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摘  要
基因突變為遺傳疾病及多種癌症之主要分子病源，故快速、精確及低成本偵測突變已成為一重要研究課題。澳洲墨爾本大學醫學院醫學系資深教授Richard Cotton首創之基因突變化學分析法(Chemical Cleavage of Mismatches, 簡稱CCM)，為其一主要之基因突變偵測法，並有潛力發展為偵測核酸突變之外的基因體異常改變，如DNA甲基化等。
民國95年7月22至10月22日，本人趁學校暑期停課期間，重點赴澳洲墨爾本大學創立之Genomic Disorders Research Center (GDRC) 進行三個月的學者訪問，主要研究計畫為研習CCM及嘗試開創以CCM進行DNA甲基化分析。
三個月期間，本人以Cotton教授研究人員所提供的突變分析控制組，順利完成多次CCM的分析過程，並與Cotton教授研究室同仁共同設計了以CCM法分析DNA甲基化點，由本人台北研究室寄來所需分析材料及控制組，成功以CCM偵測到質體DNA上1至3個甲基化點。
短短三個月訪問期間結束，攜帶了Cotton教授大方提供的多組DNA控制組，返國後可繼續CCM進行DNA甲基化的研究，並達成日後繼續與Cotton教授合作的協議。
關 鍵 詞
基因突變，基因突變偵測法，基因突變化學分析法(Chemical Cleavage of Mismatches)，基因甲基化，澳洲墨爾本大學，Genomic Disorders Research Center (GDRC) 
Abstract

Mutations are direct causes of genetic diseases and many forms of cancers. Rapid, accurate and low-cost detection of mutations in human has becoming an important research field in preventive medicine. Professor Richard Cotton of the Department of Medicine, University of Melbourne School of Medicine, is a pioneer in mutation detection and has developed a chemical cleavage of mismatches (CCM) protocol for detection of mutations in the human genome. CCM also has the potential to be developed into a procedure for detecting other non-genetical mutational changes such as DNA methylation.

Between July 22 to Oct 22, 2006, I took advantage of the long summer break in university teaching to spend three months as a visiting scholar at the Genomic Disorders Research Center (GDRC) founded by Professor Cotton to acquire CCM technology and to initiate a project on applying CCM to methylation analysis. During this period, I was able to use the control mutant DNA samples supplied by the GDRC staff in successfully performing CCM. After much discussion with Professor Cotton and the GCRD staff, I was also able to design a CCM approach for detecting methylated CpG. Using control plasmid DNAs sent to me by my own laboratory in Taiwan, I was able to detect up to three methylated CpG sites in the plasmid DNA samples in the last month of my stay at GDRC.

On conclusion of my visit, I was able to take home many control DNAs for mutational detection as a gift from Prof. Cotton. It is my intention to continue CCM -methylation analysis using genomic DNA on my return in my own laboratory in Taiwan. I have also opened possibility of further collaboration with Professor Richard Cotton and GDRC in mutational detection and analysis. 
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出國目的
1. 研習由墨爾本大學(University of Melbourne, School of Medicine)醫學院醫學系資深教授Richard Cotton所研發之基因突變化學分析法 (Chemical Cleavage of Mismatches, 簡稱CCM)。
2. 三個月短期進修，吸收新知，與國外一流研究室直接交流。

出 國 過 程
1. 背  景
1. 基因突變(mutations)或基因多元性(polymorphisms)為後基因體時期之研究重點，前者可能造成病變，如遺傳疾病及癌症，後者則可用作「個人化醫學」(personalized medicine)的重要依據。如何能快速、精確、大量且低價達成基因體上突變或多元變化之偵測，已成為各大研究中心、藥廠及新生之生技廠商相競研發之重點。
2. 墨爾本大學醫學院醫學系資深教授Richard Cotton窮一生研究基因突變，於1988年在美國科學院發行之PNAS期刊率先發表以化學方法進行突變之分析法(Chemical cleavage of mismatches, 簡稱CCM) (1-3)，日後全球許多研究人員以此經典論文為參考(4-8)，持續推動及改進CCM法，並達成低價之經濟效益。
2. 進修補助單位
行政院國家科學委員會

