AHOTAIIA

bynaecscoka M. O. bioTexHONOTIi MTYYHOTO MAarHITOMIYEHHS Ta TPHUPOIHE
Mar”HiTOMiY€HHS KIITUH TBapuH. — KBamidikarmiiiHa HaykoBa mpaisg Ha TpaBax
PYKOIHUCY.

Hucepramiss Ha 3700yTTS HAayKOBOTO CTYIEeHA JokTopa ¢urocodii 3a
crietianbHIicTI0O 162 «bioTexHosorii Ta OioiHKeHepis». — HallloHanbHUN TEXHIYHUM
yHiBepcuTer Ykpainu «KuiBChbkMil TMOMITEXHIYHUW 1HCTUTYT 1IMeHI Irops
Cikopcekoro», Kuis, 2021.

Pobora Bukonana Ha kagenpi Oioinpopmatuku KIII im. Irops Cikopebkoro.

Ha crorogni Oiorenni wmarHiTHi HaHodactTuHku (BMH) BusiBieno vy
MpEICTaBHUKIB yCiX TPbOX HAALAPCTB XUBUX oprani3mis: I[Ipokapiotn, Apxei Ta
Eykapiotn. VY OuIpmIoCTi (UIOr€HETHYHHX TpPYN TBAapuH, SIKI HaJleXaTbh 0
0araToKJIITUHHUX €YKaplOTUYHUX OpraHi3MiB, BH3Ha4YeHO OilomiHepamizoBaHi bMH,
30KpeMa y komax, am]ioiil Ta penTuIiIii, NTaxiB, a TAKOXK ccaBiliB. bioreHHi MarHitHi
HAHOYACTUHKH 3HAWJEHO TAKOX Y HOPMAJIbHUX TKAHMHAX MO3KY, MEYIHKH, Cepls,
CEJIe31HKH, HATHUPKOBHUX 3aJ103 Ta PEHIITYACTOI KICTKU JIOUHHU.

Hassnicts BMH BuBYasiv, B OCHOBHOMY, 3 TOUKH 30pY Opi€HTAallli OPraHi3MiB B
30BHIIIHROMY MAar”iTHOMy mojii 3emil. Ines mpo MarHitotakcuc Oyna gyke
MIPOrPECUBHOIO 1 CIIPHSLIIA TOMY, 10 B 0araTb0X HAYKOBHUX ILIEHTPAX CBITY pO3MOYAIHUCS
IHTEHCHBHI JIOCII/DKEHHSI 1bOrO SIBHIIA B PI3HUX MIKpOOpraHizamax. 30Kpema
JOCIIPKEHHS] CaMOI'0 IPOLECY CTBOPEHHS TAKUX MPUPOJAHUX MArHiTiB, y TOMY YHUCII
Ha TCHETUYHOMY PIBHI.

[Ticns Toro %, sk BMH Oyno BusiBjIeHO B 0aratokJIiTHHHUX OpPTaHi3Max, 1110
PO Mar”HiTOTAaKCHUC, SIK OCHOBHY iX (yHKIIIO, Oyn0o TpaHc(opMOBaHO B iA€0 PO
BaxauBY poiib BMH y maraiTopernentiii (BiI4yTTlI opraHiaMaMu MarHiTHUX TOJIB, Y
TOMY YHCJII MarHitTHoro mojsi 3emui). [gero marnitopeueniii TMOOKO BUBYAIH 1
OPOAOBXKYIOTh BUBYATH, aJié OJIHO3HAYHOTO EKCIIEPUMEHTAIBHOTO MiATBEPIKEHHS
3HaiIeHo He OyJo — HaBiTh MiJ Yac JOCIKEHHsI OpI€HTalli NEepeNiTHUX MTaxiB y

Ir€OMarHiTHOMY I0Ji, HE K&KY4H BXKE MPO JIIOJAUHY.



Ha 1ieit yac 3anuiaeTbes BIIKPUTUM MMUTAHHSA, K1 1€ 01010 14H1 PYHKII1, KpiM
HaBIrauii Ta Marairopenentii, MoxxyTb MaTi BMH sik y MarHiTorakcucHux Oakrepii,
TakK 1y IHIIMX OPTraHi3MiB.

Bxe monazg 30 pokiB yBary AOCTiHUKIB IpUBEPTAE (Pi31070TTIHE TTOXOIKECHHS
BMH B opranax ta TkanuHax TBapuH. L{s mpobnema € myxe Ba)JIMBOIO, OCKIIBKH,
HAIIPUKJIAJ, MiABHIIeHUN piBeHb BMH moB’s3aHmil 13 HU3KOI 3aXBOPIOBAHb JIFOIMHHU.

