;, 5'-dcop
Formula: C;H ;N0 Py 9 3
Mol. Wt.: 387.18 g
Cale. %: C, 2792 Hﬂ-f-o-r-o\
H, 390 [
N, 10.85
0, 41.32
P, 16.00

Paper Chwromatography: Dissolve the Lit, Na*, K+, or NH{ salt in
H;0.

Solvent Ry Ru Ru

A 025 027 25
B 0.05
C 020 0.57 1.5
D 0.89

Spectral Constants: No spectral data in the literature; use the data
for 2'-deoxycytidine 5’-phosphate (N-28).

N-28
‘-Deoxycytidine 5'-Phosphate

Abbrevistions: dCyd-5'-P, 5'-dcmp

Formula: Cnl'luNﬁP
Mol, Wt.: 307.20
Cale. %: C, 35.18
H, 4.59
N, 13.67
0, 36.46
P, 10.08

Specific Rotation: o] +38.5° (1.2 g/100 ml, H;O)*
pK.:2 4.6, 6.6

Paper Chromatography: Dissolve the free acid in 1 M NH,OH; the
Li*, Nat, or K* salt, in H;O.

Solvent Ry

A 0.53
B 0.16
C 0.21
D 0.85

Spectral Constants: Literature data on molar absorption coefficients
are inconsistent. Our data are given.

Aw  Amw
pH Amax €max Aw A Ref.

1.5 279 13.0 0.43 2.12 12 (ratios)
70 270 9.1 0.82 099  n~rc sample (¢ values)

Remarks: The free acid met Nrc specifications.

N-29
2’-Deoxycytidine 5’-Triphosphate

Abbreviations: dCyd-5'-P;, 5'-dcTP
Formula: CH{N;O,,P;
Mol. Wt.: 467.16
Cale. 7:C, 23.14

H, 345

P, 19.89 HO H

Paper Chromatography: Dissolve the Li*, Na*, K*, or NH{ salt in
H;0.

Solvent Ry Ru Ry

A 0.22 1.3 20
B 0.05
C 018 050 25
D 093

Spectral Constants: No spectral data in the literature; use the data
for 2’-deoxycytidine 5’-phosphate (N-28).
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2’-Deoxyguanceine / 2’-Deoxyincsine

N-30 / N33

N-30 0
‘-Deoxyguancsine HN “\
[9-(2-Deoxy-f-D-ribofuranosyl)guanine] i ,J‘N ,,>

Abbreviation: dGuo
Formula: CyyH,;NO,
Mol. Wt.: 267.25
Cale. 7:C, 4494

H, 4.9

N, 26.21

0, 23.95
Specific Rotation: [o]} —30.2° (0.20 g/100 ml H,0)®
pK,:2.%238,9.5

Paper Chromatography: Dissolve the sample in 1 M NH,OH.
Solvent Ry Ru

A 064 0.78
B 046 0.65
C 0.68 0.78
D 0.63

Gas Chromatography: Trimethylsilyl derivative.
MU value  Rel. Peak Area

28.00 100
19.80 2
21.12 1 (guanine)
27.60 1
29.60 3
Spectral Constants:
A Am
pH Aemaz €max Am :;; Ref.
7 254 130 116 065 39
N-31
‘-Deoxyguancsine 5’-Diphosphate o
(2’-Deoxyguancsine 5'-Pyrophosphate)
Abbreviations: dGuo-5'-P;, 5'-dappP ﬁb
Formula: C;oH;sNyOyPs HeN“ =N
Mol. Wt.: 427.21 Y ®
Cale. %:C, 28.12 Ho-?-o-—rl»«-o- 0
H, 3.54 H H
N, 16.40 oo . H
0, 37.45 HO H
P, 14.50

Paper Chwomatography: Dissolve the sample in HyO.

Solvent Ry Ru Ru
A 0.17 24

B 0.04 1.7

c 0.13 1.6

D 088 032 0%

Constants: No spectral data in the literature; use the data

for 2'-deoxyguanosine 5’-phosphate (N-32).
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N-32
2’-Deoxyguanosine 5’-Phosphate

Abbreviations: dGuo-5'-P, 5'-damp
Formula: Cy,H;N;O/P
Mol. Wt.: 347.23
Cale. 7: C, 34.58

H, 4.06

N, 20.17

0, 32.26

P, 892
Specific Rotatioa: [a] —31° (0.43 g/100 ml, HyO)*
pK.:®29,64,9.7

Paper Chromatography: Dissolve the free acid in 1 M NHOH; the
Li*, Na*, or K* salt, in HsO.

Solvent Ry

A 0.39
B 0.03
(o] 0.16
D 0.85

Gas Chromatography: Trimethylsilyl derivative.
MU value  Rel. Peak Area
32.24 100

Water Analysis: 18.27; (calculated for 4.5 H,0, 17.1%).
Spectral Coastamts: Literature data are inconsistent. Our data are

given.
Awg Amgy
PH Aar €me Aw Am  Ref
2 255 12.5 1.05 073 NRC sample
7 253 13.8 .18 0.67
11 258 11.7 0.93 0.65

Remarks: Anion-exchange chromatography showed 1 nucleotide
impurity (approximately 2%). In the absence of reliable, spectral
reference data, the purity of this sample is regarded as tentative.

N-33
2'-Deoxyinosine

Abbreviation: dino
Formula: C:oHIiN¢O¢
Mol. Wt.: 252.23
Cale. 7: C, 47.62
H, 4.80
N, 22.21
0, 25.37
Specific Rotation: [u]: —21.5° (1 g/100 ml, HLO)®

Paper Chromatography: Dissolve the sample in H,O.

Solvent Ry Ru
A 0.62 0.30*
B 0.44

C 0.58

D 0.60 1.4**
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N-34 / N-36

2’-Deoxyuridine / N*,N'-Dimethyladenine

Gas Chromatography : Trimethylsilyl derivative.

MU value

Rel. Peak Area

25.44
17.95
28.10

100

0.4

Spectral Coastants:

Ref.

7 249 12.8

2 (hypoxanthine)

N-34
2’-Deoxyuridine

Abbreviation: dUrd
Formula: GH,sN;0s
Mol. Wt.: 228.21
Cale. 7,: C, 41.37
H, 530
N, 12.28
0, 35.06
Melting Pt.:* 163 °C

Specific Rotation: [a]} +30.0° (2 g/100 ml, H,0)®

piL.:%9.3

Paper Chromatography: Dissolve the sample in HO.

Solvent R

A 0.67
B 0.56
C 0.76

Spectral Constants:

Amaz  Gmax

Awo

Am

Awo

Ref.

1 262 10.2
7 262 10.2
12 262 1.6

Remarks: Met NRc specifications.

0.72
0.72
0.81

0.38

0.31

N-35

2’'-Deoxyuridine 5'-Phosphate

Abbreviations: dUrd-5'-P, 5’-dump

Formmia: GH,,N:O,P
Mol. Wt.: 308,19
Cale. 7: C, 35.08
H, 4.25
N, 9.09
0, 41.53
P, 10.05
pK.:= 9.3

0
[

OH

I

CHg

HO

Paper Chromatography: Dissolve the Li*, Nat, K+, or NHf salt in
H,0.

Solvent Ry

A 0.39
B 0.12
C 0.24

Spectral Cosstamts: Values in parentheses are NrcC data for this

compound.
A‘ A:-
PH s €mx Aw  Aw  Ref
2 260 98 078 041 49
7 260(262) (9.7) 0.80 0.43
12 260(261) (7.5) 0.83 0.32
Remarks: Met NRC specifications.
N-36 HsC._  _.CHsy
N8 ,NS.Dimethyladenine N
(6-Dimethylaminopurine) m
"
Abbreviation: 6Me;Ade
Formula: CG;H;N,

Mol. Wt.: 163.18
Cale. 7,: C, 51.52
H, 556
N, 42.92
Melting Pt.:* 257 °C
pK,:* 3.9, 10.5

Paper Chwomatography: Dissolve the sample in 0.5 M HCL.
Solvent Ry Ry

A 0.87 0.85*

B 0.83  0.84***
C 082 0.65***
D 0.51 0.18%.**

Gas Chromatography: Trimethylsilyl derivative.

MU value Rel. Peak Area
17.95 100
Spectral Constants:
PH  dmax  €max Ref.
2 276 15.5 53
7 275 17.8
13 281 17.8
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N, N\.Dimethylgusnine / Guanosine

N-37 /| N-®

N-37 0
N2,N2.Dimethylguanine HN »
(2-Dimethylamino-6-hydroxypurine) ”35\" Xy | ~>
/ H
HyC

Abbreviation: 2Me,Gua
Formala: G;H;N,0
Mol. Wt.: 179.18
Cale. 7: C, 46.92

H, 5.06

N, 39.09

O, 893

Paper Chromatography: A solution containing 10 A units/5 ul
could not be made. The data reported here were obtained by dis-
solving 1.6 mg in 0.3 ml of 0.5 M HCl (2 Ase units/5 ul) with
heating, and applying 5 separate aliquots to the paper, drying
after each application.

Solvent Ry Ru Ru

A 0.56 1.4

B 037 032 1.22
C 0.40

D 020 0.09 1.1

Gas Chromatography: Trimethylsilyl derivative.
MU value
20.79

Spectral Constants:

Adm  Aw
pH Amax Emax Ao A Ref.

1 256 190 092 036 50,351
11 282 1.5 1.6 1.5

Remarks: The sample tested was grossly impure, containing among
other constituents di-isobutyl phthalate, a plasticizer. Paper-
chromatographic data are for the sample tested previously.!

N-38

enalite N
Abbreviation: Gua HNTENTT
Formula: C;H,N,0

Mol. Wt.: 151.13

Cale. 7: C, 39.73
H, 3.33
N, 46.34
0, 10.59

pK.* 3.0,9.3, 126

Paper Chromatography: A solution containing 10 Ao units/5 ul
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 ul) with
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heating and applying 3 separate aliquots to the paper, drying after
each application.

Solvent Ry

A 0.66
B 0.27
C 0.47
D 0.40

Gas Chromatography: Trimethylsilyl derivative.

MU value Rel. Peak Area
21.15 100
Spectral Constants:
A” Am
PH Doas  €max  Aw  Awm  Ref
1 248 114 1.37 0.84 12
246 10.7 1.42 1.04
11 274 8.0 0.99 1.14

Remarks: Met Nre specifications.

N-39 0
Guanosine
(9-8-p-Ribofuranosylguanine)

Abbreviation: Guo
Formula: C,;HisN:O, 0
Mol. Wt.: 283.25
Cale. 7: C, 42.40

H, 4.63 H

N, 24.73 7]

0, 28.24
Specific Rotation: [a]h —72° (1.4 g/100 ml, 0.1 M NaOH)*
pK.#.412.2,9.2, 123

x

Paper Chromatography: A solution containing 10 A units/5 &
could not be made. Data reported here were obtained by dis
solving 2.5 mg in 0.1 ml of 1 M NH.OH (5 A units/5 ul) with
difficulty (i.e., the solid dissolves slowly) and applying 2 separate
aliquots to the paper, drying after each application.

Solvent Ry Ru

A 0.50
B 0.36 1.2
C 0.53
D 0.62

Gas Chromatography: Trimethylsilyl derivative.

MU value Rel. Peak Area
28.02 100

21.15 0.5 (guanine)
27.61 1.5
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N-40 / N43

Guanosine 2’:3’-Cyclic Phosphate / Guanocsine 2°(3)’-Phosphate, Mixed Anomers

Spectral Constants:

pH Mnax €max E Asw Ref.
1 257 12.2 0.94 0.70 12

11 258266 113 089 06l

0

N-40 H
Guanosine 2’:3'-Cyclic Phosphate 'L >
HoN

Abbreviations: Guo-2':3'-P; 2':3'cyclic amp
Formula: C,iH;;N,O.P
Mol. Wt.: 345.21
Cale. 7: C, 34.79
H, 3.51
N, 20.29
0, 32.44
P, 897

Paper Chromatography: Dissolve the Li*, Na*, K+, NH}, or Ba'
salt in H,O.

Solvent Ry Ru Ru

A 034 039 054
B 055 033

C 050 0.60

D 0.85 1.1

Speciral Constants: There are no reliable data available; use the
data for guanosine 5'-phosphate (N-45).

N-41
Guanosine 5'-Diphosphate
(Guanosine 5’-Pyrophosphate) 0

Abbreviations: Guo-5'-Py, 5'-GDP H")I'S

Formula: C,(H;;N,O,,P: N

Mol. Wt.: 443.21

Cale. %: C, 27.10
H, 341
N, 15.80
0, 39.71
P, 1398

pK.: 29, 6.3,9.6

Paper Chromatography: Dissolve the Li*, Na+, K*, or NH{ salt in
H;0.

Solvent Ry Ru

A 012 40
B 0.02

C 0.08

D 089 089

Spectral Constants:

pH Amax €max A A Ref.

1 256 123 095 067 15
253 13.7 1.15 0.66
11 257 1.7 091 0.61

N-42 0
Guanosine 2’-Phosphate HN N
(2'-Guanylic Acid)

Abbreviatioas: Guo-2'-P, 2'-amp
Formula: C,,;H,,N,O;P
Mol. Wt.: 363.23 H H
Cale. %: C, 33.06
H, 3.88 HO ?
N, 19.28 .
0, 35.24 HO_T @
P, 8.52 Y
pK,2 9.2

Paper Chromatography: Dissolve the Na*t salt in H;O.

Solvent Ry Ry Ru
A 0.31 1.6 30
B 0.10 29

C 0.15 3.6

D 0.94 0.70

|

0.53 0.7 (3"-isomer)

Gas Chromatography: Trimethylsilyl derivative.
MU value  Rel. Peak Area
31.15 100

Spectral Constants:
Ao Ao

PH Aw A Ref.

1 090 0.68 12
7 115 0.68
12 089 0.60

* See 2"-amp (N-5).

N-43
Guanosine 2'(3")-Phosphate, Mixed Anomers

Abbreviations: Guo-2'(3")-P, 2'(3")-omp
Formula: CioH;N:O:P
Mol. Wt.: 363.23
Cale. 7: C, 33.06
H, 3.88
N, 19.28
0, 35.24
P, 8.52
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Guanosine 3’-Phosphate / Guanosine 5’-Phosphate N-44 / N4S
o Gas Chromatography: Trimethylsilyl derivative.
HN/'I H')I's MU value  Rel. Peak Area
HoN” Sy~ N H,NJ\“ N 3118 100
0 (o] Spectral Constamts:
H H H H Amo Am
H H + H H PH Max Am  Am  Ref
D o W 9 1 2% 093 06 58
HO-I:'-O no-:--o 7 264 L17 0.68
i . 12 260 088 058
* See 2-amr (N-5).
Paper Chromatography: Dissolve the sample in 1 M NH,OH.
Solvent Ry
A 0.28
B 0.08 N-45 0
C 0.07 Guanosine 5’-Phosphate N
D 0.88 (5'-Guanylic Acid) i J
W
Water Analysis: 5.6 (calculated for the monohydrate, 4.2%). Abbreviations: Guo-5'-P, 8'-oMp o
Formula: C HO—P—-0- °
Spectral Coastsats: Literature data are inconsistent, Our data are Mol. Wt.: ;;l;l,;;i.&? CI:H
given. Cak. %:C, 33.06 H H
Am  Am H, 358 HO O
pH Aamax Emax A A Ref. N, 19.28
1 257 123 092 065 0,314
NRC sample P, 8.52

7 253 13.3 L15  0.67
12 263 1.2 088 0.58

Remarks: Guanosine (about 17), traces of 3 nucleosides, and 2'-
and 3'-ump detected by anion-exchange chromatography. In the
absence of reliable, spectral reference data, the purity of this com-
pound is regarded as tentative,

N-44 0

Guanosine 3’-Phosphate HN N

(3'-Guanylic Acid) I LY
HgN” Sy N

Abbreviations: Guo-3'-P, 3'-amp
Formula: C,oH,:NyO,P
Mol. Wt.: 363.23
Cale. 7: C, 33.06
H, 3.88
N, 19.28
0, 35.24
P, 8.52
pK,® 9.2

Paper Chromatography: Dissolve the Na* salt in H;0.
Solvent Ry Ru

A 0.27 1.7

B 009 35

C 0.02

D 091 075

Fe 0.44 1.25 (2'-isomer)
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pK,:» 24, 61,94

Paper Chromatography: Dissolve the free acid in 1 M NH,OH; the
Li+, Na*, or K+ salt, in H;0.

Solvent Ry

A 0.15
B 0.06
C 0.05
D 0.87

Gas Chromatography: Trimethylsilyl derivative,
MU value  Rel. Peak Area
3L 100

Water Analysis: 6.3 7, (calculated for the monohydrate, 4.3%).
Spectral Coastants:

Aw  Am
1 236 122 09 0.67 15

7 252 13.7 l:|6 0.66
11 258 1.6 05 0.61

Remarks: Met Nrc specifications.



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

N-46 / N49

Guanosine 5’-Triphosphate / Inosine 5’-Dipbosphate

N-46
Guanosine 5’-Triphosphate o
Abbreviations: Guo-5'-P;, 5'-a1P J&g I N%
Formala: CuH1N:OwPs HpN- Ry~ N
Mol. Wt.: 523.19 o o o
Cale. 7: C, 22.96 HO-P=-0= —o—#-o—c o
- T e
N, 13.39 H L)
0, 42.81
P, 17.76 W on
pK. 3.3,6.5,9.3
Paper Chromatography: Dissolve the Li*, Na*, K*, or NH{ salt in
H,0.
Solvent Ry Ru Ru
A 020 1.2
B 0.05
C 010 26 050
D 0.94
Speciral Coastants:
Aw  Aw
pH Renax €max A Ao Ref.
1 25 124 09 067 15
7 253 137 LI17 066

11 257 119 092 0.5

N-47
Hypoxanthine

N
HN Q
X
Abbreviation: Hyp N W
Formula: GH,N,0
Mol. Wt.: 136.11
Cale. %:C, 44.12
H, 2.96
N, 41.17
0, 11.75
pK.® 2.0, 8.9, 12.1

Paper Ciwomatography: Dissolve the sample in 0.1 M HCl.

Solvent Ry

A 0.62
B 0.51
C 0.66
D 0.58

Gas Chromatography: Trimethylsilyl derivative.
MU value  Rel. Peak Area
17.92 100

Water Analysis: 0.047;.

Speciral Constants:

A Am

1 248 108 145 004 12
7 250 10.7 132 009
11 259 1.1 084 0.12

Remarks: Met Nrc specifications. Cation-exchange chromatography
showed a trace of 1 impurity, possibly xanthine,

N-48
Inosine
(9-6-D-Ribofuranosylhypoxanthine)

Abbreviation: Ino
Formmla: CoH;sNO,
Mol. Wt.: 268.23
Cale. %: C, 44.78

H, 4.51

N, 20.89

0, 29.82
Specific Rotation: [a]f —58.8° (2.5 g/100 ml, H;0)
pK, =% 10, 8.8, 123

Paper Chromatography: Dissolve the sample in HyO (warming may

be necessary to effect dissolution).
Solvent Ry Ry
A 0.48 1.3
B 047
C 0.59  0.83*
D 074 081
Gas Chromatography: Trimethylsilyl derivative.
MU value  Rel. Peak Area
25.96 100
Spectral Constants:
Ao Ay

PH 2osx €max Aw Am  Ref

0 251 109 121 011 12
6 249 123 1.68 025
11 253 13.1 1.05 0.8

N-49
Inosine 5'-Diphosphate
(Inosine 5'-Pyrophosphate) v}

. k::Ib
Mol. Wt.: 428.19

B_o-P
—P-0-P=0
Cale. %: C, 28.08 i R e
H, 3.30 OH  OH A
N' 13-‘” H H

0,41.10
P, 1447 Ho: oM

Abbrevistions: Ino-5-Ps, 5'-IDP
Formula: C,oH; NOyP;

0

17
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Inosine 5'-Phosphate / S-lodo-2"-deaxycytidine N1 v
Paper Chromatography: Dissolve the Li*, Na*, K+, or NH{ salt in N-51
H0. Inosine 5'-Triphosphate 0
Solvent Ry Ru H
Abbreviations: Ino-5'-P;, 5'-rte k
A 013 30 Formula: C,oH,;NO,/P; 0 0 0
N
B 0.02 Mol. Wt.: 508.17 ] ] ]
c 011 16 Cake. %:C, 364 WO={=0=0=0=F-0~_
D 0.88 H, 298 OH OH OH
N, 11.03 AN
Spectral Constants: No spectral data in the literature; use the data 0, 44.08 H
for inosine 5'-phosphate (N-50). P, 18.28 U
pK. 9.2

N-50 0
Inosine 5’-Phosphate HN
(5’-Inosinic Acid) |Q |
*'i‘ M
Abbrevistions: Ino-5'-P, 5'-mp HO- ll’-Ox o
Formula: C,H;;N.O,P OH
Mol. Wt.: 348.21 H
Cale. %: C, 34.48 H H
H, 3.76 HO OH
N, 16.09
0, 36.76
P, 8.89

Specific Rotation: (o] — 36.8° (0.87 g/100 ml, 0.1 M HCI#
pK,:* 1.5, 6.0, 8.9

Paper Chromatography: Dissolve the Li*, Na*, K+, or NH{ salt in
H:0.

Solvent R¢

A 0.28
B 0.03
C 0.15
D 0.90

Gas Chwomatography: Trimethylsilyl derivative.
MU value  Rel. Peak Area
30.40 100

Water Analysis: 8.9 7 (cakulated for the dihydrate, 8.47).

Spectral Constants:
Aw  Aw

7 249 12.7 1.66 026 62

Remarks: The molar absorptivity at pH 7 was low, even after cor-
rection for water content (11.9). Anion-exchange chromatog-
graphy showed one nucleotide impurity (about 5%).
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Paper Chromatography: Dissolve the Li*, Na*, K+, or NH} salt in

Solvent Ry Ru Ru
A 020 1.2

B 0.05

c 016 050 2.1
D 0.95

Spectral Constants: No spectral data in the literature; use the data
for inosine 5’-phosphate (N-50).

N-52 e
5-lodo-2'-deoxycytidine N 1
(2’-Deoxy-S-iodocytidine) J\
0 N

Abbreviation: SIdCyd
Formula: CH;,IN,O, 4]
Mol. Wt.: 353.12
Cale. 7: C, 30.61 H H

H, 343

I, 3594

N, 11.90
0, 18.12

Paper Chromatography: Dissolve the sample in HyO.

Solvent Ry

A 0.80

B 0.63

C 0.70

D 0.64
Spectral Constants:

pH Amax €Emax Ref.

1 309 B15 64
7 293 6.02
13 294 593

Remarks: Met NrC specifications.
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N-53 / N-56

S-Iodo-2"-deoxyuridine / N*-Isopentenylsdenosine

N-53

S-lodo-2'-deoxyuridine

(2'-Deoxy-5-iodouridine)

Abbreviation; 5IdUrd
Formula: CH,,IN.O;
Mol. Wt.: 354.10
Cale. %: C, 30.53
H, 3.13
I, 3584
N, 791
0, 22.59
pK.:® 8.2

Paper Chromatography: Dissolve the sample in H;O.

Solvent Ry

A 0.68
B 0.59
C 0.84

Spectral Constants:
pH Ammax €rax

Ref.

1 289 1.83
7 289 7.69
13 280 5.79

Remarks: Met Nrc specifications.

64

N-54
S-Iodouridine

Abbreviation: 5I1Urd
Formula: GH,,IN;O,

Paper Clwomatography: Dissolve the sample in H;O.

Mol. Wt.: 370.10
Cale. %: C, 29.21
H, 3.00
I, 34.29
N, 7.57
0, 2594
pK,:® 8.5
Solvent Ry
A 0.61
B 0.53
C 0.75
D 0.73
Spectral Constants:

PH  Doax  €mar

Ref.

1 289 8.02
7 288 7.96
13 280 6.17

Remarks: Met NRC specifications.

