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Membrane Affinity Chromatography Used for
the Separation of Trypsin Inhibitor

Wei Guo, Zhenhua Shang, Yinian Yu, Yafeng Guan and Liangmo Zhou*
Dalian Institute of Chemical Physics, Chinese Academy of Sciences, P.O. Box 100, Dalian 116012, China

Polysulphone (PS) was chemically modified by acrylation—amination and by chloromethylation-amination,
respectively. An ultrafiltration membrane of chemically modified polysulphone (CMPS) was prepared by the
phase inversion method. Trypsin was then covalently bonded onto the CMPS membrane by diazotization. The
activity of immobilized trypsin reaches up to 10200 U/g; 15mg trypsin was immobilized on 1g CMPS
membrane. Separation of soybean trypsin inhibitor was carried out on the affinity membrane, yielding 6.5 mg
pure trypsin inhibitor in one run. The enzyme membrane has good activity and stability.

INTRODUCTION

Affinity chromatography (AC) has been greatly deve-
loped over the last 10 years, because it can offer high
specificity, selectivity and yield. It has proved to be a
very useful technique for the separation of biomole-
cules, such as proteins, enzymes, hormones, cells and
so on (Bonnafous et al. 1985; Kenny and Chase, 1987).
On the other hand, membrane separation techniques
have also advanced during this period. Artificial syn-
thetic membranes are widely applied to the purification
of biologically important molecules and to the immobi-
lization of biocatalysts (Smalders, 1980; Staude, 1982;
Gekas, 1986). Integration of ultrafiltration with affinity
chromatography has been developed and defined as
membrane affinity chromatography. This technique
possesses a number of advantages over other sepa-
ration methods: simple operation, one-step process,
high yield, easy scale up and relatively low cost.
Trypsin and some other biomolecules have been puri-
fied using this technique (Male et al., 1987; Nguyen,
1989). An affinity membrane used for process scale
purification of a protein has also been reported (Zale,
1990). )

This study involves chemical modification of polysul-
phone (PS), preparation of an assymetric ultrafiltration
membrane by phase inversion, immobilization of tryp-
sin by covalent binding onto the membrane and sepa-
ration of the trypsin inhibitor.

EXPERIMENTAL

Materials. Commercially available PS from two different
manufactures was used in this study: PS-DL(1) from Dalian
No. 1 Plastics Plant(Dalian, China) and PS1700 from Union
Carbide Corp. (New York, USA). The viscosities of the two
types of PS are 0.57 and 0.52, respectively. Crystallized
bovine pancreas trypsin was purchased from Dongfeng
Biochemical Corporation of Shanghai Institute of
Biochemistry (Shanghai, China). The specific activity, as-
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sayed with BAPNA by the Erlanger’s method (Erlanger et
al., 1961) was 11800U/g; the BAPNA was also from
Dongfeng Biochemical Corporation. The soybean trypsin
inhibitor was supplied by Shanghai Institute of Biochemistry.
Electrophoresis purity grade bovine serum albumin (BSA)
(67,000 Dalton), used for the characterization of membranes,
was purchased from Tianjin Biochemical Plant (Tianjin,
China). Daxtran T10, T40 and T70 (also used for characteri-
zation of membrane) were all from Pharmacia (Uppsala,
Sweden). All solvents, reagents and other materials used in
the experiments were analytical grade and from Chinese
manufacturers. Catalysts used in the modification of PS were
made in our laboratory.

Apparatus. Nicolet 7199B FTIR(USA) was used to identify
the IR spectrum of PS and chemically modified polysulphone
(CMPS). The N and Cl contents of CMPS were determined
on a Carla Erba-1106 Elemental Analyzer (Milan, Italy) and
on a Biotronik IC-5000 Ion Chromatograph (Frankfurt/Main,
Germany), respectively. The membrane was prepared on a
type DL-Z mini apparatus for membrane preparation in our
Institute. The membrane pore size, pore distribution and
structure were determined by JEM-1200 EZ transmission/
scan electron microscopy (JEOL, Tokyo, Japan). A millipore
mini-lab 10 and a DL-MI mini-plate separator were used for
the evaluation of the properties of membranes, enzyme
immobilization and separation of trypsin inhibitor.

