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Abstract

Introduction. Alongshan virus is a representative of the unclassified group of Jingmenviruses (Flaviviridae),
which is detected in Ixodes persulcatus, Ixodes ricinus ticks and various mosquito species in Russia, China,
Finland and France. Unlike traditional orthoflaviviruses, the Alongshan virus genome is represented by 4 positive-
sense RNA segments. The first and third segments of the genome encode proteins homologous to proteins of the
replicative machinery of orthoflaviviruses, the remaining segments encode putative structural proteins that have
no known homologues: segment 2 — VP1a (envelope protein), VP1b and NuORF; segment 4 — VP2 (capsid)
and VP3 (membrane). Human cases of Alongshan virus-associated disease have been described.

The aim of this study is to develop a system for expression and purification of recombinant VP2 and hydrophilic
site VP3 proteins to test their antigenic properties.

Materials and methods. Miass527 strain of Alongshan virus was used to produce hyperimmune mouse sera
and recombinant proteins in a bacterial expression system. Bioinformatic analysis of sequences encoding
target proteins and genetically engineered cloning were carried out in this study. Western blotting and enzyme
immunoassay (ELISA) were performed to control the results.

Results. Recombinant proteins of Alongshan virus have been used in a laboratory diagnostic test system to
determine the presence of antibodies to the virus. The obtained recombinant VP2 protein is able to detect
antibodies in all tested sera of infected mice, as well as antibodies in human sera both in Western blotting and
in enzyme immunoassay. At the same time, antibodies to the recombinant region of VP3 protein were detected
irregularly in antiviral immune sera.

Conclusion. The detection of antibodies to Alongshan virus in patients confirms the necessity for further
investigation of this group of viruses.
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MonyuyeHne n ouncTKka peKoOMOMHaAHTHbIX 6eN1KOoB
VP2 n VP3 Bupyca Alongshan rpynnbi Jingmenvirus
N OLleHKa X MMMYHOXMMUYECKUX CBONCTB

boHpapeHko E.B.*, Epmonaesa E.A., Xonogunos U.C., Jiutos A.I.

MepepanbHbIf HAYUHbIV LIEHTP UCCIefOBAHMI 1 Pa3paboTKM MMMYHOOUONOrMYECKX MPenapaToB
nmenun M.IM. Yymakosa PAH (UHcTuTyT nonnommennta), MockBa, Poccus

AHHOMauus

Beepenue. Bupyc Alongshan — npeacraBuTens HeknaccuduumpoBaHHon rpynnel Jingmenvirus (Flaviviridae),
o6HapyxeH B knewax Ixodes persulcatus, Ixodes ricinus v pa3nuyHbIX BUAax komapoB B Poccun, Knutae, OuH-
naHaum n ®paHumn. B otnnume ot knaccmyecknx optodnaeBmBupycoB, reHom Bupyca Alongshan npeacraeneH
4 cermeHTamn PHK nonoxutenbHon nonspHocTu. [epBbiin 1 TPETUI CermeHTbl reHoma Kogupytot 6enkum, romo-
nornyHble 6enkam pennmnkaTMBHOWM MalLMHEPUM OpTOIaBUBMPYCOB, OCTalbHbIe CEerMEHTbl KOAMPYIOT Npeano-
TNOXUTENBbHO CTPYKTYPHbIE BEnkn, He MMeloLMe N3BECTHBIX FOMOIOroB: cermeHT 2 — VP1a (6enok o6onoykn),
VP1b n NuORF; cermeHT 4 — VP2 (kancugHbii) n VP3 (membpaHHbin). OnucaHbl criydaun 3abonesaHns Noaen,
cBsi3aHHble ¢ BUpycom Alongshan.

Llenb paboTtbl — paspaboTka CUCTEMbI SKCMPECCHMM N OYUCTKN peKOMOUHaHTHbIX 6enkos VP2 n rugpodunsHoro
yyactka VP3 ans npoBepkn Nx aHTUreHHbIX CBONCTB.

