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Abstract The most essential but missing components to understand and use toxic substances from marine
microalgae are developing the fast, easy and economical determining technology for detecting it. In this paper
we produced the antibodies against saxitoxin (STX). Mariculture keyhole limpet hemocyanin (mcKLH) and
ovalbumin (OVA) were used as carrier proteins. mcKLH-STX conjugates were injected into the peritonial cavity
of BALB/c mouse for immunization. After bleeding from mouse, anti-STX antiserum was isolated. Indirect
enzyme-linked immunosorbent assays (ELISA) was performed to determine antiserum titer using the microtiter
plate coated with free STX and OVA-STX. A goat anti-mouse IgG-phosphatase conjugate was used as
secondary antibody to enable chromogenic reaction. Reactions of anti-STX antiserum were very specific on the
OVA-STX and free STX. Sensitivity of anti-STX antiserum on STX was very high and STX detection limit
was to be 64.9 ng/kg for indirect ELISA.
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At Bk ofye} sl SolAE HxUAE % of STXEY] st 9 AlxEsh HE S 9l ohgst
ZHAQ =g 7]&o)ar Qth1,2]. Azl 2%t W3 5 AFE flsiAe STX FA7F AP A a7t vk,
7P A A2 A5 f3l ARgEE gl EE A AAE AYEeR AT o= e Aotk
of FHEHAY AlZzHl ehrEe SEEE= QI szt ofof] ufe} -2l= PSP =4 5 STXO]| w3t thafst
3 5 Tk SE AR Bgame] o) gy, HulEt  gsia @ AEaly Aol sus TEshux STXe|
EAEZLS A  paralytic  shellfish  poison(PSP), Eo|3} A2 AYASIATE AlFEE oy 7R A= 29
diarrhetic shellfish poison(DSP), amnestic shellfish poison £-2]+= keyhole limpet hemocyanin(KLH)ol| AgHE STX
(ASP) B02 HRELY, Ao FUYGHOR Fast B o] Falste] AHORNE FAS AASH, ABAkE
A tFoR Y= EAEZZL PSP = AHA|EA] A= 713 enzyme-linked immunosorbent assays
(saxitoxin, STX) A¥ES & 4 AUTH3l (Indirect-ELISA)E 7§¥ts}r] 8l AFR=EIQICh dAjet
PSP= 23IgHE0] STXSI ofg] Z4EA(Fig. Dol ¢ STX9| §h3of o3 WM s = H=E SHTFe =N =4
o dofdth STX= 7 AHAA(LDso 9 ngke) Bl =S AS8HeS she A At 14 A 45TAE
A F4 59 sttoln[4], o8] s dHEEF A5kt

e 2R Q3 A== UPHIHJH Z9] sttolrt.
PSP =4 HE AEY 5 EUY 7|EAIER<Ql mouse
(5], 49
Hepstual  tAAEHOR
o] AAIE vb Q7.

bioassay(MBA)7} HEZ o2 -gxo] gFom|
e

8o

7HA ez
HPLC-FLD[6]Z ©]&

R1 R2 R3 Toxin name Abbreviation
H H H Saxitoxin STX
H H [o}{ery Gonyautoxin-2 GTX2
H 0s0;" H Gonyautoxin-3 GTX3
OH H H Neosaxitoxin NEO
OH H 0OS0O; Gonyautoxin-1 GTX1
OH 0s0;- H Gonyautoxin-4 GTX4

[Fig. 1] Chemical structure of saxitoxin derivatives
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2.1 MA|EA-CIHEHED ™SE|2] M=

= - —_=2 Jd-d

AAE STXL: NRC-CNRC(Canada)o|A] T-3l3}elo.
], chalRyko] %
EDC conjugation kit(Pierce, IL, USA)E ARE-3I%TE &
vichel 2 (carrier protein) 2 ARME-E mariculture keyhole
limpet hemocyanin (mcKLH) % ovalbumin(OVA)E 10
mg/mLe] FE7F HER EYeo] =3tk STXe
conjugation buffer(0.1 M MES, 09 M NaCl, 0.02%
NaN3, pH 4.7)°] 4 mg/mL9] sX=7} E=E FH|5IcH
e 918kl 500 pLo] STX} 200 pLof Rk g
MG 48 & 50 uLo] 1-ethyl-3-[3- dimethylamino-propyl]
carbodiimide hydrochloride (EDC, 10 mg/mL) 8912 4]
ofA] ALzellA] 2417 F3F HEREE SIS WS
o] BF Fo] ko] HA] ghe STXe} LubcRA g
of dol = EDTAE HIZAH(D-SaltTM desalting
column)& AFE3ske] A AT STX-uralz 23t
A= SDSPAGES o] BHolstelnt. hil Bahai
Bradford assay 8-S o]85}o] Aok & HAFS B
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phosphate buffered saline(PBS) -&Hof 3]A]5}o] AR5}
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2.3 ELISA

