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Pohyb rasinky je umoznén mustky mezi paralelnimi
mikrotubuly — brani vzajemného posunu

linking
proteins
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Figure 16-65 Molecular Biology of the Cell 6e (© Garland Science 2015)




Jak se muze tolik cilii uchytit k jednomu
' bazalnimu télisku?
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7 » KliGova role kinazy Plk4 — normalné reguluje duplikaci
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Pricneé pruhovany sval

» Soubuni vzniklé splynutim svalovych prekurzoru

(O

nucleus ap e
myofibril
(A) %

(B) L |
50 um



Jak funguje svalovy stah?

| Figure 16-32a Molecular Biology of the Cell 6e (© Garland Science 2015)



Jak funguje svalovy stah?
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Figure 16-32b Molecular Biology of the Cell 6e (© Garland Science 2015)
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Jak funguje svalovy stah?
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Figure 16-32cd Molecular Biology of the Cell 6e (© Garland Science 2015)
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Figure 16-33 Molecular Biology of the Cell 6e (© Garland Science 2015)



Jak funguje svalovy stah?
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Figure 16-34 Molecular Biology of the Cell 6e (© Garland Science 2015)

Nebulin — molekularni pravitko, ochrana koncl — tropomodulin (minus) a Z disk (CapZ a aktinin)
|

Vv

| pruhované svaloving, Je to zifejmé nejdelsi lidsky protein: je vytvaren jako jediny polypeptid, ktery md u clovéka délku
34 350 aminokyselina ma molekuldrni hmotnost asi 3 700 kDa. Vyroba titinu na ribozomu zabere neuvéfitelné 2—3 hodiny (u béznych

bilkovin to je otazka nékolika minut). Na délku ma asi 1,2 mikrometru, tedy radové stejné jako napfiklad burika bakterii. Je to treti
nejpocetné;jsi protein ve svalech — dospély ¢lovék ma asi 0,5 kg titinu.

Zajimavost: Titin (jméno souvisi s bajnymi Titany), téZ konektin, je obrovsky elasticky protein nachazejici se v sarkomere v pficné
|



Jak funguje svalovy stah?

actin filament

minus plus
end & end

myosin head

—m

®» na zacatku cyklu je myosinova hlavicka bez navazaného
nukleotidu pevné semknuta s aktinovym filamentem (angl.
rigor configuration - rigor mortis)

» v aktivné pracujicim svalu je tento stav velmi kratkodoby a je
rychle ukoncen navazanim molekuly ATP



Jak funguje svalovy stah?

|~

myosin
thick filament

+ " " N /

» molekula ATP se vaze do velkého zahybu na zadni strané
hlavicky myosinu (na nejvzdalenéjsi misto od aktin.
filamenta) a zpUsobuje nepatrnou zménu konformace mista,
kde se k myosinu vaze aktin, C¢imz snizi afinitu hlavicky
myosinu k aktinu a umozni pohyb podél filamenta



Jak funguje svalovy stah?
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» zahyb na myosinu se jako musle uzavira okolo molekuly ATP,
spousti se pohyb levého ramena myosinu, které posouva
hlavicku myosinu podél aktinového filamenta o vzdalenost
priblizné 5 nm

» nastava hydrolyza ATP, ale ADP a anorg. fosfat stdle zustavaji

pripojeny k myosinu



Jak funguje svalovy stah?
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» slaba vazba myosinu k novému mistu na aktinovém
filamentu zpusobi uvolnéni anorg. fosfatu, ¢imz se zesili
vazba myosinu k aktinovému filamentu

» uvolnéni anorg. fosfatu vede ke zméné tvaru myosinu -
nabyva puvodni konformace, ztraci ADP a svalovy stah se
vraci na zacatek cyklu (ale nachazime se o kus dal na
aktinovém filamentu)



Jak funguje svalovy stah?
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Jak se koordinovane a rychle posunou tisice molekul
myosinu po aktinu?

transverse (T)
tubules formed
from invaginations
of plasma membrane

sarcoplasmic g o, BN
reticulum \ =

myofibril

Ca?*-release channels
L |

plasma membrane
(A)

