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��������	
��
�������

��� � � � � �	�* 
 �
(��������	, �� 430072. * 
��, E-mail: qiyipeng@whu.edu.cn)

�� �����(ha)���	
���
���������� Vero�����, �������-B

 !"#��$ B95a, %&' B95a��()* 	
���
�+�,-./. 01, 234#56

7$8, 9 B95a �� cDNA :;<=>?@A�BC(D	
�����EF(Ha EF)�GHI3

EF��JJbip(b-lymphoblastoid interaction protein of marmoset). K�� cDNALM 1540CN�O,

PQ 1011CN�O��RS, %&TU 337CV�WXY�EF(Bip). %Z�V�WB[\]^_`

BipEFQ)BCabcdefBCabgZe. h���-ij^_, BipEFcdeh�klm Bip

EFn Ha EF�GHI3. '	
��opq�� CHO(<rstuv��)<^w bip ��, \xy

_CHO/Bipzopq���Y�O(D	
�����pq��, {^w)BipEF�CHO����

|	
��}~?��. y_ bip �����-B !"#��<�	
��+���,-��.

��� B95a ����� ���	
(Ha 	
) ��
���� bip slam

����(measles virus, MV)����	
��


���	����, �������������

�����Ha(hemagglutinin protein, Ha)� !"#

$%	&'()	, *+,- CD46�����	$

%[1]. ./01234(56789): !"#;<

CD46$%=>2?4[2], @AHa��B�C=>2

?4&'DE����FA�G6789: !

(african green monkey red blood cells, AGM-RBC),H

Ha ��ID	��GJ(hemadsorption, HAD)[3]. 1

KAL , ��GJ�MNOP������ !$

% CD46QRST	UV.

W 1954XY�Z�����[N\]^_[4]`,

abc�MdT9e !f5 Vero  !L\]^_

MV, gh���i1jklmnopqrBstu

vw	��. Kobunex�[5]yz{9 B-2|}~ !

f(marmoset B-lymphoblastoid cell line)5 B958��

� !f B95a �����6���, FA���\

]^_��. g� B95a  !^_	��(�P B95a

���)�� Vero  !\]^_	��(�P Vero �

��)�;<��	"���[6,7]: ����GJ��

J, �`���GJ��J.

A�	��[7,8]+�,-: B95a���	Ha��

�����	���(Ha��	 546�� Ser��P

Gly),  �h���, DE Ha ��¡¢��£¤ 

!$%CD46&'	¥B, ¦"*PHAD�J, g§

¨©ª«C��� B95a  !	��B¬, h­®¯

°����FBdT B95a ±²	 !$%, ���

³� CD46©=	´µ¶·�
, ¸¤h¹rBº»

�����[	��B¬.

�¼½¾±, $%\¿À���Á. �Â~ÃÄ

ÅfÆ�Ç�����ÁQRST	�È²�fÆ.

�É����
 !	ÊË���A����� 

!$%��	QRSTPÌÍ	, �Î�	��Á-

��ÁQRST, @AÏÐdT B95a ���	 Ha

��(C Ha ��	 546 �� Ser ��P Gly)PÑÒ,

< B95a  ! cDNA ÓÔÕÖ×¦ØÙ�B� B95a

��� haÌÚ	"ÛÜ4QRST	�
��ÌÚ,

¦��<6ÝÞ !Õ"ÛC�
��\¿ , ,-

��SP B95a�����²	 !$%	FBJ.

Tatsuo x�[9]yz: � Slam ���Ù�É�ß

à�áâ !±	²	���� !$% , h��

�ãäå����	��æç��Z²	uè . Ï

Ð	��éSdTêë©=	��ìí¶î�� ,

&ä�*��Z²	;<É{9 B-2|}~ !"

#	 Bip ��ï¤��	 Slam ��Q=	¥B, ,

-ð� B95a������� B95a !	$%\¿.

