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�� A� I RNA��(A-to-I RNA editing)�����	
��
�, ��������������

����� , !�"#$�%&'(���)*. A � I RNA ��+,-.��/0% RNA 12

(pre-RNA)34567�89�:;<9, =>0�?���@A, �BCD#$EFG�����


�H�. IJ�K, LMN%2OPQ�R�A� I RNA��S%T�AUV��WX�BCD, Y�

�:.,Z�[\]^, _` A� I RNA��ab,XcE�]^���[d. efg1hi� A�

I RNA���S%jklTmnf3opqrs, tuvE?�w ADARs���xy��, z"YW

X{|IJ, }V~f�h A� I RNA����'�^'��, z}"#$�%&'(����)*.

��� A � I RNA �� ��� RNA ��	
�� RNA ���

1991 �, Sommer ��[1]�����	
�, �


������ mRNA ���������
�

CGG, ��������� !"#�
��$%

��
� CAG, &'( CAG) CGG�*+, ,-.

/�����01234�56789: . ;<=

>&#(-? mRNA @�ABC�'“D”�*E;

FGHIJK A 7 I RNA �L, MN+CO���

����PQR� , ST“3U”�
�VW“3U”.

A 7 I RNA �L#��XY�Z[\]^_`[a

bc���dZe�f , Vg,-Zhijk56

lm�nopqVrs , tuv#3w��JKx

ZZ[y�z{|k}~|�9:���� . ��

<�<�z���
�, �]^`[��, �z./

Ze�`�9:56nop��\ A7 I RNA�L

��1 , �?ijk56��H�GS3��\�

�. 2000� Keegan��[2]��: Survival is impossible
without an editor.

1 A � I RNA ��� A � I RNA ���

A7 I RNA�L����| A7 I RNA�L�

��U� , *E�x[ RNA @����� � A

(adenosine, �R)����� C6 ������, *

+ ¡¢��[3], i£� mRNA y��ZhCO�

����¤¥�DQR¦¦ I (inosine, §R). (-

¡¢���¨�©,ª«¬P ­�� , �t®�

U�¯-°mRNA����A*+h G(guanosine,

­R), �±²r�N+O¥³´�
�; µ�±²

¶r6ST mRNA @��O¥·¸ ¹N+[4], º

»�°ST³´��nop�¼ijk56
Z

+½.

A 7 I RNA �L�U,�¾|¿[À¥ÁÂ�

 ¹ÃÄ|, Å¥ -�ÆÇÈij��Æ ¹� A

É¸��L [5,6]. &ª�L�U#Ê“ËÌ”� , gg

,FGHIÍ“Î�”�U, tÏÐp�N+, ¥Ñ-

Ò/['�“ÓÂ”; 	tr�JlFGHI}�w

Ô�
Z��	ÕÖ , ,-Zh×ØÀ¥lm56

�nopÐÙ9:. t,-ÚÛ RNA, ÜzÝ 40%

��R«*+h§R , &'�UÞ ßà+

(hypermutation)[7], ��áâr6ã���äå56

¥8.

A7 I RNA�L�, �?�æ�U ���ç�,

«Þ �U- RNA��R���(adenosine deaminases

acting on RNA, ADARs)èé. ADARsºê
�-Ð

ëìíîïð�[8], ;<�XïñòóôòY�`[

(õöò£÷)\]^`[(øùòúùòûò��)�

Vü�ýkïðþ��
�CADARs[9~13], �â�?

�['Zcò��k�½�r6À¥9:��.

�]^_, ��	\ 4 ' ADARs, 
 ADAR1,

ADAR2, ADAR3kADATs (�  TADAR)[11~13]. M�

�À¥�
��½ij�. ADAR1k ADAR2� N�

�À¥6ãÇÈRNA(dsRNA)i��ij�, �56

�vÀ¥�
|, 6�¬P mRNA @����ÆÇ

Èij(tÐ�Æ��), �½��� � A *+  I.

