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ABSTRACT

In this study, a strain, named as DYU-Too12, was isolated from the soil of Xin-bao in Changhua County to degrade chitin into

N-acetylchitooligosaccharides, and the culture conditions were also examined. This strain was identified to be a Gram’s negative

rod shaped bacterium. The strain was cultivated separately in a 5-L batch fermentor in a CB medium with different levels of initial

dissolved oxygen (100％ and 40％ saturation). The highest activities of chitinase were 833 U/L at 48 h and 933 U/L at 60 h for 100

％ and 40% saturation, respectively. N-acetyl-chitooligosaccharides with DP (degree of polymerization) 1~4 were produced in these

two cases, and highest yields of N-acetyl-glucosamine were 3.06 and 0.1 g/L, N-acetyl-chitobiose was 1.0 and 0.41 g/L,

N-acetyl-chitotriose were 0.22 and 0.40 g/L, N-acetyl-chitotetraose were 0.19 and 1.03 g/L, respectively.

N-acetyl-chitooligosaccharides with higher DP were produced by strain DYU-Too12 when cultivated at a lower level of dissolved

oxygen. The strain was cultivated separately in a 500-mL flask with each of a volume of 100 or 200 mL of the CB medium. The

supernatant of the culture of strain DYU-Too12 cultivated in 100 mL at 72 h and 200 mL at 96 h were further purified. Purification

of chitinases was carried out by protein precipitation with ammonium sulfate, dialysis, anion exchange of DEAE-Sepharose CL-6B

and gel filtration of Sephacryl S-100 HR. A peak showing chitinase activity was observed, and fractions of this peak were collected

for further analysis. The chitinases were purified by 3.8 and 2.77 fold, and the specific activities were 4.7 and 4.02 U /mg protein,

and the yields of chitinases were 21.8％ and 7.23％, respectively. The optimum reacting temperature was 40℃, and the optimum

pH was 6.0 for the chitinases. Metal ions such as Hg2+, Zn2+, Ag+ and Mn2+showed an inhibitive effect on the chitinase activity

and EDTA could enhanced the activity.

Keywords : N-acetyl-chitooligosaccharides, chitinase, isolation and purification of enzyme

Table of Contents

封面內頁 簽名頁 授權書......................................... iii 中文摘要....................................... iv 英文摘要....................................... vi 誌

謝........................................... viii 目錄........................................... ix 圖目錄......................................... xiii 表目

錄......................................... xvii 1. 緒論........................................ 1 2. 文獻回顧.................................... 2 2.1幾丁

質...................................... 2 2.1.1幾丁質的製備.............................. 2 2.1.3幾丁質的功能與應用........................ 5 2.2幾丁質分

解?................................. 5 2.2.1幾丁質分解?之分類......................... 5 2.2.2幾丁質分解?之應用......................... 8 2.2.3幾丁質分

解?之活性分析..................... 9 2.2.4幾丁質分解?之純化與特性................... 11 2.3 N-乙醯幾丁寡醣............................. 17 2.3.1 N-

乙醯幾丁寡醣之製備..................... 17 2.3.2 N-乙醯幾丁寡醣之應用..................... 18 3. 材料與方法.................................. 20 3.1實

驗儀器.................................... 20 3.2實驗藥品.................................... 21 3.3培養基與試劑................................ 22 3.3.1培養基組

成................................ 22 3.3.2膠態幾丁質製備............................ 22 3.3.3 McIlvaine buffer之配製................... 24 3.3.4還原醣呈色

劑之配製........................ 24 3.4實驗方法.................................... 24 3.4.1菌株篩選、保存及鑑定...................... 24 3.4.2菌株生長曲

線測定.......................... 26 3.4.3還原醣測定................................ 26 3.4.4幾丁質分解?活性測定....................... 26 3.4.5蛋白質濃度

測定............................ 26 3.4.6幾丁質水解產物分析........................ 27 3.5幾丁質分解?之分離純化....................... 27 3.6純化酵素

之特性分析.......................... 28 3.7批次發酵培養................................ 30 3.7.1操作步驟.................................. 30 3.7.2培養條

