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1. P03p061<a 6ioTexHoJorii OTPMMAaHHS CIIOJIYK 3 IIPOTU3AIllaJIbHUMU Td aHTUOKCUAAHTHUMU BJIACTUBOCTAMU 3

«bopopaTux» KOpeHiB Artemisia tilesii Ledeb.

2. Development of biotechnology for obtaining compounds with anti-inflammatory and antioxidant properties
from the hairy roots of Artemisia tilesii Ledeb.

Pedepar:

1. Inceprarnis Ha 3000YTTSI HAYKOBOTO CTyNEHs JokTopa dinocodii 3a cnenianpHicTio 091 Biosoris (09 Biosoris). -
[HCTUTYT KIIITUHHOI 6iosorii Ta reHeTH4HOI ikeHepii HAH Vkpainu, Kuis, 2024. lucepTauiiiHa po60Ta NpucBsYeHa
CTBOPEHHIO «00pOJIaTUX» KOPEHiB 3 BUCOKMM BMiCTOM (bJIABOHOITiB, aHTMOKCUIAHTHOIO, BilTHOBHOIO Ta
[IPOTU3AMAJIbHOIO aKTUBHICTIO; CTUMYJIIOBAHHIO CUHTE3Y 10J1i(€HOJIBHUX CIIOJYK Ta OTPUMAHHIO CyXUX €KCTPAKTIB 3

KOPEHIB I0JIVHY, SIKi MAIOTh NIEPEJIiueHi Bullle 6i0JI0TiuHi aKTUBHOCTI. 1II11X0M reHeTU4YHOi TpaHcdopMmallii 3



