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JlocTaBka reHeTU9HOTO MaTepiajly B POCJIMHHI KJIiTHHN
3a JIOIOMOIOI0 BYTJIEIIEBUX HAHOTPYOOK

IIposedeno zenemuyny mpanchopmayito nPOMoOnAACmMI6, KaA0CY M AUCMKOBUL EKCNAGHMIE
Nicotiana tabacum L. naazmionoro JHK pGreen0029 3 6ukopucmannam HEKOBAAEHMHO PYH-
KUYIOHANIB06aHUT BIOA0TUHUMU MOAEKYAAMU Yeaeyesux nanompybox (BHT) ax namnonoci-
i6. Buagaeno mpaM3ieHmHy eKcnpecito PENOPMEPH020 2eHa HCOBMO20 (PAYOPECUEHMH020 OIAKA
YFP y npomonaacmaz. ¥ pesysvmami cmabiavhol mpanchopmayii Kaarocy ma Aucmrosur
duckie zenom nptll ompumano pocaunu-pezeneparmu N. tabacum ma ceaexmueHomy noAHcUG-
HOMY cepedosuui, wo micmuao 50 me/a kKanamiyuny. [okazano modcausicms 3acmocyeanm
PO3POOAEHUT HAHOHOCTIE Ha 0cHo6T odnowaposux BHT das mparchopmanii npomonaacmis ma
POCAUHHUT KATMUN, SKPUTMUL KATMUHKON cminkoto. Poapobaeni nanonocii na ocrnoesi bazamo-
waposur BHT suasuiucs menu, ePekmusHumMy OAsL NEPEHECEHHA UIABOBUL 2eHi8, 0CODAUBO
Y KMMUHY KAA0CY MG AUCMKOBUT EKCNAGHMIS, MEPUL 34 B8CE Y 38°A3KY 3 OOMEHCYBAALHOIN
DOANIO UEAAOZHOT CTNIHKYU OAS TT NPOHUKHEHHA Y KATMUHY Ma “weped iT biavwutl diamemp,
WO NPu360dumsd 00 NOULKOOAHCEHHA DEUUNIEHTNHUL KATMUH.

Karouwost caosa: syrienesi nanorpyoku — BHT, oxmomaposi Byrieresi HaAHOTPYOKH —
OIIBHT, 6araromaposi Byrienesi Hanorpyoku — BIIIBHT, manonocii JIHK, reneruuna
Tpancdopmaris pociauH, TIOTIOH Nicotiana tabacum L.