RESULTS AND DISCUSSION

Modification of polysulphone

PS was chemically modified by acrylation-amination
(Staude, 1981) and chloromethylation-amination, res-
pectively. 30-40% PS by molecular weight can be
converted into PS containing amino groups as deter-
mined by elemental analysis. However, the results from
ion chromatography showed that the conversion of PS
can be carried out up to 70-80%, so this method was
chosen in the following experiments unless otherwise
indicated.
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Figure 1. The effect of CMPS concentration on the flux and
rejection
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Figure 2. The flux of the CMPS membrane at different driven
pressures.

Figure 3. Tha TEM photo of the CMPS membrans auter surface.

Membrane preparation and characterization

The composition of the casting solution and the pro-
cessing of the membrane were similar to the method of
preparation for the PS membrane (Staude, 1981). A
DL-7, mini-apparatus made in our institute was used
for membrane manufacturing in this work. The volume
flux and rejection of the resulting ultrafltration mem-

Figure 4. The SEM photo of a cross-section of the CMPS mem.
brane.
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Figure 5. Tha distribution of pore size in tha CMPS membrans.

Figure 6. The device usad for dynamic immabilization. (1.8)
Resarvairs and cooling bath; (2)elastic tube pump; (3) canstant
flow valve; {4) pressuro gauga: {5 membrane: (5, 7) valves.

brane as a function of CMPS content is shown in ig. 1
membranc was tested using distilled water and 1%
SA solution. respectively. on a plate membrime
separator at different driven pressures. “The water flux
pressure relation, as illustrited in Fig. 2. was
unchanged after a 40 h run: this indicates 90% rejection
for BSA.

The surface structure. pore size and distribution were
examined in detail by transmission/scanning electron
microscopy and are depicted in Figs. 3 and 4. It is
shown clearly in Fig. 4 that the membrane consists of
three layers, the surface layer (about 10um thick) is
micellar and full of small porcs distributed uniformly.
The pore size is in the rimge of 20-80 nm. Beneath the
surface layer is the support layer consisting of many
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Table 1. The characteristics of an affinity membrane

Thickness Thicknass Average Amount

of of pore of Catalytic
membrang surface diameter trypsin activity
94 um 9 um 45 nm 15 mg/g 4.2 mg/g

Table 2. The influence of concentration of amination reagent
on the activity of the enzyme-immobilized membrane

Concentration of

amination reagent {m} 0.1 0.2 04 0.8
Specific activity (Ufg) 12000 21200 12700 10800
Relative activity 0.67 1.0 0.60 0.51

large finger-like holes. These holes are formed during
the phase inversion process, in which there is a fast
mass transfer between the precipitation reagent and the
solvent/additive of the casting solution in the gelation
bath. The pore size in the bottom layer is much larger
than that on the surface layer.

A typical pore size distribution of a given membrane
is shown in Fig. 5. The data was obtained from the
statistics of an electron microscope photograph of the
membrane.

Immobilization of the trypsin on the CMPS membrane

Prior to immobilization, diazotization of the CMPS
membrane was performed at 0°C for 30 min. The
membrane was then washed with ice-cold 0.01 M HC1
solution and distilled water. After that the immobiliza-
tion was performed in the device shown in Fig. 6 under
pressure-driven circulation at 0.05 MPa and 4°C. After
the reaction, the membrane was washed with distilled
water, 0.5 M NaCl solution and distilled water progres-
sively in order to remove the residual trypsin. The
activity of the enzyme-immobilized membrane was as-
sayed by Erlanger’s method (Erlanger et al, 1961). The
characteristics of one type of affinity membrane are
listed in Table 1.

