PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2024; 69(6) . Check for updates
https://doi.org/10.36233/0507-4088-272

ORIGINAL RESEARCHES

ORIGINAL STUDY ARTICLE |:|
DOI: https://doi.org/10.36233/0507-4088-272

© KUZNETSOVA AL, ANTONOVA A A., LEBEDEV A.V., OZHMEGOVA E.N., GALZITSKAYA O.V., 2024

The features of Tat protein of human immunodeficiency virus
type 1 (Retroviridae: Lentivirus: Lentivirus humimdef1)
non-A6 variants, characteristic for the Russian Federation

Anna |. Kuznetsova' , Anastasiia A. Antonova', Aleksey V. Lebedev?,
Ekaterina N. Ozhmegova', Anastasia V. Shlykova?, llya A. Lapovok?, Oxana V. Galzitskaya'**

D.l. Ivanovsky Institute of Virology of National Research Center for Epidemiology and Microbiology named after Honorary
Academician N.F. Gamaleya, 123098, Moscow, Russia;

2Central Research Institute of Epidemiology, Moscow, 111123, Russia;

3Institute of Protein Research RAS, 142290, Moscow Region, Pushchino, Russia;

“Institute of Theoretical and Experimental Biophysics RAS, 142290, Moscow Region, Pushchino, Russia

524

Abstract

Introduction. Tat protein is a trans-activator of HIV-1 genome transcription, with additional functions including
the ability to induce the chronic inflammatory process. Natural amino acid polymorphisms in Tat may affect its
functional properties and the course of HIV infection.

The aim of this work is to analyze the marks of Tat consensus sequences in non-A6 HIV-1 variants characteristic
of the Russian Federation, as well as study natural polymorphisms in Tat CRF63_02A6 and subtype B variants
circulating in Russia.

Materials and methods. The whole-genome nucleotide sequences of HIV-1 CRF63_02A6, CRF03_A6B, as well
as subtype B and CRF02_AG circulating in Russia were used. The reference group was formed based on the
sequences of subtype B variants circulating in different countries. Preferentially, the sequences were downloaded
from the international database Los Alamos.

Results. CRF63_02A6 consensus sequence contained the highest number of amino acid substitutions, 31, and
had no helix at positions 30-33 in the secondary structure; however, this did not change its predicted tertiary
structure. CRF03_A6B consensus sequence contained a stop codon at position 87. The polymorphisms in subtype
B variants circulating in our country and in CRF63_02A6 variants were identified.

Conclusion. Consensus sequences of Tat protein in non-A6 variants typical for the Russian Federation were obtained
and their features were determined. R78G, located in the functionally significant motif, and C31S, the functionally
significant substitution, were significantly more frequent in subtype B variants circulating in Russia and in CRF63_02A6
variants than in the reference group, respectively. A limitation of this study is the small sample of sequences.
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Pestome

BBeneHue. benok Tat Bupyca nmmyHogedmumTa Yenoseka 1-ro Tuna (BUY-1) senset TpaHc-akTnBaTopoM TpaHc-
KpUMuumM BMPYCHOrO reHoMa, AONOMHUTENbHbIE (DYHKLMM KOTOPOrO BKHOYAKT CMOCOBHOCTL 3anyckaTb XpOHUYe-
CKWIA BOCManuUTenbHbIN Npouecc. EcTecTBeHHbIe aMMHOKUCNOTHBIE 3aMeHbl B Benke Tat MOryT BNNATb Ha OYHKUM-
OHarnbHble cBoncTBa Genka n Ha TedyeHne BUY-nHdpekumn.

Llenbtlo paboTbl ABNAETCS aHanM3 0COOEeHHOCTEN KOHCEHCYCHbIX nocregoBaTtensHocTen 6enka Tat He-A6-Bapu-
aHToB BNY-1, xapakTepHbix ans Poccuiickon Penepauum, nccrnenoBaHne eCTeCTBEHHbIX NONMMMopgur3moB Genka
Tat BapnaHTta CRF63_02A6 1 BapnaHToB Bupyca cybtuna B, umpkynupytowmx Ha Tepputopun Poccun.
MaTepuanbl n metoabl. Matepuanom anst paboTbl NOCNYXWUIW NOMHOrEHOMHbIE HYKINEOTUAHbIE NOCneaoBaTenb-
HocTn BWY-1 BapuanToB CRF63_02A6, CRF03_A6B, a Takke cybtuna B n CRF02_AG, umpkynupylowmx Ha
Tepputopumn Poccun. PedepeHcHas rpynna bbina cdhopmmpoBaHa Ha OCHOBE MOCINEAOBATENbLHOCTEN BapMaHTOB
BWY-1 cy6Tmna B, umpkynupyowmnx B pasHblx CTpaHax Mupa. AHanmanpyemMble NnocneaoBaTenbHOCTU NpenMyLle-
CTBEHHO ObINnun 3arpyXeHHble U3 MexayHapoaHow 6a3bl aHHbIX Los Alamos.

