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Since it was first proposed by Akabori,
Ohno and Narita in 1952V the hydrazinolysis
method has been applied by the same authors
and others for the characterization of carbo-
xyl-terminal amino acids in various proteins.
On heating the protein in anhydrous hydra-
zine, peptide bonds are split with the form-
ation of amino acid hydrazides, while the
C-terminal residues only are liberated as
free amino acids. In earlier works“® hydra-
zides were removed by condensing with
benzaldehyde to give insoluble dibenzal
derivatives and the remaining amino acids
were identified by paper chromatography.
Although it has been applied to several
proteins and peptides'—®, this procedure was
rather troublesome, and some less soluble
amino acids might be lost in the treatment.
Later we have improved the method in the
following way : dinitrophenylating the hydra-

* The present paper was written before the Sympo-

sium on Protein Structure held on November 15, 1954

at Osaka University.
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zinolysates and separating the C-terminal
DNP-amino acids from di-DNP-amino acid
hydrazides, the former thus extracted were
characterized and estimated quantitatively
by silica gel chromatography™®. Further a
method of pre-treatment with isovaleralde-
hyde followed by dinitrophenylation was
also reported briefly”. These improved
methods were applied to lysozyme”®, Taka-
amylase A", ovalbumin?, «a-chymotryp-
sinogen?®, «a-chymotrypsin®, tobacco mosaic
virus'®»'D, and protease hydrolysates of lyso-
zyme'®, Another application of this method
to characterize the mode of linkage of acidic
amino acids in the protein was also re-
ported'®.

Another technique to separate C-terminal
amino acids from hydrazides using ion-
exchangers was also proposed'¥,

On the other hand, criticism on the hydra-
zinolysis method (chiefly on the hydra-
zinolysis-benzaldehyde method) was proposed
in which it was said that the results obtained
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by this procedure were not in line with those
obtained by carboxypeptidase method!®'®> and
that the hydrazine is not an entirely satis-
factory reagent for this purpose'®.

The present investigation was designed to
reinspect this method according to the
results obtained by various fundamental
experiments, to establish the best method
applicable to various proteins, and to consider
the scope of it. Experiments reported in
this paper include those on (a) the de-
composition of free amino acids, (b) the
hydrolysis of amino acid hydrazides to amino
acids during the treatment, (c) the separation
procedure of amino acids from hydrazides,
and (d) the rate of hydrazinolysis of peptide
bonds. From the results obtained here it
can be concluded that the hydrazinolysis-
DNP method gives mostly correct results
with the exception of the case where tyrosine,
cystine, histidine and tryptophan are situated
at the C-terminal. These amino acids can
be characterized by adopting the modified
method described below.

Materials

_ Anhydrous hydrazine. — Anhydrous hydrazine
was prepared by the method of Stidhler'™. Fifty
grams of 80 per cent hydrazine hydrate and 175 g.
of calcium oxide were mixed in a copper flask
and gently heated in an oil bath. The distillate
was led through a glass tube and a cooler and
ccollected into a flask, which was attached by a
calcium chloride tube. All cork fittings were
<covered with tin foil. After a few ml. of fore-
run were discarded, the main distillate was run at
a bath-temperature range of 130-160°C. This was
immediately kept in sealed tubes, each containing
a 1ml. portion. Yield 15-18 g. Purity was more
‘than 99 per cent.

Amino acid hydrazides.—Leucine hydrazide dihy-
drochloride is the same one as reported pre-
viously!>. Glycine-, alanine- and serine-hydrazides
were prepared as follows: amino acids were es-
terified as usual, and hydrochlorides of amino
acid esters were treated with computed amounts
of dry chloroform saturated with dry ammonia.
After filteration, the solution was concentrated
under diminished pressure to give a syrup. The
computed amount of anhydrous hydrazine was
added to the syrup under cooling, and after stand-
ing overnight at room temperature, the reaction
mixture was concentrated in vacuo. In all the
itreatments care was taken to avoid moisture.
‘Thus glycine- and serine-hydrazides were obtained
as crystals, but alanine hydrazide was crystallized
as hydrochloride by adding dry alcohol saturated
with HCIl gas to the syrup of hydrazide until the
pH of the solution reached to pH 6 and was con-

15) A.C. Chibnall, **Les protéines ', (1953) p. 126.

16) A. C. Chibnall and J.L. Bailey, ' CIBA Symposi-
um " (1952) p. 148, 149.

17) A. Stdhler, Ber., 42, 3018 (1909).

centrated in vacuo. The former two hydrazides
were recrystallized three to five times from eth-
anol-ether, and the latter hydrazide hydrochloride
from hot methanol.

Glycine hydrazide.
47.16. Calcd: 46.91%)

Serine hydrazide. m.p. 99-100°C (Found: N,
35.28. Caled: 35.25%)

Alanine hydrazide dihydrochloride. m.p. 222-
223°C (Found: N, 23.84. Caled.: 23.87%)

m.p. 84-85°C (Found: N,

Experiments and Results
(1) Decomposition of Amino Acids
during Hydrazinolysis

It has been observed that C-terminal amino
acids liberated during hydrazinolysis are partly
decomposed. Locker#) reported that common
amino acids were recoverable in amounts exceed-
ing 85 per cent with the exception of glutamic
and aspartic acids, tryptaphan, arginine, cystine,
cysteine and asparagine after heating them for
eight hours at 100°C in a sealed tube. We have,
therefore, estimated recoveries of about fifteen
amino acids during hydrazinolysis, and we have
studied briefly the decomposition products.

