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ABSTRACT

The aim of this study was to optimize the preparatf chitosan gel and to use it for protein peation. The
optimized preparation parameters were chitosan eatration 2.0%, glutaraldehyde concentration 0.6RAy
cross-linking rate, NaOH concentration 1.6%, amtoof NaBH 0.4 g. In order to use the chitosan gel, the ehuti
conditions were optimized as follows. NaCl concaian 0.05 mol/L in the tris-HCI (pH 9.05) at thew rate of
2.03.0 mL/min. Particle size of chitosan gel wa®-120 um. Neutral protease could be separated foto
ingredients through chitosan gel column. The y@l@nzyme was more than 90%. Albumin bovine seawtd de
separated into two ingredients through gel columd the total yield of albumin bovine serum was nibam 70%.
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INTRODUCTION 4-5 (Inoue et al., 1993; Guibal et al., 1999 and

Larkin et al.,, 1999). The crosslinking treatment
Gels have been widely used for protein/enzymean be carried out using several chemical reagents
separation in food and pharmaceutical industrguch as glutaraldehyde (Guibal et al., 1999 and
(Braun et al.,, 1989 and Louis et al., 1979). AtLarkin et al., 1999). Glutaraldehyde crosslinking
present, most of the gel carriers are sepharose suckatment may affect the sorption efficiency,
as sepharose CL-4B and sepharose CL-6Bnvolving a decrease in the number of free amine
However, sepharose hasme drawbacks. Firstly, groups and a decrease in the accessibility to
it is very expensive. Secondly, the preparation anohternal sites. This restrictive effect may be
regeneration ofhe gel are very difficult. Thus, it decreased using chitosan whose structure has been
would be worth to make a new and low cost gelphysically modified. A gel bead formation
which offers relative ease on the preparation angrocedure was proposed and investigated by
regeneration. several authors (Guibal et al., 1999 and Rorrer et
Chitin is an economical material aitdrepresents al., 1993). This physical modification allows: (1)
part of marine resources (Muzzareli et al., 1997)the polymer network to be expanded: the increase
which is widely distributed in fungal biomass,in the polymer network opening enhances the
crustacean shells, etc (Robert et al., 1992).Sina#iffusion of large size molecules, and (2) the
chitosan is soluble in acidic solutions, it iscrystalline state of the polymer to be reduced.
necessary to increase its chemical stability ifPiron et al (Piron et al., 1997) had shown that the
acidic solutions for the sorption of several anionglissolving of chitosan followed by a freezieying
whose recovery is only effective at pH lower than
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of the resulting solution resulted in a strong(Zhejiang, China); Neutral protease was a gift
decrease in the crystalline structure of thdrom Wuxi Enzymatic Preparation Factory
polymer, which in turn could be correlated to the(Jiangsu, China); All the other used reagents were
improvement of sorption kinetics. analytical-grade quality and purchased from the
Chitosan has many excellent chemical propertiel®cal suppliers.
similar to sepharose, such as chemical stability and
compatibility with bioactive compounds. Hence, itPreparation of chitosan gel
could be used as gel carrier. Holme (Holme et alChitosan (1.0 g) was dissolved if0% acetic acid
1988) studied chitosan graftedpiD-furan, using and filtered to remove insoluble materials. The
this chitosan gel to separate protein, but the effedtissolved chitosan was extruded into the 2.0%
of separation was not good. Stenstad (Sentsad M8OH solution with a thin nozzle. Then chitosan
al., 1989) used chitosan as the gel, but chitosamas washed with distilled water repeatedly until it
and the objective protein were difficult to bewas neutral. Chitosan, distilled water and
separated. Shi Y C et al prepared two kinds oflutaraldehyde (25%) were added to the flask for
chitosan affinity gel (Shi et al., 1996). The cross-linking. This procedure was carried out for 6
separation results were not effective too. The airh at room temperature. Then 20 mL Nag#H.0%)
of this study was to optimize the preparation ofwvas added and stirred for 24 h to block any
chitosan gel and to use it for protein purification. residual aldehyde functional groups. This gel was
filtered and thoroughly rinsed with distilled water
until it was neutral. After the gel was sifted by the
MATERIALSAND METHODS sieve, different sizes of chitosan gel were gotten.

