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P R O T E I N S  OF T H E  R E T I N A  AND I T S  P I G M E N T E D  E P I T H E L I U M  

iN H E R E D I T A R Y  D E G E N E R A T I O N  O F  T H E  R E T I N A  
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The assor tments  of wate r - so lub le  and membrane  proteins of the re t ina  and its pigmented epi- 
thelium in Campbell  (albino) ra t s  with he red i t a ry  degenerat ion of the re t ina  and in healthy 
Wistar ra t s  were  studied by e lec t rophores i s  in po lyacry lamide  gel. Ea r ly  changes were  shown 
to be detectable in the a s so r tmen t  of re t ina l  proteins of the diseased animals ;  the f i r s t  p ro-  
teins to undergo changes were  found to be nei ther  cycl ic  nucleotide phosphodies terase  nor 
opsin. Changes in the se t  of proteins of the pigmented epithelium were  observed much la ter .  

KEY WORDS: re t ina l  protein;  proteins of the pigmented epithelium; he red i t a ry  degenerat ion 
of the re t ina .  

The location of the p r imary  lesion in the eye - whether in the re t ina  or pigmented epithelium (PE) - in 
he red i t a ry  degenerat ion of the re t ina  is a problem that is still  unsolved [4, 10, 12]. 

It was accordingly  decided to compare  changes in the protein composi t ion of the re t ina  and the pigmented 
epithel ium in re la t ive ly  ear ly  stages of the disease .  In the p resen t  investigation the assor tments  of wa te r -  
soluble and membrane  proteins of the re t ina  and PE in Campbell  r a t s  with he red i t a ry  degenerat ion of the 
re t ina  and in healthy Wistar  ra t s  at different  periods of postnatal  life were  studied by e lec t rophores i s .  

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

Elec t rophores i s  of the proteins in ac ry lamide  gel was ca r r i ed  out by the methods in [1, 6, 11], using the 
supernatant  as the f rac t ion of water -so luble  proteins and the r e s idue  obtained af ter  centr i fugat ion of a homog- 
enate of the re t ina  or PE at 13,000g for 15 rain as membrane  proteins.  Cyclic GMP phosphodies terase  (PDE) 
in the gets af ter  e l ec t rophores i s  was identified by the method in [7]. Opsin was identified by e tec t rophores i s  Of 
the membrane  prote ins  of the outer segments  of the rods  (OSR) of a r a t ,  which were  isolated in the same way 
as bovine OSR [Z]. Prote in  was determined by Lowry ' s  method [9) ; prote in  in the res idue  was calculated as 
the di f ference between prote in  of the homogenate  and of the supernatant .  

Labora to ry  of the Biochemical  Basis of Reception s I .  M. Sechenov Institute of Evolut ionary Physiology and 
Biochemis t ry ,  Academy of Sciences of the USSR, Leningrad. (Presented  by Academician of the Academy of 
Medical Sciences of the USSR A. N. Klimov.) Trans la ted  f rom Byulleten'  Eksper imenta l 'noi  Biologii i Medits-  
iny, Vol. 89, No. 2, pp. 211-213, Februa ry ,  1980. Original a r t i c le  submitted Apri l  9, 1979. 
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Fig. 1. E lec t rophores i s  of wa te r - so lub l e  and m e m b r a n e  re t ina l  
proteins  of 20-day-o ld  Wistar  and Campbel l  r a t s  (scheme):  A) 
sca le  of Rf values  ; 1) wa te r - so lub l e  proteins  of Wis tar  r a t s  ; 2) 
wa te r - so lub l e  prote ins  of Campbel l  r a t s ;  3) m e m b r a n e  prote ins  
of Wistar  r a t s ;  4) m e m b r a n e  pro te ins  of Campbel l  r a t s .  

Fig. 2. E l ec t rophores i s  of wa te r - so lub l e  and m e m b r a n e  re t ina l  
prote ins  of Wistar  and Campbel l  r a t s  aged 3 months (scheme):  5) 
pro te in  band identified as PDE; 6) p ro te in  band identified as opsin. 
Remainder  of legend as in Fig. 1. 

