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Rist na svétle
(fotomorfogeneze)

»Skoto“ = tma




Fotomorfogeneze

Proces, pri kterém sveétlo jako signal zméni vyvoj rostliny tak, aby mohla
pro svij dalSi rast vyuzit svétlo jako energii.
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- Zakladni fotomorfogenické
reakce:

- inhibice prodluzovani
- stimulace syntézy chlorofylu

- stimulace rustu listu



Pri fotomorfogenezi je svétlo zachycovano pigmenty, které
jsou soucasti fotoreceptoru:

- FKF1 (FLAVIN BINDING, KELC REPEAT, F-BOX PROTEIN 1
- LKP2 (LOV KELCH PROTEIN 2)

» UV-B: UVRS8 (UV RESISTANCE LOCUS 8)

Update 2020
Liu H et al. (2020) Journal of Integrative Plant Biology 62: 1267-1269



a) Vlastnosti a lokalizace fytochromu

TABLE 17.1

Typical photoreversible responses induced by phytochrome in a variety of higher and lower plants

Group Genus Stage of development  Effect of red light P‘ﬁj em sv étl a fyt o Ch r Omy

Angiosperms  Lactuca (lettuce) Seed Promotes germination v . ~ aw 7
Avena (oat) Seedling (etiolated) ~ Promotes de-etiolation (e.g., leaf unrolling) a prenos SIQ nal use IISI
Sinapis (mustard) Seedling Promotes formation of leaf primordia, Vv rﬁznych Qrgénech

development of primary leaves,and

production of anthocyanin
Pisum (pea) Adult Inhibits internode elongation
Xanthium (cocklebur)  Adult Inhibits flowering (photoperiodic response)
Gymnosperms  Pinus (pine) Seedling Enhances rate of chlorophyll accumulation

Pteridophytes ~ Onoclea (sensitive fern) ~ Young gametophyte ~ Promotes growth
Bryophytes Polytrichum (moss) Germling Promotes replication of plastids stimulace inhibice
Chlorophytes  Mougeotia (alga) Mature gametophyte  Promotes orientation of chloroplasts to

directional dim light

PLANT PHYSIOLOGY, Third Edition, Table 17.1 © 2002 Sinauer Associates, Inc.






3 nasledujici témata

1) Fotoreverzibilita a jeji vztah k reakci fytochromu
2) Struktura fytochromu a konformaéni zmény
3) Geny kédujici fytochromy a jejich funkce ve fotomorfogenezi



1) Fotoreverzibilita a jeji vztah k reakci fytochromu

Absorbance
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] = [fyziologicka reakce]

fyziologicka reakce

Tma = prodluzovani Svétlo = zkracovani
(stimulace) (inhibice)
— Pfr | — Pfr{

je fyziologicky aktivni forma fytochromu => absence zpusobuje neschopnost

rostliny reagovat na svétlo



2) Struktura fytochromu a konforma€ni zmény

Chromophore: phytochromobilin
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Update 2014

Baker AW, Forest KT (2014)

¢ Quaternary effects

Nature 509: 174-175 B i " gh . P :
Takala et al. (2014) ST TS > R
Nature 509: 245-258 Tongue — 54 ¥ g e VAL

Chromophore

E
o a Chromophore b Tongue refolding
& isomerization b
o £
(5] - 4 -~ )
o o f
é— 10° ' L.'.-L — __:}‘ 'Lf\ u —
& el A
=3 i h-“._ | W
- %Y rf" &4 & b =
B ' : ey -
S - |
T 1004 &
o
1012 104 105 103 1

Time after illumination (s)

b) Reorganizace klicové sekundarni struktury zvané ,,tongue*: struktura B-hairpin se méni
na strukturu a-helix (tisicina sekundy).

c) Uzaviena kvarterni struktura fytochromu (vyskytujici se ve tmé) se otevira a vznika konformace
ve tvaru Y; typicka pro fytochrom v burikach na svétle (~ setina sekundy).




3) Geny koédujici fytochromy a jejich funkce ve fotomorfogenezi

PHYA —— mRNA—— —— Pfr — Reakce
| N
Degradace Degradace

¢ dvoudélozné — degradace Pfr



1

- phyA neni degradovan
- phyA funguje jako svételny senzor
Dark 01 1 10 100 180

Photon irradiance Re (umoim<s')
Franklin KE, Whitela GC (2007) Plant Sign Behavior 2: 1-3
Analyza quintuple mutanta u Arabidopsis (phyAphyBphyCphyDphyE):
fytochromy nejsou jedinymi receptory cerveného svétla, ale rostlina
bez fytochromul inkubovana na RL zastavuje svuj rast brzy po vyvoji

déloh; modré svétlo prijimané kryptochromy tuto blokadu vyvoje
uvolnuje.

