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ABSTRACT

Sox family proteins are characterized by a unique
DNA-binding domain, a HMG box which shows at
least 50% sequence similarity with mouse Sry, the
sex-determining factor. At present almost 30 Sox
genes have been identified. Members of this family
have been shown to be conserved during evolution
and to play key roles during animal development.
Some are involved in human diseases, including sex
reversal. Here we report the isolation of a novel
member of the Sox gene family, Sox30, which may
constitute a distinct subgroup of this family. Using a
bacterially expressed DNA-binding domain of Sox30,
we show that it is able to specifically recognize the
ACAAT motif. Furthermore, Sox30 is capable of
activating transcription from a synthetic promoter
containing the ACAAT motif. The specific expression

of Sox30 in normal testes, but not in maturing germ
cell-deficient testes, suggests the involvement of
S0x30 in differentiation of male germ cells. Mapping
analyses revealed that the Sox30 gene is located on
human chromosome 5 (5g33) and on mouse chromo-
some 11.

INTRODUCTION

DDBJ/EMBL/GenBank accession nos AB022083, AB022441

One group includes UBF, HMG-1 and MT-TF1, which have
multiple HMG boxes and recognize DNA with low or no
sequence specificity. The other group includes LEF-1, STE-11
and Sox proteins, which possess a single HMG box and show
sequence-specific DNA binding (2,3). The SoR(Grelated
HMG box) family proteins are defined by a HMG box which
shows >50% sequence similarity with the founding member of
this group, mouse Sry. At present almost 30 members have
been reported which can be classified into seven subgroups
based on their structural similarity (4,5). In addition to the
DNA bending activity of the HMG box, several Sox proteins,
such as Sox4, Sox9, Sox17, Sox18 and Sox24, have been
shown to activate transcription via their own activation
domains (6-11).

TheSoxgenes are conserved during evolution and have been
found to play key roles in decisions of cell fate during diverse
developmental processes (4). The first demonstration of this
concept came from the cloning &RY the gene responsible
for human sex reversal (12—-15). Shortly thereafter, regulation
of male development by expressionSrfywas clearly demon-
strated in karyotypic female mice carrying the moGsggene
(16). Other members of theoxfamily, Sox9andSox10Q have
been shown to be associated with the skeletal malformation
syndrome campomelic dysplasia and one cause of Waarden-
burg—Hirschsprung disease, respectively (17-P2psophila
SoxgeneDichaete(fishhooR is involved in segmentation and
central nervous system development (23-26) e@@is-2 a
Soxgene inCaenorhabditis eleganis required to establish a

The high mobility group (HMG) box was originally identified functional vulval-uterine connection (27). In vertebrates,
in the RNA polymerase | transcription factor UBF as a regionSox5 Sox6and Sox9cooperatively regulate chondrogenesis

of homology to the HMG-1 protein (1). This motif consists of whereasSox4is involved in B cell and endocardial ridge diff-
~80 amino acid residues and binds to the minor groove ofrentiation (28,29)Xenopushomologs ofSox17are involved
DNA, resulting in the induction of a dramatic bend within the in endoderm differentiation in embryos (30). SoB@xgenes,
DNA. HMG box-containing proteins can be classified into twoincluding Sox5and Sox17 are differentially expressed during

major groups based on the degree of sequence specificity of tispermatogenesis and thus are believed to regulate differen-

