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Abstract
Introduction. Obtaining stabilized recombinant HIV-1 Env trimers that have a close to the native conformation is 
one of the directions in the field of development of vaccines against HIV-1.
The aim of the study was to obtain and characterize the stabilized trimer Env of HIV-1 SOSIP.664 based on the 
circulating genetic variant of the recombinant form CRF63_02A6.
Materials and methods. Bioinformatics resources were used to design the trimer Env gene based on the 
HIV-1 recombinant genetic variant CRF63_02A6. The designed gene was synthesized and cloned as part of 
an integration plasmid vector. A stable producer of trimer Env was obtained by transfection of the CHO-K1 
cell line using the developed plasmid vector. Purification of the protein complex was performed using affinity 
chromatography and gel filtration. Antigenic properties of trimer Env were studied using immunochemical analysis 
using broadly neutralizing HIV-1 monoclonal antibodies (bnAbs).
Results. A new variant of the stabilized trimer Env of the surface glycoprotein of the recombinant form CRF63_02A6 
HIV-1 SOSIP.664 was designed, including additional stabilizing modifications. Based on the CHO-K1 cell line,  
a stable producer was obtained and a purification protocol for the designed trimer Env was developed. It was 
found that the trimer Env CRF63_02A6 SOSIP.664 is effectively recognized by bnAbs 2G12, VRC01 and PGT126.
Conclusion. The obtained results indicate the prospects for further study of the structural features of the trimer 
Env CRF63_02A6 SOSIP.664, as well as its immunogenicity and the possibility of using it as a vaccine antigen.
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Аннотация
Введение. Получение стабилизированных рекомбинантных тримеров Env вируса иммунодефицита чело-
века-1 (ВИЧ-1), близких к нативной конформации, является одним из направлений в разработке вакцин 
против ВИЧ-1. 
Цель работы — получить и охарактеризовать стабилизированный тример Env ВИЧ-1 SOSIP.664 на основе 
циркулирующего генетического варианта рекомбинантной формы CRF63_02A6.
Материалы и методы. Для дизайна гена тримера Env на основе генетического варианта ВИЧ-1 реком-
бинантной формы CRF63_02A6 использовали биоинформатические ресурсы. Спроектированный ген 
синтезирован и клонирован в составе интеграционного плазмидного вектора, с использованием которого 
получен стабильный продуцент тримера Env на основе клеточной линии CHO-K1. Очистку белкового ком-
плекса проводили с помощью аффинной хроматографии и гель-фильтрации. Антигенные свойства триме-
ра Env исследовали с помощью иммунохимического анализа с использованием широко нейтрализующих 
ВИЧ-1 моноклональных антител (bnAbs).
Результаты. Спроектирован новый вариант стабилизированного тримера Env поверхностного гликопро-
теина рекомбинантной формы CRF63_02A6 ВИЧ-1 SOSIP.664, включающего дополнительные стабили-
зирующие модификации. На основе клеточной линии CHO-K1 получен продуцент, стабильно продуциру-
ющий спроектированный тример Env, и разработан протокол его очистки. Установлено, что тример Env 
СRF63_02A6 SOSIP.664 эффективно распознается bnAbs 2G12, VRC01 и PGT126.
Выводы. Полученные результаты свидетельствуют о перспективности дальнейшего изучения структур-
ных особенностей тримера Env СRF63_02A6 SOSIP.664, а также его иммуногенности и возможности ис-
пользования в качестве вакцинного антигена.

Ключевые слова: ВИЧ-1, CRF63_02A6, тример Env, SOSIP.664
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Introduction
According to the Joint United Nations Program 

on HIV/AIDS (UNAIDS), the total number of people 
worldwide living with HIV-1 in 2023 was 39.9 million, 
and the number of recent HIV infections was more than 
1 million1. In Russia during the year 2023, there were 
about 1.2 million people with a confirmed diagnosis of 
HIV infection2. The development of an effective vac-
cine to prevent HIV infection continues to be one of the 
most pressing unresolved problems. 