64

N-55
N¢.Isopentenyladenine
[N®-(3-Methyl-2-butenyladenine]

Abbreviation: 6Pe'Ade s o S

Mol. Wt.: 203.24 " ;j[~\>
ey Ao
H

Cale. %: C, 59.09
Paper Chromatography: Dissolve the sample in 0.5 M HCL

H, 645
N, 34.46
Solvent Ry Ru

Melting Pt.:% 213-215 °C

A 0.96
B 084  0.89*
C 0.88
D 0.53

Gas Chromatography: Trimethylsilyl derivative.

MU value Rel. Peak Area
21.15 100
23.76 0.5

Spectral Constants:

PH  Daax  €max Ref.

1 273 186 66
7 269 19.4
12 275 18.1

N-56 H!c:'c-CH—H:C\“,H

Ne.Isopentenyladenosine > Ao

[N®4(3-Methyl-2-butenyl)adenosine] K | N}
N

Abbreviation: 6Pe'Ado
Formula: Cul'luNl.Oi
Mol. Wt.: 335.36 H H
Calc. %: C, 53.72
H, 631 Ho o
N, 20.88
0, 19.08
Melting Pt.:*" 145-147 °C
Specific Rotation: [o]2 —103° (0.14 g/100 ml, EtOH)®
pK.:* 3.8

Paper Chwomatography: Dissolve the sample in H;O.

Solvent R

A 093
B 0.84
C 0.84
D 0.64
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Kivetin / S-Methylcytosine N$7/ N9
Gas Chromatography: Trimethylsilyl derivative. N-58 i W
MU value  Rel Peak Area N°-Methyladenine “ﬁu
.50 100 Abbreviation: 6MeAde k*,, l ,,,>
26.09 0.5 Formula: GH;N, H
Mol. Wt.: 149.16
Water Analysis: 2.2% Cale. %: C, 48.31
H, 473
Spectral Constants: N, 46.95
Melting Pt.:™ 319-320 °C
PH  Aoas  €max Refl pK.1 4.2, 100

1 265 204 66
7 269 20.0
12 269 20.0

Remarks: Measured molar absorption coefficients were 5% higher
than those listed. The purity of this compound is regarded as
tentative until additional spectral reference data are available,
incluc'l'ins ratios. This compound decomposes on storage, even at
-T0°C.

N-57 (o]

Kinetin H CQ!

(N°-Furfuryladenine) »
H

Formula: C,.H,N,0 NJI*)
Mol. Wt.: 215.22 I\
Cale. 7: C, 55.81 N H
H, 4.21
N, 32.54
0, 743
Melting Pt.:™ 265-266 °C
pK.:" 1.8, 10.0

Paper Chromatography: Dissolve the sample in 0.5 M HCL.
Solvent Ry Ry

A 093 045
B 085 0.61
C 085  0.68**

Gas Chwomatography: Trimethylsilyl derivative.

MU value Rel. Peak Area
22.04 100
18.52 1

Spectral Constants:

0 274 170 T
6 267 18.8
14 273.5 176
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Paper Chwomatography: Dissolve the sample in hot H{O.
Solvent Ry Ru

A 0.89

B 077 1.1*
078 0.10

D 0.46 1.2*

o 062 0.10

Gas Cihwomatography: Trimethylsilyl derivative.

MU value Rel. Peak Area
17.59 100
20.00 1.3

Spectral Constants:

pH Amax €y Ref.

2 267 15.1 53
7§ 266 16.2
12 273 15.8

sButanol saturated with HsO.

N-59 NH

5-Methylcytosine ,,Jj, CHy
0*

Abbreviation: SMeCyt b
Formula: C;H;N:O
Mol. Wt.: 125.13
Cale. %: C, 41.99
H, 564
N, 33.58
0, 1279
pK.:™ 46,124

Paper Chwromatography: A solution containing 10 A units/ul could
not be made. The data reported here were obtained by dissolving
3.6 mg in 0.1 ml of HyO (3.3 A units/5 ul) with warming and
applying 3 separate aliquots to the paper, drying after each
application.

Solvent R

A 0.80
B 0.65
C 0.70
D 0.71
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N-60 / N-62

S-Methyl-2"-deoxycytidine / 1-Methylinosine

Gas Chromatography: Trimethylsilyl derivative.

MU value  Rel. Peak Area
15.44 100
Water Analysis: 6.07].
Spectral Coustants:
Ano Ao

pH Amax L K E Ref.

1 283 9.8 0.41 2.66 12
7 273 6.2 0.81 1.20
14 289 8.1 085 3.75

Remarks: Met NrC specifications.

N-60 NH,

S-Methyl-2'-deoxycytidine N Hy

(2’-Deoxy-5-methylcytidine) J\ |
07N

Abbreviation: SMedCyd
Formala: CoHN/O,
Mol. Wt.; 241.25 o
Cale. %7: C, 49.79

H, 627

N, 17.42

0, 26.53
Specific Rotation: la]% +62° (1.0 g/100 ml, 1 M NaOH)"
pK.:? 4.4

Paper Ciwomatography: Dissolve the sample inH,O.

Solvent Ry

A 0.81

B 0.65

C 0.77

D 0.80
Water Analysis: 0.7%.
Spectral Constants:

PH  doex  €mex A A  Ref

1 287 124 043 300 73
7 271 85 099 1.54
14 2719 8.8

Remarks: Molar absorption coefficients were 5-10%, too low, even
after correction for water content. Supplier claimed 1.5 molecules
of water of hydration (10.1%) per molecule. Cation-exchange
chromatography showed 1 impurity (about 3 %7).

N-61 0 Ch
7-Methylguanine H")iﬂ
Abbreviation: TMeGua H N)ﬁu N>
Formmala; C;H;N;O 2

Mol. Wt.: 165.16
Cale. 77: C, 43.63
’ H, 427
N, 4240

Paper Clwomatography: Dissolve the sample in 0.5 M HCL
Solvent Ry

A 0.82
B 0.35
c 0.55
D 0.45
Spectral Coustants:
Am
PH  Muax  €mex A Ref

1 250 11.0 079 74,75
7 283 7.8 1.8
13 280 1.8 1.9

Remarks: Met NRC specifications.

N-62 e S
1-Methylinosine Y Ny
(1-Methyl-9-8-p-ribofuranosylhypoxanthine) kﬂ | N>

Abbreviation: 1Melno

Formula: CuHuNJOI HOC!

Mol. Wt.: 282.26

Cale. 7: C, 46.81
H, 5.00 HO OH
N, 19.85
0, 28.34

Melting Pt.:™ 210-212 °C

Specific Rotation: [a]f —49.2° (0.50 g/100 ml, H;O)*

pKo:* 1.2

Paper Chwromatography: Dissolve the sample in H;O.
Solvent R Ru Ru

A 0.65 0.1 1.2
B 0.51 0.59
C 0.75 0.87
D 0.84
Gas Chwromatography: Trimethylsilyl derivative.
MU value Rel. Peak Area
29.80 100
25.88 5 (inosine)
Spectral Constants:

PH  Amax  €max  Ref
7 251 104 mn
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S-Methylwridine / Psendouridine, Mixed Anomers

N-63 / N-65

N-63
5-Methyluridine
(5-Methyl-1-8-p-ribofuranosyluracil)

Hy

HN ¢
s
Abbreviation: SMeUrd
Formala: C,H,N;O,
Mol. Wt.: 258.23
Cale. 7: C, 46.51

H, 546

N, 10.85

0, 37.18
Melting Pt.:™ 183-185 °C
Specific Rotation: [a]p —10° (2 g/100 ml, H,O)®
piG™ 9.7

Paper Ciwomatography: Dissolve the sample in HyO.

Solvent Ry

A 0.62
B 0.52
c 0.76
D 0.85

Gas Chromatography: Trimethylsilyl derivative.

MU value  Rel. Peak Area
25.02 100
2590 2

Water Analysis: 3.87.

Spectral Constants: Literature data are inconsistent. Our data are
given.
Amg  Am
pH Amax Emayx Ao Awo Ref.

1 266 9.7 066 067
7 267 9.5 0.61 0.79
13 267 73 072 074

NRC sample

Remarks: In the absence of reliable, spectral reference data, the
purity of this sample is regarded as tentative.

N-64 0

Orotic Acid ,.m/'j
|
Abbreviation: Oro oJ‘\n COOH

Formula: CGH,NJO, H
Mol. Wt.: 156.10
Cale. 7: C, 38.48
H, 2.58
N, 17.94
0, 41.00
pK.:® 24,95

Paper Chromatography: A solution containing 10 Ase units/5 wl
could not be made Data reported here were obtained by dis-
solving 4.1 mg in 0.1 ml of 1 M NH,OH (5 Axo units/5 ul) and
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applying two separate aliquots to the paper, drying after each
application.
Solvent Ry Ru Ru

A 025 020
B 045
C 043 0.40* 0.10
D 0.84
Gas Chwomatography: Trimethylsilyl derivative.
MU value Rel Peak Area
17.50 100
18.43 0.2
20.13 0.3
Spectiral Constants:
1 280 1.5 38
7 279 1.7
12 286 6.0
N-65
Pseudouridine, Mixed Anomers
Abbrevistion: ¥rd
Formula: GH;sN/O,

Mol. Wt.: 244.21

Cake. 7: C, 44.27
H, 495
N, 11.47

Paper Chwomatography: Dissolve the sample in H;O.

Solvent Ry Ry Ru Ru
A 0.38 1.9 1.3 (a-anomer)
B 0.45 0.76 1.5 2.0°*
C 0.59 1.2 1.3
D 0.79 0.24%*
Gas Chromatography: Trimethylsilyl derivative.
MU value  Rel. Peak Area
23.32 37.3 (« anomer)
23.75 61.4 (8 anomer)
24.10 0.6
28.86 0.7

Spectral Constants: Use the data for pseudouridine, S-anomer
(N-66).
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N-66 /| NGB

Peendouridine, s-Anomer / Thymidine

N-66
Pseudouridine, 5-Anomer
(5-5-p-Ribofuranosyluracil)

Abbreviation: ¥rd
Formula: C;H;:N;O,
Mol. Wt.: 244.21
Cale. %:C, 44.27

H, 4.95

N, 11.47

0, 39.31
Melting Pt.:™ 233-234 °C
Specific Rotation: [a}p — 3° (1.0 g/100 ml, HyO)®
pK.® 9.1

Paper Chromatography: Dissolve the sample in H,O.
Solvent Ry Ru

A 044 1.5
B 0.41
C 0.65
D 0.82

Gas Chwomatography: Trimethylsilyl derivative.

MU value Rel. Peak Area
23.75 100
17.30, 24.13 i
24.89, 26.24 ces
Spectral Constants:
Awo Ao

PH  Daax  Gma Awo Ao Ref.

0-7 263 8.1 036 040 81,82
12 287 7.8

0
N-67 M CH,
9-8-p-Ribosylkinetin llll-l

(NS-Furfuryladenosine) H H

= N
v

Formmla: Cy;H;;N;O;s l\n
Mol. Wt.: 347.35
Cale. %: C, 51.87 o

H, 493 )

N, 20.16 Nt

0, 23.03

HO OH

Meiting Pt.:® 151-152 °C
Specific Rotation: [a]§ —63.5° (1.13 g/100 ml, EtOH)

Paper Chromatography: Dissolve the sample in 0.1 M HCL

t Ry Ru Ru Ru

088 039 093%°
089 063 073

0.80  0.81** 0.65%°*
0.68 0.76** 0.06*** 1.1

vOow> g

Gas Chwomatography: Trimethylsilyl derivative.

MU value Rel. Peak Area
30.47 100
25.95, 26.43 0.6
29.96, 31.32 0.4
Spectral Constants:

Ethanol 268 19.0 84

N-68 0
nm‘d‘m HN CHy
[1-(2-Deoxy-[-D-ribofuranosyl)thymine] J\
07N

Abbreviation: dThd
Formala: CioH1/N:O; HOCHz -0
Mol. Wt.: 242.23 H H
Cale. 7: C, 49.58 H H

H, 5.83 HO H

N, 11.57

0, 33.03
Meiting Pt.:* 186-187 °C
Specific Rotation: [o]7 +18.5° (2 /100 ml, H;,O)*
pK.:® 9.8, 129

Paper Chromatography: Dissolve the sample in H,O.

Solvent Ry

A 0.72
B 0.73
C 0.81
D 0.78

Water Analysis: 0.17.

Spectral Constants:
Am  Am
pH Amax €max Ao Ao Ref.
1 267 9.65 0.65 0.72 12

7 267 965 0.65 072
13 267 7.4 0.75  0.67

Remarks: Met Nmc specifications, Cation-exchange chromatog-
raphy showed 1 impurity (less than 1%).
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Thymidine 3°,5'-Bisphosphate / Thymidine 5’-Triphosphate N-6 / N-72
N-69 0 N-T1
Thymidine 3/,5'-Bisphosphate HN CHy Thymidine 5’-Phosphate
(Thymidine 3',5'-Diphosphate) J\ (5'-Thymidylic Acid) 0
N
Abbreviations: dThd-3',5'-P;; ? ° H CHy
3 'st_d.rn’ HO—Il’-O\c o Abbreviations: d'l‘hd-s'-l'. §'dner J\
Formsia: mp. OH Formssia: CHHHN!OIP ? o N
Mol. Wt.: 402.19 N Mol. W 322.21 HO=P =0y
Cale. %:C, 29.86 Cale, %:C, 37.27 1 CHg O
H, 401 ? H H, 4.8 o W OH
N, 697 HO-P=0 N, 8.8 H H
0, 43.76 | 0, 39.73 HO H
P, 15.40 o P, 9.61
Specific Rotation: [o]] —4.4° (0.4 g/100 ml, HO)®
Paper Chromatography: Dissolve the Li*, Na*, K*, or NH} salt in pK.:® 6.5, 10.0
H;0.
Solvent Ry Paper Chromatography: Dissolve the Li*, Na*, K*, or NH{ salt in
A 0.21 HO,
B 0.04 Solvent Ry Ru Ru
C 0.10
D 097 A 0.39
B 0.22
Water Analysia: 27.2 %, (calculated for 6.5 H;O, as on label, 19.3%). o 0.48
D 0.89 0.36 0.10
Spectral Constants:
Am Aw Spectral Constants:
PH Aaax Cmax Awn Aso Ref.,
Am  Am
1-2 267 99 065 07 85 PH e Aw Awm  Ref
2 267 102 066 072 Nrcsample
7 268 104 0.65 0.72 7 267 9.6 0.65 0.72 62

Remarks: Met NRC specifications. Anion-exchange chromatog-
raphy showed one nuclecside and two nucleotide impurities,
totaling 2-3%. Molecular weight given by supplier for the
Nay-6.5 HyO salt is incorrect.

N-70
Thymidine 5’-Diphosphate
(Thymidine 5'-Pyrophosphate) ]
CH
Abbreviations: dThd-S"-P,, '-droP "'J":'j' Y
Formmla: C,oHi N0, Py o o 0PN
Mol. Wt.: 402.19 ! []
Cale. 7: C, 29.86 HO-‘—O—?-O-\ 0
H, 4.01 OH OH
N, 697 A
0, 43.76
P, 15.40 H
Paper Chromatography: Dissolve the Li*, Na+, K+, or NH} salt in
H;O.
Solvent Ry Ru
A 0.22
B 0.07
C 0.31 1.3
D 0.91

Spectral Coustants: No spectral data in the literature; use the data
for thymidine 5'-phosphate (N-71).

N-72
Thymidine 5'-Triphosphate

Abbreviations: dThd-S"-P,, §'-drre 2 -
Formmla: C,H;yNyO\,P, *)j'
Mol. Wt.: 482.17 i ! 0*"
Cale. 7:C, 2491 . 3 _ o 2 _oa_8_

H, 3.55 e gm° 5"° ‘Im°‘ 0

N, 5.81 ")

0, 46.46 M &

P, 19.27 "
pK. 9.8

Paper Chromatography: Dissolve the Li*, Na*, K+, or NH} salt in
Hs0.

Solvent Ry Ru Ru

A 023 1.2 1.7
B 0.05

C 020 20

D 0.94

Spectral Constants: No spectral data in the literature; use the data
for thymidine 5'-phosphate (N-71).
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N-73 / N-T8

Thymine / Uridine

N-73
Thymine mj\/“'c"’
(5-Methyluracil) oJ\u

H
Abbreviation: Thy
Formala: C;H,N;O,

Mol. Wt.: 126.12
Cale. %: C, 41.62
H, 4.80
N, 2222
0, 25.37
pKL® 9.9

Paper Chromatography: A solution containing 10 Ase units/5 ul
could not be made. The data reported here were obtained by dis-
solving 1.4 mg in 0.1 ml of 2 M NHOH (5 A units/S pl) and
applying two separate aliquots to the paper, drying after each
application.

Solvent Ry
A 0.78
B 0.63
C 0.72
Speciral Constants;

Am  Am

pH Amax €max Asp Ase Ref.

4 2645 79 067 0.53 12
7 2645 1.9 067 053
12 291 5.4 0.65 1.31

Remarks: Met NRC specifications.

oy

i
g..

Paper Chromatography: A solution containing 10 Axe units/5 ul
could not be made. The data reported here were obtained by dis-
solving 2.9 mg in 0.2 ml of 1 M HCI (5 Ass units/$ ul) with heat-
ing and applying two separate aliquots to the paper, drying after
each application.

Solvent R,

A 0.63
B 0.59
C 0.70
D 0.70

Gas Chromatography: Trimethylsilyl derivative.

MU value Rel. Peak Area
13.30 100
Spectral Constants:
Awmo Awmo

PH  Moax  €mex Aw  Aw  Ref

0 260 78 08 030 12
7 260 8.2 084 0.8
2 284 6.2 0.71 1.40

Remarks: Met Nre specifications.

N-75 0
Uridine mr"j
(1-B-D-Ribofurancsyluracil) o LN

Abbreviation: Urd
Formala: C,H;;N:O,
Mol. Wt.: 244.21
Cale. %: C, 44.26

H, 495

N, 11.47

0, 39.31
Melting Pt.:* 163-165 °C
Specific Rotation: (]} +9.6° (2.0 g/100 ml, H:0)®
pK,® 9.3, 12,6

Paper Chwromatography: Dissolve the sample in H,O.
Solvent Ry Ru Ru

A 0.51 0.75

B 057 066 0.74
C 068 0.87

D 0.80

Gas Chwomatography: Trimethylsilyl derivative.

MU value  Rel Peak Area
24.66 100
13.34 1 (uracil)
23.64 24
32 1.6
Spectral Constants:
Ao A

pH Amax €xnax Awo Awo Ref.

1 262 10.1 0.74 035 12, 44
7 262 10.1 074 035
12 262 745 083 029
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Uridine 2*:3"-Cyclic Phosphate / Uridine 2°(3')-Phosphate, Mixed Anomers N-76 / N-T9

N.T‘ 0 N"n
Uridine 2’:3'-Cyclic Phosphate HN Uridine 2'-Phosphate
(2'-Uridylic Acid)
Abbreviations: Urd-2':3"-P; 2’:3'-cyclic ump 0™ =N
Formmla: GH;;N,O,P 0 Abbreviations: Urd-2'-P, 2'-ump
Mol. Wt.: 306.17 Formula: GH,;NO,P
Cale. %: C, 35.31 Mol. Wt.: 324.19
H, 3.62 H H Cale. %: C, 33.34
N, 9.15 o © H, 404
0, 41.81 N N, 864
P, 10.11 ,P\ 0, 4.42
pK.m 9.5 d ‘ou P, 9.55
Paper Chwomatography: Dissolve the Li*, Na*, K*, or NH{ salt in Paper Chromstography: Dissolve the Li* salt in HO.
H;0.
Solvent Ry Ry Ry
Solvent Ry Ru Ru
A 0.32 0.47 0.69
A 032 069 B 022 3.8
B 0.38 025 C 033  0.67*
C 0.65 0.57 0.86°%** D 0.94
D 0.94
& . Gas Chwromatography: Trimethylsilyl derivative.
pH N s Ref. MU value Rel. Peak Area
7 258259 96 32 26.09 100
Spectral Constants:
Am  Am
Uridine sr_mmte 2 10.0 0.80 0.28 12
’ 7 10.0 0.78 0.30
(Uridine 5’-Pyrophosphate)

12 74 085 025

Abbreviations: Urd-5'-P;, 5"-ubnp

Formula: G;H \N;0,,P;

Mol. Wt.: 404.17 fIJ C.’

Cale. %: C, 26.74 Ho_T_o_?_o\
N, 693 on  on
0, 47.50
P, 15.33

14 6.5,9.4
Pk Abbreviations: Urd-2'(3)-P, 2(3)-ump
Paper Chwomatography: Dissolve the Li+, Na*, K+, or NH{ salt in Formsuls: C,H,;N,O,P

N-79
Uridine 2'(3")-Phosphate, Mixed Anomers

H,0. Mol. Wt.: 324.19
Cale. %:C, 33.34 N, 8.64 P, 9.55
Solvent Ry Ru Ru H, 404 0, 44.42
A 014 25
B 0.02 0 2
c 016 065 1.5 m)j m’.)
D 0.89 J\“
OJ\N (o]
Spectral Constants:
HOCHg -0 HOCHg -0
A Am
PH Ao €max  Am  Am  Ref. ) Who o+ H H
2 262 100 073 039 15 O OH |
|
262 100 073 0.9 g HO—-P=0

n 261 79 080 0.32
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N80 / N®2

Uridine 3’-Phosphate / Uridine 5’-Triphosphate

Paper Chromatography: Dissolve the free acid in 1 M NH,OH; the
Li*, Na*, or K* salt, in HyO.

Solvent Ry Ru

A 0.28

B 0.18 5.1

C 0.30

D 0.87
Spectral Constants:

2 262 99 36
7 262 10.0
12 261 7.3

N-80
Uridine 3'-Phosphate
(3’-Uridylic Acid)

Abbreviations: Urd-3'-P, 3-ump
Formula: C,H,,N,O,P
Mol. Wt.: 324.19
Cale. 7:C, 33.34
H, 4.04
N, 8.64
0, 44.42
P, 9.55

Paper Chromatography: Dissolve the Li* salt in H,0.

Solvent Ry

A 0.31
B 0.23
C 0.33
D 0.96

Gas Chwomatography: Trimethylsilyl derivative.
MU value  Rel. Peak Area

26.08 100

Water Analysis: 10.9 7, (calculated for the dihydrate, 9.7%).

Spectral Constants:
Ao Ao
PH Moz €mx  Aw  Awme  Ref
2 260 10.0 0.76 0.32 12 (ratios)
7 261 929 073 0.35 NRC sample (A and ¢
12 261 73 0.83 028 values)

Remarks: Met NRc specifications, Anion-exchange chromatography
showed no 2'-isomer or other impurity.

N-81 0
Uridine 5'-Phosphate HN
(5'-Uridylic Acid) J\ I
‘.’ 0”7 N

Abbreviations: Urd-S'P, S-ume  "° | ONgw o
Formmla: C;H;,N;O;P OoH
Mol. Wt.: 324.19 M H H
Cale. %: C, 33.34

H, 4.04 HO  OH

N, 8.64

0, 44.42

P, 9.5
Specific Rotation: [a]® +3.44° (1.02 g/100 ml, 10% HCI¥
pK.:1 6.4,9.5

Paper Chromatography: Dissolve the free acid in 1 M NH,OH; the
Lit, Na*, or K* salt, in H;O.

Solvent Ry

A 0.22
B 0.11
C 0.28
D 0.90

Gas Chromatography: Trimethylsilyl derivative.
MU value Rel. Peak Area
28.96 100

Water Analysis: 11.0% (calculated for the dihydrate, 8.9%).

Spectral Constants:

A Am
pH Amax €max Az Ao Ref.

2 262 100 073 039 15
7 262 100 073 0.39
1 261 7.8 080 031

Remarks: Met Nrc specifications. Anion-exchange chromatography
showed no impurities.

