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Pohyb v bunce, bunka v pohybu.

Logistika zivota v bunce a jak o tom

vypravet

Petr Chlapek
chlapek@sci.muni.cz

2025 Kurz pro ucitele stfednich $kol

Sestfihana videa poutZitd v prezentaci ke stazeni (doCasné na vefejném serveru):
https://limewire.com/d/sjCOP#TyxoHfwOLx
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Fe-S klastry

transfer elektrons v

Hemoglobin (cca 2,5 g)

Myoglobin (svaly) H= _B ) 4 mitochondridinim

Cytochromy (detoxifikace,
dychacim retézci

mitochondridlni respirace)

Kofaktory oxidoreduktaz
Katalyza pfenosu elekironu

Pfenos energie

Pravé reverzibilni oxidacni stavy Zeleza umoZiuji mitochondrii katalyzovat prenos
elektron(l prostfednictvim protein( obsahujicich hemy a sirné klastry Zeleza (ISC) a
vyuzivat tento proces k pfenosu energie.

Kromé Sesti rliznych hemu spojenych s cytochromy, vice nez sedmi center Zeleza a siry a
ubichinonu jsou na cesté od NADH ke kysliku také dva atomy médi a flavin, které slouzi

jako nosice elektron(l pevné vdzané na proteiny dychaciho fetézce. Tato draha zahrnuje

celkem vice nez 60 rGznych protein(.

https://www.ncbi.nlm.nih.gov/books/NBK26904/



Cytochrom C oxiddza

Cu* @ Cu%
Kofaktory oxidoreduktaz
Katalyza pfenosu elekiront

Pfenos energie

Enzymy obsahujici
meéd’
retézeni kolagenu, elastinu,
keratinu
biosyntéza neurotransmiteru
ochrany pred volnymi radikély

homeostaza Zeleza

MED A JEJI PATO/FYZIOLOGICKY VYZNAM V LIDSKEM ORGANISMU — Diplomova prace,

Klara Bechna

Kromé Sesti riznych hemu spojenych s cytochromy, vice nez sedmi center Zeleza a siry a
ubichinonu jsou na cesté od NADH ke kysliku také dva atomy médi a flavin, které slouzi
jako nosice elektron(i pevné vdzané na proteiny dychaciho retézce. Tato draha zahrnuje

celkem vice nez 60 rGznych protein(.
https://www.ncbi.nlm.nih.gov/books/NBK26904/
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Mitochondrion

1- Complex I: (NADH-CoQ
oxidoreductase)

II - Complex II: (Succinate
dehydrogenase)

CoQ - Coenzyme Q
(Ubiquinone)

III - Complex III: (Cytochrome
bc1 complex)

IV - Complex IV: (Cytochrome
¢ oxidase)

Cyt ¢ - Cytochrome ¢

ATP syntaza video https://www.youtube.com/watch?v=kXpzp4RDGII

Electron transport chain video https://www.youtube.com/watch?v=LOmTKxI4Wn4
https://www.youtube.com/watch?v=LOMmTKxI4Wn4&t=73s
https://www.youtube.com/watch?v=W3KxU63gcF4

Reverzni funkce jako iontova pumpa u bakterii
https://mcb.berkeley.edu/faculty-and-research/research-spotlight/structure-atp-
synthase-universal-protein-manufactures-atp
https://www.sciencedirect.com/science/article/pii/S0005272800000967
https://www.nature.com/articles/35089509



CREATION.com

ATP syntaza video https://www.youtube.com/watch?v=kXpzp4RDGII

Electron transport chain video https://www.youtube.com/watch?v=LOmTKxI4Wn4
https://www.youtube.com/watch?v=LOmTKxI4Wn4&t=73s
https://www.youtube.com/watch?v=W3KxU63gcF4

Reverzni funkce jako iontova pumpa u bakterii
https://mcb.berkeley.edu/faculty-and-research/research-spotlight/structure-atp-
synthase-universal-protein-manufactures-atp
https://www.sciencedirect.com/science/article/pii/S0005272800000967
https://www.nature.com/articles/35089509



chondrosl— Zrno barveno - Janusova zelen
mitos - vidkno

https://www.sciencephoto.com/media/215016/view/tem-of-mitochondrian-in-cell
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po pusobeni UV
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Vznik: z GDP v Krebsové cyklu/ prostrednictvim ATP

Dynamika mikrotubulG

> hydrolyza GTP na GDP pii polymerizaci B-tubulinu

Rab proteiny (Rab GTPdzy)

