ribéh paty:

uxinova signalisace



Co je auxin?

o Derivit tryptofanu

Tryptophan
o Pfibuzny serotoninu a melatoninu
V \TiH e Véechny derivity pritomny jak u
T |_[TYptamine R 7ivocichi, tak u rostlin
: Serotonin

(A
'( ) (5-Hydroxytryptamine)

: J’ SNAT
\/ i

. (B'}' . [Serotonin N
IAAID N-acetylserotonin H
H
N
i HIOMT HO \ p
4 H3CO
Melatonin

(N-acetyl-5-methoxytryptamine)

melatonin HN \\<

TRENDS in Plant Science



Serotonin: antagonista auxinu

Pritomen napriklad pfi stresu Solvent
Ovliviiuje zakladdni postrannich kofenti

Blokuje rist kofenovych vlaski

Solvent 5 uM IAA 450 puM Ser

3
S
Lo
S
Q

Pelagio-Flores (2011)



Melatonin — hormon ¢i jen antioxidant?

a“é'm? o’ ﬁ{.‘(,a\(
. 1 =1 %A
R {5310*\“
20N QW ROs
et — and Ry
D . . C .
W ™ Direct action avenging

as antioxidant

Abiotic stressor Biostimulator

7

—>

Hormone signaling genes:

Redox network

Anti-stress

.4

ABA, ET, SA, JA
4 ¥

Melatonin
i Plant growth regulator

|

Hormane signaling

o

response \

»  Growthresponse
(concentration-dependent)

Rooting \

i genes: L.,
: Au;iin | v ks
-~ > IAAlevel (T/l) +-> IAAaction |~ --- ' Apical dominance

* Chlorophyll

* PSI|

* Biomass

* Carbohydrates
* Yield

* Senescence marked genes

* Cell death genes

* Chlorophyllase gene

* Pheophorbide -a oxygenase gene

Responsive genes

* Cold or high temperature
* Drought

* UV irradiation

* Osmotic shock

* Shoots (+)

* Roots (+/-)

* Cotyledons (+)
* Cell culture (+)

* Primary roots
* Lateral roots
» Adventitious roots

* Branching
» Flattened leaflets

TRENDS in Plant Science




Je auxin zdravy?

U zivoc¢ichi:

e Produkt odbourdvani tryptofanu

Uremicky toxin

Stimuluje indukci pluripotence

Stimuluje proliferaci bunék

Pluripotency genes

Nanog
Pou5f1

| Sox2
1 R | "
N Arl
Nodal

Td1
Kit
Fgfa

Esrb
Ctrl A+iPA

cell growth (fold induction to control)

Cernaro (2015) Palomo (2014)



Auxinova signalisace u Arabidopsis 1

e Receptor TIR1 (TRANSPORT INHIBITOR RESPONSE)
o Transkripéni represor AUX/TAA
6 paralogi TIR1(AFB, F-box), 29 paralogi AUX/IAA
o Po navizani IAA ziska TIR1 afinitu k represoru AUX/TAA
« AUX/IAA je degradovian (ubiquitin, 35S proteasom)
e Dereprimované ARF spousti transkripci cilovych geni
— diferenciace bunék, prodluzovani, tvorba cév,...

268 proteasome
e .:.-"._ :I
|I F i '-._I

\ ] R ___,.-"
\ Auxin oith, ~= Aux/IAA
& degradation

Low auxin ) k
levels \

Early auxin

Y —

responses

AuXin-responsive genes Auxin-responsive genes

Repression of transcription \  Transcriptional activation



AREF transkripéni faktory Arabidopsis

« AUXIN RESPONSE FACTOR

 Reguluji promotory genii auxinové odpovédi
23 paralogi

 Napriklad MONOPTEROS - viz minula

predniska, reguluje tvorbu cévnich svazkia

Boer (2014)

A*uxRE ER7

5’"-T TGTCTC CCAAAGG GAGACA A-3’
3’ -A ACAGAG GGTTTCC CTCTC;’_:T T-5'

