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Chimeric Nectin1-Poliovirus Receptor Molecules Identify a Nectin1
Region Functional in Herpes Simplex Virus Entry

FRANCESCA COCCHI,1 MARC LOPEZ,2 PATRICE DUBREUIL,2

GABRIELLA CAMPADELLI FIUME,1 AND LAURA MENOTTI,1*

Section on Microbiology and Virology, Department of Experimental Pathology, University of Bologna, 40126 Bologna, Italy,1 and
Institute of Cancer Biology and Immunology, Institut de la Santé et de la Recherche Médicale U.119, Marseille, France2
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Human nectin1 (hNectin1), an adhesion molecule belonging to the nectin family of the immunoglobulin
superfamily, mediates entry of herpes simplex virus (HSV) into cells. The hNectin1 domain that mediates virus
entry into cells and also binds glycoprotein D (gD) has been localized to the first N-terminal V-type domain.
The poliovirus receptor (PVR) is a structural homolog to nectins, but it cannot function as an HSV entry
receptor. hNectin1-PVR chimeras were constructed to functionally locate the site on hNectin1 involved in HSV
entry (HSV entry site). The epitope recognized by monoclonal antibody (MAb) R1.302, which is able to block
HSV entry, was also located. The chimeric receptors were designed to preserve the overall structure of the V
domain. The HSV entry activity mapped entirely to the hNectin1 portion located between residues 64 and 94
(64-94), likely to encode the C, C*, and C( b-strands and intervening loops. In turn, this site consisted of two
portions: one with low-level basal activity for HSV entry (77-94), and one immediately upstream (residues 64
to 76) which greatly enhanced the HSV entry activity of the downstream region. The gD-binding site mapped
substantially to the same site, whereas the MAb R1.302 epitope also required a further downstream portion
(95-102). The involvement of the 64-76 portion is at difference with previous indirect mapping results that were
based on competitive binding studies (C. Krummenacher et al., J. Virol. 74:10863–10872, 2000). The A, A*, B,
D, E, F, and G b-strands and intervening loops did not appear to play any role in HSV entry. According to the
predicted three-dimensional structure of PVR, the C C* C( site is located peripherally in the V domain and very
likely represents an accessible portion at the cell surface.

The receptors which mediate entry of herpes simplex virus
(HSV) into cells belong to three structurally unrelated molec-
ular families. They are nectin1 (CD111), a member of the
immunoglobulin (Ig) superfamily, HveA, a member of the
tumor necrosis factor receptor family, and modified heparan
sulfate (4, 5, 9, 12, 20, 27, 35, 37). Of these, nectin1 is wide-
spread in human cell cultures and is expressed in human or-
gans and tissues targeted by HSV (9, 12). Nectin1 mediates
both the entry of the virion into cells (9, 12) and cell-to-cell
spread of virus (8), a relevant route of transmission given that
in humans HSV spreads anterograde, i.e., from mucocutane-
ous tissues to nerve endings, and retrograde by direct cell-to-
cell transmission. Of the 11 glycoproteins contained in the
HSV virion, glycoprotein D (gD) is the one which interacts
with the entry receptor (7, 9, 16), whereas gB and gC interact
with the attachment receptor heparan sulfate proteoglycans
(for reviews, see references 5 and 37). The site on nectin1 that
mediates virus entry (hereafter called the HSV entry site) and
also binds gD has been localized to the first N-terminal domain
of the protein (7, 17). This is one of the three Ig-like domains
that compose the ectodomain, and it has a V-like structure; the
remaining two domains have a C-type structure. The V domain
alone, engineered as soluble molecule, is able to compete with
full-length transmembrane receptor and to block HSV entry,

and it is also able to bind soluble forms of gD (7, 17). The V
domain also carries the epitope recognized by monoclonal
antibody (MAb) R1.302, which is able to block HSV infectivity
(9) and therefore must overlap, at least in part, with the HSV
entry site. Functional studies to locate the HSV entry site
within the V domain have not been reported. In binding com-
petition assays, gD interfered with the binding between nectin1
and a MAb directed to 80 to 104 (80-104) linear epitope of
nectin1, a finding that was interpreted as evidence that this
represents the gD-binding region (15).

