e Vodni stres

— Vznik vodniho deficitu, adaptace k suchu
— Signaly a jejich penos

— Zakladni procesy ovlivné vodnimdeficitem
— Genova exprese

— Tvorba proteifi

— Osmolyty




Vodni stres

Vznikd i jakékoli nerovnovaze ve vodni bilanci rostlin kdy rychlgst
transpirace (E) je vySSi nez rychlost absorpce (A).
Gradient vodniho potencialu mezi substratem a nadzedsti je nezbytny
pro transport vody.

Transport vody ze zasob a do zasob vyrovnava malé odchylky v A a E.
Prechodny a trvaly vodni deficit

Rychlost vzniku

Pro rostlinu je dlezité nejenom feziti stresu a co nejmensi posSkozeéhdm
stresu, ale i rychla obnova vsech praces rehydrataci

Ke stresu dochazi také&imadbytku vody




Adaptace rostlin na vodni stres

1) vyhybani se suchucely cyklus v dob dostatku vlahy, opadavani lists
dole sucha

2) tolerance suchgsuchovzdornost) - schopnost snaset vysuseni a schgpnost

oddalit vysuseni

a) tolerance sucha fip nizkém vodnim potencialu bgk: preziti [
minimalnim metabolismu: semena, pyl, poikilohydricke rostliny (“restiroa
plants")

b) tolerance suchaipvysokém vodnim potencialu bgk: rizna gizptisoben
zaji'ujici zachovani co nejvysSiho obsahu vody: regulace vydeje
(praduchy, kutikula, trichomy, pohyby ligf tvar a velikost list, celkova
listova plocha, - CAM), regulace pijmu vody (mohutnost a rozloze
korenového systému, osmotické vyrovnavani), odolnagt kavitaci cév,
zasoby vody (denni zémy objemu stoni, kmeni, plodi)

co nejmensi poskozeni malym snizenim obsahu vodyr(mapla citlivost

zakladnich metabolickych prodestvorba ,ochrannych latek” jako jsou

karotenoidy, osmolyty, stresove proteiny, antioxidanty)

/]

Lody

i




Signaly vodniho stresu a jejich penos

Signalem vodniho stresutire byt nap snizeny obsah vody v iice, snizeny
vodni potencial a jeho komponenty osmoticky a tlakovy potencial, zvySena
koncentrace rozpudtych latek, zmenseny objem @n znena nagti na
membrag, znmena struktury makromolekul vigledku znény hydratg&niho
obalu, zn¢na v interakci plazmalemy a btimé sény

Receptory vodniho deficitu mohou byizné nap. pro znénu osmotickéhe
potencialu a pro mechanicke &my

Informace na #Si vzdalenost ser@nasi jako hydraulické signaly nebo jako
chemicke signaly
Vodni deficit mize pisobit @imo nebo zprogedkovart




Vodni deficit ovliviiuje tén&r vSechny pochody v rostlinach
a zpisobuje nap:

zpomaleni dlouzivéhaistu burk, buré¢neho @leni a ovlivréni syntézy
buné¢ne stny

redukci fistu nadzemnicbtasti rostlin, naopak stimuladistu kaeni a tim
snizeni por&ru nadzemnéasti rostliny ku kéenim

urychleni starnuti

tvorbu stresovych protein

hromadni osmoticky aktivnich latek v pletivechigaevsSim prolinu
glycinbetainu, cukir a cukernych alkohél

tvorbu a odstrgovani reaktivnich forem kysliku
inhibici fotosyntézy, zpomaleni translokace asiniilatisti, redukci respirace

ovlivnéni aktivity enzynii (predevsim pokles aktivity Rubisco, PEPC, a
nitratreduktazy, ale naopak zvyseni aktivity hydrolaz a dehydrogenaz)

zmeny v biosyntéze a katabolizmgkterych fytohormon vedouci ke zéné
jejich obsahu (zejmeéna zvySeni obsahu kyseliny abscisové)
zmeny v [@ijmu a transportu ioidt




Vodni deficit

Osmolyte Biosynthesis

proline; polyols;

