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Summary

Studies on the Toxic Substance of Mussel (Mytilus sp.)

Joong-Kyun JEON

Korea Ocean Research and Development Institute
385 block, Sadong, Ansan, Kyonggi-do 171-14, Korea

Attempts were made to search the cause of food poisoning
in which 15 persons were intoxicated and two died by ingesting
the mussel Mytilus sp. from Pusan, Korea.

The mid-gut glands of the mussel collected, soon after the
poisoning (early in April, 1986)-were extracted with acidified
80% ethanol. The exfract was defatted three times with dichloro-
methane, filtered through a Diaflo ultrafiltration membrane
YM-2 (cut-off limit; ¢ 1,000 daltons), and then purified by
chromatography on Bio-Gel P-2. The toxic fractions obtained
were analysed by cellulose acetate strip electrophoresis, thin-
layer chromatography on Whatman LHP-K plate, and ion-pairing
HPLC analyses.

The results showed that the fractions contained GTX1_4 as
the major component,together perhaps PXl—Z' It was concluded
from these results that the poisoning was caused by the PSP

which had accumulated in the mussel.
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3, 27kl 2 2 %9 ZiHAE AW E #hstd dHS Yook o
PSP b2 @ 7/HUehE vl st 3, ERotAoF, AKX SolAd MBS
doylzm glom, %3 HEH Mty o & EHSt] YAEY oo WH H
%2 %754l (Halstead 1978, Hashimoto 1979) ’

PSP i S3toll o3&k o] wol, Aol = mytilotoxin =2 mussel poi-
son %02 2% s or} Schuett and Rapoport (1962) 7t 7] 27 B <)
Saxidomus giganteus o) #H-S 5@k - K5H5te] saxitoxin ( JLF STXE B&E3H)

o2 @43 H, ol AV EE ASSHE HAdSh 2y &R e HRe

oT

oJste] PSPellx= STX o] BE—®4¥ ok et +#EHE =7 #dstz U5
< oA = 9lce}l, (Shimizu et al.1975a, 1975b, 1976,1978 b, Oshima et al,

1976 ,1978, Hall et al.1980, ¥k 1980, Kobayashi and Shimizu 1981, Noguchi
et al.1981, 1983, Onoue et al.1981, 1983, Wichmann ef a/,1981a, 1981b, Ha-

rada et al. 1982,1983, B 0 1983).

PSP & ftr-go] v 3, &5 FHHEZA #io] dds] 73l RAY
JEEo] lImgAxolv, m3t SMAYW HE Fo] Ho]F& (Tetrodotoxin: LAF TTX
2 #3 ) 7} o & FA}s)cok (Hashimoto 1979).

B BAol A& PSPo] o & Aoz o= o]z &= o] 2 A FEastr) =
stou 2 FER A s A8l & 4 ek e v Ad 4 Agrel B
Mol BMEEENA Bl 2olde FRME J2 fF¥EAX b K] aHES
doA 2 F 240 Fdte Ty BASA wtge HE S T A

K e o] HHKS RHES Wsty, AERSY AL T @RS #wslv] 95
of &IT8I o}



Aktel TIME PREFLOT BAZ B 1 EA R FHohR A BRES
o] HRFA BIERK (20C)d AL A HtERgl FHIn G
Aee # 58 ¥ R AN

E2H HBRIGE

SHRE

R RS RRHEY %, BB B2 MEstd [ ERRRWEEHT |0
PSP sifkikol ohet MsEshaleh (Kawabata 1978). %, hIBIRE =Habapuel 4
of 0.1N EBtCZ MAMIMT ¥, WOSHSI] Bolx LBk 1mg vhgs
(ddY i, 2 18~20 ¢, 8)9) BB HHHSn FAA A A AERH
2 WEstel #HoZ BESHATh 1 MUCmouse unit) = filE 1mE IESIS
o wpgasl 1550l FEeshe BHE e

F9 HaEN

T FBR A FERG S hhiHSte] RSt BEE 28 1 el
of. BEER SR, $ PSP Y WKl A7 ol #BiEHE 22 W2 K
FH5 GEMHSe] Noguchi ef 2l(1986) o FHikg 7k WP HikoZ KRS
ok & REERT A wRSS R vH2=F FIAHZ bioassay ik, HE
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Material (118 g)

Homogenized
Extracted with 80% EtOH (pH 2)

Extract (58,000 MU)

Defatted with CH2C12

Aqueous layer (56,000 MU)

Ultrafiltration (cut-off; (1,000 daltons)

Filfrate (56,000 MU)

[ |
(27,000 MU) Lyophilized
(29,000 MU)

Bio-Gel P-2 column chromatography
Eluted with 0.03 M AcOH

Eluate (20,800 MU; specific toxicity 220 MU/mg)

Fig. 1. Procedures for purification of mussel toxins.

