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Human cytomegalovirus (CMV) glycoproteins H, L, and O (gH, gL, and gO, respectively) form a heterotri-
meric disulfide-bonded complex that participates in the fusion of the viral envelope with the host cell mem-
brane. During virus maturation, this complex undergoes a series of intracellular assembly and processing
events which are not entirely defined (M. T. Huber and T. Compton, J. Virol. 73:3886–3892, 1999). Here, we
demonstrate that gO does not undergo the same posttranslational processing in transfected cells as it does in
infected cells. We further determined that gO is modified by O-linked glycosylation and that this terminally
processed form is highly enriched in virions. However, during studies of gO processing, novel gO complexes
were discovered in CMV virions. The newly identified gO complexes, including gO-gL heterodimers, were not
readily detected in CMV-infected cells. Further characterization of the trafficking of gO through the secretory
pathway of infected cells localized gH, gL, and gO primarily to the Golgi apparatus and trans-Golgi network,
supporting the conclusion that the novel virion-associated gO complexes arise in a post-Golgi compartment of
infected cells.

Human cytomegalovirus (CMV) causes serious disease in
the immunocompromised human host. Because CMV infects
multiple cells and tissues, CMV disease is manifested in many
ways, including birth defects, retinitis, and pneumonitis (16).
The broad cellular tropism of this virus stems from the wide
array of glycoproteins studding its envelope and allowing entry
into nearly all human cell types (2). A member of the Herpes-
viridae family, CMV is a large, enveloped virus with a double-
stranded linear DNA genome. The CMV genome contains
over 200 open reading frames and is enclosed within an icosa-
hedral nucleocapsid (36).

As many as 50 of these open reading frames are predicted to
encode glycoproteins, and many have been identified as virion
structural proteins (7). At least six of these glycoproteins are
known to be involved in cell entry of CMV in tissue culture
systems (5, 10, 17, 23, 27, 28, 44). A viral glycoprotein complex
composed of glycoproteins H, L, and O (gH, gL, and gO,
respectively) is necessary for the final stage of virus entry—
pH-independent fusion of the viral envelope with the host cell
plasma membrane (9, 23, 29). gH and gL form heterodimers
which are conserved throughout the Herpesviridae (22, 41). gO,
however, was only recently characterized as a member of this
complex in CMV and is unique to the betaherpesvirus subfam-
ily (19). The disulfide-bonded tripartite gH-gL-gO complex
undergoes multiple stages of assembly and posttranslational
processing prior to being displayed on the surface of infected
cells (20).

The current work describes posttranslational processing and
trafficking of multiple forms of gO, which can be found in
various stages of assembly, depending on the context of ex-
pression. In cells transfected with a gO expression plasmid, gO

does not acquire the same complex sugar modifications as are
found in infected cells. This finding is consistent with the re-
sults of previous studies of CMV gH showing that it also does
not acquire Golgi-associated modifications in the absence of
gL (22, 41). Consistent with its incomplete processing, the
electrophoretic mobility of gO seen in transfected cells also
differs from that observed in CMV-infected cells. A compari-
son of cell-associated forms of gO with those found in virions
reveals novel forms of gO in CMV virions, including gO-gL
heterodimers. Trafficking of gO through the cell was examined
by analysis of carbohydrate modifications as well as indirect
immunofluorescence studies. Our data show that gO is found
in multiple compartments of the secretory pathway in CMV-
infected cells but accumulates in the Golgi apparatus and
trans-Golgi network (TGN), along with gH and gL. Therefore,
the virion-specific forms of gO likely arise in a post-Golgi
region of infected cells or after viral egress.

MATERIALS AND METHODS

Cells and viruses. Human foreskin fibroblasts and immortalized fibroblasts
were cultured as previously described (8). HCMV strain AD169 was propagated
and titers were determined as previously described (8). AD169 virions were
purified by pelleting extracellular virions through a 20% sorbitol cushion. Virions
were then resuspended in Tris-buffered saline–100 �g of bacitracin/ml and ap-
plied to discontinuous sorbitol gradients. As previously demonstrated (9), infec-
tious virions accumulated at the 50 to 60% sorbitol interface after centrifugation
at 21,000 rpm in a Beckman SW41 rotor for 60 min at 18°C. Virions were
aspirated from the interface with a pipette and concentrated by centrifugation at
19,000 rpm in a Sorvall ss34 rotor. Infectious virions purified by this method were
assessed for purity by electron microscopy as described previously (9).

