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Molecular Identification and Toxicity of Pufferfish Juveniles Contaminating Whitebait Products

Aya KiriAkg', Akira Onra', Sakurako Oravama’,
Keiichi Matsuura?, Shoichiro Isaizak! and Yuji Nagasamva'*

! Tokyo University of Marine Science and Technology:
4-5—7 Konan, Minato, Tokyo 108—8477, Japan;
% National Museum of Nature and Science:
4—1-1 Amakubo, Tsukuba, Ibaraki 3050005, Japan;
*Corresponding author

Catches of whitebait, sardine fry, sometimes contains other marine animals, including fishes,
mollusks, and crustaceans, and therefore boiled and dried whitebait products may contain these
marine animals if sorting is incomplete. In September 2014, contamination of boiled and dried
whitebait products with pufferfish juveniles became a serious food safety concern, as tiger puffer-
fish Takifugu rubripes juveniles are toxic and contain tetrodotoxin (TTX). The toxicity of the juve-
niles of other pufferfish species, however, is unclear. To evaluate the food safety of whitebait prod-
ucts contaminated with pufferfish juveniles, we identified the species and toxicity of pufferfish
juveniles contaminating whitebait products processed between July and September, 2014. Nucleo-
tide sequence analysis of 16S rRNA or cytochrome b gene fragments of the mitochondrial DNA indi-
cated that partial sequences of the polymerase chain reaction products of 15 specimens were identi-
cal with those of Lagocephalus spadiceus, and partial sequence from 2 specimens were identical
with those of Takifugu vermicularis. We analyzed TTX by liquid chromatography-tandem mass
spectrometry. TTX was not detected in the L. spadiceus specimens and was below the quantification
limits (30 ng/g) in a T. vermicularis specimen. Based on whitebait product manufacturer’s re-
search, 795 individuals and 27.2 g of pufferfish juveniles were detected in 8,245 kg whitebait prod-
uct. Thus, the ratio of pufferfish to whitebait product was estimated to be 0.096 individual/kg
whitebait product and 0.0033 g/kg whitebait product, respectively.

(Received October 1, 2015)
Key words: 7 7 pufferfish; fifiijuvenile; L 53 whitebait; B A contamination; SFEH5| fish spe-

cies identification; % toxicity; 7 7'# pufferfish toxin; 7 M@ F b % 2 ¥ tetrodotoxin; I b2
¥ ¥ 7DNA mitochondrial DNA; 16SrRNA; ¥ 7 T2 A b cytochrome b

TRER: NHEEH ((F8KS1~S83) 12J-Stage® B AR WA ¥R (http:/dx.doi.org/10.3358/
shokueishi.57.13) CTHETZ 5.
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Lot AEHOMHBETERERIIBV CRERIELL
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BIlloTEHLSRLRY, BOTLAbDOEEHBITE I
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IS LBTMTMIZ, LodTUAoRaRY, =ik
EORBE, A /95 IOHREBIUTEN S OHEIR
ALTwBZ N DD, 2014488 HHIRITHFT,
RO ATVRA T VD/NEISy 7127 THBRINBALT
HErd ), EEFHEIZFEHREECHLT (771285
BEREHLEOETEEGREICOWNT] OEBEE LT 12
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ChaHgr LT2014F 9L S TMIMAIZ 7 7 HEMA
DRAHRTHE Sh, EEFEE S BWKES, N
BREREERER, #AHKRECTE, 77Ed#ATHo
THLHEEZLOBNNDH L7280, 77HADRBALLLSLT
AFBL WL S HBEE 2O ICERE, WStELR LICE
BHGE 21T - 72,

LaLads, 77#A0FRICETLIMERIDEL,
b9 7 7 Takifugu rubripes DIRASPR{L L, FREAICHEE
THBETOFEUREEARLEETH LY. ABEORR
N7 ZRLRIL, 28 BbsedoF bu R
F v (TTX) REIREH—RHIC4~5HmL, £
DBWW L7z, BALESZO—RKFRH %2 TTXRE O,
BALIZ X W EREFBL L2220 T, M1Eg»rSRELL
FRAIEALZVOTTXER I OMEL A2 xR
ol Tihbb, TIXzROFHEN» WL LHE
FRAIZIHOTTXPREIN TS Z L35 o7:.

