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 Sixty years after the discovery of the double helical structure of DNA, the complete sequence of the 

human genome was determined. Many diseases including cancer, hereditary and viral diseases, can be 

understood at the DNA sequence level. DNA plays an important role in biological processes such as gene 

expression for transcription. Therefore, DNA sequences and functions are targets of novel agents that 

would directly switch specific-genes on or off. In this review, we focus on the sequence-specific chemical 

reactions that occur in binding DNA, and the prospective uses of the chemical biology of DNA will be 

discussed. 
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P : N-methylpyrrole

I : N-methylimidazole
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5'-CTTGACCATG-3'

3'-GAACTGGTAC-5'
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qGÚÛª�J��W39 ØÙ�,-¦�´;��!�\9�ª«,ã��¬L�`Ú1£I�\�W

È�l�ZL��ÌëL2�iúHÙG:����G¸¹I�9�[19]¤ 

� ¿Ó�K�LPIMNO*P�����G³��2Wö(ã�$�YG��ª�æ2��£�WÛ1

���S¿G­®ª�æ2´n��µ�¤9��Ç��GÛ1I�O)y)Qª�K�LPIMNO*
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Cl Cl
5'-AGCAGTCAAAA-3'
3'-TCGTCAGTTTT-5'

( 9~10 bp )

3

4

5 6
 

       ü² K�����G­®¿�JK�LiOÝ{úPIMNO*P3-6¤ üC��IJbpe�W 

       Û1�F9ÓÀWÈ�CB´O)y)Q¿À���Ç�eGÖª¤ 

 

  ��´��¬­G³�J�º¾.	<�Gºª�K�LPIMNO*P�WK,2ª�DNA����

C�O�]{�N3��ÇI��º¾.ª�æ2´n��µ�¤(£�W�È,��Ì¯�#�G9D

PI�9��~GK,����¯ª�æ2´n��µ�Wnk,ã¾.LGºª�PIMNO*P��

Ú&_ãÌëLGB·�#�45´lm¿À�¤ 
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n��K�[��$���i���.���x4���~���

