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1 ACKOPBMHOBOUW KUCAOTEI B TPAHCTEHHBIX
PACTEHUSAX NICOTIANA TABACUM, BBIPAIITEHHBIX
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[IpoBeneH cpaBHUTENBHBIN aHAIH3 psina OMOXMMHUYECKHUX TOKa3aTelei HeTPAHCTEHHBIX W TPAHCTEHHBIX PaCTCHUI
Nicotiana tabacum, BRIpaIIEHHBIX B TI0YBE C TIOBBIIICHHON KOHIICHTPAIMEH CoNiel TsDKETBIX MeTaIoB. TpaHCreHHbIe pac-
TEHHSI HECJM B CBOEM IeHOME OaKTEepUAIbHBIN acdS-TeH, KOAUPYIOUHiA (GepMEHT |-aMUHOIMKIIONPOIaH- 1 -KkapOOKCHIaT-
ne3amunaszy (AlIK-ne3amunasy). O0paboTKa MOYBbI HOHAMH MEIH, XpOMa M CBHHIIA B KOHIICHTPAIIUSAX, MPEBBIMIAOIINX
TIPeJIeNIbHO A0y CTUMBbIE, CIIOCOOCTBOBAJIA MHAYKIINH SKCIPECCHH acdS-reHa n yBeandeHuto aktuBHocTH ALIK-ne3amMunasst
B TPAHCTCHHBIX pacTeHMsX. TakiKe MOKa3aHo, YTO B yCIOBHSIX aDMOTHYECKOTO CTpecca y UCCIIeyeMbIX 00pa3IoB BO3pac-
Tajo comepykaHue (PCHOIBHBIX COSTUHEHUH (B YaCTHOCTH, (MIABOHOMIOB) M aCKOPOMHOBOM KHCIIOTHI, TIOBBIIIATACH 00MIast

AHTHUOKCHUIAHTHasA aKTUBHOCTb.
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ANALYSIS OF THE LOW-MOLECULAR WEIGHT ANTIOXIDANTS
OF TRANSGENIC PLANTS NICOTIANA TABACUM
UNDER ABIOTIC STRESS CONDITIONS

K. V. PRISTUPA®, T. A. KUKULIANSKAYA", E. A. KHRAMTSOVA®

*Belarusian State University, 4 Niezalieznasci Avenue, Minsk 220030, Belarus

Corresponding author: K. V. Pristupa (kristina.pristupa@mail.ru)

We conducted a comparative analysis of biochemical parameters of non-transgenic and transgenic Nicotiana tabacum,
plants cultivated in heavy metal polluted soils. Transgenic plants had in their genome a bacterial acdS-gene encoding the
1-aminocyclopropane-1-carboxylate deaminase (ACC-deaminase) enzyme. The introduction of elevated concentrations
of copper, chromium, and lead ions into the soil promotes induction of the acdS-gene expression and an increase in
ACC-deaminase activity in transgenic plants. It was shown that the content of phenolic compounds (flavonoids), ascorbic
acid, the total antioxidant activity of plants increased under abiotic stress.

Keywords: antioxidant system; low-molecular weight antioxidants; acdS-gene; Nicotiana tabacum.

BBenenune

[ToBbIIeHHE YCTOMUMBOCTH CEIHCKOXO3SIMCTBEHHBIX KYJIBTYP K HEOIArompUsTHBIM (paKTOpaM OKPYKaro-
LIEH Cpellbl SIBISIETCS OTHOM U3 BAKHEHIIINX 3aJ1au, CTOSIIUX Mepe]] YIYeHbIMU. PacTeHusl, KoTopbie Tpou3pac-
TalOT B CIIOXHBIX YCJIOBHUSX, TOJBEPIralOTCsS aOMOTHYECKOMY CTPECCOBOMY BO3JICHCTBUIO, YTO MOXKET OBITh
00yCJIOBJICHO 3aCOJICHUEM WM 3arPsS3HCHUEM T10YB TSHKEIbIMU METaJUIaMH, 3aCyXoi u T. 1. [1; 2].

[Ipu cTpeccoBbIX BO3ICHCTBUSIX COlepKaHue akTUBHBIX (hopM Kuciaopoaa (ADK) B pacTUTEITBLHBIX KIIETKaxX
HauWHAET OBICTPO YBEIIMYUBATHCS U, KaK CJICJCTBHE, 3HAYUTEILHO TIOBBIIIAETCS HHTEHCUBHOCTh CBOOOHOPA-
JIMKAJIBHBIX OKUCIUTEIbHBIX MporeccoB. ADK momaBistoT akTHBHOCTh (JEPMEHTOB, BHI3BIBAIOT JIETPAIAIIUI0
KJICTOYHBIX OHOIIOIIMMEPOB, HAPYIIAIOT MPOHUIIAEMOCTh OMOJIOITMYECKUX MEeMOpaH, OCTaHABJIUBAIOT KIIETOY-
HBII IIMKJI M TIPUBOJIAT K PA3BUTHIO anonrto3a. B oTBet Ha ycuienue renepanuu ADK, kak npasuiio, mpowuc-
XOJIUT aKTUBAINS (DEPMEHTATHBHBIX U HE()EPMEHTATUBHBIX JIEMEHTOB AHTUOKCHUAAHTHOMN 3aIIUTHON CHCTEMBI
pactenuii. K xiroueBbiM He(pepMEHTATUBHBIM aHTHOKCHUIAHTAM OTHOCSTCS aCKOPOMHOBAsI KHCIIOTA, (DEHOIb-
HBIE COEIMHEHNUS (B YaCTHOCTH, (NIaBOHOUIBI), o.-Tokodepoin u ap. [3; 4].

