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P h o s p h o r y l a t i o n  o f  recoverin,  the ca lc ium-sens i t ive  act ivator  o f  
p h o t o r e c e p t o r  guanyly l  cyclase  
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Ro~,overin, a new calcium binding protein f rom bovine rod  p h o t o r ~ ¢ p t o r  cells, activates guanylyl cyclase below a free calcium conoentrat ion of  
200 nM.  We show here that  r ~ o v e r i n  is phosphory la ted  by an et ldogcneous kinase and  Mg-A'FP at  the same decreased calcium concentrat ion.  
The  ca lc ium-dependent  activation o f  guanylyl cyclase is enhanced  in the presence o f  ATP_ We suggest that phosphoryla t ion  o f  recoverin reinforces 

the stim~alation o f  guar~ylyl cyclas¢ at docreased calcium concentrat ions .  

Photoreoeptor ;  Guanylyl  cyclase; Recoverin:  Phosphoryla t ion;  Light adapta t ion  

I .  I N T R O D U C T I O N  

V i s u a l  e x c i t a t i o n  in  v e r t e b r a t e  p h o t o r e c e p t o r s  is  m e -  
d i a t e d  b y  a l i g h t - t r i g g e r e d  e n z y m e  c a s c a d e  t h a t  l e a d s  t o  
t h e  h y d r o l y s i s  o f  t h e  i n t e r n a l  t r a n s m i t t e r  g u a n o s i n e  
3 " , 5 " - c y c l i c  m o n o p h o s p h a t e  ( c G M P ) .  S u b s e q u e n t  c l o s -  
i n g  o f  t h e  c G M P - g a t e d  c a t i o n  c h a n n e l s  p r e v e n t s  t h e  
e n t r y  o f  c a l c i u m  i o n s  i n t o  t h e  oe l l .  C o n t i n u o u s  e x t r u s i o n  
o f  c a l c i u m  v i a  a N a / C a , K  e x c h a n g e r  r e s u l t s  i n  t h e  
l o w e r i n g  o f  t h e  c y t o p l a s m i c  c a l c i u m  c o n c e n t r a t i o n  ( f o r  
r e c e n t  r e v i e w s  s e e  [ 1 - 3 ] ) .  T h e  i n t r a c e l l u l a r  c a l c i u m  l e v e l  
d r o p s  f r o m  a d a r k  v a l u e  o f  3 ( g ) - - 4 ~  n M  [ 4 - 6 ]  t o  a v a l u e  
n e a r  o r  b e l o w  1 0 0  n M  [4]. T h e  t e r m i n a t i o n  o f  t h e  e n -  
z y m e  c a s c a d e  a n d  t h e  r e - s y n t h e s i s  o f  c G M P  b y  t h e  r o d  
g u a n y l y l  c y c l a s e  ( G C )  r e s u l t s  i n  t h e  r e s t o r a t i o n  o f  t h e  
d a r k  s t a t e .  ( 3 C  i s  c o o p e r a t i v e l y  a c t i v a t e d  a t  l o w  c a l c i u m  
c o n c e n t r a t i o n s  b y  a n o v e l  c a l c i u m  b i n d i n g  p r o t e i n ,  
n a m e d  r e c o v e r i n  [ 7 - 9 ] .  T h e  b i n d i n g / u n b i n d i n g  r e a c t i o n  
o f c a l c i u m  t o  r e c o v e r i n  a n d  t h e  a c t i v a t i o n  o f  G C  o c c u r s  
b e t w e e n  1 0 0 - 3 0 0  n M  f r e e  c a l c i u m  [ 7 - 9 ] .  T h e  d e c r e a s e  
i n  t h e  c o n c e n t r a t i o n  o f  c a l c i u m  a n d  t h e  a c t i v a t i o n  o f  
G C  a r e  p a r t  o f  a n e g a t i v e - f e e d b a c k  l o o p  t h a t  c o n t r o l s  
r e c o v e r y  o f  t h e  l i g h t  r e s p o n s e  a n d  l i g h t  a d a p t a t i o n  in  
v e r t e b r a t e  p h o t o r e c ~ p t o r s  [ 1 0 - 1 2 ] .  