�����
�, ADAR1k ADAR2��½ A7 I�

Lç�ª,¿[¥ÃÄ|, 56g¥�y��, M�

��½ij��¿[ÃÄ�Í8��U[5,14]. ADAR2

¶À¥���L56, ST? mRNA @�
Zr+



� 48 � � 12 � 2003 � 6 � � �

1252 www.scichina.com

·�[4]. ADAR3 �ÀÇÈk�È RNA i���, g

y�� �, 56!V"#, ��$%
�?r�&

� ADARs èé?'h(��½�| , áâr6,

RNA�LÍ�1�U[12]. ADATs
 tRNA��|�R

����, �ýy�v) *+, À¥ã ADAR1 k

ADAR2 _
���|�, ,-. dsRNA i���,

�®, dsRNAk mRNA@�/�L�U, ADAT1�

�U0:#°1QZ[k���2�� tRNAç�


3�� 37  A *+  I, t ADAT2 k ADAT3 ��

UÜ#° tRNA� 34 A�½h I[13].

2 A � I RNA ����

2.1 �����

]^`[��, ADAR1k ADAR2*+y�-4

56�ý , t��78Aþ9º :; , � <p

=ò>?ò@AkBC��� DrEF\ ADAR1

k ADAR2. üª A7 I RNA�L�x[¦¦ G¥ I

�RNA�y��ãADARsH������
|: v

���*+c�, � �º :;[9]. &áâ, A7 I

RNA �L&'��JKÏÐ�	�f, ADARs ab

c�, Ïr6,ïð56ÍI9:��J�U. 	t

\K@ L, �=>� A 7 I RNA �L�¾|¿[

 MÊs, 0:# -�78Aþ9�ò�
©��

NO012P�34� Gno�Q��� mRNA@

�[15,16].

5-HT2CR(5-HT2C ��)�RSïð�T#U�

�ã G no�Q�9:ij, �
U��� mRNA

�¥ 5� ¹(A, B, C, D, E)ABC A7 I RNA�L.

?� A, B, CV� ¹0:( ADAR1�L, Aw�

L;���RSïð�T������kWXYZ

jf
Z+½, XtST 5-HT2CR ã G no��Q

[\]Y 10~15 ^, ïð�RSH�y� IP3Zh_

s, ����`�|]Y, ,�a`b�U�crÝ

\ºø[�[17]. ®�, (-6�L ¹��L[\�

��L��Vü, 7sr�xZ 10' 5-HT2CR�j

�. RNA�L�J 5-HT2CRH�Gd�Ze��, �

�6'�L; 5-HT2CR �j��56fg, K@¶

V"#. 	t&�
�hâC�'�1 5-HT2CR ï

ð�H�*S�D��, üªáâ?' G no�Q

��èéh(vr6�\ A7 I RNA�L���1.

AMPAR(��012����� AMPA i2)�

mRNA v# ADAR1 �U�9:¿[. AMPAR (

GluR-1, GluR-2, GluR-3k GluR-4j�i�kü�h

342��, l�i�À¥ 4 �mn��(M1, M2,

M3, M4).  - GluR-2, GluR-3k GluR-4i�� M3

ãM4�Z�#©��o�Uij�, ADAR1°�


U�� mRNA @�������� R �
�(AGA)

�L*+ p�� G �
�(IGA), �tU�L ¹

qÞ  R/G ¹. «�L;� AMPAR34Z[Nr

�|
Z+½, 34(s�t}��u\vw, �t

R/G ¹#x�AMPA34}�ªÔ�8� ¹. ,

øù���yz�â R/G  ¹��L[\�ø 


{��1, |I}~
{, �L[\���v, �Z

;�L[\ÝºÁ[18]. (- RNA �L
Z�·¸[

��@, R/G  ¹��L¶°ST GluR-2, GluR-3,

GluR-4 i�xZ Flip k Flop 2�j�. R/G  ¹�

L�Ze��cV"#.

GluR-2 RSmn�¶c� ADAR2 ����L

 ¹, ADAR2°��$%Q�
�(CAG)*+ ��

� R �
�(CIG), �Þ  Q/R  ¹. U ¹��L

0:x� AMPA ����P�3�|kNS�| ,

v1� GluR-2 )ïðn*�����h AMPARs,

ã���HÝ���8, &� ¹��L�sª, 8

Aïðn GluR-2HÝ�u�v[19]. Higuchi��[20]°

úù ADAR2 ����(knock-out);, 
���/[

� ���}~�ïðr
{h�tlÙ�úù ,

,��^;Êw��, Ïu&'úù�
Z��, ?

�ý� GluR-2  ��LCt ; f�U����

(knock-in)��, �úù GluR-2 �� Q HÝ  R, Ü

úù��Cr�4�s. &�> ADAR2 �0:�L

¿[#�7� GluR-2, tu ADAR1 ÏV6��

ADAR2,U ¹��L.