Pa3BuTHe aOMOTHUYECKOTO CTpecca COMPOBOKIACTCS OOpa30BaHMEM W30BITOYHOTO KOJIMYESCTBA STHIICHA
B PaCTCHHUSAX. DTHIIEH NPEACTABISET CO00H (PUTOTOPMOH, KOTOPBIM Y4acTBYeT B PETYJSIUK POPACTAHUS CE-
MSsIH, pOCTa KOpHEH U cTeOeli, 00pa30BaHMs IIBETKOB, CO3peBaHus 1010B. OJTHAKO €Tr0 Ype3MEpHOE HAKOILIe-
HUE TIPUBOJUT K M3MECHEHUIO TTApaMETPOB POCTA U PA3BUTHSI PACTCHUH.

OMHUM U3 COBPEMEHHBIX CIIOCOOOB CHIDKEHHSI M30BITOUHOTO KOJMYECTBA ATHJIICHA B PACTCHUSX SIBJISCT-
Csl CO3/IaHHE TPAHCTEHHBIX (HOPM, KOTOPBIC HECYT B CBOEM T'€HOME OAKTEPHANLHBIA acdS-TeH, KOAUPYIOIIUI
ALIK-ne3amunasy. [lansblii hepMeHT KaTalu3upyeT pa3aoKeHue npeanecTrBeHanka stmiena — ALIK — 1o am-
MHUaKa U o-keTodyTupara [5—7].

YCTOWYMBOCTh PACTCHUI K HEOMAroNmpUsATHBIM YCIOBHUSIM, BBI3BIBAIOIINM CTPECC, B 3HAYUTEIIBHOW CTEIICHU
00eCreunBaeTCsl aKTUBHBIM (DYHKIIMOHUPOBAHUEM aHTHUOKCUIAHTHOW CHUCTeMbl. BO MHOTMX CTpaHax mwupa
IIPOBOJIUTCS] U3yUCHHE aHTUOKCHUJAHTHON aKTMBHOCTH PACTEHUI TOJ BIUSHUEM CTPECCOBBIX BO3JCHCTBHIA,
CO3JIAIOTCS TPAHCTEHHBIE PACTEHUS, KOTOPBIC XapaKTEPHU3YIOTCSl CBEPXIKCIPECCUEl TEHOB, KOAUPYIOIIUX (ep-
MEHTBI aHTHOKCHIaHTHOU 3a1uThl [§]. JlaHHBIC 00 M3MEeHEHUH COCTOSTHUS U 3()(HEKTUBHOCTH aHTHCTPECCOBOTO
JICHCTBUS aHTUOKCUIAHTHON CUCTEMBbI MTOJTyUEHBI TAKKE JUTSI PsiJia PACTCHUH, UHOKYJIUPOBAHHBIX OaKTEPUSIMH,
KOTOpbIC UMEIOT acdS-ren [9]. OnHako HCCiIeI0BaHUE COCTOSHUSI aHTUOKCUIAHTHOM CUCTEMBI TPAHCTCHHBIX
paCTeHUH, HECYIIHUX 3TOT T'€H, B YCIIOBUSIX a0MOTHUECKOTO CTPecca He MPOBOIUIIOCH.

Lenbro HacToOsIIEH paOOTHI SBISCTCS aHAJIN3 BIUSHUS TSHKEIIBIX METAILJIOB, BHECCHHBIX B TIOYBY, Ha OOIIYIO
AHTHOKCHUJIAHTHYIO aKTUBHOCTb, & TAKXKE COJepKaHHe He()ESPMEHTATUBHBIX aHTHOKCUIAHTOB B HETPAHCICH-
HBIX M TPAHCTCHHBIX pacTeHusx Nicotiana tabacum, Hecymux acdS-ren 6akrepuit Pseudomonas putida B-37.

MarepuaJibl 1 METOABI HCCJIETOBAHUS

B kauecTBe 0OBEKTOB HCCIICOBaHUS BBICTYNAJIM HETPAaHCTEHHBIE M TPaHCTEGHHBIC pacTeHUs Nicotiana
tabacum, Hecymue acdS-ren 6akrepuit Pseudomonas putida B-37. IlpenmeToM nccienoBaHus SBISUIUCH 00-
11asi aHTHOKCHJAHTHASI aKTUBHOCTH JIAHHBIX PACTCHUH M COAEpKaHUE B HUX HU3KOMOJICKYJISIPHBIX aHTHOKCH-
JaHTOB (aCKOPOWHOBOM KUCIIOTHI M ()EHOJIBHBIX COSANHEHNH, B YaCTHOCTH (DIIaBOHOHIOB).
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Co3znmanue TpaHCTeHHBIX PACTEHUHN OCYIIECTBISLIOCH COTTIACHO METOIUKE, ONMMCaHHON A. A. MeTbHUKOBOM
u coaBtopamu [10].

Pactenust OblTH pa3aeneHsl Ha YeThIPe TPYIIIbL:

® KOHTpOJIbHAs cepust (0e3 00pabOTKH MOYBBI TSHKEJIBIMUA METAIIAMN);

e 1-g cepust (o6pabotka CuSO, B konneHnTpanuu 30 Mr Ha | KT IOYBBI);

e 2-5 cepust (o6pabotka K,Cr,0O, B KOHIIeHTpanuu 15 Mr Ha | KT OYBBbI);

e 3-5 cepust (o6padotka Pb(CH;COO), B koHIeHTpanuu 15 Mr Ha | KT MOYBEI).

O06paboTKy MOYBHI HOHAMH TSXKEJIBIX METAJUIOB ITPOBOIMIIA OAHOKPATHO C YUETOM HX MPEeNIbHO AOMYyCTH-
moii koHnenTparun (I1/1K): BHOcHMOe Koiar4yecTBO JTOKHO ObLTo TipeBbimarh [1/1K B 5 pas.

Kaxxmgas cepus BKITIodasa mo 5 TpaHCTeHHBIX pacTeHui quHui 4-12 n 10-38, a Takke 5 HETPaHCTEHHBIX
pactenuit Nicotiana tabacum.

