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Abstract—The work is aimed at the synthesis and analysis from NS4A of hepatitis C virus (HCV) antigen pep-
tide fragment that contains a conserved B-cell and T-helper epitopes. The 24-mer peptide VIVGRIILSGR-
PAVIPDREVLYRK-NH2, which contains the main immunogenic site 24–46 of HCV NS4A antigen (corre-
sponding to the 1681–1703 amino acid residues of the HCV polypeptide), subtype 1b, has been prepared via
solid-phase synthesis according to the Fmoc-protocol. Particles with diameters of 73 ± 10 nm (30%) and
236 ± 5 nm (70%) have been detected in the water solution of the highly purified peptide (0.5 mg/mL) by
dynamic light scattering. The polydispersity index of 0.377 ± 0.012 implies the existence of heterogeneity
because of the aggregation of the peptide molecules. The ζ-potential of the peptide aggregates has been deter-
mined as 7.0 ± 0.5 mV by means of electrophoretic light scattering. These data confirm the possibility for the
development of a nanoscale liposome form of the peptide preparation. Immunoreactivity of the synthesized
highly purified peptide has been studied with the use of blood sera of patients with chronic hepatitis C. Anti-
peptide immunoglobulins G have been detected in 41.7% of serum samples. Thus, this peptide has been
shown to reproduce at least one B-epitope, to which antibodies are raised during natural HCV infection. The
synthesized 24-mer peptide is a promising candidate for further research and for use as a potential immuno-
gen for the design of a nanoscale therapeutic immunogenic liposomal peptide composition with synthetic lip-
ids as an adjuvant.
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INTRODUCTION

The development of antiviral therapy for hepatitis
C and a vaccine against hepatitis C virus (HCV) is one
of the urgent tasks of public healthcare. Currently,
researchers continue to search for new drugs or to
modify existing drugs to increase the effectiveness or
minimize side effects [1–4]. Synthetic peptides con-
taining amino acid sequences of antigen epitopes can
purposefully activate cells of the immune system [5–
8]. To create a proper immunogen, it is necessary to
use a peptide containing not only a B-cell antigenic
determinant, but also a T-helper epitope, as well as a
properly selected adjuvant, which will increase immuno-
genicity and form immunological memory [6, 8–13].

In this work, of HCV NS4A polypeptide (subtype 1b)
was chosen as the object of research, since this subtype
is the most widespread in Russia. The biological sig-
nificance of the polypeptide lies in the fact that it acts
as a cofactor of the HCV NS3 serine protease, activat-
ing the latter by changing its conformation in the
region of the catalytic triad during the formation of a
complex with NS4A polypeptide. As a result, the cat-
alytic triad His-1083, Asp-1107, and Ser-1165 inter-
acts with the substrate and thereby accelerates the
cleavage of the nonstructural proteins NS4B, NS5A,
and NS5B from the viral polyprotein [14]. The NS4A
polypeptide consists of 54 amino acid residues (corre-
sponding to amino acid residues 1658-1711 of the
HCV polyprotein sequence) and contains experimen-
tally confirmed B-cell and T-helper (stimulating
CD4+-T cells) epitopes [15, 16]. The N-terminal
region of the NS4A polypeptide is hydrophobic and
immersed in the lipid bilayer of the membrane of the
endoplasmic reticulum; as a result the NS3 protein