DNA binding and the number of HMG boxes within a protein. tiation of male germ cells (9,31).
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Sox proteins are known to activate transcription syneriibrary screening and sequencing

gis;ically with other trans_,cription factors. .In lens differen- Yeast strain L40 was transformed with pLexA-WT1(+/+) and
tiation, several Sox proteins seem to require the presence gfinsequently with a Gal4 activation domain-fused mouse testis
another lens factor in order to regulate transcription ofdbe  cDNA library. A total of 3x 10° clones were screened and four
crystallin gene (32-34). Sox2 is also involved in the regulatiotiones were found to interact specifically with WT1 in yeast.
of FGF-4 transcription via protein—protein interaction with The insert of one clone, m125, was used to screen a human
Oct-3 (35,36). This Sox—Oct interaction has also been implitestis 5'-stretch cDNA library (Clontech). The sequences of
cated in glial cell differentiation and seems to be conservetioth strands were determined with an automated DNA
during evolution (26,37,38). Sox9 and steroidgenic factor-Isequencer 373A (PE Applied Biosystems) and analyzed by the
(SF-1) also synergistically activate the anti-Miillerian hormoneGenetyx-Mac (Software Development Co., Japan) and Clustal
gene whose product is crucial for proper male sexual differenX multiple sequence alignment programs.

tiation (39).

Here we report the identification of a novel member of$ioe - )
gene family, Sox30 which is exclusively expressed in testis. Interspecific backcross progeny were generated by mating
Sequence and biochemical analyses indicate th@akaagene  (C57BL/6Jx Mus spretusF, females and C57BL/6J males as
encodes a sequence-specific transcriptional activator which scribed (42). A total of 205 Nmice were used to map the
relatively divergent from other Sox proteins. The germ cell- ox30iocus (see text for details). The probes and RFLPs for

o . . o . the loci linked toSox30Q includingAdralaandll3, have been
specific expression dbox30implicates its involvement during reported previously (43). Recombination distances were cal-

Interspecific mouse backcross mapping

Spermatogenesis. culated using Map Manager v.2.6.5. Gene order was
determined by minimizing the number of recombination events

MATERIALS AND METHODS required to explain the allele distribution patterns.

Materials Northern blot analysis

pLexA-WT1(+/+), a bait for yeast two-hybrid screening, wasPoly(A)* RNA was isolated from organs of adult mice using
constructed by inserting tt®adi—Pst fragment of pRcCMV-  1sogen (Nippongene, Japan) and Oligotex-dT30 (Takara Bio-
WT1(+/+) containing the WT1 coding sequence (a gift from T.medicals). Poly(A) RNAs (2 pg) or total RNAs (S or 1Qug)
Akiyama) into pBTM116. pPRN3myc was generated by insert-Vere electrophorese_d in 1% agarose ge_ls containing 2.2 Mfor-
ing a synthesized oligonucleotide containing a myc tadmaldehyde and subjected to blot hybridization.

sequence, initiation ATG andhad site into pRN3 (a gift from  RT_PCR analysis

P. Lemaire and J.B. Gurdon) (40). For plasmid vectors used%

in vitro transcription and expression in mammalian cells, th NA was isolated from emt?ryonlc lissues and fcreated with
Nase I. cDNA was synthesized using SuperScript Il reverse

sequence surrounding the Initiation ATG in :[he hun$x30 transcriptase (Gibco BRL). PCR reactions were carried out in
cDNA was mutated to &al site using Kunke_l s method (41). 20 pl containing cDNA prepared from 10 ng of RNA with
PRN3myc-Sox30 was generated by cloning tal-Notl  iimer pairs for mous&ox30or Hprt. Sox30primers were 5'-
fragment containing the coding sequence of hu@ar30nto  cGGTTCTCCTTTCATCACCC-3' and 5'-CCAAGGCTCCA-
PRN3myc. Mammalian expression vectors were constructeATGTCCAGA-3'. Hprt primers were 5-CCTGCTGGATTA-
by cloning the Sal-Notl fragment into pME18S-mycll or CATTAAAGCACTG-3' and 5-GTCAAGGGCATATCCAA-
pPME18S-Flagll which carries the $Rpromoter (a gift from CAACAAAC-3'. Cycle conditions for amplification c80x30

