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Abstract

Introduction. HIV-1 non-structural proteins are promising targets for vaccine development and for creating
approaches to personalized medicine. HIV-1 sub-subtype A6 has become the dominating form in Russia. However,
the geographic, economic and demographic characteristics of the country can contribute to the formation of
differences between A6 variants circulating in different regions.

The aim of the study is a comparative analysis of the consensus sequences of non-structural proteins in A6
variants circulating in the Amur Region, in Arkhangelsk, Irkutsk and Murmansk.

Materials and methods. 48 whole blood samples obtained from HIV-infected patients without experience of
therapy observed at the AIDS Centers in Arkhangelsk, Irkutsk, Murmansk and Amur Region were analyzed. HIV-1
whole-genome nucleotide sequences were obtained and were subtyped. Consensus sequences of sub-subtype
A6 variants non-structural proteins for each analyzed region were formed. Furthermore, reference sequences
of sub-subtype A6 non-structural proteins were formed based on whole-genome sequences retrieved from the
international Los Alamos database. Comparison of consensus sequences and references was performed using the
MEGA v.10.2.2 and the PSIPRED programs.

Results. Vif, Vpr and Nef reference sequences have been obtained for HIV-1 sub-subtype A6. There was not
difference in consensus sequences of Vpr in different regions. Characteristic features were found for consensus
sequences of Tat, Rev, Vpu, Vif and Nef proteins in different regions.

Conclusion. A limitation of the study is a small sample size. Overall, the results demonstrate the existing diversity
of non-structural proteins in sub-subtype A6 variants in different regions and indicate the relevance of studying the
polymorphism of non-structural proteins of virus variants in different regions.
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BapnabenbHOCTb HECTPYKTYPHbIX 6€5KOB Yy BapMaHTOB
BUY-1 cyb-cybTuna A6 (Retroviridae: Orthoretrovirinae:
Lentivirus: Human immunodeficiency virus-1, sub-subtype A6),
LIUPKYNUPYOLWMUX B pa3HbiX permoHax Poccunckon ®eaepauum

AHToHOBa A.A.", Jlebenes A.B.!, Oxxmerosa E.H.", LLnbikoBa A.B.2, lTanosok N.A.2,
KysHeuoBa A.UN."™

"MHcTuTyT BUpyconorum um. [1.U. MiBaHosckoro ®IBY «HaumoHanbHbIN nccnefoBaTenbekuidi LeHTP aNUAEeMMonorim
1 MUKpOGMonorum nm. noveTHoro akagemuka H.®. Namanen» Munsgpasa Poccuun, 123098, r. Mockea, Poccus;

20BYH «LeHTpanbHblil Hay4YHO-MCCRNEAOBaTENLCKUIA MHCTUTYT anuaemuonorumy PocnotpebHaasopa, 111123, r. Mocksa, Poccus

Pe3tiome

BBepaeHue. HectpykTypHble 6enku BUY-1 aBnsitoTcA nepcnekTMBHBIMU MULLEHSAMM AN pa3paboTku BaKUMH 1 Anst
CO3[aHnsa NoAXoA0B NEPCOHanU3MPOBaHHOW MeAUUMHbL. Ha npoTskeHun MHOMMX neT Ha Tepputopun Poccuii-
ckon depepaumun gomuHupyet cyb-cyoTun A6 BUY-1. OgHako nmetolmecs reorpadnyeckne, 3KOHOMUYECKUE U
Aemorpaduryeckme 0CO6eHHOCTUN CTpaHbl MOryT cnocobcTBOBaTbL (DOPMUPOBAHMIO Pa3nMunin Mexay BapuaHTamm
BMpYCa, LMPKYNUPYIOLLMMU B pasHblX permoHax Poccum.