F uaternary amines;

Transcription Control a y

ribosome factors;
control of
translation

sugars: ions Metabolite Balance

ATP/ADP ratio;
photosystern reduction;

cytosei-organelle transport

mMRNA Stability

transcription factors;
high-maobility group;
chramatin structure

DNA methylation Water
cell cycle control

lon uptake

ATPases;
potassium channels &
transporters;
calcium thannels

deficit

Protein Turnover

proteases and
inhibitors;

chaperones; LEA proteins;

protein modifications

lon Partitioning

tissue-specific
sequestration,
transport &
storagefexcretion

S

Signalling Pathways

<hanges in hormone — ]

sensitivity; Membrane modification

acceleration of
ontogeny

fatty acid saturation level;
membrane turnover;
—— plasma membrane-celt

lon Sequestration

cell-specific
compartmentation;
plasma membrane &
tonoplast
Na*/H™ antiporters

wall adhesion




Vpdm’ deficit vznikajici v dsledku sucha, zasoleni a chladu. Komponen
signalni drahy vedouci ke Zm genoveé expresgionget al 2002)

Signal relay Examples of Signaling
components partners
Signal
R tors lon channel, histidine B 7
ecepto kinase, GPCR, RLK Prenyl/myristoyl
* transferases, ubiquitination
nd ai i -
Ca?* 2™ gignaling insP, ROS, ABA enzymes, cytosk_eleton
molecules associated proteins,

' 4P scaffolds, and adaptors.
CDPK, SOS2/PKS, MAPK|

tei
z:::::::;pro emn protein phosphatase

L -
Transcription EREBP/AP2, bZip,
factors Zn finger

LEA-like, antioxidant,
and osmolyte synthetic _|
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Stress-responsive
L genes

v
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arrest, or cell death

Figure 1. A Generic Pathway for the Transduction of Cold, Drought, and Salt Stress Signals in Plants.

Examples of signaling companents in each of the steps are shown (for more detailed information, see Xiong and Zhu, 2001). Secondary signal-
ing molecules can cause receptor-mediated Ca2+ release {indicated with a feedback arrow). Examples of signaling partners that modulate the
main pathway are also shown. These partners can be regulated by the main pathway. Signaling can also bypass Ca2' or secondary signaling
moiecules in early signaling steps. GPCR, G-protein coupled receptor; InsP, inositol polyphosphates; RLK, receptor-like kinase. Other abbrevia-
tions are given in the texi.
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CaSt ABA V Od pO‘éd| I‘OS’[|II’] na Stre&akashima and Yamaguchi-Shinozaki 2006)

ERD1

post-transcriptional
requlation

“iLow temherature

Fig. 1. Regulatory network of
gene expression in response to cold
stress and osmatic stress such as
drought and high salinity: specificity
and crosstalk of gene networks.
Cis-acting elements that are
involved in stress-responsive tran-
scription are shown in boxes.
Transcription factors that control
stress-inducible gene expression are
shown in ovals. Small circles indi-
cate the madification of transcrip-
tion factors in response to stress
signals for their activation, such as
phospharylation. Dotted lines indi-
cate possible regulation. Double
arrow lines indicate possible
crosstalk.




Ucast ABA v odpo¥di rostlin na stres

(PYL — pyrabactin-like proteins, RCAR — regulatorymqmonent of ABA receptor, TRP — tryptophan, ABI1 —atige regulator of ABA action;
Raghavendrat al 2011)

(a)

Al1gD1360 |PYL9 RCAR1
Agli026 | PYLT RCARZ
AEQSIED | PYLE RCAR3
AgZTE20 | PYL10 RCAR4
AlSqd5EE0 | PYL11 RCARS
ASgdEITO | PYL12 RCARS
Al4giss2n | PYL13 RCART
AlSg05440 | PYLS RCARS
AlZ2gaDadn | PYLE RCARY
AlZg3E310 [PYL4 RCARID

