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e Bunécna stna lepe vystihuje svebytnost
suchozemskych rostlin nez plastidy a
fotosyntéza.

« Je aspektem celé rostlinnéiiy, ani

syntéza celulozy se neda pojmout jako
jednoducha enzymaticka reakce.



Funkce butcné sény

Urcuje vregjsi tvar arust bunky

Tvori mechanickéstrukturyv ramci celé
rostliny

Podili se na funkni specializacburék a
vyVvoji rostliny

Tvori ochranupred prostedim a patogeny
Slouzi jakozasobarna

Zprostedkovav&komunikaci—
meziburgcnou | z okoli dovnit bunky

Ucgastni seozpoznavanvlastni/cizi




Buné¢cna stna je ziva organela!
(vétsinou)
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Listovy houbovy parenchym kaniuplatek hlediku tracheida = xylem listovy trichom
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Slozky burcné stny

o Polysacharidy
» Kal6za

e Celuloza
 Hemiceluldzy (zvl. XyG a GAX, MGI)

e Pektiny (HG, RG-I a -11)
* Proteiny

e Extensiny, expansiny, AGPs, GRPs, PRPs
 Endoglukanasy, XET/XTH
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Maltoza je redukujici c.
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Sachardza je neredukjici c.
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Sukroza syntaza dodava UDPG
pro syntézu celuldzy | kalozy

CH,OH

HOCH, 0O H

+ UDP
H HO
O CH,OH Uridine
diphosphate

H HO OH H

Sucrose
Sucrose
synthase
O OH

HOCH,
+
H HO
H CH,OH

H HO OH H
UDP-glucose Fructose

CH,OH




NejhojngjSi monosacharidy BS

CH;OH

HO -0
OH
HC

OH
28— D—Glucose G

COOH
HO 0
OH
HO OH

B-D—Ghcuranic ackd

HO
=
HO

COH
E-D—Xylose X

OH cH,oH
0
OH
HO OH
B—-D-Galocioss |
OH

COOH

g

OH
HD OH

13— D—Galoctunonic ooid

OH
CHy

0
OH

HO OH

B-L—Fucose F

CH;0H

OH
Hﬂ% OH

HO
B=D=Mannese

CHs OH
”ﬂ%
OH
HO

4= L= Rhornase
0

OH
HOH,C OH

OH

F-L—-Ambinoze A



biochemie

>~

o ' o | C-3,5 epimerase |
du upe .
I \Dxudoredunase |

UDP-L-rhamnose
(UDP-6-deoxy-L-mannose) HO

CHzOH

OH OH

UDP-p-Glucose

HO / :
CHOH o Aeplmerase

UDP-Gle

\(Ieh ydrogenase

o

Lo
HO HO
— OoH o -
HO,
UDP coz OH [i}
UDP-p-galactose uoP
UDP-p-glucuronic
UDP-Gal o acid
dehydrogenase | 50, Carboxyl-
BH © Co; lyase
fe) OH UIIZI’
wo | .o .
G o) UDP-p-apiose 0,
HO
uoP uoe
UDP-p-galacturonic UDP-p-xylose
acid HO
oo, || : 00—
UDP-Gal HO o UDP-GlcA
pyrophos- g pyrophos-
phorylase @) upe phorylase
DP-GalA UDP-L-arabinose T e
- U UDP Gal? suiie:
pyrophos - ®P, v
phorylase UDP-Ara
N pyrophos-
Al ! phorylase '
1P 36 P HeA 1-P
Gal 1-1 GalA 1-1 "\‘“il!T!'.’? GleA 1-1
] ‘ Ara 1-P i
Gal GalA Ara GlcA
C-1 kinase C-1 kinase C-1 kinase C-1 kinase
|~ e [~ e v i
Galactose Galacturonic acid Arabinose Glucuronic acid
(Gal) (GalA) (Ara) (GleA)



OH
o2

HO _ "‘1 OH
HO A OH
OH
OH
HO Lo HO7—L0H
HH; M
\
OH

OH OH
( {
CANR A
H{;X/El},n oy ~0OH

maltosa (vazba 1-4) (Skrob)

cellobiosa (vazbf 1-4) (celul6za)

laminaribiosa (vazbf 1-3) (kal6z3d)



Obsah

Bunééna stna jako integralnéast rostlinné biky
Sacharidy jako zakladni stavebni slozky BS
Makromolekuly v BS

Struktura bugcéne stny, typy

Biosyntéza BS

Bunécny rast a BS

Diferenciace bué&k, primarni a sekundarni BS

Vyznam BS prailoveéka, biotechnologie atd...