Pe3ynbTratbl. KoHceHcycHasi nocnegoBatensHocTe CRF63_02A6 copepxana Hanbonbliee KOnM4ecTBO amunHO-
KMCMNOTHBIX 3ameH (31) 1 BO BTOPUYHOW CTPYKTYpe He codepxana cnupanu B nosuumsax 30-33, ogHako 910 He
NpYBENo K MU3MEHEHUIO NpeacKa3aHHOW TPeTUYHOM CTPYKTypbl. KoHceHcycHasa nocnegoBatensHocTb CRFO3_A6GB
cogepxana cTon-kogoH B 87-m nonoxexnun. OnpegeneHsl nonumopguamel BapmaHtos BUY-1 cybtuna B, umpky-
NpyLWKX B Hawen cTpaHe, n BapmaHToB CRF63_02A6.

3akntouyeHue. [NonyyeHbl KOHCEHCYCHble nocregoBaTensHocTu 6enka Tat He-AB-BapuaHToB BNY-1, xapakTepHbix
ans Poccuickon ®eanepaunm, n onpegeneHel ux ocobeHHocTn. 3ameHa R78G, pacnonoxeHHas B OyHKLMOHamMb-
HO 3Ha4YMMOM MOTMBE, U PYHKLMOHAmNBLHO 3Ha4YMMas 3ameHa C31S goCToOBEPHO Yalle BCTpeYanuch y BapnaHToB
Bupyca cybtuna B, umpkynupyowwmx Ha Tepputopum Poccun, n y BapmaHtoB CRF63_02A6 COOTBETCTBEHHO, YEM
B pedepeHcHol rpynne. OrpaHnyYeHnem NpoBegeHHOrO UCCneqoBaHus sensinacek Hebonbluasa Beibopka nocneno-
BaTENbHOCTEN.

KnroueBblie cnoBa: BUY-1; Tat, cybmun B; CRF63_02A6; CRF03_A6B; CRF02_AG
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Introduction

Human immunodeficiency virus (HIV) belongs to the
Lentivirus genus of the Orthoretrovirinae subfamily
of the Retroviridae family. Based on genetic features
and differences in viral antigens, HIV is classified into
types 1 and 2 [1]. The spread of HIV-2 is limited to
western Africa, although cases of importation of this
type of virus into other parts of the world have been
reported. HIV-1 originated around the 1920s in what is
now the Democratic Republic of Congo and has spread
across the world over time [2]. HIV-1 is categorized
into groups based on genetic characteristics: M, N,
O and P. Group M viruses account for the majority of
HIV infections worldwide. Group M HIV-1 variants
are divided into subtypes: A (sub-subtypes A1-AS), B,
C, D, F (sub-subtypes F1-F2), G, H, J, K, L. Numerous
recombinant forms are emerged between subtypes [3].
HIV-1 variants are spread worldwide very unevenly
[2]. At the current stage of HIV-1 epidemic in Russia,
sub-subtype A6 remains the dominant genetic variant
(82.9%), subtype B (7.14%) ranks second in frequency
of occurrence, the recombinant form CRF63 02A6
accounts for about 3.59%, the frequency of occurrence of
each of the recombinant forms CRF02_AG and CRF03
AB is about 1% [4]. In the Russian Federation as a whole,
the frequency of recombinant forms of HIV-1 and their
involvement in the epidemic process has been increasing
over time [4].

The Tat protein of HIV-1 is a trans-activator of viral
genome transcription which alters the activity of the viral
promoter and cellular RNA polymerase. Viral replication
begins with transcription that results in the production of
short viral RNAs encoding the Tat protein and several other
viral proteins. The resulting transcripts are transported
to the cytoplasm, where synthesis of the corresponding
proteins occurs on ribosomes [5]. The newly formed Tat,
possessing a nuclear localization signal, returns back
to the nucleus, where it causes the release of positive
transcription elongation factor b (P-TEFb) from the
inactive complex formed by this protein with HEXIM1,
LARP and 7SK RNA. Then P-TEFb in a complex with Tat
binds to a special TAR element (trans-activation response
element) on the synthesized viral RNA, which leads to an
increase in the processivity of RNA polymerase and, as
a consequence, to the formation of full-length viral RNA
molecules [5, 6]. Tat also has additional intracellular and
extracellular functions. Infected cells release Tat into the
intercellular space, from where it enters the bloodstream.
Afterwards, Tat protein can be taken up by both HIV-
infected and uninfected cells. Latently HIV-infected cells
can be reactivated by Tat protein. Uninfected cells that
have engulfed the Tat protein enter become activated,
which eventually leads them to apoptosis. Furthermore,
the cells that have engulfed Tat themselves begin to
produce inflammatory cytokines. As a result, a chronic
inflammatory process is triggered, contributing to the
development of comorbid, neurodegenerative and
cardiovascular diseases in HIV-infected patients [5, 7, 8].

Tat is a small basic protein that is encoded by two
exons and contains 86 to 106 amino acid residues
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(a.a.r.), predominantly 101 a.a.r. The first 5 domains are
encoded by the first exon and the 6th domain is encoded
by the second exon. The first 3 domains (Ist: 1-21
a.a.r.; 2nd: 22-37 a.ar.; 3rd: 38-48 a.a.r) form the
minimal region required for trans-activation [6, 8]. The
fourth domain (49-57 a.a.r.) is responsible for binding to
the TAR element, as well as protein uptake by cells and,
together with the 5th domain (58-72 a.a.r.), determines
the nuclear localization of Tat [5, 6]. The sixth domain
(73-101 a.a.r.), encoded by the second exon, presumably
contributes to viral infectivity and binding to integrins
at the cell membrane [6]. The influence of amino acid
substitutions in the Tat protein on its functions [9, 10] and
on the pathogenesis of HIV infection [6, 11, 12] is being
actively studied. The relevance of studying the variability
of Tat protein is also determined by the fact that it is a
promising target for the development of antiretroviral
drugs and therapeutic vaccines [13, 14].

