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A Myc epitope was inserted at residue 283 of herpes simplex virus type 1 (HSV-1) glycoprotein K (gK), a
position previously shown not to interfere with gK activity. The Myc-tagged gK localized predominantly to the
endoplasmic reticulum, both in uninfected and in HSV-infected cells. gK, coexpressed with the four HSV
fusogenic glycoproteins, gD, gB, gH, and gL, inhibited cell-cell fusion. The effect was partially dose dependent
and was observed both in baby hamster kidney (BHK) and in Vero cells, indicating that the antifusion activity
of gK may be cell line independent. The antifusion activity of gK did not require viral proteins other than the
four fusogenic glycoproteins. A syncytial (syn) allele of gK (syn-gK) carrying the A40V substitution present in
HSV-1(MP) did not block fusion to the extent seen with the wild-type (wt) gK, indicating that the syn mutation
ablated, at least in part, the antifusogenic activity of wt gK. We conclude that gK is part of the mechanism
whereby HSV negatively regulates its own fusion activity. Its effect accounts for the notion that cells infected
with wt HSV do not fuse with adjacent, uninfected cells into multinucleated giant cells or syncytia. gK may also
function to preclude fusion between virion envelope and the virion-encasing vesicles during virus transport to
the extracellular compartment, thus preventing nucleocapsid de-envelopment in the cytoplasm.

Herpes simplex virus (HSV) enters cells by fusion of the
virion envelope with the plasma membrane, a neutral pH-
dependent fusion (55). This event requires the intervention of
three fusogenic glycoproteins, gB, gH, and gL (7, 18, 46), and
occurs downstream of the interaction of gD with one of the
entry receptors (9, 50). While the molecular details of the
interaction between gD and its receptors are fairly well known
(11–14, 21, 33, 37), the process by which gD, gB, gH, and gL
perform fusion remains rather obscure. Little is known also of
the molecular mechanisms by which HSV exerts a control over
its own fusion activity. A novel paradigm in virus-induced fu-
sion is that fusogenic glycoproteins are primed for fusion and
are then maintained in a metastable fusion-inhibited confor-
mation until fusion triggering induces a fusion-active state (23,
51, 54). In the best known examples (influenza virus hemag-
glutinin, retrovirus, and thick-born encephalitis envelope gly-
coproteins), priming is controlled by proteolytic cleavage of the
glycoproteins, which occurs late in the Golgi apparatus, thus
preventing glycoprotein-induced fusion in the early exocytic
compartment. The fusion-active conformation is achieved at
the time of virus entry into a new cell as a consequence of
dramatic refolding of the fusogenic glycoproteins induced by
the interaction with the cellular receptor and/or by the acid pH
of endosomes.

In the HSV life cycle, at least three steps necessitate a
negative control on fusion. First, late in infection, during virus
egress, the membranes of the exocytic compartment contain

large amounts of fusogenic glycoproteins. Yet, these compart-
ments do not collapse due to fusion of their membranes, and
only a fragmentation of Golgi apparatus is observed (8). Inas-
much as HSV glycoproteins do not undergo proteolytic cleav-
age, a mechanism other than this must exist to negatively
control their fusogenic potential. Second, virion fusion with the
target cell needs to be timely and tightly regulated. Third, cells
infected with wild-type (wt) virus round up, rather than fuse
with adjacent uninfected cells, despite the fact that the plasma
membranes are highly enriched with fusogenic glycoproteins.
Syncytium formation is only seen in cells infected with viruses
carrying syncytial (syn) mutations.

Genetic studies have identified loci that carry syncytial mu-
tations. The best characterized are those initially named syn1
and syn3 (47). The prototype syn1 mutant virus is HSV-1(MP),
which carries the A40V substitution in the first external (or
luminal) domain of gK (3, 15, 24, 42, 43). Several other syn
mutations in gK are known (17, 41) that map either at the
N-terminal or at a central region (defined as domain I and
domain III, respectively, in reference 20). The prototype syn3
mutant is tsB5, mutated in the cytoplasmic tail of gB (6).
Additional sites of syn mutations are UL20 and UL24 genes (2,
44, 48).

