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A SIMPLE METHOD FOR THE CONJUGATION OF AFFINITY-PURIFIED FAB' TO 
HORSERADISH PEROXIDASE AND R-D-GALACTOSIDASE FROM ESCHERICHIA  

Sei i c h i  Hashida', Masayashi Imagawa12Eij i  I s h i  kawa 1 
and J .  W i l l i a m  F rey tag  

'Department o f  B iochemis t r y ,  Medica l  C o l l e g e  o f  M iyazak i  , 
Kiyotake,  M iyazak i  889-16, Japan 

and 'Biomedical Products  Department, E. I .  Du Pont de Nemours 
& Co., Inc. ,  Wi lmington,  DE, 19898, U.S.A. 

ABSTRACT 

A s imp le  method was desc r ibed  f o r  t h e  c o n j u g a t i o n  o f  a f f i -  
n i t y - p u r i f i e d  Fab' t o  h o r s e r a d i s h  pe rox idase  and R-D-galactos idase 
f rom E s c h e r i c h i a  c o l i .  IgG was sub jec ted  t o  success i ve  p r o -  
cesses o f  pepsin d i g e s t i o n ,  r e d u c t i o n  w i t h  2-mercaptoethy lamineY 
a f f i n i t y - p u r i f i c a t i o n  and r e a c t i o n  w i t h  male imide groups i n t r o -  
duced i n t o  t h e  enzymes. I n  t h e  p r e s e n t  method, ge l  f i l t r a t i o n  
was r e q u i r e d  o n l y  once t o  separate t h e  con juga te  f rom unconjugated 
components i n  t h e  f i n a l  s tep,  w h i l e  g e l  f i l t r a t i o n  had t o  be 
repeated 3-4 t imes i n  t h e  p r e v i o u s  methods. The con juga te  
p r e p a r a t i o n s  ob ta ined  by t h e  p r e s e n t  method con ta ined  l e s s  
n o n s p e c i f i c  con juga te  and gave a l o w e r  background by immunoenzymo- 
m e t r i c  assay technique than  those o b t a i n e d  by t h e  p r e v i o u s  method. 

KEY WOEDS: Peroxidase, R-D-Galactosidase, Fab',  A f f i n i t y - P u r i f i -  
c a t i o n ,  Enzyme-Labeling. 

INTRODUCTION 

We developed methods f o r  t h e  c o n j u g a t i o n  o f  Fab' t o  enzymes 

through t h i o l  groups i n  t h e  h inge  o f  Fab' by t h e  r e a c t i o n  between 
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112 HASHIDA ET AL. 

t h i o l  and maleimide groups ( t h e  h inge  methods) (1, 2 ) .  The use 

o f  a f f i n i t y - p u r i f i e d  Fab'-enzyme con juga tes  prepared by t h e  h i n g e  

methods made i t  p o s s i b l e  t o  measure macromolecular an t i gens  a t  

a t tomo le  l e v e l s  by sandwich enzyme immunoassay techn ique  (3 ,  4 ) .  

However, t h e  h inge  methods f o r  t h e  c o n j u g a t i o n  o f  a f f i n i t y - p u r i -  

f i e d  Fab' t o  enzymes were time-consuming w i t h  repeated processes 

o f  ge l  f i l t r a t i o n  and c o n c e n t r a t i o n .  T h i s  paper desc r ibes  a 

s imp le  method, i n  which ge l  f i l t r a t i o n  was used o n l y  once. 

MATERIALS AND METHODS 

B u f f e r s  

The f r e q u e n t l y  used b u f f e r s  were 0.01 M sodium phosphate 

b u f f e r ,  pH 7.0, c o n t a i n i n g  0.1 M NaCl and 0.1 % bov ine  serum 

albumin ( b u f f e r  A) and 0.01 M sodium phosphate b u f f e r ,  pH 6.5 o r  

7.0, c o n t a i n i n g  0.1 M NaC1, 1 mM MgC12, 0.1 % bov ine  serum 

albumin and 0.1 % NaN3 ( b u f f e r  B, pH 6.5 o r  7.0) (1). 

Enzymes and T h e i r  Assay 

Pepsin f rom p o r c i n e  g a s t r i c  mucosa, ho rse rad ish  pe rox idase  

(grade I, l y o p h i l i z e d ,  RZ = 3.0) and B-D-galactos idase f r o m  

Escher i ch ia  coli ( l y o p h i l i z e d  f o r  enzyme immunoassay) were 

ob ta ined  f rom Boehr inger  Mannheim GmbH, Mannheim, West Germany. 

