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Abstract 

Clam virus (CV HB-1) isolated from hard clam Meretrix lusoriu, typed as infectious pancreatic 
necrosis virus (IPNV) Ab serotype, was employed for the present study. The structural polypeptides 
of purified virus generated by serial undiluted and diluted passaging were analyzed using sodium- 
dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The results indicated that in VP2, 
the virus particles of serial undiluted passaging had viral polypeptides smaller than those of serial 
diluted passaging. Furthermore, a polypeptide with a molecular mass of 105 kDa was found in the 
serial undiluted virus preparation. Further analysis by monoclonal antibodies showed that VP105 
might be a polyprotein produced by genomic RNA segment A. To investigate the sequential changes 
of viral polypeptides of the virus preparation at high multiplicity infection, the viral polypeptides at 
each undiluted passage were analyzed by SDS-PAGE followed by immunoblotting. The results 
indicated that VP105 was present by undiluted passage 7, while the smaller VP2 was present by 
undiluted passage 10. The amount of smaller VP2 and VP105 increased as the number of passages 
increased. 
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1. Introduction 

Infectious pancreatic necrosis virus (IPNV) is an economically important fish pathogen 
and is the prototype of the Birnaviridae family characterized by a bisegmented, double- 
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stranded RNA genome and an unenveloped, single-layer, icosahedral capsid (Dobos et al., 
1979; Brown, 1986). This family also includes infectious bursal disease virus (IBDV) of 
chicken, Drosophila X virus (DXV) and other aquatic viruses isolated from fish and 
molluscs (Dobos et al., 1979; Kibenge et al., 1988; Lo et al., 1988; Teninges et al., 1979; 
Ueno et al., 1984). 

There are at least four proteins coded by genomic RNA segment A and B. The large 
segment A RNA encodes the precursor of major capsid protein (VP2), the internal virion 
protein (VP3), and the nonstructural protein (NS), and the small segment B RNA encodes 
the RNA-dependent RNA polymerase (VP1 ) (MacDonald and Dobos, 1981). Genomic 
RNA segment A contains a single large open reading frame, capable of encoding 106K 
polyproteins and the genes are arranged in the order of 5’-preVP2-NS-VP3-3’ (Duncan 
and Dobos, 1986; Huang et al., 1986; Nagy et al., 1987). NS protein is an autocatalytic 
protease and solely responsible for both VP2/NS and NS/VP3 cleavages (Duncan et al., 
1987; Manning et al., 1990). 

The interference phenomenon exhibited by IPNV was reported by many authors (Nich- 
olson and Dunn, 1974; , Ahne, 1977; MacDonald and Kennedy, 1979; Hedrick and Fryer, 
1981, 1982; Hedrick et al., 1986; Lo et al., 1990, 1991). The defective interfering (DI) 
particles were considered to be responsible for the interference. Successive passage at high 
multiplicity of infection (MOI) would enhance production of DI particles. Since, to date, 
it has been impossible to separate DI particles from standard virus (SV) by density gradient 
centrifugation, we had previously characterized CV HB- 1 DI particles by analyzing virion 
polypeptides and genomic RNA from DI-enriched and SV-enriched virus populations 
derived from serial undiluted and diluted ( 10p4) passaging respectively. A subgenomic 
RNA segment A and truncated VP2 proteins were detected in DI-enriched virus populations. 
No differences between DI-enriched and SV-enriched virus preparations were observed in 
the size of VPl, VP3 and genomic RNA segment B (Lo et al., 1991). 

In the present work, we analyzed virion polypeptides at each undiluted passage in order 
to know the sequential changes of virion polypeptides of the virus propagated at high MOI. 

2. Material and methods 

Cells and viruses 

Clam virus (CV HB- 1) , an Ab strain of IPNV, isolated from hard clam, Meretrix Zusoria, 
was used in this study (Lo et al., 1988; Lipipun et al., 1988, 1989; Chi et al., 1991). Virus 
stock was first passaged in TO-2 cells (Chen et al., 1983) by five rounds of limiting dilution. 
Serial undiluted (MO1 = lo3 TCID,,/cell at initial passage) and lop5 diluted (MO1 = 0.01 
TCIDJcell) passaging of CV HB-1 virus was carried out with the same procedure as 
described by Lo et al. (1991) except that the infected cells were incubated at 28’C. The 
titer of the released virus (RV) of each passage was estimated in TO-2 cells at 20°C and 
shown by TCID,,/O. 1 ml. 

