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A method for the preparation of a p-aminobenzene sulphonyl ethyl containing crosslinked Sepharose 4B
(ABSE-Sepharose 4B-CL) is described. trypsin, bovine serum albumin (BSA) and concanavalin A (Con A) were
immobilized onto this matrix by diazotization. Conditions for the coupling reaction were investigated. The
activity of immobilized trypsin reached 1.4 X 10° U/g, and 25 mg BSA can be coupled onto 1 g ABSE-Sepharose
4B-CL under the optimal conditions. An affinity medium with immobilized Con A as ligand was prepared by this
method, and was used in the separation of a human monoclonal antibody.

INTRODUCTION

It is nearly 90 years since Emil Starkenstein first intro-
duced affinity chromatography by the use of immobi-
lized starch to separate amylase. Although many com-
plicated mathematic models were established
(Chaiken, 1987), the procedure and hardware of affi-
nity chromatography remain very similar to that used
decades ago. One of the most important factors in the
development of affinity chromatography is the develop-
ment of solid supports. It includes two aspects, one is
the selection of material and the other is the method of
attachment.

Agarose is a linear polysaccharide composed of alter-
nating D-galactose residues and 3,6-anhydro-L-
galactose units. It is one of the few materials fulfilling
almost all of the requirements of an ideal carrier, and
has become the most commonly used support in affinity
chromatography, especially after the introduction of
spherical agarose by Pharmacia (Uppsala, Sweden)
under the trade-name Sepharose. One of the main
disadvantages of the agarose matrix is that it does not
contain an active functional group for ligand attach-
ment. To solve this problem, several derivatives and
related methods for activation were introduced into
practice, included epoxyl-activated agarose, activated
thiol-agarose, cyanogen bromide activated agarose and
CH or AH activated agarose. However, as used in
ligand attachment, all of these matrices need either a
long reaction time or a high temperature, which may
seriously damage the structure of the ligand or reduce
recovery. For example, the most commonly used cya-
nogen bromide activated agarose, used for the immobi-
lization of proteins, requires 2h at room temperature
or 16 h at 4°C, while pH between 8 and 10 (Turkova,
1978).

In this work, a new matrix containing a p-
aminobenzene sulphonyl ethyl (ABSE) group was syn-
thesized from commercial Sepharose 4B. This matrix
can be easily activated by diazotization, and biological
macromolecular can be immobilized onto the matrix in
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1h at 0°C. Two kinds of ligand probe were used to
evaluate the new matrix and the result obtained was
satisfactory. Finally, a medium with concanvalin A
(Con A) as affinity ligand was prepared and the sepa-
ration of a human monoclonal antibody was per-
formed.

EXPERIMENTAL

Materials, Commercially available spherical agarose,
Sepharose 4B was purchased from Pharmacia (Uppsala,
Sweden). Concanavalin A, Type 3 was from Sigma (St.
Louis, MO, USA). p-8(sulphato ethyl sulphonyl) aniline
(SESA) was an industrial product from Shanghai Eighth
Chemical Dyestuff Factory (Shanghai, China). Bovine Serum
Albumin (BSA) and N-Benzoyl-p,L-arginine-p-nitroanilide
hydrochloride (BAPNA) were purchased from DonFeng
Biochemical Corporation (Shanghai, China). Epoxyl propane
chloride was analytical grade reagent from Tianjin Chemical
Plant (Tianjin, China). Crystallized bovine pancreas trypsin
was donated by the Shanghai Institute of Biochemistry
(Shanghai, China): the specific activity measured by
Erlanger’s method (Erlanger ef al., 1961) with BAPNA as
substrate was 3.0 x 10°U/g. Monoclonal antibody recogniz-
ing human colonic cancer associated antigens was from the
General Hospital of Shenyang (Shenyang, China).

Apparatus. The experiments were performed on a Bio-Rad
automated Econo System (New York, NY, USA) which
consists of a Model EP-1 Econo Pump, a Model EM-1 Econo
UV Monitor with a portable optics module equipped with two
interchangeable filters (254 and 280nm), a Model 2110
Fraction Collector and a Model ES-1 Econo System
Controller. Chromatograms were recorded and processed on
a Hewlett Packard Model 3394A integrator. The loading of
samples onto the affinity column was carried out by a Gilson
Minipuls 3 Peristaltic pump (Middleton, USA) in a refrigera-
tor (3-7°C).

