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Abstract

Introduction. The importance of noroviruses in human infectious pathology and the danger of large epidemic
outbreaks in organized groups determine the need to develop means of specific prevention of infection.

The aim of the study was to obtain recombinant norovirus VP1 protein and analyze its immunogenic and antigenic
properties .

Materials and methods. Computer analysis of nucleotide and amino acid sequences, molecular cloning,
polymerase chain reaction, electrophoresis of nucleic acids in agarose gel and proteins in polacrylamide gel,
affinity chromatography, enzyme immunoassay.

Results and discussion. A genetic construct encoding recombinant VP1 of the Gll genotype norovirus with
codons optimized for highly effective expression in Escherichia coli has been created. The strain of E. coli Rosetta
2 (DE3) has been transformed by genetic construct. VP1 expression was carried out in E. coli cells, conditions
for its production, purification and renaturation were optimized. A purified soluble recombinant VP1 protein forms
virus-like particles with a diameter of 30—50 nm. Immunization of BALB/c mice by protein lead to antibodies
production with a titer greater than 1 : 1000. When evaluating antigenic properties, it was shown that human
1gG, IgM, and IgA antibodies interact with recombinant VP1. The total antibody detection rate was 47,4%. The
results indicate the possibility of using recombinant VP1 for development of domestic vaccine for the prevention
of norovirus infection.
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MNonyyeHune pekombnHaHTHOro 6enka VP1 HopoBupyca
N ero aHTUreHHble U UMMYHOTreHHble CBOMCTBa

JlanuH B.A., HoBukos 1.B., MoxoHoBa E.B., MeneHTtbeB [.A., UbiraHosa M.I.,
3aiues [O.E., Hosukos B.B.”

Huxeropogckuin HayyHo-MCCefoBaTeNIbCKUM MHCTUTYT SMMAEMMUOSIOTN U MUKPOOMONOrn
nmeHn akagemuka W.H. bnoxunnon, HuxHnn Hosropog, Poccusa

AHHOMauyus

BBegeHue. 3Ha4MMOCTb HOPOBUPYCOB B MH(EKLMOHHOW MaTONoOrnm 4YeroBeka M OMnacHOCTb BO3HUKHOBEHUA
KPYMHBIX 3NMAEMUYECKMX BCMbILLEK B OPraHN30BaHHbIX KOMNNEKTMBax 060CHOBbLIBaOT HE06X0AMMOCTb pa3paboT-
K1 cpencTts crneumduyeckon NponnakTukn MHGeKLMK.

Lenb pabotel — nonyyeHne pekombrHaHTHOro 6enka VP1 HopoBupyca 1 aHanua ero UMMYHOFEHHbIX U aHTW-
rEHHbIX CBONCTB.

MaTepuanbi n MeToAbl. [poBeaeHbI KOMMBIOTEPHBIN aHaNM3 HYKNEOTUAHbIX 1 aMUHOKMCITOTHBIX NOCNeaoBaTenb-
HOCTel, MOMEeKynApHOe KNOHMPOBaHWe, nonmmepasHas uenHasa peakums, anekrpodopes HyKNenHoBbIX KACNOT B
arapo3HoM refe 1 6enkoB B NonuakpunaMmuaHom rene, adpuHHas xpomatorpadus, UMMYHOMDEPMEHTHbI aHanus3.
PesynbraTtbhl. Co3gaHa reHeTnyeckas KOHCTPYKLUS, KOaupyloLlas pekoMbuHaHTHbIi VP 1 HopoBuMpyca reHoTu-
na Gll ¢ kogoHamn, oNTUMU3NPOBaHHBLIMK ANS BbICOKO3I(EKTMBHOW akcnpeccun B Escherichia coli. leHeTtn-
YeCKOoW KOHCTpyKUuen TpaHcdopmMupoBaH wrtamm E. coli Rosetta 2 (DE3). OcywecTteneHa akcnpeccus VP1 B
kneTkax E. coli, onTMMU3npoBaHbl yCroBust A11A ero NPoAYyKLMW, OYUCTKU U peHaTypauun. [onyyeH ouYnLeHHbIN
pacTBOpPUMBIN pekoMBuHaHTHbIN B6enok VP 1, dhopmupytowmnin BupyconogobHele Yactuubl anametpoM 30-50 Hm.
MMMyHu3auus 6enkom Mmbiwelt BALB/c BbidbiBana obpasoBaHue aHTuten ¢ Tutpom 6onee 1 : 1000. MNpu ouen-
K€ aHTUIeHHbIX CBOMCTB MOKa3aHO, YTO B KPOBM BOFIOHTEPOB MPUCYTCTBYIOT aHTUTena knaccos IgG, IgM, IgA,
B3anmMopencTeyoLme ¢ pekoMbuHaHTHeiM VP 1. CymmapHas yactota obHapyxeHus aHTuten coctasuna 47,4%.
3akntoyeHue. Pe3ynsratbl 060CHOBLIBAOT BO3MOXHOCTbL UCMONb30BaHUs pekombuHaHTHoro VP 1 ansa cospaHus
OTEeYeCTBEHHOW BaKLMHbI AN NPOUNaKTUKM HOPOBUPYCHOWM MHMEKLMN.

