PocT n pasButue pacteHnn

OcHOBHbIe (PUTOrFOPMOHBI.
Tponnambl U UX MeXaHU3Mbl.



[OpMOH — XMMUYECKOe BelleCcTBO, BblaensieMmoe Knetkamm
n mogudumumpyrowiee gn3nonoruro KNeTok n opraHusma.

FOpMOHbLI AENCTBYIOT NPU HU3KUX KOHLIEHTPaLUAX U OObIYHO UMEIOT
BbICOKYI0 atp(PpMHHOCTb CBSAI3bIBaHMUSA C MULLEHbLIO, KOTOPOW Yalle BCcero
BbICTynaeT crneuncgpunyeckum peuentop AN AaHHOro ropMoOHa,
CUHTEe3upyeMbIn KNneTkou. PeuenTtop aktuBupyet cneundunydeckmm
CUrHan 4yepes oauH UITU HECKOJTbKO NMYyTeN CUrHanNbHOU TpaHCAYKLUUN,
YTO BeAeT K NPAMOMY U3MEHEHU K0 B paboTe hepMEeHTOB UMM K
U3MEHEeHUIo IKCnpeccuun reHoB (a 3atem (pepMeHTOB).
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UcTopuio OTKPLITUA U N3y4eHUA PUTOrOPMOHOB — NO YYEOHUKY!

B 19 Beke, Yapnb3 [lapBuH u ero cbiH ®paHcuc JapBuH
npoBesrin 3KCnepmMeHTbl No poToTPONU3IMY U
OOHapyXuUnun, YTO NPOPOCTKU 3arndaroTCA K CBETY, TONbLKO
€CJIM KOHYMK KONMEeOonTUIA MHTaKTeH (He NnoBpeXxaeH u

BOOOLLEe NPUCYTCTBYET).

OHM nocTynupoBanu
rmnoTtesy, corrnacHo
KOTOPOW CUrHanbl-
perynatopbl B paCTeHUn —
3TO XUMUYECKUe
BellecTBa,
CUHTe3upyemMble B
KOHYMKaX pacTyLmUX
TKaHeU n 3aTem
pacnpocTpaHaoumecs B
30HY pocTa pacTshKeHUueM.
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Pesynbrar

bl
OapEmuaweapBuH: poToTpOoNnYecknm oTBeT

BO3HhRa®r ToONbLKO Koraa KOHYUK ocBelleH

BeKa)

CBeT

( JKoHumK
'( noKpbIT
{| HenpoHwu-
? LHaeMbiM
Ans ceeTta
KONMNa4ykom
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1913 rog, Nutep bounceH->xeHceH
NpoAeMOHCTPUpOBar, YTO POCTOBOMN CUrHan —
3TO MODOUNbHOE XMMUYECKOUN BellecTBO

Boysen-Jensen: poTOoTpONNYECKNN OTBET
Habnopanca B criyvyae, Korgaa KOHYMK Obin pa3pesaH,
HO coeAvHen NPOHULaeMoun OISl PaCTBOPOB CENTOMN.

N A

CeeT

KoHuukKk otaeneH

KenaTMHOBOW /
cernTou, kotopasa |
npoHuLaema gns S

pacTBOPOB 5—* ﬁ,

KoH4YukK otoeneH
HenpoHuULaeMou
ninacTUHKOU



B 1920-bIx rogax,

®puTty BeHnT (FTlonanHaua)
3KCTparnpoBast XMMUYECKUMN
nocpegHukK ¢potoTponuama,
Ha3BaB ero aykcmHom. Ero
XUMUYECKYI0 npupoay onucarn
KeHHeT TumaHH B 20-e roabl.
BmecTte ¢ BeHTOM Hanucanu
KHUry: Phytohormones, in 1937.

