Korean J. Environ. Agric.
Vol. 13, No. 3, December 1994

ol

200{= Endosulfan?| ZEASHS &t

Radioimmunoassay(RIA) 2| (i

:

FRE - LTE - REE

Development of Radioimmunoassay(RIA) for Residue Analysis with

Endosulfan in Water and Carp(Cyprinus carpio L.)

Kang-Bong Lee, Jae-Han Shim, Yong-Tack Suh

Abstract

The established methods in the residue analysis of endosulfan require an extensive sample
clean-up prior to quantification by relatively complex equipment. A radioimmunoassay(RIA)
provides a simple procedure with theoretically higher sensitivity and specificity necessitating only
a minimum of sample clean-up. Endosulfan-specific antibodies were developed in rabbits by using
a bovine serum albumin(BSA) conjugate whergin the alcohol form of endosuifan was multiply
bound to the protein via succinylation. Produced antibodies showed the high titers to endosulfan-
BSA(1 : 32,000). An RIA method was developed in water and carp by using “C-labeled endosulfan
as a tracer. The lowest detection amount of endosulfan was 1 ng in the liver, kidneys, gut and
water samples, and 3 ng in the whole body sample of carp without any clean-up, corresponding

to 0.1 ppb of endosulfan.
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“C-endosulfan a-isomer(2.96 MBq/mg, 99 %
up) International Isotopes Miinich(Germany) =
He FY3 2 bovine serum albumin(BSA),
triethylamine, dimethylformamide (DMF), isobut-
ylchloroformate (IBCF),

Freund’s complete adjuvant, Freund’s incomplete

N-methylmorphorine,

adjuvant, kevhole limpet hemocyanine(KLH), cha-
rcoal (RIA$), dextran, o-phenylene diamine&
Sigma AFL AE3AU a2yt AL ke,
&-v (methanol, acetone, chloroform, hexane)= &
LA HM v HPLCHS Algstgch

Gas chromatograph= ECD& #33st Pye Uni-
cam 3042 9-&, high performance liquid chroma-
tographs= Waters 510 pump®} 486 UV tunable
detector& A}&-3}¢] 2.9 liquid scintillation counter
(LSC)+= LKB =g A&t

2. Ak
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& endosulfan-BSA conjugate 9.8 Samokin 3}
Filimonov¥ 2] Jjikol me} th&-3 7Zo] BSAZ su-
ccinylation X]# hapten?! endosulfan diol®} conju-
gation A)Zt}. BSA(100 mg)E 20 mlg] 0.1 M bo-
rate EEAEH(pH 93)o) HMEAZ F 550 mge]
succinic anhydride®& A %% 30 ¥ F<¢ &Knstd
A mursigich olWe] pHy 3N NaOH KE#KE
o] &3t 9.0—9.3 AlolE #HFEAZTE RE ¥ 001
M triethylamine Z#Ro) a3l 33) Bty HiE%
st £2722% BSA(146 mg/m)E DMF
(20 mb)o) BHEEANFIL o] & 100 B 4 %(v/v)
IBCF7} ###e DMF #%#(6.7 u) 3 4 %(v/v) N-
methylmorphorineo] ###s DMF #%# (5.6 ul)el
winsked 0 °Ce ice bath’doll A 1557 KE&Esa
Ad&aa] —15 °Colx] 30 4 FEEEEsAT BE
# ki KEW® 112 plE endosulfan diol(0.5 mg)
o] #fR=le] sl DMF (700 p)o #pnst
phosphate buffered saline-Tween 20(PBS-t)ol] t
3 48 B o EHTR F —20 °Coll fRESHACH

