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Cytoskelet a pohyb
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Microfilaments Microtubules Intermediate filaments

Actin op-Tubulin dimer Various

Mikrofilamenty - G-aktin (celé filamety - F-aktin polarizované (+ a - koniec), |
viazu ATP/ADP, dynamické, funkcia - kontrakcia, bunkova siet, trate pre myoziny.

Mikrotubuly - af-tubulin (protofilamenty), polarizované (+ a - koniec), viazu
GTP/GDP, dynamické, funkcia - organizacia, dialkovy transport organel, trate pre
kineziny a dyneiny. MT predprofazneho pasu, MT kortikdlne, MT deliaceho
aparatu.

Intermediarne filamenty - biochemicky heterogénne, vel'ka pevnost v tahu, nemaja
polaritu, neviazu nukleotidy, stabilné, len Zivocichy, funkcia - integrita buniek a 4
tkaniv, bez motorov.






Myoziny - motory zabezpecujuce endocytozu, kontrakciu, transport organel (max. 7
um/s) pozdlz aktinovych mikrofilamentov (spotrebovéavaja ATP).

Step size

10-14 nm




Kineziny a dyneiny - motory zabezpecujtice transport (max. 3 um/s) pozdiz
tubulinovych mikrotubtl, vzdjomny pohyb mikrotubtl, depolymerizaciu
mikrotubul (spotrebovavaja ATP).

Kineziny

Organelle transport
Kinesin-1 (conventional)
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Microtubule Subunits Fall Apart

Microtubule

F-Actin

Dynamicky cytoskelet zohrava kl'acové tlohy
v bunkovej signalizcii, vezikularnom tran-
sporte, pohybe a integrite organel, diferenci-
acii buniek a pohybe buniek.

Dynamika cytoskeletu je v bunkich vyznamne
regulovand na mnohych arovniach (transkri-
pcia génov, posttranslacné modifikacie prote-
inov, atd’.).
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Bunkova stena
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Bunkova stena (cell wall)
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Bunkova stena a jej biogenéza
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Nova bunkovd stena sa zacina tvorit pri cytokinéze. Zoskupenim veyikul (GA, endocytoza)
vznika fragmoplast a ich postupnou faziou plazmaticka platnicka. T4 tvori zaklad pre
formovanie primarnej bunkovej steny. Material plazmatickej platni¢ky obsahuje pektiny

medzi dvoma bunkami (ich primarnymi stenami) ostava tzv. stredna pektinova lamela.




A: marker endocytozy FM4-64 a jeho postupnad lokalizacia do plazmatickej platnicky
(rastlinné bunky endocytuji molekuly/material z apoplastu, a teda i bunkovej steny)

B: FRAP (fluorescence recovery after photobleaching) FM4-64 - formujtca sa plazm. plat.
C: FRAP FM4-64 plazmatickych platni¢iek pripojenych k cytoplazmatickej membréne
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Zlozenie bunkovych stien

Latky spoloCne pre vacsinu bunkovych stien:
— voda
— iony

— proteiny (Strukturne proteiny a mnohe enzymy)
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Zlozenie bunkovych stien
Baktérie — peptidoglykany a teicholové kyseliny

Archea — glykoproteiny, proteinove S vrstvy,
pseudopeptidoglykany, polysacharidy

Huby — chitin a chitozan, manoproteiny = manany

Riasy — glykoproteiny a polysacharidy (manany,
xylany, alginove kyseliny, sulfonovane
polysacharidy — agar6za, karagenan, porfyran,
furceleran, furonan)

Vyssie rastliny — celuloza, hemicelulozy, lignin,

suberin .



Ontogeneza

Delenie buniek

Stredna lamela

Primarna bunkova stena
Sekundarna bunkova stena
Terciarna bunkova stena
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Strukttra a biogenéza primarnej bunkovej steny

Priméarna bunkova stena pozostava z celul6zovych mikrofibril
a matrix (pektiny, hemicelul6zy...).
Celul6zové polyméry st syntetizované enzymovym komple-
xom - celul6za-syntaza (cellulose synthase), ktora je vnhorena
v cytoplazmatickej membrane. Jednotlivé komplexy CS sa zos-
Sl kupuju a vytvaraja rozety, ktoré na vonkajsej strane CM uvol-
22 |nuju material pre formovanie celul6zovych mikrofibril.

cuwwa || Cellulose synthesis is aligned with microtubles

Glucan

/chains

Plasma
mermbrane

o O\ B > ~ membrane

I AW bilayer

M VNN
SR

Cellulosa
synthasa

SuCrose Fructose
(glucose—
fructose)

