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lymphocyte IgE receptor

Christoph Ludin, Hans Hofstetter, Marie Sarfatil,
Claude A.Levy, Ueli Suter, Danielle Alaimo,
Erich Kilchherr2, Heiner Frost2 and Guy Delespessel
Departments of Biotechnology and 2Biology, Ciba-Geigy Ltd., 4002 Basel,
Switzerland, and 1MRC Group for Allergy Research, Department of
Immunology, University of Manitoba, Winnipeg R3E OW3, Canada

Communicated by M.Birnstiel

Low-affinity receptors (FcER) and secreted factors (IgE-BF)
which bind to immunoglobulins of the IgE isotype play a key
role in the regulation ofhuman IgE synthesis. We report here
the cloning of a cDNA coding for the Fc,R of the human B-
lymphoblast cell line RPMI 8866. The nucleotide sequence
of this cDNA predicts a polypeptide with 321 amino acids and
a mol. wt of 36 281 daltons. A functional FcR capable of
binding IgE was expressed in Chinese hamster ovary cells
after stable transformation with the cDNA which had been
cloned into a mammalian expression vector. Amino acid se-
quence analysis of IgE-BF purified from RPMI 8866 cells
revealed an amino-terminal sequence of 19 residues which
coincides with the predicted amino acid sequence of the FcER,
starting at residues 148 and 150. A computer search with the
translated amino acid sequence of the FcER revealed a do-
main of 120 amino acids having striking homology to the
human asialoglycoprotein receptors.
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mol. wts of 45 and 65-96 kd. Both components bind to IgE-
Sepharose independently and react with all monoclonal antibodies
directed against FcER, suggesting that they have at least some
amino acid sequences in common (Nakajima and Delespesse,
1986). The present experiments were undertaken to isolate cDNA
clones which encode a human lymphocyte FcER. We have ident-
ified one type of cDNA coding for a protein which reacts with
FcER-specific monoclonal antibodies and binds to human IgE.

Results
Cloning of FcER cDNA
The human B-lymphoblastoid cell line RPMI 8866 which ex-
presses FcER (Sarfati et al., 1984a; Peterson and Conrad, 1985)
and secretes IgE-BF (Sarfati et al., 1984a) was used as the source
of poly(A) mRNA. This was fractionated on sucrose density
gradients and then injected into Xenopus laevis oocytes. After
overnight incubation, the synthesis of Fc>R was monitored by
allowing oocyte homogenate to react with Fc R-specific mono-
clonal antibodies in a radioimmunoassay. The 17S mRNA frac-
tion produced a strong signal (Figure 1). It was used to prepare
a cDNA library in a pUC9-based plasmid vector. Since no protein
sequence was available initially, the cDNA library was screened
by hybrid-selection and translation in X. laevis oocytes. One clone
(pCL1) was identified which hybridized to mRNA coding for
FcER. DNA sequencing revealed that the cDNA insert of pCL1
contained only 420 bp. It was used to prepare a radioactive DNA
probe in order to select by hybridization several additional clones
with longer cDNA inserts containing up to - 1500 bp.

Introduction
Immunoglobulins of the IgE isotype are responsible for the im-
mediate hypersensitivity reactions that occur in diseases such as
hay fever, allergic asthma and anaphylaxis (Ishizaka and Ishizaka,
1967). As shown in animal models, the production of IgE anti-
bodies is regulated not only by antigen-specific mechanisms but
also by isotype-specific and non-antigen-specific mechanisms
(Ishizaka, 1985). The latter are mediated by lymphocytes capable
of expressing low-affinity receptors for the Fc region of IgE
(Fc,R) and secreting IgE-binding factors (IgE-BFs), which may
selectively potentiate or suppress IgE synthesis. Similar mech-
anisms have been identified in human IgE regulation. Particular
B-cell lines bearing Fc,R were shown to produce IgE-BFs
capable of modulating the in vitro synthesis of human IgE (Sarfati
et al., 1984a,b). In particular, FcER and IgE-BF expressed by
the human B-lymphoblast cell line RPMI 8866 are structurally
related proteins which share several antigenic determinants and
which have identical peptide fragments after proteolytic digestion
(Delespesse et al., 1986b; Suemura and Kishimoto, 1986). These
results strongly suggest that human IgE-BFs are processed prod-
ucts of FcER.

