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Preparation of High Performance Membrane for Biomolecules Separation
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Abstract: The most important advantages of the affinity and ionexchange membrane chromatography
are the high volumetric throughput that results in extremely short process times. A chitosan
glutamate/cellulose composite membrane is reported here, providing a large liquid flow rate through
the membrane and good mechanical properties. This membrane was prepared by coating chitosan
glutamate to cellulosic filter paper in presence and absence of glutraldhyde. Factors affecting
membrane formation such as chitosan glutamate/PEG ratio, evaporation time, gelling bath temperature
and the concentration of the cross linking agent were studied. The effect of the coating parameters
on the physico-chemical properties of the composite membrane, such as pore size of the prepared
membrane, the bursting strength, the air permeability and nitrogen percent of the composite membrane
were evaluated. The binding and eluting patterns of these composite membranes are tested with bovine
serum albumin and water melon urease. In conclusion, this work is the first study used composite
membrane containing chitostan as ionexchange material for adsorption and separation of proteins and
isoenzymes.
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INTRODUCTION

In recent years, high performance membranes with variable surface chemistry have become subject of
intense research due to its extensive applications in biotechnology such as biomolecules separation, fabrication
of biosensors and medical applications as biocompatible materials, etc. It seems today that, the main effort in
developing new hyper filtration membranes is concentrated on thin film composite membranes. The work is
mainly directed to new polymers with better chemical stability, which allows them to be used as a basic
material for the membrane preparation by the phase inversion process (Strathmann et al., 1975; Philip et al.,
2008 and Temtem et al., 2009). The first thin-film composite membrane was made by coating a cellulose
acetate solution of 0.2 to 2 % polymer on a micro porous membrane (Loeb and Sourirajan, 1962). The solvent
was then completely evaporated leaving a homogeneous polymer layer of less than 1 mm thickness. The first
results were encouraging, but not spectacular.

Cellulose and its derivatives have hydrophilic surface and low non-specific protein binding (Brandt et al.,
1988; Iwata et al., 199; Klein, 1991 and Kristo et al., 2008). Cellulose membranes have been widely used as
dialyzer for hemodialysis (Kassig, 1985) and also used as mechanical support of composite membrane with
satisfied mechanical properties for fast protein purification (Hau et al., 2000). But as support for affinity
chromatography, they offer a poor binding capacity due to crystalline and amorphous regions in their structure.
Hau et al. (1991) improved the chemical and mechanical properties of cellulose membranes by graft the
composite cellulose membrane with polyglycidyl methacrylate.

Chitosan and chitin membranes have been investigated in order to have a high protein binding capacity
for protein purification. These materials provide an excellent binding capacity but their poor mechanical
properties prevented them from being used widely. Considerable interest has grown in the modification of
chitosan to impart new and improved properties; namely surface properties and protein binding properties. A
variety of methods have been employed to alter the chemical and biological properties of chitosan by taking
advantage of the reactive amine group on the polymer. Chitosan and modified chitosan may find applications
in bioseparations applications of protein, including nano- and macro-scale separations, and classical affinity and
non-affinity-based chromatographic systems (Zeng and Ruckenstein, 1996; Klein et al., 1994; Yang et al., 2002
and Subramanian et al., 2006).
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The work of this paper aims to develop high performance composite membrane with good mechanical and
chemical properties for large scale affinity adsorption to protein. This composite membrane was prepared by
depositing an extremely thin chitosan glutamate film on a cellulose filter paper via the phase inversion method.
The physicochemical properties of the prepared composite membrane were studied. The affinity adsorption and
separation patterns of the bovine serum albumin and water melon urease were investigated.

MATERIALS AND METHODS

Chitosan, having an evaluated degree of deacetylation of 72%, was obtained from Aldrich chemical Co.
Ltd. Circular filter papers of fine porosity and 90 mm diameter were supplied by Schleicher and schuell Co.
Dassel, Germany. Glutamic acid was obtained from laboratory Rasayan, S.d. Fin E. CHEM Ltd. Bovine serum
albumin, sodium chloride, sodium carbonate and sodium hydroxide were obtained from Sigma Co. Water melon
urease was previously purified by Mohamed et al. (1999).

Preparation of Chitosan Glutamate Solution:
Three g of glutamic acid was dissolved in 100 ml distilled water at 50oC and the appropriate amount of

chitosan powder (1g) was added to the acid solution and stirred under reflux at 55oC for 8h.

