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AHAAU3 3KCITPECCUM acdS-TEHA BAKTEPUI
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OcymecTBieH nepeHoc pekoMOuHaHTHON miasMunel pBI121acdS, necymeii acdS-ren Gaxrepuit P. putida B-37,
B Kuetku A. tumefaciens AGLO. C nomorpio arpodakTepraibHOi TpaHC(OPMAIMU MOTYyYeHbI TPAHCTEHHbBIC PACTECHHS
N. tabacum. MeTomoM TIONAMEPa3HOH IETTHOW peaKIINH ¢ NCIIOTh30BAaHIEM CIICITU(PHUSCKUAX PAaiMEepOB K TaHHOMY TeHY
MIOATBEPKIeHA UHTETpanus acdS-rena P. putida B-37 B TeHOM TpaHCTeHHBIX pacTeHuil N. tabacum, a ¢ UCTOIB30Ba-
HUEM TOJIMMEPA3HOM LEMHOM Peakiuu ¢ 00paTHOM TPAHCKPHIIIIUECH — (aKT SKCIPECCHH T€TEPOIOrMYHOIO I'eHa B pac-
TeHusx N. tabacum. Anamu3 skcnipeccuu acdS-rena Oaxrepuit P. putida B-37 B TpaHcreHHBIX pacTeHusx N. tabacum,
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MIPOBECHHBII C TIOMOIIBIO METO/IA TTOJIMMEPa3HOM IIETTHOM peakiuu B pealibHOM BPEMEHH, 1M0Ka3ajl, YTO BEJINYHNHA IKC-
npeccun Obuta B 1,27 pasa Bblie, 4eM y pedepeHc-reHa. ITo MoATBepKIaeT (PaKT IKCIPECCHH IFeHa B JIaHHBIX pacTe-
HUSIX Ha BBICOKOM YPOBHE. YKa3aHHBIN (DaKT 3KCIpeCccry ObLI TAKIKE MTOATBEPIK/ICH OIPEICIICHUEM YIeIbHOH aKTHBHOCTH
| -aMMHOIIMKJIONPOTIaH- | -KapOOKCHIIaT-/Ie3aMUHAa3bl B TPAHCTEHHBIX pacTeHusIX N. tabacum.

Knioueswie cnosa: AlIK-nezamunasa; Nicotiana tabacum; acdS-ren; Pseudomonas putida.

EXPRESSION ANALYSIS
OF acdS-GENE OF PSEUDOMONAS PUTIDA B-37
IN TRANSGENIC PLANTS NICOTIANA TABACUM
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In current work was realized the transfer of recombinant plasmid pBI121acdS, carring P. putida B-37 bacterial acdS-
gene to the 4. tumefaciens AGLO cells. Transgenic plants of N. tabacum were created by agrobacterial transformation.
Integration of P. putida B-37 bacterial acdS-gene to transgenic plants of N. tabacum was verified by PCR analysis, using
specific primers to present gene. Presence of target acdS-gene in transgenic plants genome was proved by RT-PCR ana-
lysis. With help of Real-time PCR was shown the difference between reference gene and target P. putida B-37 bacterial acdS-
gene expression. Expression of target gene exceeded reference gene in 1.27 times, those fact proved expression of acdS-gene
in plants on high level. Expression of the heterologous gene in N. tabacum plants was also proved by biochemical method of
ACC-deaminase specific activity define.

Key words: ACC-deaminase; Nicotiana tabacum; acdS-gene; Pseudomonas putida.

BBenenue

B Hacrosiiee Bpemsi 0jiHa M3 KITFOUEBBIX 337124 — MOJYUYCHUE PACTEHU, 00JIaar0IUX TTOBBIIIICHHOM YCTOM-
YHBOCTBIO K HEOJIAroNpUsTHBIM (akTopaMm cpeabl. PacTenus, mpon3pacTaonye B CIOKHBIX YCIOBHSX, TOJI-
BEPraroTCsl CTpPeccy, KOTOPbI BhI3BaH HEJOCTATKOM MUTATEIbHBIX BEIIECTB U XMMHUYECKOW TOKCHUYHOCTBIO.
EcrecTBeHHON peaknueil paCTeHUH Ha CTPECC SIBJISIETCS POAYKILHS CTPECCOBOTO TOPMOHA 3TUIIEHA, KOTOPBII
MPUBOANUT K CHM)KEHHUIO POCTa, YMEHBIIEHUIO OMOMacChl M YCKOPEHMIO MPOLIECCOB CTApEHHUs, MOKEITEHUIO
U OTaJIeHuro 11008 [1; 2].

