Struktura bunécne steny rostlin



(A) Mesophyll (B)

Nucleus
Nuclear membrane Nucleolus

Rough endoplasmic
reticulum

Chloroplast

Smooth endoplasmic reticulum

Middle lamella

Peroxisome

Mitochondrion

Plasma

Pectin-rich TS ROStI I n n é b U h ka

Cell wall{ middle lamella

Cellulose/ hemicellulose wall



LY

s Pri
| M|ddle'
lamella

Pectm-rlch
cell corner



(A)

Wi

Primarv cell wall Middle lamella

Struktura bunécéné stény. S1-S3 — sekundarni stény



- -

(x-L-Rhamnose (Rha) a-D-Glucose ( Glc)

'

HO
CH,OH

CH,0H g o i
HO ' HO
OH  oH OH
o-D-Galactose (Gal) o-D-Glucuronic acid (GlcA) o-D-Mannose (Man)
/ i /
\

O

o}
¢” o
HO i
OH & o
; . .

a-D-Apiose (Api) 2

o-D-Xylose Xyl o-D-Mannuronic
acid (ManA) o

CHs
0
] HO

a-D-Galacturonic o L .

HO

acid (GalA)

ey o-L-Fucose (Fuc)
OH
OH

B-L-Arabinose (Ara)

Monosacharidy rostlinné bunky



OH
OH

UDP-L-rhamnose

(UDP-6-deoxy-L-mannose)

(e]
N\
ubP)

C-3,5 epimerase

CH,OH
HO

HO

CH,0H g, %lepimerase

HO

OH OH
UDP-D-Glucose

UDP-Glc

\dehydmgenase

o
————— HO HO -
— OH ? -

ubp COs y° OH cI)
UDP-p-galactose Ubp
UDP-p-glucuronic
UDP-Gal A
dehydrogenase | poch, Carboxyl-
bH CO» lyase
o OH |
Ho \ _o @
¢ o UDP-p-apiose o
HO
HO OH o m
4l |
UDP UDP)
UDP-D-galacturonic UDP-D-xylose
acid HO 5 .
oo eo -
UDP-Gal HO UDP-GlcA
hos- OH o
Bypop ki pyrophos-
phorylase —~@® upp phorylase
4 5 UDP-L-arabi o
Ne iﬁﬁf UDP-GalA arabinose it Y,
pyrophos- A e, ,,U_MI_ P
phorylase UDP-Ara
N- sUTP: pyrophos-
A Y - phorylase v
Gal 1-P GalA 1-P N Ute GlcA1-P
4 Ara 1-P
|~ ADP |~ ADP |~ ADP ADP.
Gal GalA Ara GlcA
C-1 kinase C-1 kinase C-1 kinase C-1 kinase
- aate AT [~ saTe AP
Galactose Galacturonic acid Arabinose Glucuronic acid
(Gal) (GalA) (Ara) (GlcA)



CH;0H o

HO
HO S
cl) 0
0 —pP=0
| /N NH
i (]
P
©—p—O0—cH, N N NH
|
o}
HO OH
OH OH

GDP-p-glucose

| Czepimerse

CH,0H 0

HO
HO

o
C-3,5 epimerase 'é;f’

GDP-pD-mannose
o) 0

1 C-4,6 dehydratase
ch :
ho HO OH C-3,5 epimerase

GDP-L-galactose

HOCH,

=g 0 0%z
GDP
HO OH OH

GDP-L-fucose

E®

GDP-Fuc
pyrophosphorylase

ADP

Fuc
C-1 kinase

Fucose
(Fuc)



Cellobiose Laminaribiose
(B-D-Glucosyl-(1—4)-pD-glucose) (B-D-Glucosyl-(1—3)-D-glucose)



(B) ©)

3
1
.
3
3
{
y
’ —
0 =% S = \
A
& \
N
v E2,
:
; \
; :
' ]
.
(D) e o R s A ;
A i
3
£ . - - -