� 
É�����#�HÙ�ý����ÌÍ2I�W�#�
$�Üèª�Ï
*ø¶ûDNA ê

RNAý2ZBD� DNA2��
*	<�û¬@�N{@_Dò³{ýG¤FI�9�æ2´ÑÒÓ

À�¤æ�Ðã

�Ï·2I�WDNAê RNA�L*G <ª���NY��O*F¶GF9J�

ü.<���µ�!Z`Pø¶(Peptide Nucleic Acid, PNA)GZBD���2I�F9�9�¹Úµ�¤

æÀÓ��#�HÙ«
�Ì¯�²àØ�Ï½�ø¶���C�Ï��Ç�%´�9ÚÀ����

$2�ëã�Ðã3�ûÏ���úýG!±ª�«
2I�ºl�µ�¤¬@�N{@_Dò³{G

¤FI��#����´�µIe�noê�#��DÝ{�GHÙª�æ2Ú¢ãYÀ�9�[24]´W

È�çû�ï� 2 
� DNA *G�Jª�ìL¶�´��ãJ�Wæ�

��²��¦��
*

DNAGxPÇ12I�öFª����z�µ�¤ 

� iOÝ{ú PIMNO*P��
*DNA�ÇI�Ìë,�¾.ª�ÌLGºI�9�¤IõIã´

ÓWK,DNA�Çª�¾.—HJv;�¨�� PIMNO*PÛ$��ùR,ÌL�©ë�Wù7·

}!��)��!±´n�ã�^)��ã9¤Ï
�W§ù�G½¾¿�JÐ�ã��ÌëLGºª

�MNO*P�����2�¾.2HJ�v;�¨�§ùG on/off�ß��×ãK�GBJ�ÓÀÀ

{W�óÝ��
* DNA ����GHÙª�¹´n�2ã�¤æ�»W��¿ÀJ§ù�´ DNA

2�¾.—HJ�½9åÚãv;ìQ´aæ�æ2´ê��µ�¤æ��×ã¬@�N{@_Dò³

{¶�´J�ã«
�W²���\9��
* DNA C�Ì¯��#����=, ÃìQ\G?@

�¯3Qª��ý��EFÚlm¿À�¤ 

� �����ã��WÌ¯�#���GK,2IJ PI MNO*P�W� �#���\G:�´�

µI��e�no!±�ù9�9�20�J¤Èæ�WËÎ¬{`{�{��­��Æ2¸¹¿À�

9� 5’-(CAG)3-3’¸5’-(CTG)3-3’ ´µI��GK,2ª�§ùL PIMNO*P�.<2K��`G¢

£J¤Ï��Wæ��×ã���Ç´�µI���WÐ�ã�#�L� �­��Æ2I���I�

²$¦�0M¿À�9�¤ 

� ���W ÍIJ9{[Z��10�ù]�WL��·���G¹³IJ¤ 

� �Ï�W2·�Ý�{�G PIMNO*P�ö(ã�$���IJ§ùL PIMNO*P� +�Ç

I�WCAG´µI��G:��
* DNA AN��DGñ�J¾mWDNA qÝmÉ,ãÝ�{�O

y%@Z�D�}­ùû480 nmýG0Mª�æ2�<�IJûü 7ý¤�
*DNA%{Z)�ÇI�

��Ìë,ãÝ�{�Oy%@Z�D�}­ù´0M¿ÀJí�º�µ�¤0ÊW§ùL PI MNO

*P´ DNA ��@©D�)D�¦�KL¾.G@I���Ìë,�¾.IJ(W2 ·�Ý�{É´

�$,�OPIJæ2�aÆª

�§ù­0K G ÍIWÈ�»

�LG0MI�9�[25,26]¤ 

� �BGO2�{À�¦�©u

$CB3� Ã�We¼��Ç�

´�µI��G:;�9�¤��

��µ2I�Wæ��
*��

(5’-GGGTTA-3’/5’-TAACCC-3’��

´µI3�GK,2ª�K�L

PI MNO*P�¬­G�_,�

³�J¤Ì¯�$GO)y)Qª
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R  =
H2CR

R
3'-GTCGTCGTC-5'

5'-CAGCAGCAG-3'
+

ü¹�hQf´µ��GK,2ª�§ùLklMNO*P�QR Ã
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�J�@{PD)�2 seco-CBI Gºª��.$¹ [27]êº¾��B[��ò)3�Gºª��.$

[28]�!½G¢9WËJW§ù�2I�!N�{G��IJ PIMNO*P�.<~K��`Ú³�J¤

A�:9æ2�WP2Y� <¿À�!N�{`�$QIJMNO*P 8�|D�©D��2¾FI

J»�%W313 nm�¿aùõÓ!N�{�ÜèIJDNAqÝmÉ,ã§ùû450 nm-550 nmý́ 0M

¿ÀJ[29]¤­ùK ����O<�å�ß�9ã9´W0ÊW����
*DNA�Ìë,�¾.I

J PIMNO*PõÓ!N�{��lÀ,ãO")PDh=���§ùK G ¡I�9�ûü 8ý¤ 

 

5'-TTAGGGTTAGGGTTAGGG-3'

3'-AATCCCAATCCCAATCCC-5'
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5'-TTAGGGTTAGGG-3'

3'-AATCCCAATCCC-5'
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üÀ ¦��BGO´µ��GK,2ª�PIMNO*PÁ��Ìë,O)y)Q¹2��Ìë,§ùLÀ¤ 

 

