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Outline

1. Photosynthetic Pigment-protein complexes, pigment
molecules and their optical properties.

The theory of optical response and the multimode
Brownian model.

2. Genetic algorithms and The Differential evolution

3. The Differential evolution application:
Simulation of Chlorophyll a and Bacteriochlorophyll a

absorption using the Multimode Brownian oscillator

model
Simulation of Orange Carotenoid Protein absorption
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Schematic representation of the protein complexes involved In
light-induced electron and proton transfer reaction of oxygenic
photosynthesis of cyanobacteria
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Photosynthetic pigment-protein complexes and Orange
Carotenoid Protein
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Bacteriochlorophyll a and Carotenoid absorption
spectra (echinenone)

——MeOH, RT
——diethyl ether, RT
——pyridine, RT
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Orange Carotenoid Protein (OCP)
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Three important points of linear and non-
linear spectroscopy data quantum analysis

Signal: P(r,t) = PV (r¢t) + P(z)(r ) +PPt) +-
L 5 - l
System: Hg|v) = g,|v) Molecular aggregates of Frenkel excitons

H=H5(qs)+HB(qB)+HSB(q5,qB) J

Bath: Dlmen5|onless sgectral density

wkwy e —
]k(w) Lorentzian

Ak Overdamped —

AZ Brownian e —
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Density matrix equation of motion

C
H = H§ (q5) + Hg""? (qs) + Hp(qp) + Hsp(qs,qB)
H = H° + H', whereH' is a perturbation

dp(t ' L

% = - [H.p(0)] - - = [H,p(D)]

ap(t

% = _ELO p(t) — —L '‘p(t) , the Liouville equation of motions

Forster. weak electronic coupling
Hs""?(q,) is a perturbation

Redfield: weak electron-phonon
coupling
Hsp(q5 q5) is a perturbation

Modified Redfield: Intermediate
case the Redfield regime
Hsgp(qg.q,) is a perturbation
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The lineshape function and the spectral density

Correlation functions:

=j_idt exp (ict)C (1)
C(0)=C (0)+C (o)

fico

,11_. j_ d ccos( cof }CDHI‘

A

C(t)= \f_ (m}+aj deosin(ar)C (o)

1

1 g (z) = JO dr, O’ dz-l(_f'(z'l) Line-shape function of absorption

Photosystem | trimer;
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Green function of the generalized
master equation for exciton hopping

a+u

Z [ Kua av Kaqu ( )]

g - Eigenstate problems, matrix
Ru551an supercomputing Days 2[]19 multiplication

I'.
'0



Genetic Algorithms

Genetic algorithm is a heuristic algorithm of the best
solution search which is used for solving of optimization
problems and modelling by means of a random choice,
combination and variation of the initial parameter set.
This mechanism of manipulation resembles biological
natural selection process.
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Differential Evolution method

_ Differential evolution is a method
representation of . - . .. .
parameter vector of multidimensional optimization
which implements some ideas of
genetic algorithms.

(24 l2_| |_| 5 | K‘@ |7_| M
current
Ppopulation cnstvalue _
Generation of a mutant vector:

F — a weighting factor
C — a crossover constant

trial wector

F (a)) - the target function

fk (a)) - A trial vector
N

g L L L) O O O O The(:ostvalueZZ(F(C‘)J')_f(wj))2

population far -
next generation =1
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Applications of the Differential Evolution

1. Multiprocessor synthesis. Optimization of multithread systems
(cluster supercomputers)
http://www.cs.nthu.edu.tw/~1sss98/isss98 slides.html

2. Crystallographic characterization. Problems of crystallography
http://www.physik.uni-osnabrueck.de/nonlinop/sncfd.htm

3. Scenario-Integrated Optimization of Dynamic Systems. Strategy
optimizations in chemical industry. http://discovery.bits-
pilani.ac.in/discipline/chemical/BVb/publications.html#39

4. Optimization of Non-Linear Chemical Processes.
http://discovery.bits-
pilani.ac.in/discipline/chemical/BVb/publications.html#46
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How to fit experimental data using the Differential evolution
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Optimum strategy search with the test spectra

1/ X%est

Results of the fitting
procedure for a chlorophyll
absorption spectrum

2
Xtest
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a DE/best/1/exp 6.0322e-10
b DE/rand/1/exp 2.6456e-08
C DE/rand-to-best/1/exp | 2.6456e-08
d DE/best/2/exp 3.8145e-08
e DE/rand/2/exp 2.4048e-07
f DE/best/1/bin 1.3473e-10
g DE/rand/1/bin 1.6287e-08
h DE/rand-to-best/1/bin | 3.4160e-09
[ DE/best/2/bin 2.5890e-09
] DE/rand/2/bin 1.6362e-09
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Two sets of free parameters and the final values for the best
fitting of the experimental data

[ Chloopnyl [ Bacteriochlorophyl
initial constraints initial constraints
plower puever the best fit plower pupper the best fit
J j ] |

13500 17500 15544.89 12195 16130 13306.26
50 450 305.78 50 350 298.48
30 90 72.09 20 90 53.56
60 140 134.14 80 150 143.99
20 40 36.66 20 90 50.81
1 10 7.02 1 10 1.7325
0.1 0.9 0.1674 0.05 0.9 0.1819
0.01 0.1 0.0657 0.001 0.1 0.0312
0.01 0.1 0.0266 0.001 0.1 0.0215
0.01 0.1 0.0331 0.001 0.1 0.0899
0.01 0.1 0.0001 0.001 0.1 0.0316
0.01 0.1 0.0002 0.001 0.01 0.0055
0.01 0.1 0.0000 0.001 0.01 0.0113
0.01 0.1 0.0001 0.001 0.01 0.0024
0.01 0.1 0.0000 0.001 0.01 0.0100
0.01 0.1 0.0006 0.001 0.01 0.0042

v 0.01 0.1 0.0003 0.001 0.01 0.0047
0.01 0.1 0.0011 0.001 0.01 0.0006




Results of Chlorophyll (upper plots) and Bacteriochlorophyll
(lower plots) Qy band absorption spectrum modelling
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The best solution shown after 100 generations. The used strategy is

DE/best/1/bin; F=0.6, Cr=0.9.



Orange Carotenoid Protein (OCP)
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The best solution for the Orange Carotenoid
Proteins in orange and red states

OCP orange (echinenone)
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Computational facilities

« Powerful clusters of the Moscow State University
“‘Lomonosov” and “Chebyshev”

http://parallel.ru ——goTE
lmluL___ "'"‘]'" ‘"l! a! m llﬁ
..-... '-'-Lm- s":":;
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