Abbreviations: HCV, hepatitis C virus; SVR, sustained virologi-
cal response; Fmoc, 9-fluorenylmethyloxycarbonyl; NF-κB,
nuclear factor kappa B; NS4A, nonstructural protein 4A.
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Fig. 1. Amino acid sequence of NS4A antigen of hepatitis C virus subtype 1b. Under the sequence are the designations of amino
acid substitutions in other isolates of subtype 1b [24]. The region 24–46 amino acid residues selected for peptide synthesis is high-
lighted in gray.
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containing protease and helicase domains is retained
near the membrane [17]. The NS4A polypeptide is
also involved in blocking intracellular antiviral signal-
ing, regulation of viral replication, and hyperphos-
phorylation of the NS5A antigen [18]. The NS3–
NS4A protease complex is involved in the assembly of
the virion, and its mutations can lead to assembly
defects [19]. It is assumed that the NS4A polypeptide
promotes the participation of creatine kinase B in the
functioning of the HCV replication complex, which
leads to an increase in the ATP level and stimulation of
enzymatic activities necessary for replication [20]. In
accordance with a hypothetical model of molecular
interactions between NS3, NS4A, and NS5A, the
polyprotein region 1691–1704 aa, corresponding to
NS4A 34–47 aa, is of particular importance in provid-
ing these contacts [21]. NS4A fragment 21–34 aa
(corresponding to 1678–1691 amino acid residues of
HCV polyprotein) directly interacts with the NS3 pro-
tein in a special region that binds the serine protease
cofactor, and contains a region conserved for all viral
genotypes (Fig. 1) [16, 21]. Blockage of the corre-
sponding regions of the NS4A polypeptide may have
an inhibitory effect on the replication activity of the
virus. One of the ways of such blocking is binding to
antibodies specific to the site of interaction of the
NS4A polypeptide with the NS3 protease domain. For
the production of such antibodies, it is necessary to
formulate an immunogenic construct containing both
the NS4A polypeptide region responsible for interac-
tion with the NS3 protease and the B-cell and T-
helper epitopes [6, 8, 12]. Since the NS4A polypeptide
contains experimentally identified B-cell and T-helper
epitopes, which are fully or partially included in the
site of interaction with NS3 [15, 16], the immunogenic
construct can be a fragment of the NS4A polypeptide
containing both the site of interaction with NS3, and
the indicated epitopes. It has been shown that high
titers of antibodies to the NS4A polypeptide are a
prognostic sign of the effectiveness of hepatitis C
treatment [22, 23].

The aim of this work is to synthesize a 24-mer pep-
tide fragment, containing conserved B-cell and
T-helper epitopes from NS4A antigen of hepatitis C
virus subtype 1b, as well as the NS3 protease interac-
tion site, with subsequent analysis of the physico-
RUSSIAN JOURNAL OF
chemical properties of this peptide and assessment of
immunoreactivity.

RESULTS AND DISCUSSION

After analyzing the literature data, a 23-mer frag-
ment VIVGRIILSGRPAVIPDREVLYR correspond-
ing to 1681–1703 amino acid sequence of HCV poly-
protein of subtype 1b was selected for synthesis [24].
This fragment contains most of the NS4A binding site
with the serine protease NS3, full B-cell (conserved
for all genotypes, 24-36 aa) [16] and T-helper epitopes
(37–46 aa) [15], as well as a partially type-specific B-
cell (32–54 amino acid residues) [25] and T-helper
epitopes (14–33 aa) [26] (Fig. 1).

The selected fragment was synthesized as amidated
at the C-end of the 24-mer peptide VIVGRIILSGR-
PAVIPDREVLYRK-NH2 (M = 2719 g/mol). Amidation
of the C-terminal residue of the peptide simulates its
natural state which is participation in an amide (pep-
tide) bond with a neighboring amino acid [27]. The
presence of lysine allows this peptide to be acylated at
its less hydrophobic C-terminus with a lipophilic adju-
vant through the ε-amino group of lysine, provided it
is blocked by a selectively removable protective group.
The peptide was obtained by solid-phase synthesis on
Rink amide resin according to the Fmoc protocol by the
method of in situ activated esters [28, 29]. After synthesis,
the peptide was purified by reversed phase high-perfor-
mance liquid chromatography (RP-HPLC) using UV
and mass-spectrometric detection to identify the target
peptide and impurities. The purity of the obtained pep-
tide preparation was more than 95% according to the
data of analytical HPLC (Fig. 2).