1 �����

(ñ) ÌÚòcDNA ÓÔòó%ô !. ��G

J�J	 B95a������[ SMD/B�� haÌÚ

	õö÷Óø[8]. AÂ~ÃÄÅfÆ pACT2ó%(ù

Gal4(768~881)úûü��Gal4-AD ô leu ÌÚ)ýþ	
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B95a !Matchmaker cDNAÓÔ�ÉClontech��.

Â~ÃÄÅfÆÕ"Ûó% pGBT9(ù Gal4(1~147)

DNA &'ü�� Gal4-BD ô trp ÌÚ)ô pGAD424

(ù Gal4-ADô leuÌÚ)����b\¿����	


��
.

CHO  !(Chinese hamster ovary cells, Õ��

��� !)����b�È»�Õ��W¾���


. CHO !	pq³�P: F12+10%CS(ù���ò�

��), 37�, 5% CO2.

(�) Â~ÃÄÅfÆ. dT� !_st"#

�$ü%ô&�ü%	'(	 ha ÌÚ(th), )·

pGBT9 ó%Õ, ýþ�"Ûó% pGBT9 Õ Gal4-BD

F*+Q=	�,Á- pGBT-th, A.SPÂ~ÃÄ

ÅfÆÕ	ÑÒ��.

/T Clontech��01	U2 LiACíå�,Á

- pGBT-thô B95a !Matchmaker cDNAÓÔ3_

4Â~$%� HF7C Õ, 56É SD/-Trp-Leu-His 	

78±, 30�9:pq 5 dA±.

(;) β-<=>?��@-A. <N3_	Â~

$%� HF7C �1 7 d ` , ABÈCDE�1<

SD/-Trp-Leu-His 	78±@¤Mµ 2 mm A±	�

F , 3BÉG�Z²H	 SD/-Trp-Leu-His 78± ,

É 30�pq. 24 hA`, AI�	 Whatman 5JKL

MN²H78±	Â~�, ¶îO-<=>?��@

-A. 4~8 h`, @PQ4	R@�FHP His+LacZ+

�JST.

(U) �F£�ÄÅ. ADigoxigenin(DIG) VW

	 dUTP UV(;)Õt4	 His+LacZ+�JST, H

R@�FÕ cDNA XYSP\¿ÄÅZ[, W{9

B958 !fë1 cDNAÕÖ× bipÌÚ cDNA, �F

£�ÄÅ\Óø[10]¶î.

(]) ^_`Ù�abc\d. bip ÌÚ	ë1

cDNA`^�ef��`Ù. DNA�gÌh^_	a

bc\d/T Biosoft i�ÔÕ	 ANTHEPRO4.3 i

�¶î.

(j) PCR õö. PºÙ Bip ��� Th ��(th

ÌÚ	klÜ4)	&'¥Bü, ÏÐåë1	 bip

ÌÚ¶î'(. A bip ÌÚë1 cDNA Pm8¶î

PCRõö, Tn4 1Fô 1Rõö bipÌÚ	�ßü(W

oÌY 66~779�), Tn4 2Fô 2õö bipÌÚ	�

$ü(WoÌY 847~1311 �). n4Õpqa¤rs

	tuJ$ ���A»,åvZ PCR Ü4\ º

	F*+wBxLýãyyz¢&�ü(Hz¢oÌ

Y 779 ~ 848�)	 bipÌÚ({�P bip∆779 ~ 848).

=jTn4 1Fô 2¶î PCRõöstù¤ë|kl

ü	 bip ÌÚ. PCR }CP: 95�, 5 min ~ 90�,

1 min ~ 55�, 1 min ~ 72�, 2 min, 25Z}C. n

4 1F: 5�-TTTGAATTCTGGCTGATGATCCCAAGG-

GGCTC-3�(EcoR�), n4 1R�5�-AGGTCGACATT-

TGTCTCTGAGGGTTCTT-3�(Sal�), n4 2F:5�-AG-

GTCGACCTGAGAAGAAGAGGT-3�(Sal�), n4 2:

5�-ATCTGCAGAGGATGCAAAGCTGTTCT-3�(Pst�).

