
A
a

Y
Y
D
H

a

A
R
R
A

K
I
R
V
V

1

o
p
i
a
s
V
(
p
O
1
1
b
p
V
C

0
d

Antiviral Research 87 (2010) 223–229

Contents lists available at ScienceDirect

Antiviral Research

journa l homepage: www.e lsev ier .com/ locate /ant iv i ra l
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a b s t r a c t

The very virulent infectious bursal disease virus (vvIBDV) Gx strain causes over 60% mortality in chickens
but cannot replicate in CEF cultures. The attenuated Gt strain, however, is not virulent in chickens and
replicates well in CEF cultures. The two strains display differences in 6 amino acids in VP4 and 4 amino
acids in VP3. To determine whether VP4 and VP3 are involved in the virulence and replication of IBDV,
three chimeric viruses, in which the VP4/VP3/3′UTR, VP3/3′UTR or VP4 region of Gt were replaced by
the corresponding region of Gx, were constructed and characterized in vitro and in vivo. The substituted
everse genetic system
P3
iral replication

regions in VP4 or VP3 did not affect virulence of Gt. While the substituted region in VP4 had no effect
on viral replication of Gt in CEF cultures, substitution of the VP3/3′UTR region did reduce the replicative
capacity of the virus. Through site-directed mutagenesis, three rescued recombinant viruses with a single
amino acid substitution in the C-terminus of VP3 of the Gt strain (L981P, A990V and T1005A) were
characterized in a similar manner. Amino acid substitution at position 990 reduced viral replication of Gt
and reduced its efficacy of protection against vvIBDV Gx challenge in vivo. This study provides important

n and
information for the desig

. Introduction

Infectious bursal disease (IBD) is an immunosuppressive disease
f young chickens that causes considerable economic loss to the
oultry industry worldwide (Cosgrove, 1962). The causative agent

s infectious bursal disease virus (IBDV), which belongs to the genus
vibirnavirus of the family birnaviridae. The genome consists of two
egments, A and B, of double-stranded RNA. Segment B encodes the
P1 protein (90 kDa), the viral RNA-dependent RNA polymerase

von Einem et al., 2004). Segment A contains two partially overlap-
ing open reading frames (ORF) (Hudson et al., 1986). The smaller
RF encodes the non-structural protein VP5 (17 kDa) (Mundt et al.,
995), while the larger one encodes a polyprotein of approximately
10 kDa (NH2-pVP2-VP4-VP3-COOH) that is proteolytically cleaved
y the viral protease VP4 (Birghan et al., 2000) to form the proteins

VP2 (48 kDa), VP3 (32 kDa) and VP4 (24 kDa) (Hudson et al., 1986).
P2 and four peptides are derived from the maturation of pVP2 (Da
osta et al., 2002).

∗ Corresponding author. Tel.: +86 451 85935004; fax: +86 451 82762510.
E-mail address: xmw@hvri.ac.cn (X. Wang).

1 These authors contributed equally to this work.
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VP2 (amino acids [aa] 1–512) and VP3 (aa 756–1012) form the
outer and inner capsids of the virus, respectively (Böttcher et al.,
1997). VP2 is the main factor for the virulence, cell tropism and
pathogenic phenotype of IBDV (Brandt et al., 2001). However, it
is not the sole determinant of virulence (Boot et al., 2000). VP3,
accounting for 40% of the total protein, is a multifunctional protein
that interacts with pVP2, VP1, dsRNA and itself (Chevalier et al.,
2002, 2004; González et al., 2005; Lombardo et al., 1999; Maraver
et al., 2003a,b; Oña et al., 2004; Tacken et al., 2000, 2002, 2003).
VP3 accomplishes numerous roles during the viral cycle and acts
as a scaffolding protein required for assembly control (Luque et al.,
2007). Previously, we attenuated the vvIBDV Gx strain to produce
the Gt strain through continuous passage in specific-pathogen-free
(SPF) chicken embryos (5 generations) and in CEF cultures (20 gen-
erations) (Wang et al., 2004). These two strains provide a good
model system for studying the virulence, cell tropism and viral
replication of IBDV.

Using our previously developed RNA polymerase II-based
reverse genetic system (Qi et al., 2007), we generated three

chimeric viruses based on the Gt strain as a backbone to carry
various domains from the Gx strain which contain amino acid dif-
ferences between the two strains. From characterizations of these
chimeric viruses, we also constructed three Gt based viruses with a
single amino acid substitution in the VP3 protein to further define

dx.doi.org/10.1016/j.antiviral.2010.05.004
http://www.sciencedirect.com/science/journal/01663542
http://www.elsevier.com/locate/antiviral
mailto:xmw@hvri.ac.cn
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he influence of this protein on virus replication. These viruses were
lso characterized in vivo to determine whether the sequence dif-
erences were responsible for IBDV replication and virulence in
hickens.

