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pacteHuii kapTodessi K OKUCIUTENEHOMY CTpeccy, BbI3BaHHOMY runotepmucii (2008)
dusnonorus pacreHuitn.— 55: 710-720.

Pesome

Bb1H cKOHCTPYMpPOBaHbI BEeKTOpa i1t Agrobacterium-onocpenoBaHHoii TpaHcdop-
MalMH pacTeHHUil reHaMH fecarypas HaHOOaKTepHii, y4acTBYIOIMMH B IIPOLIECCaX aiarl-
TallUH OpraHu3Ma K XOJOJOBOMY CTPECCY, CIUTHIMH C PEHOPTEPHBIM TEHOM TEPMOCTa-
omnsHOU JuxeHaswsl Clostridium thermocellum, u mpoBeneHa reHeTHYECKasT TpaHCHOp-
Malys pacTeHHi Tabaka U parca. Y IOJYyYCHHbBIX PACTCHUIl HCCICIOBAIN HU3MEHECHHS
CIIEKTPa KUPHBIX KUCIOT MEMOPaHHBIX JIMITH/IOB ¥ PE3HCTEHTHOCTh MEMOPaH K X0JI0/10-
BOMY CTPECCY.

Byno ckoHcTpyioBaHO BeKTOpU A Agrobacterium-onocepeakoBaHoi Tpancdop-
Mallil pOC/IMH reHaMH Jiecarypas LiaHoOaKTepii, 1o OepyTh y4acThb y mpoLecax aaanTarii
OpraHi3My /0 XOJIOJOBOTO CTPECY, 3IUTUMH 3 PEHOPTEPHUM I'€HOM TepMOCTa0iIbHOT
nixeHasu 3 Clostridium thermocellum, 1 mpoBeIeHO TEHETUYHY TPaHC(HOPMALIIFO POCIUH
TIOTIOHY 1 pancy. sl OTpUMaHUX POCIHH JOCIIKEHO 3MiHH CHEKTPY KHUPHHUX KHCIIOT
MeMOpaHHUX JIMiiB 1 pEe3UCTEHTHICTh IO XOJIOJOBOTO CTPECY.

Plasmid constructs for Agrobacterium-mediated transformation of plant nuclear
genome with cyanobacterium desaturase genes responsible for cold stress adaptation
fused with reporter Clostridium thermocellum lichenase gene were built up and used to
obtain transgenic plants of tobacco and rape. Lipid fatty acid spectrum change and cold
stress tolerance was studied for obtained transgenic plants.
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W3YUYEHME LOX-ONNOCPEJIOBAHHOM YKCINIPECCUHA
B TPAHCTEHHBIX PACTEHHUAX

B Hame BpeMs TpaHcreHo3 (IEpeHoC U peatn3alys TeHeTHIeCKoi HHOP-
MAIliH) SBJSIETCSA HApaBICHUEM HCCIIeIOBaHUM, KOTOPhIE TAal0T OTBET HA MHO-
rOYHCIICHHbIE (yHIaMeHTa IbHbIC BONIPOCHI. [IpH n3ydeHnn GpyHKIIHOHUPOBAHHUS
YyXEPOAHBIX TEHOB B TPAHCTCHHBIX PACTEHUAX OBIIM OXapaKTEPH30BaHBI U
HCCJICOBAHBI MEXaHU3MBI PETYJSIMN KCTIPECCHH, HACHTH(GUINPOBAHBI HOBBIC
IIPOMOTOPHBIE U PHXaHCEPHBIE MTOCJICAOBATEIHHOCTH. MeTOIb TeHHOH HHKEHe-
pHH, B UaCTHOCTH gene taggeting, TakKe MO3BOJISIIOT ONIPEAEIIATH I0CIIEJ0BATEIb-
HOCTH, PETYJIATOPHBIA HOTESHIHAJ KOTOPBIX IPOSBIISETCS TOJIBKO B OIPEICIICHHOM
TCHETHYECKOM OKPYXECHUH, KPUIITHYECKHUE (0T aHIII. cryptic) mpomoTopsl. Kpur-
TUYECKHUE PETYISTOPHBIC 3IeMEHTH 00HAPYKEHBI y Pa3HBIX OPraHU3MOB, KakK B
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HETIOCPEICTBEHHOM OIM30CTH BO3JIE€ KOIUPYIONIET0 YIacTKa FeHOB, TaK U B He-
TPaHCKPUMIIIMOHHBIX MOCIENI0BAaTeIFHOCTIX reHoMa [1-3]. B renome Tabaka
BBISIBIIN KPUITHYECKUI IPOMOTOP, KOTOPBIH 00ecreunBal SKCIPECCHIO TeHa B
MOKPOBHBIX TKAaHSX CeMsH [4], a Takke KOHCTHTYTHBHBIA KPHUITHYECKHH TPO-
Motop tCUP [5], akTHBHOCTh KOTOPOT'O MOATBEPAMIACH NPH TpaHCHOpMAIHN
pacTeHuit Tabaka u apadumoncuca [6].