件.................................. 30 3.8 SDS-聚丙醯胺膠體電泳分析................... 31 4. 結果與討論.................................. 35 4.1幾丁質分解

菌之篩選.......................... 35 4.1.1幾丁質分解?之活性分析與還原醣量........... 35 4.1.2水解產物分析.............................. 39 4.1.3

菌株DYU-Too12之生長型態................... 39 4.1.4菌株DYU-Too12之生長曲線................... 41 4.1.5菌株DYU-Too12之幾丁質分

解?、還原醣量、蛋白 質量及pH值................................ 41 4.1.6菌株DYU-Too12之初步鑑定................... 41 4.2幾丁質粗酵素液

之特性分析.................... 41 4.2.1最適反應pH值.............................. 45 4.2.2最適反應溫度.............................. 45 4.3不同培養體積

培養菌株DYU-Too12............... 45 4.3.1幾丁質分解?之活性分析..................... 48 4.3.2還原醣及蛋白質量分析...................... 48

4.3.3幾丁質水解產物分析........................ 51 4.4批次發酵培養................................ 55 4.4.1幾丁質分解?之活性分析.....................

60 4.4.2還原醣及蛋白質量分析...................... 60 4.4.3幾丁質水解產物分析........................ 63 4.4.4生質量分

析................................ 67 4.4.5殘留幾丁質分析............................ 67 4.5幾丁質分解?之分離純化....................... 70 4.5.1培養

於100 mL之幾丁質分解?的純化........... 70 4.5.2培養於200 mL之幾丁質分解?的純化........... 72 4.5.3比較不同條件下生產酵素



之不同.............. 76 4.6幾丁質分解?之特性分析....................... 81 4.6.1培養於100 mL之幾丁質分解?的特性分析....... 81 4.6.2培

養於200 mL之幾丁質分解?的特性分析....... 86 4.6.3比較不同條件下生產酵素之特性分析.......... 92 5. 結

論........................................ 96 5.1結論........................................ 96 5.2展望........................................ 97 參考文

獻....................................... 98 附錄........................................... 103

REFERENCES

1.龜山猶一。1981。化學分析試藥配製法。正文書局。台北。 2.梁舜欣。1990。N-乙醯幾丁寡醣製備。台灣大學農業化學研究所碩士論

文。台北。 3.周婉萍。1993。Bacillus coagukans K-181所產幾丁質分解酵素之探討。國立台灣大學農業化學研究所碩士論文。台北。 4.

陳坤上、黃佩芬、陳聰松、陳幸臣。1996。幾丁寡醣製備條件之探討。食品科學，23（6）:874-883。 5.吳豐智、曾如玲。1997。神奇物

質-幾丁質和幾丁聚醣。化工技術，5（7）:196-201。 6.江晃榮。1998。生體高分子（幾丁質、膠原蛋白）在食品工業上的應用。食品資

訊，150:19-25。 7.袁國芳。1999。幾丁質與幾丁聚醣在食品工業上之應用。食品工業，31（10）:19-23。 8.陳錦坤、許清輝、李錦榆、

林忠亮、方炳?、黃冬梨、吳奇生。2001。在電泳片上直接分析chitinase活性的新方法。90學年度技術與教學研討會論文專輯:21-23。明

志技術學院。台北。 9.連德昇。2002。以本土菌株分解幾丁質生產N-乙醯幾丁寡醣之研究。大葉大學食品工程研究所碩士論文。彰化。

10.李宜玲。2004。利用Aeromonas caviae DYU-BT4之幾丁質水解酵素水解幾丁質生產N-乙醯幾丁寡醣。大葉大學生物產業學系研究所

論文。彰化。 11.張瓊瑋。2004。Aeromonas sp. DYU-Too7與本土菌株之幾丁質分解?純化與特性分析。大葉大學生物產業學系研究所論

文。彰化。 12.林玲慧。2005。生產N-乙醯幾丁寡醣菌株之篩選與幾丁質?之分離純化。大葉大學生物產業學系研究所論文。彰化。

13.Binod, P., Pusztahelyi, T., Nagy, V., Sandhya, C., Szakacs, G., Pocsi, I. and Pandey, A. 2005. Production and purification of extracellular

chitinases from Pencillium aculeatum NRRL 2129 under solid-state fermentation. Enzyme Microb. Technol. 36: 880-887. 14.Boller, T., Gehri, A.,

Mauch, F. and Vogeli, U. 1990. Chitinase in bean leaves: induction by ethylene, purification, properties and possible function. Planta. 157: 22-31.

