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* BunécCna sténa Iépe vystihuje svébytnost
suchozemskych rostlin nez plastidy a
fotosynteza.

* Je aspektem celé rostlinné bunky, ani
syntéza celulozy se neda pojmout jako
jednoducha enzymaticka reakce.



Funkce bunecCné stény

UrCuje vnéjsi tvar a rust bunky

Tvori mechanické struktury v ramci celé
rostliny

Podili se na funkCni specializaci bunek a
vyvoji rostliny

Tvori ochranu pred prostfedim a patogeny
Slouzi jako zasobarna

Zprostfedkovava komunikaci —
mezibunecCnou i z okoli dovnitr bunky

UcCastni se rozpoznavani vlastni/cizi



BunecCna sténa je Ziva organela!
(vetSinou)




Listovy houbovy parenchym korunni platek hlediku tracheida = xylem listovy trichom
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(A)

Primary cell wall Middle lamella




Slozky bunecCné stény

* Polysacharidy
» Kaloza

 Celuloza
* Hemicelulozy (zvl. XyG a GAX, MGL)

» Pektiny (HG, RG-I a -II)
* Proteiny

* Extensiny, expansiny, AGPs, GRPs, PRPs
* Endoglukanasy, XET/XTH
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Maltoza je redukujici c.
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Sacharoza je neredukjici c.
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Sukroza syntaza — dodava UDPG
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Slozky bunecCné stény

* Polysacharidy
» Kaloza

 Celuloza
* Hemicelulozy (zvl. XyG a GAX, MGL)

» Pektiny (HG, RG-I a -II)
* Proteiny

* Extensiny, expansiny, AGPs, GRPs, PRPs
* Endoglukanasy, XET/XTH



Lokalizace syntézy slozek bunéCné stény

(A)

kaloza
celuloza

Site of synthesls for:
Pectins
HGA

F fs / i 4 RG I

Coellulese iy i RGII

Cross-linking glyrans
Xyloglucan
Glucuronoarabinoxylan
B-Clucan
Calactomanman

Site of glycosylation of:

HREGPs
AGPs
Modified glycoproteins

Colgl « (Rough
“Z&bytek sten.iin "
polymeru



Kaloza -
Zrozeni steny

Figure 2. Subcellular localization of AtCalS] and deposition n::uJ'i
i callose on the cell plate. Arabidopsiv CalS1 was Tused with GFI?
i and expressed in tobacco BY2 cells under the control of the CaMV
© 358 promoter (Hong er al.. 2001a). A, B. Fluorescent images of |
transgenic BY-2 cells expressing the GFP-CalS1 fusion protein at
{ the G1 stage of cell cyele (A) and during cytokinesis (B). C, D. !
i Callose deposition in the cell plate of control (C) and transgenic
i cells over-expressing GEFP-CalS1 (I2). The cells stained with aniline

¢ blue and 4 6-digmidino-2-phenylindole (DAPD were pholographed
- 1 3 - 1 kan + with a fluorescence microscope with a UV filter set. Arrows indicate |
, g u the cell plate. M, nucleus. :



Tvori se pri poranéni

Pri infekci patogenem
Dulezita souCast BS pylu
Pri cytokinezi se uklada do rostouci prepazky

Laminaribiose
(f-0-Glucosyl-(1--+3)-D-glucose)

Cellobiose
(f-D-Glucosyl-(1-4)-D-glucose)




FRAGMOPLAST

(A) Free vesicles and fusion tube-generated (B) Tubulo-vesicular network (TVN)
network (FTN)

Fusion tube

Coated vesicle bud Fuzzy coat

-)

Microtubules Secretory vesicle

{C) Tubular network (TN)
Plasma

membrane

TN ;

TVN g
‘yFusicn Parent

tube | cell
wall
Zone of

P || PR

(E) New cell walls




Celuloza

* Celuldza je nejrozsirenejsim bio-
polymerem na zemekouli.

« Ktery je druhy?

o A treti??



el LR

Laminaribiose
(p-p-Glucosyl-(1-3)-D-glucose)

Cellobiose
(B-D-Glucosyl-(1—-4)-D-glucose)




Mikrofibrila
celulozy asi 3 nm
silnd je tvorena 30 o

az 36
individualnimi
Fet€zci a muZe pri
poCtu 14 000 glc
jednotek
dosdhnout délky
7um.




Hemicelulozy

* Xyloglukany =1

e Glukuronoarabinoxylany = Il
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Cellulose
mierofibril ¥

Modified glycoproteins
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Xyloglukan (XG) - 1.

Figure S1. Xyloglucan.

Ayloglucan is composed of subunits of XXXG, XXLG, XXFG, and XLFG in most plant families. Xyloglucans derived from
Solanaceous plants and immature podaceous plants contain XX GG subunits and may have small amounts of XGGGE and
GXGG subunits. Individual xyloglucan molecules range in length from 30 - 400 nm which correspond to roughly 15 - 200

Glc residues. Acetylation?

