
中文摘要 

克雷白氏肺炎桿菌是一伺機性的病原菌，我們在一株具有高毒性的菌株CG43 中

發現兩組相似度高的雙分子調控系統基因組，分別命名為kvgAS-kvhR和kvhAS。

根據序列的分析，KvgS和KvhS是組氨酸激酉每可以讓細菌感應外在的環境變化，

而KvgA、KvhR以及KvhA則是感應蛋白可以反應由組氨酸激酉每所傳達的訊息，

進而調節下游基因的表現。為了了解這兩套雙分子調控系統在細菌體內所扮演的

角色，本研究在克雷白氏肺炎桿菌中建立了以lacZ為報導基因的系統，並構築了

一系列突變株: kvgA- (AZ18)，kvhA- (AhZ01)， kvhR- (RZ01)， kvhA-kvgA- (AAh01)， 

kvhA-kvhR- (AhR01)， kvgA-kvhR- (AR01)， 以及kvgA-kvhA-kvhR- (AAhR01)。根

據這一系列突變株的表現型，把它們分成兩群: 第一群帶有kvgA或者kvhR的基因

突變，和野生株比較起來生長較快、菌體的黏性降低、腹腔注射小鼠的半致死率

升高；相反的，第二群kvhA-以及kvhA-kvhR-突變株在上述的表現型分析則和野生

株呈現一樣的結果。我們進一步發現第一群菌體的黏性降低是因為莢膜多醣類合

成量的減低，經由測試莢膜合成基因組中的三個啟動子活性發現: kvgA基因的突

變會造成orf16~17 的啟動子活性下降，而kvhR基因的突變則造三個啟動子的活性

都下降。而在營養缺乏的環境下，kvgS基因的突變不僅會降低kvgAS本身啟動子

的活性，同時也會使kvhAS啟動子的活性降低。經由截短啟動子做活性測試和電

泳膠遲滯實驗，本研究除了證明這兩套訊息傳遞系統可以有交互調控外，還分別

在kvgAS和kvhAS的啟動子區域找到KvgA可能的結合片段。進一步也利用
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5’-RACE的實驗確認KvgAS和KvhAS的轉錄起始點，而分別在這兩個啟動子序列

的-35 上游都發現有RpoS可能的結合位置。進一步在rpoS突變株中，發現kvgAS

啟動子的活性會明顯降低，而 kvhAS啟動子的活性反而升高，而截除了RpoS可

能結合的序列後，rpoS突變對於kvgAS或kvhAS啟動子活性的影響也消失了，顯示

這各序列經由RpoS結合後進而調控這兩套基因組的表現。同時，本研究也發現

kvgA的基因缺損會降低sodC和katG的啟動子表現，這暗示著KvgAS是RpoS調控

網路的一員。而大量表現KvhA，則會造成菌體對fosfomycin的敏感度升高，並使

菌體內UDP-N-acetylglucosamine enolpyruvyl transferase活性上升，這暗示著KvhA

在細菌對抗生素抗性上扮演調控的角色。最後，本研究分別利用啟動子誘捕系

統、cDNA表現異型分析以及蛋白質體分析，找出可能受這兩套訊息基因調控組

的目標基因，希望未來進一步的實驗確認後，可以畫出這兩套訊息傳遞系統的調

控途徑。 
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Abstract 

Klebsiella pneumoniae is a common opportunistic pathogen. Two-component system 

(2CS) gene clusters including kvgAS, kvhR and kvhAS, have previously been isolated 

from a highly virulent strain K. pneumoniae CG43. According to sequence analysis, 