Factors affecting the activity of the enzyme-
immobilized membrane, such as concentration of ami-
nation reagent, pH value of enzyme solution, diazotiza-
tion time and temperature, were investigated. The
results were as follows:
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Figure 7. The influence of the pH value of the trypsin solution
on the activity of immobilized trypsin.

Table 3. The effect of reaction time on the activity of enzyme
immobilized
0.26 0.50 1.00 1.50 225 3.25 4.25

Specific activity (U/g}3700 6420 9420 13000 18500 18400 18200
Relative activity 0.20 0.35 0.51 0.70 1.00 099 098

Reaction time (h)

(a) The experimental results listed in Table 2 indi-
cated that there is an optimal reagent concentration
(0.2 m). Higher concentrations lead to lower activity. A
possible explanation is that when excess amination
reagent is present, the active chlorine atom in the
benzene ring of the CMPS molecule will be blocked by
the bifunctional amine group of the reagent, reducing
the possibility of diazotization and binding with the
trypsin.

(b) The charge of trypsin varies with the pH value of
the enzyme solution, thus the pH value of the trypsin
solution can affect the level of covalent coupling with
enzyme on the CMPS membrane. There are seven
tyrosine residues in a trypsin molecule that can be
bound with the active diazo centre of CMPS, forming
multipoint covalent attachment. Such covalent binding
stabilizes the activity of trypsin on the CMPS mem-
brane. In general, the ion of the diazo groups can react
with an activated aromatic ring under slightly basic
conditions, i.e. at pH 8-9. The diazo PS molecule can
covalently bind with the a-amine group on the tyrosine
residues of trypsin at this pH value, yielding a corres-
ponding diazo derivative. The experimental results
tisted in Fig. 7 show that the trypsin immobilized
exhibits the highest specific activity at pH 8.1.

(c)} Reaction time and temperature. The relation
between reaction time and the specific activity of the
immobilized trypsin are listed in Table 3. The data
show that the modified polysulphone exhibits good
reactability, and that two hours reaction is sufficient.

The activity of trypsin degrades quickly at tempera-
tures higher than 5°C. Immobilization of trypsin at
room temperature (20°C) achieves 17% of the specific
activity at 4°C. It is essential that the immobilization
process should be kept below 4°C.

The stability of trypsin immobilized on CMPS mem-
brane, was excellent because of multipoint covalent
binding. Such binding also eliminates the interaction
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Figure 8. The separation of trypsin inhibitor by membrane
affinity chromatography.
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between trypsin molecules and further extends the
lifetime of the immobilized trypsin. The experimental
results show that the activity of trypsin immobilized on
CMPS membrane is constant for 15 days.

Separation of trypsin inhibitor

The separation of soybean trypsin inhibitor was per-
formed on the plate membrane separator as shown in
Fig. 6. A 0.2 mg/mL solution of industrial grade soy-
bean trypsin inhibitor in phosphate buffer solution (pH
8.1) was pumped through and circulated along the
trypsin-immobilized membranes for 30 min. After that,
the membranes were washed thoroughly with phos-
phate buffer solution and distilled water to remove the
inactive trypsin inhibitor. To determine if any trypsin
inhibitor was left, an UV spectrophotometer was used
to measure the absorption of the effluent at 280 nm.
Then 6 M urea solution was used as elution fluid, and

pumped through the membrane slowly. The effluent at
the outlet was collected with a given time interval and
measured on the UV spectrophotometer at 280 nm.
The result is shown in Fig. 8. The peak fractions were
identified by activity measurement. There are two ¢lu-
tion peaks as shown in Fig. 8. Perhaps two forms of
trypsin give rise to this phenomenon. a-Trypsin, having
two peptides chains, is the more strongly retained
inhibitor. B-Trypsin with a single peptide shows weaker
affinity interaction. 6.5 mg pure trypsin inhibitor can be
obtained per run with a recovery of 95%. The half-life
of operation based on the measurement of trypsin
activity was found to be 18 days.
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