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Abstract Mammalian immunoregulatory families of genes
encoding activating and inhibitory Ig-like receptor pairs have
been located on distinct chromosomes. In chicken, a single
Ig-like receptor family with many members had been
described so far. By looking at sequence similarity and
synteny conservations in the chicken genome, the signal-
regulatory protein (SIRP), triggering receptor expressed on
myeloid cells (TREM), and CMRF35/CD300L Ig-like gene
families were identified on chromosomes 20, 26, and 3,
respectively. Further analysis of the three corresponding
genomic regions and partial bacterial artificial chromosome
sequencing were used to identify more members and to
realign several contigs. All putative genomic sequences were
monitored by investigating existing expressed sequence tag
and cloning cDNA. This approach yielded a single pair of
activating and inhibitory SIRP, two inhibitory, and one
activating TREM as well as one inhibitory CMRF35/
CD300L with a potentially soluble variant and an additional
member lacking categorizing motifs. The CMRF35/
CD300L and TREM receptors were composed of one or
two V-set Ig domains, whereas in SIRP, either a single Ig V
domain was present or a combination of a Vand C1 domains.
Like in many Ig superfamily members, separate exons
encode individual Ig domains. However, in two CMRF35/
CD300L genes, the signal peptide and the distal Ig domain
were encoded by a single exon. In conclusion, the mam-
malian diversity of immunoregulatory molecules is present
the chicken suggesting an important role for TREM, SIRP,
and CMRF35/CD300L in a functionally conserved network.
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Introduction

The dogma of the antigen receptors as master switches for
lymphocyte activation has been challenged by the discovery
of multiple different immunoregulatory receptor families
(Long 1999; Vivier and Malissen 2005). Binding of the
antigen receptors to their cognate antigen results in activation
signal; however, the additional inhibitory and costimulating
signals of immunoregulatory receptors may modulate this
antigen-mediated signal. The lymphocytes integrate all dif-
ferent signals obtained from a vast array of these immu-
noregulatory receptors and only after a cell and maturation
specific threshold is reached, the lymphocytes become fully
activated.

Initially, these receptors were mainly described as costim-
ulatory molecules, such as CD28 acting as a “second signal”
for T cell activation (Lenschow et al. 1996). The analyses of
natural killer (NK) cell receptors revealed that there is a
second mode of immunoregulation caused by inhibitory
receptors (Ljunggren and Karre 1990). Different families of
immunoregulatory genes exist, that encode receptors with
activating and inhibitory function. These receptor families
have several common features. They contain multiple mem-
bers clustered on a specific chromosomal region. The
activating and inhibitory receptor pairs within a given
receptor family frequently share a high degree of similarity in
their extracellular regions. In contrast, the transmembrane
and cytoplasmic domains are decisive for the classification



into prototypic activating and inhibitory family members.
Activating receptors contain a short cytoplasmic tail and a
positively charged transmembrane residue that mediates the
association to adaptor molecules such as DAP-10, DAP-12/
KARAP, and FceRIy (Borrego et al. 2002; Brown et al.
2004; Moretta and Moretta 2004). These adaptor molecules
display cytoplasmic motifs capable of triggering an intracy-
toplasmic activation cascade. In contrast, inhibitory mem-
bers are characterized by their uncharged transmembrane
region and a long cytoplasmic domain that harbors one or
more immunoreceptor tyrosine-based inhibitory motifs
(ITIM) (Ravetch and Lanier 2000). Following receptor
ligation, these ITIM are phosphorylated and associate with
cellular SH2 domain containing protein tyrosine phospha-
tases that interrupt cellular activation by dephosphorylation
of downstream target molecules (Campbell and Colonna
2001). Biochemically, the immunoregulatory families are
divided into type II transmembrane C-type lectins and type |
transmembrane Ig superfamily receptors. The first receptor
families with these features such as KIR and Ly49 were
described as NK cell specific receptor families (Barten et al.
2001); however, by now, several immunoregulatory receptor
families have been described that are expressed on a wide
variety of hemopoietic cell types.

The different immunoregulatory Ig-like receptors are
currently grouped into the following families [nomencla-
ture according to Human Genome Organization (HUGO)
nomenclature]: KIR (killer cell Ig-like receptors), LILR
(leukocyte Ig-like receptors), FCR (Fc receptors), SIRP
(signal-regulatory protein), TREM (triggering receptor
expressed on myeloid cells), CMRF35/CD300L (CD300
antigen like family member), and PILR (paired Ig-like type
2 receptor) (Colonna 2003; Van den Berg et al. 2004).

We and others have previously characterized a unique
chicken immunoregulatory receptor family designated
“chicken Ig-like receptors” (CHIR) (Dennis et al. 2000;
Viertlboeck et al. 2004). CHIR display all features of a
classical immunoregulatory receptor family and were iden-
tified as orthologous to the mammalian leukocyte receptor
complex by their location on microchromosome 31, which
show conserved synteny to human chromosome 19q13.4.
The CHIR gene family has some hallmarks that are distinct
from any mammalian immunoregulatory family. Most im-
portantly, it contains more than 60 functional receptor genes
that display extensive haplotypic and allelic variations. In
addition to the prototypic inhibitory and activating receptor
types, novel receptor types combining inhibitory and
activating features have been described (Viertlboeck et al.
2005). The expression pattern varies between individual
CHIR family members, so that unique combinations of
individual CHIR are found on virtual every leukocyte sub-
population. This enormous variability in gene number,
allelic differences, and expression patterns in a single im-
munoregulatory receptor gene family that is not represented
in mammals provokes to question if CHIR are the only
immunoregulatory gene family in chickens that has been
vastly expanded to compensate for the lack of various
mammalian receptor families or, alternatively, if other
chicken immunoregulatory gene families exist on different
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chromosomes like in mammals and what level of complex-
ity they show? Although the identification of chicken
homologues to mammalian gene families would have been
a daunting task 2 years ago, the recent publication of the
first draft of the chicken genome (Hillier et al. 2004)
allowed addressing this question in detail, demonstrating
the power of whole genome sequencing.

Materials and methods
Animals, cell preparation, and cell lines

Chicken line M11 (B2/B2) and commercial LSL birds
(Lohmann, Cuxhaven) were hatched at the institute and the
animals were used for experiments in the age of 3 to
10 weeks. Leukocytes from bursa, thymus, spleen, bone
marrow, and blood were prepared using standard procedures.
ConA-activated T cells were generated by stimulating
splenocytes with 10 pg/ml ConA for 24 h and harvesting
the cells after 72 h. Intestinal intraepithelial lymphocytes
were prepared as described before (Gobel 2000) and CD3—
CD8+ were FACS sorted from splenocytes and, in vitro,
expanded with recombinant chicken IL-2 (Kaufman et al.
1999).

