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MNEPEYEHD YCJIOBHBIX OBO3HAYEHU

[Ca2+]um, — BPEMEHHOE NOBBILIECHUE YPOBHS Ca’' s LUTOILIA3ME;
AK — ackopOuHOBas KHCIIOTA;

AcCK — acKOpOWIBbHBIN paJuKa;

ATO® — anenosuntpudocoar;

AOK — akTuBHBIE (HOPMBI KUCIOPOA;

I’AMK — ramMma - aMuHOMacJIsIHasI KUCJI0Ta;

I'’1® — ryanosunaudocdar;

JNAK — neruapoackop0ar;

JAKP — nerunpoackopOaTpeayKTasbl;

3KY — 3aMmbIkaronye KJIeTKU yCTHHII;

JIK — TMMOHHAas KUCIIO0Ta;

HAJT" — okucieHnas dbopmMa HUKOTHHAMU/IaICHUHIMHYKJICOTH/IA;
HA/I® — HukoTHHaAMHIaJeHUHAUHYKIeoTuihocdar;
CAM — KHCTOTHBIN IIUKII TOJICTSHKOBBIX;

YD — ypunun-5-nudocdar;

OK — ¢pymapoBas KUCIIOTa;

HAM® — nukiIn4eckuil aieHo3uHMoHodocdar;

Il M® — nuknuveckuii ryanosuHMoHodocdar;
YK — maBeneBoykcycHas kuciora; 1P —
JHJIOIUIA3MATUYECKUH peTUKyIyM; SAK —

sa07109HasT KUCJIOTA.



PE®EPAT

Jlunimomuas pabota: 48 crpanuil, 18 pucCyHKOB, 47 HCTOYHUKOB.

OPI'AHMYECKHUE KH1CJIOTHI, I[TEPEXO/IHBIE METAJUIBI,
KAJIBIHIMEBASA CUTHAJIM3ALIUA, ARABIDOPSIS THALIANA (L.) HEYNH.,
OKBOPMHOBAA XEMWJIIOMNHOMETPU A, POCTOBBIE TECTBI

[lenp paboOTHI: YCTAaHOBUTH 3aKOHOMEPHOCTH BO3JEHCTBUS OPTraHUYECKUX
KHUCIOT M HMX KOMIUIEKCOB C TMEPEXOJHBIMH METaJIaMH Ha  YPOBEHb

[UATOIJIA3MATUYECKOM aKTUBHOCTH MOHOB KaJblLIUsI U POCT KIIETOK KOpHS Arabidopsis
thaliana (L.).

HccnenoBanuss  OpOBOAUIMCH € MCIIOJIB30BAHUEM  METOJMKHU Ca’’'-
DKBOPUHOBOM  XEMWJIIOMUHOMETPHUM HA HWHTAKTHBIX KOpPHAX 7-12-1HEBHBIX
MPOPOCTKOB apaOdUAO0NCUCA, KOHCTUTYTUBHO IKCIPECCUPYIOMHNX POTOOETOK SKBOPUH
B 1uroruiazmMe. C  HUCHOJb30BaHMEM  TEXHUKH  3aMEHBl  Cpellbl  ObLIU
OXapaKTEePU30BaHbl U3MEHEHUS POCTa KOpHEHN apaOujorcuca B OTBET Ha BBEJACHUE B
Cpeay KyJbTUBUPOBAHUS OPraHUYECKUX KUCIIOT.

br110 mokaszaHo, 4TO SK30TEHHBIN ackopOar B koHueHtpanusax 1, 10 u 30 MM
BBI3BIBAJI YBEJIMYCHUE [Ca2+]um. B KIETKax KOpHA apabuporicuca. Ackopoart-
UHIYIIUPYEMBIE Ca’’-curnansl umenn BOJIHOOOpasHyto (OpMy C OJHUM THKOM,
JOCTUTAsT MaKCUMymMa B TeueHue 3-5 MHH B 3aBUCUMOCTH OT TECTHPYEMOMU

KOHLEHTpaluu. Manat, uutpar u (¢gymapaT B KOHLEHTpauuu 1 MM He BbI3bIBaIH
nonoOHoil peakuuu. MoOHBI MeTalioB, TakMe Kak Melb, Kele30 W MapraHell B

