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Two distinct CD3 homologue genes, CD3y/0 and CDe, were isolated from a olive flounder
leukocyte ¢cDNA library and a BAC library. CD3y/d consisted of 961 bp encoding 178 amino
acid residues, and CD3e consisted of 1006 bp encoding 164 amino acid residues. When
compared with other known CD3 peptide sequences, the most conserved region of the two olive
flounder CD3 chain peptides are the cytoplasmic domain and the least conserved are the
extracellular domain. A phylogenetic analysis based on the deduced amino acid sequence
grouped the two olive flounder CD3 sequences with CD3g and CD3Y/8, respectively. The olive
flounder CD3 cluster (consisting of CD3e and CD37y/8) spans only 10.4 kb. The CD3¢ and
CD3Y/d genes are oppositely transcribed only 3.8 kb apart. Both olive flounder CD3 genes have
five exons. The two olive flounder CD3 genes were predominantly expressed in PBLs, kidney,

spleen, and gills.
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Introduction

Mammalian T lymphocytes use a multicomponent
cell surface receptor to recognize antigenic peptides
associated with major histocompatibility complex
(MHC) class I or class II molecules (Clevers et al.,
1988a). The T cell receptor (TCR) complex is com-
posed of an aff or Y6 heterodimer of TCR and
associated chains (y, 8, € and { chains) of the CD3 in
mammals (Klausner et al., 1990; Huppa and Ploegh,
1997). It has been demonstrated that all six poly-
peptides of the TCR-CD3 complex are necessary for
surface-membrane expression and function (Buferne
et al., 1992; Geisler, 1992; Manolios et al., 1991;
Rubin et al., 1994; Sussman et al., 1988). Moreover,
after TCR ligation by Ag, superantigen, or mono-
clonal antibodies (mAbs), the cell surface expression
of TCR-CD3 is down-modulated. Down-modulation
results from increased receptor internalization and
degradation (Boyer et al., 1991; Krangel et al., 1987;
Krangel, 1987; Niedergang et al., 1997). Internaliza-
tion of cell surface receptors requires the presence of
a particular sequence, which is the immunoreceptor
tyrosine-based activation motif (ITAM) (Wange and
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Samelson, 1996).
T cell recognition, T cell function and the T cell

signal transduction pathway are also important ac-
tivate T cells in non-mammals (Pasquier et al., 1995).
However, whereas mammals have three CD3 genes (v,
o, and &) (Wange and Samelson, 1996), birds have
only CD3y/6 and CD3e genes to generate a signal
transduction (Bernot and Auffray, 1991; Goébel and
Dangy, 2000). CD3y/d was designated as it shares
equal homology with both mammalian CD3y and
CD36 (Bernot and Auffray, 1991; Dzialo and Cooper,
1997). Thus, it is important to determine whether the
interaction between the antigen recognition unit and
the common CD3-signal transmission unit has chan-
ged during vertebrate evolution. Calculations based
on sequence divergence further demonstrated that
human and mouse CD3y and CD38 originated from a
gene duplication, which occurred about 230 million
years ago (Krissansen et al., 1987). The TCR-CD3
complex has been characterized in a number of
higher vertebrate phyla (Charlemagne et al., 1998;
Gobel and Dangy, 2000). In contrast, difficulties in
cloning fish CD3 homologues have limited their
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analysis and so far, only two fish CD3 genes have
been identified in Sterlet and olive flounder (Boris et
al., 2000; Park et al., 2001). Moreover, non-ma-
mmalian CD3 homologues have been identified only
in Xenopus, Sterlet and chicken (Dzialo and Cooper,
1997; Boris et al., 2000; Gobel and Fluri, 1997).
Phylogenetic comparisons of the CD3 extracellular
domains reveal low overall conservation apart from
the cysteines involved in the intrachain disulfide bond
and the CXXC motif. In contrast, the C terminus of
the CD3 cytoplasmic domains are highly conserved
throughout different vertebrate classes.

The aim of this study is the complete sequencing
and physical linkage of the entire lower vertebrate
CD3 cluster from a ¢cDNA library and a BAC ge-
nomic DNA library. The number of CD3 chains in the
TCR-CD3 complex of a teleost would provide im-
portant information for the understanding of the fish
immune system and T cell evolution.

Materials and Methods
Cloning and sequencing of cDNAs

Two distinct CD3 ¢cDNAs were identified from the
analysis of expressed sequence tags (ESTs) of olive
flounder kidney stimulated with a Con A/PMA cDNA
library. Kidney was taken from a single olive floun-
der and stimulated with Con A/PMA as previously
described by Nam et al. (2003). cDNA clones were
sequenced using ThermoSequenase (Amersham) with
M13 forward and M13 reverse primers (Table 1) and
an automated DNA sequencer LC4200 (Li-Cor). A
phylogenetic analysis was done as previously repor-
ted (Bertram et al., 1996).

