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A method of de termining  SH groups  with the  T-201  l a b o r a t o r y  t i t r a t o r  is suggested.  The  
pr inc ip le  of the  method is  cou lomet r i c  t i t r a t ion  of SH groups  with s i l ve r  ions.  The  method is  
highly sens i t ive  and has  high reproducib i l i ty .  
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T h e  T-201  l a b o r a t o r y  t i t r a t o r  (Special Design Bureau  of Analyt ical  i n s t rumen t s ,  Tbi l is i ) ,  intended fo r  
quant i ta t ive de te rmina t ion  of hal ides ,  is now in product ion.  The  pr inc ip le  of  i ts  opera t ion  is cou lomet r i c  
t i t r a t ion  of s i l ve r  ions.  T h e  s a m e  pr inc ip le  can  also be used  for  t i t r a t ion  of SH groups .  

This  pape r  d e s c r i b e s  an a t t empt  to u s e  the T-201  l a b o r a t o r y  t i t r a t o r  for  quant i ta t ive es t imat ion  of SH 
g roups  of  p ro te ins  and l o w - m o l e c u l a r - w e i g h t  compounds .*  

E X P E R I M E N T A L  M E T H O D  

The  p r inc ip le  of the  method is  that  the solution is t i t r a t ed  with s i l v e r  ions and the end point of  the t i t r a -  
f ion i s  de t e rmined  a m p e r o m e t r i c a l l y .  Af t e r  a cu r r en t  o f  unde r  4 pA is  es tab l i shed  in the  c i rcu i t  of  the s i l v e r  
ind ica to r  e l ec t rodes ,  a d i r ec t  c u r r e n t  is p a s s e d  through the  pa i r  of s i l ve r  g e n e r a t o r  e lec t rodes ,  leading to 
e lec t ro ly t ic  fo rma t ion  of s i l ve r  ions; the t ime  counter  i s  ac tuated  at  the s a m e  t ime .  The  s i l ve r  ions a r e  bound 
v~th t i t r a t ab l e  compounds .  

Af t e r  the  a p p e a r a n c e  of f r e e  s i l ve r  ions in the med ium the power  supply to the g e n e r a t o r  e lec t rodes  is 
au tomat ica l ly  d isconnected by means  of r e l a y  s y s t e m s .  The  t i t r a t ion  and t ime  counter  a r e  stopped. The  
quantity of t i t r a t ab l e  subs tance  is  ca lcu la ted  by the  equation: 

C=K.I.t, 

where  K is  the e l ec t rochemica l  equivalent,  I the  magni tude of the g e n e r a t o r  cu r ren t ,  and t the durat ion of 
t i t r a t ion  m e a s u r e d  with the  counter .  

I t  will be  c l e a r  f r o m  the equation that  a f t e r  e s tab l i shment  of the  e l ec t rochemica l  equivalent K all that  is 
needed to e s t ima t e  SH groups  is  the  durat ion of t i t ra t ion .  

E X P E R I M E N T A L  R E S U L T S  

To find a sui table  medium for  cou lomet r i c  t i t r a t ion  of SH groups  on the  T-201  i n s t r u m e n t  a s e r i e s  of  
med ia  sugges ted  by o ther  au thors  [2, 5, 7] was invest igated.  Expe r imen t s  showed that  a med ium consis t ing 
o f  a m i x t u r e  of n i t r ic  and acet ic  acids  (0.1N HNO 3 in 10% acet ic  acid solution) sa t i s f i e s  the r e q u i r e m e n t s  for  
cou lomet r i c  t i t r a t i on  of  SH g roups .  Af t e r  e s t ab l i shment  of  the  g e n e r a t o r  cu r r en t  (1 mA), and the volume 
(15 ml) and op t imal  concent ra t ion  of the medium,  coeff ic ients  for  the  r e g r e s s i o n  equation ( a = - 0 . 0 5 . 1 0  -6 M, 
b = 0.008" 10 -6 M), the e r r o r  of r e g r e s s i o n ,  and the level  of s ignif icance of the  r e s u l t s  were  ca lcula ted  f r o m  
the durat ion of t i t r a t ion  (t) of emp i r i ca l l y  chosen  concent ra t ions  of cys te ine  by r e g r e s s i o n  ana lys i s  [3]. Hence 
the  equation fo r  ca lcula t ion  of  SH g roups  a s s u m e d  the  following fo rm:  

C=(0,008. t--O.05). 10- ~ M. 