N-82
Uridine 5’-Triphosphate

Abbreviations: Urd-5'-P, 5'-ute
Formula: CH;N:O,;P;
Mol. Wt.: 484.15 8
Cak. %:C, 22.32 i
H, 312 HO-P-0-
N, 579 &
0, 49.57 H H
P, 19.19 H
pK,: 6.6, 9.5 HO OH

o=0

. o

@-p=0
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Xanthine / Xanthosine 5’-Phosphate

N-83 / N85

Paper Chromatography: Dissolve the Li*, Na+, K+, or NH salt in

H0.
Solvent Ry Ru
A 0.20 1.3
B 0.05
C 0.19 2.2
D 0.94
Spectral Constants
Am  Am
PH Agax Emax Ao A Ref.
2 262 10.0 0.75 0.38 15
1) 262 10.0 0.75 0.38
11 261 8.1 0.81 0.31
N-83 ]
Xanthine H")I:\)
Abbreviation: Xan OJ\a H
Formsla: CGH,N,O,

Mol. Wt.: 152.11

Cale. 7: C, 39.48
H, 2.65
N, 36.84
0, 21.04

pK,® 1.7, 1.9

Paper Chromatography: A solution containing 10 Ay, units/5 ul
could not be made. The data reported here were obtained by dis-
solving 3.5 mg in 0.2 ml of 2 M NH,OH (3.3 Au units/5 ul) and
applying three separate aliquots to the paper, drying after each
application.

Solvent Ry

A 0.54
B 0.32
s 0.35

Gas Chwomatography: Trimethylsilyl derivative.

MU value Rel. Peak Area
20.05 100
Spectral Constants:
Ao A

pH Amax €max E Ao Ref.

5 267 10.3 057 0.61 12
10 277 9.3 .29 1.1
14 284 9.4 1.11 2.39

Remarks: Met NrcC specifications,
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N-84
Xanthosine
(9-8-D-Ribofuranosylxanthine)

Abbreviation: Xao
Formmla: C,oH,sN,O
Mol. Wt.: 284.23
Cale. %: C, 42.26

H, 4.26

N, 19.71

0, 33.77
Specific Rotation: [«]5 — 51.2° (0.8 g/100 ml, 0.3 M NaOH)y®
pK.= 5.7

Paper Chromatography: Dissolve the sample in 1| M NH,OH.
Solvent Ry Rx Ru

A 037 13 0.22%.**
B 035  0.06%°*

C 041 1.7 0.22%°*
D 0.71  0.52*¢

Gas Chwomatography: Trimethylsilyl derivative.
MU value  Rel. Peak Area
27.05 100

Water Analysis: 11.7% (calculated for the dihydrate, 11.3%7).

Spectral Constants:

An  Am
PH Do  €mx  Aw  Aw  Ref.

3 263 9.0 075 0.28 12
8 278 89 1.30 1.13
14 276 9.3 L12 116

Remarks: Although this compound was labeled anhydrous, it wass
stable dihydrate. The water was lost only at temperatures above
120 °C.

N-85 0
Xanthosine 5'-Phosphate ....T
(5'-Xanthylic Acid) o )\" ,}

Abbreviations: Xao-5'-P, 5'-xup
Formala: C..H..N.O.P
Mol. Wt.: 364.21 OH
Cale. 7,: C, 3298
H, 3.60 HO OH
N, 15.38
0, 39.54
P, 8.5
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Paper Chromatography: Dissolve the Li*, Na*, K*, or NH{ salt in

H,0.

Solvent Ry Ru
A 0.16 0.50*
B 003 0.33°
C 0.15

D 0.91

Gas Chromatography: Trimethylsilyl derivative.
MU value  Rel. Peak Area
31.34 100

Spectral Constants: 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 Spectra
Near-ultraviolet and visible-absorption spectra of por-
phyrins have traditionally been measured in 1 M HCI
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.?

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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Porphyrias and Related Compounds

summarized.** A further classification for electronic
spectra of some porphyrins and metalloporphyrins has
been reported.*** The spectra of both bridge-reduced
(e.g., phlorins)? and ring-reduced (e.g., chlorins)®?®
materials are also recorded. Spectra for several syn-
thetic porphyrins, chlorins, and their metalloderivatives
can be found in the literature.!®!*!? Useful reviews on
the theory of these spectra are also available.?*'

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.'*'® Solvents most frequently used
are methanol-3 M HCI (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.!” 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.1*:1%1®

Nuclear Magnetic Resonance Spectra

Nuclear magnetic resonance spectra are particularly
useful for proof of structure and for detection of im-
purities.?>?* 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.?*-*° Amounts
from 5 to 30 mg in 0.4 to 0.5 ml of suitable solvents
(e.g., deuteriochloroform, pyridine-d,, trifluoroacetic
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.***' 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.**

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-

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.*>3® Molecular ions as well as many fragments
are detected.’>-** 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.**®

Chromatography

Early work on the chromatography of porphyrins* 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.*? Absorption or liquid-liquid partition column
chromatography is also an important step in the prepa-
ration of large amounts of compounds of high purity.
For most of the porphyrins discussed here, paper chro-
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*~" and variously substituted dicarbo-
xylic esters*® and their metal complexes.*® Free-acid or
esterified bile pigments are separated and minor impur-
ities removed by TLC methods.’”**®! Thus, isomeric
bilirubins and biliverdins can be separated and prepared
in pure form,".%2:52

Differentiation of Urobilinoids

Urobilinoids, which include the b-bilenes'® (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,** mass spectroscopy,*® optical rotatory dispersion
and circular dichroism,* and chromic acid oxidation.®* %’
Natural 1-stercobilin can be specifically identified by
its molecular complex with ferric chloride.®
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Symbols and Terms Used

For the system used here for numbering rings, substitu-
ents, and the like of the porphyrins, see the structure of
chloroprotoporphyrin IX iron(III) (Po-6). Note that
this nomenclature does not follow the most recent
1urac recommended rules [cf. J. Am. Chem. Soc, 82,
5582 (1960)]. The symbol ey is used for the milli-
molar absorption coefficient (unit: mmol-'l cm™). The
symbol nm (nanometer) is used in preference to its
equivalent the mu (millimicron). The symbol 0.5W
(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 HCI
number is the percent of aqueous HCI saturated with
ether that will extract two thirds of a particular por-
phyrin from water-saturated ether into an equal volume
of the aqueous HCI 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-1 / Po-2

S-Aminolevalinic Acid Hydrochioride / Bilirubin IXa

Po-1
S-Aminolevulinic Acid Hydrochloride

Formmla: GH,/CINO,
Formmla Wt.: 167.59
Cale. %:C, 35.83; H, 6.02; Cl, 21.15; N, 8.36; O, 28.64

no—i—cu,—cn,—i—cu,—ch:—

Somrces: Found in the urine of acute porphyria patients.! Synthe-
sis. 234 Commercially available.

Photometric Determination: 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 reagent. e.x at 553 nm is 64, with shoulder ¢ux of
47 at 525 nm for the colored salt.*

Chromatography: For S-aminolevulinic acid on ascending paper
chromatography R; 0.35 in 1-butanol-acetic acid-water (4:1:5,
v/v).

R; 0.20 in 1-butanol-1.5 M NHOH (1:1).

For the 3-acetyl-2-methyl-pyrrole-4-propionic acid:
R; 0.9 in 1-butanol-acetic acid-H;O (4:1:5).
R 0.2 in 1-butanol-1.5 M NH,OH (1:1)%¢

m.p.: 150-152 °C.

Likely Imparity: NH.Cl.

Labeled Compounds: Preparations with !“C at positions 1,4 at 2,32
at 42 and at 5* have been reported.

Special Reagents: 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 boiling-water bath for 10 min. For
modified Ehrlich reagent, see porphobilinogen (Po-16).

Reforences

1. 8. Granick and H. G. Van den Shrieck, Proc. Soc. Exp. Blol. Med., 88, 270
(1939).

2. D. Shemin, Methods Enzymol., 4, 648 (1957).

3. A.E. A. Mitta, A. M. Ferramola, H. A. Sancovich, and M. Grinstein, J. Label.
Compd., 3, 20 (1967).

4. F. Sparatore and W. Cumming, Biochem. Prep., 10, 6 (1963).

5. D. Mauozerall and S. Granick, J. Biol. Chem., 119, 435 (1956).

6. G. Urata and S. Granick, J. Biol. Chem., 238, 811 (1963).

Po-2
Bilirubin IXa

Formala: CuHyxN/O,

Formula Wt.: 584.67
Cale. 7,: C, 67.79; H, 6.21; N, 9.58; O, 16.42

fn buds g
s

CHg CHa
°=i i=o
H H

Sowrces: Commercially available as prepared from bile or gall
stones of bovine or porcine origin. May be isolated from human

or rat bile.! Occurs in fresh bile as a mono- or a di-D-glucosidu-
ronic acid.1*

Speciral Reference Values: In chloroform, A max at 453-455 nm,
ému = 62.6.2* The colored salt formed with diazo reagent (see
below): A max 8t 545 M, €nu = 64.1.2¢

m.p.: Decomposes on heating (234-275 °C) without melting.?

Mass Spectrum: Reported in Refs. 2, §, 6.

Other Properties: Readily soluble in 0.1 M NaOH, but unstable.
Stabilized by serum albumin and L-ascorbic acid.” Isomerization
to ITle and XIla compounds is acid catalyzed.®® Hydrogenation
(Pd/C catalyst) in ammonia—methanol yields mesobilirubin' and
in acetic acid yields stercobilinogen.? Reduction with Na/Hg yields
urobilinogen.!®* Dehydrogenation with benzoquinone® or Evelyn-
Malloy reagent forms biliveridin. A red fluorescent Zn bilipur-
purine (A max 635-640, 586, 515 nm) is obtained from treatment
with alcoholic Zn acetate and iodine.

Chromatography: TLC on silica gel® and on polyamide.!*

Likely Impurities: Biliverdin, mesobilirubin, bilifuscin. Commercial
preparations have been found to contain significant amounts (up
to 35%) of isomers other than IXa (mainly Illa and XIlla).21?
In chloroform, Illa exhibited A max at 455458 nm, eax 65.2 and
X1« at 449-453 nm, eux 52.5.1

Present evidence suggests that only bilirubin X« is present in
serum; if any of the non-IXa isomers in fact occur, only trace
proportions may be expected.*1? The presence of the two addi-
tional isomers in commercially available preparations of bilirubin
IXa does not seriously affect the use of such preparations as
standards in the routine clinical measurement of serum bilirubin
either by the direct measurement of absorption at 453 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 sulfatel®
The National Bureau of Standards issues a purified bilirubin
preparation as a standard reference material for clinical use; it is
mainly IXa but contains the Illa and XIlla isomers as well. The
pure IXa isomer may be required for clinical research investiga-
tions, but it is presently obtainable only by preparative thin-layer
chromatography.'*

Special Reagents: The diazo reagent involves solution A (1 g
sulfanic acid, 15 ml concentrated HCl, and 985 ml H;0) and
solution B (0.5% NaNO,); 10 ml of A and 0.3 ml of B are used.
The Evelyn-Malloy reagent consists of 2 ml concentrated HC],
0.4 ml 30% HyOy, and 97.6 ml 95%; ethanol.

Roforeaces
1. H. Flscher and H. Orth, Die Chemie des Pyrrols, Vol. II, Part |, Akade-
mische-Verlag, Lelpzig, (1937); U. S. Patents 2,166,073 and 2,386,716.
2. A. F. McDonagh and F, Assisl, FEBS Leit., 18, 315 (1971).
3. R. Henry, S. L. Jacobs, -and N, Chiamorl, Clin. Chem., 6, 529 (1960).
4. J. T. G. Overbeek, C. L. J. Vink, and H. Deenstra, Rec. Trav, Chim., 74, 81
(1959).
B. L. Schram and H. H. Kroes, Ewr. J. Biockem., 19, 581 (1971).
R. Bonnett and A. F. McDonagh, Chem. Ind., 107 (1969).
T. K. With, unpublished infi i
R. Bonnett and A. F. McDonagh, J. Chem. Soc. (D), 238 (1970).
z
C.
C.

1. Petryka and C. J. Watson, Tetrahedron Lett., 52, 5323 (1967).
J. Watson, J. Biol. Chem., 100, 691 (1953).
H. Gray, A. Lichtarowicz-Kulczycka, and D. C, Nicholson, J. Chem. Soc.,
2268 (1961).
12, Z. J. Petryka and C. J. Watson, J. Chromatogr., 37, 76 (1968).
13. Z. J. Petryka, Proc. Soc. Exp. Biol. Med., 123, 464 (1966).
14. A. F. McDonagh, unpublished inf th
15. 1. Fog, Scand. J, Clin. Lab. Invest., 16, 49 (1964).
16. B. H. Billing and F. H. Jansen, Gastroenterology, 61, 258 (1971).
17. Z. J. Petryka, unpublished information.

* The National Bureau of Standards has measured a sample of the same
product reported in Ref. 2, and obtained a value of 61.1 (R. Schaffer, unpublished
information).

5.
6.
7.
8.
9.
0.
I
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Biliverdia IXo / Chlorophyll a

Po-3
Biliverdin IXa

Formmia : CoeHyN,O;
Formula Wt.: 582.66
Cale. 7:C, 68.02; H, 5.88; N, 9.61; O, 16.49

peesesese

Hz Ha sz He

X

C

|
0—2
H

Sources: From bilirubin IXa by oxidation with HyOy' HNO,,?
FeCl, in acid,*® or benzoquinone'* followed by chromatogra-
phy.* From coupled oxidation of hemin.*

Reference Values: In CHCl,;, A max (e=x) 645 nm (13.4);
378 nm (41.7).»* Dimethyl esters in CHCly, A max (eax) 656-664
nm (15.1); 379 nm (51.8).¢

NMR Spectrum: Dimethyl ester.*

m.p.: Dimethyl ester, 208-209 °C.¢

Other Properties: Color of an akoholic zinc acetate solution is
green, A max at 385 and 685 nm. After oxidation with iodine,
A max are at 510-515, 588, and 637.5-640 nm.’

Likely Impurities: Choletelin, bilifuscin, isomeric biliverdins,** oxi-
dation products.

Chromatography : TLC on polyamide.® Dimethyl esters: TLC on silica
gel.“5%? Quantitative densitometry is done on the TLC plate.'®

Reforsnces

1. R. Lemberg and J. W, Legge, Aust. J. Exp. Biol. Med. Scl., 18, 95 (1940).

2. R. Lemberg, Biochem. J., 28.91‘! (1934)

3. C. H. Gray, A. Lich i ka, D. C. Nicholson, and Z. Petryka
J. Chem. Soc., 2264 (1961).

4. R. Bonnett and A. F. McDonagh, J. Chem. Soc. (D), 4, 237 (1970).

5. A. F, McDonagh and F. Assisl, FEBS Len., 18, 315 (1971).

6. C. J. Watson and [. Bossenmaier, unpublished information.

7. C. H. Gray, A. Lichtarowicz-Kulczycks, and D. C. Nicholson, J. Chem. Soc.,

2268 (1961).

. 0"Carra and E. Colleran, FEBS Leir., 5, 295 (1969).

J. Petryka and C. J. Watson, J. Chromatogr., 37, 76 (1968).
1. Petryka, J. Chromatogr., 50, 447 (1970).
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Po-3 / Po-4
Po-4
Chlorophyll a
Formmila : CuH»N,.O:Mg
Formuia Wt.: 893.51
Cale. 7%:C, 73.93; H, 8.12; Mg, 2.72; N, 6.27; O, 8.95
CHg
I
H H
I 2
HC " CH
HeC 13 *\ 3_CHs
He W BD N---Mg---N \B
4 CHp-CH
c{:\& 7 A r‘a jcﬂ B
I 2
) N/ c
C' " /C 10 s
20H39 \ CHs
{, i°
\ (o]
CHg

Sources: Leaves of higher plants and algae usually as a mixture with
chlorophyll b in the approximate ratio of 3:1. Synthesis.! Isola-
tion, purification, and properties.:* The method of choice is to
chromatograph on powdered polyethylene, and then on sucrose.*

Spectral Reference Values:
In ether®*
A, nm 662 615 578 533.5 430 410 380 326 312 296 282
w901 14.68.28 3,77 117.5 76.1 49.1 25.9 23.2 20.6 18.0
In 809 acetone®
A, nm 665 618 582 536 433
emn 811 17.5 10.4 4.27 90.7
In benzene (see Bellamy and Lynch)®

Quantitative Determination of Chlorophylls a and b in Mixture:
In ether:
chlorophyll a (mg/1) =
nm)
chlorophyll b (mg/]) = 16.4 (0.D. 664 nm)
nm)
In 807, acetone:
chlorophyll a (mg/1) = 11.63 (0.D. 665 nm)
nm)
chlorophyll b (mg/l) = 20.11 (O.D. 649 nm) — 5.18 (0.D. 665
nm)
Other Properties: NMr and infrared spectra;’ x-ray spacing in
microcrystals;*® density 1.079.
m.p.: 150-153 °C, with decomposition.
Fluoresceace: Maxima in ether at 668 and 723 nm, absorbance ratio
1.0/0.17.1
Optical Rotation: In acetone [aJny —262°.1
Solubility: Insoluble in water; soluble in wet petroleum ether;
soluble in benzene, ether, acetone, methanol or chloroform.
Distribution Ratio: Petroleum ether-85% methanol, 32:1, petro-
leum ether-90% methanol, 11:1.
Chromatography: On paper, ascending, with petroleum ether and
acetone (2-10%;) as developing, gives an approximate order from

10.1 (0.D. 662 nm) — 1.01 (O.D. 664

— 2.57 (0.D. 662

—2.39(0.D. 649
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Po-8

Chlorophyll b

bottom to top of chlorophyllides (minus phytol), pheophorbide
(minus phytol, minus Mg), and oxidized chlorophylls, certain
xanthophyils, chlorophyll b, chlorophyll a, pheophytin a, other
xanthophyils, carotenes. 224 For TLC of plant extracts see Strain.!*

Phase Test: A negative phase test indicates the oxidation or absence
of the cyclopentanone ring. Petroleum ether solutions of chloro-
phyil a or b underlaid with a 30 % solution of KOH in methanol
form a colored zone at the interface, red for chlorophyll a, yellow
for chlorophyll b, and brown for the mixture of chlorophylls
a 4 b, Colors are transient, and change to green. When shaken,
the carotenoids, if present, remain in the upper phase.

Spectrum of Pheophytia a: Wickliff and Aronoff.»*

Circalar Dichroism and Magnetic Circalar Dichrolsm: Houssier and
Sauer.l4

Likely Impurities and Methods of Detection: For chlorophyll b:
Chromatography and quantitative determination. For carot-
enoids: Chromatography, an absorption band at 480 nm; in the
phase test, the yellow color is in the upper phase. For pheophytin
a (i.c., minus Mg): bands at 305 and 532 nm. For pheophytin b:
band at 523 nm. For oxidized cyclopentanone ring: a negative
phase test. Chlorophyll derivatives lacking a phytol group are
extracted from ether with 0.01 M KOH or with 6 M HCl.

Refereacis

1. R. B. Woodward, Pure Appl. Chem., 2, 383 (1961).

2 J. H. C. Smith and A. Benitez, Modern Method of Plant Anaylsis, Vol. IV,
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3. H. H. Strain and W. A. Svec, in The Chlorophylls, L. P. Vernon and G. R.
Seely, eds., Academic Press, New York (1966), p. 22

4. A. F. H. Anderson and M. Calvin, Nature, 194, 285 (1962).

5. L. P. Vernon, Anal. Chem., 32, 1144 (1960).

6. W.D. Bellamy and M. E. Lynch, General Electric Research Laboratory Report
63-RL-3469C (1963).

7. 1. 1. Katz, R. C. Dougherty, and L. J. Boucher, in The Chlorophylls, L. P.
Vernon and G. R. Seely, eds., Academic Press, New York (1966), p. 186.

8. G. Donnay, Arch. Biochem, Biophys., 80, 80 (1959).

9. BE. E. Jacobe, A. E. Vatter, and A. S. Holt, Arch. Biochem. Biophys., 53, 228
(1954).

10. C. S. French, J. H. C. Smith, H. I. Virgin, and R. L. Airth, Plent Physiol., 31,
369 (1956).

11. A. Stoll and E. Wiedemann, Helv. Chim. Acta, 16, 307 (1933).

12. H. H. Strain, J. Sherma, and M. Grandoifo, Anal. Biochem., 24, 54 (1968).

13. J. L. Wickliff and S. Aronoff, Plant Physiol., 37, 584 (1962).

14, C. Houssler and K. Sauver, J. Am. Chem. Soc., 92, TT9 (1970).

Po-§
Chlorophyll b

Formmla : CyHxN,O;Mg
Formala Wt.: 907.49
Cale. 7:C,72.79; H, 7.78; Mg, 2.68; N, 6.17; O, 10.58

HHZ
H‘ H
! 2
A
HC CH
HyC ’ 1 Pz cro
8
Hg M| D N-—-Mg---N' B
N Ty |\ ) HCHch
0 Hzﬁ\ c ¢ CH
éao"a /c‘m\6 S
9
C=0 “cg CHg
Il
0 0
cHs
Sources: Algae; leaves of higher plants.
Spectral Reference Values:
In ether®*

A nm 644 595 549 455 430 375 357 334 325 306 290
tmu 562 11.5 6.42 158.6 56.9 19.8 24.0 29.0 27.2 26.3 20.9
In 807, acetone®

A, nm 648.5 600 460

emn 47.6 13.0 1343

Other Properties: See Chlorophyll a (Po-4).

m.p.: 183-185 °C, with decomposition.

Fluorescence: Maxima in ether at 649 nm and at 708 nm, ratio
1.0/0.23.1

Solubility : See Chlorophyll a (Po-4).

Distribution Ratio: Petroleum ether-85% methanol, 4.5; petroleum
ether-90 % methanol, 0.67.

Chromatography : See Chlorophyll a (Po-4).

Phase Test: See Chlorophyll a.

Likely Impurities: See Chlorophyll a.
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Chiloroprotoporphyrin IX Eroa(1II)

Po-6

Po-6

Chloroprotoporphyrin IX Iron(III)
(Hemin Chloride or Protohemin Chloride)

Formmula : G, HpsN,O,FeCl
Formmila Wt.: 651.96
Cale. %:C, 62.36; H, 495; N, 8.59; O, 9.82; Fe, 8.57; Cl, 5.44

Sowrce: Blood.!* Esters are obtained from metal-free ester.® [The
protohemin esters are perhaps most readily characterized as
w-ox0 dimers. Thus when the hemin dicarboxylic acid is esteri-
fied in 5% H,SO, in methanol at 25 °C, chromatographed on
alumina with alcohol-free chloroform, and crystallized from
chloroform—isooctane (1:4, v/v), p-oxo bis- [protoporphyrin IX
iron(I1)} is obtained in high yield and purity.t* This p-oxo
dimer is readily converted to monomers with any of a number of
axial ligands as well as chloro 29

PROPERTIES OF THE DICARBOXYLIC ACID

Spectral Reference Valuves:
In p-dioxane’
Aa,nm 6355 5385 508
Cmit 5.4 8.5 9.1

In aqueous NaOH (pH 11.3) with 10% pyridine (where the spe-
cies is p-oxo dimer), A, nm (&ax) for maxima are 599(11.2),
574(12.4), 395(117), and 361(82.3).% Other data for species where
ligands present are less clear include ean of 131 at 398 nm in
ethanol-0.05 M H,SO, (1:1, v/v) and visible data in several
media reported by Shack and Clark."®
For purposes of characterization of the iron porphyrin, but

not the original axial ligand, the hemin can be reduced to the
heme. This iron(IT) derivative gives two sharp (hemochromogen)
bands in the visible region that are characteristic and useful 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 5§ mM Na,Sy0,, eax values at 558, 525,
and 540 nm (a minimum) are 30.9, 16.2, and 9.06, respectively.!!
This spectrum and the solution are unstable with time.1.1%.12

NMR Spectrum: As cyano'! and other'*!* derivatives.

IR Spectrum: Fe-Cl stretch, 350 cm™."

X-Ray: See Koenig."

Chromatography: Column ligand-ligand partition.”* On paper,
Ry = 0.34 for ascending, reversed-phase chromatography on
Whatman No. 1 paper coated with a silicone; solvent is HyO:n-
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propanol:pyridine (5.5:0.1:0.4, v/v); Ry = 0.45 for the related
chloromesoporphyrin IX iron(III).® The hemin is best made
visible with a benzidine-peroxide spray.® Another system uses
glacial acetic acid-toluene(saturated with water) (8:100, v/v).2

Likely Impurities: Denatured globin, peptides, lipoidal materials,

hemotoporphyrin, protoporphyrin, biliverdin, adsorbed sol-
vents.®® Monomers with ligands other than chloro (e.g., acetato)
and dimers |e.g., p~0x0 bis{protoporphyrin IX iron{II)}}. Infra-
red spectra permit quantitative determination of unmodified vinyl
groups™ and chloro (or other) ligand ;+" elemental analyses are,
of course, also helpful here.