BUKOPUCTAHHIM Agrobacterium (Rhizobium) rhizogenes moxkHa oTpuMaTy KyJbTypu «60pOAATHUX» KOPEHIB, sKi
MOXYTb POCTY HEOOMEXKEHMI Yac Ha MIO’KMBHUX CEpPeJOBUILAX 0e3 N0JaBaHHS PeryJysiToOpiB POCTY Ta CUHTE3yBaTu
0i0aKTHBHI CIIOJIYKH, 30KpeMa (JIaBOHOINY, Y KiJIBKOCTI, 1110 3HaYHO MePEeBUILYE TaKy Y BUXiTHUX POCINHAX.
PocnvHay nonHy HajieXaThb [0 JIIKapChbKUX i BilOMi CMHTE30M TaKUX CIIOJIYK SIK apTEMi3iHiH, oJicaxapuin,
Teprieny, $GpaBoHOIAM (KBEPLETHH, JIIOTEOJIiH Ta iH.). Pa3oM 3 TuM, 1oci Mao BuB4eHUM € Bug, Artemisia tilesii
Ledeb. Li pocnvanu MaioTb 06MeKeHUH apea, IPUCTOCOBaHi 0 eKCTPEMaJIbHUX YMOB iCHYBaHHS i MOXYTb OyTHU
IpKepesiom 6i0JI0TiYHO aKTMBHUX CIIOJNyK. Came ToMy, poboTa 6yJia CIIpsIMOBaHa Ha OTPUMaHHS (J1aBOHOILOBMiICHUX
€KCTPAaKTiB 3 IPOTU3aNaJIbHUMU Ta aHTUOKCUIAHTHUMMU BJIACTUBOCTSIMU 3 TIOTIEPEHBO OTPUMAHUX aBTOPOM
«boponaTux» KopeHiB nonuny Tineciyca. Taki eKCTpaKTU MOXYTb OYTH BUKOPUCTAHI [71s1 CTBOPEHHSI HOBUX JIIKiB 3
AHTUOKCUJAHTHUMMU Ta [IPOTU3ANaJbHUMU BIACTUBOCTSIMU. MeTO0 po60TH 6YyJI0 CTBOPEHHS «00POATHUX» KOPEHIB
A. tilesii Ta OTPMMaHHS 3 HUX CIIOJIYK 3 IPOTU3aNJIbHUMU T2 aHTUOKCUIAHTHUMU BJIACTUBOCTSIMU. JIJ1s1 JOCSITHEHHS
[IOCTaBJIEHOI METU 6YJI0 OKPEeCJIEHO Ta BUPILIEHO HACTYIIHI 3aBAaHHS: 1) 3MiICHUTH reHeTUYHY TpaHcdOpMaLlilo
nonuny Tineciyca pukum arponiHoBum mramom Agrobacterium rhizogenes A4; 2) mpoBeCTU CKPUHIHT «00POIATHUX»
KOPEHIB 32 JOIIOMOTroI0 6i0XiMiuHMX METO[IiB; 3) IpoaHasi3yBaTH 3B's1I30K aKTUBHOCTI reHiB rolB, rolC, CHS
(xankoHcuHTa3n) Ta PAL (peHinanaHiH-aMOHIN-1ia3n) 3 IIBUIKICTIO POCTY Pi3HUX JIiHINA «60pOaTHX» KOPEHIB Ta
HAKOIMWYeHHSIM HUMU (JIaBOHOINIB; 4) BUBHAYUTU BIUIUB YMOB KyJIbTUBYBaHHS Ha PiCT «00POAATUX» KOPEHIB,
crHTe3 (JIaBOHOIMIB Ta aHTOKCUAHTHY aKTUBHICTb; 5) OITUMI3yBaTH CII0Ci6 OTPUMAaHHS €KCTPAKTIB 3
[IPOTU3aNaJbHUMU Ta aHTUOKCUIAHTHUMU BJIACTUBOCTIMU. Y pOOOTi BUKOPUCTAHO TaKi METONIU NOCiTKEHb:
6ioTexHooriuHi, 6i0XiMiuHI, MOJIEKYISIPHO-T€HETUYHi, METOAM CTAaTUCTUYHOTO aHali3y ganux. HaykoBa HOBU3HA
OTPUMAaHUX Pe3yJbTaTiB M0JISITa€ B HACTYIIHOMY. YIiepuie: 1) TpoBeZileHO KOMIJIEKCHUH aHasli3 OTPUMaHUX JIiHIN
«bopopaTux» KopeHiB A. tilesii, 30kpemMa BU3HAU€HO BiIMiHHOCTI Y BMICTi (ps1aBOHOIZIiB, aHTUOKCHUJAHTHOI Ta