P h o s p h o r y l a t i o n  o f  i l l u m i n a t e d  r h o d o p s i n  ( R h o * )  b y  
r h o d o p s i n  k i n a s ¢  a n d  s u b s e q u e n t  t e r m i n a t i o n  o f  R h o * -  
t r a n s d u c i n  c o u p l i n g  b y  a r r e s t i n  a r e  a n  i m p o r t a n t  p a r t  

Abbreviations: ROS, rod outer  segments;  cgZiMP, guanosine-3",5"- 
cyclic monophospha t¢ ;  GC,  guanylyi ¢yclasc; PDE,  c G M P  
phosphodies terase ;  SDS,  sodium d o d e ~ l  sulfate; P A G E ,  polyacryl- 
amide gel electrophoresis;  Dq[-r, di thiothrei tol ;  P M S F ,  phenylmethyl-  
sulfonyl fluoride: F P L C ,  fast protein liquid chromatography .  

Correspondence address: K.-W. Koch,  lnst i tut  for  Biologischt; Infor- 
mat ionsverarbei tung,  Forschungszen t rum Jfdlich, Postfach 1913, W- 
5170 Jiilich, Germany .  Fax: (49) (2 461) 614 216. 

o f  t h e  t e r m i n a t i n g  r e a c t i o n s  [I 3 - 1 5 ] .  O t h e r  p h o s p h o r y | -  
a t i o n  r e a c t i o n s  in  p h o t o r e c e p t o r s  a r e  c a t a l y z e d  b y  a 
p r o t e i n  k i n a s e  C [ 1 6 - 1 8 ]  a n d  c y c l i c  n u c l e o t i d e - d e p e n -  
d e n t  p r o t e i n  k i n a s e s  [ 1 9 -  21] .  A u t o p h o s p h o r y l a t i o n  o f  
r h o d o p s i n  k i n a s e  w a s  p r o p o s e d  t o  c h a n g e  t h e  a f f i n i t y  
o f  r h o d o p s i n  k i n a s e  t o  r h o d o p s i n  [22].  T h e  p h y s i o l o g i -  
c a l  s i g n i f i c a n c e  o f  m o s t  p h o s p h o r y l a t i o n  r e a c t i o n s  is  
s t i l l  a m a t t e r  o f  d i s c u s s i o n .  W e  r e p o r t  h e r e  t h e  p h o s p h o -  
r y l a t i o n  o f  r e c o v e r i n  w h i c h  s t r i c t l y  d e p e n d s  o n  t h e  f r e e  
c a l c i u m  c o n c e n t c a t i o n .  W e  f u r t h e r  s h o w  t h a t  t h e  c a l -  
c i u m - d e p e n d e n t  a c t i v a t i o n  o f  G C  is  e n h a n c e d  in  t h e  
p r e s e n c e  o f  A T P .  

2.  M A T E R I A L S  A N D  M E T H O D S  

R o d  outer  segments  (ROS) were prepared t¥om fresh bovine eyes 
according to a s tandard  p ro toeo |  [23] with some taodifications [8]. The 
G C  assay and the use o f  calcitLm buffers were exactly as described 
previously [81. Rocoverin was isolated as published [8] with one change 
in the protocol:  extracts o f  soluble ROS proteins obta ined after 
bleaching whole ROS were not  denatured  by a heat t reatment .  In- 
stead, soluble proteins  were fract ionated on a HiLoad 16/60 Superdex 
75 prep  grade F P L C  gel filtration column (Pharmacia)  in a buffer 
conta ining 50 mM NaCI and 20 m M  Tris-HCI, pH 8.0. Fract ions 
conta ining rec~verin were pooled and further  purified on  a M o n o Q  
anion exchange column. 

