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 N� ���  �
 �/=   � l'�  

20  Q�-j� 4v��� ���
 �
 ���
���Z3� �%�T
 ��  J'



2�-
 �� K�"T K�"T K/�h   J'�( J�-� �
 
���� ���

   ���/'M53 ����'��Z3� �
 J�-� lc
 � �0��� /'�
�+. 

12 /P� J��
  � /= ~��P� J�( m�&�48  J��


 /''P�175  	''-�� �''� G�''+��Z��  	'',3h �'',��  N''�����

) ��7�����5��Roche, Germany   J'�( m�'&� �� (

/= K
�[0�. 2�-
 ��6��  ��7�����5�� �� ��21  ��  ��

 ��''-( J''��M3 �
 � /''���g3� 2�''1   �''� G��''%� ��''�

 ��7�����5�� ./3/'= ��xZ�   2�-'
 �'�ZU73���  '� ��

HEK 	"< /�6
;� ��4     �'� �h 	0
�'I� G�'�
� ��Z��

DNA 2�-
 	��3#  ���HEK  �	P��1 ��1 ��   ��'��

��/���  �������TOSO 	� 9��[0� �� /�
. 

PCR  ) Polymerase chain reaction  (  ��� �''�

DNA ��-( N���3# 	T�� ��� K/3��:  ���-�� N� 
�/P�

  �2�-''
  	T�''� ��''� K/''3��  ��''��
 J''&� �  �''�

   � /'= �,'=�
�� ��7�����5��DNA    �'� �h N'���3#

  V�'-j� J'�(  � K
�U,
� DNA )Genet bio,USA (

 /'�
�+ ^��j,
�.      ��'��6���� �'� �h ��� �'� lc'


 ���-�5’- TTGGCCACTTTACTTCCTGC-3’  �

 p�ZP�5’- AGCTAGGCAGGAACATTAATG-

3’ G�3 �� �( ��[0� Gene Runner     4
�'� K/'= 	'L��1

 9�(��PCR /= �,=�{+.  

��
�%�  
��'�  K
�U,'
� �
  9�'(�� PCR  8��'= 5 

�'',����Z�� 10X PCR buffer 42  /''��-( �'',����Z��

 JY-� �� W�[���5/1 	-�� 4�:�� 1  �',����Z�� dNTP 

)Deoxynucleotide J''Y-� �''� (200 4�:�''���Z��   

2  � �,����Z�� ��   J'Y-� �� �6����4/0   4�:�'���Z��

4 W�[3h �,����Z�� � 100   �
) G�+�3�'31  (�',����Z�� 

DNA 2�-
 	��3#  ���HEK-293T   �'5�� ���'�� �� 

�
 WgL 	��M3 50 �,����Z��    � K
�U,'
� �� ��xZ� .
��

 �-Z��''
����BioRad �''��3�� �''� � � Hot Start  �''�

 $/�4  �'%�T
  ��'�
 �
 96  �'��
  	,3�'
 �  
��'+  �
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���� ���� 	
��
�� HEK �� ��
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    �'��
� �
 � W�['3h �
�['0� lc'
 30  �'�3�e �
 ��''�
   

96 ���
 	,3�
 �  4
��+45  ���
 �
 ��3�e58 ���
  �

	,3�
  4
��+1�%�T
 � 20  �'�3�e �
  ��'�
 72  �'��
  �

	,3�
    J��'
 �'� 
��'+ 30    �'M,3� �
 � �'%�T
 �
 ��
  

7  ���
 �
 �%�T
72 ���
 	,3�
 �    ./'= G�'g3� 
��'+ 

 2�I&� ��   K/'�h J'

 ���2#   ���'+h 1  4/'F�
 

 ��0��,Z��  � 	
���/�
�+.  

^��j,
� RNA :RNA  2�-
 ���-�� N� 
�/P�  �

HEK K/= JZU73��� � 	P��1 4    J'�(  � K
�U,'
� �'�

RNX   J'�( 86P����,

 p�
� �� � (����� 4�# ���
)

./= ^��j,
�   lc'
1    �,'=�
�� �h  � �',����Z��)  �'�

 JT�1:100 (  ̂ �'� 2�'1 �
 �h u{� �   ��'�260  �

280  ./= K/3��< �,��3�3  4��'�`6� J'�U�( RNA  �'� 

K
�U,
�  �  ��0��,Z�� �
 2#   ���'+h  
��'�  9g�'
 

���T J0�+.  

