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Abstract—Chitosanase obtained froRenicillium sp.ZD-Z1 was immobilized on DEAE cellulose with glutaralde-
hyde by cross-linking reaction. The optimal conditions of immobilization were as follows: 0.1 g DEAE cellulose was
treated with 5 ml 5% glutaraldehyde solution; then 2.3 mg chitosanase was immobilized on the carrier. The optimal
temperature and pH was ®and 4.0, and the Kvalue was 18.87 g/L. Under optimal conditions, the activity of im-
mobilized enzyme is 1.5 U/g, and the recovery of enzyme activity is 81.3%. After immobilization, the optimal tem-
perature and Kvalue increased (from 3C to 60°C, from 2.49 g/L to 18.87 g/L), whereas the optimal pH was re-
duced (from 5.0 to 4.0). The enzyme activity loss was less than 20% after 10 times batch reaction; the immobilized
enzyme showed good operation stability.
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INTRODUCTION 1. Materials
Commercial chitosan with an average molecular of weight 290

Chitosan is one of the most abundant renewable polysaccharidd®a, 93% N-deacetylated was used (Zhejiang Yuhuan Aoxing Chitin
prepared from chitin through chemical N-deacetylation. ChitosanCo. Ltd.). Chitosanase was prepared in our laboratory. All other
has been developed into new physiological materials since it poschemical reagents were of analytic grade (Shanghai Chemical Re-
sesses antibacterial activity [Allan et al., 1979; Hadwiger et al., 1980agent Co. Ltd.).
Walker-Simmons et al., 1983; Hirano et al., 1989; Uchida et al.,2. Preparation of Chitosanase
1989], hypocholesterolemic activity [Maezaki et al., 1993; Hirano  Peniciliumsp. ZDZ1 was stored on agar slant‘@.4rhe micro-
et al., 1990; Sugano et al., 1980, 1992] and anti-hypertensive actioorganism was scraped off from the agar slant and washed out with
[Okuda et al., 1997; Suzuki et al., 1986]. Increasing attention hasterilized water. Then 1 ml of microorganism solution was inocu-
recently been given to converting chitosan to their oligosaccharidedated into a 250 ml flask containing 60 ml of the medium, and in-
Chito-oligosaccharides possess additional functional properties suatubated on a rotary shaker at 180 rpm for 72 h &E.30he com-
as antitumor activity [Suzuki et al., 1986, 1996; Tsukada et al., 1990]position of the medium (pH 4.5) was (w/v), chitosan 0.6%, amido-
immuno-enhancing effects [Suzuki et al., 1992; Tokoro et al., 1988]glucose 0.4%, (NPLSO, 0.1%, carbamide 0.1%, KPO, 0.06%.
enhancing protective effects against infection with some pathogenghe cells of the culture broth were removed from the medium by
in mice [Yamada et al., 1993; Tokoro et al., 1989], antifungal activ-centrifugation at 2,500 rpm for 15 min &tCland the supernatant
ity [Hirano et al., 1989; Kendra et al., 1989], and anti-microbial ac-was collected. The chitosanase was extracted by adding 20-70%
tivity [Hirano et al., 1989; Uchida et al., 1989]. Additionally, they ethanol into the collected supernatant, and the precipitates were col-
have lower viscosity, low molecular weights, short chain lengthslected by centrifugation at 5,000 g for 15 min. The precipitates were
and are soluble in neutral aqueous solutions. Subsequently, thegissolved in an appropriate volume of distilled water and dialyzed
seem to be readily absorbiadiivoin contrast to chitosan and chitin.  against water overnight at@. Finally the partially purified enzyme
Chito-oligosaccharides can be prepared by chemical or enzymigvas used for immobilization.
depolymerization [Alla et al., 1999]. Enzymic hydrolysis is becom- 3. Immobilization of Chitosanase
ing a preferable method because of easy control, mild conditions DEAE cellulose was refined by using the method proposed by
of hydrolysis and low pollution to the environment. Mehta [Mehta et al., 1991]. 0.1 g refined DEAE cellulose was treated

