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Crystals of the two amino-terminal domains of intercellular adhesion molecule-1, the
receptor for the major group of human rhinovirus serotypes, diffract to 3:0 A resolution. The
crystals are trigonal in space group P3,21 or P3,21 with cell dimensions of @ = b = 557 A,
¢ =166-3 A, with probably six molecules per unit cell. '
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The roughly 100 characterized human rhino-
viruses can be divided into two groups according to
the cell surface receptor they recognize (Colonno,
1986). The receptor for the major group has been
identified as the intercellular adhesion molecule-1
(ICAM-11) (Greve et al., 1989; Staunton et al., 1989).
The major group of rhinoviruses includes human
rhinovirus 14 (HRV14), whose three-dimensional
atomic structure has been determined (Rossmann et
al., 1985), as well as HRV16, whose structure is
being determined (M. A. Oliveira, M. G. Rossmann,
W. M. Lee & R. R. Rueckert, unpublished results).
The minor rhinovirus group includes HRVIA,
whose structure is known (Kim et al., 1989). The
surface structures of homologous HRV14 and
HRVI1A differ in their charge distribution, but both
show a large surface canyon that is thought to be
the site of receptor attachment (Rossmann et aol.,
1985; Rossmann, 1989). Solvent exposed residues
within the canyon are more conserved (Rossmann &
Palmenberg, 1988) and would be inaccessible to
larger antibodies, thus conserving the receptor
attachment site in the face of host immune pressure
for change in the antigenic viral surface. Support for
this hypothesis comes from site-specific mutagenesis

1 Abbreviations used: ITCAM-1, intracellular adhesion
molecule-1; HRV, human rhinovirus; LFA-1,
lymphocyte function-associated antigen-1; HIV, human
immunodeficiency virus.

(Colonno et al., 1988) and conformational changes
caused by antiviral drugs (Pevear et al., 1989) or pH
(Kim et al., 1990) that affect attachment.

The normal physiological function of ICAM-1 is
to serve as the ligand of lymphocyte function-
associated antigen-1 (LFA-1) (Kishimoto et al.,
1989) and Mac-1 (Diamond et al., 1991), which are
members of the 2 integrin family of receptors. The
expression of ICAM-1 is induced by proinflamma-
tory eytokines such as interleukin 1, tumor necrosis
factor and interferon y. Consequently, ICAM-1 is
involved in promoting a variety of cell-cell inter-
actions during inflammation. The binding of
ICAM-1 with LFA-1 is divalent cation dependent,
while the binding of ICAM-1 with HRV is cation
independent (Staunton et al., 1990).

Amino acid sequence homology (Simmons et al.,
1988; Staunton ef al., 1988; Giranda et al., 1990)
suggests that JCAM-1 is a member of the immuno-
globulin superfamily. The protein has five immuno-
globulin-like extracellular domains, but the first
amino-terminal domain (D1) provides the major
interaction for binding to the major group of rhino-
viruses (Marlin et al., 1990; McClelland et al., 1991;
Lineberger et al., 1990). There are several hydro-
phobic as well as electrostatic interactions that are
predicted to mediate the virus—receptor interactions
(Giranda et al., 1990). Staunton et al. (1990) have
observed in electron micrographs that ICAM-1 is a
hinged rod with a length of approximately 170 A
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Figure 1. Crystals of the 2 amino-terminal domains of desialated ICAM-1 designated as ntICAM-1(185). Crystal

diameter is about 0-4 mm and thickness is about 0-07 mm.

(1 A =01 nm). The bend might be at the junction
of domains D2 and D3. The ICAM-1 molecule has
relative molecular mass of 95,000, with 505 amino
acid residues and seven to eight N-linked oligo-
saccharides. However, the amino-terminal domain
D1, which contains the virus binding site (Staunton
et al., 1990; McClelland et ol., 1991), is not glycosy-
lated. A model of this domain, based on its amino
acid sequence homology to the constant-type
domain of immunoglobulins, has been docked into
the HRV14 canyon structure (Giranda et ol., 1990).

Rhinoviruses are by no means unique in using an
immunoglobulin-like structure as a receptor. For
instance, the receptor for polioviruses has three
extracellular domains with the amino-terminal
domain again providing much of the binding
capacity (Mendelsohn et al., 1989; Ren et al., 1990).
Human immunodeficiency virus (HIV) uses the cell
surface molecule CD4 as a receptor, the structure of
whose two amino-terminal domains has been deter-
mined (Ryu et al., 1990; Wang et aol., 1990).
Furthermore, Williams ef af. (1991) have shown that
carcinoembryonic antigen is the receptor for a
murine coronavirus.