In addition to nectin1, the human nectin family comprises
the following structurally related molecules: nectin2 (CD112)
(10), nectin3 (33), and the poliovirus receptor (PVR) (22).
Nectin2 mediates entry of HSV gD mutants but not of wild-
type HSV (19, 40). PVR (12) or nectin3 (unpublished obser-
vations) cannot function as an HSV receptor. For nectin1 and
nectin2, three and two isoforms are known, respectively, which
share the ectodomain (9, 10, 12, 18, 20). The designation of
different isoforms of nectin1 by using Greek letters is discussed
in reference 23.

Structurally, PVR may be considered the prototype member
of the nectin family. Cryoelectron microscopy and X-ray crys-
tallography have been used to define the structure of PVR and
of the complex between the receptor and the poliovirus (2, 13).
Each Ig-type domain has a b-barrel fold in which all b-strands
(named A to G) run parallel or antiparallel to the long axis of
the domain and are connected by more flexible interstrand
loops. The V-type domain, relative to the C type, contains in
addition the C9 and C0 strands. A, B, E, and D strands form
one face of the barrel. C, G, and F strands form the opposite
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surface of the barrel. C, C9, and C0 strands are laterally located.
For PVR, mutations in the predicted C-C9, C9-C0, D-E, and
E-F interstrand loops and in the C0 and D strands disrupt
poliovirus binding (1, 3, 28); the viral surface contacts mainly
the C C9 C0 surface (13).

The objective of the present study was to functionally locate
the HSV entry site within the V domain of nectin1 and to
fine-map the MAb R1.302 epitope. Inasmuch as the Ig V-like
domain is a complex and rather rigid structure, deletions of
entire b-strands, of portions or of groups of b-strands, are
likely to alter the structure itself and to result in loss of inter-
action with HSV, not because the actual residues that interact
with HSV have been deleted but because the overall structure
of the V-like domain has been altered. We took advantage of
the fact that PVR is structurally related to nectin1, but cannot
function as an HSV entry receptor, to construct chimeric mol-
ecules where groups of b-strands and connecting loops of nec-
tin1 replaced the corresponding regions of the V domain of
PVR. This approach was meant to preserve the overall struc-
ture of the V domain: it lead to the locating of the HSV entry
site at the portion of the molecule between residues 64 and 94,
predicted to contain the C, C9, and C0 strands and interstrand
loops. Functionally, this site is divided into portions. The most
upstream one (64-76) has enhancing activity over the 77-94
portion, which displays a low-level basal activity for HSV entry.

MATERIALS AND METHODS

Cells and viruses. Cells were grown in Dulbecco’s modified Eagle’s medium
supplemented with 5% fetal calf serum. The J1.1-2 cell line, a derivative of
BHKtk2 cells highly resistant to HSV infection and a derivative thereof express-
ing human nectin1b (hNectin1b) are described elsewhere (9). The cell line stably
expressing the N1(1-143) chimera, previously named V(HlgR-PVRa), was de-
scribed previously (7). Stable cell lines expressing chimeric receptors were ob-
tained by selection with neomycin G418, followed by sorting with a fluorescence-
activated cell sorter (FACS). The HSV-1 recombinant R8102 carrying a lacZ
gene inserted between the UL3 and UL4 genes under the control of the a27
promoter was described previously (9). Viruses were grown and titrated by
plaque assay in Vero cells. Virus infectivity was detected by b-galactosidase
(b-Gal) expression by reading the optical density at 405 nm (OD405) (9, 27) or by
light microscopy observation of b-Gal-expressing cells.

Construction of hNectin1-PVR chimeric receptors. Chimeric primers overlap-
ping the hNectin1a or -b and PVR sequences to be joined were synthesized both
as sense and antisense primers. The chimeric primers were used separately with
appropriate external primers designed on either the hNectin1 sequence or PVR
sequence to generate two fragments, one N-terminal and one C-terminal (see
Table 1 for primer sequences). The N-terminal and the C-terminal fragments
were then mixed in equimolar amounts and joined through a polymerization
reaction (20 to 25 cycles of denaturation, annealing, and extension) which ex-
ploited the complementarity of the chimeric primer and the ability of the frag-
ments to act both as primer and template for each other. The chimeras were
cloned in pcDNA3.1 (Invitrogen) and sequenced for accuracy.

