
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 16 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Immunoassay and Immunochemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597271

The Use of 3, 3', 5, 5'-Tetramethylbenzidine as a Peroxidase Substrate in
Microplate Enzyme-Linked Immunosorbent Assay
A. K. John Gokaa; Michael J. G. Farthinga

a Department of Gastroenterology, St. Bartholomew's Hospital West Smithfield, London

To cite this Article Goka, A. K. John and Farthing, Michael J. G.(1987) 'The Use of 3, 3', 5, 5'-Tetramethylbenzidine as a
Peroxidase Substrate in Microplate Enzyme-Linked Immunosorbent Assay', Journal of Immunoassay and
Immunochemistry, 8: 1, 29 — 41
To link to this Article: DOI: 10.1080/01971528708063053
URL: http://dx.doi.org/10.1080/01971528708063053

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597271
http://dx.doi.org/10.1080/01971528708063053
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF IMMUNOASSAY, 8(1), 29-41 (1987) 

THE USE OF 3 ,  3 ' ,  5, 5'-TETRAMETHYLBENZIDINE AS A PEROXlDASE 
SUBSTRATE IN MICROPLATE ENZYME-LINKED IIMJNOSORBENT ASSAY 

A.K.John Goka and Michael J.G. Farthing 
Department of Gastroenterology St. Bartholomew's Hospital 

West Smithfield London EC1A 7BE 

ABSTRACT 

The assay conditions for the use of 3,3*,5,5* 
tetramethylbenzidine (TMB) in microplate enzyme-linked 
immunosorbent assay are described. TMB is a safe (non-mutagenic) 
chromogen that is more sensitive than OPD as a substrate for 
horseradish peroxidase. We describe the optimum storage and assay 
conditions for this chromogen. 

Key words: (Tetramethylbenzidine, Peroxidase, Giardia lamblia, 
dimethyl sulfoxide, ELISA). 

INTRODUCTION 

Horseradish peroxidase (HRP) is a commonly used enzyme for 

enzyme immunoassay (EIA). The traditional substrates for this 

enzyme are 0-phenyldiamine (OPD), 2,2'-azino-di-(3-ethyl- 

benzthiazole-sulphate) (ABTS), and 5-aminosalicylic acid (5-ASA). 

ABTS and OPD however are mutagenic in the Ames test (1,2)- 5-ASA 

is non-mutagenic ( 1 )  but has relatively low sensitivity due to 

poor colour yield ( 3 ) .  

29 
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30 GOKA AND FARTHING 

Recent ly  3,3l,5,5'-tetramethylbenzidine (TMB) has  been 

in t roduced  as a more p r e c i s e  and s e n s i t i v e  chromogen f o r  use w i t h  

HRP ( Q 1 5 ) .  Major a d d i t i o n a l  advantages  are t h a t  TMB is  non- 

mutagenic and non-carcinogenic ( 6 , 7 ) .  During t h e  development of  

an enzyme-linked immunosorbent a s s a y  (ELXSA) for  t h e  d e t e c t i o n  o f  

G i a r d i a  l ambl i a  a n t i g e n ,  we exper ienced  some d i f f i c u l t y  wi th  t h e  

s t a b i l i t y  of  t h i s  s u b s t r a t e  and t h e r e f o r e  performed exper iments  

t o  e s t a b l i s h :  

1 .  The s t a b i l i t y  of TMB under v a r i o u s  s t o r a g e  c o n d i t i o n s  

2. The op t ima l  i n c u b a t i o n  time wi th  HRP 

3. The s t a b i l i t y  of  t h e  reaction p roduc t s .  

MATERIALS AND METHODS 

TMB, Dimethyl s u l f o x i d e  ( D M S O ) ,  HRP, sodium a c e t a t e ,  c i t r i c  

a c i d ,  and hydrogen peroxide  were ob ta ined  from Sigma Chemical 

Company, Poole ,  Dorse t .  A n t i g i a r d i a  serum was r a i s e d  i n  r a b b i t s  

u s ing  Por t l and  1 s t r a i n  of G i a r d i a  l ambl i a  t r o p h o z o i t e s  ( - l o 7  

organisms i n  complete F reund l s  a d j u v a n t )  from axen ic  c u l t u r e  as 

