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

Yuzuru OKUDA 

Cysteine widespreads in living cells and its oxyd'ltion product cystine 

is found in most of the proteins. Among 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 -S-S- linkage in cystine or 
between t\\'o molecules of cysteine. This method 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. DANIELS and RICH (5) have attempted to 
replace cystine in nutrition with some sulphates but \vithout success. The 
import~nce of cystine in animal nutrition l;as been shown by many in­
vestigators, as OSBORN!'; and MENDEL (27), A~DERII~LDEK (2), and JOHNS, 

]O!\ES and FI!,\KS (16). Furthermore the special physiological function of 

cysteine and cystine in the oxydation and reduction processes in the living 
cell has been demonstrated lately by HOPKIKS (r 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 determin:ltion in 
proteins and biological solutions. 

The present communication consists of the following 6 parts. 

1) A new sulphur containing amino acid has been isolated by 1Tlleiler (20), but it seems to 

be nIlcertain whether it is a primaq or secondary product of protein 
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A new method for the determination of cysteine (Bromine-method). 
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Part I 

A NEW METHOD FOR DETERMINATION OF CYSTEINE 

(THE BROMINE-METHOD) 

There are many colorimetric tests for cysteine; ARKOLD (3) has com­
lured the quantity of cysteine in animal tissues by means of these colori­

metric tests. But it was rather qualitative and not quantitative. As fu' 
as I know there is no accurate method for the determin:ltinn of cysteine. 

FI{IEDMANN (10) has found that cystine as well as cysteine are oxidized 

by bromine and give rise to cysteic acid, but it seems that he did not 

investigate quantitatively the relation of cystine and cysteine to bromine. 
Several years ago I (25) studied the quantitative relation between cystine 

and bromine, and applied this relation to the quantitative determination of 

the forl1ler. 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 

9)me amino acids, such as cystine, tyrosine and tryptophan. 

1. THE RELATION BETWEEN CYSTEINE AND BROMINE 

To know the quantitative relation between cysteine and bromine, the 

following three experiments were performed, which will imlicate that one 

molecule of cpteine is completely oxidized into cysteic acid by mean'; of 

6 atoms of bromine. 

(a). 0034 g. of cysteine hydrochloride (C3H 7NS02 HCl) was mixed 
with 20 c c. of about JO per cent hydrochloric acid and 5 cc. of about 20 

per cent sodium bromide, and immediately titrated with :\1/20 potassium 

bromate solution until a faintly yellow color was obtained. 44 c c. of the 
bromate solution ,,:as required. 

From this result, calculation was made as follows: The reLIt ion be­

tween bromate ane! bromine will be shO\\'n by the following reaction, which 
should take place in the case of the ahove experiment. 
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SNaBr + KBrC\ + 6HCI = SNaCI + 3H20 + KCl + 6Br 

From this equation we know that -, molecule ('07.92 g) of potassium 
bromate corresponds to 0 atoms (479.5 g.) of bromine, or 4-4 C.c. of Mj20 
KBr03 to 0.'053 g. of bromine. 

And 0034 g. of cysteine hydrochloride contains 0.020' g. of cysteine. 
Consequently one molecule of cysteine (Ln. '4 g.) corresponds to 488.7 g. 
(about 6 atoms) of bromine. 

12 I. 14 x 0.1053/0.0261 = 488.7 
(b). 0.034 g. of cysteine hydro~hlorid~ was dissolveu in 20 C.C. of 10 

per cent hydrochloric acid and th~n titrated with 0 33 per cent bromine 
water. It requircd 30.8 C.c. of the solution, which correspollus to 0.1016 
g. of bromine. 

Therefore the result falls into line with that of experiment (a), namely 
one molecule of cysteine corresponds to 0 atoms of bromine. 

From the results of these two' experi~lents we migl1t assume the 
following equation to express the relation between cysteine and bromine. 

CH2-SH CH2-S03H 

CH-NH2 + 6Br + 3H20 

COOH 

CH-NH2 + 6HBr 

COOH 
(c). For the purpose of ascertaining the preceding equation, I made 

some further investigation. 

It is imperative that, if the assumption is correct, the following equatiOil 
51.ould also hold good. 

CH2 -S03H . CH,,-S03H 

CHNHz + 6HBr + 7NaOH = CHNHz + 6NaBr + 7HzO 

COOH COONa 

Thus one molecule of cysteine must be equivalent to 7 molec~les of 
sodium hydroxide. 

To ascertain the relation, two samples of cysteine hydrochloride con­
taining 0.0,88 g. each were prepared. The one was directly titrated 
with N/"o NaOII, uSIng azolithmine a~ indicator, and the other, after 
treating with bromine water until a very faintly yellow color was obtained, 

was also titrated. The results were as follows: 
bil~e~t tit~~tion ... 
After treating with the bromine 

The difference ... 

'.3 c.c. NJIO NaOH 
98 c.c. 
8.5 C.c. 

" 
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(g). Determination of cysteine from its salts. Cysteine was accurately 

determincd Ly titration frolll its hydrochloride and mercuric chloride douLle 
salt. 

Sample 

0.14 g. of C6II'4NzS}J4. JIgF16 
0.1 ~78 g. of C3T T)NS02 • 1 [C1 

Cysteine 
calculated 

0.0320 

0.0983 

Part II 

Cysteine 
found 

0.03 2 3 
0.09fo 

A :\EW ~lETlIOD FOR THE DETE]{~ll:\ATIO:\ OF C1"::31'EI:\E 

(TIlE IODINE-METHOD) 

Although the bromine-method described above is a rapid and accurate 

method for the determin:ltion of cysteine from its solution, the method can 
not be used if the solution contains some amino acids, such as cystine 

and tyro5ine which also react with bromine. 

The iodine-method de!'cribed 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 at a room temperature. A~d the 

principle of the method is to titrate cysteine in hydrochloric acid solution, 
in the pre.cence of iodine, with a standard iodate solution. 

I. TilE REACTIO;\[ OF IODI:\E CPO:\ AMINO ACIDS 

According to my experiments, cysteine reacts very actively to iodine, 
bllt all the other amino acids, known or unknown, which arc present in the 

hydrolysate of casein :1nd gelatine do not react with iodine in hydrochloric 

acid solution and at roorn temperature. The results of the following ex­
perirr.ents will show this fact. 

(a). Some cysteine hydrochloride was dissolved in 20 c.c. of two per 

ccnt hydrochloric acid solution, and S c.c. of 5 per cent iodine solution 

was added, and thcn titrated with standard potassium iodate solution until 
a permanent yellow color of iodine was obtained. The amount of the 

iodate required was proplJrtional to the quantity of cysteine. 

(b). The following amino acids, am} the cleavage products of 

gelatine and casein were SUbjected to the same treatment as cysteine, 

but none of them reacted to any iodine, gidng 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 ,yjth sulphuric acid 
with special reference to the time required for titration. 

Cysteine Final Cone. KBr03 
Time in 

applied of H,S04 minutes 
c.c. % c.c. 