293-T cells were grown in Dulbecco modified Eagle medium supplemented
with 1% Pen/Strep Fungizone (PSF), 0.3% glutamine, and 10% fetal bovine se-
rum (Harlan Biosciences).

Antibodies. UL74 antiserum (recognizing gO) was previously described (19).
Antipeptide rabbit polyclonal antibody 6824 (recognizing gH) was also previ-
ously described (18). Anti-gL rabbit polyclonal antiserum 26388 was donated by
A. Minson (18), and monoclonal antibodies 27-78 (glycoprotein B) and AP86
(gH) were gifts from W. Britt (6, 46). Rabbit antibody to calreticulin was pur-
chased from Stressgen, mouse antibody to �-COP was obtained from Sigma, and

* Corresponding author. Mailing address: McArdle Laboratory for
Cancer Research, 1400 University Ave., Madison, WI 53706. Phone:
(608) 262-1474. Fax: (608) 262-2824. E-mail: tcompton@facstaff.wisc
.edu.

2890



mouse antibody to TGN38 was obtained from BD Biosciences. gH monoclonal
antibody 1G6 (34) was generously donated by L. Rasmussen.

Plasmid transfections. Plasmid DNA was purified by polyethylene glycol pre-
cipitation (37). Cells were transfected by using genePorter lipid transfection
reagent (Gene Transfer Systems) according to the manufacturer’s instructions.
The gO expression plasmid, pCaggs.gO, was generated by PCR amplification of
the full-length gO coding region by using primers 5�GGAATTCACCATGGG
GAGAAAAGAGATG3� and 5�AAACCGCTCGAGTTACTGCAACCACCA
3�. The product was cut with EcoRI (5�) and XhoI (3�) and was inserted into the
multiple cloning site of vector pCaggs (donated by Y. Kawaoka, University of
Wisconsin).

Immunoblotting. Sodium dodecyl sulfate (SDS)-polyacrylamide gel electro-
phoresis (PAGE) and immunoblotting were performed essentially as previously
described (18, 19). Briefly, nitrocellulose membranes were washed in Tris-buff-
ered saline containing 0.05% SDS, 0.5% Tween 20, and 20 mg of powdered skim
milk/ml (wash buffer). Horseradish peroxidase-conjugated secondary antibodies
were purchased from Pierce, and activity was detected by using Renaissance
enhanced chemiluminescence reagent (New England Nuclear). Immunoblots
probed with UL74 antiserum were hybridized and washed in the presence of
wash buffer and additional cell lysate (100 mM dish-confluent 293-T, cos-7, or
immortalized fibroblast cells lysed in 1 ml of 1% SDS).

Carbohydrate analysis. Endoglycosidase H (endo H), peptide N-glycosidase F
(PNGase), and neuraminidase were purchased from New England Biolabs and
used according to the manufacturer’s instructions. Jacalin-conjugated agarose
beads (Sigma) were equilibrated in radioimmunoprecipitation assay (RIPA)
medium–0.5% bovine serum albumin (BSA; Sigma) prior to use. For the pull-
down experiments, virions were solubilized in RIPA medium–0.5% BSA–pro-
tease inhibitor cocktail, precleared with streptavidin-agarose beads (Vector Lab-
oratories), and incubated overnight at 4°C with streptavidin or jacalin beads.
Beads were washed twice in RIPA medium-BSA and then twice in RIPA me-
dium. Proteins were eluted by boiling in SDS-PAGE sample buffer (containing a
final concentration of 2% SDS) prior to SDS-PAGE and immunoblotting.

Immunofluorescence. Human fibroblasts grown on glass coverslips were in-
fected with CMV strain AD169 at a multiplicity of infection of 0.5. Six days
postinfection, they were fixed in 3% paraformaldehyde–phosphate-buffered sa-
line (PBS) and permeabilized in 1% Triton X-100–PBS. A blocking step was
performed with 20% normal goat serum diluted in PBS–0.2% gelatin. Primary
antibodies were diluted in PBS–0.2% gelatin–2% normal goat serum, and sec-
ondary antibodies (rhodamine-conjugated goat anti-rabbit [Pierce] and fluores-
cein isothiocyanate-conjugated goat anti-mouse [Molecular Probes]) were di-
luted in the same solution with the addition of Hoechst stain. After antibody
incubations, cells were washed with PBS–0.2% gelatin–0.2% Tween 20. Cover-
slips were inverted onto a small drop of Gelvatol fixative on glass slides. Images
were viewed and captured on a Zeiss Axiophot fluorescence microscope
equipped with a digital camera.

