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IDENTIFICATION OF CONSERVED G-QUADRUPLEX MOTIFS
IN THE GENOME OF BOVINE IMMUNODEFICIENCY VIRUS

Balak O. K.
Kharkiv National Medical University, Kharkiv, Ukraine

Lymanska O. Yu.
National Scientific Center “Institute of Experimental and Clinical Veterinary Medicine”, Kharkiv, Ukraine

Guanine-rich  DNA and RNA fragments tend to form stable noncanonical secondary
structures — G-quadruplexes (G4) — which can be of different topologies (monomolecular, interstranded
bimolecular, interstranded teframolecular). Canonical G4s contain 2-4 G-tetrads, which are stabilized by
stacking interactions, Hoogsteen hydrogen bonds and connected by a loop of 1-12 nucleotides. Based on the
analysis of the nucleotide sequence, conservative G-quadruplexes that can be formed in genomic RNA and
proviral DNA of the bovine immunodeficiency virus (BIV) were determined. In addition to the known potential G4
in the 3'LTR of BIV RNA, 20 stable conservative motifs of G-quadruplexes were identified for the «+» strand of
the RNA, as well as for the «—» strand sequence of the proviral DNA, which G-score value (a relative parameter
that characterizes stability G4) varies from 33 to 36. Two fragments with potential G4 previously identified only
for the 3'U5 LTR were shown to be direct repeats and localized also in the 5'R5 LTR. A localization map of
potentially stable conservative intramolecular G-quadruplexes formed by two G-tetrads was created on the BIV
genome. G4 is unevenly distributed throughout the genome: for the env gene, the density was 2.6 G4 per
1000 nt., for the tat-rev gene — 2.7 G4 per 1000 nt., the highest density values were determined for the
tmx (6.4 G4 per 1000 nt.) and pol genes (2.8 G4 per 1000 nt.), the lowest for gag gene (1.4 G4 per 1000 nt.).
The importance of G4 search in the sequence of the minus strand of proviral DNA, in which one G4 was
identified, was proved
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Bueuanu adanmauitiHy moxnugicme criymasipycy 00 20MOJO2iYHUX —repeuensirogaHux
Kynbmyp KrimuH, a came JIEK i KCT. B npoueci iHmezpauji 36y0Huka criymasipycHoi iHgbekuii BPX e
nepewennosaHi Kynbmypu knimuH JIEK ma KCT crnocmepicatombcsi Mopghorio2iyHi 3MiHU cmaHy
MOHOWwapy 3a [PUHYUNOM  CUHUUMIUYmeopeHHs1 ma  eaKyonisauil. BcmaHoeneHo, wo
nepewennoeaHa Kynemypa knimuH JIEK 6inbw npuGamHa Ons pennikauii 36y0Huka ma
HaKoMu4yeHHs1 8ipycHOi Macu. [ocnidxeHHss wodo Moxueocmi iHmezpauii nonboeoi ¢ghopmu
criymasipycy & nepeuwennrosaHy Kynbmypy knimuH KCT rnoka3anu HU3bKy Y4ymrugicmb ocmaHHbOoi 00
sipycy cimeticmea Retroviridae
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Knroyoei cnoea: criyma (niHucmud) eipyc, nepeuwensnosaHi Kynbmypu KimuH, ronimepasHa
naHyro208a peakuisi, MOHowap Kyrnbmypu KrnimuH

MiHncTnn Bipyc, 30yQHMK OQHIET 3 NOBINbHUX, ab0 MIHOPHMX IHAEKLA BENUKOI poraTtoi xyaoou,
(Bovine foamy virus BFV), BigoMui Sk cnymasipyc, BifHOCUTLCA A0 NiaciMenctsa Shumaretroviridae
cimenctea Retroviridae i cknagae ocobnuey rpyny petposipyciB. Bnepwe niHuctun sipyc BPX
BUAINEHO 3 nimgouunTie, NiMpaTnyHNX By3niB, ocagKeHOoro Mosnoka npu nimdgocapkomi. MonekynsipHa
cTpyktypa BFV gemoHcTpye, wo ii reHom, Big 12 kb goBXuHW, Mae Ti K PyHKUIl, WO 1 iHWi Bigomi
niHucTi Bipycu [1-3]. MaTepianu, Wwo BUCBITNEHI y niTepaTypi, ceigyath, wo Big 30 go 45 % BPX
cepono3ntmeHi oo BFV i BUKNMKaHa HUM iHQ)eKUia po3noBClogKeHa B YyCbOMy CBITi [4—5]. AK i iHwWi
cnymaBipycn, BFV moxe nepemaBatuch baratbMa wnsixamu, siKi BKasylTb, WO MOSMIOKO Ta CrvHa
iIHCpiKOBaAHUX TBApPUH YTPUMYHOTb aKTUBHMIN abo KNiTUHHO-NOB's13aHUI BipycC.

