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Measurements were made on the conductivity of digitonin extracts of frog rhodopsin with and without 
previous light exposure. The light-dark difference in conductivity is observed at low concentrations of 
rhodopsin and detergent. 

Rhodopsin is the main protein in the disk mem- 
brane of photoreceptor cell. It comprises at least 
95% of the total protein of the disk membrane [1]. 
The structural transitions of rhodopsin induced by 
light trigger enzymatic and ionic changes which 
end by hyperpolarizing the cell membrane [2,3]. 
There is yet no clear picture of the processes 
induced by rhodopsin structural transitions which 
are directly involved in cell excitation. 

We report here experiments in which electrical 
conductivity measurements of rhodopsin-digitonin 
suspensions have been used to investigate the 
structural transitions of rhodopsin induced by 
light. 

The principle of the method was (i) to extract 
rhodopsin, (ii) to devide each extract into two 
equal parts and to bleach one of them, and (iii) to 
measure the conductivity of the dark-adapted and 
bleached extracts diluting them successively. 

Rhodopsin was extracted from frog (Rana 
pipiens) retinas by using the technique described 
by Wald et al. [4]. The purpose of using this 
technique was to extract rhodopsin by a gentle 
method, preserving, as much as possible, its native 
structural properties. Dissected retinas were stirred 
up in 4% potassium alum solution (1 ml/ret ina)  
and left to tan for 4 h; then centrifuged at 3500 

r o t / m  in and supernatant descarded. Residue was 
washed twice in distilled H 2 0  and twice in neutral 
phosphate buffer in the centrifuge. The final re- 
sidue was leached for 4 h in 1% digitonin (Merck) 
to extract rhodopsin. 

Digitonin (Merck) was treated according to 
Bridges [5]. Its soluble fraction varied between 37 
and 52%. Solution of 1% (w/v)  concentration pre- 
pared with the digitonin processed as indicated by 
Bridges was stable even when kept more than a 
month at 4°C. pH of the solution was adjusted to 
7 by sodium phosphate. 

The same digitonin solution was used for all 
rhodopsin extractions. 

Equivalent conductivity of control digitonin 
solution at different dilutions (4°C) is given in 
Table I. The critical micellar concentration of dig- 
itonin is somewhere between 0.25 and 0.125%. 
Solvent used for dilution of digitonin and 
rhodopsin-digitonin stock solutions was distilled 
water. 

Rhodopsin concentration in the extracts, de- 
termined by the absorption at 500 nm ranged 
between 3 • 10 -5 and 3.5 • 10 -5 M. The purity of 
the extract was estimated by ratios K4oo/Kso o and 
K2so/Kso o which had mean values K4oo/Kso o = 
0.23 and K2so/Kso o = 2.4 [6]. All extractions were 
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T A B L E  I 

A W A S  C A L C U L A T E D  U S I N G  

C E N T R A T I O N  E V A L U A T E D  IN %. 

D I G I T O N I N  C O N -  

% Digi tonin  A 
(S.  c m  2 ) 

i .  

"~ 1.8- 

?~ 1.7- 
1 9.5 .10 - 3  

0.5 1.5 .10  - 2  

0.25 2.36 • 1 0 -  2 1./t_ 

0.125 4.0 .10  - 2  ,.3- 

0 .0625 7.52 • 1 0 -  2 1.2- 

0 .0312  1 . 4 7 2 . 1 0 - 1  

0 .0156  2 . 8 1 6 . 1 0 -  ~ ' " 
0 .0078 5.12 - 1 0 -  ] 0.9- 
0 .0039  9 . 4 7 2 . 1 0  - ] 0.B- 

0.7- 

performed at 4°C in dim red light. The extracts 
were divided into two equal parts, one of which 
was exposed to daylight for 30 min with the tem- 
perature maintained constant at 4°C. The specific 
conductance (7) of both extracts was subsequently 
determined at 4°C in red light. Both samples were 
then diluted successively by distilled water. Fol- 
lowing each dilution the conductivity of the two 
sets of solutions was measured under the same 
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F i g .  1. A plot  o f  conductance vs. concentrat ion o f  the rhodop-  
sin ex t rac t :  O , . d a r k - a d a p t e d  r h o d o p s i n ;  © ,  b l eached  r h o d o p -  

sin.  Solvent:  H 2 0 .  A c o n c e n t r a t i o n  of  3 . 2 . 1 0  - s  M r h o d o p s i n  

is t aken  as u n i t y  o n  the  abscissa .  Values  a re  p r e sen t ed  as the 

m e a n  + S.D. for  seven sets o f  m e a s u r e m e n t s  o b t a i n e d  o n  di f fer-  

en t  extracts .  
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Fig.  2. A plot  of  r h o d o p s i n  c o n d u c t a n c e  vs. c o n c e n t r a t i o n  o f  

the  ex t rac t  d i lu ted  by  2 H 20 .  T h e  uni t  c o n c e n t r a t i o n  is 3 . 2 - 1 0 -  5 

