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Summw
The m}oq human rhinovirus receptor has been identi-

tied with clonal antibodies that inhibit rhinovirus
infection. T monocienal antibodies recognize a
95 ld cell glycoprotein on human cells and on

nts expreasing a rhinovirus binding

M-1); a ¢cDNA clone obtained from
nts expressing the rhinovirus recep-
tor had
Thus, the
The gena for his receptor maps to human chromo-
soma 18, wtn;c also contains the genes for a number
of other picornavirus receptors.

1
Introduction “

i |

A major deti:miham of cell tropism and host range resiric-
tion in picorpaviruses is cell surface receptor specificity
{Holtand, 1961; Lonberg-Holm et a}., 1976). Rhinoviruses,

alarge familt of acid-sensitive picornaviruses that are the
major causalive agent of the common cold (Hamparian et
al., 1967), have been shown to bind to human cells by two
ptors (Abraham and Coionno, 1984; Colon-
). These workers have shown that approxi-
00 serotypes of rhinaviruses and sev-
of kie A virus bind to a single common
receptor, the“major” rhinovirus receptor; the remaining
20% bind to &me or more other receptors. Tomassini and
Colonno (1986} have provided evidence that a protein with
an apparent ular mass of 90,060 daltons is the major

rhinovirus regeptor.

The receptor binding site on the viral capsid shouid be
a highly conge structure, since there is very strong
selective preskurg to maintain it in a functional form. The
primary structure of the capsid proteins of three serotypes
of rhlnowru:ttl (Skern et al., 1985), HRV14 (Stanway
et al., 1984; Chlia an et al., 1985), and HRVBS (Duechier
et al., 1987), htave bsen deduced from the nucleotide se-
quences of their RNA genomes. The rhinavirus capsid
protein sequences all show quite significant homology to
one anadther in o{artam regions. In addition, the three-
dimensional structure of HAV14, a serotype that binds to
the major rhinowfus receptor, has been determined to

t
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atomic resolution (Rossmann et al., 1985). This work has
revealed that HRV14 has an icosahedral protein capsid
composed of 60 protomeric units, each composed of the
four capsid proteins VP1, VP2, VP3, and VP4. Analysis of
this structure revealed two important features of the viral
capsld. First, a gertes of highly exposed peptide loops,
which show the greatest variability in amino acid se-
quence between serctypes, contain residues that have
been shown to be the most antigenic to the host immune
system {Sherry et al., 1986). Second, a recessed “canyor’”
present in each protomeric unit contains amino acid
residues that are more conservad than other solvent-
axposed residues (Rossmann and Paimenberg, 1988), as
would be expected of a receptor binding site. These obser-
vatlons, as well as the fact that this canyon has dimen-
sions that would make it inaccessible to an antibody mole-
cule (and tharefore resistant to selective preasure from the
host immune system), has led to the hypothesis that the
canyon is a conserved receptor binding site on the viral
capsid {Rossmann et al., 1985). The structure of the com-
plox of influenza virus hemagglutinin protein and its
receptor, sialic acid, has provided evidence in favor of this
hypothesis in another virus-receptor system (Weis et al.,
1988).

A full understanding of virus—receptor interaction witl re-
quire identification of the viral raceptor, charactarization of
the virus binding portion of the receptor, and, ultimately,
elucidation of the molecular contacts between the viral
capsid and recepior. in this report we describe the identifi-
cation, transfaction, purification, and reconstitution of the
major human rhinovirus receptor (HRR). We alsa show
that this raceptor is identical to a previously described
cell surface protein, intercellular adhesion molecule-1
{ICAM-1).

