


Cytoskelet rostlinné hiky

Jak o gm vime (historie anetody)

Obecné rysy a funkce cytoskeletalnich
systend

Aktin a asociované proteiny

Tubulin, mikrotubuly a asociované proteiny
Molekularni motory

Koordinace cytoskeletalnich systéia ...

— bure¢neho cyklu

— exocytosy, polarity, budné stny

— organel
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Robert Brown (1827):
ne vSechny pohyby jsou dilem zivota




(Elodea sp.~




0 je vidtt v buikach?  (tez kdenem Arabidopsi
:::--.I-.-:.]_

Ledbetter MC, Porter KR:
A ,, microtubule® in plant cell

fine structure.
J Cell Biol 1963:239-250




Inoue, 50. leta: ,vlaknité struktury“ (meiose mikrosokium longiflorum)

10 um




(B) Subtractive contrast Additive contrast

'rophase

Prometaphase

Metaphase

Anaphase
Endosperm,

Haemanthus sp.




Studium cytoskeletalnich systénfixované buiky

pylové I&ky tabaku (L. Synek)

(Ab - negimo)
E1. mikroskopie Aktin (faloidin — pimo)
(mrkev - protoplast TK) DNA (DAPI)




Studium cytoskeletin vivo: od mikroinjekce
pres expresi GFP-zianych proteitl po
farmakoloqii
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Farmakologicke metody —
cytoskeletalni jedy

tubulin- tubulin-stabilizing actin-destabilizing actin-stabilizing
destabilizing

oryzalin taceod latrunculin B phalloidin
nocodazole eytochalasin D

propyzamid



Studium cytoskeletun vitro

Actin

Actin assembly

5000
2.5nM

Bnrl

25nM
mDial

Fluorescence
(arbitrary units)

0
Barbed Ends: 19 subunits/s 0 500 1000
Pointed Ends: 0.8 subunits/s Time (8)
TIRF mikroskopie — (fluoresceginé znaseny aktin v
Kovar et al. 2003) piitomnosti protein stimulujicich

tvorbu vlaken — Moseley et al. 2006)



Obecne rysy cytoskeletalnich system

 vlakna jsou polymery z 1 aZ£kolika typa
podjednotek

e asociovane proteiny kontroluji
— strukturu/pestavby
— diverzitu funkce

o cytoskelet jakozto ,mechanicky” systém
reaguje takeé na ryze fyzikalni pagdy
— a to nejen pasivn




Vznik polarniho vildkna z monomer obecny princip
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Steady-state phase
{knn[sl =kﬂff}

R e e o o B e o e o o, e e e e

Growth phase
(elongation,
ko lSl=k )
Time ==

(5
&
&
=
Lag phase
(nucleation)

JawAjod uy sjungns o,



MNucleating protein

severing protein

Cross-linking protein

Capping {end-blocking)

protein

Side-binding protein

Mator protein

FESusmERe R

Bundling protein




Obecne funkce cytoskeletu

(A) Anchorage

Anchor
proteins

fj i% P Polysome
: .~ Cytoskeletal
[D [0 fiber

membrane

= Cell wall



Hechtovy provazce

Ul R

asociace kortikal. mt s membranou (cibule)




(B) Motility
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Cargn

MI}IDF protein

C}rtnskeletal fiber







(D) Polarity

Yy D

Assembly Movement Delivery
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(dano polaritou podjednotek)



(C) Information
Apical
A

Cytoskeletal fiber

Centripetal

Centrifugal Y

Basal “Right-hand” form “Left-hand” form

(existuje preference simi)
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Figure 1. Microtubules in the spiral Mutant.

In the sodral mutant of Arabicdopsis, the cortical
microtubules of two epidermal cells wind around
the corter in left-handed S-zhaped helices.
Each single flucrescent strand is likely to repre-
sent a bundle of several microtubules. (Fioure
courtesy of Keiko Sugimata.)




o Aktinovy (mikrofilamenta)
—vsude (... prokaryotni MreB)




aktin, mTalin:GFP
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Aktinové vlakno a jeho monomer




(a). S1 (myosin fragment)-decorated actin filament
displays a helical rope-like appearance; the thiplaet of
a turn is directed to the pointed end of a filament
(direction of the arrowhead). (b), part of an aéilemment
bundle from a REF-52 fibroblast after S1 decoration
Bars, 0.1 um

Actin

T. M. Svitkina and G.G. Borisy, "Methods in Enzymgyt, volume "Molecular Motors and the Cytoskelet&nart B", 298: 570-92, 1998.



Dynamika aktinovych vlaken: polymerace a treadnullin

Nucleation Elongation Steady state /‘

(c) Cc > G-actin concentration > C/ pointed end barbed end

. ATP-bound

(o) ADP-bound




G-aktin-vazebneé proteiny: regulace dostupnosti mbujéek

(a) Unactivated

LS

~
PIP,

(b) Activated
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Profilin

w
P ) e - may be vertebrate-

/

| el

ATP-binding cleft

~ sequestered G-actin
7 e e— here:
% thymosine beta4

specific?

Proline-rich”” / P
protein ~ I
ADP

{d) Exchange ATP-G-actin 8%&_fﬂ9 ADP-G-actin

P 2
ATP



Profilin a jiné proteiny ovliviujici dynamiku aktinu
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trukturu aktinu

suje s

vych l&ek a naru

Injekce profilinu inhibuje st pylo

Pollen tubes injected with increasing doses of native pollen

profilin. Leftmost cell - before injection,

injection. (A) 10 pM,
62 pM. Bar, 10 pm.

rightmost 20 min after

(C) 22 uM, and (D)

(B) 16 M
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Vidali et al. 2001




Cytoplasmic streaming Ten minutes after Streaming continues

along transvacuolar profilin is microinjected, unabated 10 minutes

strands is evident in streaming has stopped after bovine serum

an uninjected cell. and most of the albumin (BSA) is
transvacuolar strancls microinjected into a
have broken down. control cell.

Tradescantia stamen hairs



(B)

Anaphase cell under- Fifty minutes after Twenty-five minutes
going chromosomal profilin is microinjected, alter BSA is micro-
separation in an chromosomal separation injected, a cell plate
uninjected cell. is complete, but a cell separates the

plate has not formed. control cell into

two daughter cells.



ADF (Actin depolymerizing factor)/cofilin
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Stiithani” filamenti: ADF/cofilin

(b) F-actin

LIM-kinase
..-"'-_I_"‘.._

Severing | Cofilin Phosphocofilin
(active) (inactive)
h S
Phosphatasa?

Y

- + = + - +

Lepolymernzation F-actin fragments nucleate
actin polymerization

M Polymerization
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Condeelis 2001

Severing | Cofilin Phosphocofilin
(active) (inactive)
b S
FPhosphatasa?

