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Fig. 1. Schematic diagram of TMA biosensor system(],
Air; 2 Buffer tank; 3, Injection port; 4, Gas reservoir; 5,
Flow cell; 6, Oxygen electrode; 7, Recorder; 8, Peristaltic
pump: a, Rubber ring; b, Flow cell; ¢, oxygen electrod; d,
Teflon membrane and Dialysis membrane; e, Immobi-
lized microbial membrane).
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Fig. 2. The relationship between TMA values in some
fishes obtained by the sensor and GLC method. 50 pf of
gas volatilized into head space of the 20 ml vial contain-
ing 5 g of hish muscle homogenate, 5 ml of water and 5
ml of 10 N KOH by heating at 55°C for 5 min was used
as sample( 0: chub mackerel, ®: stiped pigfish, A:
Horse mackerel, A: Yellowfin tuna, O: skip jack, ®:
bass).
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Fig. 3. Correlations between K values and A values of species of fish. Conditions (heating temperature, 50 °C : heating

hours, 5 min).

= ol Hzo s 005M <4k A= (pH
7.0)% Flow cello] o]5A17] § AlAe] Z8o| A
Aol Egdle o, ARE FAAMNAT NEE
Flow cell ¢toflA] ¢lA =l T3g]o] A+
Q4 Ao 93 S o8] YNHOT W
shgtet, ol o] WS pH M=ol e M9t



N
‘EILJ'
wrx_,mameﬂo
OMM.._LOHE‘%
WXL%EO%O
@Wd?ﬂ
| <o anj./l
ﬂku. G
mﬁwoﬁzub
- —_—
inwm _
.;ot Q
HMMEWAT& mAKm
zr W W <
ﬁewqo_ﬁvﬁ mm,
wwa@m 1
Q [l
&.o%@;r € <= Bl
,_C)Ax_lo T o S
X = - 15
w a4 PR <L - 55
‘__Iﬁl‘E‘MEOIr SIWJ &ﬂ
W H_a__oa Zde Z 7
o .o M
W 2 o] SZ¢
o] “auqus et mm
) SE £ E &
& mmm ; g%
i s = M%Hn : 25%
. g2 S
% bl mg,%__oﬂr =5E mmw
%0 <+ = .zoﬂ;_él E.o.w mcﬂ,m
. 3 Ai;;;ooﬂ SE% 2% 2
_L =._ ,WUTJHL T‘I..lwq,] grm_.w Ces
Mo Al ouué il Hnu .an
- Lwanﬂ_.EE._ PJlMMﬁi] S8 asp
1: L X OM E_E ol ﬁﬂﬂ - ~ g mrﬂA_.a
¥ Kwﬁfwjjﬂﬂ ﬂ@%ﬂ so 224
- - — S_
2 Amn%;mﬁLmzbmgb&b%ﬁo = 423
X wAl_y .@mﬂy@%aﬂ,yao_ b O_E?_%Lmﬂ@ (5
o = T w2 = & o o T o T4 &5 3
o mmﬂFQM%% M%mm@ AﬂﬁﬁM§mnW¢
o x HO ?%ﬂ%ﬂoﬂesuHaﬂ igoﬁin}oﬂ SR
A _H_EE%MO M 7 | ﬂ_m,w‘_ﬂ] o_woﬂﬁiﬂ Hiﬂoxr mo]L
o~ ”1&44.(%% Lbfél..i&oioﬂq.ﬂb ]Terzaﬂo‘W).mﬂx,_
o) A_]ohm‘_nmlﬁl E]EﬂH}LﬂﬂlﬁAo#qﬁle\).dn mo o n
ERS ATrvﬂﬁ@uaﬂ};@o@gw J_ifowsoﬁéué%
E ii?;%;?%;;%_f,T,;E.,.Tii{
© ~s at]@«@%»%”MEQh U@,mzoE(Aw@qmﬁmxék
ol Hoi o = = T o o) il X por ¥ T W_m o
,mbqufg}x éjjmoe mﬂ@oE aﬂ_\rlﬂ =
£y o~ " Z._O ~ o o S O:: ‘Ul [l e = ol ™ © ..A7
_aﬁﬂ_.ﬂppﬂu. ﬁow :L,mn,x .mu*aLmﬂdu.A]7ﬂu€ ﬂuoa*
alny 1 %,__L o_lro,amﬂoz. oﬂﬁlﬂﬁoﬂmﬁdilﬂﬁo_a
AL Hmﬁs]sx R G MRl
) T i~ = ‘_HAW ° TF N e - R~ ol 4 o7 = el < bjo
,AJ17E_. ) ° :L_/ P7 all
~ ,ﬁZA. ].*ﬂ.\_ Ho;._oQL o = X
T o mﬂgﬂm. Ex_gmémﬂpw
ojn N HﬂAAWEﬂE&hm_ﬂoﬁCA
B = o oxA }noCE
o W B %o by Euum_m_:H =
ol4 ol QL]\‘_WU:A:i‘umoEﬁ
mﬂﬂzeio:@ﬂ
g o ©
En}»lgdn r
K g T
T o
=

