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Abstract
Investigating the mechanisms of viral attachment and entry into cells is crucial for understanding viral pathogenesis
and developing therapeutic strategies. The aim of this review is to characterize pseudo-typed particles based on
the vesicular stomatitis virus (VSV) as a convenient and effective tool for studying viral entry into cells, based on
literature data (PubMed, Scopus, and Web of Science), and to determine the prospects for combining this method
with genetic and protein-based approaches.
VSV, a member of the Rhabdoviridae family, has a remarkable capacity for pseudotyping, which involves the
replacement of its native glycoprotein (G) with envelope proteins from other viruses. This feature enables the
modeling of the cell entry process without the need for wild-type viruses. The VSV genome is modified by
deleting the G gene and incorporating reporter genes (e.g., GFP or luciferase), thereby facilitating the quantitative
assessment of infectivity.
The methodology for generating pseudoviruses involves a two-plasmid cotransfection system in cell lines (e.g.,
HEK293T), with plasmids encoding the VSV structural proteins and the target viral envelope proteins. The
advantages of the VSV system include high particle titers, rapid reporter signal manifestation, and the feasibility of
work under Biosafety Level 2 conditions. However, limitations are associated with differences in the distribution of
viral proteins on the surface of pseudoviruses compared to native virions, necessitating additional data validation.
Conclusion. Methods for analyzing virus-cell interactions were studied, such as Virus Overlay Protein Binding
Assay (VOPBA), RNA interference, CRISPR/Cas9 knockout, and gene overexpression. These approaches allow
for the identification of cellular receptors, investigation of specific protein functions, and assessment of the impact
of mutations. Future prospects for the application of VSV pseudoviruses include screening viral entry inhibitors,
analyzing antibody neutralization, and vaccine development. Despite technical limitations, pseudotyped particles
remain an indispensable tool for studying highly pathogenic and fastidious viruses. For the present review, a
literature search was conducted in the PubMed, Scopus, and Web of Science databases.
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anIMEHeHVIe nceBaoTUNMNpoBaHHbIX 4YaCTuUl Ha OCHOBE BUpycCa

Be3uKynsipHoro cromatuta (Rhabdoviridae, Vesiculovirus)
C Lienblo U3y4yeHus B3auMoaenucTBUSA BUPYCOB C KreTKamu

AxkumoB H.O. |, Jonroea A.C.

PBYH «CaHkT-leTepbyprckuii Hay4HO-UCCrnenoBaTenbCKUM MHCTUTYT 3ANMAEMUONOrMmn n Myukpobuonorumn um. Mactepax»
denepanbHon cnyx6bl Mo HAA30py B cpepe 3almThl NpaB noTpebutener n narononyyns yenoseka
(PocnotpebHagaop), 197101, r. CaxkT-lNeTepbypr, Poccus

Pestome

M3yyeHne mMexaHn3MOB NpUKpenneHUs 1 NPOHUKHOBEHUS BUPYCOB B KNETKN ABMSAETCA KPUTUYECKWN BaXKHbIM AN
NOHUMaHNA NX NaToreHesa v pa3paboTKM TepaneBTUYECKUX CTpaTerni.

Llenb 0630pa — Ha ocHOBaHMK nuTepaTypHbIX AaHHbIX (PubMed, Scopus, Web of Science) oxapaktepusoBatb
NceBAOTUNMPOBaHHbIE YacTUUbl Ha ocHoBe BBC kak yaoOHbIM U AENCTBEHHbI UHCTPYMEHT AN UccnenoBaHus
BMPYCHOIO BXOAa B KIETKY, a Takke onpeaenutb NepcnekTuBbl CO4eTaHNs 3TOr0 METOAA C reHeTu4eckumn 1 Gen-
KOBbIMW NOAXOAaMM.