[,�''
 cDNA:   [,�''
  � 9�''�cDNA �  J''M�

 �� 	��6,L� 	+
��h t{LDNA4 RNA  '�) �U10( 1 

 �'',����Z��DNaseI )Thermo Scientific, USA (

 �( S���� ��� �� ./= ���Z3�1   � G�+��Z��RNA   �'�

1   � �'',����Z��DNase I  �2 �'',����Z�� �0�''� X10 

 Q����Q�-j� /�
�+    uh �'� 	��'M3 W'gL �   /'�/M�

  �'''� K/'''=DEPC )Diethylpyrocarbonate ( �'''�  

20  �/,�� Q�-j� ��� ./= K/3�
� �,����Z��30  �'%�T
 

��''�
 �
 37 �''��
 � 	,3�''
 
��''+  lc''
 4�,''=�{+  

1  2�'''-&�  � �''',����Z��25 	'''-��  �:�'''�EDTA 

)Ethylenediaminetetraacetic acid � �0��� �h �� (

 $/� ��10  ���
 �
 �%�T
65  �'��
  	,3�'
 �   
��'+

 W�[''3h �''� /''= �''��Z3� DNaseI �''�� .

�''+ 2�''P0   

cDNA  '''''-L�� �'''''�� �
   � K
�U,'''''
� �'''''� �  

 J''''''�(First strand cDNA synthesis   

)Thermo Scientific, USA ) �'6���� � (dT( Oligo 

 � /= �,<�
 J�( 8Z���� p�
� �� �   G�'6��  � l'�

 48L���cDNA      	3:�'1 ���/'M53 ���'� K/'= [,�


 �[��0 �
 $/�70- ���
 � 	,3�
 
��+ ���T J0�+.  

Real-time PCR :    G�'g3� J'M� 9�'(�� Q�-j�

Real-time PCR  8��''''''=25   � G�+�3�''''''3  

�'''3�63 � cDNA410 �''',����Z�� )USA (SYBR 

Green PCR master mix thermo scientific  �  

7/0 ) �'',����Z��35/0 (�:�''���Z��   J''U� �''�  �

 ���6����   9�'(�� .
�'�Real-time PCR  K�5,'

 �
 

)USA( Thermal cycler StepOnePlus ABI   G�'g3�

 t/� �# ���� ./=  �# ��'�� R"
 �� ���� ��β-actin 

  ./''= �'',0�+ �''Y3 �
 2�'',�( �# ���''�� �''�  	���''�

 ����6����TOSO  �β-actin   S'���� ��PF-TOSO 

5’- TGAATGTCCACAGTGAATACG -3’ 4
PR-TOSO  

5’-AGCTGGTGTGGTAACTCTGG-3’  �
PF β-actin   

5’- TTCGAGCAAGAGATGGCCA-3’  �
PR β-actin   

5’- CACAGGACTCCATGCCCAG-3’ 
	� ./=��  

   �'� t/'� �# ����6����Gene Runner   	'L��1

 �
 ./3/=�6�4  G�6�9�(��  ) u�'�� �
 �
 ��3   ��'�

���Z� G�g3� (
 �K
�  �� ���� s2-∆∆ct  ./'�
�+ ��
�&� 

  2�'Z��� 
�/P� �
��h J

 �� JM� 4�5�
 t�1  �

mRNA TOSO  s�� 42�-''
 �''� �
Absolute  �

       �/',�� .J'0�+ ���'T K
�U,'
� 
��'� 
��/3�,'
� 	�&��

 /�6''
;� J''Y-�pEZ-M67-TOSO  ���
�3�''3 �''�

    �''� �
 /�6''
;� 2�''Z��� 
�/''P� � /''= K/''3��<

   G�'3  � K
�U,'
� �'� �,����Z��     ���'� �'�;3h ��'���[0�
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���� ���� 	
��
�� HEK �� ��
� ���� TOSO/FAIM3 ������ ���	 
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� ' �	/�� ! 

��
�&� �j73 
�/P� �  �DNA  �,'=� �
   ��'
�&� ��

O�T� �� � /�
�+    J'Y-� 2���'
 4� �'
   ��'�103   �'�

1010    J'Y-� �'�� ��� � /'= �,<�
   �'3�63 � �'�  �

cDNA   9�'(��Real-time PCR    	'�&�� � �,'=�{+

 ./�
�+ W
� 
��/3�,
�  

 JM� 8�-&�K
�
  �'�    ���'�h ��'� ht    p�'
� �'�

�P� R"
	  ���
05/0 < P  .J0�+ ���T K
�U,
� 
���

K
�
 4J��M3 �
 G�3  � K
�U,
� �� �� ��[0� SPSS �j73  �

18 )version 18, SPSS Inc., Chicago, IL  �'�[g� (

/�
�+ 8�-&� �.  

