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ABSTRACT The high-affinity IgE receptor present on
mast cells and basophils is responsible for the IgE-mediated
activation of these cells. The current model for this receptor
depicts a four-subunit structure, a43y2. A cDNA for the a
subunit was recently cloned and predicts a structure consisting
of two homologous extracellular domains, a transmembrane
segment, and a cytoplasmic tail. Using a synthetic oligonucle-
otide corresponding to the amino-terminal sequence of the a
subunit, we identified a number of cDNA clones from a rat
basophilic leukemia cell cDNA library. Nucleotide sequencing
established four different forms of cDNA: one is nearly
identical to the published cDNA; the second differs from the
first in the 5' untranslated sequence; the other two forms use
either one or the other ofthe 5'-end sequences as above and lack
163 base pairs in the region coding for the second extracellular
domain. RNase protection analysis with radioactive RNA
probes established the heterogeneity of rat basophilic leukemia
cell mRNA with regard to both the 5' and the internal
sequences. Our results suggest the existence of at least four
different protein forms related to the a subunit of the high-
affiity IgE receptor.

The high-affinity IgE receptor (FcER-I, which recognizes the
Fc region of IgE) present on mast cells and basophils is a key
component involved in IgE-mediated hypersensitivity reac-
tions (1). Crosslinking of receptors with IgE-antigen com-
plexes or anti-receptor antibodies leads to a series of cellular
biochemical events culminating in the release of a variety of
chemical substances responsible for the clinical manifesta-
tion of hypersensitivity. The study of IgE-mediated activa-
tion of mast cells and basophils has contributed to our
understanding of the mechanisms of immediate hypersensi-
tivity reactions and has provided a model system for the study
oftransmembrane signaling by receptor aggregation and ofthe
cascade of events involved in cellular activation (2).

FcER-I has been extensively characterized biochemically
(3) and a tetrameric af3y2 structure has been proposed (4): the
a subunit is a glycoprotein ofMr 45,000 that is exposed on the
extracellular surface; the 83 subunit (Mr 33,000) and the 'y
subunit (Mr 6000) are hydrophobic and are located on the
inner portion of the plasma membrane. The a subunit of the
receptor by itself accounts for IgE-binding activity, but the
roles of the ,B and y subunits in the assembly and function of
the receptor are unknown. Both the ,/ and the 'y subunits are
necessary for reconstitution of FcER-I in model membranes
(5), suggesting a possible supportive role of these subunits in
the expression of the receptor on the cell surface.
The amino acid sequence of the a subunit of FcER-I

(FcER-Ia) has been deduced through cDNA cloning (6) and
predicts a 180-amino acid extracellular portion with two
homologous domains, a 20-amino acid transmembrane seg-

ment, and a 27-amino acid cytoplasmic carboxyl terminus.
The identity of the cloned cDNA was confirmed by corre-
lating the predicted protein sequence with the sequences of
a number of peptic fragments of FcER-Ia (6). In addition,
antibodies to synthetic peptides corresponding to portions of
the predicted sequence were found to recognize native
FcER-Ia (7). FcER-Ia shares significant sequence homology
with an IgG receptor for which cDNA has been cloned and
sequenced (8-10).
We prepared a synthetic oligonucleotide corresponding to

a portion of the published sequence of FcER-Ia and used it to
screen a rat basophilic leukemia (RBL) cell cDNA library. By
sequence analysis we found structural heterogeneity of
cloned cDNA at both the 5' end and an internal region.* The
existence of specific RBL cell mRNA corresponding to these
various forms was confirmed by RNase protection analysis.
The results predict the existence of at least four different
protein products related to FcER-Ia.