OTHJIEH B ONTUMAaIbHON KOHLIEHTPAIMN BBITIONHSIET BaXKHYIO POJIb B MIPOLIECCAX, CBSI3aHHBIX C HOPMaJIbHBIM
POCTOM M Pa3BUTHEM PACTEHHH, OJHAKO B YCIOBHUIX aOMOTHUECKOTO U OMOTHYECKOTO CTPECCOB €r0 YPOBEHB I10-
BBIIIIAETCSI, YTO MPUBOAUT K MHTUOMPOBAHMIO POCTA KOPHS, CTAPEHHIO JIMCTHEB M MX OIAJICHUIO, PAa3PyLICHUIO
xnopoduia [3; 4]. OnHUM U3 TIOIXOMOB K CHIKCHHUIO YPOBHSI CTPECCOBOTO JTHJICHA B PACTEHUSIX SIBISICTCS
ucnob3oBanue pepmenta ALIK-e3amMuHa3bl, KOTOPBIN pasiaraet npe/iecTBeHnuka stuinena — ALK — no am-
MHaKa U O-keToOyTupara. B mociennee Bpemsi ocoboe BHUMaHUe YeTsIeTCs HCCIIeJOBAHUSIM, HAITPaBJICHHBIM Ha
pa3paboTKy croco0OB CHIKSHUSI IPOAYKIIMU PACTEHUSMH CTPECCOBOTO STHIICHA ITyTEM CO3JaHusl TPAHCTEHHBIX
pacTeHwuid, HeCylux OakTepuanbHbiil acdS-reH, koaupyromuii ALIK-ne3amunasy, u, Kak clieicTBUe, 001a/1ar0-
IUX YCTOMYMBOCTBIO K CTPECCOBBIM (hakTopam cpessl [5—7].

Okcnpeccus acdS-reHa OakTepuil B paCTEHHSIX CYIIECTBEHHO MOBBIIIAET TTOKA3aTeIN UX POCTa U MPOAYK-
TUBHOCTH. B HacTos1Iee BpeMst MoKa3aHo, YTO Takast KCIIPECCHs B TPAHCTEHHBIX PACTEHHUSX MTPUBOJHUT K YCH-
JICHHOW JIerpajiallii CTPECCOBOTO ATHUJICHA B KOPHEBOM 30HE M CHSITHIO HETaTHBHOTO d(eKTa ero AeHCTBHS,
MIpHUJIaeT YCTOMUUBOCTD K 3aCyX€, 3aCOJIEHUIO M 3arPsA3HEHUIO TIOUBHI COMISIMU TsKebIX MeTaios [8—12]. Coz-
JTaHWe TPAaHCT€HHBIX pacTeHUH, CUHTe3upyromux OakrepuaibHylo ALIK-ne3amuHazy, KOTopble XapaKTepu-
3yIOTCSI TOBBIIIEHHOHN YCTOHYNBOCTBIO K aOMOTHYECKUM CTPECCaM, BEI3BAHHBIM 3aCOJICHHEM TOYB MITH 3arpsi3-
HEHHMEM UX TSDKEJBIMH METAJIaMH, SIBJISICTCS B HACTOSIIEE BPEMsI BBICOKOAKTYAIBHBIM B CBSI3H C TIOCTOSIHHO
YCUJIUBAIOIIMMCS TEXHOTEHHBIM BO3JICHICTBHEM Ha MPUPOJIHBIE COOOIIECTBA M YXYAIICHHUEM SKOIOIMYECKON
00CTaHOBKH Ha TEPPUTOPHSIX, 3aHATHIX CEIbCKOXO3IHCTBEHHBIM MPOU3BOJICTBOM.

Takum 00pa3zom, 1einb JaHHOH padoThl — MOTy4YeHHE TPAHCTCHHBIX pacTeHuil Nicotiana tabacum, Hecymunx
acdS-ren 6axrepuit Pseudomonas putida B-37, n aHanu3 ero S5KCIpecCUu B paCTCHUSX Tabaka.
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B kadecTBe OCHOBHBIX 00BEKTOB HMCCJIEI0BAHUIl HCIIONH30BAINCH OaKTepHaNbHBIC IITaMMBI P. putida
B-37, Agrobacterium tumefaciens AGLO u pactenus tabaka N. tabacum. Taxke PUMEHSIICH OaKTEepHATb-
HEIH TamMm E. coli X1-1 Blue u3 KoyUIeKIny HayIHO-MCCIIeI0BATEIHLCKOM TaO0OpaTOPHH MOJICKYIISIPHON TeHE-
THKHU B ONOTeXHOJIOTHH Omojtorndeckoro gakynsrera BI'Y u reHetnyeckas koHcTpykust pBl121acdS, nomy-
yeHHas Hamu panee [13].

Boinesenue miaasmuanoi JHK ocymecTBisuim MeTo0M IIEIOYHOTO Jn3uca 1o [14].

Auexrpodoperndeckuii ananusz JJHK nmpoBogumm B arapo3HoM relie ¢ UCIOIb30BaHueM Oy(hepHOH crc-
teMbl TAE cormacHo METOMMYECKUM YKa3aHUSIM, H3JI0KECHHBIM B PYKOBOICTBaX [15].

Pectpuxuuio JJTHK ocymecTBiIsian B COOTBETCTBHHU ¢ PEKOMEHIAITMSAMH (DUPMBI-U3TOTOBUTEIS (hepMeH-
toB Thermo Fisher Scientific (JIutsa).

IMpsimyio Tpanchopmanuio A. tumefaciens IPOBOIIIIA METOIOM 3aMOPAKHBAHUS-OTTANBAHIS COTTIACHO
PEKOMEHIAIIASM, N3JI0KEHHBIM B pyKoBOACTBe [15].

