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Scheme of the processes in photosynthetic membrane
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Experiment (dots, lab. Prof.

G.Renger, Berlin) and simulation

(solid lines). Fluorescence
iInduction curves after the

saturating 10 ns laser flash, cells of
thermophilic Chlorella pyrenoidosa

Chick .
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How to use kinetic models?

« Fitting the results of experiments with
} W T ns pulses helps to eva!uate the rate o
PQHy = constants of the reactions of non-radiative
7, dissipation processes etc. which can not be
, //Kj( registered straight in experiment
2H: e[, O, L.( QQ W e use kinetic models to analyze the

N K%“‘k_ pliﬂ‘e_rencein par_ameters of photo reactions

o, / Kg( in different species (plants, algae) at
R 0 different conditions (regimes of illumination,

/o stresses of starvation and heat)
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Detailed and simplified PSIimodel
Plusninaetal.,2013.CRM (Rus)
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Monte-Carlo model

Stroma

P700 redox transformations

e |
Vo
\ )

- light dependent electron carrier

- electron carrier

- electron pool

— b6f_0.txt
3.50E+013 4
3.00E+013
2.50E+013 4
2.00E+013 4
1.50E+013
1.00E+013

5.00E+012

0.00E+000

T T T T T T
1E5 1E-4 1E3 0.01 01 1
Time, s

Flurescence, red - DCMU

Lo

0.01 0.1 1 10 100 1000
Time, ms

simulation

—— reference.txt ‘
—— OEC and b559 off.txt

3.50E+013 | B 1 :
3.00E+013 4 / .
250E+0134 / 5 0.8
@ ] H
2 200E+013 H
E 0.6 :

%J 1.50E+013 =] '
1.00E+0134 /N\ c" 0.4
5.00E+012 - _// % '
0.00E+000 - 02 .

1E5 1E-4 1E3 0.01 0.1 q
Time, o b ..‘.E {
Fluorescence Y e
| t, Mc

red — heat stress experiment

Maslakov, Anthal et al., 2016



Chloroplast. Image and scheme
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Direct multiparticle modeling method. Kovalenko et al., 2006-2017, Physical
biology; Biophysika, Bioystems, Photjsynthesis. Res., Dyakonova et al., 2016,

Phys. Biol, Biophys., Rubin, Riznichenko, in: Photosynthesis in Silico, Springer,
2009; Mathematical biophysics, Springer, 2014
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Photosynthetic electron transport. Complexes
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|Brownian motion | Langevin equation for Browniar

motion of charged particles
Translational motion

dx 2kT &
Slr—=FfM®M+F, <f{)>=0 <f () >= t
t
dt (D) (1) v
k — Boltzmann constant, F =—0 d—¢ _ electrostatic force
T — temperature X dx
f.(t) — random force | |
& x— viscous friction ¢ — electrostatic potential

coefficient
Rotational motion

d Q@ 2 2kT grx
EX "L —m t)+M, <m(t)>=0 <m (1) >=
dt At
¢ — angle of rotation m,(t) — moment of the random force
& X— ViScous friction M, — moment of the electrostatic force

coefficient



Electrostatic The Poisson-Boltzmann Equation

interactions for a Macromolecule
K
V[e(r)Vo(r)] = —4r (Pp?"ot(r) + ; PR Z;e0 exp (_Zi;%é(r)))

@ - potential, € = permittivity, p,o: = charge density in protein, ¢;*!'x = concentration of i-
th ion in solution, Z; = charge of i-ion, e, = electron charge, R = gas constant, T -
temperature

1 % Dulk 72, =2 _ 81N 481
z—l | kpT
| =ionic strength
potential and
charge, in the 6 |
center of cell 0 221 he;¢; | + 4maqo
T /6
o ) + h3k3
ISR T from G. M. UIImann (2004)
| |
in the cell . . :
boundaries ,«— Ppotentialinthe neighboring cells



Equipotential surfaces (left) (-10mB, +10mB) and
surface electrostatic potential (right) of plastocyanin,
pH=7, I=100 M/m?3




Electrostatic surface potential of Cyt f, pH=7,
=100 monb/m?3
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a function on the distance z between the
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PC transfers electrons from cytochrome complex to PSI

Photosystem |l
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Pc molecule transfers an electron from Cyt complex
to PSI
Cytbgf PSI




Elecrostatical
surface potential of o
cytbsf complex, _r e
pH=7, =100 M/m3




Elecrostatical surface potential
of PSI, pH=7, =100 M/m3




The model scheme:
thylakoid membranes and
luminal space
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Cytochrome f oxidation and reduction of
Photosystem | after the shot |
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Photosynthetic electron transport chain
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Rate constant dependence on pH for ferredoxin-
FNR and ferredoxin-hydrogenase interactions
(computer simulation)
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Multiparticle modeling

e Simulation of the processes by means of
multiparticle 3D computer models helps
to understand how "elementary "physical
Interactions (Brownian force, electrostatic
Interaction) between the components
provide a "biologically meaningful” result
(directed flow of electrons, “switching” the
electron flows)



Protein-protein complex formation
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Protein-protein complex formation
Plastocyanin and cytochrome f
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Supercomputer «<Lomonosov»
Moscow State University
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Sector of Informatics and biophysics of complex systems, Dept. Biophysics,
Biological Faculty, MSU
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Z-Scheme of Electron Transport in Photosynthesis
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Proton concentration profilein the plane of the lumen (Ustinin et al., 2013)
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Proton concentration in lumen and ATP formation

H']

s The total number of .

i protons in the lumen i
first increases, and
with time it reaches a
constant level
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As soon as pHin the
stroma reaches the
definite level, ATP
synthase begins to
produce ATP. First, the
synthesis rate is limited
with the number of
available protons, and
then - with the time of
rotations of ATP subunits
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