*The  authors  a r e  g ra te fu l  to E.  S. Sark i sova ,  on the  s taff  of  the  Special  Design Bureau  for  Analyt ica l  I n s t r u -  
men t s ,  Tbi l i s i ,  fo r  help with the  invest igat ion.  

Depa r tmen t  of  B i ochem i s t ry ,  Tb i l i s i  Univers i ty .  (P resen ted  by Academic ian  of the  Academy  of Medical  
Sc iences  of  the  USSR V. V. Zakusov.)  T r a n s l a t e d  f r o m  Byul le ten '  ]~ksperimentalVnoi Biologii  i Medits iny,  Vol. 
89, No. 1, pp. 66-68, J anua ry ,  1980. Original  a r t i c l e  submi t ted  J a n u a r y  16, 1979. 
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TABLE 1. E x p e r i m e n t a l  and  T h e o r e t i c a l  
Va lues  of Conten t  of SH Groups  (C) and T i -  
t r a t i o n  T i m e  (t) fo r  T h e i r  D e t e r m i n a t i o n  with 
the  T - 2 0 1  T i t r a t o r  

Protein content in 
sample, mg 

Content of SH 
groups, 10 -G M in 
sample 

Quantity of SH groups, 
10 -G M, in sample 
basedonvalue oft 
found experimentally 

Deviation, % 
Experime nta 1 value 
of t 

Theoretical value 
of t for Ski groups 
in sample 

Deviation, % 
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I 

0,41[ 0,8~ 

0,41 0,84 
- -  + l , i  
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56 llO 
--l,8--1,fi 

3,1~ 0,20 

1 , 2 ~  1 , 6 5  

1 , 2 ~  1 , 6 3  
- -  - 1 , 2  

162 210 

162 2151 
-- F2,41- 

0,25 

2,06 

2,01 
F1,9 

257 

267 
F3,9 

0,30 Mean 

2,48 1,44 

327 187 

322 188 
-1,5 +0,6 

TABLE 2. C o n c e n t r a t i o n  of  SH Groups  m 

S a m p l e s  T e s t e d  by Iodome t r i c  (19, Spec to -  
p h o t o m e t r i c  (S), and  C o u l o m e t r i c  (C) Methods  

i 
Cysteine I Content of SH groups in 10 .6 M 
content 
in sample,| ca Icu-~ 
mg | late d 

[ theoreti- [ I S C 
[cally [ 

0,05 
0,10 
0,15 
0,20 
Mean 
0,125 

Legend. 
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Fig .  1. T h e o r e t i c a l  r e g r e s s i o n  l i n e s  of SH g roups  
(C) p lo t ted  a g a i n s t  t i t r a t i o n  t i m e  (t). O u t e r  l i n e s  
show l i m i t s  of  devia t ion ,  c i r c l e s  r e p r e s e n t  e x p e r i -  
m e n t a l  va lues  of SH groups .  



TABLE 3. Concentration of SH Groups in Homogenate of Cerebral 
Cortex of Animals (in 10-6M/100 g wet weight of tissue) 

C e r e b r a l  co r t ex  of Concent ra t ion  of SH groups  in 10 -6 M 

Cat  
Dog 
Rat 

0.56-0.75 (Savieh and Yakovlev [4]) 
0.78 (Oeras imovich  [1]) 
0.75 (Our own data) 

Complete agreement between the theoretical and experimental values for the content of cysteine SH 
groups in the sample is shown in Table I. Deviations from theoretical values in individual experiments did 
not exceed on average 1.6-2.3%, and at a higher level (mean of all cysteine concentrations tested) 0.6-0.7%, 
within the limits of acceptable error for biological experiments. 

