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We identified and cloned a novel 9,078-bp ¢cDNA, designated TPRDI, from the Down
syndrome-critical region by exon trapping. The cDNA encodes a putative protein (TPRDI)
of 2,025 amino acid residues. Two isoforms, TPRDII (8,992 bp) and TPRDIII (7,416 bp),
were also isolated. TPRDII, which is probably an alternative splicing product from the
TPRD gene transcript, encodes two large open reading frames (ORFs) of 200 amino acid
residues and 1,792 amino acid residues, respectively. TPRDIII, which is probably generat-
ed by transcription from an alternative start site of the TPRD gene, encodes a putative
protein of 1,715 amino acid residues (TPRDIII). Northern blot analysis revealed that
TPRDI and its isoforms are present in 7-17 day mouse embryo and in all the human adult
and fetal tissues examined. TPRDI has three units of a 34-amino-acid repeat similar to the
tetratricopeptide repeat (TPR) motif, which may mediate interaction with various proteins.
A larger ORF encoded by TPRDII also has three units of TPR motif, but TPRDIII has only
two-thirds of this motif unit. Thus, the TPRD gene may belong to the TPR gene family.
Near-central and C terminal regions of TPRDs showed some homology to several matrix
proteins such as trichohyalin and bullous pemphigoid antigen. It is possible that the TPRD
gene is one of the genes whose overexpression causes several morphological anomalies

observed in Down syndrome.
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Down syndrome (DS), the most common birth defect, is
caused by trisomy of chromosome 21. Cytogenetic and
clinical correlations of patients with partial trisomy 21
indicate that a region of 2-4 Mb in 21g22.2 is critical in the
pathogenesis of DS (1-3), and this has been designated the
Down syndrome-critical region (DCR). Thus, the cloning
and characterization of genes in the DCR are important to
elucidate the molecular basis of DS. Recently, a transgene
study suggested that Ets2 is involved in some skeletal
abnormalities of DS (4). DS manifests complex phenotypes
and may be caused by multiple genes. Several genes other
than Ets2, including ASIM (5, 6), ATP50 (7), SLC5A3
(8), KATP-2(9), erg (10), DSCR1 (11), potassium channel
Isk (12), and GABPA (13), have been identified, but a
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number of unknown genes remain to be identified and
characterized. For this reason, we have analyzed P1 clones
mapped in this region by exon trapping. In this paper, we
report a novel gene (¢cDNA) mapped in the DCR which
encodes a protein(s) (230 kDa) possessing tetratricopeptide
repeat (TPR) motif.

MATERIALS AND METHODS

Exon Trapping—Several P1 clones possessing a se-
quence-tagged site in the DCR (14) were isolated from aP1
phage library specific for chromosome 21 (15) by PCR-
based screening, and subjected to exon-trapping analysis.
The P1 DNA was isolated by the alkaline-SDS method
(16), partially digested with Sau3Al, and the DNA frag-
ments of 2 to 4 kb were ligated to the BamHI-digested exon
trapping vector pEXT3 (17). COS 7 cells were grown to 40-
60% confluency and then transfected with the recombinant
plasmids by Lipofectin (GIBCO BRL). After incubation at
37°C for 3 days, total RNA was isolated by using an
ISOGEN (Nippongene) and subjected to RT-PCR by using
primers of the splicing cassette of pEXT3. The PCR
products were analyzed by 2% agarose gel electrophoresis
and the bands containing the trapped fragments were
cloned into pT7 Blue T-vector (Novagen) for sequencing.

Screening of ¢cDNA Libraries—Among many trapped
putative exons showing no homology to known genes,
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(A)

CTGAACTAGTTGCCAGTGATCTTGAAACGTGACAGTAACCAAGAGATAAATAGGTGACAATGACAGGAAAATTAGATGTAGTAARAGAGAGTGT TTGAGA 100
GCAGAAGCTATGGCAACTAAAGACTGGATTTGAATCCTTCCTAGCT TGGTGACATGAGCAAATTACTTGATTTAAGTGAGCATT TTCCCATCTGTACAGT 200
GGAGATAACGATAATTGTGCCTGCTAAGAAGAAT TGCTGTGAAGATTAGTGAAATAATGCATGTAAAACATTTGGTACAGTATGTGACACATAGTACAAA 300
TAGTTTGCTAGGAAGATTGTTATTATTCTTCACTTGTGATATTGTGAAGT TTTCATACAGCAAMATTGGACATCATGAGATGGATTGATTAAATAAATAGA 400
TTTGAACT TCAAGGACTGGTAGTIGTTCTTGCTTTGGARAGAAGAAACTTGGT TTATCCTAATAATAGTAGGATAATAATGGTGAAGTGATAGGTACAAGT 500
AATAGTGTTTATGATGCGCTGGTGATGATAGGAAAAGAAAGCCATTATATGGGCAAGAGCTAGAAGTAATAAAATGGTGCATTTTTCAGTGATGTTTGGC 600
CTATGTAGCTATTCTCTGATAACTATAAAAATCCTTATTATTGAAGATTCTTCAGGAAAAAAAAACCCTTAGTCTGAAACTTTAGCACCAATCCCCCTTG 700
CCCCCCATTGAAATACGTATTTTTAAAACATGGCTTTTGATAATGTGAGGGTTTTTTCCTTTTTGCGATTTAGCAGTGCTGATTGTGTATTGCAGTAGTT 800
GTGAGAGCATTAGAAGCAGCAGTCGATAGGAGGATGGAAGGT CTGGATGCCGCCTTGGGGAGTTAGGAGATTGGCAGACTTACCCTGTACCACTCTAGCC 900
CTACTCCTTTGCCCAAGACAGAAACACACTGAGATGGATAGGAGAATATGAGCAGT TGATAGGAAAGTTCTCAGTGGAGTCAGGATTTAGGTTAGGCCAG 1000
GAGATTGAGAATATAACAGTTTGTGTATGATGAAATGGCATATT TCACAGAATGCAGTAAAAGCAGGTAGGGTACAAGTGCAGCAACAGGAAGATGTCTT 1100