Knroueenle crioea: Hoposupyc, VP1, aupycornodobHble Yacmuupbl, 8aKyuHa

Amuyeckoe ymeepxdeHue. ABTOpbI NOATBEPXAAIOT COBNoAeHNe MHCTUTYLMOHAMBHBIX U HALMOHanNbHbIX CTaHaap-
TOB MO MCMOMb30BaHNIO NTabopaToOpPHbIX XUBOTHBLIX B cOOTBETCTBUM C «Consensus Author Guidelines for Animal Use»
(IAVES, 23.07.2010). MNpoTokon uccnenoBaHns ogobpeH pelueHnem JlokanbHoro atudeckoro komuteta HHUMOM
um. akag. .H. brioxuHon (Ne 4 ot 25.11.2021).

BnazodapHocmb. ABTOPbI BbipaxatoT bnarogapHocTb H.A. HoBKKOBOW 3a NpefocTaBneHve WwraMmMa HopoBupyca v
A.1O. KawwHwukoBy 3a NOMOLLb B MPOBEAEHUN 3NEKTPOHHON MUKPOCKOMUM.

UcmoyHuk ¢huHaHcupoeaHus. ABTOpPbI 3asiBNSAOT 06 OTCYTCTBUM BHELLHEro (hMHaHCUpPOBaHWS Npu NPOBeAEeHNN 1C-
crnefoBaHus.

KoHgbnniukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHbIX U MOTEHLMAbHBIX KOH(IIMKTOB MHTEPECOB, CBSi-
3aHHbIX C NyGnuKaLmeit HacTosILLe CTaTbu.

Ans yumupoeanusi: Nanux B.A., Hosukos [.B., MoxoHoBa E.B., MeneHntbeB [.A., LUpiraHoa M.W., 3anues [.E.,
Hoswukos B.B. MNonyyeHune pekombuHaHTHOro 6enka VP1 HopoBupyca v ero aHTUreHHble ¥ MIMMYHOTeHHbIe CBOMCTBA.
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Introduction

In the etiologic structure of viral acute intestinal
infections, noroviruses (NV; Caliciviridae family, Nor-
ovirus genus) rank second after rotaviruses. In coun-
tries that vaccinate against rotaviruses, NVs have taken
the 1* place [1, 2]. The risk groups for NV infection in-
clude children, young and elderly people. Outbreaks of
NV infection are reported throughout the year with an
increase in incidence in the spring and summer months.

Human NV is an non-enveloped icosahedral vi-
rus, and has a genome in the form of a single-stranded
positive-sense RNA approximately 7.5-7.7 kb long, en-
coding 3 open reading frames. ORF1 encodes a large
polyprotein, the precursor of 6 non-structural proteins
(NS1/2-NS7), ORF2 encodes the major structural cap-
sid protein, and ORF3 encodes the minor structural
capsid protein VP2, which is located within the viral
particle. The virus capsid is constructed of an outer
(VP1) and an inner (VP2) protein. VP1 is capable of
self-assembling into virus-like particles that are virtual-
ly indistinguishable from native virions and have pro-
nounced immunogenic properties.