Analysis of viral polypeptide composition of virus particles from passage 2 of undiluted or 
IO- 5 diluted passaging 

Virus particles with buoyant density of 1.33 g/ml in CsCl were prepared with a procedure 
described by Lo et al. (1991). Virion polypeptide composition was analyzed with 10% 
SDS-PAGE and stained with silver stain. 
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Sequential changes of virion polypeptides of virus propagated at high MOI 
The cell-associated virus (CAV) from each passage was collected by centrifugation from 

one 25T flask of infected cells, resuspended in 100 ~1 phosphate buffer and divided into 
ten fractions which were stocked at - 20°C before use. The virion polypeptide profiles of 
the prepared CAV were analyzed by Western immunoblot with the use of polyclonal 
antibodies produced by hyperimmunization of rabbit with CV HB- 1 virus particles purified 
from passage 50 of undiluted passaging (Lo et al., 1991) . 

Analysis of viral polypeptide composition of serial undiluted and 1O-5 diluted virus prep- 

arations with monoclonal antibodies (mAbs) against VP2 and VP3 
SDS-PAGE minigel system and immunostaining with mAbs after blotting were employed 

to analyze viral polypeptide profiles of CAV from passage 10 of undiluted and lo-’ diluted 
virus preparations. MAbs used in this study included the mixture of four mAbs against VP2 
(Eb l-4) and the mixture of seven mAbs against VP3 (Er l-7) (Chi et al., 1991,1993). 

3. Results 

Viral autointerference of CV HB-I in TO-I cells under serial passage with high MOI 

Fig. 1 shows the comparison of virus in culture fluid from 21 serial passages when 
undiluted and at lop5 dilution. In serial undiluted passaging, the virus yield declined and 
the virus titer fluctuated from 104.5 to 108.4 TCID,O/O.l ml. The results indicated that serial 
undiluted passaging of CV HB- 1 could induce autointerference in TO-2 cells while the virus 
passaging at 10 ~’ dilution showed little interference. 

Analysis of viral polypeptide composition of purified virus from passage 21 of undiluted 

and IO-’ diluted virus preparations 
The structural polypeptides of the purified virus particles of passage 21 from undiluted 

and diluted virus preparations were analyzed using SDS-PAGE (Fig. 2). The results showed 
that three viral polypeptides, VP1 (molecular mass 94 kDa) , VP2 (49 kDa) and VP3 (32 

Fig. 1. The comparison of virus in culture fluid from 21 serial passages, undiluted and at 10m5 dilution. 
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Fig. 2. The slructural polypeptide of the purified virus particles of passage 21. (A), VP105, VPl. VP2 and VP3 
of viral polypcptides (lane 1. mixture of diluted and undiluted virus preparations; lane 2, diluted virus preparation; 
lane 3. undiluted virus preparation); (B), high magnification of VP2 of undiluted virus preparation with a lesser 
amount of SV loading sample for SDS-PAGE in order to show the VP47, VP48 and VP49 (lane 1, undiluted virus 
preparation; lane 2, mixture of diluted and undiluted virus preparations; lane 3, diluted virus preparation). The 
positions of known protein molecular mass markers ( X 10’ kDa) in the same gel are shown on both sides of the 
photo. 
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Fig. 3. Western blot analysis of serial undiluted virus preparation showing the sequential change of viral polypep- 

tides during serial undiluted passage. The passage number is shown at the top of the photo and molecular mass 
( x 10’ kDa) of VP47, VP48 and VP105 is also indicated. Passages O-1 1 and passages 12-13 were analyzed in 

two different gels. 
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Fig. 4. Analysis of VP105 with mAbs. (A), lane 1, undiluted virus preparation reacted with rabbit polyclonal 

antibodies; lane 2, undiluted virus preparation reacted with anti-VP3 mAbs; lane 3, diluted virus preparation 

reacted with anti-VP3 mAbs; (B), lane 1, undiluted virus preparation reacted with rabbit polyclonal antibodies; 

lane 2, undiluted virus preparation reacted with anti-VP2 mAbs; lane 3, diluted virus preparation reacted with 

anti-VP2 mAbs. 

kDa) were detected in diluted virus preparations, while five viral polypeptides, VP105 ( 105 
kDa) , VP94, VP48 (48 kDa) , VP47 (47 kDa) and VP3 were detected in undiluted virus 
preparations. VP48 and VP47 were regarded as truncated VP2. 