CeMeHa CTepHILHO BBICEBAIM HA YBJIAKHEHHbBIE (DUIIBTPHI U B TeUEHHE 2 CYT BBIICPIKUBAIH IIPH TEMIIEpa-
Type (20,0 £0,5) °C B TeMHOTE AJ151 IpOpacTanus. 3aTeM MPOPOCTKH MOMENIAIN B KIIMMAaTOKaMepy ¢ TeMIiepa-
Typoii (20,0 £0,5) °C u 16-yacoBbIM CBETOBBIM JHEM. Uepe3 14 cyT pacTeHns nepecakxuBaid B CTAKAHIUKH CO
crepwibHOH T0uBO# (50 T). JanpHeimee KyIsTUBUPOBAHNUE MMPOU3BOAWIHN Tipu Temmepatype (20,0 + 0,5) °C,
Brnaxxaoctu 70—80 %, 16-4acoBOM CBETOBOM JHE HA MPOTSHKCHUH 8 HEJL.

Pacturensubiii marepuain (0,5 r) romoreHusuposanu B 0,1 moiw/n kanuii-pocharaom oydepe (pH 7.8),
3arem 00beM goBogawn 10 10 M. [lomydeHHbIe TOMOT€HATHI TPHUKABI IO 15 ¢ TIoABepraiu yinbTpa3ByKOBOMY
BozzeiicTBuio pu yactoTe 11 k' ¢ momomkto nesunrerparopa Y3/AH-2T (HIIII «Axanemnpubopy», Poccus),
ocJIe 4ero HeHTpudyrupopanu B reuenue 15 mun npu 10 000 06/muH. Bee nporienypbl IpOrM3BOAMIM Ha XO-
none (4 °C). Kietodnble SKCTPaKThl UCTIOIB30BAIH IS OTIPEISIICHHSI O0IIeH aHTHOKCUAAHTHONW aKTUBHOCTH,
a TaKXKe CoJiepKaHN HU3KOMOJIEKY/ISIPHBIX aHTHOKCHIAHTOB M O€JIKa B PACTEHHUSX.

OO0uIyI0 AHTHOKCHIAHTHYIO AKTHBHOCTH PACTUTEIHHBIX IKCTPAKTOB OIIEHUBAIIH 10 CTEIIEHH HHTHOUPO-
BaHMS OKUCIICHHS TapadeHnIeHIMaMiHa IEPOKCHIOM BOIOPO/Ia C IPUMEHEHHEM CIIEKTPO(HOTOMETPUYECKOTO
MeTofa ipu JutrHe BoHB! 530 M [11].

Oouee cogep:kanne (pPeHOJBLHBIX COeTMHEHMII B PACTHTEIBHBIX IKCTPAKTaX OMPEACISIIN CrIeKTpodoTo-
MeTpHu4ecKy 1o metony Singleton ipu AnmuHe BOMHBI 765 HM [12].

Oo6uree conepxanne GIaBOHOMI0B B PACTUTEIHLHBIX IKCTPAKTAX U3MEPSUIN CIIEKTPOPOTOMETPHUECKH T10
metony Quettier ipu jJuinHe BOJHEI 415 uM [13].

Coneprxanne acKOPOUHOBOI KHCJIOTHI yCTAaHABIMBAIK CIIEKTPO(GOTOMETPHUECKH C UCIIOIb30BAaHNEM Me-
tona Das, KOTOpBIH OCHOBAaH Ha CrOCOOHOCTH dochomonnbaaTa BOCCTAaHABIMBATHCS TAHHON KHCIOTOH 10
MOJIHO/IaTa CHHETO IBeTa. I3MepeHue mpoBOIvIIH MPH JTHHE BOJHEI 660 HM [14].

Conep:xkanue 6eJiKa B PaCTUTEIFHBIX IKCTPAKTAX OMPENESUIN ONYypPETOBBIM METOIOM TPH JTMHE BOJHBI
540 um [15].

CraTucTr4ecKyro 00paboTKy pe3yabTaToB OCYIIECTBIISIIN C TIOMOIIBIO JIMIIEH3NOHHOTO TTaKeTa MPOrpaMm
Statistica 6.0. O1ieHKy TOCTOBEPHOCTH Pa3ININil CPSIHUX apru(HPMETHUSCKIX TIPOBOIMIN Ha OCHOBaHUH KO3 (-
¢unmenta CThrofieHTa. Pa3nnuuns Mex 1y TpyIIaMu CYATaIN TOCTOBEPHBIMU IPH JIByCTOPOHHEM YPOBHE 3Ha-
gumocTH p < 0,05.

Pe3y.]'leaTbl H UX oﬁcym}leﬂne

Pa3BuTHe cTpecca y pacTeHHII CONMPOBOXKIACTCS aKTUBAIUEH CBOOOIHOPAJIMKAIBHBIX OKUCIUTEIbHBIX
nporeccoB B kietke [3]. Hamu Obta omnpenerneHa o0lnas aHTUOKCHJIAHTHAsE akTUBHOCTh BCEX CEpUH pacTte-
HPII71, KOTOpas BbIPpaXXaC€TCd CTCIICHBIO MHAKTUBAIIUW aHTUOKCUAAHTaMU paCTeHI/Iﬁ OKUCJICHUA napa(beHI/meH-
JTUaMUHA TIEPOKCHUIOM Boopoaa (Tabm. 1).

