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MHUKPOPHK U PEI'YJISINUS SKCIIPECCUU 'EHOB Cu/Zn-COJ|
B PACTEHUM Thellungiella salsuginea TIPA TEUCTBUN
PA3JIMYHBIX KOHOEHTPAIIMU MEIN

Uccnenosanus nonnepxansl rpantamu LI Hayunsie u HayyHO-ie1arorndyeckue Kajaphbl
uHHOBanMoHHOM Poccum Ha 2009-2013 rr. ('K Ne 14.740.11.0728, Ne 14.740.12.0820).

Marepuains! oryoiarkoBaHs! B pamkax npoekra OLIT «OpraHu3anioHHO-TeXHIYECKOe
obecrieyenye npoBeaeHust MexayHapoJHoi Hay4Ho! miKoubl «[lepcrieKTUBHBIE HApaBIeHHs
¢usuko-xummueckoit 6uonoruu u 6uorexHonorum» (I'K Ne 14.741.12.0153).

Hccneoosanue noceaujeno uzyuenuro ponu mukpoPHK 6 nocmmpanckpunyuonnoi
peaynayuu eernos Cu/Zn-CO/l u eena CCS 6 pacmenuu Thellungiella salsuginea npu Oeii-
cmeuu pasnuyHblx Konyenmpayuti meou. ObveKmom uccied08aHull AGIAIUCL PACMEHUs
Thellungiella salsuginea. Oyenxy codepacanus denxa CSDI u CCSI nposoounu c no-
MOWbIO 6eCMEPH-OI0M aHANU3A, YPOBEHb IKCAPECCUl OpY2ux 2eHO8 NpPo8OOUIU MEmo-
oom OT-IILP ¢ een-cneyugpuunvimu npatimepamu. Ilokazano, umo 6 3agucumocmu om
KOHYeHmpayuu medu 8 NUMamenbHoll cpede 8 pacmeHusx nPOCIeHCUBAemMcs. peyunpox-
HbLUL Xapaxkmep 83aumMoomHoueHuti medxcoy skcnpeccuei miR398 u sxcnpeccueil 2enos
CSD1 CCS1. Coenano npeononoxceHue, 4mo nosviuleHHoe cooepicanue meou 8 numa-
menvHou cpede umeubupyem mnpoyeccure oeixa Cu/Zn-CO/l 3a cuem Hapywenus
CMPYKMYypbl aKMUBHO20 YeHMPAa UOHAMU MEOU.

KuioueBsble cioBa: msoicenvie memannvt; meob;, mukpoPHK; cynepoxcudoucmymasa.

BBenenne

OaHMM U3 BaXHBIX 3JIEMEHTOB MOCTTPAHCKPHUIILIMOHHON PEryJIsMU aKTHBHO-
CTM TCHOB SBJSIETCS MEXaHH3M YMOJKAaHUS TeHOB, oOycioBieHHbII PHK-
uHTEepEpEHITNEH, KOTOPBII CBs3aH ¢ Kcnpeccuel mabix PHK.

B pactenusix Arabidopsis thaliana L. 66110 0OHapy>KeHO 1BA OCHOBHBIX Kjlacca
mainblx PHK pazmepom 21-23 HK., y4acTBYIOIIMX B TIOAABIEHUH DKCIPECCUU T'€HOB:
small interfering PHK u microPHK [1]. Bce Gomnbiiie mosiBisieTcst JaHHBIX O TOM, YTO
B YCIOBHMAX cTpecca u3MeHsercs kak skcnpeccuss MUPHK, tak u skcmpeccus
MPHK — reHoB MuIeHei, a Takke akTuBHOCT, MUPHK-0€IKOBBIX KOMILIEKCOB.

Henp HacTOAIWIX MCCIEAOBAHUN 3aKII0OYANach B m3ydeHnn poinu MukpoPHK B mo-
CTTPaHCKPHIIIMOHHON perymsiiun TeHoB Cu/Zn-COJ] w tena CCS B pacTeHUH
Thellungiella salsuginea pu NEACTBUN PA3TMYHBIX KOHICHTPAIIUA MEJH, YIUTHIBAs
TO, YTO ME/b SIBIISIETCS SCCEHIMATBHBIM MHUKPOXJIEMEHTOM UISl TIMTAHUS PACTEHUHA U
BXOJHT B cOCTaB Ko(hakropoB miacrormannaa, Cu/Zn-CO/l, muroxpoma C 1 JaKkasbl.
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MaTepnam,I U METOAUKH HCCJICTOBAHUSA

