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Between stimulus and response there is a space. In that space is
our power to choose our response. In our response lies our growth
and our freedom. Viktor E. Frankl (1985)

Co se déje v bunce, kdyz celi stochastické nebo planované zméné
svého prostredi?

Bunika prochazi Upravami, které vedou k radé zmén, od udrzovani
homeostazy az po zmény ve vyvojovém programu.

Reakce a regulacni mechanizmy na Urovni bunky jsou relativné rychlé,
avsak na Urovni rostliny mohou byt extrémné pomalé.

Mezi bézné reakce rostlin patri osmoregulace, regulace turgoru,
pohyb chloroplastu, fototaxe, pohyby listl, gravitropismus, kliceni,
kveteni, starnuti, abscise a procesy spojené s obranou rostlin.




Reakce rostlin se takée lisi
prostorove:

bunécna autonomni reakce

neautonomni reakce

Nacasovani reakci
rostlin na prostredi
muze byt velmi
rychlé nebo naopak
extrémné pomalé.

Reakce rostlin je
nejzretelnéjsi, kdyz
sledujeme jejich
pohyby...
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Pomalé a rychlé reakce na extracelularni signgl

extracellular signal molecule

intracellular signaling _ l cell-surface ‘
pathway ¥ receptor protein

nucleus
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Draha prevodu signalu (signal transduction pat

» Kratkodobé i dlouhodobé fyziologické reakce na vnéjsi a vnitFni'?Q
vznikaji transformaci (transdukci) signalu do mechanistickych drz

Signal transduction

Signal transduction
pathway

|

Signal transmission

Examples

Light, temperature, touch, hormone, nutrient

Receptor kinase, G-protein-coupled receptor, F-box
protein, ion channel

Repressor protein degradation, protein phosphorylation,
second messengers (action potentialssfmembrane voltage)

Hormone transport, electrical signaling

» Souhrn slozek zapojenych do bunécné signalizace ;,s-i’gnalome. -




Draha prevodu signalu (signal transduction pathway)

» 1. Signal (stimulus)
» 2. Receptor
» 3. Signal transduction
» Intracellular signalling
» Phosphorylation
» GTP binding
» 4. Signal amplification
» MAPK cascades
» Secondary messengers
» 5. Response
» Effectors

\

- EXTRACELLULAR SIGNAL MOLECULE
T‘ . RECEPTOR PROTEIN

— plasma membrane of
target cell

CYTOSOL

INTRACELLULAR SIGNALING PROTEINS

x - =0 EFFECTOR PROTEINS
metabolic transcription cytoskeletal
enzyme  regulatory protein protein

oo 1

altered cell
shape or
movement

altered altered gene
metabolism expression




1. Signal a odezva na néj (stimulus-response c@

» Stimul muze byt jakykoliv environmentalni, fyziologicky nebo biologicky‘*ﬁ\\
(napf. svétlo, gravitace, dotek, teplota, hormony), ktery vyvolava zménu
biofyzikalnim, biochemickém, fyziologickém, morfologickém nebo vyvojov

procesu v bunce.

» Stimul nebude mit zadny ucinek na bunku, pokud tato bunka nema \

receptor.

Stimul musi byt schopen predat bunce urcité mnozstvi volné energie, ktera je
vétsi nez energie tepelného sumu jinak receptor nebude schopen stimul vnima

Signaly musi byt zesileny intracelularné, aby regulovaly své cilové molekularn
mechanismy, pomoci fosforylacnich kaskad nebo sekundarnich prenasecu.

stimulus ——» A —b-.
¥

positive feedback

stimulus — A — '
1k |

negative feedback

\

» Pozitivni a negativni zpétna |
vazba je beznym prvkemv
signalizacnich systémech. 4



2. Bunécné receptory

» Pritomnost receptorovych proteint poskytuje urcity stupen sele‘

bunék reagujicich na stimul.