3. 簡介進修機關
Cotton教授於1996年創立「基因體異常疾病研究中心」(Genomic Disorders Research Center，簡稱GDRC)(www.genomic.unimelb.edu.au)，此中心附屬墨爾本大學醫學院世界聞名之Howard Florey研究所(網站：www.hfi.unimelb.edu.au) 之主要研中心之一，設於墨爾本大學醫學院附屬醫院之一之St. Vincent’s Hospital (簡稱St.V) Daly Wing 5樓整層樓；Cotton教授並成功籌資設立了Genvartec公司 (網站：www.genvartec.com)，成為研發突變偵測技術及產品之產業對外窗口，連貫上游基礎研究(墨爾本大學醫學院)、中游開發(GDRC)及下游產業化 (Genvarte公司)，研究至發展一氣呵成，事半功倍，符合經濟教效益。
4.簡介基因突變化學分析法(CCM)
基因突變牽涉核酸nucleotide的改變，若一段含突變點的DNA片段與正常之DNA片段混合後進行reannealing反應，則會有1/2之雙股混合體(heteroduplex)形成, 雙股混合體分子中，突變點處無法正常base-pairing而形成mismatch；不同base之mismatch點可用不同化學反應辨識後，進行化學反應斷裂(chemical cleavage) ，進而偵測出突變點，如圖1所示，故此法簡稱Chemical Cleavage of Mismatches (CCM)。
早期突變偵測，多以同位素進行DNA標誌後，進而進行化學斷裂產物之分析；近年來則以各色螢光標誌DNA片段，反應完畢後以薄片電泳及螢光偵測，快速及精確偵測化學斷裂產物。
本文附件1詳列Cotton教授研究中心所研發之CCM方法的步驟，圖2則為本人進修期間，利用GDRC研究人員所提供之突變點控制組，成功實驗取得之CCM螢光分析代表性圖譜。

5. 利用CCM研發DNA甲基化之偵測
基因疾病之產生除突變外，基因甲基化(DNA methylation)日趨受重視。DNA甲基化為CpG點上之cytosine被加上一甲基(CH3) 而致，正常之甲基化或未被甲基化為基因表現與否，及基因表現量有直接關係。
DNA甲基化分析之主要步驟為DNA先進行bisulfite之處理，bisulfite化學藥劑可轉換DNA片段上所有的cytosine成為uracil，經PCR DNA 擴增後進而轉成thymidine，若CpG上之C被甲基化，此meCpG之cytosine則不能被bisulfite轉化成thymidine，成為DNA甲基化之偵測點。
進修期間掌握CCM之基本原則及技術後，本人開始構想CCM應用在甲基化分析的可能，並請台北榮總研究室寄來研究材料，試圖在進修期間嘗試發展CCM甲基化分析法。經過思考及與GDRC研究人員及cotton教授密集討論後，發展出如圖3之分析原理。
首先利用由台北自己研究室曾選殖出來之不含任何cytosine之質體(即所有cytosine皆已被bisulfite轉換成thymidine)，以此質體DNA為一「偵測員」(defector)，與其他含1-3個CpG甲基點之質體DNA進行heteroduplexing 後，進CCM反應，並在ABI377儀以GeneScan軟體進行斷裂產物之偵測及分析。經多數次失敗之經驗，及逐步之改進後，終於成功偵測到至少3個CpG甲基點，並可精確推測其位置(如圖4)，首次證明CCM進行DNA甲基化分析的可能性，令人振奮。
上述實驗是以質體DNA進行PCR擴增所達成，下一步則須在基因體DNA上直接偵測CpG甲基點。為達成此目的，本人請台北榮總實驗室快遞寄來，與上述所用質體DNA上甲基化點相關之子宮頸癌細胞株基因體DNA若干。因澳洲政府對所有生物材料的進口十分敏感，管制異常嚴格，所寄之材料被扣留在海關達三個多星期之久，經多方奔跑及補件，才獲釋出。很不幸，bisulfite處理過的DNA原本脆弱易斷裂，經多日於海關室溫Ｔ，取得時已不能用以擴增，且三個月進修時間已接近尾聲，只好忍痛收拾實驗桌，帶回Cotton教授所贈賜我的許多控制組DNA，回台北榮總研究室再完成genomic DNA之分析。