J. Inoue). For reporter gene assay, one, four or eight copies afere: 95C for 9 min; 35 or 38 cycles of 9& for 30 s, 57C
Sox30 binding sequence were inserted upstream of dN-luger 1 min, 72C for 1 min; 72C for 10 min. Cycle conditions
which contains an enhancerless promoter of human T cefpr amplification ofHprt were: 98C for 9 min; 35 cycles of
leukemia virus type 1. The oligonucleotides used were 5'95°C for 30 s, 59C for 1 min, 72C for 1 min; 72C for
GGGGAGACAATGGGACAAT-GGCGAGACAATGGGA- 10 min. T_hese .condltlons were optllml_zed for AmpllTaq Gold
CAAT-3 and 5-CCCATTGTCCCATTGTCTCGCCATTGT- (PE Applied Biosystems). In the initial experiments, cycl_es
CCCATTGTCTC-3'. A reporter plasmid containing one copy'Veré changed from 25 to 40 to determine the appropriate
of the Sox30 binding site was isolated by insertion of a partiapumber of cycles for semi-quantitative PCR.

oligonucleotide, GAGACAATGGGACAGGG. A glutathione  Determination of the binding consensus sequence
Stransferase (GST) fused Sox30 expression vector Wa'&

constructed by inserting the 362 liroRI-Sfil fragment of
. . Sox30 were selected from a pool of random DNA sequences
m125-31 cDNA into pGEX-4T3 (Amersham Pharmacia, un o modified binding buffer [10 mM HEPES—KOH pH 7.7,

Biotech). The resulting construct encodes a GST fusion 0y \m KCI. 1 mM EDTA. 1.5 mM MgCJ, 1 mM DTT

121 amino acid residues of mouse Sox30 which does not shoy/ 194 NP-40. 5% glycerol, 0.16 mg/ml BSA, 0.16 mg/ml
significant homology with any other proteins. This fusion poly(dG-dC)-poly(dG-dC)]. In a parallel experiment, GST and
protein was bacterially expressed, purified using glutathioneGST-SRY were also used as controls. The random sequence
Sepharose (Amersham Pharmacia Biotech) and then used fiirary was prepared by PCR amplification of CGCGGATC-
immunization of rabbits and subsequent production of Sox30ETGCAGCTCGAG(A/G/CIT)GTCGACAAGCTTCTAG-
specific antiserum. AGCA with primers of the first and last 20 bases. After six

ccording to Inabeet al. (44), binding sequences for GST—
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repetitions of selection/amplification, amplified DNAs were residues, respectively (Fig. 1A). Sequence analysis of the
digested withBanHI and Hindlll and cloned into pBluescript genomic structure of h125 revealed that exon skipping occurs

SK(-). Individual clones were sequenced and aligned. in type Il, resulting in a frameshift (data not shown). The h125
. . ) HMG box showed <50% similarity to the HMG boxes of other
Electrophoretic mobility shift assay (EMSA) Sox proteins and no significant homology was found outside

Full-length Sox30 protein was prepared using mMMESSAGERhe HMG box. We therefore concluded that h125 is a novel
MMACHINE (Ambion) and the rabbit reticulocyte lysate member of theSoxgene family and termed this geBex30To
system (Promega). The oligonucleotides used were: wt sense, 8ate, the classification Goxgenes into seven groups is based
GGGGCTAAACTGAGGGTAACAATGGTCATT-3"; wt anti-  upon the structural resemblance of the HMG boxes within a
sense, 5'-CTAGAATGACCATTGTACCCTCAGTTTAG-3;  subgroup (over 75% similarity) (2,4,5,46). This suggests that
mu sense, 5-GGGGCTAAACTGAGGGTAGTG@EGTC- Sox3Constitutes a novel subgroup within tBexgene family.
ATT-3" mu antisense, 5-CTAGAATGACCGCCARCCCT- Alignment of the coding sequences confirmed tBaix30is
CAGTTTAG-3. Fifteen nanograms of annealed wild-typedistantly related to otheBoxgenes (Fig. 1B).