Materials Orthogonal optimization of chitosan gel
Chitosan (deacetylation percentage 87%) wagreparation parameters

provided by Yuhuan Ocean Biochemical Co. LitOn the basis of single factor, five factors were
(Zhejiang, China), Glutaraldehyde (25%) wasselected to carry out orthogonal optimization
purchased from Wulian Chemical Factoryexperiments. The factors and the levels of the
(Shanghai, China); Albumin Bovine Serum waspreparation of chitosan gel were listed in Table 1.
purchased from Huamei Bio-Chemical Factory

Table 1 - Factors and levels of the preparation of chitageln

Factors Level 1 Level 2 Level 3 Level 4
Chitosan concentration / % 1.3 1.6 2.0 24
Glutaraldehyde concentration / % 0.20 0.40 600. 0.80
The rate of cross-linking stirring / (r/min) 50 150 200 600
NaOH concentration / % 1.0 15 1.8 20
The amount of reducing agent/ g 0.20 0.30 400. 0.50
Stability of chitosan gel assay method whose protein concentration was 20 mg/mL.

Chitosan gel (1.0 g) was added to some acidlbumin bovine serum sample (1 mL) was loaded.

solution. The mixture was shook for 1 h at roomThe progress of elution was examined all the time

temperature, filtered with glass fibers. And therby nucleic acid and protein detecting machine

the aqueous sample was analyzed with UV/visibléShanghai China), the eluate was collected by

Spectrometer 751  (Shanghai, China) thédractional collector machine (SB$00 Shanghai

wavelength was 540 nm. China). The area of penetrating peak was
calculated.

Adsor ption ability of chitosan gel assay method

Chitosan gel was packed into a column (10 mm

300 mm).The settled chitosan gel was equilibrated

and eluted with distilled water. Albumin bovine

serum was dissolved in the equilibrating buffer,
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Deter mination of the elution system of chitosan  Application of chitosan gel

gel Chitosan gel was packed and equilibrated (as

Chitosan gel to be examined was packed into above). Albumin bovine serum sample (20

column (10 mmx 300 mm). The settled chitosan mg/mL, 1 mL) or neutral protease (20 mg/mL, 1

gel was equilibrated with distilled water. NeutralmL) was loaded. Under the optimized elution

protease was dissolved in distilled water, whoseonditions, albumin bovine serum and neutral

concentration was 20 mg/mL. 1 mL neutralprotease were purified with chitosan gel

protease sample was loaded. The elution systeraspectively.

was NaCl (60.5 mol/L), tris-HCI (pH 9.05),

(NH,),SO; (0-0.5 mol/L), phosphate buffer (pH Protein determination

8.0), baritone-HCI (pH 9.0), respectively. TheProtein determination was determined by the

progress of elution was examined all the time bynethod of Folin-Lowry

nucleic acid and protein detecting machine

(Shanghai China), the eluate was collected bileutral protease assay

fractional collector machine (Shanghai China). ~ Neutral protease activity was measured by the
method of Jadwiga et al. (1998).

Optimization of elution conditions of chitosan

gel

Chitosan gel was packed and equilibrated (aRESULUTSAND DISCUSSION

above). Albumin bovine serum sample (20

mg/mL, 1 mL) was loaded. Under the optimizedPreparation of chitosan gel

system  (trisHCI pH  9.05), different In order to separate out chitosan from the acid

Clconcentrations, different pH and different sizesolution, the effect of alkali concentration on the

of chitosan gel were selected to investigate theffMount of chitosan precipitated from the acid
effect on the elution conditions respectively. solution was examined.

Table 2 - Effect of alkali concentration on the mount oftoban precipitated from the acid solution

Thealkali mass concentration / % The mount of the chitosan precipitated from the acailution / g
25 0.395
2.0 0.390
1.0 0.383
0.5 Little
PH=9.0 Minim

Table 3- Effect of glutaraldehyde concentration on thdiity of chitosan gel

Glutaraldehyde concentration / % The stability in pH 1.5 solution
0.5 Partial dissolution
0.6 Dissolution
1.0 Insoluble
15 Insoluble
2.0 Insoluble