. Materials and methods

.1. Plasmids, viruses, cells and animals

The recombinant plasmids, pUC18GtA, pCDNA4B-2GtA and
CDNA4B-2GxA, were constructed in our laboratory; pUC18GtA
nd pCDNA4B-2GtA contain the segment A cDNA sequence of the
ttenuated Gt strain, and pCDNA4B-2GxA contains the segment A
DNA sequence of the vvIBDV Gx strain. The eukaryotic expres-
ion vector pCAGGS (Niwa et al., 1991) was a kind gift from Dr. J.
iyazaki, University of Tokyo, Japan. The plasmid pCAGGmGtBHRT

ontaining the segment B cDNA of Gt strain with genetic tags (PstI)
nd flanked by hammerhead ribozyme (HamRz) and hepatitis delta
ibozyme (HdvRz) sequences was constructed by our laboratory
reviously. The virus rmGt was rescued from the genome of Gt

n which there were EcoRV and PstI sites (as genetic tags) in seg-
ents A and B, respectively (Qi et al., 2007). DF-1 cells used for

ransfection were cultured in Dulbecco’s modified Eagle’s medium
DMEM) (Invitrogen, Carlsbad, CA) supplemented with 10% fetal
ovine serum (FBS) at 37 ◦C in a humidified 5% CO2 incubator.
rimary chicken embryo fibroblasts (CEF) were prepared from 10-
ay-old SPF chicken embryos. Further propagation and evaluation
f replication kinetics of the rescued virus and indirect immunoflu-
rescence were carried out in secondary CEF cultures. SPF chickens
ere purchased from and housed in the Experimental Animal Cen-

er of Harbin Veterinary Research Institute, Chinese Academy of
gricultural Sciences, China. All experiments were approved by

he Animal Ethics Committee, Harbin Veterinary Research Institute,
hinese Academy of Agricultural Sciences.

.2. Deduced amino acid sequence analysis

The deduced amino acid sequences of polyprotein between Gx
nd Gt strains were analyzed with the sequence analysis software
egAlign (DNAStar Inc., Madison, WI, USA). Sequence alignment
as performed using the Clustal W multiple sequence alignment
rogram.

.3. Construction of the segment A chimeras

Three chimeric IBDV plasmids were constructed. In these plas-
ids, the VP4/VP3/3′UTR (1727–3260 bp of segment A), VP3/3′UTR

2859–3260 bp of segment A) and VP4 (1727–2858 bp of segment
) regions of Gt were each replaced by the corresponding regions
f Gx (Fig. 2).

To replace the VP4/VP3/3′UTR region of Gt with the corre-
ponding region of Gx, the recombinant plasmid pCDNA4B-2GxA
as digested with HincII/EcoRI to yield a fragment of 1534 bp

ontaining VP4, VP3 and 3′UTR regions of Gx. The fragment
as then ligated into pCDNA4B-2GtA that was digested with

he same restriction enzymes to obtain the recombinant plasmid
CDNA4B-2GtA-GxVP4/VP3/3′UTR. Using the same strategy, the
ecombinant plasmid pCDNA4B-2GxA was digested with SphI and
coRI to produce a short fragment of 402 bp containing the C-
erminus of VP3 and 3′UTR of Gx. After ligation into SphI and EcoRI

igested pCDNA4B-2GtA, the recombinant plasmid pCDNA4B-
GtA-GxVP3/3′UTR was established. To obtain the recombinant
lasmid pCDNA4B-2GtA-GxVP4, a fragment of 1132 bp contain-

ng the C-terminus of VP4 and the N-terminus of VP3 of Gx was
btained by digesting the recombinant plasmid pCDNA4B-2GxA
rch 87 (2010) 223–229

using HincII and SphI, followed by ligation of the fragment into
HincII and SphI cleaved pCDNA4B-2GtA.

Using the three plasmids (pCDNA4B-2GtA-GxVP4/VP3/3′UTR,
pCDNA4B-2GtA-GxVP3/3′UTR and pCDNA4B-2GtA-GxVP4) as the
backbone templates, cDNA sequences of the HamRz (5′TGTTAA-
GCGTCTGATGAGTCCGTGAGGACGAAACTATAG GAAAGGAATTC-
CTATAGTC3′) and the HdvRz (5′GGGTCGGCATGGCATCTCCACCTC
CTCGCGGTCCGACCTGGGCATCCGAAGGAGGACGCACGTCCACTCG-
GATG GCTAAGGGAGGGCG3′) were used to flank the segment A
of the virus cDNAs with three pairs of primers P5/P6, P7/P8 and
P7/P9 (Table 1) by three steps of PCR as described previously
(Qi et al., 2007). The resulting PCR products were then digested
with ClaI and KpnI and cloned downstream of the beta chicken
actin promoter in the vector pCAGGS, which was digested with
the same restriction enzymes. In this manner, recombinant
eukaryotic expression vectors pCAGGGtA-GxVP4/VP3/3′UTRHRT,
pCAGGGtA-GxVP3/3′UTRHRT and pCAGGGtA-GxVP4HRT (Fig. 2)
were obtained. To confirm the correct sequence of these vec-
tors, restriction mapping, electrophoresis of PCR products and
sequencing analysis were performed.