Previous studies of the Tat protein characteristics of the
most prevalent sub-subtype A6 in Russia have identified
substitutions that allow distinguishing this HIV variant
from other genetic variants. Thus, studies have shown the
presence of mutations in the 4th functionally significant
domain, the frequency of which differed significantly
between sub-subtype A6 and the most studied subtype B,
and also identified the QRD motif in the 6th domain of the
Tat protein in sub-subtype A6 instead of the functionally
significant RGD motif [5, 7].

The aim of this study is to investigate the features of
the Tat protein in non-A6 variants of HIV-1 characteristic
of the Russian Federation: analysis of the features of
consensus sequences of the Tat protein, including the
study of secondary and tertiary structures, comparison of
the profile of natural Tat polymorphisms in CRF63 02A6
variants and subtype B virus variants circulating in Russia
with subtype B virus variants circulating worldwide. The
data obtained can be used in the development of drugs
and vaccines, as well as contribute to the study of the
influence of polymorphisms on the functional properties
of viruses.

Materials and methods

All whole-genome sequences of CRF63 02A6,
CRF03_AG6B variants, as well as subtype B and CRF02
AG variants circulating in the Russian Federation were
selected from the Los Alamos international database
(www.hiv.lanl.gov/content/index, dated April 19, 2024).
One sequence from one patient was included in the study.
The nucleotide sequences of the tat gene were retrieved
from the selected sequences. As a result, 26 sequences
of CRF63 02A6, 4 sequences of CRF03 A6B, 35 se-
quences of subtype B variants circulating in the territory
of Russia, as well as one sequence of variant CRF02 AG
obtained from an HIV-infected patient in Russia were
downloaded.

Additionally, two sequences of the fat gene of the
CRF02_AG variant, retrieved from whole-genome se-
quences of the virus obtained earlier by the laborato-
ry from 2 patients within the framework of the CHAIN
project of the 7th Framework Program of the European
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Community «Single Network for the Study of Drug Re-
sistance to Antiretroviral Drugs», were included in the
study. The Ethical Committee of the Federal State Uni-
tary Scientific Center «Vector» obtained permission for
blood collection from the patients (Protocol No. 1 of
March 30, 2010). Patients signed an informed consent
for participation in the study. Samples were analyzed by
mass parallel sequencing using the AmpliSens HIV-Re-
sist-NGS kit according to the manufacturer’s instructions
(FBIS Central Research Institute for Disease Control of
Rospotrebnadzor, Russia). Whole genome sequencing
of samples was performed using MiSeq technology and
appropriate MiSeq reagent kits V2 (Illumina, USA) by
analyzing 4 overlapping specific fragments (total length
of the analyzed fragment 704-9563 by HXB2).

The determination of the virus subtype was based on
whole-genome sequence analysis in the Comet (https://
comet.lih.lu) and RIP (RIP 3.0 submission form (lanl.
gov)) programs. Sequences were grouped according to
virus subtype.

Fifty whole-genome sequences of subtype B circulating
in the USA, EU countries, Canada, Japan, China, South
Korea and Australia were selected from the Los Alamos
international database (www.hiv.lanl.gov/content/index)
to form a reference group of sequences. One sequence
from a single patient was also included in the study. From
all the selected sequences, the nucleotide sequences of
the tat gene were retrieved.

Nucleotide sequence quality control was then per-
formed, in which the following sequences were excluded
from analysis: a) those containing substitutions in the start
codon; b) those containing nucleotide gaps not divisible
by 3; and c) those containing 2 consecutive degenerate
N positions. Sequences that failed quality control were
removed from the study.

The nucleotide sequences were then translated into
amino acid sequences using the Sequence Manipulation
Suite: Translate program (www.bioinformatics.org) and
aligned to each group in the MEGA v. 10.2.2 program
(www.megasoftware.net). Next, an amino acid consensus
sequence was generated for each sequence group using
the Advanced Consensus Maker tool software on the Los
Alamos database website (https://www.hiv.lanl.gov/con-
tent/sequence/CONSENSUS/AdvCon.html). Amino acid
insertions were not taken into account when generating
the reference sequence. A reference consensus sequence
(reference) was generated based on a reference group of
sequences.

Comparison of the consensus sequences CRF63 02A6,
CRF03_A6B and CRF02_AG and subtype B variants cir-
culating in Russia with the reference consensus sequence
of subtype B and with each other was performed in the
MEGA v. 10.2.2 program (www.megasoftware.net).

Further, the secondary structure of the consensus se-
quences of non-A6 variants of HIV-1 circulating in Rus-
sia was predicted based on consensus sequence analy-
sis in the PSIPRED program (http://bioinf.cs.ucl.ac.uk/
psipred/). Specific changes in the secondary structure of
the corresponding virus variants relative to the reference
consensus sequence were analyzed. The secondary struc-
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ture was analyzed only for consensus sequences that were
generated on the basis of more than 10 sequences.

