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Foamy viruses (spumaretroviruses) represent a retroviral genus which exhibits unusual features relating it
to pararetroviruses. Previously, we reported the existence of a protein species harboring Env, Bel, and Bet
epitopes in human foamy virus (HFV)-infected cells (M. L. Giron, F. Rozain, M. C. Debons-Guillemin, M.
Canivet, J. Périès, and R. Emanoil-Ravier, J. Virol. 67:3596–3600, 1993). Here, we identify this protein as a
160-kDa Env-Bet fusion glycoprotein (gp160) translated from an mRNA species harboring a highly conserved
splice site which deletes the membrane anchor domain of Env and fuses the env open reading frame with that
of bel1/bet. While gp160 and Bet proteins were both secreted into the supernatant, only Bet was taken up by
recipient cells. Since Bet plays a key role in the switch from lytic to chronic infection, secretion of Bet and
gp160, together with cellular uptake of Bet, could be highly relevant for both immune response and develop-
ment of HFV infection in vivo.

Foamy viruses (FV), or spumaviruses, are complex retrovi-
ruses known to induce persistent infection in their hosts with-
out causing apparent disease (22, 25). Some properties set the
FV apart from all other retroviruses, such as the formation of
a specific pol mRNA and the presence of large amounts of
double-stranded viral DNA in the extracellular virion (27); in
these two features, FV resemble pararetroviruses. Another
property peculiar to the FV is their budding into the endoplas-
mic reticulum (ER) rather than from the plasma membrane.
This is attributed to the presence of a dilysine ER-sorting motif
in the cytoplasmic domain of the Env protein (6, 7). Regula-
tory genes are located between the 39 end of the env gene and
the 39 long terminal repeat and are under the control of an
internal promoter (11). In human foamy virus (HFV), these
regulatory genes are bel1, bel2, bel3 and bet. The nuclear trans-
activator Bel1 is essential for viral replication (15), while Bet,
a fusion protein between Bel1 and Bel2, plays an important
role in the establishment and control of viral persistence, in
vitro as well as in vivo (19, 20).

In a previous work, we have characterized viral polypeptides
produced during HFV infection (5). A specific env monoclonal
antibody (B4) immunoprecipitated four viral glycoproteins
from HFV-infected cells: gp160, gp130, gp70-80, and gp48 (5).
We demonstrated that gp70-80 and gp48 correspond to the
surface (SU) and transmembrane (TM) mature Env glycopro-
teins, respectively, and that the gp130 polypeptide represents
the Env precursor. However, the gp160 protein was immuno-
precipitated by the Env-specific monoclonal antibody as well as
by a specific anti-Bet antiserum, raising the issue of the exis-
tence of a putative Env-Bet polypeptide.

The present study further characterizes this gp160 protein
and demonstrates that it represents a fusion protein between
the env and bel regions derived from a spliced viral mRNA.
The evolutionarily conserved splice deletes the transmem-
brane anchor of the TM Env protein as well as the ER reten-
tion motif and fuses the env open reading frame (ORF) with
those of bel or bet. An Env-Bet fusion protein represents the

major form detected during HFV infection, although reverse
transcription-PCR (RT-PCR) experiments demonstrate the
existence of an env-bel1 transcript. While both gp160 and Bet
proteins are secreted into the supernatant, Bet appears to be
the only protein taken up by naive recipient cells. Secretion of
viral proteins harboring regulatory or structural domains or
both could have major implications for the biology of these
viruses in an in vivo context both for immune response and
virus-cell interactions.

MATERIALS AND METHODS

Cells and virus. Mycoplasma-free HFV stocks were grown on U373-MG cells,
a human neural cell line maintained in Dulbecco’s modified Eagle’s medium
supplemented with nonessential amino acids, sodium pyruvate, and 10% fetal
calf serum. COS-6, a simian cell line, and BHK21, a hamster cell line, were
maintained in the same medium. Virus stocks were subjected to titer determi-
nation by the end-point dilution method on U373-MG cells as described previ-
ously (20).

Transfection experiments. COS-6 cells were transfected with Lipofectin re-
agent (Gibco, BRL) as specified by the manufacturer. At 48 h posttransfection,
the cells were lysed in lysis buffer and proteins were studied by immunoprecipi-
tation.