Results

Monoclonal Antibodies 1o Hela Celis That

Protect against Rhinovirus Infection

Monocional antibodies (MAbs) which recognize the HRR
were raised using a strategy simllar to that used by others
10 identify virai receptors (Nobis et al., 1985; Minor et al,,
1984; Colonno et al., 1986; Crowell et al., 1986, Hsu st al,,
1988). Thrae rhinovirus serotypes were used in this proce-
dure: HRV2, which binds to the minor rhinovirus receplor;
and HRV3 and HRV14, which bind to the major rhinovirus
racaptor (Abralvam and Colonno, 1984). Hybridomas were
prepared from mice immunized with HelLa cefls, and hy-
bridoma culture supernatants were screaned for the abil-
ity to protect cell monolayers against infection by HRV14,
Five hybridomas were obtained and cloned; the MAbs
from these hybridomas prevented infection of HelLa cells
by HRV14 and HRV3 and had no effect on HRVZ infaction.
These results demonstrate that these MAbs have the
specificity expected of MAbs that recognize the major
rhinovirus receptor. One of these antibodies, c784A, is
discussed further in this report.
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is at primary transfectants soried using HRVI4-spetitic
d lines: no virus or normal sarum control. Solid lines: vi-
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eclants were Isolated that exhibit a virus binding
These trangtectants were obtained from a pool

colltr
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assay (see Experimental Procedures). To provide further
evidence that the MAbs described above were directed
against the HRR, one of the MAbs, c78.4A, was tested for
the ability to bind to the virus receptor-positive transfec-
tant pool. As shown in Figure 1A, this MAb bound to Hela
and the transfectant pool but not to Ltk cells. These data
suggest that the molecule(s} definad by the MAbs that in-
hibit infection and from the transfection of a rhinovirus
binding phenotype are the same.

‘Cloned cell lines derived from the primary transfectants
were used 10 prepare secondary transfectants. A fraction
of the secondary transfectant popuiation axhibited repro-
ducibly higher relative fiuorescence than elther the pri-
mary transfectants or HeLa cells. These cells were selectad
by FACS with MAb c78.4A, and a cloned cell line desig-
nated HEY was established that stably exhibited 5- o
10-fold greater reiative fluorescence than Hela cells (Fig-
ure 1B). Based on quantitative binding studies using
'#51-c784A 1gG, Hela cells were shown to express 8 x 104
sites per cell and HE? cells were shown to express 3 x
105 sites per ¢ell, consistent with the FACS analysis. This
overexprassing cell line was used as a source of material
for many of the experiments described below.

Chromosomal Mapping of the HRR Gene

_ A human-mouse somatic cell hybrid panel was usad to

map the HAR to a human chromosome. Hybrid cells were
labsled by indirect immunoflucrescence with MAb c78.4A
and analyzed by fluorescent microacopy and by FACS.
The pattern of reactivity with cell lines of the hybrid panel
is indicated in Figure 2. Correlation of the expression of
the antigen recognized by c78.4A with the partial human
genomes in the hybrid cells allows the unambiguous as-

activat Nl sorting (FACS) and a rhinovirus cell binding sighment of the HRR gene to human chromosome 18.
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Figure 2. Adsignment of the HRR Gene 1o Human Chromosome 18

Shown is thé distsibution of human chromosomes among the hybrid cell lines as determined by karyotype and isozyme analysis (Kamarck el o, .

1984} Res!
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of [ndirect immuncfiuorescence assays with monacional antibody C78.4A are summarized in tha rahimn headsed SaA ® Darlert AARCOT
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unoprecipitation of HAR from ™i-Labeled Hela Calls
AuK of an 8% SDS-polyacrylamide gef of immunoprecipl-
tates & underreducing (+DTT) and nonveducing (-OTT) condi-
tions, agjind . Call extracts werg immunoadsorbed with elther a

n (@-HRY14) or anti-HRR 1gG-—resin (CTB.4A). Posittons
welght standards (x 107%) are indicated on the

tracts with monoclonal antthody c784A lgG-Sepharose,
Analysis! by| SDS-polyacrylamide gel electrophoresis
{SDS-PAGE)| revealed a single iabeled polypeptide with
an apparpnt molecular mass of 95000 daltons; a slightly
lower apparent molecular mass of 87,000 daitons under
nonreducing | conditions . indicates the presence of in-
trachain (?isu de bond(s) In the protein (Figure 3). All of
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Figure 4. Biosynthetic Precursors of HRR
{®Slcysteine- HRR was synthesized in the presence of lunica-

in Hela or HE1 ceils, as indicated. Samples
were anatyrad oh % SOS-polyacryamide geie and subjeciad io fiuo-

tha olher monocional antibodies described above aleo
racognizad a 95,000 dalton cell surface protein on Hela
cells (data not shown). Receptor protein from mouse
transiectant cell lines had approximately the same size,
but greater helerogenelty in apparent molecular mass
than HRR from Hela celis (ses Figure 5).

