
JOURNAL OF VIROLOGY,
0022-538X/98/$04.0010

Sept. 1998, p. 7681–7684 Vol. 72, No. 9

Copyright © 1998, American Society for Microbiology. All Rights Reserved.

Classical Swine Fever Virus Leader Proteinase Npro Is Not
Required for Viral Replication in Cell Culture
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The sequence encoding the viral leader proteinase Npro was replaced by the murine ubiquitin gene in a
full-length cDNA clone of the classical swine fever virus (CSFV) strain Alfort/187. The recombinant virus
vA187-Ubi showed growth characteristics similar to those of the parent vA187-1 virus. At two occasions cells
infected with vA187-Ubi exhibited a cytopathic effect and were found to contain a subgenomic viral RNA. This
RNA lacked the same viral genes as the subgenomic RNA which has been found in all cytopathogenic CSFV
strains analyzed so far, but it maintained the ubiquitin sequence.

The family Flaviviridae comprises three genera, the flavivi-
ruses, the pestiviruses, and the hepatitis C viruses (17). While
the overall genome organization is similar for all three genera,
only the pestiviruses encode a nonstructural protein at the 59
terminus of the open reading frame (11). This protein is an
autoproteinase termed Npro (for N-terminal proteinase) which
cleaves at its C terminus between amino acid residues Cys-168
and Ser-169 of the viral polyprotein, which are conserved
among pestiviruses (15). As Npro precedes the nucleocapsid
protein (C) in the viral polyprotein, the amino terminus of C is
generated upon cleavage. Rümenapf and coauthors (14) have
recently shown that Npro is a novel type of cysteine proteinase
with no precedence in a viral system but which has some
similarity to the subtilisin-like proteinases. An N-terminal au-
toproteinase is also encountered in aphthoviruses, which are
positive-strand RNA viruses belonging to the family Picorna-
viridae (12). This proteinase, also referred to as leader protein-
ase, belongs to the papain family of proteinases (7). In addition
to cleaving itself off the polyprotein, it causes the proteolytic
degradation of the 220-kDa subunit of the eukaryotic initiation
factor 4G and thus contributes to the shutoff of cap-dependent
host cell protein synthesis (2). However, the aphthovirus leader
proteinase gene is not required for viral replication in cell
culture (8).

To explore the role of Npro in classical swine fever virus
(CSFV) replication, we generated synthetic full-length viral
RNA in which the coding sequence for Npro was replaced by
the gene coding for the murine ubiquitin gene. In eukaryotic
cells ubiquitin is cleaved immediately after its C-terminal gly-
cine by cellular ubiquitin carboxyl-terminal hydrolase (UCH)
(9). Thus, we expected that translation of viral RNA in which
the ubiquitin gene is fused in frame to the gene encoding the
viral nucleocapsid would allow the synthesis of authentic C.
This approach has been used before to generate defined N
termini of viral proteins in host cells (3). Ubiquitin-coding
sequences have also been found as insertions in some cyto-
pathogenic (cp) bovine viral diarrhea viruses (BVDV). Inser-
tion of ubiquitin-coding sequences or of other cellular or viral
sequences apparently occurs by nonhomologous recombina-

tion in animals persistently infected with noncytopathogenic
(ncp) BVDV. In all cases analyzed so far, the ubiquitin gene is
inserted at the identical position in the BVDV genome, pro-
viding a processing signal for cellular UCH which leads to the
generation of NS3 protein. Independently of the type of re-
combination, the cytopathogenicity of BVDV always correlates
with expression of NS3, whereas in ncp BVDV, NS3 is exclu-
sively expressed as a fusion NS2-3 protein (for a review, see
reference 5).

