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FceR1, the high-affinity receptor for IgE, is expressed
on the surface of mast cells and basophils. It plays an
important role in IgE-mediated allergic reactions that
are initiated by the binding of the Fc domain of IgE
to this receptor and the cross-linking of the receptors
in the presence of sensitizing allergens. FceR1 is a tet-
rameric, transmembrane protein with one o, one f,
and two 7y subunits. The extracellular portion of the o
subunit is responsible for binding IgE (for review, see
Kinet 1999). This important, high-affinity IgE receptor
is also expressed by other cells. For example, the func-
tional expression of FceRla by dendritic cells
enhances IgE-mediated presentation of allergens in
humans but not rodents (Shikabi 1999) and platelet-
expressed FceR1 is associated with allergic release of
anaphylactic mediators (Hasegawa et al. 1999).
Domesticated animals such as horses are exposed to
many of the same environmental allergens encoun-
tered by farmers and other individuals suffering from
occupational asthma and chronic obstructive pulmon-
ary disease (COPD). Horses exposed to stable dust,
for example, suffer from a COPD that involves mast
cell activation and IgE responses to fungal allergens
(Halliwell et al. 1993; McGorum et al. 1993; Schmal-
lenbach et al. 1998). Similarly, sheep mount potent
IgE responses against nematode infections (Kooyman
et al. 1997) and are increasingly used in comparative
studies of airway allergic responses (Clark et al. 1995).
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The aim of the present study was, therefore, to clone
and sequence the o subunits of the high-affinity IgE
receptors in these two species. This will make possible
the expression studies and functional analyses of the
role of this high-affinity receptor during naturally
induced allergic responses such as horse COPD (Halli-
well et al. 1993). The mast cell-derived serine pro-
tease, tryptase, in sheep airways (Pemberton et al.,
2000) and its functional involvement in airway hyper-
responsiveness (Clark et al. 1995) suggest that the role
of IgE and its high-affinity receptor will be of consid-
erable comparative interest in this model of allergic
airway disease.

Using cells recovered from bronchoalveolar lavage
fluid (BALF) for horse, and cultured bone marrow
mast cells for sheep, cDNAs encoding the o subunit
for the receptors were cloned using RT-PCR. Cell pel-
lets were obtained from BALF taken from horses
undergoing treatment for COPD (Halliwell et al.
1993) and were used for the preparation of RNA if
the mast cell content was greater than 3%. Sheep
bone marrow mast cells were cultured in lymphocyte-
conditioned medium with the addition of interleukin-3
and stem cell factor (Macaldowie et al. 1997). Total
RNA was extracted from the cells using TRI reagent
(Sigma). RT-PCR, cloning, and sequencing were done
as described by McAleese and coworkers (1998).
cDNA was amplified first using primers H1 and H2
which were based on well-conserved regions in other
known high-affinity IgE receptor « chains. Degenerate
positions were introduced where there was uncertain-
ty. The 3’ ends were amplified by PCR using the
primer H3 and an oligo(dT)-anchor primer. For the 5’
ends, a 5’3" rapid amplification of cDNA ends kit
(Roche Molecular Biochemicals) was used, following
the manufacturer's instructions. Total RNA was
reverse transcribed using the gene-specific primer HS,
and the dA-tailed cDNA was amplified twice by PCR
using the 5’dT-anchor primer supplied and the gene-
specific primers H6 and H7 for the horse sequence,



Table 1 Sequences of primers used for amplification of the o
chain of the high-affinity IgE receptor for horse and sheep.
H1-4 were based on the published sequences for rat and human
(Kinet et al. 1987; Kochan et al. 1988). Oligonucleotides were
supplied by Cruachem (UK)

H1 Sense CCTTGRACCCWCCATGGAWTAGAATA
H2 Antisense TAAYCCTGTGTCCACAGCAAACAGAA
H3 Sense TGGCTGCTGCTTCAGDCHTCTGCT

GATCACCTTGTRSACATYCCAKTTCYTCC
ATCCTTGTAGTAGATCACCTTGAAG
TGGCACCTGAGAAGGAGGKWCTTACCCTC
AGCAGAGGCCTGAAGGAGCAGCCA
TRGAGGCCACRGAGRAGATGCCT
TGCARAGGTTTCTTGAGSAGTGACA
ACCCTCCATCATCACCTCAGCAGA
CTAAGGCCCTGGATCTCTGCAGCT
TTCATGGTTTCATACTTTTATTCAAGTTGT

H4 Antisense
HS5 Antisense
H6 Antisense
H7 Antisense
HS8 Sense

H9 Antisense
S7 Antisense
S8 Sense

S9 Antisense

and H6 and S7 for the sheep sequence. Primer
sequences are shown in Table 1.

