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ABSTRACT

Henipaviruses are associated with pteropodid reservoir hosts. The glycoproteins G and F of an African henipavirus (strain M74)
have been reported to induce syncytium formation in kidney cells derived from a Hypsignathus monstrosus bat (HypNi/1.1) but
not in nonchiropteran BHK-21 and Vero76 cells. Here, we show that syncytia are also induced in two other pteropodid cell lines
from Hypsignathus monstrosus and Eidolon helvum bats upon coexpression of the M74 glycoproteins. The G protein was trans-
ported to the surface of transfected chiropteran cells, whereas surface expression in the nonchiropteran cells was detectable only
in a fraction of cells. In contrast, the G protein of Nipah virus is transported efficiently to the surface of both chiropteran and
nonchiropteran cells. Even in chiropteran cells, M74-G was predominantly expressed in the endoplasmic reticulum (ER), as indi-
cated by colocalization with marker proteins. This result is consistent with the finding that all N-glycans of the M74-G proteins
are of the mannose-rich type, as indicated by sensitivity to endo H treatment. These data indicate that the surface transport of
M74-G is impaired in available cell culture systems, with larger amounts of viral glycoprotein present on chiropteran cells than
on nonchiropteran cells. The restricted surface expression of M74-G explains the reduced fusion activity of the glycoproteins of
the African henipavirus. Our results suggest strategies for the isolation of infectious viruses, which is necessary to assess the risk
of zoonotic virus transmission.

IMPORTANCE

Henipaviruses are highly pathogenic zoonotic viruses associated with pteropodid bat hosts. Whether the recently de-
scribed African bat henipaviruses have a zoonotic potential as high as that of their Asian and Australian relatives is un-
known. We show that surface expression of the attachment protein G of an African henipavirus, M74, is restricted in com-
parison to the G protein expression of the highly pathogenic Nipah virus. Transport to the cell surface is more restricted in
nonchiropteran cells than it is in chiropteran cells, explaining the differential fusion activity of the M74 surface proteins in
these cells. Our results imply that surface expression of viral glycoproteins may serve as a major marker to assess the zoo-
notic risk of emerging henipaviruses.

The genus Henipavirus within the Paramyxoviridae family com-
prises two highly pathogenic members, Hendra virus (HeV)

and Nipah virus (NiV), that can cause severe encephalitis in hu-
mans, with case fatality rates of 40 to 100%, and have to be dealt
with under biosafety level 4 (BSL4) conditions.

HeV was isolated in 1994 from diseased horses in Australia and
sporadically spread to persons who had direct contact with in-
fected animals (1). NiV was discovered in 1998 in Malaysia, where
it was isolated from pigs and transmitted to pig farmers and abat-
toir workers (2). Both viruses have their natural reservoir in Asian
fruit bats of the genus Pteropus. Infected pteropodid bats do not
show clinical signs and can shed the virus via their urine (2–6). In
the case of NiV, local outbreaks occurred regularly in India and
Bangladesh since 2001 (7), where the virus was transmitted from
flying foxes to humans, presumably via consumption of contam-
inated date palm sap (8–10). Human-to-human transmission also
occurs in these countries (11, 12). An additional henipavirus, Ce-
dar virus (CedPV), has been described recently (13).

The detection of cross-neutralizing antibodies and genomic
RNA in bats of the species Eidolon helvum indicated that henipa-
viruses are also present in African fruit bats (14–17). Cross-react-
ing antibodies were also reported for domestic pig populations in
Ghana, suggesting that the occurrence of henipavirus infections
may not be restricted to bats (18). So far, all efforts to isolate an

African henipavirus have failed, which makes it difficult to assess
the zoonotic potential of these viruses (14–18).

The infection of cells by NiV and HeV is initiated by the bind-
ing of the viral glycoprotein (G), a type II membrane protein, to
the ubiquitously expressed cellular surface receptor ephrin-B2
(EphB2) or EphB3 (19–21). The subsequent release of the viral
genome into the cytoplasm is mediated by the action of the viral
fusion protein (F), which induces the fusion of the viral envelope
with cellular membranes. Coexpression of F and G on the surface
of infected or transfected cells results in the fusion of neighboring
cells and thus in the formation of syncytia, i.e., multinucleated
giant cells (22).

