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Introduction

The traditional and well-known names of the common
a-amino acids were, in general, given to them by their
discoverers and bear no relationship to their chemical struc-

tures (1, 2). The modification of these names to accommo-
date derivatives and to designate configuration was first co-
dified by the former IUPAC Commission on the Nomencla-
ture of Biological Chemistry in 1947 (3) and revised in
1960 (4). Further proposals for the revision of the rules for
naming a-amino acids with two centers of chirality ap-
peared in 1963 (5). Recommendations for symbols of
amino-acid residues in peptide sequences, together with
rules for their use, were made by the present IUPAC-IUB
Commission on Biochemical Nomenclature (CBN)3 (6, 7).

The present revision of the a-Amino-acid Rules brings
the nomenclature of these substances into conformity with
the IUPAC Rules for the Nomenclature of Organic Chem-
istry (8, 9). The revision was formulated by a committee
composed of H. B. Vickery (convenor), K. Blaha, L. Fow-
den, W. Klyne, P. M. Scopes, and S. Veibel, with assistance
from W. E. Cohn, J. S. Fruton, G. W. Kenner, P. O. Lar-
sen, R. C. Sheppard, and G. T. Young. CNOC? and CBN?
are grateful to these individuals for their efforts.

Recommendations

2AA-1. The Common a-Amino Acids

1.1. Trivial Names of the Common a-Amino Acids

The trivial names of the a-amino acids that are common-
ly found in proteins and are represented in the genetic code,
together with their symbols, systematic names (8), and for-
mulas, are given in Table 1.

1.2. Coining New Trivial Names

(a) The coining of trivial names for newly discovered a-
amino acids should be avoided in the absence of compelling
reasons.

(b) A new a-amino acid should be named, wherever pos-
sible, as a derivative of a well-known a-amino acid (see
Recommendation 2AA-2). The configuration, when known,
should be indicated in strict conformity with Recommenda-
tion 2AA-3.

(c) Where names so constructed are unduly cumbersome
and the substance is of sufficient importance, a new trivial
name may be coined. This name should include either some
element of its chemical structure or a reference to its bio-
logical origin. Attention should be paid to derivations from

! Approved by the authoring Commissions in 1974 and published by
permission of IUPAC and IUB. Comments and suggestions for future
revisions may be sent to any member of Commissions listed below. Re-
prints are available from W. E. Cohn, Director, NRC Office of Bio-
chemical Nomenclature, Biology Division, Oak Ridge National Labo-
ratory, Box Y, Oak Ridge, Tennessee, U.S., 37830.

2 Composition: N. Lozac’h (Chairman), S. P. Klesney (Secretary),
K. Bldha, L. C. Cross, H. Griinewald, W. Klyne, K. L. Loening, J. Ri-
gaudy. Associate Members: K. Hirayama, W. H. Powell, S. Veibel, F.
Vogtle.

3 Composition: O. Hoffmann-Ostenhof (Chairman), W. E. Cohn
(Secretary), A. E. Braunstein, B. L. Horecker, W. B. Jakoby, P. Karl-
son, B. Keil, W. Klyne, C. Liébecq, E. C. Webb.
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Table I: «-Amino Acids under Direct Genetic Control

Trivial Name Symbol Systematic (and Semisystematic) Name Formula
Alanine Ala 2- Aminopropionic acid CH;CH(NH,)COOH
Arginine Arg 2- Amino-5-guanidinovaleric acid H,NC(NH)NH(CH,); CH(NH,) COOH
Asparagine Asn 2- Aminosuccinamic acid H,NCOCH,CH(NH,) COOH
Aspartic acid Asp Aminosuccinic acid HOCOCH,CH(NH,) COOH
Cysteine Cys 2- Amino-3-mercaptopropionic acid HSCH,CH(NH,) COOH
(3-Mercaptoalanine)
Glutamine Gln 2- Aminoglataramic acid H,NCO(CH,),CH(NH,) COOH
Glutamic acid Glu 2- Aminoglutaric acid HOCO(CH,),CH(NH,) COOH
Glycine Gly Aminoacetic acid CH,(NH,) COOH
Histidine His - Amino-1H-imidazole-4-propionic acid CH==CCH,CH(NH,)COOH
(1H-Imidazole-4-alanine) Nficﬁ)l
Isoleucine Ile 2- Amino- 3-methylvaleric acid C,H;CH(CH,;)CH(NH,) COOH
Leucine Leu 2- Amino-4-methylvaleric acid (CH;) ,CHCH,CH(NH,) COOH
Lysine Lys 2,6-Diaminohexanoic acid H,N(CH,),CH(NH,)COOH
Methionine Met 2- Amino-4-(methylthio)butyric acid CH,;S(CH,),CH(NH,) COOH
Phenylalanine® Phe 2- Amino-3-phenylpropionic acid CH;CH,CH(NH,) COOH
Proline® Pro 2- Pyrrolidinecarboxylic acid CH—CH,
CH, CHCOOH
NH
Serine Ser 2- Amino-3-hydroxypropionic acid HOCH,CH(NH,) COOH
Threonine Thr 2- Amino-3-hydroxybutyric acid CH;CH(OH)CH(NH,) COOH
Tryptophan® Trp 2- Amino-3-(3-indolyl)propionic acid Oj— CH,CH(NH,)COOH
(@- Amino-1H-indole-3- propionic acid) N
H
Tyrosine® Tyr 2- Amino- 3- (4-hydroxyphenyl)propionic acid < > o
[3-(4-Hydroxyphenyl)alanine] i HACHHICO0R
Valine Val 2- Amino-3-methylbutyric acid (CH,;),CHCH(NH,) COOH

@ See Sections 2.2-2.4 for numbering.

Greek or Latin roots {(but not both in the same name) and
ease of pronunciation. However, where a new trivial name is
introduced or used, it is essential that a correctly con-
structed systematic or semisystematic name be stated at
least once in each paper.

A number of existing trivial names are given in Appen-
dixes A and B.

1.3. Ionic Forms

When it is desirable to mention or stress the ionic nature
of an a-amino acid, the three kinds of ions possible may be
indicated by adding the terms *‘anion,” “cation,” or “am-
phion” (alternatively, “dipolar ion”) to the trivial name of
the a-amino acid.

Examples:
glycine anion
glycine cation
glycine amphion or
glycine dipolar ion NH3;+CH.,COO-

1.4. Names of Radicals and Residues (8)

1.4.1. The acy! radical of an a-amino acid is a structure
that lacks the hydroxyl of the carboxyl group
(H>NCHRCO-). The names of such radicals are formed
by replacing the ending “ine” (or “an” in tryptophan) by
R

Examples (8): alanyl, arginyl, leucyl, tryptophyl, tyrosyl,
valyl, etc. “Cysteinyl” is used instead of “cysteyl,” because
of potential confusion with the radical of cysteic acid.
“Cystyl” is the diacyl radical of cystine and “half-cystyl” is
the acyl radical of cysteine lacking also the H of its SH
group.

NH,CH,COO-
NH;+*CH,COOH
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1.4.2. The monoacyl radicals of the dicarboxylic acids,
HOOC(CH,),CHNH,CO- and -OC(CH,),CHNH;-
COOH, are designated «- and B-aspartyl (a- and vy-gluta-
myl), respectively (8). The diacyl radicals are aspartoy! and
glutamoyl (8). The acyl radicals of asparagine and gluta-
mine are termed asparaginyl and glutaminyl, respectively
(8).

1.4.3. a-Amino-acid residues are structures that lack a
hydrogen atom of the amino group (~-NHCHRCOOQOH) or
that lack both a hydrogen atom of the amino group and the
hydroxyl moiety of the carboxyl group (-NHCHRCO-);
all units of a polypeptide chain except for the amino-termi-
nal acyl radical are therefore amino-acid residues. Resi-
dues are named from the trivial name of the a-amino acid
(omitting the word “acid” from aspartic acid and glutamic
acid). Examples: glycine residue, glutamic residue.

