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Rice tungro bacilliform virus (RTBV) is a plant pararetrovirus and a member of the Caulimoviridae family and closely related
to viruses in the Badnavirus genus. The coat protein of RTBV is part of the large polyprotein encoded by open reading frame
3 (ORF3). ORF3 of an RTBV isolate from Malaysia was sequenced (accession no. AF076470) and compared with published
sequences for the region that encodes the coat protein or proteins. Molecular mass of virion proteins was determined by
mass spectrometry (matrix-assisted laser desorption/ionization-TOF) performed on purified virus particles from three RTBV
isolates from Malaysia. The N- and C-terminal amino acid sequences of the coat protein were deduced from the mass
spectral analysis, leading to the conclusion that purified virions contain a single coat protein of 37 kDa. The location of the
coat protein domain in ORF3 was reinforced as a result of immunodetection reactions using antibodies raised against six
different segments of ORF3 using Western immunoblots after SDS-PAGE and isoelectrofocusing of proteins purified from
RTBV particles. These studies demonstrate that RTBV coat protein is released from the polyprotein as a single coat protein
Of 37 kDa. O i999 Academic Press

INTRODUCTION

see Rothnie et al,, 1994). Comparative analysis of sequences of related badnaviruses (Bouhida et al., 1993;
Hagen et al,, 1993; Hay et al., 1991; Qu et al., 1991)
revealed that P3 contains a putative movement protein
(MP), the coat protein (CP), the aspartyl protease (PR),
the reverse transcriptase (RT), and a ribonuclease H
activity. The amino acid (aa) sequence DSGS located
within the aspartyl protease is found in the RTBV P3
polyprotein between CP and RT domains. The change of
Dto A in this sequence affects the proteolytic processing
of the RT (Laco et al., 1995).
Previous reports indicated that antibodies raised
against RTBV used in Western immunoblots detected
peptides with molecular masses of 150, 62, and/or 37
and 33 kDa from purified virus (Hay et al., 1991, 1994; Qu
et al., 1991). Qu et a/. (1991) found the 37-kDa peptide in
both infected tissue and purified virus, whereas the 33kDa peptide was present only in purified virus. Qu et al.
(1991) determined the N-terminusof the 33-kDa peptide;
however, the 37-kDa peptide was blocked for sequencing. These authors suggested that 37- and 33-kDa peptides may share the same C-terminus, with the 33-kDa
peptide being a degradation product of the 37-kDa protein. Hull (1996) suggested the possibility that there are
two CPs of about the same molecular mass; this "andem
CP" model does not fit with the hypothesis presented by
Qu et al. (1991) (Fig. 1).In the single C P model, it is likely
that P3 would contain intervening regions of undeter-

Rice tungro is a major rice disease in southeast Asia,
with annual crop losses estimated at -$680 million
(Herdt, 1991). The disease is caused by a complex of two
viruses (Hibino etal., 1978; Jones etal., 1991): rice tungro
spherical virus (RTSV), a single-stranded RNA virus and
member of the Waikavirus genus (Shen et al., 1993), and
rice tungro bacilliform virus (RTBV), a plant pararetrovirus
(Hay et al., 1991; Qu et al., 1991) and member of the
Caulimoviridae family that is closely related to the Badnavirus genus (Pringle, 1997). RTSV is required for the
transmission of the two viruses by the leafhopper vector
(Nephotettix virescens) (Hibino, 1983a, 1983b), and RTBV
is responsible for symptoms of the disease (Hibino et al.,
1978).
The nonenveloped bacilliform (130 X 30 nm) RTBV
particles contain a circular and relaxed, double-stranded
DNA of 8.0 kbp with two site-specificdiscontinuities (Bao
and Hull, 1994) resulting from replication by reverse
transcription (Bao and Hull, 1994; LaCo and Beachy,
1994). The RTBV genome has four open reading frames
(ORFs) (for a review, see Hull, 1996). ORF3 encodes a
polyprotein (P3; 194 kDa) possessing the analogs of the
gag, pro, and pol products of retroviruses (for a review,
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was amplified using RTBV-specific primers to sequence
its genome (accession no. AF076470). We then compared sequences for the CP, PR, and intervening region
(IR) domains of the genome. Putative domains considered were the CP 37-kDa domain suggested by Qu et al.
(1991) and the 13.5-kDaPR domain suggested by Hay et
a/. (1994). The percentages of nt identity between the
Serdang and IRRI isolates were 93.6%, 90.3%, and 93.5%
for the CP,IR, and PR domains, respectively. When comparing derived aa sequences, sequence homologies
were 99.0%, 91.3%, and 99.1% for CP,IR, and PR regions,
respectively. In the CP and PR regions of the Serdang
isolate, only four substitutions were identified relative to
the IRRI isolate: the predicted replacement of 5519 to G,
V668 to I, V669 to I, and NI007 to S.In the IR region of the
Serdang isolate, 14 differences in aa were found.
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FIG. 1. Schematic representation of polyprotein P3 for the two hypotheses related to the CP of RTBV.

