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APPLICATION OF IMMUNOADSORBENTS FOR ISOLATION OF PLACENTAL 

ALKALINE PHOSPHATASE, CARBOXYPEPTIDASE G-1,  AND SERUM 

HEPATITIS ANTIGEN 

Stanley E. Cham and Bing L. Wong 

N e w  England Enzyme Center 
Tuf t s  University School of Medicine 

Boston, Massachusetts 02111 

INTRODUCTION 

The extraordinary s p e c i f i c i t y  of ant igen-ant ibody r e a c t  i ons  

forms t h e  b a s i s  of a s impl i f ied  i s o l a t i o n  method f o r  an t igens .  

The use of antigens t o  i s o l a t e  an t ibodies  has been employed by 

immunologists for many years  [1, 23. The e a r l y  use of imnuno- 

adsorbents t o  i s o l a t e  an t ibodies  was no t  always successfu l  

because the  physical adsorption used t o  f i x  t h e  an t igen  permitted 

"leaking". However, wi th  the  var ious  methods ava i l ab le  today 

fo r  covalently bonding t o  s o l i d  supports,  t h i s  is no longer  a 

se r ious  problem. 

l y  becoming an accepted labora tory  technique [3, 41. However, 

attempts i n  the p a s t ,  to  i s o l a t e  b io log ica l ly  a c t i v e  molecules 

such as enzymes have no t  been successfu l  due t o  low y ie lds ,  

usua l ly  less than 25X [ 5 ] .  

The use of imnobilized antibody t o  i s o l a t e  an t igens  is  rapid- 

On the  o ther  hand, t he  i s o l a t i o n  of nonbio logica l ly  active 

substances seems t o  be  q u i t e  adaptable t o  t h i s  process.  

It was our purpose t o  determine whether immunoadsorption 

could be employed as a s a p l l f i e d  enzyme i s o l a t i o n  method. 
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54 CHARM AND WONG 

ISOLATION OF HUMAN PLACENTAL ALKALINE PHOSPHATASE 

Human p lacenta l  a lka l ine  phosphatase was i so l a t ed  from 

a crude suspension in  a two-step imnunoadsorbent procedure. 

placenta had f i r s t  been ex t rac ted  wi th  butanol and subjected t o  

an amnonium s u l f a t e  f r ac t iona t ion  t o  remove some of t h e  

extraneous pro te in .  

agarose (Sepharose 2B) with r abb i t  serum h u n o g l o b u l i n  covalen t ly  

bonded through t h e  CNBr method [6]. 

The 

The imnunoadsorbent i n  t h i s  case was 

A batch reac t ion  gent ly  mixing t h e  immunoadsorbent wi th  the  

crude enzyme so lu t ion  was employed t o  e f f e c t  t he  antibody-enzyme 

complex. 

column and more acceptable t o  a large-scale system. After a 

s u f f i c i e n t  reac t ion  time the  imunoadsorbent wi th  t h e  complexed 

enzyme was separated from the  suspension and washed t o  remove 

nonspecif i c a l l y  adsorbed pro te in .  

was  d i ssoc ia ted  from t h e  immunoadsorbent using 0.2 M Na2C03, 

pH 11.4 [7] .  

It was f e l t  t h a t  t h i s  is easier t o  con t ro l  than a 

P lacen ta l  a l k a l i n e  phosphatase 

In t h i s  case  the  usual agents f o r  d i ssoc ia ted  antibody- 

antigen complexes (e.g., K I ,  extremes of pH, KCNS) do not  r e s u l t  

i n  an a c t i v e  enzyme. 