'
33033 330883 333833

F-actin fragments

Stabilization of F-actin

fragments and branching by ta ol ization 1
binding pointed ends nucleate polymerization to
to Arp2/3 complex

increase F-actin mass

Stimulation of Arp2/3
nucleation by binding
to F-actin

TAENDS in Call Biology



Zmeny hladiny ADF1 u Arabidopsis ...
AtADF-U

Dong et al. 2001



w1

AtADFI1-0

AtADF-U

Overexprese: redukce dlouzivehisiu
Inhibice: stimulaceirstu

Dong et al. 2001



... VIiv na fist ka‘enovych vlask a indukci kveteni

Rosette leaves before flowering:

wt 16.57+£0.95 AtADF1-O 16.46+1.10 AtADF1-U 25.61+1.90

Dong et al. 2001



Cofilin versus profilin

| ADF induced severing and
FActn painted-snd depolymerization

TRENDS i Plam Scence

Deeks et al. 2002



Nukleace aktinovych filameme novo

¥ pool of
barbed (+)

pool of
F-actin pointed (-)
ends

nucleation
complexes

- ADPATE
E.;.E F{:tll'l exchange,
sequestenng

G-actin
ADP



Nukleace aktinovych filament de novo: Arp2/3 komyple

regulatory:
WASP

'E#i“

Condeelis, 2001
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1-10° 11-20° 21-30° 31-40° 41-50° 51-60° 61-70° 71-80° 81-90°
Branching angle size categories

12h 0°C
+ 5 min 25°C

I and J Angles formed by two branches of newly formed AFs. 1 Branching of thin AFs with a dotted

signal formed in the cortical cytoplasm. Rhodamine-phalloidin staining. ] Frequency of branching angles of defined size categories. The angle of branching
was measured for 156 cases in a total of 50 optical fields. Data are from one representative experiment. Bar: 10 pm

ARP2 and ARP3 are localized to sites of actin filament nucleation in tobacco
BY-2 cells

Protoplasma (2006) 227: 119-128

J. Fiferoval#, K. Schwarzeroval, J. Petrasek ', and Z. Opatrny’ DOI 10.1007/00709-006-0146-6



anti-actin anti-ARP2 merged

Fiz. 1 A=]. Localization of ARP2 and ARF3 in BY-2 cells from 3-day-
old cultures. Immunofluorescence staining with anti-actin {green chan-
nel) and anti-ARP2 (red channel} antibodies. Fluorescence microscopy
{A—H) and confocal microscopy (I-1). Details boxed in panels A, E. and
I are shown in panels B-D. F-H. and . respectively. A-D Colocalization
of ARP2 and AFs at the sites of AF branching (arrows) and along AFs
tarrowhead} in the cortical cytoplasm. E-H Colocalization of ARP2 and
AFs in cytoplasmic strands and in the perinuclear region. I and .J Confo-
cal section showing colocalization of ARP3 and AFs at the site of AF
branching. Bars: 10 m
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ARP1

Podjednotky Arp2/3 komplexu

jsou evoléne staré

Arabidopsis

*ARPC1/Arc40p/p40%)
*ARPC2/Arc35p/p35%)
*ARPC3/Arc18p/p211)
*ARPC4/Arc19p/p201)
*ARPC5/Arc15p/pl151)

McKinney et al. 2002; Mathur , 2005






autofluorescence

GFP-mTalin




hypokotyl,
GFP-mTalin

agregaty!

I crooked




Table 3. The DISTORTED class of Arabidopsis genes

Geno Chr AtDEB Ac. No Homolog for
ALIEN 4 Lnkrown unkown
— CROOKED 4 Atdgl1 710 ARPCS
—p DS TORTELD 1 At1g13180 ARP3
— DISTORTELZ 1 At1g30825 ARPCZ
—p (G NARLED 2 At2g35110 MAP 135
—p KLUNKER" 5 At5g18410 PIR121
SPIRRIG 1 Linknown Unknown  (WD40 domain)
—> WURM 3 At3g27 000 ARP2

PodjednotkyaregulatoryArp2/3 komplexu!

Pra¢ ma ztrata Arp2/3 komplexu jen relattymirny fenotyp?

Physcomitrella: NENI letalni!

(Mathur, 2005)



Zhang, X., et al. Plant Cell 2005;17:2314-2326

wit

Itbh1/scar?2

g =

SCAR/WAWE.: regulatory
Arp2/3

Arabidopsis BRICK1/HSPC300 Is an Essential WAVE-Complex
Subunit that Selectively Stabilizes the Arp2/3 Activator SCAR2.
Current Biology, Volume 16, Issue 9, Pages 895-901
J. Le, E. Mallery, C. Zhang, S. Brankle, D. Szymanski

The evolutionarily conservedac-WAVE-Arp2/3
pathway links actin filament nucleation to cell
morphogenesis. WAVE translates Rac-GTP signals
into Arp2/3 activation by regulating the stability
and/or localization of the activator subunit
Scar/lWAVE. The WAVE complex includes:

1) Sral/PIR121/CYFIPKLUNKER

2) Nap1l/NAP125GNARLED

3) Abi-1/Abi-2,

4) Brick1(Brk1)/HSPC300,

5) Scar/WAVE



Development 133, 1091-1100 (2008) doi:10.1242/dev.02280

BRICK1/HSPC300 functions with SCAR and the ARP2/3
complex to regulate epidermal cell shape in Arabidopsis

Stevan Djakovic*, Julia Dyachok, Michael Burke®, Mary J. Frank* and Laurie G. Smith®

Scar/WAVE
complex
- Activation
(WRM)  (DIST) Actin
. Acs — » Polymerization
ArpC2 P
(Dﬁgg, ArpC4 complex

ArpC3
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Fluorescent Units (F.U.)

Dalsi zpisoby nukleace: naiklad forminy (FH2 proteiny)

D

o - - -h -
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0.6 1

0.4 1 /4

~-0.00 UM
~-0.02 uM
~—0.04 uM
~4—0.09 uM
~5-0.17 uM
—8-0.34 UM
—£—0.68 UM
—&—1.36 UM

100
Time (s)

200

300

BnilpFH1FH2 overexpression T

overexpression of a partial yeast formin
causes formation of ectopic actin structures

BnilpFH1FH2: +—

and the protein stimulates filament
formation in vitro

oligomerizace FH2,

vazba na ,barbed end”,
nukleace nestvenych viaken,
Jleaky cap* model

Pruyne et al. 2002



Domeénova struktura formin

Pro-rich, profilin-bindin
/ P g

, Pro
FH1 A rich —

@ +  Rho-GTP B =

Inactive C

/’\ D FH1
_| GED @ - FH1 FH2
; E FH1

Active ,
Cument Opinion in Cell Biology F - FH1

Activation of Diaphanous-related formin by Rho-GTPase. Diagram of
domains present in Diaphanous-related proteins, illustrating the

conformation change that occurs upon binding Rho-GTP. Al’abldOpSIS 2 1 gdﬂ

Eho-GTP

11

Zigmond, Curr. Opin. Cell Biol. 2003; Cvrckova et al., BMC Genomics 2004



Membranova lokalizace formirtridy I:
rostlinna specialita?

A AtFHE-GFP B PM-GFP C TONO-GFP

Figure 4. AtFHE |s Targeted to the Plasma Membrane. (Favery et a 2005)



,Kracejici nukle&ni komplex*

7 - dimerizani rozhrani

Painted (-} end

. A
Barbed (+) end \ X Y Y
Polymerization | ' Depalymerization

Otomo et al. Nature 433:488-494, 2005



Overexprese AtFH1 v pylovychdigach

AtFH1:GFP

(Cheung a Wu, 2004)



Specifické funkce isoforem formin

Figure 3 Formin AtFH5-GFP is targeted to the developing cell plate.