IToaumepaznyio nennyio peakuuo (III{P) ocymecTsisnu no 3ajaHHOM NPOrpaMMe C UCTIO0JIb30BaHUEM
armmapara C1000 Touch™ ThermalCycler dupmer Bio-Rad Laboratories (CILIA). IIpn moctaroske [P mpu-
MCHSUTH PEaKTUBBI Npom3BoncTBa Thermo Fisher Scientific: Tag-mommmepasy, 10-kparusrii Taq-Oydep mms
TILIP, cmech AHT® 1 1eMOHU3UPOBAHHYIO BOJlY B KOHIIEHTPAIUSX, PEJIOKEHHBIX IPOU3BOUTENEM. Pe3yiib-
tatel [11[P Bu3yanmm3upoBaiu ¢ MOMOIIBIO 3IeKTpodopesa B arapo3HOM Tejie.

AMIUIHGUKAIUIO TeHAa acdS TIPOU3BOAIIIN C UCTIOIB30BAHUEM CIICITYIONTUX ITpaitMepOB:

e Forward: (Fatg) 5'-tccggatccatgaacctgaatcgttttraacgttatc-3';

e Reverse: (Rtga) 5'-tccggatcctcagecgttgegraacargaag-3'.

ITapameTps! rukiIoB aMmtudukanmii: S Mut mpu 94 °C — 1 muxo; o 30 ¢ mpu 94 u 54 °C, 1,5 mun ipu 72 °C —
35 mukioB; 30 ¢ mpu 72 °C — 1 muka.

AMmuindukanuo reia virE2 pon3BOIMIH ¢ UCITOIE30BAHUEM CIICAYIONINX IMPaitMepoB:

e Forward: (VirE2-F) 5'-cgaatacattctcgtgcgtcaaacg-3';

e Reverse: (VirE2-R) 5'-tttcgagtcatgcataatgectgac-3'.

ITapameTps! ukiIoB amrumrdukaruii: 5 mua pu 94 °C — 1 mukir; mo 30 ¢ ipu 94 u 59 °C, 1 mun ipu 72 °C —
30 rukioB; 7 muH 1ipu 72 °C — 1 nuKI.

Boinesnenue pactutenbHoii PHK. PacturensHblid Marepuall pacTupaid TOHKUM METAUIMYECKUM IIia-
teneM. Jlob6apmsmm 500 mMxn Oydepa mist skcTpaknuu, nearpudyrupoBamm 10 mua mpu 12 000 06/muH. OT-
Ooupanu BogHyIo (haszy, coequHsum ee ¢ paBHBIM 00beMoM 4-mossipHoro LiCl. Hearpudyruposamm 30 MmuH mpu
10 000 06/muH, k ocanky modasisaau 250 mxa H,O, 25 mxi 3 mons/n AcNa (pH 5,2) u 550 mxin 96 % sranona.
[Ipo6sr nenTpudyruposamm 30 mua npu 12 000 06/muH. Ocagok mpombiBanu 1 mit 70 % stanona. OOpasis!
nentpudyrupoanu 5 mue npu 10 000 o6/MuH. YIalIsamu cylepHATaHT, TMOACYIINBAINA 0CaI0K U PACTBOPSITA
ero B 40 mxn H,O.

CunTte3 k/IHK. B crepunpHbIi snmeHaopd Ha Tb1y J00ABISUIIH B CIASAYIONIEM Topsiake peakTuBel: MPHK
(0,1-5,0 =r), mpaitmepsr (0,5 mxr), IEIK-Bomy (o 12,5 mxur). 3atem BBoamian 4 MK Sx-Oydepa uist peakiuy,
0,5 M narnouTopa PHKa361, 2 MKII cMeCcH HYKJICOTHIOB, | MKJI 00paTHO# TpaHCcKpunTa3sl. MHKyOHMpoBamn
10 Mua mipu 25 °C, 60 muu — nipu 42 °C. MarubupoBanu peakiuto HarpeBarueM 10 70 °C B reuenue 10 muH.

Hms cuatesa kJIHK ucnonszoBanm odparnyio tpanckpuntazy Revert Aid TM Premium Reverse Trans-
criptase, mpou3BeneHHYI0 hUpMoid Fermentas.