Peroxidase a c t i v i t y  was assayed by f l u o r i m e t r y  u s i n g  3-(p- 

B-D-Gal a c t o -  hydroxyphenyl ) p r o p i o n i c  a c i d  as a s u b s t r a t e  ( 2 ) .  

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



CONJUGATION OF AFFINITY-PURIFIED FAB' 113 

s idase  a c t i v i t y  was assayed by f l u o r i m e t r y  u s i n g  4 -me thy lumbe l l i -  

f e r y l  B-D-galactos ide as a s u b s t r a t e  (1). 

Ant igens and A n t i b o d i e s  

Human c h o r i o n i c  gonadotrop in (hCG) was o b t a i n e d  f r o m  C a l b i o -  

chem-Behring Corpo ra t i on ,  San Diego, C a l i f o r n i a .  IgG was 

prepared by f r a c t i o n a t i o n  o f  serum w i t h  Na2S04 f o l l o w e d  by 

passage th rough  a column o f  d i e t h y l a m i n o e t h y l  c e l l u l o s e  (1). 

F l u o r e s c e i n - l a b e l e d  r a b b i t  (anti-human IgG) IgG and goa t  ( a n t i -  

r a b b i t  IgG) IgG were ob ta ined  f rom Cappel L a b o r a t o r i e s  Inc. ,  

Cochranvi l  l e ,  Pennsylvania. Rabb i t  anti-hCG IgG was o b t a i n e d  

f rom Dakopat ts ,  Copenhagen, Denmark. Rabb i t  ( a n t i - f l u o r e s c e i n )  

serum was a generous g i f t  f r om D r .  Edward W. Voss, Jr.  (Department 

o f  M i c r o b i o l o g y ,  U n i v e r s i t y  o f  I l l i n o i s ,  Urbana-Champaign, 

I l l i n o i s ) ,  who prepared i t  as desc r ibed  p r e v i o u s l y  (5 ) .  

P r e p a r a t i o n  o f  Protein-Sepharose 48 

IgG (10 mg), hCG (30,000 U )  o r  bov ine  serum albumin (10 mg) 

was coupled t o  CNBr-act ivated Sepharose 48 (1 g, Pharmacia F i n e  

Chemicals AB, Uppsala, Sweden) acco rd ing  t o  t h e  i n s t r u c t i o n s  o f  

Pharmac i a. 

Present  Method f o r  t h e  P r e p a r a t i o n  o f  Fab ' -Perox idase Conjugates 

(Anti-human IgG) IgG (20 mg) i n  1.55 m l  o f  0.1 M sodium 

a c e t a t e  b u f f e r ,  pH 4.5, c o n t a i n i n g  0.1 M NaCl was d i g e s t e d  t o  

F ( a b ' ) 2  by i n c u b a t i o n  w i t h  0.4 mg o f  peps in  i n  0.05 m l  o f  t h e  

same b u f f e r  a t  37°C f o r  24 h. A f t e r  a d j u s t i n g  pH t o  6.0 by  
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114 HASHIDA ET AL. 

adding 0.2 m l  o f  0.5 M Na2HP04, t h e  r e a c t i o n  m i x t u r e  was 

incubated w i t h  0.2 m l  o f  0.1 M 2-mercaptoethylamine i n  0.1 M 

sodium phosphate b u f f e r ,  pH 6.0, c o n t a i n i n g  5 mM EDTA a t  37°C f o r  

90 min t o  reduce t h e  F ( a b ' ) 2  t o  Fab ' .  The r e a c t i o n  m i x t u r e  

was d i l u t e d  w i t h  8 m l  o f  0.1 M sodium phosphate b u f f e r ,  pH 7.0, 

c o n t a i n i n g  0.2 M NaCl and 5 mM EDTA and a p p l i e d  t o  a column (0.55 

x 1.0 cm) of human IgG-Sepharose 48 a t  a f l o w  r a t e  o f  5 ml /h .  

