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� �. p53 ��� ��� ��� ��� � �� ���� ��� �	� � ! "#$, �%&' (% �

��#� �)� �*&' �+� "� ,#� � ! "�. - �.&'� PCR-SSCP/ DHPLC0 �123 �

�� 4�� 56&' p53 ��� 78 5-8&' 9���0 :;2<�. SSCP&'� 50=� >?� 78 5&'

C13109>T @A� 9���� 7B�(14%) CD)EF, DHPLC&'� C13109>T 7B/ C13202>A, C13204>G @

A� 9��� 2B, GH 9B�(18%) ��� IJ)E�. DHPLC :;KL �123 SSCP&' CD2M NOP 2

B(4%)� ��0 Q CD2<�. RS�#� TU'V:;KL WX Y� Z�0 [�2<F, p53 9��� IJK

#� SSCP\� DHPLC� Q ]^� _F `��� IJKaL [�2<�.

���: p53, ���, PCR-SSCP, DHPLC, ����

ABSTRACT. Structural alteration of p53 and overexpression of p53 protein are the most common genetic

malities in various kinds of human cancer. Mutations in the p53 tumor-suppressor gene are usually associate

advanced development of colorectal cancer characterized by the transition from the adenoma to carcinoma sta

tions in exons 5-8 of the p53 gene were analyzed by the polymerase chain reaction-single strand conformation

phism(PCR-SSCP) and denaturing high performance liquid chromatography(DHPLC). SSCP analysis det

mutations(C13109>T) in 50 colorectal cancer samples(14%) at exon 5, and DHPLC analysis detected 7 mutations (C

and 2 mutation(C13202>A, C13204>G) in 50 colorectal cancer samples(18%) at exon 5. All of 9 mutations were p

sequencing analysis. We conclude that DHPLC is a highly sensitive and specific method for p53 gene mutatio
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86
VF)�$(tumor suppressor gene)+� �
� WX R

����� � �T�5� ���� �J2.1-3 �

� �� R YZ3%� -[� @:� \2 %]K0

^3�� )�$ 4_`a� 89�� �N=0 12.

Pb �� cd�*+ ef=" ���� gha�"

direct sequencing(DS), single strand conformation polymorphism

(SSCP), denaturing gradient gel electrophoresis(DGGE),

conformation sensitive gel electrophoresis(CSGE), allele-

specific oligonucleotide hybridization(ASO)S� 12.4-6

DS� ij, ����A W%K"k lm W%�� `

a� FnK/> o �f��� �iF��p q r 1

2. DGGEC SSCP� ij�" ghstC uv� b

P��� wA \�0 1*O x� �f R ny, o

z0 {|}� ~��2" ��� �/0 12. �	�

�I ��
� \�K0 ��n� r 1" �+� �

��� gh`a*+� DHPLC� ��=�2.7-9 � 4

_��� ion-pair reversed phase high performance liquid

chromatography(IP-RP-HPLC) ̀�� �f2.10-12 PCR

`a� �: ��� ����� DNAA ��[ ��n

�2� 2n ��[ ��� � ��=" ����6

(heteroduplex)� |���6 (homoduplex)\2 column

��� ��� ny� � �l/" �� �fKJ �

KC� �����  ¡, F¢ oz0 £¤ �¥� �

���¦/ ghq r 12.13-16 DHPLC" %FK/ §

� PCR ̈ ©� ª+ 4_KJ \« KC� n¬  6-10

4 %t� ny®� ̄ z/ §� �°� x� {|}3

ny� ~�A ±c r 10, ! 2² )�$� �

���A 92.5%�� 100%¦/ %]KM ghq r 12.

���� ����" ³�� �� � e´µ 2@A

¶/K" · ¸¹*+ �	� jzCp��" � e

´µ� 4@A ¶/K0 12. º*+ jzCp��t

��T� �5» {¼ ��� �� S� ½p �� o

�� ¾t� &¿Kzp À&=0 12. ���� ��

3%� \�, �*+� YZ� ºÁ ���w��ÂÃ

APC(adenomatous polyposis coli), ras, DCC(deleted in

colon cancer), p53S� JI )�$
� ���� !"

�Ä)�$� ~u� �¥+ �Å� ��� Æf2.