Yield and pu r i f i ca t ion  depend t o  a l a r g e  ex ten t  on the  

a f f i n i t y  of t he  antibody f o r  t h e  antigen. 

permits g r e a t e r  d i ssoc ia t ion .  

crude antigen exposed to  t h e  imnunoadsorbent, t he  g r e a t e r  the  

degree of p u r i f i c a t i o n  and y i e ld  (see Table 1). Immunoadsorbent 

7 is made from serum drawn 7 weeks  a f t e r  i n i t i a l  inocula t ion ,  

and hunoadsorben t  64 w a s  drawn a f t e r  64 weeks. The pH a t  

which crude antigen is associated wi th  t h e  immunoadsorbent a l s o  

influences t o  a lesser extent how s t rongly  t h e  antigen is complex- 

ed. It was poss ib le  by using an an t i -a lka l ine  phosphatase 

immunoadsorbent t o  e f f e c t  a p u r i f i c a t i o n  of up t o  100-fold [S]. 

A l ow a f f i n i t y  antibody 

The grea te r  t h e  concentration of 

Antibody t o  the  alkaline phosphatase impurity,  which in 
t h i s  case i s  human plasma, was a l s o  produced. By us ing  a second 
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APPLICATION OF IMMLlNOADSORBENTS 55 

hmunoadsorbent aga ins t  t h e  impurity,  i t  is  poss ib l e  t o  e f f e c t  

another 2-fold pu r i f i ca t ion .  Thus i n  a two-step procedure, a 

200-fold p u r i f i c a t i o n  wi th  about a 90% y ie ld  is obtained. 

CARBOXYPEPTIDASE G-1 

Carboxypeptidase G-1 a l so  has been successfu l ly  i s o l a t e d  

The immunoadsorbent and an t igen  are by immunoadsorption [g]. 

complexed a t  pH 6.5 and t h e  complex d i s soc ia t ed  by 4 M KCNS o r  

by 6 M guanidine HC1 (see Tables 2 and 3). 
t h i s  procedure was about 85% with  a 35-fold p u r i f i c a t i o n .  It 

i s  poss ib l e  t o  account f o r  about 95% of t h e  a c t i v i t y  en te r ing  

t h e  innnunoadsorption process.  

The y i e l d  from 

Antibody aga ins t  t h e  impur i t i e s  was a l s o  produced and made 

i n t o  an immunoadsorbent f o r  removing impurity from t h e  p a r t i a l l y  

pu r i f i ed  carboxypeptidase. It was poss ib l e  t o  e f f e c t  another 

1.5- t o  2-fold p u r i f i c a t i o n  doing t h i s  (see Table 4). The 

e f f ec t iveness  of using an anti-impurity immunoadsorbent is  l imi t ed  

because of t he  nonspecific adsorp t ion  of t h e  enzyme which is  in  
r e l a t i v e l y  high concentration as compared wi th  t h e  complexed 

impur i t ies .  

The an t igen  used t o  produce the  carboxypeptidase antibody 

This probably accounts f o r  reduced i n  t h i s  case w a s  no t  pure. 

p u r i f i c a t i o n  by innnunoadsorbent. 

With conventional p u r i f i c a t i o n  procedures (about 1 0  s t e p s  

with a f i n a l  s u b s t r a t e  a f f i n i t y  s t e p  which i s  d e l i c a t e ) ,  i t  

i s  poss ib l e  t o  ob ta in  an enzyme wi th  a s p e c i f i c  a c t i v i t y  of 700. 
Using t h e  two-step immunoadsorbent procedure, a s p e c i f i c  a c t i v i t y  

of 225 was obtained. 

a higher p u r i f i c a t i o n  of enzyme would r e s u l t  from t h e  f i r s t  

immunoadsorbent s tep .  

REMOVAL OF SERUM HEPATITIS ANTIGEN FROM BLOOD PLASMA BY 

IMMUNOADSORF'TION 

It i s  expected t h a t  w i th  a purer  antibody, 

It has been poss ib l e  by innnunoadsorption t o  remove serum 

h e p a t i t i s  antigen from blood and blood plasma. 

employed goat antibody t o  serum h e p a t i t i s  an t igen .  The 

Our initial work 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL
E 

1
 

In
fl

ue
nc

e 
of

 
pH

, 
A

nt
ig

en
 L

oa
d,

 
an

d 
A

nt
ib

od
y 

D
at

e 
on

 Y
ie

ld
 a

nd
 P

u
ri

fi
ca

ti
o

n
 

of
 P

la
ce

n
ta

l 
A

lk
al

in
e 

P
ho

sp
ha

ta
se

 

Ag
 

A
va

il
ab

le
 

pE
 o
f 

S.
A.
 

25
 

Im
mU
n0
- 

as
so

ci
at

io
n

 
T

ub
e 

(u
ni

te
 p

er
 

ad
so

rb
en

t 
re

ac
ti

o
n

 
no

. 
rm
g 

Ig
) 

7 
7.