KynbTuBupoBanue u arpodakrepuajbHasi TpaHcopmanusi Tabaka. Jluctes pacteruit N. tabacum
6—8-HemeIpHOTO BO3pacTa, BeIpamieHable Ha cpeae Al npu 24 °C u 16-yacoBOM CBETOBOM JHE, pa3pe3alid Ha
dparMenTsI 0ko110 0,25 CM’, OTIEITHB MPEABAPUTENHHO IEHTPATBHYIO XKHIIKY, Te/IaTH HACEUKH MO KPASM H BbI-
KJIaIGIBAIA Ha YaIllKu ¢ arpoOaKkTepusIMU Ha cpene A2, HIKHEH cTopoHOU BHU3, Mo 10—12 mTyk Ha Jamiky.
Wuxybuposanu 2 cyT B TemHoTe 1ipu 28 °C, 3aTeM MepeHOCHIN TUCKH Ha cpeay A3 C CEIEKTHBHBIM areHTOM
TUTSE CTUMYJISIITAM KaJuTycoreHe3a (KaHaMHUIIMH — Km) ¥ THMEHTHHOM ISl SITUMHUHAIINN arpo0aKTepHasIbHOTO
pocra. Ilomemanu Ha cBeXyI0 cpemy A3 pa3 B HEAETO0 10 00pa30BaHUs KALTycoB. [Ipy MOSBICHUH KaLTyCcO-
TeHe3a OCYIIECTBISUTN MTePEHOC Ha YalllKU cO cpefoil A4 ¢ CEeJICKTUBHBIM aHTHOWOTHKOM M HEOOXOIMMBIMU
TOPMOHAMH JIJISI CTUMYJISIINN 00pa3oBanmst ooeros. [lociaennne mepeHocwmmm Ha cpexy AS ¢ aHTHOMOTHKOM
1 3aTeM B ITOYBY.

Broinesenue Toranabnoii JJHK. Pacturensabiil MmaTepuan moMerianu B TPOOUPKY, BIUBATH KUAKUH a30T,
BBIIEP)KMBAIIN HECKOIBKO CEKYH/I IO €r0 UCTIapeHUs M OBICTPO pacTHpaH JINCTOBYIO TKaHb B OPOMIOK. J[o-
6arsun O6ydep ms Beiaenenns JJHK mo o6wema 750 MKII; pecyclieHIUpOBaId W HHKyOHPOBAIHA TIPOOY TIPH
65 °C B teuerne 10 muH. 3atem BBoaman 200 MK 5 MOJIB/J arieTaTa Kajus, IPOoOUPKY SHEPTUIHO BCTPSIXH-
Banu. MakyOupoBamm npoOy Ha neasHon 6ane 20 muH. Llerarpudyruposamu mpu 12 000 o6/MuH B TeueHne
10 MuH TIpr KOMHATHOU Temrieparype. CymepHaTaHT TIEPEHOCHIIM B HOBYIO MPOOUPKY, TOOABISIIA PaBHBII
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00bEeM H30MpPOIIaHoIa, TIepeMelnBain 1 eHTpudyruposanu npu 12 000 06/MuH B TedeHHe 2 MUAH. YIS
CyHepHaTaHT U PeCyCIeHANPOBAIN 0CcaJ0K B paBHOM o0beMe 80 % stanona. CynepHaTaHT yIaJsiib, 0CaJ0K
noncymmBany. Pacteopsumn JIHK B 50 mxir TE-Oydepa u xpanmmm pu —20 °C .

KosmuecrBennas I[P B peskume peanbsHoro Bpemenu (ITL[P-PB). Cmech peareHTOB A1 MpOBEAEHUS
OJTHOHM peaknuu B 00beMe 25 MKIJI COCTaBISUTH ciemytonm oopazom: 2 x TTIIP-0ydpep Maxima SYBR Greenq
PCR Master Mix (Thermo Scientific, CILIA) — 12,5 mkut; npaiimep F — 0,5 mkit; npaiimep R — 0,6 Mki1; oOpasert
kJIHK (20 ar/™MKin) — 2 M. Korewnsrit 00beM goBoawm BoAo# 110 25 M. [IporpamMma aMrmudukanmm ObLia
cnemytorieit: 2 muH nipu 50 °C — 1 muxor; 10 musa mipu 95 °C — 1 muxor; 15 ¢ mpu 95 °C, 30 ¢ mpu 55 °C, 60 ¢
nipu 60 °C — 40 nukios. VMcnons3oBaHHbIE TpaiiMepsl:

e RT-ATG-Forl — 5" — ATGAACCTGAATCGTTTTGAACGTTATC-3;

e RT-ATG-Revl — 5" = CACTGTTGCAGTCTTCACGTTTG-3".

Onpenesienue comep:kaHusi 0eJKa B PACTUTEIBLHBIX FTOMOTeHATAX TIPOBOAMIN OMyPETOBBIM MeToZoM [ 16].
AxtuBHOCTH ALIK-71€3aMIHA3BI OLIEHUBAIIH TI0 KOJIMYECTBY (-KeToOyTHpaTa, oOpasyromierocs 3a 1 Mut Ha | Mr
0eJika B pacTUTEIBHOM FOMOIeHATe NP J1e3aMUHUPOBaHUH |-aMHHOLMKIIONponaH- 1-kapookcuiara. Komngecrt-
BO O-KETOOyTHpara ornpenensuy crnekrpodoromerpudecku nmpu 540 HM. PeaknimoHHy0 cMech, cofeprKalyro
20 Mk pacturensHoro romorerara u 10 mxmons ALK 1 200 Mk 0,1 mons/n Tpuc-Oydepa (pH 7,4), uakyOupo-
Bamu 60 muH ipu 30 °C. Peakruio ocranapmuBany gooasneaueM 180 Mk 0,56 momns/im HCI u BHOCHIIM 30 MK
0,1 % pactBopa 2,4-nuautpodenunrunpaszuna. [Ipodsr nakyouposanu B reuenue 15 mun npu 30 °C, ocranas-
mBainy peaknuto godasinenueM 200 mxir NaOH (2 Momnb/im) 1 m3MepsTi ONTHYECKYTO IIOTHOCTH Tipu 540 HM.