MaTepuanbl U MetoAbl. [AnNA MOMy4YeHWUs TMNEePMMMYHHbBIX CbIBOPOTOK MbIlUEd U PeKOMOWHAHTHbIX 6enkos
B BGakTepmanbHoi cucteme akcrnpeccun 6bin ncnonb3oBaH wramm Miass527 supyca Alongshan. MponssegeHsbl
BronHdopmaTUYeCKMin aHann3 nocneaoBaTenbLHOCTEN, KOAMPYIOLWNX LeneBble 6enkn, reHHo-UHXeHepPHoe Kno-
HVMpoBaHWe. [N KOHTPOnsA pe3ynbTaTtoB OCYLECTBNEeHbl UMMYHOBNOTUHT 1 UMMYHOMEPMEHTHBIN aHanus.
Pe3ynbraTbl. PekombrHaHTHbIE Genku Bupyca Alongshan ncnonb3oBaHbl B N1TabopaTopHON ANarHOCTUYECKOW
TecT-cucTeMe ANl onpeaeneHust Hanuums aHTuTen K Bupycy. MNonyyeHHbln pekombuHaHTHbIM Benok VP2 cno-
cobeH BbISBNATbL aHTUTENa BO BCEX MCCMeA0BaHHbIX CbIBOPOTKaX MHULMPOBAHHBIX MbILLEN, a Takke aHTUTena
B CbIBOPOTKax NoAew Kak B BECTEPH-OMOTTMHIE, Tak U B MMMyHObepMeHTHOM aHanu3e. [pu aToM aHTuTena
K peKoMBUHaHTHOMY yyacTky 6enka VP3 B NpOTUBOBMPYCHBLIX UMMYHHbIX CbIBOPOTKAX BbISBASANNCH HEPETYNAPHO.
3akntoveHue. BoisiBneHve aHTuten k Bupycy Alongshan y naumeHToB NoATBEPXAAET He0OXoANMOCTb AallbHen-
LLIero uccrneaoBaHns AaHHOW rpynnbl BUPYCOB.

KnroueBble cnoBa: epynna Jingmenvirus, supyc Alongshan, duazHocmuka, pekoMbuHaHmHble benku

Amuyeckoe ymeepxdeHue. ABTOPbI NOATBEPXAAIOT COBMIOAEHNE UHCTUTYLMOHANBHBLIX U HAaLMOHAasbHBIX CTaHAap-
TOB M0 MCMOMb30BaHNIO TabopaToOPHbLIX XMBOTHLIX B cOOTBETCTBUM C «Consensus Author Guidelines for Animal Use»
(IAVES, 23.07.2010). NMpoTokon uccrnenoBaHus ogodpeH aTu4eckum kommTetom degepanbHOro HayyHoro LeHTpa uc-
cnepoBaHuin 1 pa3paboTkv MMyHobunonornyeckux npenapatos uMm. M.M. Yymakosa PAH (MHcTutyT nonnommnenuTa)
(npotokon Ne 200923-1 ot 20.09.2023).

UcmoyHuk c¢puHaHcupoeaHusi. PuHaHcMpoBaHWe paboTbl OCYLLECTBASANOCHL MO rOCyAapCTBEHHOMY 3a4aHuio
FNZG-2024-0001 n rocygapcteeHHoMy 3agaHuto FNZG-2024-0008.

KoHgbriukm uHmepecoe. ABTOpbI AEKNapUpyOT OTCYTCTBME SBHbIX Y NOTEHLUMArbHbLIX KOH(UKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumnen HacTosiLLen cTaTbi.

Ansa yumupoeaHus: BonpapeHko E.B., Epmonaesa E.A., Xonogunos W.C., llutos A.I". MonyyeHne n ouncrka pekom-
6uHaHTHbIX 6enkoB VP2 n VP3 Bupyca Alongshan rpynnbl Jingmenvirus n ougHka nx UMMYHOXMMUYECKUX CBOWCTB.
XKypHan mukpobuonoeuu, anudemuosnoauu u ummyHobuonoauu. 2025;102(2):213-222.
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Introduction es, Jingmenviruses have a segmented RNA genome

Members of the genus Orthoflavivirus (family
Flaviviridae) infect vertebrates and invertebrates. Such
important human pathogens as dengue virus, yellow fe-
ver virus, West Nile virus, tick-borne encephalitis virus
(TBEV), Japanese encephalitis virus, etc. belong to this
genus. Recently, a new group of viruses named Jing-
menvirus, which is related to the Orthoflavivirus genus,
has been characterized [1]. Unlike classical flavivirus-

