
( C � )
� 33 � � 2 � SCIENCE IN CHINA ( Series C ) 2003 � 4 �

��������	
���
���

��������*

��� � � ���** 	
� � �
(��������	, �� 430072)

�� Asy (apoptosis /saibousi Yutsudo)��� Yutsudo��� 1999��	
��



����������. 2000����������� !"#�$��!(W1-38)

cDNA %&'()*��+, ASY -./012
-.

�� hap (homologue of

asy protein). 3456 ASY +7����89:;<��'=>?@ABC, ASY ,

HAP+7����'=>D@ABC, ASY8 HAPE+��FG�� Saos28 CGL4

��. ������ !"56 HAP +7����'=>?@ABC; �� HIJ

KL56HAP,ASY+7����'=>D@ABC. �� AnnexinV, TUNEL, DNA

Ladder8MN��OP�QR��
ST, U asy, hapVWXYZ[XY
��\]�

�ZFG��
��^_`aZ`bQR, 56ASY8HAPcd����FG���

�, ef+����\]����, gf56h ASY, HAP=>
D@ABCijk

hASY8HAPlm=>
?@ABC������
na, opASY,HAP=>?

@ZD@ABC�qr������
stuv.

��� asy �� hap �� ���	 
��
����

����������	�
 Kerr��[1]
����, Cleary��[2]��� bcl-2� cDNA,

��������������������� !"#. $%&�'&()�
*+ 23 ,

"#� bcl-2-.[3~5], / 14,0120� Caspase-.[6~8]34 TNF-.[9,10].

567����$%�89, �:;<=��������>�?�@' 2ABC��

D>EF��GHIJK, �����LMNOP�QRSTUV��>WX !. #�, Y

Z[\, 7����]M�$%^\^_G�:�!`. ��ab;cde#fN DNA �

RNA 34de#fg� hJKijk�l>�?m. no>�pqfg�rstuvwo

�D>xyz, >{|}~��, �Drs�����������cab. ��$%��,

	�#fTNF� FasLN	��?TNFR� Fas���rs������� Fas���p�[9,10],

� Bcl-2 -.017������/���]M�I�-.01g���rs���rs[11].

�l BCL-2����, BAX����, ����;c��m BCL-2� BAX��rs���r

s���
����>	k���,HI�![12]. � caspase/���� ¡¢£0o���
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 qf�F��¤¥ caspase8 N¦§qf FADD rs, caspase9 N¨�¦§qf Apaf1 ©s,

ªo�D��rs«w¬­ caspase®0��¯r?, °/±,��¯r?©s0o����

�²r?�³�´¥ caspase3, ������[13,14].

asy(apoptosis/saibousi Yutsudo)
µ¶ Yutsudo·2[15]l 1999[����,¸��¹��

����"#. º»��[16]¼F½¾¿ÀÁÂÃ��Ä��Â(W1-38)cDNA ÅÆ�����

,wNASY hJK�de¸"# hap(homologue of asy protein, 3ÇÈÉÊc asyip, ËÌ�

$%� hap�©Í'ÎÏ�Ðw. HAPN ASY�ÑÒÓo��OP��Â Saos2� CGL4�

��Ðw, ÔÕÖ×�½¾���, HAPNASYw®0��¯r?, ASY�½¾������

��w®0��¯r?, ØHAP
Ù|wQÚh JK®0��¯r?34
ÙwNASY 

hJK®0��¯r?, �D�����rs7Û:�������ÐwoÜÝÞß? Òà

uá�â. /l asy� hap
±,¸�����"#, #�¶Å
o! hap"#89$%�È

É.

1 �����

1.1 ��������

�ãäå�� HeLa�æç�� Vero/èéêëì(íîp�ï�ð)ñò, �óÄ¯ô?