» Schopnost bunky vnimat podnét a reagovat danym szsobem"'ﬂ_
predurcena genetickym systémem. 1

» Receptory jsou pritomny v bunkach bakterii, rostlin, Zivocichll a hu

\ “::

Vazba extraceluldrni signalni molekuly na

(A) bunécné povrchové nebo

(B) intracelularni receptory.

(A) CELL-SURFACE RECEPTORS

plasma membrane
cell-surface

receptor protein

hydrophilic signal
molecule target cell

(B) INTRACELLULAR RECEPTORS

small, hydrophobic
—— / signal molecule
L]

o nd

carrier protein

intracellular receptor protein

target cell

nucleus




U rostlin dosud identifikovany hormonalni a jiné chemické receptory (NO, SA
svételné receptory (fytochrom, kryptochrom a fototropin)

gravitacni receptory...

(A) ION-CHANNEL-COUPLED RECEPTORS napf. rhodopsin,
= B 2 7inm zprostrfadk,ovava fototaxi
° a fotofobni reakce u

Chlamydomonas; kationty

»— signal molecule Y
! H*, K*, Na*, Ca?* prochazi

— plasma ) <
] membrane Vv reakci na svetlo.

°®

() e Pouze nékolik GPCR v rostlinach, hlavné u zivocichd
signal molecule

w 5 3 — 3

I A b L b | activated

inactive inactive inactive o — ——

receptor G protein enzyme receptor and NPE. <

G protein



(enzyme-coupled'r.)

(©) ENZYME-COUPLED RECEPTORS napr. fotoreceptor modrého svétla (phototropin)

signal molecule —__

',, signal molecule
in form of a dimer

[ [

OR
\ ) \‘-‘:-, Ay
inactive catalytic active catalytic activated
domain domain associated

Vétsina receptoru na povrchu rostlinnych bunék.
Vazba signalni molekuly na receptorovou kinazu bunécného povrchu
iniciuje intracelularni signalni kaskadu.

Receptorova kinaza - protein funguje jako receptor a prenasi tento signal
fosforylaci jiné molekuly (kinaza je enzym, ktery katalyzuje fosforylaci).

Transmembranové receptorové serin/threoninové kinazy:

maji typickou serin/threonin kinazovou cytoplazmatickou doménu a
extracelularni doménu vazajici ligand.

nejhojnéjsi typy maji tandem extracelularnich struktur bohatych na |
(leucin rich repetitive repeats LRR kinases), cca 175 v Arabidopsis

napr. receptor pro brassinosteroidy (BRI1)



3. Intracelularni prevod signalu

» Zpracovani signalu muze probihat pomoci molekularniho spinace nebo
plynule odstupnované odezvy. \ \

» V nejjednodussim pripadé bunka je predem naprogramovana tak, aby reagoval
na jeden podnét jednou odpovédi, jednim spinacem.

» Ale mechanismy, bunécné signalizace, jsou slozitéjsi a komplikovanéjsi.

» Spinace mohou byt redundantni, antagonistické, hierarchické nebo sekvencni.

» Integrace signalu

» Sekvence dvou inhibicnich signald
vytvari pozitivni signal

plasma
membrane B

¥

/ upstream signal \.

inactive
transcription ‘ J,@
regulator protein protein kinase

kinase - J_.

J < inhibitor protein
o | _a 1®
inhibitor protein Zrm transcription regulator
! {®
(A) GENE EXPRESSION (B) GENE EXPRESSION

» Signalni drahy se casto prekryvaji do komplexni signélm' sité (cross




Dva typy intracelularnich signalnich proteinﬁ
které funguji jako molekularni spinace: ‘

» Signalizace fosforylaci

» protein kinaza kovalentné pripojuje fosfat z ATP k signalnimu prote1
a protein fosfataza jej odstranuje

» Mnoho intracelularnich signalnich proteinu rizenych fosforylaci js*o
protein kinazy a ty jsou Casto organizovany do kindazovych kaskad.'