The surface glycoproteins of the African henipavirus M74
share some functional similarities with their counterparts of NiV
and HeV. The G protein binds to ephrin-B2, and the F protein is
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proteolytically cleaved into F1 and F2 in an acidic compartment
following internalization from the cell surface (23, 24). There is,
however, a major difference in the fusion activity. In the case of
NiV and HeV, coexpression of F and G usually results in the for-
mation of multinucleated giant cells. In contrast, the surface gly-
coproteins of M74 have been found to induce smaller syncytia,
and so far they were observed only in a kidney cell line derived
from Hypsignathus monstrosus. No syncytia were observed in
common nonchiropteran mammalian cells, such as Vero and
BHK cells. The inability to induce syncytium formation in non-
chiropteran cells has been attributed in part to an inefficient pro-
cessing of the F protein (24).

To address the question of why the M74 glycoproteins fail to
mediate syncytium formation in nonchiropteran cell lines, we
characterized the M74-G protein in more detail. We report that
surface transport of G is less efficient than that of NiV-G. Only
small amounts of M74-G were detected on the surface of nonchi-
ropteran cells. In contrast, surface expression was increased in the
three chiropteran cell lines that form syncytia upon coexpression
of M74-F and -G. Thus, differences in the surface transport of
M74-G are a major determinant for the restricted ability of the
surface glycoproteins of the putative African henipavirus M74 to
induce syncytium formation.

MATERIALS AND METHODS
Cells. BHK-21 cells, Vero76 cells, human bronchial epithelial (HBE) cells,
a kidney cell line derived from Hypsignathus monstrosus (HypNi/1.1 cells)
(23), Hypsignathus monstrosus lung cells (HypLu/2), and Eidolon helvum
kidney cells (EidNi/41) were maintained in Dulbecco’s minimum essen-
tial medium (DMEM; Gibco) supplemented with 5% (BHK-21, Vero76)
or 10% (HypNi/1.1, HypLu/2, EidNi/41) fetal calf serum (FCS; Bio-
chrom). HBE cells were maintained in medium containing the same
amounts of DMEM (Gibco) and Ham’s F-12 medium (PAA) supple-
mented with 5% FCS. Cells were cultivated in 75-cm2 tissue culture flasks
(Greiner Bio-One) at 37°C and 5% CO2.

Plasmids. The open reading frames (ORF) of M74-F (GenBank acces-
sion number AFH96010.1) and NiV-F (GenBank accession number
AF212302; kindly provided by A. Maisner) were cloned into the expres-
sion vector pCG1 and connected with a sequence coding for a hemagglu-
tinin (HA) epitope at the carboxy-terminal end (M74-F-HA). The ORFs
of M74-G (GenBank accession number AFH96011.1) and a synthetic
NiV-G (GenBank accession number AF212302; kindly provided by A.
Maisner) derived from strain NiV/MY/HU/1999/CDC were cloned into
the pCG1 vector, which was kindly provided by R. Cattaneo. The gene
constructs were modified such that both glycoproteins contained a car-
boxy-terminal FLAG epitope (NiV-G-FLAG, M74-G-FLAG). In addition,
constructs with an HA epitope at the carboxy-terminal end were gener-
ated (NiV-G-HA, M74-G-HA). Furthermore, chimeric G proteins were
generated in which the NiV-G ectodomain (ED) was combined with the
M74-G transmembrane domain (TD) and cytoplasmic tail (CT), and vice
versa. All chimeric proteins contained a carboxy-terminal FLAG epitope
(M74-G-FLAG ED, NiV-G-FLAG ED): M74-G ED consists of the amino
acid (aa) residues 1 to 70 of NiV-G and aa 88 to 632 of M74-G, whereas
NiV-G ED consists of aa 1 to 87 of M74-G and aa 71 to 602 of NiV-G.
While the sequence of the NiV-G ED was derived from published data (25,
26), the definitions of the NiV-G TD and CT as well as those of the M74-G
ED, TD, and CT were based on the prediction of transmembrane regions
by the online tool HMMTOP (www.enzim.hu/hmmtop/).

To determine the intracellular localization of M74-G, cotransfection
experiments with fluorescence-labeled cellular compartment markers for
endosomes (pEGFP-Endo; Clontech), endoplasmic reticulum (ER)
(EGFP-ER, provided by Frank van Kuppeveld), Golgi apparatus (CFP-
Golgi; Clontech), and ER-Golgi intermediate compartment (ERGIC)

(GFP-ERGIC, provided by Christel Schwegmann-Wessels) were per-
formed (EGFP is enhanced green fluorescent protein, whereas CFP is cyan
fluorescent protein).

