
九州大学学術情報リポジトリ
Kyushu University Institutional Repository

A Method of Estimating Cysteine, Cystine, and
Their Derivatives in Tissues and Biological
Fluids, and The Application of The Method

Okuda, Yuzuru
Biochemical Laboratory, Department of Agriculture, Kyushu Imperial University

https://doi.org/10.5109/22552

出版情報：九州大学大学院農学研究院紀要. 2 (5), pp.133-148, 1929-02. Kyushu Imperial University
バージョン：
権利関係：



Jounw.l of the DeparlmclIl of Agricuitlll'c, KYLlShu Illlperiill Gnivcrsily, Vo!, 2, No.5. 

Fehruary 12, 1929. 

1\ METHOD OF ESTIMA TIXG CYSTEINE, CYSTINE, AND 
THEIR DERIVATIVES IN TISSUES 1\1\D BIOLOGICAL 
FLUIDS, AND THE APPLICATION OF THE ~TETHO])' 

Yuzuru OKUDA 

Several years ago the writer established a method (4), the so called 
Iodine ?vIcthod, for the determination of cysteine in the cleavage pro­
ducts of proteins. The basis of tbis method depends upon the fact that 
among amino-acids cysteine alone I-eacts very actillely with iodine, in 

all acid solution of a certain concentration) and at room temperature. 
The principle of tlle method i::> to titrate cysteine in a hydrochloric acid 

solution, in the presence of iodide. with a standard iodate solution. 
This method is also lIsed f(Jr the determination of cystine in proteins, 

after reducing it into cysteine. 
Some SH compounds such as glutathione of 11oPKIs:-, (2). thiasine 

of Be'morer, NEWTO;-';, and Bb:lIIU: (L) and s.ynpcctotlliun of HUNTER 

and EAGLES (3) were t(Jund in tissues. 

TU~NICLlFFE (3) has publishe(l a method determining reduced gluta­

thione, extracting it ii'om tissues with trichloracetic acid and titrating 

with iodine .-;olution. But we fOLlIld that the titration of SH group, 

with iodine solutio]], ill trichloracetic acid) gives no reliable results. 

Furthermore cysteine, thiasine, and synpcctothion will interfere with 

the l\;::\~lcLlFFE's method. 

\Vith respect to the estimation of cystine, oxidized glutathione, or 
1{2S~ compounds in tissues, as [Ir as we know) no work has been done. 

1 The mdh()d was puhlished in Jap;lne."it' in the ]nurnal of the A~ricuJtllr:J.l Chemical 

S',ddy (,f J:lp:UJ) 3, 1097, 19:27· 
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The present communication deals with a method for the estimation 
of cysteine, cystine and allied compounds in tissues Cl ud biological fluid s. 
T he ge neral plan of this l11t: lhod is analogou :-i to that ju . .;; t described in 
the Case nf their deterlllin;1ticm in proteins. The only remarkable dif­

ference are the removal of proteins from the !'amplc to be examined 
by meallS of sulphosalicylic acid, and the estimation of RSlf and R:S~ 

compou nd .:; in the solution of this acid "instead of hydroc hloric acid. 
F o r the sake of convenience, some prelim illa ry experiments , whic h 

were perfurmed fo r the puqJose of the estab li ~h l1lent of the present 
method, \V iii be first desc ribed here, and then the method and its 
application. 

I . PRE~lM I ;-';ARY EXPERIMEKTS 

A. Re1llQ'Zlai 0/ Proteins 

First of all, proteins should be removed from the tissues, which 
arc subjected to the e.';i timatioll of cysteine <lud cystine compo1\nd~. 

After some: experiments, sulphos;t licylic acid and trichloracdic acid were 
found to be t he most convellient protein-precipi t.a nt ~. The precipitation­
capacity of these two ~cicJ s was compared against dilute milk and egg 
white solutions . The experin1ental resul ts are shown, in the -fullowing 
table, in the . quantity of ni t rogen in coagulum obtaincJ by t he addition 

of the acids. 

Protdn S'l lut inns Cnnccntra.ti(Hl of acids SuJp hnsalicylic Trichhracetic 

E gg: whit e ... 2 % 10.9 mg. N 10,2 mg. ;..J 

Egg: white 3 % 11 .0 mg:. N 11 ,2 mg:. N 

Egg whi te ... S ~~ lJ. J mg.N 11. 1 m'g. ~ 
Egg wh ite .. . 1 2 % 11.1 IIIg. N 11. 0 Illg. N 
Mi lk 2·5 :{, 20.4 mg. N 20.5 IIlg. N 

Milk ... 10 % 2 0.9 mg. ).: 2O.S IIIg. N 

From these results we sec, that the precipitation-capacity of these 
acids in the concentration of 2 - (2 per cent is pract ically equal. 