The IsUnstruct program was used to predict the loca-
tion of unstructured regions in consensus sequences [15].

The AlphaFold 2 program (AlphaFold Protein Struc-
ture Database) was used to predict the spatial structure of
consensus sequences [16].

The natural polymorphisms of subtype B variants cir-
culating in Russia and CRF63 02A6 variants were sub-
sequently compared with subtype B variants circulating
worldwide. For this purpose, initially, using the program
MEGA v. 10.2.2 program, natural polymorphisms of all
analyzed groups were detected relative to the reference
consensus sequence — the consensus sequence of subtype
B viruses circulating in the world. Polymorphisms were
understood as mutations, i.e., single substitutions occur-
ring in 1% of observations or more frequently [17]. Then,
using the Nonparametric Statistics module of Statisti-
ca 8.0 (StatSoft Inc., USA), the group of subtype B vari-
ants circulating in Russia and the group of CRF63 02A6
variants were compared pairwise with the group of sub-
type B variants circulating worldwide: sites with statis-
tically significant differences were identified (p < 0.05
using the y? criterion).

Results

Analyzed sequences

Two HIV-1 CRF02_ AG whole-genome sequences ob-
tained earlier during the CHAIN project were deposited
in GeneBank under accession numbers PP816227 and
PP816231.

After quality control of the downloaded nucleotide se-
quences, one CRF63 02A6 sequence, one CRF03 A6B
sequence and two subtype B sequences from the refer-
ence group, i.e. the group of HIV-1 subtype B variant
sequences circulating worldwide, were excluded from
the analysis. Thus, the study included 25 sequences of
CRF63 02A6, 3 sequences of CRF03_A6B, 35 sequenc-
es of subtype B variants and 3 sequences of CRF02_AG
variant virus both circulating in the territory of the Rus-
sian Federation. The reference group was formed on the
basis of 48 sequences. The obtained consensus sequences
are presented in Fig. 1.

Structural analysis
Primary structure

The consensus of HIV-1 subtype B variants circulating
in Russia differed from the reference consensus sequence
in 8 positions, and 8§ of the 8 substitutions were associated
with changes in chemical properties. A change in chemical
properties was interpreted as a change in the polarity or
charge of an amino acid at a specific position (Fig. 1).

The consensus of CRF02_AG virus variants circulating
in Russia differed from the reference sequence
in 30 positions, where the amino acid substitution was
not associated with a change in chemical properties only
in 8 out of the 30 positions.

The HIV-1 variant consensus of CRF03 _A6B contained
a premature stop codon at position 87, differed from the
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reference sequence in 6 of the 86 amino acid positions,
where the amino acid substitution was not associated with
a change in chemical properties in 3 of those 6 positions.
The consensus of CRF63 02A6 differed from the
reference sequence in 31 positions, where the amino acid
substitutions were not associated with a change in chemical
properties in only 8 out of the 31 positions (Fig. 1).

Secondary structure

Secondary structure was investigated for consensus
sequences, HIV-1 subtype B wvariants circulating in
Russia, and CRF63 02A6 variants. They were compared
with the reference sequence.

Since the consensus sequence of HIV-1 subtype
B variants circulating in the Russian Federation was
equally likely to contain serine (S) and proline (P) at
position 70, two sequence variants were analyzed to
predict the secondary structure of Tat protein: B(Russia)
v1/B(Russia) vl and  B(Russia) v2/B(Russia) v2,
respectively. The results of the structure analysis of the
sequences under study are presented in Fig. 2.

Most of the secondary structure of the Tat protein is
a tangle. The consensus sequence CRF63 02A6 showed
the greatest differences from the reference sequence: the
absence of a helix in positions 30-33.

Tertiary structure

The tertiary structure of the consensus sequence of
Tat CRF63 02A6 protein was then compared with the
reference sequence (Fig. 3).

The probability profiles for the unstructured regions
of the Tat protein of both the reference sequence and
the consensus sequence of the CRF63 02A6 variants

contained only one structured region corresponding
to a cysteine-rich region around 22-48 a.a.r., which
corresponds to the 2nd and 3rd domains of the Tat
protein (Fig. 3). This region is highlighted in blue on
the profile and on the spatial structure predicted using
AlphaFold 2 (Fig. 3).

Comparison of natural polymorphism profiles
of the Tat protein

When comparing the profile of natural polymorphisms
of the Tat protein of HIV-1 subtype B variants circulating
in Russia and CRF63 02A6 virus variants with subtype B
virus variants circulating in the world, it was found that:

— 1 sequence from the group of subtype B variants
circulating worldwide contained a glutamine insertion
between 76 and 77 a.a.r. — 76-77insQ.

— 1 sequence CRF63 02A6 contained a histidine
insertion between 80 and 81 a.a.r., 80-81insH.

— 2 sequences from the group of subtype B variants
circulating worldwide contained a premature stop codon
at position 87 and one sequence contained a premature
stop codon at position 100.

— 1 sequence from the group of subtype B variants
circulating in Russia contained a premature stop codon
at position 87.

— 3 CRF63 02A6 sequences contained a premature
stop codon at position 100.

However, the detected insertions and premature stop
codons had no significant difference in the frequency of
occurrence between the analyzed groups.