KvgS and KvhS are sensory histidine kinases which allow bacteria to sense the signal 

changes in their environment. KvgA, KvhA and KvhR are the response regulators 

responding to the signal relaid by the cognate sensor thereby regulating the 

downstream genes expression. To identify the functional roles of the 2CSs, a LacZ 

reporter system CG43S3-Z01 and a series of the derived mutants including kvgA- 

(AZ18), kvhA- (AhZ01), kvhR- (RZ01), kvhA-kvgA- (AAh01), kvhA-kvhR- (AhR01), 

kvgA-kvhR- (AR01), and kvgA-kvhA-kvhR- (AAhR01) were constructed. Comparative 

analysis of their growth and phenotype allowed the classification of the mutants into 

two groups: group I bacteria carrying either kvgA or kvhR mutation displayed less 

mucoidy, a faster growth rate and an increase of LD50 by comparing to the parental 

strain Z01. In contrast, the group II bacteria including kvhA- and kvhA-kvhR- mutants 

exert a similar phenotype with that of the parental strain. Decreasing amount of 

glucuronic acid, the core component of Klebsiella capsule polysaccharide (CPS), was 

found for the group I mutants. Comparing the promoter activity of the three K2-cps 

transcription units of wild type, AZ18, and RZ01 revealed that deletion of kvgA 
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decreased the promoter activity of orf16-17, while deletion of kvhR reduced the 

promoter activities of all three cps transcripts. Deletion of kvgS appeared to reduce not 

only the expression of kvgAS, but also the expression of kvhAS in minimal medium. 

Both promoter activity measurement and EMSA analysis allowed localization of the 

binding elements of KvgA on both putative promoters PkvgAS and PkvhAS, which 

indicating an interacting regulation between the two 2CSs. Using 5’-RACE analysis, 

both identified promoters of kvgAS and kvhAS appeared to possess a relatively 

conserved –10 and –35 sequences for Sigma-70 regulation. In addistion, a 

close-to-consensus RpoS binding element as identified upstream of both promoters, 

suggested an RpoS-dependent regulation. Deletion of rpoS affected negatively the 

expression of kvgAS but positively the kvhAS expression, supporting an 

RpoS-dependent regulation of the two 2CSs. Promoter activity measurement further 

help to confirm that the RpoS binding sites are contained respectively in the 

consensus sequences of the two promoters. Moreover, deletion of kvgA was shown to 

affect the expression of the antioxidant defense genes katG and sodC, which are 

components of the RpoS regulon, at transcriptional level. Overexpression of KvhA 

altered the susceptibility of the bacteria to fosfomycin and resulted in an increased 

activity of UDP-N-acetylglucosamine enolpyruvyl transferase, the target protein of 

fosfomycin. Taken together, these indicated that the two 2CSs probably belong to 
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different regulatory circuits of the RpoS regulon. Finally, we also employed a 

promoter trapping system, cDNA substractive hybridization analysis, and proteomic 

approach to identify the target sequences under the control of the 2CSs. However, 

more experiments will need to be carried out to demonstrate the regulation of the 

2CSs on the expression of the target genes. Till then, a regulatory network of what 

could be determined completely. 

