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ABSTRACT

Human cytomegalovirus (HCMV) is an important, ubiquitous pathogen that causes severe clinical disease in immunocompro-
mised individuals, such as organ transplant recipients and infants infected in utero. The envelope glycoprotein B (gB) of HCMV
is a major antigen for the induction of virus-neutralizing antibodies. We have begun to define target structures within gB that
are recognized by virus-neutralizing antibodies. Antigenic domain 5 (AD-5) of gB has been identified as an important target for
neutralizing antibodies in studies using human monoclonal antibodies (MAbs). Anti-AD-5 MAbs share a target site on gB, de-
spite originating from different, healthy, HCMV-infected donors. Mutational analysis of AD-5 identified tyrosine 280 in combi-
nation with other surface-exposed residues (the YNND epitope) as critical for antibody binding. The YNND epitope is strictly
conserved among different HCMV strains. Recombinant viruses carrying YNND mutations in AD-5 were resistant to virus-neu-
tralizing MAbs. Competition enzyme-linked immunosorbent assays (ELISAs) with human HCMV-convalescent-phase sera from
unselected donors confirmed the conserved antibody response for the YNND epitope in HCMV-infected individuals and, be-
cause a significant fraction of the gB AD-5 response was directed against the YNND epitope, further argued that this epitope is a
major target of anti-AD-5 antibody responses. In addition, affinity-purified polyclonal anti-AD-5 antibodies prepared from indi-
vidual sera showed reactivity to AD-5 and neutralization activity toward gB mutant viruses that were similar to those of AD-5-
specific MAbs. Taken together, our data indicate that the YNND epitope represents an important target for anti-gB antibody
responses as well as for anti-AD-5 virus-neutralizing antibodies.

IMPORTANCE

HCMV is a major global health concern, and a vaccine to prevent HCMV disease is a widely recognized medical need. Glycopro-
tein B of HCMYV is an important target for neutralizing antibodies and hence an interesting molecule for intervention strategies,
e.g., vaccination. Mapping the target structures of neutralizing antibodies induced by naturally occurring HCMYV infection can
aid in defining the properties required for a protective capacity of vaccine antigens. The data presented here extend our knowl-
edge of neutralizing epitopes within gB to include AD-5. Collectively, our data will contribute to optimal vaccine design and de-
velopment of antibody-based therapies.

Human cytomegalovirus (HCMV) is an important, ubiqui-
tously distributed human pathogen that is found throughout
all geographic locations and socioeconomic groups. Initial infec-
tion with HCMV is followed by a lifelong persistence character-
ized by periodic reactivation episodes. While most infections oc-
cur subclinically in the immunocompetent host, HCMV can cause
severe disease and death in immunocompromised patients and
newborns infected in utero. HCMV is the most frequent viral
cause of congenital infection and affects 0.5 to 2% of all live births
worldwide (1). It is the leading infectious cause of childhood sen-
sorineural hearing loss and an important cause of mental retarda-
tion (2, 3). Few drugs are available for treatment of HCMV infec-
tion, and their use is limited by toxicity and the development of
drug-resistant virus isolates. Therefore, prophylactic vaccination
has been argued to be the preferred approach for prevention of
HCMYV infection of pregnant women and subsequent transmis-
sion to the fetus, and the development of an HCMV vaccine has
been given highest priority by governmental agencies (4). How-
ever, no vaccine has been licensed to date, and a preventive vaccine
remains elusive.

As a result of long coevolution with its only host, humans,
HCMV is readily controlled by a multilayered and partially redun-
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dant immune response in the immunocompetent host. The nat-
ural immunity to HCMYV is largely protective against horizontal
and vertical transmission (5). However, control is not complete,
as seropositive subjects can be reinfected or reactivate endogenous
virus (6, 7). Natural immunity following infection includes innate
and adaptive immune effector functions. Different studies in hu-
mans have documented reduced maternal infection or maternal-
fetal transmission in women with preexisting HCMV immunity
(8, 9). Antiviral antibodies are considered to be an important
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component of the maternal immune response in prevention of
intrauterine transmission of HCMV. This protective role of anti-
viral antibodies is further supported by the observation that preg-
nant women who develop high titers of neutralizing antibodies are
less likely to transmit the infection to the fetus (10). The protective
activity of antibodies has also been demonstrated in different an-
imal model systems. For example, in the guinea pig animal model,
preconception infection protected against in utero transmission of
guinea pig CMV (GPCMYV), most likely due to the generation of
neutralizing antibodies in the mother (11, 12). Additionally, com-
plete protection from infection was achieved in immunodeficient
mice infected with murine CMV by prophylactic or therapeutic
administration of polyclonal antibody preparations (13).

HCMV is a complex virus that can express more than 165 viral
antigens during its replication cycle (14, 15). The viral envelope
contains glycoproteins which elicit neutralizing antibodies, and
the predominant targets are glycoprotein B (gB), gM/gN, and the
gH/gL-containing complexes. While the function of gM/gN in the
entry process remains largely unknown, gB and gH/gL constitute
the core fusion machinery, and the different gH/gL complexes
determine target cell tropism (16). The gH/gL/gO complex is re-
quired for infection of fibroblasts via membrane fusion, while
gH/gL, together with the UL128, UL130, and UL131A proteins,
which form the gH/gL pentamer complex, are essential for epithe-
lial/endothelial cell tropism via an endocytic pathway (17-19). gB
is the actual fusion mediator, and its fusogenic activity presum-
ably must be triggered via interaction with gH/gL (20, 21). In
addition, gB is an important immunogen, as gB-specific antibod-
ies can be detected in all naturally infected individuals (22). A
major fraction of neutralizing antibodies in sera from HCMV-
seropositive donors is directed against gB, and the overall neutral-
izing capacity correlates with the anti-gB antibody titer when
tested on fibroblasts (23, 24). While in the past gB has been con-
sidered the dominant protein for the induction of neutralizing
antibodies, components of the gH/gL pentameric complex have
recently received increasing attention as major targets of virus-
neutralizing antibodies. Gerna et al. reported that the neutralizing
activity of sera was underestimated because serum neutralizing
titers were mostly explored on fibroblasts, not on endothelial/
epithelial cells (25). The increase in neutralizing activity on endo-
thelial/epithelial cells presumably results from the presence of ex-
tremely potent neutralizing antibodies against the UL128-
UL131A complex in human sera. Examples of such monoclonal
antibodies (MAbs) were isolated by Macagno et al. (26). However,
the neutralizing activity of this type of antibody is limited to en-
dothelial, epithelial, and dendritic cells, since these MAbs have no
activity on fibroblasts or trophoblasts, cells which are crucial
HCMV targets in vertical transmission. Thus, the protective ca-
pacity of anti-gH/gL-pentamer antibodies in vivo remains to be
evaluated. Anti-gB and anti-gH/gL antibodies, in contrast, show
potent and robust neutralization in the nanomolar range, inde-
pendent of the target cell type (26-28). More importantly, studies
with the guinea pig model of maternal and congenital CMV infec-
tion determined that passive immunization with polyclonal anti-
GPCMV antibodies or polyclonal anti-gB antibodies protected
animals from infection or transmission (29, 30). In addition, in
the model of murine CMV-induced encephalitis/neuropathology,
significant protection from brain pathology in infected newborn
mice by passive administration of a gB-specific MADb was reported
(31).
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In any case, gB remains an attractive target for inclusion in a
human vaccine and has been a major focus of experimental vac-
cination strategies (5, 32, 33). In fact, an efficacy study of the
gB/MF59 vaccine in postpartum, HCMV-seronegative women
provided approximately 50% protection from acquisition of
HCMYV infection (34). Another phase II study, using solid organ
transplant recipients, showed 50% efficacy in controlling viremia
in high-risk patients (35). In addition, vaccination studies with gB
in rhesus macaques and subsequent rhesus CMV (RhCMYV) chal-
lenge showed significantly reduced RhCMV DNA in plasma (36,
37). Finally, a number of studies using the guinea pig model dem-
onstrated that congenital infection and mortality in pups were
reduced following gB DNA or recombinant protein subunit vac-
cination strategies (38).

