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NEW METHQDS FOR THE DETERMINATION OF CYSTINE
AND CYSTEINE, AND THEIR APPLICATION

Yuzuru OKUDA

Cysteine widespreads in living cells and its oxydation prodﬁct cystine
is found in most of the proteins. Ambng the amino acids these two
occupy an unique place, differing characteristically from the others in the
fact that they contain sulphur in their molecules.” It is a well known fact
that amino acids make the peptide and peptine linkages (29) in protein
molecules but aside from these there is the -5-5- linkage in cystine or
between two molecules of cysteine. This methou of linkage differentiates
cystine from the other amino acids chemically.

The special role of cystine and cysteine in physiology seems to be
ascribed to its organic sulphur. DaNELs and RicH (5) have attempted to
replace cystine in nutrition with some su Iphates but without success. The
importance of cystme in animal nutrition lias been shown by many in-
vestigators, as OsBorNE and MENDEL (27), ABDERIALDEN (2), and JomNs,
Joxes and Fixks (16). Ifurthermore the special ph}‘/si()logical function of
cysteine and cystine in the oxydation and reduction processes in the llvmg
cell has been demonstrated lately by Hopkixs (I 5).

These special features of cystine and cysteine aroused the interest of
the author and led him to propose new methods for the determination of
these sulphur-containing amino acids, and to make their determination in
proteins and biological solutions.

The present communication consists of the following 6 parts.

D A new sulphur contammg, amino acid has 1)ecn isolated by Mucller (20) l)ut it seems to

be uncertain whether it is a primary or sccondary product of protein
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Part I A new method for the determination of cysteine (Bromine-method).

Part IL. A new method for the determination of cysteine {Iodine-method).

Part I1II. A new method for the determination of cystine in proteins {Todinc-method).
Part IV. The effect of acid hydrolysis upon cystine.

Part V. On the cystine content of proteins.

Part VI. The determination of cystine in urine.

Part I

A NEW METHOD FOR DETERMINATION OF CYSTEINE
(THE BROMINE-METHOD)

There are many colorimetric tests for cysteine ; ARNOLD (3) has com-
pared the quantity of cysteine in animal tissues by means of thesc colori-
metric tests. But it was rather qualitative and not quantitative. As far
as T know there is no accurate method for the determination of cysteine.

FFrIEDMANKX (10) has found that cystine as well as cysteine are oxidized
by bromine and give rise to cysteic acid, but it scems that he did not
investigate quantitatively the relation of cystine and cystéine to bromine.
Several years ago I (23) studied the quantitative relation between cystine
and bromine, and applied this relation to the quantitative determination of
the former. In Part I of the present communication a similar investigation
about cysteine and a method for the determination of it are to be described.

The principle of the method is to titrate cysteine in an acid solution,
in the presence of some bromide, with a standard solution of bromate.
This method is very simple, rapid and accurate and requires only a few
minutes for a single determination, but can not be used in the presence of
some amino acids, such as cystine, tyrosine and tryptophan.

I. THE RELATION BETWEEN CYSTEINE AND BROMINE

To know the quantitative relation between cysteine and bromine, the
following thrce experiments were performed, which will indicate that one
molecule of cysteine is complefely oxidized into cysteic acid by means of
6 atoms of bromine. )

(a). 0034 g. of cysteine hydrochloride (C,H,NSO, HCI) was mixed
with 20 c c. of about 10 per cent hydrochloric acid and 3 c.c. of about 20
per cent sodium bromide, and immediately titrated with M/20 potassium
bromate solution until a faintly yellow color was obtained. 4.4 cc. of the
bromate solution was required.

IFrom this result, calculation was made as follows: The relation be-
tween bromate and bromine will be shown by the following reaction, which
should take place in the case of the ahove experiment.
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sNaBr + KBrO, + 6HCl = 5NaCl + 3H,0 + KCl + 6Br

IFrom this equation we know that 1 molecule (167 02 g) of potasqlum
bromate corresponds to 6 atoms (479.5 g.) of bromine, or 4.4 c.c. of M/20
KBrO, to 0.1053 g. of bromine.

And 0034 g. of cysteine hydxochlonde contains 0.0261 g. of cysteine.
Consgquent y one molecule of cysteine (121.14 g.) corresponds to 488.7 g.
(about 6 atoms) of bromine.

121.14 X O. 1053/00261 = 488.7

(b). 0.034 g. of cysteme hydrochloride was dissolved in 20 c.c. of 10
per cent hydrochlorlc acid and then titrated with 0.33 per cent bromine
water. It required 30.8 c.c. of the solution, which corresponds to 0.1016
g. of bromine.

Therefore the result falls into line with that of experiment ('1), namely
one molecule of cysteine corresponds to 6 atoms of bromme -

From the results of these two expeuments we m1ght assume the
following equation to express the relation between cysteine and bromme

CH ~SH ‘ cq so H
LH NH. + 6Br + 3H,0 = CH NH + 6HBr
LOOH COOH

(c). TFor the purpose of ascertaining the preceding equation, I made
some further investigation.
It is imperative that, if the assumption is correct, the following equation

should also hold good.
CH,-SO,H - CH,-SO,H

CHNH, + 6HBr + 7NaOH = CHNHz + 6NaBr + 7H,O
COOH COONa

Thus one molecule of cysteine must be equivalent to 7 molecules of
sodium hydroxide. ‘ '

To ascertain the relation, two samples of cysteine hydrochlo{'ide con-
taining 0.0188 g. each were prepared. The one was directly titrated
with N//I‘O NaOll, using azolithmine as indicator, and the other, after
treating \\Ith bromine water until a very faintly yellow color was obtained,
was also tltmted The results were as follows: 7

: Dnect tltratlon e e e e I.73 c.c. N/1o NaOH

After treating w1th the bromine ... 9.8 c.c. '
The difference ... ... ... ... ... 85c.c. »
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(g). Determination of cysteine from its salts. Cysteine was accurately
determined by titration from its hydrochloride and mercuric chloride double
salt.

. Cystecine Cystein‘e

Sample calculated found
0.14 g. of Cgt [ N,8, 04, g Clg 0.0320 0.0323
0.1278 g. of C;ILNSO,. HCl 0.0983 0.0960

Part 1II

A NEW METHOD FOR THE DETERMINATION OF CYSTEINE
(fHE IODINE-METHOD)

Although the bromine-method described above is a rapid and accurate
method for the determination of cysteine from its solution, the method can
not be used if the solution contains some amino acids, such as cystine
and tyrosine which also react with bromine. .

The iodine-method described here is applicable in the presence of all
the cleavage products of the protein. The basis of the method depends
upon the fact that among amino acids cysteine alone reacts very actively
with iodine, in an acid solution, and ata room temperature. And the
principle of the method is to titrate cysteine in hydrochloric acid solution,
in the presence of iodine, with a standard jodate solution.

N

1. TIIE REACTION OF IODIXLE UPON AMINO ACIDS

According to my experiments, cysteine reacts very actively to iodine,
but all the other amino acids, known or unknown, which are present in the
hydrolysate of cascin and gelatine do not react with iodine in hydrochloric
acid solution and at room temperature. The results of the following cx-
periments will show this fact.

(a). Some cysteine hydrochloride was dissolved in 20 c.c. of two per
cent hydrochloric acid solution, and § c.c. of 5 per cent iodine solution
was added, and then titrated with standard potassium iodate solution until
a permanent yellow color of iodine was obtained. The amount of the
iodate required was proportional to the guantity of cysteine.

(b). The following amino acids, and the cleavage products of
gelatine and casein were subjected to the same treatment as cysteine,
but none of them reacted to any iodine, giving a yellow color with a drop
of the iodate solution in the presence of iodide and acid.
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Exp. 2. The same experiments were repeated with sulphuric acid
with special reference to the time required for titration.

Cysteine Final Conc. KBrO Time in
applied of H,SO, 3 minutes
c.c. . % c.c.
10 84 ) 2.8 2
10 51 2.8
10 1.8 2.8
10 c.9 28 20

(c). Concentration of cysteine. The concentration of cysteine in the
sample solution has no influence upon the determination.