Ha cporopgsi inTerpoBanuii po3BUTOK HAHOTEXHOJIOTII Ta G1I0TEXHOJIOTIT CTBOPIOE iHCTPYyMEHTapii
Jts epeKTUBHOIO BUPIiNIeHHs psity PyHIAMEHTAIbHAX Ta IPUKJIATHIX 33,189 0i0JI0TT9HOTO CIIpsi-
MyBaHHSI HA HAHODIBHI. 30KpeMa, peasiizaliisi crparerii “Biji YaCTUHU JI0 IJIOT0” A€ MOXKJIMBICTD
CTBOPIOBATH TOYHI, KEPOBAHI €HEPIO- Ta, PECYPCO3a0IMAPKyBaJIbHI TEXHOJIOTIT Ha 3aMiHy MEHII
edekruBHuM [1]. 3a 1UX yMOB HAaHOMAaTEpiaIN SABJISIOTH COOOK OCHOBY JIjisl PO3POOKY Dsijly HOBi-
THIX TEXHOJIOTIYHAX PiIlleHb [JTsT CyvacHol bioTexHosorii. BUHATKOBI BJIacTUBOCTI ByT/I€II€BUX Ha-
Horpybok (BHT) mist 3acrocyBanusi B 610T€XHOJIONT BU3HAYAIOTHCS MOEIHAHHIM OCOOJIUBOCTE
ix crpykrypH, disuuHux Ta XiMiyHMX mapamerpie i3 HanoposmipoM [2]. Tak, pospobisoTbes
migxoan 3 Bukopuctannd BHT mia Bisyasizariii, KOHCTpyIOBaHHSI CEHCOPIB, ILJILOBOI JTOCTABKHU
MOJIeKyJT y KiiTunu Toro [3|. Y npomy cenci 3anydenns BHT 10 pospoOku HOBIX METOIVK IeHe-
THUYHOI TpaHcdOopMallil pOC/INH acoliiioBaHe 3 Psi/IOM HOTEHIIIHHAX [IEPEBAT, JI0 KOJIa SAKUX MOYKHA
BKJIIOUUTH I BUIIEHY €(DEKTUBHICTh, MOYKJIUBOCTI 3aCTOCYBaHHS IJIsl IIIMPOKOI'O CIIEKTPA TAKCO-
HOMIYHHMX TPYI OPTaHi3MiB, BUCOKWI PiBEHb BiITBOPIOBAHOCTI, TOYHICTH Ta BiJACYTHICTH HEOOXi-
JTHOCTI IPUKJIQJICHHsT HAJJIUIIKOBOI €Heprii Ui BUKOPUCTAHHS TIOTEHIIHHO TOKCUIHUX CIIOJIYK [4].
€ noBimomiteHHst 1po ycriniae 3acrocyBanass BHT s nocrasku mrasmigaol JTHK, maanx iv-
repdepyrounx PHK, 6iikis, ki y kmituau ccasiis [5]. 3 sukopucranusm BHT mnposeseno
reHeTnyHy TpaHcdopMmariio Kiaitun 6akrepiit [6] i ccasui [7]. Takox nokazano smaruicrs BHT
JIOCTABJISITH MOJIEKYJISIDHI BaHTaxKi y mpororiactu [8] Ta BKpUTI KIITHHHOIO CTIHKOIO KJITHHU
pociuH [9)].
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BHT maroTh 1CeBIOOTHOBUMIPHY, ‘TOJKOMOMIOHY’ CTPYKTYPY Ta HOOyIOBaHI 31 3rOpHYTHX
y Ge3moBHy TpyOKy ImapiB rpadeny, B SKUX aTOMU BYIVIEIIO (POPMYIOTH IeKCaroHaJbHY Pperri-
TKy. Taka OymaoBa, 3 omgHOrO OOKY, € cupusaTinBo s npornnkaenas BHT ycepemuny kiiitus,
a 3 IHIOro — M03BOJIs€ e(PEeKTUBHO MPHUEIHYBATH ILIHOBI BaHTAXKi [0 IX IMOBEPXHI 3a paxy-
HOK KOBAJIEHTHUX 1 HEKOBAJIEHTHUX B3aeMo/Iiil. 3ajexkuo Bin kinbkocti mapis BHT kinacudiky-
10Th Ha ofHOIIaposi Byrenesi HanoTpyOoku (OIIIBHT) ta 6ararormaposi Byrienesi HaHOTPYOKI
(BILIBHT). 3 ypaxysauusim cdepn 3acTOCYBaHHsI BAKOPUCTOBYIOThCs PI3HI METOIM 3MiHU MOp-
dogorii Ta BiractuBocteit nmoepxui BHT. Ilpore y Bunagky 6i0TeXHOJOTIIHOIO BUKOPUCTAHHS
KOJIO MEeTOIMK Momaudikaiii oOMeKyeTbCsT TAKUMU KPUTEPisaMu, K riapodiabHicTb, Giosoriumna
CYMICHICTb KiHIIEBOTO MPOJAYKTY Ta MOXKJIUBICTH MOJAJBIIOIO MPUETHAHHS IIJIBOBUX MaKPOMO-
JIEKYJISIDHAX BaHTaxKiB J10 moBepxHi Momudikopanux BHT. 3 orsiay Ha e METOIO IIPOBEIEHOTO
nociimkenus 0yso Busuennsi 3nataocti OIIIBHT ta BIIIBHT, mekoBajenTHO (DyHKITIOHAIZ0-
BaHUX MOJIEKYJIaMH O10JIOTIYHOTO TOXOJZKEHHS, JOCTABJIATU €K30T€HHUI IeHeTUYHUN MaTepias
Yy HPOTOILJIACTU 1 KJIITHUHU POCJUH, BKPUT1 KJITHHHOIO CTIHKOIO, Ta OIIOCEPEIKOBYBATH 1X T'€He-
THYIHY TPaHCHOPMAIIIIO.

Y nmocmimzkenni BukopucroByBasin komepriviai OIIIBHT i BIIIBHT, cunatesoBani meromom
ximiunoro napodasuoro ocajpkents (tabsr. 1). st aucnepryBaHHsl y BOJHOMY CEDEIOBUII Ta
migBuients o6iosoriunol cymicuocti BHT dyukmionamsizysaan 3a pamimnre po3poOIeHOI0 MeTO-
mukoro [10] 3 BukopucramnsM jBosaniorosol miasmignoi JTHK (0,5 mr/mu), i3omasoBanol 3a
merozoM [11] i3 nomepentbo TpaHchOPMOBAHUX KOMIETEHTHUX KiiTuH Esherichia coli mramy
DH5¢, 6uaadoro cuposarkosoro ansbyminy (BCA) (10 mr/mi) (“Sigma”, CIIA) ta xomepuiii-
HOro BoxHOrO ekcrpakTy ckiaucroro tina (ECT) (“Biodbapma”, Ykpaina).

