








Studylib





Documents


Flashcards


Chrome extension


























Login





Upload document


Create flashcards











×

















Login






Flashcards



Collections





Documents




Last activity






My documents






Saved documents











Profile















Add to ...



Add to collection(s)


Add to saved





	
Science

	
Health Science

	
Cytology



25040___.PDF - Radboud Repository



advertisement











[image: ]
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
The following full text is a publisher's version.
For additional information about this publication click this link.
http://hdl.handle.net/2066/25040
Please be advised that this information was generated on 2015-01-24 and may be subject to
change.
46, 435-442 (1997)
ARTICLE NO. GE975065
GENOMICS
The Human TRIDENT/HFH- /FKHL Gene: Structure,
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We recently identified the winged-helix/fork head
transcription factor Trident in mouse and described
its expression in cycling cells. Here we report the iso&shy;
lation and characterization of the hum an TRIDENT
(HGMW-approved symbol FKHL16) cDNA and gene.
Homology between the human and the m ouse Trident
proteins was 79%. The gene consists o f 10 exons and
is located on chromosome 12 band p l3 . The wingedhelix DNA-binding dom ain is encoded on three exons.
Analysis of the promoter in synchronized Rat-1 fibro&shy;
blasts revealed a fragm ent of 300 bases responsible
for the cell cycle-specific expression o f the TRIDENT
gene. &lt;D1997 Academic P ress
INTRODUCTION
One of the largest and most diverse classes of DNAbinding proteins are the transcription factors that reg&shy;
ulate gene expression. Many of these proteins can be
grouped into families that use related structural motifs
for recognition. Among these are the helix-loop-helix,
the helix-turn-helix, the leucine zipper, the zinc fin&shy;
ger, and the homeodomain families of proteins (re&shy;
viewed in Pabo and Sauer, 1992). A novel DNA-binding
motif was identified by comparison of the DNA-binding
domains of the Drosophila homeotic fork head (fkh)
and the HNF-3 proteins (Weigel and J&auml;ckle, 1990).
Based on the “butterfly-like” co-crystal structure of the
fork head motif on DNA, members of this family are
also referred to as winged-helix proteins. The wingedhelix domain was detected in many proteins of different
species ranging from yeast to human. Members of this
class of transcription factors act as key regulators in
both embryogenesis and differentiated tissues (for a
recent review, see Kaufmann and Kn&ouml;chel, 1996).
Recently, we described the isolation and character&shy;
ization of Trident, a member of the winged-helix family
in mouse (Korver et a L , 1997a). In adult mice, Trident
expression is restricted to the thymus, whereas in the
mouse embryo expression is ubiquitous. Trident is
expressed uniquely in cycling cells, showing an expres&shy;
sion pattern similar to factors responding to prolifera&shy;
tive signals. Expression is absent in resting lympho&shy;
cytes derived from peripheral blood, but could be in&shy;
duced upon stimulation with mitogens in vitro (Korver
et al.j 1997b). When quiescent fibroblasts are stimu&shy;
lated to enter the cell cycle by the addition of growth
factors, the Trident gene is transcriptionally activated
upon entry into S phase. However, when exponentially
growing cells progress through the cell cycle, the Tri&shy;
dent mRNA and protein levels appear to be invariant.
In M phase the Trident protein is phosphorylated, pre&shy;
sumably by p34cdc2 (Korver et aL, 1997a; Westendorf et
aL, 1994).
A recent report by Ye et al. (1997) describes the clon&shy;
ing and expression of the human TRIDENT/HFH-11
cDNA. Using in situ hybridization, the authors show a
broad expression in proliferating cells in many embry&shy;
