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The sea urchin (Hemicentrotus pulcherrimus) arylsulfatase (HpArs) gene, expressed specifically in aboral ectoderm, contains
a 229-bp enhancer in its first intron that is required for the activation of HpArs gene expression. Deletion analysis shows
that a tandem repeat of orthodenticle-related protein (Otx) binding sites are responsible for the activity of this enhancer.
Gel mobility shift analysis reveals that three types of Otx-proteins, which show different mobilities in gel shift assays,
form complexes with the enhancer. Band I appears before hatching and gradually decreases by the gastrula stage. Band III
appears at the blastula stage and Band II appears at the mesenchyme blastula stage; the levels of Band II and III remain
constant until the gastrula stage. Two distinct types of HpOtx cDNA clones have been isolated from cDNA libraries of
unfertilized eggs and gastrulae. Nucleotide sequences of the homeobox and downstream regions are well conserved in the
two types of HpOtx cDNAs, while the region upstream from the homeobox has different nucleotide sequences. By genomic
Southern blot analysis, only a single copy of HpOtx gene is detectable in the Hp genome, making it likely that two HpOtx
isoforms are generated from the same gene. Results from Northern blot analysis confirm the presence of two types of
HpOtx transcripts. Transcriptional regulation of the HpArs gene may, in part, be carried out through switching of Otx
isoforms. q 1997 Academic Press

INTRODUCTION Expression of arylsulfatase (HpArs) gene of the sea urchin
(Hemicentrotus pulcherrimus) is also regulated in stage-spe-

Development is a complex process regulated by succes- cific and tissue-specific manners (Sasaki et al., 1988; Aka-
sive expression of various genes at appropriate stages and saka et al., 1990). Its transcription begins at the blastula
in appropriate embryonic regions. It is now believed that stage and Ars mRNA accumulates as development pro-
expression of genes during development is controlled by ceeds. In the hatched blastula Ars mRNA is detectable in
transcription-regulatory cascades consisting of various tran- all embryonic cells, while at the mesenchyme blastula stage
scription factors and their genes. In sea urchin embryos up- Ars mRNA becomes undetectable in the mesenchyme and
stream regulatory cascades have been studied in several vegetal plate cells. At the gastrula stage, it is totally re-
structural genes, such as cytoskeletal actin genes, Spec stricted to the aboral ectoderm.
genes, arylsulfatase gene, etc. With regard to one of the We have recently found that a 229-bp region in the first
cytoskeletal actin genes, CyIIIa, many cis-active elements intron of HpArs gene has a remarkably high enhancer activ-
related to its temporal and spatial expression were identi- ity (Iuchi et al., 1995). This region contains the tandem
fied, and protein factors that bind to cis-elements have been repeat of core consensus and closely related sequences of
isolated and characterized (Theze et al., 1990; Kirchhamer orthodenticle-related protein (Otx) binding sites. The activ-
and Davidson, 1996). Cis- and trans-elements related to the ity of Otx and its binding sites has been reported to be
regulation of Spec2a gene have also been studied in detail, indispensable for formation of the body plan of various ani-
and the SpOtx protein, a product of Strongylocentrotus pur- mal species (Finkelstein and Boncinelli, 1994).
puratus homologue of mouse Otx gene, has been identified The Otx gene family is a member of the bicoid class
as a transcription regulating factor (Mao et al., 1994; Gan homeobox genes, and its product contains a well conserved

homeodomain which has a lysine at position 51 that conferset al., 1995).
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FIG. 1. Nuclear protein binding to C15 fragment. (A) Gel-mobility shift assay using nuclear extracts from various developmental stages
of sea urchin embryos. Closed triangles, shifted bands; open triangle, free probe. (B) Competition analysis using mesenchyme blastula
extract. Competitors were added in 50- or 100-fold excess. C15, nonlabeled C15 fragment; pUC/HinfI, HinfI-digested pUC119 plasmid
DNA as a nonspecific competitor.

