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ZDepartment o f  Chemist ry  

ABSTRACT 

Diphacinone, a commonly used a n t i c o a g u l a n t  r o d e n t i c i d e ,  was coup led  t o  
p r o t e i n  v i a  an (0-carboxymethy l )  oxime b r idge .  Immunizat ion i n  r a b b i t s  
produced a n t i b o d i e s  w i t h  good a b i l i t y  t o  recogn ize  t h e  hapten as demonstrated 
by i n d i r e c t  E I A  and a f f i n i t y  column adsorp t i on .  
developed which c l e a r l y  measured 10 kg/L d iphacinone c o n c e n t r a t i o n s  showing 
t h e  s e n s i t i v i t y  o f  t h e  assay. 
showed t h a t  t h e  d n t i s e r a  possessed a h i g h  degree o f  d iphacinone s p e c i f i c i t y .  

A c o m p e t i t i v e  E I A  was 

C r o s s - r e a c t i v i t y  s tudy  w i t h  ch lorophacinone 

INTRODUCTION 

D iphac i  none (F ig.  1; I ;  2- (Diphenylacetyl)-ltJ-indene-l,3(2fl-dione) a 

commonly used r o d e n t i c i d e ,  i s  r e p r e s e n t a t i v e  o f  t h e  indandione a n t i c o a g u l a n t s  

(1 ) .  It has been used t h e r a p e u t i c a l l y  as a a n t i t h r o m b o t i c  agent i n  man ( 2 ) .  

Th i s  a n t i c o a g u l a n t  p reven ts  r e c y c l i n g  o f  v i t a i n i n  K f rom t h e  i n a c t i v e  epoxide 

m e t a b o l i t e  back t o  t h e  f u n c t i o n a l  quinone s t r u c t u r e  ( 3 ) .  

b i o c h e m i c a l l y  r e s p o n s i b l e  f o r  c a r b o x y l a t i o n  o f  g lu tamate  res idues  t o  4- 

cdrboxyglutamate l o c a t e d  on t h e  v i t a m i n  K dependent c o a g u l a t i o n  f a c t o r s  ( 4 ) .  

T h i s  c a r b o x y l a t i o n  r e s u l t s  i n  f u n c t i o n a l i z i n g  c o a g u l a t i o n  f a c t o r s  11, V I I ,  I X ,  

and X so t h e y  can p a r t i c i p a t e  as zymogens i n  t h e  enzymatic cascade r e s u l t i n g  

i n  th romb in  g e n e r a t i o n  which i s  v i t a l  i n  p r o v i d i n g  p roper  hemostasis (5 ) .  

V i t a m i n  K i s  
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70 MOUNT, KURTH, AND JACKSON 

Chromatographic methods u s i n g  TLC (6), GLC ( 7 ) ,  and HPLC ( 8 )  have been 

a p p l i e d  f o r  d iphac inone  d e t e r m i n a t i o n  b u t  no immunoassay has been descr ibed.  

Chlorophacinone ( a l s o  an a n t i c o a g u l a n t  r o d e n t i c i d e )  d i f f e r s  o n l y  by a s i n g l e  

c h l o r i n e  on one o f  t h e  bisbenzene r i n g s  o f  diphacinone. 

i n t e r e s t  t o  compare ch lorophacinone and d iphacinone w i t h  respec t  t o  a n t i b o d y  

s p e c i f i c i t y  and c r o s s - r e a c t i v i t y  s i r ice b o t h  a r e  commonly used r o d e n t i c i d e s .  

O b j e c t i v e s  o f  t h i s  i n v e s t i g a t i o n  were t o  coup le  d iphacinone t o  p r o t e i n  

I t would be o f  g r e a t  

u s i n g  p e p t i d e  bond fo rm ing  agents ( 9 )  i n  o r d e r  t o  produce a n t i b o d i e s  i n  

r a b b i t s ,  t o  c h a r a c t e r i z e  t h e i r  a f f i n i t y  f o r  d iphacinone,  and t o  develop an 

enzyme immunoassay (EIA) (10). 