TTCTTCATTCAGCAARACACTTATT TGAGAGCTTACCATGTGCTAGGCACATACAAAGATAAATAAGATGCCCTTGATGATCCTCTATT TAMAGGAGACAT 1200
GTAAACAGGTTAACTTAGAGTAGAGATGGTGAATATGTGAACCTGAGGAAAGGAAGAAATAGAT TAAATTATCTGGAGAGAGAGGAAAAGTCAGCAGAAT 1300
GGGGACGAGAATCTTTCGGAGCTCAGTGTTCTGATAGGAGTTATTTCCTTGGGCATAGGT TCCAAGTATTTTTCTAATATACCATAGAAGCCAGGAAAAC 1400

TTTCTTCTGTTATCTCAAATGATTTAATTACTGACT TGAGTT TGTGTTGTCTCCTTAGACTTGTGCACCATIGGACAAT TTTGCTGAGGGAGATTTCACTG 1500

M D N F A E G D F TV 11

TGGCGGATTATGCCTTGTTAGAAGATTGCCCTCACGTGGATGATTGTGTCTT TGCTGCTGAATTTATGAGCAATGATTATGTTCGTGTGACTCAGCTTTA 1600
A DY AL LEDTCZPHV DDCVF AAETFMSNDYV RV TAQQLY 44
CTGTGATGGGGTGGGTGTGCAATATAAAGATTATATCCAAAGTGAGAGGAAT TTGGAATTTGACATCTGCAGTATATGGTGTAGTAAACCAATTTCTGTC 1700
¢c b6V 6V QY KD Y I Q S ERNULETFDTITCSTI WOCSKU?PTI SV 77
CTGCAAGATTATTGCGATGCCATTAAAATAAACATCTTCTGGCCACTTCTGTTTCAACATCAMAACAGTTCCGTAATATCACGATTGCATCCCTGTGTGG 1800
L Q DY CD ATZI KTINTIUFWUPULULUF QHQNS S VI S RILUHUZPTCUVD 111
ACGCCAACAATTCACGTGCTTCTGAGATAAATTTGAAGAAACTACAACATCTTGAGTTGATGGAAGATATTGTGGATTTGGCAAAGAAAGTTGCTAATGA 1300
A N N S R A S5 E I N L XK XL Q HL EULMEDTIUVDIULAIKIKUVANTD 144
TTCATTCCTTATTGGAGGCTTATTGAGAATTGGTTGTAAMATAGAAAATAAAATCTTGGCAATGGAAGAAGCTCTGAATTGGATAAAATATGCAGGCGAT 2000
S F L I1 GG 6L L RI G CX I ENIXTITILAMETEATLNWIIKYATGTD 177
GTAACAATTCTAACTAAATTAGGATCAATTGACAATTGTTGGCCTATGTTAAGTATTTTCTTTACTGAATACAAGTACCACATAACTAAAATTGTAATGG 2100
v TI1 L T K L G S I DNCWUPMULS IV FFTEYKYHTITXKTIUVME 211
AAGACTGCAATTTGCTTGAAGAACTTAAAACTCAAAGT TGTATGGATTGTATAGAGGAAGGAGAACTAATGAAAATGAAAGGAAATGAAGAGTTTTCCAA 2200
D CNUL L EEVL X T QS CM D CTIEEGETLMKXXMKGNUEEF S K 244

——__
(TPR)

AGAAAGATTTGATATAGCTATTATCTATTACACCAGAGCCATTGAATATAGACCTGAAAACTACCTTCTTTATGGTAACCGAGCTCTTTGTTTTCTTCGT 2300
E R F D I A I I Y Y T R A I E Yy R P E N Y L L Y G N R A L C F_ L R 217
ACTGGACAGTTTAGAAATGCACTCGGTGATGGAAAGAGAGCCACTATTCTGAAGAACACT TGGCCAAAGGGTCATTATCGTTATTGTGATGCTCTTTCTA 2400
T G Q F R N A L D G K R A T I L K N T w P K G H Y R Y C D A L S M 311
TGCTGGGGGAATATGACTGGGCCCTGCAAGCAAACATAAAAGCTCAAAAACTCTGTAAAAATGACCCTGAGGGAATCAAGGATCTART TCAGCAGCATGT 2500
L G E Y D W A L Q A N I X A Q K L C K N D P E G I X D L I Q Q H V 344

AAAGTTACAAAAACAAATAGAAGACCTACAAGGTCGAACAGCAAATAAGGATCCAATTAAARGCCTTTTATGAAAACAGGGCCTACACACCTAGGAGTTTA 2600

K L ¢ K Q I EDL QG RTA AN KDU PTI KA ATFYENU RAYTU®PRSL 37
TCAGCACCTATATTTACTACTTCACTTAACTTTGTGGAGAAGGAAAGAGATTTCAGAAAAATTAATCACGAAATGGCCAACGGTGGTAATCAGAATCTAA 2700
S AP I FTT S LNV FUV EKEIZRUDTFA RIKTINU HIEM EANGGNUOQNILK 411
AGGTGGCGGATGAGGCGTTGAAGGTAGATGATTGTGACTGTCATCCTGAATTTTCACCACCATCAAGT CAGCCTCCAAAACATAAAGGAAAACAAAAATC 2800

V ADEAULXV DD CDTCHU®PTETF S PP S S QP P K HKGIKQK S 444

TCGAAACAATGAATCAGAAAAGTTCAGTTCTAGTTCACCATTGACTTTACCAGCAGATTTGAAGAACATCTTGGAGAAACAGTTTTCTAAATCTTCCAGA 2900
R NN E S E X F s 8§ 8§ 8§ P L T L P ADILIKNTITILEIKIZ QT F S K S s R 477