B. Comparison of Acid Solutions 

Availabilit y of these two acids III the case of I..:dermining: cysLei ne 
was com~:lred. D ilTere nt qu antit ies of cysteine w~rc dissolved in the 
acid solutions of the sante acidity ;tnd volume, <.nu . tben t it ratjoll was 
made with an iodate solution in the presence vf iodide. 
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l2uantity of cysteine 

applietl 

In 

III the <..:::tse of sulphosalicylic 

acid snlutir"ln 
~. 

h. IO;' requlred Ratio 

12.0 9·3 
5.6 4·5 
1.3 1.0 

In the C:J.:;C of trichloracetic 

acid soll1tinn 
--'--

K 103 required Ratio 

13·3 7.0 

6'3 3.8 

1-7 1.0 

In both cases, the quantity of KIC\ required is not strictly parallel 

to that of the cysteine applied. But sulphosalicylic acid is superior to 
trichloracetic acid, as it give much better results. Even in the case of 

sulphosalicylic acid, of course, the nearer the concentration of cysteine 
in sample and control (standard), the better results are obtained. 

C. Comparison of Titrating Solutions 

The availability of iodine solution (in KI)2, and of iodate solution 

(in presence of KI), for titration of C).Tsteine in suIphosalicylic acid 
solution was compared with the following results. 

Quantity of cysteine M/600 KI03 Rath N/lOO I Ratio 
applied required required 

--'~ --'._--
10 12.0 9·3 8.8 5.6 

5 5.6 4·5 4.8 3·3 

1.3 1.0 1.5 1.0 

From this table we see that the iodate solution gives much better 

results than the iodine solution. \Ve have shown by experiment also 
that thIS fact hOI(Ls good in the case of trichloracetic add solution. 
Consequently iodate solution, as a rule, is preferable to iooine solution, 

furthermore the former is more ::;table than the latter. 

jJ. Concentration qf Acid and Temperature 0/ Sample 5'olutioll 

As already reported (4) thc temperature, acidity, and volume of 
cysteinc solution to bc examined have some influence upon the require­
ment of iodate solution. Hence the estimations of cysteine have to be 

made under strictly comparable conditions of acid-concentration and 
volllIne of the solution, alld also the effect of temperature should he 

taken into account. 
The stronger the acidity, the more distinct is the end point of 

titration, but the less the amount of iodate solution required. The 

titratable acidity et:lllivalent to about 2 per cent hydrochloric acid was 

2 1"dine-alcohnl S<llutinn gave no relial)le results 
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found to be adva ntagcol)!;. Consequently both the cysteine solution to 
be examined a nd the iodate ~()I ution for t itra.t ion have to be made to 

correspond to n/,!. sulphosalicylic acid ."olutioll. 

E. Filtration 

F or 1 he filtration of the protein-coagulum obtained by" the additi on 
of sulphosalicylic acid t () protei n solutions, three methods \\Trc tried. 
I) Filtration by the u~c (If a lluchncr funn el, suction and washing'. 

2) Separation by Illeans of centri fugation . 3) Fi ltration by t he dried 
fil ter paper and no washing. 

Amon g' thc!"c the fir:-it method required ttlllch time, the second 
Illethod was inconvenient, the third method was f()und to bt: favourable. 

a) The first and third methods were compared, "with the sample 
soi llt ions conta ining egg- whit t.' o r mi lk and a d efin ite quanti ty of cysteine, 
est ill1:lting cy.~teine in an aliquol port ion of t he filtrate. The results 
were as follow!; : -

The jirst method. 

The: third nlt:thou 

Eg;g white s()lutjnn 

9.S mg. cysteine 

9.7 mg. cysteine 

.\til k &')1uti,-,n 

4.9 mg. cysteint! 

4 .8 lllg. cysteine 

b) To make another kind of expepiment, a definite quantity of 
cysteine was added to mi lk and to "protein free mi lk," which was 
prepared by the rCll iOval of p rotc.:ill (1'0111 the orig inal milk by means 
of sulphos~t1icy l jc acid . To both of these solutions some sulphosa licylic 
acid was added . Precipitation took place only in the original milk, 
l,vhich was tiltered by the third method 

Cysteine ('!lind 

P, (,lein free mi lk 4.70 mg. 

Ori G: in :l! milk. .. 4 .75 mg. 

From these experimental re~m lts we see, that the adsorption of 
cysteine by protein-coagululll is su slight as to fdll within the limits of 
cxpcri!llcIltnl error. Consequently the third met hod of filtrati oll is 

advantagt'lHls over the others , 

}r~ ])~ili:Ywt Acid Solutions 

a) T o the equal vol llrn~ of diffe rent acid solutions, stich as hydro­
chloric, sulphuric, trichloracetic, and sulphosalicylic acids, which were 
made to h ave the same titl'ah~bl~ acidity corresponding to 2 per cent 

hydroc hloric ac id, a definite quantity of cysteine was added and these 
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solutions ·were subjected to the iodine method at the same temperature. 

