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SUMMARY 

The kinet ics  of the  thermal  decay  of me ta rhodops in  II380 have been inves t iga ted  
in the excised frog (Rana pipiens) ret ina.  Two first order  processes have been separa ted  
and the ra te  constants  and ac t iva t ion  pa ramete r s  for these processes have been deter-  
mined. Ano the r  faster  process is also sugges ted  bv the data .  

The ac t iva t ion  pa ramete r s  of the  slowest process are consis tent  with values 
obta ined  for the decay  of me ta rhodops in  II,~80 in the re t ina  of the  albino ra t  and  
solutions of cat t le  rhodopsin.  The react ion shows no pH dependence.  

The faster  process has somewhat  different ac t iva t ion  values  and is pH dependent .  
The results  suggest  a react ion involving a major  d isorder ing of tim molecule or soh,ent.  

INTROI)UCTION 

"file thermal  decay  of rhodops in  in te rmedia tes  in ex t r ac t ed  solution and re t ina  
has been of in teres t  for e luc ida t ing  tile c{mformational changes of the rhodops in  
molecule and in re la t ing these changes to the visual  process 1. DONXt,:R AND REUTER 2, :~ 
had suggested tha t  metarhodot)s in  I las  0 was a media to r  of an adap ta t i on  process 
and more recently,  W. A. H. Rt:SHTON and M. ALPERX (unpubl ished observat ions)  
have presented  da t a  which impl icate  rhodopsin  in te rmedia tes  in this  process, Also 
the thermal  decay  of meta rhodops in  IIa8 o may  be of some direct  relevance to the  
receptor  process since the meta rhodops in  I47 s to I las  0 react ion has been shown to 
c{wrespond on a t ime scale to the  early receptor  potent ia l  ~ 6. 

In the  albino ra t  re t ina  and solutions of ex t r ac t ed  rhodopsin,  workers  have 
s tud ied  the thermal  decay  of me ta rhodops in  I I as 0 by  direct  photomet r ic  methods; ,  ~ 
and in the  former case by  photoreversa l  potent ia ls  :~ n. In  these s tudies  the  ac t iva t ion  
para lne te rs  for me ta rhodops in  I I as o thermal  decay  have been calculated.  Though 
single t empera tu re  s tudies  of the  pho toproduc ts  of rhodopsin  have been repor ted  in 
o ther  species of frog re t ina  vz la, no t empera tu re  kinetic  s tudies have been presented.  
\Ve should like to repor t  on such a s tudy  of the the rmal  decay  of meta rhodops in  I I a~o 
in the  excised re t ina  of the  frog (Rana pipiens). 

MATERIALS AND METHODS 

Leopa rd  frogs (R. p@iens) were dark  adap t ed  for a t  least  12 1/and thei r  re t inas  
excised under  dim red  light. The re t inas  were then  moun ted  in a special ly designed 
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chamber  containing frog Ringer ' s  solution ~a with quar tz  windows" a n d  placed in a 
Cary-I  4 recording spect rophotonle ter .  For  the pH s tudy  the Ringer ' s  solution was 
modified to permi t  regulat ion with phospha te  buffer ". An E R G  was observed at 
higher  pH 's .  Tempera tu re  was regula ted  with a Lauda  K 2/R constant  t empera tu re  
ba th  and moni tored  with a Yellow Spring Model No. 42SC Tele- thermometer .  "l'he 
re t ina  was flashed with a Honeywel l  0oo s t robonar  focused through a light pipe 
(American Optical  LG 5 inch ~ 12 inch) and fil tered by a heat  filter and vellow 
cut off filter (2 > 46o nm, Corning 3-7I). 

The absorbance  at  38o nm was followed on the char t  of the  ( ' a rv  14 with init ial  
ar t i fact  e l iminated  by  covering the photonmlt ip l ie r  with a narrow pass 38o-nm 
interference filter (Baird-Atomic,  Type  3). 

R E S U L T S  

A represen ta t ive  plot  of the  ra te  da t a  for the thermal  decay of meta rhodops in  
II3s 0 is presented  in Fig. I. Using the assumpt ion  of concurrent  f i rs t-order  processes 
and the analysis  procedure  employed  previously  16 the slowest process (kl) is sub t rac ted  
from the ear ly por t ion and another  f r s t -o rde r  process de te rmined  (k2). Two processes 
are resolved. Another  faster  react ion is also suggested because the  k2 process does 
not intersect  the  absorbance  measured  at  7 msec. 

The ra te  constants  of the  two processes were then measured  over a range of 
t empera tures .  An Arrhenius  plot  of the  da ta  indicat ing the proper t ies  of the  two 
react ions is presented  in l:ig. 2. Both  processes show Arrhenius  behavior  over the 
t empera tu re  range, with the  faster  process having a somewhat  larger energy of ac- 
t iva t ion .  

Absolu te  ra te  theory  17 was also appl ied  to the  da t a  and the ra te  constants ,  
en tha lpy  and en t ropy  of ac t iva t ion  of the  two processes are presented  in Table I. 
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["ig. I. ]{ate data for the thermal decay of metarhodopsin IIa80. Temp., 23°; pH 0 . [ .  Point at 
7 msec determined by oscilloscope monotoring of Cary-i4 driver amplifier ~. 

Fig. 2. Arrhenius plot of metarhodopsin IIa80 thermal decay, pH 6.[. 
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"l"e rn p. 