� æ��×���¦�HÊª�´µI�����\9�W����Ìë,ã§ù�Gºª� PI MN

O*PG��~.<IWÈÀÓ� DNA AN��D�Çª�K�GÚÛIJ¤æÀÓ�¾m�Wëã

���ÌëLGºIJ§ùLMNO*P´W
x�Â��?@IJ PNA �¬@�N{@_Dò³{

GF9�
É�@GDC{��ý2Ú¾Fn��µ�æ2GÖòI�9�¤���W§ùL PI MN

O*P� DNA AN��D�Çª�1b¾mG�%2I�W#è,��²��¦��Ã�,ã DNA

 Ãê=, ÃìQ�ÄÅGn��ª���¦DNA[{ò{��ý��EFG�HI�9�¤Ì�W

���nâ�'½I�9��BGO����WÆ�ìL� �'½I�9��·�%����Wµ�
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9�Wg;ZLQ�Üèª� ÃìQ´aß�9�2¹®¿À�g;¬��~�µ�GC�����

��3�\�ÇI�lÀ,ã§ù­ùÚÛGn��ª�§ùL PI MNO*P�²àR,®D)2I

�¬­ª�`G´µ�20��¤ 

 

3����.4���~��,��.�

� 
É���¦��#�K�HÙ
2I�W[@�[NDHÙ���'öQ¿ÀJÌ¯�#��<V

L�µ�!Z`Pg��G�rI�­0�v9G%�«
´µ�[30]¤IõIã´ÓW!Z`Pg�

�´
��Ì¯�#�2�¼çFI�9�õÚÛª�æ2��z�µ�WK ,�ÚJåã6´�9¤

ËJWÌ¯�#�­0�4529×06õÓ0��2�#��Ï3´Ëì~ÁlQ¿ÀJ�#��E

��ô}W9Y.�WFD�Oô��ô}GF9�¹Úê�ã�ý�µ�¤IõIWÈ�ç<���

Ýã²àR,�ýêÇFWÚ��ù]J»¨´õõ�¤�e��#�G�»�FD�Oô�ª�æ2

Ún��ã£�9�´WÈÉ��2ã�Ê­²������z¿�ËÌ,�n�ª�æ2�ã�¤º

À���WQR­�2£�FD�Oô��ô}�1£�zã«
�µ�¤ 

� Ï�,ã PIMNO*P�DNA�ÇI�KL¾.�¾.ª��%��EL�ã�Wg;Æ��¾.

G`.,�]��æ2��#�­0�9{�BD)G¢£�9�¤RØ NMR���®¯��£�W

PIMNO*P-DNA�.$��� Ã´HÙ¿À�9�¤PIMNO*P���Ì¯�#�­0�45

�W]4�%�ã�ZLQ�ß�n�LÚÖ¿À�9�[31]¤ÈÀ�ÇI�W���K�L PIMNO

*P��#�
$�µ��
* DNA �xP�º¾.G	<ª�¹´±èW�#�­0�45�·9

�_ã�n�LG Íª�æ2´�ß�¤ËJW��Ìë,§ùLGºª� PI MNO*P�WÐ�

ã�#����ÇEIJ²��¦ DNA @GDC{��J���I9�%�ý2ã�2lm¿À�¤

Ð�ã����Æ2ã£�9��#����?@~ÍÇã²$¦��ÄÅGn��ªÀ{W�#��

K�HÙ�'½ª�[@'%@O{}�ä��ý¢��0´�<�×¤ 

� Ô#��W���¬­IJÐ�ãK�L PIMNO*P�WDNA�Ì¯��GLÚ�Û1I�¾.

¿��æ2´n��µ�W'��?@A@{'¿��Q�}�ý2�%.Y��æ2�W�/,ã�

#�K��HÙ�D ´ìÓÀ�n�L´µ�20�ÓÀ�¤ 

 

{|�

� 
���W�R��d�bWÌ¯�~���DNA����Ò��D[DGDPl�s�WÎ«��

ûAý��EL Py-ImMNO*P����#�K�HÙ
�Ú��W�%�� C�DNA- {|� ÃG

Ìë,�45ª�K�LMNO*P�¬­�W��WGCOE ZB�[��àá�R���% ¡2�

MNÏ<�2Ð6���d�G8]�¢YÀ�\�Wó�GÑI#ÒËª¤ 
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