Hocmipkeras mexaHi3mMiB cuHTe3y BMH y pi3HMX opraHizmMax Mae BaKJIMBE
¢yHIaMeHTalnbHe 3HaYeHHs A1 Bu3HaueHHs poiii BMH B marorenesi 3axBopioBaHb
JIOJIMHYU, SIKI CYINPOBOJKYIOTHCS TMIJBUIIEHHSM iX BMICTy. B cBoio uepry,
MarHiTOMI4€H1 KJIITHHH BHUKOPUCTOBYIOTH Y JOCHUIKEHHSX ULUIECHPSIMOBAHOI
JOCTABKH JIKapChKHUX MPEnapariB Ta sik 010COpOEHTH.

Ha  ogammii wac € fokmamHi JociimkeHHs — Olominepanizamii  BMH
MIKpOOpraHi3MaMH, ajie [0 CTOCYETHCS OaraTOKIITUHHUX OPTaHi3MiB, TO HasIBH1 JIUILIE
dbparmMeHnTapHi gociHKeHHS 610MiHepaizalii 610reHHUX MarHiTHUX HAHOYaCTUHOK.

MarsiTHI HAHOYaCTHHKH 3HAXO/IATh BCE IIHpIIe O10METUIHE 3aCTOCYBAHHS . BiJ
KOHTPACTHUX areHTIB Il MarHiTHOi pe3oHaHcHOi ToMorpadii (MPT) no mociiKkeHb
3HUIIECHHS PAaKOBHUX KIIITHH 3a JOIIOMOI'OFO JIIKYBaHHS TinepTepmieto. BUIbIIICTD 3 HX
NEPCIEeKTUBHUX TPOrpaM BUMAara€ 4iTKO BU3HAYCHHUX 1 KEPOBAHHUX B3aEMOJINA MiXK
MarHiTHUMU HAaHOYaCTUHKAMHU 1 )KUBUMU KIIITHHAMHU.

B 3B’S3Ky 3 UM aKTyaJbHOIO 3aJa4yel0 € JOCHIKEHHS HaHOCTPYKTYPHOI
nokamizauii BMH, ix mopdosnorii Ta KIIbKOCTI B pi3HUX OpraHax Ta TKaHUHAaX TBAPUH,
a TaKOX JIOCJII)KCHHSI HAKOTIMYEHHSI IITYYHUX MAarHITHUX HAHOYaCTHHOK.

Mema pobomu — TeopeTUYHe OOIPYHTYBaHHS Ta EKCIEpUMEHTaJIbHE
JOCIIIJDKCHHS ~ O10TEXHOJIOTIT  IITYYHOTO  MArHiTOMIYeHHS Ta  NPUPOJHOIO
Mar"iTOMIY€HHS KJIITHH TBapHH.

Jlns nocsiTHEHHST MeTH poOOTH OYiIM TTOCTaBJIEHI TaKl 3a80AHHA.

1. BusButu wmoxumBux TmponayueHtiB  BMH cepen Hemirpyrouux puoO,
BUKOPUCTOBYIOYH METOJU MOPIBHIBHOI T€HOMIKHU.

2. BcranoButu HasBHicTh BMH B opranax ta Tkanmuax mwumii Mus musculus,

ceuHi Sus domestica, kopoma Cyprinus carpio ta ganio pepio Danio rerio.



3. Bu3Haunut  OCHOBHI ~ 3aKOHOMIPHOCTI  MPOCTOPOBO-MOP(OIOTIUHIX
BnactuBoctei BMH y pi3HMX TKaHMHaxX 1 OpraHax TBAapuMH Ta BCTAHOBHUTH
BIJIMIOBITHICTD 3 POCIUHAMHM ¥ TpHOaMHU.

4. TlpoBecTy AOCHIIKEHHS] HAKOMTMYEHHSI MAarHITHUX HAaHOYACTHHOK B OpraHax
nanio pepio Danio rerio B mporieci MTYYHOr0 MarHiTOMIiYeHHS.

5. Po3poOuTH TEXHOJOT1I0 BUAUICHHS KIITHH 3 MPUPOJHUMHU Ta IITYYHUMH
napa-, ¢pepu-, abo hepoMarHiTHUMHU BJIACTUBOCTSIMHU.

