i drahy?

aln

ty:
le¢ného sign

LIV 4

aji spo

Pribéh Ses
Com




Paralelismus v recepci auxini a jasmonati

« SCF-komplex
« Receptor = F-box protein
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Struktura SCF komplexu

« SCF komplex = RING-BOX1 + Skp1 + Cullin + F-box protein




Jasmonatova signalisace IEEPGING

o-linolenic acid

l LIPOXYGENASE
e Jasmonat je derivat mastné kyseliny cooR
* PI'CkllI' Z0r OPDA — Chloroplasty 13-hydropero§:))(r)lglolenic acid
« Maturace v peroxisomech ! ALLENE OXIDE SYNTHASE

: COOH
o Indukuje obranu pfed herbivory =N =

O
o M eJ A j ako VOlatilni Si gn ‘Eil 12,13-epoxyoctadecatrienoic acid
ALLENE OXIDE CYCLASE
o JA-Ile — bioaktivni (JA je neaktivni) ) -
ﬁ \ Qe k (98, 13S)-12-oxo-phytodienoic acid
! ‘ g ) ‘ 12-OXO-PHYTODIENOIC ACID
10,11 REDUCTASE

o)
3-0x0-2(2'[Z]-pentenyl)-cyclopentane-1-octanoic acid

“ ¢ 3 Cycles of B-oxidation

COOH

” —

0]
(3R, 75)-jasmonic acid




Objev jasmonatu

« Jasmondty objeveny v 60. letech (jako slozka jasminového oleje)

o V 80- letech byl identifikovan vliv na rostliny

o jar mutanti — MeJA nezpisobuje inhibici ristu kofent

e coi-1 mutant je necitlivy ke koronatinu

o Koronatin - toxin bakterie Pseudomonas syringae, mimikuje JA-Ile

e JA nedetekovina u Physcomitrelly, je u nékterych




Jasmonatova signalni draha

o Identicky mechanismus jako auxin (TTR1)

« SCF-komplex stimulovany jasmonaty

« Receptor COI1 (CORONATINE INSENSITIVE)
— F-box protein

« Degraduje JAZ (JASMONATE ZIM-DOMAIN PROTEIN)
inhibitory transkrip¢nich faktori (MYC2)

Model for JA signaling

JA-response genes o
¢

Resources directed Resources directed
toward growth toward defense




TOPLESS — univerzalni represor

TOPLESS

e Interakce s AUX/IAA =

e JAZ ¢i NINJA (NOVEL INTERACTOR
OF JASMONATE ZIM-DOMAIN PROTEIN)




COI1 je sestersky protein k TIR1

AFB3
AFB2

« LRR skupina F-box proteint

TIR1
AFB1
e Ovsem AUX/TAA aJAZ jsou AFB4
AFB5
nepribuzné proteiny con
At5g07670
At5g51370
. . . ., At5g51380
« Geny pro JA signalisaci maji 50
uz streptofytni ras At3907550
ptofytni fasy
VFB2
VFB4
o Ale u Physcomitrelly nebyla At3g54480
) . ) . . ORE9/MAX2
identifikovdna JA, pfestoze mutace At2435280

At4g45360
At5g56180
At1g80570

At5g01720

syntézy OPDA je lethélni




+ JA signaling

+ NINJA

+ JAZs with Jas domain
COI1/TIR1 divergence

+ Auxin biosynthesis

+ Auxin signaling
+ GH3

+ OPDA biosynthesis
+ JA biosynthesis

JA signalisace vznikla odstépenim od IAA

Han (2017)

Eudicots
Monocots
Gymnosperms
Lycophytes
Mosses
Liverworts
Zygnematales
Coleochaetales
Charales
Klebsormidiales
Chlorokybates
Mesostigma
Chlorophytes
Rhodophytes

Glaucophytes




Jasmonaty a dehiscence

o Porucha syntézy JA blokuje
dehiscenci prasniki
o Defektni vyvoj sporangia je dolozen

i u mechu Physcomitrella

Stumpe (2010)
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Gibberelliny a strigolaktony

e Signalisace zalozena opét na degradaci represora TF

» Receptor ale neni F-box protein

Hormone binding and \

conformational change

Recruitment of the
a/f3 hydrolase SCF complex and targets No catalytic
activity activity