Several different monoclonal antibodies have been prepared
which react with FcER on the B-cell line RPMI 8866 (Rector et

al., 1985). They have been used to identify, in the Nonidet-P40
lysates of RPMI 8866 cells, two main protein components with
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Fig. 1. Sedimentation analysis of human FcER mRNA. Poly(A) mRNA
isolated from RPMI 8866 cells was centrifuged through a 5-23% sucrose

gradient. RNA from individual fractions was injected into X. laevis oocytes
and the synthesis of FcER protein was measured in a radioimmunoassay.
rRNA from RPMI 8866 cells was centrifuged in a parallel tube as a size
marker.
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Fig. 2. Restriction map of the Fc R cDNA and the strategy for determining
the nucleotide sequence. The dark bar indicates the protein coding region;
the open bar indicates the untranslated region. Arrows show the extent of
sequencing of each segment.

Nucleotide sequence analysis
The nucleotide sequence of several cDNA inserts was determined
by the dideoxy chain termination method of Sanger et al. (1977).
Figure 2 shows the restriction map and sequencing strategy for
the longest cDNA insert (clone pCLA). The nucleotide sequence
and the translated amino acid sequence of the human lymphocyte
FcER protein are shown in Figure 3. The apparent large open
reading frame predicts a protein with 321 amino acids and a mol.
wt of 36 281 daltons. This result was confirmed by in vitro
translation ofRNA produced from the cDNA using the SP6 RNA
polymerase system (Melton et al., 1984; data not shown). These
findings compare favorably with the mol. wt of the natural human
FcER (Nakajima and Delespesse, 1986), estimated to be -45 kd.
The difference in mol. wt can be attributed to N- and 0-linked
glycosylations of the natural Fc5R protein. Note that one N-linked
glycosylation is predicted from the cDNA sequence at amino acid
position 63.
The predicted amino acid sequence of the FcER indicates no

characteristic signal sequence at the amino terminus commonly
found on membrane-bound or secreted proteins. Instead, the
hydropathy plot (Kyte and Doolittle, 1982) identified a very
hydrophobic region characteristic of membrane anchoring do-
mains between amino acid residues 24 and 44, preceded by
clusters of charged amino acids. Several other membrane pro-
teins which span the membrane only once are devoid of a signal
sequence, and consequently have an opposite membrane orien-
tation (N terminus inside/C terminus outside; Spiess and Lodish,
1986). By analogy, a similar arrangement is suggested for the
Fc5R protein.
Expression offunctional FcER
To assess the biological activity of the protein encoded by the
cDNA, the latter was expressed in cultured mammalian cells.
To this end, a 1257-bp cDNA fragment (nucleotide residues 82-
1338 of clone pCL4) was transferred into the plasmid pSVd, an
eukaryotic expression vector which contains the SV40 early en-
hancer/promoter, as well as SV40-derived splicing and poly(A)
signals (Figure 4a). This plasmid was mixed with the plasmid
pSV2neo carrying the neomycin selection marker (Southern and
Berg, 1982), and the mixture co-transfected into Chinese hamster
ovary (CHO) cells using the calcium phosphate precipitation

method. Several G418-resistant cell lines were selected and shown
to be recognized by Fc5R-specific monoclonal antibodies (Figure
4b).
The rosetting technique, a widely used method for the demon-

stration of low-affinity Fc receptors, was used to show expression
of functional Fc5R. The transformed CHO cells were incubated
with IgE-coated bovine erythrocytes. After gentle washing,