- > Vdaéky oznaéeny riznymi Rab proteiny - vazba na
HYBE SOVA % 7 8 specifické cile - volba trasy, spojeni's cilem
UZAVRENA |t Dynamin (GTPdza)

W= 5 ; s > obepind stopku puciciho vacku - zaskrceni,

73 oddéleni

Dalsi malé GTPazy (Ran, Arf, Sarl)

> Tidi transport pres jaderné pory, spousté¢ tvorby

vaéku (vazba specializovanych obalovych proteinu)




Koncentrace ATP v kosternim svalu: 2-5 mM

Kreatin + ATP «= kreatinfosfat

(kreatinkindza)

> 120 g u ¢lovéka (70kg)

> Syntéza v jatrech a ledvindch
2 g/den

> Prijem v potravé 1 g/den

(svalovina)

https://cs.wikipedia.org/wiki/Kreatin
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The Endoembane system
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Endocytosis

Phagocytosis Pinocytosis Receptor-mediated

%= endocytosis "
- = * solid particle n x * w > *
1. Endocytoza « * ™
® = E * = *

\ g

> Pinocytéza (tekutiny) Plasma —-

membrane
‘
> Fagocytéza (Cdstice) Pseudopodium @ @ CoateEd pit ?Receptor
2. Exocyléza
y Coat protein
Phagosome Vesicle

(food vacuole)

cytoplasm Coated vesicle

wwwwwww

uuuuuuuuuuuuuuuuuu

https://www.zoology.ubc.ca/~berger/B200sample/unit_8 protein_processing/vesicle_tr
affic/vesicle_transport.htm
https://bio.libretexts.org/Bookshelves/Cell_and_Molecular_Biology/Book%3A_Cells_-
_Molecules_and_Mechanisms_%28Wong%29/11%3A_Protein_Modification_and_Traffi
cking/11.06%3A_Vesicular_Transport
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coated @
vesi\:]e ﬁ
EndOC)’fO’ZG clathrin coat

> receptor

WVESICLE
FORMATION

> Klatriny

cargo
receptar \.
naked transport

f Dyndmin (GTPéZG) “' . 7 % '. vesicle

CYTOSOL

adapltin
i

cargo maolecules

https://www.zoology.ubc.ca/~berger/B200sample/unit_8 protein_processing/vesicle_tr
affic/vesicle_transport.htm
https://bio.libretexts.org/Bookshelves/Cell_and_Molecular_Biology/Book%3A_Cells_-
_Molecules_and_Mechanisms_%28Wong%29/11%3A_Protein_Modification_and_Traffi
cking/11.06%3A_Vesicular_Transport
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&¥ microvesicles
& (100-1000nm)

hesion modecules
totraspaning integrins)

®eo, ‘
%Y Microvesicles

® ™ = microvesicle /
B @ A budding

‘antigen presentation
(MG class &)

exosomes
(30-150nm)

apoptosis/ . b

™ ; — lans-ml‘m rane
®

£l a-a ®

@ Exosomes

W 40-140 nm

Ap

optotic bodies
50 - 5,000 nm

blebbing

mikrovezikuly, exozémy
> komunikace mezi bunkami

> diagnostika, terapie

> kosmetické vyuZiti

https://doi.org/10.3389/fcell.2022.859863
https://www.genzentrum.uni-muenchen.de/research-
groups/ferraz/research/vesicles/index.html

Exocytéza

Puéeni
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HD — hemifusion diaphragm

EDH — external hemifusion diaphragm
LD - lipid droplet

PND - proteolipid nanodroplet

En — endosome

Hemifusion
diaphragm,g

Membrdnovy vaéek, éasteéné fuzovany

s lipidovou kapénkou

> hemifuzni membréna mezi vaéky

> lipidové kapka jako zdroj lipidU pii
novotvorbé vaéku?

> novy mechanismus vzniku
multivezikularnich télisek

> komunikace, tfidéni, recyklace

https://www.nature.com/articles/s41467-025-59887-9
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Adresa, oznaceni
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Model prdmérného synaptického vacku

https://pubmed.ncbi.nim.nih.gov/17110340/



umoznuji splyvani vaéku

v-SNARE (vezikul)

t-SNARE (target)

DONOR ORGAMELLE TARGET ORGANELLES
coated
vesicle
COMPARTMENT
— —_— A
R t-SNARES
—_— —
G COMPARTMENT
B
docked
transport
CYTOSO0L weorele

LAND PUBLISHING

cargo
maolecules

CH¥TOSOL

t-SNARE

fusion proteins

docked l}? *

transpaort
vesicle

ASSEMELY OF MEMERANE
FUSION COMPLEX FUSION
(935 GRRI AN BIRIIZHING

https://cs.wikipedia.org/wiki/SNARE
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Vezikuly s neurofransmiterem