2.3.1 Free STX2| 1™ 3Kimmnobilization)

Free STX?] 1ASIE 95}o], 96-well microtiter plate
£ BSA(5 g/mL in 0.2 M carbonate buffer, pH 9.4, with
0.15 M NaCl, 200 uL/wel)@ FEa}oich Ao
overnight &2  HR-3-A]7] PBST(PBS  with
0.05%(v/v) Tween 20)Z 3 3] A& &, F7}% 22 PBS
2 3 3] A8t} Free STXE YT &g 25
M g0 2 tt5o] 100 uL A ZF wellol] EF3510] A&
oAl overnight ¥-3-5}lch &Y WIFEo S4S ¢
A= 0-50 M HL]of|A] serial dilutionS o] &
HMH O 2 microtitier plate] E53FAct ¥H- —?—
free STX:= PBSTZE 3 3] A|&ste] A|ATIA L
%(w/v) BSA(in PBS)E 7 wellof] 200 uL A 235}
204 3 AIZF F9 WESAIA  blockingS  BFTH
Blocking $-o] microtiter plate™= PBSTZ 3 3] A&}
c}.

plate=

:E‘UL e

> o Mo et Ho

_8.

&9.

2.3.2 OVA-STX conjugate®| 11&s}

OVA-STX®| 743}
buffer, pH 9.4)2 1 pg/mLo] EEE 3]45F OVA-STX
S 96-well microtitier plateo]] 100 uL &} E3E3}o]
4 ColM ovemight MHAA AAlSgh whS T
blocking2 $]5Fo] PBSTO| 2%(w/v)2] BSA &S TH&
gom, Z+ wellof] 100 pL &) FEZ31o] 37 To|A 1 AJZF
o} uk-8-319It}. Blocking Z-of microtiter plate:= PBST
2 3 3 At

coating buffer(0.2 M carbonate

2.3.3 Indirect ELISA

A 7MEAS o3 thoTl 7o W oz
Z3Y3} Tt Free STX7} ZH % microtiter plate2] 79
L BSA(0.5 giwel)Tt ZEF O] 9l wellS, OVA-STX
7} ZEE A= OVA(l ng/wel)E ZEA|Z wellS o
272 Agegth  ANEA Ane skl
mcKLH-STXZ #eNFSA|7] mouseo| 4 #7I3t 22l
(antiserum)S 0.2%(w/v) BSA/PBSTE o83} 1/1000
HE] 1/640007}4] 1724 serial dilutiondhe] 100 pLA 5
T3, 37CoA 1 AIRE Bt WA 2 el

L

tjgte] & ¥ whEsto] AAIEYS
= wellE RTE ARSI
2 33 AAHsIHe 0]|2}3}A| 2= goat anti-mouse
IgG-phosphatase conjugate (Sigma)E  0.2%(w/v)
BSA/PBSTZ 10008 3]A3}o] AL&3}3chk ZF wellof
100 pL & &323F 5, 37°CoflA] 1 AIZF F7F WA S
], PBSTE A|Xt Tof pNppS ARg-ste] EARRE-2
AIA]3}4 L) Microplate readerE ©]-83}0] 405 nmoj| 4] 2]
L

o, YRS YA @
ug

o] ¢ ¥, PBST

2.4 Antiserum Sensitivity &3

<212 0 & S|AE free STXS 114 3FA]Z] microtitier
plateo]  anti-mcKLH-STX 0.2%(w/v)
BSA/PBSTE 5000 Hj 3|45}o] 100 uL & HZ=sl7 =
gt 2ol AR AUk STXE] PEPEL
non-linear four-parameter logistic calibration plots'{ o] 2]

3 A= ATH17].

antiserum-=-

3. A2t ¥ o

3.1 STX-EHal FEHl Sl
AAIE STX-L Imject® Immunogen EDC conjugation
kit(Pierce)5 ARE-SFo] 2Rt A o H3E glom, STX-
gxieh R Fig. 23} 2o SDS-PAGES: Ealo]
g o5 sty (7= ARSRE KLHE} H]
@afo] ¥ o) STX/} Lubehalo] gkel AL oISt

otk
1 2 3 4 5
LR |
e
- - -
-—

[Fig. 2] Detection of STX-protein conjugate by SDS-PAGE.
1, low M.W. marker; 2, OVA; 3, OVA-STX; 4,
KLH; 5, KLH-STX.