M. The  values  ind ica t ed  are  m e a n s  of  five results  o b t a i n e d  o n  

d i f fe ren t  e x t r a c t s _  S.D. 

conditions. Two sets of conductivity values were 
thus obtained. 

Water used for the extraction solutions and 
dilution of rhodopsin samples was triply distilled 
and deionized (y = 1.1.10 -6 S / c m  at 4°C); the 
pH was adjusted to 7 by 100 mM sodium phos- 
phate for extracts kept in the dark as well as for 
those exposed to light. 

In another series of experiments, 2H20 was 
used for succesive dilution of rhodopsin, all other 
conditions being kept unchanged. Heavy water 
(99.9%) was supplied by Carlo Erba (y = 5- 10 -6 
S / c m  at 4°C). 

Conductivity of the extracts was measured by a 
conductivity meter (L. Seibold, Vienna). Before 
dilution the conductivity of rhodopsin extracts was 
of the order of 10 -3 S. cm 2-mO1 -].  The equiv- 
alent conductance for rhodopsin is formally de- 
fined as A = lO00y/c, where c is the concentra- 
tion of rhodopsin in mol/ l .  This was plotted vs. 
concentration for seven sets of dilutions in H20  
and five sets of dilutions in 2H20 (Figs. 1 and 2). 

A marked difference is observed between the 
solutions in H20  exposed to light and those kept 
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in the dark (Fig. 1). As a rule the conductivity of 
bleached rhodopsin is higher than that of the 
rhodopsin kept in the dark. 

In all conductivity curves of dark-adapted 
rhodopsin the systematic presence of a 'pocket '  
was observed at a concentration of about 0.18. 
10 -5 M; the pocket was only barely present or 
absent in the curves of the bleached samples. In 
most experiments in the 'pocket '  area the presence 
of isolated points may be observed, situated more 
or less outside the curve, suggesting the instability 
of the micellar system in that region of concentra- 
tion. 

In 2H20 the difference between the conductivi- 
ties of bleached and dark-adapted samples is very 
slight, the 'pocket '  of the latter being vaguely 
outlined (Fig. 2). 

A possible explanation of the observed phe- 
nomena might be that at concentration of the 
extract around 0.25% at which the sudden drop of 
conductivity usually occurs, digitonin micelles are 
desrupted (attaining their critical micellar con- 
centration) liberating rhodopsin into the aqueous 
suspension. Being unstable, rhodopsin molecules 
aggregate [6] causing the observed decrease of 
conductivity. Aggregates are then dissociated at 
lower concentration. Aggregation might be absent 
or masked by other phenomena in the bleached 
extracts. 

2H2() seems to prevent somehow the formation 
of aggregates in the dark. It is possible that 2H20 
hinders the structural dark-light transitions of 
rhodopsin as have been earlier suggested by elec- 
trophysiological experiments on deuterated retinas 
[7,8]. 

However, the micellar system of digitonin, pro- 

tein, phospholipids and salt extracts from retina is 
too complex to draw any speculative conclusion in 
molecular terms from the data available. Further 
refinements of the described experiments are nec- 
essary to assign the observed 'pocket '  to the be- 
haviour of a certain molecule within the micellar 
system. 

It seems appropriate to recall here the earlier 
suggestion of McCaslin and Tanford [9] that 
rhodopsin is found in an oligomeric state if ex- 
tracted by detergents which keep intact the ability 
of opsin to recombine with l l -cis  retinal (dig- 
itonin is such a detergent). More recently Downer 
and Cone [10,11] have shown that rhodopsin is 
monomeric within the membrane; they admit, 
however, that in environments other than the na- 
tive membrane, rhodopsin may be stabilized by 
protein-protein interactions, forming oligomers. 
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