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Affinity Study of DDT Monoclonal Antibodies:
Influence of Hapten Structure and Coating Ligand
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Bioanalysis & Biotransformation Research Center, Korea Institute of Science & Technology
Sungbuk-gu, Hawologok-dong 39-1, Seoul 136-791, Korea

*Department of Chemistry, Seoul Women's Univeilibyvon-gu, Kongnung 2 dong 126, Seoul, 139-774, Korea

For development of immunoassay pp-DDT (4,4-dichlorodiphenyl-2,2,2-trichloroethane), synthesized
were five derivatives of DDT haptens (DDA, DDHP, DDCP, DDHH, DDHHAP) that had a similar structure
with DDT but a different length of linkers. Among these hapten derivatives, DDA (2,2-Bis(4-chlorophe-
nyl)acetic acid), DDHP (5,5-Bis(4-chlorophenyl)-5-hydroxypentanoic acid) and DDCP (5,5-Bis(4-chlorophe-
nyl)-5-chloropentanoic acid) were conjugated with keyhole limpet hemocyanin for the use as immunogen.
Fifteen clones of monoclonal antibodies were produced from hybridoma fused between mouse spleen cell and
myeloma cell. DDHH (6,6-Bis(4-chlorophenyl)-6-hydroxyhexanoic acid) and DDHHAP (3-[6,6-Bis(4-chlo-
rophenyl)-6-hydroxyhexanoylamino]propanoic acid) in addition to DDA, DDHP and DDCP were conjugated
to ovalbumin and bovine serum albumin for the use of coating ligands. As a result of affinity screening for
fifteen monoclonal antibodies to ten coating ligands, the affinities were greatly influenced by structural sim-
ilarities between DDT and its haptens, and steric hindrance of carrier proteins. Therefore, antibody affinity
should be considered as a dependent characteristics by various coating ligands which were a complex of hapten
derivative and carrier protein. Also, a proper affinity between antibody and DDT coating ligand was required
to obtain a good DDT does-response curve.

Key words: ELISA, DDT, monoclonal antibody, hapten synthesis
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Enzyme-linked immunosorbent assay(ELISA)y= A&
o] A flo] Al NER B Ak, e Hgoz
A& BRNEE FA1 w1 AP

o] =& DDT¢ 1 F=AlE A&7 g
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2.1. Al & 77|

Bovine serum albumin(BSA), ovalbumin(OVA),
keyhole limpet hemocyanide(KLH)+<= Pierce Chemical
Co.(Rockford, IL., USA)NA 743k, Silica gel 2
TLC plate(Art. 13895, PSC-Fertigplatten Kieselgel 60
F254)= Merk (Darmstadt, Germany) #|&& AR
t}, Column chromatography8 8vl= A.CSEE AR
319, WS 7180 ¥ EE chemical-2 Sigma-
Aldrich Chemical Co.(St. Louis, MO., USA.)2] A|&e
AHE-319. 21, peroxidase conjugated anti-mouse IgG=
Organon Teknika-Capel(Durham, NC., USA)IA] <]
st EE gEgde

F&H Milli-Q water system

AER A - A

Table 1. Chemical structures of DDT analytes and the
haptens prepared

cwCI X R

R

DDT H CCl
DDA H COOH

DDHP OH (CH,),COOH

DDCP Cl  (CH,),COOH

DDHH OH (CH,),COOH

DDHHAP OH (CH,),CONHCH,CH,COOH

(Millipore Inc., MA, USAYS ARE3le] AAE goljes:
E AFE-3l9 Y. Microwell module(maxisorp)s Nunc
(Denmark) A &L ALg-slgiom, ELISA 4189 Ald =
Z-2- Microplate washer(8441 02, Tri-Continent Inc.,
UK)E AFE319, Kinetic Microplate
reader(molecular devices, Inc., CA, USAYS AL&3}o]

2g3nt.