10 84 2.8 2 

10 5 I 2.8 2 

10 1.8 2.8 6 

10 0·9 2.8 20 

(C). Concentration of cysteine. The concentration of cysteine In the 
sample solution has no influence upon the uetermination. 

Exp. I. 10 per cent hydrochloric acid solution of cysteine was used. 
Cysteine 

5 '7; HC! NaBr Volume of KBr03 solution solution 
e.c. C.C c c. C c. c.c. 
10 10 20 245 

10 80 10 100 245 

Ex-p 2. Sulphuric acid ~oll1tions of cysteine in different cuncentrations 
were usecl. 

Sample Volume of 
KBr03 solution 

c c. e.c. c c, 
10 30 2.8 

10 60 2.8 

10 120 2.8 

(d) The concentration of sodium bromide. No influeilce was ob­
~erved as shown in the following experiments. 

Sample 
c.c. 

10 

10 8 

NaBr 
c.c. 

10 

2 

KBr03 
c.c. 

(e). Temperature. The foliLm ing solutions in (:ifferent temperatures 

were titrated with the same result. 

Cysteine hyelro. 
Temperature chloride app!ic 1 

g (c) 

0.0235 20 

00235 33 

KBr03 
c.c. 

3 
3 

Cysteine 
found 

g. 

00182 

0.0182 

0.02,5 52 :> 0.0182 

(f). The cIeavdge products of gelatine which contained minute traces 

of tyrosine and cystine were added to cysteine solutions and subjected to 

the determination. 
Cysteine Cleavage 

KBr03 applied products 
g 

0.01 not added 1.6 5 
0.0. added 1.70 
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0.0188 g. of cysteine hydrochloride contains 0014-5 g. of cysteine 

And 8.5 c.c. of N/IO NaOH corresponds to 0.034 g. of NaOH. Therefore 
molecule of cysteine is equivalent to 7 molecules of sodium hyuroxide 

121.14 X 0.034/0.0145 = 2 85 g. NaOH 

The results of all the experiments mcntioned abo\"e give rise tu the 

conclusion that one molecule of cysteine cUlTesponds to 6 atoms of bro:nine, 
and also to one nll)lecule of pot,lssiul1l bromate. The basis of the brnmine­

method for the determination of cysteine depend,; upon this conclusion. 

2. THE DRO~IIiSE-l\IETHO[) 

To IO C.c. of about IO per cent hydrochloric (or sulphuric) acid 
solution of cysteine, add 10 C c. of about 20 per cent SOUiUIll bromide 
solution, and thcn titrclte with one t\\~entieth molecular potassium bromate 

solution, which cuntains 8.35 g of KDr03 in one liter of water, until a 
light yellow color is produced and remains for 5 minutes. In this else 1 

c.c .. of the bromate solution. corresponds to 000606 g. of cysteine. 

In this determilution bromine water can also be used instead of nas· 

cent bromine, but the latter is more convenient as the bronnte solution is 

stable at least for 6 months, when it is kept in a closed brown glass bottle. 

3. TITRATION OF CYSTEINE SOLUTIO.\' 

(a). Hydrochloric, amI sulphuric acid solutions. 

Cysteine ::\1/20 KBrOo Cysteine 
Acid applied '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 ml important meaning, but it is convenient to use such an acid 

,'olution 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 l. 10 c.c. of cysteine hydrochloride solution corresponding to 
0.0145 g. of cysteine was treated in different concentrations of hydrochloric 

acid. 
Cysteine 20 % HCI H 2O NaBr Cone of KBrO, Cysteine 
applied added added added Eel requirec! found 

c.c. c c. C.c. c c. % c.c. g. 

10 20 0 10 10 2·4 0.01 45 

10 4 16 10 2 2·4 001 45 
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(I). Amino acids :-Glycocoll, alanine, valine, leucine, glutamic acid, 

aspartic acid, proline, tyrosine, phenylalanine, tryptophane, cystine, 
histidine, arginine and lysine. 

(2). Gelatine cleavage products :-10 g. of gelatine was completely 
hydrolysed as usual with hy~rochloric acid, cvaporated in 

vacuum into dryness, dissolved in water, uecolorized and then 

rnade up into IC?O c.c. containing 2 per cent hydrochloric acid. 

(3). Casein cleavage prcducts :-8 g. of casein was completely hy­
drolysed by boilding with baryta, and the baryta was exactly 

removed by sulphuric acid, and then the s~)iution was made up 

into 100 c.c. containing 3 per cent of hydrochloric acid. 

2. TilE RELATION BETWEEX CYSTEIXE AND IODlXl': 

As we now know that cysteine alone recKts to iodine in a certain 

condition, the next problem was to determine the rehtion <Juantitatively. 
On the first occasion 1 thought that one of the foll()wing reactions would 

probably take pLlce betwell1 cysteine and iodine, namely one molecuie of 
cysteine is oxidi::ed by either one or six atoms of iodine, producing either 
cystine or cysteic acid respectively. 

2 

( ~Hz-SH . 

1 CII-NlI, i 
COOII 

CH,-SII 

+ 21 

COOH COOE 

CHz-SO)f 

CH-NHz + 61 + 3lCO CH-NHz + 6HI 

COOH COOH 

But according to the experimental results shown below, the reactiOl 
docs not occur in such a simple ratio as ;;11own by the fornmhe. The ratio 
varies not only by the concentrations of acid, pot t~ssiLltll iodide, and some 

other substances in the sample solution, but also by the temperclture 
of the solution. 

(a). Concentration of acid. Definite quantities ()f cysteine and 

potassium iodide were mixed with hydrochloric acid sollltions of different 
ccnccntrations, and titrclte( I ,\ith a :o;ta;1dard potassium iodate ~olution 
And the reacting ratio of cysteine and io(;inc was calculated by means of 

the equation, SKI + KI03 + 6HCI = GKCl + 61 -+ 3H"O. 
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Sample !II/IOO Ratio - KI0 3 

Cysteine 5 % KI 
Vol. of Conc. of Time Cysteine 

solution llCl ta 
" c.c. c.c. % C.c. Iodine b' 

0.0:"2 10 130 0·33 9.6 24 ius. 1/33 
0022 10 90 0·47 75 24 " 1/2·5 
0.022 10 ')0 1.02 6a 5 mts. 1/2.0 
0022 10 90 3.80 4·5 2 

" 1/1 5 

Similar experiments "'ere also performed with sulphuric acid, and the 

result obtained in this case was in accord with that made with the hy­

drochloric acid solution. From these results we see that the higher the 

concentration of acid, the less iodine is required for a definite quantity of 

cysteine, and thc less time to finish the reaction. 

(b). Temperature. .:?o c.c. of 2 per cent hydrochloric acid solution 

containing 0.01 g. of cysteine was taken in two large test tubes. To each 5 

c.c. of 5 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 KI03 • As soon as the titration was finished, 

a thermometer \\'as inserted in the tubes to know the temperature of the 

liquid. The temperature was 20a and 25 a, and the required volume of the 

iodate solution was 4.R anel 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 experimcntal results show 

the concentration (f pottasium iodide in the samples has also some influence 

on the reacting ratio of cysteine and iodine. 