BctaHoBneHo, wo nepegada 30ygHMKa NpoxXoouTb 4Yepe3 CAvHY 3a NPUPOAHOro Ta
eKcrnepMmMeHTanbHoro iHgikyBaHHs. CnocTepiranu CepoKOHBEPCIT y TENAT Nicns iHOKyNAWiT CNuHKW Big
BFV-ceponoautneHoi xyaobu. IH®eKUiiHuin areHT y crivHi 6yB BiNbHOK BIpYCHOK 4acTKOl, a He
BHYTPILUHBOKMNITUHHUM Bipycom [6-7].

ExkcnepumeHTansHo BcTaHoBreHo, wo OHK BFV, un y npoBipycHi, 4n y BipyCHIin dhopmi,
NPUCYTHA B NiMmdoumTax KpoBi Ta KNiTMHax mMonoka. Baxnueo, wo piseHb JHK BFV konin B kniTnHax
Monoka 6yB y 2,5 pasn HWXYMM Yy MOPIBHAHHI 3 nimcoumtamm Kposi. Lle nosicHoTb TUM, Wo y
XYMHUX KNITUHW MOJIoKa MatoTb BinbLlU HEOQHOPIAHY NONYNsUito, HiX NimdounTn nepudepiiHOi KpPoBi i
KIiITUHM 3 NOHWXeHuM BMicTOM BFV BMGIpKOBO yCKNagHIOKOTb pyx B KOpoB’sde Moroko. Moxnuee
iCHyBaHHS cneuundidHol nonynauii niMmgoumTiB, YyTnMBuX Ao iHdekuii BFV.

€ BCi nigctaBu BBaxaTtu, WO MoOMoko Ta cnvHa BPX, ceponosutmBHoi go BFV, MoOXyTb
po3rnsaaaTuCh sIK peanbHUi WNAX po3noBciomkeHHA BFV cepen Benukoi poratoi xygobwu [8—11].

HaykoBusimn HHL, «IEKBM» — naGopaTopii BUBYEHHSI NTIEMKO3Y Ta MOMEKYNSAPHOI AiarHOCTUKM
BUSIBMIEHO TEHETUYHMI MaTepian MiHUCTOro BIipyCy B Opradiami TBapuH psagy rocnogapcTts
LEeHTpanbHOro Ta CcXigHoOro perioHiB YkpaiHu. Lle noBigOMSEHHs MICTUTb pesynbTaTy BUBYEHHS
BNacTUBOCTEN CNyMaBipyCy Ha KNITMHHOMY Ta MOSIEKYNAPHO-FEHETUYHOMY PiBHI.