BBC, oTHocsAwmnca k cemenctsy Rhabdoviridae, obnagaet BaXHON CNOCOBHOCTBLIO K MCEBAOTUMMPOBAHUIO — 3a-
MeHe cOoBCTBEHHOrO rnukonpoTenHa (G) Ha NOBEPXHOCTHbIe Genku Apyrnx BUPYcoB. OTa O0COBEHHOCTb MO3BO-
naeT MoAenupoBaTb MpoLecc MHULMPOBaHNA KneTok 6e3 ncnonb3oBaHus Bupycos Aukoro Tuna. leHom BBC
moamnduumpyeTcst nyTeM yaaneHus reHa G v BBeAeHWS penopTepHbIX reHoB (Hanpumep, GFP unu nioumdepassbl),
YTO YNPOLUAET KOMMYECTBEHHYIO OLEHKY WHMEKUMOHHOCTU. MeTodonorna co3gaHus NCeBAOBUPYCOB BKIOYaeT
OBYX3TarHyl CUCTEMY KOTpaHCMEKUMU KNETOYHbIX NUHWMIA (Hanpumep, HEK293T) nnasmuaamu, kogmpyowmmm
CTpyKTypHble 6enkn BBC u uenesbie 6enkn o6ono4ku ndyyaembix BupycoB. [peumyliectsa cuctemsl BBC Bknto-
YalT BbICOKMUI TUTP YacTul, BbICTpOe NPosSBNEHNE PENOPTEPHBLIX CUTHANOB U BO3MOXHOCTb PaboTbl B YCNOBUSAX
6uobesonacHocTy ypoBHs |l. OgHako orpaHnyYeHns CBS3aHbl C pa3nMunMaMun B pacrnpeaeneHnm BUpycHbIx 6enkos
Ha NOBEPXHOCTW NCEBAOBMPYCOB U HATUBHbLIX BUPUOHOB, YTO TpebyeT AONOMHUTENBHOW Bannaaumnm gaHHbIX.
3akntoyeHune. M3yyeHbl MeTOObl aHanNM3a B3aumMoaencTBui «Bupyc—kneTka», Takme kak VOPBA, PHK-nHTepde-
peHuns, CRISPR/Cas9-HokayT 1 CBEPX3KCNpeccusi reHoB. OTU NOAXOAbl MO3BONSAOT NAEHTUMULNPOBATL KIETOoY-
Hble peLenTopbl, N3y4aTb Ponb KOHKPETHBLIX 6ENKOoB U OLEeHNBaThL BMAHUE MyTauumi. MNepcnekTnebl NPUMEHEHNS
nceegoBupycoB BBC BkoYaT CKPUHUHT MHIMOUTOPOB NMPOHUKHOBEHWNS BUPYCOB B KIETKWU, aHanu3 HelTpanuaa-
UMM aHTUTEen n paspaboTky BaKUMH. HeCMOTpS Ha TexHWYecKkue orpaHuyveHus, NCceBAoTUNMPOBAHHbIE YacTuLb
OCTalTCA HE3aMEHUMbIM UHCTPYMEHTOM AN U3YYEHUsI BbICOKOMATOrEHHbIX U TPYAHOKYNETUBUPYEMbIX BUPYCOB.

KntoueBble cnoBa: rrcegdomunuposaHHble 8UPYCHbIE YacmuUbi; 8UPYC 8E3UKYITPHO20 CmoMamuma; KiemoYHble
peuenmopbl; 8UPYCHBIU MPOMU3M; MexaHU3MbI MPOHUKHO8eHUSs supycos;, HEK293T, 063op

Onsa uutnpoBaHusa: AkumoB H.O., Jonrosa A.C. MNMpumeHeHne NCeBAOTUNUPOBAHHbLIX YAcTWL, HA OCHOBE BU-
pyca Be3ukynspHoro ctomatuta (Rhabdoviridae, Vesiculovirus) ¢ uenbilo n3y4yeHUs B3aUMOLENCTBUSA BUPY-
COB C knetkamu. Bonpocbki supycomnozuu. 2026; 71(1): 13—20. DOI: https://doi.org/10.36233/0507-4088-360
EDN: https://elibrary.ru/bngvme

®duHaHcuMpoBaHue. ABTOPbI 3asBMSIOT 06 OTCYTCTBMU BHELLHEro (oMHAHCPOBaHWS NpY NPOBEAEHUN UCCNELOBAHUS.
KOHCan/IKT UHTepecoB. ABTOpr AEKNapupyrT OTCYTCTBUE ABHbLIX N NMOTEHUUaNbHbIX KOHCbJ'II/IKTOB NHTEepecos,
CBsI3aHHbIX C Nybnukaumein HacTosiLLen cTaTbi.

Introduction

Viruses are among the main human pathogens causing
diseases of varying severity. The first stage of interaction
between viral particles and cells is their attachment and
penetration, which is facilitated by specific factors of the
host cell. Several such factors are often involved in the
process of virus attachment and penetration: receptors
and co-receptors. Understanding the mechanisms of
attachment and penetration of individual viruses is
necessary to establish virus tropism, understand their
pathogenesis, and could help in the search for antiviral
drugs and the development of neutralizing antibodies.