2.4. Site-directed mutagenesis

The plasmid pUC18GtA was used as the backbone for the
following site-directed mutagenesis. Mutations were introduced
following protocols described previously (Qi et al., 2007). The
mutagenic primers were 20–30 bases in length, and the desired
mutation was in the center of the primer (Gt3072U/Gt3072L,
Gt3099U/Gt3099L and Gt3143U/Gt3143L, Table 1). Sequence anal-
ysis showed that the mutations were successfully introduced.
HamRz and HdvRz were then used to flank the segment A of
the virus cDNAs and recombinant eukaryotic expression vectors
were constructed as described above. After the size and restric-
tion patterns were confirmed by PCR, the three recombinant
eukaryotic vectors (pCAGGGtA-L981PHRT, pCAGGGtA-A990VHRT
and pCAGGGtA-T1005AHRT) were confirmed by sequencing anal-
ysis (Fig. 2).

2.5. Virus rescue from plasmids

To rescue the three chimeric and three mutated IBDV strains,
the plasmids pCAGGGtA-GxVP4/VP3/3′UTRHRT, pCAGGGtA-
GxVP3/3′UTRHRT, pCAGGGtA-GxVP4HRT, pCAGGGtA-L981PHRT,
pCAGGGtA-A990VHRT and pCAGGGtA-T1005AHRT were purified
using the QIAGEN Plasmid Midi Kit (Qiagen, Hilden, Germany)
according to the Manufacturer’s protocol, then each plasmid was
co-transfected with pCAGGmGtBHRT into DF-1 cells, following
the previously published procedure (Qi et al., 2007). The rescued
virus stocks (rGt-GxVP4/VP3/3′UTR, rGt-GxVP3/3′UTR, rGt-GxVP4,
rGtA-L981P, rGtA-A990V and rGtA-T1005A) were serially passaged
seven times in the secondary CEF cultures.

2.6. Identification of rescued virus

To determine the specificity of the rescued viruses, indirect
immunofluorescence assay (IFA) was performed on secondary CEF
monolayers using monoclonal antibodies (mAbs, 1:100 dilution)
against the VP2 protein of the IBDV Gt strain (generated by our lab-
oratory). To verify whether the rescued viruses were chimeric, viral
RNAs were extracted and analyzed by RT-PCR, as described previ-
ously (Qi et al., 2007). For each virus, two fragments were amplified

using the primer pairs F9VP2Q1512U/A38 (1421–3260 bp of seg-
ment A) and B3P/B37 (2009–2827 bp of segment B) (Table 1) and
then sequenced. The full-length genomes of the rescued viruses
were also amplified and sequenced as described previously (Qi et
al., 2007).
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Table 1
PCR primers used in the study.a.

a The binding positions of primers B37 and B3P are in accordance with the published sequence of IBDV Gx strain (GenBank accession numbers:
AY444873 and AY705393). The binding positions of other primers are in accordance with the published sequence of the Gt strain (GenBank accession
numbers: DQ403248 and DQ403249). Virus specific sequences are underlined. Ribozyme sequences are in lower-case characters, and the introduced
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restriction sites are highlighted by boxes. Symbols “+” and “−” in front o
and downstream of the genome, respectively. Primer pairs of Gt3072U/G
mutagenesis at positions of 3072, 3099 and 3143, respectively. The in
primers.

.7. Evaluation of replication kinetics of rescued viruses in CEF
ells

To evaluate the replication ability of rescued viruses (rGt-
xVP4/VP3/3′UTR, rGt-GxVP3/3′UTR, rGt-GxVP4, rGtA-L981P,

GtA-A990V and rGtA-T1005A) compared with rmGt, growth curve
ssays were performed. Cell culture flasks (25 cm2) each contain-
ng a confluent monolayer of CEF cells were inoculated with 0.1 ml
f viral suspension containing 104 50% cell culture infectious doses
CCID50) of rescued viruses based on the titer determined in CEF
ells. After a 2 h absorption period at 37 ◦C, the inoculum was
emoved. Cells were then washed with DMEM and 5 ml of main-
enance media was added to each flask before the flasks were put
ack in the incubator. The supernatant was removed every 12 h to
etermine the titer of the infectious progeny in terms of CCID50 per
illiliter using the Reed–Muench formula. All experiments were

epeated three times.

