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COMPARISON OF GLUCOSE OXIDASE AND PEROXIDASE AS LABELS 
FOR ANTIBODY I N  ENZYME-LINKED IMMUNOSORBENT ASSAY 

Roy B. Johnson,  J r . ,  Rose M.  Libby and Robert  M. Nakamura 
Department of Pa tho logy ,  Green H o s p i t a l  of S c r i p p s  C l i n i c  
10666 North Torrey P i n e s  Road, La J o l l a ,  C a l i f o r n i a  92037 

ABSTRACT 

Horse-radish pe rox idase  and g l u c o s e  o x i d a s e  were each 
s e p a r a t e l y  conjugated t o  i d e n t i c a l  a l i q u o t s  of g o a t  IgG c o n t a i n -  
i n g  anti-human IgG a n t i b o d i e s .  We used  a minor m o d i f i c a t i o n  of 
t h e  p e r i o d a t e  method of Nakane and Kawaoi t o  c o v a l e n t l y  b ind  each  
enzyme t o  IgG. Glucose ox idase  c o n j u g a t e s  proved s u p e r i o r  t o  
pe rox idase  c o n j u g a t e s  based on t h e  f o l l o w i n g  q u a l i t i e s .  The 
g l u c o s e  o x i d a s e  c o n j u g a t e s  had 1 )  u s a b l e  d i l u t i o n s  2 t o  10 t imes  
g r e a t e r  t h a n  pe rox idase  c o n j u g a t e s ,  2 )  much lower background o r  
c o n t r o l  non- spec i f i c  a c t i v i t i e s ,  and 3 )  n e a r l y  t w i c e  t h e  s e n s i -  
t i v i t y  a s  expres sed  by absorbance change v s .  change i n  a n t i g e n .  
Comparison of  t h e  an t ibody  t i t e r s  showed t h e  g l u c o s e  o x i d a s e  
con juga te  w i t h  80% and t h e  pe rox idase  c o n j u g a t e  w i t h  20% of t h e  
o r i g i n a l  goa t  an t ibody .  

INTRODUCTION 

The u s e f u l n e s s  of  a n  enzyme-antibody c o n j u g a t e  i n  d e t e c t i n g  

a n t i g e n  depends upon t h e  deg ree  t o  which t h a t  c o n j u g a t e  can h e  

d i l u t e d  and bind q u a n t i t a t i v e l y  t o  t h e  a n t i g e n  i n  q u e s t i o n  o r  can 

e x h i b i t  p r o p o r t i o n a l  l o s s  of b ind ing  t o  f i x e d  a n t i g e n  by known 

amounts of f r e e  a n t i g e n .  

h i g h e r  t han  background a c t i v i t y  shown by c o n t r o l s .  

s u c c e s s  of a s s a y s  t h a t  i n v o l v e  enzyme l a b e l e d  a n t i b o d y  a d s o r p t i o n  

depends on t h e  q u a l i t y  of  t h e  c o n j u g a t e  which, i n  t u r n ,  i s  a 

The r e sponse  must also be s i g n i f i c a n t l y  

The u l t i m a t e  
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28 JOHNSON, LIBBY, AND NAKAMURt. 

f u n c t i o n  o f :  1) t h e  c o u p l i n g  o r  c o n j u g a t i v e  p r o c e s s ;  2) t h e  

p a r t i c u l a r  enzyme used ;  3) t h e  p u r i t y  and immunologic p r o p e r t i e s  

of t h e  a n t i b o d y ;  and 4 )  t h e  s t a b i l i t y  of t h e  l i n k a g e .  Given t h a t  

t h e  q u a l i t y  and q u a n t i t y  of t h e  a n t i b o d y  t o  b e  used a r e  i d e n t i c a l ,  

one c a n  compare t h e  u s e f u l n e s s  of d i f f e r e n t  enzymes as l a b e l s .  