Pe3y.111,TaT1,1 H UX oﬁcymﬂe}me

Panee namu Obl1a co3gana reHeTHYecKass KOHCTPYKIHMS, Hecywas acdS-ren Oakrepuii P. putida B-37 non
KoHTposieM TpoMoTopa 35SCaMV B cocraBe 6mHapHOTO BekTopa pBI121. [TokazaHo, uTto maHHas pekoMOu-
HaHTHas miasmuga pBI121acdS ciocoOHa BcTpamBaThes B PaCTUTENbHBIA TEHOM, U YCTAaHOBJICHO HAJUYWE
TpaH3UEHTHOH dKCTpeccuu acdS-rena Oakrepuit P. putida B-37 B pacTuTenbHBIX KiIeTKax Nicotiana bentha-
miana [13]. CrnenoBarenabHO, OMyUYCHHAS TCHETHUECKAsT KOHCTPYKIIHS MOXKET OBITH MCITOJIb30BaHA IS CO3-
JIaHUSl TPAHCTEHHBIX pacTeHHH, 3P deKkTUBHO KCcpeccupyromux acdS-ren oaxkrepuii P. putida B-37 n obna-
JIAIOIINX TOBBIIIEHHOW YCTOWYHMBOCTBIO K CTPECCOBBIM (DakTopaM cpelibl, TAKMM KaK 3aCOJICHHE TIOYBHI,
3arpsi3HEHHE €€ COSIMU TSKEIBIX METaJIOB, 3aCyXe U Jp.

Tpancpopmanus kiaerok A. tumefaciens AGLO. Tpancrennsie pactenus N. tabacum monxy4anu ¢ 1o-
MOIIBIO arpoOaKTepraIbHOi TpaHchopmauu. st STOro UCTIONIL30BaIN THIIEPBUPYJICHTHBIN IITAMM arpo-
Oakrepuii A. tumefaciens AGLO. Ilepenoc pexomOnaanTHOH 1asmMuasl pBI121acdS B xnetku A. tumefaciens
AGLO ocymecTisid myteM npsiMoit Tpancdopmanuu. OT00p TpaHC(HOPMAHTOB MTPOBOIUIN HA CEIEKTHB-
HOU cpene, conepkamield anTuOnoTKM Km B koHueHTpauuu 50 MKr/mil 1 pudaMnuuuH B KOHUEHTPALUU
20 Mxr/mi1. VI3 oToOpaHHBIX KIIOHOB BhIAEeHA TuiasmMuaaas JJHK, koTopast BriocaencTBium NCTIOIL30BaHa B Ka-
yectBe [JHK-matpurst qs TP, Kak BuaHO U3 naHHBIX, IpeACTaBIeHHBIX HA puc. 1, B xozxe [1LIP ¢ ucnomns-
30BaHUEM CreHU(pHUECKUX TPaiMEPOB K ITOCIEI0BATENbHOCTH acdS-rena noiydeH ¢pparment JHK pasmepom
1000 11. H., COOTBETCTBYOIIMI 1IeJIEBOMY TeHy Oaktepuii P. putida B-37.

Taxkum 00pa3om, ObLT OCYLIECTBIIECH NEPEHOC PeKOMOMHAHTHOM ma3Mubl pBI121acdS u3 kietok E. coli
XI-1 Blue B 6akrepun A. tumefaciens AGLO.

ArpobakTepuajbHas Tpanchopmanus KiaeTok N. tabacum. ArpobakTepuanbHas TpaHc(hoOpMaIus pac-
TeHMiA Tabaka 6—8-HenenbHOTO Bo3pacTta kietkaMu A. tumefaciens AGL0, Hecymmmy pekoMOMHAHTHYIO TTa3-
muay pBI121acdS, npousBeieHa METOIOM JTMCTOBBIX JUCKOB. Uepes 2 cyT HHKYOUpPOBaHHMSI JINCTOBBIC TUCKU
nepeHeceHsl Ha yamku Iletpu ¢ cenexkTuBHBIM areHToM. st snumubanmu 4. tumefaciens B cpey OblI 10-
0aBieH 1edoTakcuM B KOHIEHTpanuu 150 Mkr/mit.

B kauecTBe KOHTpOJIEH MCIONB30BaHBl HETPaHC(HOPMHUPOBAHHBIE (PParMEHTHI JTUCTHEB. [10MOXKNUTENBHBIN
KOHTpOJH (0e3 comeprkanns Km) mokaspIBaji CriocOOHOCTh Cpebl HHUIIMHPOBATh KAJTyCOOOpa3oBaHue; OT-
pHLIATETBHBIA KOHTPOJIb JEMOHCTPUPOBAIl YYBCTBUTEIILHOCTh PACTHTENILHBIX KIIETOK K COACPIKaHUIO B Cpelie
anTHOMOTHKAa Km.