G[ p53 )�$� ��" JIÅÇ� ��� �� ·

[ �È=" )�� GH*+ Å²��� 1� �9

�w+ ��=�/0 12. �6� %&'(�� p53)

�$" �É6 17p 13.1� @£KJ 11�� ÊX*+

���Y 20 Kb� DNA�O, mRNA� L�" 2.8 Kb

�0 o ̈ h©� Ë� ÌÍ ÎbK" ��Ï¸+ L�

� 53 kDa*+ ÐÑÒ 12. p53 )�$� �����

� ��" ÊX 5�� ÊX 8¦/� Ó \Î� /Ô

(conserved domain)�� ���/O ���� codon

117-142, codon 171-181, codon 234-258, codon 270-2

S� m9 /�
+ ÐÑÒ 12. ��� p53�Ï�

DNA� � Õ5}� Ö��(wild type) p53�Ï� �

KJ s~=� 1*O, �%&�� �×� ØM =�

'(��� )�nÙ2. ������ p53 )�$��

" m+ � 75%� �Ä)�$A ~uK" �¥+ CÚ

CO ��A /Û ,� 90% �&� � ����A /

Ü0 1" ,*+ \0 �2. oIC �I W3" �

N #Ý� ij�� -.Y ,
�2.17-20

Þ ����" Ý�� ���;ß�� p53� ��

��A SSCP» DHPLC̀ a� �fKJ �à 4_K

0, DSA «: DHPLC� á� st» %]�� ]�

KO, ���� �¹3 )��� ��»� &77wA

-â*+� ¸¹ )�$ Y� R £¬� 7 ���

�� $¬A FãK0$ 2.

�� � ��

��

Þ ����" �Ý�ä¹å #3�� ��-ß��*

+ r� nZ æ� 50çA �&*+ Kè0, r�u�

� <FK$ é$ ê6¸~� ëìí|nÙî −70oC

� deep freezer�� \7Kè2. %&�;ï*+ r�

u�� %&;ß 2çA ½+ ð� � @» ñ� \7

Kè2.

�� � ��

��.  ;ß�� genomic DNAA òhK� @

AccuPrepTM Genomic Extraction Kit» PCR� ef�

Taq. polymerase, oz0 PCR ̈ ©� %F� ef�

AccuPrepTM PCR Purification Kit» DNA PrepMateTM

Kit" Bioneer� Fó� �¡: efKè2. DHPLC�

�|&*+ ef� triethylammonium acetate(TEAA)"

Transgenomice��, acetonitrile� Mercke�� �¡

: efKè2.

��.  DNA� ��� GeneAmp® PCR System 2400

(Perkin-Elmer, U.S.A.)A efKè0, DHPLC" WAVE®

SYSTEM(Transgenomic, U.S.A.)A ef: ����A

ghKè2. ����4_� $|��4_� ABI 3700
2003, Vol. 47, No. 5
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e)
(Biosystems) System� �fKJ �Å�*+ ����

A ]�Kè2.

�� �	

Þ ����" %& R ��� ;ß�� DNAA ò

hK0 p53)�$� exon5-8�� ���� )�A g

e2. �A @:� SSCP» DHPLC ̀ a*+ c¶

geA nZK0 W3� ¶�� 1" ij� ����

]�a*+ ����� ÎbA �Å�*+ ]�2.

�	
� genomic DNA� �. −70oC�� \7�

� ;ß�� � 1 mg� n¬A ð�ô î ÓM õl

AccuPrepTM Genomic Extraction Kit(Bioneer, Korea)A

efKJ DNAA òhK0, DNA� öt" 25 ng/µl+

c%KM ÷ò� PCR� efK0 ��y \ÎK� @

:�" −20oC� ø�: N�2. 

��������(PCR). ;ß�� òh genomic

DNA�� 2ù3 ñ� ;ú*+ ÊX 5�� ÊX 8¦

/� PCR ̈ ©� û�2(Table 1).