Table 4 - Effect of glutaraldehyde concentration on theoaplison of chitosan gel

Glutaraldehyde concentration / % The penetrating peak area/ cm”
0.6 0.610.10
1.0 6.3+0.30
15 12.0+0.10
2.0 24.4+0.20
25 46.1+0.50
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Table 2 showed when NaOH concentration waglutaraldehyde concentration was more than 0.6%,
over 1.0%, the amount of the sedimentation o€hitosan gel was stable. With the increase of
chitosan was high. But when NaOH concentratiomglutaraldehyde concentration, the degree of cross-
was below 1.0%, the amount of the sedimentatiolinking was increased. The adsorption ability of
of chitosan decreased. Hence, 1.0% alkalchitosan gel was increasingly step-down. From
concentration was selected for subsequerthis conclusion, we could know if the mount of
experiments. glutaraldehyde concentration was more than the
In order to investigate the effect of cross-linkingcritical point, more amino groups in chitosan were
solution on chitosan adsorption ability, thereacted and less free amino groups were left. So
experiments were carried out about the stabilityhe eluate peak area was large. Under the premise
and adsorption of chitosan gel at different crossef stability of chitosan gel, the mount of cross-
linking solution concentration. The results in Tabldinking solution was as little as possible.

3 showed that when glutaraldehyde concentratiolhe effect of different degree of the deacetylation
was less than 0.6%, chitosan gel was partiallpf chitosan on the adsorption ability was
dissolved when solution pH was 1.5; whenexamined.

Table 5- Effect of the degree of deaectylation on the gutgmn ability of chitosan gel

The degree of deacetylation / % The penetrating peak area/ cm?
90.24 40.5
87.52 775

Table 6- Effect of chitosan concentration on the adsorpébility of chitosan gel

Chitosan concentration / % The penetrating peak area/ cm?
1.0 42.3+0.50
15 12.0+0.10
2.0 0.60+0.10
25 3.70+0.20
3.0 21.3+0.40

The results in the Table 5 indicated higher thémportant factor was glutaraldehyde concentration.
degree of the deacetylation of chitosan, the mor€he optimization preparation parameter of
was the amount of free amino groups in chitosarchitosan gel was #,C,D,E,., which contained
resulting bigger adsorption ability of chitosan gel.(%) chitosan 2.0, glutaraldehyde 0.6, NaOH 1.6,
Thus, the degree of the deacetylation of chitosagross-linking rate 50 r/min, and the amount of
was >90%. NaBH, 0.4g.

The experiment was carried out under differenErom the results in Table 9, it could be seen that
chitosan concentration. The results in Table @nder the optimized situation the penetrating peak
indicated that with the enhancement of chitosamarea was small and the adsorption ability of
concentration, the adsorption ability of chitosarchitosan gel was big. Thus, the optimized
gel was increased. preparation parameters were chitosan
When chitosan concentration was 2.0%, the&oncentration 2.0%, glutaraldehyde concentration
adsorption ability of chitosan gel reached the.6%, cross-linking rate 50 r/min.

highest; but when chitosan concentration was

increased further, the adsorption ability of chitosameter mination of the elution system of chitosan

gel began to decrease. Hence, chitosagel

concentration 2.0% was selected for furthetn order to get a good separation of protein and
studies. From the results in Tables 7 and.8, it couldnzyme, the experiments were carried out under
be seen that chitosan concentration was the madifferent elution systems.

important factor, among all the factors affectingThe results in Fig. 1a showed that when the eluent
the preparation of chitosan gel. The secongeak reached the highest, it was no longer
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decreasedThe eluent volume was high in the enhancement of the eluent volume. The results in
system of baritone-HCI (pH 9.0). It might haveFig. 1f showed that the peak shape was
UV adsorption in baritone-HCI (pH 9.0). The symmetrical and the mount of the eluent was
results in Fig. 1b-1 e showed that the peak shapmsmall. Thus, tris-HCI system was selected the
was similar, but it had the phenomenon of trailingelution system.

in the upper elution, whichcaused the

Table 7-Experiments results of orthogonal test of chitogals synthesis

Number Chitosan Glutaraldehyd  Therate of NaOH The The
concentratio e cross-linking concentration  amount of penetrating
n/% concentration gtirring/ ! % reducing peak area/
| % (r/min) agent / g cm?

