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PRELIMINARY CRYSTALLOGRAPHIC REPORT
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ABSTRACT  The Fab fragment of CB 4-1, a
monoclonal murine antibody against HIV pro-
tein p24, has been produced. It forms a complex
with a synthetic antigen, an epitope of p24
made up of 11 amino acids, with the binding
constant K; = 3.6 x 10~° M. Crystals of hexag-
onal and orthorhombic space group has been
obtained by cocrystallization of the Fab with
the epitope and crystallization without the
epitope, respectively. In either case, the crys-
tals are suitable for X-ray structural analysis.
Crystals of the Fab fragment cocrystallized
with the peptide have the space group P 6,22
with cell dimensions of a = b = 105 4, ¢ = 297
A. Fab crystals without the epitope are in space
group C 222 with cell dimensions a = 110.1 A, b
= 110.2 A, c=150.1A. ©1993 Wiley-Liss, Inc.
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INTRODUCTION

Monoclonal antibodies which bind to epitopes of
the human deficiency virus (HIV) are of special in-
terest because of their potential therapeutic and di-
agnostic use.’”* Murine monoclonal antibodies have
been produced against p24 core protein of HIV and
shown to bind to recombinant p24 protein as well as
to virus lysate. The murine antibody CB 4-1 was
selected for further investigations to characterize in
detail the interaction of the antibody binding region
with its epitope.® The amino acid sequences of the
variable parts of the heavy and light polypeptide
chain of CB 4-1 are known from nucleotide sequenc-
ing of the corresponding gene segments.® CB 4-1
binds not only to intact recombinant p24 core pro-
tein but also to a synthetic 11l-residue peptide
epitope of p24 with the amino acid sequence: GAT-
PQDLNTML with high affinity (K; = 3.6 x 10°°
M).6

In order to provide detailed insight into the inter-
action between the p24 epitope and the antigen-
binding domain of the antibody, X-ray structural
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analysis of the antibody cocrystallized with and
crystallized without the antigen should be per-
formed. The X-ray structure will be used to confirm
and adjust the model which was elaborated for the
complex.®

MATERIALS AND METHODS

The CB 4-1 is secreted by hybridomea cells and
has been purified by protein-A sepharose affinity
chromatography.® The conditions for proteolytic di-
gestion to obtain the Fab fragment are as described
in Porter.” For the separation from the Fc fragment,
a protein-A sepharose column was used followed by
a gel filtration step. The presence of Fab in the
eluted fractions was monitored using SDS-page elec-
trophoresis. The fractions containing the Fab frag-
ment were pooled and concentrated by ultrafiltra-
tion (Amicon membrane YM 10).

For X-ray studies, single crystals were mounted in
thin-walled glass capillary tubes and adjusted on a
rotation axis of a rotation camera. All X-ray data
were collected on an imaging plate scanner using
synchrotron radiation at the European Molecular
Biology Laboratory at DESY (Deutsches Elektronen
Synchrotron). The beamlines X11 and X31 of the
storage ring DORIS were used for the experiments
of the hexagonal crystals and X31 was used for the
orthorhombic crystals. The images were evaluated
with the program DENZO (Z. Otwinowski, personal
communication).

RESULTS AND DISCUSSION

The vapor diffusion method in hanging drop set-
ups (Linbro plates) was used to scan through a va-
riety of crystallization conditions using different
precipitants, pH-values, and additives. For the fol-
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Fig. 1. Crystal of Fab cocrystallized with the epitope. The size
of the crystal is about 0.3 x 0.3 x 1 mm.

lowing conditions we obtained crystals suitable for
X-ray characterization.

To get crystals of the Fab/peptide complex, the
Fab fragment was cocrystallized with 1.2 times ex-
cess of the peptide. The experiments were performed
at room temperature. All buffers and solutions used
were filtered through 0.45 pum filters. The drops con-
taining a Fab concentration of 10 mg/ml in a solu-
tion of 0.3 M NaCl and 1.0 M (NH,),SO, in 10 mM
phosphate buffer at pH 7.2 were equilibrated
against reservoirs of 0.3 M NaCl and 2.0 M
(NH,),SO, in 0.1 M phosphate buffer at pH 7.2.