IFA. To analyze the cell-to-cell fusion in HBE, HypLu/2, and EidNi/41
cells following coexpression of the NiV- or M74-F and -G proteins, cells
were grown on coverslips and transfected with the epitope-labeled con-
structs using the Lipofectamine 2000 transfection reagent (Life Technol-
ogies). At 24 h posttransfection (p.t.), cells were fixed by incubation with
phosphate-buffered saline (PBS)-3% paraformaldehyde, permeabilized
with 0.2% Triton X-100, and incubated with an antibody against the
FLAG epitope (anti-FLAG, mouse; Sigma) and another one against the
HA epitope (anti-HA, rabbit; Sigma), followed by an incubation with
anti-mouse IgG F(ab=) 2-fragment Cy3 (Sigma) and anti-rabbit IgG flu-
orescein isothiocyanate (FITC; Sigma), for 1 h and for 30 min, respec-
tively. Immunofluorescence analysis (IFA) was performed using a Nikon
Eclipse Ti fluorescence microscope and the NIS Elements AR software
(Nikon).

To detect intracellular and surface-expressed G proteins, cells were
fixed and, in the case of intracellularly expressed proteins, permeabilized,
followed by incubation with the respective antibodies. Finally, the cells
were treated with 4=,6-diamidino-2-phenylindole (DAPI; Roth) and
mounted in Mowiol.

The intracellular clustering of M74-G, M74-G ED, NiV-G, and NiV-G
ED, as well as the coexpression with NiV-G, was investigated by cotrans-
fection of cells with M74-G-FLAG, M74-G-FLAG ED, or NiV-G-FLAG
ED and NiV-G-HA, EGFP-Endo, EGFP-ER, CFP-Golgi, or GFP-ERGIC.
M74-G-FLAG, NiV-G-FLAG, and the FLAG-labeled ED chimeras were
detected by antibody staining as described before. NiV-G-HA was de-
tected by incubation with an antibody directed against the HA epitope
(anti-HA, rabbit; Sigma) and an FITC-conjugated anti-rabbit secondary
antibody (Sigma). IFA of cotransfected cells was performed using an Apo-
Tome-equipped Axioplan 2 microscope (Carl Zeiss).

Preparation of cell lysates, SDS-PAGE, and Western blot analysis.
Cells were grown in 6-well plates and transfected for expression of
epitope-labeled glycoproteins. At 24 h p.t., cells were detached from the
bottom of the plates using a cell scraper, collected in reaction tubes, and
centrifuged for 15 min at 600 � g and 4°C. After the removal of the
supernatants, the cell pellet was resuspended in NP-40 lysis buffer with
protease inhibitors and incubated on ice for 2 h. Afterward, the cell lysates
were centrifuged for 30 min at 10,000 � g and 4°C, and the supernatant
was transferred to a new reaction tube. Subsequently, 4� LDS sample
buffer (final concentration, 1�; Life Technologies) was added to the sam-
ples, which were then incubated for 10 min at 96°C and were used for
SDS-PAGE. To perform SDS-PAGE under reducing conditions, the sam-
ples were incubated for 10 min at 96°C in the presence of 0.1 M (final
concentration) dithiothreitol (DTT) before they were loaded on the SDS
gel (10%). SDS-PAGE and Western blotting were performed. NiV- and
M74-G-FLAG were detected by incubation with an anti-FLAG antibody
(mouse; Sigma) and anti-mouse horseradish peroxidase (HRP; Dako).
Incubation with primary antibodies was performed at 4°C overnight,
while secondary antibodies were applied for 1 h at 4°C. For the visualiza-
tion of protein bands, membranes containing the immobilized proteins
were incubated with Super Signal West Dura extended duration substrate
(Thermo Scientific), placed in a ChemiDoc imager (Bio-Rad), and ana-
lyzed with the Quanti One software (Bio-Rad).

Surface biotinylation. At 24 h p.t., M74-G-FLAG- or NiV-G-FLAG-
transfected cells that had been grown in 6-well plates were washed with
ice-cold PBS, followed by incubation with 0.5 mg/ml long-chain (LC)
biotin (Thermo Scientific) dissolved in PBS for 20 min at 4°C on a rocking
platform shaker. Afterward, the biotin solution was removed, and cells
were washed with PBS-0.1 M glycine buffer and further incubated with
PBS-glycine for 15 min at 4°C. Next, the cells were scraped from the
bottom of the plates, collected in reaction tubes, and centrifuged for 15
min at 600 � g and 4°C. The supernatants were removed by aspiration,
and the pellets were resuspended in 500 �l NP-40 lysis buffer with pro-
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tease inhibitors. Cell lysates were mixed with streptavidin-agarose
(Pierce). After overnight incubation at 4°C on an overhead shaker, sam-
ples were centrifuged for 5 min at 10,000 � g at 4°C. Next, the superna-
tants were removed by aspiration, and the agarose-bound proteins were
washed with 250 �l NP-40 cell lysis buffer without protease inhibitor and
centrifuged again for 5 min at 10,000 � g and 4°C. This step was repeated
3 times, before 50 �l of 2� SDS sample buffer was added to the pellet, and
the samples were incubated for 10 min at 96°C to release bound protein
from the agarose beads. After a final centrifugation for 5 min at 10,000 �
g at room temperature, the resulting supernatants were collected and sub-
jected to SDS-PAGE and Western blotting. Protein detection and visual-
ization of the protein bands were performed as described above.