(B) 0.5 pm

» V bunce je udrZzovana nizka koncentrace Ca2+ iontul, které
jsou aktivné pumpovany vneé bunky a do endoplazmatického
retikula (u svalu nazyvané sarkoplazmatické retikulum)



Jak funguje svalovy stah?
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Figure 16-35 Molecular Biology of the Cell 6e (© Garland Science 2015)




Role troponinu a tropomyosinu

» Troponin — vaze Ca2+

» Tropomyosin — blokuje na aktinu vazebna mista pro myosin

troponin
actin

| complex Itropomyosin
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Role troponinu a tropomyosinu

» Troponin — vaze Caz2+

» Tropomyosin — blokuje na aktinu vazebna mista pro myosin

» Vazba CaZ2+ iontl — zména konformace, které posune
tropomyosin a umozni pohyb myosinu po aktinu

troponin
actin complex  tropomyosin
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i Hladky sval — v principu podobny, v detailu jiny

(A) llm !
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Figure 16-37 Molecular Biology of the Cell 6e (© Garland Science 2015)






Dva extrémni mody migrace:
Ameéboidni vs. mesenchymalni

Myosin Il structures

Focal adhesions

Migration speed
Polarity
Adhesion

Migration mechanics
in vivo

Organization of action
cytoskeleton

Chemoattractant receptors

Amoeboid
Fast, ~ 10 um/min
Well-defined front and rear

Relatively weak, mostly
intercellular

Sqeezing through pores
in matrix/stroma

Thick dendritic actin
network at the cell front;
elsewhere, cortical
actomyosin mediates
contractility beneath the
plasma membrane

GPCRs

Mesenchymal
Slow, < 1 um/min
Multiple, competing lamellipodia

Strong, mostly ECM with well-
defined adhesion complexes

Traction via adhesion to ECM,
matrix degradation as necessary

Dendritic F-actin in lamellipodia;
acto-myosin miniflaments
mediate contractility behind the
leading edge(s) and form thick
stress fibers attached to
focal adhesions

RTKs




Pohyb bunky po substratu

actin cortex substratum
lamellipodium

actin polymerization at
cortex under tension plus end protrudes
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Figure 16-75 Molecular Biology of the Cell 6e (© Garland Science 2015)



Pohyb bunky po substratu

actin staining actin staining

fimbrin
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Arp2(3 Myosin Il
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Figure 16-84 Molecular Biology of the Cell 6e (© Garland Science 2015)



Pohyb bunky po substratu — model keratocyti (v kizi ryb a
obojzivelniku)

10 pm

Figure 16-77 Molecular Biology of the Cell 6e (© Garland Science 2015)



Aktinova sit v lamelipodiu — klicova role Arp2/3

Figure 16-78a Molecular Biology of the Cell 6e (© Garland Science 2015)



Aktinova sit v lamelipodiu — klicova role Arp2/3
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Figure 16-80 Molecular Biology of the Cell 6e (© Garland Science 2015)




Aktinova sit v lamelipodiu — klicova role Arp2/3

Figure 16-78b Molecular Biology of the Cell 6e (© Garland Science 2015)



Destabilizace aktinu kofilinem — mimo leading edge

B) ... N

actin and cofilin actin
only

(A) I

20 um

Figure 16-79 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Malé GTPazy z Rho rodiny jsou klicové regulatory cytoskeletu

(preskocime trosku dopredu o jednu prednasku)

GTPase Activating Proteins
GAPs

P.

1

“active” GDP ‘inactive”

GDP GTP

GTP Exchange Factors
GEFs
(Dbl-homology proteins)

Figure 16-84 Molecular Biology of the Cell 6e (© Garland Science 2015)



Malé GTPazy z Rho rodiny jsou klicové regulatory cytoskeletu

actin staining actin staining

(A) QUIESCENT CELLS

(C) Rac ACTIVATION (D) RhoACTIVATION L |
20 pm

Figure 16-84 Molecular Biology of the Cell 6e (© Garland Science 2015)