B350 =
FHEE

2.2. #E M=

DDT ¥ 3E9] Fx+= Table 1.9, = A=y
Scheme 19 YERH o 23 whHe oo} 7},

2,2-Bis(4-chlorophenyl)acetic acid(DDA:. DDA+
$p-DDT2HE Grummitt ef al.(1946)92] wel| o]
o] A=zsch. 'H NMRE00 MHz, CDCly)
7.31(d, J=8.58Hz, 4H, ArH) 7.23(d, J=8.52Hz, 4H,
ArH) 4.99(s, 1H, ArCH)

5,5-Bis(4-chlorophenyl)-5-hydroxypentanoic  acid
(DDHP): DDHP= Abad ef al(1997)'92] Hie) 71
3le] Az ek. 2ok, Glutaric anhydride@ g, 17.5
mmo)E ALElA F THF] 3] =& wj7hA]
40°CoNA wnkalsin), o] 8ol 4-chlorophenylmagne-
sium bromide(70.0 mmol of a 1 M ether solution)E
A3 Hrkete] 40°ColA 37 FRF ke F A
o2 Y7ale] 14A7a<t aglslsle). o] g 9
o] ammonium chloride ¥3F&AE0mL)S 237, F
8 F& ether® Hoj&E ¥ 1 M HCLOE 1Hsls
Atk B84 EEE AHS & 8 FL ether
@2x30mL)E FE33} 715S SHFE Mo F
 MgSOE 7Az3Act. 4vE S7 § column
chromatography(Ethyl acetate:n-Hexane, 1:5)1 2]&}
of w=ghdle] 99 A& DDHPOA4L g 14%)E <
2tk 'H NMR (300 MHz, CDCly) 7.31(m, 8H,
AtH) 240, ]=6.93, 2H, CH,CO,H) 2.28m, 2H,

-
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oo (o) (SHals
COOH Loon
DDHP DDCP
o
I 3). () OH @ OH
—_—— N A
HOH,C)s™ ~OCH,CHj a O O cl a o
(CH2)s (CHa)e
OH COOH
DDHH
© i’ ©
AT~ :
(CI:HZ)4 (?th
CONHCH,CH,COOH CONHCH,CH,COOCH,CH;
DDHHAP

(1) 4-chlorophenyl magnesiumbromide, THF, 2 hr (40°C), r.t. (14 hr)
(2) Acethyl chloride, 20 hr, reflux

(3) t-buthyldimethylsilylchloride, imidazole, DMF, 6 hr, r.t.

(4) PDC, DMF, 20 hr, r.t.

(5) B-alanine ethylester hydrochloride, EDC, Et;N, THF, 12 hr, 50 °C
(6) LiOH, THF/H,O 12 hr, r.t.

Scheme 1. Synthesis of Haptens.

C(OH)CH,) 1.61(m, 2H, CH,CH,CH,) £ 74 MgSO,= 7=y, 8ulE SRk 74

5,5-Bis(4-chlorophenyl)-5-chloropentanoic  acid 2 AAE 113g 6%y Ltk H NMRE00
(DDCP):  Acetyl chloride(3 mL)l  5,5-Bis(4- MHz, CDCly) 4.21(g, J=714, 2H, CO,CH,) 3.60(t,
chlorophenyl)-5-hydroxypentanoic acid(0.1g, 0.29 J=641, 2H, SiOCH, 2.30(t, J=7.52, 2H, COCH,)
mmolE =2 §9& 20/7HeSt $ w8 & vl 1.60(m, 2H, SiOCH,CH,) 1.51(m, 2H, COCH,CH,)
& ZF3F9 ) Plate thin layer chromatography(Ethyl — 1.36(m, 2H, SiOCH,CH,CH,) 1.26(t, J=7.11, 3H,
acetaten-Hexane, 1:5)9 €3l {54 A DDCP  CO,CH,CH;) 090, 9H, C(CHy) 0.05(s, 6H,
0.069g, 66%)E5 AUtk 'H NMR@E00 MHz,  Si(CH.),)

1o oy

CD,0D) 6 7.31(m, 8H, ArH) 2.40(t, J=6.93, 2H, 1,1-Bis(4-chlorophenyl)-6-(1,1,2,2-tetramethyl-1-
CH,CO,H) 2.35(m, 2H, C(CDCH, 1.61(m, 2H, silapropoxy)hexan-1-0l(2): 5 THF4OmL)°l 1
CH,CH,CH,); GC/MS (m/z): 358 (M+2) (1.0g, 3.64 mmol)S =°]3 40°CE =5 238 &

