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PEROXIDASE-LABELLED MONOCLONAL ANTIBODIES 
FOR USE I N  ENZYME IMMUNOASSAY 

D.  Henning and K. N i e l s e n  

P.O. Box 11300, S t a t i o n  H ,  Nepean, O n t a r i o ,  Canada K2H 8P9 
A g r i c u l t u r e  Canada, Animal Diseases Research  I n s t i t u t e ,  NEPEAN, 

ABSTRACT 

D e s i r  ab  1 e c ha r  a c t e r i s  t i c s o f e nz yme-a n t i b  od y c on j u ga t e s f o r  
u s e  i n  enzyme immunoassay a r e  l a b e l l i n g  u n i f o r m i t y ,  permanent 
a v a i l a b i l i t y  and s t a b i l i t y .  The u s e  o f  monoclonal a n t i b o d i e s  
(MCABS) f o r  p r e p a r a t i o n  of  enzyme c o n j u g a t e s ,  i n  p l a c e  o f  poly- 
c l o n a l  a n t i b o d i e s ,  e n s u r e s  l a b e l l i n g  u n i f o r m i t y  and  permanent 
a v a i l a b i l i t y .  The problem o f  s t a b i l i t y  s t i l l  e x i s t s .  Monoclonal 
an t ibody-hor se rad i sh  pe rox idase  (McAB-HREQ) c o n j u g a t e s  produced 
i n  o u r  l a b o r a t o r y  showed v a r i a b l e  s t a b i l i t y .  A f t e r  e x t e n s i v e  
t e s t i n g  o f  McAB-HRPO c o n j u g a t e s  i t  became obv ious  t h a t  sodium 
borohydr ide ,  used  as a r e d u c i n g  a g e n t ,  d i d  n o t  r e s u l t  i n  t h e  
p r o d u c t i o n  o f  s t a b l e  c o n j u g a t e s  wi thou t  enzyme p r e t r e a t m e n t  w i t h  
f l u o r o d i n i t r o b e n z e n e  (FDNB) . Ascorbic  a c i d  o r  e thanolamine  used  
a s  t h e  r educ ing  a g e n t ,  r e s u l t e d  i n  McAB-HRPO c o n j u g a t e s  which 
were s t a b l e  f o r  p e r i o d s  o f  t e n  months o r  more when s t o r e d  f i l t e r  
s t e r i l i z e d  a t  4 ' C .  

INTRODUCT I O N  

Mouse monoclonal a n t i b o d i e s  from a s c i t e s  f l u i d  a r e  f r e q u e n t l y  

con juga ted  w i t h  h o r s e r a d i s h  pe rox idase  (HRPO) f o r  u s e  i n  enzyme 

immunoassay. The pe r ioda te -ox ida t  i o n  method of  con juga t  i o n  

developed  by Nakane and Kawaoi i s  o f t e n  used  (1). These a u t h o r s  

r e p o r t e d  t h a t  under  o p t i m a l  c o n d i t i o n s ,  68% of  t h e  enzyme a c t i -  

v i t y  and  99% o f  t h e  immunoglobulin were i n c o r p o r a t e d  i n t o  t h e  
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2 98 HENNING AND NIELSEN 

conjugate.  E f f i c i e n c y  of  con juga t ion  r epor t ed  by o t h e r  i n v e s t i -  

g a t o r s  u s ing  t h i s  method i s  cons ide rab ly  lower ( 2 , 3 , 4 ) .  T h i s  

may be  p a r t l y  due  t o  t h e  sodium borohydride r e d u c t i o n  s t e p  used 

t o  s t a b i l i z e  t h e  c ros s - l inkage  between t h e  enzyme and t h e  immuno- 

g lobu l in .  Antibody a c t i v i t y  of HRPO-labelled McABs produced by 

t h i s  method was reduced by 60% two weeks p o s t  con juga t ion .  D i f -  

f e r e n t  reducing  agen t s  were t h e r e f o r e  i n v e s t i g a t e d ,  i n c l u d i n g  

sodium borohydride (11, a s c o r b i c  a c i d  (5) and ethanolamine ( 6 ) .  

Fluorodin i t robenzene  t rea tment  o f  peroxidase  p r i o r  t o  t h e  conju- 

g a t i o n  procedure was performed, t o  p reven t  s e l f - coup l ing  o f  t h e  

enzyme was performed ( 1 ) .  