Protein analysis. For immunoprecipitation assays, acutely HFV-infected cells
or transfected cells (107 cells) were labeled with [35S]methionine-cysteine (50
mCi/ml; 1,245 Ci/mmol specific activity; Dupont NEN) for different times in
minimal essential medium lacking methionine-cysteine and supplemented with
5% fetal calf serum. The cells were lysed in 50 mM Tris-HCl (pH 7.4)–100 mM
NaCl–5 mM MgCl2–1% Triton X-100–0.5% deoxycholate, 0.05% sodium dode-
cyl sulfate [SDS]–3 mM phenylmethylsulfonyl fluoride for 30 min at 4°C. After
centrifugation, the supernatant was collected and immunoprecipitated with a
rabbit anti-whole-virus antiserum as described previously (5). For immunopre-
cipitation assays with supernatants of transfected cells, 75 mCi of [35S]methi-
onine-cysteine per ml was used in minimal essential medium lacking methionine-
cysteine without fetal calf serum, as previously described (23).

The antibodies (Ab) used were serum from HFV-infected rabbits (20), a
mouse monoclonal Ab (D11) against the Bet protein, a mouse monoclonal Ab
(B4) against the SU domain of the Env protein, and rabbit polyclonal anti-Bel1
and anti-Bel2 antisera (kindly provided by R. M. Flügel), all at a 1/100 dilution.

Peptide mapping and acid treatment. U373-MG-infected cells were immuno-
precipitated with the rabbit anti-HFV polyclonal antiserum. After immunopre-
cipitation and polyacrylamide gel electrophoresis (PAGE), the slab gel was
rinsed with water and dried without Amplify. After autoradiography, the bands
corresponding to Bet, gp160, and gp130 were cut out of the gel and placed on a
second SDS-polyacrylamide slab gel. The proteins were digested with 5 mg of V8
protease (Worthington, Freehold, N.J.) in a stacking gel essentially as described
previously (3). For the acid treatment, the same procedure was used to collect
the gp160 and gp130 bands, which were resuspended in 100 ml of glycine-acetate
buffer (pH 4) and treated for 1 h at 37°C in the presence of 0.2 mM phenyl-
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methylsulfonyl fluoride and 10 U of aprotinin. Then 100 ml of 23 electrophoresis
buffer was added and the samples were analyzed by SDS-PAGE.

Generation of eukaryotic expressing vectors. The Bet-expressing plasmid was
obtained by blunting the AatII-SalI (nucleotides [nt] 9341 to 12034 from the
infectious clone, pHSRV13) fragment with the Klenow enzyme and subsequent
subcloning into the unique SmaI site of the pSG5M-expressing vector.

To study the formation of the Env-Bel fusion proteins, plasmid p2EB was
constructed by cutting pHSRV13 with BanI and SalI. The insert was blunted with
the Klenow enzyme and subcloned in the pSG5M-expressing vector at the SmaI
site of the polylinker. This plasmid contains the second ATG (nt 6526 on the
HFV map) found at the 59 end of the env gene. Plasmid p1EB, which expresses
the Env protein from the first ATG (nt 6495), was created by inserting the
KpnI-SpeI insert fragment obtained by PCR (direct, ATT TTG GTA CCA TCT
TGG CAA C; reverse, TTG TGG AAT ACT AGT CAT ATT TAC; the KpnI
and the SpeI sites are underlined) into p2EB at the KpnI-SpeI sites, replacing the
59 end of this latter plasmid. Deletion mutants with mutations in the pEB
plasmids were established by cutting with BamHI (nt 9675 from HFV map) and
subsequent religation, leading to plasmids p1EnvDBel and p2EnvDBel, in which
the bel region is missing.

Point mutants were obtained with the QuickChange site-directed mutagenesis
kit (Stratagene). The conservative mutation site on the donor splice site at the 39
end of env was obtained with the following primers: direct, AAG GAA TTG
GCA ACT TTT TAT; reverse: ATA AAA AGT TGC CAA TTC CTT (the point
mutation is underlined). The NheI-XmnI insert containing the mutation was
sequenced and subcloned in the same sites of the parental plasmid. The resulting
plasmids, p1EctB and p2EctB, were used in transfection experiments. Plasmids
p1EBDRGD and p2EBDRGD were constructed by the same procedure with the
following primers: direct, CCT TAT GGA GAT GGG GGT GAT GCA; reverse,
TGC ATC ACC CCC ATC TCC ATA AGG, to insert the codon mutation
agg3ggg (Arg3Gly) into the RGD motif in the bet gene on p1EB and p2EB,
respectively. The BglII-BglII insert was sequenced and recloned into the parental
vector.