Malé GTPazy z Rho rodiny jsou klicové regulatory cytoskeletu

PAK |MLCK
|~ |
Arp 2/3 filamin (decreased)
(branching (web myosin
nucleator) cross-linker) activity
branched actin web less stress

in lamellipodia fiber formation

Figure 16-85a Molecular Biology of the Cell 6e (© Garland Science 2015)




Pohyb bunky po substratu
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Figure 16-85b Molecular Biology of the Cell 6e (© Garland Science 2015)



Amoeboid morphology Force balance Leukocytes Other amoeboid cells

®

———
neutrophils [16,34], [32.33 4? ﬁ"z?
T lymphoblasts [43 44] Amoeba proteus
= ———————————

A dendritic cells
/ \ (M.S. unpublished),  nematode sperm [21,46],
Myoll-inhibited Myoll-inhibited .
neutrophils [16] Dictyostelium [18,20] Adhesion
G P and T cells [17]
A Protrusion
/ \ Dictyostelium [20,23]
c . Contraction

A
/ \ dendritic cells [19],
neutrophils [19],
p B lymphobiasts [1g], | _oulus deep cells [26]

T lymphaoblasts [39]

A
Myoll-inhibited

dendritic cells [19]

and neutrophils [19]

c P
protrusive
A
LatB-treated zebrafish PGCs [25],
dendriticcells  Fundulus deep cells [24,26],
(Suppl. VideoZ2, amoeboid tumor cells
c p Fig. 1B) (see references in Box 1)

Current Opinion in Cell Biology







Jak bunka urci smér?

0 min
Figure 16-3 Molecular Biology of the Cell 6e (© Garland Science 2015)




Pohyb bunky po substratu

Rho dominates, Racdominates, &3
actin-myosin polymerization -
contraction ———| (protrusion)

back

Figure 16-86b Molecular Biology of the Cell 6e (© Garland Science 2015)
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Mechanika bunécného déleni




Bunécny cyklus - pripomenuti

daughter cells

3 CELL
DIVISION

2 CHROMOSOME
SEGREGATION

Figure 17-1 Molecular Biology of the Cell 6e (© Garland Science 2015)

1 CELL GROWTH
AND CHROMOSOME
REPLICATION




Hela bunky — systém Fucci




Mechanika bunécného déleni

Aktin — Cervené
Tubulin — zelené
DNA - hnédé

Figure 16-2 Molecular Biology of the Cell 6e (© Garland Science 2015)



Mitoza - shrnuti

1 PROF AZE centrosome

intact
nuclear
envelope

forming
mitotic
spindle

kinetochore

condensing replicated chromosome, consisting of
two sister chromatids held together along their length

» replikované chromozomy kondenzuji (kazdy se sklada ze
dvou blizce spojenych sesterskych chromatid); mimo jadro
se mezi dvéma centrosomy, které se zreplikovaly a rozdélily,
sestavuje mitotické vreténko

» v diploidnich bunkach je po dvou kopiich od kazdého
chromozomu



Mechanika bunécn

V 4

e

ho déleni

1 PROFAZE

» chromozomy cCerveng,
mikrotubuly zelené



Sesterské chromatidy jsou po replikaci spojeny koheziny

Smc molecule

¢ N
L

ATPase
domain

/
hinge

(€C) sister chromatids

Figure 17-19 Molecular Biology of the Cell 6e (© Garland Science 2015)

Smc — Structural Maintenance of Chromosomes



V profazi dochazi ke kondenzaci chromozému kondenziny

ATPase domain

Smc2

CAP-G
+CAP-H
hinM gp-oz
Smc4

- Podobné kohezinlm
- Spojuji DNA do struktur vyssiho fadu v
pribéhu profaze
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Mechanika bunécného déleni

n fragments of
2| PROMETAFAZE  centrosome nuclear envelope
pole

chromosome in
active motion

kinetochore
microtubule

» profaze nahle prechazi do prometafaze rozpadem jaderné
membrany

» chromozomy se tak nyni mohou svymi kinetochory napojit
na mikrotubuly déliciho vreténka a zacit se aktivné
pohybovat
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Mechanika bunécného déleni

