doi 10.18699/bgrs2024-3.1-01

AHaJIN3 BTOPUYHOH CTPYKTYPBI HETPAHCIMPYEMbIX PETHOHOB
PHK ¢1aBunogo0HbIX BUPYCOB ¢ CerMEHTHPOBAHHBIM I'€HOMOM

Anxupeenxko /1.1 2, I'nagpimmesa A.1*

L Focyoapemeennwiii nayunwlil yenmp supyconoauu u 6uomexuonozui «Bexmopy Pocnompebuadsopa,
p-n. Konvyoeo, Poccus

2 Hosocubupckuii 20cyoapcmeennbiii ynusepcumem, Hosocubupck, Poccus

* gladysheva_av@vector.nsc.ru

Kmouessie cioa: PHK-conepxaniue Bupycsr; Flaviviridae; Jingmen tick virus; 5'-3' UTR

Momusayusa u yenw: 3a MOCIETHUE NATH JET C MOMOUIBIO BHICOKOIIPOU3BOAUTEIBHOIO
CEKBEHHPOBaHUS ObUIO OOHApYKEHO MHOXECTBO HOBBIX BHPYCOB CEMEHCTBa
Flaviviridae, obmamarommx aTHIHYHOW CTPYKTYpOW TIe€HOMa, YTO OPOCHJIO BBI3OB
TPaAWIIMOHHBIM MPHUHIUIAM Kiaccuukamun BupycoB. I'pymma Jingmenvirus (JMV)
cocrout u3 HoBbiXx PHK-comepkammx BHpYCOB, MEPEHOCUMBIX UJIEHHCTOHOTUMH, C
HECYCTaHOBJICHHOW Ha JaHHbI MOMeHT natorernocthio [1]. Kindia tick virus (KITV) —
HOBBIN HEKJIACCU(UIIMPOBAHHBIN (hIIABUITOTOOHBIN BUPYC, OTHOCAIIHICS K rpymnne JMV
cemeiictBa Flaviviridae, Bnepsbie oOHapyxeHHbI B 2017 r. B MKCOJOBBIX KJIEIIaX Ha
tepputopuu T. Kunaus ['Buneiickoii Pecyonuku [2, 3]. OH uMeeT cerMeHTUPOBaHHBIIH
onPHK(+) TeHOM, cocTOAIMA M3 YETHIPeX CEerMeHTOB, (IIaHKHPOBAHHBIX 5'u 3’
HeTpaHnciupyeMbimu perroHamu (UTR). /Ia cermenTa reHeTHYECKH U ()YHKITHOHAIBHO
CBSI3aHBI C TEHAMH, KOIUPYIOIIUMH HECTPYKTYpHBIE O€NKH OpTo(IaBUBHPYCOB, POIb
JIpYTuX JABYX CETMEHTOB HE YCTaHOBJIEHA. DTOT BUPYC UMEET HEOOBIYHOE YCTPOICTBO
reHoMa, B KOTOpoM cTpykTypa u poib 5’ u 3" UTR Bupycunoii PHK B peanuzanuu ero
TeHETHUYECKOH MH(OpMAIIMY Ha CETOJHSIIHIN AeHb PaKTHIECKH MOJTHOCTHIO OCTAOTCS
HemsydeHHbIMU. [lodToMy menbpio maHHOW pabOTBl CTANO W3YYEeHHWE BTOPUIHOMN
crpykryper 5'u 3’ UTR PHK cermenTnpoBaHHBIX (IaBUMIONOOHBIX BHPYCOB Ha
npumMepe HoBoro Bupyca KITV.