In conventional views of vaccine development, vaccine-in-
duced immunity should be comparable to that in humans under-
going natural infection. But the exact correlate of gB-mediated
protection in terms of antibody response remains poorly defined
for both natural infection and vaccination (5). Despite the fact
that gB has been used as a vaccine antigen in humans, our knowl-
edge about the anti-gB antibody response in terms of fine speci-
ficity and antiviral activity remains incomplete. Five antigenic do-
mains (AD) have been described for gB, among which four can
induce neutralizing antibodies during infection (27). All neutral-
izing anti-gB MADbs have similar neutralizing activities, and all can
neutralize 50% of input virus at concentrations in the nanomolar
range. The major targets of neutralizing antibodies are located
within AD-4 and AD-5 of gB, and antibodies to both regions have
comparable activities on fibroblasts and epithelial/endothelial
cells (27). Further characterization of critical binding residues
within AD-4 recently identified an important epitope for gB-di-
rected neutralization (39). In contrast, information on neutraliz-
ing epitopes within AD-5 is limited.

AD-5 is broadly immunogenic, and antibodies to AD-5 can be
detected in most cases of HCMV infection. Importantly, AD-5
contains the two internal fusion loops that are required for the
fusogenic activity of herpesviral gB (40). In herpes simplex virus 1
(HSV-1) gB, this part of the molecule is referred to as the fusion
domain (41). To better understand the target structures on gB that
are important for neutralization of free virus, we started to char-
acterize the epitopes of neutralizing human MAbs within AD-5.
We found that three MAbs originating from different, healthy
donors bound to a common antigenic site in AD-5 and that mu-
tation of this antigenic site rendered the virus resistant to neutral-
ization by the human MAbs. Importantly, AD-5-specific poly-
clonal antibodies prepared from individual human sera revealed
that this antigenic site, in some cases, is the exclusive target of all
neutralizing activity directed toward AD-5.

MATERIALS AND METHODS

Cells and viruses. Human embryonic kidney cells (HEK 293T), primary
human foreskin fibroblasts (HFF), and human fetal lung fibroblasts
(MRC-5) were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) (Life Technologies) supplemented with 10% fetal calf serum
(FCS) (Sigma-Aldrich), glutamine (100 g/ml), and gentamicin (350 pg/
ml). Spodoptera frugiperda (S£9) cells were cultured in SF-900 IT SFM (Life
Technologies, Germany) in suspension at 27°C.

HCMYV TB40/E and its recombinant derivatives were constructed us-
ing markerless mutagenesis of VBAC4-luc (42), a TB40-BAC4-derived
BACmid in which the genes for UL5 to UL9 were replaced by a simian
virus 40 (SV40) promoter-driven luciferase expression cassette. Viruses
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were propagated in MRC-5 cells, and viral titers were determined by titra-
tion of virus stocks in MRC-5 cells, using an indirect immunofluorescence
assay with the MAD p63-27, directed against the HCMV immediate early
1 (IE1) protein (43), or by measurement of luciferase activity.

Antibodies. The following antibodies were used: gB AD-5-specific
human MAbs SM10, 2C2, and 1G2; gB AD-4-specific human MAb SM5-1
(27); gB AD-2-specific human MAb C23 (Ti23) (44); a murine anti-hem-
agglutinin (anti-HA) MAb (clone HA-7) from Sigma-Aldrich; and a mu-
rine anti-myc MAb (clone 2G8D5) from GenScript. AD-5-specific poly-
clonal antibody preparations (polyAD-5 1 to 9) were prepared from
individual human sera by AD-5 immunoaffinity chromatography, and
the polyclonal anti-AD-4 antibody preparation has been described previ-
ously (27). Secondary antibodies and streptavidin-horseradish peroxidase
(HRP) were purchased from Southern Biotech, Jackson Immuno Re-
search, or Thermo Scientific.

Expression plasmids. Candidate residues for the dialanine scan were
identified based on a structural model of HCMV gB (27). In the first step,
residues with a solvent-exposed surface area of >50 A were identified
and subsequently grouped into spatially proximal pairs of residues. Ini-
tially, this procedure resulted in a total of 16 pairs (set 1) of residues
selected for mutagenesis. The DNAs for expression of AD-5 and its mu-
tant derivatives were chemically synthesized by Life Technologies and
cloned into the pcUL132sigHA expression vector as described previously
(27). Two types of AD-5 mutant expression constructs were utilized: gB
residues I, 55 to T;,5 (set 1; AD-5 only) and residues P, ¢ to V,,, (set 2;
AD-5 surrounded by AD-4 for protein stability) of HCMV strain AD169.
Both constructs contained an N-terminal HA tag and a C-terminal myc
tag, each connected to the protein by a 5X GS spacer. Additionally, in the
second set of mutants, the hydrophobic residues (YIY 55,5, and W) of
the fusion loops were changed to their less hydrophobic HSV-1 gB coun-
terparts (GHR and A) to prevent protein aggregation. For AD-5 wild-type
(wt) and mutant protein expression, HEK 293T cells were transfected by
calcium phosphate precipitation, and protein-containing supernatants
were harvested 4 to 6 days later. For enzyme-linked immunosorbent assay
(ELISA) applications, the specific protein amount in the supernatant was
adjusted by titration of the supernatants with the anti-myc or SM5-1
(anti-AD-4) control antibodies.