10ü Reaction buffer(10 mM Tris-HCl; pH 8.3, 50

mM KCl), 10 mM dNTP mix(2.5 mM ea.), 25 mM

MgCl2, Taq. polymerase (1 U/µl), template DNA(25 ng/

µl)A 20µl� PCR dýfê*+ efKè2. DNA

thermal cycler(Perkin-Elmer, GeneAmp® PCR System

2400, U.S.A.)�� m� DNAA 94oC�� 54 |þ �

�nÿ ��[ �c�� DNAA >� î, 94oC�� 30

� |þ ��(denaturation)n�0 57oC�� 30� |þ

primerA W�(annealing)n�0 72oC�� 50� |þ

��^~A �fKJ �+� DNAA �� oC(extension)

n�" 3�wA 30� dE î�, é/�*+ 72oC�

� 54y �tA )/Kè2. oz0 PCR� ��[ Å

¬� î�" PCR ̈ ©� 2% agarose gel ���|�

«: ]�Kè2.

Silica binding method� ��� PCR ��� ��.

1.5 ml nv7� W���fê 240µl» PCR ̈ © 80 µl

A �� î� uz� 40µlA 	� î� &��� 204

|þ dýn�2. 12,000 rpm�� 24 |þ å
4z

î� &�ê� F¢Kè2. o� 2ù 70% �� 1 ml

� 	� î� 12,000 rpm�� 14 |þ å
4zK

0, � 3%� 3� dEKè2. Elution buffer 60µlA

	� î� 50oC�� 104 |þ dýnÙ î� 12,000

rpm�� 14 |þ å
4z KJ J3ê� �rKè2. 

SSCP��  ��� !�"� #�. PCR ��©�

%F î� SSCPA �fKJ ����A ghKè2.

�ù3 boiling system(water bath or thermocycler)�

��2. 0.2 ml microfuge tube� ��� PCR ��©

� �nK0 ��� ��� 5µl� formamide loading

dye» 2µl� PCR ��©� �"2. �� �� �� �

¬� �/ §M m�2. ��� ��A boiling water

bathC thermocycler� �"2. W3�*+ ��� 98oC

�� 54 î �n �ù@� ��0 0 oC�� 24 %

t ̀ £2. �,� �� �n loading2. 200 V��

2ny %t �� K0 silver staining(Novex, USA)� 

2(Table 2).

DHPLC��  ��� !�"� #�. 95oC�� 10

4 |þ ��nÙ î� &��� 454 |þ ��[ �

.� ����6A �� n�2. DHPLC� gradient

solution*+ 0.1 M TEAA(pH 7.0)» 0.1 M TEAA, 25%

acetonitrile� efKè0, washing solution*+ 8% acetonitrile

(syringe washing solution), 75% acetonitrile(DNASep®

Cartridge UltraClean and Storage Solution)� efKè

2. Column� alkylated nonporous poly(styren-divinylbenzen

�¥� DNASep® Cartridge(Transgenomic, U.S.A.)� e

fKè2.

Table 1. Primer sequence used to amplify p53 tumor suppressor gene

Sequence of primer Length (bp) Position

exon5
5’-ctcttcctacagtactcccctgc-3’

5’-gccccagctgctcaccatcgcta-3’
211 13033-13243

exon6
5’-gattgctcttaggtctggcccctc-3’

5’-ggccactgacaaccacccttaacc-3’
182 13308-13489

exon7
5’-gtgttatctcctaggttggctctg-3’
5’-caagtggctcctgacctggagtc-3’

139 13986-14124

exon8
5’-acctgatttccttactgcctctggc-3’
5’-gtcctgcttgcttacctcgcttagt-3’

200 14404-14603
Journal of the Korean Chemical Society
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Column oven� �tA 60oC+ ÷ò0 buffer D(75%

acetonitrile)A 0.9 ml/min*+ 304 |þ �Ñm��

column� '� î� buffer A(0.1 M, TEAA)» buffer

B(0.1 M TEAA+25% acetonitrile)A 50%� 50%+ K

J 0.9 ml/min+ 604 |þ �Ñm�� þ%5 nÿm

�2. ��n�/ §� n¬A 50oC�� 0.9 ml/min+

0.5µl m¡KJ PCR ̈ ©� &¥A ]�Kè2. o�

î� column oven� �tA 63oC+ ÷ò0 0.9 ml/min

+ 0.5µl m¡KJ 260 nm�� ����A ghKè2.

DNA $��%&��
 �� !�"� '(. $|�

�4_� ABI 3700(Biosystems) System� �fKJ �

���� ����A ]�Kè2.

