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diffraction data. The data collection was performed at
Station X7 using X-rays of 1.08 A wavelength. The
diffraction patterns were recorded on the newly
installed image plate system made by Mar research.
A total of abot 50 useful images were processed and
the space group of the crystals was determined as C2,
a=575.4A, b=323.7A, c=558.4A, B=108.5°. There is a
whole virus particle in the asymmetric unit, which
results in a 60 fold nonocrysatllographic averaging in
phase determination by the molecular replacement
method. About 50% unique data were collected to 3.5A
resolution and the Rmerge was 11.5% for data with
I/6>2.0. A locked rotation function was calculated
using data to 4.0 A resolution and the virus
orientation was clearly identified in the unit cell.
Work is now continued on the translation of the virus
particles in the unit cell. Once the position of the
virus particles is known, phases could be first derived
from the BeAn coordinates and improved by electorn
density averaging over the 60 fold
noncrysatllographic symmetry. The final structure of
GDVIT will reveal the differences between the highly-
viruslent group and the persistent group on the
capsid. We shall learn more about the relationship
bewteen virus infection and demyelination and
persistence infection.

MS-03.02.03 STRUCTURE OF THE VIRION AND EMPTY
CAPSIDS OF A22 IRAQ 24/67 FOOT-AND-MOUTH DISEASE
VIRUS. By S. Curry®, R. Abu-Ghazaleh, W. Blakemore, E. Fryt,
T. Jackson, A. King, S.Leat, J.Newman, D. Stuart{. AFRC In-
stitnte for Animal Health, Pirbright Laboratory, Pirbright, Wok-
ing, U.K. tLaboratory of Molecular Biophysics, Oxford Univer-
sity, U.K.

We have crystallized and determined the three-dimensional struc-
ture of A22 Iraq 24/64 foot-and-mouth disease virus (FMDV). We
now have representative structures of at least one subtype from
three of the seven serotypes defined for FMDV. The results of the
structural analysis of A22 Iraq confirm and extend the findings
from the comparison of O and C type viruses.

A22 Iraq crystallized in space group 1222; a data set 70% complete
to 3A was collected. Structure factors were phased using a par-
tially refined model of Al0e (Fry, E. et al. unpublished) FMDV
and a2 | Fo | — | Fc | electron densily map was calculated at 3A
resolution. This map, averaged over the fifteen protomers in the
asymmetric unit, was of high quality and enabled an initial model
to be built. Refinement is in progress.

Preliminary analysis of the structure reveals that structural dif-
ferences between A22 Iraq and other serotypes are confined to ex-
ternal loops. As observed for O1BFS (Acharya, R. et al. (1989),
Nature (London), 337, 709-716.) and CS58-cl (Lea, S. et al
manuscript in preparation) FMDV, the longest surface loop which
connects strands G and H of the beta-barrel core of VP1 is largely
disordered. This GH loop is an important antigenic feature and
also implicated in binding to the cellular receptor. The mobility

of this feature appears to be strongly conserved in FMDYV. The
implications of this finding will be discussed. Elsewhere on the
surface of the virion there are shifts of several Angstréms in the
positions of surface oriented loops. Moreover, there is evidence
that structural alterations in one loop due to sequence variation
This structural
information is being used to interpret the large amount of sero-
logical data available for serotype A FMDV.

can affect the conformation of adjacent loops.

Empty capsids of FMDV lack the genomic RNA and are reported
also to lack the cleavage of the precursor VPO into VP2 and VP4
which is simultaneous with encapsidation and contributes to the
stability of the virion. In order to probe both the mechanism of
VPO cleavage and the RNA-protein interactions on the interior
of the capsid, we have determined the structure of empty capsids
of A22 Iraq. Curiously, in these capsids VPO has largely been
cleaved into VP2 and VP4. Our investigation into the reasons for
this finding will be presented.

Empty capsids crystallized isomorphously with the virus. A dif-
ference map revealed that the external surface structures of the
virus and empty capsid are identical. However, on the interior
surface the n-termini of VP1 and VP2 and the c-terminus of VP4
appear to be disordered in the empty capsid relative to the virus.
These termini are all close to the interface between pentameric
subunits which are assembly intermediates in FMDV. The pres-
ence of RNA in the virus appears to be necessary to stabilize these
portions of the capsid polypeptides.