6. Po3paxyBaTu cuiiv B3aeMo/1ii Mi>K O10r€HHUMH MarHiTHUMU HAaHOYACTUHKAMHU
Ta MTYYHUMHU MarHiTHUMH HAaHOYACTUHKAMH.

06 ’exm 0ocniddcentss — 610TEXHOOT] IITYYHOrO MAarHITOMIYE€HHS Ta IPUPOIHE
MarHiTOMIY€HHs KJIITHH y TBAapWH, T€HOMHU Ta MNPOTEOMU TBapuH B 0a3l JaHUX
GenBank, opranu Ta TKaHWHH TBapWH, OioMaca MarHiTOMiY€HUX KJITHH OpraHiB
TBapUH.

IlIpeomem OocniddcenHss — 3aKOHOMIPHOCTI TPHPOJAHOTO Ta IITYYHOTO
Mar"iTOMIY€HHS KJIITHH TBapHH.

Memoou odocniosxcenns: 6ioi1HGOpMATHIHI (METOAM MOPIBHAILHOI T€HOMIKH),
¢b13uKo-XiMIuH1 (CBITJIOBA MIKPOCKOMISA, €IEKTPOHHUM TapaMarHiTHUN pe30HaHC,
CKaHyr4a 30HJ0Ba MIKPOCKOIIsl, METOJIM BUTOTOBJICHHSI MarHiTHUX HaHOMITOK, pH-
METpis, TepMOMETpisi), O10J0riuHi (IMUTOJOTIYHI METOIH, TICTOJOTIYHI METOM),
MaTeMaTu4H1 (MaTeMaTU4Ha CTaTUCTUKA, MATEMAaTUYHE MOJICITFOBAHHS).

Haykosa mnosuzna oTpumMaHuUX pe3ynabTaTiB. Bmepme 3a  0momMororo
010iH(pOpMAaTUYHNX METOMIB TMOKA3aHO, IO HEMITpyrdi pudu MOXYyTh OyTH
mpoayleHTaMu  OIOT€HHMX MAarHITHMX  HAHOYACTUHOK. Bmepmie wmeTomamwu
€JIEKTPOHHOTO TMAapaMarHiTHOTO PE30HAHCY Ta MAarHiTHO-CUJIOBOI MIKPOCKOIIi
IPOJEMOHCTPOBAHO HASBHICTh OIOT€HHMX MArHITHUX HAHOYACTMHOK B OpraHax Ta
TKaHWHAX SIK MITPYHOYHUX, Tak 1 HeMirpyrouux pu0. Bmepmie mokaszano, mo bMH B
opraHax Ta TKaHWHAaX TBAapUH JOKaJlI30BaHI B MPOBIJHUX TKAaHWHAX, TaK Camo, K y
pociuH Ta rpubiB. Brepiie NpoAEeMOHCTPOBAHO HAKOMWYEHHS MAarHITHUX
HAHOYACTHHOK B MO3KY, CepIIi, neviHii i Hupkax pu6d Danio rerio 3a yMoBH ITy4HOT'O

MAarHiTOMIYCHHS, Ta JIUIIIC YaCTKOBE iX BUBCACHHS.



Ilpakmuune 3Hauenns OTpUMaHUX pe3ynbTaTiB. Ilokazane y poOOTI
HAKOIMMYEHHS MTYYHUX MarHiTHUX HAHOYACTHHOK Y PI3HUX OpraHax TBApWUH BaXJIHBO
BpPaxOBYBAaTHU y pa3i IIarHOCTUKH 3a 1onomMoror0 MPT 3 BUKOpHUCTaHHSIM KOHTPaCTHUX
PEYOBHH Ta y pa3i HIJIECIIPIMOBAHOT TOCTABKH JIIKAPCHKUX MPENapaTiB 3a JOMOMOT OO
BEKTOPIB, 1[0 MICTATh MarHiTHI HAHOYACTUHKH. [IoKa3aHO MOMXIIMBICTH 3aCTOCYBAaHHS
CUCTEMH IBOX MOCTIMHHUX MAardiTiB 31 IIUIMHOIO JUIA JETEKI] Ta BUAUIEHHSI KJIITUH 3
NPUPOJAHUMHU Ta IITYYHUMH Iapa-, pepu-, abo pepoMarHiTHUIMU BIACTUBOCTSIMHU.

PesynpTatn pobotu BrnpoBampkeHo y HaBuanbHuil mporec y KIII im. Irops
CikopchKoro, a came: y BUKIJIAJaHHS JUCHUIUTIHK «OCHOBU 0101H(OOPMATUKWY IJIsI
CTYIEHTIB cremianbHocTi 133 — ['anmy3eBe MalmIMHOOYIYyBaHHA Ta AUCIUILIIHU
«HaykoBo-mipakTHyH1 OCHOBHU 0101H(OPMATUKK ISl CTYAEHTIB ClieliaibHOCT] 162 —
biorexnomorii Ta GioimkeHepist Ha kadeapi OioiHGOpMATHKH.