(a) Recoveries.—About 1mg. of each amino
acid was heated at 100°C with 0.5 ml. anhydrous
hydrazine for five and ten hours. After excess
hydrazine was evaporated in vacuo over sulphuric
acid, the residue was dinitrophenylated, extracted,
chromatographed and the recoveries of DNP-
amino acids were estimated in the same way as
in the case of proteins™. The procedure is similar
to that shown in Table VIc. On the other hand,
free amino acids were treated, without heating
with hydrazine, in the same way to find control
values of this procedure. The control values
were mostly found to be more than 85 per cent.
The recoveries cited in Table I are corrected by
these control wvalues. Histidine is dinitrophe-
nylated not quantitatively—to an extent of only
30 per cent of theory—and was estimated, there-
fore, as the free amino acid by column chromato-
graphy using Dowex-50. Cystine and proline were
also not fully dinitrophenylated. As DNP-deriva-
tives of tyrosine and tryptophan are extracted by
sodium bicarbonate solution not completely from
ethyl acetate solution but completely from ether
solution.

Table I indicates that the recoveries of amino
acids during the hydrazinolysis of ten hours range
from 90 per cent (leucine) to 27 per cent (cystine)

and most of them are 50 to 70 per cent. Arginine
decomposes completely in ten hours’' hydrazi-
nolysis, but is recoverable as ornithine. Contrary

to the report of Locker®), methionine does mnot
change to sulfoxide, but remains about 80 per
cent unchanged in ten hours. The reason of
discrepancies between the results of Locker and
ours is not clear. Some experiments were done
in a dark room, but the effect of light was not
remarkable.

It is not known whether C-terminal amino acid
residues in protein decompose or not in the same
way as free amino acids in the course of hydrazi-
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TABLE I
RECOVERY OF AMINO ACIDS

After heating
with anhydrous

Amino acid Blank hydrazine for Locker®
5 hr. 1IJ—iIr.
‘Glycine 87% 859, 52,53%%9 85
Alanine 84 81 48, 55%* 85
Valine 100% 8o 85
Leucine 100%* 90 85
‘Serine 86 75 37 85
‘Proline 71 65
‘Tyrosine 100 92 74 85
‘Tryptophan Qg 57 A7 10
‘Histidine 89 73 62 85
Arginine 83 36 0 0
(Ornithine) 85% 39 15
Aspartic acid 85% S50 20
Glutamic acid 85% 46%* 10
Cystine 60 38 27 -—
Methionine 91 80 sulphoxide

*  Assumed values.
#* Treated under shutting from direct light.

nolysis, but, being recovered 80 to 90 per cent
of theory in the case of protein™®, C-terminal
amino acid seems to be recoverable not less than
free amino acids (Table I) as discussed later.

(b) Decomposition Product.—It is not yet
’known how amino acids decompose by the treat-
‘ment with hydrazine. They did not change to
‘hydrazides principally. Decomposition products
‘gave no DNP-compounds which might be appre-
"hensive for confusion with DNP-amino acids with
the exception of cystine. Cystine changes par-
‘tially to three sorts of by-products, two of which,
-on dinitrophenylating, changes to DNP-compounds
which have nearly the same R values of DNP-
:glycine and -alanine, respectively, but on treating
‘with isovaleraldehyde before dinitrophenylation,
‘these compounds disappear almost completely.

In the case of arginine, a trace of DNP-com-
‘pounds other than DNP-ornithine was detectable
-on silica gel columns, but on dissolving in acetic
:acid the yellow colour disappeared.

The degree of decomposition of amino acids in
‘hot hydrazine seems to depend on the purity of
:anhydrous hydrazine. Anhydrous hydrazine of
Jower concentration (about 95 per cent) might
cause more decomposition and undersirable by-
.products as reported previously®.

(2) Hydrolysis of Hydrazides

Amino acid hydrazides which are produced in
the course of hydrazinolysis might partially change
to other substances by side-reactions. If free
amino acids were produced during hydrazinolysis
and/or after-treatment, they might be mistaken
for C-terminals. Therefore the degrees of hy-
drolysis of hydrazides in agueous solution and in
hot hydrazine were determined.

(a) Estimation Method of Hydrolysis.—(i)
Estimation as DNP-derivatives of Amino Acids
produced by Hydrolysis.—The mixture of amino
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acid hydrazides and free amino acids, the latter
resulting from the former by treating with hy-
drazine, were together dinitrophenylated, and
DNP-amino acids were extracted fractionally by
the same procedure as in the case of C-terminal,
chromatographed on silica gel and estimated
colorimetrically.

(ii) Estimation of Hydrazine liberated by
Hydrolysis.—Preliminary experiments indicated
that the hydrazine reacted with piperonal quan-
titatively to give a condensation product and
that the product in acidic solutions showed a
specific absorption curve which is distinctly dif-
ferent from those of amino acid hydrazides with
the aldehyde in the range of the wave lengths of
365-380 mu as shown in Fig. 1. The optical density

0.5}
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= mema

.
.

340 360 380 my
Fig. 1. Absorption spectra of condensa-

tion products of piperonal with hydra-
zine and amino acid hydrazides.