Slozky burcné stny

o Polysacharidy
» Kal6za

e Celuloza
 Hemiceluldzy (zvl. XyG a GAX, MGI)

e Pektiny (HG, RG-I a -11)
* Proteiny

e Extensiny, expansiny, AGPs, GRPs, PRPs
 Endoglukanasy, XET/XTH
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Kaloza -
Zrozeni skny

Figure 2. Subcellular localizaton of AtCalS] and deposition ::IJ'E
L callose on the cell plate. Arabidopsiv CalS1 was fused with GFP
{and expressed in obaceo BY2 cells under the control of the CaMV
i 358 promoter (Hong e 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 cylokinesis (B). C. D, !
\ Callose deposition in the cell plate of control (C) and transgenic
L cells over-expressing GFP-CalS 1 (D). The cells stained with aniline

: blue and 4" 6-diamidino-2-phenylindole (DAPT) were photographed |
- 1 3 - I u kan t with a fluorescence microscope with a UV filter set. Arrows indicate
y L the cell plate. N, nucleus. :
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Celuloza
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na zengkoull.
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Hemicelulozy

« Xyloglukany = |

e Glukuronoarabinoxylany = Il
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Xyloglukan (XG)

Figure S1. Xyloglucan.

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

Glc residues. Acelylation?

Vincken JP ef al. Plant Physiol 114 {(15897) 9-13
Zablackis E et al. Plant Physiol. 107 (1985) 1129-1138
MeCann et al. J. Microsc 166 (1892) 123-136
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Xyloglukan |lI. —Solanaceae
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Xyloglukan (XG) Poales

Mixed-linkage (1-3),(1—4)-3-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. {1985) 107 1129-1138
Darvill et al. Plant Physiol (1930) 66 1135-113%
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PEKTINY




Pektin — homogalacturonan (HGA)

Ca2+ cross-link

Figure S5. Homogalacturonan.

Homegalacturonan deposits in the cell wall in a highly methyl-esterified form and is subsequently de-asterified by pectin methyl

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

\incken JP et al Plant Physial 132 (2003) 1781-1789
Ridley BL et al. Phytochemsstry 57 (2001} 929-967

Willats WGT et. al. J_ Biol. Chem 276 (2001) 19404-19413
Mohnen D Comp. Natl. Prod. Chem. 3 (1938)7777

I T N SR S W N N W

. D-Galactopyranuronic acid, some are methyl esterified (W)
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Figure 53. Rhamnogalacturenan | (RG-I).

The backbone can be compased of more than 100 [=2e-L-Rhap-{ 1 =d -e-0-Galpd-{ | #}-disaccharids

units. Betweasn 20% to 80% of the rhamnosyl residuss cammy side chains, depending on the source. These
gade chains can be single unit [f-0-35alp-(1—=4)) or arabinan or arabinogalactan | with vensbie chan length.

tn emaller amaunts, -L-Fucp, F-0-Glepd, 4-0-Me GicpA and ferulic and coumaric ackd may sl=o be present
it iz alas guggested that homoegalacturanan and xylogalacturonan ere attached to RG-.
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Pektin
Rhamnogalakturonan
RG-II

nejvice kombinaci
boratovy cross-link

Boratovy diester —ij@s apiozu

Figure 54. Rhamnogalacturonan Il (RG-).

Four sbde chaina (A-0) are linked te a homogalaciuronan tackibone conalsting of at least 7
[ - D-GEalod-( 1] resicues. The order and the linksges of the glycosy resicues in the side chaing &=
well as the distributien of the sids chans have net been unambiguously determinaed

Otdedl MA of & Annu Rov Plant Biol 85 (2004) 108138
Wincken JP et all Plont Pinescl 132 (2003 17811788
Fidiey BL af a! Phytoc 57 (2001) 9200967

Oy Penhoat CH af el J Bicenal MR T4 410009 255.271
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Rhamnogalakturonan RG-I|

nejvice kombinaci
boratovy cross-link

Tweo RG-
monomers

Song acid, pH 3.8 -4.0
+ divalent cation

|
pH =2
HO OH

HO _0OH

Sorate cross=linked
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Apiogalacturonan D Gala ® Ga

Sona W KDO
A Api
B Lk JRA RS R ra g, D Glm {} MEHF'
e RG-' & Fuc A Xyl
O AcMeFuc m Methy!