3a momomororw OioiH(GOPMATUYHMX METOMIB B POOOTI MOKa3aHO, MO Cepel
HeMmirpyrounx pud npoxyientamu BMH Moxyts Oyt kopomn 3Buvaitauid (Cyprinus
carpio) ra niyka 3Buvaiiaa (Esox lucius).

JIoCHmiPKEeHO OpraHd Ta TKaHWHHU Jiococs aTianTuyHoro Salmo salar ra
ToBcToo0MKa 3Buuarinoro Hypophthalmichthys molitrix ma npeamer nasisaocti BMH.
B pesynbraTi aHamizy CHEKTpPIiB MarHiTHOIO PE30HAHCY IMOKa3aHO, IO MIMPHHA
CIEKTPY CHUTHAIy PEHITYaAcCTOl KICTKM TOBCTOJIOOMKA 3BHYAWHOIO Ta PEIITYACTOL
KICTKH JIOCOCSI aTJIAaHTUYHOTO € 0fHaKoBot. [lluprHa curHamy MarHiTHOro pe30HaHCY
XapaKTepU3y€e TUIIM B3aEMOIIM, SIK1 ICHYIOTh MK (JepUMArHiTHUMHM YaCTUHKaMH Ta iX
otoyeHHsAM. OTKe, OHAKOBA IIMPHUHA IIKIB CIEKTPIB MArHITHOI'O PE30HAHCY CBIIYUTH
PO T€, IO y CKJIaJIl PENIiTIacTol KICTKH TOBCTOJIOOMKA 3BUYAMHOIO Ta PEINTIACTOl
KICTKH Jiococs arTiaHtuuHoro HasBHi BMH. Makcumansauit posmip BMH y
pENNTYacTuX KiCTKaxX MOCIIKYBAaHUX pUO Ma€e OTHAKOBHUM MOPSJOK BETUYMHH. Tak
caMo 1 KUTbKICTh MarHiTHUX HAHOYACTUHOK Y JIAHIIOKKaX. B cepelHbOMY JIaHITFOKKH
BMH, sxi Oynum nerekToBaHiI 3a JOMOMOIOK) MAarHiTHO-CHJIOBOI MIKPOCKOMIi, B
penrTyacTux KicTKax pud, MICTAThH 10 61 MarHiTHUX HAHOYACTHHOK.

BusznaueHno OCHOBHI 3aKOHOMIPHOCTI IPOCTOPOBO-MOP(POJIOTTUHUX
BiactuBocteit BMH y pisHux TkanmHax Ta opranax mumi Mus musculus, cBuni Sus

domestica, kopora Cyprinus carpio ta moka3aHo, mio:



— BMH B pnocnimkyBaHUX oOpraHax OaraTOKJIITHHHUX OpraHi3MiB yTBOPIOIOTH
JIAHITIOKKH;
— BMH B GaraTokIITUHHUX OpraHi3Max BXOASATh /10 CKIIATy iX MPOBIAHOI CUCTEMHU.

Tak, BMH y TBapuH po3MillieH1 B CTIHKaX KanuisipiB (BC1 AOCTIIKEHI OpraHu 1
TKaHWHH, OKPIM PENIT4acToi KiCTKK) abo B OKOMI KamuIspiB (pemriTyacta KiCTKa).
BMH y pocnuH po3MilieHi B CTIHIII MPOBIIHOI TKAHUHU, a CAME B CTIHIII CUTOBUIHUX
Tpyook (proemu. BMH B rpubax po3sramioBaHi B CTIHII MPOBIAHOI TKAHWHU, a CaME B
CTiHKaX cyauHonoi0HuX TidiB. Taka mokamizaris BMH cBigunTh Ha KOPUCTS 1€, 110
naHIo)kk BMH MoxyTs Oyt 3a1isH1 B Tpo(h1UHHUX TIpoliecax.

