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SUMMARY

Here, we describe the cloning, sequencing and characterization of an immunoglobulin A (IgA)
Fc receptor from cattle (bFcaR). By screening a translated EST database with the protein
sequence of the human IgA Fc receptor (CD89) we identified a putative bovine homologue.
Subsequent polymerase chain reaction (PCR) amplification confirmed that the identified full-
length cDNA was expressed in bovine cells. COS-1 cells transfected with a plasmid containing
the cloned cDNA bound to beads coated with either bovine or human IgA, but not to beads
coated with bovine IgG2 or human IgG. The bFcaR ¢DNA is 873 nucleotides long and is
predicted to encode a 269 amino-acid transmembrane glycoprotein composed of two immu-
noglobulin-like extracellular domains, a transmembrane region and a short cytoplasmic tail
devoid of known signalling motifs. Genetically, bFcaR is more closely related to CD89,
bFcy2R, NKp46, and the KIR and LILR gene families than to other FcRs. Moreover, the
bFcaR gene maps to the bovine leucocyte receptor complex on chromosome 18. Identification
of the bFcaR will aid in the understanding of IgA-FcaR interactions, and may facilitate the

isolation of FcaR from other species.
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INTRODUCTION

Phagocytes express specific receptors (FcRs) that bind the Fc
regions of various immunoglobulin molecules. Ligation of FcRs
can trigger numerous cellular effector functions, including
phagocytosis, antibody-dependent cellular cytotoxicity, and
the secretion of cytokines and other inflammatory media-
tors.” FcRs therefore provide a crucial link between the
humoral and cellular arms of the immune system.

Amongst FcRs, the three classes of immunoglobulin G (IgG)
FcR (FcyR1, -11, and -III), present in humans and mice, are the
best characterized.' Although less well understood, cattle also
possess homologues of FcyRI, -1 and -IT1.4° Tn murine models,
FcyRs have been shown to be important in protection against
disease.”'® More recently, numerous monoclonal and bispecific
antibodies are being tested for their ability to exploit the
powerful cellular triggering properties of FcyRs for therapeutic
purposes.''

Numerous species have also been reported to possess immu-
noglobulin A (IgA) FcRs. However, to date, the human FcaRI
(CD89) is the only IgA FcR that has been cloned from any
species.'? CD89 has recently been shown to be as effective as
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the FeyRs in triggering cellular effector functions.'® Indeed, in
some experiments, CD89 performed even better than FcyRs.'*'3
Therefore, CD89 and related FcaRs may provide a powerful
alternative or complementary way to effectively trigger immune
phagocytes.

CD89 is expressed on the surface of neutrophils, monocytes
and eosinophils. It consists of two extracellular immunoglobu-
lin-like domains, a transmembrane region and a short cytoplas-
mic tail.'* Like many other FcRs, signal transduction via CD89
occurs through association with the FcR vy chain via oppositely
charged residues within the transmembrane domains of the
molecules.'®

The FcR most closely related to CD89 is the bovine Fcy2R
(bFcy2R), which binds bovine IgG2.17 CD89 and bFcy2R
represent a separate class of mammalian FcRs, more closely
related to molecules such as the killer cell immunoglobulin-like
receptors (KIR/CD158), NKp46, leucocyte-associated immu-
noglobulin-like receptor (LAIR)-1 and -2, GPVI and a family
of proteins previously best known as immunoglobulin-like
transcripts (ILTs), leucocyte immunoglobulin-like receptors
(LIRs) or monocyte/macrophage immunoglobulin-related
receptors (MIRs). This gene family has recently been renamed
as the leucocyte immunoglobulin-like receptors (LILRs: see
http://www.gene.ucl.ac.uk/nomenclature/genefamily/lilr.html).
In humans, the KIR, NKp46, GPVI, LILR, LAIR and CD89
genes lie within the leucocyte receptor complex (LRC) on
chromosome 19q13.4.'%1°

Several reports have suggested that cattle may express an
FcR homologous to CD89. Zhang et al. reported that bovine
cells were able to bind human IgA via an unknown receptor.'’
More recently, it was shown that recombinant bovine IgA could
bind to CD89 on human neutrophils and trigger a respiratory
burst.”® Therefore, we reasoned that the observed cross-reac-
tivity between humans and cattle suggested the existence of a
bovine IgA FcR, homologous to CD89. In this report we
describe the cloning, sequencing and characterization of a
bovine IgA FcR, which we believe to represent the bovine
orthologue of CD8§9.