Pseudotyped viral particles (pseudoviruses) can be
used as models of highly pathogenic viruses, rare viruses,
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and viruses that are difficult to cultivate to study virus-
cell interactions. Pseudoviruses can be used to model the
process of cell infection without resorting to the use of
wild-type viruses. Pseudotyped viral particles are non-
pathogenic to humans or genetically modified enveloped
viruses with envelope proteins from another virus on their
surface. Examples include vesicular stomatitis virus (VSV)
or mouse leukemia virus in the first case and inactivated
human immunodeficiency virus-1 (HIV-1) in the second.
The genes of the envelope proteins of the original viruses
are usually replaced with reporter genes (e.g., genes for
green fluorescent protein GFP, red fluorescent protein
mCherry, luciferase), which allows the efficiency of cell
infection to be assessed. Pseudoviruses are obtained by


https://doi.org/10.36233/0507-4088-360
https://doi.org/10.36233/0507-4088-360

BOMPOCHI BUPYCOJIOIMU. 2026; 71(1)
DOI: https://doi.org/10.36233/0507-4088-360

co-transfection of plasmid vectors encoding structural and
non-structural proteins of the packaging virus, as well as
envelope proteins of pathogenic viruses. Pseudoviruses
infect susceptible cells, but are only able to replicate for
one cycle [1].

VSV is transmitted by arthropods and affects cattle,
rodents, horses, and pigs. Human infection with VSV
is rare, mainly affecting people who come into contact
with livestock and laboratory workers who come into
direct contact with VSV. VSV infection in humans is
asymptomatic or causes mild flu-like symptoms.

The aim of this review is to characterize pseudo-typed
particles based on the vesicular stomatitis virus (VSV) as
a convenient and effective tool for studying viral entry
into cells, based on literature data (PubMed, Scopus,
and Web of Science), and to determine the prospects for
combining this method with genetic and protein-based
approaches [2].

Structure and life cycle of the vesicular stomatitis
virus

VSV belongs to the family Rhabdoviridae and has
a bullet-shaped virion with negative single-stranded
RNA approximately 11 kB in size, encoding five
structural proteins (Fig. 1) [3-5]. The N-protein forms a
nucleoprotein complex with RNA and protects the viral

170 v (170 nm)

80 M (80 nm)

Fig. 1. Structure of vesicular stomatitis virus.

1 — nucleoprotein complex of N-protein and VSV RNA; 2 — complex of
proteins L and P; 3 — protein M; 4 — glycoprotein G; 5 — lipid membrane.

Puc. 1. Ctpoenne Bupyca BE3UKyIIPHOTO CTOMATHTA.

1 — myxneonporenHoBsIi kommuteke N-6enka n PHK BBC; 2 — xommteke 6ern-
xoB L u P; 3 — 6enok M; 4 — rukonporenH G; 5 — nunuaHas MmemOpaHa.
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RNA from the action of host cell nucleases [6, 7]. Protein
L is an RNA-dependent RNA polymerase that mediates
transcription and replication of the VSV genome
[8, 9]. Protein P is an auxiliary cofactor of protein L [10].
Protein M suppresses the transcription of cellular genes
and promotes the formation of the bullet-shaped virion
[11, 12]. The surface glycoprotein G mediates entry into
the cell via clathrin-dependent endocytosis. The receptor
for attachment is the high-density lipoprotein receptor
(LDLR). The widespread distribution of the LDLR
receptor mediates the broad tropism of VSV [13-15].
After VSV genetic material enters the cytoplasm, further
processes of replication, transcription, assembly, and
release of new virions occur (Fig. 2).

The principle of creating pseudotyped viral particles
based on the vesicular stomatitis virus

VSV-based pseudoviruses are recombinant virions in-
capable of replication. The G protein gene has been re-
moved from their genome and replaced with a reporter
gene (e.g., GFP or luciferase) for detecting cell infection
[15, 16].

A two-step generation system is usually used to pro-
duce VSV pseudoviruses.

Obtaining VSV AG/G reporter particles. Cells express-
ing bacteriophage T7 polymerase (usually HEK293T
cells) are co-transfected with four plasmids carrying
VSV structural protein genes and one plasmid carrying a
defective VSV genome, where the G protein gene is re-
placed with a reporter gene: pVSV-G, pVSV-N, pVSV-P,
VSV-L, VSV-dG-reporter gene. All plasmids contain the
T7 promoter. T7 polymerase expression is achieved by
co-infecting cells with vaccinia virus or by using a cell
line that stably expresses T7 polymerase. As a result,
VSV AG/G particles are assembled, carrying the G pro-
tein in their envelope but not containing its gene in their
genome (Fig. 3) [1, 17-19].