KCl, and fertilized eggs were cultured at 167C with constant aera-DNA-binding specificity for the sequence motif TAATCC/
tion and stirring.T (Hanes and Brent, 1989, 1991; Treisman et al., 1989).

Plasmid DNAs. The Ars gene enhancer fragment, C15 (229 bpOrthodenticle (Otd) cDNA was first isolated from Drosoph-
in length), inserted into the SmaI–HindIII sites of pBluescript SK0ila as a homeobox protein related to head formation (Fin-
vector (Stratagene Cloning System, U.S.A.) was progressively de-kelstein et al., 1990; Cohen and Jürgens, 1990; Finkelstein
leted at the downstream end by exonuclease III digestion using

and Perrimon, 1990; Finkelstein and Boncinelli, 1994). Sub- HindIII and ApaI sites. The deletion mutants were referred to as
sequently, cDNA homologues (Otx) of Otd were isolated C15-DX, X indicating the length of remaining C15 fragments. For
from various vertebrates. The mouse has two types of Otx gel-mobility shift assay, C15 and deleted C15 fragments were ex-
cDNAs which are expressed in restricted regions of devel- cised with KpnI and BamHI and inserted into pGEM-7fz(/) vector
oping brain and are also responsible for head formation (Si- (Promega Corp.).

Preparation of nuclear extract. Nuclei were isolated accordingmeone et al., 1992, 1993; Finkelstein and Boncinelli, 1994;
to the method of Hapgood and Patterton (1994) with a few modifi-Matsuo et al., 1995). In zebrafish three types of Otx cDNAs
cations. Briefly, 20 ml of embryos were collected by centrifugationare present in the developing diencephalon and midbrain
at various stages of development, washed twice with 0.5 M KCl,(Mori et al., 1994). Recently, Otx (SpOtx) cDNA was iso-
twice with buffer A containing 1 M hexylene glycol (Hex-A buffer),lated from S. purpuratus, where it is involved in regulating
and resuspended in Hex-A buffer. The suspension was placed on ice

the expression of Spec2a gene (Mao et al., 1994; Gan et al., for 2 hr to allow swelling of the cell membrane and homogenized by
1995). 15 strokes in a Dounce-homogenizer. Crude nuclei were pelleted

In the present study we demonstrate that a tandem repeat by centrifugation and washed once in Hex-A buffer. The pellet was
of Otx consensus sequence in the first intron of the HpArs resuspended in Hex-A buffer and the suspension was adjusted to
gene acts as the enhancer element of this gene expression, 1.8 M sucrose by adding 2.3 M sucrose in buffer A. The homogenate
and that two types of HpOtx cDNA isoforms are detected was centrifuged at 12,800 rpm for 45 min in an S28P rotor (HI-

TACHI). The resultant pellet was washed with Hex-A buffer, sus-in cDNA libraries from unfertilized egg and gastrula.
pended in the buffer containing 25% glycerol, 50 mM Tris–acetate
(pH 8.0), 1 mM DTT, 1 mM EGTA, 1 mM spermidine, 5 mM magne-
sium acetate, and 0.1 mM PMSF, and stored at 0807C.

Nuclear extract was prepared as described by Barberis et al. (1987)MATERIALS AND METHODS
except for buffer components and centrifugal conditions. Stored
frozen nuclei were resuspended in the lysis buffer (25 mM Hepes–
KOH (pH 7.5), 5 mM MgCl2, 1 mM EDTA, 1 mM DTT, 1 mMSea urchins and embryo cultures. Gametes of the sea urchin