Preparation of Composite Membrane:
Preparation of chitosan glutamate/cellulose composite membranes were prepared by the phase inversion

method. The filter paper was subsequently stored in the same chitosan glutamate solution overnight. 8 ml of
chitosan glutamate solution containing appropriate amount of polyethylene glycol (PEG) as the porogen (used
as a pore formers to be removed from the blend) and appropriate amount of glutraldehyde was poured over
a pretreated filter paper placed in a Petri-dish (100mm diameter) and allowed to evaporate for 8 h at room
temperature. The membranes were then immersed overnight in 1M NaOH in order to extract the porogen and
to generate a micro-porous membrane. This was followed by washing several times with distilled water until
the pH of the washing solution turned to be the same as that of distilled water. Finally, the membranes were
treated with a 10% glycerol solution to protect the composite membrane from shrinkage.

Porosity Measurement:
The porosity of the chitosan glutamate/cellulose composite membranes was measured by determining the

amount of water adsorbed by membranes, and calculated by the following equation: Porosity % = ((W1 –
W2)/Dwater) X (100 / V).

Where W1 and W2 are the weights of the membrane in wet and dry state respectively; Dwater is the density
of pure water at room temperature and V is the effective volume of the measured membrane in wet state.

Air Permeability Test:
The air permeability of the membranes was tested using a textile air permeability tester, Toyoseiki, Japan.

Using ASTM D117 method.

Bursting Test:
The bursting strength (kPa) of the composite membranes, in the dry state, was measured at room

temperature using a Mulden Bursting Strength tester, Toyoseiki, Japan. Using ASTM D3786 method.

Adsorption and Elution of Protein and Urease:
The adsorbed protein was carried out by gently shaking the composite membranes with bovine serum

albumin (2 mg protein/2ml of 50mM sodium acetate buffer pH 5.0 or sodium phosphate buffer pH 7.0 or 8.0)
at room temperature for 2h. The adsorbed protein was eluted with stepwise gradient of NaCl ranged from 0.0
to 0.3M. The same procedure was applied on water melon urease.

Protein Determination:
Protein was determined by the method of Bradford (1976) using bovine serum albumin as standard.

Urease Assay:
Urease was measured according to Fawcett and Scott (1960). All assays were carried out in duplicate and

performed at 37oC for 3 min. In an alkaline medium, the enzymatically librated NH3 reacts with salicylate and
hypochlorite to form a green coloured indophenol, and the absorbance was measured at 580nm. One unit of
enzyme activity was defined as μmol urea hydrolyzed per minute at 37oC under standard assay conditions.
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RESULTS AND DISCUSSION
FT-IR Spectra:

Aspect of the structure of the chitosan glutamate powder was confirmed by FT-IR spectra. Fig. (1) shows
the spectra of glutamic acid, chitosan and chitosan glutamate powder. FT-IR spectra show the ester band (Fig.
1c) at 1745 cm-1, which can attribute to the formation of a carbonyl bond resulting in the reaction between
the hydroxyl groups and amino groups. Therefore, the intensity of the –OH stretching vibration band at 3400
cm-113 in Fig. (1a) became weak. The absorption bands of amide I (1650 cm-1) and amide II (1550 cm-1) were
observed (Fig. 1b). The band at 2880 cm-1, present in the Fig. 1b and c, was attributed to C-H stretching
(Muzzarelli et al., 1988). It can be concluded from the FT-IR results that the solublization of chitosan
glutamate powder is attributed to the decrease in the crystallinity of chitosan and to the formation of acetal
bonds.

(A)

(B)
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(C)

Fig. 1: FT-IR spectra of glutamic acid (a), chitosan powder (b) and chitosan glutamate powder (c).

(A)
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(B)
Fig. 2: TGA Therrmagrams of glutamic acid (a) and composite membrane  (b).

Effect of Coating Parameters on Membrane Performance:
Composite chitosan glutamate/cellulose membrane performance was tested for different coating parameters

such as the composition of coating layer (chitosan and PEG concentration), gelling bath temperature and the
evaporations time. The key factors affecting the performance of these membranes and the potential of their
biotechnological use were discussed in the following sections.

Membrane Composition:
The PEG was used as the porogen in order to form pores size on the membrane. Generally, a large pore

former can create a large pore size in the phase inversion process, resulting in a membrane with a high flow
rate (Yang et al., 2002). However, the content of the porogen in the coating solution also influences the
membrane’s properties. The percent chitosan/glutamate solution was mixed with PEG-600 in different
proportions at room temperature. The relative compositions of the two polymers in the mixed solution were
0/100, 25/75, 50/50 and 75/25 (PEG/chitosan solution (w/w)). From Table (1), it can be seen that the porosity
percent of the composite membrane increases with increasing PEG percent in the polymer composition. The
presence of a greater quantity of PEG in the coating solution appears to promote the formation of a large
number of pores on the surface of membrane. At the same time, the composite membrane containing 75 %
PEG exhibited the highest porosity compared to the other composite membranes. Generally, to obtain the
maximum filtration rate, the porosity of the film should be as high as possible and the polymer film should
be as thin as possible. However, the porosity of the membrane should not to be too large, because the surface
area available for adsorption becomes too small (Zeng and Ruckenstein, 1997).