KOHIIeHTpauu | MM npuBOIMIM K YBEIMYECHUIO [Ca2+]um.. Beenenne B cpeny
COBMECTHO C aCKOpOaToM MOHOB MEJM U Keje3a B KOHLEeHTpauu 1 MM cTuMynnpoBasio
ackopOaT-uHAYIUPYEMOE TOBBIIICHHE [Ca2+]um_. Hanbompiieit akTHBHOCTBIO B 3TOM
oTHOIIeHNH obnaganu moHbl Menu. Kommiekc 1 MM mapraner-ackop0at yMeHbIAT
[Ca2+]um, MOYTH B 3 pasza MO CPaBHEHHUIO C YHUCTHIM ackopbOaroMm. Kommiaekc 1 MM
MapraHel-MajaT BbI3bIBAJl YBEIMYCHUE [Ca2+]um, Oosee ueM B 3 pasa Mo CPaBHEHUIO C

2+
yucthiM MasatoM. Kommiekebl 1 MM mutpar-menp u Manar-mMenb cHukanu [Ca”  |uur.
yuctoil Menu B 1,7 m 2,8 paza, coorBercTBeHHO. Dymapar He BCTymal B pPEIOKC-
PEaKIUI0 HU C OJJHUM U3 IPOTECTHPOBAHHBIX METAJIJIOB.

beumn oxapakTepru30BaHBl H3MEHEHHUS POCTa KOpHEH apaOuoncuca B OTBET Ha
BBEJIICHUE B CpeIy KyJIbTUBUPOBAHUS OPraHUYECKUX KUCIOT. AckopOaT B
koHieHTparuu 0,3 MM cTUMyJIUpOBall POCT KOpHEW apabuporncuca Ha 25%, Toraa
kak 1 MM ackopbart yraeran poct kopueit Ha 20%. JloOaBieHne manaTa, UTpaTa u
¢ymapara He TPUBOAWIO K yBEIMYECHHIO pocTa KopHeil. ComepxkaHue B cpelne
BBIpAIIMBAHKUS MajlaTa (BO BCEX MPOTECTUPOBAHHBIX KOHIICHTPAIIHUSAX ) YTHETAIO POCT
KopHeil. @yMapat HauYMHaJl CHUXKATh pocT KopHel ¢ 0,3 MM, a nutpar ¢ 1 MM.



PODEPAT

JlpimuiomHas padora: 48 ctaponak, 18 mamonkay, 47 KpbIHIIL.

APT'AHIYHbBIA KICJIOTBI, IIEPAXO/JHBISA METAJIBI, KAJIbIIBIEBAA
CITHAJI3AUDBIA, ARABIDOPSIS THALIANA (L.) HEYNH., DKBAPbLIHABAS
XEMUIIOMIHOMETPbBIA, POCTABBIA TOCThI

MbTta paboThl: ycTansiBaHHE 3aKaHaAMEpPHACI Y33€sHHS apraHiuyHbIX Kiclar 1
iX KOMIUIeKcay 3 TepaxoAHbIMI MeTajamMi Ha Y3poBeHb IbITaIuIa3MaThIYHAM
aKThIYHACI 1€HAY KaJbIIbIA 1 POCTY KiIeTak KopHi Arabidopsis thaliana (L.).

Y  nacnenaBaHHI  BBIKAPBICTOYBAjacs  METOJbIKA Ca2+-3KBapBIHaBaﬁ
XEMUJTFOMIHAMETPbIl Ha IHTAKTHBIX KapaHsX 7-12-138HHBIX ITpapocTKay apadigorncica,
KAHCTBITYTBIYHA  JKCIPACYIOUbIX  (OTAOANOK HKBapblH Yy  LbITaluiasMe. 3
BBIKAPBICTAHHEM TOXHIKI 3aMEHbl CyOCTpary ObUIl axapaKTapbl3aBaHbIsI 3MEHbI
pOCTaBBIX Tparpcay kapan€y apabigoricica ¥ aaka3 Ha YBsA3E€HHE ¥ acspojiak
KyJIbThIBABaHHS apraHIYHbIX KICJIOT.

beino makazaHna, 1ITO 3K3areHHbl ackapbar ¥ kanupHTpaneisix 1, 10 1 30 MM
BBIKJIIKAY maBemiudsHHe [Ca2+]upIT. y KIeTkax KopaHsi apabimorcica. AckapOart-
IHAYLIBIPY MBI Ca’’-cirnansr Meni xBajenajaooHy ¢opMy 3 aIHBIM IIIKam,
JacAralybl MakCciMyMy Ha mpargry 3-5 MiH Yy 3ajexHacii aj TACTaBaHal
KaHIPHTpalpl. Manat, upitpar 1 ¢ymapar y KaHipHTpamblli | MM He BBIKITiKal
nagoOHait poakupbli. [€HBI Meranmay, Takis SK MeA3b, JKajle3a 1 MapraHel y
KaHIPHTpankll 1 MM npbeIBOA3IIE Ja TaBeIIYIHHS [Ca2+]um.. VYBsiI3EHHE § acsApoaaKk
cyMecHa 3 ackapbam 1€Hay Men3l 1 kane3a Y KaHlpHTpausli | MM creiMyisiBana
ackapOaT-uHIylbIpaBaHae TaBBIIIIHHE [Ca2+]um_ HaiiOonpimait akTeIyHACIIO ¥
IITBIX agHociHax Bamogami 1€Hbl men3i. Kommiekc 1 MM  maprasein-ackapOar

[V} 2+ (V] (V) .
namsHmay [Ca” |ugr. amManb y 3 pasel ¥ mapayHaHHI 3 YBICTBIM ackapOaTam.