3.8vr}E 7849 (Thin-Layer Chromatography : LA F TLCZ M), BERH*E5H
¥ 2 Etkkewise 32 vpE 7 2b9) (High Performance Liquid Chromatography @ Ll
T HPLCE B3) o 9 sttt

Rpl HipiR (oF 118 ¢) ol HiEgo® pH2 Z GHEIZE 80 % oleb2g 3%
B mste] 540 HEASIA ol F 6,000 X §& 104 #misEEstd LE®K
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S AUk BmES R Hro® 2@ ¥ shtisln BOSEEIT dolA LBK
25 sl 40 Coll A BMEEMESIG o (#ME R 58,000 MU) . o] SRS
dichloromethane © 2 [Rf53t oh2- ¥ 9b o] WEERMSIH oh (&R 56,000

MU) . o] EB#WKS c©}A] Amicon o] Diaflo ultrafiltration membrane YM-2(cut-

o

off limit : {1,000 daltons) & fif Figt MAWMBE Tt ol FH-S MK ol Al gt
RS Aok (HE&E 56,000 MU ) . dol Al MW+ —#v misigstd REsts,
U] (# 27,000MUo) A%}) 5 Bio-Gel P-2 (minus 400 mesh) 743 (¢ 2.6
X 90em)ol HEAA 0.03N S (st Aodjazrieaeld s 39
o Biid AHEES T Lot mibksgsta, o] Wy kus F(MER 20,800MU,
et 220 MU/mg) & fERSEY LITFY E&HE, TLC 2 HPLCE #HR59
RE g ¥ st et

ER k& (Electrophoresis)

BRKBS 5 X 18ceme) WFZ 2 ofyelo] Efgi (Chemetron, Italy) & i
2 3tz, @ffol 0.08 M Tris- HCI & (pH 8.7) & Sl 0.8 mA/cm
width o Fift 2 305 M Bt ch ®kBHS v} e HREHRSR, 1% B
LA#S wFEstel 110 Coll Al MM F 365 nme] UV lamp Fol 4 HHS B
sl

TLC

TLCelli= LHP-K plates (Whatman, £B ) & i fistg 2, pyridine-ethyl
acetate-acetic acid-water (15:5:3:4) 9] Bt Rl A EEslY SHRESE
FRKE Z2 HkoZ BEadtn &S Bt



HPLC

#FRS ] HPLCo kgt M- HEAES] BWARALZANA @St o™, &

A8l mEE 78 29 7t} (Nagashima et al. 1986).

Eluent , Reagents
Ae
r )
A . B C
Pump | ) : Recorder
3 ~ A & Pump I .
® .MJ_
Injection :
lavalve .
Do —O-HT-OMMNHE>
" | A 4 ,
X e .
o X 7 - Detector
Reaction
coils

. Fig 2. Schematic diagram of HPLC system

s#ioll = silica ODS Z3 ( AM-314, [WK{kE, B4 )5 #H3}, ion- pa-
iring 3{#o 2 heptanesulfonic acid ( HSA) & (i sttt BE#MH = 2 mA
Hal 0.05 M gEEsEi@ & (pH 7.0) 3} ol &b29] B&(9:1) & A
b, sl £ Ko 3fENe KMEWK (A : 0.05M periodic acid, B:0.2 N

ol

HSAS %

o

KOH plus 1M ammonium formate in 50 % formamide, C:1% chloroaceta-
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ldehyde in 1M citrate buffer (pH4.0) % Xell& 65Co AiRolA KEA
A #¥sted wmHgoh &XHHS FER-S Ex.336nm, Em.390nmoll A 3] 3lc},

Bas

hEE fs) Y PSP #e ¥ TTXERS MEARRERAE(EHESR
o] BARA HEE S #edekol



BIE M ES

B1E #Hd 8o BE
S TUMO BIEHRES HRE Rlol e

Table 1. Toxicity of mussel collected at Pusan

Date of collection Toxicity* (MU/g)
3 April, 1986 490
30 April, 1986 19

* Toxicity of the mid-gut glands.