Ten genogroups are known for NV, and 48 gen-
otypes have been identified based on amino acid se-
quence analysis of the external capsid protein VP1. The
most common NV genogroup is GII, which accounts for
the majority of cases of N'V-gastroenteritis of children in
the first years of life in Russia. Thus, in the Sverdlovsk
region in 2022, the most common occurring genotypic
structure of circulating NVs was a norovirus belonging
to the GII genogroup (58%). Similar data were obtained
during molecular epidemiologic analysis of genetic vari-
ants of NVs in a number of other European countries,
Japan and China. In certain years, GII genogroup ac-
counted for up to 80-90% of cases of pediatric NV-gas-
troenteritis. The dominant virus variants of this geno-
group include NV GIL4 [3, 4]. The importance of NV
in human infectious pathology and the danger of large
epidemic outbreaks in organized groups determine the
need to develop means of specific prophylaxis of infec-
tion. The example of successful introduction of rotavirus
vaccine shows that vaccination programs can signifi-
cantly reduce the number of cases of gastroenteritis [5].
Based on NV proteins, several candidate NV vaccines
are also being developed worldwide, two of which are
currently in phase II/III clinical trials for the prevention
of NV infection in children and adults [6, 7].

The aim of the study was to obtain recombinant
NV VP1 protein and analyze its immunogenic and an-
tigenic properties.

Materials and methods

Nucleotide sequence analysis, oligonucleotide de-
sign, gene construction, calculation of protein molecular
weight, isoelectric point and extinction coefficient were
performed using the Lasergene 7.1.0 software package
(Dnastar, Inc.). Codon optimization was performed us-

ing the Codonusage database'. The nucleotide sequence
of VP1 of the epidemic variant of NV with genotype
GIL.4, prevalent in the territory of Nizhny Novgorod re-
gion, was used. Nucleotide sequences were sequenced
using the ABI Prism 310 genetic analyzer (Thermo
Fisher Scientific).

Escherichia coli cells, strain Rosetta 2 (DE3),
transformed with the obtained genetic construct based
on plasmid pET22b and encoding VP1 NV, were
grown in LB-Miller medium, pH 7.0. Induction of
protein synthesis was performed by adding isopro-
pyl-B-D-1-thiogalactopyranoside to a final concentra-
tion of 0.5 mM to each culture. Cell biomasses were
obtained by centrifugation, lysed in a solution con-
taining 25 mM HEPES (pH 7.5), 1 M NaCl, 10% glyc-
erol, 1% Triton X-100, DNase I (10 pg/mL), RNaseA
(10 pg/mL), lysozyme (50 pg/mL), and 0.2 mM
phenylmethylsulfonyl fluoride, disintegrated by ultra-
sound using a QSonica Q55 (QSonica sonicators),
a centrifuged and washed buffer containing 25 mM
HEPES pH 7.5, 1 M NacCl, 10% glycerol, 1 M urea was
added, followed by centrifugation.

The recombinant norovirus VP1 protein was pu-
rified by metal chelate chromatography under dena-
turing conditions using Ni-NTA Superflow sorbent
(GEHealthcare). Renaturation of VP1 was performed
by dialysis. Protein electrophoresis in 12% polyacryl-
amide gel in the presence of sodium dodecyl sulfate
was carried out by the conventional method, immuno-
blotting was performed using human serum antibodies
against NV VP1 and horseradish peroxidase-conjugat-
ed monoclonal antibodies to human IgG Hytest. After
transfer, proteins on the membrane were stained in
Super Signal West Dura Extended Duration Substrate
solution (Thermo Scientific) and chemical lumines-
cence was measured using a C-DiGit Blot Scanner (Li-
Cog). Microphotographs of virus-like particles formed
by NV VP1 were obtained using an NT7700 electron
microscope (Hitachi). Female BALB/c mice 8 weeks
old and weighing 16-18 g were used for immuniza-
tion. Animals were kept in vivarium conditions in ac-
cordance with interstate standards GOST 33216-2014
and GOST 33215-2014. Biomaterial for the study was
taken from mice in compliance with the principles of
humanity set forth in the European Community direc-
tives (86/609/EC).

