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ABSTRACT
Equine arteritis virus (EAV) is a positivestrand RNA virus that uses a discontinuous transcription
mechanism to generate a nested set of six subgenomic mRNAs
from which its structural genes are expressed. A stable
bacterial plasmid (pEAV030) containing a full-length cDNA
copy of the 12.7-kb EAV genome was constructed. After
removal of a single point mutation in the replicase gene, RNA
transcripts generated in vitro from pEAV030 were shown to be
infectious upon electroporation into BHK-21 cells. A genetic
marker mutation was introduced at the cDNA level and
recovered from the genome of the progeny virus. The potential
of pEAV030 as a tool to express foreign genes was demonstrated by the efficient expression of the chloramphenicol
acetyltransferase (CAT) reporter gene from two different
subgenomic mRNAs. The point mutation that initially rendered the full-length clone noninfectious was found to result
in a particularly intriguing phenotype: RNA carrying this
mutation can replicate efficiently but does not produce the
subgenomic mRNAs required for structural protein expression. To our knowledge, this mutant provides the first evidence
that the requirements for arterivirus genome replication and
discontinuous mRNA synthesis are, at least partially, different
and that these processes may be separated experimentally.

FIG. 1. Genome organization and expression of the arterivirus
prototype equine arteritis virus (EAV). (Upper) EAV genome and its
ORFs, the replicase polyproteins, and the nested set of subgenomic
mRNAs (RNAs 2–7). The black box represents the common leader
sequence. The structural proteins GS, GL, M, and N are encoded by
the ORFs 2, 5, 6, and 7, respectively. (Lower) The cDNA clones (10)
and restriction sites used for the construction of pEAV030 are shown.
The HindIII site at nt 6973, which was created in pEAV030H by the
introduction of a marker mutation, and the position of Ser-2429 in the
replicase polyprotein, are indicated.

The genetic modification of RNA virus genomes depends on
the availability of full-length cDNA clones from which functional RNA transcripts can be generated. In the case of
positive-strand RNA viruses, the naked (recombinant) genome is infectious: it functions as the mRNA for viral replicase
translation, and an infection can simply be initiated by transfection of a permissive host cell. On the basis of virion
structure, genome organization and replication strategy, four
major groups of animal positive-strand RNA viruses have been
distinguished. For three of these groups, the picornaviruses,
togaviruses, and flaviviruses, the construction of infectious
cDNA clones has been described (1–7). Their availability has
increased our understanding of many aspects of the replication
and pathogenesis of these viruses, and has created new possibilities for vaccine development and heterologous protein
expression (8, 9).
The fourth major group of animal positive-strand RNA
viruses is comprised of the coronavirus and arterivirus families, which have recently been united in the new order of the
Nidovirales (Tenth International Congress of Virology, Jerusalem, August 1996). Despite the remarkable differences in
virion architecture and genome size (13–15 kb for arteriviruses, 27–32 kb for coronaviruses), an evolutionary link be-

tween these virus groups has been postulated (10, 11). The
genomes of both virus groups are polycistronic (Fig. 1), and
comparative sequence analysis strongly suggested that their
replicase genes, but not their structural genes, are related by
common ancestry. The nidovirus replicase is encoded by two
large ORFs, 1a and 1b, of which the latter is expressed by
ribosomal frameshifting (10, 12). The ORF1a and ORF1ab
replicase polyproteins are processed extensively by a number
of ORF1a-encoded proteinases (for reviews, see refs. 13 and
14). A key feature of nidovirus replication is the expression of
the downstream structural genes (Fig. 1) from a nested set of
subgenomic mRNAs that is generated by discontinuous transcription (for reviews, see refs. 15–17). In addition to being
39-coterminal, the subgenomic mRNAs also contain a common 59 ‘‘leader’’ sequence, which is derived from the 59 end of
the genomic RNA (Fig. 1). Despite numerous reports, the
details of coronavirus discontinuous transcription are poorly
understood. The 39 end of the common leader is complementary to the promoter sequence for subgenomic mRNA tranAbbreviations: BHK, baby hamster kidney; CAT, chloramphenicol
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scription, of which multiple copies are present in the genomelength negative strand. This complementarity suggests a base
pairing step between these two elements during discontinuous
transcription and led to the early proposal of the so-called
‘‘leader-primed transcription model’’ (18, 19). Renewed discussion was incited by the more recent detection in infected cells of
a set of subgenomic minus strands, complementary to the subgenomic mRNAs (20–23). Several transcription models, including polymerase jumping during minus-strand RNA synthesis,
have now been put forward and are not necessarily mutually
exclusive (21, 24–26). Although studied in less detail, the mechanism of arterivirus subgenomic RNA transcription appears to
be, in essence, identical to that of coronaviruses (23, 27–29).
