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A rainbow trout SRY-type gene expressed in pituitary glands
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Abstract A Sox (SRY-type HMG box) gene, designated
SoxP1, was isolated from a cDNA library made from pituitaries
of immature rainbow trout. Sequence analysis indicated that the
¢DNA had an open reading frame encoding 467 amino acid resi-
dues containing a DNA binding motif, known as the high mobility
group (HMG) box. Northern blot analysis showed trout SoxP1
mRNA was detected in pituitaries and gonadal tissues, but not
in liver, spleen, and heart. In pituitaries, trout SoxP1 mRNA was
more abundant in immature fish than in mature fish. Gel shift
retardation analysis indicated that the recombinant HMG box
protein of SoxP1 produced in E. coli had a DNA binding property
for an AACAAT or AACAAAG sequence. These findings sug-
gest that the trout SoxP1 protein may play certain roles in growth
or maturation in pituitaries as a transcription factor.
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1. Introduction

The SRY (Sex determining Region of the ¥ chromosome)
gene is responsible for testis formation during embryonic devel-
opment in mammals [1-5]. This gene encodes a protein with a
DNA binding motif known as the high mobility group (HMG)
box, found in some transcription factors [6]. After the discovery
of SRY, several genes encoding a protein with an SRY-type
HMG box have been identified in various vertebrates [7], and
termed Sox (SRY-type HMG box) genes [7,8]. Although
human SOX9 that is related to autosomal sex reversal and
campomelic dysplasia has been shown to be expressed in vari-
ous tissues [9,10], most of the Sox genes have been shown to
be expressed in limited tissues. Chicken Sox2 and Sox3 genes
are expressed in the developing nervous system [11]. Mouse
Sox4 is a transcriptional activator in T lymphocytes [12], and
mouse SoxS5 is related to spermatogenesis [13]. Recently, we
have cloned SOX cDNAs encoding a protein with a leucine
zipper motif (SOX-LZ) from mouse and rainbow trout [14],
which are both expressed in later stages of spermatogenesis.

Pituitary glands regulate a wide variety of biological proc-
esses such as development, growth, sexual maturation, and
metabolism by secreting various hormones in animals. To in-
vestigate whether a member of the Sox family may play a role
in growth or sexual maturation as a regulatory gene in pituitary
glands, we have cloned a Sox gene (SoxP1) from a pituitary
¢DNA library of immature rainbow trout. SoxP1 mRNA is
more abundant in pituitaries of immature trout than in those
of mature trout.

*Corresponding author.

2. Materials and methods

2.1. Animals

Immature rainbow trout, Oncorhynchus mykiss (mean body weight:
100 g) were obtained in June, and mature rainbow trout (mean body
weight: 300 g) were obtained in January from Iwate Prefectural Exper-
imental Station.

2.2. Purification of RNA and construction of cDNA library

Total RNA was extracted with guanidium isothiocyanate and puri-
fied by CsCl ultracentrifugation [15]. Poly(A)" RNA selection from
total RNA was performed as described previously [16]. cDNA was
synthesized using a commercial kit according to the manufacturer’s
instructions (Amersham). After ligation with an EcoRI adaptor, cDNA
was ligated with EcoRI-digested AZZAPII DNA (Stratagene) and pack-
aged using Gigapack extracts (Stratagene).

2.3. Isolation of cDNA fragments encoding SRY-type HMG boxes

To obtain Sox ¢cDNA fragments, the polymerase chain reaction
(PCR) was performed using the rainbow trout pituitary cDNA as
template. Primers used for PCR were degenerate oligonucleotides cor-
responding to the conserved amino acid sequences of the SRY type
HMG boxes as follows: a forward primer, 5-ATGAA(CT)GC(ACGT)-
TT(CTHATGGT(ACGT)TG-3; a reverse primer, 5-GG(TC)TG-
(AG)TA(TO)TT(AG)TA(AG)TT(ACGT)GG-3. The PCR amplifica-
tion was carried out by Thermus thermophilus DNA polymerase
(Toyobo) for 30 cycles (95°C for 1 min, 55°C for 30 s, and 70°C for
2 min).