Using metabolic labeling in the presence of [¥Sjcys-
teine, it was possible to partially characterize the HRR
protein. When HRR was synthasized in the presence of
tunicamycin, & poison that inhibits asparagine-linked gly-
cosylation; a species with an apparent molecular mass of
54,000 daltons was obtained, indigating that the HRR is
a glycoprotein {Figure 4). In the presence of swainsonine,
an inhibitor of mannoaidase |l and the proceasing of core-
glycosylated asparagine-linked oligosaccharides, a spe-
cies of 80000 daitons was obtained in Hela cells. In HE1
cells a species of 78,000 daltons was obtained in the pres-
ence of swainsonine, indicating either an underutilization
of alt the carbohydrate acceptor sites or a difference in the
form or stabiility of the core oligosaccharlde unit in the two
celt typea. Partial digestion of core-glycosylated HE1 HRR
with endoglycosidase H indicated the presence of 7-8
oligosaccharides on the HRR protein (data not shown).

For further biochemical analysis the receplor protein
was purified from HeLz celis and HE1 cells by a combina-
tion of lectin and monoclonal antibody affinity chromatog-
raphy. A typical preparation of HRR protein purified from
HE1 celis ls shown in Figure 5. The yiald of receptor pro-
tein was approximately 5 fg per Hela cell and about 25
fg per HE1 cell. Assuming a protein moiecular mass of
54,000 daltons {based on the apparent molecular mass of
unglycosyiated protsir), these values would translate into
& x 10* molecules per Hela cell and 3 x 10° molecules
per HE1 cell, in agreement with the number of MAD bind-
ing sites per cell (assuming quantitative recovery of HRR
protein).
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Figure 5. Purified HRR Protein

A silver-atained 796-20% gradient SDS-polyacrylamide gel of 500 ng
of HRR protaln purifisd from HE1 cells. Samples were analyzed under
reducing {(+DTT) and noneducing (- T) conditions, as indicated.
Posltions of prolein molecular welght standards (x 107°) are indicated
on left.
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native HRR from HEY cells (finel concentration 0.5 ug/mt,
incubated with or without HRV3 (final concentralion 10

x 10 M); as indicated, and subjected io centrifugation as duseribod
mental Procadures. Irrelevant monocionss antibodies had no
binding {daia not shown). Pellets ware resuspendsed in SDS
ing|buffer, run on & 786-20% SDS-polyacryiamide gel, and
fluorography. Lane 1: one-tenth of the HAR added to reac-
 2--4: material pelleted from indicated reaction mixtures.

il

; tion of Virus-HRR Interaction
Components
rale the virus binding activity of the puritied

hn dir-driven cenirifuge. As can be saen in Figure
{(a rhinovirus that belongs to the major
p8) and #8-native HRR (prepared from HE1
bated together for 30 min at 37°C, approxi-
the iotal HRR couid be peifetad with the vi-

o Analysis of HRR Protein
could be obtained from Intact purified HRR
ing that it has a blocked amino terminus.

digestion tg p 1ce large protein fragmenits or smail pep-
tides, respettively. Discrete protein fragments from fimited
digestion were ‘by SDS-PAGE and electroblotted
onlo ami OfHFOR I-gia;s fiber fiters or polyvinylidene di-

isolated by reverse-phase chromatog-
ing. Eight unigue peptide sequences
& @xperiments are shown in Table 1. One

ghed, and 38 addhional residues were tanta-

; T‘he majority of the sequence information

was obtained|froin HRR purified from HE1 cells. In one

case two pepifdeg, ona from protein isolated from human
Lo

4

{Hela) cella {RP/T-4; not shown) and ona from HE1 mouse
transfectants (RP/LE-19), ylelded the same sequence
(FPLPIGESVTVTR) over 13 residues, providing further
evidence for the idantity of receptor protein from human
and transfectant sources.

These sequences were used o search the available
protein and nucleic acid sequence data banks. A maich
of all of the peptide sequences was made with an eniry
in the MIPSX (Martinsrieder institut fir Proteinsequen-
zen) data bage: ICAM-1 (Simmons et al., 1988). As can be
seen in Tabie 1, 100% of the confidently assigned amins
acid residues and 89% of the tentative assignments
metched exactly, providing strong avidence that the HRR
is the same as ICAM-.

