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Abstract A cosmid clone containing the chicken T-celand TCRD §) polypeptide chains. These chains are en-
receptor alpha chain constant regioRCRAQ was se- coded by theTCRA TCRB TCRG, and TCRD gene
quenced. The cosmid contains tiE€RACgene, six puta- families (reviewed in Hunkapiller and Hood 1989). Like
tive joining gene segmentsTCRAJ, and surprisingly, a the B-cell antigen receptor immunoglobulins, the TCR
chicken homologue for the human apoptotic suppresgmlypeptides are coded by multiple germline separated
gene, defender against cell deatbADl). The DAD1 variable ), diversity O) (for TCRB and TCRD chain
gene is 6.3 kilobases downstream of TERACgene and genes), joiningJ) gene segments, and constant regiGh (
has an inverted transcription orientation with respect to tigenes. During T-cell ontogeny, these gene segments are
TCRACgene. The cDNA for the chickeDAD1 gene is assembled at the DNA level through a site-specific recom-
597 base pairs in length and encodes a highly conseni@dation process.

hydrophobic protein. The proximal location DAD1 to the The expression of thECRAgene is largely regulated by
TCRACIocus has also been confirmed in both humans atfte TCRA chain enhancer which is recognized by a set of
mouse. The location of theAD1 gene suggests th&#AD1 complextrans-acting regulatory proteins (Diaz et al. 1994;
may play an important role in T-cell related apoptoti¢io et al. 1990; Winoto and Baltimore 1989). TRERA
activities. gene enhancer region is located approximately 4 kilobases
(kb) downstream of théeTCRA constant gene (Ho et al.
1990; Winoto and Baltimore 1989). Between humans and
mouse, the 240 base pair (bp) enhancer region shares 86%
of their nucleotide sequences (Koop et al. 1994). As well as
the well-characterized TCRA chain enhancer, additional
Q@hly conserved DNA sequences called conserved se-
dfpence blocks (CSB) have been identified in éRAJ
Jiggion through a sequence comparison between human and
ouseTCRAJ-TCRAGegion nucleotide sequences (Koop

Introduction

Lymphocytes in the vertebrate immune system can
grouped into two major cell types; B and T cells based
their function and site of maturation. These cells exec

the immune responses through their antigen-specific rec .
tors. The antigen receptor for T cells, T-cell receptor (TCR§! @ 1994). Although nuclear proteins have been shown to

is a cell surface heterodimeric glycoprotein. The TCR gcognize one of the conserved sequence blocks, the func-

composed of either TCR) and TCRE ) or TCRG ) Lon ©f (nese conserved regions remain (o be determined

Unique for T-lymphocyte development, the rearranged
The nucleotide sequence data reported in this paper have been and expressed TCR repertoire is subsequently modified in
submitted to the GenBank nucleotide sequence database and have tymus by both positive and negative selection processes
assigned the accession numbers U83627, U83628, and U83833 (reviewed in Elliott 1993). Specifically, positive selection is
the process whereby T cells are selected for maturation

K. Wang (<))t - L. Gart - L. Hood o . when the TCRs can recognize foreign antigens, and the
Department of Molecular Biotechnology, University of Washington, ti lecti liminat If tive T cells. |
Box 357730, Seattle. WA 98195, USA negative selection eliminates self-reactive T cells. In gen-

eral, more than 98% of the lymphoid cells in thymus are
C.-L.Kuo . . . . o driven to programmed cell death or apoptosis due to the
Institute of Biochemical Sciences, National Taiwan University, . .
Box 23-106, Taipei, Taiwan, Republic of China negative selection process (Egerton et al. 1990). Several
Present address cellular encoded apoptotic effectors, suchBxs-2, Bcl-X,

1Darwin Molecular Corp., 1631 220th St. SE., Bothell, wa 9g021, and interleukin-g-converting enzyme (ICE) have been
USA identified. However, little is known about their roles, if
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any, in the T-cell selection processes occurring in thym@$A, 1% sodium dodecyl sulfate (SDS), 0.5% non-fat dry milk, and
(reviewed in Cory 1995). 10% dextran sulphate at 3T. Following hybridization, these mem-