(H. pulcherrimus) were obtained by coelomic injection of 0.55 M spermidine, 0.1 mM PMSF) and then extracted with 0.1 vol of satu-
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FIG. 2. Proteins extracted from mesenchyme blastula bind to Otx core consensus sequences in C15 fragment. (A) A schematic representa-
tion of the variously deleted C15 fragments. Dark shaded boxes, core consensus sequences of orthodenticle-related protein (Otx) binding
site; light shaded boxes, Otx-like sequences. (B) Gel-mobility shift assay of deleted C15 fragments with mesenchyme blastula nuclear
extract. (C) Supershift assay using the anti-SpOtx antibody. 1 mg of mesenchyme blastula nuclear extract was preincubated with indicated
volumes of anti-SpOtx antibody or preimmune serum. Closed triangles, shifted bands; open triangle, free probe; asterisk, supershifted
band.

rated ammonium sulfate (pH 7.9) for 30 min. The extract was cen- dATP, dTTP, and dGTP. 32P-labeled C15 and C15-DX fragments
were electrophoresed on a 4% polyacrylamide gel, and DNA wastrifuged at 27,000 rpm for 60 min in an S28P rotor to pellet the

chromatin, and proteins were precipitated from the supernatant by extracted from excised gel fragments. Binding reactions were car-
ried out by incubating 0.5 ng of 32P-labeled DNA probe with 1 mgaddition of 0.25 g (NH4)2SO4 per milliliter. Proteins pelleted by

centrifugation at 10,000g for 20 min were dissolved in buffer C (20 of the nuclear extract and competitor DNA in a total volume of
10 ml binding buffer (20 mM Hepes–KOH (pH 7.9), 5 mM MgCl2,mM Hepes–KOH (pH 7.9), 40 mM KCl, 0.1 mM EDTA, 1 mM DTT,

20% glycerol) and dialyzed against 3 liters of buffer C. Insoluble 100 mM KCl, and 10 mM DTT) at 137C for 30 min. After incuba-
tion, 2 ml of Ficoll-dye was added to the reaction mixture and sam-materials were removed by centrifugation in a microfuge, and the

clear supernatant was stored in aliquots at 0807C. ples were analyzed by electrophoresis on a 4 or 5% native polyacryl-
amide gel in TBE buffer.Dephosphorylation of nuclear proteins was carried out by incu-

bating 10 mg of nuclear extract with 1 unit of alkaline phosphatase Gel band supershift assay by an Otx antibody was carried out as
described by Gan et al. (1995).(Escherichia coli C75) (TaKaRa) in a total volume of 20 ml of buffer

C containing 50 mM Tris–HCl (pH 8.0) and 2 mM MgCl2. Measurement of enhancer activity in C15 fragment. Proce-
dures for introduction of genes into sea urchin eggs by a pneumaticGel-mobility shift assay. For preparation of DNA probes, C15

and C15-DX fragments inserted into pGEM7 fz(/) vector were di- particle gun and the luciferase and CAT assays were described else-
where (Akasaka et al., 1995).gested with BamHI and XhoI and then both 5* overhanging termini

were filled by use of Sequenase version 2.0 (USB) with [a-32P]dCTP, Isolation of HpOtx cDNA clones. Isolation of HpOtx cDNA
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resultant PCR products were subcloned into pBluescript SK0 vector.
Sequence analysis was performed by the chain termination method
(ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction kit,
Perkin–Elmer).

In vitro transcription and translation of HpOtxE and HpOtxL.
To generate in vitro translation products of HpOtxE and HpOtxL,
the 5* untranslated regions of the HpOtx cDNAs were truncated
and were subcloned into the pBluescript SK0 vector. One micro-
gram of purified closed circular plasmids was used as templates.
The in vitro transcription and translation reactions were carried
out in the TNT Coupled Reticulocyte Lysate System (Promega).
Two micrograms of reaction products were used in gel-mobility
shift assay.