p rev ious ly  desc r ibed  (8). Anti-rabbit-lgC-HRP con juga te  was 

purchased from Miles L a b o r a t o r i e s  Limited and Sigma Chemical 

Company. ELISA was performed i n  U-bottomed po lyv iny l  m i c r o t i t r e  

p l a t e s  (Dynatech M i c r o l i s a ) .  C i a r d i a  a n t i g e n  f o r  t h e  a n t i g e n  

c a p t u r e  ELISA was ob ta ined  e i t h e r  from whole o r  s o n i c a t e s  of 
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3,3',5,5'-TETRAMETHYLBENZIDINE 31 

a x e n i c a l l y  c u l t u r e d  G .  l a m b l i a  t r o p h o z o i t e s  (8 ,g )  or from human 

faecal samples  c o n t a i n i n g  G i a r d i a  c y s t s .  

S t a n d a r d  a s s a y  

Assay c o n d i t i o n s  were e s s e n t i a l l y  t h o s e  d e s c r i b e d  by Bos e t  

a1 ( 4 ) .  TMB was d i s s o l v e d  i n  DMSO t o  g i v e  a f i n a l  c o n c e n t r a t i o n  

o f  10 g / l .  1 m l  o f  t h i s  s o l u t i o n  was added t o  100 m l  of 0.1 mol/ l  

sodium ace ta te -c i t r ic  a c i d  b u f f e r  pH 6.0 f o l l o w e d  by hydrogen  

p e r o x i d e  t o  a f i n a l  c o n c e n t r a t i o n  of 1.3 mmol/l i m m e d i a t e l y  p r i o r  

t o  u s e .  25  ul of v a r y i n g  c o n c e n t r a t i o n s  of HRP ( 1 . 2 5 ,  2 . 5 ,  5.0 

uu/ml) were added t o  e a c h  well  e i t h e r  as n a t i v e  enzyme o r  as an 

HRP-antibody c o n j u g a t e  ( 1 0 ,  50 uu/ml) .  T h i s  was f o l l o w e d  by 150 

u l  of TMB s o l u t i o n .  After i n c u b a t i o n ,  t h e  r e a c t i o n  was s t o p p e d  by 

t h e  a d d i t i o n  of 25  u l  of 4.7 N s u l p h u r i c  a c i d .  Absorbance a t  450 

nm was d e t e r m i n e d  u s i n g  a t h r o u g h - t h e - p l a t e  s p e c t r o p h o t o m e t e r  

( M i n i r e a d e r  11, Dynatcch L a b o r a t o r i e s ,  B i l l i n g h u r s r . ,  U.K.) 

TMB s t a b i l i t y  

E x p e r i m e n t s  were d e s i g n e d  t o  d e t e r m i n e  o p t i m a l  s u b s t r a t e  

s t o r a g e  c o n d i t i o n s  o f  TMB d u r i n g  a t h r e e  month p e r i o d .  TMB was 

s t o r e d  as c o n c e n t r a t e d  s t o c k  s o l u t i o n  (10 g / l )  or  d i l u t e d  i n  

b u f f e r  ( 0 . 1  g / l ) .  I n  a d d i t i o n ,  t h e  effects  of t e m p e r a t u r e  ( 4  C 

and 22 C )  and l i g h t  (combined f l u o r e s c e n t  and n a t u r a l  l i g h t  fo r  

0 
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32 GOKA AND FARTHING 

12 h o u r s  on a l a b o r a t o r y  bench or  t o t a l  d a r k n e s s  i n  a l i g h t -  

e x c l u d i n g  box) on TMB s t a b i l i t y  were also examined.  F i n a l l y ,  we 

examined t h e  e f f e c t  on TMB s t a b i l i t y  of storage pH and of removai 

o f  d i s s o l v e d  gases by d e - g a s s i n g  under  n e g a t i v e  p r e s s u r e .  TMB 

s o l u t i o n s  were s t o r e d  i n  a i r - t i g h t  c o n t a i n e r s  w i t h o u t  a gas 

phase .  A l l  a s s a y s  were performed i n  q u a d r u p l i c a t e .  