The studies were conducted according to the bio-
ethical and ethical principles established by the Decla-
ration of Helsinki (adopted in June 1964 and revised
in October 2013). To evaluate the antigenic properties
of recombinant proteins, we used 637 blood plasma
samples obtained from the Hemohelp diagnostic cen-
ter (TIAS LOTUS LLC) from individuals aged 19-44
years who applied for diagnostic studies and gave writ-
ten consent for the use of their biomaterial in the study.

' URL: http://www.kazusa.or.jp/codon/
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Antibodies to NV VP1 was determined by so-
lid-phase enzyme-linked immunosorbent assay. VP1
was sorbed into wells of plates at a concentration of
1 pg/mL for 18 h at 20°C. Mouse serum to be tested
was diluted in increments of 2, and volunteer plasma
was diluted before testing in increments of 10. Serum
from unimmunized mice was used as a negative con-
trol. When antibodies were determined in the blood of
laboratory animals, rabbit antibodies against mouse im-
munoglobulins conjugated with horseradish peroxidase
were used. When determining human antibodies, horse-
radish peroxidase-conjugated rabbit antibodies against
immunoglobulins of classes G, M and A were used. The
value of optical density greater than the average value
of the negative control multiplied by three was taken as
a cut-off for reactivity.

The obtained data were analyzed using Microsoft
Excel software (Microsoft). Statistical processing of
data was performed using the Graph Pad Prism 8 pro-
gram (Graph Pad Software). Differences in data were
considered statistically significant at p < 0.05.

Results

A site for the Ndel restriction endonuclease was
added to the beginning of the nucleotide sequence en-
coding the VP1 protein of the epidemically significant
strain of NV genotype GII.4. To the sequence encod-
ing the C-terminal part of the protein, a nucleotide se-
quence encoding 6 histidines, a stop codon (TAA), and
a site for the Xhol restriction endonuclease was added
and used for subsequent molecular cloning. The sche-
matic structure of the gene is shown in Figure 1. The
resulting sequence was synthesized at Eurogen. The se-
quence encoding VP1 was transferred to the plasmid
pET22b (Thermo Fisher Scientific), which allows high
efficiency expression of recombinant proteins in E. coli
strains containing DE3 lysogen in the genome [8].

The obtained genetic construct encoding NV
VP1 was transformed into E. coli cells, Rosetta 2
strain (DE3). The efficiency of protein production was
evaluated, which amounted to 20—40 mg of protein per
1 liter of cell culture. The protein formed inclusion bod-
ies. The optimal medium composition and culture con-
ditions for transformed E. coli cells were determined.
The maximum cell culture density (OD, = 2.8) cor-
responded to 5 g of biomass per 1 L of culture in LB
medium containing 0.5% glycerol and 25 mM phos-
phate buffer pH 7.4. The optimal concentration of iso-
propyl-p-D-1-thiogalactopyranoside was 0.5 mM, the
optimal temperature for protein expression was 30°C,
and the induction time was 4-8 h.

Subsequent purification by metal-chelate chroma-
tography in the presence of 8 M urea and refolding by
dialysis against a solution containing 25 mM HEPES
pH 7.5, 150 mM NaCl, and 5% glucose resulted in a
soluble protein consisting of 560 amino acids, having
a calculated molecular mass of 60.6 kDa, an isoelectric

ORIGINAL RESEARCHES
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Fig. 1. Schematic representation of the genetic construct
encoding VP1 of norovirus in pET22b.
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Fig. 2. Characteristics of the recombinant VP1 protein.

a — electrophoregram of purified norovirus VP1 protein;

b — Western-blot of purified norovirus VP1 protein; 1 — VP1;
2 — molecular weight marker; ¢ — electron microscopic
photographs of virus-like particles formed by recombinant
norovirus VP1. Contrast with 3% uranyl acetate, pH 4.6.
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Fig. 3. Antibody titers in mice immunized with recombinant
norovirus VP1.

1 — without aluminum hydroxide; 2 — with aluminum hydroxide.
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Fig. 4. Detection rate of antibodies of different classes
to recombinant norovirus VP1 in the blood of healthy
volunteers.

point equal to 6.15 and an extinction coefficient of 1.04
(Fig. 2, a).