Antibodies. The R1.302 MAb directed to the V domain of hNectin1 was
described previously (7, 21). The anti-PVR antibodies P242, 280, D171, PV.404,
and P44 have been described elsewhere (1, 3, 14, 21, 25).

IFA. For FACS analysis of immunoreactivity to R1.302 and anti-PVR anti-
bodies and analysis of gD binding, live cells were incubated with the following
antibodies: P44 and P242 hybridoma cell supernatants at 1:2 dilution, MAb 280
ascitic fluid at 1:1,000 dilution, purified D171 and PV.404 at 10 mg/ml, or 0.5 mg
of recombinant gD(D290-299t)/ml and mouse anti-gD MAb H170 (Goodwin
Cancer Research Institute, Plantation, Fla.) (1:1,000), followed by a 1:50 goat
anti-mouse phycoerythrin antibody (Beckman-Coulter-Immunotech, France).
All steps were done in phosphate-buffered saline supplemented with 5% fetal
colf serum for 1 h at 4°C. Cells were subsequently analyzed in a FACScan flow
cytometer (Becton Dickinson). For immunofluorescence assays (IFAs), J1.1-2
cells stably expressing chimeric receptors or pcDNA3.1 as a negative control
were grown on glass coverslips, fixed with 4% paraformaldehyde for 15 min,
permeabilized with 0.1% Triton X-100 for 10 min, and then reacted with MAb

R1.302 (1:100), followed by anti-mouse antibodies (1:100) conjugated to fluo-
rescein isothiocyanate (Jackson Immunoresearch Laboratories).

Infectivity assay. J1.1-2 cells were transfected with the chimeric constructs by
means of Lipofectamine reagent (Life Technologies) according to the manufac-
turer’s instructions and infected at 30 h after transfection with R8102 at 10
PFU/cell. After 16 h, virus infectivity was detected by b-Gal expression by
staining with o-nitrophenyl-b-D-galactopyranoside (ONPG) and reading the
OD405 (9, 27) or by light microscopy observation of b-Gal-expressing cells after
staining with 5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside (X-Gal).

RESULTS

Construction of chimeric hNectin1-PVR receptors. The
structure of nectin1 has not been solved. By contrast, the struc-
ture of PVR has been the object of numerous studies (for
recent studies, see references 2, 13, and 32). In order to pro-
ceed with the substitution of groups of strands and interstrand
loops of hNectin1 with the corresponding regions of its struc-
tural homolog PVR, we performed an alignment of hNectin1
and PVR sequences (Fig. 1A). As illustrated in Fig. 1A, while
there is an agreement on the overall structure of the PVR V
domain, there is no universal agreement on the boundaries of
the single b-strands. Fig. 1B shows a schematic representation
of the chimeric hNectin1-PVR constructs generated in this
study. They are designated as N1 (for nectin1) followed by
numerals in parentheses which define the nectin1 portion
present in the chimera. For each construct to be generated,
two fragments were derived by PCR, one N-terminal and one
C-terminal, and then joined by PCR, and the chimeras were
cloned in pcDNA3.1. Table 1 reports the sequences of the
primers and the respective DNA employed as template. J1.1-2
cells, which are negative for HSV receptors and resistant to
HSV infection (9), were transfected with the plasmids encod-
ing the chimeric receptors. They were either employed 30 h
after transfection (transient expression) or selected for ac-
quired neomycin G418 resistance (stable transformants) and
subsequently employed as such and subjected to single-cell
cloning or enriched by FACS sorting, as specified below.