Flow cytometry. Cells were grown in 6-well plates and transfected
with the empty vector pCG1 or the epitope-labeled NiV- or M74-G-
FLAG, as described before. At 24 h p.t., cells were washed and detached by
incubation with Accutase (PAA). Next, the cells were transferred to reac-
tion tubes and pelleted by centrifugation at 600 � g and 4°C for 5 min. The
cells were subsequently resuspended in PBS without calcium and magne-
sium ions (PBSM)-1% bovine serum albumin (BSA)-3 mM EDTA and
pelleted again. This washing step was repeated three times, before the cells
were resuspended in PBSM-1% BSA containing an anti-FLAG antibody
(mouse, 1:1,000; Sigma) and incubated for 1 h on an overhead shaker at
4°C. Afterward, the cells were pelleted and washed again (as described
above) and resuspended in PBSM-1% BSA containing a biotin-conju-
gated anti-mouse antibody (1:1,000; Sigma), again for 1 h at 4°C on an
overhead shaker. After an additional washing interval, the cells were re-
suspended in PBSM-1% BSA containing phycoerythrin-conjugated
streptavidin (1:1,000; Bio-Rad) for fluorescence labeling and incubated
for 30 min at 4°C on an overhead shaker. Next, the cells were washed again
and fixed by incubation with PBS-3% paraformaldehyde for 20 min. Fi-
nally, the cells were washed again to remove residual paraformaldehyde
and resuspended in 500 �l PBSM-1% BSA-3 mM EDTA, and flow cytom-
etry was performed using a Beckman Coulter Epics XL and the Expo 32
ADC XL4 Color software (Beckman Coulter). The experiment was per-
formed three times, with each value determined in quadruplicates.

Endoglycosidase digestion. Cells grown in 6-well plates were trans-
fected for expression of NiV- or M74-G-FLAG. At 24 h p.t., cell lysates
were prepared. For digestion with endoglycosidase H (endo H; New Eng-
land BioLabs) or N-glycosidase F (PNGase F; New England BioLabs), 9 �l
of the cell lysate was combined with 1 �l of 10� glycoprotein denaturing
buffer, followed by incubation at 96°C for 10 min. Endoglycosidase diges-
tion was performed according to the manufacturer’s protocol. All samples
were loaded on an SDS gel (10%), and SDS-PAGE and Western blotting
were performed. Proteins were detected by incubation with anti-FLAG
antibodies (Sigma) and mouse HRP (Dako).

RESULTS
Syncytium formation induced by coexpression of M74-F and -G
in the chiropteran cell lines HypLu/2 and EidNi/41. After our
recent report that the glycoproteins G and F of a putative African
henipavirus are able to induce syncytium formation in the chirop-
teran HypNi/1.1 cell line, but not in the nonchiropteran BHK-21
and Vero76 cell lines (23), we identified further chiropteran cell
lines, which, upon coexpression of M74-F and G, show cell-to-cell
fusion. The African henipavirus glycoproteins induced syncytium
formation in a lung cell line derived from Hypsignathus monstro-
sus (HypLu/2) as well as in a kidney cell line derived from Eidolon
helvum (EidNi/41) (Fig. 1B). It should be noted that the genetic
information for the M74 glycoproteins has been determined by
analyzing spleen samples from animals of the latter species (15).
As a control for nonchiropteran cells, we included a cell line de-
rived from human bronchial epithelial (HBE) cells. The M74 gly-
coproteins were unable to induce syncytium formation in HBE
cells (Fig. 1B). In contrast, coexpression of the F and G proteins of

NiV induced syncytia in all three cell lines (Fig. 1A). Fluorescence
signals of M74-F have a more central distribution than those of
M74-G; however, this difference was also detected for NiV glyco-
proteins (compare Fig. 1A and B).