Extracts  o f  soluble ROS proteins were obta ined f rom dark kept 
IgOS in a buffer  conta in ing  10 mM Tris-HCI pH 8 . 0 1 .  I mM DTT and 
0.5 m M  P M S F  by t~ntr i fugat ion at 263 000 x g for  20 rain. Protein 
phosphory la t ion  was performed by incubating these extracts  { 1.5-2 
m g  protein/ml)  for 30 rain at  30°C with a phosphoryta t ion  buffer 
containing:  75 m M  NazHPO4, 25 mM NaH2PO,,  pH 7.2, 12.5 m M  
MgCI 2. 0. ! m M  MgCI~, 0. I m M  [y~zP]ATP (1 MCi) in 0. I mL Phospho-  
ry |a t ion was terminated by denatura t ion  in 0.1 ml SDS sample buffer 
(3.2~[~, w/v SDS, 2% v/v 2-mevcaploethanol ,  100 m M  Tris-HCI, pH 
"/.6, 25% w/v glycerol, 0.02g~ w/v IBromophenol blue) at  4OoC for  20 
rain. In eKlx:rinmnts where the influence o f  mernbrancs  was t ,~stod wg 
incubated purified ROS {6-8 mS rhodopsin/ml)  with the phosphoryla-  
l ion buffer. These reactions were terminated by adding  ice-cold EDTA 
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(5 r a M )  and  A T P  ( 10 m ~ l )  Sample+  w e r e  c e n t r i f u g e d  (20 rain+ 40  0 ~  
× g,  4oCL the  p~llet  ( m e m b r a n e o u s  f r a c t i o n )  w a s  r e s u s p c n d e d  a n d  
d e n a t u r e d  in S D S  s a m p l e  buffer ,  the s u p c r n a t a n t  ( s o l u b l e  f r a c l t o n )  
was  a g a i n  c e n t r i f u g e d  (20 rain.  40  000 x g ,°C) a n d  d i l u t e d  I : I w i t h  
SDS s a m p l e  buffer .  E x p e r i m e n t s  wi lh  e n d  ~nous p h o t o r e c e p l o r  pro-  
t e l .  k i n a s e  C w e r e  p e r f o r r a e d  a c c o r d i n g  to  [ 18 I. D i f f e r e n l  c o n c e n t r a -  
t ions  o f  free c a l c i u m  w e r e  ad jux ted  by d i f fe ren!  ( C a / E G T A  r a l i o s  a~ 
d e ~ r i b e d  p r e w o u s l y  [81. S o l u b l e  a n d  m e m b r a n e o u s  f r a c t i o n s  were  
a n a l y z e d  by  S D S - P A G E  124]. T h e  gel  w a s  e x p o s e d  to  a K o d a k  X - o m a t  
X- ray  t~Im o r e ' m i g h t  a t  - g 0 ° C .  Q u a n l i t a t i o n  o f  ~:P i n c o r p o r a t i o n  i n t o  
recover in  w a s  d e t e r m i n e d  by c u l l i n g  t h e  r¢cove r in  p r o t e i n  b a n d  f r o m  
a 8el. -rhe gel w a s  homo[gemzed  i n  s c i n t i l l a t i o n  flt t id c o n t a i n i n g  t i s sue  
so|abiliT~er a n d  c o u n t e d  o n  a s c i n t i l l a t i o n  c o u n t e r .  

3. R E S U L T S  A N D  D I S C U S S I O N  

R c c o v e r i n  w a s  p h o s p h o r y l a t e d  w h e n  t h e  f r e c  c a l c i u m  
c o n c e n t r a t i o n  in t h e  p h o s p h o r y l a t i o n  b u f f e r  w a s  l o w e r -  
e d  f r o m  > 5 0 0  n M  t o  4 n M  ( F i g s .  I B  a n d  2). S i g n i f i c a n t  
p h o s p h o r y l a t i o n  o c c u r r e d  b e l o w  200  n M  f ree  c a l c i u m  
( F i g s .  2 A  a n d  B), w h i c h  is e x a c t l y  t h e  r a n g e  t o  w h i c h  
t h e  c y t o p l a s m i c  c a l c i u m  d r o p s  a f t e r  i l l u m i n a t i o n .  T h u s  
p h o s p h o r y l a t i o n  a n d  t h e  c a l c i u m - d e p e n d e n t  a c t i v a t i o n  
o f  G C  b y  r e c o v e r i n  o c c u r s  a t  t h e  s a m e  f r e e  c a l c i u m  
c o n c e n t r a t i o n  ( F i g s .  2 a n d  3). N o  i n f l u e n c e  o n  t h e  p h o s -  
p h o r y l a t l o n  p a t t e r n  o f  r e c o v e r i n  w a s  o b s e r v e d  in t h e  
p r e s e n c e  o f  c A M P  a n d  p h o s p h o l i p i d s .  P r e s e n c e  o f  ROS 
m e m b r a n e s  d u r i n g  t h e  p h o s , ~ ) h o r y l a t i o n  a s s a y  a n d  i l lu -  
m i n a t i o n  o f  R O S  d i d  n o t  i n f l u e n c e  t h e  p h o s p h o r y l a t i o n  
o f  r ¢ c o v e r i n .  N o  a u t o p h o s p h o r y l a t i o n  w a s  d e t e c t e d .  
H i g h  c o n c e n t r a t i o n  o f  c G M P  (!  r a M )  i n h i b i t e d  t h e  
p h o s p h o r y t a t i o n  a t  20 n M  f r e e  c a l c i u m .  A l t h o u g h  m a g -  
n e s i u m  is n e e d e d  a t  an  eqx~L,~.olar c o n c e n t r a t i o n  t o  
A T P .  v a r i a t i o n  o f  i t s  c o n c e n t r a t i o n  b e t w e e n  I - I  2 . 5  m M  
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Fig.  I. A :  S D S  P A G E  a n a l y s i s  o n  a 1 2 . 5 ~  a c r y l a m i d e  gel .  ( L a n e  a )  
purified recoverin (3/~g); (lane b) extract o f  soluble ROS proteins ( ! 5 
/~g). Prolein concentration was determined according to [28]. B: Aulo- 
radiogram of  ~2P-phosphorylated soluble ROS proteins. Extracts of  
ROS proteins obtained from dark-'~dapted ROS were ~ncu'~ated in 
phosphorylation buffer with and without calcium. Samples were ana- 
lyzed as in Materials and Methods. Arrow indicates band of  recoverin 
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Fig .  2. C a l c i u m - d e p c n d e n t  phosphor?~ la t i on  o f  r c c o v c r i n .  A:  A u t o r a -  
d l o g r a m  o f  ~ZP-phosphory l a t ed  r ecove r in .  S a m p l e s  w e r e  i n c u b a l e d  
w i t h  o u r  p h o s p h o r y l a t i o n  b u f f e r  a t  I he  i n d i c a t e d  f ree  c a l c i u m  c o n c e n -  
t r a t i o n .  B: P h o s p h a t e  i n c o r p o r a t i o n  i n t o  retzoverin d e l e r m i n e d  f ront  