fragment were end-labeled witi#}2PJATP. For EMSA, 3ul of
programmed reticulocyte lysate and end-labeled prob
(30 000 c.p.m.) were incubated in 18 of binding buffer To investigate whethe8ox30may be involved in any known

[10 MM HEPES-KOH pH 7.7, 60 mM KCI, 1 mM DTT, diseases or mutations, the chromosomal localizations of
12% glycerol, 0.16 mg/ml BSA and 0.16 mg/ml poly(dG- human and mous8ox30were determined. For mouse, inter-
dC)-poly(dG-dC)] on ice for 30 min. Samples ofi8 were specific backcross analysis with progeny derived from matings
resolved on a non-denaturing 4% polyacrylamide gel (acrylof (C57BL/6Jx M.spretuy F, x C57BL/6J mice was utilized.
amide:bisacrylamide 30:1) in 0s5Tris/borate/EDTA buffer at  The interspecific backcross mapping panel has been typed for
room temperature. After electrophoresis, gels were dried anever 2400 loci that are distributed among all autosomes as well
exposed to Kodak XAR film for 4 days with an intensifying as the X chromosome (42). C57BL/6J aldspretusDNAs

ghromosomal localization of theSox30gene

screen at —7C. were digested with several enzymes and analyzed by Southern
) blot hybridization of informative restriction fragment length
Luciferase assays polymorphisms using a mouS§ox30cDNA probe. Fragments

CV-1 cells were transfected by the calcium phosphate coof 7.9 and 4.6 kb were detectedfitoRV-digested C57BL/6J

precipitation method with fig of reporter plasmid andjsg of ~DNAand fragments of 7.2 and 4.1 kb were detectei¢oRV-
expression vector. Sonicated salmon testis DNA was added figestedM.spretusDNA. Thus, the 7.2 and 4.1 kEcoRV
adjust the total amount of DNA to 1j5g. Two days later, cell M.spretusRFLPs were used to follow segregation of 8ex30
extracts were prepared using Cell Culture Lysis Reagen®cus in backcross mice (data not shown). The mapping results
(Promega). The luciferase activities were measured with Kdicated thaSox30is located in the central region of mouse
Berthold Lumat luminometer, LB9501. Values were normal-chromosome 11 linked tddralaandll3. A total of 114 mice

ized for protein concentration using Bio-Rad Protein Assayvere analyzed for all markers as shown in the segregation

reagent (Bio-Rad). analysis; however, up to 167 mice were typed for specific pairs
_ of markers. Each locus was analyzed in pairwise combinations
Immunoblotting for recombination frequencies using the additional data. The

Nuclear and cytoplasmic extracts corresponding to the sanf@tios Of the total number of mice exhibiting recombinant

number of cells were resolved on a 10% SDS—polyacrylamid§romosomes to the total number of mice were determined for
gel and blotted onto Immobilon (Millipore) as previously each pair of loci and the most likely gene order is as follows:

described (45). Tagged Sox30 protein was detected with anfsentromereAdrala-2/167-S0x36-8/1274H3. The recombin-

Flag monoclonal antibody (Kodak) and an ECL detectiontion frequencies (expressed as genetic distances in cM + SE)
system (Amersham Pharmacia Biotech). are -Adrala-1.2 + 0.8-Sox36-6.3 + 2.2H3 (Fig. 2A).