PHYB - E — exprese neni ovliviiovana svétlem => transkripéné aktivni v etiolizovanych
i zelenych rostlinach; proteiny phyB - E jsou stabilnéjsi

R
PHYB - E —— mRNA —— «—— Pfr —— Reakce
FR



Lokalizace fytochromu v bunikach a pletivech

e [
Epicotyl '

' Transformace rostlin
Sledovani exprese PHYA
v bunkach a pletivech

Concentration of phytochrome ——»

PLANT PHYSIOLOGY , Third Edition, Figure 17.6 © 2002 Sinauer Associates, Inc.
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b) Reakce rostlin zprostredkované fytochromy

Ozarenost (fluence, fotonovy proud) = pocet fotonl dopadajicich
na jednotku plochy (mol . m-2)

Ozarenost za casovou jednotku (irradiance, fluence rate) = pocet fotonu
dopadajicich na jednotku plochy za jednotku ¢asu (mol . m-2 . s)

Rozdéleni reakci podle rozsahu ozarenosti, které ji vyvolavaiji:



a) Very-low-fluence responses (VLFRs) (reakce k velmi slabé ozarenosti)

N e N — E—— E— A— S AS————— A * AS—————
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LFR:
Reciprocity applies, Reciprocity applies,
not FR-reversible FR-reversible

HIR: Fluence rate
dependent, long
irradiation required,
and not photo-
reversible, reciprocity
does not apply

Vyzaduje prodlouzeni svételného impulsu ¢i
kontinualni svétlo o vysoké intenzité

Relative response ——— >

- Indukce syntézy antokyaninti

- Inhibice ristu hypokotylu

- Indukce kveteni ] ] ] 1 ] ] ] ] | |
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Log fluence (umol m™2)

PLANT PHYSIOLOGY , Third Edition, Figure 17.7 @ 2002 Sinauer Assaciates, Inc

- Indukce produkce etylénu



Akéni spektrum LFR pro fotoreverzibilni stimulaci a inhibici kliCeni

Arabidopsis semen
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AkcEni spektrum HIR pro inhibici prodluzovani etiolizovaného hypokotylu
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AkéEni spektrum HIR pro inhibici prodluzovani hypokotylu
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c) Ekologické funkce fytochromti

Proud fotonu pfi 660 nm 10 nm

R:FR=
Proud fotonu pii 730 nm *10 nm



R : FR v rliznych prostredich

TABLE 17.3
Ecologically important light parameters

Photon flux density

(umol m=2 s71) R/FR?
Daylight 1900 1.19
Sunset 26.5 0.96
Moonlight 0.005 0.94
vy canopy er 7 0.13
Lakes,at a depth of 1T m
Black Loch 680 17.2
Loch Leven 300 3.
Loch Borralie 1200 2
Soil, at a depth of 5 mm 8.6 0.88

Source: Smith 1982, p.493.

Note: The light intensity factor (400-800 nm) is given as the photon flux density, and phyto-
chrome-active light is given as the R:FR ratio.

9Absolute values taken from spectroradiometer scans; the values should be taken to indicate
the relationships between the various natural conditions and not as actual environmental
means.

PLANT PHYSIOLOGY, Third Edition, Table 17.3 © 2002 Sinauer Associates, Inc.



Shade avoidance (unik ze stinu) = reakce rostlin k zastinéni

-

R:FR=0,8 :> - redukce velikosti listh
- ubytek chlorofylu
- redukce tvorby sec. vyhont

Update 2020
Romero-Montepaone S et al. (2020) Plant Cell Environ 43: 1625-1363

Zvysena teplota prostredi zvySuje reakci rostlin k zastinéni.



Denni rytmy (circadian rythms)

Denni rytmy =

Endogenni oscilatory

- rostliny
- zivocCichové

- nezavislé na teploté => funkcéni v riiznych klimatickych podminkach
- modulovany svetlem => denni rytmus: 24 hodin



Specializace fytochromu

Geny PHYA — PHYE jsou velice podobné, funk¢éne se vsak lisi

- nereaguje na stin
- nereaguje k FR aplikovanému na konci dne
- neni schopen reagovat na R/FR reverzibilni indukci kliCeni

PHYB je zodpovédny za citlivost rostlin k R a zprostredkuje
fotoreverzibilni kliceni semen



PhyA je receptor pro kontinualni FR.