Memoowt u ancopummor. Hobie HepaspemeHHbie MOTUBBI 5'—3' UTR (moBTOpSsitommecs
11abyIoHbl  (PMKCUPOBAHHON JAJMHBI) OBUIM HAHAEHBI C HCIOJNBb30BAaHMEM I[aKeTa
MPOrpaMMHOT0 00eCIIeYeHHUS, MPeIoCcTaBieHHOTO BeO-ceprepoM MEME Suite (Bepcust
5.5.2). llporuosuposanue ctpykTyp 5'—3' UTR u BrIpaBHHBaHME MOCIIEI0BATEILHOCTEH
BBIMIOJIHSUIM € UCHOJIb30BaHueM HMHCTpyMeHTa LocARNA. [lonydyeHHble CTPYKTYpHBIE
BBIPAaBHMBaHUS BHU3YaJIM3UPOBAIUCH Kak BTOpuuHbIe CTpyKTypsl PHK ¢ momomisio
RNAplot u3 makera ViennaRNA ¢ wncnonb3oBaHHEeM pEXKHMOB «HanOoiee
WHPOPMATUBHON TIOCIIEOBATEIBHOCTH» W «AHHOTUPOBAHMS KOBapUallMH Map
OCHOBaHUi» 1 airoputma rnocrpoenus rpagpuxoB RNApuzzler. Bropuunsie cTpykTypbl
5'u 3'UTR PHK KITV u HX KOMIUIEKCOB COBMECTHO cO Mmuiabkod MS2 Obun
MpeJCKa3aHbl C HCIOJIb30BAHUEM  CIEAYIOIIUX HE3aBUCUMBIX HHCTPYMEHTOB:
ViennaRNA Fold, UNA MFOLD 3.6 u RNAstructure. MonenupoBanue npOoBOAMIH IIPH
temneparype 37 °C u B woHHBIX ycnoBusix | M NaCl 6e3 nByXBaJeHTHBIX HOHOB.
[TapameTpsl «MakCUMalIbHOE PACCTOSTHAE MEX Y MapHbBIMU ocHOBaHusAMI» (MDBPB) u
«rpoueHT cybontuManbHOCTHY (%S) mondupanuch Bpy4HYIO. Bbuld ycTaHOBIIEHBI
MDBPB ot 60 g0 100 u %S 1o 50 %. BepxHsisi rpaHuia KOJIMYECTBAa BHIYUCICHHBIX
CKJIaJIOK M BEpXHsisl T'paHHIa OOIIEro KOJMYECTBAa OJHOIETIOYECYHBIX OCHOBAHMHIA,
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KOTOpbIE pa3pelleHbl B BHIMYKIOCTH WM BHYTPEHHEH MeTie, ObUIM YCTaHOBJICHBI Ha
ypoBae 25. OcranbHble mapaMeTpbl ObUTH YCTAHOBJIECHBI TI0 YMOIYaHMIO, a HayalbHast
cBoOonHast »Heprust AG — Ha MHUHHMMaIbHOE 3Ha4yeHue. [ IeTanbHOro aHanusa
BTOPUYHBIE CTPYKTYPHI OBUTH JTMHEAPHU30BaHBI ¢ MOMOIIbI0 iporpaMmbl VARNA 3.9 u
nepeprucoBanbl B rpadUuecKkux penaktopax. MonenupoBaHHe OEIKOBBIX CTPYKTYP
mpomssomwan B AlphaFold 2.

