ZOOLOGICAL SCIENCE 13, Supplement: 5-6 (1996)

[THE ZOOLOGICAL SOCIETY PRIZE]

© 1996 Zoological Society of Japan

Regulation of Gene Expression in
Sea Urchin Development

Hiraku Shimada and Koji Akasaka

Graduate Department of Gene Science, Faculty of Science, Hiroshima University,
Higashi-Hiroshima 739, Japan

Expression of structural genes during early development
is regulated by a consecutive activation of the transcription
regulating system in which expression of transcription
regulating factors themselves is also regulated by other
transcription factors located more upstream in the hierarchy
of transcription regulating system which we call a transcription
cascade system. To challenge elucidation of this transcription
cascade working in early development, we selected sea urchin
(Hemicentrotus pulcherrimus) embryos as the material and
arylsulfatase gene as the gene situated in the most down-
stream of the cascade. No other material than sea urchin can
provide a large amount of developmentally synchronized
embryos sufficient to isolate by biochemical procedures the
transcription regulating factors expected to be present in only
a small amount in an embryo.

In sea urchin embryos, the activity of arylsulfatase is very
low before hatching, but it increases rapidly and markedly after
the mesenchyme blastula stage reaching a peak at the prism
stage (Spraeger and Epel, 1982; Sasaki et al., 1987) The
increase in the Ars activity at the mesenchyme blastula stage
is transcriptionally regulated. To isolate the Ars cDNA we
purified arylsulfatase from the sea urchin, Hemicentrotus
pulcherrimus, and found it to be 670 kDa glycosytated protein
consisting of 10 identical 63 kDa monomers. Utilizing a part of
the amino acid sequence of the 63 kDa monomer, we prepared
a synthetic DNA probe and cloned the HpArs cDNA (cDNA
for H. pulcherrimus arylsulfatase). Northern blotting using the
Ars cDNA as a probe showed that transcription of the Ars
gene begins at the hatching blastula stage, and then continues
to increase up to the prism stage. /n situ hybridization using
anti-sense RNA prepared from the Ars cDNA revealed that
after beginning of gastrulation the region of the Ars gene
transcription becomes restricted to aboral ectoderm. These
results suggest that expression of the Ars gene is temporally
as well as spatially regulated.

To study the system regulating the developmental stage-
specific and tissue-specific transcription of the Ars gene, we
isolated the Ars gene and analyzed its structure. It consists of
six exons and five intervening introns, and contains a TATA
box at -25 to -30 position. In addition, there is a long

polypyrimidine: polypurine stretch extending from -1 ,667 to
-2,188 that can take a triplex DNA structure that might cause
a sharp bending of the DNA strand allowing a close interaction
of otherwise far apart sites on the DNA.

Nucleotide sequence elements (cis-elements) in the Ars
gene that were related to regulation of the gene were
determined by a luciferase assay using fusion gene constructs
in which DNA fragments from the Ars 5' flanking region were
ligated to the coding region of the luciferase gene of fire fly. In
this assay, fusion gene constructs were introduced into
fertilized eggs by the gene transfer system with a particle gun,
and expression of luciferase was assayed at the prism stage.
As previously reported from Eric Davidson’s laboratory, the
exogenous DNAs introduced into sea urchin eggs are
integrated into genomic DNA during cleavage.

Among many cis-active elements in the 5' flanking region
detected to be related to stimulation of the Ars gene transcrip-
tion, the sequence between -1 and -100 seems to contain cis-
elements sufficient, though its activity is weak, to transcribe
the Ars gene under correct temporal regulation. In this region
that acts as a promotor for the Ars gene transcription, we found
two cis-elements that activate transcription and one cis-
element that depresses transcription. In addition to these three
elements, we found another stimulatory 22 bp cis-elements
located between -164 and -186, and a nuclear protein that
binds to this element was detected by gel shift assay. Since
this protein becomes detectable only after hatching, interaction
of this protein with the 22 bp element may be needed for active
transcription of the Ars gene. Though the region between -100
and -252, can stimulate a rate of the Ars gene transcription
initiated by the promotor spanning from -1 to -100, the rate of
transcription levels off after the mesenchymal blastula stage,
suggesting the existence of highly active enhancer elements
in the other region of the Ars gene.

A systematic search for these enhancer by luciferase
assay revealed that 229 bp sequence (C15 fragment) in the
first intron contains a region that strongly enhances
transcription of the fusion gene construct consisting of the Ars
fragment between +8 and -252 and luciferase. The C15
fragment contains a cluster of Otx binding sites, consisting of
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GGATTA sequences, known as the binding sites for
orthodenticle-related homeobox proteins in mouse. Since
deletion of GGATTA sequences from the C15 fragment
remarkably reduced its enhancer activity, we estimated that
GGATTA are the major cis-elements responsible for the strong
enhancer activity of the C15 fragment. Two distinct proteins
that bind to the GGATTA were detected from nuclear extracts
by gel shift assay using deleted C15 fragments. One of these
two proteins, HpOtxE, is present in unhatched blastulae but
disappears in gastrulae, while the other one, HpOtx", appears
after hatching and continues to exist after the gastrula stage.
Since these two proteins bind to the same sites (GGATTA
sites), transcription of the Ars gene may be regulated by
competition of binding sites by two Otx proteins. Though the
C15 fragment enhances the Ars transcription in the absence
of the cis-elements scattering in the region between -1 and
-252, the level of enhancement is much lower than obtained
with the fusion construct in which C15 fragment was ligated to
the sequence between -1 and -252. Therefore, we conclude
that transcription of the Ars gene is quantitatively regulated
by interaction of HpOtx proteins with the proteins that bind to

cis-elements in the region between -1 and -252.

Comparison of cDNAs for HpOtxf and HpOitx* revealed
that they have the same nucleotide sequences except for a
part of the 5' region. Nucleotide sequence of the HpOix gene
that we have cloned very recently suggests that these two
cDNAs are produced from the same gene by using two distinct
transcription start sites.

How these transcription regulating factors interact to
regulate the Ars gene transcription, and how an alternative
transcription start site of the HpOtx gene becomes available
to produce HpOixt mRNA at the time of hatching are now
under investigation in our laboratory.

in addition to (internal) cis-elements related to regulation
of the HpArs gene transcription, we found the other sequence
element in upstream of the 5' flanking region of the HpArs
gene. This element spanning from -2,115 to -2,686 positions
seems to prevent the internal cis-elements from the influences
of enhancers or promotors of the neighboring gene, thus
functioning as an insulator. We are now evaluating the
availability of this insulator element in creation of transgenic
animals through exogenous gene transfer procedure.