Tabnuna 1

O0mast aHTHOKCH/IAHTHAS AKTHBHOCTH HETPAHCTeHHBIX
W TPAaHCTeHHBIX pacTeHuii Nicotiana tabacum, %

Table 1

The total antioxidant activity of non-transgenic
and transgenic plants Nicotiana tabacum, %

TpchreHHme pacTeHus
Cepust Herpancrennsle pactenus

Jlunus 4-12 JIunus 10-38
bes obpaborkn nouss! 60,0 £ 1,5 56,0 + 1,4 54,0+ 1,4
TSOKCJIBIMU METaJlJIaMH

2+

Obpadoria nousst Cu 77,0+ 1,8 630+1,5 | 60,0%16
B KoHUeHTpauuu 5 x [TAK
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OkoHuyaHue Tabdbm. 1
Ending table 1

TpaHcreHHble pacTeHUs
Cepus Herpancrennsie pactenus
Jlunwust 4-12 JIunms 10-38
6+
Obpatotka nousst Cr 83.0+2,1" 680417 | 650%22"
B KoHUeHTpauuu 5 x [TJIK
2+
Obpatora nousel Pb 730+1,7 59.0+14 | 580+15
B KoHIIeHTparuu 5 x [TJIK

* o
Pazauumst MEXKAY KOHTPOJIBHOU U OIIBITHBIMU CEPUAMU NOCTOBEPHBI IIPHU YPOBHE 3HAYUMOCTHU p < 0,05

Kak BumHO U3 Tabn. 1, HeTpaHcreHHbIe pacTeHus Nicotiana tabacum otnugarorcst 6osee BHICOKOWH aHTHOK-
CUJIAaHTHOM aKTHBHOCTBIO, YeM TPAHCTCHHbIE. YCTAHOBIICHO, YTO IIPU 00pabOTKE MOUYBBI COMISIMH TSKEIIBIX Me-
TaJJIOB O0Iasi aHTHOKCHaHTHAsI aKTHBHOCTD MCCIIEAyeMbIX 00pa3loB yBennunBaeTcs. [Ipuuem u 'y HeTpaHc-
TeHHBIX, ¥ y TPAHCTEHHBIX ()OPM MaKCHMaJbHas €€ BeJIMUnHa 0OHApYKEeHa TIPY BHECEHUH B TIOYBY S-KpaTHOU
/1K Cr": B mepBoM cityuae aHTHOKCHIAHTHAs AKTHBHOCTb BO3OCIia Ha 40 % I10 CPABHEHUIO C KOHTPOJILHOI
cepueii, Bo BTopom — Ha 20 %.

BeposTHO, B TpaHCTEHHBIX PAaCTEHUIX, HECYNINX OaKTepuanbHBIN acdS-reH, oOpasyercs menbiie ADK,
CJIe/IOBATENILHO, OHU UMEIOT 00JIee HU3KYI0 HHTEHCHBHOCTH CBOOOTHOPAIUKAIBHBIX OKUCIUTENBHBIX TIPOLIEC-
COB, YeM HeTpaHCreHHbIe. [[03TOMy B TpaHCTEHHBIX PACTEHUSIX B MEHbIIECH CTEIIEHU IPOUCXOAUT aKTHBALMS
3JIEMEHTOB aHTMOKCHJAHTHOH 3alIMTHI, YTO, BO3MOXKHO, 00ycIOBIMBaeT 0ojiee HU3KYIO OOIIYI0 aHTHOKCH-
JAHTHYIO aKTHBHOCTD TPAHCTEHHBIX (POPM 110 CPABHEHUIO C HETPAHCTCHHBIMH.

[IpuBeneHHbIC HAMH JaHHBIE KOPPEIUPYIOT C MOITYyYEHHBIMH paHee pe3ybTaraMy, COINIACHO KOTOPBIM TPaHC-
TeHHBIC pacTeHUS] UMENN OoJiee HU3KYIO aKTUBHOCTh (DEPMEHTATHBHBIX aHTHOKCHUAAHTOB (MIEPOKCH/IA3bI, KaTa-
Ja3bl, CyIEPOKCUIIMCMYTa3bI), @ TAKKEe 00Jiee HU3KYH0 HHTEHCUBHOCTD IIPOLIECCOB IIEPEKHCHOTO OKUCIICHUS
JTUNUAO0B, YeM HeTpaHcreHHsie [16].

Opanvu U3 HaubOJIee aKTHBHBIX HU3KOMOJIEKYISIPHBIX aHTHOKCHIAHTOB SBISIOTCS (PEHOIBHBIE COENU-
HEHMS, B YACTHOCTH (naBoHOMIbI. [l03TOMY HaMu ObLIO ompeseseHo obuiee coaepkaHue PeHOIbHBIX coe-
JUHEHUH B HccieqyeMbIX pacTeHusax (Tabm. 2). OHO BhIpakaeTcsl KOJIMYECTBOM TaHMHA (B MHKPOTpPaMMax)
Ha 1 T pacTUTEIBHOIO SKCTPAKTA.

Tabnuma 2

Oo6mee conep:xanne GeHOJILHBIX COeTMHEHHI B IKCTPAKTaX
HeTPAHCTeHHBIX U TPAHCTEHHBIX pacTeHuil Nicotiana tabacum, mxr/r

Table 2

The total content of phenolic compounds in extracts
of non-transgenic and transgenic plants Nicotiana tabacum, pg/g