s reneruuanol TpaHcdopmariil BukopuctoByBasu OiHapHuit BekTop pGreen0029, 1mo wi-
CTUB TIOCJIJIOBHICTH reHa MeMOpaHHOro Oljika nporelH30epiraJbHuX BaKyoub (a-tonoplast intri-
nsic protein), 3JUTOro 3 penopTepHUM TeHOM KOBTOro duryopecrienTroro 6iika YFP min kon-
TposieM 35S MPOMOTOPY Ta NOS-TEPMIHATOPY, & TAKOXK CEJeKTUBHMIT MapKepHUil reH nptll He-
ominuuadochoTpancdepasn, SIKuil 3a0e3medye CTIRKICTD 10 aHTHOIOTHKA KaHAMIIUHY, IIiJ KOH-
TpojieM 35S MPOMOTOPY Ta nos-repMmiHaropy. IIpuroryBaHHst KOMIIETEHTHIX KJIITHH Ta T€HETHIHY
rpancdopmario E. coli mramy DH5a konerpykiieto pGreen0029 nposojuin 3a MeToaukoo [12].
[Tnasmigny JTHK i3 xiuitun E. coli mramy DH5« Bugisisiim metojom siyzkuoro jisucy [11]. Kon-
nentpamnito JJHK Busznadamu cunekrpodoroMeTpudHo 3a momomoroio npumiany BioPhotometer
plus (“Eppendorf”, Himeuuuna). dnst npurorysannst TpancdopManiiiHuX KOMIUIEKCIB ILIa3Mi-
may JJHK y xkormentpariii 1 mr/mMit qogaBain B KOJIOIIHIN BOTHIN PO3UNH (DYHKIIOHATIZ0BAHIX
BHT (1 mr/mi) B 06’emuoMy criBBignomensi 6 : 1, Burpumysasu mnporsrom 5 xB npu 75 °C
Ha BoJgHil Gani ThermoStat plus (“Eppendort”, Himeuunna) Ta 0X010/pKyBaIn CyMilll Ha, JIOILY
IIPOTSATOM 5 XB.

Tabruys 1. Xapakrepuctuku Bukopucranux BHT

Opnomaposi BHT Bararomaposi BHT
TTokazuuk
(ARS002, “Arry”, Himeuunna) (698849, “Aldrich”, CIIIA)
JloBxKuna, MKM 5-20 2,5-20 (10 — cepemms)
Hiamerp, HM 1-2 6-13 — 3oBHIiNIHIH
2—-6 — BHyTpimHi#

Crymnine uucToTH, Mac. 9acTKa, % 90 99
TInoma nosepxHi, M2/I‘ 400 220
KinpkicTs mapiB rpadeny B cTiHIl 1 7-13
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Acenrruani pocimau N. tabacum BUpOILyBajau Ha TBEPAOMY MOXKUBHOMY cepemoBuiii Mypa-
cire—-Ckyra (MC) [13], mo mictmio mikpo- Ta makpocosi, 30 r/a caxaposu ta 8 r/i arapy
(pH 5,8), pu 24 °C 3a ymoB 16-rogurnoro dgoronepiozy. IIporomtacru 3 mesodiny acentTuanmx
pocauu N. tabacum i3o0Ba/ii 3a TOMOMOTOI0 METOIY (DEPMEHTATHBHOIO PO3IIEILIEHHST KJIITHH-
HOT crinku [14] 3 BuKOpucTanusM cymirn depmentis, mo mictmia 0,4% nemonaszn Onozuka R-10
(“Serva”, Himeuuuna), 0,3% npunesnasu Driselase (“Sigma”, CIIIA), 0,5 M caxaposu Ta 5 MM
CaCly, npu 24 °C. Ilicas dinsrpysanss i Bimmusanus pozumaom W5 (154 MM NaCl; 5 MM
KCl; 125 MM CaCly; 5 MM mmokosu; pH 5,7) mporormiactu pecycreHiyBajiu B IOKHUBHOMY
cepepoputni 8p [15]. Hust rpancdopmanii momasanu cymint dynkmnionanizoanux BHT 3 ma-
amiguoo JTHK pGreen0029 no cycrieHsii npoTomiacTiB y MOXKUBHOMY CEPEIOBUINI 8p 3 po3pa-
xyuky kinmesoi konrentparii OIIIBHT ta BIIBHT y cycmensii 20 Ta 15 MKr/mur Bigmosimmo.
[Ticis 24 rox KyJabTuByBaHHs Ha poscisHomy cBiTai npu 24 °C omiHIOBaIu TPAH3IEHTHY €KC-
pecito 3a JOIOMOro JoMiHecieHTHOro Mikpockona Axioskop 40 (“Carl Zeiss”, Himeuuuna) i3
BOymoBanuM doroamnaparom. st merextil diryopeciienTHoro curaaiay YFP BukopucroByBasm
30y/KEHHsT CBITJIOM 3 JMOBXKHUHOIO XBWI ~450-490 M Ta GiapTp mid merexiiii emicii B aiama-
zoni 500-550 uM. Komir'torepry 06pobky mikpodororpadiit TpoBOAUIN 3 BUKOPUCTAHHIM IIPO-
rpamuoro 3abesnedentst AxioVision LE 4.8.2.0 (“Carl Zeiss Microlmaging GmbH”, Himeuuuna,
2010).