MATERIALS AND METHODS

Cell culture

COS-1 cells were maintained in Dulbecco’s modified Eagle’s
minimal essential medium (DMEM; BioWhittaker Walkersville,
MD) supplemented with 10% fetal bovine serum, 1 mM
L-glutamine and 50 pg/ml gentamycin (Life Technologies,
Paisley, UK).

Immunoglobulin preparations

Purified bovine IgA (bIgA) was purchased from Inter-Cell
Technologies Inc. (Hopewell, NJ). The construction of relevant
expression vectors, generation of immunoglobulin-secreting
cell lines and purification of recombinant anti-NIP bovine
IgA (rbIgA) has been described previously.?® Polymeric human
IgA (hIgA) was purified at LIIPAT according to standard
methodologies. Purified bovine I1gG2 (bIgG2) was a kind gift
from Dr C. J. Howard (Institute for Animal Health, Compton,
UK). Purified human IgG was purchased from Rikshospitalet,
Oslo.
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Monoclonal antibodies (mAbs)

Sheep anti-bovine IgA-conjugated fluorescein isothiocyanate
(FITC) was purchased from Serotec (Oxford, UK). Mouse
anti-bovine k-light chain and anti-bovine A-light chain were
purchased from VMRD (Pullman, WT). A hybridoma (AFRC
[IAH-CC42), secreting mIgGl mAbs against bovine CD2, was
obtained from ECACC (European Collection of Cell Cultures,
Parton Down, UK). Goat anti-mouse immunoglobulin M
(IgM)—, IgG1- and IgG2b-FITC conjugates were purchased
from Southern Biotechnology (Birmingham, AL).

Isolation of bovine blood cells and preparation

of bovine cDNA

Bovine mononuclear cells (MNCs) and polymorphonuclear
neutrophils (PMNs) were purified from the peripheral blood
of cattle by density centrifugation on lymphoprep (Nycomed,
Oslo, Norway). PMNs were recovered from the red cell pellet
by isotonic lysis. For isolation of specific cell subsets, the cells
were first stained with anti-CD2 for T cells, anti-k light chain/
anti-\ light chain for B cells, or CC-G24 for PMNs and
monocytes. Following incubation with an appropriate fluoro-
chrome-labelled secondary Ab, the cells were sorted in a FACS
Vantage cell sorter (Becton-Dickinson, Franklin Lakes, NJ)
prior to RNA isolation. Total RNA was isolated using RNAWiz
solution (Ambion, Austin, Tx), according to the manufacturer’s
instructions, and cDNA was subsequently synthesized using an
oligo-dT primer.

Polymerase chain reaction (PCR) amplification, cloning

and sequencing of bFcaR

The bFcaR cDNA was amplified using Pfu polymerase
(Stragene, La Jolla, CA) from total bovine cDNA using forward
(5’-CCATGGCCCCCAGACACATCACC-3') and reverse (5'-
GTCAGCTCCAGGAGTCTCCCTG-3') primers which were
designed according to the identified EST sequences. The
PCR product obtained was cloned into the pCR-TOPO II vector
(Invitrogen, Carlsbad, CA) prior to sequencing (Medigenomix,
Martinsreid, Germany). The amplified cDNA was also cloned
into the mammalian expression vector pPCDNA3.1 (Invitrogen)
for transfection studies.

Detection of bFcaR and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) mRNA by reverse
transcription—-PCR (RT-PCR)

Bovine cDNA, prepared as described previously, was used as
template in a PCR reaction using primers specific for either
bFcaR (see above for primer sequences) or bovine GAPDH
(forward primer 5-ATCACTGCCACCCAGAAGACT-3;
reverse primer 5'-TTGCCCTTCGAGTGACCGTAC-3").