A f t e r  washing t h e  column w i t h  t h e  same b u f f e r ,  t h e  (anti-human 

IgG) Fab' was e l u t e d  w i t h  3.2 mM HC1, pH 2.5, c o n t a i n i n g  0 . 1  M 

NaC1. pH o f  each e l u a t e  f r a c t i o n  (1 m l )  was a d j u s t e d  t o  6.0 by 

adding 0.02 m l  o f  0.2 M sodium phosphate b u f f e r ,  pH 8.0, and each 

f r a c t i o n  was mixed w i t h  0.1 m l  o f  0.25 M sodium phosphate b u f f e r ,  

pH 6.0, and 0.05 m l  o f  100 mM EDTA. F r a c t i o n s  c o n t a i n i n g  t h e  

a f f i n i t y - p u r i f i e d  Fab' were poo led  and concen t ra ted  w i t h  d i a l y s i s  

a g a i n s t  0.1 M sodium phosphate b u f f e r ,  pH 6.0, c o n t a i n i n g  5 mM 

EDTA. The amount o f  a f f i n i t y - p u r i f i e d  (anti-human IgG) Fab' 

was 1.2 mg. I n  t h e  same way, a f f i n i t y - p u r i f i e d  anti-hCG Fab' 

(1.1 mg) was prepared f rom anti-hCG IgG (40 mg) u s i n g  a hCG-Sepha- 

rose  4B column (0.55 x 2.5 cm). 

The a f f i n i t y - p u r i f i e d  Fab' was con juga ted  t o  t h e  male imide-  

perox idase which was prepared u s i n g  N-succ in im idy l  4-(N-maleimido- 

methyl ) cyclohexane-1-carboxylate (1 , 2). 

Present  Method f o r  t h e  P r e p a r a t i o n  o f  Fab'-R-D-Galactosidase 

Conjugates 

The a f f i n i t y - p u r i f i e d  Fab' prepared as desc r ibed  above was 

conjugated t o  t h e  maleimide-R-D-galactosidase which was prepared 
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CONJUGATION OF AFFINITY-PURIFIED FAB' 115 

u s i n g  N,N'-o-phenylenedimaleimide (1). When t h e  con juga te  was 

prepared by i n c u b a t i o n  o f  2 nmol/ml o f  t h e  male imide-0-D-galacto-  

s idase  and excess (10 nmol/ml) o f  Fab' , t h e  male imide-0-D-galacto-  

s idase  was comp le te l y  conver ted t o  t h e  con juga te ,  which c o n s i s t e d  

o f  one 0-D-galactos idase molecule and 3.2-3.9 Fab' molecules (1). 

When prepared by i n c u b a t i o n  o f  2 nmol o f  t h e  maleimide-0-D- 

ga lac tos idase  and 1-2 nmol/ml o f  f l u o r e s c e i n - l a b e l e d  Fab' , t h e  

ma1 eimide-0-D-gal ac tos idase  remained p a r t i a l  l y  unconjugated , and 

t h e  monomeric con juga te  formed was separated f r o m  unconjugated 

0-D-galactos idase by a f f i n i t y  chromatography. F1 uo resce i  n- 

l a b e l e d  Fab' -0-D-galactos idase con juga te  p r e p a r a t i o n  (19-24 U )  i n  

2.5 m l  o f  b u f f e r  B y  pH 6.5, was a p p l i e d  t o  a column (0.55 x 0.9 

cm) o f  r a b b i t  ( a n t i - f l u o r e s c e i n )  IgG-Sepharose 4B a t  a f l o w  r a t e  

o f  1 ml/h. A f t e r  washing t h e  column w i t h  b u f f e r  B y  pH 6.5, t h e  

con juga te  was e l u t e d  w i t h  4 m l  o f  0.1 mM f l u o r e s c e i n  sodium i n  t h e  

same b u f f e r .  The e l u a t e  (4.0 m l )  was s u b j e c t e d  t o  g e l  f i l t -  

r a t i o n  on a column (2.0 x 45 cm) o f  Sephadex 6-25 u s i n g  t h e  same 

b u f f e r .  

Prev ious Method f o r  t h e  P r e p a r a t i o n  o f  Fab'-Enzyme Conjugates 

Fab' -enzyme con juga tes  were prepared by success i ve  processes 

o f  pepsin d i g e s t i o n  o f  IgG, ge l  f i l t r a t i o n ,  a f f i n i t y - p u r i f i c a t i o n ,  

r e d u c t i o n  t o  Fab',  g e l  f i l t r a t i o n ,  r e a c t i o n  w i t h  t h e  male imide-  

enzymes and g e l  f i l t r a t i o n  (1-4). A f f  i n i  t y - p u r i  f i c a t  i o n  o f  

F ( a b ' ) 2  was performed as i n  t h e  p r e s e n t  method. 
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116 HASHIDA ET AL. 