Pseudotyping. Another cell line (usually HEK293T)
is transfected with a plasmid expressing the envelope
protein of another virus (X) and infected with the re-
sulting AG/G VSV particles. During assembly and
budding from the cell, new virions incorporate protein
X into their envelope, forming VSV AG/X pseudovi-
ruses containing the viral protein of interest [18-20].
To obtain pseudoviruses containing protein X, co-trans-
fection with six plasmids is performed in one stage:
pVSV-X (envelope protein gene of the virus of inter-
est), pVSV-N, pVSV-P, VSV-L, VSV-AG-reporter, and a
plasmid expressing T7 polymerase (e.g., pCAG-T7pol).
This results in VSV AG/X particles, but their yield is
usually lower than with a two-step generation system
(Fig. 4) [17, 21].

Advantages and disadvantages of using pseudotyped
particles in virus-cell interaction studies

Advantages. The application of pseudoviruses allows
highly pathogenic viruses (e.g., Congo-Crimean hemor-
rhagic fever virus, CCHF) to be studied in biosafety lev-
el II laboratories, whereas research on wild CCHF virus
requires biosafety level IV [22]. Many wild-type virus-
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Fig. 2. Life cycle of vesicular stomatitis virus.

1 — attachment and penetration of VSV. The main receptor for VSV entry is LDLR; 2 — release of the VSV genome into the cytoplasm; 3, 4 — replication of the

VSV genome; 5 — primary and secondary transcription of the genome producing mRNA for each VSV protein; 6 — translation of proteins N, P, M, L occurs in

the cytoplasm; translation of G protein occurs on ER ribosomes, then glycoprotein G is processed and transported to the cell membrane; protein M is transported

beneath the cell membrane; protein N forms the nucleoprotein complex with VSV RNA; proteins L and P also form complexes with each other; 7 — assembly
and release of mature VSV virions.

Puc. 2. XKu3HeHHBIH UK BUpyca BE3UKYIIPHOTO CTOMATHTA.

1 — npukpernnenue u npouukHosenne BBC. OcHoBHbIM penentopom Bxoga BBC sansercs LDLR; 2 — Bbixon renoma BBC B nuroruiasmy; 3, 4 — pennukanus

reHoma BBC; 5 — nepBuuHas u BropuuHasi TpaHCKpUNLus resoMa ¢ oopaszoannem MPHK kaxnoro 6enka BBC; 6 — rpancnsuus 6enxos N, P, M, L npoucxoaur

B [IUTOIUIa3Me, TpaHCus G-0eka IPOHCXOAUT Ha pHOOCOMAX YHIOIIIA3MAaTHIECKOTO PETHKYIyMa, 3aTeM NINKOIPOTeHH G HMpOIecCUpyeTcs, BCTPauBaeTCst

U TIEPEHOCUTCS Ha KIETOUHYI0 MeMOpaHy, 6e10K M TpaHCIOPTHPYETCs MO KJIETOYHY0 MeMOpany, Oenok N o0pasyeT HykJIeonpoTenHoBbli komiiekc ¢ PHK
BBC, 6enku L u P Taxoke 06pa3yioT Mexay co00it KOMILIEKCHL; 7 — cOOpKa U BBIXOJ 3penblX BHpuoHoB BBC.

es are difficult or impossible to cultivate in standard cell
lines [23], whereas pseudoviruses are easily produced in
widely available cell lines, such as HEK293T [24-26].
Pseudoviruses are useful for studying mutations in enve-
lope proteins of viruses with high genetic variability, such
as hepatitis C virus [27]. The presence of reporter genes
in the genetic material of pseudoviruses allows for simple
qualitative and quantitative assessment of cell infection
[28-30]. The main advantage of the VSV packaging sys-
tem over packaging systems based on murine leukemia
virus and HIV-1 is the higher yield of pseudoviruses. VSV
also has faster genome replication, which contributes to
faster detection of infection due to rapid expression of the
reporter gene [31].