RESULTS

It was recently demonstrated that gO, although a soluble
protein in transfected cells, showed membrane association in
CMV-infected cells (42). During studies of transfected cells
expressing gO, it was evident that the electrophoretic mobility
of gO differed from that in CMV-infected cells (Fig. 1). The
form of gO observed in transfected cells resembled a previ-
ously characterized precursor form of gO, pgO (20), and stud-

ies showed that gO was endo H sensitive in transfected cells
(42). Pulse-chase studies of transiently expressed gO also
showed complete endo H sensitivity of gO as late as 4 h post-
chase (data not shown). In pulse-chase studies of infected cells,
however, gO gained partial endo H resistance by 4 h postchase
(20), indicating that it had trafficked beyond the medial Golgi
apparatus (25, 30, 31).

For a steady-state comparison of gO in infected cells, CMV-
infected cells were harvested 7 days postinfection, lysed, and
digested with endo H. As shown in Fig. 2A, the majority of gO
was deglycosylated to the peptide backbone size of approxi-
mately 48 kDa. The endo H-resistant population was diffusely
migrating, and after complete N deglycosylation with PNGase,
this population of gO migrated above the peptide backbone
size. This form of gO is thought to bear a non-N-glycans un-
identified posttranslational modification acquired late during
processing. This modification caused an increase in the size of
the endo H-resistant form of gO (120 kDa) compared to that
of the endo H-sensitive pgO (100 kDa) (20). As shown in Fig.
1, transfected cells produced only pgO, indicating incomplete
processing of gO when expressed without other viral proteins.

To compare the steady-state pool of gO present in infected
cells to the final form found in virions, virions purified from
media of infected cells were similarly analyzed. Figure 2B
shows that gO found in CMV virions was largely endo H
resistant, with a moderate shift in electrophoretic mobility
compared to the large shift seen in infected cells. In addition,
the majority of virion gO had acquired the unknown modifi-
cation, as indicated by its migration above the 49-kDa marker
after PNGase treatment. These experiments verified that the
unidentified gO modification correlated with endo H resis-
tance and thus was acquired after exit from the endoplasmic
reticulum (ER). They also raised questions, however, regard-
ing the additional stages of glycoprotein processing which oc-
curred between the intracellular accumulation of gO (Fig. 2A)
and the egress of virions.

The unknown modification in gO was the first and most
obvious difference noted between pgO and gO. The modifica-
tion was most striking in virion-associated gO, so we examined
virions in an effort to identify the modification. gO contains a
region rich in serine, threonine, and proline residues that may
serve as a linkage site for O-glycans (7, 19). Studies with a
single O-glycanase failed to detect O-glycans on gO (20). How-
ever, due to the specificity of the enzyme and the diversity of
O-glycans, enzymatic characterization of O glycosylation is un-
reliable when negative results are obtained. Thus, given the
diffuse nature of the mobility shift in gO, we hypothesized that
the most likely Golgi-associated modification was O glycosyl-
ation.

As an experimental alternative to O-glycanase digestion,
jackfruit lectin (jacalin), which binds specifically to the galac-
tose core of O-glycans (1, 39), was tested for its ability to
interact with gO. Solubilized, reduced, PNGase-treated virions
were incubated with jacalin-conjugated agarose beads. PNGase
treatment ensured that lectin binding was not due to the pres-
ence of galactose-decorated N-glycans (12). Proteins were
eluted from the beads and analyzed by immunoblotting with
antibodies to gO. As shown in Fig. 3, the diffusely migrating
N-deglycosylated gO bound to the lectin beads but not to
control agarose beads. Analysis of proteins bound under non-

FIG. 1. Electrophoretic mobilities of different forms of gO. CMV-
infected human fibroblasts and transfected cells expressing gO were
lysed and analyzed by SDS-PAGE followed by immunoblotting with
gO antibody. M, mock-infected cells; I, infected human fibroblasts; T,
transfected 293-T cells expressing gO.
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reducing conditions and in the absence of PNGase treatment
revealed that the population of gO that bound to the lectin
beads was found only in high-molecular-weight gH-gL-gO
complexes. This analysis revealed another finding shown in

Fig. 3B: several uncharacterized forms of gO were found in
virions in addition to the O-glycosylated tripartite complex.
The additional forms did not bind jacalin, suggesting that O
glycosylation of gO occurred only when it was complexed with
gH and gL. Another interpretation is that only gO containing
O-glycans was incorporated into tripartite complexes, while
other forms of gO were excluded from gH-gL-gO complexes.