(a) Condensation product of piperonal
with hydrazine (0.08 uM).

(b) Condensation product of piperonal
with leucine hydrazide (4.36 uM).

(¢) Condensation product of piperonal
with serine hydrazide (4.87 uM).

reached a constant wvalue within thirty minutes
and was stable at least one to two hours. The
colour intensity obeyed Beer's law. Basing on the
results the following standard method to estimate
microgram quantities of hydrazine was devised:
to one ml. of sample solution containing about
5 to 10 pg. of hydrazine 2 ml. of propanol con-
taining 34 mg. piperonal and 1 ml. of glacial acetic
acid were added. After standing one hour at
room temperature, the reaction mixture was
subjected to colorimetric estimation by Beckman’s
spectrophotometer at the wave lengths of 363-
375 mu.

{(b) Hydrolysis of Hydrazides in Aqueous
Solution.—Serine hydrazide was kept at room
temperature for various times in aqueous solu-
tion, in dilute acetic acid (pH 4) and in 19 sodium
bicarbonate solution. The degrees of hydrolysis
under these conditions were estimated by the
method (ii). As shown in Fig. 2 serine hydrazide



510 S. AxAaBORI, K. OHNO, T. IKENAKA, Y. OKADA, H. HANAFUSA,

[Vol. 29, No, 4

I. HARUNA, A. TsuGITA, K. SUGAE and T. MATSUSHIMA

02

Hydrolysis (%)
=]

i " n

0 2 rl 8 8
Time (hr.)
Fig. 2. Hydrolysis of amino acid hydra-

zides in aqueous solutions at room tem-
perature

(a) Serine hydrazide in 1% sodium
bicarbonate solution.

(b) Serine hydrazide in 669 alcoholic
solution of sodium bicarbonate (medium
for dinitrophenylation).

(c) Serine hydrazide in water.

(d) Serine hydrazide in dilute acetic
acid (pH 4).

(e) Leucine hydrazide in 1% sodium
bicarbonate solution.

is hydrolysed 0.05% in 7.5 hours in aqueous solu-
tion, 0.03% in acetic acid solution of pH 4, and
0.259% in 19 sodium bicarbonate solution. Further
results obtained by the method (i) with glycine-,
alanine- and leucine-hydrazides (Table II) indicate
that the extent of hydrolysis of these hydrazides
in neutral solution is less than 0.1 per cent in
eighteen hours at room temperature.

From these results it is concluded that the
amino acid hydrazides are stable in neutral and
slight acidic media but somewhat unstable in
alkaline medium. Therefore, one must avoid
standing the hydrazides in solutions, especially in
alkaline, for a long time. Consequently, it might

be better to avoid treating the hydrazinolysates
with strong basic and acidic ion-exchange resins.

The extent of hydrolysis of hydrazides by di-
nitrophenylation are shown in Table II, that is,
0.1 to 0.5 per cent of hydrazides are hydrolysed
by the dinitrophenylation for two hours. The
longer the time of dinitrophenylation, the greater
the extent of hydrolysis.

To examine the hydrolysis during the extrac-
tion of C-terminal amino acids according to the
above-mentioned procedure ethyl acetate solution
of di-DNP-serine hydrazide was shaken with 2%
sodium bicarbonate solution for three and five
hours and the extent of hydrolysis of the DNP-
hydrazide was estimated, the results of which are:
shown in Table IIL.

From these results, it can be concluded that
the hydrazinolysates must be given a preliminary
treatment with aldehyde to remove the bulk of
the hydrazides, and all the treatment must be
carried out as rapidly as possible.

(c) Hydrolysis of Hydrazides during Hy-
drazinolysis.—Amino acid hydrazides, such as
serine-, glycine-, alanine- and leucine-hydrazides.
were heated with anhydrous hydrazine in the
same conditions as in the case of proteins, and
free amino acids liberated by this treatment were-
estimated. The results shown in Table II indicate-
that serine-, glycine-, alanine- and leucine-hydra-
zides are hydrolysed by 1.2, 1.7, 0.4 and 0.5 per
cent, respectively, which are considerably higher
than in aqueous solutions. Of course, these data
do not indicate directly the percentage of free
amino acids of non-C-terminal liberated during.
hydrazinolyses of proteins, as discussed later, and.
it might be preferable to compare results of hy-
drazinolysis of various reaction time, when C-
terminal amino acids of proteins are intended to-
be characterized.

(3) Hydrazinolyses of Peptides

It is desirable to know the rates of hydrazi-
nolysis of various peptides and to have some in-
formations about the extent of hydrolysis of non-
C-terminal peptide bonds during the hydrazi-
nolysis. Experiments have been carried out on
three peptides, L-leucyl-L-alanine, glycyl-L-alanine
and glycyl-L-leucine. The results are cited in
Table III, in which it is remarkable that as much
as 30 percent of leucyl-alanine remains intact by
hydrazinolysis for ten hours.