The protein was produced in preparative quan-
tities and used to assess the ability to form virus-like
particles and for immunization of laboratory mice.
Fig. 2, b shows an electron microscopic photograph in-
dicating the ability of recombinant VP1 protein to form
virus-like particles with a diameter of 30-50 nm, which
is consistent with the data of other authors [9]. At the
same time, western blot (Fig. 2, ¢) showed the ability of
recombinant VP1 to interact with serum antibodies of
seropositive individuals.

Two intraperitoneal immunizations of 10 labora-
tory mice with an interval of 2 weeks and subsequent
obtaining of blood serum 3 weeks after the second im-
munization at a dose of 10 pg (0.5 ml) resulted in the
formation of antibodies against NV VP1 in the blood of
animals. Antibodies in the blood of animals were de-
tected in titers from 1 : 1024 to 1 : 4096, the average
titer was 1 : 1536. Immunization of animals with the
same dose of protein according to the same scheme,
but mixed with 100 mg of aluminum hydroxide caused
the appearance of antibodies against NV VP1 in titers
up to 1 : 32,768. On average, the antibodies titer was
1 : 13,720, which was almost an order of magnitude
higher than the antibodies titers in animals immunized
without aluminum hydroxide (Fig. 3). Thus, it was
shown that the obtained recombinant protein is able to
induce a pronounced antisense response, which signifi-
cantly increases in the presence of the used adjuvant.

Since NV is widely circulating among the popu-
lation, it is natural to expect the presence of antibodies
to its proteins in human blood. We evaluated the pres-
ence of antibodies of different classes to the obtained

recombinant protein in the blood of individuals living
in the middle belt of Russia. The frequency of detection
of antibodies to VP1 in blood plasma samples of 637
volunteers was determined. As shown in Fig. 4, IgG
antibodies were detected in 14.8% of volunteers, [gM
antibodies — in 7.1%, IgA antibodies — in 38.5%. The
cumulative occurrence of antibodies was 47.4%.

The results indicate that the epitopes of the re-
combinant VP1 protein of NV GII.4 obtained by us
are recognized by antibodies present in human blood.
However, IgG antibodiy titers were mostly low and ex-
ceeded a value of 1 : 1000 or more in seropositive vol-
unteers only in 4.3% of cases (4 of 94), indicating that
these individuals had a long history of NV exposure.
In volunteers who had IgA antibodies to NV VP1, high
titers (equal to 1 : 1000 or more) were detected with
similar frequency (4.9% of cases). In contrast, of the 25
volunteers who had IgM antibodies to NV VP1, titers
equal to 1 : 1000 or more were detected in 16% of cas-
es. It is likely that these individuals had recent exposure
to the virus.

Discussion

The data obtained on the frequency of antibodies
against the recombinant VP1 protein of NV GII.4 and
their titers are consistent with the results found by other
authors. A wide variation in the frequency of antibod-
ies detection and their titers in individuals of different
ages living in different countries has been reported.
The cumulative detection rate ranges from 25 to 95%.
Cross-reactivity with NV of other genogroups is ob-
served [10, 11].

The NV VPI1 protein consists of 2 domains in-
volved in the self-assembly of virus-like particles [12].
The ability of NV VPI to self-assemble can be used
to obtain chimeric proteins forming virus-like particles,
consisting of the S-domain of NV VP1 and fragments
of other proteins acting as antigen. That is, there is a
possibility of decorating virus-like particles of NV with
different antigens, which has been demonstrated in the
works of a number of authors [13—15]. The genetic con-
struct encoding the recombinant protein we obtained
can be used as a molecular platform for the creation of
chimeric virus-like particles based on NV VP1.

Conclusion

The recombinant NV VP1 protein expressed in E.
coli obtained by us is capable of forming virus-like par-
ticles, shows immunogenicity in mice in the absence
and presence of adjuvant, and is recognized by human
antibodies of IgG, IgM and IgA classes. The results of
this work indicate the possibility of using recombinant
VP1 as an antigen in the design of a vaccine for the pre-
vention of NV infection based on virus-like particles.
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