=]

M 143 R/ 2



Q
-

>
a2 W
g~

IR .
> &
- D N -
2 fujnt
s [ut
o e

olo
o

a
= b
)
v alo
Y
(o3
- o]
_O|L

oX

N
—

olr

o,
x
fu
Ay
ol
ok
oX
7{0
3

"

=
(%)
to

lo

ox
b
r2
32,
|o
gk g
of
ok,
-
AuR
Hz
He

(DA

[

-

38

I~

=

=
Lo
i
nls
oX

12

P

N
e

=

B2 Zdo 7H5a

rl

=2

[*]

QL

.=

i
fr & 2 e

Py Ao

=

32 ox

R

= (tetrodotoxin, TTX),
fish Poison, PSP) &
oA olsl f5 TYAECR Y o
AU, AE 2 AES Hol
g AW = A4 713l

13 QT #x
2 el oY 455 3
2o 23} 34 2 A8
Q77 AL

Paralytic Shell-
[ A A

ox

fo

ifugu vermicularis (¥)&-01) xg FA¢ &3
B0l Logocephalus gloveri 5+ - 9 a7
Aol 9tk ol F3hE Eof7t 5oL

wz)5t7] gk Feke] 22X stk 1y Al
ARoE B 4881 2297 s AR

N, 9 FAE A%, e
%

o o i
o ©
)
=
oY
2
ol
ol

1
jrAd

©
BN
ol

tlo rlr
o
oo [
ot
=
s
z
O
=
)
=
=
I
<

eI

rATPR I

&
X
=
-1
Oo—
o
o
=4
ik
2l of
M
lo =
Fu
-
ox
M o

2

rL ofo
o

N,

X

e

ofo

N

x4

=

X

il

=

e

o

8

i

o

)

p

A4 A2RE Fig 604 i vhgh 1Tk o
NE ol&d BS(TTX), %% (PSP
s SloiAe AE s AR 80 g
oINE 5fg7kA) Eqo] FPsdeh Bk
3} A7} AZWES o1& B 13
BANAE 02 i, FAE 10pg oIQAT o]

Aol )7 AEE k2ol ulstel o 250

W2 24 FEsk 23 AAA M P

g
T
-

e

ol
-

2ol Hoh o T T

B
e
A
I
rir
L
Q
= ol
we (o F o2 & Ho df N R o orlf pE 4

J
=

g2 e
cEETe
P
4
% rror
20
o o
sl i
= o
s ) m’lNl
|o
% il
g
< i
- r
=

i) Y £ 11\(1«
L
o x
s
= e

r
i
BN
S
el
4,
=y
E=il|
lo
it
o
oX
a
=
Rk

o

dg O
o

g ox
o f
fu

H

:_>d._l

o

18

o

o

2

=



BIO|Q MM S o] & Tt »4tE QY 17HHACCP)‘?‘JI

500

g m
=)
S 400}
kS
2 300}
b4 D O w7
2 =)
< 200} s
g |
4
MB R 100} -
] . ] 1 w3
f -"' . . ,
7 0 100 200 300 400 500
e c Mouse method (MU)
\g/d Fig. 7. Correlation between TTX activities determined by

the sensor and the mouse method. Conditions: Tempera-

! o i _ ture 30°C, pH 4.8, Flow rate 0.8 mL/min, Nac concn 8.0
Fig. 6. Schematic diagram of the tissue biosensor flow %, Sample 50 4L. 1, Takifugu niphobles muscle: 2, Tak-
system used for determinqtion of GTX, STX and TTX ou pardalis muscl é; 3, Takifugu pardalis ovary; 4: Tak-
toxicity. lee: ——, OTC-ice—— 1, 8% NaCl pH 4.8 30 “nionobles skin; 5, Takifugu niphobles hepatics 6,

tank; 2, injection port; 3, thermostatically controlled bath; Takifugu pardalis skin; 7, Takifugu pardales hepatic; 8,
4, Na* electrode; 5, electrometer; 6, recorder; 7, peristaltic Takifugu niphobles ovary

pump; 8, 10 N NaOH resevior. a, working electrode; b,
reference electrode; ¢, cellulose acetate membrane; d,
frog bladder membrane; e, cellulose acetate membrane; f,

Na® Electrode

1 M NH4CL.
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Fig. 8. Annual changes of Na* channel blocker contents in short-necked clam(Conditions are the same as in Fig. 7).
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