The determined nucleotide and deduced amino
acid sequences, and multiple sequence alignments
were analyzed by GENETYX ver. 8.0 (SDC Software
Development).

Cloning and sequencing of gene cluster

An olive flounder genomic BAC clones were
screened for a CD3 cluster by using a specific PCR-
derived probes from olive flounder CD3y/3 and CD3e
¢DNAs. These probes were also used for a Southern
blot hybridization analysis. The oligonucleotide se-
quences of the PCR primers used in this study are
given in Table 1. High-density replica filters were
hybridized with these probes as previously described
(Katagiri et al., 2000). The olive flounder CD3 ge-
nomic BAC clones were used for Southern blot hy-
bridization and genomic organization analysis of the
CD3 cluster. Approximately 5ug of BAC DNA was

Table 1. The oligonucleotide primer sets used in the
present study

Primer name

M13 forward
M13 reverse
CD3GD BAC-F
CD3GD BAC-R
CD3E BAC-F
CD3E BAC-R
CD3GD RT-F
CD3GD RT-R
CD3E RT-F
CD3E RT-R
Beta actin-F
Beta actin-R

Sequence of oligonucleotide primer

57 -CACGACGTTGTAAAACGAC-3’

57/ -GGATAACAATTTCACACAGG-3
5’ -GCTGTCTACCTTATCGCGTC-3’
5’ -GCTGCTAGAACCACGCCAC-3"

57 -GCTACTTTCTCACATCTGCTC-3
57 -CATGGATGTCCGGGCAGTCATC-3"
5’ -CTCAGAAGACAGAGAAGTGC-3"
5/ -TGCATCACACGCTGCACATC-3"
5/ -CCAAAGGCTTGTATAGATGTG-3’
5/ -CACATTTGAGATTAGCAGTGTA-3"
5/ -TTTCCCTCCATTGTTGGTCG-3’
57 -GCGACTCTCAGCTCGTTGTA-3'

digested with EcoRI, Hindlll, and Pstl. Southern blot
hybridization was conducted as described previously
(Hirono et al., 2000). The positive bands from Sou-
thern blot hybridization were ligated into pUC119
vector plasmid and transformed to JM109.

Tissue distribution of olive flounder CD3 genes
transcript

Total RNA (50 ng) from the 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
performed on the resulting cDNA using the CD3GD

RT-F/CD3GD RT-R and CD3E RT-F/CD3E RT-R
specific primer sets (Table 1). p-Actin was amplified
as a control using the Beta-actin-F and Beta-actin-R
primers (Table 1). The PCR mixtures were denatured
at 94°C for 2 min and then subjected to 25 cycles of
94°C for 30 s, 57°C for 30 s and 72°C for 1 min. The
products were visualized by separation on a 1.5%
agarose gel.

Results

Identification of the CD3 cDNAs from olive
flounder

Two distinct CD3 homologues, designated CD3y/6
and CDe, were cloned. CD3y/3 consisted of 961 bp
encoding 178 amino acid residues, and CDg consisted
of 1006 bp encoding 164 amino acid residues. The
CD3y/6 amino acid sequence alignment indicates
conservation of the four cysteine residues involved in
disulfide bonds, the glutamic acid residue following
the two cysteines (CXXCXE motif), and the ITAM,
all of which are thought to be important charac-
teristics of CD3 chains (Fig. 1). The predicted amino
acid sequence of olive flounder CD3e was a putative
type I membrane protein containing a 22-amino acid
signal peptide, a 67-amino acid extracellular domain,
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Signal peptide

Chicken CD3¢

Chicken CD3y/8

Xenopus CD3y/8
*

I N N NN RN

Olive flounder CD3y/5 69 GLYT-CSLKDENNKFEE---YE|YLK
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Extracellular domain

*k

Olive flounder CD3y/6 1 MKFTSLLPACLLLL—-WTLPDTEADDMIKVTSSGDW | TLNCNKKSDDASFKVNGVEKKNPLT IRYKDESS
1 _RCEVP. . LLG...CVVGAA. QGGQEEFA.E1. . TTV. IT. PSSG. . IKW. PDPALGD. NKY. |QNHD. .
1 . WKGRA. GTW. . . ACVAVAKLGVHGLSMS. KEVSGKVF. Q. QESK. LNTNYLWKKG. EELGNM. QL. LGAIYDDP 75
1. NHLQIAWM. V. M--V. KA. —-CNK. EAFVKNNHLY. T. KVDEKGE. . LWTHDT. NID. FNKTL. LG.