As noted above, the analysis of virion-associated gO re-
vealed the presence of two previously uncharacterized forms of
the protein (Fig. 3B). The 150-kDa gO species and the 50-kDa
species were not detected in immunoblots of virions under
reducing conditions (Fig. 2B), suggesting that they were
comprised of disulfide-bonded components. Further analysis
showed that the 150-kDa complex reacted with antibody to gL
(Fig. 4) but not with monoclonal or polyclonal antibody to gH
(data not shown). We concluded that the 150-kDa complex was
most likely composed of 125-kDa gO disulfide bonded to 34-
kDa gL. This experiment also verified the presence of mono-
meric gH and gO as well as gH-gL heterodimers in purified
CMV virions (26). The identity of the 50-kDa species has not
yet been determined, but it may represent a proteolytic cleav-
age product of gO or of gO complexes.

Because the novel gO complexes were not detected in anal-
yses of infected cells (19, 20), we hypothesized that their traf-
ficking and/or posttranslational modification may differ from
that of previously characterized complexes. To address this
notion, the gO complexes in virions were analyzed to deter-
mine the extent of processing of their N-glycans. All of the
complexes were largely endo H resistant (data not shown) and
contained sialic acid, as indicated by their mobility shift after
neuraminidase treatment (Fig. 5). Earlier studies of neuramin-
idase-treated gO from infected cells showed no mobility shift
(20). Collectively, these data indicate that a large part of the

FIG. 2. Endo H digestion of gO. (A) Mock-infected cells (M) or CMV-infected cells were harvested 7 days postinfection and then treated with
no enzyme (I), endo H (EH), or PNGase (PNG). Proteins were analyzed by SDS-PAGE and immunoblotting with gO antibody. The diffusely
migrating, endo H-resistant form of gO is indicated by brackets. (B) Solubilized CMV virions were mock digested (V), treated with endo H (EH),
or digested with PNGase (PNG). Proteins were analyzed as described for panel A. Numbers beside panels show kilodaltons.

FIG. 3. Analysis of O-linked carbohydrate on gO and gO com-
plexes. Solubilized virions were incubated overnight with jacalin-con-
jugated agarose beads. After washing was done, bound proteins were
eluted from the beads and analyzed by SDS-PAGE and immunoblot-
ting with gO antibody. V, total solubilized virion proteins; A, proteins
eluted from control streptavidin-agarose beads; J, proteins eluted from
jacalin-agarose beads. (A) Prior to incubation with beads, virion pro-
teins were boiled, reduced, and treated with PNGase to remove N-
glycans. (B) Unreduced, fully glycosylated virion proteins were incu-
bated with jacalin beads. Arrows indicate gH-gL-gO complexes, and
arrowheads indicate previously unidentified forms of gO. Numbers
beside panels show kilodaltons.
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steady-state pool of gO accumulated in the infected cell has
not acquired terminal carbohydrate modifications but that viri-
on-associated gO has undergone mannose trimming and sialic
acid addition.

Only monomeric gO and the tripartite complex had been
observed previously in CMV-infected cells (20). To directly
examine differences between cell-associated and virion-associ-
ated gO complexes, infected cells and virions were solubilized
under nonreducing conditions and analyzed by immunoblot-
ting. The 240-kDa tripartite gH-gL-gO complex in both the
immature endo H-sensitive precursor form and the mature
endo H-resistant form (20) was abundant in infected-cell ly-
sates (Fig. 6). Little monomeric gO was found, however, and
almost no gO-gL heterodimers could be detected in infected

cells. In contrast, CMV virions contained monomeric gO and
gO-gL heterodimers, in addition to mature gH-gL-gO com-
plexes. Because the novel virion-associated complexes were
not abundant in infected cells, we postulated that they arose
late in the secretory pathway, after the point of gH-gL-gO
accumulation. These data, combined with the pulse-chase data
from infected cells (20), suggest that the novel complexes arise
by rearrangement or proteolytic cleavage of previously ob-
served forms of gH-gL-gO.

