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Scinti l lation analys is  a f ter  pulse labeling showed that the incorpora t ion  of lys ine-H 3 into 
pro te ins  of  the whole mouse re t ina  is rhythmic  in c h a r a c t e r .  The per iod of the rhythm is 
about 30 min.  Rhythmic changes in the label were  found in the re t ina  both of act ive ani -  
mals  and in an imals  in a s ta te  of da rk  adaptat ion.  

KEY WORDS: pro te ins  of  the ret ina;  rhy thm of incorpora t ion  of isotope;  lysine-H3~ 

P rev ious  communica t ions  f rom the w r i t e r s '  l abo ra to ry  [1, 2] descr ibed rhythms of changes in the 
d ry  weight and incorpora t ion  of amino acids into pro te ins  of the ganglionic cel ls  of the re t ina  and ac inar  
ce l l s  of the pare t id  s a l i va ry  gland. In a l l  ca ses  cel ls  or  suspens ions  of homogeneous cel ls  were  studied. 
Are  the changes in the p a r a m e t e r s  of p ro te in  synthesis  in other  cel ls  of the s a m e  organs  synchronized? 
Is there a definite global pa t t e rn  of p ro te in  synthesis  in a complex s y s t e m  containing many types of cel ls  
with di f fer ing functions ? The invest igat ion descr ibed  below was ca r r i ed  out to find the answers  to these 
q ue s rio ns.  

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

Exper imen t s  w e r e  ca r r i ed  out on male  hybrid CBA • C57BL/6  mice .  On each occas ion a large 
group of an imals  was taken and kept  for  2 h in da rknes s .  One mouse was sacr i f iced  every  10 rain in d a r k -  
ness  and dur ing subsequent  exposure  to in te rmi t ten t  light (2 Hz). Altogether  130 animals  were  used.  The 
re t ina  was quickly detached,  weighed,  and placed in an incubation mixture  consis t ing of medium No. 199 
and lys ine-H 3 in concentrat ions of 20 or  35 ~Ci /ml  (specif ic  act ivi ty 20 and 13 C i / m m o l e ,  respec t ive ly) .  
Incubation continued for  10 min at 37~ The re t ina  was then r insed s e v e r a l  t imes with cold medium con-  
taining an excess  of unlabeled lysine and then placed in cold 5% TCA solution.  The whole ma t e r i a l  was 
then t rea ted  s imul taneous ly  with hot TCA for  20 min,  with alcohol for  1 h, and hiamine for  12 h, and then 
flooded with toluene sc in t i l l a to r .  

The act ivi ty  of the s am p l e s  was de termined with the FL-30 scint i l la t ion counter ,  allowing for the 
act ivi ty  of an ex te rna l  s tandard in o r d e r  to c o r r e c t  poss ib le  e r r o r s  dur ing ana lys i s .  

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

To e s t ima te  the rea l i ty  of  the changes in label ing,  thei r  reproducibi l i ty  was spec ia l ly  tes ted .  For  
this purpose  the re t ina  of 8 mice  was taken a f t e r  exposure  to phottc s t imulat ion for  the s a m e  t ime (20 
min).  These  expe r imen t s  were  repeated twice. The e r r o r  of the a r i thmet ic  mean was 16%. The r e p r o -  
ducibil i ty of the m e a s u r e m e n t s  on dark-adapted  animals  was 7%. The r e su l t s  of  the invest igat ion a r e  
p resen ted  as curves  in Fig .  1. Inflections were  placed on the curves  to allow for  the s ignif icance of the 
d i f fe rences  between the points .  It  follows f r o m  Fig. 1A that  lys ine-H 3 was incorpora ted  per iodica l ly  into 
the prote ins  of the mouse  re t ina ,  when exposed to f lashes  a f t e r  2 h of dark  adaptation.  The radioact iv i ty  
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Fig. 1o Incorporat ion of lysine-H 3 
into mouse ret ina in darkness  and dur -  
ing exposure to f lashes .  A, B, C, D) 
Separate exper iments .  Abscissa ,  
t ime (in min); ordinate,  activity of 
incorporat ion (pulses / mg/min) ~ 

of the retinal proteins also fluctuated in animals kept in dark-  
ness  for different t imes (the f i rs t  reading was obtained 2 h 
after  the mice had been placed in a dark room). In this case 
the amplitudes of the fluctuations in radioactivity in the da rk -  
adapted ret ina was lower than in animals stimulated by light 
(Fig~ 1B). The mean period of the fluctuations was s imilar  to 
resul ts  of the previous experiments (Fig. 1A) - about 30 min. 

Fklrther experiments (Fig~ 1C, D) confirmed the fluctua- 
tions in the radioactivity in the retina of the dark-adapted ani-  
mals~ The amplitude of the fluctuations in radioactivity in dark-  
ness was not always lower than that in light. The period was 
always of the same o rde r  (20-40 min), and in most  cases it was 
30 min. 

Rhythmic incorporat ion of lysine-H 3 into the mouse retina 
was thus found. These observat ions by themselves do not prove 
the rhythmic charac te r  of protein synthesis .  However, since 
the incorporat ion of the amino acid was pulsed (10 min) and 
since cophased changes in dry weight were described previously 
for one type of retinal celIs (ganglionic cells) [3], the hypo- 
thesis that protein synthesis in the ret ina is rhythmic in char -  
acter  seems very  likely to be cor rec t .  

One conclusion that follows f rom this observed rhythmic incorporat ion of the amino acid into the 
whole ret ina must  be that the course  of metabol ism of the different forms of retinal ceils is relat ively welt 
synchronized.  This conclusion applies whether these cells synthesized protein synchronously or ,  for ex-  
ample,  whether their  permeabi l i ty  to p r e c u r s o r s  fluctuates synchronously.  

Another conclusion f rom this investigation that appears important  is the rhythmic incorporat ion of 
lysine-H ~ into proteins of the comparat ively  inactive ret ina.  Rhythmic protein synthesis has hitherto been 
associated with stimulation of cell function. The observation of changes in radioactivi ty in relat ively in- 
active cells can be discussed from the standpoint of the endogenous nature of hourly rhythms of protein syn-  
thes is. 

The authors are grateful to V. I. Fateeva for her  help with the organizat ion and conduct of these ex-  
per iments  o 
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