2.4. Screening of the cDNA library

c¢DNA fragments encoding SRY-type HMG boxes were labeled with
[2-**P]dCTP by the random priming methods and used to screen the
c¢DNA library. Hybridization was performed at 42°C for 18 h (50%
(v/v) formamide/5 x standard saline citrate (SSC)/0.1% SDS/1 x Den-
hardt’s solution/denatured calf thymus DNA (0.1 mg/ml)). Filters were
washed in 0.1 x SSC/0.1% SDS once at room temperature for 5 min,
and then twice at 65°C for 60 min.

2.5. RNA blot analysis

Poly(A)” RNA was electrophoresed on a 1% agarose gel containing
2.2 M formaldehyde and transferred to a nylon filter. The hybridization
condition was the same as that for the cDNA library screening.

2.6. Expression of recombinant protein in Escherichia coli

Using the trout SoxP1 cDNA as template, the DNA fragment (nucle-
otides 502-1144) encompassing the HMG box region was obtained by
PCR. The PCR primers were 5-GGCAGCCATATGCCAGTTCGG-
GGAAATGGC-3" with a sequence of Ndel site and 5~ AGAATCG-
GATCCGTTGAGCGGTAGATACTG-3’ with a sequence of BamHI
site. The PCR products digested with Ndel and BamHI was inserted
between the Ndel and BamHI sites of pET15b (Novagen). The recom-
binant protein was expressed in E. coli BL21(DE3) plysS by addition
of isopropylthiogalactopyranoside at a final concentration of 1 mM.

2.7. Gel retardation analysis

Using the soluble fraction of the E. coli lysate which contained the
recombinant protein, gel retardation analysis was performed as de-
scribed previously [14]. The sequences of duplex oligonucleotide probes
are as follows: Mut-11, 5-GGGAGAGAACAATGGGTGCCCTAC-
3, HuSRY, 5-GGGGTTAACGTAACAAAGAATCTGGTAGA-3;
HuAllmut, 5-GGGGTTAACGTCCGCGGTAATCTGGTAGA-3.
The oligonucleotides were labeled with [¢-*P][dCTP by Klenow frag-
ment described previously [14].
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GCTGCOTCCAGAACTGTACCACCCTGACAGCACAGGACAGGACAGGACGAAGAAAAACAAACARMACACAGAA
ACGGAAAACAACTGAGTITTTTGTTOATGTTGTGAAGGAGTICTACCTACCATGGTITCAGCATGCGTAAAATGCGCAATTGTTCTAGCTCAT
TATTTTCACTTGAAAAGTCGGAGACACAAAAAAATAMTAAACAACACTAAAGAATTTACACCGGATATAATCCTTTTGAGGCTGATCAA

ATGTTAARMAATGACCGCAGAGCATGACAAGTCCATCAGCGACCCACCGTGTAGCCCGGCGGGGACCACGAGCTCCATGTCGCAGGATGAT
M L X X T A £E H D K 8 I 8 D P P C 8 P A G T T 8 8 K 8 Q D D

TCCGACTCGGATGCGCCCTCGTCGCCAACGGGATCAGATGGATCACTCCTCACTGGTATAGGAAAGAAATTGGACGGCGAGGATGATGAC
s D 8 D A P 8 8 P T 6 B D O 8 L L A G I ¢ XK KL D G E D DD

COATTCCCAGCCTGCATACOTGAL GTGTCGC TCTCAAGGGATATGACTGGTCCCTCGTCCCCATGCCAGTITCGGGGAAATGAGC
R ¥ P A €C I R D A VY 8 Q V L K @6 Y D W 88 L V P K P V R G N ¢