Jlnst iHyKIGil KaIrocorenesy i3 TpaBMOBAHUX JIMCTKOBUX HUCKIB N. tabacum BUKOPHUCTOBYBa-
au noxkusHe cepenosuiie MC, mo micruio 1 mr/a D-nantorenosoi kucaoru (“Sigma”, CIITA),
2 mr/n 6-6ensmnaminonypuny (BAIT) (“Duchefa Biochemie”, Hinepianau) ta 2 mr/n znadrui-
orrroeol kucsioru (HOK) (“Sigma”, CIITA). st Tpancdopmariii Kaarocy 1 JINCTKOBUX €KCILIAHTIB
N. tabacum tpanchopmariiiny cymim xkommekcis mrasmigaol JJTHK pGreen0029 i3 BHT pos-
BOJM/IM CTEPUILHOIO JIMCTHILOBAHOIO BOJIOK 10 KOHIEHTparil 40 MKr/Mj y nepepaxyHKy Ha
OHIBHT i 30 mkr/mut y nepepaxyuky Ha BIIIBHT. Cywmimn Hanocun Ha TOBEPXHIO 130IbOBAHUX
eKCIIAHTIB KaJIIoCcy Ta MoIKokeny Kapbopymgaom (“Sigma”; CIIA) HUXKHIO TOBEPXHIO JICTKO-
BUX ekciianTiB. [Iporsirom 2 fi6 ekciianTH KyJIBTUBYBaJIM Ha HOKuBHOMY cepenouiiti MC s
perenepariil naronis, mo Micruao 1 mr/m BAII ta 0,1 mr/a HOK, micis goro excrtanTu me-
penocun Ha cepenosuine MC anasoriqaoro ckiafy, momnosuerne 50 mr /i kanaminuay (“Sigma”,
CIIIA). Pociimunuii Marepia npu iHIyKIHI KATIOCOreHe3y Ta CeIeKIil TpaHCHOPMAHTIB Ky IbTH-
ByBamu upu 24 °C 3a ymMoB 16-roguHHOTO CBiTIONEPiOMY.

Y pesyabraTi MpOBeIeHUX JOCIzKeHb BusBieHo 37aTHicT BHT TpancnopryBatu ek3oreH-
HUM TeHeTUIHUN MaTepiay y KJIITUHA POCIUH, a TaKOXK 3adiKCOBaHO BiAMIHHICTE eEKTUBHOCTI
zacrocyBantsi OIIIBHT i BINBHT myist rpancdopmaliii pocImHHIX KITHH, BKPUTUX K/ THHHOO
crinkorto [10]. Bukopucranuii minxin nekoBasenTHol dyukuionamizanii BHT 3a gomomoron mo-
JIEKYJT BI0JIOTIHOTO TTOXOJPKEHHST JIaB MOXKJIMBICTb OTPUMATHU TiApodiabHI KOMILIEKCH HA OCHOBI
BHT, smarai cTabiibHO AMCIEPTyBATUCH Y BOIHOMY CEPEIOBHUIIN Ta HPUEIHYBATH IJILOBI MO-
sgekynu JIHK. BaBiasgku 1iboMy BIAJIOCsT YHUKHYTH OOMEYKEHB, ACOIIOBAHUX 13 BUKOPUCTAHHSIM
psiy TPAIUIIMHUX METOMIB XiMidHOI Ta (bizmanol PyHKIIOHATI3AI], IO JaCTO MePeI0adaoTh
3aCTOCYBaHHA TOKCHUYHHUX PEAreHTIB Ta KPUTUIHUX YMOB IIPOBEJICHHS PEAKIlill, € eHePreTUYHO
3aTPATHUMHE 1 PEHEPYIOTh TPOJYKTH 13 IiIBUIIEHOI TOKCUIHICTIO Jist xkuBux cucrem [3, 5. do-
crikenns 3paskiB dyukmionatdizosannx BHT 3a momomororo tpamncwiciiinol i aToMHO-CHIOBOL
MIKPOCKOTIT, & TAKOXK paMaHIBCHKOI CIEKTPOCKOINT IATBEPINIO YTBOPEHHS CTaOIIbHUX BOIHUX
kosoinaux cucrem BHT y pesymnbrari dyrkrionanizanii [10]. Kpim Toro, 6y10 nokazano BKo-
pouennsi BHT o nopxkuaum menrie 1 MKM, 10 € COPUSTIUBEM (DAKTOPOM LISl I TBUIICHHS
edexrusnocti nponnknenust BHT ycepenuny pocimuaux Kiitux (8.
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Hexkoasentre npuennanas mosekys maasminaol JJHK pGreen0029 o mosepxui BHT mposo-
JIMJIOCH 33 YMOB BUKOPUCTAHHS iH/yKOBAHUX TEMIIEPATYPHOIO 0OPOOKOIO IIPOIECIB PO3TOPTAHHS—
sropranss moJiekys JJTHK. 3a HaitbiibIn iMOBIpHIM MEXaHI3MOM y pPe3yJibTaTi 1HYKOBAHOTO JTI€T0
nizBuinenol remueparypu posropranas mosekyiaun JHK, apomarnani miisHKM a30TUCTUX OCHOB
BCTYIAIOTh Y Tipodo0Hy T—m-CTeKIHr-B3aeMo/I1i0 3 BimbauME 30HaMu oBepxai BHT, Toni sk ri-
JnpodisbHi 3a7MIIKY yKpiB 06epTaloThest B 6iK BozHOro cepenopuina (3, 5, 10]. Buacsigok nporo,
mostekyu JIHK mekoBasienTHo iMmMoObiizytoThbest Ha osepxui BHT. Bimomo Takox, 1o y ckirami
nomioanx Komiuiekcis i3 BHT monexkynmu JTHK yHuUKa0TH BHYTPINTHBOKTITHHHOTO pPyHHYBAHHS
HyKJeazamu [8].