Hukonaun XonogHbin (YKpanHa)
npeanoXun Teopuro ABMXEeHUS
ayKCMHa Nno pacTeHUIo C uerto
perynsaumm pocToBbIX
npoueccoB (Teopus
XonoagHoro-BeHTa).
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Hormone

Auxin (IAA)

Cytokinins

Gibberellins

Brassinosteroids

Abscisic acid (ABA)

Ethylene

Where Produced or Found in Plant

Shoot apical meristems and young leaves are the
primary sites of auxin synthesis. Root apical
meristems also produce auxin, although the root
depends on the shoot for much of its auxin. De-
veloping seeds and fruits contain high levels of
auxin, but it is unclear whether it is newly synthe-
sized or transported from maternal tissues.

These are synthesized primarily in roots and
transported to other organs, although there are
many minor sites of production as well.

Meristems of apical buds and roots, young leaves,
and developing seeds are the primary sites of pro-
duction.

These compounds are present in all plant tissues,
although different intermediates predominate in
different organs. Internally produced brassinos-
teroids act near the site of synthesis.

Almost all plant cells have the ability to synthe-
size abscisic acid, and its presence has been de-
tected in every major organ and living tissue; may
be transported in the phloem or xylem.

This gaseous hormone can be produced by al-
most all parts of the plant. It is produced in high
concentrations during senescence, leaf abscission,
and the ripening of some types of fruits. Synthesis
is also stimulated by wounding and stress.

Major Functions

Stimulates stem elongation (low concentration
only); promotes the formation of lateral and
adventitious roots; regulates development of fruit;
enhances apical dominance; functions in photo-
tropism and gravitropism; promotes vascular
differentiation; retards leaf abscission.

Regulate cell division in shoots and roots; modify
apical dominance and promote lateral bud growth;
promote movement of nutrients into sink tissues;
stimulate seed germination; delay leaf senescence.

Stimulate stem elongation, pollen development,
pollen tube growth, fruit growth, and seed develop-
ment and germination; regulate sex determination
and the transition from juvenile to adult phases.

Promote cell expansion and cell division in shoots;
promote root growth at low concentrations; inhibit
root growth at high concentrations; promote xylem
differentiation and inhibit phloem differentiation;
promote seed germination and pollen tube elongation.

Inhibits growth; promotes stomatal closure during
drought stress; promotes seed dormancy and in-
hibits early germination; promotes leaf senescence;
promotes desiccation tolerance.

Promotes ripening of many types of fruit, leaf ab-
scission, and the triple response in seedlings (inhibi-
tion of stem elongation, promotion of lateral
expansion, and horizontal growth); enhances the
rate of senescence; promotes root and root hair for-
mation; promotes flowering in the pineapple family.



AyKcuH (rped. auxein - «pactu/yBenminBaTbCa»)
JTiobon XMMUYeCKuUmn areHT, CTUMYJIUTYIOLWMU pacTaXeHne
KoneonTtunen (Knaccugukayusi no gousuosioc2udeckou
akmueHocmu!).

Unponun-3-ykcycHas kocnorta (MYK) — ocHoBHOM
ayKCUH, HO €CTb eLle KaK MUHUMYM 3.

ModepHu3upoeaHHasi
meopusi Xos100Ho20-BeHma:
AKycuHoeble
mpaHcrnopmepbl NepeHocsim
ayKCUH u3 6asibHO20 KOHUa
K/1emKu 8 anukasibHyro
Yyacmb cOCeOHeU KJ/iemkKu.

Kpuctannb! heHnnauertara
XOpOLUO pacTBOpPUMbI B BoAe



[MpupoaHble (3HAOreHHble) ayKCUHbI —
TOYHO U3BECTHO NPO YeTbipe ropMoHa:

O 1 — Hanoonee oOUNbHLIN N BaAXXHbIW:
uHoosnus-3-ykcycHasa kucioma (UYK)

OH (IUPAC: 2-(1H-indol-3-yl)acetic acid)
UHpon — retepouunkn +

N\ KapOoKcumeTusnibHasa rpynna
N (aueTun)
H

Xnmunyecknm cuHtes NYK *He B knetke! (bMocuHTe3bl
rOPMOHOB — CaMMM NO y4eOHUKyY! hopmMmynbl
NMPOMEXYTOYHbIN NPOAYKTOB He Haao)