(�) CHO !	3�. \����oí[10]0E

�â"ÛÁ- pGFP-bip, `Ù A260 nmô A280 nm, ab

DNA �w. C"ÛÁ- DNA � CHO  !	�j3

�/T Lipofectin 2000í(\ GIBCO�����S¶

î), N3�	 !T G418¶î�JÖ×.

(�)��ÊË��. �1< 24 �8±	 CHO

 !T�,"ÛÁ- pGFP-bip3� 48 h`, "#p

qÌ, T PBS ���� !"# 2 �. å B95a��

����[ SMD/B	��(vwP 102.7 TCID50)v<

á� !"#, ���· 100 µL, 37�ÊËpq 30 ~

60 min. �`�� F12 + 2%CS(ù���ò���)	

 !��pq�, =±³�pq, 48 hA`PQ CPE.

2 ��

2.1 �������� pGBT-th 	
��
�

Ha ����Z&�>��, ��$ü%�$%

&'¥BI� , ��+¤��yz [11]: "#�$ü

%	'( Ha��(truncated Ha protein, Th)�ï¤ 

�	� !$%&'	B¬. @A, TtuJ$ �

Pst�ô EcoR�� ë1	���ÌÚ(ha)st"#

�$ü%ô&�ü%	'(	 haÌÚ(th), CXY1

� 1700 ZoÌ�. ���ST`�� th ÌÚ, )·

pGBT9 ó%Õ, ýþ�"Ûó% pGBT9 Õ Gal4-BD

F*+Q=	�,Á- pGBT-th(� 1(a)). Có%"

Û	 '�� Gal4 BD-ThFSPÂ~ÃÄÅfÆ	

ÑÒ��.
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� 1 �������	


(a) ��������	
� pGBT-th �
�; (b) ��
� pGAD-bip ∆779~848, pGAD-bip �����
� pGFP-bip �
�
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2.2 bip ��������	
����

��� pGBT-th� LiAC���(Clontech�	


��
)������� HF7C �, ��� cDNA �

�� LiAC ��� (Clontech �	
��
 )�

B95a cDNA������� HF7C/pGBT-th�. ��

pGBT-th � cDNA ���������� 1.5 106

!. 7 ~ 10 d �, " SD/-Leu-Trp-His #$%&'�

1000!() 2 mm�%��*+,β--./0123

45, 4 ~ 8 h�67� 6!83���*. �83�

*9:; SD/-Leu-Trp-His <�=>?�=>, @A

'��B DNA, C�����DEF� HB101 �,

GM9/-Leu#$=>�, H" 2!83���*A'

I pACT2JK� cDNA����, @LMN pGBT-th

��O���� HF7C � , 67PQRS;

SD/-Leu-Trp-His#$%TU, β--./012345

VW83. XYZ[: \]! pACT2 JK� cDNA

����^_�`aSN Th bc;�����

HF7C defXg , hi Gal4 DNA XgjSk

Gal4-BD� Gal4 DNAlmjSk Gal4-ADnopP

Q�ef�qrst�mu��vlmw� , "r

lmxyz�{|}�~�?w�� his� lacZ��

�, hO����� His+LacZ+��.

G����67%�]!�����K���

�?�e�, ��W�!��?w, ��W��-B��

������ Ha bc�ef�qbc (marmoset

B-lymphoblastoid interaction protein, Bip)?w bip.

�q�*�� ¡, ¢Q"�� B958 ���£

U cDNA�¤¥ bip?w cDNA, ����XY�[,

bip ?w cDNA £U 1540 !¦?§, ���! 1011

!¦?§¨t�©ª«, ��^_�!¬ 337!­?

®¨t�bc(¯ 2).

?w°±²_�³´�� (GGCTGATGG)µg

Kozak¶·. ��� Bipbc­?®�����!©S

�¸¹º»k(¯ 2�q}¼½¾¿[�­?®)��!