Exp. 1. 10 per cent hydrochloric acid solution of cysteine was used.
Cysteine g r Volume of
solution 5% HCI NaBr solution KB10;
c.C. c.C CccC, cc. cc.
10 — 10 20 2 45
10 8o 1o ico 2 45
Exp 2. Sulphuric acid solutions of cysteine in different concentrations
were used.
Volume of
. Sample ) solution K.B.r03
ce. c.c. ce,
10 30 2.8
10 60 2.8
10 120 2.8

(d). The concentration of sodium bromide. No influence was ob-
served as shown in the following experiments.

Sample 11,0 NaBr KBrO,
c.c. cc. ac. c.c.

" 10 — 10 2.45
10 8 2 2.45

(e). Temperature. The following solutions in

Cifferent temperatures
were titrated with the same result.

Cysteine hydro- - Cysteine
chloride applic 1 Temperature ~ KBrOy

found

g (c) c.C. g .
0.0235 20 3 oo182
00235 33 3 0.0182
0.0235 52 3 0.0182

(f). The cleavage produvctsrof gél;xtine which contained minute traces

of tyrosine and cystine were added to cysteine solutions and Subjectéd to
the determination.

Cysteine Cleavage
applied products KBrO,
g -
0.01 not added 1.65

0,03 added 1.70
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0.0188 g. of cysteine hydrochloride contains 0.0145 g. of cysteine.
And 8.5 c.c. of N/1o NaOH corresponds to 0.034 g. of NaOH. Thercfore

1 molecule of cysteine is equivalent to 7 molecules of sodium hydroxide.
121.14 X 0.034 /0.0145 = 2 85 g. NaOH

The results of all the experiments mentioned above give rise to the
conclusion that one molecule of cysteine corresponds to 6 atoms of bromine,
and also to one molecule of potassium bromate. The basis of the bromine-

method for the determination of cysteine depends upon this conclusion.

2. THE L’-ROMINVE-METH()D

To 10 c.c. of about 10 per cent hydrochloric (or sulphuric) acid
solution of cysteine, add 10 cec. of about 20 per cent sodium bromide
solution, and then titrate with one twentieth molecular potassium bromate
solution, which contains 8.35 g. of KBrO; in one liter of water, until a
light yellow color is produced and remains for 5 minutes. In this case 1
c.c. of the bromate solution corresponds to 0 00606 g. of cysteine.

In this determination bromine water can also be used instead of nas-
cent bromine, but the latter is more convenient as the bromate solution is
stable at least for 6 months, when it is kept in a closed brown glass bottle.

3. TITRATION OF CYSTEINE SOLUTION

(a). Hydrochloric, and sulphuric acid solutions.
Cysteine M/20 KBrO, Cysteine

Acid applicd required found

) g. c.c. g.
Hydrochloric ... ... .. 0.0126 2.1 0.0128
Sulphuric ... ... .. .. 0.0210 3.6 0,0218

(b). Concentration of acid. The concentration of acid in cysteine
solution has no important meaning, but it is convenient to use such an acid
colution that the final concentration is about 5 per cent, because in the case
of lower acidity, longer time is required to complete the reaction.

Exp 1. 10 cc. of cysteine hydrochloride solution corresponding to
0.0145 g. of cysteine was treated in different concentrations of hydrochloric

acid.

Cysteine 20 9% HCI  H,O NaBr Conc. of KBrO; Cysteine
applied added added  added HC1 required found

c.c. ce. c.c. cec. % c.C. g.
10 20 o 10 10 2.4 0.0145

v

10 4 16 10 2 2.4 00145
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I, alanine, valine, leucine, glutamic acid,
aspartic acid, proline, tyrosine, phenylalanine, ﬁyptophénev, éystine,
histidine, arginine and lysine. ‘

(2). Gelatine cleavage products :—10 g. of gelatine was complctely
hydrolysed as usual with hydrochloric acid, cvaporated in
vacuum into dryhes: dissolved in water, decolorized and then
made up into 100 c.c. contammﬂr per cent hydrochloric acid.

(3). Casein clcavage preducts —8 g. of cascin was completely hy-
drolysed by boilding with baryta, and the baryta was exactly
removed by SU]phUI‘lC acid, and then the solution was made up
into 100 c.c. centaining 3 per cent of hyd rochloric acid.

2, _THE RELATION BETWEEN CYSTEINE AND IODINE

As we now know that cysteine ’alohe reacts to iodine in a certain
condition, the next problem was to determine the relation quantitatively.
On the first occasion I thought that one of the following reactions would
probably take place between cysteine and iodine, namely one molecule of
cysteine is oxidized by either one or six atoms of iodine, pxoducmg cither
cystine or cystexc acid 1e<pcct1ve1y

gCH;${" CH.-$-S-CH,
: )Q}LNHZ + 21 = CHNIL CHNIL + 2HI
~coor COOH COOM
CH 511 LSO

CH-NH, -+ 61 + 3H,0 = CH-NH, + 6HI
COOH COOH

But accoldm(T to the e\pemncntxl results shown below, the reactior
docs not occur in such a sxmple ratio as show n by the formulae.  The ratio
varies not on]y by the concentrations of acul, 1)<>lta<s1um 10dlde, and some
other substances in the sample solution, but also by the tempemtuxe
of the solution. '
(a). Concentration of acid. Definite quantities of cysteine and
potassium iodide were mixed with hydrochloric acid solutions of different
cencentrations, and titrated with a st@hdard potassium iodate.solution.
And the reacting ratio of cysteine and iodine was calculated by means of

the equation, 5KI + KIO, + 6HCl = 6KCl 4+ 61 + 3H,O.



170 Yuzuru Okuda

Sample 1\11{/100 ' Ratio
- - 10 )

Cysteiue 5 % KI le(lelt.i(())rf L(irll&of ’ Time Cy;t)emc
a. c.c. c.c. % c.c. Todine
0.022 10 130 0.33 9.6 24 hrs. 1/33
0022 10 GO c.47 75 24 ,, 1/2.5
0.022 10 GO 1.02 60 § mts. 1/2.0
0022 10 90 3.80 4.5 2, 1/15

Similar experiments were also performed with sulphuric acid, and the
result obtained in this case was in accord with that made with the hy-
drochloric acid solution.  Ifrom these results we sec that the higher the
concentration of acid, the less icdine is required for a definite quantity of
cysteine, and the less time to finish the reaction.

(b). Temperature. 20 c.c. of 2 per cent hydrochloric acid solution
containing 0.01 g. of cysteine was taken in two large test tubes. To cach g
c.c. of § per cent potassium iodide and 5 c.c. of 4 per cent hydrochloric acid
were added, and the tubes were immersed in water of different temperatures,
and then titrated with M/300 KI10O,. As soon as the titration was finished,
a thermometer was inserted in the tubes to know the temperature of the
liquid. The temperature was 20° and 25°, and the required volume of the
icdate solution was 4.8 and 5.2 c.c. respectively.  From these experimental
results we see that the ratio of the reacting quantities of iodine and cysteine
is influenced by the temperature of the reaction.

(c). Potassium iodate. As the following experimental results show
the concentration o f pottasium iodide in the samples has also some influence

on the reacting ratio of cysteine and iodine.

Sample KIO;
Cysteine 5 % KI Volume  Conc. of
c.c cec. cc. HCL, 9% c.c
10 5 30 17 2.8
10 15 30 1.7 2.5

(d). Chlorides.  Sodium chloride has no influence if its concentration
in the sample is less than 20 per cent, but higher concentration has some

influence.
Sample K10,

Cysteme KI Volume HCl NaCl
9, 74

cc. ce. cc % 2%
2 5 30 2 © 94
2 5 30 2 10 9.6
2 5 30 2 15 95
2 5 30 2 19 9.6
2 5 30 2 25 7.7
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(e). Cysteine. Under the same conditions, the requirement of the
iodate solution is proportional to the quantity of cysteine in the sample-

solutions.
Sample K10,

Cysteine  Mixture of hydrolysate KI ~ Volume  I{Cl ——————

of gelatine and casein X -
c.C. Ratio

c.c. c.c. cec. cc. %

I 10 5 30 2 1.15 10

5 10 5 30 2 5.70 5.0

10 10 5 30 2 10.80 95

(f). Amino acids. The hydrolyzed products of casein (6.5 95), and
gelatine (60 95) were separately mixed with cysteine solution and then
titrated, at the same temperature in the same volume and in the same
concentration of hydrochloric acid and potassium iodide, with a standard
iodate solution.  As the following results show, the presence of all the
cleavage products of casein and gelatine has no influence on the determina-
tion of cysteine, if the solution is titrated until the faintly yellow color
obtained remains for only one minute, or until “the first yellow.” The
experimental results are as follows :

Sample KIO,

Cystecine  Gelatine Casein o o .
No. m 29  hydrolysate  hyd. in }zlfl 5}(] 141%1 'z*]|er" v[.ﬁ;tw
AL in29% HCL 29 HCL ’ yerow ye

c.c. c.c. c.c. cc. c.c.  cc c.c. ce.

t 1 - — 19 5 5 4.75 475

2 I — 19 — 5 5 4.75 500

3 1 19 - - 5 5 475 4.95
4 — — 20 — 5 5 1t drop 1 drop
5 — 20 — — 5 5 tdrop 1drop

The first yellow color disappeared within a few minutes in samples
No. 2 and 3, and a few drops more iodate solution were required to get the
permanent yellow color or ““the last yellow.” The phenomenon depends
upon the fact that the titration-acidity is equal in all of the samples, but the
true acidity of No. 2 and 3 is much lower than that of No. 1.