MS-03.02.04 THE STRUCTURE OF CANINE PARVO-
VIRUS. By Hao Wu*, Jun Tsao, Michael Chapman,
Walter Keller, Mavis Agbandje, and Michael
Rossmann, Dept. of Biol. Sci.,, Purdue University,
West Lafayette, IN, 47907. *Current address: Dept.
of Biochem. and Mol. Biophys., Columbia University,
New York, NY 10032.

The structures of canine parvovirus (CPV) full and
empty particles have been determined to atomic
resolution. The structure of CPV empty capsid has
also been refined recently.

Each subunit of the virus possesses an anti-parallel
B barrel motif that has been found in most viruses
whose structures are known. On the viral surface,
there are canyons around the fivefold axes and
prominent spikes at the three-fold axes. With
analogy to Rhinovirusl4, the canyons might be the
receptor binding sites. Residues related to the
antigenic propertics as well as the host range

determinants of the virus are found on the
threefold spikes. Extensive interactions are
observed among the threefold related subunits.

Five B hair-pins at each fivefold axis make up a P
cylindrical structure. A substantial volume of
electron density is shown to be DNA, corresponding
to about 13% of the virus genome. Different protein
conformations are observed at the region where
DNA binds.

MS-03.02.05 STRUCTURAL STUDIES OF TYPE B
NEURAMINIDASE. By Clinton L. White', Musiri N.
Janakiraman, W. Graeme Laver, Gillian M. Air and Ming
Luo; Center for Macromolecular Crystallography,
University of Alabama at Birmingham, Birmingham,
Alabama, USA.
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Neuraminidase (NA) is' one of the two glycoproteins
on the influenza virus membrane. lts role is to
enhance viral mobility via hydrolysis of the
glycosidic linkage between a terminal sialic acid
residue and the adjacent carbohydrate moiety on the
host receptor. We have determined the crystal
structure of native type B neuraminidase and the type
B neuraminidase-sialic acid complex from several
type B influenza strains. The native crystal type B
neuraminidase structure is similar to the six pB-sheet
propeller fold found in type A neuraminidase. The
sialic acid complex crystal structure indicates that
the bound sialic acid is in the half-chair
conformation, with planar density around C2, and no
density for OH2. The complex structure supports the
hypothesis that the enzymatic hydrolysis of terminal
sialic acid by neuraminidase may be catalyzed by
formation of a stabilized transition state species,
not by nucleophilic attack from a proton donor.
Further structural studies of type B neuraminidase
complexed to several Abbott compounds showing
neuraminidase inhibition activities are ongoing.

' MS-03.02.06
CD4-1IV RECEPTOR by Jia~huai Wang*, You-wei
Yan, P.J.Garrett,Jin-huan Liu and Stephen C. Iarrison,
Departmentof Biochemistry and Molecular Biology, Harvard
University, Howard Hughs Medical Institute

The CD4 transmembrane glycoprotein on the surface of T—cell is
a critical component in the cellular immune responce
machinary. Ironically, human CD4 has become better known,
because it is the receptor for HIV. We have been carrying out
structural studies of  various fragments by X~-ray
crystallographic method. The structure of N-terminal two
domain fragment (CD4 (1-182) fragment) has been determined
and refined to 2.2A resolution.

The CD4(1-182) contains two abutting immunoglobulin-like
domains. Domain 1(D1) bears typical Ig V-type character,
whereas domain 2(D2) is an interesting variation. It has an
intrasheet disulfide bond instead of a usual intersheet bond
across B-barrel. The relative packing of two sheet also shifts
compared to the normal Ig fold. Between two domains there is
an extensive hydrophobic interface. The last P-strand of D1
extends uninterruptedly to form the first strand of the D2
Together it makes a distict rigid concatenated domain
connection. It is belived that this kind of domain organization
should exists in other cell surface proteins as well,

The interaction between CD4 and HIV envelop protein gpl20 is
restricted to the very N—terminal domain of CD4 molecule. Key
components of the binding site include :(a)The unique
protrusion of C'-C" corner (in particular the Phe43), supported
by the bulky sidechain of Trp62. This Trp62 is situated in the
middle of an o-helix, which is a insertion in C4 as opposed to
any other Ig superfamily members. (b)A patch of positively

charged residues surrounding Phed3. The MHC molecule
binding site is, on the other hand, much more extended,

involving both D1 and D2. We propose that the zigzagged surface
of the first two domains of CD4 is complementary to a notched
surface of class II MHC molecule, formed hy two demains in its
B—chain.