 v



Acknowledgement 

轉眼間來到交大已經滿七個年頭了，從碩士班的兩年到博士班的五年，從過

去對新竹的生澀陌生到現在一草一木瞭若指掌的我，這七年就好像一齣電影，一

幕幕記錄著我點點滴滴的成長過程。 

一路走來，最要感謝我的指導教授彭慧玲老師，她一點一滴的灌溉我心靈及

學識上的一切，讓一個一開始懵懂無知的小女孩慢慢體會到學習的樂趣，擁有了

獨立思考的邏輯能力，而造就了今天的我。過去七年來，感謝老師分享了我的快

樂與悲傷；快樂的時候因為有老師的笑容我得到了肯定，悲傷的時候因為有老師

的支持我可以再度的勇敢面對。每當回想起老師那種耐心幫我修改我那笨拙的英

文寫作上的一字一句的神情，以及細心的與我一同檢討我失敗實驗的每個小環節

的畫面，那一切一切總是讓我感動不已。也許老師自己都不知道，她正面積極而

溫柔的態度深深感染周遭的每一個人，也許這句話說來很老套，也不知道在多少

本論文致謝上看得到，但是文筆不好的我，真的想不出來更好的詞來形容我內心

的感受，我真的可以大聲的告訴我身邊的每一個人，沒有彭老師這樣的支持和指

導，絕對沒有今天的我，老師，真的謝謝你。 

感謝清華大學的張晃猷老師，總是在實驗的討論上讓我可以用不同的的角度

去思考我的實驗結果及方向，在文章撰寫上指點出我邏輯思考上的盲點與錯誤，

然而積極及有效率的做事態度總是讓我佩服不已。除此之外，也要感謝張老師實

驗室過去與我一起成長打拼的夥伴們，尤其是怡琪學姊，過去她溫柔謹慎的實驗

態度，並且在我有問題的時候不厭其煩與我討論每個實驗的小細節，這樣的耐心

與謹慎是我必須深深向學姐學習的地方，在張老師實驗室中我要感謝的人實在太

多了，真的感謝你們陪我分享實驗的成果與生活中的點點滴滴，雖然時間不會再

復返，但是記憶是永遠長存在我心中，真的謝謝你們。 

感謝成功大學的何漣漪老師，七年來多次的研討會中何老師總是與我分享實

驗的種種成果並為我的疑惑而提供解答，而過去以來總是讓何老師為我小小的碩

士班考試、博士班資格考試、以及現在的博士班畢業口試，大老遠從台南及新竹

 vi



之間長途奔波，這份恩情與感動是我無法用任何言語來答謝的。 

感謝楊昀良老師，楊老師跟我是一樣在 1999 年的夏天走進了交大，一起見

證了交大生科的成長，楊老師的親和力與獨特見解，總是讓在台上緊張萬分的我

得以稍微放鬆心情去思考及面對問題的所在。 

感謝邱顯泰老師，在這五年的博士班生涯，總是以幽默風趣的態度鼓勵並支

持我，讓我更有信心面對每一次的挑戰；在實驗結果的討論上給予我另外一種思

考模式及推導方向，讓我擁有許多寶貴的建議。 

感謝林志生老師，嚴謹而熱誠的態度是我必須深深學習的，感謝老師在百忙

之空還能夠參加我的非論文口試，讓我對計畫書的撰寫與學術領域的現實面上的

考量有了更深一層的體認與了解。 

然而能夠讓我這七年的交大生涯開心的渡過，不外乎我有一群溫暖的實驗室

夥伴們，要數起來真的要感謝的人太多了，每每回想過去的種種一切，翻開過去

的相本，那段歲月總是甜甜的在我心中暈開，久久不散。從過去沈惠學姊、旻初

、易芊、志銘、志偉學長對我的愛護，盈璁學長敎我開始如何煮一杯好咖啡，騰

逸、怡欣、巧韻陪我吃盡新竹的美食，定宇、美甄、致翔在KTV上一同不醉不歸

的情景，珮瑄令人垂延三尺的蕃茄海鮮義大利麵、平輝和婉君在實驗室Meeting

上的討論與分享，祐俊黑不隆冬及生澀小男孩心的模樣，健誠一針見血的說話方

式以及獨特光良的歌聲，小新的口直心快與實驗設計的嚴謹與耐心，智凱體貼溫

柔的心陪我度過人生一段難熬的日子，育聖纖細卻又愛裝酷的神情，心瑋在台上

穩健及甜美的模樣，在這一年多來帶我上健身房並與分享生活點點滴滴的格維，

你那特有的不在乎的神情，我想我是難以忘懷的，登魁爽朗的笑聲與幾乎可以去

幫食物打廣告的吃相，對很多玩樂地方來說都是第一次的朝陽，實驗室的生力軍

靜柔、嘉怡、秉熹、媺如、承哲，過去大學部的專題生欣穎、大大、fish以及現

在小溫、大個、哲充，因為有了你們的參與，讓我的研究生涯注入更多歡笑與活

力。記得去年格維剛進來實驗室的時候，問我: “學姐，你什麼時候要走?＂，

那時候我告訴他我快走了，從年底到寒假到春假要走，到現在最後問我: “你到

 vii



底什麼時候要走呀?＂，這次我真的要走了，人家說揮揮衣袖、不帶走一片雲彩，

對我來說真的好難做到，離開了真的有好多好多不捨，雖然我知道終究要勇敢的

繼續走未來的路，但請容許我將滿滿的回憶帶走，感謝實驗室曾經陪伴我的夥伴

們，有你們真好。 

在交大這七年，有一個人總是在我人生最低潮的時候，毫不吝惜的將我緊緊

擁在懷裡的，溫暖我的心，讓我能夠擦乾眼淚勇敢站起來，她曾經與我一同跑盡

台灣每一個角落、一同出國體驗兩個人的很多第一次、一同在KTV為兩人的友情

抱頭痛哭、一同歡笑一同揮灑我們七年的青春，在同一間宿舍、同一個實驗室幾

乎 24 小時生活在一起，即使有了這麼多的一同也不曾讓你我的友情產生一絲毫

的猶豫與質疑。來到交大這七年，讓我擁有了最豐富的最寶貴的資產不是學位，

而是有妳，丸子，因為有妳讓我知道不管發生什麼事都會有一個人在我身後stand 

