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Pe3tome. K poay Deltaretrovirus (noacemenctso
Orthoretrovirinae, cemenctBo Retroviridae) oTHOCATCA BUPYC
nemko3a kpynHoro poratoro ckota (BLV, Bovine leukemia virus)
n T-numdoTponHele Bupycel npumatos (PTLV-1, PTLV-2 n
PTLV-3, Primate T-lymphotropic viruses). BLV n PTLV — ak3o0-
reHHble peTpoBupycol (exogenous retroviruses — XRVs), muwie-
HSIMMW A5 KOTOPbIX ABNSAOTCSA B-numdounTsl KpynHoro porato-
ro ckota (Bos taurus, Bos grunniens, Bos indicus w Bubalus
bubalis) n T-numdounTbl NPMMAaTOB, COOTBETCTBEHHO, BbI3bl-
Bas nevikos y KPC un T-nenkemuto/nmumdomy y Yernoseka.

OHporeHHble peTpoBupychl (endogenous retroviruses —
ERVs), B otnnumne ot XRVs, yaule npeacraBneHbl HEMNOMHbIMU
BVPYCHbIMW FEHOMaMU 1 HE NaToreHHbI, 04HaKO MOTYT 3BOIHO-
umoHunpoBaTek B XRVs. Lnpokoe pacnpoctpaHeHne ERVs B
reHoMax MO3BOHOYHbIX FOBOPUT O MX 3HAYUTENBHOM BKMage B
3Bonoumnio peTpoBmpycoB. OaHako A0 HeAaBHEro BpPeMEHU
AenbTapeTpoBUpyChl ObiNV eANHCTBEHHBIM POAOM CPEAM PeT-
pOBUPYCOB, AN KOTOPbIX HE Obiny obHapyxeHbl ERVs. lMep-
BbIi 0OHapyxeHHbIi ERV ans aenbtapetpoBupycoB Obin Ha-
3BaH MINERVa.

B aTon ctatbe Mbl NnpoBenu UoreHeTU4EeCKnin aHanms
aMUHOKMCINOTHBIX mocreaoBaTenbHocTeln 6enka Tax OCHOB-
HbIX NpeAcTaBMTENEN AenbTapeTpPoBMPYCOB 1 Npeanonaraem,
4yTO Tax MoOXeT ObITb MCNONb30BaH ANst BHYTPMBUAOBON Krac-
cndvKaumMmn OenbTapeTpoBUPYCOB. Takke Mbl MOKa3blBaeM,
4YTO Npeanonaraemasi Ha ponb optornora Tax OPT1 (oTkpbiTas
pamka TpaHcnauun 1) MINERVa o6HapyxuBaeTcs B cdounore-
HETMYECKON BETBU, pacnonoxeHHom B ogHom ¢ BLV knactepe.

BeeneHue
CornacHo VHTepHauoHanbHOMY KOMWUTETY MO TaKCOHO-
mun BupycoB (ICTV — International Committee on Taxonomy of
Viruses) (https://talk.ictvonline.org) Bupyc nernkosa KpymnHOro

Onsa umtupoBaHus / For citation

3pipsiHOBa, V.M. OHioreHeTHUESCKHUI aHATI3 aMITHOKHCIIOTHBIX TTOCIIEI0OBATEILHOCTEH perysaTopHoro Oenka Tax Bupyca
neiiko3a KPYITHOTO pOTaToro CKOTa M APYTHX MelibTapeTpoBupycoB / 3eipsHoBa .M., KoBansuyk C.H. // Betepunapus u

kopmienue. —2019. — Ne6 — C. 18-21

Zyrianova, I.M. Phylogenetic Analysis of Amino Acid Sequences of Regulatory Protein Tax of Bovine Leukemia Virus and
Other Deltaretrovirus / Zyrianova .M., Koval'chuk S.N. // Veterinaria i kormlenie. —2019. — Ne6 — P.18-21

TDIAI MAONDLE _ A valid Laamens wanll vAarms sy s thice A OC oA A Cham tha barnararde mrarmardi s ~fF thic DOLE fAr maares imfarms ad e