BiJIHOBJIIOBAJIbHOI aKTUBHOCTEH, BMICTI IIEPOKCUY BOLHIO, aKTUBHOCTEN CYNEPOKCUAAMCMYTA3U Ta KaTayuasy, a
TaKOX [IPOBEJIEHO MOPiBHIHHS OCOOJIMBOCTEN JIiHil, OTPUMaHNX 3 BUKOPUCTaHHSAM JUKOro mTamy A. rhizogenes ta
THX, 110 MaIOTh reTeposoriuHi renu ifn-o2b ta nptll; 2) metogom BEPX nopiBHsIHO BMIiCT (P€HOJIBHMX KHACJIOT 3pa3KiB
«b6opopaTux» KopeHis nonuny Tineciyca; 3) moBeneHO NpsiMy KOpeJsLilo akTUBHOCTI rolB Ta rolC reHis 3i
IIBUAKICTIO POCTY «60poAaTrX» KOPEHiB A. tilesii Ta 06epHeHy KopeJsLiio akTuBHOCTI PAL 3 BMicTOM (pJ1aBOHOiIiB;
4) BU3Ha4YeHO BIUIUB (peHinanaHiHy, OCBITJIIEHHS Ta METUJDKAaCMOHATY Ha PIiCT KyJIbTYp «00pPOAATUX» KOPEHIB A.
tilesii, cuHTe3 ¢p1aBoHOIIB Ta aHTUOKCHUIAHTHY aKTUBHICTb; 5) [TOKa3aHO HASIBHICTb IPOTUBIPYCHOI Ta
IIPOTU3AMNAJIbHOI aKTUBHOCTEN Y €KCTPAKTax «00poAaTux» KOPEHiB A. tilesii; 6) ONTHMi30BaHO CIIOCIO OTpUMaHHS
(1aBOHOINOBMICHMX €KCTPAKTIB 3 «600POAATUX» KOPEHIB I10JIMHY 3 BUKOPHUCTAHHSIM IBOETAITHOTO KyJIbTUBYBaHHS Ta
eJlicuTalii MeTUJKaCMOHATOM. [TpakTuyHe 3Ha4eHHs1 OTPUMaHMX pe3yJbTatiB: 1) oTpuMaHi JliHii «6opoaTux»
KOPEHIB, SKi IPOSIBUJIA aHTMOKCUIAHTHY, BiIHOBJIIOBAJIbHY, IDOTUBIPYCHY Ta IPOTU3aNalbHy aKTUBHOCTI, MOXYTb
OyTH I)XepeJsoM LIiHHUX 6i0JIOTiYHO aKTUBHUX CIIOJIYK; 2) CyXUil €KCTPAKT, OTPMMAHMUI 3 TAKUX KOPEHIB, MOXe
BHUKOPHCTOBYBATUCh SIK OCHOBA JJ1s1 BAPOOHUIITBA IIPeNnapaTiB 3 pOCAMHHOI CUPOBUHY; 3) ONITUMi30BaHU CIIOCiO
OTPUMaHHS 6i0aKTUBHOTO (JIABOHOILOBMiICHOIO KOMILJIEKCY [103BOJIsI€ €(PEKTUBHO BUKOPUCTOBYBAaTU KOPEHI Ta
MaciTabyBaTy MPOLEC 3a AOINOMOrOI0 KyJIbTUBYBaHHS KOPEHIB Ha 6€3rOpMOHAJIbHOMY PiIKOMYy CEPELOBUII B
6iopeakTopax. Pe3ynbTaTy TEOPETUYHUX Ta IPAKTUYHUX AOCiIPKEHb MOXYTh IIPEACTABIISITH IHTepecC IS
(dapmaleBTUYHOI Ta MEAMYHOI rajsysei, a TaKoX [1J1 6i0TE€XHOJIOTIB Ta IIPeJCTaBHUKIB IPOMUCIIOBOCTI, SIKi
3alikasieHi y iHTeHcudikalii BADOOHUITBA CIIOJIYK 3 LIiJIMM CIIEKTPOM 0i0JIOTiYHMX aKTUBHOCTEN. Killo4oBi cioBa:
Artemisia tilesii, Agrobacterium (Rhizobium) rhizogenes, rol renu, «6opogari» KopeHi, (pJ1aBOHOIZM, BTOPUHHUI
MeTaboJ1i3M, aHTUOKCHIAHTHA aKTUBHICTb, [IPOTU3alabHa aKTUBHICTb, BiTHOBJIIOBaJIbHA aKTUBHICTh, IPOTHUBipyCHA