Macrophage preparation from peripheral blood leuko-
cytes (PBL) were performed as described (Peck et al. 1982).
A 100-mg piece of cerebrum was taken after opening the
skull and used directly for RNA preparation.

The chicken cell lines HD11 (Beug et al. 1979) and OU2
(Ogura and Fujiwara 1987) were maintained in RPMI
1640 medium with Glutamax (Invitrogen, Germany)
supplemented with 10% FCS in a CO, incubator at 40°C.

Database searches

Following databases were used to identify Ig-like receptor
family members in different species: Gene database at http://
www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene (Maglott
et al. 2005), HomoloGene database at http://www.ncbi.nlm.
nih.gov/entrez/query.fcgi?’DB=homologene and the chicken
genome assembly at http://www.ensembl.org/Gallus_gallus/
index.html. Putative protein sequences were further analyzed
using SMART (http://smart.embl-heidelberg.de/) (Letunic et
al. 2004; Schultz et al. 1998) and corresponding chicken
expressed sequence tag (EST) clones were identified using
the BLAST program (Altschul et al. 1997) limited to the
National Center for Biotechnology Information (NCBI)
“gallus gallus” EST database. This database contains more
than 550.000 sequences, which are a summary of all
published chicken EST databases. The original EST data-
bases are provided by the BBSRC (http://www.chick.umist.
ac.uk/), by the Delaware Biotechnology Institute (http://
www.chickest.udel.edu/), and by the Bursal Transcript
Database (http://pheasant.gsf.de/DEPARTMENT/DT40/dt
40Transcript.html) and are generated from many different
embryonic and adult tissues (B-cells, T-cells, macrophages,
spleen, PBL, bone marrow, liver, fat, reproductive tract,
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muscle, pancreas, small intestine, cerebrum, cerebellum,
pituitary gland, hypothalamus, pineal gland, kidney, adrenal,
chondrocytes, embryo heads and limbs, and whole embryos
from different stages).

BAC preparation

Bacterial artificial chromosome (BAC) clones CH261-
174G2 and CH261-44K10, specific for TREM and
CMRF35/CD300L genes, respectively, according to the
chicken genome assembly, were obtained from BACPAC
Resources of the Children’s Hospital Oakland (http://bacpac.
chori.org/order.php). They were amplified in LB medium
containing 12.5 pg/ml chloramphenicol. BACs were puri-
fied using NucleoBond PC 100 (Macherey-Nagel, Diiren,
Germany) and partially sequenced (GATC, Konstanz).

Cloning procedures

Total RNA was prepared using Trizol (Invitrogen, Karls-
ruhe, Germany) and cDNA synthesis was performed with
the Revert H Minus first strand cDNA synthesis kit (MBI
Fermentas, St. Leon-Rot, Germany). Herculase enhanced
DNA polymerase (Stratagene, Amsterdam, Netherlands)
was used for polymerase chain reaction (PCR) at 2 min of
denaturation at 95°C, 35 cycles of 10 s at 95°C, 30 s at
primer specific temperature, 2 min at 72°C and a final
extension time of 10 min at 72°C. Primer sequences and
their specific temperatures are summarized in Table 1. Each
primer pair was tested on the different cDNAs. The PCR
product with the best result was used for cloning. PCR
products were cloned into a pcDNA3.1/V5-His TOPO
Vector (Invitrogen, Karlsruhe, Germany), colonies were
screened by PCR, and plasmids of positive colonies were

Table 1 Oligonucleotides used for cloning

isolated using the NucleoSpin Plasmid Kit (Macherey-
Nagel, Diiren, Germany) and sequenced (GATC, Konstanz,
Germany). Deduced amino acid sequences were further
analyzed using PSORT II (http://psort.nibb.ac.jp/form?2.
html) and Jpred http://www.compbio.dundee.ac.uk/~www-
jpred/) for secondary structure prediction. Protein se-
quences were assembled using ClustalW (http://www.ebi.
ac.uk/clustalw/index.html) and phylogenic trees were
performed using MEGA 3.1 (Chenna et al. 2003; Kumar
et al. 2004).

Results

General strategy to identify chicken Ig-like receptor
families

The first draft of the chicken genome assembly of March
2004 was searched by the keywords SIRP, TREM, CMREF,
FCR, and PILR. For those, which were not identified by
keyword search BLAST searches on the chicken genome
assembly, were performed with known chicken sequences or
in case of their absence with human sequences. In case of
SIRP, TREM, and CMREF, single or multiple putative homo-
logues were located on different chromosomes within the
chicken genome. To verify that these genes really belong to
chicken gene families that represent homologues to their
mammalian counterparts, the respective genomic regions
were screened for highly conserved, unrelated genes flank-
ing the identified candidate genes that were also found to be
present in the human genome at a similar location (Fig. 1).
This approach would strongly favor a syntenic relationship
of the receptor families found. Moreover, the area between
such conserved genes was analyzed for the presence of
putative Ig-like receptors to demonstrate the multigene char-
acter of the families. The predicted genomic sequences

Number Sequence Orientation® Temperature® (°C) Specificity
778 GCCACAGCAGCAGGTAGTAG S 58 SIRP-A1
779 GATGCGCTTGAAGAGGAAGAAG AS 58

780 TGGAGTCAGAGCCCAAACTT S 58 SIRP-B1
781 GTCAGGGCCAGCTCATTTAG AS 58

731 CCCTTCTCTGCTGGACAGAC S 58 TREM-A1
732 GCCCTGTCAGTTCTCTTTCG AS 58

740 CCACTTTCTACTGCAGGATGG S 50 TREM-B1
741 CTATAGGGTTGTGTCCTTGAAGA AS 50

762 CACTTCCTCGAGCAGTGTCA S 53 TREM-B2
791 TATTTCCCCAGTGTCCGTGT AS 53

816 CACCTGGGAGCTCTGTGAAT S 55 CD300L-S1
815 ACCTTAAGGATGGGCTCACA AS 55

752 AGGAGAAGACACAGCCCTGA S 53 CD300L-X1
785 AGAGGGGCCGGAGAGAAG AS 53

786 AGAGCTCCGCTGCTCCTC S 53 CD300L-B1
788 GTCTCAGCGTCCAAAGCAG AS 53

dOrientation indicated as S sense and A4S antisense
Annealing temperature
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Fig. 1 Comparative chromosomal organization of SIRP, TREM,
and CMRF35/CD300L families. Predicted gene order and orienta-
tion (arrows) of chicken a SIRP, b TREM, and ¢ CMRF35/CD300L
gene families and comparison to the corresponding human chro-
mosomal regions. Highly conserved flanking genes are hoxed. The
contigs containing the chicken genes are displayed below the genes
in dotted boxes. Although, gene lengths and the distances between
individual genes are not drawn to scale, the figure displays accurate
order and occurrence of all genes in that area. In the case of TREM
and CMRF35/CD300L genes, our analyses have corrected some of