. nes were washed twice in 2 SSC with 0.1% SDS at room
Nucleotide sequences that are conserved through ev iperature and twice in 0.8 SSC with 0.1% SDS at 6%. The

tion include protein coding exons or important regulatomfters were then blotted dry with Whatman 3 MM filter paper and

sequences. Therefore, comparing sequences from evekposed to X-ray film overnight at —AC with intensifying screens.

tionary diverged lines may assist in the identification

process of genes and regulatory elements. Birds diverged _

from mammals approximately 300 to 350 million years agbVA Seduencing

To study the evolution of th# CRACgene and shed somerpe purified cosmid DNA was sonicated and DNA fragments 1.5 to

light on the possible functions of previously identifie@ kb in size were purified from agarose gel as described (Wilson et al.

conserved sequence blocks in human and mAGRAC 1992; Koop et al. 1994). The DNA fragments were cloned Bitoal-

region, a cosmid clone containing the chickEBRACgene digested, dephosphorylated pUC18 vector. Sequencing template prep-
. isolated. sequenced. and analvzed. In this re aration and the subsquent sequencing reactions were carried out by

region Wa,S IS0 » S€q g y alid &l y : . PPER and cycle sequencing reactions, respectively (Wang et al. 1995a).

we describe the genomic organization of the chickesequences were assembled with a test version of Sequencher DNA

TCRACgene and identification of a nearby human apoptessembling program 33@ (Gene Codes Corp., Ann Arbor, MI) kindly

tic suppressor gene homologue, defender against cell degdftyided by Gene Codes Corp prior to its release.

(DADY).

Sequence analysis

Sequence database searches and multi-sequence alignments were
Materials and methods performed with BLAST, Inherit (ABI, Foster city, CA) and LaserGene
sequence analysis program (DNA star, Madison, WI). The nucleotide
and deduced amino acid sequences of the chiékabl gene were
compared with those found in GenBank/EMBL (release 92).

Chicken genomic DNA was prepared from liver using a standard

protocol (Maniatis et al. 1989). A cosmid library with ten genome-

equivalents was constructed from gnomic DNA in the pWE15A
cosmid vector (Wang et al. 1995b). Total chicken thymus RNA wdResults
prepared from a freshly killed 3-month-old chicken using the guani-

dinium isothiocyanate extraction method (Chomczynski and Sacchj . L .
1987). The poly(A) mRNAwas selected through an oligo(dT)-cellulos, he chickenTCRAC gene containing the cosmid, clone

column and cDNA was synthesized and cloned iBAP directional  23.1, was sequenced by the shotgun sequencing approach as
cloning vector (Stratagene, La Jolla, CA). A total of approximatelgdescribed (Wilson et al. 1992). The final assembled DNA

1 x 108 independent recombinant phage plaques were obtained &jsuence contains 31793 bp of genomic sequences. The
screened. sequence has about 45% of GC and does not contain any di-
or tri-nucleotide repeat with significant length (greater then
five repeat units). The cosmid contains the entire chicken
TCRAC gene, six putativesTCRAJ gene segments, three
Polymerase chain reactions [(PCR) (Saiki et al. 1988)] were used@@pies of the chicke@R1type repeat, and surprisingly, the
obtain DNA probes. Oligonucleotide primers were synthesized froghicken homologue of a gene which is thought to be a
chickenTCRACmMRNA (Gobel et al. 1994) and chickédAD1 germ- suppressor of apoptosi®AD1 (Nakashima et al. 1993).

line sequences. The primer sequences were as follows: Two copies of the CR1 repeat are located between the
CHKCAL: CCTTCAGTCTACAGGCTGACC (for the chicken  TCRACgene and th®AD1 gene, and the other one resides