S e v e r a l  enzymes have been proposed (1) as l a b e l s  i n  immuno- 

a s s a y s .  Here we compare two of t h e s e ,  p e r o x i d a s e  and g l u c o s e  

ox idase .  Both are g l y c o p r o t e i n s  which can  b e  o b t a i n e d  i n  h igh  

p u r i t y ,  a r e  remarkably s t a b l e  i n  s o l u t i o n ,  can be con juga ted  t o  

o t h e r  p r o t e i n s  by 

t echn iques .  T h i s  

s e v e r a l  c o n j u g a t e  

s i m i l a r  means, and are as sayed  u s i n g  comparable  

r e p o r t  i s  a summation o f  e x p e r i e n c e s  w i t h  

p r e p a r a t i o n s .  

MATERIALS AND METHODS 

Antiserum, Enzymes and Chemicals 

Antiserum t o  human IgG was r a i s e d  i n  a g o a t  from t h e  colony 

of S c r i p p s  C l i n i c  and Research Foundat ion by weekly i n j e c t i o n s  

f o r  f o u r  weeks. The IgG w a s  i s o l a t e d  a c c o r d i n g  t o  t h e  o c t a n o i c  

a c i d  method of S te inbuch  and Audran (21, c o n c e n t r a t e d  t o  a pro- 

t e i n  c o n t e n t  of 53.5 mg/ml (3)  and showed a p r e c i p i t a t i n g  a n t i -  

body t i t e r  o f  1:16. Donkey a n t i - g o a t  IgG w a s  purchased from 

Mi le s  L a b o r a t o r i e s .  An t ibod ies  c r o s s  r e a c t i n g  w i t h  human IgG 

were removed by a d s o r p t i o n  w i t h  s o l i d  phase  human IgG ( 4 ) .  

Human IgG w a s  i s o l a t e d  from pooled serum (2 )  and f u r t h e r  

p u r i f i e d  by QAE chromatography (5) .  A 100 pg a l i q u o t  w a s  

l a b e l e d  w i t h  1251 u s i n g  chloramine T ( 6 ) .  

A l l  enzymes came from Sigma Chemical Co., S t .  Lou i s ,  MO; 

ACA-34 came from LKB I n s t r u m e n t s ,  I n c . ,  R o c k v i l l e ,  MD, and ABTS 
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GLUCOSE OXIDASE AND PEROXIDASE AS LABELS 29 

1 (2 .2  -Azino-di [ 3 - e t h y l - b e n z t h i a z o l i n  s u l f o n a t e  ( 6 ) ]  diammonium 

s a l t )  came from Boehringer-Mannheim Biochemica l s ,  I n d i a n a p o l i s ,  

I N .  A l l  o t h e r  chemicals  were r e a g e n t  g r a d e .  

Pe rox idase  was a s sayed  by o b s e r v i n g  t h e  change i n  abso rbance  

a t  642  nm w i t h  a b u f f e r  s u b s t r a t e  c o n s i s t i n g  of 2 mg ABTS i n  2 0  m l  

0.015% H202 (v /v )  i n  0.1M phosphate  b u f f e r ,  pH 5 .  Glucose o x i d a s e  

was a s sayed  by obse rv ing  t h e  change i n  absorbance a t  642 nm w i t h  

a s o l u t i o n  p repa red  by combining 3 m l  of 18% aqueous g l u c o s e  

( w e l l  e q u i l i b r a t e d )  w i t h  2 mg ABTS, 1 m l  of 20 mg% p e r o x i d a s e  

and 25 m l  0.1M phosphate  b u f f e r ,  pH 6 .  Some enzyme a s s a y s  were 

performed u s i n g  phenol-amino a n t i p y r e n e  a s  d e s c r i b e d  f o r  pe rox i -  

dase  i n  t h e  Worthington Enzyme Manual ( 7 ) .  T h i s  l a t t e r  gave o n l y  

20% a s  much absorbance change a t  500 nm as t h e  ABTS system gave  

a t  642 nm. 