.8. Characterization of rescued virus in SPF chickens

The virulence, replicative properties in bursa of fabricius (BF)
nd ability to protect against virulent Gx virus challenge of the
escued viruses were evaluated in vivo. One hundred and fifty,
-week-old, SPF broiler chickens were divided randomly into six
roups. Each group was maintained in isolators with negative
ressure and filtered air. Chickens were infected intranasally and
ntraocularly with 104.4 CCID50/0.1 ml (200 �l/chicken) rescued
irus or DMEM medium (group 1: rmGt, 45 chickens; group 2: rGtA-
990V, 45 chickens; group 3: rGt-GxVP4/VP3/3′UTR, 15 chickens;
roup 4: rGt-GxVP3/3′UTR, 15 chickens; group 5: rGt-GxVP4, 15
hickens; group 6: DMEM, 15 chickens).
ositions of nucleotides indicate the nucleotides are localized upstream
L, Gt3099U/Gt3099L and Gt3143U/Gt3143L were used for site-directed
ed mutated nucleotides are in lower-case letters in the center of the

Chickens were monitored for clinical signs daily. At 1, 3, 5,
7 and 14 days post-inoculation (d p.i.), 3 chickens were ran-
domly selected and euthanized for necropsy from groups 1 to
6. The bursa and body weights of each chicken were deter-
mined, and the bursa:body-weight index (BBIX) was calculated
according to the following formula: BBIX = (bursa:body-weight
ratios)/(bursa:body-weight ratios in negative group). Bursae with
a BBIX lower than 0.70 were considered atrophied (Lucio and
Hitcher, 1979). Each bursa was divided into two sections: one for
histopathological analysis as described (Boot et al., 2002) from
which the severity of bursal follicular necrosis was recorded using
average histopathologic bursal lesion scores (HBLS) (Schröder et al.,
2000); the other was used for confirmation of virus identity during
infection. RNAs of rescued viruses were amplified by RT-PCR using
the primer pairs F9VP2Q1512U/A38 (1421–3260 bp of segment A)
and B3P/B37 (2009–2827 bp of segment B) and sequenced.

A real-time RT-PCR assay was performed to quantify the level
of viral RNA in the bursal tissue of SPF chickens infected with
rGtA-A990V or rmGt. At 1, 3, 5, 7 and 14 d p.i., three chickens
from group 6 and six chickens randomly selected from groups 1
and 2 were then euthanized. The BF of each chicken was removed
for quantitation of viral RNA loads using real-time RT-PCR. The
bursal tissue was collected and either stored at −70 ◦C or pro-
cessed immediately. Bursal tissue was homogenized in chilled
sterile phosphate-buffered saline. The viral RNA was extracted
using PureLinkTM Viral RNA/DNA kit (Invitrogen) according to the

Manufacturer’s instructions. Then, reverse transcription and real-
time RT-PCR were both performed as described previously (Wang
et al., 2009).

Sixty-four, 11-day-old SPF chickens were used for evaluating
protective efficacy between rmGt and rGtA-A990V. The chick-
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ig. 1. Alignment of deduced amino acid sequences of VP4 (513–755 amino acids o
nd Gt (DQ403248).

ns were immunized intranasally and intraocularly with 104.4

CID50/0.1 ml (200 �l/chicken) rmGt or rGtA-A990V. In addition,
0 chickens which received an equal volume of DMEM were used
s the challenge control. Serum was collected from blood of six
hickens randomly selected from each group at 14 days post-
mmunization and antibody titers against IBDV were measured
y a commercial antigen coated ELISA kit (IDEXX, Westbrook,
aine). All vaccinated and unvaccinated control chickens were

hallenged with 102.72 ELD50 (50% embryo lethal dose) of vvIBDV
x strain through the intranasal and intraocular routes at 14 days
ost-immunization. The mortality was calculated at 10 days post-

nfection.

.9. Statistical analysis

The viral titers both in vitro and in vivo were presented as aver-
ge ± standard deviation. One-way ANOVA with Tukey’s post hoc
est was employed to evaluate the difference of viral titers among
ifferent groups using SPSS 17.0 (SPSS Inc., Chicago, IL). Statistical
ignificance was set at P < 0.05 for all tests.

. Results

.1. Deduced amino acid sequence analysis

The deduced amino acid sequences were compared between Gx
nd Gt strains. Alignment results indicated that 6 aa were different
n VP4, and 4 aa were different in VP3 between the two strains
Fig. 1).

.2. Rescue of virus

The rescued IBDV strains named rGt-GxVP4/VP3/3′UTR, rGt-

xVP3/3′UTR, rGt-GxVP4, rGtA-L981P, rGtA-A990V and rGtA-
1005A were serially passaged for seven generations in the
econdary CEF cultures. Positive signals were detected by IFA using
Abs against VP2 of IBDV in rescued virus-inoculated CEF cultures

data not shown), but not in the control monolayer. RT-PCR results
protein) and VP3 (756–1012 amino acids of polyprotein) between Gx (AY444873)

showed fragment size patterns as expected from the CEF samples
infected with rescued viruses. In addition, sequencing analysis indi-
cated that the nucleotide sequence of these rescued viruses were
successfully replaced or mutated (data not shown).