Nucleic acid and libraries

Probes and hybridization

TCRACgene) ;
CHKCAIR: TCAGCATGTTCAGGTTCTCAT (for the chicken ~ CEWEEN exon 1 and exon 2 of thé\D1 gene (Fig. 1). The
TCRACgene) chicken CR1 repeat encodes a retroviral reverse transcrip-
CHKDAD1: AGTGGCACGTCGAGCCGTCTCA (for the chicken tase pseudogene. The transcriptional orientation of the CR1
DAD1 gene) repeats are indicated in Fig. 1.
CHKDADIR: GATGCAGGATGGTGTTGGCAAAG (for the
chickenDAD1 gene)

Approximately 1 ng of chicken thymus cDNA was used inj8®f ; At ;
PCR that consisted of 50 mM NaCl, 20 mM Tris.HCI (pH 9.0), 2.5 mI\Penomlc organization of the chicken TCRAC and TCRAJ

MgClz, 0.5 mM dithiothreitol (DTT), 15QuM of each nucleotide, iM genes is similar to human and mouse

of each gene-specific primer, and 2 unitsTafj DNA polymerase. The

reaction m_ixtures were subjected to 25 cycles of amplification. Eadthe TCRAC gene exons were identified by similarity
cycle consisted of 20 s at 9€, 45 s at 50C, and 90 s at 72C. The t%ce)mparisons with the chicken TCRA chain cDNA se-

amplification products were analyzed by gel electrophoresis and - -
identity of the amplified products was determined by direct sequenciﬁ{ye,nces (Gobel et al. 1994). TRERACgene in chicken,

with y-33P-ATP-labeled amplification primers. as in humans and mouse, is encoded by three translated
For library screening, the purified fragment was labeled to @xons, exon 1, 2, and 3, and an untranslated exon 4. The
Speg'f'c ra_d'f?aC“‘(/'gy, gbreater t(;‘a\r/‘ 1‘|1t(ff C-lpég‘él)lgMOf DbNA by exons are 264, 48, 107, and 474 bp in length and are
random priming emnperg an ogeilstein . empranes wi : .
hybridized overnight in 50% formamide (V/V), 8 standard sodium eé(éparaied by introns of 442, 1070.' and 470 bp, respectively.
citrate [(SSC) (1x SSC = 0.15 M NaCl/0.15 M sodium citrate)], T he chickenTCRACgene exons, like other knowiCRAC

0.02 M sodium phosphate (pH 6.7), 10@/ml denatured salmon spermgenes, begin with the second codon position which insures
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TCRAJ TCRAC : DADI
65 4 21 —— ——
-1 4 —— O] = [—i—mp~}
2 4  CRlrepeat CR1 repeat CR1 repeat
Exon 1 3 - Exon2
Exon 3 Exon 1
5 10 - 15 20 25 30kb

correct RNA splicing between constant gene exons aRg. 1 Genomic organization of the chickéRCRAJ, TCRACand
between the joining gene segment and the constant gep@P1gene region. Tha CRAJgene segments and exons RERAC
Even thouah the chickeMmCRAC agene share a Sirnilaran_dDAI_Dl genes are |nd|cate_d. Thg CR1 repetitive sequences and its
. 9 L . g orientations are indicated with solidrrows The arrows abovethe
intron/exon organization with human and mouB€RAC horizontal line indicate transcription orientations for thECRAJ/
genes, it shares little sequence similarity at either ti€RACandDADL1 genes

nucleotide or the amino acid levels (Gobel et al. 1994).

Amino acid residues that are important for the structural

integrity of the TCRAC polypeptide are preserved in birds Alignment of the nucleotide sequences and deduced
(Gobel et al. 1994). amino acid sequences of theE€ERAJgene segments are
To identify the chickenTCRAJ gene segments, thelisted in Fig. 2. As expected, nucleotide sequence conserva-
cosmid sequence was searched Jogene segment coretion at recombination signal and RNA splicing sites can be
sequences, DNA recombination signals, and RNA splieggyserved in chicken germlind CRAJ gene segments
sites as described (Koop et al. 1992, 1994). In addition, t{fEig. 2A). ChickenTCRAJ1and 2 are probably pseudo-
cosmid sequence was compared with a file containing 1génes, since part of the conserved sequence motif does not
previously identified human and mouS&€RAJgene seg- present in the coding regions (Fig. 2B). However, the
ment sequences (Koop et al. 1992, 1994). These searci@gtionality of theseJ gene segments can only be deter-
resulted in the identification of six putativé gene seg- mined by expression studies such as cDNA library screen-
ments, TCRAJ1to TCRAJ6(Fig. 1). As in humans and ing and sequencing.
mouse, the chickeMCRAJgene segments are 50 to 63 bp Extensive nucleotide sequence conservation between the

