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�NO �*!9$ �� (

P�� �� �QO��G 
�*O 
�NO .4"�� 8�J�� �567  ��2Dot blot &SDS PAGE )Sodium dodecyl sulfate polyacrylamide gel electrophoresis( 
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�.� 7 "8��� 9�4
 7 :;< �$ "��� �� � &�$ =�� �&>! 
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 7 �?�@��) $��$ AB2 DE� !=$�	# �;� �6 �$ .(
�����GH� I�� � ,�
 ����    �&�
J1 K�&��� �� �)�
 �.

� �&&&&�� "G&&&&.�
 :�&&&&41� A�&&&&B )CNS  �&&&&�  
Central nervous system( =$	&&� �H�&&. �&&� �&&�L
 !

�
 "8���    =� K�&L�$ �&� �&. $$��!     2�	&M �&� N&��6
�GH� 7 �?�@� ,��.��
 *$�$ "8��� 9�4
 , 	@  �&5 $

�	�< �O�P ���) $$�� "�3.(  
����� $�� "7� $ � !K�&��� H	&��� 7 G�  R	
3�&5	�
�
 �S�   $��;&� &� 7    /&�� *�	&T�
 �&�P =	&
�	� U. 

J1�A � ��$�*��� " ����! ��� ,-��V� �$ � �� &� !�
���	
	5�
 !� &� �	&B�� =�G� $ 7 =	&# �   W	&� /&��II !

�'5���'H !=�	X��� %   "�7��&� 7 �B�< Y	�� !=	#
�
 "��� ) ��.3.(  

*�&&Z1 �	&&[ �&&�! �� /�&&�	��$� ) �&&�/&&H�� +&&��� 
���P    ) =�&� �&��P A&)\ ]&���5 �� !(4 !2!(   �&� 7


&&�&&B� =�G�K	�&&� �� �&&�Z. �� �&&6� "�&&� 5�&&� !*�&&^
 K�
�6� �5�      D&@�5 /&+< 7 ����&�� 2J&_1 !=��&B6 K�
�
  � .$	&@ &��� =� �&�!   &5 /&`5aS� =	&
�	� �  /&��� .

�	&&B���! &&��� D&&@�5�K	&&[ �$ ��  ;b5&&��`5 �&&� U
�
 ��.c ��\ �$ �  �	&B�� ,��&. �>���� �$ �.�  �&� 

��� ,��.� � =7��&�	�B5 ./�� *��Z�  &� &��� =�� �� 
��?
 �
 !��. �
� =	
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��*��� " ) =�db 7 (�B
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 ./&�� �&�Z   "�&�

ob/ob � �db/db ) �.5�5 ���] ��P$  �	5 �$ h&-� &� �
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) ��$�$ =�'�11�� �$ .(��)! � ����	����� $�)� "��� ��B
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Tandem single chain fragment variable �&&� (
 7$ K�45� p��[ �� ����7$ /�M�4�#�scFv  UZ. ��

     K�&45� *�&>��< ./&�� *�&@ �\��[ %M�7 �\ ����6
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 �&��� w�	5 �u57�6 ����$�   h��&# 7 "$�&�   !("��&�
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 �	T�
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���� �� /
7�-
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 �&� .$	&� ���&�
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)pET32a�� ( A�G��  "��NotI  7HindIII   ,�&.�7 �$
Double digest    K8 �� y��X�&�� �� o&6 7 �@ *����

�^EO  "taFv �^EO �� *��Z�)  "pel B  !(=� �� *��LBP
 A�G�� UZ. �� 9�� �	�.7 7 �^EO �� i�`�� ,�.�7

DNA  ��>��T4 ./H�� 2�	M  
  !9�&� �	�.7 �O�`�� $	# ����� "��� !��lZ�

	�.7 =	����	���   A�G&�� 7 9�&� �DNA   ��&>��T4 !
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E. coli TOP 10 )Escherichia coli j7� �&&� (
CaCl2  %&&&�57�6 R�&&&�� �&&&�) �&&&5���\ z	&&&@ 7

Sambrook  o�&� .���&@ ��Z�J6 �H��;6 �^�B
 (! 
��  7 I�	+B���5 !�O�`�� $	# 7 i�`�� ,�.�7 K	4`


 w�&&&&`
 �$LB )Luria broth(  "7�&&&&\ ��&&&&��  
mg/µg 100 ��
�     "7� �&� .���&@ *$�$ /&'. ����

K	4`
   Z&�J6 y��X�&�� �� o6 !i�`�� ,�.�7��  ��)
�[�p .�/  a5 �	&T�
 �� !(����
�H /.�@ &��� �$� /&H� 

�&&^EO " taFv!  ��6 U&&Z. �&&���&&��Z" 
	&&Z1� pET 
��6)����Z" T7 ,�.�7 (Polymerase chain reaction 

)PCR.�@ I�)�� (  
  ,�&&.�7 �$ $	&&<	
 $�	&&
 /&&T��PCR  %
�&&@  

µl 5/2  �H�&&�PCR 10X !µl 75/0 MgCl2! µl 5/0 
dNTP )Deoxynucleoside triphosphate!( 

Forward primer 7 Reverse primer �&&� I��&&.   
µl 5/0 !µl 2/0  A�G��pET32a �^EO "���$  "taFv  7

 :�µl 25/18   �&&
���� /&&`5 �&&. $	&&�  "C˚ 95  �$  
3  !�&&&-�O$C˚ 95  �$1  !�&&&-�O$C˚ 57  �$1  !�&&&-�O$  
C˚ 72  �$4/2  !�&&&&-�O$C˚ 72  �$3   �$ 7 �&&&&-�O$  

30   ���&?� K	4`
 ����� ./H�� I�)�� �#�PPCR 
|�� !����� K8 "7� �� ��	H7����� p��[ ��   �&� "G�
�

  *���&'
 7 �&��
�� I	���5�    �>��&'� �&� =� "kb 1  �$
 *�>��$Gel documentation .�@ I�)��  

� o&&6 "7�&&\ ]&&�.�5	� ��Z&&�J6 $�&&)�� �&&��a5 �
�^EO  "taFv      &�� �&� .�&@ *$�&
� =�&�� "��� w���@ !

"��.�� �� ��	�. ��P �. ]�5�5   "�&�E. coli BL21 !
JM109  7Origami    ��Z&&�J6 �&&� *�&&@ I�	+&&B���5

 �$ !]&&&�.�5	�ml 5  w�&&&`
LB   "7�&&&\ }��&&&
  
mg/µg 100 ��
�  "�
$ �$ !����C◦ 37  �	5��	��� 7

    o�&� .���&@ *$�$ ���L&@ /'. ��$���@µl 150  ��

 �� w�`
 ��ml 15  /LB�) ���< /'. w�`
1   �&�
100 "7�&&\ !(ml/µg 100 �&&�
�  �$ 7 �H�&&0� ���&&�

 "�
$C◦ 37  �	5��	��� 7Shaker �7$ �� ��$rpm 180 
�5 ��
��  �.OD )Optical density �� (8/0 -6 �����)" 

�&&�\�
 " ��&&>��Z�� o�&&� 7 �&&�	��� !�&&��� (mM 1 
IPTG )Isopropyl β-D-1-thiogalactopyranoside (
�H�0�  "�
$ �$ 7C◦ 23   �7$ �&� ��$���@ �	5��	��� 7
rpm 180!   2�&&
 �&&�20-18    �&&>�$ ��&&� /1�&&�  

  .�@ ��	���  
   "��&���< �&� I��O� !�u57�6 �	_\ ����� �	T�
 ��

*��41 "�6 "�� .�@ A�J6	��� 7 A�J6 /�$ "���   ���&�

*��41 �� "�6 " �7�.	� ]�@ �� !A�J6  ��^�  �H�&�x1  7

x 
1

5
 TES )20  �&&&&&&&&&M�$Sucrose !mM 1 EDTA 

(Ethylenediaminetetraacetic acid) !mM 20Tris-HCl (

/�$ "��� 7   *��&41 �&� ����    y�	&
� �� �Z&�J6	��� "

) ��	�����7�Hielscher, Germany.�@ *$�+��� !( 

  U&&Z. �&&� �u57�&&6 �	&&_\ �&&���� �	&&T�
 �&&�

�&&&���  "$�&&&�Anti-His tag )Sigma-Aldrich �� !(

*��41 "�6 "��  �$ *�@ y��X��� A�J6	��� 7 A�J6

Dot blot  !=� �� o&&6 7 �&&@ *$�+�&&��SDS PAGE 

)Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis(  7Western blot ./H�� I�)�� G��  

      !�&E�`
 w���&@ ��Sa&5 =$�&. hX&'
 "���18 
I�� w�	5 *�@ �\��[ ,��
��  ��GH�Minitab 16  �&� !