From the results of all the experiments mentioned above we came to
the conclusion, that the reacting ratio of iodine and cysteine varies under
different conditions, but other amino acids do not react as cysteine does,
consequently under a definite condition, we can determine an unknown
quantity of cysteine in amino acids mixture, comparing it with a standard
solution of cysteine. »

iy
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3. THE METHOD FOR DETERMINATION
For the determination the following solutions are required : —
g 1

(1). About g per cent potassium iodide aqueous solution.

(2). Exactly 4 per cent hydrochloric acid.

(3). Exactly 2 per cent hydrochloric acid.

(4). M/300 KIO,, which is prepared by dissolving 2.14 g. of pure
KIO, in 3 liters of exactly 2 per cent hydrochloric acid.

This solution should be standardized for the standard cysteine solution,
which is prepared by mixing 20 c.c. of exactly 2 per cent hydrochloric acid
containing 0.01 g. of pure cysteine® and 5 c.c. each of solutions (1) and (2).

For the purpose of the standardization, titrate the cysteine solution
with the iodate solution until a yellow color is obtained and then read the
temperature of the liquid in a similar manner as described in the preceding
part dealing with temperature (Part II, 2, b). The amount of the iodate
solution required somewhat differs in different temperatures, for instance
4.65 c.c of the iodate solution corresponds to the standard cysteine solution
at 17.5° C. Consequently it is convenient to make a table or a curve to
show the relation between the temperature and the amount of the iodate
sulution required for the standard cysteine solution, and to use it through-
out the experiment. The curve is given in Part IIT and is therefore omitted
here.

Method : —Take 20 cec. of colorless, exactly 2 per cent hydrochloric
acid solution containing from 0.0035 to 005 g. of cysteine, add 5 c.c. each
of selutions (1) and (2), and then titrate the mixture with solution (4) until
the faintly yellow color obtained remains for one minute, and read the
temperature of the liquid. If the temperature is 17.5° C, the calculation
is made as follows :~— A

ooL. >;<Wl‘pgﬁlli%ﬂ%ﬁhﬁllﬁ]g of KIO, _ Cysteine (g.) in 2o c.c.

Application of this method. A solution containing 0.01 g. of cysteine

and 2 per cent hydrochloric acid per c.c. was prepared.  And 1 to 5 cc. of
the solution was made up to 20 c.c. with pure 2 per cent hydrochloric acid
er with 2 per cent hydrochloric acid containing about 5 per cent of amino
acids mixture obtained from cascin and gelatine. To each of the samples

2> When we have no pure cysteine, the standard cysteine solution can be readily prepared
from cystine by means of the reduction with zine dust and hydrochloric acid.  In this case the
purity of the cysteine produced and the concentration of cysteine in the solution can be deter-

mined by means of the bromine method described in Part 1.
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thus prepared, 5 c.c. each of 5 per cent potassium iodide and 4 per cent
hydrochloric acid was added and then titrated with the standard iodate
solution, at 17.5°C.
The acidity of all the samples was adjusted so as to be equal, or
exactly 2 per cent of hydrochloric acid, using azolithmin as the indicator.
The experimental results follow :

Sample M/300 Cysteine
: KIO. g
Cysteine 9 TIC1 Amino acids 3 g
solution ° mixture
c.c. c.c. cc. cc.  Found Theory

1 19 — 465 o010 o.ctc—(standard)

I - 19 4.65 o.010 0010

2 . — 18 .30 0020 0.020

5 10 5 22.35 0.048 0.050

Part 1II

A NEW METIOD FOR THE DETERMINATION OF CYSTINE IN PROTEINS
(THE 1ODINE METHODS)

There are a number of investigations regarding the determination of
cystine in proteins ; GoLpmaxy and Baumany (12), Suter (32), Schurz
(31), OsBorNE (26), MORNER (19) etc. tried to determine cystine as lead
sulphide after heating the protein with caustic alkali. But these methods
are not reliable in so far as it is not yet known in what form non-cystine
sulphur exists in proteins.

Some authors as MoxNER (19), EMBDEN (7), FRIEDMANN (10), FoLIN
(8), and Scumipr (30) utilized the fact that the solubility of cystine is
comparatively low, and could be easily isolated as a crystal. 'These methods
can be used for the preparation of cystine but not for the determination of it.

Some investigators have obtained not-readily soluble cystine compounds
such as phosphotungstate (35), benzoyl derivative (33), mercuric chloride
(4), 3 naphthalinsulpho compound (1) and mercuric acetate (22), and
tried to make use of them for the determination of cystine But it seems
that these compounds can not be utilized for the exact determination,
because their precipitation is incomplete, and also some other amino acids
make salts as difficult of solution as cystine.

Among the compounds phosphotungstate was used by PrLiMMER (28)
for the isolation of cystine, and by VAN SLYKE (34) for the determination of
it.  But it was pointed cut by HorrManN and GORTNER (14) that a part of

3 A preliminary paper of this part was already published in the Journal of Scient. Agr. .
Soc. Japan, 253, 784, 1923.
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cystine, after boiling with acid, gives rise to an isomer which phospho-
tungstate is readily soluble. Consequently the phosphotungstate method
seems to be insufficient as a methed for the determination of cystine.

Lately Forix and Looxey () devised a colorimetric method, using the
uric acid reagent of Forix and DExis.  But some compounds in proteins,
other than cystine, give the same color as cystine as will be described in
Part V. 7

Several years ago Okuba (25) proposed a titration method, which in
contrast with the present iodine-method we may name ‘‘the bromine
method.”  This method is very accurate and simple, but can not be directly
uscd in the presence of some other amino acids, especially tyrosine.

For the purpose of removing this disadvantage the present investigation
was attempted and a new method is described here. This is an application
of the iodine-method for the determination of cysteine described in Part IT,
and based upon the fact that among amino acids cysteine alone reacts very
actively to iodine in acid solution and at room temperature. The principle
of this method is to reduce cystine into cysteine, and to titrate the cysteine
with a standard jodate solution in the presence of iodide and hydrochloric
acid.

I. THE RELATION BETWEEN I0ODINE AND AMINO ACIDS TREATED
WITH NASCENT HYDROGEN

(a) Cystine :—Some cystine was dissolved in dilute hydrochloric
acid and reduced by the addition of some zinc dust. The filtrate was
titrated with a standard solution of iodate, in the presence of some iodide,
until a yellow color was produced. The amount of the iodate required is
proportional to the quantity of cystine, if the titrations are made under
comparable conditions.

(b)  Other amino acids :—Glycocoll, alanine, valine, leucine, glutamic
acid, aspartic acid, proline, tyrosine, phenylalanine, tryptophane, histidine,
arginine and lysine were trcated in a similar manner as cystine, but their
solutions gave a yellow color with only a drop of icdate solution ; that is,
after treatment with nascent hydrogen, they do not react to todine as
cystine does. ’

(c). Mixture of hydrolytic products of protein :—A diluted solution of
the hydrolysate of gelatine was treated in a similar manner. It also gave
a yellow color with a drop of iodate solution, but a concentrated solution
required two or three drops of the iodate solution as the hydrolysate
contains a minute trace of cystine. ;
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From the experimental results we see that, after treatment with nascent
hydrogen, cystine and cysteine alone among amino acids react to jodine
under certain conditions, therefore, after reduction, we can easily determine
the sum of cystine and cysteine by the iodine method described in Tart. I1.