Llenb paboTbl: NpOBECTM CPaBHUTENMbHbIM aHaNM3 KOHCEHCYCHbIX NocnenoBaTeNbHOCTEN HECTPYKTYPHbIX 6enkos
BWY-1 BapuaHToB A6, Lpkynupyowmnx B AMypckorn obnactu, B Ir. ApxaHrenbcke, Mpkytcke n MypmaHcke.
MaTtepuanbl U meToabl. Viccnegosanu 48 o6pasLoB LienbHOM KPOoBU, KOTopble Oblnn nonyyeHsl ot BUY-nHpK-
LMPOBaHHbIX NauMeHToB 6e3 onbiTa nNpvema Tepanuu, HabnaaBlWMXCA B LEeHTpax no npodunaktnke n 6opbbe
co CMWOom B rr. ApxaHrenbcke, Mpkytcke, MypmaHcke n B AMypckon obnactu. MNonyyanu nosiIHOreHOMHbIe Hy-
KneotuaHble nocnegoBatensHocTn BUY-1, cy6Trnuposany. ®opmmnpoBany KOHCEHCYCHbIE NOCNEAOBATENBHOCTM
KaXkgoro HecTpykTypHoro 6enka BUY-1 gnsa kaxgoro aHanmanpyemoro permoHa. [ononHutensHo hopMmpoBanu
pedepeHCHble NOCenoBaTeNbHOCTU HECTPYKTYPHBIX 6enkoB BUY-1 cy6-cy6Tvna A6 Ha OCHOBE MONTHOrEHOMHbIX
nocnegoBaTenbHOCTEN, 3arpyXeHHbIX U3 MexayHapoaHoun 6a3bl AaHHbIX Los Alamos. CpaBHEHME KOHCEHCYCHbIX
1 pecbepeHcHbIX NocneaoBaTeNbHOCTEN OCYLLECTBAANM C NoMoLsto nporpamm MEGA v.10.2.2 n PSIPRED.
Pe3ynbTathl. Brnepsble npeactaBneHbl pedepeHcHble nocneposatenbHocTn benkos Vif, Vpr n Nef BUY-1
cyb-cybTvna A6. Oinsa G6enka Vpr pasnuMumin B KOHCEHCYCHbIX MOCNEAOBATENBHOCTAX BapMaHTOB BUPYCa, LIMPKY-
NUPYIOLLKX B pa3HblX permoHax PP, He obHapyxeHo. [na KOHCEeHCYCHbIX nocnegoBaTensHocTen 6enkos Tat, Rey,
Vpu, Vif n Nef BapnantoB BUY-1 u3 pasHbix pervoHoB P® onpeaeneHbl xapakTepHble 0COBEHHOCTY.
3akntoyeHune. OrpaHnyeHnemM NpoBeAEHHOIO UCCreaoBaHus aBnseTca Hebonbluas Bblibopka o6pasuos. B Lenom
nony4YeHHble pe3ynbTaThl YKa3blBalOT Ha CyLLECTBYHOLLEEe pa3HOOOpa3ne HeCTPYKTYpHbIX B6enkos BUY-1 cyb-cyb-
TMna A6 B pa3HbIX perroHax cTpaHbl 1 0003HaYaloT akTyarnbHOCTb UCCe40BaHNs NONMMOPMdU3Ma HECTPYKTYPHBIX
6enKkoB BapuaHTOB BMUpYyca B pasHbiX pernoHax B byayLiem.

KntoueBblie cnoBa: BUY-1; cyb-cybmun A6, HecmpykmypHbie berku

Ons umtnpoBaHus: AHToHoBa A.A., llebeneB A.B., Oxxmerosa E.H., LUnbikoBa A. B., lNanosok U.A., KyaHeuosa A.W.
BapuabenbHoCTb HECTPYKTYpHBIX 6enkoB y BapuaHToB BUY-1 cy6-cybTuna A6 (Retroviridae: Orthoretrovirinae:
Lentivirus: Human immunodeficiency virus-1, sub-subtype A6), UMpKynupylowmx B pasHbiX permoHax Poccuii-
ckon ®epepaumn. Bonpocer supyconoauu. 2024; 69(5): 470-480. DOI: https://doi.org/10.36233/0507-4088-262
EDN: https://elibrary.ru/wbbkuq

®durHaHcMpoBaHMe. ViccnegoBaHve BbIMONHEHO Npu oMHaHCOBOW nogaepxke Poccunckoro HayyHoro doHpa, rpaHT
Ne 23-15-00027, https://rscf.ru/project/23-15-00027/ (aaTta 3akntoueHusi cornawenus 15 mas 2023).

KoHdnuKT nHtepecoB. ABTOPbI 3a8BNSAT 06 OTCYTCTBUM KOH(MNMKTa UHTEPECOB.

OTuyeckoe yTBepxaeHue. ViccnegosaHve npoBoaunoch npu Ao6poBonbHOM MHEPOPMUPOBAHHOM COrMacum
naumeHToB. [NpoTokon nccnegoBaHus ogobpeH dTudecknm kommutetom npu ®rYH M'HL, BB «BekTop» npotokon Ne 1

ot 30 mapta 2010 .