��	Z� o�� .�@ I�)�� ����5 ��� ��     �� *$�+�&�� �&� �&�
 j7�Enzyme-linked immunosorbent assay 

)ELISA ( K7�<) /H�� ���O ������� $�	
1.(  
h��# �	T�
 ��   ��	&� �� "��&�    ���&'�� �&. "�

5  !/&@�$ �� ���	E. coli BL21 !ml 200   w���&@ �$
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*��&&41 7 /&&'. 3�&&� ��$�	&&� "�&&6 "�&&�  7 A&&�J6
"��.�� A�J6	���   %&�57�6 pL[ !K�4`��� �� o6 ��

 .�@ *$�$ �	L1 %��� =	�� �� =87���	��� /.�@  
     K�&45� �&���� p&��[ �� !��&B�� /�M�#taFv 

 �� *�@ h��#CD4   /�&�	+�� DE&�     U&Z. �&� �&�
���� "$��  "��Mouse anti His-Tag Ab �&��� !   "$�&�

 ) �&��57G�� ���@Amersham !(Anti-mouse FITC 
)Anti-mouse fluorescein isothiocyanate (
)abcam 7 (Anti-human CD4 FITC )CMG �� (

.�@ ,)�� "��
	����	�H U���5 p��[  

/��	+�� !�MJ# �	[ ��   7 �&�taFv   *��&Z�Mouse 

anti His-Tag Ab ���� ��     �$ !�&��57G�� ���&@ "$�&�
 *��Z� o�� 7 �����Anti-mouse FITC )abcam �$ (

��	� 7$  �&�	� �$ 7 �G)
 "      ���&@ =�	&�1 �&� �&>�$ "
/��	+�� /Lr
   �	&_\ =7�� ��taFv �&� !  �&���   "$�&�

 "��&&&)5Anti-human CD4 FITC )CMG  �&&&�  
Cyto Matin Gene 2�&&
 �&&� (30 �$ �&&-�O$  i�&&5�

��	Z� .���@ ��	��� U���5   �&� 	'�B@ �� o6 ��PBS 
)Phosphate-buffered salinep&&��[ �� !(  *�>�&&�$

) "��
	����	�HPartec PAS, Germany.�@ G����� (  
  

 ����1 .18 	
� � ������ �� ��� ��
� ������  ���Miniteb 16  

M ]IPTG[ )°C (Tem Media Strain 

05/0 18 TB BL21 

10/0 23 TB Origami 

00/1 30 TB JM109 

10/0 18 LB sorbitol BL21 

00/1 23 LB sorbitol Origami 

05/0 30 LB sorbitol JM109 

05/0 18 SB sorbitol Origami 

10/0 23 SB sorbitol JM109 

00/1 30 SB sorbitol BL21 

00/1 18 LB glycine-triton x-100 JM109 

05/0 23 LB glycine-triton x-100 BL21 

10/0 30 LB glycine-triton x-100 Origami 

00/1 18 SB glycine-triton x-100 Origami 

05/0 23 SB glycine-triton x-100 JM109 

10/0 30 SB glycine-triton x-100 BL21 

10/0 18 TB ethanol JM109 

00/1 23 TB ethanol BL21 

05/0 30 TB ethanol Origami 

:TB  w�`
TB  K7�B��� "7�\M 6/0 !LBs w�`
 :LB  K	����	� "7�\M 5/0 !SBs w�`
 :SB  K	����	� "7�\M 5/0 !
LBg.t w�`
 :LB  =	���5 7 �B�J� "7�\100– x  I��. ��1  !�M�$SBg.t w�`
 :SB  =	���5 7 �B�J� "7�\100– x  ��

 I��.1  !�M�$TB ethanol w�`
 :TB  K7�B��� �� *7J1 �.M 6/0 K	��5� "7�\ !3 .$	� G�� �M�$  
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 ����2����� . �"#� (��%&') )��� ���� �� *&�"�+, )�- ���� � ./ )��� 