R4 EES ARe #fE2 490MU/g FHERCE F3%oH, ol KRAY
HIEE-S 3,000 MU (Hashimoto 1979) 2} & o IR S <+ Tg, & 5~ 6
of BMT WHSAE BT F Q' Fol AP o] FiLAE SRS My-
tilus sp. ol v|3) Thi ¥ Hel %3l (Hashimoto et al. 1976, Okaichi e?
al. 1977, Mebs et al. 1978, Noguchi et al. 1978, Shimizu et al. 1978,
White and Maranda 1978, Oshima e? al, 1982 ).

S 7 pol® A3 WaEA ¢ ol 4 A30 A AktolAx 19MU/g
g ifo] U #iE o], o] B WA HmiEo R WMEAE ER, Nud, BEX F#
ol A %3 HEAIE 4MU/g WRM(EE 80 /100 § W& ) (Hashimoto
1979 )it A3 £ ol At



L2 ‘o #EMRA AE

Afte Bl B FE ARG S st &8 SEHBREL BRE A &
Bz HhEto] 220 MU/mFd Ak & 90 mFS At olAL EHE
B b 180 fift BT Slolvh o] & st B MR ¥ RAES AANYS
o, A ERKB RS 2% 3l ehy ek

GTX4,1,3&2 @ "@ O O
sz;éTiz'z O O | O O

neoSTX, TTX & STX

| ce
" 00 10
Mussel toxin J | O O

— -

L i I 'Y 3. l i L (1 1 1 2 z A 2. l

-0.5 0.0 0.5 1.0
Relative mobility

Fig. 3. Electrophoresis of mussel toxin, along with authentic
toxins.

Electrophoresis was performed on 5 x 18 cm cellulose acetate
strips (Chemetron) in 0.08 M Tris-HCl buffer (pH 8.7) at 0.8
mA/cm width for 30 min. After the run,the strips were sprayed
with 1% H202, followed by heating at 110°C for 5 min. The
toxins were visualized under UV lamps (365 nm).
o Blue fluorescence; @ greenish yellow fluorescence

® Yellow fluorescence.



Rkl M Hpre B2 48 %23 spot 9 14HS broad gt band

= B STX O HMHBHE (Relative mobility : LAF Rmo]a} B3

10022 3}3g =, o]& 4®5e Rme} &Kl £4 —0.075% 23,
0.072 zZtghal, 0.259 A, 0.483 YW o&, o]52 77| gonyautoxin ( L
T GTXzt m3t) 4, 1, 3 2 29 Rms #¥k@mol °H‘- & —Fstgich, g4,
band #4532 Rm7} —0.20 ~— 0.452]49 o] 9= protogonyautoxin (L4 F PX
2 M) 13 271 miHEE Xo® PXESHol stftel da=o 9ee ek
3 9leh. Band  vERd 22 REF 45 Eotd il BEST U W)
22 ARG g, #PrllA= STXo|l U neosaxitoxin ( LF neo STX

= B3 ) ol EHESHS spot = BHE A 9ok

GTX3,2,481 O Coe
STX, neoSTX' 00
TTX . e
Mussel .
to_xin O O m@
{ 1 ' L M I 3 ' 1 ! §
0.0 0.5 1.0
Rf

Fig. 4.. Thin-layer chromatography of mussel toxin, along with

authentic toxins.
Thin-layer chromatography was performed on silica gel LHP-K
plates (Whatman) using a solvent system of pyridine-ethyl

acetate-acetic acid-water (15:5:3:4).
were detected as in electrophoresis (see legend in Fig. 3)

After development toxins



TLCY #RE 2% 40 veblich #lid 5SS Ri 7 0.46,0.56, 0.59
2 0.659 EHe &4 GTX3,2,4 ¥ 13 Rfg @kl & —Hsid &
# Rf 0.389 R4 STXe Rf v TAMSHARE sffo] =5k