mined function between MP and CP and between CP
and PR, as it does between PR and RT (Laco et a/,, 1995).
The development of electrospray and matrix-assisted
laser desorptionAonization (MALDI) techniques has
made the accurate molecular mass determination of
proteins routine (Siuzdak, 1996). More recently, MALDI
mass spectrometry has been applied to the analysis of
viral capsid proteins (Bothner et a/., 1998; Lewis et a/.,
1998; Siuzdak et al., 1996).
The RTBV genome sequenced by Qu et a/. (1991) was
an isolate from the Philippines [International Rice Research Institute (IRR!)]. In this study, we used three Malaysian isolates of RTBV: one named Serdang fro"
MARDI (Malaysian Agriculture Research Development
Institute, Malaysia) and the other two from the central
region (Kuala) and the south of Malaysia. These isolates
have identical characteristics with regard to the 37-and
33-kDa peptides as the isolate from IRRI (Qu et a/., 1991).
We describe the analysis of RTBV particles by mass
spectrometry and two-dimensional gel electrophoresis
to investigate the hypothesis of a single versus two
37-kDa C P species in RTBV virions.

Determination of molecular masses
MALDI mass spectrometry is accomplished by directing a pulsed laser beam onto a sample cocrystallized in
a matrix (for a review, see Siuzdak, 1996). The matrix
absorbs the laser energy and is vaporized; proteins released are then analyzed. The mass spectrometer determines the molecular masses of compounds by separating ions according to their mass-to-charge ratio (m/z).
The primary advantages of the MALDI technique include
high sensitivity, soft ionization, and tolerance to salt in
most samples.
Analyses were conducted on three virus preparations
from Malaysia. A volume of 0.5 pl of virus preparation
(optical density of 3.0 at 260 nm) was mixed with 0.5 p
I
of the sinapinic acid matrix on the plate and left for 10
min for the matrix to crystallize before analysis. Three
peaks were detected for each RTBV isolate tested. There
was no signal at 37,000 m/z in any of the samples tested,
and only one sample showed a signal in the 34000 m/z
range. The Serdang isolate presented signals at 15,210,
22,117, and 34,105 m/z, whereas peaks obtained for the
two other Malaysian isolates were, successively, 11,983,
15,197, and 22,099 and 11,922, 15,182, and 22,111 (Table 1
and Fig. 2). The sample that yielded a signal at 34,105
m/z did not produce a signal in the 12,000m/z range, and
we concluded that the signal expected at 37,000 m/z was

RESULTS
Comparative analysis of sequences in the P3
polyprotein between Serdang and IRRI isolates
Because the Serdang and IRRI isolates of RTBV are
from two different countries, some differences were expected at the nucleotide (nt) and aa levels. We isolated
and sequenced regions of the genome that contained
the coat protein; the correct aa sequence then would be
deduced and later used to interpret the mass spectrometry analysis.

TABLE 1
Results of Mass Spectral Analyses Performed on Three Malaysian Isolates of RTBV
Mass (Wz)

Virus sample
Serdang isolate
Kuala isolate
Southern isolate

+ 0.60%
+ 0.09%

11,983
11,922

15,21O t- 0.32%
15,197 0.24%
15,182 f 0.14%

+

22,117 - 0.19%
22,099 - 0.27%
22,111 -0.22%

34,105 f O. 15%

Note. The mass spectrometer determines the molecular masses of compounds by separating ions according to their mass-to-charge ratio (m/z).
The percentage difference between measured molecular mass and that predicted from the genome sequence is indicated.
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FIG. 2. Mass spectrum of RTBV particles from the Southern Malay-

sian isolate. Three signals are observed at m/z 11,922, 15,182, and
22,111.