The full-length cDNA sequences, obtained initially
from three overlapping fragments, were confirmed by
sequencing complete cDNA clones. These were pre-
pared using primers H8 and H9 for the horse and S8
and S9 for the sheep. A total of 985 bp of horse nucle-
otide sequence has been obtained, including 768 bp of
open reading frame. RNA from two different horses
was used and the sequences showed only two base

horse A

ctcgttggcacctggaggeccacagaggagATGCCTGCTCCCATGGGAAGCCCTGCCCTGC
MP A P M G S P A L L

TGTGGATAACTTTTCTGCTCTTCTCTCTGGATGGCGTGCCAGCAGCCATCCGGAAATCTA
W I T F L L F §$ L D GV P A A I R K S T

CAGTGTCCTTGAATCCCCCATGGAATAGAATATTTCGAGGAGAGAATGTGACTCTTACAT
vV s L N P P WNIRTIUFURGENUV T TL T C

GTAATAAGAACAAGCCCCTTAAAGGCAACTCCACTGAGTGGACCTACAACAACACCACTT
N K N K P L K G N S T E W T Y NNT T L

TAGAAGTGACAACTTCAAGTTTGAACATCACTAATGCCTCACACCGGAGCAGTGGGGAAT
E vV T T S 8 L N I T N A S HR S 8 G E Y
ACAGATGTCGGAACAATGACTTGAACCTGAGTGAAGCTGTGCACCTAGAAGTTTTCAGTG
R C R NNDILNTL S E AV HL E V F S D

ACTGGCTGCTCCTTCAGGCCTCTGCTGAGGAGGTCATAGAGGGTAAGGCCCTCGTTCTCA
WL L L QA S A EE V I E G KAUL V L R

GGTGCCGTGGCTGGAAGGATTGGGACGTCTTCAAGGTGATCTACTACAAGGATGGCAAAC
C R G W KDWDV F KV I Y Y KD G K P

CCCTCGAGTACTGGTATGAGAACAAAAACATCTCCATTGAAAGTGCCACAACAGAARACA
L E Y W Y EN KN TI 8 I E S A T T E N S

GTGGCACCTATTACTGCGAGGGTGCTTTTAACTT TAAGCGAACAAGTGAACGCTATACCT
G T Y Y CE GA F NV F KIRT S ER Y T S8

CTGATTACCTCAACATTACTGTAAARAAAGCTGAGCARAGCAARACGCTACTGGCTACAAT
D ¥ L N I T VvV K KA E Q 8 KRY WUL Q F
TTATTATTCCATTGTTGGTGGTGATTCTGTTTGCTGTGGACACAGGATTGTTTGTCTCGA
I I P L L VYV I LFAVV DTG GULUFV S T

CCCAGCAGCAGTTAACATTTCTCTTGAAGATTAAGAGGACCAGGAGAGGCAGAAAACTTA
Q Q 9 L T F L L K I KRTUZRIRGRIEKTILM

TGGACCCCCATCCTTAAgtgagacccgagaaagaactgatgtcactcctcaagaaacctt
D P H P *

tgcaacagcaatttcttcctggcatcagcaattgettttcagttgtcaaacacagatcat
aatgtacatagaaaggtctatgcccacggctttgcagaattgcatcattaaactaactag
aactggttaagtggcatgtaatag
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sheep B

