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Activity of  the enzyme systems protecting membrane structures of photoreceptor cel ls  (the 
outer and inner segments of the retinal rods) against active forms of oxygen (superoxide dis-  
mutase) and lipid peroxide (glutathione peroxidase, glutathione reductase) was shown to be 
low. At the same time a high concentration of ~-tocopheroi (vitamin E) was demonstrated in 
these membranes.  It is concluded that the polyene lipids of the retinal photoreceptors are 
protected against the harmful action of lipid peroxidation by the vitamin E system. 
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Modification of  the polyene lipids of biomembranes by active forms of oxygen (O~, 102, "OH) is accom- 
panied by accumulation of peroxidation products and gives r i s e  to marked disturbances of the d~uctural and 
functional organization of biomembranes.  Generators of active forms of oxygen and lipid peroxides in the cell 
a r e  under the control of enzymic and nonenzymic regulatory systems, the most important of which are  con- 
sidared at the p r e s e ~  t ime to be superoxide dismutase (SOD), glutathione peroxidase (GP), and vitamin E [2]. 

Membranes of retinal photoreceptors have an extremely high content of polyunsaturated phospholipids 
[3] and for  that reason they readily undergo autooxidation by molecular oxygen both in vitro (during naging, W 
and the action of v i s~ l e  light [4], in the presence of catalytic systems inducing peroxidation of lipids (POL 
[3, 4]), and in vivo (during the development of alimentary avitaminosis E [5], and during the action of high- 
intensity light [6]). The study of systems regulating POL in photoreceptor cel ls  is thus extremely important. 

This paper gives the resul ts  of an investigation of the distribution of activity of SOD, GP (and also gluta- 
thicne reductase - GP), and the content of  ~-tocopherol in membranous structures of the rods of the bovine 
and frog retina: fractions of outer segments (OS) and inner segments (IS). 

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

The OS and IS fractions were isolated from the frog (Rana temporaria) and bovine retinas by centrifuga- 
tion in a sucrose density gradient [7, 8]. ~. SOD activity was determined in retinal homogenates, photoreceptor 
membranes,  o r  extracts of membranes in aqueous ethanol - after preliminary treatment of the membrane 
suspension with a mixture of chloroform and ethanol (3: 5) by the method described in [9] - using the xanthine 
oxidase-xanthine system to generate the superoxide anion radical (O~. Triton X-100 was added to the cuvette 
(to a concentration of 1%) during measurement  to produce solubilization of the membrane material .  The rate  
of formazan formation was recorded on the  Shimadzu MPS SOL spectrophotometar. 

GP and GR activity was determined by the method described in [10], using tert-butyl  hydroperoxide as 
the substrate for  the peroxidase reaction. 

The tocopherol concentration in ethauol-he~ane (1:4) extracts of the membrane suspension for saponifi- 
cation was determined after preliminary thin-layar chromatography (in a system of hexane:diethyl ether:glacial 
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TABLE 1. SOD Activi ty  in F rog  and Bovine 
Pho to recep to r  Membranes  and Retina 0VI ~: m) 

Object SOD activity* 

Frog 
Outer segments: 
membranes 
e x t r a c t  

Inner segments: 
membranes 
extract 

Retina 
Retina after removal of photo- 

receptors1" 
Ox 

Outer segments: 
membranes 
extract 

Inner segments: 
membranes 
extract 

0,18-+0,02 
0,21 -+0,01 

0,18-+0,01 
0,17-+0,01 
0,16-+0,0.1 

o, 14-+0,02 

0,15-+0,01 
0,17_+0,01 

0,14 

* 50% Inhibition of  r a t e  of fo rmazan  f o r m a -  
t ion f rom n i t r o -BT  taken as  the unit of SOD 
act ivi ty  (in the cont ro l  at 560 nm the  r a t e  
was 0.025 optical  densi ty un i t / r a in  "rag p r o -  
te in  at  2 5 ~ ) .  
t The  rhodopsin  content  in the  re t ina l  11o- 
mogenate  be fore  and a f t e r  r emova l  of the 
pho torecep tors  was 0.43 �9 0.07 and 0.09 
0.01 nmole rhodops in /mg  prote in  r e s p e c -  
t ive ly .  

TABLE 2. GP and GR Activi ty and ce-Tocopherol Content  in F rog  
and Bovine Photorec  eptor  Membranes  0Vl * m) 

Object 

Frog 
outer segments 
inner segments 

Ox 
outer segments 
inner segments 

GP activity 

0,28-+0,02 
2,86-+0,20 

0,74 
1,30 

GR activity * 

0,32_+0,04 
1,50-+0,30 

0,72 
1,32 

Content of a-toco- 
pherol, rag/rag 
protein 

0,21-+0,02 
0,45-+0,07 

0,28-+0,03 
0,16 

*Activi ty of GP and GR ex t rac t  in nmoles  reduced  (oxidized) gluta- 
t h i o n e / m i n  �9 prote in .  