2. REDUCTION OF CYSTINE

It is a well known fact that cysti‘ue is reduced to cysteine by nascent
hydrogen, but so far as we know no attempt has been made to show this
reaction on a quantitative basis. In order to know the time and concen-
tration of hydrochloric acid necessary for the complete reduction, and
also the quantitative relation between cystine and cysteine, the following
experiments were performed.

(a). Time:—o0.282 g. of cystine was mixed with 100 c.c. of 3 per
cent hydrochloric acid and a little zinc dust. The mixture was allowed to
stand at 20°, being shaken now and then. After an interval of 10 to 240
minutes of reduction, a portion was filtered through with a dry filter paper,
and 10 ¢ c. each was treated with both the bromine-method (Part 1) and the

iodine-method (Part II) for cysteine, with the following results.

Time in M/2> KBrO, M/3c0 K10,
minutes c.c, c.C.
10 4.65 13.5
40 4.05 —
120 465 —
240 4.6o 13.5

According to the results of the experiments, the reduction was finished
within 10 minutes and 00281 g. (or 4.63 X 0.0606) of cysteine was pro-
duced from 00282 g. of cystine. It is over 98 per cent of the theoretical
quantity, as calculated below.

A very small portion of cystine was decomposed during the reduction
and evolved as hydrogen sulphide.

CH,—S—S—CH, ‘ CH,-SH
CH-NH., CH.NH, + 2H =2 - CH-NIH, ;
COOH COOH i COOH g

0.0282 x 242 28 (cysteine) :

- 00284.. ... theoretical number
240.26 (cystine) 4

0.0281 x 100/ 00284 = 98.8 9

(b). Concentration of acid:—In each of 4 test tubes 2 cc. of a
solution containing 0.0572 g. of cystine was measured, and made up to
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10 c.c. with hydrochloric acid solutions in different concentrations varing
from 1 to 15 per cent. Some excess of zinc dust was added to each test
tube and reduced at 22° for 30 minutes. They were then filtered separately
with dry filter papers, and 5 c.c. each of the filtrates was subjected to the
bromine method for the determination of cysteine with the following results,

Loncentfuuon of M/20 KBrO,

1% ’ 4.7 c.c.
3 4.65
5 4.7

13 4.65

Within the limit of the experiments the concentration of acid has no
influence on the reduction, and the production of cysteine was also about
98 per cent in these cases.

From the results of the experiments (a) and (b), we see that 1.01 g. of
cystine gives rise to about 1.0 g. of cysteine by reduction at room

temperature.

3. THE IODINE-METHOD FOR CYSTINE

FFor the determination the following solutions are required :—
(1). About 5 per cent potassium iodide aqueous solution.
(2). Exactly 4 per cent hydrochloric acid.
(3). Exactly 2 per cent hydrochloric acid.
(4). M/300 KIO,, which is prepared by dissolving 2.14 g. of pure
KIO, in 3 liters of exactly 2 per cent hydrochloric acid. This
solution should be standardized for cystine very carefully.
Standardizing of the iodate solution :—Dissolve 1.01 g. of cystine in
5o c.c. of about 5 per cent hydrochloric acid, add a few decigrams of zinc
dust, leave it for 30 minutes at room temperature (about 20°C), shaking
from time to time.  Filter, wash and make it up to 100 c c. with water. Take
1 c.c. of the freshly prepared filtrate immediately in a small dry Erlenmeyer
flask or in a large test tube, mix with 19 c.c. of exactly 2 per cent hydroch-
loric acid, 5 cc. of § per cent potassium iodide and 5 c.c. of exactly 4 per
cent hydrochloric acid, and then titrate with the iodate solution until a
yellow color is produced. Insert a thermometer immediately in the mixed
liquid to know the temperature at which the titration has been finished.
The volume (c.c.) of the iodate solution required corresponds to o.0101 g.
of cystine.
As the volume somewhat varies with the temperature of the experi-
ment, it is convenient, to place I c.c. of the filtrate in each of several
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flasks or test tubes, and to repeat the same experiment several times at

different temperatures, and to get a table or a curve showing the relation

between the temperature and the required volume of the iodate solution.
The curve obtained was as follows :

Temperature Curve?

-0
25

10° N -+ +

45 5 55 6

c c. of M/300 KIO, for 0.0101 g. of cystine

In this temperature curve, the temperature in which the titration was
finished was taken as the ordinate, and c.c. of the iodate solution cor-
responding to the cystine solution as the abscissa. The cystine solution

4 This temperature curve for 0.01¢1 g. of cystine is equal to that for c.01 g. of cysteine.
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contained 0.0101 g. of cystine, 20 cc. of 2 per cent hydrochloric acid, 3§
¢ ¢. of 5 per cent potassium iodide, and 5 c.c. of 4 per cent hydrochloric acid.

Procedure :—Take from 1 to 10 g. (usually less than § g.) of protein,
boil it with about three times its weight of concentrated hydrochloric acid
(sp. gr. 1.1g) under a reverted condenser, at first in a water bath and then
on a sand bath for 20 hours. Evaporate the solution under diminished
pressure to remove the excess of the hydrochloric acid if the solition
contained more than 6 g. of hydrochioric acid. Add some water, and
decolorize it with the best charcoal by heating for 30 minutes, and then
filter and wash with some boiling water. Cool the filtrate, and add a little
zinc dust to it for the reduction of cystine to cysteine, leave it for 30
minutes at room temperature, and then filter, wash and make it up to 100
c.c. Take 1 cc. of the solution for the determination of the concentration of
hydrochloric acid in it, by means of titration with a standard alkali solution.
To the residual solution add a calculated quantity of 20 per ceat sodium
hydroxide (or if necessary hydrochloric acid), to make it into a solution
containing exactly 2 per cent of free hydrochloric acid.  After ascertaining
by titration once more that the solution contains exactly 2 per cent
hydrochloric acid, take a definite volume (20 c.c. or less) of the solution
in a small dry Erlenmeyer flask or in a large test tube, and make it up
to 20 cc. with exactly 2 per cent hydrochloric acid. Add 5 c.c. of 5 per
cent potassium iodide and 3 c.c. of 4 per cent hydrochloric acid, and then
titrate with the standard iodate solution until the faintly yellow color
produced remains for one minute. Read the temperature of the liquid,
calculate the amount of cystine in the 20 cc. of the solution, using the
curve previously obtained. If the temperature was 17.5°C the cystine
content in the final 20 c.c. is as follows.

o.0101 x required volume of KIO,
4.65

Remarks :

(a). For the determination of hydrochloric acid, azolith-
mine was used as indicator.

(b) In this method the sample for a single determination should
contain from 0.003 to 005 g. of cysteine in 20 cc. of 2 per cent hydroch-
loric acid solution. ‘

(c). Especial attention is called to the fact that both standardization
of the iodate and the determination of cystine must be made with an equal
conecentration (e.g. 2 per cent) of hydrochloric acid and with freshly reduced

solutions.
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(d). If the original hydrolyzed solution contains some cysteine, the
results obtained as above express the sum of cystine and cysteine. All the
hydrolysates obtained as described, however, contained no cysteine. For
the purpose of teéting cysteine in the hydrolyzed solution, add a few c c. of
potassium iodide and a drop of the iodate. In presence of cysteine the
solution remains colorless, but in its absence it gives a yellow color. This
reaction is more sensitive than the well known nitroprusside reaction.

(e). If cysteine is present in the hydrolyzed solution, the separate
determination of cystine and cysteine is easily accomplished by the iodine
method, titrating a sample-solution before and after the reduction, and
calculating from the difference of the two results. In this case, if the
titration was made at 17.5°C, 4.63 c.c. of the iodate solution corresponds
to 0.01 g. of cysteine, which wilt be derived from o.0101 g. of cystine by
the reduction with zinc and hydrochloric acid at room temperature.

(f). The standard iodate solution keeps at least half a year, if it is
preserved in a stoppered brown bottle. A standard other than M/300 may
be used, but of cause it must be standardized for cystine.