MpI B Hamle# paboTe TakKe CTOJIKHYIHCH C CHTYalHel, Koraa SKCIpeccHs
reHa MPOUCXOIWIA IO BIMSHHEM IOCIEIOBAaTEIbHOCTH, KOTOpPAs HE MMEET
TPaIUIMOHHON IS IPOMOTOPOB CTPYKTYPBI B 00€CIIeYNBaET SKCIPECCHIO TOIBKO
B OIIpEIETICHHOM OKpykeHnH. Ho, B OTIHMYHE OT KPUNTHYECKHUX IIPOMOTOPOB,
3Ta MOoCJeN0BaTeabHOCTh He siBisieTcst reHoMHol JIHK pacrenwmii. B Hammx
9KCTIEPUMEHTAaX B TPAHCTEHHBIX PACTCHUAX Tabaka SKCIpecchs 6eCcIpOMOTOPHOTO
reHa bar mpoUCXOAMiIa oA BiusiHueM [ox-caiita 6akrepuodara P1, pasmenen-
HOTO B TeHETHYECKHX KOHCTPYKIMAX HETIOCPEICTBEHHO BO3JIE ITPAaBOTo Oopraepa
T-JHK (RB-lox-bar-). Ans tpancopmanuu OBLTH HCIIONB30BaHEI BEKTOPA,
KOTOpBIE conepkar lox-caiiT u reH bar 6€3 MpoMOTOpa BO3Je MPaBoro dopaepa
T-JAHK, a taxxe reH nptll nox KOHTposeM nos NpoMoTopa. TpaHcreHHble pac-
TeHHs OBLIM OTOOpaHbI 10 YCTOWYMBOCTH K aHTHOMOTHKY KaHaMuiuny. [Ipu
TECTHPOBaHUM ATHX PACTCHHH Ha CEJIEKTHUBHOM cpele, KOTopas COAEpKHUT
(bochUHOTPHILINH, OBLIIO YCTAHOBIICHO, YTO OOJIBIIMHCTBO TPAHC(HOPMUPOBAHHBIX
pactenuii (oxono 80%) ycroituuBel k 3ToMy Tepoununy [7]. Takoit pesynbrar
OBbLIT IOBOJIBHO HEOXKUAAHHBIM, HO JNAJIbHEHIINE SKCIIEPUMEHTHI TIOATBEPANIIH,
4TO pazMenieHune /ox-caiiTa B TeHETUYECKUX KOHCTPYKIHsIX Bo3e RB oOycnas-
JIUBAET CTAOMIIBHYIO KCIIPECCHIO CIEAYIONIETo 3a HUM OSCIIPOMOTOPHOTO Te€HA
bar. O HanMIMK SKCTIPECCHUU CBUACTEIHCTBOBANIA YCTOMYMBOCTH TPAHCTEHHBIX
pacteHuii kK repouuny GpochUHOTPULINHY, a TAKKe HAJIMYNE COOTBETCTBYIOIIECH
MPHK B Totansnoit PHK pacrenuii. Lox-onocpenoBaHHas 3KCIPECCUs 3aBUCUT
ot criocoba BHeceHus T-/IHK B pacTHTeIbHBIN TeHOM U IIPOUCXOAUT TOJIBKO B
TPaAHCTEHHBIX PACTEHHAX, IMOJYYCHHBIX METOIOM arpoOaKkTepHalbHON TpaHC-
¢dopmarn. BosmoxxHocTs /ox-omocpe1oBaHHO 3KcIpeccun OblIa MoKa3aHa Ha
MHOTHX PAaCTUTEIBHBIX BUAaX. C IOMOIIBIO BBIIIEYTIOMSIHYTBIX BEKTOPOB OBLIH
MOJTy4YeHbI YCTONUUBBIC K POCHUHOTPUIIMHY TPAHCTEHHBIEC PACTCHUS TAKHX CEJIb-
CHKOXO3HCTBEHHO LIEHHBIX BUIOB, KaK parc [8], kapTodens 1 cBekia (Heorryo-
JIMKOBaHHbIC JJAHHBIC).