A HO O 1. KOH, 250 °C OH
@ + — > N\
N OH 2. HCI

uHoon 2/1UKosiesasl :
Kucaoma




Opyrne Tpn NpUpoaHbIX (3HAOreHHbIX) ayKCUHa —
Cl COOH

4-xrnopouHAoNU-3-yKCycHasli KUCrnoTa
N (Bcerpa ectb B cemeHax 6060BbIX, BO3MOXHO

N ropMOH CMEpPTU — UM CeMeHa yOuBaloT nopoxaatrollee
H X pacTeHue)
O
2-beHUNyKCcycHast KuUcrnorta
OH (nouTtn Bcerpa oGHapyxuBaetTca B ppyKTax)
COOH
N MHOoOnNuUN-3-MmacrnisiHass Kucriorta
' (Bcerga npucytctByeT y Salix)
H

PacTeHns1 CUHTEe3NPYHT ayKCUHbI HECKONTbKUMU HEe3aBUCMbIMU NYTAMM.
YeTbIpe U3 3TUX NyTen HAYUMHAKTCA C TpuntodraHa, HO €eCTb U NATLIN NYTb —
He3aBUCUMBLIN OT TpuntodaHa. NpomMeXyTouHbIN NPOAYKT Yalle BCcero
UHAOMN-3-NMpPyBaT, pexe uHAon-3-auetarbAoOKCUM.

Zhao, Yunde (2010) Auxin Biosynthesis and Its Role in Plant Development.
Annual Reviews of Plant Biology 61: 49—64.



phylotasy Flower initiation  Floral organ shape and
size

Cotyledon and root Fruit development and
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Box1: the chemiosmotic theory and the
three families of auxin carriers

AUULAXS
Family of 4 members

Call¥all Auxin influx carrier

Polar localization in protophloem and
root epidermis

aytosol Putative topology: corsersus for 11
traremembrane domains (TMD)

\Topokay deduaed from Swarup oL al. 2004

Auxin is a weak acid with a dissociation corstant of pK = 4,8,
Hence, it is present under two forms: the anon [A4A1 and the
protonated |AAH dependent on the pH compartment. In neutral
compartments (cytoplasm), A4 dominates, whereas in acidic
compatrtments (cell wall) both |AAH and A4 are present.
1AAH can freely diffuse across the PM, but there & still a
proportion of 1A&11 which need to be transported inside the cell
by the action of influx transporter (ALK SLAX and PGP). 1AAN
cannot pass throusgh membrane and need to be actively
trareported by efflux carriers (PIN, PGP}, the polarity of which
rezulates the direction of the awxin flux (PIN).

aytosol y ; each followed by a
ADFeK ADFK  Nyclotide binding (NB) domain

7~ ™~
PGPs
E Family of 22 members (redundant)
2 Auxin efflux or influx carrier
Mostly non-polar
Direct interaction with PIks
AT? ATH Putative topology: Two groups of TMDs

PINs

8 members (extremely redundant)

Sl Watl Auxin efflux carrier

Mostly polar: polarity
aytomol regulates the direction
of the auxn flux

Putative topology: corsersus for 10 TMDs and one big
intracellular loop, (the loop is required for PIN
localization and interaction with PGPs)

k _

IAAH =

aar!

Cell Wall
pH = 5.5

o
@_ .

S

v

, In this example, PIHs are

& \J basal: the general direction of
WA/ 1AAH the auxin flux is apico-basal

. ) )




Kak ayKCUHbI CTUMYTUPYIOT POCT?
- H*-AT®a3bl, - 9KCNaHCUHbI

AYKCUH CTUMYNUMpyeT NPoTOHHYIO ATda3y;
Bblaensiemble 3TuMm doepmeHTom H*
OCnabnsoT CBA3U KNEeTOYHOU CTEHKU U
CTUMYNUPYIOT KUCJIbIe 3K302Udposia3sbl.

[MpoToHbI Takke ctumynupyrot IKCINAHCUHDI,
npeacraBnfaowme cooon HegpepMeHmMmamueHbIe
cucmembi, BepOATHO, CNOCOOHbLIe OcNnadbnfaTb
agre3mBHble (HeKOBaneHTbIHe) B3auMoaencTBus
mexay chmbpunnamm uennono3bl U
coegUHUTEeSNIbHbIMU BOFIOKHAMM reMuLesnnionossbl.




