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Primate foamy viruses (FVs) express, in addition to the 130-kDa envelope protein, a 170-kDa glycoprotein,
which reacts with antisera specific for the envelope and Bel proteins. We determined the exact nature of this
170-kDa glycoprotein by using the molecularly cloned human FV (HFV). Radioimmunoprecipitation analysis
of 293T cells transfected with appropriate expression constructs by using antisera specific for the HFV Env,
Bel1, and Bel2 proteins, as well as reverse transcription-PCR analysis of HFV-infected cells, demonstrated that
this protein is an Env-Bet fusion protein that is secreted into the supernatant. However, it is only loosely
associated, or not associated, with viral particles. gp170 is generated by an alternatively spliced Env mRNA
using a splice donor and splice acceptor pair localized within the env open reading frame (ORF), which is
normally used to generate Bel1 and Bet transcripts derived from the internal promoter within the env ORF.
gp170 is expressed at a level 30 to 50% of the Env precursor gp130. However, it alone does not confer infectivity
to HFV particles, because capsids derived from proviruses expressing only the gp170 were not released into the
supernatant. In contrast, viruses derived from proviral clones deficient in gp170 expression showed similar in
vitro infectivity and replication kinetics to wild-type virus. Furthermore, both types of viruses were inactivated
to a similar extent by neutralizing sera, indicating that shedding of gp170 probably does not affect the humoral
immune response in the infected host.

Human foamy virus (HFV) is the prototype member of the
family Spumavirinae, also referred to as foamy viruses (FVs).
FVs are complex retroid viruses that exploit a unique replica-
tion strategy that has been discovered in recent studies (6, 25,
36, 37). In addition to the genes for the Gag, Pol, and Env
proteins, FVs harbor open reading frames (ORFs) in the 39
region of the genome that code for accessory proteins. The first
ORF codes for a DNA-binding protein (Tas/Bel1) that is a
potent trans activator of gene expression directed by promoters
of the cognate virus (16, 17, 24, 31, 38).

FV gene expression involves two promoters and several
transcripts, some of which are multiply spliced (23, 27) (Fig. 1).
The long terminal repeat (LTR) promoter directs the expres-
sion of the pregenomic RNA/Gag mRNA; single-spliced
mRNAs for the Pol, Env, and Tas/Bel1 proteins; and a double-
spliced mRNA for the Bet protein (27). Bet is a highly ex-
pressed accessory protein of unknown function made up of
ORF-1- and ORF-2-encoded sequences (1, 14, 27). In the
initial phase of replication, gene expression relies on the inter-
nal promoter (IP) located in the env gene upstream of the
accessory ORFs (22). IP-directed transcripts can give rise to
Tas/Bel1 and Bet proteins. It has been reported that these
transcripts are often spliced in the untranslated leader se-
quence overlapping the env gene (22) (Fig. 1).

The morphogenesis of HFV appears to be unusual too. HFV
capsids do not bud spontaneously across cellular membranes
but require the presence of Env protein (7). The 130-kDa Env
precursor protein is cleaved by a cellular protease into surface
(SU) and transmembrane (TM) subunits during its transport
to the cell membrane (10). However, due to the localization of
a retention signal in the cytoplasmic domain, most of the 130-
kDa HFV Env protein is retained in the endoplasmic reticu-

lum in the absence of either the expression of other HFV
structural genes or the inactivation of the endoplasmic reticu-
lum retention signal (10, 11).

Beside the 130-kDa Env precursor, an even larger glycopro-
tein (170 kDa) has been detected in HFV-infected cells (29).
This protein has been reported to cross-react with antibodies
recognizing Env, Tas/Bel1, and Bet (9). However, neither
mRNA nor any function of this protein has been described yet.
In this study, we set about to characterize this enigmatic pro-
tein more closely.