MaTtepian i metogn. lNpoby cTabinizoBaHOI KpOBi Bid KOPOBM OOHOMO 3 TBAPWHHULIBKMX
rocnogapcte CymcbKoi obnacTi, B OpraHiaMmi £iKOI BWSIBMIEHO EHETUYHUW Mmarepian cnymasipycy,
BMKOPUCTaNN AONSA 3apakeHHs OBOX MepeLuensiioBaHuX KynbTyp KNiTMH, a came nereHb eMOpioHy
koposu (JIEK) Tta kopoHapHi cyauHn tenatu (KCT). BpaxoByoun Ha Te, WO PETPOBIpyCU SABNSAOTLCA
NiMPOHENPOTPONHUMU, MW B CBOIX AOCHIMKEHHAX AN 3apaKeHHSA KynbTyp KNiTUH BUKOPUCTOBYBamu
nimgoigHy pakuito KpoBi TBApUH-AOHOPIB, iH(iKOBaHNX 30yAHMKOM CnymaBipyCHOT iH(beKUii Benukoi
poratoi xygobwu. [Ons BuaineHHs niMounTiB B CTEPUIBHUX YMOBaxX KpPOB PO3BOAMNKN Yy 2 pasu
3abycepeHmm isionoriyHMmM pos3ynMHOM 3 AodaBaHHAM neHiumnivy 100 Of/cm®, pH 7,2, notim
HalapoByBanmX MO 8 cM® Ha pPO3YMH TpuoMBpacTy 3 LwWinbHicTio 1,075, akuit 6yB nonepegHbo
PO3MUTUIA Yy LeHTpUdyxHi nNpobipkn no 2 cm®. TMicna ueHTpudyrysaHHs B pexumi 1000 06./xB.
npotsarom 40 xBunuH Bigbupanu wap nimdouunTie B okpemy npobipky, nicna voro BigMmvanu 1 pas
3abycepeHnm isionoriYyHMM po34MHOM 3 AoAaBaHHAM NeHiumnivy B pexnmi 1000 06/xs., 10 xBUNKH
Ta 1 pa3 cepegoBueM lrma y BuwesasHadeHoMy pexumi. O6’em cycneHsii nimgoumnTiB goBoaUIM A0
10 cm® cepeposuem Irma ans nigpaxyBaHHS KifbKOCTi XUBMX KNiTUH 3a gonomoroto 0,1 % po3unHy
TPMNAHOBOrO CWMHBLOMO. KOHUEHTpaLis >uBux nimdounTis craHosuna 1-3 x 10° knitun/om®  y
cepenoBuLLi ANSA KynbTUBYBaHHS, 00 cknagy sikoro Bxoauno 90 % cepeposuwa Irma, 10 % HaTMBHOI
cuposaTkn BPX i 100 Oﬂ/cmsneHiumniHy. Y BULLEO3HAYEHOMY MOXMBHOMY CepefoBMLLi 3 METO
CTUMYIIOBaHHA NpoayKLuil BipyCy NMpOBOAWUIN KOPOTKOCTPOKOBE KYNbTUBYBAHHS BWUAINEHUX i3 KPOBI
AoHopa nimdouuTie. [na uboro cycnexsito nimcoumntie nigaasanu iHkybauii Bnpogosx 48 roguH 3a
Temnepatypu (37+£0,5) °C. lMicna  3akiHYeHHs TepMiHy KynbTUBYBaHHS OTpUMaHa  CyCreH3ist
nimcpounTie Nponna NepPeBipKY Ha CTEPUNBHICTL 3 BUKOPUCTAHHS OakTepionoriyHMx cepenoBuLL
MIIA, MIMB, TIO Ta meTogom noniMmepasHoi naHuorosoi peakuii (MJ1P) 6yna nigTBepaXxeHa HasBHICTb
nposipycis BFV y BugineHin dppakuii nimgoumTis.

MpoBegeHa apgantauia kynetyp JIEK Tta KCT BnpogoBx 4-5 nacaxis, Micng 4oro KynsTypu
KNITUH Ha piBHi 24—48 rognH pocty 3 (50—-75) % BMNOBHEHHS MOHOoLWapy 6ynu nigaaHi iHgiKkyBaHHIO
JocniXXyBaHUM PETPOBIPYCOM LUNAXOM 3aMiHM POCTOBOro cepefoBulla Ha Cymill poOCTOBOro 3
CYCMeH3Ii€l0 KOPOTKOCTPOKOBO KyNbTMBOBaHUX nimdounTiB y cniBeigHoweHHi 1:1. lepecis Kynstyp
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NPOBOAMBCH Y Mipy BUKOHaHHS MOHoOLWapy, B cepegHbOMy KOXHi 4-5 fai6. B sakocTi KoHTponio
BUCTYNanm eMKOCTi 3 HeiHdikoBaHUMU KynbTypamu knitnH JIEK ta KCT.

KoxxeH nacax KOHTPOsoBaBCS LOAHS BidyanbHO Ta 3 BUKOPMCTAHHSM CBITIIOBOI MiKpockonii. Ha
PiBHi TPETBbOro i KOXKHOro M'ATOro nacaxis Npobu nigaasanu AOCNIAKEHHIO MONEKYNSIPHO-FTEHETUYHUM
metogom (MJIP) ona BUsiBNEHHA reHeTUYHOro Matepiany 30yaHUKIB.