MexaHusm 1

€ OKcnaHCHUHbI OTLWEeNNAT
remuuensnonosy ot ondpunn
Kucnbie Lennono3bl
BonokHa rypgponasbl
remumuaenninio

JKCNaHCUH

KneTtouyHas
CTeHKa

@ pacwennexue

Llenntono nossonseTr
3Hble MUKpodunbpunnam
MUKpou PacxoauTtbcs B

6pMﬂ CTOPOHBDI. FHO

Jibl

CTeH
MeMOpaHa / K

¥

=N

CTeHKa

chaet
ayKCUH 5 TE S \ B
cTUMynupyet \ T \
AKTUBHOCTb
N MnasmaTuyeckas AApO uuTonnasm
H*-AT®a3bl a
MeMbpaHa BaKyoIb
uuTonn O Knetka

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings. a3 M CTa H O B MTCH

cnocobHom
a K pacTsXXKeHU 1o



YXe ond Bac U3BeCTHbIN MeXaHU3M (MexaHuU3Mm 2):

1 - H*-AT®a3a runepnonsapulyet MemMbpaHy, BbiKaunBasi
NONOXUTENBLHO 3apsikeHHble H* Hapyxy.

2 — 3TO aKTMBMPYET OTKpPbIBaHue
runepnonsipm3aunoHHoO-akKTMBMpyeMbix Ca?*-
NnpoHMLaeMbIX KaHanoB

3 - Ca?* cTumynupyeT aKkTOMMO3UHOBbIE
B3aMMOA4EeUCTBUA U NONSAPHbLIA TPAHCMOPT BE3UKYN C
HOBbIM KJIeTOYHbIM MaTepuaniom u3 K-ca Flonbaxu.

4 — BospocLumi umtonnasmarnyeckum Ca%* crumynupyer
HALO®PH-okcnpgaly — naet reHepauusa APK. Yrto
OOMNONHUTENbLHO CTUMYNUPYET KaHanbl u Bxoa Ca®* B
uutonnasmy — appeKkT ycuneHus!
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LINTOKUHUHBI CTUMYRNPYIOT
LMTOKUHEe3(nC) — aeneHmne KneTok

KOHTpONuUpyroT Kneto4yHoe HO
aeneHuve u andpdepeHunauuro y
pacTeHun. XN

CUHTe3upyroTCA B pacTyLmX NH
TKaHAX: KOHYNKN KOPHEeW, N~ X —N
3MOPUOHBLI, PPYKTbI. ||\ P N/>
N
PYHKUMOHNPYOT COBMECTHO C 3eamuH (nepeeiil

ayKCMHaMU B KOHTPOMe pocTa. = o ey



LINTOKMHUHBI, ayKCUH U paa Apyrux pakTtopoB B3aumMoaencTByoT Ans
KOHTPONSA anukKanbHOro JOMUHUPOBaHUA.

B anuk. AOMuH. TepMUHanbHas (BepxyLle4yHasa) no4yka nogaBrnfeT pocT
OoKOBbIX NoYeK (06pasoBaHMe 6OKOBbLIX NOGEros).

LIMTOKMHMHBI BbI3bIBalOT 0Opa3oBaHWe HOBLIX NOYEK W,
COOTBETCTBEHHO, BeTBJIeHMe cTebnen nu KopHen, oopasoBaHue
COLUBETUU. ITO UCKNIOUYUTENBHO cneundpunyeckoe nencrteme

LMNTOKUHUNHOB.

LINTOKMHUHBI 3aMeAnsIioT CTapeHue ERSLILr el
HEeKOTOPbIX OpPraHOB pacTeHus, ’*;f—f—‘:Lg D
MHrMounpya pacnag 6erkos, g
ctumynupysa omocuHte3s PHK n 6enkos,
MOOUNU3NPYA NUTaTeNbHbIe BelecTBa
N3 OKPYXaloLnX TKaHeMn.

%%

\ 1 ‘ !