P r e p a r a t i o n  of Conjugates  

We p repa red  c o n j u g a t e s  of g o a t  IgG w i t h  p e r o x i d a s e  and w i t h  

g lucose  o x i d a s e  by t h e  method of Nakane and Kawaoi (8) w i t h  a 

s l i g h t  m o d i f i c a t i o n  ( 9 ) .  B r i e f l y ,  1 2  mg o f  g l u c o s e  o x i d a s e  o r  

5 mg of p e r o x i d a s e  d i s s o l v e d  i n  1 m l  0.3M NaHC03 w a s  r e a c t e d  

(2ZoC, 1 h)  w i t h  100 p1 f l u o r o d i n i t r o b e n z e n e  (10 g/L a b s o l u t e  

e t h a n o l )  t h e n  o x i d i z e d  w i t h  an  e q u a l  volume 0.08 molar  sodium 

p e r i o d a t e  (20 min.,  22OC). 

0.16 molar e t h y l e n e  g l y c o l  and a f t e r  1 hour  t h e  m i x t u r e  was 

d i a l y z e d  vs.  0.01 M Carbonate  b u f f e r ,  pH 9 .5 ,  3 times, 1 hour  

each.  1 0  mg g o a t  IgG w a s  added, mixed and a f t e r  any r e q u i r e d  

ad jus tmen t  of pH t o  9 .5  t h i s  m i x t u r e  was l e f t  a t  22OC i n  d a r k ,  18 

The r e a c t i o n  was s topped  w i t h  1 m l  
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30 JOHNSON, LIBBY, AND NAKAMURA 

hours .  Sodium borohydride,  5 mg, w a s  added, mixed and al lowed 

t o  r e a c t  7 hour s ,  5OC. 

m a t e r i a l  was concen t r a t ed  i n  a c o l l o i d i n  t u b e  t o  1 m l  by nega- 

t i v e  p r e s s u r e .  C e r t a i n  pe rox idase  c o n j u g a t e s  were p u r i f i e d  by 

chromatography (AcA-34, 2.5 X 90 cm column, 1 3  ml /h ) .  The 1 m l  

of concen t r a t ed  f i n a l  m a t e r i a l ,  bo th  pe rox idase  and g l u c o s e  ox i -  

dase d e r i v e d ,  was p re se rved  w i t h  1 m l  g l y c e r o l  and kep t  a t  -12OC. 

Eva lua t ion  of  Conjugates  

A f t e r  e x t e n s i v e  d i a l y s i s  v s .  s a l i n e ,  t h e  

Glucose ox idase  and pe rox idase  were con juga ted  t o  i d e n t i c a l  

amounts (10 mg from t h e  same pool  of  g o a t  IgG) so t h a t  o n l y  t h e  

type of enzyme d i f f e r e d  i n  t h e  r e s u l t i n g  c o n j u g a t e s .  

t i e s  used t o  c h a r a c t e r i z e  t h e s e  c o n j u g a t e s  inc luded  1) t h e  per-  

cen t  of enzyme c o v a l e n t l y  bound; 2) t h e  enzymatic  a c t i v i t y  re- 

t a i n e d  a f t e r  con juga t ion ;  3)  t h e  l o s s  of a n t i b o d y  a c t i v i t y  due t o  

con juga t ion ;  4 )  t h e  op t ima l  d i l u t i o n  r e q u i r e d  f o r  u s e  i n  immuno- 

a s say ;  5 )  t h e  non- spec i f i c  enzyme product  fo rma t ion  as a p e r c e n t  

of  t h e  absorbance a t  a s t a t e d  a s s a y  l e v e l ;  and 6 )  t h e  maximum 

change i n  absorbance w i t h  change i n  a n t i g e n  a t  o p t i m a l  d i l u t i o n .  