The objective of this work was to investigate the mechanisms
by which HSV enables the fusion of the envelope with the
plasma membrane and yet blocks the fusion of infected and
uninfected cells. We focused on gK (UL53) (25, 34, 45) be-
cause this is the most frequent locus of syn mutations. Several
lines of evidence suggest that this glycoprotein may exert con-
trol over HSV fusion, although this remains a controversial
issue, and gK has even been proposed to be itself a fusogenic
protein (26). gK is a polytopic membrane protein (36), whose
accumulation does not reach the levels apparent with most of
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the glycoproteins, as judged by immunofluorescence. Its highly
embedded structure in membranes may contribute to its poor
immunogenicity and scant reactivity (25). The detection and
characterization of gK has therefore been troublesome, there
have been uncertainties as to whether gK is a virion protein
and whether it reaches the plasma membranes. Overall, gK
remains one of the most difficult HSV membrane proteins to
study and one not fully characterized. The amino acid se-
quence predicts a protein with three or four transmembrane
domains, depending on the algorithm. The structure of gK, as
defined by tag insertions (36), appears to be made of three
transmembrane domains (amino acids 125 to 139, 226 to 239,
and 311 to 325), which define four hydrophilic domains, I and
III located in the luminal or external side and II and IV
projecting in the cytoplasm. In a recent study, this topology was
not confirmed (19).

So far, the properties of gK have been inferred from studies
of infected cells. The cell-cell fusion assay developed in recent
years provides an opportunity to ask whether gK exerts a direct
control on HSV fusion (53). In this assay, cells that express one
of the gD receptors, cotransfected with expression plasmids
encoding the four glycoproteins gD, gB, gH, and gL, undergo
fusion in 24 to 48 h (5, 40). The assay mirrors HSV entry in that
it has the same requirements (the four glycoproteins and one
of the gD receptors), but the two phenomena are not identical
(22). A major advantage of the assay is that it is amenable to
quantification.

In this work we coexpressed wt gK with the four HSV gly-
coproteins (gD, gB, gH, and gL) and observed that gK directly
inhibits cell-cell fusion in Vero and BHK cells, without the
need of additional viral proteins. We expected that its syn allele
might have a reduced capability to block fusion. Indeed, a gK
allele carrying the A40V syn substitution present in HSV-1
(MP) (43) (hereafter referred to as syn-gK) displayed a re-
duced ability to block cell-cell fusion.

MATERIALS AND METHODS

Cells and viruses. BHK, Vero, and 143-tk� cells were grown in Dulbecco’s
modified Eagle’s minimal essential medium containing 5% fetal bovine serum.
Unless otherwise indicated, cultures were seeded less than 20 h prior to infection
and transfected at about 80% of confluence for cell fusion. R7032 recombinant
virus lacking gE and gI was previously described (35).

Antibodies. Anti-Myc monoclonal antibody (MAb) was purchased from In-
vitrogen, and anti-Myc polyclonal antibody was from Sigma-Aldrich (Italy). The
following antibodies were described previously: MAb-30 (anti-gD) (4), H233
(anti-gB) (39), 52S (anti-gH) (49), VIII-62-65 (anti-gL) (38), MAb to giantin
(32), and polyclonal antibody to calnexin (52).

Insertion of Myc tag in gK and VP22. The Myc tag (10 residues) was inserted
in frame at residue 283 of HSV-1(F) gK by a mixed PCR technique. The gK open
reading frame was first PCR amplified in two segments carrying the Myc epitope
(underlined sequences) at the 3� or 5� end with primers 5�-TGACGC CGGGAA
TTCATG CTCGCC GTC (EcoRI-fw1) and 5�-CAGATC CTCTTC TGAGAT
AAGCTT TTGTTC CTTGTC TGCGTT CTTGGG GGC (rev1) and primers
5�-GAACAA AAGCTT ATCTCA GAAGAG GATCTG GCCGCC GCCCCG
GGGCGA TCC (fw2) and 5�-CGGCCT GGGCGG CCGCTC ATACAT CA
AACA G (NotI-rev2), respectively. The amplified 5� and 3� gK fragments were
then mixed together and further amplified with external primers (EcoRI-fw1 and
NotI-rev2); the Myc-tagged full-length gK fragment obtained in this way was
finally cloned into the EcoRI-NotI sites of the MTS1 vector to give the wtgK-
MTS plasmid, which expresses gK sequences under pCMV control. syn-gK
(A40V)-MTS plasmid was obtained by site-directed mutagenesis of pwtgK-MTS
in bacterial strain BMH 71-18 mutS (Promega) by using primer 5�-GCACCG
ATGTAT TTACGT GGTACG CCCCAC CGGTAC CAACAA CGACAC C.
T4 polymerase was used in the synthesis step to ensure high fidelity during the

