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丝组二肽及其类似物，衍生物的生物活性研究 

摘要  

本研究首先利用变性聚丙烯酰胺凝胶电泳、荧光分光光度技术、圆二色

光谱技术、多级质谱技术、竞争法酶联免疫技术等对丝组二肽的蛋白质切割

功能从活性定量、底物选择性等方面进行了较为深入的研究，并对组丝二肽

与蛋白质的相互作用进行了较为全面的对比研究。发现丝组二肽在中性环境

下可以 4.63×10-4mM / hr 的速度切割蛋白质。在二级结构选择性上，丝组

二肽对β折叠以及自由 LOOP 区含量较高的蛋白质具有较高的切割活性。在

一级结构上，丝组二肽切割蛋白的位点比较偏向甘氨酸。并且在此基础上，

进一步研究了一系列非肽类酰胺和一种聚酰胺/丝组二肽 合物与核酸，蛋

白质的相互作用。发现了丝组二肽不同基团在核酸切割过程中具有不同的作

用，及其作为人工合成核酸定点切割剂的切割基团具有良好的应用前景。 

 

关键词：丝组二肽  切割  绿色荧光蛋白 
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Biological activity of Seryl-histidine dipeptide, Seryl-histidine analogues and 
Seryl-histidine derivatives 

Abstract 
In our study, SDS-PAGE, Fluorescence spectrophotometry, CD, ESI/MS/MS, 

competitive ELSIA, and biosense techniques were used to investigate the 

interactions of Seryl-histidine or Histidyl-serine dipeptide with proteins and the 

interactions of derivatives and analogues of Ser-His or a pair of 

polyamide/Ser-His conjugates with DNA, proteins. We found the rate of 1mM 

SH cleavage on GFP in BRbuffer at pH6.8 in 50℃ was 4.63×10-4 mM/hr, and 

Ser-His cleavage activity on proteins was substrate dependent in some extent. 

The fragments resulted from Seryl-histidine dipeptide cleavege on proteins were 

checked by ESI/MS/MS, and the results showed that Seryl-histidine dipeptide 

preferentially cleave Gly residue site. A pair of new enantiomer serine/histamine 

conjugates (L-Ser-Hism and D-Ser-Hism) was capable of cleaving DNA 

significantly with optimal pH 6.0-6.5. The isomer L-Ser-Hism has stronger 

cleavage ability than the other isomer D-Ser-Hism.The polyamide/Ser-His 

conjugate showed an significantly enhanced DNA-cleaving activity. 

 

Key word: Seryl-histidine dipeptide, cleavage, GFP 
 

 

厦
门
大
学
博
硕
士
论
文
摘
要
库



 

厦
门
大
学
博
硕
士
论
文
摘
要
库



 目  录 
第一部分 丝组二肽及其类似物，衍生物的生物活性研究 

  4

    目   录 

1. 引言 ··········································································································· 8 

2.1 丝组二肽与蛋白质的相互作用······················································· 14 

2.1 实验部分 ································································································· 14 

2.1.1 试剂······································································································· 14 

2.1.2 仪器······································································································· 14 

2.1.3 方法······································································································· 15 

2.2 结果与讨论 ···························································································· 16 

2.2.1 丝组二肽蛋白质切割活性最佳 pH 的选定····························· 16 

2.2.2 丝组二肽蛋白质切割活性的半定量研究 ································ 18 

2.2.3 丝组二肽对不同底物的切割效率之比较 ································ 20 

2.2.4 组丝二肽（HS）与蛋白质的互作研究···································· 26 

2.2.5 组丝二肽（HS）对 DNA 酶的抑制作用································· 28 

2.2.6 切割碎片的 ESI—MS 分析·························································· 29 

2.3 本章小结 ································································································· 33 

3. 丝组二肽类似物的活性研究····························································· 35 

3.1 实验部分································································································ 36 

3.1.1 材料······································································································ 36 

3.1.2 仪器······································································································ 37 

3.1.3 方法······································································································ 37 

厦
门
大
学
博
硕
士
论
文
摘
要
库



 目  录 
第一部分 丝组二肽及其类似物，衍生物的生物活性研究 

  5

3.2 结果与讨论 ··························································································· 40 