1.4.4. In many cases, biochemical names (see Appen-
dixes) require that radicals formed at a locus other than the
carboxyl group of an amino acid be named in terms of the
parent amino acid and appear as prefixes rather than roots
of the final names.* Such “radical-prefix” names repre-
senting radicals derived by loss of hydrogen from a nitrogen
atom are formed by substituting o- for the terminal -e in
those names ending in -e (by analogy with amine — amino,
etc.); e.g., alanino, valino, tyrosino. Tryptophan adds the -o
directly, and the two dicarboxylic acids become asparto and
glutamo. When there is more than one nitrogen atom in the

4 In this document, a number of special procedures are used to form
names based on the approved names of a-amino acids in an attempt to
indicate important biochemical relationships. These procedures, yield-
ing such names as alaninol (1.5), N¢-lysino (1.4.4), norleucin-6-yl
(1.4.5), etc., should not be extended to other areas.
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amino acid, a locant of the form N* must precede the radi-
cal name. Examples: NVS-lysino (see Appendix B2); N“-argi-
nino; NV3-glutamino; w-histidino (see 2.4).

1.4.5.4 Radicals formed by loss of a hydrogen atom from
carbon, sulfur, or oxygen atoms (excepting the carboxylic
oxygen atoms) are named by substituting -x-yl for the ter-
minal -e, x being the locant of the atom from which the hy-
drogen atom has been lost (examples: norleucin-6-yl, cys-
tein-S-yl, threonin-03-yl; re norleucin-6-yl, see Appendix
B2; exception: asparagine forms aspartamid-x-yl, gluta-
mine forms glutamid-x-yl) or adding -x-yl to aspartic, glu-
tamic, and tryptophan (examples: aspartic-2-yl, trypto-
phan-1-yl; see 2.3).

1.5. Aldehydes and Alcohols*

Aldehydes and alcohols obtained by successive stages of
reduction of the carboxyl group of a-amino acids are named
by replacing the final “e” of a trivial name ending in “ine”
(or the “ic acid” of aspartic and glutamic acids) with, re-
spectively, the endings “al” and “ol.”

Examples (RCHNH,CHO): alaninal, leucinal, lysinal,
serinal, aspart-1-al, glutaminal, etc.
(RCHNH,CH,0OH): alaninol, leucinol, lysi-
nol, serinol, aspart-1-ol, glutaminol, etc.

The aldehyde and alcohol derivatives of tryptophan take

the names tryptophanal and tryptophanol.

1.6. Amides, Anilides, and Analogous Derivatives
(H,NCHRCONHR")

Amides, anilides, and analogous derivatives of a-amino
acids are structures in which the hydroxyl group of the car-
boxyl has been replaced by an amino, anilino, or analogous
group. They may be named by replacing the final “e” of the
trivial amino-acid name by the word “amide,” “anilide,”
etc., or by adding these words to the name of the amino
acid. Thus, glycinamide, argininamide, leucinanilide, etc.;
glycine amide, leucine anilide, etc.

Note that the S-amide of aspartic acid and the y-amide
of glutamic acid have specific trivial names, asparagine and
glutamine. Their a-amides are named aspartic a-amide and
glutamic a-amide, or isoasparagine and isoglutamine.

1.7. Esters and Salts

The names of esters of amino acids bearing trivial names
are derived by replacing “ic acid” or the terminal “e” with
“ate” (or adding “ate” to tryptophan) and prefixing these
with the radical of the alcohol in the usual fashion.

Examples:

diethyl glutamates
a-ethyl glutamate s
ethyl glutaminate s

methyl cysteinate
methyl prolinate
methyl tryptophanate

Salts of a-amino acids with bases are named in similar
fashion (e.g., sodium tryptophanate, monosodium gluta-
mate). Salts of a-amino acids with acids are named by add-
ing the name of the associated acid to the name of the
amino acid (e.g., glycine hydrochloride, histidine hydro-
chloride, lysine hydrochloride) or by using the ** ’ium” form
(e.g., glycinium chloride, histidinium chloride, lysinium
chloride).

It is permissible and customary to use the “ate” form
without naming the cation when discussing the role of
amino acids in biochemical reactions or where the co-ion is
unimportant, unknown, or a mixture of ions. The “ate”

5 Note that glutamate refers to glutamic acid whereas glutaminate
refers to glutamine.

form is preferred when the name of an amino acid is used
adjectivally (e.g., “glutamate-dependent reaction” instead
of “glutamic-acid-dependent reaction’).

1.8. Use of the Prefix “homo”

An @-amino acid that is otherwise similar to a common
one (Table I) but that contains one more methylene group
in the carbon chain may be named by prefixing “homo” to
the name of that common a-amino acid. (Examples are in-
cluded in Appendix A, alphabetized under “H”’).

2A4A-2. Formation of Semisystematic Names of a-Amino
Acids

Semisystematic names of substituted a-amino acids are
formed according to the general principles of organic no-
menclature (8), by attaching the name of the substituting
radical to the trivial name of the amino acid. The position
of substitution is preferably indicated by numerical locants,
although Greek letters are frequently used, especially in the
older literature.

2.1. Numbering

In the aliphatic a-amino acids, the carbon atom of the
carboxyl group adjacent to the carbon atom carrying the
amino group is numbered 1. Where Greek letters are used,
the carbon atom adjacent to the carbon atom 1 and carry-
ing the amino group is designated alpha («). Example:

g 5 4 3 2 1
lysine H,NCH,CH,CH,CH,CH(NH,)COOH
€ k4 8

2.2. Proline

The carbon atoms in proline are numbered as in pyrrol-
idine, the nitrogen atom being numbered 1, and proceeding
toward the carboxyl group.

2.3. Aromatic Rings

The carbon atoms in the aromatic rings of phenylalanine,
tyrosine, and tryptophan are numbered as in systematic no-
menclature, with 1 (or 3, for tryptophan) designating the
carbon atom holding the aliphatic chain. The carbon atoms
of the latter are designated « (for the carbon atom attached
to the amino and carboxylic groups) and 3 (for the atom at-
tached to the ring system).

Note: This numbering system should also be used for the
decarboxylated products. (e.g., for tryptamine).

I w
CHQCH(NHQ)COOH

phenylalanine

H.Cr—CH,
H,C2_, CHCOOH
Nf

proline

3 2

8«
HO—q@fCHZCH(NHZ YCOOH

5 B
tyrosine
o) o
5 '3 CH,CH(NH,)COOH
NG

1

tryptophan

Y

5 48«
HC ——"—-?CHQCH(NHQ)COOH
|
T HN\C/N i
H

2

histidine
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2.4. Histidine

The nitrogen atoms of the imidazole ring of histidine are
denoted by pros (“‘near,” abbreviated =) and tele (“far,”
abbreviated 1) to show their position relative to that of the
side chain.® The carbon atom between the two imidazole ni-
trogen atoms is numbered 2 (as in imidazole), and the car-
bon atom adjacent to the 7 nitrogen atom is numbered 5.
The carbon atoms of the aliphatic chain are designated o
and 8, as in 2.1 and 2.3 above.

Note: this numbering should also be used for the decar-
boxylation product, histamine, and substituted histidines
(e.g., anserine, carnosine, homocarnosine, ophidin, thiolhis-
tidine; see Appendix B) utilizing these trivial names.

2AA-3. Configuration at the a-Carbon Atom

3.1. Useof DandL

The absolute configuration at the a-carbon atom of the
a-amino acids is designated by the prefixed small capital
letters D or L to indicate a formal relationship to D- or L-
serine and thus to L- or D-glyceraldehyde. An additional
symbol (i.e., a plus or minus sign in parentheses) to denote
the direction of rotation is not necessary although it may be
inserted where it is essential or desirable to emphasize the
direction of rotation under specified conditions. (See 2AA-
6.)

Examples: L-leucine, D-valine, L-asparagine, L-canavan-
ine, L(+)-alanine.

3.2. Position of Prefix and Exceptions

In naming a-amino acids as derivatives of substances
that have well-known trivial names, the prefix L or D is
placed immediately before the trivial name of the parent
amino acid and set off by hyphens.

Examples: 4-methyl-L-glutamic acid, S-methyl-L-cyste-
ine, 4-hydroxy-L-proline, 3,5-diiodo-L-tyrosine, 5-hydroxy-
L-lysine.

Note: Admissible exceptions to this rule are L-phenyl-
alanine, L-hydroxyproline, and L-hydroxylysine, but only in
general biochemical writing in a context such that the posi-
tion of substitution is well understood. Note further that in
the names of optically active derivatives of glycine, such as
L-2-phenylglycine, the prefix must be placed before the
name of the substituent as glycine itself is achiral. In the
names of salts, esters and other derivatives (1.7), including
peptides (2AA-7), the prefix is placed immediately before
the trivial name of the parent acid or its radical.