68
10

66

A
Transmembrane domain

LOFCENCTELNLPT IVGLT

IGDAVAT ILLG-LAVYL IASQAGPY | SHKK 138

Chicken CD3¢
Chicken CD3y/8

DTF.V.. [1AA. —LL.T.. V. ILVYYF. KNKKGO. RAA 135
VDA...S. IWA.V...V _L.-1.VYC. TGOD 134

Xenopus CD3y/s 67 VWND-PRGNYVCKAT. DGTEAS, EVFVR DTG, S. FI. A ——=I I —--- .. ~1.VYCV. GSE 131
*
A aN
Cytoplasmic domain
Olive flounder CD3y/5 139 SSERPLPNEMRNR—ASND- PYORLRFNSGARKDTYON I NHNR 178
Chicken CD3s 136 AGS. . RAGK. GRPPPVPNPD. EP|. KGORDV——-. AGLE. RGF 175
Chicken CD3y/s 135 KGLMSRASDRQ. L1. . . QI . P. GERNDGQ-—. SHLATAKARK 175
Xenopus CD3y/ 132 TRRPARASDKO. L-LQ. .- P GOR. ——E. .. SHL. § 167

. * *
Fig. 1. Amino acid sequence alignment of CD3s. Sequences were obtained from DDBJ/EMBL/GenBank.
Amino acids identical to the olive flounder (Paralichthys olivaceus) CD3 are shown by dots. The positions of
cysteine residues are indicated by closed triangles and a single negatively charged aspartic acid residue is
indicated by opened triangle. The conserved CX%(C motifs and%TAMs are boxed. Residues that are identical in
all sequences are shown as asterisks. Gaps (dashes) have been placed to maximize the identity.

Signal peptide Extracellular domain
Otive flounder 1 MK|INTMDVRAV | AMTLLLYVAAD - DSEP-——mmmltl2t" VTFEGEYF TMRCPGE----Q-KLLKDNSDANN-—~TVOYHDOTKGL 65
Chicken 1 .RCEVPL---P-LLG. . . ——CVVGAAAQGGOEEFAV~-—————— EIS. TTV. IT. . SSGD--D1--—--KWKP--D--——-PALGDNNK 61
Cow 1 . QSGNLWR-. L-GLC. . . VG. WAQDA, E———-m-——— QKP-YE. SIS. NTVELT. . R. FEGE | ~HWKQNDEQMKGYTGK---————- Q. 68
Dog 1 . GSRNLWR- |L-GLC. . SVG. WGGDE. FKASDDLTS | SPEKRFK. S1S. TEVVVT. . DVFGYDN!. WE. NONLVEGASNRELSQK--E—— 84
Human 1 .QS6. HWR-VL-GLC. . SVGVWGQDGNE. M---G-G1TQTP-YK. SIS. TTVILT. . QYPGSE |-LWQHNDKN | GEDEDDKN I GSDEDH. 82
Mouse 1 .RW..FWG-IL-CLS. . AVGTCQDDA-EN | ——————mmmm E-YK. SIS. TSVELT. . LDSDENL—. WE. NGQELPQKHDK-H-—————- 67
Sheep 1 . QTGNLWG-VL-GLC. . . VG, WAQDDTE—————————- QNP-YE. $1S. NSVELT. . KDFENG I ~QWKRN. EQMKGHNEK~-——-—— Y. 68
Sterlet 1 . PTMKKA-. S-LLA. FIA. CS. LVSSEGGDEDSTAQGS-————. DVS. TSV. LT. . LTGTVSDPGST--TWOYKEEEKK- 1PDTDG. TQ  80.
* * * E