Mutant: zpozdna celularizace endospermu
(jinde redundantni)

(Ingouff et al. 2005)

AtFH1: bundling!

AtFH5: cytokineze
endospermu

AtFHG6: zvySena
exprese v halkach
iIndukovanych
hlisticemi

AtFH4/AtFHS:
korenowe specificke,
kor. vlasky?

AtFH3: pyl?? — ALE
redundance



Overexprese wt a mutantniho AtFH8 tkalasky

(a) No EtOH 0.1% EtOH

Control

AtFH8del:GFP

(b) (c)
- I:Iﬂo EtOH = D Mo EtOH
L B ik
g _ | e §, | eor
£ Sof 5™ !
ag £ =
£ Zaof g8
g‘g’ Ezwl
S e L S 3
mgm ‘ag
g% ggof
= 20 =2
ﬁ EE
LT & g s
(]

control AtFHBdel:GFP control ALFHEdel:GFP
1 2 3 1 2

mutant

(Yi etal. 2005) (Deeks et al. 2005)



Proc maji rostliny pra¥ tyto
geny Vv tolika kopiich?

o Krom funkéniho roztizneéni i ,jemné
ladéni” pro pronenlivé podminky
—v ¢ase (rostlina jeised|a)

—Vv (mikro)prostoru biiky obklopené
sttnou?

 Moznosti se nevylkuji

(viz téz Nasmyth, Dirick, Surana, Amon, €kova, 1991



Nukleatoi aktinu je vic...

o Spire (Spir) — Drosophila, 2005
e Cordon Bleu (Cobl) — neurony, 2007
e Leiomodin

... ale zatim specifické pro Metazoa



e Intermedialni filamenta

— ,klasicka“ zatim jen u Metazoi? (keratin, vimentin,
neurofilamenta, laminy...)

— IF asociovane proteiny ... spektrin
— septiny u kvasinek?
— |SOU epitopy u rostlin??




Intermedialni flamenta: konvergence?

Monomer

€ Every fourth amino acid
is hydrophobic.

| .
?  The resulting stripe-shaped
: hydrophobic domains can

§ interact, forming a coiled-coil.

regulace nafp
fosforylaci (CDK ...
jader. lamina)

Vyjimka z pravidla: rovnocenné konce!



(A) (B)

Epitopy
pribuzné IF
v rostlinach?

Interfaze

(<) (D)

(kolokalizace gnt?)

profaze
(E) (F)

mitdza a cytokineze

wheat root tip,
anti-keratin




Fig. 1. Ultrastructural characterization of reconstituted 10 nm filaments and filament bundles

Shown are electron micrographs of a reconstituted filament bundle (a) and reconstituted 10 nm filaments (), together with
indirect immunofluorescence of carrot cells showing native fibrillar bundles stained with AFB followed by a fluorescein-
conjugated goat anti-rat IgM (c). The bar (shown only in a) represents 100 nm in (&) and (#) and 10 gm in (c).

Biochem J. 1989 July 15: 261(2): 679-682.



Mikroinjekce zng&enych protilatek

Covisualization in living onion cells of putative integrin, putative spectrin, actin,
putative intermediate filaments, and other proteins at the cell membrane and in
an endomembrane sheath Protoplasma (1997} 199: 173197

Christophe Reuzeau™*, Keith W. Doolittle, James G. Mc¢Nally, and Barbara G. Pickard*

anti-IF
DIOC6 - membrany




Mitosis

IF - laminy
@&icha?

ZIV@I

a

Asi jen u

Jadern




Jak u rostlin?

e Jsou ,Jaminové“ epitopy, ale neni ortolog
(A.th. genom)

 ALE rekonstituce jader Xenopus v be#bu
extraktech z tabaku (Lu and Zhai 2001)

 ALE sa\Vi LBR se lokalizuje do NE v
tabaku (lrons et al. 2003)



Cell Biology International
Volume 27, Issue 3, 2003, Pages 233-235 - C. deleT

AcNuMA Lamin A ¢ AcMFPI

AcNUMA AcMFP1-920KDy

~ | e—

Fig. 1. Ultrastructural organisation of the plariih resinless sections. (A) Portion of the periathéamina with a complex structure (lam),
connected with the internal matrix (inm). Individditlaments are observed (arrow). (B) A delicatastomosed network of filaments forms the
internal matrix: 15-25 nm knobbed filaments (arrpausd thicker ones, covered by globular struct{bésarrow;dense aggregates (da). (C)
Higher magnification of a branched filament of theernal matrix, showing the junction of two filanmte and a typical 25 nm knob. Bar in (A),
0.1um:; in (B), 0.5um; and in (C), 0.1um. Identification of the IF proteins by Westerntilothe onion NM. (D) The anti-NuMA serum, S2,
reveals three onion isoforms, the major one atkI2Qarrow). (E) Antibodies against chicken B2andaAiins, and a serum against the
chicken lamina (Ls) recognise in all cases progpiots at 65 kD with pl varying from 5.65 to 6.8) @D blot with serum 288 against
LeMFP1. The 90 kD AcMFP1 shows up to 12 basic spotsitu localisation of the IF proteins in the Ni&) NuMA is associated with the
internal matrix network and accumulates in smatl feith a punctate pattern. (H) Lamin-like proteaxcumulate not only at the peripheral
lamina, but also in internal foci. (I) ACMFP1 acculiation in large replication foci from a late-S ghaNM.



Rostliny sice nemaji laminy, ale ...

[ S———— | At1g13220
I T | At1g67230
- | ]  At1g68790
Y I T | At5g65770

T T T T T T T T T T

L
aa 100 200 300 400 500 e00 OO @800 900 1000 1100

CHEN T ] Human Lamin B

B coiled-coil domains
(PROTEAN prediction)

Fig. 1. Comparison of localization and structural organization of human
lamin B and Arabidopsis nuclear matrix constituent proteins (NMCPs).
While almost twice the size of lamins, NMCPs have a comparable
domain organization of short head, coiled-coil centre, and longer tail
domain. The gene identifiers of the four Arabidopsis homologues of

DeNMCPI are shown.



e Tubulinovy (mikrotubuly)
—vsude (... prokaryotni FtsZ)




Cytoskelet rostlinné hiky

Jak o #m vime (historie a metody)

Obecné rysy a funkce cytoskeletalnich
systént

Aktin a asociované proteiny

Tubulin, mikrotubuly a asociované proteiny
Molekularni motory

Koordinace cytoskeletalnich systéia ...

— burg¢neho cyklu

— exocytosy, polarity, butné stny

— organel







Mikrotubularni systémy rostlinné kky

i,

A

!

i

|

Fig. 1. These schematic illustrations. rendered in 3D al two aspects, show microtubule arrays through the plant cell cyvele. (A} A preprophase
band. linked to the nucleus by phragmosome microtubules, marks the future division site. ( B) Metaphase spindle with a dispersed polar region.
(') Intelophase. the phragmoplast forms as a concentrated cyvlinder of microtubules between daughter nuclei. () The oytokinetic
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 interphase 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.