» Mnoho signalnich proteint je aktivovano spise defosforylaci nez fos

SIGNAL
IN

ATP protein protein
kinase phosphatase

Lha

oy

SIGNAL
ouT




Dva typy intracelularnich signalnich proteinﬁ
které funguji jako molekularni spinace:

» Signalizace vazbou GTP

» protein vazici GTP je indukovan k vyméné svého navazaného GDP za
ktery aktivuje protein |

» protein se pak sam inaktivuje hydrolyzou svého vazaného GTP na GD{P

Regulace GTPdzy napr. Ra
SIGNAL Moncgmirlg’éwase
IN
GTP GTP
binding hydrolysis
i lfl
>
GTP gl
SIGNAL
ouT ACTIVE

MONOMERIC GTPase




Outside of cell

Plasma Signal

Signaly musi1 byt membrane\ i

mplifikovan ;
.a Pl OYa y Cytosol | | Second 1. Signals interact with
intracelularne, aby se ' | messengers/ receptors and generate
zabranilo jejich ,,zredeni“ 4+ hormones secc?nd }:nessengers
a aby byly schopny regulovat and/or hormones.
jejich cilové molekuly.

*ﬂﬁ 2. MAP3K activates

Mitogen-activated protein C MAP2K by
kinase (MAPK) pathways phosphorylation.

konzervované mezi (P)
eukaryoty 3. MAP2K activates
*m MAPK by
C phosphorylation.

MAP kinase }

MAP kinase (MAPK) Active phosphatase Inactive

MAP kinase kinase (MAP2K) _ 5. MAPK phosphatase
Target protein inactivates MAPK by

MAP kinase kinase kinase dephosphorylation.

(MAP3K) 4. MAPK phosphorylates
target proteins that
induce the response.

zesiluji signaly k dosazeni
rychlé a masivni reakce na
environmentalni nebo
vyvojovy podnét




(second

messengers) cyoplasm

Nejcasteéjsi
prenasec v
rostlindch a
dalsich
eukaryotech

cytoslu
nebo BS

(reactive
oxygen
species)

Ca®* pump H/OH lon Cat*-permenble
transport transporters harrel
processes (e.g., SOS1, o

@ @ AKT1) ey

A O . oH®

T

I
i

®

lon transporters

Vacuole

1. Signal-induced activation of Ca?*-permeable ion channels
leads to an increase in the concentration of free cytosolic Ca®*.

2. Activated CBL/CIPK Ca?* sensor proteins interact with ion
transporters on the plasma membrane and the vacuolar
membrane.

3. Activated calmodulin (CaM) stimulates Ca%* pumps on
the ER.

4. Ca’* activation of membrane transporters triggers changes
in the intracellular and extracellular pH.

&Calcium ion @
0, 0; ——» H,0,

®

Nucleus

Y
H,0,

v

ROS
scavengers,
gene

NADPH NADP* +H* regulation

5. Plasma membrane NADPH oxidases are activated by direct
binding of Ca?* to N-terminal EF-hand Ca?* binding domains
or by N-terminal phosphorylation by CDPK, promoting the
formation of superoxide. Superoxide can dismutate via
superoxide dismutase (SOD) to the ROS H;0;.

6. Diffusion of H,0; into the cytosol alters the cellular redox
status, which may regulate the activity of transcription
factors and change gene expression.

7. Activated CDPK can regulate transcription factors in the
nucleus.




Nékteré intracelularni signalni molekuly (Ca2* a cyklické nukleotidy cAMP),

funguji jako druhotni prenaseci extracelularniho signalu.

Nékteré (cAMP a Ca%*) jsou rozpustné ve vodé a difunduji v cytosolu, zatimco
jiné, (diacylglycerol) jsou rozpustné v tucich a difunduji v PM.

Zvysuji koncentraci v reakci na stimul/aktivaci receptoru a difunduji od svého

~vrvrs

Napr. nizka koncentrace Ca?* v bunce (cytotoxin!) vytvari az 10 000 nasobny gradient a
funguje jako bunécny prepinac ve spojeni extracelularniho stimulu s bunécnou odpovéedi.