õ���/ö÷ø$%1(ùúûï�ü�ðVý$%þ)ò�, 3¤ 3 D���� DMEM �

���(� 8%·��()l 37	��. 
��
 pIRES�EGFP/�·���(3�� Weizmann

$%þ)ò�. �
 pAsy� hap�é cDNA/º»��[16]Í�. �
 pCFasy/Yutsudo��(µ

¶ , p�p� )ò� . ApoAlertTM, AnnexinV Apoptosis Detection Kit ��x�� (PI)�l

Clontech��, ¡���	��� Kit(In situ Cell Death Detection Kit), Fluorescein�Q Roche

��. Lipofectin4LipofectinAMINETM �QLife Technologies��. ½¾¿ÀÁÂÃ !"(�

�
 pGBT9, pGAD424, pGBTLAM5#�½¾$ HF7C)�Q Clontech��.

1.2 	
���

%&'��K hap cDNA�(�� X)*+��=�
 pGBT9, pGAD424� pHM6�,

asy"#)*,9 pIRES�EGFP�����-, Îxp./$ DH5α, 012�H2�
.

1.3 
������

33s
��
 pGBT/hap � pGAD/hap 4Îx½¾$ HF7C, Ë�53 pGBT9,

pGBTLAM5#c76. Îx$7� SD/−Trp−LeuB8� SD/−Trp−Leu−His(� 3 mmol/L� 3-AT)

9�:;<B8¤=>��, 7 ~ 10 d ?@1vw�2�$7ABC�DE �FGH I.

½¾¿ÀÁÂÃJJKL Clontech�� MATCHMAKER GAL4¿ÀÁKMJJNOAB.

1.4 ����

K�
 pE/asy � pHM/hap qPÎQ�4ÎQ HeLa ��'Vero ����óÄ¯ô?��

(5R105 ), 4ÎQ5±D�
ST 1 µg, UVÎQ5±D�
qPN 1 µg pBSKWs?ÎQ,

ÎQ��% LIPOFECTINR Reagent� LIPOFECTIN AMINETM2000 Reagent�JJNOAB.

1.5 ��������

T3s
��
 pCFasy� pHM/hap DNA 1 µg� LipofectinUVÎQ�4ÎQ CGL1�

�, 19 h?XY��Ë� NP40Z[��\�]^, qPKU��_? anti-Flag� anti-HA�
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`ao A/G PLUSde�bcDde�
�de, °K anti-Flag� anti-HA� ECL Westernf

� !ABSTde� Western blot���.

1.6 ��������� !"#

TUVÎQ�4ÎQ��, Õ 70%ghi�Fj, k lx, mnXY��, KopqZ

[� 37	r\ 3 min. þáÑsqPÕ±DtuQ� 30 min, v PIQ�� PI4 AnnexinV4

Q�. °Kwx��yz{|���}�yz, ~,Ñs��|� 104,��(³�� 488 nm,

|�� > 620 nm), Ì�wx��yz{JJNO'AnnexinV� PI !"�×�.

1.7 ����� TUNEL��

TUVÎQ�4ÎQ 48 h���l�8¤, Õ 4%�r��i� 20 min, K 0.1% TritonX-

100, 0.01%opq��� 2 min, ��, ¢9 TUNEL !yzWs�, 37	r\ 60 min, 3³�

� 450 ~ 500 nm, |�� 515 ~ 565 nm�����f��´����, JJ%¡���	� 

!"�×�AB.

1.8 DNA ladder��

TUVÎQ�4ÎQ 48 h���, l 37	K]^Z[�]^�� 6 h, ¢9 NaCl���

� 1.5 mol/L, 12000 × gmn, ¤(�K�?���ghde, �l TE/RNaseZ[��, bc

D������.

2 ��

2.1 $%&'�()�*+

} hap "#�é cDNA(1.1 kb)� Nco�/Spe�)*B x?, qP,9
�¡? pGBT9

� pGAD424 � Sma��-, ­ hap "#N pGBT9 � gal4-DNA ©s¢(DBD)� pGAD424 �

gal4 ³�¢(AD)3sËr£�¤, Í�0
�¡? pGBT/hap � pGAD/hap. �½¾gh¥¦

 "#§�f (PADH1)M�´ , Ç�w
� Gal4-DBD/HAP 3sde , ?�w
�

Gal4-AD/HAP3sde, �5, } hap"#�B x)*Õ�g�
 pBluescript¨SK, ­©0

c EcoR�/Not�)*, °+��=�
 pHM6� MCS�, ­©N 9,ª"q�«¬ HA3s

Ë­l HCMV �®¯"#°§�f(PHCMV)M�±´Í�0H2
�¡? pHM/hap, �²³


��
 pE/asy´
� pAsy X´ asy"#,9�
 pIRES-EGFP� MCS�Í��0. �o

hap� asy�
��
Õ XÖ×�wµ¶�· 1.1 kb�)*(©¸¹fº), ��q»Ö×�

hapN DBD� AD� HA�¼½3s, r£��¤(©¸¹�¾). ¶ÅÍ�� 4,
�¡?4

Yutsudo��ò��
��
 pCFasy�©Íºl¿ 1.