JlocnipkeHO Tpollec IITYYHOrO MArHITOMIYEHHS KJIITHH TBapuH Ta
BCTAHOBJICHO MMOCTYIIOBE 30UIBIIEHHS KIJTBKOCTI CTPYKTYPHUX €JIE€MEHTIB, SIKi JalOTh
no3uTUBHY peakilito [lepnca, Ha 1 100y, 7 100y, 14 100y Ta 28 100y eKCIIEpUMEHTY B
MO3KY, Ceplll, MEYiHIll Ta HUPKaX, IO CBIIYUTH NPO HAKOMUYEHHS EK30TC€HHUX
MarHiTHUX HAaHOYACTHMHOK TIEPEBAXKHO B THUX OpraHax, B SKHUX IOKa3aHO HAsBHICTH
OlOreHHUX MAarHiTHUX HaHOYacTMHOK. Yepe3 28 ni0 micns 3aBepUICHHS BBEICHHS
MITYYHUX MarHiTHUX HaHoyacTwHOK Danio rerio, ma 56 no0y ekcHepuMeHTy,
KUTBKICTh CTPYKTYPHHUX €JIEMEHTIB B JIOCIHI)KYBaHUX OpraHax, Kl Jal0Th MO3UTHBHY
peakitito [lepica Oyio aemnio MeHIorw, Hixk Ha 7, 14 ta 28 100y eKCiepuMeHTY, MPOTe
BUIIIOIO Y TIOPIBHAHHI 3 KOHTPOJIEM.

AHaJIOTTYHI pe3yJabTaTH OTPUMAHO ITiJI Yac BH3HAYEHHS MarHiTo)opeTUdHOl
pyxauBocti. Ha 1 noGy, 7 noby, 14 noby, 28 modOy cmoctepirajocs 3pOoCTaHHS
Mar”iTo(pOpeTUYHOI PYXJIMBOCTI KJIACTEPIB KIITUH YCIX JOCHIKYBAaHMX OpraHiB
Danio rerio. Ha 56 noOy ekcrnepumeHty, depe3 28 mi0 Ticis 3aBepIICHHS
MEPOPATHLHOTO BBEJICHHS MArHITHUX HAHOYACTHHOK, CIOCTEPIraliocs HE3HAYHE
3MEHILEHHS MarHITOQOPETUYHOI pPYXJIMBOCTI KJIACTEPIB KIITHH MO3KY, CEpLs, IEYIHKU
Ta HUPOK, SIKE OJHAK HE JOCITalio KOHTPOJIbHOrO piBHA. OTXKe, BiAOyBamocCs uIie
YaCTKOBE BUBEJEHHS IITYYHO BBEACHUX 330BHI MAarHiTHUX HAHOYACTUHOK 3
JIOCTIpKyBaHUX opra”iB. OTpuMaHi JaHi CliJl BpaXOBYBaTH Yy pa3l BUKOPUCTAHHS
€K30Tr€HHUX MarHiTHUX HAHOYACTUHOK 3 JIIarHOCTUYHOIO Ta JIIKYBaJIbHOI METOIO.

3anporoHOBaHO CIMOCI0 BUJUICHHS KIITHH 3 TPUPOJHUMH Ta IITYYHUMHU

MAarHiTHUMH BJIaCTHUBOCTAMMU, SIKUH Aa€ 3MOry SMCHIIHUTH BUTPATHU 4aCy Ha BUSABJICHHSA



Ta BHUAUIEHHA KIITHH 3 [PUPOJHMMH Ta IUTyYHMMH mapa-, (epu-, abdo
(pepOMarHiTHUMHU BJIACTHUBOCTSAMH 3a PAXYHOK BUKOPUCTAaHHS CHUCTEMH MArHiTiB 31
IIUTMHOIO, SIKa Ma€ OUIBIN MPOCTY KOHCTPYKINIO TOPIBHSHO 3 aHAJIOTaMH. |aKwii
croci0 Jja€ 3MOTy MPaIOBaTH K 3 CyX0r0 610Macoro KIIITHH, TakK 1 3 CYCIIEH31€10, 10 €
BaKJIMBHMM JIJIsSI 3aCTOCYBaHb B O10HAHOTEXHOJIOT151X.

Po3paxoBaHO cHMIIM MAarHITOIWIIONBHOI B3a€EMOJIIi, IO BHHUKAIOTH MK
010reHHUMHU MarHiTHUMU HAaHOYaCTUHKAMM OpraHiB pu0 Ta €K30r€HHUMH MarHiTHUMU
HAHOYACTHHKAMM, SKi 3HAXOmAThbes B miamazoni Bim 101 H mo 107 H. 3aBmsaxu
MarHiTOAUIIONBHIA B3a€EMOJIT BiJOYBAa€ThCA HAKOMUYECHHS BBEIACHUX MAarHITHUX
HAaHOYAaCTUHOK B MO3KY, CEpIIi, NEYIHIl Ta HUPKaxX puO, 1110 MOXE 3yMOBJIIOBATH 3MIHU
MEeTa0OJIYHUX MPOLECIB B HUX.