polymerization reaction. The construct was sequenced for accuracy. The HSV-1
(F) VP22 coding sequence was PCR amplified with primers 5�-GCG CAT CCG
ACG CTA GCG TGT TCG (forward) and 5�-TGG GTA CGG AAG CTT ACA
CTC GAC GGG C (reverse) and cloned as an NheI-HindIII fragment in the
corresponding sites of the pcDNA3.1(�) Myc-HysB vector (Invitrogen), to yield
the VP22-Myc plasmid.

Construction of plasmids expressing HSV glycoproteins. The glycoprotein
genes amplified from the HSV-1(F) genome were cloned in the pMTS-1 vector
(57), under the control of the cytomegalovirus (CMV) early promoter, as de-
tailed elsewhere (56). This vector is suitable for constitutive expression in mam-
malian cells. It may also be employed to recombine gK into the baculovirus
genome to generate a recombinant baculovirus able to express gK in mammalian
cells.

Cell-cell fusion assay. Subconfluent cultures of BHK or Vero cells, grown on
glass coverslips in 24-well plates, were transfected with a DNA mixture contain-
ing 20, 40, or 80 ng (as specified in Results) each of the gB, gD, gH, and gL
expression plasmids (56), together with 80 ng of pcDNA 3.1(�) Myc-His/Lac
vector (Invitrogen), for constitutive expression of �-galactosidase. wt gK-Myc or
syn-gK-Myc plasmids were cotransfected at the indicated amounts. The total
amount of plasmid DNA transfected per well was kept at 560 ng/well by the
addition of empty p-MTS plasmid DNA. Transfections were performed by using
Polyfect (Qiagen) according to the manufacturer’s instructions. After incubation
at 37°C for 24 or 48 h, cells were fixed with 0.2% glutaraldehyde and 0.2%
paraformaldehyde in phosphate-buffered saline (PBS). Syncytia were detected by
light microscopy observation of �-galactosidase-expressing cells after staining
with 5-bromo-4-chloro-3-indolyl-�-galactopyranoside (X-Gal) with a Leitz mi-
croscope equipped with a Kodak DC120 digital camera and Kodak Digital
Science one-dimensional LE 3.0 software. Blue syncytial areas were quantified by
means of the Photoshop Histogram program.

Immunofluorescence. Subconfluent BHK, I143 tk�, and Vero cells grown on
glass coverslips were transfected with the glycoprotein-expressing plasmids.
When indicated, cells were infected with R7032 (5 PFU/cell) at 24 h after
transfection and fixed with methanol 10 h later. For colocalization experiments
with antibodies to giantin (1:100) or to calnexin (1:50), cells were fixed with
paraformaldehyde and permeabilized with 0.1% Triton in PBS. Fixed cells were
incubated for 1 h at room temperature with anti-glycoprotein MAbs (1:400),
followed by anti-mouse fluorescein- or rhodamine-conjugated immunoglobulin
G (Sigma and Jackson Laboratory, respectively). Wheat germ agglutinin
(WGA)-fluorescein (Sigma-Aldrich) or concanavalin A (ConA)-rhodamine (Sig-
ma-Aldrich) was employed at a 1:150 dilution in PBS.