(A (B) (<) ()

Tradescantia,
injected
bovine tubulin




Mikrotubuly: podjednotky a stavba

Co je uvnit?... nap. K40 acetylace!

Video:
Dr. E. Nogales
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Thie Royal Sivicty

Quantum computation in brain microtubules?

...ale co za biologicky

The Penrose—-Hameroff ‘Orch OR’ model relevantnl’Ch p()drr”,nek’>

of consciousness

By STUART HAMEROFF

° v 7 . 7~
Departments of Anesthesiology and Psychology, The University of Arizona, Sowasne mOdEIy Spls ne

* Obecné ponaieni:
seiousness. The Penrose Hameroff model (orchestraled objective reduction: ‘Orch nehledejme (lIdSké)

Tueson, AZ 85724, USA
Potential features of quantum computation could explain enigmalic aspects of con-

OR') suggests that quantum superposition and a form of guantum computation

occur in microtubules—eylindrical protein lattices of the cell cytoskeleton within the Védoml V rééem, CO Sd | Il

brain's neurons. Microtubules couple to and regulate neural-level synaptic functions,

and they may be ideal quantum computers because of dynamical lattice structure, Vée 2|Vé, naVZdory

quantum-level subunit states and intermittent isolation from environmental inter-

actions. In addition to its biological setting, the Orch OR proposal differs in an povrchnll podobnostl

essential way from technologically envisioned quantum computers in which collapse,
or reduction to classical output states, is caused by environmental decoherence (hence
introducing randonness). In the Orch OR proposal, reduction of microtubule quan-
tum superposition to classical output states oceurs by an objective factor—Roger
Penrose’s quantum gravity threshold stemming from instability in Planck-scale sep-
arations (superpositions) in spacetime geometry. Output states following Penrose's
objective reduction are neither totally deterministic nor random, but influenced by
a non-computable factor ingrained in fundamental spacetime. Taking a mo *
pavchist view in which protoconscious experience and Platonic values are

in Planck-scale spin networks, the Orch OR model portrays conscionsnes
activities linked to fundamental ripples in spacetime geometry.

Superior frantal gyrus

iddle frontal
qyrus

Keywords: consclousness; quantum computation: objective reductiong
orchestrated objective reduction (Orch OR); microtubules; braln

TI naula y
‘emporal lobe
Inferior frontal gyrus

(Gray, 1918)

. Koutny 2006)
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Rodiny tubulinovych gein

iz
14
13
18—t
19
P
KEY:
Fungi
3: 5. pombe

4: S. cerevisiae

5: Colletotrichum p2
6: Aspergillus BenA
7: Aspergillus TubC
8: Colletotrichum pl

10

Metazoa

13: Chicken B6

14: Mouse 31

15: Xenopus 2

16: Human p5

17: Hamster p1

18: Haemonchus B8
19: Caenorhubditis
20: Drosophila B3
21: Chicken B5

B Hypothetical origin

# Organisms with single known B-tubulin gene

Plants + green algae

23: Chlamydomonas i

24: Arabidopsis pl
25: Maize p2

26: Soybean 1
27: Pea p2

Protozoa

1:
o
10:
11:
28:
29;

Reticulomyxa B2
Dictyostelium
Physarum [2
Reticulomyxa 1
Tetrahymena 1
Plasmodinm A

30: Achiya

31:
32
33
M:

Ectocarpus [ib
Trypanosama
Physarum [
Euglena

Primitive eukaryotes

2: Entamocha
12: Trichomonas

22: Giardia
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Fig. 2. Cortical microtubule recovery patterns after drug-induced microtubule disassembly. { &) Microtubules appear to diverge from the initial

Jw:mhl' site. forming fractal tree-shaped clusters. with microtubules diverging from each other at acute angles (figure ._1L|:1|"llu1 from Wasteneys
and Williamson. 1989b). {B) Clusters ¢ ventually break up. (C) Later in recovery, parallel microtubule order e egins to consolidate but some

branching configurations and discordant microtubules persist. Bar, 10 pm.
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Nukleacey-tubulinem - model

Cytoplasm IS
FPlasma 23 -
membrane E} - -..Q'
wtubulin complex _g .{F
i!

\\\ﬂ E‘E?
Binding é,?) ) F/

— 1

L[:j—/—frj ‘l.rl__—-_—-_::————E_llul'::|I

pepolymer

Figure 5 Model for nucleation of cortical microtubules in plants. Cytosalic
y-tubulin complexes bind onto pre-existing cortical microtubules {left) and
nucleate microtubules as branches (centre). The ariginal microtubules
frequently depolymerize (centre) but y-tubulin complexes are not released
until depclymerization of newly formed microtubules cccurs (right).



Modulace dynamiky mikrotubil- MAPs
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MAPS predicted to affect microtubule dynamics and organization.

Predictad MAP Family Intracallular localization Mutant Mutant phenctype Pradicted
(spacias) sira AT caliular function
AtEB1a, AEB1b 3 Cortical MT plus ands, MWD MWD MT pobymearization,
{Arabl dopsis) spindle poles, cortical MT racruiting MAPs
nucleating stes, arcund to MTs
andomambranas?

Katanin P80 subunit 12 Spindle poles; cortical botaro, fra2, Disorganzed cortical ATP-dapandant
(AtKSS, AtKTN1) MT nuclaating sitas, frc2, a3, lual  MTs, sotroplc MT savaring
{Arabidopsis) punctate along cortical growth, call wall

MTs, parinuchaar compostion/organization,

regions actopic root hairs,
gibbarallin signaling,
trichome branching

Katanin P80 subunit 4 MD {prasumead to MD MD Targating and
{Arabldopsis) colocalze with regulaticn

katanin PE0) of katanin P&0?

MAP-85 {main ioform in ND Along MTs in interphasa MD MD Cortical MT bundling
carot SUSpEnsions) calls and organization

in interphase calls

MtMAPES-1b obacco) MND MD {prasumed to ba MD MD MT bundling and

akng MTs) organization, stabilze
MTs against cold
AtMAPES-1 9 Along MTs in praprophasa ND MWD Crosslinking MTs
{Arabl dopsis) band, at tha phragmoplast
midling, along a subsat
of cortical MTs
AtMAPE5-3 PLEIADE) 9 Along MTs in praprophase  ple Cytokinesis dafact in Crosslinks MTs

{Arabl dopsis)

band, at phragmoplast

rried hinaé whara antiparallal

MTs ovarlap

raots, distortad
phragmoplasts

andior promotas
MT pobymarization
in phragmoplast



EB1 a jiné (+)TIPs

Membrane

-
Wi Bridging

protein

r
Actin

Receptor
(formin?)

Figure 2. Hypothetical model for delivery of a plant MT to a cellular
receptor at a specific site (e.g. PPB, phragmoplast, root hair tip) along
actin filaments, based on models from veast and fibroblasts (Gundersen
et al, 2004). EB1 binds a bridging protein associated with myosin,
which translocates toward the barbed (plus) end of the actin filament.
Cenome analysis identifies EB1, myosins, and formins in Arabidopsis.



Jak se proteiny mohou dostat na + konec mt?