PROPERTIES OF THE DIMETHYL ESTER

Speciral Referemce Values:
In chloroform®™
A, nm 916 641 539 512 387
€my 055 50 9.9 100 100

A, Dm 889 637 540 510 385
€mM 0.62 5.5 10.2 10.1 84
In pyridine®

A,nm 928 632 525 409

EmM 0.44 33 10.0 121

As the p-oxo dimer in benzene?

A, M 601 573 397

€mn 13.0 15.3 138

NMR Spectrum: As cyano' and p-oxo dimer® iron(III) derivatives
and as iron(IT) derivatives.2®

IR Spectrum: Fe—Cl stretch at 345 cm! in KBr.” FeOFe stretch of
w-ox0 dimer at 895 cmr~! in KBr.® Other derivatives.®

Far ir Spectra: See Brackett er ol ¥

Moesbaner Spectra: Sec Moss ef al.®

Otber Properties: Soluble in chloroform, pyridine, benzene, etc.
Care must be taken to avoid replacement of the chloro ligand in
solution to give monomeric or dimeric species with ligands other
than chloro. Characteristic changes in visible, NuR, infrared,
far infrared, and Maossbaver spectra accompany such ligand
changes.®
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Po-8

g

Coproporphyrin I / Coproporphyria I
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Po-7
Coproporphyrin I

Formmia : CogHuN,O:
Formmila Wt.: 654.73 (Tetramethyl ester, 710.83)
Cale. %:C, 66.04; H, 5.85; N, 8.56; O, 19.55

H3zC R
R = CHy
NH HN
HyC N R
Hc\g CH
R CHs

R=CHy- CHZ—-COOH

Tetracarboxylic acid: R = CH—CH;—COOH
Tetramethyl ester: R = CH—CH;—CO,CH,

Sources: From urine and feces of animals and humans having con-
genital porphyria;!— synthesis of the tetramethyl ester.®

PROPERTIES OF TETRACARBOXYLIC ACID

HQC1 Nomber: 0.0917 for all isomers.

Chromatography: Paper: 2,6-lutidine-aqueous ammonia®? sepa-
rates coproporphyrin I from all other isomers, TLC: 2,6-lutidine-
agueous ammonia gives similar results.!® Column: 2,6-lutidine-
aqueous ammonia and dilute HCl-ether are useful t.1818

m.p.: Decomposes.

Spectral Referemce Values:

In 1 M HCI™ (identical for all coproporphyrin isomers):
A,nm 4013 548 591

€my 470 175 6.5

In 0.1 M HCI:" eny of 489 at 399.5 nm

PROPERTIES OF TETRAMETHYL ESTER

Chromatography : See Chu er a/.*® and Demole.®
mp.: 251-252 °C.1.1e

Spectral Referemce Values:
In purified dioxane!?
A nm 497 529 567 621
[ 14,7 9.97 6.72 5.15

Infrared Spectrum: See Falk and Willis,!* Chu and Chu,!* Dinsmore
and Watson.®

NMR Spectrum: See Abraham et o/ 2.8

Mass Spectrum: See Jackson er al.®

Likely Impurities: Other isomers, especially isomer ITI, porphyrins
having 3, 5, or 6 methoxycarbonyl groups (in the esters) of the
naturally occurring series; haloporphyrins in the synthetic com-
pound; Cu or Zn chelates.

Eofarences

1. H. Fischer and H. Orth, Die Chemie des Pyrrols, Vol. II, Part I, Akademische-
Verlag, Leipzig (1937), p. 471, 596.
2. H. Flischer and H. Andersag, Arn. Chem., 450, 201 (1926).
3. C. Rimington, Acta Med. Scand., 143, 177 (1952).
4. T. K. With, Biochem. J., 68, 717 (1958).
5. R, A. Cardinal, I. Bossenmaler, Z. J. Petryka, L. Johnson, and C, J. Watson,
J. Chromatogr., 38, 100 (1968).
6. H. Flscher, H. Friedrich, W. Lamatsch, and K. Morgenroth, Amn. Chem., 466,
147 (1928).
7. H. Flscher and H. Orth, Die Chemie des Pyrrols, Vol. I1, Part I, Akademische-
Verlag, Leipzig (1937), p. 471 1., 596,
8. L. BEriksen, Scand. J, Clin. Lab. Invest., 10, 39 (1958).
9. D. Mauzenall, J. Am., Chem. Soc., 82, 2601 (1960).
10, 1. Jensen, J. Chromatogr., 10, 236 (1963).
11. L, Briksen, Scand. J. Clin. Lab. Invest., 9, 97 (1957).
12, G. S. Marks, Heme and Chiorophyll, D. Van Nostrand Co,, Princeton, New
Jersey (1969), p. 7.
13. W. R. Richards and H. Rapoport, Biochemisiry, 5, 1079 (1966).
14. D. Mauzerall and S, Granick, J. Biol. Chem., 232, 1141 (1958).
15. C. Rimington, Biochem. J., TS, 620 (1960).
16. F. Morsingh and S. F. MacDonald, J. Am. Chem. Soc., 82, 4377 (1960).
17. 1. E. Falk, Comprehensive Biochemisiry, Vol. 9, M. Florkin and E. H. Stotz,
eds., Blsevier, Amsterdam (1963), p. 11.
18. J. E. Falk and J. B. Willls, Aust. J. Sci. Res. Ser. A, 4, 579 (1951).
19. T. C, Chu and E. J. Chu, J. Biol. Chem., 234, 2751 (1999).
20. H. Dinsmore and C. J, Watson, J, Lab. Clin. Med., 56, 652 (1960).
21. R. J. Abraham, P. A. Burbidge, A. H. Jackson, and G. W. Kenner, Proc.
Chem, Soc., 134 (1963).
22, R. J. Abraham, P. A. Burbidge, A. H. Jackson, and D. B. MacDonald,
J. Chem. Soc. (B), 620 (1966).
23. A.H. Jackson, G. W. Kenner, K. M. Smith, R. T. Alpin, H. Budzikiewicz, and
C. Djerassi, Tetrakedron Lett., 21, 2913 (1965).
24, T. C, Chu, A. A. Green, and E. J. Chu, J. Biol, Chem., 190, 643 (1951).
25. T. C, Chu and E. J. Chu, J. Chromatogr., 21, 46 (1966).
26. E. Demole, J. Chromatogr., 1, 24 (1958).

Po-8
Coproporphyrin IT

Forasula : CyHyuN.O,
Formula Wt.: 654,73 (Tetramethyl ester, 710.83)
Cale. %: C, 66.04; H, 5.85; N, 8.56; O, 19.55

HsC R
chcn
N
HyC R
NH HN
R CHy

Hc\g CH

R CHyg

R=CHy —CHp — COOH
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Coproporphyrin Il / Coproporphyrin IV

Po-9 / Po-10

Tetracarboxylic acid: R = CH—CHy—COOH
Tetramethyl esters: R = CHy—CH—COCH,

Sources: Chemical synthesig!.%5.48

PROPERTIES OF TETRACARBOXYLIC ACID

HQC1 Number : See coproporphyrin 1.
Chromatography : See coproporphyrin I.
Spectral Referemce Values: See coproporphyrin 1.
m.p.: Decomposes.

PROPERTIES OF TETRAMETHYL ESTER

: See coproporphyrin I tetramethyl ester.
m.p.* 288 °C
Spectral Reference Values: See coproporphyrin I, tetramethyl ester.
NMR Spectrum: See Abraham,’

References

1. H. Flscher and H. Orth, Chemie des Pyrrols, Vol. 11, Part I, Akademische-
Verlag, Leipzig (1937), p. 471, 596,

2. H. Pischer and H. Andersag, Ann, Chem., 450, 201 (1926).

3. G.P. Arsenault, E. Bullock, and S. F. MacDonald, J. Am. Chem, Soc., 82, 4334
(1960).

4, A. H. Jackson and G, W. Kenner, Nature, 218, 1126 (1967).

S. R. L. N. Harris, A. W. Johnson, and 1. T. Kay, J. Chem. Soc. (C), 22 (1966).

6. F. Morsingh and S. F. MacDonald, J. Am. Chem. Soc., 82, 4377 (1960),

7. R.J. Abraham, P, A. Burbidge, A. H. Jackson, and D. B. Macdonald, J. Chem.
Soc. (B), 620 (1966).

Po-9
Coproporphyrin III

Formala: CyHgNO,
Formmila Wt.: 654.73 (Tetramethyl ester, 710.83)
Cale. %: C, 66.04; H, 5.85; N, 8.56; O, 19.55

HyC R
Hcﬂ H
N C
Hy CHy
NH HN
N w:
HC g CH
R CH‘

R= CHy — CHy—COOH

Tetracarboxylic acld: R = CH—CH—COOH
Tetramethyl ester: R = CH—CHs—CO:CH,

Sources: Bacterial culture medium.)* Synthesis.34%

PROPERTIES OF TETRACARBOXYLIC ACID

HC] Number: See coproporphyrin L
Chromatography: The free acid of the type III isomer is not sepa-

194

rated from the IV isomer by 2,6-lutidine-aqueous ammonia, See
coproporphyrin L.

m.p.: Decomposes.

Spectral Refereace Values: See coproporphyrin 1.

PROPERTIES OF TETRAMETHYL ESTER

Cwromstography: See With® and Chu er al*

m.p.: 152-154 °C, 165-168 °C, 176-179 °C (polymorphic); Cu com-
plex 216-219 °C¢

NMR Spectrum: Sec Abraham.®

Spectral Referemce Values: See coproporphyrin I, tetramethyl ester.

Mass Spectrum: See Jackson er al’

Other Properties: The solubilities of isomers I1I and 1V are similar,
and are higher than those of other isomers. The isomers also
form solid solutions (mixed crystals).* The Cu chelates of copro-
porphyrin IIT and 1V methyl esters are not polymorphic and the
m.p. can thus be used to distinguish them.® Infrared spectra.!
The HCl number (1.7) is identical with that of other isomers.

Likely Impurities: Other isomers, porphyrins having fewer or more
carboxyl groups, haloporphyrins.
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1. J. B. Nellands and J. A. Garibaldi, Biochem. Prep., 7, 36 (1960).

2. J. Lascelles, Tetrapyrrole Biosynthesis and Its Regulation, Benjamin, New York
(1964).

3. A. H. Jackson, G. W. Kenner, G. McGillivray, and K. M. Smith, J. Chem.
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4, P. Morsingh and 8. P. MacDonald, J. Am. Chem. Soc., 81, 4377 (1960).

5. R. L. N. Harrls, A. W. Johmson, and L T. Kay, J. Chem. Soc. (C), 22 (1968).

6. R.J. Abraham, P. A. Burbidge, A. H. Jackson, and D, B. MacDonald, J. Chem.
Soc. (B), 620 (1966).
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C. Djerassl, Tetrahedron Len., 21, 2913 (1965).

T. K. With, J. Chromatogr., 41, 389 (1969).
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8.
9. Chu and B. J. Chu, J. Chromatogr., 21, 46 (1968).

Po-10
Coproporphyrin IV

Formmla: CuHuNO,
Formula Wt.: 654.73 (Tetramethyl ester, 710.83)
Cale. %:C, 66,04; H, 5.85; N, 8.56; O, 19.55

H3C R

R =CHg —CH, —COOMH

Tetracarboxylic acld: R = CH—CH,—COOH
Tetramethyl ester: R = CH—CH—CO/CH,
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Peo-11

Denteroporphyrin IX

Sowrces: Synthetic, from the methyl ester 284

PROPERTIES OF TETRACARBOXYLIC ACID

HC1 Number: See coproporphyrin I.
Chromsatography: See coproporphyrin III.

m.p.: Decomposes.

Spectral Reference Valwes: See coproporphyrin I

PROPERTIES OF TETRAMETHYL ESTER

Chromatography : See coproporphyrin I tetramethyl ester.

m.p.: 182-186 °C; polymorphic, with solid phase changes at 168
170 °C and 175 °C; Cu complex 230-233 °C.¢

Spectral Reference Values: See coproporphyrin I tetramethyl ester.

MR Spectrum: See Abraham.®

Other Properties: See coproporphyrin III.

1. H. Flecher and H. Orth, Die Chemie dez Pyrrols, Vol. II, Part I, Akademische-
Verlag, Lelpeig (1937), p. 471, 396.

2. G. P. Anenault, E. Bullock, and 8. F. MacDonald, J. Am. Chem. Soc., 82,
4384 (1960).

3. A. H. Jackson, G. W. Kenner, G. McGillivray, and K. M. Smith, J. Chem.

Soc. B, 294 (1968).

F. Morsingh and S. F. MacDonald, J. Am. Chem. Soc., 82, 4377 (1960).

R. J. Abraham, P. A. Burbldge, A. H. Jackson, and D. B. MacDonald, J. Chem.

Soc. B, 620 (1966).
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Po-11
Deuteroporphyrin IX

Formmla: CuxHuNO,
Formala Wt.: 510.59 (Dimethyl ester, 538.65)
Cale. 7:C, 70.57; H, 5.92; N, 10.97; O, 12.53

H; c H
nooc—u,c-nam i
I c,.,

Ha
doow

Soarce: Fusion of protohemin in resorcinol substitutes hydrogens
for vinyl groups to give deuterohemin.!*? [ron is removed in fer-
rous sulfate-HCP or formic acid-iron powder'? mixtures. Iron
removal and acid esterification are conveniently carried out in
the same solution.?

PROPERTIES OF DICARBOXYLIC ACID’

Spectral Reference Value: In 0.1 M HCJ, e,x 433 at 398 nm.*
Other Properties: HCl No. 0.4! The distribution coefficient be-
tween ether and 0.1 M HCl is 0.816 at 23 °C.® It is extracted into

CHC},; from 0.2% HCL It is crystallized from pyridine-ether or
acetic acid-ether in needles. Readily soluble in dilute KOH,
acetic acid—ether, HCI, or pyridine.

PROPERTIES OF THE DIMETHYL ESTER

m.p.: After crystallization out of chloroform—methanol: 227 °C}?
224.5 °C.¢ (diethyl ester, 204.5 °C.%)
HCl Number: 2.0.!

Spectral Reference Values:
In chloroform,” band maxima
A nm 619 566 530 497 399 267
€mM 4.1 6.3 8.3 144 187 74

In dioxane,* band maxima

A, nm 618 593 565 525 495 399
€M 43 1.3 6.8 8.6 15.9 175¢
with minima

Aanm - 601 590 548 514

€m 068 1.21 .19 3.08

NMR Spectrum: 24-protons at 9.12 3 (infinite dilution value) in
CDCY, and at 9.43 8 in CDC, with 2.5% F;,CCOOH.?
Chromatography: Column: Alumina.® Paper: R; = 0.45 ascend-
ing, with silicone as stationary phase and water-acetonitrile-
propanol-pyridine (3.8:1:2:0.5).%* Also, see References, p. 187,
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Hemstoporphyria IX / Mesobilirebin IXa

Po-12 / Po-13

Po-12
Hematoporphyrin IX

Formmla: C,,HuN.O,
Formmla Wt.: 598.70 (Dimethyl ester, 626.76)
Cale. 7: C, 68.21

H, 640
N, 9.36
0, 16.03
CHy
|
H3C Fnou
HC CH
HaC N
3 CH’
NH HN
HOOC -H,C- H,C i CHOH~CHy
HC \g CH
Cle CHS
CHa
&OOH

Sources: From protohemin with acetic acid-HBr, Crystallized as
the dihydrochloride from 2.5% HCL! The product is a mixture
of compounds.! The dimethyl ester from esterification with di-
azomethane can be obtained in high purity following chromatog-
raphy on alumina.?

PROPERTIES OF THE DIMETHYL ESTER

Spectral Reference Valwes:
In1 M HCH
A, nm 402 548 592
€mu 383 15.6 5.6
0.5W, nm 13 20 ~14
In chloroform*

Anm 622 569 534 499 402 269
€M 43 69 9.5 150 193 89

In pyridine?
A nm 623 569 532 499 401 455(min) 603(min)
€aM 43 67 90 148 1714 21 0.84

NMR Spectrum: § values for the 2,4-(1-hydroxyethyl) groups in
CDC); calculated to infinite dilution are CH, (2.06) and HO—
C—H (6.14), and in CDC}, with 2.5% F;CCOOH are CH; (2.22)
and HO—C—H (6.59).3.0.¢

Chromatography: R;=0.08 in kerosene—CHCl; (100:65 v/v) on
paper.” Alumina column.?

Other Properties: m.p. 212-217 °C, HCI No. of unesterified com-
pound 0.1. Aqueous solutions of strong acids cause equilibration
between vinyl and 1-hydroxyethyl groups.

Likely Impurities: Protoporphyrin, 2(4)«(1-hydroxyethyl)-4(2)-
vinyldeuteroporphyrin, chloro- or bromoethyldeuteroporphyrins.
Purification by countercurrent distribution has been achieved.?
The only recorded optically active sample was one derived from
cytochrome c.?

196

Bleforemcas
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Verlag, Lelpzig (1937), p. 421.

2. S. Granick, L. Bogorad, and H. Jaffe, J. Biol. Chem., 202, 801 (1953).
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2631 (1966).

4. D. Mauserall, unpublished information.

5. W. S. Caughey, W. Y. Fujimoto, and B. D. Johnson, Biochemistry, 5, 3830
(1966).

6. E. D. Becker, R. B. Bradlcy, and C. J. Watson, J. Am. Chem. Soc., 83, 3743
(1961).
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Po-13
Mesobilirubin IXa

Formmla: CuHoNO,
Formmia Wt.: 588.71
Cale. %:C, 67.33; H, 6.85; N, 9.51; 0, 16,31

H H H
u'&'u""c'

CHy  CH O

Source: Hydrogenation of bilirubin (Pd catalyst).!-* Natural.?

Spectral Referemce Values: In chloroform, enn 54.6 at 434 nm,*
54.7 at 429 nm.}

m.p.: 315 °C.

Chromatography : Paper,' TLC on polyamide.”

Other Properties: Oxidation with alcoholic Zn acetate + 0.1 ml of
1%, akoholic iodine yields red fluorescence of Zn chelate of oxi-
dized forms (mesobiliverdin and mesobilivioline, for example) at
626, 597, and 513 nm.

Likely Impurities: Dihydrobilirubin,! dihydromesobilirubin,! and
isomers present in bilirubin employed for hydrogenation (com-
pare Po-2).
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B. Pearson and C. J. Watson, Proc. Soc. Exp. Biol. Med., 112, 756 (1963).
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7. Z. J. Petryka and C. J. Watson, J. Chromstogr., 37, 76 (1968).
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Po-14 / Po-18

Mesoporphyria IX / (+)-Phytol

Po-14
Mesoporphyrin IX

Formmla: C,HyN.O,
Formmla Wt.: 566.70 (Dimethyl ester, 594.76)
Cale. %:C, 72.06; H, 6.76; N, 9.89; O, 11.29

g
H H
N
Hs CHg
NH HN
HOOC—HoC-H,C N CHz =CH,
HC CH
q.'lz CHp
Ha
O0H

Source: Reduction of the vinyl groups of protoporphyrin or its iron
complex. Reducing conditions include formic acid with H; and
Pd0,,!* with H, and colloidal Pd,* and aqueous KOH with H,
and PtO,.}

PROPERTIES OF DICARBOXYLIC ACID

Spectral Reference Values:
In1 M HCI
A, nm 592 549 401 619 582

€mM 5.8 14.9 390 0.6(min) 3.4(min)

Other Propertles: HCl No. 0.5. Distribution coefficient between
ether and 0.1 M HCI at 23 °C is 2.93:1.¢ Difficult to dissolve in
chloroform, readily soluble in ammonia. Recrystallized from
acetic acid-ether. The Na salt is precipitated at concentrations
greater than 0.8% of NaOH. Mesoporphyrin I may be separated
chromatographically from mesoporphyrin IX.¢

PROPERTIES OF THE DIMETHYL ESTER

HQ No.: 2.5.
m.p.: 215 °C (Diethyl ester, 207 °C).?
Chromatography : See References, p. 187.

Spectral Reference Values:
In chloroform’
A, m 619 566 532 498 399.5 270
€mM 49 6.5 9.9 14.0 168 79

In p-dioxane?®
A nm 620 567 528 496 590(min) 54%(min) 515(min)
L 54 166 98 142 1.15 1.19 31

NMR Spectrum: For the 2,4-ethyl groups, the CH; and CH, groups,
respectively, appear at & values of 4.30 and 1.88 in CDCl,, at
4.17 and 1.74 in CDCl; with 2.5% F;,CCOOH,* and at 4.31 and
1.84 in F;CCOOH.?
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2. W. S. Caughey, J. O. Alben, W. Y. Fujimoto, and J. L. York, J. Org. Chem.,
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S.Gnltk J. Blol. Chem., 202, 781 (1953).

Rimington and A. Benson, J. Chromatogr., 6, 350 (1961).

Caughey, W, Y. Fujimoto, and B. P. Johnson, Biockemistry, 5, 3830
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. Abraham, A. H. Jackson, and G. W. Kenner, J. Chem. Soc., 3468 (1961).
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Po-15
(+)-Phytol

Formmla: CoH O
Formula Wt.: 296.54
Cale. %:C, 81.01; H, 13.60; O, 5.39

u,c—g-cn,-cu,— C "—cu,—cn, -os,—f-!—cu,ou
":"': *Lh ]1 CHy

Source: Hydrolysis of chlorophyll!

Spectral Reference Valoe: e.u 1.10 at 212 nm in akcohol.

Infrared Spectrum: See Stair and Coblentz® and Weigle and Living-
ston.?

Speclﬂc Rotation: (o] +0.20°

: Refractive index, np 1.4637; density, di’ 0.8491;
bp 132 °C (0.02 mmHg), 150 °C (0.06 mmHg), 203 °C (10.0
mmHg).

Derivatives: Allophanate, m.p. 71 °C;* pyruvate semicarbazone,
m.p. 72-75 °C.

Chromatography: On paper impregnated with silicone oil, develop
with methanol-water (8:2).

Ry = 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; 1040 pxg esti-
mated quantity.!

Gravimetric Estimation: 1-Naphthylamine derivative of phytyl 3,5-
dinitrobenzoate.

Likely Impurities: Phytadiene, carotenoids, steroids, alcohols of
high molecular weight, and other neutral nonsaponifiable sub-
sml.l

NMR Spectrum: See reference 6.

Refersmces

. G. Flacher and H. Bonn, Ann. Chem., 611, 224 (1958).
smrmw W. Coblentz, J. Res. Nat. Bur. Stand., 11, 703 (1933).

W. Weigle and R. Livingston, J. Am. Chem. Soc., 75, 2173 (1953).

Karrer, H. Simon, and E. Zbinden, Helv. Chim. Acta., 17, 313 (1944),
Hrmnl.h. W. Broll, and L. Stentzel, Monatsh. Chem., 89, 54, 116, 126, (1958).
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Porphobilinogen / Protoporphyrin IX

Po-16 / Po-17

Po-16 H Hy
#

Porphobilinogen NNy
Formala: C,0H;/N;O,-H,O
Formmla Wt.: 244.25
Cale. 7:C, 49.17 é—o

H, 6.60

N, 11.47 O== é

0, 3275

Sources: From the urine of acute porphyria patients' and from
urine of animals treated with such compounds as (2-isopropyl-
4-pentenoyl)urea (Sedormid). Enzymically, from S-aminolevulinic
acid.** By chemical synthesis.'*

Photometric Determination: Condense with modified Ehrlich re-
agent; the apparent ey at 553 nm is 61, and there is a shoulder
at 525 nm, equ 47.°

Chromatography: Ry = 0.5 on ascending paper chromatography
with 1-butanol-acetic acid-water (4:1:5, v/v).¢

m.p.: 174-177 °C with decomposition.*

Other Properties: The hydrochloride.! The lactam.! X-ray powder
photograph.*” Infrared spectrum.® Quantitatively converted into
uroporphyrinogens, either chemically® or enzymically.? euu at
212 nm = 6.77.1° pK, = 3.70, 4.95, 10.1.!* The Ehrlich color salt
of porphobilinogen in acetate buffer (pH 4-5) is insoluble in
butanol, which distinguishes it from the urobilinogen color salt.