A Achce A Acatyl

Fig. 1. Schematic representation of the “canonical™ primary structure of pectins. For the sake of simplicity. the schematic representation of HGA, RG-1, and
RG-11 is given assuming that these three domains are covalently linked, although this point is not firmly established.

Pektiny ve stn¢ mohoubyt kovalent® propojeny.
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Metody chemické analyzy b.é&ty - mimoradreé narané
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Dnes je velmi popularni
neinvazivni Fourierova
transforméni infracervena
(FTIR) mikrospektroskopie, ktera
Je schopna kvantitativh
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Sténove strukturni bilkoviny

Extensiny ( a obe@HRGPs; hydroxyprolin
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PRPs (prolin bohate proteify)
GRPs (glycin bohaté proteiny)
AGPs (Arabinoproteoglykariy)
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GRP mohou tvit (3-list

— GRP - dileziti nositelé mechanickych
zaezi ve stn¢ ve zralém (t]. post-
apoptotickem) xylému.



Figure S6. An Arabinogalactan protein (AGP) glycan.

Tan L ef al. J Biol Chem 279 (2004) 13156-13165
The glycan is linked to hydroxyprolin of the peptide chain.
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Il. — chudé pektiny a proteiny; glukuronoarabinoxylan
bohaté kizove vazby pes fenolické molekuly — diferulat.
(Commelinoida)
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Biosynéza celuldozy

Celuldéza syntaza
terminalni komplex
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Currant Opinien in Plant Biology

Schematic representation of hypotheses reganding wall polysaccharide biosynthesis. Wall polysaccharides 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
prateins per rosette. Each CESA protein is predicted to span the membrane via eight transmembrane domaing, with the N-terminus, the C-terminus
and the active site facing the cytosal. The growing glucan chain is thought to move through a channel in the membrane to the wall, whers it coalesces
with other glucan chains to form a microfibril. (¢} Matrix polysaccharides are synthesized in the Golgi before deposition into secretory vesicles

that deliver them to the cell surtace. 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 (MODP-[1) 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,
tranemembrane domain.

Muernnt Oininian in Maost Rialame 2008 G871 _890
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Terminalni komplexy

Celulosa syntazy

10x u A.t.

radial swelling (rswl) - CesAl
procruste - CesAb6

produkuji més celulosy a klesa
anizotropie fistu

mikrofibrily jsou
disorganizovany, ale MT jako
WT!

W matické domény CesA

L

U4

WLLDDGG  VFDADH SITEDC  QRSRWA Agrobacterium CesA
Ul U2 U3 U4

WILDDGG_ ILDCDH __ TVIEDA _ QRMRWA Acetobacter BesA
Ut . Pin U2 < THVR U3 U4

YISDDGG NLDCDH SVTEDI QVLRWA Cotton CesA







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

KORRIGAN
a dalsi dosud neznameé bilkoviny
nag. COBRA, KOBITO, RIC
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Cumenl Dpinian in Plani Bickgy

Synthesia of cell wall polysscchanides, Glycosyliransferase s (GTa) ulilize rucieolide sugars a3 donor subsirates o generate pohsaccharides. The
matabolam of the nucleotds sugars themashies s described in detai sisswhers (G Saifert, this m3us). (@) Celluloss and calinse are mymihesized
al the plasmamemirane. hfferent CESA isoforms agoregate nlo highsr order rosetles (box i top &t comer) to produecs (1,41-f-glucan chains
that coalesce o celulose microfibrils. Proteing that are known or suspectad o interact [10] with the CEC, and mechanmms that ars known

to be important for celluloss synthesis and C8C activily, are shown in the cenlral 1ext box. The proposed pathway of primer aynthesis for
celiuloss aynithesis [24], which slarts with siostenol and requirsa KOR endoglucanase sclivily, 5 also depicied. CALS and proleins reporied 1o
interact with i fext box; [10)) are schematized an the left. (b) By contrast, matrix polyascchanides are synthesized within the Golgl apparatus.
Depending on the opology of the calaltic sites, nucleotids sugars can be employed from the cylosol or the nsidz of the ceternes [137.

