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APPLICATION OF IMMUNOADSORBENTS FOR ISOLATION OF PLACENTAL
ALKALINE PHOSPHATASE, CARBOXYPEPTIDASE G-1, AND SERUM
HEPATITIS ANTIGEN

Stanley E. Charm and Bing L. Wong
New England Enzyme Center

Tufts University School of Medicine
Boston, Massachusetts 02111

INTRODUCTION

The extraordinary specificity of antigen-antibody reactions
forms the basis of a simplified isolation method for antigens.
The use of antigens to isolate antibodies has been employed by
immunologists for many years [1, 2]. The early use of immuno-
adsorbents to isolate antibodies was not always successful
because the physical adsorption used to fix the antigen permitted
"leaking'". However, with the various methods available today
for covalently bonding to solid supports, this is no longer a
serious problem,

The use of immobilized antibody to isolate antigens is rapid-
1y becoming an accepted laboratory technique [3, 4]. However,
attempts in the past, to isolate biologically active molecules
such as enzymes have not been successful due to low yields,
usually less than 25% [5].

On the other hand, the isolation of nonbilologically active
substances seems to be quite adaptable to this process.

It was our purpose to determine whether immunoadsorption

could be employed as a simplified enzyme isolation method.
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TSOLATION OF HUMAN PLACENTAL ALKALINE PHOSPHATASE

Human placental alkaline phosphatase was isolated from
a crude suspension in a two-step immunoadsorbent procedure. The
placenta had first been extracted with butanol and subjected to
an ammonium sulfate fractionation to remove some of the
extraneous protein. The immunoadsorbent in this case was
agarose (Sepharose 2B) with rabbit serum immunoglobulin covalently
bonded through the CNBr method [6].

A batch reaction gently mixing the immunoadsorbent with the
crude enzyme solution was employed to effect the antibody-enzyme
complex. It was felt that this is easier to control than a
column and more acceptable to a large-scale system. After a
sufficient reaction time the immunoadsorbent with the complexed
enzyme was separated from the suspension and washed to remove
nonspecifically adsorbed protein. Placental alkaline phosphatase
wag dissociated from the immunoadsorbent using 0.2 M Na)COj,
pH 11.4 [7].

In this case the usual agents for dissociated antibody-
antigen complexes (e.g., KI, extremes of pH, KCNS) do not result
in an active enzyme.

Yield and purification depend to a large extent on the
affinity of the antibody for the antigen. A low affinity antibody
permits greater dissociation. The greater the concentration of
crude antigen exposed to the immunoadsorbent, the greater the
degree of purification and yield (see Table 1). Immunoadsorbent
7 is made from serum drawn 7 weeks after initial inoculation,
and immunoadsorbent 64 was drawn after 64 weeks. The pH at
which crude antigen is associated with the immunoadsorbent also
influences to a lesser extent how strongly the antigen is complex-
ed. It was possible by using an anti-alkaline phosphatase
immunoadsorbent to effect a purification of up to 100-fold [8].

Antibody to the alkaline phosphatase impurity, which in

this case is human plasma, was also produced. By using a second
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immunoadsorbent against the impurity, it is possible to effect
another 2-fold purification. Thus in a two-step procedure, a
200-fold purification with about a 907 yield is obtained.
CARBOXYPEPTIDASE G~1

Carboxypeptidase G-1 also has been successfully isolated
by immunoadsorption [9]. The immuncadsorbent and antigen are
complexed at pH 6.5 and the complex dissociated by 4 M KCNS or
by 6 M guanidine HCl (see Tables 2 and 3). The yield from
this procedure was about 85% with a 35-fold purification. It
is possible to account for about 95% of the activity entering
the immunoadsorption process.

Antibody against the impurities was also produced and made
into an immunoadsorbent for removing impurity from the partially
purified carboxypeptidase. It was possible to effect another
1.5~ to 2-fold purification doing this (see Table 4). The
effectiveness of using an anti-impurity immunoadsorbent is limited
because of the nonspecific adsorption of the enzyme which is in
relatively high concentration as compared with the complexed
impurities.

The antigen used to produce the carboxypeptidase antibody
in this case was not pure. This probably accounts for reduced
purification by immunoadsorbent.

With conventional purification procedures (about 10 steps
with a final substrate affinity step which is delicate), it
1s possible to obtain an enzyme with a specific activity of 700.
Using the two-step immunoadsorbent procedure, a specific activity
of 225 was obtained. It is expected that with a purer antibody,
a higher purification of enzyme would result from the first
immunoadsorbent step.

REMOVAL OF SERUM HEPATITIS ANTIGEN FROM BLOOD PLASMA BY

IMMUNOAD SORPTION

It has been possible by immunoadsorption to remove serum
hepatitis antigen from blood and blood plasma. Our initial work
employed goat antibody to Serum hepatitis antigen. The
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APPLICATION OF IMMUNCADSORBENTS

immunoadsorbent may be prepared by attaching anti-immunoglobulin
or antisera to Sepharose 2B by the CNBr method. It may also be
made using glass beads or any other suitable support. The
antigen is complexed by immunoadsorbent in a gently mixed

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

hr. at 4°C. Thus in the first 2 hr.,90% is complexed; in 4 hr.,
99%; in 6 hr., 99.9%; etc. At higher temperature the complexing
rate is more rapid, e.g., at 25°C, 90% is complexed in 1.5 hr.,
and at 40°C in about 1 hr. (see Fig. 2). The immunoadsorbent-
antigen complex may be dissociated with 0.23 M NH40H or pH 2.8
glycine-HCL and the immunoadsorbent reused (see Fig. 3).