ELISA. For AD-5 mutant binding ELISAs, the anti-HA MAD was di-
luted to 1 pg/ml in 0.05 M sodium carbonate buffer, pH 9.6, and 50
pl/well was used to coat polystyrene 96-well plates overnight at 4°C. All
following reactions were performed at 37°C. Reaction wells were blocked
with phosphate-buffered saline (PBS) containing 2% FCS for 1 h, washed
three times with PBS plus 0.1% Tween 20, and incubated with comparable
amounts of AD-5 wt or mutant proteins for 2 h. The plate was washed
three times with PBS plus 0.1% Tween 20, and primary antibody (MAb or
polyclonal antibody preparation) was added in serial log, dilutions start-
ingat0.5 pug/ml for 1 h. Unbound antibody was removed by washing three
times, and the appropriate peroxidase-conjugated secondary antibody
was added for 1 h. After three washing steps, 100 wl of tetramethylbenzi-
dine (TMB) peroxidase substrate was added for 3.5 min, diluted 1:1 in
peroxidase substrate solution B (KPL). The reaction was stopped by add-
ing 100 pl of 1 M phosphoric acid. The optical density at 450 nm (OD,,5,)
was determined using an Emax microplate reader (Eurofins MWG
Operon). For each antibody, the OD,,5, value of AD-5 wt recognition was
set to 100%, and percent recognition of mutant proteins was calculated.

For competition ELISAs, antibodies SM 10, 2C2, and 1G2 were biotin-
ylated using an EZ-Link sulfo-NHS-biotinylation kit from Thermo Scien-
tific. The ELISA protocol explained above was modified as follows: 25 ng
of soluble gB was used to coat plates and incubated with serial log, dilu-
tions of MAb or serum. Unbound antibody was removed in three strin-
gent washing steps with PBS plus 0.1% Tween 20 and 0.2 M NaCl. Biotin-
ylated antibody was added at a constant concentration below saturation
and subsequently detected using streptavidin-HRP.

Preparation of AD-5 and immunoaffinity chromatography. DNA
encoding residues I, 55 to T5,; of HCMV gB strain AD169, together with
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an N-terminal thrombin cleavage site and a 6 XHis tag, was chemically
synthesized by Life Technologies and inserted into the pAcGP67 vector in
frame with the gp67 signal sequence coding region, C-terminally creating
the additional residues ADP in the cloning procedure. To prevent aggre-
gation of the purified AD-5 protein, the hydrophobic residues of the fu-
sion loops (YIY,s5_,5, and W,,,) were changed to alanine. Recombinant
baculovirus for expression of AD-5 was generated by using BD Baculo-
Gold Bright technology (BD Biosciences Pharmingen) according to the
manufacturer’s instructions. For AD-5 protein expression, a passage 2
stock of baculovirus was used to infect S9 cells at 2 X 10° cells/ml, with a
multiplicity of infection (MOI) of 1. Supernatant was harvested at 72 to 96
h postinfection. To this end, cells were pelleted by centrifugation at 800
rpm at 4°C for 10 min. The supernatant was collected, and residual cellu-
lar debris was removed by centrifugation at 5,000 rpm at 4°C for 30 min.
The supernatant was dialyzed to binding buffer for nickel ion-affinity
chromatography and subsequently filtered through a 0.45-nm filter. AD-5
protein was purified using HisTrap FF columns on an AKTAprime ma-
chine (GE Healthcare) according to the manufacturer’s protocol.

To prepare an affinity matrix for immunoaffinity chromatography, 2
mg of purified AD-5 protein was dialyzed against coupling buffer and
conjugated to AminoLink Plus coupling resin (Thermo Fisher Scientific)
according to the manufacturer’s instructions. Approximately 50 ml of
individual HCMV-convalescent-phase serum, diluted 1:4 (vol/vol) with
PBS, was passed over 2 ml of antigen-coupled beads, followed by extensive
washing with PBS. Bound IgG was eluted with 0.1 M glycine-HCI, pH 3.0,
in 1-ml fractions, and fractions were dialyzed against PBS. The total IgG
concentration was determined by ELISA as described previously (27).

BAC mutagenesis and reconstitution of BAC-derived viruses. A lu-
ciferase-expressing HCMV TB40/E-derived bacterial artificial chromo-
some (BAC) (VBAC4-luc) (42) was used to generate mutant viruses by
using the mutagenesis protocol of Tischer et al. (45). Recombination of
vBAC4-luc to introduce alanine exchanges in gB at the positions of inter-
est and reconstitution of recombinant TB40/E viruses were performed as
described previously (39). Viral DNA was isolated from infected cells by
use of proteinase K, and the correctness of reconstituted viruses was con-
firmed by nucleotide sequence analysis.

Microneutralization assay. HFF (1 X 10* cells/well) were seeded in
96-well plates. HCMV TB40/E or recombinant viruses (3,000 to 9,000
PFU) were preincubated with serial log, dilutions of MAb or polyclonal
antibody preparations for 1 h at 37°C, and the mixtures were added to the
cells for 4 h. The inoculum was replaced with fresh medium, and the cells
were incubated at 37°C for 48 h. Cells were lysed using 100 wl Glo lysis
buffer (Promega) per well. Thirty microliters of each cell lysate was trans-
ferred to white 96-well LIA plates (Costar), and 50 wl assay buffer (15 mM
KH,PO,, 25 mM glycylglycine, 15 mM MgSO,, 4 mM EGTA, 5 mM ATP,
1 mM dithiothreitol [DTT]) was added to each well. Luciferase activity
was measured by injection of 50 pl p-luciferin (P.J.K.) solution (25 mM
glycylglycine, 15 mM MgSO,, 4 mM EGTA, 2 mM DTT, and 0.05 mM
p-luciferin) per well, and detection of chemiluminescence was performed
by use of an Orion microplate luminometer (Berthold Technologies). The
data were plotted as percent neutralization versus that in control wells, to
which no antibody was added, and the 50% inhibitory concentrations
(ICs05) were determined.