Examples: L-histidine monohydrochloride monohydrate,
cupric L-aspartate, D-ornithine dihydrochloride, /V-acetyl-
L-tryptophan, diethyl D-glutamate, 3-hydroxy-Ds-glutamic
acid (see 3.4), N®-methyl-L-lysine.

Other semisystematic names involving «-amino-acid con-
figurations are treated similarly.

Example: S-(D-2-amino-2-carboxyethyl)-D-homocys-
teine (D-cystathionine).

3.3. Omission of Prefix

The prefix may be omitted where the amino acid is stated
to be or is obviously the enantiomer derived from a protein
source and is thus assumed to be L. It may also be omitted
where the amino acid is synthetic and not resolved and is
therefore, save in rare exceptional cases, an equimolecular

6 This recommendation (6) arose from the fact that two different
systems of numbering the atoms in the imidazole ring of histidine have
been used for so long a time (biochemists generally numbering as 1 the
nitrogen atom adjacent to the side chain and organic chemists desig-
nating it as 3).
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mixture of the enantiomers; or in a general statement that is
true for either enantiomer or for any mixture of these; or in
symbolic representations (6, 7).

3.4. Subscripts to D and L

Where confusion is possible between the use of the capi-
tal letter prefix for the configuration of the a-carbon atom
in amino-acid nomenclature and for that of the highest
numbered asymmetric carbon atom in carbohydrate no-
menclature (13), a subscript is added to the small capital
letter prefix. Where the prefix is used in the amino-acid
sense, the subscript s is added; where the prefix is used in
the carbohydrate sense, the subscript g is added. These sub-
scripts (lower-case Roman letters) refer, respectively, to
serine, the fundamental substance to which «-amino acids
that bear structural resemblance to the carbohydrates can
be formally related, and to glyceraldehyde, the fundamental
substance to which the configuration of the carbohydrates
is formally related.

Examples: Ls-threonine, for which the synonym in carbo-
hydrate nomenclature is 2-amino-2,4-dideoxy-Dg-threonic
acid; Ds-threonine, for which the synonym is 2-amino-2,4-
dideoxy-Lg-threonic acid; Ls-allothreonine, for which the
synonym is 2-amino-2,4-dideoxy-Lg-erythronic acid; Ds-al-
lothreonine, for which the synonym is 2-amino-2,4-dideoxy-
Dg-erythronic acid.

Note that the subscripts are essential only in discussions
where both amino-acid names and those of carbohydrate
derivatives occur. Nevertheless, they are highly desirable in
naming «-amino acids that possess more than one center of
chirality. (See 5.2.)

3.5. The Sequence Rule

A more general system of stereochemical designation,
which is especially convenient for comparisons with other
series of compounds, is the “Sequence Rule” of Cahn, In-
gold, and Prelog (9-12). A full discussion of this system
(the RS system) of naming chiral substances is to be found
in the references cited.

Note that almost all of the enantiomers of the a-amino
acids derived from proteins and most of the a-amino acids
and their derivatives found in plant or animal tissues have
the a-L configuration, which corresponds in almost all cases
to S in the Sequence Rule convention. The most important
exceptions are L-cystine and L-cysteine and their deriva-
tives, which are R.” A few a-amino acids of the a-D config-
uration, which generally corresponds to R in the Sequence
Rule convention (except D-Cystine, D-cysteine, and related
compounds, which are S), are found among the products of
hydrolysis of certain antibiotic polypeptides, although rare-
ly elsewhere.

3.6. Amino Acids Derived from Amino Sugars
Amino acids derived from amino sugars containing five
or more carbon atoms are named in conformity with the

71In L-cysteine, the a-carbon atom bears the four groups NH,,
CH,SH, COOH, and H. They fall in this order of precedence as the
atomic number of sulfur is greater than that of oxygen and, if L-cyste-
ine is written in *“steering-wheel” fashion,

COOH NH,
C"=--H
CH,SH

the groups are in the rectus (R) or clockwise order, thus (2R)-cysteine.
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Rules of Carbohydrate Nomenclature (13) or with a recom-
mended trivial name.

Examples: (1) Dg-glucosaminic acid for 2-amino-2-
deoxy-Dg-gluconic acid, the a-carbon atom of which has the
configuration of that in D-serine, and in which carbon atom
5, the highest numbered chiral center, also has the D config-
uration; (2) Dg-mannosaminic acid for 2-amino-2-deoxy-
Dg-mannonic acid, the a-carbon atom of which has the con-
figuration of that in L-serine, but in which carbon atom 5
has the D configuration. The subscript g may be omitted ex-
cept where confusion with the use of the small capital letter
prefixes in amino-acid nomenclature is possible.

Note: the structures of a-amino acids to show configura-
tional relationships may be drawn in several ways. In
Fischer-style formulas, the carbon chain is written vertical-
ly with the carboxyl group at the top. With L-amino acids,
the amino group is shown at the left, with D-amino acids at
the right.

COOH COOH
NH,——H H——NH,
H——OH HO——H

CH, CH,

Ls-threonine D,-threonine

Alternatively, heavy and dotted lines may be used to rep-
resent bonds projecting respectively in front of and behind
the plane of the paper.

2AA-4. Optically Inactive a-Amino Acids

4.1. Useof DLor +

The optically inactive mixture or racemic compound of
the enantiomers is designated by the prefix DL (no comma)
or by the plus and minus sign (+) in parentheses.

Examples: DL-leucine, (+)-leucine.

4.2. Use of meso

The prefix meso or its abbreviation ms in lower case ital-
ic letters is used to denote those a-amino acids and deriva-
tives of @-amino acids that are optically inactive because of
internal compensation.

Examples: meso-lanthionine, ms-cystine.

2A4A-5. Configuration at Chiral Centers Other than a-C

5.1. Use of Sequence Rule

In general, the Sequence Rule symbols are used to desig-
nate configuration, where known, at centers other than a-C.
The configuration at a-C is customarily designated by D or
L placed immediately before the trivial name.

Examples: (3R)-Ls-threonine, (3.S5)-Lg-isoleucine, (4S5)-
4-hydroxy-Ls-proline (see 5.3).

However, those who prefer not to use two different sys-
tems to indicate configuration in the same name may con-
vey the same information as in the following examples:
(2S,3R)-threonine, (25,35)-isoleucine, (2S,4S)-hydroxy-
proline.

5.2. Use of Carbohydrate Prefixes

Alternatively, names of a-amino acids having two or
more chiral centers and in which a hydrogen atom is at-
tached to each center may be formed with use of the prefix-
es of carbohydrate nomenclature® (13) to define the config-

8 It has been customary in amino-acid nomenclature to apply the
carbohydrate prefixes according to Anglo-American usage (Rule
Carb-8), in which the prefixes refer to a sequence of consecutive but
not necessarily contiguous asymmetric groups.

urational relationships. The small capital letter prefixes L
or D are placed immediately before the trivial name of the
parent a-amino acid or its radical. The subscripts must in-
variably be inserted in order to show that the capital letter
prefix refers to the configuration of the a-carbon atom (car-
bon atom 2). The carbohydrate-name prefix is italicized in
print and is not capitalized even at the beginning of a sen-
tence.

Examples:

erythro-4-hydroxy-Ls-proline (from proteins)
threo-4-hydroxy-Ls-proline (otherwise allo-4-hydroxy-Ls-proline)
erythro-Ls-isoleucine (from proteins)

threo-Ls-isoleucine (otherwise allo-Lg-isoleucine)
erythro-5-hydroxy-Ls-lysine (from proteins)
threo-5-hydroxy-Ls-lysine (otherwise allohydroxy-Le-lysine)
ribo-3,4-dihydroxy-Ls-glutamic acid
xylo-3,4-dihydroxy-Lg-glutamic acid
arabino-3,4-dihydroxy-Ls-glutamic acid
lyxo-3,4-dihydroxy-Le-glutamic acid

Note that the ribo and xylo isomers belong to the L se-
ries, the arabino and lyxo isomers to the D; series.

Note further that the relative configuration between the
o center and the second center of chirality is already im-
plied in the trivial name threonine.