A Treadmilling

| o
1a. Binding to GTP
cap or opan sheel 1b. Co-polymerizalion
e o

with tubulin dimer

=

2. Selective rolease T

1111111
.....

............. o
Plus end :
] C Motor-driven transport
: o YR Binding to tail domain

B Hitchhiking Ymm%m motor

Q e g:l pd Transiocation to plus end

f Binding to treadmilling +TIP

Release \

RS S A Figure 1. Proposed mechanisms for plus-end binding. Green circles at

the plus end of the MT denote a-tubulin bound o GTP. See text for
details.



TONI1 (tonneau)

o defekt PPB a obec. mt
organizace

e rodina gei

(Traas et al. 1995)



TON1 (tonneau)

* homolog
LISSENCEPHALY1 (H.s. Normal Lissencephaly
LIS1) - defekt migrace
neurori

 LIS1 vaze + konce mt,
Interakce s dyneinem

 ale rostliny nemaji dynei




SPR1, SPR2 (spiral)
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Fig. 9. Micrographs of comtical MTs in scedlings grown at 23°C, {A-E) Root
epidenmal cells ot the basal elongation zome. (A) Ler, (B, C) sprl=d. (D Ler
erowi oit | i taxol aind (E) Ler grown on 3 pM propyzamide. Cortical M1
arrays were located undemeah the outer cell wall (A B, DUE) or the inner cell
wall {Ch Panels B and © were from the same sped cell (F<H)y Inner conex
cells at the upper region of S-dav-old etiolated hypocotyls, (F) Ler, and (G,H)
sprl=1. G and H were from the same sprl hypocoty] optically sectioned at
different focal plnes. Broken line indicates shape of o cell in G and H. Al
images are positioned in their correct orientation relative to the long axis of
the organ. Scale bars, 10 pm in A-E: 30 um in F-H

spri




SPR1: maly protein na + koncich mt

Localization of SPR-GFF and ¥ FP-TUBULIM in the hypocotyl cells
of transgenic Arabidopsiz seedlings. GFF fluorescence from (a) an
SPR1-GFP fusion protein and (b} an YFP-TUBULIN fusion protein
{single confocal microscope slices). Naote that the SPR1-GFP
localizes preferentially to the MT plus ends (yellow arrowhead) as
well as in the cytoplasm surrounding endomembranes {(delineated
by red arrows). By contrast, YFP-TUBLULIN evenly labels MTs, vet is
also found around endomembranes {delineated by red amows). For a
better view, please watch supplemental movies 31 and S2 in [35™).
{b} iz reproduced with permission from [35%], copyright American
Society of Plant Biologists (2004).

10 migrons
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,Toclvost” orgam mutanfi: sner nemusi
souhlasit se stnem mt spiraly

* Pravot@ive:
— sprl
e Levotcive:
— Inhibitory (taxol)
— MAP (morl)
— leftyl, lefty2: mutace tubulinu

Toci se rostlina bez mikrotubiudoleva? A jak to &8a??



Katanin - p60 a p80

Fig. 3. Model for microtubule assembly by severing and transport of

nucleating templates, In this model, a y=tubulin ring complex

associates with the minus end of a microtubule, while the
microtubule extends by the addition of tubulin subunits at the fast-

growing, GTP-tubulin-containing plus end {dark green). Severing of

the minus end 18 achieved by the formation of a hexamer of katanin
pi0 subunits, whose association with the microtubule wall is
coordimnated by the larger p8O subunit, which may transiently

— dimerize with the p6&0 subunits, Microtubule-mediated ATPase
activity results in inward movement of the po0 subunits, an action

that cleaves the ring complex from the microtubule minus end.
Katanin subunits dissociate but the lock-washer-shaped ring complex
15 transported along the microtubule by a plus-end-directed kinesin.

The extent of transport along the microtubule may be regulated by

the relative activities of plus- and minus-end-directed kinesins. The
ring complex serves as a template for the assembly of additional
microtubules. Repeated generation, severing and transport of
nucleating templates at the minus end of the original microtubule
may explain how the fractal tree complexes shown in Fig. 2A

develop.

katanin p60 subunit

katanin pB0 subunit

Mutacefragile fibre2 (fra2), botero:
brittle swollen semi-dwarf,
disordered cortical mt

yiubulin ring complex

plus end-directed kinesin
minus end-directed kinesin

tubulin



fra2

Disledek: defektni biosyntéza
a organizace &ny!

wt koren Burk and Ye 2002



fra2 - alelabotero (p60)

(c)

hypokotyl - s¥tlo tma (Fernando oro, Colombia)



MAPG5: crosslinking (,rostlinna specialita®)

MAP-65 family members that cross-link MTs. {a) Longitudinal and {b)
transverse electron micrograph sections of MTs cross-linked in vitro
by purified carrot MAP-65. MAP-65 can be seen as the evenly
spaced filamentous cross-bridges (reproduced with permission

from [48], copyright Mational Academy of Sciences, USA [1999]).

{c) Wildtype and (d) ple-6 phragmoplasts visualized with MAP4-GFP
in Arabidopsis (confocal microscopy). Mote the larger clear zone in
ple-8, which is mutated in the AIMAPE5-3 gene (reproduced with
permission from [51°%], copyright Cell Press [2004]).

Arabidopsis: rodina 9 gén
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MOR1 {Arabldopsis) 1 Punctate along cortical ol gamd mor! alleles ane Stabiliza MTs,
MT=, at phragmoplast temparatung Sansitve MT organzation
i lina’ spindke with shomenad/dsorganzed
MTs and sotropic call
axpansion, gomd allales
have cytokinesis defacts
and are homozygous lethal

TMBP200 {MOR1-likea) ND MND ND MND MT bundling?
ftobacco)
pa0 PHOSPHOLIPASE D WND Alang cortical MTs and WD MND Conveys hormaonal
abacco) linking tham to the and envirenmantal
plasma mambrana signals to cortical MTs?
PHOSPHOLIPASE Ds 12 Along cortical MTs PLD& null Increasad sansitity Oleate stimulated
PLD:) {Arabldopsis) and linking tham to to H:Oo-induced phos pholipasa
the plasma membrana? call death actvity linked to
H-0. signaling
Spc98p (Arabldopsis) 12 Punctate along nuchear ND ND MT nuchksation?

surface and at cortax
{presumably at MT
nuclaating cantars)

SPIRAL1T {SPR1) 6 Cortical MT plus ands spri, skud Organ axial twisting, MT pobymarzation?
{Arabidopsis)® and uniformly covers root right skewing on Links proteins to
MTs in other arrays, agar surfaces, obliguealy MTs? Directional
around endomeambranas? oriented cortical MTs cell axpansion
TANGLED1 MND Punctate throughout tani Abnormally oriantad Orianting MT
(TAN1) maza) cytoplasm and alkong call divisions structuras during
MT= in all four arrays call dnision
WAVE-DAMPENED2 a8 Along MTs? w2 Overaxprassion causas MT bundling?
WVD2) (Arabkdopsis) twistad, stockiar ongans,

right-skawing of roots on

agar surfaces and obligualy
arantad cotical MTs
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* Produkt: kys. fosfatidova (PA) — signalni molekula
 Inhibitor: n-butanol (interferuje s produkci PA)
* Prima interakce s MT?



