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Momusayusa u yenv: BUpycHl SBISIOTCS MPUYHHON Cephe3HBIX 3a00JIEBaHUI BO BCEM
MHUpEe, OCOOCHHO B pa3BUBAIOIIMXCS CTpaHax. B CBA3M ¢ POCTOM YHCIEHHOCTH,
TUIOTHOCTH ¥ MOOMJILHOCTH HACEJICHHUS YBEINYHBACTCSI PUCK BO3HUKHOBEHHS BCTIBIIICK
W3BECTHBIX U HEU3BECTHBIX BHUPYCHBIX HH(pekuuid. B mocinemHue romel ¢
ucnonb3oBaHueM TexHOIOTHu NGS ObIIO BBISIBICHO MHOXKECTBO HOBBIX MAaTOTEHHBIX
JUI 4eJIOBeKa BUPYCOB, MEPEHOCHMBIX KIICIIAMH, B TOM YHCJIE€ OPTOHAHPOBHUPYCOB:
Songling virus (SGLV) [1], Yezo virus (YEZV) [2, 3] u Beiji nairovirus (BJINV) [4].
Nmeromuecs orpaHn4eHHbIE JaHHBIE 00 3TUX BUPYCax YKa3bIBaIOT HA TO, YTO C BHICOKOM
JIOJTIe BEPOSTHOCTH OHHM MOTYT OBITh BO3OYAMTEIISIMH JIMXOPAAKH Yy YeJOBeKa, 4To
MpeICTaBIsieT HOBYIO Yrpo3y AJisi OOIIECTBEHHOrO 31paBooxpaHeHus. [Ipu sTom
uHpOpMAIUSI O CTPYKTYPHBIX OCOOEHHOCTSX BHpPHOHA W  OEIKOB  HOBBIX
OpPTOHAMPOBUPYCOB, SIBISIOMIASCS HEOOXOAMMOW JUIS PpalMOHAJIBLHOTO CO3JaHMUS
3¢ GEKTUBHBIX BaKIIMH U TEPANEBTHYECKUX TPOTHBOBUPYCHBIX PENapaToB, HA JaHHBIN
MOMEHT IOJHOCTBIO OTCYTCTBYET. lloaTOMy menpio Hamiel paboThl cTano H3ydeHHE
CTPYKTYpHBIX ocobenHocteit nykiaeonpoTenHoB (NP) SGLV, YEZV u BINV, kotopsie
UTPAIOT BaXHYI pPOJb B JKU3HEHHOM LWKJIEC OPTOHAMPOBUPYCOB M COJEpXkat
MMMYHOJOMHHAHTHbIE PETHOHBI.

Memoowt u aneopummer: IlonmHOpa3MepHbIe mocneaoBaTebHOCTH cermenTta 1 SGLV,
YEZV u BINV 0butn B3siThI 13 6a3bl qanHbix GenBank. [Torck GM3KOpOACTBEHHBIX
HYKJICOMIPOTENHOB, TMPOCTPAHCTBEHHBIE CTPYKTYPhI KOTOPBIX YK€ OBUIM peIIeHBI
AKCIIEpUMEHTaIbHO, BbImoiHeH ¢ momomipio NCBI BLAST (National Center for
Biotechnology Information Basic Local Alignment Search Tool) mo 6a3e nanusix PDB
¢ wucnonb3oBaHueM anroputma blastp (protein-protein BLAST). MHuoxecTBeHHOE
BbIpaBHMBAaHHUE AMHMHOKHCIOTHBIX IIOCJIEIOBATEIILHOCTEH BBIIOJIHEHO B IPOrpamMMe
Unipro UGENE c ucnonb3oBanuemM urepatuBHOro merosaa seipaBHuBanus MUSCLE.
OyHKIMOHATIbHAS aHHOTAIHMS BUPYCHBIX OEJIKOB POHU3BE/IEHA C TIOMOIIBIO IPOTrPaMMBbl
Protomenal u Be6-cepsuca HMMER. TTouck MOTHBOB MPOBOIHICS 10 0a3aM JaHHBIX
Pfam u NCBI CDD (Conserved Domains Database). MogenupoBaHue
npoctpancTBeHHBIX cTpykTyp NP SGLV, NP YEZV u NP BJINV mnpousBomuiu Ha
cepepe AlphaFold. Ot6op mpocTpaHCTBEHHBIX MOJENEH Ui JATbHEHIIETO
TEOPETUYECKOro aHaIN3a IPOU3BOIMIICS Ha OCHOBE KO3 (UIIMEHTA JOCTOBEPHOCTH JUIS
KaXJI0l aMUHOKHCIIOTHI C YYETOM IPOTHO3UPYEMOM JIOKAIBHON PAa3HOCTH PACCTOSTHUM
(pLDDT) AlphaFold 3. Busyanu3saius mpocTpaHCTBEHHBIX MOJIEICH BUPYCHBIX OCIIKOB
BhINoOJIHEHA ¢ moMolnkio porpammel UCSF Chimera.