Coopky JHK xomwmit 5’ u 3' UTR PHK KITV, nx KoMIIEKCOB COBMECTHO CO IITIITBEKOM
MS2 u rena, konupyromero 6enok obonouku gara MS2, ocymecTBisian METOAOM cOO-
pounoii [THP ¢ ucnonezoBanrem BeicokoTounoi JJHK nomumepassr Q5 (NEB, CILIA) u
OJIMTOHYKJIEOTHUIOB AMUHON 60 OCHOBaHUH U MOCIELYIOIUM KIOHHPOBAaHUEM IPOyK-
TOB amIuduKanuu B masMunaeiidi Bekrop pJET. [nsa co3manust skcrpeccupyome
TeHeTUYECKOI KOHCTPYKIIMHU UCIIOJI30BANH IUIa3MHUAHbIH BekTop PEASY .
Pesynomamer: B HacTosameit paboTe mpoBeneHs MOACTHPOBaHUE W (YHKIFOHATbHAS
aHHoTaus BTopuuHbIX cTpykTyp 5’ 1 3’ UTR Bupycos rpynmnsl IMV u KITV, a takxke
nonyueHbl cuaTeTnueckue JJHK xormmu 5’ n 3 UTR PHK KITV u npoussenen nuzaiin
komruiekcoB PHK-6enoxk st mocneytromieit kpuctammsanum u PCA.
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Puc. 1. Jluneitnsie Mogenu BropudHoil cTpykTypsl 5' UTR n 3' UTR cermenta 2 renomuoit PHK
KITV. (A) 5 UTR uzomsita KITV/2018/1. (B) 3'UTR m3omsara KITV/2018/1. (C) 3' UTR usonsita
KITV/2018/2. (D) 3'UTR usonsTa KITV/2017/1
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B xone mopenupoBaHUs M aHanu3a BTOpUUHBIX cTpykTyp 5'm 3'UTR PHK KITV
ycTaHoBieHo, uTo juist UTR pasznuunbix cermentoB KITV xapakrepHsr: 1) monuaneHu-
muposanusie 3’ UTR; 2) motusst 5’ DAR u 3’ DAR; 3) BEICOKOKOHCEpPBATHBHBI ITEHTA-
uaykieotun 5-CACAG-3'; 4) pernoH-csi3biBaromuii 0eok La; 5) MHOKECTBEHHBIE
caiitel UAG obecnieunBaromiue B3aumoseiicteie ¢ 6eiakom MSIL; 6) Tpu romonoruy-
uele mocnenoBarensHocTr B 5' UTR u 3’ UTR cermenta 2; 7) 3’ UTR cermenra 2
m3omsara KITV/2017/1 comepxuT nBa mocienoBaTedbHbIX TOBTOpa 10 40 HYKIIEOTHAOB,
obpasyromux Y-3 crpykrypy; 8) meneuus B 35 HyKJICOTHIOB BO BTOPOM MOBTOpE
3" UTR 2-ro cermenTa n3onsaroB KITV/2018/1 u KITV/2018/2, npuBojsiias K MOIu-
¢ukamun Y-3 crpykrypsr; 9) mBa mcesmoysna PK1 u PK2 B 3’ UTR cermenra 2;
10) 5" UTR u 3' UTR npencraBieHbl naTTepHaMH KOHCEPBAaTUBHBIX MOTHBOB; 11) pac-
nosoxxeHue nocnenosatenpHocT 5'-AAGUG-3’ B nepsbix mmminbkax UTR (puc. 1) [4].
Janee mis momy4eHHs SKCIIEPUMEHTANBHBIX MaHHBIX 0 cTpykType 5'u 3’ UTR Opum
cobpansl morHOpasMepHsle JJHK kommm 5 u 3’ UTR PHK Bcex deTsipex cerMeHTOB
KITV, conepxamue T7 npoMOTOPHYIO 00JIACTh JJIS TIOCICIYIOIICH TPAHCKPHUIIIUN U
005aCTh MIMHIBKKA pa3MepoM 18 HYKICOTHIOB, B3aUMOJCHCTBYIONIEH C OCIKOM
obomouku ara MS2 mis mocnenmyromerd Kpucrammuzanun komioiekcoB PHK-6emoxk.
Takke peKOMOMHAHTHBIM ITyTEM B MPOKAPUOTHYECKOM cucTeme kieTok E. coli momyden
Oenok obomouku dara MS2, comepxkamuii adpPUHHYIO TeKCarHCTHINHOBYIO METKY
(6xHis-MS2). MopaenupoBanuem ctpyktypbl B AlphaFold 2  ycranosieHo, d4ro
xuMepHbii  Oemok  6xHis-MS2  BeicokocTpykTypupoBaH u adduHHAsS MeTKa He
3aKpbIBaeT CalT cBsA3bIBaHUS Oenka obomouku Qara MS2 co cnemmbpuunoii 18-
HYKJICOTHIHOW mmmiibKoii B coctase 5’ u 3" UTR PHK KITV.