Introduction ditions for virus replication and protect the virus from the
host immune system [1]. Earlier studies have shown that
The genome of human immunodeficiency vi-  HIV-1 nonstructural proteins contain epitopes that can

rus type 1 (HIV-1) (Retroviridae: Orthoretrovirinae:
Lentivirus:  Human immunodeficiency virus-1) en-
codes 6 non-structural proteins: Tat, Rev, Vpu, Vif, Vpr,
Nef. The non-structural proteins create the necessary con-

be used for vaccine development [2—4]. It was observed
that immunization with Tat protein-based constructs
promoted restoration of CD4-cell levels and reduction
of viral reservoirs [5]. At present, the development of
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new approaches to stimulate immune response based on
non-structural proteins is ongoing [6—8]. In this regard,
studying the variability of HIV-1 non-structural proteins
is an important objective and provides a basis for such de-
velopments. Furthermore, amino acid substitutions have
been identified in HIV-1 nonstructural proteins that are
associated with both changes in the rate of HIV infection
and the development of comorbid diseases in HIV-1-in-
fected patients [1]. Thus, studying the diversity of HIV-1
nonstructural proteins may also become a platform for the
development of personalized medicine approaches.

The molecular epidemiology of HIV-1 in Russia has
its own characteristic features. Initially, the active spread
of HIV infection in Russia was associated with the
introduction of the sub-subtype A6 virus among injecting
drug users (IDUs) in the 1990s and its subsequent rapid
spread within this social group in all regions of the
country [9]. A gradual decline in the proportion of IDUs in
the HIV-infected population in the Russian Federation was
then noted, with a simultaneous increase in the number of
cases of transmission through heterosexual contacts [10].
Currently, sub-subtype A6 remains the dominant (82.9%)
genetic variant of HIV-1 in Russia, but there is a constant
increase in the genetic diversity of the virus [11, 12].

The epidemic process of HIV infection on the territory
of the Russian Federation is of great interest and is caused
by a number of peculiarities of the country: Russia is
the 1st largest country in the world in terms of territory
size, it is a multinational and multi-confessional country,
which determines the difference in cultures and behavior,
lifestyle and mobility patterns of the population.
Furthermore, our country borders 18 states, has numerous
transportation corridors, which contributes to high genetic
diversity and rapid spread of HIV-1 due to migration
processes [13, 14]. Thus, it was noted that the proportion
and diversity of circulating non-A6 variants can differ
significantly between different federal districts of the
Russian Federation [12]. It is likely that the geographical
location, peculiarities of socioeconomic development of
the region and population composition can also influence

Table 1. Characteristics of HIV-1 infected patients included in the study

the selection of circulating genetic variants of the virus
within sub-subtype A6.

Taking into account the above, we hypothesized that
nonstructural proteins may differ among HIV-1 variants
of sub-subtype A6 circulating in different regions of the
Russian Federation. To date, there have been no studies
on the diversity of nonstructural proteins of HIV-1 sub-
subtype A6 variants circulating in different regions of
Russia.

The aim of this study was to comparatively analyze
the consensus sequences of non-structural HIV-1 sub-
subtype A6 proteins in virus variants circulating in
different regions of Russia: Amur region, Arkhangelsk,
Irkutsk and Murmansk.

Materials and methods

Clinical whole blood samples obtained from 48 ART-
naive (antiretroviral therapy), HIV-infected patients
from the following regions of Russia: Amur region,
Arkhangelsk, Irkutsk and Murmansk served as the material
of the present study (Table 1). Blood was collected from
patients once in 2012-2014 within the framework of the
CHAIN project of the 7th Framework Program of the
European Community «Single Network for Antiretroviral
Drug Resistance Research» (https://cordis.europa.eu/
project/id/223131). All obtained clinical material was
used with the informed consent of the patients based on
the permission of the Ethical Committee State Research
Center of Virology and Biotechnology VECTOR on
March 30, 2010.

Samples were analyzed by mass parallel sequencing us-
ing the AmpliSense HIV-Resist-NGS kit according to the
manufacturer’s instructions (Central Research Institute of
Epidemiology of Rospotrebnadzor, Russia). Whole-ge-
nome sequencing of samples was performed using MiSeq
technology and appropriate MiSeq reagent kits V2 (Illumi-
na, USA) by analyzing 4 overlapping specific fragments
(total length of the analyzed fragment 704-9563 by HXB?2).

Genetic variants of the obtained whole-genome se-
quences were determined using the Comet program

Tadaunua 1. Xapakrepucrtuku BUY-1-uHGUIMPOBAHHBIX MALIMEHTOB, BKJIIOYEHHBIX B HCCIIE0BAaHUE

Number Date of Sex Route of infection Stage of HlV—infectiori*
Region of patients sampling ITon Age ITyTs nHpUUUpOBaHUS Crazus 3a001eBaHHS
Pernon Hneno Ton 3a6opa male female | Bospact IDU hetero ) 3 4 unknown
HalMEHTOB obpasiia MyK. HKEH. IM1H retepo HEU3BECTHO
Amur Region 10 2012 8 2 30,8 4 6 - 4 5 1
Amypckas 00nacTb (18-41)
Arkhangelsk 12 2013 3 9 30,3 5 7 1 10 1 -
ApxaHrenbck (18-42)
Murmansk 13 2013-2014 6 7 33 10 3 - 5 8 -
Mypmanck (26-42)
Irkutsk 13 2012 10 3 31,9 10 3 - 7 6 -
HpkyTck (23-49)

Note. *In according to clinical recommendation [15].