by，真的謝謝妳!! 

很多人說研究生的生活是苦澀的，對我而言，因為有了你們的友情陪伴，讓

我的生活總是充滿歡笑與期待，何狗、鋒哥、千婷謝謝你們七年以來全力的挺我，

讓我疲憊的心總是可以在你們的鼓勵與支持下獲得了舒緩與安慰，朋友之間，無

須掩飾與矯情，一個眼神、一句話常常就讓我活力百倍，重新出發，感謝程翔過

去實驗上的討論與生活上的分享，真的謝謝你們!!我的哥們!! 

最後要感謝的就是我的父母和我那兩個老弟睿哲和仲哲，謝謝你們的全力支

持與體諒讓我無後顧之憂的完成這個博士學位，若這個博士學位算是一份榮耀，

我希望能將這份小小的榮耀獻給你們。 

 

 

 

 

                                                                靖婷  

                    于 2006.10.5 凌晨 4:00 交大博愛校區二舍 219 室筆 

 viii



 
Contents 

  
中文摘要………………………………………………………………………. i 
Abstract………………………………………………………………………… iii 
Acknowledgement……………………………………………………………… vi 
Contents………………………………………………………………………… ix 
List of the tables………………………………………………………………… x 
List of the figures……………………………………………………………….. xi 
Abbreviations…………………………………………………………………… xii 
  
Introduction…………………………………………………………………….. 1 
Materials and methods…………………………………………………………. 6 
  
Part I  
Homologous response regulators KvgA, KvhA and KvhR regulate the 
synthesis of capsular polysaccharide in K. pneumoniae CG43 in a coordinated 
manner………………………………………………………………………….. 

 
 
18 

   Abstract.......................................................................................................... 19 
   Results and discussion……………………………………………………... 20 
  
Part II  
Regulation of the homologous two-component systems KvgAS and KvhAS in 
K. pneumoniae CG43…………………………………………………………... 

 
32 

   Abstract…………………………………………………………………….. 33 
   Results and discussion……………………………………………………... 34 
  
Part III  
Isolation of the target genes under control by KvgAS and KvhAS in K. 
pneumoniae CG43……………………………………………………………... 

 
44 

   Abstract…………………………………………………………………….. 45 
   Results and discussion……………………………………………………... 46 
  
Summary ……………………………………………………………………….. 54 
References……………………………………………………………………… 55 
Tables………………………………………………………………………….... 71 
Figures………………………………………………………………………….. 82 
Appendix………………………………………………………………………... 104 

 ix



 
List of the tables  

   
Table 1. Bacterial strains and plasmids used in this study………………..... 71 
Table 2. Primers used in this study…………………………………………. 74 
Table 3. Effect of kvgA, kvhA, and kvhR gene deletion on activities of 

PkvgAS, PkvhAS, and PkvhR…………………………………………….. 
 
