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Momusayusa u yenv. CormacHo AaHHbIM Exxerognoro otuera BO3 3a 2023 1.,
KOJINYECTBO 3a00JIeBaHUM, BEI3BAHHBIX HH(PEKIIMOHHBIMH areHTaMH, BBIPOCIIO MOYTH Ha
2 % 1o cpaBHeHuo ¢ 2022 r., naxke HECMOTps Ha okoH4aHue nanaemun COVID-19 [1].
W3yyeHne HOBBIX BUPYCOB — OJHA U3 BaKHEHIIHNX 3a7a4 NPOTUBOACHCTBUS BUPYCHBIM
yrposam u obecneueHus HaMOHAIBHON Ouonoruueckoii 6ezomacHocTu [2]. OaHako B
pelieHNHd JAaHHOW 3aJadyd HE BCerza BO3MOXKHO INPHUMEHEHHME KIACCHYECKUX
BUPYCOJIOTUYECKUX M MOJEKYISIPHO-OHOJIOIMYECKHX MOAXOIO0B, M Ha IOMOIIb
MPUXOAAT METOJbI MATEMaTHYECKOTO MOACTUPOBAHUS, CAHTETHYECKON U CTPYKTYpHOU
ouonornn. Bupyc Xaceku (Haseki tick virus, HSTV) — HoBBIIi BHpyC, BHepBbie
BELsIBIIeHHBI MeToIoM NGS B CBIBOPOTKAax KpOBH IIt0JIeit ocie ykyca kireria B 2020 T.
Ha tepputopun PO [3]. Undekuus, Beizannas HSTV, y uenoBeka xapakTepusyercs 3—
5-7IHEBHOM JIMXOPAJKOW, 3aTPYAHCHHBIM JbIXaHueM U 0osbto B ropiie. ['enom HSTV
npencraieH onPHK(+) mmmHO#M ~16 ThIC. HYKJICOTHIOB U COACPIKHUT OJHY OTKPBITYIO
paMKy CUYMTBHIBaHUS, (JIAHKUPOBAHHYIO HETPAHCIUPYEMBIMU perHoHaMu. BupycHble
OCJIKM CHHTE3MPYIOTCS KaK MOJHUIPOTEHH, MOCTTPAHCIALMOHHO pPacHIeIUIIeMbIi
nporeazamu. OnHako MH(OpPMALMA O TOM, KaKhe BUPYCHBIE OENKH KOAMPYET I'€HOM
HSTV u kakoBa MX IPOCTPaHCTBEHHAs OPraHM3alysl, HOJIHOCTBIO OTCYTCTBYET, YTO
nenaer (akTHYeCKM HEBO3MOXHBIM JlaJIbHEHIee MpeJcKa3aHue W H3yYeHHUE
OHMOJIOTUYECKUX CBOMCTB JaHHOro BHpyca. [losToMy mLenbio Hameld paboThl CTano:
1) byHkunoHanpHAs aHHOTAIMS TeHOMa BHpyca Xacekd; 2) noiaydeHde de novo
MPEeJCKa3aHHbIX BUPYCHBIX OENKOB Ui TOCIEAYIOMIEr0 PEHTTEHOCTPYKTYPHOTO
aHam3a v U3y4eHUs: CTPYKTYPBHI.

