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Regulace rustu a vyvoje
rostlin, fytohormony



 Metabolismus, rist a vyvoj jsou koordinovany celou radou signalnich molekul

 Signalni molekuly pusobi v blizkosti nebo prenaseny floémem a xylémem

* Souhrnné je nazyvame fytohormony

Nékteré se podobaji zivocisSnym — brasinosteroidy

* Podilisena:

- PrizpGsobeni metabolismu okolnim podminkam
- Prijem vody

-  Teplota

- Délka dne

- Regulace rlistu a vyvoje

* Fytochromy - Cervené svétlo

* Kryptochromy a fototropin — modré svétlo

* Kryptochrom — fizeni ceklu den/noc u rostlin i Zivocichti
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S receptory na PM interaguji heterotrimérni G-proteiny
G, podjednotka (50 kDa) — vaze GTP/GDP

Gg podjednotka (35 kDa)
G, podjednotka (8 kDa)

* Rodina proteinu vazajici GTP nebo GDP

o5 -

https://www.youtube.com/watch?v=xTOmAQ4726s

GTP  GDP

heterotrimeric
G-protein

G

GDP

e <
[ GMP GMP
cyclase cyclase
active inactive
</

GTP

n<;
)901"

@,
4.
2



"g G-proteiny I

Malé G-proteiny maji pouze G, podjednotku

N
v ’ ° &4 ° ° o > l \>
VSechny malé G-proteiny patfi do rodiny Ras proteinu S T N
i i - & o o
Lokalizované v cytozolu {
OH
Po stimulaci interaguji s vyménnym faktorem
e : o o oH
pfeména z GDP inaktivni na GTP aktivni formu) T PP
[ v 4 ° ] NS | \
V A. thaliana 93 malych G-proteinu S o s
Podili se na regulaci: sEadooue w -
Obrannych reakci
ABA odpovédi N k“@ i
esterase
Transportu vacku NN
Bunecné polarité HZN*\NI «> =
Rustu pylové la¢ky a kofenovych vldsenek e I

GMP



V bunkach koncentrace volného Ca?%*
mensi nez 0.7 uM

Nizka koncentrace udrzovana ATP-
dependentni pumpou

Hromadéni Ca%* v

lumenu endoplasmatickeho retikula
vakuole

transport ven z bunky

Signal aktivuje velmi kratké otevreni
kanalli na membranach

Intracellular
. ca??® store i
Inositol 1, 4, 5-
trisphosphate
o/pens ca?®channel CYTOSOL
> Ca2® 7—-’ ca2®-calmodulin
Calmodulin

ATP | ADP+P




S, : : , ) .
ZY; Fosfoinositolova dréha =

* Ca?* kanaly fizené drahou fosfoinositolu AT
* PLC stimulovana G-proteinem uvolnuje
IP3 Bk
] e o V4 rd DAG
e |P3 stimuluje rust vapniku P 0=¢ =0 0=¢ ¢=0
I | |
[ [ v [ \'4 [ o o o o 0
* Kyselina fosfatidova ovliviuje protein _CHyCH—CHy_ _ _ _ _ _ _ CHy~CH—CHy _ _ _ _ . _ <;n,-<‘:a—(cPHz e
° ’ ° ’ ’ CI) 6 o° OH o°
kinazy a iontové kanaly T o8 RS S v . o il e
|

lipase C

| HO Il
* Doba zivota IP3 je pouze 1s T. — w & ey
OH L. &6
@ o—ﬁ—o GTP

 Eliminace IP3 fosforylaci/fosfatazou 7 =" I
o Ve, 7 ve v rv 7 e 73 0 Phosphatidyl Phqspr!alidyl Inqsitol
* Dulezite role pri prenaseni signalu oot gt ga0p  ostol et
- otevirani praducht pro prisun vody

* Fosforylace fosfatidylinositolu specialni Bp/{
kinazou
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e Vyskytuje se v prevazné cytosolu

* Vysoce konzervovany protein (91% homologie mezi dobytkem a pSenici)

e Obsahuje na koncich tzv. EF ruce (zbytky E a F)

