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Cpenu nipencraBuresieii cemerictBa KpecromnserHsix ropunna 6esas (Sinapis alba L.) u ropuuna
capenrckasa (Brassica juncea L. (Czern)) xapakTepusylOTCs BBICOKUM (pUTOpeMeauaniOHHbIM
MOTEHIIMAJIOM B OTHOIIEHUU TSKEJIBIX MeTa/uioB. l3BecTHO, uTOo 00a BHZA pacTEHUH CIIOCOOHBI
HAKAIJINBATh UOHBI META/JIOB B BBICOKMX KOHIIEHTPALUAX U IIPU 3TOM YCIIEITHO PAacTU U Pa3BUBATHCA.
OnHaKO MeXaHU3Mbl UX METAJJIOYCTOUUYMBOCTU HCC/IeI0OBAaHbI (PparMeHTapHO, a MOJIyYeHHbIe JTaHHbIE
JIOBOJIBHO ITPOTUBOPEYUBHL. B CBA3U ¢ 3TUM, 11€JIbI0 JAHHOU pabOThI IBUJIOCH U3YUEHUE BIUAHUA N30bITKA
IIMHKA B cyOCTpaTe Ha HKCIIPECCHIO F'eHOB 0eJIKOB TPAHCIIOPTEPOB Y ABYX BU/IOB FOPYHII.

OnbITHl TPOBOJIUIIN HA IPOPOCTKAX TOPUHUIIbI Oestol copTa Pasyra u ropuuIibl capenTcko copra
Huxka, BbIpallleHHBIX B YCJIOBUAX THUJPONOHUKU HA NHUTATEJIbHOM pacTBope XoIvIaHZa-ApHOHA C
ONTUMAaJIbHBIM COZIEp;KaHUeM IUHKaA (5 MT - KOHTPOJIb) Win ero u30bITkoM (1000 mr - ombiT). O6pasibl
smctheB (50 MKT) (pUKCUPOBAJIU B JKUIKOM a30Te. B manpHeiiem mpoBoawiu Beiiesienne TPHK corsacHo
IIPOTOKOJIy K HabopaMm komnanuu EBporen (MockBa). YpoBeHb sKkcnpeccun reHoB Ca?*/H?* antunoprepa
u 6esnxoB ABC, NRAMP u YSL) ananmsupoBaynu metozom IIL[P B pexrmMe peasibHOTO BpEMEHH.

B xone wmccieoBaHusa ObUIO MOKAa3aHO, YTO 00a M3YyUYEHHBIX BUJA PACTEHHH HAKAILIUBAIOT
JI0BOJIBHO BBICOKHE KOHIIEeHTPAlluY IUHKA B IO/I3eMHBIX U HQ/I3EMHBIX OpPTaHax, IpUYeM IPAaKTUYECKH B
paBHOM cteneHu. [Ipu 3TOM y ONBITHBIX PACTEHUM ropuuIlsl 6esioi Ha 1 u 3 CyTKH OT Havasa JIeUCTBUA
MeTayIa HabJII0/1ayIoCh MOBBIIIIeHNe dKcpeccun reHa Ca?*/H?* aHTUnopTepa OTHOCUTEIBHO HCXO/THOTO
YPOBH#, 4YTO, BO3MOKHO, CBfI3aHO C HEJOCTATKOM JIpYTUX /[BYXBAJIEHTHBIX 3JIEMEHTOB, KOTOpOe B
JasipHeneM (Ha 7-e CyTKH) CHIKAJIOCh. DKCIIpeccus reHa TpaHcopTHoro 6eska ABC B Teuenue 7 ¢yt
CHIDKQJIACh OTHOCUTEJIBHO UCXOAHOTO YPOBHSA. I10CKOIBKY O€JIKM JAHHOTO cCeEMEeNCTBA ITPEUMYIIeCTBEHHO
TPaHCIOPT MaKPOMOJIEKYJIbI, (PUTOTOPMOHBI, BTOPUYHbIE MeTAa0OJIUTHI U JIP., UX y4acTHe B aJIalTalluu
pacreHWH K U30BITKY ITMHKA He ObLIO HeoOXoAWMBIM. Bmecre ¢ TeM AaHHBIA (AKT MOXKET
CBU/IETEIbCTBOBATDH O BEPOATHBIX HAPYIIEHUAX TPAHCIIOPTA BEIlleCTB B 3TUX YCIOBUAX.