3.3. Amino acid substitution at position 990 of VP3 C-terminus of
rmGt reduces viral replication in vitro

To compare the replication ability of different rescued viruses,
the replication kinetics of rescued viruses in CEF cultures
were obtained in triplicate. As shown in Fig. 3, strain rGt-
GxVP4/VP3/3′UTR exhibited a slight delay at 36 h post-inoculation
(h p.i.) compared to other viruses, and strain rGt-GxVP3/3′UTR
replicated very slowly in the CEF cultures after 36 h p.i. The repli-
cation kinetics of rGt-GxVP4 were nearly the same as that of the
parental virus rmGt. However, the titers of rGt-GxVP4/VP3/3′UTR
and rGt-GxVP3/3′UTR were about 1.5 log units lower than that of
rmGt after 48 h p.i. suggesting that the VP3/3′UTR region influ-
enced viral replication in CEF cultures. Moreover, the replication
kinetics of rGtA-L981P and rGtA-T1005A were almost the same
as the parental virus rmGt, while rGtA-A990V was similar to rGt-
GxVP3/3′UTR, yielding about 1.5 log units lower than that of rmGt.
The viral titers of rGt-GxVP4/VP3/3′UTR, rGt-GxVP3/3′UTR and
rGtA-A990V were significantly lower (P < 0.05) than that of rmGt,
rGt-GxVP4, rGtA-L981P and rGtA-T1005A at 60 h p.i. These results
indicate that the amino acid at position 990 plays a critical role in
viral replication of rmGt in vitro.

3.4. Amino acid substitution at position 990 in VP3 C-terminus of
rmGt reduces viral replication in vivo

The viral replication properties of rmGt and rGtA-A990V in bursa
were determined by real-time RT-PCR. After 1 day post-inoculation

(d p.i.), the viral load began to increase in bursal tissue inoculated
with rmGt. The peak load of rmGt was detected at 5 d p.i. and
maintained to 7 d p.i. Compared with rmGt, rGtA-A990V replicated
slowly in bursa and had a load approximately 2 log units lower
(P < 0.05) than that of rmGt at 3, 5 and 7 d p.i. (Fig. 4). These results
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Fig. 2. Schematic diagrams of the recombinant eukaryotic expression vectors containing the chimeric cDNAs of segment A and segment B of infectious bursal disease virus
(IBDV) (not drawn to scale). Sequences of strain Gt are depicted by an open box and sequences of strain Gx are marked by a shaded box. The cDNA sequences are preceded
by a cytomegalovirus enhancer and a beta chicken actin promoter. cDNAs of HamRz and HdvRz flank each side of the gene of interest. The restriction enzyme sites (ClaI,
E hown. The genetic tags (C2704A and A2346G) that introduce unique restriction enzyme
s
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Fig. 3. Replication kinetics of rescued viruses in vitro. Cell culture flasks (25 cm2)
containing confluent monolayers of chicken embryo fibroblasts (CEF) cells were
coRI, HincII, KpnI, and SphI) used for the construction of recombinant vectors are s
ite (EcoRV or PstI) into segment A or B of Gt are also indicated.

urther suggest that amino acid 990 plays a critical role in viral
eplication of rmGt in vivo.

.5. Amino acid substitution at position 990 in VP3 C-terminus
educes protective efficacy of rmGt against vvIBDV challenge

The results of antibody response and challenge are summa-
ized in Table 2. Thirty-two chickens immunized with rmGt had
00% protection against challenge by vvIBDV Gx, and five out of six
hickens (83.3%) that were randomly tested had positive anti-IBDV
ntibodies in this group. However, the rescued virus rGtA-A990V
ould not offer complete protection against vvIBDV Gx with only 29
ut of 32 chickens (90.6%) surviving, and only 2 out of 6 chickens

33.3%) had positive anti-IBDV antibodies in that group. By con-
rast, the mortality rate of the non-immunized control group was
0%. These results indicate that the amino acid substitution at 990
educed the efficacy of the rmGt strain to protect against vvIBDV
hallenge.

inoculated with 0.1 ml of virus suspension containing 104 CCID50 of rescued
viruses (rmGt, rGt-GxVP4/VP3/3′UTR, rGt-GxVP3/3′UTR, rGt-GxVP4, rGtA-L981P,
rGtA-A990V and rGtA-T1005A). Virus media were harvested at indicated time points
and the titers were determined and expressed as the mean titer (log of CCID50). Error
bars represent the standard deviation of triplicate assays for each time point.
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Fig. 4. Replication kinetics of rescued viruses in BF of chickens evaluated by
real-time RT-PCR. Two-week-old SPF chickens were infected intranasally and
intraocularly with 104.4 CCID50/0.1 ml (200 �l/chicken) rescued virus (rmGt or rGtA-
A990V) or DMEM (negative control). The BF was then collected and homogenized
at indicated time points. Subsequently, viral RNA loads were quantified using real-
time RT-PCR. Data are the mean titer (log of viral RNA copies) per mg of tissue, and
the error bars represent the standard deviations for each time point from six assays.

Table 2
Efficacy of rescued viruses against vvIBDV challenge.

Groups Number of
chickens

Anti-IBDV
antibodya

Mortalityb Protectionc (%)

rmGt 32 5/6 0/32 100
rGtA-A990V 32 2/6 3/32 90.625
Control 20 0/6 12/20 40

a Number of positive samples/total number of sera samples. Sera were obtained
at 14 days post-immunization and antibody titers against IBDV were measured by a
commercial antigen coated ELISA kit. The results were determined according to the
instructions of the Manufacturer.

b Number of dead chickens/total number of challenged chickens. The test groups
were challenged with 102.72 ELD50 vvIBDV Gx at 14 days post-immunization. The
c
c

c

3

c
1
a
r
o
d
n
s

3
c

s
a
G
S
1
s

4

V
fi
r
6
a

hickens were monitored daily, and mortality was calculated at 10 days post-
hallenge.

c Protection defined as number of surviving chickens/total number of challenged
hickens in that group.