2.2 HAP,-�./0123

Yutsudo��[15]ÔÕÖ× ASYwQÚ hJK. �l HAP
 ASY� hJKde, ª"

q��oÀÁ����[16], ÂyHAP|zwQÚ hJK®0��¯r?. ¶ÅK pGBT/hap

� pGAD/hap 4Îx½¾$?qP
��3sde Gal4-DBD/HAP � Gal4-AD/HAP, Ã¸

HAPwQÚ hJK, ´Ä�} DBD� ADÅÆ, lÇ�©Èg�É, DBD©s�¤¥ UAS

¤, Êl AD³�´¥"#�
�, #�Îx$uËwÌ�9�:;<B8 SD/−Trp−Leu¤>

é, |w� SD/−Trp−Leu−HisB8¤>é. ÍI©¸Ö× pGBT/hap� pGAD/hap4Îx½¾
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� 1 �������	
��

PCMV� CMV�����; IRES��	
��
�; egfp������������; PADHI������� 

�����; gal4-DBD��� gal4��� DNA!"#; TADHI������� ��$%�; trp1��&'�

�; ColE(ori�)* ColE(+,-.�; Apr�&/01234��; 2 µ ori ��� 2µ )*+,-.�; gal4-

AD��� gal4��56#; leu2�7&'��; HA� 98&�'�9:;<=>; BGH�?@A52$%�;

neo�B1234��; Flag� 118&�'�9:;<=>

���� SD/−Trp−Leu� SD/−Trp−Leu−His���	
(� 2(a)), ��
 Trp� Leu����

�	
���������� trp1� leu2������� , !��
 His�����	
,

"# DBD� AD$%&'(� HF7C)*(��+� his���",, 4-. /0(pGBT9+

pGAD424, pGBT9, pGAD424� pGAD/hap+pGBTLAM51)2�", his����3, ��
His

����4�	
. 56, β-789:;% <=>?@, ", Gal4-DBD/HAP � Gal4-AD/

� 2 HAP 
�
������

(a) CD���EFGHIJKL�M�@A. NOPQ Trp R Leu STU His� SD KL�, VOPQ Trp, Leu R

His � SD KL�. (b) CD���E�β-WX	Y 64Z[\]. 1 R 2 � pGBT/hap ^ pGAD/hap CD�; 3 �

pGBT9^ pGAD424CD�; 4� pGAD424D�; 5� pGBT9D�; 6� pGAD/hap^ pGBTLAM5_CD�
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HAP�AB�� X-galCDE?@#?�F* (� 2(b)), >G# DBD/ADHIJ UAS�, $

% gal4 KLM, NL&EO lacZ ���",. �-<=HPQG#& HAP �RSTUCD,

VWXYZ[(, !\��� pGBT9 � pGAD424 �]^_AB�, `aD/0bc LaminC

Cdefg��� pGBTLAM51h pGAD/hap�]^_AB�ij��k���(−Trp−Leu)�

	
, l4��m���(−Trp−Leu−His)�	
, β-789:;% <=>?. .