Obviously, an infectious cDNA clone would be an important
tool to study the unique features of nidovirus replication and
transcription. Compared with coronaviruses, the considerably
smaller genome size of arteriviruses offers important advantages. The 12.7-kb genome of EAV, the arterivirus prototype
(10, 30), is infectious upon transfection (31) and during
replication six subgenomic mRNAs are generated (Fig. 1). This
report describes the construction of pEAV030, the first infectious nidovirus cDNA clone. The potential for heterologous
gene expression from EAV subgenomic mRNAs was demonstrated by using a reporter gene. Fortuitously, we also obtained
a noninfectious cDNA clone that carries an intriguing replicase
point mutation. RNA containing this mutation replicated
efficiently, but no virus particles were produced due to the fact
that subgenomic mRNA synthesis, and therefore also the
expression of viral structural proteins, was blocked.

METHODS
Cells and Virus. Baby hamster kidney cells (BHK-21; ATCC
CCL10) and the EAV Bucyrus strain (32) were used for all
experiments. As usual, infection experiments with EAV were
carried out at 39.58C, because this elevated temperature
substantially reduces the replication time of the virus (27).
Determination and Reconstruction of the 5* End of the EAV
Genome. Direct RNA sequencing was performed according to
the method of Fichot and Girard (33). The most 59 EAV
nucleotide was determined using the 59-Amplifinder RACE
kit (CLONTECH) to perform the single-strand ligation to
single-stranded cDNA procedure (34). Using a PCR, cDNA
clone 586 (Fig. 1) was extended with the newly determined 59
sequence. At the same time, an upstream NotI restriction site
and T7 RNA polymerase promoter were introduced.
Construction of Full-Length EAV cDNA Clones. The initial
full-length clone, pEAV030F, was constructed in plasmid
pUC18 following a multistep strategy based on the genomic
cDNA library (Fig. 1) (10). The correct 59-terminal sequence
and upstream T7 RNA polymerase promoter were derived
from the extended version of clone 586 described above. At the
39 end, the short poly(A) tail present in cDNA clone 108 was
extended to '140 nt and a unique downstream XhoI restriction
site was introduced. Details of this procedure will be published
elsewhere. Subsequently, a point mutation at nt 7508 was
removed from pEAV030F using a newly generated reverse
transcription–PCR (RT-PCR) fragment. RNA transcribed
from this new clone, pEAV030, was infectious. Finally,
pEAV030H was created by introducing a marker mutation into
pEAV030. Using PCR mutagenesis (35), nt C-6973 was replaced by A, creating a HindIII restriction site in the ORF1b
region.
pEAV030-Based Chloramphenicol Acetyltransferase (CAT)
Expression Vectors. A restriction fragment containing the
CAT reporter gene was inserted upstream of ORF7 into a
HindIII site (nt 12,303) in pEAV030H. Clones containing the
CAT gene in the sense and antisense orientation were obtained and were named pEAVCAT7 and pEAVTAC7, respectively. An NcoI restriction site was engineered at the ORF2
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initiation codon in pEAV030H (nt 9824) and pEAVCAT2 was
obtained by inserting the CAT gene between this novel NcoI
site and a downstream ORF2 PstI site (nt 10,046).