EXPERIMENTAL RESULTS 

Comparison of the results of electrophoresis of water-soluble retinal proteins from Campbell and Wistar 
rats showed that in the affected 20-day-old animals the protein with relative mobility Rf= 0.37 was represented 
by a narrower band than that of healthy rats of the same age (Fig. i) ; by the age of 45 days, the band corre- 
sponding to this protein of the affected rats was hardly visible, which can be attributed to a sharp decrease in 
the relative content of this protein. No significant changes in the set of water-soluble retinal proteins were 
found at the age of 20 days, although the protein band with Rf= 0.29 was less marked in rats with hereditary 
degeneration of the retina than in healthy rats (Fig. I). 

During the period of marked pathology (animals aged 2-3 months) differences in the results of electro- 
phoresis of the proteins of the affected and healthy animals were perfectly clear (Fig. 2). Besides the defi- 
cient protein with Rf= 0.37, in the set of water-soluble proteins two bands with Rf values of 0.07 and 0.20 were 
completely absent; among the membrane proteins, besides changes in the band with Rf= 0.29, bands with Rf 
values of 0.06 and 0.27 had disappeared completely, and the band with Rf= 0.60 was less clearly visible. 

On eleetrophoresis of proteins from PE of the affected and healthy rats on the 20th day of postnatal life 
no changes were found in the sets of water-soluble or water-insoluble proteins. Real differences among the 
membrane proteins of PE began to appear only on the 40th day of life (Fig. 3A) : the intensity of staining of the 
band with Rf= 0.12 was much weaker in material from the affected animals than from the healthy rats. No 
changes were found in the soluble proteins of PE. Later (at the age of 2-3 months) during the development of 
hereditary degeneration of the retina in Campbell rats definite changes were found in the proteins of PE 
(Fig. 3B) ; the band of the water-soluble protein with Rf= 0,12 became sharply defined. 

Among the various retinal proteins, in the mechanism of onset and development of hereditary degen- 
eration of the retina special importance is ascribed to cyclic nucleotide PDE [8]. It was therefore decided to 
study whether  any of the pro te in  bands shown by e l ec t rophores i s  of the re t ina l  proteins  of the affected r a t s  to 
be  changed belongs to PDE. 

Staining the gels for  PDE act ivi ty  showed that  this prote in  has e lec t rophore t ic  mobil i ty  cor responding  to 
Rf= 0.20. Since the ea r l i e s t  change observed was a d e c r e a s e  in the r e l a t ive  content of a wa te r - so lub le  p ro -  
tein with Rf= 0.37, it is obvious that  this prote in  is not PDE. The f i r s t  changes in the r e l a t ive  content of PDE 
prote in  were  not found until the 40th day of life. This indicates that  a change in the PDE content in the an imals  
that  we re  studied was definitely not the f i r s t  s ign of h e r e d i t a r y  degenera t ion  of the re t ina .  

Bes ides  identifying PDE, opsin, the pro te in  of v i sua l  p igments ,  a l so  was identified on the gel a f t e r  e lec -  
t r o p h o r e s i s  of the re t inal  m e m b r a n e  pro te ins .  Its identif icat ion was based on the fact  that  the pr inc ipa l  band 
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Fig. 3. Electrophoresis of water-soluble and membrane pro- 
teins of pigmented epithelium of Wistar and Campbell  r a t s  
(scheme).  A) Rats aged 40 days: 1) scale  of Rf values;  2) 
membrane  proteins of Wistar  r a t s ;  3) membrane  proteins of 
Campbell  r a t s ;  B) ra t s  aged 3 months: 1) scale  of Rf values;  
2) water -so luble  proteins of Wistar r a t s ;  3) wate r - so lub le  
proteins of Campbell  r a t s ;  4) membrane  proteins of Wistar 
ra t s  ; 5) membrane  proteins  of Campbell r a t s .  

after eleetrophoresis of solubilized proteins of isolated bovine OSR belongs to opsin. Comparative electro- 
phoresis of bovine and rat OSR proteins showed that the opsin of both animals has the same mobility (Rf= 0.6). 

In Campbell rats the protein band with Rf= 0.6 was appreciably reduced among the retinal membrane pro- 
teins only in animals aged 2-3 months, and in rats aged 20-45 days it was identical with that in the healthy ani- 
mals, thus confirming data showing the absence of a disturbance of opsin in the early stages of the disease [3]. 

In hereditary degeneration of the retina changes in the set of proteins were thus observed considerably 
earlier in the retina than in PE. Retinal proteins showing changes in the early stages included neither PDE 
nor opsin. 
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