Induction of an immune response capable of pre-
venting infection with different HIV-1 subtypes is a 
critical goal for vaccines with the purpose of protection 
against HIV-1 infection. It is known that broadly neu-
tralizing HIV-1 antibodies (bnAbs) can prevent HIV-1 
infection by binding to envelope glycoproteins (Env) 
on the virion surface [1–4]. Work is actively underway 
to obtain native Env complexes to study their immu-
nogenicity and determine their suitability as a vaccine 
antigen [5–8]. Over the last decade, significant progress 
has been made in this field. For example, various mod-
ifications, including SOSIP.664, have been developed 
to obtain a stabilized structure of recombinant Env tri-
mers close to the native conformation and thus increase 
their ability to induce desired NAb responses against 
heterologous viruses [6, 9, 10]. Variants of stabilized 
Env trimers of genetic subtypes of HIV-1 (A, B, and C) 
circulating predominantly in Europe, America, and Af-
rica were obtained, which showed the ability to induce 
neutralizing antibodies [6, 8, 11].

The recombinant form CRF63_02A6 is currently 
dominant in Siberian regions [12, 13]. According to M.V. 
Sivay et al., the recombinant form CRF63_02A6 was 
first registered in the Novosibirsk region in 2006. [14]. 
After that, it actively spread to other territories of Sibe-
ria (Omsk, Altai, Tomsk, Krasnoyarsk, and Kemerovo), 
displacing the A6 subtype and becoming the dominant 
strain. By 2020, CRF63_02A6 was detected in 20 re-
gions of Russia and 6 countries of Central Asia. A study 
by the authors showed that CRF63_02A6 is detected in 
more than 80% of new HIV-1 cases in Siberia [14]. 

The aim of this study was to obtain a stabilized 
trimer Env recombinant form CRF63_02A6 of HIV-1 
SOSIP.664, including additional stabilizing modifica-
tions.

Materials and methods 

Monoclonal antibodies, bacterial strains, cell lines

Monoclonal antibodies PGT126, 2G12, VRC01 
were obtained from the NIH HIV Reagent Program. 

1 UNAIDS Fact Sheet 2024. Global HIV statistics. 2024. 
URL: https://www.unaids.org/sites/default/files/media_asset/
UNAIDS_FactSheet_ru.pdf (date of access: 28.09.2024).

2 HIV infection in the Russian Federation as of June 30, 2023. 2023. 
URL: https://files.antispidnn.ru/uploads/docs/spec/vich2023.pdf 
(date of reference: 18.09.2024).

CHO-K1 cell line was taken from the Collection of Cell 
Cultures of State Research Center of Virology and Bio-
technology "Vector". 

Design of an Env stabilized trimer  
of the recombinant form CRF63_02A6

The nucleotide sequence encoding the HIV-1 env 
trimer was designed based on the env 22RUAR13 gene 
of the recombinant form CRF63_02A6 (Collection of 
bacteria, bacteriophages and fungi of FBUNC Vector, 
Rospotrebnadzor, registration number P-124) using 
the SnapGene v. 3.2.1 and BioEdit v. 7.2.5 programs. 
Simulations were performed using Alphafold2 neural 
network colab program3; visualized using RCSB PDB 
website online tool, Mol*Plagin 3.43.1 3D Viewer 
tool. After the design process, codon optimization of 
the gene for expression in mammalian cells was car-
ried out using online Codon Adaptation Tool4. The syn-
thesis of the gene was carried out by DNA Synthesis. 
The obtained gene was cloned as part of an integration 
plasmid vector5. The integrity of the genetic construct 
was confirmed by sequencing (SB RAS Genomics Core 
Facility of the Institute of Chemical Biology and Fun-
damental Medicine). 