The results are as follows :-

K [03 required ... 

Jlydrochl oric 

4·80 

Sulphosn.licylic 
4,86 

Tril~hl' ) racet ic Sulphuric 

4·97 

b) Similar experiments \vere carried out ·with hydrochloric add, 
witil a mixture of hydrochloric and trichloracetic acids, and \vith a 

mixtu re of hydrochloric and sulphosalicylic acids. 

IfydrochlMic Trichloracetic mixture Sul jJhosalicy lic mixture 

Cystt:ine kltmd ... 

c) S imilar experiments were repealed \vit l! hydrochloric acid, 
su lphosalicylic acid, and the mi xtllre$ of these two · acius. The only 
diffe rence in these cases was the use of protein free milk solution of 
cysteine instead of the aqueous solut ion. 

Cysteine f()ll[ld . 

Hyd rochloric acid 

10.0 

Su lph()salkrcl ic acid 

10.0 

,\-1ixtures 

9.9- 10.0 

F rom these results "\YC see, that when titratable acidity, volume, 
and cysteine content of sample solutions are equal, cysteine is deter­

min ed with the same accuracy even in different acid or mixed acid 

solutions. 

(;. ReductjoTl 

To determine cystine by the iodine method, it sholl~d be firs t re ­
duced in to cysteine by means. of zinc powder and acid , and the reducing 
power. of course, is not the same in different acid sulu t ions. 

a) The reduction of cyst ine by zinc and trichloracetic acid is 

in :-;;ufficient either at room temperature or at the boiling point. This 
acid, therefore, can not be llsed for thc determination. 

b) The reduction, at room temperature, in the mixture of hydro­

chluric acid and trichloracetic acid is ncarly cOlllpldc, if a gre,1t deal 
of the forme r is present, ,vhile the red ltctioll i:-:; quite readily completed 
in ~ lllpho~a1icy1ic add or in the mixture of this acid with hydrochloric 

acid . An experimental result is as follows: 

Tridl loT. arid+!llllch b(CI 

Trich lor. acid+littlc H el 

tiulphn. ac id +filt Ie fIC!... 

J<eductirlll of cystine 
.. _ -' .. --. 

Found Thenretic.1 l 

q .:! 

1 00.0 

10:).0 

100.0 

100.0 

c) T o k now the effect of conce ntrntion or acid and length of 
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time II rcuuctiUll at room temperature , some cy~tine \"as dess()ked ill 

10 , 5, and 2-5 per cent of su!piwsaJicy lic acid and allowed to stand 
for 10 , 30 . and 60 minutes. The red uction was nearly the same in 

each ca!:ic. 
d) As above mentioned the rt:du c.:t inn of pure cystine by means 

of zinc and su lphosalicylic acid is perfect even at a \"I..)om temperature. 

Hil t when some inpuritics arc present, the reduction is nut so readily 
as pure solution. In the ca:-;e of mil k solu t ion of cystine. for instanc(.', 
the reduction is not completed ;t t roo l11 temperat ure. F o r c()ll1pieic 
rcLluction it is necessary to boil fi ,l' len m innte:; murc o r less . 

.. 11l e.nllllple.-A solut ion o f cy~t inc in dilu ted milk was precipitated 
with slIlphosi-ll icy lic ac id , and the filtrate fwn l the protein coagulum 

was d ivided in to three equal port ion..;. T ile reductio n was made by 
the add it ion of some zinc. I) ,\ t roolll temperature. 2) At room 

boiling f0 1" 10 tempc::r ... tu rc after decolorizati._m wit h charco31. 
minutes. The results ,vere as follows : 

.h ',und 

0·4 
2 J.9 
3 4 0 

3) By 

Theoretical 

4.0 

4. 0 

4.0 

That is to say, the decolorizat ion brought about a fa vorable con­
tlit ion for reductio!1>\ but much ti me was required to wash out a little 
cystine . w hich W<iS ad sorbed by cha rcoal. Consequently the third 
manipulatio n. that is boiling for ten minutes seems to be most con­

venient. 
e) To know the elfec t of cOllcent ra tion of sulphosalicylic ad d and 

the length of time of boil ing- upo n red uction, 10 mg. of cystine was 
di s.':iolved in protein fre e milk solutions, in which the cOllcentration of 
acid were n/4 , 11/ 2 , and 11 respectively. In each ca!:'c rcduction was 
carried out for 10 and 60 min Lik~, a nd cy!;tinc \V a!:' determined. In 
every case, nearly the same quantity uf cystin e was recovered, varing 
from 9 .9 (0 10. I mg., or averag ing to ro mg . 