When comparing the profile of natural polymorphisms of
subtype B virus variants circulating in Russia and subtype
B virus variants circulating worldwide, 21 substitutions

Fig. 1. Multiple alignment of the full-length Tat protein’s consensus sequences of subtype B and CRF02_AG variants circulating in Russia,
and variants Crf03_A6B, CRF63_02A6 relative to the consensus sequence of subtype B variants circulating in the world (B reference).

The dots indicate amino acid residues (a.a.r.) positions in which the a.a.r. in the consensus corresponded to the reference. Non-polar amino
acids: G (glycine), A (alanine), V (valine), L (leucine), I (isoleucine), P (proline) — are marked in blue; polar uncharged amino acids: S (ser-
ine), T (threonine), C (cysteine), M (methionine), N (asparagine), Q (glutamine) — green; aromatic amino acids: F (phenylalanine), Y (Tyro-
sine), W (tryptophan), H (Histidine) — yellow; polar acidic negatively charged amino acids: D (aspartic acid) and E (glutamic acid) — orange;
polar basic positively charged amino acids: K (lysine), R (arginine) — in red [18, 19]. X — a.a.r. is undefined (gray).

Puc. 1. MHOXeCTBEHHOE BBIpaBHUBaHKE KOHCEHCYCHBIX MTOCIIeI0BaTeNbHOCTE MmoaHopa3MepHoro Oenka Tat BapuanToB cyOTuna B u Bapu-
antoB CRF02_AG, mupkymupyronmx B Poccun, n Bapnanto Crf03_A6B, CRF63 02A6 oTHOCHTEIHHO KOHCEHCYCHOU ITOCIIEI0BATEIEHO-
CTH BapuaHToB cyOTuna B, nupkynupyrounmx B mupe (B pedepenc).

Toukamu o6o3nadens! no3unuu AO, B KOTOpsIX AO B KOHCEHCYCaX COOTBETCTBOBANNU pedepeHcy. AMUHOKHCIOTHI KIACCH(PUIIMPOBAHBI Ha
OCHOBE NOIAPHOCTH paaukanoB. HemomspHele amuHokucnoTel: G (munuH), A (ananus), V (Banun), L (neiinun), | (u3oneinun), P (mponun)
OTMEYCHBI CHHUM LIBETOM; MOJIAPHBIC He3apshKeHHbIE aMHHOKHCIOTHL: S (cepuH), T (TpeonuH), C (mucrenH), M (MetnonunH), N (acmaparuH),
Q (rmyTaMuH) — 3eeHbIM; apoMaTHuecKue aMHHOKUCIOTHL: F (penunananun), Y (tupo3un), W (tpunrtodan), H (ructuans) — xKeitsiv;
OTPUIIATENBHO 3apsDKEHHbIE aMHHOKUCIOTHL: D (acnmaparnHoBas kucnora) u E (IIyTaMuHOBast KHCIIOTa) — OPAH>KEBBIM; TTOJIOXKHUTEIIBHO 3apsi-
XKeHHble aMUHOKHUCIOTHL: K (ym3un), R (aprunun) — kpacueiM [18, 19]. X — AO He onpeneneH (cepbiM).
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Fig. 2. Predicted secondary structures of consensus
sequences: A — B(pedepenc)/B(reference); B — B(Poccus)
v1l/B(Russia) v1; C—B(Poccust) v2/ B(Russia) v2; D —
CRF63_02A6.

Puc. 2. [IpenckazanHble BTOPUYHbIE CTPYKTYPbl KOHCEH-
CyCHBIX mocienoBarensHocTe: A — B(pedepenc)/B(refer-
ence); B — B(Poccust) v1/B(Russia) v1; C — B(Poccns)
v2/B(Russia) v2; D — CRF63_02A6.

Fig. 3. Results of comparison of the tertiary structure of the consensus sequence of the Tat protein CRF63 02A6 with the reference sequence.

Probability profile for unstructured regions of Tat consensus sequences predicted by IsUnstruct: A — consensus sequence of HIV-1 subtype B variants circulating

worldwide; B — consensus sequence of HIV-1 CRF63_02A6 variants. Spatial structure predicted by AlphaFold 2 for Tat consensus sequences: C — consensus

sequence of HIV-1 subtype B variants circulating worldwide; D — consensus sequence of HIV-1 CRF63_02A6 variants. The sequence profile corresponding to
unstructured regions is marked in red.

Puc. 3. Pe3ynsTarsl cpaBHEHHS TPETHIHON CTPYKTYpPBI KOHCEHCYCHOHU mocienoBarensHocTh 6enka Tat CRF63_02A6 ¢ pedepencHoit mocie-
JIOBaTEIIbHOCTBIO.