3.2.1 肽库的 ELISA 结果 ······································································· 40 

3.2.2 10 种丝组二肽类似物的 DNA 和蛋白质切割活性 ·············· 41 

4.DNA 定点切割剂的初步研究 ····························································· 49 

4.1 实验部分 ································································································· 49 

4.1.1 材料与试剂························································································· 49 

4.2 结果与讨论 ···························································································· 49 

5.结论···········································································································…53 

参考文献 ········································································································ 54 

 

厦
门
大
学
博
硕
士
论
文
摘
要
库



 CONTENT 
第一部分 丝组二肽及其类似物，衍生物的生物活性研究 

  6

    Content 

Chapter 1 Introduction ············································································ 8 

Chapter 2 Seryl-histidine dipeptide interaction with Protein···· 14 

2.1 Experiments ·························································································· 14 

2.1.1Reagents ······························································································· 14 

2.1.2 Instruments························································································ 14 

2.1.3Experimental Procedure ································································ 15 

2.2 Results and Discussions ···································································· 16 

2.2.1 pH effect of SH cleavage on Protein ········································· 16 

2.2.2 SH cleavage effect semi-quantitative analysis ······················· 18 

2.2.3 SH cleavage effect on different kinds Protein ······················· 20 

2.2.4 HS interaction with Protein ························································· 26 

2.2.5 HS interaction with DNAase ······················································· 28 

2.2.6 Fragments resulted from SH cleavage on protein by  

ESI/MS/MS ·································································································· 29 

2.3 Summary ································································································ 33 

Chapter 3 Biological activity of Seryl-histidine analogues·········· 35 

3.1Experiments ··························································································· 36 

3.1.1 Reagents ······························································································ 36 

3.1.2 Instruments························································································ 37 

厦
门
大
学
博
硕
士
论
文
摘
要
库



 CONTENT 
第一部分 丝组二肽及其类似物，衍生物的生物活性研究 

  7

3.1.3 Experimental Procedure ······························································· 37 

3.2 Results and Discussions ···································································· 40 

3.2.1 ELISA results of Peptide libraries············································· 40 

3.2.2Ten analogues of SH interaction with DNA or Protein ······· 41 

Chapter 4 DNA directional cleavage ··················································· 49 

4.1 Experiments ·························································································· 49 

4.1.1 Reagents and Instruments···························································· 49 

4.2 Results and Discussions ···································································· 49 

Chapter 5 Conclusion ··············································································· 53 

References ····································································································· 54 

 

