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丝素纳米颗粒的制备及应用于L-天冬酰胺酶的固定化 

张雨青, 相入丽, 阎海波, 陈晓晓 

苏州大学生命科学学院蚕丝生物技术实验室, 苏州 215123 

摘要： 

丝素蛋白纤维溶于高浓度中性盐溴化锂溶液或氯化钙-乙醇-水三元溶剂中, 经过透析和纯化可以制成3种液态丝素. 
SDS-PAGE分析结果表明, 其分子量分布范围明显不同. 应用能与水混溶的有机溶剂如丙酮等可将这种丝素制成丝

素纳米颗粒, 用SEM观察到丝素纳米颗粒粒径分布范围为50~120 nm. 以戊二醛为交联剂, 将治疗急性淋巴性白血

病常用酶制剂L-天冬酰胺酶共价结合在丝素纳米颗粒上. 酶活性分析结果表明, 由肽链断裂较少的丝素制备的纳米

颗粒更适合于酶的生物结合. 酶动力学研究结果表明, 这种固定化酶活性回收率为44%, 热稳定性较游离酶有明显提

高, 最适pH值范围加宽为6.0~8.0, 最适反应温度提高10 ℃; 抗胰蛋白酶水解能力明显增强. 结果表明, 丝素纳米颗

粒与丝素蛋白膜一样, 是一种酶固定化的良好载体, 在药物缓释系统方面具有潜在的研究和开发价值. 

关键词： 丝素纳米颗粒   L-天冬酰胺酶   固定化酶   交联   

Preparation of Silk Fibroin Nanoparticles and Their Application to Immobilization of 
L-Asparaginase

ZHANG Yu-Qing*, XIANG Ru-Li, YAN Hai-Bo, CHEN Xiao-Xiao

Silk Biotechnol. Lab., College of Life Science, Suzhou University, Suzhou 215123, China

Abstract: 

After the degummed fiber of silk fibroin derived from Bombyx mori cocoon was dissolved in CaCl2  

ternary solvent system or highly concentrated LiBr solution, three kinds of silk fibroin in liquid could be 
obtained by means of dialysis. SDS-PAGE analysis results show that three kinds of silk fibroin are of 
different molecular ranges. The silk fibroin nanoparticles were prepared rapidly from the liquid silk by 
using water-miscible organic solvents such as acetone. These nanoparticles are insoluble in water but 
well dispersed and stable in aqueous solution and are globular particles with a size range of 50—120 nm 
in diameter by means of SEM. L-Asparaginase as a model enzyme was bioconjugated with these 
nanoparticles by cross-linking agent glutaraldehyde. Activity analysis results indicate that silk fibroin 
nanoparticles derived from the fibroin by less breakage of peptide chain are more suitable for the 
bioconjugation of enzymes. The results show that the recovery of the immobilized L-asparaginase was 
about 44%. Its theromal stability increased evidently and the optimal scale of pH was much wider(pH 
6.0—8.0) than that of native L-asparaginase. And the optimal reaction temperature of the modified 
enzyme was increased about 10 ℃. These preliminary results above indicat that the silk protein 
nanoparticles are also a good support as silk fibroin membrane. Therefore, the silk fibroin nanoparticles 
as a new drug release system are of potential values for study and development.

Keywords: Silk fibroin nanoparticle   L-Asparaginase   Immobilization enzyme   Cross-linking   

收稿日期 2007-09-24 修回日期 1900-01-01 网络版发布日期  

DOI: 

基金项目: 

通讯作者: 张雨青

作者简介: 

参考文献：



1. Zhang Y. Q.. Biotechnol. Adv.[J], 1998, 16: 961—971  
2. Zhang Y. Q., Shen W. D., Gu R. A., et al.. Analytica Chimica Acta[J], 1998, 369: 123—128  
3. Zhang Y. Q., Gu R. A., Shen W. D., et al.. Analytical Letters[J], 1999, 32(2): 251—269  
4. Zhang Y. Q., Zhu J., Gu R. A.. Applied Biochemistry and Biotechnology[J], 1998, 75(2/3): 215—

233 
5. Yoshimizu H., Asakura T.. J. Appl. Polym. Sci.[J], 1990, 40: 127—134  
6. Inoue S., Matsunaga Y., Iwane H., et al.. Biochem. Biophys. Res. Commun.[J], 1986, 141: 165—

170 
7. Zhu X. R., Xu J. L.. Acta Serocologica Sinica[J], 1999, 25(2): 113—119  
8. ZHU Rui-Xiang(朱瑞祥), LIN Rong(林蓉), WANG Jian-Zhen(王建瓯). Journal of Zhejiang Agriculture 