In the previous study, a strain was screened to produce an exvith 5 ml glutaraldehyde at a definite concentration and was stirred
tracellular chitosanase with high hydrolysis activity to chitosan in at room temperature for 24 h. The DEAE cellulose-glutaraldehyde
culture. In this work, this kind of chitosanase was immobilized oncompound was allowed to stand with occasional stirring for 24 h at
DEAE cellulose. The conditions of immobilization and characters4°C. The cellulose-glutaraldehyde compound was washed several

of the immobilized enzyme were studied systematically. times with distilled water until the washings were free of glutaral-
dehyde. Chitosanase was added to cellulose-glutaraldehyde com-
MATERIALS AND METHODS plex and allowed to stand for 24 h &C4occasional stirring. The
supernatant was removed by centrifugation at 3,000 g. DEAE cel-
To whom correspondence should be addressed. lulose-chitosanase compound was washed with distilled water until
E-mail: zhengly@cmsce.zju.edu.cn protein in the washing solution could not be detected. The immo-
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bilized chitosanase was then collected and storetCat 4 14
4. Measurement of Enzyme Activity 1 '\.
4-1. The Activity of Free Chitosanase 12 .
The activity of free chitosanase was determined by a 3,5-dinitro S’ 4
salicylic acid method [Sun et al., 1997]. > .
4-2. The Activity of Immobilized Chitosanase g 08+ -
Immobilized enzyme 0.1 g was added into 5ml 1% chitosan so-  $ g - /
lution and incubated at 3G for 30 min. The reaction was stopped &£ 1 o
by adding 0.5 ml of 1 M NaOH solution. The mixture was centri- & %47 e
fuged at 3,000 g for 10 min. The concentration of reducing sugal 024 /
was determined by a 3,5-dinitrosalicylic acid method. One unit was ool m—"
. T T T T T T T T T T T T T 1

defined as the amount of enzyme that could produce 1 mmol reduc
ing sugar in 1 min.

0.0 0.5 1.0 15 2.0 25 3.0 35
Amount of added enzyme (mg/g DEAE cellulose)

RESULTS AND DISCUSSION Fig. 2. Effect of amount of added enzyme on chitosanase immobi-

lization.
1. Immobilization of Chitosanase on DEAE Cellulose
1-1. Effect of Concentration of Glutaraldehyde on Chitosanase Im- 2.0+
mobilization 18
0.1 g DEAE cellulose was treated with 5 ml different concentra- 16  oa

n— N

tions of glutaraldehyde ranging from 1 to 6%, and DEAE cellu-
lose-glutaraldehyde was then treated with 2.76 mg chitosanase. A
shown in Fig. 1; the optimal concentration of glutaraldehyde for
immobilization was 5%. Enzyme activity increased with increas-

14 /

12]
1.0 /

Enzyme activity (U/g)

ing concentration of glutaraldehyde. When the concentration of glu: 084 ]
taraldehyde was higher than 5%, enzyme activity decreased due 064

the deactivation of the enzyme. Superfluous glutaraldehyde will 04

result in the decrease of the enzymatic activity. 0'2 . "

1-2. Effect of the Amount of Enzyme on Chitosanase Immobilization |
Protein concentration is an important parameter which strongly 00 — T T T T T T T T T 1

affects the activity of the bound protein. 0.1 g DEAE cellulose-glu- 0 2 4 6_ 8 10 12 14

taraldehyde was treated with different amount of chitosanase, an Time (h)

the immobilized amount of enzyme ranged from 0.46 to 2.3 mg.Fig. 3. Effect of immobilized time on chitosanase immobilization.