Opt imal  a s s a y  c o n d i t i o n s  

The HRP-TMB a s s a y  was o p t i m i s e d  w i t h  r e g a r d  t o  HRP 

c o n c e n t r a t i o n ,  time o f  i n c u b a t i o n  and react ion p r o d u c t  s t a b i l i t y  

u s i n g  both  t h e  s t a n d a r d  a s s a y  d e s c r i b e d  above and a n  ELISA for  

O i a r d i a  a n t i g e n .  The ELISA i s  a n o n - c o m p e t i t i v e  i n d i r e c t  a s s a y  

u s i n g  t r o p h o z o i t e s  or faecal a n t i g e n .  50 u l  of a n t i g e n  

p r e p a r a t i o n  was a d s o r b e d  on t o  t h e  m i c r o p l a t e s  o v e r n i g h t  a t  37OC. 

A f t e r  washing  w i t h  p h o s p h a t e  b u f f e r e d  s a l ine  (PBS) c o n t a i n i n g  

0.05% Tween 20 (PBS-T), 50 u l  r a b b i t  a n t i s e r u m  ( d i l u t e d  1:lOOO i n  

PBS-T) was added and i n c u b a t e d  a t  37 C f o r  60 m i n u t e s .  The 0 

washing was r e p e a t e d  and  50 u l  an t i rabbi t - IgG-HRP c o n j u g a t e  

( d i l u t e d  1:lOOO i n  PBS-T) was added and i n c u b a t e d  for  a f u r t h e r  

60 min a t  37 C. A f t e r  a f i n a l  wash, TMB was added and t h e  0 

s t a n d a r d  a s s a y  performed as d e s c r i b e d  above .  

Using b o t h  a s t a n d a r d  TMB a s s a y  and G i a r d i a  a n t i g e n  ELISA, 

e x p e r i m e n t s  were per formed t o  d e t e r m i n e  t h e  r a t e  of r e a c t i o n  

p r o d u c t  f o r m a t i o n  a t  i n t e r v a l s  d u r i n g  a two hour  i n c u b a t i o n  
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3,3',5,5'-TETRAMETHYLBENZIDINE 33 

p e r i o d  and a l so  t o  d e t e r m i n e  t h e  s t a b i l i t y  of r e a c t i o n  p r o d u c t  a t  

room t e m p e r a t u r e  by m e a s u r i n g  a b s o r b a n c e  a t  i n t e r v a l s  f o r  up t o  

18 h o u r s  a f t e r  t e r m i n a t i o n  of t h e  r e a c t i o n  by a c i d i f i c a t i o n .  A l l  

a s s a y s  were performed i n  q u a d r u p l i c a t e .  

RESULTS 

Effect o f  l i g h t ,  t e m p e r a t u r e ,  a i r  and pH on TMB s t a b i l i t y  

S t o r e d  as c o n c e n t r a t e d  s t o c k  s o l u t i o n  (10 g / l ) ,  TMB was 

found to  lose 10% of i t s  r e a c t i v i t y  i n  t h e  d a r k  and 22.5% i n  

d a y l i g h t  a f t e r  one week. F o l l o w i n g  t h i s ,  a b s o r b a n c e  r e a d i n g s  

remained unchanged d e s p i t e  d a r k e n i n g  of t h e  s t o c k  r e a g e n t  from 

p a l e  y e l l o w  t o  d a r k  orange .  However, storage as a d i l u t e  s o l u t i o n  

i n  b u f f e r  ( 0 . 1  g / l )  l e d  t o  a r a p i d  loss  o f  r e a c t i v i t y ,  d e c r e a s i n g  

by more t h a n  206 i n  24 h o u r s  and by more t h a n  70% a f t e r  one  week 

( F i g u r e  1 ) .  T h i s  l o s s  of r e a c t i v i t y  of TMB i n  d i l u t e  s o l u t i o n  

o c c u r r e d  s i m i i a r l y  when s t o r e d  a t  4 C and 22OC, and a l s o  when 

p r o t e c t e d  from l i g h t .  S i m i l a r l y ,  d e - g a s s i n g  and a l t e r i n g  pH of 

TMB s t o r a g e  s o l u t i o n s  f a i l e d  t o  i n f l u e n c e  TMB s t a b i l i t y  ( d a t a  n o t  

shown). 