進 修 心 得 與 感 言
1.
澳洲地大人稀，天然資源十分豐富，人民生活富裕舒適，超市的肉櫃菜架永遠是滿滿的，且物美價廉，反而造成澳洲人普遍肥胖的嚴重問題，也因而造成近代澳洲人遠不如早期開拓者那般苦幹，下班後或週末，研究室內，除了少數亞洲籍研究生或人員外，鮮少澳籍先生小姐工作，固經濟成長率僅能維持5％上下，有點可惜。

2.
墨爾本大學與雪梨大學同為百年老店，有十分傳統的背景但也不缺現代的思想。如我國台灣大學，墨爾本大學的觸角十分廣，就以醫學院而言，各系所廣佈墨爾本市各大醫院，如：醫學系設在本人進修之St. Vincent’s醫院，小兒部設於皇家兒童醫院 (Royal Children’s Hospital)，婦產部設於皇家婦產科醫院 (Royal Women’s Hospital)，醫院主要成員皆為墨爾本大學醫學院資深教授，教學與醫療緊密結合；醫學院下附屬之專業研究單位也很多，包括世界聞名之Howard Florey研究所，Walter and Eliza Hall研究所等。
如本文上述所言，為有效提醫療及生物技術升產業，墨爾本大學一條鞭推動及補助產學合作，達成上、中、下游產學合作之連貫性：如
墨爾本大學 >>> 醫學院 >>> Howard Florey 研究所 >>> Genomic Disorders Research Center (GDRC) >>> Genvartec company 

上下雖連貫，但各單位運行獨立，鮮少政府的插手及干涉。
反觀我國，政府衙門繁多，相互推萎導致管理過度，產、官、學三角永遠維持三角，一直無法圓融成一體，而造成我國生技醫藥之發展事倍功半，競爭力一直難以提升。
3.
由本人率先設計之CCM甲基化分析法已完成初步，以質體DNA成功達成「原理證明」(proof of principle)，相信回國後可在自己研究室繼續以genomic DNA進行分析，完成CCM甲基化分析法開始的第一篇論文。

建  言
1. 本人在台北榮總任職22年，僅在1989年及本年度2次出國短期進修；1989年赴美國加州大學舊金山分校(UCSF)三個月，研習基因轉殖小鼠技術，返國後成功製備我國首批含HBV及HPV之基因轉殖小鼠，1991-1993年間，率先發表三篇SCI研究論文，並應邀擔任國科會「基因轉殖動物」大型計畫之主持人，開拓台灣基因轉殖之研究領域。此次短期進修則以突變分析法為主題。
本人認為，資深教授及研究人員應該有更多短期(三個月)之進修研習機會，研習目標必需明確，及返國後給予足夠的經費支持，方可開花結果。
2. 產官學合作為研發之重要動力，我國政府以及榮陽院區，如何能無私及擇重點，上中下連貫，一條鞭推動產官學合作，已事不容緩。

墨爾本大學推動產官學合作之緊密組織，以基礎研究為主要推手。反觀本院及我國政府，近年來反其道而行，基礎研究經費節節下降，基礎研究人員愈來愈不受重視，對基礎研究處處設限，進而衍生種種短視近利的規劃。長程勿視基礎研究之必要性，勢必會造成長程及難以彌補之傷害。
3. 台北榮民總醫院為我國醫療及教學中心龍頭，許多資深研究員皆為陽明大學及其他國立大學之資深教授，為基礎研究之精英，除了教學外，進行基礎研究為而天職。
本人建議：本院敎學研究部除了大力推動臨床研究外，有陽明或其他國立大學教職之資深研究員，擇員設置「基礎研究科」，除了作為本院臨床研究之支柱外，也付予教學及引進研究新觀念、新技術之重要任務。
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圖1: Principle of CCM
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圖2: CCM profile of a control mutation of the mouse -globin gene
Fig. 2.1. CCM profile obtained by direct F-dUTP incorporation 
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Fig. 2.2. CCM profile obtained by the use of labelled primers in PCR
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Reciprocal cleavages were performed using hydroxyamine (HA) or potassium permanganate (KMnO4). The 507-bp band was the uncleaved PCR product; the cleaved product is 450 bp.
圖3: Principle of Heteroduplexes formation and CCM detection of methylated cytosines in CpG dinucleotides