AuxRE

/v

» Transcription




Auxinova signalisace u Arabidopsis 11

« Receptor SKP2A/B
opét F-box protein jako TIR1

o Tentokrat de§raduje
transkripéni faktory E2FC a
DPB

oba reguluji bunécny cyklus,
proliferaci bunék

« Reguluje prechod mezi

délenim bunék a
endoreplika¢nim cyklem

Del Pozo (2006)

DMNA content

AREA pum#(LOGA00)




Auxinova signalisace u Arabidopsis 111

« Receptor ABP1 (AUXIN BINDING PROTEIN)
e Interaguje s TMK (TRANSMEMBRANE KINASE)
 Spousti malé GTPasy (ROP), které moduluji aktinovy cytoskelet

o Podili se na regulaci tvaru bunék epidermis

TMK patii do rodiny A
Leucin-rich repeat Receptor-like
kinase (LRR-RLK)

o Jen u Arabidopsis je 230 paralogi

e 4 paralogy TMK

o U nizsich rostlin nezpracovino...

o~
-
o
<
@
o
)
=
o
>
<

Cell wiall

Xu (2014) Science



Auxinova signalisace

u Arabidopsis 1V
Kysely ruast

 JAA stimuluje okamzitou

aktivaci H-AT Pasy

— transport protond do bunécné stény
— rozvolnéni celulosy, umoznéni ristu
— stimulace vtoku K* zpét do bunky
— zvyseni osmotického tlaku bunky

apoplast

PPTLLLLITTTT
TLL Y1,

e Dle novych praci souvisi s TIR1

™ mobility

— aktivuje se exprese B
SAUR proteinti (< 20 min) TS
SMALIL AUXIN-UP RNA transcrlptlonal changes
— ty stimuluji fosforylaci ATPasy Sl ia o5 ShURS
— inhibuji jeji defosforylaci '1 """"""" / \PP‘/

WaII modifications

Fendrych (2016), Arsuffi (2018) expansion —s




Prenasece auxinu

Do bunky: Proteiny AUX (AUXIN RESISTANT, LAX)
e Zbunky: Proteiny PIN (PIN-FORMED)
Proteiny PGP (ABC B transportéry)

b

ALXA/LAX Cell wall
| il"l' T pH 5.5

Cytoplasm

- pH7

IAA- PGP

-1—---—
l l Cell-to-cell
PIN polar

|AAH™ |AA- + HT auxin

. AUXTLAX transport
Phloem Phloem \ I"&II.

auxin
Xylem distribution Ll

PGP transporters

in |. AUX1/LAX auxin
UL influx carriers

PIN auxin efflux
carriers




Transport auxinu

1-cell 2-cell  Octant Globular Triangular Mid heart

°_ SAM /

Key — PINf1 Auxin concentration gradient a Apical cell
(low-high)
— PIN4 c Cotyledon
—= PIN7 Future vasculature .
ABCBH h Hypophysis
ABCB19 SAM Future shoot apical meristem s Suspensor cells

Petrasek (2009)



Transport auxinu

—> PIN1 SAM  Shoot apical c Cortex
meristem
D PIN2 en Endodermis

L1 PO  Primordium . ‘
P L2 —P PIN3 initiation site ep Epidermis

SAM L3 Irc Lateral

m—  PIN4 P1  Leaf primordium 1 root cap
PO i (the youngest) b Pericycle

P2  Leaf primordium 2 s Stele

n Curren Bickog
LR Lateral root Al ranspert

+---> Basipetal

L1-L3 Epidermal
ABCB1 cell layers 1-3 — Acropetal

ABCBA4 1 Auxin concentration

gradient (low-high)

ABCB19

Petrasek (2009)



Auxin je transportovan
nejen mezi bunkami...

nucleus IAA
sequestration?
conjugation?
storage?
signalling?