Ethics statement. Ethics approval for the serum sample collection was
obtained from the Ethics Committee of the Medical Faculty of the
Friedrich-Alexander Universitit Erlangen-Niirnberg. Written informed
consent was obtained from all donors.

RESULTS

AD-5-specific monoclonal antibodies share a binding structure
on gB. In a previous study, we identified AD-5 of HCMV gB as an
antigenic determinant on gB that is targeted by neutralizing hu-
man antibodies (27). Within a structural model of gB (Fig. 1)
based on the crystal structure of HSV-1 gB (46), AD-5 is formed
by a continuous sequence comprising amino acids (aa) 133 to 343
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FIG 1 Domain architecture and 3D model of HCMV gB. (A) Linear representation of HCMV gB strain AD169. The individual protein domains are displayed
in different colors. Brackets indicate disulfide bonds, and numbers indicate the beginnings of the domains. TM, transmembrane anchor. (B) 3D model of a gB
trimer, with the structural domains of one protomer colored as in panel A. Structural domain I, corresponding to AD-5, is enlarged and rotated. Numbers in
panel B indicate the beginning and end of AD-5, and residues missing from the model (aa V4 to E5,,) are displayed as dashed lines.

of HCMYV gB strain AD169. According to the three-dimensional
(3D) model of HCMV gB, AD-5 corresponds to structural do-
main I (Dom I) and is located proximal to the viral membrane at
the base of the gB trimer. Three AD-5-specific neutralizing human
MAbs (SM10, 2C2, and 1G2) were isolated (27). Importantly,
these antibodies were obtained from three different, healthy,
HCMV-infected donors. All MAbs showed broad virus-neutraliz-
ing activity, in the nanomolar range, when assayed on fibroblasts
and endothelial and epithelial cells, and this activity appeared to
be independent of the inhibition of virus attachment (27). Addi-
tionally, bivalent binding of the antibodies to the antigen is not
required for neutralization, as antibody Fab fragments have an
IC;, comparable to that of the whole IgG molecule (see Fig. S1A in
the supplemental material). To obtain additional information
about the epitope(s) recognized by AD-5-specific antibodies, we
initially tested their capacity to compete for binding to gB. We
found that in contrast to an anti-AD-2 antibody (C23) or an anti-
AD-4 antibody (SM5-1), the antibodies SM10, 2C2, and 1G2
showed strong competition for binding to gB in ELISA (see Fig.
S1B). This result led us to hypothesize that the antibodies share a
binding structure on AD-5, which might be of general importance
for the gB-directed neutralizing antibody response, as MAbs spe-
cific for this structure were independently isolated from three do-
nors.

To more completely define this common binding structure, we
performed dialanine scans of AD-5 to identify critical antibody
binding residues. In the first set of mutants (n = 16), two pre-
dicted surface-adjacent residues per construct were selected for
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mutation to alanine, using the 3D model of HCMV gB, and in a
second set, additional mutants (n = 12) of interest were generated
based on the results for the first set. (The complete set of generated
mutants is given in Fig. S2A and B in the supplemental material.)
As prokaryotic expression of AD-5 resulted in a misfolded protein
that was not recognized by any of the anti-AD-5 MAbs (data not
shown), recombinant wt AD-5 and the respective mutants were
expressed into the cell culture supernatants of transiently trans-
fected HEK 293T cells. All constructs contained an N-terminal HA
tag and a C-terminal myc tag (set 1; see Fig. S2A). A subset of
constructs additionally contained AD-4 (gB aa 121 to 132 and 344
to 438) (set 2; see Fig. S2B), a discontinuous sequence surround-
ing and stabilizing AD-5. Additionally, in AD-5 mutants of the
second set, the fusion loops were mutated to their less hydropho-
bic HSV-1 gB counterparts to prevent the protein aggregation that
has been described to be mediated by the hydrophobic residues of
the fusion loops of full-length gB (40). Following incubation for 4
to 6 days after transfection, the protein was captured from the cell
culture supernatant by using an anti-HA MAD and was tested for
recognition by the anti-AD-5 antibodies in ELISA. Anti-myc and
anti-AD-4 (SM5-1) MADbs were used to control for comparable
protein amounts and structural integrity. Representative ELISA
results from sets 1 and 2 are shown in Fig. 2. For most AD-5
mutants, no significant difference in recognition was observed
compared to the wt, and three representative examples (I,5:Y;5,
Q,151014 and F,ggF5) are shown in Fig. 2B. In examining the
individual antibodies, however, we saw antibody-specific patterns
of altered mutant protein recognition. For the SM10 antibody,
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FIG 2 AD-5 mutants and recognition by human antibodies. (A) Structural models of AD-5 wt and mutant proteins. AD-5 is depicted as a ribbon diagram, with
the respective residues that were mutated to alanine highlighted as red spheres. (B) Representative ELISA results with AD-5 wt and mutant proteins. Recombi-
nant AD-5 proteins were captured from the cell culture supernatants of transfected HEK 293T cells via an anti-HA MADb and tested for binding with the anti-AD-5
MADs. Either an anti-myc antibody (I,56Y,5, and Q,;,1,,, mutants) or the AD-4-specific antibody SM5-1 (all other mutants) served as a control. All assays were
carried out as log, dilution titrations to exclude antibody saturation, and data from the linear range of the assay are shown. OD 5, values of wt AD-5 were set to
100% for each antibody, and percent recognition of the AD-5 mutants was calculated.

AD-5 residues Y,g0, N,o3, and D,q5 were identified as critical for
binding. Mutants involving combinations of Y,g;, N,o3, and/or
D,y5 showed a complete loss of AD-5 recognition by SM10. Fur-
thermore, mutation of Y, also abolished binding of MAbs 2C2
and 1G2, indicating that Y,g, is a critical binding residue for all
three antibodies. The combinatorial mutation of N,o;D,o5 also
resulted in slightly weaker AD-5 recognition by the 2C2 MAb. In
addition, mutation of N,g, to alanine reduced and the combined
mutation of Y4, and N,g, completely abolished binding of MAb
1G2 to AD-5, suggesting an involvement of both amino acids in
the 1G2-AD-5 interaction. In contrast, mutation of N,z did not
affect binding of any AD-5-specific antibody. Loss of binding was
confirmed with selected mutants analyzed by indirect immunofluo-
rescence of AD-5 mutant-transfected Cos7 cells (data not shown).
In summary, the mutational study of AD-5 revealed that bind-
ing of all three antibodies to recombinant AD-5 is sensitive to
mutation of Y,g, in combination with other surface-adjacent res-
idues, i.e., Y,50N593D505 for SM10 and Y,4,N,g, for 1G2. Note that
none of the AD-5-specific antibodies target the fusion loops but
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instead target a highly conserved region within the pleckstrin ho-
mology domain of AD-5.

