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Surface Glycoproteins of an African Henipavirus Induce Syncytium
Formation in a Cell Line Derived from an African Fruit Bat,

Hypsignathus monstrosus
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Serological screening and detection of genomic RNA indicates that members of the genus Henipavirus are present not only in
Southeast Asia but also in African fruit bats. We demonstrate that the surface glycoproteins F and G of an African henipavirus
(M74) induce syncytium formation in a kidney cell line derived from an African fruit bat, Hypsignathus monstrosus. Despite a
less broad cell tropism, the M74 glycoproteins show functional similarities to glycoproteins of Nipah virus.

enipaviruses are among the most pathogenic viruses causing

disease in humans. Two members of the genus Henipavirus
are Hendra virus (HeV) and Nipah virus (NiV), which were first
reported in 1994 and 1998, respectively (1). HeV had been isolated
from diseased horses in Australia and NiV from pigs in Malaysia
(2, 3). Both viruses can cause severe encephalitis in humans with
case fatality rates of 40 to 100%. Natural reservoir hosts for heni-
paviruses are flying foxes of the genus Pteropus (4, 5). The geo-
graphic range of pteropid bats comprises Australia and countries
of Southeast Asia (6). A related virus, cedar virus (CedPV), caus-
ing no clinical disease in animal infections, has been isolated from
Pteropus alecto in Australia (7). Evidence for henipaviruses in Af-
rica was suggested when sera from Ghanaian fruit bats were found
to contain cross-neutralizing antibodies against NiV and HeV (8).
The existence of African henipaviruses was confirmed by the iden-
tification of genomic RNA in fecal samples from Eidolon helvum
(9). No infectious henipavirus has been isolated so far from Afri-
can bats.

To gain information about the biological activities of the sur-
face glycoproteins of an African henipavirus, the open reading
frames of the fusion (F) and attachment (G) proteins of the Afri-
can bat henipavirus Eid_hel/GH-M74a/GHA/2009 (M74) (10)
were inserted into the expression plasmids pCAGGS (M74 F) or
pCGl1 (M74 G), and expression was compared to that of the cor-
responding NiV glycoproteins. Amino acid sequence identity be-
tween the F and G proteins of M74 and NiV was 55.8 and 26.0%,
respectively (10). All F proteins contained a carboxy-terminal
hemagglutinin (HA) tag and all G proteins a carboxy-terminal
FLAG tag. The F and G proteins of both M74 and NiV were ex-
pressed in BHK-21 and Vero76 cells and in HypNi/1.1 cells, kid-
ney cells from Hypsignathus monstrosus (11). The expression
efficiencies and the fluorescence intensities of the expressed gly-
coproteins in permeabilized cells were similar for M74 and NiV
(not shown). Major differences were detected when the trans-
fected cells expressing both F and G were monitored at 24 h post-
transfection (p.t.) for the presence of syncytia. As shown in Fig.
1A, syncytia were observed for BHK-21, Vero76, and HypNi/1.1
cells expressing both the NiV F (green) and NiV G (red) proteins.
In contrast, the glycoproteins of M74 induced syncytium forma-
tion only in HypNi/1.1 cells (Fig. 1B), not in BHK-21 or Vero76
cells. When the syncytia of a sample characterized by coexpression
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FIG 1 Syncytium formation of cells coexpressing the glycoproteins F and G of
M74 and NiV. The three cell lines indicated were cotransfected for the expres-
sion of both the F and G proteins of either NiV (A) or M74 (B). At 24 h p.i., cells
were stained for F (green), G (red), or nuclei (blue) and analyzed by fluores-
cence microscopy (scale bar, 25 pm). DAPI, 4',6-diamidino-2-phenylindole.
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FIG 2 Effect of ammonium chloride on the function and processing of the
surface glycoproteins of M74 and NiV. (A) HypNi/1.1 cells were transfected
for expression of M74 F, NiV F, or (as a control) the S protein of IBV and
incubated in the absence (control) or presence of ammonium chloride
(NH4CI). At 24 h p.t., the cells were monitored for syncytium formation. The
M74 and NiV F and G proteins were stained as described in the legend to Fig.
1. The S protein of IBV was stained by a monoclonal antibody and rhodamine-
conjugated secondary antibodies. (B) Transfected cells expressing M74 F, NiV
F, or no foreign protein (ctr) were incubated in the presence (+) or absence
(—) of NH4Cl and analyzed by Western blotting for the presence of uncleaved
precursor F, (upper band) and cleavage product F, (lower band). Molecular
mass markers (in kilodaltons) are indicated on the left.

of F and G were evaluated, the number of nuclei per syncytium
ranged between 4 and 10, with a mean value of 5.0 nuclei/syncy-
tium. This number is much lower than the value of 13.5 that was
determined for HypNi/1.1 cells expressing the NiV glycoproteins.