MATERIALS AND METHODS
cDNA Cloning, Screening, and Sequencing. The RBL cell

line (11) was provided by H. Metzger (National Institutes of
Health). Extraction of total cytoplasmic RNA from RBL cells
by the phenol/chloroform method and isolation of poly(A) +
RNA by oligo(dT)-cellttlose affinity chromatography have
been described (12). A cDNA library was prepared (13) from
RBL cell mRNA. Escherichia coli MC1061 transformants
were screened by colony hybridization (14) with a 32P-labeled
30-mer oligodeoxyribonucleotide (3'-AGACATCACAGGA-
ACCTGGGTGGCACCTAA-5') corresponding to nucleo-
tides 108-137 of the FcER-Ia cDNA sequence previously
reported (6). Hybridization was at 45°C in 0.75 M NaCl/75
mM Tris'HCl, pH 8.0/5 mM EDTA/0.04% bovine serum
albumin/0.04% Ficoll/0.04% polyvinylpyrrolidone/0.1%
NaDodSO4 containing 100 ,ug of heat-denatured, sonicated
salmon sperm DNA per ml and was followed by washing at
65°C in 0.03 M NaCl/3 mM sodium citrate, pH 7.0/0.1%
NaDodSO4 and autoradiography. DNA was sequenced by
dideoxy chain-termination (15) with modified phage T7 DNA
polymerase (Sequenase; United States Biochemical, Cleve-
land) and by chemical cleavage (16).
RNase Analysis with RNA Probes. Restriction fragments of

one of the cDNA clones (R8-2b) were cloned into plasmid
pSP64 or pSP65, and 32P-labeled RNA was synthesized as
described (ref. 17; Ribosystem II, Promega Biotec, Madison,
WI) and purified by electrophoresis in a 5% acrylamide gel.
Hybridizations were performed by mixing 5 x 105 cpm of
32P-labeled RNA probe with 1 ,ug ofRBL cell poly(A) + RNA

Abbreviations: RBL, rat basophilic leukemia; FceR-I, high-affinity
IgE receptor [which recognizes the Fc ("crystallizable fragment")
region of IgE]; FcER-Ia, a subunit of FceR-I.
*The sequences reported in this paper are being deposited in the
EMBL/GenBank data base (IntelliGenetics, Mountain View, CA,
and Eur. Mol. Biol. Lab., Heidelberg) (accession no. J03811).
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in 30 ,ul of hybridization solution [80% (vol/vol) formamide/
400 mM NaCl/40 mM Pipes, pH 6.4/1 mM EDTA). The
solution was heated at 85°C for 10 min and then immediately
transferred to 50°C and incubated for 10 hr. After hybridiza-
tion, the mixture was treated with RNase A (40,ug/ml) and
RNase T1 (2 ,ug/ml) in 350 ,1l of 300 mM NaCI/10 mM
Tris-HCI, pH 7.5/5 mM EDTA at 15°C or 30°C for 0.5-2 hr
(the specific temperature and time are indicated in the legend
of Fig. 2). Digestion was terminated by adding 10 ,ul of 20%
(wt/vol) NaDodSO4 and 2 ,ul of a 25-mg/ml solution of
proteinase K, and the mixture was further incubated for 15
min at 37°C. After phenol/chloroform (1:1, vol/vol) extrac-
tion, RNA was precipitated together with 5 ,ug of carrier
tRNA, washed with 70% (vol/vol) ethanol, and electropho-
resed in a 6% acrylamide/8 M urea gel.

RESULTS

Structural Heterogeneity of cDNA at the 5' End. A 30-mer
corresponding to the nucleotide sequence (6) coding for the
first 10 amino acids ofthe mature FceR-Ia was used to screen
a cDNA library derived from RBL cells. From =7 x 105
colonies, 73 positive clones were identified, from which 18
were randomly selected for further analysis. The cDNA-
insert length for all 18 clones ranged from -'1000 to -'1200
base pairs (bp). Two ofthe longer ones (R8-2b and R3-3) were
sequenced for comparison with the published (6) FcER-Ia
cDNA sequence.
The sequence of clone R8-2b was found to be nearly

identical with the FcER-Ia cDNA sequence (Fig. 1); how-
ever, the two sequences differ at the 5' end, resulting in two
distinct 5' untranslated sequences and different translation
initiation sites. The initiation codon used in the published

cDNA and an additional 46 bp coding for a major portion of
the predicted signal-peptide sequence are not present in clone
R8-2b. Instead, the first potential initiation codon in clone
R8-2b corresponds to that of the third-to-the-last amino acid
of the signal peptide of FceR-Ia. Clone R8-2b also contains
an additional 98 bp of 3' untranslated sequence that contrib-
utes a third AATAAA poly(A)-addition signal (Fig. 1).