Some commercial antibody-HRPO c o n j u g a t e s  a l o n g  w i t h  some 

prepared in our  l a b o r a t o r y  l o s t  a l l  an t ibody a c t i v i t y  w i t h i n  s i x  

months, when s t o r e d  a t  -20°C. Other s  bo th  po lyc lona l  and mono- 

c l o n a l  antibody-HRPO con juga te s  10s t between 10-80% a c t i v i t y .  

Therefore  t h e  e f f e c t s  of  s t o r a g e  a t  4 O C  and -20°C with  numerous 

freeze-thaw c y c l e s  was a l s o  i n v e s t i g a t e d .  

The above parameters  are  o f  c o n s i d e r a b l e  consequence when 

r eagen t s  are u t i l i z e d  i n  mass s e r o l o g i c a l  d i a g n o s t i c  procedures  

i n  which r e p r o d u c i b i l i t y  and v a r i a t i o n  b o t h  a r e  impor tan t  f o r  

a s say  accuracy. 

MATERIALS AND METHODS 

Monoclonal an t ibody product ion  

Monoclonal a n t i b o d i e s  t o  t h e  l i g h t  c h a i n  o f  bovine immuno- 

g l o b u l i n  were produced fo l lowing  a mod i f i ca t ion  of t h e  method o f  
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MONOCLONAL ANTIBODIES 299 

Kennet t  (7). The monoclonal a n t i b o d y  s e l e c t e d  f o r  t h i s  s t u d y  

was IgGl i so type .  

P u r i f i c a t i o n  o f  monoclonal a n t i b o d y  from a s c i t e s  f l u i d  

A s c i t e s  f l u i d  was c l a r i f i e d  a t  52 ,000  x g/10 minu tes  t o  

remove l i p i d s  and f i b r i n  c l o t s .  An t ibod ies  were t h e n  p r e c i p i -  

t a t e d  from t h e  c l a r i f i e d  s u p e r n a t a n t  f l u i d  by  t h e  a d d i t i o n  o f  a n  

equa l  volume of  s a t u r a t e d  ammonium s u l p h a t e  [(NH4I2 SO4]. 

The p r e c i p i t a t e  was d i s s o l v e d  i n  0.15 M N a C l  and d i a l y s e d  a g a i n s t  

0.15 M N a C l  f o r  12-16 hour s  a t  4°C. P r o t e i n  c o n c e n t r a t i o n  was 

e s t i m a t e d  on t h e  d i a l y s a t e  by u l t r a v i o l e t  spec t ropho tomet ry  a t  

280 nm u s i n g  E1% = 13.7. 

F luo rod in i t robenzene  t r e a t m e n t  o f  pe rox idase  

1 cm 

The b l o c k i n g  o f  HRPO w i t h  FDNB p r i o r  t o  o x i d a t i o n  w i t h  sodium 

meta-per ioda te  was done by t h e  method o f  Nakane and Kawaoi (1) 

u s i n g  1% l-fluoro-2,4-dintrobenzene (Sigma Chemical Co. , S t .  

Lou i s ,  MO). 

Pe rox idase  c o n j u g a t i o n  

Conjugat ion  o f  t h e  McAB t o  HRPO was c a r r i e d  o u t  by a modi f i -  

c a t i o n  o f  t h e  method o f  Nakane and Kawaoi (1). Ten m i l l i g r a m s  

of pe rox idase  ( t y p e  VI-Sigma Chemical Co., S t .  L o u i s ,  MO) was 

d i s s o l v e d  i n  2.5 m l  o f  d i s t i l l e d  w a t e r  and mixed w i t h  0 .5  m l  o f  

0.1 M sodium meta-per ioda te  f o r  20 minutes  a t  room tempera tu re .  

The a ldehyde  was d i a l y s e d  a g a i n s t  0.001 M sodium a c e t a t e  b u f f e r ,  

pH 4.4. a t  4OC f o r  18 hours .  F i f t y  m i c r o l i t e r s  o f  0.2 M sodium 

ca rbona te  b u f f e r  pH 9.5 w a s  added t o  10 mg HRPO fo l lowed 
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3 00 HENNING AND NIELSEN 

immediately by t h e  a d d i t i o n  o f  2 m i l l i g r a m s  o f  p u r i f i e d  mono- 

c l o n a l  an t ibody.  The mix tu re  was s t i r r e d  g e n t l y  a t  room 

t empera tu re  f o r  2 hour s  and  t h e  r e a c t i o n  was s topped  by t h e  

a d d i t i o n  o f  one  o f  t h e  fo l lowing  r educ ing  a g e n t s :  0.25 m l  

a s c o r b i c  a c i d  (4 mg/ml), 0.25 m l  sodium borohydr ide  (4 mg/ml) o r  

10% v /v  2 M e thanolamine  pH 9 .5  ( f i n a l  c o n c e n t r a t i o n  o f  0 .2  M I .  