cu t  gel  p ieces .  T h e  c o r r e s p o n d i n g  a u t o r a d i o g r a m  is s h o w n  in A.  

h a d  n o  i n f l u e n c e  o n  t h e  p h o s p h o r y l a t i o n  o f  r e c o v e r i n .  
T h e  p h o s p h o r y l a t i o n  l e v e l  o f  r c c o v e r i n  w a s  d e t e r m i n e d  
b y  c o u n t i n g  t h e  32p c o n t e n t  o f  c u t  ge l  p i e c e s .  W e  esti+ 
m a t e d  a p h o s p h a t e  i n c o r p o r a t i o n  o f  0 . 1 5 - 0 . 2 5  s o l  Pi 
p e r  m o l  r e c o v e r i n  ( 4 - 5  d e t e r m i n a t i o n s )  a s s u m i n g  t h a t  
100,¢~v o f e n d o _  ~oenotl~ rec.c~veHn w ~ .  p r c ~ e n t  in an  extrac~t 
o f  s o l u b l e  R O S  p r o t e i n s  ( F i g .  ! A ,  l a n e  b )  o b t a i n e d  f r o m  
d a r k  a d a p t e d  R O S  a n d  t a k i n g  a r a t i o  o f  r e c o v e r i n  t o  
r h o d o p s i n  o f  1 : i 0 0 .  T h i s  c a l c u l a t i o n  is t h e  l o w e s t  p o s s i -  
b l e  e s t i m a t i o n  o f  p h o s p h a t e  i n c o r p o r a t i o n +  S i n c e  r e c o -  
v e r i n  is n o t  c o m p l e t e l y  r e m o v e d  f r o m  R O S  a f t e r  o n e  
e x t r a c t i o n  s t e p  ( L a m b r e c h t  a n d  K o c h ,  u n p u b l i s h e d  o b -  
s e r v a t i o n )  a n d  t h e  e s t i m a t e d  m o l a r  r a t i o  t o  r h o d o p s i n  
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Fig .  3. E f f t~ t  o f  A.TP o n  t he  c a l c i u m - d e p e n d e n t  a c t i v a t i o n  o f g u a n y l y l  
eyc l a sc .  W h o l e  d a r k - a d a p t e d  R O S  w e r e  a s s a y e d  fo r  g u a n y l y l  c y c l a s c  
activity as described. (e)  Incubation in the presence of  0.1 mM ATP; 
(c_~) control without ATP+ Data points represent triplicates with stand- 

ard d e v i a t i o n .  
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v a r i e s  b e t w e e n  I : 100 a n d  1:250 [8,9] p h o s p h a t e  i n c o r p o -  
r a t i o n  m a y  be  as  h igh  as  0 .5  m o l  Pi p e r  m o l  r ecovcv in .  