The chromosomal localization of the hum&ox30gene was

determined by fluoresceli situ hybridization using human
RESULTS Sox30cDNA as a probe (47). In more than 50 cells analyzed,
the only site of specific fluorescent signal (>15%) was
Stru_ctural features of a novel member of the Sox gene observed on 5g33 (Fig. 2B). The 5q region of the human
family, Sox30 chromosome has been shown to share homology with the
During the screening and characterization of cDNAs encodingentral region of mouse chromosome 11. Therefore, the human
WT1 (Wilms’ tumor suppressor gene)-associated proteins bghromosomal location 0d8ox30is consistent with that of the
yeast two-hybrid screening, we isolated a clone, m125, from aouse.
mouse testis cDNA library which seemed to encode a nov .
HMG box-containing protein. We subsequently screened &XPression of theSox30gene
human testis cDNA library using this murine cDNA and The expression cox30was first analyzed by northern blot
obtained overlapping clones, h125-13 and h125-17, whichybridization using mouse tissue RNAs. A 3 kb transcript was
appeared to contain the entire coding sequence. Another cDNébserved only with testis RNA (Fig. 3A). A testis-restricted
clone, h125-15, revealed the possibility of alternative splicingpattern of expression was also seen using human multiple
in this gene. Further screening and RT-PCR analysifissue cDNA panels (Clontech; data not shown). No expression
confirmed that two types (types | and 1) of h125 mRNAs existof Sox30wvas observed in placenta, thymus, colon or peripheral
in humans, encoding polypeptides of 753 and 501 amino acidlood leukocytes in human&ox30transcripts were scarcely
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Figure 2. Chromosomal assignment of tt8ox30gene. A) Chromosomal

Figure 1. Structure of a novel member of the Sox family, Sox38) Gche- ~ Mapping of mouseSox30 The segregation patterns 8bx30and flanking
matic illustration of the human Sox30 proteins. Two splice variants, types | andgenes in 114 backcross animals typed for all loci are shown at the top of the
I, were identified by cDNA screening and RT—PCR. The N-terminal regions figure. Each column represents the chromosome identified in the backcross
and the HMG box (indicated by a shaded box) are identical. The C-terminalProgeny that was inherited from the (C57BL/8M.spretu3 F, parent. The
sequences differ due to a frameshift (see text). The nucleotide sequences &haded box represents the presence of a C57BL/6J allele and white boxes rep-
Sox30have been submitted to the DDBJ, EMBL and GenBank databases with'esent the presence of\.spretusallele. The number of offspring inheriting
accession nos. AB022083 (type 1) and AB022441 (type B).Rhylogenetic each type of chromosome is listed at the bottom of each column. A partial
tree of the Sox family. Multiple alignment was performed by means of Clustal chromosome 11 linkage map showing the locationSa30in relation to

X (v.1.64b from ftp://ftp-igbmc.u-strasbg.fr/pub/ClustalX/ ). The phylogenetic linked genes is shown at the bottom of the figure. Recombination distances
tree was drawn using njplot, included in the software package Clustal X. Full-between lociin cM are shown to the left of the chromosome and the positions
length amino acid sequences of human (h) and mouse (m) Sox proteins wer@f loci in human chromosomes are shown to the rige) Chromosomal
compared. Mouse sequences were used when the human orthologou¥apping of humanSox30 Metaphase chromosomes were stained with a
sequences were not available. Note that Creneazy. (5) categorized Sox20  Propidium iodide-labeled humzox30cDNA probe. Twin spot signals on the
into subgroup B2 because of its significant similarity with Sox proteins in long arm of chromosome 5 are indicated by arrows (left). The G-banding
group B. patterns of the same chromosomes are also shown (right).

detectable in testes of mice aged 0—4 and 8 days. The level of either artificial cryptorchid ojsd/jsd mouse testes (Fig. 3B).
expression increased significantly by 16 days after birth andp until post-natal day 8, mouse germ cells are still at the stage
continued to increase thereafter. No transcripts were detected spermatogonia with no differentiating cells present. After
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Figure 4. Subcellular localization of type | and type 1l Sox30 proteins. The