TCGCTGAAAAATAAACCCCATGTCAAAAGACCGATGAACGCGTTCATGGTGT! A QCAGAAAGCTCGCGGACCAATAC
8 L K ¥ X

GCOGAGAGACTTCGGGTGCAGCACAARAAAAGACCATCCCOACTACAAGTACCAGCCTCGGCOTCGAAAAAGTGTGAAACCTGGGCAGAGT
vV X P G g 8

GACTCCGACTCTGUTGCAGAGCTGGGGAATCACATGTACAAGUCTIGAACCAGGATTGTTGGCAGGCATAGCCGATGUACACCACCACCLET
D 8 D 8B 6 A E L 6 XN H M Y XK A £E P G L L A 6 I A D G H H R P

GAACATGCAGGCCAACCCCACGGTCCACCCACACCCCCCACCACCCCCAAAACAGACCTGCACCACGGGGGCAAATTGOACATGAAGCAC
E H A G Q P H G P P T P P T T P X T D L BR H 6 6 K L D N K H

GAGGGACGGCOCCTGCIGGACAGCGUCCGACAGAACATCGACTTCAGCAACGTGGACATCTCCOGAGCTCAGCACCGACGTCATCAGCAAC
¥ 6 R R L L D 8 6 R Q ¥ I D F 8 ¥ Vv D I 8 B L 8 T D V I 8 N

ATGGAGUCCTTCGACGTGCATGAGITTGACCAGTATCTACCGCTCAACGGCCATUCCTCCACCGCTUGCATAGUCGTGGACCACCACGGC
M ¥ A F D V K B F b 0 ¥ L P L N G H A 8 T A 6 V @@ V D E K G

CACCATGGACCAAACCCTGCATCTGUTGCTATCTCOTATACATCATACAGCCACUGCCACAGCGAACGATGCCGTTTGGAGCCGCAAGAGY
HE B 6 P ¥ P A 8 6 A I 8 ¥T T 8 ¥ 8 H A T A N 6 A V W 8 R K 8

GCCACCATGTCTUCCTCTTCCTCAACTTCTAGCGAGGCGUTCCCACAGCACCGUGCCCACATCAAGACGGAGCAGCTGAGCCCCAGCCAC
A T M 8 A 8 8 8 T 8 8 E A V P Q E R A B I K T E Q L 8 P 8 H

TACAGCGGCGACAGTCACTCCCACAGCTCCCCCTCCCACTCAGATTIACTCCCACTCCTACACAGCCCAGACCTOCUTGACGTCATCCGCA
Y 8 ¢6 D 8 B 8 H 8 &8 P 8 H 8 D ¥ 8 B 8 Y T A Q T €C V T 8 8 A

GCTGCAGCCTCCTICTCCAGITCTCAGTGTGACTATACAGACCTCCAGAGTTCCAACTATTACAACCCCTACTCAGGCTACCCTTCCAGC
A A A 838 r s 8 8 ¢Q ¢CDp 1@ T DL Q 8 8 X I Y N P Y 8 6 Y P 83 8

CTGTACCAGIACCCTTACTTITCACTCCTCCAGAAGGGCUTACCACGGGAGCCCCATCCTCAACACTTTATCCATTCCCCCCACCCACAGT
L * @ ¥ P Y F H 8 8 R R A Y H ¢ B P I L X T L 8 I P P T B B8

CCCCCCACCTCCAACTGUGACCAGCCGGTGTACACCACCCTATCCAGACCGTAGGTGACTGTTCATTACTCACCAGGGACOTGTTCATCA
P P T 8 N W D Q P V T T T L B8 R P *