MATERIALS AND METHODS 

Reagents and r e l a t e d  ma te r ia . l s  

Oiphacinone a n a l y t i c a l  s tandard  (99%) was p r o v i d e d  by Vel s i c o l  Chemical 

Corpo ra t i on ,  Rosement, IL .  

c a r b o d i i m i d e  (DCC), bov ine serum albumin (BSA), and keyhole l i m p e t  hemocyanin 

(KLH) were o b t a i n e d  f rom Sigma Chemical Company, S t .  Louis ,  MO. Carboxymeth- 

oxy lamine hemihyd roch lo r i de  (CMA) was ob ta ined  from A l d r i c h  Chemical Company, 

Inc., Milwaukee, WI. The p r o t e i n s  were t w i c e  d i a l y z e d  i n  1 L d i s t i l l e d  wa te r  

p r i o r  t o  usage. 

Bio-Rad, Richmond, CA. Spect rapor  membrane t u b i n g  (Spectrum Medica l  Indus-  

t r i e s ,  Inc., Los Angeles, CA) u t i l i z e d  i n  d i a l y s i s  had a mo lecu la r  c u t o f f  a t  

12-14,000 and 0.002 i n c h  d r y  th i ckness .  B u f f e r  s a l t s  and t e t r a h y d r o f u r a n  

(THF) and o t h e r  reagent-grade s o l v e n t s  were ob ta ined  commerc ia l ly .  P y r i d i n e  

was f r e s h l y  d i s t i l l e d  and perox ide- f ree.  

determined on a scanning U V / V I S  spect rophotometer  (Hew le t t  Packard, Model 

8450, P a l o  A l t o ,  CA). 

N-hydroxysucc in imide (NHS), N,N' -d icyc lohexy l -  

Beads o f  am inoa lky l  agarose (AFFI-GEL 102) were ob ta ined  f rom 

U l t r a v i o l e t  measurements were 

An t igen  p r e p a r a t i o n  

Diphacinone-carboxymethyloxime, D-CMO, (F ig .  1; 11) was syn thes i zed  by 

F o l l o w i n g  r e a c t i n g  d iphac inone  w i t h  CMA i n  p y r i d i n e  f o r  24 h a t  25OC (11). 
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INMUNOASSAY FOR DIPHACINONE 71 

*Ph pyr id ine CMA ,&Ph 

0 Ph N Ph 
I I1 I 

OCH2C02H 

NHS. DCC 
THF 
P 

IV I 
OCH2C-N-f-\ 

0 6 A  
F i g u r e  1: S y n t h e t i c  pathway used t o  coup le  d iphacinone t o  p r imary  amines. 

p u r i f i c a t i o n  o f  0-CMO by e x t r a c t i o n  i n t o  aqueous 4% sodium b i ca rbona te  and 

p a r t i t i o n i n g  i n t o  dichlorornethane a f t e r  10"; HC1 a d d i t i o n ,  t h e  d c t i v e  s u c c i n i -  

mide e s t e r  (F ig .  1, 111) wds syn thes i zed  by m i x i n g  w i t h  NHS and DCC i n  THF a t  

4OC f o r  12 h (12) .  The r e s u l t i n g  p roduc t  was a near 1 : l  stereoisomer a t  t h e  

C8 p o s i t i o n  as determined by p ro ton -  and 13C-NMR (13). 

Oiphacinone succ in im ide  a c t i v e  e s t e r  (10 mg; 0.02 mmol) d i s s o l v e d  i n  THF 

( 4  mL) a t  40C was added d i r e c t l y  t o  t h e  p r o t e i n  (60 mg) d i s s o l v e d  i n  l i t h i u m  

b o r a t e  b u f f e r  (4  mL; 0 . 4  M; pH 9 . 3 )  a t  4 O C  and s t i r r e d  12 h. 

s o l u t i o n  c o n t a i n i n g  0-CMO p r o t e i n s  [ I V ]  was d i a l y z e d  i n  10 mmol/L sodium 

t e t r a b o r a t e  c o n t a i n i n g  25% l a u r i c  a c i d  (2  t imes )  and a s o l u t i o n  o f  144 mmol/L 

sodium c h l o r i d e  and 10 mmol/L sodium carbonate ( 3  t imes ) .  

d e n s i t y  o f  BSA f o l l o w i n g  c o u p l i n g  was 14 D-CMO m o l e c u l e s / p r o t e i n  molecule. 