onic organs. Expression was found in the cycling cells
in the crypts of the intestine and in the proliferating
cells in the testis during spermatogenesis. The wingedhelix DNA-binding domain of Trident/HFH-11 is neces&shy;
sary and sufficient for sequence-specific DNA binding.
The protein is a transcriptional activator on selected
binding sites, while insertion of an alternative exon
sequence in the C-terminal region represses this activ&shy;
ity (Korver et al.&gt; 1997a; Ye et al., 1997).
Here we report the exon/in tron organization, the
chromosomal localization, and the characterization of
the promoter of the human TRIDENT2 gene.
MATERIALS AND METHODS
1
Isolation o f cDNA and genomic clones. A murine Trident cDNA
clone (Korver et al, 1997a) was used to screen a human cDNA library
derived from peripheral blood lymphocytes of a leukemia patient
(HPB-ALL; Korinek, Kalousova, and H. Clevers, unpublished) under
Sequence data from this article have been deposited with the GenBank Data Library under Accession No. Y12773.
2 The HGMW-approved symbol for the gene described in this paper
1 To whom correspondence should be addressed. Telephone: 31-302507674. Fax: 31-30-2517107. E-mail: w.korver&reg;!ab,azu.nl.
is FKHL16.
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A
HUMAN
MKTSPRRPLILKRRRLPLPVQNAPSETSEEEPKRSPAQQESNQAEASKEVAESNS
MOUSE
MRTSPRRPLILKRRRLPLPVQNAPSETSEEEAKRSPAQPEPAPAQASQEVAESSS
56
CK FPA G IK IIN H PTM PN TQ V V A IPN N A N IH SIITA LTA K G K ESG SSG PN K FILIS
56
C K FPA G IK IIN H PT M PN T Q W A IPSN A D IQ SIIT A L T A K G K E SG T SG PN R FIL IS
111
CGGAPTQPPGLRPQTQTSYDAKRTEVTLETLGPKPAARDVNLPRPPGALCEQKRE
111
SGGPSSHPS--QPQAHSSRDSKRAEVITETLGPKPAAKGVPVPKPPGAPPRQRQE
166
TCDG-EAAGCTINNSLSNIQWLRKMSSDGLGSRSIKQEMEEKENCHLEQRQVKVE
164
SYAGGEAAGCTLDNSLTNIQWLGKMSSDGLGPCSVKQELEEKENCHLEQNRVKVE
22 0
EPSRPSASWQNSVSE RPPYSYMAMIQFAINSTERKRMTLKDIYTWIEDHFPYFKH
&ecirc;
&ecirc;
219
EPSGVSTSWQDSVSE RPPYSYMAMIQFAINSTERKRMTLKDIYTWIEDHFPYFKH
275
IAKPGWKNSIRHNLSLHDMFVRETSANGKVSFWTIHPSANRYLTLDQVFKQQKRP
274
IAKPGWKNSIRHNLSLHDMFVRETSANGKVSFWTIHPSANRHLTLDQVFKQQKRP
330
NP ELRRNMTIKTELPLGARRKMKPLLPRVSSYLVPIQFPVNQSLVLQPSVKVPLP
329
N PE LHRNVTIKTEIPLGARRKMKPLI jPRVSSYLEPIQFPVNQSI iVLQPSVKVPFR
3 85
LAASLM SSELARHSKRVRIAPKVLLAEEGIAPLSSAGPGKEEK-LLFGEGFSPLL
3 84
LAAS LMS SELARHSKRVRIAPKVLLS S EGIAPLPATEPPKEEKPLLGGEGLLPLL
43 9
PVQTIKEEEIQPGEEM PHLARPIKVESPPLEEW PSPAPSFKEESSHSW EDSSQSP
43 9
PIQSIKEEEM QPEEDIAHLERPIKVESPPLEEW PSPCASLKEELSNSW EDSSCSP
4 94
TPRPKKSYSGLRSPTRCVSEMLVIQHRERRERSRSRRKQHLLPPCVDEPELLFSE
&laquo;
*
0
f
494
TPKPKKSYCGLKSPTRCVSEMLVTKRREKREVSRSRRKQHLQPPCLDEPDLFFPE
54 9
GPSTSRW AAELPFPADSSDPASQLSYSQEVGGPFKTPIKETLPISSTPSKSVLPR
54 9
D SSTFR PA V ELL--A ESSEPA PH LSC PQ EEG G PFK TPIK ETLPV SSTPSK SV LSR
604
TPESWRLTPPAKVGGLDFSPVQTSQGASDPLPDPLGLMDLSTTPLQSAPPLESPQ
*
&ecirc;
&ecirc;
602
DPESWRLTPPAKVGGLDFSPVRTPQGAFGLLPDSLGLMELNTTPLKSGPLFDSPR
65 9
RLLSSEPLDLISVPFGNSSPSDIDVPKPGSPEPQVSGLAANRSLTEGLVLDTMND
657
ELLNSEPFDLASDPFGSPPPPHVEGPKPGSPELQIPSLSANRSLTEGLVLDTMND
714
SLSK ILLD ISFPG LD ED PLG PD N IN W SQ FIPELQ
I
*
712
SLSK ILLD ISFPG LEED PLG PD N 'IN W SQ FIP
FIG. 1. (A) Alignment of the human and mouse Trident protein sequences, showing 79% homology. The winged-helix DNA-binding domain
is boxed. (B) Exon/intron organization of the TRIDENT gene. Exons are indicated by black boxes and roman numerals. Apal (A) and Sacl (S)
sites are indicated. Two alternative exons, as reported by Ye at ciL (1997), are designated exons Va and Vila. (C) Sequence of the TRIDENT
gene. Exon sequences appear in capital letters. Amino acids are indicated in single-letter code. An asterisk indicates the start of the cDNA clone,
designated +1. Putative E2F and Myc binding sites are in boldface. Alternative exons Va and Vila are in italics. Restriction sites used for pFlash
constructs are underlined. The sequence of the promoter region (SacI-BamHI, 2.4 kb) has been deposited with GenBank (Accession No. Y12773).