From these results \\-e see that t richlqracetic acid can not be used , 
but ::i ulpllOsalicylic acid is available, red uctio n of 10 [ninutes-hoiling is 
sufficient, and 10 mg. of cystine give ri ~c to about 10 Illg-. of cysteine. 

J \Ve call ed ;l. ttenti()n in the pr, -,cet:din~ p:lper IO KUDA : J. rJcpart mt::nl ()f Agr. Kyuohu 

lmp. U ni ". I. '<)0. l <} ZS.) to the f;u;t tllJ.! t he t reatmen t with ch:l rc);l.] is rleces~ary f,)[ cllmplele 
rerluctklll of C}~ll lle in urine. ln the c."\!K! of p r,)teio Itp1rolySlt , t he t reatmcil l a ls.., c reat es ::J. 

(avo rable o.;. JIId it io n fo r t he reduct io n. 
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H Stability of Cysteine Solution 

In the present method of determination a definite quantity, say 5 

mg., of cysteine is always added to sample solutions before titration. 

Cysteine, however, is unstable being gradu~liJy oxidized even ill acid 

solution. Consequently to avoid the trouble of preparing afresh cys­
tci~le solution in each case of determination, some experiments were 

carried out to discover the stability of cysteine solution under different 

conditions 

K/2 sulphosalicylic acid solution containing 4.8 mg. of cysteine per 
5 e.e. was prep.1.red and placed in glass bottles, brown and colorless, 
provided \vith ground glass stroppers. These bottles were aJ1mved to 

stand at room temperature (15° - ZOC), in a incubator at 37°, or in an 

ice box at 4° respectively. 5 c.c. each of the solutions was pipetted 
out from time to time, and cysteine was determined with the follO\'dng 

results ~-

Room temp. Incubator Ice Lox 
Time after preparation -~-~ 

Col;;;.J;;~B~0wn Cof~'sBmwn Col0rless Brown 

1St d;).), ... 4.8 4-0 4·8 4" .0 4 8 4.8 

7th day 4.8 4·H 43 43 4.8 4·3 
15th day 4·5 4·5 3. 2 34 4 6 4·6 
30th day 42 4. 2 1.9 '-0 4. 6 4.6 

That is no distinct difference ,"vere observed between brown and 
colorless bottles, but remarkable differences resulted at different tem­

peratures, the cooler being the more stable. 

From these results we know that the cysteine solution is usable 
for about 7 days after preparation 'when it is left at room temperature. 

II THE METHOD ESTnIATING CYSTEI:NE- AND CYSTINE-COMPOUNDS 

This method is an application of the iodine method. Tissues arc 

rid of proteins by means of s\llphosalicylic acid, and the filtrate fi'om 

the coagulum is divided into two portions (a) and (b). In (a), cysteine 
and SH compounds arc determined and calcubted as cysteine In 
(b), cystine and 5.S compounds are determined and calculated as 

cystine. 

As the quantities of these compounds in tissues are usually very 

small, a definite amount of cysteine, say 5 mg., is added before titration, 

• 
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to make a sample solution in \vhich the concentration of cysteine 15 

near to that of the standard cysteine solution. 
Solutions required for the determination:--

I About 5 per cent K1 aqueous solution. 

1I Normal sulphosalicylic acid solution. 

III N/2 sulphosalicylie acid !:ioilltion (I c,c. of this solution cor­
respond.,; to 5 cc. of 11/[0 NaOH). 

IV KilO NaOJ-t solution 

V Cysteine solution, containing 5 mg. of c}'stcine ill the form of 
cysteine hydrochloride in 5 ce. of 11./2 sl.llphosalicylic acid. This solu­
tion should be freshly prepared each 7 days, if it left at room tem­
perature. (I\.efcre to I, H.) 

VI l\J/soo lGO, , which is prepared by dissolving 0.214 g. "fpure 
KIO.; in 500 e.c. of n/2 sulphnsalicylic acid. 

S"ttllldllrdi:Jatioll 0/ the Iodate .r..,(J/lItiOll :-Thc iodate solution should 

be standardhed for the standard c,ystcine solution very carefully. The 
standard cysteine solution is prepared from the solutions III and V, and 
cuntains 2 mg. of cysteine in 20 c.e. of 11,/2 sulphosalicylic acid, 

For the purpo:::;e of the standardization, the standard cysteine :-;olu­

UOH is mixed with 2 c c. cileh of the solutions J and II, and titrated 
with the iodate ~olution l1ntil a yellow color (or a violet color when 

st;lrch is used as an indicat.or) is produced, A thermometer is im­
mediately inserted in the rC5ultant soll1tion to read the tcmpercl1urc at 
which the titration Ins been finished The volume (c.c.) of the iodate 
solution required corresponds to 2 mg. of cysteine. 