Transmembrane domain

Olive flounder 66 ———-mn"ttl. YRCEKGKYF————~F——YVKAN[ CLNGFNLDGALFAGV [ AVDMTGT | [LMIV=1—YRCTKKRSAGSTNTSKAP_—A- 130
Chicken 62 Y11QNHDSSPLTVS-. TA. DOEHTM-—-—_ LN. K. A. . EE. . TETWGI. . A. L-L ITLGVL ILVY. FSKN. KGOSRAAA-GS————- 138
Cow 69 LLENFSEMDNSGY. Q. YMTEGNKEAAHTL-. L. . RV. Q.. MEVNLMEV. T1.V. . IGV-TLGLLLLVY. WSKSRKAKA. PM. ~RGAGAGG 155
Dog 85 ----FSEVDDSGY. A. YADSIKEKSYL———. LR. RY. A. . | EVNLMAVVT . VA. ICL-TLGLLLMVY. WSKTRKANAKPYM-RGTGAGS 165
Human 83 SLKEFSELEGSGY. V. YPRGSKPEDAN. YL. LR. RV. E. . MEM. VMSV. TIVI. . 1CI-TGGLLLLVY. WSKNRKAKAKPV —RGAGAGG 170
Mouse 68 VLGDFSEVEDSGY. V. YTPASNKNT-—-YL. L. RY.EY.VE. LTAV. I1. 1. I1CI-TLGLLMV. Y. NSKNRKAKAKPV. -RGTGAGS 152
Sheep 69 LLDOFSEMESSGY. Q. LATEGNTEAAHTL-. L. RV. K. MEVNLLEV. TI.V.. IGV-TLGLLLLVY. WSKSRKAKATPM ~-RGAGAGG 155
Sterlet 81 ITLQTYNSTNNGL. K. SN. NDYYHF-———. . . VKY. ES. VEVEVVPMIGI. FA. L-LVTAGVAILVY. WAQNRKG. SAMAP—A ——-—— 158
a* £ ak ax ax *
Cytoplasmic domain
Olive flounder 131 ---RAVGRA--PPVPSPDYEPLNPHTRAGDRYS |VNRTG- 164
Chicken 139 RP-..QKMORPP. .. N| ... IRKGQ. D--\{ AGLEHR.F 175
Cow 156 RP-. GONKGRPP. . N. ... IRKGQ. DL AGL. GR.V 192
Dog 166 RP-. GONKEKPP. . N| ... IRKGOQD—|. .GL OR. | 202
Human 171 RO-. GONKERPP. . N, ... IRKGQ. D--1|. . GL. ORRI 207
Mouse 153 RP-. GANKERPP. . N ... IRKGQ. D—-L. . GL. QRAV 189
Sheep 156 RP-. GON. ERPP. ..M ... IRKGQ.D—1|. .GL.OR.V 192
Sterlet 159 RPG. -GN, . . — . N ... IRTGN. E--Y. . GL. KRT- 192

* Fokk skokskokk
Fig. 2. Amino acid sequence alignment of

CD3e peptides. Sequences were obtained from DDBJ/EMBL/
GenBank. Amino acids 1dentical to the olive

flounder (Paralichthys olivaceus) CD3¢ are shown by dots. The
positions of cysteine residues are indicated by closed triangles and a single negatively charged aspartic acid
residue is indicated by opened triangle. The conserved CXXC motifs and ITAMs are boxed. Residues that are
identical in all sequences are shown as asterisks. Gaps (dashes) have been placed to maximize the identity.
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a 24-amino acid transmembrane, and 51-amino acid
cytoplasmic domain (Fig. 2). Like CD3e sequences in
other species examined so far, the olive flounder
CD3e sequence contains four cysteines and a single
negatively charged asparagine residue at position 100
within the transmembrane domain. These residues are
believed to play a role in stabilization of the TCR-
CD3 complex. Olive flounder CD3e contains two
potential tyrosine phosphorylation sites within the
ITAM at positions 144 and 157 (Fig. 2).

A phylogenetic tree based on the amino acid se-
quence alignment indicates that the olive flounder
CD3¢ is located between the Sterlet CD3¢ as shown
by Boris et al. (2000) and olive flounder CD3y/d as
shown by Park et al. ( 2001) (Fig. 3).

Human CD3e
Mouse CD3

Chicken CD3e

Sterlet CD3¢

Olive flounder
CD3¢

Olive flounder
CD3 v5

Xenopus
CD3ys

Mouse

Ch3y Human
CD3vy

Mouse

Human CD33%

CD33

Fig. 3. Phylogenetic tree of amino acid sequences of
CD3e, CD3y, CD33, and CD3V/5. The phylogeny of
CD3s was estimated by the neighbor-joining method
of clustering in the PHYLIP program.

Characterization of CD3 cluster sequence from
olive flounder

A BAC library was screened with an olive flounder
CD3 cDNA fragments and two positive clones were
isolated. The olive flounder CD3Y/d gene is appro-
ximately 2.8 kb long and consists of five exons and
four introns (Fig. 4). The olive flounder CD3¢ is
encoded on five exons separated by four introns (Fig.
5). Typical intron splice motifs occur at the 5’(gt) and
3’(ag) ends of each intron. The structure and exon
patterns of the olive flounder CD3 cluster are more
similar to those in the chicken CD3 cluster (Gobel

and Dangy, 2000) than to those in the human CD3
cluster (Clevers et al., 1988b) (Fig. 6). The size of the
olive flounder CD3 cluster (10.4 kb) is smaller than
that of the human CD3 cluster (50 kb). The CD3y/d
and CD3¢ genes are oppositely transcribed and se-
parated by a distance of only 3.8 kb, contrast with a
distance of 22 kb in humans (Fig. 6).