RNA Transcription and Transfection. Full-length transcripts were generated in vitro from XhoI-linearized plasmid
DNA. The reaction conditions have been described (23), but
NTP concentrations were raised to 1 mM each and 1 mM of
capping analog [m7G(59)ppp(59)G; GIBCOyBRL] was added.
The RNA quality and yield were assessed by agarose gel
electrophoresis and spectrophotometry. RNA transcripts were
introduced into BHK cells by means of electroporation. Cells
were grown to subconfluence, trypsinized, washed with PBS,
and resuspended in PBS at a concentration of 107 cells per ml.
RNA transcript (10–20 mg) was added to 600 ml of this cell
suspension in an electroporation cuvette (0.4 cm diameter).
Two pulses of 850 V, 2310 V, and 25 mF were given with an
Equibo EasyJect Plus electroporator (Eurogentec, Liège, Belgium), after which the cells were seeded and incubated at
39.58C. For plaque assays, electroporated cells were allowed to
attach to the surface for 2 hr. Subsequently, fresh BHK cells
were added to obtain a confluent cell layer. After another
hour, superfluous cells were removed and an agar overlay was
applied. Plaques were detected after 48–72 hr at 39.58C.
Immunof luorescence Assays (IFAs). Cells were formaldehyde-fixed as described (36). A rabbit antiserum directed
against nonstructural protein 2 (nsp2) (37) was used to detect
EAV replicase synthesis. Antisera directed against various
structural EAV proteins have been described (38, 39) and were
kindly provided by A. Glaser and A. A. F. de Vries (Utrecht
University). A CAT-specific rabbit antiserum was purchased
from 5 Prime 3 3 Prime Inc.
RNA Analysis. Procedures for metabolic RNA labeling,
RNA isolation, and RNA electrophoresis have been described
(29). Poly(A)-selection was carried out using the batch method
described by Sambrook et al. (40). Metabolic RNA labeling
was performed using 250 mCi (1 Ci 5 37 GBq) of [3H]uridine
per ml of medium, in the presence of 10 mgyml of dactinomycin
to inhibit host RNA synthesis.
RT-PCR to Detect the Marker Mutation. RT reactions on
intracellular (i.c.) RNA from transfected cells were carried out
using Moloney murine leukemia virus reverse transcriptase
(GIBCOyBRL). For the RNA1 RT-PCR, an RT primer
complementary to nt 7534–7550 was used. Subsequently, a
PCR was performed using the RT primer and a primer
corresponding to nt 6335–6355. For the RNA7 RT-PCR, an
RT primer complementary to nt 12,680–12,707 (the genomic
39 end) was used. The RNA7 PCR was carried out using
primers corresponding to nt 81–100 (in the leader sequence)
and the complement of nt 12,692–12,708 (in the body sequence). As a control, the RNA1 and RNA7 PCR products
were digested with HpaI (nt 7303) and BspHI (nt 12,533),
respectively. The presence of the marker mutation (nt 6973) in
the RNA1 RT-PCR fragment derived from pEAV030H RNA
was established by digestion with HindIII.

RESULTS
Determination of the 5* End of the EAV Genome. Previously,
the EAV genomic sequence, with the exception of the 17 most
59 nucleotides, had been determined (10). To obtain the
missing sequence, direct RNA sequencing was carried out on
i.c. RNA from EAV-infected cells (Fig. 2A). A novel sequence
of 16 nt (nt 2–17, CUCGAAGUGUGUAUGG) was revealed.
The first nucleotide could not be read and was obtained using
the single-strand ligation to single-stranded cDNA method
(34). Out of six RT-PCR clones, two had an A and four had a
G as the most 59 EAV nucleotide (Fig. 2B). Therefore, a G was
used at position 1 of the full-length EAV cDNA clone.
Construction of a Full-Length EAV cDNA Clone. A fulllength cDNA copy of the EAV genome downstream of the T7
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FIG. 2. Sequence analysis of the EAV genomic 59 end. Lane order
(left to right): A, C, G, UyT. (A) Direct RNA sequence analysis of i.c.