© boHpapeHko E.B., Epmonaesa E.A., Xonogunos U.C., llutos AT, 2025

[2]. The first and third segments of the Jingmenvirus
genome encode proteins homologous to helicase and
RNA-dependent RNA polymerase of orthoflaviviruses
[3, 4]. The second and fourth segments encode unique
proteins: envelope proteins VP1la and VP1b, presum-
ably capsid protein VP2 and membrane protein VP3.
The Jingmenvirus group includes viruses such as
Jingmen tick virus, Alongshan virus (ALSV), Yang-
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gou tick virus and Takachi virus [1, 5, 6]. They have
a wide geographical distribution and are detected in
blood-sucking arthropods (especially ticks) and mam-
mals, including those found in human sera [3, 7-13].
ALSV and Jingmen tick viruses apparently can cause
acute infection in humans accompanied by fever [1,
14-16]. ALSV was first detected and isolated from the
blood of a patient with febrile illness in China [17].
Later, ALSV was detected by polymerase chain reac-
tion (PCR) in other patients: 86 people with a history of
fever, headache, and tick bites between May and July
2017 were examined [17]. The virus was also detected
in Ixodes persulcatus ticks and various mosquito spe-
cies (Anopheles yatsushiroensis, Aedes vexans, Culex
pipiens pallens and Culex tritaeniorhynchus) in China.

In Russia, the virus was detected in ticks in the
Kaliningrad, Chelyabinsk and Ulyanovsk oblasts and in
the Republics of Altai, Tatarstan, Karelia and Tyva [5,
18-20]. In connection with the described cases of hu-
man disease, epidemiological studies of Jingmenvirus
group representatives are essential.

Currently, it is not known to which protein an-
tibodies are produced during Jingmenvirus infection.
Recombinant VP2 protein was successfully used to
detect ALSV-specific antibodies in sheep and cattle
in China by enzyme-linked immunosorbent assay
(ELISA) [17]. ALSV-specific antibodies were detect-
ed in 9.2% (22/240) of the examined sheep and 4.6%
(11/240) of the examined cattle. In 2019, Finnish sci-
entists used constructs encoding the ALSV envelope
proteins VP1la, VP1b, VP2 and VP3 transfected into
Vero E6 mammalian cells. These cells were used to
detect antibodies in the sera of 900 patients by immu-
nofluorescence [21].

The aim of this study is to obtain recombinant
proteins of ALSV and use them in a laboratory diagnos-
tic test system to determine the presence of antibodies
to the virus.

Materials and methods

Virus and cells

To obtain recombinant proteins, we used the Mi-
ass527 strain of ALSV isolated from I persulcatus
ticks collected in 2014 in Miass, Chelyabinsk region
(NCBI access code: MN648770-MN648773) [1]. The
recombinant sE TBEV protein was kindly provided by
V.S. Baryshnikova [22].

Escherichia coli cells, strain TOP10 (Promega)
were used for cloning, and strains JM109 and BL21
(Promega) were used for expression of recombinant
proteins.

Production of hyperimmune blood sera

To obtain hyperimmune sera, mongrel mice ICR
(Scientific Center of Biotechnology) were used, immu-
nized under the skin with ALSV (strain Miass527) with

Freund's adjuvant (BD) 3 times (once a week), 10 days
after the last injection the blood was collected in total
(decapitation). The obtained sera from 3 mice to ALSV
were used in immunoblotting and ELISA. Serum from
1 mouse to TBEV (strain KE-328) was kindly provided
by V.S. Baryshnikova [22]. Serum from an unimmu-
nized mouse was used as a negative control.

The study protocol was approved by the Ethical
Committee of the M.P. Chumakov Federal Scientific
Center for Research and Development of Immunobi-
ological Products of the Russian Academy of Scien-
ces (Poliomyelitis Institute) (Protocol No. 200923-1 of
September 20, 2023).

Sera of the conditionally healthy population

Sera of conditionally healthy individuals with an-
tibodies to TBEV from Moscow and Moscow region
were kindly provided by the Center for Hygiene and
Epidemiology in Moscow region.

Bioinformatics analysis

To determine signal peptides, hydrophilic and hy-
drophobic parts of proteins, the SignalP 4.1 Server! pro-
gram was used. DNA to Protein program on the Zbio.
net website was used to determine protein mass.