IIpodunp BeposATHOCTH ISl HECTPYKTYpPHPOBAHHBIX YYAaCTKOB KOHCEHCYCHBIX IOcCIenoBarenbHocTeil Oenka Tat, mpexckasanHbix mporpammoi IsUnstruct:

A — KOHCEHCYyCHas ITOCIIeIOBaTeNIbHOCTE BapuaHToB BIIU-1 cy6Tuna B, mupkynupyronmx B Mupe; B — KOHCEHCyCcHast Iocie[oBaTebHOCTh BapuanToB BIU-1

CRF63_02A6. IIpocTpanCTBeHHAs! CTPYKTYpa, MPEACKa3aHHasi ¢ IMOMOIIbi0 mporpammel AlphaFold 2, mist koHCeHCYCHBIX mOcemoBareabHOCTel Oenka Tat:

C — KOHCEHCYCHas IIoCcIIefoBaTenbHOCTh BapuanToB BUU-1 cydtuna B, mupkymupyromux B Mupe; D — KOHCeHCyCHas! [OCIIeJoBaTeIbHOCTE BapuaHToB BITU-1

CRF63_02A6. KpacHbIM IIBETOM BbIIEIEH MPO(UIIb MOCIE0BATEIBHOCTH U YYACTKH LIETIH, COOTBETCTBYIOIINE HECTPYKTYPUPOBAHHBIM Y4aCTKaM; CHHUM ILIBE-
TOM — CTPYKTypHpOBaHHas 001acTh. [1osiCHeHNE B TEKCTE.

with statistically significant differences in the frequency
of occurrence were identified; however, after the
Bonferroni correction, only two substitutions, S68P and
R78G, had a significant difference in the frequency of
occurrence (Table 1).

Comparing the natural polymorphism profile of
CRF63 02A6 variants and subtype B virus variants
circulating worldwide, 54 substitutions with statistically
significant differences in frequency of occurrence were

identified. After the Bonferroni correction, 31 substitutions
had a significant difference in the frequency of occurrence
(Table 2).

Discussion

One of the main characteristics of HIV-1 is its high
genetic variability, which determines the extraordinary
global genetic diversity ofthe virus [2,20]. Polymorphisms
reflect natural variation among HIV-1 genetic variants,
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and some of them may have functional significance
[11, 12, 21]. The high genetic variability of HIV-1 is
known to result from several factors that include the
operation of a specific viral enzyme, reverse transcriptase
and the occurrence of escape mutations in response to
the host immune system [9, 22]. Studies have shown that
the Tat protein is a target for the action of the cytotoxic
immune response and a number of CTL epitopes in the
Tat protein have been identified (https://www.hiv.lanl.
gov/content/immunology/maps/ctl/Tat.html) [9]. Thus,
mutations in the Tat protein may be associated with both
the virus subtype and the genetic features of the host
population in which the virus is circulating. The present
study is aimed at investigating the features of the Tat
protein in non-A6-variants of the virus characteristic of
the Russian Federation.

Comparison of consensus sequences showed that all
analyzed variants of the Tat protein differed from the
reference sequence, with each variant containing a unique
profile of substitutions.

The consensus sequence of HIV-1 subtype B variants
circulating in Russia contained a Q63E substitution at
position 63, which, as noted earlier, in subtype C virus
variants contributed to higher transcriptional activation in
human CD4 T cells [23].

The consensus sequences CRF02 AG and
CRF63 02A6 contained the highest number of substi-
tutions, with positions 32, 34, 37, 40, 54, 57, 57, 58,
61, 62, 64, 67-70, 74-77, 80, 90, 92-94 containing
the same amino acid substitutions relative to the refer-
ence sequence. This result is explained by the fact that
CRF63 02A6 is a recombinant form of CRF02_ AG and
subtype A6, which corresponds to CRF02_AG in the rat
gene region (https://www.hiv.lanl.gov/components/se-
quence/HIV/crfdb/crfs.comp).

In turn, CRF03AB is a recombinant form of sub-
subtype A6 and subtype B, which corresponds to
subtype B in the tat gene region (https://www.hiv.lanl.
gov/components/sequence/HIV/crfdb/crfs.comp). The
consensus sequence of CRF03AB at position 87 contains
a stop codon, which is characteristic of some HIV-1
subtype B variants, such as the reference strain HXB2
(K03455). The shortened version of the Tat protein
containing 86 a.a.r. is functional, but some functions,
such as modulation of host cell cytoskeleton modification
and possibly a function in ensuring optimal replication
in monocyte-macrophage lineage cells, are associated
with the second exon [6].

The smaller number of substitutions relative to the refer-
ence is found in the Tat protein fragment from 1to 51 a.a.r.:

Table 1. Substitutions in the Tat protein with a statistically significant difference in the frequency of occurrence between HIV-1 subtype B variants
circulating in the world and HIV-1 subtype B variants circulating in Russia (p < 0.05)

Taomuua 1. 3amenst B 6enke Tat co cTaTHCTHYECKH 3HAYMMON Pa3HUICH B 4acTOTE BCTpedaeMocTH y BapuantoB BUY-1 cybrumna B,

LUPKYIUPYIOIINX B MUpe, U Y BapuantoB BUU-1 cydtuna B, imupkynupytronmx Ha reppuropuu Pocenn (p < 0,05)

B B B B
Domain Substitution World Russia Domain Substitution World Russia
VuacTok 3amena Mup Poccns P VuacTok 3amena Mup Poccust P
n=48 n=235 n=48 n=235
I K19Q 1 5 0.034 R78G* 4 13 0.0013*
I N24A 0 3 0.0388 D80ON 0 6 0.0029
K29Q 5 0 0.0489 P81Q 1 6 0.0148
11T T40K 16 20 0.0307 n=46 n=234
v Q54R 0 3 0.0388 K89E 8 1 0.0432
Q60K 1 5 0.034 VI RI93K 7 0 0.0173
v T64D 0 5 0.0069 R93S 7 13 0.0188
S68pP* 8 20 0.0001* D98H 13 17 0.0471
S70P 11 17 0.0146 D98N 0 6 0.0031
V100D 2 9 0.0045
P77A 5 0 0.0489
VI n=45 n=734
P77T 0 3 0.0388 D101H 7 14 0.0107