Ons petekuii nposipycHoi AHK BFV BukopuctaHo cuctemn npanmepis Int1-Int2 (3oBHiWHS
napa, OoBXuHa amnnidikoBaHOro npopykty crtaHoBuTb 430 nap Hykneotugis (n.H.)) Ta Int3-Int4
(BHYTpiWHA napa, AOoBXWHa amniiikoBaHOro npoaykTy 221 n.H.) LWISAXOM «rHi34OBOro» BapiaHTy
MJIP 3srigHo 3 pekomeHaauiamn po3pobHukis (Materniak et al., 2016).

AmMnnicpikauito nNpoBedeHo LWNAXoM cTaHgapTHoro BapianTy [MJIP 3rigHO 3 pekomeHaauiamu
po3spobHukie (Moody et al., 2002).

Pe3ynbratn pocnimkeHb. MikpockonivyHi gocnigKeHHs nepeLlensiioBaHnX KyneTyp, NpoBeaeHi
nicnst iHgikyBaHHsA, cBigyaTb, WO Ao4aBaHHS KOPOTKOCTPOKOBO KyrbTMBOBAHMX NIMAOUUTIB He
BMKIMKANO AECTPYKTMBHUX 3MiH Mopdponorii KniTuH o6ox niHin. KnitTnHu mMoHowwapy po3milyBanuch
WiNbHO, 3 4iTKO BUPaXeHUMU rpaHuuaMM, B UUTOMNMNAsMi crnoctepiranacb HeBenuka KifbKicTb
Bakyornen, sgpa Manu TunoBy oBanbHy dopmy. [licns 1 nacaxy we 4acTKoBO 3yCTpivanuncbh
nimdpoumnTn, ane BxXxe nicnsa 2 nacaxy nimounTun nig yac Mikpockonil He BUABNSASUCH.

Cnocrtepiratoum 3a ctaHoM MoHowapy Kynstypu knituH (JIEK + BFV), Ha piBHi 1, 2 Ta 3 nacaxis
crnocTepiranyM 3afoBifibHe 3anoOBHEHHA MoOHOLWapy, MOPMOMOriYHO KMiTUHU EeKCnepuMeEHTanbHOI
KynbTypu Oynn nogibHi koHTpornbHUM, 3a pesynbratamu [JIP Ha piBHi 3 nacaxy Oyna BigmivyeHa
HasiBHICTb reHeTuyHoro Martepiany BFV B «knitmHax moHowapy. Ha 4-6 nacaxax B
eKcrnepuMeHTanbHIin KynbTypi KMiTUH cnocTepiranace MopdonoriyHa AecTpyKuist KMiTMH 3 O3Hakamu
CUMNIIAaCTOYTBOPEHHSA — B KyNbTypi 3ycTpiyanucb 30inblUeHi KNiTMHM 3 ABoMa abo TpboMa sgpamu,
KMITUHWM MOHOLLApyY 3HIManu 3i ckna yTpyaHEeHO 3 BUKOPUCTaHHSAM CyMilli BepCeH-TPUNCUHY. Ha piBHi
7, 8 nacaxiB kapTMHa CTaHy MOHOLLApy 3anuwanacb nogibHol, pasom 3 UMM BigMivanocb piske
30iNbLUEHHS KiNIbKOCTI BIOMEPNUX KIITUH B KyIbTYparbHii piguHi.

Bcboro 6yrno BukoHaHo no 15 nacaxis kynetypu (JIEK + BFV), reHeTuuyHMin maTepian 30yaHuka
cnymasipycHoi iHdbekuii BPX 3a pesynsratamu MNP we cikcyBaBcs Ha piBHi 10 nacaxy, OCnigXeHHs
KynbTypu knituH B MNMJIP Ha piBHi 13 Ta 15 nacaxis nokasanu HeraTUBHUI pesynbrar.

Cnpoba npoBedeHHA OOCNIOXKEHb LWOAO MOXIUBOCTI iHTerpauii nonboBoi opMn  MiHUCTOrO
Bipycy BPX (BFV) B nepewwennioBaHy kynstypy knituH KCT nokasanu HU3bKy YyTruBICTb KNITUH LieT
KynsTypu [0 Bipycy cimencTBa Retroviridae.

