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The dynamics  of the pro te in  content and concentra t ion in the gangl ion-cel l  l ayer  of the mouse 
re t ina  was studied by in t e r f e rence  m i c r o s c o p y .  In r e sponse  to s t i m u l a t i o n b y a f l a s h i n g  light 
fo r  9 h, f luctuat ions developed in the content and concentra t ion of p ro te ins .  Init ially (first  2 h) 
these  f luctuat ions were  synchronous in all  individuals studied, but during the course  of s t im-  
ulat ion the synchronizat ion d i sappeared .  The ampl i tude of the f luctuat ions and the prote in  con- 
tent in the ce l l s  d e c r e a s e d  gradual ly .  

During adequate functional s t imula t ion  of neurons  in the ganglionic l ayer  of the v e r t e b r a t e  re t ina  by a 
f lashing light for  2 h, f luctuat ions a r e  obse rved  in the prote in  content of the i r  nuclei [3-8]. If the population 
of ganglion ce l l s  in the cent ra l  region of the re t ina  was synchronized before  the exper imen t  with r e sp ec t  to 
the p a r a m e t e r  studied, by keeping the expe r imen ta l  a n i m a l s  for  s eve ra l  hours  in darkness ,  the ce l l s  of this 
region r eac t ed  app rox ima te ly  equally to photic s t imulat ion [1]. 

The object  of the p resen t  invest igat ion was to study changes  in the prote in  content in the nuclei of gan-  
glion ce l l s  in the cen t ra l  region of the mouse  re t ina  during adequate  s t imulat ion for  9 h. 

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

E x p e r i m e n t s  we re  c a r r i e d  out on 3 -month-o ld  F 1 (CBA x C57B16) male  mice  whose ganglion cel ls  give 
a c l ea r  and reproduc ib le  r eac t ion  to s t imulat ion by a f lashing light for  2 h consis t ing of a per iodic  change 
in the pro te in  content in the i r  nucleus.  Before  the beginning of s t imulat ion the an ima l s  we re  kept in da rk -  
ne s s  for  24 h. Under  these  condit ions re la t ive  synchronizat ion of the cy tochemiea l  and e lec t rophys io logica l  
p r o p e r t i e s  of the ganglion ce l l s  takes  place (the pro te in  content in the i r  nuclei r e m a i n s  unchanged and the 
level  of e l ec t r i ca l  ac t iv i ty  of the ce l l s  i s  low). As anadequate  s t imulus fo r  the neurons  of the ganglionic 
l aye r  an e lec t r i c  light with a f lash f requency  of 2 Hz was  used.  This  f requency of f lashing was chosen be-  
cause ,  c o m p a r e d  with o the r s  ( f requencies  of 0.5 and 1 Hz a l so  w e r e  tested) i t  y ie lds  f luctuat ions in the p r o -  
te in  content  of the nuclei with the g r e a t e s t  ampl i tude .  Stimulation continued fo r  9 h. The b r igh tness  of the 
light at f loor  level  (the mice  were  kept  on the floor) was  80-100 Ix. The an ima l s  were  killed i n p a i r s e v e r y  
10 rain, and the i r  eyes  were  enucleated and placed in a mix tu re  of formal in ,  absolute alcohol,  and glacia l  
ace t ic  acid (3 : 1 : 0.3) for  1 h 45 min.  The f ixat ive p r e s e r v e d  the t i ssue  s t ruc tu re  well, so that  the volume 
of the ce i l s  showed re la t ive ly  l i t t le  change and the i r  dry  weight was hardly reduced [2, 4]. The m a t e r i a l  
was  pa s sed  through alcohols  and xylol  and embedded in paraf f in  wax. Ser ies  of sect ions about 5 # in th ick-  
ness  were  cut. The th ickness  of the sec t ions  was m e a s u r e d  i n t e r f e r o m e t r i c a l l y  [9]. Allowing for  the th ick-  
ness  of the section, the pro te in  content and i ts  concentra t ion  in the nuclei of the ganglion ce l l s  in the cen t ra l  
region of the re t ina  were  then de te rmined  i n t e r f e r o m e t r i c a U y  and the mean values  of these p a r a m e t e r s  fo r  
each expe r imen ta l  mouse  was calculated (see [4], pp. 266-289). The content and concentra t ion of p ro te ins  
in the cy top la sm could not be m e a s u r e d  because  of the v e r y  high nuc leo-cy top lasmic  ra t io  (about 10 : I ) .  
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F ig .  1. Mean concent ra t ion  (a) and mean  content {b) of p ro te in  in 
nuclei  of ganglion ce l l s  in cen t ra l  region of re t ina  a s  functions of 
dura t ion  of continuous speci f ic  s t imula t ion  by a light fla shing at 2 Hz.  
Each dot c o r r e s p o n d s  to one animal .  Broken horizontal  l ines show 
app rox ima te  da rk  level  of pro te in  concentra t ion  and content in nu- 
clei  of neurons .  F o r  each dot the confidence l imi t s  co r respond ing  
to a 95~c level  of s ignif icance a r e  shown. Absc i s sa ,  durat ion of i l -  
luminat ion (in rain); ordinate ,  value of cor responding  cy tochemica l  
p a r a m e t e r  (protein concent ra t ion  or  content in nuclei in r e l a t ive  
units) .  