Northern hybridization analysis. The total RNA of H. pulcher-
rimus embryos was extracted as described by Chomczynski and
Sacchi (1987). To distinguish expression pattern of HpOtxE from
that of HpOtxL, specific probes to each of HpOtx mRNA were

FIG. 3. Sites of enhancer activity in the C15 fragment. The deleted generated by PCR. PCR products of 5* region of each HpOtx cDNA
C15 fragments (see Fig. 2) were ligated to the luciferase gene which were prepared by using following primers: HpOtxENS primer, 5*-
is drived by HpArs promoter. These constructs were introduced GCTAGTCGTGAAATCAAG-3*; HpOtxENA primer, 5*-TTCAC-
into sea urchin fertilized eggs by particle gun method. The enhancer TGGTCATTGGACC-3*; HpOtxLNS primer, 5*-GTTCGTGAGG-
activities were represented as the luciferase activities relative to CGGTTCG-3*; HpOtxLNA primer, 5*-TGTATATGACATAGCG-
that of HpArs promoter construct at the prism stage (48 hr postfer- GGAT-3*.
tilization). Bars indicate standard errors of 4 independent experi-
ments.

RESULTS

from the unfertilized egg cDNA library, constructed in lgt10 vec- Nuclear Protein Binding to C15 Region
tor, were performed by using EcoRI fragments of SpOtx cDNA (Gan

We previously demonstrated that the 229-bp fragmentet al., 1995) as the probe. Positive clones were subcloned into the
(C15 fragment) in the first intron of HpArs gene has a strongpBluescript SK0 vector. Sequence analysis of the isolated HpOtx

cDNA was performed by DNA digestion with restriction endonu- enhancer activity (Iuchi et al., 1995). To detect the nuclear
cleases and by the chain termination method (ABI PRISM Dye protein that binds to this enhancer region, gel-mobility shift
Terminator Cycle Sequencing Ready Reaction kit, Perkin–Elmer). assays were carried out with nuclear proteins extracted from

To isolate the HpOtx cDNA clone from the gastrula library, a embryos at various stages of development by using the C15
probe DNA fragment was generated by polymerase chain reaction fragment as the probe (Fig. 1A). Three distinct bands, re-
(PCR) using Primer 1, 5*-GARMGNACNACNTTYACNMGNGC- ferred to as Bands I, II, III, were detected. Band I, the upper-3*; Primer 2, 5*-GCGGATCCGCNCARYTNGAYGTNYTNG-

most band in Fig. 1A, appeared before hatching and gradu-ARAC-3*; and Primer 3, 5*-GCAAGCTTNGCNCKNCKRTTY-
ally decreased by the gastrula stage. Band II, the middleTTRAACCA-3* to amplify the 134-bp HpOtx homeobox-con-
band, and Band III, the lowermost band, appeared at thetaining DNA fragment. Primers 2 and 3 contain BamHI and HindIII
mesenchyme blastula and at the hatched blastula stages,cleavage sites at their 5* ends, respectively.

Primers 1 and 3 were used in the first PCR reaction, and the respectively, and their levels remained constant until the
150-bp DNA fragment obtained was purified and used for a second gastrula stage.
PCR with Primer 2 and 3. The product of the second PCR was The specificity of the nuclear protein binding to the C15
cleaved with both BamHI and HindIII and subcloned into the pBlue- fragment was demonstrated by the competitive gel-mobility
script SK0 vector. PCR-amplified HpOtx homeobox-containing shift assay (Fig. 1B). Band shifts were not affected by addi-
fragment was used as a probe to screen the H. pulcherrimus gastrula tion of nonspecific competitor, HinfI-cleaved pUC119 frag-cDNA library in lgt10. Positive clones were subcloned into pBlue-

ment (compared with lanes 2, 5, and 6), while addition ofscript SK0 vector. Sequence analysis was performed by Exo-
nonlabeled C15 fragments resulted in disappearance of allnuclease III deletion and by the chain termination method (Taq
three bands (compare with lanes 2, 3, and 4).DyeDeoxy Terminator Cycle Sequencing kit and ABI PRISM Dye

Terminator Cycle Sequencing Ready Reaction kit, Perkin–Elmer).
The 5* terminal regions of HpOtx cDNAs were obtained by the 5*-

