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Soluble and m e m b r a n e  pro te ins  of the c e r e b r a l  co r t ex  of no rma l  mice  (line C57BL/6J)  and 
mice with mic roph tha lmia  (line OR-OR) were  invest igated by disk e l e c t r o p h o r e s i s  in poly-  
a c ry l amide  gel at pH 8.9. The m e m b r a n e  p ro te ins  were  sotubil ized with 1% Tri ton  X-100 
and 0.1 ~c sodium dodecylsulfa te  solutions.  Significant d i f fe rences  were  found in the c o m p o s i -  
tion of the pro te ins  ex t rac ted  with sodium dodecylsulfa te  in the no rma l  and congenital ly blind 
mice.  Thi r teen  s epa ra t e  f rac t ions  were  isolated f rom the p ro te ins  of these cor t ica l  ex t r ac t s  
of normal  mice,  but only 11 pro te in  f rac t ions  were  found in the same  bra in  ex t r ac t s  f rom the 
mice with microphtha lmia .  No d i f fe rences  in pr inciple  were  found in the c h a r a c t e r  of d i s t r i -  
bution or  the content  of the pro te in  f rac t ions  in soluble pro te ins  f rom the co r t ex  of the normal  
and congenital ly blind mice.  It is concluded f rom the r e su l t s  that the genet ical ly  de te rmined  
exclusion of photic s t imulat ion in these an imals  leads  to marked  s t ruc tu ra l  and b iochemica l  
changes in the brain.  
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The study of the changes  taking place in the bra in  of an imals  as a r e s u l t  of congenital  exclusion of the 
functions of b ra in  s y s t e m s  provides  an approach  to the elucidation of the pr inc ip les  governing the naorpho- 
chemica l  d i f ferent ia t ion  of the CNS. To inves t igate  some aspec t s  of this p rob lem,  the b ra in  of congenital ly 
blind m i c e  in which mic roph tha lmia  develops  at about the 12th day of in t rau ter ine  development  [1], was in-  
ves t igated [1]. Cons iderab le  d i s tu rbances  of the m e t a b o l i s m  of var ious  compounds in the ganglionic ce l l s  
of the r e t ina  were  found in such mice ,  together  with s imul taneous  inhibition of the e l ec t r i c a l  act ivi ty  of these 
ce l l s  [5, 7]. The ra t e  of the slow component  of the axoplasmic  cu r r en t  in the optic nerve  is also reduced 
[5]. His tochemica l  invest igat ions  on the visual  co r t ex  of mice  with mic roph tha lmia  have shown a d e c r e a s e  
in the total  pro te in  r e s e r v e s  in the bodies  of the neurons  [2] and a d e c r e a s e  in the intensi ty of the reac t ion  
for nucleoprote ins  in thei r  nuclei [6]. 

The object  of this invest igat ion was to make an e lec t rophore t i c  study of the c e r e b r a l  co r t i ca l  p ro te ins  
of mice  with mic roph tha lmia .  

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

Adult microphtha lmic  mice  of line OR-OR (ocular re tardat ion)  and mice with normal  sight of line 
C57BL/6J  were  used In each e x p e r i m e n t  the bra in  of a no rma l  and a mutant  mouse  was invest igated s i -  
multaneously.  A weighed sample  of c e r e b r a l  co r t ex  was  homogenized in 10 volumes  of 0.02 M phosphate 
buffer ,  pH 6.3. The homogenates  we re  centr i fuged for 1 h at 100,000 g in the VAC-601 u l t racent r i fuge  fEast  
Germany)  and the superna tan t  (saline ex t rac t )  was collected.  The res idue  was again ex t rac ted  with 1.5 ml 
Tr i ton  X-100 solution in the s ame  phosphate buffer  and the resu l t ing  suspens ion was centr i fuged for I h at 
100,000 g; the superna tan t  was d iscarded .  The res idue  that r ema ined  was ex t rac ted  with 1.5 ml of 0.1 ~c 
sodium dodecylsul fa te  solution (SDS) in phosphate buffer ,  centr i fuged for 1 h at 100,000 g, and the supe rna -  
tant (the SDS ext rac t )  was  col lected.  
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Fig. t .  E l e c t r o p h o r e s i s  of p ro te ins  in sa l ine  and 
SDS e x t r a c t s  of the c e r e b r a l  co re tx  of no rma l  and 
congeni ta l ly  blind mice:  1, 2) saline e x t r a c t s  of 
no rma l  and blind m i c e , r e s p e c t i v e l y ;  3, 4) SDS e x t r a c t s  
of no rma l  and blind mice ,  r e spec t ive ly .  

A 

_ _  18 2~  30  C0 

Migration during electro- 
phoresis 

Fig. 2. D e n s i t o g r a m s  of gels  
af ter  e l e c t r o p h o r e s i s  of pro te in  
in SDS e x t r a c t s  of no rma l  (A) 
and congeni ta l ly  blind (]3) mice.  
Ar rows  indicate prote in  f rac t ions  
not p r e s e n t  in SDS e x t r a c t s  of the 
co r t ex  of  the blind mice .  