Botulotoxin Tetanus toxin
Clostridium botulinum Clostridium tetani
Acetylcholin

=) paralyza

GABA (y-aminobutyric acid)

inhibitor motoneurony

=) SPASMUS

https://en.wikipedia.org/wiki/Tetanus_toxin

axon terminal
acetylcholine /

receptor

cytoplasm of muscle cell

botulinum toxin
blocks release
of acetylcholine,
stopping muscle
contraction

cytoplasm of muscle cell

normal mechanism

abnormal mechanism

axon terminal
acetylcholine \ A®
_;.' .
vesicle\
receptor o
- AR

cytoplasm of muscle cell

tetanus toxin
prevents
release of
glycine

and GABA,
which
prevents
relaxation

of muscles -

cytoplasm of muscle cell

normal mechanism

abnormal mechanism
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Cesty, trate
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Mikrotubuly - tubulin

Stredni filamenta - 6 tfid

. ’ - oF o ‘
M,krOf”amenfa - aktin Microfilaments

Column of Tubulin Fibrous subunit
ubulin dimers. dimer Actin subunit (keratins coiled together)
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keratin 18

A

délici vieténko

-

Midbady
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a-Tubulin

B, B-Tubulin

rotubule bundles

- I =
Pericgfitriolar Fae |, Daughter centriole

matrix

" microtubules

Carrenl Cprian in Cell Biiogy

Tubulin dimer

Microtubule arganizing
center (MTOC)

Astral microtubules: A 4

Kinetochore

Mikrotubuly
MTOC, centrozom

(materiska a dcefinna

centriola), bi¢iky a fasinky

u eukaryot

Polar microtubules

Kinetochore microtubub
(K:Nbers)

motile cilium

——
XD

basal body T‘z’}, { ?

primary ciliu

a

2°°d
basl body =] ?
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Filopodium

Mikrofilamenta
kontrakce svalu, interakce s
cytoplazmatickou membrdnou

(lamellipodia, microvilli, adheze),

lokomoce buriky (améboidni),

cylokineze

K llipodi a
amellipodium 0 07
o
Pointed end
depolymerization
o g
-]

o=
ATP-actin

s

/

i

v

7 ADP-actin

PRB-

+

h

Profilin directs actin monomers
to barbed ends

ATP ADP

ATP AD

i

o

© ADF/Cofilin

' Profilin
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Vybéiky plazmatické membrdny

bohaté na F-actin, dlouhé 10-250 um

> Organely (mitochondrie)
> Vezikuly

> Proteiny

> Nukleové kyseliny

- Lipidové kapénky
> Priony

> Viry

> Agregdaty protein(

neurodegenerativnich onemocnéni

https://pmc.ncbi.nim.nih.gov/articles/PMC3302868/

Golgi vezikuly

30



Dopravni
prostredky
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asociace s mikrotubuly Myosin Va

Kinezin (+), Dynein (-)

asociace s mikrofilamenty

Myosiny, Rab GTPazy

Rotaéni motory
ATP syntaza
pohyb bakterialniho biciku

Myosin VI
plus-end
— 4

minus-end

Kinesin/

Microtubule:

s
at cortex p’u'5'~eo

Preména chemické energie v mechanickou —

zména konformace proteinu

https://vesmir.cz/cz/casopis/archiv-casopisu/1996/cislo-6/molekulove-motory.htmil

https://pmc.ncbi.nim.nih.gov/articles/PMC2688467/
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asociace s mikrotubuly

Kinezin (+), Dynein (-)

asociace s mikrofilamenty

Myosiny, Rab GTPazy

Rotaéni motory
ATP syntaza
pohyb bakterialniho biciku

tubulin

Pfeména chemické energie v mechanickou —

zména konformace proteinu

33



asociace s mikrotubuly

Kinezin (+

Dynein: https://www.youtube.com/watch?v=-7AQVbrmzFw
Kinesin: https://www.artofthecell.com/

Kinesin Motor Protein

34



asociace s mikrotubuly

Dynein (-)

Dynein: https://www.youtube.com/watch?v=-7AQVbrmzFw
Kinesin: https://www.artofthecell.com/

Dynein in flagellum/ cilia: https://www.youtube.com/watch?v=9nZYlyFGm50
https://www.youtube.com/watch?v=wEtRevG3c6l
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asociace s mikrotubuly Biciky a rasinky u eukaryot

Dynein (-)