OO0BEKTOM UCCIIeOBaHUM ABISIINCH pacTeHus Thellungiella salsuginea, Pallas,
BBIPAIIICHHBIC B BOJHOM KynbType Ha cpexe J[koHcoHa, B Kamepe (PUTOTPOHA.
B Bo3pacte 6 Hemenp pacTeHHs pa3leisLIM Ha TPYIIBI W IMOABEprain o0padoTke
CuSOy4 (0; 1 1 100 MKM). DKCIEpUMEHTHI MPOBOIMWIN B TpeX OHMONOTHYECKUX U
TpeX aHAJUTUYECKUX IIOBTOPHOCTSX.

Brigenenne Toranmshoi PHK ocymecteusimu ¢ peaktmsom TRIZOL™. VposeHs
skcrpeccun MUKpoPHK onennBamu metonom HozepH-0mot rubpuamuzammu. OLeHKy
coaepxkanust 6enmka CSD1 u CCS1 npoBoAMIIM C TIOMOIIBIO BECTEPH-0JIOT aHATH3a 110
cranmapTHoi Metoauke Laemmli (1970). YpoBeHb SKCIPECCHU NPYTHX HUCCICIOBAH-
HBIX TeHOB nipoBoArY MetoioM OT-TILIP ¢ ren-cienuduuHpIME paliMepaMu.

Pe3yJI])TaT])I HCCJICI0OBAHNUSA U 06cymelme

B psae paboT mokasaHo, 4TO B YCJIOBHSX HEJOCTaTKa MEIW OTMEYalloCh CHU-
keHue conepkanus 6enka Cu/Zn-COJl u ero (hepMEHTAaTHBHOIN aKTHBHOCTH. BbLITO
TaKKe TOKa3aHo, 4To y A. thaliana M HEKOTOPHIX APYTUX BBHICIIAX PACTCHUH pa3-
JUYHBbIE KOHIIEHTpauuu Meau perynupyot skcnpeccuto MPHK rena CCS/, xonu-
PYIOIIETO IamepoH Meaw, nocrapistiomero Cu K armo0enkaM pasiIndHbIX n3odep-
menToB Cu/Zn-CO/I [4].

Kak mnokazamu panaele HoszepH-OnoT rubpumusanuu TtoTaneHoi PHK  Th.
salsuginea, npu BHeceHnu 100 MkM CuSOy B MUTATENBHYIO CPey TIPOUCXOIMIO TT0Y-
TH TIOJTHOE MHTHOMpOBaHHE dKcnpeccny miR398. B skcnepuMeHTax ¢ OTCYTCTBHEM
MeE/IY B MMUTATENTLHON cpejie HaOmoiamy yBenueHne skcnpeccn miR398 (puc. 1, 2).
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BBIPQ)KEHHBIX B OTHOCUTEIIBHBIX (Hozepn-6iot) u CSD1(OT-IILP)
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Uccnenosanune skcnpeccun rena CSD/ mokaszano, 4to yepe3 24 4 OTCyTCTBUSA
MEIU B MUTATEIBHON Cpele BBI3BIBAIIO CHIDKEHHE JKCIPECCHH 3Toro reHa. I[lpum
koHIeHTpanuu Meau 100 MkM BO BeeX yacTsx pacteHuid Th. salsuginea Habmona-
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nock yBenuuenue konrnuectBa MPHK rena CSD 1. OnHako BeCTEpH-0JIOT aHAIU3 CO
cnerupUuHBIMU I TUTO30JHOU Gopmbl Cu/Zn-CO/l aHTHTENaMu MOKa3aj, 4To
3TOT OEJIOK OMPEAETSUICS TOJNBKO B JIUCTHSIX PACTCHUS MPHU BCEX HCCIIEAOBAHHBIX
KOHIIEHTpaLUsAX MEIH B IUTATEIbHOHN Cpeie.

