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Abstract

An Fab fragment of a virus-neutralizing monoclonal antibody
(DLI1) that binds to herpes simplex virus glycoprotein D
(HSV gD) has been purified, sequenced and crystallized. The
biological activity of the purified Fab was verified by enzyme-
linked immunosorbant assay, flow cytometry and by neutrali-
zation of HSV infectivity. The crystals have the space group P1
with cell dimensions a =402, b=492, ¢=63.9A,
a=76.1, =774, y=71.6°. The unit-cell volume is
consistent with it containing a single Fab molecule. The
crystals grow to a maximum size of 0.7 x 0.3 x 0.3mm and
diffract X-rays to greater than 2.2 A resolution. The amino-acid
sequences of the variable regions of the heavy and light chains
of DLI1 have been determined. These have been compared to
those for other known Fab structures in the Protein Data Bank
for selection of a starting model for crystallographic refinement
by the molecular-replacement method.

1. Introduction

Herpes simplex virus (HSV) gives rise to a variety of human
diseases including cold sores, eye and genital infections,
neonatal infections and encephalitis. Both the oral form of the
virus, type 1 (HSV-1), and the genital form, type 2 (HSV-2),
establish lifelong latent infections that reactivate periodically to
produce recurrent infections (reviewed in, Roizman & Sears,
1987). The HSV capsid is surrounded by a lipid envelope that
contains at least 11 glycoproteins which are required for viral
attachment and for fusion of the viral envelope with the cell
plasma membrane (reviewed in, Spear, 1993). After infection,
most of these virally encoded glycoproteins are expressed on
the host-cell plasma membrane and provide the principle targets
for the host’s immune response.

Glycoprotein D (gD) is one of the envelope proteins found in
both HSV-1 (gD-1) and HSV-2 (gD-2) and is essential for viral
entry into mammalian cells (reviewed in, Eisenberg er al.,
1994). Animals immunized with either gD-1 or gD-2 produce
cross-reactive virus-neutralizing antibodies that protect them
from lethal challenge with both serotypes of HSV and from the
establishment of latency (reviewed in, Burke, 1993). This
property has motivated the use of gD as a vaccine against HSV
and human phase III clinical trials are underway (Straus er al.,
1994).

A panel of monoclonal antibodies (MAb’s) have been raised
against gD (reviewed in, Muggeridge, Roberts, Isola, Cohen &
Eisenberg, 1990) to determine which epitopes are involved in
virus neutralization, as well as to determine which sites on gD
are important for its function. These MAb's have been
classified as binding to either continuous or discontinuous
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epitopes and then further mapped to distinct sites on gD
(Muggeridge er al., 1990).

The MAb, DL11, binds to a discontinuous epitope on gD
that is conserved between HSV-1 and HSV-2 (Muggeridge et
al., 1988). Binding of DLI1 neutralizes viral infectivity,
presumably due to interference with the function of gD in
virus penetration. MAb’s and their antigen-binding fragments
(Fab’s) both have potential as HSV therapeutic agents
(Burioni, Williamson, Sanna, Bloom & Burton, 1994
Whitley, 1994). Determining the structures of the native
DLI11 Fab, native gD and the DL11:gD complex will yield the
information necessary to understand the nature of this
important antigen—antibody interaction. It will also help to
localize the functional domains of gD. Knowledge of the
structures of DLI1 Fab and gD will also aid drug-design
efforts to model compounds that interfere with the attachment
to or penetration of HSV into human cells.

A primary objective for this work is to obtain the structural
information necessary to design effective therapeutic agents
against HSV-1 and HSV-2. The biological properties of DL11
make it an excellent potential therapeutic agent. A necessary
step towards this goal is ‘humanization’ of the mouse antibody
to reduce its immunogencity in a human host. This can be
achieved either by splicing the entire mouse variable regions
into human constant regions to create a chimeric antibody, or
by reshaping a human antibody by grafting only the mouse
complementarity-determining regions (CDR’s) into the human
variable regions (Kettleborough, Saldanha, Heath, Morrison &
Bendig, 1991).

In this study, we have isolated and crystallized the Fab
portion of the MAb DL11. The cDNA coding for the variable
regions of the antibody have been sequenced, and X-ray
diffraction data have been collected.

2. Preparation of DL11 Fab and confirmation of biological
activity

MAb DLI11 (Eisenberg er al., 1985) was digested with
immobilized papain using the ImmunoPure Fab Kit (Pierce).
The reaction was allowed to proceed for 17h at 310K with
constant agitation. The papain-conjugated beads were removed
by centrifugation. The digest was loaded onto a Protein A
Sepharose 4 Fastflow column (Pharmacia). The column was
washed with 20mM phosphate-buffered saline (0.15M NaCl,
pH7.4), and all of the Fab was contained within the wash. The
wash was concentrated and dialyzed against 25 mM CHES
buffer, pH9.5 (Sigma). The sample was applied to a Mono Q
anion-exchange column (Pharmacia) and eluted by a pH
gradient from 25mM CHES, pH9.5 to 25mM HEPES
pH7.0. Fractions from the major peak were pooled and
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directly effect the conformations of the CDR loops (Chothia et
al., 1989). This will make possible the rational design of
humanized antibodies. The development of therapeutics based
upon neutralizing antibodies, such as DLI11, will provide an
additional and alternative approach to the prevention and
management of HSV infections, and so offer hope for
improving the treatment of the disease.
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