Aug 11, 2006 (K.-B. Choo)

3.1. Mismatch detector DNA

Generated by cloning the sequence after conversion of all C’s to T’s:

(Original sequence)

5’-ACCTGCACGTGCTAGCACGTATTGCTGCA-3’


All C’s are converted to T’s

5’-AttTGtAtGTGtTAGtAtGTATTGtTGtA-3’ 

3’-TAAACATACACAATCATACATAACAACAT-5’

· Contained in a plasmid clone 

· Detector DNA fragment for use in heteroduplexing to be generated by PCR

3.2. Labelling by direct incorporation of fluorescence dUTP
Test DNA (plasmid clones)

5’-ACCTGCACGTGCTAGCACGTATTGCTGCA-3’
3’-TGGACGTGCACGATCGTGCATAACGACGT-5’

                     

Bisulfite treatment & cloned

    (top-strand clone only)

5’-AttTGtAtGTGtTAGtACGTATTGtTGtA-3’

3’-TaaAcaTacAcaATcaTGCATAAcGAcaT-3’


                PCR amplification

       (using vector-specific primers 

& labelling with F-dUTP)


5’-AUUUGUAUGUGUUAGUACGUAUUGUUGUA-3’

3’-UaaAcaUacAcaAUcaUGCAUAAcaAcaU-3’

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Heteroduplexes formed (mismatches at methylated C’s)


5’-AUUUGUAUGUGUUAGUA^CGUAUUGUUGUA-3’

3’-TAAACATACACAATCAT^ACATAACAACAT-5’

(A C/A mismatch at the methylated “C” site; modified with hydroxylamine)

AND

 

5’-AttTGtAtGTGtTAGtA^tGTATTGtTGtA-3’ 

3’-UaaAcaUacAcaAUcaU^GCAUAAcaAcaU-3’

(A T/G mismatch; modified with KMnO4/TEAC)
3.3. Labelling by direct incorporation of fluorescence dUTP
Test DNA (genomic)

5’-ACCTGCACGTGCTAGCACGTATTGCTGCA-3’
3’-TGGACGTGCACGATCGTGCATAACGACGT-5’

                     

Bisulfite treatment 

5’-AttTGtAtGTGtTAGtACGTATTGtTGtA-3’

3’-TGGAtGTGtAtGATtGTGCATAAtGAtGT-3’


                PCR amplification

    (using top strand-specific primers 

& labelling with F-dUTP)


5’-AUUUGUAUGUGUUAGUACGUAUUGUUGUA-3’

3’-UaaAcaUacAcaAUcaUGCAUAAcaAcaU-3’

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Heteroduplexes formed (mismatches at methylated C’s)


5’-AUUUGUAUGUGUUAGUA^CGUAUUGUUGUA-3’

3’-TAAACATACACAATCAT^ACATAACAACAT-5’

(A C/A mismatch at the methylated “C” site; modified with hydroxylamine)

AND

 

5’-AttTGtAtGTGtTAGtA^tGTATTGtTGtA-3’ 

3’-UaaAcaUacAcaAUcaU^GCAUAAcaAcaU-3’

(A T/G mismatch; modified with KMnO4/TEAC)
3.4. Use of end-labelled primers

Test DNA

(original sequence)

5’-ACCTGCACGTGCTAGCACGTATTGCTGCA-3’
3’-TGGACGTGCACGATCGTGCATAACGACGT-5’

