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ABSTRACT : Smad proteins mediate transforming growth factor(TGF)- 3 signaling and play a pivotal role in embryonic
development. The estrogen receptor-related receptors(ERRs), which are structurally similar to estrogen receptors, are
members of orphan nuclear receptor in the nuclear receptor superfamily and their fiunctions are known to be involved in
the formation of extra-embryonic ectoderm. To investigate the involvement of Smad3 and ERR A like 1 in reproductive
activities and embryogenesis in marine invertebrate, we examined gene expression of Smad3 and ERRS like 1 in
Strongylocentrotus nudus during their seasonal changes and embryonic development using real-time polymerase chain
reaction. The Smad3 mRNA levels in gonad showed an increasing pattern from February to June 2004 but decreased at
August(spawning season) followed by an elevation of the levels at October and December 2004. The mRNA levels of the
ERR 8 like 1 significantly elevated during the spawning season. During embryonic development, Smad3 mRNA levels at
8~16 cell stages were significantly higher than those of other stages, whereas the mRNA of the ERRS like 1 was
significantly high levels at late development stages, i.e., blastular, gastrula and plutei stages. These results suggest that the
Smad3 could be involved at least in part in the early cleavage stages and the ERR S like 1 may play an important role
in the spawning season and late developmental stage in the sea urchin.
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Table 1. Oligo primers used in the real-time polymerase chain reaction
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Target Direction Accession number Sequence(5°-3")
Smad3 F AB267397 CGAGAACAGCCAAACCAAATG
Smad3 R AB267397 AGCCCCTTCCTGTGAGACACT
ERRp like 1 F XM789882 ACAAGACTACGATGATCCAAATGC
ERR S like 1 R XM789882 CGTCGGCTAGCTTGTCCAA
Ubiquitin F M61772 TCATCTCGTTCTCAGGATTCGT
Ubiquitin R M61772 CGAAGATGAGACGCTGCTGAT
F=forward; R=reverse.
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Fig. 2. Seasonal changes in estrogen receptor-related receptor
B like 1{ERR A like 1) mRNA expression in Strongy-
locentrotus nudus gonads. Real-time PCR experiments
were undertaken to measure expression of ERR 2 like 1
during scasonal change. The relative ERRS like 1
mRNA levels were normalized by ubiquitin values. Data
were represented by the meantS.E.M. of four inde-
pendent samples. Significant differences(P<0.05) in each
series are denoted.
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Fig. 1. Seasonal changes in Smad3 mRNA expression in

Strongylocentrotus nudus gonads. Real-time polymerase
chain reaction(PCR) experiments were undertaken to
measure expression of Smad3 during seasonal change.
The relative Smad3 mRNA levels were normalized by
ubiquitin values. Data were represented by the meant
S.EM. of four independent samples. Significant diffe-
rences(P<0.05) in each series are denoted.
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Fig. 3. Expression levels of Smad3 mRNA in Strongylocentrotus
nudus embryos. Real-time PCR experiments were un-
dertaken to measure expression of Smad3 during em-
bryonic development stages. The relative Smad3 mRNA
levels were normalized by ubiquitin values. Data were
represented by the meantS.EM. of four or five inde-
pendent samples. Significant differences(P<0.05) in each
series are denoted.
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Fig. 4. Expression levels of estrogen receptor-related receptor
B like 1(ERR S like 1) mRNA in Strongylocentrotus
nudus embryos. Real-time PCR experiments were un-
dertaken to measure expression of ERR 8 like 1 during
embryonic development stages. The relative ERR S like
1 mRNA levels were normalized by ubiquitin values.
Data were represented by the meantS.E.M. of four or
five independent samples. Significant differences(P<0.05)
in each series are denoted.
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