RT-PCR and PCR experiments. For RT-PCR analysis, total cellular RNAs
from infected or transfected cell pellets were extracted with an RNA extraction
kit (Bioprobe Systems). RT-PCR experiments were performed with the Access
RT-PCR system (Promega). Briefly, 500 ng of total RNA was used as the
template for the synthesis of the first-strand cDNA for 45 min at 48°C in the
presence of avian myeloblastosis virus reverse transcriptase. After denaturation
at 94°C, the synthesis of the second strand and enzymatic amplifications were
carried out with Tfl DNA for 40 cycles of 94°C for 45 s, 54°C for 45 s, and 72°C
for 1 min. The primers used were as follows: direct, GAT TAC CAC ATT TGG
TTG GAAT (nt 9091 to 9112 on the HFV map [primer A]); reverse, GTT TTG
GAC CTT CTG AGC A (nt 10001 to 10019 [primer B]).

Southern blots, prepared by standard procedures (24), were hybridized over-
night with an [a-32P]dCTP-labeled probe at 42°C in 53 SSC (13 SSC is 0.15 M
NaCl plus 0.015 M sodium citrate)–0.1% SDS–53 Denhardt’s solution–50%
formamide–100 mg of denatured salmon sperm DNA per ml. Washing was
performed in 0.13 SSC–0.1% SDS buffer at 60°C for 30 min twice. Plasmid
pHSRV13 was used as a probe for PCR hybridization.

DNA sequencing. DNA inserts or PCR products subcloned in the pGEM-Easy
vector (Promega) were sequenced with the ThermoSequenase kit (United States
Biochemicals) as specified by the manufacturer.

RESULTS

A gp160 protein is immunoprecipitated with anti-Bel1, anti-
Bel2, anti-Bet, and anti-Env antisera in HFV-infected cells.
Protein extracts from U373-MG cells infected with 1 PFU/cell
for 4 days were immunoprecipitated with a set of different Ab
raised against HFV proteins. An antiserum obtained from
HFV-infected rabbits and recognizing all the HFV proteins
gave rise to the classical pattern previously described (5), cor-
responding to structural as well as regulatory viral gene prod-
ucts. The B4 monoclonal Ab raised against SU Env protein
precipitated four distinct glycoproteins: the gp130 Env precur-
sor, SU as a smear between 70 and 80 kDa, the 48-kDa TM,
and a glycoprotein at 160 kDa (5). Interestingly, the use of
rabbit polyclonal anti-Bel1 and anti-Bel2 Abs as well as a
mouse monoclonal anti-Bet (D11) Ab precipitated the same
gp160 polypeptide, strongly suggesting that this protein species
harbors both Env and Bel/Bet epitopes (Fig. 1).

To confirm that the gp160 protein presented both Env and
Bel/Bet epitopes, peptide-mapping experiments were per-
formed. After immunoprecipitation and autoradiography, the
bands corresponding to gp130, gp160, and Bet proteins were
cut out from the gel and placed on a second SDS-polyacryl-

amide slab gel. The proteins were then digested with V8 pro-
tease as previously described (3). Figure 2A shows that several
polypeptides are shared by gp130 and gp160 and others are
shared by gp160 and Bet. These results are consistent with the
presence of both Env and Bel/Bet sequences in the 160-kDa
glycoprotein.

One hypothesis was to assume that the 160-kDa band could
constitute a complex between the gp130 Env precursor (or a
major part of it) and the Bel or Bet proteins. This putative
complex might remain stable during SDS-PAGE migration, as
previously described for homodimers of the Env precursor of
human immunodeficiency virus type 2 (16). In this case, al-
though the complex was resistant to 1% SDS and reducing
agents, the authors succeeded in obtaining protein dissociation
after acid treatment. Thus, after immunoprecipitation with the
rabbit polyclonal anti-HFV antiserum, SDS-PAGE migration,
and autoradiography, the gp130 and gp160 bands were ex-
tracted from the gel and incubated for 1 h at pH 4. After
neutralization, the proteins were subjected to SDS-PAGE on a
second gel (see Materials and Methods). As shown in Fig. 2B,
acid treatment also failed to dissociate the gp160. Moreover, in

FIG. 1. Identification of Env and Bel gene products by immunoprecipitation
of protein extracts from HFV-infected cells. M, molecular mass markers. Rabbit
anti-HFV polyclonal antiserum on protein extracts from noninfected cells (neg-
ative control) or from infected cells (positive control) were used as controls.
Rabbit polyclonal anti-Bel1 and anti-Bel2 Abs and mouse monoclonal anti-Bet
(D11) and anti-SU-Env (B4) Abs were used to detect the gp160 band.