Vincken JP ef al. Plant Physiol 114 (1887} 913

Zablackis E et al Plant Physiol. 107 (1995) 1129-1138 ,
McCann et al. J. Microsc 166 (1992) 123-136 @
2
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Xyloglukan II. — Solanaceae

(B) Solanaceous (arabino)xvloglucans
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Xyloglukan (XG) -Poales

Mixed-linkage (1—3),(1—4)-8-D-glucan



Glukuronoarabinoxylan (GAX)

Figure S2. Glucuronoarabinoxylan.

Glucuronoarabinoxylan {GAX) accounts for roughly 5% of the dicot cell wall. Approximately 25% of the Xyl resudes are
subsituted with either Ara, GlcA, 4-O-methyl glcA, or--in some plant families--ferulic acid.
DP?

Zablackis E et. al. Plant Physiol. {1995} 107 1128-1138
Darvill et al. Plant Physiol. (1880) 86 1135-1139

. ¢
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@ D-Xylopyranose L-Arabinofuranocse w also with 4-O-methyl groups (W)




Glukuronoarabinoxylany — typ 11
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Monocotyledonae & Dicotyledonae

Orchidales Fabales
il
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Caryophyllales |, O
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PEKTINY




Pektin — homogalacturonan (HGA)

Ca2+ cross-link

Figure S5. Homogalacturonan.

Homogalacturonan deposits in the cell wall in 2 highly methyl-esterified form and is subseqguently de-esterified by pectin methyl

esterases (PME's) to a varying degree. In some plant families, GalA residues may be O-acetylated at C2 or C3. Degrees of
polymerization have been reported that range from 5 to 200.

Wincken JP et al Plant Physiol 132 (2003) 1781-1788
Ridley BL &f al. Phytochemistry 57 (2001) 528-287

Willats WGET et. al. J. Biol. Chem 278 (2001) 13404-19413
Mohnen D Comp. Mall. Prod. Chem. 3 (1838)77?7

N e

. D-Galactopyranuronic acid, some are methyl esterfied (W)
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Zvysena hustota vapenatych mustku — vetsi tuhost stény



Figurs 53. Rhamnogalacturonan | (RG-1).
° The backbane can be compased of more than 100 [+2 o L-Rhap- 14 }-0-0-Galpb-( 1 #]-dizaccharide
units. Batweaean 20% to 80% of the rhamnosyl residues carry side chains, depanding on the source. These
P ektln side chains can be single unit [j-0-3alg-(1-+4)] or arabinan or arabinogalactan | with varisble chain length.
I smaller amaunts, o-L-Fucp, [-0-Glepd, 4-0-Me Glopa and ferulic and coumaric acid may sleo be present
It i alzo suggested that homogalacturonan and xylogalacturonan are attached to RGE.
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Figure 54, Rhamnogalacturcnan Il (RG-I1).

Fowr side chains (&-0) are linked to a hemogalacturonan backbone consisting of at least 7
[ -0 Galpd-( 1] residues. The order and the linkages of the glycoay residuss in the side chaing a8
well as the distribution of the side chains have not been unambiguously determinad

Ordedl M& ef &, Annu Rov Plant Biol 55 (2004) 108-138
Vincken JP o al Plnt Phyﬂd 152 2003 17811 78S
Ridiey BL ef al Phytochemistry 57 (2001) 828887

L Ponhcat ©H af ail J Biomal MR 14 (18689 253.271
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Apiogalacturonan D Gala ® Gal

AAA Homogalacturonan
a4 (HGA) (] Rha ﬁ i'sﬂ
& Dha
A

O Glea A Api
{'}‘ Waxyl

- - a------...._“I.I.II RG-I @l Fug & K&rl
I (O AcMeFuc M Methyl

A Actce A Acatyl

Fig. 1. Schematic representation of the “cancnical” primary structure of pectins. For the sake of simplicity, the schematic representation of HGA, RG-I, and
RG-II is given assuming that these three domains are covalently linked, although this point is not firmly established.

Pektiny ve sténé mohou byt kovalentné propojeny.
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Metody chemické analyzy b. steny - mimofadné naroCné
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= Pomérné zast. cukru.
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Dnes je velmi1 popularni
neinvazivni Fourierova
transformacCni infraCervena
(FTIR) mikrospektroskopie, ktera
je schopna kvantitativne
detekovat radu substituentu (pf.
karboxyl.kys., estery, fenoly,
amidy...)



Stenové strukturni bilkoviny

Extensiny ( a obecné HRGPs; hydroxyprolin
bohat¢ glykoproteiny)

PRPs (prolin bohat¢ proteiny)
GRPs (glycin bohat¢ proteiny)
AGPs (Arabinoproteoglykany)



Extensiny
(A) ®)

Isodityrosine

pFib. AGP (déle)

Tomato extensin
(Extensive glycosylation)

Odstranéni arabinos z extensinu
vede ke ztraté tyCinkovitého tvaru.