Uepes Tpu HeJelln Ha 00pasiax M MOJI0KUTEITBHOM KOHTPOJIE HAOMIOMAIICS MPOIECC KaTyco00pa30BaHHsI.
YeTpipexHeaeabHbIe 00pa3iibl MPEACTaBIeHbI Ha puC. 2.

KamrycHast Tkanp Obllla IepeHeceHa Ha Cpey, CTUMYJIHPYIONIYyI0 00pa3oBaHue CHadasla MOOETOB, a 3aTeM
KopHel. PacTeHusi-pereHepanTsl gajee MOMEIAIUCh B YCIOBHUS 3aKPHITOrO TPYHTA.

Omnpenesenue nHTerpaunu acdS-rena P. putida B-37 B pactenus N. tabacum. JIJis TpOBEpKH HATHINS
BCTaBKH acdS-rena 6axrepuii P. putida B-37 B reHOM pacTeHHI-pereHepaHnToB MPOBOIMIIN BBIJIEIICHUE TOTAIIb-
noit JIHK ¢ mocnenyromum nposenennem [P ¢ ncrons3oBanrneM criennpuyeckux mpaiMepoB K JaHHOMY
reHy. B pesynsrare momyden ¢gpparment JIHK pasmepom ~1000 1. H., COOTBETCTBYIOIIMIA pa3Mepy acdS-rena
Oaxrepuit P. putida B-37 (puc. 3).
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Puc. 1. Dnexrpodoperpamma pesyasraros [11[P:
1 — dparment (~1000 1. H.), COOTBETCTBYIOIIHIA acdS-reHy GakTepuit
P, putida B-37; 2, 3 — mapkepnas JJHK Gene Ruler 1 kb DNA Ladder

Fig. 1. Electrophoregram of PCR results:
1 — fragment (~1000 bp), corresponding to the acdS-gene
of bacteria P. putida B-37; 2, 3 — Gene Ruler 1 kb DNA Ladder marker DNA

Puc. 2. TpaanchopMUpOBaHHEIE YETHIPEXHEAETHHBIEC TUCTOBBIC JUCKH:
1 — tpancopMupoBaHHbIe KICTKH pacTeHus tabaka N. fabacum c nnazmunoit pBI121acds;
2 — NOJIOXKUTENBHBIA KOHTPoJIb (0e3 antnbnotnka Km); 3 — orpunarensHblil KOHTpoib (¢ anTuOnoTHKoM Km)

Fig. 2. Transformed four-week leaf disks:
1 — transformed cells of the tobacco plant N. tabacum with plasmid pBI121acdsS;
2 — positive control (without antibiotic Km); 3 — negative control (with antibiotic Km)

Ji1st TOro 4TOOBI YAOCTOBEPUTHCS B TOM, UTO MOJOKUTENbHBIN pe3ynsraT I1LIP ¢ npaiiMepamu k acdS-reny
P, putida B-37 ne sBisieTcs cnencTBUEM KOHTaMHUHAIMHU P00 kieTkamu 4. tumefaciens AGLO, 6b11a nposeze-
Ha [1L[P co crenududecknmu npaiimepamu K virE2-reHy yka3zaHHbIX Oaktepuil. [lokazaHo, 4To BCe MPOBEpeH-
HbIE 00pa3Lbl HE BRIABWIM MPHU aMIUIM(HUKALNN HATMYUS TPOoAyKTa pazMepoM 620 1. H., COOTBETCTBYIOLIETO
(parMeHTy arpoOakTepHaIbLHOTO TeHa Virk?2.

TakuMm 006pa3om, yCTaHOBIICHO, YTO B TCHOME pacTeHUH-pereHepanToB N. tabacum, OTy4eHHBIX U3 TPaHC-
(hOpMHUPOBAHHON KaJUTyCHOM KYJIBTYpBI, COOCPIKUTCS acdS-ren Oakrepuit P. putida B-37. Onnako cnemyer ot-
METHUTb, YTO HaJIMUME Ty>KEPOJHOIO I'eHa B PACTUTEILHOM OpraHU3ME HE MOXKET O3Ha4aTbh, YTO JAHHBIA TeH
Oyznet Tam 3(p(PEeKTHBHO IKCIIPECCHPOBATHCSI.
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Puc. 3. Dnexrpodoperpamma npoxykros [1LP: / — OMOKXUTEIBHEIA KOHTPOIB Ha acdS-TeH;
2, 3 — dparmenTtsl IHK pasmepom ~1000 1. H.; 4 — mapkepHast IHK Gene Ruler 1 kb DNA Ladder

Fig. 3. Electrophoretic analysis of PCR products: / — positive control for acdS-gene;
2, 3 — DNA fragments ~1000 bp in size; 4 — Gene Ruler 1 kb DNA Ladder

AHaJu3 ypoBHs IKcnpeccuu acdS-rena daxkrepuii P putida B-37 B TpaHcreHHbIX pacrenusix N. ta-
bacum. YcraHOBIIEHO, YTO Ha 3((PEKTUBHOCTD IKCIIPECCUN FETEPOIOTMYHOTO I'eéHa MOXKET OKa3bIBaTh BIMSHUE
MECTO €T0 MHTETpalfii B T€HOM pPACTeHHH, B YACTHOCTH, MHTETPALlUs B 00JACTh T€TEPOXPOMATHHA MOXKET
MIPUBECTH K 3aMOJIKaHHUIO TpaHCreHa. Takyke B MpoIlecce Pa3BUTHS PACTEHHI BO3MOXHO M3MEHEHHE YPOBHS
9KCIPECCUU TPAaHCTE€Ha WM MOJIHAs MHAKTUBAlLlUA reTeposiornyHoro reqa [17; 18].