- 20% of the still adherent cells formed rosettes, including many
cells densely covered with erythrocytes (Figure 4c). No rosettes
could be observed with untransformed CHO cells, or with the
transformed cells pre-incubated with human IgE or FcER-specific
monoclonal antibodies. Pre-incubation with human IgA and IgG
had no inhibitory effect on IgE-rosette formation. Interestingly,
the culture supernatants of the transformed CHO cells contained
factors reacting in a radioimmunoassay with monoclonal anti-
bodies directed against the Fc5R and IgE-BF. It is most likely
that these factors are IgE-BFs.
FcER and IgE-BF share amino acid sequences
IgE-BF was purified from culture supernatants of RPMI 8866
cells in three steps. The resulting material migrated in the mol.
wt range of 24-26 kd on SDS -polyacrylamide gels (Figure Sa).
The protein was >90% pure as judged from the SDS -poly-
acrylamide gel. The amino-terminal sequence of this purified IgE-
BF was determined by gas phase sequence analysis. A double
sequence was obtained with one sequence starting two amino
acids later than the other. Seventeen amino acids were determined
and these matched the sequence deduced from the cDNA of the
Fc,R (Figure Sb). The two amino termini of the IgE-BF corre-
spond to the leucine residue at position 148 and the methionine
residue at position 150 of the deduced FcER amino acid sequence.
This result agrees with previous findings (Delespesse et al.,
1986b; Suemura and Kishimoto, 1986) which indicated that IgE-
BF is a cleavage product of membrane-bound FcER.
Amino acid sequence homology
The predicted amino acid sequence of clone pCL4 was compared
initially with the protein sequence database of the National Bio-
medical Research Foundation (NBRF, Washington) using the
programs ALIGN and SEARCH. This analysis revealed a long
domain of striking homology between residues 76-193 of the
chicken hepatic lectin (Drickamer, 1981) and residues 158-273
of the human Fc5R. The homology search was extended to in-
clude published sequences of rat (Holland et al., 1984) and human
(Spiess and Lodish, 1985) asialoglycoprotein receptors. Figure
6 shows the homology between residues 163 -282 of the human
FcER and residues 153 -276 and 177-300 of the human asialo-
glycoprotein receptors 1 and 2, respectively. 38% of the amino
acid residues in these regions are identical. Most interesting is
the finding that the cysteine residues are at identical positions,
suggesting similar folding of the homology domains.

Discussion
In this paper we reported the cloning of a cDNA coding for a
human lymphocyte Fc5R. Expression of the cDNA in CHO cells
showed that it codes for a functional membrane-bound receptor
capable of binding specifically to human IgE. These results sup-
port earlier biochemical studies and demonstrate that the human
lymphocyte FcER consists of a single polypeptide chain (Naka-
jima and Delespesse, 1986).
The translated amino acid sequence predicts a protein of 321

amino acid residues and a mol. wt of 36 281 daltons. Inspection
of its hydropathy plot revealed no obvious signal sequence at the
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AGTGGCTCTACTTTCAGAAGAAAGTGTCTCTCTTCCTGCTTAAACCTCTGTCTCTGACGGTCCCTGCCAATCGCTCTGGTCGACCCCAAC

ACACTAGGAGGACAGACACAGGCTCCAAACTCCACTAACCAGAGCTGTGATTGTGCCCGCTGAGTGGACTGCGTTGTCAGGGAGTGAGTGC

TCCATCATCGGGAGAATCCAAGCAGGACCGCCATG GAG GAA GGT CAA TAT TCA GAG ATC GAG GAG CTT CCC AGG AGG
Met Glu Glu Gly Gln Tyr Ser Glu Ile Glu Glu Leu Pro Arg Arg

CGG TGT TGC AGG CGT GGG ACT CAG ATC GTG CTG CTG GGG CTG GTG ACC GCC GCT CTG TGG GCT GGG CTG
Arg Cys Cys Arg Arg Gly Thr Gln Ile Val Leu Leu Gly Leu Val Thr Ala Ala Leu Trp Ala GLy Leu

CTG ACT CTG CTT CTC CTG
Leu Thr Leu Leu Leu Leu

CGG AAC GTC TCT CAA GTT
Arg Asn Val Serl Gln Val

TGG CAC TGG GAC ACC ACA CAG AGT CTA AAA CAG CTG GAA GAG AGG GCT GCC
Trp His Trp Asp Thr Thr Gln Ser Leu Lys Gln Leu Glu Glu Arg Ala Ala

TCC AAG AAC TTG GAA AGC CAC CAC GGT GAC CAG ATG GCG CAG AAA TCC CAG
Ser Lys Asn Leu Glu Ser His His Gly Asp Gln Met Ala Gln Lys Ser Gln