Proteolytic activation of the NiV fusion protein requires recy-
cling from the plasma membrane through an endosomal com-
partment in an acid-dependent process. Ammonium chloride
prevents acidification of endosomal compartments and inhibits
syncytium formation induced by NiV F protein (12). In the pres-
ence of 25 mM ammonium chloride added 4 h p.t., the F and G
proteins of neither NiV nor M74 showed any syncytium forma-
tion above background levels (Fig. 2A). As a control, we analyzed
the spike (S) glycoprotein of infectious bronchitis virus, an avian
coronavirus, which is activated by furin-like proteases (13). Ex-
pression of the S protein (14) in HypNi/1.1 cells resulted in syn-
cytium formation which was not inhibited by ammonium chlo-
ride (Fig. 2A). Our results show that the proteolytic activation of
the fusion activity of M74 F is acid dependent, similar to that of
NiV F. The inhibiting effect of ammonium chloride on the pro-
teolytic cleavage of the F proteins was confirmed by Western blot-
ting. In HypNi/1.1 cells expressing the F protein of either NiV or
M74, two protein bands are visible, representing the uncleaved
precursor F; and the cleavage product F, (Fig. 2B). In the samples
treated with ammonium chloride, only the uncleaved F, (upper
band) is detectable.

Infection by NiV and HeV is initiated by an attachment process
that involves the interaction of the viral G protein with the cell
surface receptor, ephrin B2/B3 (15, 16). In a coimmunoprecipita-
tion assay, we analyzed whether ephrin B2 can interact with the G
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FIG 3 Interaction of the G proteins of M74 and NiV with ephrin B2. The
FLAG-tagged G proteins of NiV and M74 were expressed in BHK-21 cells. At
24 h p.t., cells were lysed in NP-40 lysis buffer and mixed with protein A-
Sepharose (Sigma-Aldrich) preloaded with soluble Fc-tagged ephrin B2 (+
eph; R&D Systems). — eph, control. After several washings, bound G proteins
were released from the beads by boiling in nonreducing sample buffer and
analyzed by Western blotting. G proteins were visualized by immunostaining
(upper panels) using antibodies against the FLAG tag (Sigma-Aldrich). The
presence of ephrin B2 was shown by immunostaining (lower panels) using
antibodies against the Fc tag (Dako). Molecular mass markers (in kilodaltons)
are indicated on the left.

proteins of either NiV or M74. BHK-21 cells were transfected for
expression of M74 G or NiV G. At 24 h p.t., cells were lysed and
mixed with protein A-Sepharose loaded with soluble mouse eph-
rin B2/Fc. Precipitates were separated by SDS-polyacrylamide gel
electrophoresis and analyzed by Western blotting. G proteins were
visualized using mouse anti-FLAG and anti-mouse IgG-horserad-
ish peroxidase (HRP). The presence of the ephrin B2/Fc was con-
firmed using anti-human IgG-HRP. As shown in Fig. 3, both G
proteins were precipitated in an ephrin B2-dependent manner,
indicating that the G protein of M74, like the NiV counterpart,
interacts with ephrin B2.

Finally, we analyzed whether differences in surface expression
of the viral glycoproteins may explain the observed differences in
syncytium formation. As shown in Fig. 4, surface immunofluores-
cence microscopy revealed the presence of G on the surface of
syncytia in HypNi/1.1 cells. Surface expression of G was also
found for Vero76 cells expressing both G and F of M74. However,
these cells were much lower in number and they were always single
cells and not part of a syncytium. Surface expression of F could not
be analyzed in the same way, as the HA tag was attached to the
cytoplasmic tail. However, as proteolytic cleavage of F (Fig. 2B)
was also observed for Vero76 cells (not shown), we conclude that
F protein is transported to the surface of these cells. Future exper-
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FIG 4 Surface expression of M74 G. Cells were transfected for expression of
M74 F-HA and G-FLAG. At 24 h p.t., nonpermeabilized cells were stained with
anti-FLAG antibody to detect G protein on the surface of transfected cells
(scale bar, 25 pm).
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iments are needed to show whether differences in the efficiency of
surface transport may explain differences in syncytium formation
between NiV and M74.

Our results show that Asian and African henipaviruses share
some characteristics suggesting a similar strategy of virus entry.
Above all, we report a cell system that allows the functional char-
acterization of the glycoproteins of African henipaviruses. This
cell line may also be helpful in the isolation of infectious henipa-
viruses from African fruit bats and maybe even from bats of other
geographic regions, such as Central America, where henipavirus-
like viral RNA sequences have been reported (10).
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