A secreted form of the first two domains (185
amino acid residues) of human ICAM-1, designated
tICAM-1(185), has been purified from culture super-
natants of a stable CHO cell line (Greve ef al., 1991)
to permit structural and functional analysis. This
protein contains four N-linked oligosaccharide
chains and, upon native isoelectric focusing, runs as
a smear at a pI of 4:6 to 4-8. It has been desialated
by treatment with neuraminidase (Genzyme,
EE. 3.2.1.18; 8 h at 37°C in 100 mM-sodium acetate
(pH 6-5) at 10 mg substrate/ml and 01 enzyme
unit/ml), and separated from undigested material
and enzyme by dialysis against 10 mm-Tris,
25 mM-NaCl (pH 6:0) and passage through a

Mono-@} column (Pharmacia), where it appears in
the flow-through fraction. The desialated
tICAM-1(185), designated ntICAM-1(185), had a
slightly reduced relative molecular mass of around
43,000 and formed a major species with a pl of 58
upon isoelectric focusing. Based on the amino acid
sequence and the carbohydrate analysis (M, =
6000), the total relative molecular mass is around
27,000. It was crystallized (Fig. 1) in hanging drops
by means of vapor diffusion with conditions similar
to those used for crystallizing the soluble two-
domain protein of CD4 (Ryu ef af., 1990; Wang et
al., 1990). A five microliter drop of ICAM-1
(17 mg/ml) was mixed with a five microliter drop of
the well solution containing the precipitant poly-
ethylene glycol 3350 (24 to 279) in buffer, The
buffer consisted of 10 mm-Tris, 25 mm-NaCl,
1 mm-MgCl, and 1 mm-CaCl,. The crystals grew
rapidly as hexagonal plates of bipyramids with
dimensions of approximately 02 mm X 02 mm x
0-07 mm. They diffract to about 3-0 A resolution on
“still” photographs using an Elliott GX6 rotating
anode source. Oscillation photographs showed that
there is a 3-fold axis, the lattice is primitive and the
cell dimensions are a =557 & and ¢=1663 A.
When crystals were soaked with 409, (v/v) poly-
ethylene glycol 3350 in Tris buffer the cell dimen-
sions shrank to o =540 A, ¢=1445 A without
change in space group, but with a substantial
improvement in crystalline stability towards radia-
tion damage. The space group was confirmed by
data collection on a San Diego Multiwire Systems
area detector with a Rigaku X-ray generator. An
809, complete data set to 4 A resolution was
collected using 0:1° frames every two minutes. These
data show the space group to be P3,21 or P3,21.
Assuming six molecules per unit cell, the Matthews
coefficient, Vy (Matthews, 1968), is 27 A3 Da,
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Figure 2. Electron micrographs of frozen hydrated (a) HRV16 and (b) HRV16 complexed with ntICAM-1(185). The
ntICAM-1(185) molecules (arrowhead) may be observed as protrusions on the periphery of the particles. The length of
the protrusions is about 100 A, or about one-third of the particle diameter. The length of the related CD4 molecule (Ryu
et al., 1990; Wang ef al., 1990) is around 90 A. The bar represents 1000 A.

which implies one molecule per asymmetric unit. A
Pt,(NH;),(NO,), heavy-atom derivative diffrac-
tion data set has also been collected to 5 A resolu-
tion and interpreted in terms of one major Pt site.

Aqueous samples were prepared for cryomicro-
scopy, without the addition of stains or fixatives, by
quickly plunge freezing them into liquified ethane
(Dubochet et al., 1988). The samples were main-
tained at liquid nitrogen temperatures during
transfer and while in the electron microscope.
Micrographs were recorded at 49,000 x and minimal
dose procedures were utilized to reduce specimen
damage by the electron beam.

Binding of ICAM-1 or its amino-terminal frag-
ments to major group human rhinoviruses causes
their capsids to partially disassemble, presumably
representing the first steps in viral host cell penetra-
tion. These ICAM-1 fragments also bind to HRV18,
but without virion disintegration (J.M.G. &
H.H.-L., unpublished results). Figure 2 shows a
comparison of HRV16 and HRV16 complexed with
ntICAM-1(185). The ICAM-1 decorations are clearly
visible on the viral surface, giving promise of a
three-dimensional, 25 A resolution, reconstruction
of the complex structure. The crystalline structure
of HRV16. is currently being investigated (M.A.O.,
unpublished results). Thus, knowledge of the
ICAM-1 and HRV16 structures at atomic resolu-
tion, plus a low resolution reconstruction of the
complex, will aid in the analysis of the mode of
binding of the receptor to a major rhinovirus sero-
type. Comparison of HRV14, HRV16 (both major
receptor rhinovirus serotypes) and HRV1A (a minor
receptor rhinovirus serotype of known structure
(Kim et al., 1989)) might suggest the mechanism
that determines the specificity for the major rhino-
virus group. Such observations are also likely to
enhance understanding of how other viruses might
interact with receptors belonging to the immuno-
globulin superfamily (e.g. the receptors for polio-
virus and HIV) and how this interaction initiates
endocytosis.

We thank Helene Prongay and Sharon Wilder for help
in preparation of the manuscript. These studies were
supported by National Institutes of Health grants to
M.G.R. and Timothy S. Baker and a Lucille P. Markey
grant for the expansion of structural studies at Purdue
University.
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