Otx Consensus Motifs in C15 Enhancer Are ProteinRACE method using RNA PCR kit (AMV) Ver.2, TaKaRa. Following
Binding Sitesprimers were used: 5*RACE-1 primer, 5*-CTTTGCTCTCCTAT-

TCTTG-3*; 5*RACE-2 primer, 5*-CTTCATAGCAACTTCCTCC-3*;
In order to locate the binding sites of nuclear proteins in5*RACE-OtxE, 5*-TTCACTGGTCATTGGACC-3*; 5*RACE-OtxL, 5*-

the 229-bp C15 fragment, the C15 fragment was variouslyTGTATATGACATAGCGGGAT-3*; Oligo (dT)20-Adaptor primer, 5*-
deleted from its 3* end, labeled, and used in gel mobilityGTTTTCCCAGTCACGACTTTTTTTTTTTTTTTTTTTT-3*;
shift assay with protein fractions extracted from the mesen-M13-M4 primer, 5*-GTTTTCCCAGTCACGAC-3*. Five micrograms

of total mesenchyme blastula RNA was used as a template, and the chyme blastula. The naming and features of these deletion
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288 Sakamoto et al.

FIG. 4. Structure of orthodenticle-related cDNAs of H. pulcherrimus. (A) Nucleotide sequence of HpOtxE cDNA and deduced amino
acid sequence. (B) Nucleotide sequence of HpOtxL cDNA and deduced amino acid sequence. The asterisk marks the translational termina-
tion codon.
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FIG. 4—Continued

mutants are described in Fig. 2A. The C15 fragment pos- by four Otx-like sequences which have a single base pair
difference from the Otx consensus. As shown in Fig. 2B,sesses two adjacently aligned core consensus sequence of

orthodenticle-related protein (Otx) binding sites surrounded removal of an Otx-like motif at the 3* end of Otx consensus
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Otx Is an Enhancer Element of C15 Fragment

Various deletion mutants of the C15 fragment were in-
serted into the upstream region of the pArs252-Luc reporter
(Iuchi et al., 1995), introduced into fertilized eggs of H.
pulcherrimus, and assayed for expression of luciferase 48 hr
postfertilization. Deletion of the Otx consensus caused a
significant decrease in the enhancer activity (D188 and
D178 in Fig. 3) as compared to full-length C15. This indi-
cates that two core Otx consensus motifs are intimately
related to the enhancer activity of the C15 fragment. How-
ever, other regions in C15 also seem to have significant
enhancer activities, though these regions lack the Otx con-
sensus and DNA binding sites are barely detectable in these
regions by gel mobility shift assay, since a deletion up to
202 bp from the 3* end of C15 caused clear reduction of the
enhancer activity and C15-D178 fragment still considerably
enhanced expression of the pArs252-Luc.

Cloning of HpOtx cDNA

The first screening of the H. pulcherrimus unfertilized
egg cDNA library (8 1 104 plaques) by an SpOtx cDNA
fragment produced approximately 100 positive clones. The
two longest positive clones were subcloned into pBluescript
SK0 vector and sequenced. The 5* terminal region of this
cDNA was isolated by the 5*RACE method using 5 mg of
total RNA isolated from the mesenchyme blastula embryos.
The nucleotide sequence of this cDNA (referred to as
HpOtxE) and the deduced amino acid sequence are shown
in Fig. 4A.

To isolate the cDNA(s) for the HpOtx mRNA(s) which
are expressed in the later stages of development (hatching)FIG. 5. Accumulation of HpOtxE and HpOtxL transcripts during
(Fig. 1A), the HpOtx homeobox-containing a 134-bp DNAembryogenesis. 10 mg of total RNA extracted from sea urchin em-
fragment generated by PCR from H. pulcherrimus gastrulabryos at various developmental stages was run in parallel. Northern
cDNA library was used to probe the same gastrula cDNAhybridization analysis was performed by using specific probes for

each HpOtx cDNA synthesized as described under Materials and library (approximately 51 104 plaques). Two positive clones
Methods. Closed triangles, 26S rRNA (4.2 kb); open triangles, 18S obtained were subcloned into pBluescript SK0 vector and
rRNA (2 kb). sequenced. The 5* end of this cDNA was also isolated by

the 5*RACE method. Its nucleotide sequence and deduced
amino acid sequence are shown in Fig. 4B, and this cDNA
is referred to as HpOtxL.