TCC ACG CAG ATT TCA CAG GAA CTG GAG GAA CTT CGA GCT GAA CAG CAG AGA TTG AAA TCT CAG GAC TTG
Ser Thr Gln Ile Ser Gln Glu Leu Glu Glu Leu Arg Ala Glu Gln Gln Arg Leu Lys Ser Gln Asp Leu

GAG CTG TCC TGG AAC CTG AAC GGG CTT CAA GCA GAT CTG AGC AGC TTC AAG TCC CAG GAA TTG AAC GAG
Glu Leu Ser Trp Asn Leu Asn Gly Leu Gln Ala Asp Leu Ser Ser Phe Lys Ser Gln Glu Leu Asn Glu

AGG AAC GAA GCT TCA GAT TGG CTG GAA AGA CTC CGG GAG GAG GTG ACA AAG CTA AGG ATG GAG TTG CAG
Arg Asn Glu Ala Ser Asp Leu Leu Glu Arg Leu Arg Glu Glu Val Thr Lys Leu Arg Met Glu Leu Gln

GTG TCC AGC GGC TTT GTG TGC AAC ACG TGC CCT GAA AAG TGG ATC AAC TTC CAA CGG AAG TGC TAC TAC
Val Ser Ser Gly Phe Val Cys Asn Thr Cys Pro Glu Lys Trp Ile Asn Phe Gln Arg Lys Cys Tyr Tyr

TTC GGC AAG GGC ACC AAG CAG TGG GTC CAC GCC CGG TAT GCC TGT GAC GAC ATG GAA GGG CAG CTG GTC
Phe Gly Lys Gly Thr Lys Gln Trp Val His Ala Arg Tyr Ala Cys Asp Asp Met Glu Gly Gln Leu VaL

AGC ATC CAC AGC CCG GAG GAG CAG GAC TTC CTG ACC AAG CAT GCC AGC CAC ACC GGC TCC TGG ATT GGC

Ser Ile His Ser Pro Glu Glu Gln Asp Phe Leu Thr Lys His Ala Ser His Thr Gly Ser Trp Ile Gly

CTT CGG AAC TTG GAC CTG AAG GGA GAG TTT ATC TGG GTG GAT GGG AGC CAT GTG GAC TAC AGC AAC TGG
Leu Arg Asn Leu Asp Leu Lys Gly Glu Phe Ile Trp Val Asp Gly Ser His Val Asp Tyr Ser Asn Trp

GCT CCA GGG GAG CCC ACC AGC CGG AGC CAG GGC GAG GAC TGC GTG ATG ATG CGG GGC TCC GGT CGC TGG

Ala Pro Gly Glu Pro Thr Ser Arg Ser Gln Gly Glu Asp Cys Val Met Met Arg Gly Ser Gly Arg Trp

ACC GAC GCC TTC TGC GAC CGT AAG CTG GGC GCC TGG GTG TGC GAC CGG CTG GCC ACA TGC ACG CCG CCA
Asn Asp Ala Phe Cys Asp Arg Lys Leu Gly Ala Trp Val Cys Asp Arg Leu Ala Thr Cys Thr Pro Pro

GCC AGC GAA GGT TCC GCG GAG TCC ATG GGA CCT GAT TCA AGA CCA GAC CCT GAC GGC CGC CTG CCC ACC
Ala Ser Glu Gly Ser Ala Glu Ser Met Gly Pro Asp Ser Arg Pro Asp Pro Asp Gly Arg Leu Pro Thr

CCC TCT GCC CCT CTC CAC TCT TGAGCATGGATACAGCCAGGCCCAGAGCAAGACCCTGAAGACCCCCAACCACGGCCTAAAAGC
Pro Ser Ala Pro Leu His Ser *

