Molekuldris motorok:
hogyan miikddnek és mi a biologiai szerepiik?
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Szabadenergia (lizemanyag)

A szabadenergia biologiailag legalapvetobb formai:
ekémiai koteés1 energia

ekoncentraciokiilonbseg

sclektrosztatikus potencialkiilonbség



kémia1 kotesi energia
(ATP hidrolizis)
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koncentraciokiilonbseg

2 Boltzmann eloszlas:
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Fizika a molekularis méretskalan

Makroszkopikus vilag:

(a) gyengén csillapitott mozgas (nagy Reynolds szam);
(b) homérsekleti fluktuaciok elhanyagolhatok.
Kovetkezmények:

(a) az 1doskalakat a sebessegek €s gyorsulasok hatarozzak meg;
(b) a zaj kikiiszobolheto.

Mikroszkopikus vilag:
(a) tulcsillapitott mozgas, tehetetlenség elhanyagolhato (alacsony Re);
(b) a hdmerseklet vadul razza a molekulakat.
Kovetkezmények:
(a) az 1ddskalakat termalis folyamatok hatarozzak meg
(diffhzi16, aktivacio);
(b) a hdmérsékleti zaj kihasznalando.



Homeérseklet: fluktuaciok
hdmérsekleti energia:
k,T ~1.38x107J/K -300K ~ 4x107*'J = 4 pN nm
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Tulcsillapitott mozgas

mv = —yv

, V

V=——n
m/y

vizmolekulak tipikus megallasi ideje:

m m 18x10°kg/6x10%

= = ~10"s
y 6mmR  6m-10"kg/sm-1.5x10""m

==

vizmolekulak tipikus megallasi Gthossza:

A =VT~3502.10 s =3.5x10"2m
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Az eukariota sejtek felepitese
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Forgd motorfehérjek I:
(ATP-szintaz)

[Paul Boyer, Nobel dij: 1997]



Forgd motorfeheérjek I:
(ATP-szintaz)




Forgd motorfehérjek I:
(ATP-szintaz)




Forgd motorfeheérjek I:
(ATP-szintaz)

[K. Kinoshita (1997)]



Forg6 motorfeherjek 11:
(bakterialis flagellaris
motor)




Sejtvaz

Table 7.2 The Structure and Function of the Cytoskeleton

Property Microtubules
Structure Hollow tubes; wall consists of

13 columns af tubulin molecules
Dhameter 25 nm with 15-nm lumen

Protein subunits  Tubulin, consisting of

ee-tubulin and B-tubulin

Main functions Maintenance of cell sh'dp-:

{compression-resisting “girders™)
Cell motility (as in cilia or fagella)
Chromosome movements in cell division

Urgam:”-: movemenls

ﬁTuhulin dimer
Dl

'1-.55 nm

!

Micrafilaments
(Actin Filaments)

Twao intertwined strands of actin

7 nm

Actin

Mamtenance of cell shupc
[tension-bearing elements)

Changes in cell shape
Muscle contraction
t',:r'lc:phimi-_' streaming

Cell matility {as in pseudopodia)

Cell division -:1.'|-:u1.ri1!51: furrow formation)

10 pm
il

Actin subunit

I?nrr!

Intermediate Filaments

Fibrous proteins supercoiled into
thicker cables

=12 nm

Omnie of several different proteins of the
keratin family, depending on cell type
Maintenance of cell shape
(tension-bearing elements)

Anchorage of nucleus and certain other
organelles

Formation of nuclear lamina

Protein subunits
Fibrous subunits

I]C'nrn

sl RCE: Adapted from W, M. Becker, L. . Kleinsmith, and J. Hardin, The World of the Cell, 4th d. {San Francisco, CA: Benjamin Cummings, 2000), p. 753

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.



Sejtvaz

Cytoskeleton
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Linearis motorfehérjek I:
(m1ozin aktin szal mentén)
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Linearis motorfeheérjek 11:
(kinezin mikrotubulus mentén)

[Harvard Univ.:
The inner life of the cell]




Optikai csipesz
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Kinezin modell




diffiz16 --- motor transzport
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Sejtosztodas
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Aktin ¢s mikrotubulus polimerizacio




Mozgas aktinpolimerizacioval

%

Lamelhpodlum Listeria
[G. Borisy, Northwestern Univ. ] [J. Theriot, Stanford Univ.]
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Szintetikus motorok:

> 280 nm
_—
-
stable (P,P)-trans-1 unstable (M .M)-cis-2
20°C
60 °C
> 280 nm
-
—
unstable (M ,M)-trans-4 stable (P,P)-cis-3

[Ben Feringa]
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