FIG. 2. The gp160 band does not represent a protein complex. (A) Peptide
mapping of gp130, gp160, and Bet. Several bands are shared by gp130 and gp160
and others are shared by gp160 and Bet (arrows). (B) Low-pH treatment of
gp160 and gp130. M, molecular mass markers. The apparent molecular masses of
the two proteins are not modified after 1 h of incubation at pH 4.
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protein extracts prepared in the presence of 1% SDS or under
highly reducing conditions, no dissociation of the gp160 pro-
tein was detected (data not shown).

Altogether, these results strongly suggest that the 160-kDa
band is not a complex formed between Env and Bel/Bet pro-
teins but a glycoprotein harboring Bel, Bet, and Env se-
quences.

An evolutionarily conserved splicing event generates the
Env-Bel fusion protein. The presence of a high-molecular-
weight fusion Env-Bel/Bet glycoprotein could be accounted for
by the existence of a multiply spliced mRNA (derived from the
long terminal repeat) which would either suppress the stop
codon in the env ORF or, indirectly, change the ORF of the
env gene upstream of the stop codon, leading to the production
of an Env-Bel or Env-Bet fusion product. To assess this pos-
sibility, RT-PCR experiments were performed with specific
primers which flank the end of the env gene and the bel region
(Fig. 3A). After 4 days of infection of U373-MG cells with
wild-type HFV (0.5 PFU/cell), total RNAs were extracted and
RT-PCR was performed as described in Materials and Meth-
ods. With the primers used, we were able to amplify four
different RNA species at approximately 900, 780, 600, and 480
bp (Fig. 3A). PCR products were cloned, and three indepen-
dent clones of each amplification were sequenced. The 900-bp
species represents the full-length RNA. The 600-bp species
corresponds to the previously described 301-bp splice generat-
ing the Bet mRNA also harbored by DHFV (12, 21). Interest-
ingly, the 780-bp species corresponds to a 119-bp splice (nt
9307 to 9425) flanked by typical donor and acceptor sites, as

previously described (12). This 119-bp deletion results in an
ORF which deletes the transmembrane domain of the Env
protein and changes the env ORF in its 39 end by suppressing
the stop codon by fusing in frame the env ORF to the bel/bet
one. Note that three amino acids (Asp-Cys-Ile) are inserted
between Env and Bel (Fig. 3B). These splice sites are highly
conserved among the spumaretroviruses sequenced to date (8,
9, 13, 14), even in the remotely related feline foamy virus (26)
(Fig. 3C), suggesting an important role of this specific splicing
event in the biology of this retroviral family. The 780-bp RNA
could encode a putative Env-Bel1 product, while the 480-bp
species, which harbors the 119-bp as well as the 301-bp splice,
generates an Env-Bet fusion protein. Note that this latter RNA
species and the full-length RNA are the most abundant species
detected by RT-PCR.

To obtain more insights into the formation of the gp160
protein, p1EB and p2EB, harboring the entire env and bel
ORFs, as well as the 39 LTR, under the transcriptional control
of a simian virus 40 early promoter were constructed (see
Materials and Methods). p1EB contains the first ATG (nt 6495
on the HFV map) of the env ORF, while p2EB harbors only
the second initiator ATG codon (nt 6526). Since similar results
were obtained with the two constructs, we report only those
obtained with p2EB. After transfection of p2EB into COS-6
cells, we were able to immunoprecipitate not only the 130-kDa
Env precursor and the Bet protein but also the 160-kDa gly-
coprotein (Fig. 4). Moreover, upon transfection of the
p2EnvDBel plasmid (a mutant of p2EB with the entire bel and
bet gene sequences deleted), the 130-kDa Env protein was

FIG. 3. (A) RT-PCR experiments on total RNA from HFV-infected cells. Four distinct classes of RNAs, which correspond to the four RNA species of 900, 780,
600, and 480 bp, are amplified. Plasmid pHSRV13 was used as a probe for PCR hybridization. (B) Schematic representation of the different mRNA species which can
be detected between primer A and primer B. Note that three new amino acids are created by the splicing event (Asp-Cys-Ile in boldface type). The dilysine ER retention
motif is also depicted in the env ORF. (C) Sequence comparisons of known and putative splice sites among different sequenced FV. The donor and acceptor splice
sites flank the transmembrane anchor sequence of the Env TM protein and fuse the env ORF with the transactivator one. SFVcpz, simian FV from chimpanzee; FeFV,
feline FV.
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clearly detected by immunoprecipitation, but neither Bet nor
gp160 was detected. Furthermore, cotransfection of p2EnvDBel
and a Bet-expressing vector (pSGBet) did not lead to the
reappearance of the gp160 band, confirming our first biochem-
ical results that gp160 is not a complex between gp130 and Bet
(Fig. 4).