2) St mAee] 4AE

FEE RS EEHE 822 1 mg/mlo] HA
0.14 N NaCl &%) 343t Freund's complete
adjuvant(l mD ¢} 1: 12 EA3E 9 emulsion mix-
tureE FEIST oS 4% 4 HA o¥E FIE7
(9, 974F 84 kp)o 53 BERF 5-8
2 Uy RS FAF 3 F T oA #
JH& Freund's incomplete adjuvant®} ®E&ste] 2
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st o Fmd MMmERS 4 °ColM =
WA s MBS SRt Fede oAl 94 E e
(5,000 rpm, 158)3k] 1 K-S HHEFEOE A}
&3
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Endosulfan-BSAdl thal] Apke Higdel HEKE
2 indirect ELISA¢2} double immunodiffusion
(DID), Western blote.2 #R3lt) Indirect
ELISA® # §%9 Jigol wd HEhistdon
DID& Catty'®e] Jjpkd] @&}, Western blot& To-
wbin'”9) kel wie} BHistEth o714 indirect
ELISAS) AMgsle HBHFS # 594 e 8
f£o2 43t endosulfan-keyhole limpet hemocy-
anin(KLH) conjugate& A+-&3tdch

4) Dextran-coated charcoal(DCC)2| A#)

RIA 8% Algs+ DCCe Kahn ™9 Kk
o] we} 250 mge] RIA A &EMEK=L 25 mge] dex-
tran 100 ml2] PBSe) E&AZL |7 0.1 g9
gelating WMt % Easd HEsAch of
DCCE 138H w92 A2ol FBlsel Agaige
W BAAdE 4 °ColA FESICIL AMS-37] Ao
£ 0 °C2 AHAA AL

5) 2MOIM endosulfan@} 4

dole & MGT, F PR = BEe AT
* K NaSO,(HAfke) 2 fe&) e MeOH(HHBS
5 fZ8)& o]&3le] glass homogenizero] A w148t
o] 30 5f #BHHsIA Y. ¥ Blichner 2
7] (Whatman No. 60)0l4] &85l EKS HE
BHES T BRAELS dimethyl sulfoxide(DMSO) £
Bifstel b ml2 &) 28 EZ A2 od §
WS SEEBMEstY hexane o 2 FHEfEF & Florisil
column(5 g 20 X 450 mm)olA #ER[3 % ace-
tone/hexane(v/v) ]l BEREBEES 20 mlz 3o
RIA 7ol AME-3tTh

6) Radioimmunoassay(RIA)

B endosulfane] BAEE wi= RN (100 ul,
DMSO)& RIA F &% (10 X 75 mm)d) #HmM
B PLMmFEHK(200 pl, 1:1,000)& Hindte 4 °C
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ol A 1 FERT EoF Eistan) % 3 “C-endosul-
fan /DMSO0(0.05 uCi/ml, 100 u) & ¥Rbisle] 4 °C
ol 2 KR B9t EE#ESAC Bk DCC
(500 uD & #insted 20 ¥ HRoIAM BES ¥
1,500 rpme.2 10 53f) SlsEiste (200
)& =A=HA Hsted LSCz FHfllstgch. RIA
e Fig 19 ERsIQA

=

LSC Counting

Centrifugation Z/\ Endosulfan Std.
A 14¢_Endosulfan

Antibody for
endosulfan

Fig. 1. A protocol of endosulfan radicimmu-
noassay.
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EREAIZ) endosulfan BEEERSRS Bk FAI &)
#4 05, 0.1, 0.05, 282 0.01 ppmo] A EH3
% kR MiHFEI RIA @i o)l Hirsle] =
BER AR BolA) 1 jplliRe FHEEkTh =3 RIA
o 2}%t endosulfan kel BHERERe &/ #
HET B REAES o&s3ld thgs) o) it
Haoh

BWHER (ng/ml) = MA X (FD / SV X SW)

7|4 MA: EEERER EolA linearitys} ¢l
© blank$} EHIS = K BHEGMD S Ty
FD= ktel Bt WA E(ml), SVE RIA 542
A8 AMgR FHEY By, SWe BEUEiHe £
(9 & o3t

8) GC-ECD 2 ELISAO 2|5t X2
GC-ECDol| 93t endosulfane] #EE AL Rao?

o whgol @ UAetdm ELISAY @ aFe
Ae % 5o Wl mek LAY

BR A BR

ELISA(enzyme-linked immunosorbent assay) il
9% endosulfand] BEHHEESAM G oA R
RS #AFsn 2710 dialy fEHE dA8
o] endosuifan-BSAd] i3 HHEE 4 EIdc &£
EE s ¥ 599 Ao uwal indirect
ELISAE A% 2 H712 #AEstgxz DID
(double immuno diffusion) ¢} western blotting®. 2
A Bl st Fig 201+ western blottinge 2 41
o 9r12 HAF 2YE JERdEY BSATRS
He A 7] YRR M o}lF-3 band® BolA] ¢Sk