MATERIALS AND METHODS

Eukaryotic expression constructs. The expression construct pcHFVenv/bel1-3,
containing the env, bel1, bel2, and bel3 ORFs, was generated by inserting a
fragment of pHSRV2 (35) from the translation start of the env ORF (nucleotide
[nt] 5719 relative to the genomic transcription start) to the SspI site (nt 10445)
;35 bp downstream of the bel2 stop codon into pCDNA3.11zeo (Invitrogen).
Mutants of the parental construct were generated by recombinant PCR with
primers harboring the desired mutations. All sequences derived by PCR were
sequenced to confirm the introduction of the desired mutations and exclude
additional offsite mutations. The following mutants of pcHFVenv/bel1-3 were
generated: EM2 (SD/SA mutant), the splice donor (SD) (nt 8530) and splice
acceptor (SA) (nt 8648) were inactivated by GT-to-GG and AG-to-AA ex-
changes, respectively; EM4 (SD mutant), the SD (nt 8530) consensus sequence
was changed from GT to GG; and EM6 (Env-Bel1/Bet), deletion of the intron
between SD (nt 8530) and SA (nt 8648). In pcHFVenv-bel1 (EM7), the se-
quences between SD (nt 8530) and SA (nt 8648) were deleted and the SD (nt
8922) and the SA (nt 9224) were inactivated by GT-to-GC and AG-to-TC
mutations, respectively. pcHFVenv-bet (EM8) was created by deletion of the
sequences between SD (nt 8530) and SA (nt 8648) and between SD (nt 8922) and
SA (nt 9224), whereas in pcHFVenv-bel2 (EM9), all intervening sequences
between SD (nt 8530) and SA (nt 9224) were deleted. The parental human
cytomegalovirus immediate-early promoter-driven infectious proviral clone
pcHSRV2 wt has been described recently (25). The individual mutant proviral
clones were generated by replacing an 858-bp NheI-ClaI fragment of pcHSRV2
with the respective fragments from the pcHFVenv/bel1-3 constructs.

Generation of recombinant HFV supernatants and RIPA. Viral supernatants
containing the different recombinant viruses were generated by transfection of
293T cells (5) essentially as described previously (21). The viral supernatants
were harvested 48 to 72 hours after transfection. Supernatants from independent
transfections with the same plasmids were pooled and filtered (pore size, 0.45
mm). The supernatants were used immediately or stored at 280°C until use. For
characterization of HFV protein expression by radioimmunoprecipitation anal-
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ysis (RIPA), transiently transfected 293T cells were metabolically labeled with
[35S]methionine for approximately 20 h. At 36 h after addition of the DNA, the
cells were lysed in RIPA buffer (20 mM Tris [pH 7.4], 0.3 M NaCl, 1% [wt/vol]
sodium deoxycholate, 1% [vol/vol] Triton X-100, 0.1% [wt/vol] sodium dodecyl
sulfate) containing protease inhibitors. Viral proteins were precipitated as de-
scribed previously (7) with HFV-positive chimpanzee sera or with rabbit antisera
generated against recombinant HFV proteins and specific for SU (20), Bel1 (22),
Bel1/Bet (1), and Bet/Bel2 (1). Secreted viral proteins were analyzed with filtered
(pore size 0.45 mm) supernatant supplemented with 53 RIPA buffer to yield 13
RIPA buffer. Particle-associated proteins were detected after centrifugation
through a 20% sucrose cushion as described previously (7).

RT-PCR analysis. Human KMST-6 fibroblastoid cells (28) were infected with
supernatants of known titer from transfected 293T cells, containing molecularly
defined viruses, at a multiplicity of infection (MOI) of 0.5. Mock-infected cul-
tures were incubated with the same amount of supernatant from 293T cells
transfected with pCDNA3.11zeo. At 7 days after infection, total RNA was
isolated from the infected cultures with the RNeasy Kit (Qiagen) as specified by
the manufacturer. A 1-mg portion of total RNA was used for each individual
reverse transcription-PCR (RT-PCR) analysis with the Titan RT-PCR System
(Boehringer) as specified by the manufacturer. The primers used were 391
(AAGAGCAGATTGAAAGAGCAAAAGC), hybridizing upstream of the tran-
scription start of the internal promotor (nt 8419) within the env ORF, and 8
(CTGGACTCTTCTAGTAGCCCT), hybridizing downstream of the SA site (nt
9224) within the bel2 ORF. Aliquots of the amplification reaction products were
separated by agarose gel electrophoresis.