Lenpro HAaMMX NaTbHEHIIMX MCCIENOBAHUI OBITIO M3yYUTHh BO3MOXKHOCTH
lox-omocpenoBaHHON 3KCIIPECCHH IPH pa3MelleHud [ox caiTa BO3JE JEBOTO
6oprepa, a TaKkke IPOBECTH KOHTPOJIBHBIH 3KCIEPHUMEHT C BEKTOPOM, B KOTOPOM
TOCJIeI0BATENbHOCTE [ox-caliTa 3aMeHeHa Ha AT Ooraryro Iocie10BaTenbHOCTh
JIHK.

Matepuajabl 4 MeTOABI

ITnasmuoer u 6akmepuanvhviii wimamm. Bexropusie koHcTpykiwm pICH3737
n pICBV19 6bum mobe3no npenocrasineHa komnanuei Icon Genetics GmbH
(r. Xamne, I'epmanus). Bexrop pCB108 sBnsercs mpou3BOIHEIM BEKTOpa
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XA bar 13 P35s /M Pros nptil 13"

pICH3737 [Eamasl) o i F e

pCBI0S
LB

pCBi64 pCBI148

Puc. Cxema T-IHK nia3MuaHbIX BeKTOPOB

pICH3737 u nonyden B pesyabrare nenenuu Xhol/Ehel dpparmeHTa 3TOTO
BekTopa. 13 Bekropa pCB108 loxA caiiT BbIpe3anu pectpukrazamu BamHI/
Ecli3611 u npoBoamnu uHcepiuio AT Goratoil mocienoBaTeaIbHOCTH, KOTOpas
OblTa aMITT(UIMPOBaHA M3 MEXTEHHOTO crieiicepa psbA-petB xiopomnactHoit
JHK Ttabaka. Bextop pCB164 sBnsercs npousBoaHsiM BekTopa pICBV19, n
COICPKUT [oXA caliT MeXIy JIEBBIM OOpIEpOM M KOIUPYIOIIEH MmocienoBa-
TEIBHOCTHIO bar TeHa. Ilna3MuaHbIe BeKTOpa OBUIM HCIIOIH30BAHBI TSI TPAHC-
¢dopmarm Agrobacterium tumefaciens (utamm GV3101). KynsruBupoBanne
arpo0akTepUy IPOBOAMIHN KaK OMICAHO B [7].

Aepobaxmepuanvuas mpauncopmayus pacmenuii. JIia reHeTHIECKON
TpaHchopMaIK Tabaka UCTIOIb30BaJIN JHUCThS ACENTHYECKUX PACTEHHH COpTa
Dubec u Wisconsin. Tpancdopmanuio nNpoBOAWIN METOJOM COKYJIbTHBAIMN
JIMCTOBBIX JUCKOB Tabaka ¢ arpoOakTepueil Ha UKo cpene MS B TeueHun
CYTOK, ITOCJIE Yero 3KCIUIAHTHI IIEPEHOCHITH Ha arapu30BaHHYyIo cpeny MS, conep-
xaryro 1,0 mr/n BAP, 0,1 mr/n NAA, a takxke GocPUHOTpUIMH 5 MI/11 1 edo-
takcuM 600 Mr/in. YKopeHeHHe pacTeHUH TpoBoAWIM Ha cpeae MS, coneprkamei
¢docounoTpUIMH 5 Mr/m, nedorakcum 200 mr/m.