Kowmmiekc 1 MM mapranen-mManaT BBIKITIKAY MMaBeTiudHHE [Ca2+]um, 00JbII YbIM ¥ 3
pasbl ¥ mapayHaHHI 3 YbICThIM ManataMm. Komruiekcel 1 MM 1bITpar-mensb 1 Majiat-
MeJI3b 3HIXKal [Ca2+]um_ ypicTail Men3i ¥ 1,7 1 2,8 passl, anmaBeqna. dymapar He
yCcTymnay y peaoKC-pIaKIlblio Hi 3 aJIHBIM 3 NMPATAICTaBAHBIX METajay.

bt axapakTapbi3aBaHblsi 3MEHBI POCTY KapaHEY apabujoricuca ¥ ajkas Ha
VBAJI3EHHE ¥ acsApOJiaK KyJIbThIBABAHHS apraHUYHBIX KICJIOT. AckapOar y
kaHipHTpanpel 0,3 MM cTeiMyIisiBay pocT kapaHEy apabunoncuca Ha 25%, Taisl Ik
1 MM ackapOar npsirHsTay poct kapanéy Ha 20%. Jlananne manara, upiTpaTa
1 pymapar He IpBIBO3IIH J1a TAaBEIIYIHHS POCTY KapaHey. Y TppIMaHHE ¥
acsipoJII31 BHIPOIIYBAHHS MajlaTa (Ba YCiX MpaT3CTaBaHbIX KAHIPHTPALBISIX)
OpbICHSATaNa pocT KapaHey. dymapar nayslHay 3HDKALL pocT KapaHey 3 0,3 MM, a
upiTpar 3 1 MM.



ABSTRACT

Thesis contents: 48 pages, 18 figures, 47 sources.

ORGANIC ACIDS, TRANSITION METALS, CALCIUM SIGNALING,
ARABIDOPSIS THALIANA (L.) HEYNH., EQUORIC CHEMILUMINOMETRY,
GROWTH TESTS

The aim of the project was to determine the effect of acids and their complexes
with transition metals on the level of cytoplasmic activity of calcium and the growth
of Arabidopsis thaliana (L.) root cells.

The study was conducted using Ca2+-aequ0rin chemiluminometry on the intact
roots of 7-12-days old Arabidopsis seedlings, modified to constitutively express a
cytoplasm-localized luminescent protein aequorin. Using gel medium exchange
technique, changes in the growth processes of Arabidopsis roots in response to the
introduction of acids into the culture medium were characterized.

It was shown that exogenous ascorbate at concentrations of 1, 10, and 30 mM
caused an increase in [Ca2+]cyt_ in the cells of the Arabidopsis root. Ascorbate-

induced Ca”" signals had a wave-like shape with one peak, reaching a maximum
within 3-5 min, depending on the tested concentration. Malate, citrate and fumarate at
a concentration of 1 mM did not induce such a reaction. Metal ions such as copper,

iron and manganese at a concentration of 1 mM led to an increase in [Ca2+]cyt_. The
introduction of copper and iron ions in a concentration of 1 mM into the medium
together with ascorbate stimulated the ascorbate-induced increase in [Ca2+]cyt-. The
greatest activity was observe at with “copper ions. The 1 mM manganese-ascorbate
complex reduced [Ca2+]cyt, almost 3 times compared to pure ascorbate. The I mM
manganese-malate complex caused an increase in [Ca2+]cyt_ more than 3 times
compared to pure malate. Complexes of 1 mM citrate-copper and malate-copper
decreased [Ca2+]cyt_ pure copper by 1.7 and 2.8 times, respectively. Fumarate did not
participate in redox reaction with any of the metals tested.

Changes in the growth of Arabidopsis roots in response to the introduction of
organic acids into the culture medium were characterized. Ascorbate at a
concentration of 0.3 mM stimulated the growth of Arabidopsis roots by 25%, while 1
mM ascorbate inhibited root growth by 20%. The addition of malate, citrate and
fumarate did not increase root growth. Malate content in the growing medium (in all
tested concentrations) inhibited root growth. Fumarate began to reduce root growth at
0.3 mM, and citrate at 1 mM.