Determination of virus titers and growth kinetics. The growth kinetics of
individual viruses were analyzed by infection of BHK-21 cells or of BHK-21 cells
constitutively expressing the HFV transcriptional transactivator (BHK/Bel1
cells) (3) at a MOI of 0.05. Cell-free samples of the supernatant were collected
over a period of 26 days and subjected to titer determination on BHK/LTRlacz
cells as described previously (35).

Neutralization of HFV infection. Neutralization of HFV infectivity by chim-
panzee sera was analyzed as described previously with minor modifications (4).
Briefly, 500 focus-forming units (FFU) of HSRV2 wt or HSRV2 EM4 virus stock
generated by transient transfection of 293T cells was incubated with different
antisera dilutions for 1 h at 37°C in a total volume of 100 ml prior to the addition
to 2 3 103 BHK/LTRlacz indicator cells plated 24 h previously in 96-well plates.
At 48 h later, the supernatants were aspirated, the cells were washed once with
phosphate-buffered saline, and 100 ml of lysis buffer (Promega) was added. After
a 15-min incubation at room temperature, 100 ml of 23 assay buffer (20 mM
NaH2PO4, 80 mM Na2HPO4, 0.1 mM MnCl2, 2 mM MgSO4, 40 mM 2-mercap-
toethanol, 4 mg of o-nitrophenyl-b-D-galactopyranoside [ONPG] per ml [pH
7.3]) was added and the plates were incubated at 37°C for an additional 6 to 12 h.
The enzymatic reaction was terminated by the addition of 100 ml of 3 M Na2CO3,
and the absorbance at 405 nm was determined in an enzyme-linked immunosor-
bent assay reader (Bio-Rad).

RESULTS

Origin of the Env-Bel fusion proteins. Computer-assisted
analysis of the 39 part of the HFV genome coding for the Env,
Bel1, and Bet proteins (nt 5719 to 10445) indicated that alter-
natively spliced Env mRNA utilizing the SD (nt 8530) within
the env ORF could potentially encode Env-Bel1, Env-Bet,
and/or Env-Bel2 fusion proteins (Fig. 2A and B). Interestingly,

all potential Env fusion proteins would lack the complete
membrane-spanning domain (MSD) as well as the cytoplasmic
domain of the TM subunit containing the ER retention signal
(10), suggesting a targeting of these fusion proteins to the
cellular secretory pathway. Furthermore, these SD and SA
sites seem to be highly conserved in various FV isolates orig-
inating from different primates (data not shown). To examine
whether such Env-Bel fusion proteins were indeed generated
by the 39 part of the HFV genome, a eukaryotic expression
construct, pcHFVenv/bel1-3 wt, was generated, containing the
complete HFV env ORF as well as the bel1-3 ORFs (Fig. 2C).
In addition, expression constructs containing the potential
cDNAs coding for Env-Bel1 (EM7), Env-Bet (EM8), and Env-
Bel2 (EM9) were generated by joining the respective SA sites
with the env SD site by recombinant PCR (Fig. 2B and C).
293T cells were transfected with these expression constructs,

FIG. 1. Known HFV mRNAs derived from the LTR or internal promoter
coding for structural as well as accessory proteins. The mRNAs are indicated as
lines with inserts for the deleted intron sequences, the coding regions of the
individual mRNAs are shown as bars, and the resulting proteins are listed in the
column to the right.