Disadvantages. Pseudoviruses are only suitable for
studying enveloped viruses and only for the early stag-
es of infection: attachment and penetration. Differences
in the morphology of the virus of interest and the virus
used for pseudotyping (VSV, HIV-1, etc.) leads to differ-
ences in the distribution of the same envelope protein on
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different viral particles, which can lead to false results
in experiments. Therefore, it is advisable to confirm the
results of experiments with pseudoviruses using authentic
viruses [31, 32].

Methods for studying virus-cell interactions using
pseudotyped viral particles

Interactions between proteins play a key role in
understanding the mechanisms of viral infections. Protein-
based methods allow the detection of protein-protein
interactions between glycoproteins of the viral envelope
of interest, embedded in the membrane of the packaging
virus, and host cell proteins. To this end, other techniques
are used in conjunction with pseudotyped viruses. One
such approach used in conjunction with pseudoviruses
is a method called virus overlay protein binding assays
(VOPBA). This method involves the separation of cell
extract (membrane protein extract can be used to exclude
the interaction of the viral receptor with intracellular
proteins) by electrophoresis, followed by transfer to a
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Fig. 3. Production of VSV-AG/G particles.

1 — cotransfection with plasmids: pVSV-G, pVSV-N,
pVSV-P, VSV-L, VSV-dG-reporter gene; 2 — formation of
VSV proteins; 3 — assembly of VSV AG/G virions.
Puc. 3. Ilonyuenne yactug BBC AG/G.

1 — xorpancdekuus mmazmugamu: pVSV-G, pVSV-N,
pVSV-P, VSV-L, VSV-dG-penoprepHuslii ren; 2 — obpa-
3oBanue OenkoB BBC; 3 — coopka Bupronos BBC AG/G.

Fig. 4. Production of VSV pseudoviruses with
envelope protein X of the virus of interest (VSV
AG/X-reporter gene).

1 — transfection with plasmid expressing the envelope

protein of virus of interest X; 2 — infection of VSV AG/G;

3 — incorporation of protein X into the cell membrane;
4 — assembly of VSV AG/X pseudoviruses.

Puc. 4. ITonyuenue ncesnoupycos BBC
¢ GenkoM oboouku X BUpyca UHTepeca
(BBC AG/X-penopTepHslii TeH).
1 — TpaHcdekIms m1a3MuIoi, SKCIpeccupyromiei 06010-
JeuHbIi Oenok Bupyca uHTepeca X; 2 — unbekius BBC
AG/G; 3 — BctpanBanue Genka X B MeMOpaHy KIICTKU;
4 — c6opxka ncesnoBupycoB BBC AG/X.
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membrane using Western blotting and treatment of the
membrane with wild-type virus [33], inactivated virus
[34], or pseudovirus particles [35]. The proteins to which
the virus binds are then visualized using virus-specific
antibodies. The protein itself is further identified by
mass spectrometry. C.-M. Chan et al. used this method
to identify CEACAMS as an additional target of the
Middle East respiratory syndrome coronavirus (MERS-
CoV). In this study, HIV-1-based pseudovirus particles
pseudotyped with the S protein of the MERS-CoV virus
were used [35].

Genetic approaches can either weaken a cell function
(to the point of loss) or strengthen it (to the point of
introducing a new function that the cell did not previously
possess). Both cell lines and animals can be genetically
modified [36-38]. RNA interference is the temporary
removal of mRNA encoding a specific protein. In
mammalian cells, this effect is achieved by using small
interfering RNAs (siRNAs) [39], which are introduced
by direct transfection, or short hairpin RNAs (shRNAs),
which are introduced by lentivirus transduction [40, 41].
The advantage of RNA interference is its simplicity, and
this approach also allows the study of important genes,
since, unlike genetic knockout, the gene is not completely
switched off and cells can survive when the gene is
switched off. To identify the role of the ZMPSTE?24 protein
in the process of HIV-1 infection of cells pseudotyped
with the SARS-CoV-2 S protein, K. Shilagardi et al. used
small interfering RNA to knock down the gene encoding
this protein in HEK293T cells [42]. In a study by Y.-Q.
Zhou et al., Arf6 protein knockdown was used to assess
its involvement in infection caused by the VSV-SARS-
CoV-2 pseudovirus [43]. In a study by M.-M. Zhao et al.,
cathepsin L knockdown was also used to determine its
role in SARS-CoV-2 pseudovirus infection [44].