Loss of binding to recombinant AD-5 correlates with loss of
neutralization of gB mutant viruses. The 3D model of gB most
likely represents the postfusion conformation of the protein.
However, on the infectious virion, gB would adopt a prefusion
conformation, a structure that has not been defined. As there may
be significant structural differences between the post- and prefu-
sion forms of the protein, the results of antibody binding assays
using recombinant AD-5 may not be equivalent to antibody bind-
ing to virion gB.

To confirm a correlation between critical residues for AD-5
binding and neutralizing activity of anti-AD-5 MAbs, we con-
structed recombinant viruses carrying the respective amino acid
mutations to alanine in AD-5. In total, 13 recombinant viruses
with single, double, or triple amino acid mutations to alanine were
generated in the background of HCMV strain TB40/E (Fig. 3). All
13 recombinant viruses were replication competent, indicating
that none of the changes significantly compromised gB function
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FIG 3 IC;s of anti-AD-5 antibodies for AD-5 mutant recombinant viruses. Recombinant TB40/E viruses were constructed to carry amino acid mutations to
alanine at the locations indicated in red in the sequence panel. TB40/E wt and virus mutants were tested for susceptibility to neutralization by the anti-AD-5
antibodies on fibroblasts. The IC5, was determined and is given in pg/ml. Values represent medians from 2 to 10 experiments. Red, IC;, was not reached at the
indicated concentration; orange, reduced neutralizing activity; green, no significant change in neutralization.

(see Fig. S3 in the supplemental material). The sensitivity of the
recombinant viruses to neutralization by the AD-5-specific MAbs
was tested in microneutralization assays on fibroblasts. Two non-
AD-5-specific neutralizing MAbs, C23 (AD-2) and SM5-1 (AD-
4), which should not be influenced by mutations in AD-5, were
used as controls. A summary of the analysis of the recombinant
viruses, with IC;, values of MAbs toward virus mutants, is pro-
vided in Fig. 3, and neutralization curves are shown in Fig. S4. As
expected, the ICs, values of both control antibodies (C23 and
SM5-1) were largely unaffected by mutations in AD-5 and re-
mained in the expected range of interassay variations. In contrast,
the anti-AD-5 MADbs showed distinct and antibody-specific pat-
terns of loss of neutralizing activity toward the virus mutants that
mirrored the overall result of the binding studies. However, the
effects of single amino acid exchanges appeared to be more pro-
nounced in the context of virion gB than in the mutant recombi-
nant protein. For example, while the 1G2 MAb exhibited only a
partial decrease in binding activity to the N,g, mutant in ELISA,
this antibody had no neutralizing activity against the N,g, virus
mutant. Overall, the mutation of residue Y,g, alone or in combi-
nation with other surface-adjacent residues rendered the virus
resistant to neutralization by any of the anti-AD-5 MAbs. The
antibody 2C2 exhibited reduced neutralizing activity for the N,g,,
Nso3> Nog3Dags, and FoggFsq, viral mutants and complete loss of
neutralizing activity toward all viruses carrying the Y4, mutation.
Thus, the recognition of gB by MAb 2C2 appeared to be sensitive
to local changes in the gB surface properties that surround the
identified antigenic structure. In the case of MAb SM10, recom-
binant viruses containing mutations at N,4; and/or D, alone or
in addition to Y,g, were resistant to the neutralizing activity, con-
sistent with the results from the binding assays. Interestingly,
SM 10 showed more potent neutralization of the N,g, or N,¢,N,q¢
virus mutant, which MADb 1G2, in contrast, failed to neutralize. In
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addition, the neutralizing activity of SM 10 toward Y,g, was par-
tially rescued with a supplementary mutation of N,g,. Thus, mu-
tation of N,g,, while abolishing sensitivity to neutralization by
1G2, rendered the virus more sensitive to neutralization by SM10.
The same enhancement of neutralization sensitivity was seen for
1G2 or 2C2 in viruses containing the mutation of N, to alanine.
Finally, the 1G2 antibody failed to neutralize the Y,g, and N,g,
virus mutants and all viruses that contained these mutations. In
summary, viral mutants containing Y,g, in combination with ad-
ditional residues in close structural proximity were resistant to the
neutralizing activity of all three anti-AD-5 MAbs, suggesting that
this epitope defines a common antigenic structure within AD-5.
Importantly, the distinct and antibody-specific susceptibilities of
the viral mutants to neutralization by the MAbs suggested that
introduction of these mutations did not disrupt gB stability and
function. Thus, our findings are more consistent with the inter-
pretation that these residues in AD-5 of gB define critical contact
residues for the binding of virus-neutralizing antibodies. For the
sake of simplicity in describing this structure in gB, we have des-
ignated this binding determinant the YNND epitope.
Importance of the YNND epitope for the antibody response
during infection. Although the MAbs utilized in this study origi-
nated from three different donors and still recognized a common
structure on AD-5, it remained to be determined if these antibod-
ies reflected the importance of this antibody binding site in the
anti-AD-5 antibody response following HCMV infection. To ex-
plore this possibility, sera from 19 randomly selected, healthy,
HCMV-infected individuals were collected and subsequently an-
alyzed for reactivity with gB, AD-5, and the common antigenic
structure YNND. All of the serum specimens had reactivity to
recombinant gB, and 17 (90%) sera were also reactive to recom-
binant AD-5 (data not shown). Next, competition ELISAs were
performed to determine if anti-AD-5 antibodies in individual sera
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FIG 4 Competition for gB binding between 1G2 and individual human sera.
ELISA plates were coated with 25 ng recombinant gB, followed by incubation
with serial log, dilutions of serum. After removal of residual serum compo-
nents, wells were incubated with biotinylated 1G2 MAb (1G2 MAD bio) at a
constant concentration of 0.1 wg/ml, which in turn was detected by HRP-
conjugated streptavidin. HCMV-convalescent-phase (+) human sera were
divided into strong and weak competitors, and OD,;, values for an 8-fold
serum dilution are given. HCMV-negative (—) sera served as a control. The
thick dashed line represents the mean OD,, for 1G2 MADb bio without com-
petitor, and thin dashed lines indicate 2 standard deviations. The solid line
represents a block of 1G2 MAb bio binding by unbiotinylated 1G2 MAb at a
concentration of 1.25 pg/ml.