FIG. 2. Schematic illustration of alternatively spliced env mRNAs and con-
structs generated to characterize gp170. (A) HFV genome organization. The
region spanning the 39 part of the envelope ORF and the bel1-3 ORFs is
enlarged. The env mRNA and the tas/bel1 and bet mRNA are indicated below.
Coding regions are drawn as solid bars, noncoding regions are indicated by thin
lines. The SD and SA sites normally used to generate the tas/bel1 and bet
transcripts derived from the IP within the env ORF are indicated. (B) Illustration
of the three potential Env-Bel fusion proteins generated by alternative splicing of
the env mRNA by using the first SD site within the env ORF and the different SD
and SA sites downstream. (C) Illustration of the different mutants. wt, wild-type
HSRV2 sequences (35); EM2, inactivation of the SD (nt 8530) and SA (nt 8648)
(indicated by dots); EM4, inactivation of the SD (nt 8530); EM6, Env-Bel1/Bet,
intron deletion between SD (nt 8530) and SA (nt 8648); EM7, Env-Bel1, EM6
mutation combined with the inactivation of the SD (nt 8922) and SA (nt 9224);
EM8, Env-Bet, EM6 mutation combined with the intron deletion between SD
(nt 8922) and SA (nt 9224); EM9: Env-Bel2, deletion of all sequences between
SD (nt 8530) and SA (nt 9224).
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and subsequently lysates of metabolically labeled cells were
examined by RIPA with antisera specific for all major HFV
proteins (Fig. 3A), HFV Env (Fig. 3B), Bel1 (Fig. 3C), and
Bel2 (Fig. 3D). Analysis with a chimpanzee serum recognizing
all major HFV proteins showed the presence of the 130-kDa
Env precursor and a protein of unknown origin of about 170
kDa (Fig. 3A, lane 1), which was expressed at 30 to 50% of the
level of the Env precursor gp130. The 170-kDa protein could
be precipitated by an antiserum specific for the HFV Env
protein (Fig. 3B, lane 1), by an antiserum reactive with the
C-terminal amino acids encoded by the bel2 ORF (Fig. 3D,
lane 1), or by an antiserum recognizing sequences common to
Bel1 and Bet (data not shown), but not by an antiserum spe-
cific for amino acids unique to the Bel1 protein (Fig. 3C, lane
1). These results showed that the coding capacity for the 170-
kDa HFV protein resides within this part of the HFV genome.
Furthermore, the lack of reactivity of the 170-kDa protein with
a Bel1-specific antiserum indicated that it is not an Env-Bel1
fusion protein. The sizes of the Env-Bel fusion proteins gen-
erated by transfection of 293T cells with the potential cDNA
expression constructs (Fig. 3, lanes 3 to 5) suggested that the
nature of the 170-kDa Env reactive protein most probably is an
Env-Bet rather than an Env-Bel2 fusion protein. This was
further supported by the precipitation of gp170 with the Bel1/
Bet-specific antiserum (data not shown).

Next, we investigated whether the SD site (nt 8530) within
the HFV env ORF is required to generate the 170-kDa pro-
tein. In HFV proviruses, this SD normally is used to generate
spliced mRNAs coding for Bel1 and Bet proteins, derived from

the HFV IP localized within the env ORF (22). SD sites con-
tain a conserved GT dinucleotide which is essential for splicing
to an SA site (reviewed in reference 12). Therefore, a mutant,
pcHFVenv/bel1 EM4, was generated that has the SD (nt 8530)
inactivated by changing the GT dinucleotide to GG, a modi-
fication that has been shown to abolish adenovirus splicing
(26). When cell lysates of metabolically labeled 293T cells
transfected with pcHFVenv/bel1-3 EM4 were examined by
RIPA with different antisera, the 170-kDa protein was no
longer detectable (Fig. 3, lanes 2). In contrast, the expression
of the 130-kDa Env precursor was not affected by the inacti-
vated SD site within the env ORF. The phenotype of the EM2
mutant, which has both the SD (nt 8530) and the SA (nt 8648)
inactivated, was indistinguishable from that of the EM4 mutant
(data not shown). These results showed that the SD site within
the env ORF is used and is a prerequisite for the generation of
the 170-kDa Env-Bet fusion protein. Furthermore, they indi-
cated that an alternative splice mechanism is the origin for the
env-bet mRNA.

