
生物物理学报 2011, 27(1) 66-76 DOI:     ISSN: 1000-6737 CN: 11-1992/Q

本期目录 | 下期目录 | 过刊浏览 | 高级检索                                                            [打印本页]   [关闭] 

研研研研究究究究论论论论文文文文 扩扩扩扩展功能展功能展功能展功能 

本文信息

Supporting info 

PDF(375KB)

[HTML全文] 

参考文献[PDF] 

参考文献 

服务与反馈

把本文推荐给朋友   

加入我的书架 

加入引用管理器 

引用本文 

Email Alert 

文章反馈 

浏览反馈信息 

本文关键词相关文章

冰晶

抗冻蛋白

界面层结构

本文作者相关文章

谢文静

刘俊杰

李前忠

PubMed

Article by Xie, W. J. 

Article by Liu, J. J. 

Article by Li, Q. Z. 

第一第一第一第一类鱼类鱼类鱼类鱼抗抗抗抗冻冻冻冻蛋白蛋白蛋白蛋白对对对对冰晶生冰晶生冰晶生冰晶生长长长长界面界面界面界面层结层结层结层结构构构构的影的影的影的影响响响响

谢谢谢谢文文文文静静静静, 刘刘刘刘俊杰俊杰俊杰俊杰, 李前忠李前忠李前忠李前忠

内蒙古大学物理科学与技术学院，呼和浩特 010021

摘要摘要摘要摘要： 

根据冰晶在水溶液中生长的基本热力学性质，应用多层界面模型，分别得到了冰晶在纯水及抗冻蛋白溶液中生长

界面层的吉布斯自由能。由冰晶生长界面层的吉布斯自由能，分析了冰晶在三种不同第一类鱼抗冻蛋白分子溶液

中，热平衡状态下生长界面层的微观平衡结构，发现冰晶在抗冻蛋白溶液中生长与其在纯水中生长相比，界面层

结构有明显变化，结合抗冻蛋白后，冰晶的生长界面由粗糙界面向光滑界面转变；并讨论了结合抗冻蛋白后，冰

晶生长界面层微观平衡结构的变化对冰晶生长形态的影响。为理解冰晶在抗冻蛋白溶液及纯水中有不同的生长习

性和生长形态这一实验事实，提供了理论依据。 
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The Effect of Type I Antifreeze Proteins on The Equilibrium Structure of Interfacial 
Layer of Ice Crystal

XIE Wenjing, LIU Junjie, LI Qianzhong 

School of Physical Science and Technology, Inner Mongolia University, Hohhot 010021, China 

Abstract: 

Based on the thermodynamic properties of ice crystal in aqueous solution and using multilayer model, 
Gibbs functions of interfacial layer of ice crystal in pure water and antifreeze protein solution were 
obtained respectively. Equilibrium structures of interfacial layer of ice crystal in three kinds of type I 
antifreeze protein solution were analyzed by using the Gibbs function. Equilibrium structures of 
interfacial layer of ice crystal in pure water and antifreeze protein solution were different. The effect on 
the shape of ice crystal that caused by change of equilibrium structure of interfacial layer of ice crystal 
was discussed. It is a theoretical evidence for understanding the experiment results that the growth 
habits and shape of ice crystals are different in antifreeze protein solution and pure water.

Keywords: Ice crystal   Antifreeze protein   Equilibrium structure of interface layer   

收稿日期收稿日期收稿日期收稿日期 2010-03-29 修回日期修回日期修回日期修回日期 2010-05-25 网网网网络络络络版版版版发发发发布日期布日期布日期布日期  

DOI: 

基金基金基金基金项项项项目目目目: 

国家自然科学基金项目(30560039)，内蒙古自然科学基金项目(200711020107) 

通通通通讯讯讯讯作者作者作者作者: 刘俊杰，电话：(0471)4991463，E-mail：pyljj@imu.edu.cn

作者作者作者作者简简简简介介介介: 