�� � ��

SSCP
 �� ��� ��

SSCP ̀ a� X�M )�$� ��A ghK" ̀ a

*+ �� x� �f=0 1" `a � KC�2. 4_

K0$ K" )�$A PCR+ ��KJ � PCR̈ ©�

Ð�zC �+ ��n *+� N �� DNAA �c

�� DNA+ >� î ëì[ í�nÿ � ¨©� ��

�| 2ù, gel� silver stainKJ ��A ]�2. Ð

�zC �+ ��nÙ î� �ù ì�� ëì[ í�K

� �c �� DNA" ��� ����¶�� ½p 0

) �¥+ ª!M �2. ½p� ����� �: K

C� ��� �:t �6�� �;� �K"+ ���

|n�� %&� DNA» 2U �| ìtA \�M =

"+ ����A ]�q r 12. SSCP4_a� PCR

¨©� L�� � 200 bp %t # � 60-90%� ��A

ghq r 12. K/> �\2 L�� $ ij�" s

/q r 1" ��� � %st� LM &�Y2. !

 uv$� uv� � '(t� ½p�t ghµ�

x� )p¸ r 12. ���|3% � á� �*� �

 �� ��K� �� �: �c �� DNA4$� �

¥� +þ%:Ò ,-A 7. q r /� �°� gel�

�tA c%KM )/: m" í�n01� 89K2.

Thermo Flow Electrophoresis Temperature Contr

Systmem(Novex, USA)� �f: SSCP W3, 50�

� ���;ß�� 7ç(14%)� ����A ghKè2.

Fig. 1�� 2-6� ¤$ n�" %&n¬» ñ� ,-�

| 23� \�"k d: 1� ¤$ n¬��" ,-�

24M �|� ,� 7.q r 1�2. 1� n¬" DNA

����W%a� «: C13109>T �¥� ����A

]�Kè2.

DHPLC 
 �� ��� ��

DHPLC4_a� ����A ghK" �� 5}

`a*+ SSCPC DGGE\2 s/q r 1" ���

� %st� � 6 �+� gha�2. PCR ̈ ©�

%FK/ §0 ª+ 4_q r 10  n¬ 10 4�

� 4_� �×K� �°� {|}3 ny� <�q r

12. ! �� uv3%� $|5 =� 1�� uv

� bP�� 7�C2.

IP-RP-HPLC ̀ �� �fK0 poly(styren-divinylbenzen)

*+ 89Y DNASep® Cartridge(Transgenomic, USA)

� 0%&*+ efKè2. N��� DNAA 95oC�

� ��nÙ î ��[ �[� heteroduplex» homoduplex

� ���2. ²Õ:� ��� �/0 1" ion-pair n

�� TEAA� ;ø ~r� 0%&� <=nÿ ²�K

Table 2. The list of preparations of working solution for silver
staining (SilverstarTM Staining Kit, Bioneer, Korea)

Fix-stop solution  acetic acid 100 ml
(10% glacial acetic acid) D.W 900 ml
Enhancing solution enhancing solution 1 ml

D.W 999 ml
Staining solution Silver nitrate 1 g

D.W 1000 ml
37% formaldehyde 1.5 ml

Developing solution D.W 1000 ml
37% formaldehyde 1.5 ml
Sodium thiosulfate 200µl

Fig. 1. PCR-SSCP analysis of the p53 gene. DNA samp
of tumor and nomal tissue were amplified using PCR prim
for the exon 5. N; nomal control sample, patient 1; muta
type, patient 2-6; wild type.
2003, Vol. 47, No. 5
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atient 5

d type,
A 0%& ��� ��n�M �2. �,� �¨ ��

� �/0 1" DNA» W�K0 � 6 ²�KA �Y

acetonitrile� �: fh�2. ½p� Â4�*+ ��

� heteroduplex� 0%&3� W�}� �: homoduplex

\2 >?� @z AÒCB0 � åzA �f: ���

�A ghq r 12. ! DNA ��� L�� Æ�

rC, >?� �t� á�rC ��� ny� A42.

