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Abstract; Tetrodotoxin ( TTX) , which was named after the puffer family Tetraodontidae, was first isolated from pufferfish
in the 1950s. The structure of TTX was determined in 1964, since then TTX studies have attracted wide attentions from
biologists, toxicologists, chemists and pharmacologists. TTX and many of its naturally-occurring analogues have been found
in a range of marine organisms and in a few amphibians. It has been suggested that TTX and its analogues probably play a
role in defense, predation or communication, and the tissue distribution of the toxins in TTX-bearing animals is highly
relevant to its potential ecological roles. TTX-bearing animals show high resistance to TTX and its analogues, which is
possibly due to the presence in these animals of TTX-binding proteins or uniquely-structured sodium-ion channels. This
article reviews recent advances in the studies on the ecological roles of TTX, the resistance mechanisms of TTX-bearing

organisms, and the prevention of TTX-poisoning.
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Table 1 Tetrodotoxin-containing organisms

432 Classification B K5 R 42 ) Tetrodotoxin-containing organisms

F# Pyrrophyta BEFL Y Py 1 KEE Alexandrium tamarense

£13 Rhodophyta FIRJRLLEE Jania sp.

Ji 3% 1] Platyhelminthes Y3 JIG 1% B8 Planocera multitentaculata and P. reticulata
213541 Nemertea 21 1 Lineus fuscoviridis, Tubulanus punctatus and Cephalothrix linearis

A2 P} Nassariidae

Zeuxis siquizorensis and Niotha clathrata; Nassariidae Zeuxis scalaris and Z. castus-like
specimens'®) ; Nassarius succinctus and Nassarius semiplicatus'®’

E B} Naticidae

Lined moon shell Natica lineate, Calf moon shell Natica vitellus and bladder moon shell Polinices

didyma ; pearshaped moon shell P. tumidus''®) ; Umborium suturale and Natica. pseustes''"!

B I2R} Muricidae

Rapana rapiformis and R. Venosa

RERZAL Olividae

Oliva miniacea, O. nirasei and 0. Mustelina
IR IZR} Buccinidae

Babylonia japonica

2Rl Ranellidae

Charonia sauliae

2Rl Bursidae

frog shell Tutufa lissostoma

BARBhYI] Mollusca 1 /& 40 Gastropoda

[12]

R} Octopodidae

Hapalochlaena maculosa

J51 %P} Xanthoidea
Atergatis floridus, Demania reynaudi, Lophozozymus pictor and Atergatopsis germaaini; Zosimus

s 5544 aeneus, Xanthias lividus, Actaeodes tomentosus'®); Demania cultripes, Demania toxica,
[14]

3k /£ 44 Cephalopoda

Arthropoda Crustacea Lophozozymus incisus
WRAERL Majidae Camposcia retusat ')
K8 )22 Pseudocaligus fugu and Taeniacanthus sp. [
B4 7P} Limulidae

Merostomata horseshoe crab Carcinoscorpius rotundicauda

4, %7 Bl Sagittoidea, Sagittidae
E%5h¥)17] Chaetognatha Eukrohnia hamata, Parasagitta elegans, Flaccisagitta scrippsae, F. Enflata and Spadella

angulata ; Aidanosagitta crassat'®’

WA53h41] Annelida 221t Pseudopotamilla occelatus

Tk 2 5411 Echinodermata W4 Asteroidea

Astropecten latespinosus, A. polyacanthus and A. scoparius
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&%k
432 Classification T K85 Z 9 4E ) Tetrodotoxin-containing organisms

PU 4 i} Tetraodontidae

M Eutili & Arothron mappa, A. manilensis, A. nigropunctatus, A. hispidus, A. stellatus, A.
reticularis and Chelonodon patoca

[5 4 J& Sphoeroides annulatus, S. lispus, S. lobatus'"]
R Euli Canthigaster punctatissima''?