  

���
	 	
  

 /�6
;� ��xZ� 8L��� 2��3
 ��pEZ-M67-TOSO  �


��,(�'''�  Escherichia coli  ���'''
 �  TOP10F’   4

 ^��j,
� /�6
;� �� K/= Wy� �  W�['3hEco31I   �'�

��� 2#  ��''+h 1  /''F�
 ��''�( �
 ��53�''�3 � � 

	��Z���   �� �-�( N� /=  ��0��,Z��) 8Z=1.( 

 

 
 ���1 .��	  
��
��pEZ-M67-TOSO �	 ����� Eco31I  

����� 
��
��  ����)1 �(!"# 
��
�� ) $
�7214bp (

 ����)2�&��'� ( ( 1 )�	 ���* )�*��  ����) ()�+,-�.3(  

0��
 �)�
1
2 ( �'*  ��3HEK-293T  4	 5(��-

6����-(�&�3 �(718  

��/''��� ��''�� 2�-''
  ��''�HEK-293T  v�''U�� 	3�''� 

	�  �,0�� s�� /�6
;� 	0
�I� G��
� �( /,0�
 ��� 8<

DNA 2�-
 N���3#  ���HEK-293T /�
 ��.  /P�

  �21   J'�-� X-,j� Q�%3 �
 	��-
 	�-( 9= 4 ��

/3/= ��xZ� � /3/3�� K/3  )8Z= 2.( 

 

  
 ���20��
 .  ����) 6'�9��1�: )1 
;	 )(7 <� �3A $
�) ( (

=��* =
��-  )1 >� 6����-(�&�3 4	 5(��- ��314  )(7  

 ����)B(  

 

@@��A:  5�@@B81pEZ-M67-TOSO  78DNA  !-�@@�C

HEK-293T D
�: PCR 

�g�,3  /����0 �PCR  ��� ��DNA   �'�xZ� 4N'���3# 

 /3��1174   �� JU�    K/'��( /'��f� �'( 
�
 ��'�3 ��  �

G��
� 	0
�I�   	'"< /�6
;�pEZ-M67-TOSO  �


DNA  2�-''
 	��''3#  ��''�HEK-293T 	''�  /''=��  

) 8Z=3.(  

EF,@@
 =�@@�	 cDNA TOSO   )1 $8�9+@@
1 �@@	  
Real-time PCR  

  ^��j,''
�  � l'�RNA  � 2�-''
 ��''� HEK-293T 

O�1   4J'Y-� 4K/'= �(w 8Z����  H�'-< �  J'�U�( 

RNA �� S���� ��  K
�U,'
�  �   �,��,0�,Zc'
� K�5,'

 

� ���
�3�3  ��0��,Z�� �
 2#   ��'+h  
��'�  9g�'
 



 

  

  
www.mui.ac.ir  

 ���	
� �
��� ��
���� ����–  ���33 ����� / 324 "#��$%& ����� � 	! /1394 177 

���� ���� 	
��
�� HEK �� ��
� ���� TOSO/FAIM3 ������ ���	  
�	��
�' �	/�� ! 

���T J0�+  ����3  �( 
�
RNA ̂ ��j,'
� ���  K/'= 

 � 2�-
 ��  �  J'�U�(  	��'-"�  ��
��'<��  	'�   ./�'=��

���,3 4���`6�  ��'� h  ��'�� mRNA TOSO   m'
��

/����0 Real-time PCR �
  2�-'
  ��'� HEK-293T 

 	"< /�6
;� �� K/= JZU73���pEZ-M67-TOSO 

J�73 �� 2�-
 ��� JZU73���  K/'�34  ��'�3  �'( 
�
 

��� ��[�� 5/715 ����� K/= J
� )8Z= 4(.  

