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ABSTRACT 

The visual pigments contained in tht eyes play an 

important role in vision. They are the main constituents 

of the retinal photoreceptor cells, which are situated at 

the focus of light entering the eye and are linked to the 

complex system of nerve fibres that carry information to 

the brain. Oy their light absorbing properties, they 

determine which parts of the spectrum the animal shall see. 

There are two types of visual pigments namely rhodopsin and 

iodopsin corresponding to two types of photoreceptor cells, 

namely, the rods and the cones. The light falling on the 

eye is absorbed by these visual pigments which triggers a 

photochemical reaction called bleaching. In this reaction 

various transient photoproducts are formed. The short 

lived photoproducts are related to the excitation of the 

photoreceptors while the long lived photoproducts are 

connected to the adaptation of the photoreceptors. We 

have studied theoretically the light -Jbsorbing and thermal 

properties of rhodopsin, isorhodopsin and their short lived 

photoproduots. Some theoretical work has also been carried 

out on iodopsin. From the available experimental data 

on cattle rhodopsin we have shown that rhodopsin and its 

short lived photoproducts behave like planar absorbers having 

a ratio of about 100:7 between the extinction coefficients 

along the long axis and perpendicular to it. Using this 



result and available experimental data a model for the 

configuration of chromophores in the disc membranes has 

been derived in which the plane of the chromophore is 

perpendicular to that of the disc and the long axis of the 

chromophore makes an angle of 6.6o with the plane of the 

disc. Flash photolysis of rhodopsin in rabbit's retina 

has been analysed theoretically to determine the quantum 

efficiencies of various reactions. It has bean reported 

that the quantum efficiencies of conversion of lumirhodopsin 

into rhodopsin and isorhodopsin lie in the range 0.24-0.45 

and 0.20-0.44 respectively; quantum efficiencies of 

conversion of metarhodopsin I into rhodopsin and isorhodopsin 

are found to have values greater than 0.52 and 0.45 respective 

and the quantum efficiency of conversion of isorhodopsin 

into lumirhodopsin has boon found to be approximately 0.86. 

Also the maximum value of the rate constant of the reaction 

metarhodopsin I 	me tarhodopsin II at 3700  has been 

determined in docerebrated eye. 

The temporal distribution of the flesh intensity 

which may bo an important wIrc'meter is generally not considered 

in the theoretical analysis of the flash photolysis experiments, 

We have studied its effect on the bleaching kinetics of 

rhodopsin and hove reported its importance in various cases. 

Further, using the results of the above analysis and available 

experimental data of flash photolysis experiments on the 



solution of cattle rhodopsin we have determined the values 

of various kinetic activntion parameters for the reactions, 

motarhodopsin I  )  motarhodopsin It, metnrhodopsin 

metrhodopsin I, motarhodopsin I'  metnrhodopsin II 

and motarhodopsin II  motarhodopsin II. 

We have nlso thoorotically nnalysed the available 

experimental deto on the time variation of the change in 

absorbanco of chicken iodopsin solution (at —195°C). Our 

analysis predicts the presence of a now intermediate during 

the bleaching of chicken iodopsin. 



C...ONTENTS 

CHAPTER 

I 

II 

Page 

INTRODUCTION 

DIRECTIONAL ADSORPTION PROPERTIES 
OF RHODOPSIN AND ITS PHOTOPRODUCTS  14 

A. Introduction  14 

B. Theoretical Analysis  16 

C. Results and Discussion  23 

i) Selection of parameters  23 

ii) Configuration of chromophores  25 
in the rod outer segment 

 

III  FLASH PHOTOLYSIS OF RHODOPSIN IN RABBIT  29 

A. Introduction  29 

B. Theoretical Analysis  32 

C. Calculations  37 

D. Results  42 

i) Quantum efficiencies  42 

ii) Rate constants  49 

iii) Variation of relative 
46 concentrations 

E. Discussion  46 

	

I V 
	

FLASH PHOTOLYSIS OF RHODOPSIN: EFFECT 
OF TEMPORAL DISTRIBUTION OF FLASH 
INTENSITY ON BLEACHING  KINETICS 

A,  Introduction 

0. Mathematical Analysis 

i) Photochemical reaction  model 

49 

49 

50 

50 

ii) Rate equations and their solutions 51 

iii)  Selection of parameters 57 

C.  Results 61 

i)  2 m sec Flash duration 61 

'i)  20  sec Flash duration 63 



CHAPTER  Page 

 

V  FLASH PHOTOLYSIS OF CATTLE RHODOPSIN 
IN SOLUTION: DETERnINATION OF KINETIC 
ACTIVATION PARAMETERS 
 

66 

A. Introduction  66 

B. Theoretical Analysis  67 

C. Results  76 

 

VI 
 

THE POSSIBLE PRESENCE OF A NEW 
INTERMEDIATE FOR IODOPSIN AT —195°C  79 

A. Introduction 
 

79 

B. Theoretical Analysis and Results 
 

80 

i) Two component reaction model 
 

SO 

ii) Three component reaction model 
 

84 

C. Discussion  89 

APPENDIX  92 

REFERENCES  94 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

