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The separation of acidic amino acids by an autoanalyser technique

Plants produce o liarge number ol acidic amino acids, whose qualitative and
quantitative distribution may have considerable relevance to phytochemical taxo-
nomy of several families of plants, For this reason, we have studied chromatographic
methods suitable for their adequate separation and identitication. Previous publi-
qitions have shown the usefulness, and oceasionally the limitations, of paper chroma-
tographic! and high-voltage paper electrophoretic? techniques in separating coms-
pounds of this type. Now, we report the separations achieved using a Technicon amino
acid antoanalyser following the standard 21 h npvr'lting procedure utilizing a 140 ~ 0.0
cmeeolumn packed with type A chromobead jon-exchange resin®, The particular ad-

antages of cach of the three separation techniques are assessec,
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IFig. 1. Elution profile of amino acids obtained with o “Technicon AutoAnadyser used under stindaned
2t h operating eonditions, T'he common amino acids are shown in heavy lines, while the unuasaal
amino acids have been deawn in light lines and elevated above the bascline in crowded arcis,
Table I provides o key to the numbered compounds,

Results and discussion

FFig. 1 illustrates the positions of the clution peaks of many unusual amino
acids in comparison with those of fourteen protein amino acids and norleucine used
as an internal standard. Table T provides a key to the compounds studied, and also
lists the clution time determined for cach compound.

Mixtures applied to the analvser contained selected protein amino acids,
25 nmole amounts, and unusual amino acids (0.1-0.4 mnn]u) Certain generalizations

qan be made relating structural features of particular amino acids with their relative

clution times, An increase in the length of an unbranched carbon chain leads to an
increased clution time, ¢.g. compare Cy aspartic acid (Asp) with C; e-aminopimelic
acid (19). I'n a similar way, the clution time is increased when an alkyl group replaces
@ y-proton of glutamic acid; ireo- and ervthiro-p-methylglutamic acids (17 and 114)
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TABLI T

KIEY TO ABBREVIATIONS AND THE NSUMERICAL CODIE USED IN FIG, T AND THE ELUTION STIMES
DIETERMINED FOR BEANCH AMINO ACTD

Code Com punitneid Flution
time (nein)

1t 2(8), 3010, g (W) -ff-TTvdroxy-samethylglotamic acid® 1 2o
2 threoss-Hivdrosyalntinnice acid 128
3 2(S) (W= Hvdroxy-s-methyiglutamic acid 1.4
Asp Aspartic acid 150
EH ervthro=yeHvdroxyalutinnic acid 105
4 Coe=Muethyvleneglutamie acid 175
Thr Threonine 177
5 2(S) o (S)-p-Hydroxy-p-methylulutivimic acid 170
Sor Serine ‘ 15¢)
6 trans-z-(Carboxyesvcloprapyhulyveine 180)
7t 2(8),3(S) g (R)-A-TTvdrosy-pammethyiglutiunic acid® - gz
S S-Carboxvethyleysteine KK
Glu Celutinmic acid KRR
] cis-z-(Cnrboxyeyvelopropyhglyeine 247
1o S-Carbmxvisopropyleysteine 255
I'ro Proline 203
11 threass-Nuothylglutamic acid IN7
1t crvtlro-p-NMoethyvlalutanic acid vz
K] - Nminoadipic acid 3t
1.3 p-tivdroxy-n-carbosyphenylalveine 333
Gly Gelyveine 340
ANa Alinine 307
(81 threeos and ervthro-s-tthyvlalutanmice acid 374378
15 - Nminabutyric acid B
1ty se-lithyl glutanmte (Ll eester) a0
17 z-(Methylencvevelopropyhulveine 433
Val Vidine 474
N s-Pthylideneglutimic acid Ju7
1¢) z-Nminopimelic acid 301
s Cystine 510
L0 m-Carboxyphenviglveine 545
Mot Methionine 550
e Isolencine ey
l.eu l.eucine 153
Nl Norleucine 03N
Tyr Tyrosine 03
s w-Carboxvphenylabmine 03
IPhe Phenyvladanine 230

# Stereochemistry assigned as in private communication from Dec 0 AL Bell (Austing, lesas),

and threo- and ervthro-y-cthylglutamic acids (coincident at 14) are seen in Fig, 1
as peaks cluting after the parent compound. Increasing molecular size also gives rise
to delayed clution of certain homologous sulphur-containing and aromatic amino
acids: S-carboxyisopropyleysteine (10) appears later than S-carboxyethyvleysteine (8),
and me-carboxyphenylalanine (22) later than wm-carboxyphenylglyeine (20).