CD3¢ is expressed in PBLs, kidney, spleen, and
gills

Expression of the two CD3 genes in the tissues of
olive flounder was detected by RT-PCR. Olive floun-
der CD3¢ transcripts were expressed predominantly
in the PBLs, kidney, spleen, and gills but not in liver,
brain, or muscle after 25 cycles of PCR (Fig. 7). The
patterns of detection of CD3y/d were same as those of
CD3¢ in different tissues.

Discussion

CD3 expression in mammals occurs early in
lymphoid development and in mature T cells. This
paper is the first to describe an entire fish CD3 cluster.
The predicted amino acid sequences of olive flounder
CD3s were more homologous to the predicted amino
acid sequences of other vertebrate CD3s in the cyto-
plasmic domain than in the extracellular domain. The
two olive flounder CD3s extracellular and cytopla-
smic domains are shorter than those in human, mouse,
and chicken. However, cysteine residues in the ex-
tracellular domain, a single negatively charged as-
partic acid residue within the transmembrane domain,
and ITAM, which are important characteristics of the
CD3 chain, are well conserved. Most CD3 chains
conserve a CXXC motif in the extracellular domain.
The ITAM participates in intracellular signaling by
CD3 (Reth, 1989) or in regulation of the assembly
and surface expression of the TCR-CD3 complex
(Mallabiabarrena et al., 1992). The amino acid se-
quence of ITAM in the mammalian (Clevers et al.,
1988a) and chicken (Gobel and Fluri, 1997) CD3s is
YXPL/IX,YSXL, whereas, it is YXRLX;(YDVI in
olive flounder CD3y/8 (Fig. 1) and YXPLX,YAGV in
olive flounder CD3e (Fig. 2). It is unknown whether
the spacing of the variant amino acid and substituted
valine residue of the ITAM are required for receptor
signaling transduction. However, the strict adherence
to this pattern in all known the mammalian and the
non-mammalian ITAMs during evolution may in-
dicate that_it allowed the recruitment of a more
specific kinase to enhance signal transduction. Alter-
natively, TCR-mediated signal transduction in fish
might favor a binding site that is slightly different
from there in the mammalian and non-mammalian
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CTCAGAAGACAGAGAAGTGCACACACAATGAAATTTACATCACTGTTGCCTGCCTGCTTGCTGCTGCTTTGGACGCTGCCAGgEaaggcc
M KFTSLULUPACLTUILTILTLTWTTLUPD
tctgtcaaaatgttttcacttagatgaggattataacgaggtcttcaaacatcttatattaaatgggtttagcgaaaaagaaaacctttc
ttgtaaagataaagggagttgtgcaatagtgactgcatgagtgaaattgtgtttacatttgttttaatgaaggtttgcctgcagagtttt
tatcaagaagccgttcagt@aggagcacgggtttaatgtgcatgattctgttttctacacggACACCGAAGCAGATAATATGATTAAAGT
T E A DNMTIK V
CACATCATCACGAGATTGGATTACTCTGAATTGCAACAAGAAGTCCGACGATGCATCTTTCAAAGTAAATGGTGTAGAGAAAAATCCTCT
TS S RDWTITILUNU CNZE KTIE K SDTDA ASTFTE KTV VNGV E K N P L
GACAATACGTTACAAAGATGAATCGTCAGGACTCTACACATGCTCCTTGAAAGTCGAAAACAACAAAATCGAGGAATACGAAATCTATTT
T I RYXKDES S GLYTCSTULI EKVEN-NUSNITZ KTIZETESTY E I Y L
GAAATTACAAAQEaagttccaaagcagcgtcttgttatgaaagcactagtgttgttgtgcgtcatgggttttatgtgcaatgcatgttaC
K L g T
atctattacttgtcttcacactgtgtgataatgtttacagcatgttacagcatttctttatattaatcaaatacttttcaaaatctcaga