TpaHCFeHHLIe pacTeHus
CepHH HeTpchreHHHe pacTeHus
Jlunaus 4-12 Jluaus 10-38

bes obpabori nosst 59,0 +2,9 750 +3.,6 69,0 + 3,1
TSKCJIBIMU METAJIJIaMHU

2+
Obpadorka nousk Cu 84,0 +4,1" 1220+61° | 150,0+72"
B KoHIeHTparuu 5 x I[TJK

6+
Obpadorka nouss! Cr 106,0 +5,5" 13,0466 | 161,078
B KoHUeHTpauuu 5 x [TJK

2+
Obpadoria nouse! Pb 80,0+ 4,0" 88,0+4,1° | 104,0+48"
B KoHUeHTpauuu 5 x [TJK

* ~
Pazmuumst MEXKAY KOHTPOJIBHOU U OTILITHBIMU CEPUAMU NOCTOBEPHELI IIPHU YPOBHE 3HAYUMOCTHU p < 0,05

Kak BuiHO 13 Ta011. 2, HCXOAHOE KOMMYECTBO (PEHOIBHBIX COSAMHEHH B TPAHCTEHHBIX PACTCHUSIX OBLIO Ha
15-25 % BbImIe, 4yeM B HeTpaHCTEeHHBIX Gopmax. [Ipn 0O6paboTKe MOUBBI HOHAMH TSKEIBIX METAJUIOB COIEp-
aHue (PEHOJIBHBIX COEIMHEHNH YBEIMYMIOCh U B TPAHCT€HHBIX, U B HETPAHCTCHHBIX pacTeHUsX. B pesynb-
Tate BHeceHus B nouBy S-kparHoii [1JIK nonos menu(Il), xpoma(VI) u ceunna(ll) B Tpancrennsix odpasmax
oHo BbIpocio Ha 40; 80 1 35 % COOTBETCTBEHHO 110 CPAaBHEHHIO ¢ KOHTPOJILHOW Ceprel, a B HETPAHCTEHHBIX —
Ha 120; 130 u 50 %.
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Bo3MOXHO, 3TO CBSI3aHO C TeM, YTO B yCIOBUAX aOMOTHYECKOTO CTpecca B TPAHCTCHHBIX PACTEHUSIX 00-
paszyromuiicst ALIK moasepraercs He TonbKo ¢epMeHTaTuBHOMY paspyuienuto ALIK-ne3amunazoii, HO Takxke
MOXXET TIPEBPaIaThCS B Psl KOHICHCUPOBAHHBIX COCMUHEHHUH (HarpuMmep, skacMoHmI-ALIK), KoTopbie co-
Jiep KaT B CBOEM COCTaBE apOMaTHUECKUE KOJIbLa, HEOOXOAMMBIE [T CHHTE3a BTOPUYHBIX METa0O0JIUTOB B pac-
TEHUSX, B TOM YHCIIe U ()eHONBHBIX COCIMHECHUH.

[Momumo 3TOTO, HAMU OBLTO OMpelesieHo olIIee coxepKanre (IaBOHOUIOB B UCCIEIYEMBIX PACTEHHIX
(tabm. 3). OHO BbIpakaeTcs KOJIMYECTBOM PyTHHA (B MUKpOIpaMMax) Ha | I' pacTUTEIBHOTO HKCTPAKTA.

Tabnuma 3

Oo0mee conep:kanne (UIABOHONI0B B IKCTPAKTAX HETPAHCTEHHBIX
U TPAHCTeHHBIX pacTeHuii Nicotiana tabacum, Mmxr/r
Table 3

The total content of flavonoids in extracts
of non-transgenic and transgenic plants Nicotiana tabacum, pg/g

TpaHCFeHHLIe pacTeHus1
Cepus Hetpancrennsie pactenus
Jlunus 4-12 Jlunusg 10-38

bes obpaborkn mouse! 340+ 1,6 42,0+1,9 40,0+ 1,8
TSDKEJIBIMU METaJIIaMU

2+
Obpadorka nousel Cu 64,0 +3,0° 78,0 +3,5° 82,039
B KoHUeHTpauuu 5 x [TAK

6+
Obpadorxa mouser Cr 86,0 +4,5' 1020441 | 1120447
B KoHUeHTpauuu 5 x [TAK

2+
Obpadorka nouskt Pb 53,0427 68,0+32" 75,0 + 3,6
B KoHUeHTpauuu 5 x [TAK

* v
Paznuuus Mesxay KOHTPOJIBHOM U ONBITHBIMU CEPUSMH JOCTOBEPHBI IIPU ypoBHE 3HauuMocTH p < 0,05.

W3 npuBesicHHBIX B Ta0j1. 3 pe3ysIbTaToB CIEAYET, uTO nMpu 00padoTke mouBbl S-kpaTHoi [1/1K noHOB Ts-
KEJIBIX METaJJIOB KOINYECTBO ()JIABOHOM/IOB YBEIUYHMIIOCH M B TPAHCTEHHBIX, M B HETPAHCTEHHBIX PACTECHHSIX.
[Ipu BHecenuu B mouBy monoB Mmenu(ll), xpoma(VI) n ceurma(ll) obmee comepxanue (HIaBOHOUIOB B He-
TpaHCreHHbIX 00pa3nax coctaBmiio 190; 250 u 155 % cooTBETCTBEHHO IO CPABHEHHIO C KOHTPOJILHOI Cepueid,
a B TpaHcreHHsIx — 210; 280 n 190 %.

Takoke B xo/1e pabOThI OBIJIO OIPECTICHO COJlepKaHNEe aCKOPOMHOBOM KHCIIOTHI BO BCEX CEPHUSIX B pacueTe
Ha 1 r pactutensHOrO Marepuaia (tadm. 4).

Tabnuna 4
Conepixanue acCKOPOMHOBOI KHCJIOTHI B HETPAHCTEHHBIX
U TPAHCT€HHBIX pacTeHusx Nicotiana tabacum, Mxr/r
Table 4

The content of ascorbic acid in non-transgenic
and transgenic plants Nicotiana tabacum, pg/g

TpaHCFeHHLIe paCTeHI/IH
Cepus Herpancrennsie pacrenus
JInuns 4-12 JInuns 10-38

bes obpaborici 1oussl 0,73 +0,015 081 +0,016 | 0,780,015
TSOKCJIIBIMU METAJIJIaMU

2+
Obpaborka nousp! Cu 0,96 +0,018" 0,99 +0,020° | 1,07+0,019°
B KoHUeHTparuu 5 x ITJIK

6+
Obpaborxa nousst Cr 138 + 0,027 153400317 | 1,74+0,037
B KoHUeHTparmu 5 x ITJIK