AHanm3 TpaHCTeHHBIX pacTeHui ¢ momorsio I[P mpoBoanM Kak ommucaHo
B [7].
Pe3ynbrarsl U 06cyxI1eHue
s onpeneneHust BO3SMOKHOCTH [oX ONOCPENOBAHHON AKCIIPECCHU TPH
pa3MernieHur /ox caiiTa Bo3Jie JIeBOro Oopzaepa OBII CKOHCTPYHPOBAaH BEKTOP
pCB164. B Bektope pCB148 lox caiiT Bo3sie mpaBoro 6opsepa OblI 3aMeHeH Ha
AT 0oraryto mocie10BaTeIbHOCTh MEKTCHHOTO crieiicepa xioporutactaoit JJHK.
Wpnest co3manms 3TOro BEKTOpa BO3HUKIIA, OCKOJIBKY TOCIENA0BATENBHOCTD [oX
caifta sBistercsa AT OoraToit, 1 HaM OBLIIO MHTEPECHO CPAaBHUTH BIMSIHUE HA IKC-
IIPECCHUIO TPAHCTEHa [ox caiiTa M MPOM3BOILHO BeIOpanHOU AT Ooraroii mocneno-
BaTEJIEHOCTH, Pa3MEIICHHON B BEKTOpE aHAIOTHYHBIM 00pa3oM. Bekrop pCB108
COZEPIKUT [ox caliT BO3JIe IIpaBoro OOpiepa 1 He COAEPKUT APYTUX CENCKTUBHBIX
T€HOB, a TAKKe APYTHX IPOMOTOPOB, KOTOPBIE MOTYT OBITh SHXaHCEpaMH AT [ox
onocpenoBaHHOM akcrpeccun. Ha Hant B3z, 3Ta KOHCTPYKLMS HHTEPECHA TEM,
YTO JaeT BOZMOXKHOCTB IOJTy4aTh YCTOHYMBEIE K TepOMINAY paCTCHHUS, TPUBHOCS
B T€HOM MHUHHMYM 9y>XEPOJHON TeHETHUECKOH HHPOpMAIIHH.

B pe3synbrare 3KCIepHUMEHTOB 10 TPaHC(POPMAIIUU pacTeHHU Tabaka ObLIH
MIOJTy4€HBI TPAHCTEHHbIE PACTEHUS, YCTOWYHBBIC K TepOHInay GocHUHOTPULIUHY,
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Tabnuya
I¢dexTHBHOCTHL pereHepaluy pacTeHnii Tabaka Ha ceJeKTHBHOM cpene, mocje
TpaHchopMauK KOHCTPYKUHSAMHE, coaep:kamumu lox caiit B6.1u3m ot 6opaepos T-AHK

Koctpykuus KonunuecTBo 3kcruiaHToB aq)(beKTHBHOCIZ perencparn,
pICH3737/RB-lox-bar/ 20 77£2,79
pCB108/RB-lox-bar/ 20 18+3,80
pCB164/LB-lox-bar/ 20 28+2,79
pCB148/RB-AT-bar/ 20 0+0,00

* D (heKTUBHOCTH pereHepamny OIEHUBAIN KaK COOTHOIICHUE KOJIMYECTBA IKCIUTAHTOB,
JTAFOLIMX 3eJIeHbIe MOOerH Ha CEIeKTUBHOU cpefie, K 00IeMy KOINYECTBY IKCIUIAHTOB B
9KcIiepuMeHTe. DPGEKTUBHOCTh pereHepaluy IpeICTaBlIeHa KaK CPEAHssl BEJIMYUHA,
MOJIy4CHHAS 110 pe3yJIbTaraM TpeX He3aBUCHMBIX SKCIIEPUMEHTOB 110 TpaHc(HopMaIiy.