Different expression patterns of M74-G and NiV-G. The ex-
pression of M74-G was analyzed and compared to that of the
NiV-G protein. HypNi/1.1, HypLu/2, EidNi/41, and Vero76 cells
were transfected for expression of G protein containing a carboxy-
terminal FLAG tag. In permeabilized cells, NiV-G-FLAG was
found to be distributed all over the cell (Fig. 2A, top row). In
contrast, M74-G-FLAG expression was restricted to central areas
of the cell (Fig. 2A, bottom row). The difference between NiV-G
and M74-G is most evident in cells coexpressing both glycopro-
teins (Fig. 2B). The same expression pattern of M74-G-FLAG was
observed in BHK-21 cells (data not shown). The intracellular clus-
tering of M74-G appears not to be due to the FLAG tag, because an
HA-tagged construct showed the same distribution. Furthermore,
the functional activity of M74-G, evaluated by the ability to me-
diate syncytium formation when coexpressed with M74-F in
HypNi/1.1 cells, did not differ between tagged and untagged
M74-G protein (24).

Surface expression of M74-G. Following the observation that

FIG 1 Coexpression of F and G of NiV (A) and M74 (B) in HypLu/2, EidNi/
41, and HBE cells. At 24 h p.t., cells were fixed, permeabilized, and incubated
with anti-HA and anti-FLAG antibodies, followed by incubation with second-
ary Cy3- and FITC-conjugated antibodies. Scale bar indicates 25 �m.
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the intracellular expression pattern of M74-G differed from that of
NiV-G, we analyzed the surface expression of M74-G. As the G
protein is a type II membrane protein, the carboxy-terminal
FLAG tag could be used for surface immunofluorescence analysis.
IFA of transfected HypNi/1.1, HypLu/2, and EidNi/41 cells re-
vealed that the number of cells which were positive for M74-G
surface expression was close to that of antigen-positive permeab-
ilized cells (Fig. 3A, right column). In contrast, surface expression
of M74-G in BHK-21 and Vero76 cells was observed only in
some of the transfected cells. Nevertheless, the transfection effi-
ciencies of the BHK-21 and Vero76 cell lines were comparable to
that of HypNi/1.1 cells, as indicated by IFA of permeabilized cells.
This difference between chiropteran and nonchiropteran cells in
the surface expression was not observed when the NiV-G protein
was analyzed (Fig. 3A and B, left columns). Those few cells among

Vero76 and BHK-21 cells that were positive for surface expression
of M74-G showed a smaller fluorescence intensity than that of
chiropteran cells but a similar surface distribution of the G protein
(Fig. 3B, right column).

To confirm the results obtained by IFA, we performed an anal-
ysis by surface biotinylation and Western blotting. BHK-21,
Vero76, and HypNi/1.1 cells were transfected for expression of
M74-G and subjected to surface biotinylation. Cell lysates were
analyzed by SDS-PAGE and Western blotting. Following SDS-
PAGE under reducing conditions, Flag-tagged M74-G was de-
tected in lysates of all three cell lines analyzed as a single band
representing the monomeric form of the G protein (Fig. 4A).
When SDS-PAGE was performed under nonreducing conditions,
two protein bands were detected, representing the dimeric and
tetrameric forms of the G protein (23). Expression of M74-G on
the cell surface was analyzed by detection of biotinylated proteins.
With BHK-21 and Vero76 cells, only weak bands of surface-ex-
pressed M74-G were detectable. In contrast, surface biotinylation
of HypNi/1.1 cells resulted in a strong G band (Fig. 4B). The dif-
ferent electrophoretic mobility of M74-G from BHK-21 and
Vero76 cells may be explained by differences in the glycosylation.
The results shown in Fig. 3 and 4 indicate that M74-G is more
efficiently expressed on the surface of chiropteran cells than it is on
BHK-21 and Vero76 cells.

To get quantitative data on the surface expression, an analysis
by flow cytometry was performed. Because of the toxic effects of
the transfection reagent on Vero76 cells, the procedure was detri-
mental for these cells, resulting in high background values. There-
fore, HBE cells, which do not support syncytium formation by
M74 glycoproteins, were included as nonchiropteran cells. As
shown in Fig. 5, M74-G was expressed inefficiently on the surface
of all cells compared to the expression of NiV-G, with relative
expression levels ranging from about four to 18%. The amounts of

FIG 2 Expression of NiV-G and M74-G in permeabilized cells. (A) Vero76,
EidNi/41, HypLu/2, and HypNi/1.1 cells were transfected for expression of
FLAG-tagged NiV-G or M74-G. At 24 h p.t., permeabilized cells were im-
munostained for the presence of FLAG-tagged proteins. Scale bar indicates
25 �m. (B) HypNi/1.1 cells were cotransfected for expression of HA-tagged
NiV-G and FLAG-tagged M74-G. At 24 h p.t., permeabilized cells were
immunostained for the presence of NiV-G and M74-G. Scale bar indicates
10 �m.