Ion-pairing HPLC oll &3 S#i#EHRE 23 5ol Yeplidct S3@olAE
5fES] peak 7} HEREY, 2 F HF#£FRE (Retention time )o] 11.3 4, 13.3
&, 1614 2 18.749 4 R4S GTX4, 1,3 D 29 Rigrsfol & —x3f
Aok 3k, REERE 1.059 BHS PXRGSOE AR, ol BERkES
BRE A sk ok

ERKE, TLC ¥ HPLCo] o3t HSiffRE A3 & o, e T3
A e RS- PSPoln, GTX1~4% £S5 39 PX 1~2% EIR
Hog e Zo] mRHAA
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mussel
toxin

Fluorescence intensity

GTX
standard
| AN
}) l_;l__] { l‘A.l .‘, o
0 10 20 (min)

Retention time

Fig. 5. High performance liquid chromatography of some fractions
of mussel ‘toxin, along with authentic toxins.

Reverse-phase HPLC was carried out on an AM-314 (YMC) column
(0.6x30cm) , using heptanesulfonic acid as an ion-pairing re-
agent, with 1% MeOH-0.05M potassium phosphate (pH 7.0). The
periodate reagent (Sullivan et a7. 1983) was used to detect
PSP. The fluorogenic reaction was performed at 65°C for 0.7
min. The fluorophors formed were monitored at 390 nm with
336 nm excitation.
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FL4E & S

UA W E TR RS2 PSP en, GTXI1-47F £K 5ol i PXF2
7t Bl Gol el o] & PXR&H-S GTXsol sl ko] dzlg] A% 2od,
ks For 44 GTXES o2 WA HEZ HiEs uels #nsh =t
wH FEHFAA o] PXESol BN A Foll 4% 48 RFE Hhaaw
Y& Fsteel dof @Eslor & Aoz Y™ AdHA @EIebasE A
FHAE m—IR AEANB Saxidomus giganteus o @] GTX 1-58 FK
o2 sty glovl (Shimizu et al. 1978), (EFMHS PXKFL F2 Ho|4Hpy
9l protogonyaulax spp. °] Z =3 E (Hall ¢t al. 1980, Kobayashi and Shimizu
1981) o] v} Z (Onoue et al. 1983)cll A # sz U

PSP &l a4 FHBWEEIRU protogonyaulax spp. 7} £2  2ed 3}
= Aoz g¥x o, o PSPHFE BARKIAE Lire a8 %
B e & #2Y F ddch owt Aol o] sl FHIGaE]
@A 23t7] W Eol (Lee and Cho, 1985), 4% olol Hal A% fatsiolol &
ZAog Az

#lERs, A Mol B BRS EMR LA 348 KESY Jout
1986 4 2 ARell el mESH o2 SAAY Adol, $AX Ll Mifhol ol
Awl RE7E BB -S Wktkol Ach zely Zi1e 2 $AX7]) @il Bkt
NS AREME A BRE T oS Zolth @9, F¢EE oh 2 Al wE
o & BAERA WKLol w2 (Hashimoto 1979), 4 1A K% R
Froll A HEIMELL LSl Fiol HHEEAZ] o -Foll 3 Arholl FALal-S WaEtko] =
o AzhE o]zt FioF BAET WA AE A I FAS dhio] A

_lz_



#gastA edstevl, olAN# A PSPHhigo] BASH = BHEZAL 4ARR

#s 4 + Aok F, FiERS AL B2, KT BAD BERE &£
B A Foll, ol & <late] oA AR WA HALTHe] TRAA A
ol & AV 22 BEZRE FHEIIE AREZTIE] AFA 2 T2V

of Bl HEE HAZL F5 ok HHSA Artel e} (ciguatera) o
hole mdAY F4 Sol o AmAEWAr} HJHrhy et (Hashimoto
1979).

