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The enzyme act ivi ty  of prec ip i ta t ion  a r c s  f o r m e d  by wa te r - so lub le  r a t - b r a i n  antigens on 
immunoe l ec t ropho re s i s  was invest igated.  Enzymic  act ivi ty of lac ta te  dehydrogenase and 
e s t e r a s e  was found in prec ip i ta t ion  a r c s  located in the zone of the (~-, fl-,  and ~/-globulins. 

The prote in  composi t ion  of t i s sues  in the course  of their  development  is at  p r e sen t  undergoing in- 
tensive invest igat ion [5]. One method which can be used to detect  individual prote ins  by di f ferences  i n the i r  
antigenic p r o p e r t i e s  is i m m unoe l ec t ropho re s i s .  By means  of this method,  12 wa te r - so lub le  antigenic com-  
ponents have been found in the bra in  of albino r a t s ,  five of them organ-spec i f i c  [11], and their  changes in 
postnatal  ontogenesis  have been studied. 

Meanwhile,  the identif icat ion of these antigens with a pa r t i cu l a r  c lass  of prote in  compounds is of g r e a t  
i n t e re s t  [1]. Among r a t  b ra in  ant igens,  Kosinsky and Graba r  have identified an e s t e r a s e  [11]. Several  
such invest igat ions  have been under taken on the nerve  t issue and s e r u m  of ce r ta in  an imals  [10, 11, 18]. 
However ,  the number  of these invest igat ions is st i l l  smal l .  

This pape r  de sc r ibe s  the study of r a t  bra in  antigens obtained by a combinat ion of b iochemical ,  h i s to -  
chemica l ,  and immunochemica l  methods of enzyme detection.  

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

Wate r - so lub le  antigens f r o m  the bra in  of Wis ta r  r a t s  were  invest igated.  

P r e p a r a t i o n  of the Antigen. The bra in  was washed with tap wa te r  and homogenized in five vo lumes  
of 0.14 M NaC1 solution, pH 7.2. The superna tant  obtained f r o m  the homogenate by centr i fugat ion at21,500 
g for  1 h was concent ra ted  by u l t ra f i l t ra t ion  through Per lodion  f i l t e r s  in specia l  tubes.  Pro te in  concen-  
t ra t ion  in the s am p l e s  for  ana lys i s  was 5-6%. This  va r ia t ion  in the prote in  concentra t ion did not affect  
the number  or  c lar i ty  of the prec ip i ta t ion  a r c s .  

P r epa ra t i on  of the Ant i se ra .  Rabbit  an t i s e r a  aga ins t  r a t s '  bra in  were  p r e p a r e d  by Dor fman ' s  method 
[3]. The an t i s e r a  were  concent ra ted  by Cohn 's  method in Gusev ' s  s impl i f ied  modificat ion [2]. 

To detect  o rgan - spec i f i c  b ra in  ant igens,  the native rabb i t  s e r u m  was exhausted [4] with a lyophil-  
ically dr ied mixture  of wa te r - so lub l e  ex t r ac t s  of heterologous organs  ( l iver ,  kidney, spleen,  lungs, hear t ,  
thymus,  se rum) .  The exhaus ted  s e r a  were  concent ra ted  by the method desc r ibed  above.  Comple teness  
of exhaust ion was ve r i f i ed  by immunodiffusion.  The antigens were  identified by immunoe lec t rophores i s  
[17] in aga rose  gel ,  made up in ba rb i tu ra t e  buffer ,  pH 8.6, p =0.025. E l ee t ropho re s i s  was c a r r i e d  out in a 
potential  gradient  of 4 V / c m  for  40 rain. Immunodiffusion was  c a r r i e d  out in the cold (4~ for  48 h. After  
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Fig.  1. I m m u n o e l e c t r o p h o r e s i s  of w a t e r - s o l u b l e  b ra in  ant igens  f rom an 
adul t  r a t  developed with b ra in  a n t i s e r u m .  1) Stained for  p ro te in  with 
a z o c a r m i n e ;  2) N a c h l a s - S e l i g m a n  r e a c t i o n  for  e s t e r a s e ;  3) r eac t i on  for  
a lka l ine  phospha tase ;  4) r eac t ion  for  ac id  phosphatase ;  5) r e a c t i o n  for  
suce ina te  dehydrogenase ;  6) r e a c t i o n  for  l ac ta te  dehydrogenase .  

F ig .  2. D i a g r a m  showing mutual  a r r a n g e m e n t  of p r ec ip i t a t i on  a r c s  d i s -  
cove red  dur ing h i s t oehemica l  t e s t s  and of o r g a n - s p e c i f i c  w a t e r - s o l u b l e  
b r a i n  ant igens f rom adul t  r a t .  a 1 and a 2 - t e s t  for  e s t e r a s e ;  b 1 and b 2 - 
t e s t  for  l ac ta te  dehydrogenase ;  c -  t e s t  for  succinate  dehydrogenase ;  
d - t e s t  for  ac id  phospha tase ;  e - t e s t  for  a lkal ine  phosphatase ;  O S -  
o r g a n - s p e c i f i c  an t igens .  

immunoelectrophoresis, the gel was washed for 3 days to remove nonreacting material in cold (4~ 0.14 M 
NaCl solution, pH 7.2. The dried agarose plates were stained for protein with amide black 10B or with 
az ocarmine. 