The activity of immobilized enzyme was assayed and the results

are shown in Fig. 2. An almost linear increase of enzymic activity

(up to 2.3 mg) in the immobilizing mixture was accompanied with themation of a dense protein layer which produced steric and/or diffu-
increasing of added enzyme. Once the value of 1.4 U/g was achievesipn barriers, thus limiting further access of the enzyme to the carrier.
enzymic activity tended to decrease. This was likely due to the ford-3. Effect of Immobilization Time on Chitosanase Immobilization

0.1 g DEAE cellulose was treated with 5 ml 5% glutaraldehyde.
and DEAE cellulose-glutaraldehyde was then treated with 2.3 mg

207 chitosanase at different time ranging from 2 to 12 hours. The activ-
191 ity of immobilized enzyme was tested and the results are shown in
1.8+ . " Fig. 3. Enzyme activity increased with increasing immobilized time.
5 1 When the immobilized time was more than 8 h, enzyme activity
2 16 / did not increase further, therefore, 8 h was selected as the optimal
_g 1.5+ " L] immobilization time. The activity of immobilized enzyme was 1.5 U/
B 144 0, and the recovery rate of enzyme activity was 81%.
o 1.3 / 1-4. SEM of Immobilized Enzyme
% 124 . The immobilized enzyme and the free carrier were subjected to
] 11 SEM. As shown in Fig. 4 and Fig. 5, there is a distinct change on
10.] the surface of DEAE cellulose after immobilization. The surface
09.] became more crinkly, and some granules of chitonase were immo-

T J T T T
2 4 6

Concentration of glutaraldehyde (%)

bilized on the matrix of the surface by crosslinking reactions.
2. Characterization of Immobilized Chitosanase
2-1. Effect of pH on the Activity of Immobilized Chitosanase
The activity of immobilized chitosanase was determined at various

Fig. 1. Effect of concentration of glutaraldehyde on chitosanase

immobilization. pH ranging from 3.0 to 5.5 at 30. As reported earlier by Gold-
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Fig. 5. SEM micrograph of immobilized enzyme.
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Fig. 6. Effect of pH on the activity of immobilized chitosanase.

T
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stein et al. [1964], binding of enzyme to negatively charged sup-
ports would result in a basic shift in the pH optimum: the optimal
pH decreased from 5.0 to 4.0 (as shown in Fig. 6). The pH of im-
mobilized enzyme was influenced by two factors: the electrical prop-
erty of carrier and the intraparticle diffusion resistance which occur-
red with the immobilization. DEAE cellulose is a positively charged
carrier ¥>0), and the pH within the immobilized enzyme is higher
than that in the bulk solution, so the curve of pH-activity ought to
shift to the acidic side.
2-2. Effect of Temperature on the Activity of Immobilized Chitosa-
nase

The activity of immobilized chitosanase was determined at differ-
ent temperatures ranging from 30 t6CG@t pH 4.0. As was shown
in Fig. 7, the optimal temperature for free enzyme wa€ 5and
that for immobilized enzyme was ®D. The immobilized enzyme
maintained strong activity at temperatures ranging frofic 30
65°C. The higher optimal reaction temperature and improved ther-
mal stability of the immobilized enzyme indicated that covalent bind-
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Fig. 7. Effect of temperature on the activity of immobilized chito-
sanase.
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Fig. 8. Determination of apparent K.
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ing enhanced thermal stability. Improved thermal stability could (1964).

also be attributed to the restricted conformational change of the chiHadwiger, L. A. and Beckman, J. M., “Chitosan as a Component of pea-
tosanase upon immobilization, as suggested by Martinek et al. [1980] Fusarium solaninteractions;Plant Physiol.66, 205 (1980).

and Klibanov [1979]. Hirano, S., ltakura, C., Seino, H., Akiyama, Y., Nonaka, I., Kanbara, N.
2-3. Determination of Apparent K and Kawakami, T., “Chitosan as an Ingredient for Domestic Ani-

The K, value of the immobilized enzyme was found to be 18.87 malfeeds,J. Agric. Food Chem38, 1214(1990).

g/L by Lineweaver~Burk plots (Fig. 8). The,Kalue of the free  Hirano, S. and Nagao, N., “Effects of Chitosan, Pectic Acid, Lysozyme,
enzyme was estimated to be 2.49 g/L. Thevédue of the immo- and Chitinase on the Growth of Several Phytopathogfegst.
bilized enzyme was higher than that of the free enzyme, which means Biol. Chem 53, 3065 (1989).