in length and are flanked by d& BNA recombination signal human and mous&@ CRAC-TCRDCgene region has been
(GGTTTTTGT-11 to 12 bp spacer-CACTGTG) and a 3

RNA splice site (MAGGTRAG). The chickerd gene

segments also contain a centrally located conservigg.2A, B Alignment of the chickem CRAJgeneA nucleotide and
amino acid core sequence (Phe-Gly-X-Gly-Thr). All thessnino acid sequences. Consensus sequences are adapted from human
putativeTCRAJgene segments are located upstream of tRgd mouseTCRAJsequences (Koop et al. 1994). Gaps have been

- - : duced to maximize similarity between the sequences. Recombina-
constant gene and have the same transcription orlentatloﬁ:ggsignal (GTTTTTG T A------ CACTGTG), J gene segment core

the TCRA chain constant gene. sequence (TTTGGNNNNGGNAC), and the RNA splice signal
(GTAAGT) are indicated

A
Recombination siganl Joining region (J) RNA Splice site
TCRAJ6 GGGGAGATTTCTATTGTGTCCTGAAAGGTTGTG TAGAATTCAGGGCAAGATC CAAGCCCATGTTTGTTAGTGGCACCCATCT TTGGGTGAAA CCCA GAAGGTGTTAA
TCRAJS ATGCAGCATTTTGCAAAGCATGGTGTCACAGTG TAATACTGGGGGTTACGG CAAACTCATATTTGGAACTGGAACCAAACT TACGGTTTCT CTAG GTATGTCTGAA
TCRAJ4 ACTCTGGATATTGTAGATGCCTGTGTTATTGTG TGACTATGGATATAGTTA CAAACTCACGTTTGGATCTGGGAGAAGACT TCTGGTTCTG CCAG GTACATGCATC
TCRAJ3 GGCTATGTTTTTGCAGAGATTGGCATCAGTGTG CCAATCAGGGATATGCA GAACTGGCATTTGGAGCGGGAACCCAACT TCTTGTT ACCCCGA GTAAGTTTAAA
TCRAJ2 CAACAACTGATAGCAAAGTCTTATTGTTGAGTG AGAAAGAT ACACT ACATTTGTAAGAGGAACTAGATT TAAAGTC AGTTCTG GTGCTTGAGAT
TCRAJL GCTGTGTCATTTGTAATGATTTGAATCTGGATG TCTGGGATACTGGAGCTA CGGGAGTAATTTTTGGAAATTGCACAAGGCT GTCTGTA ATCCCAA GTTATCTAATT
CONSENSUS (Koop et al) GGTTTTTGTAAAG CACTGTG AA CT A TTTGG GG AC A CT GT A Ccca GTAAGT
B/
XKL FG GT L V P CONSENSUS
T T
1.0 ZIO
EFRARSKPMFVSGTHLWVKEP TCRAJ-6P
NTGGYGKLIFGTGTKLTVSL TCRAJ-5P
DYGYSYKLTFGSGRRLLVLEP TCRAJ-4P
NOGYAELAFGAGTQLLVTP TCRAJ-3P
ERYTTFVRGTRFKVSS TCRAJ-2P
WDTGATGVIFGNCTRLSVIP TCRAJ-1P
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Fig. 3 Germline nucleotide and agaactgttactgtacctggaggagatacactgtctatactcccttgecagcagagagtagectgggatgagtaaggtgga
deduced amino acid sequences Ofgaggaaacgctgtagttctcaatcatacaatcatagaatcattagagttggaaaaaaactctaggatcacctactgcaac
the cmckenDA[H_gene_The catcacccatcacataatgcttcectetggacataaatataaagggacctacacaaaagcaacagttgcaggaatctgga
l)A[)lgene exons are identified agaagaaggatggcttttggatatcttcccagacatctcactgctgctgtgctggaccagagaggataccccaatgaata
by similarity comparison with the ttceccagagatgcacaaaaaacatacaattgacttgggagaaaactcccaggtctecatactgggcaatgcagataaagac
chkkenDAEH.thU\sequences. tgggaaaaccaacatgctcaggtctcagttttcttcaggaccgttgagacttcagcatgccaggcatcgtagaaggaaga
The exons are indicated and listed cacataaacccccatactccatcctggcaaaaccaccccaccaatcccacctcctaccgccacgaactgatctcacacaa
. . gggcacctctggagaccgagagacttctgcgcacgcgccagccggaagcacctttcagccaatccggcacgtacttatgc
in qapnal]eners'fhe deduced gcatgcgtattatctctagtaacacctcagttccgcccttttgcgggcaggacaactgcgtttgcgcactatctctgacc
3?“”0 amdiﬁfe gﬁe%bgveof cggaagtggactggccatgcgcgtgtgttgctcggctgtgtcccggaagCQcttgtccgctctgcttccggccacctcag
€ exons. Polyadenylation sig-