(g). It is convenient, for titration to use a burette which gives
readings of 1/50 c.c., and also to know the volume of one drop run from
the burette. -

4. APPLICATION OF THE METHOD

(a). Determination of cysteine in a solution containing amino acids
other than cysteine :—j3 g. of hair was completely hydrolyzed as usual,
most of the hydrochloric acid in the solution was removed by evaporation
in vacuum, and the solution was decolorized, reduced and made vp to 100
c.c. The solution contained 2.5 per cent hydrochloric acid but no cysteine.
50 cc. of the solution, therefore, was diluted into 62.5 c.c. with water, to
make a solution containing 2 per cent of hydrochloric acid. The acidity
was once more ascertained by means of a standard alkali solution, and
then 2 cc. of the solution was mixed with 18 cc. of exactly 2 per cent
hydrochloric acid and determined as usual. The content of cystine in the
solution was determined to be 12.6 per cent.

(b). Separate determination of cystine and cysteine :—100 c.c. of the
sample was prcpared,' which contained 0.053 g. of cysteine, 0.1 g. of
cystine, about 4 g. of hydrolysate of gelatine, a little tyrosine, and 2.27 g.
of hydrochloric acid.  In this sample cystine and cysteine were determined
by the iodine-method.
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Cystine :—48 cc. of the sample solution was diluted with water into
54.5 c.c. to make it to 2 per cent hydrochloric acid solution, and 20 c.c. of
the resulting solution was mixed with 5 c.c. of 5 per cent potassium iodide
and 5 c.c. of 4 per cent hydrochloric acid, and then titrated with M/300
KIO,. 4.6 cc. of the iodate was required at 17.5°C, or 0.035 g. of
cysteine was found in the total sample.

Cystine :—352 c.c. of the original sample was reduced by the addition
of zinc dust and then filtered. The filtrate contained exactly 2 per cent of
hydrochloric acid.  With 10 c.c. of the filtrate, determination was per-
formed as usual, and 7.4 c.c. of M/300 KIO, was required at 17.5°C.
Calculation of the result is as follows :—

(7.4 X 001 + 4.65) X 10 = 0.159 g. ... Sum of cystine and
cysteine as cysteine.

(0.159 — 0055) X 1.0I = 0.105 g. ...... cystine
Therefore, _

Applied Found

Cysteine ... ... ... ... .. 0,053 0.055

Cystine ... .o .o e . 0.100 0.105

The slightly higher result might be ascribed to the fact that the gelatine
contained a minute trace of cystine.

5. ACCURACY OF THE METHOD

(a). The quantity of the standard iodate solution is proportional to
the concentration of cystine to a pretty large extent as the following
experiments show. '

A cystine solution was reduced, filtered and made to a solution of 2
per cent hydrochloric acid. A definite portion of the solution was mixed
with exactly 2 per cent hydrochloric acid to make up to 20 c.c., and then
titrated as usual with following results.

Cystine 1(103
applicd Required Theoretical
g. c.c. c.c.
0.07 31.5 32.1
0.0505 23.01 23.2
0.0327 14.5 14.8
o.0101 4.65 4.65— (standard)
0.00808 3.7 372
0.00404 1.9 1.86
0.00202 0.98 0.93

0.c0101 0.52 0.47
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(b). A cystine solution of high concentration of amino acids is apt to
give a slightly higher result, by reason of the fact that the true acidity of
the solution decreases in the presence of much amino acids. But _the
largest error is less than 3 per cent if a sample solution contains less than
10 per cent of amino acids.

For the purpose of showing this fict, 10 g. of gelatine and 10 g. of
casein were separately hydrolyzed, and most of the hydrochloric acid was
removed by evaporation and then made up to 100 cc. each containing
exactly 2 per cent hydrochloric acid. With thece solutions a definite
quantity of cysteine freshly produced from cystine was mixed and titrated

until the yellow color obtained remaincd only one minute. The results
were as follows :

Sample K10, Error
— - - — — e — in %
Cystine  Gelatine  Casein 2%  Required  Theory of
in 29 cleavage cleavage  1IC] theoretical
HCl products  products number
c.c. c.c. c.c. c.c. c.c. c.c.
I - — 19 4.75 475
— 19 — I 0.1§ —_—
I 19 — —_ 500 4 9C 2.0
- — 19 I 1.30 -
1 — 19 —_— 6.10 6.05 0.8

From these results we see that this method gives a slightly higher
result in such proteins as contain as small a quantity of cystine as gelatine
or casein. But in the case of most of the proteins which contain more
than o 5 per cent of cystine this method gives fairly accurate results.

Part 1V
THE EFFECT OF ACID HYDROLYSIS UPON CYSTINE

As we described in Part 1II, cystine can be determined in the
hydrolyzed solution of proteins by means of the iodine-method. But it
seems that the first important question to be solved for the determination
of cystine in proteins is whether cystine is decomposed or not during acid
hydrolysis.

Regarding this question there are some answers already recorded.
Vax SLYKE (34) found that when cystine was boiled with 20 per cent
hydrochloric acid for 24 hours, only 50 per cent was precipitated by
phosphotungstic acid, and he stated that it appears possible that the cystine
is partially destroyed during the hydrolysis. PLIMMER (28) also found that
cystine is decomposed by boilding with concentrated hydrochloric acid for
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5 to 8 hours. From these descriptions we see that cystine is pretty
unstable when boiled with mineral acid. If it is true, it is difficult to
determine cystine in proteins after acid hydrolysis.

But on the contrary, GorrNER and orm (13) found that cystine was
not readily deaminized. They boiled some amino acids mixture containing
cystine with 20 per cent hydrochloric acid for 24 hours, and showed that
if all of the ammonia nitrogen was calculated as being derived from the
cystine, less than 3 per cent of cystine has been changed Lately Horr-
MaN and GORTINER (14) also determined cystine, after prolonged boiling
with hydrochloric acid, by Okuba’s bromine-method (235), and came to the
conclusion that there is no appreciable decomposition of cystine during
ordinary acid hydrolysis of protein, but that the amount of cystine pre-
cipitable as phosphotungstate decreases rapidly as a part of the cystine is
transformed to its isomer, in which phosphotungstate is readily soluble.

In this present investigation we have confirmed the result obtained
by GORTNER and his co-workers, that there is no appreciable decomposition
of cystine during the time of the acid hydrolysis under ordinary pressure.
They used the bromine-method for the determination of cystine, but we
used not only the bromine-method but also the iodine method together
with Forin and LLooNEY's colorimetric method (9).

I. EXPERIMENTS WITH THE BROMINE-METHOD

(a). 1.97 g. of pure cystine was beiled with 300 c.c. of 20 per cent
hydrochloric acid under a reflex condenser. The hydrolyzed solution gave
no sulphate reaction to barium chloride  After a definite time of boiling
as recorded in the following table a certein portion of the solution was
withdrawn and cystine was determined by the bromine-method (25) and
by the total sulphur content by DEx1s’ method (6), with the following
results :

Cystine content in the total sample

Time of boiling Found by bromine Calculated from
method sulphur content
0 hour 1.97 ¢. 196 g
15 1.97 1.96
20 1.97 1.95
25 1.93 1.96
30 1.97 1.95

(b). The same experiments were repeated with sulphuric acid. 2 g.
of cystine was dissolved in 300 c.c. of 25 per cent sulphuric acid and boiled
under a reflex condenser. Samples for determination were taken after
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15, 20, 25 and 30 hours and titrated by the bromine-method. The same
results as in the case with hydrochloric acid were obtained, namely there
was no appreciable decomposition of cystine by boiling with 25 per cent
sulphuric acid.

(c). 1.75 g. of cystine was mixed with 15 g. of gelatine and boiled
with 300 c c. of 20 per cent hydrochloric acid under a condenser. From
time to time 10 c.c. of the solution was taken for the determination of
cystine by the bromine-method.

" Cystine content found in the

lxrmc total sample
1 hour . ) 1.95 g.
20 1.95

Somewhat higher results which obtained in every ~case should be
ascribed to the fact that gelatine contains a little histidine and a minute
trace of cystine.

2. EXPERIMENTS WITIH THE IODINE METHOD

(a). 10 g. of human hair was hydrolyzed by boiling with 150 ¢ c. of
hydrochloric acid of different concentrations, 20, 25 and 38 per cent, under
a condenser. After a definite time as recorded in the following table 10
cc. of the solution was withdrawn with a dried pipette, and cystine was
determined by the iodine-method, and also sometimes by Forin and
LooNEY's method. .