The analysis of HpOtx transcripts was performed using(C15-D193) did not have any effect on the band shift pattern,
while deletion of one of the core Otx consensus resulted in specific probes for each HpOtx cDNA, as described under

Materials and Methods (Fig. 5). HpOtxE transcript is presentnearly 50% reduction in intensity of three shift bands. No
gel shift bands were observed after removal of both Otx in the unfertilized egg and gradually decreases in amount

after hatching; HpOtxL transcript first appears after hatch-consensus motifs.
To ensure that Otx proteins are responsible for appear- ing, increases gradually until the gastrula stage, and then

decreases to a very low level in the pluteus.ance of gel shift bands, we carried out a supershift assay by
adding anti-SpOtx antibody (Gan et al., 1995) to the reaction To confirm whether the different gel shift bands represent

complexes produced by these HpOtx transcripts, bothsystem for gel mobility shift assay of C15 fragment. As
shown in Fig. 2C, addition of anti-SpOtx clearly super- HpOtx proteins were synthesized, in vitro, and used in a

gel shift analysis (Fig. 6A). HpOtxE and HpOtxL proteinsshifted the gel bands, while normal serum had no such ef-
fect. By increasing the amount of anti-SpOtx in the reaction bound to the C15 fragment (Fig. 6A, lanes 3 and 4). While

the complex of HpOtxL protein and Band II migrated withmixture, inhibition of gel retardation was observed, indicat-
ing that it is orthodenticle-related proteins that bind to C15 the same mobility (compare with lanes 4 and 5), the com-

plex of HpOtxE protein migrated faster than Band I (comparefragment producing gel shift bands.
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FIG. 6. HpOtxE and HpOtxL isoforms represent the Bands I and II, respectively. (A) Gel-mobility shift assay using in vitro-translated
HpOtxE and HpOtxL proteins. (B) Dephosphorylation of nuclear proteins from the mesenchyme blastula stage embryos. 10 mg of nuclear
extracts was treated with or without 1 unit of alkaline phosphatase at 307C for indicated time. 1 mg of treated proteins was used in gel-
mobility shift assay. Closed triangles, shifted bands; open triangle, free probe.

with lanes 3 and 5). This difference in mobility between types of HpOtx mRNAs (HpOtxE and HpOtxL) may, there-
fore, be generated from same HpOtx gene.the HpOtxE protein synthesized, in vitro, and the nuclear

extract disappeared when nuclear extracts were treated with
alkaline phosphatase (Fig. 6B). Thus, it is possible that the
transcripts of HpOtxE and HpOtxL cDNA encode the pro-

DISCUSSIONteins that produce Bands I and II, respectively, and that
HpOtxE protein(s) contained in nuclear extracts are phos-
phorylated. It has been reported that Otx protein acts as a positive

regulatory transcription factor of the Spec2a gene in S. pur-As shown in Fig. 7A, the nucleotide sequences of the two
HpOtx cDNAs are almost identical from the 5* end of the puratus embryos (Mao et al., 1994). In this study, we found

that a cluster of Otx sites in the first intron of HpArs genehomeobox to the 3* end of the cDNA including the 3* UTR
sequence. However, the nucleotide sequence in the region act as a major enhancer element of this gene and that three

types of Otx proteins, which bind to the clustered Otx sites,upstream of the homeobox are different in HpOtxE and
HpOtxL. appear under different temporal regulation during develop-

ment. Among these three Otx proteins of H. pulcherrimus,Comparison of the amino acid sequences encoded by
HpOtxE, HpOtxL, and SpOtx (Fig. 7B) reveals that HpOtxE we have cloned cDNA of two of them, HpOtxE and HpOtxL.