Sample 

~---------~------Cysteine 5 % Kl Volume Canc. of 
c.c. 

10 

10 

c c. 

5 
IS 

c c. 

30 

30 

HCI,% 

I7 
1.7 

c.c. 

2.8 

2·5 

(d) Chlurides. Sodium chloride h;ls nl; inilllence if its concentr,ltion 
in the sample is less tl1:1n 20 per cent, but higher concentration has some 

influence. 
Sample KlO3 

~ 
A 

Cy"telllc Jd \'OIUlllC HCl N"Cl 
cc. C.C c c. % 0/ 

/0 

2 30 2 0 94 
2 5 30 2 10 9.6 

2 5 30 2 15 9·5 
2 5 30 2 19 96 

:2 5 30 2 25 7·7 
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(e). Cysteine. Under the same conditions, the requircmcnt of the 

iodate solution is proportion:!1 to the quantity of cysteine in thc saIll}>Ie­
solutions. 

~ample KI03 -- IlU Cysteine l\lixture of hydrolysate KI Volume ,-~ 

of gelatine and casein 
c.c. Katio 

c.c. c.c. c c. c c. % 
10 5 30 2 1. IS 10 

5 10 5 30 z 5.70 5.0 

10 10 5 30 2 10.80 95 

( f) Amino acids. The hydrolyzed products of casein ((is 0/) ,0 , and 

gelatinc (0 0 ~~) were separately mixed with cysteine solution and then 

titrated, at the same temperature in the same volume and in the S~Ul1e 

cuncentration of hydrochloric acid and potassium iodide, with a standard 

i<Jdate sulution. As the following results show, the presence of all the 
de:w,\ge rm,ducts of casein and gelatine has no influence on the determina­

tion of cysteine, if the solution is titrated until thc tlintly yellow color 

obtained remal11s for only one minute, or until " the first ycllow. " The 

experimental results are as follows: 

Sample KI03 
,-- ,-~ 

( :y~leillC (;e1atine Casein 2% 50' 4% Vi"t (,ast 
:\"0. ill 2% hydro! ysate hyd. in /0 

lIe! ill 2% HC! 2% lICl 
flU K1 Illl yellow yellow 

c.c. c.c. c,c. c c. c.c. c c. c.c. e.c. 

19 5 5 4·75 4-75 
2 19 5 5 475 5 00 

3 19 5 5 475 4·95 
4 20 5 5 I (lrop I drop 

5 20 5 5 I drop I drop 

The tirst yellow colur disappeared within a few minutes in samples 

No.2 and 3, and a few drops more iodate solution were required to get the 

permanent yelL)w color or "the bst yellow." The phenomenon depends 
upon the fact tInt the titration-acidity is equal in all of the salllples, but the 

true acidity of No.2 and 3 is much lower than that of No I. 

From the results of all the experiments mentioned above we Cl'lle to 
the conclusidn, tlHt the reacting ratio of iodine and cysteine varies under 

different conditions, but other amino acids do not reClct as cysteine docs, 

consequently under a definite condition, we can determine an unknown 

quantity d cysteille in amino acids mixture, comparing it with a standard 

solutiun of cysteine. 
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3· TilE METHOD FOR IlK1 ER\II;\XnO:\ 

For the deterlllination the following solutions are relluired: -­

( I ). About 5 per cent potassium iodide aqueous sulution. 

(2). Exactly 4 per cent hydrochloric acid. 
(3). Exactly 2 per cent hydrochloric acid. 
(4). 1\T/300 KI03 , which i~ prepared by dissolving 2.14 g. of pure 

K1(\ in 3 liters of exactly 2 per cent hydrochloric acid. 

This ~(llution should be standardized for the standard cysteine solution, 
which is prepared by mixing 20 c.c. of exactly :2 per cent hydrochloric acid 

cuntaining 0.01 g. uf pure cysteine') and 5 ce. each (If solutions (I) 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 silllilar manner as described in the preceding 
part dealing with temperature (Part If, 2, b). The amount of the iodate 
sulutiun required somewhat differs in different temperatures, for instance 
4.65 c c of the iodate solution corresprmds to the stanrl:l.nl cysteine solution 

at 17.5 0 C Comequcntly it is convenient to make a table or a curve to 
show the relation between the temperature and the amount of the iodate 

sulution rClluirecl for the stanuard cysteine soluti!ln, and to use it through­
(Jut the experiment. The curve is given in Part III and is thercf,xe omitted 

here. 
Method : ~- Take 20 c e. of colorless, exactly :2 per cent hydrochloric 

acid s()lution containing from O.OOj to 0 OJ g. of cysteine, add 5 e.c. each 
of sC'lutilns (I) and (2), and then titrate the mixturc with solution (4) until 
the faintly yellow color obtained remains fill' onc minute, and read the 

temperature of thc liquid. If the temperature is 17.5 0 C, the calculation 
is made as follows :-

0.01 X rClfuiredvolulllcufK10., Ct' (). = yse!l1c g. III 20 c.c. -- -- -- ~465- -----

l\pplicatinl1 of this mcthod. 1\ solution containing 0.01 g. of cysteine 

and 2 per cent hydruchluric acid per c.c. was prepared. And I to 5 C.c. of 
the s()luti~)n was made up to 20 c.c. with pure 2 per cent hydrochloric acid 
!T with 2 per cent hydrochloric acid containing abuut 5 per cent of amino 
acids mixture obtained from casein and gelatine. To each of the samples 

2) \\"hen we have no pure cy~tcinc, the ,..,tan<bnl Ly!-teine solution can lJ(' readily pre par cd 

from cy::;tine lJY mean;-. of the rc{lucti(>Jl with ....::nc (ltl"-t a})(l hydrochloric :lcid. In this case the 

purity of the cysteine pnHitwed and the cOl]("cntration of c),stL'iuc ill the solutioll CUL be deter­

mined by mean" of the bromine method described in Part I. 
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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 175°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/30.0. Cysteine 

Cysteine Amino acids 
KI03 g. 

solution 2 y" HCI l11ixture ~ 
C.c. c.c. c c. e c. Found Theory 

19 4 65 0.0.10. o.el c-( standanl) 

19 4.65 0.010 0010 

2 18 9·30. 0020. 0.020 

5 10 5 22·35 0.048 0.050 

Part III 

.\ :\E\\" ~lETIlO]) FO\{ TilE DETERMlr-;YlIO:-> OF CYSTI:,\E 1:,\ 1'IWTEI:->S 
(TIlE IODINE METHODS),l) 

There are a number of investigations regarding the determination of 

cystine in proteins; GOLDMA:,\N and BAUMANN (12), SUTER (32), SCHULZ 
(31), OSBORKE (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. 
S~)me authors as MOlmER (19), ElviBDEN (7), FRlEDMA:\r-; (10), FaUN 

(8), 2nd SCHMIDT (30) utilized· the fact that the solubility of cystine is 
comparatively low, and could be easily isolated as a crystal. These methods 

cm be u~:ed for the prep:lration of cystine but not for the determination of it. 