ctaaggccctggatctctgecagetecagttggaggccacggagaaghATGCCTACTATTCCC
MmP T I P

ATGGGAGCCCCTGCCCTGCTGTGGATAGCTCTGCTGCTTTTCTCTCCAGATGGCATGTCA
M ¢ A P AL LWIAILTULTULTFSPDGMS

GCAGCCAACTGGAAATCTAAGGTGTCCTTGAATCCACCATGGAGAGAAATATT TAGAGGA
A A NWI K S KV S L NP PWIRUETITFR G

GAAACTGTGACTCTTACATGTGGTGTGAACAGATCCTCTGAAAATGAGTCCTCTGTGTGG
E TV T L T C GV NR S S ENE S 8 V W

ATCCACAATGGAACCACTTTGAAAGAGACARATTCAAGATGGGACATTGTGARAGCACGC
I H N G T T L K E TN S R WD I V K A R

GTACAGGACAGTGGGAAATACCAATGCCGRATCAAAGGATTTGCCATTAGTGAGCCTGTG
VvV Q D S G K Y Q C R I K GV FATI S E PV

TACCTAAACGTCATCAGTGACTGGTTGATCCTTCAGGCCTCTGCTGAGGTGATGATGGAG
Y L NV I 8 DWULIUL QA ASA AEVMME

GGTGAGTCCCTCTTCCTCAGGTGCCACAGTTGGAAGAATCTGAATGCCTTCAAGGTGATC
G E S L F L R CH S W KNILNZ ATFIKV I

TACTACAAAGATAACAGAGCTCTCAAGTACTGGTATGAARACCACAACATCTCCATCACC

Y Y K D NRAL K Y W Y ENU HNTIS I T

AATGTCACAGAAGGGGACAGTGGCATCTATTACTGTGTGGGCAGAATTCAGAGGCTCAAC
N V. T E G D 8 G I Y ¥ CV 6GR I Q R L N

TACACCTCTAATAAACTCAAGATTATAGTARAAAAACAGTACACTCAAAGCAACTATTTC
Y T $S N KL K I I V KK Q Y T Q 8 N Y F

TGGCTACAATTTCTTATCCCATTGTTGGTGCTGATTCTGTTTGTTGTGGACACAGGGTTG
W L Q F L I P L L V L I L F V VDTG L

CTTATCTCGACCCAGCAGCAGTTCACGTTACTCTTGAAGATGAAGAGAATCAGAAAACGC
L I S T @ Q Q F T L L L KM KR I R KR

ARCAGATTTACGGACCCACAGCCTARACCAGATCCCCCAGGGAACTGAtgtcactectcea
N R F T D P Q P K P D P P G N *

agaaacctctgcagtagcagaggttttcggectttagtaaacgecttetcecagttgtcaaaga
cagctcacaaggtacatagaaaaagctcacagctttatagaactgcttcattaaactgat
cgagtggcatgtaataggaagtgctcaataagcatcatttatataagtaaagaaatgagt
agattcatttattagaatctgtaaaagagatatacaacttgaataaaagtatgaaaccat

ga

Fig. 1 Nucleotide and deduced amino acid sequences for horse
(A) and sheep (B) FceR1a. Potential N-linked glycosylation sites
are underlined, as is the polyadenylation signal for the sheep
sequence

changes, one in the coding region and one in the 3’
noncoding region. Amino acid 244 in the deduced
amino acid sequence was threonine in horse 1 and iso-
leucine in horse 2. For the sheep o chain, a total of
1082 bp of nucleotide sequence has been obtained
which includes 783 bp of open reading frame. These
results are shown in Fig. 1.

A comparison of the deduced amino acid sequences
for FceR1la for the horse and sheep with those for
human, dog, and rodent are shown in Fig. 2. The
horse cDNA appears to encode a signal sequence of
24 amino acids and a mature protein of 230 amino
acids. For the sheep cDNA, the lengths are 25 and
234 amino acids, respectively. A high degree of iden-
tity is seen between the different sequences with many
conserved features. The overall identity of the horse o
subunit with those from human, sheep, and dog was
65%, 58%, and 57%, respectively. The sheep o sub-
unit showed 60% identity with both the human and
dog sequences. Comparison with the rodent sequences
showed rather lower identities of between 40 and
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Signal peptide v mature protein . .
horse MPA-PMGSPA LLWITFLLFS LDGVPAAIRK STVSLNPPWN RIFRGENVTL TCNKNKPLKG NS-TEWTYNN TTLEVTTSSL NITNASHRSS GEYRCRNNDL
sheep M.TI...A.. .... AL.... P..MS..NW. .K....... RE..... T... .. GV.RSSEN E.-SV.IH.G ...KE.N.RW D.VK.RVQD. .K.Q..IKGF
human MAP-A.E..T ..CVAL.F.A P...L.VPQ. PK ....... N ...K...... ... G.NFFEV S.—.K.FH.G SLS.E.N... ..V..KFED. ...K.QHQQV
dog ..—S..G.. ...LAL..S. PGVMSSDTL. P...M..... T.LKDDS... .. TG.NS.EV D.-AV.LH.. ..WQE...R. D.NK.QIQD. ......E.RS
rat MDT.GS. R.CLALV.I. .GVMLT.TQ. .V...D...I ..LT.DK... I..G.NSSQOM ..-.K.IH.D SISN.KS.HW V.VS.TIQD. .K.I.QKQGF
mouse MVT.RS. Q.CLALLFM. ..VILT.TE. .VLT.D I .T..K... S. YG.NH. QM ..T.K.IH.G .VS..NS.H. V.VS.TVQD. .K.I.QKQG.

