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Abstract

Expression of the low-af®nity IgE receptor (CD23) on the surface of mononuclear cells is a

critical event in the development of IgE-mediated immunologic responses. Using PCR and cDNA

library screening, a 2.7 kb cDNA encoding equine CD23 and a 627 bp PCR fragment of cattle

CD23 were sequenced and characterized. The equine CD23 sequence encodes a complete and

continuous open reading frame of 327 amino acids, while the shorter cattle fragment encodes 209

amino acids corresponding to nucleotides 325±1098 of the equine CD23 transcript. In addition to

high identities in their nucleotides and translated amino acids with CD23 sequences published for

other species, the translated equine CD23 protein also shares many of the structural features of this

molecule described for human and rodents. Interestingly, an additional repetitive element of

possible functional signi®cance consisting of 18 amino acids, located between the transmembrane

region and the carbohydrate-binding lectin domain of horse CD23, was also identi®ed. Based on

these sequences, molecular assays will be developed to measure CD23 mRNA in tissues and

expression of recombinant proteins will be essential to the production of species-speci®c antibody

reagents. These assays and reagents will be useful in future studies of allergic and

lymphoproliferative diseases in horses and cattle. # 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

CD23 (FceRII), the low-af®nity receptor for IgE, is expressed on the surface of B-cells

prior to isotype switching, as well as on monocytes, eosinophils and platelets. This type II

transmembrane glycoprotein is a member of the C-type lectin family. CD23 plays an

important role in the differentiation and activation of B lymphocytes and is upregulated,

or induced, by interleukin 4 (IL-4) (Conrad, 1990). Expression of CD23 is thought to play

a central role in IgE-associated immune responses, including allergies (Yu et al., 1994;

Fugiwara et al., 1994) and in B lymphocyte neoplasia (Fournier et al., 1994). CD23 can

be induced on human alveolar macrophages and has been associated with induction of

allergic asthma (Williams et al., 1992). Horses suffer from a number of allergic

conditions in which CD23 has the potential to play a major role in the etiology, including

anaphylaxis, recurrent urticaria and chronic obstructive pulmonary disease (COPD). The

development of species-speci®c reagents for equine CD23 are necessary in order to better

de®ne the pathogenesis of these latter conditions. This paper describes the sequencing

and charactization of the entire cDNA encoding equine CD23. An additional polymerase

chain reaction (PCR) fragment of cattle CD23 was also cloned and sequenced and is

included for comparative purposes.

2. Materials and methods

2.1. Polymerase chain reaction (PCR)

The cDNA encoding a fragment of horse and cow CD23 was ampli®ed by PCR.

Lambda DNA (Wizard lambda DNA puri®cation system, Promega, Madison, WI)

puri®ed from either a horse mesenteric lymph node cDNA library (Watson et al., 1997) or

a cattle thymic cDNA library (Custom Library, Stratagene, Carlsbad, CA) was used as a

template for these PCRs. Fifty microliters PCR contained 50 mM KCl, 2 mM MgCl2,

10 mM Tris-HCL pH 9.0, 0.2 mM of each dNTP, 40 pmol of each primer, and 0.5 units of

Taq DNA polymerase (Promega, Madison, WI). A degenerate sense primer, 50 CTG CTT

CT(CT) CTG TGG CAC T 30 and an antisense primer, 50 GCA TCA TCA CGC AGT

CCT C 30, designed from conserved regions of the mouse, rat and human CD23 mRNA

sequences, generated products of 775 bp and 629 bp for the horse and cow respectively.

These PCR products were cloned into pGEM-T-easy (Promega, Madison, WI) and were

subsequently transfected into DH5a cells (Gibco BRL, Gaithersburg, MD). Plasmid was

puri®ed using QIAprep spin minikit (Qiagen, Valencia, CA) and presence of the inserts of

appropriate size were veri®ed by restriction digests. Three independent plasmid clones

containing the PCR insert were sequenced.

2.2. Library screening

In order to obtain a full length transcript for the horse, the mesenteric lymph node

cDNA library was subsequently screened using the equine CD23 PCR fragment. The

probe was prepared from the pGEM-T-easy plasmid by EcoRI digestion and gel
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puri®cation, and was labeled with [a-32P]dCTP (Hexanucleotide labeling system,

Boehringer Mannheim, Indianapolis, IN). Plaque hybridization was carried out for 18 h at

428C in 5X SSPE, 5X Denhardt's, 1% sodium dodecyl sulfate (SDS), 50% formamide,

and 400 mg/ml denatured herring sperm DNA. Filters (Immobilon Ny�, Millipore,

Bedford, MA) were washed twice with 2X SSPE 0.5%, once with 0.5X SSPE, and once

with 0.1X SSPE. All wash solutions contained 0.5% SDS. Secondary and tertiary

screenings were performed using identical conditions to select the positive plaques.

Inserts were subcloned into the Bluescript phagemid vector by in vivo excision with the

Ex Assist helper phage (Stratagene, Carlsbad, CA). Inserts corresponding to two

independent primary plaque isolates were sequenced (in triplicate) by chain termination.