厦
门
大
学
博
硕
士
论
文
摘
要
库



第一章 引言 

 8

第一章 引言 

1.1 丝组二肽的研究意义 

按照化学进化的理论，在原始大气阶段，由于高压放电等作用，简单的

无机小分子逐渐形成有机小分子再到生物大分子物质的过程，必须要经历一

个氨基酸的中间体，在模拟远古大气高压放电的条件下已经可以形成 20 种

自由氨基酸，那么第一个肽键是如何形成的呢？清华大学生命有机磷教育部

重点实验室的研究人员于 10 年前发现了磷酰化氨基酸具有自组装功能，该

实验室负责人赵玉芬院士提出了磷酰化氨基酸是生命化学进化的 基本单

元的理论，并相继发现了基于这一理论的产物磷酰化丝氨酸和丝组二肽具有

核酸、蛋白质以及脂的切割功能。这些生物活性分子所具有的功能代表了现

代酶的雏形，也进一步验证和提升了“磷酰化氨基酸是生命化学进化的 基

本单元的理论”。同时，这些发现对著名的“RNA 世界”理论提出了挑战，

为从化学进化的角度探索生命起源提供了全新的视角。 

丝氨酸和组氨酸是大多数天然酶的活性中心，包括丝氨酸蛋白酶家族、

脂肪酶、酯酶以及同源内切核酸酶的联结处，并直接参与酶促化学反应。Ser 

的侧链—OH 常常作为亲核基团，His 的咪唑基则常常作为酶的质子供体或

受体。 

清华大学生命有机磷实验室发现丝组二肽能够在近中性条件下以水解

方式切割 DNA、蛋白质以及羧酸酯，这是目前为止发现的世界上 小的有

切割功能的肽。从化学进化的角度这一发现对著名的“RNA 世界”的理论

提出了挑战，并由此可以推测丝氨酸、组氨酸等在蛋白酶活性中心的高频出

现是进化中被重复选择的结果。这一研究结果进一步提示对小肽生物功能的

挖掘，有可能为生命起源与进化、酶机制、蛋白质折叠等方面的研究提供重

要的线索。虽然丝组二肽切割 DNA 的机理还不完全清楚，但已有的研究结

果发现，丝组对 DNA 的切割可以产生自由的 5’磷酸基团和 3’羟基，而且其

切割活性非常低，与 DNA 酶参比在 50℃时的切割活性只有 1.5×10-2unit/mg。 
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用 Silicon Graphics System 计算机模拟软件，算得丝组二肽在 低能态下的

立体结构图以及丝组二肽与 DNA 相互作用的模式见 Fig.1-1。 

 

Fig.1-1 Computer modeling of Ser-His and Ser-His interaction with DNA 

subtract. 

（A 能量 低状态下的丝组二肽三维结构；B 胰凝乳蛋白酶晶体结构三维，示活性中心丝氨酸和组氨

酸残基的相对位置，由 BNPD 下载并除去蛋白质结构中的其余氨基酸残基；C 能量 低状态下的丝

组二肽与其底物的相互作用。） 

计算发现，能量 低状态下，Ser 羟基的氧与 His 咪唑基的两个氮之间

的距离分别为 2.76Å 和 4.87Å(图 1-1)，在胰凝乳蛋白酶的活性中心。它们的

距离分别为 2.68Å 与 4.49Å（图 1-1）。不仅如此，在能量 低状态下丝氨酸

的氨基氮与其羟基氧之间的距离也与胰凝乳蛋白酶的参数非常接近，分别为

2.83Å 和 3.11Å。根据计算机模拟的丝组二肽的结构以及胰凝乳蛋白酶的作

用机制，可以推测丝组二肽切割 DNA 的机理见 Fig.1-21－15。 

.
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Fig.1-2，Proposed DNA nicking mechanism by Ser-His. 

 

1.2 绿色荧光蛋白 

绿色荧光蛋白(GFP) 是一种新的蛋白折叠方式的典型代表，Yang 把它

称作β-can。 

绿色荧光蛋白的立体结构是由 11 条β-strand 折叠绕成的一个圆柱体，

构成了一个把荧光发光中心包含在中央的桶。一条α螺旋几乎完美地包埋于

圆柱的中心，形成一个坚实的桶状结构，直径大约 30 Å，长 40 Å，全长为

238 个氨基酸，分子量约为 27 KD。GFP 不容易变性，只有在 6 mol/L 盐酸、

温度高于 90℃或者 pH 小于 4 或大于 12 的条件下才会变性。  

厦门大学细胞生物学与肿瘤细胞工程教育部重点实验室从厦门海域的

水母中分离并表达出绿色荧光蛋白 GFPxm，进行了一系列突变，经预测，

得到不同β折叠含量的绿色荧光蛋白。本论文利用变性聚丙烯酰胺凝胶电泳

(SDS-PAGE)、荧光分光光度技术、圆二色性光谱技术(CD) 等研究了丝组二

肽与 GFP（绿色荧光蛋白）、BSA（小牛血清白蛋白）和 LYS（溶菌酶）的

相互作用（其中 GFP 二级结构为β-折叠型蛋白质，BSA 为α螺旋和β-折叠

混合型，而 LYS 则为典型的α螺旋型球蛋白）。从活性定量、底物选择性、

切割机制等方面对丝组二肽的蛋白质切割功能进行了较为深入的研究 16－20。 
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1.3 丝组二肽类似物、衍生物的活性研究 