0 

Effect  of HRP c o n c e n t r a t i o n  and d u r a t i o n  of i n c u b a t i o n  

A s  shown i n  F i g u r e  2 ,  t h e  a b s o r b a n c e  of a l l  t h r e e  

c o n c e n t r a t i o n s  o f  HRP r e a c h e d  a peak a t  30 min. With t h e  two 
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34 GOKA AND FARTHING 
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FIGURE 1 

T 

20 40 60 80 100 120 

Incubation time (min.) 

TMB s t a b i l i t y  on storage; e f fec t  of c o n c e n t r a t i o n  and e x p o s u r e  t o  
l i g h t .  Assays perforemd w i t h  2 .5  uu/ml HRP. 

h i g h e r  c o n c e n t r a t i o n s ,  however ,  t h e r e  was a r a p i d  r e d u c t i o n  i n  

a b s o r b a n c e  d u r i n g  t h e  f o l l o w i n g  60 rnin. The lowest H R P  

c o n c e n t r a t i o n  (1 .25  uu/ml) remained s t a b l e  f o r  up t o  60 min and 

t h e n  d e c l i n e d  s l o w l y  t h e r e a f t e r .  S i m i l a r  a b s o r b a n c e  p r o f i l e s  were 

o b t a i n e d  when HRP was p r o v i d e d  as an HRP-antibody c o n j u g a t e  ( d a t a  

n o t  shown) and when i n c o r p o r a t e d  i n t o  t h e  G i a r d i a - a n t i g e n  ELISA 

( F i g u r e  3 ) .  
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FIGURE 2 

E f f e c t  of d u r a t i o n  o f  i n c u b a t i o n  on  TMB r e a c t i o n  p r o d u c t  f o r m a t i o n  
u s i n g  n a t i v e  HRP. 

S t a b i l i t y  of r e a c t i o n  p r o d u c t  af ter  a c i d i f i c a t i o n  

The s t a b i l i t y  of t h e  r e a c t i o n  p r o d u c t  a f t e r  t e r m i n a t i o n  by 

s u l p h u r i c  ac id  was i n v e s t i g a t e d  by measur ing  a b s o r b a n c e  of t h e  

same m i c r o p l a t e  a t  i n t e r v a l s  of up t o  18 h o u r s .  As shown i n  

F i g u r e  4, t h e  v a l u e s  remained q u i t e  s t a b l e  for low and m i d d l e  

r a n g e  r e a d i n g s  o v e r  t h i s  time, when t h e  p l a t e s  were k e p t  

uncovered a t  room t e m p e r a t u r e .  
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FIGURE 3 

GOKA AND FARTHING 

C--. Dark 
M Light exposed 

2 4 6 8 10 12 

Time (weeks) 

Concentrated 
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Effect of d u r a t i o n  of  i n c u b a t i o n  on TMB p roduc t  fo rma t ion  i n  Giardia 
a n t i g e n  ELISA. 
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FIGURE 4 

S t a b i l i t y  of TMB r e a c t i o n  p r o d u c t s  a f te r  a c i d i f i c a t i o n  w i t h  4.7 N 
s u l p h u r i c  a c i d  u s i n g  1.25 and 2.5 uu/ml HRP ( n a t i v e ) .  
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38 GOKA AND FARTHING 

DISCUSSION 

We have s u c c e s s f u l l y  used  TMB as HRP s u b s t r a t e  i n  ELISA. 

During t h e  d e v e l o p m e n t a l  stages of t h e  a s s a y ,  we had some 

d i f f i c u l t i e s  w i t h  TMB, n o t a b l y  t h a t  t h e  deep b l u e  c o l o u r  t h a t  

deve loped  soon after t h e  a d d i t i o n  of t h e  s u b s t r a t e  t o  t h e  wel ls  

f a d e d  as t h e  recommended i n c u b a t i o n  time of 60 min p r o g r e s s e d .  We 

a l s o  n o t i c e d  t h a t  t h e  s t o c k  s o l u t i o n  darkened  a p p r e c i a b l y  on t h e  

bench. The ear l ier  recommendation was fo r  TMB t o  b e  p r e p a r e d  

f r e s h  for  e a c h  a s s a y  (4,lO). I n  micro-ELISA a s  we have  d e s c r i b e d ,  

t h e  amount of TMB used  for  t h e  p l a t e  is 1 ug. Should  t h i s  be 

p r e p a r e d  f r e s h  e v e r y  time an a s s a y  i s  run t h e r e  would be a msrked 

waste of time and r e a g e n t .  The o r ig ina l  d e s c r i p t i o n  by Bos e t  a1 

was i n  a macro-ELISA. It was t h e r e f o r e  i m p o r t a n t  f o r  us t o  

d e t e r m i n e  whether  t h e  s t o c k  s o l u t i o n  c o u l d  be  k e p t ,  and i f  so, t o  

i d e n t i f y  t h e  a p p r o p r i a t e  storage c o n d i t i o n s .  