* Vazba CaZ* indukuje konformacni zménu - interakce s calmodulin-vazajicimi kinazami (CBKs)
* Ca?* calmodulin se vaze na celou fadu proteint a ovliviiuje jejich aktivitu

* Rostliny maji rodinu protein kindz obsahujici motiv EF rukou (Ca?* -dependentni protein kinazy — CDPK)

A

Calmodulin

Ca2@
CaZ@

Protein kinase Protein kinase
inactive active
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* Fosforylace na 12ti konzervovanych oblastech obsahujicich —OH skupiny S, T, Y

e Zvlastni skupina protein kinaz fosforylujici zbytky H a D

* Bunka obsahuje rovnéz serin-threoninové fosfatasy a tyrosin fosfatasy

Kinaza Modulator

Protein kinaza A (PKA) cAMP

Protein kindza G (PKG) cGMP

Ca?* -dependentni protein kindza (CDPK) Ca?*
Calmodulin- vazajici kinazy (CBK) Ca?*-calmodulin
Receptorové protein kinazy (RLK) Vnéjsi podnéty
Cyclin dependentni kindzy (CDK) Cyklin
Mitogen-aktivované protein kinazy (MAPK) Mitogen
MAPK-aktivované protein kinazy (MAPKK) MAPK
MAPKK-aktivované protein kindazy (MAPKKK) MAPKK

https://www.youtube.com/watch?v=r7GoZ9vFCY8
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Receptors:

a. Membrane Receptors SIGNAL TRANSDUCTION: Receptors and Kinases
b. Membrane receptor/gated enzyme

¢. Cytoplasmic receptor

d. Cytoplasmic receptor/gated enzyme WENERANG RECERINY

LIGAND-GATED ENZYME
steroids

Farnesyl tail_

PKC Tyr-K Nonreceptor | g1p
PK

y S ex: pp60==
cGMP
CAM/PK e
—r g (e} CYTOPLASMIC
W VRO e e almodulin b~ RPN
e i
Second messengers:

MAPK CAMP

l ctlipth Ca channel
DAG s Ca”
g Ca?*
\ ligand-gated
transcription factor

https://employees.csbsju.edu/hjakubowski/classes/ch331/signaltrans/olsignalkinases.html



. w Fytohormony I

* Fytohormony maji rtizné struktury a funkce

- Auxiny (odvozené od indolu) stimuluji bunécnou elongaci N 3? H M

- Gibereliny (derivaty giberelanu) stimuluji prodluzovani internod Auxin/ OH \/ Etiions

- Cytokininy (zeatin) stimuluji bunécné déleni Gibberellin H JE Jasmonic acid
- Kyselina abscisova (ABA) reguluje vodni homeostazu ’ =< T

- Brasinosteroidy — klicova role v bunécéném vyvoji
- Ethylen a kyselina jasmonova — potencuji senescenci

- Peptidické hormony reguluji vyvoj

- Kyselina salicylova a jasmonova se ucastni obrannych reakci

Salicylic aCId
H

2 )
O
\ i
Strigolactone

Abscisic acid
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* Vroce 1880 C. Darwin a syn pozorovali rlist semenacku za svétlem
* Predpokladali prenos signalu z rtistové spicky do rlistové zény

* V roce 1926 Frits Went izoloval z rGstovych spicek semenacku ovsa latku,

) OH
kterou nazval auxin \

* Pozdéji identifikovana jako indol-3-octova kyselina (IAA)

Iz

 Dalsi latky majici aktivitu auxinu — fenyloctova kyselina; 2,4-
dichlorooctova kyselina (2,4-D)
e 2,4-D - uGcinny herbicid zpusobujici naruseni morfogeneze a zvySenou
produkci ethylenu OH

* Pouzit jako ,,agent orange” ve Viethamu, destruuje pouze dikoty — /C[o\/l\o
Cl

monokoty ho degraduji Cl
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Tryptophan
4 )4 ’ o ° A4 C _CH_COOH
Béhem casné embryogeneze formuje polaritu (stonek/kofen) CTo™ b
N
. A4 L v v V 4 4 r [J [J [ J H Ttyptophaﬂ

