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Mechanism for sperm motility initiation involving in the adaptive evolution to
establish internal fertilization
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SMIS, a key protein for internal fertilization of the newt, C. pyrrhogaster,
localizes granules in the surface of egg jelly and induces sperm motility in female body. It acts in a
different manner among amphibians and is hypothesized to contribute to the diversification of
reproductive modes to evolve internal fertilization. To address this hypothesis, we examined
ultrastructure of egg jelly and SMIS localization in C. ensicauda and P. waltl that undergo internal
fertilization, R. arboreus that do arboreal fertilization, and B. japonicus that do external
fertilization. Distributions of SMIS-localizing granules suggested changes in machiner% of SMIS action
adaptively to various factors including reproductive modes. We also found that C. pyrrhogaster SMIS gene
was constructed by 3 exons and succeeded to establish a new method to identify SMIS homologous genes
using RNAseq, which will be available to analyze the correlation of SMIS structure with its different
action in future study.



sperm motility-initiating
substance (SMIS)

SMIS
SMIS
SMIS
SMIS
SMIS
(1) sMIs
SMIS
SMIS
SMIS

SMIS

) smIs
SMIS
pl
SMIS
SMIS
1172 bp 4794 bp
SMIS SMIS
cDNA 145 146
270 271
SMIS
TATA
CAT
RT-PCR SMIS
SMIS
SMIS
MRNA
SMIS
degenerate
RT-PCR SMIS cDNA
DNA
RNAseq SMIS
cDNA
MRNA
de novo
113084 SMIS cDNA  98%
SMIS

SMIS



A. Watanabe,E.Takayama-Watanabe. 2015. In
silico identification of the genes for
sperm-egg interaction in the internal
fertilization of the newt Cynops
pyrrhogaster. Int.J.Dev.Biol. in press.

E.Takayama-Watanabe,H.Ochiai,S.Tanino,
A.Watanabe. 2015. Contribution of
different Ca* channels to the acrosome
reaction-mediated initiation of sperm
motility in the newt Cynops pyrrhogaster.
Zygote 23: 342-351.

M.Yokoe,M.Sano,H.Shibata,D.Shibata,E.
Takayama-Watanabe, K.lInaba, A.Watanabe.
2014. Sperm proteases that may be
involved in the initiation of sperm
motility in the newt, Cynops
pyrrhogaster. Int. J. Mol. Sci. 15: 15210
-15224.

T.Takahashi ,M.Kutsuzawa,K.Shiba,E.
Takayama-Watanabe,K. Inaba,A.Watanabe.
2013. Distinct Ca* channels maintain a
high motility state of the sperm that may
be needed for penetration of egg jelly of
the newt, Cynops pyrrhogaster. Develop.
Growth Differ. 55: 657-667.

E.Takayama-Watanabe,C.Campanella,H.Kubo
A.Watanabe. 2012. Sperm motility
initiation by egg jelly of the anuran,
Discoglossus pictus may be mediated by
sperm motility-initiating substance of
the internally-fertilizing newt, Cynops
pyrrhogaster. Zygote 20: 417-422.

25
Yokoe M, Shibata H, Shibata D, Takayama-
Watanabe E, Inaba K, Watanabe A.

AEBSF-sensitive acrosomal protease is
involved in egg-jelly -induced sperm
motility initiation in the fire berry newt,
Cynops pyrrhogaster. International
Symposium on the Mechanisms of Sexual
Reproduction in Animals and Plants, Nov
12th-16th, Nagoya

Takahashi T, Shiba K, Takayama-Watanabe E,
Inaba K, Watanabe A. A hyperactivated
state of sperm motility is coordinated by
local actions of T-type and L-type voltage
dependent Ca2+-channels in internal
fertilization of the newt, Cynops
pyrrhogaster. International Symposium on
the Mechanisms of Sexual Reproduction in
Animals and Plants, Nov 12th-16th, Nagoya

Watanabe A, Nakauchi Y, Takayama-Watanabe
E. Identification and characterization of

the gene encoding sperm
motility-initiating substance, an oviduct
secreting protein significant  for
internal fertilization of the newt, Cynops
pyrrhogaster. The 45th annual meeting of
the Japanese society of Developmental
Biologists. May 28th-31th Kobe
international conference center.

( 83
)9 13-15
5
7 27
24
1110
KO
83
9 13-15
83 9 13-15
83
9 13-15
4-
83 9 13-15

Aldehyde reductase (ALR)-KO

24
7 21
CatSper
24 7 21
SMIS
25 7 20
Gary N Cherr



25
7 20
SMIS 84 9
28
- Gary
N Cherr
Ca2+
84 9 28
Ca2+
84 9 28
33
20
1. Capacitation
6 12
SMIS
26

A. Watanabe, E. Watanabe A novel signal for
penetration of oviduct-secreted matrix
that might contribute diversification of
reproductive mode in amphibians. 12
International symposium on spermatology
Aug 10-14 Newcastle, NSW

A. Watanabe, E. Takayama-Watanabe. Global
survey of the genes involving in the
mechanism of newt fertilization using de
novo assembled RNAseq. International
Workshop on Developmental and
Regenerative Biology in Yamagata. Sep 10th
Yamagata University

K. Hirano, H. Ochi, K. Hoshijima, K.
Takeshima, E. Takayama-Watanabe, A.
Watanabe. Tyrosinase gene knockout by

TALEN technology in the red-bellied newt,
Cynops pyrrhogaster. International
Workshop on Developmental and
Regenerative Biology in Yamagata. Sep 10th
Yamagata University.

TALEN
22

E. Takayama-Watanabe, T. Takahashi, M.

Yokoe, A. \Watanabe. 2014. Acrosome
reaction-mediated motility initiation
that 1is critical for the internal

fertilization of urodele amphibians. In
Sexual reproduction 1in animals and
plants. H. Sawada, N. [Inoue, M. Iwano
(eds) Springer, Tokyo, Japan, pp- 97-103.

http://sci .kj .yamagata-u.ac. jp/~watan/

o
WATANABE, Akihiko
30250913

@
WATANABE, Eriko

20337405

NAKAUCHI, Yuni



60250908