For the bio-histochemical tests, the washed agarose plates after immunoelectrophoresis were placed 
in the corresponding media and incubated as described in [6-9, 14-16]. The following tests were carried 
out: for esterase using ~-naphthyl acetate as substrate and fast blue RR, for acetylcholinesterase by the 
method of Gerebtzoff and Uriel (determined after immunoelectrophoresis of both total and organ-specific 
antigen), for acid and alkaline phosphatases by the azo-coupling method (a-naphthyl phosphate, fast blue 
BB), for lactate, alcohol, malate, glutamate, and succinate dehydrogenases and monoamine oxidase. In the 
case of the reaction for esterase, the control plates were treated with solutions of 5 �9 10 -5 M eserine, 10 -3 
M CuSO4, and 10 -5 M E-600 by the usual methods [16]. For the determination of lactate dehydrogenase, 
media containing urea and sodium lactate in high concentrations (3M and 1-2 M, respectively), as recom- 
mended by Brody [7] also were used. In the other cases, the controls were set up in accordance with the 
usual histochemical recommendations [6, 16]. 
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E X P E R I M E N T A L  R E S U L T S  

By the use of rabbit  antibrain serum,  12 antigenic components  were detected in the water-soluble  
ex t rac t  f rom ra t  brain.  Five of these antigens were organ-specif ic .  These resul ts  are  in agreement  with 
data in the l i tera ture  [11]. Comparison of the e lec t rophore t ic  mobility of the separated fract ions with the 
e lec t rophoret ic  mobility of the components of native ra t  se rum led to the distinction of five zones c o r r e -  
sponding to prealbumins,  albumins, and a- ,  fi-, and 7-globulins. Identification of the enzymes in the p r e -  
cipitation a rcs  showed that they were all in the (~-, fi-, and 7-zones .  

The Clearest  h is tochemical  resul ts  were obtained by the tests for es te rase  and lactate dehydrogenase.  
A positive tes t  for  e s t e ra se  was found in two precipi tat ion a rcs  lying principally in the zone of the v - g l o b -  
ulins and part ly in the zone of the a -  and fi-globulins (Figs. 1 and 2). The enzymic activity of one of them 
was reduced by the action of a 5 �9 10 -5 M solution of eser ine ,  although it was not completely abolished. In 
some specimens this a r c  was detected by the methods of Gerebtzoff and Uriel for acetylchol ines terase .  

The antigen descr ibed  can be assumed to contain acetylchol ines terase  activity. This was confirmed 
indirectly by the resul ts  of investigation of the changes in e s t e rase  activity of this a rc  during postnatal 
ontogenesis of ra t s .  The degree of its identifiability by the his tochemical  methods used was found to be 
paral le l  to the increase  in acetylchol ines terase  activity in the brain. The nature of the second are  is less  
c lear ,  for its e s t e ra se  activity fell slightly as the resu l t  of t reatment  with 10-3 M CuSO 4 solution, and also 
to a l e s se r  degree under the influence of 10 -5 M E-600 solution. Leone and Anthoni found a s imi lar  a rc  
with evidence of an a romat ic  e s t e r a s e  in the se rum of dogs [12]. 

Lactate dehydrogenase activity was found in two arcs  (Figs. 1 and 2), both in the zones of the ~-,  
fi-, and v-globulin; one lay most ly  in the zone of the a-  and fi-globulins, the other ent i re ly in the zone of 
v-globulins.  On incubation of the agarose  blocks in medium containing 3 M urea  solution, the lactate de- 
hydrogenase activity of both a rc s  was abolished, while if an excess  of sodium lactate (1.4 M) was present  
in the medium, its activity remained.  In ra ts  at bir th and at the age of four days, both a rcs  gave a very  
weak react ion for lactate dehydrogenase (in the newborn animals it was hardly visible),  while at the ages 
of 6 and 8 days the intensity of their stain began to increase ,  and at 11 days it was c lear ly  defined. 

Tests  for acid and alkaline phosphatases by the method of double azo-coupling each stained one arc  
(mainly in the zone of v-globulins;  Figs.  1 and 2). However, af ter  heating and t rea tment  with inhibitors 
(0.002 M CuSO 4 and 10 -3 M cysteine solution respect ively) ,  staining was not completely abolished, so that 
the resu l t s  in this case were less  c lear  than in the previous case,  and were most  probably due to a non- 
specific reaction.  

Traces  of a react ion for succinate dehydrogenase were found in one a rc  in the zone of v-globulins 
(Figs. 1 and 2). 

No precipi tat ion a rc s  giving positive react ions for alcohol dehydrogenase,  malate dehydrogenase,  
glutamate dehydrogenase,  or monoamine oxidase were found. It may be, however,  that the activity of these 
enzymes  was inhibited by antibodies. Evidence has been found that the activity of lactate dehydrogenase 
and other enzymes  is inhibited by antibodies against  them [13]. Under the present  conditions, the an t igen-  
antibody react ion evidently took place in such a way that at least  some of the active centers  of the enzymes  
remained free ,  thus allowing the corresponding enzymes  to be identified by his tochemical  tests.  None of 
the precipi tat ion a rcs  of the five organ-spec i f ic  antigens showed any definite enzyme activity, in ag ree -  
ment with the findings of Kosinsky and Grabar  [11]. 
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