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Eledron transfer (ET) readionsin readion centers (RC)
are considered within atwo-dimensional model. The key
points of the model are the separate contributions of
temperature independent vibrational (v) and temperature
dependent diffusive (d) coordinates to the preexponential
fador, to the reorganizaion energy A=A,+A4(T) and to the
free mergy of reatcion AG=AG + AG «(T). The
distribution in the position along the diffusive mordinate
and dstribution of protein dieledric relaxation times
along the diffusive mordinate aetake into acount. The
broad set of non-exponential ET kinetics between heme ¢
559 d cytochrome and dmer of baderiochlorophyll P*in
RC for different state of cytochrome reduction in
temperature range 297-40K are fitted within this model.
The tunneling matrix element V 4, the relaxation time 1
and the distribution parameters, aswell as AG,, AGy,
Ay, and A4 are determined.

The model al ows one to propcse new mechanisms of the
ET rates regulation under the influence of locd charges,
conneded with variation of the pasition and dredion of
eledron transfer path way along two-dimensional surface
of eledron transfer readion.

Thedark ET readions followingaflashin the
cytochrome-RC complex are as follows:

c-5590 et - P+ K0 Q3
All experimental kinetics can be considered as a sum of
two curves A; and Ao,

F(t) = Ay 0(T) expl-Key(DtHT + A 5 expl—k 1)
0

which differ significantly in their behaviour. Theinitial
part A; of the kinetic curvesin the time interval 0.1- 40 ys
isfast (ke=10"-10" %), temperature-dependent and non-
exponential. The next part A, from 0.1 psto 4500usis
described by a one-exponential function with aslow
nealy temperature-independent charaderistic rate aound
(1-4) 10°s*. Sincethe rate of theinitial part of kinetic

curves is much higher than the rate of the P* « Qj,
readion, it seems reasonable to relate A; kineticsto the
c—559 - P* readion and the Sow exponential part A,
to the recombination process P* « Q. Theratio of

parameters A1/A,, describing the equili brium between two
states of the protein complex, depends on temperature and
on the state of cytochrome reduction.

In order to explain the eistence of a significant fradion
of A, with low rate of eledron transfer we have to assume
that two populations A; and A, of proteins exist in the
samples gudied. In the first one the fast eledron transfer
from c-559to P* takes placewith ky=10"-10" s, In the
second population the dired readion hes ke<<10? s*, and

P* reduction is due to the back readion P* — Qj.

The foll owing two important questions increased:
1. What isthe reason for alarge differencein ET kinetics
between the “fast” and “dow” protein populations?

2. What is the reason for variations of parameters A; and
A, (describing the equili brium between the two
populations of the cytochrome-RC complex) with
temperature and with the state of cytochrome reduction?
The key to the resolution of these puzzlesresidesin the
existence of two dfferent states of the protein, B; and B,
with asmall differencein free aergy [1]. B, can goto B;
only by slow motion along the diffusive mordinate with a
charaderistic time T >>10? s even at room temperature.
The population densiti es of these two states B, and B,
correspond to the cefficients A; and A, in Eq. 1.

The dependence of the free eergy difference between B,
and B, states of the protein on the level of cytochrome
reduction means that these proteins have different charges
distribution in the vicinity of the proximal heme. The
hydrogen bonding or the protonation of some group(s) in
the vicinity of the proximal heme with an adivation
energy around 0.1-0.2 eV may be ared “physical”
interpretation for these two states.

For example, a caboxyl group nea the proximal heme
could be negatively charged at room temperature and
beoome protonated at alower temperature. In the first
state of cytochrome reduction, a negative caboxyl group
would crede favourable energetic and dynamic conditions
for fast ET readion from state B, to the final state C. At
lower temperatures the protonation of the caboxyl group
takes placeby a diff usive proton motion with
charaderistic times 1>>107 sinto the interior of the
protein gobule, leading to adeaease of the dedron free
energy for the protein in state B,. Therate of ET readions
from B, to C aong both pathsis small er than 107 s*.
Following reduction of heme ¢556, the equili brium
between H* and negative caboxyl group shiftsto the
unprotonated state due to eledrostatic interadion of the
reduced heme with H'. Asaresult, the ET rate increases
at a given temperature, and the ET kinetics are observed
at lower temperatures. Pladng the third eledron on heme
c-552increases attradion of H* from the site of the
proximal heme. Hence, deprotonation increases further,
and eledron transfer remains fast at lower temperatures.
Large variations of ET rate can be explained in the frame
of the Ovchinnikova-Sumi-Marcus approach by changing
relative contributions of vibrational and dffusive degrees
of freedom to parameters A and AG. This means that the
protonation of carboxyl group(s) leals to a change of
vibrational interadion of the proximal heme with the
protein matrix and to a change in remote dedrostatic
interadions, which leadsto dpole orientational
reorganisation (diffusive motion). Combination of
different contributions of vibrational and dff usive modes
to the protein reorganization opens a posshili ty to explain
the large differencein adivation energy and in ET
readion rates at low temperature from two different
protein states B; and B,, and consequently the existence
of alarge fradion of RC with “slow” ET kinetics.

This opens apossbility for large variations of ET rates
under the conditions where the protein internal mobility is
restricted: in large protein complexes and at lowered
temperatures.
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