Reactivity of chimeric receptors to MAbs to nectin1 and to
PVR. As a first characterization of the constructs, we ascer-
tained that the encoded proteins were expressed in the trans-
fected cells and were able to reach the cell surface. To this end,
we measured reactivity to a panel of MAbs to PVR, which
constitutes the C-terminal portion of all constructs, except
N1(64–) and N1(77–). The anti-PVR antibodies were ad-
dressed either to the V domain (P242, 280, D171) (1, 3, 14, 25)
or to the C-C domains (PV.404, P44) (3, 14, 21). We also
measured reactivity to MAb R1.302 directed to nectin1. Stable
transformants of J1.1-2 cells transfected with the plasmids en-
coding the chimeric receptors and selected for G418 resistance
were assayed by IFA microscopy or FACS analysis. Typical
results are shown in Fig. 2 (IFA with MAb R1.302) and Fig. 3
(FACS with MAbs R1.302 and anti-PVR) and are summarized
in Table 2 (FACS with PVR MAbs) and Fig. 1B. PVR anti-
bodies showed that all the constructs whose C terminus con-
sisted of PVR sequence were able to reach the cell surface. As
expected, the constructs carrying the C domains of PVR,
namely N1(1-143), N1(64-116), N1(64-102), N1(64-94), N1(77-
94), and N1(83-116), were only detected by PV.404 and P44
MAbs, whereas the chimera carrying the entire V domain of
PVR, N1(144–), was only detected by P242, 280, and D171
MAbs (Fig. 3 and Table 2). No reactivity to anti-PVR MAbs
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FIG. 1. (A) Alignment of hNectin1 (CD111) and PVR (CD155) V domain sequences (31). The bars define the location of the predicted PVR
b-strands according to reference 13 (thin bars) and reference 2 (thick bars). (B) Schematic linear representation of the composition of the V
domain of chimeric hNectin1-PVR receptors and summary of their properties. The chimeric receptors were constructed by means of the primers
described in Table 1. The first 30 residues of hNectin1 are predicted to encode the signal sequence and to be cleaved off in the mature form of
the molecule. The N1(1-143) chimera was described previously and designated as V(HIgR-PVRa) (7). (C) Simplified view of the structural model
of PVR, adapted from reference 32. The region encompassing the C, C9, and C0 b-strands, identified as the HSV entry site on nectin1, is shaded
in black and gray.
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was detected with the N1(64–) and N1(77–) chimeras carrying
the cytoplasmic tail of nectin1a or -b, but these chimeras were
positive with MAb R1.302. Concerning MAb R1.302 (Fig. 2
and 3), N-terminus reactivity was still present in the construct
containing nectin1 downstream from residue 77 [N1(77–)] and
absent in the construct containing nectin1 downstream from
residue 83. At the C terminus, reactivity was present in the
construct containing the nectin1 portion upstream of residue
102 [N1(64-102)] but absent from the constructs containing
nectin1 upstream of residue 94 [N1(64-94) and N1(77-94)].
These results define an essential part of the MAb R1.302
epitope as being located between residues 77 and 102, which
likely includes the C9, C0, and D strands and the intervening
loops.

While all constructs exhibited cell surface expression, the
intracellular distribution of the MAb R1.302-reactive compart-
ment displayed two somewhat different patterns (Fig. 2). Thus,
all the chimeras carrying the C-terminal portion of PVR ex-
hibited a common pattern characterized by a rather diffuse
cytoplasmic staining (Fig. 2b, e, and k). The pattern for
N1(77–) construct, carrying the cytoplasmic tail of nectin1a,
was similar (panel d). By contrast, the construct carrying the
cytoplasmic tail of nectin1b [N1(64–)], and nectin1b itself,
exhibited a predominantly vesicular-like distribution (panels c
and a, respectively). The intracellular distribution of the
gD(D290-299t)-binding compartment paralleled closely that of
MAb R1.302 (data not shown). Nectin1a, but not nectin1b,
carries at the C terminus the consensus sequence A/ExYV that
binds the PDZ domain of afadin (38) and enables localization
at adherens junctions in polarized epithelial cells. While these
differences are not relevant to the function of hNectin1a and
-b as HSV receptors, as the two isoforms cannot be differen-
tiated with respect to ability to act as HSV entry receptors or
degree of cell surface expression (reference 9 and Fig. 3), it is
possible that, in nonpolarized cells, the nectin1b cytoplasmic
sequence may favor a preferential accumulation in vesicular-
like structures. The PVRa does not carry a typical PDZ-do-
main binding site. Its localization at adherens junctions remains
to be investigated, although its cellular distribution clearly in-
cluded a diffuse cytoplasmic pattern in addition to a high level
of cell surface expression.

