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Fizika a nanoskalan

Homérséklet
(vadul razza a molekulakat)

vizmolekulak mérete: ~0.3 nm

vizmolekulak tipikus sebessége: ~350 m/s (1200 km/h)

Viszkozitas
(a mozgas tulcsillapitott)

megallasi 1do: ~0.01 ps (10-145s)

megallasi Gthossz: ~0.003 nm



Sejtvaz

Table 7.2 The Structure and Function of the Cytoskeleton

Property Microtubules
Structure Hollow tubes; wall consists of

13 columns of tubulin molecules
Diameter 25 nm with 15-nm lumen

Protein subunits ~ Tubulin, consisting of

a-tubulin and g-tubulin

Main functions  Maintenance of cell shape

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

Organelle movements
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Microfilaments
(Actin Filaments)

Two intertwined strands of actin

7 nm

Actin

Maintenance of cell shape
(tension-bearing elements)

Changes in cell shape
Muscle contraction
Cytoplasmic streaming

Cell motility (as in pseudopodia)

Cell division (cleavage furrow formation)

10 pm
]

Actin subunit

I7nm

Intermediate Filaments

Fibrous proteins supercoiled into
thicker cables

8§~12 nm

One 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

sounce: Adapted from W, M. Becker, L. J. Kleinsmith, and [, Hardin, The World of the Cell, 4th od, (San Francisco, CA: Benjamin Cummings, 2000}, p. 753,

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



Sejtvaz
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Sejtosztodas

Gz Interphase Prophase

Metaphase Anaphase Telophase
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Lamellipodium Listeria
[G. Borisy, Northwestern Univ.] [J. Theriot, Stanford Univ.]
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Listeria
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Motorfeherjek 2
(kinezin mikrotubulus mentén)




Lipid membranok

Fibers of Carbohydrate EXTRACELLULAR
extracellular FLUID
matrix (ECM)

/f; Glycoprotein -

-

%
. Glycolipid

Molekuladinamikai I e
szimulaciok &

“\:«h.
>

o~ L

/ / ] ’ i
Filaméntsof  Cholesterol / \ o z C?L $ /

cytoskeleton (

1

Porlﬁhoral Infegral
protein protein CYTOPLASM

_ | Biologiai membranok

o ProsaratiylCreine Bisver "R folyadék-mozaik modellje
Carbon/Palmitic Oleic yaldods : ‘

Nitrogen Phosphorus

Water C

H Heller, M Schaefer, K Schulten,
J Phys Chem 97:8343, 1993.
RasMol Image by E Martz



Sejtszervecskek cso €s korong alaku

membranstruktarai

Golgi apparatus
[Ladinsky et al., JCB 144, 1135 (1999)]

Mitokondrium
[Perkins et al., JSB 119, 260 (1997)]
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Tovabbi membran nanocsovek

Poszt-Golgi transzport
kompartmentumok:

Mikrotubulusok ¢s az
Endoplazmatikus retikulum:

[D. Toomre, http://www.livingroomcell.com]

[V. Allan, http://www.biomed.man.ac.uk/allan/ER.html]



Tunneling nanotubes (TNTSs)
vesesejtek ¢s agysejtek kozott

[Rustom et al., Science 303, 1007 (2004)]



Tunneling nanotubes (TNTSs)
immunsejtek kozott

[Watkins and Salter, Immunity 23, 309 (2005)]




Mesterseges nanocsohalozatok
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[Karlsson et al., Nature 409, 150 (2001)]




Mesterseges nanocsohalozatok




Miért csovek?

A feliileti fesziiltseg o €s a hajlitasi merevseg k
ellentetes hatdsainak egyensulya kovetkeztében.

Cs0 esetén: E:J'(EC2 +Gj dA:(EiZ+Gj 2nRL
2 2 R
Optimalis sugar: a—E:O — —ELZ-I-G:O — R, = =
R 2G
Huzoero: E =2nv/20kL — f, = 2nv 20K
k~10kgT ~4x107°J =40 pNnm R, ~ 20 nm
—
Gz5X1O_5E=O.O5m f, =12.5pN

m nm
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Kinocilium

e Halloszorok

emlos kétéltu




Halloszorok mukodése




Hangero (decibel skala)
10dB=1B — 10-szeres hanger6

120 dB: 1 W/m?
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Hallaskarosodas




Halloszorok nemlinearis viselkedése:
torzitas

halloszdrok hossza: 10-30 um

minimalis erzékenyseg: ~3 nm kitérés

1012-szeres hanger6 ==» 10°-szoros amplitido == ~3 mm kitérés

Lehetetlen ekkora kitérés !!!
A halloszorok nem viselkedhetnek linearisan !!!

Torzitaniuk kell !!!



Passziv vs. aktiv detektalas

Passziv detektalas (Probléma, hogy til nagy a csillapitas)
 H. Helmholtz (1857): hurok rezonalnak.
e Békesy Gy. (1930-40-es €vek): az alapmembran rezeg.

Aktiv detektalas (Energia bepumpalasa a detektalds frekvencidjan)
e T. Gold (1948): analogia a radiovevokkel.
« W. Rode (1971): az ¢I0 fiil sokkal érzékenyebb.
 D. Kamp (1979): hang jon a fiilbdl.

A kritikus pontba hangolva a halloszorok
nagyon €rzékennye valnak a kis jelekre
(hasonloan a kihajlas jelensegéhez a kritikus
nyomoeronel).




A nemlinearitas kovetkezmenye

Tiszta hang f frekvenciaval: cos(2rft)

Masképpen: cos(a) ahol o =2nrft
Tiszta hang nemlinearis fliggvénye:

2c0s(a) [ =1+ cos(2a)

2cos(a) [’ =3cos(a) +cos(3a)

2cos(a) ' =3+ 4cos(2a) + cos(4ar)

Altalaban:
Fcos(a)|= A, + A cos(a) + A, cos(2a) + A, cos(3aL) +...
Megjelennek a felharmonikusok.



Oktav
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Akusztikai 1lluziok (hianyzo alapharmonikus)
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Optikai 1lluziok (Kanizs haromszog)




A nemlinearitas kovetkezmenye 11

Két tiszta hang f; és f, frekvencidval: cos(a) és cos(B)

ahol o —2nft és B=2nft

[2acos(a) + 2bcos(B) [ = a? +b? +a® cos(2a) +b? cos(2p)
+ 2abcos(o.+ ) + 2ab cos(o — )

[2a cos(a) +2bcos(B) [ = (3a® +6ab?) cos(a) + (30° + 6a°h) cos(p)
+a° cos(3a) +b°® cos(3P)
+3ab[cos(2a. + B) + cos(20.— )]
+3ab?[cos(2B + o) + cos(2p — o)



Akusztikai 11lazi10k (harmadik hang)
cos(2B—a) =cos[2n(2f, — f,)t] Tartini, XVIII. sz.
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Optikai 11l0z10k (Hermann racs)
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Akusztikai 1lluzi0k (Shepard skala)
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Akusztikai 1lluz10k (Shepard skala)
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Furcsa hurkok

¢y ¢

lgaz-e a kovetkezo allitas?

Ebben a mondatba harom hiba van.

[Escher]