Ethyl 6-(1,122-tetramethyl-1-silapropoxy) hexanoate  4-chlorophenylmagnesium bromide(10.9 mmol of a
(1): Ethyl-6-hydroxyhexanoate(1.0 g, 6.05 mmol)Z} 1M ether solution)& 30-40% Bt 3| FrlshA
Imidazole(0.5 g, 727 mmol}S DMFA0mL)] 51 84 A 2A1ZF 5<F wnkeiqint, o] vk EEs deoa
S 208 B A0 mket F 0°CE Yzhelke  Wzkele] 15A17F B9 Wk & ammonium chloride
DMFel tert-buthyldimethylsilyl chloride(1.0g, 6.44  (20mL) ¥3} 842 7}8le] W-3-§ F4%%c}. DDHP
mmol)E =91 §X-& A7kt o] vk EHeS 6 ¢ 22 WPHOE AE|tA, column chromatography
AZF Bt Ao wNket & 271 mL)E 718k (Ethyl acetate:n-Hexane, 1:10)0] ¢)afed A A)sle] et
of Wke-S FAsIL. #ME AUSFI F ethyl M Alg AWAE 2095g 49%)E AUk H
acetate (3 x50 mL)9} FHFT(100 mL)E FE3 {7 NMR@300 MHz, CDCl) 7.33(d, J=9.03, 4H,
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ArH) 7.27(d, ]J=894, ArH) 3.56(t, ]=6.30, 2H,
SiOCH,) 2.22(m, 2H, C(OH)CH,) 147(m, 2H,
SiOCH,CH,) 1.36(m, 2H, HOCCH,CH,) 1.26(m,
2H, SiOCH,CH,CH,) 0.88(s, 9H, C(CH,);) 0.03(s, 6H,
Si(CH,),)

1,1-Bis(4-chlorophnyl)hexane-1,6-diol(3):  Methanol
@mLel @) (050g, 110 mmohE =3 gdo| 2%
HCLE: 718te] 2A17F &< A2olx] wRksgnt. o wk
S F3E-S chloroform(3 x 10 mL)C & F&3F §7]3
ZRew MHsT T4 MgS0,2 A%d 3 )
Fhete] A A4 AHE 3(0.75g, 100%)= &
Atk 'H NMR@E00 MHz, CD30D) 7.38(d, J=8.67,
4H, ArH) 7.26(d, J=867, ArH) 349t J=649, 2H,
CH,CH,OH) 224(m, 2H, HOCCH, 147(m, 2H,
HOCH,CH,) 1.32(m, 4H, HOCH,CH,CH,CH,)

6,6-Bis(4-chlorophenyl)-6-hydroxyhexanoic  acid
(DDHH): (3) (0.5g, 1.47 mmol)Z PDC(1.70 g,
443 mmol)E DMF(12 mL)* =<1 898 1547+ &
Qb A2ox wnkgk & BulE ZjF SR o] &
28 Feko] dichloromethaneo] o] B84 74
& oFete] AAGAY. Ao e FHIAL
column chromatography(chloroform:methanol, 15:1)
o ofte] AAte] Ea 4] AJ/9E DDHH(042 g,
63%)E AUtk 'H NMR@E00 MHz, CD,0D) 7.39(d,
J=861, 4H, ArH) 7.26(d, J=858, ArH) 224(m, 2H,
HOCCH,) 161(m, 2H, , COCH, 130(m, 4H,
COCH,CH,CH,)