The results indicated that VP2 present in virus particles after serial undiluted passage 
was a little smaller than VP2 in serial diluted virus preparation. Furthermore, VP105 was 
unique in the serial undiluted passaging virus preparation. 
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Sequential changes of viral polypeptide projile during serial undiluted passage 
Fig. 3 shows the Western blot analysis of undiluted passaging virus polypeptides. The 

VP105 was initially detected at passage 7 while the smaller VP2 was initially detected at 
passage 10. The sequential changes of the viral polypeptides in the subsequent passage were 
readily observed. The amount of those smaller VP2 and VP105 increased as the number of 
passages increased. 

Analysis of VP105 with mAbs against VP2 and VP3 
Since VP105 was unique in serial undiluted virus preparation, further analysis with mAbs 

against VP2 and VP3 was carried out in order to know the nature of VP105 (Fig. 4). The 
results indicated that VP105 could react with anti-VP3 mAbs, but not with anti-VP2 mAbs, 
and that VP105 contained part of, if not all, VP3. 

4. Discussion 

The virus for the present study was isolated from the gill of hard clam (M. lusoria) and 
was defined as Ab serotype based on its biochemical properties, reciprocal neutralization 
test and mAb reaction patterns (Lo et al., 1988; , Chi et al., 1991). However, CV HB-1 
could be distinguished from Ab type strain by mAb E3 (Caswell-Reno et al., 1989; Lipipun 
et al., 1989). In our previous studies, we have found that the autointerference of CV HB-1 
always occurred in TO-2 cells infected with the virus at high MO1 and the DI particles were 
considered to be responsible for the interference (Lo et al., 1990). By comparing the 
polypeptides and RNA in virus particles purified from lop4 diluted and undiluted virus 
preparations at passages 40 and 50, it was revealed that ( 1) the virus particles of undiluted 
virus preparation had VP2 polypeptides smaller than those of standard virus, and (2) 
subgenomic segment A RNA was found in virus particles of undiluted virus preparation. 
This evidence suggested that DI particles of CV HB-1 was a deletion mutant of standard 
virus (Lo et al., 1991). Lowered affinity of VP2 to mAbs in serial undiluted passage of CV 
HB- 1 was also observed, which indicated some changes did occur on VP2 during the serial 
undiluted subcultures (Chi et al., 1993). 

In the present study, we report for the first time the sequential changes of viral polypeptides 
during serial subcultures at high MOI. Furthermore, we have also partially characterized 
the protein, VP105, which was unique in undiluted virus preparations. VP105 could be 
recognized by anti-VP3 mAbs but failed to be recognized by anti-VP2 mAbs in the present 
study. However, more antibodies against VP2 and NS should be prepared in order to further 
investigate the nature of VP105. 

The genome A-segments of IPNV and IBDV each contained a single open reading frame 
of approximately 2900 bases (Duncan and Dobos, 1986; Hudson et al., 1986). It was 
reported that a polyprotein containing NH3-preVP2-NS-VP3-COOH was synthesized first 
by transcription of the A-segment and that the proteolytic activity of NS was involved in 
the processing of this polyprotein (Huang et al., 1986; Hudson et al., 1986; Manning et al., 
1990). The polyprotein had been found in cell-free translation of A-segment transcripts of 
IPNV (Duncan et al., 1987) and the bacterial expression of the A-segment of IBDV ( Azad 
et al., 1987; Jagadish et al., 1988), but had never been observed in the infected cells, 
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possibly due to the fast processing of the polyprotein to preVP2, NS, and VP3. From the 
size of VP105 found in the present study, it is highly possible that VP105 is a polyprotein 
translated from A-segment transcript. Mutations may occur in VP105 which may prohibit 
the protein from being processed to preVP2, NS and VP3, and, thus, retained in the infected 
cells. 
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