Morse��[21] 4, �� mRNA�� 3¡NCRò

�G�kÐ�
 RNA �
�Cø¢� RNA �L�

f, uø�y -9}£¤�, ¤¥ ¹��|. &

Ø�L�f���¶V"#. ��¥ , RNA�Lr

6������z9:ZewÔ, 1Qïð mRNA

� A7 I�Lv�Å#�P�f, ,#�nop�z

{|�"ÍI9:��U.

�Y�Z[�vc� A 7 I RNA �L�f .

Patton ��[22]°Xõö¦§��	�¨34 cDNA

k��� DNA�©ª«;, 
�U��� 17� ¹

�ABC A7 I �L, ?�¥¬� ¹«�L;, ­

¸��¨34�01�| , 
N+C¨348®k
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s�u\, &H> RNA �L,õö8A£�`�N

 })½¥9:��J�U. µ�, 34�56|H

Ýv�\�1[23].

Palladino �� [10]�	�£÷ RNA �L�

(Drosophila pre-mRNA adenosine deaminase, dADAR),
Ï
�g�h¯��� �HÝ , À¥k]^`[

ADARs �
��½ij�, ,°34ò�34k�

���� GluR-1i�±34� mRNA@�
²�L

�U. ° dADAR ����;, 3'P�34k 25�

�L ¹D�s�L , £÷�tk³e´cr./

lÙ, ,��µÂ¶·|¸¹òº`s�k|�»�

vtv9�¼½ò8Aþ9¾½, üª,�3¿+½

fÁµk-À�Á�|]Y[10,24,25]. º�
�£÷�

Â¨{Ã¨6��α i2� Dα5, Dα6k Dα7i�v

# dADAR��L¿[, tu Dα6i��ð���i

���� 7 �«�L� A �¥ 4 �#ÄÅ L
�

�ºÀ�½ÒÆ|�/ÇÈ`[ RNA�L¿[[26].

K@É
�� A7 I�L��U�¿[, �#�


,ïð�dZe56Í9:�U�nop�

mRNA @�. Paul ��[9]���H>, �øùkúù

�z'�ý�c�G§R� mRNA, tu�&Ø�

ý�Dc� ADARs. ÊËÌl 11 �øù mRNA,

l 22 �øùÍ�æÎ mRNA, l 40 �Ï� mRNA,

l 100�ÐÑ§mRNA�G¥ 1�§R. ´	�õö

k£÷��
��� A7 I RNA�L�1�¨34

k°34!��]^`[�
�, ,# A 7 I RNA

�L����ijk�U±Ò��
|áâ , ��

ïð�r6¶¥Óz!�«
��¿[.

2.2 �����

��,ÚÛ RNA�-. ¹��|�Ôßà+Õ

�U«¥ r6#�'Ö	�×ØÚÛ·Ù���.

Scadden ��[27]Ú 4w I-RNase �
�, ?, I-RNA

�ÛkÜ#,lÙ RNA � 300 ^, À¥ 3¡Ý5¡��

��|, ?�U#]� I-RNA. r6� ADARs °Ç

ÈRNA��A*+  I;, I-RNase
²]��U. �

Þßk�ÛßràS�ý� ADARsHÝk�|�Á,

�� I-mRNA G¢�v�á/&�â¹[28~30]. µ�,

�����$%�
�, U IL-2/ConA ãaäåï

ð�æª, rEF\ïð� ADAR1 ��|çÁ, v

áâ ADAR1 �äåïð56±²r6À¥9:�

U[31].

3 A � I RNA �������

A7 I RNA�L&'*E;JK��, T�ü�

���
�z'56�8	tq¥è,éP�no

p, �±²�â��½wÔ����J��m½, f

��78Aþ9 , r6,×Ø8Adp���Ze

kêer�|ÍÔÎ�Õ�U; µ�±²¯A7 I RNA

�L�Ùª, ÜëÍìÚ�
Z.

��
� , ��í���&î�ïð�ñ§@

�<p�, 5-HT2CR� mRNA@�� 5� A7 I RNA

�L ¹�� A ¹k E ¹�L[\�ò�Á, D

 ¹��LÜ>��], C ¹�â¥�L�U�ó

�ô). õö÷2úùØ&îêøùú(fluoxetine);,

&Ø ¹��Lûüý*. RNA �L[\k÷Ò�

+½¶þST 5-HT2C R,���%6ê[�ç�|

N+[32,33]. µ���8y��ïð�@§<p, Ð�

LCt� 5-HT2CRHÝ�z, r6(- RNA�L�

��|]YÉT. Ð�Lt 5-HT2CR ã G no��

Q[\Á-�Lt, ST 5-HT2CR �S�[��ó,

r6ã�8y���
Ú��C¥8[34].