low-stringency conditions (final wash 40&deg;C, 2X SSC). A 3.5-kb clone
was obtained, containing the complete coding region for the TRI&shy;
DENT protein.
The human cDNA clone was used to screen a genomic P I library
at GenomeSystems (St, Louis, MO). An 80-kb clone containing the
TRIDENT gene was isolated (DMPC-HFF#1-1000-C5), After restric&shy;
tion site mapping and Southern analysis using the human cDNA
as a probe, Apal and Sacl genomic fragments were subcloned into
pBluescript SK for sequence analysis. Oligonucleotides were from
Isogen (Maarssen, The Netherlands).
II
IV
III
Va VI VII
Vila
VIII
1 kb
C
- 6 0 0 aagcactacggtctattatatccgaaggcttggcttcgggaggggcaaaagacaggtttcgcgctgaggtagggttcatggtgccgac
-437
E2P
attttttttcaagatggaagaaagcggagataatacgcagccctcaaaggaacttagtctaatcggggggagcagacgatcgttcactgtgggaaaatggggtacgatttcccccagtga
Pvul
-296
ggaaatcaactaaagccgagctttgaaaaggggagcagaggagcctgaggggaagcgggggcgtgtcgcctggcgtgaccagcgcggcaggaaaagcgggnccagggacccgggcctgtc
Apal
acgccgcttccgcgcgtccccaaactctccctcggctcgcccacccacgcggcggggacccctccggcccctccccggccccacggccacttcttcccccacaagccggcctgcggtccg
ccttaccagcccgggccggacggggccgcagotcctggcagaccgcacagccttcgagcccggaatgccgagacaaggccggcgccgattggcgacgttccgfccacgtgaccttaacgct
+1
+60
MYC
ccgccggcgccaatt tcaaacagcggaacaaaCTGAAAGCTCCGGTGCCAGACCCCACCCCCGGCCCCGGCCCGGGACCCCCTCCCTCCCGGGAICCCCGGGTTCCCAC CCCGCCCGCAC
*
Bami
CGC CGGGGACCCGGCCGGT CCGGCGCGAGCCCCGTC CGGGCCCTGGCTCGGCCCCAGGTTGGAGGAGCC GGAGCCGCCTTCGGA GCTAC GGCCTAACGG CAGGCGGCGACTG CAGTCTGG
AGg tgagcggga tgcagca ... int to n 1 ...ctatttgtcttt tccagGGTCCACACTTGTGATTCTCAATGGAGAGTGAAAAC GCAGATTCATAATGAAAACTAGCCCCCGTCG
M
K
T
S
P
R
R
GCCACTGATTCTCAAAA GACGGAGGCTGCC CCTTCCTGTTCAAAATGCC CCAAGTGAAACATCAGAGGAGGAACCTAAGAGATCCCCTGCC CAACAGGAGTCTAATCAAG CAGAGGC CTC
P L I L K R R R L P L P V Q N A P S E T S E E E P K R S P A Q Q E S N Q A E A S
caaggaagtggcagagtccaactcttgcaagtttccagctgggatcaagattattaaccaccccaccatgcccaacACGCAAGTAGTGGCcATCCCCAACAATGCTAATATT CACAGCAT
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CATCACAG CACTGACTG CCAAGGGAAAAGAGAGTGGCAGTAGTGGG CCCAACAAATT CAT CCTCATCAGCT GTGGGGGAGCCCCAACTCAG CCTCCAGGACT CCGGCCTCAAAC CCAAAC
I T A L T A K G K E S G S S G P N K F I L I S C G G A P T Q P P G L R P Q T Q T
cagctatgatgccaaaaggacagaagtgaccctggagaccttgggaccaaaacctgcagctagggatgtgaatcttcctagaccacctggagccctttgcgagcagaaacgggagacctg
S Y D A K R T E V T L E T L G F K P A A E D V N I i P K P P G A L C E Q K R E T C
TGgtatgtggtettCcagg ... inton 2 ... ataaaaccctctagcagATGGTGAGGCAGCAGGCTGCACTATCAACAATAGCCTATCCAACATCCAGTGGCTTCGAAAGATGAG
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L
S
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Q
W
L
R
K
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S
TTCTGATGGACTGGGCTCCCGCAGCATCAAGCAAGAGATGGAGGAAAAGGAGAATTGTCACCTGGAGCAGCGACAGGTTAAGgtgaattgttCCgtccc ... intron 3 ... tgt
S O G L G S R S
I K Q E M E E K E H C H L E Q R Q V K
gtcataaccctcagGTTGAGGAGCCTTCGAGACCATCAGCGTCCTGGCAGAACTCTGTGTCTGAGCGGC CACCCTACTCTTACATGGCCATGATACAATTCGCCATCAACAGCACTGAGA
V
E
E
P
S
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P
S
A
A
W
Q
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S
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S
E
R
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P
Y
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Y
M
A
M
I
Q
F
A
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GGAAGCGCATGACTTTGAAAGACATCTATACGTGGATTGAGGACCACTTTCCCTACTTTAAGCACATTGCCAAGCCAGGCTGGAAGgtaatgt .,. intron 4 ... cttgctctt
R K R M T L
K D I
Y T W I
E D H F P Y F K H I
A K P G W K
C11 c cagAACTCCATCCGCCA CAACCTTT CCCTGCACGACATGTTTGTCCGGGAGACGTCTG CCAATGGCAAGGTCTCCTTCTGGACCATTCACC CCAGTGCCAACCGC TACTTGACATT
N S
I
R H N L S L H D
GGACCAGGTGTTTAAGgtcaatg
D
Q
V
F
. ■.
intron 5
M
F
V
R
E
T
S
A
N
G
K
V
S
F
W
T
t H P S A N R Y L T L
intron
tggccgccaccagCCACTGGACCCAGGGTCTCCACAATTGCCCGAGCACTTGGAATCAgtaagtctga. , . .
P L D P G S P Q L P E H L E S
