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Abstract

In previous studies, we suggested that epitope-vaccine might be a new strategy against virus
infection. Based on this hypothesis, we designed and expressed a recombinant immunogen
(multi-epitope-peptide) comprising repeats of three neutralizing-epitopes (neutralizing
epitopes: aa92—105, 127-133 and 183-195) of hemagglutininin (HA) of influenza virus
(H3N2) in E. coli. After vaccination, the recombinant multi-epitope protein could induce a
high level of antibodies with predefined multi-epitope-specificity in mice and rabbits. The
epitope-specific antibodies in sera were tested using three different epitope-peptides
(synthetic peptides) in ELISA assay, and the serum dilutions from 1:6400 to 1:25600
were confirmed. In western blot analysis, both the antiserum and the antibodies purified by
synthetic epitope-peptide coupled sepharose columns could recognize natural HA from
influenza virus particles (strain A/Wuhan/359/95 H3N2). In hemagglutination inhibition
(HI) tests, these three antisera at the dilutions from 1:20 to 1:80 showed inhibitory activity.
Interestingly, antisera and purified antibodies induced by the epitope-vaccine could partially
inhibit plaque-formation of influenza virus (strain A/Wuhan/359/95) on MDCK cell
monolayers. These results suggest that the recombinant multi-epitope vaccine can
simultaneously induce multi-antiviral activities against influenza virus, which may provide
a new way to develop effective vaccines against influenza virus.

Introduction

Influenza is a mild febrile illness in general, but it
causes severe symptoms and sometimes death in
those who have underlying diseases or in the aged.
Large influenza epidemics, even at the present time,
become serious public health problems all over the
world. It has been generally considered that neutra-
lizing antibodies are cardinal for protection against
influenza A infection (Virelizier, 1975; Ada & Jones,

1986). However, the effect of currently available
vaccines against influenza is extremely variable (Cox
& Subbarao, 1999). To solve the problem, intrana-
sal immunization (Corrigan & Clancy, 1999), new
adjuvants (Martin, 1997) and increasing the dose of
hemagglutinin (HA) and neuraminidase (NA) anti-
gens with purified protein have been used (Couch
et al., 1997). In previous studies, we suggested epitope-
vaccine as a new strategy to induce multi-antiviral
activities (Chen et al., 1999; Xiao et al., 2001).
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The membrane protein HA of influenza A viruses,
mediating the attachment of the virus to target cells
and the release of viral content into attached cells, is
the major target of neutralizing antibody responses
(Wilson & Cox, 1990; Skehel & Wiley, 2002). After
decades of research, several neutralizing epitopes on
HA have been identified. The peptide (HA aa127-
133) could induce neutralizing antibodies and T cell
response after introduction into an MHC II binding
component (Naruse et al., 1994; Ogasawara et al.,
1992). The peptide (HA aa183-199), when con-
jugated to tetanus toxin (TT), can induce both
humoral and T'cell responses and protect Balb/c mice
from lethal virus infection (Simeckova-Rosenberg
et al., 1995). The peptide (HA aa91-108) can also
elicit immune responses and lead to partial protec-
tion (Muller et al., 1982; Shapira et al., 1984).
Intersubunit region of HA (aa333-357) is immu-
nogenic in Balb/c mice without the administration of
any carrier (Rajnavolgyi, 1992). Hybrid flagella
containing one B, Ty and CTL (cytotoxic T lym-
phocyte) epitope of influenza virus showed signifi-
cant protection against sub-lethal viral challenge
(Simeckova-Rosenberg et al., 1995; Jeon etal.,
2002).

Although epitope-vaccines prepared by synthetic
epitope-peptides have shown some distinct proper-
ties and advantages in comparison with the tradi-
tional vaccine (Lu et al., 2002), it is necessary to
develop a new method together with synthetic-
peptide-based epitope-vaccine to fulfill the multi-
epitope-vaccine strategy. In this study, we designed
and expressed a recombinant immunogen contain-
ing three neutralizing epitopes on HA1 (aa92 - 1035,
127-133, 183-193) of influenza virus (H3N2),
and wanted to induce high levels of antibodies with
predefined multi-epitope-specificity against influen-
za virus.