cé? amount of Flag-tagged Sox30 protein in nuclear and cytoplasmic extracts was
& o -C?" determine(_j by immunoblotting using anti-Flag antibodies. Nuclear (N) and
ff':'}” PRIRS ‘EJ > cytoplasmic (C) extracts loaded on the gel are from the same number of cells.
To XNS oo @
JNETFS H
S r-iofl‘f“o\ c_‘,‘é"'f?{:@ . . .
_ Sertoli cells are found in seminiferous tubules due to the
l . Sox30 inability of type A spermat(_)gonia to differentiate (49). These
results suggested th8bx30is specifically expressed in male
= germ cells and that the increase in its expression may correlate
- - e l . “ GAPDH with the later stage of pachtene spermatocytes in which
' meiosis occurs.
We also analyzed the expression $6x30in 10.5 and
C 13.5 dpc 13.5d.p.c. embryos by RT-PCR (Fig. 3G&ox30transcripts
/ 7 could be detected in embryonic testis, kidney (mesonephros
J X J & ) and metanephros), brain, lung, heart and stomach at 13.5d.p.c.
S« §§¢@¢° % 53:9‘% and in the whole embryo at 10.5 d.p.c. However, the level of
U N 5‘3 @i_ L. P expression was considerably lower compared with that
v .}"’”Qb & SFEETEF SFeFs L observed in neonatal testis at 0—4 days (see also Fig. 3B).
o oy =28 B FgEELF LTI TS

_ _ Sox30 Sequence-specific DNA-binding activity of Sox30
We characterized the biochemical properties of Sox30 protein
and found that, similarly to other Sox proteins, Sox30 protein
E = Hprt is exclusively localized in cell nuclei, as shown by western
il blotting analysis (Fig. 4). Next we tested whether Sox30
exhibits sequence-specific DNA binding. After incubation of
random oligonucleotides with GST-Sox30 fusion protein,
oligonucleotides which bound to GST-Sox30 were collected
;i"guurgtisi-oliépresgor;lo%ﬁﬂ'\zlfsNxé r(eA)SEgF‘J;CetZZi?Q Lf}oidhu'é:?d?;;ei;:]ssngs- by glutathione—Sepharose beads. After initial amplification of
ind?cate mobﬁi%y ofpmz)llecular weight marktjers of 7.46, 4.4%, 2.37 and 1.35 kbt.he selected oligonucleotides by P.CR’ this binding and CO”eC-.
(RNA Ladder; Gibco BRL). The arrow indicates the mo@mx30transcript. 110N Step was repeated. The selection process was repeated six
The autoradiogram was exposed for 5 h with an intensifying screen 8€-70 times and subsequently the amplified oligonucleotides were
s oty g o St (oo o po el e N sequenced: An ACAAT sequence was observed i
defic%ent testesg(right).gAquuots of 10 (Igft) orfg (right) of total RNAgsgwere all of the sequenced clone_s (Table 1).' .In parallel experiments,
subjected to blot hybridization, respectively. The autoradiogram was exposeldse_of GST__SRY r'esulted'ln the amplification of an AACAAT
for 15 h with an intensifying screen a70°C. (C) Expression in mouse embry- Motif, consistent with previous reports (data not shown; 50). In
onic tissues. Total RNAs from embryonic tissues were subjected to reverseontrast to other Sox members, Sox30 appears to prefer a
transcription. Separate PCR reactions were performed using primer pairs f‘@fuanine residue surrounding the core ACAAT motif (9,31,50).
goxgg(uspsper) ortiprt (lower). Cycles were 35 except for the right pantl o e tested the sequence-specific DNA-binding ability of the
030 (38 cycles). M, male; F, female. full-length Sox30 protein by EMSA using one of the amplified
oligonucleotides as a probe. Incubation with either the GST—
Sox30 fusion or the full-lengtim vitro translation product of
that, primary spermatocytes appear and reach an earfyox30resulted in a specific DNA—protein complex (Fig. 5 and
pachtene stage by day 14 (48). In artificial cryptorchid testegata not shown). This complex formation was inhibited by
and injsdjsd mouse testes, only type A spermatogonia anchddition of an excess amount of wild-type oligonucleotide but
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&0 sequence with either type | or type 1l Sox30 expression vector
o into CV-1 cells revealed that only type | was able to activate
] le’ (.;3) transcription from the reporter (Fig. 6A). This activation
+ 4+ + + + + :Sox30 appears dependent on Sox30-binding sequence as transcription
< from the control reporter was not activated significantly. The
level of activation was dependent on the amount of the expres-
sion vector and on the copy number of the Sox30-binding
- b sequence (Fig. 6B and C). Four copies of the Sox30-binding
site were sufficient to observe activation by Sox30 (Fig. 6C).
". " .. Transcriptional activation by Sox30 type | was observed not
only in CV-1 cells but also in other cells such as CHO and
JEG-3 cells (data not shown). In contrast, the shorter variant of
Sox30 (type Il) was not capable of activating transcription,
although its expression level and nuclear localization were
comparable to type | (Fig. 4B), indicating that the C-terminus
m of Sox30 is required for its activity. However, the C-terminal
sequence alone was not sufficient to promote transcriptional
activation when tested in the form of a fusion to the Gal4
DNA-binding domain. Furthermore, neither expression of the
Figure 5. Sequence-specific binding by Sox30 to the ACAAT mdtifvitro trans- ~ Gal4-fused N-terminal sequence alone nor co-expression of N-
lated full-length Sox30 protein was subjected to EMSA. Unlabeled competitoand C-terminal sequences could activate transcription (data not