HSV infectivity mediated by chimeric hNectin1-PVR recep-
tors. Having ascertained that all chimeric receptors are able to
reach the cell surface, we then compared the levels of HSV
infectivity. J1.1-2 cells transiently expressing the chimeric re-
ceptors were infected with the HSV-1 recombinant R8102,
which carries a LacZ reporter gene under the immediate early
a27 promoter (9). Infection was monitored and quantified as
b-Gal activity. Typical results are shown in Fig. 2 and Fig. 4
and are summarized in Fig. 1B. Chimeric molecules containing
hNectin1 residues downstream of residue 64 enabled expres-
sion of the reporter gene to a level comparable to that seen in
cells expressing the entire nectin1 V domain [N1(1-143)] or
full-length hNectin1b (Fig. 2h, j, p, and q). Cells expressing the
two constructs containing nectin1 downstream from residue 77
[N1(77–) and N1(77-94)] were infected with HSV at reduced
efficiency (compare Fig. 2i with r; Fig. 4). Cells expressing the
construct containing nectin1 downstream from residue 83
[N1(83-116)] were not infected at all (Fig. 2s). For the C
terminus, infectivity was present in cells expressing the con-
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struct containing the nectin1 portion upstream of residue 94
(Fig. 2h, i, j, and p to r). The key constructs were therefore
N1(64-94) and N1(77-94), which exhibit similar levels of cell
surface expression (Fig. 3). We infer from their properties that
(i) the minimal region that mediated HSV entry with an effi-
ciency similar to that of full-length nectin1 is located between
residues 64 and 94, predicted to include the C, C9, and C0
strands and intervening loops. (ii) Within this region, two por-
tions were differentiated. The 77-94 portion displayed a low-
level, basal HSV entry activity. The adjacent upstream portion
(64-76) greatly enhanced the HSV entry activity.

Binding activity to gD. The localization of the gD-binding
site on nectin1 may be determined essentially by two types of
approaches, each with advantages and disadvantages. Enzyme-

linked immunosorbent assays and biosensor assays are very
sensitive techniques that rely on soluble recombinant proteins
(7, 17, 41). These assays may not fully preserve the same
conformation and oligomerization displayed by the full-length
molecule in its natural context. By contrast, cells which express
nectin1 can bind recombinant soluble gD (9) and can therefore
indicate a biologically significant location of the gD-binding
site on nectin1 when the receptor is expressed at the cell
surface, in its natural conformation and context. Two forms of
recombinant gD have been reported to bind in a detectable
manner to cells expressing gD. They are (i) gD(D290-299t), a
soluble gD in which the residues 290 to 299 were replaced with
an unrelated sequence (29); and (ii) gD-Fc, a chimeric gD
fused to the Fc portion of rabbit IgG (11). gD(306t), a form of

FIG. 2. Representative gallery of cells expressing chimeric hNectin1-PVR receptors. In each row, the upper panels show IFA reactivity with
MAb R1.302, whereas the bottom panels show HSV R8102 infection, detected as b-Gal activity (9). The positive and negative controls consisted
of full-length nectin1b (a, f) and of cells transfected with pcDNA3.1 alone (o, t). For IFA, nectin1b was determined in a cloned cell line and
N1(1-143) was studied in G418-selected cells sorted by FACS; the remaining panels show G418-selected cells that were not subjected to FACS
sorting. For the infectivity assay, all cultures were assayed after transient expression.
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gD truncated about 20 residues upstream from the transmem-
brane region, does not appear to produce detectable binding,
at least under the experimental conditions tested in our labo-
ratory. Previously, it was reported that gD(D290-299t) binds to
soluble nectin1 with a 100-fold-higher affinity than gD(306t)
(16). The higher affinity is consistent with the finding that
binding to cells is detectable with gD(D290-299t) but not with
gD(306t). In enzyme-linked immunosorbent assays, wild-type
gD, affinity-purified from infected cells, bound soluble nec-
tin1-Fc molecules significantly more strongly than gD(D290-
299t) (23). Thus, different forms of gD display different binding
strengths, a phenomenon currently not well understood.