Obtaining a stable producer of the trimer Env 
recombinant form CRF63_02A6 SOSIP.664

A stable Env trimer producer was obtained from 
the CHO-K1 cell line as described in [15]. After obtain-
ing a polyclonal cell pool, it was used to isolate mono-
clonal cell cultures. For this purpose, the polyclonal 
cell culture was seeded in a 96-well plate at 1 cell per 
well in 200 μl of complete DMEM/F12 growth medium 
(Servicebio) containing 10% fetal bovine serum (Hi-
Media) and the antibiotic puromycin (Invivogen) at a 
concentration of 10 μg/mL and grown until a monolay-
er was achieved within 7-14 days. After this time, the 
grown monoclonal cultures were crossed into a 24-well 
plate. After the monoclonal cell lines formed a mono-
layer, they were analyzed for transgene expression us-
ing dot-blot analysis.

The selected monoclonal culture was then used 
for protein production. The monoclonal cell culture 
CHO-K1-gp140.SOSIP.664.opt was cultured in roller 
vials for 7 days, then the culture medium was collec-
ted and centrifuged to remove cellular debris. A puri-

3 URL: https://colab.research.google.com/github/sokrypton/
ColabFold/blob/main/AlphaFold2.ipynb

4 URL: https://www.jcat.de
5 Patent No. 2800471 Russian Federation, MPK C12N15/00 

(2006.01), C07K16/10 (2006.01), C12N1/00 (2006.01), 
C12N15/63 (2006.01). Plasmid genetic construct pVEAL3-
10H10ch, recombinant cell line strain CHO-K1-10H10ch and 
chimeric antibody 10H10ch against tick-borne encephalitis virus 
produced by said cell line strain CHO-K1-10H10ch: 2022126714: 
applied. 13.10.2022: publ. 21.07.2023 / Shanshin D.V., Nesmey-
anova V.S., Shcherbakov D.N. et al. URL: https://patents.google.
com/patent/RU2800471C1/ru (date of reference: 18.09.2024).
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fication procedure was performed using IMAC Seplife 
FF (Sunresin). The degree of purification of the tar-
get protein was assessed by polyacrylamide gel elec-
trophoresis (PAAG) under denaturing conditions in 
the presence/absence of reducing agents followed by 
Coomassie G250 staining. Fractions containing the 
target protein were pooled and dialyzed against buffer 
(75 mM NaCl, 10 mM Tris, pH 8.0); concentrated us-
ing a 100 kDa centrifuge concentrator (Jet Biofil). Af-
finity-purified proteins were then separated by exclu-
sion chromatography using a Chrom-LinXTM 16/1000 
Tide rose GF200 column (Taidu Biotech) at a flow rate 
of 1 min/mL. 

Dot-blot and western blot analyses
Dot-blot and Western blot analyses were per-

formed according to standard methods using the SNAP 
i.d. 2.0 system (Millipore) and bnAb PGT126. Goat 
antibodies against human IgG conjugated with alkaline 
phosphatase (Sigma) were used as secondary antibo-
dies. The immune complex was visualized by adding 
NBT/BCIP solution (Sigma).

Enzyme immunoassay
Enzyme immunoassay was performed accord-

ing to standard methods. The primary antibodies used 
were bnAbs PGT126, 2G12, VRC01, and secondary 
antibodies were horseradish peroxidase-labeled goat 
anti-human IgG antibodies (Sigma). Tetramethylbenzi-
dine solution (Imtek) was used as a chromogenic sub-
strate. The reaction was stopped with 1 N hydrochloric 
acid solution. The optical density was measured on a 
Varioskan LUX instrument (Thermo Scientific) at a 
wavelength of 450 nm.

Statistical processing of data was performed using 
the GraphPad Prism 9 program (GraphPad Software 
Inc.).