Materials and methods

Peptides and antibodies

Three epitope-peptides (P1, P2 and P3) containing
neutralizing epitopes on HA of influenza A virus
(strain A/Wuhan/359/95, H3N2) and a control
peptide (CP) were commercially synthesised in
Genemed Synthesis Inc. (USA). P1: C-(KAYSNCY-
PYDVPDYG),, HA aa92-105; P2: C-
(GHHPITDSDQTRLY),, HA aal183—-195; P3: C-
(GWTGVAQD),, HA aa127-133; CP: (KGGG).-
K. Peroxidase-conjugated rabbit anti-mouse and
goat anti-rabbit immunoglobulin were obtained
from Dako (Denmark); mAb His - Tag was obtained

from Novagen (USA); control mAb 10E3 was
prepared in our laboratory (Tianet al., 2001). Three
epitope-specific antibodies against P1, P2 and P3
were purified from the rabbit antisera against the
peptides P1, P2 and P3 using peptide-coupled NHS-
activated sepharose columns.

Construction and expression of recombinant
immunogen gene

Based on the nucleotide sequence of influenza
virus A/Wuhan/359/93, three oligonucleotide frag-
ments encoding repeats of HA peptides aa92-103,
183-195 and 127-133 respectively, and five pri-
mers were synthesized (Sangon, China) (Table 1).
Primers F1/R1 were used to amplify the O1 fragment
while primers F2/R2 were used to amplify the O2
fragment. 100 ng of each product were mixed
together and used as templates for overlap extension
PCR using primers F1/R2. After two steps of PCR,
four restriction enzyme sites (BamHI, Sall, Bglll,
Xhol) were introduced into the linked DNA frag-
ment O1-02. The fragment was inserted into
pGEM T-easy vector (Promega, USA) and repeated
once using BamHI, Bglll and Xhol. The primers F3/
R2 were used to amplify the fragment O3. A
fragment of four repeats of O3 was generated as
mentioned above and linked downstream to the
fragment (O1-02), . The target gene sequence was
determined by the didoxynucleotide chain termina-
tion method.

After cutting from the recombinant T-easy vector
using BamHI/Xhol, the multi-epitope gene was
ligated into similarly treated expression vector
pET-28a (Invitrogen, USA) to yield recombinant
plasmid pET-epitope. Competent E. coli strain BL21
cells were then transformed and grown in 2 x YT
agar medium containing 60 pg/ml kanamycin sul-
fate. Overnight cultures of the recombinant bacteria
having plasmid pET-epitope were diluted 1:50 in
200 ml 2 x YT mediums and grown at 37°C for
about two hours. 1 mM isopropylthiogalactoside
(IPTG) was added to induce protein expression.
After a further 4 hours incubation under vigorous
agitation, E. coli cells were pelleted for further
purification.

Purification and identification of recombinant
protein (immunogen)

The cell paste was resuspended in 20 mlice-cold PBS
and sonicated twice for 2 minutes with 10 minutes
reston ice. The pellet was collected by centrifugation
at 7800g, resuspended in PBS containing 0.1%
Triton X-100, sonicated briefly, and centrifuged at
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Table 1. Oligonucleotides and primers used for generation of the multi-
epitope antigen gene containing three different neutralizing epitopes. Primers
FYR1 or F2R2 were used for amplifying DNA fragments O1 and 02
corresponding to (KAYSNCYPYDVPDYG)2and (GHHPITDSDQTRLY)2separate-
ly. Primers F3and R2were used to amplify DNA fragment O3 corresponding to

(<5WTGVAQD)2

01 5-GGATCC AAA GCT TAC AGC AAC TGT TAC CCT TAT GAT GTG
CCG GAT TAT GGC AAA GCT TAC AGC AAC TGT TAC CCT TAT
GAT GTG CCG GATTATGTC GAC CAC CAC CCG-3

K1 5-GTG GATCCA AAG CTT AC-3'

Rl §'-CGG GTG GTG GTC GAC-3

02 5-TATGTC GAC CAC CAC CCG AGT ACG GAC AGT GAC CAA ACC
AGC ATA TAT GGC CAC CAC CCG AGT ACG GAC AGT GAC CAA
ACC AGC ATATAT AGA TCT TGA GCT CGA GTC-3