CUHTEe3 UMTOKMHUHOB MAET B KOPHAX U
B ceMeHax. 3 KopHe! UMTOKUHUHBI
NacCUBHO TPaHCMOPTUPYIOTCA B

Ha3eMHble OpraHbl NO KCuneme. A heKkT ULUTOKUHUHOB Ha
BeTBJ1IeHune




Mo>XHO BbiaenuTb 2 Tuna LUTOKMHUHOB MO UX CTPYKTYpe:
1 — aAeHUHOBbLIN TUN: KNHEeTUH, 3eaTUH U 6-

OeH3MnamMmHoONypuH
2 — heHUN-Mmo4YeBUHHbIN TUN: ANdPEeHUNMoYeBMUHA U

TUAWA3YpPOH

CooTHOWEeHNe ayKCUHA K ULUTOKUHUHY UMeeT OrpOMHOE 3Ha4YeHue Ha
pocT pacTteHun. LUIMTOKMHUH 6e3 aykcuHa He umeet 3pcekra Ha
napeHXUMHbIe KIeTKMW.

be3 ULMTOKMHMHA ayKCUH Bbi3blBaeT yANUHEHUE, HO KIeTKU He
aenatcAa. Korga no6aBnsaeTcs UUTOKUHUH KIEeTKU Ha4YnMHaKoT
aenutbca u audepeHUMpoBaTbLCA.

Korpa nopoBHY ayKCMHa U LUTOKMHUHA NApPeHXUMHbIe KIeTKU
HauyuHarT opmupoBaTbCcAa HeandpdepeHUUPOBaAHHbLIU Kansyc.

NobGaBneHue K Kannycy 6onblue UUTOKUMHUHA, YeM ayKCUHA,
npuBoAUT K hOpMUPOBaAHUIO NoYeK noberoB (pactyT noberun). B 1o
Xe Bpems, AoobdaBreHMe aykcuHa (Ha ¢poHe HU3KOro ypoBHS
LUTOKMHUHA) Bbi3biBaeT hopMmmnpoBaHme KOpHen



[Mb6epennuHbl (knaccugpukauus no o6wel

cmpmeype!) TaK)XXe KaK nu BCce rOpMOHbI UMeIoT
nneoTponHoe AeucrtBue:

- YannHeHue noberoB

- MpopacTaHue cemMsH

- PocT (bpykTOB

- MMposiBNeHne NnonoBbIX NPU3HAKOB

- UHaykuua paaa chbepmeHTOB

- OnageHue nUcTbLEB U NNOAOB OH

Bce rmub6epennunHbl
autepneHonabl.
CuHTe3supyrorca B
TeprneHoMaHoM nNyTu B HO
nnacrungax, satem
moancpuumpytrotcsa B IMMP um
uuTonnaismMme 0O aKTUBHOM

¢dopMblI.

H CooH

ub66bepenosasi Kucrioma



[M60epennuHbi

Fub66epenosast kucrioma

[MbbepennunHbl ObIBAIOT TeTpa- UNU NEeHTAUUKITUYEeCKOU
npupoasbl (C NATUYSIEHHbIM NTAKTOHHOBbLIM KOrnbLOM!) 1
MoryTt cogepxaTtb 20 unu 19 atomoB yrnepopaa.
BonbLWKUHCTBO rM66epensIMHOB ABMAKOTCA KUCNOTaMMW.
UHpekc MK, TK, o3HayaeT Tonbko NOPAAOK OTKPbITUA B
NCTOPUNYECKOM NnaHe.

Y pacteHun, rpuboB u bakTepumn oOHapyXeHo
okono 150 BewecTB, OTHOCUMbLIX K rpynne
rmooepensniMHoB.



'K - omkpbima sinoHckum y4yeHbIM Eu4yu Kypocaeou e
1926 r. Kak npoaykTt natoreHHoro rpuda Gibberella
fujikuroi, Bbi3biBaloLWwero 3aboneBaHne puca bakanae.

Tenmxxunpo Adyta — nsonumpoBan n npoaHanusupoBan NK s
1935 ropay.

Gibberella fujikuroi Bbi3biBaeT bakanae — 3arpyxas B pacteHue n3bobitok lNK.

