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Are TTX circulated among TTX-bearing organisms?
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The presence of numerous Takifugu pardalis eggs in the intestinal contents
of another pufferfish, T niphobles. The identity of T. pardalis being determined by direct
sequencing for mitochondrial DNA. LC-MS/MS analysis revealed that the peak detected in the egg
samples corresponded to TTX. Toxification experiments in recirculating aquaria demonstrated that
cultured T. rubripes quickly became toxic upon being fed toxic T. rubripes eggs. Additionally, next
generation sequencing analysis revealed that the sequence of toxic goby Yongeichthys criniger was
detected from juveniles of the pufferfish Chelonodon patoca. These results suggest that T. niphobles

and C. patoca ingested the toxic eggs of another pufferfish T. pardalis and toxic goby,
respectively, to toxify themselves more efficientlg via a TTX loop consisting of TTX-bearing
organisms at a higher trophic level in the food web.

TTX) TTX



TTX

1907
TTX
1964 3

TTX

TTX

Vibrio

TTX

Noguchi et al., 1987

TTX

Noguchi et al., 2006
TTX Vibrio

0.1%
Shiina et al., 2006
TTX

TTX

TTX
TTX
3 4
1 mm
DNA

TTX

TTX
TTX

TTX

TTX

TTX
Noguchi et al., 2006
TTX

TTX

TTX TTX

TTX

(D] Takifugu

LC-MS/MS

DNA

@)

Takifugu



50mm 100 mm 150

TTX

TTX
TTX
TTX LC-MS/MS

3) Takifugu

TTX
10 20 mm

TTX

(M

TTX
LC-MS/MS

DNA

cytochrome b 16S rRNA

@
TTX

TTX LC-MS/MS

TTX
TTX
TTX
3
3
TTX
TTX
LC-MS/MS
2
TTX
TTX
“
LC-MS/MS
TTX
TTX
TTX
TTX
DNA
cytochrome-C oxidase subunit I COI
COl
DNA
TTX
(6))
1
TTX
1 2 TTX
Itoi et al.,

2014

TTX



EEE

TTX TTX

TTX
TTX

TTX
Ttoi et al., 2014

TTX

TTX
TTX

1. Ttoi S, Yoshikawa S, Asahina K, Suzuki M,

Ishizuka K, Takimoto N, Mitsuoka R,
Yokoyama N, Detake A, Takayanagi C,
Eguchi M, Tatsuno R, Kawane M, Kokubo S,
Takanashi S, Miura A, Suitoh K, Takatani T,
Arakawa O, Sakakura Y, Sugita H (2014)
Larval pufferfish protected by maternal
tetrodotoxin. Toxicon 78, 35-40

2. Noguchi T, Hwang DF, Arakawa O, Sugita H,

Deguchi Y, Shida Y, Hashimoto K (1987)
Vibrio alginolyticus, a tetrodotoxin-producing
bacterium, in intestines of the puffer Fugu
vermicularis vermicularis. Marine Biology 94,
625-630

3. Noguchi T, Arakawa O, Takatani T (2006)

TTX accumulation in pufferfish. Comparative
Biochemistry and Physiology Part D 1,
145-152

4. Shiina A, Ttoi S, Washio S, Sugita H (2006)

Molecular  identification  of intestinal
microflora in Takifugu niphobles.
Comparative Biochemistry and Physiology
Part D 1, 128-132

1. Riko Yamada, Tadasuke Tsunashima, Mitsuki
Takei, Tatsunori Sato, Yoshiki Wajima,
Makoto Kawase, Shotaro Oshikiri, Yusuke
Kajitani, Keita Kosoba, Hiroyuki Ueda, Koko
Abe, Shiro Itoi, Haruo Sugita (2017) Seasonal
changes in the tetrodotoxin content of the
flatworm Planocera multitentaculata. Marine
Drugs 15, 56
DOI: 10.3390/md 15030056

2. Shiro Itoi, Kento Ishizuka, Ryoko Mitsuoka,
Narumi Takimoto, Naoto Yokoyama, Ayumi
Detake, Chie Takayanagi, Saori Yoshikawa,
Haruo Sugita (2016) Seasonal changes in the
tetrodotoxin content of the pufferfish Takifugu
niphobles. Toxicon 114, 53-58
DOI: 10.1016/j.toxicon.2016.02.020

3. Shiro Itoi, Ao Kozaki, Keitaro Komori,
Tadasuke Tsunashima, Shunsuke Noguchi,
Mitsuo Kawane, Haruo Sugita (2015) Toxic
Takifugu pardalis eggs found in T. niphobles
gut: implications for TTX accumulation in the
pufferfish. Toxicon 108, 141-146
DOI: 10.1016/j.toxicon.2015.10.009

1. Riko Yamada, Tadasuke Tsunashima, Yusuke
Kajitani, Shiro Itoi, Haruo Sugita: Seasonal
changes in TTX content of the toxic flatworm
Planocera multitentaculata. The  joint
meeting of the 22nd International Congress of
Zoology and the 87th Meeting of the
Zoological Society of Japan. 17 November
2016. Okinawa, Japan

2. Riko Yamada, Tadasuke Tsunashima, Kazuya
Okuhara, Shiro  Itoi, Haruo Sugita:
Toxification of the larval pufferfish Takifugu
niphobles by the larval flatworm Planocera
multitentaculata. The 7th World Fisheries
Congress in Busan, Korea (WFC2016). 23
May 2016. Busan, Korea

3. Shiro Itoi, Ao Kozaki, Keitaro Komori,
Tadasuke Tsunashima, Shunsuke Noguchi,
Mitsuo Kawane, Haruo Sugita: Toxification
of the Takifugu pufferfish via a TTX loop
consisting of TTX-bearing organisms. The
7th  World Fisheries Congress in Busan,
Korea (WFC2016). 23 May 2016. Busan,
Korea

4. TTX

2015 5 14



6

()

@)
(€)
4)

TTX
26
2014 9 20

Tadasuke Tsunashima, Morio Hagiya,
Nobuyuki Tsuyuki, Shiro Itoi, Haruo Sugita:
A molecular framework for the taxonomy of

the marine turbellarian flatworms
(Platyhelminthes, Polycladida). The 10th
Asia-Pacific Marine Biotechnology

Conference (APMBC2014). 06 May 2014.
Taipei, Taiwan

http://hp.brs.nihon-u.ac.jp/~kaiyo/wp/press-re
lease/20170313-2/

http://hp.brs.nihon-u.ac.jp/~kaiyo/wp/press-re
lease/20151113-2/

http://www.brs.nihon-u.ac.jp/news01/7982.ht
ml

ITOI, Shiro

HAGIYA, Morio

TSUNASHIMA, Tadasuke

YAMADA, Riko

UEDA, Hiroyuki

ABE, Koko

KAWANE, Mitsuo