{c) Type-11 GTa, which consist of 3 transmembr ans atem and a catalbe domain, play & major role in decorating poheaccharides with side-chams.
(d) The synthesized malkx polysacchandes sre secrsted by sxocytosis nto the apoplast, where ey form highly ordered networks with

celulose microfibrils,




Cell wall

Glucan chains

Flasma
membrane

=i |

, ) Active site
Hypothetical protein{s).__

_ﬁicmm bule

Figure 1

Schematic model of cellulose synthesis. Cellulose synthesis takes place in
the plasma membrane. The plasma membrane is vighdy appressed to the
cell wall so that most of the cellulose synthase is in or below the plane of the
membrane, which minimizes friction as the enzyme moves through the
plasma membrane in response to elongadon of the growing glucan chains
by addition of glacan meieties from cytoplasmic UDP-glucose. The
cellulose synthase complex is thonghe to coneain as many as 36 CESA
proteins, only a subset of which are illuserated. That three types of CESA
proteins are required o form a functional complex suggested that different
types of CESA proteins perform specific functions, such as inweracting with
the cordeal microtubules.

Pro fungovani TK jeiebatFi ru-
znych paralogi/podjednotek CESA.

CESA 1,3 a 2/6 (I)- primarni&ta

CESA 4,7 a 8 (ll)vysoce transkips
koordinovany — sekundarnicsia.



rswi = cesAl- teplotré¢ sensitivni
ts (radial swelling)

bar =100nm. (¢} The
phenotypes of rsw
grown for five days at
21%C and two days at 31°C
left), of rew i ransformed
with a wild-type copy of
the CesA lgene (centre)
and of Colum bia wild type
jright}.{a and b.
micrographs courtesy of
Werner Herth,
Zellenlehre. Heidelberg.]

30°C

V restriktivni teplo¢ ma mutant jen 50% celulozy ve srov. s WT]|



Kortikalni MT orientuji ukladani mikrofibril celulosy
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Kolokalizace &
MT s
mikrofibrilou




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

* Roli ovSem hraji takédkterée kinesiny —
MTs motory



Isoxaben > . Morlin , Oryzalin

CesA localization studies in the upper hypocotyl

«  Cell wall matrix Cell wall matrix Cell wall matrix
] Isoxaben- clears CESA from DCB- repeated CESA insertion | Oryzalin- no MT’s and evenly
Wall PM at localized sites (non motile) distributed CESA (motile)
- 4 P~
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Current Opinion in Plant Biology




morl - 215kDa MAP
u ts mutanta se v restriktivni
teplo€ rozpadaji kortikalni MT a
dochazi ke ztré&tpolarity, ale

mikrofibrily orientovany jako u
WT.

 morl byl popsan nezavisle jalkgeml

 mutace ktera vede k symetrickémileshi
burek pri mikrosporové=1. pylové mitoze.



« Arabidopsis 10x CESA

e Topol 18!Ix CESA



Kalosa syntazy

Bactena CesA Ces8 CesC | | CesD

Bactena Crd5 ?

Fungi FES [ GNS | Rho | TUGT?

Plants Cals [Rep ] [(wer | [ ann | IETSE
LM

CalS je blizce fibuznaB-1,3,glukan syntaze kvasinky
— 12 xCalS isozyni v

Arahidonsi



Barveno "odbarvenou"(pH11)
anilinovou modi - kaloza

KalOza i rozmnozovani

Také meiocyty obaleny kal6zou - tetrady



CE|5 Leafdroot
complex hairs

i

Developmental regulation

Fungi, bacteria and virus Heat, cold, wounding, and

mfections , plasmalysis

Figure 4. Callose synthases are present in many locations of the
plant and their activities are regulated by developmental status and
by biotic and abiolic signals.
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Current Cpmion i Plant Bicsogy

The C5L hypothesis. Plant genomes contain CESA and homologous
CSL protein sequences. A phylogenetic tree of these sequences was
provided by Dr Todd Richmand (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 whase enzymatic function has been
demonstrated; the functions of members of subfamilies within dashed
ovals are unknown. The corresponding structures of polysacchande
products of various subfamily members are indicated.




e Syntetizuji CSL hemiceludzy podobrako
CESA celudzu, nebo funguje ,bezici pas
glykosyltransferaz

« CSLA je glukomannansyntaza, ale

e« XyG —bu! CSLC nebo ,bezici pas”
glykosyltransferaz?
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Jak to niize fungovat vsechno
najedou?