¸¹ÀÁk(¯ 2�q}¼Â¾�Ã�­?®��), Ä

ÃÅbc©SÆ�!Ç�ÀÁbc. "¯�È©�É

Ê, bip?w; 1386 ntË(¯ 2�qÌÍÎ¿[� DNA

�� )Ï;H���![2�Ð poly(A)ÑÎ
(AATAAA).

2.3 bip ��
� slam ����� DNA ���
�

�����

� bip ?w��N GenBank ����+, DNA

����Ò­?®����, 67ÓNÔ slam ?w

��ÕÖ��Ku, DNA ����Ku� 91.69%,

­?®�KuÖ� 86.94%, ]×�­?®��§Ø

Ù¯ 3.

¬¯ 3©�iÊÚ}XÛ: B95a��� Bipbc

�Ô Slam bc��ÖÜ��Ku, ÝVÏ;Þ`ß

à. DNA���­?®��§Ø67: PQ­?®�

��ßà�áâãä!bc���, Ú; N åæ¬

27 !­?®¨t�¸¹º»k�Ï; 3 !­?®ß

à; ;çèbc�� C-åæ�¬ 22!­?®¨t�

¸¹ÀÁk��� 11 !­?®ßà, éWêë�Æ

;­?®ì 245 �, Bip bcW Ser, rÔ Slam bc

íîïx\�­?®; ]ðbc�Ádkñ�­?

®ßàòóô, H� 3!­?®õ�. ¬ö¢Q÷W

\]ðbc���Á�k�Ádk�jSòóøù,

ú��e�ûeè�jS; ÓÀÁkñÏ;ÕD�

ßà , ©SÆ¬p\]ðbc�JKpõ����

��Slam JKpÔ�üý½þ��(PBMC), r Bip

JKp��-B ������ B95a, �����£õ

��ÀÁjS.

2.4 bip ���������
��

���¤¥Ê�£U bip?wW�$, �º� 1F

� 2�� bip?w�^_k("¦?ì 66 ~ 1311�, ]

³���� EcoRÇ� PstÇ�á), iÊ� PCR ��

��U� 1.2 103!¦?§, 	� pGAD424 �s


t���� pGAD-bip (¯ 1(b)); �£U bip?wW�

$, �º� 1F � 1R, º� 2F � 2 ����iÊ�

bip?w�Á�k("¦?ì 66 ~ 779�, ]³���

� EcoR Ç� Sal Ç�á)�Ádk("¦?ì 847 ~

1311�, ]³���� Sal Ç� PstÇ�á), ]!�

���t�� bip ?wÁ�k�Ádk(HHîï

779 ~ 848ÀÁk)� DNA��, Å���W 1.1 103

!¦?§, �
	� pGAD424���, st bip?w

îï����¨������ pGAD-bip∆779 ~

848(¯ 1(b)).

�¨���� pGAD-bip∆779 ~ 848� pGAD- bip

� Gal4-ADN bip∆779 ~ 848� bip�©ª«�G�

���Z�Æ�«�(XY��ã).

Wx+���� ThbcN Bipbc;�þ��

��ef�q , ¢Q¥�x�!òó�q��þ�

��� pGFP-N1(¬��D����� !ô"#$

%&). Å��'Þ�K?wN gfp ?w(g , ;
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� 2 bip �������	
�����

ATG � TGA ��������	
��, N� Asn���
� N�������, C�� Cys,

��������� !, ��"����#$%, AATAAA� poly(A)&'()
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� 3 Bip �����
� Slam �����
��

*+��,-./012�3�4

CMV ��������	
��, 
������

���� C��	
��� GFP(������), �

��� !"#$%&'()�� neomycin(*+,

&'), -.�/012�345G418.&'678

9:�/0. ; PCR <=>?�"#�@ABC�

bip��� EcoRDE PstDFGH, IJ DNAKLM

N5?OP��� pGFP-N1 3, QR-.�OP

/03���. gfp STU��V. neomycin S&

'67()�OP��WX pGFP-bip (Y 1(b)).