...
K
6 .. .cccatctgccacaacagCAGCAGAAACGACCGAATCCAGAGCTCCGCCGGAACATGACCATCAAAACCGAACTCCCCCTGGGCGCACgttagtatgggagagt .. . intron
Q Q K R P N P E I / R R M M T I
K T E L P L G A
7 ... ctcgtgtttcctcctagGGCGGAAGATGAAGCCACTGCTACCACGGGTCAGCTCATACCTGGTGCCTATCCAGTTCCCGGTGAACCAGTCACTGGTGTTGCAGCCCTCGGTGAA
R
R
K
M
K
P
L
X
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P
R
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S
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Y
L
V
P
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f
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v
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v
l
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k
GGTGCCATTGCCCCTGGCGGCTTCCCTCATGAGCTCAGAGCTTGCCCGCCATAGCAAGCGAGTCCGCATTGCCCCCAAGgtgggtgtCCtattt ... intron fl ... ttttattt
V P L P L A A B L M S S B L A R H S K R V R
I A P K
CCa tagGTTTTTGGGGAA CAGGTGGTG TTTGG T TA CA TGAGTAAGTTCTTTAG TGGCGATC TGCGA GATTT TGGTA CACCCA TCA CCAGCTTGTTTAATTTTA TCTTTCTTTG TTTA TCA
F G E Q V V F G Y M S K F F S G D L R D F G T
P I T S L F N
F I
F t, C L ' S V
gtaagtctgagc ... intron 9 ... tgtttccttt cagGTGCTGCTAGCTGAGGAGGGGATAGCTCCTCTTTCTTCTGCAGGACCAQGGAAAGAGGAGAAACrCCTGTTTGGAGA
V
L
L
A
E
E
G
I
A
P
L
S
S
A
G
P
G
K
E
E
K
L
L
F
G
E
AGGGTTTTCTCCTTTGCTTCCAGTTCAGACTATCAAGGAGGAAGAAATCCAGCCTGGGGAOGAAATGCCA CACTTAGCGAGACCCATCAAA GTGGA GAGCC CTCC c t t g g a a g a g t g g c c
G F S P L L P V Q T I K E E E
I Q P G E E M P H L A R P I
K V E S
P P L E E W
P
CTCCCCGGCCCCATCTTTCAAAGAGGAATCATCTCACTCCTGGGAggattc gtc ccaatctcccaccc c a gac c CAAGAAGTCCTACAGTGGGCTTAGGTCCCCAACCCGGTGt g t c t c
S P A P S F K E E S S H S W E D S S Q S P T P R P K K S Y S G L R S P T R C V S
GGAAATGCTTGTGATTCAACACAGGGAGAGGAGGGAGAGGAGCCGGTCTCGGAGGAAACAGCATCTACTGCCTCCCTGTGTGGATGAGCCGGAGCTGCTCTTCTCAGAGGGGCCCAGTAC
E M L V I
Q H R E R R E R S R S R R K Q H L L P P C V D E P E l i L F S E G P S
T
TTCC CGCTGGGCCGCAGAGCTC CCGTTC CCAGCAGACTCCT CTGAC CCTGCCTC CCAGCTCAGCTACTC CCAGGAAGTGGGAGGACCTTTTAAGACACC CATTAAGGAAACGCTGC CCAT
S R W A A E L P
F P A D S
S D P A S Q L S Y
S Q E V G G P
F K T P
I
K E T L
P
I
TRI -MAP -DO
CTCCTCCACCCCGAGCAAATCTGTCCTCCCCAGAACCCCTGAATCCTGGAGGCTCACGCCCCCAGCCAAAGTAGGGGGACTGGATTTCAGCCCAGTACAAACCTCCCAGGGTGCCTCTGA
S S T P S
k s v l p r t p e s w r l t p p a k v g g l d f s p v q t s q g a s d
CCCCTTGCCTGAC CCC CTGGGGCTGATGGATCTCAGCACCACTCCCTTG CAAAGTGCTCC CCCCCTTGAATCACCGCAAAGGCTC CTCAGTTCAGAACCCTTAGACCTCAT CTC CGTC CC
P L P D
P L G L M D L S T T P L Q S A P P L E S P Q R I i L S S E
P L D L I
S V P
CTrTGGCAACTCTTCTCCCTCAGATATAGACGTCCCCAAGCCAGGCTCCCCGGAGCCACAGGTTTCTGGCCTTGCAGCCAATCGTTCTCTGACAGAAGGCCTGGTCCTGGACACAATGAA
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&lt; .......................................................T R I-M A P -V P
tgacagcctcagcaagatcctgctggacatcagctttcctggcctggacgaggacccactgggccctgacaacatcaactggtcccagtttattcctgagctacagtagagccctgccct
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tgcccctgtgctcaagctgtccaccatcccgggcactccaaggctcagtgcaccccaagcctctgagtgaggacagcaggcagggactgttctgctcctcatagctccctgctgcctgat
tatgcaaaagtagcagtcacaccctagccactgctgggaccttgtgttccccaagagtatctgattcctctgctgtccctgccaggagctgaagggtgggaacaacaaaggcaatggtga
aaagagattaggaaccccccagcctgtttccattctctgcccagcagtctcttaccttccctgatctttgcagggtggtccgtgtaaatagtataaattctccaaattatcctctaatta
taaatgtaagcttatttc cttag atcattatc c ag agactgcc a
g a ggtgggtaggatg a
c ctggggtttcaatt g actt ctgtt ccttg cttttagttttg a
t ag a a g g g a a g a
c c tg
cagtgcacggtttcttccaggctgaggtacctggatcttgggttcttcactgcagggacccagacaagtggatctgcttgccagagtcctttttgcccctccctgccacctccccgtgtt
tccaagtcagctttcctgcaagaagaaatcctggttaaaaaagtcttttgtattgggtcaggagttgaatttggggtgggaggatggatgcaactgaagcagagtgtgggtgcccagatg
tgcgctattagatgtttctctgataatgtccccaatcataccagggagactggcattgacgagaactcaggtggaggcttgagaaggccgaaagggcccctgacctgcctggcttcctta