Transfections

COS-1 cells were transiently transfected with 1 pg of bFcaR
cDNA constructs using the Fugene 6 transfection reagent
(Boehringer Mannheim, Mannheim, Germany), according to
the manufacturer’s instructions. Cells to be used for immuno-
globulin-binding assays were co-transfected with 0-05 pg of the
pCMV-green fluorescent protein (GFP) plasmid in addition to
the bFcaR constructs. Cells were incubated at 37° in a humi-
dified CO, atmosphere for 48 hr prior to harvesting.
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Immunoglobulin-binding assays

Uncoated magnetic M-450 Dynabeads (Dynal, Oslo, Norway)
were coated with NIP-BSA, blgG2, hIgA or hlgG, according to
the manufacturer’s instructions. To prepare beads coated with
rblgA, NIP-BSA-coated beads were incubated with 100 pg/ml
rblgA for 1 hr at room temperature. These beads were washed
three times in phosphate-buffered saline (PBS) prior to rosetting
analysis. Beads coated with purified bIlgA were prepared as
follows: beads precoated with sheep anti-mouse IgG1 (Dynal)
were incubated with a mixture of mouse anti-bovine light chain
antibodies for 30 min at room temperature. The beads were then
washed and incubated with 0-5 mg/ml purified bIgA for a
further 30 min. The beads were again washed thoroughly with
PBS prior to rosetting. In our rosetting procedure, transfected
COS-1 cells were first enriched for those that had taken up DNA
during the transfection procedure, as measured by co-expres-
sion of GFP. Binding assays were performed as follows:
0-5 x 10° GFP* COS-1 cells (that had also been co-transfected
with an FcR construct) were purified in a FACS Vantage cell
sorter and mixed with immunoglobulin-coated Dynabeads, in a
final volume of 50 pl per well, in V-bottomed microtitre plates.
Following a 20-min incubation at room temperature, the plate
was spun at 50 g for 1 min and incubated for an additional
45 min at room temperature. Cells and beads were then care-
fully resuspended and examined for the presence of rosettes in a
Nikon Eclipse ES800 microscope, combining ordinary light and
fluorescence. Rosettes were defined as GFP™ cells binding four
or more immunoglobulin-coated beads; at least 200 GFP™ COS-
1 cells were counted for each determination.

Fluorescence-activated cell sorter (FACS) analysis

To examine the binding of small soluble IgA complexes in
solution, transfected COS-1 cells were incubated with either
rblgA or hIgA previously heat-aggregated at 63° for 1 hr (HA-
rblgA or HA-hIgA). Briefly, cells were incubated with the HA-
IgA preparations (20 pg/ml) for 1 hr at 4°, washed twice with
FACS buffer, and then incubated for 30 min with either sheep
anti-bIgA-FITC (Serotec) or goat anti-hIgA-FITC (Southern).
Following a final wash, cells were analysed on a FACScan
(Becton-Dickinson). Data acquisition was conducted using
CELLQUEST software (Becton-Dickinson), while analysis was
performed using WINMDI software (available from The Scripps
Research Institute, La Jolla, CA).

Radiation hybrid (RH) mapping

The Roslin/Cambridge 3000Rad bovine/hamster (RH) cell
panel®' (ResGen; Invitrogen) was screened with the follow-
ing primers: 5'-CGTGGTGATGCCAGGGGAGA-3' (forward),
and 5-TGGCCACTGTGCCAGCCATA-3" (reverse). Thirty-
five cycles of amplification were carried out, with an annealing
temperature of 68° and in a 25-pl reaction volume, with 20 ng of
template DNA, 6 pmol of each primer, 0-5 U of DyNAzyme Il
in 1x buffer (Finnzymes, Espoo, Finland) and 50 mM of
each dNTP, using a hot-start protocol and four initial touch-
down cycles (1° reduction for each cycle). Two investigators
carried out scoring of PCR products independently. Two-point
analysis, against bovine microsatellite markers typed previously
on the panel, was performed using the RHMAP 3-0 software
package.”