FIG 3 Surface expression of M74-G. (A) Cells were transfected for expression
of FLAG-tagged NiV-G or M74-G. At 24 h p.t., permeabilized (�TX) and
nonpermeabilized (�TX) cells were immunostained by antibodies directed
against the FLAG tag. Scale bars indicate 50 �m. (B) Surface expression (�TX)
is shown at higher magnification.

FIG 4 Expression of M74-G in cells and on the cell surface. (A) Transfected
cells expressing M74-G-FLAG were lysed and subjected to SDS-PAGE under
reducing conditions and Western blotting. G proteins were immunostained by
antibodies directed against the FLAG tag. Exposure time of 35 s. (B) For de-
tection of G protein on the cell surface, transfected cells were subjected to
surface biotinylation. The biotinylated proteins were separated with streptavi-
din-agarose and analyzed by SDS-PAGE and Western blotting. G proteins
were detected by immunostaining. Exposure time of 120 s. Molecular mass
markers are indicated on the left (kDa).
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M74-G on the surface of the chiropteran cells were larger (11%,
17%, and 18%) than those determined for the nonchiropteran
cells (4% and 7%). The overall M74-G expression and NiV-G
expression were similar.

Costaining of M74-G and intracellular compartment mark-
ers. In Fig. 2B, we show that the expression pattern of M74-G is
different from that of NiV-G. To get more information about the
intracellular localization of M74-G, the henipavirus glycoprotein
was coexpressed with marker proteins for different cellular com-
partments: human RhoB GTPase for endosomes, calreticulin for
the ER, �-galactosyltransferase for the Golgi apparatus, or ER-
GIC53 for the ER-Golgi-intermediate compartment (27–30).
When transfected HypNi/1.1 cells were analyzed by immunoflu-
orescence microscopy, colocalization of M74-G was observed
only with the ER marker calreticulin but not with any of the other
marker proteins (Fig. 6). This result indicates that the majority of
the G protein of the African henipavirus accumulates in the ER.
The same results were obtained when BHK-21 or Vero76 cells
were analyzed (data not shown).

Endoglycosidase digestion of M74-G. When glycoproteins are
transported along the secretory pathway to the cell surface, the
mannose-rich N-glycans that are linked to Asn residues in the ER
may be converted to complex oligosaccharides in the Golgi appa-
ratus. While both glycan types can be cleaved from the polypep-
tide backbone by PNGase F, only mannose-rich oligosaccharides
are sensitive to the action of endoglycosidase H. Therefore, en-
doglycosidase treatment provides information about the protein
trafficking of M74-G. Transfected Vero76 and HypNi/1.1 cells
expressing either NiV-G or M74-G were subjected to endoglyco-
sidase digestion. For NiV-G, treatment with PNGase F resulted in
a band with an electrophoretic mobility corresponding to a mo-
lecular mass of about 65 kDa, representing the unglycosylated
form of the viral protein (Fig. 7). A protein of the same size was
also detected after endo H treatment. The latter protein obviously
contained only mannose-rich N-glycans and thus may represent
molecules from the early secretory pathway. A second band of
about 72 kDa corresponds to a protein with partial sensitivity to
endo H treatment. Several N-glycans of this protein have been
converted to complex oligosaccharides and are thus resistant to
endo H, whereas others are still in the mannose-rich form and
thus susceptible to cleavage by endo H (Fig. 7). A different picture
was obtained when the M74-G protein was subjected to endogly-
cosidase treatment. With lysates of HypNi/1.1 and Vero76 cells
expressing M74-G, the treatment with either endoglycosidase,
endo H or PNGase F, resulted in a shift from a protein of approx-
imately 90 kDa to a protein of about 70 kDa, indicating that all
N-glycans of M74-G are of the mannose-rich type (Fig. 7). This
finding is consistent with the observation that M74-G is predom-
inantly localized in the ER. Even in HypNi/1.1 cells, there was no
protein detectable with partial resistance to endo H treatment.
Therefore, we assume that the M74-G protein that is transported

FIG 5 Flow cytometry analysis of the surface expression of M74-G. Trans-
fected cells expressing no foreign protein (pCG1) or FLAG-tagged NiV-G or
M74-G were incubated with an antibody against the FLAG epitope, followed
by incubation with anti-mouse biotin and streptavidin phycoerythrin. The
amount of surface-expressing cells was analyzed by flow cytometry. (A) Nor-
malized surface expression of M74-G. To compare the results obtained for the
M74-G, the surface expression was normalized to the surface expression of
NiV-G, which was set as 100%. The normalized M74-G surface expression is
given in percentage of positive cells. Asterisks indicate significance (*, 0.01 �
P � 0.05; **, 0.001 � P � 0.01; ***, P � 0.001). (B) Histogram plots of NiV-G
and M74-G surface expression in chiropteran and nonchiropteran cells. Black
curves represent the histogram plot of pCG1-transfected cells; green and red
curves indicate the histogram plots of NiV-G and M74-G surface expression,
respectively. The gate setting is indicated by the black line.