A n a l y s i s  o f  the  m e m b r a n e o u s  f r a c t i o n  (see M a t e r i a l s  
a n d  M e t h o d s )  r e v e a l e d  t h a t  r o d  G C  [25,26], a ! 12 k D a  
p r o t e i n ,  w a s  n o t  p h o s p h o r y l a t e d  u n d e r  o u r  a s s a y  c o n d i -  
t i o n s  ( d a t a  n o t  s h o w n ) .  I n c u b a t i o n  o f  R O S  wi th  0,1 m M  
A T P  e n h a n c e d  t h e  c a l c i u m - d e p e n d e n t  a c t i v a t i o n  o f  G C  
( F i g .  3). T h e  e f fec t  w a s  m o s t  p r o n o u n c e d  b e l o w  200 n M  
free  c a l c i u m ,  i.e. t he  r a n g e  o f  f ree  c a l c i u m  w h e r e  p h o s -  
p h o r y l a t i o n  b e c o m e s  s i gn i f i c an t .  G C  ac t i v i t i e s  we re  
a b o u t  2 - t i m e s  h i g h e r  in  t h e  p r e s e n c e  o f  A T P  t h a n  in 
c o n t r o l  i n c u b a t i o n s  w i t h o u t  A T P  ( F i g .  3). W e  s u p p o s e  
t h a t  t h i s  e f fec t  o f  A T P  is d u e  t o  t h e  p h o s p h o r y l a t i o n  o f  
r e c o v e r i n .  M a x i m a l  a c t i v i t i e s  o f  C ~  m e a s u r e d  a t  l ow  
c a l c i u m  c o n c e n t r a t i o n s  ( < 2 0 0  n M )  in t h e  p r e s e n c e  o f  
A T P  s h o w e d  a v a r i a t i o n  b e t w e e n  6 a n d  18 n m o l / m i n / m g  
r h o d o p s i n .  M o d u l a t i o n  o f  G C  a c t i v i t y  b y  p h o s p h o r y l a  
l i o n  o f  r e c o v e r i n  m a y  e x p l a i n  t h e  d i f f e r e n c e s  o f  G C  
a c t i v i t i e s  f o u n d  in the  l i t e r a t u r e :  b a s a l  G C  a c t i v i t i e s  
r a n g e  f r o m  0~6-2 .4  n m o l / m i n / m g  r h o d o p s i n  a n d  in-  
c r e a s e d  G C  a c t i v i t i e s  r a n g e  f r o m  6 - 2 0  n m o l / m i n / m g  
r h o d o p s i n  [7-9] .  T h u s ,  t h e s e  v a l u e s  w o u l d  ref lect  d i f f e r -  
e n t  a m o u n t s  o f  p r e - p h o s p h o r y l a t e d  r¢~ove r in  in p u r i -  
f ied R O S .  G C  a c t i v i t i e s  s h o w n  in F ig .  3 w e r e  c o r r e c t e d  
f o r  h y d r o t y ¢ i s  o f  c G M P  b y  m e a s u r i n g  the  r e c o v e r y  o f  
[ S H ] c G M P  [7,8]. T h u s ,  t he  e f fec t  o f  A T P  s h o w n  in F i g .  
3 d o e s  n o t  ref lec t  t h e  q u e n c h i n g  o f  the  P D E  [1]. 

W e  t e s t e d  w h e t h e r  p h o s p h o l i p i d - d e p e n d e n t  p r o t e i n  
k i n a s e  C c a t a l y z e d  th i s  p h o s p h o r y l a t i o n  r e a c t i o n .  
P r c p a r a t i o n s  o f  e n r i c h e d  p h o t o r e c e p ~ o r  kinae.e C~ 
k i n d l y  p r o v i d e d  b y  !. W e y a n d  ( F o r s c h u n g s z e n t r u ~ . l  
J i l l i ch ) ,  w e r e  i n c u b a t e d  w i th  p u r i f i e d  r c c o v e r i n  ( F i g .  I A ,  
l ane  a)  in t he  p r e s e n c e  o f  p h o s p h a t i d y l  s e r i n e  (10 /2g/ 
a s s a y ) .  N o  p h o s p h o r y l a t i o n  a b o v e  o r  b e l o w  200 n M  
free  c a l c i u m  w a s  o b s e r v e d .  P r e - i n c u b a t i o n  o f  w h o l e  
R O S  wi th  t h e  r h o d o p s i n  k ina s~  ~nh ib i to r  5" - [p- ( f luoro-  
s u l f o n y l ) b e n z o y l ] a d e n o s i n e  [27] d i d  n o t  p r e v e n t  p h o s -  
p h o r y l a t i o n  o f  r e c o v e r i n .  T h e s e  e x p e r i m e n t s  i n d i c a t e  
t h a t  p r o t e i n  k i n a s e  C a n d  r h o d o p s i n  k i n a s e  a r e  p r o b a -  
b l y  n o t  i n v o l v e d .  T h e  k i n a s e  a c t i v i t y  is e x t r a c t a b l e  f r o m  
R O S  in a l o w  i o n i c  s t r e n g t h  b u f f e r  a n d  c a n  be  s e p a r a t e d  
f r o m  r e c o v e r i n  b y  gel  f i l t r a t i o n  o n  a S u p e r d e x  75 co l -  
u m n  ( M a t e r i a l s  a n d  M e t h o d s ) .  I t s  i d e n t i t y  a n d  h o w  i ts  
c a l c i u m  d e p e n d e n c e  c a n  b e  i n t e r p r e t e d ,  h o w e v e r ,  re-  
m a i n s  u n c l e a r .  T h e  e f fec t  o f  c a l c i u m  c o u l d  be  d u e  t o  a 
c o n f o r m a t i o n a l  c h a n g e  o f  r e c o v e r i n .  I t  w o u l d  o n l y  be -  
c o m e  a s u b s t r a t e  in  i ts  c a l c i u m  f r ~  f o r m  a n d / o r  the  
k i n a s e  o n l y  o p e r a t e s  a t  a l o w  c a l c i u m  e o n o e n t r d * i o n .  