Buvigoowi: Takum 00pazoM, BBISBICHBI PETyNISATOPHBIE AJIEMEHTHI B CTPYKType 5'H
3'UTR PHK KITV xapakrtepHble i OpPTOQIABUBHPYCOB, UTO IMO3BOJISET
MPEINONIOKUTh WX (HYHKIMOHATBHYIO 3HAYMMOCTD JJIsI PETIMKAIMN BUPYCOB TPYIIIBI
JMV  # DSBONIOIMOHHYI0O CXOXECTh OpPTO(GIAaBUBUPYCOB C  (hIaBHIIOAOOHBIMHU
CEerMEHTHPOBAaHHBIMU BUpycaMu. Jlanee IuIaHUpyeTcsl KpUCTAUTU3AMs MOTYYeHHBIX
KOMIUIEKCOB Oeyika oOomoukn ¢ara MS2 ¢ 5'u 3'UTR PHK KITV wu wux
PEHTTeHOCTPYKTYPHBIH aHamu3. OTO TO3BOJHUT HKCIIEPUMEHTAJIBHO ITOITBEPIUTH
crpykrypy 5" u 3' UTR PHK KITV u ycTaHOBUTH pOIIb HETPAHCIUPYEMBIX PETHOHOB
BupycHoii PHK B peanuzanum renermyeckoil mH(GOpPMAIMU HOBBIX ()IaBUIOJOOHBIX
BUPYCOB C CETMEHTHPOBAHHBIM F€HOMOM.

Qunancuposanue. Pabota BBITIONHEHAa TPHU (UHAHCOBOW TOMIEpKKe MUHHCTEpPCTBA
HAyKWd M BbICIIEro oOpasoBanus Poccuiickort ®@enepanun (cornamenne ot 12.10.2021
Ne 075-15-2021-1355) B pamkax peaiu3anuy OTAETBbHBIX MeponpusThii DenepansHoit
HAay4YHO-TEXHHMYECKOH TPOrpaMMbl  pa3BUTUS CHHXPOTPOHHBIX ¥ HEHTPOHHBIX
WCCIIEIOBAHUHN M UCCIIEIOBATENECKON HHPpacTpyKTypsl Ha 2019-2027 rr.
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Motivation and Aim: Over the past five years, high-throughput sequencing has
discovered many new viruses in the family Flaviviridae that have atypical genome
structures, challenging traditional principles of virus classification. The Jingmenvirus
(JMV) group consists of novel arthropod-borne RNA viruses of currently unknown
pathogenicity [1]. Kindia tick virus (KITV) is a new unclassified flavi-like virus
belonging to the IMV group of the Flaviviridae family, first discovered in 2017 in ixodid
ticks in the city of Kindia, Republic of Guinea. It has a segmented ssSRNA(+) genome
consisting of 4 segments flanked by 5'and 3" untranslated regions (UTR). Two segments
are genetically and functionally related to genes encoding non-structural proteins of
orthoflaviviruses; the role of the other two segments has not been established [2, 3]. This
virus has an unusual genome structure, in which the structure and role of the 5" and 3’
UTR of the viral RNA in the implementation of its genetic information remains virtually
completely unexplored to date. Therefore, the goal of this work was to model and
analyze the secondary structure of the 5'-3' UTR RNA of segmented flavi-like viruses
using KITV as an example.

Methods and Algorithms: Novel, unresolved 53" UTR motifs (recurring, fixed-length
patterns) were searched using a software package provided by the MEME Suite web
server (version: 5.5.2). Prediction of 5'-3" UTR structures and that of sequence alignment
were performed using the LocARNA tool. The resulting structural alignments were
visualized as RNA secondary structures with RNAplot from the ViennaRNA package
using the “most informative sequence” and “annotate covariance of base pairs” modes
and the RNApuzzler plotting layout algorithm. Secondary structures of the KITV RNA
5" and 3’ UTR and their complexes with MS2 coat protein were predicted using three
independent tools as follows: ViennaRNA Fold, UNA MFOLD 3.6, and RNAstructure.
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) and “percent suboptimality” (%S) were selected manually. An
MDBPB of 60 to 100 and a %S of up to 50 % were established. 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 at 25. Other parameters were
set as default, and the initial free energy AG was set as the minimum value. For detailed
analysis, secondary structures were linearized using the VARNA 3.9 software and
redrawn using graphic editors. Modeling of protein structures was carried out in
AlphaFold2.