Conjugates  o f  2.0 mg o f  p r o t e i n  were l e f t  s t a n d i n g  f o r  24-48 

hour s  a t  4OC t o  s t a b i l i z e  and were t h e n  f i l t e r  s t e r i l i z e d  (0 .22  

mp) and s t o r e d  a t  4°C o r  a t  -2OOC u n t i l  used .  La rge r  b a t c h e s  

were found t o  t a k e  5-10 days  t o  s t a b i l i z e .  D i f f e r e n t  amounts o f  

pe rox idase  (1 ,2 ,5 ,10 ,12 ,15  o r  20 mg) were used  i n  t h e  c o n j u g a t i o n  

procedure .  From t h e  d a t a  o b t a i n e d ,  10  mg pe rox idase  con juga ted  

w i t h  2 mg o f  p r o t e i n  by t h e  above t e c h n i q u e  y i e l d e d  t h e  o p t i m a l  

coup l ing  e f f i c i e n c y .  T h i s  r a t i o  was used  f o r  c o n j u g a t i o n  o f  

o t h e r  monoclonal a n t i b o d i e s  of IgGl i s o t y p e  wi th  s i m i l a r  

r e s u l t s .  

Enzyme inmunoassay 

Immunologic and  enzymat ic  a c t i v i t y  o f  HRPO-labelled McABs 

were demonstrated i n  a n  i n d i r e c t  enzyme i m u n o a s s a y  f o r  bovine  

serum an t ibody  t o  B r u c e l l a  a b o r t u s  (8) .  I n  b r i e f ,  9 6  w e l l  poly- 

s t y r e n e  p l a t e s  (L inbro ,  McLean, VA) were c o a t e d  w i t h  200 p1 

p e r  w e l l  o f  0.06 M c a r b o n a t e  b u f f e r ,  pH 9.6, c o n t a i n i n g  200 ng o f  

- B. a b o r t u s  smooth l i p o p o l y s a c c h a r i d e  ( 9 ) .  A f t e r  18 hour s  o f  

i n c u b a t i o n  a t  RT, p l a t e s  were washed f o u r  times i n  0.01 M phos- 

p h a t e  b u f f e r  pH 7.2 c o n t a i n i n g  0.15 M N a C l  and 0.05% Tween 20 
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MONOCLONAL ANTIBODIES 301 

(PBS-T). A serum ob ta ined  from a cow (shown t o  b e  i n f e c t e d  w i t h  

- B. a b o r t u s  by c u l t u r e  o f  t h e  organism from m i l k )  was d i l u t e d  t o  

c o n t a i n  s u f f i c i e n t  an t ibody  i n  200 u1 t o  s a t u r a t e  t h e  a n t i g e n i c  

de t e rminan t s  p a s s i v e l y  adeorped t o  t h e  p o l y s t y r e n e  and added t o  

each  w e l l  f o r  one hour  a t  RT. A f t e r  f o u r  washes i n  PBS-T 200 

1.11 of  doubl ing  d i l u t i o n s  o f  McAB-HRPO c o n t a i n i n g  500 t o  15.6 

ng lwe l l  o f  an t ibody  were added f o r  one  hour  a t  RT. A f t e r  a n  

a d d i t i o n a l  f o u r  washes i n  PBS-T, 200 V1 o f  substrate/chrornogen 

(4 .0  mM hydrogen peroxide  and 1.0 mM 2 ,2 ' - az inob i s  (3-ethylbenz- 

t h i a z o l i n e  s u l f o n i c  a c i d )  diamonium s a l t  i n  0.05 M c i t r a t e  

b u f f e r ,  pH 5.0) was added. The p l a t e  was shaken  on a n  o r b i t a l  

shake r  and t h e  o p t i c a l  d e n s i t y  w a s  measured a t  414 nm i n  a spec- 

t rophotometer  a f t e r  LO minutes .  Antibody-enzyme c o n j u g a t e s  were 

t e s t e d  a t  r e g u l a r  i n t e r v a l s  f o r  10 months. 