Modes of (plant) cell growth

Isodiametric
expansion

polar growth

. tip growth

even cytokinesis A

can be viewed as a special
case of ,growth”
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NOP-B NOP (b) (e)

Synthesia of cell wall polyasccharides. Glycosyliransferasss (GTa) ulilize mucleolide sugars aa donor substrates © gener ate pohmaccharides. The
metabolam of the nucleotids sugars themsshves & described in detsil elsswhers G Seifert, this issue). fa) Cellulose and caliose are symihesized
at the plasmamembrane. Differant CESA isoforma agoregals imto higher-order rozeties (box in top kit comer) to producse (1,4)--gluc an chains
that coaeace nto cellulose microfibrils. Proteing that are known or suspectsd o nteract [10] with the CSC, and mechaniams that ans known

to be mportant for cellloss synthesis and C2C activily, are shown in the central text box. The proposed pathway of primer aymihesis for
celulose symihesis [B4], which starts with siosterol and requirea KOR endoglucanase sctivity, 5 also depicied. CALS and proleins reported 1o
interact with i fext box; [10]) are schematized on the left. (b) By contrast, malrix polyssccharides are synthesized within the Golgl apparatus.
Depending an the topology of the catahtic sites, nucleotide sugars can be employed from the cytosol or the insids of e ciaternas [137.

{c) Type-Il GTs, which consist of & ransmembr ane stem and a catalytic domain, play & major role in decorating pohmaccharides with side-chains.
(d) The synthesized matx polysaccharides are secreted by exocytosis into the apoplast, where ey form highly ordered netwarks with
celluloss microfibrils.

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



(A) (B) (C)

I'T| = :'?-I'T|

(A) Orientace mikrofibril se ve &¢é béhem ukladani dalSich
vrstev a @istu neéni — piv. predstava o pasivnim natahovani (B)
béhem dlouzivéhoirstu vznika ve siné velké tangencialni nai
(ot), které roste Pp. az k kkolika stovkam MPa, ifp turgoru
1MPa (C) nazorny model pruziny
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* Expansiny jsou aktivovany snizenim pH
a hraji kli ¢éovou roli v tzv. kyselém nistu
iIndukovaném auxinem.

(IAA aktivuje H+-P-ATPazy)
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Sttnove XET/XTH —
endotransglykosylazy/hydrolazy

 Nemeni pomer mezi obsahem celuldzy a
XG.

* Pevnost a roztaznosistavaji zachovany.

o Zfejmre zvysSuji pevnost shy (stale
nejasné)



Sttnoveéhydrolazy— xyloglukanazy
(XG) (hemicelulazy)

* Hydrolyzuji nejen spojovadiast, aletaste&ne |
frakci vazanou na celulézu a&m chemické
slozeni siny.

» Pisobi zvySenou tuhost, snizenou visko-elasticitu
pii zachovani podeélné extensibility.



Anti-intuitivni funkce sénovych
enzymu.

e Zda se, ze hlavni funkci XG je udrzovat
mikrofibrily celulozy od sebe — aby
nekolabovaly do velkych shlik

o XG pasobi tedy ve s&ru rozvolreni sgny.

e Proto mohou glukanazy/nhydrolazy
zvysovat!! pevnost/tuhost siny, zatimco
XET zvysuji viskoelasticitu pri zachovani
mechanické pevnosti.



Komplementarita &inkt expansii
a XET.

« Expansiny oslabuji uniaxialni pevnost, ale
XET ne.

« XET katalyzuji roztahovanifieskupovani
sttnove sié za konstantniho bi-axialniho
napeti, zatim co expansiny ne.

e Protocasto ol aktivity kolokalizuji v
mistech #stu.



“Zacementovani” BS po skéeni
rustu

e Type |l BS

— extensiny a jiné HRGPs

— deesterifikace pektinPME

e Type ll BS

— Thr bohaté proteiny

— cross-linking fenolickych latek




Hydroxylové radikaly (.OH)
vznikajici ve stn¢ cinnosti PRX a
O2 a NADH, Fentonovou reakci
(Fe2+ a H202 =ROS)ipadre v
NOX, mohouneenzymaticky
SEpit sktnoveé polysacharidy — XG a
pektiny.



Funkceaskorbatwe stn¢ uzce
souvisi s tvorbou ROS (oxidative
burst)

Je hlavnimantioxidantem s&€ny. Jeho redoxni stav
reguluje askorbat oxidaza (AQO) a podili se tak na
regulaci redoxnich po#ni v apoplastu a tim
modifikuje aktivity receptal a prenos signail.