The c o a t i n g  a n t i g e n  (KLH-antigen) had 16% o f  t h e  a v a i l a b l e  l y s i n e  res idues  

coupled t o  0-CMO. 

x 104 f o r  0-CMO i n  phosphate b u f f e r e d  s a l i n e  pH 7.4.  

The r e s u l t i n g  

The e p i t o p i c  

An e x t i n c t i o n  c o e f f i c i e n t  a t  327 nm was determined as 1.622 
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7 1  MOUNT, KURTH, AND JACKSON 

Ant ibody  p r o d u c t i o n  and c o l l e c t i o n  

New Zealand White r a b b i t s  were imnunized subcutaneously  w i t h  1 mg/immuni- 

z a t i o n  o f  BSA-antigen as p r e v i o u s l y  desc r ibed  (14) .  

ddys p o s t  i m n u n i z a t i o n  and t h e  t i t e r  determined by i n d i r e c t  E I A .  

t h e  a n t i s e r a  was s t o r e d  as r e c e i v e d  a t  -40% f o r  t i t e r i n g  w h i l e  t h e  remainder 

was p u r i f i e d  by ammonium s u l f a t e  p r e c i p i t a t i o n  (15 ) .  

B lood was c o l l e c t e d  7-10 

A p o r t i o n  of 

E v a l u a t i o n  o f  t i t e r  and a n t i b o d y  a f f i n i t y  

A b i l i t y  o f  t h e  KLH-antigen ( c o a t i n g  a n t i g e n )  t o  recogn ize  a n t i b o d i e s  

produced a g a i n s t  BSA-anti gen (immunogen) was t e s t e d  by a m o d i f i e d  i n d i r e c t  E I A  

procedure o f  Engva l l  and Perlmann (16) .  

assumed t o  be 814,000 (17)  and t o  c o n t a i n  7% o f  amino a c i d  compos i t i on  as 

a v a i l a b l e  l y s i n e  res idues  (18). O p t i m i z a t i o n  o f  c o a t i n g  a n t i g e n  dnd con juga te  

( g o a t  a n t i r a b b i t  IgG coupled t o  HRP; An t i bod ies  Inc., Davis ,  CA) concentra-  

t i o n s  were determined t o  e s t a b l i s h  an i n d i r e c t  E I A .  Coa t ing  a n t i g e n  ( 5  pg/mL) 

was added (100 p L / w e l l )  i n  carbonate b u f f e r  (50 mmol/L; pH-9.6) was added t o  

96 w e l l  m i c r o t i t e r  p l a t e s  ( L i n b r o / T i t e r t e k R ,  Flow L a b o r a t o r i e s ,  McLean, KA) 

and incuba ted  o v e r n i g h t  a t  4OC. P l a t e s  were washed 5 t imes  wi th  150 mmol/L 

(0.9%j NaCl p l u s  0.1% Tween 20 (wash s o l u t i o n )  on a Dynawasher I 1  (Dynatech 

L a b o r a t o r i e s ,  Inc., A lexandr ia ,  V A ) .  A n t i s e r a  d i l u t i o n s  were made i n  PBST 

phospha te  b u f f e r e d  s a l i n e  (150 mmol/L NaCl and 10 mmol/L Na/phosphate) p l u s  

Tween 20 (0.05%)); and were added (100 p L / w e l l )  and incuba ted  f o r  1 h a t  37%. 

P l a t e s  were washed ( 5  t imes) .  The con juga te  (1:4000) was added (100 p L / w e l l )  

i n  PBST and incuba ted  1 h a t  37% f o l l o w e d  w i t h  wash (5  t imes ) .  