4 
1

 
2.

7 
2 

5.
4 

3 
10

.7
 

4 
26

.8
 

5 
48

.2
 

6 
91

.1
 

Ag
 

as
so

ci
at

ed
 

(u
n

it
s 

pe
r 

m
g
 I

g)
 

2.
6 

4.
9 

8.
9 

15
.2

 
21

.1
 

35
.4

 

Ag
 

d
is

so
ci

at
ed

 
(u

n
it

s 
p

er
 

m
g 
Ig
) 

1.
6 

4.
3 

6.
6 

8.
9 

11
.0

 
12

.9
 

P
er

ce
nt

 A
g 

d
is

so
ci

at
ed

 
of

 
to

ta
l 

as
so

ci
at

ed
 

(%
I 

61
.7

 
87

.9
 

74
.9

 
58

.5
 

52
.2

 
36

.4
 

S
p

ec
if

ic
 

ac
ti

v
it

y
 o

f 
D

eg
re

e 
of
 

d
is

so
ci

at
ed

 
p

u
ri

fi
ca

ti
o

n
 

an
ti

ge
n 

(f
ol

d)
 

61
.3

 
24

.4
 

11
4.

5 
45

.8
 

13
4.

6 
53

.8
 

15
7.

0 
62

.8
 

16
9.

8 
68

.0
 

15
2.

3 
61

 .O
 

8.
6 

1
 

2.
7 

2.
3 

1
.1

 
46

.7
 

18
.9

 
7.

5 
2 

5.
6 

4.
7 

4.
6 

96
.2

 
90

.2
 

36
.0

 
3 

11
.3

 
7.

9 
7.

4 
94

.5
 

11
9.

5 
48

 .O
 

i
 

28
.2

 
12

.7
 

12
.2

 
96

.0
 

12
2.

7 
49

.0
 

5 
50

.7
 

15
.1

 
15

.0
 

99
.3

 
11

2.
2 

45
.0

 
6 

95
.7

 
19

.1
 

17
.2

 
91

.1
 

11
0.

8 
44

.3
 

64
 

7.
4 

1
 

5.
5 

5.
0 

2.
3 

45
.0

 
12

4.
1 

49
.6

 
2 

1
1
.1

 
8.

8 
3.

3 
37

.6
 

16
2 -

3
 

64
.9

 
3 

44
.3

 
15

.2
 

5.
9 

38
.6

 
22

5.
9 

90
.3

 
4 

60
.9

 
18

.9
 

6.
7 

35
.8

 
25

9.
4 

10
3.

7 
5 

72
.5

 
20

.4
 

6.
7 

32
.7

 
15

5.
8 

62
.3

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



8.
6 

1 
0.
7 

0.
6 

0.
2 

33
.3
 

10
.8
 

4.
3 

2 
2.
1 

1.
8 

0.
7 

37
.3
 

40
.6
 

16
.2
 

3 
8.
6 

5.
0 

2.
0 

40
.3
 

10
2.
5 

41
 .o

 
4 

13
.6
 

4.
5 

2.
0 

44
.1
 

73
.0
 

29
.2
 

5 
21
.4
 

7.
2 

3 
.O 

41
.7
 

13
3.
8 

53
.5
 

6 
51
.3
 

13
.8
 

4.
2 

30
.7
 

18
0.
3 

72
.1
 

7 
74
.5
 

17
.4
 

2.
6 

14
.8
 

97
.6
 

39
 .O
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL

E 
2 

C
ar

b
ox

yp
ep

ti
d

as
e 
G-
1 

A
ct

iv
it

y
 a

nd
 P

ro
te

in
 B

al
an

ce
s 

fo
r 

T
yp

ic
al

 B
at

ch
 I

m
m

un
oa

ds
or

pt
io

n 
an
& 

E
lu

lz
ia

n 
E

xp
er

im
en

ts
 u

si
n

g 
G

ua
ni

di
ne

 H
C

la
 

IN
M

 S
Y

ST
PM

 
OU

T 
OF
 S

YS
TE

M
 

E
nz

ym
e 

P
ro

te
in

 
E

nz
ym

e 
S

p
ec

if
ic

 
R

un
 

(m
g)