HRAR Transfectants Contain and Express

the Human JCAM-1 Gene

Having determined an identity between the rhinovirus
recaptor peptide sequences and ICAM-1, two unique 47
base antisense oligonucieotides from the publishied ICAM-1
CDNA sequence were synthesized and used to probe a
Southern biot of human and transfeciant coll lings (Figure
7A). A singie hybridizing EcoRlI fragment of 48 kb was
present in HeLa and HE? transfactants but was absent in
untrahsfacted Ltk~ cells. This size is in agreement with
the data of Simmons et at. (1568), but ditfers from the 80
kb EcoRl fragment reportad by Staunton et al. (1988), pre-
sumably reflecting a polymorphism. To confirm the ex-
pregsion of the ICAM-1 gene in HRR transfactants, poly-
merase chain reaction (PCR) ampiification was petformed
on Hela, Ltk~, and HEt cDNA using primers derived
from the amino-termina! and carboxy-terminal coding
regions of the protein (Figure 78). A specific band with the
expected size of the iCAM-1 coding region (1612 bp) was -
amplitied from Hela and HE1 cells but was absent from
Ltk~ celis. A randomly primed ¢DNA library in Agti1 pre-
pared from HET poly(Ay* ANA was screened with two
47-mer oligonuclectide probes from the middle of the
ICAM-1 coding sequence. A positive clone, designated
A19.%, was ispiated that had an insert of 1.5 kb an addi-
tional ICAM-1 ¢DNA clone, pHRR2, was obtained by sub-
cioning the products. of PCR amplification (Figure 7B,
lane 3} into Bluescript. Both of these cDNAs were se-
quenced. The sequence of pHAR2 showed that it con-
{ainad the entire ICAM-1 coding sequence extending from
nuclectide 5810 1652 (according 10 the numbaring system
of Staunton ot al. {1988]) and was identical to the pub-
lished sequence except for the substitution of an A for a
G at position 1462, changing E-442 to K. The 119.1 inser,
which wag not full ishgth (cosresponding to nucleotidas
150 to 1638); was also Jaund to have this substitution, indi-
cating that the Afor-G substitution at position 1482 was
unliksly to be due to-an amplification error. Thase data {n-
dicate a 89.8% identity with ICAM-1 at the amino acid
lovei.

Discussion

The results presenisd in this communication aflow two
conclusions to be drawn. First, the “major” rhinovi




uman éhlnovlrua‘: Receptor

Sequence _
k dgt P ChT&E &VHUT ADLES -V R Ar
K DGTFP LPIGE SVTVT RDLEG TYLCR AR
408 , 433
k vYELS MVOED SaBM- YeN-P 1 gl--a
K VYELS NVQED SQPMC YSNCP DGQSTA
; ! 50 78
nmq}. « eiilh Ghivak
; K ELLLP GNNRK
P 40 50
RPI‘.E-‘J x kyhiLd QAbk
P K KYRALQ QAQK
} ! 483 492
. ens
APMZ | k gtPMk PNTOA
L K GTPMK PNTQA
. 482 502
EBIL#-M‘CI kK -LkhRE PAVGE PAEVY TeVLV rrd-h  ga-t
L k ELKRE PAVGE PAEVT TTVLY HRDHH GANF
Lo 128 167
' P tLEVD taatv V-&8L0 QLFPV sEA-V -1 -
A VLEVD TQ@TV VCSLD GLFPV SEAQV HLAL
i 198 227
nm.s%m k viLPR
K VILPR
8 13

i

i

The niimbeFing scheme of Staunton et al. (1988) rather than that of Simmans i 4l. (1968} Is used, beginning with Q as residue 1 of the mature

gcrytantide , respectively. LE of T indicatles cleavage with lysyl

protelri| (number 28 of franslatéd coding sequence of mANA)} bacayse it fits
. BP of EB In paptide cade names indicates that the peplide wes isolated by reverse-phase chromatography or sieciroblotting from SDS—poly-
endupeptidage or rypsin, respsctively. In many cases the given sequences
only.the lnngest is ahown. For sach peptide the gequence 8 given on the
ith the residue numbars Indicated undarneath. Uppercase letiers are confi-
% whict: two residues were obiained, and dashes Indicate no assignment

were dipter ined from more than one peptide; for the sake of clarity,
d the corresponding match with ICAM-1 is given below, wi
ts, [owercase latters are tentative assignments of cyties
The space after the first residue indicales the cleavage point of the anzyme,;
ity of the enzyms. Aslarisks above the peptide sequence indicate matches batwesn & confidentty aseigned rosidua and ICAM-1.

