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The carboxy-terminal amino acid determination is indispensable

for the sequential analysis of peptides and proteins and a num-
ber of studies on this subject have been reported (1).
However, only a few methods, such as the hydrazinolysis and
the carboxypeptidase methods, have been successfully applied
in practice (1). There still remains further investigation to
be made on this problem.

Naturally, a chemical method for the determination of C-ter-
minal amino acid should employ a chemical reaction that could
discriminate the C-terminal from the other amino acids in
a peptide chain,

In the field of peptide synthesis, it is generally believed
that the racemization during peptide synthesis through the
oxazolone intermediate occurs on the C-terminal amino acid(2).
It is also well known that the optically active oxazolone

derived from the corresponding N-acylamino acid by treatment
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with acetic anhydride (3) or dicyclohexylcarbodiimide(DCCD)(4),
undergoes racemization faster than the solvolytic ring-opening
to afford a racemic product (3,5).

In the course of our study on the racemization of amino acids
and peptides in deuterium-containing media, it was revealed
that hydrogen-deuterium exchange occurs on the asymmetric
carbon of amino acids under racemization conditions involving
carbanion formation, and this deuteration reaction can be
followed readily and precisely by the n.m.r. method (6).

On the basis of the foregoing considerations, +the present
authors carried out successfully selective deuteration of the
asymmetric carbon of C-terminal amino acids in several N~
acetylpeptides through the racemization reaction, involving
the corresponding oxazolone formation, followed by the base-
catalyzed hydrolytic ring-opening in deuterium oxide, so as
to discriminate chemically the C-terminal from the others in
the peptide chain. Deuterated products were characterized
unambiguously by n.m.r. spectra.

This reaction was further extended to the radio-active tritium
exchange, using tritium oxide in place of deuterium oxide in
the reaction described above, and the authors found this
method applicable to the C-terminal determination of peptides

by a simple manipulation and in a micro-scale.

A) Deuteration Reaction :

As preliminary experiments, deuteration of several N-acetyl-
amino acids, as a model of simple peptides, was carried out

by the rollowing procedure. Compounds used in this experiment
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were as follows; acetyl-glycine, acetyl-DL-alanine, acetyl-L-
valine, acetyl-L-leucine, acetyl-L-methionine, acetyl-L-gluta-
mic acid and acetyl-L-phenylalanine.

Deuteration Procedure

Method A : A solution of an N-acetylamino acid (0.5 mmole) and
Ac,0 (more than 0.5 mmole) in 5 ml. of anhydrous dioxane was
brought to gentle boiling for several minutes. The mixture was
allowed to cool to room temperature and evaporated in vacuo at
40° to afford a residue, whose IR spectrum showed character-
istic strong absorption bands of oxazolone at 1832 (C=0) and
1660 (C=N) em Lin CHClB. The residue thus obtained was dissol-
ved in 2 ml, of dioxane and, after addition of one drop of py-
ridine, the solution was treated with more than 0.5 ml, of
99.5% D20 at room temperature for several minutes.

The solution was evaporated in vacuo to afford the deuterated
N-acetylamino acid in a good yield. The product was charac-
terized by comparison of its n.m.r. spectrum with that of the

starting material.

Method B : The oxazolone formation reaction was carried out
with more than 0.5 mmole of DCCD in place of Ac20 in Method A.
The resulting mixture containing dicyclohexylurea formed was
treated directly with pyridine and D20, successively, in a
similar manner to Method A, and then worked up as usual +to

give the objective product in a good yield.

Typical n.m.r. spectra of the deuterated products thus obtained
were listed in Fig. 1 (1 and 2). As shown in the figure, it

is clear that a-proton signals (peak (a)) of the starting ma-
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terials disappeared and the coupling mode of P-proton signals
changed o2 completion of the deuterium exchange on their
asymmetric a-carbon, while areal intensities of all other pro-
ton signals than a-proton did not decrease.

These results indicated that, by the present procedure, all
the N-acetylamino acids, s¢ far as the present work is concern-
ed, underwent complete deuteration exclusively on their asym-
metric a-carbon without any other deuterium exchange.

On the basis of preliminary data described above, the authors
applied the same procedure to N-acetyl-glycyl-DL-alanine, N-
acetyl-glycyl-DL-valine, N-acetyl.-glycyl-L-leucine and N-acet-
yl-glycyl-L-leucyl-glycine and succeeded in the selective
deuteration of C-terminal amino acids as expected. Typical
n.m.r. data were shown in Fig. 1 (3 and 4). These results show
that the present procedure is capable of discriminating the C-
terminal amino acid from the others in a peptide chain.

The selective deuteration reaction seems to proceed as in the

following scheme.
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B) Tritiation Reaction as a Novel Method for C-Terminal

Determination of Peptides :

For the purpose of improving the C-terminal determination
method, the authors investigated an application of the C-ter-
minal labelling procedure by the use of tritium oxide in place
of deuterium oxide. In a model experiment with N-acetyl-gly-
cyl-DL-valine, selective tritiation of the C~terminal valihe
was found to proceed in the same manner as in the deuteration.
In this cese, the C-terminal tritiation could be confirmed
by detection of the radio-activity of an acid-hydrolysate of

the tritiated acetyl-dipeptide on a paper-chromatogram.

Tritiation Procedure : A solution of acetyl-glycyl-DL-valine

(5 mg.) and DCCD (10 mg.) in 0.5 ml. of anhydrous dioxane was
heated at 80-90° for 40 mins. and allowed to cool to room temp-
erature. After addition of one drop of pyridine, 0.2 ml. of
dioxane containing 0.07 ml. of T,0 (radio-activity: ca. 70 mc)
was added and the whole was allowed to stand for 30 mins. at
room temperature. Then, addition of ordinary H20 followed by
evaporation, was repeated several times to remove completely
the washable radio-isotope. The residue was hydrolyzed in-18%
HC1. After completion of the hydrolysis and subsequent evapo-
ration, the residue was basified with one drop of conc.NH4OH.
The sample thus obtained was subjected to paper partition chro-

matography (BuOH:EtOH:H,0 = 4:2:1). The detection of radio-

2
active spot on the paper chromatogram was performed by the aid
of Radiochromatogram~scanner (Packard Model 7200).

The radio-chromatogram gave only a single radio-active spot
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corresponding to the C-terminal valine (Rf 0.37), which was
identified by direct comparison with a chromatogram coloured
by the Ninhydrin reagent. Glycine (Rf 0.12) did not give any
radio-activity.

These experimental results indicate a promising possibility
for this procedure to develop into a novel method for the C-
terminal determination, and the method will have following
advantages,

By this method, both the C-terminal determination and iden-
tification of constituent amino acids of a peptide can be
accomplished simultaneously in a simple manipulation and in
the paper-chromatographic micro-scale.

Furthermore, the terminal amino acid can be identified as
a radio-active amino acid and there is no need to identify
through various derivatives.

Work is continuing in this laboratory to study further ap-

plication, scope and limitation of this method.

The authors are greatly indebted to Professor Emeritus
E. Ochiai and Professor S. Yamada of the Tokyo University
and to Dr. A, Tahara of this Institute for their kind advice
and encouragement. Thanks are also due to Mr., J. Uzawa of

this Institute for the n.m.r. measurements.
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