  
���� ��	��  

����� ��� �  ����� ��� �  ����� ��� �  
����� � !"#$ %& !"#$ ����� ��	' !"#$  	' �(�)#	* �+�#	, /����� ��	'FITC 

*+��"�,"-� 1 +  taFv - - 

��"�� ���� 0 2 + taFv Mouse anti His-Tag Ab Anti-mouse FITC 

���
 12�-3�2� 3 + taFv ���  12�-3�2� ���
 0��4  Anti-mouse FITC 

FITC ���
 4 + taFv - Anti-mouse FITC 

*56� ���
 5 +  - - Anti-human CD4 FITC 
FITC: Fluorescein isothiocyanate  

  
    K�&45� !��&B�� /�&M�# ����� �	T�
 ��taFv 

 �� *�@ h��#CD4   /�&�	+�� DE&�     U&Z. �&� �&�
  p��&&E
 ./&&H�� ���&&O ���&&���� $�	&&
 "��
	���&&�	�H

 K7�<2��	� ! *��Z@ "  "1    7 /�&�	+�� "���$ w&-H
taFv *$�
� .�@ :�X��� /���	�H	5� =�	�1 �� 7  "���

�&&�	� ���&&� �&&�\�
 �$ :$	&&� ]&&�5�5 ��&&� �&&�  K7� "
/��	+�� "7� �� !=	����	��� ��	� "�� ��  *��Z&@ "  "

2  �54 ��	Z� !]�5�5 �� �.  7 ���57G�� ���@ !��M� "
 ���@FITC  c$	�taFv��\�
 �$ !   =	�&���	��� I7$ "
��	� �� *��Z@ "  "2 Mouse anti His- Tag Ab  �� 7
�&&&�	� *��Z&&&@ "  "3 �&&&���  �&&&��57G�� *�&&&@ "$�&&&�

)Amersham �&�\�
 �$ 7 (  �&&� !=	�&&���	��� I	&&� "
�&&�	�  *��Z&&@ "�&&�  "2 !3  74 Anti-mouse FITC 

)abcam��	� �� 7 ( *��Z@ "  "5  !$	� /Lr
 K���. �.
Anti-human CD4 FITC )CMG  I�&Z5 .�@ �H�0� (

=	����	���  ��  2�&
 ��30     �$ 7 N&� "7� �&� �&-�O$
 *$�&
 �@�$ 2�	M     I�&)�� �����&5 �$ !/�&��	�H "

=	����	��� I�Z5 �� 7 /H��     �� �&^� �&�lZ� 7 �&�
 �� 	'�B@ !��\�
 ��#�PBS  2�	&M �� !5   �&-�O$

 �$ 8	�+�����&&&�g 400  ) �&&&@ I�&&&)��17 =�G&&&�
 .(
�&&�	Z� /�&&��	�H  "��
	���&&�	�H *�>�&&�$ w&&�	5 �&&�

)Partec PAS, Germany�@ G����� (.  

+�".	 	
  

A�G�� �� �Z�G�� A_�    *�&��. $7�&`
 "�&�  "NotI  7
HindIII  ��Z&&�J6 "7� �&&�pAB1�&&^EO y7�&&# !  "  

bp 1632 taFv  �� *��Z�pelB  %�@) $�$ =�'� ��1.(  
  

  
01� 12��3�� 45- .) ����%� %�67&� pAB1  8�
9 �  

2:;< ) taFv  

 M =>��?� 
kb 1= @-�A�-) ���%�) 1 =2  �3 %�67&� pAB1 

 C
��2��� ��� ���4�-) ��++D ���E�) NotI  �HindIII  ��)

�-
���) � (F#�G��2:;< �"� .����) �/� taFv =bp 1632  �

<�� �"������� ) %�67&� pAB1 =bp 3186 �"�.  

  

"��.��      K	&4`
) ]&�.�5	� ��Z&�J6 �&� �. ����
 i�&&`��pET32a �&&^EO 7  "taFv *�&&@ I�	+&&B���5 (

"��.�� 7 ��	�. $��� $��^5 !��$	�  ��Z�J6 �� �. ����
pET32a Double digest   ,�&&.�7 K	&&4`
) *�&&@
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 !���@ I�	+B���5 (�O�`��$	#3  /��6 "7� �� ��	�.
LB ��
� "7�\ ���� .��$�$ %��'5 ����  

 ���&&��PCR  "�&&��Z���6 U&&Z. �&&�T7  "7� �&&�
 !*�&&@ y��X�&&�� ]&&�.�5	� ��Z&&�J6�&&^EO �&&�r�5  "  

bp 2300 )taFv  7pelB %�@) $�$ =�'� �� (2.(  
  

  
 01�22H&�� .  �+D� )Polymerase chain reaction 

)PCR (2:;<  )taFv  �� �"�"�pET32a .M 
>��?� =kb 1 .