To directly prove that the 160-kDa protein was generated
from a 119-bp splice event at the 39 end of the env gene, a
conservative point mutation was generated on the 59 donor
splice site, changing a GT into CT (nt 9307 and 9308 on the
HFV map), leading to the p2EctB plasmid. As expected, after
transfection of COS-6 cells with this construct, the Env pre-
cursor and the Bet protein were both immunoprecipitated by
the rabbit polyclonal anti-HFV antiserum but the gp160 gly-
coprotein was no longer immunoprecipitated (Fig. 4). More-
over, RT-PCR experiments performed on total RNA extracted
from p2EctB-transfected cells did not detect the 780- and
480-bp bands (data not shown). These results directly demon-
strate that gp160 is translated from an mRNA harboring the
119-bp splice in the env gene. Note that in our immunopre-
cipitation assays, we failed to detect cleavage products of the
gp130 or gp160 protein from the pEB-transfected COS-6 cells
(Fig. 4).

The fusion protein is secreted into the supernatant. Since
the gp160 protein possesses a signal peptide from the Env
protein but lacks its transmembrane anchor domain and the
dilysine ER retention motif, we wondered whether it could be
secreted in the extracellular compartment by the cellular se-
cretory pathways. Therefore, we transfected COS-6 cells with
p2EB and labeled the transfected cells with [35S]Met-Cys-con-
taining medium 48 h posttransfection. After overnight labeling,
we immunoprecipitated the cytoplasmic extracts of transfected
cells or filtered culture supernatant (0.45-mm-pore-size filter
[Corning]) with the rabbit anti-HFV antiserum and performed
SDS-PAGE. Although gp160, gp130, and Bet were immuno-
precipitated in transfected cells, only gp160 and Bet were de-
tected in the supernatant (Fig. 5, lane 3). This result has been
confirmed by the use of the D11 monoclonal Ab directed
against Bet (data not shown). The absence of the gp130 protein
in the acellular culture medium and the use of p2EB instead of
the lytic wild-type virus strongly suggest that the detection of
Bet and gp160 in the cell culture supernatant is due not to cell
lysis but, rather, to their secretion from the transfected cells.
However, in HFV-infected BHK21 cells, gp160 and Bet were

also found in the culture medium (together with cleavage
products from gp160) prior to cell lysis (data not shown).

Of the total HFV proteins immunoprecipitated in infected
cells, 5 to 15% were found in the supernatant exclusively as Bet
and gp160. We wondered whether these proteins could be
internalized by naive recipient cells. To test this hypothesis,
COS-6 cells were transfected with the p2EB vector. At 48 h
posttransfection, the cells were labeled for 2, 6, 16, or 18 h and
acellular supernatants were incubated with 106 recipient
COS-6 cells at 37°C for 2, 4 or 6 h. After intensive washes of
the cell layer with phosphate-buffered saline (to avoid detec-
tion of viral proteins adsorbed onto the plasma membrane),
the cells were collected and HFV proteins were immunopre-
cipitated with the rabbit polyclonal anti-HFV antiserum. Ap-
proximately 10 to 20% of secreted labeled viral proteins were
taken up in 4 h. As shown in Fig. 5, Bet is clearly taken up
whereas gp160 is undetectable. However, such failure to detect
gp160 in recipient cells could be a function of the sensitivity of
our immunoprecipitation assay. Furthermore, some Bet was
found in nuclear extracts from recipient cells, demonstrating
that Bet is internalized and transported and not simply ad-
sorbed on the plasma membrane (data not shown). The spec-
ificity, the in vivo relevance, and the putative cellular partners
of the uptake mechanism will be the focus of future studies.