In addition to the above sequence divergence, there are a
few minor sequence differences between clone R8-2b and the
published FceR-Ia clone (see legend to Fig. 1). The most
significant of these is the omission ofan adenine residue after
nucleotide position 848, resulting in a glycine residue at the
carboxyl terminus (GGT codon followed immediately by a
termination codon) instead of the -Arg-Leu-Lys-Pro-Asn-Ser
sequence reported previously (6).

Identification of a cDNA Clone with Deletion of an Internal
Sequence. Another clone, R3-3, differed slightly from R8-2b
by restriction endonuclease mapping. Complete nucleotide
sequence analysis of this clone revealed the deletion of an
internal sequence (163 bp) coding for a major portion of the
second extracellular domain of FceR-Ia. The deleted se-
quence contains GT and AG dinucleotides at its 5' and 3'
ends, respectively, and thus appears to be a possible intron-
like sequence. Significantly, the deletion results in alteration
of the reading frame with a new termination codon 101 bp 5'
to that found in R8-2b (Fig. 1). This results in a new sequence
of 17 amino acid residues at the carboxyl terminus of the
predicted R3-3 protein and a loss of the transmembrane
sequence of FceR-Ia. Thus, the R3-3 protein contains 137
amino acid residues instead of the 225 found for R8-2b. In
addition, the predicted sequence lacks a long stretch of
hydrophobic sequence. The 5'-end sequence of clone R3-3 is
identical to that of R8-2b and is different from that published
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AAA TGG ATC CAC AAT GAT AGC ATC TCT AAT GTG AAA TCG TCA CAT TGG GTC ATT GTG AGT
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GCC ACC ATT CAA GAC AGT GGA AAA TAC ATA TGT CAG AAG CAA GGA TTT TAT AAG AGC AAA
Ala Thr Ile Gln Asp Ser Gly Lys Tyr Ile Cys Gln Lys Gln Gly Phe Tyr Lys Ser Lys

CCT GTG TAC TTG AAC GTG ATG CAA GAG TGG CTG CTG CTC CAA TCT TCT GCT GAC GTG GTC
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I
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CGT TGG CTA CAA CTC ATT OTTCAATAGOTG GCG TGTOAAAGGAOAOTTGTTG GAC ACT GGG
Arg Trp Leu Gln Leu Ile Phe Pro Ser Leu Ala Val Ile Leu Phe Ala Val Asp Thr GAly
Val Gly Tyr Asn Ser Phe Ser His His Trp Arg

TTA TGG TTC TCA ACC CAC AAA CAG TTC GAA TCC ATC TTG AAG ATT QAG AAG ACT GGA AAA
Leu TxvPh Ser Thr His Lys Gln Phe Glu Ser Ile Leu Lys Ile Gln Lys Thr Gly Lys

GGC AAA AAA AAAb GGT TGAAACCTAACTCTTAACCAAGGTATATAAAGGAACTAATGTCATCGCTTAAGAGACAA
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TTCTTAACAATTATTTCCCACAGTATCTTCAATAGCCTTTCAACTGTCAAAGGACACTCATGTTATCCATAGAAATGTC
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AATAAACAC
AAGTATGGAATCATGTAGAAT TZTTTAC

A FIG. 1. Nucleotide sequence and predicted
amino acid sequence of various forms of FceR-

176 Ia cDNA. The top seven lines include 5' un-
translated sequence and leader-coding sequence
of the various FcER-Ia-related cDNAs. Lines a,
clones R8-2b and R3-3; lines b, the published
cDNA (6); lines c, clones R34 and R6-1 (the first

236 nucleotide for R34 is 31 nucleotides down-
stream of R6-1). The eighth and ninth lines
represent deduced amino acid sequences from

296 the nucleotide sequences in the sixth and sev-
enth lines, respectively. From the tenth line

356 down are the nucleotide and amino acid se-
quences corresponding to clone R8-2b. Colons

416 indicate nucleotide sequence identity, and stars
amino acid identity, with the sequence immedi-

476 ately above; dashes represent gaps introduced
for alignment. The initiation codons of the

536 various forms are underlined and the putative
initiation methionine for R8-2b is italicized. The