Cloning of VP2 and VP3 protein genes of Alongshan
virus (strain Miass527)

Reverse transcription was performed using Invi-
trogen SuperScript III reverse transcriptase (Thermo
Fisher Scientific).

PCR was performed with a Veriti 96 Well Thermal
Cycler (Applied Biosystems) using Platinum Super Fi
II polymerase (Thermo Fisher Scientific).

PCR mix composition: SuperFi buffer 10 ul, 2.5
mM nucleotides 1 pl, primers (forward and reverse)
1 pl each, Platinum SuperFi II polymerase 1 pl, cDNA
2 pl, water 32 pl. Total volume 50 pl.

PCR program for Platinum Super Fi II polymerase
is as follows:

* 98°C 30s;

* 98°C 10 s;

* 60°C 10 s;

» 72°C 30 s/30 cycles;

* 72°C 5 min.

The following restriction endonucleases were
used in this study:

BamHI and HindIII (Thermo Fisher Scientific) for
plasmid pQE32 (Qiagen) and amplicons VP2 and VP3;

BamHI and Xhol (Thermo Fisher Scientific) for
plasmid pet28a+ (plasmid collection of M.P. Chuma-
kov Federal Scientific Center for Research and De-
velopment of Immunobiological Products of Russian
Academy of Sciences) and the VP2 amplicon.

! SignalP 4.1 Server».
URL: http://www.cbs.dtu.dk/servicess TMHMM-2.0
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After restriction, the obtained vectors and inserts
were run in 1% agarose gel (PanEco) based on 1xTBE
buffer: 0.09 M Tris (DiaM), 0.09 M H,BO, (Pushchino
Laboratories), 2 mM EDTA (DiaM) and purified using
centrifuge columns (Qiagen).

DNA concentration was measured by optical den-
sity on a NanoDrop One instrument (Thermo Fisher
Scientific). The ligation reaction was performed using
T4 DNA ligase (Thermo Fisher Scientific). The vector
and insert were taken in a 5 : 1 ratio.

E. coli TOP10 cells were transformed with the ob-
tained ligase mixtures by heat shock method and grown
in LB medium (Table 1) at 37°C. The presence of the
insert was verified by PCR with primers for cloning.
The Sanger sequencing method was used to confirm
the presence of polyhistidine-tag, start and stop codons,
and the absence of nonsynonymous substitutions. Se-
quencing was performed using the BigDye Terminator
v.3.1 Cycle Sequencing Kit (Thermo Fisher Scientif-
ic) on an Applied Biosystems 3500 Genetic Analyzer
(Waltham) instrument.

Transformation and cultivation of E. coli cells
upon expression

During transformation, the following strains were
used for protein expression: strain JM109 for plasmid
pQE32 and strain BI21 for pet28a+. LB, SOB and TB
media were used for cell cultivation (Table 1).

One cell colony was taken from a Petri dish and
grown in 5 mL of medium supplemented with 100 ng/mL
antibiotic (ampicillin for pQE32, kanamycin for pe-
t28a+) for 18 hours. The cell suspension was then trans-
ferred to 250 mL of medium with 100 ng/mL ampicillin
or 50 ng/mL kanamycin. When the cell mass reached
an optical density of 0.5-0.8 at a wavelength of 600 nm
(9.6 x 10° cells/mL), isopropyl-B-D-1-thiogalactopyra-
noside (IPTG; Helicon) was added. The cells were incu-
bated at different temperatures and times with stirring.
The cell mass was then precipitated by centrifugation

Table 1. Composition of media for induction of expression
of the target protein in E. coli JM109 and BI21 cells

Medium Ingredients Concentration, g/L
Tripton 10
LB Yeast extract 5
NaCl («Fluka») 10
Tripton 20
SOB Yeast extract 5
NaCl 0,585
KCI («Flukay) 0,185
Tripton 12
B Yeast extract 24
Glycerol 99% 20*

Note. “Concentration of glycerol is given in mL/liter.
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at 1700g, 4°C for 30 min, and the resulting precipitate
was washed with 50 mL of phosphate-salt buffer (PBS;
Sigma-Aldrich).

The conditions under which recombinant proteins
expression was performed, unless otherwise specified:
incubation time of cells — 12 h in LB medium at 37°C
and IPTG concentration 0.5 mM.