2.3 HAP ��� ASY �������	


n&G# ASY h HAP �opqr>�TUCD , fg&�-st",u( , vr

pHM/hap� hap�� 51wh HAXYxI, pCFasy� asy�� 51wh Flag XYxI, y�-

��z{^)�]^)|}~pq CGL1, 19 h ����bc , ��Dz�(anti- HA �

anti-Flag)����, ���, `�-z�C

���� Western blot, }�����HP

G#� pCFasy (pHM/hap)z{^)�pq

�bcr ASY(HAP)�� anti-Flag (anti-HA)

��E�, �� anti- Flag (anti-HA)��J

(� 3(a)r� 4 � (b)r� 1), !4��

anti-HA (anti-Flag)��J(� 3(b)r� 4�(a)

r� 1). !� pCFasy� pHM/hap]^)�

pqr, ASY(HAP)�h HAP(ASY)���

anti-HA (anti-Flag)��E� , ����

anti-Flag(anti-HA)� anti-HA (anti-Flag)��

J(� 3(a)r� 2 � 3 �(b)r� 2 � 3), <

=�H��: HAP h ASY �-bc>��

opqrVW�YZ[(.

2.4 HAP ��� ASY ���	

���������

`�+",u( pE/asy � pHM/hap ��^)a]^)�~pq HeLa� Vero. �^)�

HeLa pq��� 24 h, �� ¡¢?£¤E¥¦, §¨©ªpq�«¬­®¯°¡^±q�

Jq²6, � AnnexinV CDEpq6�)W³*, q´nµ*(�¶·, ¸�¹�, EX). �

-",u(z{^)ºQ�d» HeLapq©ª(�¶·-1, 2), l ASYd»pq©ª�¼½¾

¨ HAP, �¿]^)º�©ª¼½À¨ÁÂz{^)�¼½(�¶·-3), ÃÄpqÅÆÇ�È

º , DTXÉ��� , �TX�^)ÊËE�-bc�",ÉÌÍTÎ , HPÏÐ?@ ,

pE/asy � pHM/hap z{^)d» HeLa pq©ª�¼½��n 60.26%(� 4(a))� 58.38%(�

4(b)). ]^)º�©ª½EÑJ 31.88% (� 4(c)), ÒÁÂz{^)�©ª½À 89%� 83.1%,

ÓÔ`Õ�Ö×[16], ASY� HAP�z{^)�~pqºVWXYZ[(, �¼Ød»&�~

pq©ª, !Ù 2.3 ÚÛ�HP?@ÁÂ]^)ºÜÈVW�YZ[(, �!Ý� ASY h

HAPÞßVW�YZ[(�ÑÀXYZ[(�©ªd»à��á�.

D Veropq��âGã&D HeLapq�ä�HP, pE/asy� pHM/hapz{^), v©ª

½��n 16.12%� 15.50%, !]^)� Vero pqåæ� 10.12%�©ª½, ���ÑÀJç

^) Vero pq(/0)8.80%��èé�(� 5). Ladder ã=HPêëG#& Vero pq�©ª

� 3 HAP ��� ASY ������	
��
�

�����

IP ������; WB � Western blot; a-HA �� HA �	
�

�;�a-Flag �� Flag �	
��
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Quad %Gated %Total Quad %Gated %Total Quad %Gated %Total
UL 5.24 5.24 UL 0.78 0.78 UL 3.78 3.78
UR 17.22 17.22 UR 19.38 19.38 UR 21.00 21.00
LL 17.28 17.28 LL 21.46 21.46 LL 43.34 43.34
LR 60.26 60.26 LR 58.38 58.38 LR 31.88 31.88

(a) (b) (c)

� 4 �������	
��
��� pE/asy � pHM/hap ���������� HeLa �

������

(a) pE/asy ��. (b) pHM/hap ��. (c) pE/asy � pHM/hap ���. UL(� 1 ��)�	
��;

UR(� 2 ��)
����; LL(� 3 ��)
����; LR(� 4 ��)
����

� 5 �������	
��
��� pE/asy � pHM/hap ���������� Vero �

����

(a) �������������. (b) pE/asy ��. (c) pHM/hap ��. (d) pE/asy � pHM/hap ���
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(� 6). ����, Vero��� ASY	 HAP
��


��� HeLa ����, ��� ASY, HAP ����

�
�����
������ HeLa��� .

2.5 HAP ��� ASY �����	
��
�

����

!"#$ HAP	 ASY%&'��()'��*

�������
+,-, ./0�12��(34

56789:��);<"&=
>?. @ABC(

DBC12�� 24	 48 hE, FG�HIJKLM

LNBOP(TdT)	QRST
LUN(V! TUNEL

>?)WX��CY8 DNA
 3ZHI. ����[\

CY8 DNA ]^_, `a� 3ZHI, bc%QRd

efghij�kQRlm(�no-4 ~ 6), p�n

o-4~6�q pE/asy� pHM/hapDBC
��rs/

tuBC��
��vwx , yBC
�z���

��kQRlm, {|}~#$ HAP� ASY
)'

���x"s/%&'��*
��
��h.