GCTGCACACCAGGATTTTGCTAATATAATGAAAATGCTGAGAAGCTTAATTCAAGATGGCTATATGGCCTTATTGGAGCAGCGTTGCCGCAGCGCTGCAC 3000
A A HODV FANTIMIKMMTILR S LI QDG Y MALTLTETGQRTECRSAADQ 511

AGGCCTTTACAGAGTTGCTGAACGGTTTAGATCCTCAAAARATARAGCAATTGAACCTGGCCATGATTAACTATGT TTTGGTCGTCTATGGACTTGCCAT 3100
AF T EULULNGTULDU®POQKTI KOQLNU LAMMTINYUVLVVYGLATI 544

TTCTCTCCTTGGAATAGGACAGCCTGAGGAATTATCTGAAGCCGAAAMACCAGTTTAAGAGGATTATTGAACACTACCCCAGTGAGGGCCTTGATTGCTTG 3200
s L L 6 I G Q P EEL S EAMNMZENUOQTFKXKURTITIEMHYU®P S EGULDCTL 577

GCCTACTGTGGAATTGGAAAAGTGTATTTGAAAAAAAACAGATTTCTAGAAGCTCTCAATCACTTTGAGAAAGCAAGAACCTTGATTTATCGTCTTCCTG 3300
A Y € G I 6 KV YL K KNI RV FULEWAILNUHTFEIKARTILTIYRIULUPG 611

GAGTGTTAACTTGGCCCACGAGTAATGTGATTATTGAAGAGTCTCAGCCACAAAARAATAAAGATGCTGTTAGAGAAATTTGT TGAAGAATGCAAGTTCCC 3400
vV L T wW P T S NV I I EE S QP Q K I KMVLLEIKTFVETETCKTF P 644

TCCAGTGCCAGATGCCATTTGTTGCTATCAGAAGTGCCATGGATATTCTAAGATCCAGATATACATAACTGATCCAGACTTTAAGGGTTTTATACGCATC 3500
P VP DATICCYQXKXKCHGY S K I Q1 Y I T DUPDF K G F I R I 677

AGCTGTTGCCAGTACTGTAAAATAGAATTTCACATGAATTGCTGGAAGAAGTTAAAARCTACAACCTTTAATGATAAAATTGACAAGGATTTTC TACAAG 3600
s ¢ CQ Y C K I EF HMNOCMW K XKL KT TTTFNWUDI KTIUDIXDTFULOQG 711

GAATATGTCTTACCCCTGACTGTGAAGGTGTCATTTCTAAGATTATCATCTTCAGCAGTGGTGGTGAAGT TAAATGTGAATTTGAACACAAGGTCATAAA 3700
1 ¢ L T?PDCEGV I S K I I I F S S G G EV K CTETFTEUHIKUV I K 744

Fig. 1 (continued on next page)
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AGAAAAGGTTCCTCCAAGACCTATTCTGAAACAGAAATGTTCTAGCCTAGAGAAACTAAGACTGAAARGAAGACAAAAAATTGAAGAGAAAGATCCAAARA
E XK v P P R P I L K Q K C S s L E K L R L K E D K KL K R K I Q K

(M1)
AAAGAAGCARAAAAGTTAGCACAAGAAAGAATGGAGGAGGACTTAAGAGAAAGTAATCCACCCAAAAATGAAGAGCAGAAAGAAACTGTAGACAATGTTC
K E A K K L A Q E R M E E D L R E S N P P K N E E Q K E T V DNV Q

AGCGTTGTCAGTTCCTTGATGACAGAATTCTACAGTGTATAAAGCAGTATGCTGACAAGATTAAATCCGGCATACAGAATACAGCCATGCTTCTCAAAGA
R € 0 F L D D R I L @ C I K QO Y A D K I K S GG I Q N T A M L L K E

ATTGCTTTCTTGGAAAGTTTTGAGCACAGAAGACTATACAACCTGTTTTTCTAGCAGAAATTTTCTAAATGAAGCAGTGGACTATGTTATTCGCCACTTG
L L $ W K VL s T ED YT TCF S S RNTFLNUEARAMV DY V I RHL

ATTCAAGAAAATAACAGAGTAAAGACAAGAATATTTCTGCATGTTTTGAGTGAGCTTAAAGAAGTGGAGCCCAAATTAGCCGCCTGGATCCAAAAACTTA
I Q E NN RV K TR I F L HV L $ E L K EV E P KL A AW I Q K L N

ATAGCTTTGGCTTAGATGCCACAGGAACTTTCTTTTCTCGTTATGGAGCATCTCTTAAACTGCTTGATTTTAGTATCATGACTTTCCTCTGGAATGAGAA
S F G L. D AT G TVFVF S RY GA S UL KL L DVF S I M TV F L WNE K

ATATGGTCACAAACTAGACTCTATAGAAGGAAAGCAACTTGATTATTTCTCTGAGCCAGCATCATTGAAGGAAGCCCGTTGTTTAATATGGCTGCTAGAA
Y G H K L b s I E G K QL DY F S E P A S L KEA AIRT CILTIWUL L E

GAACACAGAGACAAGTTCCCAGCATTGCATAGTGCTTTAGATGAATTCTTTGATATAATGGACAGCCGCTGTACTGTGTTAAGGAAACAAGATAGTGGTG
E HRDP K F P A L H S A L DEFVFD1I MDS RCTUV L R KOQD S G E

AAGCACCGTTTAGTTCAACCAAGGTGAAAAACAAAAGCAAGAAAAAGAAGCCAAAGGATTCAAAGCCTATGTTAGTTGGGTCTGGAACAACTTCAGTAAC
A P F 8§ S T K V K N K S5 KX K K P K D S K P ML V GS G T T s V T

TTCAAATAATGAGATCATCACTTCAAGTGAAGACCATAGCAATCGAAATTCAGATTCTGCAGGCCCATTTGCAGTGCCTGACCATCTTCGGCAAGATGTA
S N N E I I T $ S8 E D H S N R N S D S A G P F A V P D HIL R Q D V