 
u

n
it

 8 
a

ct
iv

it
y

 
a

ct
iv

it
y

 
P

ro
te

in
 

(u
n

it
s)

 
6% 

1 

81
 

20
9.
3 

96
6 

4.6
 

t 2
 

20
9.

3 
9 6
6 

4.
6 

P
ri

m
ar

y 
fi

lt
r

a
te

 
an

d 
w

as
h

es
 

A
m

ou
nt

 
o

f 
a

ct
iv

it
y

 
co

m
pl

ex
ed

 w
it

h
 

im
m

un
oa

ds
or

be
nt

 

56
8 

20
1.
4 

3 7
8 

D
is

so
ci

at
ed

 
28
8 

4.
37
 

% 
R

ec
ov

er
y 

of
 

co
m

pl
ex

ed
 e

nz
ym

e 
72
.4
 

S
p

ec
if

ic
 a

ct
iv

it
y

 
16
7.
4 

p/
m

g 

D
eg

re
e 

of
 p

u
ri

ty
 

36
.1
 

P
ri

m
ar

y 
fi

lt
r

a
te

 
an

d 
w

as
he

s 
62
0.
7 

19
7.
7 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



#3
 

20
9.

3 
96

6 
4

.6
 

A
m

ou
nt

 o
f 

a
ct

iv
it

y
 

co
m

pl
ex

ed
 w

it
h

 
im

m
un

oa
ds

or
be

nt
 

34
5.

3 

D
is

so
ci

at
ed

 
32

1.
7 

4.
7 

% 
R

ec
ov

er
y 
of
 

co
m

pl
ex

ed
 e

nz
ym

e 

S
p

ec
if

ic
 a

ct
iv

it
y

 

D
eg

re
e 

of
 

p
u

ri
ty

 

P
ri

m
ar

y 
fi

lt
r

a
te

 
an

d 
w

as
he

s 

A
m

ou
nt

 
o

f 
a

ct
iv

it
y

 
co

m
pl

ex
ed

 w
it

h
 

im
m

un
oa

ds
or

be
nt

 

D
is

so
ci

at
ed

 

93
.2

 

15
6.

0 
u/

mg
 

33
.8

 

59
9.

3 

36
6.

7 

29
2.

9 

18
9.

9 

3
.4

 

% 
R

ec
ov

er
y 

o
f 

co
m

pl
ex

ed
 e

nz
ym

e 

S
p

ec
if

ic
 A

ct
iv

it
y

 

D
eg

re
e 

of
 p

u
ri

ty
 

79
.9

 

16
6.

7 
u/

m
g 

36
.1
 

A
nt

ib
od

y 
63

7.
 

9/
26

/7
3.

 
T

it
er

 1
/1

6.
 

Se
ru

m
 a

tt
ac

h
ed

 t
o

 S
ep

ha
ro

se
: 

19
 m

g/
cc

. 
5 

cc
 s

am
pl

es
 a
bo
ut
 0

.9
5 

g 
S

ep
h

ar
os

e/
cc

. 
In

cu
b

at
io

n
 t

im
e:

 
2 

h
rs

. 
3

.6
 c

c 
of

 6
 M

 g
u

an
id

in
e/

g 
Se

ph
ar

os
e 

fo
r 

d
is

so
ci

a
ti

o
n

s.
 

