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Cloning and Characterization of DAP10 homologue gene 
from Olive Flounder, Paralichthys olivaceus
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Olive flounder immunoreceptor DAP10 homologue cDNA was cloned from a peripheral blood lympho-
cytes (PBLs) cDNA library. The length of the olive flounder DAP10 cDNA is 473bp and it contains an
open reading frame of 234bp. The predicted polypeptide sequence is 78 amino acids, consisting of a 22-
amino acid leader, an 11-amino acid extracellular domain, a 21-amino acid transmembrane segment, and a
24-amino acid cytoplasmic domain. The amino acid sequence of olive flounder DAP10 has 56%, 50%,
32%, 31%, and 31% sequence identity with zebrafish DAP10, catfish DAP10, cattle DAP10, rat DAP10
and Monkey DAP10, respectively. Olive flounder DAP10 has a conserved aspartic acid in the transmem-
brane domain and a phophatidylinositol-3 kinase-binding site (YxxM/V) in the cytoplasmic region. Genom-
ic organization reveals that olive flounder DAP10 comprises five exons and four introns. A phylogenetic
analysis based on the deduced amino acid sequence grouped the olive flounder DAP10 with other species
DAP10. In RT-PCR analysis, DAP10 transcripts were detected predominantly in PBLs, kidney, spleen and
intestine. 
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Introduction

Cytotoxic T lymphocytes (CTLs) and natural

killer (NK) cells play important roles in immune

defense by destroying infected tissues, and cytokine

production (Bancroft, 1993; Clark et al., 1995).

These functions can be mediated by many mem-

brane receptors, which are divided into two groups:

the C-type lectin family and the immunoglobulin

superfamily (Lanier, 1998). NK-cell killing is one

such function involving membrane receptors. NK-

cell cytotoxicity can be inhibited by many MHC

class I receptors containing immunoreceptor tyro-

sine-based inhibitory motifs (ITIMs); these motifs

are defined as I/VxYxxL/I (Blery et al., 1997;

Daeron et al., 1995; Fry et al., 1996; Vely & Vivier

1997). Inhibitory NK-cell receptor ligation induces

the phosphorylation of the tyrosine residues within

the ITIM, resulting in the recruitment of the Src

homology 2 (SH2) domain-containing protein tyro-

sine phosphatase, SHP-1, which mediates the inhi-

bition (Binstadt et al., 1996, 1997; Burshtyn et al.,

1996; McVicar et al., 1998). However, certain sub-

groups of NK receptors (such as Ly49D,

CD94/NKG2C, and KIR2DS) lack ITIMs and, fur-

thermore, contain a positively charged amino acid

residue in the transmembrane (TM) region (Lanier

1997 Vely & Vivier 1997). These receptors associ-

ate with DAP12, which contains an immunorecep-

tor tyrosine-based activation motif. DAP12 is a type
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I membrane phosphoprotein that can bind to both

ZAP-70 and Syk kinases, leading to a cascade of

NK-cell and Cytotoxic T lymphocytes (CTLs) acti-

vation (Lanier et al., 1998a, 1998b; McVicar et al.,

1998).

Recently, a new membrane adaptor molecule

DAP10 was reported to contain a phophatidylinosi-

tol-3 (PI-3) kinase-binding site (YxxM) in the cyto-

plasmic domain (Wu et al., 1999). DAP10 forms a

complex with NKG2D which is expressed on NK

cells, CD8 -T cells, and -T cells (Bauer et al.,

1999; Wu et al., 1999). In this paper, we describe

the cloning cDNA, gene structure, and expression

pattern of olive flounder DAP10 homologue.

Materials and Methods

Cloning and sequencing of cDNA 
Olive flounder, Paralichthys olivaceus, (weight

600-700 g) that had not been exposed to known

antigenic stimulation were used as blood and tissue

donors for all in vitro experiments. Olive flounder

DAP10 homologue cDNA was identified from the

analysis of expressed sequence tags (ESTs) of olive

flounder leukocytes stimulated with a Con A/PMA

cDNA library. The cDNA library used in this study

was previously reported (Aoki et al., 1999; Nam et

al., 2000). The nucleotide sequence of plasmid

DNA was determined using ThermoSequenase

(Amersham Biosciences) with M13 forward and

M13 reverse primers and an automated DNA

sequencer LC200 (Li-Cor). 