As the volume varies somewhat with the temperature of the ex­
periment, it is convenient to place the standard cysteine solution in 
several flasks or test tubes, and to repeat the same experiment se\reral 
time:-; at differellt temperatures, so as to get a table or a curve shmving 
the relation between the temperature and the required volume of the 

iodate solution. The curve obtained in :-;uch a manner is named here 
.. Temperature Curve" and is showl1 in the figure 1. 

In the temperature curve, the temperature at: which the titration is 
finished is taken as the ordinate, and cc. of the iodate solution cor­

responding to the cysteine solution as the abscissa. The cysteine 

solution contains 2 mg. of cysteine, 20 c.c. of n/2 sulphosalieylic acid, 
and 2 c.c, each of 5 p~r cent potassiunl iodide and normal sulpho­

salicylic acid. 

Proadure :-Take about 10 g. of tissue l:Jaste in a :-;nlal1 mortar, add 



15 0 

C'y~teillc, Cy~title and their ncri'-;1.!irf~ 

Ternpertlture CIlI'VC 

-- No Sta.rch 
With Starch 

'1/ 

:; 
r! 

2 3 
c.c, of M/ ... 'JIJ KIO", for 2mg-. or Cysteine 

Fig. 1. 

~( 
~L 

r 
50 

Fig. 2. 

irnmedhtely abuut 20 C c. of llormal sulph()saliC).rlic acid, extract the 

~olubJc matters by grinding and stiring. Decant the liquid in a 100 

c c. volumetric cylinder, and repeat the extractioll with n/2 sulpho5ali­

eylie acid and nn,llly transfer both liquid anel coagulum in the cylinder 

and make IIp to the volume \vith 0/2 slllphosalicylic acid. Shake from 
time to tiIlle and leave it [or about half an huur at room temperature, 

and then tilter through a dry lilter paper in a dried OasL The filtrate 

is divided into two portiuns and serves 1'(w the estimation of cysteine 

and cystine. 

(a) C:ys!einc :-To J.5ccrta!n the conccntrAion of the acid in the 
tiltrate, take r C.c. uf the tiltrate and titrate it 'with ll/!IO NaOJ f, using 

azolithmin as an indicator. Take ag;1in 40 c.c. of the filtrate in another 

flask ancl acid the calculated quantity of ,vater to make a solution 

which ins the same titratablc acidity as 11/2 sllIphosaHcyIic aClei. To 

the solution add the solution V or 5 mg. of cysteine in 5 C.c. of n/2 

sulphosalicylic acid. In sllch a manner \vc obtain usually more or less 

50 c.c. of a solution which contains over 5 mg. of cysteine and has 

the titratable acidity corresponding to n/2 sulphosaljcylic acid. Take 
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20 c.c. of this resultant solution) add 2 c c. each of the solutions I 

and II , and then titra te with ]\''f! soo KIOr R edd the lempe ra tllre of 
the sohtion and calculate the quanti ty of cy!'iteine hy the lISC of the 

temperature curve and according to the fo llowing formu la: 

2 ' " Required c c. of KIO , " " 
- f "](["O tl '].~ = CystCll1C (mg. ; III 20 C c:. c.c 0 .3 corresp. le emp. 

(b) (JlstiHt :-Take 40 c .c. of the o rig inal fi ltrate, aJd about 
0·3 g . of zinc dust, boil fi) r ten minu tes for the complete red uction o f 
cystine in to cysteine, fil ter through :1 small Bl1 chncr's funn e l into a 

special fla sk (Fig . 2) of 50 c.c. capacity , wash severa l times \\ith a few 
c.e. o f n! 2 su lphosalicyl ic ~cid r ll n fro l11 a burette and make up to the 

vol ume \\·it h the sol ut ion . After shaking, take I c.c . pf the fi ltrate 
and tih·ate with n/ lo XaO II to ascer tain the acidi ty . Add the cal­

culate quantity of water or normal sulphosaJicylic sci d to 40 or 45 c.c. 
of the remaining filtrat e to m ake a solution in 

(If acid correspo nds to n/ 2 sulphosa licy lic ac:d . 
the sOl ll ti OIl V, take 2 0 C .CO of the rc:-; ultilllt 

cy steine as llI cntiolled auove. 

which the concentration 
T o tI lis solution add 

solut ion and dete rmine 

Dr!culatioll :-From the re~ult obtai ned by (a ), afte r the ~ub lraction 

(If tbe added quant it.y of cysteine, \ve get the q uantity of cysteine and 
its de rivali\·e"i in t he sample, rep resented as cysteine . 

And alsn , from t he result " obtained by ( b ), afte r the subtrClct ioll of 
the a(;dcd cysteine, we gd the quantity of cysteine, cystine, and their 
darivativc." represented as cyste ine. 

l\fu ltiplyi ng the coefficient 1.0, therefore, by the q ua ntity obtained 
by the subtrac tion of the fon ner (a) from the Ja tte r ( b), we Can 
c;dcu latc cyst ine and its derivatives as c}'~tine. 