GAAGAATTCGAAGCTCTCTATGACCAACACAGTAACGAATATGTTGTCCGCAATAAGAAGCTATGGGACATGAACCCAAAACAAAAATGTTCAACTCTAT
E E F E AL Y D Q H 8 N E Y V V RN K KL WODMNUPIKNGQIKTCSTLY

ATGATTACTTCTCTCAGTTTTTGGAGGAACATGGTCCCTTGGACATGAGTAACAAGATGTTCTCTGCAGAATATGAGTTTTTCCCAGAAGAAACTCGACA
DY F $ ¢Q F L E E H G P L DM S N KMV F S A E Y EF F P E E TR Q

GATACTAGARAAAGCAGGAGGTTTAAAACCTTTTCTCT TGGGATGCCCTCGTTTTGTTGTGATTGACAACTGTATTGCACTGAAGAAGGTTGCATCACGG
I L E KA GG L K P F L L GC P RF V VI DNZCTIMA ATLIKI KV A s R

CTCAAGAAAAAAAGGAAGAAGAAAAACATTAAAACAARAGTAGAAGAAATTTCAAAAGCAGGGGAGTATGTACGAGTTAAACTACAACTGAATCCAGCTG
L K K K R K K K N I K T K V E E I 8§ K A 66 E Y V R V K L Q L N P A A

CTAGGGAATTTAAACCAGATGTAAAGTCTAAACCAGTGTCAGATTCATCTTCAGCACCAGCTTTTGAAAATGTGAAACCCAAACCTGTGTCTGCAAATTC
R E F K P DV K 8 K P VS D S s S A P A F E NV K P KPP V S A N S

TCCCAAGCCAGCTTGTGAAGATGTGAAGGCCAAACCAGTATCCGACAATTCTTCTAGACAAGTTTCTGAGGATGGGCAACCCAAAGGGGTCTCTTCTAAT
P X P A C E D V K A K PV S DN S S R QV S EDGQP KOG V S s N

TCTCCTAARACCAGGCTCTGAGGATGCAAATTACAAGCGAGTCTCCTGTAATTCCCCCAAACCGGTTCTTGAGGATGTGAAACCAACTTATTGGGCTCAAT
S P K P G S E D A N Y K RV S CN S P K P V L EDV KP T Y WA QS

CCCATTTGGTCACAGGATACTGTACGTATCTTCCTTTCCAGAGATT TGATATCACCCAGACACCGCCAGCATACATAAACGTGTTACCAGGTTTGCCCCA
H L VT GG Y €CT Y L P F QR F DI T QTUPU®PAY I NV L P G L P Q

GTACACCAGCATATATACACCCTTGGCCAGCCTTTCTCCTGAATATCAGCTACCAAGATCAGTACCAGTGGTGCCGTCTTTTGTAGCCAATGACAGAGCA
Yy T s 1 Y T P L A $ L $ P E Y QL P R S V P V V P S F V A NDR A

GATAAAAATGCTGCTGCCTATTTTGAGGGTCATCATTTGAATGCTGAGAATGTTGCTGGTCACCAGATTGCCTCTGAARCACAGATCCTTGAGGGCTCTT
D K NA A A Y F E G H H L N AENUV A G H QI A S ETQTI L EG S5 L

TGGGAATATCTGTAAAGTCACACTGCAGCACAGGTGATGCTCATACAGTCCTGAGTGAGTCTAACAGAAATGATGAGCACTGTGGAAATTCTAACAACAA
G I S VvV K 8§ HC ST G DAUHTUV L S E S NIRNUDEWHRTCGNS NNK

ATGTGAAGTAATTCCAGAAAGCACCAGTGCAGTAACAAACATTCCACACGTGCAGATGGTTGCCATACAGGTATCTTGGAACATAATACACCAAGAAGTC
¢c E VvV I P E S T S AV TN I P HV QM UV A I QV S W N I I HQEV

AATACTGAGCCATATAATCCTTTTGAGGAACGACAAGGGGAAATTTCACGGATTGAAAAGGAGCACCAAGTATTACAAGACCAACTTCAAGAAGTGTATG
N T E P Y N P F E E R Q G E T S R I E K E H Q VL Q D Q L Q E V Y E

(M2)
AAAATTATGAGCAGATAAAACTTAAGGGCTTAGAAGAGACCAGGGACCTGGAAGAGAAGT TGAARAGGCACT TAGAAGAAAACAAGATCTCAAAGACGGA
N Y E Q I K L K 66 L E E T R D L E E X L X R H L E E N K I S K T E

ATTAGATTGGTTCCTTCAAGAT TTGGAAAGAGAAATTAAAAARATGGCAACAGGAAAAAAAAGAAAT CCAAGAAAGACTAAAATCACTGAAGAARGAAAATT
L D W F L @ D L E R E I K K W Q Q E K K E I Q@ E R L K S L K-K K 1

AAAAAGGTTTCAAATGCCAGTGAAATGTATACCCAGAAAAATGATGGAAAGGAAAAGGAACATGAATTACATCTGGATCAGTCCCTTGAAATCAGCAACA
K K VvV S N A S E M YT Q KN D G KE K E HE L H L D @ S L E I 8§ N T

CACTTACAAATGAGAAAATGAAAATAGAAGAGTATATAAAGAAAGGGAAAGAGGATTATGAAGAGAGTCATCAGAGAGCTGTGGCTGCAGAGGTATCCGT
L T N E-K M K I E E Y I K K G K E D Y E E S H Q R AV A AE V 5 V

ACTTGAAAACTGGAAGGAGAGTGAAGTGTATAAGCTACAGATCATGGAGTCACAAGCAGAAGCCTTTCTGAAGAAGCTGGGGCTGATTAGCCGTGATCCT
L ENWKE S EV Y KL QI M E S QAZEATFIULIKI KT LSGTULTI S RD P