Exon 1
nals are inunderlined boldface M S G T A G S GV 66 AAGS YV ES VYV RR
letters. The CpG islands and the ctttcttctGEEEEEAGCATGTCGEECACGECGGGTTCGGGTGTGEEEECTECCECCTCGGTAGGTTCTGTGETGCGGCG
RNA splice donor and acceptor F L AE Y G 8 TS S R LIEXKVUILDA ATYTELTZLTZYV VMTIELT
sites are indicated iboldface TTTCCTGGCGGAGTACGGCAGTGGCACGTCGAGCCGTCTCAAGGTGCTGGACGCATACCTGTTGTACGTGATGCTCACCG
characters. ThechickenCR1re- ¢ A L @ F ¢ Y ¢ L 6 V 6 T F P F N 8 F L § @ F I S A V
peat sequence isnderlined GGGCGCTCCAGTTTGGCTACTGCCTGGGTGTCGGCACCTTTCCCTTCAACTCCTTCCTCAGCGGCTTTATCTCCGCCGTC

G 8 F I L G
GGCAGCTTCATCCTCGGCthcagtgagaaccccgcgcggttgcccccgacacccaggtcgtcccattaggatttctccg
tggcgetgettgaatctectegcagtacccagggagetccecegeagtgecacgaagecccgtagetateggagttececcteag
tgacggtcacatagaaacacagaatggcttgaattggaagggacctcagagatcacctagttccagetectetgatgtgg

CR1 repeat
gctggttgctcatcaccagatcagattgcccatggccccatecagectaggecttgatcacetecgagatagggcatgcac
cacttttttaggacagettgttccagcaccttagccaccttetctgaaaaactttcccctgacatectecatetaagtetecee
Ltctcttagttttaaactattttctttcatctatcacttaactatgtaaaaagttgatttecttectgtttttaatectece
tttaaatattggaaggccacaatgaggtcteccccatagecctetettctecaagctaaacaageccagttectecccage
tatatttataggagaggtactccagecctetgagcatectcataggetetectttgaaccctctccgaaaactcaacatet
ttettatattgagggccccaaacctagatgcagtactctagatggagtctcacaaaggcagagcagaggggaacaatcace
Eccctcaccctgatggccctcgtcttttgatgcagctcaggaaactgctggccttttgggatgcaaatgcacac;ggtgg
ctcatgttaaggttttcctettctaggacccccaaatecttctecacagagttactetcagagagtteteccagactata
tacatacctaggattgctctgactcaagtgcaacactttgtgettggctttattgaacgttattagatttatatgagece
accttttgagtttgtcagtgtcectttggatgacatctettacaccaactgecagacccaccttggccaaacccacagece
agggatcagtagcccccagtectgeccagecaactgggcagtgetggtgettggecactecttgggtaatteccagaccectte
tagaaaccagaaagttgccatagcaaagataaaaagcctaagaaagggtaaaacctgaaaactccaggatgttcecctggt
aaccttaaagcaaccagctctactcccagcatacccttctaggtctgtctgatggtgcccagatctgcaccccggcactg
atggctggttctggcctgctggtcctaccccccagcaagatggtctgcagcagactgtgaacttatgtggttctgccctt
gtgcaccacaaaacccagctcctecatgagecctatgtgteccttetteteccagggtggtcagggaatettcecttttace
attttgtattgatgtctttecttagtgttcatectatggtaaacccaaccctagcaataactgecttcaggatggtgette
cctataatgcacccttttaaaaacaccatgtcecctgtgecagecctteccagcacagetaacagtgacctggacagggtygg