Expression analysis of the Env-Bet fusion protein in the
proviral context. A CMV promoter-driven HFV proviral
clone, pcHSRV2, has been described recently (25). This con-
struct allowed the production of virus titers up to 105 FFU/ml
by transient transfection of 293T cells. To analyze the gener-
ation of the HFV Env-Bet protein in the context of the expres-
sion of other HFV structural proteins and its influence on
HFV replication in vitro, the SD mutation EM4 was intro-
duced into the pcHSRV2 provirus, termed pcHSRV2 EM4. In
addition, proviral constructs were generated containing various

FIG. 3. Identification of the 170-kDa Env-Bet fusion protein expressed from subgenomic or proviral constructs. 293T cells were transfected with the different
expression constructs depicted in Fig. 2 and metabolically labeled, and cellular lysates were precipitated with antisera against HFV (a-HFV) (A), SU (a-SU) (B),
Tas/Bel1 (a-Tas/Bel1) (C), and Bel2 (a-Bel2) (D). Lanes: 1, pcHFVenv/bel1-3 wt; 2, pcHFVenv/bel1-3 EM4; 3, pcHFVenv-bet (EM8); 4, pcHFVenv-bel1 (EM7); 5,
pcHFVenv-bel2 (EM9); 6, mock, pCDNA3.11zeo, 7, pcHSRV2 wt; 8, pcHSRV2 EM4; 9, pcHSRV2 EM7; 10, pcHSRV2 EM8; 11, pcHSRV2 EM9; 12, mock,
pCDNA3.11zeo. In lanes 1 and 2, fivefold more lysate was used than in lanes 3 to 6. The arrow indicates the 170-kDa Env-Bet fusion protein.
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deletions spanning the SD and SA sites within the env and
bel1/2 ORFs, resulting in the loss of expression of the 130-kDa
Env protein and its cleavage products. pcHSRV2 EM6 is ca-
pable of expressing Env-Bel1 and Env-Bet proteins, whereas
pcHSRV2 EM7, EM8, and EM9 can express only Env-Bel1,
Env-Bet, and Env-Bel2 fusion proteins, respectively. Different
recombinant viruses were generated by transfection of 293T
cells and metabolically labeled, and HFV protein expression
was examined by RIPA with different antisera in cell lysates
(Fig. 3) and supernatants (Fig. 4A). Similar to the results
obtained with the subgenomic expression constructs shown
above, the analysis of cellular protein expression showed that
the 170-kDa protein is precipitated by a chimpanzee serum
reactive with all major HFV proteins (Fig. 3A, lane 7), by an
Env-specific antiserum (Fig. 3B, lane 7), by a Bel2-specific
antiserum (Fig. 3D, lane 7), or by an antiserum recognizing
sequences common to Bel1 and Bet (data not shown) but not
by a Bel1-specific rabbit serum (Fig. 3C, lane 7). In addition,
they demonstrated that the inactivation of the SD site within
the env ORF results in a loss of expression of the putative
Env-Bet fusion protein (Fig. 3, lanes 8). Furthermore, the
analysis of particle-associated HFV proteins indicated that the
Env-Bet protein is not particle associated (Fig. 4B, lane 1),
even though small amounts of the fusion protein and its
cleavage products could be detected in the supernatant of
pcHSRV2 wt-transfected cells (Fig. 4A, lane 1). However, it is
possible that the 170-kDa Env-Bet fusion protein, which lacks
the MSD of the HFV envelope, is loosely associated with HFV

particles via interaction of its extracellular domains with the
membrane-anchored 130-kDa Env protein and may be shed
during purification of the HFV particles by ultracentrifugation
through sucrose. Alternatively, the amounts of particle-associ-
ated Env-Bet fusion proteins might be to small to be detected
by standard RIPA. This analysis also showed that in the ab-
sence of the 130-kDa wild-type envelope protein, no HFV
particles were released into the supernatant, indicated by the
absence of HFV Gag and Env proteins in the viral particle
preparations of 293T cells transfected with pcHSRV2 EM6,
EM7, EM8, and EM9 (Fig. 4B, lanes 3 to 6). Nevertheless, the
different Env fusion proteins and their respective cleavage
products were detectable in these supernatants (Fig. 4A,
lanes 3 to 6), in even larger amounts than were found in the
pcHSRV2 wt sample (Fig. 4A, lane 1). No apparent difference
in the extra- and intracellular distribution of virus particles
could be observed between wild-type virus and the EM4 mu-
tant when examining Gag expression by RIPA (Fig. 3A, lanes
7 and 8; Fig. 4B, lanes 1 and 2) or the particle maturation by
electron microscopy (data not shown).