In every case of wit‘hdrawing the hydrolysis-flask was weighed for
the purpose of ascertaining if the solution had become concentrate by

evaporation.
. Per cent of cystine found
Time
of lodine ForLin-LooNEY
boiling method method
(1). With 20 9§ 1ICl,
15 hours 12.2 12.0
20 11.7 —
25 12.2 —
30 12.2 —
(2). With 25 9 HCl,
15 12.2 —
. 20 12.4 —
25 12.5 12,6
(3). With 38 2 11Cl,
5 11.7 11.9
8 117 —
10 12.2 —
12 12.4 —

15 12.6 12.8
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(b). 10 g. of human hair was hydrolyzed with 3 times its weight of
concentrated hydrochloric acid (sp. gr. 1.19) for 20 hours. Both the
iodine-method and IoLIN-T.oONEY'S method gave exactly the same result,
namely 12.6 per cent of cystine.

From these experimental results we see that there is no appreciable
decomposition of cystine during the time, and in the concentration of acid,
of ordinary hydrolysis, and both hydrochloric and sulphuric acid gave the
same result. Therefore we believe that acid hydrolysis under ordinary
pressure is a proper process for the determination of cystine.

We find that for the determination of cystine, it is convenient to use
three times its weight of hydrochloric acid and to boil for about 20 hours,
although we have always got practically the same result with different
concentrations of acid and different intervals of time of boiling.

Part V

THE CYSTINE CONTENT OF PROTEINS

It is a well known fact that cystine is indispensable for the normal
growth of animals. Therefore it is interesting and important to know the
quantity of this :amino acid in various proteins. But, as far as we know,
until recently there was no method by which the cystine content of the
protein could be accurately determined.

The cystine content of a number of proteins has been estimated by
many authors with Van Sryke's method in the phosphotungstic acid
precipitate.  But Van SLyke himself (34) found that cystine is gradually
decomposed or altered during the acid hydrolysis, and sometimes only
about 50 per cent of the original cystine was precipitated as phosphotung-
state. HorrmaN and GoORrRTNER (14) found that during the hydrolysis
cystine is changed into an isomeric form, which phosphotungstate was
about four times as soluble as that of the original cystine. Thus
according to the observations of these authors it seems that cystine, after
hydrolysis, cannot be accurately determined by means of phosphotungstic
acid. Consequently the figures already obtained by VAN SLYKE’s method
cannot be relied upon as giving the true quantity of cystine in proteins.

Recently ForiN and Looney (9) described a colorimetric method for
the determination of cystine. JonEs, GErspORFF and MOELLER (17) ap-
proved it as a satisfactory method and applied it for the determination of
cystine in a number of proteins. We, however, have failed to confirm the

method as satisfactory.
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In the present investigation Forix and LooNEy’'s tmethod was conrpared
with my iodine method described in Part I11.

1. METHODS USED AND CYSTINE _CONTENT

The cystine determination in various proteins was made according to
the colorimetric method of ForLin and LoonEy, and also according to the
iodine method of the author. Nucleic acid and glucose, which contained
no cystine, were also hydrolyzed with strong acid just as in the case of
proteins, and treated by both the colorimetric method and the icdine-
method, with the following results as shown in Table A.

Table A
Cystine content in per cent of dry matter
Sample ~Oxuna’s FooLix and LoONEY’s
iodine method colorimetric method

Keratines

Hair ... 12,60 12.55

Wool ... 10.40 10.44

Shell membrane of hen's egg... 8.77 8.98
Muscle proteins

Seriola aurevittata (fish) T 0.95 1.06

Niphon spinosus (fish) 1.07 1.14

Pagrus major (fish) ... 0.98 1.02

Faralichthys olivaceus (fish) ... 0.96 1.03

Dalinurus japoricus (crustacea) 115 1.21
Other proteins

Hemoglobin (May and Baker 0.89 1.04

Fibrin (Merk)... 1.29 1.62

Legmin (Merk) 040 053

Fdestin 1.17 1.28

Peptone (Witte) 078 0.95

Egg albumin (Merk) ... 1.95 2.40

Casein (Merk) ... o.17 0.32

Silk ... 6.07 013

Gelatine 0.02 0.12

Nuclein (Merk) DT 0.19 0.46
Non-protein substances

Nucleic acid (Merk) ... none 0.53

Glucose (Merk) none 16

Ocura and Fujikawa (23) lately determined the cystine content of
various muscle-proteins of marine animals by means of the iodine method.
The results, for the sake of convenience, will be recorded here in Table B.

+

5> Titrated until the yellow color obtained remains only one minute.
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Table B
Muscle proteins ent of iy miatter
Scombe r japonicus (fish) 0.82
‘Spheroides s, z » ) 0.87
Raja sp, () 0.98
Syraius japonicus () 0.95
Stichopus joponicus (echinoderma) ... - . 0.75
Faliotis sp. (molluscaj... 0.63
Area inflata ( 5o Jee 0.59
Polypus octopodia (). 0.92
Cardismn naticun » s o.71
Neptunus pelagicus (crustacea) ... 1.12
Lenaens canaliculotus () 1.19
Chionecetes phalangiwm (- ,, ) ... 1.19

2. DISCUSSION

In Table A the percentage of cystine in some proteins is given. They
were determined by the writer volumetrically as well as colorimetrically
in the same proteins. In keratines such as hair and wool, both methods
gave equal values, but in the other proteins the values obtained by the
colorimetric method were generally higher than those obtained by the
iodine-method, espeiéally was this the case with proteins such as casein,
silk and gelatine, being 0.17, 0.07 and 0.02 per cent by the iodine-method
and 0.32, 0.13, and 0.12 per cent by the colorimetric method respectively.
The cystine content of casein and gelatine, werce 0.25 and 0.2 per cent, as
determined by IForiy and Looxey themselves (9) and as determined by the
same method by Jonus, GERSDORFF and MOELLER (17), 0.26 and from
0.15 to 0.31 per cent respectively

The question why the colorimetric method gives higher results might
be solved by the fact that in the hydrolysates of the proteins theére are
some substances, others than cystine, which give the same blue color as
cystine by the treatment of Forix and Loonev. It should be borne in
mind, that in the casc of keratines which contain much cystine we applied
a small quantity of sample for the determination, therefore the influence of
the unknown substances upon the colorimetric method was negligible and
it gave quite the same results as the iodine-method, but in the cases of
casein, silk and gelatine which contain a little cystine, vice versa.

Since the colorimetric method for cystine is based upon the use of the
uric acid reagent of Forix and DExis, it will probably be found that the
compounds such as purine bases, which have a similar constitution to uric
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acid and are found in some proteins, give rise to the blue color as cystine
does with the reagent. From such a viewpoint I have treated pure guanin
sulphate and the hydrolysate of nucleic acid in the same manner as cystine
and obtained a blue color as intense as with cystine.

Nucleic acid (Merk) and glucose (Merk) when hydrolysed in the same
way as the protein gave 0.53 and 0.16 per cent of cystine respectively by
the colorimetric method, while of course none was obtained by the iodine-
method. . o

From these results we see that Forix and IooLEy's colorimetric
method is not satisfactory for the determination of cystine, at least in the
proteins which contain either purine or any of the carbohydrate group

When the proteins tabulated in Table A were completely hydrolyzed
as usual, none of the hydrolysates gave cysteine, although its presence in
some of the original proteins was ascertained. '

According to the results of Tables A and B, it seems that among
muscle proteins, those of crustacea contain much more cystine than those
of fish and mollusca. This fact seems to have some relation to the black-
alteration of the flesh of the crab, which was studied by Oxupa and
Matsur (24) several years ago.

Part VI
ON THE DETERMINATION OF CYSTINE IN URINE

As far as we know there is no reliable method for the dertermination
of cystine in urine, although the determination was attempted by many
authors such as ABDERIALDEN (1), GaskeLL (11) UpRaNszky and Bau-
MAXNN (33) ete.

FFor this purpose, Looxey (18) lately described a colorimetric method
which is an application of FoLix and LooNgy's method (9) for the deter-
mination of cystine. But according to our investigation, which will be
described later in detail, LooNzy’s method seems to be unsatisfactory.