.6. Pathogenicity of the rescued viruses in SPF chickens

To evaluate the virulence and pathogenic phenotype of the res-
ued viruses, pathological tests were conducted. Throughout the
4-day experimental period, neither gross pathology nor bursa
trophy was observed in different groups inoculated with rmGt,
Gt-GxVP4/VP3/3′UTR, rGt-GxVP3/3′UTR, rGt-GxVP4, rGtA-A990V
r DMEM control. In addition, histopathological sections of bursae
erived from all groups showed normal follicles and follicular con-
ective tissues, and no microscopic lesions were observed (data not
hown).

.7. Analysis of rescued virus re-isolated after infection in SPF
hickens

Based on the RT-PCR results, a 1848 bp fragment (part of
egment A) and an 827 bp fragment (part of segment B) were
mplified from the bursae of groups inoculated with rmGt, rGt-
xVP4/VP3/3′UTR, rGt-GxVP3/3′UTR, rGt-GxVP4 or rGtA-A990V.
equence analysis showed that all rescued viral sequences were
00% identical to their respective parental plasmids (data not
hown).

. Discussion

Since the first successful rescue of IBDV in 1996 (Mundt and

akharia, 1996), reverse genetics has been an excellent tool for con-
rming molecular determinants of virulence, cell tropism, and viral
eplication of IBDV. In our laboratory, vvIBDV Gx strain causes over
0% mortality in chickens but cannot replicate in CEF cultures. The
ttenuated Gt strain, however, has no virulence in chickens and
rch 87 (2010) 223–229

replicates well in CEF cultures. Mutations occurred in the genome
during the attenuation, while antigenicity and immunogenicity
were preserved as described in other studies (Lazarus et al., 2008;
Yamaguchi et al., 1996). Sequence analysis indicated that there
were differences in 4 aa in VP3, 6 aa in VP4, 8 aa in VP5, 13 aa
in VP2 and 17 aa in VP1 between Gx and Gt. Additionally, the VP1
of Gx strain has one more aa in C-terminus than that of Gt (data
not shown). We previously demonstrated that aa 253 with 284
together in VP2 are responsible for the cell tropism and virulence
(Qi et al., 2009). It is well known that VP3 is a multifunctional pro-
tein and plays numerous roles during the viral cycle (Luque et al.,
2007). Therefore, in this study we focused on whether the aa differ-
ences in VP3 and VP4 between Gx and Gt are involved in virulence
or viral replication. Three chimeric viruses (rGt-GxVP4/VP3/3′UTR,
rGt-GxVP3/3′UTR and rGt-GxVP4) were rescued and subsequently
characterized in vitro and in vivo in comparison with rmGt. The
results indicated that the replacement of either VP4/VP3/3′UTR,
VP3/3′UTR or VP4 of Gt with the corresponding regions of Gx could
not enhance the virulence of IBDV in SPF chickens. Previously, Boot
et al. (2000) observed that replacement of neither VP4 nor VP3
of strain CEF94 with the corresponding regions of D6948 could
enhance virulence and affect viral replication. Data in this study
showed that replacing VP4 of Gt with the corresponding region of
Gx did not have an impact on viral replication, which was consistent
with earlier studies (Boot et al., 2000; Brandt et al., 2001). How-
ever, the VP3/3′UTR region was determined to be involved in viral
replication. The C-terminus of VP3 has been defined to be a multi-
functional domain that interacts with VP1 (Maraver et al., 2003a)
and dsRNA (Tacken et al., 2002). Sequence analysis showed that 3
out of 4 aa differences in VP3 between Gx and Gt were localized
at the C-terminus, suggesting that these amino acids might partic-
ipate in the viral replication through regulation of protein–protein
or protein–dsRNA interactions. To confirm whether a single amino
acid could impact viral replication, three rescued viruses with a
single amino acid substitution in the C-terminus of VP3 were char-
acterized in this study. The results indicated that a substitution of
aa 990 reduced the viral replication both in vitro and in vivo. The
level of anti-IBDV antibody was affected since the viral load was
about 100-fold lower than that of rmGt in BF, thus reducing the
protective efficacy against vvIBDV Gx challenge.

In summary, our findings indicate that the C-terminus of VP3
influences viral replication both in vitro and in vivo, and more specif-
ically the amino acid at position 235 of VP3 (or position 990 of
the polyprotein) plays a critical role. Additionally, other amino acid
changes in VP4 or VP3 were determined not to affect viral repli-
cation. Our study provides important information for the design
and development of more effective IBDV vaccines using reverse
genetics.