PCR ̈ ©� sequenceA ¡}K� WAVEMAKERTM

D+oE� �: >?� �t� ½U helical fraction3

�� @£� ½U helical fraction� w¨=0 � k�

ÃA 	¢+ KJ �� � >?� �t» buffer�

gradientA W%KM �2. ����� ÎbK�pt

helical fraction� %t� ½p ����� gh JÂ�

W%="+ helical fraction� 70-80% e�� =tC �

t» gradientA Flm" ,� �9K2. >?� �t

� 63oCc � Ö��3 ������ L+éGoE�

�¥A ]u[ �4q r 1�2. Ö��� �c HL

� �²*+ gh=�0, ������ N �� HL

�²*+ gh=�2. SSCP�� %& �¥+ CIJ 5

� ¤$ n¬� DHPLC��" �����*+ C»�

DNA ����W%a� «: C13202>A, C13204>G

�¥� ����A ]�Kè2(Fig. 2).

DNA ������	
 �� ��� ��

SSCP» DHPLC4_a*+ gh� ������ n

¬A $|��4_� ABI 3700(Biosystems) System�

�fKJ �Å�*+ C13109>T 7ç» C13202>A,

C13204>G �¥� ���� 2çA ��� ;ß� p53

)�$� ����A ÊX 5�� ]�Kè2(Fig. 3).

Fig. 2. Chromatograms produced DHPLC analysis of wild type and mutant type in colorectal cancer. (A); patient 1, (B); p.

Fig. 3. Automatic sequencing analysis of exon 5 in colorectal cancer. (A) wild type, (B) mutant type (C13109>T), (C) wil
(D) mutant type (C13202>A,C13204>G).
Journal of the Korean Chemical Society
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r-

.;

.;

B.;

hr,
g-

,

.

y,

n-
r,

.
a,

,

� �

50K� ��� ¤$� ;ß�� genomic DNAA ò

hKJ PCR� �f: ��K0, o ¨©� SSCP»

DHPLC4_ `a*+ p53)�$� ÊX 5-8¦/� �

Ô�� ����A 4_Kè2. o W3, ÊX 6, 7, 8

��" ��� �È=/ §L0 SSCP̀ a*+" p53

)�$� ÊX 5�� 50�� n¬ � C13109>T�¥�

���� 7ç(14%)A �ÈKè0, DHPLC��"

C13109>T�¥� ���� 7ç(14%)» C13202>A,

C13204>G �¥� ���� 2ç(4%), �N 9ç�(18%)

��A ghKè2. SSCP̀ a*+ ghK/ MNJ �

� 2ç(4%)A DHPLC̀ a*+ ghq r 1�2. o

z0 �Å�*+ ����4_a� «: @� W3A

]�Kè2.

SSCP 4_ W3, %&n¬» ���� n¬e��

,-&� OP ¶�A \è2. K/> SSCP̀ a�

PCR ��©� %FKJÖ K0, ���| 4ny, silver

stain 3ny� ~�=O, uv$� '(t� ½p W3

� )p/�t K0 PCR ��©� L�� 400 bp �

&� =� st� &�/" ��� �/0 12. DHPLC

W3��", %&n¬» ���� n¬" >? BQ�

�t� 63oC c� &� L+éGoE� 7. q r

1�2. PCR ��©� %F 3%� ¢£/ §0 ª+

4_:t W3� �. �R� Ì£/ §L0, PCR �

�©� nS0A ¡}K� D+oE� �: helical

fraction3 �� @£� w¨=0, � k�ÃA 	¢+

KJ �� � >? �t» buffer� gradientA W

%KM �2. �TM ;ú� F*� UV  104��

4_� �×K0 ! �� ;Æ� $|*+ =� �°

� uvW3� bP�� :j jrKè2.

Þ ��A «KJ DHPLC" �+� ���� gh

a*+� SSCP 4_a3 �à: x� ny3 {|},

�f� <�q r 1�*O uv� bP�3 st� 7

�W `aX� ]�Kè2. p53 Å²VF )�$� �

���" JI �6��� CÚC� �°� ¤$� À

î 7.� 1�� \2 A40 %] ���� gha

*+ DHPLC 4_`a� &[ )fq ,*+ ��

=O Rî uv� «: DHPLC� HL �²3 ���

�� �¥»� &77wA ��KJÖ q ,�2.

“� ��" 2002äYt �Ý�äà �ä���� /

å*+ ��=�ù”.
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