could block antigen binding of anti-AD-5 MAbs. The findings
from blocking experiments using MAb 1G2 are shown in Fig. 4.
The results indicated that the sera could be divided into two
groups: sera that almost completely blocked 1G2 binding (strong;
n = 5) and those that had intermediate to weak capacities to block
1G2 binding (weak; n = 11) (Fig. 4). The serum specimens that
exhibited strong blocking activity were able to reduce 1G2 binding
to the same extent as that with the 1G2 MAD itself (Fig. 4). Com-
parable results were obtained with MAbs SM 10 and 2C2 and when
the binding competition assay was carried out using recombinant
AD-5 instead of gB (data not shown). The capacity of sera to block
anti-AD-5 MAD binding correlated with the reactivity of individ-
ual sera with AD-5, suggesting that a major fraction of polyclonal
anti-AD-5 antibodies are directed against the identified antigenic
structure YNND in AD-5 (data not shown).

To further examine the recognition of the YNND epitope in
HCMV-infected individuals, we purified polyclonal anti-AD-5
antibodies from nine individual sera by using AD-5 affinity chro-
matography. Sera from both the strongly and weakly competing
groups were selected for purification. The specificity of the affinity
purification was assessed by both ELISA and indirect immunoflu-
orescence, and no residual reactivity with gH/gL, gM/gN, or any
antigenic domain of gB, apart from AD-5, was detected in the
affinity-purified antibodies (data not shown). The polyAD-5
preparations were then analyzed by ELISA for binding capacity for
wt AD-5 and, for comparison, selected AD-5 mutants (Fig. 5). The
polyAD-5 preparations showed different degrees of AD-5 mutant
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FIG 5 Recognition of selected AD-5 mutants by polyclonal anti-AD-5 anti-
body preparations. Polyclonal anti-AD-5 (polyAD-5) antibodies were affinity
purified from sera derived from HCMV-seropositive individuals and tested for
recognition of AD-5 wt and mutant proteins. AD-5 mutant proteins were
captured from cell culture supernatants of transfected HEK 293T cells by use of
an anti-HA antibody and then tested for binding of polyAD-5 antibody prep-
arations from individual sera (sera 1 to 9). The anti-AD-5 antibodies SM10,
2C2, and 1G2 were used as controls, and the anti-AD-4 antibody SM5-1 (con-
trol MAD) and a polyclonal anti-AD-4 antibody preparation (control serum)
were used to confirm the specificity of the assay. OD,5, values for wt AD-5
recognition were set to 100% for each antibody preparation, and the percent-
age of AD-5 mutant protein recognition was calculated. All experiments were
performed as titrations to exclude antibody saturation, and data from the
linear range of the assay are displayed.

recognition, from minimal reduction to a complete loss of bind-
ing for the Y,5,N593D505 and Y,4oN,g, mutants, whereas recogni-
tion of the N,4¢ mutant remained comparable to that of the wt.
Two individual specimens (preparations 1 and 3) displayed no
residual reactivity to the Y,5,N,95D,05 and Y,g0N,g, AD-5 mu-
tants, suggesting that in the case of these sera, the YNND antigenic
structure was the exclusive binding site within AD-5.
Neutralizing activity of AD-5-specific human polyclonal an-
tibodies. Although our results indicated that AD-5-specific anti-
bodies prepared from human serum recognized the YNND
epitope that was the target of virus-neutralizing MAbs, an impor-
tant remaining question was whether the polyclonal AD-5-spe-
cific antibodies were comparable to the MAbs in terms of their
biological activity. Four polyAD-5 preparations could be tested in
neutralization assays with HCMV TB40/E wt virus and viral mu-
tants, as they contained sufficient concentrations of IgG. As shown
in Fig. 6, these polyAD-5 preparations were able to effectively

polyAD-5 antibody preparations MAbs

TBA40/E virus
mutant #1 #3 #6 #7 1G2 c23

SM5-1

gB wt
gB YZSO

9B Y50N505D505

9B YeoNyes

FIG 6 Neutralization of TB40/E wt and mutant viruses by polyAD-5 antibody
preparations. TB40/E wt or recombinant viruses were incubated with antibody
for 1 h at 37°C, and HFF monolayers were infected with the antibody-virus
mixtures for 4 h. The extent of infection was analyzed at 48 h postinfection and
calculated relative to that of the virus-only control. IC,s are given in pg/ml.
Green, IC,, at the given concentration; red, IC,, was not reached at the indi-
cated concentrations.
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neutralize wt virus, with ICs, values in the range of 0.2 to 1.5
pg/ml. Interestingly, two of the four polyAD-5 preparations re-
tained neutralizing activity toward the Y,g, virus mutant and its
combination with the N,4;D,5 or N,g, mutation (polyAD-5
preparations 6 and 7), while two other polyAD-5 preparations
(preparations 1 and 3) exhibited no neutralizing activity against
the viral mutants (Fig. 6). These results were in agreement with the
binding data shown above and suggest that as yet undefined
epitopes within AD-5 are targets of virus-neutralizing antibodies.
However, it is important that in a significant proportion of human
sera, the YNND epitope appears to be the exclusive binding site for
virus-neutralizing antibodies within AD-5.

DISCUSSION

HCMV gB remains an important target for active and passive
immune intervention strategies. However, the characteristics of a
protective immune response toward gB are not well defined, and
although a detailed understanding of the immune response in
subjects with natural HCMYV infection would appear to represent
the most rational basis for the definition of parameters of a pro-
tective response, only limited information is available. Despite the
fact that recombinant gB is a major component of many early-
stage HCMV vaccines (32, 33), our findings clearly demonstrate
that the understanding of antibody responses directed at gB dur-
ing infection remains very incomplete. Developing a detailed un-
derstanding of protective B cell epitope structures on HCMV gB
may allow for the generation of an antigenic map and thus provide
an important guide for rational design and testing of future im-
mune intervention strategies.

Five antigenic domains have been described on HCMV gB,
among which AD-1, -2, -4, and -5 are targeted by neutralizing
antibodies (16). In the present study, we analyzed the epitope(s) of
three neutralizing human MAbs that target AD-5. Importantly,
the antibodies were isolated from different, healthy, HCMV-in-
fected donors and were found to recognize an overlapping, dis-
continuous epitope within AD-5, a domain within HCMV gB that
is thought to be the fusion domain of herpesviral gB.