TABLE II
HYDROLYSIS OF AMINO ACID HYDRAZIDES IN VARIOUS CONDITIONS
Serine Glycine Alanine Leucine
hydrazide hydrazide hydrazide hydrazide:

Dinitrophenylation in 2 hr. 0.1% 0.5% 0.1% 0.29%
Dinitrophenylation in 7 hr. 0.7
Shaking for 3 hr.* 0.15
Shaking for 5 hr.* 0.3
Heating with N,H; for 5 hr. 0.5 0.7 0.2 0.2
Heating with NoH; for 10 hr. 1.1 1.2 0.3 0.3
Standing in solution (pH 7.2)

for 18 hr. at room temp. 0.06 0.02 0.04 0. 08

* Hydrazides were dissolved in ethyl acetate and shaken with 2% sodium bicarbonate
solution (to test the hydrolysis in extractive process).
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TasBLE III
HYDRAZINOLYSIS OF PEPTIDES
Peptide Time of Residual C-terminal Free amino acid
hydrazinolysis peptide liberated non-C-terminal
L-Leucyl-L-alanine 5 hr. 609 33%
10 30 45
‘Glyeyl-L-alanine 10 0 60
Glycyl-L-leucine 10 83
5 Trace 87 Trace
10 0 90 Trace

(4) Separation between Amino Acids
and their Hydrazides

(a) Treatment with Aldehydes.—From the
«data cited in Table III, it is preferable to treat
hydrazinolysates with aldehyde prior to the dini-
trophenylation in order to remove the bulk of
the hydrazides. We in our earlier works\® and
other investigators»*) used benzaldehyde, but it
must be used as a freshly distilled preparation
‘because it is apt to produce peroxide, which might
coxidize hydrazides to form free amino acids.
Thus we used piperonal and isovaleraldehyde in
place of benzaldehyde. As the former did not
give very good results, the latter was employed
‘throughout this investigation. The procedure,
which is nearly the same as reported before?,
is shown in Table VIa. Care was taken to avoid
the hydrolysis of hydrazides by treating in shorter
itime under mild conditions.

(b) Fractional Extraction of C-terminal
-Amino Acids as DNP-derivatives.—The solu-

as DNP-derivatives.

This is the reason why contrary to the result
by carboxypeptidase method, tyrosine has not
been found as C-terminal of chymotrypsin by our
earlier method.

To take measures on this problem, ethyl acetate
was replaced by ethyl ether or isopropyl ether,
or using ethyl acetate as organic solvent a special
treatment for the three amino acids was estab-
lished. These procedures are shown in Table
Vib.

Of these procedures the ethyl acetate method
gives the most clear-cut separation between DNP-
amino acids and di-DNP-hydrazides. By the other
methods, di-DNP-hydrazides contaminate the C-
terminal fraction, so that it is necessary to treat
hydrazinolysate with aldehyde prior to the dini-
trophenylation.  Applying these methods to
lysozyme hydrazinolysates plus tyrosine, results
shown in Table IV were obtained, i.e. about 90
per cent of leucine (C-terminal of lysozyme) and
tyrosine added were recovered.

TABLE IV
RESULTS OBTAINED BY STANDARD METHODS WITH LYSOZYME PLUS TYROSINE

Sample Method
Lysozyme* tyrosine¥* 1
Lysozyme* tyrosine®* II (ether)

Lysozyme* tyrosine#*
Lysozyme* III

II (isopropyl ether)

Results
Leucine, 889% ; tyrosine 909
Leucine, 949 ; tyrosine 88%
Leucine, 909 ; tyrosine 86%
Leucine, 90%

* Lysozyme was hydrazinolysed for ten hours at 100°C.
#* Tyrosine was added to the hydrazinolysate of lysozyme.

tion obtained by the above treatment contains
C-terminal amino acids and residual hydrazides
‘which could not be removed. After dinitrophen-
-ylation, the C-terminal DNP-amino acids must be
separated from di-DNP-amino acid hydrazides.
To separate the DNP-amino acids we have used
the procedure cited in Table VIa, in which ethyl
-acetate was employed as organic solvent. Al-
though nearly all sorts of DNP-amino acids were
extracted quantitatively by dilute sodium bicar-
‘bonate solution from ethyl acetate solution while
di-DNP-hydrazides remained in the latter, all of
the di-DNP-tyrosine, and a part of the di-DNP-
histidine and DNP-tryptophan were found to re-
main in the organic phase. Accordingly, if these
amino acids are situated at C-terminal, they are
fully or partly lost and cannot be characterized

Being not dinitrophenylated quantitatively histi-
dine might be better estimated by other methods,
such as ion-exchanger chromatography etc., after
treating the hydrazinolysates with aldehyde.

(5) Characterization of Aspartyl and
Glutamyl Residues in Chain and C-
terminal Asparagine and Glutamine
Contrary to the case of determination of N-
terminal by DNP method, in which lysine residue
in chain is also detected as DNP-derivative, by
the hydrazinolysis method aspartic and glutamic
acid residues bearing free carboxyl group in the
chain and C-terminal asparagine and glutamine are
extracted into acidic fraction together with other
C-terminals. The possible products throughout
this method are shown in Table V.
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TABLE V
POSSIBLE PRODUCTS OF HYDRAZINOLYSIS AND DINITROPHENYLATION DERIVED FROM
ASPARTIC AND GLUTAMIC RESIDUES