Results 
In this study, the characterized env 22RUAR13 

gene, which belongs to the current recombinant form 

CRF63_02A6 of HIV-1 currently circulating in the Si-
berian region, was used for the design. To improve the 
formation of soluble trimers, the construct contained 
the following modifications compared to the natural 
sequence: the natural signal peptide was replaced by 
the tPA (tissue plasminogen activator signal peptide) 
signal sequence; 2 cysteines were added to form the 
gp120-gp41 disulfide bond (501C and 605C); added 
stabilizing amino acid substitutions in gp41 (I559P, 
H66R and A316W); added amino acid substitutions 
in gp41 (I535M and Q543N) and TD8 mutation com-
plex (E47D, N49E, V65K, E106T, I165L, G429R and 
K500R; 432Q); to enhance cleavage, the REKR mo-
tif in gp120 was replaced with RRRRRR (R6); the 
MPER region, transmembrane and cytoplasmic do-
mains were also deleted for better expression of the 
designed protein; after amino acid residue 664 at the 
C-terminus, 6×His was added for further purification 
[6] (Fig. 1). The resulting Env trimer variant of the 
recombinant form CRF63_02A6 was designated as 
gp140.SOSIP.664.opt.

Spatial structure modeling showed that the de-
signed amino acid sequence was capable of forming 
specific monomers and trimeric complexes (Fig. 2).

Furthermore, a polyclonal cell culture CHO-K1-
gp140.SOSIP.664.opt was obtained by transfection of 

Fig. 1. Design of the Env trimer gp140.SOSIP.664.opt.

tPA gp120 RRRRRR gp41ECTO 6×His

H66R
A316W

E47D
N49E
V65K
E106T
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Т605С

А561С
Т605С

↑ ↑
TD8 mutation complex

↑ ↑ ↑

Trimer-stabilizing amino acid substitutions

Intermolecular disulfide bond  
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Fig. 2. Structure model of the monomer (а) and trimer (b)  
of gp140.SOSIP.664.opt.

 a                                                  b
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For preparative production of the target protein, 
monoclonal cell culture of CHO-K1-gp140.SOSIP.664.
opt was cultured in roller bottles followed by purifica-
tion of the recombinant Env trimer. At the end of culti-
vation, the culture medium was collected, and the target 
protein was purified by metal-chelate affinity chroma-
tography, dialysis and subsequent gel filtration. The 
protein production was about 15 mg/L.

The purified Env protein product was characte-
rized by PAGE electrophoresis in the presence or ab-
sence of β-mercaptoethanol. Based on the amino acid 
sequence of recombinant Env CRF63_02A6 (683 a. a.),  
the theoretically calculated molecular mass of the 
monomer should be 76.8 kDa. However, it is known 
that in eukaryotic cells the Env HIV-1 protein is high-
ly glycosylated and about 50% of its molecular mass 
can be made up of glycans [16, 17], resulting in an in-
crease in the mass of the monomer to 140 kDa. In the 
eukaryotic cell culture, glycosylation of Env protein 
may be incomplete and there may be glycosylation 
intermediates. For this reason, in the case of electro-
phoresis under denaturing conditions (in the presence 
of β-mercaptoethanol), 2 bands in PAGE are observed 
(Fig. 4, a), differing by approximately 10-20 kDa, 
which represent monomers of the recombinant Env 

C+

C–

Fig. 3. Dot blot analysis of the culture medium collected from 
monoclonal cell cultures CHO-K1-gp140.SOSIP.664.opt.

Recombinant Env trimer CRF63_02A6 was used as C+,  
and culture medium collected from non-transformed CHO-K1  

cells was used as C–.