Kontrolni mechanismus v bunce, ktery vyvola prechodné 10- az 100-nasobné zvyseni
koncentrace Ca?* (pod toxickou hladinou) otevienim Ca2?* kanald ¢i spusténim pupm.

Oscilace Ca®* pri opylovani rostlin

Dvojité oplodnéni rostliny exprimujici CaZ* senzor,
ukazuje prechodné zvyseni Ca?* ve vajicku,
centralni bunce a pri fuzi se spermii s vajickem.

Pozitivni a negativni
zpétna vazba vytvari
Ca?* vlny a oscilace.

time 0sec 10 sec

20 sec
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lipidove signalni molekuly

\
|

druhotni prenaseci

Generované enzymy

(A) Head group T epe er s e e b
| Head group Lipid modifikujicimi lipidy.
Te—eip Choline PtdCholine PC . o
0=pP—0O~ Ethanolamine PtdEtn PE ZDUSObUJI prestavbu
PLC _’A Glycerol PtdGlycerol PG b vv s h b ,
Serine PtdSerine PS Unecnyc membran.
H,C—CH—CH, Inositol Ptdinositol Pl ~ . ., . K
& @ Inositolmonophosphate  PtdInsP PIP Je Obtlzne naJ]t JeJ]Ch
PLAT —2% <«— PLAZ Inositolbisphosphate PtdInP, PIP; . . ¥t
0=.|5‘ CJ"?O Acyl hydrolase S8 Phosphatidic acid  PA signalizacni cile.
Phospholipids (PLs) and/or galactolipids (GLs)
PLs/GLs PC PA PC PLs PC Ptdins(4,5)P;
Patatin-
;f_';}te‘j b RO LAy PLDa1 PLDS PLD: PI-PLC
hydrolase
LysoLipids + FA LysoPC + FA LysoPA + FA PA \ DAG + IP3
Oxylipin Jasmonic acid Vesicle ABA response‘ﬁubue Membrane Ca* flux
production? (JA) synthesis membrane ROS production cytoskeleton trafficking
Proton pumping? curvature and JA accumulation H,0; sensitivity
trafficking Lipid MAPK activation
l degeneration l
v
Abiotic stress Pollen maturation Shoot Stomatal Cell survival Cell Stomatal aperture
response? Anther dehiscence  gravitropism aperture Stress tolerance differentiation Drought tolerance
Pathogen Flower opening Water loss Root-hair Seed germination
defense? Senescence Freezing patterning Light perception
Auxin response? tolerance Stress response




Signalizace v rostlinach

» Mnohobunécnost a bunécna komunikace se u rostlin a zivoCichl vyvijely nezavisle

» Zatimco rostliny i zivoCichoveé pouzivaji k signalizaci NO, cyklicky GMP (cGMP), Cal'C
a GTPazy rodiny Rho, neexistuji zadné homology rodiny jadernych receptoru Ras..."

» Podobné se zda, ze rostliny nepouzivaji cAMP pro intracelularni signalizaci!

unicellular ancestor
of animals

ACQUISITION OF
mitochondrion e MULTICELLULARITY
nucleus DIVERGENCE i
OF ANIMAL
AND PLANT
LINEAGES /
\ ACQUISITION OF
MULTICELLULARITY
eukaryotic
common

ancestor cell

uniceltularf ; ACQUISITION OF
ancestor ot plants CHLOROPLASTS  chloroplast




L r P -
Autokrinni vs afacrllneR
signalizace . ('

Napr. hormony mohou o)
signalizovat uvnitr
bunék, v blizkosti nebo
daleko od mista jejich

syntezy.

/Receptor

Cell| —— [

Plasma ‘
membrane

(B) 20

Venus flytrap (Dionaea z "

muscipula) @ g0l
Rostliny mohou také Trigger S sof
vyuzivat velmi rychlé £ 100}
elektricke signalizace na Lobe é 20

dlouhé vzdalenosti,

v 7 o 7/ 4 v 4 o 7 Midrib
vyuzivajici akcni potencialy
(dosud nezndmo jak).