76 

Table 4. Characterization of the K. pneumoniae CG43S3-Z01 derived 
mutants…………………………………………………………….. 

 
77 

Table 5.  Effect of over-expression of kvhA to drug susceptibility in K. 
pneumoniae CG43S3……………………………………………… 

 
78 

Table 6. Analysis of the target genes that are regulated by using a promoter 
trapping approach…………………………………………………. 

 
79 

Table 7. Homology of the sequences obtained by cDNA subtractive 
hybridization analysis……………………………………………... 

 
80 

Table 8. The proteins identified by MALDI/TOF analysis………………… 81 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

 x



 
List of the figures 

   
Figure 1. Evolutionary relationship of kvgAS and kvhAS gene clusters…… 82 
Figure 2. Comparison of precipitation speed of the mutants derived from 

K. pneumoniae CG43S3-Z01……………………………………. 
 
83 

Figure 3. EMSA of the specific DNA binding activity of KvgA, KvhA, 
and KvhR………………………………………………………… 

 
84 

Figure 4.  A.  Organization of the K. pneumoniae K2 cps gene cluster. 
Putative promoters of the three cps transcripts are also indicated. 
The horizontal arrows that begin with a solid circle represent the 
putative transcriptional units 
B. Expression of K2 cps gene in various genetic 
backgrounds……………………………………………………... 

 
 
 
 
 
85 

Figure 5. Effects of different environmental stimuli on kvgAS and kvhAS 
promoter activity………………………………………………… 

 
87 

Figure 6. Identification of KvgA binding region on PkvgAS……………….... 88 
Figure 7. Identification of KvgA binding region on PkvhAS……………….... 90 
Figure 8. Sequence analysis of PkvgAS (A) and PkvhAS (B)………………….. 92 
Figure 9. Deletion of rpoS affects the expression of kvgAS and kvhAS…… 93 
Figure 10. (A) Deletion effects of kvgA, kvhA and rpoS on expression katG, 

katE, and sodC.  
(B) EMSA of the KvgAt binding onto PkatG…………………….. 

 
 
94 

Figure 11. Effect of MurA activity on K. pneumoniae CG43S3, 
CG43S3[pAhm], and CG43S3-Ah01…………………………… 

 
95 

Figure 12. The strategy to identify the KvgA-regulated genes…………….. 96 
Figure 13. The PCR-amplified DNA patterns of cDNA substractive 

hybridization analysis of wild type strain versus kvhA deletion 
mutant………………………………………………………........ 

 
 
98 

Figure 14. 2D protein gel electrophoresis patterns (pH gradient 3 to 10) of 
K. pneumoniae U9451………………………………………….... 

 
99 

Figure 15. A model of KvgAS, KvhAS, and KvhR regulatory circuits…….. 103 
 

 xi



Abbreviations 
2CS Two-component system 

2D Two-dimensional  

5'-RACE 5'-Rapid amplification of cDNA ends 

BCIP 5-bromo-4-chloro-3-indolyl phosphate 

BSA Bovine serum albumin 

bvg Bordetella virulence gene 

CFU Colony forming unit 

CPS Capsule polysaccharide 

DEPC Diethylpyrocarbonate 

DTT Dithiothreitol 

EDTA Ethylenediamine-tetraacetic acid 

EMSA Electrophoretic mobility shift assay 

evg Escherichia virulence gene 

IPTG Isopropyl-β-D-thiogalactopyranoside 

kvg Klebsiella virulence gene 

kvh Klebsiella virulence gene homologue 

LB Luria-Bertani medium 

NBT Nitro blue tetrazolium 

PAGE Polyacrylamide gel electrophoresis 

PEG Polyethylene glycol 

PNK T4 polynucleotide kinase 

PCR Polymerase Chain Reaction 

RLU Relative light unit 

SDS Sodium dodecyl sulfate 

 

 xii


	CFU
	CPS
	DEPC
	EDTA
	EMSA