RNA from EAV-infected cells using a primer complementary to nt
81–100 of the leader sequence. (B) Sequence analysis of one of the
RT-PCR clones containing the genomic 59 end, which was obtained
using the 59-Amplifinder RACE kit.

RNA polymerase promoter was engineered in plasmid pUC18
by joining restriction fragments from suitable cDNA clones
(Fig. 1). Modified versions of clones 586 and 108 were used to
introduce the proper 59- and 39-terminal sequences. However,
in vitro-transcribed RNA from this clone, named pEAV030F,
was not infectious.
The entire EAV sequence had previously been determined
from two independent cDNA clones (10). Mismatches were
resolved by sequencing a third clone to obtain a consensus
sequence. However, for two differences a third clone was not
available at that time: nt 5899 and 7508 were both found to be
either C or T. When pEAV030F, containing T-5899 and
C-7508, was found to be noninfectious, these two positions
were redetermined. Analysis of newly generated RT-PCR
products revealed that T is the correct nucleotide in both cases.
Thus, construct pEAV030F contained a mutation at nt 7508,
resulting in a Ser-2429 3 Pro change in the replicase polyprotein. This mutation was removed and electroporation of transcripts from the new full-length clone, pEAV030, resulted in
the cytopathogenic effects (c.p.e.) that are typical of EAV
infection. A translationally silent marker mutation was introduced into the ORF1b region of pEAV030, thereby creating a
novel HindIII restriction site. The clone carrying this tag,
pEAV030H, was used for further studies.
pEAV030H Transcripts Are Infectious. BHK cells were
transfected with in vitro-generated EAV030H RNA and used
for various assays. The following control transfections were
included: i.c. RNA from EAV-infected cells (‘‘i.c. EAV
RNA’’), EAV030 RNA, pEAV030H plasmid DNA, and a
39-truncated pEAV030H transcript (EAV030HEco), obtained
by linearization at a unique EcoRI restriction site (nt 11,488)
and thus lacking the 39-terminal 1.2 kb of the EAV genome.
Transfections with i.c. EAV RNA, EAV030 RNA, and
EAV030H RNA all resulted in complete c.p.e. within 36 hr.
Thus, the introduction of the ORF1b marker mutation had not
affected the infectivity of the infectious clone. From various
infectious centre assays and IFAs, the specific infectivity of
EAV030 and EAV030H transcripts was calculated to vary
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between 103 and 104 plaquesymg. Plaques or c.p.e. were not
observed when pEAV030H DNA or EAV030HEco RNA were
transfected.
The viral RNA synthesized in electroporated cells was
3H-labeled in the presence of dactinomycin from 6 to 15 hr
after transfection. Poly(A)-containing RNA was prepared and
analyzed by denaturing agarose gel electrophoresis. In cells
electroporated with EAV030H RNA a set of seven RNA
species was detected, which were indistinguishable from the
viral mRNAs in infected cells (Fig. 3A; lane H).
An RT-PCR (Fig. 3B) was used to detect the ORF1b marker
mutation in virus-specific i.c. RNA from EAV030Htransfected cells. Digestion with HindIII confirmed that the
RT-PCR fragment derived from this sample indeed contained
the novel restriction site created by the marker mutation. This
excluded the possibility of a contamination with the wild-type
virus used in our laboratory. The pEAV030H DNA and
EAV030HEco RNA transfections were RT-PCR negative
(data not shown), indicating that the input RNAyDNA was not
detected in this assay. Virus was isolated from five EAV030H
plaques and used for two undiluted passages, after which the
RT-PCR assay was repeated. The progeny of all five plaques
was found to contain the marker mutation (data not shown),
confirming once more that these viruses were derived from the
pEAV030H cDNA clone.
