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A Single mRNA Encodes Multiple Copies of the Egg Peptide Speract’#
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ABSTRACT: A complementary DNA clone (2.3 kb) that encodes the egg peptide speract (Gly-Phe-Asp-
Leu-Asn-Gly-Gly-Gly-Val-Gly) has been isolated from an ovary cDNA library of the sea urchin Stron-
gylocentrotus purpuratus. The DNA sequence predicts an open reading frame of 296 amino acids. The
likely site of initiation, however, is a downstream in-frame translation initiation codon that would result
in a polypeptide of 260 amino acids containing 10 decapeptides, each separated by a single lysine residue.
Four of the peptides are speract, and six have the predicted structures of Gly-Phe-Ala-Leu-Gly-Gly-Gly-
Gly-Val-Gly (occurs twice), Gly-Phe-Asn-Leu-Asn-Gly-Gly-Gly-Val-Gly, Gly-Phe-Ser-Leu-Thr-Gly-Gly-
Gly-Val-Gly, Gly-Thr-Met-Pro-Thr-Gly-Ala-Gly-Val-Asp, and Ile-Asp-His-Asp-Thr-Leu-Ala-Ser-Val-Ser.
The isolated cDNA insert hybridized to two species of ovarian mRNA (1.2 and 2.3 kb) obtained from species
known to produce speract or speract-like peptides, but failed to hybridize to RNA from other species.
Subsequently, a second ovarian cDNA clone (1.2 kb) was isolated and sequenced; this clone contained two
additional potential decapeptides: Ser-Phe-Asp-Leu-Asn-Gly-Gly-Gly-Val-Gly and Ser-Thr-Met-Pro-
Thr-Gly-Ala-Gly-Val-Asp. The various speract and speract-like peptides found in egg-conditioned media,
therefore, reflect, in part, variable structures within a single copy of mRNA. The peptides are likely processed
by a combination of trypsin and carboxypeptidase B activity; although the peptides containing a Gly-
Gly-Gly-Val-Gly carboxyl-terminal sequence are known to possess sperm respiration-stimulating activity,

the function, if any, of the other potential peptides remains to be determined.

’Ee egg-conditioned media of sea urchins contain peptides
that are capable of stimulating sperm metabolism and motility;
these peptides may also act as chemoattractants for sperma-
tozoa (Hansbrough & Garbers, 1981a; Suzuki et al., 1981;
Garbers et al., 1982; Ward et al., 1985). One such peptide,
speract (Gly-Phe-Asp-Leu-Asn-Gly-Gly-Gly-Val-Gly), was
initially isolated from egg-conditioned media of Strongylo-
centrotus purpuratus sea urchins based on its ability to stim-
ulate sperm respiration at acidic extracellular pH values
(Hansbrough & Garbers, 1981a; Suzuki et al., 1981). Sub-
sequently, speract was shown to have several effects on
spermatozoa including increased motility (Hansbrough &
Garbers, 1981a; Suzuki et al., 1981), elevated cyclic nucleotide
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concentrations (Garbers et al., 1982), proton efflux leading
to intracellular alkalinization (Hansbrough & Garbers, 1981b),
dephosphorylation of guanylate cyclase, leading to markedly
decreased enzyme activity (Ramarao & Garbers, 1985), and
transient elevations of Ca?* (Schackmann & Chock, 1986; Lee
& Garbers, 1986). The egg peptides are species-specific, and
speract, for example, fails to stimulate spermatozoa from the
sea urchin Arbacia punctulata (Ward et al., 1985). Egg-
conditioned media of 4. punctulata contain a different peptide
named resact (Cys-Val-Thr-Gly-Ala-Pro-Gly-Cys-Val-Gly-
Gly-Gly-Arg-Leu-NH,) that stimulates spermatozoa (Suzuki
et al., 1984; Ward et al.,, 1985). A diversity of peptide
structures exist across the species, which accounts for the
failure of egg-conditioned media of a particular species to
necessarily cross-react with spermatozoa from another species.
However, even within the same species, many variants of the
same basic peptide structure have been isolated (Shimomura
et al., 1986; Suzuki et al., 1988). From the egg-conditioned
media of Hemicentrotus pulcherrimus, for example, the fol-
lowing peptides have been chemically isolated: Gly-Phe-
Asp-Leu-Asn-Gly-Gly-Gly-Val-Gly, Gly-Phe-Asp-Leu-Thr-
Gly-Gly-Gly-Val-Gly, Gly-Phe-Ser-Leu-Asn-Gly-Gly-Gly-
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Val-Ser, Ser-Phe-Ala-Leu-Gly-Gly-Gly-Gly-Val-Gly, and
Gly-Phe-Ser-Leu-Ser-Gly-Ser-Gly-Val-Asp (Suzuki et al.,
1988); all possess biological activity. Since egg-conditioned
media have been collected from multiple sea urchins, it has
not been clear whether or not the multiple peptide structures
within a species are due to individual variation, a diverse
number of peptides encoded within a single mRNA, or
multiple genes.