Genetic knockout is the complete shutdown of a
gene. One way to knock out genes is to use CRISPR/
Cas9 technology [45, 46]. This system is an adaptive
immune system found in archaea and bacteria [47]. To
switch off a specific gene, sgRNA is used, which is a
complex of crRNA and tracrRNA. crRNA is an RNA
segment consisting of 20 nucleotides complementary
to the gene segment that needs to be switched off, and
tractrRNA binds to crRNA and ensures recognition and
binding by the Cas9 protein, which introduces a double-
strand break in the gene targeted by crRNA. The resulting
break is repaired by non-homologous end joining, which
results in random insertions or deletions, leading to gene
dysfunction [48]. In a study by Z.-S. Xu et al., the LDLR
gene was knocked out to study its role in the penetration
of the CCHF 36 virus. H. Tani et al. used embryonic stem
cells with a knockout of the alpha-dystroglycan receptor
and infected them with VSV, pseudotyped with envelope
proteins of various arenaviruses [49]. K. Shilagardi
et al. used HeLa and HEK293T cell lines in which the
ZMPSTE24 protein gene was knocked out to identify its
role in the mechanism of viral infection mediated by HIV-
1, pseudotyped with the SARS-CoV-2 S protein [42].

To establish the role of a particular protein in the viral
infection process, overexpression of the gene encoding
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that protein can be used. Temporary overexpression of the
protein can be achieved by transfecting a cell line with
plasmid vectors encoding these proteins. K. Shilagardi etal.
transfected HEK293T cells with plasmids overexpressing
ZMPSTE?24 and IFITM proteins to identify their role in
the infection of cells by HIV-1-based lentiviral vectors
pseudotyped with the SARS-CoV-2 S protein [42], and
found that overexpression of these proteins reduces
cell infection. For constant overexpression of a protein,
retrovirus transduction carrying the gene for that protein
is used. Z.-S. Xu et al. transduced SW13 cells deficient in
the LDLR receptor with a retrovirus carrying the LDLR
gene to restore its expression [36].

Reporter systems for visualizing pseudotyped viral
particles based on vesicular stomatitis virus

Fluc is one of the most common reporter genes.
This gene encodes the firefly luciferase enzyme, which
catalyzes the reaction of D-luciferin with adenosine
triphosphate (ATP). As a result of successive reactions,
oxyluciferin is formed, which is in an unstable state, and
when it transitions to its ground state, a quantum of light
(luminescence) is emitted [50]. This reporter system has
beenused to study the mechanisms of penetration of viruses
belonging to the families Arenaviridae and Bunyaviridae
[22, 51], Puumala and Hantaan viruses [52], and other
viruses. The disadvantage of this reporter system is the
relatively high cost of the luciferase substrate, luciferin,
as well as the necessity for a luminometer.

Fluorescent proteins are used as alternative reporter
genes, the most common of which is GFP. GFP is used
to determine the cellular tropism of the Ebola virus using
the pseudovirus system [13, 26], to study the functions
of the E1 and E2 envelope glycoproteins of the hepatitis
C virus, E1 and E2 of the Chikungunya virus [53, 54],
and glycoproteins of other viruses. The advantage of
GFP and other fluorescent proteins over the luciferase
reporter system is the absence of an expensive substrate,
but a fluorescence microscope is required to visualize the
fluorescence. Other reporter genes encoding fluorescent
proteins are also used, such as mCherry, RFP, YFP, etc
[29, 55, 56].

Conclusion

The application of pseudotyped viral particles based on
VSV is a convenient and powerful tool for studying the
mechanisms of virus entry into cells. They can be used
to model the processes of virus attachment and entry.
By replacing the VSV glycoprotein G with the envelope
proteins of viruses of interest, it is possible to study their
tropism and the role of surface proteins in biosafety level
II laboratories.

The main advantages of the VSV-based packaging
system are packaging efficiency and ease of infectivity
assessment due to the rapid expression of reporter genes
(GFP, luciferase, etc.). However, the use of pseudoviruses
may distort the results due to differences in the distribution
of viral proteins on the surface of pseudovirus virions and
wild-type viruses. Therefore, to obtain reliable results,
verification using authentic viruses is recommended.
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The combination of pseudoviruses with genetic
approaches (knockout, knockdown, overexpression) and
protein-based approaches (VOPBA) allows studying the
role of cellular factors in the processes of virus attachment
and penetration, identifying therapeutic targets.

The prospects for this method include the creation
of platforms for screening virus entry inhibitors,
studying the effect of surface virus protein mutations
on virus pathogenicity, and creating vaccines based on
pseudoviruses.
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