596 putative transmembrane domain (amino acids
184-203) is underlined. Nucleotide sequence at

656
the 3' end not previously found in FcER-Ia (6) is
underlined. Other differences between clone
R8-2b and the published FcER-Ia cDNA se-

716 quence: base 770 is cytosine instead of thymine
(silent mutation); base 827 is guanine instead of

776
cytosine, resulting in prediction of lysine instead
of asparagine; an adenine residue is omitted after
nucleotide 848, resulting in a change in the

836 carboxyl-terminal sequence of the protein (see
text); thymine is omitted after nucleotide 1085;
CATTT is omitted after nucleotide 1089. The

910 sequence deleted from clones R3-3 and R6-1
cDNA is boxed. The change in amino acid

989 sequence downstream of this deletion due to the
1467 change in reading frame is indicated in italics.
1179 Numbers at right refer to nucleotides.

a)

b)
C)

ATGGAGGAGGCTAGAGGAAAGAGAGCT(
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for FcER-Ia cDNA (6). Thus, both the R3-3- and the R8-2b-
predicted protein lack a signal peptide.

Presence of at Least Four Different Forms ofFceR-Ia cDNA.
The isolation of two cDNA clones containing structural
features distinct from the published cDNA sequence
prompted us to survey other cDNA clones for the existence
of additional forms. Oligonucleotide probes corresponding to
FcER-Ia sequences (6) in the predicted signal peptide, extra-
cellular domain 2, and cytoplasmic tail were synthesized and
used to analyze the 18 cDNA clones mentioned above by dot
blot hybridization. The cDNA clones fall into four groups
(Table 1). Four clones represented by R8-2b lack the se-
quence coding for the signal peptide; clone R3-3 is unique in
that it also lacks the sequence recognized by the extracellu-
lar-domain-2 probe. Twelve of the 18 clones, represented by
R3-4, were found to hybridize with all probes and were
considered to correspond to the published sequence. One
clone (R6-1) hybridized with the signal-peptide probe but not
with the extracellular-domain-2 probe. This result suggests
that clone R6-1 contains the 5'-end signal sequence of
FcER-Ia but has an internal deletion analogous to that of
R3-3.
The 5' portions of clones R3-4 and R6-1 were subsequently

sequenced (Fig. 1). Both clones have a 5' untranslated
sequence and an amino-terminal signal-peptide sequence
nearly identical to the published sequence. Internal regions of
clone R6-1 were also sequenced, and the results confirm the
deletion of an internal sequence, identical to that deleted in
R3-3. Sequencing of internal regions of clone R3-4 confirmed
its identity with the published sequence of FceR-Ia cDNA
(6).
The above analysis establishes the existence of two types

of variations in cDNA coding for FcER-Ia-related sequences:
one near the 5' end and one in the second extracellular
domain coding region. All four possible combinations of
these two variations have been identified in our cDNA
library.

Structural Heterogeneity of FcER-Ic-Related mRNA. The
finding of different forms of FcER-Ia cDNA suggested
structural heterogeneity of mRNA. However, the possibility
of cloning artifacts needed to be excluded. To address this
question, we tested the ability of RBL cell mRNA to protect
radioactive RNA probes from RNase digestion. For the
detection of 5'-end sequence heterogeneity, we used an RNA
probe derived from a Pst I-BamHI fragment that spans the
5'-most sequence of the R8-2b cDNA clone (Fig. 2C). This
fragment contains 140 bp unique to R8-2b and 165 bp common
to R8-2b and R3-4. The probe [which contains some vector
sequence and a poly(C) stretch, introduced during the cloning
procedure] was hybridized to poly(A) + RNA from RBL cells
and then treated with RNases A and T1. Two major bands

Table 1. Grouping of cDNA clones by their pattern of
hybridization with oligonucleotide probes representing
various domains of FcER-Ia