2+
Obpaborka nouspi Pb 0,75+ 0,016" 0.88+0,018" | 0,88+0,017°
B KoHIeHTparuu 5 x [TIK

" Pazmuuns Mely KOHTPOJILHOM M OIBITHBIMH CEPUAMHU JI0CTOBEPHBI IPH ypoBHE 3HaunMocTH p < 0,05.
Wcxons n3 maHHBIX Tabi. 4, MOXKHO CIeNaTh BBIBOI, YTO IMPU 00paOOTKE TIOUBBI COMSIMU TSKEIBIX METall-

JIOB cOJiepKaHue acKOPOMHOBOM KUCIIOTHI MOBBIIACTCS KaK B HETPAHCTCHHBIX, TAK U B TPAHCTEHHBIX 00pas3-
uax. [Ipu sTOM TpaHcreHHble pactenus Nicotiana tabacum OTAMYAIOTCS HECKOJIBKO OOJBIIUM yBEIHYCHUEM
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KOJTMYECTBA ACKOPOMHOBOI KHCIIOTHI, YeM HETPAHCTEHHbIE (pOpMbL. Tak, IpH BHECEHHH B m0uBY HOHOB Cr’F
y HeTpaHCTEHHBIX pacTeHui copeprkanre ButamuHa C Beipocyo B 1,9 pasa, a y TpaHCTeHHBIX — B 2,2 pa3a 1o
CPaBHEHUIO C KOHTPOJIBHOM CEpHEi.

[TomryuenHble HAMHU pe3yabTaThl TOKA3BIBAIOT, YTO 00II[asi aHTHOKCHIAHTHAS AaKTUBHOCTh Y HETPAHCTEHHBIX
pacTeHmii B yCIOBUSX CTpecca B cpeaHeM Ha 25 % Bblle, yeM y TpaHcreHHbIx ¢opm. [Ipu aToMm coneprxanne
(heHOJIBHBIX COENMHEHUH M acKOPOWHOBOM KHCIIOTHI BBIIIE B TPAHCTCHHBIX pacTeHusix Nicotiana tabacum.
3HaYNTEIbHOE YBEINUEHUE 00IIel aHTHOKCUIAaHTHON aKTUBHOCTH MOYXKET OBITh CBSI3aHO C BO3PACTaHHEM CO-
Jiep KaHus 0OIIEeTro TyJia HU3KOMOJICKYJISIPHBIX aHTHOKCHJIAHTOB, TAKUX KaK TIIyTaTHOH, TOKOQEPOIbI, MPOJINH
U PsiJI IPYTHX, KOJMYECTBO KOTOPHIX B JAHHOH padoTe HE OIeHnBaioCh. [loMuMo 3TOTO0, (heHOIBHBIE TPOU3-
BOJIHBIE, B YACTHOCTH (DIIaBOHOUBI, MOTYT IIPOSIBIATH IPOOKCHAAHTHYIO aKTUBHOCTb, YTO CIIOCOOCTBYET CHHU-
JKEHUIO0 MHTEHCUBHOCTH aHTHOKCUIAHTHOM 3amuThl [17; 18].

3akaueHmne

TakuMm 00pa3oM, TpaHCTEHHBIE pacTeHHs, HECYIINE B CBOEM I'eHOMe OaKTepHallbHbIN acdS-reH U crnocoo-
Hble cuHaTe3upoBaTh AlIK-me3amunasy [16], B MEHbIIIEH CTETICHH MOIBEPKECHBI BO3ACHCTBUIO TTOBBIITICHHBIX
KOHIICHTPAIIUK HOHOB TSHKEIBIX METAIIIOB, MPUCYTCTBYIOMUX B ToUBe. ClIeIyeT OTMETHTh, UTO TPAHCTCHHEIE
pactenus Nicotiana tabacum, KOTOpbIE BBIPAIIMBAINCH Ha 3arPSA3HEHHON MOYBE, NMENH JyYIlNe POCTOBbIC
XapaKkTepUCTHKH (OOTbIIast ANMHA cTeONs, KOpHsI) U Oojiee BEICOKYI0 Onomaccy, yeM HeTpaHCTEeHHBIE 00pas-
el [10].

ITomydenHbIe pe3ynbTaThl CBUACTENBCTBYIOT 00 YBEIMUCHUN aKTHBHOCTH AaHTHOKCHIAHTHOW CUCTEMBI B yC-
JIOBUSIX AOMOTHUYECKOTO CTPECCa, BBI3BAHHOTO 00Pa0OTKOM MOYBBI HOHAMHU Cu”, Cr6+, Pb*". IToxazano, 4TO Hau-
MEHbIIIasi YyBCTBUTEIHHOCTh PACTCHUH K 3arPsS3HEHUIO TOYBHI COMISIMHU TSDKEJIBIX METAJIOB OTMEUaNach MPHU
BHECEHHUH B 1mouBy coieil ceunna(ll).

IIpakTrueckasi 3HAYMMOCTh JAHHOTO MCCJICTOBAHUS CBsI3aHA C UCIIOIB30BAHUEM TPAHCTEHHBIX PACTCHUH,
sKcrpeccupyomux 6akrepuanbubiii reH ALIK-ne3amunassl (acdS) u 06magaronux MOBBIICHHON YCTONYH-
BOCTBIO K HEOIArOMPUATHBIM BO3ACHCTBUSIM OKPYIKAIOIICH CpEIbL.

bubauorpaguyeckue cCblIKU

1. Glick BR. Bacterial ACC deaminase and the alleviation of plant stress. Advances in Applied Microbiology. 2004;56:291-312.
DOI: 10.1016/S0065-2164(04)56009-4.

2. Grichko VP, Glick BR. Amelioration of flooding stress by ACC deaminase containing plant growth promoting bacteria. Plant
Physiology and Biochemistry. 2001;39(1):11-17. DOI: 10.1016/S0981-9428(00)01212-2.