1 1 1 1 1 1 0.60+0.22
2 1 2 2 2 2 32.3£1.80
3 1 3 3 3 3 39.0£1.00
4 1 4 4 4 4 54.6+1.20
5 2 1 2 3 4 25.6+£2.10
6 2 2 1 4 3 104+1.40
7 2 3 4 1 2 40.0+0.80
8 2 4 3 2 1 89.7+1.50
9 3 1 3 4 2 5.00+1.20
10 3 2 4 3 1 16.8+3.60
11 3 3 1 2 4 0.30+0.12
12 3 4 2 1 3 24.8+4.80
13 4 1 4 2 3 3.60+2.10
14 4 3 2 4 1 21.6+5.50
15 4 4 1 3 2 23.4+2.30
16 4 2 3 1 4 4.50£1.70

ki 31.63 8.70 36.20 15.63 32.18 -

ko 62.83 37.40 19.95 37.60 25.18 -

ks 11.73 31.35 34.55 26.20 34.73 -

K4 13.28 42.00 28.75 44.30 27.38 -

R 51.00 33.30 16.05 28.38 6.83 -

The symbol k, k;, ks and lg means the average at each of a factor.

Table 8-The repetitive experiment results under the ogtédisituation

Sour ce of variation SS Degree of Means significance  significance
freedom square P<0.05 P<0.1
Chitosan concentration/ % 7314.387 3 18.656 * *
Glutaraldehyde concentration / % 3353.742 3 8.554 *
The rate of cross-linking stirring/  392.062 3 1.000
(r/min)
NaOH concentration / % 1691.802 3 4.315
The amount of reducing agent / g 1130.862 3 2.884
Error 392.06 3

The critical F value is 5.390(P<0.1), 9.280(P<0.05).

Table 9-The repetitive experiment results under the ogtédisituation

Number The penetrating peak area/ cm?
1 0.41+0.01
2 0.44+0.02
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Figure 1- Elution curve under different elution systems
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Optimization of elution conditions of chitosan The exchange ability had a good relationship with
ge solution pH. In order to investigate the effect of
When the ion strength was increased in the eluepH on the elution condition, the experiments were
solution, the competition to the absorbent site irarried out at different pH in tris-HCI solution.
the gel was enhanced too. With the increase of solution pH, the selectivity of
The results in Fig. 2 showed that with thealbumin bovine serum was increased too. Albumin
enhancement of NaCl concentration, the elutiotovine serum could be divided into two peaks.
peak had a trailing in separating albumin bovinéVith the increase of pH, the ionization of chitosan
serum. It might be that the hydrophobicity of thewas enhanced. The distance between pl and pH
carrier was enhanced when €bncentration was was bigger than before. Thus, tris-HCI (pH
increased. But when NaCl concentration = 0.08.0-9.0) was selected.
mol/L in tris-HCI (pH 9.05) solution, there was If the surface of the carrier was different, the
almost no trailing. It had a good peak shape. Na@xchange ability was different. In order to
concentration = 0.05 mol/L in tris-HCI (pH 9.05) investigate the effect of different sizes of chitosan
was selected as the eluent condition. gel on the eluent condition, the experiments were
carried out using different sizes of chitosan gel.
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Figure 4- Effect of the different sizes of the gel on thegeat condition
The symbol mu means electric current
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With the decrease of the size of chitosan gel, thApplication of chitosan gel

separating power to albumin bovine serum waglbumin bovine serum and neutral protease were

increased. But when the size of chitosan ggburified with chitosan gel. The results were shown

(120-140 um) was used, the eluent flow rate wasin Tables 9 and 10.

too slow. From the angle of the application,The results in Table 9 indicated that four

chitosan gel€120pum) was used. ingredients peaks were obtained through chitosan
gel. The activity peak mainly occurred in the peak
1 and activity yield was over 90%. Results in
Table 10 showed that two ingredients were gotten,
and the protein recovery was over 70%.

Table 9- The purification of neutral protease with chitoggel

Number Volume/ Total Total Specific Purificatio Enzyme Protein
mL protein/ activity /U activity n activity /%  yield /%
mg /(U/mg) factors
Sample 1.0 20.00 109.10 5.46 e  —
Peak 1 12.0 2.74 29.4 10.7 1.97 27.0 13.7
Peak 2 12.0 2.40 21.7 9.0 0.84 19.9 12.0
Peak 3 11.0 2,51 27.0 11.5 1.28 24.7 12.6
Peak 4 8.5 1.94 20.8 10.7 0.93 19.1 9.7
Total 42.5 9.59 98.9 — — 90.7 48.0

Table 10 - The purification of albumin bovine serum with tdsan gel

Number Volume/mL Total protein /mg Protein yield /%

Sample 1.0 20 —

Peakl 215 5.6 28.2

Peak2 25.0 8.4 42.0

Total 46.5 14.0 70.2
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