The q u a l i -  

RESULTS AND DISCUSSION 

Percen t  of Enzyme Cova len t ly  Bound 

P h y s i c a l  ev idence  of t h e  b i n d i n g  of  p e r o x i d a s e  t o  IgG w a s  

ob ta ined  by AcA-34 chromatography (F ig .  1). Acrylamide g e l  elec- 

t r o p h o r e s i s  (10) provided s i m i l a r  b u t  more s u b j e c t i v e  ev idence  

about  t h e  g l u c o s e  oxidase/IgG c o n j u g a t i o n  p roduc t .  Rabb i t  a n t i -  

goa t  IgG was used t o  s e p a r a t e  f r e e  and bound enzyme from one g lu -  

cose ox idase  and one perox idase  c o n j u g a t e ,  each chosen because  
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GLUCOSE OXIDASE AND PEROXIDASE AS LABELS 31 

CONJUGATE # 3 2 8 9  (HRPO4AHUIgG via 10.41 

FIGURE 1 Exclusion chromatography of a peroxidase conjugate 
using a 90 x 2.5 cm. AcA-34 column shows high molec- 
ular weight material appearing soon after the void 
volume (fraction 29). Free human IgG would appear 
at fractions 45-55 and free peroxidase near fraction 
60. This chromatographic purification step was aban- 
doned after several trials showed routinely success- 
ful conjugations by the periodate procedure. 

of superior evaluating titers. Here, rabbit antibody co-precip- 

itated carrier IgG from normal goat serum and the free and con- 

jugated goat anti-human IgG leaving free enzyme in solution. 

Determination of the free and total enzymatic activities showed 

21.9% of the peroxidase and 4% of the glucose oxidase to remain 

unconjugated. All peroxidase conjugates gave RZ values of 0.47- 

0.61 which indicate about 1 mole enzyme per mole IgG. 

The Enzymatic Activity Retained after Conjugation 

Equal aliquots of the same peroxidase and glucose oxidase 

conjugates examined above were analyzed for total enzymatic ac- 
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32 JOHNSON, LIBBY, AND NAKAMURA 

t i v i t y .  The peroxidase  a c t i v i t y  showed a change i n  absorbance 

a t  642 nm of 1 .145/3 min vs .  0.191/3 min f o r  g lucose  oxidase .  

I f  78% of t h e  peroxidase  were conjugated ( s e e  above) t h e  bound 

enzyme a c t i v i t y  was 0.890/3 min vs .  0 .180/3 min f o r  t h e  bound 

g lucose  oxidase .  

The Loss of Antibody A c t i v i t y  due t o  Conjugat ion 

The r e l a t i v e  t i ters  of goa t  ant ibody (comparing e q u a l  

amounts of goa t  IgG) b e f o r e  and a f t e r  conjugat ion  t o  peroxi-  

dase and t o  g lucose  oxidase  were obta ined  us ing  t h e  enzyme- 

l i n k e d  immunoassay by determining t h a t  d i l u t i o n  of unconjugated 

goa t  ant ibody which on b inding  t o  s o l i d  phase human IgG pre-  

vented t h e  b inding  of a f i x e d  d i l u t i o n  of enzyme-conjugated 

goa t  an t ibody.  B r i e f l y ,  w e  used d i l u t i o n s  of t h e  goa t  an t ibody 

( o r i g i n a l l y  5 mg IgG p e r  m l  i n  conjugates )  t o  i n c u b a t e  w i t h  

200 ng human IgG f i x e d  i n  w e l l s .  