Products of

Corresponding

residue hydrazinolysis DNP-derivatives
—NH—CH—COOH NH;—CH—COOH DNP—NH—CH—COOH
|
(CHz)n (CHy)n (CH3)n
O0OH COOH (E.ZOOH
(Ia) (Ib) (Ic)
—NH—(‘i)H_CO NH;.—(|JH—-CONHNH3 DNP—NH—CH—CONHNH—DNP
|
(CHz)n (CHz)n {CHo)n
COOH COOH COOH
(IIa) (IIb) (Ilc)
—NH-—?H—COOH NHr—(JJH——COOH DNP-—NH—ICH—COOH
(CHg)n ((rle}n (CHz)n
CO—NH— CONHNH, ONHNH—DNP
(Ila) (ITIb) _ (IlLc)
—NH—CH—CO NHs—CH—CONHNH. DNP-—NH——(IJH——CONHNH—-DNP‘
{&Hz)n (Eﬂz)n (CHz)n
CONH, CONHNH, CONHNH—DNP
(IVa) (IVb) (IVe)

By the treatment with isovaleraldehyde followed
by dinitrophenylation, other derivative such as (V)
and/or (VI) might be formed from dicarboxylic
acids bearing one free carboxyl group.

CH;
DNB-NH-CH-CONHN:CH—CHr£H<
CH,
( Hg)n
COOH
(V)
DNP—NH—CH—CONHNH,
(CHy)n
COOH
(VI)

In the fractional extractions by the procedure of
Table VIa, (I) and (IV) are distributed as sharply
as other DNP-amino acids and di-DNP-hydrazides,
respectively, and (II) and (III) are distributed
less sharply but finaly all extracted to alkaline
solution from ethyl acetate, but (V) and (VI)
behave somewhat irregularly and are distributed
to all the fractions by the procedure. These facts
seem to disturb the characterization of C-terminal
amino acids of proteins, although no appreciable
difficulties were experienced in the case of the
proteins which we have investigated. For the
quantitative estimation of C-terminal amino acids,
however, it is convenient to estimate DNP-aspartic
and/or DNP-glutamic acids, if they exist, and
then to estimate other DNP-amino acids after
hydrolysing the C-terminal fraction with 6 N hy-
drochloric acid at 100°C for several hours, whereby

(II), (III) or (V), (VI) are hydrolysed to DNP-
aspartic and glutamic acids. Thus a clear-cut’
estimation of all the C-terminal amino acids and
aspartyl and glutamyl residues in chain are-
attained.

In spite of the complexity of these dicarboxylic:
acid derivatives, we can make use of the fact.
described above, to characterize the mode of
linkage of these acidic amino acids in peptide
chain and also to determine the C-terminal glut-
amine and asparagine. This advantage can not.
be achieved by the original benzaldehyde method.
Thus Jysozyme was proved to have one aspartyl,
12 asparaginyl and 4 glutaminyl residues in the
molecule!®), The characterization of a free car--
boxyl group in peptide chain have been reported
by Jollés and Fromageot!®) and the characteriza-
tion of the amide group was reported by Chibnall
and Rees!?®),

Preliminary experiments to distinguish four-
types of derivatives of dicarboxylic acids were
done as described hereinafter.

Di-DNP-aspartic acid-e-hydrazide was prepared
as follows: Hydantoin acetic acid was hydrazi-
nolysed for ten hours at 100°C, whereby it con--
verted partly to aspartic acid-e-hydrazide, which
was purified as di-DNP-derivative through silica.
gel chromatography. Di-DNP-glutamic acid-e-hy-
drazide was prepared in the same manner from
hydantoin propionic acid, which was identical with-
that obtained by the hydrazinolysis of poly-e-glut-
amic acid¥*. The syntheses through hydantoin.

18) T. Jolles and C. Fromageot, Biochim. Biophys.
Acta, 9, 287, 416 (1952).

19) A.C. Chibnall and M.W. Rees, Biockem. J., 48,
xlvii 1951); ibid., 52, iii (1952).
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NH;—NH—CO—CH—(CH,),_,—COOH
NH,

—> DNP—NH—NH—CO—CH—(CH;);.—COOH

NH—DNP

derivatives were rather poor in yields and many
other by-products were also detected as DNP-
derivatives.  Di-DNP-glutamic acid-r-hydrazide
was obtained by dinitrophenylating the hydrazide*.

These four DNP-derivatives can be detected
together with other DNP-amino acids, on suitable
silica gel columns. Fig. 3 is an example indicat-
ing that all the DNP-derivatives can be separated
distinctly. Moreover, di-DNP-aspartic and glut-
amic acid monohydrazides can be distinguished
easily from DNP-amino acids as they develop
brown red colour on dissolving in dilute bicar-
bonate solution.

R-value 3B-C-2A 10B-C-2A
I
or Asp nmu ! ] B
01 flo- 1
Asp-
] aH 1
oz} Moy Mot ' X
1 sp
L Asp-
| Mee M N G
04} u- - u
L
05 mval !
osf JllLeu . cly
| Glu-
Tt I a-H
I
08 [ Ala
I
0.9 1 %S}Jl Glu-
1 H
Lot — — 1
I

Fig. 3. Chromatograms of DNP-deriva-
tives of aspartic and glutamic acid
monohydrazides and DNP-amino acids
on silica gel chromatograms.

Solvent: 3B-C-2A: n-BuOH: CHCl;:
29 acetic acid=3: 97: 100
10B-C-2A: n-BuOH: CHCl;: 2%

acetic acid=10: 90: 100

Standard Methods

Considering the results mentioned above, three
standard methods shown in Table VIa, VIb and
VIc are established to characterize C-terminal
amino acids and aspartyl and glutamyl residues
in chain, In most cases all methods are available
to give correct results, but differ in some points
described below, so that the suitable method(s)
may be chosen for the protein investigated.