Analysis of the Bet sequence reveals the presence of an
Arg-Gly-Asp (RGD) motif (amino acids 294 to 296), a se-
quence implicated in complex recognition mechanisms be-
tween cells, implying the presence of proteins from the integrin
family (fibronectin, laminin, and fibrinogen) at the cell surface
(reviewed in references 4 and 18). In some viruses, the pres-
ence of a functional RGD motif is required for infection or
expression of their cytopathic effects (1, 2, 17). We wondered
whether this sequence could be involved in the uptake of Bet.
A plasmid (p2EBDRGD) harboring the GGD motif instead of
RGD in Bet was constructed and transfected into COS-6 cells
as above. The mutated Bet, produced in the supernatant, was
taken up by naive cells in the same way as the wild-type one

FIG. 4. Identification of the gp160 protein in pEB-transfected cells. Immu-
noprecipitation was performed with the rabbit anti-HFV antiserum. M, molec-
ular mass markers. Cells were transfected with p2EB, p2EnvDBel, p2EnvDBel
plus pSGBet, and p2EctB. Mutation of the splice acceptor site abolishes the
formation of gp160. Note the absence of the gp160 species but the detection of
Bet in p2EctB-transfected cells. FIG. 5. Secretion and uptake of Env-Bet and Bet proteins. Cytoplasmic ex-

tracts from cells transfected with p2EB (lane 1), p2EBDRGD (lane 2) and
supernatants from p2EB (lane 3)- and p2EBDRGD (lane 4)-transfected cells are
shown. The upper (200-kDa) band probably represents a cellular protein. After
18 h of labeling, filtered culture medium from transfected cells was incubated
with naive recipient COS-6 cells for 4 h and subsequent immunoprecipitations
were performed with the rabbit anti-HFV antiserum on cytoplasmic extracts.
Lane 5, extracts from p2EB-transfected cells; lane 6, extracts from p2EBDRGD-
transfected cells.
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(Fig. 5, lane 6). Detection of Bet from p2EBDRGD-trans-
fected cells, both within the cell and in the supernatant, was
weaker than from p2EB-transfected cells, possibly reflecting a
higher lability of this mutant (Fig. 5). Thus, while Bet and
gp160 are secreted, only Bet is taken up by an RGD-indepen-
dent mechanism.

DISCUSSION

In this report, a new HFV fusion protein species, translated
from an mRNA harboring a 119-bp splice at the end of the env
ORF, is described. This splice deletes the transmembrane an-
chor of the Env protein, its dilysine ER retention motif and
fuses the env ORF to the bel/bet ORF. The 160-kDa Env-Bet
glycoprotein and Bet can both be secreted, but only Bet is
taken up by naive recipient cells via an RGD-independent
mechanism.

This article describes a new LTR-derived mRNA, harboring
a 119-bp intron in the env gene, which, depending upon the
presence or absence of the 301-bp intron in the bet gene, can
lead to the production of env-bel1 or env-bet mRNA. This
119-bp splice could be harbored by either the genomic, the pol,
or the env mRNA. While this very small deletion precludes its
detection on a Northern blot, the presence of this splice in
p2EB-transfected cells demonstrates that it can indeed be
found in env transcripts. The 119-bp intron is located between
exon 6 (which harbors the internal promoter) and exon 7
(encoding the bel genes) and is used in the synthesis of bel1 and
bet mRNAs from the internal promoter (10–12). The fusion
protein detected is an Env-Bet protein, but RT-PCR experi-
ments demonstrate the existence of an env-bel1 transcript (Fig.
3). Interestingly, the different spliced RNAs in Fig. 3A can also
be directly amplified by PCR without an RT step on extrachro-
mosomal DNA extracted from HFV-infected cells, as well as
from molecular clones generated from chronically infected
cells (reference 21 and data not shown). This suggests either
that these viral mRNAs are nonspecifically retrotranscribed in
infected cells or that these splice events are part of full-length
viral DNAs, as is the case of the bet splice in DHFV (21).

The fusion protein is inserted into the ER membrane via the
peptide signal at the 59 end of Env but subsequently behaves
differently from the wild-type Env and is secreted. We found
this protein in supernatants of pEB-transfected cells and HFV-
infected BHK21 cells, consistent with the deletion of both the
TM anchor and the dilysine ER retention motif. Bet is also
secreted and taken up by noninfected cells (Fig. 5). Consider-
ing the role of Bet in viral resistance and our demonstration
that Bet-expressing stable cell lines are resistant to HFV-in-
duced lysis (23a), uptaken Bet protein could impair viral rep-
lication in recipient cells and thus behave as a virokine.

ACKNOWLEDGMENTS

We thank Axel Rethwilm and Dirk Lindemann for communicating
results before publication. We warmly thank A. M. Poorters and N.
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