oligonucleotides were included (indicated by triangles) in binding reactions at lO%hown) indicating a requirement for an intact overall structure
or 300-fold molar excess over probe oligonucleotide. An aliquot jaif df either AT Fn

antiserum or preimmune serum was added before addition of probe. A filled tri]for activation of transcription by Sox30.
angle indicates addition of wild-type ACAAT-containing oligonucleotide, while an

open triangle indicates addition of mutant oligonucleotide (see Materials and

Methods). A filled arrow indicates a Sox30-DNA complex and an open arrowPISCUSSION

indicates a supershifted Sox30-DNA complex resulting from addition of anti- . . .
Sox30 amibodg_ P 9 In this paper we isolated and characterized a n8R¥related

gene, Sox30 which encodes a sequence-specific transcrip-
tional activator. To dateSoxgenes are categorized into seven
subgroups on the basis of their homology within the HMG box
not by the mutant. Furthermore, anti-Sox30 antibody was ablé&,5). Due to the heterogeneity of the Sox30 HMG box which
to induce a supershift of this complex (Fig. 5). These resultslistinguishes it from other Sox proteins and the lack of any
indicated that Sox30 specifically binds the ACAAT motif. significant similarity outside of the HMG box, we classified
This binding was observed when poly(dG-dC) was used as $0x30into a novel subgroup H: ASRY B, Sox13 and 14,
non-specific competitor but it was inhibited by poly(dl-dC) zebrafishSox19 Dichaete(fishhooR; C, Sox4 11, 19 and22,
(data not shown). Such inhibition has also been reported in theouseSox12rainbow troutSox24 D, Sox5 6 and13, rainbow
case of Sox9 (7). This may be due to the fact that the HMG bofrout Sox23andSoxLZ Xenopus Sox1E, Sox810and21; F,
contacts several A-T pairs in the minor groove of the DNASox7 17 and 18, G, Sox12 15, 16 and 20; H, Sox30 The
helix, as I-C pairs are known to mimic T-A pairs in the minor nomenclature is somewhat misleading and it should be noted
groove, whereas G-C pairs do not. that humarSox12belongs to subgroup G while mouSex12
is in C andXenopus Sox1h D. Mouse Sox19belongs to
subgroup C, but zebrafishlox1%o B.
We assigned the human and mo@&m&x30to chromosomes
3 2 1 A C A A T 1 2 3 5033 and 11, respectively. TIgoxgenes have been shown to
be distributed throughout the genome with apparent lack of

Table 1. Consensus sequence for the Sox30 binding site

A 18 17 20 55 55 55 7 6 15 . o
gene clusters. We compared our interspecific map of chromo-
G 20 27 30 37 3% 22 some 11 with a composite mouse linkage map that shows the
c 10 7 3 55 9 11 10 location of many uncloned mouse mutations (provided from
T 7 4 2 55 2 2 8 the Mouse Genome Database maintained at The Jackson