R
FR \ ‘
\ ﬁT Mutanti s deficitem v PHYA
AN

FR-reslIstentni Mutanti s deficitem v chromoforu
mutanti a nebo v PHYB



Role fytochromu C, D a E ve vyvoji rostlin

Funkce phyC, D a E se prekryvaji s funkcemi phyA a phyB. Hraji doplinkové role.

W
WT

S
g % Fotoreceptory phyC, D, E a novy receptor ZEITLUPE
% E" zprostiedkuji tuto expresi a reakce denniho cyklu.

Py phyd

Perelman et al. (2003) Plant Physiol 133: 1717-1725

Update 2016
Montgomery BL (2016) Frontiers in Plant Science 7, art. no. 480
Kong S-G, Okajima K (2016) Journal of Plant Research 129: 111-114



Interakce phyA a phyB v shade-avoidance reakci

Continuous illumination
A

-
Red

Primé slunec¢ni svétlo:

Far red Red Far red Red

Hodné FR => zpoc¢atku
de-etiolizace fizena
phyA. PhyA je labilni =>
pozdéji de-etiolizace
fizena phyB

PLANT PHYSIOLOGY , Third Edition, Figure 17.15 (Part 2) © 2002 Sinauer Associates, Inc



d) Bunecny a molekularni mechanismus funkce
fytochromu

(- %

\ Finalni reakce = zmény v riastu a vyvoji

Z N

Rychlé reakce Pomalejsi reakce
(turgorové - proudéni iontt) (dlouhodobé, i exprese genu)




Rychlé reakce

Nyktinastie list a listku citlivky stydlivé (Mimosa) — spici pohyb, pf. cirkadialniho
pohybu (stfidani maxima a minima béhem 24 hodin)
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R (Gervené) a B (modré) svétlo stimuluje o o
otevirani listti; FR rusi efekt R => Zapojeni fytochromu



Fyziologicky mechanismus pohybu listli — zmény v turgoru bunék pulvinia

Zmeény v turgoru bunék dorzalnich a ventralnich bunék
= zmeny v proudéni K* a CI

otevirani listl
zavirani listu

(A) Open (B) Closed
Svétlo
Ventral
Ventral motor cells

zprostiedkované fytochromy

\

_ ) /gNDorsal
Epidermis /\\/ motor cells
Vascular tissue

Lag faze zavirani listd ~ 5 minut => kratka doba na expresi genl => pfima indukce zmény
propustnosti membrany prostrednictvim fytochrom

Dorsal
motor cells

PLANT PHYSIOLOGY , Third Edition, Figure 17.14 © 2002 Sinauer Associates, Inc



Pomalé reakce

Fytochrom reguluje expresi gent

transkripci specifickych genu.

Exprese rannych gent = gent primarni reakce (primary response genes) -
nezavisla na syntéze proteinti (MYB geny)

Exprese pozdéjsich gent = genll sekundarni reakce (secondary response genes) -
zavisla na syntéze proteinti (LHCB geny)



Fytochromem fizena regulace exprese genti MYB a LHCB

Svétlo

g, 7~

—)

:P

MYB-related protein mRNA
o
=2

VNYW gOHT

LHCB — gen sekundarni reakce

| | | | |
0 2 4 6 8 10 12

Time in light (hours)
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CCA1 (Circadian Clock Associated1)

ate elongated pocotyl (patii k MYB geniim) — transkript osciluje
s dennim rytmem

CCA1 a LHY hraji roli v dennich rytmech



Denni oscilator - transkripéné-translacni negativni zpétna vazba — nalezen

u bakterii, hub, hmyzu a savcu; synchronizuje fyziologické a vyvojové udalosti
rostliny s dennimi a roénimi zménami v okolnim prostredi

Tma Alabadi D et al. (2001) Science 293: 880-883

@
L

TOC1/ PRR1 CCAT1

Light

ENENIIG QENESE s CRY1, CRY2
ELF4

LHCB and other
morning genes

PLANT PHYSIOLOGY . Third Edition, Figure 17.18 © 2002 Sinauer Associates, Inc. Steve Kay C' RObertson MCCIung
CHE (CCA1 Hiking Expedition) - TF, blokuje expresi CCA1 vazbou k jeho
promotoru. TOC1 se vaze k CHE, blokuje CHE a uvolnuje expresi CCA1.
Update 2015 a 2016 TOC1=Timing of CAB expression

Romanovski A, Yanovsky MJ (2015) Frontiers in Plant Science 6: 1-11
Nohales MA, Kay SA (2016) Nature Structural & Molecular Biology 23: 1061-1069



Fytochrom funguje v jadre — aktivuje transkrip¢ni faktory. Je vsak
lokalizovany plvodné v cytoplazmé => musi byt premistén do jadra.