TDIAI MAONDLE _ A wvalid Laamens wanll vAms sy s i

XypHan "BeTtepuHapus un kopmneHue"

poraToro ckoTa BMecTe ¢ TpemMsi T-numdOTPONHbIMU BUPyCaMm
1,2 n 3 npumatoB (PTLV-1, PTLV-2 n PTLV-3, cooTBeTCTBEH-
HO) npuHagnexat Kk poay Deltaretrovirus (nopcemencrso
Orthoretrovirinae, cemeiictBo Retroviridae). bonee npuBbIY-
Hble Ha3BaHusa ansa PTLV-1 n PTLV-2, ncnonb3oBaBLunecs Ao
2000 r., 6binn HTLV-1 n HTLV-2, cootBeTcTBEHHO [40]. T-
numdoTponHble BUpYChl 06e3bsiH (M bornee KOPPEKTHO: ApY-
rMx npumaToB, kpome yenoseka) (Simian T-lymphotropicviruses
— STLV) uns knaccudukaummn 6binn BeiBefeHsl [40]. OgHako,
HTLV (HTLV-1, HTLV-2, HTLV-3) n STLV (STLV-1, STLV-2,
STLV-3) npogomkatoT paccmaTpuBaTth Kak pasHble U30MsThbl B
rpynne sugos PTLV [16,20].

BLV 1 PTLV (HTLV/STLV) sBNs10TCS 3K30reHHbIMU PETPO-
BMpycamu (exogenous retroviruses — XRVs). Kak n sce XRVs,
OHM PacnpOCTPaHAITCA FOPMU3OHTarNbHO OT 0cobu kK ocobu
BMAa-xo3suHa [14]. [enbTapeTpoBupychbl pas3HbIX BUOOB XU-
BOTHbIX MHPUUMPYIOT pasHblie Tunbl numdounToB: B-numdo-
LMTBI KPYNHOro poraToro ckoTa (Bos taurus, Bos grunniens, Bos
indicus v Bubalus bubalis) — B cnyyae BLV n T-numdounTsbl
yenoeeka — B criydae PTLV, Bbi3biBasg nenkos y KpynHoro
poraTtoro ckoTa v T-nenkemuio/numdomy y 4yernoseka, COoTBET-
CTBEHHO [4,9,13,15,16,41]. Ana HTLV-2 HeT KOHKpPETHO acco-
uumnpoBaHHoro 3aboneBanus, a ansg HTLV-3 BoobLue He noka-
3aH0, YUTO OH NaTtoreHeH [2]. STLV BbiseneHbly 6onee 20 Buaos
npuMaToB, a NpPU3HakM 3aboneBaHNs CXOXW C TaKOBbIMU Ans
HTLV [38].

HepaBHo Gbin 06HapYKeH eLLe OAMH NPETEHAEHT Ha Npea-
ctaButensa popa Deltaretrovirus. Ero Hasanu MINERVa
(Miniopterus endogenous retrovirus) n oH SiBNsieTCS 3HAOrEH-
HbIM peTpoBupycom (endogenous retroviruse — ERV) anvHHo-
KpbIfbIX NeTyynx Mblen (Buabl poaa Miniopterus cemenictea
Miniopteridae). OTa Haxoaka pacluMpseT rpaHuLbl pacnpocT-
paHeHns AenbTapeTpoBUPYCOB Cpean pasnuyHbIX BUAOB XU-
BOTHbIX [10,18].

ERVs pacnpocTtpaHstioTca BepTuKanbHO B pesynbTare re-
HETUYEeCKOro HacrneaoBaHus OT poanTenen K AeTaM B COCTaBe
rEHETUYECKNX 3NEMEHTOB repMuHanbHblX krneTok [14]. OHu
Yalle npeAcTaBneHbl HENOMHbIMU BUPYCHBLIMY FEHOMaMu U He
naToreHHsl [6], oAHaKo MOryT aBosntoLmoHmpoBaTtb B XRVs [14].
ERVs wupoko pacnpocTpaHeHbl y MTO3BOHOYHbIX, YTO FOBOPUT O
UX 3HAYNTENBHOM BKMNaze B 3BOJOLIMIO 9TOr0 CEMENCTBA BUPY-
coB [14,17]. o o6HapyxeHnsa MINERVa cpean genbtapetpo-
BMPYCOB He ObIno obHapyxeHo ERVS, 4To crnbHO oTriMyano nx
OT APYrMxX poAOB PETPOBMPYCOB.

OTnNUNTENBHON CTPYKTYPHOW YEPTON AeNbTapeTpPOBMPYCOB
SBMSeTCA Hannuve B coctaBe ux nposupycHon [HK, kpome
obLyx Ans BCceX peTpoBupycoB reHoB 5'-gag-pro-pol-env-3', ko-
avipylowmnx 6ernku BMPYOHA, PErynsaTopHbIX FEHOB fax U rex
[13,16,20,31]. Ans MINERVa 6bino Takke npegnonoxeHo Hanwm-
yne optororos tax u rex [10].