3a pesyneratamu 1P Ha piBHi 3 nacaxy 6yna BiamidyeHa HasBHICTb FEHETMYHOro martepiany
BFV B knitnHax moHowapy kynetypy KCT, i BXe Ha UbOMy PpiBHi KynbTMBYBaHHS criocTepiranu
BaratouncenbHy Bakyorisauito B KniTMHax 3apaxeHoro moHowapy (KCT + BFV) Ta pecTpyKkTuBHI
3MiHM B CTaHi MOHOLlapy, SiKi BUpaxanuncb B MOro YaCTKOBOMY PYMHYBaHHI 3 YTBOPEHHAM YNCENbLHOI
KinbkoCTi BigMepnux KnitTMH. Ha piBHI 4 Ta 5 nacaxiB Bakyonisauia Ta CUMHUWUTINYTBOPEHHS
croctepiranock B 6inbLwiv YactuHi (70-80 %) knitnH MoHowapy. Beboro 6yno nposegeHo 7 nacaxis,
Ha piBHi 5 nacaxy 3a pesynstatamu [P Wwe BigMmiYanacb HasiBHICTb TFEHETUYHOro maTtepiany
30yaQHUKa peTpoBipYCHUX iH(peKUi, a MaTepian 7 nacaxy AaB HEraTMBHWUIA pe3ynbrar.

[ns getanbHOro BMBYEHHA Mopdbonorii iHikoBaHMx KniTUH JIEK BMKOHYBanu BUCIBU KNITUHHOT
CycneHsii y npobipku 3 MOKPMBHUMMK CKEMNbLSIMU 3a 3arasibHOMPUAHATM METOAOM, MiCNsi YTBOPEHHS
MOHoOLLapy 3abapsrntoBanu KNiTMHW KyneTypy 3a PomaHoBcbkum-IiM3e, BogHoyac cnoctepiranu GinbL
iHTEHCMBHE 3a0apBnNeHHA B HABKONOSAEPHIN 30Hi.

BucHoBku. 1. 306yaHuK cnymaBipyCHOi iHdekuii Benukoi poratoi Xygobu CnpoMOXHWI
iHTerpyBaTu B NepeLLensitoBaHnX KynbTypax KNiTUH rOMOSONYHOro A4S BENWKOI poraTtoi Xyaobu tuny,
3okpema JIEK ta KCT, wo niaTBepaxyeTbca pesynsratamu MonekynsapHo-reHetudHmux metogis (MJ1P).

2. ApanTauiiHa CnpOMOXHICTb crymasipycy Oinbll BupakeHa B ymoOBaXx nepeLensoBaHol
KynsTypu knituH JIEK y nopiBHsAHHI 3 KynbTypoto KCT.

3. B npoueci iHTerpauii 36ygHuka cnymasipycHoi iHdekuii BPX B nepeluenntoBaHi KynbTypu
knituh JIEK ta KCT cnocrtepiraiotbCs MOPQONOriYHi 3MiHM CTaHy MOHOLWIApy 3a MPUHLUNOM
CUHLNTINYTBOPEHHS Ta BaKyorisauis.

MNepcnekTMBM nopanbOro BUKOPUCTAHHA OTPUMaHUX pe3ynbraTtiB.  MoxnusicTb
pennikauii 36ygHuKa cnymaBipyCHOI iH(pbeKLii Benukoi poraTtoi Xy4obu B roMOnorivHii Ans uboro Buay
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TBapuH KynbTypi KNiTMH AacTb 3MOry AN HaKOMWYEHHS BiPyCHOI Macu 3 MeTo po3pobku
BiTYM3HAHOro 3acoby CeponoriYHOi 4iarHOCTMKN 3aXBOPIOBAHHS.

Cnucok nimepamypu

1. CynotHuukun M. B. 3sontoumoHHas natonorus. K Bonpocy o mecte BUY-uHdekuun n BUY/CMNA-naHgemun
cpeaun Apyrux UHMEKUMOHHBIX, anMAeMuyecknx 1 naHgemuyecknx npoueccos. Mocksa : Bysosckas kHura, 2009.
400 c.

2. PambaR., Jeronimo C., Archambault D. Detection of bovine retrospumavirus by the polymerase chain reaction.
Journal of virological methods. 1999. Vol. 78, No 1-2. P.199-208. DOI: https://doi.org/10.1016/s0166-
0934(98)00179-7.