CTCTTTGTGGCTGAAAGGTCCCTGTGACATTTTCTGCCACCCAAACGGAGGCAGCTGACACATCTCCCGCTCCTCTATGGCCCCTGCCTTC

CCAGGAGTACACCCCAACAGCACCCTCTCCAGATGGGAGTGCCCCCAACAGCACCCTCTCCAGATGAGAGTTACACCCCAACAGCACCCTC

TCCAGATGCAGCCCCATCTCCTCAGCACCCCAGGACCTGAGTATCCCCAGCTCAGGGTGGTGAGTCCTCCTGTCCAGCCTGCATCAATAAA

ATGGGGCAGTGATGGCC(A)
n
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Fig. 3. Nucleotide sequence of the Fc R cDNA (clone pCIA) and predicted amino acid sequence of the Fc R protein. Clone pCL4 contains the longest cDNA

insert amongst the FcR-specific cDNA clones found. Nucleotides and amino acids are numbered at the right. The hydrophobic region encoding the putative

membrane anchor is indicated with a line below the amino acid sequence; the potential site for N-glycosylation is boxed; the poly(A) signal is underlined.

amino terminus, although the Fc>R is anchored in the cytoplas-
mic membrane. The Fc R shares this unusual feature with several
other membrane-bound proteins which span the membrane only
once (Spiess and Lodish, 1985). In particular, the human asialo-
glycoprotein receptor 1 has been shown to have an unusual mem-
brane orientation, having the C terminus outside and the N
terminus inside the cytoplasmic membrane (Spiess and Lodish,
1986). By comparison, this arrangement predicts that the FcER
has a cytoplasmic amino-terminal domain of 23, mainly hydro-
philic, amino acid residues. The neighbouring region of amino
acid residues 24-44 shows a high degree of hydrophobicity
which is indicative of membrane-spanning domains. This leaves
the main body of the FcER, from amino acid residue 45 to the
carboxyl end, to form the extracellular domain, which binds to

IgE and which is most probably cleaved off to become soluble
IgE-BF.

In addition to the unusual orientation in the membrane, the
translated amino acid sequence of the human FcER was found
to share a long domain of homology with the human asialoglyco-
protein receptors 1 and 2. Asialoglycoprotein receptors are cell
surface proteins of hepatocytes and they bind to galactosyl-
terminal glycoproteins. The homology domain spans a continuous
sequence of 119 amino acids (residues 163-282) of which 42
are identical in the three proteins. Most remarkably, the posi-
tions of the cysteine residues are constant. In addition, two cys-

teine residues delimit the homology region. The similar spacings
between three constant cysteine residues at each end of the
homology domain are reminiscent of an inverted repeat. This
suggests the formation of disulfide bridges between cysteine
residues 163 and 282, 174 and 273 and 191 and 259. The exten-
sive amino acid sequence homology together with the unusual
membrane orientation are in keeping with the fact that IgE is

Cloning of human lymphocyte IgE receptor
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Fig. 4. Expression of functional Fc R in CHO cells stably transformed with the expression plasmid pSVd-ER. (a) Construction of the expression plasmid
pSVd-ER. The coding and non-coding regions of the Fc R cDNA are shown as black and white boxes; the SV40-derived control elements are hatched
(enhancer and promoter) or dotted [splicing and poly(A) signals]; sequences derived from plasmid pBR322 are indicated by a single line. (b) Detection of

Fc,R proteins on transformed CHO cells by staining with peroxidase. Control (1) and transformed (2) CHO cells were fixed with glutaraldehyde and
incubated successively with FcER-specific monoclonal antibodies and rabbit anti-mouse antibodies coupled to peroxidase. Bar represents 10 jtm.

(c) Visualization of functional Fc R by rosetting with IgE-coated bovine erythrocytes. IgE-rosette formation with control (2) and transformed (1,3,4) CHO
cells after pre-incubation with BSA alone (1,2) or BSA supplemented with IgE (3) or FceR-specific monoclonal antibodies (4).
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Fig. 5. Purification and N-terminal sequence analysis of IgE-BF.
(a) SDS-polyacrylamide gel (12.5%) of IgE-BF isolated from RPMI 8866
supernatant. Lane A, mol. wt markers; lane B, purified IgE-BF. Numbers
to the left give mol. wt (kd) of marker proteins. (b) Comparison of amino
acid sequences of IgE-BF and Fc R. The amino acid sequence of the Fc R
(top line) was deduced from the nucleotide sequence shown in Figure 3.
Amino acid sequence analysis of IgE-BF produced two amino ends (lower
lines) displaced by two residues. x represents non-determined residues.