Memoowt u aneopummei: benkoele momensl HSTV  Obum  mpenckasaHel ¢
WCTIOJIb30BaHMEM MHCTPYMEHTA IOMCKa KOHCepBaTHBHBIX foMeHoB NCBI, mporpamMmer
MOTIF B 6a3e manubix PFAM, mporpammel InterProScan un Be6-cepsuica HMMER.
IMporpamma TMHMM v2.0c u Beb-cepBep PredictProtein.org mcnosnb3oBanucey st
JIOKaJIM3alry TpaHcMeMOpaHHbIX JomeHoB nonunporenna HSTV. Ilpeamnonaraemeie
CaifThl mpoTeonu3a onpenessuin ¢ ucnoib3oBanueM SignalP u PROSPER. Bropuunyto
ctpyktypy 5—3" UTR PHK HSTV mnporao3upoBaiu ¢ HCHOIb30BaHHEM CEPBEPOB
MFOLD 3.4 u Vienna RNA Package. MonenupoBanre npoBOIWIN IIPH TeMIEpaType
37°C u B monHbix ycioBusix 1| M NaCl 6e3 nByxBajeHTHBIX HOHOB. Ilapamerpsl
«MaKCHMaJIbHOE PACCTOSIHWE MEXIy MapHbIMH ocHoBaHusMU» (MDBPB), «mporent
cybontumanbHOCTHY (%S), «BEepXHss TPaHHULIA KOJIMYECTBA BHIYMCICHHBIX CKIAI0K» U
«BEpXHSS TrpaHuIa OOIIEro KOJMYECTBa OJHOLETIOYEYHBIX OCHOBaHHMK» ObUIN
YCTaHOBJIEHBI 0 YMOIJYaHMIO, a «HadaibHasi cBoOomHas ’Heprus AG» — Ha TOHUCK
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MUHHMAJIBHOTO 3HAa4YCHUS. MOJeNupoBaHHE MPOCTPAHCTBEHHBIX CTPYKTYp OENKOB
HSTV npoussogunu ¢ ucnons3oBanuem AlphaFold 3 na cepsepe AlphaFold. [Ins
aHanm3a OeNKOBBIX CTPYKTYp HCIoNb30Bad mporpammy CrystalExplorer.

Coopky JHK xommii TeHOB, KOTUPYIOIMIMX aMHHOKHCIOTHBIE TOCIEI0BATEIHLHOCTH
oenkoB HSTV, ocymectBnsiim meromoMm cbopounoit [IIP ¢ wucnoms3oBaHueM
BbicokoTouHOM JIHK momumepassr Q5 v OMMTroHYKIICOTHIOB JUIMHOW ~ 60 OCHOBaHHH U
MOCEAYIOUIMM KJIOHUPOBaHWEM IPOLYKTOB aMIUIM(HUKALUU B IUIA3MUAHBIA BEKTOP
pJET. [ co3maHusi SKCIPECCUPYIOIIUX TCHETHUECKUX KOHCTPYKIHUH HCIIOIB30BaIH
mnasmuaEsie BekTopa pET200 1 pPEASY. Dkenpeccuio OCyIIECTBIISUIN B IITaMMax
BL-21(DE3) u KRX kierok E. coli. PactBopumyro ppakiinio peKOMOHHAHTHBIX OSIIKOB
HSTV nonyyanu myTeM TOMOTEHM3MPOBAaHHS KIIETOYHOM OMOMAcCHl YIbTPa3BYKOM.
KnerouHsle m13aThl aHATU3UPOBAIIH IIyTEM UIEKTPOPOPETUIECKOTO pa3AEIeHuUs OEIKOB
B 15 % nonmakpmiiaMUIHOM rejie B ICHATypPUPYIOLIUX YCI0BHA 10 MeToxy JIammuin.
Pezynsmamur: beino npenckazano, uro renHoM HSTV copep:KuT oiHy OTKPBITYIO paMKy
cuutbiBanus (ORF), xomupytomryro momurporenH pasmepoM ~5100 aMHHOKHCIIOT,
KOTOPBIH KO- ¥ HOCTTPAHCISILIMOHHO PACIICIUIETCS HA CTPYKTYPHBIE U HECTPYKTYPHBIE
6enku (puc. 1). ORF okpyxena kopotkoit 5 ' UTR (~215 m.H.) u npotsoxennoit 3 ' UTR
(~698 m.1.). Ctpykrypa nonunporenHa HSTV cxosxa ¢ MOTUIPOTENHOM ITECTHBUPYCOB.
ITepeoiM  Oenkom, komupyembiM HSTV, sBusercs N-koumeBas mnpoteaza (Npro)
pazmepoM ~168 amuHOKKCITIOT. NPro MpeanoIoKUTENFHO SIBISETCS IMCTEMHOBOW aBTO-
nporeasoii, oopasyroieii N konerr karcuaHoro 6enka (C) HSTV. 3a 6enkom C crienyror
JIBa MOBEpXHOCTHBIX Oenka E1 u E2, coneprkamiue TpancMeMOpaHHbIE YYACTKH.