Separat ion o f  Fabl -Perox idase Conjugate f r o m  Unconjugated F (ab ' )2  

Fabl -perox idase con juga te  (14-20 p g )  was a p p l i e d  t o  a column 

(0.35 x 3.0 cm) o f  concanava l i n  A-Sepharose 4B (Pharmacia F i n e  

Chemicals AB, Uppsala, Sweden) and t h e  con juga te  was e l u t e d  w i t h  

0.1 M a-methyl-D-mannoside as desc r ibed  p r e v i o u s l y  (1) excep t  t h a t  

b u f f e r  A was used throughout .  Perox idase a c t i v i t y  a p p l i e d  was 

a lmos t  comp le te l y  (99-100 %) adsorbed t o  t h e  column, and 98-103 % 

o f  t h e  a c t i v i t y  adsorbed was found i n  t h e  e lua te .  

C a l c u l a t i o n  and Express ion o f  t h e  Amount o f  P r o t e i n s  

The amount o f  IgG, i t s  fragments and 6-D-galactos idase was 

c a l c u l a t e d  f r o m  t h e  measured absorbance a t  280 nm ( 1 ) .  The 

amount o f  pe rox idase  and Fabl -perox idase con juga te  was c a l c u l a t e d  

f rom t h e  measured absorbance a t  403 nm (1). The amount o f  

Fabl-6-D-galactosidase con juga te  was expressed i n  u n i t s  o f  

6-D-galactos idase a c t i v i t y  (1). 

Tes t  f o r  t h e  P r o p o r t i o n  o f  N o n s p e c i f i c  Conjugates 

The p r e p a r a t i o n  o f  (anti-human IgG) o r  anti-hCG Fabl-enzyme 

conjugates was passed th rough  a column o f  human IgG- o r  hCG-Sepha- 

rose  4B, and t h e  enzyme a c t i v i t y  i n  t h e  e f f l u e n t  was compared w i t h  

t h a t  a p p l i e d  (1). 

Tes t  f o r  t h e  Presence o f  Unconjugated Enzymes 

The p r e p a r a t i o n  o f  r a b b i t  Fabl-enzyme con juga tes  was passed 

through a column o f  ( a n t i - r a b b i t  IgG) IgG-Sepharose 48, and t h e  
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CONJUGATION OF AFFINITY-PURIFIED FAB' 117 

enzyme a c t i v i t y  i n  t h e  e f f l u e n t  was compared w i t h  t h a t  a p p l i e d  

(1). 

Sandwich Enzyme Imunoassay  Technique f o r  hCG 

An anti-hCG IgG-coated p o l y s t y r e n e  b a l l  was i ncuba ted  w i t h  

hCG a t  37°C f o r  4 h and a t  4°C o v e r n i g h t  and then  w i t h  20 ng o f  

a f f i n i t y - p u r i f i e d  anti-hCG Fab' -perox idase con juga te  o r  0.2 mU o f  

a f f i n i t y - p u r i f i e d  anti-hCG Fab'-D-D-galactosidase con juga te  a t  

20°C f o r  4 h (2 ,  3 ) .  Perox idase o r  D-D-galactos idase a c t i v i t y  

bound was assayed by i n c u b a t i o n  a t  30°C f o r  60 min o r  30 min as 

desc r ibed  above. 

Immunoenzymometric Assay Technique f o r  hCG 

HCG i n  0.05 m l  o f  b u f f e r  A was mixed w i t h  a f f i n i t y - p u r i f i e d  

anti-hCG Fab' -perox idase con juga te  (10 ng) i n  0.05 m l  o f  b u f f e r  A, 

and incuba ted  a t  37°C f o r  6 h w i t h  cont inuous shaking and a t  4°C 

o v e r n i g h t  w i t h o u t  shaking. A f t e r  t h e  i n c u b a t i o n ,  0.05 m l  o f  

t h e  r e a c t i o n  m i x t u r e  was passed th rough  a column o f  hCG-Sepharose 

4B a t  a f l ow  r a t e  o f  1 ml/h, and washed w i t h  1 m l  o f  b u f f e r  A. 