Z[WX pGAD-bip, pGAD-bip∆779 ~ 848 E

pGFP-bip�\]^_`� PCR<=ab.

2.5 Bip�Ha�������	
��
�����

Scd HaE Bipef���gh3�ij��,

klQRm Gal4-AD/Bip 	
����WX pGAD-

bip(Y 1(b)). nMo Gal4-BD/Th 	
����WX

pGBT-th p9qghr s HF7C. tu�vwp�

�ef	
�� Gal4-AD/Bip E Gal4-BD/Th �gh

r s HF7C xyz{|�� SD/-Leu-Trp-His }2

~����� . β-����G���cdvWX

pGAD-bip EWX pGBT-th p9q�gh HF7C x�

� lacZ��E his�����, 9q��#His+LacZ+

���(Y 4).

�� bip ��E��������^�, Bip �

�#$%����C(����� 237 ~ 259�, i�

����� 779 ~ 848�), ;$%����C E¡

$%����C ^¢. S£^��¤C ¥ Th E

Bip ij��¦��§¨, kl©>£ªª~«��

C �V¬�� bip ��(bip∆779 ~ 848), nMo

Gal4-AD	
, QRmgh��WX pGAD-bip ∆779

~ 848. ; pGAD-bip∆779 ~ 848o��­®����

�WX pGBT-th p9q HF7C, tu�¯p9q�
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� 4 β-�������	


����� pGAD-bip, pGBT-th � pGAD-bip∆779~848, � pGBT-th

�	
��
 HF7C ��-�������������, ���	


�� � Bip !"�#$� Bip !"(%%&'()*)�+, Th

!"-./0. 11��� pGAD-bip, pGBT-th� HF7C; 21���

pGAD-bip∆779~848, pGBT-th � HF7C; 312345; 4 16345

�°±² His+LacZ+��(Y 4). ³´dv: ~«��

C � Bip ���°-.o Th��ij��.

2.6 Bip ��������	
��
���

S£\] Bip��o B95a�µ¶·¸¹º,�

� Ha �ij��»¼o·¸¥ B95a /0�½¾¿

:#À. kl;OP��WX pGFP-bip 9:µ¶·

¸�ÁÂÃ/0Ä CHO, � CMVÅ���Æ��x

Ç�� Gfp-Bip 	
�� . ���12�345

G418, ÈmÉÊËÌ.ÍÎÏ#8WX9:£�/

0Ðx|�. ³Ñ Bip��o Gfp���	
, ��

�ÒÓ�ÔÕ�-.Ö×ØÙ?���� , Ú��

���/0ÛS���� Bip���/0.

9: 24 h M� CHO /0Ü-.Ý?����,

48 h.M����ÞßÞàá, $Ö-.âã 7 dä

å. �7æËÌç�, èé¦#/0ê²ëìàá�

���� , í�S¥î�ï89:�/0ðïñ�

���(Y 5).

2.7 Bip ��������������	
��

���

�9:OP��WX pGFP-bip 48 hçM, kl

� B95a �µ¶·¸¸ò SMD/B[8]¿:89:ó�

CHO /0Eï9: pGFP-bip�¥î CHO/0. 48 h

� 5 ������ pGFP-bip �	
 CHO ��

(a) 7�8� CHO9:7;<�=>; (b) pGFP-bip�8� CHO9:

�=>�?@AB<�=>

.M-.àô{ØÙ?#����� CHO/0ìë

£µ¶·¸¿:¦õ#� CPE, 
ö/0
0 �

ìë(Y 6), í¥î CHO /0��ÔÕ�÷²ë

CHO /0ø#�/0ùú , ïñµ¶·¸¿:�

CPEìë. �¤tu�v: B95a�·¸-.½¾¿:

��# Bip ��� CHO /0. ûß¥µ¶·¸üý

¿� CHO /0, �þ��� Bip ��çM�>¥µ

¶·¸ý¿£. �$�Í���»: B95a /03�

Bip����£ CHO/0¥µ¶·¸ý¿�õ', �

� 6 B95a 
�������	� pGFP-bip �	�


CHO ��������
 CPE
(a) �8C pGFP-bip � CHO 9:DEF B95a GHIJKL8, BM

N9:O:�; (b) 7�8 pGFP-bip� CHO9:P+FHIJKL8
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´ Bip��-x�SB95a�µ¶·¸¿: B95a/0�

*�r ^�.