encoding putative Ig-like receptors were then used to screen
various chicken EST databases to identify expressed tran-
scripts (Table 2). One result of this analysis was to estimate
the quality of the different predicted genomic sequences. The
ENSEMBL predictions (e.g., ENSGALT00000009971 for
ggSIRP-A1) seemed to be rather accurate in terms of gene
number; e.g., one ENSGALT was encoding one gene. In
contrast, the NCBI prediction of annotated genomic se-
quences using GNOMON (e.g., XM_417440) turned out to
display very long transcripts, where different genes with
identical transcriptional orientation were put together in one
prediction (here ggSIRP-B1, {PSIRP, and STK35). None of
the programs, however, predicted the correct genes, cloned
from cDNA. The alignment and comparison of all matching
genomic and EST sequences for each individual gene
allowed the design of specific primer pairs. Finally, all
genes identified by this strategy were PCR-amplified,
cloned, and sequenced. All novel sequences were used for
BLAST searches on the chicken genome assembly to
identify potential additional members located elsewhere in
the chicken genome; however, these BLAST searches did not
yield other receptors.

To establish a nomenclature for the different immunoreg-
ulatory Ig-like receptor families and their members, the name
of the human homologues according to HUGO was
combined with the prefix “gg (gallus gallus)” and a letter
based on classification by sequence features such as acti-
vating (-A), inhibitory (-B), soluble (-S) and other molecules

the predictions. The single genes predicted on chicken contig 65.72
on chromosome 26 and contig 137.40-37 on chromosome 3 ran-
dom turned out to be more than one gene. The entire gene
designation according to HUGO nomenclature: FKBPIA FK506
binding protein 1A; FOXP4 forkhead box P4; GPRC5C G protein-
coupled receptor, family C, group 5, member C; MDFI MyoD
family inhibitor; NFYA nuclear transcription factor Y, alpha;
NSFLIC NSFL1 (p97) cofactor (p47); SLC9A3RI solute carrier
family 9, member 3 regulator 1; STK35 serine/threonine kinase 35

without classifying motifs (-X) succeeded by an arbitrary
number (e.g., ggSIRP-A1).

SIRP, TREM, and CMRF35/CD300L chicken gene
families are present on chromosomes 20, 26 and 3

Employing this approach, we could clearly identify chromo-
somal areas on chromosome 20 and 26 containing chicken
SIRP and TREM homologues, respectively (Fig. 1), that
were surrounded by highly conserved genes, also flanking
the equivalent human receptor families. Chicken homo-
logues for the CMRF35/CD300L gene family were located
on chromosome 3. Because the assembly of this particular
chromosome has not been finished in the first draft (assigned
“chromosome 3_random”), a flanking conserved gene could
only be identified on one side of the chicken CMRF35/
CD300L genes. In contrast, all attempts to identify chicken
FCR or PILR homologues were unsuccessful. Even locus-
specific flanking genes could only be identified on unas-
sembled chromosomes.

One activating and inhibitory SIRP receptor pair
Two SIRP-like molecules were predicted on contig 18.104

on chicken chromosome 20 and corresponding EST clones
were identified (Fig. 1, Table 2). A 1,181 bp long fragment
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Table 2 Summary of receptors identified, corresponding locations in ENSEMBL and homologous EST

Receptor Source of Accession  Chr. ENSEMBL Predicted protein Identity EST accession
mRNA contig (%)°
SIRP-A1 cerebrum AMO076719 20 18.104 ENSGALT00000009971  93.7  AJ739370 to AJ739375
(LSL)
SIRP-BI cerebrum AMO076720 20 18.104 ENSGALT00000009962  99.2  BU256411 CD214802
(LSL) CV038895 BU116687
TREM-A1  HDII AMO076721 26 65.72 ENSGALT00000005314 100 BU285419 BU454941 CK606926
TREM-B1 ~ PBL (MI1) AMO076722 26 65.72 ENSGALT00000005314 100 BU364198
TREM-B2vl OU2 AMO076723 26 65.71, 65.70 BAC sequencing 99.5  BU255734
TREM-B2v2 OU2 AMO076724 26 65.71, 65.70 BAC sequencing 99.3
CD300L-B1 0OU2 AMO76725 3 137.38, 137.40 BAC sequencing 96.8  AJ393286 AI981135 CK613392
CD729711 BX271505
CD300L-X1 OU2 AMO076726 3 137.39, 137.38 ENSGALT00000012503  96.6  AW239651 AJ449879
CD300L-S1 Macrophages AMO076727 3 137.37 GENSCANO00000006813  99.4  BU303300 CK613559
M11)

4Chr chromosome

®Identity of the amino acid sequence derived from the cloned transcripts compared to the predicted sequences within ENSEMBL

could be amplified by PCR that encodes a 382 amino acid
long protein that was designated ggSIRP-A1 due to a short
cytoplasmic region and a lysine residue in the transmem-
brane region (Fig. 2). The extracellular domain of ggSIRP-
Al was composed of three Ig domains. While two of the Ig
domains were identified as C1 type (Williams and Barclay
1988), the third membrane distal Ig domain resembled a V-
set domain with a J-like motif present in the g-strand that
displayed the consensus sequence GxGTxL/VxV (Du

Pasquier 2000), commonly found in mammalian SIRP. The
activating human SIRPB1 shared 34% amino acid identity
and more importantly displayed identical features such as
three Ig domains, a transmembrane lysine and a short cyto-
plasmic domain. An additional chicken SIRP-like sequence,
more than 90% identical to ggSIRP-A1, was found on an
adjacent contig. It was designated \pSIRP because we could
not amplify a transcript out of a variety of different cDNAs,
and no corresponding EST clones specific for signal peptide