45 mg ontibody in 4.5 ml Plasma
with 10'® HBAg Particles/mi

[~ 4

£
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FIG. 1
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Comparison of solid supports: Sepharose 2B gel and zirconia-clad

glass beads.
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FIG. 2

The Arrhenius plot: activation energy of the HBAg immunoadsorp-
tion. Temperature ranges from 8 to 45 C.

With current detection methods, e.g. radioimmuncassay, it
is possible to detect hepatitis antigen to levels of about
5 x 108 particles/ml. However, it is expected that 103 particles
could result in disease [10].

In a general processing practice where only negative test
material was employed, it may be assumed the initfal concentration
is not more than 5 X 108 particles/ml since this is the lowest
concentration presently detectable by test.

In a 100-liter plasma pool there would be 5 X 108 X 105
particles initially that should be reduced to a level where the
probability is such that less than 1 antigen particle will remein
in the pool. This would theoretically require about 27 hr. of
mixing with the immunoadsorbent.

It must also be considered that equilibrium between the
complexed and free antigen may occur at some point.

Equilibrium was not reached over a 4 log cycle reduction (from
1013 to 10° particles/ml, the limit of detection). Therefore,
regeneration of immunoadsorbent should be carried out after every
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Plasma with

HBAg (8 ml)
Mixing 4° - 8°
BHBAb L Time depends on Plasma
[ desired reduction -
20 mg serum level and pool size, (8 ml)
: protgig with F%lters: Saran
antibody ilter cloth
| H.A, titér: T
1:128,000.
| (1 ml)
BHBAb-HBAg
| (1 m1)
l Wash
| Saline e ———pul and . Saline with
I PH 7.2 Filter traces of Plasma
l (50 ml) (50 ml)
|
I
| BHBAb-HBAg
I
| Saline Saline
pH 11.0 Dissociation| w. HBAg
| or == of f=—0 T ~=————p»{ Neutral- ] Ultra-
| g;yglge-HCI BHBAb-HBAg ﬁé{cine- ize filter
p . w.
| (50 ml) HBAg |
: Purified
HBAg
' BHBAg
|
|
| Wash
Saline and ————.Saline
| pH 7.2 Filter wash
l (50 ml)
|
| | Regenerated
| BHBAb
-
FIG. 3

Flow diagram of batch process for 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 of complexing up to a point. Then
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Antibody concentration effect on the complexing rate.

other factors limit the complexing rate (see Fig. 4). Possibly
the rate of diffusion of antigen to the immunoadsorbent becomes
the 1imiting factor.

It has been possible to remove hepatitis infection from
Factor IX (a plasma product with a high incidence of hepatitis
associated) by this immunoadsorption process [10]. 1In this case
a gibbon was used as the test animal. The gibbon was first
inoculated with Factor IX that had been subjected to the
immunoadsorption process. After 8 months, when it did not show
any signs of infection, the glbbon was inoculated with unprocessed
Factor IX. Within 14 weeks signs of hepatitis were observed.
(This study was carried out by Dr., Hoofnagle, Department of
Biologics, National Institutes of Health.)

Use of an immunoadsorbent made with animal antibody
presents certain problems. Care must be taken that none of the
animal protein leaks into the plasma. This could result in an
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allergenic reaction. For this reason, human antibody obtained
from hemophiliacs was tried.

The kinetics are similar but the affinity constant is much
higher than that of animal antibody:

free antigen at equilibium
complexed antigen

affinity constant =

The affinity constant from animal antibody is not known, but
for human antibody it is about 1072,

Thus after using human antibody, the rate of complexing
hepatitis antigen levels off after a reduction of about 2 log

10
y: 097, e 0% KA. 001y,
098
2 K= Mass Transfer Coef.
10" F x\ A= Interfacial Area
[ Xm o ,
q Fommm el x
€ u
E 107 F
” -
9 C
L -
8 af
0 < WPeneratio,
E 0°F T
I LT
(Y] o = : -0
I [
o [
i0° F
C
1 i i L —
0 2 4 6 8 24
Time 6 (hrs)
FIG. 5

Complexing of hepatitis antigen with human antibody immuno-
adsorbent,
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cycles (see Fig. 5). For further reduction, the immunoadsorbent
must be regenerated. Using human immunoadsorbent, it seems that
plasma passage through an immunoadsorbent columm would be more
convenient that a batch adsorption of antigen that would require
more regenerations of the immunoadsorbent to achieve the desired
reduction of antigen than when using a higher affinity animal
antibody. Serum hepatitis antigen recovered from infected plasma
by this process is used to produce antibody in animals. The
dissociated antigen 1s subjected to an antiplasma immunoadsorbent
to remove traces of plasma. The final antigen is purified about

350X.
CONTINUOUS IMMUNOADSORP TION

A continuous immunoadsorption process has been developed
using an endless belt of immunoadsorbent. The immunoadsorbent
belt is driven through various compartments a) crude antigen -
b) wash + ¢) dissociating solutions + d) wash > a) etc.
(see Fig. 6).

FIG. 6

Endless belt of immunoadsorbent for continuous antigen isolation.
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The belt is made from high fiber bond paper protected by
wide mesh fiberglass screening. The major problems associated
with this system is the carry over from one compartment to another.
This is overcome to some extent by employing "squeezers" between
compartments.

This type of system could theoretically be employed for
the continuous removal of serum hepatitis antigen from plasma
using human antibody, avoid the equilibrium problem between
complexed and free antigen associated with the batch processing.
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