3 ��

asy 	 hap ������
3����
��

b[15~17]. hap�b�� 2537 bp, [�b
 5ZI��B

�����B��(1.8	 2.7 kb), %3
�����

�������[16]. hap�b��%3
 17mCY8

���({|y��),  ��b�¡¢&ASY�=�

�%£@¤¥�. HAP � ASY ¦h§¨3©ª«�

�¬ Soas	­®«��¬CGL1
��, 
����

�. %¯°��� ASY h±.²³��´h& HAP ²³��[15,16]. �µ#$ HAP ¶·�±

.²³��
h¸. ¹\¯°º­®¬»� Gal4-DBD 	 AD � 1¼1 {�, p ½�g¾¿

À�b
��, b %HAP
±.²³���¶���Á 1¼1rÂ{�
&'6�8. &Ã,

%� ASY!
ÄÅÆÇ� hap�b
¯°º­®¬»�, HAP	 ASYÈ�¶hÉ�)'6�

8, ./� Flag	HA!SÊ, ËÌ®ÍÎÏÐÑ>?#$"Ò��ÅÆ%3���&=h²

³��, ÓÔÒ�²³��¶��)'6�8
ÉÕÖ%.

�¡×FØÙ
²³��%8£�¬Ú�_ÛÜ�+,Ö%, Ý�
ÂØ� RNA POLÞ

ß�àáØ DNA {�â0ãä�å�B�bØ²³æ�, çhèá�bB�. %����Ì

é�Ò�ÅÆ@Ù
����ê!+,. ë BAX/BCL-2(( BCL-XL)
rw�ì���í�

(��
�)0��Ö(��§¨)
îï. ðñ
��
�ÅÆ CED4 �ðA8¥�
 BCL-XL

É�)'6�8§¨��, ò BAX� BCL-XL{�ó CED4ôõ;ö��@�*, CED4
�

� 6 Ladder ���� ASY � HAP ��

	
 Vero ��
��

1� pE/asy ��Vero��; 2� pHM/hap��Vero

��; 3� Vero����; 4� Marker: Gene Ruler

DNA Ladder(100 bp)
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"����[18]. câ, %÷�
ÅÆbØ���������
ø¨�ùú&'��8
�

����(ë Apaf1	 Fas)[19], )'��8§¨����
ÂØ, ë��û<P CAD(caspaseü

_
DNase) 
§¨ý ICAD�CAD{�É�
)'6�8§¨"CAD
��
��h[20,21].

HAP &'6�8	� ASY 
)'6�8�þ�Ò��ÅÆ
��
��h·����

�? �µ� 3 ��� 4 �WX��ij�#$"Ò�����. ò HAP 	 ASY %�«��

(HeLa 	 Vero)	12��(345678��)�tu���&'6�8ÉÕÖ%*, ¢��

��
����w, �G� HeLa ��ê!��, í�wFG� 60.26%	 58.38%,  ò HAP

� ASYD��É�)'6�8*, ��wg� 89%	 83.1%. Vero���	� HAP	 ASY


��
�ùë HeLa����, �Ò���
��F$d, )'6�8� Vero����
§¨

��ó Vero ��
���k"�
��. �12����{|������, �&=��¶

�2ij.

p��F�./�!�HAP	 ASY��«��	12��
��
��h�s/&'�

�	)'��
�� . &'6�8
����� ,  )'6�8§¨���� . ./��

ASY� HAP�Ù
rw�Ò���ø¨
�¨�î, ò ASY
��� Ì HAP*, ���

����; òs/
����k�!*¢§¨"����. ¹\Ò��ÅÆ���%£@¤

¥� , bcs/
��lm9"#$�h�%&
 3 '#$ù& ,  �� Ca2+ôõ	

caspase12�î
���#$[22], �î hap�b
���h(	lm9"
)*+,-¿À.
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