Snaruicts BHT nepenocurn JIHK y kaiTuHU poC/ivH OIHIOBAJIN 3 BUKOPUCTAHHSIM TPHOX THU-
ITiB MOJEJIbHUX 00 €KTiB: MPOTOILIACTIB, KAJIOCY Ta JIMCTKOBUX JTUCKiB N. tabacum. Y mportoruia-
CTax BHACTIIOK (PePMEHTATUBHOTO PO3IIEIIEHHS KJITHHHOI CTIHKY €UHUM 30BHIITHIM 6ap’epomM
€ IJIa3MaTUIHa MeMOpaHa, 10 3HAYHO IOJIETTy€e ITPOHUKHEHHS eK30T€HHUX areHTiB y IX cepeJiu-
HY, TIOPIBHSTHO 13 POCJIMHHUME KJITHHAME, BKDUTUMU KJITHHHOI cTiHkomwo |1, 8]. Tlpu npomy Bap-
TO 3a3HAYUTH, IO JJIsT CYIaCHUX METO/IIB OTPUMAaHHSI TPDAHCTeHHUX POCJINH, sIKi TPYHTYIOTHCS HA
TpancdopMaliil TpOTOILIACTIB, ICTOTHUM HEJIOJIKOM € 3HAYHUU BiJCOTOK 3arubesi TpancdopMo-
BAHOTO MaTepiaiy BHACILIOK il mecTabimizyodnx MeMOpaHd XIMIiYHUX CIOIYK (SIK HOJTieTHIICH-
[JIKOJIb), a TaKOXK iHTeHCHBHUX (bi3MYHMX BILIMBIB (30Kpema, Ipu ejekrporoparii) [4]. ¥ cBowo
Jepry, BUKOPUCTaHHdA HaHoMmaTepiami, 3okpema BHT, mmsa mocrasku uyzxopimmoi JIHK y mpo-
TOIJIACTH POCJIUH PO3IVISIAETHCH AK IMOTEHIIHHO MEHII JeCTPYKTUBHUI TiJXid y 3B’43KYy 3 MO-
JKJIMBICTIO THiiBHUIeHHsT Oiosorivnol cymicHocti BHT 3a paxynok (dyHKIionaizarii Ta migbopy
eeKTUBHUX /103. Y MPOBEIEHOMY JIOCIIIZKEeHHI 3aBIIKN CTAHIAPTA3AIN] IPOIIEIYPU 130 TI0BAHHST
IMOKa3HUK CEPETHLOT0 BUXOJy CTAaHOBUB ~2 1,5 - 10°% xurTesmaTHUX MMPOTOILJIACTIB Ha 1 I' TKAHU-
HU JTUCTKa. [eHeTrndny TpamcdopMmariio mnporomnactis N. tabacum TpoBOIUIN 38 IOIOMOTOIO
koHcTpyKIiil pGreen0029 3 moc/aigoBHICTIO TeHa Yfp, MO JAJI0 MOXKJIUBICTH NETEKTYBATH HOTO
TPaAH3IEHTHY €KCIIPECiio B IIPOTOILIACTaxX depe3 24 rof micist TpancdopMaliil 3a JTOIOMOTOI0 JII0-
MminectieHTHOI Mikpockorii (puc. 1). Byso nokazano 3garaicts OIIBHT ra BIIIBHT, dyukiio-
nasmizoannx BCA, JIHK ta ECT, nocrasiasaru JIHK y nporomnactu N. tabacum. TpansienTHa
eKCIIpecisi TeHa ¥fp y mpoToILtacTax 3acBiumia 36epekeHHsT (PYHKIIIOHAJIBHOI aKTUBHOCTI TPAHC-
nopToBaHux HaHOTpyOKamu Mosiekysn JJHK, a takox 3maTHiCTh X Bijf €iHyBaTUCS Bill HAHOHOCIST
BCEpeIUHI KJITUH Ta YHUKATU Jerpajallil BHY TPITHbOKIITHHHUME (DepPMEHTAMMT.