Ipumeuanue. *B cOOTBETCTBUM C KIMHUYECKUMH peKoMeHaamsmu [15].
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(https://comet.lih.lu). Pairwise and multiple alignment
of nucleotide sequences was performed using the MEGA
v.10.2.2. program (megasoftware.net), then the regions
encoding the corresponding analyzed HIV-1 nonstructur-
al proteins (Tat, Rev, Vpu, Vif, Vpr, Nef) were excised
from the obtained alignments. Phylogenetic analysis
was performed for all tat, rev, vpu, vif, vpr, nef gene se-
quences. Phylogenetic analysis was performed using the
Maximum Likelihood (ML) method using the IQ-TREE
program (http://www.igtree.org). The source of reference
sequences was the database of the Los Alamos Labora-
tory, USA (https://www.hiv.lanl.gov/). The nucleotide
substitution model was determined in the jModelTest
v.2.1.7 program based on the Akaike information criteri-
on (AIC). The model with the lowest criterion value was
considered the most appropriate model for further analy-
sis. The validity of the inferred phylogenies was assessed
using bootstrap test (bootstrap) and Shimodaira-Hase-
gawa approximate likelihood ratio test (SH-aLRT)
with 1000 post-start iterations. Clusters with SH-aLRT
support > 0.9 were considered to be reliably established.
Visualization and graphical processing of the results of
phylogenetic analysis were performed in the iTOL pro-
gram (https://itol.embl.de).

In the next step of the study, the obtained nucleotide se-
quences were translated into amino acid sequences using
an online translation tool available at https://www.bioin-
formatics.org/sms2/translate.html. Then, using the Sim-
ple Consensus Maker tool (https://www.hiv.lanl.gov/con-
tent/sequence/CONSENSUS/SimpCon.html), consensus
sequences for each nonstructural protein (Tat, Rev,Vpu,
Vif, Vpr, Nef) for each RF region were generated based
on the obtained amino acid sequences.

For further comparative analysis of consensus sequenc-
es, reference sequences for each protein were additionally
generated. For this purpose, all available whole-genome
sequences of HIV-1 sub-subtype A6 (235 sequences as
of 08/13/2024) were downloaded from the Los Alamos
international database (Main Search Interface of HIV Se-
quence Database (lanl.gov)). The sequence sample con-
tained no duplicates: only one sequence from a single
patient. For each protein, amino acid and nucleotide se-
quences were simultaneously downloaded. Then, for each
protein analyzed, the nucleotide and amino acid sequenc-
es were compared with each other in MEGA v.10.2.2.
software (megasoftware.net). Sequences encoding an in-
complete protein were removed from the analysis. Inser-
tions were not considered in the generation of reference
sequences. Reference sequences for each nonstructural
protein (Tat, Rev,Vpu, Vif, Vpr, Nef) were generated us-
ing the Simple Consensus Maker tool (https://www.hiv.
lanl.gov/content/sequence/CONSENSUS/SimpCon.ht-
ml) based on amino acid sequences.

Further comparison of the obtained reference and con-
sensus sequences was performed using the MEGA v.10.2.2
program. The positions of amino acids (a.a.) in the con-
sensus sequences that contained amino acid substitutions
relative to the reference sequences were determined.

Next, we compared the secondary structures of the con-
sensus sequences obtained for each region with the refer-

OPUTUHAJbHbBIE NCCNEAOBAHUA

ence sequences of the analyzed HIV-1 proteins using the
PSIPRED program (http://bioinf.cs.ucl.ac.uk/psipred/).

Results

All nucleotide sequences (48) obtained in this study
were deposited in the GenBank international genotype
database under the following numbers (Table 2).

According to the results of preliminary subtyping,
all nucleotide sequences analyzed belonged to HIV-1
sub-subtype A6. The phylogenetic analysis confirmed the
results of preliminary subtyping (Fig. 1).

At the next stage of the study, consensus amino acid
sequences of each HIV-1 nonstructural protein (Tat, Rev,
Vpu, Vif, Vpr, Nef) were generated for each region:
for the Amur region — based on 10 sequences, for
Arkhangelsk — 12 sequences, for Murmansk — 13, for
Irkutsk — 13. Insertions (amino acid insertions) were not
taken into account in their formation. Table 3 shows all
insertions and deletions (point mutations associated with
the absence of a.a. at a given position) that were detected
during analysis.