Thus, to better localize the site of intracellular accumulation
of gO, gH, and gL, we conducted a series of indirect immuno-
fluorescence studies. Other reports localized intracellular gH
to a juxtanuclear compartment (11, 35, 38, 45), and our studies
yielded similar results (Fig. 7A). The gO and gL antibodies
colocalized with gH monoclonal antibody 1G6 in juxtanuclear
regions of infected cells. Little overlap was observed when
these antibodies were used in conjunction with an antibody to
calreticulin, an ER marker (Fig. 7A and data not shown),
indicating that the glycoprotein complexes were largely found
in post-ER regions. Additional colocalization studies with an
antibody to �-COP, a Golgi apparatus marker (32), showed
significant overlap between the Golgi apparatus and gH, gL,
and gO (Fig. 7B). Experiments with a marker for vesicles of the
TGN showed that gH, gL, and gO were found in punctate
compartments that colocalized with the TGN (Fig. 7C) (21,
33). Only a subset of TGN38 vesicles colocalized with gL and
gO, but gH showed complete colocalization in the juxtanuclear
area and in what appeared to be the nuclear envelope. All
three proteins were also detected on the surface of nonperme-
abilized cells (data not shown), in accordance with previous
studies (11, 20, 26). These immunofluorescence observations
provided additional evidence for the accumulation of gO, gH,
and gL in a Golgi apparatus-derived compartment of CMV-
infected cells. The three proteins also trafficked in smaller
amounts beyond the TGN to appear on the cell surface.

FIG. 4. gO-gL heterodimers identified by immunoblotting. Virion
proteins were solubilized and subjected to nonreducing SDS-PAGE
followed by immunoblotting. Strips of the same membrane were blot-
ted with antibodies to gO and gL. gH complexes were characterized by
blotting with monoclonal antibody AP86.

FIG. 5. Glycosidase treatment of multimeric complexes. CMV viri-
ons were either incubated with neuraminidase (�) or mock digested
(�) and then subjected to nonreducing SDS-PAGE and immunoblot-
ting with gO antibody. Numbers beside panels show kilodaltons.

FIG. 6. Comparison of gO complexes in infected cells and virions.
Mock-infected cells (M) and CMV-infected cells (Inf) were directly
compared to CMV virions (V) by immunoblotting of solubilized, un-
reduced samples with gO antibody. Cells and purified virions were
solubilized in RIPA medium prior to the addition of SDS-PAGE
sample buffer.
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DISCUSSION

For many years it has been known that herpesvirus gH ho-
mologs do not traffic correctly when expressed alone but that
coexpression with gL allows proper trafficking and processing
of gH (11, 34, 41). Thus, it was not surprising to find that gO,
the third component of the tripartite gH-gL-gO complex, does
not undergo normal posttranslational processing when ex-
pressed alone. Experiments are under way to analyze the traf-
ficking and posttranslational modification of gO after in vitro
reconstitution of tripartite gH-gL-gO complexes (24). The high
level of endo H sensitivity of gO in CMV-infected cells, as well
as the presence of multiple forms of gO in the cells, correlated

with earlier data regarding the kinetics of processing of gH (4).
Bogner et al. (4) identified several forms of gH in CMV-
infected cells and virions, one of which was endo H sensitive
and localized to the nuclear envelope. Our data did not sup-
port selective retention of gO in the nuclear envelope. How-
ever, immunofluorescence studies with one antibody, 6824,
localized gH to the nuclear membrane of infected cells. The
implications of gH trafficking to the nucleus were not clear.

What did become clear during the course of these experi-
ments was the extensive processing of glycoproteins that occurs
between their intracellular accumulation and their presence in
free virus. Differences in gH processing between infected cells

FIG. 7. Immunofluorescence colocalization of gH, gL, and gO. Human fibroblasts were infected with CMV at a multiplicity of infection of
approximately 0.5 and harvested 6 days postinfection. Cells were fixed and stained for indirect immunofluorescence; each horizontal series
represents a single field. Virus-specific rabbit antibodies (middle columns) were detected with rhodamine-conjugated goat anti-rabbit immuno-
globulin G (IgG). Monoclonal antibody 1G6 (anti-gH) (A), an �-COP monoclonal antibody (B), and a TGN38 monoclonal antibody (C) were
detected with fluorescein isothiocyanate-conjugated goat anti-mouse IgG (left columns). Nuclei were stained with Hoechst dye (blue). The right
columns represent the merged images.
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and virions were observed previously (4), with endo H resis-
tance of some intracellular gH and of all virion-associated gH.
The same pattern of differential endo H sensitivity was ob-
served for gO, suggesting that intracellular glycoproteins are
distributed throughout the secretory pathway, with some hav-
ing undergone medial Golgi modifications. More unexpected,
however, was the appearance of entirely new virion-associated
gO complexes that were not previously detected in infected
cells. The maturation of gH-gL-gO in Golgi and/or post-Golgi
compartments, then, not only involves carbohydrate trimming
and sialic acid addition but also may include disulfide bond
rearrangement and proteolysis.