LSTMIRIICEBALTW 7 ZHAIZOWTIE, BD)
BDATRAL TV 7 FHAOREENI M ESICL - T
HWEENTVEY OATHY, I ba¥ F1)716S rRNA
BIXOYIrU0Lb Y2 RAOBHSEE,S, BA
LCwico7 Z7# A% F > 7 7 Takifugu vermicularis & &
L7z, F¥I77HAOERI~ Y ARBRETIEIRHE SN
T vy A2=v b (MU) /gkifi), HTTXE ./ >
T — Vi % i\ 72 ELISA #: ¢ 3 MU/g O TTX % M ih
L7248, 770FNFI0MUgUTOEE, EHICHEL
The FOREELZEL ) BRIV EHIRsh Y,

L2, LOTMINRICEDL) RBED T 7S, ¥h
{HLVDEETREALTWAEDD, #LT, BALLTY
DHEHURLERSICHETAMEIBO T R, 22T, K
B7eTid, 7 7HANRALL L STMIROR e
WWETA720, LOTMLRCBALLZY FHADERER
EE2ITv, BALZ7 7RAOCELZHIIL, TTXEESL
e L7,

ERAE

1. § £

FHT2014ETAPSIFITKET, FESN/ALOT
MTEIZBAL, HRMTHLREZBWTAB2L 7 7L
HEIN-EAZRBE L APITEE SN TERE
FRZBICEHESN, FHTSFT—25CTCHERFEL
AEOKRBTE M IH (B4%) % Table 1LIT/RL 7=
FA—omIFEcRLARBs - DE 1200 Y b
L, 170y PEERICHLE. 22T, LoTTLE
L0DAFRAET, LSTMIME LTERLTS.
TIXAHD I Fa— e LT, HROLLTHIGR
(LeTFL) 2R

Y EENHEERELREGLERENTEH TSI E
HREFHOEFRREIIOWT. FHER, FR2649A8H.

2. FAEH A

Lo MIEREED O UDRBHN LAY FHAREZ
HErEUNRERICESESEL. LoTMLAIE
ALTW/o7 7FfEfid, RPBEEL B, SHEN
WKEELZZ K OBENREIEbL Tz L, #hE
HO/NROFER DA DORE, FEEOFEONRY -8
JOREOEE 2 LI RERBEMET CHECTE /-0
T, CNODORBICL o TRLANVOGEEITo72. 856
2, SNy B ERINARIIOWTE, BEOBE
EHWCHELXVOSEETT- 7.

oy MECERBSE TR LTSN SRS,
1EETOBIKL, BHBICHW: 77 A0 B,
BEASHEEEENREREERO [AEERLED 7 S
BABREIZOWT] (B 204E) ™ 3B L U° [ A AN T &
07 FREEINREEICOWT] (PR 284E) k72§
bbb, £uy brLERENUEKEZED, GFF17HEK
(B R 2, REE2MESF LKBR2EEK BBEEsHE
1, REARE 2k, EHAH4ER) OBE (15 mg) »
LELET7A VA ER)E RE) @ Quick Gene DNA tissue
kit 8B £ (FQuick Gene-810% V> TDNA L fHH L 7.
WMEBLAZDNAZSHRE LT, I b2 FY)7DNADI1GS
rRNAE 2 IE$ 5 75 4 v — (16SarL; 5-CGCCTG
TTTATCAAAAACAT-3" B X *16SbrH; 5-CCGGTC
TGAACTCAGATCACGT-3") /i3 ¥ b7 o2 pfEl%
Wig$ %794 <— (L14317Gly; 5-CAGGATTTTAAC
CAGGACTAATGGCTTGAA-3' B L UFH15149; 5-CCC
TCAGAATGATATTTGTCCTCA-3), BX W% & 53
A F (BB (3%) »TaKaRa Ex Taq % T PCR#EIE
%417 72. PCRIIE£98C10%, 55T 308, 72C30%
% 354 7 VTiTo72. PCREW % Big Dye Terminator
Kit ver3.1 (Applied Biosystemstt&l, USA) TI~NY v
7 L, ABI PRISM 3100&!DNA ¥ — 2 = ¥ — (Applied
Biosystems#t8#) % B\ CIEZEERE % BT L7z B L
73 EEF %, nucleotide BLAST (http://blast.ncbi.nlm.
nih.gov/Blast.cgi) THEL, HEiel .