  

  
 ���3 0�GH- )7�.(�+�I1 .PCR    

) Polymerase chain reaction  ( �	  �(7DNA  <�-��C

0��
  ��3HEK-293T   

) Human embryonic kidney-293T (  

 
,�1�.PCR  �	 �(7DNA 0��
 $
� ��9��1�: ��3   

)1174 ()�	 �92 ) 
� ��K�:����  ��31  (2(�&��'� � 1  ���*

 )�	)�*�� �+,-�. ����) ()3(  (PCR  �	 �(7DNA 

0��
 
'� $
3�'- �
��	 4* $
'� ��9��1�: ��3  ����)4.(  

  

�g�,3  
�/P� O-"� 	
��� �mRNA   �
 K/'= ����

   [���'3h s�� �'� 2�-
 ��Absolute    	'�&�� W'
� �

�3�63 �� 
��/3�,
�     	'c( 
�/'P� ����
 �/�6'
;� ���

   4K/'= JZU'73��� 2�-
 �� �
 �( 
�
 ���3 Vj��

 
�/''L1700  2�''Z���mRNA  �#  �TOSO  ��''��

	''� 
�''=  8Z''=)5(�''3�63 .  ��''�cDNA  2�-''


   
�/'P� ��53�'�� ����
 K/= JZU73���106  ×5/8  �


 �''',����Z�� N'''�cDNA 	'''� ����'''�� ./'''=�� �
 ��  

20  4�,����Z��107  ×7/1 	� ���� 2�-
 .
�=  8��
 ��

�'''��   �'''�  � �'''(10  �''',����Z��RNA ��/'''%� 4  

20  �'',����Z��cDNA  	''� �,<�''
   8''( �
 � 
�''=  

50  �'',����Z��RNA   2�-''
 ��''�-�� N''� 
�/''P�  �

 	'� V�-j�    l'� 4

�'+108  ×7/1   2�'Z���RNA 

 ����TOSO      2�-'
 �'� �
 � 2�-'
 ��'�-�� N� �


1700  2�Z���mRNA TOSO 	� ���� �# .
�=  	���

  �h 4/'3��
 2�-'
 �
 	�:�� ���� �(     �'( /�,'7� 	��'�

  � �,''���1000  �''�12000  2�''Z���mRNA  �''� �


 
��� �
 � /3��
 2�-
TOSO 	�    �
 �'( J'U+ ����

	� ���T X�1 ��� .
��
 	�:�� ���� � 
��+  

 

  
  

��� 4L��+� .  =��	 !
7�	mRNA TOSO  D
�:  

Real-time PCR ) Real-time Polymerase chain 

reaction (  E�1�.1)5/715 (��	1�	  

  

 
 ���5. 4F�+� � Real-time PCR ) Real-time 

Polymerase chain reaction  (871
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 �
 K/'''= G�'''g3� $��'''
�&� �'''�2�-'''
 �'''�4 

17000 2�Z���mRNA TOSO 	� ���� 

�+.  

  