ggSIRP-A SP MTLALKAM-ALTC---LVLLOLONAP---[G 23
huSIRPBl SP MPVPASWP-HLPSPFLLMTLILLGRLT---{G| 26
ggSIRP-B SP MAELRAVL--| R--LEVGQJSLFLAWLWG 26
huPTPNS1 SP EPAGPAPGRLGP--LL|ICLLLAASCAWS -[G| 27
a a b c c d e f g
—> — — —> — — —> -
ggSIRP-A VJ VGAQTYPDFKLQPst—’\ﬁIKE‘DTLTENETASGSGPI vk v KGWEs DNQTVY|E HK/-[GlS F PRIV MR A[VIP DPTN - - - - DIFT[T|RT|SNVSLEDAGTY Y CVKILRKG I VDDV VFITREGE TEV[S VH 139
huSIRPBl VJ --VAGEDELQVIQPEKSV|SVAAGESATLRCAMTSLIPVGP IMWFRGAGAGREL IYNQKE(GHF PRV T-TV|S ELTKRNNLN[F[S[T|SILSNITPADAGTY Y CVKFRKGSPDDVEFKSGAGTELISVR 144
ggSIRP-B VJ ——AQVGWSFEVQEKK Wi QTLTEM. msc@ﬂ P VKWL KGW| CNQTVEDQ —GSSYRATRAENESNT————Dr 1J.KLl:DIHPEDAGTYYCVKF%NTLGDEFQGREQV@Y 140
huPTPNS1 VJ --VAGEEELQVIPPEDKS S&AAEESAI HCIT VTS L IBV(GP I OWF RGAGPAREL I¥N QKE(GHF PRV T- T[VIS ESTKRENMDES|IS|/SNI TPADAGTY Y CVKFRKGSPD- TEFKSGAGTELISVR 144
a b c d e f g GxGTxLxV

- — — R — —>
ggSIRP-A C1-1pRPSVPVVSGPlsHRAVPGOSVPFTC|sAKE[FS Plop TJE VRKWILK NS TPVRAEP PHV|TPE LS N S[S YRMS[ST|V OV[K[LS EDDVIRS[ELTCEV ORI LjaA - PLRK[T)Y ALJHOA LR 244
huSIRPB1 C1-1AKPSAPVVSGPAVRATPEHTVSFTCESHGFSPRD I|TLKWFKNGNELSDFQTNVDPAGDS VISY|STHSTIARVIVILIT RGDVHSQV ICEMAHTTLOGDPLRGTANLISEAIR| 250
ggSIRP-B Cl-1 ——— - =1l -l F]- 4 - -] A -t 4----- ———————— —— - =l=l-HFt+ = =|1|]-H - -H140
huPTPNS1 C1-1 AKP S|APVVSGPAARATPOHTVSF TCESHGES PRD LT LKWFKNGNELSDFQTNVD[RVGES V|SY|S T HS TAKV|VILT REDVHS|QVICEVAHV[I LIOGDPLRGIANLISET IR| 250

a b c d e f g

> — — — — —

ggSIRP-A Cl-2 VPP|SVS[VIVAA SGAVEVNKT VN
huSIRPBl C1-2 VPPTLE[V|[TQQP|---MRAENQA|
ggSIRP-B Cl-2 |- —|- - =t ----- r
huPTPNS1 C1-2 VPPTLEV|TQQP|-~--VRAENQVN|
™

————— G-DI-----LLSSPGLWLGLLLDKRLIAVI----LFFL-FKRILP 381
HQKEHGSDITHEPALAPTAPLLVALLLG'K LVVGVSAIYIC-WKQKA 398

ggSIRP-A TM
huSIRPB1 TM
ggSIRP-B TM
huPTPNS1 TM

——————— ET------SPFPSVEVAAAVLCFIILIF---VLAFCLYRRKKR 174
HPKEQGSNTAAENTGSNERNIYIVVGVVCTLLVALLMAALYLVRIRQKKA 400

ggSIRP-A CY
huSIRPB1 CY

ggSIRP-B CY -GG-----—-|
huPTPNS1 CY QGSTSSTRLH]

Fig. 2 Amino acid alignment of chicken and human SIRP. The
amino acid sequences of cloned chicken SIRP-A1, SIRP-B1, human
SIRPB1 (acc. no. Y10376), and human PTPNSI (acc. no.
BC038510) were aligned using ClustalW. The accession numbers
of all cloned chicken genes are summarized in Table 2. Conserved
residues are boxed. The signal peptide (SP), Ig domains (VJ and
C1), transmembrane regions (TM), and cytoplasmic domains (CY)
are aligned in separate blocks. The predicted position of the

F’ERMQGFYPGAVTVR LENGMEMN[T/GS STQPTE|[TSRGLFELNDTVTV[QAGEEKSGSRE[T LY
TC|QVISNFYPRGLOQLTWLENGNVSRTETASTLIENKDGTYNWMSWLLVINTCAHRDDVVLTC|Q|
V“EQHRKFYPQRLQLT LENGNVSR[IETAS TVTENKD(GTY NWMSWLLYV/NVS AHRDDV KL CIQ[V]

QSQHVA| TGS----CSPFPVP|-GCAGSPIGTPSELQDV| NPKLPHQQSGEVDKDIHYADLQPLPAA SG-S R——EYA IRGAAK|
PEKNAR| QDTNDITYADLNL GKKPAPQAAEPNNHTEYASIQTSPQPASEDTLTYADLDMVHLN] [KQPAPKP| PSFsEYA [VQVPRE|

=
B ==

[EDQEPI|SGTGILRVTR 347
IDGO|QAV|ISKSYALEISA 350

=t =-11-- - - 140
IDGRIPAV|SKSHDLKVSA 350

[

261
503

transmembrane domain is indicated by a bar above the sequence.
The positions of the 3 strands in the Ig domains are indicated above
with arrows and the conserved cysteines forming an intrachain
disulfide bond are indicated by an asterisk. The J-like consensus
motif is indicated underneath the sequence. The positively charged
transmembrane residue is boxed and the ITIM are indicated by a bar
above the sequence



or transmembrane could be identified either. The inhibitory
counterpart designated as ggSIRP-B1 was identified on
contig 18.104. The corresponding 830 bp cDNA encodes a
262 amino acid protein with a single V-set Ig domain (Fig. 2)
that shares 56% amino acid identity with the membrane distal
Ig domain of ggSIRP-Al. GgSIRP-B1 has an uncharged
transmembrane region followed by a long cytoplasmic tail
with two ITIM matching the consensus sequence of (I/V/L/
S)-x-Y-x-x-(L/V) (Burshtyn et al. 1997). Although ggSIRP-
B1 displays only a single Ig domain, it is most homologous
to the inhibitory human PTPNSI1 that has three Ig domains,
but otherwise identical features. In conclusion, a pair of
activating and inhibitory chicken SIRP was identified on
chromosome 20.