Critical residues and structural considerations for the AD-5
antigenic structure. Using mutational studies based on a 3D
model of HCMV gB, we identified a major antigenic structure (the
YNND epitope) within AD-5 that we believe consists of residue
Y,s, in combination with additional surface-exposed residues in
close proximity (Fig. 7). Mutation of these critical residues within
the YNND epitope not only led to the reduction or loss of binding
to recombinant mutant AD-5 proteins but also rendered recom-
binant viruses expressing these mutants resistant to neutralization
by the respective antibody.

The current understanding of epitope-paratope interactions
suggests that additional residues within AD-5 will define the com-
plete epitope for MAb binding, but their contribution to the bind-
ing energy is likely too small to be detected in our relatively insen-
sitive assays. It is commonly believed that the vast majority of
epitopes are discontinuous, consisting of critical amino acids that
are separated by stretches of amino acids of various lengths in the
primary sequence but are brought together by the folding of the
protein. The surface areas of epitopes can vary from <200 to
>1,500 A2, and epitopes consist of fewer than 2 to more than 34
residues (47). In the case of the AD-5-specific MAbs investigated
in the current study, the space occupied by the defined critical
residues covers around 560 A%, Nevertheless, single residues have
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FIG 7 The YNND epitope. The structural model shows an accessible surface
area representation of the HCMV gB trimer, with one monomer highlighted as
described in the legend to Fig. 1. AD-5, which corresponds to structural do-
main [, is displayed in an enlarged format. The critical residues for binding of
human neutralizing antibodies are highlighted in different colors, and their
positions in gB are given.

been identified as “hot spots” and as critical for antibody binding
and function, since they contribute the majority of binding energy
in the antibody-antigen interaction (48). Tyrosine residues have
frequently been found in interaction “hot spots” (48, 49). By anal-
ogy, similar neutralizing antibody escape mutants carrying a sin-
gle amino acid exchange to render a virus resistant to antibody-
mediated neutralization have been described for other viral
systems, such as HIV or influenza virus (50-52). Note that resi-
dues of the YNND epitope are strictly conserved between different
HCMYV strains (see Fig. S5 in the supplemental material), indicat-
ing that naturally occurring escape mutants may be rare or absent.

It may be argued that mutations that were introduced in AD-5
resulted in disruption of the AD-5 conformation. Several lines of
evidence, however, suggest that the overall antigenic structure of
AD-5, which contains the fusion loops of gB, remained intact in
AD-5 mutants. (i) Replication-competent recombinant mutant
viruses with little to no growth retardation were readily recovered
following mutagenesis of the parent wt clone, suggesting that the
overall function of gB was not impaired by the mutation (see Fig.
S3 in the supplemental material). (ii) The MAbs recognized gB
with comparable affinities (K, [equilibrium dissociation con-
stant] range of ~2 X 107'%) and were dependent on an intact
conformation, since they were not reactive in Western blots. Thus,
the differential reactivity of the MAbs for the AD-5 mutant pro-
teins suggested that the loss of critical binding partners that fol-
lowed replacement by alanine residues was the basis for this result,
rather than disruption of AD-5 structural integrity. In addition,
the partial rescue of loss of neutralization of the Y,4, mutant virus
by introduction of a second mutation (N,g,) further argued
against structural alterations in AD-5 by the mutations (see Fig.
S4). (iii) The residues constituting the YNND epitope are solvent
exposed, and their side chains form only minor stabilizing inter-
actions within AD-5. Therefore, a replacement of the respective
residues by alanine was expected to have no effect on the overall
structure of AD-5. (iv) The overall structural integrity of AD-5
mutant proteins was also supported by the finding that individual
polyclonal anti-AD-5 antibody preparations (polyAD-5 prepara-
tions 6 and 7) completely retained their neutralizing activity
against viral mutants, even though other anti-AD-5 antibody
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preparations exhibited a loss of neutralizing activity for the viruses
expressing these mutations. Under the assumption that the vast
majority of antibodies generated following infection recognized
structural epitopes, these findings suggested that the overall struc-
ture of AD-5 was intact in viruses with mutations in AD-5.

Finally, epitopes defined by murine antibodies reactive with
other herpesvirus epitopes have also been mapped to an AD-5-
corresponding region of gB, i.e., Dom Iin HSV-1 gB (see Fig. S6 in
the supplemental material). Importantly, although in these cases
the MAbs were derived from mice, they all had virus-neutralizing
activity (53-56), indicating that this gB structural region is of gen-
eral importance for Dom I-directed neutralization not only in
HCMYV but also in other herpesviruses.

Taken together, these data strongly argue that we have mapped
a functional epitope of protective antibodies against AD-5. Ulti-
mately, only structural analysis can verify the exact nature of the
antibody-antigen interactions.

Potential mechanism of virus-neutralizing activity of anti-
AD-5 antibodies. The fact that anti-AD-5 antibodies block infec-
tion of different cell types with comparable potencies indicates
that a conserved function of gB is targeted (16, 27). In light of
recent attempts to understand the neutralization mechanism of
other Dom I-specific antibodies (41), what could be the possible
mode of action of the anti-AD-5 antibodies described in this re-
port? Because gB is the fusion protein of HCMV and, together
with gH/gL, constitutes the core fusion machinery, mutations
within hydrophobic residues within the fusion loops of AD-5
could alter the fusogenic activity of gB in cell-cell fusion assays
(40). To our knowledge, none of the Dom I-specific monoclonal
antibodies described for HCMV or other herpesviruses so far tar-
get the hydrophobic fusion loops directly, including the antibod-
ies described in the current study. Therefore, direct inhibition of
the fusogenic residues within AD-5 seems unlikely. Nevertheless,
several other mechanisms of neutralization could be envisaged, as
follows.

(i) Inhibition of receptor binding. Previous characterization
of the anti-AD-5 MAbs (27) showed that they have postattach-
ment neutralization activity, i.e., they do not prevent virus attach-
ment to the cell surface. This is analogous to observations for
other gB-specific antibodies (53). We therefore suspect that neu-
tralization by altered virus attachment, possibly through blockade
of receptor binding, is unlikely to be the mechanism of neutral-
ization by AD-5-specific antibodies. This mode of action, how-
ever, cannot be excluded entirely, as multiple interactions of gB or
other virion glycoproteins with different molecules of the host cell
membrane have been described (57-59), and attachment may still
occur even though gB-receptor interaction is blocked.