UGA1436003




AYKCUH 1 rmnbbepennunHbl perynmpyroTt

co3peBaHue PPYKTOB U 3aKnagkKy ceMsH.
Gibberellins are used in spraying of Thompson
Seedless, Russian Seedless, and Black Monukka
grapes (usual varieties in the shop).

growth

Gibberellin-induced stem
growth



[MpopacTaHue ceMeHU: BO BNaXHbIX YCNOBUAX BbICBOOOXAEHME
rmooepennmMHOB N3 aIMOPUOTUYECKUX KNEeTOK hopMupyeT curHan ans
CeMSiH, UHAYLUMPYIOLWMA NnpopacTaHue.

@ Gibberellins (GA)
send signal to @ Aleurone secretes € Sugars and other
aleurone. a-amylase and other enzymes. nutrients are consumed.

~ Mscutellum
~ (cotyledon)

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.



bpaccuHocTepouabl — MOXOXWU Ha CTeponaHble
NosIOBble FOPMOHbI XXUBOTHbIX.

- YAJNINHEeHUEe KIeTOK BMeCTe C ayKCUHOM

- ancphepeHUunauma cocyancTbiX TKAaHEW

- yANTMHEHMEe NbiNbLEeBbIX TPYOOK OH

6paccuHosnuo



AbcumusoBas kucnota (ABK) 3amepnsieT pocTt
[1Ba ocHOBHbIX 3dhheKTa :

- MoopepxnBaeT NOKOU CeMAH
- 3aKpbiBaeT ycTbMLUa npum 3acyxe

U3onpeHONOHLIN
nyTb CUHTE3a B
nnactupax




Early germination
in red mangrove

Coleoptile

el

Early germination
in maize mutant
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CTumynMpyeT TPaAHCMNOPTHbLIEe CUCTEeMbI, Bbi3biBalouiue
BbIXOA4 Kalrind, Marniata U UMTpata N3 3aMblKaloLWUX
KIeToOK

2 guard cells

Ca’t



dTuneH

[MpoayunpyeTcs B OTBET Ha CTPecC U
noBpexaeHue.

Bbi3biBaeT onagaHue nucTbeB, obecneynBaeT
agantauuiro metabonusma K cTpeccy,
co3peBaHue PppPyKTOB.

H H
\ /
C=C
/ \

H  H

dMmurJieH
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YMeHblUueHue
YPOBHS1 ayKCUHa
U NOBbILLEHNE
YPOBHSA 3TUNEHa
NPUBOAUT K
obpa3oBaHuIO
30HbI OTAENEeHus
B OCHOBaHUM

yepeLllka u
onageHumio
JINCTbEB.
3aWUTbIHA Cnon i Cnown |
CT'e6 l-lepeu,.lio '
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P +HCOOr  Y4YUmb He Hado

CH
[ ! 0,
ADP _'i—“l‘,/oil/
ATP OH OH HC/S B . E60°
5'-Methylthio- : 14 i . .
o ribose-1-phosphate a-Keto- O 3 amm?aad
y-methylthio- coo
CH butyricacid R
I
S
fiadf e
R 2-oxo-acid
w ( METHIONINE Hc/s\/\rcoo
3
OH OH (YANG) .
5'-Methylthioribose CYCLE L-Methionine
ATP

A

| 0
Adenine HO N | N\> CIH‘
ey

12/

-~

OH OH
5'-Methylthioadenosine

\C/ H.C _NH.
HC” coo- H,C7 1 00"

N-Malonyl-ACC 1-Ammino-
Malonyl-  cyclopropane-

Coenzyme A  4/hoxylate

Coenzyme A-SH

©

PP, +P,

N\> CIH.
4 N S CO0 -
I/O\f \/ﬁ;

OH OH
S-Adenosyl-L-methionine

H,C=CH,
Ethylene
%20,
CO,+HCN +H,0

R

Enzymes

SAM synthetase

ACC synthase

ACC oxidase

ACC N-malonyl-transferase
MTA nucleosidase

MTR kinase

Transaminase

Q000000 e

Spontaneous reaction

Abbreviations

ATP
ADP
ACC
HCN
MTA
MTR

Adeninnucleotidtriphosphate

Adeninnucleotiddiphosphate

1-Amminocyclopropane-carboxylate

Hydrocyanide acid

5'-Methylthioadenosin
5'-Methylthioribose

PP, Diphosphate (Pyrophosphate)

P, Phosphate

SAM  S-Adenosyl-L-methionine
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Hanoonee ononormyecku-sHaunmblie AOK

(rpynna )
O, A0, ‘OH

H-0O, O NO

HOOH o()() °N()

From Demidchik V, Chapter 2. Oxidative Stress in
Plants.