-

CYTOPLASM g )x\ Edﬂi




Plant Cell Wall Middle
Structure Lamella
Pectin—{ B P’};“;ﬁ"’
= Wall
Cross-Linking
Glycan Plasma
j— Membrane

Cellulose L
Microfibrils — >

l"._'

u '.’_ :
m\“ R o 2 | x Rhamnogalacturonan |
Nt d 3 bada il Hemlcelluloses< Pectins (a pectin)

C:a:llulc:_se_ / \ ‘

. . microfibril

Zlozky bunkovej steny: \ \ |

Celuléza (8 — 45 %) ) N _— :

Hemicelulézy

Pektiny S

Lignin (exoderma, endoderma, xylém, .

sklerenchym) o=t

Bielkoviny (<12 %) %i ]

Lipidy : = Egggz P

Suberin (exoderma, endoderma, korok) ; == = ,,

o

Kutin (epiderma) . L 32\ ?
Chitin (bunky nizSich rastlin, hmyzu a hub) \{ %\snmm

VOda protein




1T um

ych mikrofibril

Izotropna orientacia CM

(b) Secondary cell wall

)

>
o
N
=
=
<P,
O
L
-
&
e
&
=
o
o
90
=
N=

membrane

-
cuj
Tu
cellulose-
synthesizing enzymes

(

Copyright © 2009 Pearson Education, Inc.

Rosettes
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Hrubnutie bunkovej steny - tvorba sekundarnej bunkovej steny

Primarna bunkova stena rastie - expanduje. K novo-syntetizovanym celul6zovym
mikrofibrilam sa pripajaju molekuly matrix (tento material méze byt k bunkovej stene
dopravovany prostrednictvom vezikdal).

Rast bunky tzko stvisi s rastom bunkovej steny. MozZe byt vrcholovy (tip growth),
alebo diftzny/rovnomerny procesom nazyvanym intususcepcia.

Ak bunka ukon¢i expanzivny rast, jej stena moze hrubnut (apozicia) - vytvéra sa
sekundarna bunkova stena, ¢asto lignifikovana. Nerovnhomerné hrubnutie bunkovej
steny je typické pre bunky cievnych elementov.
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Funkcie bunkovej steny

Kompartmentalizacia
Spajanie

Prenos latok

Mechanika (pevnost, sila)
Obrana

Ochrana

|zolacia

23



Primary wall CELL 1

Three layers
, of secondary wall

Plant cell walls
Middle lamella

‘5‘& Vacuole
‘% -

B a Plasmodesma
o = ra

Cytosol
Plasma membrane

a

Plant cell wall layers:
Middle lamella

Primary wall
Secondary wall

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




Plazmodezmy

%t Plasma

&

ﬁ; Cell wall

membranes

Plasmodesma —__

.

Endoplasmic
reticulum

Vo ¥

Desmotubule

Annulus 4{

fe = o) Re o o)

Cell 2

(a) Electron micrograph and diagram of plasmodesmata in
longitudinal section

Endoplasmic
reticulum

Plasma
membrane

(b) Diagram of plasmodesmata

Cell wall

Plasmo-
desma

Desmotubule

Annulus

1 m

(c) Electron micrograph of plasmodesmata in cross section

Copyright © 2009 Pearson Education, Inc.




Pektindzy a celulazy hydrolyzuja primarnu bunkovu stenu
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Mechanizmus formovania plazmatickej platnicky je stale nejasny
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A, C, E: pred iniciaciou plazma-
tickej planicky (PP);
B, D, F: iniciacia PP

ST-YFP - marker trans-Golgi (A, B)
FM4-64 - marker endozémov
GFP-Ara7 - marker endozémov (C, D
ST-YFP - marker trans-Golgi (, F)

GFP-Ara7
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Kolokalizacia markera plazmatickj plat-
nicky (KNOLLE) s proteinmy PM:

c) y ~oHX A: PIN2 a KNOLLE (+ cykloheximid > B)
o i e C: PIP2 a KNOLLE
; ' E: LT16b a KNOLLE

E g Lokalizacia pektinov:

G,H: pectin marker RGII (CW pectins)

I: JIM5 pectins (CW partially esterified pectins)
J: JIM7 pectins (esterified pectins in GA-vesicl)
K: JIM5 a KNOLLE