Our model of assembly must account for data showing traf-
ficking of only the tripartite gH-gL-gO complex to the surface
of infected cells (20). Earlier experiments detected no smaller
forms of gO or gH at the surface of infected cells, ruling out
the possibility that gO-gL heterodimers and other virion-asso-

ciated complexes simply arise in the TGN or in exocytotic
vesicles en route to the cell surface. In fact, our model must
now explain the presence of gH, gH-gL, gO-gL, gO, and 50-
kDa gO—none of which reaches the cell surface—in the viral
envelope (Fig. 8). The colocalization of gH, gL, and gO in the
Golgi apparatus and TGN vesicles leads to the conclusion that
virion-specific forms of gO arise after passage through the
TGN. If they are formed prior to or within the TGN, they
should be abundant in lysates of infected cells.

A kinetic model of gH-gL-gO complex trafficking asserts
that exit from the Golgi apparatus must occur more slowly than
entrance into it, thus allowing for the accumulation of proteins
observed by immunofluorescence and by carbohydrate analysis
(Fig. 8). In this model, endo H-resistant gH-gL-gO complexes
leave the TGN and traffic to the plasma membrane. Once
there, the fate of the complexes is unknown. Like glycoprotein
B, the gH-gL-gO complex could undergo endocytosis and re-

FIG. 7—Continued.
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cycle back into the TGN via endosomes (43). As the gH-gL-gO
complex promotes cell-cell fusion (29), it could also reside
indefinitely on the cell surface. The complex could undergo
endocytosis and lysosomal degradation. Currently, no data are
available regarding the ultimate fate of gH-gL-gO displayed on
the cell surface. Finally, if tripartite gH-gL-gO is the source of
gO-gL heterodimers and 50-kDa gO, then it must consist of a
mixture of forms with and without O-glycans. The absence of
O-glycans on the novel gO complexes also suggests potential
selection or segregation of the variously modified forms of gO,
with rearrangement of non-O-glycosylated complexes occur-
ring at some stage of virion assembly.

Data are accumulating to support a model of herpesvirus
envelopment at vesicles of the TGN (13–15, 38, 40). Thus,
glycoproteins and lipids accumulating in the TGN constitute
the viral envelope, and viral egress occurs by subsequent fusion
of vesicles with the plasma membrane. We have observed the

accumulation of three viral glycoproteins in the Golgi/TGN, in
agreement with this model (38). The site of envelopment,
however, is not necessarily the site at which the novel gO
complexes arise. They could arise at any point beyond the
TGN—even during or after viral egress, with the exception of
vesicles carrying tripartite complexes to the plasma membrane.
Envelope glycoprotein gp120 of human immunodeficiency vi-
rus is known to undergo proteolytic processing in a post-TGN
division of either the constitutive or the regulated secretory
pathway (3, 47). A similar mechanism may underlie the ap-
pearance of the 50-kDa gO complex, which most likely is a
proteolytic fragment of 125-kDa gO and appears in a post-
Golgi compartment. Figure 8 summarizes the forms of gH-
gL-gO found at various stages of trafficking and assembly.

This work has verified the presence of four different disul-
fide-linked forms of gH, gL, and gO complexes in gradient-
purified CMV virions (Fig. 8). In addition, we have demon-

FIG. 7—Continued.
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strated that monomeric gH and gO are incorporated into the
viral envelope. This new assembly model necessitates a reeval-
uation of envelopment. Because multiple forms of gH, gL, and
gO are incorporated into virions, the quality control mecha-
nisms of virion assembly may be inefficient. Perhaps the large
number of viral glycoproteins produced by infected cells over-
whelms the processing and quality control mechanisms in the
secretory pathway, resulting in error-prone assembly of glyco-
proteins and nonspecific incorporation into the viral envelope.

An alternative interpretation of the data considers that each
form of the gH-gL-gO complex plays a specific functional role
in the viral life cycle. Thus, trafficking of only tripartite com-
plexes to the plasma membrane may occur because only tri-
partite complexes are necessary to mediate cell-cell fusion. As
a corollary, perhaps selective O glycosylation of tripartite com-
plexes facilitates targeting to the cell surface. Enrichment of
gO-gL heterodimers in virions similarly implies that they func-
tion specifically in the context of the viral envelope. Finally, the
data further support the notion that the complement of glyco-
proteins mediating viral entry may not be identical to those
necessary for cell-cell fusion.
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