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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 GII 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 
IgG, 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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Аннотация
Введение. Значимость норовирусов в инфекционной патологии человека и опасность возникновения 
крупных эпидемических вспышек в организованных коллективах обосновывают необходимость разработ-
ки средств специфической профилактики инфекции. 
Цель работы — получение рекомбинантного белка VP1 норовируса и анализ его иммуногенных и анти-
генных свойств. 
Материалы и методы. Проведены компьютерный анализ нуклеотидных и аминокислотных последователь-
ностей, молекулярное клонирование, полимеразная цепная реакция, электрофорез нуклеиновых кислот в 
агарозном геле и белков в полиакриламидном геле, аффинная хроматография, иммуноферментный анализ. 
Результаты. Создана генетическая конструкция, кодирующая рекомбинантный VP1 норовируса геноти-
па GII с кодонами, оптимизированными для высокоэффективной экспрессии в Escherichia сoli. Генети-
ческой конструкцией трансформирован штамм E. coli Rosetta 2 (DE3). Осуществлена экспрессия VP1 в 
клетках E. coli, оптимизированы условия для его продукции, очистки и ренатурации. Получен очищенный 
растворимый рекомбинантный белок VP1, формирующий вирусоподобные частицы диаметром 30–50 нм. 
Иммунизация белком мышей BALB/c вызывала образование антител с титром более 1 : 1000. При оцен-
ке антигенных свойств показано, что в крови волонтёров присутствуют антитела классов IgG, IgM, IgA, 
взаимодействующие с рекомбинантным VP1. Суммарная частота обнаружения антител составила 47,4%. 
Заключение. Результаты обосновывают возможность использования рекомбинантного VP1 для создания 
отечественной вакцины для профилактики норовирусной инфекции.

Ключевые слова: норовирус, VP1, вирусоподобные частицы, вакцина
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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 1st 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 NV-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 GII.4 [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 database1. The nucleotide sequence 
of VP1 of the epidemic variant of NV with genotype 
GII.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-β-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 μg/mL), RNaseA  
(10 μg/mL), lysozyme (50 μg/mL), and 0.2 mM 
phenylme thylsulfonyl 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 NaCl, 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. 

1 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 μg/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 NdeI 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 XhoI 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 
evalua ted, 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 (OD600 = 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-β-D-1-thiogalactopyranoside was 0.5 mM, the 
optimal temperature for protein expression was 30ºC, 
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 

Fig. 1. Schematic representation of the genetic construct 
encoding VP1 of norovirus in pET22b.

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; с — electron microscopic 

photographs of virus-like particles formed by recombinant  
norovirus VP1. Contrast with 3% uranyl acetate, pH 4.6.

Fig. 3. Antibody titers in mice immunized with recombinant 
norovirus VP1. 

1 — without aluminum hydroxide; 2 — with aluminum hydroxide.
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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, c) 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 µg (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, IgM 
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 re cognized 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 VP1 protein consists of 2 domains in-
volved in the self-assembly of virus-like particles [12]. 
The ability of NV VP1 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.  

Fig. 4. Detection rate of antibodies of different classes 
to recombinant norovirus VP1 in the blood of healthy 

volunteers.
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