ATATGTTTTGCAACGGACAACGAAGATGACCATTITCTTATYCGACAAGTCCAAGTAGTCCCICCCCTTTTTGTTTGTTTGGTGCCCAATG
AACACAACCCTGGTCTCATOGAAATGTAAGAACTGGAGGACGAGGATTGGAGGGTGCTAGGCTATCCCCOTGCCAATTTGAACATATTGA
AGAAAAAATATCGAAGTGCCTGCTIGATTTTATACAAACCTTITTTTTGTITTACCTTACCCATGGAGAGACAGAAAGACTGACTTTGACAA
AGAAATCAAATCAAAGGCGAGCCAAAAITCCTCTGTGAGGAGTCGGACCCCCCCCCCCCCCACACACACACACACACACATCTAGTACAG
CCACACCTTCTTCAAGTITCAGGGTTGTGTICATTAGGGCACACATTGGAAATGTGATATATTGCAACGUAAAATGAGCTTTTCTTATTTC
TTCTGTTTGGTGCCTAATGAACACGACCCAGGTCTGCACATGTTGTTGTGTTGTGTGCACCGTTGAGACAGCAGCGTGTAGGCCTGCCAC
GGACTTGTGTAGGAGAGAGAGAGAATAA TTA A TTOGTGAAGCAGATGGAGAAACAGATACTITTGGAATGAAGCTCT
GGOGATTAAGGATTTTITTCACAGGCTGAATCCCATATGOAACCCTATTCCCTAAATAGTIGCACTACTITTTAACCAGGGCCCATAGGGCTCT
GGTCAAGTAGTGCACTACAGTATGAGGCTGAGCTGTATAACTTAAAAATGCACACAGATATTTACATCAGTGOGACCAGTCTTAATTCAGT
TGTTAATTTGAATTCT TAAATGTITCATTTTGTTGTTATTITGATGTTAGAAATATCTTAAATATGTATTTATGTTCATCACATTATTITCC
CCTGTTATTTCCCOTGTCATTGTTARACACCAGTAACARAGCAGGGGTATATCCAAATGTTTGTTACTTGGAAGTGGGTCGUGTGGTGGA
TCTAAGTACAGTAGARATTCCATAACCCATTACTACATTTITATATCATCATTCCCTAGACGACCAATAATGAACATTGTCTCCATTCCAA
GITGCAGGAAAGCAAAGTGGGACCAATAGAATAGATCTATTTGAATATCACATGATGCAACAGATACCAATCGACCAATAGAATGCCACC
TGATCCAACAGGTGCCTAGAAGCTATGCTTGACCAATTGCOATTAGTCATGATGTGGGGTTTAAGGAAGTGGOGTAAGATAACACCAGAC
ACACTGAGTAATGCGTCAGCTGGACTCATGCAGACAGGACGACACACAGATGTGTGTGTGTGTTCATGTGTGTGITGTCCTAGGGGACCA
AGCATGAACAAGTAAGGACAGAACAGTTGTTTTGATTGACTAAGCAGCATACTGTACTGTTATCTGAGCTCATCAGGGCCACTGAAAGCT
TACAAAGAAAGACAGAGAGTCTITAATCACTATGGCAGAATGCATGTGAGAACGTTCATGTATGTGTTTITGGGTCAATTCCTCAGAAGTCA
TAAGGTGCCAATTCACTGTAACCCAGTTTACAATGCACAGAAGGTATTTGTGTCTTCTAATGCTTTATCATCCTTITCCCAATTGGATTAT
TAACAAACTTICATGCAGCATACAGTACAATCAGTAATCCACACTACAGAATCAAATAATCTCTACGTAATCTTAATCTGGTGCCGTTTGT
AACAGCCTCAATGTCTGTTCAGTTTGTICTTITGTACAGAGCACCATACTCTACTTTATGTCCACAGAATGCAGTGTTTTTCTTTATATTAT
CGCAGIGTATGITTTTAAATGACTAAGCTGTGAACTATGTCATCATCTATATTAACTAGGTCATCCACACGCCACAGCTAACCCATTTGC
TGGCCGTTTCTCTGTARAGAAATAAAMMATGAACTTTTCICATTG-polyA
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Fig. 1. Nucleotide sequence and deduced amino acid sequence of rainbow trout SoxP1 cDNA clone, pRTSX4. The HMG box is indic_ated by vyhite
letters in black boxes. An asterisk indicates the stop codon. The putative polyadenylation signal AATAAA (nucleotides 3603-3608) is underlined.