€O BCEMH BBIIIECYIIOMAHYTBIMH KOHCTPYKIUAMH, kpoMe BekTopa pCB148. TTocne
COKYJIBTHBAIIMN C arpoOakTeprei, SKCIUIAHThI IIEPEHOCHIIN Ha Cpexy Ul pere-
Hepalyy, COIEPIKaIyI0 CEJICKTUBHBIA areHT (ocGUHOTPUIIMH B KOHIICHTPALINN
5 mr/n. KonmaecTBo 3KCIUIAaHTOB, aKTUBHO PEreHEPHPYIOIIUX Ha CEJIEKTUBHOM
cpeze, 3HaUUTEeNTbHO BApHPOBAIIO JUTS KX I0H KOHCTpYKInH. Torna kak oTo0pan-
HBIE Ha CEJIEKTUBHOMU Cpefie pacTeHHs IPAKTUUECKU BCE YKOPEHUIHUCH, 1 METOAOM
[P 6puta MOATBEpKICHA MX TPAHCTEHHAS MPUPONAA. Y UHUTHIBAsl 3TH AaHHEIC,
MBI [TOCYHUTANIHN, YTO BIIOJIHE KOPPEKTHO M MPH 3TOM Oojiee MH(POPMATHBHO IS
OLIEHKH [0X OTIOCPETOBAHHOMN HKCIIPECCHH, CPABHUTDH YaCTOTY PETCHEPALINH pac-
TEHHWH Ha CEJIEKTUBHOM cpefe. JlaHHbIe pe/ICTaBIeHbI B TA0IHIIE.

Tpancrennsie pacteHns Tabaka pCB 108 Obun BEIC2)KEHBI B TPYHT B YCIOBHAX
termuibl. O0paboTKa TSITHYHBIX pacTeHui repounmaom BASTA (neiicTByromiee
BeIIecTBO — (POCOHUHOTPUIMH) MOATBEPANIA YCTOMUMBOCTD ATUX PACTEHUH K
repOunuay. B pesynsrare caMoonbuIeHHs OBIIH TOTYYSHBI CEMEHA TPAHCTEHHBIX
pacTeHHH, MPOPOCTKH KOTOPHIX IIPH aHANN3E in Vitro Ha yCTOHIMBOCTH K pochu-
HOTPHULIMHY NOKa3alu paclieniesue 3:1 mo 3ToMy nNpus3HaKy.

BriBoabI

Bbutn mosydeHs! TpaHCTEHHBIE pacTeHHs Tabaka, B KOTOPBIX 3KCIIPECCHS
0ecpOMOTOPHOTO TeHa bar MPONCXONUIIA IO/ BIMSIHUEM [ox caiiTa BOIM3H OT
neBoro 6opaepa T-JITHK. Taxke Oblia mokazaHa BO3MOKHOCTE /0X OIIOCPEIOBaH-
HOH 9KCTIpeccHy reHa bar'y pacTeHui, TpaHcopmMupoBaHHbIX BekTopoM pCB108,
HE COZIEPIKAIINM JOIIOIHUTENIBHBIX CEICKTUBHBIX I'€HOB 1 KaKUX-JTHO0 MPOMOTO-
poB. 1 xotst 3 pekTHBHOCTD TpaHCcHOpMaALUK IO CPABHEHHIO C HICXOAHOM IJ1a3-
muzort pICH3737 Obuta 3HAYNTEIBHO HUKE, SKCIIpeccusi bar reHa B OJTyYeHHbBIX
TPaHCTEHHBIX pacTEHHUAX OblLIa CTAOMIBHON M COXpaHsuIach B okoieHun T1.
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Pesome

IMocnenoBarenbHOCTh Jox caiita Gakreprodara Pl Gbuia ucrmonb3oBaHa HAMU B
BEKTOpax Jyisi TpaHc(HOpMALMU PACTCHUIT H H3y4EHO e€ BIMSHHE Ha DKCIIPECCHIo Oec-
POMOTOPHOTO bar TeHa NpH pasMelieHuu lox caiiTa Bosie mnpasoro (RB) win snesoro
(LB) 6opnepor T-AHK, BOamM3H OT caiiTa MHALIUAMK TPAHCKPUIIHMUA. LoX OMOCpeno-
BaHHas SKcIpeccHs bar reHa, pacno3HaBaeMasi [0 YCTOHYMBOCTH TPAHCICHHBIX PACTCHUH
K repounuay GochuHOTpUIMHY, HaOIOAANACk Y PACTCHHUH, [ONyYEHHBIX B PE3yJIbTaTe
TpaHcHOpMaLUK BEKTOpaMi 000X THIIOB.