cttctcaagactctctctctctctctctctctctctctgtgtgtgtgtgtgtcaggcCTGTGAAAACTGCATCGAGCTCAACCTACCTACC
ENCTIETILIDNILUZPTTI
ATAGTCGGCCTCACTATTGGAGATGCGGTGGCAACAATCTTGTTAGGATTGGCTGTCTACCTTATCGCGTCTCAGGCTGGTCCAGTCATC
V6L TIGDA AV ATTIULILGTLA AUV Y L I A S Q A G P V I 8
TCTCACAAGAAAAggatctatctatctatgaacattcattcttatctaaaatctgacttggccaggtagtgttatgtaagtggctaactt
H K K I
ctcaaagataagaaaaatccctgtattgtgttttaaagtaataggaattactttctacggtggctctgagggtcaaagcaacatttcaag
atgacacctcggaaaattcagcagcataatactgatcatcaacattacattcagttgatgtgttcactctggttgatgattggttatttc
cagtggcagattttttctgaataaggggccataaaggtgccacaatttacacagacatccctgattgacatcattgacaaagaattaacc
ttcttggcagagatagttatatgaatgcccttggtttaaatatgttctaatggtttccatctcctcttccatccattcacactcctgcaa
ggatgctgctaggataagtgacaatagaaacagggaatgacatagagttgttgtcaggaacttggattctgtctgggaacaaaaagccat
gactcaccttttccgtaatctgaaatgttgacgtgttttgtgaaatgctgttgtgtttggtcaaactttgtgcgtcttttaagttgttgt
tattattattataatgttaatttttattgttgtgttatataattcagtgtcagtttctacaaatgcaccagattaaaaaatctgtttata
ttatgtaatatagccgtattcagagtgacgaaaatatctgtttcacttagatgtagcacttggcttttttgaagctcatgtacttttgta

' cactcatggttgaattcacttattggaagttgctttgtataaaagcatcagctaaattatgtgtaatgtttacaacctttgtgttgggta

cgctaacctgcctgtcctgagactacgagcatatttattgtatcatagatgaacaggaacaggaagttctttattaactagttcactaat
tattattattttcacttgccacatacactatatatacatatatcaatcatccaaattaataacttaaataaaatgtactcattatgaaag
atccaatctttaaataaaacaattactaatactagtatttgtgcaatcatcggTTCGTCTGTCCTCAGGTTCCGAGCGACCGCTTCCAAA
R L $s S G S ERUZPTILUPN
TGAGATGCGCAACAGAGCCTCAAACGACCCATACCAGgEgagatgacatgtgacggcctttccactgcaatatgtgataatcacatttaa
EMRNURASNDUPY Q
aggtccagtgtgtaagatttaggtgaaagggaacgattggcagaaagttaatgtagaataatCctcatgatgttttcactagttcgtttc
atctaagttttatgaattgtagttttctttaccccagaaaaggccctttatatttaaatactttatatttacatccaggggaccctctct
acggaggccgccatgttttttacattagtccagactggacaaactaaacgccttttgagtttttaagacaactgaagtttaccacaggtt
ctttgtcgtgtttgtaaggagagtgtgaggtgaggggtgttccgctgcaacatgtaatttcaacactagaaatcacacaattctacaccc
ttacctttaaatacaatgaaggaatgatgattttgattcatttaactattaattatttcttcttttaattcatatattcaatccctcctc
cctcggCGTCTGAGATTCAACAGTGGTGCCCGGAAGGACACGTATGATGTCATTAACCACAATAGATAGAGGGGTGGACCGCCCCATCTC
R L RFNSGARIEKUDTY YDV VTINTUHNTR R *
CGCCCCCAGATGTGCAGCGTGTCATGCA

90

180
270
360

450

540

630

810

900

990

1080
1170
1260
1350
1440
1530
1620
1710
1800
1850
1980
2070

2160

2250
2340
2430
2520
2610
2700

2788

Fig. 4. Nucleotide and deduced amino acid sequences of the olive flounder

(Paralichthys olivaceus) CD3vy/8

gene. The 5’(gt) and 3’(ag) ends of each intron are underlined.

CD3s. The CD3¢ amino acid sequence of the Sterlet
(Boris et al., 2000), which is a more primitive fish (a
chondrostei) than the olive flounder, also has an
ITAM, which has significant identity to those of other
vertebrates. The numbers of exons in vertebrate CD3s
do not_reveal any evolutionary patterns (Fig. 6).
Indeed, with CD3 sequence available for only one
fish species (Sterlet), it is too early to speculate about
CD3 evolution. In the phylogenetic analysis, the olive
flounder CD3Y/8 is closer to non-mammalian CD3y/

ds and the olive flounder CD3¢ is closer to other
CD3es (Fig. 3).