Here, cDNA clones coding for speract have been isolated
and the DNA sequences determined. After in vitro translation
of the mRNA, antibodies produced to speract specifically
precipitated a 28-kDa protein; the mass of this protein was
equivalent to that predicted from the cDNA sequence, sug-
gesting that speract is synthesized as a large molecular weight
precursor. The deduced amino acid sequence of the putative
precursor protein contained multiple speract and speract-like
structures demonstrating that peptide diversity within a given
species is explained, at least in part, by the synthesis of variants
from a single mRNA.

EXPERIMENTAL PROCEDURES

A S. purpuratus ovarian cDNA library constructed in A Zap
was a generous gift from Drs. Christer Hoog and Eric
Davidson at the California Institute of Technology, Pasadena,
CA.

S. purpuratus were purchased from Marinus Inc., Long
Beach, CA. Restriction endonucleases, T4 DNA ligase, po-
lynucleotide kinase, and other enzymes were from either New
England Biolabs or Promega Inc. mCAP, mRNA capping
kit, and rabbit reticulocyte in vitro express translation kit were
from Strategene. The random-primed DNA labeling kits were
from Boehringer Mannheim Biochemicals. Hybond N nylon
membrane filters were purchased from Amersham. Radio-
labeled nucleotides were from Amersham and Dupont/NEN.
All other reagents and chemicals were of the highest purity
available.

Oligonucleotide Probes. Two antisense probes were syn-
thesized with an Applied Biosystems Model 380A nucleotide
synthesizer: probe I, 5-CCIAAICTIAAITTICCICCIC-
CICAICCI-3"; probe II, 5-CCIAAICTIGAITTICCICC-
1CCICAICCI-3’. All codons contained 2-deoxyinosine at the
third position according to the method of Ohtsuka et al.
(1985).

Isolation of a cDNA Clone for Speract. Ovarian cDNA
was transformed into Escherichia coli XL-1 cells. Approxi-
mately 5 X 10° clones were screened with a 32P end labeled
mixture of probes I and II. Prehybridization was performed
at 45 °C for 16 h in a solution containing 6 X 150 mM
NaCl/15 mM trisodium citrate, pH 7.0 (SSC),! 5 X Denhardt
solution, 20 mM NaH,PO,, and 500 ug/mL denatured salmon
sperm DNA. The filters were then incubated for 16 h at 45
°C in the presence of a solution containing 0.4% NaDodSO,,
6 X SSC, 20 mM NaH,PO,, 500 ug/mL denatured salmon
sperm DNA, and a mixture of 32P end labeled probes I and
11 at 1 X 10% cpm/mL. Following hybridization, the filters
were washed 3 times for 5 min each at room temperature and
once for 30 min at 35 °C with a solution containing 6 X SSC
and 0.1% NaDodSO,. Twenty initial positive clones were
isolated and the pBluescript plasmids were rescued by R408
helper phage as described (Russel et al., 1986). Restriction
endonuclease fragments of one isolated clone were subcloned
into M13 mpl8 and mpl9 (Yanishch-Peron et al., 1985)

! Abbreviations: SSC, 150 mM NaCl/15 mM trisodium citrate, pH
7.0; Denhardt solution, 0.02% poly(vinylpyrrolidone), 0.02% bovine se-
rum albumin, and 0.02% ficoll 400; NaDodSO,, sodium dodecy! sulfate.
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vectors and sequenced in both directions by Sanger’s dideoxy
chain termination method (Sanger et al., 1977) using the
Sequenase kit (United States Biochemicals).

Southern Blot Analysis. Conditions for prehybridization,
hybridization, and posthybridization washes were the same as
described above. For genomic DNA, the final wash was
performed at 65 °C in the presence of 0.1 X SSC containing
0.1% NaDodSO, for 15 min.

Northern Blot Analysis. Total RNA from the ovaries of
S. purpuratus, Strongylocentrotus franciscanus, Lytechinus
pictus, and A. punctulata was prepared by the LiCl precip-
itation method (Cathala et al., 1983). Polyadenylated RNA
was obtained from these preparations by using oligo(dT)-
cellulose (Collaborative Research) column chromatography
(Davis et al., 1986). Three micrograms of RNA from each
species was electrophoresed on 1% agarose gels that were
equilibrated with 20 mM 3-(/N-morpholino)propanesulfonic
acid buffer, pH 5.5, containing 2% formaldehyde, 5 mM so-
dium acetate, and 1 mM EDTA. Prehybridization of RNA
fixed onto nylon membranes was performed for 24 h at 45 °C
with a solution containing 6 X SSC, 10 X Denhardt solution,
and 500 ug/mL denatured salmon sperm DNA. The RNA
on the membranes was then hybridized to the random-primed,
[*2P)dCTP-labeled cDNA insert (2.3 kb) at 45 °C for 24 h.
After the filters were washed 3 times with 6 X SSC and 1 X
Denhardt solution at 45 °C for 30 min each, filters were
further washed 2 times (30 min each) with 2 X SSC and 0.1%
NaDodSO, at 45 °C. This was followed by a final wash with
0.1 X SSC and 0.1% NaDodSO, at 65 °C for 15 min.