il

Aldg7870

AlSg4ETOD

ArgT3000

Al2g26040
—
0.3 0.2 0.1 o

THEMDS in Fiant Somnog

Figure 1. The ABA binding RCARPYRIPYL proteins. (a) Phylogenatic tree of ABA binding proteing lrom Arabidopsis. The proteins can be groupad into threse sublamilias |,
Il and 10 highlighted in yellow, blee and red, respectively. The RCAR and PYR1/PYL numbering is given as well as the gene numbers. (b ABA binding by the heteromeric
ACAR12/ABI complax based on the erystal structure provided in [48]. The ABI1 protein is highlighted by a yellow backbone indicating the paptide linkages. A short and
long arrow denotes the RCAR-bound ABS meobecule and Trpd00 of ABI1, respectively. A white circle highlights 8 manganss e jon bound o the active site of the PPZC. The
RCAR profein obstrosts the active site of the PP2C theraby insctivating ABI1. The secondary domaing of a-helicss and f-sheots are presented s pointed eylinders and flat
arows, respectively, Upperinsst: space Glling pressntation of the ABI1 sudface in the vicinity of ABA bound to RCARRCAR residues ane notsbownl. The Trp?™ lindicated in
yelbow | is close to the ABA molecule [corygen stoms are &hown in red) and interacts with ABA via a water maolecule (not shown). Basic and acidic aminog acid residwes of
ABI are denoted by blue and red, respactively. Lower inset: chamical structure of the physiologically active (SFABA as well as of the ABA Eomens (ALABA, in which the
ariamation of the OH group in space is opposite to the oriemation it holds in (S-ABA, and (A SHrans-ABA,




Ucast ABA v odpo¥di rostlin na Stre&agnavendrat al 2011

(a) (b)

KAT1 SLACT

Anions

Apoplast

Figure 2. ABA signalling to ion channels and 1o the nucleaus. The ABA recaptor is formed by the hateromeric complex of a PP2C sweh as ABI1 and an ABA-binding RCAR
meermiber (both highlighted in pink). The receptor ecomplex controls ABA signalling and is present in (a] the cytosol and fb] the nuclewss. The phosphstase activity of the PP2C
inhibits the acton of the protein kinases [prasamad in grean) 05T 1 and ralated SnAKs, and possibly of O “depandent CPKs such as CPE23. In the prasance of ABA, tha
phosphatase asctivity of the receptor is blocked. A% a consegqueancs, the protein kinases ane released from inhibition and directly phosphorylate and regulate key tangets of
the ABA signalling patheway. In guarnd cells, key targets arethe jon channals SLACT and KAT1, which are activated and inhibited by O5T1 action, respeactively. In the nuclews,
key targets are the basic leucine mipper transcription factar ABIS and related ABFs. Phosphorylated ABFs bind as dimers to the ABA-responsive cis-elament [ABRE, ses
Glossary] and, inconcert with other transcriptional regul stors, provide the ABA-respons ive trans e ption (somponents are presenied in steel blue). AR binds to ABIS and
enhances its action, wheraas ABM and related AP2-type transcriplion factors tanget a GC-rich coupling elemeam [CE} for optimal regulation of ABA-dspandant gans
A PRSI .




Zasoleni: osmoticky stres a iontospecificky stres
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Zmeény v expresi geinv disledku sucha, zasoleni a chlashuiet al 2002)

Cold Drought
(tota! 53 genes) (total 277 genes)
{>tive-fold induction) >five-fold induction)

NaCl

(total 194 genes)
(>five-fold induction)

Figure 1. Classification of the drought, cold or high-salinity stress-
inducible genes identified on the basis of microarray analyses.

In total, 277 droughi-inducible, 63 celd-inducible and 194 high-salinity
stress-inducible genes were identified by ¢DNA microarray analysis. The
drought, cold or high-salinity stress-inducible genes identified were
grouped into the following seven groups: {1) highly coid-stress-inducibile;
{2) highly drought-stress-inducible; (3} highly high-salinity-stress-
inducibie; {4) drought, cold and high-salinity stress-inducible; (5) genes
that were highly induced by drought and high-salinity stress; (6] genes
that were highly induced by drought and cold stress: (7) genes that were
highly induced by cold and high-salinity stress. The number of genes
whose expression ratio is more than fivefoid for each stress treatrment
and less than fivefald for the other stress ftreatments is indicated.
Numbers in parentheses represent the aumber of genes whose
exprassion ratio is more than fivefold for each stress treatment and less
than threefold for the other stress treatrents. A list of the genes is
available as suppiementary material (Tables $1 and 52).