Fig. 1 (continued on next page)
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several exons isolated from a P1 clone (T1212) hit by a STS
marker 238wc3 (14) were found to hybridize with large
transcripts of about 7.4 and 9 kb. These exons were then
used as probes to screen the human fetal brain and heart
c¢DNA libraries (Clontech). Hybridization was performed
with 3?P-labeled probes under appropriate conditions. The
filters were washed with 0.1 X SSC, 0.1% SDS at 65°C and
analyzed by using the Fuji Bio Imaging Analyzer BAS2000
system. The positive cDNA clones were sequenced and
overlapped. The terminal regions of the overlapped se-
quences were furthermore used as probes to obtain the
extended clones. The 5" and 3" ends of the cDNA were also
isolated by the 5" and 3’ rapid amplification of cDNA ends

823

system (5" RACE and 3’ RACE, GIBCO BRL) under the
conditions recommended by the supplier.

Northern Blot Analysis—The **P-labeled probe from a
region common to TPRDI and its isoforms (nt 2711-3222
of TPRDI) was hybridized to 2 ug of poly(A)* RNA isolated
from several tissues of human fetus or adult or from 7-17
day mouse embryo (Clontech). After hybridization under
appropriate conditions, the filters were washed with 0.1 X
SSC, 0.1% SDS at 65°C and analyzed by using the Fuji Bio
Imaging Analyzer BAS2000 system.

RT-PCR—To prove the existence of TPRDII, RT-PCR
was performed with primers flanking the presumed dele-
tion by alternative splicing (5'-ATGGAAGATATTGTGG-

GCAGCATATCCTGACATGGAGTCTGATATACGTTCATGGGAATTGTTTCTTTCTAATGTTACAAAAGAAATTGAGAAAGCAAAGTCTCAGTTTGAAGAAC
A A Y P DME S DI RS WEULTF L S NV TEKETIEIKAIEKSQFE E Q

N
AAATTARGGCAATTAARAATGGTTCTCGGCTCAGTGAACTTTCTAAAGTGCAGATTTCTGAGCTTTCATTTCCTGCCTGTAACACGGTTCATCCCGAGTT
I K A I K N GG 5 R L 8§ E L 8 K V 0 1 s E L s8 F P A CNTV H P E L

ACTCCCTGAGTCTTCAGGCCACGATGGCCAAGGGCTTGTGACTTCTGCAAGCGACGTGACTGGAAACCACGCAGCACTTCACAGGGATCCTAGTGTGTTC
L P E S$ S G HDGOQGL V TS A S DV T G NHAAULUHRDUP S V F

TCTGCTGGTGATTCCCCAGGGGAGGCTCCTTCTGCGCTGTTGCCAGGGCCACCCCCTGGTCAGCCTGAAGCCACTCAGCTGACAGGGCCAAAACGGGCTG
S AG D S P G E A P S A L L P G P P P G QP EATOQULTG?P KR A G

GCCAGGCAGCTCTGTCAGAACGAAGCCCTGTGGCTGATCGGAAGCAGCCTGTTCCTCCAGGACGTGCTGCGCGTTCAAGCCAGTCTCCAAAAAAGCCGTT
Q A AL S E R S PV ADI RIKUOQ?PV PP GRA AW AR S S Q S P K K P F

CAATAGTATTATTGAGCACCTGTCAGTGGTATTCCCATGTTACAACAGCACTGAGCTTGCTGGTTTTATTAAAAAAGTGCGAAGCAAAAACAAGAACTCA
N 8§ I I E H L 5§ VvV vV F P C Y N S T E L A G F I XK K V R 5 K N K N S

CTCTCAGGATTGAGTATTGATGAAATTGTCCAAAGAGTGACAGAACACATTCTAGATGAACAGAARAAAGARAAAGCCAAACCCAGGAAAGGACAAGAGGA
L s 6L $ 1T D ETITV QRVTEWUHTIULDIEUOQZ KK KI K KZPNUZPGIXKDKRT

CTTATGAGCCCAGCTCTGCCACCCCCGTGACCAGGTCCTCCCAGGGCTCACCCTCGGTGGTTGTTGCACCATCACCCARAACCARGGGGCAGARAGCAGA
Y E P S s A TP VTR S S QG S P s V VvV V A P S P KT K G Q K A E

AGATGTCCCTGTGAGGATTGCACTGGGTGCAAGTTCCTGTGAAATATGCCACGAGGTGTTCAAATCAAAAAACGTGCGTGTGCTCAAATGTGGGCACAAG
b vpPVRTIAILGA AS S S CUETI CHEV F K S KNV RV L KCG H K

TATCACAAAGGGTGCTTTAAGCAGTGGCTTAAAGGGCAGAGCGCTTGCCCGGCCTGCCAGGGTCGTGATCTCCTGACAGAAGAGTCACCTTCTGGAAGAG
Y H K 6 ¢ F K 0 W L K G Q s A CPACQGRDULLLTETES P S G R G

GCTGGCCCAGTCAGAATCAGGAGCTGCCTTCCTGCTCTTCTAGGIAGTCACACTTCACTAAAGTGTCATCCACCAGTGTGTTGAATCCGAAGAATGACAA
W P S Q NQ E L P S C S S R *