* L]

horse NLSEAVHLEV FSDWLLLQAS AEEVIEGKAL VLRCRGWKDW DVFKVIYYKD GKPLEYWYEN KNISIESATT ENSGTYYCEG AFNFKRTSER YTSDYLNITV
sheep PUYND I I L VMM. .ES. F...HS..NL NA........ NRA.K..... H....TNVTE GD..I...V. ----RIQRL! ...NK.K.
human .E .P. Y... . .V.M..QP., F...H..RN. ..Y....... .EA.K..... H.... TN.TV .D......T. ---- VWQLD E.EP.....
dog I..DP Y.T. .TE..I.... NV M..ESF LI..HS..NL RLT..T.... .I.IR..... F....SNVT. K...N.S.S. ----QTIQQKG KV I
rat YK.KP.Y.N. MQE.....S. .DV. LDNGSF DI...S..K. K.H....... DIAFK S.DS N....RK.TF ND..S.H.T. YL.----KVE CK..KFS.A.
mouse FK.KP.Y.N. TQ......T. 'DMILVHGSF DI..H...N. N.R...... N DHAFN.S..S -PV..RE.TL ND..T.H.K. YLR----QVE .E..KFR.A.

KAk khkEkh khkkrxkhkkkhhkhk Ak kkk
horse KKA-EQSKRY -WLQFIIPLL VVILFAVDTG LFVSTQQQLT FLLKIKRTRR GRKLMDPHP*
sheep .QYT..NYF -....L.... .L...V.... .LT..... L...M..IRK RNRFT..Q.K PDPPGN*
human I —PRE R R R R I ..... V .......... K .FR.LN...K PNPKNN*
dog EPTKQNK SG...L..-. ... Kool VL. QL. L. K NK.---.E.G KN*
rat V DYTIE--. R...L.F.S. A......... .WF..HK.FE SI...QK.GK .K.KG*
mouse V..YKCK--. Y...L.F. WAL .LL..EE.FK SV.E.QK.GK YK.VETELLT

Fig. 2 Comparison of the deduced amino acid sequences of
horse and sheep FceR1o with those of other species. The horse
sequence is aligned with that obtained for sheep, human
(X06948; Kochan et al. 1988), dog (D16413; Goitsuka et al.
1999), mouse (J05018; Ra et al. 1989), and rat (J03606; Kinet et
al. 1987). Sequence gaps resulting from the optimization of
alignments are indicated by hyphens. Residues identical with
those of the horse sequence are indicated by dots (V N-terminus
of the mature protein, **** transmembrane region, @ conserved
cysteine residue)

50%. The horse and sheep sequences both have the
four conserved cysteine residues thought to be
involved in disulfide bridges, and the transmembrane
regions are virtually identical with those of the other
species. Human FceR1a has seven N-linked glycosyla-
tion sites and is known to be highly glycosylated (Gar-
man et al. 1998). The horse and sheep o chains have
eight and six potential sites, respectively (Fig. 1), so
may be glycosylated to a similar degree.

These studies confirm that BALF cells/mast cells
from horse and sheep express message encoding genes
for FceR1o that have a closer identity with the equiv-
alent human subunit than with rodent FceR1a. It will
be interesting therefore to determine whether, in these
domesticated species, the « subunit, like its human
homologue, serves the dual function of activating mast
cells, basophils, and platelets, and of enhancing the
presentation of allergens by dendritic cells.
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