100x 200x
BSA Endosulfan—BSA

Fig. 2. Western blotting pattern of endosul-
fan—BSA to confirm the antibody ac-
tivity for endosulfan.
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21} endosulfan-BSAE 1008}, 200v) FEAIZ i
B £& REAZ f#Edde T35 9718 7t
e AYE & F Uk DIDY) 2% Hifel Hr}
FAEMRERE Fig 39 Jedled HlgE 27 44,
16l, 32v} FEEsle HiRY REAZS @ 31T
i MRS MEEE & ¢ ATk o]2A en-
dosulfan-BSA¢] s 4EY Hi#¥+= endosulfand)
& 97kE Adeol #UHJTE 4, indirect
ELISAE 33 o #ififel KENE= 1: 32000 <
< mEERs A

0B RIA 5#1 BH-& RES) A3 FHRlE

Fig. 3. Double immunodiffusion pattern of
the antiserum against the immunogen.
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Fig. 4. Antiserum dilution curves for endosu-
Ifan.
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Fig. 5. Effect of the varying incubation tem-
peratures on the radioimmunoassay of
endosulfan.
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Fig. 6. A standard calibration curve of endo-
sulfan for RIA.
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N BB ERBEE REY ARE Fig 59 ud
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Table 1. Cross-reactivity and ls values on the other pesticides and metabolites with the antiserum
of endosulfan.

Compound Structure Lo(ng/ng) CR(%)*
Endosulfan 5.0 100
Endosulfan diol a @ cH, oM 48 105.2

a . : CH,0H
o

Endosulfan ether 8.8 57.1

a
a
0
a
=]
o]

Captan <200 >2.5
O:((N-SCU,
0
BHC o a <200 >25
USO

CN
Chlorothalonil a a <200 >2.5
a
24-D C'ron,co.ou <200 >25
o]
o]
Captafol Oim — 1548 32
(o}
s £
Aldrin TENARE <200 >25

e

-H |
c(

% Cross-reactivity is expressed as the concentration of endosulfan causing a 50% inhibition of
binding X 100, divided by the concentration of the other compounds (50% inhibition).
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¥ BA J¥E/F EA SFE)7F AL 100 %ol
oz RIAY #REE =Y ¢ dv HAIUS
A 4 °Cel BrEEMe] Bl REERLoIZ e ¥
% Atk ol M- benomylPe] B} IAA
D parathion®9) A} [ -8tA Jebgz 24-D7
9] &B A9} chloramphenicol'®¢] 0 °CollA 9] #5
EikHE e Aozt ATk

RIAo} 1% endosulfan EZ#EF 0| HE#ES Fig
6ol Uelded H7INg R MEHiES 1 ngolx
B E9e 1 ng ~ 20 pg2 338 W RER
HEel 5#f0) 715¥ Aoz btk ELISAC 9
& endosulfan®] B 5 HiolE 5 ppbel BHRER
15) eyl RIAC] &% o s kM
HE-E benomyldl A+ 1.25 ng, parathionol A& 4.
0 ng, paraquateir+= 01 ng, 24-D= 130 ng
IAAE 94.0 pg, PCBo A+ 0.1 ng, chloramphenicol
dME 100 pge 2 HEHACE ol#7 RIAM 27
Beggol B HTIA endosulfans] A& 2 K
E7} 22 Aol £33k olAY RIAE 9T ol
AAR" ¥ A RIAZ o]43lo endosulfand &
EEO) ke M Mol dhal ElER R
g AAEY Fig 7dv ke e o
3 BEHS veio #Elfd e TEpER o
& #EFK W ST O 2n BRHFRE
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Fig. 7. Standard curves of recovery test in
water and fish(#* : spiking concentra-
tion for recovery test).