Finally, the synthesis of EAV replicase and structural proteins was analyzed by IFA (Fig. 4). At 10 hr after EAV030H
RNA transfection, single cells were positive for the nsp2
replicase cleavage product (Fig. 4a) (37), and for the structural
proteins GL, M, and N (data not shown), which are encoded
by ORFs 5, 6, and 7, respectively (Fig. 1) (38). Ten hours later,
clusters of cells that were positive for both nsp2 and GL were
observed (Fig. 4 b and c), indicating that virus had spread from
the initially transfected cells. Again no signal was observed
upon pEAV030H DNA and EAV030HEco RNA transfection
(data not shown), indicating that also the IFA required RNA
replication to obtain a positive result.
EAV030F RNA Is Defective in Subgenomic RNA Synthesis.
A more detailed analysis of cells transfected with RNA from
the initial, noninfectious pEAV030F clone revealed a very
interesting defect in this mutant. At 10 hr after EAV030F RNA
transfection, an IFA revealed single cells with a distinct EAV
replicase signal (Fig. 4d), which was comparable to that after
transfection of RNA from the infectious pEAV030H clone
(Fig. 4a). However, in contrast to what was observed after
EAV030H transfection, the signal in the EAV030Ftransfected cell culture did not spread to surrounding cells
(compare Fig. 4 b and e). This suggested EAV030F RNA
replication without virus production.
Additional IFAs revealed that the structural proteins GL
(Fig. 4f), M, and N were not synthesized in detectable amounts.
Metabolic RNA labeling (Fig. 3A, lane F) during the first
replication cycle (6–15 hr after transfection) confirmed the
replication of EAV030F RNA and also revealed the absence
of detectable subgenomic mRNA synthesis. As usual (23),
metabolic labeling of EAV RNA revealed the generation of a
number of minor RNA species of various sizes, which have
remained unexplained thus far. However, these bands were
clearly not unique for the EAV030F sample (Fig. 3A) and did
not comigrate with the EAV mRNAs. To confirm the absence
of subgenomic mRNA synthesis, a more sensitive assay was
performed. Intracellular RNA samples from cells electroporated with EAV030H and EAV030F RNA were analyzed using
RT-PCR assays aimed at the detection of the genomic RNA1
and the abundant subgenomic RNA7. Both samples yielded
comparable amounts of RNA1 RT-PCR product. However, in
contrast to the result for EAV030H, only a trace of RNA7
RT-PCR product was recovered from the EAV030F sample
(Fig. 3C). Together, these data showed that EAV030F RNA is
defective in subgenomic RNA synthesis. In agreement with this
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FIG. 4. Immunofluorescence assays on EAV030H- and EAV030Ftransfected BHK-21 cells at 10 and 20 hr after electroporation. (a and
d) Cells were labeled using an EAV nsp2-specific polyclonal rabbit
antiserum (37) and a Cy3-conjugated donkey-anti-rabbit-IgG second
antibody. (b–c and e–f) Cells were double-labeled for EAV nsp2 as
described above (b and e) and EAV GL (c and f) using mAb 93B (39)
and a fluorescein isothiocyanate-conjugated goat-anti-mouse-IgG second antibody. (3110.)

Heterologous Gene Expression from Subgenomic mRNAs.
To express the CAT gene from subgenomic EAV mRNAs, it
was inserted into pEAV030H at two different positions. In
pEAVCAT2, the CAT gene occupied the position of ORF2
(Fig. 1) to achieve its expression from subgenomic mRNA2.
Due to this insertion, EAVCAT2 RNA was 572 nt longer than
pEAV030H RNA. An IFA revealed strong CAT expression at
10–20 hr after EAVCAT2 RNA transfection (Fig. 5a). Double-labeling experiments confirmed that expression of the
foreign gene was strictly coupled to the synthesis of EAV
nonstructural and structural proteins (Fig. 5 b–d). A metabolic

FIG. 3. Analysis of i.c. RNA from cells infected with EAV (lane V),
or transfected with EAV030H (lane H), EAV030F (lane F), EAVCAT2
(lane C2), or EAVCAT7 (lane C7). (A) Agarose gel electrophoresis of
poly(A)-selected, metabolically labeled RNA. Cells were labeled from 6
to 15 hr after transfection using [3H]uridine in the presence of dactinomycin. The black arrowhead points toward the extended RNA2 produced
by EAVCAT2. The open arrowheads indicate the set of extended
mRNAs produced by EAVCAT7. (B) RT-PCR analysis of the RNA1
region containing the EAV030H marker mutation. The RT-PCR products from infected cells (lane V) and EAV030H-transfected cells (lane H)
are shown. The DNA in the lanes marked with p was digested with
HindIII. Lanes D and D* show a PCR control on pEAV030H plasmid
DNA. Lane C shows a PCR control without template. Lambda DNA
(lane l) digested with BamHI, EcoRI, and HindIII was used as size
marker. (C) RNA1- and RNA7-specific RT-PCR reactions on i.c. RNA
isolated at 15 hr after electroporation from cells transfected with
EAV030H (lane H) and EAV030F (lane F) RNA. The DNA in the lanes
marked with p was digested with HpaI (lanes RNA1) or BspHI (lanes
RNA7), respectively.