2 PROMETAFAZE

» chromozomy cCerveng,
mikrotubuly zelené




Tri hlavni typy mikrotubult v mitéze

spindle pole replicated kinetochore motor
chromosome protein
centrosome (sister chromatids)
‘ U L X XXX o
g ’ +
+ / +
+ LXX X XX g / \
O *
+ \
+.\ +

astral microtubules  kinetochore microtubules interpolar microtubules

Figure 17-23 Molecular Biology of the Cell 6e (© Garland Science 2015)



Shrnuti tvorby mitotického vreténka: profaze-metafaze

nuclear
envelope

spindle
pole

early prometaphase: lateral kinetochore mid prometaphase: metaphase:

late grophuse attachments, chromosome arms pushed outwards  end-on attachment bi-orientation

Figure 17-32 Molecular Biology of the Cell 6e (© Garland Science 2015)




Hlavni cytoskeletarni motory zahrnuté v mitoze
a jejich funkce

kinesin-14

spindle microtubule kinesin-5

| dynein

dynein
¢ — &~
+ centrosome
I
| plasma sister chromatids
membrane

kinesin-4,10

Figure 17-25 Molecular Biology of the Cell 6 (© Garland Science 2015)

. * Kinesin 5 — organizace interpolarnich mikrotubuld
Kinesin 4/10 - transport zachycenych chromozomu k +konci mikrotubul
Kinesin 14 — atypicky (putuje k —konci) kinezin navigujici mikrotubuly

Dynein — pfipojeny k plazmatické membrané ,tahne” astralni mikrotubuly a urcuju pozici centrosomu



Mechanika bunécného déleni

3| METAFAZE  centrosomeat
spindle pole

kinetochore
microtubule

» v metafazi jsou chromozomy serazeny v rovnikové oblasti
mezi poly déliciho vreténka

» kinetochorové mikrotubuly jsou pripojeny na sesterské
chromatidy a pritahuji je k opacnym pdolum déliciho vieténka
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Mechanika bunécného déleni

3 METAFAZE

» chromozomy cCerveng,
mikrotubuly zelené




Pripojeni mikrotubultli ke kinetochore metafaznich
chromozomu

replicated
chromosome

centromere
region of
chromosome

/ kinetochore

N
N\

\
kinetochore

microtubules

L
chromatid

Figure 17-30b Molecular Biology of the Cell 6e (© Garland Science 2015)




7 Je

Chromozomy nejsou pouzi pasazéri: Aktivace
malé GTPazy Ran v metafazi

Figure 17-27 Molecular Biology of the Cell 6e (© Garland Science 2015)




SavCi chromozom - desitky mikrotubuli, spojenych
komplexem Ndc80

complex

" (C) kinetochore

Figure 17-31 Molecular Biology of the Cell 6e (© Garland Science 2015)



Princip spravného pripojeni mikrotubult

(A) UNSTABLE

7 1] N\

(B) UNSTABLE (C) UNSTABLE (D) STABLE

Figure 17-33 Molecular Biology of the Cell 6e (© Garland Science 2015)




Detekce ,,pnuti” v kinetochore — role kinazy Aurora B

sister chromatid

Aurora-B kinase

BI-ORIENTATION

microtubule
plus end

R

inner outer
kinetochore kinetochore

(A) LOWTENSION

Figure 17-34 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Ndc80 complex

mmo— POLEWARD
FORCE

(B) HIGH TENSION



Mechanika bunécného déleni

daughter chromosomes

4 ANAFAZE

shortening
kinetochore

spindle pole
microtubule i g

moving outward

» v anafazi se sesterské chromatidy synchronizované oddéluji a
formuji tak dva dcerinné chromozomy

» kinetochorové mikrotubuly se zkracuji a poly déliciho
vieténka se jesté vzdaluji - kazdy dcerinny chromozom je tak
pomalu tazen smérem k polim délictho vreténka (tzv.
segregace chromozomu)



Mechanika bunécn
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42 ANAFAZE

» chromozomy cCerveng,
mikrotubuly zelené
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Mechanika bunécného déleni

spindle pole replicated kinetochore motor
chromosome protein
centrosome (sister chromatids)