Construction of pA187-Ubi. The murine ubiquitin gene was
released from plasmid pTM3/HCV/Ubi-NS5B (kindly pro-
vided by C. Rice, Washington University School of Medicine,
St. Louis, Mo.) by BglII-to-BamHI cleavage. This fragment
comprising the complete ubiquitin gene (228 nucleotides [nt])
except the 7 59-terminal nt including the AUG start codon was
subcloned in a pBluescriptIISK(1)-derived plasmid carrying a
BglII site to obtain pBS-Ubi. To engineer the ubiquitin gene
into the CSFV Alfort/187 cDNA clone pA187-1, the respective
viral DNA sequences were inserted upstream and downstream
of the ubiquitin sequence in pBS-Ubi. Briefly, from plasmid
pAT7G1 (13), structurally corresponding to pA187-1 but con-
taining only the 59-terminal 778 nt of the genome, a PCR frag-
ment was synthesized by using a sense primer located upstream
of the viral sequence in the backbone vector and antisense
primer NTR-R2 (59GAAGATCTGCATGTGCCATGTACA
GCAGAG39), which comprises the last 18 nt of the 59 non-
translated region (59 NTR) of the viral genome and the start
codon as well as a BglII site (underlined) to allow in-frame
fusion to the ubiquitin sequence. The PCR product was di-
gested with BglII endonuclease, which cleaves 20 nt upstream
of the viral cDNA insert in pAT7G1 as well as within the
antisense primer NTR-R2, and the resulting BglII fragment
was inserted into the respective site of pBS-Ubi to obtain
pBS-NTR-Ubi. Plasmid pAT7G1P-4 (13) was used as a sub-
strate to synthesize a PCR fragment for insertion downstream
of the ubiquitin gene in pBS-NTR-Ubi. The sense primer P14-
L2 (59CGGGATCCGATGATGGCGCAAGTGGAAG39)
corresponds to the 59-terminal sequence of the nucleocapsid
gene starting with the codon TCC (in boldface type) and con-
tains a BamHI site (underlined) for fusion to the ubiquitin
gene. The antisense primer (MR1) corresponds to a sequence
stretch around nt 2570 of the viral genome within the gene
encoding envelope protein E2 and contains a BamHI site. The
1.7-kb PCR fragment was cleaved with BamHI and inserted
into the respective site of pBS-NTR-Ubi. From the resulting
plasmid, pBS-NTR-Ubi-C, the EagI-to-SpeI (nt 82 and 2420 of
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the Alfort/187 genome, respectively) fragment was released
and used to replace the respective sequences in plasmid
pA187-59. This plasmid contains nt 1 to 6437 of the viral cDNA
and was obtained by deletion of the viral sequences located
downstream of the unique BamHI site at nt 6437 in plasmid
pA187-1. Finally, the EagI (nt 82)-to-KpnI (nt 4453) fragment
was released from the latter construct and used to replace the
corresponding sequences in the full-length clone pA187-1 to
obtain pA187-Ubi (Fig. 1).

Generation of infectious vA187-Ubi virus. Linearization of
pA187-Ubi DNA with SrfI, in vitro RNA transcription, and
lipofection of the RNA into porcine SK-6 cells were performed
exactly as described before (13). Two micrograms of the runoff
RNA transcripts were transfected into SK-6 cells seeded the
day before in six-well dishes at a concentration of 106 cells/well.
Forty-eight hours after transfection, the culture medium was
collected and the cells were tested for expression of viral en-
velope protein E2 by an indirect immunoperoxidase assay us-
ing monoclonal antibody HC/TC26 as described elsewhere (6).
Several cell foci stained positive, indicating that the RNA was
infectious. Supernatant was passaged on SK-6 cells and the
virus, vA187-Ubi, released by two cycles of freezing and thaw-
ing 48 h after infection. Analysis of the viral RNA by reverse
transcription (RT)-PCR after one and three virus passages
confirmed the presence of the ubiquitin gene in the viral ge-
nome (not shown).

The growth kinetics of vA187-Ubi (passage-2 virus) and of
the parent recombinant virus vA187-1 was compared by par-
allel infection of SK-6 cultures at a multiplicity of infection of
2. Virus was extracted at various times after infection by freez-
ing and thawing of the cells and was titrated (Fig. 2). Both
viruses grew to similar titers, 108.5 and 108.7 50% tissue culture
infective doses/ml, respectively, but vA187-Ubi showed a pro-
longed lag phase compared to vA187-1 (titer, .2 log units
lower at 8.5 h after infection).

Subgenomic RNA and CPE. Recently we have described the
spontaneous appearance of a defined subgenomic viral RNA
in porcine kidney cells persistently infected with CSFV. This

subgenomic RNA lacks 4,764 nt of the open reading frame of
the viral genome, including the genes coding for all structural
as well as for the nonstructural proteins Npro and NS2. Gen-
eration of the subgenomic RNA was always accompanied by a
cytopathic effect (CPE) and occurred spontaneously. In one
culture it was observed as early as after 8 passages of the
infected cells, whereas in another culture the CPE occurred
only after 94 cell passages. Furthermore, the subgenomic RNA
was found to be packaged to give defective particles which
induced a CPE when inoculated into noninfected cells (6). To
determine if subgenomic viral RNA was also generated in cells
persistently infected with a recombinant virus in which the Npro

gene was replaced, we infected SK-6 cells with vA187-Ubi at a
multiplicity of infection of 0.1 and passaged the cells twice
weekly. After two cell passages a CPE was observed. Inocula-
tion of noninfected SK-6 cells with supernatant from the latter
culture again resulted in a CPE, indicating the presence of the
expected cytopathogenic defective particles in the inoculum.
Northern blot analysis (Fig. 3) of RNA obtained by Trizol
(Gibco BRL) extraction (6) of the cells which showed a CPE
confirmed the presence of a subgenomic viral RNA (lane 4). It
had a size (;8 kb) similar to that of subgenomic RNA derived
from cells infected with cp vA187-1 (lane 1). To further char-
acterize the subgenomic RNA, we performed RT-PCR using
primers CSFL001 and PR5, corresponding to nt 1 to 21 and nt
5596 to 5577 of the Alfort/187 genome, respectively (Fig. 4).
These primers were designed to obtain a PCR product con-
taining the sequences flanking the expected deletion of the
subgenomic RNA. A PCR fragment of ;1 kb was obtained
and sequenced directly (not shown). The sequence obtained
across the deletion of the subgenomic RNA is shown in Fig. 4.
In this RNA exactly the same region of the genome is deleted
as in the subgenomic RNA of wild-type CSFV, namely, the
complete viral coding sequence located upstream of the pre-
sumed NS3 gene. However, the vA187-Ubi-derived sub-
genomic RNA maintained the ubiquitin gene and conse-
quently was approximately 200 bp longer than the former
subgenomic RNA (compare lanes 1 and 4 in Fig. 3). We ob-
served the generation of the same cp subgenomic RNA of
vA187-Ubi at a second occasion. This occurred after seven