Askorbat ve stné

Figure 1

Call wall metabolism

Signals
MDHAR - monodehydroaskorbg

reduktaza
MDHA-monodehydroaskorbat

—

Crcidation

Apoplast
, e
Askorbat
OXl d éz a Plasmalemma
hlavni Oxidase DHA/AA

transpartar

regulator

NAD(F)  NAD{PJH

MADP NADPH m‘\ DIHA - GS8G NADPH
Cytosal h ! _!’*m"”‘ @ @
Ha0, C
DHA GSH wNADF

Currant Cpnion in Flant Biology

Redox interactions aoross the plasmeismma nvohving the major apoplastic oxidants, supsrosids and He 04, and the antioxidant ascorbats. AFX,
ascorbate peroridass; GR, ghutathions reductsse; GESG, glutathions disulphids; 500, supsroxids dismutsss,




e Apikalni rust
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Pylové l&ky maji rostouci Sgku
tvorenou pevazrie metylovanymi
pektiny.

V oblasti pod Sgikou dochazi k deesterifikaci
(demetylaci) a pektiny jsourkzow propojovany (cross-link)
Ca2+.



7
7
kal6za celuloza
Fig. 3a-f Fluorescent labeling of cell wall compaonents in Sedamuem Local stiffness and visco-clasticity of the pollen
pollen tubes and pollen grains. Pollen tubes were fixed and 400 affected by pectinase
subsequently stained for callose with decelorized aniline blue {a-
b or for cellulose with caleoflucr white {d=f1. Brght-held imases 3 E :
are provided For reference {ad). Relative Auorescence intensity To assess the role of pectin in the mechamcal pr
along the longitudinal axis was plotted with the Swlface Plot  of the cell wall m a quanbtabve manner. local
fl:ﬂﬂ_i“" of lmlﬂ.'—’tl’ll_'ﬂ 1'|:~n-.T|1IE 1*~‘IrliTﬂ|lé}ﬁl"ﬁ '”E"‘F"rﬂﬁ* u”ill“?ﬁ- stiffness and visco-elasticity were measured ush
relative ey values for the pixel with the highest brightness on the . . . .
R St e e AL cro-indentation device. Local deformatons
verbical line arossing the x-axis. The waxis corresponds to the ducnd T ! L "
herzontal axis of the respective loorescence micrograph. Labsel for uced al two E“HLH}H !"_ L_“-l growing pollen tu
both callose and cellulose was absent at the pollen tube apex. The apexand al a distal positon between 20 and 30

intensity increased very sradually towards the distel porton of the  he apex. As shown earher for other species (G
tube. Bar = 10 pm and Parre 2004). normally growing Solanum

oba z&inaji az za Sgkou




PME

Fig. 4a-i Immunofluorescent label for pectins in Sodmum pollen
tubes and pollen grains. |3‘u||::|1 L ere fixad and subsequently
labeled For acidic r-.:-.. Jth #{u—h =i} or For methyl-
esterified pectins '.=.|l|1 1hel I'u-r acidic pectng was
absent from the rm-ll'..n ube apex; the distribution in the distal
rezions  was  rather homogeneous, Label for methyl-estecified
pectinsg was highest at the apex and decressed considerably tovwards
distal regions. The |1-u-||-:.|1 tube in p-i was grown in mediom
containing 0.5 mg ml" PME 10 convert m'..lh_',.l esterified pectins
inta the acidie variety, thus presumably allowing JIMS 1o label the
entire pectin population. Label intensity was highest at the apes
thus indicating that the total amount of pedin is highest in this
resion. Bar 10 pm

imhibit pollen tube growth. Our resulis indeed confirmed
a negative effect on permination and wbe 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 stiffness of
PME-treated pollen tubes with the micro-indenter. We
chose a PME concentration that was not completely
mhibitory, but that resulted in an increase of mmu-
nolabel for aadic pectins at the apex. PME at
05 mg ml " was an appropriile concentrabon that
fulfilled the requirement. JIMS labeling of pollen tubes

u g-i jsou pektiny na spce demetylovanyimanim PME
JIM5 — deesterif. kys. p. ; JIM7 — metyl-esterifikované p.



Sttna jako senzor mechanickych
pomera v buice a okoli

"celulozovi" mutanti nejen hromadi
kompenzané pektiny, ale maji
"signalre" aktivovanu drahu

ukladani ligninu.