Peroxidase a c t i v i t y  i n  t h e  e f f l u e n t  was assayed by i n c u b a t i o n  a t  

30°C f o r  30 min as desc r ibed  above. The column c o n s i s t e d  o f  a 

m i x t u r e  o f  0.02 m l  i n  d e t  packed volume o f  hCG-Sepharose 4B and 

0.03 m l  i n  wet packed volume o f  bov ine  serum albumin-Sepharose 4B 

i n  GILSON C-200 B lue  T ip .  

RESULTS 

P r o p o r t i o n  o f  N o n s p e c i f i c  Conjugate 

A f f i n i  t y - p u r i f i e d  (anti-human IgG) Fab' - and a f f i n i  t y - p u r i -  

f i e d  anti-hCG Fab' -perox idase con juga tes  were prepared by  t h e  
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118 HASHIDA ET AL. 

presen t  method and a p p l i e d  t o  columns o f  human IgG- and hCG- 

Sepharose 48, r e s p e c t i v e l y .  The a d s o r p t i o n  o f  pe rox idase  

a c t i v i t y  i n  t h e  con juga te  p r e p a r a t i o n s  t o  t h e  column was 89-93 % 

b o t h  b e f o r e  and a f t e r  p u r i f i c a t i o n  w i t h  concanaval i n  A-Sepharose 

4B. By c o n t r a s t ,  t h e  corresponding con juga tes  prepared by t h e  

p rev ious  method was l e s s  (80-85 %) adsorbed (Tab le  1). S i m i l a r  

r e s u l t s  were ob ta ined  w i t h  a f f i n i t y - p u r i f i e d  f l u o r e s c e i n - l a b e l e d  

(anti-human IgG) Fabl -0-D-galactos idase con juga tes  which were 

prepared by i n c u b a t i o n  o f  2 nmol/ml o f  t h e  maleimide-0-D-galacto- 

s idase  and 1-2 nmol/ml o f  Fab' and a f f i n i t y - p u r i f i e d  w i t h  

( a n t i - f l u o r e s c e i n )  IgG-Sepharose 4B (Tab le  1). 

Thus, t h e  p resen t  method, which was s imp le r ,  c o u l d  s i g n i f i -  

c a n t l y  reduce t h e  p r o p o r t i o n  o f  n o n s p e c i f i c  con juga te  i n  t h e  

con juga te  p r e p a r a t i o n s .  

Absence o f  Unconjugated Enzymes 

Rabbi t  Fab'-enzyme con juga tes  were prepared by b o t h  t h e  

p resen t  and p rev ious  methods and a p p l i e d  t o  a column o f  goa t  

( a n t i - r a b b i t  IgG) IgG-Sepharose 4B. The a d s o r p t i o n  t o  t h e  

column o f  t h e  enzymes a c t i v i t i e s  i n  t h e  con juga te  p r e p a r a t i o n s  was 

a lmost  complete, i n d i c a t i n g  t h a t  t h e r e  was l i t t l e  unconjugated 

enzymes i n  t h e  con juga te  p r e p a r a t i o n s  (Tab le  1). 

P r o p o r t i o n  o f  Uncon j ugated A n t i b o d i e s  

By ge l  f i l t r a t i o n ,  Fab ' -0-D-galactos idase con juga te  was sepa- 

r a t e d  f rom unconjugated Fab', F ( a b ' ) 2  and IgG, and Fab' -per-  

ox idase con juga te  was separated f r o m  unconjugated Fab' and IgG, 
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CONJUGATION OF AFFINITY-PURIFIED FAB' 119 

TABLE 1 

P u r i t y  and a n t i g e n - b i n d i n g  a c t i v i t y  o f  a f f i n i t y - p u r i f i e d  f l u o r e s -  
c e i n - l a b e l e d  r a b b i t  (anti-human IgG) Fab' con juga tes  and a f f i n i t y -  
p u r i f i e d  r a b b i t  anti-hCG Fab' con juga tes  w i t h  pe rox idase  and 0-D- 
ga l  ac tos idase  

A d s o r p t i o n  o f  enzyme a c t i v i t y  ( % )  t o  

IgG) IgG- Se p ha r o s e  Se p ha r o s e  
( A n t i - r a b b i  t Human IgG- hCG- method Enzyme 