gcttgcccctcagctttgcaaagagccaccctaggccccagctgaccgcatgggtgtgagccagcttgagaacactaactactcaataaaagcgaaggtggacaaaaaaaaaaaaaaaaa
FIG. 1—Continued
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FIG. 2. (A) Chromosomal mapping of the TRIDENT gene. Metaphase spreads were probed with the human cDNA encoding TRIDENT.
Signals appear as double dots on band 12pl3 of the sister chromatids of chromosome 12 (arrows). (B) PCR-based analysis of hybrid cell
lines using primers TRI-MAP-UP and TRI-MAP-DO. PCR was performed on lane 1, control H20; lane 2, m ouse-ham ster DNA; lane 3,
total human DNA; lane 4, human chromosome 12-only DNA derived from cell line A3TE7b (Sihke et a.l,} 1992); lane 5, iso(12p)-only DNA
derived from cell line M28 (Zhang et al., 1989).
Chromosomal localization. Fluorescence in situ hybridization
(FISH) was performed on normal hum an lymphocyte metaphase
chromosomes, using the human cDNA as a probe. Dioxygenin-labeled
cosmid DNA (200 ng) was precipitated with 50 x Cot-1 DNA (Gibco
BRL, Gaithersburg, MD) and dissolved in 12 fA of a hybridization
solution containing 2x SSC, 10% dextran sulfate, 1% Tween 20, and
50% formamide. The probe mixture was heat-denatured at 80&deg;C for
10 min, followed by incubation at 37&deg;C to allow reannealing of highly
repetitive sequences. Hybridization of this probe to he at-denatured
chromosome spreads under a 18 X 18-mm coverslip was done for 40
h at 37&deg;C.
After hybridization, the slides were washed according to regular
FISH protocols (Pinkel et aL, 1988). The hybridized probe was de&shy;
tected immunohistochemieally using one layer of sheep anti-digoxygenin-conjugated fluorescein isothio cyan ate (FITC; dilution 1:20;
Boehringer Mannheim). Afterward, the preparations were counter&shy;
stained with an anti-fade solution, supplemented with 0.5 mg/ml 4,6diamino-2-phenyIidole (DAPIX
Metaphase spreads were captured by a cooled high-performance
CCD camera (Photometries) coupled to a Macintosh Quadra 950 com&shy;
puter. Separate images of both TRIDENT-hyhridizing signals (FITC)
and DAPI-counterstained chromosomes were recorded and trans&shy;
formed into pseudo colored images using the image analysis software
package Oncor Image (Oncor, Gaithersburg, MD). The identification
of the individual chromosomal regions was deduced from converted
DAPI staining patterns.
PCE-based analysis of somatic hybrids exclusively containing hu&shy;
man chromosome 12 or fragments thereof (Sinke et aL} 1992) was
performed using the primers TRI-MAP-UP and TRI-MAP-DO as in&shy;
dicated in Fig. 1C.
Primer extension analysis. Total RNA was prepared in RNAzol
according to the manufacturer’s instructions (Cinna-Biotecx, Hous&shy;
ton, TX) from the hum an T cell line Jurkat, followed by phenol/
chloroform extraction and 2-propanol precipitation. Fifty micrograms
of RNA was coprecipitated with 5 X 104 cpm 32P-labeled oligonucleo&shy;
tide TRI-PE (bp 144-177) and subsequently resuspended in 30 &iexcl;A of
hybridization solution containing 40 mM Pipes, pH 6.4,1 mM EDTA,
0.4 M NaCl, 80% formamide. After 16 h of hybridization at 30&deg;C
samples were ethanol precipitated and resuspended in 20 &iexcl;A of l x
AMV reverse transcriptase buffer, 40 units of AMV reverse tran &shy;
scriptase, and 35 units of RNase inhibitor (all from Pharmacia, Upp&shy;
sala, Sweden), and samples were incubated for 1 h at 42&deg;C. Reactions
were stopped by the addition of 1 //I of 0.5 M EDTA followed by 1
//g of RNase A, Reaction products were phenol extracted, ethanol
precipitated, and subjected to electrophoresis on 6% polyacrylamide,
8 M urea gels.
Transfections and luciferase assays. Fragments of the TRIDENT
promoter were subcloned into the luciferase reporter construct
pFlash (Fig. 4A). Rat-1 cells were transfected by electroporation.
Cells (1.5 X 10s) were transiently transfected with 5 fig of the re&shy;
porter construct in a volume of 250 &iexcl;A. Pulse conditions were 960 fiF