The present paper describes a new method for the determination of
cystine in urine. It is a medification of the iodine method described in
Part III, and depends on the fact that cystine when reduced with nascent
hydrogen reacts to iodine quantitatively.

It is true that thiccyanide when reduced also reacts to iodine, but this
substance is present in urine usually only in a minute trace and is ecasily
removed by means of charcoal as described below in the case of “ General
method.””  But in abnormal urine cdntaining much thiocyanide, it should be
removed by the special treatment as described in the “ Special method.”
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I. GENERAL METHOD (MlCRO-IODINE-ME'l'l[OI))

This method is directly applicable to normal urine, to the urine con-
taining sugar, and to the urine containing a minute trace of thiocyanide.
In the urine containing coagulable proteins and hydrogen sulphide, this
method is applicable after removing them. The coagulable protein is
removed by boiling the specimen with a few drops of acetic acid, and the
hydrogen sulphide by aeration after MUELLER (21).

Principle of the method :—Since urine generally contains a very small
amount of cystine, for the sake of convenience a definite quantity of cystine,
say 10 mg. per 50 c.c. of urine, is previously added, and after determination
by the iodine-method, this quantity is reduced from that.of the total cystine
obtained. :

Solutions required for the method :—

(1). About 5 per cent potassium iodide aqueous solution.

(2). Exactly 4 per cent hydrochloric acid.

(3). Exactly 2 per cent hydrochloric acid.

4). Exactly 20 per cent of sodium hydroxide.

y 20p y

(5). Cystine solution containing 1 mg. of cystine in 1 cc. of 2
per cent hydrochloric acid.

6). M/1ooo KIO,, which is prepared by dissolving 0 214 g. of

3 prep y g g

ure in 1 iiter of exactly 2 per cent hydrochloric
I KIO, i li f 1 P hydrochlori
acid.

Standardization :—For standardization of the iodate solution for
cystine, dissolve 0.2 g. of pure cystine in 350 c.c. of about § per cent
hydrochloric acid, add a few decigrams of zinc dust, leave it for 30 minutes
at room temperature. Filter, wash and make it up to 100 c.c. Take 1
c.c. of the filtrate in a dry bottle or a test tube, mix with 19 cc. of
exactly 2 per cent hydrochloric acid, 5 c.c. of 5 per cent putassiun-l iodide
and 5 c.c. of exactly 4 per cent hydrochloric acid, and then titrate with the
iodate solution until a yellow color is preduced. Insert a thermometer
immediately in the mixed liquid to know the temperature at which the
experiment has been finished. The quantity of the iodate solution cor-
responds to 2 mg. of cystine, at that temperature. It is convenient to
repeat the same experiments several times in different temperatures, and
to get a table and a curve showing the relation between the temperature
and the required volume of the iodate solution. '

The temperature curve corresponding to the jodate solution which I
used was as follows. i
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Temperature Curve

3
:_;1) [
209
15°
10° T + +

3 35 4 45

c.c. of M/1000 KIOQ, for 2 mg. of cystine
Procedure :—Take 50 c.c. of urine in an Erlenmeyer flask, add 10 c.c.

of the c‘ystine solution, boil for one minute with about 0.5 g. of the best
charcoal and then leave it for 10 minutes to clool, filter with a small
Buchner funnel, wash thrice with 5 cc. of water. Add about 0.5 g. of fine
zinc dust and 15 ¢ ¢. of about 20 per cent hydrochloric acid to the filtrate.
Leave it for 30 minutes at room temperature for reduction. Filter again
with a small Buchner funuel, wash twice with 5 cc. of water, and then
make the filtrate up to 100 c.c. Take 1 cc. of the solution for the deter-
mination of the concentration of hydrochloric acid in it. To go cc. of the
residual portion of the solution add a calculated quantity of 20 per cent
sudium hydroxide to make it into a solution containing exactly 2 per cent
of hydrochloric acid. ~ After ascertaining by titration that the solution con-
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tains exactly 2 per cent hydrochloric acid, take 20 c.c. of the solution,”
mix with 5 c.c. of 5 per cent potassium lodide and 3 c.c. of 4 per cent
hydrochloric acid, and then titrate with the standard iodate solution until the
yellow color produced remains for one minute. Read the temperature of the
liquid, calculate the amount of cystine in the 20 c.c. of the solution, using
the table or the curve previously obtained ; for instance, if the temperature
was 23°C, the amount of cystine is—2 x required c.c. of KIO,/3.8. From
this result get the total amount (mg.) of cystine, and subtract 10 mg. from
it, then the rest is the qnantity of cystine in 50 c.c. of the original urine.

Remarks :—If the original sample contains some cystine, the results
obtained as above express the sum of cystine and cysteine as cystine.

The separate determination of cystine and cysteine is easily accom-
plished, as already described in Part III, titrating the sample solution
before and after the reduction.

Perfect decolorization with charcoal is necessary for the ready reduc-
tion of the solution with zinc and hydrochloric acid.

The minute trace of thiocyanide in urine is readily removed by
zulsz)rption with charcoal, and it does not redissolve by washing. A trace
of cystine is also adsorbed by charcoal but it is easily redissolved by
washing.

Most of the remarks given in Part III should be observed.

EXPERIMENTS

(1). In cach of three flasks were placed 10 mg. of cystine, 0.05 g. of
thiocyanide, and 350 c.c. of Solution A which is an artificial mixture of
urine constituents, Furthermore some glucose was added in the second
{lask and protein in the third, and cystine was deteimined, directly in the
first and second flasks, and after removal of coagulable proteins in the third.
In every case values closcly approximating the theoretical were obtained.

Composition of the three samples and the analytical results are shown
in the following table :—

Composition of samples No. 1 No. 2 No. 3
Sotution A P P o o 50 50 50
Cystine ... ... ... .. .. mg 10 10 10
KCNS 0 o ey 0.05 0.05 0.05
Glucose ... o e oy, — 500 500
Gelatine ... ... .. . oy, —_ —_ 50
Peptone ... .. .oy, — —_ 50
Eg¢g albumine ... ... ... ... — — 100

6 This solution contains about 2 mg. of cystine and is comparable to the cystine solution
o . . .
used for standardization of the iodate solution,
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Analytical results No. 1 No. 2 No. 3
Cystine found ... ... ... .. mg 9.92 9.96 9.00
1,085 oo oo oL, 0.08 o.c4 0.10
Loss ... ... .. L 9% o.§8 c.4 1.0

Remark : Solution A is a mixture of 23 g. of urea, 0.5 ¢ of uric acid,
0.5 g. of hippuric acid, o.1 g. of oxalic acid, 0.7 g. of creatinine, 0.4 g. of
ammonium chloride, 11 g. of sodium chloride, 1.5 g. of acid sodium phos-
phate, 1.5 g. of sulphuric acid and 0.3 g. of potassium silicate in one liter.

(2). Similar experiments were repeated with natural wine instead of
the artificial mixture. All the samples contained an equal quantity of
cystine but consisted of diffcrent constituents.  The analytical results in all

the samples were nearly cqual as shown in the following table.

Composition of samples C P:\.‘r“f 1 NO 2 ,Nof 1’ §(), 4 No. 5
ystine alone  KCNS Glucose Protein All
Urine ... ... cc 50 <5o 50 50 50
Cystine ... ... mg. 10 o 10 10 10
KONS o .., — 0.05 —_ — 0,05
Glucose ... ..., - — 25C0 - 500
Gelatine ... ..., — — — 50 5C
Peptone ... ..., —_ — - 50 30
Lgg album, ..., — — — 1Co 1co
Analytical result
Cystine found in mg. 17.11 11.60 11.65 11.80 11.68
Calculated to 5o c.c. of the urine
Cystine in mg. ... 1.71 1.60 1.65 1.80 1.68

Remark : Cystine was determined, directly in the samples 1, 2 and 3,

and after removing the coagulable protein in the samples 4 and 5.
2. SPECIAL METHOD

Most of the normal and abnormal urines contain a minute trace of
thiocyanide which is easily removed by means of charcoal during decol-
orization of the urine; cystine in such a wrine can be determined by the
general method as mentioned above. ) ) )

But in a special case, which is probably very rare and has not been
met with yet during the experiments, urine may contain much thiocyanide.
In such a case the thiocyanide should be removed by the special treatment.
For this purposec modifications (A and B) of the general method are de-
scribed below. )

A

The reduction of thiocyanide with zinc and hydrochloric acid will

proceed as follows :

KSCN + H, =ILS + KCN

KCN + HCl + HCN + KCI

&
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Since the reduction products,, both hydrogen sulphide and hydrocyanic
acid react to iodine, they should be removed by means of evaporation in
vacuum. The process for determination in this case is as follows.

