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The composi t ion of m e m b r a n e  p ro te ins  of the visual  cor tex  and super io r  col l iculus of no rma l  and 
visual ly  depr ived  (for 2.5 months a f te r  birth) rabbi t s  was studied by disk e l ec t ropho re s i s  in poly- 
a c r y l a m i d e  gel.  Membrane  pro te ins  were  ex t rac ted  consecut ive ly  with 1~c solution of Tr i ton  
X-100 and 0,1~ solution of sodium dodecylsulfate .  One fract ion,  consis t ing of h i g h - m o l e c u l a r -  
weight pro te ins ,  was not found in the m e m b r a n e  pro te ins  of the cen t ra l  visual  s y s t e m  of the light- 
depr ived rabbi ts ,  and the r e l a t ive  percentage  of prote ins  in the var ious  f rac t ions  also differed 
f rom normal .  It can be concluded f rom these  r e su l t s  that  v isual  deprivat ion gives r i s e  to con-  
s ide rab le  quanti tat ive and quali tat ive changes in the composi t ion  of the bra in  m e m b r a n e  prote ins ,  
with some specif ic i ty  toward the cen t ra l  visual  s t ruc tu res .  
KEY WORDS: visual  deprivat ion;  cen t r a l  visual  sys t em;  s t ruc tu r a l  prote ins ;  disk e l ec t ropho re -  
s is  in po lyac ry lamide  gel. 

When changes taking place in the an imal  brain  in r e sponse  to changes in function of the s enso ry  s y s t e m s  
are  studied the visual  s y s t em  is pa r t i cu la r ly  in teres t ing,  for its adequate s t imulat ion can be blocked s imply  by 
depr iving the an ima l s  of light f r o m  bi r th .  There  is  no doubt that the morpholog ica l  and functional  changes . . . .  
in the visual  s y s t e m  of the bra in  af ter  exclusion of visual  s t imulat ion [1, 2, 7] a r e  based  on b iochemical  changes 
and, in par t i cu la r ,  changes in prote in  metabo l i sm.  However ,  b iochemica l  data r e l a t i ng  to the study of brain 
prote in  me tabo l i sm during prolonged visual  depr ivat ion a r e  few in number  [3] and a r e  concerned mainly with 
de terminat ion  of the amino-ac id  r e s e r v e s  [11] or  the intensi ty of protein me tabo l i sm [10, 12]. The w r i t e r s  
previous ly  obse rved  changes in the e lec t rophore t ic  pa t tern  of bra in  m e m b r a n e  proteins  ex t rac ted  with sodium 
dodecylsulfate  (DDS) in congenital ly blind mice .  It has a lso  been shown [4] that  two prote in  f rac t ions  a re  m i s -  
sing f rom the brain  t i s sue  of such mice .  

The object  of this invest igat ion was an e lec t rophore t ic  study of the m e m b r a n e  pro te ins  of the cen t ra l  
visual  s y s t e m  of rabb i t s  subjected to prolonged visual  deprivat ion.  

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

Rabbi ts  were  kept in total  da rkness  for 2.5 months af ter  bir th.  Rabbi ts  of the s a m e  age r e a r e d  under  
o rd inary  lighting conditions acted as the control .  The rabb i t s  of the expe r imen ta l  group were  ki l led in the dark  
chamber .  T i s sue  f rom the visual  cor tex ,  super io r  coll iculus,  and " remain ing"  cor tex  (frontal and pa r i e ta l  c o r -  
tex together)  was invest igated in each exper iment .  All homogenizat ion p r o c e d u r e s  and the consecut ive  e x t r a c -  
tion of the r e s i d u e s  with 1~ Tr i ton  X-100 and 0.1~c DDS solution and disk e l ec t ropho re s i s  of the DDS ex t r ac t s  
in po lyac ry lamide  gel were  c a r r i e d  out as descr ibed  prev ious ly  [4]. The IFO-451 mic ropho tome te r  with an a t -  
t achment  of the w r i t e r s '  own design [5] was used for dens i tomet ry  of the  stained gels .  The prote in  concen t ra -  
tion was de te rmined  by the method of Lowry et al. [8]. 

Labo ra to ry  of Bioh is tochemis t ry ,  Bra in  Insti tute,  Academy of Medical Sciences of the USSR, Moscow. 
(Presen ted  by Academic ian  of the Academy of Medical  Sciences  of the USSR B. N. Klosovskii . )  T rans l a t ed  f rom 
Byulle ten '  f f .ksperimental 'noi  Biologii  i Meditsiny,  Vol. 82, No. 10, pp. 1209-1211, October ,  1976. Original  a r -  

t ic le  submit ted  March 9, 1976. 

This material is protected-- by  copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, N e w  York, N.Y.  10011. No part [ ~ 
Io f  this publication may  be reproduced, stored in a retrieval system, or transmitted, in any form or by  any means, electronic, mechanical, photocopying, | 

l microfilming, recording or otherwise, wi thout  written permission o f  the publisher. A copy o f  this artz~le is available from the publisher for $ ZSO. ] 

1507 



s 8 

Ai 
I0 

2 

9 

I 

0 ! 2 3 4 5 6 0 0 

8 2 

A 
I0 9 8 3/I  

8/ 

1o 

9 

1 2 3 4 5 G 

C 
2 

I o 9 s  

cl 
Io 

I 2 3 4 5 8 

Fig. 1. DensitogTams of proteins of DDS extracts ,  fractionated by e lec t rophore-  
sis,  f rom t issues  of various parts  of brain of normal  (A, B, C) and visually de- 
prived (A1, 91, C 0 rabbits .  A and A1, B and B i, and C and C1) Densi tograms of 
proteins of DDS extracts  of t issue from visual cortex,  "remaining" cortex,  and 
super ior  colliculus respect ively .  Ordinate, relat ive absorption; abscissa ,  length 
of gel (in cm); a r row indicates direction of movements during e lec t rophores is .  

