


- propojena sit’ vlaknitych proteinu, vyskytuje se
v bunkach témér vsech eukaryot

- Funkce:

* urCuje bunécny tvar

* organizuje cytoplazmu

* transportuje bunécné struktury (vacky,
chromozomy)

- prispiva k pohyblivosti burky



Cytoskelet - slozeni

- intermedidlni filamenta - sloZeni nebylo jesté
presné definovano



» protein tubulin a dalsi
proteiny oznacované jako
MAPs (microtubule-
associated proteins)

* MAPs stabilizuji mikrotubuly
a specializuji jejich funkce,
ale nejsou nezbytné pro
tvorbu zdkladni struktury
tubulinu

Tubulin protofilament

O

Tubulin heterodimer subunit




- heterodimer sloZzeny z polypeptidu
oznacovanych jako a- a B-tubulin.
Jsou podobné, pokud jde o slozeni
aminokyselin, ale natolik rozdilne, ze
protilatky proti a-tubulinu nereaguyji
na B-tubulin a naopak

* Mw tubulinu je asi 110 kDa zatimco
u monomeru je asi 55 kDa




Podminky dimerace tubulinu

- pH optimum 6,9
+ teplota 20 - 37°C



Disagregace tubulinu

vuéi chladove depolymeraci tubulinu



Fluorescencni mikroskopie: metoda FITC, barveni jader DAPI







Disagregace tubulinu - rostlinné
alkaloidy a herbicidy

Indibulin and
e Vincas alkaloids
Tubulin binding sites
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“4 Tubulin inhibitors interfere
~. with microtubule assemply
w5 or disassembly
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Formace cytoskeletu v prubéhu
bunééného cyklu
D E

Fig. 1. These schematic illustrations, rendered in 3D al two aspects, show microtubule arrays through the plant cell cyele. (A) A preprophase
band. linked to the nucleus by phragmosome microtubules, marks the future division site. (B) Metaphase spindle with a dispersed polar region.
(C) In telophase, the phragmoplast forms as a concentrated cylinder of microtubules between daughter nuclei. (D) The cytokinetic
phragmoplast expands centrifugally. leading the cell plate towards attachment sites previously established by the preprophase band.
Microtubule plus ends meet at midplane. (E) Once cytokinesis is complete, microtubules extend from the nucleus toward the cell cortex and
plasma membrane-associated microtubules appear. (F) Plant cells in mterphase and those entering terminal differentiation often expand
predominantly in one direction. During cell elongation, cortical microtubules are usually arranged in parallel arrays whose predominant

orientation is at right angles to the axis of expansion.



Rho 6TPazy ridi mj. ,cytoskeletdlni” funkce

stresova odpoved’
» podtridy Rho, Rac,
- Cdc42 u Zivoéichu
- Rho a €dc42 u kvasinek
- Rop u rostlin

+ fyziologické funkce: pu€eni kvasinek, rist pylovych
lacek, odpovéd’ na ABA
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Fig. 3. Rearrangements of F-actin and bud assembly components
through the cell cyele in Saccharomyces cerevisiae.

(Surana and Balasubramanian 2000)



Figure 1

A. Dynamucs of the tanslocon subunmit Sec6] throughout the yeast ER during
metaphase. Diffusion from the mother cortex to the bud cortex s slow. FLIP
(fluorescence loss n photobleaching) was pedormed on a metaphase cell
expressing Scchbl-GFP.  Pictures were taken every 20s.. The bleaching
region 1s depicted by an empty rectangle. B, Model of rough and smooth ER
i the bud-neck of yeast cells. Secuons through the septin filaments are

shown i green.



Sekrecni draha a exocytosa -
provoz vacku

Golgi

S sec 12,13,
= 16, 17, 18, 20,

21,2223

Em, e
..-\.-l-.
e

it

i
o e [
~ ==, R =
e e T

Cell wall

Plasma membrane

Sec mutace
(P. Novick)



Cytokineze

kvasinka Zivocisna bunka rostlinna bunka

rust

septin ring

Phragmoplast

Cell plate

Contractile
ring




Je rozdil mezi rostlinami a ZivoCichy opravdu tak zdsadni?