3. Resuits

3.1. Isolation of rainbow trout SoxPl from pituitary cDNA
library
PCR was carried out using pituitary cDNA from immature
rainbow trout as a template and degenerate oligonucleotide
primers based on the conserved amino acid sequences of the
HMG boxes of Sox genes (see section 2). An approximately 200

bp-long fragment was isolated and cloned into the EcoRYV site
of pBluescript II (Stratagene). Using this fragment as a probe,
the pituitary ¢cDNA library of immature rainbow trout was
screened, and two positively hybridizing phages were isolated.
Positive clones were rescued as pBluescript plasmid by in vivo
excision, and the nucleotide sequence of the clone containing
the longer ¢cDNA insert, pRTSX4, was determined for both
strands by the dideoxy methods. The nucleotide and deduced
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Fig. 2. Comparison of the amino acid sequences of the HMG boxes among mouse Sry, Sox8 and rainbow trout SoxP1. Residues identical in the
three sequences are indicated by white letters in black boxes. The amino acid sequences corresponding to the oligomucleotides used for PCR
amplification of rainbow trout HMG boxes (see section 2) are underlined.

amino acid sequence of trout SoxP1 are shown in Fig. 1. The
cDNA was 3626 bp in length, not including the poly(A) tail, and
contained an open reading frame encoding 467 amino acid
residues. The amino acid sequence of the HMG box of trout
SoxP1 was identical to that of mouse Sox8 except for one amino
acid residue (Fig. 2).

3.2. Northern blot analyses of rainbow trout SoxPl

To determine the expression pattern of the rainbow trout
SoxP1 gene, Northern blot of poly(A)*-RNA from various
tissues of immature rainbow trout was hybridized with the 287
bp-long fragments of pRTSX4 (nucleotides 847-1133), which
does not contain the sequence encoding the HMG box (Fig.
3A). An intense band of about 4 kb was detected in pituitaries.
SoxP1 mRNA was also detected in ovary and testis, but not in
any other organ examined. Further, its expression in pituitaries
was examined using immature and mature trout by Northern
blot analysis (Fig. 3B). The filter was then sequentially re-
hybridized with cDNA of salmon ganadotropic hormones,
GTHIS and GTHIIS [17], and rainbow trout S-actin cDNA.
The B-actin cDNA was isolated from a rainbow trout pituitary
c¢DNA library with mouse S-actin cDNA [18] as a probe. The
rainbow trout SoxP1 gene was expressed predominantly in

A

2 3 4 5 6

285—
18S =

immature trout, while GTH-IIS gene showed much higher ex-
pression in mature trout. The level of GTH-If mRNA was
similar in immature and mature trout.

3.3. Sequence specific DNA binding of rainbow trout SoxPl
HMG box protein

To test sequence-specific DNA binding of trout SoxPl, the
HMG box region protein was produced in E. coli using the
expression vector, pET15b. Gel retardation assay was carried
out using three kinds of synthetic duplex DNA : HuSRY con-
tains an AACAAAG sequence, a high affinity site for human
SRY, while HuAllmut contains a CCGCGGT sequence in ex-
change for the AACAAAG sequence within HuSRY [19];
Mutl1 contains an AACAAT sequence, a high affinity site for
mouse Sry and Sox5 [20]. Fig. 4 indicates the sequence-specific
DNA binding property of trout SoxP1 by showing that the
SoxP1 protein bound with Mutll efficiently and also with
HuSRY, but not with HuAllmut.