15.Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of

protein-dye binding. Anal. Biochem. 72: 248-254. 16.Brine, C. J. and Austin, P. R. 1981. Chitin variability with species and method of preparation.

Comp. Biochem. Physiol. 69 B: 283-286. 17.Frankowski, J., Lorito, M., Scala, F., Schmid, R., Berg, G. and Bahl, H. 2001. Purification and

properties of two chitinolytic enzymes of Serratia plymuthica HRO-C48. Arch. Microbiol. 176: 421-426. 18.Fukasawa, S., Arai, M., Wada, T.,

Shima, H. and Kurata M. 1992. Properties of a chitinase from a marine luminous bacterium, Vibrio fischeri strain COT-A136. Chem. Pharm.

Bull. 40: 1631-1633. 19.Gomez Ramirez, M., Rojans Avelizapa, L. I., Rojas Avelizapa, N. G. and Cruz Camarillo, R. 2004. Colloidal chitin

stained with Remazol Brilliant blue R, a useful substrate to select chitinolytic microorganisms and to evaluate chitinase. J. Microbiol. Meth. 56(2):

213-219. 20.Gkargkas, K., Mamma, D., Nedev, G. and Topakas, E. 2004. Studies on a N-acetyl-β-D-glucosaminidase produced by Fusarium

oxysporum F3 grown in solid-state fermentation. Process Biochem. 39: 1599-1605. 21.Hicks, K. B. 1988. Isolation of oligomeric fragments by

preparative high-performance liquid chromatography. Method Enzymol. 161: 410-416. 22.Hsu, S. C. and Lockwood, J. L. 1975. Powdered chitin

agar as a selective medium for enumeration of actinomycetes in water and soil. Appl. Microbiol. 29: 422-426. 23.Imoto, T. and Yagishita, K. 1971.

A simple activity measurement of lysozyme. Agric. Biol. Chem. 35(7): 1154-1156. 24.Jeon, J. Y. and Kim, K. S. 2000. Production of

chitooligosaccharides using an ultrafiltration membrane reactor and their antibacterial activity. Carbohydrate Polymers, 41: 133-141. 25.Jeuniaux,

C. 1961. Chitinases. Methods Enzymol. 8: 644-650. 26.Jeuniaux, C. 1966. In method in enzymology. Academic Press, New York, 8: 644-654.

27.Kabir, E. K., Hirowatari, D., Watanabe, K. and Koga, D. 2006. Purification and characterization of a novel isozynme of chitinase from

Bombyx mori. Biosci. Biotechnol. Biochem. 70(1): 252-262. 28.Kang, C. S., Park, S. and Lee, G. D. 1999. Purification and characterization of a

novel chitinase from the entomopathogenic fungus, Metarhizium anisopliae. J. Invertebr. Pathol. 73: 276-281. 29.Kobayashi, M., Watanabe, T.,

Suzuki, S. and Suzuki, M. 1990. Effect of N-acetyl-chitohexaose against Candida albicans infection of tumor-bearing mice. Microbiol. Immunol.

34: 413-426. 30.Koga, D., Tuskamoto, T., Sueshige, N., Usumi, T. and Ide, A. 1989. Kinetics of chitinase from yam, Diocorea opposite thumb.