A phylogenetic analysis was done as previously

reported (Felsenstein, 1996). The determined

nucleotide and deduced amino acid sequences, and

multiple sequence alignments were analyzed by

GENETYX ver. 8.0 (SDC Software Development).

Isolation of the olive flounder DAP10 gene

Two sets of primers were designed to amplify the

olive flounder genomic DAP10 sequence. The first

set of primers consists of DAP10F (5’-

CAGATCAGTCCGAGCTGAGC-3’) and

DAP10R (5’-TCTTGCATGTGTCATATG-3’). The

second set of primers consists of DAP10subF (5’-

GGCTGTGGCATTTGCAG-3’) and DAP10subR

(5’-TCTTGCATGTGTCATATGAAC-3’). Two

hundred nanograms of olive flounder genomic

DNA was used as a template for amplification.

Polymerase chain reaction (PCR) was performed

for 35 cycles as follows: 94 for 1 min, 58 for

1 min, and 72 for 2 min. PCR products were iso-

lated from the gel and ligated into the pGEM-T

easy plasmid (Promega Corporation, Madison, WI,

USA) for sequencing.

Tissue distribution of olive flounder DAP10 gene
transcript

Total RNA (50 ng) was extracted from healthy

olive flounder brain, heart, intestine, kidney, liver

and spleen were reverse-transcribed into cDNA

using an AMV Reverse Transcriptase First-Strand

cDNA synthesis kit (Life sciences). PCR was per-

formed on the resulting cDNA using the DAP10F

and DAP10R specific primer set. -actin was

amplified as a control using the Beta-actin-F (5’-

TTTCCCTCCATTGTTGGTCG-3’) and Beta-

actin-R primers (5’-GCGACTCTCAGCTCGTTG-

TA-3’) (Katagiri et al., 1997). The PCR mixtures

were denatured at 94 for 2 min and then subject-

ed to 25 cycles of 94 for 30 s, 57 for 30 s and

72 for 1 min. The products were visualized by

separation on a 1.5% agarose gel.

Results
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The aligned predicted amino acid sequences of

the DAP10 of flounder, catfish, zebrafish, rat, cattle

and monkey are shown in Fig. 1. The predicted

amino acid sequence is 78 amino acid membrane-

bound protein that consists of a 22 amino acid sig-

nal sequence, a 11 amino acid extracellular region, a

single 21 amino acid transmembrane domain, and

24 amino acid cytoplasmic region. The amino acid

sequence of olive flounder DAP10 has 56%, 50%,

32%, 31%, and 31% sequence identity with

zebrafish DAP10, catfish DAP10, cattle DAP10, rat

DAP10 and monkey DAP10, respectively. Like

DAP10 sequences in other species examined so far,

the olive flounder DAP10 sequence contains three

cysteines and a single negatively charged aspartic

acid residue at position 41 within the transmem-

brane domain. Olive flounder DAP10 has a con-

served aspartic acid in the transmembrane domain

and a phophatidylinositol-3 kinase-binding site

(YxxM/V) in the cytoplasmic region.

In the phylogenetic analysis (Fig. 2), olive floun-

der DAP10 is grouped with vertebrate DAP10 pep-

tides, including zebrafish DAP10. This grouping

was well supported by bootstrapping. 

Genomic DNA sequence of the olive flounder
DAP10 gene

The olive flounder DAP10 gene is approximately

1.3 kb long and consists of five exons and four

introns (Fig. 3). Typical intron splice motifs occur at

the 5 (gt) and 3 (ag) ends of each intron. 

Tissue distribution of olive flounder DAP10 gene
transcript

Expression of the DAP10 gene in the tissues of

olive flounder was detected by RT-PCR. Olive

flounder DAP10 transcripts was expressed predom-

inantly in the PBLs, kidney, spleen, and intestine

but not in skin or muscle after 25 cycles of PCR

(Fig. 4). 