ER | cytosol

Homeostaze auxinu
v burice je regulovana
fizenym transportem

do ER, kde je auxin

inaktivovan (skladovan)

« PIN5, PING6 a PINS

o Prenasece PILS




° ® ’ 701 Solanum tuberosum
ak je auxinovy transport &1 ot nerosm
100 |L Solanum lycopersicum
Y 4 Nicotiana tabacum PIN3aT
O nzervovan ; o8 7L Nicotiana tabacum PIN3aS
Y‘ oo r Nicotiana tabacum PIN3bT
Nicotiana tabacum PIN3bS
100 [— Solgnum lycopersicum
. . , 93L Solanum tuberosum
« PIN 3, 4,7 jen u brukvovitych! Mimali gusatis
b b J ¢ Mimulus guttatus
Arabidopsis thaliana PIN4
5 Arabidopsis thaliana PIN7
100 .- Arabidopsis thaliana PIN3

° NaOpak u lilkOVityCh je neZéViSIC Aquilegia caerulea

Oryza sativa

duplikovany PINS a,b

Arabidopsis thaliana PIN2
100 - Aquilegia caerulea
Aquilegia caerulea
Mimulus guttatus
100 — Nicotiana tabacum PIN2T
& Nicotiana tabacum PIN2S
100 Solanum lycopersicum
100 L Solanum tuberosum
100 r Nicotiana tabacum PIN11T
91| ! Nicotiana tabacum PIN11S
Solanum lycopersicum
78199 | Solanum tuberosum
Solanum lycopersicum
700 || SOlanum tuberosum
97 Solanum tuberosum
Medicago truncatula
Aquilegia caerulea
Mimulus guttatus
Mimulus guttatus
Mimulus guttatus
Arabidopsis thaliana PIN1
Oryza sativa
Medicago truncatula
Medicago truncatula
Nicotiana tabacum PIN1T
Nicotiana tabacum PIN1S
99 Solanum lycopersicum
100 L Solanum tuberosum

60

48

Selaginella moellendorffii PINs



Nezavislé radiace PIN u mechu a plavuni

« Moderni PINy vznikly na irovni kapradin Euphyllophyta

100 PIN9_Oryza_sativa
PIN9_Zea_mays
85 PINS_Arabidopsis_thaliana
100 PINS5a_Oryza_sativa
PIN5a_alp_Zea_mays
PIN5b_Oryza_sativa
PIN5c_Oryza_sativa
PIN8_Arabidopsis_thaliana
100 PIN8_Oryza_sativa
PIN8_Zea mays
PINZ_Marchantia_polymorpha
PINC_Physcomitrella_patens
100 ; PINA_Physcomitrella_patens
PINB_Physcomitrella_patens
PINT_Selaginella_moellendorffii
&0 PINV_Selaginella_moellendorffii
99 y PINUalp_Selaginella_moellendorifii
PINUbet_Selaginella_moellendorffii
PINPbet_Huperzia_squarrosa
PINS_Selaginella_moellend orffii
PINR_Selaginella_moellendorffii
PINE_Thuja_plicata
78— PIN3alp_Nuphar_advena
PIN3bet_Nuphar_advena
100 r PIN4_Arabidopsis_lyrata
48 PIN4_Arabidopsis_thaliana
g PIN3_Arabidopsis_thaliana
PIN7_Arabidopsis_thaliana
PINGa_Thuja_plicata
PINI_Podocarpus_rubens
PINM_Myriopteris_eatonii
PINL_Myriopteris_eatonii
PINK_Gymnocarpum_dryopteris
PING6_Arabidopsis_thaliana
PIN2_Arabidopsis_thaliana
PIN2_Oryza_sativa
PINH_Podocarpus_rubens
PINF_Thuja_plicata
PIN1alp_Nuphar_advena
PIN1b_Oryza_sativa
PIN1b_Zea_mays
PIN1a_Oryza_sativa
PIN1a_alp_Zea_mays
PIN1_Arabidopsis_thaliana
83 PIN11_Zea_mays
99r PIN11alp_Oryza_sativa
PIN11bet_Oryza_ sativa

90




Jak funguje auxinova signalisace u mechu?

« PINA je lokalisovin na PM, s$picka bunék protonematu
« PIND jev ER

o Auxin se transportuje smérem k apexu vlaken

E FMass — A
[0 /1;\ réb \ k o
1N A & ¢
| ) ] ! ) / ! T‘ < e

PpPINApro:PpPINA-GFP-1

ACT::PIND-GFP i i
: PpPINApro:PpPINA-GFP-1

Viaene (2014)



Jak funguje auxinova signalisace u mechu?