Cunternueckue KonoH-onTuMusupoBanHele [IHK komuu reHoB, komupyromumx NP
SGLV, NP YEZV u NP BINV, nony4anu myTeM Mocjaej0BaTeIbHOTO OTXKHITa YaCTHIHO
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KOMILJIEMEHTApHBIX OJMTOHYKJICOTHIOB C TMOCIenyoled ammudukanueid MeTo1oM
[MP u xnonupoBanuem B mnasmuay PJETL1.2/blunt. {nst momyueHus: reHeTHYECKUX
KOHCTPYKIMHA, obecreunBaromux cuHte3 YEZV NP, SGLV NP u BINV NP,
mpousBoawin ammiudukarmio JJHK komuii rero YEZV NP, SGLV NP u BJINV NP u3
pJET1.2/YEZV-NP, pJET1.2/SGLV-NP wu pJET1.2/BINV-NP c¢ mnocnenyrormeit
obpabotkoii TTI[P-mpoxykToB sHmOHYKIea30i pectpukuuu Mall. PexomOuHaHTHBIC
razmMuabl, kogupytomme YEZV NP, SGLV NP u BJNV NP, tpanchopmupoBaimcs B
mramMm KRX Escherichia coli 1 cBepxakcmpeccupoBaiuch COBMECTHO CO CIHMTBIM
O0enkoM yOWKBUTHH-TIOZ0OHOTO Momudukatopa (SUMO) wu caiitoM mpoTeosm3a
nukopHanHoM 3C punoBmpyca A28 [5]. O9nCTKYy pEeKOMOMHAHTHBIX OEJIKOB
OCYIIECTBISUIM ~ METOJOM  MeTaJI-XelaTHoi  adduuHHOW  Xpomarorpadguu ¢
ucnonr3oBanueM copoenrta HisPur Ni-NTA Resin Ha xpoMaTorpaduueckoil ycTaHOBKE
Bio-Lab 100. Ananu3s ¢paximii peKOMOHHAHTHBIX GEIIKOB MIPOBOIUIN MeTOmOM SDS-
PAGE. Konnentpamnuio 6enka B mpemapare n3mepsuin Ha ¢uyopumerpe MAXLIFE
Fluorimeter 2.0. M3mepenne nuHamuueckoro ceeropaccesuus (DLS) oT monyueHHBIX
OrOMOJIEKYJT IPOBOIMIIOCH Ha aHan3atope BeNano 180 Zeta Pro.