Identification and isolation of Env-Bel mRNAs from HFV-
infected human fibroblasts. The results of the RIPA shown
above suggested that the 170-kDa protein is an Env-Bet fusion
protein. Furthermore, no Env-Bel1 or Env-Bel2 proteins were
detected. To confirm the nature of the 170-kDa protein as an
Env-Bet protein and to determine whether other possible Env-
Bel fusion proteins not detected by the RIPA exist, we per-
formed RT-PCR analysis on infected KMST-6 human fibro-
blast cultures. 293T cells were transfected with the proviral
clones pcHSRV2, pcHSRV2 EM2, pcHSRV2 EM4, or
pCDNA3.11zeo as a control. Supernatants containing molec-
ularly defined infectious viruses were harvested 48 h later and
subjected to titer determination on BHK/LTRlacz cells. Sub-
sequently, they were used to infect KMST-6 cells at a MOI of
0.5. Seven days after infection, total RNA was isolated from
the infected cultures and used as template for an RT-PCR
analysis. The primers used hybridize upstream of the transcrip-
tion start of the internal promotor (nt 8419) within the env
ORF (primer 391) and downstream of the SA site (nt 9224)
within the bel2 ORF (primer 8) (Fig. 5A). Following amplifi-
cation, aliquots of the reaction mixtures were separated by
agarose gel electrophoresis (Fig. 5B). HFV-specific amplifica-
tion products were detected only in HFV-infected cultures,
and not in mock-infected cultures, whereas primers specific for
the b-globin mRNA yielded amplification products in all sam-
ples (data not shown). All HFV-infected samples yielded frag-
ments corresponding in size to the expected amplification
products of 1,055 bp for the full-length pregenomic, gag, pol or
env mRNA and of 757 bp for the Bel1-deleted DHFV (32)
pregenomic RNA (Fig. 5B, lanes 2 to 4). Furthermore, in
KMST-6 cells infected with wild-type HSRV2, an additional
637-bp fragment, corresponding in size to the putative env-bet
mRNA, was detected whereas no fragments of 937 and 363 bp,
corresponding to the putative env-bel1 and env-bel2 mRNA,
respectively, could be detected (Fig. 5B, lane 2). Strikingly, the
env-bet amplification product was present only in samples of
KMST-6 cells infected by wild-type HSRV2 (Fig. 5B, lane 2)
but was absent in samples of KMST-6 cells infected by the
HSRV2 EM2 or HSRV2 EM4 mutant viruses harboring a
defective SD site within the env ORF (Fig. 5B, lanes 3 and 4).
Similar results were obtained with primers located further up-
stream of the transcription initiation site of the internal pro-
moter within the env ORF and more 39 of the SA (nt 9224)
within the bel2 ORF (data not shown). All amplification prod-
ucts were cloned, and at least three individual clones of each
insert size were sequenced. The sequencing data confirmed the

FIG. 4. Analysis of the particle association of the Env-Bet fusion protein.
Following transfection with different proviral expression constructs, 293T cells
were metabolically labeled, and the appearance of HFV Env proteins in the
supernatant and associated with viral particles was analyzed. (A) RIPA of viral
proteins secreted into the supernatant by using an anti-HFV chimpanzee serum.
On the left is a longer exposure of lanes 1 and 2. (B) Particle-associated proteins
after pelleting through 20% sucrose. Lanes: 1, pcHSRV2 wt; 2, pcHSRV2 EM4;
3, pcHSRV2 EM6; 4, pcHSRV2 EM7; 5, pcHSRV2 EM8; 6, pcHSRV2 EM9; 7,
mock, pCDNA3.11zeo.
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nature of the amplification products as unspliced mRNA for
the 1,055-bp fragment, DHFV mRNA for the 757-bp fragment
and env-bet mRNA for the 637-bp fragment (data not shown).
No fragments coding for potential Env-Bel1 or Env-Bel2 pro-
teins could be isolated. Taken together, the results of the
RT-PCR analysis of human fibroblasts infected with molecu-
larly defined HSRV2 strains confirmed the findings of the
protein analysis. The 170-kDa Env-reactive band present in
cell lysates of wild-type-HFV-infected cells represents an Env-
Bet fusion protein generated by alternative splicing of the env
mRNA, using the SD-SA pairs located within the env ORF and
the bel1 and bel2 ORFs.