Y ONBITHBIX PACTEHUU TOPUMIIBI CAPENITCKOU B TeUeHUe IEPBBIX TPeX CyT JIeMCTBUSA MeTajlia
MIOBBIIIAJIACH HKCIIPeccUs reHOB, Kopupytomnux 6exu NRAMP u YSL, ydacTBYIOIIUX B TPAHCIIOPTE HOHOB
B nuromnasMy. OOHapykeHHbI 5¢@eKT, BO3MOXKHO, CBf3aH C Je@UIUTOM /APYTUX B3JIEMEHTOB
MHHEPaJIbHOTO IMUTAHUA, KOTOPBIN, KaK N3BECTHO, MOKET BO3HUKHYThH B YCJIOBUAX U30BITKA ITUHKA.

TakuMm 06pa3oM, yCTONYHNBOCTb TOPYHUIIBI 0€JI0H 1 TOPUYUIIHI CAPENTCKON K M30BITKY IIMHKA CBA3aHA
C MexaHW3MaMH, NPeJOTBPAIAIUMI BO3HUKHOBEHHE B O3THX YCJIOBUAX Aedunura m jgucOataHca
MUKPO3JIEMEHTOB.

PaboTa BbIIIOJIHEHA B paMKax rocyZapcTBeHHOro 3afanus FMEN-2022-0004.
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EFFECT OF ZINC EXCESS ON THE EXPRESSION OF PROTEIN-TRANSPORTERS GENES
IN THE LEAVES OF SINAPIS ALBA L. AND BRASSICA JUNCEA L. (CZERN)
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Among the plant species of the Brassicacea family, white mustard (Sinapis alba L.) and oriental
mustard (Brassica juncea L. (Czern)) are characterized by high phytoremediation potential in relation to
heavy metals. It is known that both plant species are capable of accumulating metal ions in high
concentrations and at the same time successfully growing and developing. However, the mechanisms of
their metal tolerance have been studied fragmentarily, and the data obtained are quit contradictory. In this
regard, the aim of this study was to investigate the effect of excess zinc in the substrate on the expression
of protein-transporters genes in two mustard species.

The experiments carried out on the seedlings of the white mustard (cv. Raduga) and oriental
mustard (cv. Nika), grown in hydroponics conditions on the nutrient solution of the Hogland -Arnon with
the optimal zinc (Zn) content (5 mg - control) or its excess (1000 mg - experiment). Leaf samples (50 pg)
were fixed in liquid nitrogen. Subsequently, tRNA was allocated according to the protocol to the sets of the
Eurogen (Moscow) company. The level of genes expression (Ca2*/H?+ antiporters and ABS, NRAMP, YSL
proteins) analyzed the PCR method in real time.

In the course of the study, it was shown that both species of plants accumulate high concentrations
of zinc in the roots and aboveground organs, and almost equally. At the same time, in plants of white
mustard on 1 and 3 days of Zn exposure, an increase in the expression of the Ca?*/H?* antiporter relative
to the initial level was observed from the beginning of the metal effect, which may be associated with a lack
of other two-glurate elements, which later (on the 7th day) was reduced. The expression of the ABC
transport protein gene for 7 days has declined relative to the initial level. Since the proteins of this family
mainly transport macromolecules, phytohormones, secondary metabolites, etc., their participation in the
adaptation of plants to excess zinc was not necessary. At the same time, this fact may indicate probable
violations of the transport of substances in these conditions.

In oriental mustard seedlings, during the first three days of metal impact, increased the expression
of genes encoding NRAMP and YSL proteins participating in the transport of ions into the cytoplasm. The
discovered effect may be associated with a deficiency of other elements of mineral nutrition, which, as
known, can occur in conditions of excess zinc.

Thus, the stability of the white mustard and the oriental mustard to the excess of zinc is associated
with the mechanisms that prevent the occurrence of a deficiency and imbalance of trace elements under
these conditions.
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