FREE Sol Wileln grol Adsd ¥el AMT Qudl, Bl s
EFEACl oA ZEMBY FEHZA Hol JolAm Yok AW A
JolA = RS ARESM U AREELES BRI ANAE BRE 45 LE
o BALME 52 Mok EEE FWEN bohol ¢ olel, okgel olF RS
#ERY 22 A FERTY SRR i 5o AMNAE Hefso]or & A
ol ek,
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BOE A fi

Ak 4 B4y ol A AR T ot hFHHEKS FHEES PSPol i &
B < GTX1-401%lz, BIRG o2+ EHERSA PX1-271 =t -

BA A= PSP/} fERANU7] o iell, ol &9 #LFEHES 728 ¥ A8 HAHS
BRI Soll st Bafs oA oF & Aok

_14_



References

B 0K, 1983, BibE RS, @4(E 2, 10-15,
vk 3. 1980 . 7Ry - Gonyaulax D 4 FET B i MitE B3E &b UIC. (LBLANS,

792-799 .
Hall, S., P. B. Reichardt and R.A. Neve. 1980. Toxins
extracted from an Alaskan isolate of Protogonyaulax Sp.
Biochem. Biophys. Res. Commun. 97, 649-653.
Halstead, B. W. 1978. Invertebrates. p. 41-261. In Poisonous
and Venomous Marine Animals of the World, revised ed. The
Darwin Press Inc., New Jergey, U.S.A.
Harada, T., Y. Oshima and T. Yasumoto. 1982. Structure of
two paralytic shellfish toxins, gonyautoxin V and VI,
isolated from a tropical dinoflagellate, Pyrodinium
bahamense var. compressa. Biol. Chem. 46, 1961-1964.
Harada, T., Y. Oshima and T. Yasumoto. 1983. Natural
occurrence of decarbamoyl saxitoxin in tropical dinoflagel-
late and bivalves. Agric. Biol. Chem. 47, 191-193.
Hashimoto, Y. 1979. Marine Toxins and Other Bioactive

Marine Metabolites, Japan Scient. Soc. Press, Tokyo, Japan.
Hashimoto, Y., T. Noguchi and R. Adachi. 1976. Occurrence

" of toxic bivalves in association with the bloom of Gomyaulax

sp. in the Owase Bay. Bull. Jap. Soc. Sci. Fish. 42, 671-676.

-15-



Kawabata, T. 1978. Assay method for paralytic shellfish
poison. p. 240. In Food Hygiene Examination Manual Vol. 2.
Japan Food Hygiene Association, Tokyo, Japan.

Kobayashi, M. and Y. Shimizu. 1981. Gonyautoxin VIII, a
cryptic precursor of paralytic shellfish poisons. J. Chem.
Soc., Chem. Commun. 827-828.

Lee, J.H. and C.H. Cho. 1985. Check-list of marine planktons
algae in the Korean coastal waters. II. Dinophyceae. Ocean
Research 7, 59-68.

Mebs, D., B. Simon, H. Gemmer and W. Stille. 1978. Occur-
rence of shellfish poisoning in the Frankfurt area (West
Germany). Toxicon 16, 98-99.

Nagashima, Y., J. Maruyama. T. Noguchi and K. Hashimoto.
1987. Analysis of paralytic shellfish poison and tetrodotoxin
by ion-pairing high performance liﬁuid chromatography. Bull.
Jap. Soc.(Sci. Fish. 53, in press.

Noguchi, T., R. Adachi, M. Iguchi, H. Kamiya and K.
Hashimoto. 1978. Occurrence of totic bivalves in associa-
tion with Gonyaulax planktons in Ise, Owase and Ofunato Bays.
ibid. 44,1245-1248

Noguéhi, T., 0. Arakawa, K. Daigo and K. Hashimoto. 1986.
Local differences in toxin composition of a xanthid crab
Atergatis floridus- inhabiting Ishigaki Island, Okinawa.

Toxicon 24, 705-711.
_16_



Noguchi, T., Y. Onoue, J. Maruyama, K. Hashimoto, S. Nishio
and K. Ikeda. 1983. The new paralytic shellfish poisons
from Protogonyaulax catenella. Bull. Jap. Soc. Sci. Fish.
49, 1931.

Noguchi, T., Y. Ueda, K. Hashimoto and H. Seto. 1981.
Isolation and characterization of gonyautoxin-1 from the
toxic digestive gland of gcallop Patinopecten yessoensis.
ibid. 47, 1227-1231.

Okaichi, T. and S. Nishio. 1977. Paralytic shellfish poison-
ing in eastern Seto Inland Sea. {pid. 43, 1251.