IMocninoBHicTh lox caiity 6akrepiodary P1 Oyna BukopucTaHa y BeKTOpax A
TpaHc(opMallii pOCIUH Ta BUBYCHO i1 BIUTUB Ha EKCIIPECil0 O€3POMOTOPHOTO bar reny
npu po3mimieHHi lox caiity 6ins npasoro (RB) ab6o miBoro (LB) 6opaepy T-JIHK. Lox
OTOCEPEIKOBaHA EKCIIPECis bar TeHy, 10 PO3Mi3HABAIACS 3aBIAKH CTIHKOCTI TPAHCTEHHHUX
pociuH 10 rep6iuuay GpochiHOTPULIMHY, CIIOCTepiraaack y pociuH, ki Oyau Tpancgop-
MOBaHi KOHCTPYKLIsSIMH 000X THIIIB.

Lox sites of the Cre/lox recombination system from bacteriophage P1 were analyzed
for their ability to influence of bar gene expression in transgenic plants when inserted
upstream from a gene coding sequence adjacent to the right border and left border of
T-DNA. Lox-mediated expression of bar-gene, recognized by resistance to PPT of
transgenic plants, was permanent and occurred in plants obtained via Agrobacterium-
mediated transformation with both type of vectors: containing /ox site near RB and LB of
T-DNA.
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METABOLIC ENGINEERING OF PLANT BIOMASS PRODUCTION
OF BIOFUEL

Uncertainties of fossil oil supplies and growing demand for energy provoked
a surge of interest in renewable energy resources and greatly stimulated intense
academic and applied research on biofuel, plant-derived ethanol and oil [1, 2].
Ethanol has been traditionally produced by fermentation plant produced sugars
(sugarcane, sugar beet) and starch (corn, potato). A lot of efforts and resources
are currently directed to develop second generation technologies for ethanol
production from the lignocellulosic materials which compose the majority of
plant biomass [3]. Another challenge lies in the efficient production of biodiesel
fuels based on plant oils [4].

Biodiesel production is usually associated with seeds of selected plant species,
such as sunflower, soybean, rapeseed or jatropha, which accumulate oil in the
form of triacylglycerols (TAGs) as storage reserves. While the oil content can
reach 40-50% of seed dry weight, the yields of oil-rich seeds are rather limited.
Despite accumulation in seeds, primary lipid synthesis occurs in green photo-
synthetic tissues, leaves and stems [5], which constitute a significantly larger
portion of plant biomass than seeds. A number of recent studies indicated that
gene manipulations enable the relocation or elevation of oil storage in alternative
plant organs such as roots, stems or leaves making the green biomass a plausible
system for manufacturing biodiesel [6, 7]. It is well documented that enhanced
expression of some enzymes involved in lipid metabolism can lead to increased
oil accumulation in different plant organs [5, 6]. The second set of published data
relates to channeling oil accumulation to leaf tissues by leaf-specific expression
of genes coding for transcription factors that regulate seed development and
maturation. When constitutively expressed in leaves, some of transcription factors,
e.g. LEC1, LEC2 or WRII, induced the formation of seed-like structures and
stimulated oil synthesis in the vegetative green tissues [8].

In an attempt to investigate the potential of plant biomass as a new source of
biodiesel oil, we chose tobacco, a plant that has been widely used in genetic
engineering experiments. Tobacco, a well-established industrial crop used prima-
rily for non-food consumption, is widely cultivated in more than 100 countries
worldwide, yielding up to 170 tons per hectare of green tissues when grown for
biomass production instead of smocking [9]. Analysis of leaves from 56 tobacco
species revealed that the average content of extractable fatty acids (FA), which is
the major component of biodiesel fuel, is about 3% per dry weight [10]. While
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