Cell disruption by ultrasound

The cell mass was resuspended in 20 mL of lysis
buffer (HEPES 100 mM (DiaM), NaCl 0.15 M, pH 8.5)
and treated with ultrasound (Soniprep 150 device, MSE)
as follows: 3 times for 1 min each with a 7 ms pulse on
ice. Then the cells were centrifuged (7800g, 4°C, 30
min), the precipitate was resuspended in 20 mL of lysis
buffer with 8 M urea (to release the protein into the sol-
uble fraction) and treated with ultrasound once for 30 s,
followed by centrifugation (7800g, 4°C, 30 min).

Separation and purification of recombinant proteins

Recombinant proteins were purified by affini-
ty chromatography using a ready-to-use Ni-NTA Fast
Start kit (Qiagen).

Buffer change to PBS and concentration were per-
formed using Amicon Ultra-15 10 kDa centrifuge ultra-
filters (Merck).

The resulting recombinant proteins were separated
by electrophoresis in 15% polyacrylamide gel (PAGE)
under denaturing conditions (SDS-PAGE). A calibra-
tion plot constructed from known concentrations of
BSA (Genesystool) was used to determine the concen-
tration of target proteins. Further, the concentration of
the target protein was measured using the GBox instru-
ment (Syngene) in the GeneTools program (Syngene).

Obtaining negative control (Mock)

To obtain a negative control (Mock), the same
manipulations were performed with pQE-32 and pe-
t28a+ plasmids without the insert as with the constructs
with the insert: transformation, cultivation of the corre-
sponding bacterial cells, expression, isolation and puri-
fication. Controls were further used for visualization in
PAGE, immunoblotting and ELISA.

Immunoblotting

The obtained recombinant proteins were separa-
ted by electrophoresis in 15% PAGE-SDS and trans-
ferred to nitrocellulose membrane (Bio-Rad). The
membrane was incubated with 5% skimmed cow's milk
(Best Value) in Tris-buffered saline (TBS: 25 mM Tris,
0.15 M NaCl, pH 8.3) for 1 h.

The membrane was then incubated with target se-
rum for 1 h: mouse, human or to histidine tag. Next, the
membrane was washed with TBS with 0.05% Tween-20
(TBS-T) and incubated with horseradish peroxidase
(HRP)-labeled antibodies against mouse or human IgG,
respectively (Abcam) for 1 h. If HRP-labeled antibod-
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ies against histidine tag (Abcam) were used, incubation
with secondary labeled antibodies was not required.

Before imaging, the membrane was washed again
with TBS-T, then imaging was performed using the
ECL kit (Bio-Rad) in a Genesys gel-documentation
system (Genesys).

Enzyme immunoassay

80 ng of protein diluted in PBS was added to a
well of a 96-well plate and incubated overnight at 4°C.
The plate was washed with PBS, incubated with 4%
skimmed cow's milk (Best Value) in PBS for 1 h, then
with mouse sera in PBS with 0.05% Tween-20 for 1 h.
The plate was washed, incubated with HRP-conjugated
antibodies against mouse IgG (Abcam) for 1 h, respec-
tively, followed by washing and addition of TMB sub-
strate (Sigma-Aldrich), after 30 min the reaction was
stopped with 2 M sulfuric acid (Lenreactiv). The results
were detected at a wavelength of 450 nm on a spectro-
photometer (Thermo Fisher Scientific).

Results

Selecting and obtaining targets for cloning

In the current study, the capsid protein VP2 was
presumably chosen because Chinese scientists have al-
ready detected antibodies to this protein in cattle [13],
as well as the membrane protein VP3, which was cloned
for the first time in our study. The proteins are encoded
in segment 4 of the ALSV genome.

The sequence of the signal peptide (19 aa) was
determined for the VP2 protein; it has no hydrophobic
sites; the 243 aa fragment lacking the signal peptide
was chosen for cloning because it could complicate
the subsequent purification of the protein. VP3 protein
contains 9 transmembrane hydrophobic domains, thus,
hydrophilic regions 1-89 aa and 244389 aa were cho-
sen for cloning (Fig. 1). Presumed protein sizes were
25 kDa for VP2 is, and 10 and 18 kDa for hydrophilic
regions of VP3-1 and VP3-2 proteins, respectively.