split into signals at -22,000 and -15,000 m/z. For two
isolates, the signal at 34,000 m/z was split into signals at
22,000 (similar to the one described above) and at 12,000
m/z. It is likely that the signal at 34,105m/z represents the
33-kDa protein reported in the literature (molecular mass
estimated by SDS-PAGE).
To test the possibility that RTBV virus particles were
sensitive to the conditions used for mass spectrometry,
we determined the stability of the CP in presence of the
matrix used for the analysis. An aliquot of virus was
mixed with the same amount of sinapinic acid (as above)
in an open Eppendorf tube for 10 min before adding
Laemmli's sample buffer and boiling before SDS-PAGE.
A Western immunoblot was performed using the antibody raised against the virus (Ab-RTBV).When incubated
in the presence of sinapinic acid, the 37- and 34-kDa
peptides, which are found in mature virions, were unstable and yielded products with apparent molecular
masses of 12, 15, and 22 kDa (Fig. 3). Two other matrix
compounds that are often used to form matrices,
a-cyano-4-hydroxycinnamic acid and 2,5-dihydrobenzoic acid, cleaved the two peptides in the same manner
(data not shown).
1
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FIG. 3. lmmunodetection of RTBV CP-related proteins. Immunogenic
proteins were revealed with antibodies raised against RTBV particles.
Lane 1 corresponds to purified virions alone; lane 2, virions treated with
sinapinic acid. Arrow and arrowhead indicate 37- and 34-kDa peptides,
and bracket denotes cleavage products as peptides of 22, 15, and 12
kDa. At the left, location of molecular weight standards.
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FIG. 4. Schematic representation of the cleavage sites according to
the mass spectral analyses. Arrows indicate positions of cleavage, and
numbers in brackets indicate the corresponding sequence. Squares
represent peptides for each isolate; numbers in squares are m/z
signals read on mass spectra.

The peptides produced by mass spectrometry were

most likely derived from the CP. By combining the mo-

lecular masses of peptide fragments (i.e., 12 kDa plus 22
kDa, and 15 kDa plus 22 kDa), we obtained the expected
molecular masses of the 34- and 37-kDa proteins, respectively (Fig. 4). We determined the sinapinic acidinduced cleavage site to be between aa 603 and 604 by
combining the protein molecular mass of 11,922 or 11,983
Da with the N-terminusof the 34-kDa protein previously
shown to be at aa 502 (Qu et al., 1991).The C-terminusof
the 34-kDa protein was determined by combining either
the protein molecular mass of 22,099, 22,111, or 22,117 Da
with the sinapinic acid cleavage site or the protein molecular mass of 34,105 Da with the known N-terminus
sequence of the 34-kDa protein; these led us to conclude
that the two peptides share the same C-terminus,which
was determined to be at aa 791. The best fit for the
37-kDa protein indicates that it has the same C-terminal
aa as the 34-kDa protein because of the presence of the
single peak for each sample of -22,000 m/z. The Cterminal aa sequence of the 15-kDa peptide was calculated to be the sinapinic acid-induced cleavage site (aa
603) (Fig. 4). The N-terminusof the 15-kDa peptide would
then be the N-terminus of the 37-kDa peptide and is
determined at aa 477.

Localization of the coat protein domain in the P3
polyprotein

To confirm the CP domain within P3, we used a combination of different antibodies and Western blot assays.
I
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TABLE 2
Olìnonucleotides Used as Primers to Generate DNA Fragments of ORF3

Designation

Primer sequence’