observation, cells transfected with EAV030F RNA did not
develop c.p.e. or yield plaques, even after a 96-hr incubation
period.

FIG. 5. Immunofluorescence assays on EAVCAT2-transfected
BHK-21 cells at 20 hr after electroporation. Cells were double-labeled
using an anti-CAT polyclonal rabbit antiserum (a) and an EAV
GL-specific mAb (b) or using an EAV nsp2-specific polyclonal rabbit
antiserum (c) and the EAV GL-specific mAb (d). See the legend to
Fig. 4 for more details. (3225.)
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labeling of the RNA made in transfected cells revealed the
synthesis of the expected seven RNAs that are known to form
a 39 coterminal nested set, including an RNA2 that was larger
than usual (Fig. 3A, lane C2).
In pEAVCAT7, a 799-bp restriction fragment containing
the CAT gene was placed just upstream of the ORF7 initiation
codon to achieve reporter gene expression from subgenomic
mRNA7. Indeed, an IFA revealed strong CAT expression at 10
hr after EAVCAT7 RNA transfection (data not shown),
whereas cells transfected with a construct containing the CAT
gene in the antisense orientation were IFA-negative. A subsequent RNA analysis (Fig. 3A, lane C7) revealed the generation of the expected set of enlarged mRNAs by EAVCAT7.

DISCUSSION
In this paper we describe the construction of a full-length
arterivirus cDNA clone from which infectious RNA can be
produced in vitro using T7 RNA polymerase. The infectivity of
pEAV030 transcripts was demonstrated using several biological and biochemical assays. Final proof was the generation and
passaging of EAV030H virus containing a genetic marker
mutation that had been introduced at the cDNA level (Fig.
3B). Thus far, no biological differences have been detected
between pEAV030H-derived virus and the EAV Bucyrus
strain used in our laboratory.
In contrast to what has been described for the infectious
cDNA clones of several other viruses (9), we have not experienced any stability problems during the construction and
propagation of pEAV030 in Escherichia coli. The 15.6-kb
construct was based on pUC18, a high copy number plasmid,
and its stability was not affected by the insertion of the CAT
gene at two different positions. These properties obviously are
important for the future development and exploitation of
pEAV030 as an expression vector. The development of such a
vector would be particularly interesting in view of the polycistronic genome organization of EAV. The generation of a set
of subgenomic mRNAs will, in principle, allow the simultaneous expression of multiple foreign genes from different
subgenomic mRNAs. The fact that the EAV structural genes
overlap substantially (in different reading frames) (10), and
that all subgenomic promoters are located in upstream genes
(23), will certainly cause practical problems. Nevertheless, the
first results obtained with pEAV030 as a tool to express a
foreign gene were promising (Fig. 5): high CAT levels were
detected in cells transfected with EAVCAT2 and EAVCAT7
RNA. However, it should be noted that, thus far, the specific
infectivity of EAV030 RNA (i.e., the number of cells transfected per microgram of transcript) is relatively low compared
with that of the alphavirus-based expression vectors, for
example (41, 42), which we used for comparison. Additional
experiments are required to determine whether this difference
reflects an intrinsic property of EAV030 RNA, or suboptimal
in vitro transcription and transfection conditions.