Fig. 4. Characterization of the Env protein.
a — electropherogram of separation of recombinant Env trimer gp140.SOSIP.664.opt in 12% PAGE: 1 — molecular weight marker of proteins 
Precision Plus Dual Color Standards (Bio-Rad, USA); 2 — in the presence of β-mercaptoethanol; 3 — in the absence of β-mercaptoethanol.  

b — immunoblotting of Env trimer gp140.SOSIP.664.opt with monoclonal antibody PGT126: 1 — molecular weight marker of proteins 
Precision Plus Dual Color Standards (Bio-Rad, USA); 2 — in the presence of β-mercaptoethanol; 3 — in the absence of β-mercaptoethanol; 

c — profile of size-exclusion chromatography of Env trimer gp140.SOSIP.664.opt on a Chrom-LinXTM 16/1000 Tiderose GF200 column.

    a                                                                              b
kDa

250
150
100
75

50

37

25

20

mAU
300

250

200

150

100

50

0

0               20               40              60              80             100            120

mAU
300

250

200

150

100

50

0

UV1_280 nm
UV1_280 nm, BASE

63,40

77,62

kDa
250
150
100
75

50

37

25

20

Trimers
Dimers

Trimers →

← Dimers

Trimers
Dimers

  

c

the CHO-K1 cell line, which was used to isolate mono-
clonal cell lines by the limiting dilution method. As a 
result, 24 monoclonal cultures were obtained and ex-
amined for their ability to produce the target protein 
into the culture medium using dot-blot analysis. As a 
result, a monoclonal culture (No. 11) with high trans-
gene expression was identified (Fig. 3), which was used 
for further research.
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trimer with different degrees of glycosylation. Both 
are recognized by the monoclonal antibody PGT126 
(Fig. 4, b). 

In the absence of β-mercaptoethanol (Fig. 4, a, 
band 3), monomeric forms of protein are absent in 
PAGE, and higher order oligomers (more than 250 
kDa) are detected. 

Using gel filtration on a pre-calibrated Chrom- 
LinXTM 16/1000 Tiderose GF200 column (Taidu Bio-
tech), it was found that the main peak of the target pro-
tein comes out in the region corresponding to the tri-
meric form (Fig. 4, c). 

To study the antigenic properties of the Env tri-
mer, an enzyme immunoassay was performed using 
bnAbs 2G12, VRC01 and PGT126 targeting an epitope 
including carbohydrate residues at positions 295, 332 
and 392, a CD4-binding site and a V3-loop on the sur-
face of gp120, respectively. The resulting Env gp140.
SOSIP.664 trimer.opt was found to be efficiently rec-
ognized by monoclonal broadly neutralizing antibodies 
(Fig. 5), which may indicate that the Env trimer syn-
thesized in the producer cells is properly stacked and 
maintains its conformation. The EC50 values for bnAbs 
2G12, VRC01 and PGT126 were 0.313, 0.098 and 
0.019 μg/mL, respectively (Table).

Discussion
Env trimers of various HIV-1 subtypes have been 

actively investigated worldwide in terms of both struc-
tural and antigenic features and immunogenic proper-
ties [6–8, 11]. Thus, native Env trimers of clades A, B, 
C, and G [20–26], as well as Env trimers based on the 
consensus sequence of clade C [27] and group M [6], 
respectively, have been characterized in detail using 
biochemical and structural approaches.

Predominantly, studies have focused on subtypes 
A, B, and C, with virtually no data on various CRFs 
[28], in particular the recombinant form CRF63_02A6, 
which is rapidly spreading in Russian regions and is 
currently dominant in the Siberian Federal District 
[12–14]. 

We previously obtained an Env trimer of the re-
combinant form CRF63_02A6 HIV-1, the nucleotide 
sequence of the env gene of the recombinant form 
CRF63_02A6 HIV-1 and known modifications of SO-
SIP.664 were also used in the design of this trimer [29]: 
Intermolecular disulfide bond (SOS, A501C-T605C) 
for binding gp120 and gp41; improved furin cleavage 
site (RRRRRR); point substitution of I559P, which 
helps stabilize gp41 subunits in a pre-fusion confor-
mation; deletion of MPER region, transmembrane and 
cytoplasmic domains for better expression; addition of 
6×His at the C-terminus for subsequent purification; the 
signal peptide was left natural. Using immunoassays, 
it is shown that CHO-K1 trimers synthesized in cells 
are recognized by both monoclonal broadly neutraliz-
ing antibodies and sera from HIV-positive patients [15]. 