The unsaturated amino acids y-methyleneglutamic acid(q) and p-cthylidene-
glutamic acid (18) are cluted prior to the respective saturated compounds, 7. the
isomeric y-methyvlglutamic acids (11 and 11a) and y-cthyvlglutamic acid (14). In con-
trast, the C,; amino acids, e-aminopimelic acid (19) and y-cthylideneglutamic acid
(18), although differing structurally in several important respects, are not resolved

T Chromatogr., 62 (1071) 144147



146 ‘ : NOTES

s separate peaks by the analyser —- the two compounds also hehivve very similarly:
rlnnng ¢ h‘l_nl“_ﬂ(_\U'l‘_\'|l\|\\‘ On paper with most n\nnnnnl\' nsed solvent systems, Hi_ iy~

voltage paper electrophoresis at plH 3.4 resolved these “two amino acids more ¢ lLuUl\ .
and their different colour responses \\ltln ninhydrin is o further aid in identitication,

Substitution of a hydroxyl group cither on glutamic acid (to give 2 or 2a) or
on y-methylglutamic acid (to give 1,35 or 7) markedly deercased elution time from
the column; compare the peaks recorded for the parent amino acids, glutamic and
s-methylglutamic acids, respectively, (A similar observation was made by Flasin-
ToNT in respect of pg-hyvdroxyvaspartic acids.) The diastereoisomerie forms of these
hydroxyamino acids are well resolved by the analyser. Good separations also are
achieved by vluvtn)1)l|nn-~'i< at pH 3.4, but the isomers are not resolved by paper
(.']Il‘l)lnilttl"l«l])ll\ in most common solvent svstems, although resolution is possible
in sclected solventss,

Substitution ol hyvdrosyl groups onto aromatic rings again results in decreased
clution times, .20 compare phenvilalanine (Phe) with tyvrosine (Tyr), or s-carbosy-
phenvlglyveine (2o0) with its p-hvdroxy derivative (13). The addition of @ carbosyl
group to o phenyl ring has o similar effect i¢f. the positions of peaks of phenyvlalanine
(Phe) and m-carboxyphenylalanine (22) 5.

“The eis- and frans-isomers of g-(carboxyvevelopropyglveine (O and g) were well
sepiritted from cach other by the analyser and their positions were vers distinet from
that of z-(methylencevelopropyhglyeine (17). These two isomeric dicarboxylic amino
acids do not separate on paper chromatograms developed in r-butanaol-acetic acid—
witter, but aosatisfactory separation can be achieved with agueous phenol, in the
presence of ammonia, or by paper clectrophoresis using a bufter, pH 3.4 (ref. 2).

In summary, peaks attributable to acidic amino acids are seen to be spaced
throughout the clution profile, occurring in vegions typically associated not just
witl (lu,..nhn.\.\,luf amino acids but also with the neutral amino acids. Therefore,
clution times, determined refative to other amino acids, can provide little insight into
an Cunknown' compound’s identity, unless features of its basic carbon skeleton are
known and the position of clution of the unsubstituted, saturated parent compound
is recorded. When one recalls that at least another hundred neutral or basic amino
.m(1~ are recognized as pl.mt products, it is quite clear that the identification of an

“unknown'’ amino acid in hiological extracts requires the use of several independent
chromatographic and clectrophoretic techniques, In this respect, high-voltage paper
clectrophoresis can be used to quickly separate the acidic amino acid fraction from
those of the neutral and basic amino acids —— then the further resolution of these
simpler mixtures using an amino acid analyser should permit the more certain identi-
ication of individual components, and also facilitate their quantitative assay.
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