TTTTCTACCACTGGTGTAAAAAACAAACATTTGAAGACCCTTGTGCATTGTGTGTCACAAAGCTAAATACATGGAAATCGTTAATATCGCTGATATTAAG
TAATTTCCCCACTCTGAGTGAATACTTTGATGATTGCCAACAGTGGCTAATAAAATGACGGCTACCACACTCATGGGTCACTGGGGCTGCGCAGGGCTCT
TTGAGGTGGGTGGCTTCTTTTGGAAAGTACTATGAACGTCTCGAAGCAGTATTCTAGTGATAAGAATTCT TAACATAGCCAAGCGCCCCACGTTTGTTCC
CCACGTTTGTTCCCCTTTTCTGTT TGAAAAACCTGTTCTGGTAGCTCCACAAGAGAGATGATACTGACTTTTTAAATTTTTTACAAGAGTCTGTATTCCT
GATATGCCTATATTTTTCCTCAAAGATTCTGCATTTTAAGGATGGGCATAAGCAAACTATATTTTAATAATTTATAGTTAATGTTAAAATATTGGCTGAT
TTAGACCAAAAGATTCAAATCTCCTCTTTGTGAAATCCCATCTGCATTTGATTTTTTATTATTTTATGTTCCCCCGTTAGATTGTTTTAAGTGTTTGCTT
TTCATCTTTTATAGATGTAATCTGATTTTCAAAAATCATTAACACTTTTTAATTAGTATCGACTAAGACTTTTTCCCCCTGGAATCGAGGCTGTGTGTCC
GTCATCCCAGCCCCCGGTTGGAGCCTGCTCTTTGAACTCCGCTGCCTTCCTTAGCAGCTTCTGTCCTCTTCTGTGAGTCAGTCAGCGAGTGCTTGGGATC
CGCATCCAGCCGTGCTGAGCACACAACAGGCTGTGTGTGGAAATGGCCACCACCATTCTCCTTCCCCACCCCACCACAAAAAGAGAAGCTGTGTCTTTAG
ACAACCCTGAGGTATCTGTGTTACAATCGTTCTGTGTTTGATATTTGTGTAAAGTATGCATGCAGTCTTGTACTGTGACCTAAGAACAAAACTGTAACTG
CATTAGAAACCATGAAAAAATTAGATATTGTTTTGTGACTTTTAGACAGTGGTAAATATAGAACCATGAATTCTGGTCACATTCCATTTCTCTCCAACAT
GAAGGATCAAAAAATGTTTTTCAATGTGTTCTTTGTTCCACTGGAAACTTAGAGTCATGAGTTTATGAGCTGAT TTGGTCACCTTCCTCTGCCTTTGTTC
ACTGTGAGTTCTGATGTCTTAGTGACTTAGTTCTTAGAAGCTCACGCCTTAGTTTGAAACAGATTCTCCACGGTGGTCCCCAAAACACTGTCTGCATATC
CATAAGAATTGAGCGCTATGGGTGTTAACGTGCATGAGGATCAGTTTGCAGCAGCAAGTACAAAAGGAGAAGAGGAACATCCGTTGAATGAGTGTGTTTT
GTACATAACTTCAGATACTTGTGAACATGCCTTATATTTGTCCAACAACTGTCAGAATAAAGAACATTCTAAARATGAG

B)
(Alu)
TACATTTGGAAAGTCTTACTGACATGCAGAAATAGTACAGAAARAACATACAAATAGGAATGTTATTGGCTGGGCATGGTGGCTCACACCTGTAATCCCAG

8 : 1A 2 AA AGCTACT GAGGH AGGCA AGAA ACT Al A AAGA

ACGCCACTGCACTCCAGCCTGGGCGACAGAGCGAGACTCTGTCTCARAAAAARCAAAAGAATGCTATGCATAGGTACAATGTCGAAATGTGCAAGAAATA
CTTCAGAAATATTAAAAGTAGTTATTCCTGGGTAGT TGTGATTGTGACTCTGGGTGACTTTTTCCCTTTGTTTTATTTTTCTGTATTTTCCAAATTTCCT
ATAATGGACATATATTATATGGATTTTTTTTAAT TAAAATTATCTTTTGACTAGATAATATACATGGAAAATTCACAAAGTACACATATGCAAGATATAA

TACTTTTACTATAAAAGAGTGAAAATTTTTAAATACTTGTTTTTCCTTTTAG

6600
1711

6700
1744

6800
1777

6900
1811

7000
1844

7100
1877

7200
1911

7300
1944

7400
1977

7500
2011

7600
2025

7700
7800
7900
8000
8100
8200
8300
8400
8500
8600
8700
8800
8900
3000
8078

100
200
300
400
500
600
652

Fig. 1. (A) Nucleotide and deduced amino acid sequences of spectively. (B) A unique 5'-end sequence (652 nt) of TPRDIII. An

TPRDI. The ATG initiation and the TAG stop codons and a poly A
signal are underlined. TPR motif (aa 234-335) and two regions
showing some homology to matrix proteins (aa 750-850 and aa 1480-
1640) are double-underlined and indicated by TPR, M1, and M2, re-
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Alu-like sequence (nt 80-345) is underlined and indicated by Alu.
Nucleotide and amino acid residues are numbered on the right, and
one-letter amino acid designations are used.
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ATTTGG-3 and 5-CTAAACTGTCCAGTACGAAGA-3
corresponding to nt 1860-1881 and nt 2294-2314 of
TPRDI, respectively). ¢cDNA libraries of human fetal
brain, heart, and kidney (Clontech) were used as templates.
PCR involved was denaturation at 94°C for 5 min, followed
by 30 cycles of amplification at 94'C for 1 min, 54°C for 1
min and 72°C for 1 min, with a final elongation at 72°C for
10 min. The RT-PCR products were analyzed by 2%
agarose gel electrophoresis and subcloned into pT7 Blue
T-vector (Novagen) for sequencing.

Sequence Analysis—DNA sequencing was performed by
the dideoxy chain terminator method (18) and analyzed by
HITACHI SQ-5500 and ABI 373A sequencers. Both
strands of isolated cDNA clones were sequenced. Three or
more separate subclones of the PCR product were se-
quenced to rule out the possibility of any Taq polymerase
errors. The sequence alignments were done by using a
computer software program, GENETYX-MAC/ATSQ, and
the deduced amino acid residues were analyzed by GENE-
TYX-MAC (Software Development, Tokyo). Sequence
identity search was carried out with the BLAST program in
databases: GenBank (release 92.0), EMBL (release 45),
SwissProt (release 32.0), PIR (release 47.0), and PRF
(release 96-01).