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

All ce l l s  of the re t ina l  r e g i o n  examined  r eac t ed  to functional s t imulat ion in app rox ima te ly  the same  
way.  During s t imula t ion  a change was  obse rved  in the mean  pro te in  concentra t ion  in the nuclei (this hypo- 
t hes i s  was  tes ted  by Student ' s  c r i t e r ion) ,  but the re  was no change in the c h a r a c t e r  of d is t r ibut ion of the nu- 
clei  with r e s p e c t  to this f ea tu re .  This  d is t r ibut ion  r ema ined  no rma l  in this exper iment ,  with no change in 
d i spe r s ion  (the p a r a m e t r i c  c r i t e r i o n  of normal i ty  of dis t r ibut ion and F i s h e r ' s  c r i t e r i on  were  used; see  [10], 
pp. 142 and 164). Consequently,  the change in the mean  value took place  s imply  because  all  the v a r i a n t s  in 
the s ta t i s t i ca l  s e r i e s  r e ce i ved  app rox ima te ly  the same  posi t ive  or  negat ive inc rease ,  i .e. ,  in the cen t ra l  r e -  
gion of the re t ina  there  were  no significant  groups  of ce l l s  which differed sharply  f r o m  the " a v e r a g e "  cel l  
in the i r  r eac t ion  to s t imulat ion by a l ight f lashing at a f requency of 2 Hz. 

The dynamics  of the content and concent ra t ion  of p ro te in  in the nuclei of the ganglion ce l l s  in the cen-  
t r a l  zone of the mouse retina during continuous stimulation for 9 h by a flashing light is illustrated in Fig, i. 
The differences between the mean values of these cytochemical parameters in different individuals before 
the experiment, i.e., after the animals had been kept in total darkness, were not significant. In response to 
stimulation the scatter immediately increased sharply, and some of the points were above the dark level 
while others were below it, indicating fluctuations in the content and concentration of protein in the nuclei 
during stimulation. For about the first 2 h of stimulation these fluctuations were apparently synchronous 
in all the animals. The mean values of the protein content and concentration in the nuclei of animals ex- 
posed to photic stimulation of equal duration evidently showed only small differences (usually not significant), 
Later fluctuations in the cytochemical parameters continued (as shown by the considerable scatter of their 
mean values), but they were not synchronous in the different mice (the difference between the mean values 
for animals sacrificed after stimulation of equal duration on the average was not less than the difference 
between the mean values for animals exposed to different durations of photic stimulation). Toward the end 
of the experiment the fluctuations gradually diminished. This was shown by the fact thac the scatter between 
the mean values of the protein content and concentration in the nuclei became less for different animals and 
after different periods of stimulation. 

During the first 3 h of the experiment the protein content in the nuclei of the ganglion cells was higher 
on the average than in darkness, but they gradually fell below the dark level. This is clearly seen in Fig. 1. 

There is insufficient evidence as yet to allow a final answer to the question of the cause or meaning of 
the changes in the cytochemical parameters of the ganglion cells in the retina arising in response to stimu- 
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lation. It can only be conjectured that the metabolism of a cell brought at the beginning of stimulation from 
the stationary state in which it existed in darkness, gradually passes into a certain stationary state (the cell 
metabolism under these circumstances becomes adapted to its new level of functional activity). 
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