Acknowledgements

This work was supported by grants from the Chinese National
Basic Research 973 Program (No. 2005CB523202) and the Chinese
National Science Supporting Program (No. 2006BAD06A04). We
are grateful to Dr. Yanqing Yuwen and Prof. Li Yu (Harbin Veteri-
nary Research Institute, Chinese Academy of Agricultural Sciences,
China) for their help.

References

Birghan, C., Mundt, E., Gorbalenya, A.E., 2000. A non-canonical lon proteinase lacking

the ATPase domain employs the ser-Lys catalytic dyad to exercise broad control
over the life cycle of a double-stranded RNA virus. EMBO J. 19, 114–123.

Boot, H.J., ter Huurne, A.A., Hoekman, A.J., Peeters, B.P., Gielkens, A.L., 2000. Rescue
of very virulent and mosaic infectious bursal disease virus from cloned cDNA:
VP2 is not the sole determinant of the very virulent phenotype. J. Virol. 74,
6701–6711.



l Resea

B

B

B

C

C

C

D

G

H

L

L

L

L

M

M

Y. Wang et al. / Antivira

oot, H.J., ter Huurne, A.A., Hoekman, A.J., Pol, J.M., Gielkens, A.L., Peeters, B.P., 2002.
Exchange of the C-terminal part of VP3 from very virulent infectious bursal dis-
ease virus results in an attenuated virus with a unique antigenic structure. J.
Virol. 76, 10346–10355.

öttcher, B., Kiselev, N.A., Stel’Mashchuk, V.Y., Perevozchikova, N.A., Borisov, A.V.,
Crowther, R.A., 1997. Three-dimensional structure of infectious bursal disease
virus determined by electron cryomicroscopy. J. Virol. 71, 325–330.

randt, M., Yao, K., Liu, M., Heckert, R.A., Vakharia, V.N., 2001. Molecular determi-
nants of virulence, cell tropism, and pathogenic phenotype of infectious bursal
disease virus. J. Virol. 75, 11974–11982.

hevalier, C., Lepault, J., Da Costa, B., Delmas, B., 2004. The last C-terminal residue
of VP3, glutamic acid 257, controls capsid assembly of infectious bursal disease
virus. J. Virol. 78, 3296–3303.

hevalier, C., Lepault, J., Erk, I., Da Costa, B., Delmas, B., 2002. The maturation process
of pVP2 requires assembly of infectious bursal disease virus capsids. J. Virol. 76,
2384–2392.

osgrove, A.S., 1962. An apparently new disease of chicken-avian nephrosis. Avian
Dis. 6, 385–389.

a Costa, B., Chevalier, C., Henry, C., Huet, J.C., Petit, S., Lepault, J., Boot, H., Delmas,
B., 2002. The capsid of infectious bursal disease virus contains several small
peptides arising from the maturation process of pVP2. J. Virol. 76, 2393–2402.

onzález, D., Rodríguez, J.F., Abaitua, F., 2005. Intracellular interference of infectious
bursal disease virus. J. Virol. 79, 14437–14441.

udson, P.J., McKern, N.M., Power, B.E., Azad, A.A., 1986. Genomic structure of the
large RNA segment of infectious bursal disease virus. Nucleic Acids Res. 14,
5001–5012.

azarus, D., Pasmanik-Chor, M., Gutter, B., Gallili, G., Barbakov, M., Krispel, S., Pit-
covski, J., 2008. Attenuation of very virulent infectious bursal disease virus and
comparison of full sequences of virulent and attenuated strains. Avian Pathol.
37, 151–159.

ombardo, E., Maraver, A., Castón, J.R., Rivera, J., Fernández-Arias, A., Serrano, A.,
Carrascosa, J.L., Rodriguez, J.F., 1999. VP1, the putative RNA-dependent RNA
polymerase of infectious bursal disease virus, forms complexes with the cap-
sid protein VP3, leading to efficient encapsidation into virus-like particles. J.
Virol. 73, 6973–6983.

ucio, B., Hitcher, B., 1979. Immunosuppression and active response induced by
infectious bursal disease virus in chickens with passive antibodies. Avian Dis.
24, 189–196.

uque, D., Saugar, I., Rodríguez, J.F., Verdaguer, N., Garriga, D., Martín, C.S., Velázquez-
Muriel, J.A., Trus, B.L., Carrascosa, J.L., Castón, J.R., 2007. Infectious bursal disease
virus capsid assembly and maturation by structural rearrangements of a tran-

sient molecular switch. J. Virol. 81, 6869–6878.

araver, A., Clemente, R., Rodríguez, J.F., Lombardo, E., 2003a. Identification and
molecular characterization of the RNA polymerase-binding motif of infectious
bursal disease virus inner capsid protein VP3. J. Virol. 77, 2459–2468.

araver, A., Oña, A., Abaitua, F., González, D., Clemente, R., Ruiz-Díaz, J.A., Castón,
J.R., Pazos, F., Rodriguez, J.F., 2003b. The oligomerization domain of VP3, the
rch 87 (2010) 223–229 229

scaffolding protein of infectious bursal disease virus, plays a critical role in capsid
assembly. J. Virol. 77, 6438–6449.