Later, high-resolution crystal structures of BG505 
SOSIP were obtained, which made it possible to identi-
fy additional positions of amino acid residues involved 
in trimer stabilization and contributing to the formation 
of well-ordered, homogeneous, and highly stable solu-
ble trimers [6, 30]. The modified BG505 SOSIP.664-140 
Env trimers obtained taking into account these data 
demonstrated the ability to induce a specific humoral im-
mune response in laboratory animals. It was shown that 
such SOSIP.664-140 complex is actively recognized by 
neutralizing monoclonal antibodies, and, on the contrary, 
non-neutralizing antibodies do not bind to it [18]. 

In this study, bioinformatic resources were used to 
design an Env trimer gp140.SOSIP.664.opt of recom-
binant form CRF63_02A6, in the structure of which, 
along with the SOS disulfide bond (A501C-T605C) and 
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Fig. 5. Specific activity of monoclonal broadly neutralizing 
antibodies against Env trimer of the recombinant form 

CRF63_02A6 gp140.SOSIP.664.opt (presented as a heat 
map). The amount of absorbed antigen was 100 ng/well.

EC50 values calculated for gp140.SOSIP.664.opt compared with literature data

bnAbs
EC50 μg/mL

gp140.SOSIP.664.opt (CRF63_02A6) BG505 (А) JR-FL (B) B41 (B)

PGT126 0,019 0,026–0,06 [18, 19] N. d. N. d.

2G12 0,313 0,027–0,07 [18, 19] 0,21 [19] 0,13 [19]

VRC01 0,098 0,163–1,35 [18, 19] 0,67 [19] 5,20 [19]

Note. N. d. — no data.
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the amino acid substitution I559P, we introduced addi-
tional amino acid substitutions and the TD8 mutation 
complex in gp120, leading to additional stabilization 
of the protein complex [6]. As a result, an optimized 
stabilized trimer of Env CRF63_02A6 HIV-1 was ob-
tained. Computer modeling using Alphafold2 showed 
that the designed amino acid sequence is able to fold 
into monomers and trimeric complexes (Fig. 1, b).

Using PAGE electrophoresis and Western blot 
analysis, we found that in the presence of β-mercap-
toethanol, the purified HIV-1 Env trimer CRF63_02A6 
denatures to a monomer (molecular mass ~140 kDa; 
Fig. 4, a) that is specifically recognized by bnAb 
PGT126 (Fig. 4, b). In the absence of β-mercaptoetha-
nol, the monomer fraction is absent, indicating that the 
protein tends to aggregate into larger structures (Fig. 4, 
a). Gel filtration revealed that the protein in solution is 
predominantly in trimeric form (Fig. 4, c).

When CHO-K1-gp140.SOSIP.664.opt cells were 
cultured, the Env trimer was detected in the culture me-

dium, indicating that it is soluble. The fact that the ob-
tained Env trimer is efficiently recognized by monoclo-
nal broadly neutralizing antibodies bnAbs 2G12, VRC01 
and PGT126 (Fig. 5), which recognize conformational 
epitopes on the Env surface within the viral particle, tes-
tifies to its proper folding and preservation of conforma-
tion. It should be noted that the EC50 values obtained for 
the gp140.SOSIP.664.opt Env trimer differ from the EC50 
values for Env trimers of other HIV-1 subtypes (Table). 
This may indicate the presence of antigenic differences 
between the above-mentioned HIV-1 strains.

Conclusion
An optimized stabilized trimer of Env HIV-1 

gp140.SOSIP.664.opt based on the actual circulating 
genetic variant of the recombinant form CRF63_02A6 
was created and characterized. The obtained data indi-
cate the prospect of further study of its structural fea-
tures, immunogenicity and the possibility of using it as 
a vaccine antigen.
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