ASGP receptor 1

Fc£ receptor

ASGP receptor 2

* *0

153 CPVN VEHERS YWSRSG ADADNY CRLE

163 CP K INFQRKCYY GKGTK Q VHARYACDM

177 CPVN EH GSCYWFHSGKAWEAIEKY CQLE

DAH VVVT EQK VQH IGPVNT L--H NGPWK VDG DYEPGFKFFI

EGQ VSIH EQ D LTKHASHTGS IGLRNLDLKGEFI VDG--SHVDYS WAP

NAHLV INS EQK IVCHTNPFNT IGL -TD D WK VDG YRHNY

EQ DDWYGHGLGG HFTDD RWNDDV C -PYR VC 276

GE ----TSRSQ EDCV MRGS RWNDA DC LGA VC 282

TC DNWHGHELGGS DCEVQPDGRWNDDFC -LQVYREWVC 300

Fig. 6. Amino acid sequence homology between the human Fc,R and the

human asialoglycoprotein receptors. Amino acids are boxed which are

identical in the sequences of the FcER and the human asialoglycoprotein

(ASGP) receptors 1 and 2. Cysteine residues present in all three sequences

are marked with a filled circle above the boxes. Numbers on both sides of
the amino acid sequences indicate the positions of the homology regions.

a heavily glycosylated immunoglobulin (Ishizaka, 1973), and sug-

gest that homologous structural domains are used by functionally
distinct receptors binding to glycoproteins.
The data presented here, together with our previous results,

strongly suggest that soluble IgE-BF is derived from membrane-

bound FcER by proteolytic cleavage. Alternative splicing of pri-
mary RNA transcripts would be another mechanism to account
for the findings that FcER and IgE-BF react with the same mono-
clonal antibodies and that they have at least partially overlapping
amino acid sequences. Four experimental results argue in favour
of proteolytic cleavage. First, we have isolated a dozen indepen-
dent plasmids carrying Fc,R-specific cDNA inserts by hybridiz-
ation with the cDNA insert shown in Figure 3. Restriction enzyme
analysis and partial nucleotide sequencing revealed only one type
of cDNA corresponding to the one shown in Figure 3. Second,
translation of size-fractionated mRNA showed that only the 17S
fraction led to the synthesis of proteins which reacted with the
monoclonal antibodies directed against FcER and IgE-BF (Figure
1). Third, the leucine and methionine residues found at the amino
terminus of the purified IgE-BF are on the carboxyl side of a
lysine and an arginine residue at positions 147 and 149 of the
FcER sequence, respectively (Figure 5b). This suggests the action
of a protease with trypsin-like specificity. Fourth, the disappear-
ance of FcER from surface-iodinated RPMI 8866 cells is associ-
ated with the appearance of IgE-BF in the culture supernatant
(G.Delespesse, unpublished results).

Recently, Martens et al. (1985) reported the cloning of a cDNA
coding for rodent IgE-BF produced by a rat-mouse T-cell hy-
bridoma that was capable of regulating rodent IgE synthesis. The
nucleotide sequence of the cDNA described by these authors has
a strong homology to the gag and pol genes of the Syrian hamster
intracisternal A particle, an endogenous retrovirus (Martens et
al., 1985; Toh et al., 1985; Moore et al., 1986). Furthermore,
it codes for a secreted protein devoid of an obvious membrane
anchoring domain. The protein sequence derived from the cDNA
sequence reported here shows no sequence homology with the
rodent IgE-BF. Hence, the two proteins seem unrelated and it
is suggested that there might exist at least two types of IgE-BF,
coded for by two different genes. One IgE-BF would be a pro-
cessed product of the surface Fc,R, whereas the other one would
be a secreted protein. Since the IgE-BF cDNA described by
Martens et al. (1985) is of T-cell origin, whereas the cDNA
described in this study is of B-cell origin, it could be argued that
T- and B-cells may employ different genes and effector molecules
to achieve the same biological function. This possibility, however,
seems unlikely since it was shown that the monoclonal antibodies
which react with Fc,R and IgE-BFs of B-cell origin also bind
to the same proteins expressed on or derived from T-lymphocytes
(Sarfati et al., 1986; Delespesse et al., 1986a).
The availability of the cDNA clone coding for the human lym-

phocyte FcER will allow detailed analyses of the membrane-
bound Fc,R as well as of the soluble IgE-BFs. It will also provide
the means to study molecular mechanisms of human IgE synthe-
sis for a better understanding and treatment of allergic diseases.