2 ,2 ' -az ino -d i - (3  e t h y l  b e n z o t h i a z o l i n  s u l f o n i c  a c i d )  [ABTS; 200 pL o f  40 

mnol/L added t o  19.8 mL o f  b u f f e r J  i n  c i t r a t e  b u f f e r  (50 mmol/L, pH=4) was 

added (100 p L / w e l l )  w i t h  hydrogen pe rox ide  (60 pL o f  500 mmol/L added t o  19.8 

mL o f  b u f f e r )  and incuba ted  a t  25oC f o r  3 0  min. The r e a c t i o n  was h a l t e d  by 

a d d i t i o n  (100 p L / w e l l )  o f  s top  s o l u t i o n .  The s top  s o l u t i o n  was prepared b y  

The mo lecu la r  weight  o f  KLH was 

The s u b s t r a t e  
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IMMUNOASSAY FOR DIPHACINONE 1 3  

making a s o l u t i o n  o f  3.75 mol/L HF i n  375 mmol/L NaOH and d i l u t i n g  t h i s  1:lO 

i n  1 mmol/L d i sod ium EDTA. 

Comparisons w i t h  p l a t e s  coated w i t h  KLH were measured t o  e v a l u a t e  t h e  

a f f i n i t y  o f  a n t i b o d y  f o r  t.he coupled hapten. 

t h e  r e s u l t i n g  c o l o r  development was determined on a Dynatech M i c r o p l a t e  

Reader. 

equal t o  0.1 absorbance and possess ing a 5 t imes  h i g h e r  mdrg in o f  absorbance 

ove r  t h e  corresponding p rese ra  values. 

r e c i p r o c a l  o f  t h e  end p o i n t  serum d i l u t i o n .  

Absorbance r a t i o  (410/450 nm) o f  

The end p o i n t  t i t e r  was determined as t h e  va lues g r e a t e r  t han  o r  

The t i t e r  was expressed as t h e  

An a f f i n i t y  column made by c o u p l i n g  0-CMO was used t o  measure a n t i b o d i e s  

a f f i n i t y  f o r  t h e  hapten 

Diphacinone succ in im ide  a c t i v e  e s t e r  (F ig .  1; 111) i n  THF was added (1:l 

v/v)  t o  am inoa lky l  agarose beads i n  l i t h i u m  b o r a t e  b u f f e r  (400 mmol/L, pH=9.3) 

a t  a 2 molar  excess o f  t h e  amine groups. 

were determined as desc r ibed  by F a i l l a  and S a n t i  (19). 

shaken o v e r n i g h t  a t  25%. The beads were e x t e n s i v e l y  washed w i t h  phosphate 

b u f f e r e d  s a l i n e .  

by UV measurement (327 nm). 

a n t i s e r a  and incuba ted  10 h a t  25%. 

i ncuba ted  w i t h  r a b b i t  a n t i s e r a  t o  measure n o n s p e c i f i c  b ind ing .  The a n t i s e r a  

was recovered f o l l o w e d  c e n t r i f u g a t i o n  (3000 rpm f o r  20 minutes)  and t i t e r e d  

a g a i n s t  t h e  o r i g i n a l  a n t i s e r a .  S i g n i f i c a n t  removal o f  a n t i b o d y  by D-CMO 

coupled beads would i n d i c a t e  a n t i b o d y  a f f i n i t y  toward t h e  0-CMO hapten 

The a v a i l a b l e  f r e e  p r imary  amines 

The m i x t u r e  was g e n t l y  

The amount o f  D-CMO coupled t o  t h e  beadsf1q' was determined 

Beads coup led  t o  D-CMO were added t o  r a b b i t  

Uncoupled beads were i n  l i k e  manner 

(F ig .  

1; I V ) .  

Development o f  a c o m p e t i t i v e  E I A  and e v a l u a t i o n  o f  s e n s i t i v i t y  

Horse rad ish  pe rox idase  (HRP; MW=40.000; 30 mg; p r e v i o u s l y  d i a l y z e d  i n  1 L 

water  2X)  was added t o  l i t h i u m  b o r a t e  b u f f e r  (200 mmol/L; pH=9.3; 5 mL) a t  

4OC. Diphacinone succ in im ide  a c t i v e  e s t e r [ I I I y  (MW=513; 7.7 mg) i n  5 mL THF 
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74 MOUNT, KURTH, AND JACKSON 

was added i n  one p o r t i o n  t o  t h e  HRP s o l u t i o n  and s t i r r e d  o v e r n i g h t  d t  4OC. 