a 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL
E 

3
 

C
ar

bo
xy

pe
pt

id
as

e 
G

-1
 

A
ct

iv
it

y
 a

nd
 P

ro
te

in
 B

al
an

ce
s 

fo
r 

T
yp

ic
al

 
B

at
ch

 I
m

m
un

oa
ds

or
pt

io
n 

an
d 

E
lu

ti
on

 E
xp

er
im

en
ts

 U
si

ng
 4
M 
KS
CN
 F

ol
lo

w
ed

 b
y 

6M
 G

ua
ni

di
ne

a 

I@
rIu

 SY
ST
EH
 

OU
T 

OF
 
SY
ST
EM
 

En
zy

m
e 

P
ro

te
in

 
En

zy
m

e 
S

p
ec

if
ic

 
ac

ti
v

it
y

 
P

ro
te

in
 

R
un

 
(
4
 

u
n

it
s 

ac
ti

v
it

y
 

(u
n

it
s)

 
(r

sp
) 

X
1 

15
6 

65
7.

6 
4.

6 
P

ri
m

ar
y 

fi
lt

ra
te

 
an

d 
w

as
he

s 

A
m

ou
nt

 o
f 

ac
ti

v
it

y
 

co
m

pl
ex

ed
 w

it
h 

im
nu

no
ad

so
rb

en
t 

D
is

so
ci

at
ed

 e
nz

ym
e 

4M
K

St
X

 

14
9.

3 
13

9.
1 

50
8.

3 

34
5.

6 
2 

.o 

6 
M

 G
ua

ni
di

ne
 

11
8.

5 
1

.2
 

T
o

ta
l 

re
co

ve
ry

 
46

4.
1 

X 
R

ec
ov

er
y 

of
 

en
zy

m
e 

as
so

ci
at

ed
 

91
.2
 

S
p

ec
if

ic
 a

ct
iv

it
y

 

4 
M

 K
SC
N 

16
9.

4 
p/

m
g 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



12
 

15
6 

65
7.

6 
4

.6
 

6 
M

 G
u

an
id

in
e 

98
.8

 d
m

g 

D
eg

re
e 

of
 

p
u

ri
ty

 

4 
M

 K
SC
N 

6 
M

 G
ua

ni
di

ne
 

Pr
im
ar
y 

fi
lt

r
a

te
 

an
d 

w
as

he
s 

A
m

ou
nt

 
of
 a

ct
iv

it
y

 
co

m
pl

ex
ed

 w
it

h
 

im
m

un
oa

ds
or

be
nt

 

D
is

so
ci

at
ed

 e
nz

ym
e 

4 
M

 K
SC
N 

6 
M

 G
ua

ni
di

ne
 

T
ot

al
 r

ec
ov

er
v 

36
.7

 

21
.4

 

15
2.

1 

50
5.
5 

31
0.

5 

14
7.

6 

45
8.

1 

13
9.

1 

1
.7

 

1
.3

 

Z 
R

ec
ov

er
y 

of
 

en
zy

m
e 

as
so

ci
at

ed
 

S
p

ec
if

ic
 a

ct
iv

it
y

 

4M
K

SC
N

 

6 
M 

G
u

an
id

in
e 

D
eg

re
e 

of
 p

u
ri

ty
 

4 
M 

KS
CN
 

69
.6

 

18
4 
u/
mg
 

11
5 

u/
m

g 

39
.1

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



o\ 

v 
N 

c U 

u 

m 

W g 
v 

h 
U 
4 
t.l 

% 
w 
0 
01 
01 
&I 
M 
01 n 

I - I -  

V 1 N  
m c u  
. .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



# 4
 

15
6 

65
7.

6 
4.

6 
P

ri
m

ar
y 

fi
lt

ra
te

 
an

d 
w

as
he

s 

A
m

ou
nt

 
o

f 
a

c
ti

v
it

y
 

co
m

pl
ex

ed
 w

it
h

 
im

m
un

oa
ds

or
be

nt
 

D
is

so
ci

at
ed

 e
nz

ym
e 

4 
M

 K
SC
N 

6 
M

 G
ua

ni
di

ne
 

14
8.

6 
13

7.
5 

50
9 

28
0.

8 
1.