Moreover, Table 1 shows that the air permeability of composite membranes is higher than that of blank
sample and it increases upon increasing the PEG ratio. Also, it can be noticed that the bursting strength of any
of the composite membrane is higher than that of the blank filter paper and increases with increasing PEG ratio
up to 25% then decrease.
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Effect of Chitosan Glutamate Concentration:
The amount of chitosan-glutamate on the composite membrane determined the amount of affinity legands

that can be expected to be reacted with protein on the composite membrane. If the chitosan content on the
composite membrane is too little, the legand density (amount of legand per unit of medium) on the composite
membrane could be low. On the other hand, too much coating results in a low flow rate. To determine the
effect of the amount of chitosan-glutamate on the performance of composite membrane, cellulose filter paper
was coated with a coating solution containing 25 % PEG and different amounts of chitosan-glutamate, 0.5%,
1%, 1.25% and 1.5% (w/v) (Table 2).

It is clear from Table 2 that the % N increases upon increasing the chitosan-glutamate concentration in
the range studied. However, increasing the concentration up to 1% is accompanied by sharp increases in
bursting strength with a somewhat gradual increasing in the porosity. This effect can be attributed to the
diffusion of polymer mixture inside paper structure resulting in cementing cellulose chains with chitosan
glutamate (i.e., enhanced strength). In the mean time forming pores or voids inside the structure as result of
PEG removal. Increasing the concentration beyond 1% and up to 1.5% is accompanied by a further increase
in strength (but not as sharp as that observed at 1% concentration) and surprisingly with a decrease in porosity
(with value less than that of blank sample). It seem that beyond a concentration of 1% the polymer mixture
deposited on the surface of filter paper in the form of a coating layer; its thickness increases by increasing the
concentration, resulting in improving the strength and clogging the pores already formed inside the paper
structure.

Effect of Evaporation Time and Temperature:
The effect of evaporation time and temperature on the performance of the composite membrane was

studied. The filter papers were treated with a mixture of chitosan-glutamate solution (1% w/v) and PEG (25%)
and dried for different time and temperature. The membranes were then immersed overnight in 1M NaOH and
then washed with a large amount of water and dried in air. Table 3 showed that the strength and  porosity
are time and temperature dependent, while the air permeability is only time  dependent. In the case of short
evaporation time (2h), the thin chitosan-glutamate film was easily stripped off the surface of the cellulose
membrane when it was washed with water after chitosan precipitation with sodium hydroxide solution. This
phenomenon is probably due to the formation of a less stable gel network in shorter evaporation time (Brock,
1983). Meanwhile, at longer time and temperature of evaporation dense membrane is formed lead to increase
in the performance properties of composite membrane compare with the untreated cellulose filter paper. In
general, raising the temperature has an adverse effect on both strength and air permeability, whereas it has a
little effect on increasing the porosity.

Adsorption and Elution Patterns of Protein and Urease Using Chitosan Composite Membranes:
Five composite membranes were prepared and evaluated for adsorption and elution pattern of protein and

urease isoenzymes. The cellulose filter papers were coated with different compositions of a coating solution
(Table 4).

The binding and elution patterns of bovine serum albumin using different composite membranes at different
pH's were studied. At pH 5.0, the percent of binding protein ranged from 22 to 31%, where the protein not
bound to membrane 2 only (Table 5). The best elution patterns were appeared in membranes 3 and 5, where
the protein was eluted with different concentrations of sodium chloride. At pH 7, the protein not bound with
the most membranes except of membranes 3 and 5, where only 10 and 8% of protein are binding, respectively
and the most protein eluted at 0.0M sodium chloride (Table 6). The protein was only bound to membranes
3, 4 and 5 at pH 8.0 using sodium phosphate buffer (Table 7). The best eluting pattern of protein displayed
in membrane 5, where the protein not eluted by 0.0 M sodium chloride and eluted at 0.1, 0.2 and 0.3M NaCl
with 36, 30 and 26% eluting protein, respectively. These results showed that the membranes 3 and 5 at pH
5.0 are the best for adsorption and elution patterns of protein, therefore these membranes are evaluated for
separation of urease isoenzymes (Table 8). It showed that the most urease was adsorbed on membranes 3 and
5 with 90% and 82% binding urease, respectively at pH 5.0 using sodium acetate buffer. The enzyme was
eluted at 0.0, 0.1, 0.2 and 0.3M sodium chloride. The results indicated that the elution pattern of protein and
enzyme depend on the ionic stress of the NaCl, and the protein and enzyme bound to the composite membrane
containing chitosan by ionic bond. Several studies used chitosan derivatives as immobilized materials for many
proteins and enzymes (Itoyama et al., 1994; Chellapandian and Krishnan, 1998; Carvalho et al., 2000; Miao
and Tan, 2001; Mohamed et al., 2008). This work is the first study used composite membrane containing
chitostan as ionexchange material for adsorption and separation of proteins and isoenzymes. 
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Table 1: Effect of PEG/chitosan glutamate solution ratio on the performance properties of the composite membrane.
PEG /chitosan glutamate Air permeability Porosity (%) Bursting strength
solution ratio (1%) (cm3/cm2/sec) (K. paskal)
Blank 52 < 0.31 170
0/100 70 0.52 180
25/75 78 0.67 195
50/50 81 0.75 179
75/25 88 0.75 175
PEG, Polyethylene glycol; Evaporation at 25°C for 24 h;  Blank: untreated cellulose filter paper