作者作者作者作者Email: pyljj@imu.edu.cn 

参参参参考文考文考文考文献献献献：：：：

1. Li QZ, Luo LF. A study of the growth rate and growth habits of ice crystals in a solution of antifreeze 
(glyco) proteins. Chem Phys Lett, 1996, 263: 651~654
2. Feeney RE, Fink W. Investigation of the differential affinity of antifreeze glycoprotein for single 
crystal of ice. J Cryst Growth, 1991, 113: 417~429
3. Knight A, DeVries AL, Oolman LD. Fish antifreeze protein and the freezing and recrystallization of 
ice. Nature, 1984, 308: 295~296
4. Ramonde JA, Wilson PW, Devries AL. Inhibition of growth of nonbasal planes in ice by fish 
antifreezes. Proc Natl Acad Sci USA, 1989, 86: 881~885
5. Wilson PW, Gould M, DeVries AL. Hexagonal shaped ice spicules in frozen antifreeze protein 



solutions. Cryobiology, 2002, 44(3): 240~250
6. Flory PJ. Principles of polymer chemistry. London: Cornell Universit Press, 1953. 672~682
7. Grandum S, Yabe A, akagomi K, Tanaka M, Takemura F, Kobayashi Y, Frivik PE, Microscale. Analysis 
of ice crystal growth for a crystal surface containing adsorbed antifreeze proteins. J Cryst Growth, 
1999, 205: 382~390
8. Liu JJ, Li QZ. Theoretical model of antifreeze protein-ice adsorption: Binding of large ligands to a 
two-dimensional homogeneous lattice. Chem Phys Lett, 2006, 422(1-2): 67~71
9. Sicheri F, Yang DSC. Ice-binding structure and mechanism of an antifreeze protein from winter 
flounder. Nature, 1995, 375: 427~431
10. Gronwald W, Chao H, Reddy DV, Devies PL, Sky BD, Sonnichse FD. NMR characterization of side 
chain flexibility and backbone structure in the type antifreeze protein at near freezing temperatures. 
Biochemistry, 1996, 35: 16698~16704
11. Cheng Y, Yang Z, Tan H. Analysis of ice bing sites in fish type-II antifreeze protein by quantum 
mechanic. Biophys J, 2002, 83(4): 2202~2210
12. Li LF, Liang XX, Li QZ. The thermal hysteresis activity of the type I antifreeze protein: A statistical 
mechanics mode. Chem Phys Lett, 2009, 472: 124~127
13. Jorov A, Zhorov BS, Yang DSC. Theoretical study of interaction of winter flounder antifreeze 
protein with ice. Prot Sci, 2004, 13: 1524~1537
14. Liu JJ, Li QZ. A theoretical model on thermal hysteresis activity of winter flounder protein 'HPLC-6'. 
Chem Phys Lett, 2003, 378(3-4): 238~243

本刊中的本刊中的本刊中的本刊中的类类类类似文章似文章似文章似文章

1．李前忠，罗辽复.抗冻蛋白溶液的热滞理论[J]. 生物物理学报, 1994,10(3 ): 465-468 

2．陈廷超，张极震，杨景文，叶文，费云标.差示扫描量热法直接测定抗冻蛋白质溶液的热滞效应[J]. 生物物理

学报, 1995,11(3 ): 309-313 
3．陈廷超，张极震，叶文.差示扫描量热法直接测定沙冬青抗冻蛋白的热滞效应[J]. 生物物理学报, 1996,12(1 ): 

39-42 

4．刘俊杰,李前忠.甲虫抗冻蛋白热滞活性的二维吸附结合模型[J]. 生物物理学报, 2006,22(4 ): 268-274 

5．张超1,2，赵晓燕1，马越1，张晖2，姚惠源2.使用差示扫描量热仪测定抗冻蛋白热滞活性方法的研究[J]. 生
物物理学报, 2008,24(6): 465-473

文章文章文章文章评论评论评论评论

反

馈

人
 邮箱地址  

反

馈

标

题

 验证码  

Copyright by 生物物理学报