Here, the binding of gD(D290-299t) to cells expressing the
chimeric receptors was detected by FACS analysis, following
reactivity with anti-gD MAb H170 (30). Figure 3 shows that
the gD(D290-299t) binding activity to cells expressing the full-
length nectin1a and -b, or a chimera containing the entire
nectin1 V domain [N1(1-143)], was readily detectable and of
high intensity. The binding to cells expressing hNectin1 con-
structs downstream of residue 64 could be detected with a 5- to
10-fold-reduced efficiency; the binding to cells expressing
hNectin1 downstream from residue 77 was barely detectable.
The binding to cells expressing hNectin1 downstream from
residue 83 was null.

DISCUSSION

In the studies reported here, we mapped the site of interac-
tion of nectin1 responsible for entry of HSV-1 into susceptible
cells and for the binding to gD. The donor sequences were
components of the V domain of nectin1. The recipient was
PVR, a member of the same family of proteins. The mapping
of active domains by exchange of amino acid stretches between
two structurally related proteins is a powerful technique for
mapping functional domains, provided the degree of homology
of the two related proteins is sufficient to ensure that the basic
structure is similar. Sequences should be distant enough so that
transfer of positionally corresponding stretches complements
existing similarities in structure to fully restore function. The
extent of homology between PVR and nectin1 is 31% in the V
domain, which is low enough to ensure that the extent of basal
interaction with HSV gD is nonexistent but high enough to

FIG. 3. FACS analysis of immunoreactivity to R1.302 and anti-PVR MAbs and of gD binding. Cells were incubated either with R1.302 or
PV.404 MAbs or with gD(D290-299t) followed by anti-gD MAb H170. Except for nectin1a and -b, all cultures were subjected to G418 selection
followed by FACS sorting. After FACS sorting and culturing, the cells exhibited heterogeneous fluorescence profiles. This most likely reflects cell
populations with heterogeneity in the extent of expression. Cell surface expression analysis: dashed line, negative control for MAb reactivity
consisting of isotype-matched irrelevant MAb, followed by secondary antibody; thin line, anti-PVR MAb PV.404; thick line, anti-Nectin1 MAb
R1.302. gD-binding analysis: dashed line, negative control consisting of no gD, followed by MAb H170; thick line, gD at 0.5 mg/ml.

TABLE 2. Summary of FACS reactivity to PVR MAbs of cells
expressing the chimeric receptorsa

Receptor
Reactivity to anti-PVR MAb

PV.404 P44 P242 280 D171

Nectin1b 2 2 2 2 2
N1(1-143) 1 1 2 2 2
N1(64–) 2 2 2 2 2
N1(64-116) 1 1 2 2 2
N1(64-102) 1 1 2 2 NDb

N1(64-94) 1 1 2 2 2
N1(77–) 2 2 2 2 2
N1(77-94) 1 1 2 2 ND
N1(83-116) 1 1 2 2 2
N1(144–) 2 2 1 1 1
PVR (Cos cells) 1 1 1 1 1

a For experimental details, see the legend to Fig. 3.
b ND, not done.
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ensure some structural conservation. Our results are consistent
with these objectives and show the following:

(i) The HSV entry site was localized to the portion of
hNectin1 between residues 64 and 94, which is likely to encode
the C, C9, and C0 b-strands and intervening loops.

(ii) This site consisted of two functional portions: the 77-94
portion (C9-C0), which mediated a low-level, basal extent of
entry, and the upstream portion (64-76) (C), which augmented
the HSV entry activity to a level comparable to that seen with
full-length nectin1. The latter portion may participate in the
entry process directly, i.e., by contributing residues that inter-
act with HSV gD, or indirectly, i.e., by stabilizing, or contrib-
uting to, the structure of the receptor. The higher extent of gD
binding exhibited by N1(64-94) relative to that of N1(77-94)
favors the first possibility.

(iii) Our constructs ruled out the direct participation of the
A, A9, and B and D, E, F, and G portions in the entry process.