University(浙江农业大学学报)[J], 1998, 24(1): 74—78  

9. Nishimura H., Wada H., Inda Y.. Jpn. J. Cancer Chemother.[J], 1984, (11): 2227—2235  
10. Alvarez O. A., Zimmerman G.. Med. Pediatric Oncol.[J], 2000, 34: 200—205  
11. Zhou J., Jin H., Jiang T., et al.. J. Functional Polym.[J], 1998, 11(4): 532—538  
12. Zhou J., Jin H., Jiang T., et al.. J. East China Univ. Sci. Technol.[J], 1999, 25(5): 438—445  
13. Wang Y. D., Guo L., Qian S. J., et al.. Chinese J. Biotechnol.[J], 2000, 16(4): 517—520  
14. Müller G. M., Leuenberger H., Kissel T.. Pharm. Res.[J], 1996, 13: 32—37  
15. Lin W., Coombes A. G. A., Davies M. C., et al.. J. Drug Target[J], 1993, 1(3): 237—243  
16. Weber C., Coester C., Kreuter J., et al.. Int. J. Pharm.[J], 2000, 19: 91—102  
17. Zhang Y. Q., Tao M. L., Shen W. D., et al.. Journal of Chemical Technology and Biotechnology[J], 

2006, 81: 136—145  
18. Zhang Y. Q., Tao M. L., Shen W. D., et al.. Biomaterials[J], 2004, 25(17): 3751—3759  
19. Zhang Y. Q., Ma Y., Xia Y. Y., et al.. Journal of Controlled Release[J], 2006, 115: 307—315  
20. Zhang Y. Q., Zhou W. L., Shen W. D., et al.. Journal of Biotechnology[J], 2005, 120(3): 315—326  
21. Zhang Y. Q.. A method of Producing Nanosize Fibroin Particle, PCT WO 2005085327 A1[P], 2005 
22. Laemmli U. K.. Nature[J], 1970, 227: 680—685  
23. Zhang Y. Q., Shen W. D., Xiang R. L., et al.. Journal of Nanoparticles Research[J], 2007, 9: 885—

900 
24. Mashburn L. T., Wriston J. C.. Biochem. Biophys. Res. Commun.[J], 1963, 12: 50 
25. Alexandre Learth Soares, Gledson Manso Guimarães, Bronislaw Polakiewicz, et al.. International 

Journal of Pharmaceutics[J], 2002, 237: 163—170 

本刊中的类似文章

1．顾相伶,朱晓丽,张志国,谭业邦,孔祥正,刘维鹏 .复凝聚法制备昆虫激素模拟物十二醇微胶囊及其释放性能[J]. 高
等学校化学学报, 2008,29(6): 1247-1254
2． 马晓野, 关绍巍, 陈春海, 王贵宾, 姜振华 .含苯乙炔的可自交联高温高性能聚芳醚酮的合成与性能[J]. 高等学

校化学学报, 2007,28(3): 600-602
3． 袁晓芳, 吴国章, 吴驰飞 .结晶水对硫酸铜与丁腈橡胶之间配位交联反应的影响[J]. 高等学校化学学报, 

2006,27(10): 1978-1981
4．侯悦, 林全愧, 计剑, 沈家骢.交联结构对肝素/壳聚糖层层组装多层膜内皮细胞相容性的影响[J]. 高等学校化学

学报, 2008,29(9): 1890-1894
5． 洪军, 徐冬梅, 孙汉文, 宫培军, 董黎, 姚思德 .用于α-胰凝乳蛋白酶固定化的氨基超顺磁纳米凝胶的光化学合

成与表征[J]. 高等学校化学学报, 2007,28(1): 177-182

6． 林梅钦, 董朝霞, 李明远, 吴肇亮 .低浓度HPAM/AlCit交联体系的27Al NMR研究[J]. 高等学校化学学报, 
2007,28(8): 1573-1576
7． 曹志海, 单国荣 .有无N-异丙基丙烯酰胺制备纳米微胶囊机理的比较[J]. 高等学校化学学报, 2008,29(1): 

201-205

8．仝维鋆, 朱一, 高长有.通过可控沉积和交联制备蛋白质微胶囊[J]. 高等学校化学学报, 2008,29(8): 1694-1697

9．李峻峰,张利,李钧甫,邹琴,杨维虎,李玉宝 .香草醛交联壳聚糖载药微球的性能及其成球机理分析[J]. 高等学校化

学学报, 2008,29(9): 1874-1879
10．洪韫嘉, 李谭瑶, 陈波, 姚守拙.壳聚糖固定化血管紧张素转化酶及其性质[J]. 高等学校化学学报, 2009,30(2): 

328-331
11． 陈永良,宋义虎,郑强,章明秋 .交联剂用量对PMVS/CB复合材料压阻特性的影响[J]. 高等学校化学学报, 

2006,27(5): 988-990
12． 沙柯, 李冬霜, 李亚鹏, 刘啸天, 艾鹏, 王薇, 王静媛 .利用酶促开环聚合和原子转移自由基聚合方法合成AB型
嵌段共聚物 

[J]. 高等学校化学学报, 2006,27(5): 985-987
13．李婉婉, 唐浩宇, 陈小芳, 范星河, 沈志豪, 周其凤.含苯乙炔基的可交联聚芳醚酮交替共聚物的合成与热性能

[J]. 高等学校化学学报, 2009,30(4): 841-844

文章评论



序

号
时间 反馈人 邮箱 标题 内容

1
2009-

reviewups edfwen@163.com sdweue

Buy discount ugg shoes 
cheap ugg shoes cheap 
ugg ugg rainier buy ugg 
ugg usa discount ugg 
boots ugg 5825 ugg 

shoes sale ugg sundance 

Copyright 2008 by 高等学校化学学报


