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Sulfhydryl Groups in Resting and Stimulated Rat Brain ; Their Relationship 
with Protein Structure. (23729) 

GEORGES UNGAR AND DOMINICK V. ROMANO 
Departntent of Phari i iacolog~,  t'. S. Vitamin Corp., N .  Y .  City  

The possibility that some structural rear- 
rangement of cellular proteins is involved in 
excitation has been suggested by some early 
observations (reviewed by Hydkn ( 1 ) 1 and by 
later work (2,3 1 . In a recent publication (4) . 
i t  was shown that electrical stimulation of 
frog and rat sciatic nerve and of cat. dog. and 
rat brain produces structural changes in pro- 
teins of these tissues. as indicated by the in- 
crease in the number of ionized side-groups. 
The present paper supplies further evidence 
in support of the hypothesis that excitation is 
accompanied by changes in protein configura- 
tion similar to those commonly associated 
with reversible denaturation. 

Male albino rats (C. I;. \{-istar 
strain). weighing 230 to 350 g. were used. 
The skull was opened under topical ethyl 
chloride anesthesia and the exposed h i n  
surface was kept moist with saline. Stimu- 
lation was effected through electrodes at-  
tached to the central end of the sciatic nerves 
by means of a 40 v. 60 cycle current from a 
Harvard stimulator. The  brain was frozen 
by the procedure of Geiger ~t d . ( j ) .  Restin,: 
brain specimens were secured by the same 
procedure from rats rested a t  least 20 min. 
after exposure of the brain. The extracts 
were prepared according to the technic de- 
scribed previously (4).  Sulfhydryl groups 
were estimated by amperometric titra tion. 
using the technic of Benesch. Lardy. and 
Benesch( 6) .  Results are expressed in terms 
of p M  of -SH per g of wet weight of brain. 

ilfcthods. 

The use of wet weight was judged satisfac- 
tory because there was no significant differ- 
ence between the water content of resting and 
stimulated rat cortex: 79.2 z 0.95; at rest 
and 79.5 2 0.4% after 20 niin. stimula- 
tion. \\'hen the -SH determination was 
not done immediately after the experi- 
ment. the extract was kept frozen a t  
-2OOC. Spectrophotometric estiviution of the 
ionization of protein side-groups was de- 
scribed in detail(4). It is based on the obser- 
vation of Crammer and r\;euberger( 7 )  that a t  
high pH the ultraviolet spectrum of proteins 
undergoes a shift in the wavelength of maxi- 
mum absorption and an increase i n  extinction 
coefficient. The  change is related to the num- 
ber of ionized -OH groups of tyrosine (in the 
290-300 mp range) and of -SH groups of cys- 
teine (in the 240-250 mp range) (8) .  Results 
obtained with this method are espressed in 
terms of the side-group ionization ratio 
(SGIR) obtained by dividing the optical 
density of the extract a t  pH 1 2  b\- the optical 
density a t  pH 7. 

R~sul t s  and discussion. Table I suinmarizes 
the experiments with saline estracts of brain. 
Tt is seen that both the -SH content and the 
SGIR are higher in extracts from stimulated 
brain than in those from resting brain. -4fter 
stimulation of 1 min. the change is statistically 
not significant, but after 20 min. application of 
electrical current the differences are highly 
significant (P< .OOl) for both values. In pre- 
viously published experiments( 4 ) .  in rats 

TABLE I. Changes in -STI Groups a i i d  S i d t i - ( ; i x ) i i l )  Toniz:ition Ratio (SGIR) in R e h i p ,  Stiai- 
ulated, aiid Rtw)\criiig Rat Brain. 

StiniuIation Recovery -STI* 2 S.1). SGIRt  2 S.D. P _1' 

.>(I Rest i iig 4..X . . ) I  1.80 .os -. 
1 i i i i t i .  .?.IlH .;< 7.9.5 .07 > .05 I 

1 I i i i i i i .  4.7.5 - 5 : ;  1 .%I .O.j f ;  

1 - 1.1 3 ..iii I .XO .O.j li 

20 ti.3.5 I .W 2.09 .11 <.0Ul 
20 70 5.20 .W 1.91 .08 6 
20 'LO 4.1T -32 1.85 .04 6 
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titratable -SH groups has been considered as 
a sign of denaturation. I t  seems, therefore, 
legitimate to interpret the changes just de- 
scribed as indications of a structural rear- 
rangement of some protein molecules. Simi- 
lar changes in -SH groups have been de- 
scribed in different systems: in the egg fol- 
lowing fertilization (9)  and in rhodopsin 
stimulated by light ( 10). The latter observa- 
tion confirms JIirsky’s hypothesis that light 
produces a reversible denaturation-like change 
in the protein moiety of visual purple( 11 ) .  
Other protein sidegroups are also “unmasked“ 
in the process ui denaturation. but the car- 
boxyl or amino groups are not as readily de- 
tectable as the -SH groups. Ionization of the 
phenolic hydrosyl of tyrosine was described 
earlier ( 7,4 ) . 

The possible role of changes of protein con- 
figuration in the mechanism of cellular escita- 
tion is fully discussed elsewhere ( 1 2 ) . Ke- 
versibility is one of the essential conditions for 
any change to be directly associated with es- 
citation. The problem of the comparatively 
slow restoration of protein structure. as com- 
pared with the prompt return of excitability 
has to be approached with more sensitive 
methods, capable of detecting changes caused 
by a small number of impulses. Another prob- 
lem, that of the relation between protein 
changes and the shift of S a ’  and K -  ions dur- 
ing escitation. is under investigation. 

.An increase in titratable -SH S z / i u ~ z n r j ~ .  

groups was observed in rat brain stimulated 
through its afferent nerves. The change is. 
reversible when the resting state is restored. 
The increase produced by stimulation affects 
mainly the non-dialyzable, presumably pro- 
tein-bound -SH groups. The change is in- 
terpreted as an indication of structural rear- 
rangement of certain proteins which may par- 
ticipate in the mechanism of excitation. 
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Pteroylglutamic Acid in Different Diseases. (23730) 

Sauberlich and Raumann ( 1 ) observed that 
pteroylglutamic acid (I’GA) is converted to 
citrovorum factor (C‘F) in the body and the 
latter is the active form of the vitamin PGA. 
The metabolism of 1’G.A has been studied in 
normal persons( 2-4) and in patients suffering 
from liver diseases ( 5 ) , pernicious anemia (6, 
7 ) ,  megaloblastic anemia (8) ,  gout (9), cancer 
and tuberculosis( 10). Considering the vari- 

ous functions of PGA in the different physio- 
logical and pathological processes in the ani- 
mal body it was of interest to  study the 
metabolism of PGA in patients suffering from 
various diseases and in normal persons, by 
estimating urinary excretions of PGA and 
CF. 

Methods. 17 cases of cirrhosis of liver, 10 
of typhoid fever with positive blood culture, 


