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ABSTRACT
Rabbit haemorrhagic disease (RHD) is caused by the rabbit haemorrhagic disease virus (RHDV). Nine MAbs against
VP60 were screened and identified. To map antigenic epitopes, a set of partially overlapping and consecutive truncated
proteins spanning VP60 were expressed. The minimal determinants of the linear B cell epitopes of VP60 in the P domain,
N326PISQV331, D338MSFV342 and K562STLVFNL569, were recognized by one (5H3), four (1B8, 3D11, 4C2 and 4G2) and four
MAbs (1D4, 3F7, 5G2 and 6B2), respectively. Sequence alignment showed epitope D338MSFV342 was conserved among all
RHDV isolates. Epitopes N326PISQV331 and K562STLVFNL569 were highly conserved among RHDV G1-G6 and variable in
RHDV2 strains. Previous studies demonstrated native viral particles and virus-like particles (VLP) of RHDV specifically
bound to synthetic blood group H type 2 oligosaccharides. We established an oligosaccharide-based assay to analyse the
binding of VP60 and epitopes to histo-blood group antigens (HBGA). Results showed VP60 and its epitopes (aa 326–331
and 338–342) in the P2 subdomain could significantly bind to blood group H type 2. Furthermore, MAbs 1B8 and 1D4 could
block RHDV VLP binding to synthetic H type 2. Collectively, these two epitopes might play a key role in the antigenic
structure of VP60 and interaction of RHDV and HBGA.
Keywords: Rabbit haemorrhagic disease virus; VP60 protein; monoclonal antibody; Epitopes; HBGA binding
sites