Then, based on the nucleotide sequences of VP2
protein and hydrophilic regions of VP3 protein, prim-
ers were selected (Table 2) and the corresponding PCR
products were obtained (Fig. 2).

Obtaining vector constructions

The construct with the insertion of the 244-389 aa
fragment of VP3 protein based on the pQE-32 vector
was successful (Figs. 3, 4). However, with other inserts
based on the pQE-32 vector, the expression of recom-
binant proteins either did not occur (in the case of the
VP2 insert) or led to the death of bacterial cells at 3 h of
cultivation (in the case of the insertion of the 1-267 aa
fragment of VP3 protein), which indicates the possible
toxicity of the protein for these bacterial cells. There-

729 nt i

VP2 (768 nt)

1 2
VP3 (1614 nt)

Fig. 1. Schematic representation of VP2 and VP3 target
regions chosen for cloning.
Black fragment — signal peptide of VP2 protein,
blue — transmembrane domains of VP3 protein. 1 — VP3 protein
region 1-267 aa, 2 — VP3 protein region 244-389 aa.

VP2 VP3-1 VP3-2 MwW
729 nt 267 435 bp
nt nt
—800
—600
—500

Fig. 2. Electrophoretic analysis of amplicons of target
regions of VP2 and VP3 protein genes.

MW, DNA length marker. VP2, fragment encoding 1-89 aa;
VP3, fragment encoding 244—-389 aa VP3.

Table 2. Oligonucleotides for cloning the VP2 protein and the hydrophilic regions of the VP3 protein

Primer Sequence B nBank #NG4B773.2)
VP2-28s GAGCTAGGATCCAAGCCAAACGGAGCCCCAGAT 168-188
VP2-28as GAGCTACTCGAGCTACTGAAAAACCTGGTAGTTG 857-872
VP3s 244-389 GAGCTAGGATCCGACAAGGATCAAGCCTACCTC 1576-1597
VP3as 244-389 TAGCTCAAGCTTCCATTGGGTGTAGACCAGGT 1998-2017
MiVP3s 1-89 GCTAGGATCCGTGCGACCCCAACTACCAGGT 848-868
MiVP3as 1-89 TAGCTCAAGCTT TCTCTCCTCCAGTCGCC 1095-1114
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Fig. 3. Genetically engineered constructs which demonstrated expression of target proteins.
a — pQE-32 plasmid construct and VP3 protein fragment; b — pet28a plasmid construct and VP2 protein fragment.
AmpR — ampicillin resistance gene; lac operator — lactose operator; bp — base pairs; KanR — kanamycin resistance gene;
RBS — ribosome entry site; 6xHis — 6-histidine site; MCS — restriction sites.

a

25 kDa

18 kDa

b

18 kDa

25 kDa

Fig. 4. Immunoblotting results of recombinant VP3 (a) and VP2 (b) proteins with antibodies to histidine.

fore, we decided to assemble a new genetically engi-
neered construct of pET28a+ plasmid with VP2 protein
insertion (Fig. 3).

The successful protein expression in pQE-32-244-
389 and pet28a-VP2 constructs was confirmed using
histidine-tag antibodies. Both recombinant proteins
showed positive results in western blot (Fig. 4). Cells
were cultured under the following conditions: LB me-
dium, 37°C, IPTG concentration 0.5 mM, 12h.

Optimization of conditions for recombinant
protein expression

A number of experiments were undertaken to in-
crease protein yield. The following parameters were
optimized: cell culture medium, duration of incubation
with IPTG, IPTG concentration and cell growth tem-
perature. Fig. 5 shows that the highest concentration of
VP3 target protein was achieved when 0.5 mM IPTG
was added during bacterial growth for 12 h at 37°C.
The use of different LB, SOB and TB media did not
affect the expression of the partial recombinant VP3
protein (Fig. 5, ¢).

In this regard, we determined the working condi-
tions of target protein expression — cell cultivation for
12 h with the concentration of lactose operator inducer
0.5 mM at 37°C in LB medium.

Changes in the medium conditions, IPTG concen-
tration and temperature did not affect the expression
of recombinant VP2 protein in E. coli cells of strain
BL21 (Fig. 6), but with increasing time of bacterial cell
growth the expression increased.

Since the bacterial medium, growth temperature
and IPTG concentration did not affect the expression of
recombinant VP2 protein, we chose the working con-
ditions for expression: culturing cells for 12 h at 37°C
with a concentration of 0.5 mM lactose operator indu-
cer in LB medium.