Flagellar membrane

Dynein

membrane

Dynein: https://www.youtube.com/watch?v=-7AQVbrmzFw
Kinesin: https://www.artofthecell.com/

Dynein in flagellum/ cilia: https://www.youtube.com/watch?v=9nZYlyFGm50
https://www.youtube.com/watch?v=wEtRevG3c6l

Plvod obrazku: https://link.springer.com/article/10.1007%2Fs10863-021-09920-5
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asociace s mikrotubuly Bi¢iky a fasinky u eukaryot
Dynein (-)

Ciliary Movement

Dynein: https://www.youtube.com/watch?v=-7AQVbrmzFw
Kinesin: https://www.artofthecell.com/

Dynein in flagellum/ cilia: https://www.youtube.com/watch?v=9nZYlyFGm50
https://www.youtube.com/watch?v=wEtRevG3c6l

Plvod obrazku: https://link.springer.com/article/10.1007%2Fs10863-021-09920-5
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Cigaretovy kour
> SniZeni frekvence kmitd Fasinek

> Naruseni synchronizace kmitani

> Mensi pocet fasinek a Fasinkovych

bunék

> Zkrdceni rasinek

> Omezend funkce pohybu hlenu
> Delsi doba pusobeni §kodlivin

pfitomnych na sliznicich

Vliv zkraceni fasinek: https://pmc.ncbi.nlm.nih.gov/articles/PMC2790614/

Mensi vliv na pohyb u elektronickych cigaret:
https://pmc.ncbi.nim.nih.gov/articles/PMC5732188/

Pocty rasinek: https://pmc.ncbi.nim.nih.gov/articles/PMC2993085/

38



asociace

Myosiny,

Preména chemické energie v mechanickou —

zména konformace proteinu

https://vesmir.cz/cz/casopis/archiv-casopisu/1996/cislo-6/molekulove-motory.htmil

Pohyb vackl po aktinu https://pmc.ncbi.nlm.nih.gov/articles/PMC3783939/

39



asociace s mikrofilamenty

Myosiny, Rab GTPazy

microtubule m—— actin

Preména chemické energie v mechanickou —

zména konformace proteinu

Pohyb vackl po aktinu https://pmc.ncbi.nlm.nih.gov/articles/PMC3783939/

https://www.youtube.com/watch?v=4pXNI24SpFc

‘ Synaptic vesicle

Rab3A

) RabGDI
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The pseudo-atomic models of the intact
basal body-hook complex with 11 stator units
in the CCW and CW states

LP ring

Mstatorunits _ cz-z--- =

Rotaéni motory o '

ccw-Cring CW-C ring

ATP syntaza

pohyb bakterialniho biciku o o B s O

CW state

CCW state

Preména chemické energie v mechanickou —

zména konformace proteinu

https://vesmir.cz/cz/casopis/archiv-casopisu/1996/cislo-6/molekulove-motory.htmil
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O § Gram-negative
&! bacteria
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B LA A0 Sl

Filamen|

Hook

Distal rod

Export
apparatus

Motor bakterialniho biciku

Hook The pseudo-atomic models of the intact

basal body-hook complex with 11 stator units
in the CCW and CW states

LP ring LP fing

11 stator units

CCW-C ring CW-C ring
P

PG PG
8 e, B os,
e Jid i mutual inward movement
\?W of the stalor units
cw
Chev-p
CCW state & CW state

of the Gy,

https://www.youtube.com/watch?v=VPSm9gJkPxU
https://www.nature.com/articles/s41564-024-01674-1
https://www.nature.com/articles/s41422-024-01017-z

https://encyclopedia.pub/entry/12624
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Stator units

Created by Zhu Lab

Motor
bakterialniho

bic¢iku

tomic models of the intact
complex with 11 stator units
CW and CW states

CheY™

CW-C ring

PG
e, I

# mutual inward movement
: of the stator units

B D
80° rotation
Q
the g,
horaue
P

static reversion

https://www.youtube.com/watch?v=VPSm9gJkPxU
https://www.nature.com/articles/s41564-024-01674-1
https://www.nature.com/articles/s41422-024-01017-z
https://encyclopedia.pub/entry/12624
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Motor
bakterialniho
biCiku

odels of the intact
fex with 11 stator units
d CW states

11 stator units

CCW state

4§
CheY™

PG
'”' MotB,

it
# mutual inward movement
H

of the stator units

” cw state

https://www.youtube.com/watch?v=VPSm9gJkPxU
https://www.nature.com/articles/s41564-024-01674-1
https://www.nature.com/articles/s41422-024-01017-z
https://encyclopedia.pub/entry/12624
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Energie
Obal
Adresa

Cesty, traté
Dopravni prostredky
/pétnd vazba?