5.3. Use of cis and trans
The amino acids 4-hydroxy-L-proline and 3-hydroxy-L-
proline and analogous substituted prolines may also be
named as follows (cf. 3.2, 5.1, 5.2)
H
N N

OH

COCH COOH

OH
cis-4-hydroxy-L-proline
allo-4-hydroxy-L-proline
threo-4-hydroxy-L,-proline

trans -4-hydroxy-L-proline
4-hydroxy-L-proline
erythro-4-hydroxy-.,-proline
H H
N\ COOH N
OH

COOH

OH
trans-4-hydroxy-p-proline
4-hydroxy-p-proline
erythro-4-hydroxy-p,-proline

cis -4-hydroxy-p-proline
allo-4-hydroxy-p-proline
threo -4-hydroxy-p,-proline

H
N H
N
HO
COOH CO0H
OH

trans-3-hydroxy-L-proline
3-hydroxy-L-proline
erythro-3-hydroxy-i,-proline

cis -3-hydroxy-L-proline
allo-3-hydroxy-L-proline
threo -3-hydroxy-L,-proline

Cis and trans refer to the relative positions of the hydrox-
yl and carboxyl groups in each compound.

5.4. Useofallo

Where only the configuration of the a-chiral center of a
naturally occurring a-amino acid has been ascertained and
that of a second chiral center is unknown so that names
453
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constructed according to 5.1 or 5.2 cannot be assigned, the
diastereoisomer is given the same trivial name with the pre-
fix allo. Such diastereoisomers have the same configuration
as the “parent” amino acid at «-C and the opposite configu-
ration to that of the parent at the second chiral center. The
examples are names that were assigned before the configu-
ration of the second chiral center had been ascertained.

Examples: allo-L-isoleucine; allo-5-hydroxy-L-lysine;
allo-B-hydroxy-L-glutamic acid; allo-L-threonine.

Note that the configuration at the « center is ascertained
(a) by direct chemical correlation with substances of known
configuration, or (b) by determination of absolute configu-
ration by the methods of Bijvoet ef al. (14, 15), or (c) tenta-
tively, from the results of studies of biological properties, in
particular response to either L-amino-acid oxidase or D-
amino-acid oxidase, or (d) by examination of the change in
optical rotation with change in the acidity of a solution of
the substance.

Where a second chiral center is present, it has been cus-
tomary in the past to designate the first diastereoisomer de-
scribed as the L- (or D-) amino acid. The second diast-
ereoisomer, when found or synthesized, is then assigned the
same name but with the prefix allo-. Where choice of the
names on these grounds is impossible or inappropriate, such
designations as “isomer A” and “isomer B” are frequently
employed until the full configurational relationships are
known. Alternatively, the symbol ¢ (Greek xi) for *“un-
known configuration” may be used if more precise specifi-
cation seems desirable, for example, as in the name (25)-2-
amino-5¢-hydroxyhexanoic  acid, ~CH3;CHOH(CH,;),-
CH(NH,)COOH.

2AA-6. Optical Rotation

Where the configurational relationship of the a-carbon
atom has not been established definitively, or where it is de-
sired to emphasize the actual direction of rotation of an en-
antiomer of known configuration, the direction of rotation
in a specified solvent is shown by a plus or a minus sign in
parentheses or by the prefixes dextro or levo in lower case
italic letters.

Examples: (+)-6-hydroxytryptophan, or dextro-6-hy-
droxytryptophan; (+)-glutamic acid, or dextro-glutamic
acid (for dextrorotatory (in water) L-glutamic acid)

24A-7. Peptides®

7.1. Construction of Names

Since peptides are, formally, aminoacylamino acids, the
products of the condensation of two or more a-amino acids
whereby the elements of water are eliminated between the
a-carboxyl group of one amino acid and the a-amino group
of the adjacent amino acid, they are named with use of the
radical names ending in “yl.”” Thus, if amino acids “X-ine”
and “Y-ine” (NH,-X-COOH and NH,~-Y-COOH) con-
dense in this order, the dipeptide (NH,-X-CONH-Y-
COOH) is named *“X-yl-Y-ine.” If they condense in the re-
verse order, the dipeptide (NH,-Y-CONH-X-COOH) is
named “Y-yl-X-ine.” Tripeptides and higher oligopeptides
are named similarly, i.e., X-yl-Y-yl-Z-ine (or -an or -ic
acid).

NH,CH{(COOH )(CH, ), CONHCH (CH,SH)CONHCH, COOH
v=r-glutamyl-L-cysteinylglycine

% More comprehensive recommendations for naming peptides, in-
cluding the use of symbols and prefixes, are to be found in ref 6 and 7.
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7.2. Use of Prefixes in Peptide Names

The configurational prefixes are placed immediately be-
fore the trivial name of each unit, whether radical, residue,
or terminal. The prefixes and radical names, with the ex-
ception of the achiral glycine or glycyl, are set off from
each other by hyphens (6). (But see note following 7.4.)

Examples: L-alanyl-L-leucine, L-alanyl-D-leucine, DL-
alanyl-DL-leucine (mixture of four isomers), glycyl-L-ala-
nine, L-alanylglycine, L-leucyl-L-phenylalanyl-L-isoleucyl-
glycine, glycyl-L-leucyl-L-alanine, L-alanylglycyl-L-leucine.

7.3. Order of Names of Residues®

The name of a polypeptide begins with the name of the
radical that carries the free a-amino group (NH,-terminal
amino acid) followed in order by the name or names of the
residue(s) of the internal a-amino acid(s). The final N-sub-
stituted amino acid carries the free carboxyl group
(COOH-terminal amino acid). Formulas are usually writ-
ten according to the same pattern, the NH»-terminal at the
left and the COOH-terminal at the right. The formula of
reduced glutathione is written

7.4. Names of Simple Polymers of a-Amino Acids

Simple polymers of amino acids may, if preferred, be
named with prefixes indicating the number of amino-acid
units involved. More complex polymers are referred to as
polyglycine, poly(L-lysine), etc. (7).

Examples: glycylglycylglycine may be named triglycine,
but not (diglycyl)glycine; L-leucyl-L-leucyl-L-leucyl-L-leu-
cine may be named tetra-L-leucine, or tri-L-leucyl-L-leu-
cine.

Note: Although the units in a peptide chain—usually in
abbreviated form—are usually separated by hyphens, it is
necessary to use arrows when formulating a cyclic peptide,
the arrow being pointed from the carboxyl of one unit to the
amino group of the unit attached to that carboxyl group

(6).

7.5. Conformation of Polypeptide Chains

Abbreviations and symbols recommended by CBN? for
the description of the conformation of polypeptide chains
may be found in J. Mol. Biol. 55, 299 (1970), Biochemistry
9, 3471 (1970), and elsewhere.

References
(1) Vickery, H. B., and Schmidt, C. L. A. (1931), Chem.
Rev. 9, 169.

(2) Vickery, H. B. (1972), Advan. Protein Chem. 26, 82.

(3) Vickery, H. B. (1947), J. Biol. Chem. 169, 237.

(4) TUPAC, Definitive Rules for the Nomenclature of
Amino Acids, (1960), J. Amer. Chem. Soc. 82, 5575.

(5) Addendum to ref 4 (H. B. Vickery) (1963), J. Org.
Chem. 28, 291.

(6) TUPAC-IUB, Symbols for Amino-Acid Derivatives
and Peptides (1972), J. Biol. Chem. 247, 977; (1972),
Biochim. Biophys. Acta 263, 205; and elsewhere.

(7) ITUPAC-IUB, Abbreviated Nomenclature of Synthet-
ic Polypeptides (1972), Biochem. J. 127, 753; (1972)
Arch. Biochem. Biophys. 151, 597; and elsewhere.

(8) TUPAC, Rules for the Nomenclature of Organic
Chemistry, Sections A, B, and C (1971), Butter-
worths, London (Section C-421 in particular).

(9) IUPAC, Rules for the Nomenclature of Organic
Chemistry, Section E, Fundamental Stereochemistry

References continue following Appendix B.