We have shown t h a t  t h e  10 g / l  s t o c k  s o l u t i o n  remained  

r e l a t i v e l y  s t a b l e  on  t h e  bench ,  l o s i n g  less t h a n  25% of t h i s  

a c t i v i t y  o v e r  t h e  first week, af ter  which a c t i v i t y  remained  

unchanged f o r  up t o  3 months. D i l u t e d  p r e p a r a t i o n s ,  o n  t h e  o t h e r  

hand,  l o s t  t h e i r  a c t i v i t y  v e r y  r a p i d l y  and we would recommend 

t h a t  once d i l u t e d ,  TUB s h o u l d  be used  i m m e d i a t e l y .  We now 

r o u t i n e l y  use TMB t h a t  h a s  been p r e p a r e d  and k e p t  fo r  one week 

which we have found g i v e s  h i g h l y  consis tent  ELISA r e a d i n g s .  The 
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3,3',5,5'-TETRAMETHYLBENZIDINE 39 

r e a g e n t  is n o t  h i g h l y  p h o t o s e n s i t i v e  d e s p i t e  t h e  v i s u a l  c o l o u r  

change  which o c c u r s  w i t h  s t o r d g e .  S t o r a g e  a t  4 C d i d  n o t  p r e v e n t  

t h e  loss of r e a c t i v i t y  i n  t h e  d i l u t e d  s o l u t i o n  and made no 

a p p r e c i a b l e  d i f f e r e n c e  t o  t h e  s t o c k  s o l u t i o n .  It i s ,  however ,  

v e r y  i n c o n v e n i e n t  t o  s tore  TMB i n  DMSO a t  4OC s i n c e  thawing  is 

p r o l o n g e d ,  t h e  f r e e z i n g  p o i n t  b e i n g  18OC.  O t h e r  p h y s i c a l  fac tors  

relating t o  storage of TMB s u c h  as e x p o s u r e  t o  a i r  and v a r i a b l e  

pH f a i l e d  t o  a l te r  TMB s t a b i l i t y  i n  d i l u t e  s o l u t i o n ,  a l t h o u g h  

e x p o s u r e  to  l i g h t  p r o b a b l y  a c c o u n t e d  for  some of t h e  e a r l y  loss 

of TMB r e a c t i v i t y  when s t o r e d  as a c o n c e n t r a t e d  s t o c k  s o l u t i o n .  

0 

Bos e t  a1 (4) recommended 60 m i n u t e s  i n c u b a t i o n  of TMB w i t h  

HRP.  We have  found 60 min t o  be too l o n g  and would recommend t h a t  

t h e  r e a c t i o n  be  s t o p p e d  a f t e r  30 m i n u t e s  i n c u b a t i o n .  

TMB is a r e l a t i v e l y  sa fe  chromogen t h a t  works r e p r o d u c i b l y  

i n  micro-ELISA and s h o u l d  r e p l a c e  t h e  c u r r e n t l y - u s e d  chromogens.  

We have  shown t h a t  it c a n  be s tored i n  s t o c k  s o i u t i o n  a t  10 g / l  

for  up t o  3 months on t h e  bench,  and t h a t  t h e  r e a c t i o n  is n o t  

p h o t o s e n s i t i v e .  The s t o p p e d  r e a c t i o n  c a n  be read i m m e d i a t e l y  o r  

many h o u r s  l a t e r  as t h e  y e l l o w  c o l o u r  of t h e  ' s t o p p e d '  r e a c t i o n  

is q u i t e  s t a b l e .  T h i s  would remove time l a p s e  errors i f  many 

m i c r o p l a t e s  have t o  be p r o c e s s e d .  
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