Prolinem bohaté b.

Soybean PRP
(Low glycosylation)

Glycinem bohaté¢ bilkoviny

Petunia GRP
o (Mo glyrosylation)
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GRP mohou tvorit B-list
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— GRP - duleziti nositelé mechanickych
zatezi ve sténe ve zralém (tj. post-
apoptotickém) xylemu.



Figure S6. An Arabinogalactan protein (AGP) glycan.

Tan L et al. J Biol Chem 279 (2004) 13156-13165
The glycan is linked to hydroxypraolin of the peptide chain.
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AGP kotvi v membrane pomoci
GPI

(D)

Prevaznou Cast molekuly
tvori (poly)sacharidy
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Fig. 2. 5cale model of the polysaccharides in an Arabidopsis leaf cell. The amount of the various
polymers is shown based approximately on their ratio to the amount of cellulose. The amount of
cellulose shown was reduced, relative to a living cell [Fig. 1}, for clarity. Because of the exaggerated
distance between microfibrils, the hemicellulose cross-links [shown in dark orange (xyloglucan,
XG) or light orange (glucoroncarabinoxylan, GAX)] are abnormally extended. Also, recent solid-
state WMR studies have suggested that, in some plants, only about 8% of the surface of the
cellulose microfibrils is occluded by XG (89). The figure is an elaboration of a model originally
presented by McCann and Roberts (90). The figure was rendered by Abbey Rvan.
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Biosyn¢za celulozy

Celuloza syntaza
terminalni komplex
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Currant Opinion in Plam Biology

Schematic representation of hypotheses regarding wall palysaccharide biosynthesis. Wall polysacchardes are made in two cellular compartments.
Cellulose and callose (not shown) are made at the plasma membrane. (a) Rosettes move in the plane of the membrane, guided by cortical
microtubules, producing cellulose microfibrils in the wall that have same orentation as the microtubules in the cytosol [27*%). (b) It is thought that each
hexameric rosette comprises six rosette subunits, and that each rosette subunit contains six CESA proteins, providing a total of thirty-six CESA
proteins per rosette. Each CESA protein is predicted to span the membrane via eight transmembrane domains, with the M-terminus, the C-terminus
and the active site facing the cytosol. The growing glucan chain is thought to move through a channel in the membrane to the wall, where it coalesces
with other glucan chains to form a microfibril. (¢) Matrix palysaccharides are synthesized in the Golgi before deposition into secretory vesicles

that deliver them to the cell surface. The backbones of at least some hemicellulosic polysaccharides are synthesized by CSL proteins that show
sequence similarity to the CESA proteins. (d) The topology of the CSL proteins is not known, but two possibilities are shown. If the CSL proteins
use sugar nucleotides (MDP-[]) present in the Golgi lumen, then the model shown in top part of (d) would apply. If the CSL proteins operate in the same
way as the CESA proteins, then the model shown in the lower part of (d), and in an expanded view in (e}, would be favored. The glycan synthases
are thought to form complexes with glycosyltransferases that add side chains to the polymer (bottom part of [d]). Such organization in a complex
might be especially important for the synthesis of polysaccharides such as XyG, which has a regular pattem of side-chain substitution. TMD,
transmembrane domain.
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Terminalni komplexy

Celulosa syntazy

10x u A.t.
radial swelling (rswl) - CesAl
procruste - CesAb

produkuji méné celulosy a klesa
anizotropie rustu
mikrofibrily jsou

disorganizovany, ale MT jako
WT!

ismaticke domény CesA
vz U3 U4

WLLDDGG ~ VFDADH SITEDC ORSRWA Agrobacterium CesA
Ul U2 U3 U4

WILDDGG  ILDCDH _ TVIEDA  QRMRWA Acetobacter BesA
ULV Pi.. U2 T~ T"HVR U3 U4

SVTEDI QVLRWA Cotton CesA







Vedle CesA podjednotek je
dulezita pro syntézu celuldzy
také endoglukanasa/celulaza

KORRIGAN

a dalSi dosud nezname bilkoviny
napl. COBRA, KOBITO, RIC
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Synthesis of cell wall polysaccharides. Glyoosyliransferasss (GTs) utilize nucleotide sugars a3 donor subsirates o generals polysaccharidss. The
mstabolizm of the nucleolids sugars themsslves is described in detail slsswhers {3 Saifert, this issus). (8) Celuloss and calloss are synthesized
at the plasmamembrans. Different CESA moforms agoregate inlo higher-order rossttes (box in top left comer) to produce (1,4)-f-glucan chains
that coalesce o cellulose microfibrils. Proteing that are kmown or suspected o interact [10] with the C8C, and mechaniamsa that are known

to be impartant for celluloss synthesis and CEC activity, are shown in the central text box. The proposed pathway of primer synthesis for
celiulose synilhesis [24], which starts with sitosteral and requires KOR endoglucanass activity, i3 also depicied. CALS and proteins reported to
mteract with it fext box; [10]) are schematized on the left. (b) By contrast, matrix polysaccharides are synthesized within the Golgl apparatus.
Depending on the opology of the catalylic sites, nuclsotide swgars can be employed from the cylosol or the inside of the cisternas [137].