NOMENCLATURE OF a-AMINO ACIDS

proe orxf)ng(Axooutwe) - -outuy -g
p1oe orafjnqoutruy -g

(197s9)
areydsoyd uadoapAy [Ayjaourpiuens-g
aurdeaedse(14yjaAx0Ipiy- g- £x0qaed-1)-N

I9)S9 9jelade
-OZBIp 9ULI3S mmﬁcﬁm?xoﬁbwo«oﬁ_e }¢

,PIo® dnredse{[Ayjawoutt
- [outurg(1£IngAx0qIeDd- F- OUTW Y- §) [}- N

proe otuotdoad- g- sauejyday
-[0°1 $]or24d21qe%0- )~ OXO- G-OUIW -

aurpnstyrAyrou- £- (1Auotdoadoutry- g)- o N
proe d1pAyapredipeouiuy-g
AUIUOIYL, -(SE‘ST)

aUTONI[OS]- *1- 02.4Y]
aurroxd
- 1- £X0IpAY- §~(SF) ‘ourfoxd-1- Axoap

- AY- §- S22 ‘ourjoad- *1- AXOIpAH- §- 024y}
aursA[- 1- AX0apAy

-G-(SQ) ‘oulsAl-*1- AX0IPAH- G- 02.4Y]

ouTuB[e([AUMSIATTV)- €
proe orwordoadopiadan- g- outwy- g
p1oe otuotd
-01d(OUTWESOITUAX0IPAY)- g- OUTW Y- g
ptoe sordordoutwy- ¢
{ap1zeapiy
- [1Ausyd(1Ayrow £x0IpAY- §)- Z[}- 6 orwemd

aursouapeAxoap-,-[otuognsiiyjewt
-(14doad£xoqreo- g-outwy-¢)J-,6-S

surorxquiof(143redsy- A4)- N
auraas(14190€02ze1(d)- .0

aututdae(14y1aLx0qredt - g 1)- o N

QUTUBTE([AX0YOT04D0X0- §- AX0dT- £°g)- €
auIpnsyrAyjou

- - (1AUBY-§)-x N ‘Oursoured[Ayon- L

UIINI[IOUOXO- g

QUIUO3IY)- *1- O[TV

(proe drUTEY 99S)

QUIONIOSI- *1- 01TV

autfoad- *1- £x0IpAy- $- OV

QUISAT- *1- AX0IpAY- G- 0TIV
auIpIpIORINPUT - (Y )

9pIX0- G JUIA)SAIIATIV-S
auIuB[eOPISI- £

auIURTR(OUTW BSOIITUAXOIPAH)- €

QEESEEo::EaﬁmﬁmE%xoa?»mv- Pl-oN

autuotyPw(14souape- ,¢- £x03(Q-,G)-S
ueydojdAx)TAYI9N- o N

aurfeue)
gpULIAINg

aurpl[[auog

QULIISBZY

PIOE OIUIOONSOUTUISIY

ursdesnjuy

UlI9suy
QuISATIY
qOUIUOAIYIONTY
oPIO® DWIEHOTTY
(OUIONITOSION Y

(PUITOXdAX0IPAYOTTY

¢SUISATAXOIPAYOTTY
qOUIPIPIOBINPUIOITY

uny
ouUIZZIqTY

sursoue[y
qepOUTUBTY —¢f

aunIesy

SUIUOTYIOUW[ASOUIPY-S

LAULIQY

HOOD(*HN)HDOY*HD)ON*H

HOOO("HN)HO'HOOOHN ~ HO

I
HOOOH)*HOOdOCHOHND—NH

1 i

0 HN

HOOJ(*HN)HOHDO0ODHIN
HOOO

HOOOCHNHOA*HO)HN(HN)OHNH.HOOOOH

moo%:ziufol@ﬂo

o
Z 7

HNY :uvovmv_H HoNNN
HooouyHo——

HOOOCHN)HO CHOHO=0

o]

I}
HOOOX"HNJHOHOS"HOHO—"HO

HOOD(*HN)HO*HOHNOD*HN

N

HOOOCHN)HO®HONOH

IﬂOUAfZEON:QNEUOOIZIZ‘@'Q:OI

HO OH

Nmﬂ\ﬁ
HOX'HN)HO'HO'HOS,.
N A
*HO
*HN

pSOWEN J9y3jQ 10 (s)owreN o11euIa)SAS

J(S)awreN reorwayoorg

9UWIBU [BIALLT

aInpnIg

(121981, ut pajsi| 850y} 3uIpn[IXd) p,sawieN [BlALL], anbiu) Suliesq sSPIoy dI[AxX0oqie) outwy-» SUlLInda() A[[einje|N :y xipuaddy

455

VvVOoL. 14, No. 2, 1975

BIOCHEMISTRY,



CNOC AND CBN

ptoe otuotdoad
-9uIpl[oZeptwl - -outwi g ~-outmry -o

9UOUIPI[OZBXOST- §- OUTW - §

IPIXO-T ploe
o1 Axoqaeoautioydrowonyy- g- [AYI9N- ¢

proe 211Ax0qaedaulpljoII4d- g-outmy- ¢
PIDE J1I3]BAOPIdIN- G- OUTWY- g
pioe duoydsoyd(1Ayjeoutmry- g)

9PIX0- ] PIOE II[AX0GJIRD
- €-9UIZBIY}- ‘- (Z- 0IpAyea1d) ‘apixo
-1 PId®e dl1AXoqaedautjoydIowory - ¢

sutpnsty(1Luotdordoutmy- g)- o N
p1oe S1j9oeauIpturtaAd

- §- outwi1- g- oIpAyexayouTWw y- »
pioe oSpmmm«ﬁmﬂmEoEE_

- [outwe(£xodoxdAxoqaed- g-outwy- ¢) |- N}

pIo® O1IAINg(AX00UTPTUBNS)- F- OUTWIY- g

QUIdYSAd0WOYTAY1H-S

(I9woIne)) SUIPNISTYOIPAYIPOUTIY -7
ueydoydLxy[A]1e1AYy3oWIp

-1°1)- 8- (1Audng- z- 1AYIdw- ¢)S1d- £ ‘g
duruere([AuaydAxoIpAyrq-+°g)

aurfoxd((Auatpexay- ¢ ‘1- [Ayjow
- I- £X0qa®eo- g)- §-(1Ay1omsxoqae)d)- ¢

aursoxAng-,g‘g

aurdyso[1Ayrow
-(14u0JInSTAYI9AX0IpAY- Z- AX0qIe)- 7) I-s
QUIUB[BOJINS- ¢

QULIPUOYDTAY)IIN- G

AUIYIIUIO[AOWBQIRD - N

aurpnisty(1Aue1y-g)- o N

9UIPI}OBIIQNIAXOIP IUIDATS
-(14- 3~ urptwraddoutwi- g- oapAyexsH)- g

uIUBABURD([AYPRAXOQIBII(A~Z]) ~mN

SUITBUBDOUIPIW Y- AT

auuOTY)A

auIpIpIORINpUY

QUIUIYOH

rdo

p1o® d10Wwo(q

auIsoxANQg

pIo® DIUTYOBISOIYI1(]
pIo® 219184
(urodwrexo) 4OULIASOTDAD

U0 124)

aunIqININYD

auIIININI)
LAUTIRITD

AuLIPUOYD

uisoudae)

auiproAwoaade)
PIOE JTUIDONSOUTUBABUR)

JUIUBABUR))

pSAWEN 19} J0 (S)aweN d1jewalshs

uAmvm.&wZ ?o_Ewnoo_m

dwieu [BIALLL

HOOD(*HN)HO*HO*HOS*HO*HD

NH
HN
HOOX HNJH)'H lﬂ

HN
. “HOHO=)"("HD)
THO=HY CHIN_N
HOOOCHNYHOHL "HOHO==0CH)
H
" \Z/\ &
:oo;:w ,_u H

:ooo_):o:T:o!w“w:u":ufo_:u

‘HO  OOOH

HOOOHN)H)H O H
HOOD(FHNHOH! O H

HOOD(*HN)HOPHOS HO*OS*HO(HO)HODOOH
HOOD(*HN)HD®HOS*OH

H
:ooo:w\ z(,_u:u. H
HO g O

|

[¢)

H
N:w\z /,_v\,:
:occlm_*iun:

“HN
HOOD(*HN)HO*(*HO)HNODN*H
*HEOd*HO*HON*H

H

N:n_v\ z/gzooo:

|
N:o/f.\of
y
0
FHNTCHDYOOHN
| HNTW
HOOOHO H)—l===J
Exifzill/,z:
:zl_ﬂ
HN
HN D00H

HOOOX HNOHO HO HOOHNOHNHOHOO00H
HN
I

HOOXHN)HO'HO'HOOHNONH

2IndNIIg

14, No. 2, 1975

VOL.