OTO CBUAETENBCTBYET O TOM, YTO CHHTE3 CaMOro OelKa MOYKET OCYILECTBIISATh-
sl TOJIBKO B JNHUCThAX. IIpu Beicokoil koHUeHTpanuu Meau 100 MkM B IUCTBAX Ha-
OJIr0IAJTOCHh YCHIICHHE dKcnpeccuu TeHa CSDI, 0THAKO TOBBIIMICHUS COJCPKaHUS
6enka CSD1 ne mpoucxoauno. C Apyroi CTOPOHBI, TIPH UCCICTOBAHUH IKCIIPEC-
cumn reHa CCSI manepona menu st COJl B TUCTBSIX M KOPHSAX OBLIO MOKAa3aHo,
yT0 KoauuecTBo MPHK a3TOro rena yBennuuBanaoch B JIMCThAX IPU KOHLEHTPALUU
CuSO4 1 u 100 MKM, B yCTOBHSIX XK€ OTCYTCTBHUSI MEIW DKCIPECCHS ITOTO TeHa
3HAYUTEIbHO CHIDKANACh B JTUCThAX U KopHIX. berok CCS1 oOHapy)uBaycs TOb-
KO B JIUCTHAX y KOHTpONbHBIX pacteHuil (0,25 MxkM CuSOy), a Takke IpH BHEce-
Huu 1 MkM CuSQOy4 B nuTaTeNnbHYyIO cpeny. B ycnoBusax pa3nuuHOi KOHLEHTpau
MeIM B MUTATEIbHOH cpelie B PaCTEHHUAX MPOCIIEKUBACTCS PELUIIPOKHBIN XapaKkTep
B3aMMOOTHOIICHUHA Mexay skcrnpeccued miR398 u skcmnpeccuelr reHoB CSDI
CCS1. MOXHO TIPEINOIOKHUTD, YTO B YCIOBUSIX PAa3IMIHON KOHIIGHTPAIIMH MEIH B
MUTATENFHON cpene HaOmomaeTcs miR398 omocpemoBaHHAas PETyILIUS TEHOB
CSDI n CCSI. MoxHO clienath IPEeANoIoKeHUE, YTO IOBBIIIEHHOE COAEpKAaHUE
MeJIH B MHTATEILHOW cpelle MHruomupyet nporeccudr Oenka Cu/Zn-CO/J] 3a cuer
HapyILIEHUs CTPYKTYPbl aKTUBHOTO LIEHTPa MOHAMH MEJIH.

BosmoxkHo Taxoke, uto yBennueHre miR398 obycnosnennoii perymnsauuu MPHK
CCS1 B ycnoBUSIX OTCYTCTBUSI MEIHU B MMUTATEIBHON Cpelie COKPAIIAEeT KOJTUIECTBO
nocTaBisieMoit Menu K Oenky CSD1 u, kak cliencTBre, CHIKACTCS €r0 CoAepIKaHme
B JIUCTHsIX. BepoATHO, B yCIOBUAX OTCYTCTBUS MEIU B MHUTATEILHONW CpEe MOXKET
MPOUCXONIUTh TIEpepaclpesielieHne TMOCTYNaIuX HOHOB Menu Mmexnay Cu/Zn-
CO/l u apyrumu BaXXHBIMH MEIbCOAEPIKALIUMU OelKaMM, HapruMep, TAKUMH, KakK
TUIACTOLIMAHUH.

3aki0uenue

ITponemMoHCTpUPOBAaHO HATHYKE 0OPATHOI CBA3M MEXTY HHTEHCUBHOCTBIO JKC-
npeccuu reHoB CSD u CCS, ¢ omHO#t cTOpoHBI, M YpoBHeM miR398 B ycnoBusx
BO3/IEMCTBUS PA3IMYHBIX KOHLEHTPALUNA MEAU — C APYTOH, UTO CBUIIETEILCTBYET O
(DYHKIMOHUPOBAaHUM MEXaHU3Ma MOCTTPAHCKPUIIIUOHHON PErYJISLHUHA YKCIPECCHH
IF€HOB CYNEPOKCUIANCMYTa3bl U METaJJloUlaepoHa MeIu. YPOBEHb IKCIPECCUU
miR398 B pacrenuu Th. salsuginea onpenensercss JOCTYMHOCTbIO Meau. CHIbKe-
HUE KOHLIEHTPAlMM MEIW B MUTATENbHOH Cpele COMpPOBOXKAACTCS CTUMYJISIUEH
skcpeccud miR398, cumxenuem yposHs MPHK nwmrtommasmarudeckoit COJ, a
tarke miR398 omocpenosanHoi perynsauud CCS1. COBOKYITHOCTh MOJNYYCHHBIX
JAHHBIX CBUJACTENIbCTBYET O HaNM4MK MexaHu3Ma miR398 omocpenoBaHHOH pery-
JSIIUU SKCIPECCUU CTPECC-3aBUCUMBIX T€HOB y Th. salsuginea B yCIOBHSAX HOCUCT-
BHSI pa3nuuHbIX KoHIEeHTparui CuSO4, a taxke o Hamnuuu y fanHor MukpoPHK
MHOKECTBEHHBIX T'€HOB-MHUIICHEH, YTO MO3BOJSET OAHOBPEMEHHO KOHTPOJIUPO-
BaTh MIPOTEKAHKE PA3TMYHBIX (PU3HOIOTHUECKHUX IIPOIIECCOB.
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MICRORNA AND REGULATION OF GENE EXPRESSION OF Cu/Zn-SOD
IN Thellungiella salsuginea PLANTS UNDER EFFECT OF THE DIFFERENT
CONCENTRATIONS OF COPPER