Y3kt )8 Lagocephalus lunaris''®)

Z 4814 J& Takifugu pardalis and Takifugu poecilonotus
X G 3k tili Pleuranacanthus sceleratus'™’

ZK Iyt JE& Fugu niphobles

#5li J& Tetraodon fangi'®®) ; Tetraodon steindachnericon'*!
i ;g ta B} Gobiidae

Gobius criniger, Yongeichthys nebulosus and Sillago japonica; Prachaeturichtys palynema and
[22]

RN i, BEH
Chordata ’

Tetraodontiformes

a4, &Y H

Pisces, Perciformes L .
Radigobius caninus

igEdERl Salamandridae

Taricha torosa, T. granulosa, Notopthalrnus viridescens, Cynops pyrrhogaster, C. ensicauda,
PN, AR H

. Triturus vulgaris, Notophthalrnus wviridescens, Triturus oregon, Triturus wvulgaris, Ambystoma
Amphibia, Caudata

tigrinum, Taricha granulose and Paramesotriton hongkonggensis; T. rivularis, T. cristatus, T.

alpestris, T. marmoratus'® ; Triturus alpestris!®*!

w2 Rl Bufonidae

Atelopus varius ( A. wvarius varius ), Atelopus varius ( A. varius ambulatorius ), Atelop

PR, R H

o chiriquiensis and Atelopus oxyhynchus; Atelopus varius ( A. varius zeteki ) %) ; Atelopus
Amphibia, Apoda

spumarius, A. varius, A. spurrelli, A. ignescens and A. zeteki'®®); Atelopus subornatus and

A. peruensis'?]

4535 5Pl Brachycephalidae

Brachycephalus ephippium; Brachycephalus pernix'?!

%i 4R Dendrobatidae Colostethus inguinalis

iRl Rhacophoridae
Polypedates sp.

2 ARBERNERY

FEF Rt IR R SHFER YR RSN . WKERNFR R L, BT K . 48 5
WiZRZE YR N 4> B 158 3 1 [F] R Y A0 35 : 4-epiTTX, 6-epiTTX, 11-deoxyTTX , 11-deoxy-4-epiTTX , 11-norTTX-6
(R)-ol, 11-norTTX-6 (S)-ol, 11-norTTX-6,6-diol , 4, 9-anhydroTTX, 11-0x0TTX, 4, 9-anhydro- 4-epiTTX, 4,9-
anhydro-11-deoxyTTX , 5-deoxyTTX , tetrodonic acid '*! |4, 9-anhydro- 6-¢pi-TTX *°! 5,6, 11-trideoxyTTX ') 4-
CysTTX V2% iK% R R HFR PR LEEHmE 1 PR . xR RYE a5 KSR MRS ED &
BAEXT A KE LR RY S, 5-deoxyTTX. 5, 6, 11-trideoxyTTX , 4-CysTTX .4, 9-anhydroTTX . 4, 9-
anhydro-6-epi-TTX | i JKBR 45 [7] R 4 TR PR, SE ETRF T 11-0x0TTX B HA WL, HAE PE I TTX
f4 ~5 455,
3 BRERNESER

W RFER LH R R A A ) Z 70, SRR R TR A BB AESER . E&AWK
FRNAEY IKEER FZ 001 AW MR R S0E AGE JFE . O SR S5E I, T ¥ 80 & £ ( Hapalochlaena
maculosa) " FIBWAHNY " REW A EA TIX KT TR R LA WIRR MG (0B 5 H A SR % )
K

SR T YRR EE RN W R ER BA EENRPER, TV E RS R & o 7E D0 B} (Te-
traodontidae ) F¥A] R £ {2k 3 K 18 P B 5462 W) 3T K 28 3%, 41 8 ( Cephalothrix linearis) ™" 7 i 881 ( Taricha
sp. ) W #k (Polypedates sp. ) | & 3k & ( Brachycephalus ephippium ) 55 Wi ffli 3 ¥y ip LA 1R % 73 W R I B
G123 00 AN O FBRER BT ST  R B, FEMEVE IR R, TTX R [R] R 8 B Bk v 2 BI85, T 7 O e
WE A RS PP A B e, LB SR TTX S BB o TTX KRR Y 7E sh i B ik A 5L 4 o 43 A 1
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B TTX Al BB B A E R EEMIER . 1EXT 36 E R ERYE ( Taricha granulosa) BEFE R 3L, 33 K B AR ik
B, X PR 55 HAH B AU e ( Thamnophis sirtalis) 2Z [T B B HRRIF GG . (RS TTX [HigeE
5xb TTX A EATH 32 S i i A XA TS, THZERT TTX 58 T 52 7 (e 00 3 3 DI, ek Py & A 388
FAER TTX P AT DADGRA , YT K 0 TR R R B A4 A RA AR . Pires S5 763 B2 Y
MRP AR, ESANEKERN LR Bz, MR TeR SHEANNERSBFE—-ERX
Fo WA ST EMER S R BEE R i — S, AN ER SR E R XRIVEME ] LUEN AR
IR R RS R BARIEA S . SRSk LA B ZEMRENRE, WhE LB
B P A T KB E 0 . 7EWEME ( Taricha torosa) ™) i (Atelopus chiriquiensis) ™" 1% 22 #a ( Hapalochlae-
na maculosa) ™" | i B ( Planocerid sp. )" % 34 i) U9 rp 5 8 4 W 2] TTX, 7E 78 3£ WE ( Notophthalmus viri-
descens) SRR Brik At &A TTX! ),