7 

13
2 
.O 

1.
3 

T
o

ta
l 

re
co

ve
ry

 
41

2.
8 

% 
R

ec
ov

er
y 

of
 

en
zy

m
e 

as
 so

 c
ia

t e
d 

80
.1

 

S
p

ec
if

ic
 a

c
ti

v
it

y
 

4M
K

SC
N

 
16

6.
4 

p/
m

g 

6 
M

 G
ua

ni
di

ne
 

10
5.

0 
p/

m
g 

D
eg

re
e 

of
 

p
u

ri
ty

 

4 
H
 K
SC

N 
36

.1
 

6 
M 

G
ua

ni
di

ne
 

22
.7

 

A
nt

ib
od

y 
1/

38
. 

7/
13

/7
3.

 
T

it
e

r 
1/

32
. 

Ig
G

 
fr

ac
ti

o
n

 a
tt

ac
h

ed
 t

o
 S

ep
ha

ro
se

, 
19

.8
9 

m
g/

cc
. 

2c
c 

sa
m

pl
es

. 
In

cu
b

at
io

n
 

ti
m

e:
 

2 
h

rs
. 

R
at

io
 o

f 
10

 m
l 

e
lu

ti
o

n
 s

o
lu

ti
o

n
/g

 S
ep

ha
ro

se
. 

a 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



E
nz

ym
e 

A
ct

iv
it

y
 a

nd
 P

ro
te

in
 B

al
an

ce
s 

fo
r 

T
yp

ic
al

 B
at

ch
 I

m
m

un
oa

ds
or

pt
io

n 
o

f 
C

on
ta

m
in

at
in

g 
P

ro
te

in
s 

IN
TO

 S
Y

ST
m

 
O

UT
 O

F 
SY
ST
EM
 

E
nz

ym
e 

P
ro

te
in

 
E

nz
ym

e 
S

p
ec

if
ic

 
a

ct
iv

it
y

 
P

ro
te

in
 

R
un

 
(
m
d
 

u
n

it
s 

a
ct

iv
it

y
 

(u
n

it
s)

 
(m

g)
 

81
 

1
.2

 
17

2.
5 

14
3.

6 
p/

m
g 

P
ri

m
ar

y 
fi

lt
r

a
te

 
an

d 
w

as
he

s 
17

2.
8 

0.
78

0 

% 
R

ec
ov

er
y 

o
f 
ma
ss
 

65
 

% 
R

ec
w

er
y 

of
 a

ct
iv

it
y

 
10

0 

S
p

ec
if

ic
 a

ct
iv

it
y

 
22

2.
0 

In
cr

ea
se

 i
n

 p
u

ri
ty

 
1

.5
5

 

#2
 

1
.2

 
17

2.
5 

14
3.

6 
u/

m
g 

P
ri

m
ar

y 
fi

lt
r

a
te

 
an

d 
wa
sh
es
 

15
9.

8 

X 
R

ec
ov

er
y 

o
f 
ma
ss
 

65
 

% 
R

ec
ov

er
y 

o
f 

a
ct

iv
it

y
 

S
p

ec
if

ic
 a

ct
iv

it
y

 

93
 

22
2 

0.
71

9 

In
cr

ea
se

 i
n

 p
u

ri
ty

 
1

.5
5

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



APPLICATION OF lMMUNOADSORBENTS 65 

immunoadso rben t may be prepared by a t tach ing  ant i-inrmunoglobul in 

o r  an t i s e ra  t o  Sepharose 2B by the  CNBr method. 

made using g las s  beads o r  any o the r  s u i t a b l e  support. The 

antigen is complexed by h u n o a d s o r b e n t  i n  a gent ly  mixed 

batch system (see Fig. 1 ) .  Antigen is reduced by 90% each 2 

hr.  at 4OC.  Thus in the f i r s t  2 hr., 90% is complexed; in 4 hr .  , 
99%; in 6 h r . ,  99.9%; e t c .  A t  higher temperature t h e  complexing 

r a t e  is more rap id ,  e.g., a t  25'C, 90% is complexed i n  1.5 hr. ,  

and a t  4OoC i n  about 1 h r .  (see Fig.  2). The immunoadsorbent- 

an t igen  complex may be d issoc ia ted  with 0.23 M NH4OH o r  pH 2.8 

glycine-HC1 and the imnunoadsorbent reused (see Fig. 3). 