Table 2: Effect of chitosan glutamate concentration on the performance of the composite membranes.
Chitosan glutamate N (%) Bursting strength, Porosity (%)
% (w/v) (K. paskal)
Blank 0 70 52
0.5 0.25 81 73
1 0.51 131 81
1.25 0.78 145 66
1.5 0.91 190 51
PEG 25 % (w/v); Evaporation at 25°C for 24 h; Blank: untreated cellulose filter paper

Table 3: Effect of evaporation time and temperature on the performance of the composite membranes.
Evap. Time(hr) Temperature °C Air permeability (cm3/cm2/sec) Porosity (%) Bursting strength(K. paskal)
Blank - <0.31 51 70
2 25 <0.31 52 92
4 25 0.25 56 130
8 25 0.43 72 181
12 25 0.53 74 192
4 40 0.33 64 197
4 60 0.2 64 199
Chitosan-glutamate solution (1 % w/v); PEG (25 %); Blank: untreated cellulose filter paper

Table 4: Composition of the coating solution.
Membrane Coating solution
1 Chitosan glutamate  
2 Chitosan glutamate + PEG
3 Chitosan glutamate + PEG + 0.05% glutaraldehyde
4 Chitosan glutamate + PEG + 0.1% glutaraldehyde
5 Chitosan glutamate + PEG + 0.15% glutaraldehyde
Chitosan-glutamate solution (1 % w/v); PEG (25 %)

Table 5: Adsorption and elution patterns of bovine serum albumin on different composite membranes using 50 mM sodium acetate buffer
pH 5.0.

Membrane Binding Eluting protein % Eluting protein Eluting protein % Eluting protein %
protein % (0.0 M NaCl) %(0.1 M NaCl) (0.2 M NaCl) (0.3M NaCl)

Blank 0 0 0 0 0
1 31 12 13 4 2
2 0 0 0 0 0
3 22 18 24 0.2 5
4 30 11 8 17 0.2
5 23 19 2 27 2
Blank: untreated cellulose filter paper

Table 6: Adsorption and elution patterns of bovine serum albumin on different composite membranes using 50 mM sodium phosphate
buffer pH 7.0.

Membrane Binding Eluting protein % Eluting protein Eluting protein % Eluting protein %
protein % (0.0 M NaCl) %(0.1 M NaCl) (0.2 M NaCl) (0.3M NaCl)

Blank 0 0 0 0 0
1 0 0 0 0 0
2 0 0 0 0 0
3 10 40 12 27 11
4 0 0 0 0 0
5 8 45 18 10 10
Blank: untreated cellulose filter paper
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Table 7: Adsorption and elution patterns of bovine serum albumin on different composite membranes using 50 mM sodium phosphate
buffer pH 8.0.

Membrane Binding Eluting protein % Eluting protein Eluting protein % Eluting protein %
protein % (0.0 M NaCl) %(0.1 M NaCl) (0.2 M NaCl) (0.3M NaCl)

Blank 0 0 0 0 0
1 0 0 0 0 0
2 0 0 0 0 0
3 22 0.03 36 30 26
4 30 17 7 3 5
5 24 49 11 6 2
Blank: untreated cellulose filter paper

Table 8: Adsorption and elution patterns of urease (10 units/ml) on composite membranes 3 and 5 using 50 mM sodium acetate buffer
pH 5.0.

Membrane Binding Eluting protein % Eluting protein Eluting protein % Eluting protein %
protein % (0.0 M NaCl) %(0.1 M NaCl) (0.2 M NaCl) (0.3M NaCl)

Blank 0 0 0 0 0
3 90 12.1 7.5 7.5 7.5
5 82 14 9 9 6
Blank: untreated cellulose filter paper
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