(iv) The epitope recognized by MAb R1.302 is localized at
the 77-102 portion. Inasmuch as the epitope included the 95-
102 portion (D), which is not involved in HSV entry, there was
only a partial overlap between the MAb R1.302 epitope and
the HSV entry site. Of note, blocking the 77-94 region appears
to be sufficient in order to completely prevent virus entry.

(v) There was an overall parallel between the gD-binding
activity and the HSV entry site. The key constructs were
N1(64-94), N1(77-94), and N1(83-116), which exhibited high,
low, and null HSV entry, respectively, as well as gD-binding
activity. Thus, the gD-binding activity localized to the region
on nectin1 where the HSV entry site was located.

Recently, the localization of the gD-binding site and of the
MAb R1.302 epitope on nectin1 were determined by an indi-
rect approach based on competition with MAbs directed to
linear epitopes of the V domain (15). Thus, (i) soluble gD
[gD(285t)] interfered with the interaction of a soluble recom-
binant nectin1 with anti-nectin1 MAbs directed to the 80-104
linear epitopes. (ii) The MAb R1.302 epitope was mapped to
the 70-104 amino acid region. (iii) The contributions of the
70-80 region to the gD-binding site were not investigated, nor
were the contributions of the regions upstream of residue 70

and downstream of residue 104. Clearly this approach was
more indirect relative to the one applied in our study, and the
reduction in MAb binding may have resulted from steric hin-
drance or from conformational changes induced by binding of
the antibodies. For instance, such conformational changes
were observed with HveA following binding to gD and to its
additional ligands (34).

Irrespective of the slight differences, and of different sensi-
tivities of the assays, the two studies point to the region at
C9-C0 as critical for the HSV entry site, the gD-binding activity,
and the MAb R1.302 epitope. In addition, our studies extend
the mapping data, as they rule out a contribution of the se-
quences upstream and downstream of amino acids 64 and 94,
respectively. Interestingly, comparison between human and
murine nectin1 sequences highlights in the 70-95 amino acid
region (C9-C0) a 28% amino acid difference, as compared to 9
and 8% for the V domain and the entire ectodomain, respec-
tively. This region overlaps with the HSV entry site identified
in this study and may represent a site of variations for nectins
from different species. Whether this region fully accounts for
the observed differences in gD-binding activity between the
human and the murine receptors remains to be determined
(23, 24).

According to the predicted structure of PVR and several
other Igs, the C, C9, and C0 b-strands and the intervening loops
are peripherally exposed portions in the V domain, and the C9
and C0 strands form a lateral loop (2) (Fig. 1C). For nectin1
expressed at the cell surface, this is consistent with accessibility
of this site to HSV and virion gD and to the blocking MAb,
R1.302. It is relevant that also the site recognized by poliovirus
on PVR, and the site recognized by human immunodeficiency
virus gp120 on CD4 map to the corresponding regions of their
respective receptors (2, 13, 26). It is very likely that this reflects
the location and accessibility of this site at the cell surface.

Finally, it should be noted that the objective of conducting
mapping studies is not only to define the regions of interaction
between the receptor and the virus. These studies may be
relevant for the control of HSV infection in humans. The
emergence of HSV strains resistant to the commonly used
anti-HSV drug acyclovir (6) creates a need for novel drugs that
are addressed to different targets. For human immunodefi-
ciency virus as well as for influenza virus, drugs designed to
disrupt the interaction of the virus with the cognate receptor
are under study or are already commercially available (36, 39).
The definition of the HSV entry site in nectin1—narrowed in
this study to 31 residues—may lead to the design of novel
therapeutics able to block the interaction of HSV with nectin1.
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FIG. 4. Comparison of R8102 infectivity in cells expressing the
chimeric hNectin1-PVR receptors. Cells transiently expressing the re-
ceptors were infected with R8102 (10 PFU/cell) at 30 h after transfec-
tion. Sixteen hours later, cells were solubilized with 0.5% Nonidet P-40
and b-Gal activity was quantified with ONPG (9, 27). Each bar rep-
resents the average of three replicate samples.
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