(ii) Restriction of conformational changes. The crystal struc-
tures solved for gB of HSV-1 and Epstein-Barr virus (EBV) most
likely represent the postfusion conformation (60, 61). Analogous
to other type III viral fusion proteins, such as vesicular stomatitis
virus (VSV) G or baculovirus gp64 (62), herpesviral gBs are hy-
pothesized to undergo refolding during fusion. Experimental ev-
idence for large-scale refolding of gB, however, has not yet been
obtained (63, 64). The epitopes for the neutralizing MAbs de-
scribed in this study can be mapped to the surface of the gB trimer
of the postfusion model. Neutralizing antibodies, however, would
be expected to recognize a prefusion conformation of gB that pre-
sumably would be present on the infectious virion. Importantly,
the critical residues for antibody binding identified here are sim-
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ilarly accessible in a hypothetical prefusion gB model based on the
crystal structure of the VSV G prefusion conformation (see Fig. S7
in the supplemental material). It can be imagined that the transi-
tion from the prefusion to the postfusion conformation requires
space, which may be limited on the virion surface and which may
be obstructed by bound antibody. In fact, for VSV G, for which
post- and prefusion structures are available, a space-consuming
conformational change seems plausible (62). Thus, a block of con-
formational changes in gB from a fusion-inactive to a fusion-ac-
tive state by anti-AD-5 MAbs would be a mechanism of virus
neutralization consistent with findings from the current study.

(iii) Block of gB-gH/gL interaction. Another possible mecha-
nism of virus neutralization is a block in the interaction between
gB and the gH/gL complexes. In order for gB to become fusion
active, it must interact with gH/gL in a specific manner to form the
minimal fusion machinery. A number of studies have addressed
the formation of the gB-gH/gL fusion complex. Using antibody
blocking experiments, HSV-1 gB structural domains I, II, and V,
but not IV, have been described as interaction partners for gH/gL
(65). In contrast to these results, HCMV gB anti-AD-2 antibodies
failed to block gB-gH/gL interaction (66). Using functional com-
plementation assays for EBV gB, regions of HCMV gB corre-
sponding to Dom III/IV/V have been postulated as interaction
partners for gH/gL (67). It should be noted that interaction be-
tween gB and gH/gL on the virion surface has thus far not been
demonstrated definitively. Instead, cell-cell fusion assays with in-
dividually expressed glycoproteins have been used. However, it
should be noted that these assays do not take into account that
additional herpesviral proteins might be involved in the modula-
tion and regulation of the fusion process. In addition, the expres-
sion of gB as an individual protein might result in a conformation
that does not precisely reflect the gB conformation that is found
on the surfaces of infectious virus particles. Apparently, when the
gB ectodomain is expressed as an individual molecule, it readily
adopts a postfusion conformation (40), which appears to have a
higher internal stability than that of a potential prefusion confor-
mation. Thus, the exact parameters of gB interactions with gH/gL
are currently undefined, and therefore the possibility of inhi-
bition of the gB-gH/gL interaction as a mechanism of virus
neutralization cannot be excluded for the activity of AD-5-
specific antibodies.

(iv) Long-range conformational effects. Lastly, long-range
conformational effects that might modulate the fusogenic activity
of the fusion loops may be a mode of action, as hypothesized for
gB Dom I-specific neutralizing antibodies toward HSV (41).

Importance of the antigenic structure of AD-5 in infection.
The antibodies investigated in this study were obtained from three
different, healthy donors. Our initial finding that these antibodies
compete for gB binding strongly suggested that a shared target
structure was present on gB. Alternatively, this finding may have
been a coincidental result from an unrecognized bias in the B cell
clone selection procedure. Thus, the question of the general rele-
vance of this antigenic site during HCMV infection was of major
interest. To address this, we first tested the ability of individual
sera to compete with anti-AD-5 MAbs for binding to gB. The
observation that individual sera potently blocked AD-5 MADb
binding to gB or recombinant AD-5 indicated that a major frac-
tion of anti-AD-5 antibodies that develop during infection are
directed against this antigenic site. Furthermore, and supporting
the binding competition results, polyclonal anti-AD-5 antibody
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preparations exhibited distinct patterns of AD-5 mutant protein
recognition. While some polyAD-5 preparations failed to react
with AD-5 after mutation of critical antigenic site residues, others
showed only a slight decrease in recognition of mutant forms of
AD-5, a finding that suggested the existence of additional anti-
body binding sites in AD-5. A multiantibody coverage of AD-5 by
the antiviral antibody response seems plausible considering the
size of this region. For HSV-1 gB, a neutralizing murine MAb was
identified that targets a different region within structural domain
1 (SS55; see Fig. S6 in the supplemental material) (41).

Next, the question of the functional relevance of AD-5-specific
antibodies in general and YNND epitope-specific antibodies in
particular was addressed in terms of neutralizing activity toward
the wt and viral mutants. In neutralization assays, the polyAD-5
preparations from individual sera showed potent neutralizing ac-
tivity toward wt TB40/E virus, some even with activities compa-
rable to those of monoclonal antibodies. When tested with the
mutant viruses, however, we observed significant differences in
neutralizing activity for individual polyAD-5 preparations. While
some polyAD-5 preparations exhibited little difference in neutral-
izing activity for wt and mutant viruses, the neutralizing activities
of other polyAD-5 preparations were significantly different be-
tween mutant and wt viruses. This result argued that additional
virus-neutralizing antibody binding sites were present on AD-5.
However, for the immune response of some HCMV-infected in-
dividuals, the identified antigenic site in AD-5 seems to be the
exclusive target for virus-neutralizing antibodies directed against
AD-5. Further studies are needed to define additional epitopes in
AD-5 and their functional relevance for neutralization.

In summary, we have identified and characterized an antigenic
site within AD-5 of HCMV gB that is targeted by neutralizing
antibodies. A critical tyrosine residue at position 280 was defined
in combination with other surface-adjacent amino acids (the
YNND epitope). In general, this epitope appears to be recognized
by a significant fraction of the anti-AD-5 antibodies that are de-
veloped following infection. In addition, it represents an impor-
tant target for neutralizing activity in individual sera. Thus, induc-
tion of antibodies specific for this antigenic site should be a
desirable goal following vaccination, and antibodies targeting the
YNND epitope may be considered for passive immunotherapy.
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