RESULTS
Isolation of a bFcaR ¢cDNA

Screening of the translated EST database (which is composed of
sequences from species other than humans or mice), using the
human CD89 protein sequence, gave numerous matches, the
best of which were predominantly bovine in origin. We identi-
fied several overlapping EST sequences that showed high
homology to the entire CD89 coding region. Using this infor-
mation, we designed PCR primers to amplify the predicted
cDNA. PCR amplification with these primers, using bovine
cDNA as template, gave only one clear band (of ~900 bp) when
the reaction was analysed by agarose-gel electrophoresis. The
resultant PCR product was then cloned, in the correct orienta-
tion, into the mammalian expression vector, pPCDNA3.1, ready
for transfection. COS-1 cells were co-transfected with expres-
sion vectors encoding the putative bFcaR ¢cDNA and GFP in
order to select for cells taking up DNA during the transfection
procedure. Therefore, GFPT COS-1 cells were sorted and
subjected to rosetting analysis with immunoglobulin-coated
beads. Our results showed that COS-1 cells, transfected with
the putative bFcaR ¢cDNA, were able to efficiently bind beads
coated with purified bovine IgA, recombinant bovine IgA, or
human IgA (Fig. 1). The transfectants did not bind beads coated
with bovine IgG2, human IgG, or NIP-BSA. These results
confirmed that the isolated cDNA encoded a bovine IgA FcR.

Nucleotide and protein sequence of bFcaR

The bFcaR cDNA was found to contain an 870 bp open-reading
frame (GenBank accession number AY247821), encoding a 290
amino acid protein (Fig. 2). The first 21 amino acids were
predicted to be an N-terminal leader sequence. The mature
receptor would thus begin at GIn(Q)22 and be composed of a
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Figure 1. Functional characterization of a bovine immunoglobulin A
(IgA) Fc receptor (bFcaR). COS-1 cells expressing either bFcaR or
CD89 were generated and purified as described in the Materials and
methods, prior to rosetting analysis with beads coated with NIP-BSA,
recombinant bovine IgA (rbIgA), bovine IgA (bIgA), human IgA
(hIgA), bovine IgG2 (bIgG2), or human IgG (hIgG), as indicated.
Rosette formation was assessed microscopically. At least 200 cells
were counted for each determination, and the number of cells binding
four or more immunoglobulin-coated beads was recorded as percentage
rosette formation. Results are expressed as the average + standard
deviation of at least three separate experiments.
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Figure 2. (a) Alignment of the deduced protein sequence of the bovine immunoglobulin A (IgA) Fc receptor (bFcaR) with those of
CD89 and bFcy2R. The GenBank accession numbers of nucleotide sequences of these three FcRs are AY247821, X54150 and Z37506,
respectively. Identical residues are boxed in black, whereas conserved residues are in grey. The first amino acid of the mature bFcaR
protein (Q-22) is indicated by ‘+1’ above the sequence. The four conserved extracellular cysteine residues that form the disulphide
bonds of the two immunoglobulin domains are indicated (*). The four potential N-linked glycosylation sites are marked with a ‘+’. The
putative transmembrane regions of all three FcRs are indicated by a dashed line above the sequence. (b) Close-up of the F-G loop
regions of CD89, bFcaR and bFcy2R. The residues of CD89 and bFca2R, which have been shown to be important for binding to IgA

and bIgG2, respectively, are indicated by arrows.

204 amino acid extracellular region followed by a hydrophobic
region of 19 amino acids (representing a putative transmem-
brane domain) and a 46 amino acid cytoplasmic tail devoid of
known signalling motifs. The extracellular region was found to
include four potential N-glycosylation sites (Asn21, Asn4d4,
Asnl18 and Asnl61) and four conserved cysteines that form
the characteristic disulphide bonds of the immunoglobulin
domains. The conservation of the immunoglobulin domain
structure suggested that Cys28 is linked to Cys77 to form
domain 1 (EC1), and that Cys123 is paired with Cys170 to
form domain 2 (EC2). The level of identity between bFcaR and
CD89 at the amino acid level is: 56-2% for the complete
protein; 58-2% for the extracellular domains alone; and
59-8% for the extracellular and transmembrane regions
together.

Expression pattern of bFcaR ¢cDNA

We examined the expression of the bFcaR ¢cDNA in defined
populations of circulating bovine leucocytes by RT-PCR. Using
the mAbs available, we isolated CD2™" cells (mostly T cells and
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natural killer cells), k- and \ light-chain positive cells (B cells),
bFcyR2R™" granulocytes (neutrophils), and bFcy2R* mono-
nuclear cells (monocytes). RT-PCR analysis of total RNA
isolated from these cell fractions showed that the bFcaR cDNA
was expressed only in neutrophils (Fig. 3).