s more-closely the empirical signel peptidase rules (Von Heljne, 1983,

in ail cases the rasidue to the laft of the space is inferred

recepl r on Hel.a cella is a glycoprotein with an apparent
molecular mass of 95000 dattons. Second, this 85000
dalton protein s the same as ICAM-? (Simmons et

Y

belonging to the major receptor group. All of
these MADs teact with a cell surface protein on Hela cells
nt molecular mass of 95,000 daltons.

nefection of human genomic DNA Into
mousa Licells created a population of cells from which

transfecidnts with a rhinovirus binding phenotype could
be set sing virus labefing. These transfectants ex-
pressed \l surtace protein that reacted with MAb

tons. Findlly, purified 95,000 dalton protein binds specifi-

c78.4A Ehd has an apparent molecular mass of 95,000 dak-
cally o p! mT thinovirus, demonstrating that this protein
|

can serve as a receptor for rhinovirus in the absenca of

. any other cellviar componenis.

" it I8 quite likely that this protein end the 80,000 dalton
protein identified by Tomagsini and Colonno (1986) are the
same molecule. However, the number of virus binding
sites per cell reported by these worlasrs {12 x 10° per
Heba caliyis atteast 30-fold lower than the number of HRA
molecules reported here (6 x 10* per Hela call), based
on MAD binding, amount of HRR protein racovered from
cells, and radioactive virus binding (Forte and Greve, un-

-published results). The reason for this significant dis-
crapancy is unclear, '

The identification of the HRR as ICAM-1 is based pri-
marlly on the maich of HRR amino acid sequence data
and the predicted amino acid sequence of ICAM-1
deduced from the cDNA sequence. Out of 105 confidently
assigned residues, 100% matched exactly (219 of the to-
ta) ICAM-) sequence), and out of 36 tentative assign-
ments, 89% were correct. Other data also support the
identity of HRR with ICAM-1. The apparent molecular
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Figuje 7. ‘The ICAM-1 Gane and its Expression In the HET Transfectart

- cellg (lane 2), andd HE1 transfectan cells (lane 3) were re-
EcoRi and probed with a 47 base ofigonucisotide (ICAMY;
mental Procedures).
anslyais of PCR reactions: one-fitth of each PCR was
& 1A% agaroes gel, transfarred to GeneScreen, and probed
! oigonucisctide ICAMI. Primers specific to amino-

& and carboxytermingl nuclectide sequences were used as de-
scribed in Experimentsl Procadures. Lane 1: random-primed Hela
cDNA, 172 hr sxposure. Lane 2: random-primed Lk~ cDNA, 72 hr ex-
pasure. Lan‘b 2: random-primed HE1 cDNA, 50 min exposure,

1
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mass 4f the unplycosylated HRR and the astimated num-
yparagine-iinkad giycoaylation units are conaiatent
of Dustin et al. (1988) and the information
rom the sequence {Simmons et al., 1988;
on etial., 1388). Southarn bict analysis using ICAM-

n the human ICAM-i gene. PCR amplifica-
l:;t the ICAM-1 mRNA Is expressed in the HE1

da sequence essentially identical to that of

tructure will now aliow an examination of the role
pior in the pathogenesis of rhinovirus infaction.