Opyrue ADOK, yyacTtByroLwime B OKCUAaTUBHOM
cTpecce u pusnonormnvyeckmx peakumsax (rpynna ll)

'maponepoKCcunbHbIN (rTMAPONEePOKCUAHBLIN)
pagukan HO,'

MepockunbHbin pagukan RO,
AnkokcunbHbin paaukan RO’
NMNepokcuHuTput (ockonepokcoHuTpat) ONOO-
Oz30H O,

'mnoxnopHasn kucnota HOCI



NMoTeHUumanbHble peuentopbl ADK B KneTKkax pacTeHUM:
(A) ABYXKOMMOHEHTHbIe rMCTUANH-KUHa3bl (two-component histidine
kinases);

(B) pepokc-yyBcTBUTESbHbIE (haKTOPbI TPAHCKPUNLUKU: CUCTEMA
dakTop/perynartop (B TGA okucneHue Linc-260 n Linc-266
npenaTcTByeT cBA3U ¢ 6riokatopoMm NPR1) n Heat Shock Factors (y
APOXKen HanpAaMyro Yepes 2-Luc );

(B) A®PK-yyBcTBUTENbHbIE (pochaTasbl;
(I') peOooKc-peryrnimpyemMmblie KaTUOHHbIe KaHanbl;

(O) G-6enkwu (in vitro: 20 pM H202 CcTUMyNnUpoBano agnccounauumro
anbda-cyoveanHuUbl (Wang et al., 2008)

NMpsimoe yyacTune B peaoKc-CUrHanmsauum in vivo noka AoKasaHo TONMbKO Ans
nocneaHewn rpynnbl (Demidchik et al., 2010; Garcia-Mata et al., 2010).



Moyemy Tak BaxxeH Ca?*?

- NoBbIWeHne ypoBHA Ca?* B uuTonnasme (4-mepHas KkanbLmeBasi BOMHA -
XYZt) — 31O KOA ANSA BHELWHUX CUTHAroB Y KINeTOK pacTeHUN, KOTopble «BUAAT U
CINbIWAaT» OKPYXaKLWMUN MUP NMPU MOMOLLN MeMOpPaHHbIX peLenTopoB U BOSHbI
U3MeHeHus uMTonnasmaTmyeckon aktTusHoctu Cat ([Caz”] _)- CurHanusaums y

pacTeHMn Yaule BCcero Ha4yMHaeTcsli C U3BMEeHeHUA [Caz"]LwIT

3a pazeumue npedcmasneHuli o cuzHanbHoU posiu Ca** danu mpu Hob6eneeckue
npemuu.

umMTonnasma:

[Ca%*] = 100
2+71 —
[Ca (]3a 0.1-1 m HM )CbepMeHTbl

" KaTUOHHbI ’
T ana ' reHbl

I MembpaH
a

KINeTo4vyHa4d
CTEeHKa.




LinTonnasmaTtnyeckue ceHcopbl Ca?*:

Kanbumn-ceasbiBatowme 6enku “Ca?*-binding proteins” (CBPs). MpumepHo
250 reHOB Ha reHOM (BbiCLUME pacTeHuUsA).

«O6pamumo cessbiearomcsi ¢ Ca?*, npu amom ux KoHgopmayusi usMeHsiemcsi, U OHU
CmMaHoB8sIMCcsi ClOCOOHbIMU pea2uposamsb € PsIOOM MUWEHeU 8 KilemkKey.
Knaccunuyeckne CBPs nmerot ‘EF-hands’ (“helix-loop-helix” structures), koTopble
cneundmyHo ceBasbiBatoT Ca%* npu ero o4eHb HU3KOM KOHLEHTPaLUM.