MpoaykTom reHa tax saBnseTcs perynaTopHein 6enok Tax,
OCHOBHOW 1 NepBoi 06Hapy>XEHHON PyHKLMEN KOTOPOro ABMS-
eTcs TpaHcakTuBauus nposupycHon HK [5,8,21,29,42]. MNpega-
nomnaratoT Takxke, 4to Tax obnagaeT OHKOreHHbIMU CBONCTBA-
mu. OgHako, 3To CBOMCTBO Tax 000CHOBLIBAETCH €ro Crocob-
HOCTbIO CTUMYNMPOBaTb pakoBble 0Opa3oBaHNs B KynbTypax
KMETOK M y TpaHCreHHbIX rpbidyHoB [35,43]. HepaBHue xe uc-
CrnepoBaHMsA NOKasbIBaloT, YTO OHKOTEHHbIE CBOWCTBA CKOpee
BCEro CBfA3aHbl CO CrocobHOCTbIO Bcel nposupycHon OHK
BCTpPanBaTbCS B OKPY>XEHNE OHKOTEHOB, @ HE UCKITIOYMTENBHO C
aKkTuBHOCTbIO Benka Tax [37]. BmecTe ¢ Tem nokasaHo, uto Tax
y4yacTBYET eLLie BO MHOMMX CUTHaNbHbIX NYTSX, PErYNMpPYOLLX
KIeTOYHOEe AerneHNe 1 poCT, anonTo3, UMMYHHbI OTBET, CTPECC,
mexaHmambl JHK penapauunmn gp.[3,12,16,22,25,28,32,36,44],
3TO rOBOPUT O CMOCOBHOCTY Tax akTMBNPOBaTL MHOIME KINeTou-
Hbl€ reHbl, B TOM YMCIe N OHKOreHbl, BONM3n KOTOPbIX BCTpau-
BaeTcs nposupycHas JHK.

MHorodyHKUMOHanbHbIE CBONCTBA Tax, BEPOATHO, MOryT
oTpaxaTtbCsi U Ha ero 6onbluen BapmabenbLHOCTU NO CpaBHe-
HUIO CO CTPYKTYPHbIMU BUPYCHbIMK Bernkamu. Tak, 6bino noka-
3aH0, YTO KOAUPYHOLLWI ero reH fax Gonee BapnaberneH, Yem reH
pol [7]. CnepoBaTtenbHO, CTPyKTypHas BapuabenbHocTb Tax
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Abstract. The Deltaretrovitus genus (subfamily
Orthoretrovirinae, family Retroviridae) includes Bovine leukemia
virus (BLV) and Primate T-lymphotropic viruses (PTLV-1, PTLV-
2 n PTLV-3). BLV and PTLVs are exogenous retroviruses
(XRVs), and their targets for infection are different types of
lymphocytes of different hosts: B-lymphocytes of cattle (Bos
taurus, Bos grunniens, Bos indicus, and Bubalus bubalis) and
T-lymphocytes of primates, respectively, causing leukemia in
cattle and T-leukemia/lymphoma in humans.

XRVs can evolve from endogenous retroviruses (ERVs),
which are widely distributed in genomes of vertebrates. This fact
indicates their significant contribution to the retrovirus evolution.
However, until recently, ERVs have not been detected for
deltaretroviruses, which have been the only such genus of
retroviruses. MINERVa (Miniopterus endogenous retrovirus)
has been the first ERV detected among deltaretroviruses and by
expanding their distribution among various animal species.

A hallmark of the proviral DNA of deltaretroviruses is the
presence of fax and rex regulatory genes in addition to the
structural ones (5’-gag-pro-pol-env-3' genes), which are typical
for all retroviruses. The tax and rex orthologs have also been
suggested for MINERVa.

The product of the tax gene is the regulatory protein Tax.
The main and the first function of Tax is the transactivation of
proviral DNA. At the same time, it has been shown that Tax is
also involved in many signaling pathways, which regulate cell
division and growth, apoptosis, immune response, stress, DNA
repair mechanisms, etc.. This indicates the ability of Tax for the
activation of many cellular genes, including oncogenes.

In this article, we examine a phylogenetic analysis of the
amino acid sequences of Tax proteins of the main deltaretroviruse
representatives and suggestthat Tax could be used forintraspecific
classification of deltaretroviruses. Moreover, we show that
MINERVa ORT1 (open translation frame 1), which is supposed to
be the ortholog of Tax, is found in the phylogenetic branch located
in the common cluster with BLV.

