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Sejtmozgas

- amoboid
- csillos
- kontrakcio

Sejt adhezio

- sejt-ECM
- sejt-sejt




MOZGAS



A sejtmozgas szereplol

- Citoszkeleton (aktin, mikrotubulus, intermedier filamentum)
- Motor proteinek (kinezin, dinein, miozin)

- Kihorgonyzo6 ponok (MTOC, bazalis test, fokalis adhézio)
- Szabalyozo faktorok (Ca**, Mg**, kinazok)

- Energia: ATP



Property

Structure

Dhameter

Protein subunits

Main functions

soUReE: Adapted from W, M. Becker, L. . Kleinsmith, and J. Hardin, The World of the Cell, 4th ed. {San Francisoo, CA: Benja

Cltoszkeleton

Table 7.2 The Structure and Function of the Cytoskeleton

Microtubules

Hollow tubes; wall consists of
13 columns of tubulin molecules

25 nm with 15-nm lumen

Tubulin, consisting of
ce-tubulin and B-tubulin

Maintenance of cell shape
{compression-resisting “girders™)

Cell motility (as in cilia or flagella)

Chromosome movements in cell division | Muscle cuntmctiun|

Microfilaments
{Actin Filaments)

Twao intertwined strands of actin

7 nm

Actin

Maintenance of cell shape
[tension-bearing elemerts)

Changes in cell shape

OEB-EI.I'H.'”.L‘ MOVETenls

!'*!I.!: FI Mic Stres mine

COTubuIm dimer

Cell motility {as in pseudopodia)

Cell division {cleavage furrow formatiofy)

10 pm
]

Actin subunit

I?nm

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

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-hearing elements)

Anchorage of nucleus and certain other
organelles

Formation of nuclear lamina

Protein subunits
Fibrous subunits

I'Iﬂlnrn

nin Cummings, 2000), p. 753.



Sejtmozgas es aktin
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Az aktin fllamentumok
felepitése

..' 2 identical g-actin proteins (just

lal : . . S
different colors for ease of viewing)
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a single actin microfilament
("f-actin™)

Két G-aktin molekula ATP
segitsagevel kapcsolodik A mikrofilamentum
csavaros szerkezete



G-aktin —» F-aktin

Mag- képzodes Elongacio (polarizaltan)

Fast-growing end mlﬂ

,+ Vég:gyorsan novo - Veég lassan novo



Az aktin filamentumok
szervezodése
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Aktin kétegek, és halozatok




Aktint keresztkoto feherjék

NN P B W Actin Cross-Linking Protcins

Frovem™ MW
Cooap |
30 kDa 33,000
EF-1 SO000
Fascin 350000
Scruin 102,00
Cirowe 11
Villin 92 (M
Demarm EERLL
Groop [HHCH-domain superfamily)
Fimbrin LERLEN
e-Actinin 102,000
Spectrin ar: 280000
Br 24 (WM —
275,000
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ABP 120 Q2000
Filamin 2EOL 00
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Filopodia, lamellipodia, stress fibers
Preudopodia

Filopodia, lamellipodia, srress
fibers, microvilli, acrosomal
provcess

Avrosomal progess

Intestinal and kidney hrush border
microvilli

Ervthrocyie corncal nemwork

Mhcrovlli, stereocilia, adhesson
plagues, yeast acrin cables

Filepodia, lamellipodia, soress
fibers, adhesion plagues

Cortical nerworks

Muscle corncal nerworks
Pseudopodia

Filopodia, pseudopodia, sress
fibers




Aktin —polimerizacio es
mozgas

Profilin
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polymerization
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Miozin- az aktin motor feherjéje

Nehéz lanc Koénnyii lanc
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Aktin + miozin

« Sejten beluli szallitas (pl. miozin | és V)
« Kontrakcio (miozin 1)

« Amdboid migracié (miozin | és Il)



Szallitas molekularis motrokkal

Miozin-V ,lépeget” Az egyik ,labat
fluoreszcensen jeldlték,és ezt a jelet
kovették 1 db. mikrofilamentumhoz
kapcsoltan.

(Yildiz et al.)

Miozin-VI ,cigany kereket vet”

A miozin fejet és nyakat kulonb6z6
szinl flueoreszcens jelzéssel ellatva
valt kimutathatova a molekula
konformacié valtozasa.

(Selvin et al.)



Vezikularis transzport- Miozin -V.