In Vitro Transcription and Translation. The pBluescript
clone containing the 2.3-kb insert was used in these experi-
ments. mRNA was synthesized from 2 ug of DNA using the
mCAP kit from Stratagene and translated in a rabbit reti-
culocyte lysate in vitro express translation kit from Stratagene
using [**S]methionine.

Immunoprecipitation. Two microliters of the in vitro
translation mixture was incubated overnight at 0—4 °C with
5 uL of antiserum to speract or with preimmune serum in a
total volume of 50 uL containing 25 mM Tris, pH 7.5. Sta-
phylococcus aureus cells, washed and resuspended in phos-
phate-buffered saline (50 uL), were added to the antibody-
antigen complex and incubated on ice for 1 h. The mixture
was microfuged, and the pellets were washed 3 times with 200
uL of phosphate-buffered saline. The pellets were solubilized
in 50 uL of sample buffer (75 mM Tris, pH 6.8, 5% Na-
DodSO,, 10% glycerol, 10% B-mercaptoethanol, and 0.2%
bromophenol blue) by treating at 95 °C for 15 min. The tubes
were centrifuged, and the supernatant fluid was applied to a
12.5% polyacrylamide gels as described by Laemmli (1980).

Speract Antibodies. Anti-speract antibodies were produced
by East Acres Biologicals, Southbridge, MA. Speract was
cross-linked to keyhole limpet hemocyanin and injected into
rabbits. The preimmune and immune sera were tested, and
the presence of antibodies in the immune sera was established
by immunoblot analysis of whole egg extracts of S. purpuratus
and by immunoprecipitation of GGG[Y?]-speract. GGG-
[Y?]-speract is a synthetic analogue of speract that has com-
parable biological activity (Dangott & Garbers, 1984).

RESULTS

Isolation of cDNA Clones. Antisense oligonucleotide probes
I and 11 were used to screen a S. purpuratus ovarian cDNA
library constructed in A Zap. Twenty positive clones were
selected and purified by further screening. Digestion of the
clones with EcoRI yielded 1.2-kb inserts in 19 of the 20 clones;
1 clone contained a 2.3-kb insert. Inserts from all of the clones
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FIGURE 1: Partial restriction map of the 2.3-kb cDNA insert and the
strategy for DNA sequencing. The entire cDNA is represented at
the top with its coding (closed box) and noncoding (open box) regions.
Horizontal arrows show the directions and extent of sequencing. The
EcoRI cloning site sequence at either end of the insert was obtained
by double-stranded sequencing. Several overlapping, sequenced clones
are not shown. Restriction endonucleases used for subcloning were
as follows: B, Bglll; E, EcoRI; H, HindIII; R, Rsal; Sau3Al.

hybridized with the oligonucleotide probes by Southern blotting
(data not shown), suggesting that all of them contained DNA
sequences that coded for speract or speract-like peptides.
Characterization of 2.3-kb Insert. The restriction map and
sequencing strategy for the largest insert (2.3 kb) are shown
in Figure 1, and the nucleotide sequence and deduced amino
acid sequence of the insert are shown in Figure 2. Open
reading frames beginning with methionine at nucleotide 96
or 204 and extending through a termination signal at 984-986
represent the apparent precursor polypeptide. Within this
reading frame, four sequences correspond to speract (Gly-
Phe-Asp-Leu-Asn-Gly-Gly-Gly-Val-Gly). Two potential de-
capeptides with the sequence Gly-Phe-Ala-Leu-Gly-Gly-
Gly-Gly-Val-Gly and two other decapeptides (Gly-Phe-Ser-
Leu-Thr-Gly-Gly-Gly-Val-Gly and Gly-Phe-Asn-Leu-Asn-
Gly-Gly-Gly-Val-Gly) with structures similar to speract exist
within the deduced amino acid sequence of the apparent
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precursor. Each predicted peptide is separated by a single
lysine residue. Two other decapeptides with little similarity
to speract, Gly-Thr-Met-Pro-Thr-Gly-Ala-Gly-Val-Asp and
Ile-Asp-His-Asp-Thr-Leu-Ala-Ser-Val-Ser, bordered by single
lysine residues are also present in the deduced amino acid
sequence. There are other potential peptides both longer and
shorter than 10 amino acids in the deduced amino acid se-
quence that are flanked by lysine residues (Figure 2). It is
not known if any of these potential peptides possess biological
activity. A long nontranslated AT-rich region of 1324 nu-
cleotides exists on the 3’ end. Two polyadenylation signal
sequences AATAAA are present at nucleotide positions
1480-1485 and 1623-1628.

