
CONTENTS

1

3

11 
17

17
17
18
21
21
23
26
28
28
31
33

35

37

40 
42

48

48
51

CHAPTER 1.

1 TRANSDUCTION OF ENERGY IN BIOLOGICAL 
ELECTRON TRANSPORT SYSTEMS

1.1 Electron transfer and transduction of energy in 
mitochondrial membranes

1.2 General scheme of the primary events of photosynthesis
1.3 Energy migration and arrangement of the 

photosynthetic pigment apparatus
1.3.1 Energy migration
1.3.2 Excitation energy migration pathways
1.3.3 Redistribution of excitation energy
1.4 Reaction centres of photosynthetizing purple bacteria
1.4.1 Components of the reaction centre
1.4.2 Kinetics of the electron transfer reactions
1.5 Photosystem 1 reaction centres of green plants
1.6 Photosystem 2 reaction centres of green plants
1.6.1 Function of photosystem 2 reaction centres
1.6.2 Oxygen evolution
1.7 Conclusion

CHAPTER 2.

2 MATHEMATICAL DESCRIPTION OF 
PHOTOSYNTHETIC ELECTRON TRANSPORT BY 
MEANS OF DIFFERENTIAL EQUATIONS

2.1 Mathematical models of electron transfer in biological 
systems - Historical review

2.2 Description of electron transfer by the mass action law
2.3 Mathematical models of the Z-configuration of the 

photosynthetic systems of higher plants
2.4 Probabilistic description of electron transfers in multi­

enzyme complexes
2.4.1 State probabilities
2.4.2 Methods of analysis of electron transfer in a complex



52

54

59

59
61
66

66
68
72
75
81
81
84
87

87
94

95
96
97

99
102

110

110
112
116

2.4.3 Comparison of the two foregoing descriptions of 
electron transport in biological systems

2.5 Electron transfer model for the photosynthetic reaction 
centre

2.6 Oxidation-reduction conversions of reaction centre 
bacteriochlorophyll in purple bacteria

2.6.1 Bacterial reaction centre
2.6.2 The dark recovery process
2.7 Electron-exchange interactions in chromatophores of 

photosynthetizing bacteria
2.7.1 Chromatophores of photosynthetizing bacteria
2.7.2 Donor side of the chain
2.7.3 The acceptor side of the chain
2.8 Identification of parameters of electron-transfer models
2.9 Physical concepts of electron transfer
2.9.1 Mechanism of electron transfer
2.9.2 Electronic-conformational interactions
2.10 Organization of the acceptor side of the reaction centre 

in purple bacteria
2.10.1 General physical mechanisms
2.10.2 Physical mechanisms of the regulation of electron 

transfer rates
2.10.3 Electron tunnelling mechanism
2.10.4 Effect of Coulomb interactions
2.10.5 Involvement of configurational rearrangements in the 

regulation processes
2.10.6 Motion along the conformational coordinate
2.11 Analysis of the kinetic conformational characteristic of 

the pigment-protein complexes of photosystem 1 of 
higher plants

2.12 Physical mechanisms of electron transfer regulation at 
the donor side of photosystem 1 - functional role of 
plastocyanine

2.12.1 Physical processes
2.12.2 Mathematical model
2.12.3 Comparison of model and experimental data

vi



CHAPTER 3.

121 3 DISCRETE COMPUTER SIMULATION OF THE 
ELECTRON TRANSPORT PROCESSES

123
125
127
127
129
130

132
136
137
140
140
144
148
148
149

152

152
152
154
159

3.1 Introduction
3.2 Concept of the discrete simulation models
3.3 Formal discrete description of ET structures
3.3.1 Topology of the structure
3.3.2 Dynamic state of the structure
3.3.3 Rules of electron jumps and stochastic properties of ET 

processes
3.3.4 History of ET processes
3.3.5 The form of simulation results
3.3.6 Internal organization of modelled ET structure
3.4 Synchronous models
3.4.1 Markovian transport structures
3.4.2 Organization and construction of synchronous models
3.5 Asynchronous Markovian models
3.5.1 General principles
3.5.2 Organization and construction of asynchronous 

Markovian models
3.6 Universal asynchronous models based on planning of 

events
3.6.1 Introduction
3.6.2 Formal concept of universal models
3.6.3 Electron jump planning
3.6.4 Organization and implementation of universal models

CHAPTER 4.

163 4 CONCLUSION

165 References and bibliography

175 Index

vii