WAKS

Figure 1. Intron-exon struciure is conserved be I
tween the WAK and WAKL genes, The diagram
shows a standardizes] depiction of a WAK or
WAKE gene from each of the four groups (-1,

Exons are represented by booes, Inirons are rep- I | n
resented as Vs, Regions of each gene encoding

functional domains are indicatesd] with shacded
bomes:  meerminal  signal  sequence (black),
FOF2-like domain redi, calcium-binding G l
domain (bluey, ransmembrane domain (green),
and SerThr pratein kinase active site (arange).

1 Yy | v

4586 Flant Physiol. Vol 120, 2002

Wall AssoclatedKinases



Figure 2

[ ] GRP

FPectin

— ECK
Membrane
Cytoplasm
WAK
Kinasea
Expansion Expansion

Current Spinion in Cell Bialagy

A modeal for how WAKs, pectins and GRPs requlate cell expansion.
WAKs extend a EGF-containing domain into the ECM and can bind
both pectin and GRE. 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 gitomnostiCa2+

Figure 1
_ ; A cartoon for the biosynthesis of the plant cell
Pectin Hemicellulose wall. Cellulose microfibrils (green) are

= = W ynthesi e
- - synthesizad by cellulose synthase complexas
— | — I - T | d I \
celitl {orange). Pectin (yallow), hamicellulose (blue)

SENHIREE = - — = and other carbohydrates (not shown) are

' ACE secreted through vesicles. Transmembrane

Wiiks, GPl-anchorad AGPs, and possibl
Plasma membrane e s Ll 3 ¥
_— § other protains (not shown) may sere to link
the ECM to the ceall,

Current Opinion in Cell Biology
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 Buneécna diferenciace u rostlin = velmi
casto diferenciace ve slozeni kErst.

Figure 3

Carrot suspension cells can be divided in JIM8Y cells not undergoing
somatic embryogenesis (green) and JIMS8™ cells that form somaric embryos
(brown). Removal of JIMS™ cells from the suspension blocks somatic

embryogenesis (67).

Asymetrické b. dleni — JIM8+ b. produkuji prawg.
oligosach. signal uvabvany z AGPs. Kondiciované medium

stai k indukci u JIM8- bugk.



(A [ H]

AGP spec. pro kortex AGP spec. pro vaskepid. zel.: Met-pektin
zlut.:deesterif.pekt.

OVES kaen—-A aB
Arabidopsis stonek — Cazné modifikované pektiny v teze lige.



Bunky maji na svém povrchu
specializovane mikrodomény
Bunécné Stny =CW
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Rozdily v
metabolismu
pektini pasobi
rozdily tuhosti
ploda

Polygalakturonazy
a pektolyazy

(©)




Galaktomanany slouzi jako
zasobni polysacharidy vesatich
endospermu —ipluseniny, datle
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Sekundarni bu

(A)

\

/

Primary cell wall
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H,0, Secondary cell wall deposition

monolignols

F Primary cell wall
1

Microtubules bundle

Actin cable

Figure 5

A model for secondary cell wall depositon. The acrin cytoskeleton 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 partitions, ensuring that
the cellulose synthase complex moves parallel to the M5, coaligning the M5 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 (B) Spiral (C) Reticulate (D) Pitted

G

Model diferenciace xylemu in vitro uZinnia



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




Lignin

Cellulose \

Li-*_:]ninfa,._______

Hemir:ellulclses./

Figure 1. Schemstic mpresentation of the lignified sscondary wall In sddition to
cellulose, lignins and hemicellulosss, other call wall constituents of minor ebun-
dance, including proteins end love-malecular weight phanolics, are not indicated

on the figure.



Phenylpropanoidni metabolismus vedouci ke vzniku riignolt — p-
kumaryl alkoholu, koniferyl alkoholu, a sinapyl atkolu.
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Sttnovy cross-linking

(A) (B)