Clones Hybridization with probe

Type No. SIG EC-1 EC-2 CYT

R3-4 12 + + + +
R6-1 1 + + - +
R8-2b 4 - + + +
R3-3 1 - + - +

The sequence (3' to 5') and nucleotide positions of each oligonu-
cleotide probe are as follows: SIG probe (signal peptide), TACC-
CATGGCCTCCTAGACGGG, nucleotides 27-48; EC-1 probe
(extracellular domain 1), AGACATCACAGGAACCTGGGTGG-
CACCTAA, nucleotides 198-227; EC-2 probe (extracellular domain
2), TTACTGTCACCGTCGAT, nucleotides 524-541; CYT probe
(cytoplasmic domain), GGTAGAACTTCTAAGTC, nucleotides
718-734.
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FIG. 2. RNase protection analysis with RNA probes. Autora-
diographs of 6% acrylamide/8 M urea gels show RNA probes
protected from RNase digestion by RBL cell poly(A)+ RNA. (A)
32P-labeled RNA probe was the transcription product of pSP65
containing a 321-bp Pst I-BamHI fragment of R8-2b cDNA [nucle-
otides 1-305 in Fig. 1 plus (dG)16] linearized at the Pvu lI site in the
vector. Lane 1, RNA probe alone. Note that the size of the probe is
shorter than predicted (i.e., cDNA plus vector sequence) probably
because ofpremature termination of transcription at the poly(dG) tail
introduced at the 5' end of the R8-2b cDNA during the cloning
procedure and represented in this fragment. Lane 2, RNA probe
protected by hybridization with RBL cell poly(A) + RNA and
subsequently treated with RNases for 1 hr at 30°C. Lane 3, unpro-
tected probe treated with RNases as in lane 2. Lane 4, mixture of
RNase-treated protected RNA probe (lane 2 products) and undiges-
ted probe (lane 1 products). Autoradiography was at - 20°C for 72 hr.
Size markers were 32P-end-labeled Hpa II fragments of pBR322
(lengths in bp at left; not all bands are indicated). (B) RNA probe was
the transcription product of pSP64 containing an 83-bp BamHI-Rsa
I fragment of R8-2b cDNA (nucleotides 486-569, Fig. 1) linearized at
the Pvu II site in the vector. Lane 1, RNA probe alone (83 bp of
cDNA plus 220 bp of vector sequence). Lanes 2, 4, and 6, RNA probe
protected by hybridization with RBL cell poly(A) + RNA and
subsequently treated with RNases for 0.5, 1, and 2 hr, respectively,
at 15°C. Lanes 3, 5, and 7, unprotected probe treated with RNases
for 0.5, 1, and 2 hr, respectively, at 15°C. Autoradiography was at
- 70°C for 48 hr (with intensifier). Size markers were as described for
A. (C) Corresponding locations of the RNA probes employed above.
Probe a, Pst I-BamHI fragment; probe b, BamHl-Rsa I fragment.
Selected restriction endonuclease sites in the four cDNAs are
indicated: P, Pst I; B, BamHI; R, Rsa I; Q, Taq I. The filled and open
boxes indicate the two different 5'-end sequences of these cDNAs.
The hatched boxes represent the internal sequence deleted in R3-3
and R6-1 cDNAs.
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were detected-one of 305 bases and the other of 140 bases
(Fig. 2A, lane 2). Neither band was detected when the probe
alone was treated with RNases (lane 3). The 305-base band
was distinct from the probe itself, as it could be separated
from the RNA probe (lane 4).

Protection of a 140-base fragment is exactly what would be
predicted to result from the presence of mRNA correspond-
ing to R3-4 cDNA (i.e., corresponding to the sequence
previously identified for FceR-Ia mRNA). In addition, the
presence of a fully protected species (305 bases) suggests the
presence of mRNA corresponding to R8-2b cDNA. Densi-
tometric analysis of these protected bands normalized to
fragment length gave a ratio of 3.5:1, close to the ratio of the
numbers ofcDNA clones isolated from our library containing
these respective 5'-end sequences (i.e., no. of R3-4 + R6-1
clones/no. of R8-2b + R3-3 clones).
The presence of mRNA corresponding to cDNA with the

