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h ll b d f h l bThe entire cell can be viewed as factory that contains an elaborate 
net work of interlocking assembly lines, each of which is 
composed of set large protein machinescomposed of set large protein machines

M d h d f b t f d ff tModern machines comprised of subsystems from different 
“domains” (I.e., mechanical, electrical, fluid, thermal) are often 
analyzed by energy based approachanalyzed by energy-based approach

A l d t di f th f ti f t i hi illAny real understanding of the function of a protein machine will 
require not only its resting structure in atomic detail, but also a 
knowledge of the kinetics and energetic of each of its reactionknowledge of the kinetics and energetic of each of its reaction 
intermediates

Extracts from the paper by Bruce AlbertsExtracts from the paper by Bruce Alberts
Cell, vol.92, 291 – 294, February, 1998
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Photosynthetic pathways in chloroplasts

2H+ 2H+

NADPH

NADP+hν hνPS II PS Ibf
Hg (H2)

PQ PQPQ
P

QA

Chl

2H+ 2H

Fdbh

b

FeSI

fluorescence FNR

PQH2

H2O

P680Chl Chl

2H+
Pc

bl

FeSR
P700

Chl

-OOC
f10-12s

2H+ 1/2O2

3H+

Q-cycle R-COO-

-OOC

OOC

ΔpH 10-2s
3H+

K+H+
+ +lumen

Thylakoid

ADP + Pi
_ _

stroma

Thylakoid
membrane

F
Cl- ADP + Pi

ATP

stroma

ATP synthaseF0

Fm

ATP-synthase0

0  1              10     t, c
Calvin cycle



Space distribution of protein electron p p
carriers in a membrane



Времена внутримолекулярных 
движений белка

Первичные процессы фотосинтеза и зрения 10-13 – 10-12 с

Динамика атомов и групп атомов 10-12 – 10-11 с

Динамика боковых цепей белков 10-11 – 10-7 с

Движение доменов и субъединиц 10-8 – 10-5 с

Лиганд-рецепторные взаимодействия 10-6 – 10-3 с

Кинетика сворачивания белковой глобулы 10-4 – 102 с
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Electron tunneling in a reaction centerg
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Температурная зависимость константы скорости разделения заряда в реакционномТемпературная зависимость константы скорости разделения заряда в реакционном 
центре 

o: контроль, •: под действием DMSO. 
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Protein InteractionProtein Interaction
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Thylakoid Membrane and Luminal Spacey p

50 Å 
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Эквипотенциальные поверхности (6.5 мВ) в люмене 
тилакоида хлоропласта pH=7 I=100 моль/м3тилакоида хлоропласта, pH 7, I 100 моль/м ,

σ=-18 мКл/м2



model

Equipotential surfaces calculated according to q p f g
Poisson-Boltzmann equations

Oxidized Рс Reduced cyt f

r4 r3

r2

r1

Ion strength - 100 mM, pH=7, εsol=80; εprot =2; 
red -6.5  mV, blue + 6.5  mV;
green atoms of molecules Dotted lines connectgreen – atoms of molecules. Dotted lines connect 
residues on Pc and Cyt f that were used by simulation for 
calculation the distance between proteins
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The dependence of Pc-Cyt f complex formation rate in lumen
th di t b t th l k id bon the distance between thylakoid membranes



Plastoquinone trajectory in a thylakoid membrane



Структура АТФ-азыру ур



Общая схема работыОбщая схема работы 
митохондриальной АТФ-азы





Направленный перенос везикулы  
кинезином вдоль микротрубочки



Сворачивание белка