Virus replication kinetics. To determine whether the Env-
Bet fusion protein influences the in vitro replication of HFV,
we examined the replication kinetics with small amounts of
input virus. BHK-21 or BHK/Bel1 cells (3) were infected with
stocks of HSRV2 wt or HSRV2 EM4 of known titer at a MOI
of 0.05, and secretion of virus into the supernatant was mon-
itored for a period of 26 days by titer determination on indi-
cator cells. The virus production was similar for both types of
virus regardless of whether BHK-21 (Fig. 6) or BHK/Bel1 cells
(data not shown) were used as targets. Sequencing of PCR-
amplified proviral fragments spanning the SD (nt 8530) site on
day 14 after infection revealed no signs of reversion of the SD
mutation in HSRV2 EM4-infected cells (data not shown). Fur-
thermore, complementation of replication-defective HFV-
based vectors with either the 130-kDa Env protein alone or in
combination with the 170-kDa Env-Bet fusion protein revealed
no difference in the relative infectivity of the different viruses
on various target cell types (data not shown). These results
indicated that the expression of the Env-Bet protein by HFV
does not result in enhanced virus release or higher relative
infectivity in vitro.

Analysis of the influence of the Env-Bet fusion protein on
virus neutralization. The shedding of envelope proteins or the
secretion of envelope variants in vivo may affect the antiviral
immune response of the host. To test whether such a mecha-
nism applies to the 170-kDa Env-Bet protein, we examined the

neutralization capacity of several chimpanzee sera on different
recombinant HFVs in vitro. Supernatants containing wild-type
or SD mutant virions were generated by transient transfection
of 293T cells with pcHSRV2 wt and pcHSRV2 EM4, respec-
tively. Subsequently, a specific amount of virus (500 FFU) was
preincubated with different dilutions of chimpanzee sera
shown to be reactive with all major HFV proteins (data not
shown), before the addition to the indicator cells. At 48 h after
the addition of the virus-serum mixture, the cells were lysed
and the Tas/Bel1-dependent expression of b-galactosidase was
determined in an enzymatic assay. Both viruses, HSRV2 wt
and HSRV2 EM4, were neutralized by the different sera to a
similar extent (Fig. 7). However, the overall amount of b-ga-
lactosidase produced by HSRV2 EM4 was reproducibly re-
duced about twofold, although the same amount of infectious
virus, as determined by a focus formation assay on BHK/
LTRlacz cells, was used as the inoculum. These results provide

FIG. 5. RT-PCR analysis of RNA from fibroblastoid cells infected with HSRV2 wt or virus mutants. KMST-6 cells were infected with supernatants containing
different molecularly defined HSRV2 mutants. Total RNA was prepared and analyzed by RT-PCR. (A) Schematic illustration of the RT-PCR analysis. The 59 primer
(primer 391) hybridizes upstream of the transcription initiation site of the IP (nt 8419), and the 39 primer (primer 8) hybridizes downstream of the SA site (nt 9224)
in the bel2 ORF. The expected sizes of the fragments amplified by the RT-PCR with the indicated primers are given in the left column. DHFV is the bel1 intron-deleted
pregenomic mRNA (32). (B) Agarose gel electrophoresis of the amplicons obtained by RT-PCR of total RNA from cells infected with wild-type HSRV2 (lane 2),
HSRV2 EM2 (lane 3), or HSRV2 EM4 (lane 4) or mock-infected cells (lane 5). Size standards are shown in lane 1. The faint additional PCR products probably
represent heteroduplex molecules of the different amplification products.