'Remarks - ·· 
I) The coefficient 1.0 was estab lished from 1 he results of the pre­

liminary expe riments G . 
:?) \ Ve prescribed the use of 10 g. of tissue as a sample fo r a 

~inglc determination , but that is not an in flexible condi t ion, for in stance, 
50 c. c. (If biological fl uid may sometime.':) be llsed as a sample. In 
th is casc, the addition of 50 e.c . of n-slIlphosalicylic acid is convenient. 

]\.-fost mu scles g ive a v e l}' hard coagulum, when concentra ted acid 
as desc l;bcd i.':i added d irectly, which d istu rbs the further (;x tJ"action . 
In the case uf muscles, therefore , it is recommended to usc at fir~t a 
faintly acid ~ol \.l t ion for extraction, and then concentrated acid to make 

the final concentration to abo.lIt n/ 2 sulphosaIieylic acid . 
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3) By this method, no trace or only minute traces of cysteine 

(or SH compounds) and cystine (or 5.S compounds) were obtained 
from serum and boiled lllilk, and when pure cysteine and cystine were 

added to these samples, they were recovered nearly quantitatively. 

Consequently the constituents of serum and milk have probably no 
influence upon this method. Lecithin reacts \vith iodine, but it is 

precipitated by sulphosalicylic acid and the filtrate does nut absorbe 
any iodine. Therefore its presence is of no influence. The presence of 

fats and sugars also has no influence. By tar the most of the starch 
remains on the filter paper, but some kinels of .<.;tarch, such ,IS rice 

stcudl, comc to the filtrate. In this case the temperature curve with 
starch should be used. 

4) As the contents of SH and S5 OJnlpOllnns in tissues and 
biological solutions varies with the elapse of time, the sample tn be 

examined ~hould be acidified immediately to prevent oxidation, and a 
single determination should be finished \\,jthin a day. 

s) If the sample solution is colorless no starch is lIsed, out if it 

is colored, starch is used as an indicator, although the end point of 
titration in this case is not so clear as in the former case. To make 
the starch solution, dissolve I g. of starch in 100 C.c. uf boiling ,"vater 
and add 100 c.c. of 5 per cent potassium iodide aqueous solution. A 
certain number (If drops of this solution should be used for every 

detemination. 
6) .As the standard in this titration, we applied tbe solution con­

taining 2 mg. of cysteine in 20 e.G. of n/2 sulphosaliC).rlic acid, if a 

sample solution WeiS more concentric, takc less than 20 C.C. and make 
up the volume ,vjth n/2 sulphosalicylic acid, and then make titration. 

7) Tt is convenient, for titration to LIse a burette which gives 

readings of 1/100 c c., and also to know the volume of one drop run 

from tbe burette. 

ilL ES1'l1VIATlO"'i IN ANDIAL TISSUES A?-:D FLUIDS 

The method described was applied to animal tissues and fiuids. 

As the sample, 109. or 10 c.c. (or sometimes 50 c c) \vas used. The 

contents of cysteine (or SH compounds) and cystine (or S.S compounds) 
are indicated, unless othenvise stated, in mg in 100 g. or in roo c.c. of 

sa11lple~. 

(I) Cow's milk and serum contain only minute traces or no 

trace of the compounds. 
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0) 

Milk, 100 e.c. 

Boiled 1Iilk 100 c.c. 

HI.,m} serum IOO c.c. 

Cysteine~ 
(SII wmpounds) 

a,S 

0.0 

0.0 

Cystine 
(S,S compounds) 

1.4 

1.0 

l.l 

b) 4.71 mg. of cysteine and 5.0 mg. of cystine \vere added to 

10 e.e. of milk, and by the determination 4.68 mg. of c:ysteinc and 4·97 
mg. of cystine were recovered. 

(2) Eggs, blood, unne, and meat extract for bacterial culture 

contain onl,y a little of the compounds. 

(:ysteinc Cystine }{emarks 

Egg (hCIl), 100 c.c. 

Fgg (hen), roo c.c. 

Hlood (cow), 100 c,c. 

Hio,ld (cow;, 100 c".~. 

BI'l"d (mIJbit) 100 e.c. 

H.cd c.)rpusc1es (r;lbbit) 100 c.c. 

IT rine 100 c.c. 

!\lc.l.t extr'1.ct 100 e.e. 

( 3) Tissues 

a) 

4' 
0.0 

0.2 

1,2 

:'::.1 

0.2 

0·7 

3·4 
I.:':: 

04 
10.6 

12.2 

3·5 
1.3 

A few h<lurs after Jayed 

48 hours after layed. 
(halO1ted \J\IX)(\, w;m;wil;-tt 11emolizel1. 

fIcllln1i;·:-ed by saprmin. 