Ligand-binding properties of the bFcaR

Rosetting analysis had previously shown that COS-1 cells
transfected with the bFcaR ¢cDNA were able to bind to beads
coated with either bovine or human IgA (Fig. 1). However, with
our immunoglobulin-coated bead-binding assay it is difficult to
estimate the relative affinity of the bFcaR for these two ligands.
Using a FACS-based IgA-binding assay we showed that the
bFcaR was able to bind similar amounts of heat-aggregated
bovine and human IgA. We also observed that (under the same
conditions) CD89 bound less well to bovine IgA than to human
IgA (Fig. 4). This may be explained by previous observations
which indicated that bovine IgA has an affinity for CD89 of
~2-5-fold lower than that of human IgA.*® This difference was
not readily detected by our resetting method, presumably
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Figure 3. Expression pattern of bovine immunoglobulin A (IgA) Fc
receptor (bFcaR) mRNA. Total mRNA was prepared and cDNA was
synthesized from defined populations of bovine peripheral blood cells,
as indicated. This cDNA was then used as a template in polymerase
chain reaction (PCR) reactions with bFcaR or bovine glyceraldehyde 3-
phosphate dehydrogenase (GAPDH)-specific primers. NK, natural
killer.

because levels of IgA, sufficient to achieve saturation binding,
were used.

Chromosomal location of the bFcaR gene

The chromosomal location of the bFcaR gene was determined
by RH mapping (Fig. 5). Putative bFcaR exon-specific primers
were designed by comparison to the gene structure of CDS§9.
These primers were used to score each hybrid cell line for the
presence of the bFcaR gene. Two-point analysis was carried out
with resulting data compared against the RH map of genes, the
chromosomal location of which was already known from
linkage or physical mapping. The bFcaR gene was mapped
to bovine chromosome 18, most closely linked to the micro-
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Figure 4. Ligand specificity of the bovine immunoglobulin A (IgA) Fc
receptor (bFcaR). (a) COS-1 cells, transfected with either bFcaR or
CD89 (without green fluorescent protein), were incubated with heat-
aggregated (HA) human IgA preparations (HAhIgA), as indicated.
Following a second incubation with the relevant anti-IgA—fluorescein
isothiocyanate (FITC) conjugates, the cells were analysed on a FACScan
flow cytometer. Results are representative of at least three separate
experiments. PBS, phosphate-buffered saline.
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Figure 5. Chromosomal location of the bovine immunoglobulin A
(IgA) Fc receptor (bFcaR) gene. The bFcaR gene was mapped to
bovine chromosome 18, to a region close to KIR2DL1, by radiation
hybrid mapping. Map distances (in centiRay) are shown.

satelite marker, TGLA132. Previously, bovine KIR2DL1 and
NKp46 have also been mapped closely to this marker.”® These
results suggested that bFcaR, KIR2DL1 and NKp46 are clus-
tered in a bovine leucocyte receptor gene complex similar to the
situation seen in humans, where the CD89, KIR, NKp46, LILR,
GPVI and LAIR genes map to an analogous region of chromo-
some 19."

DISCUSSION

Here, we report the cloning, sequencing and functional char-
acterization of an IgA Fc receptor from cattle. COS-1 cells,
functionally expressing this receptor (that was designated
bFcaR), were shown to specifically bind bovine IgA-coated
beads. The bFcaR transfectants were also able to bind beads
coated with human IgA, which was in agreement with pre-
viously published reports of a degree of cross-reactivity
between IgA receptors from the two species.!”?°

The bFcaR is highly homologous to human CD89 (FcaRI).
Indeed, phylogenetic analysis of these two receptors and several
related proteins confirmed the closeness of this relationship
(Fig. 6). We therefore believe bFcaR to represent the bovine
orthologue of CD89. In addition, bFcaR also shows high levels
of homology with the other members of the gene family to
which CD89 belongs. These include bFca2R, NKp46, GPVI,
paired immunoglobulin-like receptor (PIR)-A and -B, LAIR-1