Mikrofibrily = 36 vlaken
Retezce 2 — 3 um

1h=103A




(A) (Fucogalacto)Xyloglucans

I I I
1 [p.o) 1
! I

1

I HO
HO : ol

(o]

o
I

1 / 1 1 4 1
i CH, HO OH HOCH2 i CH, OH |
: HO Cl. YO : HO HOGH, : HO G
: oH 0 : ! :
| Qj : L :
) & \ I ;
| EHGC :| : !
e
8
0(’
L%
kD
z, R
o‘o/ Q
/% '?O/
% “
Y ‘)/
%, % %, Y% %y
4, 5, 5, 5,
4 2. 2. 4
L 5, L %
—4)B-D-Glc-(1—4)B-D-Glec-(1-4)B-D-Gle-(1-4)B-D-Gle-(1—4)B-D-Gle-(1—-4)B-D-Gle-(1—-4)B-D-Gle-(1—4)B-D-Gle-(1—4)B-D-Gle-(1—
& o
4 T 4
) 43
& | | &
XXXG XXFG

Typicka struktura xyloglukanu



B) Solanaceous (arabino)xyloglucans
1 1
1 1 1
1 1 ]
HO ! ! HO i
1 1 1
OH 1 ! OH !
1 1 ]
(o} i | ; o CH,OH |
1 1 1
: ¥ on |
1 ' (o] 1
: CH,0H, .0 HO | ob, O : CH,0H,-O
O 6 1
Ho | HO cfi. | HO OH | HO OH
| ;
1 1
1 1
! 1
1
1 1
1

Bl
o

0 g
f CH, L o MH CHs— '_0 ;

P &
%. %.
'9‘,:9 ; V@\
2. 2.
N N
~ <
%, %
, %,
4, by
2. 2.
> >
—54)B-D-Gle-(1-34)B-D-Gle-(1—4)B-D-Gle=(1-4)B-D- Gle-(1-4)B-D-Gle-(1-4)B-D-Gle-(1-4)B-D-Gle-(1—4)B-p-Gle-(1—
[ Q)
Q/' (6-O-Ac) Q/-‘ (6-O-Ac)
3 3
o:'o* o:"ﬂ-
»
g
'
» | | |
df\i
N (A)A)G X(A)G

Typicka struktura xyloglukanu



(D)

o

OH

x
o

I
-O-

e I o e

o

=]
=

Dicot glucuronoarabinoxylans

1 i 1
] 1 '
|} 1 '
1 1 '
1 | i
' | ;
1 \ i
1 | :
! OH 1 i
] i i
. CHa0H ; |
[ HO I i
: 0 | |
j o} 12 | HO oH 0 | Ho M
= £ < / ° © o
! o HO 0.9 | o' 4. o oH o %
] 1 I
1 1 '
! HOCHz | HOCH2 § HOCTTo
! HO OH | HO OH I il
1 1 i
1 I \
o
5 (“7
@,
2.
L
o/

4 NS N

o X R:’
&~ N
o & &f

Typicka struktura glukoarabinoxylanu

S
A

¥

0 =



(1-3),(1—4)B-p-Glucan

N HOCH,

\ HO (e]
\ HO

OH
O CH,OH o7

—4)B-D-Gle-(1—4)B-D-Gle-(1-3) B-D-Gle-(1—4) B-D-Gle-(1-4) B-D-Gle=(1—3) B-D-Gle-(1-4) B-D-Gle-(1-4) B-D-Gle-(1—4) B-D-Gle-(1-3) B-D-Gle-(1—-4) B-b-Gle-(1-

Struktura 1-4,1-3 glukanu



(B) Galactomannan
OH OH

CHOH CHLOH

HO HOGH, _ o»
JR——
Hoch, W HO 0—CH,

b ¢

HOCH,

pxé\w
b ¢ }

2
OH OH

HO' HO

S A 4 i e e S
SR B R RO S R R R R A S e

'
'
'
i
'
'
'
'
'
'
H, O HOCH;
= ! 2 of
0
v
o o—Ch, I Ha o—ch,
'
'
'
'
'
i
'
i
'
'
'
'
i