RESULTS AND DISCUSSION

We identified several possible exons from a P1 clone
(T1212) hit by a STS marker 238wc3 in DCR (14) by exon
trapping. They showed no homology to human genes.
Northern analysis using these exons revealed two large
transcripts of about 7.4 and 9 kb. To isolate a full-length
clone, we then screened human fetal brain and heart cDNA
libraries by plaque hybridization using these trapped exons
as probes. In combination with 5" and 3" RACE, we finally

F. Tsukahara et al.

obtained a novel cDNA of 9,078 bp, designated TPRDI.
TPRDI possesses a 5 -untranslated sequence of 1,469 nt
followed by a single large open reading frame (ORF) of
6,075 nt and a 3’-untranslated sequence of 1,534 nt with a
polyadenylation signal (AATAAA) 17 nt before the 3'-end
(Figs. 1A and 2). The sequence around the initiation codon
has the most favorable translation initiation sequence
ACCATGG (19). Thus, we concluded that TPRDI encodes
a putative protein of 2,025 amino acid residues (TPRDI)
with a calculated molecular mass of 230 kDa and pl of 7.3.
The expression sequence tags (ESTs) in 21q22.2, 21ES-
0203, and 21ES0084 (20), are present at nt 5933-6075 and

Kidney

Heart

i

Fig. 3. RT-PCR analysis of TPRDI and TPRDII. RT-PCR was
performed with primers flanking the presumed deletion by alterna-
tive splicing. PCR products were electrophoresed in a 2% agarose gel
and stained with ethidium bromide. Two RT-PCR products of 455 and
369 bp corresponding to sequences from TPRDI and TPRDII,
respectively, were detected in human fetal brain, heart, and kidney.
The size markers (M) are $X174- Haelll digest.

2025 aa
nto1 1470 2168 2474 ar17 4019 5007 6389 7545 9078
(aa) (1) (234) (335) (750) (850) (1480) (1640) (2025)
| I 1| [ I ] |
TPAD! m—
T — -
ATG (TPR) (M1) (M2) TAG AATAAA
86t
Nt 2071-2156
200 aa 1792 aa
TPRDII g H .
(8992 bp) l |
ATG TGA ATG TAG AATAAA
652"‘(23'5 1715 aa
a6 b = | B | I
(7416 bp) H
ATG TAG AATAAA

Fig. 2. Schematic comparison of the TPRD gene transcripts. ORFs of TPRDI, TPRDII, and TPRDIII are indicated by box columns and
the non-coding regions are indicated by bars. Three units of TPR motifs (TPR) are half-toned and the regions showing some homology to matrix
proteins (M1 and M2) are shown by filled boxes. TPRDII has a small deletion sequence of 86 nt and TPRDIII has a unique 5’-end sequence of

652 nt which is indicated by half-tone. See text for further detail.
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nt 8546-8915, respectively. Thus, the TPRD gene is
mapped to DCR.

We also isolated cDNA isoforms of TPRDI, designated
TPRDII (8,992 bp) and TPRDIII (7,416 bp) (Fig. 1, A and
B, and Fig. 2). TPRDII had a small deletion from nt 2071
to 2156 in comparison with TPRDI. As shown in Fig. 3, two
RT.PCR products of 455 and 369 bp, corresponding to
sequences from TPRDI and TPRDII, respectively, were
detected in human fetal brain, heart, and kidney by using
primers flanking this deletion. Thus, TPRDII is probably
an alternative splicing product from the TPRD gene tran-
script. This small deletion generated a stop codon TGA so
that TPRDII has two putative ORFs: one ORF of 600 nt
begins at the same initiator codon in TPRDI and ends at the
newly generated stop codon, and the other ORF of 5,376 nt
begins at a possible initiator codon (ATG) at nt 2169-2171.
It remains to be elucidated which ORF(s) is really translat-

Human Fetus Human Adult

825

ed into protein(s). In contrast, TPRDIII has a different
5'-end sequence of 652 nt which is connected to adenosine
residue at nt 2315 of TPRDI, suggesting that it is generated
by transcription from an alternative start site of the TPRD
gene. Since the different 5'-end sequence of TPRDIII was
mapped back to the original P1 clone (T1212), it may not be
a cloning artifact. Thus, TPRDIII possesses a 5 -untrans-
lated sequence of 737 nt, followed by a single ORF of 5,145
nt which begins at a possible initiator codon (ATG) at nt
2400-2402 in TPRDI. Therefore, TPRDIII encodes a
putative protein of 1,715 amino acid residues (TPRDIII)
with a calculated molecular mass of 194 kDa and plI of 8.0.
It is of interest to note that the 5 -untranslated sequence of
TPRDIII has an Alu-like sequence.

As shown in Fig. 4, Northern blot analysis showed that a
probe from an identical region among these isoforms (nt
2711-3222) revealed two bands, one at the position of 9 kb