Ocobuctuii BHECOK 3100yBava. Pe3ynpTaTit HAyKOBO1 poOOTH, SIKi BUKIIQJCHO B
JUcepTalii, ofep’kaHi aBTOPOM OCOOMCTO abo 3a HWOro Oe3MmocepeaHbOi yJacTi.
[InanyBaHHS eKCIIEpPUMEHTAIbHOI pPOOOTH TPOBEAEHO CIUIBHO 13 HAYKOBUM
KEPIBHUKOM. JocnimkeHHs Ol0JOTIYHUX  3pa3KiB 13 3aCTOCYBaHHSAM
MarHiTOPE30HAHCHOI ~ CIEKTPOCKOMii MPOBOAWIM CIUIbHO 3 1. (¢.-M. H.,
c. H. ¢. B. O. 'ony6om. locnimxeHHs: 610710TMYHUX 3pa3KiB 13 3aCTOCYBAHHSM aTOMHO-
CHJIOBOI MIKPOCKOIIi Ta MarHiTHO-CUJIOBOT MIKPOCKOIIIi MPOBOAMIIMN CIUIBHO 3 K. T. H.
[. B. Ilapaii. Po3paxyHKH CWJIM MarHiTO-JUIOJBHOI B3a€MOIIi MiXk OIOr€HHUMH
MarHiTHUMH HaHOYaCTHHKAMHM Ta IMTYYHO BBEJACHUMH MarHiTHUMU HAHOYACTUHKAMM
3A1MCHIOBAIM CHUIbHO 3 1. (.-M. H., mpod. O. FO. I'opobens. Ocobucto aBTOpOM
OMKUCAHO PE3yJbTAaTHU JOCIII)KEHb, IPOBEJCHO iX aHaji3 Ta o0roBopeHHs. CHUIbHO 13
HAYKOBUM KEPIBHUKOM C(HOPMYITHOBAHO BUCHOBKH.

3a TemMor0 IucepTaliitHoi poOoTH oImmy0iKoBaHO 29 HayKOBHUX Mpallb: 1 cTaTTs
y TMEepioAMYHOMY HAyKOBOMY BHJIaHHI JepKaBH, sKa BXoauTh 10 Opranizaimii
€KOHOMIYHOI'0 CIIBPOOITHUIITBA Ta PO3BUTKY Ta €Bporeiicbkkoro Coro3y, 3 cTarTi y
BUJIAHHSIX, SIKI IUTYIOThCS Y HaykKoBO-MeTpudHii 6a3i SCOPUS; 2 crarTi y HayKOBUX
BUJAHHSX, BKIIIOUEHHMX JI0 TEPENiKy HAyKOBUX (axoBUX BHUJAaHb YKpaiHu, 23 Te3

JIOTIOBIJIEN.



KurouoBi ciioBa: 0i0reHH1 MarHiTHI HAHOYACTHHKM, O10TE€XHOJIOTIA ITYYHOT O
MarHiTOMI4€HHs, MarHETUT, MarHiTHa cemnaparis, (epuMarHiTHl opraHeiu, aTOMHO-
CWJIOBA MIKPOCKOITisl, MAaTHITHO-CHJIOBA MIKPOCKOITis, €IEKTPOHHUIN TapaMarHiTHUHA

pPE30HAHC, HAHOCTPYKTYpPHA JIOKai3ailisg, 0101HGOpMaTHIHHMN aHAT13.



SUMMARY
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To date, biogenic magnetic nanoparticles (BMNs) have been found in
representatives of all three superkingdoms of living organisms: Prokaryotes, Archaea,
and Eukaryotes. Most phylogenetic groups of animals belonging to multicellular
eukaryotic organisms are capable of biomineralization of BMNSs, including insects,
amphibians and reptiles, birds, and mammals. Biogenic magnetic nanoparticles have
also been found in normal tissues of the brain, liver, heart, spleen, adrenal glands, and
human ethmoid bone.

The presence of BMNs was studied mainly in terms of the orientation of
organisms in the Earth's external magnetic field. The idea of magnetotaxis was very
progressive and contributed to the fact that in many scientific centers around the world
began intensive research into this phenomenon in various microorganisms. In
particular, the study of the process of creating such natural magnets, including at the
genetic level.

After BMNSs was discovered in multicellular organisms, the idea of magnetotaxis
as their main function was transformed into the idea of the important role of BMNSs in
magnetoreception (organisms' perception of magnetic fields, including the Earth's
magnetic field). The idea of magnetoreception has been deeply studied and continues
to be studied, but no unequivocal experimental confirmation has been found — even in
the study of the orientation of migratory birds in the geomagnetic field, let alone

humans.



Today, the question remains as to what other biological functions, in addition to
navigation and magnetoreception, have BMNs in both magnetotactic bacteria and other
organisms.