Fosfolipaza D a mikrotubuly

n-butanol sec-butanol tert-butanol
i 30 min 30 mi 30 min

taxol BY?2 blelky
| (Dhonukshe et al., Plant cell 20(

(a neni to diky PA)
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Fig. 2 MTs on membrane ghosts prepared from protoplasts treated with butanols. Membrane ghosts were prepared from
treated with culture medium (A), or culture medium supplemented with 05% n-butanol B), -butanol (C) or n-butanol plus 2
(D) for 20min. Bar=5pm. 3 ; S ? e 4l ? “
2Ly Fig. 3 Effect of butanols on MTs in vitro. MTs assembled from tubulin purified from BY-2 cells were incubated in PME buffer
supplemented with 1% n-butanol (A, C, E) or tbutanol (B, D, Fl. MTs were examined by dark-field microscopy (A-D) and electron
microscopy (E, F). Bars in b and d =10 pm; f =100 nm.

Plant Cell Physiol 47(7): 1004-1009 (2006)

doi:10.1093/pep/pcj0535, available online at www.pcp.oxfordjournalk. org

@ The Author 2006. Published by Oxford University Press on behalf of Japanese Society of Plant Physiologists.
All rights reserved. For permissions, please email: journals permissions(@ oxfordjournals.org

St i (jak cisty byl preparat MT,
n-Butanol induces depolymerization of microtubules in vivo and in vitro pOkUd PLD — MAP’?)

. . . . - . y R e 4 sse o4
Ai Hirase !, Takahiro Hamada ', Tomohiko J. Itoh 2, Teruo Shimmen ! and Seiji Sonobe ' *



MOR1 (microtubule organization)

(MAP215)

Fig. 4. Microtubule patterns in the epiderms of Arabidopsis thaliana
cotyledons after 4 hours at 29°C. { A) Cortical microtubules are
abundant and transversely oriented in wildtype. (B) In the maorf
mutant., microtubules appear short and disoriented. Bar, 10 um.



Modely funkce MOR1

FadafFadadidadimadifsdadsacgdsRamatnt;
dedslolsModslalvdalofadofonod sdadells Ty
l"li-'lii!'iil(iII‘I!I}"
R EE R o LR R B O -
R R L R e L R R L e R e T LT

29°C ERERRLL . M 1D 29°C

11-11‘1.11-

[ S
h MORI M

° plasma membrane anchor protein ﬁ; MT destabilizing protein

Fig. 5. Possible functions of the MOR1 HEAT repeat-1 (HR1) in
microtubule stabilization. (A) HR1 links microtubules to the plasma
membrane via a plasma-membrane-azsociated protein. At restrictive
temperature, this loss of binding dissociates microtubules from the
plasma membrane, promoting their destabilization. (B) HR1
competes with a destabilizing protein (probably a kinl-like kinesin)
for binding. At permissive temperature, the high atfinity of MOR1
for this site prevents destabilization. At 29°C, this affinity 1s lost,
leading to kinl-dependent destabilization and microtubule
shortening.
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Microfibrils embedded

inwall matrix ..\\‘
e

f {1-4) glucan chainzs in a
cellulcese micrafibril ~

Microfibrils linked
by xyloglucans .

)

Micrafibril
= 2merging through
plasma mambrane

he. ST
Lipid bilayer of
plasma mambrane

Cellulcse micrafibril
emearging from rosette,
\ parallel to microtubule
Microtubule bridged

microtubule NhicratubLl e to plasma membrane
bridge fand cell wall?)

Relationships between cellulose-synthesizing complexes (rosette type), wall microfibrils, plasma membrane and microtubules. Diagram
provided by Brian Gunning.



W Microfilaris
20 H Microtubules

Frequency (%)

i 2040 &0 80 100 120 140 160 130
Crrientation (dedrees)

An experiment to test whether microfibrils can re-establish parallel
order when the existing microfibrl templzate is disordered and cortical
microtubules are dizsorganized. After DCB treatment for 4 h,

{&) cortical microtubules remain transversely oriented in mor?-1

root cells, wheneas (b) the formerly transverse arientation of cellulose
microfibrils has been disrupted by inhibiting cellulose synthesis.
Shifting the temperature from 21 °C to 31 “C (c) disorganizes the
microtubules while {d) the disordered microfibril texture is maintained.
Mairtaining the 31 “C temperature leads to significant lateral
expansion of cells and (e) continued disorganization of the cortical
microtubules, but 18 h after DCB's removal, () microfibrils are
organized in parallel arrays. (g) At the time point shown in (g} and {f},
microtubule orientation is widely dispersed about the transverse axis
{blue bars), while microfibrils (red bars) show relatively tight
distribution about the transverse axis. Microtubules were examined by
immunofluorescence and cellulose microfibrils by field-emission
scanning electron microscopy. Scale bars are 50 pm for (3, (c) and
(e}, and 200 nm for (), (d) and (f). Thiz figure iz modified from

Figures 2 and 3 of [14*7].

Wasteneys 2003/2004: mikrofibrily
se usptadaji i samy

2-6-dichlorobenzonitril



Cytoskelet a ¢ha jsou |
MECHANICKE systémy...

Referat:

Developmental Patterning by Mechanical Signals in
Arabidopsis

Olivier Hamant, et al.

Science 322, 1650 (2008);

DOI: 10.1126/science.1165594
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Molekularni motory

e Definice: pohon ATP
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Actin filament

myosin Kinesin

(R. Milligan, Scripps Inst.)
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61 kinesim Arabidopsis

e pohyb po mikrotubulech @ma snéry (zajig’ovan
riznymi proteiny), srér urcuje ,kréek”
o VEtSina (zivaisné a 40 u A.th.y end-directed

— c¢asto role v cytokinesi (PAKPs — phragmoplast-
associated kinesin proteins)

e zbytek (21)- end-directed
— ATK1 - funkce weténka
— ZWI —regulace calmodulinem
— KCH - calponin homology domain
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Arabidopsis: 17 myosin



Myosin VIII v plasmodesmech

MyoVII]

o |

aktin (pit fields)

,mikrovilus naruby“?
Baluska et al. 2001



Regulace molekulovych motor

e Ca2+ a calmodulin:
— 1Q motivy myosiri
— KCBP kinesin
— Injekce Ca2+ urychluje pohyb chromosiom

o fosforylace



Organizace cytoskeletu:
je|i regulace a koordinace

s dalsimi budnymi &jl




Multifunk¢éni proteiny asociované
S cytoskeletem

« KCBP, GhKCH2: ,£asti kinesin, gasti
myosin“

e Jinde:
— forminy (mDia ziv.) interagujii s mt ... etc ...



Conserved microtubule—actin interactions
in cell movement and morphogenesis

Olga C. Rodriguez, Andrew W. Schaefer, Craig A. Mandato, Paul Forscher, William M. Bement and

Clare M. Waterman-Storer

NATURE CELL BIOLOGY VOLUME 5 | NUMBER 7 | JULY 2003

Table 1 Molecular candidates for mediating structural Interactions between microtubules and actin.