and 250 V using a Gene Pulser apparatus (Bio-Rad, Hercules, CA).
The cells were plated on two 10-cm dishes. After overnight culturing
on 10% FCS, cells were serum starved for 48 to 72 h on 0.25% serum
to synchronize them in G0. One of the plates was harvested (time
point t = 0); cells on the other plate were allowed to reenter the cell
cycle by addition of 10% serum and were harvested after 16 h (t =
16), when the cells were in S phase (Korver et a l 1997a). Samples
were lysed in 250 &iexcl;A lysis buffer (1 mM DTT, 1% Triton X-100, 15%
glycerol, 25 mM Tris, pH 7.8, and 8 mM MgCl2). Luciferase activity
was determined on a Lumac/3M biocounter. Values were corrected
for amounts of protein, and the fold induction in S phase was calcu&shy;
lated.
Gel retardation assay. Annealed oligonucleotides were labeled by
T4 kinase with [y32P]ATP. All probes were purified by nondenaturing
polyacrylamide electrophoresis. For a typical binding reaction, nu-
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F IG . 3, (A) Primer extension analysis of the TRIDENT start site. The oligonucleotide TRI-PE was hybridized to total RNA from the T
ell lin e J u rk a t and extended using reverse transcriptase. Reaction products were run on a sequencing gel. The lengths of the resulting
roducts (arrows) were measured by comparison to a control sequence reaction. (B) Promoter region of the TRIDENT gene. Major predicted
tart s ite s are indicated by arrows. +1 indicates the start site of the longest cDNA clone. 1 -9 refer to oligonucleotide probes used in the
hiifc a s s a y (Fig. 5).
:lear e x tra c t (5 &iquest;ug protein) and 1 &iexcl;xg of poly(dl-dC) were incubated
in a volum e of 15 //I containing 10 mM Hepes, 60 mM KC1, 1 mM
EDTA, 1 mM DTT, and 12% glycerol. After 5 min of preincubation
it room tem perature, probe (20,000 cpm) was added and the mixture
pas in cu b ated for an additional 20 min. The samples were then
ilectrophoresed through a nondenaturing 8% polyacrylamide gel run
&iexcl;a 0.25 X TBE a t room temperature.
RESULTS AND DISCUSSION
Isolation and Genomic Organization of the TRIDENT
c D N A and Gene
Low-stringency screening of an HPB-ALL library
ivith th e mouse cDNA coding for Trident (Korver et
aLj 1997a) revealed a positive human cDNA clone.
By comparison with the murine sequence, the hu&shy;
man cDNA clone appeared to encode the TRIDENT/
HFH-11 protein (747 amino acids). The coding region
of the cDNA clone was identical to one of the differen&shy;
tially spliced isoforms (HFH-11B) reported by Ye et
al. (1997). Overall sequence homology with murine
Trident was 79% at the amino acid level (Fig. 1A),
The human cDNA was used to screen a PI genomic
library, resulting in a positive plasmid with an insert
of approximately 80 kb containing the complete hu&shy;
man T R ID E N T gene. Figures IB and 1C depict the
result of the structural analysis of the TRIDENT
gene. Ten exons were identified, spanning approxi-
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FIG. 4. (A) Graphical representation of the TRIDENT promoter. Numbers refer to the distance between the start of the cDNA clone
and the indicated restriction site. Names of the various pFlash constructs are depicted on the right. A, Apal\ B, BamHI; H, Hwdlll; P,
Puul; S, SacI, (B) TRIDENT promoter activity in synchronized Rat-1 cells. Cells transfected with the indicated reporter plasmids were
analyzed for promoter activity. Fold induction in S phase is given related to quiescent cells. Bars represent means of two independent
experiments in duplicate.
mately 25 kb. The first exon was preceded by a region
of high C and G content, characteristic of a CpG is&shy;
land (Bird, 1986). Two alternative exons, present in
isoform HFH-11A (Ye et aL, 1997), were designated
exon Va and exon Vila. Interestingly, intron 4 is
present in the region encoding the winged-helix do&shy;
main at the same position as was reported for an&shy;