Agric. Biol. Chem. 3(12): 3121-3126. 31.Kumar, R. and Majeti, N. V. 2000. A review of chitin and chitosan applications. React. funct. polym. 46:

1-27. 32.Kurita, K. 2001. Controlled functionalization of the polysaccharide chitin. Prog. Polym. Sic. 26: 1921-1971. 33.Minke, R. and Blackwell,

J. 1978. The structure of α-chitin. J. Mol. Biol. 120: 167-181. 34.Molano, J., Duran, A. and Cabib, E. 1977. A rapid and sensitive assay for

chitinase using tritiated chitin. Anal. Biochem. 83(2): 648-656. 35.Nampoothiri, M. K., Baiju, T. V., Sandhya, C. and Sabu, A. 2004. Process

optimization for antifungal chitinase production by Trichoderma harzianum. Process Biochem. 39: 1583-1590. 36.Otakara, A., Mitsutomi, M. and

Uchida, Y. 1979. Purification and some properties of chitinase from Vibrio sp. J. Ferment. Technolo. 57(3): 169-177. 37.Patil, R. S., Ghormade, V.

and Deshpand, M. V. 2000. Chitinolytic enzymes: an exploration. Enzyme. Microb. Technol. 26(7): 473-483. 38.Righetti, P. G., Gianazza, E.,

Gelfi, C. and Chiari, M. 1990. In: gel electrophoresis of protein: a practical approach. Hames, B. D. and Richwood, D. (Eds.), 2nd Ed. p.149-216.

Oxford University Press, New York, USA. 39.Roberts, G. A. F. 1982. Chitin chemistry. The MacMillan Press, London. 40.Roe, S. 2001. Protein

Purification Applications. New York, Oxford. 41.Scopes, B. K. 1987. Protein purification: principles and Practice. New York, Springer-Verlag.

42.Souza, R. F., Gomes, R, C., Coelho, R. R., Alviano, C. S. and Soares, R. M. A. 2003. Purification and characterization of an endochitinase

produced by Colletotrichum gloeosporioides. FEMS Microbiol. Lett. 222(1): 45-50. 43.Suzuki, K., Midami, T., Okawa, Y., Tokoro, A., Suzuki, S.

and Suzuki, M. 1986. Antitumor effect of hexa-N-acetylchitohexaoose and chitohexaose. Carbohydr. Res. 151: 403-408. 44.Takayanagi, T.,

Ajisaka, K., Takiguchi, Y. and Shimahara, K. 1991. Isolation and characterization of thermostasble chitinases from Bacillus licheniformis X-7u.



Biochim Biophys Acta. 1078(3): 404-410. 45.Tikhonov, E. V., Lopez-Llorca, V. L., Salinas, J. and Jansson, H. 2002. Purification and

characterization of chitinases from the nematophagous fungi Verticillium chlamydosporium and V. suchlasporium. Fungal Genet. Biolo. 35: 67-78.

46.Tokoro, A., Kobayashi, M., Tatewaki, N., Suzuki, K., Okawa, Y., Mikami, T., Suzuki, S. and Suzuki, M. 1989. Protective effect of

N-acetyl-chitohexaose on Listeria monocytogenes infection in mice. Microbiol. Immunol. 33: 357-367. 47.Ueda, M., Kotani, Y., Sutrisno, A.,

Nakazawa, M. and Miyakate, K. 2005. Purification and characterization of chitinase B from moderately thermophilic bacterium Ralstonia

sp.A-471. Biosci. Biotechnol. Biochem. 69(4): 842-844. 48.Usui, T., Hayashi, Y., Nanjo, F., Sakai, K. and Ishido, Y. 1987. Trans-glycosylation

reaction of a chitinase purified from Nocardia orientalis. Biochim Biophys Acta. 923(2): 302-309. 49.Wand, S. Y., Moyne, A. L., Thottappilly, G.,

Wu, S. J., Locy, R. D. and Singh, N. K. 2001. Purification and characterization of a Bacillus cereus exochitinase. Enzyme Microb. Technol. 14(3):

236-240. 50.Wiwat, C., Siwayaprahm, P. and Bhumiratana, A. 1999. Purification and characterization of chitinase from Bacillus circulans NO.4.1.

Curr. Microbiol. 39(3): 134-140. 51.Yuil, P. E., Suhartono, M. T., Rukayadi, Y., Hwang, J. K. and Pyun, Y. R. 2004. Characteristics of

thermostable chitinase enzymes from the Indonesian Bacillus sp. 13.26. Enzyme Microb. Technol. 35(2-3): 147-153.