Ovliviuje bunécné déleni a diferenciaci Jyplophen /a-Ketoacid \ e
Podnécuje prodluzovani bunék — nejvyssi koncentrace v ristovych zénach W— COJ

mino aci 2

Primarné je tvoren v rustové Spicce (nadzemni ¢ast) [jj' OHe§ oo (J\U GO,

7 4 v v v . . 0
Transportovan polarnim pfenosem (vyZaduje energii) 10, i
PFenos zajistuji specifické eflux/influx pfenasece (PIN) \'coz NH;%/ Tryptamine
| |

Iz

Polarni transport = asymetrické rozlozeni prenasecu st it { e

Inciole->-pyruvic scid Indole 3-acetaldehyde

1

CHz-ﬁ e H
1-cell 2-cell Octant  Globular Triangular Mid heart 3 o}
=
| NAD? + H,0
Indole aldehyde | |
dehydrogenase
NADH

H
. ‘-x-‘.xsl &
1. ) v" )
-4 \\ D ,7
— —> —> >N /',’r’ —
NGt h
% + H#

: : CH,—COOH
Key —= PIN1 M Auxin concentration gradient a Apical cell | |
—= PIN4 (low-high) N

¢ Cotyledon H

—> PIN7 s Future vasculature a ) ey
ABCB1 h Hypophysis |ndo|e-(?|.:f:;eh¢ acid

wmm ABCB19 SAM Future shoot apical meristem s Suspensor cells
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* Nékolik minut po pridavku IAA dochazi ke ztenceni bunécné stény
- Auxin aktivuje H*- ATPasu (Ucast proteinkinaz a 14-3-3 protein)

- Acidifikace oblasti bunécné stény

- Aktivace enzymu degradujicich bunécnou sténu

- ZvétSeni bunky fizené turgorem

* Po hodiné dochazi k aktivaci exprese proteintli spojenych s riustem

* |AA vykazuje v riznych pletivech rtizné efekty

-V kambiu stimuluje bunécné déleni

- Posiluje apikalni dominance (inhibice lateralniho rdstu)

- Ridi vyvoj embrya

- Zabranuje opadavani listl a plodu (antagonista ethylenu)
- Indukuje tvorbu plodu

e Za normalnich okolnosti produkuji semena auxin pouze po oplodnéni
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Prenylované derivaty adeninu

Nejcetnejsim cytokininem je zeatin

Zvysuji rust stimulaci bunécného déleni a indukuiji lateralni rust

Antagonisté auxinu

Oddaluji senescenci — opak ethylenu

Maturované bunky mohou opét aktivovat k déleni a vyvoji

Formace kalusu — muze regenerovat zpét v rostlinu Skoog

PN,

N7 | N
. - . k\N N/ |k - N/>
TAA: 2 2 2 2 mg/L N

kinetin: 0 0.02 0.2 0.5 mg/L kinetin zeatin




Auxin synthesis -| (%

Basipetal transport

Acropetal transport

s \
Cytokininand |
strigolactone
synthesis

— e P — . — e P — - — e P — = P —

i Auxin

\J
?Cytokinins

T Strigolactones

—+—Xylem

+—PIN proteins

Nature Reviews | Molecular Cell Biology

Biochemistry & Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L, Jones.
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Cytokininy

Intact plant After decapitation Axillary bud outgrowth
PIN: on
IAA
PIN: on l PIN: off
y - 7 - Y 7
g CK
CKX: on CKX: off CKX: on
IPT: off l IPT: on IPT: off
PIN: on

Days after decapitation

Intact 1 2 3 4

Biochemistry ¢ Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones.
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
Companion website: www.wiley.com/go/buchanan/biochem




AtCKX1 AtCKX2
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&# Cytokininy

M %ﬂs 4“:,5
Nékteré bakterie a houby produkuji auxiny a cytokininy k indukci tvorby nadora (Agrobacterium, Ti plasmid)