FIG 6 Clustering of M74-G in intracellular compartments. HypNi/1.1 cells
were transfected for coexpression of M74-G-FLAG and a cellular compart-
ment marker for either endosomes, ER, ERGIC, or Golgi. M74-G was detected
by immunostaining using antibodies directed against the FLAG tag. Scale bar
indicates 10 �m.
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to the cell surface in HypNi/1.1 cells contains only mannose-rich
N-glycans.

The ectodomain of M74-G is responsible for the restricted
surface transport. To determine which portion of the G protein is
responsible for the observed differences in the surface transport
between the NiV and M74 glycoproteins, chimeric proteins were
generated. The predicted ectodomain of M74-G was replaced by
that of NiV-G and vice versa. The corresponding constructs were
analyzed for surface expression and intracellular distribution in
BHK-21, Vero76, and HypNi/1.1 cells. Analysis of the expression
pattern in permeabilized HypNi/1.1 cells by IFA revealed that the
chimeric G protein with the ectodomain (ED) of NiV-G and with
the transmembrane domain (TD) and cytoplasmic tail (CT) of
M74-G showed an expression comparable to that of the parental
NiV-G, whereas the chimeric protein with ED from M74-G clus-
tered in central areas of the cells, as it was observed for the parental
M74-G protein. Coexpression studies with NiV-G-HA revealed a
complete colocalization with NiV-G-FLAG ED, whereas with
M74-G-FLAG ED, colocalization was restricted to central areas of
the cell (Fig. 8A). Similar results were obtained when BHK-21 and
Vero76 cells were analyzed (data not shown). When the chimeric
G proteins were screened for surface expression, we found that
NiV G-FLAG ED was expressed on the surface of all cell lines
analyzed in amounts that are comparable to those of the parental
NiV-G-FLAG. In contrast, the surface expression of M74-G-
FLAG ED was very weak in the case of Vero76 cells, as shown
above for the parental M74-G-FLAG. For HypNi/1.1 cells, also
consistent with parental M74-G, a clear surface expression of
M74-G ED was observed (Fig. 8B). Furthermore, coexpression of
M74-G-FLAG ED with fluorescent marker proteins in HypNi/1.1
cells indicated a colocalization of M74-G-FLAG ED with the ER
but not with marker proteins of endosomes, the Golgi apparatus,
or the ERGIC (data not shown). These results indicate that the
predicted ectodomain rather than the intracellular or transmem-

brane region is responsible for the observed expression pattern of
M74-G.

DISCUSSION

Here, we have shown that not only HypNi/1.1 but also HypLu/2
and EidNi/41 cells support syncytium formation by M74 glyco-
proteins. Syncytium formation in the latter cells has also been
reported by Lawrence et al. (31). A negative result was obtained by
others (24). An explanation for this difference may be that the
authors of the latter work used a subline of these cells (EidNi/43.1)
that may be refractory to syncytium formation. We have demon-
strated that the M74-G protein shows cell-dependent differences
in surface expression. While it was readily detectable on the sur-
face of HypNi/1.1, HypLu/2, and EidNi/41 cells, only few cells
showed strong surface fluorescence when BHK-21 or Vero76 cells
were analyzed. Surface biotinylation also indicated that the
amount of M74-G that is present on the two nonchiropteran cell
lines is smaller than that detected on the chiropteran cells. Coex-
pression of M74-G with NiV-F has been reported to result in the
formation of syncytia (24, 31, 32), which were, however, smaller in
size and in number than the giant cells obtained by interaction of
NiV-F and NiV-G. Analysis by flow cytometry indicated that non-
chiropteran cells contain a small amount of M74-G on the surface.
This low level of M74-G surface expression that is at or below the
level of detection by immunofluorescence microscopy appears to
be sufficient for syncytium formation by NiV-F but not by M74-F.

IFA showed that the majority of M74-G was present in central
areas of all cells, including HypNi/1.1 cells. This observation is
consistent with the finding that M74-G colocalized with a marker
protein of the ER but not with markers for ERGIC, Golgi appara-
tus, or endosomes. The amount of M74-G that is expressed on the
surface of HypNi/1.1 cells has to pass the secretory pathway. The
inability to detect M74-G in ERGIC and Golgi suggests that the

FIG 7 Endoglycosidase digestion of M74-G. Cell lysates of transfected HypNi/
1.1 and Vero76 cells were treated with endo H or PNGase F endoglycosidase
followed by SDS-PAGE and Western blotting. G proteins were detected by
immunostaining using antibodies directed against the FLAG tag. Molecular
mass markers are indicated on the left (kDa).