3-[6,6-Bis(4-chlorophenyl)-6-hydroxyhexanoylamino]
propanoic  acid(DDHHAP): THF@mL)%| B-Alanine
ethyl ester hydrochloride(0.043 g, 0.28 mmol)& =<1
S Et,N (0.1 mL)E FH7isle] A2 1087F
st FAsETh o §A& °CE ¥ &
EDC(0.065 g, 0.33 mmol)®?} 6,6-Bis(4-chlorophenyl)-6
hydroxyhexanoic acid(0.1g, 0.28 mmo)E H7}3F &
255 50°CE &3 F 1077 Bt wrkslsirt. &l
3 W2 IAE CHCl =9 05 N HCl
T= A F 75 MgSO,= 7% sioitt. &)
column chromatography(Ethyl
acetatemn-Hexane, 1:10)01 2J3le] AAsle] H2 g
A AY AAE ester 400958, 74%)S LT}, ©]
ester 4(0.050g, 0.11 mmol)®} LiOHE THF/H,0
@mLyel o] 22olx 12417k 3t mnkeh 19 2
8}s}3, 10% CH,OH/CHCL(G x5 mL)E &8t

M wo o

o|N

i ol
i
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AE -

RERE

T NapSO,2 Ax3 & 8HlE SRt ek A
H AAE DDHHAP (0034g 72%)E |tk H
NMR(300MHz, CD;OD) 9.32(brt, 1H, CONH) 7.32(d,
J=873, 4H, ArH) 725(d, =852, 4H, AtH) 327(m,
2H, CONHCH,) 257, J=7.24, 2H, CONHCH,CH,)
224(m, 4H, CH,CONH, C(OH)CH, 172(m, 4H,
C(OH)CH,CH,, C(OH)CH,CH,CH,)

2.3. & EZ2Ho| =

PBS (10 mM, pH 72)= 2E ELISA 23] 9%
gol oz ARg3lgITh DDT 1 mgmL< DMSOo) =21
stock €02 RE PBSE WAZC® (.1 pg/mL7HA]
3| ElT), e W o Z WAl Wk g (],
1, 10, 100, 1000, 10000, 100000 pg/mLe] FE= 3
28le] 4°ColA Bapste] AME-3I3ITt

DDT &3 & Aikelr] fleled mdeds a3 2
& o g AZsGth 1mLe] DMFe) 22-Bis(4-
chlorophenyl)acetic  acid(DDA) 2.0 mg(7.12 pmol) 3}
EDC 1.6 mg8.18 pmol)& o). ALofx 305 =t
a3k, o] WS EFEC] 50 mM carbonate
buffer(@H 9.6, containing 015 M KCI) 4mLol
KLH(10 mgye =<0 848 30% &< A3 Hrist
T Ao A7 B RIS & 4°CollA 6AI7F &
<t wREEIAT), W EEES] B84 IAE YAEE
3t A A3 DDA-KLH H3AE 4°CollA] PBSZ
FABIAL UV-vis 2 EHO R SRIsIgit), etz
7} e HerE RiehiEe] Ao g4 54 999
s|=gle] W2 DDAKLIS] A3} Az=2lc)

AL & F AU HEA L et Sdbazzle]

T
p
Zuls G, LU AFA) 2HEY ARy

DDHPKLH®} DDCP-KLH%= DDA 4l DDHP<}
DDCPE AM3le] DDA-KLHS} 72+ wlHoz Az
st

2.5. IYLZES M=

Al £7<¢ YEDODA, DDHP DDCE DDHH,
DDHHAP)3} F FF<2 HFZ(BSA, OVAYS =
SHete] 108579 IHE=E v 242 WUilew
AzstAch #HEF utchil A o] AL active

ester ¥ (Langone and Van Vunakis, 19820172 &
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Table 2. Effect of coating ligand for the affinity of monoclonal antibodies immunized by three immunogens

Affinity score and coating ligand

Immunog MAb
en cell line

DDA DDHP DDCP DDHH DDHHAP DDA DDHP DDCP

DDHH DDHHAP

-BSA  -BSA -BSA -BSA -BSA -OVA  -OVA -OVA  -OVA -OVA
1Al +++  ++ +++ ++ + - - - -
1A2 + + + ++ + 4+ A+ ++ ++

IID{II)?I 1A3 - - - - - ++ ++ + + +
1A4 - - - - - + ++ + + +
1B6 - - - - - + ++ + + +
2A1 . . . + . + . . . .
2A2 - - - - - + - - + -

DII{)IE 2A6 - - - +++ - + + ++ - -
2B1 - - - - - + + - ++ +
2B3 - - - + + - - - ++ ++
3A1  4++4+ +++  +H++ I e e aiah ok s s
3A2 - - - - - ++  +++ e+ e+