Afterwards, reference protein sequences were gen-
erated based on the sequences retrieved from the
Los Alamos international database. Tat, Rev, Vif,
and Vpr protein reference sequences were generat-
ed based on 235 sequences and had the following
lengths: 101 a.a., 123 a.a., 192 a.a., 96 a.a., respective-
ly. The reference sequence of Vpu protein was generated
based on 232 sequences and contained 81 a.a. The refer-
ence sequence of Nef protein was generated on the basis
of 223 sequences and contained 207 a.a. (Fig. 2).

The obtained consensus sequences of nonstructur-
al proteins were compared with reference sequences.
Table 4 shows the positions in which the consensus se-
quences of HIV-1 nonstructural proteins of individual
regions of Russia differed from the reference sequences.

The consensus sequences of protein of virus variants
circulating in the analyzed regions did not contain
substitutions relative to the reference sequences.
Therefore, comparative analysis of the secondary structure
of the Vpr protein was not performed in the further study.

The results of predicting the secondary structures of the
reference sequences of the analyzed HIV-1 proteins are
presented in Table 5.

Similarly, the secondary structures of consensus se-
quences of non-structural protein sequences of HIV-1
sub-subtype A6 variants circulating in the analyzed re-
gions of Russia were predicted.

When comparing the predicted secondary structures of
consensus sequences with reference sequences, the fol-
lowing differences were found:

— a shift of the helix location from position 86-95 to
position 85-94 was detected for the Tat protein variant,
characteristic of HIV-1 sub-subtype A6 in the Amur
region, containing P68L and R99P substitutions;

— a shift of the strand location from position 38—41 to
position 3941 was detected for the Vif protein variant,
characteristic of HIV-1 sub-subtype A6 in the Amur
region. At the same time, a shift in strand location from
position 3841 to position 38-39 was observed for Vif
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Table 2. GenBank accession numbers for the HIV-1 nucleotide sequences used in the work

Tabdauna 2. Perucrpanuonnsie Homepa GenBank ncnonb3oBaHHBIX B pab0Te HyKJIEOTHIHBIX HOcIenoBarensHocTeit BUY-1

Region of the Russian Federation
Pernon PO

GenBank accession numbers for sequences
Homepa nocnenoparensHocTeit GenBank

Amur region
Amypckas o0nactb

Arkhangelsk
ApxaHrenbek

Murmansk
Mypmanck

Irkutsk
Hpkytck

MH330347, MH330348, MH330349, MH330350, MH330351, MH330352, MH330353, MH330354,

MH330355, MH330356

MG902950, MG902951, MH330337, MH330338, MH330339, MH330340, MH330341, MH330342,
MH330343, MH330344, MH330345, MH330346

MH330370, PP816220, MH330371, MH330372, MH330373, MH330374, MH330375, MH330376,
MH330377, MH330378, MH330379, MH330380, MH330381

MH330357, MH330358, MH330359, PP816221, MH330361, PP816222, MH330363, MH330364,
MH330365, PP816223, MH330367, PP816224, PP816225

Table 3. Insertions and deletions of amino acids (a.a.) in the analyzed sequences*

Taomuua 3. Uucepunu u [enennyd aMHHOKKICIIOT B aHATM3UPYEMBIX MTOCIS0BATEIEHOCTIX *

HIV-1 Amur region Arkhangelsk Murmansk Irkutsk
protein Awmypckast 001acTb ApxaHrenbck Mypmanck UpkyTck
Benox . . - . . . - - . - - -
BUY-1 insertion deletion insertion deletion insertion deletion insertion deletion
(sequence ID) | (sequence ID) | (sequence ID) (sequence ID) (sequence ID) (sequence ID) | (sequence ID) | (sequence ID)
HHCepIUst JIeTIeIHs HHCepIUst JeTIerHst HHCEePLUs JeTenus HHCEePLUs JeTeryst
(N noci-tu) (N nocu-tn) (N noci-tu) (N noci-tu) (N noc-tm) (N moci-ti) (N moc-tr) (N mocsn-tn)
Tat - - - - 79-80insE - 54-55insS -
(MH330380) (MH330364)
Rev - del97-119 - del93-99 33-34insR - 8-9insA del91-97
(MH330355, (MH330341), (MH330380) (MH330364) (MH330358)
(MH330353) del94-115
(MH330339)
Vpu - - - - - del77 7-8insTIV del5
(PP816220) (PP816225) (PP816223)
Vif - - - - - - - del109-115
(PP816224)
Vpr - - - del85-86 84-85insI/M - - del85-86
(MH330345) (MH330371) (PP816225)
Nef 25-26insPA del8-11 25-26insPA Del8-9 25-26insPA - 25-26insPAP del8-11
(MH330352, (MH330351), (MH330342, (MG902950) (MH330371), (PP816221), (PP816221,
MH330354), del8-11 MH330343) 25-26insP 25-26insPA MH330361),
(MH330355) (MH330370), (PP816225), dell0
25-26ins 25-26in- 25-26insPAA  (PP816223)
PAASGVE sPAAGG[G/V] (MH330363),
(MH330355), (MH330378), 63—64insE
25-26ins (MH330358)
63—64insEE PXARRAPE
(MH330355) (MH330380),
63—64insE
(PP816220,
MH330380)