Miozin-ll konformacios
valtozasa a sliding soran
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Myosin head
Actin
(+) =l

11 Mucleotide binding Q\ Head dissociates
ATP from filameant
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Head pivors and binds
a new actin subunit

ATP kotodik. A miozin-fej ,,hatra
hajlik” és egy (+) vég felé eso aktin
részre kerul
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ATP lebomlik. A miozin-fej ,,elére

billen” és magaval huzza az aktint a(-)
vég felel




Az aktin-miozin sliding In vitro
Kimutatasa

(a) Myosin Actin

7/ \ (+)
(—) 4 ) (+) A J




Kontrakcio

Relaxed

Myosin head Thick filament Thin filament

(+) (-] / -) (+)

|-(—2-|< A band H
| band | band
+ATP, Ca2*
Contracted

8 A band >



A szarkomer stabilizalasa

{a)
Z disk Actin thin filament Z disk
Myosin thick filament

Titin M line Mebulin

(k)

Gelsolin-treated



|lzomsejtek

la) Skeletal muscle ib) Smooth muscle
Myaofiber imuscle cell) Muscle cell
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Kontrakcido de nem mozgas

(b)

Myosin | Myosin Il
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Membranhoz kotott aktin
polimerizacio— allab kepzes
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Filopodium, lamellopodium



http://focus.hms.harvard.edu/2002/Feb22_2002/actin_movi.mov

Allab képzés - améboid mozgdas
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Amoboid mozgas




Miozin -| es -ll a sejtek
migraciojaban




A migracio jeltovabbitasa

Growth factors LPA

r ™, e

Cofilin IPg
Profilin
Gelsolin

Cofilin Myosin |l
v JL JL
Filopodia Lamellipodia Focal adhesion and Actin turnover
formation formation stress fiber assembly
1 --||I
// \\\ Intracellularis

Ca++
koncentracio
megoszlasa
migralo
sejtnél




Sejtmozgas es
mikrotubulusok



A mikrotubulus felepitese

(a) a-Tubulin B-Tubulin

«-Tubulin  GTP GDP f-Tubulin

8 nm
GTP Taxotene
Protofilament{ > 24 nm
(+) i =
veg veg



Interphase cell

Nucleus

Centriale

l

.

|

Q Depolymerization of

MTOC

Add colcemid or
coolto 0 °C

microtubules

Remaove colcemid or
warm to 37 °C

Addition of tubulin
at distal (<) ends
of microtubules

Elongation of
microtubules



A mikritubulusok polaritasa

(a) Interphase animal cell

Basal body

Flagellum
or cilium

Nucleus
Centriole

(c) Nerve cell (-)
MTOC 2+

Dendrite

(+) Axon

(+) (=)

(b) Mitotic animal cell
Chromosome MTOC /

(+)

Nucleus

MTOC Cell body

Centriole
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of GTP-bound
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stabilizalja a mikrotubulust.



Dinelin és kinezin

Dinein:

Microtubule '”SZéI I I'téS”

doublet (_) Vég fele

@ o End -mikrotubulusok
elcsusztatasa
}Dynem

Direction
of movement

@hind| Kinezin:

(b) Kinesin /Vesicle or

organelle -,szallitas”

Microtubule (+ ,
/of cytoskeleton ( ) vegd fele

’©End

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 4.24 Motor Proteins Use Energy from ATP to Move Things (Part 1)
© 2004 Sinauer Associates, Inc. and W. H. Freeman & Co.



A mikrotubulusok a sejt
szallito palyal
(+) = W

Membrane vesicles
\

» Mitochondrion
LY Golgi
;?.."-.?:'?'ux M . j . L e :
A\ A2
B “ MTOC Lysosome (+)
? 1:?,-:u E 5 ;Gﬁ
!
(+) Lysosome — " 8 (+)

‘ Cytosolic dyneins ‘ Cytosolic kinesins * Spindle kinesins (KRPs)



Neuron es pigment sejt

Intermediate
filaments
— Axon

Microtubules
Pigment granule

AN



Csillok felepitése

Axonéma
(2x9 +2)

bazalis test
(3x9)



Csillok axonémaja

{a) Flasma ) Bridge connecting
membrane central singlets

Inner
dynein
arm

Outer

Central pair
of singlet
microtubules

(b)