The r e s u l t i n g  con juga te  was d i a l y z e d  as desc r ibed  f o r  0-CMO coup led  p r o t e i n s .  

The HRP coupled t o  D-CMO (HRP-HAPTEN) was d i l u t e d  t o  1 mg/mL and then  f r o z e n  

(-40%) u n t i l  needed. B ind ing  o f  t h e  D-CMO t o  HRP was determined by UV 

absorbance (327 nm) . 
A n t i s e r a  ( r a b b i t  No. 136) was p u r i f i e d  by amnorliuin s u l f a t e  p r e c i p i t a t i o n  

(15)  and r e c o n s t i t u t e d  t o  a f i n a l  c o n c e n t r a t i o n  o f  15 mg/mL. O p t i m i z a t i o n  o f  

t h e  concen t ra t i ons  o f  HRP-HAPTEN (0.01 mg/mL) and an t i body  (1 :500) was 

performed. The an t i body  s o l u t i o n  was added (100 p g / w e l l )  i n  t h e  c o a t i n g  

b u f f e r  and incuba ted  o v e r n i g h t  a t  4OC. 

s tandards (each 2 t imes  t h e  d e s i r e d  c o n c e n t r a t i o n )  were mixed (1:1 v/v)  and 

added (100 b l / w e l l )  i n  PBST/dog serum (4 t o  1) t o  t h e  p l a t e s  f o l l o w i n g  washing 

and incuba ted  a t  37OC f o r  1 h. A f t e r  washing, t h e  ABTS s u b s t r a t e  s o l u t i o n  was 

added (100 p L / w e l l )  and stopped a f t e r  1 h i n c u b a t i o n  a t  25% i n  t h e  dark. 

Measurements were made as desc r ibed  e a r l i e r .  

The HRP-HAPTEN and d iphacinone 

E v a l u a t i o n  o f  s p e c i f i c i t L  

The procedure f o r  t h e  c o m p e t i t i v e  inununoassay was repeated u s i n g  c h l o r o -  

phacinone t o  measure c r o s s - r e a c t i v i t y .  S e r i a l  d i l u t i o n s  o f  equal concentra-  

t i o n s  t o  t h e  d iphac inone  were compared. 

equal volume w i t h  HRP-HAPTEN on t h e  p l a t e  and incuba ted  f o r  1 h a t  37OC 

f o l l o w e d  by s u b s t r a t e  a d d i t i o n .  

The s tandard  s o l u t i o n s  were mixed 

RESULTS 

E v a l u a t i o n  o f  t i t e r  and a n t i b o d y  a f f i n i t y  

F i g u r e  2 shows t h e  i n c r e a s i n g  t i t e r  f o l l o w i n g  success ive immunizat ions 

u s i n g  i n d i r e c t  E I A .  Comparison o f  poo led  p rese ra  ( l i n e  a )  t o  p o s t  imnuniza- 

t i o n  sera ( l i n e s  b-e) c l e a r l y  demonstrates i n c r e a s i n g  an t i body  concen t ra t i ons .  

The poo led  sera samples taken  a f t e r  t h e  i n i t i a l  immunizat ion showed t i t e r s  o f  
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: T i t e r i n g  o f  poo led  r a b b i t  sera imnunized w i t h  BSA-antigen u s i n g  
i n d i r e c t  E I A .  
month ( e )  p o s t  i n i t i a l  immunizat ion a n t i s e r a  a r e  i l l u s t r a t e d .  Log = 
Logar i t hm t o  t h e  base 10. 

Presera (a) ,  1 month (b), 3 month ( c ) ,  4 month ( d ) ,  and 6 

8,000 a t  1 month ( l i n e  b), 10,000 a t  3 months ( l i n e  c) ,  and 32,000 a t  b o t h  4 

( l i n e  d) and 6 (termina.1, l i n e  e) months. The i n c r e a s i n g  t i t e r s  demonstrated 

e l e v a t i o n  i n  a n t i b o d y  c o n c e n t r a t i o n s  f o l l o w i n g  repeated exposure t o  t h e  

i mnunogen. 