To confirm the reproduction of B-epitopes, the
immunoreactivity of the purified peptide was assessed
by the method of enzyme-linked immunosorbent
assay (ELISA) using blood sera from people infected
with hepatitis C virus. Eighty-four blood serum sam-
ples from people infected with HCV were examined.
According to the results of ELISA in the “Best-anti-
HCV-spectrum” test system, it was found that these
samples contained antibodies to the full-size NS4A
and NS4B antigens. As a control, serum samples from
10 healthy people were tested, in which anti-HCV
antibodies were absent.
 BIOORGANIC CHEMISTRY  Vol. 47  No. 3  2021
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Fig. 2. (a) Chromatogram of HPLC of a 24-membered peptide after preparative purification; (b) mass spectrum of the purified
peptide, 4-, 5- and 6-charged ions are presented.
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Antibodies to the synthesized peptide were
detected by ELISA in the blood sera of 41.7% of
infected patients. Antibodies to this peptide were not
detected in all 10 blood serum samples from healthy
people. In positive samples from infected patients, the
excess of the optical density (OD) relative to the aver-
age value of the OD of samples from healthy people
ranged from 2.5 to 159 times. However, most of the
positive serum samples (68.57%) had a low positivity
rate (PR) of antibodies, from 1 to 10. (PR is the ratio
of the OD of a serum sample to the OD threshold).
The share of positive samples with a high PR (from 21
to 53) was 22.86%. Earlier analysis of chronic hepatitis
C patients sera demonstrated the proportion of NS4A-
positive samples equal to 45% (with recombinant
NS4A, reproduced 19–54 amino acid residues of
NS4A, as an antigen) [30, 31], which suggests the
presence of at least one immunodominant B-epitope
of the NS4A polypeptide, to which antibodies are
formed during HCV infection, inside the synthesized
peptide.
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
Among 84 serum samples from infected individu-
als, 59 serum samples were obtained from patients
prior to initiation of antiviral therapy with pegylated
interferon-α2 and ribavirin. Considering the comple-
tion of treatment and its result, the sera were divided
into two groups. The first group of sera included
29 samples from patients with a successful treatment
result (sustained virological response (SVR) was
achieved, i.e., RNA was not detected at 24 weeks after
treatment); the second group of sera composed of
30 samples from patients who did not achieve SVR. In
20 patients (66.7%) who did not achieve SVR, anti-
bodies to the peptide were absent. Antipeptide immu-
noglobulins were not detected in 14 participants
(48.3%) who achieved SVR. There were no significant
differences in the absence of antibodies between the
groups (p > 0.05; t = 1.43), which is most likely due to
the small number of compared samples. However,
there is a clear tendency towards the presence of asso-
ciation between the antibodies to the selected frag-
ment of NS4A polypeptide and SVR on interferon
therapy. This additionally confirms the presence of the
main B epitope(s) of the HCV NS4A polypeptide in
ol. 47  No. 3  2021
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the peptide we synthesized, since it has been shown
that the presence of antibodies against this protein is a
prognostic sign of successful interferon therapy [22, 23].

The presence of particles with sizes 73 ± 10 nm
(30%) and 236 ± 5 nm (70%) was shown in the peptide
solution with the concentration of 0.5 mg/mL by
dynamic light scattering. The polydispersity index of
0.377 ± 0.012 suggests the presence of heterogeneity
due to the aggregation of peptide molecules. The
ζ-potential of peptide aggregates, which was 7.0 ± 0.5 mV,
was determined by electrophoretic light scattering.
The apparently hydrophobic N-terminal region of the
peptide facilitates the aggregation of its molecules,
considering the relatively low solubility of the peptide
in aqueous solution. These data confirm the possibil-
ity of developing a nanosized liposomal form of the
peptide; its quite hydrophilic C-terminal region in
liposomes will presumably be accessible for contact
with Th-lymphocytes that will ensure an efficient
preparation delivery [32, 33]. It is known that lipo-
philic compounds based on fatty acids stimulate Toll-
like receptors (nonspecific immune activation via NF-
κB-pathway) and act as effective adjuvants for syn-
thetic peptides [34–37].