A c a p t u r e  a s s a y ,  used  f o r  t h e  e s t i m a t i o n  o f  t h e  bound enzyme 

p r e s e n t  i n  t h e  c o n j u g a t e s ,  was performed u s i n g  a p o l y c l o n a l ,  

sheep  a-mouse an t ibody  t o  t r a p  d i l u t i o n s  o f  t h e  mouse imuno-  

g l o b u l i n  of t h e  McAB-HRPO con juga te .  An a s s a y  was performed t o  

e s t i m a t e  t o t a l  enzyme c o n c e n t r a t i o n  p r e s e n t  i n  t h e  McAB-HKPO 

con juga te s .  Both t e s t s  were developed w i t h  t h e  s u b s t r a t e l  

chromogen desc r ibed  above. 

RESULTS AND DISCUSSION 

Actua l  o p t i c a l  d e n s i t y  measurements o f  t h e  enzyme-antibody 

con juga te  reduced w i t h  a s c o r b i c  a c i d  and t e s t e d  monthly ove r  a 
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FIGURE 1 
Monthly spec t rophotometr ic  r e a d i n g  o f  McAB-HRPO con juga te  
us ing  a sco rb ic  a c i d  as t h e  reducing  agent  wi thout  p r i o r  
t rea tment  of  t h e  enzyme wi th  FDNB.  The r ead ings  were t aken  
a t  a 1:3200 d i l u t i o n  of t h e  r eagen t  a t  10 min of  development. 

pe r iod  o f  t e n  months are p resen ted  i n  F igure  1. I t  is  obvious 

t h a t  t h e  r eagen t  i s  h i g h l y  s t a b l e  over  t h e  t e s t  p e r i o d ,  w i t h  

v a r i a t i o n  i n  a l l  c a s e s  l e s s  t han  10%. To minimize tes t  t o  t es t  

v a r i a t i o n ,  t h i s  enzyme-antibody con juga te  was chosen a s  t h e  

s t anda rd  and minor v a r i a t i o n s  i n  o p t i c a l  d e n s i t y  measurements 

were mathematically c o r r e c t e d  t o  c o r r e l a t e  o p t i c a l  d e n s i t y  va lues  

of o t h e r  r eagen t s  t o  t h i s  s t anda rd .  Thus t h e  s t anda rd  enzyme- 

an t ibody conjugate  i s  r ep resen ted  by t h e  h o r i z o n t a l  l i n e  (1) i n  
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FIGURE 2 

S t a b i l i t y  o f  McAB-HRPO c o n j u g a t e s  o v e r  a t e n  month p e r i o d  
u s i n g  t h r e e  d i f f e r e n t  r educ ing  a g e n t s  ( 1 )  a s c o r b i c  a c i d ,  
( 2 )  sodium borohydr ide ,  ( 3 )  e thanolamine .  Conjugate  b i n d i n g  
i s  expressed  as t h a t  d i l u t i o n  which g i v e s  a n  o p t i c a l  d e n s i t y  
r e a d i n g  o f  1.0 s p e c t r o p h o t o m e t r i c a l l y  a t  414 nm, a f t e r  a t e n  
minute  incuba t ion  p e r i o d  w i t h  subs t ra te fchromogen.  

F i g u r e s  2,3 and 4 w i t h  t h e  o t h e r  c u r v e s  c o r r e c t e d  by t h e  same 

v a l u e s .  

The r e s u l t s  show t h a t  when sodium borohydr ide  was r e p l a c e d  by 

a s c o r b i c  a c i d  o r  e thanolamine  i n  t h e  f i n a l  s t e p  o f  t h e  p e r i o d a t e  

method o f  c o n j u g a t i n g  McABs w i t h  HRPO, t h e  antibody-enzyme conju- 

g a t e s  main ta ined  a h i g h  l e v e l  of  s t a b l e  an t ibody  a c t i v i t y  f o r  a t  

l e a s t  t e n  months. Sodium borohydr ide  on t h e  o t h e r  hand caused  a n  

80% d e c r e a s e  i n  a c t i v i t y  ove r  t h e  i n i t i a l  two months ( F i g s .  1,2). 

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



3 04 

4- 

3- 

i c 
X 

= 2. 0 
3 
n 

I- 

- 
1. 

HENNING AND NIELSEN 

\p., L 

...... ................ -. \ '$*., 
\ '**------ --. ............... 
\ 
\ 
\ 

............ ... 

I ------/- 
-5. 

- - - - /A-  

- 1  

...... 2 

-- 3 

OJ I 
0 1 2 3 4 5 6 7 0 9  

MONTHS 

FIGURE 3 
Comparison o f  s t a b i l i t y  o f  c o n j u g a t e  u s i n g  HRPO w i t h  o r  
without FDNB t r ea tmen t  (1) a s c o r b i c  a c i d  as a r educ ing  agen t  
wi th  no  FDNB t r ea tmen t  o f  HRPO, ( 2 )  sodium borohydr ide  used  
a s  a reducing  agent  w i th  FDNB t r e a t e d  HRPO and ( 3 )  sodium 
borohydride as a reducing  agen t  w i th  n o  FDNB t r ea tmen t  o f  
HRPO. The con juga te  b ind ing  i s  as desc r ibed  i n  FIGURE 2 .  