Purification of recombinant proteins

One of the important steps for further purification
of proteins is to determine their solubility. For the par-
tial recombinant VP3 protein, it was determined to be
in the soluble fraction without urea (Fig. 7). The target
VP2 protein is in the insoluble fraction (with 8 M urea),
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a b
IPTG, mM Time, h
Mock 1 0,5 0,25 0,1 MW MW 3 6 12 Mock
—26 kDa
25 —
VP3 —p kDa <+ VP3
18 kDa 18 kDa
c d
Medim Temperature, °C
LB SOB TB 37 Mock 30 MW
— 25kDa
VP3—»
18 kDa
Fig. 5. PAGE-electrophoretic analysis of partial recombinant VP3 244-389 aa protein expressed at different IPTG
concentrations (a), time (b), medium (c) and temperature (d).
a b c d
Temperature, °C IPTG, mM Medium Time, h
P2 26 kDa 2
kDa VP2

25 kDa 25 kDa

Fig. 6. PAGE-electrophoretic analysis of partial recombinant VP2 protein expressed at different IPTG concentrations (a),
time (b), medium (c) and temperature (d) of expression for the target protein.

which could make it difficult to further obtain and pu-
rify. The addition of serine protease inhibitors, which
may affect the solubility of the protein, was not suc-
cessful — urea addition is necessary for the purification
of recombinant VP2 protein.

The recombinant proteins were further purified on
a gravity column by affinity chromatography (Fig. 8).
After desalting and concentration on centrifuge filters,
the concentration of proteins was measured by the
Bradford method: for the partial recombinant VP3 pro-
tein it was 70 pg/mL, for VP2 protein — 120 pg/mL
(when the proteins were expressed in 250 mL of medi-
um with cell mass).

The ability of the recombinant VP2 protein to in-
teract with antiviral antibodies was demonstrated by
Western blot and the use of hyperimmune mouse sera to
ALSV. Three hyperimmune mouse sera were tested —
the VP2 protein interacted with all of them, while the
partial recombinant VP3 protein was detected with only
one. As an example, Fig. 9 shows an immunoblot of
recombinant VP2 and VP3 proteins with hyperimmune
mouse serum. Serum from an unimmunized mouse was
used as negative serum in the Western blot.

To prove the specificity of recombinant VP2 pro-
tein in Western blot, mouse sera to TBEV were also
used (Fig. 10). Recombinant TBEV sE protein served

as a positive control [22]. The VP2 protein we obtained
did not bind to TBEV antibodies.

The results of Western blot analysis were con-
firmed in ELISA with hyperimmune mouse serum to
ALSYV (Fig. 11). Different protein concentrations (20,
40, 80 and 120 ng/well) and serum dilutions (1 : 180
and 1 : 360) were tested in ELISA to determine the

a
1 2 3 4 MW
VP2 —» —25kDa
25 kDa
b
1 2 3 4 5
MW
VP3—> —25kDa
18 kDa

Fig. 7. Determination of VP2 (a) and VP3 (b) target protein
fractions in PAGE.

a — cell lysate after sonication in lysis buffer: 7 — with 8 M urea;
2 — without additives; 3 — with 8 M urea and serine protease
inhibitors; 4 — with serine protease inhibitors. b — cell lysate after
12 h of cultivation (1), Mock (2), cell lysate before IPTG addition (3),
cell lysate after sonication in lysis buffer (4),
precipitate fraction with 8 M urea (5)
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a a
MockMW 1 2 3 4 5 MW Mock VP3
25— <—VpP2
kDa 25 kDa
b b
MW VP2 K+ 1 2 3
25 — <+ VP2 VP2— o
kDa 25 kDa 25 kDa 25 kba

A

Fig. 8. Purification of target protein VP2 in PAGE using
Qiagen Ni-NTA Fast Start kit (a) and desalting
with amicones (b).

a: 1— VP2 protein in lysis buffer with 8 M urea; 2 — flow-through
fraction; 3 — wash-buffer column washing fraction; 4 — eluate
containing target protein; 5 — eluate containing protein degradation
products. b — recombinant VP2 protein and its degradation
products (label: triangle); K+ — positive control.

working concentration of recombinant proteins. A pro-
tein concentration of 80 ng/well was found to be opti-
mal. Serum from an unimmunized mouse was used as
a negative control. To further confirm the results, the
hyperimmune mouse serum to ALSV was also tested
in ELISA, where a plasmid was used as a substrate,
with which all the same manipulations were performed
as with the insertion plasmid and recombinant protein
during purification (Mock).