Ubiquitination

- SC FF'.-'.I AX2/D3 Of ta I'g E‘TS
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Gibberelliny Gibberellic acid

o Terpenoidy, stovky derivita
o Sedm aktivnich (GA, - GA))

e Izolovano z houby Gibberella fujikuroi

o Stimuluji elongaci, prolomeni dormance, kveteni, tvorbu semen




Gibberellinova signalisace

e Receptor GID1 (GIBBERELLIN INSENSITIVE DWARF1)

Hydrolaza s afinitou ke GA, po navizidni zméni konformaci

« GID1-GA ziskdva afinitu k DELLA represoraim TF

« GID1-GA-DELLA je degradovin SCF
Protein SLEEPY1 jako F-box

A 4

GA

GA responses SCESLY1/GID2 ._ responses
‘ ON

\?l T * SCFSLY1/GID2 l
DELLA =—» DELLA —P DELLA ‘

_. l'
/V _- Poly-ublqumn




Strigolaktony

o Terpenoidy, dvacet derivita
o Transport z kofeni vzhiiru
e Stimuluji apikdlni dominanci

o Inhibuji vétveni
(max mutanti, MORE AXILLARY BRANCHEYS)

o Aktivuji arbuskuldrni houby

prostiednictvim exudata

« Zneuzity parazity
(Striga)




HOST PLANTS

Par factors?

%

= 3 —
AI’ buskulzirni Hyphal branching 0 .o Germination
mykorhiza je factors stimulants

doloienéjii Wl ARBUSCULAR MYCORRHIZAL
mechorostt FUNGI

ROOT PARASITIC
PLANTS




Strigolaktonova signalisace

« Receptor DWARF14 (DAD2, DECREASED IN APICAL DOMINANCE)
Hydrolaza s afinitou k SL, po navizani zméni konformaci, zaroven stépi SL

o Stimuluje degradaci DWARF53 skrze SCF s DWARF3(MAX2)

Hormone binding and
conformational change

Recruitment of the
SCF complex and targets No catalytic
activity

Ubiquitination ”“\
of targets
DELLA LJI)
u Y

Degradation of targets © J

26S proteasome
SIMXL ( L




Predek “land plant” zfejmé mél SL signalisaci

STREPTOPHYTES

EMBRYOPHYTES

BRYOPHYTES VASCULAR PLANTS

t
<
S
&
&
~
&

Waters (2017)



Strigolaktony

« U mechi jsou strigolaktony
difusibilni reguldtor vétveni
protonematu
— gourum sensin signal

. Rasy kromé paroznatky
nevylucuji strigolaktony

e SL ovliviiuji jiz i rast
rhizoidl paroznatky

o Ziejmé primarné fungovaly
strigolaktony jako endogenni
rostlinné hormony

Proust (2011) Delaux (2012)
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Ethylén

« Objeven na zikladé opadu listi
v blizkosti plynovych lamp

o Triple-response

e Mutanti:
ein — ethylen insensitive
ctr — constitutive z‘rip[e response

o Transkripéni faktory: EIN3, EIL
(EIN3-like)

« Regulované geny: ERF
(EIN-RESPONSE FACTORS)

 F-box proteiny: ETP, EBF
 Receptor: CTR1
e Prenasec¢: EIN2

\ ! ein3-
| eil1-3

. ebf1-3
ebf2-3 ebf2-3 |




Ethylén

« ETR1+CTR1 - homolog Raf MAPKKEK; ale chybi odpovidajici
kindzova drdha

« CTR1 lokalisovin na ER, EIN2 kolokalizuje s CTR1, ale md i

jadernou lokalisac¢ni sekvenci !!

« EIN2 je fosforylovin CTR1, po fosforylaci je degradovin
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@ £
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inactive Cytoplasm

26S proteasome
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Ethylén

o Ethylén = vize ETR1, CTR1 pfestane fosforylovat EIN2

« EIN2 se nedegraduje, ale stépi a C-term. doména jde do jadra
o Aktivuji se EIN3 a EIL1 transkrip¢ni faktory

o Spousti se exprese ERFs (ETH. RESPONSE FACTORs)
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Role SCF komplexu v degradaci EIN3
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Evoluce ethylénové signalisace

« Receptor ETR1 pochdzi genovym transferem ze sinic!