4, Discussion

We have isolated an Sox cDNA (trout SoxP1) from a pitui-
tary cDNA library of immature rainbow trout. The amino acid

ACTIN

Fig. 3. Northern blot analyses of rainbow trout SoxP1 mRNA. (A) Expression of trout SoxP1 mRNA in pituitaries and gonads. One ug of
poly(A)*-rich RNA from several tissues of immature rainbow trout were electrophoresed and transferred to a nylon filter. The filter was hybridized
with the 287 bp-long fragment (nucleotides 847-1133; Fig. 2) of rainbow trout SoxP1 cDNA (the upper column) and then rehybridized with rainbow
trout f-actin cDNA (the lower column). Lanes: 1 = pituitary glands; 2 = ovary; 3 = testis; 4 = heart; 5 = liver; 6 = lung. (B) High-level expression
of trout SoxP1 mRNA in pituitaries of immature rainbow trout. Two ug of poly(A)*-rich RNA from pituitaries of immature (lane 1) and mature
(lane 2) trout were electrophoresed. The RNA blot was hybridized with trout SoxP1 cDNA, salmon GTH-I8 ¢cDNA, salmon GTH-IIg ¢cDNA, and
trout S-actin cDNA sequentially.
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Fig. 4. Sequence-specific DNA binding property of rainbow trout
SoxP1 HMG box protein. Gel shift mobility analysis was carried out
with the soluble fraction of E. coli lysate in which recombinant trout
SoxP1 HMG box protein was overproduced. The sequences of the
oligonucleotides probes (Mut-11, HuSRY, and HuAllmut) were de-
scribed in section 2. Lanes: 1 = Mut-11; 2 = HuSRY; 3 = HuAllmut.

sequence of the trout SoxP1 HMG box showed high homology
(98.2%) with that of mouse Sox8 which was expressed in 12.5
day embryo [8]. As mouse Sox8 has been cloned only in the
HMG box region, it is still unknown whether mouse Sox8
protein has overall homology with rainbow trout SoxP1 pro-
tein. To judge if rainbow trout SoxPl is the homologue of
mouse Sox8, it is necessary to know the primary structure and
expression pattern of mouse Sox8. Anyway, it is interesting to
investigate whether the trout SoxP1 may be conserved in struc-
ture and function during vertebrate evolution.

The trout SoxP1 gene showed differential expression in pitu-
itaries during maturation, and the mRNA level was much
higher in immature fish than in mature fish. Besides pituitaries,
trout SoxP1 gene was shown to be expressed in ovary and testis,
but not in liver, kidney, and lung. Thus, the trout SoxP1 gene
expression seems to limited to endocrine tissues. In gonadal
tissues, however, trout SoxP1 gene expression was not regu-
lated differentially during maturation (data not shown). When
salmon RNA prepared from anterior and posterior pituitary
was probed with the trout SoxP1 cDNA, the hybridizing band
was more detected in anterior pituitary (data not shown), where
hormones involved in growth and maturation such as gona-
dotropin, growth hormone, and prolactin are produced. We
examined whether the expression of the trout SoxP1 in pituitar-
ies of immature trout may have relation to gonadotropic
hormone expression. However, similar expression patterns of
the trout SoxP1 and gonadotropic hormone genes (GTH-If
and GTH-IIf) in pituitaries of immature and mature fish was
not observed (Fig. 3B). Also, sexual dimorphism of the trout

M. Ito et al. | FEBS Letters 377 (1995) 3740

SoxP1 transcripts in pituitary gland was not observed by
Northern blot analysis (data not shown). Considering the se-
quence-specific DNA binding of the HMG box region protein
of the trout SoxP1 protein, trout SoxP1 protein is considered
to function as a transcription factor. Identification of target
genes of the trout SoxP1 protein in pituitaries and gonads is
necessary to understand the biological roles of the SoxP1 pro-
tein.

Acknowledgments: We wish to express our gratitude to Dr. S. Ya-
mashita of Central Reseach Laboratory, Nippon suisan Kaisha Ltd.
and Dr. M. Ono of Kitasato Univ. for helpful discussions. This work
was supported in part by a grant pioneering research project in biotech-
nology from the Ministry of Agriculture, Forestry and Fisheries, Japan,
and a grant from the Kitasato Research Foundation and research
grants of the Kanagawa Academy of Science and Technology to M.I.