                     

Bisulfite treatment 

5’-AttTGtAtGTGtTAGtACGTATTGtTGtA-3’

3’-TGGAtGTGtAtGATtGTGCATAAtGAtGT-5’


                PCR amplification

(using a 5’-labeled primer 

or a 3’-labeled primer)
5’-AttTGtAtGTGtTAGtACGTATTGtTGtA-3’

3’-TAAACATACACAATCATGCATAAtGAtGT-5’

OR

 5’-AttTGtAtGTGtTAGtACGTATTGtTGtA-3’

3’-TAAACATACACAATCATGCATAACAACAT-5
Heteroduplexes formed (mismatches at methylated C’s)

5’-AttTGtAtGTGtTAGtA^CGTATTGtTGtA-3’

3’-TAAACATACACAATCAT^ACATAACAACAT-5’

(A C/A mismatch at the methylated “C” site; modified with hydroxylamine)

OR

 5’-AttTGtAtGTGtTAGtA^tGTATTGtTGtA-3’ 

 3’-TAAACATACACAATCAT^GCATAACAACAT-3’

(A T/G mismatch at the methylated “C” site; modified with KMnO4/TEAC)

圖4: CCM detection of methylated CpG in cervical cancer-derived plasmid DNAs
4.1. Cervical cacner clones for CCM-methylation work

Sept 11, 2006

___________________________________________________________________________

Cell line

Clone
 Methylation sites

Size (bp)

   Application

                                        (from 5’end)

___________________________________________________________________________

(I) Region III/PER1 promoter


CaSki        III-1 
None
--
Detector 

C33A
III-7
All sites (#1-2)         --
Reverse tester?


*CC7T
III-52
None

Detector


*CC7T      
III-39
Site #2 only
#2: 289bp
Tester


*CC7T      
III-41
Sites #2 & #3    #2: 289bp; #3: 277bp
Tester


*CC7T      
III-40
Sites #1-3       #1: 302bp; #2: 289bp;
Tester

                                               #3: 277bp

(II) Region II/PER1 promoter


CC7T
II-7
None              --

Detector


*CC7T       II-3 or 8 or 11
Site #43 only      #43: 133bp 

Tester


*CC7T      
II-10
Sites #43, 44    #43: 133bp; #44: 103bp  
Tester

___________________________________________________________________________

Fig. 4.2. Detection of one CpG methylated site at nt 301
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Limited cleavage was performed by reducing the time of cleavage reaction as opposed to full cleavage. The bottom panel displays the marker electophorized in the same gel.

Fig. 4.3. Detection of two CpG methylated sites at nt 276 and nt 293
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Limited cleavage was performed by reducing the time of cleavage reaction as opposed to full cleavage. The bottom panel displays the marker electophorized in the same gel.

Fig. 4.4. Detection of three CpG methylated sites at nt 276 nt 293 and nt 301
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Limited cleavage was performed by reducing the time of cleavage reaction as opposed to full cleavage. The bottom panel displays the marker electophorized in the same gel.

附件1: Protocol for Chemical Cleavage of Mismatches

(A) Direct Labelling PCR Protocol

FAM-dUTP and TAMRA-dUTP are used to directly label PCR amplicons for CCM.

Conventional PCR is setup with the difference of dNTP mix used for the PCR.

To ensure efficient incorporation, 1:50 ratio between FAM-dUTP and dNTP is used while a 1:1000 ratio between TAMRA-dUTP and dNTP is used for PCR procedure.

Typical Reaction set up conditions:
Forward Primer (10 M)
1l



Reverse Primer (10 M)
1l


10X PCR Buffer with 15 mM MgCl2
2.5l


dNTPs (2.5 mM)
0.5l


FAM-dUTP (10 M)
0.25l


H2O
18.55l


DNA Template
1l


Taq Polymerase (5 U/l)
0.2l


--------------------------------------------------------------------

Total





25l
--------------------------------------------------------------------

Perform manual hot start, allow PCR machine to reach 95 oC before inserting prepared reactions. 