It may a l s o  be 

45 mg antibody in 4 5  ml Plasma 
with 1Ola HBAg Particln/ml 

pl 
C 
c 
0 

.- 

.- 

K 
a 
0) 
0 
- 
.- 
c L 

B 

Glass Bead 
* 

t 

I 2 3 4 5 6 

0 

5 
2 
.- c 
0 

LL 

Time ( hours 1 
FIG. 1 

Comparison of s o l i d  supports: 
g l a s s  beads. 

Sepharose 2B g e l  and zirconia-clad 
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66 CHARM AND WONG 

3 4m 

0.8 I I * 1 

3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 

IX lo3 
T 

FIG. 2 

The Arrhenius p lo t :  
t i on .  

ac t iva t ion  energyoof t h e  HBAg ~ ~ O a d S O r P -  
Temperature ranges from 8 t o  45 C.  

With cur ren t  de tec t ion  methods, e.g. radioimmunoassay, i t  

is poss ib le  t o  de t ec t  h e p a t i t i s  antigen t o  l e v e l s  of  about 

5 X l o 8  par t ic les /ml .  

could r e s u l t  i n  d i sease  [lo]. 
3 However, i t  is expected t h a t  10  p a r t i c l e s  

In  a general  processing p r a c t i c e  where only nega t ive  test 

material was employed, it may be assumed t h e  i n i t i a l  concentration 

is not more than 5 X 10  

concentration present ly  de tec tab le  by test. 

8 par t i c l e s /ml  s ince  t h i s  is the  lowest 

8 5  In  a 100- l i te r  plasma pool t h e r e  would be  5 X 10  X 10  

p a r t i c l e s  i n i t i a l l y  t h a t  should b e  reduced t o  a l e v e l  where the 

probabi l i ty  is such t h a t  less than 1 antigen p a r t i c l e  w i l l  remain 
i n  the  pool. 

mixing with t h e  inmunoadsorbent. 
This would theo re t i ca l ly  r equ i r e  about 27 hr. of 

It must a l s o  be considered that equilibrium between the 

complexed and f r e e  antigen may occur a t  some poin t .  

Equilibrium w a s  not reached over a 4 log  cyc le  reduction (from 

1013 t o  1 0  par t ic lee /ml ,  the l i m i t  of de tec t ion) .  Therefore, 

regeneration of inmunoadsorbent should be ca r r i ed  out  a f t e r  every 
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APPLICATION OF IMMUNOADSORBENTS 

BHBAb-HBAg 

67 

Plasma with 
HBAg (8 ml) 

BHBAb Time depends on 

20 mg serum 
protein with Filters: Saran 

desired reduction 
level and pool size, 

I antibody, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Saline with 
traces of Plasma 

Saline 
pH 7.2 Filter 

(50 ml) r (50 ml) 

BHBAg 

Purified 
HBAg 

pH 7.2 Filter wash 

(50 ml) 

I Regenerated 
BHBAb I 

FIG. 3 
Flow diagram of batch process €or removing HBAg from plasma and 
recovering purified HBAg. 

4 log cycle reduction to  prevent equilibrium. 

Increasing the concentration of antibody in the immuno- 

adsorbent increases the rate o f  complexing up to  a point.  Then 
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0 0.2 0.4 0.6 0.8 

mg of Specific HBAb/ml of Sepharore 28 
FIG. 4 

Antibody concentration e f f e c t  on the  complexing rate. 

other f ac to r s  l imi t  t he  complexing r a t e  (see Fig. 4). Possibly 

the rate of d i f fus ion  of antigen t o  the  immunoadsorbent becomes 

the  l imi t ing  f ac to r .  