INTRODUCTION
Rabbit haemorrhagic disease virus (RHDV) is the causative agent of rabbit haemorrhagic disease (RHD). The
main target of the host immune defence against RHDV is the capsid protein VP60 which is composed of the
N-terminal arm (NTA), the shell (S), and the protruding (P) domains. The latter consists of sub-domains P1 and
P2 (Wang et al., 2013). The subdomain P2, located at the most exposed region of the capsid, is recognized and
targeted by host antibodies (Barcena et al., 2004), and might also contain determinants for cell attachment and
antigenic diversity of RHDV. The antigenicity of the VP60 protein has also been reported by other research
groups (Laurent et al., 2002). Histo-blood group antigens (HBGA), which act as attachment factors for RHDV,
are important for virus infection and might initiate the viral replication cycle (Nystrom et al., 2011). Native
viral particles of RHDV as well as virus-like particles isolated from recombinant viral capsid proteins
specifically bound to synthetic B, A and H type 2 blood group oligosaccharides (Nystrom et al., 2011).
Multiple studies have identified specific residues within the norovirus P2 subdomain that are important for
antibody and HBGA interactions (Debbink et al., 2012). Unfortunately, the relationship between antibody and
HBGA in RHDV remains unclear.
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MATERIALS AND METHODS
Virus and cells
The wild type derivative (rAc-WT) of Autographa californica nuclear polyhedrosis virus (ApNPV) and the
recombinant AcNPV (rAc-VP60) containing the RHDV VP60 gene (WF-China-2007: FJ794180) were stored
in our laboratory (Chen et al., 2014).
Preparation, identification of MAbs and precise localization of epitopes
The RHDV particles (VLPs) were expressed and purified according to previously described methods (Chen et
al., 2014). MAbs were screened according to a standard hybridoma technique (Chaithirayanon et al., 2002).
The purified VLPs and the native RHDV reacted with MAbs by Western blot and indirect
immunofluorescence assay (IFA). A series of primers were designed and synthesized to amplify the truncated
fragments of VP60.
Alignment of epitope sequences
The amino acid sequences of VP60 were downloaded from GenBank. Multiple alignments of amino acid
sequences of epitopes were created using DNASTAR MegAlign software.
Binding assay of the VLPs and truncated VP60 proteins on synthetic carbohydrates
The synthetic carbohydrate-binding assays were performed as previously described (Nystrom et al., 2011;
Uusi-Kerttula et al., 2014). The polyacrylamide (PAA)-biotin conjugated H type 2 trisaccharides (5µg/ml;
GlycoTech, Gaithersburg, MD) were coated on a Pierce® NeutrAvidin® High Binding Capacity Coated
96-Well Plate (Thermo, USA) overnight at 4°C. After blocking, VLPs, made of VP60 (VP60 VLPs),_at
0.25–4.0 µg/mL in PBS were used to detect VP60 VLPs binding to synthetic carbohydrates and incubated for 1
h at 4°C. The bound VLPs were then detected with MAb 1B8 (at dilution of 1:1000). The truncated proteins
were added at a concentration of 2 µg/ml in PBS. The truncated proteins S1, S3 and S8 were detected by MAbs
1B8; and the truncated proteins F1, F3 and F8 were detected by MAb 1D4 and the truncated proteins C1, C7
and C8 were detected by MAb 5H3 (all diluted at 1:1000). Next, horseradish peroxidase (HRP) conjugated
goat anti–mouse IgG antibodies were added for 1 h at 37°C. The enzyme signals were detected at 450nm in an
automatic ELISA plate reader. Sf9 cells infected with rAc-WT and PBS were used as controls that received the
same treatment as did the VP60 VLPs.
RHDV MAbs blocking of HBGA binding to VLPs and the truncated VP60 proteins
The ability of the MAbs to block the binding of VLPs and the truncated VP60 proteins to H type 2
carbohydrates was tested using specific MAbs (1:1000). RHDV VLPs and the truncated VP60 proteins were
pre-incubated with specific MAbs for 1 h at 37°C before transfer to the oligosaccharide-coated plate. Ascites
of mice inoculated with SP2/0 myeloma cells and PBS were used as a negative control and a blank control,
respectively. The VLPs and the truncated VP60 proteins (in the presence or absence of MAb) were added to
carbohydrate-coated plates and incubated for 2 h. After washing, MAbs at a dilution of 1:1000 were added into
corresponding wells, followed by incubation with HRP-conjugated goat anti–mouse IgG. The levels (%) of
blocking were calculated from the difference in OD450 values between wells with pre-incubation with MAbs
or ascites of mice inoculated with SP2/0 myeloma cells.
Statistics
Statistical significance was determined using one-way repeated measurement ANOVA and least significance
difference (LSD) test.
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RESULTS AND DISCUSSION
Preparation and identification of MAbs
Electron microscopy analysis showed expressed VP60 self-assembling into VLPs. We obtained nine MAbs
and identified as 1B8, 1D4, 3D11, 3F7, 4C2, 4G2, 5G2, 5H3, and 6B2. All MAbs recognized RHDV VLPs and
native RHDV by Western blot analysis and IFA.
Precise localization of epitopes and alignment of epitope sequences
Precise localization of epitopes were detailed and reported by Song et al (Song et al., 2016).
We aligned the epitope sequences among 21 RHDV strains encompassing RHDV genogroups 1–6 as well as
the RHDV2 (RHDVb) variant, to investigate conservation of the epitopes. The epitope D338MSFV342,
recognized by MAb 1B8, 3D11, 4C2 and 4G2, was completely conserved among all the RHDV isolates
(Figure. 1). The epitope N326PISQV331, recognized by 5H3, was highly conserved among all RHDV strains,
except for a V331→I331 substitution in RHDV2 strains (Figure 1). The K562STLVFNL569 epitope, recognized
by 1D4, 3F7, 5G2 and 6B2, was relatively conserved among the RHDV G1–G6 strains, but it was variable in
RHDV2 strains with K562→T562 and F567→Y567 (Figure 1).
Binding of VLPs and truncated VP60 proteins
to HBGA
When VP60 VLPs were titrated for binding to
oligosaccharide by ELISA, a linear relationship
between binding and VLP concentration was
observed between 0.25–4.0 µg/mL (Figure. 2(a)).
The truncated proteins C1, C7, and C8 could
specifically react with the PAA-biotin conjugated
H type 2 trisaccharides (Figure.2 (b)) as detected
Figure 1 Alignment of epitope sequences of VP60 by MAb 5H3. Compared with the control group,
the reaction values of C1, C7, and C8 had
among 21 RHDV G1-G6 and RHDVb strains
statistical significance (p < 0.01). Similar results
were found for the truncated proteins S1, S3, and S8 detected by MAb 1B8 (p < 0.01) (Figure 2(c)). However,
the OD values measured for binding to truncated proteins F1, F3 and F8 did not significantly differ from those
of the PBS group (p>0.05) (Figure 2(d)). Hence, F1, F3 and F8 did not react with HBGA. The OD values
measured for the VP60 positive control revealed significant differences when compared to PBS (p<0.01)
(Figure 2(b, c, d)).
RHDV MAb blocking of VLP and truncated
VP60 protein binding to HBGA
Blocking activity was scored based on levels of
reduction of the OD values in wells with or without
blocking MAbs. The OD values of wells containing
blocking MAbs significantly differed from those of
the negative control group without MAbs (p < 0.01)
(Figure 3(a, c)). MAb 5H3 could strongly block
binding of truncated proteins C1, C7 and C8 to
oligosaccharide conjugates with a blocking rate of
Figure.2 RHDV VP60 VLPs binding to synthetic almost 100% (Figure 3(a, b)). Furthermore, this
oligosaccharides and synthetic oligosaccharide binding of
MAb partially blocked the binding of the VP60 VLPs
the truncated proteins. **indicates a significant difference
to oligosaccharide conjugates by ~70% (Figure 3(b)).
between groups (p<0.01)
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Likewise, MAb 1B8 could also completely block S1, S3 and S8 binding to oligosaccharide conjugates (Figure
3(c, d)). It only blocked ~50% of the binding of the VP60 VLPs to oligosaccharide (Figure 3(d)).

Figure 3 Blocking of VP60 VLPs and truncated protein binding to synthetic oligosaccharides. **indicates a
significant difference between groups (p < 0.01).

CONCLUSIONS
These new findings extend our understanding of RHDV–HBGA interactions and help to elucidate the
relationship between antigenicity and HBGA binding sites in RHDV infections.
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