Some investigators have obtained not-readily soluble cystine comp~:)l\nds 

such as phosphotungstate (35), benzoyl derivative (33), mercuric chloride 
(4), /1 naphthalinsulpho compound (I) and mercuric acetate (22), and 
tried to make use of them for the determination of cystine But it seems 
that these compounds can noOt 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 PUMMEl{ (28) 

for the isolation of cystine, and by VAN SLYKE (34) for the determination of 
it. But it was pointed out by HOFFMANN and GaRTNER (14) that a p:ltt of 

3) A preliminary p"per 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 methcd for the determination of cystine. 

Lately Fou:'i and LOOI'mY (9) devised a colorimetric method, using the 
uric acid reagent of Foux and DE;\IS. But some compounds in proteins, 
other than cystine, give the same color as cystine as will be described in 
Part V. 

Several years ago OKUDA (25) pruposed a titration method, which in 
contrast with the present iodine-method we may name "the bromine 

methud." Tlus method is very accurate and simple, but can not be directly 

used 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 clescribed here. This is an application 
of the iodine-method for the determination of cysteine described in Part II, 
and based up:)n the fact that among amino acids cysteine alone reacts very 

~ctively to iodine in acid solutioll and at room temperature. The principle 
of this method is to reduce cystine into cysteine, and to titrate the cysteine 
with a standard iodate solutioll in the presence of iodide and hydrochloric 

acid. 

I. THE RELATION BETWEE;-i IOllIl'<E Al'<J) AMINO "\ClllOi TREATED 

WITH NASCEKI HYDlWGE:\ 

(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 soluti,ln of io(\;Jte, 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 
;;cid, aspartic acid, proline, tyrosine, phenylalanine, tryptophane, histidine, 

arginine and lysine were treated in a similar manner as cystine, but their 
solutions gave a yellow color with only a drop of iodate solution; that is, 
after treatment with nascent hydrogen, they do not react to iodine as 
cystine does. 

(c} Mixture ofhyurolytic products ofprutein ;-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 iodine 

under certain conditions, therefure, after reduction, we can easily determine 
the SUIll uf cystine and cysteine by the iodine method described in Part. II. 

2. REUUCTIO:-I OF CYSTINE 

It is a well known fact that cystine 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 folluwing 

experiments were' performed. 
(a). Time ;-0.282 g. of cystine was mixed with 100 C.c. of 3 per 

cent hydrochloric acid and a little zinc d~st. 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 c. each was tre~lted with both the b'romine-metlwd (Part I) and the 

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

Time in :'1\/2) KHr03 :'I1/3cO KI03 
lllillutes c.c. c.c. 

10 4.65 13·5 

40 4 us 
1:'0 4 65 
240 4.60 13·5 

According to the results of the experiments, the reduction was finished 

within 10 minutes and 0028 I 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 

and evolved as hydrogen sulphide. 

was decomposed during the reducti()n 

CI-I 2-S-S-Cf-12 CH2-SH 

I 
CII·NH2 CH·NH2 + 2Il 2 CH -NI-I2 

f COOH COOH COOH 

0.0282 X 24228 (cysteine) 
240.26 (cystine) 

00284 ..... theoretical number 

0.028 I x 100/ 00284 = 98.8 S6 

(b). Concentration of acid ;-In each of 4 test tubes 2 c c. of a 

solution containing 0.0572 g. of cystine was measured, and made up to 
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IO c.c. with hydrochloric acid solutions in different concentrations varing 
fi·om [ to [5 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 
brull1ine method for the determination of cysteine with the following results. 

Concentration of 
lIel 

I % 4.7 c.c. 

3 4.65 
5 4·7 

15 4.65 

\Vithin 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 l.0[ g of 
cystine gives rise to about [.0 g. of cysteine by reduction at room 
temperature. 

3. THE IODINE-METHOD FOR CYSTINE 

For the determination the following solutions are required :-

( I). 
(2 ). 
(3 ). 
(4)· 

About 5 per cent potassium iodide aqueous solution. 
Exactly 4 per cent hydrochloric acid. 

Exactly 2 per cent hydrochloric acid. 

M/300 KI03 , which is prepared by dissolving 2. [4 g. of pure 

KI03 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 

50 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 

[ 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 c c. of 5 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 0.0101 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 sulutioll. 

The curve obtained was as follows: 

Temperature Curve4) 

30° ~--------------------------------------~ 

25° r---------------------~ 

20° I----------f 

100WL~~----~----~-----L------_+---------L-------
.~ 5 5 5·5 6 

c c. of M/300 KI03 for O.Orol 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 a~ the abscissa. The cystine solution 

,) This temperature CUfYC for O.OICl g. of cystine is equal to that for 0.01 g. of cysteinc. 
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contained 0.0101 g. of cystine, 20 c c. of 2 per cent hydruchloric acid, 5 
c c. of 5 per cent potassium iodide, and 5 e.c. of 4 per ceilt hydrochloric acid. 

Procedure :-Take from I to 10 g. (usually less than 5 g) of protein, 

boil it with about three times its weight of concentrated hydrochloric acid 

(sp. gr. 1.19) 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 solitiol1 

contained more than 6 g. of hydrochloric 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 fur 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 ICC. of the solution for the determination of the concentration of 
hydrochloric acid in it, by means of titrcltion with a standard alkali solution. 

To the residlul solution add a calculated quantity of 20 per cent sxliul1l 
hydroxide (or if necessary hydrochloric acid), to make it intu a suI uti on 

c()ntaining exactly 2 per cent of free hydrochloric acid. After ascertaining 
by titration once more that the solution contains exactly 2 per cent 

hydruchluric acid, take a definite volume (20 c.c. or less) of the solutLm 

in a small dry Erlenmeyer flask or in a large test tube, and make it up 

to 20 C c. with exactly 2 per cent hydrochloric acid. Add 5 C.c of 5 per 
cent pc)tassium icdide and 5 C.c. of 4 per cent hydrochloric acid, ilnd then 

titrate with the standard iodate solution until the faintly yellow culur 
produced remains for one minute. l{ead the temperature of the liquid, 

calculate the a:nount of cystine in the 20 e.c. uf the solution, using the 

CUlTe previously obtained. If the temperature was 17.5°C the cystine 

cuntent in the final 20 C.C. is as follows. 