Kolokalizacia markerov endozémov a plazmatickej platnicky

A: KNOLLE a GNOM-Myc
B: Ara7 a KNOLLE

C: Ara6 a KNOLLE

F: PIN1 a KNOLLE po BFA
35s:FYVE-GFPR H: yCOP a KNOLLE po BFA

ARA7

KNOLLE I: Kofrakcionacia proteinov a nasledny Western blot
.~ 58K

celsa il DAPI
30
sucrose concentration
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Figure 7. Membrane Trafficking Pathways during Cell Flate Forma-
tion

The model depicts the mass flow of endocytic material from the PM
to the cell plate. ER, Endoplasmic Reticulum; GA, Golgi apparatus;

TGHM, Trans Golgi Network; PM, plasma membrane; EE, early endo-
some; RE, recycling endosome; LE, late endosome. The sizes of the
arrows show the extent of membrane transport. Red arrows indicate
a novel pathway revealed by our results. Red lines indicate inhibi-
tory effects of BFA.

Griffiths, 2002). In this view, the cell plate can be re-
garded as some sort of specialized endosomal com-
partment that receives material from the Golgi appara-
tus directly as well as from the PM through sorting and
recycling endosomes (see our model in Figure 7). QOur
view of cell plate formation involving multiple membrane
fusion events and cargo received from multiple path-
ways would also provide more stability and back up
for this process. One can imagine that inhibition of one
pathway may temporarily upregulate the other to rescue
the defects. This would explain the robustness of the cy-
tokinetic machinery, which is indicated by multiple ob-
Vacuoles servations of CW stubs and normal, complete CWs in
Lysosomes various reported cytokinetic mutants.
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Pred formovanim plazmati-
ckej platnicky: A - C

Pocas formovania PP: D - F
G: metafaza, H: telofaza,

I: koniec cytokinézy

DAPI - DNA marker
KNOLLE - marker PP

NAG - medial-Golgi

N-ST - trans-Golgi

VHA-al - TGN (trans-Golgi network
ARA7 - MVB marker
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Figure 2. KNDLLE-TJ:ETFICKII'IQ Pathway in Dividing Cells
(A and B) KNOLLE on cell-plate ([4)], “CP") and neighboring vesicles, (B) TGN (eary telophase; overview: Figure S2D).

(C) KNOLLE label reduced on TGM, increased on intemal vesicles of MVBE (amowhead) (eardy interphase; overview: Figure S2E).

(&=F and H) Immunogold labeling of cryosections from cryofixed root tips.

(D and E) GFP-KMOLLE labeling of vesicles inside MVB ([D], arrowhead) and intra-vacuolar vesicles ([El, armows) and residual labeling of the
plasma membrane ([E], armows).

(F=H) GFP-ARAT on the membrane of MV Bs ([F]; [H], arrowhead); (G) MVE. CP, cell plate; CW, cell wall; G, Golgi stack; MVE, multivesicular body;
T, trans-Golgi network (TGM); V, vacuole. The scale bar represents 250 nm.

(G) Resin section of cryofived root-tip cells.
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(C) post-cytokinesis. Counterstained with DAPI (blue). The scale bar represents 5 pm.

Figure 3. Concanamycin A but not W (D and E) Electron micrographs of BFA-treated gnl/1 homozygous seedling root-tip cells after cryofixafion and resin embedding: (D) Binucleate
Formation cell with cell-wall stubs (boxed area); n, nucleus. The scale bar represents 5 pm. (E) Higher magnification of cell-wall stub (cws) from ([D], boxed
(A=M): Fluorescence imaging of root c.areal. The scale bars represent 5 um (D) and 500 nm

(A=C) Muclear GFP (green) and FM4-64: (A) control; (B) Conch-

treated (2 hr); (C) wortmannin-treated (2 hrj. Mote the absence of la-

beled imtracellular vesicles in ([C], circle) compared to (4).

(D=F) GFP-KNOLLE (green) and FM4-64: (D) control; (E) Conch-

treated (2 hr); (F) wortmannin-freated (2 hr). Mote the absence of

FM4-64 label in vacuolar membrane [amowheads) in (F) compared

to (E).

(G=M) Time-course of FM4-64 accumulation in cell plate.

(G=J) H2B-YFP (green) and FM4-64.

(K=M)} H2B-CFF (green) and FM4-64; wortmannin-treated (2 hr). Ar-

rowheads: (E and F) vacuolar membrane. Asterisks: (D, F, 1, and M)

cell plate, (B) binucleate cell, (E) cell-wall stubs. Circles: (A& and C)

FM4-64 intemalization. The scale bar represents 5 pm.
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