���  

 	���� �������TOSO/FAIM3  4    �
 �� 	'6M� 9'%3 

2�-
 ��� ���Z6� 8�M7� �-6�  � 	�6�� W,7�
  ���

 	''''�6��T  �B 9��[''''0� � ��''''6-c6( J''''���P0 4

   	',3h �'� �,'7��� 	��-
 	,�7�7(���,��
    �'U�� �
�'�

	''� ) /''�(7 
�''g�� �
 8''��
 ��''6� �''� .(   � 	''yP�

���''6�� ) ��1�''
 �''-6�  � �''�17���''6�� � (  ��''�

) 	�6��
�<18 	��
��=  � �
��  ���  .
��
 J��<
 (

	63 ������� ���     ������'� �,'��� /'�3�� � 
�{'+   ��'�

       ��/',�� �
 
�'Z-6� � ��,<�'
 	'
��� ���'� 4�'5�


 V��< 8Z= �� �������  � �
��  ��
�%� �� 4	��
��=

��<�� � ��,<�
 �� �    9��['0� .J'
�  �'�3 	P��1 	+


��/��� ���� R"
 TOSO K
� �
   JZU'73��� 	��-
 �

J0���� JM� �
 	
�
� 	�/T 4K/=    �
 �,'��� ��'�

   � ��,<�''
 ��''�P� 4	Z�[�0�''�� J�''F�I< ��''�P�

�P��"�   ��'����
 	L��1 ��Y�� �� ������� 
�Z-6� �

	� �e��   ./=��  

��f7�   ��'�� ���'� �( ��   	��'�� ������'� TOSO 

 ���''
 ��''�� ���''� .��''= 8Z''�� ��''6� 4
��
 
�''��

�������    �'�� 	'��w ����� ���� R"
 	�P� 	���� ���

�������  � �,

 �h [���3h �( J
� ��     8Z'�� �'� �� �'�

	� ����� ./�( W,7�
  ��� ���� ���� 	���,� 	3��� ���

  � �,

�������     � �'( J'
� �,0� ��( �� 	���� ���

	� �-6� �h �� ���� ��,(�� �
 ���� ) ��19  �'��6j� 4(

)202�-
 4( ) $���L ���212�-
 4(    ���3�'� ��'�

)22W,7�
 	,L � ( ) 2�-
 /T�0 ���23  *
�'( K��=� (

W,7�
 ���  � G�/( �� �( 	��L �
   �'I&�� ����[� ��

2�-
 ./3��
 �� 
�< 
�0 ��      ��'Y�� �'� ���3�'� ��'�

������� /���� W,7�
 �� J�73 	���� ��� ��  	3�'�� �

	� 	�
��� 
�Z-6� ����
 4�5�
 ) /�=��24 .(  

�P��"� �
  4���L � ��Z��    	��'�� ������'� ��'��

TOSO 2�-
 �
   ��'�HEK-293T   /'�
�+ 	'
��� .

2�-''
 �''��    /''���� ��''Y�� �''� .�''
� ��''1 �''� �''�

�������    	'� ���'T K
�U,'
� 
��� S�(���3 ���   /'3��+

)11 ��xZ� 4K
�( /=� 	,L�� �� �( ��) *(	�   � /3�'=

	� JZU73��� ��
h 	-�<  �
 4�5�
 $���� �� ./3
�+

 W,'7�
 �
 ������� N� �:�� ����      	��'+ 	3�'�� ��'�

 ��''�� �
 42�''x� ��''1 �''� .
��
 
�''�� J''�%0�� G/''�

W,7�
 �� �������  ��'���,(� /����( ���pET  	��'+ 4

���''=   ��'',(�  � ��''3 ��/''�) �
 K �''
 � �''
pET 

�h  � 	Z� �� J
� �����    ��'�� 	��'+ ./�/� ���� ��

	� ������� N� �:��      �
 	a�'
 $��'e� �'��� /'3���

    2�-'
 /'=� 9��['0� ���� lZ��� �� � 
�= 2�-


�P��"� �
 .

�+ 2�-
 ���L �   K/'= JZU73��� ���

 �''� J�''73 ��,''��� /''=� J��''
 R''��� ��''1 �''�

2�-
       ���'� /'�)�� */�,'=�
 K/'�3 JZU'73��� ���

  �''g3� �''� �''�
� �''�� $�''�e�9��''� h G  /''�3�� 	��''�  
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Abstract 
Background: Integral membrane proteins involve in a variety of valuable cellular processes including 
signal transduction, transport and cell-to-cell communication. Thus, due to their importance, are 
targeted to treatment of diseases or disorders. To achieve this goal, it is necessary to obtain adequate 
membrane proteins. A variety of expression systems have been used to overexpress these proteins but 
mammalian cells can produce membrane proteins structurally close to natural form of them and are 
favourable for this purpose. TOSO/FAIM3 (Fas Apoptosis Inhibitory Molecule), highly conserved 
membrane protein, playing important role in cell survival, immune surveillance, and homeostasis and 
in this study was overexpressed on HEK-293T membrane.  

Methods: Eukaryotic expression vector pEZ-M67-TOSO was transformed into Escherichia coli top 
10F’ strain to multiply. Then, the plasmid was extracted and digested with restriction enzyme Eco31I 
to make a linear plasmid. Subsequently, HEK-293T cells were transfected with linear plasmid and 
treated with hygromycin to select TOSO expressing stable cells. After three weeks, resistant colons 
were expanded, Chromosomal DNA and total RNA were extracted and the presence of TOSO-cDNA 
in HEK-293T genome and the expression level of TOSO were evaluated using polymerase chain 
reaction (PCR) and Real-time PCR methods, respectively. 

Findings: The integration of TOSO expressing cassette in HEK-293T genome was confirmed. HEK-
293 cells expressed 1700 mRNA TOSO molecule/cell which was in the range of protein with 
abundant expression. 

Conclusion: Mammalian cells represent membrane proteins in desirable form versus other expression 
systems. For this reason, we used HEK-293T cells to overexpress transmembrane TOSO protein. In 
this investigation, we successfully constructed the HEK-293 cell line with stable TOSO 
overexpression, which will facilitate further researches to characterize biophysical and biochemical 
structure and function of TOSO and pharmaceutical biological researches about it. 
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