O.Orol x required vulume of KI03 

4.65-

Remarks :-(a). For the determination of hydruchloric acid, azolilh­

mine was used as indicator. 
(b) In this method the sample for a single determination should 

contain from 0.005 to 005 g. of cysteine. in 20 c c. of 2 per cent hyclroch­

luric 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 
O>l1centr:ltinn (e.g. 2 per cent) (Jf hydrochloric acid ane! with freshly reduced 

solutiuns 
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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 cysteitle. For 

the purpose of te~ting 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 solutiun, the separate 

determination of cystine and cysteine is easily accomplished by the iodine 
method, titrating a sample-solution befure and after the reduction, and 

calculating fi-om the difference of the two results. In this case, if the 
titration was made at I7.jOe, 4.6j C.c. of the iodate solution ~orresponds 

to 0.01 g. of cysteine, which will be derived from 0.0101 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 ammo acids 

(Jther thatl. cysteine ;-5 g. of hair was completely hydrulyzed as usual, 
most (Jf the hydrochloric acid in the solution was removed by evaporation 

in vacuum, and the solution was decolorized, reduced and made up to 100 

c.c. The s()lution contained 2 5 per cent hydrochloric acid but no cysteine. 

50 c c. of the solution, therefore, was diluted into 62.5 C.c. with water, to 
1Iuke a sulution cuntaining 2 per cent of hydrochloric acid. The acidity 
was ()nce lllore ascertained by means of a standard alkali solution, and 

then 2 c c. of the solution was mixed with 18 c c. 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 prepared, which contained 0053 g. of cysteine, o. I g. of 

cystine, about 4 g. of hydrolysate of gelatine, a little tyro'iine, and 2 27 g. 

{Jf hydrochloric acid. In this sample cystine anel cysteine were determined 

by the iodine-method. 
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Cystine :-48 c c. 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 cc. of 5 per cent potassium iodide 

and 5 C.c. of 4 per cent hydrochloric acid, and then titrated with M/300 

KIO). 46 c.c. of the iodate was required at 17.SoC, or 0.055 g. of 
cysteine was fuund in the total sample. 

Cystine :-5:) 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. \Vith 10 c,c. of the filtrate, determination was per­

formed as usual, and 7-4 ~.c. of M/300 KIOJ was required at 17·5°C, 
Calculation of the result is as follows :-

(7.4 X 0.01 + 4.65) x 10 = 0,159 g . ... Sum of cystine :lI1d 
cysteine as cysteine. 

(0,159 - 0055) x LO! = 0105 g ....... cystine 

Therefore, 

Cysteine 

Cystine 

Applied 

0.053 
0,100 

Found 

0,055 

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, [;ltered and made to a solution of 2 

per cent hydrochloric acid A deflnite 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 f()llowing results, 

Cystine 1(1,03 
applied 

Required Theoretical 

g, c.c. c,c, 

0,07 31,5 32 . 1 

0.0505 23. 1 23·~ 

0.0327 14,5 14,8 
0.0101 4.65 4.65 - (standard) 
0.00808 3·7 3·72 
0,00404 1.9 1.86 

0,00202 0.98 0·93 
O,COIOI 0.52 0·47 
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(b) A cystine solution of high concentration of al1lino acids is apt to 

give a slightly higher result, by reason of the ['lct 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 [lct: 109. of gelatine and 10 g. of 
casein were separately hydrolyzed, and most of the hydrochloric acid was 
removed by evaporation and then maue up to 100 C c. each containing 

exactly 2 per cent hydrochloric acid. \Vith the; e solutions a definite 

quantity of cysteine freshly produced from cystine was mixed and titrated 

until the yellow color obtained remained only one minute. The results 

,,·ere as fullows : 

Sample KI03 Error ---- ~--,--, in % 
Cystine Gelatine Cascill 2% HU-luirctl Theory uj 
in 2% cleavage cleavage IICl theoretical 
HCI products products Iluml'cr 
c.c. e.e. c.c. c.c. c.c. c.c. 

19 4·75 4·75 
19 0.15 

19 5.00 490 2.0 

19 1.30 

1<) 6.10 605 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 c:lsein. But in the case of most of the proteins which contain more 

than 0 5 per cent of cystine this method gives fairly accurate results. 

Part IV 

TilE EFFECT OF ACID HYDROLYSIS UPON CYSTIXE 

As we described in Part III, cystine can be determined in the 

hydrolyzed solutio:1 of proteins by me:m, of the iodine-method. But it 

seems that the first important question to be soived 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 f(x :'4 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. PLLlnlER (21l) also found that 

cystine is decomposed by boilding with concentrated hydrochloric acid for 



182 Yuzuru Okuda 

5 to 8 hcmrs. From these descriptions' we see that cystine is pretty 

unstable when boiled with mineral acid. If it is true, it is dililcult to 
determine cy,;tine in proteins after acid hydrolysis. 

But on the contrary, GORTNER and HOLl\1 (13) fi)llllcl tInt cystine was 
not readily deaminized. They boiled some amino acids mixture containing 

cystine with 20 per cent hydrochloric acid fi)r 24 hours, and showed t h:lt 
if all of the ammonia nitrogen was calculated as being derived from the 

cy,;tine, less than 3 per cent of cystine Ins been changed Lately I IUFF­

~IAN and GORTNER (14) also determined cystine, after prulonged boiling 
with hydrochloric acid, by OKUDA'S bromine-method (25), and C:lI1le 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 
transfimned' to its isomer, in which phosphotungstate is readily soluble. 

In this present investigation we have confirmed the result obtained 
by GURT;-.jER 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 methud together 

with FOLIN and LOOXEY'S colorimetric method (9). 

I. EXPERIMENTS WITH' THE BROMINE-METHOD 

(a). 1.97 g. of pure cystine was boiled with 300 C.c. of 20 per cent 
hydrochloric acid under a reflex condenser. The hydrulyzed 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 
withdra wn and cystine was determined by the bromine-method (25) and 

by the total sulphur content by DEXIS' method (0), with the fi)llowing 

results : 

Cystine content in the total sample 

(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, ~O, 25 al1d 30 hours and titrated-by the bromine-method. The same 

results as in the ca~e 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. 

Time 

1 hour 

20 

. Cystine content 100md in the 
j otal sample 

1.95 g. 

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 WITH THE IODINE lIIETHOD 

(a). 10 g. of human hair ,:as' .hydrolyzed by boiling with ISO c 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 

C c. of the solution was withdrawn with a dried pipette, and cystine was 
determined by the iodine-method, and also sometimes by FOLIN and 
LOONEY'S method. 

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

evaporation. 

(I). With 20 % IICl, 

(2). With 25 % HCl, 

(3). With 38 % IICI, 

Time 
of 

boiling 

Per cent of cystine found 

15 hours 

, Iodine 
method 

12.2 

20 11.7 

25 12.2 

30 12.2 

15 12.2 

20 12.4 

5 
8 

12·5 

II·7 
11.7 

10 12.2 

12 12.4 

12.6 

FOLl1\.LOl>NEi 
method 

12.0 

12.6 

11.9 

12.8 
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(b). IO g. of human hair was hydrolyzed with 3 times its weight of 

concentrated hydrochloric acid (sp. gr. I. 19) for 20 hours. Both the 
iodine-method and FOLIN-LoONEY'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 
decornposition 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 

TilE CYSTINE CONTENT OF PROTEINS 

It is a well known fact that cystine is indispensable for the normal 
growth of anirrials. 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 SLYKE'S method in the phosphotungstic acid 
precipitate. But VAN Sur·a: himself (34) founu 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. HOFFMAN and GORTNER (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 FOLIN and LOONEY (9) described a culorimetric method for 
the determination of cystine. JONES, GERSDORFF and MOELLER (17) ap­
proveu it as a satisfactory method and applied it for the determination of 
cystine in a number of proteins. "Ve, however, have failcJ to confirm the 

method as satisfactory. 
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In the present investigation FOLl;';' and LOONEY'S method was cOIl'parcd 

with my iodine method described in Part III. 