Assignment of Start Codon. Two potential start codons
(ATG) at nucleotide positions 98-100 and 206-208 are
present, but the one at 206—208 represents the likely initiation
site. For the codon at positions 206-208, nucleotides G at
positions +4 and —6 and C at -1, -5, and -9 are the most
frequently occurring bases in those positions among a survey
of 699 vertebrate mRNAs (Kozak, 1987). Also, nucleotide
A at position -2 and G at —12 are the second most frequently
occurring bases in those positions (Kozak, 1987). Resulting
protein would have a molecular weight of 26 960. Immediately
following this ATG, a stretch of 22 amino acids with the
characteristics of a signal peptide is present (Briggs &
Gierasch, 1986). In contrast, the other potential start site
(positions 98-100) has nucleotide G at position —9 as the most
frequently occurring base in that position while nucleotides
A at-10and -11 and G at —12 are the second most frequently
occurring bases in these positions (Kozak, 1987). The 15
amino acid region that immediately follows this potential start
codon is relatively hydrophilic. From this start site, a
30651-Da protein would be synthesized. There are six other

GAITTCGGCT!CT(‘.GACTTTACGCTRGIATCYCT’ICCGAGCTTfCTCGTCGAAEACAACCG.IBCGICCCACGTCGTTGAAGATGAlGTTCATCGT m CCT GGC CCT CGT GGC GTA GCT TCG GGC AAG CCT GTC ATC 142
Met Pro Pro Giy Pro Arg Gly Val Ala Ser Gly Lys Pro Val Ile
1 10
AGC GGT CAG GAC CAG AAG TAC ACC CTT GCT GAT TCC AGC AAG GAT CTA GAG GGC ATT GCT CAC PTG GCT ATC GTC GAC TCA CTT TCC CCT CTA CAC ATC TCG CTC TGC TCT TTG GAA TCT 262
Ser Gly Gin Asp GIn Lys Tyr Thr Leu Ala Asp Ser Secr Lys Asp Low Glu Gly 1o Ala His Met Ala 11e Val Asp Ser Leu Ser Pro Lew His Ile Ser Leu Ser Ser Leu Glu Ser
16 20 0 40 50
GCG TGG AAC AAC CTC CTC AAC ATT GCT TCT CAG GAA GAC TAC TCT ATC CCG GAA CTT TCC ATA CCC AAA ATC GAC GTG AAG AGC ATC TTG TCA TGC AAG CCC AAG TAT TCT CCC AAG TAC 382
Ala Trp Asn Asa Leu Lou Asa Lle Ala Ser Gin Glu Asp Tyr Ser 1he Pro Glu Leu Ser 11e Pro Lys Ile Asp Val Lys Ser Ile Leu Ser Cys Lys Pro Lys Tyr Ser Pro Lys Tyr
56 60 70 80 90 '
CCT GTG GTC TTG CAG TAC ATC TCT GAT CAT TAC GTC CAG GTC CAG GAC CAT ATC GCC AAC GCC AAG GAA CTT ACA GAA GGA CTG AAA TTC GTC TCG CAG CTC ATC ATG TAC AAG AAG ATC 502
Pro ¥al Val Lew Gin Tyr Ile Ser Asp Wis Tyr Val Gin Val GIn Asp His Ile Ala Asn Ala Lys Glu Lew Thr Glu Gly Leu Lys Phe Val Ser Gin Leu Ile Mot Tyr Lys Lys E
96 100 1o 120 130
GAC CAC GAT ACC CTG GCC TCT GTC TCT AAA ATG TTG AGC AAT TAC TTG ACT GAC TAC GCA TCG ACA ATC TCA TCA CTT AAA TCA GTC GTC TGT CAA GAT CAA ACA GCG CCA TCT CAT CCT 622