Agrobacterium

[ ]
Rostlina
Dimethylallyl pyrophosphate
H CH,
Niecondl
o=¢ H OHs H CH,—OH
P-P-0-CH, CH Cytokinin c=C roxylase c=¢C
" : synthase SN e P _
+ NH; HN=CH;  CH, HN—CH,  CH, i "l‘\ | \>
2
S
—_— —_— N
NF N\ AMP NF N N N\ NP @@~ .
g KLY Y LY
L NN NN ®o N~ N i HMBDP Z
Ribose —&) Ribose <P Ribose —() 0o
A S
AMP DMAPP
H  CH,—OH é
\_/ =
o Ribose HN
HN—CH,  CH, T\/ | N\>
NZ N XN N
Sy ik
\N
H P
Biochemistry & Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones.
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
Companion website: www.wiley.com/go/buchanan/biochem

Zeatin
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.Y Cytokininy I

.Cytokinin
* Cytokininové receptory jsou dimerni histidinové — Y —
o 7 ; Histidine
kindzy oW DI (] A1 } ko)
. . , P plasma membrane
* Lokalizace na plasmatické membrané /
P
Klnazoya d?mena obsahuje dva histidinové a dva siise il — —
aspartatové zbytky D) AHP1-AHPS [ 12000 os (P9
* Vazba cytokininu dochazi k autofosforylaci na s i e 0
[ [ [ ' 4 4 ' =3
histidinovych zbytcich //t i

* Nasledné je fosfat prenesen na His nebo Asp zbytky
prenasecovych proteinli (dvou komponentni systém / Qt:bmsanm

Response
Type A ARR [ regulators (RRs)

Phytochrome B

TypeBARR | C



.Y Gibereliny I

* Infekce ryze houbou Gibberella fujikiroi vede k extrémné vysokym rostlinam bez semen

1926 - Eiichi Kurozawa izoloval z této houby latku majici tento efekt

Nazval ji gibberellin
e Gibereliny jsou smési latek s podobnou strukturou ent-gibberellanu

ent-gibberellan

3

Geranyl-
geranyl-PP

ent-Kaurene

Gibberellin GA, i




.Y Gibereliny I

* Nejdulezitéjsi giberelin je GA, a GA

* Podobné jako IAA gibereliny stimuluji prodluZzovani stonki a rovnéz reguluji kveteni

* Rovnéz se podili na vytvareni plodu a jejich rlistu

* Gibereliny ukoncuji dormanci semen expresi enzymu ztencujicich obal semene (amylazy)

* Prakticky se vyuzivaji v zemédélstvi:
- Produkce protahlych hroznt bez semen
- Pro stimulaci amylaz u jeCmene (pivovarnictvi)
- Inhibitory jsou pouzivany pro zkraceni rtstu stonk
-V 50-letech umoznily zelenou revoluci u kukurice (zakrslé rostliny s vySsim obsahem zrn)

+/CH3

Cr
i g

OH CHg

2-chlorotrimethylamonium chlorid (Cycocel, BASF)



Je zahrnut v procesu senescence (degradace listového pletiva)

Indukuje obranou reakci rostlin

Stimuluje opadani a dozravani plodt

Transport plodin za podminek minimalni produkce ethylenu (chlad, CO, atmosféra)

Ethylenovy receptor (ETR) — vysoka afinita (nmol/l), podobny cytokininovému

Biochemistry & Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L, Jones.
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
Companion website: www.wiley.com/go/buchanan/biochem
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Catalytic domain

@ Type 1|
®
oo Type 2|
o®
Type 3 | |
H
‘ A
Type 1 regulation
[ [88f] sor Sor Sor
Methionine A Stress
Yanal NH.
R (MKK) — (APK) /(GOPK)
S-Adenosylmethionine Aminocyclopropane Ethylene Degradation
carboxylate | SerSerSec
ACC ACC
(I:OOe Synthase co0® Oxidase 1‘ Stability
=) | @
H"'?"NHa L H C/?-NHS HZC:CHz
CH2 \ 2 \CH2 ; +CO, [Type 2 regulation
HoC— g—CH3 S—CHs ', 0, + HCN

' +H,0
CHz CH 2
O Adenine ; O Adenine COEE w
Ubiquitination U
I !

t Stability

OH OH OH OH

Biochemistry & Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones. \
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"{ Brassinosteroidy I

Prvné izolovany z pylu repky (ze 40 kg pylu 4 mg brassinolidu) Squalen
.