I. METHODS USED AND CYSTI~E _CONTENT 

The cystine determination in various proteins was Illade according to 
the colorimetric method of FaLIN and LOONEY, and al.so accurding 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 iodine­
method, with the following results as shown in Table A. 

Table A 

Sample 

Keratines 

Hair 

Wool 

Shell membrane of hen·s egg ... 

Muscle proteins 

Seriola (lurevittata (fish) 

Niphon spinosllS (fish) 

I'rrgrzts 1ll%r (fish) ,., 
Pamlic!dhys Olz7!i1CCUS (fish) ... 

FaliulIrlis jajOllicus (:rustacea) 

Ot her proteins 

Hemoglobin (:'Iay and Baker) 

Fibrin (Merk) ... 

Legmin (Merk) 

Edestin 

Peptone (Witte) 

Egg albumin (Merk) ... 

Casein (Merk) ... 

Silk 

GeJatine 

Nuclein (:\Ierk) 

Non-protein substances 

Nucleic acid (Merk) 

Glucose (Merk) 

Cystine content in per cent of dry matter -----.-- , 
OKUDA'S FOOLIN and LOONEY'S 

iodine method 5) colorimetric method 

12.60 12·55 

10.40 10-44 

8·77 8.98 

0·95 1.06 

1.07 114 

0·98 1.02 

0.96 1.03 

LIS I.21 

0.89 L04 

1.29 1.62 

040 oS, 
1.17 1.28 

078 0·95 
1.95 2·40 

0.17 0.3 2 

0.07 0.13 
0.02 0.12 

0.19 0.46 

none 0·53 
none 0.16 

OGURA and FUJIKAWA (23) lately determined the cystine content of 
various muscle-proteins of marine animals by means of the iodine m"ethod. 
The results, for the sake of convenience, will be recorded here in Table I3. 

5) Titrated until the yellow color obtained remains only one minute. 
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Table 

Muscle proteins 

S'ombe r japollims (11sh) 

Spheroides s/'. ( " ) 

Raja sp. ( " ) 
Sqlla!us jll/ou/cus ( " ) 
.)"tll:!tOj'lIS jOjJoniclls (echinoclcnna) 

lJ;TlioH, .'/'. (mollusca) .. . 
Area il/jia/a 

Folypw odopodia 

ell? diUll1 llllltia!"t 

i've/tumls pelagic"s 

) .. . 
) .. . 
\ 
J'" 

(crustacea) 
jJellaelts {(llla/ienZo/us ( ) 

Chiollcct'/es phaia1tgiUlJt ( " ) 

D 

2. DISCUSSION 

Cystine content in per 
cent of dry matter 

0.82 

0.87 

0·98 

0·95 

0·75 
0.63 

0·59 
0.92 

0.7 1 

1.12 

1.19 

1.19 

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 value~ obtained by the 

colorimetric method were generally higher than those obtained by the 

Iodine-method, espeically was this the case with proteins such as casein, 

silk and gelatine, being o. 17, 0.07 and 0.02 p~r cent by the iocline-method 

and 0.32, 0.13, and 0.12 per cent by the colorimetric method respectively. 
The cystine content of casein and gelatine, were 0.25 and 0.2 per cent, as 

determined by FOLl;,;" and Loo:"E\" themselves (9) and as determined by the 
same method by JONES, GERSDORFF and MOELLER (17), 0.26 and from 

0.15 to 0.31 per cent respectively 

The question why the colorimctric method gives higher results Illight 
be solved by the ["lct tint in the hydrolysates of the proteins there arc 

some substances, others than cystine, which give the same blue color as 

cystine by the treatment of FOLl:\ and LOONEY. It should be borne in 

mind, that in the case of keratines which contain much cystine we applied 

a small quantity of sample for the determination, therefore the influence of 
thc unknown substances upon the colorimetric method was ncgligible 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 culorimetric method for cystine is based upon the use of the 

uric acid reagent "f FOLI:\" and DEXIS, it will probably be found that the 
compounds such as purine bases, which have a similar constitution to urie 
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acid and are found in some proteins, give rise to the blue color as cystine 

cloes with the reagent. From such a viewpoint I have treated pure guanin 

surphate 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 (l\lerk) 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. . 

From these results we see that FOLIN and Loou:y'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 

\Vhen the proteins tabulated in Table A were completely hydrolyzed 

as usual, none of the hydrolysates gave cysteine, although its presence in 
some of tbe 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 OKUDA and 
;\I.\T::iCI (24) several years ago. 

Part VI 

ON TIlE DETERMINATION OF CY::iTINE Il'.' U!{Il\E 

As (lr as we know there is no reliable method [;Jl' the dertermination 
of cystine in urine, although the determination was attempted by many 

authors such as AIJDEkll.\LLlEN (I), GASKELL (II) UJJl,ANSZKY and 13,\u­
~L\X:\, (33) etc. 

For this purpuse, LOOXEY (18) lately described it culorimetric method 
which is an application of Fou:'\ and LOONEY's method (C)) fur the deter­
mination of cystine. But according to our investigation, which will be 

described bter in detail, Lool\EY'S method seems to be unsatisfactory. 

The present paper describes a new methud fur the cietermination of 

cystine in urine It is a lllodification of the iodine wethod described in 
r,ut III, and depends on the fact that cystine when reduced with nascent 

hydrugen reacts tu iudine quantitatively. 
It is true that thiocyanide when reduced also reacts to iodine, but this 

substance is present in urine usually only in a minute trace and is easily 
removed by means of charcoal as described below in the case of " General 

methud." But in abnurmal urine containing much thiocyanide, it should be 

rcmoved by the special treatment as dcscribed in the" Special method." 
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I. GE:-\ElZ.\L l\IETIIOll (~IlC1ZO-10Dl;";E-~IETIIO])) 

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 rcmoving them. The coagulable protein is 

removed by boiling the specimen with a few drops of acetic acid, and the 

hydrogen sulphide by aeration after lVIL'ELLER (2I). 

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 thatofthe total cystine 

obtained. 

Solutions required for the method :-

(I). 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. 
(5). Cystine solution containing 1 mg. of cystine 111 ICC. of 2 

per cent hydrochloric acid. 
(6). lVI/1000 KI03 , which is prepared by dissolving 0 214 g. of 

pure KI03 in I liter of exactly 2 per cent hydrochloric 
acid. 