Bruto npenckazano, 4to HecTpykTypHas yacts TeHoMa HSTV conmepxut Baxkabie NS2-
moobubpie (mpoTeasa), NS3-mogobubie (mporeasa u xenukasa) 1 RORp-mogo0HbIE
(PHK-3aBucumast PHK-nonumepasa) nomenst. Pazmep NS2-mono6HO#M mpoTeasbl 0KoI0
300 a.o. DTo mepBeIi OENOK, 3aKOAMPOBAHHBIM B HecTpykTypHoil yactm ORF u
MPEANOI0KUTEIBHO COCTOSIIINN U3 IBYX CTPYKTYPHBIX 1oMeHOB. [Ipencka3zanubie NS3-
nono0Hbie 1 RARP-nogo0HbIe Oenku cocTaBisiIoT TpuMepHo 570 u 486 a.0. B UIHHY
cooTBeTcTBeHHO. bemok NS3 cocrout u3 momeHa cepuHoBOi mpoteassl (~210 a.0.) u
KOHCEpBAaTUBHOTO C-KOHIIEBOTO JOMEHa renukassl (~260 a.0.). MHOXXeCTBEHHbBIE
TpaHCMeMOpaHHbBIE PETHOHBI PACTIONIOKEHBI MEXKTy CTPYKTYPHBIMHU O€IIKaMH U B KOHIIE
nonunpotenHa. [Ipenckazannas Bropuynas ctpykrypa 5' UTR PHK HSTV cocrout u3
Oosbmioit crebseBoid memm (SLA), koropas BKIO4aeT OOKOBYIO METIO, U Y-
CTPYKTYpHl, OKaHuuBaromieiica uHunmaropom tpancasimuun AUG. Crpykrypa SLA
BBICOKOKOHCEPBATUBHA CpEAHM pa3IHYHbIX (IaBUBUPYCOB, W OTOH CTPYKType
npenmectByeT 5'-m7GpppAmG ka1
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Puc. 1. [Ipeanonaraemasi CTpyKTypa MOJIMIIPOTENHA BUpyca XaceKu
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Mopenu npocTpancTBeHHbIX CTpyKTyp OcenkoB HSTV B AlphaFold 3 umenu nuskuii
koapduument nocroseproctu (PLDDT Npro HSTV = 92; pLDDT SP2 HSTV = 47,
pLDDT RdRp HSTV = 41) u, COOTBETCTBEHHO, HE MPHUIOMHBI UIA JAIbHEHIIETO
anammza. [loaromy manee Obumn momydens! cuaTeTndeckne JIHK xomwm reHoB, xomu-
pytomux npeanonaraembie oenku Npro HSTV, nanmemOpannyto yacts E2 (SP2) HSTV
u RARp HSTV, u skcnpeccupyromre KOHCTPYKIMU /ISl HApaOOTKU JaHHBIX OCITKOB.
Ju3aiia 6eJIKOB MPOU3BOAMIN TAKKMM 00pa3oM, 9YTOOBI TOJTyYHTh MAaKCUMAJIbHBIN BBIXO/T
OeJka B pacTBOPUMOM (OpMe M YBEITHMUUTH BEPOSITHOCTh MX YCIICHIHOW KpHCTalUIN3a-
mun. s pekomOunantHoro Oenka Npro HSTV Obumn co3panbl MpOKapHOTHYECKHE
mtaMMbl-ipoayneHTsl:  BL-21/pET200/HSTV-Npro ¢ onTuManbHBIMHA YCIOBHIMH
HapaOOTKH MpH KyJIbTUBUpOBaHWU B TeueHue 16—20 gacos, 20 °C u 180 o6/MuH c
nob6asienneM 1 MM UIITT u KRX/pET200/HSTV-SP1 — kynetuBupoBanue 20 4acos
mipu 16 °C u 210 06/mun ¢ naaykmwei 1| MM UIITT u 0.1 % paMHO3BL