Jsou syntetizovany z campesterolu (membranovy lipid)

Reguluji vyvoj rostlin
- Stimuluji rust stonka
- Diferenciaci xylému
- Skladani listu

<+ 4— <—
/

Campesterol

HO
Jasny duikaz pochazi ze studia mutantt s vyvojovymi defekty
- Zakrsly rast
- Snizena apikalni dominance
- Snizena plodnost

OH

'
.
;
‘ <

HO. Brassinolide

Vyvojové defekty mohou byt zvraceny pouze pridanim brassinolidu

Receptor pro brassinolid — receptor-like kinaza napojena na MAPK = i
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Pojmenovana podle schopnosti vyvolat opadani listi/plodti

* Pozdéji se vsak ukazala role ethylenu v tomto procesu
* Podili se na indukci dormance u semen a poupat

* Hlavni funkci je udrzovani vodni rovnovahy

* S NO indukuje zavirani prtiducht

* Blokuje predcasni kliceni semen pred jejich maturaci

e Je produktem isoprenoidniho metabolismu oxidace violoxanthinu
e Syntéza je realizovana jak v listech, tak v korenech

* MiuZe byt prenasena xylémem z koreni do listl (zavirani praduchii)
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* Signalni draha zahrnuje:
- G-proteiny

- Proteinové kinazy/fosfatazy

- PLC a fosfoinositolovou drahu
- Cyklickou ADP-rib6zu (cADPR)

* cADPR otevira vapenaté kanaly

* Vyplaveni vapniku:
- Otevirani praduchut
- Aktivace transkripce skrze MAPK kaskadu

Kyselina abscisova I

0O NH,
Ié
= | “SNH, NZ | N\>
. N
R 7§ W
0 CHZ-O—T—O—T—O—CHz 0} NAD
o® 0°®
OH OH
ADPR Cyclase
Nicotinamide NH,
NZ | N\>
HO
\N N

o
0 o)
HO I | cADPR
CHa—o—i‘D— o—F|’—0— Hy O
o 0%



. A w:‘ Vzajemné interakce I

0 H

---uIIOH

Gibberellins

0 Brassinosteroids % b Y
‘\\‘ \ &— Abscisic acid
/. ﬁAuxins
H H / ./

/ Ethylene

Cytokinins

(\)\/OH

H H



Regulace vyvoje svetlem

» Svétlo ridi vyvoj rostlin od kliceni az po kveteni

* Fytochromy

- Zakladni senzory Cerveného svétla

- Ug&astni se kli¢eni

- Fotomorfogeneze

- Adaptace fotosyntetického aparatu na plné slunce/stin

* Pro plné pokryti spektra senzory modrého svétla
- Cryptochrom 1 a 2 (obsahuiji flavin a pterin) m / \J

- Fototropin (obsahuje flavin)

. v . v s e v (») 280 315 650  700{nm)
* Rostliny zfrejmé maiji i senzor pro UV svétlo e ;y;mmm Higen ot Fee

Phototropm ZEITLUPE

| Ny i esl m
N N
. N
T \N 5 T T 5 HoN /K\N N/ Tryptophan Flavin
R R H
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. Fytochromy

Solubilni dimerni proteiny

Lo\,
*90-\°

N-terminal
* Apoprotein (120-130 kDa) s navazanym tetrapyrolem (chromofor) ‘ ’
* Fytochrom ve dvou konformacich a0
- P, (660 nm) — tetrapyrol navazany na apoproteinu ‘ ) Redlight C-termlr:;ly‘ .
- P4 (730 nm) — absorpce svétla méni konformaci tetrapyrolu ~ Far-red light responses