Sharma R (2001) Current Science 80: 178-188 ) Fytochrom se premist'uje do jadra vlivem svétla

Transformace rostlin

d

Sledovani exprese PHYB
v bunkach a pletivech




Regulace genové exprese fytochromem B

PhyB je syntetizovan

v cytoplazmé ve formé PrB PIC iniciuje transkripci MYB genu

(CCA1, LHY)

Cytoplasm

Nucleus

PIF 3/PIF 3
G-BOX | [ TATA | [ MYg] DNA

\l
(PirB)
e

fotomorfogenezi)

|
- reaguje s C- terminalnim koncem
MYE) (PO PfrB => PIF3 a PfrB tvori komplex
[ [ [TATA | [ LHCB]

j 3) Prostfednictvim COP1
I \ 1

Ve formé PfrB je fytochrom PfrB se vaze Transkrip¢nifaktor MYB
transportovan do jadra k dimeru PIF3 aktivuje transkripci LHCB

f/

PIC — Pre-Initiation transcription Complex



Regulace genové exprese fytochromem A

3) ProstFednictvim COP1 Regulace exprese prostirednictvim COP1:
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Represe exprese fotomorfogennich
— ‘/ genu diky ubiquitinaci transkripénich

faktora (HY5, HFR1, LAF1,...)

PLANT PHYSIOLOGY, Fourth Edition, Figure 17.15 © 2006 Sinauer Associates, Inc.

Aktivita COP1 ve tmé je zvySovana SUMOylaci prostrednictvim E2 sumo konjugaéniho enzymu SCE1 a E3
ligazy SlZ1.



cop1 (constitutive photomorphogenesis 1) - etiolizované rostliny
ukazuji fenotyp rostlin rostoucich na svétle

Xing-Wang Deng

Yale University, New Haven v
Peking University (od 2014) Sveétlo

Nemutovana rostlina Mutant cop1

Zdravy (= funkcni) gen COP1 — negativni regulator fotomorfogeneze



COP1 funguje jako E3 ubiquitin ligaza — enzym zajist’'ujici v bunce
degradaci proteinu (proteolyzu)

E3 ubiquitin
ligaza




Fosforylace — dulezity mechanismus fungujici v radé signalnich drah,
véetné fytochromu

Fosforylace
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(A) Bacterial phytochrome
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B'ak_teI:IaInI nyOChrom __ ) 2 . Response regulator protein
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Rostlinny fytochrom = serin/threonin kinaza, kromé jinych proteinu fosforyluje
I sam sebe

(B) Plant phytochrome

b/-/ﬁgnght

(Chromophore)

HZN{ Kinase domain ub: 7 777777
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— =
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]
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|
I
|
\
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®
\K@ 17.21 (Part 2) © 2002 Sinauer Associates, Inc
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Fosforylace jiného proteinu



Faktory zapojené v expresi genul regulované fytochromy

®/
e arre ngh/t"
igh 'Fight d Light @ J

light

protein CaZ*— CAM ~=- >®
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Red Far red
light light

CYTOPLASM\
(9) Dark| JLight (2)

Dark

@ Dark

Light
HY5
degradation

COP/DET/
FUS pro-

@ The Pfr forms of phyA and phyB phytochrome can autophosphorylate.
@ Activated PfrA phosphorylates phytochrome kinase substrate 1.
@ Activated PfrA and PfrB may interact with G-proteins.

(5) cGMP, calmodulin, and calcium may activate
transcription factors (X and Y).

@ Activated PfrA and PfrB enter the nucleus.
@ PfrA and PfrB may regulate transcription directly or through

interaction with phytochrome interacting factor 3.

PLANT PHYSIOLOGY , Third Edition, Figure 17.22 (Part 1) © 2002 S

Wu S-H (2014) Annu Rev Plant Biol 65: 311-333

Nucleoside diphosphate kinase 2 is activated by PfrB.
@ In the dark, COP1 enters the nucleus and suppresses light-requlated genes.
In the dark, COP1, an E3 ligase, ubiquitinates HY5.

@ In the dark, HY5 is degraded with the assistance of the
COP/DET/FUS proteasome complex.

@ In the light, COP1 interacts directly with SPA1 and is exported to the cytoplasm.

PLANT PHYSIGLOGY , Third Edition, Figure 17,22 (Part 2) 2002 Sinauer Associates.

Mechanizmy regulace genoveé exprese: aktivace pozitivnich TF, uvolnéni chromatinu acetylaci
histonu, regulace siRNA, alternativni sestfih, fosforylace proteint, formace transkripénich
komplexu, selektivni degradace proteint, zména funkce individualnich proteina.

(1) Red light converts PrA and PrB to their Pfr forms.

Inc