Hot start PCR: Machine was set at 95 (C and tubes were placed into the block and the program was initiated.

95 (C
4 min (denaturation)

Cycle 1

95 (C
30 sec

52 (C
90 sec (annealing. Temperature is set according to calculated Tm from primer 

2(C lower than the lowest Tm primer, round one PCR the primer was 54(C, round 2 48(C).

72 (C
120 sec (extension time to ensure no PCR recombination) ( 5 cycles.

Cycle 2

95 (C
30 sec

52 (C
90 sec

72 (C
90 sec (ex tension time is still longer than usual as the product is about 300 bases.)

( 25 cycles.

72 (C 4 minutes

5 (C hold.

B. Liquid phase chemical cleavage of mismatches (liquid CCM)

(Genomic Disorders Research Center, St. Vincent’s Hospital)

B1. Formation of heteroduplexes

1. For each reaction, use approximately 100 ng: 100 ng of PCR product.

Included in these reactions is a “control”. That is, a known heteroduplex between two DNA samples.

2. Place in a PCR thermal cycler using the following conditions:

96 oC for 10 min

80 oC for 2 min

Decreasing at 1 oC increments to 45 oC, holding at each temperature for 2 min

25 oC for 30 min

3.
DNA can be stored at 4 oC until needed for further reactions.

B2. Chemical cleavage

Solutions

Hydroxylamine

1.39 g Hydroxylamine hydrochloride

1.6 ml dH2O

pH adjusted to 6 with diethylamine

Adjust final volume to 4 ml

Aliquot into 1.5 ml tubes and store at – 20 oC

Hot Stop Buffer

0.3 M NaAc pH 5.2

0.1 mM EDTA

25 g/ml tRNA

Stored at -20 oC

Dye/Formamide

Dye = 50 mg blue dextran

Dye/Formamide = 1 to 5 dilution

Potassium Permanganate Reaction (Important to do a time course to optimize individual requirements.)

1. Use dry pellets for potassium permanganate reactions.

2. For each reaction, add 20 l of the following mix: 0.2 l 100 mM potassium permanganate + 1.98 l 3 M tetraethylammonium chloride (TEAC). 

[Note: Potassium permanganate needs to be used within 20 min of dissolving powder.]

3. Vortex briefly and incubate at 25 oC for 7-10 min. 

[Note: Larger fragments (1 kb) need to be incubated for 10 min.]

Hydroxylamine reaction 

1. Use 6l of heteroduplex DNA for each reaction. 

2. For each reaction, add 20 l of 4.2 M hydroxylamine solution. [Note: Hydroxylamine needs to be at room temperature.]

3. Vortex briefly and incubate at 37 oC for 40-50 min. 

[Note: For 500 bp – 800 bp PCR products, 40 min is ideal; 

For 800 bp – 1200 bp PCR products, 50 min is ideal.]

Stop reaction

1. After incubation of heteroduplexes with either potassium permanganate or hydroxylamine, add:
  200 l of Hot Stop Buffer and

750 l of ice cold 100% ethanol

2.  Incubate at -20 oC for at least an hour.

3.
Ethanol precipitate the DNA by centrifuging at maximum speed for 20 min. Remove ethanol without disturbing the pellet.

4.
Wash pellet with 400 l 70% ethanol. Remove ethanol and air-dry pellet in fume hood (or use a vacuum centrifuge). Can be stored in freezer at this stage.

Piperidine reaction 

1. Prepare a l in 5 dilution of piperidine and dye/formamide (2 l of piperidine + 8 l dye/formamide).

2. Add 10 l to dry pellet and vortex thoroughly.

3. Incubate at 90 oC for 30 min and place on ice.

4. Load 2.5-3 l of CCM reaction products onto an ABI377 Sequencer. Also, load undigested heteroduplexes as a background control to CCM reaction.

B3. Analysis of cleavage products

Fluorescence-labeled products are displayed in ABI377 or the equivalent, and analysed by the GeneScan software.
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