BMECTE C ero YHUKanbHOCTbIO AMS AenbTapeTpoBUpPyCOB MO-
XeT OblTb MCnonb3oBaHa AN uNoreHeTMYeckoro aHanusa
BWAOB AenbTapeTpoBupycoB. B HacTosuee Bpems ana du-
noreHeTU4eCcKMX nccneaoBaHnn AenbTapeTpoBMPYCOB UCMOSb-
3yl0T B OCHOBHOM reHbl pol, env v NonHopasMepHbIe NPOoBUpPYC-
Hble reHombl [1,24,26,27,39]. PaboT no dunoreHetnyeckomy
aHanu3y reHa fax BcTpevaeTcs mano [2], a no dwunoreHun
Oenka Tax BoobLLle HeT.

B panHomn paboTe Mbl uccnegyem BO3MOXHOCTb UCMOMb30-
BaHWSA aMWHOKUCIOTHOW MOCNefoBaTeNbHOCTU PErynsTOPHO-
ro 6enka Tax gns BHyTPMBUAOBON AnddepeHLmaumm aensTta-
peTpoBMPYCOB.

MaTepuansl U MeToAbl
B paboTte ucnonb3oanock 209 aMVHOKUCINOTHLIX Nochne-
poBaTenbHocTel benka Tax, B3saTbix U3 GenBank. ®unoreHe-
TUYECKWIA aHanu3 NPOBEAEH NpU NOMOLLM MeToaa HanbornbLue-
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ro npaegonopobus (Maximum Likelihood, ML) n JTT-
mMaTpuyHon mogenu [19] ¢ ucnonb3oBaHWem NpPorpaMmbl
MEGA X [23]. HagexHocTb hnnoreHeTU4eCckux oTHoLLe-

Tax-2 HTLV-2/STLV-2 HUA OLeHMBanacb C NMOMOLLbI HernapamMeTpU4eckoro

ByTcTpan-aHanmaa c ucnonb3oBaHnem 1000 noBTOpHOC-
Tenn [11]. OTkpbiTaga pamka TpaHcnsaumm 1 (OPT1)
MINERVa, koTopasi npeanonaraetcsi Ha pornb opToriora

Tax-3 HTLV-3/STLV-3 Tax, BblBeAgeHa 4nst KX 4o U3 NATU HYKNeoTUAHbIX Noc-

Tax-1L HTLV-1/STLV-1

neposaTensHoctenn MINERVa (GenBank:KY250075-
KY250079) cucnonb3oBaHmem nporpammbl GeneRunner
N cpaBHEHMEM C onybrMKOBaHHOWM nocrnenoBaTenbHOC-
Toto OPT1 [10]. Onsa KY250077 OPT1 He Gbina ncnonb-
30BaHa, T.K. cogepxana MHOro CTOMN KOLOHOB.

PesynbTtathl n 06CcyxneHus

[MpoBeneHHbIM UnoreHeTMYeckMin aHanma nocne-
posartenbHocTen Tax nokasan (puc.1), yto Tax BLV
pasmepoM B 309 aMMHOKUCIIOT HaxoauTcs B 060cobnen-
HOW counoreHeTnyeckon rpynne. drunoreHeTn4eckne nc-
cnepoBaHusa BLV, npoBeaeHHbIe CMCMoNb30BaHNEM reHa
env 1 NonHopa3sMepHbIX MPOBUPYCHLIX FTEHOMOB, Nokasa-
N1 BO3MOXHOCTb pasfeneHns aToro Bupyca Ha AecsTb
reHotunos (G1-G10) [7, 34] o Hawmm faHHbIM, B OCHOB-
HOM, 3TV FTEHOTUMbI TaKXe OTHOCATCS K pa3HbIM dunore-
HETUYECKMM BETBSAM 3a MCKIoYeHnem reHotunos G6 u
G10 (puc.1). Ucnonb3oBaHne Tax N03BONSET pa3aenutb
reHoTunbl G6 n G10 Ha YeTbIpe rpynnbl (unoreHeTnyec-
Kne BeTBM). DTO AaeT OCHOBaHWe npeanonaratb, 4YTO
dunoreHeTUYECKNE UCCNEAOBaHUSA MO Tax MOXHO MC-
nonb3oBaTh AN YTOYHEHWUS BHYTPUBMAOBOW Audde-
peHumMauun, Nory4eHHON No AaHHbIM dunoreHeTnyec-
KVX MCCneaoBaHnii C UCMonb3oBaHMEM reHa env v nosiHo-
pasMepHbIX NPOBUPYCHbIX FEHOMOB.

dunoreHetnyeckaa setsb PTLV-1 (HTLV-1/STLV-
1) okasblBaeTcs pasgeneHHon Ha ABe GonbLunx BETBU
(puc.1): B ogHy BxoguT Tax-1 6onblero pasmepa (Tax-
1L anvHon 353 amyHoKMCNOT), BO BTOPYH — Tax-1 MeHb-
wero pasmepa (Tax-1SH gnuHon 239-242 amMuHOKUC-
noT) (puc.1), 4To roBOpPUT O HEOBXOAMMOCTU BHYTPUBU-
posoro pasgenenns PTLV-1 Harpynnbl, BO3SMOXHO, Aaxe
Ha pasHble noaBuabl: PTLV-Tax-1L n PTLV-Tax-1SH.