X X LXX

//
\

Y Xy x X X0

astral microtubules  kinetochore microtubules interpolar microtubules

Figure 17-23 Molecular Biology of the Cell 6e (© Garland Science 2015)



Anafazi spousti aktivace APC/C (anaphase-promoting complex)

securin \ ‘

lnactlve
Cdczo separase
inactive APC /C mn
active APC/C
A J
M-Cdk active
separase cleaved and
cohesin dissociated cohesins
mitotic m\ L
spindle

IRIZEN
NN VARG

Figure 17-38 Molecular Biology of the Cell 6e (© Garland Science 2015)




' Mechanika bunééného déleni

spindle pole

‘. . TUBULIN . ¥ | \:
. .+ REMOVAL -
-+ +f . TUBULIN

: '\‘ "'/:.. ADDITION

TUBULIN
ADDITION

#— speckles moving
poleward

°,.° TUBULIN \
REMOVAL

Figure 17-35d Molecular Biology of the Cell 6e (© Garland Science 2015)
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Mechanika bunécného déleni

.

Figure 17-35bc Molecular Biology of the Cell 6e (© Garland Science 2015)
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Mechanika bunécného déleni: kinetochorové proteiny jsou esencialni pro
( regulaci fyziologické dynamiky mikrotubuld

CUT WITH
LASER

spindle ‘
pole

arm without
kinetochore moves
away from pole

arm with
kinetochore moves
toward pole

Figure 17-36a Molecular Biology of the Cell 6e (© Garland Science 2015)
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Mechanika bunécného déleni

ANAPHASE A ANAPHASE B




V 4

Mechanika bunécného déleni

Figure 17-37 Malecular Biology of the Cell 6e (© Garland Science 2015)



V 4

Mechanika bunécného déleni

4 set of daughter chromosomes
5 TE LO FAZ E al: spindle pole

contractile ring
starting to
contract

interpolar centrosome

microtubules nuclear envelope

reassembling around
individual chromosomes

» dvé sady dcefinnych chromozomU se dostavaji k polim
déliciho vreténka, dekondenzuji a kolem kazdé sady se
vytvari nova jaderna membrana

» v bunce se tak nachazeji dvé jadra, coz znaci, ze se bunka
nachazi v zavérecné fazi mitdzy

V4

» zacCina se vytvaret kontraktilni prstenec



Mechanika bunécn
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ho déleni

5| TELOFAZE

» chromozomy cCerveng,
mikrotubuly zelené
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Mechanika bunécného déleni

6 CYTOKINEZE

completed nuclear envelope
surrounds decondensing
chromosomes

re-formation of
interphase array
of microtubules
nucleated by the
centrosome

contractile ring
creating cleavage
furrow

» kontraktilni prstenec aktinovych a myosinovych vlaken
stahuje bunku, rozdéluje cytoplasmu a vytvari dvé dcerinné
bunky s vlastnim jadrem



Mechanika bunécného déleni

6 CYTOKINEZE




Mechanika bunécného déleni

actin and myosin filaments of
the contractile ring

Figure 17-41a Molecular Biology of the Cell 6e (© Garland Science 2015)




Mechanika bunécn

V 4

ého déleni

remaining interpolar microtubules

from central spindle

contractile ring of actin and
myosin filaments in cleavage furrow £

v

(@) L |

Fiqure 17-42 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Mechanika bunécného déleni

inactive RhoA

RhoGEF

active RhoA
formin Rho-activated kinases
(including Rock)
myosin
phosphatase
J_ OPEN
’eg‘l‘i';;‘t’_’:’h':i’:fs'“ Anillin propels myosin-independent constriction
phosphorylation of actin rings
I _ Ondrej Kutera® "5, Valerie Siahaan', Daniel Janda', Sietske H. Dijkstra', Elika Pilitova!, Eva Zatecka',
actin filament Stefan Diez® 234, Marcus Braun® "™ & Zdenek Lansky® '™
formation myosin Il activation

N\ /

Figure 17-44 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Mechanika bunécného déleni

remaining interpolar dense matrix
microtubules from material
central spindle

Figure 17-43 Molecular Biology of the Cell 6e (© Garland Science 2015)