o FA e

Endosulfan-BSAe] tha Ame Hif8E o83t
endosulfan {{@pHE o} 71et HEEEREF, BiEr)
R S8 -] s e AR 8
Blol olsl XX KRS FAT #HER(Table 1)
endosulfan alcohol#} endosulfan etherd] t3jx] gt
Z+zt 1052, 57.1 %9 ¥ KEHS ey R, cap-
tafole] hME 32%9 B2 KEHS BgL 2
71et FEHS e BF 25 % ol 3k} SUEM:
< AY Re2 eyt o714 endosulfan alco-
hole} 2&W Mkl ®& olf= HE FAAA en-
dosulfan alcohol-& o] &3} BSA$} conjugate & 3
fig = 22 W Hilgt B =AY 48
Aoz AR olag &N [KEHS RiEE
A EEolA e o] polyclonal AbE AML-3}x ¢x
monoclonal AbE FEEate] A}g3tH AR T K
HHI At endosulfan REBHEA s TR
REERES AU g7 s & BN FEE
pilEe adE A Aotk

#eRfAe] & Hifke Hlfd W& RIAC 9@
g AEefEHE GC-ECD Fik @ ELISAY) o3t
mMER FReE vaste] BH(Table 2) 3 7% K
i b ELISAo| 213 EikEe] 714 @gkm RIAY)
o BEER EEZF 2V =24 Jebgh f#iRlAY
HEE FolMe guto)r] EMERel M Rgta K
AfM 718 52 &€ 2yt #EKede —
#AC.2 90 % <39 ¥L BIERE BPon o
£ WHEERE RIAZE 0.1, GC-ECDrs} 20,
ELISA7} 50 ng/ml lge 2 el ojaty ##E
£ BEH3PE, endosulfan ppb K#ES] EEFE Kk
GBS Yl 7] WEo) KEIY BlEA
4 2] endosulfane] ¥HIS 91 = RIA Hike] =
2 HREE Ad ffFste AT Hikol 2 Aol
t}. o] endosulfan-g RIAZ #7387 S = en-
dosulfan-protein -onjugate® HiE o2 3o figs
BT & 1 Utk N KENS ksl ol @
oh & EEOIA:: 1: 32,0009 97}¢} endosulfan
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Table 2. Comparison of recoveries for endosulfan in tissues of carp and water among GLC,

ELISA, and RIA.

Recovery (%)

Sample GLC? ELISA® RIA®
0.5 0.1 0.05 0.5 0.1 0.05 0.5 0.1 0.05
Liver 91.2 89.6 86.4 78.2 74.3 91.0 90.8 934 93.2
Kidney 88.1 923 85.7 76.0 715 81.7 89.2 88.3 93.7
Gut 79.5 82.4 80.8 674 77.1 70.6 913 94.6 90.8
Whole body 89.1 84.8 86.2 775 739 72.1 884 91.1 85.2
Water 93.7 96.2 93.5 89.1 98.7 96.4 917 97.6 94.0

Detection Limit (ng/ml) 2.0 5.0 0.1

a: Means of 2 replicates, b : means of 8 replicates, and ¢ : means of 3 replicates.

oy Aske) {bgmole A9 KEH] e
Ux stk RIA Eolfetre pidss)l EHERS
BEe T 4 °ColA] 1 B &t “C-HE# en-
dosulfan®] #Ehn & Al 4 °Colld 2 BER #53,
% ol dextran coated charcoal(DCC)& #Rin
st EEA 15~30 & KiE #% 1500 rpmeAl
10 B7F 9458 ste EERS LSC FHlste A
o]t}

L O

Endosulfan®] B&EHHL $3 RIA(radioim-
muno assay): endosulfan alcohol(EA)-BSA con-
jugate Pe Rzt HEA N REHERE 4
Eslsich. AEY fUEbEs Hfs 1032000 2
2 endosulfanz} EA [istel ML EHAAE A9
SMENES Ve A ekgten] RIAZ 9% kol i
Bige 12000 oz eyl RIAY il B
#EArE 4 °C o)ew endosulfane] HHEEE
1 ng—20 pg YT FMEHES 1 ng olUTh
RIA HiEe FlHst Jolo] & Hlat gk
AA S mlcr A% FE= GLC/ECD U ELISAE
FFS EMERED R34 Jebgth aURelA
RIAG] <3t endosulfane] #EHERFE 0.1 ppb Ah
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