Positive ELISA and Western blot results allow the
use of VP2 protein for detection of antibodies against
ALSV in sera.

Analysis of sera from conventionally healthy subjects

Using the recombinant proteins obtained by us,
30 sera of conditionally healthy people from Moscow
and Moscow region with antibodies to TBEV were test-
ed. In ELISA analysis, samples of target protein at a
concentration of 80 ng/well were used, Mock (which

Protein concentration, ng/90 ug

Fig. 9. Results of immunoblotting of target proteins with
serum of mouse immunized with ALSV (strain Miass527).

a — expression of recombinant VP3 protein; b — cell lysate after
expression of recombinant VP2 protein (7), isolated and desalted
recombinant VP2 protein (2), Mock (3). HRP-labeled antibodies
against mouse IgG (Abcam) were used for detection.

45

SE 44 kDa
kDa

25
kDa

Fig. 10. Results of immunoblotting of the target protein with
hyperimmune mouse serum to TBEV (strain KE-328).

HRP-labeled antibodies against mouse IgG (Abcam) were used
for detection. 1 — isolated and desalted recombinant VP2 protein;
2 — Mock; 3 — lysate of SPEV cells without TBE virus;

4 — recombinant sE protein with the size of 44 kDa [22].

had the same concentration of total protein) was used
as a negative control in the substrate, and serum of a
conditionally healthy person who did not have antibo-
dies to TBEV was used as a negative serum. Thus, 1 se-
rum containing antibodies to the VP2 protein of ALSV
was identified. No antibodies were detected to partial
recombinant 244-389 aa VP3 protein.

Mock dilution, ng/90 ug

Fig. 11. Analysis of mouse hyperimmune serum to ALSV Miass527 with recombinant VP2 protein (a) and Mock (b).
The wells of a 96-well plate were sensitized with VP2 protein solution; hyperimmune mouse serum to ALSV (C+) and serum from
unimmunized mouse (C-) with the dilutions indicated in the figure were used in the assay. HRP-labeled antibodies against mouse IgG
(Abcam) were used for detection.
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Fig. 12. Results of immunoblotting of target protein
with serum of conditionally healthy human.

HRP-labeled antibodies against human IgG (Abcam) were used
for detection.

To confirm the ELISA results, we performed a
Western blot of the patient's ELISA-positive serum
(Fig. 12).

Discussion

Previously, the VP2 protein was already obtained
by Chinese scientists using the pET30a vector, which
was expressed at 15°C in BL21 (DE3) E. coli cells [17].
In the current study, it was shown that VP2 protein was
successfully expressed using plasmid pet28a(+), low
temperature of cell cultivation was also tested, but it did
not affect the expression level of recombinant protein.
Efficient isolation of recombinant VP2 protein takes
place upon addition of 8 M urea. At the same time, it
was shown that the partial recombinant VP3 protein
(vector pQE-32), which we obtained for the first time,
is soluble. The yield of the target product is higher with
the pet28a(+) vector than with pQE-32, and the ob-
tained concentrations of both proteins are sufficient for
multiple ELISAs.

Recombinant VP2 protein was used to detect anti-
bodies in cattle in China [17]. In the currently study, we
confirmed that VP2 protein has antigenic properties in
immunoblot and ELISA. For the first time, we showed
that the recombinant VP2 peptide of ALSV strain Mi-
ass527 obtained by us has no antigenic cross-reaction
with TBEV in Western blot. It has been shown that when
mice are immunized with live ALSV, antibodies to the
recombinant VP2 protein are produced more regularly
and less regularly to the partial recombinant VP3 protein.
This may be due to the different spectrum of antibodies
in the mouse sera obtained — the VP2 protein interacts
with a large spectrum of antibodies produced at different
stages of infection. The ELISA also detected antibodies
to recombinant VP2 peptide in a conditionally healthy
person with a history of tick bite, while no antibodies to
recombinant VP3 peptide were detected in human sera.
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