* Poly-z-glutamic acid was available through the
kindness of Mr. H. Yuki, Laboratory of Fibre Research
of this University, to whom the authors’ thanks are due.

¥ Glutamic acid- ¥ and @-hydrazides and aspartic acid-
p-hydrazide were also supplied by Mr. K. Narita, to
whom we are grateful.

The methods described here were applied suc-
cesfully to the proteins, but the volumes or weights
of reagents described in Table VI may be modi-
fied according to the proteins investigated. As
the C-terminal fraction is contaminated with DNP-
derivatives of acidic amino acid monohydrazides
and some C-terminal peptides, each component
separated on chromatograms is better to be iden-
tified after hydrolysis with hydrochloric acid. Hy-
drazinolysis must be done twice or more varying
the time of hydrazinolysis to estimate the amount
of C-terminals, where the time of hydrazinolysis
must not be longer than fifteen hours, as non-
C-terminal amino acids appear and C-terminal
amino acids decompose considerably for the longer
hydrazinolysis.

By the three methods described below almost
all amino acids can be characterized almost en-
tirely quantitatively, but care must be taken when
tyrosine, tryptophan, arginine, histidine, cystine,.
glutamine and asparagine are at the C-ends, among
which histidine, cystine and amides may be char-
acterized less quantitatively. The mode of linkage
of acidic amino acids in peptide chain may be
characterized, too, but less quantitatively.

Standard Method I.—This is a slightly modi-
fied method reported previously™® and may be
applied for general protein except the case where
histidine and tryptophan are at C-ends and when
one desires to seek terminal glutamine and as-
paragine or glutamyl and aspartyl residues in
chain. If tyrosine is situated at C-terminal, the
ethyl acetate fraction asterisked of Table Via
must be treated further, where all DNP-tyrosine
and a part of DNP-histidine and DNP-tryptophan
which are not included in the C-terminal fraction
are detected.

Standard Method II.—While method I gives
very clear-cut separation of DNP-amino acids
from di-DNP-amino acid hydrazides, method II,
in which ethyl ether or isopropyl ether is used
in place of ethyl acetate, has more advantages
than the method I in the case where tyrosine,
histidine and tryptophan are at C-terminals. How-
ever, separation of DNP-amino acids from di-
DNP-hydrazides is rather dull, so that the pre-
treatment of the hydrazinolysates with isovaleral-
dehyde is necessary.

Standard Method III.—This method which is
nearly the same as reported previously™® is
established for the purpose of determining C-ter-
minal glutamine and asparagine or glutamyl or
aspartyl residues in chain. Of course other C-
terminal amino acids can be characterized as in
the case of method I, but small amounts of non-
C-terminal amino acids would also be detected,
though they would be almost negligible. Ethyl-
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TABLE Vlia
STANDARD METHOD I

Protein 10-30 mg.

5-10hr. | N,H, 0.5g. 100°C 5-10 hr.
24 hr. 1 evaporate N;H, in desiccator over sulphuric acid

| isovaleraldehyde 0.3 ml.
NaHCOj;, pH 7-7.5
stand at room temp. 20 min.
filter (if precipitates are formed)

I I
ppt.
| wash with water 1ml.x2
1
F ppt.
I

isovaleraldehyde 0.2 ml.
NaHCOj;, pH 7-7.5
stand 10 min.

ethyl acetate 5,3 ml.

ag. EtAc
wash with water, 3 ml.

3/4 hr.

| |
a?. EtAc

|
ag. 10 ml.
2 hr. | NaHCOy3, 0.3g.
{ DNFB 0.3 ml./EtOH 20 ml.
| shake for 2hr.
Hzo 50 ml
2N HCI, pH ca. 1
ethyl acetate, 30, 20, 10 ml.

|
aq. EtAC
|2% NaHCOs, 30, 30, 20, 10 ml.
[ . -
aq. EtIAC

1~2hr. j wash with EtAc

: |
aq. EtAc
2N HCL pHea. 1 |

| EtAc. 30,20,10 ml. evaporate EtAc in vacuo
I | ether 50 ml.

2% NaHCOj, 50 ml.

Et*.AC filter (if necessary)
evaporate EtAc -

n vacuo Ether

w
Q2

ppt.

acids 30, 20 ml.

- ! T - q
——-C-terminal DNP-amino 1‘ 29 NaHCO, I

Ether aq.

i2N HCI, pH ca. 1
, ethyl acetate
-
ag. EtAc
evaporate EtAc in vacuo

C-terminal DNT-Tyr
(part of DNP-His, DNP-Try)
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TABLE VIb
STANDARD METHOD II
Protein 10-30 mg.
Hydrazinolysis and treatment with isovaleraldehyde
are the same as standard method I
Soln. 10 ml.

Dinitrophenylation

H,0 50 ml.

2N HCI pH ca. 1.

Ether or IPE 30, 20, 10 ml.

aq. Etht=|:r or IPE
|2% NaHCOj soln. 30, 30, 20, 10 ml.

aq. Ether or IPE

wash with Ether
or IPE 30, 20 ml.

aq. EtLer or IPE

2N HCI pH ca. 1.
Ethyl acetate 30, 20, 10 ml.