Note. *The locations of insertions and deletions are shown according to the consensus sequence of the corresponding HIV-1 protein.

IIpumeuanue. *PacnionoxxeHue MHCEPLMI M JeNelMil yKa3aHO OTHOCUTENIbHO KOHCEHCYCHOH IMOCJIeIOBATEIbHOCTH HECTPYKTypHOro Genka BUY-1

COOTBETCTBYIOIIETO PETHOHA.

protein variants of HIV-1 sub-subtype A6, circulating in
Arkhangelsk, Murmansk, and Irkutsk. Furthermore, a
shift of the strand from position 93-97 to position 94—
97 was detected for the Vif protein, characteristic of the
virus variants in Murmansk, and a lack of strand structure
at position 128-129 was found for the Vif protein
characteristic of the virus variants in Arkhangelsk;
—adisplacement of the helix element from position 13—
21 to 14-21 was detected for the Nef protein variants,
characteristic of HIV-1 sub-subtype A6 in Arkhangelsk,
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Murmansk and Irkutsk. Furthermore, a shift of the helix
element from position 57-66 to 5666 was detected
for the Nef protein variant of the virus characteristic of
Arkhangelsk.

Discussion

Currently, studies of the HIV-1 pol gene are regularly
conducted in Russia both in virus variants circulating
in individual regions [17-19] and in the whole country
[11, 12, 20]. This is explained by the fact that inhibitors of
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Fig. 1. Phylogenetic analysis of the obtained sequences: tat (A), rev (B), vpu (C), vif (D), vpr (E), nef (F).
Clusters of the most typical HIV-1 genetic variants for the territory of the Russian Federation are marked in color on the phylogenetic trees: pink — HIV-1 sub-
subtype A6, blue — subtype B, light green — circulating recombinant forms CRF02_AG and CRF63_02A6; a cluster formed by the reference sequences of HIV-1
sub-subtype A1 is also marked. Within the HIV-1 sub-subtype A6 cluster, the reference sequences are shown in red, the studied sequences are shown in black; all
other clusters of HIV-1 of other genetic variants (A1, C, D, F1, F2, G) include exclusively reference sequences (HIV Databases (lanl.gov).

Puc. 1. ®unoreHeTnuecKuil aHaN3 MOMYYCHHBIX TIOcienoBarensHocTei: tat (A), rev (B), vpu (C), vif (D), vpr (E), nef (F).

LiBeroM Ha (HUIOreHETHYECKUX JEPEBBSIX OTMEUCHBI KJIacTepbl Hanbosee XapaKTepHbIX 11 Tepputopun PP renernueckux sapuantoB BUY-1: posoBeiM 1Be-

ToM — BUY-1 cy6-cybruma A6, romyOsiM — cydTrna B, camatoBeiM — nupkynupytonux pexomMouHaHTHBIX popm CRF02_AG u CRF63_02A6; Takke oTMeueH

KJacTep, 00pa3oBaHHEIN pedepeHcHbIMY HocnenoBareasHocTsiMu BUY-1 cy6-cyoTrna Al. Buytpu knacrepa BUU-1 cy6-cyotuna A6 pedepeHcHbIe TOCIeno-