Protein(s)

Cell type/system of
characterization

Localization or association

Functions/ioles

Adenomatous polyposis
coli (APC)
{refs 3437, 44 45, 74)

Drosophila syncytial
embryos, epithelial cells,
human colorectal cancer
cells

Actincaps, pseudocleavage furmows ,
adherens junctions and microtubule

plus ends; binds EB1, binds f-catenin,

binds the Rac GEF Asef

Mediates microtubule tip-actincortex interaction to
anchor and orientate mitotic spindles; promotes
microtubiile polymerization and stabilization in
witro; in mice that have a mutation in the
micrctubule-binding domain-of APC, intestinal cells
fail to migrate out of the crvpls

CHO1 [MLKP,
family) {ref. 92)

Mammalian cells

CHO1 splice variant with actin-
binding domain

Bundles micmotubules; required for completion of

cytokinesis

Coronin (ref. 101)

Budding yeast

Cortical actin patches; unique among
coronin family for microtubulefactin
Dinding

Promotes actin assembly and crosslinking

Cytoplasmic
dynein/dynactin
{refs 39, 98)

(1} Buddingyeast

(2) C.elegans

(3) Mammalian fibroblasts,
astrocytes, or epithelial cells

(1) Interactswith cortical protein
Numlp

(2) Caortex befween the AR and P1
blastomeres

(3) Colocalization to F-actin cortical
spots and sitesof cell-cell contact

{1} Microtubule capture by cortex to position
mitotic spindle during ceil division

{Z) Spindle orientation

{3} Spindie orientation; MTOC reorientation during
cell motility

IQGAPL/CLIP-170
{refs 38, 102-104})

Mammalian fibroblasts and
epithelial celis

1GGAP] binds actin; associateswith
microtubules via CLIP-170

IQGAP1 binds Rac and Cdc42; role in cell-cell
compaction?; CdcdZ-inducedcell polarity

BimL/Kars/Myo2
(refs 42, 43)

Budding yeast

Bim 1 on microtubuie plus ends is
linked to the myosin: 5 homaologue
Myo2 wia Kar9

Pulls astral microtubule along actin cables into the
bud during spindle orientation




MAPZED
(refs 61, 105)

Meurons, melanoma cells

Microtubule binding when
unphosphorylated; phosphorylation
enables actin localization and

Promotes microtubule growth and actin bundling

interaction
Mip-20 Human fibroblasts Colocalizes with actimand Function unknown
(ref, 106) microtubules
Myoba-kinesin Meurons, melanocytes MyoSa and kinesin interact in yeast May coordinate oreanelle transport along

complex {ref. 107}

two-hybrid screen

microtubules and actin

Myo&-D-CLIP120O
complex

{refs 108, 109)

Drosophila embryos

Colocalize in the nervous system and
posterior pole of embryo

Mutation phenotype suggests Myobe mediates
membrane remodeling dunng embryogenesis and
spermatogenesis

hGAR17H and COS-7, NIH 373, and other From overexpression and Originally identrfied in a search for fumoor
hGARZZ2H (Gas2- cell lines cosedimentation experiments, suppressorsy some evidence for upregulation
related proteins) localizes to and binds actinand growih-arresied czlis

(ref. 110} microtubules

{1} kakspasshart siop (1) Drosophila embryos: (1) Localizes to microtubule ends { 1} Mutation phenotype suggests role in axon
{2) MACF (MACFET), neurcns and epidermal (2} Sites of celi-cell contact, outgrowth; wing tissue integrity

vertebrate homologue
of kskapo/shoristop
(ref. 18)

muscie attachmentceiis
(21 COS-7 celis, human

adrenal carcinoma cells,
mouse keratinocytes

colocalizes with and binds
microtubules and ackin

{2} Stabilizes microtubules; mediates actin—
microtubule interactions at cell periphery

BPAG1a (neuronal)
and BPAGIH {muscle)
(ref, 18}

Mouse embryos and tissue

Hemidesmosomes; both actin-binding
and microtubule-binding domains

Skin blistering phenotypes suggest a role in
maintenanceof tissue archifecture; also resultsin
disorganized Intermediate filaments and
microtuboles in degenerating neurons

Plectin
(ref. 19}

Vertebrate cetl limes,
explants and tissues

This st is-not exhaustve, and some entries are not referred fo in the text. >

Links intermediate filaments to actin
and microtubules; localizes to stress
fibres, hemidesmossmes

Dizease and mutation phenotypes of skin blistering
suggest a role in maintenance of tissue integrity;
regulates actin organization?




Pohyby organel: plastidy jdou zac¢dem

(A) (B)

i L e

Chloroplast Nucleus

High-intensity light

Mougeotia



Signalizace: receptor - phototropin



Bohm JA (1856) Beitrage zur naheren Kenntnis dderGphylls. S.B. Akad. Wiss. Wien, Math.-

nat. Kl. 22: 479-498 (z disertace S. Schmidt vonuBja

SITZUNGSBERICHTE

DER KAISERLICHEN

ABADEMIE DER WISSENSCHAFTEN,

(] Nach Mohl'st) Angabe sind in der miitleren Schichte des
Blattes vor Orontium (Rhodea) japonicum die Chlorophyllkérner in
der Mitte der Zelle zu einem Hanfen zusammengeballt. Ieh habe diese
Pflanze oft untersucht, fand aber immer die Chlorophyllkérner an der
Zellwandung anliegen. Bei der grossen Aufmerksamkeit jedoch, mit
der ieh die Chlorophyllkérner der verschiedenen Sedum-Arten unter-
suchte, geigte sich mir eine hochst interessante Erseheinung. Ich
brachte nimlich mehreve Arten derselben mit eylindrischer Blittern
ins warme Haus, dessen Fenster sich gegen Siiden $ffneten, um viel-
leicht in den Blittern der unter diesen Umstiinden sich rasch ent-
wickelnden Triebe tber die jugendlichen Zustinde der Chlorophyll-
kijrner einigen Aufschluss zu erhalten. Zufilliger Weise untersuchte
ich sie ldngere Zeit hindurch {iglich zwr Mittagsstunde, und ward
nicht wenig Gberrascht, stets simmtliche Chlorophylikirner zu einer
Gruppe vereinigt irgend einer Stelle der Zellwandung anliegend zn
finden [..] '

O
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Mutantchupl (chloroplast unusual positioning)

Wildtype Chup1

Distribution of chloroplasts, mitochondria and peroxisomes in
wildtype and chup? mutants. (a) Cross-section of a light-adapted
leaf. In the wildtype, chloroplasts are positioned on the upper and lower
cell surfaces, whereas in the cells of chup? mutants, chloroplasts are
aggregated on cell bottom. Bar represents 30 pm. (B) Mitochondrial
distribution viewed by transient expression of mitochondria-targeting
GFP. The posttioning of mitochondria is similar in wildtype and chup?
mutants. Bar represents 10 pm. {¢) Peroxisomal positioning viewed
by transient expression of peroxisome-targeting GFP. Peroxisomes
are localized close to chloroplasts. In chup? mutant cells,
peroxisomes are closely associated with aggregated chloroplasts.
Bar represents 10 pm.

(a) Chlomoplasts

(k) Mitochondria

CHUP1: actin binding!