W e  p r o p o s e  t h a t  t h e  m o d u l a t i o n  o f  O C  ac t iv i t>  b y  
p h o s p h o r y l a t i o n  o f  r e c o v e r i n  is  a n  a d d i t i o n a l  m e c h a -  
n i s m  in t h e  r e c o v e r y  o f  t h e  e x c i t a t i o n  s i g n a l  a n d  in l igh t  
a d a p t a t i o n .  S i g n i f i c a n t  p h o s p h o r y | a t i o n  in  v i t r o  w a s  
o b s e r v e d  a f t e r  s eve ra l  m i n u t e s  o f  i n c u b a t i o n .  T h e  l igh t -  
i n d u c e d  d e c r e a s e  o f  c a l c i u m  t h e r e f o r e  w o u l d  t r i g g e r  a t  
l e a s t  t w o  s u b s e q u e n t  e ven t s .  F i r s t ,  a f t e r  a dela2r o f  a few 
h u n d r e d  m i l l i s e c o n d s  G C  is a c t i v a t e d  b y  r e c o v e r i n .  Sec~ 
o n d ,  c o n s t a n t  i l l u m i n a t i o n  o v e r  a l o n g e r  p e r i o d  o f  t i m e  

w o u l d  k e e p  the  c y t o p l a s m i c  c a l c i u m  c o n c e n t r a t i o n  low,  
b u t  it  w o u l d  a l s o  i nc rea se  t he  n u m b e r  o f  a c t i v a t e d  P D E  
m o l e c u l e s .  T h u s ,  p h o s p h o r y l a t i o n  o f  r e c o v e r i n  l e a d s  to  
a f u r t h e r  i n c r e a s e  o f  G C  a c t i v i t y  in o r d e r  t o  b a l a n c e  
h i g h e r  . . . . . . . . . .  nyuto ,y : , , : ,  o f  c G M P .  A f t e r  r e - o p e n i n g  o f  the  
c G M P - g a t e d  c h a n n e l s ,  r e - e n t r y  o f  c a l c i u m  l e a d s  to  
b i n d i n g  o f  c a l c i u m  to  r e c o v e r i n  a n d  c o n s e q u e n t l y  to  a 
d e c r e a s e  o f  G C  a c t i v i t y ,  A c c o r d i n g  to  t he  c u r r e n t  d a t a  
we  c a n n o t  d i s c r i m i n a t e  b e t w e e n  t w o  a l t e r n a t i v e  r o u t e s  
o f  i n a c t i v a t i o n ,  i.e. b i n d i n g  o f  c a l c i u m  t o  the  p h o s p h o -  
r y l a t e d  o r  t h e  d e p h o s p h o r y | a t e d  f o r m  o f  r ecove r in .  
F u r t h e r  e x p e r i m e n t s ,  a s  well  as  i n v e s t i g a t i o n s  c o n c e r n -  
i n g  t h e  a c t i v i t y  o f  (a)  p o s s i b l y  i n v o l v e d  p h o s p h a t a s e ( s ) ,  
a r e  n e e d e d  t o  shed  l i g h t  o n  t h i s  p o i n t .  
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