F2 S'-TAT GTC GAC CAC CAC CCG-3

R2 S-CGA CTC GAG CTC AAG ATC T-3

03 ?-GGATCC TGG ACC GGA GTG GCG CAG GAC GGC TGG ACC GGA
GTG GCG CAG GAC GGC TGG ACC GGA GTG GCG CAG GAC AGA

TCT TGA GCT CGA G TCG-3

F3 §-GCG GAT CCT GGACCG GA-3
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Scheme of the construction of recombinant multi-epitope immunogen gene. O1, oligonucleotides corresponding to P1l: C-

(KAYSNCYPYDVPDYG)2 (HA aa92-105); 02, oligonucleotides corresponding to P2: C-(GHHPITDSDQTRLY)2 (HA aal83-195); O3,
oligonucleotides corresponding to P3: C-(GWtGvaQD)2 (HA aal27-133).
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Fig. 2. Identification of the purified recombinant protein in western blot analysis. The purified recombinant multi-epitope proteins (20 pg)
were subjected to electrophoresis in SDS-PAGE and electro-blotted onto nitro-cellulose membrane. The binding of specific antibodies to the
recombinant protein was detected with peroxidase conjugated rabbit anti-mouse immunoglobulin and goat anti-rabbit immunoglobulin.
Lane A, molecular weight marker; Lane B, binding of mouse mAb (His-Tag) to recombinant protein; Lane C, binding of control antibody
(mouse antibody as negative control) to recombinant protein; Lane D, binding of peptide C-(KAYSNCYPYDVPDYG)2specific rabbit antibodies
to recombinant protein; Lane E, binding of peptide C-(GHHPITDSDQTRLY)2specific rabbit antibodies to recombinant protein; Lane F, binding
of peptide C-(GWTGVA QD)2 specific rabbit antibodies to recombinant protein; Lane G, binding of 1gG purified from normal rabbit serum by
protein-G column as negative control to recombinant protein.
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Detection of the epitope-specific antibodies in mice (A) and rabbits (B) antisera induced by the recombinant immunogen in ELISA-assay. AS: antisera; NS: normal sera (pre-

immune sera); P1: C-(KAYSNCYPYDVPDYG)2 (HA aa92-105); P2: C-(GHHPITDSDQTRLY)2 (HA aal183-195); P3: C-(GWTGVAQD)2 (HA aal27-133); CP: control peptide [(KGGG)7-K].
Results from three sera were expressed as means. The figure shows the data from one of three separate experiments.
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Fig. 4. Binding of antiserum and three epitope-specific antibodies
to natural HA in western blot analysis. Three epitope-specific
antibodies were purified from rabbit antisera against the recombi-
nant immunogen by three sepharose columns coupled with the
synthetic epitope-peptides P1, P2 and P3. Virus particles of strain A/
Wuhan/359/95 were subjected to electrophoresis and electroblotted
onto NC membranes. Lane A, protein molecular weight maker; Lane
B, rabbit antiserum induced by multi-epitope protein bind to HA;
Lane C, Pl-epitope specific antibodies bind to HA; Lane D, P2-
epitope specific antibodies bind to HA; Lane E, P3-epitope specific
antibodies bind to HA; lane F, rabbit pre-immune sera did not bind
to HA; Lane G, IgG purified from pre-immunized sera by protein-G
column did not bind to influenza proteins.
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Fig. 6. Inhibition of plagque formation by epitope specific anti-
bodies. Three epitope-specific antibodies (Abl, Ab2 and Ab3) were
purified from rabbit antisera against the recombinant immunogen
by three sepharose columns coupled with the synthetic epitope-
peptides P1, P2 and P3. IgG as negative control was isolated by
protein-G column from rabbit pre-immune sera. The figure shows
the data from one of three separate experiments.
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Hemagglutination inhibition by rabbit antiserum induced by multi-epitope vaccine. All the antisera and the pre-immune sera were

treated with trypsin and NalO4to reduce non-specific agglutinins and non-specific agglutination inhibitors respectively before use in the HI
assay. Viral suspensions were prepared to contain 4 HUs per 25 pl PBS. Sera were serially diluted with PBS. Chicken RBCs in PBS were used
to clarify the HI titres of the antisera and the pre-immune sera. Triple wells were repeated at each dilution. The figure shows the data from

one of three separate experiments.
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Fig. 7. Inhibition of plaque formation by antiserum induced by
multi-epitope vaccine. Antisera of three rabbits and pre-immune
serum were treated with trypsin and NalO4 to reduce non-specific
agglutinins and non-specific agglutination inhibitors before use. The
figure shows the data from one of three separate experiments.
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