FE R AR Toxins Rl R2 R3 R4
TTX H OH OH CH,OH
4-epiTTX OH H OH CH,OH
6-epiTTX H OH CH,OH OH
11-deoxyTTX H OH OH CH,4
4-epi-11-deoxyTTX OH H OH CH,
11-norTTX-6(S) -ol H OH OH H
11-norTTX-6(R) -0l H OH H OH
11-norTTX-6,6-diol H OH OH OH
11-0x0-TTX H OH OH  CH(OH)2
FZE 4R Toxins R1 R2 R3 R4 R5
5-deoxyTTX H H OH OH CH,OH
5,11-dideoxyTTX H H OH OH CH;
6-epi-5,11-dideoxyTTX H OH H OH  CH,
1-hydroxy-5,11-dideoxyTTX OH OH H OH CH;
5,6,11-trideoxyTTX H H OH H CH;
4-epi-5,6,11-trideoxyTTX H OH H H CH,
FE R AR Toxins R1 R2
4,9-anhydroTTX OH CH,OH
4,9-anhydro-6-epiTTX CH,OH OH
4,9-anhydro-11-deoxyTTX OH CH,4

B REE R KR R
Fig. 1 Structures of tetrodotoxin and its analogues
a. PEEREAITE KW R Y Hemilactal type TTX analogues; b. PEAIH: K 6] &4 Lactone type analogues; c. 4,9 i /K Al#: & 6] &Y 4,9-anhydro
type TTX analogs

—Segh Yy T KRR R RS TR R A P R . 80 4 (Hapalochlaena maculosa) FULF &
9 3h#) ( Chaetognath ) RERE -5 &5 TTX BOTE R, 7 HATE VA0 R 1A 7 31 o2 T 5 8 RV L 59 5 8 R A 11 o
(Lo e, 72 05 £y 9 TR A, 73 W0 £ 30 A B B A0 A 1 P, o R FE LR 41 it ( Cephalothrix
linearis) 1 ji 8 ( Planocerid sp. ) ¥, FIK#E R KHF R YEHBAH TS BYHEE™ 2 g™,
i BAER AR BV WG AN TTX A 11-norTTX-6(S) -ol F& B4 T I, X W UESK I KR R7EM R A2 P AR
R T HEIESE . WA, SR FERNAEYA SN HEREA — 2N Z T, XUESEMNERELESH N
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RER Y B BRSNS,

B AR EMERZIN, MKEREEFHEASHER. YA MENKERTUENMMEFER, &
T R £ ( Fugu niphobles ) i)™= BRZ= TR B W 5| MEPERIVE AT o FRBEE IF SR B B, R8T K3 R e H DR A1 40
R R TEHEIR R AR, 3 ST KA 3R 2 DA OB 400 L R ke, T BSLER FRE E T IR AL BB B SRR Z B 1.5 ~ 15
pM HIFEER , X & SUEVET IR Aok, TR B2 BT Th R 1) o 7t 8 A& TR EE K A
KRS HAT LI R I, BRI R RS YIxT TTX B —E i, WK R & 2l 1 E 2 R 5E3)
By, % TTX foatEmR e B . 7E5F 204 M AR B 2K 8 % Pseudocaligus fugu F1 Taeniacanthus sp. RFFEH &
B, HAKNFAAE TTX, T EX P AR A7 AR B RAA7E TR T K A I IRSR X R ITI KRR R A P RB 2 S BUX g £
LW EEFE . WA, B AP TR R B A R K A e e R
4 EYIARESEROTZERRENS

KRS ENTR WS FEENEFRER . WEKBERSHE FEESE)E, HIEsE T
FEA I, AT ELET A 22 AL DY P XA G B0, B AR BRI, P o BT R PRI M T S i gt

BTEERNEYASE AN FBER T SR, M WEKEREA — W2 . BEEHKS
R, AR KX R R W32 07 /B 300 ~750 4%, T 03 Y TR K SR KR 3R T 32 0 002 /N BRI 13

~15 f550 B VTR 2R 4 5 A BB ( Zosimus aeneus ) FIESU % 158 (Atergatis floridus ) Yot 1] JR 2 3 ) Tit
32 thimE FREMAES