Likely Impurities: Not well defined;' poly(pyrrylmethanes).

Special Reagents: Modified Ehrlich reagent: Prepare fresh. p-Di-
methylaminobenzaldehyde (1 g) is dissolved in 30 ml of glacial
acetic acid, 8.0 ml of 70%, perchloric acid is added and the solu-
tion is diluted to 50 ml with acetic acid. Mix with an equal vol-
ume of porphobilinogen solution at 23 °C and read at 15 min.
The p-dimethylaminobenzaldehyde may be recrystallized from
hot ethanol-water to give a colorless product.

Eoferemces

1. G. H. Cookson and C. Rimington, Blochem. J., 57, 476 (1954).
2. R. Schmid and D, Shemin, J. Am. Chem. Soc., T1, 506 (1956).
3. H. A. Sancovich, A. M. Ferramola, A. M. del C. Batile, and M. Grinstein,
Methods Enzymol., 17, 220 (1970).
. P. Arsenault and 8. F, MacDonald, Can. J. Chem., 39, 2043 (1961).
Frydman, M. E. Despuy, and H. Rapoport, J. Am. Chem. Soc., §7, 3530

¥ 0o

4,
965).
. Mauzerall and S. Granick, J. Biol. Chem., 219, 435 (1965).
7. O. Kennard, Namre, 171, 876 (1953).
. Mauzerall, J. Am. Chem. Soc., 82, 2605 (1960).

Bogorad, J. Biol, Chem., 133, 301, 510 (1938).
. G and L. Bogorad, J. Am. Chem. Soc., 75, 3610 (1953).

gows

9

e

.
6
.
0.

-
w

198

Po-17
Protoporphyrin IX

Formsala: CoHyN,O,
Formmla Wt.: 562.27 (Dimethyl ester, 590.73)
Cale. 7:C, 72.57; H, 6.09; N, 9.97; O, 11.37

HOOC-HgC~H,oC

Source: Dicarboxylic acid is prepared from hemin chloride by re-
fluxing in 98 %, formic acid with iron powder to remove iron.1%3
Diester is obtained from hemin chloride by carrying out iron re-
moval and esterification in same solution (FeSO,, HCI, alcohol),
as well as by esterification of the metal-free dicarboxylic acid.4

PROPERTIES OF THE DICARBOXYLIC ACID

Spectral Reference Values:
In 1 M HCP
A, nm 600 556 408 520
€mM 5.6 13.5 241 3.2(min)

In 1.37 M HC, €un 275 at 408 nm.*

Chromatography: On paper in 2,6-lutidine-NH;,,’ protoporphyrin
IX moves as a porphyrin having two carboxyl groups.

Other Properties: Readily soluble in CHCl; (when acid), mineral
acids, or pyridine. Sparingly soluble in 0.01 M KOH in 507
alcohol; colloidal in aqueous alkali. Recrystallized from formic
acid-ether in fine needles. HCl No. 2.5.

PROPERTIES OF THE DIMETHYL ESTER

HQ No. = 5.5.

m.p.: Though generally sharp, reports vary from 214 to 232 °C,
Diethyl ester, 215 °C.*

Spectral Reference Values:
In chloroform?®
A, nm 630 576 541 506 407.5 275
€mM 5.0 6.5 11.1 13.8 161 13.0
In p-dioxane?®
A, oM 630 575 537 503
€aN 5.6 6.8 11.6 14.6

Identification of Vinyl Groups: NMR & values at 1.64, 3.66, and 3.83
in CDC)¢ and at 1.71, 3.43, and 3.61 in FCCOOH." Infrared
absorption of terminal methylenes in CHCl; are at 1.628 um
(emu, 0.98) and at 2.116 pm.*
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Po-18 / Po-19

Stercobilin / Half-Stercobilin

Chromatography: Column.¢ Paper.! See References, p. 187.
Likely Impurities: Compounds that contain iron, ethyl or 1-hy-
droxyethyl groups, and oxidation products (650 nm band).

Realerences

1. H. Fiacher and H. Orth, Die Chemie des Pyrrols, Vol. 11, Part 1, Akademische-
Verlag, Lelprig (1937, p. 471 ., 596.
2. V. G. Ramsey, Biochem. Prep., 3, 39 (1953).
3. W. S. Caughey, W. Y. Fujimoto, A. J. Bearden, and T. H. Moss, Blochemistry,
8, 1255 (1966).
4. W. S, Caughey, J. O. Alben, W. Y. Fujimoto, and J. L. York, J. Org. Chem.,
31, 2631 (1966).
5. D. Mauzerall, unpublished information.
6. C. Rimington, Biochem. J., 75, 620 (1960).
7. 1. E. Falk, J. Chromatogr., 5, 277 (1961).
8. W. 5. Caughey, W. Y. Fujimoto, and B. P. Johnson, Blochemisiry, 5, 3830
(1966).
9. A. Stern and H. Wenderlein, Z. Physik. Chem., A170, 337 (1934).
10. R. J. Abraham, A. H. Jackson, and G. W, Kenner, J. Chem. Soc., 3468 (1961).
11. T. C. Chu and E. J, Chu, J. Biol. Chem., 208, 537 (1954).

Po-18
Stercobilin (Dipyrrolidone)

Formala: CeH N,O;
Formala Wt.: 594.76
Cale. 7: C, 66.64; H, 7.80; N, 9.42; O, 16.14

PR

3319763

8

Sources: 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 Reference Values: Acid form exhibits an exx of 92.9 at 496
nm in CHClL* and of 90.3 at 492 nm in methanol-3 M HCl
(100:1, v/v).2

m.p.: 234-236 °C;* hydrochloride, 158-160 °C,! 140-142 °C.7

Specific Rotation:

[a]p = —4,000° as hydrochloride in CHCl; (natural).?
[alh = —3,900° as hydrochloride in CHCI, (synthetic).?
[alp = 0° (synthetic).*

Other Properties: X-ray diffraction powder patterns and infrared
spectrum are distinct for dipyrrolidones.!-*¢ Natural stercobilin is
the trans-trans-isomer.* Both cis—cis* and rrans-trans® have been
synthesized. Stability toward ferric chloride oxidation' and abil-
ity to form a molecular complex with ferric chloride! permit dis-
tinction from other urobilinoids. Chromic acid oxidation yields
ethyl methyl succinimide.®* Mass spectrum (molecular ion, 594).!?

Likely Impurities: Pyrrolidone-pyrrolinone, dipyrrolinones, and
their oxidation products.!®1?

Reforences

1. C. J. Watson, P. T. Lowry, V. E. Sborov, W, H. Hollinshead, S. Kohan, and
H. O. Matte, J. Biol. Chem., 200, 697 (1953).

s 7 . M. Welner, and C. J. Watson, J. Biol. Chem., 238, 1122 (1963).
Plieninger, K. Ehl, and A. Tapia, Ann, Chem., 736, 43 (1970); H. Plienin-
nd U, Lerch, Ann, Chem., 698, 196 (1966).

., Gray, A. Lichtarowicz-Kulczycka, and D. C. Nicholson, J. Chem. Soc.,
(1961).

. Watson and 1. Bosenmaler, unpublished information.

. Watson and P. T. Lowry, J. Biol. Chem., 218, 633 (1936).

. Watson, A. Moscowitz, D. A. Lightner, Z. J. Petryka, E. Davis, and
Weimer, Proc, Nat. Acad. Sci. U.S., 58, 1957 (1967).

Gmy, G. A. Lemmon, and D. C. Nicholson, J. Chem. Soc. (C), 178
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. Petryka and C. J. Watson, Tetrahedron Lett., 52, 5323 (1967).

. J. Watson, M, Weimer, Z. J. Petryka, D. A. Lightner, A. Moscowitz,
Davis, and N. A. Beach, Arch. Biochem. Blophys., 131, 414 (1969).

. Watson and Z. J. Petryka, Anal. Biockem., 30, 156 (1969).

A. Lightner, A. Moscowitz, Z. J. Petryka, S. Jones, M. Weimer, E. Davis,
A. Beach, and C, J. Watson, Arch. Biochem. Biophys., 131, 566 (1969).
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Po-19
Half-Stercobilin
(Pyrrolidone-Pyrrolinone)

Formala : Cy;H,N,O,
Formala Wt.: 592.74
Cale. %: C, 66.87; H, 7.48; N, 9.45; O, 16.25

YR

H2 M2
O-lc c-O
"R

Source: Human feces;! bacterial reduction;® by-product of cata-
Iytic hydrogenation of bilirubin.?

Spectral Reference Values: Acid form, absorption maximum be-
tween 490.5 and 492.5 nm in chloroform.!

Specific Rotation: [«] from —1,900° to —3,000° for acid forms in
chloroform.!

m.p.:! 148-154 °C.

Mass Spectra:! Molecular ion 592,

Other Properties: X-ray powder pattern distinct from stercobilin
and urobilin.! Ferric chloride oxidation* and chromic acid oxida-
tion! differentiate half-stercobilin from other urobilinoids and
indicate presence of impurities.

Likely Impurities: Stercobilin, urobilin, and their oxidation prod-
ucts.

References

1. C. J. Watson, A. Moscowitz, D. A. Lightner, Z. J. Petryka, E. Davis, and

M. Weimer, Proc. Nat. Acad. Sci., U.S., 58, 1957 (1967).

C. J. Watson 1 al., Blochem. Med., 2, 461 (1969); 2, 484 (1969); 4, 149 (1970).

. Z. J. Petryka, unpublished infor

X

E.

J. Watson, M. Weimer, Z. J. Petryka, D. A. Lightner, A. Moscowitz,
Davis, and N. A. Beach, Arch. Biochem. Biophys., 131, 414 (1969).

199


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

MS-Tetrapheaylporphin / Urcbilin

Po-20 / Po-21

Po-20
MS-Tetraphenylporphin
(a,8,7,5-Tetraphenylporphine)

Formaula: C,HyuN,
Formula Wt.: 614.75
Cale. 7,: C, 85.90; H, 4.92; N, 9.12

Source: Synthesis—condensation of pyrrole and benzaldehyde in
propionic acid.! Useful data on preparative procedures and the
reaction mechanisms have been reported.’* Metal complexes are
readily prepared.®?

A, nm 649 592 548 515 483sh) 418
€mM 38 5.7 8.4 19.8 7 480

Mass Spectroscopy: See Adler er /!

NMR Spectroscopy: See Badger er al.®

Chromatography: TLC.'* A useful column chromatography proce-
dure follows: A solution of crude Tpp (1 g) in reagent-grade
chloroform (200 ml) is added to a 3 X 12-in, column of dry
packed neutral or acidic alumina of a chromatographic grade.
Elution with chloroform, which develops a slow intense narrow
green band and a faster broad diffuse purple-red band, is con-
tinued until the green band has reached within 1 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.!

Likely Impurities: Polypyrrole by-products, ms-tetraphenylchlorin
salts, and adsorbed solvents.

References

1. A. D. Adler, F. R. Longo, J. D. Finarelli, J. Goldmacher, J. Assour, and
L. Korsakoff, J. Org. Chem., 32, 476 (1967).

2. A. D. Adler, L. Sklar, F. R. Longo, J. D. Finarelli, and M. G. Finarelli,
J. Heterocycl. Chem., 5, 669 (1968).

3. D. Dolphin, J. Heterocycl. Chem., 7, 275 (1970).

4. H. W. Whitlock, R. Hanaver, M, Y. Oester, and B, K. Bower, J. Am. Chem.
Soc., 91, 7485 (1969).

5. A. Treibs and N. Haeberle, Ann. Chem., 718, 183 (1968).

6. D. W. Thomas and A. E. Martell, J. Am, Chem. Soc., T8, 1338 (1936).

7. A. D. Adler, F. R. Longo, F. Kampas, and J. Kim, J. Inorg. Nucl. Chem., 32,
2443 (1970).

8. 1. A. Mullins, A. D. Adler, and R. M. Hochstrasser, J. Chem. Phys., 43, 1548
(1965).

9. Q. D. Dorough, J. R. Miller, and F. M. Huennekens, J. Am. Chem. Soc., T3,
4315 (1951).

10. G. M. Badger, R. A. Jones, and R. L. Laslett, Ausr. J. Chem., 17, 1028 (1964).

11. A.D. Adler, J. H. Green, and M. Mautner, Org. Mass Specirosc., 3,955 (1970).

12. R. W, Balek and A. Szutka, J. Chromatogr., 17, 127 (1965).

Po-21
Urobilin (Dipyrrolinone)

Formula: I. CuHeNO,
M. CaHaN,O
Formula Wt.: 1. 588.71
II. 590.73
Cale. %: L C, 67.33; H, 6.85; N, 9.52; 0, 16.31
I. C, 67.09; H, 7.17; N, 9.49; O, 16.25

L f"zc"z

k3
N Ny 8 AN
S Ciy

Sources: Infected fistula tube; feces of individuals receiving broad
spectrum antibiotics;' total synthesis;? bilirubin reduction with
sodium amalgam?®* or catalytic reduction.*

Spectral Reference Values: Acids formed in CHCl, exhibit enx
values of 93.7 for I and 72.1 for II* at 499 nm. In methanol-3 M
HC1 (100:1, v/V), €mx at 494 nm is 90.6 for I and 89.7 for I.¢

m.p.: I: 172-174 °C.! II: 175-177 °C,** 179-180 °C.*

Specific Rotation: [o]j for the monohydrochloride in CHCl, varies
from — 4800 to + 5000°.!

Other Properties: X-ray powder patterns differ amons optically
active and inactive urobilins, stercobilin, and half-stercobilin.
Infrared spectra for urobilins are similar but differ from ster-
cobilin spectra. Urobilins are easily oxidized with ferric chloride”
or bromic acid® and can be separated, as dimethyl esters, on TLC.?

Likely Impurities: Mesobiliviolin, glaucobilin, stercobilin, half-
stercobilin, mesobilifuscin.

Raefersnces

1. Watson and P, T. Lowry, J. Biol, Chem., 218, 633 (1956).

Plieninger, K. Ehl, and A. Tapia, Amn. Chem., T36, 62 (1970).

1. Watson, J. Biol, Chem., 200, 691 (1953).

Fischer and H. Orth, Die Chemie des Pyrrols, Vol. II, Part 1, Akndemische-
ag, Leipzig (1934), p. 685.

H Gray, A. Kulczycka, and D. C. Nicholson, J. Chem. Soc., 2276 (1961).

J. Watson and 1. Bossenmaier, unpublished informaton.

J. Watson, M. Weimer, Z. J. Petryka, D. A. Lightner, A. Moecowitz,

Davis, and N. A. Beach, Arch, Biochem. Biophys., 131, 414 (1969).

J. Watson, A. Moscowitz, D. A. Lightner, Z. J. Petryka, E. Davis, and

W, , Proc. Nat. Acad. Scl., U. §., 58, 1957 (1967).

J. Petryka, unpublished information.
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Po-22 [ Po-23 Uroporphyrin I / Uroporphyrin 1T
Po-22 12. J. E. Falk and J. B. Willls, Australian J. Sci. Res., Ser. A, 4, 579 (1951).

13. T. C. Chu and E. Chu, J. Biol. Chem., 234, 2741, 2751 (1959).
Uroporphyrin 1 14. D, Mauzerall, J. Am. Chem. Soc., 82, 2601 (1960).
Formala: CoHyuN,Oy4

Formula Wt.: 830.77 (Octamethyl ester, 942.98)
Cale. %t C, 57.83; H, 4.61; N, 6.74; O, 30.82

A R
W gy O
N
R A
NH HN
A R
N
T
R A
A= CHy COOH
R=CHyCHy COOM

Sources: By hydrolysis of the methyl ester.!* From urine of beef
cattle having congenital porphyria! and from urine of humans
having congenital porphyria.* By chemical synthesis.

Spectral Reference Values: Same as for uroporphyrin III (Po-24) in
1 M HCL

Chromatography : See uroporphyrin 111 (Po-24).

Other Properties: See uroporphyrin III. Is decarboxylated to
coproporphyrin I, either chemically,* or enzymically as uro-
porphyrinogen.’

PROPERTIES OF THE OCTAMETHYL ESTER

Spectral Reference Valwes: Same as for uroporphyrin III ester
(Po-25).

NMR Spectrum: See Becker et al®

Chromatography : R; = 0.02 in kerosene—p-dioxane (8:3 by volume);
same as for uroporphyrin II ester.* The Ry is critically depen-
dent on the experimental conditions.

m.p.: 291-292 °C (corrected).?

Other Properties: Practically insoluble in ether. May be crystallized
as the hydrochloride. X-ray powder photograph.®!* Infrared
spectrum.!*!? May also be identified by conversion into copro-
porphyrin I by quantitative decarboxylation at 180 °C for 4 h in
deoxygenated 1 M HC1,*! and by 2,6-lutidine-water chromatog-
raphy (see coproporphyrin I, Po-7).

Likely Impurities: Isomeric uroporphyrins,® hepta- (and lower) car-
boxylic esters,*!*!4 haloporphyrins, and Cu or Zn chelates.

1. H. Flacher and H. Orth, Die Chemie des Pyrrols, Vol. I, Part 1, Akademische-
Verlag, Leipzg (1937), p. 504.

2. H. Fischer and J. Hilger, Z. Physiol. Chem., 149, 65 (1929).

3. T. K. With, Biochem. J., 68, 717 (1958).

4. C. Rimington and C. A. Miles, Biockem. J., 80, 202 (1951).

5. 8. F. MacDonald and R, J. Stedman, Can. J. Chem., 32, 896 (1954).

6. P. R. Edmondson and 8. Schwartz, J. Biol. Chem., 208, 605 (1953).

7. D. Mauzerall and S. Granick, J. Biol. Chem., 232, 1141 (1958).

8. E. D. Becker, R. B. Bradley, and C. J, Watson, J. Am. Chem. Soc., 83, 3743

(1961).

9. 1. E. Falk and A. Benson, Biochem. J., 58, 101 (1953).

10. 1. E. Falk, E. L. B. Dressel, A. Benson, and B. C. Knight, Blochem. J., 63,

87 (1956).
11. P. A. D. Cornford and A. Benson, J. Chromatogr., 10, 141 (1963),

Po-23
Uroporphyrin II

Formaula: CoHuN.Oss
Formala Wt.: 830.77 (Octamethyl ester, 942.98)
Cale. 7,:C, 57.83; H, 4.61; N, 6.74; O, 30.82

A R
HC ’@w
N
A R
NH HN
R A
N
HC Ucu
R A
A = CH,COOH
R=CH,CH,COOH

Source: By hydrolysis of the synthetic methyl ester.}?

Spectral Reference Values: The same as for uroporphyrin III
(Po-24).

Chromatography: R; same as for uroporphyrin III.

Other Properties: Is decarboxylated to coproporphyrin II, either
chemically'* or enzymically.*

PROPERTIES OF THE OCTAMETHYL ESTER

Spectral Reference Values: The same as those of uroporphyrin III
ester (Po-24).

NMR Spectrum: See Abraham er al*

Chromatography: R; = 0.02 in kerosene-p-dioxane, like that of
uroporphrin I ester, but unlike those of uroporphyrin III ester or
uroporphyrin IV ester.%” R is critically dependent on the condi-
tions.?

m.p.: 310-313 °C?

Otber Properties: As the least soluble of the isomers, it may fre-
quently be separated from uroporphyrin mixtures by crystalliza-
tion from pyridine,! ot from chloroform—acetone.!* Identify by
decarboxylation and 2,6-utidine-H;O chromatography of the
coproporphyrin I1.7-* X-ray powder and infrared (mull) spectra.’-*

Likely Impurities: Other isomers, haloporphyrins, and Cu and Zn
chelates.

References

. 8. F. MacDonald and K. H, Michl, Can. J. Chem., 34, 1768 (1956).
2. G. P. Arsenault, E, Bullock, and S. F. MacDonald, J. Am, Chem. Soc., 81, 4384
(1960).
3. P. R. Edmondson and S. Schwartz, J. Biol. Chem., 205, 605 (1953).
. D. Mauzerall and S. Granick, J. Biol. Chem., 232, 1141 (1958).
. R.J. Abraham, A. H. Jackson, and G. W. Kenner, J. Chem. Soc., 3468 (1961).
E. Falk and A. Benson, Biochem. J., 58, 101 (1953).
E. Falk, E. L. B. Dressel, A. Benson, and B. C. Knight, Biockem. J., 63, 87

- RPN

I
aiid
(19

§

D Cornford and A. Benson, J. Chromatogr., 10, 141 (1963).

8. P.A
9. D. Mauzerall, J. Am. Chem. Soc., 82, 2601 (1960).
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Uroporphyria Il / Uroporphyris III, Octamethyl Ester Po-24 / Po-25
Po-24 Po-25
Uroporphyrin ITT Uroporphyrin 111, Octamethyl Ester
Formula: CoHxN,O;, Formula : CuHuNOy
Formala Wt.: 830.77 Formala Wt.: 942,98
Cale. 7,: C, 57.83; H, 4.61; N, 6.74; O, 30.82 Cale. 7:C, 61.14; H, 5.77; N, 5.94; O, 27.15
A R A R
HC’QCH HC —@cu
N
A A A A
NH  HN . NH HN
R
N CH N )
R A R A
A =CH,CO0H A= CH, COOMe
R= CH,CH,COOH R=CH,LCH2COOMe

Sources: From turacin, its Cu chelate.!** Enzymically from 5-ami-
nolevulinic acid or porphobilinogen.? By synthesis,!

Spectral Reference Values:
In1 M HCPE
A, nm 406 552 593 450(min) 520(sh) 570(sh) 584(min)
€nM 505 17.5 6.15 0.6 29 6.1 39

0.5W, nm 10.0 20.0 ~14
In 0.5 M HCI, €xu 541 at 406 nm.*

Chromatography: Not distinguishable from other uroporphyrin
esters by 2,6-lutidine-H,O chromatography

m.p.: Decomposes.

Other Properties: Insoluble in ether, soluble in cyclohexanone,
slightly soluble in ethyl acetate-acetic acid. Reversibly reduced
to uroporphyrinogen III, but the latter rearranges to a random
mixture of isomers in hot 1 M hydrochloric acid.® Is decarboxyl-
ated to coproporphyrinogen IlI, either chemically**’ 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).

Refermnces

1. 1. E. Falk, E. I. B. Dressel, A. Benson, and B. C. Knight, Blochem. J., 63, 87
(1956).

2. R E. H. Nicholas and C. Riming Blochem. J., 50, 194 (1951).

3. W, H. Lockwood and A. Benson, Blochem. J., 75, 372 (1960).

4. E. 1. Tarlion, S. F. MacDonald, and E. Baliazzi, J. Am. Chem. Soc., 82, 4389
(199))

5. D. Mauzerall, J. Am. Chem. Soc., 82, 2601 (1960).

6. C. Rimington, Biochem. J., 15, 620 (1960).

7. P. R. Edmondson and S. Schwartz, J. Biol. Chem., 205, 605 (1953).

8. D. Mauzerail and S. Granick, J. Biol. Chem., 131, 1141 (1958).

* §. Schwartz and C. J. Watson (unpublished) claim that some samples contain
uroporphyrin 1.

Sources: From turacin, the Cu chelate of the porphyrin;!? by syn-
thesis.?

Spectral Reference Values:
In chloroform?*
A, nm 406 502 536 572 627
- 215 15.8 9.35 6.85 4,18

0.5W, nm 22 2.5 16.5 20.5 12
With minima

A, nm 458 522 554 608

€mM 1.9 33 1.4 0.85

Chromatography : Ry = 0.5 in kerosine (b.p. 190-250 °C)-p-dioxane
(8:3 v/v); same as that of uroporphyrin IV ester.*” The R; is
critically dependent on the conditions.?

m.p.: 267-269 °C (hot stage);' 255-260 °C; polymorphic.?