3.2 OVA-STXO|| CHEt S-STX Sr&d& 9] titration
meKLH-STXE ol A)y] Moty =35 ad
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9] titer2 toi 7] 9J5tol, OVA-STX U OVAZ 3
AlZ] micrititer plateE ©]-83}0] indirect ELISAES A A]
Stk F-STX FPHL OVA-STXS}F Eo|F o= vhg-g
3}, OVAo= HL-S51%] SkbrhFig. 3). 1/10000 3]4]
ZANNE & FFE FH(ODyps=1)S Hol= Ao
Hol BlghEsl B AOT uepytth

fio o of

[¢]

e '] —e— OVA-STX
c O OVA
v 1.2
o
<
T 0.9 A
[
o
T 0.6 1
2
o
2 0.3 -
<
o
0.0

1,000 2,000 4,000 8,000 16,000 32,000 64,000

Dilution factor

[Fig. 3] Titration curve of anti-STX antiserum using
ELISA

3.3 Free STXOf| CH$t &-STX %'_E"'é, | titration

BrSTX FdAo| gt free STXY] Y& HAE17]
QJ5}o], free-STXS T3l micrititer plat = o|-83}o]
indirect ELISAES AIA|3}9It}h Fig. 4oAe} Zbol, free
STXS} Bol4o2 8-S an, o] WAL STXV} gl
PBS Olo Al WFSaH epolel. B3l 1/16000 314 2
AoME =& FF= 7 (ODws+ 1) UEFHSITH

2.5
c —e— Free-STX
S 2.0 4 o PBS
0
o
<
= 151
[
=
S 1.0 A
.E
@
2 0.5 A
<
0.0 Lo = o o o

1,000 2,000 4,000 8,000 16,000 32,000 64,000

Dilution factor

[Fig. 4] Titration curve of anti-STX antiserum on free
STX using ELISA

Ll

2 2.5 M= 11,5302 3|43t

ng/kg®] STX7HA] u}&o & 7}

11 ik
l5—57]— 2.5 uMOI‘}i
=

0217 nM 2 64.9

A 4 9 Aoz

ElcK(Table 1).

[Table 1] Sensitivity of anti-STX antiserum

Dilution Factors for ODyos of Concentrations of
anti-STX antiserum Free-STX STX (nM)
1,000 1.823 2.5
5,000 1.643 0.5
10,000 1.153 0.25
11,530 1 0217
PSP E4E HES] T AFHOE= mouse
bioassay(MBA)7} &&i#] Qlom, EULQ] 7|&EA|dH o2

Ao} QIths]. Zu MBAS] EZHEAA|F WO 2
Y= FAEAAR Yo His) et AaE &7] oS¢
], MBAS] WZEE AMjFoz ke Aoz PHrigm
ACH18]. E3H A= AATES 2 A, 25 4
34 g, A 5 AEE ol oI R wel v

= Aog d#A tH19,20]. o]of whz} Association of
Official Analytical Chemists(AOAC)+= HPLC-FLDZ o]
L3l BPS STXS 2351 PSP =49 AEA|3H
o2 AAISIAL, EU] oJs] MBAS] tAlAR .o <
2% v} QItH7]. 22Uk HPLC-FLD HHHL x|7to] o]
B3, v, 3E Qo] 9 EE 5 ol E we o
& 7HAL ATH18]

AX
HHskd HE7Ho] 1980 d] Fytoll el
[21,22], A% 2 A0l de] 285 ok gukE
08 tEE A= STX-dd dAE E7lo] FA
sto]  AGITH22,24,25]. Lev AEE STX-FA|l=
neoSTX E= GTX1,4¢F WAHFE-S 3H= Ao = LJeR},

ARERE S22 A L= g v 3
oh26). e HE2E A B 2 dAES 1
=7k Dol A vpol Ay 7| ER e 2] oFal
9lt}. E3] ELISA & MBA Ho] H|3] Q=) =0
o, T2 PSP Hho] 93t 7o) A2 Aoz dA 9l
7] WZoll, PSP AFe] FA4E A5zt oA &
L7t v we loR dgEnh

5 i Xel kel
FUT FAL
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