() Type-11 GTs, which consist of a ransmeambe ane stem and a catalytic domain, play a major role in decorating polysaccharides with sidechains.
(d) The synthesized marix polsasccharides are secreted by exocytosis into the apoplast, where they form highly ordersd networks with
celluloss microfibrils.



Cell wall

Glucan chains

Plasma
membrane

CESA subunits—7

AN
! “Active site

Hypothetical protein(s)~__ 'L.

Microtubule

Figure 1

Schematic model of cellulose synthesis. Cellulose synchesis takes place in
the plasma membrane. The plasma membrane is rightly appressed ro the
cell wall so that most of the cellulose synichase is in or below the plane of the
membrane, which minimizes friction as the enzyme moves through the
plasma membrane in response to elongation of the growing glucan chains
by addition of glucan moieties from cytoplasmic UDP-glucose. The
cellulose synthase complex is thoughe to conrain as many as 36 CESA
proteins, only a subset of which are illustrated. That three types of CESA
proteins are required to form a functional complex suggested that different
types of CESA proteins perform specific funcrions, such as interacting with
the cortical microrubules.

Pro fungovani TK je tfeba tFi ru-
znych paralog/podjednotek CESA.

CESA 1,3 a2/6 (I)- primarni sténa

CESA 4,7 a 8 (I)vysoce transkripCné
koordinovany — sekundarni sténa.



rsw1T = cesAl — teplotné sensitivni
ts (radial swelling)

30°C

bar =100nm. (c} The
phenotypes of rew i
grovwn for five days at
21"Cand two days at 31°C
(left), of rewiransformed
weith & wild-type copy of
the CezA T gene (centre)
and of Calumbia wild type
\right}. {2 and b.
micrographs courtesy of
Werner Herth,
Zellenlehre, Heidelberg ]

V restriktivni teploté ma mutant jen 50% celulozy ve srov. s WT|



Kortikalni MT orientuji ukladani mikrofibril celulosy
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Kolokalizace
MT s e
mikrofibrilou ; s




» Jednou z moznosti jak interaguje (a ,,drzi*
se¢) TK mikrotubulu je konformace spojena
s torznim tlakem pri syntéze mikrofibrily.

* Roli ovSem hraji také nekteré kinesiny —
MTs motory



Morlin

Isoxaben

CesA localization studies in the upper hypocotyl

Cell wall matrix

«  Cell wall matrix
] DCB- repeated CESA insertion

Isoxaben- clears CESA from

Oryzalin

Cell wall matrix
Oryzalin- no MT's and evenly

Wall PM at localized sites (non motile) distributed CESA (motile)
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Current Opinion in Plant Biology




morl - 215kDa MAP
u ts mutanta se v restriktivni
teplote rozpadaji kortikalni MT a
dochazi ke ztrate polarity, ale
mikrofibrily orientovany jako u

WT.

* morl byl popsan nezavisle jako gem 1

» mutace ktera vede k symetrickému deleni
bunéek pri mikrosporové=1. pylové mitdze.



* Arabidopsis 10x CESA

* Topol 18!'x CESA



Kalosa syntazy

Bacteria |  CesA Ces8 | | CesC | [ CesD

Bacteria [  CrdS 7

Fungi FKS LGNS m UGT?

Plants CalS [CRep ] [ uet | [ anv | IETET
e

CalS je blizce pribuzna 3-1,3,glukan syntaze kvasinky

— 12 x CalS isozymu v
Arahidongig



Barveno "odbarvenou"(pH11)
anilinovou modri - kal6za

Kaléza pri rozmnozovani

Také meiocyty obaleny kal6zou - tetrady



Cals ki
complex hairs

[

Developmental regulation

Fungy, bacteria and virus Heat, codd, wounding, and

infections \ plasmnlysis

Figure 4. Callose synthases are present in many locations of the
plant and their activities are regulated by developmental status and
by biotic and abiotic signals.



CsLe

CESA
b I/ .-“;"-:-i
! 01 W rr ‘-I'
b, / CSLD
r-". r [ o
CsLA _, k
IL I|
] l’ > =
i v W csLr
b U | i
C5LG ot L I y
CSLE - -

CSLH csLe

CESA Glo A Glo "a Gle m_AGIB

CSLA Man ml\l‘lan mMa.n _Mﬂi,4 an

CELC Gle A Gl M_AGh e Gl

CSLF Gle A Glo “—_‘Glﬂ ‘;}EGH

Current Opnien in Plant Biclogy

The CSL hypothesis. Plant genomes contain CESA and homologous
CSL protein sequences. A phylogenetic tree of these sequences was
provided by Dr Todd Richmond (prepared as described at
http:/fcellwall stanford . edu/php/display_tree.php). CESA and CSL
subfamilies are shown in ovals. The subfamilies shown in colored ovals
contain one or more members whose enzymatic function has been
demonstrated; the functions of members of subfamilies within dashed
ovals are unknown. The corresponding structures of polysaccharide
products of various subfamily members are indicated.