3. TIXDEE

TIXDOEERIZIZ, LEOEHNEFAT Yy MIEEND
RE &, BRBOECH LA IS 7 FHATHE
¥fEAE (10.1~03g) &—LC, TIXHHHARRE L7
TTX DML, KHEERERSELERY CRRO
FBIZHE C-REBRIMBETIT o 72, Thbb, Bt X
THIIL, ABEEDIBREMYD0.1%MREBML 7.
WIS AHBEN 1 mLIZHZ 2 W4, 0.1%FEER 1 mL
RRMLA. AREIEBRMTH D20, FEBREME FR
T30S MEEL, 150HBERLE (2510-J, Bransonic

* BANHEEEATREREZLSEN AFREELSO7RA
BREIZOWT., BEEHRLE 04250055, Fl204E4H25H.

* EANHEAEEERRAGRERN HALENLRO 7 rEE
BIMAEEICOWT. ARWTE 09065515, T 234E9H6H.
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Table 1. Species identification of pufferfish juveniles contaminating whitebait products
16S rRNA Cytochrome b
No. Place Species identified Concordance Identity Species identified Concordance Identity
rate (%) rate (%)
1 Shizuoka Pref. Lagocephalus spadiceus  556/556 100
2 Shizuoka Pref. Lagocephalus spadiceus  569/569 100
3 Hyogo Pref. Lagocephalus spadiceus  569/569 100
4 Hyogo Pref. Lagocephalus spadiceus 569/569 100
5 Hiroshima Pref. Lagocephalus spadiceus  569/569 100
6 Hiroshima Pref. Lagocephalus spadiceus 569/569 100
7 Ehime Pref. (Uwa) Lagocephalus spadiceus 562/562 100
8 Ehime Pref. (Uwa) Lagocephalus spadiceus 467/467 100
9 FEhime Pref. (Uwa) Lagocephalus spadiceus 468/468 100
10 Ehime Pref. (Uwa) Lagocephalus spadiceus  465/465 100
11 Ehime Pref. (Iyo) Lagocephalus spadiceus  545/545 100
12 Kumamoto Pref. Takifugu vermicularis 541/541 100 Takifugu vermicularis  401/402 99.8
13 Kumamoto Pref. Lagocephalus spadiceus 544/544 100
14 Unknown Lagocephalus spadiceus  469/469 100
15 Unknown Lagocephalus spadiceus  452/452 100
16  Unknown Takifugu vermicularis 506/506 100 Takifugu vermicularis  402/402 100
17 Unknown Lagocephalus spadiceus  462/462 100

Ultrasonics Corporationtt#, USA) L 7:-, MEKE
PTIOBmE L 7z, WwHE, EO98 (1,480%g, 5
) (w4 7 2% ELR L3740, ARHABERE, KR
LT REICoE, HOBEMN A8 (Amicon Ultra
centrifugal filters, Ultracel-3K, nominal cut-off molecu-
lar weight 8k, Merck Millipore#:#, USA) TEHSTHK
nEERE TTXEERRB L L.

TIXDE R, LC-MSMSHEY Tiio /. SHiEIC
X, Waters Acquity UPLC-Waters Acquity TQD triple-
quadrupole tandem mass spectrometer (Waterstt &,
USA) 2 L7, 54 H 9 213 TSKgel Amide-80 (0.2 X
15 cm, 8 um particle size, BV — (B0 B, ®x), BEIMHIX
16 mMFET Y E= 7 ABEHE (pH55)-TEM=FY
Vo (4:6,viv) EHWT, ##E0.2mL/min, & J ARE
25CTHOM L7z, TTXOMMIE, L7 baXSL—4
F VAEERTY T 4 7 — F, MRM (Multiple Reaction
Monitoring) €— F2HHEL, TV —H—A4F & LT
m/z320%, 7u¥F s L Fe L Tm/z162% Wiz,
TTXEE D720, BHRBIIIHEMETE B R (KR)
DTTX (7 7ER) #Hwiz.

i X

1. mEHA

AR THLSTMIKBA T FHEALTHEED
%, 154k (No. 1~11, 183~15,17) &, HEANHEARD
Wwrdy, BlEARZELTCw Fig. 1, #5955
B3 J-Stage D H A ME 4 255E (https//www jstage.
jst.go.jp/browse/shokueishi/-char fja) CTHIETX 5). %
T2, BRBWXIABESAL Tz, ChoOB#PS,
1BEED 7 FHEAZF AT TBEHN LY. 8612, 7
FHRAOHIZIZ IO N7 7ORYMTHLIHEBORELH

TAHEAEDRONA (Fig. 1, No. 4,7,13). LA L, BiE
OEFITEEESKE L, BHLECIrOE - -HBE T
SEXET, ERATREIELY, EHAEAD RS
Feuhiz (Fig. 1, No. 3).