Orientation

Region of ORF3
corresponding
to PCR productb

~~~~~~

MP1

Forward
Reverse

5‘-GTAAGTGCCcatatgAGCCTAGACCAÏTACTGG-3’
NdeI
5‘-AGGGCTGTGggatccTCAGGTGGTCAATCllCCTA-3’

1-210

BamHl
MP2

Forward
Reverse

CPI

CP2

5‘-GTAAGTGCCcatatgGAAGAAATAACTGAATGGGA-3’

Reverse

5‘-AGGGCTGTGggatccTCAllCAGGTCTATCACCTC-3‘

Forward

5‘-GTAAGTGCCcatatgAGAGATGATTGGAAAAGAAAAGAAA3’

Forward
Reverse

MP2-CP

Forward
Reverse

CP3

Forward
Reverse

IR

Forward
Reverse

201-445

BamHl

Forward

Reverse
MP1-CP

5’-GTAAGTGCCcatatgGCAATCAAAACTATAGGAAG-3‘
NdeI
5’-AGGGCTGTGggatccTCAGAGGGCCATATCATAGT-3’
Ndel

’ 1

401-606

BamHl
Ndel
5’-AGG GCTGTGggatccTCAllCAGGTCTATCACCTC-3’
EamHl
5’-GTAAGTGCCcatatgAGCCTAGACCAmACTGG-3’
Ndel
5‘-AGG GCTGTGggatccTCA?TCAG GTCTATCACCTC-3’
BamHl

5‘-GTAAGTGCCcatatgGCAATCAAAACTATAGGAAG-3’

492-606

1-606

Ndel
5’-AGG GCTGTGggatccTCATCAG GTCTATCACCTC-3’
EamHl
5’-ATCCCATAggatccTCAAAAG AT-3 ’
BamHl
5’-GGTGA m A A GCTTGTCAG ATAT-3‘
HindI II

201-606

BamHl
5’-CATCCTGaagcttmAAATTGATG-3’
Hind1I I

806-961

5’-CTAATAGATggatccGACGAAGATATGGTATC-3’

506-775

Lowercase letters indicate restriction enzyme sites.
bAmino acid coordinates according to Qu et a/. (1991).

a

We first expressed different parts of ORF3 in Escherichia
coli and determined whether the polypeptides were recognized by the antiserum raised against virions (AbRTBV). We then determined whether virus particles were
recognized by different antisera raised against specific
regions of ORF3. Finally, we used the antisera to identify
virion-related proteins within infected plants.
Specific primers were used to amplify by PCR different
regions of ORF3 as described in Table 2. PCR fragments
were cloned into either pET28 or pTrcHisA vectors, and
gene expression was induced in E.coli to produce specific fragments of P3. After SDS-PAGE and electrotransfer onto nitrocellulose membranes, peptides were reacted with Ab-RTBV. Peptides that included aa 401-775
were detected by antibodies raised against RTBV,
whereas fragments that compose aa 1-445 and 806-961
did not share common epitopes with the purified virions
(Fig. 5).
The second approach involved using different antibod-

¡es raised against specific peptides derived from ORF3.
Some of the peptides described in Table 2 were purified
and injected to rabbits to induce antibodies. Antisera
Ab-MPl, Ab-MP2, Ab-CP1, Ab-CP2, and Ab-CP3 were
raised against peptides MPl, MP2, CP1, CP2, and CP3,
respectively (Table 2). All antibodies were tested by reaction with the inducing peptide and shown to be positive. RTBV particles were disrupted and subjected to
SDS-PAGE and transferred onto membranes and subsequently reacted with the different antibodies. Ab-MPl
and Ab-MP2 did not react with the CP, whereas bands at
37 and 34 kDa were detected using Ab-CP1,Ab-CP2,and
Ab-CP3 (Fig. 6 and Table 3). Similar results were obtained with extracts from infected plants where Ab-CP1,
Ab-CP2,and Ab-CP3revealedthe expected 37-kDa band
(Table 3).
The results obtained in these analyses lead to the
conclusion that sequences upstream of aa 401 and
downstream of aa 806 do not contain CP sequences.
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FIG. 5. Western blots analyses performed on induced peptides from E.coli. (A) Coomassie blue-stainedgel and corresponding immunoblot using
antibodies raised against peptide MPI. (B and C) lmmunoblots using antibodies raised against RTBV particles of peptides expressed in PET- and
pTrcHis-basedvectors, respectively. Lanes 1-3 correspond to peptides expressed from plasmid pMP1; lane 4, peptides expressed from pMP2; lane
5, peptides expressed from pMP2CP; lane 6, peptides expressed from pMPlCP; lane 7, peptides expressed from pCP1; lane 8, peptides expressed
from pTrcHis with no insert; lane 9, peptides expressed from pCP3; and lane 10, peptides expressed from plR. (Left) Molecularweight markers. Arrows
indicate induced peptides immunogenic to antibodies raised against RTBV particles. Only peptides MP2-CP,MPl-CP, CPl, and CP3 were detected
by antibodies raised against RTBV.

This suggests that there is a single 37-kDa coat protein
in P3, as proposed in Fig. 1.
Electrophoretic determination of the number