 IAA zajistuje transformaci protonema — caulonema
« Mutace pina+pinb — predcasna tvorba caulonematu

« Kdyz klesne mnozstvi PIN, auxin se zacne hromadit v bunkach a
zpusobi diferenciaci (= elongaci vliken)

+ JAA

Jang (2011)



Jak funguje auxinova signalisace u mechu?

o Vlistcich je exprese PIN v zéné, kde dochizi k pfepnuti z
proliferacni do elongacni faze Vigene (2014)

= PpPINApro::PpPINA-GFP-1




Transport auxinu ve
sporofytu mechu

o Vlistcich je exprese PIN v zéné, kde
dochizi k piepnuti z proliferacni do
elongacéni faze

1-cell 2-cell  Octant Globular Triangular Mid heart

B wr pinA pinB pinA pinB

n=111/115 n=19/89 n=7/34

n=202/208

Fujita (2008) Bennett (2014)



Jak je to s auxinem u ras?

Pfitomnost znama jiz ve 40. letech:
Macrocystis — hnéda rasa
Bryopsis — zelend rasa

Efekty:

o Chlorella — ovliviiuje ruast

 Ovliviiuje elongaci streptofytnich
tas (Klebsormidium, Zygnema)

e v
e g R

" T i
O oy o S EEPEF o = 1
s i - LW a0 s 2 r
7 .’._".r 2 P R l, : 1 W
- L - S A
o vt -
" > o L
H ’ " -
s g, s

Fie. 1. Apical part of the thallus of Maerocystis pyrifera with figures indicating
the distribution of auxin in gamma equivalents of indole acetic acid per kilogram fresh

Van Overbeek (1940) Mk



Auxin umi transportovat i bunky Chary

« Pozorovin transport bunkou mezi nadobami

o Transport byl inhibovian NPA (inhibitor PIN)

A

Petri dish with paraffin wax
\

\
Donor - \ -— ) kcei\fer
well Bridge / well
\ N
Internodium cell with

: nodia :neach side | .
100 150 200 250 300 D rodium

=37 cell
Tlme (mln') \ /—\\“ Int di Vacuole L
L ‘\f‘“e'(':;] um nodium

Boot (2012) o | onepm

Receiver well



Auxin zpisobuje depolarisaci PM u Chary

o IThned po aplikaci IAA se zvysi vytok K* z bunky
« Ovsem neni pozorovina aktivace H*-AT Pasy
Metili to ale na starych bunkach, kde jiz rast neprobihd

80,0
x
o~ 60,0 x
'?:n »
o 40,0 v 21 80
E
-g 20,0 170
-E- 0:0 [~ J.-_ ‘_._----‘.‘.l' >
5 ojo - ¥*%p,5" 1,0 1,5 20 1 60
& 20,0 |
"4 + m2 gl -
40,0 H* flux {nmol- m2 s%) 5,0 o~
“_'—‘ [V, ]
'w 140 «
o £
_E 130 3
5 £
£ {120 £
c b
= =
E 1 1,0 +=
Y= T
x 0,0
1 -1,0 i A 7 {?;7//;;/ ] 7
7
0,0 I 20 A A / 1B l/
7 i
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0 7 %%
Time (min) 7 —
'J)’/

(
o §1T
,,,,,, _

e
e J:?f"j;/‘f/)/ﬁ:f 2 jy?y})//’*/ s “:/_,9 o

Zhang (2016)



Role auxinu ve
spermatogenezi Chary

o Protilitka proti AtPIN2 ziejmé
rozeznava PIN u Chary

o Protein vykazuje polarisovanou

lokalisaci na PM
« PIN by mohl regulovat déleni

bunék pri spermatogenezi

Zabka (2016)
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Jak mohla probihat evoluce
auxinové signalisace?

o Auxin mohl byt pivodné pouze odpadni metabolit

 Pivodni transport mohl byt smérovan do vakuoly
proteiny PILS — maji vSechny fasy, mimo Chary!!!!

o U skupiny Streptophyta se objevuji dalsi komponenty
PIN, TIR, AUX/IAA, LAX

o Auxin se mohl stat nastrojem mezibunééné komunikace
? Primarni funkce = polarisace fasovych vlaken, regulace déleni ?
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