FIG 8 Expression of chimeric G proteins of NiV and M74. (A) HypNi/1.1 cells
were transfected for coexpression of NiV-G-HA (green) with either M74-G ED
or NiV-G ED (red). Permeabilized cells were immunostained for NiV-G with
antibodies against the HA tag (green) and for chimeric proteins with antibod-
ies directed against the FLAG-tag (red). (B) Cells were transfected for expres-
sion of the FLAG-tagged native G proteins, NiV-G or M74-G, or either of the
corresponding ED chimeras, NiV-G-FLAG ED or M74-G-FLAG ED. The non-
permeabilized cells (�TX) were immunostained for the presence of G proteins
by antibodies directed against the FLAG tag. Scale bars indicate 25 �m.
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amount of viral protein in these compartments is at or below
the detection level.

The sensitivity to endo H treatment appears to point to a loca-
tion in the ER. NiV-G has been reported to contain six N-linked
glycans (33, 34). Sequence analysis predicts six N-glycans also for
M74-G (positions 29, 102, 207, 224, 324, and 396). In contrast to
NiV-G, which was found to contain some complex oligosaccha-
rides, all N-glycans of M74-G, and also those from HypNi/1.1
cells, were sensitive to endo H treatment. Such a property is usu-
ally found in glycoproteins located in a pre-Golgi compartment.
Therefore, the amount of M74-G present on the surface of HypNi/
1.1 cells is either too low to be detected in the endoglycosidase
assay, or the oligosaccharides of M74-G are presented during
transport to the cell surface in a way that they are not accessible for
conversion into complex N-glycans.

The analysis of chimeric proteins indicated that the ectodo-
main of M74-G and not the transmembrane domain or the cyto-
plasmic tail is responsible for the different expression patterns of
the G proteins of NiV and M74. Future research has to show which
amino acids are crucial for this property.

Though transport of M74-G to the cell surface is inefficient in
all cells analyzed, more viral glycoprotein was detected on the
surface of the chiropteran cells than was on nonchiropteran cells.
This difference can explain the differential ability of the M74 gly-
coproteins to induce syncytium formation. The expression pat-
tern of M74-F does not explain why the syncytium formation
induced by the M74 glycoproteins is restricted to chiropteran
cells. No difference was observed in the steady-state distribution
of the uncleaved (F0) and cleaved form (F1) of the M74 fusion
protein irrespective of the expression in chiropteran or nonchi-
ropteran cells (24) (our unpublished data). However, the kinetics
of the proteolytic activation of M74-F was found to be slower than
that of NiV-F (24). Though the arbitrary insertion of a nucleotide
into the F gene of M74 was reported to result in a protein with
enhanced fusion activity (32), the overall activity was still low in
comparison to that of NiV-F. Ongoing genomic characterizations
of additional African bat henipavirus field strains related to M74
suggest complete conservation of the predicted F open reading
frame of M74 without any apparent insertions or deletions (J. F.
Drexler, T. Binger, V. M. Corman, and C. Drosten, unpublished
data). The study of Pernet et al. (32) thus does not reflect the true
biological situation. Because of the inefficient surface expression
of M74-G and the impaired processing of M74-F, one should con-
sider the possibility that the replication strategy of the respective
bat virus is not aimed at a productive infection with high numbers
of progeny virions but rather at a persistent type of infection char-
acterized by cell-to-cell spread. More knowledge about the repli-
cation of African henipaviruses is required to understand the bi-
ology of these viruses and to evaluate the risk of zoonotic virus
transmission. Risk assessment is hampered, however, by the lack
infectious virus isolates.

Our findings have implication for attempts to isolate infectious
henipaviruses from African bats. Because of the restricted syncy-
tium formation with nonchiropteran cells, chiropteran cells, such
as HypNi/1.1, are cells of choice for successful virus isolation. As
release of virions may be a limiting factor, it appears promising to
look for cell-associated virus transmitted by cell-to-cell spread of
infection. In the absence of criteria to judge the zoonotic potential
of a growing number of bat viruses, our data suggest that the
capacity to efficiently transport glycoproteins to the cell surface

may turn out in the future to be a relevant marker for risk assess-
ment. Such analyses can be undertaken even in the absence of
virus isolates. This kind of functional data raised for emerging bat
viruses may provide more robust information on the pathogenic-
ity of such viruses for nonchiropteran mammals than those based
upon sequence similarities alone.
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