Other Properties: X-ray powder photographs*? and infrared (mull)
spectral®!! depend on the crystal form;? like the infrared spectrum
in chloroform, they are worthless as criteria of purity.* However,
they may suggest the presence of either or both of the uroporphy-
rin III and IV esters in complex mixtures.? The solubilities of the
uroporphyrin III and IV esters are similar, and are higher than
those of the other isomers. They also form solid solutions (**mixed
crystals).* Compare also, uroporphyrin IV octamethyl ester.
The purity of this isomer can only be assessed by decarboxylation
to coproporphyrin followed by 2,6-lutidine-HyO chromatogra-
phy; this does not, however, distinguish between isomers III and
IV.2¢ The HCI No. is 5.0.¢

Likely Impurities: Other isomers;? porphyrins having fewer
methoxycarbonyl groups.®!?

References

. E. H, Nicholas and C. Rimington, Biochem. J., 50, 194 (1951).

. K. With, Scand. J. Clin. Lab. Invest., 9, 398 (1957).

. J. Tarlton, S. F. MacDonald, and E. Baltazzi, J. Am. Chem. Soc., B2, 4389
960).
. Mauzerall, J. Am. Chem. Soc., 82, 2601 (1960).
Falk, E. L. B. Dressel, A. Benson, and B, C. Knight, Biochem. J., 63, 87
956)

. E. Falk and A. Benson, Blochem. J., 55, 101 (1953).

. A. D. Cornford and A. Benson, J. Chromatogr., 10, 141 (1963).

. J. Watson and M. Berg, J. Biol. Chem., 214, 537 (1953).

. Kennard and C. Rimington, Blochem. J., 55, 105 (1953).
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Po-26

Uroporphyrin IV

10, J. E. Falk and J. B. Willis, Aust. J. Scl. Res., Ser. A, 4, 479 (1951).
11. T. C. Chu and E. J. H. Chu, J. Biol. Chem., 134, 2751 (1959).
12. T. C. Chu and E. 1. H. Chu, J. Biol. Chem., 234, 2741 (1959).

Po-26
Uroporphyrin IV

Formula: CoHNOy
Formula Wt.: 830.77 (Octamethyl ester, 942.98)
Cale. %: C, 57.83; H, 4.61; N, 6.74; O, 30.82

A R
HC“@CH
N
R R
NH HN
A
A
A R
A =CH,COOH
R=CHyCHyCOOH

Source: By hydrolysis of the methyl ester!? formed by synthesis.

Spectral Reference Values: Same as those of uroporphyrin III in
1.0 M HCL.

Chromatography : R; same as that of uroporphyrin III (Po-24).

Other Properties: Is decarboxylated to coproporphyrin IV, either
chemically,!® or enzymically* (in the form of uroporphyrinogen).

PROPERTIES OF THE OCTAMETHYL ESTER

Spectral Reference Values: Same as for the I1I isomer (Po-25).

Chromatography: R same as for the III isomer (Po-25).

m.p.: 255-258 °C (polymorphic)..-*

Other Properties: The x-ray powder photographs and infrared
(mull) spectra depend on the crystal form;!? 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 2,6-lutidine-
HyO chromatography; this does not distinguish between isomers
Il and IV,

Likely Impurities: Other isomers, haloporphyrins.

References

1. 8. F. MacDonald and K. H. Michl, Can. J. Chem., 34, 1768 (1936).
2. G.P. Arsenault, E. Bullock, and S. F. MacDonald, J. Am. Chem. Soc., 82, 4384

3. P.R.Ed d and S. Sct tz, J. Biol. Chem., 105, 605 (1953).

4. D. Mauzerall and S. Granick, J, Biol. Chem., 232, 1141 (1958).

5. E. 1. Tarlton, S. F. MacDonald, and E. Baltarzi, J. Am. Chem. Soc., 82, 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.

Nomenclature

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 ¢ alternatively in names, just as, for ?H (deute-
rium), D is used in formulas and 4 in names. In some
publications and catalogs, C* is used for *C, 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 O-t, carboxyl-**C, hydroxyl-t, amino-t,
etc., placed in square brackets directly attached to the
name of the compound substituted. Typical names and
formulas are*

CH,-CH,-OH, [I-"“Clethanol; CH,-CHT-OH, [I-*H]
ethanol; CH,T-CH,-OH, [2-*H]ethanol; CH,CH,-OT,
[O-*H]ethanol; C*H,S(CH,), CH(NH,) COOH, L-
[methyl-**C]methionine; CH,S(CH,),CH(NH.)C*OOH,
L-[carboxyl-**C]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 *CO,.

* A complete description of this system for isotopic designa-
tion, which has been accepted by the e 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.®
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Biosynthesis from *CO, 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 (xCi/mg).
The molar radioactivity may be expressed in the unit,
millicuries 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:*

g-Particle
Isotope Half-Life  Energy (MeV) Specific Activity
Carbon-14 5730 years 0.155 4.4 mCi/mg of “C
Tritium 12.3 years 0.018 9.6 Ci/mg of °*H
Sulfur-35 88 days 0.168 42 Ci/mg of #S
Phosphorus-32 14.3 days .71 285 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’:

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.

206

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 drawnm
from chromatographic studies, but verification of the
purity of the compound by a second method is always
necessary.

Isotope-dilution analysis® 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 nonlabeled compound (isotope-dilution
analysis). For measurement of radiochemical purity, a
small sample of the labeled compound is diluted at least
100-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,w,, equals the radioactivity of
the compound after dilution, A.(w, + w,) where 4,
and A. are the specific activities and w, and w, 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 100 percent. This
complication is particularly troublesome with com-
pounds that form mixed crystals. For example, samples
of D-[1-1C] tagatose and D-[I-'*C] sorbose (obtained by
rearrangement of D-[/-'*C] 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.

Determination 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-14 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 *C atoms per annum are lost by disintegration, but
the resulting B-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.

Contamination 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 Producers

The Committee suggests that the following information
be made available to users of labeled compounds:

Chemical name, including

1. 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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Compounds are referenced by class abbreviation and number; the

name appearing after a semicolon in an entry is the compound's first
or preferred name.

2-Acetamido-2-deoxy-3-O<(p-1-carboxyethyl)-

p-glucopyranose; N-Acetylmuramic acid.............. Carbo-4
2-Acetamido-2-deoxy-p-galactopyranose. . .............. Carbo-1
2-Acetamido-2-deoxy-p-glucopyranose. .. ............... Carbo-2

2-Acetamido-2-deoxy-D-mannopyranose monohydrate. ., . . Carbo-3
5-Acetamido-3,5-dideoxy-p-glycero-aD-galacto-

nonulopyranosonic acid; N-Acetylneuraminic acid. . . .. Carbo-5
o A T S L-1
Acetylcholinesterase (Electrrophorus electricus). ............... E-1
Acetylcoenzyme A............coiiiiiiiiiiniians CoE-1
N-Acetyl-D-galactosamine; 2-Acetamido-2-deoxy-

D-gAlACIOPYTANOSE, . . . ...ooivvnnntiiiinnerans Carbo-1
N-Acetyl-D-glucosamine; 2-Acetamido-2-deoxy-p-

BINCOPYTRIOOL: - . .o vovcvavin v o o s s 9ivis ov 594 Carbo-2
N-Acetyl-pL-glutamicacid............................... AA-1
N-Acetyl-L-glutamicacid................................ AA-2
N-ACEVLDE-BBHAINE. . - - oconcvvinemenanmaasemsit amin AA-3
N-Acetyl-L-histidipe. . ......................c00ininnn.. AA-4
N-Acetyl-D-mannosamine monohydrate; 2-Acetamido-

2-deoxy-p-mannopyranose monohydrate. . ............ Carbo-3
N-Acetylmuramicacid.........................c...... Carbo-4
N-Acetylneuraminicacid.............................. Carbo-5
3-Acetylpyridine adenine dinucleotide; 3-Acetylpyridine

anmlog of NAD . oo mia e sy CoE-2
3-Acetylpyridine adenine dinucleotide phosphate;

3-Acetylpyridine analog of NADP. . .................... CoE-3
3-Acetylpyridine analog of NAD. .................c.cuuun.. CoE-2
3-Acetylpyridine analog of NADP. . ...................... CoE-3
N-Acetyl-pDL-tryptophan. . ................covinennnnen.. AA-5
N-ACEyLLATYPLODIBN. . . . . ..o ovvviveneeeiiniessannnis AA-6
AcPyAD; 3-Acetylpyridine analog of NAD. . .............. CoE-2
AcPyADP; 3-Acetylpyridine analog of NADP.............. CoE-3
PABCEMNE .. . oo ovooons oo S A S S Do N-1
AdENOBINE. .. ... ... e N-2
Adenosine 3':5'cyclic phosphate. . ........................ N-3

Compound
Index

Adenosine 5'-diphosphate. . ..............cccciiiiiiiiaa., N-4
Adenosine 2'-phosphate. .. ...t N-5
Adenosine 2'(3’')-phosphate, mixed isomers ................. N-6
Adenosine 3-phosphate. .. .............cciiiiiiiiiiiaa.s N-7
Adenosine 5-phosphate. . ................ oo, N-8
Adenosine 5'-pyrophosphate; Adenosine 5'-diphosphate. . . . .. N4
Adenosine 5-triphosphate. . ....................oiiiiian. N-9
Adenykobamidecoenzyme. .............c.cciiieiiaanann CoE4
2'-Adenylic acid; Adenosine 2'-phosphate................... N-5
‘-Adenylic acid; Adenosine 3’-phosphate................... N-7
‘-Adenylic acid; Adenosine 5'-phosphate. . .. .............. N-8
Adonitol; Ribitol. . . ..., Carbo-53
DECAIRRINE. < s s s s R A AT AA-T
L-AIANINE. ... .. e AA-8
Alcohol dehydrogenase (horse liver)........................ E-2
Alcohol dehydrogenase (yeast). .. ..........ccovvvinnrainnnn E-3
Aldolase (rabbit skeletal muscle). . ......................... E-4
Alkaline phosphatase (Escherichiacoll). . ................... E-5
p-Amino acid oxidase (pig kidney). ........................ E-6
L-Amino acid oxidase (Croralus adamanteus venom). ......... E-7
Aminoacylase (pigkidney). .. ...t E-8
2-Amino-2-deoxy-p-galactopyranose hydrochloride. . . . . . .Carbo-6
2-Amino-2-deoxy-p-glucopyranose hydrochloride. . ... ... Carbo-7
L-2-Amino-4-(ethylthio)butyric acid; L-Ethionine.......... AA-26
5-Aminolevulinic acid hydrochloride. . .................... Po-1
2-Amino-4-(methylsulfinyl)butyric acid; pL-Methionine
sulfoxide. ... ...t e AA-47
a-Amylase (Dig PaNCreas). . ...........ooovvvineaninunnnnn. E-9
B-Amylase (sweet potato). . . ..........oiiiiiiiiiiiiains E-10
L-ANSerine MitrBte. ... .........oovrinrrnrrnrennennannnns AA-9
Anteisomargaric 8Cid. ... ;... ioii i cisi i, L-23
Antheraxanthin. ... ..................coiiieinininn.. Carot-1
B-ApOCArOtenal. . .........covvveriiaiinr ey Carot-2
8'-Apo-g-caroten-8'-al; f-Apocarotenal.................. Carot-2
B-Apo-8'carotenal; g-Apocarotenal..................... Carot-2
B-Apocarotenoic acid ethylester........................ Carot-3
B-Apo-8'-carotenoic acid (Cy) ethyl ester;
B-Apocarotenoic acid ethyl ester. . ................... Carot-3
B-Apocarotenoic acid methylester...................... Carot-4
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B-Apo-8'-carotenoic acid (Cx) methyl ester;

g-Apocarotenoic acid methyl ester. . ................. Carot-4
DeATRBIIOL : « ovovievvmonm s e s b R S Carbo-8
L-Ambinitol. ... i Carbo-9
D-ArBbINOPYTANOSE. . . . .....vvintiiniiniiiananns Carbo-10
L-ArabinopYTaNOSE. ... ... ..ovuvvrneineiniinraneinens Carbo-11
p-Arabinose; pD-Arabinopyranose . ................... Carbo-10
L-Arabinose; L-Arabinopyranose. ..................... Carbo-11
p-Arabitol; p-Arabinitol. .. ................. ... Carbo-8
L-Arabitol; L-Arabinitol. . ................... ... ... Carbo-9
ArBChidic 86Hd. . ..o vvviviniim s i s e s e e e L-27
Arachidonicacid. ... ............... 0o, L-47
Arachidyl aleobol ... v TR L-108

L-Arginine hydrochloride............................... AA-10
L-Argininosuccinicacid. ................ ... i, AA-11
L-Argininosuccinic anhydride. .. ........................ AA-12
L-Ascorbicacid......... ... ... ..., Carbo-12
L-Asparagine monohydrate. . ........................... AA-13
DL-ASDRIEC BRI o oo o cimns imis iaisssssgos 554 S sbim s s AA-14
L-Aspartic 8Cid. . .. ...... ...ttt e, AA-15
ASIRCRRE; ASIACIN. .o iociniv i vmaisvaiv s e Carot-5
ASIBCIN. ... .. Carot-5
ATP—Creatine phosphotransferase (rabbit skeletal muscle). ... .E-11
GeABURIAIYE. . coocsiorans svom insa e s wis s e adsrins diervns v s s N-10
Behenicacid. . ... .. ... ... ..., L-30
Behenyl alcohol. .. .. covvvivnviivinsmivis vaivas ....L-109
Benzimidazolylcobamidecoenzyme. . .................... CoE-4
Bilirubin BXor s amsimniie s e Po-2
L e RTm——— Po-3
BiXin . .. s Carot-6
5-Bromo-2'-deoxycytidine. .. .............. ... ... 00 N-11
S RrOTOMEIIINE, 5 covovvw o wmmmums s s S S e e N-12
Butanoic acid; Butyricacid. ....................c.00iiiinn L-3
trans-2-Butenoic acid; Crotonic acid........................ L-5
Butyricacid. .......... ... L-3
Cakcium D-glocomBle; .. ciiuna e diaiddivnsy s Carbo-13
Calcium D-glycero-p-gulo-heptonate dihydrate. .. ... .... Carbo-14
Campesterol. . ...t L-156
Canthaxanthin. ...... R S R R N Carot-7
CRPOIC BOI ...ocorcnrswssuimmommmm vy s omay o s R v L-12
Caprole@eI sy sa i s s T e L-8
Caproyl aleohol: . comonainveveen suvisss v e es L-101
Caprylalcohol. . .......... ... i L-102
Caprylic goid: i dsimm e R R SR L-10
CRDSRNIIN oo srain e A o B S Carot-8
Capsorubin.......... ... Carot-9
Carbonic anhydrase (bovine erythrocytes). . ................ E-12
Carboxypeptidase A (bovine pancreas)..................... E-13
Carboxypeptidase B (pig pancreas). .. ..................... E-14
EACREMNOBIOR . . cocop i s n s vion s s B S 8 B B e AA-16
B-Cy-Carotenal; Torularhodinaldehyde. .. ............. Carot-46
a-CAPOBEINE « oot o e S e e N R B Carot-10
BACRPOIRIIC - oo ccivicmio v omior v 6w i 3 b e SR S 0 Carot-11
GlTMPORBIME . ..ot ] SR o e A8 BB BT R Carot-12
TCAROMENE - s e v o e S e ke Carot-13
B,8-Carotene; B-Carotene. ..............c.covviennunn.. Carot-11
(6'R)B.e-Carotene; o-Carotene. . . ..................... Carot-10
By~Carotene; v-Carotene. . ...........oovvrvnennnnnnn, Carot-12
v-Carotene; Lycopene................oovvieiiinnnn. Carot-26
a-Carotene-3,3'-diol; Lutein. ......................... Carot-25
g-Carotene-3,3'-diol; Zeaxanthin...................... Carot-49
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(3R,3'S,6'R)-8,&Carotene-3,3'-diol; Lutein. ... .......... Carot-25
(3R,3'R)8.5-Carotene-3,3'-diol; Zeaxanthin. . ........... Carot-49
(3R,3 R)8.5-Carotene-3,3'-diol dipalmitate; Physalien. . . .Carot-33
p-Carotene-4,4'-dione; Canthaxanthin................... Carot-7
B.8-Carotene-4,4'-dione; Canthaxanthin................. Carot-7
B-Cy~Carotenoic acid, ethyl ester; Torularhodin, ethyl

CBLET. ... ... v s s ey Carot-45
p-Caroten-3-ol; Cryptoxanthin........................ Carot-17
(3R)8,5-Caroten-3-ol; Cryptoxanthin................... Carot-17
y4~-Caroten-16-ol; Lycoxanthin. . ..................... Carot-27
g-Caroten-4-one; Echinenone. . ....................... Carot-19
B.5-Caroten-4-one; Echinenone........................ Carot-19
CRIODIOBE : v v s e i S A N i Carbo-15
CeroticaCid. . ..........iiiiiie ittt L-33
Cetylaleobol. . . . ociiiimim i nios i L-106
CRIGEIDRVEL B oo s o i R R R Po4
Chlorophyll b. ... iiiiieiananns Po-5
Chloroprotoporphyrin IXiron (III)....................... Po-6
EIOBERIEION ... s inrmiass oo T R S s € S B L-155
Cholesteryl arachidate. . . ............................... L-173
Cholesteryl arachidonate. ... ...................co0vnunn. L-174
Cholesteryl dodecanoate; Cholesteryl laurate. ............. L-162
Cholesteryl eicosanoate; Choesteryl arachidate............. L-173
Cholesteryl all-cis-5,8,11,14-eicosatetraenoate; Cholesteryl

arachidonate. ... ........ccciiiniiiniiiiiieenannns L-174
Cholesteryl hendecanoate. . .................c.ooovuiannnn L-161
Cholesteryl heptadecanoate; Cholesteryl margarate. ... ..... L-167
Cholesteryl hexadecanoate; Cholesteryl palmitate. . ........ L-166
Cholesteryl laurate, .. ...........cooviiiineiinnnrnnnnans L-162
Cholesteryl linoleate. .............. ... ...coiiiiiiiian.. L-170
Cholesteryl linolenate . . ...................coiiininnnn L-171
Cholesteryl margarate. .. .....................0. P L-167
Cholesteryl myristate. . .. .. ........coivurirnennneerinnns L-164
Cholesteryl nonadecanoate. . ...................ccovvuunn L-172
Cholesteryl nonanoate; Cholesteryl pelargonate............ L-160
Cholesteryl cis-9-cis-12-octadecadienoate; Cholesteryl

TOOVEEAL oo vosvioivomms oot s s oo o 03, LT B e L-170
Cholesteryl octadecanoate; Cholesteryl stearate............ L-168
Cholesteryl all-cis-9,12,15-octadecatrienoate; Cholesteryl

1T L 171 L~ L-171
Cholesteryl cis-9-octadecenoate; Cholesteryl oleate. ... .. ... L-169
Cholesteryl ORI, . .. v v v was avnaies s e s oo s e 4 L-169
Cholesteryl palmitate. ... ............cooviiririniinannn. L-166
Cholesteryl pelargonate. .. ........coooiiiiiiiiiiniaens L-160
Cholesteryl pentadecanocate. . ................ccovvevnnens L-165
Cholesteryl stearate. . ................ccvvvrrivrreennnnn. L-168
Cholesteryl tetradecanoate; Cholesteryl myristate. . . ....... L-164
Cholesteryl tridecanoate. . ..............co0vverrnrnnnns. L-163
Cholesteryl undecanoate; Cholesteryl hendecanocate. . ... ... L-161
Chondrosamine hydrochloride; 2-Amino-2-deoxy-

p-galactopyranose hydrochloride. .................... Carbo-6
Chymotrypsin A (bovine pancreas)..................co..ns E-15
Citranaxanthin. . ... .......ivitirrnrnenneaiinaranas Carot-14
Citrate synthase (pigheart). .......................o.oon E-16
1| (] T e T AA-17
CoA;Coenzyme A..........covinniinanaisisieennrnnns CoE-5
CoA-Ac; Acetylcoenzyme A. . .........c.oiviviinnrnnnns CoE-1
COASH; CoBNZYME A . . ovvnwssunsamsswasmney s myssiey CoE-5
COPOZYME A . oo neviominssimenernsnbis SoiSamsoaiomssses CoE-§
Coproporphytin L. ..o v iviviiaomuse iessio s ive s Po-7
Coproporphyrin IL. .. ... ... oo, Po-8
Coproporphyrin TIL. ;- snaisimman i Savin v e s Po-9
Coproporphyrin IV, . .......oiiiiiiiiiiiiiiiiinannnns Po-10
Creatine monohydrate. . ............covveriiunneneneanns AA-18
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Compound Index

CPBBRHIE vt e s S A R e s e S AA-19
L Carot-15
Crocetindiethylester. .......................coiintn Carot-16
CTORONEE MO o4 nrenop i e S AT e S R SR AT T L-5
Cryptoxanthin. . ..........oovirnriireeeainnnnnnns Carot-17
LCysteic aedd o s R R e AA-20
L-Cysteine hydrochloride monohydrate. .................. AA-21
LACYEHDB . i O S R R S T s AA-22
OV <o s e S e R R SR N-13
Cytidine 2':3'cyclic phosphate. . ......................... N-14
Cyfidinie S'~diphosphate . . .ooooiue i iuiieisyagan N-15
Cytidine 2’-phosphate. . ................ccviiviiiiniinnns N-16
Cytidine 2'(3")-phosphate, mixed isomers. . ................ N-17
Ca L 3 G e T R N-18
Cytidine 5'-phosphate. .. ................c.ccoiiiiiiiinn. N-19
Cytidine 5’-pyrophosphate; Cytidine 5’-diphosphate......... N-15
Cytidine N-AriphosphREe ... vuvvssmammams s e 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
o0 1| A e e Sy LR N-21
Deamino analog of NAD; Nicotinamide hypoxanthine

dinucleotide (NHD) . . .. ...coovviniiiiiiiiiiineennns CoE-8
Decanoic acid; Capricacid...................cccovviunnnn. L-12
1-Decanol; Decylakohol. . ...............coiviiiinnnn.. L-103
Decylaleohol: . . convnvasnsiviims i ismsain s s L-103
2-Deoxyadenosine. ... ... ...ttt N-22
2'-Deoxyadenosine 5'-diphosphate. . ...................... N-23
2-Deoxyadenocsine 5'-phosphate. .. ....................... N-24
2'-Deoxyadenosine 5'-triphosphate. ... .................... N-25
2'-Deoxyadenosine 5'-pyrophosphate; 2’-Deoxyadenosine

S'-diphoSphate. . .. ....o oo N-23
2-DeoxyCYUBDe. . ... voovvii st bt b et s N-26
2'-Deoxycytidine §'-diphosphate. . ........................ N-27
2'-Deoxycytidine 5'-phosphate............................ N-28
2'-Deoxycytidine 5'-pyrophosphate; 2'-Deoxycytidine

SAipBOSPRBIE . . .o v v es st s s S e N-27
2’-Deoxycytidine 5'-triphosphate.......................... N-29
2-Deoxy-p-glucose; 2-Deoxy-p-arabino-hexopyranose. . . . Carbo-16
Lo DECRVEHRDOBDE | . . s 3 move ey e (A SRR N-30
2’-Deoxyguanosine S-diphosphate. . .. .................... N-32
2’-Deoxyguanosine 5'-diphosphate. . ...................... N-31
2'-Deoxyguanosine 5’-pyrophosphate; 2'- Daoxyguanosme

S-diphosphsite. . . e N-31
2-Deoxy-D-arabino-hexopyranose. . . .................. Carbo-16
2-DeoXYiNOSINe. .. ......viitt i N-33
2’-Deony-5-iodocytidine; 5-lodo-2'-deoxycytidine. .......... N-52
2’-Deoxy-5-iodouridine; 5-Iodo-2’-deoxyuridine. . . ......... N-53
2’-Deoxy-S5-methylcytidine; 5-Methyl-2'-deoxycytidine. . .. ... N-60
2-Deoxy-D-eryrhro-pentopyranose. . . . ................. Carbo-17
9-(2-Deoxy-g-p-ribofuranosyl)adenine; 2’-Deoxyadenosine, . . N-22
1<(2-Deoxy-s-p-ribofuranosyl)cytosine; 2’-Deoxycytidine. . .. . N-26
9-(2-Deoxy-g-p-ribofuranosyl)guanine; 2’-Deoxyguanosine. . . N-30
1-(2-Deoxy-g-p-ribofuranosyl)thymine; Thymidine. ......... N-68
2-Deoxy-D-ribose; 2-Deoxy-p-erythro-pentopyranose. . . .Carbo-17
2-Deoxyuridine. . . ........0oiii e N-34
2'-Deoxyuridine 5"-phosphate. .. ......................... N-35
Deutoporphyrin IX. . ... . i Po-11
8,8'-Diapocarotene-8,8’-dioic acid; Crocetin. . .......... Carot-15
3’ 4'-Didehydro-gy~caroten-16"-al;