I
aq. EtAc
evaporate EtAc in vacuo

C-Terminal DNP-amino acids
including DNP-Tyr, DNP-Try.
DNP-His.
IPE Isopropyl ether

TABLE Vic
STANDARD METHOD III
Protein 10-30 mg.

| NoH, 0.5g. 100° C 5-10 hr.

evaporate NoH, in desiccator over sulphuric acid
H;O 10 ml. NaHCO, 0.3 g.

DNFB 0.3 ml./20 ml. EtOH

Shake for 2 hr.

H,O 50 ml.

2N-HCI pH ca. 1.

i Ethyl acetate 2x30, 2x20, 10 ml.

|
aq. EtAc
29% NaHCO; soln. 100, 2x60, 3x30 ml

] |
aqg. EtAc

wash with EtAc 50, 30 ml

|
ag. EtAc
| wash with 29% NaHCO; 50, 30, 20 ml.

| |
aq. EtAc

| 2N-HCI pH 1.
| EtAc 50, 30, 20 ml.

|
aq. EtAc
| evaporate EtAc in vacuo

C-Terminal DNP-amino acids (except DNP-Tyr.)
Di-DNP-Asp/Glumono-hydrazides
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acetate cannot be replaced by ethyl ether or iso-
propyl ether in this case.

~Discussion

As a matter of course, various data ob-
tained by the present fundamental experi-
ments cannot be applicable directly in the
case of proteins; for example, it was really
confirmed that about one per cent of amino
acids were liberated during the ten hours’
“hydrazinolysis ” of amino acid hydrazides,
but in the case of proteins, it takes several
hours to produce amino acid hydrazides
which, in turn, were subjected to hydrolysis
partially, thus the percentages obtained in
fundamental experiments indicate only the
maximum values. About the decomposition
of amino acids during the “hydrazinolysis”,
too, it is uncertain whether the amino acids
bound at the C-end decompose similarly to
the results cited in Table II. Therefore, we
shall discuss below how to interpret the
results obtained in the hydrazinolysis of
real proteins.

First of all, let us consider all possible
reactions involved in the hydrazinolysis.
These may be expressed by the following
scheme. The principal reaction is, of course,

NiH ) . .
Protein —————— C-terminal amino acids

39} (i

\-Various by-products
(111

. . . 11,00 . \ L
Amino acid hydrazides L2 o Non-C-terminal amino acids

(Iv) (v

the splitting of the peptide bonds with for-
mation of amino acid hydrazides (I— IV)
and the liberation of C-terminal residues as
free amino acids (I—II). Yet the hydra-
zides thus formed liberate, though very
slightly, free amino acids (IV— V), and free
amino acids are also partly decomposed
to unknown by-products (II — III, V — III).
Being not yet comfirmed directly, following
other side reactions might be possible:
splitting of peptide bond under formation
of free amino acids (I —V); decomposition
of amino acid residues in peptide and at
C-terminal before their liberation by hydra-
zinolysis (I —1III); and decomposition of
amino acid hydrazides directly to some by-
products (IV — III).

On applying the hydrazinolysis to a pro-
tein, participations of all side reactions
depend on the sorts of C-terminal amino
acids and compositions and sequences of
amino acids in the protein, so that it cannot
be decided summarily which is predominant
among these reactions. However, we have

estimated almost one mole of each C-terminal,
but no appreciable other amino acids apply-
ing this method to two proteins (lysozyme,
and Taka-amylase A). If we are allowed to
generalize the results from these few exam-
ples, we might be able to consider that
results really obtained on proteins are mainly
due to the desired principal reaction, no
matter how many side reactions are possible
theoretically. It can be admitted, at least,
to speak generally, that if more than 0.5 mol.
of free amino acids are obtained by the
hydrazinolysis of ten hours, they can be
regarded as C-terminals, but if only less
than 0.2 mol. of them are detected they may
be artifact, and it needs further study if
0.2 to 0.5 mol. appears.

The supposition described above was justi-
fied also by some calculations from the
fundamental data obtained. We shall cal-
culate for example, the amount of non-C-
terminal amino acid formed through the

reactions I —% IV 22, V.

Assuming that the each step of the reac-
tions is the first order reaction and the
step of V —III is negligible, the concent-
ration of V at time £ is given by equation (1).

[Vle=[Tot+—00__ (ke tt—ketst) (1)

Tli—ks
where [I], and [V]: are the concentration of
I and V at time 0 and f respectively, &, and
k, are the rate constants of each step.

If the conversion of I —1IV is 90 per cent
in eight hours’ hydrazinolysis and IV—V is
one per cent in ten hours, the amount of V
at ten hours is calculated as only 0.67 per
cent.

The similar calculation can be applied to
the reactions I —% IT-%% III Assuming
that, here again, each step of the reactions
is the first order, the concentration of II at
time £ is

(1) =—Rsllo_ (gt gtsty )
ky;—ky
where [I], is the initial concentration of I
and [II]; is the concentrations of II at time
t, k; and k, are the rate constants of each
step.

If the conversion I —II is 90 per cent in
ten hours and II — III is 10 per cent in ten
hours the following result is obtained.

Time (hr.) 2 5 10 14

Mol. of II from
1 mol. of I 0.37 0.74 0.84 0.87 (max.)