Olive flounder CD3y/8 and CD3e each contains
five exons. This appears to be the most primitive
form of the CD3 gene because the mammalian CD3y,
CD3e and chicken CD3¢ genes have 2 or 3 mini-
exons (Clevers et al., 1988b; Gébel and Dangy, 2000).
These data suggest that the olive flounder CD3 gene
represents an ancestral CD3 form that gave rise to
both the CD3y and CD34§ genes, as suggested that the
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GCTACTTTCTCACATCTGCTCTATACAATAATAACATATAGAAGCTCAGAACAGAATCAGGGGTCGTCTGATGAAAATCAACACCATGGA 90
M K I N T M D
TGTCCGGGCAGTCATCGCCATGACGCTCCTCCTGTATGTAGCTGCCGATGACAGCGAGCCTGgEaaatatctaactgctctgagggtggt 180
v R AV I AMTTILILULYVAADUDSEP
ttcgactctgcttcatctttccaagtcatgtattgtcattaggctcatttagatttagaacaacacacattctgatgataatattacatt 270
tcagagaatgtttaacaaaaccgctcgaatttcctgtatttcatttgtgtgctgtatctactgtattgaaaaggtctgtgtttttccatg 360
tgatgcaccagactgaactctaatctttccctcggatttgtgtttcctttgcagtagagtatagatgcattttattttgatagtttgatg 450
tattttggtatcgttcctgactgttatttgacacgtgtcttagcgtggtgtattacaCagtaagacatagaacatatcagtaaccccatg 540
ttgaaatgaatgatttactatattattatattgtattatataCagtgtatatatatatatatatatatatgcgctgcagtaaaatctaaa 630
tcacttccattctgtgtacaaaggttttttcaatacacaagagtaaatatgattctgatatgaagaggtgtctttgttcaaaaagctaaa 720
acagggattaaaagtagatgtgtctattgctggggtgagatttcggaacaaaacatatacaaaacttaaaatgtttaatttgttaattcc 810
Ctaaaaataaattacaaaaactgtgtttgagggctacacatgtaaaagttttaaggcatctagaggcatttgcttctgcttgaacttttg 900
tctgtcaatatatattgtgaagacagttcagactttgtttacactgctgacattgtttacagttgctttacaatatgtgatgatgactga 990
atgaatcaatcaattcaaaaaatgatyttagatatacaaaagggaggtttggtcttggacacccacctcatgcccatataaagaaacgtg 1080
gagtaaggatgttgatgaagtgatgaaatgaagctaaaactcaacatgccatgtgtttttcttttcttctttttccggTAACATTCGAGG 1170
vV T F E
GGGAATATTTCACAATGAGGTGTCCAGGAGAACAGAAATTGTTCAAGGATAATAGTGATGCGAACAATACTGTACAGTACCACGATCAAA 1260
G EY F TMRCZPG GEZ QI XTLU FI KDNSD A N NT V Q Y H D ©Q
CCAAAGGCTTGTATAGATGTGAAAAGGGAAAATATTTTTTCTACGTGAAAGCAAATTgEgagtaaagggtcttttaatgtctcacctgag 1350
T K ¢ L YRCEIZ KGI ERKYV FF YV K AN
tcaggtgtcctattctgagcaaacacttttgtaactgctgttctttgttccctggTGTGTTTAAATTGTTTCAACCTGGACGGAGCTTTG 1440
L ¢ L, NCFNILDGATL
TTCGCTCAGGTCATCGCTGTGGACATGACCGGGACGATAATTCTGATGATAGTCATCTATAGGTGCACCAAGAAACGCTCAGCTGGATCT 1530
F A QVIAVDMTGTTITITL M I v I YR CTIZ KZ KRS A G S
ACAAACACCTCAAAAGggaaagattttacagtttctgtgctggacgttgtttgcatagcttttaacagtcaatggtgcagagtgagaaaa 1620
T N T S K
ctttgtgttcatcctgcctggtttatctggaatggacacaaaattaaacagaatttgctttattactgtttacgtgtgtggtttattata 1710
agttttagtgattgaccaaactcttttttttttttacatcgcttatcgactatttcagatgtctcttcagcgattgacacaatcttcaaa 1800
gttcacaacttataaaaatgaaactctgtaattcagctctatgtaagttattgcagcaacacacaagggttgtgctttcactttggggac 1890
gaattgggaaccagggaagcgatttaatgaatgttgttgagttgtaggtccactgatgtcgtttgactgaggcacatgtaattcacgttt 1980
ttcttgatgcatgctgattttttaggtgagcttttgcagctgatgtggccctttgaaattctaaattcacctgacgccgaagagtgctga 2070
CthCCatatagattagattttggctccagggacattttacaaggagctttatcctgatgtaataaaagctgatacaacttgtctgcata 2160
cacagtgaagcacaaagctttttaagtaatatgtgcttggtcacagtattgttgtcattactttgcggCACCTGCTCGTGCAGTAGGCCG 2250
A P A R A V G
TGCACCACCGGTCCCATCTCCTGACTATGAGgEaggttttgtttttcgtccaatgtccattaattccttgatgaactcaatgaaagaggg 2340
R A P PV P S P DY E
gtgccaagaaaggaaagtgctcaggacacaaccccacagtttctcttaagaacgtttgtgacaccagccacacgctcagatgtctgtcta 2430
cgacacaataaatggtagatgcctggaaatcttctctgatgcttccagttatctgattctttctcaagtgtactgaagagaggacataag 2520
tttggatatgcatgtatctgtagccgtgctctacagatactatattgttacagcctcccataggtgatgaaaaaattcgaaaaaggcatt 2610
tcattagcagcattttgaatgtgaggtgaaaaagtgatcggaaaaagtgaactcagcagagagaaatgtgggtttgcatctgttaataat 2700
gagcttcgatgagagatggaacttctcaagttggcaatttatttgttggaggcagtcccagctgacattgagttcagctccagaattata 2790
gttaaatattttgtcattgtaaataaagtgaaaatagctgaaaattttaaatcattgtccatgggcgagatatttacatacccaaattgc 2880
ccctgagcgctgtgcagagtgatggatgaaagagagagtgctgcacagatgcactgtacgacgatcctcagatgagggcttgacaattgt'2970
ttctatatttcattttaccccatcgacggtgatatgttgtggtttctctcatgtgacaaatgtacttattgtaagtcactttagacaaaa 3060
gcgtctgctaaaggccctaaatgtaaatgtaaatgtgggatgtgtgtgtgaatgggtgtatggcaaaactgtgaagctctttgattggcc 3150
accaagacaagaagagcgctatgtaaacacaccatttaacaataatattgaaaattgtgtattgctttctaaccatcttaaacaaacaac 3240
tatcacacagtttagtggttatatgacactgatccacctaacactgtatatgttgtgttttggcggCCACTGAACCCGCACACTCGCGCC 3330
P L N P H TR A
CAGGACCCTTACTCTATTGTGAACAGGACGGGATAAAGTCACATGACCTGACTGCACCAGGACACTGGtTTAAAGGCTGCACCGACAAAA 34290
9 D PY S I VNIR RTG *
GCATTAACACCATGCTCCCAGTTTGTGCAGCGGTGACCTGGAATCTAGTTTGTGGGATTTTCAGTATTTGCAAATTATACTGAAAAACTA 3510
CTTTCCTCTCCAGAAATCATCCCTAAAGAAACCATCAACAGCGTGTATAGATTCAGGGGAATGTTCACATTGCTTTTGTGTGTTGCTGTA 3600
GATTTGTTGCAGTCATTTACAACCTGAGGGTACTTCAGCAGCTCAGCTTATTTGAAACTGACTAATTGTCATGTTCATGATCATGTTTAG 3690
GAAGGAAAATAATTACAAAAATAACATGGAATTGCAAAATTGGTACACTGCTAATCTCAAATGTGTTTATTGTAACAAAAATAAAGAGAG 3780
GTTTTCTCCGGG 3792