Radioimmunoprecipitation. BHK cells grown in T25 flasks, transfected or not
with pwtgK-MTS, were metabolically labeled overnight with [35S]methionine-

FIG. 1. Radioimmunoprecipitation of Myc-tagged gK. BHK cells
were transfected with pwtgK-MTS encoding the Myc-tagged gK or left
untransfected. Cells were labeled with a mixture of [35S]methionine
and cysteine and harvested 36 h after transfection. Anti-Myc antibody
was used to immunoprecipitate gK. The immunoprecipitated proteins
were separated by SDS-PAGE and visualized by phosphorimager anal-
ysis. Left lane, molecular weight (MW) markers; figures on left, mo-
lecular weights of markers, in kilodaltons. The arrow points to gK.
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cysteine mixture (50 �Ci/ml in Dulbecco’s modified Eagle’s minimal essential
medium without methionine and cysteine; Radiochemical Center, Amersham).
Cells were lysed at 36 h after transfection with PBS containing 1% Nonidet P-40,
1% sodium deoxycholate, and 0.1 mM (each) protease inhibitors N�-p-tosyl-L-
lysine chloromethyl ketone (Sigma) and L-1-tosylamide-2-phenyl-methyl-chlo-
romethyl ketone (Sigma). After high-speed centrifugation (100,000 � g for 1 h),
clarified supernatants were incubated with anti-Myc antibody (1:100) for 3 h at
4°C. The immune precipitates were collected with protein A-Sepharose beads
(Sigma), extensively washed, and loaded in sodium dodecyl sulfate–12% poly-
acrylamide gel electrophoresis (SDS–12% PAGE) after denaturation in electro-
phoresis loading buffer for 1 h at 37°C. The fixed gel was soaked for 15 min in

Amplify (Radiochemical Center, Amersham) and exposed to a phosphorimager
(Bio-Rad) equipped with Molecular Analyst software.

RESULTS

Construction and expression of Myc-tagged gK. In order to
detect gK, a Myc tag was inserted at residue 283, as detailed in
Materials and Methods. This position was previously shown to
accept a heterologous epitope without modifying gK function

FIG. 2. Pairs of micrographs of 143-tk� and Vero cells transfected with pwtgK-MTS and double stained with antibody to Myc (A, C, and E),
to calnexin (B and D), or ConA (F). Anti-Myc antibody only stained the transfected cells, whereas the antibody to calnexin and the lectin stained
all cells. In panels C and D, transfected cells were superinfected with R7032 at 24 h after transfection and fixed 10 h later. Panels A, C, and E show
that anti-Myc staining was reticular and diffused to the cytoplasm, with a pattern indistinguishable from that of calnexin or ConA (arrows), in both
uninfected and R7032-infected cells. Panels A to D, 143-tk� cells; magnification, �40. Panels E and F, Vero cells; magnification, �63.
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(20). The Myc-tagged gK was subsequently cloned in the
pMTS vector (57), under the control of the CMV early pro-
moter, generating pwtgK-MTS.

The expression of gK was verified in BHK cells 48 h after
transfection with pwtgK-MTS. Cells were labeled with [35S]
methionine-cysteine mixture between 24 and 36 h after trans-
fection. gK was immunoprecipitated with anti-Myc MAb, and
the proteins were separated by SDS-PAGE. Figure 1 shows
that pwtgK-MTS-transfected cells, but not cells transfected
with empty vector, expressed a protein with apparent molecu-

lar mass of 38 kDa, a molecular mass compatible with that of
untagged gK (20).

gK localizes predominantly to the ER in both uninfected
and HSV-infected cells. In order to investigate the intracellular
localization of gK, Vero, BHK, and 143-tk� cells were trans-
fected with pwtgK-MTS and stained for immunofluorescence
at the indicated times. Replicate cultures were superinfected
with R7032, an HSV recombinant that does not express gE and
gI (35), two Fc-binding proteins that contribute to unspecific
antibody binding (30). Cells were stained with the anti-Myc