(c) FPeroxisomes




Chupl: lokalizace na periferii plastid

B

B

O |

Figure 21 Expression of Chup1-GFP in A.thalianagptasts. Left panel: GFP fluorescence,
middle panel chlorophyll autofluorescence, rightg@aoverlay picture. A-F Chupl-GFP
expression in protoplasts. D-F Close-up of two ahptasts surrounded by Chupl-GFP
fluorescence. Bar = 1im. (Schmidt von Braun 2008)

profilin binding
F-actin binding
migration to anticlinal walls/PM interaction
import do plastid

(Oikawa et al. 2003, 2008)



Chupl vaze F-aktin a profilin

A1 2 B 1
4pg & Profilin - P
2pg & [Profilin
1
e Casein
0.5ug
0.1pg

BSA Prof.

A In-vitro translated Chupl
was incubated with indicated
amounts of BSA (lane 1) or
profilin (lane 2) on an affinity
matrix. The binding was
visualized after extensive
wash steps by
autoradiography. B Chupl in-
vitro translation product was
incubated with an affinity
matrix coated with 20g of
casein or profilin treated with
phosphatase (Profilin — P) or
without treatment (Profilin).
The binding was visualized
after extensive wash steps by
autoradiography.

1 2 9 4 5 6 T B8
S P S F 8 P 8 P
Chup1 Toc3d4 Chup1
F-actin G-actin

Cosedimentation of Chupl and F-actin. Radioactilsdbelled
Chupl (lane 1-4, 7, 8) or outer envelope proteio3fglane 5, 6)
were incubated with F-actin (lane 3-6) or G-ackam¢ 7, 8) and
supernatant (S) and pellet fraction (P) were sepdtay
centrifugation, subjected to SDS-PAGE and autogrdiohy.

(Schmidt von Braun 2008)



~ Plasma membrans

o= G-actin CHLFP1 domain
i Profilin m Hydrophabic-region
<53 Profiactin [ Actin-pinding

ﬁ Myosin m Froline-rich

Current Opinion in Plant Biclooy

Working model of chloroplast positioning. The amino-terminal hydrophobic region of CHUP1 can targst to the chloroplast outer membrane.

The proline-rich motif of CHUP1 may serve in actin polymerization to recruit profilactin. CHUP1 binds polymerized F-actin through its actin-binding
domain. These functions of CHUP1 may be important in anchoring chloroplasts to the plasma membrane. Myosin motor protein(s) may be
necessary for chloroplast motility along actin filaments.



Regulace struktury a funkce cytoskeletu

(A) (B)

e Jako vSude:
proteinkinazy
a fosfatazy

. @ v
® AT
@
Protein Protein
phosphatase kinase
H,0 ADP

koren A.th.
PO staurosporinu
(mikrotubuly)
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Reqgul&ni aspekty: vi se hlawo aktinu

distorted mutace (ARP2/3)

BRICK (Z. mays)

SPIKEL (multidomeén. adaptor. protein)
RICs/ROPs




( ARF-GEF

"
=

Curroni Opindon in Plart Biokgy

Aktin: malé GTPazy
(Rop, Arf)

Frocesses contributing to cell polarization. Vesicle trafficking that is
mediated by Class 1 ARFs is required for the paolar localization of ROP

GTPases, which control actin (ACT) assembly through RICs and WAVES

SCAR-ARP2/3 pathways and microtubule (MT) bundling through other
RICs. ARF-mediated vesicle trafficking and a specific ARF=GEF
regulator of this process also control the localization of PIM proteins, and
the polarity of this localization is controlled by the PID kinase, which
functions as a binary switch. Polar localization cues for ROP localization
or activation and for PIM localization (black bodies) remain unknown,
Red arrows: vesicle trafficking control. Black arrows: protein activity
contral.



Koordinace aktinu a mtifiklad diferenciace epidermalnich l#kn

Fig. 1 Confocal-laser-scanning microscope (CLSA) images of labed
mesophyll cells of Zeg mays after immunostaining of microtubules
(W) (a) and visualization of actin filaments (AFs) with fluorescent
phalloidin (k). Cortical MTs form ring-like bands (a), while AFs (b
exhibit diffuse arrangement. Bar, 20 pm.

(Panteris a Galatis 2005)



mikrotubuly
celuloz. mikrofibrily
aktin

(Panteris a Galatis 2005)



Regulace tvaru epidermalnich B4n
RIC/ROP system
Rop Interacting

CRIBs: efektory
ROP, kontrolujici
aktin i tubulin!

RIC1: mt bundlin

RIC4: actin
polymerization

ROP2/4:
— Inhibice RIC1
— stimulace RIC4

I'.';ll'llll |'|'|iltl'||1ii;|[11L‘i|l‘-

(C) Schematic representation of the model proposed by Fu et al. to explain the role of ROP GTPases and their effectors (RICs) in leaf
morphogenesis. ROP2/4d GTPases, via activation of RIC4, promote actin microfilament formation in regions of growing lobes. At the same
time, the ROPs, via RIC1 binding, promote microtubule bundling at neck regions to restrict widening and sequester RIC1 at the plasma
membrane at sites of lobe initiation in order to prevent microtubules from organizing at those sites,



Cytoskelet a bu¥tna polarita: piklad
vrcholového iistu

=
7
>y )

LatB (high)
profilin (up)

—_— ~
=———! ) —laB(ow)P» ——
< = _

\ Jas

formin(up)

N

Jas = jasplakinolid (stabilizuje aktin)



RIC/ROP systém se upifafje | jinde: vrcholovy iist

Mnozstvi GFP-RICAC v apikalni
plasmalem lacky tabaku osciluje
soul#zre s rychlosti fistu a
vrcholovym F-aktinem (Hwang et al.
2005)

—— growth rate —a— |avg of GFP-mTalin
C 785 B 50 - r
—— growth rale  -=- lavgpm  — Favg-ayta — 45
%1 3 £ 40
¥ o8, -:. 1 » . . E 35 %‘
E i T onrd, Ay, 5 301 §
g B ..] ."-_.':‘FJI !m |T G 25 - £
E -"'y\l"ﬁ" ., .."-JI t | Ind = 20_ o
- ﬁt‘ﬁf; h-gf! #L‘ {0k | 3 151 &5
5 24 ?!ﬁwr‘!mlu Al m1g-
1 - et E
15 MW M t‘ D T L T T T T T J T T T T T T T T T ] 40
s = - ¢ 10 20 30 40 50 60 70 &0
1 11 21 3 41 51 61 T1 81 91 101 111 121 131 141 151 161 171 10-5 intervals

10-5 intervals



Rop-RIC modul

Localized cue

FR?CSMH

@ F- actln — Caz
ﬂ assembl
Polar
Actln -~ Growth
(Z. Yang et al.) dynamics

...V kontextu aktivované kortikalni domeény (ACD)

anGAP1

X pansinG
HET

(V. Zarsky et al., 2009)

(F-actin, microtubules) veside



Aktin, tubulin a sekrece

"
o © %
— ==y Tubulin jako ,koleje
— == pro @isun materialu®,
. aktin coby ,forma®,
,plot“?

Srv. neurony,
lymfocyty...



Bunécny cyklusje (také) VELMI

cytoskeletalni zalezitost ...