Laboratory, Bar Harbor, ME)Sox30maps in a region of the
The core binding sequence ACAAT and its flanking sequences were comCOMposite map that S0 f_ar Iacl_<s mouse mutations with a def_eCt
pared and scored. of spermatogenesis, which might be expected for an alteration
of this locus (data not shown). However, in humans, recent
deletion mapping revealed two types of chromosome 5 abnor-
Transcriptional activation by Sox30 mal_ities in ma}Ie germ cell tumors, genetic monosomy and
regional deletion at 5p15.1-15.2, 5911 and 5g34-35 (51).
We then tested the transcriptional activity of Sox30. For thisTherefore loss of genetic information on chromosome 5
purpose, we used reporter plasmids containing one, four arappears closely linked to tumor development. It remains to be
eight copies of the Sox30-binding sequence. Co-transfection afetermined whether deletions or mutations ®6x30 are
a reporter containing eight copies of the Sox30-bindingpresent in male germ cell tumors.
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The Sox30 protein was capable of binding DNA in a
sequence-specific manner and activating transcription from a
promoter containing its target sequence. Our oligonucleotide
selection data showed that Sox30 prefers the ACAAT motif.
The amplified consensus binding sequence for Sox30 differed
slightly from other Sox proteins, in that preference for a
guanine residue was observed at the flanking sequences of the
core ACAAT motif (Table 1). Nevertheless, Sox30 was also
capable of activating transcription from anASAATA -
containing promoter as well as aAGAATG-containing
promoter, (1250dN-luc (data not shown). This might be
explained by subtle differences in binding specificity which
are not significant for transactivatioim vivo, but become
critical under the repetitive selection conditions.

During mammalian spermatogenesis, male germ cells
undergo three major developmental events: the mitotic prolif-
eration of spermatogonia, the meiotic division of spermato-
cytes and the subsequent formation of haploid spermatids and
their morphogenic change into sperm. Northern blot analysis
strongly suggested that Sox30 is highly expressed in spermato-
cytes or more differentiated cells. Other Sox family proteins,
Sox5 and Sox 17, seem to be involved in distinct steps during
spermatogenesis (9,31). Sox17 is expressed in spermatogonia
and its expression declines at the early pachytene spermatocyte
stage and onward. Sox5 is highly expressed in early post-
meiotic cells (round spermatids). It is interesting that these
three Sox family proteins seem to be differentially expressed
during spermatogenesis. Sox proteins are known to function
cooperatively with other transcription factors (34,35,38,39)
and, accordingly, a search for such partner factors and target
genes should reveal the function of these genes in more detail.
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Figure 6. Transcriptional activities of Sox30 proteiné)(Transcriptional activ-

ities of type | and type Il Sox30 proteins. Aliquots of18 of reporter plasmids
were transfected into CV-1 cells together witlug of type | or type 1l Sox30
expression vector. The fold activations were calculated by setting the luciferase
activity of each reporter plasmid in the absence of Sox30 to 1.0 and then dividing
the activity in the presence of Sox30 by that in its absence. All data are the
averages with standard deviations of two independent assays. Each assay was
performed in duplicate.B) Dose-dependent transactivation by Sox30 type I.
Aliquots of 2 ug of reporter plasmids were transfected into CV-1 cells together
with various amounts of Sox30 expression vector. The luciferase activities were
normalized for protein concentrations. All data are the averages with standard
deviations of triplicate samplesCY ACAAT motif-dependent transactivation by
Sox30 type |. Aliquots of 2ug of reporter plasmids containing various copy
numbers of the ACAAT motif were transfected into CV-1 cells together with
5ug of Sox30 expression vector. All data are the averages with standard
deviations of two independent assays. Each assay was performed in duplicate.
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