BIOCHEMISTRY,

456



NOMENCLATURE OF a-AMINO ACIDS

PO J10UBXIYOUTWERI(I-9 ¢
autuere| oy 14doadLxoqae)- g) J-¢

PIO® DTOUBXOYOUTWE- Z- OUIPTWIY- 9

proe
1)908- G- SUI[OZBXOST- - 0XO- g- OUTW Y- ©
PIOE JIUTITNSOUBY}IOUTUIY- T

proe otuotd
-oxdauedoadoro£0auaAy)ow- g- OUTWI Y- ©

plo® o1£x0qIed-Z- durjoraAd- g- AXoIpLH- ¥
p1o® O1I4MgAX0IpAY- - ouTWIY- g

pIoe dLIa3[RA(OAY)owW)- G- OUTUIY- T

ploe J10uBXaY[AYIoW- - OUTW Y- g

p1oE 0114InqodedIdUW - - OUTUIY- 7

PIOEB DTOUBXIYOPTIdIN- - OUTWIY-

PIdE dr0UBXSyOUIpTUENS- 9- OUTW Y-

proe
OLI9[BAOUTWE - ~(OPI3INOUIPTWY ~¢) -G
ploe oLrareA[outwe([Loudjuad- g- [Aylom
- g- Ax0IpAy- g)- N- Ax01pAYy- N ]- G- ouTWIY- g

auraysfo(1hdoadLxoqaed-g)-s

au1s014£)0pPOTIQ- G'g

UTOAT3(14- G- UT[OZBXOSI- - OXO-¢)- 2

autuere(Adoadorokoaual A 1o - Z)- ¢

aurjoxdiAqIsN-N

aurjoxd{xoxpiy- y- 01pAYapId- £°g

QUITBAIOU(OTYIAYIDIN)- G

aursf[fowreqre)- oN
AUIPTISTY(TAIANQOUTUIY- §)- o N

aursArourpluy- N

sutoA[31hozuag- N

aut0A18£x0aphy- N-TAwI0 - NV

auroA13(1AutalsAotAuren(nH-A- N)- N
asuny)uIo(jfowreqaeo

- OUIPIWE)- N ‘SUITTNIIIOOUIPIW Y- T

aurnyyruro( jAousjuad
- - 1Ay3oull- g- AXOIpAY- G)~ N- AXOIPAH- N

UTOA3(1Aueany- g- [AYjoW- G- 0aPAYId- GZ)- ¢
autsho(1AdoadiAyiawiip- | ‘1- Ax0IpAH- g)-S

(oursA1-¢) ,ours£jos)
au1aINqos]

p1oe 21031030p0]
surotdsopul

ploe orudjoqi
LourInejodAH

v urof1SodAH

proe o1184H

aurreurw AxoapAH

SULIdSOWOH
sutuoIY}PWowoH
(2UIoNdT0SI0WOH

9UI9)SL00WOH
SUIINI}IOOWOY

JUISOUIBIOWOH

suturdreowoy
(PIo® oranddig

»UIpIoEpeH
auoryyeInn

aurur}Iedn
aurutresnd

uroAwoueanyg
utuIad

HOOD*HD(*HN)HO*(*HD)N*H

HOOD(*HN)HO*HOS*HO(HOOD)HI HD
1

HOOOCHN)H:)*H. H

1
HN

HOOOHN)HO'CHOION'H

H

0" g0
HOOX*HN)HOO—=0H

*HN*HO®HOS*OH

HOOX*HN)H)*HO—HO—0=0H

\N/
*HO

m:n_v
:oooz_o\ z/n_uf
*HO—JH
H
:ooow\Z/ﬂ.:
HO——0OHOH
HOOD(*HN)HO*HO*HOOH
HOOD(*HN)HO!(*HD)S*HD

HOOD(*HN)HO*HO*HOSH
HOOX(*HN)HD"(*HD)HNODN®H
*HNCHO)OOHN NN

|
HOOOH) Ho—==

i
HOOOCHN)HO'CHOYHNON*H

HOOD*HD(HO)NHDO
HOOD*HOHNOD(HS*HO)HOHNODX *HO)(*HN)HDDOOH

HN
fl

HOOOCHNYHI CHO)HNOOHNONH
HO O ‘HD

HOOOHNHO*HOIN—IHO=0"CHI)OH

:oo%mziol@lu_.:

HOOD(*HN)HD*HISH*HO)O*HOHOOH

457

VOL. 14, NO. 2, 1975

BIOCHEMISTRY,



CNOC AND CBN

HOO)UH.YHOHN

SUTYITUIO(TAYIDAXOQIED~ T)- ;N pIoE D1uIdo1dg HOOOH Y H)— N'H
HOOD! z,z:.,:,ﬂ :.,_A
|
autuIdae([AYI0AX0qIe)-T)- N autdo3oQ HOODHI CH)HNONH
PIOE O1I9[BACUTWIY- g (OUI[BAJON
aurwen3
-{[1Auzo(1howmreqaen (1Ayjewdxoqae)))-11- N QUIA([AuereAWwEINID-A- N |- N poe stweyydoaoN HOOD*HOHNOD(*HOYHOHNODY*HO)(*HN)HODOOH
PIOE IIOUBXIYOUIWY- g (2UIONa[ION
p1oE - )
orwremi3(1Angourpruens- p- Axoqreo-1) HOOD™HD :,x:cc%:;:_,_H
-N -oututSae(1AdoxdAxoqred1q-¢1)- N aurredoN HOOOHICHOHNMHNONH
0
I
proe o N
I1}99E- G- QUI[OZEXO- - OX0- g- OUTW V- © QUIIAT3([£- G- UT[0ZEX0- - 0XO-7)- ¢ QUOZEBISNA HOODFHN L O—==011
il
\Z/
HOOXY ™ H
pioe O1Ax0qaeI9101ILd- g auroxdoapAyspeaia L, AUITRUTA Ho—0H
(1ouad
-T3] 99S) LAUTSOW TN
__HVAVP,W_N_V.Hm:
autsA[(1A4I0AX0qIeD- T)~ N aurdosAT HOOX HNHOCHINH
(autsAT
~0ST 995) ,aulsAT-¢
z:/ \c Em
aurzasontutydsoyd(Axoyjzoulptuend- g)- .0 QUIILIqUWOT HOOXHNIHD*HIOAOCHDHNONH
H H
=)
outuEre HOOX I HON, =0
-[14utpta&d- () 1-0%0- §- AX0IpAH- ¢)- ¢ (oursowrtur) [oUaINA HO=0—0H
H,
HY” S
proe sruordoadaurprura£d- - ourwierqg- g‘ o QUTUEE([AUTPIWTIAd- p-OUTW Y- Z)- § (eutuey1dumy) aunhyyet :cc;z_zv:o...:&_o/z\;z,.:
autwem(14y1a0ueh)- )~ N 1030%) snIyye] HOOD(*HN)HD*(*HD)OOHNY*HO)ND
aurejaq
Smo:mxm:AoEoEEE\E«mEQ: -g-ourwy -g aursA Ay)awra)- oN ‘ouIsATTAyowta - oN autuIwe| -OOOANEZVEU:NEUYZWAEOV
50
QuIuUR[eIAOTIURIYIUY - € QUIUA INUA S HOOXHN)HI HOOD
H
pIoe 21330%€ HOOOH,Y” z/,_E _g,:
- aurp1jodaAd- g-1Auadoadosi- - Axoqae)-g aurjoadjAuadoadost- p-([AY)dWAXOqIR))- € p1oe oruresy HOOY HOHO—HI—0='H
0,
proe srordoadaurprutikd HOOXHNYHO H)— 2
-(H?2)1-0%01p- 9*g- 0IpAYIp-9‘g-oulmy- » sutuere(14- ¢~ [1oRI)- ¢ SUIPIBI[IMOS] d
auraisho(14doadihyjow- z- Axoqred-1)-§ auIITRAOS] HOOD(*HN)HI*HOS(HOOD)HOHDY(*HD)
pSOWEN I9(}Q IO (S)oweN J11eUId)ISAS : %vaEwZ [estwayosorg - JUWIBU [BIALL], IN)ONIIS

14, No. 2, 1975

VOL.