Asp His Asp Thr Leu Ala Ser Val So_FI' Lys Met Lou Ser Asn Tyr Lou Thr Asp Tyr Ala Ser Thr Ile Sar Ser Leu Lys Ser Val Val Cys Gln Asp GIn Thr Ala Pro Sar His Pro
140 150 160 170
ATG GAC GAG AGT TAC ATG GAC ACA CCC CTG TCA ATG ATC TTG AAA GGC ACC ATG CCT ACT GGC GCT GGA GTA GAC AAA GGC TTC GCA CTT GGT GGT GGT GGA GTT GGT AAA GGA TTC AAC 742
Met Asp Glu Ser Tyr Mot Asp Thr Pro Leu Ser Met Ile Lou Lys Fly The Met Pro Thr Gly Ala Gly Val Aspr Lys F|I Phe Ala Leu Gly Gly Gly Gly Val GI;‘I Lys WPM Asn
180 130 200 210
TTG AAC GGC GGT GGA GTT GGC AAA GGC TTT GAC TTG AAC GGC GGT GGA GTT GGC AAA GGA TTC GAC TTG AAL GGC GGT GGA GTT GGC AAA GGC TTT GAC TTG AAC GGC GGT GGA GTT GGC 862
Leu Asn Gly Gly Gly Val Giy] Lys Iy Phe Asp Leu Asn Gly Gly Giy Val Gly] Lys iy Phe Asp Lau Asn Gly Gly Gly Val Gly] Lys Fly Phe Asp Leu Asn Gly Gly Gly Val Gly
220 230 240 250
AAA GGC TTT GAC TTG AAC GGC GGT GGA GTT GGC AAA GGT TTC GCT TTG GGC GGT GGT GGA GTT GGC AAA GGA TTC AGC CTC ACC GGA GGA GGC GTC GGC AGG GAA GTC @GAA ATC AAA GAC 982
Lys Bly Phe Asp Leu Asn Gly Gly Gly Val Gly] Lys iy Phe Ala Lou Gly Gly Gly Gly Val Gly| kys iy Phe Ser Lou Thr Giy Gly Gly Val Glyl heg Glu Val Glu Ile Lys Asp
260 270 280 290
T66 TCGAGGTTCTGGCGCTCAATAGATCTGACATCAAATGCCATGCGCCCOTACAGGAATTTCATAATTGCCATTTTTTTTTACACTGATATCAATACT TTGGTCGTGCCTGTCCAATTATACAAATATGTATTAAATAATAGCATCAAATGE 1138
Tip End
297
AARARARARARRAAARAAAAARGGGTCTTGTTTTCTTGAGCTTGCAATGATCAACCATCATCCAGTGTCGT CATGATGGT CTGCGT CACAAGAGAGGCGATAAGCAAAATTTAAGACTCAAGATGGTATGTTAAACTTTGATCTTAAGGACGTTTTCTTT 1268
GCTTTTTAACGAGTCTTAAAACTAACATGAATAATGCATACTGTTATTAGAAAGGT CTTTAATTCCGTGTGTTTAAACTTATGCTGAGGCATTCGAGAAAAATATATGCCTGTATTAATCAGCAATACCTGCCTGCTATTCACTGACAGCGAGTTCTTCT 1458
GTTTCCTCATCAAATATTGAAAATAAATTTTTAACAAAAAAAATTACATATGCCTGTAAAATGGCTATTTCAGCATTTTTCTCTGTTTTCTACGATTCATATTTCTTTTTCATTGGAAAAACTAGAAAGAATATATAAAATATAAAATATTTTCAAAATA 1618
GTTTAATAAATTATTTCCAAAAGACAACTTTGTCAAAAAGAATTGAAAAAAGAAGAAAATGAATTGAAAGCAAAATTTTCTTTTCAAAATGTCAGCAACTGATAGTGATAGCCGCAGGTATTACATCAGGCAAATCAAACAGGT AAAGGTCATACAATGT 1778
ACCTTCTAGATGTTACTTTACAAGATTTTAGATCTACTTTGGTATCTTCTTTCCTTTTTCCTTTGATTGTAAACTCCTTTCAAGTAATACGAATTAATACCATAAGTTGCACCTGCCTAGCCTATACAGT CGACACTGCCCACAAACAAATCGAGAAGTA 1938
TAGAATAACGCAACATAAAAAAGGAAAGATTTTGGTAGCTGTGCTCTTTTCCTCTTTTCTTATCTTTCGAATGTTTACTCTCCTGTACTCATTTAAAATGGT AAATTAAAAAGAGAGCCAGATTTTTATT TGGAAGGT TGCAAATCGATTGACAGATAGG 2098
TCATCAGTGTAGAGCTTTGATACAAGTGACAAAAACGGT CCATACGCTTGTTGAGCAATATGGTTACTTCATGAAGGCCTTGTATATTTCACATAATGATAACAAATACTAGAAGT CAATGATGCATTGCTGCAAAGAATTTTGATAACGTGACTTTCTT 2258