BaTEIBLHOCTH 0003HAYCHBI KPACHBIM [[BETOM, HCCIICAYEMbIC IIOCICI0BATEIBHOCTH — YCPHBIM IIBETOM; BCE OCTasbHBbIC KiacTepsl BUY-1 npyrux renernaeckux
BapuanToB (Al, C, D, F1, F2, G) Bxio4aroT HCKII0OUUTENBHO pedepencHsie nocienosarensHocty (HIV Databases (lanl.gov).
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viral enzymes, integrase, protease, and reverse transcriptase,
which are encoded by the pol gene [1, 15], are mainly used
to treat HIV infection. Accordingly, most antiretroviral drug
resistance mutations occur in the pol/ gene, and the study
of this region of the genome is regulated by regulatory
documents in clinical practice. Nonstructural protein
genes are outside the analyzed region of the genome, and
the variability of nonstructural proteins of virus variants
circulating in different regions of the country remains
unstudied. In a recent study, we showed that some regions of
the Tat protein in HIV-1 sub-subtype A6 variants circulating
in the Moscow region are less conserved than in the general
population of HIV-1 sub-subtype A6 variants [21].
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Fig. 2. Reference sequences of the proteins Tat,
Rev, Vpu, Vif, Vpr, Nef.
Non-polar amino acids: G (glycine), A (alanine),
V (valine), L (leucine), I (isoleucine), P (proline),
M (methionine) and F (phenylalanine), — are marked
in blue; Polar uncharged, neutral, amino acids:
S (serine), T (threonine), C (cysteine), N (asparagine),
Q (glutamine) and W (tryptophan) — green; polar acidic,
negatively charged, amino acids: D (aspartic acid) and
E (glutamic acid), Y (tyrosine) — orange; polar basic,
positively charged amino acids: K (lysine), R (arginine)
and H (histidine) [16].
Puc. 2. PedpepeHcHbIe MOCIEI0BATEIBHOCTH OEll-
koB Tat, Rev, Vpu, Vif, Vpr, Nef.

Henonsapuere amuHOKHCHOTH: G (MMUuH), A (aTaHuH),
V (BamuH), L (neiiun), 1 (u3oneituun), P (nmposamn),
M (metnonun) u F (heHnnanaHuH) — OTMEUEHB! CHHUM
L[BETOM; TOJIAPHbIC HE3apsDKCHHBIC, HEHTpasIbHbIC, aMH-
HOKHCIOTEL: S (cepun), T (Tpeonun), C (uuctenn), N (ac-
naparut), Q (mytamuH) 1 W (TpHunTodaH) — 3€ICHBIM;
SIONSPHBIE KUCHBIE, OTPUIATEIbHO 3apsDKCHHBIC, aMH-
HokucioTel: D (acmaparuHoBast kuciora) u E (rmyramu-
HOBasl KHCIIOTa), Y (THPO3UH) — OPAHIKEBBIM; HOISIPHBIC
OCHOBHBIE, TTONIOKHTENBHO 3aPsKEHHbIC, AMHHOKUCIIOTHI:
K (mm3un), R (aprunun) u H (ructunun) — kpacHsM [16].

96

98 100 102

This study was based on the assumption that there
is variability in non-structural proteins of HIV-1 sub-
subtype A6 variants circulating in different regions of
our country. We analyzed the sequences of non-structural
proteins of HIV-1 sub-subtype A6 variants obtained
by analyzing clinical whole blood samples of naive
patients, i.e., those who had not previously received ART,
between 2012 and 2014. Patients were under observation
at AIDS centers in the Amur region, Arkhangelsk,
Murmansk and Irkutsk (Table 1).

When generating consensus sequences for each HIV-1
non-structural protein, sequences containing deletions/
insertions were noted (Table 3), with only one sequence
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Table 4. Amino acid substitutions in the consensus sequences of non-structural proteins of virus variants circulating in the Amur Region, Arkhan-
gelsk, Murmansk, and Irkutsk, relative to the reference sequences*

Tabauua 4. AMUHOKHCIIOTHBIE 3aMEHBI B KOHCEHCYCHBIX IOCIIEI0BATEIBHOCTIX HECTPYKTYPHBIX O€JIKOB BADHAHTOB BUPYCOB, IUPKYIHPYIONINX B
Amypckoit obnacTy, IT. ApxaHrenscke, Mypmancke, MpKyTcke, OTHOCHTENBHO pe(epeHCHBIX MOC/IeJ0BaTeNbHOCTeH™

HIV-1 protein Amur region Arkhangelsk Murmansk Irkutsk
Bbenox BUY-1 AMmypckas 00nacTb ApXaHrenbck MypmaHck Hpkyrck
Tat P68L, R99P/R - - P6SL
Rev K39R K39R, A68E, V1091 K39R, V1091 -
Vpu F16S/A F16F/S/A L33V Y73L
Vif F39v E37G, R50K, E92E/K, E37G, R50K, E92R, 1981/V, E37G,
V125V/L H127Q R50K/R
Vpr - - - -
Nef 110I/L, K179R R29T,Y82F, E152E/S, R29T, I1341/E, Y144Y/F, R29P/T, G84A, F136Y,

K179R E152D, K179R, T193T/K K179R, T193K

Note. *R99P/R indicates that the consensus sequence contained amino acids P and R with equal probability at the position. Substitutions associated with
changes in the properties of amino acids, charged/uncharged or polar/non-polar, are highlighted in bold.