First, the holecular basis of the high-affinity binding of vi-
rus to the Yecaptor can be investigated by a combination
of genetic|and- structural studies. A substantial amount
has been lparsed about the receptor binding site on the

viral capsiy (rviewed by Rossmann and Patmenberg,
1968), but the absence of detalled molecular information
about the recaptor molecule.until now has Uimited prog-
ress In th_is_'_' Second, conformafional changes in picor-
navitue cappidsocour as & result of interaction with recep-
tor (Holland,| 1962; Nobie-Harvey and Lonbesg-Holm, 1974)
and may be telated to membrane penetration (Chow et al.,
1987; Abrahgm dnd Colonno, 1988}; this phenomenon can

now ba studied at a biochemical and biophysical leve! with
a purified and biologically active receptor. Third, the pre-
cise rola of the receptor as a determinant of tissue tropism
remains unclear; the widespread tissue distribution of
ICAM-1 argues that celiular receptors ara not the only de-
terminant in vivo. In addition to considerations such as the
route of infection and the acid sensitivity of rhinoviruses,
it is possible that other factors may be Important in deter-
mining lissua tropism In viva, such as stimulgtion of ICAM-1
expression by immunoregulalory molecules (Pober et al.,
1988, 1987; Dustin et al., 1988).

ICAM-1 ig an integral membrane protein first identified
based on its role in adhesion of lsukocytas to T calls (Roth-
lein et al., 1888), which has bean shown to be mediated
by the heterotypic binding of ICAM-1 to LFA-1 (Martin and
Springer, 1967). Based on its widesproad tissue distriby-
tion and regutation in response to inflammatory cylokines,
it may be involved in cellular adhegion of many different
cell types. The primary structure of ICAM-1 has revealed
that it Is homologous to the cellular adhesion molecules
naural cell adhésion molecule (NCAM) and mylein-associ-
ated giycoprotein (MAG), and has led to the proposal that
it is & member of the immunoglobulin supargene family
(Simmons et al., 1988; Staunton et al., 1988}, The relation-
ship between the natural in vivo functions of this moleculs
and it function as a major rhinovirus receptor is at pres-
ant unhclear but merits intensive inveatigation.

We have mapped the HRR gene to human chromosome
19 by somatic cell ganetic techniques. Qther genes ¢od-
Ing for plcornavirus receptors have also been mapped 1o
human chromosome 19: the pofiovirus recapior (Medrano
and Green, 1873; Siddique et al., 1988), the coxsackie B
virus receptor (Couillin et al., 1867), and the echovirus
raceptor (Coutllin et al., 1987). Since the capsid proteins
of picornaviruses show a high degres of structurai conser-
vation, and since many plcornavirug receptors map 1o the
same human chromosoms, it is reasonable to speculate
that host celf rocepiors for different members of the picor-
navirus faraily might also be structurally related or belong
10 a gane family. Since the gene for the potiovirus receptor
has been cloned (Mendeisohn and Racanielio, parsonal
communication), it wit now be possible to compare the
structures of the two receptors and how two members of
the picornavirus famlly recognize their respective recep-
tors. In the same way that the comparative analysis pfthe
thres-dimensional structures of picomaviruses hap ad-
vanced our ungerstanding of their agsembly and interac-
tion with the host immune system (Rossmann et al., 1885;
Hogle et al., 1985; Luo et al., 1987), a comparative study
of picomavirus receptors may lead to & greater under
standing of the mechanism of tissue tropiam and host
range restriction in this important family of viruses.

Experimantsl Procedutes

Growth, Purification, snd Assay of Rhinovirus
Rihinoviruses HRVZ, HRVA, and HRV14 were obtained from the Amed:
can Wpe Cuiture Catiection, plaque purified, and isoiated from lyssss -
of imfected HuLe83 cails. Purified rhinovirus was prepased by polysth
yiene givoo! pretipation and suctose m%

fially by the method of Abraham and Colonno (1964).
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E anglysis of capsid proteins and by electron
was quantitaled by & limiting dilution infectivity
uﬂY geodng fo thic effect, essentially as described by Minor

pro|tasted for protective effects against HRV14 in-
. Hositive mice ware bocated by a final injection

umlforlhral 7 cails were then washed with PES, and a suffi-
cisnt amount of HF &dded lo give complete cylopathic effect
in 24-38 hr. Wells |hat ware positive (protected from infection) were
scored al 36 hr.