CH~COOH, 8 4 : 1 5 : 1 )  f r om the cha rac t e r i s t i c  f luo rescence  spec t ra  [11]. The prote in  concentra t ion was mea -  
su r ed  by the  b iure t  reac t ion ,  using bovine sexum albumin as  the s tandard.  

The  reagen t s  used were:  xanthine oxidase  and xanthine f rom Reakhim (Olaine Fac tory) ,  yeas t  GR f rom 
Sigma, NADPH f rom Boehr inger ,  n i t r o - B T  f rom Chemapol ,  reduced  and oxidized glutathione f rom Reanal,  and 
the  t e r t -bu ty l  hydroperoxide  was generous ly  provided by Candidate of Chemical  Sciences  Yu. D. Norikov 
(Institute o f  Chemica l  Phys ics ,  Academy of Sciences  of  the USSR). 

EXPERIMENTAL RESULTS 

The  r e su l t s  given in Table  1 show that  SOD act ivi ty  in the  OS and IS f rac t ions  of  the  re t ina t  rods  was 
p rac t i ca l ly  identical .  Compar i son  of the act ivi t ies  of  this  enzyme in the  membrane  prepara t ions  themse lves  
and in aqueous-ethanol  ex t rac t s  f rom them shows that  the SOD in the photoreceptors  is an enzyme,  containing 
copper  and zinc [9], and r e s i s t an t  to the  action of ch lo ro fo rm.  This  r e s u l t  is in agreement  with the comple te  
inhibition of  SOD in OS by cyanide [12]. Although SOD act ivi ty  in the  l a y e r  of  phoforeceptor  ce l l s  was a l i t t le  
h igher  than in the re t ina  as  a whole, never the les s  these  d i f ferences  in act ivi ty in these  exper iments  did not 
exceed 15-20%. Removal  of the photoreceptor  ce l l s  f rom the re t ina  led only to a small  dec r ea se  in enzyme 
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activity tn the homogenate. These results  are  contrary to those of Hall and Hall [12], who found a 200-400- 
fold increase in SOD activity InOS compared with retinal homogenates. Such a difference in SOD activity In 
OS and in the retina as a whole neverthel sss seems extremely improbable. In fact, if the SOD activity in the 
retina and in OS stated in the paper cited above [12] is accepted, a simple calculation shows that the protein 
contained in OS of the photoreceptors ought to account for not more than 0.25-0.50% of the total quantity of 
protein in the retina, which does not agree with many sources in the l i terature (see, for example [13]). Mean- 
while SOD activity in the retina measured in the present experiments is in good agreement with the resul ts  
obtained by Fr ied and Mandel [14]. Hence, low SOD activity is found in the retina and its photoreceptors, 
c lose  to the activity of this enzyme in the brain [14], which is a homologous tissue, but much lower than in 
the organelles of the l iver and in erythroeytes [9]. 

GP and GR activity in OS and IS also was extremely low (Table 2), although significantly higher in the 
HS thau In the IS fraction. The possibility cannot be ruled out that the activity of these two enzymes measured 
in HSwas  due to contamination of the OS fraction with the IS fraction, and that the glutathione-peroxidase- 
gluf~thione-reductase system is virtually absent in the OS themselves.  This resul t  becomes perfectly clear  
if i t  is  recalled that reduction of glu~athione in the reductase react ion and, consequently, the regeneration of 
reduced ~utathione -- the substrate for the glutathione-peroxidase r e a c t i o n - i s  an NADPH-dependent process,  
jus t  l ike the retinol-dehydrogenase reaction, catalyzed by a membrane-bound enzyme (retinol dehydrogenase) 
in the disks of OS. Clearly competition between these two reactions for NADPH could give r i se  to extremely 
unfavorable conditions for regeneration of the visual pigmer~ rhodopsin in the phetoreceptors.  

Consequently, the activity of the enzyme systems controlling the formation of active forms of oxygen 
(SOD) and regulating the conteat o~ lipid peroxides (GP) in the retinal photoreceptors was found to be very low. 
How is a stationary level of generation of active forms of oxygen and of lipid peroxides In these membrane 
struchtres  maintained? 

It follows from the resul ts  given in Table 2 that vitamin E is present in OS and IS fractions in concen- 
trat ions 5 to l0  t imes greater  than in the  mitochendria and microsomes of the liver.  A high concentration of 
~-~copherol  in OS of the photoreceptors also was found by Farnsworth and Dratz [15]. In this connection it 
should be  pointed out that ~-tocopherol (vitamin E), with its high ant[radical activity, is an effective physical 
and chemical quencher of singlet oxygen and, at the same time, it interacts with high velocity with superoxide 
anion radicals [2]. Meanwhile, in ~-tocopherol deficiency dystrophic changes develop in the retina, accom- 
panied by intensive accumulation of POL products [5]. It can thus be concluded that the main load as regards  
protection of polyene lipids from active forms of oxygen and POL in the membrane structures of the photo- 
receptor  cel ls  of the retina falls on the vitamin E system. 

The authors a re  grateful to Academician N. M. Emanu~l' and Professor  Yu. P.  Kozlov for their interest 
in the work and for valuable advice. 
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