It has been poss ib le  t o  remove h e p a t i t i s  i n fec t ion  from 

Factor I X  (a plasma product wi th  a high incidence of h e p a t i t i s  

associated) by t h i s  immunoadsorption procees [lo]. 
a gibbon w a s  used as the  test animal. 

inoculated wi th  Fac tor  I X  t h a t  had been subjected t o  t h e  

immunoadsorption process. 

any signs of infec t ion ,  t h e  gibbon was inoculated wi th  unprocessed 

Factor I X .  

(This study w a s  ca r r i ed  out by Dr. Hoofnagle, Department of 
Biologics, National I n s t i t u t e s  of Health.) 

In t h i s  case 

The gibbon was first 

After 8 months, when it d id  not  show 

Within 1 4  weeks signs of h e p a t i t i s  were observed. 

Use of an immunoadsorbent made with animal antibody 
presents certain problems. 

animal pro te in  leaks  i n t o  the plasma. 

Care must be taken t h a t  none of the  
Thia could r e s u l t  i n  an 
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APPLICATION OF IMMUNOADSORBENTS 69 
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0.97Y0 e-0.98 KAe- 0.01 Yo 

Y =  

1 "\ x\x ;;l;erfacial Area 

0.98 

K =  Mass Transfer Coef. 

+ I - - - - -  - - - _  
- - X  

.- Je@-neration 
c 10" - - _  cx 
I" 

- _  - - _  Y k  - - 
w - 0  

i 

10' 

I I 1 1 1 -  

0 2 4 6 8 24 

a l le rgenic  reac t ion .  For  t h i s  reason, human antibody obtained 

from hemophiliacs was t r i ed .  

The k i n e t i c s  a re  s imi l a r  but the a f f i n i t y  constent i s  much 

higher than tha t  of animal antibody: 

f r e e  antigen at equilibium 
complexed antigen a f f i n i t y  constant = 

The a f f i n i t y  constant from a n i m a l  antibody is not  known, but 

fo r  human antibody i t  is  about 

Thus a f t e r  using human antibody, t he  r a t e  of complexing 

h e p a t i t i s  antigen l e v e l s  o f f  a f t e r  a reduction of about 2 log 
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70 CHARM AND WONG 

cycles (see Fig. 5 ) .  For fu r the r  reduction, the imunoadsorbent 

must be regenerated. Using human imrnunoadsorbent, i t  seems t h a t  

plasma passage through an imunoadsorbent column would be more 

convenient that; a batch adsorption of antigen tha t  would requi re  

mre regenerations of t h e  imunoadsorbent t o  achieve the  desired 

reduction of antigen than when using a higher a f f i n i t y  animal 

antibody. 

by t h i s  process is used t o  produce antibody i n  animals. 

dissociated antigen is subjected t o  an antiplasma imunoadsorbent 

to  remove t r aces  of plasma. 
350X. 

CONTINUOUS IMMUNOADSORPTION 

Serum h e p a t i t i s  antigen recovered from in fec t ed  plasma 

The 

The f i n a l  antigen is pur i f i ed  about 

A continuous immunoadsorption process has been developed 

using an endless b e l t  of immunoadsorbent. The immunoadsorbent 

b e l t  is driven through various compartments a )  crude antigen + 

b)  wash + c) d i s soc ia t ing  so lu t ions  + d) wash + a)  e t c .  

(see Fig. 6) .  

FIG. 6 

Endless b e l t  of inmunoadsorbent €o r  continuous antigen i s o l a t i o n .  
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APPLICATION OF IMMLJNOADSORBENTS 71 

The b e l t  is made from high f i b e r  bond paper  p ro tec t ed  by 

wide mesh f i b e r g l a s s  screening.  

with t h i s  system i s  the  car ry  over  from one compartment t o  another .  

This  is  overcome t o  some extent by employing "squeezers" between 

compartments. 

The major problems a s soc ia t ed  

This  type of system could t h e o r e t i c a l l y  be employed €or  

the  continuous removal of serum h e p a t i t i s  an t igen  from plasma 

using human ant ibody,  avoid the  equi l ibr ium problem between 

complexed and f r e e  an t igen  a s soc ia t ed  wi th  t h e  batch process ing .  
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