a decrease in the flexibility of the enzyme molecule as describedendra, D. F., Christian, D. and Hadwiger, L. A., “Chitosan Oligomers
by Gottschalk and Jaenicke [Kusano et al., 1989]. The immobilized from Fusarium solanipea Interactions, Chitinag@Glucanase Di-
enzyme had less affinity for substrate. As we know, the Michaelis  gestion of Sporelings and from Fungal Wall Chitin Actively Inhibit
constant (K) of immobilized enzyme is affected by the electro-  Fungal Growth and Enhance Disease Resist&gesio. Mol. Plant
static interaction between the carrier and substrate. When the car- Patha, 35, 215 (1989).

rier and substrate is oppositely charged, there will be an increasediibanov, A. M., “Enzyme Stabilization by Immobilizatiodnal.
attracting force, which results in stronger affinity between immobi-  Bioche, 93 1 (1979).

lized enzyme and substrate, and the decreasing of, ttenktant. Kusano, S., Shiraishi, T., Takahashi, S., Fujimoto, D. and Sakano, Y.,
2-4. Operation Stability of Immobilized Chitosanase “Immobilization of Bacillus Acidopullulyticus Pullulanase and Prop-

2 g immobilized enzyme was added to 50 ml 1% chitosan solu- erties of the Immobilized Pullulanas&;Ferment. Bioengs8, 233
tion in a water bath 5 for 6 h, and the reaction was repeated 10  (1989).
times. After each reaction, the enzyme activity was determined. Th&laezaki, Y., Tsuii, K., Nakagawa, Y., Kawai, Y., Akimoto, M., Tsugita,
immobilized enzyme showed good operation stability, and the en- T., Takekawa, W., Terada, A., Hara, H. and Mitsoka T., “Hypocho-
zyme activity loss was less than 20% after 10-time batch reaction. lesterolemic Effect of Chitosan in Adult MaldBibsci. Biotechnol.

Biochem.57, 1439 (1993).
CONCLUSIONS Martinek, K., Mozaev, V. V. and Berezin, I. V., “Stabilization and Reac-
tivation of EnzymesEnzyme Engin3, 54 (1980).

Chitosanase was immobilized on DEAE cellulose with glutaral- Mehta, P. K., Miahras, S. and Ghose, T. K., “Methanol Biosynthesis by
dehyde by crossing-linking reaction. The immobilization conditions  Covalently Immobilized Cells of Methylmonas Trichosporium:
and characters of the immobilized enzyme were studied. The opti- Batch and Continuous StudieBjotechnol. Biochem37, 551
mal conditions of immobilization were as follows: 0.1 g DEAE cel-  (1991).
lulose was treated with 5 ml 5% solution of glutaraldehyde, andOkuda, H., Kato, H. and Tsuijita, T., “Antihypertensive and Antihyperli-
then 2.3 mg chitosanase was added to immobilize on the carrier. pemic Actions of ChitosanKorean J. Chitin Chitosan2, 49
Under optimal conditions, the activity of immobilized enzyme is  (1997).

1.5 U/g, and the recovery rate of enzyme activity is 81%. After im- Sugano, M., Fujikawa, T., Hiratsuii, Y., Nakashima, K., Fukuda, N. and
mobilization, the optimal temperature and kinetic parameter increased Hasegawa, Y., “A Novel Use of Chitosan as a Hypocholesterolemic
(from 50°C to 60°C, from 2.49 g/L to 18.87 g/L), whereas the opti-  Agent in Rats’Am. J. Clin. Nut 33, 787 (1980).

mal pH was reduced (from 5.0 to 4.0). The enzyme activity lossSugano, M., Watanabe, S., Kishi, A., Izume, M. and Ohtakara, A., “Hy-
was less than 20% after 10 times of batch reaction. The immobi- pocholesterolemic Action of Chitosans with Different Viscosityin

lized enzyme showed good operation stability. Rats;Lipids, 23, 187 (1988).
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