For more than 30 years, researchers have been attracted by the physiological
origin of BMNSs in the organs and tissues of animals. This problem is very important
because, for example, elevated BMN levels are associated with a number of human
diseases.

The study of the mechanisms of BMN synthesis in different organisms is of
fundamental importance for determining the role of BMNs in the pathogenesis of
human diseases, which are accompanied by an increase in their content. In turn,
magnetic labeled cells are used for targeted drug delivery and as biosorbents.

Currently, there are detailed studies of the biomineralization of BMNs by
microorganisms, but for multicellular organisms, there are only fragmentary studies of
the biomineralization of biogenic magnetic nanoparticles.

Magnetic nanoparticles are increasingly used in biomedical applications, from
contrast agents for magnetic resonance imaging (MRI) to the destruction of cancer cells
through treatment with hyperthermia. Most of these promising programs require well-
defined and controlled interactions between magnetic nanoparticles and living cells.

In this regard, the urgent task is to study the nanostructural localization of BMNSs,
their morphology and quantity in various organs and tissues of animals, as well as to
study the accumulation of artificial magnetic nanoparticles.

The purpose of the work is theoretical substantiation and experimental research
of biotechnology of artificial magnetic labeling and natural magnetic labeling of animal
cells.

To achieve the goal of the work, the following tasks were set.

1. To identify possible producers of BMNs among animals, namely non-
migratory fishes, using methods of comparative genomics.

2. To establish the presence of BMNSs in the organs and tissues of the mouse Mus

musculus, pig Sus domestica, carp Cyprinus carpio and zebrafish Danio rerio.



3. To determine the basic patterns of spatial and morphological properties of
BMNs in various tissues and organs of animals and to establish compliance with plants
and fungi.

4. To study the accumulation of magnetic nanoparticles in the organs of Danio
rerio in the process of artificial magnetic labeling.

5. To develop technology for isolating cells with natural and artificial para-,
ferri-, or ferromagnetic properties.

6. To calculate the forces of interaction between biogenic magnetic nanoparticles
and artificial magnetic nanoparticles.

The object of research is biotechnologies of artificial magnetic labeling and
natural magnetic labeling of cells in animals, genomes and proteomes of animals in the
GenBank database, organs and tissues of animals, biomass of magnetic labeled cells of
animal organs.

The subject of research is the laws of natural and artificial magnetic labeling of
animal cells.

Research methods: bioinformatics (methods of comparative genomics),
physicochemical (light microscopy, electron paramagnetic resonance, scanning probe
microscopy, methods of making magnetic nanolabels, pH metry, thermometry),
biological methods (cytological methods, histological methods), mathematical
(mathematical statistics, mathematical modeling).

Scientific novelty of the obtained results. It was first shown by bioinformatics
methods that non-migratory fishes are producers of biogenic magnetic nanoparticles.
For the first time, the presence of biogenic magnetic nanoparticles in the organs and
tissues of both migratory and non-migratory fishes was demonstrated by the methods
of electron paramagnetic resonance and magnetic force microscopy. For the first time
it was shown that BMNs in organs and tissues of animals are localized in conductive
tissues, as well as in plants and fungi. For the first time, the accumulation of magnetic
nanoparticles in the brain, heart, liver and kidneys of fish Danio rerio has been
demonstrated under the condition of artificial magnetic labeling, and only their partial

excretion.



The practical significance of the results. It is important to take into account the
accumulation of artificial magnetic nanoparticles in various organs of animals in the
case of diagnosis by MRI using contrast agents and in the case of targeted drug delivery
using vectors containing magnetic nanoparticles. The possibility of using a system of
two permanent magnets with a slit for detection and isolation of cells with natural and
artificial para-, ferri-, or ferromagnetic properties is shown.

The results of the work are implemented in the educational process of Igor
Sikorsky Kyiv Polytechnic Institute, namely: in teaching the course «Fundamentals of
Bioinformatics» for students in specialty 133 — Industrial Engineering and the course
«Scientific and Practical Fundamentals of Bioinformatics» for students in specialty 162
— Biotechnology and Bioengineering at the Department of Bioinformatics.

Using bioinformatics methods, it was shown that among animals, namely non-
migratory fishes, the producers of BMNs are common carp (Cyprinus carpio) and
northern pike (Esox lucius).

