This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 14:08

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Charge Transfer Processes in Biological
Objects

Erkin Zakhidov ?

# Heat Physics Department of the Uzbek Academy of Sciences,
Tashkent, Uzbekistan
Version of record first published: 24 Sep 2006.

To cite this article: Erkin Zakhidov (1993): Charge Transfer Processes in Biological Objects, Molecular
Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals,
230:1, 57-60

To link to this article: http://dx.doi.org/10.1080/10587259308032212

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259308032212
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 14:08 18 February 2013

Mol. Cryst. Lig. Cryst. 1993, Vol. 230, pp. 57-60
Reprints available directly from the publisher
Photocopying permitted by license only

© 1993 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

CHARGE TRANSFER PROCESSES IN BIOLOGICAL OBJECTS

ERKIN ZAKHIDOV

Heat Physics Depariment of the Uzbek Academy of
Sciences, Tashkent, Uzbekistan

Abstract Charge transfer processes in biomembranes
are considered on example of the photosynthetic
reaction centers of the plants.

INTRODUCTION

In cells of living matter many processes of the enersgy
conversion are conjugated with complex events of charsge
transfer (CT) occurring in specific molecular structures -

biomembranesl. Vectorial mnature of these CT processes is

caused by electronic structur92 of the molecular
assemblies in which the CT take place. Efficiency of the
energy conversion process 1in photosynthetic apparatus
of the plants, determining by rates of forward and
back transfer of charges in its reaction center, may be
controlled by means of the delayed fluorescence (DF) under

the action of the ultrashort laser pulses.

BIOMEMBRANE
Biomembrane is a bilayer of the 1lipid mqlecules with
thickness of 5 - 10 A°. For giving an additional hardness
and forming different functional elements {ion channels,
pumps for particles, etc) biomembranes are conjugated
with appropriate proteins and other biomolecules3
Following three properties of the biomembranes are a
great importance for the CT processes:
~ There are transmembrane differences of the
potentials and concentrations of ions making it possible

controlling flow of particles through biomembranes;

[5491/57
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- It is possible drawing up a long and complex chain
of the molecule - carriers of the charge in biomembrane;

- Surrounding proteins may dramatically change +the
electronic structure of the molecules - carriers making it
possible controlling the rates and efficiency of the CT
process in different points of the chain;

These properties of the biomembranes are
interconnected and complimented one another : transmembane
potential arising from vectorial CT in biomembrane has
increased the rate of CT itself. This circumstance permits
considering the biomembrane as selfmaintaining system with
high degree of adaptability to environment conditions.

High values of the electrical fields (105 v/cm} in
biomembranes c¢reating by transmembrane potential cause
strong changes of the protein -~ protein interactions
(dipole moment of the protein molecules may be up to 1200
D) and make it possible controlling to the permeability of

ion channels.

CT IN PHOTOSYNTHETIC REACTION CENTERS

Functionally photosynthetic apparatus of the plants
consists antenna and reaction center. In antenna light ic
harvested and migrated as a exiton so far has not trapped
by reaction center, in which this energy is converted +to
the energy of separated and stabilized charges in result
of the multistep CT processes. CT occurs with help of the
molecules - carriers binding in assemblies with strong ® -
and 0 - bonds, where may be realized ultrafast {up to
picoseconds) transfer of the electron on the distance of
30 AO. So dramatically moving the electron away from donor
and lower midpoint potential of the acceptor (A¢ = 0.1 -
0.4 ev) do not allow fast back transfer through tunneling
or thermoactivation and the rates of forward and back
transfers (Kfor and KbaCk, respectively) are determined

by Boltsmann's factor4

kfer s gPack - xp (40 / kT) (1)
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The value of A¢i for each step of CT is determined

from two conditions:

. .th . th

i) Electron transfer from i to i+l molecule -
carrier must be much faster compared with back transfer

from ith to i—lth one.

ii) Back transfer from i+1th to i—lth molecule -~

carrier must be as slow as possible under restriction i.

DELAYED FLUORESCENCE

A part of the light pulse absorbed by prhotosynthetic
apparatus of plant 1is instantly reradiated by antenna
because of its photochemical quantum yield is not equal to
100%. Moreover, in the case of inhibition of +the CT
process (e.g., under the action of herbicides) 'another
type of emission - delayed fluorescence is arose. DF is
caused by enhanced back transfer of the electron in
reaction center and its time delay (and intensity) is
determined by location of the point of chain, where start
back transfer of the electron from. The time delay and
duration of the DF may be varied from nanoseconds to
seconds and as can be see from eq. (1) they are increasing
{intensity of the DF is decreasing) exponentially with
increasing AQ.

Because of its high sensitivity, time resolved laser
fluorescent spectroscopy methods (e.g. boxcar integrating)
are widely used for investigation DF. For simultaneously
investigating of the different time components of the DF
most suitable method is excitation with pulsed =
periodical picosecond laser and registration with strobe -
integrating technique4

High degree of adaptability of the biomembranes to
external fields 1is <clearly shown on the example of
illumination. At sharp switching on the c¢chain of CT in
reaction center (e.g., transferring plant from dark to
bright illuminated area) complex +transitional processes
related to accumulation of charges in certain points of

the chain and adaptation of +the assemblies of the
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molecules - carriers to fast or slow rates CT being
proceeding for the several minutes are occurred. These
processes may be tracing with help of DF. In figure 1 are
shown inductive curves of +the ratio of intensities DF
of millisecond (0,5 ms) and microsecond (35 lls) components
at different intensities of illumination of the plant
leaves. As can see from figure with increasing of the

intensity adapting time of the photosynthetic apparatus is

decreased.
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FIGURE 1 Inductive curves of the ratio of the

intensities of the ms and lbs components of

the DF.

So, high adaptability of the biomembranes and CT
processes in them may be investigated with help of DF

of the different time durations.
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