internal deletion was established by a similar approach using
an RNA probe derived from a BamHI-Rsa I fragment of
clone R8-2b. This fragment contains 50 bp of sequence
common to all the cDNA clones and 33 bp of the sequence
that is deleted in clones R3-3 and R6-1 (Fig. 2C). As expected,
a major band of83 bases was detected (Fig. 2B, lanes 2, 4, and
6), which represents RNA probe fully protected by full-length
mRNA. However, a minor band of -50 bases was also
detected, consistent with the presence of mRNA with an
internal deletion. The absence of this band in the samples
from RNase treatment of the RNA probe itself (Fig. 2B, lanes
3, 5, and 7) indicates that this band does not result from the
partial digestion of unprotected RNA. Again, the ratio of the
intensities of the two bands normalized to fragment length
(8.4:1) was consistent with the number of cDNA clones
isolated containing the respective sequences. (The additional
band just above the major 83-base band in Fig. 2B most likely
resulted from the protection of a few extra bases of the RNA
probe corresponding to plasmid vector that, by chance, has
some sequence similarity to the mRNA.)

DISCUSSION
We have identified four different forms of cDNA coding for
sequences related to FcER-Ia from a RBL cell cDNA library.
The major form (12 clones) is nearly identical to the published
cDNA (6), and the second most abundant form (4 clones)
differs only at the 5' end, including the entire 5' untranslated
sequence. Two additional forms are shorter versions of the
above two types of cDNA, resulting from the deletion of 163
bp of internal sequence. Analyses of RNase protection of
RNA probes strongly support the structural heterogeneity of
FceR-Ia mRNA at the 5' end and provide evidence for the
presence of mRNA with an internal deletion as predicted
from the cDNA clones.
Our results suggest the presence of four different forms of

protein products related to FceR-Ia (Fig. 3). The first form
(represented by clone R3-4) corresponds to the published (6)
protein structure deduced from the cDNA sequence and

SIG EC-1

R3-4
I

..

I
-

.

t ~ ~~~~~~~~~~~~~~~~=Z
i s IEBB \\

R3-3

R8-2b

contains a signal peptide, two extracellular domains, a
transmembrane sequence, and a cytoplasmic tail. The second
form (R6-1) differs from the first one by deletion of 54 amino
acids in the second extracellular domain. In addition, the
deletion alters the reading frame, resulting in a truncation and
alteration of the amino acid sequence that follows the deleted
region. The original transmembrane and cytoplasmic se-
quences are not present, and the new sequence does not
appear to contain a transmembrane sequence. The third form
(R3-3) and the fourth form (R8-2b) differ from R6-1 and R3-4,
respectively, essentially by the lack of the signal peptide.
The presence of mRNAs differing at the 5' end (e.g., the

two forms corresponding to R8-2b and R3-4 cDNA) may
result from transcription of a single gene at two initiation
sites, followed by differential splicing. The complete identity
of the coding sequence following the 5'-sequence divergence
makes the possibility oftwo separate genes less likely. Genes
using multiple transcription initiation sites and differential
splicing have been well documented (reviewed in refs. 18 and
19). One remarkable aspect ofthese forms ofFceR-Ia-related
mRNAs, however, is that one of the predicted translation
products differs from the other only in lacking the signal
sequence. This is analogous to the case of yeast invertase (20,
21), for which two mRNAs with different 5' ends have been
found. Specifically, one codes for the precursor of secreted
invertase and contains a signal sequence, whereas the other
is a shorter form that starts at a downstream initiation codon
and codes for an intracellular protein lacking a signal peptide.
The situation for FceR-Ia is somewhat different in that an
alternative 5' untranslated sequence is used instead of a trun-
cation of the same sequence. The lack of a signal sequence
would preclude protein transport and expression on the cell
surface, although we cannot exclude the possibility that
internal sequences may be recognized as a signal, especially
because the specificity of signal-sequence recognition may be
low (22).
The internal deletion seen in two cDNA clones (R3-3 and

R6-1) is also likely a result of differential splicing. Whether
the deleted sequence represents a separate exon that is
alternatively spliced remains to be determined. The presence
of GT and AG dinucleotides at the 5' and 3' ends, respec-
tively, of the deleted sequence suggests that it has the
potential of being removed by a mechanism similar to that
used for introns. The presence of different forms of mRNA
as a result of differential splicing of internal sequences has
been found for numerous proteins, including a number of
other important components of the immune system (19). One
example is the human interleukin-2 receptor (23), for which
two cDNAs have been found, one with the deletion of a
216-bp segment containing GT and AG dinucleotides at its 5'
and 3' ends, respectively. Another example is the finding of
two different forms of mRNA coding for rabbit poly(immu-
noglQbulin) receptor. A smaller mRNA results from alterna-
tive splicing and codes for a protein that lacks two of the five
receptor domains (24). In this case, a protein product with the
internal deletion has been isolated and characterized.