—7, No. 12& No. 16 T, AKRIZ/ABIER ST
HEACHHBEORTF L ROk d o7 (Fig. 1). No. 16
FBEFE L2 o728 No 12 TIEAH L FRHIERE
BLTWAIZEFHETES. 20X ) RIS,
AT N7 7B TIREL, P T7BEHMLEY.
EHIT, REBIMNEFRONR WD, FFITBOHRT
b, TAATZY, vav¥A 727, 7277, ehivors
DTN PThH S Z LN IBEE» SRS .

TMAOEEZANT L0, FHREOHREL S
DNAZHHL, Thz8g8E 1L <, I b2 1) 7DNA
ND16STRNAT 54 < — % fiwT, PCRERZ{To7z&
Z 5, 600bp DHWIREMH»H LN, I OMIEEWD 16S
rRNA 5 IR OIEIEEH % T L7z (Fig. S1~83). #&
#No. 12 &£ 16 % B £ 154K, nucleotide BLAST %%
DR, wIihd ¥ aY%INT F Lagocephalus spadiceus
(Accession No. AP009538) MDIEEESI & 100%—F L7
(Fig. S1). $2fE® © % F 7 ¥ Lagocephalus inermis
(Accession No. JX995929) L iX3iEEOMHENR LI/
e, INL15MEKEIOFNT I EHP LR (Ta-
ble 1).

—7%, #FNo.12£160D3I b2~ FY 7DNAD16S
rRNAZR - Ik D EEF) 13 F ¥ 7 7 (Accession No.
AB741999) & 100% —FH L7225 H2RFOI <77
Takifugu xanthopterus (Accession No. AP009533) &1
BELPEBVLERP5720T (Fig. S2), ¥ M7 0Ab#H
BIZBT HPCRZAT, [BOMNIHIBEY (§500 bp)
OB E BT % 1T\, nucleotide BLASTHRE % 17 o
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No. 3 No. 12
No. 4 No. 13
No. 7

Fig. 1. Specimens of pufferfish juveniles contaminating whitebait products: Lagocephalus spadiceus (Nos. 8, 4, 7, and 13) and

Takifugu vermicularis (Nos. 12 and 16)
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Fig. 2. LC-MS/MS chromatograms of tetrodotoxin standard (A), juveniles of pufferfish Lagocephalus spadiceus (No. 14) (B)

and sardine juveniles as a control (C)

7. FORE, HFNo. 161X, 73772 (Accession No. No.12&¢ 16%F ¥ 7 7 L HB L7,

EU274421) & 100%—% L7, #¥No. 1213, F¥ 775 2. TTXDH

L 1EEROMESR SN (Fig. S3) #%, E2EmHOIE FHR AT 727 RO D B, FHE GUE No. 1),
> 7 7 Takifugu poecilonotus (Accession No. AP009539) EER (AFNo.3), EEE (AENo. 7~11), BEBAE
Eid, 414BEEPUBEEOHERH o En b, A (A#No. 13) B L U EHAH (B No. 14~17) D12
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Fig. 3. LC-MS/MS chromatograms of tetrodotoxin standard (A) and juveniles of pufferfish Takifugu vermicularis (No. 16)

(B)

Table 2. Tetrodotoxin content of pufferfish juveniles
contaminating whitebait products

No. Place Fish species 11X
(nglg)
Shizuoka Pref. Lagocephalus spadiceus ~ N.D.*

1

3  Hyogo Pref. Lagocephalus spadiceus  N.D.

7  Ehime Pref. (Uwa) Lagocephalus spadiceus  N.D.

8 Ehime Pref. (Uwa) Lagocephalus spadiceus  N.D.

9 Ehime Pref. (Uwa) Lagocephalus spadiceus  N.D.
10 Ehime Pref. (Uwa) Lagocephalus spadiceus  N.D.
11  Ehime Pref. (Iyo)  Lagocephalus spadiceus ~ N.D.
13  Kumamoto Pref. Lagocephalus spadiceus ~ N.D.
14  Unknown Lagocephalus spadiceus  N.D.
15 Unknown Lagocephalus spadiceus ~ N.D.
16 Unknown Takifugu vermicularis <30
17  Unknown Lagocephalus spadiceus N.D.