Onoue, Y., T. Noguchi, J. Maruyama, K. Hashimoto and T.
Ikeda. 1981. New toxins separated from oysters and Proto-
gonyaulax catenella from Senzaki Bay, Yamaguchi Prefecture.
ibid. 47, 1643.

Onoue, Y., T. Noguchi, J. Maruyama, K. Hashimoto 1983.

Two new toxins from oysters. J. Agric. Food Chem. 31,
420-423.

Oshima, Y., W.E. Fallon, Y. Shimizu, T. Noguchi and Y.
Hashimoto. 1976. Toxins of the Gonmyaulax sp. and infested
bivalves in Owase Bay. Bull. Jap. Soc. Sci. Fish. 42,
851-856.

Oshima, Y., Y. Shimizu, S. Nishio and T. Okaichi. 1978.

Identification of paralytic shellfish toxins in shellfish

..17_



from Inland Sea. ihid. 44, 395.

Oshima, Y., T. Yasumoto, M. Kodama, T. Ogata, Y. Fukuyo and
F. Matsuura. 1982. Features of paralytic shellfish poison
occurring in Tohoku district. i<bid. 48, 525-530.

Schuett, W. and H. Rapoport. 1962. STX, the paralytic
shellfish toxin degradation to a pyrrolopyrimidine. J. Am.
Chem. Soc. 84, 2266.

Shimizu, Y., M. Alam and W.E. Fallon. 1975 a. Purification
and partial characterization of toxins from poisonous
clams. p. 275-285. In V.R. LoCicero ed., Proceedings of
the First International Conference on Toxic Dinoflagellate
Blooms. The Massachusetts Sci. and Tech. Foundation,
Wakefield, U.S.A.

Shimizu, Y., M. Alam, Y. Oshima and W.E. Fallon. 1975 b,
Presence of four toxins in red tide infested clams and
cultured Gonyaulax tamarensis cells. Biochem. Biophys.
Res. Commun. 66, 731-737.

Shimizu, Y., J. Buckeley, M. Alam, Y. Oshima, W. E. Fallon,
H. Sakai, J. Miura, V.P. Gullo and K. Nakanishi. 1976.
Structures of gonyautoxin-II and III from the east coast

toxic dinoflagellate Gonyaulax tamarensis. J. Am. Chem.

Soc. 98, 5414-5416.

-18-



Shimizu, Y., W.E. Fallon, J.C. Wekell, D. Gerber, Jr., and
E.J. Schantz, Jr. 1978 a. Analysis of toxic mussels
(Mytilus sp.) from the Alaskan Inside Passage. J. Agric.
Food. Chem. 26, 878-881.

Shimizu, Y., C.P. Héu, W.E. Fallon, Y. Oshima, H. Sakai,

I. Miura, V.P. Gullo and K. Nakanishi. 1978 b. Structure of
neosaxitoxin. J. Am. Chem. Soc. 100, 6791-6793.

Sullivan, J.J. and W.T. Iwaoka. 1983. High pressure liquid
chromatographic determination of toxins associated with
paralytic shellfish poisoning. J. Ass. Off. Analyt. Chem.
66, 297-303.

White, A.W. and L. Maranda. 1978. Paralytic toxins in the
dinoflagellate Gonyaulax excavata and in shellfish. J.
Fish. Res. Board Can. 35, 397-402.

Wichmann, C.F., G.L. Boyer, C.L. Divan, E.J. Schantz and
H.K. Schnoes. 1981 a. Neurotoxins of Gonyaulax excavata and
Bay of Fundy scallops. Tetrahedron Lett. 22, 1941-1944.

Wichmann, C.F., W.P. Niemczura, H.K. Schnoes, S. Hall,

P.B. Reichardt and S.D. Darling. 1981 b. Structures of two
novel toxins from Protogonyalax. J. Am. Chem. Soc. 103,

6977-6978.

-19-



	표지 
	요약문 
	목차 
	제1장 서론 
	제2장 재료 및 실험방법 
	제1절 재료 
	제2절 실험방법 

	제3장 결과 
	제1절 독성과 독의 성장 
	제2절 독의 제성상과 동정  

	제4장 고 찰 
	제5장 결론 
	참고문헌 