Tween/BSA, a f i x e d  d i l u t i o n  of conjugate  (1-200 f o r  g lucose  oxi-  

dase;  1-50 f o r  peroxidase)  was added t o  permi t  exposure of a v a i l -  

a b l e  an t igen .  Both enzyme conjugates  showed a d i s t i n c t  i n c r e a s e  

i n  bound enzyme a c t i v i t y  a t  a 1-250 d i l u t i o n  of t h e  unconjugated 

goat  IgG. That change was more dramat ic  w i t h  t h e  g lucose  oxi -  

dase  conjugate  a t  a 1-200 d i l u t i o n  than  w i t h  t h e  peroxidase  con- 

j u g a t e  a t  a 1-50 d i l u t i o n .  

t h e  g lucose  oxidase  conjugate  i s  1-200 o r  80 p e r c e n t  of o r i g i n a l ;  

t h e  u s a b l e  t i t e r  of t h e  peroxidase  conjugate  i s  1-50 o r  20 per-  

cen t  of o r i g i n a l .  T h i s  somewhat c rude  an t ibody t i t r a t i o n  avoided 

t h e  s e v e r e  and i r r e m e d i a l  c r o s s  r e a c t i o n s  of a second an t ibody i n  

A f t e r  3 washes wi th  s a l i n e /  

From t h e s e  r e s u l t s  w e  estimate t h a t  
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GLUCOSE OXIDASE AND PEROXIDASE AS LABELS 33 

attempts to titrate via the binding of 1251 labeled human IgG. 

The Optimal Dilution for use in Immunoassay 

Graded amounts of human IgG (3,2,1,0.5,0.25,0.125, and 

0.062 pg) were bound to a bovine serum albumin base by glutaral- 

dehyde in flat-bottomed wells of a micro elisa plate (Dynatech 

Labs). After thorough washing with saline containing 0.5% 

Tween-20 and 0.5% Bovine serum albumin, duplicate dilutions of 

conjugate in the same wash fluid were allowed t o  react with 

gentle agitation at 22OC for 1 hour. 

Tween-ZO/saline, 200 ul of buffer substrate appropriate for the 

enzyme was added in duplicate wells at 15 sec intervals. After 

a 30 min incubation at 22OC and at 15 sec intervals the fluids 

from duplicate wells were pooled into numbered test tubes for 

final absorbance measurement at 642 nm using microcuvettes. Fur- 

ther conversion of substrate to product stopped on transfer. 

That conjugate dilution showing both a continuously smaller ab- 

sorbance with decrease in human IgG and near maximum response 

After 3x washes with 

at high antigen levels is considered optimal for the conjugate. 

The dilution of 1 to 300 meets these criteria in the titration 

shown in Table 1. Best usable dilution for one peroxidase 

conjugate was 1-100 but for others 1-50. In comparison most 

glucose oxidase conjugates were useful at a 1-200 or  greater di- 

lution. 

jugates to changes in antigen. 

Non-Specific Enzyme Product Formation 

Figure 2 graphically expresses optimum responses of con- 

Peroxidase conjugates showed enzyme reactions in blank wells 
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34 JOHNSON, LIBBY, AND NAKAMUFU 

TABLE 1 

T i t r a t i o n  of Conjugate  #8229, GOx-GA Hu IgM 

Mass o f  Human IgM 

1-600 I 0.010 0.406 0.404 0.289 0.295 

0.313 0.194 0.102 

0.275 0.164 0.089 

0.270 0.126 0.064 

0.229 0.138 0 .061  

0.230 0.127 0.072 

0.218 0.133 0 .051  

0.188 0.130 0.065 

which ranged from 22% t o  n e a r l y  90% of  t h e  maximum g r o s s  abso r -  

bance o b t a i n e d  wi th  3 ug human IgG f i x e d .  Glucose o x i d a s e  con- 

j u g a t e s  show b lank  r e a c t i o n s  from 1 t o  30 p e r c e n t  of maximum 