The chicken TREM family contains an activating
and two inhibitory genes

The genome scan identified a single TREM-like molecule on
chicken chromosome 26 (Fig. 1). Further analysis and com-
parison to EST clones revealed that this genomic region
encoded two separate chicken TREM molecules closely
linked on the chromosome in the same transcriptional orien-
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tation (Table 2, Fig. 3a). GgTREM-AI, an activating re-
ceptor with a single V-set Ig domain and a transmembrane
lysine residue, is encoded by a 713-bp transcript (Fig. 3b).
Human TREM2 displays exactly the same structural fea-
tures. The chicken and human Ig domains show 44% amino
acid identity, which is higher than the amino acid identity
between different human TREM Ig domains. GgTREM-BI1,
a 411 amino acid long molecule, was identified adjacent to
ggTREM-A1 and had two V-set Ig domains (Fig. 3b). It is
interesting to note that in the membrane proximal Ig domain,
the conserved cysteine located in the f strand, that normally
forms an intramolecular disulfide bond was absent. In the
cytoplasmic tail, two ITIM and an additional motif, desig-
nated immunoreceptor tyrosine-based switch motif, which is
also known to mediate cellular inhibition, was found in
ggTREM-B1.

The chromosomal region containing chicken TREM
genes has been built using 16 nonoverlapping contigs be-
tween the flanking genes FOXP4 and NFYA; therefore, there
are still gaps of unknown size in between these contigs. The
BAC clone CH261-174G2 spans the entire region and was
used to perform PCR with primers specific for the ends of
each individual contig to define the gap lengths between
contigs, and one gap larger than 1,000 bp was successively

| Contig 65.72 HContig 65.71——  Contig 65.70 |
—<C P ] ]
I I
ggTREM-Al SP MEKLMHUIVFFSASCTA 18
huTREM2 sp EPLRLLILLFVTELSGA 18
9ggTREM-B1 SP SFPALLJLLVLPGSHM 18
9GgTREM-B2 SP LRVTLLLLLCCTGLOA 18
huTREML1 SP LTLLLLLLLGLEGQGI 18
a b c c' d e f g
— —> E— —> — — — —
ggTREM-Al V  --ENITTVYGMEGGTISVN{T[YINPRQORWREK - -SWCKQIDG-SKCQHVVSARRFWLP-~-FLKNRNGTTSISPNIQDGVLTVTMRRERKQODAGLYQCKTNYLG-~~ETNTLRKVQVDVLT 128
huTREM2 V  --HNTTVFQGVAGQSLOQVS(CPPYDSMKHWGRRK--AWCROLGEKGPCQRVVSTHNLWLLS -FLRRWNGSTAITDDTLGGTLTITLRNLQPHDAGLYQCQSLHGS-~~EADTLRKVLVEVLADPL 133
ggTREM-B1 V-1 AGEDTQVFLQVQGESFRAN DMHKHSHEKK--FWCKEQPE-RY(C|TDLSLSFPSEERIGPNRALYHPVELRD|SG-GGWFSVIMTALRKE[ IYQCGVWVEM---KQVLLORIQMVVSPK 132
ggTREM-Bl V-2 ---ETVTVFAKKGKSLFLHCS[Y|SVTVNIRELQHFIWCKMVSR-IRCQPIIRGNADQS IVKAERTEM-~~-MND[FS-WKMIRVWLKKLQLND/SGEYHLESRFQG~---RNKLLKRIMLKVL 239
ggTREM-B2 V-1 -ETPEAEMSQQEGSTFSIQCPVTTQPENEQLK - -AWCRMRNE--RCQLEVLTLDSVQYRYSDRAMQGHITIKD|YN--RTVSITMSDLQAEDSGIY|SC-VYSSN----YVPLKTISLNVYK 126
GgTREM-B2 V-2 ————-—— ELHKLELDSLSVQCPY|GALGY SWGRK - -AWCROGQOA--QCSLVVSTVYPSTWG-SNGARNKSSSIQDDTRTRTVTITMDKLOVQ) YWCALYNPNORPAFIRIMEVRLSVDKI 236
huTREML1 V VGSLPEVLQAPVGSSILVQCHYRLQ-DVKAQK~--VWCRFLP--EGCJQPLVSSAVDR-RAPAGRRTF --~--LTDLG-GGLLQVEMVTLQEEDAGEY/GCMVDGAR-~~GPQILHRVSLNILPP 125
™
ggTREM-Al TM AVLETQIPEEPSAVQS-TSSIPPK-=-======== ADFTVFYTTAGLLAYKFVVAVIIF 1 SNSRKNRETEQNKP SLNEHQVLRFPGDLVEHAHGG ISP|SWENTA 221
huTREM2 TM DHRDAGDLWFPGESES-FEDAHVEH--=------- S-ISRSLLEGEIPFPPTSILLLLACIFLIKILAASALWAAAWHGQKPGTHPPSELDCGH -~ -DPGYQLQTLPGLRDT 230
ggTREM-Bl TM ASAGSSKTERTEQKQSDFSDLTEKR-RRGGEKWNMDASPIDDSRKDQRTPYAVMV[UISLLATAVLIATVTLITS CIRKKR—---AGKEMDFDR---HPAFRKGVLQ 337
GgTREM-B2 TM -PAATTLSVTTSSSQKNSSGNSTQP === =m === = mmmm = RNTITISVVLCILLI[UAF TITTALCIRQRKKLKTGGNRQ=~~~~ AEDIYDKPE---SPAQ 312
huTREML1 TM -EEEEETHKIGSLAENAFSDPAGSANPLEPSQDEKSIPLIWGAVLLVGLLVAAVVUFAVMAKRKQGNRLGVCGRFLSSRVSGMNPSSVVHHVSDS-GPAAELP 226

ITIM/ITSM
ggTREM-Al CY - - = = = = = = = = - — ? _______ l_T”\_A ————————— IIIM— —————————— Mo 221
hUTREM2 CY = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = - = - = - - 230
ggTREM-B1 CY EGREKASRVPDGDHNESTIYAATIRHQ-PQPKPEDVMYVNIQP|SP-KVFLLQE[PR--- ---PGSS----HPSGPVEYATLIFKDTTL 410
ggTREM-B2 CY -LESTENMGRTTDDSRDLNY[ITLDFK-PRLSSDEPLYCNVEP|SQ-~---APRKP======-~ EDEN----VEYAIITHKQLPKNDKG 380
huTREML1 CY -LDVPHIRLDSPPSFDNTTY[TSLPLDSPSGKPSLPAPSSLPPLPPKVLVCSKBVTYATVIFPGGNKGGGTSCGPAQNPPNNQTPSS 311

Fig. 3 Chromosomal organization and sequence alignment of the
TREM gene family. a Schematic representation of the identified
chicken TREM genes on chromosome 26. The ggTREM-A and
gegTREM-B1 genes, located on contig 65.72, were originally
predicted as a single gene in the ENSEMBL database. The
TREM-B2 was only identified following sequencing the gap
between contig 65.70 and contig 65.71 with the primers shown as
arrows. The two Ig domains essential to identify Ig-like receptors are

indicated. b Amino acid alignment of the cloned chicken TREM
genes with the most related human TREM (huTREM2, acc. no.
AF213457, and huTREMLI1, acc. no. AF534822). The decoration is
identical to Fig. 2, however, both Ig domains of TREM-B1 and
TREM-B2 (V-1 as membrane distal Ig domain, V-2 as membrane
proximal Ig domain) were aligned together with the single Ig
domains found in TREM-A1 and the human TREMs
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sequenced (Fig. 3a). By this strategy, all exons encoding a
third chicken TREM gene (ggTREM-B2) were identified,
two of which encoding the diagnostic Ig domains located in
the gap between the two contigs 65.70 and 65.71 (Fig. 3a).