Disk electrophoresis of proteins of the saline extract was 
carried out in 7.5% gel at pH 8.9 with reagents and apparatus manu- 
factured by Reanal (Hungary). The length of the separating gel was 
50 mm and that of the concentrating gel 15 mm. The solution of the 
protein (190-210 #g) containing 25-30% sucrose was applied to each 
gel and a current of 4 mA applied to each tube. Electrophoresis 
was carried out for 3 h at 20~ The gels were then stained with 

1% Amido ]31ack 10B in 7 % acetic acid. Fraetionation of the pro- 
teins of the SDS extract was carried out in the same way, but 0.i % 
SDS was included in the composition of the separating and concen- 
trating gels and the electrode buffer. The densitometric investiga- 
tion of the stained gels was carried out with a Carl Zeiss (East 
Germany) instrument. 

The protein content in the extracts was determined by the 
method of Lowry et al. [8]. 

RESULTS AND DISCUSSION 

Figure 1 shows photographs of the stained gels obtained after 
electrophoresis of saline extracts (gels I, 2) and SDS extracts (gels 
3, 4) of the cortex of normal and congenitally blind mice. Visual 

and densitometric examination revealed no difference in principle 
in the character of the distribution or quantity of protein fractions in the saline extracts from the brain of 
normal and mutant mice. Meanwhile the intensity of staining of some protein components was reduced in 
the saline extracts of the brain of the blind mice; this evidently reflects a change in the relative proportions 
of the fractions of soluble proteins in the control and experimental animals. 

The normal and blind mice differed significantly in the composition ofproteinsextraetedbytheanionie 
detergent SDS, i.e., proteins comprising mainly the structural proteins of the membranes. It will be clear 
from Fig. 2 that densitometry of the stained gel obtained after electrophoresis of the SDS extracts of the 
normal mouse brain revealed 13 separate fractions, whereas only ii protein fractions were found in the 
SDS extract of the brain of the mice with microphthalmia. The two fractions missing from the SDS brain 
extract of the congenitally blind mice are indicated in Fig. 2 (A) by arrows. 

In mice with congenital microphthalmia qualitative changes are thus found in the composition of the 
insoluble brain proteins. These findings are in agreement with results obtained by Pigareva et al. [2]. 
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Using cy tochemica l  methods these  w o r k e r s  found a d e c r e a s e  in the pro te in  content  in the bodies  and p r o -  
c e s s e s  of neurons  in l aye r s  IV and V of the visual  co r t ex  of mice with microphtha lmia .  It is a lso  known 
that three  f rac t ions  p r e s e n t  in the r e t ina  of no rma l  an imals  a r e  not found on disk e l e c t r o p h o r e s i s  among 
pro te ins  soluble in SDS in the r e t ina  of adult congenital ly blind mice [4]. The specif ic  pro te in  opsin has  been 
identified among the pro te ins  of these th ree  f ract ions .  These  r e su l t s  suggest  that p ro te ins  specif ic  with 
r e s p e c t  to visual  impulses  ex is t  at the co r t i ca l  level  a lso,  in the m e m b r a n o u s  s t r u c t u r e s  of its visual  a rea .  

The r e su l t s  of the p r e s en t  invest igat ion i n  conjunction with data in the l i t e ra tu re  [2, 4, 5] suggest  that 
the composi t ion  and, probably ,  the m e t a b o l i s m  of the cel l  m e m b r a n e  p ro te ins  not only in the re t ina ,  but also 
in the cor tex ,  have ce r t a in  c h a r a c t e r i s t i c  fea tu res  in mice with microphtha lmia .  This  is shown also by data 
on in terac t ion  between the synap tosomes  of the bra in  of congenital ly blind mice  and serotonin and t ryptamine  
obtained by a method developed by the p r e s e n t  w r i t e r s  [3]. According to these r e su l t s  the bra in  synapto-  
somes  of mice  with mic roph tha lmia  bind the above-ment ioned  indolamines a lmos t  twice as ac t ive ly  as the 
bra in  synap tosomes  of mice  with no rma l  sight. 

It can be concluded f r o m  the ana lys i s  of these expe r imen ta l  r e su l t s  and data in the l i t e ra tu re  that 
genet ical ly  de te rmined  exclusion of visual  impulses  in an imals  leads to cons iderab le  s t ruc tu ra l  and b io-  
chemica l  changes  in the v isual  s y s t e m  and, probably ,  in the b ra in  as a whole. In mice  with normal  sight, 
impulses  r each ing  the cen t ra l  visual  s y s t e m  by some means  or  other  evidently br ing  about the comple te  
effectuat ion of the genetic informat ion  lodged in the ce l l s ,  e spec ia l ly  as r e g a r d s  the quantity and comp o s i -  
tion of the prote ins .  This  hypothesis  is conf i rmed  by obse rva t ions  showing that the re t inas  of normal  and 
congenital ly  blind mice  do not d i f fer  in the compos i t ion  of the i r  prote in  f rac t ions  during the f i r s t  three  
weeks of b i r th  [4], i .e. ,  up to a c e r t a i n  per iod the i r  development  in this r e s p e c t  is identical. However,  in the 
adult s ta te ,  d is t inct  d i f f e rences  a r e  found between these s t ruc tu res .  It is difficult  at p resen t  to say whether  
these d i f fe rences  in the pro te in  compos i t ion  in the c e r e b r a l  co r t ex  of adult mice  with mic roph tha lmia  a re  
assoc ia ted  en t i re ly  with the incomplete  age -b iochemica l  different ia t ion of the ce l l s ,  or  whether  under these 
condit ions the deve lopment  and m e t a b o l i s m  of the ce l l s  also exhibit  ce r t a in  pathological  fea tures .  
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