Transfection and rting

Cell cuiture and um phoaphale transfection. of Lik- celts were
performed as (McClelland et al., 1987). For labeling of trans-
fected celis with vi purifisd virus was rendered noninfectious by

gils {5 x 10% wsre incubated for 30 min at
o8 in 50 nl of DMEM, 2% serum. The cells
were chilled o
satyrating amounts

ort, Univarsity of Wi gin). After a final (ncubation with flucrescein-

ke |ga (Cappal Laboratories), the cells were
eparative cell sorting on a FACS IV (Becton-
porting of celis lebeled with MAD were per-
letland et al., 1987). Somatic cell hybrids

WAb Binding

21.1gG was incu witlt a single-cell suspension in DMEM, 2% fe-

ivity agsociated with the cell pellet. The
1gG (12 pgimi; 88 x 105 cpmiug) noeded
attained by dilution with unlabsled igG.
calculaied from the numbar of cells re-

carried out by incubating 50-100 i of
with 1 mg/ml bovine serum atbumin and 10
ng/mt human transferrin] with 5 ut of c78.4A IgG-Sepharosa or anti-
HARV14 1gQ-Sepharosa fr 1 bir at 4°C with ganile agitation. The resin
wag than washed extenstvety with L buffer and then efuted in 50 ul of
1% SDS. :

tion. Immunoabsorpt
ceil iysale, supplemen

Puritication of HRR

Hel.a or HE1 cells werg with L butfer with protease inhibitora
for 1 hr at §°C; the then filtered through 0.22 um Millipore
Gittgrs, The sxtract was rbgd (o wheat germ aggiilinin-Sepharcss
&ME (Sigma) in the batch for £-18 hr &1 4°C with gentle shaking

| equivalents). The resin was washed
010.3 M N-acetyiglucosamine at room
wes supplemented with 10 pg/mil hy-

{1 mt of packed resin per 10°
with L butfer and eluted in§
temperature for 1 r. The i

man transfenin and then adesorbed In the batch mode to c7844A
1gQ-Sepharose for 6-18 hir at 4°C (0.2 mi of packed resin per 107 cell
equivalents). The resin was washed in L butter and then eluted in 5
vois of 50 mM disthanolamine (pH 115), 0.1% Triton X-100 for 1 hw st
room temperature. The eluate (“native” recepior} was neutralized by
the adaition of 0.2 vl of 1 M HEPES (pH 7.2) and dialyzed exhaustively
against 10 mM HEPES (pH 75), 150 mM NaCl, 1 mM MgCl,, 1 mM
CaCly, 0.3% THton X100 (N butfer). Some preparations were sub-
jected 10 sedimentation through 5%-20% sucrose gradients in N
bufter (17 hr at 48,000 rpm in & Backman SWS50.1 rotor) to remove minor
high molecuiar weight contaminents. When necossary, receptor was
concantrated In Centricon-30 concentrators (Amicon). Alternativaly,
the resin was eluted with 1% SDS for 1 hr et room temperature and
lyophilized, and HRR was further purified by ge! filtration on a GF-450
column {Du Pont} equilibrated in 0.19 SDS, 10 mM ammonium bicar-
bonate {pH 7.5). Receptor protein was quantitated by comparison with
sevaral dilutions of the standard protelns on sliver-stained SDS—poly-
acrylamide gels and by amino acid analysis. [F3Sicysteine-iabsled
receplor was prapared in the same manner from HE1 cells (abeled for
24 hr in the presence of 100 pCl/mi (¥Slcysteine (967 Cilmmeol, New
England Nuclear) in cysteine-frae medium, Specific activity of the puri-
fled receptor was 2 x 10° cpming.

In Vitro Virus Binding Asssy

[**Sicystaine-fabeled native HRF was mixed with HRV3 in 100 pi of N
butfer, The mixture was incubated for 30 min at 37°C, cooled on ice,
layered on top of a cushion of 200 ul of 109% glycerat, 0.2 M tiethanola-
mine (pH 7.5), and centrifuged in a Beckman air-driven cenlrifuge at
134,000 x g 'for 30 min at 4°C. The top 275 pl was removed, end the
peliot was anaiyzed by SDS-PAGE and scintillation counting. Sitver-
staining of SOS gels of controt experimants indicated that sasenilally
all of the HAV3 is pelleted under thess condiiions and essentially all
of the HAR remains in the supemalant.