References

[1] Sinclair, A.H., Berta, P., Palmer, M.S., Hawkins, J.R., Griffiths,
B.L., Smith, M.J., Foster, J.W., Frischauf, A.-M., Lovell-Badge,
R. and Goodfellow, P.N. (1990) Nature 346, 240-244,

[2] Berta, P, Hawkins, J.R., Sinclair, A.H., Taylor, A., Griffiths,
B.L., Goodfellow, PN. and Fellous, M. (1990) Nature 348, 448—
450.

[3] Koopman, P., Munsterberg, A., Capel, B., Vivian, N. and Lovell-
Badge, R. (1990) Nature 348, 450-452.

[4] Jager, R.J., Anvret, M., Hall, K. and Scherer, G. (1990) Nature
348, 452-454.

[5] Koopman, P., Gubbay, J., Vivian, N., Goodfellow, P. and Lovell-
Badge, R. (1991) Nature 351, 117-121.

[6] Grosschedl, R. (1994) Trends Genet. 10, 94-100.

[7] Denny, P., Swift, S., Brand, N., Dabhade, N., Barton, P. and
Ashworth, A. (1992) Nucleic Acids Res. 20, 2887.

[8] Wright, E.M., Snopek, B. and Koopman, P. (1993) Nucleic Acids
Res. 21, 744.

[9] Foster, J.W., Dominguez-Steglich, M.A., Guioli, S., Kwok, C.,
Weller, P.A., Stevanovic, M., Weissenbach, J., Mansour, S.,
Young, I.OD., Goodfellow, P.N., Brook, J.D. and Schafer., A.J.
(1994) Nature 372, 525-530.

[10] Wangnper, T., Wirth, J., Zimmer, J., Pasantes, J., Bricarelli, F.,
Keutel, J., Hustert, E., Wolf, V., Tommerup, N., Schempp, W. and
Scherer, G. (1994) Cell 79, 1111-1120.

[11] Uwanogho, D., Rex, M., Cartwright, E.J., Pearl, G., Healy, C.,
Scotting, P.J. and Sharpe, P.T. (1995) Mech. Dev. 49, 23-
36.

[12] Van De Wetering, M., Oosterwegel, M, Van Norren, K. and
Clevers, H. (1993) EMBO 1J. 12, 3847-3854.

[13] Denny, P., Swift, S., Connor, F. and Ashworth, A. (1992) EMBO
J. 11, 3705-3712.

[14] Takamatsu, N., Kanda, H., Tsuchiya, 1., Yamada, S., Ito, M.,
Kabeno, S., Shiba, T. and Yamashita, S. (1995) Mol. Cell. Biol.
15, (in press).

[15] Jameson. J.L., Becker, C.B., Lindle, C.M. and Habener, J.F.
(1988) Mol. Endocrinol. 2, 806-815.

[16] Ito, M., Koide, Y., Takamatsu, N., Kawauchi, H. and Shiba, S.
(1993) Proc. Natl. Acad. Sci. USA 90, 6052-6055.

[17} Sekine, S., Saito, A., Itoh, H., Kawauchi, H. and Itoh, S. (1989)
Proc. Natl. Acad. Sci. USA 86, 8645-8649.

[18] Alonso, S., Minty, A., Bourlet, Y. and Buckingham, M. (1986)
J. Mol. Evol. 23, 11-22.

[19] Harley, V.R., Jackson, D.I., Hextall, P.J., Hawkins, J.R,,
Berkovitz, G.D., Sockanathan, S., Lovell-Badge, R. and Goodfel-
low, P.N. (1992) Science 255, 453-456.

[20] Giese, K., Cox, J. and Grosschedl, R. (1992) Cell 69, 185-
195.