TGTAGTCTGGTGCTTGGTAAAATCCAGAGACGCAATGAAAATACTTGAATTC 2310

FIGURE 2: Complete nucleotide sequence and deduced amino acid sequence of the 2.3-kb insert. The two potential start codons are marked
with arrows. Speract and other decapeptides are boxed, and the lysine residues are shaded. Two polyadenylation signals toward the 3’ end
are underlined, and termination codons are boxed. Numbers to the right are nucleotide positions, and numbers below each line are amino
acid residue numbers starting with Met (1) at nucleotide positions 98—100.
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2.3 ke GGCTACTCGACTTTACACTAGATCTCTACCOAGCTTTCTCGTCOAATAGAACAACCGACCGACCCACGTCGTTGAAGATAAAGTTCATCGTATGECTCETG 101
1.2 kb - -:CTCGAC:TTACGCTAGATCTCTACCGAGCTTTCTCGTCGAA-AGAACAACCGACCGACCCACGTCGTT:AAGATGAAGTTCATCGTA-GCCTCCTG 85
2,3 kb QCCCTCGTAGC-GTAGCTT COGGGCAAGCCTATCATCAGCGGTCAGGACCAGAAGTACACCCTTGCTAATTCCAGCAAGGATCTAGAGGACATTACTCACA 200
1.2 ke GCCCTCGTGGCCGTAGCTTctnGcAAGCC:GTCATCAGC:GTCAGGACCAGAAGTACACCCTTGCTGAT-CCAGCAAGGATCTAGAGGGCATTGCTCACA 1984
2.3 kb TGGCTATcGTCGACTCACTTTCCCCTCTACA;ATCTCGCTCTCCTCTTTGGAATCTGCGTGGAACAACCTccTcAA:ATTGCTTCTCAGGAAGACTACTC 300
1.2 kb TGGcTATCGTCGACg-CTTTC:CCTCTACATATCTCGCTCTC:TCTTTGGAATCTGCGTGGAACAACCTC:TCAAGATTGCTTCTCAGGAAGACTACTC 293
2.3 kb TATCCCGQAACTTTCCATACCCAAAATCGACGTGAAGAGCATCTTGTCATGCAAGCCCAAGTATTCTCCCAAGTACCCTATQAATCTTGCAGTACATETCT 400
1.2 kb TATCCCAGAACTTTCCATACCCAAAATCAACGTGAAGAGCATCTTGTCATGCAAGEC - AAGTATTCTCC-AAGTACC-TATQAATCTTG-AGTACATCTCT 389
2.3 kb GATCATTACGTCCAGGTCCAQGACCATATCGCCAACGCCAAGGAACTTACAGAAGGACTGAAATTCGTCTCACAGCTCATCATGTACAAGAAGATCAACC 500
1.2 kb oATCATTAcaTc-AoaTc-AeeAccn’ATcecc‘ucectAAoeAAch:cAnAAeeAcroAAATTcgcrcec‘mcrCATCATGTACAAGAAGATceAcc a87
2.3 kb ACGATACCCTGACCTCTGTCTCTAAAATGTTGAGCAATTACTTGACTGACTACGCATCGACAATCTCATCACTTAAATCAGTCGTCTGTCAAGATCAAAC 600
1.2 kb ACGATACCCTGGCCTCTGTCTCTAAAATGTTGAGCAATTACTTGACTGACTACGCATCGACAATCT:ATCACTTAAATCAGTCGTCTGTCAAGATCAAAC sa7
s
2.3 kb AGCGCCATCTCATCCTATGGACGAGAGTTACATGGACACACCCCTOTCAATGATCTTGAAMTGCCTACTGGCGCTGGAGTAGAQAAAEGCTTq 700
1.2 kb AGCGCC:TCTCATCCTATGGACGAGAGTTACATGGACACACCCCTGTCAATGATCTTGAA ocAcTAreccTAcTeocecToerTAoA7 GCTT 687
2 3 1
2.3 kb CACTTGGTAGAGTGGTGGAGTTGGTAAAGGAT T CAACTTGAACGGCGGTGGAGT TGGCAAAGGCTTTGACTTGAACGGCGGTGGAGT 1GA GATTC 800
1.2 kb mhAmmA GCTTTGACTTGAACGGCGGTGGAGTTGG‘ GATTC 787
1
2.3 kb mAA .................................................................. 834
1.2 kb mmAmA oATTCAACTToAAcoecooTeerTToo AAGGCTT TG 887
1 1
2.3 kb m‘m WEWA er1-1-cocrrrooocoorooroerTToe AAGGATTCAG 834
1.2 kb ﬁmAAmmA oT'rTcocTTToooceoToGTovoTTne AAGGATT CAG 867
4
2.3 kb [ETCACCGGAGGAGGCGT CGGCAGGGAAGTCAAAATCAAAGACTGGTAATCGACGTT -+« - - - CTGGCGCTCAATAGATCTGACATCAAATGCCATQGCGCC 1028
1.2 kb m‘e%@GGGAAGTcGAAATCAAAGACTQG_T_MTCGACGTTGATTATCTGGCGCTCAATAGATCTGACATtAAATGCCATGCGCC 1088
2.3 ke CGTACAGGAATTTcATAATTGCCATTTTTTTTTACACTGATATCAATACTT;GGTCGTGCCTGTCCAATTATACAAATATGTATTAAATAATAGCATCAA 1128
1.2 kb CGTACAGGAATTTCATAATTGCCATTTTTTTTTACACTGATATCAATACTTCGGTCGTGCCTGTCCAAT: -------- ATGTATTAAATAATAGCATCAA 1179
2.3 kb ATGCAAAAAAAAAAAAAAAAAAAAAAGGGTCTTGTTTTCTTGAGCTTACAATAATCAACCATCATCCAGTAGTCGTCATAATAATCTGCGTCACAAGAGAG 1228
1.2 kb TGCAt:: 1188

FIGURE 3: Alignment of the nucleotide sequences of 2.3- and 1.2-kb cDNA clones. Asterisks denote differences in the sequences. Gaps introduced
for best alignment are represented by hyphens. Numbers to the right are nucleotide positions. Nucleotide sequences that code for speract
and other decapeptides are boxed. Numbers on top of each sequence refer to the peptides in Table I. Termination codons at the 3’ end of
the messages are underlined. The 2.3-kb clone extends approximately 1000 bp further on the 3’ end (Figure 2).

ATG codons within the same open reading frame at nucleotide
positions 497-499, 533-535, 623625, 638-640, 656-658, and
674-676 (Figure 2).