FIG. 3. Pairs of micrographs of 143-tk� and Vero cells transfected with pwtgK-MTS and double stained with antibody to Myc (A, D, and F)
and to giantin (B and E) or WGA (G). Anti-Myc antibody only stained the transfected cells, whereas the MAb to giantin and WGA stained all
cells. In panels C to E, transfected cells were superinfected with R7032 24 h after transfection and fixed 10 h later. In panel C, cells were stained
with anti-gD MAb to show that all cells in the culture were indeed infected. Panels A, D, and F show that anti-Myc staining was reticular and
diffused to cytoplasm. This pattern overlaps with that of giantin in infected cells (E) but not in the uninfected cells (B and G). Panels A to E,
143-tk� cells; magnification, �40. Panels F and G, Vero cells; magnification, �63.
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antibody and double-stained with the endoplasmic reticulum
(ER) marker calnexin (52) or ConA or with the Golgi marker
giantin (32) or WGA. The first lectin reacts with mannose-rich
oligosaccharides typical of ER glycoconjugates and is therefore
considered an ER marker, whereas the second reacts with
complex-type oligosaccharides typical of the Golgi apparatus
(see reference 8). Figures 2 and 3 show that in all cells gK
distribution was diffused to the cytoplasm and reticulum (Fig.
2A, C, and E and 3A, D, and F), coincided with that of calnexin
(Fig. 2B) and ConA (Fig. 2F), and differed somewhat from that
of giantin (Fig. 3B) or WGA (Fig. 3G), suggesting a predom-
inant localization at the ER. The same localization was ob-
served in BHK cells, although observation of these cells is
somewhat more difficult, due to their long and spindle shape
(data not shown). gK localization in R7032-superinfected cells
coincided with that of the calnexin and ConA markers (Fig. 2D
and F) and also with that of giantin (Fig. 3E), whose distribu-
tion appeared to be grossly increased and enlarged in trans-
fected superinfected cells. We note that enlargement and cell
type-dependent modifications of the Golgi apparatus following
HSV infection have been known for a long time (8). Alto-
gether, the results indicate that Myc-gK had an intracellular
distribution essentially similar to that of authentic gK (28),

with a preferential colocalization with the ER markers and
with the modified Golgi. Occasionally, in R7032-superinfected
cells, gK appeared also at plasma membranes (Fig. 2C).

Expression of gK inhibits cell-cell fusion in different cell
lines. In order to investigate whether gK inhibits cell-cell fu-
sion, BHK cells were cotransfected with plasmids encoding gD,
gB, gH, and gL, together or not with the wt gK-Myc plasmid.
A plasmid carrying a LacZ gene under the CMV promoter
(Invitrogen) was included. In this way the transfected cells can
be monitored by X-Gal staining, and the cells recruited in
syncytia can be quantified from digital micrographs, as detailed
in Materials and Methods. As expected, cells recruited in syn-
cytia expressed all the four glycoproteins (Fig. 4). In prelimi-
nary experiments, performed with equimolar amounts of each
plasmid (80 ng each/well), we observed that the number of cells
recruited in syncytia was smaller in the cultures expressing wt
gK. Such a condition does not necessarily reflect the steady-
state accumulation of equimolar amounts of gK relative to the
other glycoproteins, as each glycoprotein is subjected to dif-
ferent posttranscriptional control, intracellular trafficking, and
degradation, etc. In particular, gK appears to be poorly ex-
pressed, at least by immunofluorescence, relative to the other
glycoproteins. Given that cells were already being transfected

FIG. 4. Micrographs of BHK cells cotransfected with the plasmids encoding gB, gD, gH, and gL and stained with MAbs to gB (A), gD (B), gH
(C), and gL (D).
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with the maximum allowable amount of DNA, in order to
relatively increase the amount of gK, we reduced the amount
of plasmid DNA for the four glycoproteins to 40 or 20 ng per
well and increased that of the gK plasmid to 160 ng per well. In
all assays, the amount of DNA was made equal by the addition
of empty p-MTS-1 vector. The results of the experiment illus-
trated in Fig. 5 are quantitated in Fig. 6 and 7. It can be seen
that gK expression inhibited syncytium formation by about
70% at 48 h. Syncytium formation by the four glycoproteins
showed a tendency toward a dose-dependent effect (compare
20 and 40 ng at 48 h, in the absence of gK) and increased over
time. To ensure that the inhibitory effect of gK was specific and
not due to a toxic effect of the Myc epitope, a Myc-tagged HSV
protein, VP22, replaced gK in replicate fusion assays. Myc-
VP22 did not significantly affect syncytium formation (Fig. 6).