Buisoowi: B nanHoi#l paboTe MBI BIIEpBBIE ONMHCAIH CTPYKTYPY T€HOMa HOBOTO BHpYycCa
Xaceku, KOTOpas CBHUACTENBCTBYET 00 DBOJIONMOHHOM CXOJCTBE BHUpPYyCa XaceKH C
BupycamMmu  poma  Pestiviruses.  Jlamee — maHuMpyeTcs — KPUCTAUTM3AIUS W
PEHTTEHOCTPYKTYPHBIH aHamu3 coOpaHHbIX 06 NOVO pekoMOWHAHTHBIX OenkoB NPro,
SP2 u RdRp Bupyca Xaceku. DTO MO3BOJHT 3KCIEPUMEHTAIBHO IMOATBEPANUTH
cTpykrypy ©OeaxoB Npro, SP2 u RdRp, ycTaHoBHTR WX PO B pealn3alivu
reaerndeckord mHpopmanuu HSTV u momoxker pazpaboTarh crenHaIbHBIE TECTHI IS
oOHapyxeHHs, TPOPUIAKTUKA W KOHTpoIs mpexanonaraeMeix uHpexkmuit HSTV y
KJICIEH U JIIOJIEH.

Qunancuposanue: Pabora BBIOTHEHA TPU (UHAHCOBOW MOAEpKKe MUHHCTEpCTBa
HayKd W BbIcIIero oOpazoBanusi Poccuiickoit @enepanun (cormamenue ot 12.10.2021
Ne 075-15-2021-1355) B pamkax pealu3anuyd OTACIBbHBIX Meponpusathii denepansHoit
HAYYHO-TEXHHYECKOM TpOrpaMMbl  Pa3BUTHSI CHHXPOTPOHHBIX M HEUTPOHHBIX
WCCIIEIOBAHUH M MCCIIEIOBATENECKON HHPpacTpyKTypsl Ha 2019-2027 rr.
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Motivation and Aim: According to the WHO Annual Report for 2023, the number of
diseases caused by infectious agents increased by almost 2 % compared to 2022, even
despite the end of the COVID-19 pandemic [1]. The study of new viruses is one of the
most important tasks in countering viral threats and ensuring national biological safety
[2]. However, in solving this problem it is not always possible to use classical virological
and molecular biological approaches, and methods of mathematical modeling, synthetic
and structural biology come to the rescue. Haseki tick virus (HSTV) is a new virus, first
identified by NGS in human blood sera after a tick bite in 2020 in the Russian Federation
[3]. HSTV infection in humans is characterized by 3-5 days of fever, difficulty breathing
and sore throat. The HSTV genome is represented by ssSRNA(+) with a length of
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~16 kilobase and contains one open reading frame flanked by untranslated regions. Viral
proteins are synthesized as a polyprotein that is posttranslationally cleaved by proteases.
However, information about which viral proteins the HSTV genome encodes and what
their spatial organization is completely missing. It is making further prediction and study
of the HSTV biological properties is impossible. Therefore, the purpose of this work
was: (1) functional annotation of the Haseki virus genome and (2) obtaining de novo
predicted viral proteins for subsequent X-ray diffraction analysis and structure studies.
Methods and Algorithms: The protein domains of HSTV were predicted using the NCBI
conserved domain search tool, MOTIF Search in the PFAM database, InterProScan tool
and HMMER web service. TMHMM v2.0c tool and PredictProtein.org web server were
used to localize transmembrane domains for polyproteins. Putative proteolysis sites were
determined using SignalP and PROSPER. The secondary structure of the 5 UTR RNA
HSTV was predicted using the MFOLD 3.4 server and Vienna RNA Package.
Simulation was performed at a folding temperature of 37°C and under ionic conditions
of 1 M NaCl without divalent ions. The parameters of maximal distance between paired
bases (MDBPB), percent suboptimality (%S), the upper bound on the number of
computed folds, and the upper bound on the total number of single-stranded bases that
are allowed in a bulge or interior loop were set as default, and the initial free energy AG
was set as the minimum value. The structures of HSTV proteins were modeled using
AlphaFold 3 on the AlphaFold server. CrystalExplorer program was used to analyze
protein structures.