P;. — aktivni forma
Absorpce vzdalene Cerveneho svetla — konverze na P, Py p

660 nm — 88% ve formé P;,

720 nm — 3% ve formé P,

U arabidopsis 5 rtiznych fytochrom (A-E)

* Fytochrom A - sledovani vzdalené cerveného svétla —Redlight
" Far-red light
* Fytochrom B - sledovani ¢erveného svétla
* Fytochrom A ovliviiuje transkripci 10% genti 5 =

Biochemistry & Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones.
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
Companion website: www.wiley.com/go/buchanan/biochem
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. Fytochromy ; I

QP o

* Fytochrom je prilis velka na prichod do jadra QL
(") a ‘ > Cytoplasmic
* Proteiny FHY1/FHL — import do jadra ! =
R
e V jadre interakce s Fytochrom Interakénim Faktorem (PIF) |mpon':l:g::sar:
[ 4 4 v 4 L3 ’ v é (] Ll Y 4 4 v é FHY1’FHL
e V jadre soucast velkych signalnich komplexu (jadernych télisek) , Q
V4 vgs o 7 \V4 ° ° (V4 4 V"N 4 Vé N l
* Jaderna téliska mizi béhem noci a objevuiji se pred svitanim e ,‘
protein e )
L ]
Light
bright red Pg exported
Pggp imported from nucleus
% into nucleus
/ === \
Pm / \
- Q # | s
Red light A
% " :F,ar-red light i’()
Light
ot 1o "In Pa
Degradation Nuclear
by protealysis “‘F‘f‘" Fresponsed Nucleus
Protein Biochemistry & Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones.
synthesis © 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.

Companion website: www.wiley.com/go/buchanan/biochem



Fytochromy I
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* Fytochromy jsou rovnéz spojeny s: 00sl 20 Naciet
- protein-kinazami .-:g:.'.',.':’
- Vapnikem
P ' Ubiquitin-mediated
- G-proteiny (cGMP) Jupaation
; b
Light
bright red
§ Calmodulin
== Cca*® ¥> P-Protein —e
7~ A _—»
P, P, G-Protein Z’;:‘:
7/ T (GMP ———————» P-Protein —»
Light
dark red

mRNA

.

Protein
synthesis

Liqht-rosponswo genes
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e Mutantni rostliny s omezenou schopnosti syntézy giberelinG (GA) Spatné klici

* GA je zprostifedkovana ubiquitinylacni drahou degradace proteint zpomaluijicich rust
* Tyto proteiny nazyvame tzv. DELLA proteiny
 DELLA proteiny - jaderné proteiny obsahuj ici GRAS doménu (GIBBERELLIC-ACID INSENSITIVE (GAI), REPRESSOR of GAI (RGA) and SCARECROW (SCR))

* Receptor GA — GID1 proteiny (GA-insensitive dwarf1l)

DELLA VHYNP

i
L
| |

DELLA domain GRAS domain
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Gibereliny — percepce

GA biosynthesis
inhibitor

GA responses

Degraded DELLA 26S proteasome
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Gibereliny — kliceni

Vz "J
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Dvé funkce DELLA proteinli v jadre:
Aktivace transkripce cilovych gen
Inhibice aktivity nékterych fytochrom interagujicich protein(

Geny aktivované DELLA

Geny pro biosyntézu GA

Geny pro rozpoznani GA

Gen podporuijici syntézu ABA (XERICO)

GA
synthesis

Transcription

Transcription

200701,

2

ole
A

@
Foy0"

a Covering layers or envelopes:

Restraint weakening

Testa Micropylar endosperm
(seed coat)

/,___/

Lateral
endo- Growth potential il [Germination|
sperm

Embryo (radicle, hypocotyl):
Growth potential increase

Cotyledons

b Radicle: ABA
ACO1I’g
Ethylene
evolution
Endosperm cap:
ABA
GA “—C2H4 ACO1/ACO2 ACC4—

GA-receptors C,Hy-receptors
GID1ac > GID1b CTR1
SCFGID2/SLY1 SCFEBF1/EBF2
DELLA repressors EIN3, ERFs