LiH

Li.H

Direct ester linkage
Direct ether linkapge
Hydrosyeinnamic acid ester

Hydrosoycinnamic ecid ether

Ferulic acid bridge

Debydrodiferulie acld diester bridge
Detwydrodiferulic acid diester-ether bridge
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Figure 2 Simpdified vims of the most fewowne d lignin bicsynthetic pathway in angaosperms. The implic stion of boossec in the axdstien of maonalignods remains 1o be ook
dated. Abtweviations: CAD, cinnamyl aloohsl dehydrogenases; OCadDMT, colfoylk-Cod Csmethyitransfer ase; CIH, prooumarate dhpdeocyl ase; C4H, cinnamate 4-hydoaacyl
aa: OCR, hydrosyomnamayl-Col raductasa: 400, Sosapmarate Cad lggass COMT, cafkic acid'S-hpdrosyderuhe aoid Ovmathy Rransharaeon ales knowen as AdDMT, 5



Lignifikace v obrané



Colletotrichum atakuje b. kukige -
obranna papila akum. kalosu a lignin.
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Dulezita
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Biologicky aktivni oligosacharidy
spoustji obrannou eakcl.

(A) Galacturonic acid oligomers

(1—+4)-a-D-GalA «[{1 —:4}ﬂru-ﬁam}~ (1—=8)-c-0-GalA
f

(B) Three oligosaccharins from xyloglucan

Fuc
|

Gal Gal

| !
Xyl Xyl Xyl Xyl Xyl Xyl Xyl
! l l | i i }
Glc—=Glc—Glc—=Glc  Glc—=Glc—Glc—Glc Glc—=Glc—Glc

{C) Oligosaccharin from fungal cell wall

p-b-Glc-(1-+6)-p-b-Glc-(1—+6)-f-b-Glc-(1—+6)-f-b-Glc-(1—+6)-Glucitol

3

| I

1 1
f-D-Gle p-D-Glc

Web Figure 15.5.A4 Structure of hiologically active alizosaccharins. (41 Oligomers of galacturoric acid are released durnmg pectin degradation. The most
active fragments are 10 to 15 residaes long. (B) Three olizosaccharing derived from xvloghican, (C) An oligosaccharin derived from the degradation of
fungal (FPhytophthora) cell walls. Such cligosaccharides stirmlate defense responses. {Click image to enlarge.}
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Currant Opinionin Plent Bxbgy

Simplifisd modal of the subsrin Hosynthetic pathway [adapted from [15™]) The building blocks for suberin ara giycaro! and Cig and Cqa fatty
acids derivad from primary metabaiic activity, and ferulic acid, a product of the phenyipropanoid pathway. Depanding on the species, fatty acd
subann pracursors undarga mid-chain modifications, resulting in unsaturated or epoxy fatty acids. Saturated fatty acids can be slongated up to
Gy suberin precursor, Tha majority of the subenn precursors antar a w-owdaton pathway, resulting in whydroxyacids and a w-diacids. Tha w-
hydroxyacids and a,w-diacids form esters by Gnkage to ghycerol anddor ferulic acid or ara intarlinked. After axpor to the apoplast, the mono- and
afigomeric buiding blocks will ba palymarizad irto the subarin macromalacule. The deduced catalysts that are typically responsibie for tha
diagrammed reactions ara shown. ABC, ATP binding cassatte transporter; AT, acyitransfarase; FAD, fatty acid desaturase; FAE, fatty acd
slongase complax; KCS, f-ketoaoyl-Cod synthazes; hDH, a-hydmxyacid datydrogenass; HDL, o f-hydoiass; oDH, e-oxoacd dehydrogenase;
P45D0, cytochrome P450 monooxyganass; PA, polyaromatc domain; PM, plasma membrane; POd, paroxdsse; POg, pamxygenase.




« KUTIKULA



znaceni radioak
mastnymi kyselina

Kutikula — lipoidni polyester Lipofilni polyalifaticky.



Origin of Leaf Hydrophobicity

Cause: Waxy Outer Layer and Surface Roughness

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

eLong hair like structures (trichomes) and bumpy prdrusions
Induce surface roughness.

Effect: Nature's Self Cleaning Mechanism

Dirt particles (spores, disease fungi) adhere morgtrongly
to water than the leaf and are consequently washexvay.

eLack of water on surface prevents disease organisni®m
germinating and growing as they cannot survive.



Agrochemical Delivery

Importance
 Agrochemical spray on leaves

Ways to enhance spreading

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

enhanced spreading

Alex Couzis, CCNY






Procuticle Polysaccharide
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Prekurzory kutikuly jsou na povrch
epidermis ,pumpovany*“ ABC
transportery.
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diagrammed reactions ara shown. ABC, ATP binding cassatte transporter; AT, acyitransfarase; FAD, fatty acid desaturase; FAE, fatty acd
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