Note. * — significant in the y? test with Bonferroni correction p < 0.024. Due to the presence of premature stop codons in some sequences, the number
of analyzed sequences in groups changed, since amino acids (a.a.r) located after the stop codon were not taken into account in the analysis: from 1 to
87 a.a.r, the group of HIV-1 subtype B variants circulating in the world contained 48 sequences, the group of HIV-1 subtype B variants circulating in
Russia — 35 sequences; from 88 to 100 a.a.r, the group of HIV-1 subtype B variants circulating in the world contained 46 sequences, the group of HIV-
1 subtype B variants circulating in Russia — 34 sequences; in 101 a.a.r. the group of HIV-1 subtype B variants circulating in the world contained 45
sequences, the group of HIV-1 subtype B variants circulating in Russia — 34 sequences.

IIpnMeyanue. * — MO3ULHUH, JOCTOBEPHBIE TI0 KPUTEPUIO ¥* ¢ monpaskoil bordepponu p < 0,0024. B cBsi3u ¢ HATMYNEM NPEXKACBPEMEHHBIX CTOI-KO-
JIOHOB B HEKOTOPBIX MOCIIEI0BATENHOCTAX MEHAIOCH YHCIIO (7) aHANU3UPYEMBIX II0CIIE0BATEIbHOCTEH B IPyMaX, T.K. aMHHOKHCIIOTBI, HAXOAAIIAECS
HOCJIE CTOM-KO/IOHA, B aHau3e He yuuTsiBaiu: ¢ 1 no 87 AO rpynna Bapuantos BUY-1 cydruna B, nupkynupyromux B Mupe, coctosia u3 48 mnocie-
JIOBaTENbHOCTEH, TpyIIIia BApUaHTOB cyoTuna B, mupkynupyonmx Ha tepputopun Poccnu, —u3 35 nocnenosarensHocreii; ¢ 88 AO o 100 AO rpynna
BapuantoB BUU-1 cyotuna B, uupkynupyroumx B Mupe, — u3 46 nocienoBareabHOCTeH, rpynna BapuantoB BUY-1 cybTuna B, mupkynupyromumx Ha
tepputopun Poccun, — u3 34 nocnenosarensHocteif; B 101 AO rpynna Bapuanto BUY-1 cy6Tuna B, nupkynupyromux B Mupe, — 13 45 mocnenona-
TeJIbHOCTEH, rpynna BapuantoB BUY-1 cyOruna B, nupkynupyromux Ha Tepputopun Poccun, — u3 34 nocienoBaresibHOCTEH.
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the consensus of HIV-1 subtype B variants circulating in
the Russian Federation contained 1 substitution, CRF02
AG - 10, CRF03_A6B — 3, CRF63 02A6 — 8. Where-
as the Tat protein fragment with 52-101 a.a.r.: con-
sensus of HIV-1 subtype B variants circulating in the
Russian Federation contained 7 substitutions, CRF02

OPUTUHAJbHbBIE NCCNEAOBAHUA

AG — 20, CRF03_A6B — 3 and a stop codon at posi-
tion 87, CRF63 02A6 — 23 (Fig. 1). This is partly due to
the fact that the first three domains of the Tat protein (148
a.a.r.) form the minimal region required for trans-activa-
tion of viral genome transcription [6, 8]. It has also been
previously noted that, in general, the region encoded by

Table 2. Substitutions in the Tat protein with a statistically significant difference in the frequency of occurrence between HIV-1 subtype B variants

circulating in the world and HIV-1 CRF63 02A6 variants (p < 0.05)

Tadaumna 2. 3amens! B Oenke Tat co cTaTUCTHYECKH 3HAYMMOM Pa3HUIICH B 4aCTOTE BCTpedaeMocTh y BapuantoB BUY-1 cyoruna B, nupkynupyro-

mux B Mupe, u'y BapuantoB CRF63_02A6 (p <0,05)

B B
Domain Substitution World CRF63_02A6 Domain Substitution World CRF63_02A6
VuacTok 3ameHa Mup p VuacTok 3ameHa Mup p
n=48 n=25 n=48 n=25
E2D 5 24 0.0000* D61S 3 18 0.0000*
R7N 7 21 0.0000* S62R 0 21 0.0000*
I KI2N 4 20 0.0000* Q63E 10 0 0.014
KI9R 11 0.0094 T64N 12 1 0.0062
A21P 12 0.0062 T64D 0 22 0.0000*
T23S 0 17 0.0000* AV V67A 16 0 0.0011
N24K 11 1 0.0385 V67D 1 5 0.0082
K281 0 2 0.0469 V67N 0 19 0.0000*
C318 1 9 0.0001* S68P 8 24 0.0000*
II C31V 0 2 0.0469 L6ovV 0 24 0.0000*
F32L 10 0 0.014 S70P 11 21 0.0000*
F32W 1 25 0.0000* AT4L 0 24 0.0000*
F32Y 7 0 0.0446 S75P 4 25 0.0000*
V36L 2 22 0.0000* Q76T 0 22 0.0000*
139L 6 25 0.0000* P77T 0 24 0.0000*
- 139T 12 0 0.0062 D8ON 0 22 0.0000*
T40N 0 21 0.0000* P84Q 8 0 0.0305
G42A 10 0 0.014 K85E 11 25 0.0000*
R53G 1 20 0.0000* n=46 n=25
v Q54R 0 22 0.0000* VI K89E 8 0 0.0269
Q54H 0 3 0.0143 K90E 1 23 0.0000*
R57G 1 24 0.0000* E92A 0 22 0.0000*
A58S 7 0 0.0446 R93S 7 25 0.0000*
A58T 9 23 0.0000* E94K 6 25 0.0000*
v P59S 2 21 0.0000* D98H 13 1 0.0141
P59T 0 2 0.0469 P99R 0 3 0.0164
Q60R 0 2 0.0469 V100C 1 14 0.0000*
D61G 7 0 0.0446 V100Y 1 4 0.0297