JLnist MOATBEP>KACHUS SKCIIPECCUH TeTEPOJIOTMYHOTO TeHa B pacTeHusX Tabaka nposezaena [1LIP ¢ obparHoit
tpanckpurueit (OT-I11[P), rne B xauecTBe MaTpuIbl Hcroib3oBaHa TotanbHas PHK, BeiaenenHast us pac-
TeHnii-perenepanToB. [lonyuennyro k/IHK manee mpumensumm s mocrarnoBku [1L[P ¢ mpaitmepamu k acdS-
reny P. putida B-37.

Jlannble, mpeacTaBieHHbIE Ha pHC. 4, TOKAa3bIBAIOT, UTO BO BCEX aHAJIM3UPYEMbIX TPAHCTEHHBIX PACTEHHSIX
obnapyxusaetcs [1L[P-npoaykt pazmepom 1000 1. H., cooTBeTCTBYIOIMIA acdS-reny P. putida B-37.

B pesynsrare OT-ITLP MPHK koHTponbpHBIX HETpaHC(HOPMHUPOBAHHBIX PACTEHUH MPOLYKTOB aMILIH(pHKa-
LIUM LIEJIEBOTO IeHa acdS He BbisiBIeHO. [t koHTposs kauecTBa cunTe3a kK/IHK, kak u panee, ncronb3oBaics
reH anbda-cyorenmHAUIB (DaKTOpa IOHTAITMN TpaHcKpunmuu Ef-1c. Takum oOpa3oMm, HE TOJIBKO J0Ka3aHa
ycnemHas uaTerpanus nenesoro rena ALIK-ne3aMuHasbl B pacTUTENBHBIA TE€HOM, HO M TIOATBEPXKIIEH (PaxT
IKCIIPECCHUU TETEPOJIOTUYHOTO TeHa B pacTeHusiX N. tabacum. OpHaKko Ha OCHOBaHWU MPOBEICHHBIX dKCIIEPH-
MEHTOB HEJIb3s CYIUTh 00 YPOBHE DKCIIPECCUU TPAHCTEHA B PACTCHHUH.

st onpenesieHust ypoBHS 3KcIpeccun acdS-rena 6akrepuit P. putida B-37 B TpaHCT€HHBIX PACTCHUAX
N. tabacum npumensimn metop I[P B peansnom Bpemenu (I1L[P-PB).

Jliist onpeneseHus ypoBHs 3KCIIPECCUM I'€TEPOJIOrMYHOrO T'eHa B TPAHCTCHHBIX pacTeHusXx N. fabacum
npumensuta potokon [II[P-PB ¢ ucnonp3oBanmem naTepKanupyommx (GayopecieHTHbIX areHToB (SYBR
Green). O0IENPUHSTHIM CTAHJAPTOM 3HAUEHHI OPOroBoro nukia guyopecuenunu (Cq) Mpu KOTUIECTBEH-
Hoii ouenke [1LIP siBnsiercs auanaszon 15-30, pekoMeHI0BaHHBIHN ISl HCTIOJIB30BaHMUS B OOJIBIIMHCTBE CEPTHU-
(UIMPOBAaHHBIX MPOTOKOJIOB M MPEACTABICHHBIX Ha PhIHKE KOMMEPUYECKHX TecT-cucTeM [19]. AGcomoTHble
3Ha4eHns1 Cq U3y4aeMoro TeHa acdS sl NCIIOIb30BaHHBIX 00pa3I0B HAXOIWIHCH B Tipeaenax 23—28 [UKIIOB.

Pacuer nauubix [11[P-PB npou3BoIiIM METOIOM IPSAMOTO CPaBHEHHS 10 (opmyte 2 @)~ 4 EF1® yerq_
HOBIICHO, YTO YPOBEHb AKCIIpecCuu acdS-rena Oakrepuit P. putida B-37 B 0THOM M3 TPaHCTEHHBIX PAaCTEHUN
N. tabacum 6w11 B 1,27 pasa Brlme, yeM y pedepeHc-reHa (puc. 5).

Jl1st moATBEpKASHUS SKCIIPECCUU UYKEPOIHOTO TeHa B pacTeHusx N. tabacum omnpeneneHa ynenbHas
aktuBHOCTh ALIK-1e3aMuHa3bl. YCTaHOBIICHO, YTO B TPAHCTEHHBIX PACTEHMSX, HE HCIBITHIBAIOIINX CTpEeC-
COBBIX BO3JelicTBuiA, akTuBHOCTh Al[K-ne3amuna3ser cocrapnsina (4,32 + 0,18) HMoub/(4 - Mr Oenka), 4To
coryiacyeTcs ¢ JINTepaTypPHBIMH JaHHBIMH 00 yAeIbHONH aKTUBHOCTH (EpMEHTA B APYTHX TPAHCTEHHBIX pac-
TeHusx [20].