 Syntetizuji hemiceludézy CSL podobnée jako
CESA celudzu, nebo funguje ,,bezici pas*
glykosyltransferaz?

 CSLA je glukomannansyntaza, ale

* XyG —bud CSLC nebo ,,bezici pas*
glykosyltransferaz?
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Jak to mUze fungovat vSechno
najedou?



Modes of (plant) cell growth

isodiametric
expansion

polar growth

. tip growth

even cytokinesis 4
can be viewed as a special
case of ,growth”
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Synthesis of call wall palyssccharides. Glycosylransferases (GTa) utilize nucleotide sugars a3 donor substrates b generate polysaccharides. The
metabolism of the nucleotide sugars themselves is described in detail elsewhere (G Seifert, this issus). {a) Cellulose and callose are synthesized
at the plasmamembrans. Different CESA moforma aggregate into higher-order rossttes (box in top keft comer) to producs (1,4)-f-ghscan chains
that coalesce into cellulose microfibrils. Proteins that ans known or suspected o interact [10] with the C3C, and mechaniams that ars known

to be important for cellulose synithesis and CEC activity, are shown in the central text box. The proposed pathway of primer synithesia for
cellulose synthesis [24], which starts with sitosterol and requires KOR endoghecanass activity, is also depicied. GALS and proteins reported 1o
interact with it {text bos [10]) are schematized on the left. (b) By contrast, matrix polysaccharides are synthesized within the Golgl apparatus.
Depending on the iopalogy of the catahtic sites, nucleotide sugars can be employed from the cytosol or the inside of the cisternas [137.

() Type-1l GTs, which consist of a transmembr ane stem and a catahytic domain, play @ major role in decorating polyasccharides with sidechaing.
() The synthesized matix pak harides are d by wiosis into the apoplast, whers they form highly ordered networks with
celulose microfibrils.

Musi fungovat metabolicka koordinace mezi syntézou celulézy a
syntézou a sekreci! neceluléznich slozek bunécné stény!



(A) (B) (C)

Foemri=ym «20r«1 Ferel =gp-2ls1

= {Fq

Fr= ;'?-I'T|

(A) Orientace mikrofibril se ve sténé béhem ukladani dalSich
vrstev a rUstu méni — pUv. pfedstava o pasivnim natahovani (B)
b&hem dlouzivého rlstu vznika ve st€né velké tangencialni napéti
(ot), které roste pfip. az k n€kolika stovkam MPa, pfi turgoru
1MPa (C) nazorny model pruziny
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* Expansiny jsou aktivovany snizenim pH
a hraji kliCovou roli v tzv. kyselém rustu
indukovaném auxinem.

(IAA aktivuje H+-P-ATPazy]
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Steénové XET —
endotransglykosylazy
 Nemeni pomeér mezi obsahem celulozy a
XG.

« Pevnost a roztaZnost zUstavaji zachovany.

« Vyrazny vzrust moblity — posuvnosti sloZek
steny



Stenove hydrolazy - xyloglukanazy

(hemicelulazy)
» Hydrolyzuji nejen spojovaci Cast, ale CasteCne 1
frakci vazanou na celulozu a méni chemické
sloZeni stény.

« PUsobi zvySenou tuhost, sniZzenou visko-elasticitu
pri zachovani podélné extensibility.



Anti-intuitivni funkce sténovych
enzymuU.

« 7Zda se, ze hlavni funkci XG je udrzovat
mikrofibrily celulozy od sebe — aby
nekolabovaly do velkych shluku.

* XG pusobi tedy ve sméru rozvolnéni sté€ny.

* Proto mohou glukanazy/hydrolazy
zvySovat!! pevnost/tuhost stény, zatimco
XET zvyS$uji viskoelasticitu pri zachovani
mechanicke pevnosti.



Komplementarita u€CinkU expansinU
a XET.

» Expansiny oslabuji uniaxialni pevnost, ale
XET ne.

« XET katalyzuji roztahovani/pfeskupovani
stenove site za konstantniho bi-axialniho
napeti, zatim co expansiny ne.

» Proto Casto obé aktivity kolokalizuji v
mistech rustu.



“Zacementovani” BS po skonCeni
rustu

* Type I BS
— extensiny a jin¢ HRGPs
— deesterifikace pektinu PME

* Type II BS

— Thr bohaté proteiny
— cross-linking fenolickych latek



Hydroxylov¢ radikaly (.OH)
vznikajici ve sténe Cinnosti PRX a
O2 a NADH, Fentonovou reakci
(Fe2+ a H202 =ROS) pripadne v
NOX, mohou nheenzymaticky
Stepit stenoveé polysacharidy — XG a
pektiny.