The amino acid sequence of HpOtxE is almost identical toand SpOtx are almost identical. Thus, HpOtxE is a homo-
logue of SpOtx, while HpOtxL is somewhat different from that of SpOtx, suggesting that HpOtxE is a homologue of

SpOtx. Supershift of the HpOtx band by addition of anti-them. The amino acid sequence of HpOtxL from its N termi-
nal to the 5* end of the homeodomain is different from SpOtx to gel shift assay confirms identity of HpOtxE to

SpOtx.HpOtxE and SpOtx, though the amino acid sequences of the
homeodomain and the region downstream to the C terminal Results of gel shift assay and Northern blot experiments

show that HpOtxE is an early acting factor (maternal factor),are almost identical.
A genomic Southern analysis using a 386-bp region in 3* while HpOtxL is a later acting factor that is produced after

hatching. Since transcription of the HpArs gene begins inUTR of HpOtxE as the probe (which has a nucleotide se-
quence highly homologous to that of HpOtxL) yielded a sin- the hatching blastula, maternal existence of HpOtxE and its

gradual decrease after hatching suggest that transcriptiongle band after treatment with three different restriction en-
donucleases (Fig. 7C). This suggests that only a single copy of the HpArs gene is suppressed by binding of HpOtxE to

the Otx sites in the C15 region. Transcription of the Arsof the HpOtx gene is present in the Hp genome. The two
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FIG. 7. (A) Comparison of nucleotide sequences of two types of HpOtx cDNAs. A dark shaded box indicates the sequence for well
conserved homeodomain, and light shaded boxes show the nucleotides identical between two HpOtx cDNAs. Boxed regions represent
the coding region of both HpOtx cDNA. (B) Comparison of amino acid sequences of sea urchin Otx family proteins. A dark shaded box
indicates the sequence of well conserved homeodomain, and light shaded boxes show the amino acids identical among these Otx proteins.
(C) Genomic Southern analysis using a 386-bp region in 3*UTR of HpOtxE as the probe. 1 mg of sea urchin sperm DNA digested with
restriction endonucleases was run. The sizes of marker, HinfI-digested pUC119 plasmid DNA, are indicated on the left side.

gene may be commenced by displacement of HpOtxE on teins. However, the relationship between Bands II and III
remains to be clarified.Otx sites by HpOtxL.

The alkaline phosphatase treatment of nuclear extracts The result of genomic Southern blot shows that only
a single copy of the HpOtx gene is detected in the H.showed that HpOtxE proteins in the nuclear extracts are

phosphorylated (Fig. 6B). It should be noticed that the pulcherrimus genome; this suggests that two different
types of HpOtx mRNA are produced from the same gene.reduction of intensity of gel-shift bands during the long

incubation time employed in Fig. 6B may be due to endog- Since the nucleotide sequence from the homeobox to 3*
end of cDNA and the deduced amino acid sequence fromenous proteolytic enzymes because these bands were also

reduced by a long incubation in the buffer without alka- homeodomain to C-terminal are both almost identical
between HpOtxE and HpOtxL , two types of mRNA mayline phosphatase. A signal transduction pathway con-

taining protein phosphorylation/dephosphorylation may be produced by alternative splicing of a common precur-
sor RNA or they may be produced by transcription usingbe related to the function of HpOtxE proteins. The pro-

tein(s) giving Bands II and III seem to be the product of different promoter sites in the same gene. The small
number of differences in the compared nucleotide se-HpOtxL since the expression of HpOtxL coincides with

the appearance of Bands II and III; the protein obtained quences may be attributable to polymorphism of the
HpOtx gene.by in vitro translation of HpOtxL mRNA gives a band

with a mobility similar to endogenous late type Otx pro- During development of H. pulcherrimus embryos ex-
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