Methods. The crosslinking (CL) of Sepharose 4B with epoxyl
propane chloride was carried out according to Porath (Porath
et al., 1971). The protein content was assayed using the
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Table 1. The chemical stability of crosslinked Sepharose 4B

and Sepharose 4B
Matrix Atlowable pH rangs  Alfowable temperature range
Sepharose 4B pH 4-9 0-40°C
Sepharose 4B-CL pH 2-14 (3 m NaOH) 0-120°C

method described by Bradford (Bradford, 1976). The con-
ditions for the activation of ABSE-Sepharose 4B-CL: at 0°C,
2 g ABSE-Sepharose 4B-CL was suspended in 2 mL distilled
water, to which 1 mL 1m HCl and 1 mL 5% NaNO, solution
were added, stirred at 0 °C for 15 min. The conditions for the
immobilization of trypsin on activated ABSE-Sepharose 4B-
CL were as follows: 10 mg trypsin was dissolved in 2.0mL
0.2 M Tris-HC1 (pH 8.8) buffer containing 0.02m CaCl;, 1g
activated matrix was then added to the solution at under 0°C
and stirred for 1 h for coupling.

RESULTS AND DISCUSSION

ABSE derivation of agarose with SESA was first intro-
duced by Zhongyi Yuan (Yuan et al., 1981) to prepare
a support for immobilized alkaline phosphatase. In this
work, similar method was used in the treatment of
crosslinked sepharose 4B with SESA. Thus, 15 g SESE
was suspended in 30mL distilled water, and 15%
Na,CO, solution was used to adjust the pH value to pH
6.0. The solution was then filtered through a glass
funnel to remove insoluble residue. In the meantime,
230 g Sepharose 4B-CL (wet) was suspended in 100 mL
distilled water, the pH value was adjusted to 13 with
1 M NaOH solution, stirred in room temperature for 15
min; then these two solutions were mixed in a 1000 mL
flask. The mixture was heated in a water bath to 75°C,
stirred with a magnetic stirrer for 1h, and during the
whole procedure, 0.5 M NaOH solution was used every
10 min to maintain the pH value around 10.0. After
reaction, the gel was washed with 0.5 M NaOH solution
and distilled water for several times under suction. To
ensure that the crosslinking with epoxy! propane chlor-
ide did occur, comparison of chemical stability of cross-
linked Sepharose 4B and initial Sepharose 4B was
performed (Table 1).

Experimental results show that the substitution of
SESA did not destroy the pore structure of the initial
agarose, and that the crosslinking caused the support to
have a greater mechanical strength and chemical stabi-
lity. They also indicate that the ABSE-Sepharose 4B-
CL will have minimum ligand leakage in chromatogra-
phy, a problem which is considered to be a serious
weakness of the affinity chromatography. The biologi-
cal compatibility of this matrix was assayed by trypsin,
in the meantime, the optimal conditions for the ligand
coupling reaction were also investigated. According to
the results, the activity of the trypsin immobilized on
ABSE-Sepharose 4B-CL reached a maximum within
1 h while the pH of reaction system was 9. The shorter

Table2. The characteristics of trypsin immobilized on

ABSE-Sepharose 4B-CL
Activity of Actlvity of K of Kua of Activity
immaobilized trypsin trypsin immobilized trypsin trypsin recovery
Uig) {u/g) (L} ™M %}
14x10% 3.0x10° 7.1%107 3.9x107% 85

time needed for the ligand attachment procedure is
very helpful in order to obtain a high recovery of
activity. The representative characteristics of immobi-
lized trypsin on ABSE-Sepharose 4B-CL, prepared
using the optimum coupling conditions and compared
with those of normal trypsin, are listed in Table 2.

The small increase of Ky was due to the structure of
SESA, for the derivation of Sepharose 4B-CL with
SESA not only produced an activation permitted func-
tional group, but also introduced a ten atoms’ spacer
between ligand and matrix, which can make the affinity
procedure much more effective, especially when
smaller molecules are used as affinity ligands. The
capacity of ABSE-Sepharose 4B-CL for coupling
ligands was determined using BSA as ligand; up to
25mg BSA can be immobilized onto 1g
ABSE-Sepharose 4B-CL. Compared with other cou-
pling methods, this result was very satisfactory. A
larger capacity of matrix for coupling ligands is very
valuable in affinity chromatography as it allows a large
amount of sample to be separated in a relative small
column volume, thus considerably reducing the cost
and time involved.

As an application of this new matrix, an affinity
medium with Con A as affinity ligand was prepared
from ABSE-Sepharose 4B-CL using the optimal cou-
pling conditions, 18mg Con A determined by
Coomassie Brilliant Blue method was immobilized
onto 1g ABSE-Sepharone 4B-CL (wet), the recovery
of protein was 95%. The separation of a monoclonal
antibody recognizing human colonic cancer associated
antigens was performed on this medium. Thus a 1 mr
sample (generated from fusion of mouse myeloma cells
and spleen cells of mice immunized with freshly iso-
lated colon carcinoma cells) mixed with 1mL 0.1m
NaCl 0.1 v NaAc-HCI ph 7.0 buffer (solution A) was
applied to a 80 x 15 mm i.d. column under 1 mL/h at
4°C. Then column was equilibrated with solution A,
and the monoclonal antibody was further eluted by
adding 0.2M methyl-a-D-mannopyranoside to the
mobile phase (solution B). The flow rate of mobile
phase was 0.2 ml/min.
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