Funkce askorbatu ve stene tuzce
souvisi s tvorbou ROS (oxidative
burst)

Je hlavnim antioxidantem stény. Jeho redoxni stav
reguluje askorbat oxidaza (AO) a podili se tak na
regulaci redoxnich poméru v apoplastu a tim
modifikuje aktivity receptoru a pfenos signald.



Askorbat ve sténé

Figure 1

Ceall wall metabolism

Zignals

MDHAR - monodehydroaskorbat
reduktaza
MDHA-monodehydroaskorbat

Cridation

Apoplast

0y

Askorbat
OX]déza Plasmalem ma ‘-p

hlavni Cricay oAt
regulator
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Caurrant Cpinion in Flant Biology

Redox imteractions across the plasmalemma imwobing the major apoplastic oxidants, supsrocide and HaOy, and the antioxidant ascorbate. APX,
ascorbats permddass; GR, glutathions reductass; G556, gutathions disulphide; 500, supsroxide dismutass.
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Pylov¢ 1aCky maji rostouci SpiCku
tvorenou prevazne metylovanymi
pektiny.

V oblasti pod SpiCkou dochazi k deesterifikaci
(demetylaci) a pektiny jsou kfizove propojovany (cross-link)
Ca2+.



kaldza

¢ f

celuloza

Fig. 3a-f Fluorescent labeling of cell wall components in Solamum
pollen tubes and pollen grains. Pollen tobes were Oxed and
subsequently staned for callose with decolorized aniline blue (a=
) or for cellulose with calcofluor white {d=f). Bright-held images
are provided For reference {ad). Relative Auorescence intensity
along the longitudinal axs was plotted with the Suwrlface Plot
function of ImagePro (ef). The wvertical axis represents unitless,
relative srey values for the pixel with the highest brichiness on the
vertical line erossing the x-axis. The v-axis corresponds Lo the
horizontzl axis of the respecive uorescence microeraph. Labsel for
both callose and cellulose was absent ot the pollen tube apex. The
intensity increased very gradually towards the distal portion of the
tube, Ber = 10 pm

Local stiffness and visco-¢lasticity of the pollen
are affected by pectinase

T assess the role of pectn in the mechameal po
of the cell wall in a quantitative manner, local
stiffness and visco-elasticity were measured usi
cro-indentation device. Local deformations o
duced at two positions on growing pollen tube
apex and at a distal position between 20 and 30
the apex. As shown earlier for other species (G
and Parre 2004), normally growing Solanum

oba zaCinaji aZ za SpiCkou



Fig. da=i lmmunofluorescent label for pectns in Solmuom pollen

tubes and pollen grains. Pollen tybesagere xal and subsequently

labeled For acidic pectns—adth 13—1.'. e=it or For methyl-
f

esterified pectins u'ill1§(d— 1. Label For acidic pectins was
absent rom the pollen Tube apex; the distoibuton in the distal
regions  was  rather homoeeneous. Label Tor methyl-estevified
pecting was highest at the apex and decreased considerably towards
distal regions. The pollen tube in p-i was grown in mediom
containing 0.5 mg ml~" PME to convert methyl-esterified pectins
into the acidic variety, thus presumably allowing JIMS w label the
entire pectin population, Label intensity was highest at the apex
thus indicating that the total smount of pedin is highest in this
region, Bar 10 pm

mhibit pollen tube growth. Our results indeed confirmed
4 negative effect on germination and tube growth for
concentrations of 0.1 mg ml™" and above (Fig. 7).

To demonstrate that de-esterification indeed rigidi-
fied the cell wall, we assessed pollen tube stiflness of
PME-treated pollen tubes with the micro-indenter. We
chose 1 PME concentration that was not completely
inhibitory, but that resulted in an increase of immu-
nolabel for acidic pecting at the apex. PME at
0.5 mg ml™' was an approprate concentrabion that
fulfilled the requirement. JIMS labeling of pollen tubes

u g-1 jsou pektiny na SpiCce demetylovany pfidanim PME
JIMS — deesterif. kys. p. ; JIM7 — metyl-esterifikované p.



Stena jako senzor mechanickych
pomeéru v bunce a okoli

"celulozovi" mutanti nejen hromadi
kompenzaCne pektiny, ale maji
"signalne" aktivovanu drahu
ukladani ligninu.



Figure 1. Iniron-exon siruciure is conserved be-
rween the WAK and WAKT genes. The diagram
shows a standardized depiction of a WAK or
WAKL gene from each of the four groups (-1,
Fxans are represented by boses, Introns are rep-
resented as Vs, Regions of each gene encoding
functicnal domains are indicated with shaded
boxes: M-terminal  signal  sequence  (black),
ECFZ-like domain (red), calcium-binding ECI
domain (hlue) ransmembrane domain (green),
and SerThr pratein kinase active site [orange.
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pzza

Wall Associated Kinases

Plant Physiol. Vol 12, 202



Figure 2
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Current Cpinion in Call Biolagy

A model for how W

Als, pectins and GRPs regulate cell expansion.