Sepharose 48 48 48 

- Peroxidase Present  99 93 
method 99 

9aa 
9ga 

8 9  

8ga 
- 

- Previous 99 a5 
method 9aa 84a - 

80 - 99 

- 
- 0-D-Galacto- Present  9gb 94b 

97c 

9ac 
- 9ac 

- 98' 
s idase  method 98' 

9gC 

method 9gC 
looc 

- 
- Previous 9gb 86b 

'The con juga tes  were p u r i f i e d  u s i n g  concanaval i n  A-Sepharose 48. 

bThe c o n c e n t r a t i o n s  of t h e  maleimide-R-D-galactosidase and 
f l u o r e s c e i n - l a b e l e d  Fab' i n  t h e  r e a c t i o n  m i x t u r e  f o r  c o n j u g a t i o n  
were 2 nmol/ml , and t h e  con juga te  was a f f i n i t y - p u r i f i e d  u s i n g  an 
( a n t i - f l  uo resce in )  IgG-Sepharose 48 column. 

'The c o n c e n t r a t i o n s  o f  t h e  maleimide-0-D-galactosidase and Fab' i n  
t h e  r e a c t i o n  m i x t u r e  f o r  c o n j u g a t i o n  were 2 nmol/ml and 10 nmol/ 
m l ,  r e s p e c t i v e l y ,  and t h e  average number o f  Fab' molecules c o n j u -  
gated p e r  D-D-galactosidase molecule was 3.2-3.9. 
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120 HASHIDA ET AL. 

b u t  n o t  f r o m  F(ab ' ) * ,  i f  any (1). When t h e  p r e p a r a t i o n  o f  

a f f i  n i  t y - p u r i f i e d  f l u o r e s c e i n - l a b e l e d  (anti-human IgG) Fab' -per- 

ox idase con juga te  ob ta ined  by t h e  p r e s e n t  method was a p p l i e d  t o  a 

concanaval in  A-Sepharose 4B column, 79 % o f  f l uo rescence  i n t e n s i t y  

a p p l i e d  was adsorbed, and 76 % of f l uo rescence  i n t e n s i t y  i n  t h e  

e f f l u e n t  was adsorbed t o  human IgG-Sepharose 4B. T h i s  i n d i -  

c a t e d  t h a t  16 % o f  f l uo rescence  i n t e n s i t y  i n  t h e  con juga te  prepa-  

r a t i o n  was assoc ia ted  w i th  anti-human IgG b u t  unconjugated. I n  

t h e  corresponding con juga te  prepared by t h e  p rev ious  method, 85 % 

was adsorbed t o  concanava l i n  A-Sepharose 48, and 45 % was adsorbed 

t o  human IgG-Sepharose 48. 

Recovery o f  Peroxidase, O-D-Galactosidase and Fab' 

The recove ry  i n  t h e  con juga te  o f  perox idase incuba ted  f o r  

c o n j u g a t i o n  was c a l c u l a t e d  f r o m  absorbance a t  403 nm i n  t h e  

e l u t i o n  p r o f i l e  by g e l  f i l t r a t i o n  (1). It was 58-64 % i n  t h e  

p resen t  method and 68-70 % i n  t h e  p r e v i o u s  method. The 

recove ry  o f  Fab' must have been s i m i l a r  (1). 

The recove ry  i n  t h e  8-D-galactos idase con juga te  o f  Fab' 

i ncuba ted  f o r  c o n j u g a t i o n  was c a l c u l a t e d  f rom f l uo rescence  

i n t e n s i t y  o f  f l u o r e s c e i n - l a b e l e d  Fab' i n  t h e  e l u t i o n  p r o f i l e  by  

ge l  f i l t r a t i o n  (1). It was 60-78 % i n  t h e  p resen t  method and 

64-81 % i n  t h e  p rev ious  method. 