Characterization of 1.2-kb Insert. The clones containing
the 1.2-kb insert had a restriction endonuclease digestion
pattern similar to the 2.3-kb insert (data not shown), and the
various 1.2-kb clones mapped identical with each other. A
comparison of the nucleotide sequence of a 1.2-kb clone with
that of the 2.3-kb insert is shown in Figure 3. The bases that
differ are marked with asterisks. Sequence analysis of the
1.2-kb clone showed the presence of DNA encoding one ad-
ditional speract analogue (Ser-Phe-Asp-Leu-Asn-Gly-Gly-
Gly-Val-Gly). The predicted peptide, Gly-Phe-Asn-Leu-
Asn-Gly-Gly-Gly-Val-Gly, was repeated twice whereas it
occurred only once in the longer clone. In addition, the pre-
dicted peptide, Gly-Thr-Met-Pro-Thr-Gly-Ala-Gly-Val-Asp,
present in the 2.3-kb insert was replaced by the sequence
Ser-Thr-Met-Pro-Thr-Gly-Ala-Gly-Val-Asp in the 1.2-kb in-
sert. The smaller insert also differed from the 2.3-kb insert
in that it lacked approximately 1000 bp from the 3’-un-
translated region.

RNA Hybridization. To determine the size of the mRNA
in S. purpuratus and to determine whether or not a similar
message existed in related species of sea urchins, poly(A+)
RNA from S. purpuratus, L. pictus, S. fransciscanus, and A.
punctulata was analyzed by Northern blot hybridization, using
the 2.3-kb insert as a probe. Three species (S. purpuratus,
L. pictus, and S. franciscanus) contained two hybridizing

bands of mRNA of approximately 2.3 and 1.2 kb (Figure 4).
However, the probe did not detectably hybridize to the mRNA
from A. punctulata (Figure 4). Spermatozoa from A. punc-
tulata do not respond to speract (Ward et al., 1985; Shimo-
mura et al., 1986), and egg-conditioned media of 4. punctulata
do not stimulate S. purpuratus or L. pictus spermatozoa
(Shimomura et al., 1986). L. pictus spermatozoa, in contrast,
respond to speract, and L. pictus egg-conditioned media are
known to contain speract-like peptides (Hansbrough & Gar-
bers, 1981a).

Analysis of cDN A-Expressed Products. When the 2.3-kb
c¢DNA was digested and transcribed as described under Ex-
perimental Procedures, the resuiting mRNA was determined
to be 2.3 kb as judged by Northern blot analysis (data not
shown). mRNA synthesized in the proper orientation (BamHI
cleavage) resulted in an approximately 28-kDa protein that
specifically reacted with antibodies to speract (data not shown).
Neither mRNA made in the opposite orientation (Xhol
cleavage) nor RNA transcribed in vitro with T7 RNA po-
lymerase (antisense strand) resulted in detectable immuno-
precipitation. The apparent molecular weight of translated
protein roughly agrees with the start site at nucleotide positions
206-208. These results indicate that the cDNA encodes a
2.3-kb mRNA which is translated into a speract precursor.

DISCUSSION

We have described the isolation and sequence of two cDNA
clones that encode speract, a peptide that stimulates sper-
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FIGURE 4: Analysis of ovarian mRNA from various sea urchin species
by Northern blot hybridization. Lane 1, S. purpuratus; lane 2, S.
Sfransciscanus; lane 3, L. pictus; lane 4, A. punctulata. Three mi-
crograms of poly(A+) RNA was loaded per lane. Preparation of
mRNA and hybridization and washing conditions are described under
Experimental Procedures. Numbers to the right correspond to the
RNA standards.

Table I: Amino Acid Sequences of Potential Decapeptides Predicted
from the cDNA Sequence of the 1.2- and 2.3-kb Inserts Isolated
from an Ovary cDNA Library

no. of copies
2.3-kb insert  1.2-kb insert

no.? sequence

GFDLNGGGVG
GFALGGGGVG
GFNLNGGGVG
GFSLTGGGVG
SFDLNGGGVG
GTMPTGAGVD 1
STMPTGAGVD 1

“Numbers correspond to peptide sequences in Figure 3.
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matozoan motility. When transcribed and translated in vitro,
each cDNA directs the synthesis of a 28-kDa protein precursor
that is immunoprecipitated by anti-speract antiserum. As
shown in Figure 3, the coding and noncoding regions of the
1.2- and 2.3-kb clones are very similar. The amino acid se-
quence deduced from the clones predicts a precursor protein
containing four sequences that correspond to speract, each
flanked by a single lysine residue. Six other potential deca-
peptides separated by single lysine residues exist in the 2.3-kb
insert. The clones differ in that the 1.2-kb clone contains seven
speract-like molecules, in addition to the four speract sequences
(Table I, Figure 3). The 1.2-kb clone also lacks approximately
1000 bp that are present in the 3’-untranslated region of the
larger clone.

Northern blot analysis of S. purpuratus ovary mRNA
confirms the existence of two transcripts (1.2 and 2.3 kb) that
are recognized by the speract cDNA probe. Several expla-
nations could be offered for the presence of two different
messages. They could be products of two nonallelic genes, or
they may represent genetic variation among sea urchin indi-
viduals. Another explanation for the existence of the 2.3- and
1.2-kb clones could be alternate mRNA splicing. Alternate
splicing as a mechanism for the generation of these two
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mRNAs is suggested by the two polyadenylation signals
present in the 3’ region of the 2.3-kb insert. The splicing of
different exons not only could account for the variation in size
of the mRNAs but also might explain the presence of addi-
tional speract analogues in the 1.2-kb sequence (nucleotides
813-879).