actgccttagctaggeccatgettcatgecatgaattcectttttgatctetgatgtatcattttectecectgetgtacagT
Exon 2
¢C L R I Q I N P Q N K GEVF Q @ I 8§ P ERATFATDF
TTGTCTCCGGATCCAGATTAACCCCCAGAACAAAGGAGAGTTCCAAGGCATTTCACCAGAGAGGCCATTTGCTGATTTCC
L F A NTTI L EHEL V V I NVF V G
TCTTTGCCAACACCATCCTGCATCTCGTCGTTATCAATTTTGTTGGCTGAACTCTAGAAGAGTCTGAGgtactgatccat
ggggccccagaaagggacgacactttcectetacttttgtagatctgggagaaaactagaaacctcccaagetttctecatga
gcaagtacagttaaaccattgttctttatgttgatagaggggtaagacttactgetttttgtttttatgaatttttattt
ttttgctttattcaattaaaagtcagattaacttagtgtcacagaaatctaaccatattttactcttagagggatgaaaa
atacctcaatttttctatgcagaaggaactttctgggctgagacttcaaggetetatecttgagggetgtectgtttaga
ggccatggaatggctggtatctaagtatgaagtttatcagcagatgagaggagatttaagaatagggagagactgataac
agaatggggagagcatgttctgttaaagtttgtggcatatattttttttcccctttgcaaatgcattattcatgttatct
Exon 3
ttetttetttccagGTCTTGAATTCTTCTAGAACTCTAATGTCAAATCCTGTTAGAGAGAAGTGTTGTTTTCCAGCAGTA
CCTGCTGCTTTGGTGAGGAAGGGGAGAAGCAGAAGTCAAAGATTATTCCCACAGACTGTCCTATGGAGTGETCTCTTCCC
TCATTTCAGTTACTGTAATTCTTTCTTTARAATAAAGCCCTTCGTAATACTGCaatcttttttacctectttatgacaaagy
gagagtttctcctgatgcttaagttcttgctcaggtgtttcctcctccttttctccttcccttcgggcttttttttttcc