Receptor Protaln Fragmentation and Sequencing

Recepior protein was reduced and carboxymethylated by incubating
the receplor in 1% SDS wiih 10 mM DTT for 3 hr at 37°C followed by
addition of lodoacetic acid (approximately 2.5 molar excess ovet freo
sulthydryf) and incubation for 30 min at foom temperatuss. Recepior
was dialyzed against 0.05% SDS, 100 mM ammonium bicarbonata {pH
86), 1 mM CaCl; (for trypsin), or 0.05% SDS, 100 mM THs (pH 9.0) (for
lysyl endopeptidass). Approximately 1 nmol (60 ug) of HRR was
digested with 19 (whwt substrate) rypain (Sigme, EC 34.21.4) for &
hr at 37°C, or lysy! endopeptidase (Wako, EC 3.4.21.50) for 24 hr at 37°C
by the addition of 1% (wt/wt substrate) at 0 hr and 12 hr. Digestion was
terminated by the addition of trifluaroacetic acid to a final concentra-
tion of 136, and the reaction mixture was separated on a Brownlee C-18
column (ODS 5 um, 3cm x 2.t mm (.d.) using 8 Backman HPLC sys-
tem.

The paplides were efuted with & 09%-70% acetonitrite gradient in
0,19 trifluproacetic acid sl 0.2 mi/min; the ejute was monitored at 215
nm, Selected peaks were subjacted lo amino acld analysis and se-
quencing. In some instances nanreduced receplor protein was sub-
jectad to limited digestion with irypsin and lysyl endopeptidase in the
presance of 0.15b SDE, and discrets protein fragments were electro-
blotted onto aminopropyl-giass fiber filters (Aebersold et al., 1986)
or polyvinylidene difluoride mambranes {(Matsudalra, 1687) and se-
quenced. Protein sequencing was performed on an Applied Biosys-
tems madel 470A protein. sequancer (program G3CFPTH) with on-line
injection onto a madiel 120A PTH anatyzer with a C-18 reverse-phase
cofumn (220 mm x 2.1 mm id., 5 um), Data handling was performead
with Nelson Analyticat model 2600 chromatography software.

Oligonuclsotids Hybridizations, PCRa, ¢DNA Cloning,

and Nucledtide Sequancing

Sauthern blotting and oligonuclectide hybridizations ware parformed
axactly as described by Deviin ef al. (1988). Hybridizalions ware for 18
hr &t 45°C, and final stringent washes wera in 0.1x SSC at 85°C. Two
47 base antisense oligonuciaciides were synthesized from the pub-
lished ICAM-1 ssquencé {Stdunion et al., 1688; Simmons ot al., 1988},
having the sequances GAQGTGT TCTCAAACAGCTCCAGCCCTTRG-
GGACCGCABGICCAGTTC (ICAMY) and COCTGBCAGGACAAAGGT-
CTAGAGCTEGTAGGGAGCCGAQGTATTCT (ICAMI), PCRe ware pas-



formed using 100 ng of randomly primed single-siranded cDNA as
described by Saiki et at. (1988). Twenty-flve extension cycles were
performed for 4 min each at 72°C. Primers from the N- and C-terminal
coding regions of the ICAM-1 sequence were PCRS.1 (ggaaticATOG-
CTCCCAGCAGCCCCCGGCCC) and PCRA1 (ggasticTCAGGGAGG-
COTGACTTGTATGTT), respectively. (Uppercase letlers dencte (CAM-1
sequence, lowercase letiers restriction site inkers,) A randomly primed
cONA library was conatructed in Agtit from HEt poly(A)* RNA by
Clontech Laborataries, Palo Alta, CA. Double-stranded DNA sequenc-
ing of Bluescript (Stratagens) subclones was performad as described
by Toneguzzo et al. (1988).

Other Methods

SDS-PAGE was performed essentially as described by Laemmili
(1970). Silver staining was performed according to Morrissey (1981), ex-
copt that the formaldehyde fixation step was omitted. Fluorography
was performed with Amplify (Amersham), Hybridoma 1gG was isolated
froth ageites fluid of tumor-baaring mice by chromalography on an ABx
column (Baker) according to the manufacturers directions. MAb af-
finity columns were prepared by coupling IgG to CNBr-Sephatose 4B
to approx. 5 mg of IgG per mi of packed resin, according to Parham
{1983). Fab fragments of IgG were prepared as described by Greve and
Gottiied (1982). gG was labeled with 125] Bolon-Hunter reagent to &
specific activity of 1.8 uClipg.
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