Standardization :-For standardization of the iodate solution for 

cystine, dissolve 0.2 g. of pure cystine in 50 c.C. of abuut 5 per cent 

hydrochloric acid, add a fe\v decigrams of zinc dust, leave it for 30 minutes 
at room temperature. Filter, wash and make it up to 100 C.c. Take I 

C.CO of the filtrate in a dry bottle or a test tube, mix with 19 c c. of 
exactly 2 per cent hydrochloric acid, 5 c.Co of 5 per cent pJtassiurn iodide 

and 5 c.c. of exactly 4 per cent hydrochluric acid, and then titrate with the 

iodate sulution until a yellow color is prcduced. Insert a thermometer 

immcdiately in the mixed liquid to knuw the temperature at which the 

experiment has been finished. The quantity of the iodate sulution 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 iodate solution which I 

used was as follows. 
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Temperature Curve 

.;" 'r-.--------------------~ 

2)'J I·-----_______ ~ 

20~r_--------~ 

3 35 4 45 

e.c. of 1\1/1000 KIO) for 2 ~g. of cystine 

Pro,ccc!ure :-Take 50 c.c. of urine in an Erlenmeyer fhsk, add 10 e.c. 
of the cystine solution, buil for one minute with about 0.5 g. of the best 

clnrcoal anc! then leave it for 10 minutes to c'')ol, filter with a small 
Buchner funnel, w,lsh thrice with 5 c c. of water. Add about 0,5 g. of fine 

zinc dust and IS C c. of about 20 per cent hydrochloric acid to the filtrate. 
r ,eavc it for 30 I1Iinutes at room temperature for r~duction. Filter again 
with it small Buchncr funnel, lVash twice with 5 c e. of water, and then 
make the filtrate up to 100 c.c. Take Icc, uf the solution for the deter­

minatioll of the ccncentratiun uf hydrochloric acid in it. To 90 c c. of the 
residual p.Jrlioll of the solutiun add a calculated quantity of 20 per cent 

sodiulll hydroxide to make it into a solution containing exactly 2 per cent 

of h),drochloric acid. Alter ascert<iining by titration tint the solution con-
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tains exactly 2 per cent hyurochl'Jric acid, take 20 C.c. of the solution,li) 

mix wifh 5 C.c. of 5 per cent potassiulll iodide and 5 c.c. uf 4 per cent 

hydn ,chloric acid, and then tit rate with [he sLllldard iuciate soluti,ll1 until the 
yell()w culur produced remains [;)\' one minute. Eead the temperature of the 

liquid, calculate the amount of cystine in the 20 C.c. of the solution, 'using 
[he table ur the cune previously ubtained ; [;J1' instance, if the temperature 

W,lS 23°C, the amuunt uf cystine is-2 x required c.c. of KIOj3.8. From 

this re::iult get the total amount (mg.) of cystine, anc! subtract 10 mg. from 

it, then the rest is the qnantityof cystine in 50 c.c. of the original urine. 
Remarks :-If the original sample contains SUllle cystine, the result.~ 

ubtained as above express the sum of cystine and cysteine as cystine. 

The separate determination of cystine anci cysteine is easily accom­

plished, as already described in Part III, titrating the sample solution 
before and after the reduction. 

Perfect deculurizatiun with charcoal is nece.~sary fur the ready reduc­

tion of the sulution with zinc and hydrochloric acid. 
The minute trace of thiocyanide in urine is re:ldily removed by 

adsurptiun with clurcual, and it dues not redissulve by washing. A trace 
of cystine is also adsorbed by charcoal but it is easily redissulved by 

washing. 
Most uf the remarks given in Part III should be observed. 

EXPElZlMENTS 

(I). In each of three flasks were placed 10 mg. of cystine, 0.03 g. of 

thiocyanide, and 30 c.c. of Solution A which is an artificial mixture of 
urine constituents. Fmthermore some glucose was added in the second 

jbsk and protein in the third, and cystine was detelmined, directly in the 
first and second flasks, and after removal of coagulable plOteins in the third. 

In every case values closely approximating the theoretical \rere obtained. 

Composition of the three samples and the analytical results are shown 

ill the following table :-
COlllPositioll of samples 

Solutioll A 

Cystine 

KCNS 

Glucosc 

Gelatine 

l'eptone 

Egg alhmnine ... 

1\0. I 

c.c. 50 

Ing 10 

0.05 

No.2 ?\u·3 

50 50 

10 IO 

0.05 0.05 

500 500 

50 

50 

100 

0) This solution contains about 2 lug. of cystine and is cOlnparal)le to the cystine solution 

used fur stanr\ardization uf the iodate solution. • 
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Analytical results 

Cystim: fUlind 

l,oss . 

1,,0:-:'5 . 

mg 

l{emark: Solution A is :] mixture of 23 

No. I 

9·<)2 

NO.2 

9.96 
0.08 0.C4 

0.1\ CA 

g .. of mc:], 0.5 

19 1 

NO·3 

<)·so 

0.10 

1.0 

g of uric acid, 

0·5 g .. of hippuric acid, o. I g .. of oxalic ;lcid, 0·7 g. of crc;ltininc, 0.4 f;. of 
;lmmoniul11 chloride, I I g. of sodium chloridc, I.j g. of acid sodium phos­
phate, 1.3 g. of sulphuric acid :]nd 0.3 g. of potassium silicate in onc liter. 

(2). Similar ,~xperimcnts \\"Cre repeated with natural Ulinc instead (jf 

thc ;lrtificial mixture. All the samples contained an equal quantity of 
cystinc but consisted of diffcrent constitucnts. Thc analytical results in ctll 

the samples were nCctrly equal as shown in thc following table. 

Urine 

('ystine 

KU,S 
(; luce Ise 

(;c1atine ',. 

Peptone 

Egg album. 

Analytical result 

c.c, 

~(). I 

Cyst inc alune 

mg. 

50 

10 

No. 2 

KeNS 

50 

10 

0.05 

1'\0, 3 
Glllco:-;e 

50 

10 

25 CO 

:\0·4 
Protein 

50 

10 

50 

50 

leo 

CystinofoulHlinmg. 17.IIII.CO 11.65 11.80 

CaicuL,tcc1 to 50 c.c. of the uri no 
Cystine in mg. 1.71 1.60 1.65 1.80 

Remark: Cystine was determined, directly in the samples 

and aftcr removing the coagulable protein in the samples 4 and 

2. SPECIAL METHOD 

J\o. 5 
All 

So 
10 

0.05 

500 

50 

50 

ICO 

1 d'8 

1.68 

I, 2 and 3, 

5· 

Most of thc normal and abnormal Uloines contain a minutc trace of 

thiocyanide which is easily rcmovcd by means of charcoal during decol-

01 ization of the urinc; cystine ill such a UI ine can be detcrmined by the 

gcneralJl1ethod as mentioned above. 
But in a special case, which is probably vcry rare and has not been 

met with yet during the experimcnts, urine may contain much thiocyanide. 

In such a case the thiocYctnicle should be rcmoved by thc special treatment. 

For this purpose modifications (A and H) of the gcnerctl method ctre dc­

scribed below. 