Materials and methods
Preparation of size-fractionated mRNA
RPMI 8866 cells were grown in tissue culture flasks in RPMI 1640 medium sup-
plemented with 15% FCS, 100 units/ml penicillin and 100 Ag/ml streptomycin
to a cell density of -2 x 106 cells/ml. Total RNA was isolated from 5 g of
cells by the guanidinium thiocyanate-CsCl (Glisin et al., 1974) method and
poly(A) mRNA was purified by oligo(dT)-cellulose chromatography (Aviv and
Leder, 1972). The niRNA (130 ug) was dissolved in 1 mM EDTA, heated to
70°C for 3 min and fractionated on a 5-23% linear sucrose gradient in 0.1 M
NaCl, 10 mM Tris- HCI pH 7.5, 1 mM EDTA and 0.5% SDS by centrifuga-
tion at 41 000 r.p.m. for 5 h in a Kontron TST41 rotor. RNA from individual
fractions was precipitated with ethanol, dissolved in water at a concentration of
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0.5 mg/ml and assayed for Fc,R mRNA by injection into X laevis oocytes. After
40 h incubation at 20°C, the oocytes were homogenized and the cleared
homogenate assayed for Fc,R receptor in a radioimmunoassay, essentially as
described previously (Sarfati et al., 1986). Briefly, a 96-well microtiter plate was
coated with a first monoclonal antibody raised against the Fc,R receptor protein
onto which the oocyte homogenate was adsorbed, followed finally by a second
1251-radiolabelled monoclonal antibody directed against Fc.R. Bound 125I was
determined in a -y-counter.
Molecular cloning and DNA sequencing
2.8 jig of single-stranded cDNA was synthesized from 6 14g mRNA of fraction
15 in Figure 1, elongated by dCMP residues and finally converted into double-
stranded cDNA by using oligo(dG)12-18 as primer for DNA polymerase I
(Klenow fragment). The double-stranded cDNA was elongated with dCMP
residues and molecules longer than 1300 bp were selected by electrophoresis
through a1 % agarose gel. The size-selected cDNA was inserted into the PstI
site of the plasmid pUC-KO by the standard G/C-tailing method. pUC-KO is
a derivative of pUC9 wherein the lac promoter and operator have been deleted
between the HaeH restriction site just upstream of the lac promoter and the Hin-
dIlI restriction site within the polylinker. After transformation of Escherichia coli
HB101 by the hybrid plasmids, - 4500 colonies were screened by hybrid selec-
tion and frog oocyte injection (Nagata et al., 1980). Individual colonies were
grown to saturation in 2ml LB broth. Groups of 96 cultures were pooled and
the plasmid DNA was isolated. From each pool, 100,tg of alkali-denatured plasmid
DNA was bound covalently to APT cellulose and hybridized overnight with total
mRNA isolated from RPMI 8866 cells (Seed, 1982; Odink et al., 1984). The
hybridizedmRNA was eluted, twice precipitated with ethanol and injected into
X. laevis oocytes. The oocyte homogenates were tested for Fc,R in a radioim-
munoassay as described above. After screening of -50 pools, one pool gave
a positive signal. Its 96 colonies were divided into 12 new pools of eight col-
onies and rescreened. Finally, a single colony containing a Fc R cDNA was iden-
tified (clone pCLI). It was used to screen the remaining cDNA library by
hybridization. Several additional clones with longer cDNA inserts were found.
Their nucleotide sequence was detenmined by the dideoxy chain termination method
(Sanger et al., 1977) after subcloning of DNA restriction fragments into M13
bacteriophage derivatives mp8 and mp9.
Expression of Fc,R cDNA in CHO cells
A 1257-bp HinclIRsaI DNA fragment obtained from the Fc,R cDNA (nucleotide
positions 82-1338) was inserted into the HincIl site within the polylinker of