0 2 4
Time (s)




Hormony jsou chemické signaly, které jsou produkovany v jedné bunce a
moduluji bunécné procesy v jiné bunce interakci se specifickymi proteiny,
které funguji jako receptory a jsou spojené s bunécnym prenosem signalu.

Signal
transduction

Environmental Programmed
input development

v ooV

Hormone <
. | or
synthesis I
e o Feedback

Iranspoit to
site of action

!

Receptor

%.

——» Threshold

Na rozdil od drah zivocisnych
hormonda, rostliny obecné vyuZivaji
negativni regulatory (inaktivujici
represory), které umoznuji rychlejsi
aktivaci ndslednych genu odezvy...

Response termination

Compartmentation/
reversible conjugation

—>

—1—>» Catabolism

— Efflux



Homeostatické regulacni mechanismy
ovliviujici koncentraci hormonu

Amount
hormone

' » Hormony prenasi signaly a iniciuji fyziologické reakce pri vglm’i/ nizké

> Koncentrace hormonu je prisné regulovana tak, aby gig'nﬁxly produ
reakce, aniz by byla ohrozena citlivost na stejny signal v budoug
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Primarni umisténi rostlinnych receptoru v bufigé

» Fytohormonove
receptory:

Brasinosteroidy
Cytokininy
Etylén

Auxiny
Gibbereliny

Kys. jasmonova

vV v v v v v Y

Kys. abscisova
» Kys. salicylova

» Strigolaktone

» Mechanosensitive
receptors (Msc$)

Brassinosteroids

@dosome
h°

reticulum

Abscisic acid

Mechanical stimulus

MscS

Cytokinin

Endoplasmic  / 7,

Abscisic acid

PYR/PYL/RCAR

proteins

Gibberellin

‘Q . Nucleus

Ethylene

[ Chloroplast

\ Cytosol
_Plasma membrane\

J




Hormony a vyvoj rostlin

Metabolismus a homeostaza

Hormonalni signalni drahy

(A) Auxins (B) Gibberellins (C) Cytokinins
CH, — COOH _— HE
| NP
|
H HN )
Indole-3-acetic acid N
(IAA) N7 | >
Q /
N N
Kinetin

(E) Abscisic acid (G) Salicylic acid

GA; R=OH o)

OH

OH

COOH (F) Brassinosteroids -

(S)-cis-ABA
(naturally occurring
active form)

(1) Jasmonic acid

HO o

HO

(0]
Brassinolide

COOH

(D) Ethylene

H H
\C_C/
ST TN
X H H
NH
H
NN
L)
N N
Zeatin

(H) Strigolactone




Dvouslozkové (two-component)
signalizacni systémy bakterii

Fa Fan =y
Input
Sensor domain
protein
(histidine < ;|<
kinase)
Transmitter
. H
domain ®
=7
~ The phosphate group
is transferred from the
transmitter domain of
the sensor protein to the
£ A receiver domain of the
Receiver response regulator.
domain D
Response i
regulator < ;];
protein -
Qutput
domain
L o
Response

(gene expression)

Multistep phosphorylate
pathways (MSP) in plants

1. The cytokinin receptor CRE1 probably
functions as a dimer. Cytokinin binds to the
CHASE domain, which resides either in the lumen
of the ER or extracellularly. Two other hybrid
sensor kinases (AHK2 and AHK3) may also act as
cytokinin receptors in Arabidopsis.
. . Endoplasmic
Hybrid sensor: Reticulum

Inactivated by degradation by
Cytoklnm i« cytokinin oxidase and by glycosylation

CHASE

/l S\

~

histidine kinase
(AHK)

2. Cytokinin binding to these
receptors activates their histidine
kinase activity. The phosphate is
transferred to an aspartate residue
(D) on the fused receiver domains.