CBPs M0OXHO pa3genuTb Ha 5 KnaccoB (ece goesieyeHb! 6 ADK-Ca?*-
CU2Hanu3auyuro):

(1) xkanbMOoAYNUHDI;

(2) kanbmoaynuMH-noao6Hble 6enku (calmodulin-like proteins - CLPs);

(3) Ca**-3aBucumMble npotenH-knHasbl (CDPKs);

(4) kanbunHeypuH-B-noaoOGHbIe 6enku (calcineurin B-like proteins - CBLS)
(5) HAOQ®H-okcuaasbl.

CDPKs Hanpsimyto «TpaHcayumpyot» A®K-Ca?*-curHanbl. OctanbHble 4 knacca
AEeNCTBYHOT B KadyecTBe nocpeaHukoB. HAJ®H-okcuaasbl npoayuupyrot APK un

AencTBYIOT 06paTHO Ha Ca%*-npoHuuaemsle kaHanbl. HAJ®H-okcuaasbl n
KanbMOAYIMHbI €CTb Y XXKMBOTHbIX, OCTalIbHbl€ TONbLKO Y pacTeHUMN.

Mpumep: H,0, B TeyeHne cekyHa nHayumpyet CDPK3 B cycneH3MOHHbIX KOPHEBbIX
Knetkax Arabidopsis thaliana, npuBoasa K U3aAMeHEeHUI0 aKcnpeccumn 28 reHoB, CBA3aHHbIX
CO CTPECcCOBbLIM OTBETOM (Mehimer et al., 2010).



dpyrue curHanbHoO-perynaTopHblie MeXaHN3Mbl,
uHayuupyembie APK:

MAP-knHasbl n gpyrue cepuH-TpeoHMHoBble KnHasbl, MAPK-docdcaTasbl n
apyrue depmeHTbl akTUBUpyroTCca nop aencrteuem APK, Ho Nnoka He AICHO Kak
U BO-MHOINOM He NMOHATHO 3a4eMm.

Takxxe He ICHO AnA 4Yero Heob6xoAMMma Tak-Ha3blBaemMas peTporpaaHas
curHanusaumsa (A®K-curvanbl mexay AOK-npoayumpyrowmmm opraHennamm
n A0POM).

OO6bI4yHO yBenuyeHue ypoBHs ADK npu nsyvyeHmu petporpagHom
CUrHanusauummn Bbi3biBalOT CBETOBbIM CTpeccoMm (B 3 pa3a curibHee OObLIYHOIro
COJTHEYHOro0), MO3TOMY CKOpee BCero He CBsI3aHO C peasibHOMU
natocgpusnonornen pacteHus.

JlnnngHble nponsBoaHbIe - U3BECTHO HECKONbKO KOMNOHeHTOB (phosphatidic
acid etc.), obpa3syrowmxca npm oKCMaaTMBHOM CTpecce U UrparoLmx
CUrHanbHYH ponb. ATO bonblias otaesnibHas Tema. SICHO, YTO NPOU3BOAHLIE
€CTb, HO He AICHO KaK OHU AeNCTBYHT Ha AayHCTPUM-MeXaHU3Mbl.



OCHOBHbIE€ KOHUEMUUU:

lNepexodHbIe Memasisibl U CUHMe3 2UQPOKCUJSIbHO20 padukKasa
Heob6xo00uMsbI Os1si nepedadu U ycusieHuUsi cmpeccoeo20 CuU2Halsa

I [ transition metal activities trascriptome: roteome: hysiolo
S’-qnal processing. hydroxyl radical generation up/dov{/)n regulation Bp/down regulation ghgnges%' rowth
: " . calcium channel activation of particular genes of particular proteins and morphology
signal intensity calcium transients
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A typical plant stress signalling chain includes: (i) stress signal perception by
cell surface receptors, (ii) transduction of the signal by second messengers that
activates (iii) gene expression programmes leading to (iv) biosynthesis of
defence/acclimation proteins and stress resistance (v) or to (vi) the cell death.