3. Matés JM. Effects of antioxidant enzymes in the molecular control of reactive oxygen species toxicology. Toxicology. 2000;
153(1-3):83-104. DOI: 10.1016/S0300-483X(00)00306-1.

4. Ahmad P, Sarwat M, Sharma S. Reactive oxygen species, antioxidants and signaling in plants. Journal of Plant Biology. 2008;
51(3):167-173. DOI: 10.1007/BF03030694.

5. Hontzeas N, Hontzeas CE, Glick BR. Reaction mechanisms of the bacterial enzyme 1-aminocyclopropane-1-carboxylate deami-
nase. Biotechnology Advances. 2006;24(4):420—426. DOI: 10.1016/j.biotechadv.2006.01.006.

6. Grichko VP, Filby B, Glick BR. Increased ability of transgenic plants expressing the bacterial enzyme ACC deaminase to accu-
mulate Cd, Co, Cu, Ni, Pb and Zn. Journal of Biotechnology. 2000;81(1):45-53. DOI: 10.1016/S0168-1656(00)00270-4.

7. Sergeeva E, Shah S, Glick BR. Growth of transgenic canola (Brassica napus cv. Westar) expressing a bacterial 1-aminocyclo-
propane-1-carboxylate (ACC) deaminase gene on high concentrations of salt. World Journal of Microbiology and Biotechnology. 2006;
22(3):277-282. DOI: 10.1007/s11274-005-9032-1.

8. Lee Y-P, Kim S-H, Bang J-W, Lee H-S, Kwak S-S, Kwon S-Y. Enhanced tolerance to oxidative stress in transgenic tobacco
plants expressing three antioxidant enzymes in chloroplasts. Plant Cell Reports. 2007;26(5):591-598. DOI: 10.1007/s00299-006-0253-z.

9. Vurukonda SSKP, Vardharajula S, Shrivastava M, SkZ A. Enhancement of drought stress tolerance in crops by plant growth
promoting rhizobacteria. Microbiological Research. 2016;184:13-24. DOI: 10.1016/j.micres.2015.12.003.

10. MenbuukoBa AA, XpamnoBa EA, Koponesa EC, Pytkesnu A, Kykynsuckas TA. Ananus sxcnpeccuu acdS-rena Gaxrepuit
Pseudomonas putida B-37 B TpaHCTeHHBIX pacTeHusix Nicotiana tabacum. JKypuan beropycckozo cocyoapcmeenno2o ynueepcumemad.
Buonoeus. 2019;1:45-53. DOI: 10.33581/2521-1722-2019-1-45-53.

11. Davalos A, Gomez-Cordovés C, Bartolomé B. Extending applicability of the oxygen radical absorbance capacity (ORAC-fluo-
rescein) assay. Journal of Agricultural and Food Chemistry. 2004;52(1):48-54.

12. Ainsworth EA, Gillespie KM. Estimation of total phenolic content and other oxidation substrates in plant tissues using Folin —
Ciocalteu reagent. Nature Protocols. 2007;2(4):875-877. DOI: 10.1038/nprot.2007.102.

13. Quettier-Deleu C, Gressier B, Vasseur J, Dine T, Brunet C, Luyckx M, et al. Phenolic compounds and antioxidant activities
of buckwheat (Fagopyrum esculentum Moench) hulls and flour. Journal of Ethnopharmacology. 2000;72(1-2):35-42. DOI: 10.1016/
S0378-8741(00)00196-3.

14. Das N, Misra M, Misra AN. Sodium chloride salt stress induced metabolic changes in callus cultures of pearl millet (Penni-
setum americanum L. Leeke): free solute accumulation. Journal of Plant Physiology. 1990;137(2):244-246. DOI: 10.1016/S0176-
1617(11)80090-8.

15. Cemax 1B, 3pipsinoBa TH, I'yoru OU. buoxumus 6enxos. Munck: BI'Y; 2007. 49 c.

25



Kypnaa Besopycckoro rocyrapcrseHHoro yuusepcurera. buosnorus. 2020;1:20-26
Journal of the Belarusian State University. Biology. 2020;1:20-26

16. puctyna KB, Koponesa EC, Kykynsauckas TA, Pyrkesuu JIA. OneHka cOCTOSHNS aHTUOKCHIAHTHON CHCTEMBI TPAHCTEH-
HBIX pacTeHuit Nicotiana tabacum B ycnoBusx abnoTHyeckoro crpecca. B: Buomexnonozaus ¢ pacmenuesoocmee, Hcugomno8oocmee
U CenbCKOXO3AUCMBEHHOU MUKPOOUONIO2UU: COOPHUK Me3uUco8 00K1a008 19-ii Bcepoccutickol KoHepeHyuu MOI00bIX YUEeHbIX, NOCEA-
wennotl namamu akademuxa PACXH ['eopeusi Cepeeesuua Mypomyesa; 15—16 anpens 2019 2.; Mockea, Poccus. Mocksa: Beepoccenii-
CKHIi Hay9HO-HCCIIEN0BATEILCKHH HHCTUTYT CeIILCKOX03siicTBeHHOM OnoTtexnonorun; 2019. c. 55-56.

17. Yordi EG, Pérez EM, Matos MJ, Villares EU. Antioxidant and pro-oxidant effects of polyphenolic compounds and structure-ac-
tivity relationship evidence. In: Bouayed J, Bohn T, editors. Nutrition, well-being and health. Rijeka: InTech; 2012. p. 23—48. DOI:
10.5772/29471.

18. Cao G, Sofic E, Prior RL. Antioxidant and prooxidant behavior of flavonoids: structure-activity relationships. Free Radical
Biology and Medicine. 1997;22(5):749—-760. DOI: 10.1016/s0891-5849(96)00351-6.

References

1. Glick BR. Bacterial ACC deaminase and the alleviation of plant stress. Advances in Applied Microbiology. 2004;56:291-312.
DOI: 10.1016/S0065-2164(04)56009-4.