DDCP-

KLy A8 i i i i i i i i i i
3A4 . . . . . . . . . .
3A5 + + + ++ - + + - - -

*The affinity of monoclonal antibody to coating ligand was graded on an arbitrary 5-point scale - no affinity; + poor affinity;
++4 good affinity; +++ high affinity; ++++ the highest affinity

£399tt. DDA 3.14mg(11.2 umol), NHS(@mg,
169 pmo)#} EDC(3.3mg, 169 pmo)E 0.5 mL2|
DMFel| 5o]al 2417k F<F wyksl3iet. 0.15 M KCis
X386l 50mM carbonate buffer; pH 9.64 mLel
BSA 10 mgs ¢ &9 ©] active ester £H&
FHs] Hrhslar, Aeolr 4rZFEet wntek § 4°C
oA B WA[EIY. B84 ZAE YA 22k

< DDA ¥ FAEEL A AL UVwis 28 8oz

Suichmzle] B4 it A2800) olsle] Wl 7he
iy o7 DDA-BSAE gelsis]th.

oj¢} e oz vl 74l DDT =4 (DDA,
DDHE DDCE DDHH, DDHHAP) 77} thl &5
] BSA, OVAZE HHe ZHezi=g 243

2.6. DDT CHASESA it

DDT @E&3A= Al F5el 1 U(DDA-KLH,
DDHPKLH* DDCP-KLH)S AF&3le] BALB/
mice2] spleen cell’} myeloma cell fusiondled T
AEEIA MAb)E A4HetE hybridoma cell lined
screeningslit), zhzhe] HAYo 2 AMgs DDT f=
A¢] BSA conjugateE coating ligand®A ARS8l
ZAgsle] 15579 dUFEIAE Ak

2.7. ELISA0]| o|§t ctel22&H|e| o7t &3

DDA-BSA Z®#7t=E 50 mM carbonate buffer
(®H 96)9 =] microtiter plates]l Z}7} 50 ui(10 pg/
mly¥ 7Fete] 4°CellA] 1247 B}t A9gt & PBST=
A3 1% BSA/PBS €92 150 Wy €3 42
ol 2A17F &<t blockingdt ¥ PBSTE A& slsicth.
PBSZ 3] 3 MAb culture supernatantZ wello]
50Ul 7¥8}al 23] shakingdFHA] A&oA 2417¢
E<9F 83k B welle PBSTZ A& 3t M2
PBST 200 W& AH&-sto] zh WAalct 3314 Asi3i3d
. PBSZ 10009 &43 HRPanti-mouse IgGE
200 uL¥ 718} 3] shakingdPaA] ALolM 24]7F
Eo WS-8t & welle PBSTZ 53] A& 3kttt OPD
substrateE well'd 100 pL¥ 71312, 108 3 2N
H,SO& 50 uLy Hrfsfed whe-& F2 3k r}. Kinetic
microplate reader(Molecular Devices)E AH8-8Fe] 490
nmelA OD valueE £33 d3+= Table 2.9 YER
AT} B3 1057 AY=o) gt 1559 ©d
SEIA 9] s gk Hrisd sl A9
-2 duplicate® A|33}o] B2 sttt

2.8. ELISA0| 2|8} DDT HXE=M
Table 2.9} Fig. 1914 & g 13k} oJrpara
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1 Ceating ligand
3.0
: —e— DDA-BSA

—o— DDHP-BSA
—a— DDCP-BSA

—a— DDHHBSA

20

oD{490nm)

—e— DDHHAP-BSA

0.0 L " L L
0 2 4 6 8 10 12
Bilution factor of MAb:DDA 1A1

SRR - AR

09 r
Coating ligand

—e— DDA-BSA

—o— DOHP-8SA
06 ¢ —a— DDCP-BSA
—a— DDHH-BSA

—o— DDHHAP-BSA

0D(480nm)

03

0.0
0 2 4 6 8 10 12

Dilution factor of MAb:DDA 1A2

33 L Coating ligand
—e— DDA-BSA
—e— DDHP-BSA
T 23 —&— DDCP-BSA
C
S —&— DDHH-BSA
~t
g —6— DDHHAPBSA
13 r
03
0 2 4 8 10

Dilution factor of MAL:DDCP 2A1

Fig. 1. Titration curve for MAb clones by ELISA with BSA-coating ligand.

