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A Comprehensive Model f o r  the Fast Photovo l tage in the Ver te -  
bra te  Ret ina 

P. Hochs t ra te ,  M. L indau,  H. RUppel and G. S c h n i t z k e w i t z  

M a x - V o l m e r - l n s t i t u t ,  Technische U n i v e r s i t ~ t  B e r l i n  
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On s t i m u l a t i n g  v e r t e b r a t e  pho to recep to rs  by an in tense  f l a s h  of  
l i g h t  a t r a n s i e n t  e x t r a c e l l u l a r  c u r r e n t  f l ow  along the photo-  
recep to rs  is  evoked which y i e l d s  a f a s t  pho tovo l tage  (FPV) across 
the recep to r  l a y e r .  The FPV c o n s i s t s  of  two components w i t h  
oppos i te  p o l a r i t y , R  i and R 2, whose c o n t r i b u t i o n  to the s igna l  
v a r i e s  d r a m a t i c a l l y  w i t h  tempera ture .  In order  to e x p l a i n  t h i s  
phenomenon i t  i s  necessary to s tudy in d e t a i l  in which way the 
e x t r a c e l l u l a r  c u r r e n t  f low is  produced. The c u r r e n t  source are 
charge d isp lacements  in the plasma membrane Of the  ou te r  seg- 
ment Which are c l o s e l y  r e l a t e d  to the p h o t o l y s i s  Qf the v i s u a l  
pigment rhodops in .  Only i f  the s igna l  shaping mechanism at  the 
recep to r  s t r u c t u r e  is  known i t  i s  poss ib le  to separate the t ime 
course of the i n i t i a l  charge d isp lacement  from the measured FPV. 
This mechanism is  descr ibed by a s imple e q u i v a l e n t  c i r c u i t  pro-  
posed by Govardowski j  ( I ]  basing on the e l e c t r i c  r ecep to r  pro-  
p e r t i e s :  The rhodopsin  c o n t a i n i n g  plasma membrane of  the outer  
segment and the non pigmented membrane of  the remain ing recep-  
t o r  p a r t ,  both are represented  by separate c a p a c i t o r s  which are 
connected in p a r a l l e l  v ia  the e l e c t r o l y t e  r e s i s t a n c e s  of the 
e x t r a -  and i n t r a c e l l u l a r  medium. A f t e r  the f l a s h ,  charge f lows 
p r i m a r i l y  onto the f i r s t  c a p a c i t o r  and is  s imu l t aneous l y  re-  
d i s t r i b u t e d  between both c a p a c i t o r s .  The pr imary  charg ing occurs 
w i t h  the " a c t i v e "  t ime cons tan t  of  the molecu lar  event whereas 
the change spread ing takes place in the "pass i ve "  recharg ing  
t ime of  the c i r c u i t .  
In t h i s  model the f a s t  pho tovo l tage  measured in r a t ,  fog and 
c a t t l e  r e t i n a e  in a temperature range from 0 - 60 ~ can be 
descr ibed  w i t h  high accuracy.  The cor respond ing  s igna l  separa- 
t i o n  gave the f o l l o w i n g  r e s u l t s :  
I .  The a c t i v e  t ime cons tan t  of  the R2 ]genera t ing  process de- 

termines the s igna l  decay because i t  is normal ly  l a r g e r  than 
the pass ive  t ime cons tan t  (s .  pos te r  Lindau et  a l . ) .  

2. The a c t i v e  t ime cons tan t  has a l a r g e ,  the pass ive  a small 
temperature dependence. 

3 .  For the c a t t l e  r e t i n a  the a c t i v e  t ime cons tan t  of  R 2 is  iden-  
t i c a l  w i t h  the r e a c t i o n  t ime f o r  the slow phase in the meta 
t r a n s i t i o n  of rhodopsin  (s .  pos te r  S c h n i t z k e w i t z  e t  a l . ) .  

4. The abso lu te  value of  the pass ive  t ime cons tan t  i s  in accor -  
dance w i th  the known e l e c t r i c  parameters of  the pho to recep to r .  

5. The dramat ic  temperature e f f e c t  on the FPV-waveform is  main- 
l y  due to the s t rong temperature dependence of the R 2 charge 
d isp lacement .  

6. The R1-genera t ing  process is  f a s t e r  than the lumi-meta I 
t r a n s i t i o n .  
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