A A e T e s P

91)-[eD-a-0
©O<1)-[eD-a-0

—4)B-p-Man-(1—4)-p-Man-(1—4)) B-p-Man-(1—4) B-D-M:n-(1—>4) B-p-Man-(1—4)B-p-Man-(1—4)-p-Man-(1—4)B-p-Man-(1—4) 3-p-Man-(1—

o-D-Gal-(1—6)
o-D-Gal-(1—6)
o-p-Gal-(1—6)

(C) Mannan
; i
1 1
| H
h i
: H
HO ! HOCH; o HO I HOCH, P Ho ! HOCH, o HO
— 0 O o] (o} 0. o} 0.
HOCH;, (o) | HO HOCH; g | HO HOCH, g ) HO HOCH, (o)
" ‘ H
- " H
i i H

—4)B-p-Man-(1—4)-p-Man-(1—4)) B-pD-Man-(1—4) -p-Man-(1—4) p-pD-Man-(1—4) B-p-Man-(1—4) -p-Man-(1—4) 3-p-Man-(1—4) p-p-Man-(1—

HOCH, _ o7 HO
0 O
HO HOCH; g

e Ty =T

Mannany a galaktomannany



Homogalacturonan (HGA)
O
M OH 0o HCO O ,(‘0 O

Pektiny - homogalakturonan




(A)

O =

oH
Hoo—¢
OH
0
[¢)
o
HO
r”:—ot:H3
(¢
o
oy Ho
0 (s}
o oH c—ocH,
Ho it
HO 0= o o
N
.«0
o 0 oH c_o OH_Jd—~0 a7
0
c=0 F:D
e d @

=0

oH
oH
o
© o
~&. o c=0_40.
oH
HO
o
c=0_«C,
oH
o
Q
HiCO
HO
)
HO

HO



Homogalacturonan (HGA)

5-Arabinan

D) <

Type I arabinogalactan

HOCH, o
HO




(A) RG II monomer

Site of boron attachment

CH;Ot

(B) RGII dimer




COOH H

LI o 10 0—
H 'COOH
__N\oH_ 0 —o0H_O
— H H

kys. 8-D-mannuronay 4 kys. a-D-guluronova

Alginaty



Soybean PRP
(Low glycosylation)

Ger X Gly X His XGly XGly XGly XPheXGly XAl XEIy X Gy XGly X Val>

Petunia GRP
(No glycosylation)

Bilkoviny bunécéné stény — PRP a GRP



Isodityrosine

Tomato extensin
(Extensive glycosylation)

Bilkoviny bunécné stény — extensin z rajCete



HO
A
€ i
0 0.
HOCH,
HO
H
Qo Type II arabinogalactan
HQ
(o)
CH,OH OH 0
HO éu O 2
HO Y, 0,
o
OH HO oH OH \cng O, b
0 o]
0 O~ L0
oH o H
| caff 0, o 'OH
C; GH-OH oH S
Ho oH o
H 0
OH O
o (o HOGH,
e HO
t o g
o i
MG oH

Fall ®ie




(A) Type I wall

(B) Type II wall

Key:

Cellulose microfibril

Xyloglucans

Extensin —

Arabinosides —

that open pores

Pectins

e

Junction zone s
Ca“-linked

AL~ 55T

RG1 RG1

with arabinogalactans  with arabinans

Glucuronoarabinoxylan

Arabinose-rich runs i

Region of
H-bonding

B-glucans ;'