Mundt, E., Beyer, J., Müller, H., 1995. Identification of a novel protein in infectious
bursal disease virus-infected cells. J. Gen. Virol. 76, 437–443.

Mundt, E., Vakharia, V.N., 1996. Synthetic transcripts of double-stranded Birnavirus
genome are infectious. Proc. Natl. Acad. Sci. U.S.A. 93, 11131–11136.

Niwa, H., Yamamura, K., Miyazaki, J., 1991. Efficient selection for high-expression
transfectants with a novel eukaryotic vector. Gene 108, 193–199.

Oña, A., Luque, D., Abaitua, F., Maraver, A., Castón, J.R., Rodríguez, J.F., 2004. The C-
terminal domain of the pVP2 precursor is essential for the interaction between
VP2 and VP3, the capsid polypeptides of infectious bursal disease virus. Virology
322, 135–142.

Qi, X., Gao, H., Gao, Y., Qin, L., Wang, Y., Gao, L., Wang, X., 2009. Naturally occur-
ring mutations at residues 253 and 284 in VP2 contribute to the cell tropism
and virulence of very virulent infectious bursal disease virus. Antiviral Res. 84,
225–233.

Qi, X., Gao, Y., Gao, H., Deng, X., Bu, Z., Wang, X., Fu, C., Wang, X., 2007. An improved
method for infectious bursal disease virus rescue using RNA polymerase II sys-
tem. J. Virol. Methods 142, 81–88.

Schröder, A., van Loon, A.A., Goovaerts, D., Mundt, E., 2000. Chimeras in noncoding
regions between serotypes I and II of segment A of infectious bursal disease
virus are viable and show pathogenic phenotype in chickens. J. Gen. Virol. 81,
533–540.

Tacken, M.G., Peeters, B.P., Thomas, A.A., Rottier, P.J., Boot, H.J., 2002. Infectious bur-
sal disease virus capsid protein VP3 interacts both with VP1, the RNA-dependent
RNA polymerase, and with viral double-stranded RNA. J. Virol. 76, 11301–
11311.

Tacken, M.G., Rottier, P.J., Gielkens, A.L., Peeters, B.P., 2000. Interactions in vivo
between the proteins of infectious bursal disease virus: capsid protein VP3 inter-
acts with the RNA-dependent RNA polymerase, VP1. J. Gen. Virol. 81, 209–218.

Tacken, M.G., Van Den Beuken, P.A., Peeters, B.P., Thomas, A.A., Rottier, P.J., Boot, H.J.,
2003. Homotypic interactions of the infectious bursal disease virus proteins VP3,
pVP2, VP4, and VP5: mapping of the interacting domains. Virology 312, 306–319.

von Einem, U.I., Gorbalenya, A.E., Schirrmeier, H., Behrens, S.E., Letzel, T., Mundt,
E., 2004. VP1 of infectious bursal disease virus is an RNA-dependent RNA poly-
merase. J. Gen. Virol. 85, 2221–2229.

Wang, X.M., Zeng, X.W., Gao, H.L., Fu, C.Y., Wei, P., 2004. Changes in VP2 gene during
the attenuation of very virulent infectious bursal disease virus strain Gx isolated
in China. Avian Dis. 48, 77–83.

Wang, Y., Qi, X., Gao, H., Gao, Y., Lin, H., Song, X., Pei, L., Wang, X., 2009. Compara-
tive study of the replication of infectious bursal disease virus in DF-1 cell line

and chicken embryo fibroblasts evaluated by a new real-time RT-PCR. J. Virol.
Methods 157, 205–210.

Yamaguchi, T., Kondo, T., Inoshima, Y., Ogawa, M., Miyoshi, M., Yanai, T., Masegi,
T., Fukushi, H., Hirai, K., 1996. In vitro attenuation of highly virulent infectious
bursal disease virus: some characteristics of attenuated strains. Avian Dis. 40,
501–509.


	A single amino acid in the C-terminus of VP3 protein influences the replication of attenuated infectious bursal disease vi...
	Introduction
	Materials and methods
	Plasmids, viruses, cells and animals
	Deduced amino acid sequence analysis
	Construction of the segment A chimeras
	Site-directed mutagenesis
	Virus rescue from plasmids
	Identification of rescued virus
	Evaluation of replication kinetics of rescued viruses in CEF cells
	Characterization of rescued virus in SPF chickens
	Statistical analysis

	Results
	Deduced amino acid sequence analysis
	Rescue of virus
	Amino acid substitution at position 990 of VP3 C-terminus of rmGt reduces viral replication in vitro
	Amino acid substitution at position 990 in VP3 C-terminus of rmGt reduces viral replication in vivo
	Amino acid substitution at position 990 in VP3 C-terminus reduces protective efficacy of rmGt against vvIBDV challenge
	Pathogenicity of the rescued viruses in SPF chickens
	Analysis of rescued virus re-isolated after infection in SPF chickens

	Discussion
	Acknowledgements
	References