Hemo!iled i)y sOlp'Jflin. 

I Iemo1izcd by saponin. 

( :ysteinc Cystine Ren-,ark.s 

\lusck (tanny lish), loa g. 

Liver (tlllTl}' fish), 100 g. 

:\lusc1e (.albino rat), IO:J g. 

l.iw~r (albillo rat:" 100 g. 

"4 
25·3 

1)·9 

43·3 

3·7 
ILl 

6., 
::q.y 

A specimen fr"lll a lll:ulie!, 

,\ specimen from a m:u],;,ct . 

Freshly killed. 

Freshly killed 

b). i-len's tissues. The estimation was performed with the tissues 
obtained from a hen \vhich was freshly killed, and with the tisslIcs 
after storage for a fe,v days in an icc box at ab011t 4° The quantity 

of Sf-{ compounds decreases gradually, and that (If S.S compound" 

seems tn increase once and then decreases. 

I\luscle 
lJatc after deal1l 

Cvsteine Cystine 
. 2.5 3. 1 

2.1 

4 

5 -0·3' -l.0 

I.i ve r 

Cysteine 
52 .7 

Cystine 
6-4 

Testes 

Cysteinc 
52); 

20·3 

Cysline 
4·Q 

Allotl1(~r experiment. Tissues were tllixed with ten ti111cS their 

-weight of 11/'2 sulphosalicyJic acid solution l preserved in an icc box and 

rn the f()lIowing luges, the phrase "SII eOlllptHllhlS e!<.:." is ,-)J)litted, for the sake nf 

brevity, :wd it is indi<':;1.ted simply as" cysteine" or "cystine," 

This tigure is duc t,) cxperiIlH::nt:11 error, it should he zcm 
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then estimation was carried out. Even ill the acid solution, the diminu­

tion wa." observed although the change is slower, as the f()l1owing results 
show. 

Liver 
O:llt! af te r de:1th. ~- --~-

Cysteine Cystine Cystdne Cystine 

:; 
5 

6.0 

"S 
11.3 

11.:2 

c) O x JiveI'. As above mentioned, even in low temperature the 
qu ant ities of the ~u lphllr compounds decrease , it is obvious that at 

higher telll lxTature they decrease more qu ickly. To ascertain this fact, 
l og. each uf ox liver paste was placed jn several Edclllllyer OCl :'iks . 

a nd one or which was estimated immediately. T he remaining samples 
were len ror 20 or 68 hours at 37°, with chloroform water . The ex­
perimental results are show11 in (A ) jn t he fi )llowing table. To the 

other samples, 20 c.c . of cystine so lution (8.3 tng. cystine, PIT 7-4) was 
added. The results were calculated to the quantity (mg.) in 100 g. of 
samples. 

A B 

Cyst eine C}'~in t! Cysteine Cystine 

Fresh 64-9 7·3 64·9 90 .3 
20 hr)Ur.; 3:: ·5 '5·~ 33.6 'p·9 
61) hours 5· 7 50 . 2 5·4 96.4 

In these cases the quantity of cyste ine decreased but that of 
cyst ine inc reascd . It scems from a llother experimenta l restl lt, that the 

latte r would also probably have decreased, if we had left the samples 
a longer t ime. 

d) To know whether the Qxidation or cysteine compounds is due 
to an enzyme action, some experiments were performed, but we failed 

to secure clear results. At least, the oxidation takcs place without 

en 7.yme. 

e) \Vhen liver paste was placed in severa l slllall nasks, and pre­
served under freezing conditions in a rerrigCJ"3tOl", the variation of the 

llU <l l1tities of the sulphur compounds was \'C' l'}' small. 

the foll owing table: 

Cy~tci !le 

Frc;) !. .. . i 3·5 
'12 lwurs 74·0, 

90 hr/u rs 61.3 

It is slHnvtl ill 

Cystine 

4· { 
J.( 

13.6 



YUlUru OKt.:V.\ 

From the results obtained as above we deduce the following facts: 

-Cysteine, cystine, and their derivatives are present in minute traces 
or sometimes absent in the biological solu tion,,; such as milk or blood 

serum. They are present in red corpuscles. A ll the animal tissue:') 
examined contained them, namely a litt le in muscles, comparatively 

much in livers and testes. In these tissues cysteine or SH compounds 
are always predominated. The quanti ties of these compounds decrease 
rapidly at room temperature or higher temperature, but slo\'dy at frozen 

state , or in an acid solution. III these cases temporalY increase of 
cy~t i l1 e or S.S compounds is observed, but they also decrease gradually. 
The sum of S H and S .S compounds is always decreasing. The content 

of these compounds seems to be much greater in the tissues of warm 

blooded animals than in those of cold blooded . 