FIG. 6. Replication kinetics of different HSRV2 mutants on BHK-21 cells.
Release of infectious virus by BHK-21 cells infected at an MOI of 0.05 with
wild-type HSRV2 (HSRV2 wt) or virus lacking the 170-kDa Env-Bet fusion
protein (HSRV2 EM4) is shown. The cultures were split 1:10 on day 15 (arrow).
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evidence that the generation of the 170-kDa Env-Bet protein
may not be used to affect the host antiviral immune response,
at least to the extent possible in this in vitro assay.

DISCUSSION

HFV has been reported previously to express a protein of
about 170 kDa that is recognized by Env- and Bel-specific
antisera (9). In this work, we demonstrated by RIPA with
various antisera that the 170-kDa reactive band is an Env-Bet
fusion protein. Furthermore, using site-directed mutagenesis
of splice site consensus sequences and RT-PCR analysis, we
could show that it is generated by an alternatively spliced env
mRNA that employs SD-SA pairs located within the env and
bel1/2 ORFs, which are normally used to generate Bel1 and
Bet transcripts derived from the internal promoter within the
env ORF. This is by analogy to other retroviruses that express
fusion proteins between env and accessory gene products. Hu-
man immunodeficiency virus (HIV), for example, generates a
Tat-Env-Rev fusion protein termed Tev (2) and other Tat- and
Rev-related Env fusion proteins (8, 13, 33) from alternatively
spliced mRNAs, some of which retain the activities of the
accessory gene products. What distinguishes the Env-Bet fu-
sion protein from these is that the HFV gp170 contains the
complete extracellular part of the Env protein whereas the
former proteins contain only small segments of the env coding

regions. Strikingly, the Env-Bet fusion protein lacks the MSD
and cytoplasmic domain of the 130-kDa Env precursor protein,
resulting in a targeting to the secretory pathway. Indeed, the
Env-Bet fusion protein and its cleavage products, SU and TM-
Bet, could be detected in the supernatant of transfected 293T
cells (Fig. 4A). Interestingly, in the absence of expression of
the 130-kDa Env protein, even larger amounts of the Env-Bet
fusion protein and its cleavage product could be detected in
the supernatant. The reason for this is unclear at present.
However, we were not able to detect particle-associated Env-
Bet protein. This implies that the Env-Bet protein plays no
direct role in the virus entry process. This is further supported
by the findings that FV vectors provided in trans with either
gp130 alone or gp130 plus gp170 showed similar relative in-
fectivity and that viruses lacking the Env-Bet protein displayed
similar replication kinetics to wild-type virus in vitro. Taken
together, the results presented in this report show that gp170 is
dispensable for HFV replication in vitro. However, it remains
to be seen how the different mutant viruses behave in vivo.

Interestingly, the SD-SA pair within the env ORF used to
generate the Env-Bet fusion proteins is highly conserved within
FV isolates from different primates, arguing for an important
role of the Env-Bet fusion in the virus life cycle. The large
amount of gp170 detected in infected cells relative to the gp130
Env precursor is a further argument in favor of the view that
the Env-Bet fusion protein plays an important role in FV
replication in vivo.

It has been suggested that Env protein shed by HIV particles
may affect the host immune system (30). We therefore inves-
tigated whether wild-type HFV may be more resistant to neu-
tralization by chimpanzee sera than is a mutant lacking gp170.
However, we were unable to demonstrate any difference be-
tween HSRV2 wt and HSRV2 EM4 in a neutralization assay.
The result implies that the Env-Bet protein is not used to
counteract the host humoral immune response, at least as far
as can be determined by this in vitro test.

gp170 may also exert its function through the Bet part of the
fusion protein. Since no assay system for Bet is available yet
and since the function of Bet is virtually unknown, this aspect
could not be analyzed in the present study.

The real role of the Env-Bet protein in the FV life cycle will
probably be revealed only by examination of different mutant
viruses in vivo, as has been done for the HIV/SIV accessory
protein Nef, which is also dispensable for in vitro growth (15,
19) but is necessary for high virus loads and establishment of
productive infections in the host (18). It will be interesting to
see whether there is a selection pressure to retain the expres-
sion of the Env-Bet protein in vivo. The use of a small-animal
model for HFV infection (34) may be instrumental in shedding
more light on the potential function of gp170 in the FV life
cycle.
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