Pesynomamer: Uccnenyemsie 0enkut NP SGLV, NP YEZV u NP BINV He mmeror
M3BECTHBIX aHAJIOTOB C PEIICHHON MPOCTPaHCTBEHHOHN cTpykTypoii B PDB. YpoBeHn
WACHTUYHOCTH HYKJICONPOTEMHOB OTHX BHPYCOB C O€JIKaMH C W3BECTHBIMU
crpykrypamu coctaBui okoio 30 %. C momomsio AlphaFold 3 Gbuti mosyueHst
momenn crpyktyp NP SGLV, NP YEZV u NP BINV c¢ xoaddunmentamm
nocroBeproctu pLDDT NP SGLV = 86.45, pLDDT NP YEZV = 86.85, pLDDT NP
BJNV = 81.30. Bce momenu sIBISIIOTCS BBICOKOCTPYKTYPHPOBAHHBIME U MMEIOT JBa
MPOCTPAHCTBCHHO pAa3JeNICHHBIX JOMEHa, B OCHOBHOM IPEJCTABICHHBIX alib(a-
CIHMPAJISIMU U COSIMHEHHBIX MEXy cO00# CBOOOAHBIMY METIISIMH, YTO YKa3bIBACT HA UX
MPUroIHOCTH I Kpuctamum3anuu u PCA. Mozenu 6enkoB NP SGLV, NP YEZV u NP
BJNV neMOHCTpUPYIOT BRICOKHIT YPOBEHB TOMOJIOTHIECKOTO CXOJICTBA MEKIY COOOH 1
opronaiipoBupycom KKI'JI, HecMOTpss Ha OTCYTCTBHE TOMOJIOTOB TIE€PBUYHOMN
CTpyKTyphIL. [IpocTpaHcTBeHHAsE OpraHu3anus OeTKOB HATIOMHHAET PAKETY, COCTOSIIYIO
W3 JJOMEHa Tuieda «ctedst» (oMeH 1) U rio0yisipHOTO IOMEHa «TOJIOBBD (JIoMeH 2)
(puc. 1). PacmpeneneHue 3JIEKTPOCTATHYECKOTO IMOTCHIMAMa HAa I[MOBEPXHOCTH
HYKJIEOTIPOTEMHOB JeMoHCTpupyeT Hamuunme PHK-cBs3bIBaromero caiita B paiioHe
HEHTPaTLHOM MIEeNTU U B IoMeHe 1.

A

Very high (pIDDT > 90) Confident (90 > pIDDT > 70) Low (70 > pIDDT > 50) Wery low (pIDDT < 50)

Puc. 1. Mozenu npocTpaHCTBEHHON CTPYKTYpPhl MOHOMepa HykiieonporenHa YEZV.
A — cTpyKTypa n300paxkeHa B IIBETOBOM KoupoBanue Koddduruenta pLDDT; B — cTpyk-
Typa B JJCHTOYHOM IPEACTaBICHUI
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Ha Bropom stane pabotsl 0butH mosydenst de novo THK konuu reHoB, KOJUPYIOIIUX
NP SGLV (1458 nykmeorumoB), NP YEZV (1509 nykneornnoB) u NP BINV
(1659 nykineorumoB). Jlu3aiiH TEHETHYCCKUX KOHCTPYKIMH TMPOM3BOAMINA TaKUM
00pa3om, 4TOOBI MOTYYHTh TOTHOPA3MEPHBIC HYKJICONPOTEHHBI U OTACIHHO WX JIOMEHBI
B pacTBOpuMOii ¢opme. M3 HyKICOMPOTEeHHOB OBUIN MCKIIIOUYEHBI HECTPYKTYPHUPOBAH-
Heie co ctoponbl C u N koHI0B oOmactu. [lanee mocie HapaOOTKH OHMOMACCH U ABYX
MOCJIEeIOBATENLHBIX XPOMATOrpaQUIeCKUX OUUCTOK OBUIH TTOTYYSHB pEKOMOHHAHTHBIC
NP YEZV monexynspaoii maccoir 56.2-10° la, momen 1 NP YEZV — 14.2.10° [la,
NP BINV — 61.10% Jla u NP SGLV — 54.2-10% Jla 6e3 appUHHBIX METOK U OEIKOB
CIUSIHAA ¢ 4YACTOTOM Oomee 95 %, mpuromHbeie AN AambHEHIIUX CTPYKTYPHBIX
WCCIIEIOBAHUH SKCIEpUMEHTAIbHBIME MeTogamu, B yactHoctd PCA. Meromom DLS
YCTaHOBJICHO, YTO pa3Mep OHMOMONeKyisl pekomOuHaHTHOro aomeHa 1 NP YEZV
BappHUpyeT OT 2.26 10 3.84 HM, 9TO COOTBETCTBYET OXKHAaeMoMy. B HacTosmiee Bpems
BeAyTCcsS pabOThI MO TOA00pPY HAYaNbHBIX ycioBuid Kpuctammmm3anud NP SGLV,
NP YEZV, nomena 1 NP YEZV u NP BINV.