A 

The reduction of thiocyanide with zinc and hydrochloric acid will 
proceed as follows: 

KSCN -i- R lIS -I- KCN 

KCN + BCl + HCN + KCl 

" 
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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 follo,,\,s. 

Take 50 C.c. of Uline 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 rcduction products, at a 

low tempcrature and under diminished prcssure. Dissolve the residue in 
dilute hydl.ochloric acid, decolorize with charcoal, reduce again by thc 

addition of little zinc dust, if necessary. Make it up to about J 00 c.c. of 
exactly 2 per ccnt hydrochloric acid solution, and then detell11inc cystine 
as usual by titration with M/lOoo KI03 

Experiment :-10 mg. of potassium thiocyanidc 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 thc special method 

A. The result was J 1.04 mg., namely thc cystine content found was 
1.04 mg. 

B 

Thiocyanide is rcmoved as its s'ilver salt as follows: -. Take 50 c.c. of 

urine and 10 c.c of cystine solution (which contains !O mg of cystine and 
about one per cent sulphuric acid) in a 100 c.c. volumetric flask. Add 
silve;' sulphate (Saturated solution or in powder) until the precipitation of 
silver thiocyanidc ceases. Make up to 100 c.c. with water. Filtcr through 

a dry filter paper. Take 80 c.c of the fi~trate, add 10 c.c. of about 20 per 
cent hydrochloric acid and pulverized barium chloride until thc prccipita­

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. Makc it into a solution containing exactly 2 per cent hydro 

chloric acid and determine as usual. 
Experimcnt :-In thc experiments we used Solution A instead of 

natural urine. 50 c.c. of Solution A, 10 mg. of cystinc, and 5 mg. of 
potassium thiocyanide \\'cre placcd in each of threc volumetric flasks of 100 

c.c. capacity FllI thermore 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 plOteins werc 

previously removed by boiling with acetic acid. 
Composition of the samples and results of analysis are as follows :-

Composition .of s::unplcs No. I .:\0. 2 No. :> 
Solutiun i\ c.c. 50 50 50 

Cystille lng. 10 10 10 



KCNS 

Glucose 

Gelatine 

Peptone 

Egg allmminc 

l:ric acid 

Anal ytical resul ts 

('yst ine found 

Laos 
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mg, 

)' 

5 

~L6 

04 

3, CYSTINE CONTENT OF URINE 

5 
500 

Cystine content of the urine of ten Japanese was detel mined 

I93 

s· 
500 

50 

50 
100 

25 

9·5 
0·5 

by means 

of the micro iodine method (gener;:;! method) and also by Lommy's color­

imetric method, with the following results :-

Sample 
Cystine found in 10(' c,c, of urine 

, 
LOONEY'S method Iodine method 

21.0 mg. 3.8 mg. 

2 20,0 1·9 

3 JO·S 4,7 

4 15,0 6,5 

5 13,0 2.0 
(, 9.0 2,0 

7 16.0 2·3 
8 14.0 3.6 

9 14,0 2·3 
10 8,5 3·9 

From this result we see that LomiEY'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. I"FLlTE"CE OF L'R["E COKSTJTUENT:; UPON LOONEY'S METHOD 

LOI):'IEY'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, wh{le uric acid and the ~)ther urinary constituents, which 

reduce phosphotungstic acid, give the same color whether sodium sulphite 

is present or absent, 
nut according to our experiments sodium sulphite itself reacts with 

the uric acid reagent to give a faintly blue color, and some urinary 
constituents 7) other than uric acid give a different intensity of color whether 

in the presence or absence of sodium s~lI?hite. Consequently LOO"EY':; 

method gives higher results especially in urine poor in uric acid. 

7) Solution A free fWIll uric aei,1 was applied for ihis experiment. 
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To show this fact the following experiments have been performed ;­

(I). J 0 c.c. of distilled water was placed in each of two [00 c.c. volu­

metric flasks, and one of them was treated with sodium carbonate, sodium 

sulphite i. K.\ll LBAL'M) and lithium sulphate after LO():\EY, and the other 

\\~;s also treated in a similar manner except that no sulphite is added The 

ratio of the intensity of color in the two f1asks was about ten to one 
(2). 200 C c of urine was acidif:ed with 10 c c 

chloric acid and allowed to stand for a few days 

;Jcid in the urine was precipitated and removed by 

of concentrated hydro 

Thus most of the uric 

filtration The filtrate 
was divided into tI\O equal pOI tions, one of which was mixed \\ ith some 

u1ic acid And cystine was determined in the two samples by means of 
LI)():\I:r's method and by the micro iodine-method The cystinc conteut 

should be equal in the two samples, out LOO:'-iEY',., method gave different 

results as shown in the table, because the uric acid content is different 111 

the two samples 

N u uric acir\ was added ... 

Uric acid was a(\,led 

'\lg. of cystine found in lCO c c. of S<11111'1cs 
~ ~----------~ 
LUU.':EY·'; method Iodine-methud 

3 2 

33 

(3). To the urine, which gave 9.7 mg. of cystine per 100 c.C. by 
L()()'.;Er's method, some uric acid was added and cystine was determined 

again by the same method, but the result obtained I\';JS only :'.3 mg per 
100 c.c. This experiment gives the same conclusion as (2). 

SUMMARY 

Part I 

1. It lIas proved that to oxidize one molecule of cysteine to cysteic 

acid (j atoms uf bromine are required. 
2. A method for determining cysteine by titration with a blOl1l;( te 

solution in the prescnce of acid and oromide was Froposecl. 

3. A single dete1 minatioll of cysteine by this bromine methud 1 equi1 cs 

only a few minutes. The concentrations of cysteine and acid in samplc­

solutions have practically no influence upon this metho.i. 

Part II 

A method, called the iodine-method, for the determination of cysteine 

is described. The principle of the method is to titrate cysteine in a hycllO­
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 III 

e I). 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 
s01ution etc. 

Part IV 

It was veri: ed that there is no appreciable decomposition of cystine 

during ordinary acid hydrolysis of proteins, using the bromine-method and 

iodine method and sometimes FOLl" and Loo;'\E\.-'s colorimetric method for 
the determination of cystine. 

Part V 

(I). The cystine content in some proteins was determined by FULl" 
alld Loo:-my's colorimetric method and by OKUDA'S iodine method. 

e 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 rroteins and give a blue color as cystine does. 

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

of the proteins examined. 

Palt VI 

(I). A method for the determination of cystine in U1 ine was desci ibed. 

lt 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 desclibed, 

but they are useful only in very rare cases. 
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(4). LOO:,\EY'S method for the determination of cystine 1ll urine was 

studied, but we failed to prove it satisfactory. 

In conclusion I wish to express my thanks to Messls. ]. l\[OTO:IIL"RA 

and Y. NlSl!IJI~L\ for their help in analytical work. 

From the Biochemical Laboratory, Dcpartmcnt of Agriculture, 

Kyushu Impcrial University. July 5, 1925. 
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