*N.D.: <10 ng TTX/g

ARHZDOWT, LC-MS/MS TTTX T %4170 72, KB
ELT, #AFNo. 14 (a7 7)) L3P No. 16 (F¥
77) O AZu< M5 A% Fig. 2L 3I1TRT.
oy eI R TIRZ e b AL,
TTX DREFRER (14.74) C¥—2ZRBAELIAT, wHEE
LTHWZLSYTTFL (3 bav F1Y 7DNAD16S
rRNAZR S ERSIC X Y & ¥ 7 F 4 T ¥ Engraulis ja-
ponicus (Accession No. AB246181) & ¥ B]) & [H &%,
TTX ZMHRAR (10 ng/lg, S/N3) KiiTHo7z. —h,
F¥ 7 MBS Nz E No. 16 TiE, TTXICHYT S
PRFERERIANE (12~134F) (CHHBRARLLE, & TRME
(80 ng/g, S/N10) KiD/NE ¥ —=rRNR sz &
#No. 14 (a$,x77) LRFNo. 16 (¥ 77) 122

W, SIR (Selected Ion Recording) 2T TTX B 4 &
DHW % AT o Tzl SN o7z (RREF).

E s

AFFEIE, 20144E7 A5 9 BICHARBRE TGS, ®
BEENLZLLTMIMICBAL TV 27 iR &
TTX 5 247, 7 7 HEARAOEREEZRAELL. LS
TIMLECEALTW A7 7HADOY 4 X3 Emm b 5
SecmBETH o7z, EHIZHRE L, 15BN
77T, 2RENF V7S B SR, BAREHBED Y
N7 ZidEE EFHME 10 MUgRT) LE3hTwb
AV F VT ORBITINE, T EAEEL NV
(FMEME 1,000 MU/gU ) OFEHRZFEOZ LIHMESL
TWwa2  Lapl, SERAXRZFY 7 7HATIE,
TTX L fEE SN RSB I N 00, TIXEREIE
30 ng/lgKili TH o 72. TTX D #HM (5,000 MU/mg)*®
Ph, ThimHEICRE T 5 L 0.15 MU/gRiiE 2 5.

7 VHEAMRALL L S TMITROREMEZFHET 5 12
i, 770FRELEREAERL2TRERL RV, £
D7zHITIE, LOTICRALTW A7 7fAOEEE LS
TOBEEZHMAVLENH L. BELLT, LTI
LEOBIMEEICB VT, LOTMLEND 7 FHEADRA
KERARLEI A, 330y +8245kgHh 5, 7 7MiM
795k 27.2 g &N ™. ZoERS, LS
mlkgX7-9 07 FHEADOERAIZ0.096E&ET, L3
Tt 104 kgl 7 ZHERMLEBIRALZZZ IR B, &
Nz2ERBICRETLE, LOTMIM1kel72h 7 7%

METAES HSHAETREMME.
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00033 gD/BALESE. ZhoDfEie, 1HICERSL
bR (LLTBALTHNI~20g LOTHTH
60~80g*) #E2 5L, 7/MANRALLZLLTREA
NGB DREANDOEEBIBD TEVEWR .
SRPE L7 FHAD L TTXIZRB IR d o loh
B ENTOERTRERGTH o 7228, 77 0FRITA
I X BER L IEGRENKEWY, F5 7 7OFHA
DM % P72 Nagashima S L i, HEOWED:S
WAL b 7 7 HFHARTIX 28 22 EFHEINT
W32 Lzdto T, REFEFELETIFHEADS S TTX
PREENATEENRIH L. 020, S#LERALS
BEEL, LoSTMISCBATR 7 70EE FEieoU
RSB EAT) BEND 5.

& ¥

RFFEO—HIE, P27 EEELGHRFEH LR
EEMBEMMRIEETE (<) Y bV 0 A7 FHIC
B3 5hfsE]) (H27-Rdh-—#-009) X DERLZ F
MECHY), BELABZREL TS o 22EKE
Hitfs, HERETTISEMRTS, FOREE T FA
&, ETHAER HSHAETHE, £amheEtid, &
HItBpkRatt, SRS UV — T v R UITERT 5.
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