在具有生物切割功能的分子当中，除了众所周知的 RNA 酶（RNase）和

胰蛋白酶（chymotrypsin）等之外，还有许多小分子化合物能水解性地切割

RNA 和蛋白质。在这些小分子切割剂尤其是天然的切割酶的化学结构当中，

作为磷酰化的丝氨酸和组氨酸残基总是占据着非常关键的活性位置，并由于

它们的氨基、羟基和咪唑基直接参与催化反应而发挥着非常关键的作用。 

DNA 水解或切割在现代生物学尤其是分子生物学上占据着不可或缺的

地位。在至今为止的分子生物学研究当中，通常被用于 DNA 切割的工具是

酶蛋白即 DNA 水解酶，这也是唯一的工具。DNA 水解酶是从天然生物材料

中分离出来的，目前已分离获得上百种。这种分离制取不但程序复杂、成本

高、不易保存，而且其种类数量也受到很大的制约，已越来越不能适应分子

生物学研究发展的需要。目前只有一些在活性中心带有金属原子的小分子，

由于它们能产生自由基并以此切割 DNA，很少有小分子能够以水解方式切

割 DNA。因此，人工的 DNA 水解酶或具有同类功能的化合物如 DNA 定点

切割试剂的研制和开发必然地成为科学领域的一项紧迫的任务。这也是科学

家尤其是化学家面临的一个重要挑战，同时也为化学家在生物学领域发挥作

用提供了广阔的空间。 

十年前，在清华大学化学系生命有机磷实验室的研究中，发现丝组二肽

不但具有切割 DNA 的活性而且具有切割 RNA 和蛋白质的活性，但是单独的

磷酰化丝氨酸却没有这种活性。 近对蛋白质自装组的研究结果表明，自组

之后的蛋白序列中总是含有带丝氨酸或半胱氨酸残基的 N 末端及组氨酸-天

冬酰胺残基 C 末端，而且更重要的是这种蛋白质具有核酸酶功能去切割染色

体 DNA。更近一个时期的研究表明，带丝氨酸残基的 N 末端及组氨酸残基

C 末端的小肽能够切割 DNA、酯及蛋白质。 

基于以上研究，朱长进博士设计合成了一系列丝组二肽类似物以及衍生

物，以研究丝组二肽的 DNA 切割机理。本报告主要研究以上化合物的生物
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1.4 DNA 定点切割剂的初步研究 

DNA 的小分子识别是一个新兴且非常活跃的化学生物学研究领域。它

为有机化学尤其是有机合成化学向生命科学的渗入开辟了又一个广阔的空

间。以非插入形式与 DNA 结合的天然或人工合成小分子有许多种，其中

具代表性的、目前 为人们所关注的、具备 DNA 识别功能的小分子有两类，

即寡聚核苷酸和聚酰胺。 

单链的寡聚核苷酸能与 DNA 双螺旋结构结合而成三螺旋，这一概念早

在上世纪的五十年代就提了出来，距 DNA 双螺旋结构的发现仅几年时间。

然而，又过了三十年才由加州理工大学的 Moser 等人在实验中证明一个十五

聚的寡聚核苷酸在近似于细胞的条件下能稳定地、序列特异性地结合在DNA

双螺旋结构的大沟而形成三螺旋复合物。几乎在同时，法国 Hélène 领导的

研究小组也获得了重要的突破。这便成为 DNA 分子识别研究的重要开端。

经过此后的一系列深入工作，DNA 三螺旋复合物的方法已成为 DNA 分子识

别研究领域的标志，因为它表明，除了天然的蛋白质分子对 DNA 的识别之

外，用化学的方法仍然可以特异性地识别 DNA 双螺旋结构上碱基序列的单

个靶位点。正是在这一基础之上，人们通过有机化学途径设计合成了一种能

特异性识别 DNA 的小分子聚酰胺核酸（PNA）。与此同时，也是在加州理工

大学，Dervan 等人对另一类具有 DNA 特异性识别功能的小分子聚酰胺的研

究开发也获得了巨大的成功。这种小分子是在天然聚酰胺抗生素纺锤菌素

（netropsin）和偏端霉素（distamycin）的基础上设计合成的。X 衍射及核磁

共振谱的研究结果表明，纺锤菌素和偏端霉素的碱基特异性地结合在 DNA

双螺旋结构小沟里，由此几乎就可以断定这就是该抗生素具备抗菌、抗病毒

和抗癌作用的分子机理。相比于天然的抗生素，合成的聚酰胺显然具有了更

强的结合活性和识别的特异性。 
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