BIOCHEMISTRY,

458



NOMENCLATURE OF a-AMINO ACIDS

proe dtuotdoad
- g-ueIAd- - 0X0- g- £X0(IBI- 9- OUTW Y- ©

proe otuotdoad
- - ueaAd- f{Z- 0X0- - £XOQJIED- §- OUTW Y- O

p1o® JIoUEBX9y
-[outwrg((4doxdLxoqaedtp- ¢‘1)}- 9- outiy- g
PIOE J1)908- §- SUI[
-0ZEPIWI- g- AXOIPAY- - ([AY)oUWOUTW )
- D-outwe-g ‘proe dTuoldoad£xoIpay- g
(14~ §- UITOZEPIWI- Z- OUTWE- Z)- Z- OUTW Y- ¢

pIo€ 21[4%0qIe)- Z- SUIpI[oXILdOX()- G
proe dLIdnqourwy- §

proe

DL nqrAyow- ¢- 0ydedaaw- g-ouTwy- g
(sutuere-¢)

- (1Ax&ynqrAyiswip- ¢ g- AxoapAqIa- °g)- N
proe

LILINGTAYIOWIP- ¢ ‘g AXOIPAY- - OUTWIY - g

p1o® OTJd[BAOUTWEI(J-G'Z

QUISOIAN AYION - N

autuere(14- g- uox4d- z- Axoqre)d-g)- g

SutuETE(1A- §- UoaAd- g- £X0qIRD-9)- €
SQUIDATSTAYIBIN- N
Quluel®
- 1duayd[ourwe(1£y3e0101yo- g)sid |- &
SUTISAT(14- g- TeI[3)- N ‘proO®
dturen[3(14jued £x¥0qaBI- G- OUTW Y- G)- NV

proe d11Ax0q
- JB)-Z-9uoptjoxiid- ¢ ‘auroxdoxQ-g¢

sururen|3[ [Auatpeing
- ¢ 1-(14y1ow Ax0 apAYy)- 2)- N- AX0apAH-%
aurdA3(14uoq
- 1e014prahd- g)- N ‘ouroL[31Lourjoord- N
aUTIA3(141908 AUdyd)- N

aut9)SAOTAYIoWIp- ¢g ‘oUT[BA0)dRIISIN - ¢
proe oruotdoad
-optwreojued- ¢ ‘(autuere-g)-14ojued- N

autrasowoy[AypwId- ¢g
SuUTWEIN[3AX0IPAY- - [[AuEIN]
- 2-(14urpwrAx0aphy)- g- 01pAYIQd- 6‘g)- N

BUIYITUIOTA0ZUSAI- N ‘N
SUIBAIOUOUTW Y- G

auruere(TAudydiAyoui- 9- AX0IpAYIQ-§°g)

aurpnsTYAyjow
- 2-(14uere-d)- o N ‘oursouresAy)ol-g

(PUIWBULING

PIO® DIUIGO[02Z11S

pIo€ 9190102138

(PUIS00IES
QUISA[0dIES

aurdoaeyooes

»QUIUBISOY

proe srwemdoxid
¢+oPTOE OTUIpLIadig

autuejRUUIJ

PId® D1INUT[0OTd
PIO® DLIN9OBUAYJ

SUTWEI I TUdd

»PIOE DTUay0UEd

suruojued

auruejeuutdAxQ
(ourass

-01240 895) ,UIDAWEBXO

pro® orInyuIO
auITUIO

auruee[LoaQ

urprydQ

o O00H
:ooo@ziofod

0 DOOH

o

HOOO(*HN)HO'HO

:oo%mzfufol@\z: "HOPHOID)

HOOOD(*HN)HDY(*HO)HN(HOOD ) HO ¥(*HD) DOOH

H
fzﬂmo/ fw\Z/wzﬁ
HOOXHOHO—N

H
mooom_o\zxﬁ_vﬂo
HO—OH

HOHO

HOOOCHN)HO*HOHOHOOOHNHO==0—H)==0'H

N
:ooofo%Sl@

HOOD*HDOHNOD*HO'H’D
HOOOD(*HN)HOD(HS)D¥(*HD)
HOOOY*HO)HNODHOH DX *HD)D HOOH

HOOD(*HN)HO¥*HD)O*HOOH

:co%:zvmofomomoQumzHﬁ u
HOHO—~ ===

mmmooumﬂ
HOOOHO "HOHNOO®H®)
HOOD(*HN)HO*(*HO)N*H
H
HOOOCHN)HO™H; H
"HYY
HO\_
HN"“SN
*HNHO HOOOHN( HOOO HOAH)— =

459

VOL. 14, NO. 2, 1975

BIOCHEMISTRY,



CNOC AND CBN

proe owordoxdaurpruraAd
~-(HZ)1-0%01p- § ‘Z- 0IPAYIP- § ‘¢- oOUTW Y- ©
RpIoe
JT[AX0QJI BD- G- UT[0IIAd- [- ouIpIUEBNY)- 7

proe onPoeduIprwiIid-
- OUTWI- Z~ AXOJIPAY- - OIpAYEXIYOUTW Y - ©

proe
J1)90B3UIPI{OZEXOSI- G- OXO- ¢- OUTW Y- D

QUISOJIAJ0POTIp
- G‘g- (TAuaydopoTIp- ¢ ‘g- AX0IPAH- §)- ,0

aursodAyjAuaydAxoapsH- p)-,0

PIO® O1[AX0QIEI3[0ZEIY}- §
(14mnqrayiaw- z- AXoIpAYIp- ¢ - OUTWY-1)- 2

autaas[ooturyd
-soyd(Axoyjaourpruens-g)]-.0 -1Ayjowip

-N‘N ‘(191s9) areydsoyd ualoapiy
1Ayjaourpruens- g aurIas{AYIswId- NN

PIOE OIUCIINSAUBY}IOUIWY -7

PIo® d10Tpaue)}dayAxodpAy- ¢- ouTwel(J-9‘g

suruere([4- - [10eI)-¢

aurjoxdourpruend- G- oxpAyapId- g ‘1
auruere (1AusydAxoapAH -¢)

aurproAuw
-091ded£x0apLy- g ‘BuUrdAT3(14- p- urpTar
- 11&doutw I- g- AXOIpAY- 9- OIpAYEXOH)- g

wﬁwmo.nhahw.ﬁl km”a\WM\ mn;mn

auToA[3(1AUIPI[0ZEXOST- G- OXO- ¢)- g

auroI4Ayjopore P L-, 65, ¢°6‘¢g

auruereAuayd( AxousydAxoIphH- §)- ¥

auTpnysIyojdedIaN- g
suTwemMBIAYIH - N

3UT0IqUIOTAYIdWIL(T- A ‘N

AUIU03JIY)([AY)9Lx0qaed-g
-outwe- g)- mchowhﬂ:%- £- UTUBTY)-§

ouUIpIEIIM

SUIPIOAWOTA

(OUISOIA -t

aurprioeaaqn,J,

29UISOIL)LL,],

PIO®B DTWO[OYITI L,

(sunhyyer
99s)  autueydur],

urxoJIAy,J,

QUIUOIAY L,

aurydadysoryL

SUIPHSIYIOTYL
duIueay,L,

SUIWISE[TRY L
LULINE ],

auIUIX0}qBL

HO
HOOX Nmzv_._ofoa\ /A_E

0= (.00
H
:ooomw _ NH(NH)ONH
*HO—OH
OH
HOOO("HN)HD NH
N~
H \g

HOOD*HN)HPHO @ OH
HOOOCHN)HIPHD @ OH

HOOOCHNYHOPH: @ OH

H
=0
HOOX*HN)HOHO—OH

1 1
mooommzi%:vl@! o|@’om
I 1

mco%mziuﬁul@l@l@/om

Nmﬂ mmm_v
:ooom_v\z/_TmoEoimoEoof

HO—S

"
N
HOOXHNHY*HO—0==0H
HOOJ(*HN)HD*HO*HDODHN H?D

HN

CHOIN(HOOHI HOOKH O)MO*HOIHNONH
HEOS*HO*HON®H

HOOD(*HN)HO(HO)HO Y *HD)(*HN)HDDO0OH

pSOWEN J3Y)0 JO (S)dweN J11ewa}SAS

L(S)aweN [eorwaydorg

9WIBU [BIALLL

3INONIIS

14, NO. 2, 1975

VOL.

BIOCHEMISTRY,

460



NOMENCLATURE OF a-AMINO ACIDS

Footnotes to Appendix A: ¢ Some amino acids that are not a-aminoalkanoic acids are included; their trivial names are so
marked. No D-amino acids are included, hence L has been omitted from the names. No «-betaines are included. ¢ Indicates
no structure is given. ¢ “Biochemical names’ are based on the names of amino acids defined in this document, and attempt
thereby to indicate biochemical relationships as far as possible. ¢ Systematic or other names avoid the use of names not in-
cluded among the most common a-amino acids (Table I) and avoid the radical-prefix names described in Recommendation

2AA-1.4.4.¢ As this name implies tyrosyltyrosyltyrosine, tertyrosine (column 3) should be used.