Note. * — significant in the ? test with Bonferroni correction p < 0.0009. Due to the presence of premature stop codons in some sequences, the number
of analyzed sequences in groups changed, since amino acid residues (a.a.r.) located after the stop codon were not taken into account in the analysis:
from 1 to 87 a.a.r, the group of HIV-1 subtype B variants circulating in the world contained 48 sequences, the group of CRF63 02A6 variants — 25
sequences; from 88 to 100 a.a.r., the group of HIV-1 subtype B variants circulating in the world contained 46 sequences, the group of CRF63_02A6

variants — 25 sequences.

Ipumeuanue. * — MO3UIKK JOCTOBEPHBIE 110 KPUTEPHIO %> ¢ morpaBkoil borpepponu p < 0,0009. B cBsA3u ¢ HAIMYHEM MPEKIEBPEMEHHBIX CTOI-KO-
JIOHOB B HEKOTOPBIX IMOCIEIOBATEILHOCTIX MEHSIOCHh YHCIO () aHAIM3MPYEMBIX MOCIIENOBATeIbHOCTEH B IPyNNax, T.K. aMUHOKHCIIOTHI, HAXOMIs-
[yecs Mmocie CTON-KOI0Ha, B aHanu3e He yuuTbiBanu: ¢ 1 no 87 AO rpynmna BapuantoB BUY-1 cyOruna B, nupkymupyromux B MUpe, COCTOSIA U3
48 nocnenoparenpHOCTe, rpynmna BapuantoB CRF63 02A6 — u3 25 nocnenosarenbrocteil; ¢ 88 AK mo 100 AO rpynna BapuantoB BUU-1 cy6Tuna
B, uupkynupyromux B Mupe, — u3 46 nocnenoBarensHocTel, rpymmna BapuantoB CRF63 02A6 — u3 25 mocnenoBaTeIbHOCTEH.
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the second exon of the tat gene is less conserved than the
region encoded by the first exon [10].

As a result of the comparison of consensus
sequences, it was shown that the existing differences
between the primary structure of CRF63 02A6 and
the reference sequence, the absence of the helix
element in positions 30-33 of the secondary structure
of CRF63 02A6, as predicted, did not affect the spatial
structure of the protein: the most structured region
was located near the 2nd and 3rd domains of both
CRF63 02A6 and the reference sequence (Fig. 3).

When analyzing the profile of natural polymorphisms,
it was shown that S68P and R78G substitutions
were significantly more frequent in HIV-1 subtype
B variants circulating in Russia than in the reference
group (Table 1). At the same time, the *RGD?® motif
is a ligand for certain integrins and in this regard,
presumably, the R78G substitution may affect the
functional properties of the Tat protein [6]. The list of
substitutions with a statistically significant difference
in the frequency of occurrence in the Tat protein in
HIV-1 subtype B variants circulating worldwide and
in CRF63 02A6 variants corresponded to the list of
substitutions identified in the consensus sequence
comparison. Furthermore, it was shown that the
C31S substitution was significantly more frequent
in CRF63_02A6 variants. It is known that the C31S
substitution is functionally significant, associated with
reduced neurotoxicity of the Tat protein [12, 24].

Limitation of the study. The limitation of this study is the
small selection of sequences. The study of the Tat protein
features of non-A6 variants of HIV-1 characteristic for
the Russian Federation on large sequence samples is an
interesting direction for research, which is actualized by
the gradual expansion of the spread of non-A6 variants
of HIV-1 on the territory of the country [4]. The study
of the influence of Tat protein features of different virus
variants characteristic of the Russian Federation on Tat-
TAR interaction is also a promising area for possible
future studies.

Conclusion

Consensus sequences of the Tat protein of non-A6
variants of HIV-1 characteristic of the Russian
Federation were obtained for the first time. It was shown
that different variants of the virus have characteristic
features in the primary structure of the protein. The
consensus sequence CRF63 02A6 contained the
largest number of amino acid substitutions, while the
existing features did not affect the probability profile
of the location of unstructured regions of the protein.
It was shown that the R78G substitution located in a
functionally significant motif was significantly more
frequent in subtype B virus variants circulating in Russia
than in subtype B virus variants circulating worldwide.
It was determined that the functionally significant
C31S substitution was significantly more frequent in
CRF63 02A6 variants than in variants of subtype B
virus circulating in the world. Promising fields for future
research were highlighted.
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