Mouse Embryo

% Fig. 4. Northern blot analy-
= sis of the TPRD gene. The
& E » radiolabeled probe from a region
> £ T >0 s common to TPRDI and its iso-
c o= 2 teElo5220 388 forms (nt 2711-3222 in TPRDI)
sS523 § 8855235 B P wes hybridized to poly(A)*
B dd TMhoJddXO N - RNASs (2 xg) isolated from sev-
kb kb eral tissues of human fetus and
adult and from 7-17 day mouse
9.5 “ 8.5 - ” * . 9.5 embryo (Clontech). Two bands,
5 7.5 7.5 ‘ one at the position of approxi-
mately 9 kb corresponding to
4.4 44 TPRDI and TPRDI and the
other at approximately 7.4 kb
24 - 24 - 24 - for TPRDIII, were observed in
all the tissues examined. A f§-
actin control for RNA integrity
' y e e is shown at the bottom. The size
"o “ H— h AN marker is indicated to the left of
the figures.
TPR CONSENSUS * - - * G - * Y - - - = - * o _A K - -F - -R*-%_pP- - -~
F Y
TPRDI (234) M[KM[K E|E R P[D]I I)Y R[A Y R[F E N Y L[1]
hPPT (25) Lix|TQ D Y DYEN K F Qla L N[p[S|N|A 1Y
rPPT (31) LiK|T Q DY DYEN KF K|A L N|p[s|N[A T ¥
IEF (1) (1) L|K|E[K K A N I1[D]D Qc E|la 1[r L D(p|B[N] B V Fig. 5. Characterization of
IEF(2) (363) E|KINIK E|C DYé]Q £ £ ;5:;53:;31, the TPR motif in TPRDI. The
STI1(1) 8) Y|kjo o AA A K D Y[D]X e .
STI1(2) (399) ARLE [E]Y KIsSDWP N KA EM|I[RKRA[EE|DARG gioﬁzlglgpgﬁléffﬂ
268 N R deftrT RN GDGIK[R A|T I N p[K G (hPPT) (21) and rat (rPPT)
h’rgg.gr ((59; N R AY|LRT g@cy GD T:]I E nxl;__'z"l X G (22), human IEF SSP 3521
IPPT (65) N R AY|LRTIECYGY colaT|lRA|[TI E|lLlD KK Y I|KG (IEF) (23) and S. cerevisiae
IEF (1) (41) N R AYAKKGDYQK E[DG|JCKT VD p D[¥]G|x 6 STI1 (24) are aligned in terms of
IEF (2) (397) N R YTKLLEQL kjpfceECcIQ EP;:g the consensus TPR sequence
STI1(1) (43) N R clrrsLEEk|F|sD NIDANECVEKINP
srnzz) (433) NRAJAALAKLMS[Flp 2[a[r alpjcNX[A]JIEXDPNFVRA ﬁiﬂl tffTsPs;’rggt?t}s.aﬁgei?i?;
TPRDI  (302) H vyco[ALs ML cEYDWA Lo AN 1[KAlQ cxK identical to TPRDI are boxed.
hPPT (93) Y RAASNMA|LGKFRAALIRDYETVV|R|VEEP The asterisks in the consensus
rPPT (99) Y RAASNMA|ILGIKFRAIRLIRDYETVVI|K|IVKP TPR sequence indicate any hy-
IEF (1) (75) Y KAA|lAL|EF|L/NRFEEA[KRTYEEGL|K|EE A drophobic residues. The position
IEF(2) (431) Y xAAALzAMKDETxAMDVYQKALDDs of the first amino acid regidue of
STI1(1) (77} ¥ LGAABLGEEABSNYKLBLDA each TPR is given in paren-
STI1(2) (467) Y kaTlAlgz aAVE[EYAsSATIETLDA|A|lRTEDA theses.
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Fig. 6. Hydropathy analysis
of TPRDI. Hydropathy plot was

made according to Hopp and
Woods (28) with a window of 5
residues. Four hydrophobic re-

gions which might be transmem-
brane regions are indicated by
asterisks.

corresponding to TPRDI and TPRDII, and the other at
approximately 7.4 kb for TPRDIII. The transcripts of the
TPRD gene were expressed in 7-17 day mouse embryo and
in all the human fetal and adult tissues examined.

Protein database searches for the predicted protein,
TPRDI, using the BLAST program revealed the tetratrico-
peptide repeat (TPR) motif homologous to three units of a
34-amino-acid repeat in several proteins, including serine/
threonine phosphatase of human (21) and rat (22), human
transformation-sensitive protein IEF SSP 3512 (23) and
yeast heat shock protein STI1 (24), in an N-terminal region
(aa 234-335) (Figs. 2 and 5). The TPR consensus sequence
is well conserved in TPRDI. A larger ORF encoded by
TPRDII also has three units of TPR motif, but TPRDIII has
only two-thirds of this motif unit. In addition, the near-
central and C terminal regions of TPRDI (aa 750-850 and
aa 1480-1640), which are predicted to have «-helical
structures by the Chou-Fasman analysis (25), also showed
some homology to several peptide repeat regions of several
matrix proteins, such as human trichohyalin, an intermedi-
ate filament-associated protein (26), human bullous pem-
phigoid antigen, an adhesion junction plaque protein (27),
and myosin heavy chain of several species. A larger ORF
encoded by TPRDII and TPRDIII also have these regions.
Hydropathy analysis using Hopp and Woods hydropathy
plot (28) revealed four hydrophobic regions, which might
be transmembrane domains (Fig. 6). These data suggest
that the TPRD gene belongs to the TPR gene family and
encodes a matrix protein containing transmembrane struc-
ture.

The TPR motif was initially identified in several cell-
division cycle gene products (cdel6, cdc23, nuc2t, bimA)
and proteins involved in the regulation of RNA synthesis
(SSN6, SKI3) (29-32). Now it has been found in about 20
different proteins. It has been suggested that TPR-contain-
ing proteins physically interact with themselves, with each
other and with the cytoskeleton via their TPR domains (30,
32). Some TPR-containing proteins may interact function-
ally with proteins containing & 43-amino-acid repeat called
the beta-transducin repeat (30). It is possible, therefore,
that the overexpression of the TPRD gene causes imbal-
ance of the protein-protein interaction during cell growth
and differentiation, and consequently leads to several
morphological anomalies observed in Down syndrome.
Recently, Ohira et al. also identified a novel cDNA of 9,045
bp, designated TPRD, from the same P1 clone (33). Their
TPRD may be an another cDNA isoform, since it has a
different 5" end sequence of 1,385 nt which is connected to
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adenosine residue at nt 1459 of TPRDI. Further study will
clarify the role of these isoforms in the pathogenesis of
Down syndrome.
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