Appendix B: Trivially Named Di(a-amino acids) Other than Peptides

Nam e [Symbol] Systematic Names Formula
Bl. Two a-Amino Acids Connected by S or S-8 or S—~CH,—§
Cystine [ (Cys),;Cys 2,2’-Diamino-3,3’-dithiobis (propionic acid) SCHz-ir-CH(NHz)COOH
I 3,3’-Dithiobis(2-aminopropionic acid) SCH,~+CH(NH,)CO0H
Cys 3,3’-Dithiodialanine

|

Hey
Cystathionine [Ala;Hcy (Ala):l

Homocystine [(Hcy)Z;Hcy:]

Hcey

Lanthionine \:Cys (Ala);Ala}

Cys
Methyllanthionine {Cys (3MeA1a);3MeA1a}

Cys

Homolanthionine [Hey (A bu)]

Djenkolic acid [Cys,(CH,)]

2,2’-Diamino-4,4’-dithiobis (butyric acid)
4,4’ -Dithiobis(2-aminobutyric acid)

S-(Alanin-3-yl)homocysteine

S-(2-Amino-2-carboxyethyl)homocysteine

2-Amino-4-[ (2-amino-2-carboxyethyl)thio]-
butyric acid

S-{Alanin-3-yl)cysteine

S-(2~ Amino-2-carboxyethyl)cysteine

2,2’-Diamino-3,3/-thiobis(propionic acid)

S-(3-Methylalanin-3-yl)cysteine

2-Amino-3-[ (2-amino-2-carboxyethyl)thio]-
butyric acid

2,2’-Diamino-4 ,4’-thiobis{butyric acid)
4,4'-Thiobis(2-aminobutyric acid)

3,3’ -Methylenedithiobis (2-
aminopropionic acid)

3,3'-(Methylenedithio)dialanine

Methylenebiscysteine

B2. Lysinonorleucines:* Two a-Amino Acids Connected by N

Lysinonorleucine [Lys{wNle)]
[HN ((l)Nle)zl

, 5=-Hydroxy-
[0°Lys(wNle)]

» 9,5/~Dihydroxy-
[o®Lys{o®wNle)]
[NH(0°wNle),]

, N8:6’-Dehydro-
[AfLys(wNle)]

,Nt:6’-Dehydro-5-hydroxy-
[AfLys(o°wNle)]

[a0’Lys(wNle)]

6-(N®-Lysino)norleucine

Nf-(Norleucin-6-yl)lysine

Né-(5-Amino-5-carboxypenty!)lysine

Bis(6-norleucin-6-yl)amine

6-[ N~ (5-Hydroxylysino)jnorleucine

Né- (5-Hydroxynorleucin-6-yl)lysine

5-Hydroxy-AN®-(norleucin-6-yl)lysine

N-(5- Amino-5-carboxypentyl)-5-
hydroxylysine

5-Hydroxy -6-[ N- (5-hydroxylysino)]-
norleucine

5- Hydroxy- M- (5-hydroxynorleucin-6-yl)-
lysine

Nt -(5-Amino-5-carboxy - 2-hydroxypentyl)-
5-hydroxylysine

6-(Aaf-Lysino)norleucine

Nf-(Norleucine-6,6-diyl)lysine

Né-(5-Amino-5-carboxypentylidene)-
lysine

5-Hydroxy-6-(Af-lysino)norleucine

Nf- (5-Hydroxynorleucin-6-yl)-Af-lysine

Né-(5-Amino-5-carboxypentylidene)-
5-hydroxylysine

6-[ A®- (5-Hydroxylysino)]norleucine

5- Hydroxy-Nf- (norleucin-6-yl)- Af-lysine

Né_(5-Amino-5-carboxy-2-hydroxypen-
tylidene)lysine

BIOCHEMISTRY, VOL.

S(CH;),—?—
|

S(CH,) 4~

_CHc

\
(CH.).

/CHZCH, T(CHQ)ZCH (NH,)COOH

NH

" CH,CH,~=(CH,),CH(NH,)COOH

N{CHZCHOHj‘—
/

NcH,CHA-

CH,CHOH
NH
\CHQCHOH-;—

/CHycHQ-J:—
N. ]

N |

NcHCH, -+

/CHzCHOHj—

N
NCHeH, -f{

<cmcsz

N \
“NCHCHOHY-
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Name [Symbol] Systematic Names Formula
,N%:6’- Dehydro- 5,5’ -dihydroxy- 5-Hydroxy- 6-{A%-(5-hydroxylysino)]-  CHCHOH-
[Aa%05Lys(0’wNle)] norleucine \CHCHOHJ&-

5-Hydroxy- N®- (5-hydroxynorleucin-
6-yl)-af-lysine

Nt-(5- Amino-5-carboxy-2-
hydroxypentylidene)-5-hydroxylysine

B3. Allysines:® Two (or More) Six-Carbon a-Amino Acids Connected by a Carbon-Carbon Bond
Allysine aldol [ (Al1),] 5-(6-Hydroxynorleucin-6-yl)-6-oxonorleu- HOGHCH, #-(CH)/CH(NH,)COOH

Di (allysine) cine? OCHEH-,'"-(CHQ),CH(NH,)COOH
6-Hydroxy-6-(6-oxonorleucin-5-yl)norleu-
cine
2,10-Diamino-5-formyl-6-hydroxyunde-
canedidic acid
Dehydrofallysine aldol){a(All),] 2,10-Diamino-5-formyl-5-undecenedioic fﬁ‘HCsz‘
a5-(Allysine aldol) acid OCHC—E
Syndesine [o(All), ] 2,10~Diamino-5-formyl-6,7-dihydroxyun- HOCHCHOH 7~
Hydroxy(allysine aldol) decanedioic acid OCHcH—«i
Hydroxy(diallysine) 2,10-Diamino~5-formyl-5,6-dihydroxyun- HOCHCH#~
decanedioic acid /
Hydroxyallysine-~allysine OCHOOR—+~
Syndesinol [0 (Al1),H, ] 2,10-Diamino-5,6-dihydroxy- 7- (hydroxy- HOC{HCHOH;,J—
Reduced syndesine methyl)undecanedioic acid ya
HOCH,CH—f—
Syndesine alcohol R
Dihydroxydi(allysine) 2,10-Diamino- 5,6-dihydroxy- 5- (hydroxy- HOCHCH,~~
methyl)undecanedioic acid HOCHZCHOH_L_
Merodesmosine 2,10-Diamino-5-{[ (5-amino-5-carboxy- CH==CH—+ -?-/jo—
pentyl)amino}methyl} - 6- HCHE o N
undecenedioic acid NH(CH,, _E_ (CIH
* L2 2}
e
Desmosine 4-(4-Amino-4-carboxybutyl)-1~(5-amino- CH,—R®
5-carboxypentyl)-3,5-bis(3-amino-3-car- R R
boxypropyl)pyridinium .
N
(CH),R
Isodesmosine 2-(4- Amino-4-carboxybutyl)-1-(5-amino- R~
5-carboxypentyl)-3,5-bis(3~amino-3~car- \@iCHZ_R
boxypropyl)pyridinium |
(CH,),R

¢ For definition of lysino and norleucin-6-yl, see Section 1.4. % Allysine is difined in Appendix A as 6-oxonorleucine. ¢ R =
(CH32)2CH(NH2)COOH.

(Tentative Rules) (1970), J. Org. Chem. 35, 2849; (13) TUPAC-IUB, Tentative Rules of Carbohydrate No-

(1970) Biochim. Biophys. Acta 208, 1.
(10) Cahn, R. S., Ingold, C., and Prelog, V. (1966),
Angew. Chem., Int. Ed. Engl. 5, 385, 511.
(11) Cahn, R. S,, Ingold, C., and Prelog, V. (1966),
Angew. Chem. 78, 413; (1956) Experientia 12, 81.
(12) Cahn, R.S. (1964), J. Chem. Educ. 41, 116.
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menclature (1972), Biochemistry 10, 3983; (1972) Eur.
J. Biochem. 21, 455; and elsewhere.

(14) Bijvoet, J. M., Peerdeman, A. F., and van Bommel, A.
J. (1951), Nature (London) 168, 271.

(15) Peerdeman, A. F., van Bommel, A. J., and Bijvoet, J.
M. (1951), Proc. Acad. Sci. Amsterdam B54, 16.