WAKs extend a EGF-containing domain into the ECM and can bind
both pectin and GRFE. Loss of WAK protein leads to a loss of cell
expansion and GRP may negatively regulate WAK kinase activity,

perhaps in conjunction with pectins,



WAKS interaguji s pektiny
(HGA) za pritomnosti Ca2+

Figure 1
_ ] & cartoon for the biosyrthesis of the plant cell
Pectin Hemicellulose wall. Cellulose microfibrils (green) are

synthesized by cellulose synthase complex
synthesize lulose =) =2 s
B — . — i s e o
cellul {orange). Pectin (yellow), hemicellulose (blue)

AL — - — — and octher carbohydrates (not shown) are
' ACP secrated through vesicles. Transmembrane

WhkKs, GPl-anchored AGPs, and possibl
Plasma membrane ' bl , P ¥
o : other proteins (not shown) may serve to link
the ECIM to the cell.

Current Opinion in Cell Biology
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BunecCna diferenciace u rostlin = velmi
Casto diferenciace ve slozeni b. stény.

Figure 3

Carrot suspension cells can be divided in JIM8™ cells not undergoing
somatic embryogenesis (green) and JIMS8™ cells that form somatic embryos
(brown). Removal of JIM8™* cells from the suspension blocks somatic
embryogenesis (67).

Asymetrické b. deleni — JIM8+ b. produku;ji pravdep.
oligosach. signal uvolnovany z AGPs. Kondiciované médium
staCi k indukci u JIMS8- bunék.



[A) B
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Arabidopsis stonek — C, rizné modifikované pektiny v téZe bufce.



Bunky maji na svém povrchu
specializované mikrodomeny
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* PF. Epidermalni bunka Povrch histu

Vnitrek listu




(A)

Rozdily v
metabolismu ®
pektinl pUsobi ;.
rozdily tuhosti
plodu

(©)

Polygalakturonazy a pektolyazy

Regulacni fce etylénu.




Galaktomanany slouzi jako
zasobni polysacharidy ve sténach
endospermu — pr. luSténiny, datle
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Sekundarni bunécna sténa

(A)

Primary cell wall Middle lamella
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Prima I
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Secondary cell wall deposition
monolignols

]
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Microtubules bundle

Actin cable

Vesicles

Figure 5

A model for secondary cell wall depositon. The actin cyroskeleton directs the delivery of vesicles
containing hemicellulose and the cellulose synthase complex to the plasma membrane. Microtubule
(MT) bundles mark the sites of vesicle insertion and maintain plasma membrane parutons, ensuring that
the cellulose synthase complex moves parallel to the M'15, coaligning the M'Ts and the cellulose
microfibrils. Adjacent cells deliver components that contribute to the synthesis of lignin in the secondary
cell wall thickenings.



Impregnace - lignifikace a
suberinizace



(A) Annular

Model diferenciace xylemu in vitro u r. Zinnia



Barveni kyselym fuchsinem(A),
phloroglucinolem(B,C) a Mauleovym
Cinidlem (D,E) na lignin.

(A) B

(D) | (E)




Lignin

Cellulose \

Li-;minsh_____h_

Hél'ﬂiﬂé”L“".lSéS/

Figure 1. Schematic representetion of the lignified secondary wall. In sddition to
cellulosa, lignins and hemicellulosas, other call well constituents of minor abun-
dance, including proteins and low-maolecular weight phenolics, are not indicatad

on the figure.



Phenylpropanoidni metabolismus vedouci ke vzniku monolignoll — p-
kumaryl alkoholu, koniferyl alkoholu, a sinapyl alkoholu.
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Cxidative polymarization: peroxidasss and lacesses?
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Guaiacyl lignin
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Sténovy cross-linking
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TRENDS in Plant Science

Figure 2. Simplified view of the mast favawned lignin bissynthetic pathway in angiosparms. The implic stion of lsccases inthe axidation of manalignols remains to be & huci-
dated. Abbreviatians: CAD, cinnamyl aloohasl dehy drogenase; CCad0MT, caffeaylhCod O-meathyhransferass; CIH, p-oowmarate 3 hydrasoylasse: C4H, cinnamate 4-hydnaxyl
aga; COR, hydroxycinnamovl-CoA reductass; 401, 4-coumarate Cod ligase; COMT, caffeic acidS-hydrasyferulic acid (*mathyitransferass alss bnown 2s AMOMT, &



Lignifikace v obrane



Colletotrichum atakuje b. kukurice -
obranna papila akum. kalosu a lignin.

(A)

(B) Dulezita
uloha
aktinu!
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Biologicky aktivni oligosacharidy
spousteji obrannou eakci.