EXPERIMENTAL

We used Fmoc-protected L-amino acids Arg (Pbf)
(Sigma-Aldrich, United States); Lys (Boc), Tyr
(OBut), Leu, Val, Glu (OBut), Asp (OBut), Pro, Ile,
Ala, Gly, Ser (OBut), Rink amide resin with Fmoc-
protection of the amino group (capacity 0.7 mmol/g),
O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (HBTU) (Chempep, United
States); 4-methylpiperidine, 1,8-diazabicyclo[5.4.0]
undec-7-ene (DBU), triisopropylsilane, thioanisole,
trif luoroacetic acid, 2,4,6-collidine, propionic anhy-
dride (Acros Organics, Belgium); ethyl cyanohy-
droxyiminoacetate (Oxyma Pure) (Merck, Germany);
potassium cyanide, ninhydrin, phenol (Warrington,
UK); solvents dimethylformamide (DMF), methy-
lene chloride, diethyl ether (Khimmed, Russia).
Reagent grade DMF was additionally dried with
freshly calcined 4A molecular sieves.

Preparation of the peptide VIVGRIILSGRPAVIP-
DREVLYRK-NH2. The synthesis was carried out
manually in a glass reactor with a filter and a three-way
stopcock for rinsing the resin; in the lower part of the
reactor, an outlet for vacuum filtration is provided for
removing excess reagents and rinsing the resin. At a
synthesis scale of 0.25 mmol (based on the number of
active groups on the resin), 0.357 g of Rink resin (con-
centration of Fmoc-NH2-groups on the resin
0.7 mmol/g), methylene chloride was added to swell
the resin, the Fmoc-group was removed by the action
of 4-methylpiperidine (2%, v/v hereinafter) and DBU
(2%) in DMF, then the peptide chain was extended,
sequentially adding amino acids, removing the Fmoc
RUSSIAN JOURNAL OF
group before adding the next amino acid. The carboxyl
group of the attached amino acid was activated by
HBTU and Oxyma Pure in the presence of 2,4,6-col-
lidine in DMF. The formation of the peptide bond was
carried out using a fourfold excess of the attached
amino acid (1 mmol). The resin was washed with
DMF (5 × 2 mL) and methylene chloride (3 × 2 mL).

The addition of amino acids was monitored using
the Kaiser test. With a positive Kaiser test, the remain-
ing reactive amino groups were acylated with propi-
onic anhydride.

After cleavage from the resin with simultaneous
removal of the side chain protecting groups by the
action of trif luoroacetic acid (92.5%) in the presence
of thioanisole (2.5%), triisopropylsilane (2.5%), and
water (2.5%), the peptide was precipitated with diethyl
ether. The peptide was purified by semipreparative
HPLC on a YMC-Actus Triart C8 column (YMC,
Switzerland; 250 × 20 mm ID, S – 5 μm, 12 nm), elu-
ent water/acetonitrile with 0.1% acetic acid, f low rate
15 mL/min, chromatograph Agilent 1100 (Agilent
Technologies, United States), detection by optical
absorption of the eluent at a wavelength of 210 nm,
diode-array detector G1314A. The purity of the pep-
tide preparation was confirmed by analytical HPLC
with UV and mass spectrometric detection, a YMC-
Triart C18 column (50 × 2.1 mm LD, S = 1.9 μm), the
column was thermostated at 30°С, the volumetric
flow rate of the mobile phase was 0.35 mL/min, a
0.1% solution of formic acid in water (eluent A) and a
0.1% solution of formic acid in acetonitrile (eluent B)
were used as the mobile phase; chromatographic sep-
aration of substances was carried out in the gradient
elution mode: 0 min, 2% B; 0–10 min, linear gradient
up to 100% B; 10–12 min, 2% B; tR = 2.4 min, mass
spectrometer Agilent 6340 Ion Trap (Agilent Technol-
ogies, United States) with electrospray ionization, and
the detector was an ion trap.