It is interesting to note that PCR amplification of this
chicken TREM revealed two distinct transcripts of 1,014 bp
and 1,341 bp. The long transcript (geTREM-B2-v1) encoded
two V-set Ig domains, an uncharged transmembrane region
and a cytoplasmic domain containing two ITIM. The shorter
form (ggTREM-B2-v2) was identical; however, the mem-
brane proximal Ig domain was missing, most likely as a
result of alternative splicing (Table 2, Fig. 5). Because there
is no mammalian TREM with two Ig domains, a true
homologue was difficult to assign; therefore, the inhibitory
human TREM-L1 was used for the alignment (Fig. 3b). The
identities between human and chicken inhibitory TREM V-
set Ig domains ranged between 10 and 30%. In summary,
using genome database searching in combination with EST
database comparison and sequencing of gaps between con-
tigs, a total of three chicken TREMs were identified, an
activating ggTREM-A1 and the inhibitory ggTREM-BI,
and ggTREM-B2. Alternative splicing of ggTREM-B2 fur-
ther diversifies this receptor family.

1000 bp

The CD300L family on chromosome 3 contains one
inhibitory, one soluble member, and a third member
without categorizing motifs

An initial database search for chicken CMRF35/CD300L
homologues identified two potential genes on chromosome
3 random, one two-Ig domains encoding gene on contigs
137.40 to 37 and one single-Ig domain molecule on contig
137.36 (Fig. 1). This latter gene potentially encoded an
activating receptor; however, we could not detect a transcript
by PCR with different primer pairs on the various cDNAs.
Moreover, no corresponding EST clone could be identified,
indicating that this gene may represent a pseudogene.
Similar to the situation found in the chicken TREM locus,
the gene potentially encoding two Ig domains turned out to
encode two separate CD300L molecules upon analysis with
corresponding EST clones (Fig. 4a, Table 2). One of them
with a corresponding cDNA sequence of 559 bp, encoded a
single V-set Ig domain without further transmembrane or
cytoplasmic domains and was thus designated ggCD300L-
S1 referring to a putative soluble CD300L family member
(Fig. 4b). The second gene was predicted incompletely, due
to the presence of a gap between two contigs. To identify the

[ BAC CH261-44K10 |

| Contig 137.40

HContig 137.38| Contig 137.39| |

Contig 137.37

Contig 137.36 |

—< I 1 ~—
CD300L-B1 CD300L-X1 CD300L-S1 w CD300L-A1
9ggCD300L-B1l SP M----RL----- LijnLecaanc 14
huCD300A SP M- - --WLPW - - -ALLLLWVP 13
9ggCD300L-X1 SP |M----RL----- LULLLCCAALC 14
huCD300C SP |MTARAWASWRSSALLLLLVP 20
9ggCD300L-S1 SP [M----RI----- VLJVWMLFPGIWA 15
a b c c d e f g
- —> - —> > _— > ——
ggCD300L-B1l V HPGWAVRGPGTVKGYIGGSL Y/QEEYEMKPKFWJY PGTFKS -(dSRDIV I[TJSEKE PGAKQERIT|S| TWDNR TQR VF TVTMK DL ARPHETVRICGVRTDLL - -QWDVTDTVRVIfMSS 128
huCD300A V  -GCFALSKCRT|VAGPVG|GSLSVQOPYEKEHRTLNKYWCRP- PQIFL(- DKIVETKG - SAGKRNGRV|S|IRDS PANLSF TVTLENLTEEDAGT] DTPWLRDFHDPVVEVEV|SVFPA 127
ggCD300L-X1 V HPGWAVRGPGTVEGYIGGSL Y/QEGYEMKPKFWQY PGTFKI -(JSHDIV I[TWEKE PGAKQGRIT|SVWDN CTQR VF TVTMKDLIARDHGTIYRICGVRTDLL - -QWDVTDTVRVISS 128
hucD300C V -GYFPLSHPMT| GPVGGSL QORY[EKEHRTLNKFWCR P- PQI LR( -DKIVETKG - SAGKRNGRVIS|TRDS PANLSF TVTLENLTEEDAGTIVWCGVD T PWLRDFHDP IVEVEV|SVFPA 134
ggCD300L-S1 V. ----- VSGPSQ GlSS LSVIS|dSlYI0QG Y KLHSKIVIWCK TY FFK I Fid -TYMAQTDGSEAAVTQGRVS T RDNHTALAF TVTMR DVIAKD|TG VKSLWNNQWHKTE - - -VILW[SEG 124

ggCD300L-S1 ST KAEGARGWCWRRQREDGKHCTEQNLSLTPW 154
9ggCD300L-Bl TM ---
huCD300A ™
9ggCD300L-X1 TM --AGTDAPTETPEPGTD|
huCD300C ™ ---
ggCD300L-S1 TM

ITIM

ggCD300L-B1 CY
huCD300A cy
ggCD300L-X1 CY ---
hucp3oocC cY ---
ggCD300L-S1 CY

Fig. 4 Chromosomal organization and sequence alignment of the
CMRF35/CD300L gene family. a Schematic representation of the
identified CMRF35/CD300L genes on chromosome 3. Sequencing
reversed the order of two contigs thus resulting in the identification

STSMTPASITAAKTSTIMTAFPPVSSTTLFAVGATHSASIQ--EETEEVVNSQLP- -~~~ LLLSLLALLLL
PGTDTAPGTDTAPGTDTAPGTD--TAPD--RRGALP- -
GTTT-ASSPQSSMGTS-GPPTKLPVHTWPSVTRKDSPE--PSPH--PGSLFSNV-RFLLLVLIE]