Bvi6oowi: B xome 1aHHOTO MCCIIEIOBaHUSI HA OCHOBE BBIYMCIUTEIBHBIX MOJIENIEH ObLTH
BBISIBIICHBI CTPYKTYPHBIE OCOOCHHOCTH HYKIICONMPOTEHHOB TPEX HOBBIX OpTaHAHPO-
BUPYCOB, a TakKe pa3padOTaHbl MOAXOIBI AJISi AKCIEPUMEHTAIBHOTO HCCIICAOBAHMUS
CTPYKTYPBI peKOMOMHAHTHBIX OEJIKOB MAJIOM3Y4EHHBIX MMOTEHIIMAIHLHO MAaTOT€HHBIX JUIS
YyenoBeka BUPYCOB. JlanbHelIee HCCe0BaHue CTPYKTYPhl OENKOB HOBBIX BHPYCOB
JaCT TpeJICTaBIeHUEe O (PYHIAaMEHTAIBHBIX MEXaHW3MaxX HWHQEKIMHA, BBI3BAHHBIX
JAaHHBIMHA BHPYCaMH, W TI03BOJIUT TapreTHO MOAXOAMTH K pa3paborke 3(pdeKTHBHBIX
BaKIIMH ¥ TPOTUBOBUPYCHBIX TMpENapaToB [y OOCCICUCHUs HAIIMOHAIBHOM
OHMOIOrMYeCKOM Oe301TacHOCTH.

Qunancuposanue. Pabota BHIONHEHa NMpU (HUHAHCOBOW MOAJEpKKe MHHHCTEpCTBA
HAyKW W BbICIIEro oOpa3oBanus Poccuiickoii @enepanuu (cornamenue ot 12.10.2021
Ne 075-15-2021-1355) B paMkax peanu3aiiiu OTAETHHBIX Meponpustaii DeaeparbHOi
HAYYHO-TEXHHYECKOM TpOrpaMMbl  Pa3BUTHSl CHHXPOTPOHHBIX M HEUTPOHHBIX
UCCIIeJOBaHUH U HCCIeIoBATeNbCKOM MHGPAacTpyKTypsl Ha 2019-2027 rr.
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Motivation and Aim: Viruses cause serious illness throughout the world, especially in
developing countries. As populations grow in size, density, and mobility, the risk of
outbreaks of known and unknown viral infections increases. In recent years, using NGS
technology, many new tick-borne viruses pathogenic to humans have been identified,
including orthonairoviruses: Songling virus (SGLV) [1], Yezo virus (YEZV) [2, 3] and
Beiji nairovirus (BJNV) [4]. The limited data available on these viruses indicate that
they are highly likely to cause fever in humans, representing an emerging public health
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threat. At the same time, information about the structural features of the virion and
proteins of new orthonairoviruses, which is necessary for the rational creation of
effective vaccines and therapeutic antiviral drugs, is currently completely absent.
Therefore, the goal of this work was to study the structural features of the nucleoproteins
of SGLV, YEZV and BJNV, which play an important role in the life cycle of
orthonairoviruses and contain immunodominant regions.

Methods and Algorithms: Full-length segment 1 sequences of SGLV, YEZV, and BINV
were obtained from the GenBank database. A search for closely related nucleoproteins
whose spatial structures have already been solved experimentally was performed using
NCBI BLAST (National Center for Biotechnology Information Basic Local Alignment
Search Tool) against the PDB database using the blastp (protein—protein BLAST)
algorithm. Multiple alignment of amino acid sequences was performed in the Unipro
UGENE program using the MUSCLE iterative alignment method. This program was
also used to search and map amino acid substitutions and analyze their location.
Functional annotation of viral proteins was performed using Protomenal programs and
HMMER wed-service. The search for motifs was carried out using the Pfam and NCBI
CDD (Conserved Domains Database) databases. Modeling of the NP SGLV, NP YEZV,
and NP BJNV structures was carried out on the AlphaFold server. The selection of
spatial models for further theoretical analysis was based on the confidence coefficient
for each amino acid considering the predicted per-residue model confidence score
(pLDDT) AlphaFold 3. Visualization of spatial structures of viral proteins was
performed using the UCSF Chimera program.