Assembly of DNA copies of the 5-3" UTR of KITV RNA, their complexes together
with the MS2 hairpin and the gene encoding the MS2 coat protein was carried out by
assembly PCR using high-precision Q5 DNA polymerase (NEB, USA) and
oligonucleotides 60 bases long and subsequent cloning amplification products into the
pJET plasmid. The pEASY plasmid was used to create an expression genetic
construction.

Results: In this work, modeling and functional annotation of the 5'and 3' UTR secondary
structures of the JMV group and KITV viruses were carried out, as well as synthetic
DNA copies of the 5'-3' UTR RNA KITV were obtained and RNA-protein complexes
were designed for crystallization and X-ray diffraction analysis.
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Fig. 1. Linear models of the secondary structure of 5' UTR and 3' UTR of genomic RNA
segment 2 of KITV. (A) 5' UTR of the KITV/2018/1 isolate. (B) 3’ UTR of the KITV/2018/1
isolate. (C) 3’ UTR of the KITV/2018/2 isolate. (D) 3’ UTR of the KITV/2017/1 isolate

UTRs of various KITV segments are characterized by the following points: (1) the
polyadenylated 3" UTR; (2) 5' DAR and 3’ DAR motifs; (3) a highly conserved 5'-
CACAG-3’ pentanucleotide; (4) a binding site of the La protein; (5) multiple UAG sites
providing interactions with the MSI1 protein; (6) three homologous sequences in the 5
UTR and 3’ UTR of segment 2; (7) the segment 2 3’ UTR of a KITV/2017/1 isolate,
which comprises two consecutive 40 nucleotide repeats forming a Y-3 structure; (8) a
35-nucleotide deletion in the second repeat of the segment 2 3’ UTR of KITV/2018/1
and KITV/2018/2 isolates, leading to a modification of the Y-3 structure; (9) two
pseudoknots in the segment 2 3’ UTR; (10) the 5' UTR and 3’ UTR being represented by
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patterns of conserved motifs; (11) the 5'-CAAGUG-3’ sequence occurring in early UTR
hairpins (Fig. 1) [4].

Next, full-length DNA copies of the 53" UTR RNA of all four KITV segments,
containing the T7 promoter region for subsequent transcription and an 18-nucleotide
hairpin region that interacts with the MS2 coat protein for subsequent crystallization of
RNA-protein complexes were constructed to obtain experimental data of the 5'-3' UTR
RNA KITV structure. Also, the MS2 phage envelope protein containing a hexahistidine
affinity tag (6xHis-MS2) was obtained recombinantly in the E.coli cell. It was
established that the chimeric protein 6xHis-MS2 is highly structured and the affinity tag
does not overlap the binding site of the MS2 coat protein with a specific 18-nucleotide
hairpin in the 5'-3" UTR RNA KITV.

Conclusion: Thus, we identified regulatory elements in the UTRs of KITV, which are
characteristic of orthoflaviviruses. This suggests that they hold functional significance
for the replication of JMVs and the evolutionary similarity between orthoflaviviruses
and segmented flavi-like viruses. Next, we plan to crystallize of complexes of the MS2
phage coat protein with the 5 and 3' UTR RNA KITV and their X-ray diffraction
analysis. This will allow us to experimentally confirm the structure of the 5’ and 3' UTR
RNA KITV and establish the role of the viral RNA untranslated regions in the
implementation of the genetic information of new flavi-like viruses with a segmented
genome.

Funding: The study was supported by the Ministry of Science and Higher Education of
the Russian Federation (agreement No. 075-15-2021-1355 dated October 12, 2021) as a
part of the implementation of certain activities of the Federal Scientific and Technical
Program for the Development of Synchrotron and Neutron Research and Research
Infrastructure for 2019-2027.
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