The recove ry  o f  B-D-galactosidase i n  t h e  con juga te  v a r i e d  

under d i f f e r e n t  c o n d i t i o n s  f o r  con juga t ion .  When t h e  con juga te  

was prepared by i n c u b a t i o n  o f  2 nmol/ml o f  t h e  ma1eimide-B-D- 

ga lac tos idase  w i t h  excess (10 nmol/ml) o f  Fab' , t h e  maleimide-B-D- 
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CONJUGATION OF AFFINITY-PURIFIED FAB' 121 

ga lac tos idase  was a lmos t  comp le te l y  conver ted  t o  t h e  con juga te  

(Table 1 ) .  However, when prepared u s i n g  2 nmol/ml o f  t h e  

male imide-0-D-galactos idase and 1-2 nmol/ml o f  f l u o r e s c e i n - l a b e l e d  

Fab' ,  o n l y  14-17 % o f  0-D-galactos idase a c t i v i t y  i n  t h e  con juga te  

p r e p a r a t i o n  i n  t h e  peak f r a c t i o n  f rom a Sepharose 68 column was 

adsorbed t o  a column o f  ( a n t i - f l u o r e s c e i n )  IgG-Sepharose 48, and 

49-59 % o f  t h e  a c t i v i t y  adsorbed was e l u t e d  w i t h  f l u o r e s c e i n .  

T h i s  l ow  recove ry  was caused l a r g e l y  by t h e  f a c t  t h a t  t h e  average 

number o f  f l u o r e s c e i n  molecules coupled p e r  Fab' mo lecu le  was o n l y  

0.3. 

Usefu lness o f  t h e  Conjugates 

The a f f i n i  t y - p u r i f  i e d  anti-hCG Fab'-enzyme con juga tes  

prepared by t h e  p resen t  method, whether  t h e y  had been p u r i f i e d  on 

a column o f  concanaval in  A-Sepharose 48 o r  n o t ,  gave t h e  same 

s e n s i t i v i t y  o f  hCG dose response curves by  sandwich enzyme 

imnunoassay technique as those prepared by t h e  p r e v i o u s  methods. 

And a l ower  background was ob ta ined  f o r  hCG dose response cu rves  

by immunoenzymometric assay techn ique  u s i n g  t h e  con juga tes  

prepared by t h e  p resen t  method, which con ta ined  l e s s  n o n s p e c i f i c  

conjugates.  

DISCUSSION 

I n  t h e  p r e s e n t  method, ge l  f i l t r a t i o n  was r e q u i r e d  o n l y  once, 

I n  

a d d i t i o n ,  t h e  a f f  i n i  t y - p u r i f  i e d  Fab'-enzyme con j u g a t e  p r e p a r a t i o n s  

w h i l e  i t  was repeated 3-4 t imes  i n  t h e  p rev ious  method (1). 
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122 HASHIDA ET AL. 

ob ta ined  by  t h e  p r e s e n t  method con ta ined  l e s s  n o n s p e c i f i c  

con juga te  and gave a l ower  background in immunoenzymometric assay 

than  those ob ta ined  by t h e  p r e v i o u s  method, T h i s  may have been 

e f f e c t e d  by p r i o r  r e d u c t i o n  o f  F ( a b ' ) 2  and subsequent a f f i n i t y -  

p u r i f i c a t i o n ,  f o r  a f f i n i t y - p u r i f i c a t i o n  must have e l i m i n a t e d  

useless Fab' which l o s t  t h e  a n t i g e n - b i n d i n g  a c t i v i t y  by  r e d u c t i o n .  

In t h e  p r e s e n t  method, t h i o l  groups o f  Fab' may have been 

p a r t i a l l y  o x i d i z e d  d u r i n g  a f f i n i t y - p u r i f i c a t i o n .  P robab ly  as a 

r e s u l t  o f  t h i s ,  t h e  y i e l d  o f  t h e  con juga te  tended t o  be l o w e r  i n  

t h e  p resen t  method than  i n  t h e  p r e v i o u s  one, and t h e  p r o p o r t i o n  o f  

unconjugated F ( a b ' ) 2  i n  t h e  perox idase con juga te  p r e p a r a t i o n  

s l i g h t l y  increased.  However, t h e  s e n s i t i v i t y  o f  imnunoassays 

was n o t  a f f e c t e d ,  and t h e  D-D-galactosidase con juga te  p r e p a r a t i o n  

con ta ined  no unconjugated F (ab ' )2 ,  s i n c e  i t  was separated by  ge l  

f i l t r a t i o n .  Unconjugated F ( a b ' ) 2  i n  t h e  perox idase con juga te  

p r e p a r a t i o n  c o u l d  be removed u s i n g  concanava l i n  A-Sepharose 4B, i f  

necessary . 

R e p r i n t  requests  should be addressed t o  E. Ishikawa, Department o f  

B iochemis t r y ,  Medica l  Co l l ege  o f  M iyazak i  , Kiyo take ,  M iyazak i  

889-16 , Japan 
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