IV. E.S'TI MATION IN PLA)lTS 

A s the sample of a single determination, 20-30 g. of plant tissues 
were applied, and the contents are shown as follmvs in mg. in 100 g. 

of samples. 

I) 
Cys teine Cystine 

Japanese medlar 0.0 4·3 
Apple 0.0 3·5 
Cucumber 3·Z "·5 
Rad ish '3·5 0 .0 

T lIroip ." 10 . 1 6. 1 

Cermillaled " AZllki " hean 2 ·4 2·5 
.. K{)ji " ex t ract " . 04 0·9 

2) 
Ynllng buds ()f a pine t Tee Cysteine Cyst ine 

Under 3 em. j0 ng •.. 32 .5 2.0 

O'<,Cr 10 em. Inng . 1')·5 D·S 

3) 
Cysteirlt.! Cystine Cirecn pca 

V cry young (:J, pod.) .p.6 0.0 

Half mat ured, seed. 6.1 20.j 

lI alf matured, pod. 00 12.1 

4) Seeds of soy beans and the plants after 4 days of Germination . 

Seed!> 

Ger rn in:J. tcd in Ihe ligh t 

Cerminated in t he da rk . .. 

Cyst eine 

3·H 

5·'" 
:::. 1 

CY'-.tin~ 

17.6 

ZI.9 

:::0. 1 



C)'~tei ne , Cyslim: and the ir J)eri\,:tti"cs 

5) The cucumber at different stag~s of maturation, 

ll1te aite r t he fa ll 
C~'S I t' irH: C~'slinc (.r fl{)wcrs 

A species J - 2 + 4) 7·7 
A spccit's 5-1i 47 3·.! 
n specie; I - ::! 7·3 6.1 

B speci~~ H ' ·5 5'3 
H species 5.6 ::·5 H 
n Sp~(: iC3 7-S :!·5 4·5 

From the . .::c results, \V e ."CC that the fruits, !";uch as apples ~lI1d 

j a jX1I1CSe medI cI', contain n o cY:-itcinc or Sl I compound ... , the ronts, 
sllch a s radi !'> !J ami turnip , contain the m in comparatiye iy large quan­

t it ies. During the matura tio ll of peas thc quantity of cy steine COIll ­

pounds decrea~es , but, on t he contrary, t hat of cystine compounds 

increases. During the growth of cucumber both the su lphur compounds 

decrease. 

V. SUMMARY AND CONC LUSION 

I) A method of estimating cysteine (or SH compounds) and 
cystine (or 5.S compound s) in ti~sues and biological fluids was des~ 

cribcd In this method, first of all , proteins arc removed by means 
of :-i ulphosa!icylic acid, and then the fi lt rate of the prote in coagu lu m is 

made to hold a definite con:cntration of the acid. Cysteine compou nds 
arc est imated in thi s solution by titration with a stand ard iodate "olutioI1 

in t he presence of a certain quantity of ioJide. Cystine compuunds . 
after being reduced into cyste ine compounds , are c~t i nJated in t he sa me 

way. 

2) Trichloracetic acid i:5 as effective as sulphosa1icylic acid as a 

prote in-precipitall t. But as the :'iolvent for cysteine the lat ter i~ !-'.uperio r 
to the fonner, g iving much more accurate resul ts. Furt herm ore, in. 
trichloracetic ac id solution, the reduction of cystine to cystein~ i ~ in~ 

co mplete , whic h re . .;ults in inaccurate e~ti:ll~~tion Co nsequently s 111 ~ 

pho:'i:tl icylic acid is preferabl e in either the c.-;timatioll of cy stein e 
~t)mp() tlnds or th;lt of c)·stine compou nds. 

3) A s a titrating solut io n for cysteine . an inrlate solut ion in 
presence of some iodide is superior to an iodine solu tion, givi1lg muc h 

more accurate res ults. Fu rthermore iodate solution, as a rule, is stable 
fo r several months or a year. 



4) By this method, only minute traces or no traces of cysteine. 

cystine and their derivatives were obtained from blood ~erU1l1 and boiled 
milk , and when pure cysteine and cystine were added to these samples, 

they ,vere recovered quantitatively. Consequently, the constituents of 
the serum and the boiled milk have probab ly no infiuence upon this 

method. 

s) All the extracts ii-om fresh animal tissues examined contain 
cysteine and cystine compounds, the f(wl11cr predominating. The 

quant ity of these compounds decreases rapidl y at room temperature , 
Ollt slo \\-I), in a fro zen state o r in a strong ly acid so lution. 

6) Some fruits exa mined cOJi tain no cysteine compounds, but 

roots and seeds contain both cysteine and cysline compounds. During 
the matu rat ion of peas , the quantity of these compounds varies. 
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