(A) Galacturonic acid oligomers

(1—4)-a-D-GalA {(1 —*4}-{1-D-G3|A}~ (1—4)-a-D-GalA
n

(B) Three oligosaccharins from xyloglucan

Fuc
|

Gal G:':II
|
Xyl Xyl Xyl Xyl Xyl Xyl Xyl
| | ! l ) l i
Glc—=Glc—Glc—Glc Glc—=Gle—Glc—=Glc Glc—=Glc—Glc

(C) Oligosaccharin from fungal cell wall
p-0-Glc-(1—6)-p-0-Glc-(1 —+6)-p-b-Glec-(1—6)-p-b-Glc-(1-6)-Glucitol
3

t t
1 1
f-0-Glc p-D-Glc

Wehb Figure 15.5.A Stracture of biologically active oligosaccharins. (4] Olizomers of galactoronie acid ave released during pectin degradation. The most
active fragments are 10 1o 15 residues long. (B Three chigosaccharins derived from xyloghican. [C) An obigosaccharin derived from the degradation of
fangal ([ Fhytophthora) cell walls, Such oligosacchandes stinmlate defense responses. {Click image to enlarge.)
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Courrent Opinion in Plani Bology

Simplifiad modal of the subsrin biosynthatic pathway (adapted from [15™]). The building blocks for suberin ame glycarol and Cie and Cia fatty
acids derived fram primary metabafic activity, and ferulic acid, a product of the phenylpropanaoid pathway. Depending on the species, fatty acid
subarnin pracursors undargo mid-chain madifications, resulting in unsaturated or epoxy fatty acids. Saturated fatty acids can be slongated up to
G suberin precursor, The majeity of the subenn precursors enter a w-nodation pathway, resulting in wehydrogyacids and o w-discids, The w-
tydroxyacids and a,w-diacids form esters by linkage to glycarol and/or ferulic acid or are interfinked. After export to the apoplast, the mono- and
aligomearic building blocks will ba paymerized into the subsarin macromoiaculs. The daduced catalysts that ars typically responsible for the
diagrammed reactions are shown, ABC, ATF binding cassette transporter; AT, acyltransferase; FAD, fatly acid desaturase; FAE, fatty acd
slongase complex; KCS, B-ketoacyl-CoA synthases; hDH, w-hydroxyacid dehydrogenase; HDL, o, f-hydrolase; oDH, w-awoacd dehydrogenass;
P450, cytochroma P450 monooxygenase; PA, polyaromatic domain; PM, plazma meambrans; POd, peroxidazs; POg, peroxygenase.




« KUTIKULA
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Kutikula — lipoidni polyester - Lipofilni polyalifaticky.



Origin of Leaf Hydrophobicity

Cause: Waxy Outer Layer and Surface Roughness

*Wax Crystals on Epidermal Cells :Crystal Density determines
actual hydrophobicity.

*Long hair like structures (trichomes) and bumpy protrusions
induce surface roughness.

Effect: Nature’s Self Cleaning Mechanism

*Dirt particles (spores, disease fungi) adhere more strongly
to water than the leaf and are consequently washed away.

*Lack of water on surface prevents disease organisms from
germinating and growing as they cannot survive.



Agrochemical Delivery

Importance

» Agrochemical spray on leaves

Ways to enhance spreading

* Temperature
e (Coating the surface
» Addition of a surfactant
----> Surfactant

enhanced spreading

Alex Couzis, CCNY
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Prekurzory kutikuly jsou na povrch
epidermis ,,pumpovany* ABC
transportery.
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ALIPHATIC POLYESTER

Courrent Opinion in Plani Bology

Simplifiad modal of the subsrin biosynthatic pathway (adapted from [15™]). The building blocks for suberin ame glycarol and Cie and Cia fatty
acids derived fram primary metabafic activity, and ferulic acid, a product of the phenylpropanaoid pathway. Depending on the species, fatty acid
subarnin pracursors undargo mid-chain madifications, resulting in unsaturated or epoxy fatty acids. Saturated fatty acids can be slongated up to
G suberin precursor, The majeity of the subenn precursors enter a w-nodation pathway, resulting in wehydrogyacids and o w-discids, The w-
tydroxyacids and a,w-diacids form esters by linkage to glycarol and/or ferulic acid or are interfinked. After export to the apoplast, the mono- and
aligomearic building blocks will ba paymerized into the subsarin macromoiaculs. The daduced catalysts that ars typically responsible for the
diagrammed reactions are shown, ABC, ATF binding cassette transporter; AT, acyltransferase; FAD, fatly acid desaturase; FAE, fatty acd
slongase complex; KCS, B-ketoacyl-CoA synthases; hDH, w-hydroxyacid dehydrogenase; HDL, o, f-hydrolase; oDH, w-awoacd dehydrogenass;
P450, cytochroma P450 monooxygenase; PA, polyaromatic domain; PM, plazma meambrans; POd, peroxidazs; POg, peroxygenase.
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