3. Bhatia S, Patil S. S., Sood R. Bovine immunodeficiency virus: a lentiviral infection. Indian journal of virology : an
official organ of Indian Virological Society. 2013. Vol. 24, No 3. P. 332-341. DOI: https://doi.org/10.1007/s13337-
013-0165-9.

4. Carpenter S., Vaughn E. M., Yang J., Baccam P., Roth J. A., Wannemuehler Y. Antigenic and genetic stability of
bovine immunodeficiency virus during long-term persistence in cattle experimentally infected with the BIV(R29)
isolate. The Journal of general virology. 2000. Vol. 81, Pt 6. P. 1463-1472. DOI: https://doi.org/10.1099/0022-1317-
81-6-1463.

5. Vander Maaten M. J., Boothe A.D., SegerC.L. Isolation of a virus from cattle with persistent
lymphocytosis. Journal of the National Cancer Institute. 1972. Vol. 49, No 6. P. 1649-1657. DOI: https://doi.org/
10.1093/jnci/49.6.1649.

6. GuoH.Y, MaY.G, GaiY. M, Liang Z. B., Ma J., Su Y., Zhang Q. C., Chen Q. M., Tan J. Bovine HEXIM1 inhibits
bovine immunodeficiency virus replication through regulating BTat-mediated transactivation. Veterinary research.
2013. Vol. 44, No 1. P. 21. DOI: https://doi.org/10.1186/1297-9716-44-21.

7. SuarezD. L., VanDerMaaten M. J., Wood C., Whetstone C. A. Isolation and characterization of new wild-type
isolates of bovine lentivirus. Journal of virology. 1993. Vol. 67, No 8. P. 5051-5055. DOI: https://doi.org/10.1128/
JV1.67.8.5051-5055.1993.

8. Materniak-Kornas M., Osinski Z., Rudzki M., Kuzmak J. Development of a Recombinant Protein-based ELISA for
Detection of Antibodies Against Bovine Foamy Virus. Journal of veterinary research. 2017. Vol. 61, No 3. P. 247—-
252. DOI: https://doi.org/10.1515/jvetres-2017-0034.

9. Moody C. A., Pharr G. T., Murphey J., Hughlett M. B., Weaver C. C., Nelson P. D., Coats K. S. Confirmation of
vertical transmission of bovine immunodeficiency virus in naturally infected dairy cattle using the polymerase
chain reaction. Journal of veterinary diagnostic investigation : official publication of the American Association
of Veterinary Laboratory Diagnosticians, Inc. 2002. Vol. 14, No 2. P.113-119. DOI: https://doi.org/10.1177/
104063870201400204.

10. Materniak M., Sieradzki Z., Kuzmak J. Detection of bovine foamy virus in milk and saliva of BFV seropositive cattle.
Bulletin of the Veterinary Institute in Pulawy. 2010. Vol. 54, P. 461-465.

11. Rethwilm A., Bodem J. Evolution of foamy viruses: the most ancient of all retroviruses. Viruses, 2013. Vol. 5, No 10.
P. 2349-2374. DOI: https://doi.org/10.3390/v5102349.

STUDYING THE CHARACTERISTICS OF BOVINE FOAMY VIRUS
AT THE CULTURAL AND MOLECULAR GENETIC LEVEL

Gorbatenko S. K., Didyk T. B., Korneikova O. B., Kuznetsova O. V., Myagkikh N. V., Bryl N. F.
National Scientific Center “Institute of Experimental and Clinical Veterinary Medicine”, Kharkiv, Ukraine

Dunaieva O. V.
Kharkiv National Medical University, Kharkiv, Ukraine

The article is devoted to the study of the adaptive capacity of bovine foamy virus to homologous
continuous cell cultures, namely LEK and KST. In the process of integration of the causative agent of
spumavirus infection in cattle into the continuous cultures LEK and KST, morphological changes in the state of
the monolayer are observed on the principle of syncytium formation and vacuolization. It was found that LEK
continuous cell culture is more suitable for pathogen replication and accumulation of viral mass. Studies on the
possibility of integrating the field form of bovine foamy virus into the continuous cell culture KST showed low
sensitivity of the latter to the virus of the Retroviridae family

Keywords: bovine foamy virus, continuous cell cultures, polymerase chain reaction, cell culture
monolayer
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