Oono et al. 2003
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Vodni deficit indukuje zrény genové exprese vedouciitzpusobeni rostlir
(Watkinsoret al 2003)
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Genetic linkage map showing the location of quantitatiag foci (QTLs) for standard tolerance rankir
(STR) under salt stress in rice hybrid seedlings. The marlee signedon the right sideof the
chromosomesOn the leff the QTLs detected by composite interval mapping analysesiradicated.
Abbreviations for the QTLs: gNA - Na+ content, gK “l€ontent, gNA/K - N&/ K* ratio and DM - dry
matter of shoot. (Sabouet al. 2009)
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Vodni stres a syntéza protéin

1) Inhibice syntézy &kterych proteif
2) Zvyseni syntézy jinych protdira syntéza specifickych stresovych
proteini

« A) proteiny zapojené v regulacit@nosu signalu a genové exprese, kieré
pravdEpodobr funguji pi odezv na stres (regutai proteiny), nap
transkrigni faktory (MYC, MYB), proteinkinazz (MAPK), enzym
metabolizmu fosfolipid (fosfolipaza c, d)

* B) proteiny pisobici f# toleranci stresu. Jsou t@izné membranove proteirly
(proteiny vodnich a iontovych kangl ochranné faktory makromolekyl
(chaperony, LEA proteiny), syntazy osmoprotekianstresové proteiny
lokalizované v chloroplastech, specifické inhibitory proteolytické aktiyity
ktera vede k programované higné smrti, antioxidanty, antioxidai enzymy,
proteiny (Eastnici se repataich mechanizirin




Zmeény v expresi gein TIP proteirfi ShTIPa SITIP (Ermawatiet al 2009)

The effects of NaCl, PEG or ABA
on the expression &hTIP(A) and
SITIP (B) in the roots and shoots
or leaves of Salicornia and
Arabidopsis Four-week-old
seedlings of Salicornia and
Arabidopsiswere treated with 0.3
M NaCl, 15 % PEG or 100 uM
ABA for the O to 8 d. Total RNA
was extracted from the roots and
shoots ofSalicorniaand the roots
and leaves of Arabidopsis
Aliquots (15 pg) of total RNA
were subjected to Northern blot
analyses. The lower panel shows
ethidium bromide stained rRNA to
determine the loading of equal
amounts of RNA.




Osmotické vyrovnavani

Osmoticke vyrovnavani (“osmotic adjustment”)+ gnizovani vodniho potencia
dochazi k snizovani osmotického potenci&ijnpem ionti (hlavre do
vakuoly) nebo produkgii transportem osmoticky aktivnich organickych latgk

(v cytoplazn®) a nikoli ke snizovani tlakového potencialu.
Elastické vyrovnavani (“elastic adjustment”) - tlakovy potenacistava zachova

diky zmené elasticity bugcnych sén.

N

sorbitol, pinitol), cukry (sacharoza, trehal6za, fruktany), polyarspgrmin,

spermidin, putrescin)
Vyznam nejen jako osmotika, ale téz pro stabilizaci prétaimembran,
vyrovnavani redox potencialu, iontovou rovnovahu, odstrani ROS (nap

prebyte&ny NADPH' je spotebovan v cyklu syntézy prolinu), zdrojCa N p

obnovu
U raznych druld rostlin tizné osmolyty, mnozstvi &éitého osmolytu nemusi byt

Vv primeé souvislosti s toleranciivi suchu.
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Fig. 2. Concentrations of total solutes and each solute in the root elongating zone (A and C) and
mature part of leaf (B and D) in various stress treatments at minute 20 (A and B) and hour 24 (C
and D). The differences between control and stress treatments are shown in this figure.