F i g u r e  3 demonstrates t h e  s p e c i f i c i t y  o f  t h e  a n t i s e r a  toward t h e  D-CMO 

hapten. 

t o  50,000 when t h e  c o a t i n g  a n t i g e n  was KLH-antigen. 

The an t i body  t i t e r  was 1500 when KLH was t h e  c o a t i n g  a n t i g e n  compared 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



76 MOUNT, KURTH, AND JACKSON 
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F i g u r e  3: Preserum (broken l i n e s )  h,bl and an t i se rum ( s o l i d  l i n e s  [c,dJ of 
Rabb i t  No. 136 measured u s i n g  i n d i r e c t  E I A  on a 96-wel l  m i c r o t i t e r  p l a t e  
coated w i t h  KLH-antigen ( c i r c l e )  ib,dl o r  KLH ( t r i a n g l e )  h,cl. Log = 
Logar i t hm t o  t h e  base 10. 

Measurement of f r e e  amine groups on t h e  uncoupled beads was 32 pmol/mL o f  

beads. 

beads. 

o n l y  37% removal by t h e  beads alone. 

The c o n c e n t r a t i o n  o f  0-CMO coupled t o  t h e  beads was 6 pmol/mL o f  

The D-CMO coupled beads removed 59% o f  t h e  a n t i s e r a  t i t e r  compared t o  

Compet i t i ve  EIA and S e n s i t i v i t y  

The e p i t o p i c  d e n s i t y  o f  HRP-HAPTEN was 3. The tandard  cu rve  o b t a i n  d 

from t h e  c o m p e t i t i v e  immunoassay f o r  d iphac inone  standards i s  shown i n  F ig .  4. 

The cu rve  was l i n e a r  over t h e  c o n c e n t r a t i o n s  10 t o  320 pg/L. The 10 pg/L 

c o n c e n t r a t i o n  was c l e a r l y  detected.  
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D i p h o c i n o n e  C o n c e n t r a t i o n  ( n g / m l )  

F i g u r e  4: Compet i t i ve  EIA s tandard  cu rve  o f  d iphacinone standards c o n s t r u c t e d  
f rom p r e d i c t e d  p o i n t s  ( s o l i d  l i n e )  based on r e g r e s s i o n  equat ion.  Data 
p o i n t s  (N=3) shown w i t h  s tandard  d e v i a t i o n  (b racke ts )  a r e  i l l u s t r a t e d .  
Diphacinone c o n c e n t r a t i o n  on a l o g a r i t h m  scale.  

Chlorophacinone c r o s s - r e a c t i v i t y  i s  shown i n  Fig. 5 u s i n g  t h i s  competi- 

t i v e  E I A .  

degree o f  i n h i b i t i o n  caused by d iphacinone.  

It r e q u i r e s  8 f o l d  as much ch lorophacinone t o  produce t h e  same 

DISCUSSION 

Diphacinone was s u c c e s s f u l l y  coupled t o  a n t i g e n i c  p r o t e i n s  v i a  ( 8 -  

carboxymethy1)oxime b r i d g e  (F ig .  1). 

t h i s  hapten-coupled p r o t e i n  demonstrated h i g h  s p e c i f i c i t y  f o r  t h e  ant icoagu-  

l a n t ,  d iphac inone  (F ig .  2,3,5). 

d iphacinone was developed u s i n g  a c o m p e t i t i v e  E I A  (F ig .  4). 

A n t i b o d i e s  r a i s e d  i n  r a b b i t s  a g a i n s t  

A h i g h l y  s e n s i t i v e  method f o r  d e t e c t i n g  

When t h e  KLH-antigen i s  used t o  b l a n k e t  t h e  m i c r o t i t e r  p l a t e s ,  t h e  

i n d i r e c t  E I A  measures those  a n t i b o d i e s  hav ing  a f f i n i t y  t o  t h e  D-CMD hapten 

and/or  t hose  a n t i b o d i e s  c r o s s - r e a c t i n g  w i t h  KLH. An t ibod ies  which c ross - reac t  
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F i g u r e  5: C r o s s - r e a c t i v i t y  o f  ch lorophacinone w i th  t h e  d iphacinone c o m p e t i t i v e  
E I A  i s  i l l u s t r a t e d .  

w i t h  KLH would f a l s e l y  i n d i c a t e  immunoglobulins hav ing  s p e c i f i c i t y  t o  t h e  

hapten. Therefore,  t o  a p p r e c i a t e  t h e  degree o f  c r o s s - r e a c t i v i t y ,  c o a t i n g  o f  

p l a t e s  w i th  KLH would e s t a b l i s h  t h e  b a s e l i n e  f o r  measuring D-CMO a f f i n i t y .  