Take 50 c.c. of wine in a distillating flask, add 10 mg. of cystine,
some hydrochloric acid and zinc dust, stand for 30 minutes for reduction,
and then evaporate into dryness, to remove the reduction products, at a
low temperature and under diminished pressure. Dissolve the residue in
dilute hydiochloric acid, decolorize with charcoal, reduce again by the
addition of little zinc dust, if necessary. Make it up to about 100 c.c. of
exactly 2 per cent hydrochloric acid solution, and then determine cystine
as usual by titration with M/1000 KIO,

Experiment :—10 mg. of potassium thiocyanide was added to 50 c.c.
of normal urine, which contained 1.02 mg. of cystine (as determined by
the general method), and cystine was determined by the special method
A. The result was 11.04 mg., namely the cystine content found was

1.04 mg.
B

Thiocyanide is removed as its silver salt as follows : —Take 50 c.c. of
urine and 10 c.c. of cystine solution (which contains 10 mg. of cystine and
about one per cent sulphuric acid) in a 100 c.c. volumetric flask. Add
silver sulphate (Saturated solution or in powder) until the precipitation of
silver thiocyanide ceases. Make up to 100 c.c. with water. Filter through
a dry filter paper. Take 80 c.c. of the filtrate, add 10 c.c. of about 20 per
cent hydrochloric acid and pulverized barium chloride until the precipita-
tion of barium sulphate ceases. Allow to stand for one hour and then filter
again with a dry flter paper. Add a little zinc dust to the filtrate for
reduction. Make it into a solution containing exactly 2 per cent hydro
chloric acid and determine as usual.

Experiment :—In the experiments we used Solution A instead of
natural urinc. 50 c.c. of Solution A, 10 mg. of cystine, and 5 mg. of
potassium thiocyanide were placed in each of three volumetric flasks of 100
c.c. capacity Furthermore some glucose was added in the second flask,
and both glucose and protein in the third. Cystine was determined by
means of the special method B, In the third flask coagulable proteins were
previously removed by boiling with acetic acid.

Composition of the samples and results of analysis are as follows :—

Composition of sanples No. 1 No. 2 No. 3
Solution A P o o 50 50 50
Cystine ... ... ... .. .. mg 10 10 10
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KCNS ... ... .. .. ... ... mg 5 5 5.
Glucose ey, — 500 §Co
Gelatine ey — — 56
Peptone cee e ey, — — 50
Egg albumine ... ... ... .., — — 100
Uricacid ... ... ... .. ... 25 25 25

Analytical results

Cystine found ' 0.6 9.0 9.5

Loss 2 04 0.4 0.5

3. CYSTINE CONTENT OF URINE

Cystine content of the urine of ten Japanese was determined by means
of the micro iodine method (general method) and also by Loonty’s color-
imetric method, with the following results :—

Cystine found in 10¢ c.c. of urine

Sample
LooNEY's method Todine method
21.0 mg. 3.8 mg.
2 20.0 1.9
3 10.5 4.7
4 15.0 6.5
5 130 ‘ 2.0
0 ' 9.0 2.0
7 16.0 o 2.3
8 14.0 3.0
9 14.0 2.3
10 8.5 3.9

From this result we see that LooNev's method gives much higher
results than the micro-iodine-method, and that the average cystine content
of the urine examined was about 3 mg. after the iodine-method.

4. INFLUENCE OF URINE CONSTITUENTS UPON LOONEY'S METHOD

Looxey's method for the determination of cystine depends on the fact
that cystine gives a deep blue color with phosphotungstic acid in presence
of sodium sulphite, while uric acid and the other urinary constituents, which
reduce phosphotungstic acid, give the same color whether sodium sulphite
is present or absent.

But according to our experiments sodium sulphite itself reacts with
the uric acid reagent to give a faintly blue color, and somec urinary
constituents” other than uric acid give a different intensity of color whether
in the presence or absence of sodium sulphite. Consequently TOONEY's
method gives higher results especially in urine poor in uric acid. .

i
7 Solution A free from uric acid was applied for this experiment,
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To show this fact the following experiments have been performed :—

(1). 10 c.c. of distilled water was placed in each of two 100 c.c. volu-
metric flasks, and one of them was treated with sodium carbonate, sodium
sulphite (Kancpavs) and lithium sulphate after l.ooxty, and the other
was also treated in a similar manner except that no sulphite is added  The
ratio of the intensity of color in the two flasks was about ten to one

(2). 200 cc of urine was acidified with 10 c ¢ of concentrated hydro-
chloric acid and allowed to stand for a few days  Thus most of the uric
acid in the urine was precipitated and removed by filtration  The filtrate
was divided into two equal portions, one of which was mixed with some
uwiic acid  And cystine was determined in the two samples by means of
Looxey's method and by the micro jodine-method The cystine content
should be equal in the two samples, but LooxNeY's method gave different
results as shown in the table, because the uric acid content is different in
the two samples

Mg. of cystine found in 1co ¢ c. of samples

LooNkey's method lodine-method
No uric acid was added... ... ... .. 24.5 32
Uric acid was added ... ... ... .. 10.9 33

(3). To the urine, which gave 9.7 mg. of cystine per 100 c.c. by
1.0ONEY'S method, some uric acid was added and cystine was determined
again by the same method, but the result obtained was only 2.3 mg per
100 c.c.  This experiment gives the same conclusion as (2).

SUMMARY
Part I

1. It was proved that to oxidize one molecule of cysteine to cysteic
acid 6 atoms of bromine are required.

2. A method for determining cysteine by titration with a bromate
solution in the presence of acid and bromide was proposed.

3. A single determination of cysteine by this bromine method requires
only a few minutes. The concentrations of cysteine and acid in sample-
solutions have practically no influence upon this method.

Part 1I

A method, called the iodine-method, for the determination of cysteine
is described. The principle of the method is to titrate cysteine in a hydro-
chloric acid solution, in the presence of iodide, with a standard iodate
solution. The procedure of this method is not so simple as that of the
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bromine method, but the method is applicable in the presence of all the
cleavage products of proteins. Consequently it is available for the qualita-
tive and quantitative determination of cysteine in amino acids mixture.

Part 111

(1).  When treated with nascent hydrogen, cystine and cysteine alone
among amino acids react to iodine very actively in acid solution and at
room temperature.

(2). A method for the determination of cystine is described. The
principle is to titrate cysteine produced by the reduction of cystine, with
a standard iodate solution in presence of iodide and acid.

(3). The quantitative method must be made under strictly comparable
conditions of the concentrations of acid and of the temperature of the
sulution etc.

Part IV

It was verifed that there is no appreciable decomposition of cystine
during ordinary acid hydrolysis of proteins, using the bromine-method and
iodine method and sometimes IFoLix and [LOONEY's colorimetric method for
the determination of cystine.

Part V

(1). The cystine content in some proteins was determined by FoLIN
and LLOONEY's colorimetric method and by OkuDpA’s jodine method.

(2). The colorimetric method gave too high results. This was
ascribed to the fact that there are some substances which are present in
the hydrolysate of proteins and give a blue color as cystine does.

(3.). Cysteine was absent in all of the completely hydrolyzed solutions
of the proteins examined.

Pait VI

(1). A method for the determination of cystine in urine was described.
It is an application of the iodine-method for cystine, and we designated
it, for the sake of convenience ‘‘ micro iodine-method™ or * general
method.”

(2). This method, with some modification, may be useful for the
determination of cystine in blood and in small quantities of proteins.

(3). Special methcds for removing thiocyanide were also described,
but they are useful only in very rare cases.



106

Yuzuru Okuda

(4). Looxey's method for the determination of cystine in urine was

studied, but we failed to prove it satisfactory.

In conclusion I wish to cxpress my thanks to Messis. J. Moromura
and Y. NisuijiMa for their help in analytical work.

From the Biochemical Laboratory, Departmeut of Agriculture,
Kyushu Imperial University. July 5, 1925.
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