Ogawa and Yamauchi 2006



Syntéza a degradace prolinu a mozné regulace

L-Glu - L-glutamat, GSA y-glutamyl semialdehyd, P5CA-pyrolin-5-carboxylova kyselina, P5CS - P5¢
syntetaza, P5CR - P5C reduktaza, ProDH - prolin delgghaza, L-Pro - prolin

Dehydration Rehydration Dehydration
i
1
ABA !
N\ !
P5CS gene P5CF gene
P5CS P5CR
L-Glu_—"aGsa3T— pPsC * L-Pro
PsciDH ProDH
|
P5COH gene ProDH gene
(ERDS5)
Pro
Dehydration Rehydration

Figure 5. Regulation of genes for P3CS and proline dehydrogenase under
dehydration and rehydration conditions in Arabidopsis. The P5CS gene is induced
by dehydration and ABA, but repressed by rehydration. In contrast, the ERDS gene
encoding prolinc dehydrogenase (ProDH) is induced by rehydration, but repressed
by dehydration. The ERDS5 gene is induced by proline during rehydration.



Model syntézy a degradace prolitsdabados and Savouré 2010)
GSA -y-glutamyl semialdehyd, P5CA-pyrolin-5-carboxylova kyselina, P5CS - P5C syrtata
P5CR - P5C reduktaza, PDH - prolin dehydrogenaza
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Model regulace metabolismu prolinu (Szabados and8a 2010)
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Zvyseni exprese gerip5csindukované vodnim stresemQarthamus tinctorius.

A - exprese Ctp5csipriazné vihkosti idy. B - Northern blot.
(Thippeswamyet al. 2010)
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Syntéza a degradace prolinti pasoleni a nasledné regeneraci

2 Salt Stress Recovery
[ [ ]
=4 Oroots
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Fig. 1 Estimation of proline content, MsP5CS and MsPDH
transcript levels during salt stress and recovery. Three-week-old
hydroponically grown alfalfa plants were exposed to 170 mM NaCl
for 7 days and thereafter recovered in a fresh medium. a Pro
content in roots (open boxes) and leaves (grey boxes). Bars indicate
standard deviation of three replicates. b and ¢ Northern blot
analyses of MsP5CS and MsPDH steady state transcript levels
during stress and recovery in roots (b) and leaves (¢). The 2.6 kb
full-length MsPDHI gene and 2.6 kb MsP5CS] cDNA were used
as probes that recognize either the two MsPDHs or two MsPSCS
genes, respectively. A tomato 26S ribosomal DNA fragment was
used as a control probe for normalizing RNA loading




Syntéza glycinebetainu a akumulace ostatnich

aHt 0, MO 7

LH, W, 2R, CH, M ALy Py MALEFIH tHy

i : L
H. - H-CH, -CHOH B i _::.. -
E'."":-’:'ﬁ.,:thNrHu_.Hq_'ec I'Hr-l-l 0

CH, 5 |:-|

ol ey ra" E*-’Ilq

c— Bataing aldeky da ﬂl'li'-cr:l::m Glycinabataing

Ag. 1. Blosyaibelic pathway of glpcine betaire in higher plant.

Syntéza glycinbetainu ve stromatu chloroplastidaci cholinu ve dvou krocichigs
nestabilni meziprodukt betainaldehyd)

Akumulace mono- a di-sachatidinhibice tvorby Skrobu z n@wytvorenych
fotosyntati nebo rozkladem stavajiciho Skrobu, inhibice vyiuaikni v respiraci

Cukry — nejen jako osmotikum, ale téz &ast systému regulace genové exprese




Stresem indukovana syntéza prolinu a glycinbetainu a jeji zavislospnéu
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Fig. 1. Effect of water stress, 1 mM calcium chloride (Ca) and 0.5 nidiinachannel blocker verapamil (VP) on proline and
glycine beatine content in shoots and roots at 1st and 7th day of stress in C306HOR&88 (H) wheat genotypes. 15-d-old
plants were subjected to PEG-6000 of -1.0 MPa for 7 d and the observations weralrdaorgestress period. MeahSE of
three different samples are represented by vertical bars. (N2093)