2. Grichko VP, Glick BR. Amelioration of flooding stress by ACC deaminase containing plant growth promoting bacteria. Plant
Physiology and Biochemistry. 2001;39(1):11-17. DOI: 10.1016/S0981-9428(00)01212-2.

3. Matés JM. Effects of antioxidant enzymes in the molecular control of reactive oxygen species toxicology. Toxicology. 2000;
153(1-3):83-104. DOI: 10.1016/S0300-483X(00)00306-1.

4. Ahmad P, Sarwat M, Sharma S. Reactive oxygen species, antioxidants and signaling in plants. Journal of Plant Biology. 2008;
51(3):167-173. DOI: 10.1007/BF03030694.

5. Hontzeas N, Hontzeas CE, Glick BR. Reaction mechanisms of the bacterial enzyme 1-aminocyclopropane-1-carboxylate deami-
nase. Biotechnology Advances. 2006;24(4):420—426. DOI: 10.1016/j.biotechadv.2006.01.006.

6. Grichko VP, Filby B, Glick BR. Increased ability of transgenic plants expressing the bacterial enzyme ACC deaminase to accu-
mulate Cd, Co, Cu, Ni, Pb and Zn. Journal of Biotechnology. 2000;81(1):45-53. DOI: 10.1016/S0168-1656(00)00270-4.

7. Sergeeva E, Shah S, Glick BR. Growth of transgenic canola (Brassica napus cv. Westar) expressing a bacterial 1-aminocyclo-
propane-1-carboxylate (ACC) deaminase gene on high concentrations of salt. World Journal of Microbiology and Biotechnology. 2006;
22(3):277-282. DOIL: 10.1007/s11274-005-9032-1.

8. Lee Y-P, Kim S-H, Bang J-W, Lee H-S, Kwak S-S, Kwon S-Y. Enhanced tolerance to oxidative stress in transgenic tobacco
plants expressing three antioxidant enzymes in chloroplasts. Plant Cell Reports. 2007;26(5):591-598. DOI: 10.1007/s00299-006-0253-z.

9. Vurukonda SSKP, Vardharajula S, Shrivastava M, SkZ A. Enhancement of drought stress tolerance in crops by plant growth
promoting rhizobacteria. Microbiological Research. 2016;184:13-24. DOI: 10.1016/j.micres.2015.12.003.

10. Melnikava AA, Khramtsova AA, Karaleva KS, Rutkevich DA, Kukulianskaya TA. Expression analysis of acdS-gene of Pseudo-
monas putida B-37 in transgenic plants Nicotiana tabacum. Journal of the Belarusian State University. Biology. 2019;1:45-53. Rus-
sian. DOI: 10.33581/2521-1722-2019-1-45-53.

11. Davalos A, Gomez-Cordovés C, Bartolomé B. Extending applicability of the oxygen radical absorbance capacity (ORAC-fluo-
rescein) assay. Journal of Agricultural and Food Chemistry. 2004;52(1):48-54.

12. Ainsworth EA, Gillespie KM. Estimation of total phenolic content and other oxidation substrates in plant tissues using Folin —
Ciocalteu reagent. Nature Protocols. 2007;2(4):875-877. DOI: 10.1038/nprot.2007.102.

13. Quettier-Deleu C, Gressier B, Vasseur J, Dine T, Brunet C, Luyckx M, et al. Phenolic compounds and antioxidant activities
of buckwheat (Fagopyrum esculentum Moench) hulls and flour. Journal of Ethnopharmacology. 2000;72(1-2):35-42. DOI: 10.1016/
S0378-8741(00)00196-3.

14. Das N, Misra M, Misra AN. Sodium chloride salt stress induced metabolic changes in callus cultures of pearl millet (Penni-
setum americanum L. Leeke): free solute accumulation. Journal of Plant Physiology. 1990;137(2):244-246. DOI: 10.1016/S0176-
1617(11)80090-8.

15. Semak IV, Zyryanova TN, Gubich Ol. Biokhimiya belkov [Biochemistry of proteins]. Minsk: Belarusian State University; 2007.
49 p. Russian.

16. Pristupa KV, Karaleva KS, Kukulianskaya TA, Rutkevich DA. [Assessment status of the antioxidant system transgenic plants
Nicotiana tabacum under abiotic stress]. In: Biotekhnologiya v rastenievodstve, zhivotnovodstve i sel skokhozyaistvennoi mikrobio-
logii: sbornik tezisov dokladov 19-i Vserossiiskoi konferentsii molodykh uchenykh, posvyashchennoi pamyati akademika RASKhN
Georgiya Sergeevicha Muromtseva, 15—-16 aprelya 2019 g.; Moskva, Rossiya [Biotechnology in crop production, animal husbandry
and agricultural microbiology: a collection of abstracts of the 19™ All-Russian conference of young scientists dedicated to the memory
of academician of the Russian Academy of Agricultural Sciences Georgy Sergeyevich Muromtsev; 2019 April 15-16; Moscow, Russia].
Moscow: All-Russia Research Institute of Agricultural Biotechnology; 2019. p. 55-56. Russian.

17. Yordi EG, Pérez EM, Matos MJ, Villares EU. Antioxidant and pro-oxidant effects of polyphenolic compounds and structure-ac-
tivity relationship evidence. In: Bouayed J, Bohn T, editors. Nutrition, well-being and health. Rijeka: InTech; 2012. p. 23—48. DOI:
10.5772/29471.

18. Cao G, Sofic E, Prior RL. Antioxidant and prooxidant behavior of flavonoids: structure-activity relationships. Free Radical
Biology and Medicine. 1997;22(5):749-760. DOI: 10.1016/s0891-5849(96)00351-6.

Cmamus nocmynuna 6 peoxonnezuio 16.12.2019.
Received by editorial board 16.12.2019.

26