Cytosol

3. The phosphate is then transferred
to a conserved histidine present in
an AHP protein.

Arabidopsis histidine - =
phosphotransfer % Phospharylation

(AHP) proteins Nucleus
4. The AHP proteins transfer the

phosphate to an aspartate

residue located within the

receiver domain of type-A and

type-B ARRs.

Arabidopsis response

NH4
5 His kinase \ cpp1 AHK2, AHK3
domain
Receiver
domain

COOH COOH
9. The pseudo HPs lack the His
site of phosphorylation and

@ ® @ negatively regulate the pathway.
AHP |———Pseudo HPs

6. The type-A ARRs also are likely
to be phosphorylated by the AHP

protems The type-A ARRs are

found in both the nucleus and

the cytoplasm (not shown).
Phosphorylation

Receiver

Output

regulators (ARRs) TF domsin _ domain Ty"e'A A
Type-B ARR 7. The phosphorylated
5. The phosphqrylation of the / type-A ARRs feed back
type-B ARR activates the output SCEKMD to negatively regulate
domain to induce transcription of P ® ) ~ cytokinin signaling, thus
genes encoding type-A ARRs. / E e dampening cytokinin
responses. Type-A ARR
T pcyied
Degradation by levels rise in response to
265 proteosome DNA cytokinin as a result of
Type-A ARR increased ‘transcr_iption
transcription and protein stability.

8. The type-B ARRs are
ubiquitinated by the SCFKMP
ubiquitin ligase complex and

degraded by the 26S proteasome.

mRNA ‘_/, Cytokinin

responses

10. The various genes whose transcript
levels are altered by the type-B ARRs, as
well as their downstream targets, mediate
the response of the cell to cytokinin.



Také odvozeno od dvouslozkového
regulacniho systemu.

Zahrnuje membranové vazané
senzorové proteiny (ETR1) a
cytosolické regulatory odezvy.

V nepritomnosti etylénu jsou
receptory a CTR1 aktivni, coz
zpusobuje ubikvitylaci a destrukci
EIN3 (transkripcni regulacni protein
v jadre).

Vazba etylénu zpUsobi, ze EIN3 neni

degradovan a aktivuje geny
reagujici na etylén.

Etiolated (dark-grown)
pea seedlings

+ 10ppm ethylene

e

/

(A) ABSENCE OF ETHYLENE

active ethylene
receptor

copper ions

CYTOSOL
ER membrane

S0

active
— kinase
domain

+
¢ polyubiquitin
* chain

EIN:/
= - degradation in

proteasomes

ETHYLENE-RESPONSIVE
GEMNES OFF

(B) PRESENCE OF ETHYLENE

inactive
ethylene ethylene
receptor

— inactive
CTR1

TRANSCRIPTION OF ETHYLENE
TARGET GENES
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Signalni transdukcéni drahy v rostlinach casto!
funguji tak, ze inaktivuji represorové proteinyg
» Negativni regulatory vedou k rychlejsi indukci naslednych gent odezvy.

» Rychlost odezvy (napr. sucho) je rozhodujici pro preziti prisedlé rostliny. |

» Nékolik mechanismu véetné defosforylace nebo degradace represoroveho

proteinu, napr. ubikvitin-proteazomova draha (ubiquitin-proteasome pat

Target
protein

.

UbquItm/ -

—> 265 proteasome

1. Ubiquitin 2. Ubiquitinis 3. Ubiquitinated E2 4. The target 5. The target
undergoes transferred forms a complex protein is protein is
ATP-dependent  to E2. with E3 ligase and  ubiquitinated by degraded by the
activation by E1. the target protein.  the E2-E3 complex. 26S proteasome.

» Ubiquitin je aktivovan E1 (ubiquitin-activating enzyme).

» Rodina velkych proteinovych komplexu S-PHASE KINASE-ASSOCIA
(Skp1)/Cullin/ F-box (SCF) complexes funguji jako E3 ubiquitin



AUIIAA repressor protein Nucleus (B) Degradation of the AUX/IAA repressor by the 265 proteasome

inhibits ARF transcription factor.