Torularhodinaldehyde. . ........................... Carot-46
3',4'-Didehydro-17’-oxo-y-carotene;

Torularhodinaldehyde. . ........................... Carot-46

(3R,5R,653'5,5'R,6'S)-5,6,5',6'-Diepoxy-5,6,5',6'

tetrahydro-g,8-carotene-3,3'-diol;; Violaxanthin........ Carot-47
Diethyl 8,8'-diapocarotene-8,8'-dicate; Crocetin diethyl

ML s o imncciw i oo e A0 T S R e Carot-16
rac-1,2-Dihexadecanoylglycerol; 1,2-Dipalmitin............ L-124
1,3-Dihexadecanoylglycerol; 1,3-Dipalmitin. . ............. L-125
rac-1,2-Dihexadecanoyl-3-octadecanoylglycerol;

1,2-Dipalmitoylstearin. .. ..................couveunn... L-140
rac-1,2-Dihexadecanoyl-3-cis-9-octadecenoylglycerol;

1,2-Dipalmitoylolein. . .. .... ...t L-141
1,3-Dihexadecanoyl-2-cis-9-octadecenoylglycerol;

1,3-Dipalmitoylolein. . . ............cooiiiiiiiiiiina.. L-142
5',6’-Dihydro-5'-apo-18’-nor-g-caroten-6'-one;

Citranaxanthin..................cooiiiiiiiiiinna., Carot-14
7,8-Dihydro+y~carotene; Neurosporene. .............. Carot-32
7'.8'-Dihydro-8,y-carotene; g-Zeacarotene.............. Carot-48
all-trans-7',8'-Dihydro-y-carotene; g-Zeacarotene. . . ..... Carot-48
(35,5R,3'S,5'R)3,3'-Dihydroxy-««-carotene-6,6'-dione;

CAPIODDIN o s e o s S T S P S T T T Carot-9
(3R,3'8,5'R)3,3'-Dihydroxy-8 x-caroten-6'-one;

CBDSAYRIN. .. can  E ARe s wes Carot-8

3,5-Dihydroxy-3-methylpentanoic acid; Mevalonic acid. , Carot-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. ................... Carot-30
3-(3,4-Dihydroxyphenyl)-pL-alanine. . . .................. AA-23
3{3,4-Dihydroxyphenyl)-L-alanine....................... AA-24
3,3'-Dihydroxy-2,3,2',3'-tetrahydro-5,8-carotene-4,4'-dione = 8,5~

Carotene-3,4,3',4'-tetrone; Astacin. ................... Carot-5
3,5-Diiodo-L-tyrosine. .............otiiiiuriiaeninnanns AA-25
2,2-Diketospirilloxanthin. . . ......................... Carot-18
s T RARENONREIN . 5o wm e T RN TS L-130
1,I’-Dimethoxy-3,4,3' ,4-tetrahydro-1,2,1°,2"-

tetrahydro-y y-carotene; Spirilloxanthin .............. Carot-43
1,1’-Dimethoxy-3,4,3 ,4'-tetrahydro-1,2,1',2'-tetrahydro-

v-carotene-2,2'-dione; 2,2'-Diketospirilloxanthin . . ..Carot-18
N N.“Dimethyladenine..................ccoiiiiiiiiinnnn N-36
2-Dimethylamino-6-hydroxypurine; N*,N*~Dimethylguanine. . N-37
6-Dimethylaminopurine; N, N®Dimethyladenine............ N-36
5,6-Dimethylbenzimidazolylcobamide. . . ................. CoE-4
N N-Dimethylguanine. ....................coovnvvnnnn.. N-37
3,7-Dimethyl-2,6-octadien-1-ol; Geraniol............... Carot-21
.8 0 1Ty g 11 1 1 PR L-122
L3I < oo s daee S8 S g R e T e i T L-123
rac-1,2-Dioctadecanoylglycerol; 1,2-Distearin.............. L-126
1,3- Dloctadwnnoylglycu'ol 1,3-Distearin. ................ L-127
L 2P DMOMIN . oo vnan o i e i e S S A S e L-128
1L3Diolein.........ooviiiii it L-129
L2 Dioleoylstentin: ;v m e e L-145
L2V IPAIMMEN . o oo s & o s o e b s 40 9 s L-124
1.3-Dipalmitin. ... ... i L-125
1, 2-Dipalmitoylalein. . ..o covivismamis i daaii L-141
1. 3-Dipalmitoylolein. . . . .. o0 v s mes vy e enme L-142
1,2-Dipalmitoylstearin. . ..................covvrnnreenns L-140
Diphosphopyridine nucleotide (DpN); Nicotinamide

adenine dinucleotide (NAD)...............ccoviuvvnn.. CoE-6
Dipyrrolidone; Stercobilin. . ............................ Po-18
Dipyrrolinone; Urobilin. . ...............ccoiviiviinnnns Po-21
F2-DIASMBATIN. . . . . ovveniviensnsmainsennansnssssnssnsesesos L-126
LDABCRIIN. - ovvisinon i Bas v s s e S A ki o L-127
1,2-Distearoylpalmitin. . . .............. ... ..o L-143
rac-1,2-Ditetradecanoylglycerol; 1,2-Dimyristin. . .......... L-122
1,3-Ditetradecanoylglycerol; 1,3-Dimyristin. .. ............ L-123


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

Docosahexaenoic 8Cid. .. ......ovveeiiiinie i, L-50
1-Docosanol; Behenylalcohol. . ......................... L-109
1-Dodecanol; Laurylalcohol. . .......................... L-104
all-cis-4,7,10,13,16,19-Docosahexaencic acid. . . . ............ L-50
Docosanoic acid; Behenicacid. ... ....................... L-30
cis-13-Docosenoic acid; Erucicacid. ...................... L-49
Dodecanoic acid; Lauricacid. ....................... ... L-14
Dulcitol; Galactitol. . .........................c..... Carbo-23
EORIMEIOIE. . . oove v smmis .50 w0 Carot-19
Eicosanoic acid; Arachidicacid........................... L-27
1-Eicosanol; Arachidylalcohol. . ........................ L-108
Eicosapentaenoic acid. .. ..............co0viiiiiiiiiaa.,, L-48
all-cis-5,8,11,14,17-Eicosapentaenoic acid; Eicosapentaenoic

WO s s w8 R B R R L-48
all-cis-5,8,11,14-Eicosatetraenoic acid; Arachidonic acid...... L-47
Eicosenoic acld ...................................... L-46
cis-5-Eicosenoic 8¢id. . ... L-45
cis-11-Eicosenoic acid; Eicosenoicacid. . . ................. L-46
EIBHC BOIE v aniomin i i s s B s 55 s e L-39
Elaidylalcohol. . ...ttt L-112
Enlothie a6l oo van iy v S e L-9
Enolase (rabbit muscle)..............coviiiiiniiieenenn. E-17
Enolase (Yeast). ... ...ttt E-18
5,6-Epoxy-5,6~-dihydro-g,8-carotene-3,3'-diol ;

Antheraxanthin.........................ccooiuin.. Carot-1
Ergosterol. ..o snis s s B s e L-157
BEVEIROL. .- vmnomions s s A e e S s M Carbo-18
ErucicBcid. .. ...t e e L-49
Ethanoic acid; Acetic acid, . ......cc..0iiiviiiiine s L-1
EEERRMONNIE . 5. o-crvaos0s v 506 50 800 S R AT S AT AA-26
Ethyl 8’-apo-g-caroten-8'-oate; S-Apocarotenoic acid ethyl

BT .o o o B A B TR SR A R A Carot-3
Ethyl 3',4'-Didehydro-g,y~caroten-16"-oate;

Torularhodin, ethyl ester........................... Carot-45
Extracellular nuclease (Staphlococcus aureus). . . ............ E-19
Farnesyl pyrophosphate.............................. Carot-20
DEPIUCLODYIRIIOBE . ... i oowinais son s s s i e Carbo-19
p-Fructose; p-Fructopyranose. .. ..................... Carbo-19
DEFRCOPYTRIOBE. .-« vaas v s s s s s 5 2 Carbo-20
L-Fucopyranose. . . ............c.c.ciiiiiiiiiinnnaeennn Carbo-21
D-Fucose; D-Fucopyranose. .......................... Carbo-20
L-Fucose; L-Fucopyranose. . .................ccoivenn Carbo-21
N%-Furfuryladenine; Kinetin. ............................ N-57
N%-Furfuryladenosine; 9-g-p-Ribosylkinetin. . .............. N-67
Galactaric 8. v ssiasvasRs T e s Carbo-22
GAMCTIO. . ciomsiinm s e S O SR R Carbo-23
p-Galactono-1,4-lactone. . ........................... Carbo-24
p-Galactono-y-lactone; p-Galactone-1,4-lactone. . ... ... Carbo-24
D-GRIACTOPVTRINOIE. ., ..o v oivavsis = wimainii o wamiim iim s s s Carbo-25
p-Galactopyranuronic acid monohydrate. . . ........... Carbo-26
p-Galactosamine hydrochloride; 2-Amino-2-deoxy-

p-galactopyranose hydrochloride..................... Carbo-6
p-Galactose; p-Galactopyranose...................... Carbo-25
p-Galacturonic acid monohydrate; p-Galactopyranuronic

acid monohydrate. . .................c.c0vviiinnnnn. Carbo-26
GOIRTION oo R R S R S Carot-21
Geranylgeranyl pyrophosphate. .. ...... B T— Carot-23
Geranyl pyrophosphate. . ............................ Carot-22
DAGIIRTEOL . c.ocm i s s S AR R Carbo-27
a-D-Glucofuranurono-6,3-lactone; p-Glucurono-6,3-

BECTORNE | s Sy o e T o S A D R Carbo-31
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p-Glucono-1,5-lactone....................coovvnnn.n. Carbo-28
D-Glucono-$-lactone; p-Glucono-1,5-lactone. ........... Carbo-28
p-Glucopyranose, anhydrous. . ....................... Carbo-29
B-D-Glucopyranose pentaacetate. . .................... Carbo-30
D-Glucorono-6,3-lactone. . ....................co.... Carbo-31
p-Glucosamine hydrochloride;

2-Amino-2-deoxy-p-glucopyranose hydrochloride. . ... . Carbo-7
p-Glucose, dextrose; p-Glucopyranose, anhydrous. . .. .. Carbo-29
p-Glucose-6-phosphate dehydrogenase (brewers’ yeast)...... E-20
p-Glucurone; p-Glucurono-6,3-lactone. . .............. Carbo-31
L-Glutamicacid........... ...ttt AA-27
LACIHAMINE. oo i v i v v s e e AA-28
D-Glyceraldehyde-3-phosphate dehydrogenase (rabbit

[ P b T e e P e E-21
L-Glycerol-3-phosphate dehydrogenase (rabbit skeletal

MUSCIE). ... e E-22
OIVEIE o i s o i T S S R A S R S AA-D
VOO . - v inieiyim i oms e s & e e s i i Carbo-32
GURRINE: . . 5. i s st SR e SR N-38
GURROBIIE: . oo oass e i o s S R e R R s e N-39
Guanosine 2':3'cyclic phosphate. . ....................... N-40
Guanosine 5'-diphosphate. . ........................... N-41
Guinosing 2 pHOSPHRLE.... . -+ coovvwmvm miunmss st e amewms N-42
Guanosine 2'(3')-phosphate, mixed anomers................ N-43
Guanosine 3'-phosphate. . . ............................. N-44
Guanosine 5'-phosphate. ... .............ccoiiiiiiiiann, N-45
Guanosine 5'-pyrophosphate; Guanosine 5'-diphosphate. ... . N-41
Guanosine 5-triphosphate. . ..................cooiiiiia N-46
2'-Guanylic acid; Guanosine 2’-phosphate. . ............... N-42
3'-Guanylic acid; Guanosine 3'-phosphate. . ............... N-44
5'-Guanylic acid; Guanosine 5'-phosphate. .. .............. N-45
p-Gulono-l,4actone..................cooiviiinnnn, Carbo-33
p-Gulono-+-lactone; p-Gulono-1,4-lactone. . ........... Carbo-33
Hall-stercobilin ..o asmnnnamaniiay sy Po-19
Hematoporphyrin IX. ... ... ... ... iiiiiiiiiiiiniaann Po-12
Hemin chloride; Chloroprotoporphyrin IX iron (III)......... Po-6
Hendecanoic 8cid. . ..........cooviiiiiiiiiiiiianeennns L-13
Heneloosanoie B, ...« oo vios mumammmm sommmmssmas s L-29
Heptadecanoic acid; Margaricacid........................ L-22
Heptanoic acid; Enanthicacid............................. L9
D-glycero-D-gulo-Heptono-1,4-lactone... .. ............. Carbo-34
D-manno-Heptulose. . . ..................ooiiiiae. Carbo-35
Hexacosanoic acid; Ceroticacid. .. ....................... L-33
Hexadecanoic acid; Palmiticacid. . ....................... L-20
1-Hexadecanol; Cetylalcohol. . ......................... L-106
rac-1-Hexadecanoylglycerol; 1-Monopalmitin.............. L-116
2-Hexadecanoylglycerol; 2-Monopalmitin. . ............... L-117
cis-9-Hexadecenoic acid; Palmitoleicacid. ................. L-35
rrans-9-Hexadecenoic acid; Palmitelaidicacid............... L-36
15-cis-1,8,11,12,7’,8’-Hexahydro-y y~carotene;

Phytofluene. . . ............ccciiiiiiiiiiiiiinnnnns Carot-35
7,8,7',8,11",12"-Hexahydrolycopene; Phytofluene. . ...... Carot-35
Hexanoic acid; Caproicacid. . .................c.covvinnnns L-8
1-Hexanol; Caproylakohol............................. L-101
Hexokinase (bakers' yeast). . ................covvvvennnnn. E-23
CEHBEINOE . . coociivimom sy E5eis e stk o sa s s AA-30
L-Histidine monohydrochloride monohydrate. . ........... AA-31
L-HOMIOBEHINE: -0 oo an wri o g S S R S S T A S AA-32
erythro-3-Hydroxy-pL-asparticacid. .. ................... AA-33
rac-3-Hydroxybutanoic acid; 3-Hydrobutyricacid............ L6
D~ —)-3-Hydroxybutyrate dehydrogenase (bovine heart)...... E-24
p~(—)-Hydroxybutyrate dehydrogenase (Rhodopseudomonas

EPREPOIARRY . . o s s o S R TN R A S e e E-25
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3-Hydroxybutyric acid. ... ......coveiivvieivnneniinnes L-6 Melibiose monohydrate....................cc0vinnnn. Carbo-45
5-Hydroxy-L-lysine monohydrochloride. . ................ AA-34 Mesobilirubin IXer. . .ocivvvswovenan s smss v e Po-13
(+)12-Hydroxy-cis-9-octadecenoic acid; Ricinoleic acid. . . ... L-98 Mesoporphyrin IX. .. ... ... .. .. s Po-14
Hydroxy-L-proline. . ............ooiiiiiiiiireneann. AA-35 DL-Methionine. .. .5 ooy s ey s ise s e il re s AA-4S
5-Hydroxy-pL-tryptophan monohydrate. . ................ AA-36 LMEUONIIE. . ..o s nsancion i maisiv it i i s o AA-46
S-Hydroxy-L-tryptophan. . ............................. AA-37 pL-Methionine sulfoxide. . ............................. AA-4T
HIYPOXRERBINE . .. . o i s a4 N-47 NEMeEthyladenine . . . oo sveiain sndvie y s sivaie e N-58
Methyl anteisomargarate. .................coiiiiaiiiana.n, L-68
Inorganic pyrophosphatase (yeast). . ...................... E-26 Methyl 8’-apo-g-caroten-8'-oate; g-Apocarotenoic acid
EMOBENE . . v i a4, SRS N-48 MEthyl BME: . cooiiinn s e v s e SRS Carot-4
Inosine 5'-diphosphate. . .....................cooiinn... N-49 Methyl arachidate. .. ................ccoitiiiiiiiiniinnnn. L-72
Inosine 5'-phosphate. . ................oiiiiiiiiiiiann., N-50 Methyl arachidonate. . .......................coiiiinnn. L-93
Inosine 5'-pyrophosphate; Inosine 5'-diphosphate. .......... N-49 Methyl behenate. . .............ccoiiiiiiiiiiiiiianan, L-74
Inosine 5'-triphosphate. .. ... ........................... N-51 Methyl butanoate; Methyl butyrate, . ..................... L-52
‘-Inosinic acid; Inosine 5'-phosphate. .................... N-50 N*(3-Methyl-2-butenyl)adenine; N*Isopentenyladenine. ... .. N-55
myo-Inositol. . ......... ... ..., Carbo-36 N*(3-Methyl-2-butenyl)adenosine; N*-Isopentenyladenosine. . N-56
IDGOLIR i nc vt iR R R e S R Carbo-37 3-Methyl-3-buten-1-yl pyrophosphate; Isopentenyl
S5-lodo-2'-deoxycytidine. . . ..., N-52 PVEOPNORPIBRE . . . icomiis v smonen s d war o € et Carot-24
S-lodo-2'-deoxyuridine. . . .......... ... ... i, N-53 MEYLBUIYFBIE., ; (oo da b iir i me s dbm e s s 5 SR s L-52
3 Jodo-L-tyrosine. ... .....coiiii i e AA-38 Methyl CBPERLE. . v iinviiininie s iodes s e s s s i L-57
Sdodouridine. ............ ..ot N-54 Methylcaproate. . ...........ooiiiiiiiiiiiiiiiannnnnn, L-53
Isobutvric 8eld: oo i cui i T S R L-4 Methylcaprylate. .....o.oviimivisivicaviva v L-55
ERINONCIICHIIE . s i s A S B B AA-39 VBTNV LCEORROR . ..o cimas: isssnm o isand S A o TR T L-78
L-Isoleucine + p-alloisoleucine. . . ....................... AA-40 S-Methyl-Lcysteine. . .............ccovviiiinnieninnnnns AA-48
Tsomyristic Reid. ... ouviiani iR Y e et L-17 S-Methylcytosine. .. ...t iiniiiieeaaanns N-59
Isopalmiticacid. . ...............ccooiiiiiiiiiiiiaa.s L-21 Methyl decanoate; methylcaprate. .. ..................... L-57
NVisopentenyladenine.......................cciiniininn. N-55 5-Methyl-2'-deoxycytidine. . . ................. ..o N-60
N%Isopenteyladenosine. . ...................ccoiiinnnn.n. N-56 Methyl docosahexaenoate.......................co0nnnnn L-96
Isopentenyl pyrophosphate. . ......................... Carot-24 Methyl all-cis-4,7,10,13,16,19-docosahexaenocate; Methyl
INORteRTIC BeM: o o R R S R R R S L-25 doCOSABEXBENORLE. . . iuuviu s i e E T e L-96
Methyl docosanoate; Methyl behenate..................... L-74
1 | T P TRN p N-57 Methyl cis-13-docosencate; Methyl erucate................. L-95
L-Kynurenine sulfate monohydrate. ..................... AA-41 Methyl dodecanoate; Methyl laurate. . .................... L-59
Methyl cis-11-cis-14-eicosadienoate. ... .................... L-92
L(+)-Lactate dehydrogenase (bovine heart). ................ E-27 Methyl eicosanoate; Methyl arachidate. .. ................. L-72
Lactose monohydrate. . ..................c.oo0vinnn. Carbo-38 Methyl eicosapentaenoate. ... ........ccoviiiiieiananinns L-94
LBuniC 8CIA. . . ..ottt e e L-14 Methyl all-cis-5,8,11,14,17-eicosapentaenoate; Methyl
Laurylalcohol. ..o L-104 i RRENOBLE. ;v v i s e s R ST SR L-94
IRALBUCTINE . .. s st i 138 e B N A B S AA-42 Methyl all-cis-5,8,11,14-eicosatetraenoate; Methyl
LB o i s e iR e e s A R s s e AA-43 ATRERAORELE: . ;o v remimisiareisn vy L-93
Lignoceric acid. . ........ R R T R I L-32 Methyl CiICOSENORLE. ..........cvvvieirereresaeiaierianns L-91
Lignocerylalcohol. . ..... ... L-110 Methyl cis-5-eicosenoate. . . . ...............uiriiininiinnn. L-90
Einoelasdic aeid ... . s S R T i L-43 Methyl cis-11-eicosenoate; Methyl eicosenoate.............. L-91
LAOIRIC B - . oo i inisiin s oo s ] e A L-42 MEVLERIARR, . . c.ooiiiovmimsmmmra s s s sn P S RS S R L-84
Linolenicacid. . ............c.ciiiiriiiiiiiiiinneaeaennns L-44 Methylenanthae. ... ......coreesiscssitivniniiviasiss L-54
EinoletivE slcahiol. < o cuvimammess s e s L-114 MeEthyl SrUCBEE . -, < cvviis i v s v s v s ne e WS w e L-95
Linoylakohol................cviiiiiiiiin i L-113 Methyl a-pD-glucopyranoside. . ................c.ccoonnn Carbo-46
Lipoyl dehydrogenase (pig heart). ........................ E-28 Methyl g-p-glucopyranoside. . ........................ Carbo-47
TERRRRAIN . v i R A R 0 Carot-25 TMERVIRUBRING . o iovsivininmmars e s miss s s s bt N-61
Lycopene. . ...t Carot-26 Methyl hendecanoate. . ................coviiinnnunenannns L-58
Lycopen-16-ol; Lycoxanthin. ......................... Carot-27 Methyl heneicosanoate. . . .............covviniiiiinneenns L-73
Lycoxanthin...............coviuirriiiiiiaiannnnnns Carot-27 Methyl heptadecanoate; Methyl margarate. . ............... L-67
L-Lysine monohydrochloride. . . ........................ AA-44 16-Methylheptadecanoic acid{ Isostearicacid. .. ............ L-25
DL T RODYTRIIONE o in e s s B A M S Carbo-39 Methyl heptanoate; Methyl enanthate. . ................... L-54
D-Lyxose; p-Lyxopyranose....................c.oue.. Carbo-39 Methyl hexacosanoate; Methylcerotate. .. ................. L-78
Methyl hexadecanoate; Methyl palmitate. . ................ L-65
Maltose monohydrate. . ........................0.... Carbo-40 14-Methylhexadecanoic acid; Anteisomargaric acid.......... L-23
p-Mannitol. .......... ... ... ... Carbo-41 Methyl cis-9-hexadecenoate; Methyl palmitoleate. . ......... L-80
DMANOPYTRIIONE .54 i iy i S s S a R r St Carbo-42 Methyl rrans-9-hexadecenoate; Methyl palmitelaidate. .. .. ... L-81
L-Mannopyranose. . ................. P Carbo-43 Methyl hexanoate; Methylcaproate....................... L-53
pD-Mannose; p-Mannopyranose. .. .................... Carbo-42 Methyl hydrogen 9'-cis-6,6'-diapocarotene-6,6’-dioate;
L-Mannose; L-Mannopyranose. . . .................... Carbo-43 13 Carot-6
Margaricacid. ......... ...t L-22 Methyl (+)12-hydroxy-cis-9-octadecenoate; Methyl
Melezitose monohydrate............................. Carbo-44 ricinoleate. . . .... R A e R S SR R L-99
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Compound Index