O1iHKa MOXKJIMBOCTI CTBOPEHHSI HAHOPO3MIPHUX CHUCTEM JOCTABKU ILJIBOBUX MOJIEKYJ Y PO-
CJIMHHI KJITWMHM, BKPUTI KJITHHHOIO cTiHkow, miamerp OIIBHT < 5 HM, mae mizcraBu mpu-
[IyCKATH 3JIaTHICTH 1X IPOHUKATH KPi3h MOPH KJITUHHOI cTiHku pociud [1, 2]. Bognouac mikpo-
poamipHwmii mianason 3uadens qopxkuan BHT e obmexyiounm hakTopoM eeKTHBHOTO TPOHUKHE-
HHsl 1X y anomtact. CaMe TOMy Jjist PO3POOKHM METOJB JIOCTABKHU IIJIOBUX BAHTAXKIB Y KJITUHA
POCJINH, BKPUTI KJITHHHOIO CTIHKOIO, OOTPYHTOBAHUM € BHKOPHCTAHHS BKOPOYCHUX (3aBIOBIK-
ku 100-500 um) BHT [1]. BIIBHT, y cBoto 4epry, po3IisilaloThCsl sIK MEHII 3aCTOCOBHI JIJisi
BKPUTHX IEJIIOJIO3HOIO CTIHKOIO KJIITHH HAHOHOCIT y 3B’s13Ky 3 IX OLIBIINM AiaMeTpoM HOPIBHSIHO
3 OIIBHT. 3 meroro migsurienns nporukHol 3garHocTi BIIIBHT MoandikyooTs npueaHaHHIM
depMeHTIB 1e/II0J1a3 JjIst JIOKAJBHOTO pYHHYBAHHS IIEJIFOJIO3HOI OOOJIOHKU POCJIMHHOI KJIITHHU
y Micii KoHTakTy 3 MojudikoBanow Hanorpyokomwo [9]. Taka momudikarisi, oHAK, MOXKE yCKJIa-
JHIOBATH MIPUETHAHHS IITHOBUX MAKPOMOJIEKYIIPHUX BaHTaxiB 1o noBepxui BHT. ¥V mposeneno-
MY JIOCJIiIZKeHHI 3 BUKOPUCTAHHSIM HAHOHOCITB Ha OCHOBI dyHKITIOHATI30BaHnx BKopoueHnx BHT
OyJ10 3/1ICHEHO TeHETUIHY TPaHCGHOPMAIII0 KAJTIOCY Ta JIMCTKOBUX eKcItaHTiB N. tabacum KOH-
crpykiiero pGreen0029 i3 ceslekTUBHUM MapKepHUM TeHOM nptll. Bysio mokasaHo pereHeparito
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Puc. 1. PesynbraTtu mocmimkenns: Tpan3ieHTHOI ekcpecil rena yfp y nporomnacrax N. tabacum depes 24 rox micist
Tpancdopmaril 3 BukopucranusM oxpomaposux BHT (a, 6), dyHKiioHANI30BaHUX 33 JOIOMOIOI E€KCTPAKTY
CKJIICTOro Tina, tTa Gararomaposux BHT (s, 2), dyHKIiOHATI30BAHIX 3a JOIOMOIOI0 GUYAMOrO CHPOBATKOBOIO
anpOyminy. Macmrrabna nosnauka 20 MKM