One of the important element of posttranscriptional regulation of gene activity is a
mechanism for silencing genes, due to RNA interference, which is associated with ex-
pression of small RNAs. In Arabidopsis thaliana L. plants found two major classes of
small RNAs in size 21-23 base pair involved in the suppression of gene expression:
SiRNA (small interfering) and miRNA (microRNA). There is increasing evidence that un-
der stress conditions changes as the expression of miRNA and expression of they targets
genes and the activity of miRNA-protein complexes.

The purpose of present study was to examine the role of microRNAs in posttranscrip-
tional regulation of genes Cu/Zn-SOD and CCS gene in a plant Thellungiella salsuginea
under the influence of different concentrations of copper, given that copper is a trace ele-
ment essential for plant nutrition and is a member of the cofactors of plastocyanin, Cu/Zn-
SOD, cytochrome c and laccase. Object of research is plants Thellungiella salsuginea,
Pallas were grown in water culture in a medium of Johnson. At the age of 6 weeks the
plants were divided into groups and subjected to treatment CuSO4 (0,1 and 100 uM). Ex-
periments were performed in three biological and three analytical replications.

Isolation of total RNA was performed TRIzol® reagent. Level of expression of
miRNAs was assessed by Northern blot hybridization. Evaluation of protein content
CSD1 and CCSI performed using Western blot analysis by standard methods Laemmli
(1970). The level of expression of genes other studied was performed by RT-PCR with
gene-specific primers.

Several studies have shown that in the conditions of a copper lack decrease content
of the protein Cu/Zn-SOD and its enzymatic activity. It was also shown that in
A. thaliana and other higher plants, various concentrations of copper regulate expres-
sion of mRNA CCS1, encoding a chaperone copper, delivering Cu to apoprotein different
isoenzymes of Cu/Zn-SOD.

As have shown Nozern-blot hybridization of total RNA Th. salsuginea, at entering
100 uM CuSOy in a nutrient medium occurred almost full inhibition of an expression
miR398. In experiments with absence of copper in a nutrient medium observed increase
expression of miR398.
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The study of CSD1 expression showed that after 24 hours absence of copper in the
growth medium caused a decrease expression of this gene. When the copper
concentration was 100 uM in all parts of the plant Th. salsuginea observed increase in
mRNA CSD1. However, western blot analysis with specific forms for the cytosolic Cu/Zn-
SOD antibody revealed that this protein was determined only in the leaves of plants at all
studied concentrations of copper in the medium. This give evidence that the synthesis of
the protein may be exercised only in the leaves. At high concentrations of copper
(100 uM) in the leaves was shown enhance of CSD1 expression, however, increase of the
protein content CSD1 didn’t happened. On the other hand, the study of gene expression
CCS1 copper chaperone for SOD in leaves and roots showed that the amount of mRNA
of this gene increased in the leaves at a concentration of CuSO, 1 and 100 uM, in the
absence of copper as expression of this gene significantly decreased in the leaves and
roots. CCS1 protein found only in the leaves in the control plants (0,25 uM CuSO,), as
well as 1 uM CuSO, in the nutrient medium. In terms of different concentrations of
copper in the growth medium of plants observed reciprocal relationship between the
expression of miR398 and genes expression CSDI and CCSI1. We can assume that under
conditions of different concentrations of copper in the growth medium, there is a
miR398-mediated regulation of genes CSDI1 and CCS1. It is likely that the increase due
to miR398 regulation of mRNA CCS1 in the absence of copper in the growth medium
reduces the number of copper delivered to the protein CSDI and, consequently, reduced
its contents in the leaves. Probably, in the absence of copper in the nutrient medium may
be coming redistribution of copper ions between Cu/Zn-SOD and copper-containing
proteins other important, for example, such as plastocyanin.
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