2.3. DNA sequencing and analysis

Cloned PCR products and isolated cDNA library clones were sequenced by the chain

termination method (Sanger et al., 1977) using an automated sequencer with dye

terminators (Prism, Perkin±Elmer, Norwalk, CT). DNA sequences were assembled and

analyzed with the University of Wisconsin Genetics Group (GCG) program.

3. Results

The ®nal 2.67 kb sequence of horse CD23 encoding an open reading frame of 327

amino acids is shown in Fig. 1a. The 629 bp cDNA fragment obtained for cattle, encoding

209 amino acids corresponding to nucleotides 325±1098 of the equine CD23 transcript, is

shown in Fig. 1b. Comparisons calculated using the BEST FIT program of GCG

(University of Wisconsin, Genetics Computer Group) demonstrate that the horse

nucleotide sequence has identities of 78 and 76% with human and mouse CD23

sequences, respectively. The predicted amino acid sequence is 64 and 59% identical and

70 and 65% similar to the human and mouse translated protein, respectively. Similar

analysis of the cattle CD23 shows that when compared with analogous regions of horse,

human and mouse CD23, the sequence exhibits identities of 82, 76 and 72%, respectively,

at the nucleotide level, and 75, 63 and 59%, respectively, at the amino acid level. There

are two potential N-glycosylation sites (amino acid residues 101 and 194) in the equine

CD23 sequence, both of these are positionally conserved with the cattle sequence,

although only one is conserved with human CD23 (Fig. 2).

4. Discussion

Analysis of the predicted amino acid sequence for horse CD23 highlights a

transmembrane region and a lectin-like domain in analogous positions to the human,

mouse and rat CD23 protein (Fig. 2). The shorter cattle fragment spans much of the

lectin-like domain. Interestingly, this lectin-like domain shares homology with other

animal lectins, such as human and rat asialoglycoprotein receptors, rat and chicken

cartilage proteoglycans, human and canine pulmonary surfactant apoproteins, and
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Fig. 1. (a) The complete nucleotide sequence of horse CD23 (GenBank accession No. AF141931). Predicted

amino acid residues for the translated protein are shown and the stop codon (TGA) is underlined. The PCR

fragment used as a probe to screen the horse library is shaded. (b) Nucleotide sequence and predicted amino acid

sequence of a fragment of cattle CD23 (GenBank accession No. AF143722).



corresponds to the carbohydrate-binding domain of these proteins (Conrad, 1990; Suter

et al., 1987). Analysis of the amino acid residues of CD23 for this region shows that

68/130 (52%) are invariant across all ®ve species investigated to date (Fig. 2). In

comparison, only 59/161 (37%) of the residues outside this lectin-like domain are

conserved (unique repetitive elements in the equine and mouse CD23 sequence excluded

for this analysis). This suggests that there is evolutionary pressure to maintain the

structure of this biologically important region.

Fig. 2. Alignment of deduced amino acid sequences of horse, cattle, human (GenBank accession No. M15059,

Ikuta et al., 1987), mouse (GenBank accession No. M99371, Bettler et al., 1989) and rat (GenBank accession

No. X73579) CD23. Dots (�) represent amino acid residues that are conserved with the horse sequence. Filled

triangles (!) indicate conserved cysteine residues and ®lled circles (*) other invariant residues across all ®ve

species shown. Gaps were inserted to maximize alignment. Potential N-glycosylation sites present on the horse

sequence are underlined. The lectin domain and the transmembrane region are identi®ed as boxed and shaded

text, respectively. The numbered arrows shown indicate exon arrangement for the human CD23 gene.
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There are two isoforms of CD23 in the human; CD23a (constitutively expressed) and

CD23b (IL-4 inducible). The presence of a conserved tyrosine residue at position 6 in the

amino acid sequence of horse CD23 would appear to identify it as a homolog of human

CD23a (Gordon, 1994). Human CD23 contains a repeat structure which makes up exons

5, 6 and 7. Each of these repeats are 21 amino acids long and terminate in SQ, and may

have arisen from exon duplication (Suter et al., 1987). The mouse sequence appears to

contain four such repeats. While the gene structure of horse CD23 has not been

determined, it appears to be more similar to the human sequence containing three of these

highly conserved repeats. Interestingly, the horse sequence contains two exact

duplications of an 18 amino acid segment prior to these repeats which corresponds to

exon 4 in the human sequence. This sequence repeat in the horse duplicates a highly

conserved motif, -LKQL-, and appears to be between the transmembrane region and the

lectin domain. This increases the number of heptadic leucine repeats available to function

as a leucine-zipper and increases the length of this peptide which could form an a-helix

coiled-coil. As a result, this segment may be functionally signi®cant. The horse cDNA for

CD23 terminates earlier than the human, mouse and rat sequences, and extends just ®ve

amino acid residues past the lectin domain.

In summary, using PCR and plaque screening, the entire cDNA for equine CD23 and a

cDNA PCR fragment of cattle CD23 have been identi®ed and characterized. In addition

to their utility in the identi®cation of cellular expression of CD23 by reverse-transcriptase

PCR, these cDNA sequences will allow future recombinant protein expression

approaches to be employed to raise CD23-species-speci®c antibody reagents. These

reagents will be useful in future studies of allergic and lymphoproliferative diseases in

horses and cattle.
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