GPKS—KPSALPSAW@PPDPISGPTWTSPQQETAKQTARPTSPEDLSEEQLDVVTGILIPCIAVVLFF

[LAL VLVILSWK--
[[,LVGASLLAWRMFQKWIKA
-LFPLLAGIQVLALLAMNAAVLWLNSRNGCTRPR- - - PAA
LSMLGAVLWVNRPQRSSRSRQNWPKGENQ

-RKK 212
210
213
224
154

ILPLL|

ITSM/ITIM

QAATEKK GQN EGNTETLNTQVSRIPLEG* QERLYTNVVPRRORAAQ 310
T AS| REE YASVVFDSNTNRIAAQRPREEEPDSDYSVI KT 299

ALAGAPIEMG-STRGTRNAEV[LQ DISHAGEEQSHLYSNIGAA
- - - GDHSEL SONPKQARTQS E[L{H| L------- ELLMWPLQEK REVE

213
224
154

of two additional CMRF35/CD300L genes. b Amino acid alignment
of the cloned chicken CMRF35/CD300L genes with the human
CD300A (acc. no. BC032352) and human CD300C (acc. no.
BC022279). Decorations see Fig. 2
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Fig. 5 Exon/intron organization of the different chicken Ig
receptors. The lengths of the exons and introns are all drawn to
scale and are indicated with numbers. The exons encoding signal
peptides (SP), Ig domains (IG), stalk regions (S), transmembrane
domains (TM), cytoplasmic domains (CY), and cytoplasmic exons

3’ part after the Ig domain, we employed the same strategy as
for the TREM genes and sequenced the BAC clone CH261-
44K 10 with a primer binding on the 5’end of contig 137.39 to
fill the gap between two contigs. Surprisingly, the alignment
of'the contigs with the newly obtained sequence reversed the
order of two contigs, thus changing the previous assembly.
We now predicted a complete CD300L gene in this area and,
in addition, a third gene, previously split within two contigs
(Fig. 4a). Both of them could be amplified with specific
primers. GgCD300L-B1 was cloned as a 1,032 bp transcript
with an open reading frame of 933 bp displaying a single V-
set Ig domain, an uncharged transmembrane region followed
by a long cytoplasmic tail containing four potential tyrosine
phosphorylation sites, two of them embedded in an ITIM
(Fig. 4b). The second gene was tentatively designated
ggCD300L-X1 because the 746 bp transcript encoded a
single V-set Ig domain, an uncharged transmembrane region
followed by a short cytoplasmic tail without any known
signalling motif (Fig. 4b). Both CD300L-B1 and CD300L-
X1 seem to have human counterparts with identical features,
human CD300A, and human CD300C, respectively
(Fig. 4b). In summary, three distinct chicken CD300L gene
members were defined, one of which being a classical
inhibitory molecule, whereas the others either lacked
cytoplasmic signalling motifs or seemed to encode a soluble
CD300L version.

containing ITIM (ITIM) are all displayed by differently hatched
boxes in order to simplify comparisons. Positively charged trans-
membrane residues are indicated by single letteramino acid code.
The introns are represented by lines between the boxes

Genomic organization of the different chicken Ig-like
receptor families

The exon/intron structure of the Ig-like receptor genes could
be concluded by the comparison of the cloned Ig-like re-
ceptor family members with the corresponding genomic
DNA, obtained from the ENSEMBL database and from
BAC sequencing. The cDNA and genomic sequences did not
always match exactly, most likely due to the different origins.
The genome sequence was obtained from red jungle fowl, a
wild type ancestor of chickens, whereas the cDNA were
cloned from domesticated breeds (Table 2). Nevertheless, the
exon/intron boundaries could be clearly identified. All char-
acterized Ig-like receptors conformed to the gt-ag rule and all
exons for signal peptides and Ig-like domains were in phase
1, whereas exons for the stalk and transmembrane region
were in phase 1 or 2, and cytoplasmic exons were in phase 0.
The chicken SIRP genes displayed relatively short introns
resulting in quite short total gene lengths, whereas the
average size of the chicken TREM genes was more than
twice (Fig. 5). The intron length, number, and distribution of
the different chicken TREM members varied extremely,
similar to the situation of TREM family members in humans
(Allcock et al. 2003). The exon/intron structure of
ggCD300L-B1 and ggCD300L-X1 displayed a unique
feature, compared to all known mammalian Ig-like receptors,
lacking the intron between the signal peptide and the Ig
domain, however this was not the case for ggCD300L-S1. In



188

huCD300C V.pro
huCD300A V.pro
huCD300LE V.pro
ggyCD300L-A1 V.pro
ggCD300L-S1 V.pro
ggCD300L-B2 V.pro
100 L ggCD300L-B1 V.pro

ggTREM-B1 V-2.pro
ggTREM-B1 V-1.pro
huTREML1 V.pro

87 huTREM2 V.pro
C 9gTREM-A1 V.pro
g9TREM-B2 V-2.pro
g9TREM-B2 V-1.pro

100 — 99V¥SIRP VJ.pro
78 EggSIRP—A‘I VJ.pro
100 9gSIRP-B1 VJ.pro

huPTPNS1 VJ.pro

100 E huSIRPB1 VJ.pro

ggCHIR-A2 C2-2.pro
ggCHIR-B2 C2-2.pro
100 ggCHIR-A2 C2-1.pro

ggCHIR-B2 C2-1.pro
52 huLILRB1 C2-1.pro

37 huLILRB1 C2-4.pro
68 huLILRB1 C2-3.pro
78 huLILRB1 C2-2.pro
100 [ ggySIRP C1-2.pro
71 ggSIRP-A1 C1-2.pro
— huSIRPB1 C1-2.pro
100 L— huPTPNS1 C1-2.pro
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9gSIRP-A1 C1-1.pro
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88 100

—
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Fig. 6 Phylogenetic comparison of chicken immunoregulatory
families. Individual Ig domains were aligned by the Clustal W
algorithm. The neighbor-joining tree with 1,000 bootstrap replicates
and pairwise gap deletions was built using MEGA 3.1. A maximum
parsimony tree was also constructed, but because it was essentially
the same as the neighbor-joining trees with respect to the major
branching patterns, it will not be presented here. Accession numbers
of the individual SIRP, TREM, and CMRF35/CD300L molecules
according to Figs. 2, 3, and 4. The Ig domains of CHIR-A2 (acc. no.
AJ745093), CHIR-B2 (acc. no. AJ639837), and human LILRBI
(acc. no. AF009220) were included in the analysis

addition, ggCD300L-X1 had an extended second exon that
encoded the stalk and transmembrane region. In conclusion,
each Ig-like receptor family showed unique features of
genomic organization and average length.