5ot T T A ——” L-100
I-Methylinosine. . . ...........ouuuieniiiieinainrnnnnnnn N-62
Methylisomyristate. . ..............cociviiiininrenninns L-62
Methyl isopalmitate. . . ............................ — L-66
Methyl BOSICALAtE. .. .o vvmviivis divrs i v ce s e L-70
MeEthyLIBUIBIE . .o viiiesmsasmeons s s mesamve d s e L-59
Methyllignocerate. . ................ciiiiniiiinnnnnn. L-76
Methyl linoslaidate. . . . o s sanemy gl L-88
Methyllinoleate. . ...................cciiiiiiiiiinnnnnn. L-87
Methyl linolenate. . .............. ... ..., L-89
Methyl a-D-mannopyranoside. . ...................... Carbo-48
Methyl margarate. ...............c.ooiininiiiiennnnnnnnn. L-67
S-Methyl-L-methioninechloride. ... ..................... AA-49
Methyl 16-methylheptadecanoate; Methyl isostearate. . . .. ... L-70
Methy] 14-methylhexadecanocate; Methyl anteisomargarate. . . L-68
Methy! 14-methylpentadecanoate; Methyl isopalmitate. .. .. .. L-66
Methyl 12-methyltetradecanoate. . ........................ L-64
Methyl 12-methyltridecanoate; Methyl isomyristate. . . ......L-62
Methyl MVRIRNE oo s e S S AR L-61
Methyl myristoleate. . ..................ciiiiinninn.. L-79
Methyl nervonate. . . ............. R e L-97
Methyl nonadecanoate. . .. ............c.coiiiiiiiiiaaa... L-T1
Methyl nonanoate; Methyl pelargonate. ................... L-56
Methyl cis-9-cis-12-octadecadienoate; Methyl linoleate. . . . . .. L-87
Methyl trans-9-trans-12-octadecadienoate; Methyl

BnoelMdate. . o« oo v e R R BT L-88
Methyl all-cis-9,12,15-octadecatrienoate; Methyl

T T Y A A Sy g A Py | L-89
Methyl cis-6-octadecenoate; Methyl petroselinate. . . ........ L-82
Methyl cis-9-octadecenoate; Methyloleate. . ............... L-83
Methyl rrans-9-octadecenoate; Methyl elaidate.............. L-84
Methyl cis-11-octadecenoate; Methyl cis-vaccenate. ......... L-85
Methyl rrans-11-octadecenoate; Methyl rrans-vaccenate. . . . .. L-86
Methyl octanoate; Methylcaprylate. . ..................... L-55
Methyl octanoate; Methyl stearate. ....................... L-69
Methyvloleate: . o coe bt e ST T e L-83
Methyl palmitate. . . ................ccoiiiieiiinniinaa.. L-65
Methyl palmitelaidate. . ............................ .....L-81
Methyl palmitoleate: ... ioo ivams Lomamed y s e L-80
Methvl PRIAERONBRE. ..o-vocososumammm v oo S R ST, L-56
Methy] pentacosanoate. . . ............oueeireiirairaiia. L-77
Methyl pentadecanoate. . ..................coiiiiiiia. L-63
14-Methylpentadecanoic acid; Isopalmiticacid.............. L-21
Methyl petroselinate. .. cvos vvemsvndinasiaiiinmynmie L-82
2-Methylpropanoic acid; Isobutyricacid. ................... L-4
1-Methyl-9-8-p-ribofuranosylhypoxanthine;

I=Methylinosine. . . . cvvovassme s vrnuivoasnynse s N-62
5-Methyl-1-g-p-ribofuranosyluracil ; 5-Methyluridine. . . ... .. N-63
Methyl ricinelaidate. . . ... ............ciiiiiiiiiiaa, L-100
Methylricinoleate. .. ...........ooviiiiiiiiiiiiinnsn L-99
Methylstearate. .. .............oivieemeiirrnennnnnnn.. L-69
Methyl tetracosanoate; Methyl lignocerate. .. .............. L-76
Methyl cis-15-tetracosenoate; Methyl nervonate............. L-97
Methyl tetradeconoate; Methyl myristate. . . ............... L-61
12-Methyltetradecanoicacid.............................. L-19
Methyl cis-9-tetradecenoate; Methyl myristoleate. . . ........ L-79
3{(Methylthio)alanine; S-Methyl-Lcysteine............... AA-48
Methyl trHiCOSANOBLE. . . ... vvn v vivwms e ivins s ess s L-75
Methyl tridecanoate. .. ...............c.ooiiririienennnnnt L-60
12-Methyltridecanoic acid; Isomyristicacid. . .............. L-17
Methyl undecanoate; Methyl hendecanoate. . . ............. L-58
S5-Methyluracil; Thymine. . .................ccoiviieinn.. N-73
S M IVINEHIINE - ocoasnmionamess sesvoss iy s B TR SR TR N-63
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Methylcis-vaccenate. . . ..............coiiiiiiieennnnnnnn L-85
Methvl 1ransVROCEAREE .. ... o v vmmma s s wes L-86
Methy! g-p-xylopyranoside.............. e Carbo-49
Mevalonic BCId .. ..oy i v i s e e e s Carot-28
Mevalonic acid S-phosphate. ......................... Carot-29
Mevalonic acid 5-pyrophosphate. . .................... Carot-30
= MODOHROMR: - v avonisiae s spin S S SR A R S L-121
I-Monomyristin. . ............. .ot L-115
ZMOROOIeIN . oo s uavi s e gt s el e e e e L-119
Do MIOIOOBEIN . .« i v v s S A L-120
I-Monopalmitin. . ..................ciiiiririnrnnnnnann L-116
MONOPRIMEEIN . v veni owsnas idia s s Swasicam s L-117
I-MONOSIEANIN. .. ...\ttt e e iieii e ieenens L-118
Mucic acid; Galactaricacid. . ........................ Carbo-22
Myokinase (rabbit skeletal muscle). . ...................... E-29
MyTistic 8CId. . ... ... . e L-16
Mymistoleie 80, . v v e e e e s e L-34
Myristylalcohol. .. ... ... ... i L-105
Neoneurosporene P; Proneurosporene. ................ Carot-37
MErOUAOL: . - +vvvimummmim o v s i s S S Carot-31
Nervonicacid. .. ............0iiiiiiiiitiieniiinnnanns L-51
NEUTOSPOTENE & o-.vivcia s v ST s v Carot-32
Nicotinamide adenine dinucleotide (NAD). . ............... CoE-6
Nicotinamide adenine dinucleotide phosphate (NADP). . . ... CoE-7
Nicotinamide hypoxanthine dinucleotide (NHD)............ CoE-8
Nonadecanoicacid......................ccoiiiiiinnnnn.. L-26
Nonanoic acid; Pelargonicacid........................... L-11
cis-9-cis-12-Octadecadienoic acid; Linoleicacid. . ........... L-42
trans-9-rrans-12-Octadecadienoic acid; Linoelaidic acid. . . ... L-43
¢is-9,cis-12-Octadecadien-1-ol; Linoyl alcohol. . .. ......... L-113
rac-1-{(cis-9,cis-12-Octadecadienoyl)glycerol;

I=Monolinolein: . ;oo viume s mnr s i s e L-121
1,3-di(-cis-9,cis-12-Octadecadienoyl)glycerol;

1,3-Dilinolein. . ......... ..., L-130
Octadecanoic acid; Stearicacid. . ......................... L-24
1-Octadecanol; Stearylakohol. . . ....................... L-107
rac-1-Octadecanoylglycerol; 1-Monostearin................ L-118
2+{cis-9-Octadecanoyl)glycerol; 2-Monoolein............... L-120
rac-1,2-Octadecanoyl-3-hexadecanoylglycerol;

1,2-Distearoylpalmitin. .. ...............cooiiiiunia.n. L-143
all-¢is-9,12,15-Octadecatrienoic acid; Linolenic acid. . ....... L-44
all-cis-9,12,15-Octadecatrien-1-ol; Linolenyl alcohol. . ...... L-114
cis-6-Octadecenoic acid; Petroselinicacid. . ................ L-37
cis-9-Octadecenoic acid; Oleicacid. . ...................... L-38
trans-9-Octadecenoic acid; Elaidicacid. . ............. .....L-39
cis-11-Octadecenoic acid; cis-Vaccenicacid................. L-40
trans-11-Octadecenoic acid; rrans-Vaccenicacid............. L-41
cis-9-Octadecen-1-ol; Oleyl akcohol....................... L-111
trans-9-Octadecen-1-ol; Elaidyl alcohol. .................. L-112
rac-1(cis-9-Octadecenoyl)glycerol; 1-Monoolein............ L-119
rac-1,2-di(-cis-9-Octadecenoyl)glycerol; 1,2-Diolein. ... ..... L-128
1,3-di<(cis-9-Octadecenoyl)glycerol; 1,3-Diolein. . .......... L-129
rac-1,2-di-cis-9-Octadecenoyl-3-octadecanoylglycerol ;

1,2-Dioleoylstearin. . . ...........coviierneiinnnann... L-145
15-cis-7,8,11,12,7',8',11',12'-Octahydro~+,y-carotene;

IPRVRORTIE < ..o gainrs ovvioss s gvoess e v SR o R S Carot-34
7.8,7,8',11,12,11',12’-Octahydrolycopene; Phytoene. ... .. Carot-34
Octanoic acid; Caprylic acid . o cvvnsomnnsiasinaiieses L-10
1-Octanol; Capryl alcohol. ... ......... ... ... L-102
Ol acidcooqsansimanmi sy s ey L-38
Olevl aleohiol. . . - v v s v s e SR e L-111
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L-Omnithine monohydrochloride. . ....................... AA-50
Orotic B6Id v osrnn srm s v R R S N-64
Palmitelaidicacid. . ;. .. oo o daiaiie s L-36
Palmitic 80 - - o vivion o m s s s L-20
Palmitoleicacid. . . ............ciiiiiiiiiii i L-35
Papain (papaya latex). . ............ T BT E-30
PEAREROTIE BEI .o iovissmsraimnmms s A N PN N L-11
Pentadecanoic 8CId. ... ....ovviieeeeniiiii it L-18
Pentanoic acid; Valericacid................ccooiiiiiiiinnn L-7
Pepsin (pig gASLHiC MUCOSA). . . .. ....co.vverrernennnennens E-31
Peroxidase (horseradish). . ..............coiiiniieiinoan. E-32
PEroselinic 80T . ..o cvwis i svavs i e L-37
pL-Phenylalanine. . ............... ... i AA-51
L-PREOVIRIANENEG oo iiora s s o e R s S i AA-52
Phenyl g-D-glucopyranoside. . ........................ Carbo-50
Phosphoglucomutase (rabbit skeletal muscle). .............. E-35
Phosphorylase a (rabbit muscle). . ........................ E-33
Phosphorylase b (rabbit muscle) . ......................... E-34
PhYSAlEN. oo iy v e T U T SR R T Carot-33
PRI TR . o <o 5amviomians wosims oomtinn S SN 8  s Fpire L-28
i (3 1oy S N A S0 Carot-34
Phytollutne: . oivwsivinsi s anisien e dai odindvass Carot-35
(FPhytol. . ... e Po-15
Poly-cis+~carotene; Proneurosporene. ................. Carot-37
Porphobilimogen... . . . .« onscsns s v s ee w3 aswaes Po-16
L-Proline. ... ... e AA-53
PrOIVCOPROR: o o T S R TR TR ss Carot-36
PrORCUTOBPOEEIIE. . . ..o.cvvooinnren s esmarsm v s fai S s ee s Carot-37
Propanoic acid; Propionicacid. ........................... L-2
PropIonic BCIH . c.vvivswaiiy s v sl g v s i s mi L-2
Protetrahydrolycopene; Proneurospmme ............... Carot-37
Protohemin; Chloroprotoporphyrin IX iron (III)........... Po-6
Protopotphyrin IX . . . o.oonwini svmimmess v s v wstsiasa Po-17
Pseudouridine, B-anomer. .. ........... ..ot N-66
Pseudouridine, mixed anomers. . ......................... N-65
Pyrrolidone-Pyrrolinone; Half-stercobilin. . ............... Po-19
Pyruvate kinase (rabbit skeletal muscle).................... E-36
Raffinose pentahydrate. . ............................ Carbo-51
Reduced diphosphopyridine nucleotide (DPNH);

Reduced nicotinamide adenine dinucleotide (NADH). . . ... CoE-9
Reduced nicotinamide adenine dinucleotide (NADH). . ... ... CoE-9
Reduced nicotinamide adenine dinucleotide phosphate

(NADPH). . ..ottt ittt it ettt iee e CoE-10
Reduced triphosphopyridine nucleotide (TpNH); Reduced

nicotinamide adenine dinucleotide phosphate. . . ....... CoE-10
Retinal......... ... i Carot-38
Retinogic aoid . ovovronnainaan el R Carot-39
Retinol. ... ... ... ... . s Carot-40
Retiny)acetate: .. oo ivinivaissiidive aneniis Carot-41
Retinyl palmitate. . ..................cooviviiiiinnins Carot-42
a-L-Rhamnopyranose monohydrate. . ................. Carbo-52
Rhodoviolascin; Spirilloxanthin....................... Carot-43
Ribitol. ... e e Carbo-53
9-g-p-Ribofuransyladenine; Adenosine. . ................... N-2
1-8-p-Ribofuranosylcytosine; Cytidine. .................... N-13
9-g-p-Ribofuranosylguanine; Guanosine................... N-39
9-g-p-Ribofuranosylhypoxanthine; Inosine................. N-48
2-p-p-Ribofuranosyl-as-triazine-3,5(2H,4H)-dione;

GAzauridine.......... ... ... N-10

1-g-p-Ribofuranosyluracil; Uridine. . . .................... N-75
5-g-p-Ribofuranosyluracil; Pseudouridine, g-anomer. ....... N-66
9-g-p-Ribofuranosylxanthine; Xanthosine, ................. N-84

Ribonuclease A (bovine pancreas)...................vuuuun E-37
D-RiIDOPYTRNOSE. .. .vnivviiininin i s Carbo-54
p-Ribose; D-Ribopyranose. . .................c00vunnn Carbo-54
9-g-p-Ribosylkinetin. . ............... ... iiiiiiiiiinn, N-67
RCIolEC BOId .« o oo i wvmam v e sy v e e v ek L-98
SBHCIR . - o o o S i s S e S R Carbo-55
Sedoheptulosan monohydrate. . . ..................... Carbo-56
DSOS s s A R R e T AA-54
DRSBTS a0 s o e e s AA-55
B-Sitosterol. . .. ... L-158
Sodium D-glycero-p-gulo-heptonate dihydrate........... Carbo-57
Sorbitol; DUGIEHOL: . o crmnmnsm ssmmions s ammasE Carbo-27
L-SOTDOPYFANOSE. ... ...\t oit i ieiiieaieannanenns Carbo-58
L-Sorbose; L-Sorbopyranose...................c..0.... Carbo-58
Spirilloxanthin. . ............. .o Carot-43
Squalette. .o pin s inTnn e R s Carot-44
Stachyose tetrahydrate. . . ........covvvivvivivieinrnnn Carbo-59
Starch,soluble. . ........... ... .. Carbo-60
Steanie BoU. v rns e e L S e S R e L-24
SEAEYY BICOMOL ..o wi e i cirg s wsa e a5 W L-107
Stereabilin: .. (ncinas s nsesieiis ia s S n s A S A Po-18
SUEMASIETOL. oo v s vt e s e S R e L-159
Subtilisin (Bacillus subtilis). . .. .......ccoviiiiiiiiiininnns E-38
TR s A e e S T S S e Carbo-61
Taka-amylase A (Aspergillus oryzae)....................... E-39
Tetra-O-acetyl-g-p-ribofuranose. . . . .................. Carbo-62
Tetra-O-acetyl-g-p-ribopyranose. . .................... Carbo-63
Tetracosanoic acid; Lignocericacid. . ..................... L-32
cis-15-Tetracosenoic acid; Nervonicacid................... L-51
1-Tetracosanol; Lignoceryl alcohol....................... L-110
Tetradecanoic acid; Myristicacid. . ....................... L-16
cis-9-Tetradecanoic acid; Myristoleicacid.................. L-34
1-Tetradecanol; Myristyl alcohol......................... L-105
rac-1-Tetradecanoylglycerol; 1-Monomyristin.............. L-115
7,8,7,8-Tetrahydro-y y-carotene; -Carotene........... Carot-13
7.8,7",8"-Tetrahydrolycopene; {-Carotene. ... ........... Carot-13
3,7,11,15-Tetramethylhexadecanoic acid; Phytanic acid. . . ... L-28
ms-Tetraphenylporphin. . ..............cooiiiiiinan... Po-20
a,8,7,4-Tetraphenylporphine; ms-Tetraphenylporphin. ... ... Po-20
DL T ICORMIONE i o v 700 BN i 6 B AA-56
LrTHROONINE, .. oov v b st a b 3 Fa s s S a A SRS R AA-57
TRYIBE. v aieninn o b AT A e S A i i s N-68
Thymidine 3',5'-bisphosphate. . . ..............cccovinnn. N-69
Thymidine 3',5-diphosphate; Thymidine 3’,5'-bisphosphate. . N-69
Thymidine 5'-diphosphate. ... .. ... T —— N-70
Thymidine 5-phosphate. . ..............ccoviiiiinninn.n. N-71
Thymidine §'-pyrophosphate; Thymidine 5'-diphosphate. . ... N-70
Thymidine §'-triphosphate. .. .............cccvivueinai.n N-72
5'-Thymidylic acid; Thymidine 5’-phosphate. . ............. N-71
TRVRIIINE s oo 553047 AR S A AT Y N-73
L-ThyrOXINE. ... ..covieiiitr it annnaeanns AA-58
Torularhodin, ethylester....................ooueenn. Carot-45
Torularhodinaldehyde. . .......................oun Carot-46
a,a-Trehalose dihydrate. . . .......................... Carbo-64
THORMOB . . . oo v e s Al AR o R i e L-131
3,4,6-Tri-O-acetyl-1,5-anhydro-2-deoxy-p-arabino-

hex-1-enitol; Tn-O-aoﬂyl-D-glucal .................. Carbo-65
Tri—O-aoetyl—D»glucal .............................. Carbo-65
Trarachidin. ......... ... ittt L-151
THBERSMIN: v St s s e L-153
Tributanoylglycerol; Tributyrin.......................... L-132
TOBUYEN, (v i sivanuarerve L-132


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

PR oo s R S O VR R S TR L-135
TURCRPROUIY v i im0 S L-133
Trcaprylin. ... e L-134
Tricosanoicacid. ...ttt L-31
Tridecanoicacid. . ...............oiiiiiiiinini.., L-15
Tridecanoylglycerol; Tricaprin. .....................0.... L-135
Tridocosanoylglycerol; Tribehenin. . ..................... L-153
Tri-cis-13-docosenoylglycerol; Trierucin................... L-154
Tridodecanoylglycerol; Trilaurin......................... L-136
1hacounoylglycaol Triarachidin....................... L-151
B hg;- o o e R N o e e e S L-152
Tri-cis-11-eicosenoylglycerol; Trieicosenoin................ L-152
Trielaidin. . .. ....... . .. .. L-148
TORPICIN: v v G sy A S s S O T e s L-154
Triethanoylglycerol; Triacetin. . ......................... L-131
Trihexadecanoylglycerol; Tripalmitin. . ................... L-138
Tri-cis-9-hexadecenoylglycerol; Tripalmitolein. ............ L-139
Trihexanoylglycerol; Tricaproin. .. ...................... L-133
3,3 S-Tmodo-l.-thyromue .............................. AA-59
TR .o v T, ....L-136
Trilinolein. . ........... ... i L-149
TolinOMIIN .« vmneimr v S S S R e L-150
3,7,11-Trimethyl-1,6,10-dodecatrien-3-ol; Nerolidol. . . . .. Carot-31
THYTIRD: - e e e L-137
Tri-cis-9,cis-12-octadecadienoylglycerol; Trilinolein......... L-149
Trioctadecanoylglycerol; Tristearin....................... L-144
Tri-all-cis-9,12,15-octadecatrienoylglycerol. ................ L-150
Tri-cis-6-octadecenoylglycerol; Tripetroselinin. ............ L-146
Tri-cis-9-octadecenoylglycerol; Triolein. .................. L-147
Tri-trans-9-octadecenoylglycerol; Trielaidin............. ... L-148
Trioctanoylglycerol; Tricaprylin. . ....................... L-134
THOIA: o s v v T a i s S reed vn s S B T w e L-147
TrpaIMItin. . . . oot L-138
TrDAIUEORIN v v os v b snr mnh vk e 58 asos om L-139
THPETOSEHAIN . ...os v vnanv s s S e L-146
Triphosphopyridine nncleoude (TpN); Nicotinamide
adenine dinucleotide phosphate (NADP). . . .............. CoE-7
BRRUBIIINY o5 s o B o N S B P AR R L-144
Tntetradecanoylglyoerol Trimyristin. . ................... L-137
Trypsin (bovine pancreas). .................cccoivvieninnn. E-40
DL-TryPophan. . . .........oooeeiieiiieieaininn. AA-60
E-Teyplopban. . oo csviiiainsvisi viissnea e AA-61
TORROORE 5.y i aimom o osssrns Lo P S L B e Carbo-66
DL-TYTOSING. .. ...ttt ie e inaneens AA-62
D NTORIIIE s 0 m e s R R S S R R AA-63
upPG; Uridine diphosphoglucose. . ..................... CoE-11
upp-Glc; Uridine diphosphoglucose. . .................. CoE-11
Undecanoic acid; Hendecanoicacid. . ..................... L-13
Unidentified carotene I; Proneurosporene. . ............ Carot-37

216

Wl s s S T R e T N-74
I ae (IOCk DOBNY. ... v mimaims s sy e SR S E-41
Uridine. .. ... e N-75
Uridine 2’:3'-cyclic phosphate. .. ......................... N-76
Uridine 5'-diphosphate. . . . .. B R A A R R ST N-77
Uridine diphosphoglucose. . ........................... CoE-11
Uridime 2-phospBlle. . .. .o cuimsis coinmemvssii svssas N-78
Uridine 2'(3’)-phosphate, mixed anomers. . ................ N-79
Uridine 3'sphosphate. ... ..o masisisvamaimive v N-80
Uridine §'-phosphate. ...................ccoiiiiiiiinnnn. N-81
Uridine 5'-pyrophosphate; Uridine 5'-diphosphate. . .. ... ... N-77
Uridine §'-triphosphate. ...............................0. N-82
2'-Uridylic acid; Uridine 2’-phosphate. .................... N-78

'-Uridylic acid; Uridine 3'-phosphate................. ... N-80

'-Uridylic acid; Uridine 5’-phosphate..................... N-81
L8700 g S e e N Po-21
Uroporphyrin. Koo s s amess Po-22
Uroporphyrin I, .. ... .. ... iiiiiiiinannns Po-23
Uropoephyrin IIL . oo voviinians svavinsve s invass Po-24
Uroporphyrin II1, octamethylester....................... Po-25
Uroporphyrin IV . . ... ... . s Po-26
cis-Vaccenicacid.................. ... ..o, L-40
trans-Vaccenic acid. ............ ... i L-41
Valericacid................ . ... L-7
DEAVAENE: - ;oo i s et s o AA-64
LN .. e o s R T A AA-65
Violaxanthin. . . .............ciiiiiiinnnininennn Carot-47
Vitamin A, acetate; Retinyl acetate. ... ................ Carot-41
Vitamin A, acid; Retinoicacid. ....................... Carot-39
Vitamin A, alcohol; Retinol. . ........................ Carot-40
Vitamin A, aldehyde; Retinal. .. ... ................... Carot-38
Vitamin A, palmitate; Retinyl palmitate................ Carot-42
Xanthine......................., T — N-83
Xanthine oxidase (Cream). ..............ccvvvieenrnnnennn E-42
Xanthophyll: Ludein.....occnsis vt vsess wssies Carot-25
Xanthosine. .. ... . ... ..ot N-84
Xanthosine 5'-phosphate. . .............................. N-85
5’-Xanthylic acid; Xanthosine §'-phosphate. .. ............. N-85
Xylitol: v st T s e R T e Carbo-67
D-Xylopyranose. . ................... ..., Carbo-68
L-Xylopyranose. . . . ........coviiiii e Carbo-69
p-Xylose; p-Xylopyranose. . ......................... Carbo-68
L-Xylose; L-Xylopyranose............................ Carbo-69
e o T e P PR Y Carot-48
Zeaxanthin. . ........coviiiiiiiee it Carot-49
Zeaxanthin dipalmitate; Physalien..................... Carot-33
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