The peptide yield was 0.204 g (30% of theoretical);
ESI-MS, m/z: found [M + 4H]4+ 680.5; [M + 5H]5+

544.7; [M + 6H]6+ 454.1; calculated Mr
(C124H216N38O30) 2719.3.

Determination of particle size in peptide solution.
The peptide was dissolved in bidistilled water (pH 5.9)
at a concentration of 0.5 mg/mL, the particle size dis-
tribution was investigated, and the ζ-potential was
measured on a Zetasizer Nano ZS instrument (Mal-
vern, United States) at 25°C using the Zetasizer Soft-
ware. The experiment was repeated three times.

Enzyme-linked immunosorbent assay (ELISA). The
study used blood serum samples from 84 patients
infected with HCV (35 women and 49 men, average
age 41 years), with a confirmed presence of antibodies
to antigens NS4A and NS4B (according to the results
of ELISA in the certified test system Best-anti-HCV-
spectrum, Vector-Best, Russia) were used in the study.
As a control, blood samples from 10 healthy people
 BIOORGANIC CHEMISTRY  Vol. 47  No. 3  2021
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with ut anti-HCV antibodies (5 woman and 5 men,
mean age 35 years) were tested.

The peptide was immobilized in the wells of an
immunological 96-well polystyrol plate with enhanced
adsorption (Nunc, Denmark) at 4°С at a concentra-
tion of 10 μg/mL in a carbonate-bicarbonate buffer
(pH 9.25) overnight. The free zones of the wells were
blocked with a solution of bovine serum albumin
(1 mg/mL; Sigma, United States) in phosphate-buff-
ered saline (pH 7.2). After that, blood serum samples
diluted 10 times in phosphate-buffered saline with
0.1% Tween 20 (pH 7.2) were added to the wells,
washed after incubation, and antipeptide immuno-
globulins G were detected. The remaining ELISA
steps were performed according to the generally
accepted method [23].

Optical density was measured at a wavelength of
450 nm using a StatFax 3200 enzyme immunoassay
microplate analyzer (photometer) (Awareness Tech-
nology Inc., United States). The cutoff absorbance
value was calculated as the mean absorbance value of
the negative control plus three standard deviations.
The mean optical density of the negative control was
0.032. The significance of differences in the detection
of antibodies in the compared groups of patients was
assessed by Student’s t-test.

CONCLUSIONS
The 24-mer peptide VIVGRIILSGRPAVIP-

DREVLYRK-NH2, the target part of which corre-
sponds to the 24–46 amino acid fragment of non-
structural NS4A polypeptide HCV subtype 1b, was
synthesized by solid-phase method. The target part of
which corresponds to the 24–46 amino acid fragment
of nonstructural NS4A polypeptide of HCV subtype
1b (Fig. 1).

The immunoreactivity of the 24-mer peptide
obtained was demonstrated via the interaction with
blood sera of people infected with hepatitis C virus. It
was found that 41.7% of blood sera of patients with
antibodies to full-size antigens NS4A and NS4B con-
tained immunoglobulins G to the analyzed peptide.
According to indirect evidence, the synthesized pep-
tide contains an NS4A immunodominant B-epitope.

It was shown that this 24-mer peptide in the form
of a highly purified aqueous preparation formed
aggregates of a heterogeneous structure of small size
and moderate stability. This indicates the ability of the
peptide to bind to liposomes in the form of medium-
sized particles (~200 nm) and confirms its promising
potential as a candidate for the construction of a lipo-
peptide immunogen against hepatitis C virus.
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