Ilpumeuanue. *R99P/R 0603Ha4aeT, YTO B KOHCEHCYCHOI HOCIENOBATEIBHOCTH C PABHOW BEPOSTHOCTHIO B MO3HIMH BCTPEYAINCH aMHUHOKHCIIOTHI
P u R. XKupHbIM mIpud)ToM BbIAEICHBI 3aMEHbBI, ACCOLIMUPOBAHHbBIE ¢ U3MEHEHUSIMH CBOWCTB aMHHOKHUCIIOT: 3apshKEHHAs/He3apshKeHHasl, NoJsipHast/

HETIOJNIpHAsL.

Table 5. Predicted arrangement of helical and strand elements in secondary structures of reference sequences of HIV-1 nonstructural proteins

TaﬁJmua 5. CHpOFH03I/Ip0BaHHOC PaACIIONIOKCHUE JIEMEHTOB CHI/IpaHCﬁ M Lereii BO BTOPHUYHBIX CTPYKTYpax pe(’pepeHCHHx MOCJIeTOBATEILHOCTEH

HECTPYKTYpHbIX OenkoB BUY-1

Secondary structure type Tat Rev Vpu Vif

~ L - o o Nef

Tun BropuyHOH (a.a. position/ | (a.a. position / (a.a. position / (a.a. position / (aa ition / osuus AK /)

CTPYKTYPBI nosuiwms AK) nosuims AK) nosuiwms AK) nosuims AK) -a. posttio o3un
Helix 32-33,36-39, 9-24,35-61 3-52,61-70 15-31, 78-80, 100110, 13-21, 38-40,50-51, 57-66, 82-94,
Crinpaib 86-95 117-124, 145-153 106-110, 151-156, 168-171, 188-192,

196-199, 201204

Strand - - - 4-13, 3841, 50-59, 102-104, 111-118, 142—-148, 181-186
Lenb 63-69, 85-91, 93-97,

128-129

(PP816224) containing a deletion (del109-115) in
the Vif protein, and the greatest number of deletions/
insertions analyzed sequences contained in the Nef
protein (Table 3). This result can be explained by
the fact that the main function of the Vif protein is to
counteract the cellular protein APOBEG3G, whereas
the Nef protein has multiple activities and contacts more
host cell proteins, which, accordingly, implies a more
flexible structure [1].

Reference sequences of HIV-1 sub-subtype A6 non-
structural proteins were generated from 235 whole-
genome sequences downloaded from the Los Alamos
International Database.

The generated Tat protein reference sequence contained
histidine (H) at position 54 and 60, glycine (G) at
position 57, and the ?QRD?*® motif characteristic of HIV-
1 sub-subtype A6 [21, 22].

The generated Rev protein reference sequence con-
tained glutamine (Q) at position 41 and, after posi-
tion 95, a QSQGTET motif characteristic of HIV-1
sub-subtype A6 [23].

The generated Vpu protein reference sequence
relative to the previously published Vpu sub-subtype A6
sequence contained tyrosine (Y) instead of leucine (L) at
position 73 [24].

The reference sequences of Vif, Vpr, and Nef proteins
of HIV-1 sub-subtype A6 were generated and presented
for the first time.

Despite the variability characteristic of Vpr protein in
the COOH-terminal region reported earlier, the consensus
sequences of Vpr protein from different regions of the
Russian Federation did not contain substitutions relative
to the reference sequence [25].

The consensus sequences of Tat, Rev, Vpu, Vif, and
Nef proteins differed from the reference sequences
and differed among themselves by the presence of
characteristic amino acid substitutions. Some of the
identified amino acid substitutions were associated with
changes in the chemical properties of the amino acids,
and changes in the secondary structure of the protein
relative to the reference sequences were detected for Tat,
Vif, and Nef proteins.

The results obtained indicate the existence of differences
in non-structural proteins in HIV-1 sub-subtype A6
variants, circulating in different regions of the Russian
Federation, which can be explained by the founder effect.

This study has a limitation due to the small sample of
analyzed sequences. To confirm the results obtained, it is
necessary to conduct further studies of the polymorphism
of non-structural proteins of HIV-1 sub-subtype A6
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variants, circulating in different regions of the country.

Conclusion

A comparative analysis of consensus sequences

of non-structural proteins of HIV-1 sub-subtype A6
variants circulating in different regions of the Russian
Federation was performed for the first time. The
reference sequences of Vif, Vpr, and Nef proteins of
HIV-1 sub-subtype A6 were obtained and presented for
the first time. The Vpr protein was determined to be
the most conserved. In summary, the results obtained
indicate the presence of peculiarities in non-structural
proteins of HIV-1 sub-subtype A6 variants in different
regions of Russia.
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