Takxum 00pazom, OBLTH TTOTyYeHBI TPAHCTEHHBIC pacTeHus N. tabacum, Hecymme acdS-ren 6axkrepuii P. puti-
da B-37, u nonreepxeH (akt ero 3(h(HeKTUBHON IKCIIPECCUH B JAHHBIX PACTCHUSX.
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Puc. 4. Dnexrpodoperndeckuii ananu3 npoxykros [1LIP:
1, 2, 4 — xIHK pactutensHbix 00pasioB N. tabacum;
3 — mapkepnast JIHK Gene Ruler 1 kb DNA Ladder;
5, 6 — orpunarensHbIi KOHTPoab K/IHK (HeTpanchopMupoBaHHBIC pacTeHHs);
7 — koutpoas JIHK, dparment ~1000 1. H., COOTBETCTBYOIIHIT acdS-reny P. putida B-37;
8 — monoxxurensHe koHTpOos KIHK, Ef~1ow (495 1. 1.)
Fig. 4. Electrophoretic analysis of PCR products:
1, 2, 4— cDNA of plant N. tabacum samples; 3 — Gene Ruler 1 kb DNA Ladder marker DNA;
5, 6 —negative control cDNA (untransformed plants); 7 — DNA control, fragment ~1000 bp,
corresponding to the acdS-gene of P. putida B-37; 8§ — positive control cDNA, Ef-1ca. (495 bp)
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Puc. 5. YposeHs sxcnpeccun acdS-rena 6akrepuit P. putida B-37 B Tpancrennom pactenun N. tabacum:
1 — orpunaTenpHbIil KOHTPOIH (06€3 MaTpuIlsl); 2 — 00pa3ibl, COOTBETCTBYIOIINE UCCIeIyeMOMY TeHy (acdS);
3 — 00pasiibl, COOTBETCTBYIOIINE pedeperc-reny (Ef-1cx)
Fig. 5. The expression level of the acdS-gene of P. putida B-37 bacteria in the N. tabacum transgenic plant:
I —negative control (no matrix); 2 — samples corresponding to the gene under study (acdS);
3 — samples corresponding to the reference gene (£f-10)
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3aKjaoueHune

Ocyl1iecTBIIeH MePeHOC pekoMOuHaHTHOM 1asmubl pBI121acdS u3 kierok E. coli X1-1 Blue B 6akTepuu
A. tumefaciens AGLO. MeToZ0M JTMCTOBBIX AWCKOB ITPOU3BeieHa arpobakTepuanbHas TpaHcopmanus Tabaxa
KieTkaMu A. tumefaciens AGLO, HecylmMu peKOMOMHAHTHYIO TIa3MHULY, [TOJTYYEHBI pACTCHUSI-PETCHEPAHTHI.
C nomomusto IILP ycTanoBneno, 4ro B reHOME pacTeHH-pereHepanToB N. tabacum n3 TpancHOpMHUPOBAH-
HOW KaJUTYCHOW KYJBTYPBI CONEpKUTCS acdS-reH 6akrepuii P. putida B-37. C nucnionszoBaranem OT-IILIP, rme
B KaueCTBE MaTpullbl MpuMeHsiiack ToranbHas PHK, BeliesieHHas U3 pacTeHUN-PEreHepanToB, HE TOJIBKO J0-
KazaHa yCIIellIHasi HHTerpanus meieoro rena ALIK-me3aMuHasbl B pacTUTENBHBIN TEHOM, HO M TIOATBEPK/ICH
(axT FKCTIIpeCcCHr TeTEPONIOTUIHOTO TeHa B pacTeHusix N. tabacum.

Meroznom I1L[P-PB ycranoBieHo, 4To ypoBeHb dKcIipeccut acdS-rena 6axkrepuii P, putida B-37 B oqHoM 13
TpaHCTEHHBIX pacTeHuit N. tabacum Ob11 B 1,27 pa3a BbilIe, 4eM y pedepeHc-TeHa.

Taxum 06pa3om, ObLTH TOTy4YeHBI TPAaHCTEHHBIE pacTeHus N. fabacum, Hecymue acdS-ren Oakrepuii P pu-
tida B-37, n montBepskaeH (Gaxt ero 3(hHEeKTUBHON SKCIIPECCHHU B TUX PACTCHUSIX.

[IpakTudeckasi 3HAUUMOCTH JJAHHOTO UCCIICJOBAHHS CBSI3aHA C MCIOIB30BAaHUEM TPAaHCTECHHBIX PACTCHUH,
JKcHIpeccupyronux O0akrepuanbHbiii TeH AlIK-ne3amunasbl (acdS) u 00aAaroIIUX MOBBIICHHON YCTOHYH-
BOCTBIO K HEOJIArONPHUATHBIM BO3ACUCTBHUSIM OKPYKAIOILICH CPE/IbI.
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