EC-2 TM C

FIG. 3. Four different protein forms re-
lated to FcER-Ia predicted from cDNA. SIG,
signal sequence; EC-1, extracellular domain
1; EC-2, extracellular domain 2; TM, trans-
membrane segment; C, cytoplasmic tail.
Wide bars indicate coding sequences and
narrow bars represent noncoding sequences.
Identical shading indicates identical se-

I aIZ_ quence.
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Unlike the above two examples, an unusual feature pre-
sented by clones R3-3 and R6-1 is that the reading frame is not
preserved by the alternative splicing. The consequence is that
the transmembrane sequence in FcER-Ia is replaced by a
completely distinct sequence lacking a long stretch of hydro-
phobic residues, and thus the translated products would
likely be soluble proteins. The mRNA with the internal
deletion also exists in two forms that differ at the 5' end,
coding for proteins with or without the signal sequence.

Polyadenylylation at different sites may be a third mech-
anism to generate diverse RNA species coding for FceR-Ia.
Whereas the clones we have sequenced represent mRNAs
that use the third AATAAA polyadenylylation signal in the 3'
untranslated region, the FcER-Ia cDNA reported previously
(6) represented mRNA that was polyadenylylated after the
second AATAAA sequence. Differential polyadenylylation,
together with 5'-end sequence variation and alternative RNA
splicing, may contribute to the regulation of FcER-Ia RNA
processing and overall expression of the IgE receptor.
Our study suggests possible structural heterogeneity of

FcER-Ia. Structural diversity has been demonstrated for the
IgG receptor, FcyR: two distinct receptors share a highly
conserved extracellular domain but contain different trans-
membrane and cytoplasmic segments (10). Furthermore, one
of these receptors has two forms differing only by the
insertion of an additional 46 amino acids in the cytoplasmic
domain, likely resulting from alternative RNA splicing.
Recently, structural variation of the human low-affinity IgE
receptor, FceR-II, has also been found. A cDNA derived
from a T-cell lymphoma was found to differ mainly at the 5'
end (M. Nonaka, D. Hsu, C. Hanson, and D. H. Katz,
personal communication) from that derived from B cells.
Here too, two corresponding mRNAs appear to differ in the
5' untranslated sequence and in a small portion of 5' coding
sequence, resulting in a difference of six amino-terminal
residues. All these structural heterogeneities may be related
to functional complexities of various Fc receptors.
The various possible forms of FcER-Ia-related proteins

reported here have not yet been detected in the supernatants
or lysates of RBL cells. Some structural heterogeneity of
FcER-Ia has been demonstrated at the protein level by
IgE-Sepharose 4B affinity purification of Mr 45,000 and Mr
55,000 protein components from RBL cells (25), although it
is not known whether these two forms correspond to any of
the variants suggested from the cDNA cloning. Truncated
variants of FcER-Ia may not recognize IgE because they lack
a major portion of the second extracellular domain; alterna-
tively, they may have escaped detection because of their low
abundance, suggested by the frequency of their correspond-
ing cDNAs.

If the various predicted FceR-Ia-related proteins can be
detected in RBL cells, it will be important to determine
whether they are unique to the transformed RBL cells or are
also found in normal mast cells and basophils. If they are
present only in RBL cells, these FceR-Ia variants may
contribute to differences in cellular properties between these
cells and normal mast cells and basophils. This is important
to establish because RBL cells have been widely employed as
a model system for studying the cellular and molecular basis
of immediate hypersensitivity. It would also be significant to
establish the functional roles of the a-subunit variants once
they are detected. An exciting possibility is that the expres-

sion of various mRNAs is differentially controlled and that
IgE-mediated activation of mast cells and basophils is af-
fected by varying expression of different forms of FceR-Ia.

Note. While this manuscript was being reviewed, a report on the
cloning of human and rat mast cell FcER-Ia was published (26),
including one of the RBL cell cDNA variants (R6-1) reported here.
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