Of the peptide structures predicted from the DNA sequence,
Gly-Phe-Ala-Leu-Gly-Gly-Gly-Gly-Val-Gly isolated from the
ethanol extracts of S. purpuratus and Pseudocentrotus de-
pressus egg jelly (Suzuki et al., 1988) and Gly-Phe-Ser-
Leu-Thr-Gly-Gly-Gly-Val-Gly purified from S. purpuratus
egg jelly (Suzuki et al., 1988) have been chemically identified.
Eight of the 10 peptide sequences in the 2.3-kb cDNA clone
and 10 of the 11 deduced peptide sequences in the 1.2-kb
¢DNA clone conform to a formula devised by Suzuki et al.
(1988) for biologically active speract-like peptides: X,-Phe-
X,-Leu-X;-Gly-X,-Gly-Val-Xs, where X, = Gly or Ser, X,
= Asp, Ala, or Ser, X; = Asn, Ser, Ala, or Gly, X, = Ala or
Gly, and X; = Gly, Ser, or Asp. Other sequences, Ile-Asp-
His-Asp-Thr-Leu-Ala-Ser-Val-Ser, Gly-Thr-Met-Pro-Thr-
Gly-Ala-Gly-Val-Asp (from 2.3 kb), and Ser-Thr-Met-Pro-
Thr-Gly-Ala-Gly-Val-Asp, do not fit this formula, and they
have yet to be synthesized and tested for biological activity.

The apparent evolutionary pressure to retain multiple active
peptide structures within a single mRNA remains unclear. In
the case of H. pulcherrimus and Anthocidaris crassispina, the
chemically isolated analogues of speract appear to possess
equivalent biological potency (Suzuki et al., 1988). Therefore,
it appears that mutations of speract tend to be in the direction
of molecules with equivalent activity. This implies that one
speract molecule within a single mRNA would not be sufficient
for effective fertilization, and strong pressure, therefore, is
exerted to retain multiple copies of the active peptide. An
alternative explanation is that the proposed precursor is cleaved
between the single dibasic (lysine) residues at amino acid
positions 133 and 134. It could be argued, then, that the
complete structure from amino acid 135 to amino acid 288
is the important biologically active principle and that speract
and the associated peptides represent degradation products
containing activity. Possibly the large fragment also would
possess additional activity to that of speract. Yamaguchi et
al. (1988), for example, recently have shown that speract can
potentiate the effect of a jelly coat macromolecular complex
on the induction of an acrosome reaction. Could the larger
fragment containing multiple copies of speract play an even
greater role in the acrosome reaction? On the other hand, a
critical concentration of speract or active speract analogues
may depend on the formation of multiple copies of the peptides
from a single mRNA. Presently, it is not known when or
where the precursor mRNA is formed, or when the polypeptide
is synthesized. In Orthopyxis, Miller (1978) found that sperm
cells became immotile in the acellular matrix surrounding the
egg until “active” molecules were released from the egg; this
activation was coincident with formation of the second polar
body. In the sea urchin, the second polar body forms prior
to the spawning of gametes. With the cDNA now in hand,
it should be possible to express the precursor in cells that do
not normally produce speract; if an active molecule(s) is (are)
released, site-directed mutagenesis may reveal the significance
of multiple speract and speract-like peptides within the same
polypeptide.

A feature of the apparent precursor molecule is the sepa-
ration of speract and speract analogues by single lysine resi-
dues. If a trypsin-like protease is present, then the precursor
could be processed by tryptic digestion, followed by carbox-
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ypeptidase B activity that specifically hydrolyzes the CO,H-
terminal lysine and arginine residues. Trypsin-like proteases
are well documented as being present in eggs (Sawada et al.,
1984) and cortical granules (Alliegro & Schuel, 1985, 1988)
of S. purpuratus and other species of sea urchins.

Many neuropeptides and hormones are initially synthesized
as large precursor molecules. The classical cleavage site in
the proteolytic processing of a precursor is a sequence of two
basic amino acids originally described by Steiner et al. (1967).
Since then, a large number of precursors that are proteolyzed
at dibasic residues have been described (Loh & Gainer, 1983),
However, processing after a single basic amino acid residue
is also known to occur. A list of precursors in which monagbasic
processing is found includes those for vasopressin and atrial
natriuretic peptide, growth factors, neuropeptides, substance
P, proenkephalins A and B, interleukin 3, the frog skin peptides
xenopsin and PGLa, yeast killer toxin, and Aplysia egg-laying
hormone precursor (Schwartz, 1986). While a majority of
monobasic cleavage sites contain arginine, lysine is known to
occur in at least two precursors. Aplysia neuroactive peptide
Phe-Met-Arg-Pro-NH, is synthesized as a polyvalent precursor
that contains at least 19 copies of the peptide (Schaffer et al.,
1985). It has been proposed that monobasic cleavage takes
place in at least 15 sites, followed by removal of the carbox-
yl-terminal lysine residue from each peptide (Schaffer et al.,
1985). The cholecystokinin precursor also may be processed
after a single lysine residue, giving rise to cholecystokinin 22
(Eng et al., 1983; Zhou et al., 1985).
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