Nucleus Partial auxin
binding site
AUX/IAA
repressor
Auxin + +
Partial auxin
binding site
complex,
: : TIRT
E1 ligase E2 ligase SCF
_)..
Th i i
e s rcsptor
compiex, SCFTIRT, - = -
Ubiquitin

Polyubiquitin.
AUX/IAA
repressor is ¢

SCFTIRT ubiquitin
ARE ubiquitinated e E3 ligase auxin
transcription by activated chp >~ receptor complex
factor is auxin receptor. > - L
activated. ¥ ubiquitinates the
R ein AUX/IAA repressor.
degraded by

proteasome in
the nucleus.

Auxin-regulated genes

lZGS proteasome

Transcription

E}Q O i AUX/IAA degradation
@) p by 26S proteasome
Pe)

Gene expression




kdmplex

Nucleus

AUX/IAA repressor protein
inhibits ARF transcription factor.

Jasmonate response Gibberellin response

Nucleus Nucleus

JAZ repressor protein DELLA repressor protein
inhibits MYC2 transcription factor. inhibits PIF3/4 transcription factor.

Gibberellin-regulated genes

—

Gibberellin (GA)

DNA

The auxin receptor is
a ubiquitin E3 ligase
compiex, SCFTIRT,

On binding to
the GA-receptor
complex the
DELLA repressor
is ubiquitinated

Polyubiquitin.

by SCFSLY,
AUX/IAA ¢
repressor is
- JAZ repressor Repressor
ARF Eb'qilt'nftsd o e is ubiquitinated PIF3/4 protein is
transcription aZ:icn L\;ieeptor GCQ:) by actlvatted ;Era?scr_lptlon degraded by
factor is : Jasmonate actor is roteasome in
activated Y = receptor SCFCO!T. = activated. '?he nucleus.
. Repressor Repressor Y
protein is !c\:le:(ncsiri ti protein is
ption degraded b : f
degraded by factor s 9 Y. Gibberellin-regulated genes
proteasome in activated proteasome in . ‘ J
h I ’ the nucleus. S
the nucleus. Y 1 —

Transcription

Auxin-regulated genes Jasmonate-regulated genes

Gene expression

Transcription Transcription

) Gene expression
Gene expression



GA perception GA20x
inactivates GA,.

G
GA
receptor

GA causes
DELLA
degradation.

DELLA stimulates
expression of some genes
and represses others.

GA respons

je regulovana radou mechanismu se
zpétnou vazbou zahrnujicich slozky jak
prensou signalu GA, tak biosyntézy GA.

DELLA inhibits
GA responses.

— Plant growth

GA inhibits the

last two steps

in the biosynthetic
pathway by causing
DELLA to be degraded.




Primary interactions Secondary interactions Tertiary interactions

Positive Negative Positive Negative Positive Negative
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Multistep phosphorelay pathway integrates hormonal  »CROSSTALK™
and environmental signaling during abiotic stress Sipiios) osou
responses (Skalak et al., 2021)
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\

Svetelna odezva zprostredkovana fytochromy'iﬁ--,}_

» Slunecni svétlo slouzi nejen jako zdroj energie pro fotosyntézu;
ale také jako signal, ktery reguluje rizné vyvojové procesy!

CYTOSOL

A
g

LIGHT-INDUCED .
AUTOPHOSPHORYLATION P
AND ACTIVATION
=

s

{

N active
inactive phytochrome
- ~ .
phytochrome £k (kinase)
TRANSLOCATION
TO NUCLEUS

» Phytochromy jsou fotoreceptory,
které absorbuji:

\
» red and far-red light (600-750 transcription 1/ NUCLEUS

nm) ~ phytochromes (PHY) regulatory i‘ _
. protein ‘ coactivator
» blue light (350-500 nm) ~

cryptochromes (CRY),
phototropins (PHOT)

» UV-A (320-400 nm) ~ UV
RESISTANT LOCUS 8 (UVR8)