Synthetic codon-optimized DNA copies of the genes encoding SGLV NP, YEZV NP,
and BIJNV NP were obtained by sequential annealing of partially complementary
oligonucleotides, followed by PCR and cloning into the pJET1.2/blunt plasmid. DNA
copies of the YEZV NP, SGLV NP and BJNV NP genes were amplified from
pJET1.2/YEZV-NP, pJET1.2/SGLV-NP, and pJET1.2/ BJNV-NP, followed by
treatment of PCR products with restriction endonuclease Mall in order to obtain genetic
constructs providing the synthesis of YEZV NP, SGLV NP, and BIJNV NP.
Recombinant plasmids encoding YEZV NP, SGLV NP, and BJNV NP were transformed
into Escherichia coli strain KRX and overexpressed together with a small ubiquitin-like
modifier (SUMO) fusion protein and the picornaine 3C proteolysis site of rhinovirus
A28 [5]. Purification of recombinant proteins was carried out by metal chelate affinity
chromatography using HisPur Ni-NTA Resin sorbent on a Bio-Lab 100 chromatography
unit. Analysis of recombinant protein fractions was carried out by SDS-PAGE. The
protein concentration in the preparation was measured using a MAXLIFE
Fluorimeter 2.0. Dynamic light scattering (DLS) measurements from the obtained
biomolecules were carried out on a BeNano 180 Zeta Pro analyzer.

Results: The SGLV NP, YEZV NP, and BJNV NP proteins have no known analogues
with a solved spatial structure in the PDB. The identity level of the nucleoproteins of
these viruses with proteins with known structures in the PDB was about 30 %. Models
of the SGLV NP, YEZV NP, and BJNV NP structures were obtained with confidence
coefficients: pLDDT NP SGLV = 86.45, pLDDT NP YEZV = 86.85, pLDDT
NP BINV = 81.30 using AlphaFold 3. All models are highly structured and have two
spatially separated domains, mainly represented by a-helices and interconnected by free
loops, which indicates their suitability for crystallization and X-ray diffraction analysis.
The SGLV NP, YEZV NP, and BJNV NP protein models demonstrate a high level of
topological similarity between themselves and Crimean—Congo hemorrhagic fever virus,
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despite poor primary sequence similarity. The spatial organization of proteins resembles
a racket-shaped overall structure, consisting of a “stalk” arm domain (domain 1) and a
globular “head” domain (domain 2) (Fig. 1). The distribution of electrostatic potential
on the surface of SGLV NP, YEZV NP, and BJNV NP demonstrates the presence of an
RNA-binding site in the central cleft region and in the domain 1.

Very high (pIDDT > 90) Confident (90 > pIDDT > 70) Low (70 > pIDDT > 50) Very low (pIDDT < 50)

Fig. 1. Structure of monomer YEZV NP.
A — overall structure in pLDDT color representation; B — overall structure in cartoon
representation

At the second stage of the work, de novo DNA copies of the genes encoding SGLV NP
(1458 nucleotides), YEZV NP (1509 nucleotides), and BJNV NP (1659 nucleotides)
were obtained. The design of genetic constructions was carried out in such a way as to
obtain full-length nucleoproteins and separately their domains in soluble form.
Unstructured regions at the C and N ends of SGLV NP, YEZV NP, and BINV NP were
excluded from the recombinant nucleoproteins. Then, recombinant YEZV NP with a
molecular weight of 56.2-10° Da, domain 1 YEZV NP — 14.2.10° Da, BJNV NP —
61-10° Da and SGLV NP —54.2.10° Da were obtained after production of biomass and
two sequential chromatographic purifications. Recombinant SGLV NP, YEZV NP, and
BJNV NP had not contain affinity tags and fusion proteins, had a purity of more than
95 %, and were suitable for further structural studies by experimental methods, in
particular X-ray diffraction. Using the DLS method, it was found that the size of the
biomolecule of the recombinant domain 1YEZV NP varies from 2.26 to 3.84 nm, which
corresponds to the expected value. Currently, research is underway to select the initial
conditions of SGLV NP, YEZV NP, domain 1 YEZV NP, and BJNV NP crystallization.
Conclusion: In the course of this study, based on computational models, the structural
features of the nucleoproteins of three new orthonairoviruses were identified, and
approaches were developed for the experimental study of the structure of recombinant
proteins of poorly studied viruses that are potentially pathogenic for humans. Further
study of the protein structure of new viruses will provide insight into the fundamental
mechanisms of infections caused by these viruses and will allow for a targeted
development of effective vaccines and antiviral drugs to ensure national biological
safety.
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