A theoretical regression line was drawn on the graph by using coefficients of regression (a, b). As 
Fig .  1 shows,  the exper imen ta l  points for  the  concent ra t ion  of SH groups  do not deviate  f r o m  the theore t ica l  
r e g r e s s i o n  line; the e r r o r  of  r e g r e s s i o n  in th is  c a s e  was 3.8%. According to ca lcu la t ions  t=27 .7 ,  which is  
h igher  than the  value r equ i r ed  at  the  ~ < 0.001 level  of s ignif icance.  Consequent ly ,  the sens i t iv i ty  of the  
method is  0.15 • 10 -6 M S H g r o u p s .  

Special  expe r imen t s  were  under taken for  the c o m p a r a t i v e  analys is  of de te rmina t ion  of SH groups  in 
the s a m e  s a m p l e s  by iodomet r i c  t i t ra t ion ,  by E l l m a n ' s  spee t ropho tomet r i e  method [6], and by the method now 
suggested.  I t  will be c l e a r  f r o m  Tab le  2 that  the r e su l t s  of  de te rmina t ion  of SH groups  in the t e s t  s amp le s  
co r r e sponded  r e l i ab ly  to values  for  SH groups  in cys te ine  ca lcula ted  theore t i ca l ly .  E x p e r i m e n t s  to de t e rmine  
SH groups  in homogena tes  of r a t  c e r e b r a l  co r t ex  conf i rmed  the high reproduc ib i l i ty  of  the  method.  The r e -  
su l t s  a r e  in a g r e e m e n t  with data in the l i t e r a t u r e  [1, 4] re la t ing  to the study of the concent ra t ion  of SH groups  
in the c e r e b r a l  co r t ex  of ca ts  and dogs (Table 3). 

COURSE OF DETERMINATION 

The test solution is added to a solution of the titration medium and transferred to a glass titration cell. 
The electrodes are immersed in the solution of the mixture (15 ml). The counter is set at zero. The titration 
tumbler switch is moved to the on position. After the end of titration, the red lamp lights up. The time on the 
counter is read. The duration of the background titration (t) is determined in parallel tests and is subtracted 
from the values of t for titration of the background plus test substance. 

EXAMPLE OF CALCULATION 

Background titration time 20, titration time for background plus test substance 120, difference i00. 
Concentration of SH groups in test sample: 

C =(0.008" I00 - 0~ .I0 -G M = 0~ -i0 -6 IV[ SH groups per sample. 

(Details of the method of using the T-201 instrument and of testing will be found in the instructions 
supplied with the titrator~ 

It can thus be concluded from these results that the simplified method of determining SH groups by 
means of the T-201 laboratory titrator now suggested is highly sensitive and gives good reproducibility. This 
method can be widely applied in all scientific and industrial biochemical laboratories where there is the need 
to determine SH groups in proteins or other compounds. 

1, 
2. 
3. 
4. 
5. 
6. 
7. 

LITERATURE CITED 

E. V. Gerasimovich, Byull. ]~ksp. Biol, Med., No. 7, 46 (1969). 
I. B. Krasnov, Byull. Eksp. Biol. ivied., No. 6, 105 (1962). 
P. F. Rokitskii, Biological Statistics [in Russian], Niinsk (1964). 
K. V. Savich and V. A. Yakovlev, Vopr. ivied. Khim., No. 3, 121 (1957). 
Yu. M. Torchinskii, Sulfur in Proteins [in Russian], Moscow (1977). 
G. L. Ellman, Arch. Bioehem., 82, 70 (1959). 
I. M. Kolthoff and W. E. Harris, Ind. Eng. Chemo, Anal. Ed., 18, 161 (1946). 

87 