observed (Koop et al. 1994). However, no significantanscription orientation witifTCRAC and TCRA Jgene
sequence conservation on the orthologous regions lsagments.
been identified through careful sequence comparison ChickenDAD1cDNA is 697 bp in length and encodes a
among the chicken, humans, and mouse. highly hydrophobic protein with 123 amino acid residues.
Like its human orthologue, chickeDAD1 is encoded by
two translated exons, 1 and 2, and an untranslated exon 3.
The chickenDAD1 gene exons are 250, 149, and 198 bp in
A highly conserved apoptotic suppressor gene, DAD1 islength and are separated by introns of 1659 and 506 bp,
located downstream of the TCRAC gene respectively. The germline nucleotide sequence and de-
duced amino acid sequence of the chickeAD1 gene is
Using BLAST and GRAIL search, a chicken homologue fdisted in Fig. 3. The chickeiDAD1 gene cDNA sequence
the human apoptotic suppressor gebaP1 (Nakashima et contains a short 9 bp'auntranslated (UT) region and a
al. 1993) was identified on th# CRACgene containing 216 bp 3 UT region. Similar to thdAD1 gene in humans,
cosmid sequence (Fig. 1). The chickeAD1gene is 6.3 kb expression of theDAD1 gene in chicken can also be
downstream of theTCRAC gene and has an invertedobserved in all the tissues that have been studied thus far
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Human DAD 1 MSA- v eee-- SVVSVISRFLEEYLSSTPQ: -« -+ -~ RLKLLDAYLLYILLTGALQFGYCLL
Mouse DAD 1 By O
Rat pDaD 1 e e o ot e b e e e e e e e e e e e e e e
Chicken DAD 1 —-GTA-GSCVGAAG--G~-VR-—-A~~G=G=SS8 - ++ v+ + v+ s mmoVom e m oYM m e e e e el
Xenopus DAD 1 B LV IRIRIE R IRIPIPIRJUS : N ; SR » WU 7SSy )
C. elegans DAD 1 R Q--P-L-KLFDD-QKT-SS+ + <+« - - K--II---MT---F--IF—-I--—-
Yeast 0ST 2 DAD 1 like —AKAPKANTPKVTSTSSA-LTD-Q-TFKT-KRAYFAQIEKYPK--~I~-TFCFFLV-L-VI-CTFII-
Human DAD 1 V- GTFPFNSFLSGF ISCVGSFILAVCLRIQINPONKADFQGISPERAFADFLFASTILHLVVMNEVG
Mouse DAD 1 e
Rat DAD 1 e
Chicken DAD 1 = e g T T — GE-———————mmm o N-—————— | R
Xenopus DAD 1 B T T pp— S S Ne————— V--I-
C. elegans DAD 1 ~tm—m————— e —T-T—-V--§~—-M-V-QE-RSE~TAV-T-—————— I--NL—-——-—- V--L-
Yeast 0ST2 DAD 1 1like IRDN----A--A---I~---Q-V-LMS--L-LC" - + -NS-P---KN----E-IV--L---F-CLH-IN

including spleen, thymus, brain, liver, and pancreas (dat@. 4 Amino acid sequence alignment fBrAD1 genes and its yeast
not shown). homologue Dasheg(-) are used to indicate sequence identity with the

. . . anDAD1 sequenceDots () are used to indicate gaps that were
Like other widely expressed genes, CpG islands can !hl#gduced by alignment program to maximize sequence similarity.

identified in theDAD1 promoter region (Fig. 3). Apart from The GenBank accession numbers for the sequences used in the
the CpG islands, no other obvious regulatory sequences agnment are: human D15057 (Nakashima et al. 1993), mouse

be identified based on direct sequence analyseS. U83628(K Wang and co-_workers, in preparation), rat D15058
(Nakashima et al. 1993), chicken U8362%nopusB54437 (Naka-

shima et al. 1993)C. elegansX89080 (Sugimoto et al. 1996), and
yeastOST2U32307 (Silberstein et al. 1995)

The DAD1 gene is highly conserved through evolution

DAD1 genes and an yeaddAD1 homologue, epsilon- i pird revealed a striking conservation in intron and
subunit of the oligosaccharyltransferase (OST2) gene (Sikon structure

berstein et al. 1995), is shown in Fig. 4. Over 60% of the

DAD1 amino acid sequences are conserved fl@aenor- Eyen with 300 to 350 million years' separation and low
habditis eleganso human. The chickeDAD1 gene shares gyerall nucleotide sequence conservation, the chicken
80% of its amino acid sequence identity (Fig. 4) and 77% @cRACgene, like its human counterpart, is still encoded
coding region nucleotide sequence identity with the humw four separated exons, three coding (exon 1 to 3), and one
DAD1 gene (data not shown). In contrast, the nearbyncoding (exon 4). The protein translation frame in the
chickenTCRACgene shares only 25% amino acid 'dent'tﬁhickenTCRACgene, as in humans and mouse, begins with
with its human counterpart (data not shown). The chick§Re second codon position which insures correct RNA
DAD1 gene has an insert of 10 codons in itSrBgion, gpjicing between constant gene exons and between
unlike otherDAD1 genes (Fig. 4). The yea€dST2gene TCRAJand constant genes. The conservation of intron/
shares approximately 40% and 30% of its peptide sequeRg® structure and protein translation reading frame clearly
with human and chickerDAD1 sequences, respectivelyingicates that thd CRACgenes in birds and mammals are
(Fig. 4). evolved from a common origin.