Fig.1. Amino acid sequence alignment of DAP10s. Sequences were obtained from DDBJ/EMBL/GenBank. Amino acids
identical to the olive flounder (Paralichthys olivaceus) DAP10 are shown by dots. The positions of a single negatively
charged aspartic acid residue and the conserved YXXM/V motifs are boxed. Residues that are identical in all sequences are
shown as asterisks. Gaps (dashes) have been placed to maximize the identity. SP, Signal peptides; EC, Extracellular domain;
TM, Transmembrane; IC, Intracellular domain.
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Fig. 3. Nucleotide and deduced amino acid sequences of the olive flounder (Paralichthys olivaceus) DAP10 gene. The 5’
(gt) and 3’ (ag) ends of each intron are underlined.

Fig. 2. Phylogenetic tree of amino acid sequences of DAP10, DAP12, and CD3 (out-group). The phylogeny of DAP10s
was estimated by the neighbor-joining method of clustering in the PHYLIP program.
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Discussion

Cytotoxic T lymphocytes (CTLs) and natural

killer (NK) cells are important role in innate immu-

nity, especially tumor elimination, control of infec-

tious diseases, and cytokine production (Bancroft,

1993; Trinchieri, 1989). DAP10 is a component of

the activating Ig-like NK cell receptors in humans

and of the activating C-type lectin NK cell and

cytotoxic T lymphocyte receptors in mouse. It also

associates with the Ig like SIRP-1b, TREM and can

replace DAP12 in complex with NKG2D, the C-

type lectin receptor recognizing the MHC I-like

molecules induced by stress (Lanier & Bakker,

2000; Wilson et al., 2000; Colonna 2003). DAP10

has so far been described as a component of the

NKG2D complex (Diefenbach et al., 2002). The

genes encoding DAP10 and DAP12 are closely

linked in mammals and zebrafish (Wilson et al.,

2000; Guselnikov et al., 2003).

Our search in the EST databases for lower verte-

brate homologue of DAP10 resulted in identifica-

tion of the pig, rat, cattle, catfish and zebrafish

cDNAs coding for the DAP10-like proteins. The

olive flounder and zebrafish putative DAP10 trans-

membrane encoding exon is followed by a relative-

ly long exon coding for the cytoplasmic tail con-

taining the YXXV sequence instead of the YXXM

motif (Fig. 1, 3). Nevertheless, the accuracy of the

DAP10 gene prediction was confirmed by a

sequence of the Fugu EST cDNA subsequently

deposited in GenBank.

In the phylogenetic analysis indicated that known

zebrafish DAP10 is more closely grouped than rat,

cattle and monkey DAP10. This result is possibly

due to differences between mammalian and non-

mammalian species (Fig. 2).

The five exons and four introns of the olive floun-

der DAP10 gene are more similar to those in the

Fugu DAP10 gene (Guselnikov et al., 2003) than to

those in the Pig DAP10 gene (Fig. 3) (Yim et al.,

2001).

Relatively large quantities of olive flounder

DAP10 transcript was expressed in pathophysiolog-

ically important organs such as PBLs, kidney,

spleen and intestine. (Fig. 4). This is in agreement

with other study which demonstrated that pig

DAP10 mRNAs were found in PBLs,

macrophages, spleen, liver, and lymph nodules

(Yim et al., 2001). Human DAP10 is expressed on

NK cells and subpopulation of T cells (Wu et al.,

1999). Activated mouse macrophages were recently

reported to express DAP10 (Diefenbach et al.,

2000). 

Fig. 4. Expression of DAP10 mRNA levels in various tissues of healthy olive flounder (Paralichthys olivaceus) as deter-
mined by RT-PCR. -actin amplification was included as a control. M; 100-bp ladder marker.
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Even though the ligands for the olive flounder

DAP10 complex is not yet known, the DAP10

complex may play an important role in immune

surveillance. Further studies of recombinant protein

of olive flounder DAP10 to understand the roles of

this gene should provide a better understanding of

the fish immune system.
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