TRENDS In Cel Sisiogy

Figure 1. Overview of animal and plam sylokinsis. (a) Cytokinesis in animal sells. The spindle mideona'mid body lorms when microw bules [MTs) rom opposite poles
overlap, i consists of the ovarlapping misrotubules & well 85 associsied proteins that bundle these MTs and other proteins that together form a dense protein matre This
matnin sxslwdes anlibodiss against MTs, giving a stereotypical region devoid of staining. As the lurrow ingresses, the mideo ne is Swapl into ane larger strosturs called the
i bady. TheGolgi and end opl asmis reticulum |ER] membranes anre also found in the midbody during telophase to sytokinesiz |t iz proposed that vesicles (V] traffizalong
the i body mierotubu les toward the ingressing lunow. (b) Cytokinesis in somatic plant cells. The Torming cell plate is assisted by the phragmoplast o the fubure site of the
el weall, Towo topog raphic regions can be distinguisbed in the phrag moplast the phragmoplast midline [Ph M), whene the appoging e of misrotubul e i mandi gitats,
amd the distal phragmoplast (distal Phl at both sides of the phragmoplast midline A filamenous eall-plae assembly matrix [CPAM] accum ulates at the phragmaplast
midline. Key: MT, microtubule (greenk: N, nucleus ftanl: V, vesicle [yellowl: Golgi (pale bluel: midbody matrix (gray bosl: CPAM (gray circles).
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Membrane dynamics during cell plate development. Golgi-derived vesicles (orange) are delivered along
phragmoplast microtubules (red), by a putadve kinesin-related protein (bfue), to the cell plate assembly
matrix. Vesicle fusion generates fusion tubes and tubulo-vesicular networks as a result of the constricting
activity of class I dynamin-related proteins (DRP1) (magenta). The tubulo-vesicular network is successively
transformed into a mbular network and a planar fenestrated sheet. Lateral expansion of the cell plate (Jarge
arrow) toward the cortical division site is guided by actin filaments. Endocytosis from the tubulo-vesicular
network and tubular network removes excess membrane, which is delivered to endosomes via clathrin-coated
buds and vesicles. Dynamin-related protein 2a (DRP2a; green) is involved in the formation of clathrin-coated
vesicles. The endosome sorts proteins for trafficking to various destinatons (blwe, green, orange), possibly
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Figure 7. Solid Phragmaoplast with CPAM and TVM Stage Cell Plate.
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Figure 2. Two Different Tvpes of Vesicles inthe Vicinity of the Cell Plate.

(Segui-Simarro et al. 2004)

KNOLLE : syntaxin (v-SNARE)

prislus. T-SNARE asi redundantni
(SNAP33, SNAP29, SNAP30)
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Typy bunééného rustu

\

poldrni rist

vrcholovy rist
(tip growth)

y



Priklady vrcholového ristu:

pylovéa lacka (Casny) pupen kvasinky



... a jsou dulezité
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pylova lacka lilie po injekci inhibitoru GDP-b-S

(M. Elias)



Mechanismy orientovaného rustu bunék

sekrece, ..

- orientovand povaha téchto procest: cytoskelet,
molekularni motory, ...

+ oboji tésné sprazeno: malé GTPA4zy



Polarizace - déleni zygoty (Fucus)

(e) Thallus {f) Stpeé&
fronds
ﬁ}
o =
Rhizoid
Haldfast
= Cell wall 1w Dibydropyridine recaptors . Toluidine Blua O staining vasicle
—  Plazma mambrana [ Spindla pala {:I Muclaus
Cortical F-actin = Toluidine blua O staining wall ——-  Mizrotubule




tubulin
centrin
DAPI

tubulin IMC

D & [

v

[}

S 0

=

Q

<

> 40 —

G4y

=}

30 T

L

O

£ |

> ®

-4
10 +— 4 —

® ® :
) . ,

Correct Segregation Division
defect defect