( 3  ug f i x e d  human IgG). Some n o n - s p e c i f i c a l l y  produced c o l o r  is 

due t o  non-enzymatic r e a c t i o n s .  Thus,  i f  t h e  H 0 used i n  t h e  

pe rox idase  s u b s t r a t e  w a s  n o t  f r e s h l y  d i l u t e d  from 30 p e r c e n t  

s t o c k ,  t h e  chromagen i n  t h e  s u b s t r a t e  c o l o r s  r a p i d l y  w i t h o u t  

enzyme. Under t h e  b e s t  c o n d i t i o n s ,  p e r o x i d a s e  s u b s t r a t e  de- 

t e r i o r a t e s  f a s t e r  t h a n  t h e  g l u c o s e  o x i d a s e  s u b s t r a t e .  I n  

a d d i t i o n ,  t h e  pe rox idase  c o n j u g a t e  seems t o  a d s o r b  non-spe- 

c i f i c a l l y  and i n  s p i t e  of numerous p r e c a u t i o n a r y  measures  and 

v igo rous  washing. 

2 2  
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GLUCOSE OXIDASE AND PEROXIDASE AS LABELS 35 
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FIGURE 2 Responses t o  d e c r e a s i n g  amounts of human IgG f i x e d  
i n  w e l l s  of a m i c r o - t i t e r  p l a t e  by a g l u c o s e  ox i -  
dase  con juga te  and a p e r o x i d a s e  c o n j u g a t e  t o  t h e  
same amount of g o a t  IgG c o n t a i n i n g  a n t i  human IgG. 
Glucose o x i d a s e  shows a h i n t  of pro-zone phenomenon 
above 500 ng  human IgG. The h o r i z o n t a l  scale is  
loglo. 

S e n s i t i v i t y  as Given by AA v s .  A 4  

Out b e s t  pe rox idase  con juga te  showed 0.058 absorbance 

change ( 1  ug t o  500 ng) w h i l e  g l u c o s e  o x i d a s e  changed 0.100 

i n  t h a t  r e g i o n  of a n t i g e n  c o n c e n t r a t i o n .  

Th i s  s t u d y  r e p o r t s  s p e c i f i c  measurements on t h e  b e s t  of  

s e v e r a l  c o n j u g a t e s  p repa red .  The summary of t h e s e  comparisons 

on pe rox idase  and g l u c o s e  ox idase  as shown i n  Tab le  2 i n d i c a t e s  
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TABLE 2 

Qual i ty  Measured 

Percent  Enzyme Bound 
Enzyme Act iv i ty13  min 
Conjugate Antibody T i t e r  
Optimal D i l u t i o n  (ave)  
Non-specific A c t i v i t y  

(% of Max. g r o s s )  
Max. AA vs .  A [Ag] 

Peroxidase  

70-80% 
1.145 
25% O r i g i n a l  
40-100 (50) 
40-90% 

0.058 ( 1  ug-500 ng) 

Glucose Oxidase 

90% 
0.191 
80% O r i g i n a l  
100-500 (200) 
1-30% 

0.100 (1 ug-500 ng) 

glucose oxidase  t o  b e  t h e  s u p e r i o r  enzyme l a b e l .  We are unable  

t o  e x p l a i n  t h e  reason  f o r  t h e  l o s s  i n  u s a b l e  peroxidase  conju- 

g a t e  d e s p i t e  a l l  i n d i c a t i o n s  t h a t  c o v a l e n t  bonding occurred  be- 

tween enzyme and IgG and w i t h  only small losses i n  enzyme ac- 

t i v i t y .  

Use of g l y c e r o l  has  permi t ted  s t o r a g e  of conjugates  a t  

- 1 2 O C  without  f r e e z i n g  and, t h e r e f o r e ,  e l i m i n a t e d  t h e  d e s t r u c t i v e  

e f f e c t s  of freeze-thaw. Both peroxidase  and g lucose  oxidase  con- 

j u g a t e s  have remained s t a b l e  over  6 mo w i t h  t h i s  t r e a t m e n t .  

We found conjugates  of g lucose  oxidase  wi th  s p e c i f i c  goa t  

anti-human immunoglobulins t o  be r e l i a b l e  i n  t h e  d e t e c t i o n  and 

assay  of Rubel la  a n t i b o d i e s .  This  s tudy  w i l l  be  r e p o r t e d  l a t e r .  
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