of 37-kDa CP domains
We considered the possibility that virions contain one
or two CP species of 37 kDa that were not separated by
SDS-PAGE. The hypothesis of two C P molecules encoded in tandem in ORF3 (see Fig. 1) would lead to two
peptides of very different isolectric points (pl); based on
the predicted sequences of ORF3, the proteins would
have pls of -4.6 and -8.6. Sequence analysis of the
putative single C P domain predicted a high percentage
of basic aa and a pl of 9.4 for both 34- and 37-kDa
domains. We used nonequilibrium pH gradient electrophoresis (NEPHGE) (OFarrel et al,, 1977) for these anal-
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FIG. 6. Western blot analyses on purified virus using different antibodies. Lane 1 corresponds to the immunoreaction using antibodies
raised against RTBV; lane 2, the immunoreaction using Ab-MP2; and
lane 3, the immunoreaction using Ab-CP1. Lane 4 shows induced
peptides from pMP2, detected using Ab-MP2. The 37-and 34-kDa
peptides are immunogenic to Ab-RTBVand Ab-CP1but not to Ab-MP2.
Upper bands correspond to dimers. (Left) Molecular weight markers.

yses. Western blot assays using Ab-RTBV after NEPHGE
clearly showed major spots at -37 and -34 kDa and a
variety of other proteins near the basic region of the gel
(Fig. 7). These results led to the conclusion that RTBV
contains only CP molecules with pls as predicted for a
single C P (37 kDa) that is cleaved, pr0ducing.a 34-kDa
protein.

DISCUSSION
The nature of RTBV C P has been the subject of research in the past few years, with reports that suggested
that the virus contains a variety of C P molecules of
different size. However, no single work reported the full
characterization of the CP. In this study, we identified the
N- and C-terminal sequences of the CP using MALDI
mass spectrometry on virus particles and used two different approaches to validate the hypothesis of a single
37-kDa CP.
Virus preparations used in our analysis were from
Malaysia. Mass spectrometry analysis is highly accurate
and can determine molecular masses with a good resolution when based on the correct aa sequence. The
genome of the Serdang isolate was sequenced for the
putative CP domain, and its sequence was compared
with the IRRI isolate reported previously (Qu et al., 1991).
Two RTBV isolates from IRRI have been described as
having genomes of 8000 and 8002 nucleotides (Hay et
al., 1991; Qu et al., 1991); the predicted aa sequences of
ORF3 of these isolates were identical. Fan et al. (1996)
looked at the variation in the genome of six isolates from
Bangladesh, India, Indonesia, Malaysia, Thailand, and
Philippines. Using restriction endonuclease maps and
cross-hybridization,they concluded that the isolates fell
into two groups: those from the Indian subcontinent and
those from south-east Asian countries. Malaysian iso-
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TABLE 3
Summary of the Western Blot Analysis Using Different Antibodies
Antibody
Protein

Ab-MP1

Ab-MP2

Ab-CP1

Ab-CP2

Ab-CP3

Ab-RTBV

No
No

No
No

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

No

No

Yes

Yes

Yes

Yes

No

NO

No

No

No

No

Purified virus
37 kDa
34 kDa
Infected plants
37 kDa
34 kDa

Note. Indicated is the recognition (yes or no) of coat proteinfrom purified Serdang isolate virus and from plants infected with Serdang isolate using
antibodies raised against known sequences from RTBV-ORF3 (as described in Table 2) or against RTBV particles (Ab-RTBV).

lates so far studied show similar restriction site patterns;
predicted protein sequences seem to be highly conserved between isolates from Malaysia.
RTBV particles are relatively unstable, and attempts to
dialyze virions against water resulted in their disruption
(unpublished observation). Similarly, treatment of virions
with sinapinic acid before exposure to MALDI-TOF
cleaved the 37-and 34-kDa proteins at a single site. The
37-kDa protein from all three isolates was split into two
peptides of -15 and -22 kDa. The 34-kDa protein from
the Serdang isolate was not cleaved, whereas the peptide from the other Malaysian isolates was cleaved to