other member of this family, FKHL13 (Murphy et
aL, 1997).
12pl3 (Fig. 2A). The localization on 12pl3 was con&shy;
firmed by PCR-based analysis of a mouse-human hy&shy;
brid cell line (M28; Zhang et at, 1989) which contains
a human i(12p) chromosome as its only human constit&shy;
uent (Fig. 2B, lane 5). Further analysis of radiationreduced hybrids containing fragments of chromosome
12p strongly suggested a localization for TRIDENT telomeric to the FGF.6 locus on 12pl3,3 (Sinke et aL,
1992; data not shown).
Chromosomal abnormalities involving this region on
chromosome 12 are found in a broad spectrum of can&shy;
The TRIDENT Gene Maps to Chromosome 12
cers (Mitelman, 1994). The genes coding for the ETSBand p l3
like transcription factor TEL, and the cyclin-dependent
To determine the chromosomal localization of the kinase inhibitor p27 (.KIP1)) are likely candidates for
TRIDENT gene, nonradioactive in situ hybridization, playing a role in these malignancies. However, in sev&shy;
using the human cDNA as a probe, was performed on eral studies no mutations in either of these genes were
normal human lymphocyte metaphases. Using this ap&shy; found, suggesting the presence of yet another tumor
proach, the TRIDENT gene could be assigned to band suppressor gene in 12pl3 (Takeuchi et aL, 1996; Steg-
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F IG . 5. Gel retardation analysis performed with nuclear extracts of Rat-1 cells. Nuclear extracts from asynchronously (A), quiescent
(0), o r S-phase (S) cells were incubated with labeled oligos 1-9 (see Fig. 3B) as indicated.
maier et al., 1996; Wlodarska et al., 1996). The cell
cycle-specific expression pattern of TRIDENT suggests
its involvement in the control of proliferations and
therefore TRID EN T is a candidate gene for association
with cancers. Further work will be required to establish
whether genetic aberrations in the TRIDENT gene are
involved in these malignancies.
Characterization of the TRIDENT Promoter
A s a prelude to transcription regulation studies of
TRIDENT\ its promoter was characterized. To map the
transcription start site of TRIDENT' we performed
primer extension analysis on total RNA extracted from
the T cell line Jurkat. A 34-mer oligonucleotide repre&shy;
senting antisense sequence in exon I (bp 144—177) was
used as a primer. Figure 3A depicts the results of a
representative experiment. Several extended products
were obtained (arrows); the start sites as predicted
from the primer extension experiments are indicated
in Fig. 3B. This prediction was corroborated by the
observation that the longest cDNA clone started in the
vicinity of the predicted cap sites. No potential TATA
box was found in this region.
T o analyze the transcriptional regulation of the TRI&shy;
D E N T gene, the promoter region was cloned and char&shy;
acterized. A 2.4-kb fragment (Sacl-B am R 1) upstream
of th e putative transcription starts was analyzed for
promoter activity (Fig. 4A). The fragment was cloned
into a luciferase reporter plasmid (pFlash) and was
transfected transiently into Rat-1 cells. Significant ac&shy;
tivity of th is promoter was observed, approximately
100-fold higher than background levels (not shown).
T he cell cycle-specific activity of the TRIDENT pro&shy;
moter was studied in transiently transfected Rat-1
cells. Rat-1 cells were used for these experiments be&shy;
cause they are readily transfected and can be synchro&shy;
nized following transfection. As expression of TRI&shy;
D E N T mRNA in synchronized cells is known to be in&shy;
duced upon entry into S phase (Korver et al., 1997a),
we asked whether the observed promoter activity was
responsive to serum stimulation and, if so, whether
such responsiveness was conferred by a specific region
within this promoter fragment.
The Rat-1 cells were transfected with constructs con&shy;
taining TRIDENT promoter sequences and control