Hexagonal crystals appeared after 3 weeks and
exhibited dipyramidal shape (Fig. 1). The crystals
are suitable for X-ray analysis and grow to maxi-
mum size of 0.3 X 0.3 X 1 mm. These crystals have
the space group P 6,22 with cell dimensions of a =
b = 105 A, ¢ = 297 A. The diffraction of the crystals
shows a relatively high mosaic spread and a resolu-
tion limit of about 3.4 A using synchrotron radiation
(Fig. 2).

Fab crystals without the epitope were grown at
0.1 M Tris buffer pH 8.5, 75 mM NaCl, and 15%
polyethylenglycol (PEG) using a precipitant and
buffer concentration of 50% of the well concentra-
tion. X-ray diffraction showed the Fab crystals to be
in orthorhombic space group C 222 with cell dimen-
sionsa = 110.1 A, b = 110.2 A, ¢ = 150.1 A. The
crystals are relatively unstable in the X-ray beam
and diffract to at least 3.1 A resolution. Assuming
that the asymmetric unit consists of a single mono-
mer or two molecules with a molecular mass of 55
kDa each, the V,, value is 4.1 A%/Da and 2.05 A3/Da,
respectively. Data of 3.5 A resolution were received
from a single crystal comprising 12,915 reflections.
Because of the decay of diffraction caused by radia-
tion damage we could not collect a complete data set.
The 8,670 unique reflections (completeness 80.2%)

Fig. 2. Oscillation image of the crystal of Figure 1 using syn-
chrotron radiation of beamline X31 (storage ring DORIS, EMBL
Hamburg, Germany). The resolution limit of the image is 3.4 A.

gave a merging R factor on intensities Ronerge = 21
— <I>|/21) of 12.6% in the resolution range of 10.0
to 3.5 A.

We plan to collect a complete data set of improved
quality to continue the X-ray structural analysis.
Because of the sequence homology observed among
the murine antibodies and the identity of the ob-
served tertiary structure generally found between
structures of antibody Fab fragments it should be
possible to solve the structure by molecular replace-
ment.

ACKNOWLEDGMENTS

This study has been funded by the German Fed-
eral Ministry of Research and Technology (BMFT)
under Contract 05 5SKHLABS. We thank K.S. Wil-
son and Ch. Betzel from the EMBL, Hamburg, for
their support.

REFERENCES

1. Prongay, A.J., Smith, T.J., Rossmann, M. G., Ehrlich, L. S.,
Carter, C. A., McClure, J. Preparation and crystallization of
a human immunodeficiency virus p24 Fab complex. Proc.
Natl. Acad. Sci., U.S.A. 87:9980-9984, 1990.

2. Ruker, F., Casale, E., Carter, D. C. Structure of a human
monoclonal antibody Fab fragment against gp41 of human
immunodeficiency virus type 1. 89:7154—7158, 1992.

3. Rusche, J., Javaherian, K., McDanal, C., Petro, J., Lynn, D,
Grimalia, R., Langlois, A., Gallor, R. C., Arthur, L. o,
Fischinger, P., Bolognesi, D., Putney, S., Matthews, T. An-
tibodies that inhibit fusion of human immunodeficiency vi-
rus-infected cells bind a 24-amino acid sequence of the viral
envelope, gp120. Proc. Natl. Acad. Sci. U.S.A. 85:3198—
3202, 1988.

4. Vyas, M. N, Vyas, N. K,, Liou, R. S., Chang, T. W., Quiocho,
F. A. Preliminary crystallographic analysis of the Fab frag-
ment of the antibody against HIV gp 120. J. Mol. Biol. 214:
23-24, 1990.

5. Grunow, R., Giese, R., Porstmann, T., Dépel, H., Hinsel, K.,



A MONOCLONAL ANTIBODY FAB FRAGMENT 439

Baehr, R. Development and biological testing of human and
murine monoclonal antibodies against HIV antigens. Z.
Klin. Med. 45:367-370, 1990.

. Hohne, W. E., Kiittner, G., Kiessig, S., Hausdorf, G.,
Grunow, R., Winkler, K., Wessner, H., Giessmann, E., Sti-
gler, R, Schneider-Mergener, J ., von Baehr, R., Schomburg,

D. Structural base of the interaction of a monoclonal anti-
body against p24 of HIV-1 with its peptide epitope. 1993 (in
press).

- Porter, R. R. The hydrolysis of rabbit g(gamma)-globulin

and antibodies with crystalline papain. Biochem. J. 73:119—
126, 1959.