Assembly of DNA copies of genes encoding HSTV proteins was carried out by overlap-
PCR using high-precision Q5 DNA polymerase and oligonucleotides ~60 bases long,
and subsequent cloning into the pJET plasmid. pET200 and pEASY vectors were used
to create expression genetic constructions. Expression was carried out in strains BL-
21(DE3) and KRX of E. coli cells. The soluble fraction of recombinant HSTV proteins
was obtained by homogenizing cell biomass with ultrasound. Cell lysates were analyzed
by electrophoretic separation of proteins in a 15 % polyacrylamide gel under denaturing
conditions using the Laemmli method.

Results: The HSTV genome contains one open reading frame (ORF) encoding a
polyprotein of ~5100 amino acids that is co- and post-translationally cleaved into
structural and nonstructural proteins (Fig. 1). The ORF is flanked by a short 5' UTR
(~215 bp) and a long 3' UTR (~698 bp). The HSTV polyprotein structure is similar to
pestiviruses. The first protein encoded by HSTV is an N-terminal protease (Npro) of
~168 amino acids in length. HSTV Npro is a cysteine autoprotease that forms the
N terminus of the HSTV capsid protein (C). Protein C is followed by two surface
proteins E1 and E2 containing transmembrane regions. It was predicted that the HSTV
genome contains important pestivirus NS2-like (protease), NS3-like (protease and
helicase), and RdRp-like (RNA-dependent RNA polymerase) domains. The size of NS2-
like protease is about 300 aa. It is the first nonstructural protein encoded in the ORF.
NS2-like protease consists of two structural domains. The predicted NS3-like and RdRp-
like proteins are approximately 570 aa and 486 aa in length respectively. The NS3-like
protein derived into the serine protease domain (~210 aa) and the helicase conserved C-
terminal domain (~260 aa). Multiple transmembrane domains located at the end of the
polyprotein. The predicted secondary structure of 5 UTR RNA HTV consists of a large
stem-loop (SLA) that includes a side loop, and Y -structure terminating in the translation
initiator AUG. The SLA structure is highly conserved among different flaviviruses, and
this structure is preceded by a 5’-m7GpppAmG cap.
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Fig. 1. Structure of the Haseki tick virus polyprotein

Models of HSTV proteins spatial structures in AlphaFold 3 had a low per-residue model
confidence score (pLDDT Npro HSTV = 92; pLDDT SP2 HSTV = 47; pLDDT RdRp
HSTV = 41). These protein models are not suitable for further analysis. Therefore, we
obtained synthetic DNA copies of the genes encoding the putative Npro HSTV,
extracellular part of E2 (SP2) HSTV and RdRp HSTV proteins, and expression
constructs for the production of these proteins. Proteins were designed to maximize
protein yield in soluble form and increase the likelihood of successful crystallization.
Prokaryotic producer strains of recombinant Npro HSTV were created. Optimal
production conditions for BL-21/pET200/HSTV-Npro are cultivation for 16-20 hours,
20 °C and 180 rpm with the addition of 1 mM IPTG and for KRX/pET200 /HSTV-SP1
are cultivation for 20 hours at 16 °C and 210 rpm with induction of 1 mM IPTG and
0.1 % rhamnose.

Conclusion: In this work, we described for the first time the genome structure of the new
Haseki tick virus. This result indicates the evolutionary similarity of the Haseki tick virus
with viruses of the Pestiviruses genus. Next, crystallization and X-ray diffraction
analysis of the de novo assembled recombinant Npro, SP2, and RdRp Haseki tick virus
proteins are planned. This will allow us to experimentally confirm the structure of the
Npro, SP2 and RdRp proteins, establish their role in the implementation of HSTV
genetic information and help to develop specific tests for the detection, prevention and
control of putative HSTV infections in ticks and humans.
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part of the implementation of certain activities of the Federal Scientific and Technical
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