AFENN, KEREAYEN RS SR ERNEBSS , AR EEEESL, XAV KER ™
HTR 2 e RR Z — " B RSEHe R I, 24 T0 5 AR IR 2 35 VA 1] K 5 R O AR R IS AR 28 5 o T R £
ERER, AR SHEM—STHAR, WA EHRMA SRR IKER MR, ZRENER T
ST R AR 2R A B B BRI e VAT R £ AR ET) - 1A H S 36w 2 B, A 9T R 8 G O B DA ¥ R
HEENKRER, TS EENSIN S L6 ( Takifugu Pardalis) FFEYI R XHA KR R E £ BEH B& & TRE
VR 2188 2 40 ( Takifugu rubripes) ™ o 1 1t B ] K #8 0K PU 7276 5 O AR BT IR R IOWLA > . BIFSE
5 WK £ ) 1 2 R ARG 3 TTX 54 B F G R T THFE ™ . B R a2 oh, e — s g A
KR A AN A R RGE R, AR KR, NESTTIKER K 5% (Hemigrapsus sanguineus) K H
BB E H RE M EABIEAA A TTX ' HRTXH T TTX 454 % AR AR IR R T % , (Bl %A
HENMESHEEYNERNIMZRFRNRBLSED ZE—EREM,

— S0 M KR R AT A2 P 5 AR B AN BB SR 5. BRFT R B, 3 x 107° M F¥al K 8 R
Arothron hispidus 5§ 7 FA] J5K £ LY B SR B AL B2, T 3 x 10 "M FYA] K EE AN BHLIT T 3 FhAS S K
KHH AR S R A o KRR 2 45 A AL T4 B 38 3 P9 75 B AR ST ) JR AL X 358 ( P-loop ) , XA i
R BURA B 118 (TTX-sensitive Na* channel ) fEZ XA 5 TTX SREEREMPTEHEHEEER ., WRIZX
HA S EEEERAESEHEEERWAERER, MSBEEWES TIX 50 RAHE, ATfEHEF
IR PR R R B T8 (TTX-resistant Na* channel ) ') 3 33 X 0] BK f ( Fugu pardalis ) & 8% L
Navl.4 @) cDNA Je[H ¢ 5] K3 BT A I, 8 R Z5 R T M afLIX B 401 B EH — 135 &
TR, B RABEREER , T LA R A ) R R B 4 T BB S5 IR ) B e B 1 TTX Tt 32 %1 . ZE iR S
BB A B AR rh , ZEL SR U ER, — S e X K R B4 T —E W 32 7, T L, A [ 3 DX (0 3Ry
WEXTR KEE R T2 DA B 2R XX SR IE R Navl. 4 SEEFEAT 007 R, T 5905 B B AL R TE
401 {7 R ISP (BAESE AR IV B RFLIXEUR A T JLAL E AR B4 . 7E Willow Creek b X R HE ) Na,
L4 EBEMEEWEL IV AER 3 NEERMN B, %M X FH X TTX 752 77 b Benton #b X [ 5 B4~ 4 &
%, WNEERag | AMEERER S BT, R IK S5 i b R I R EE K i 32t 5
HERNFMZITTHANE FEERE T BRERBRA R XPMAEYZE R —AFZEZH 82, JLF A 1R
R ExT TTX R —E BT 322 , T ELA A R 2 AL, (B R —E#R s e B X TTX A2 71 .
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MRSRARRE
TR RTEMFTEE Y P I 20040 O B M rp B N —REREFER T, K ERS

W PERE, FEER R AR A, EHE B AMAE TN —SEREHE£4 . A 20 it 70
SEAR AR, 3R 2 0k & Ak R FA SISO ( Nassarius spp. ) S HBHELE, SBOE AP FERERT. &
ORI, MK E RERRY RSP ENALZUR RN FERFEZRS ST, Rog R —RE Rttt
Y, AR IR R & B A BB A2 M AR , X 7T BB 5 HE R BB P I A S VE A %0 HE W T4
SO YA R FE 2T B AR SR, B T BRI R L BOB IR T AR A 1R R AR A L 8
A, R AR v T R SO BB AR b, I FEAR KRR BE b IR 7 3 & SR B R A AR I A B
A5 SCE 1 X R EE R LR R R R AR R EAR RS AT FES A EETRAE NS
VE RIS AT LR, T IREE R I AR S TSR T R VORE . IR, 2% SCE% IR i 225 SR s Sl 2 B 95 12 N
PR R R, DA RO IR R AT 2 S I BT R SR R B
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