Ons HTLV-3 n STLV-3 HarnagHo BUAHO, YTO OHU
pacronaratoTcs B O4HON uUrnoreHeTn4Yeckon BeTBU, a
MoaToMy CrpaBeASIMBO paccMaTpyBaTh pasfeneHune aTmx

Tax-1SH HTLV-USTLV-1 BupycoB Ha HTLV-3 n STLV-3 TonbKo Kak BHyTPUBUIO-

Tax BLV

Byto rpagaumio. AnaHTLV-1n STLV-1, nHTLV-2n STLV-
2 He[OCTaTOMHO AaHHbIX, YTOObI AenaTtb kakue-nubo
BbIBOAPbI.

Mpumep rpynnel PTLV Takxke nokasbiBaeT, 4To u-
noreHeTn4eckune nccnegoBaHus Tax MoryT 6biTb MCNOMb-
30BaHbl B Ka4eCTBe AOMOMHUTENbHbIX K TAKOBbIM, MPOBO-
AVMbIM MO reHam pol, env 1 NoNIHopa3MepHbIM NPOBMPYC-
HbIM reHOMaM ANs BHYTPUBUAOBOW knaccudmkaumm.

PucyHok 1. dunoreHeTuyeckoe AepeBo NpeacTtaBuTenen poga
Deltaretrovitus, nocTpoeHHOEe Ha OCHOBE CpaBHEHWS aMWUHOKWUCIOT-
HbIX NocnepoBaTenbHocTeln 6enka Tax. B yanax gepeBa npuBeaeHsl
BENMUYUHBbI NOAAEPXKKN BYTCTpan-aHann3om (MokasaHbl 3Ha4YEHUst OT
50 u BbILLE), KOTOPbIE AaHbl B NnpoueHTax oT 1000 nosTopHOCTEN. [Ans
Bcex BLV Bngom-xo3smHom siBnsietcs Bos taurus, kpome 0603HaueH-
Heix: (Bg) - Bos grunniens v (O) - Ovine. Ons Bcex HTLV Buaom-
X03sIMHOM siBrisieTcst Homo sapiens, a pnsa STLV: (Pa) - Papio anubis,
(Pca) - Papio cynocephalus anubis, (Ma) - Macaca arctoides, (Ph) -
Papio hamadryas.

Figure 1. Phylogenetic tree of Deltaretrovitus Tax protein
sequences. Bootstrap values (only ones greater than 50 are shown)
expressed as percentages of 1000 replications are shown next to the
branches. The host species for all BLVs are Bos taurus, except for
those indicated as (Bg) - Bos grunniens and (O) - Ovine. The host
species for all HTLVs are Homo sapiens, and the host species for STLV
are indicated as (Pa) - Papio anubis, (Pca) - Papio cynocephalus
anubis, (Ma) - Macaca arctoides, (Ph) - Papio hamadryas.
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[MpoBeaeHHbIN HamMKn PUNOreHeTUYECKUA aHanu3 nokasan
Takke, yto OPT1 MINERVa (puc.1), HecmoTpsa Ha TO, 4TO
aBTopbl [10] He 0BHapPYXMK KaKoN-NMBO CyLLECTBEHHO FOMO-
norun ¢ reHom tax, BXOAMT B O4HY pMnoreHeTu4ecKyto rpynny
c TaxBLV, x0TS 1 0TAenNbHOW BETBLIO. OTO CBUAETENBLCTBYET O
pacnpocTpaHeHnn AenbTapeTpoBMPYCOB Cpean AanbHepon-
CTBEHHbIX BUAOB-X035€B, a Takxke NoaAepX1MBaeT npeanono-
XKEHNE O TOM, YTO MX 3BOSIIOLIMOHMPOBAHME MPOUCXOAUT NpK
yyactun ERVs neTyumnx mbillen, 4To SBNSETCA pacnpocTpa-
HEHHbIM Cpeau PeTpoBMPYCOB, HO He ObINO M3BECTHO ANs
AenbTapeTpoBupycoB Ao obHapyxeHnusa MINERVa [14,17].
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