Minimal c r o s s - r e a c t i v i t y  o f  t h e  a n t i s e r a  ( t i t e r  = 1500; Fig. 3, l i n e  c) was 

determined when t e s t e d  w i t h  KLH. 

= 50,000; Fig. 3, l i n e  d) was measured when t e s t e d  w i t h  KLH-antigen. These 

exper iments demonstrate t h a t  t h e  i n c r e a s i n g  t i t e r  observed f o l l o w i n g  success- 

i v e  imnun iza t i ons  i s  due p redomina te l y  t o  a n t i b o d y  a f f i n i t y  toward t h e  D-CMO 

hapten. 

I n  c o n t r a s t ,  a much g r e a t e r  a f f i n i t y  ( t i t e r  

The a f f i n i t y  bead exper iment  c l e a r l y  demonstrated a n t i s e r a  a f f i n i t y  

toward t h e  D-CMO (F ig.  1; 11). 

by t h e  D-CMO coupled beads when compared t o  t h e  a n t i s e r a  p r i o r  t o  bead 

Approx lmate ly  59% o f  t h e  an t i body  was removed 
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adsorption. 

nonspec i f i c  adsorpt ion i s  due t o  f r e e  amine groups (32 pmol/mL). The uncoup- 

l e d  beads could func t ion  as an i on  exchange res in  causing nonspec i f i c  p ro te in  

adsorption. 

(20). 

The D-CMO coupled beads have less  ava i l ab le  f ree  amines (6 pmol/mL are  bound 

t o  D-CMO) r e s u l t i n g  i n  less  nonspeci f ic  binding. 

37%) between the  D-CMO coupled beads and the  uncoupled beads v e r i f i e s  removal 

of antibody having s p e c i f i c  a f f i n i t y  toward the  0-CMO hapten [ IV] .  

I n  comparison, uncoupled beads removed 37% o f  the  antibody. This 

The pKa of€-amino groups o f  l y s i n e  range between 9.5 t o  10.6 

A t  phys io log ica l  pH (7.4). v i r t u a l l y  100% would be p o s i t i v e l y  charged. 

Thus the d i f f e rence  (59%- 

Successful development o f  t he  compet i t i ve  EIA v e r i f i e s  the  an t ibod ies '  

a f f i n i t y  f o r  diphacinone (Fig. 1; I ) .  Free diphacinone success fu l l y  competes 

w i t h  HRP-HAPTEN f o r  diphacinone-speci f ic  antibody b ind ing  s i t es .  

o f  t h i s  compet i t ion r e s u l t s  i n  a decrease i n  absorbance which i s  co r re la ted  t o  

the  concentrat ion o f  f ree  diphacinone. 

standard curve o f  diphacinone concentrations. 

pg/L concentrat ion o f  diphacinone which both demonstrates the  s e n s i t i v i t y  and 

s p e c i f i c i t y  o f  the  assay. 

one (F iy .  5) required approximately 10 f o l d  the  concentrat ion t o  produce 

equivalent i n h i b i t i o n .  

antibody f o r  diphacinone. Chlorophacinone i s  i d e n t i c a l  s t r u c t u r a l l y  t o  

diphacinone except f o r  a s ing le  C1- on one o f  the  benzene r ings.  

The e f f e c t  

This i s  i l l u s t r a t e d  i n  Fig. 4 by the  

The assay c l e a r l y  detected 10 

'The c ross - reac t i v i t y  o f  antibody w i t h  chlorophacin- 

This c l e a r l y  demonstrates the  h igh  s p e c i f i c i t y  o f  

App l ica t ion  o f  t h i s  assay t o  ant icoagulant overdose or  rodent ic ide  

poisonings can now be performed. 
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