TABLE 1. Distribution of Individual F r a c -  
tions among  Prote ins  of DDS Extrac ts  of 
Tissue from Various Pa r t s  of Brain of Nor-  
mal and Visually Deprived Rabbits (in % of 
total a rea  of densitogram) 

Visual t "Remaining" Superior colli- 
Frac- I cortex cortex culus 
'fion . . . . . .  
No. ~nor- depri-nor- depri- [deprt- 

[mal ration I real vation normal I vation 

1 
2 
3--7 
8 
9 

10 

3,8 -- 1,8 
28,6 17,6 26,9 
19,0 26,4 I 26,5 
19,0 5,9 5,8 
15,7 5,9 20,2 
9,5 41,2 19,5 

2,8 
['ff,2 22,5 
25,4 18,6 
2,1 19,7 

16,0 14,1 
33,8 21,7 

20,7 
29,3 
4,5 

11,4 
35,9 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

As Fig. 1 and Table 1 show, under normal  conditions proteins of DDS extracts  of the visual cortex and 
superior  colliculus were subdivided into ten fract ions,  of which fract ions Nos. 3-7 were minor and accounted 
for only 19 ~c of the total protein.  The study of the proteins of the  DDS extracts  f rom the superior  colliculus 
showed that an additional fraction (No. 6a) appeared among the minor fractions.  Both visual s t ruc tures  had 
virtually the same distribution pat tern of the main protein fractions of DDS extracts .  Such differences as were 
found were only quantitative in charac te r  and applied chiefly t o  fraction No. 10. 

Pro te ins  of the DDS extract  of the "remaining" cortex had basically the same charac te r  of distribution 
as proteins of the corresponding ext rac ts  f rom the visual s t ruc tures .  However, there were significant differ- 
ences between them, For  example, the relat ive percentage of total proteins of minor fractions and of fraction 
No. 9 in proteins of the DDS extracts  of the "remaining" cor tex were higher,  and the protein content in fraction 
No. 8 was almost  two-thirds lower. It can be concluded f rom these findings that the functional composit ion of 
s t ruc tura l  proteins of the centra l  visual formations differs quantitatively by a marked degree from that of other 
regions of the ce rebra l  cortex.  

Fract ion No. 1 (the h igh-molecular -weight  protein fraction, Fig. 1) was not found in the composition of 
the membrane  proteins of the centra l  visual s t ruc tures  of rabbits  visually deprived f rom birth until the age of 
2,5 months. Table 1 shows that DDS extracts  of the visual cortex and superior  colliculus of visually deprived 
animals had a higher re lat ive percentage of proteins in the minor fract ions and fraction No. 10 (the change was 
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more marked in the visual cortex),  and a considerable  decrease  in the content of protein fraction No. 8 also 
was observed.  Cer ta in  differences also were found between these two centra l  visual formations.  For  instance, 
in f ract ions Nos. 2 and 9 in the super ior  colliculus the relat ive percentages of proteins were pract ical ly  un- 
changed, whereas  in the visual cortex the protein content in fraction No. 2 fell by about 4~)~, and in fraction 
No. 9 by a lmost  two-thirds .  Fract ion No. 1 likewise could not be found among the proteins of the DDS extracts  
of the "remaining ~ cortex of the visually deprived rabbits .  Meanwhile, unlike in the visual cortex and super ior  
colliculus,  the prote in  content of the minor fract ions was unchanged. The quantitative changes in the protein 
content in other fract ions of DDS ext rac ts  of the "remaining ~ cortex likewise were less severe  than in the for -  
mations of the visual sys tem.  

Ear ly  visual deprivation thus causes  considerable changes in the spec t rum of brain s t ruc tura l  proteins 
extractable by the detergent DDS, with some specificity for the centra l  visual s t ruc tures .  It can be concluded 
f rom these resu l t s  that during visual deprivation quantitative and qualitative changes take place in the compo-  
sition of the brain membrane proteins.  Evidence that this is so is given by the resu l t s  of a study of media tor -  
receptor  interaction undertaken by the wr i t e r s  with respec t  to serotonin and t ryptamine binding by synapto- 
somes [6]. Differences in the protein content of cer ta in  protein fract ions (especially high-molecular-weight)  
of s t ruc tura l  proteins of the visual sys tem were found in normal  and visually deprived cats by disk e lectropho-  
r e s i s  by Mitros et al. [9]. However, these authors  used a different method to extract  the s t ruc tura l  proteins.  
Rose and Sinha [12] found that incorporat ion of labeled p r e c u r s o r s  into the water- insoluble  protein fract ions of 
brain neurons of d a r k - r e a r e d  ra t s  was specifically inhibited in the visual, but not in the motor  cortex.  

It can be concluded from the resu l t s  of the present  experiments  and f rom data in the l i te ra ture  [2, 6, 9, 
12] that the recept ion of impulses generated by photic stimuli is connected with the existence of special ized 
protein or glycoproteolipid complexes in the membranes  of the synaptic s t ruc tures  of the visual sys tem,  the 
morphochemical  differentiation of which takes place in postnatal development and depends on specific impulses 
reaching the neuron at the r ight t ime. 
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