TABLF i 

RATE CONSTANTS AND ACTIVATION PARAMETERS FOR THE THERMAL DECAY OF METARHODOPSIN [[381) 

(pH ~).l) 

(a) 51owest process (kl) 

krl  (SeC t) X I04 

18' 7.6 ~ 0.6 
23" I t . 4 ±  2.I 
2 8 '  22 .5  ~ 5 . 9  

33 ° 32.4 ~- I.(~ 

(21o -- 2.5 
, 4 H *  -- 17 kcal/mole 
AS#(23 'C ) =  15 e.u. 

(b) S~cond process (k2) 

7"c~zp. &'a (scc-1) × ±o a 

13 ' 7.1 ~_ o . I  
I8" I9"6 -@- 3"3 
23 ° 58.6 ~ o.o 

~10 = 3 .1 
AH4- = 35 kcal/mole 
~:|N:I: (23°C) = @54 e.u. 

TABLE II 

p H  DEP ENDENCE OF THE THERMAL DECAY (IF METARttODOPSIN I I a s  o (23 ~) 

pH kr l  (S£C-1) X 104 kr2 (S~!C 1) )~ iO 3 

5- r5 lO.4 86.6 
O.IO ti .  4 58.6 
7.2o Jo.i 26. 7 
7.95 IO.4 25.7 

The  s lowes t  process  (11) has  a sma l l e r  e n t h a l p y  of a c t i v a t i o n  t h a n  the  fas te r  p rocess  

and  a n e g a t i v e  e n t r o p y  of ac t iva t ion .  T h e  fa s t e r  process ,  on the  o the r  hand,  has  a 

dec ided ly  pos i t ive  e n t r o p y  of ac t iva t ion .  T h e  resul t s  sugges t  two  s o m e w h a t  d i f ferent  
reac t ions  wi th  t he  s lowes t  process  i n v o l v i n g  an o rde r ing  of t he  rhodops in  (or solvent)  
and  t h e  fas te r  process  i n v o l v i n g  a s u b s t a n t i a l  d isorder ing.  

T h e  effect  of changes  in p H  of t he  R i n g e r ' s  so lu t ion  on the  m e t a r h o d o p s i n  IIas0 

t h e r m a l  d e c a y  was  also measu red .  T h e  resul t s  are  p r e s e n t e d  in Tab le  I I  and  ind ica t e  
a p H  d e p e n d e n c e  of t he  fas te r  r eac t ion  (12) b u t  no such effect  on the  s lowes t  proces  (kt). 

DISCUSSION 

T h e  a c t i v a t i o n  p a r a m e t e r s  for t he  s lowes t  r eac t ion  in t h e  decay  of m e t a -  
rhodops in  IIa80 in t he  frog r e t i n a  s e e m  qu i t e  cons i s t en t  w i th  those  o b t a i n e d  in bo th  
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the albino rat retina and solutions of cattle rhodopsin (Table III). Tile results suggest 
that the reaction represents a similar conformation change in the three systems. 
Since the activation values are the same whether the reaction is monitored by the 
decay of metarhodopsin IIaso 9, n or buildup of metarhodopsin III465 (ref. I0), it also 
suggests that the thermal decay of metarhodopsin II3s o to metarhodopsin III~6 ~ is 
the process being observed. The negative entropy of activation is consistent with this 
idea since the process probably involves reprotonation of the Schiff base binding siteL 

T A B I ~ F  I I [  

S T U D I E S  OF  T I l E  T H E R M A L  D E C A Y  O F  M E T A R H O D O P S I N  I~330  

Investigators Source l 'echnique A H *  , JS*  
(kcal/mole) (e.u.) 

CONE ANY) C O B B S  9 A l b i n o  r a t  S p e c t r a  a n d  P P *  

( m e t a r h o d o p s i n  II38o) 18.8  ** 2. 4 * * 

ILBREY 10 A l b i n o  r a t  P P  * 

( m e t a r h o d o p s i n  I11465) ~6 ( i 5) i o  ( : ]  lo)  

HOSOYA 1l A l b i n o  r a t  P P  * 

( m e t a r h o d o p s i n  IIa~0) 2o. 7 o .o  

GEDN~Y AND OSTRO¥ F r o g  (R. pipiens) S p e c t r a  (hi) 17 -15 

( )s ' rRoY et al. v B o v i n e  so ln .  S p e c t r a  ( p H  5.1) 7-5 5o 

HUm~ARD et al. ~ B o v i n e  so ln .  S p e c t r a  ~9 - 7 

* P P  ( p h o t o r e v e r s a l  p o t e n t i a l ) .  
* * E s t i m a t e d  f r o m  o r i g i n a l  d a t a .  

The faster process that we have measured in the thermal decay of metarhodopsin 
IIaso (k2) appears to represent a somewhat different process. The larger enthalpy of 
activation and large positive entropy of activation indicate more bond breakage 
and a substantial disordering of the rhodopsin or solvent. The activation parameters 
suggest a reaction such as the direct decay of metarhodopsin I I~80 to retinal, but the 
present data are not sufficient to provide this information. 

Finally the results help to further pinpoint the stages in the bleaching of 
rhodopsin which may be related to tile receptor process. The two resolved reactions 
of the thermal decay of metarhodopsin IIa80 would appear to be too slow to be in- 
volved in the initial receptor event and are on a time scale consistent with the process 
of adaptation2, 3. Since the metarhodopsin I47s to IIa80 reaction has been shown to 
correspond on a time scale to the early receptor potential *-6, it suggests that  the late 
receptor potential is a result of: a delayed chemical event resulting from the meta- 
rhodopsin I~7 s to II~0 reaction 6 or an earlier reaction, or a result of the presence of 
metarhodopsin II~o (ref. i8), or the thermal decay of its fastest form. 
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