3 ��

kl.	�
� [7,8]��d
 : *�µ¶·¸

��B95a�·¸� Ha���#Z����, �»³

Ñ������*�µ¶·¸¸ò«�£oµ¶·

¸ø#/0r CD46t
��x, ���ü��·

¸¥ B95a/0�¿:xÌ, �Üþ¯� B95a�µ¶

·¸-x��*�/0r , í��$r $]]

�Ñ B95a/03.

`�ghF��Ä , .�!0"�xC �

µ¶·¸ ha��, 
¬� ha(th)���#$(Th)S­

®��, � B95a/0 cDNA%&3^'?£xo Th

ij�����, ()S�*+-B ,-.h/03

Úë� Thij����(marmoset B-lymphoblastoid

interaction protein, Bip)�� bip.

��^��v bip����S 1540%��¥, Ï

#$%9/û , � 30�#$% poly(A)4123

AATAAA. -45S 1011%��¥, AB$%³ 337

%���[m�ö6 . #7�» , �����3#

14% Asn(^_�Ñ���� 31, 53, 57, 76, 72, 102,

125, 150, 155, 189, 205, 213, 217E 236�), ^��v

-x» N 89���q�:; !"# 6 % Cys(^_

�Ñ���� 32, 158, 164, 209, 228E 304�), -x

o��^��;<tQ#À. N��#$%=³ 27%

���[m�>�?���(����� 1 ~ 27�), 3

@#$AL��C , í�BC C-��#$%³ 22

%���[m�>���C(����� 237 ~ 259

�), ×�»$DL��C .

$EßF , �������C »o��Wi

j���Z�C  [12], ¦.klQR£GH��C

~«�� �� bip∆779 ~ 848 �Z[��WX

pGAD-bip∆779 ~ 848, ;�WXo��­®���Z

[WX pGBT-th p9qgh/0, tu�v: Bip �

����C o Bip��E Ha���ij��IÀ,

oÃör ^�J CD46K^iL, �´, Bip��-

x�Sr ^�.M��C o B95a�µ¶·¸�

¹º,�� Haij��.

N	¦#�OPTQ [13~16]Û�dv: RS,�

$/0ÄJ CHO /0Ä»µ¶·¸�ÁÂÃ/0Ä,


µ¶·¸üx¿:E½¾RS,�$/0Ä . �

´-.� CHO /03����� Bip ��, ØÙ

CHO /0»¼-.�mµ¶·¸�ÂÃ/0íTâ

µ¶·¸�¿:, �íd
 Bip���Sµ¶·¸/

0r �-x'.

;�������� gfp�STU��o bip�

�	
, .´()Bip���CHO/03���. U

� B95a �·¸¿:Ú����� CHO/0(±Ü»

��# Bip��� CHO/0)�, Ý?£µ¶·¸¿

:¦õ#� CPE, 

0 �ùm, ûß�SÁÂÃ

/0 CHO �V#-.oµ¶·¸t
�/0r ,

í��# Bip� CHO/0W-.½¾·¸XTâ·

¸¿:. ¦.kl#Y³i2 B95a /03� Bip �

�-xZU£ CHO /08µ¶·¸¿:�/0r

 .

GenBank��¥[Úë, *+ bip��o\ slam

���#y]���', í^C, ÀÑ\ Slam ��

»�Ñ\/0�_�*µ¶·¸r �OPTQ?
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