narouis i3 Tpancdopmobanux 3a gornomororo OIIIBHT (puc. 2) ta BIIIBHT tkanun exciuianTis
Ha noxkuBHOMY cepegiopuii MC st pereneparii narouis, mo micruio 1 mr/a BATL, 0,1 mr/n
HOK ra 50 mr/sm xkamaminuay. 3HadYeHHs 9acTOTH CTablIbHOI TpancdopMaril Kamaiocy Ta JInc-
TKOBUX ekciianTiB N. tabacum y pasi Buxkopucranas OIIIBHT sk mamowmociiB maiizke yTpudi
[IEPEBUIIYBAIN TMOKA3HWKHU, oTpuMani 3a ymoB Bukopuctanis BIIIBHT, toxi sk snadenns da-
CTOTU TpaH3ieHTHOI TpaHcdopMaril mpororiactis 3a ymos Bukopuctanass OIIIBHT i BINBHT
He Jjiyke Biapisussmcst (puc. 3). O4eBUIHO, 1110 BCTAHOBJIEHA 3aKOHOMIPHICTD € Pe3yJIbTaTOM [IPO-
By Gap’epHoil posi 1esrosio3u0l crinku fyst nponukHeHHs BIIIBHT y xiTunu.

TaxuMm YuHOM, PE3yAbTATH JOCTIIKEHHs CBiTIaTh PO 31ATHICTh HEKOBAJECHTHO (PYHKIIOHA~
JizoBaHuX MoJieKyaamu Oiosoriunoro noxomxkerass OLIIBHT ra BIIBHT mocrasisitu eK30reHHi
JIHK y mporortactu Ta KJIITHHEH POCJIMH, BKPHUTI KJIITHHHOIO CTiHKOIO. IIpoBeseno renetumvny
TpancOPMAIIio MPOTOILIACTIB, KAIIOCYy Ta JUCTKOBUX eKCIIaHTiB N. tabacum i BUsSBJIEHO TpaH-
BI€HTHY €KCIIPECII0 PEIOPTEPHOro reHa yfp y IPOTOILIACTAX, & TAKOXK pereHepaliiio TpancdopMo-
BAHUX M€HOM CTIMKOCTI J10 aHTHOIOTHKa KaHAMIuuy nptll pocjmH Ha CeJIEKTUBHOMY CEDPEJIOBHIIL],
110 MicTusio 50 Mr/J1 KaHAMITIUHY, 13 TKAHUH KAJIIOCY 1 JIMCTKOBUX €KCILIAHTIB. 3arajioM, OKa3aHOo
3aCTOCOBHICTL po3pobienux HaHoHocilB Ha ocHoBl OIIIBHT mas rpancdopmariil mporoiacris
Ta KJITUH POCJUH, BKPUTUX KJITHHHOIO CTiHKOIO. BogHOouac po3pobsieHi HaHOHOCIH HA OCHOBI
BHIBHT mnokazaiu 3acTOCOBHICTH jisi TpaHcdOpMaIlil IpOTOIIACTIB Ta MeHITY e(deKTUBHICTH
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6 2

Puc. 2. PesynbraTrn orpuMaHHs pOC/IMH-PEr€HEPAHTIB 13 JINCTKOBUX €KCILIAHTIB (a, 6) Ta kamocy (6, 2) N. tabacum,
TpaHcgopMoBaHuX 3 BuKopuctanHsaM ofHomaposux BHT, dyukuionantizoBannx 6utuaduM CHPOBATKOBUM ajbOy-
MIiHOM, Ha CeJIeKTHBHOMY cepenoBuini, mo mictuiao 50 mMr/n xkaxaminuny. ¢ — 6 TwkHIB; 6 — 2 micani; 6 — 4
THKHI; 2 — 6 THUXKHIB

%

OOHIBHT
EBHIBHT

14

10 -

=~ =]
T T

[Tporomnacru Kautoc JIncTkoBi ekcrianTi

Puc. 3. PesynbraTtn anamisy 9acTroru TpaH3i€HTHOI reHeTHdHO! TpaHChOpMAIl MPOTONIACTIB i cTabiTbHOI TeHe-
TUYIHOI TpaHcdOpMAaIlil KAJIIOCy Ta JUCTKOBUX eKCILTaHTIiB N. tabacum 3 BUKOPUCTAHHSAM OIHOIIAPOBUX Ta Oara-
Tommaposux BHT sk nepenocuukis JITHK

JIJIsT TIEpEHECEHHs MILOBUX T€HiB, 0COOJIMBO B KJIITHHHU KaJIOCy Ta JIMCTKOBUX E€KCILIAHTIB, MIEPII
3a BCe y 3B’I3KYy 3 0OMEXKYBaJIbHOIO POJLIIO IEIIOJ03HOI CTIHKHU JJIs 1X MPOHUKHEHHS B KJITHHU
Ta depes3 1X OLIBIMi aiaMeTp, 1o MPU3BOANTDH IO MOIIKOIKEHHS PEIUIIEHTHUX KJIITHH.
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Y “Inemumym zapuwosoi 6iomexrnonozii ma 2eHoMIKY Haoditiwno do pedaxuii 03.04.2015
HAH Yxpainu”, Kuis