Vnitrobunécny fransport organel,
membranovych vaéku

Pohyb chromozému pii déleni bunék
Cytokineze

Lokomoce bunék (améboidni a
fasinkovy pohyb)

Svalovy pohyb
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https://www.dasm.cz/clanek/komiks-brnenske-rozjezdy

ERENIKE FoEAY

b i
de caldh badiu
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Myosin Va

Myosin VI

minus-end

Microtubule.
at cortex

S ply, S_e,}

plus-end
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)

Host

cellwall | Host cytoplasm __\n

Protease Effector
Extrahaustorium R target ‘

matrix S|
AVR
EPI 2
Haustorium wall @

- @RXLR pliseri bramborova (Phytophthora infestans)

cell wall Haustorium

> translokace stovek proteinu pies membrdnu

» proteiny s motivem RXLR (Arginin-any AA-

Extrahaustorium
|| Mmeibene Leucin-Arginin), obdoba proteing v maldrie

> Naruseni Rab GTPAaz - blokace transportu

obrannych mechanismy (superoxidové anionty,

protedzy)

Zablokovani senzoru pro Ca?* — nespusténi

pfisunu ionU potfebnych pro reorganizaci

cytoskeletu

https://www.sciencedirect.com/science/article/pii/S0966842X05003124?ref=cra_js_cha
llenge&fr=RR-1
https://www.sciencedirect.com/science/article/pii/S1016847824001833 primarné P.
capsici

https://www.sciencedirect.com/science/article/pii/S0898656824000688 review o
plGsobeni patogent na osu Calcium signaling-cytoskeleton-immune response
https://www.frontiersin.org/journals/plant-
science/articles/10.3389/fpls.2019.00374/full proteiny vazici calmodulin

Jak zkoumat funkce aktinu:
https://www.sciencedirect.com/science/article/pii/S0168945298002386 blokace
polymerizace aktinu cytochalasinem B
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Dekuji za
pozornost
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Dekuji za
pozornost

Zpétna vazba

slido.com
#6728 731
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Odpovedi

Co nahrazuje centrozomy u rostlin?

Late prophase Prometaphase Metaphase

Y . R n_—
Pred mitozou se u rostlin objevi prstenec

mikrotubuld a aktinovych filament pod

plazmatickou membranou — tzv. predprofazni

pas (The preprophase band — PPB). PPB
vymezuje budouci misto déleni.
Béhem pozdni profaze je PPB nahrazeno

acentriolarnim mitotickym vireténkem.

A comparison of spindle formation in animals and plants. Centrosomal and PPB-associated

Tedy m | krotu bu Iy maJl' V|Ice ce nte rm |t0t|ckéh0 ‘microtubules are shown in red, while kinetochore-associated microtubules are shown in green.

Chromatin is shown in blue and kinetochores in yellow. The PPB is a ring that encircles the cell

VFetén ka Y téchto Centrech h raJe d ﬁ Ie2|t0u ro I| and the great majority of microtubules lie within the band. A small minority of microtubules

(bridging microtubules, shown with dotted lines) extend from the band to the nucleus

y-tubulin, tedy stejna izoforma tubulinu, kterou

Ize najit i v ZivocisSnych-MTOC.

https://link.springer.com/article/10.1007/s10577-011-9190-y#Sec3
https://pmc.ncbi.nim.nih.gov/articles/PMC1475493/
https://www.pnas.org/doi/10.1073/pnas.1912240116
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Odpovedi

Je néjaka alternativa cytoskeletu u
prokaryot?

Ano, nékteré analogické vlaknité proteiny maji (byt’ ja jsem o nich dosud neslysel, nebo mi

neutkvély v paméti).

> protein FtsZ (filamentation temperature-sensitive protein Z) — jako homolog tubulinu
> proteiny MreB, Mbl, ParM — homology aktinu

> protein CreS (Crescentin), Bactofilin — homolog stfednich filament

Funkce je podle vseho podobna — role v uréovani polarity bunék, udrzovani (zména) tvaru,

funkce pti déleni.
Nejsou ovsem znamy (zatim, ¢i podrobnéji) homology molekularnich motorli a popsané

jsou tak funkce zavislé na polymerizaci a depolymerizaci viaken.

https://en.wikipedia.org/wiki/Prokaryotic_cytoskeleton
https://pmc.ncbi.nim.nih.gov/articles/PMC1681361/
https://pmc.ncbi.nim.nih.gov/articles/PMC3088616