Phylogenetic relation of different chicken Ig-like
receptor families

To compare the newly identified chicken immunoregulatory
families with the previously identified CHIR and corre-
sponding mammalian families, a phylogenetic tree was con-

structed utilizing the individual chicken and corresponding
human Ig domains for the analysis (Fig. 6). The Ig domains
of the putative pseudogenes, PSIRP and {pCD300L-A1,
were also included. Only low bootstrap values were obtained
by this analysis, most likely because of the phylogenetic
distance between chickens and mammals and due to the fast
evolution of IgSF members. Nevertheless, the newly iden-
tified chicken genes within a given family cluster together
with their predicted human homologues. In contrast to the
other gene families, the TREM gene family seems to contain
a rather diverse set of individual receptors where the chicken
and human genes were more closely related to each other
than the various human TREMs. The previously identified
CHIR genes form a separate group due their C2-set Ig
domains.

Discussion

These studies were initiated to answer specific questions
regarding additional immunoregulatory Ig-like families in
the chicken because our previous analyses have concentrated
on a single family that differs from its human counterpart by
both gene number and diversity (Viertlboeck et al. 2005).
Precisely, we wanted to clarify, if other immunoregulatory
families exist in the chicken, to determine their location in the
chicken genome and to estimate their individual gene num-
ber. The genes were initially detected by a homology-based
approach, but due to the low overall homology between
chicken and mammalian genes, several additional criteria
were employed to unequivocally define the different families
as true chicken homologues to the human SIRP, TREM, and
CMRF35/CD300L families.

Firstly, each locus was carefully analyzed for flanking
genes that were unrelated to the immunoregulatory family
and that were highly conserved to human genes. We could
identify conserved flanking genes in each case, suggesting
conserved synteny between the respective chicken and
human chromosomal areas. In the case of the chicken
CD300L family, only a single conserved flanking gene was
detected; however, the situation on chromosome 3 is com-
plicated by the fact that it has not been correctly assembled.
In a second test, the individual receptor genes between the
flanking regions were carefully analyzed. Immunoregulatory
family is always characterized by multiple, closely linked
genes that may contain various numbers of Ig domains and
that are further distinguished by activating and inhibitory
cytoplasmic features. These criteria were also met for the
three chicken families described. Finally, the individual
families are characterized by distinctive structural features in
their Ig domains as discussed below.

The chicken SIRP family is characterized by a membrane
distal V-set Ig domain that contains a J-like element encoded
by one exon and that may be linked to membrane proximal
Cl-set Ig domains. The fish novel immune-type receptor also
contains this J-like element which are associated with an I-set
Ig domain; therefore, they may represent ancestral SIRP
genes (Van den Berg et al. 2004). In contrast, the chicken
receptors in this family can be unequivocally defined as SIRP



homologues that have individual corresponding human
members. The ggSIRP-B1 seems to be an inhibitory form
like human PTPNS1 that was shown to associate with SHP-1
and SHP-2 after CD47 binding (Kharitonenkov et al. 1997;
Liu et al. 2002). Vice versa, human SIRPB1 as an activating
receptor that associates with DAP12 and induces serotonine
release in RBL cells (Tomasello et al. 2000) may be the
functional homologue of ggSIRP-A1.

The human TREM gene cluster contains a rather diverse
set of individual members, including the natural cytotoxicity
triggering receptor 2 (NCR2) gene (Allcock et al. 2003). For
example in their Ig domain, the human TREM2 shares only
30% with human TREML]1, whereas the human TREM2
shares 44% with ggTREM-A1, a rather unusual observation.
Apart from their common chromosomal location, human
TREM share two additional features, a single V-set Ig
domain and in some cases an extra pair of cysteines in the c-
and c'-strand, which are thought to stabilize the 3 hairpin of
the Ig fold. This additional disulfide bond represents a
specific structural signature defining a novel Ig subfamily
(Cantoni et al. 2003).

These TREM features are all represented in the chicken
homologues. Although ggTREM-B1 and ggTREM-B2 both
contain two V-set Ig domains, they were also assigned to be
chicken TREM family members, because the number of Ig
domains is highly variable and provides no evidence for
assignment to a specific family.

The additional cysteines in the Ig domains are also found
in human and chicken CMRF35/CD300L family. Human
CD300A and CD300C (also known as CMRF35-H und -A)
are 91. 2% identical in their V-set Ig domain and are therefore
believed to have evolved by gene duplication (Clark et al.
2001). Whereas CD300A has a long cytoplasmic tail with
three to four potential ITIM, CD300C has only a short
cytoplasmic tail and a glutamic acid in the transmembrane
region similar to CD3 8?7, CD3 vy, and CD147 (Clevers et al.
1988; Kasinrerk et al. 1992). A similar molecule with a
transmembrane glutamic acid is also found in the mouse
CMRF35-like molecule 5 (Chung et al. 2003).

The situation in the chicken is comparable with
ggCD300L-B1 and ggCD300L-X1 sharing 93.9% amino
acid identity in their V-set Ig domain. GgCD300L-B1 has
two ITIM and ggCD300L-X1 displays a glutamine instead
of the glutamic acid in the transmembrane region. Because
both of amino acids represent polar residues that are rarely
found in transmembrane domains, they may serve important
functions such as mediating the association to linked mole-
cules. Alternatively, both the soluble ggCD300L-S1 and the
ggCD300L-X1 may also serve as decoy receptors without
signalling capacity.

In carp, an immunoregulatory family has been described
as novel Ig-like transcripts (NILT) with single V-set Ig-
domains that also display two additional cysteine residues.
Due to the similarity to the human CMRF35/CD300L and
TREM families, a definitive assignment was not possible
(Stet et al. 2005).

The experiments described herein were initiated to
clarify if the extraordinarily complex CHIR family may
represent a functional substitute of the various smaller
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human Ig-like immunoregulatory families. Our analyses
demonstrate that this is not the case, but that the other
families are present in the chicken with comparable
numbers of individual receptors. We cannot exclude that
there are few additional receptors in these families simply
because the respective regions have not been fully
sequenced and assembled, however, this will not increase
the overall complexity.

Our analyses clearly show that various Ig-like immuno-
regulatory receptor families have been conserved from
chicken to man. The different chicken immunoregulatory
families are unequivocally identified not only by their
chromosomal location, but also by distinctive sequence
features that are unique within a given family. In some cases,
these conserved sequence motifs even allow the assignment
of a particular chicken family member to its human
counterpart. We therefore predict that the families that
were not identified (FCR, PILR) may still be present in the
chicken genome. Moreover, from the conserved sequence
features it is anticipated that in many cases, the chicken
immunoregulatory Ig-like receptors may bind to similar
ligands as in humans and potentially have similar functions.
Because in many cases neither the ligand nor the function of
individual receptors is currently known, the chicken may
serve as an additional model to identify some of these
features.
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