fragments in the luciferase reporter plasmid pFlash
(see Fig. 4A), and the cells were subsequently serum
starved. A comparison was made between the activity
of these reporter constructs in quiescent cells and that
in cells cultured for 16 h following restimulation. Rat1 cells were previously shown to be in the middle of S
phase after 16 h of restimulation, as determined by
[3H]thymidine incorporation, whereas TRIDENT ex&shy;
pression is induced at the onset of S phase (Korver et
al. , 1997a). The fold induction in S phase is given in
Fig. 4B. The 2.4-kb promoter construct (Tri, —2436 to
+60) was inducible fourfold. Deletion of the upstream
2.0 kb of the promoter did not lead to loss of this inducibility, as demonstrated by the activity of both the Hind
(1.4 kb, -1411 to +60) and the Pvu (0.43 kb, —437 to
+60) constructs after 16 h of serum stimulation. How&shy;
ever, the activity of Apa (0.3 kb, —296 to +60) showed
the highest induction (eightfold). Activity of the Irt
antisense control plasmid, which is likely to result from
the presence of promoter-like sequences in the anti&shy;
sense strand that function in a cell cycle-independent
manner, was observed. This activity did not show any
response to serum stimulation (Fig. 4B).
These data indicate that sequences between -296
and the transcription start site are essential for the
r.------- x----- J?-11
serum stimula&shy;
tion. A gel shift assay was performed with nine 30bp oligonucleotides spanning this region upstream of
nucleotide +1, as indicated in Fig. 3B. We asked
whether nuclear extracts of Rat-1 cells contain proteins
binding to these oligonucleotides and, if so, whether
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this binding pattern changed during the cell cycle. To
this end, the radioactively labeled oligos (1-9) were
incubated with nuclear extracts from either asynchronously growing Rat-1 cells (Fig. 5, lanes A) or Rat-1
cells synchronized in G0 (lanes 0) or in S phase (lanes
S). As is clear from Fig. 5, shifted bands were detected
with all of the oligos tested, some of which appeared
in distinct phases of the cell cycle only (indicated by
the arrows). The proteins responsible for these shifts
are likely candidates for playing a role in the regulation
of the TRIDENT promoter, although we have not yet
identified the nature of these complexes.
One site that could be important in the regulation
of TRIDENT expression is an E box motif (located at
position —49 to -44, see Fig. 1C). This motif is often
found in transcriptional enhancers, which can be bound
by a number of transcription factors, including the
products of the myc proto-oncogenes (Marcu et ah,
1992). The expression of this small family of immedi&shy;
ate-early response genes occurs early during G0 to Gi
transition, and its levels are, like that of TRIDENT
invariant throughout the cycle in continuously prolifer&shy;
ating cells. The protein products of these genes are
believed to facilitate a cell's progression through the
cycle to eventually achieve DNA synthesis in S phase.
Myc proteins are therefore considered candidates for
involvement in the regulation of TRIDENT expression.
However, based on previously reported data, it is not
likely that the Myc proteins are solely responsible for
the induction of the TRIDENT promoter (Marcu et al.}
1992). No other obvious binding sites for transcription
factors were found in the 296-bp Apal fragment, sug&shy;
gesting a role for proteins interacting with as yet un&shy;
identified binding sites.
In conclusion, the promoter data in this study in com&shy;
bination with the expression of TRIDENT / HFH-11 /
FKHL16 in all cycling, but not in resting, cells (Korver
et al,y 1997a; Ye et aL} 1997) indicate that this tran&shy;
scription factor is likely to play a role in the control
of proliferation, rather than in the differentiation of
specific cell types.
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