This value is rather coincident with the
observed value in the case of liberation of
leucine from lysozyme™.
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Further if the conversion of I—II is 90
per cent in twenty hours and II —III is 45
per cent in ten hours (decomposition of
alanine, Table I), the calculated value of II
is as follows:

Time (hr.) 5 10 12

Mol of I from 1-mol. ¢ 37 0.49 0.50 (max.)

Mol. of alanine from
1 mol. of leucyl-
alanine (observed)
Since these calculations involve some as-

sumption and simplification of complex reac-

tions, one must avoid attaching too much
importance to the result derived from these
calculations. However, it is obvious from

these considerations that liberation of C-

terminal is a function of time, which has

one maximum value, so that it may be
necessary to determine C-terminal at various
time intervals.

On Taka-amylase A, we have other data
not mentioned before. Even if the amylase
solution in hydrazine was brought to dry-
ness in vacuo at room temperature directly
after the addition of hydrazine 0.3 mol. of
serine and 0.1 mol. of glycine were detected
as C-terminals. On the other hand, 8.955 mg.
(47.7 pm.) of glycyl-L-leucine, the content of
glycine of which is about the same as that
of Taka-amylase?’, were added to 51.5 mg.
(1.1 um,) of Taka-amylase A followed by
hydrazinolysis, whereby 0.068 mg. (0.9 uMm.)
and 0.082 mg. (1.1 um.) of glycine were found,
respectively, by the hydrazinolysis of five
and ten hours. These results indicate that
only 0.4 per cent of glycyl residue was
liberated as free amino acid from added
glycyl-leucine in ten hours’ hydrazinolysis.
From these two facts it can be concluded
that glycine and serine are really C-terminals
of this protein. On another terminal, alanine,
there might be some doubt because of its
slow liberation by hydrazinolysis”, but on
considering that the rate of hydrazinolysis
of r-leucyl-L-alanine is slow as in case of
this protein (see Table IV), it is more pro-
bable that alanine is bound at a C-terminal
by some hard-hydrazinolysable bond.

- On the C-terminal of ovalbumin, Stein-

berg?® reported the liberation of alanine by

carboxypeptidase but later?® found this due
to a DFP-sensitive, contaminated enzyme.

Locker* also reported that the protein was

not attacked by DFP-treated carboxypep-

tidase. Turner and Schmerzler?®, however,

20) S. Akabori, T. Ikenaka, H. Hanafusa and Y. Okada,
J. Biochem., 41, 803 (1954).
21) D. Steinberg, J. Am. Chem. Soc., T4, 4217 (1952).
22) D. Steinberg, J. Am. Chem. Soc., 75, 4875 (1953).
23) R.A. Turner and G. Schmerzler, Biochim. Bio-
phys. Acta, 11, 586 (1953).
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have found alanine to be a C-terminal by
the thiohydantoin method. Although some
of us” also reported the presence of one
alanine at the C-terminal, Dr. Fraenkel-
Conrat?® informed us recently that the C-
terminal of this protein is valyl-seryl-pro-
line. Thus we reinvestigated on the protein
and found that we had taken proline
for alanine. The DNP-derivative of the C-
terminal amino acid was proved to be pro-
line and not alanine by variety of chro-
matography and its absorption curve. The
detail of this account shall be published
later by one of the authors.

Although carboxypeptidase method has
been applied successfully to many proteins,
it has several distinct restrictions by nature.
For example, it is not applicable to insoluble
proteins such as wool keratin'® and silk
fibroin® ; its action depends not only on the
nature of the C-terminal but also on the
adjacent amino acid residues; when a protein
has more than two C-terminals, it is dif-
ficult to characterize it distinctly ; and so on.
The hydrazinolysis method has, at least, the
advantages in these cases. The result on
ovalbumin might be the best example of
the success of the hydrazinolysis method,
becauce proline situated at C-terminal is
liberated neither by carboxypeptidase nor
by the thiohydantoin method.

Summary

1. Fundamental experiments on the hydra-
zinolysis method, a method for characteriza-
tion of C-terminal amino acids of proteins,
were carried out.

2. Amino acids were found to decompose
to various extents by heating with an-
hydrous hydrazine.

3. Amino acid hydrazides were hydrolysed
about 1% or less by heating with anhydrous
hydrazine (ca. 99%) for ten hours. Hydro-
lyses of them in neutral and slightly acidic
solutions at room temperature are negligible,
but in alkaline solution the extent of hydro-
lyses are somewhat greater though less than
0.2% in five hours in 123 bicarbonate solution.

4. Procedures for separating free amino
acids from amino acid hydrazides as DNP-
derivatives with or without treatment of
iso-valeraldehyde prior to dinitrophenylation
were reinvestigated thoroughly.

5. Some experiments on the hydrazino-
lyses of peptides were done.

6. Fundamental investigations of the
characterization of the mode of linkage

24) H. Fraenkel-Conrat, Personal communication. The
authors are grateful to him for his information prior to
his publication, J. Am. Chem. Soc., T7, 5882 (1955),
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of monoaminodicarboxylic acids in peptide
<hains by the hydrazinolysis method indicate
its availability.

7. Standard methods for quantitative
estimation of C-terminal amino acids or
proteins are established based wupon the
results obtained by the present investiga-
tion.
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8. Brief consideration on the mechanism
of the hydrazinolysis was described and the
scope of this method was discussed in con-
nection with that of the carboxypeptidase
method.

Laboratory of Biochemistry, Faculty of
Science, Osaka University. Osaka