Responsive weakening genes
—TR - ER
state Endosperm cap weakening state

Linkies and Leubner-Metzger (2011) - © Plant Cell Reports
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DARK LIGHT

Etiolation genes |

Apical hook No apical hook

and closed, Open, expanded,

unexpanded green cotyledons

cotyledons

Elongated Short

hypocotyl hypocotyl
More

Reduced root extensive root

development development
Etiolated Photomorphogenic
seedling seedling
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https://www.youtube.com/watch?v=uJUqP3rHi7M

transcribed
Etiolated
A Dark seedling
Light i ;GA;

Photomorpho-
genetic seedling

= gpd



Regulace Hormony/LightDark2.mov
Regulace Hormony/LightDark2.mov

.i ¢ Priduchy Js

* Praduchy umoznuji difuzi CO, do lista a odpar vody z listu

e Otevirani pruducht je fizeno:
- Oxidem uhlicitym

- Vlhkosti

- Fytohormony (ABA)

- Teplota

- Oz6n

- Cirkadialni rytmy
Guard cells Guard cells
(swollen / turgid) (shrunken / flaccid)

Velikost pruduchu — turgor ve dvou svéracich burik:

Zmeéna tvaru sveracich bunék
- extenzivni prenos vackd mezi cytoplasmou/membranou

https://www.youtube.com/watch?v=IImgFYmbAUg

Stoma Closed

Stoma open
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Regulace pruduchu

r 4

U vétsSiny druht je otevirani fizeno svétlem — fototropiny (modré svétlo)

e Aktivace H*-ATPasy = hyperpolarizace PM = vtok drasliku dovnitf bunék

Narustajici koncentrace K+ kompenzovana malatem, Cl- a NO;™ = nasati vody = zvétseni turgoru

Béhem rana jsou draselné soli nahrazeny sachardzou — udrzeni turgoru pres den

Blue light

Phototropins 1

Starch

®éL_.

l. y n. ”“: ": : “..“"4 .
H ATPase ----- 2 2
Hyper-
polarization

\ degradation T X\

Sucrose ————p

Increased
turgor

Malate

Extracellular

channels

\ 4

synthesis

43 K* salt
" | accumulation

Cytosol

Blue light

Starch

Phototropins

\ degradation T X\

@é%’

++++++

H* ATPase """""

Hyper-
polarization

Extracellular

Anion influx

channels
Sucrose ———p Increased
turgor
v
Malate K* salt
synthesis accumulation

Cytosol
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. Regulace priiduchd

* ABA slouzi jako signal pro zavieni praduchti

(‘o‘ . I

e V pripadé nedostatku vlahy u korenu je transportovana do nadzemnich c¢asti

* ABA zavira pruduchy pomoci depolarizace PM a pfeménou sacharézy/malatu na skrob

Extracellular

[ Loss of @ saits
ol

A
E H*- Anion efflux
channel ﬁATPase channels

m ,{“{i,w ..............

Cytosol




Regulace pruduchu

ABA
Immediate ™ induction
* Dlouhodobé zvysena koncentrace Ca?* nestaci k _f 1
trvalému uzavreni ABA [Ca*]_, increase
H 4 2+ S
* Role oscilaci Ca** v cytoplazmé: Long-term _ Closed
- dlouhodobé plsobeni ABA — pomalé oscilace (10 min) ® ApA. Homate
Vé 7’ . . o ,’? H
- Vysoka koncentrace CO, - pomalé oscilace (10 min) : ” ” “ maintenance |
y . . & High CO
- Nizka koncentrace CO, — rychlé oscilace (5 min) High Siow [Ca*] nduction
o
. . ’ . oscillation
 GCA2 lokus (Arabidopsis) nutny pro oscilace @9
L v é ’ v é L ’ ' 4 L CO
* Mechanismus vnimani CO, je neznamy Low ﬂ ” ” ﬂ n ﬂ ﬂ n in(;v:cﬁo,%,
Rapid [Ca®]_, Open
oscillation stomata
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