FIG. 1. Diagram of the wild-type CSFV vA187 genome (A) and of the
vA187-Ubi genome (B). The 59-terminal nontranslated region (59NTR) and the
coding region (boxed) of the genome are shown. Sequences surrounding the ends
of the Npro (A) and the ubiquitin gene (B) are given as cDNA. Restriction sites
related to the construction of vA187-Ubi are underlined.

FIG. 2. Growth curves of wild-type vA187-1 and vA187-Ubi. SK-6 cells
seeded in 25-cm2 flasks (2 3 106 cells/flask) were infected at a multiplicity of
infection of 2, either with wild-type vA187-1 or with vA187-Ubi. After 1 h at
37°C, cells were washed and incubated in fresh medium for up to 48 h. At
different time points postinfection, the cultures were frozen and thawed twice
and the virus contained in the cleared supernatants was titrated on SK-6 cells.
TCID50, 50% tissue culture infective dose.
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virus passages during routine virus passage in SK-6 cells (not
shown).

Discussion. The data presented here show that the Npro

gene of CSFV can be replaced by the murine ubiquitin gene.
The mutant virus vA187-Ubi proved to replicate in porcine
kidney SK-6 cells to titers similar to those of the parent virus
vA187-1. The only difference observed was a slight delay in the
growth kinetics, which was most pronounced between 6 and
12 h after infection (Fig. 2). This could be due to different
kinetics of the cleavage reaction. Whereas C-terminal autocat-
alytic cleavage of Npro is expected to occur cotranslationally,
removal of the ubiquitin moiety from the polyprotein by cel-

lular UCH might occur in a more delayed fashion. Our findings
suggest that at least in cell culture the Npro gene product has
no essential function besides autocatalytic cleavage at its C
terminus to generate the N terminus of the viral nucleocapsid
protein. An authentic N terminus of C could be crucial for
virus replication, as we did not succeed in obtaining a viable
virus after deletion in the viral RNA of the complete Npro gene
except six nucleotides (AUGGGG) which added a methionine
and a glycine residue to the amino terminus of C (data not
shown). Whether Npro has any additional role in the CSFV life
cycle or in the pathogenesis of classical swine fever remains to
be investigated. Preliminary results obtained after intranasal
infection of pigs suggest that vA187-Ubi is completely aviru-
lent compared to parent vA187-1, which is a moderately viru-
lent virus. Serum anti-CSFV antibodies were detected 22 days
after infection with vA187-Ubi, indicating replication of the
virus in the host animal. In contrast, pigs infected with wild
type CSFV strain Alfort/187 regularly become seropositive be-
tween 10 and 14 days postinfection. These findings indicate
that vA187-Ubi could be useful for further studies towards the
development of a live viral vaccine. Interestingly, Brown and
coworkers (1) have recently reported a leaderless foot-and-
mouth disease virus which is avirulent yet induces an immune
response in cattle. The fact that the ubiquitin gene could be
inserted immediately downstream of the authentic AUG of the
viral large open reading frame indicates that the internal ribo-
some entry site of CSFV (10) does not extend beyond the
initiation codon. Further support for this is provided by the
subgenomic RNA of CSFV, which is associated with cyto-
pathogenicity of the respective virus stock (4, 6). This RNA
seems to be translated very efficiently although it lacks the
4,764 nt following the AUG.

Meyers and Thiel (4) have described three independent cp
CSFV isolates for which in addition to genomic RNA a sub-
genomic RNA carrying the same internal deletion was identi-
fied in infected cells. On several occasions we have observed
the spontaneous generation of the identical subgenomic RNA
in SK-6 cells persistently infected with CSFV strain Alfort/187
at the time when a CPE occurred (6). In 1 out of 10 cultures
analyzed it was observed after as few as eight cell passages
whereas three cultures did not experience a CPE even when
passaged 100 times. Thus, in this experimental setup, genera-
tion of cp subgenomic RNA seems to be not only a random but
also a rare event. Furthermore, we and others (4) have never
detected subgenomic RNA and/or a CPE in cells acutely in-
fected with naturally occurring CSFV strains or isolates. Inter-
estingly, with the mutant virus vA187-Ubi we have observed a
CPE and at the same time the generation of subgenomic RNA
after seven virus passages and in infected SK-6 cells after as
few as two cell passages. The subgenomic RNA had the same
structure as the CSFV subgenomic RNA described before, but
in both cases it contained the ubiquitin gene. Thus, the 39 (but
not the 59) recombination site is the same as in all subgenomic
RNAs of pestiviruses described so far (5, 6, 16), supporting the
hypothesis that the ability of pestiviruses to exhibit a cp phe-
notype is connected with recombination at this specific site (5).
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