Phenolic
network

Cellotriosyl- and
cellotetraosyl-rich ~—

/

Longer
cellodextrins
H-bonding

Struktura a vazby slozek bunécné stény




Cross-linking glycan Wall-loosening
(e.g. xyloglucan) enzyme

P =
- I D_l’lr f

. L —~ =

‘ Cellulose mlcroflbnls

g 5&‘:’// én'
¥
2 3

Rust bunécéné stény, interakce krystalickych a amorfnich slozek




XET Expansins

Cross-linking Cellulose
glycans microfibrils

AN

£

S
¥
2

Wh’



~¢—— Expanding cells

cell wall

Lamellar
cuticle

Amorphous
wax

"\~ Lipophilic
globules

Wax crystals

Cutin and
polysaccharides

~Secondary wall

Polysaccharide
fibrillae

-¢—— Fully expanded cells

Exterior cutin
layer

Interior cutin
layer

Secondary

cell wall







OH OH

COOH
HO HO O o
e @ | |
—_— — Flavonoids
(HO) O (HO) O
4,2',4' 6'-Tetrahydroxychalcone Naringenin
OH 9 (Isoliquiritigenin) (Liquiritigenin)
Tyrosine A
0 3 Malonyl-CoA
COOH COOH CooH [ COAMP] COSCoA CHO or
NH2 = = = = 4 =
o 3 S, @ _0 (3
—_ — — — S — e —
OH OH OH OH OH
Phenylalanine Cil;mamic acid p-Coumaric acid ~ — — p-Coumaroyl-CoA  p-Coumaraldehyde p-Coumaryl alcohol

Syntéza prekurzoru ligninu



NH

[

COOH

<

Phenylalanine

Phenylalanine
ammonia lyase

COOH

:

trans-Cinnamic acid
l C-4 hydroxylase

COOH
HO

>

p-Coumaric acid
l C-3 hydroxylase

COOH
HO

I
(]
NS

Caffeic acid

Jl O-Methyltransferase

COOH
HO

g

CH;0

Ferulic acid

I Ferulate-5-hydroxylase I

o
(@]
-

COOH
HO

o

CH;0
5-Hydroxyferulic acid

ll O-Methyltransferase
CH;0

HO

:

CH;0
Sinapic acid



COSCoA

=

NADPH NADP* NADPH NADP*

H H
Hg, _aHa Ic! A g Hg., sHa | ° lC!
| | \NH2 = | \NH2 ‘ | l \NHE = | NNH
N | A N 5

N N N N
| % cHo ] o
R “_R - R

OCHj
OH
Feruloyl-CoA ester

Type B reductase

\/ ’ ) _ﬂ\ b

o Type A reductase

Coniferyl aldehyde

Ha

OCHj
OH

Coniferyl alcohol



OH OH

_ OH OH |
= = = ’
(Per)Oxidasel -
— — —
OCH; OCH, ’ OCH, OCH, OCH;
L o o] 0 B

(o]

| l l l

Coupling with neighboring free radical by way of a nonenzymatic process, followed by either
intramolecular cyclization or reaction with H,O

I

Coniferyl alcohol

(1)-8-1 (£)-8-8

/

Repetition of process (enzymatic oxidation followed by nonenzymatic coupling)

{

“Lignin” polymer formation in vitro

Syntéza ligninu radikalovou polymeraci



(A) = (B)

OH
| Structural pro'tem a &
‘\ \“~
: .
OH b OH . OH
. : OH
o OCH, OCHy % OCH,
¢ O s ﬁ—\
OH % L
. b —_
: |
= = B o]
C c G
7\ Z N\ SN, = oCcH
o o 0" o o Y 5 i
. | .,' o OH
Polysaccharide OCH
3
:
OCH,3 !
o
/ Y
0=c¢
HO ©
HO
HO
o
:
- Direct ester linkage
Polysaccharide :

Direct ether linkage

Hydroxycinnamic acid ester
Hydroxycinnamic acid ether

Ferulic acid bridge
Dehydrodiferulic acid diester bridge

Dehydrodiferulic acid diester-ether bridge