produce a 12-kDa peptide and a 22-kDa peptide. Because a single peak was observed for the 22-kDa peptide, we concluded that the sinapinic acid cleavage site
was at the same location in the 34-and 37-kDa proteins
and that these two proteins shared the same C-terminal
aa sequence. From these data, we concluded that the
N-terminus of the 37-kDa protein was at aa 477 and that
the C-terminalwas at aa 791.
The hypothesis of a single 37-kDa CP domain was
verified by analysis using differentantibodies. Antibodies
directed against proteins between aa 1-210 and 201-445

acidic
4.4

did not recognize the RTBV CP. Furthermore, the IR domain that overlaps residues 806-961 was not immunoreactive with RTBV antibodies. The hypothesis of a single
37-kDa CP domain was further verified by NEPHGE analysis, with major spots at -37 and -34 kDa, each of
which exhibited a high pl. In contrast, the two-CP hypothesis would have led to two peptides with a very different
pl. Western immunoblots analyses indicate as expected
that 34-kDa peptide is only present in purified virus; the
34-kDa peptide is likely a degradation product of the
37-kDa peptide that occurs during virus purification.
In this study, we demonstrate that the RTBV CP is
released from the polyprotein as a single CP of 37 kDa.
The CP identified has a molecular mass of 37,303 Da
with an estimated pl of 9.43. It contains near its Cterminus (aa 776-789) the "zinc finger-like" motif
CXCX2CX4HX4C (Hay et a/.,1991; Qu et a/.,1991). Other
plant pararetroviruses share this consensus sequence
a s a characteristic of the RNA binding site of retroviruses
(Covey, 1986; Fütterer and Hohn, 1987).
Processing of the polyprotein P3 (aa 1-1675) is believed to produce at least four proteins: MP, CP, PR,and
RT Lac0 et a/. (1995) determined the N-and C-terminiof
776
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FIG. 7. Western blot analysis of viral particles after NEPHGE and
immunodetection with RTBV antibody. Arrow indicates the direction of
the isoelectric focusing; scale is measured pl gradient.
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FIG.8. Schematic organization of CP domain within P3 polyprotein.
Positions of amino- and carboxyl-terminiof the 37-kDaCP are 477 and
791, respectively. The 34-kDa peptide CP is positioned below the
polyprotein with its amino- and carboxyl-terminicorresponding to aa
502 and 791, respectively. The RT domain was characterized by Laco et
a/. (1995). The aa coordinates are according to Qu et a/. (1991).
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the RT to be aa 1139 and 1619, respectively. The M P was
predicted, based on similarities among the badnaviruses, to lie within the first 300 aa of P3 (Bouhida et al.,
1993; Hagen et al., 1993). Although the N-and C-termini
of the PR are not yet determined, a protein of 13.5 kDa
was identified in RTBV particles to contain the domain
predicted to include the active site of the aspartyl protease (aa 987-990) (Hay et al., 1994). As summarized in
Fig. 8, the regions of P3 upstream and downstream of the
C P (i.e., intervening regions) do not contain CP sequences and would be similar in molecular mass (-20
kDa) and charge (pl 4.5). To date, proteins of this size
and charge have not been identified in RTBV particles or
infected cells; a role, if any, of these sequences in virus
replication is not known. One possibility is that these
regions are in some way involved in the activity of the
protease in releasing the 37-kDa CP.

-

MATERIALS AND METHODS
Three isolates of RTBVfrom Malaysia were used. They
were purified at MARDI (Malaysian Agriculture Research
Development Institute, Malaysia) and were named Serdang (from the MARDI area), Kuala (from the Kuala Lumpur area), and Southern (from south of Malaysia). Serdang isolate was sequenced (AF076470). The isolate
used for sequences comparison is the RTBV isolate
sequenced by Qu ef a/. (1991) (M65026) from the Phílippines (IRRI).
Virus purification
Rice infected leaves (250 g) were frozen, ground, and
thawed in 4 ml/g tissue of buffer A (0.1 M sodium citrate,
pH 6.0, 10 mM EDTA). The mixture was digested with
Cellulclast (Novo-Enzymes) at 5% (v/v) for 3 h at 40°C.
The mixture was centrifuged at 15,000gfor 15 min at 4°C.