Fig. 5. Nucleotide and deduced amino acid sequences of the olive flounder (Paralichthys olivaceus) CD3¢ gene.
The 5°(gt) and 3’°(ag) ends of each intron are underlined.

human and mouse CD3y and CD30 genes have Relatively large quantities of olive flounder CD3e
originated from a gene duplication that occurred  transcript were expressed in PBLs, kidney, spleen,
about 230 million years ago (Krissansen et al., 1987). and gills. CD3y/0 mRNAs were found in the same
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Fig. 6. Comparison of the human, chicken and olive flounder (Paralichthys olivaceus) CD3 clusters. Sketch
representing the human and chicken CD3 cluster organization. Approximate size of CD3 genes and the
intervening sequences are given. Genomic construction of the olive flounder CD3s. Their de-rived mRNAs are
drawn to scale as indicated. The genomic DNAs and mRNAs are represented in the top and bottom, respectively.

Exons are indicated by closed boxes.

N A
-\&\.&‘@ )
W Q ‘\\0 Q¢
Q; & PP @0% oe
VRS Q‘&eQ\O&\ SEDEOES

Fig. 7. Expression of CD3 mRNAs levels in various
tissues of healthy olive flounder (Paralichthys oliva-
ceus) as determined by RT-PCR. B Actin amplifica-
tion was included as a control. M; 100-bp ladder
marker.

tissues (Fig. 7). These results suggest that the CD3¢e

and CD3Y/d genes are very closely related and the
two CD3 chains may form a heterodimer.

Further work on primitive fish (chondrostei) may
elucidate the duplication of CD3 and stepwise evolu-
tion of TCR-CD3 complex. It will be of particular
interest to identify the point at which CD3Y/8 was
added to the TCR-CD3 complex in lower vertebrates.
A probable model for CD3 evolution would predict
two successive gene duplications where a single CD3
gene was first duplicated to form CD3y/6 and CD3¢
and a second duplication of CD3y/d has finally ge-
nerated mammalian CD3y and CD34.
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