plasmid pSP64 (Melton et al., 1984). This construction added a HindIll and a
BamHI site to the 5' and 3' end of the Fc,R cDNA, respectively. Partial cleavage
with HindIll and complete cleavage with BamHI restriction endonucleases pro-
duced a 1284-bp DNA fragment which was inserted between the HindIII and
BgIII sites of plasmid pSVd, thereby yielding the expression plasmid pSVd-ER.
The plasmid pSVd was derived from plasmid pSVneo291 (Asselbergs et al.,
1986) by cutting with SmaI and Bglll restriction endonucleases and replacing the
released DNA fragment with a BglII-oligonucleotide linker. 10 jig of pSVd-ER
and 1 jig of pSV2neo plasmid DNA (Southern and Berg, 1982) were co-precipi-
tated with calcium phosphate and used to transfect sub-confluent CHO cells
(dhfr--mutant DXB-1 1; Urlaub and Chasin, 1980). The transformed cells were
maintained in a-MEM medium supplemented with 5% fetal calf serum, gen-
tamycin and 0.5 mg/ml G418. After 2 weeks, G418-resistant colonies grew out.
Several colonies were picked and enlarged individually. FcER was visualized by
successive incubation of glutaraldehyde-fixed cells with Fc R-specific monoclonal
antibodies (10 jig/ml) at 37°C for 1 h, and rabbit anti-mouse antibodies coupled
to peroxidase (Dakopatts P260; 1:50) at 37°C for 1 h. One positive colony was
selected and established as a permanent Fc R-bearing cell line. IgE-specific
rosettes were prepared essentially as described for Fc,R-positive lymphocytes
(Sarfati et al., 1984a; Yodoi and Ishizaka, 1980). Briefly, - 104 CHO cells were
seeded per well of a 96-well microtiter plate. After 2 days, the cells were wash-
ed and incubated for 2 hon ice with phosphate-buffered saline(PBS) supplemented
with 3% bovine serum albumin alone, or in addition supplemented with human
IgE (1 mg/ml) or Fc R-specific monoclonal antibodies (20 jig/ml). Bovine
erythrocytes coated with human IgE were added and sedimented onto the CHO
cells by centrifugation at 200 g. After incubation on ice for 2 h, unbound
erythrocytes were removed by gentle washing.
Purification and N-terminal sequence analysis of IgE-BF
Ten litres of culture supernatant from RPMI 8866 cells were filtered through
a 20 ml column of Affi-Gel 10 (Bio-Rad) coupled with Fc R-specific monoclonal
antibodies. After extensive washing with PBS, the bound material was eluted
with 50 ml 0.1 M glycine-HCl (pH 2.6). Fractions were collected in tubes con-
taining an equal volume of 1 M Tris-HCl (pH 8.0) and 0.5% Tween 20. IgE-BF-
containing fractions (as assayed by radioimmunoassay) were pooled, dialyzed
against 10 mM Tris-HCl (pH 7.4) and loaded on a SynChropak AX 300 anion-
exchange column (SynChrom Inc.). After washing the column with 10 mM
Tris-HCI (pH 7.4), the protein was eluted with a gradient of 0-1 M NaCI.

Fractions containing IgE-BF were collected into 0.1% octylpyranoglucoside
(Sigma) and concentrated by lyophilization. Reversed-phase chromatography was
performed on a SynChropak RP-4 (SynChrom Inc.) column in 0.1 % trifluoroacetic
acid (TFA)/5% acetonitrile. IgE-BF was eluted by applying a gradient of 5-54%
acetonitrile in 0.1 % TFA during 30 min at a flow-rate of 0.5mil/min. Fractions
were collected into 0.05% SDS and assayed for IgE-BF with the radioim-
munoassay. The purity of the material was analysed by SDS-polyacrylamide
gel electrophoresis (Laemmli, 1970). The N-terminal amino acid sequence was
analysed with a positive-phase protein sequencer model 470 (Applied Biosystems)
according to the method of Hunkapillar and Hood (1983).
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