65

MS-03.02.07 THE STRUCTURE OF A T'YPE C FOOT-AND-
MOUTH DISEASE VIRUS AT 3.5A. R. Abu~Ghazaleh}, W.
Blakemoref, S. Curry{, E. Domingo§, E. Fryt, ‘I'. Jacksoni, A.

King}, S. Leaf, M. Mateu§, J. Newman} and D. Stuart*}. tLaboratory

of Molecular Biophysics, Oxford University, U.K. fAFRC Insti-
tute for Animal Health, Pirbright, Woking, UK. §Centro de Bi-
ologia Molecular, Madrid, Spain.

We have determined the structure of a scrotype C (isolate C-58c1)
foot-and-mouth disease virus (FMDV) at 354 resolution by X~
ray crystallography. The overall structure of the virus is seen to
be similar to that previously determined for O,BFS (Acharya, R.
et al. (1989), Nature (London), 337, 709-716.). There are sig-
nificant changes in the structure of some antigenically important
external loops and in some of the less well ordered regions involved
in protomer—protomer contacts. The structure aids interpretation
of a mass of antigenic results. New fealures seen in the C-$8cl
structure include visualisation of the N-terminal residues of VP2
and extra demsity around the interior of the 5—fold axes of the
vition which may be interpreted (by comparison with the struc-
ture of Polio virus; Chow, M. et al. (1987), Nature (London),
327, 482-486.) as the myristate moiety bound to the N-~terminus
of VP4.

The GH loop of VP1 (the ‘FMDV loop’) is of major interest as
the dominant antigenic site and location of the putative receptor
binding residues. The flexibility of this loop is regulated by a
disulphide bond in type O; virus (the loop becomes ordered, and
therefore visible crystallographically on reduction of the disul-
phide; Logan, D. et al. {1993), Nature (London), In press.). De-
spite lacking the disulphide this loop is disordered in the C virus
(and also in two serotype A FMDVs we have studied) suggesting
flexibility of the loop is advantageous to the virus. Possible roles
for this flexibility will be discussed.

PS-03.02.08 DECONVOLUTION OF DATA FROM INTI-
MATELY TWINNED CRYSTALS OF FMDV. By S. M. Lea*
and D. L. Stuart. Laboratory of Molecular Biophysics, Oxford
University, U.X.

Processing of FMDV data in space group 123 requires division of
the data into two subsets ( Fry, E., Acharya, A. and Stuart, D.
(1993). Acta Cryst. A49, 45-55.) corresponding to the two ways
of indexing the 123 lattice which are geometrically indistinguish-
able (i.e. placing the virion on a specific 3-fold axis related by a
90° rotation about a particle 2-fold). Within a crystal particles
are all in the same relative orientation but the choice is random
between crystals. Each crystal may therefore be indexed as h k1
or k,hl. By comparison to a reference set the data can be divided
into two streans and processed separately until (following postre-
finement) the indices of one of the streams are modified and the
2 data sets merged. Data collected {tom a mAb-escape derived
FMDYV mutant (G67) appeared to crystallize isomorphously with
the parent virus (O1K) (Curry, S. ef al. (1993), J. Mol. Biol.
228, 1263-1268); 123, a==345A, however data from these crystals
correlated poorly with the reference set, the corvelation coefficient
for cither indexing scheme against the parent virus data being less
thau 0.5. This suggested extra 4-fold symmetry which is geomet.-
rically impossible for an icosahedral virus. However, statistically
the data appeared to belong to point group 432. Assuming that
in each crystal all viral 2-folds are arranged randomly with re-
spect to all other 2-folds with the ratio of the two orientations
50:50 the data would have apparent 4-fold symmectry. Processing
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