BHK cells were the cells of first choice because they are very
prone to syncytium formation following transfection of the
four HSV glycoproteins (56). In order to ascertain whether the
inhibitory effect of gK could be observed in another cell line,
the experiment was repeated in Vero cells. These cells have a
lower intrinsic propensity to form syncytia. Therefore, each
well was transfected with 80 ng of each of the four glycoprotein
plasmids and 160 ng of gK plasmid. It can be seen from Fig. 5
and 7 that gK reduced syncytium formation in Vero cells,
implying that gK inhibitory activity may be cell line indepen-
dent. Other cell lines (e.g., Hep-2 and SK-N-SH) could not be
investigated because of their idiosyncratic resistance to under-
going fusion in this assay. Attempts to express gK from bacu-
lovirus yielded a relatively low number of transduced cells
(data not shown). This limited the possibility of investigating

FIG. 5. Digital micrographs of BHK (upper and middle images) or Vero (lower images) cells transfected with the four glycoproteins (gB, gD,
gH, and gL) in the absence (left) or presence of wt-gK (middle) or in the presence of syn-gK (right). All cultures were also transfected with a LacZ
plasmid. Cells were stained with X-Gal. Middle images show higher magnifications of upper panels. BHK cells received 40 ng (each) of gB, gD,
gH, and gL plasmids and 160 ng of gK plasmid. Vero cells received 80 ng (each) of gB, gD, gH, and gL plasmids and 160 ng of gK plasmid.
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whether expression of gK prior to or subsequent to the fuso-
genic glycoproteins exerted a more drastic reduction on fusion.

Effect of syn-gK on cell-cell fusion. Cells infected with syn-
cytial strains of HSV give rise to polykaryocytes. Here we
wanted to ascertain whether the mechanism by which a syn
allele of gK exerts its syncytial phenotype is a loss of fusion-
blocking activity. We introduced the A40V syn mutation in the
Myc-tagged gK by site-directed mutagenesis. BHK and Vero
cells were cotransfected with the syn gK and the four glyco-
protein plasmids plus the LacZ plasmid. Syncytia were scored
at 24 and 48 h after transfection. It can be seen from Fig. 5 and
6 that in BHK cells syn gK blocked cell-cell fusion at 48 h after
transfection to a lower extent than wt gK. A partial reversion
was also observed in Vero cells (Fig. 5 and 7), although, as
noted above, in these latter cells the ratio of gK plasmid to
those of the other glycoproteins was lower than in BHK cells.

DISCUSSION

A Myc-tagged version of HSV gK localized predominantly
to the ER in transfected cells. In transfected HSV-superin-
fected cells, gK maintained the predominant colocalization
with ER markers but colocalized also with a Golgi marker,
whose distribution appeared to be modified in infected cells, in
agreement with previous data on HSV-induced Golgi modifi-
cations (8). This gK distribution is in accordance with perinu-
clear localization reported earlier (28) and provides evidence
that the localization of Myc-tagged gK does not substantially
differ from that of native gK.

We show here that gK inhibited cell-cell fusion mediated by
the four HSV glycoproteins, gD, gB, gH, and gL. The effect
was to some extent dose dependent. The highest detectable
reduction was about 70%. Complete inhibition of cell fusion
was not achieved, reflecting either the need for a viral part-
ner or limitations in the experimental system. Thus, (i) the
amounts of gK that we could express relative to the other four
glycoproteins appeared to be low, at least as assessed by im-
munofluorescence. (ii) The temporal pattern of gK expression
relative to that of the glycoproteins was not the most appro-
priate, as gK was probably required at the time the other
glycoproteins were being synthesized. Altogether, the results

show that gK exerted an anti-cell-cell fusion activity and that
this inhibition occurred in the absence of viral proteins other
than the four fusogenic glycoproteins and was observed in two
cell lines. The results do not preclude the possibility that, in the
infected cell, gK interacts with a viral protein not present in the
assay, e.g., one of the proteins that are sites of syn mutations,
and that in the presence of this putative partner gK may exert
its full inhibitory activity. A candidate partner for gK may be
the UL20 protein, which appears to affect gK activity both in
HSV and in pseudorabies virus (PrV) (16, 19).

The rationale for assaying the effect of a syn allele of gK was
to determine whether a correlation exists between the antifu-
sion activity of wt gK and the lack of syncytial phenotype in wt
virus-infected cells. It was expected that, if the lack of syncytial
phenotype in wt HSV-infected cells is due to the antifusion

FIG. 6. Quantification of effect of wt gK and syn-gK on syncytium formation in BHK cells. Digital micrographs of cultures transfected with 20
ng (or 40 ng) (each) of plasmid DNA for the four glycoproteins (gD, gB, gH, and gL), 160 ng of gK plasmid or VP22-Myc plasmid, and 80 ng of
LacZ plasmid. Cells were stained with X-Gal 24 or 48 h after transfection. Areas of syncytia were quantified as detailed in Materials and Methods.
At least 6 pictures were scored for each sample. The average is expressed in each bar. Thin lines represent standard errors.