Thus far, no detailed information is available on the RNA
and protein requirements for replication and packaging of
EAV RNA and the assembly of progeny virus. The infectious
clone will be an excellent tool to study these fundamental
aspects of arterivirus replication, which are also important for
the development of a pEAV030-based expression system.
Virus was not produced after EAVCAT2 and EAVCAT7
RNA transfection, which was not surprising because these
constructs each lack expression of one of the four known
structural EAV proteins (38), the ORF2-encoded small glycoprotein GS and the ORF7-encoded nucleocapsid protein N,
respectively. Experiments aimed at providing these proteins in
trans are now in progress. Especially the 59 end of ORF2 may
be a convenient insertion site for foreign sequences because
this region does not overlap with other genes (Fig. 1) and the
RNA2 promoter is located in the upstream replicase gene (23).
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Furthermore, the ORF2-encoded GS glycoprotein is only a
minor constituent of EAV particles (38, 43). Thus, efficient
complementation of its disruption in pEAVCAT2 may be
feasible—e.g., in a GS-expressing cell line or by using an
additional expression vector. This kind of complementation
could form the basis for the development of a ‘‘suicidal’’ EAV
vector, a system generating virus particles that can infect target
cells and replicate but cannot produce progeny virus due to the
inactivation of an essential structural gene.
A field of research that will certainly benefit from the
availability of the infectious cDNA clone is the analysis of the
arterivirus replicase and the transcriptional processes directed
by it. A detailed analysis of the complex proteolytic processing
of the EAV replicase has been carried out in our laboratory
(11, 36, 37, 44, 45). Three viral proteases and at least 13
processing end products have been identified, and the antisera
to detect most of these proteins are available. The two
elements required to functionally characterize the EAV replicase subunits are combined in pEAV030: an RNA replicon
and a functional replicase gene. Although an obstacle during
the development of the infectious clone, the T-7508 to C
mutation in the initial pEAV030F construct resulted in the
fortuitous detection of an interesting defect: the apparently
complete inhibition of subgenomic RNA transcription (Figs. 3
and 4). Especially the results from the sensitive biological
assays carried out with EAV030F-transfected cells (the absence of c.p.e. or plaques after a 4-day incubation) suggest a
complete block of structural protein expression. In that case,
the trace of RNA7 RT-PCR product that was detected in the
EAV030F sample (Fig. 3C) should be explained as an artefact
of the RT or PCR procedure.
Formally, we cannot yet exclude that the effect of the T-7508
to C mutation is exerted at the RNA level. However, we
consider it more likely that the resulting replicase point
mutation is involved. Residue Ser-2429 is conserved in the
three available arterivirus replicase sequences. It is located
between two well conserved domains in the nidovirus replicase
(10): a region containing a number of conserved Cys and His
residues (residues 2374–2426 in EAV) and the putative RNA
helicase domain (residues 2500–2800 in EAV). The first was
originally identified in coronaviruses (46) and has been proposed to be a metal-binding finger domain. Preliminary evidence supporting this hypothesis has been reported (47). The
putative helicase domain was identified on the basis of convincing sequence similarity with many other positive-stranded
RNA virus sequences (10, 48). In EAV, the two domains
described above are both located in a 50-kDa replicase cleavage product (p50) (36). A more detailed analysis of the
properties of the Ser-2429 3 Pro mutant is now in progress.
A recent time course experiment has not revealed any differences between the proteolytic processing of the wild-type and
EAV030F replicase polyprotein.
At the RNA level, we are currently trying to establish
whether subgenomic minus-strand RNAs are produced by
EAV030F, a finding that would indicate that the joining of
leader and body sequences occurs at the level of negativestrand RNA synthesis. To our knowledge, this mutant provides
the first evidence that the requirements for nidovirus genome
replication and discontinuous mRNA synthesis are, at least
partially, different, and may be separated experimentally. We
are convinced that future experiments using pEAV030 and its
derivatives will increase our understanding of the unique
features of nidovirus replication.
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