Sequence analyses of ti€RACgene region in chicken
failed to recognize the previously identified TCRA chain
enhancer and conserved sequence blocks (CSB). This may
imply that 1) the enhancer region and CSBs may not have

- : . any regulatory roles in the expression of the TCRA chain
TCRACgone between ohvoken and humans reveaied offg": 2 the avian TCRA chain gene may use different set
yregulatory elements, 3) we may not be comparing the

limited overall nucleotide sequence conservation. Regu%— ; :
orthologous region, and more likely, 4) the core sequences

tory sequences required fdiCR gene assembly are CON%or TCRA chain enhancer and other putative regulatory

served between chicken and human. These include recoe “ons such as CSBs are much smaller then previous!
bination signals as well as RNA splice donor and acceplrorg P y

sites. Other sequences such as the core sequence mdgtif t%ti;gge_sl,_tﬁd ang allre _noic retv%a_lled by ﬂlrect ?equ?nct(_a compgr-
gene segments and key amino acid residues which ésr%nt LIJS’ 'IO ogica SE 1es SL.’Cd ":S Irants e;:hlon an
required for maintaining structural integrity of the TCRA]'eCeR,IA(\)Igiusa?g ﬁ"asto?waé ign;eqwre 0 locate the avian
chain polypeptide are also preserved through evolution. In 9 yreg '

contrast to the TCRA chain gene, the apoptotic suppressor

gene, DAD1 revealed extreme sequence conservation at

both the nucleotide and the amino acid levels (Fig. 4).

Discussion
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Extensive sequence conservation through evolution sugDAD1 may also play role in the early T-cell development
gests that the function of DADL1 is fundamental for the cglrocesses.

The isolation of TCRA chain genes from evolutionary
Unlike TCRAG the DAD1 gene is small and highly con-diverged species usually depends on cross-species hybrid-
served. Between humans and rat, fh&D1 gene is 99% ization or utilizes degenerate primers in PCR. These meth-
identical at the protein level. Other apoptotic proteins sudus in general are difficult, unspecific, and time-consuming
as Bcl-2 do not show such extreme sequence conservatidue to the low sequence conservation of the TCRA chain
Recently, theDAD1 orthologue has been identified @. gene. The nearbPAD1 gene, in contrast, is highly con-
elegansand even in plants (Sugimoto et al. 1996). Theerved through evolution. Thus, it may be possible to obtain
DAD1 polypeptide is highly hydrophobic, which suggestdhe TCRACgene from other species by taking advantage of
that DADL1, like the Bcl-2 gene product, may be associatetie DAD1 genés extreme sequence conservation and prox-
with sub-cellular compartmental membranes. As in himal location to theTCRAlocus.
mans, chickerDAD1 gene expression was detected in all
the tissues tested. Ubiquitous expression and extrefsknowledgments We are grateful to the sequencing group in the

; Department of Molecular Biotechnology at the University of Wa-
sequence conservation suggests that[M®1 gene may shington for their suggestions on DNA sequencing. We thank Gene

play an gssentlal and fundamental role in the survival Ebdes Corp. for providing us with a copy of the Sequencher DNA

eukaryotic cells. sequence assembling program prior to its release. We also thank Dr.
Yeast epsilon-subunit of the oligosaccharyltransferaB&hard Gelinas and Mr. Patrick Moss for critical reading of the

has been cloned recently (Silberstein et al. 1995). Surpﬁganuscript. Part of this work was supported by a DOE genome award

ingly, the yeast epsilon-subunit of the oligosaccharyltranré’-"' H.

ferase protein shared 40% of its peptide sequence identity

with the humanDAD1 protein. This finding suggests that

DAD1-mediated apoptotic suppression may be involved in

the glycosylation and mannose transport pathways in tReferences
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