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Crystallization and preliminary X-ray diffraction analysis of antigen-binding fragments which are specific
for antigenic conformations of sialic acid homopolymers
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Abstract

Meningococcal meningitis is a severe childhood disease which
often results in significant disability or death. Two major
etiological agents of meningitis are the group B meningococci
and capsular type K1 E. coli. The virulence of these organisms
is attributable to structural mimicry between their common
a(2-8)-polysialic acid capsular polysaccharide and human
tissue antigens, which allows the bacteria to evade immunc
surveillance. There is currently no effective vaccine to protect
against this infection. It has been demonstrated that the
capsular polysaccharide of the bacteria can adopt a unique
‘antigenic conformation’. This antigenic conformation has
formed the basis for the development of an N-propionylated
polysialic acid vaccine. Immunization trials in mice with this
vaccine show the production of two groups of antibodies. of
which only N-propionylated polysialic acid-specific were
protective. Knowledge of the structure of the antigen-binding
site which recognizes the protective epitope is essential to
determining the antigenic conformation of the polysacchar-
ides, and is a critical aspect in understanding and improving the
action of potential vaccines. The antigen-binding fragments
(Fab) of one protective (13D9) and one non-protective (6B9)
monoclonal antibody spccific for the capsular polysaccharides
of group B meningococci have been crystallized and have
undergone preliminary X-ray diffraction analysis. Both crystals
are observed to scatter X-rays to approximately 1.7 A
resolution at the Al station at the Corncll High-Encrgy
Synchrotron Source. 13D9 has an orthorhombic unit cell with
a=41.8,b=1023, c=134.7 A. with space group P2,2,2,. Fab
6B9 has an orthorhombic unit cell with a = 89.6, b = 132.0 and
¢ =369 A, with space group P2,2,2.

1. Introduction

Meningococcal meningitis is a severe childhood discase causcd
by bacterial infection of the meninges of the brain and spinal
chord, and often results in significant disability or death.
Group B Neisseria meningitidis and capsular type K1 Escher-
ichia coli are responsible for a large number of cases of
meningococcal meningitis in developed countries (Peltola et
al., 1977), and are considered to be major human pathogens.
The virulence of this disease is attributable to structural
mimicry between their capsular polysaccharides and human
tissue antigens, which allows these bacteria to evade immune
surveillance (Pon er al., 1997). The group B meningococcal
polysaccharide (GBMP) and type K1 E. coli capsular poly-
saccharides consist of a homopolymer of a(2— 8)-linked sialic
acid (Jennings et al, 1984). Structurally similar antigens in
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human tissue arc found in gangliosides and ncural cell adhe-
sion glycoproteins (Finne er al., 1983; Troy, 1992).

GBMP is the only surface antigenic structure that is
conserved across group B meningococci and research has
focussed on devecloping a GBMP vaccine (Jennings, 1997):
however, this has been hampered by the poor immunogenicity
of the polysaccharide in all humans (Wyle et al, 1972). A
common strategy to overcome poor immunogenicity is to
covalently link polysaccharide antigens to protein carriers.
Such glycoconjugate vaccines have displayed initial promise
for meningococcal groups A and C; however, this approach has
been shown to be ineffective for group B meningococcal
polysaccharides (Jennings & Lugowski, 1981). At the present
time, no effective vaccine against group B meningococci is
commercially available (Diaz-Romero & Outschoorn, 1994:
Jennings, 1997).

NMR and other experiments have shown that the key to
immune recognition of the GBMP antigen lies in the
propensity of these long-chain homopolymers to form helical
structures (Brisson er al., 1992). These helical structures are
thought to display a specific conformation of sialic acid which
is unattainable for the smaller oligomers found in human tissue
antigens. This ‘antigenic conformation’ forms the basis for
potential immune recognition of GBMP, and the subsequent
neutralization of pathogens.

The concept of antigenic conformations has been reported
previously, and a significant advance came with the isolation of
the murine mAb735 specific for GBMP by direct immunization
of NZB mice with viable group B meningococci (Frosch er al.,
1985). where it was shown that the binding surface of the Fab
was highly complementary to the helical structures observed
by NMR experiments of GBMP (Evans er al, 1995). The
binding site of the Fab from mAb735 (like any Fab) can at the
most accommodate approximately eight a(2— 8)-linked sialic
acid residues; however, the antigenic form of GBMP is only
favoured by much longer oligomers (Jennings et al., 1984, 1985;
Finne & Mikeld, 1985; Kabat et al., 1988; Héyrinen er al., 1989).
Indeed, mAb735 will not effectively bind oligomers of less
than about ten residues (Michon et al., 1987).

A potential breakthrough in vaccination technology for
meningitis came with the use of chemically modified GBMP in
an attempt to create a molecule that would display the
required antigenic conformation but with lower immune
tolerance. One of the compounds investigated was N-propio-
nylated (NPr)GBMP. When coupled to tetanus toxoid as a
protein carrier, this small change in chemical structure induced
a high titer of antibodies against all group B meningococci
(Jennings et al., 1986; Ashton et al., 1989). Surprisingly, the
major population of NPrGBMP-specific antibodies showed no
significant cross-reactivity with a(2— 8)-polysialic acid, but
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tron Source (CHESS) at Corncll University. Rayon loops
(Hampton Research) were used to remove the crystals from
the hanging drops. The crystals were immersed in cryopro-
tectant solution for a few scconds. then snared again with the
rayon loop and placed directly in the nitrogen cooling stream
(140 K). The rayon loops were sclected to minimize the
volume of mother liquor that would be frozen with the drop.
The most suitable cryoprotectant was found to be a solution of
mother liquor with 20% of the water replaced by glycerol. The
frozen drops held in the rayon loops were completely trans-
parent, with no evidence of cracks or stress in the crystal.
Sample diffraction images for cach crystal are shown in Fig. 1.
Fab 6B9 was found o have an orthorhombic unit ccll with a =
89.6, b = 132.0, and ¢ = 36.9 A, with systematic absenccs
consistent with space group P2,2,2. 13D9 was found to have an
orthorhombic unit cell witha =41.8,h=102.3, ¢ = 134.7 A, with
systematic absences consistent with space group P2 2,2,. The
calculated values of V.., (Matthews, 1968) arc 2.34 A*Da"! for
6BY and 3.10 A*Da ' for 13DV, lcading to an estimated
solvent content of 47 and 60%. respectively.

For 6BY 41 312 of 48 680 possible reflections were collected
to 1.7 A resolution (85-92% complete to 1.79 A resolution),
while for 13D9 45234 of 55929 possible reflections were
collected to 1.78 A resolution (81-93% complete to 1.92 A
resolution). Preliminary molecular replacement trials showed
a clear rotation-translation solution for 13D9Y using the
constant domain of Fab YsT9.1 as a modcl (Evans et al.. 1994).
No clear solution was immediately apparent for 6B9; howcever,
a preliminary solution was finally obtained for the same model
using the brute-force PC-refinement method outlined in Evans
et al. (1994).

We arc grateful to MacCHESS (Macromolecular Diffraction
at Chess) staff Joe Navaic, Bill Miller and Marian Szebenyi for
their assistance. CHESS is supported by the National Science
Foundation under award DMR-9311772. MacChess is
supported by award RR-01646 from the National Institutes of
Health.
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