When ethanolamine was used  i n  t h e  procedure ,  however, h i g h e r  

background absorbance was demonstrated i n  t h e  b u f f e r  c o n t r o l s  o f  

t h e  enzyme immunoassay i n d i c a t i n g  non- spec i f i c  i n t e r a c t i o n  ( d a t a  

n o t  shown). 

When HRPO was t r e a t e d  w i t h  FDNB t o  b lock  a and E amino 

groups and hydroxy groups  o f  HRPO, con juga t ion  w i t h  mouse McABS 

u s i n g  sodium borohydride r e s u l t e d  i n  a r e a g e n t  t h a t  was s t a b l e  

for t e n  months (F ig .  3) .  However, when a s c o r b i c  a c i d  was used a s  
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FIGURE 4 
The e f f e c t  o f  f r e e z i n g  and .thawing on s t a b i l i t y  o f  McAB-HRPO 
c o n j u g a t e s  prepared  wi th  a s c o r b i c  a c i d  (1) r e f r i g e r a t e d  
c o n j u g a t e ,  ( 2 )  c o n j u g a t e  t h a t  h a s  been r e p e a t e d l y  f r o z e n  and 
thawed. 

t h e  r educ ing  agen t  i n  t h e  p re sence  o f  FDNB, t h e  an t ibody  a c t i v i t y  

o f  t h e  con juga te  was u n p r e d i c t a b l e .  

Es t ima t ion  o f  c o n c e n t r a t i o n  of  bound enzyme on c o n j u g a t e s  

p repa red  showed t h a t  a t e n - f o l d  r e d u c t i o n  i n  c a p t u r e d  a n t i b o d y  

a c t i v i t y  had occur red  when sodium borohydr ide  had  been  used  a s  

t h e  r educ ing  a g e n t  compared t o  c o n j u g a t e s  u s i n g  a s c o r b i c  a c i d  and 

ethanolamine. S i m i l a r l y  t h e  c o n j u g a t e  made u s i n g  sodium borohy- 

d r i d e  a s  t h e  r educ ing  a g e n t  and FDNB t r e a t e d  HRPO showed a t w o -  

f o l d  r e d u c t i o n  i n  t h e  cap tu red  an t ibody  a c t i v i t y .  T o t a l  enzyme 
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e s t i m a t i o n s  on a l l  conjugates  were ve ry  s imilar  i n  concen t r a t ion .  

I t  t h e r e f o r e  appears  t h a t  t h e r e  i s  a breakdown o f  t h e  an t ibody-  

enzyme complex i n  t h e  con juga te s  t r e a t e d  w i t h  sodium borohydr ide  

and t h a t  t h i s  i s  a d i r e c t  r e s u l t  o f  t h e  an t ibody be ing  reduced 

by t h e  sodium borohydride.  

Freez ing  and thawing of  t h e  McAB-HRPO con juga te  a l s o  proved 

t o  a f f e c t  s t a b i l i t y  (F ig .  4 ) .  A f t e r  m u l t i p l e  f r e e z i n g  and thaw- 

i n g  c y c l e s  n o  an t ibody  a c t i v i t y  cou ld  b e  d e t e c t e d  i n  numerous 

con juga te s  produced i n  t h e  l abora to ry .  

Bovine albumin i s  q u i t e  o f t e n  added t o  commercial con juga te s  

as a s t a b i l i z e r .  However t h i s  was n o t  d e s i r a b l e  as  t h e  conju- 

g a t e s  produced were used i n  t e s t i n g  bovine  serum samples.  

I n  d i a g n o s t i c  s e ro logy ,  antibody-enzyme con juga te  s t a b i l i t y  

i s  important t o  minimize day t o  day  t e s t  v a r i a t i o n  and t o  main- 

t a i n  cos t - e f f ec t iveness .  We sugges t  t h a t  t h e  con juga t ion  proce- 

d u r e  r e p l a c i n g  sodium borohydr ide  w i t h  a s c o r b i c  a c i d  a s  t h e  

reducing  agent  and t h e  s t o r a g e  of  con juga te  a t  4°C may t h e r e f o r e  

provide  a u s e f u l  means f o r  enzyme-antibody s t a b i l i z a t i o n .  
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