S Yehlie A9 =9 gzk=dl thaled, A 97}
=] 70% OD #s ZHIQ BEXECZ sl DDT

=gl st
e 2.7 %1-8}
180 pLo} 747te] s 3)12g DDT £3589 180 L
& A2 A7 WA wkAIZ] &, A" elk=
7F FEEUE wellel 100 pL %o}oq Llac Sei=
AR AL triplicate™ A3l Haxw] sl

0o Y J
o o
2|
;

3. Z#z & pE
DDTQ} I REES ELISA H“?..ﬂ% olgsl] A&
7] ¢
719 AgE 5 de= 3}4‘17101 ﬂii@ﬂ—g— F3sh=
PES TARIGT}. Sutchl Ay} o) g A%
7] (epitope)2te] Ag Zo]9} =
FAAAE A78l7] flsjel, DDT] CCly &
C0, C3, C4 71254 aFoz A%E DDA,
DDHP, DDHHE 451915, DDHPe] -OHt4l -Cl

Z %5t DDCPE $4381%12, DDHPel| B-alanine
2 oel= AFAA 7 A2 7= DDHHAPE 4
sgieh. 559l BES] FYS HNMR 2HER o=
UREEES

DDT -+x$ 717 #AksH DDA, DDHP2} DDCP|

KL $0de 23407 Beeos Ahgsil,
34dst  5%F(DODA, DDHP DDCE  DDHH,

Sk Ae A%

SRt o) Fe] uf

DDHHAP)®] €4 BSA 2 OVA
AA FZHHER AR

& Rshge] Wsle ARSI HEH T ETe] 4
2 280 nmelA UV 2 EF 9] WslE A s3It

Miceol] HFALSI] A 15272 ReTEA S
WHlshs METE 23 43, 22 gleolss
At SWrdaAe] FRol webA zlstEoe] thEs|
Uepdon] o A Table 2.9 2th. DDA-KLHE

WA 0 Z ANl A2 55F] dH= 5ERel 9
Eol BSAZ A3 IEZ=dA A 1A1S ¢
& 3skES Yepfolen, 34 1A2= DDHH-BSA

=Y w2 315kEs Uitk OVAE 4



DDT 91} 343y

A
o)

A=A = dAH R 2 3gEHS

DDHPKLHE HAYgoZ Ag-3)
1= DDHH-BSA ZH#)7t=olA
& wglow, DDCPKLHE WHYgo=s
5252 34 & 3A1S BSA, OVA =
oA, A 3A2& OVA FEe|7k=olAn
< Yepiich
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50 Coating ligand

—e— DDA-OVA

—o— DDHP-OVA
20 —a— DDCP-OVA
—&— DOHH-OVA

—o— DDHHAP-OVA

OD(480nm)

0.0 L L L :
4 8 12 16

Dilution factor of MAb:DDA 1A2

=]

08 r
Coating ligand

—e— DDA-OVA

—o— DDHP-OVA
0.6
—&— DDCP-OVA
—A— DDHH-OVA

04 —o— DDHHAP-OVA

0oD{(490nm)

0.2

(]

2 4 6 8 1 12
Dilution factor of MAb:DDA 1B6

33 i Coating ligand
—e— DDA-OVA
—o— DOHP-OVA
E 28 r —&— DOCP-OVA
g —— DDHH-OVA
e —6— DDHHAP-OVA
13 1
0.3 ! ! : !
0 3 6 9 12

Cilution factor of MAb:DDCP 3A1

OD(490nm)

OD(480nm)

OD(490nm)

BSAOl ZA4o)E OVAY H]ff}O#
Hﬂ?ﬂoli zsﬂE_JJr 561-5]01
o A g3t o F G vE Ao, OVAh
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Fig. 2. Titration curve for MAb clones by ELISA with OVA-coating ligand.
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