FIG. 7. Quantification of effect of wt gK and syn-gK on syncytium
formation in Vero cells. Digital micrographs of cultures transfected
with 80 ng (each) of gD, gB, gH, and gL, 160 ng of gK plasmid, and 80
ng of LacZ plasmid. Cells were stained with X-Gal 48 h after trans-
fection. Areas of syncytia were quantified as detailed in Materials and
Methods. The average is expressed in the each bar. Thin lines repre-
sent standard errors.
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activity of gK, replacing the wt gK with a syn allele results in the
abolition of the block. This is what we observed, even though
we only got a partial ablation of the block. The partial effect, as
discussed above for wt gK, may be a consequence of inappro-
priate quantitative and/or temporal patterns of syn-gK expres-
sion or reflect the need for an additional viral partner. Never-
theless, the results provide evidence that gK is responsible for,
or contributes to, preventing wt virus-infected cells from fusing
with adjoining uninfected cells.

As mentioned in the introduction, several considerations
support the hypothesis that the fusogenic potential of HSV
glycoproteins is kept under negative control in the exocytic
compartment. A role for gK is strongly supported by the phe-
notype of the cells infected with two mutant viruses, one of
which carries a LacZ insertion and inactivation in the gK gene
and the other carries a gK gene deletion (27, 29). The first virus
was characterized by the accumulation of unenveloped nucleo-
capsids in the cytoplasm—indicative of fusion between the
virion envelope and membranes of vesicles that encase the
virions during their transport to the extracellular space (10);
the second virus was characterized by accumulation of virions
in the cytoplasm. For both viruses, release of virions to the
extracellular space was blocked, cumulatively indicating that
insertional inactivation or deletion of gK affected fusion events
in the exocytic compartment that culminate in virus egress to
the extracellular space (27, 29). Consistent with this view is the
localization of gK to the ER. Altogether, gK is a candidate to
negatively control HSV fusion both in the exocytic compart-
ment and at the cell surface.

In the animal alphaherpesvirus PrV, gM inhibits fusion me-
diated by the four fusogenic glycoproteins (31). Interestingly,
gM is also a polytopic glycoprotein (1, 34). In the PrV system,
gK did not inhibit fusion. However, despite the analogies, the
cell-cell fusion system mediated by the PrV glycoproteins dif-
fers strikingly from that of HSV. Thus, an intact gD is dispens-
able in PrV but not in HSV fusion (31).

gK may exert its inhibition on cell-cell fusion as a direct
consequence of its presence at the cell surface, e.g., it may
affect membrane fluidity by virtue of its polytopic nature, or it
may affect a cellular protein involved in fusion. Alternatively,
its action may be indirect, e.g., through alterations in cell sur-
face expression of one of the fusogenic glycoproteins. The first
two hypotheses seem unlikely in view of the observation that
gK did not reduce fusion in a heterologous non-HSV system,
e.g., fusion mediated by paramyxovirus HN and F (unpub-
lished data). The hypothesis that gK blocks fusion by interac-
tion with one of the fusogenic glycoproteins is tenable in view
of the finding that inhibition was observed in a system where
gK and the four fusogenic glycoproteins were the only viral
gene products.

Current findings identify gK as a key player in the negative
control of HSV fusion and show that gK blocks fusion without
the requirement for viral proteins other than the fusogenic
glycoproteins, even though its full inhibitory activity may be
exerted in the presence of additional viral proteins. A gK-
mediated block to fusion is exerted at the plasma membrane
and, likely, in the ER. This adds to our understanding of the
complex molecular events that govern the interaction of in-
fected and adjacent uninfected cells. The location of syn mu-
tations at loci other than gK suggests that HSV gains control of

its fusogenic potential by multiple mechanisms, just as it gains
control of its own proapoptotic activity of the cell cycle, etc., by
a variety of viral gene products.
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