B tubule
A tubule

Dynein arms

Radial spoke

Central
singlet
microtubule

Inn er 50 nm
sheath L=

Radial spoke

Spokehead

A tubule B tubule

23
Doublet microtubule



Dinein sliding

- 89 81@
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\? (’ . 42{’“‘;; A tubule
B tubule
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Ez az elcsuszas a nexin és
Kull6 fehérjék altal korlatozott
)

A csillo elhajlik




A csillo es ostor mozgas
mintazata

Movement of cilium




Side View




ADHEZIO



Non-junkcionalis (atmeneti)

adhezio
Cadherin Ig-superfamily CAMs Mucin-like Integrin
(E-cadherin) (N-CAM]) CAMSs (o )
( | |
\
Carbohydrate
'\\
. i ++
Catt gy Ca
Lectin domain {
Ig domains
Type Il Fibronectin
fibronectin
e repeats . Ca++
Selectins
{P-selectin)

AN |

Homophilic interactions Heterophilic interactions




Fokalis kontaktus
Integrinek

A B
Collagen
Vitronectin Laminin-1
Fibronectin a Collagen

1
*2 Laminin-5
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Flasma membrane Fibronectin  |_aminin-2/4 Laminin-8

Inside
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Fokalis kontaktus

www.medscape.com

Growth-factor Integrin
receptors heterodimers

Adhesion-associated
complexas

Adhesion
dynamics

/

Call mIgration | se— SRR QN Qrowh

Source: Mat Rev Cancer & 2005 Nature Publishing Group



Migracio es sejt-ECM kapcsolat

Adhesive Regulation of Cell Migration

Adhesion Release Adhesion Formatic
calcineurin Cdc42, Rac, Rho  PLC+y . -
calpain FAK *1-3-K l hf: FOLH] COmplC}'{
Rho? calpain? *1-5-K
tyrosine phosphorylation? paxillin? PKC

CAS "il Crk l RM Actin B . Actin

MAPK? Src? T
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Junkcionalis kapcsolo strukturak

‘ }
1 '|:,

copyright™ %
Russell Kightley Media
rkm.com.au
please click tolicence




Zonula occludens
(szoros kapcsolas)

(a)
ATanes
".":-"""1'._

res
-tobbszorosen
Occlu— ,0sszevarja” a
din sejteket
(occludin)

-barriert képez



Zonula
Adherens

@ aktin

occludens  Ov szeriien 6sszekapcsolja a sejteket

zonula adherens

(4) aktin kotegek

aktin koteg ' katenin



Dezmoszoma

dezmoglein
dezmocollin

' / dezmoplakin
h dezmoglobin

Intermedier filamentumok
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A dezmoszdmak a mechanikai stressznek kitett séb
a leg jellemzdbb sejtkapcsolo strukturak
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Interdigitacio




Gap-junction
(rés kapcsolat)

Intercellular
gpace —— _,

W Az intracellularis viszonyoktol
o Al @ =) fliggSen nyit, vagy zar a

Y, ) konnexon cstorna

2.7 nm 2
SPace / When Intracellular Ca-++ concentration Is low the gep junctions
: are open
Connexons == — / /
Plasma ——" low
membranes Gap junction badd] 1] g:,.._.. Cass | |2 || Cave high Car++
-6 db membran atérd fehérjébdl épll fel /4
-1,5 nm HIDROFIL csatornat fognak kozre |
NPT . . rr low
- szincicialis szovetekre jellemz6 (ahol a Caes o oot | MR O | igh cars
sejteknek egyszerre, 6sszehangoltan kell !

mukodni When the Intracelular Ca+~+ concentration is high
the gap Junctions close.



Fél dezmoszoma

Intermedier filamentum (pl. keratin)

membrane plasmique
basale d'une cellule
epithéliale

-ECM-hez kapcsolja a
sejteket (integrinek)

- fokalis kontaktustdl
eltéréen az intermedier
filamentumok
horgonyozzak a sejt
vazhoz

_ bazalis lamina
(pl.laminin)

kapcsolo fehérjék




Mozgas es sejt-sejt kapcsolat 1.




Mozgas es sejt-sejt kapcsolat 2.

Mucus—

1. Csillok Epithelial
2. Nyak termel6 sejtek cells
3. Zonula adherens kotelék




A tumor-metasztazis adhézios
molekulak mintazatanak valtozasaval
jar

Epithelial-Mesenchymal-Transition Movement [IEII::}

LI GG S

|| E-cadherin
ﬂ || Integrin

Enhancement of

GnT-Hi cell-cell adhesion
Down-regulation of
cell-ECM adhesion
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