© 2004 Blackwell Publishing Ltd, Immunology, 111, 204-211
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Figure 6. Phylogram displaying amino acid similarity among the bovine immunoglobulin A (IgA) Fc receptor (bFcaR), CD89,
bFcy2R, bovine and human killer cell immunoglobulin-like receptors (KIRs), human leucocyte immunoglobulin-like receptors
(LILRs ) and selected closely related receptors. Prefices: b, bovine; h, human; m, mouse.

and -2, and the KIR and LILR families of proteins. Indeed, the
PIR proteins were first identified by screening a murine cDNA
library with a probe from CD89.%* Moreover, our results also
localize the bFcaR gene to bovine chromosome 18, to a region
close to the KIR2DL1 and NKp46 genes, suggesting that cows
possess a cluster of genes, encoding killer cell receptors and
bFcaR, on chromosome 18, analogous to the LRC on human
chromosome 19.'819232% The bFcy2R gene has also been
mapped to bovine chromosome 18, but its exact position is
unknown,?®

Although the existence of IgA FcRs has been reported in
many mammals, bFcaR is the first CD89-like receptor to be
cloned from a species other than the human. Owing to evolu-
tionary conservation, it is probable that other mammals also
possess a CD89-like FcaR, and work is currently underway in
our laboratory to confirm this hypothesis. Our cloning of bFcaR,
together with the recent description of bovine KIRs, suggests
that receptors similar to these will be present in additional
species.”?” Recently, genomic Southern blotting has provided
evidence that KIR genes may also be present in pigs, cats and
dogs.” The existence of an IgA FcR similar to bFcaR and
CD89 should therefore be investigated in these species.
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Structurally, bFcaR consists of two immunoglobulin-like
extracellular domains: a transmembrane region containing a
single positively charged residue; and a short cytoplasmic tail
devoid of known signalling sequences. The presence of a
positively charged residue in the transmembrane domain is a
characteristic of a number of related receptors, including CD89,
bFcy2R, NKp46 and several KIRs. For many of these receptors
it has been shown that they associate with specialized signalling
molecules via these charged residues. For example, CD89 and
NKp46 (like bFcaR) have an arginine residue within their
transmembrane (TM) domains that is important for the associa-
tion with the FcR +y chain, while several human KIRs associate
with DAP-12 via a TM lysine.'®?%2° Both the FcR y chain and
DAP-12 contain activatory immunoreceptor tyrosine Kinase acti-
vation motif (ITAM) motifs within their cytoplasmic domains,
and cross-linking of these proteins via their associated receptors
is generally considered to be a potent cellular activation signal.
As cattle also possess an FcR vy chain, it therefore seems probable
that it can associate with bFcaR, and that they form an activa-
tory receptor complex on the surface of immune phagocytes.*

Owing to the fact that we did not have an antibody capable of
recognizing bFcaR, we could not assess the expression pattern
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of the protein on the surface of bovine peripheral blood cells.
Instead, we used RT-PCR to detect the expression of bFcaR
mRNA in bovine cells. Unfortunately, antibodies specific for the
range of cell-surface markers that can be used to isolate specific
populations of cells in human and rodents are not yet available
in cattle. We were therefore somewhat restricted in the type of
cells we could investigate. In this study we examined bovine T
cells (purified with an anti-bovine CD2 mAb), bovine B cells
(purified with anti-bovine k- and N-light chain mAbs), bovine
PMNs and monocytes (purified with anti-bFcy2R mAb). By
RT-PCR we showed that from the cell types analysed, only
bovine PMNs expressed significant amounts of bFcaR mRNA
(Fig. 4). This is somewhat similar to the situation in humans
where CD89 expression is restricted to cells of the myeloid
lineage.*! However, while human monocytes also express sig-
nificant levels of CD89, bFcaR mRNA was not detected in
bovine monocytes.