aKTI/IBHiCTb, HAaHO4YaCTKU, METNJDKACMOHAT, eJIiCI/ITOpI/I, 0i0aKTUBHUMI €KCTPAKT.

2. Thesis to fulfill requirements for Doctor of Philosophy degree in the specialty 091 Biology (09 Biology). -
Institute of Cell Biology and Genetic Engineering NAS of Ukraine, Kyiv, 2024. The dissertation is devoted to the
initiation of hairy roots with a high content of flavonoids, antioxidant, reducing and anti-inflammatory activity;
stimulating the synthesis of polyphenolic compounds and obtaining of dry extracts from wormwood roots, which
have the biological activities listed above. Via genetic transformation using Agrobacterium (Rhizobium) rhizogenes
it is possible to obtain hairy roots that can grow indefinitely on nutrient media without the addition of growth



regulators and synthesize bioactive compounds in quantities far exceeding such in parent plants. Wormwood
plants belong to medicinal plants. However, the species Artemisia tilesii Ledeb. is still poorly studied. These plants
have a limited growth area, are adapted to extreme conditions of existence and can be a source of biologically
active compounds. That is why, the work was aimed at obtaining flavonoid-containing extracts with anti-
inflammatory and antioxidant properties from the hairy roots of Tilesius’ wormwood, previously received by the
author. Such extracts can be used to create new drugs with antioxidant and anti-inflammatory properties. The aim
of the work was to create hairy roots of A. tilesii and obtain compounds with anti-inflammatory and antioxidant
properties from their extracts. To achieve the goal, following tasks were outlined and solved: 1) carry out genetic
transformation of Tilesius’ wormwood with a wild agropine strain of Agrobacterium rhizogenes A4; 2) screen hairy
roots using biochemical methods; 3) analyze the relationship between the activity of the rolB, rolC, CHS (chalcone
synthase) and PAL (phenylalanine-ammonia-lyase) genes with the growth rate of different lines of hairy roots and
their accumulation of flavonoids; 4) determine the influence of cultivation conditions on the growth of hairy roots,
synthesis of flavonoids and antioxidant activity; 5) to optimize the method of obtaining extracts with anti-
inflammatory and antioxidant properties. The following research methods were used in the work: biotechnological,
biochemical, molecular genetic, statistical data analysis methods. The scientific novelty of the obtained results is as
follows. For the first time: 1) comprehensive analysis of the obtained lines of A. tilesii hairy roots was carried out, in
particular, differences in the content of flavonoids, antioxidant activitiy and reducing power, hydrogen peroxide
content, superoxide dismutase and catalase activities were determined, and a comparison of the features of the
lines initiated using the wild A. rhizogenes strain and those with heterologous ifn-02b and nptll genes was carried
out; 2) content of phenolic acids in samples of the hairy roots of the Tilesius’ wormwood was compared using the
HPLC method; 3) direct correlation of the activity of the rolB and rolC genes with the growth rate of the hairy
roots of A. tilesii and an inverse correlation of the activity of PAL with the content of flavonoids was proved; 4) the
influence of phenylalanine, light and methyl jasmonate on the growth of A. tilesii hairy root cultures, flavonoid
synthesis and antioxidant activity was determined for the first time; 5) the presence of antiviral and anti-
inflammatory activities in extracts of the hairy roots of A. tilesii was shown for the first time; 6) method of
obtaining flavonoid-containing extracts from hairy wormwood roots using two-stage cultivation and elicitation
with methyl jasmonate was optimized. Practical significance of the obtained results: 1) the obtained lines of hairy
roots, which showed antioxidant, reducing, antiviral and anti-inflammatory activity, can be a source of valuable
biologically active compounds; 2) the dry extract obtained from such roots can be used as a basis for the
production of bio-safe preparations from plant raw materials; 3) the optimized method of obtaining a bioactive
flavonoid-containing complex allows the effective use of roots and the scaling of the process by cultivating roots
on a hormone-free liquid medium in bioreactors. The results of theoretical and practical research may be of
interest to the pharmaceutical and medical industries, as well as to biotechnologists and industry representatives
who are interested in intensifying the production of compounds with a wide range of biological activities.
Keywords: Artemisia tilesii, Agrobacterium (Rhizobium) rhizogenes, rol genes, hairy roots, flavonoids, secondary
metabolism, antioxidant activity, anti-inflammatory activity, reducing power, antiviral activity, nanoparticles,
methyl jasmonate, elicitors, bioactive extract.
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BaacHe IlpizBume Im's I10-6aTbKOBI Kpaseup Onexcannpa Ilerpisua

TOJIOBH pajgu



Baache IlpizBuiie Im's ITo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTtop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi

OisSIIBHOCTI

Kpaseup Onekcanppa IlerpiBHa

ITuenoBchka CBiTs1aHa AHaTOJIIiBHA

VKpIHTEI

[Opuenko TeTsHa AHaTOJIiBHA