The supernatant was mixed for 1 h at room temperature
with 7% (v/v) P E G 8000, 200 mM NaCI, and 1% (v/v) Triton
X-100 before centrifugation at 22,0009 for 20 min at 4°C.
The pellet was resuspended overnight in 10 ml of buffer
A. The sample then was centrifuged through a 10% sucrose cushion at 250,OOOg for 2.5 h at 4°C. The pellet
was resuspended overnight in buffer A. After centrifugation at 80009 for 15 min at 4"C, the supernatant was
centrifuged through a 10-50% sucrose density gradient
at 250,OOOg for 2 h at 10°C. Opalescent bands were
collected and diluted in buffer B (100 mM sodium citrate,
pH 7.01, followed by a final centrifugation at 250,OOOg for
3 h at 4[degC. The final pellet was then resuspended in
1 mM phosphate buffer, pH 7.4.
MALDI mass spectrometry
l

mixed with an equal volume of the matrix sinapinic acid.
MALDI mass spectrometry experiments were performed
on a PerSeptive Biosystems Voyager-Elite with delayed
extraction. Samples were irradiated with a nitrogen laser
(Laser Science Inc.) operated at 337 nm, and the laser
beam was attenuated by a variable attenuator and focused on the sample target. Ions produced in the ion
source were accelerated with a deflection voltage of
30,000 V. The ions were then differentiated according to
their m/z using a time-of-flightmass analyzer.
Sequencing of viral DNA
Extraction of DNA from tissue infected with the Serdang isolate was performed according to Dellaporta et
a/. (1983). RTBV DNA was amplified by PCR using specific primers; amplified fragments were subjected to automatic sequencing (model 373A, Applied Biosystem).
Expression of proteins

RTBV isolates used for the analysis

c
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Then, 0.5 pl of the virus sample, with an optical density
of 3.0 at 260 nm, was loaded onto the sample plate and
.i

Different primers were designed to amplify specific
sequences from the RTBV genomes (Table 2). PCR fragments corresponding to domains MPI, MP2, CPI, CP2,
MPl-CP, and MP2-CP were cloned into an expression
vector pET28 (Novagen). PCR fragments corresponding
to domains CP3 and IR were cloned into pTrcHisA (InVitrogen). The resulting plasmids were designated pMPI,
pMP2, pCP1, pCP2, pCP3, pMPlCP, pMP2CP, and plR
and allowed synthesis of peptides corresponding to regions between residues 1-210, 201-445, 401-606, 492606, 506-775, 1-606, 201-606, and 806-961, respectively.
Peptides were expressed in E, colistrain BL21/DE3 (pLys
S), except for pTrcHis-derived constructs, which were
induced in DH5a. Expression was induced as previously
described (Jacquot et a/., 1996).
Antibodies and Western blot analysis
Peptides expressed in bacteria were used to immunize rabbits and raise antisera as follows. Proteins from
the bacterial lysate were separated by 18% SDS-PAGE
and stained with Coomassie blue. Gel bands containing
-80 p g of peptides were excised and crushed in PBS
buffer (v/v), The crushed gel was then emulsified with an
equal volume of complete Freund's adjuvant and divided
into two fractions before being subcutaneously injected
into two rabbits. Injections of proteins emulsified with
incomplete Freund's adjuvant was performed every 2
weeks, and rabbits were bled 1 week after each injection. Peptides MP1, MP2, CPI, CP2, and CP3 were used
to produce Ab-MP1, Ab-MP2, Ab-CPI, Ab-CP2, and AbCP3, respectively. An antiserum (Ab-RTBV) was also
raised against purified virions.
Proteins were subjected to electrophoresis in SDSPAGE (14% polyacrylamide) (Laemmli, 1970) and transferred to a nitrocellulose membrane. Blots Were incubated with the appropriate antiserum at a 1:5000 dilution
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using the Biomax chemiluminescent detection system
(Kodak).

NEPHGE
Viral particles were subjected to NEPHGE according
to OFarrel et al. (1977),using X-CellIl apparatus (Novex).
Ampholines in the pH range of 3.0-10.0 were used, and
running conditions were 100 V for 15 min, 200 V for 15
min, and 400 V for 35 min. The second dimension was
run on a 14% SDS-polyacrylamide gel. Gels were then
subjected to Western blotting.
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