« Kompletni sada signdlnich komponent je pfitomna
jiz u pokrocilejsich streptofytnich ras

Biosynthesis Receptor Signalling Transcription factor
1 1
CTRT EIN2 EIN3 ERF1

Oryza
Amborella

L IRV Ty T T

DRI 0 Pl':cea
' Selaginella
Physcomitrella

Chlamydomonasg

Porphyridium

Cyanophora
ostoc




Reaguji fasy na ethylén?

. szrogym elonguJe bunky po pridani ethylénu = pravdépodobné

muze souviset se schopnosti uniku z hlubiny

» Nejsilnéji se méni exprese genti pro modifikaci bunécné stény,
zejména expanziny a Xyloglukan endotransglukosylizy/hydroldzy
= souvisi s rozvolnénim BS ... To samé se déje pfi zrani plodi !!!!

« Downregulace fotosynthesy

. Ethylénovai signalisace je zfejmé
primarné odpovédi na abioticky
stres (anoxie, tma, ...)

Ju (2015), Van de Poel (2016)




Ethylénova signalisace u Spirogyry

 Receptor ETR1 ponékud napravuje fenotyp mutantni Arabidopsis
o Prenasec signdlu EIN2 se relokalisuje do jadra po aktivaci ethylenem

Ju (2015) Nature Plants
GFP ER-RFP Merged

Col-0 etr1-7 etr2-3
ein4-4

35S-SpETRI

355-SpEIN2(C-term)-GFP (etr1-7 etr2-3
(onion epidermal cells) eind-4)




Gametofyticka inkompatibilita pylu

SLF/SFB S5-RNase a. Compatible pollination

5,-RNase

e

o S-lokus u Solanaceae ]
S-RNase + F-box protein Z

« RNasa — produkovana ¢nélkou P

HS-'E'.

« F-box protein —lacka 8, pollan uibe

® F bOX Pl'Oteln degradUJe b. Incompatible pollination
RNasu, pokud neni z S -RNase

vlastniho lokusu ot

 Pouze cizi pyl prezije
- U ~5 0% rostlin, puvodm ty

:

S, pollen tube

L ELF. ' -:r.n. alytic o Domeki
hitsitesr D




Sporofyticka inkompatibilita pylu

o S-lokus u Brassicaceae _
SRK = Ser/Thr kiniza Model of Cellular Responses to Self-Incompatible Pollen

SCR - CyS I'iCh pI‘OtCiﬂ -'- SE”:InCGmpE;t'ble ponen I_
' SP11/SCR :-:-.. :

« SRK —receptor blizny

. Pollen
« SCR - sekretovin tapetem | et . Rejection
je na povrchu pylu | = |

Vg Inhibit --t ?
e« SRK rozezna vlastni SCR : bl ?Ocy Po: PN
7

_ 4
- degradace Ex070 ' . BRI—— &3
P v
B ,»@JEW"DM
o Zabrani se exocytose vody 7£&5 €) .2
_ . o {5‘%;
A ,
Proteasome ‘:’:*
ER
central vacuole Stigmatic Papilla Nucleus

Figure 2. Model of Cellular Responses to Self-Incompatible Pollen. When ‘self’ pollen lands on the stigma
{at the top of the pistil}, the pollen ligand, SP11/SCR, binds to the 5 Receptor Kinase (SRK)}. SRK activates a
signaling pathway in the stigmatic papilla to reject the pollen. The downstream signaling proteins in this
pathway includes the M Locus Protein Kinase [MLPK} and the ARC1 E3 ubiquitin ligase. When activated,
ARC1 inhibits Exo70A1, a factor that is needed in the stigma for pollen hydration and pollen tube growth.
As a result, fertilization by the “self’ pollen (and inbreeding} is prevented.




Shrnuti

o Vétsina signalnich drah u rostlin funguje na principu

dereprese a vyuziva ubiquitinyla¢ni aparat (SCF komplex)
 Receptory IAA a JA jsou primo blizce pribuzné F-box
proteiny
» Gibberelliny a strigolaktony maji pfibuzné signilni drahy,
receptory stimuluji degradaci represora transkripce

« Derepresni mechanismus VyuzwaJl i mladé 51gnaln1 drahy
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