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中文摘要 

蛋白質熱穩定性的研究不論是學術理論或是產業應用上都是一個極重要的科學

議題。過去累積二十多年的相關研究後，已知可提高蛋白質熱穩定性的因素有數

十種之多，多數是以結構觀點的同源比較所推論出來；因而在應用上，都需要有

蛋白質結構資訊為前提，用以選擇增加或減少這類有效的因素的突變位置；一旦

缺乏結構資訊將極難選擇適當突變位置。而且同源比較所得的結論往往只適用於

特定結構，這些因素並不通用於各種結構狀況，因此造成實際應用上的困難。符

合實際一般應用，需要發展只根據蛋白質序列資訊即可預測蛋白質熱穩定性的方

法，進而做提高熱穩定性的突變位置選擇。在此論文中我們提出兩個以序列資訊

為基礎的熱穩定性量化指標：二級結構亂度 (structural entropy)，胺基酸對偶特

徵(amino acid-coupling patterns)。二級結構亂度是以SCOP-35中的二級結構資訊

進行統計，而我們發現其亂度與蛋白質的穩定實驗值ΔTm有高度負相關(r = 

0.72)；胺基酸對偶特徵及胺基酸組成生長溫度回歸皆是以微生物的最適生長溫度

統計不同溫度分群的特徵差異，以點突變的穩定改變方向預測驗證，MCC 最高

可達到0.47。以上的方法皆可用來預測蛋白質序列中的穩定區域，並以真實的實

驗驗證得到不錯的預測結果。我們將各式各樣的熱穩定性因素整合成單一量化指

標，進而在點突變熱穩定性的選擇上可以有效加以應用。應用這些統計基礎開發

的熱穩定預測網站工具TheCUP，可提供使用者一個可能的方向，以統計的經驗

法則方式取得較為耐熱的酵素基因序列，提供任何蛋白質酵素改造耐熱的可能。

這些資訊整合進序列趨勢profile，因此只需要蛋白質序列，即可快速得到以高溫

生物基因組資訊為基礎的耐熱程度趨勢，如果有研究計畫需要以基因點突變的方

式改造酵素，即可得到所需要的序列可能組合方式以提高耐熱效率，在有結構資

訊狀況下可減少分析結構資訊時所需分析的複雜度，甚至沒有結構資訊的狀況下

利用這些方法也依然有機會設計有效的突變方式。未來希望能真實應用過去研究

的基礎，進行實際的實驗驗證我所提出的理論，並應用在生技產業酵素之上。 
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ABSTRACT 
The study of protein thermostability is a very important scientific issue for both 
academic research and industrial applications.  It is known throughout the last 
twenty years that most factors to thermostability are based on the comparisons of 
structural homology.  However, it is difficult to select mutation sites and changing 
amino acid types to enhance thermostability when structural information is not 
available for a protein.  Several statistical based methods including structural entropy, 
and amino acid coupling patterns, have been developed to evaluate protein 
thermostability.  Structural entropy has a good linear relationship between the 
average structural entropy and the melting temperatures (r = 0.72), and the feature of 
amino acid coupling and amino acid composition regression had been validated by the 
single mutation stability change ΔΔG prediction (MCC = 0.47).  The factors to 
thermostability are considered in these methods and applied in the selection of 
mutation sites.  Thus, we can apply those methods to develop a web service tool 
TheCUP using the proposed method to suggest appropriate mutation site and 
changing amino acid types while only have the sequence information.  TheCUP 
provide users with opportunities to enhance the thermostability of a query enzyme 
based on propensity profiles generated from these analyses.  Given a query protein 
sequence, TheCUP can suggest candidate mutation sites to improve the enzyme 
thermostability based on the profiles of thermophilic organisms.  This tool not only 
makes enhancement of enzyme thermostability possible without any structural 
information but also reduces the analytical complexity when structural information is 
available.  In the future, I hope that those methods can be verified by real experiment. 
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