In terms of ligand binding, we showed that the bFcaR was
able to bind both bovine and human IgA. Human IgA also
bound well to transfectants, suggesting that bFcaR represents
the IgA receptor previously identified, on bovine cells, by
Zhang and colleagues.'” Our data also appeared to support
an earlier observation which indicated that the affinity of CD89
for bovine IgA is somewhat lower than for its natural ligand.?
The CD89-binding site on IgA includes loop resides in both the
Ca?2 and Ca3 domains of the immunoglobulin.?*** As the
residues in these loops are completely conserved between
human and bovine IgA, it is possible that these regions may
also be involved in the binding of bovine IgA to the bFcaR.

The residues that form the IgA-binding site within CD89,
and the blgG2-binding site within bFcy2R, have also been
characterized, to some extent. Unlike other FcyRs, both
CD89 and bFcy2R bind their respective ligands via their
membrane distal EC1 domains.®>® Elegant site-directed muta-
tional analysis has elucidated that the residues important for [gA
binding lie predominantly in the F-G loop of EC1: histidine 85
and arginine 82 are essential for IgA binding, while arginine 87
also contributes.** A later study, by the same authors, using a
Biacore instrument, showed that two tyrosine residues at posi-
tions 35 and 81 are also essential.*> A similar mutagenesis study
conducted with bFcy2R showed that residues at similar posi-
tions were also essential for ligand binding by this receptor.>® As
the EC1 F-G loop region of these molecules is clearly involved
in ligand binding, it is important to examine the sequence of
bFcaR in this region (Fig. 2b). At the start of the loop region,
the bFcaR sequence closely resembles the corresponding region
of CD89, with the arginine and histidine residues, important for
the binding of hIgA to CD89, being absolutely conserved.
Furthermore, tyrosine 35 is also conserved between these
two receptors (Fig. 2a). As the residues within bovine and
human IgA, implicated in receptor binding, appear to be con-
served, it seems probable that Tyr35, Arg80 and His83 in bFcaR
are also involved in the interaction with ligand. Interestingly,
however, the residues towards the end of the bFcaR EC1 F-G
loop are actually more similar to those in the corresponding
positions within bFcy2R (WSAPSE as compared to WSEPSE,
respectively). Our experiments showed that bFcaR had no
apparent affinity for bovine IgG2 (the ligand for bFcy2R), so
the relevance, if any, of the sequence similarity in this region is

as yet unknown. Experiments to mutate the residues mentioned
above, and to study their effect on the ability of bFcaR to bind
IgA from both species, are currently underway.

The immunoglobulin system of cattle differs from that found
in primates, rodents and rabbits.?” Primates and rabbits belong
to the so-called Group I mammals in which virtually all IgG is
transported in utero by a specific receptor, termed FcRn, in the
placenta. Cattle belong to Group III mammals, which lack
placental FcRn and thus transport no antibodies to their fetuses
in utero. Instead, FcRn is expressed by acinar epithelial cells in
the bovine mammary gland, which transports IgG1 into colos-
trum. In Group II mammals, such as rodents, both transport
pathways operate. The relative levels of IgA in serum and
secretions also vary among species. In comparison with most
other mammals, cattle have relatively low levels of serum IgA.
In addition, owing to the situation described above, the level of
IgG1 in bovine colostrum is higher than that of IgA. This is in
complete contrast to the situation in primates, rodents and
rabbits, in which IgA is by far the most abundant immunoglo-
bulin in colostrum. However, even though IgG1 predominates,
probably owing to the efficiency of the transport mecha-
nism, cattle still secrete significant amounts of colostral IgA
(=~ 2 g/animal/day). IgA is also the major antibody in a number
of other exocrine secretions, including tears and saliva. These
data suggest that the role of IgA in bovine peripheral blood is
perhaps somewhat different to its role in humans, but also that
IgA antibodies may have a similar protective function at
mucosal surfaces. Thus, mapping the expression pattern of
bFcaR on various cell types and in tissues will no doubt help
us to understand the immunological role of IgA in cattle.

In conclusion, we have isolated an IgA Fc receptor from
cattle, which we have termed bFcaR. This receptor binds both
bovine and human IgA, and we consider it to represent the
bovine orthologue of human FcaRI/CDS89. In the future, a
detailed study of the expression pattern and function of bFcaR
will lead to a greater understanding of the role of this FcR and its
ligand in the immune repertoire of this agriculturally important
species.
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