O.H. Bypaaka, 4. B. IIupko, wien-koppecnorgeaTr HAH Ykpaunsr A. . Emerr,
akagemuk HAH VYkpawuner A. B. Baom

locTaBka reHeTUYECKOro MaTepuajia B pacTUTeJIbHbIe KJIETKH
C IIOMOIIbIO YIJIEPOJHBIX HAHOTPYOOK

TV “Uucruryr numesoit 6uorexnosorun u resoMukn HAH Yikpannnr’, Kues
y 10 p )

IIposedena 2enemuseckas mpanchopmayus NPOMONAGCMOSE, KAAAYCA U AUCTNOBHLT IKCNAGHMOE Ni-
cotiana tabacum L. naasmudnoti JJHK pGreen0029 ¢ ucnoiv3osanuem HeKOSAAEHMHO PYHKYU-
OHAAUSUPOSAHHDIT OUOAOZUMECKUMY MOAEKYAAMU Yeaepodunx nanompybox (YHT) e wauecmee
Hanonocumenet. Buiasaena mpaHauenmnas IKCNPeccus, penopmepHo20 2eHa HCEAMO020 dayope-
cuyenmmozo beaxa YFP 6 npomonaacmaz. B pesyavmame cmabusvholh mpanchopmayut Kaasyca
U AUCMOBHT Jucko8 2erom nptll noayuenv, pacmenus-pezeneparmor N. tabacum na ceaexmue-
HOT numamenvrotl cpede, codeporcaweti 50 me/a kanamuyuna. Iokasana npumenumocms paspa-
bomannbir Hanonocumenel na ochose odnocaotinor YHT das mpanchopmayuu npomonaacmos
U PACTUMENOHBLT KACTOK, NOKPLIMBLL KAeMouHol cmenkol. Paspabomanmnvie naronocumeiu Ha
ocrose mmozocaotinoir YHT oxasanucy menee sPexmusHbmu 048 NEPEROCE UENEBHLT 2€H08, 0CO-
6EHHO 8 KAEMKU KAAAYCE U MUCTNOBHLL IKCNAAHMOE, NPescde 6Ce20 8 CB8A3U C 02PAHUMUBAOUET
DOABIO UCANONOZHOT CMEHKU ONA UL NPOHUKHOBEHUA 6 KACMKU U U3-34 UL 60AbWE20 Juamempa,
YO NPUBOOUM K NOBPEHCICHUIO PEUUNUEHMHDIL KACTNOK.

Karouesnte caosa: yrieposanbie HaHOTPYOKH — YH'T, ojHocoitHbIe yriaepoiHbie HAHOTPYOKUT —
OCVYHT, muorocioitabie yrirepoausie HanoTpyoku — MCYHT, nanonocurenun JIHK, remerndeckas
TpanchopMmarus pacreruit, Tabax Nicotiana tabacum L.

O. M. Burlaka, Ya. V. Pirko,
Corresponding Member of the NAS of Ukraine A.I. Yemets,
Academician of the NAS of Ukraine Ya. B. Blume

Gene material delivering into plant cells using carbon nanotubes
Institute of Food Biotechnology and Genomics of the NAS of Ukraine, Kiev

Genetic transformation of Nicotiana tabacum L. protoplasts, callus and leaf explants with plasmid
DNA pGreen0029, using carbon nanotubes (CNTs) non-covalently functionalized with biological

molecules as nanocarriers, is conducted. Transient expression of the reporter yellow fluorescent
protein YFP gene in protoplasts is shown. Stable transformation of callus and leaf discs with nptIl
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gene resulted in the regeneration of transformed N. tabacum plants on a selective culture medium
containing 50 mg/l kanamycin. Single-walled CNTs-based nanocarriers demonstrated their appli-
cability to the transformation of protoplasts, as well as walled plant cells. Whereas, the developed
multiwalled CNTs-based nanocarriers were less efficient for the targeted gene transfer, especially
into cells of callus and leaf explants, primarily due to the restrictive role of cellulose walls for their
penetration into cells and because of their larger diameter, resulting in a damage to the recipient
cells.

Keywords: carbon nanotubes — CN'T5s, single-walled carbon nanotubes — SWCNTs, multi-walled
carbon nanotubes — MWCNTs, nanocarriers of DNA, genetic transformation of plants, tobacco
Nicotiana tabacum L.
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