Kortenbruck ��[35]
��§��	êïð�§

<=����� KA��i2� GluR-5k GluR-6�

L[\>�çÁ. &r
�äwz� Ca2+��, r6

#����'Á�|+½ . ,úù���H> ,

ADAR2 HÝ��|��Ù
hC GluR-2 ��LV

�, t�úù�
Z���C; f�U�����ú

ùHÝ�LlÙ� GluR-2, Üúù��Cr�4�

s . &Ê¥r6���������
Ú��Ïº

»�x&��� [36]. §��|Ç����½��


Úr6vã GluR-2�L-�¥8[37].

2002 �� , ¸�e�r ����(
� , �

�z�|h8A!pïð"(GBM)�ý�c�Iø

¢�A�L� RNA, üªADAR2�HÝk�|�ø

ø]Y[38]. &#�_#¡
� RNA�Lã$"�8,

áâ RNA �L�ÕÖÊr6ã$"�
Z¥9:Q

þ. $"Z%&�\}~�ïðr+½, &Ø+½q

ãïðZ%�æ�6'H�'(II�8 , )ã&

'H�'(�l��no�+½�r6ëÍ$"�


Zã�æ. 	t RNA �L�-�#*#$"
Z

�+`�ßò�#($"�8����1N+ÉST

�¥,=>.

º�¥-. 4[39], ��<ß B2(EBT)��r
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6v� A 7 I RNA �L. /Ö|0i1Ú#�'F

G|ìÚ, ãEBT����à+¥8. �×Øïð�

EBT��*E[�, ãR 4����,��Q���

�R 950 A«*+h G, i£nop�U !��

�$%(Q)+hC���(R). ���� DNA �-.

����, �2F#�\C A7 I RNA�L.

�34ÊH>, A7 I RNA�L-�ã�zìÚ

À¥��8þ. �5�6' A 7 I RNA �L¿[�

«
��×ØìÚ�
Z�Í\8��U , Ó4>

C&'�L±Ò�9:|. �7=>C RNA �L-

�ãìÚ�8þ, 8r�3wJ}à+� RNA �3

wN+ RNA �LCü<�©��9�, ã����

���ªÀ¥Ó>��:,| , � x�nop�

º»ijk56�#h¯� RNAtÐ DNA.

4 	


�- ADARs �?x[ I-RNA ����*+y

�, Ïr|��CtVüt
Z+½, 2F��7k

�;�ý��c�ø¢� RNA �L�f, ,��H

ÝÍI9:��1�U , Xt�����ÚeZe

wÔ. 	tK@É>m� A 7 I RNA �L¿[D 

-�78Aþ9, u< �	
�, ST A7 I RNA

�L���=>-�7, tG I-mRNA:;�?z�

;�ý� A7 I RNA�Lûü¶#���. �®, �

�;�ý@AìÚ÷2� RNA �L�+½ûü, B

CD�� ADARs �L�1��D��, ÏEF,?

56���, °¥�-=> RNA �L�ZeÚe�

���Z[z{|�ÉG�H , Ï,��HÝ�

1eI��9:JK.

K@, ADARs56���z�U�����L

ª*Ù±�. Wang��[40]����â, ° ADAR1�

���; , �¥/[� ���}~�ïðzM�

�, /�
{hM�úù; èøzM ADAR1+/−M�

}~v-}~R 14 Ö��, ÏuU}~��
Nï

ðy½�Ù, �> ADAR1 ,-}~
{òïðy½

À¥ÐÙ9:��U. üª�>ADAR1OT���,

�U��������?�D����P[ . Lª

*Ù±�U-�� ADAR1 ,�D����1, �5

6��±²V#eQ÷2 , �®RS�'4D�r

T������h ¯U�V.

�_���WX��hhâ , �_��MK 

3~5Y�, tnop"zÝ 25Y', H>��3w'

'��JK±Ò
hCnop�z{|. A7 I RNA

�Lr�*E;�ZÔN[Õ�����
�Ï��

r+·� , �nopz{|��h�\]I9:�

^�.

� � 	 
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