Organs and tissues of Atlantic salmon (Salmo salar) and silver carp
(Hypophthalmichthys molitrix) were examined for the presence of BMNSs. The analysis
of MR spectra showed that the width of the peaks of the ethmoid bone of silver carp
and the ethmoid bone of Atlantic salmon is the same. The signal width characterizes
the types of interactions that exist between ferrimagnetic particles and their
environment. Thus, the same width of the peaks of the MR spectra indicates that the
ethmoid bone of silver carp and the ethmoid bone of Atlantic salmon contain BMNS.
The maximum size of BMNSs in the ethmoid bones of the studied fishes is of the same
order of magnitude. So is the number of magnetic nanoparticles in the chains. On
average, in the chains of BMNSs, which were detected by magnetic force microscopy,
in the ethmoid bones of fishes, 6 + 1 magnetic nanoparticles.

The main regularities of spatial and morphological properties of BMNSs in
different tissues and organs of animals are determined and it is shown that:

— BMNs in the organs of multicellular organisms form chains;

— BMNs in multicellular organisms are part of the transport system.

Thus, BMNs in animals are located in the walls of capillaries (all studied organs

and tissues except the ethmoid bone) or in the vicinity of capillaries (ethmoid bone).



BMNSs in plants are located in the wall of the conductive tissue, namely in the wall of
the sieve-like tubes of the phloem. BMNSs in fungi are located in the wall of the
conductive tissue, namely in the walls of vascular hyphae. This localization of BMNs
suggests the idea that BMNSs chains are directly involved in metabolic processes and
perform vital functions.

The process of artificial magnetic labeling of animal cells was studied and a
gradual increase in the number of structural elements that give a positive Perls Prussian
blue reaction on day 1, day 7, day 14 and day 28 of the experiment in the brain, heart,
liver and kidneys, indicating the accumulation of exogenous magnetic nanoparticles in
those organs in which the presence of biogenic magnetic nanoparticles is shown. 28
days after the end of the administration of Danio rerio artificial magnetic nanoparticles,
on the 56th day of the experiment, the number of structural elements in the studied
organs that give a positive Perls Prussian blue reaction is slightly less than on the 7th,
14th and 28th day of the experiment, but remains higher than control.

Similar results were obtained when determining the magnetophoretic mobility.
On day 1, day 7, day 14, and day 28, an increase in the magnetophoretic mobility of
cell clusters of all Danio rerio organs was observed. On day 56 of the experiment, 28
days after completion of oral administration of magnetic nanoparticles, there was a
slight decrease in the magnetophoretic mobility of clusters of brain, heart, liver and
kidney cells, which, however, did not reach the control level. Thus, there was only a
partial removal of artificially introduced from the outside magnetic nanoparticles from
the studied organs. The obtained data should be taken into account in the case of using
exogenous magnetic nanoparticles for diagnostic and therapeutic purposes.

A method for detecting and isolating cells with natural and artificial magnetic
properties is proposed, which reduces the time spent on detecting and isolating cells
with natural and artificial para-, ferri-, or ferromagnetic properties by using a system
of magnets with a slit that has a simpler design in comparable to analogues. It is also
possible to work with both dry cell biomass and suspension, which is important for
applications in bionanotechnology.

The forces of magnetodipole interaction arising between biogenic magnetic

nanoparticles of fish organs and exogenous magnetic nanoparticles, which are in the



range from 101! N to 101% N, are calculated. Due to the magnetodipole interaction, the
introduced magnetic nanoparticles accumulate in the brain, heart, liver and kidneys of
fishes, which can cause changes in metabolic processes in them.

Personal contribution of the applicant. The results of scientific work, which are
presented in the thesis, obtained by the author personally or with her scientific advisor
participation. The planning of the experimental work was carried out jointly with the
supervisors. Studies of biological samples using magnetic resonance spectroscopy
were performed in conjunction with V. Golub. Studies of biological samples using
atomic force microscopy and magnetic force microscopy were performed in
conjunction with I. Sharay. Calculations of the strength of the magnetic dipole-dipole
interaction between BMNSs and artificially introduced magnetic nanoparticles were
carried out jointly with O. Gorobets. The author personally describes the results of
research, conducted their analysis and discussion. Conclusions are formulated together
with the scientific advisor.

29 scientific works were published on the topic of the dissertation: 1 article in a
periodical scientific publication of the state, which is a member of the Organization for
Economic Cooperation and Development and the European Union, 3 articles in
publications cited in the scientific-metric database SCOPUS; 2 articles in scientific
publications included in the list of scientific professional publications of Ukraine, 23

theses reports at national and international conferences.

Key words: biogenic magnetic nanoparticles, biotechnology of artificial
magnetic labeling, magnetism, magnetite, magnetic separation, ferrimagnetic
organelles, atomic force microscopy, magnetic force microscopy, electron

paramagnetic resonance, nanostructured localization, bioinformatics analysis.
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