@-�A ���%� )�-  )1 =2 =5  �6  )��� �� JK�Annealing 

���%� @-�A .���� L���'  )32:;< .��+� �-�� =  )bp 2337 =

taFv  �� ��� 
&N1'pET32a 2:;< � O&D
'"�  )bp 712 =

pET32a ��� 
&N1'  )�-
%�
7 J�"' =2:;< .��� )T7  �

�� .�?� .�-�  

  

 �����Dot blot*���. 	���� !    �$ �u57�&6 �&��	5 "
*��41 I�Z5  "�&6 "��     �$ w&-H A&�J6	��� 7 A&�J6

��	�  "E.coli BL21  %�@) $	�3 .(  
 �$Western blot  7SDS PAGE  �&��� !kDa 78 

 �� f	��
taFv %�@) �@ ����  "��4  75 .(  
  

  
 01�3 � 0P�� Q���� .Dot blot ���RS )
7 � �%�67"�&� )  �%�67

���� T�
� �  )���Anti His- HRP   

1  �22,�U�� )��) V&W+��� V&X'�
7 :*UN� �-�� (  ��� �&,"' (V��&�W&- )

 �"�D� ��pET 48b =3(  =��+� �-��4  �52�"%� ( )
7 )�-  �%�67  

 �6  �72�"%� (  V&X'�
7 �%�67"�&� )�-taFv �� ��� �&,"' =

Escherichia coli BL21 0��� �"�D� pET32a D
'"�&O .  

���
 2��9 �- ���RS ) �&%�67"�� �� 
7) %�67� "��2 �-)   

E.coli JM 109 � E.coli Origami 0��� �"�D� pET32a 

D
'"�&O �+�W- )2D �� Dot blot 2� C�� TMB   

)3,3',5,5'-Tetramethylbenzidine(= 
[ �"5� X'�
7&V �� 

.� �- ��-�?� �?�.  

  

  
 01�4 . )�%�Western blot  

 ��Western blot ���� �� )���.Anti His- HRP  ����kDa 78 taFv �� ��-�?� .�"�  
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 01�5 
�"R' .SDS-PAGE )Sodium dodecyl sulfate polyacrylamide gel electrophoresis( \,�9 � 0U< )���  

M���%� .V&X'�
7 �>�� 
>��?� (  )�-1  �3���RS (  � �%�67"�&� )2���RS ( )
7 )   �%�67E. coli BL21 )Escherichia coli (

 �"�D� )���pET32a  ���� .O&D
'"�taFv kDa 78 �� ��-�?� �"�.  

  

  
 01�6 .SDS-PAGE )Sodium dodecyl sulfate polyacrylamide gel electrophoresis( \,�9 � ]7  .)���M
>��?� (  

 ����kDa 78  2� ^"�
�taFv  .*� 01&� ."�� � ��� ��� �"US  
  

 �$SDS-PAGE h��# �� o6    �&��� "��&�kDa 
78 �� f	��
 "taFv %�@) /�� *���'
 %��O !6.(  

�&&���� ELISA! 	&&��� " E. coli BL21! &&`
�w 
 /&&&'.SB ��	&&&��K	� !��$ �&&&
$" C◦ 18 7 /&&&T��  

mM 05/0 IPTG �&&�?� ��� ��&&@�w ��&&�" �	5&&�� taFv 
  /&T�� .$�$ =�'�taFv �	5 &��"    �&
�� �� *$�+�&�� �&��, 

$�	H$��! mg/ml 27 ZX5�   .�&@ *$���  �&T�  &M�#�/ 
�� �&B� � �$� ��&'� /&&��\! taFv    �&&� K�&45� �&&� �$�&O

75/22 7 ���� $��" ��)5" )Anti-human CD4 FITC (

 �� K�45� �� �$�O68/27  �&M�$ ��  &�	+���/ �&�  =�&'� 
*$�$ �@ %�@) ��" 7 !8  79.(  

  
/0'  

���� �$ �-��" /H�'�6 "��Z�� /���
	��+B�� Z��$	# 
�&&��)5 )EAE  j	&&
 .$��$ ,&&-� j	&&
 �$ (ob/ob 

 &��� =8 �$ h-� ��P$)�    �&� J�&�� �&���� �$ (EAE  ��
�
 =�'� /
7�-
 $	#    �&��� p&��G5 �. ���\ �$ c��$

 $�)�� �� �)�
 j	
 �� ��EAE  �$=� �
$	@.  
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 01�72�"%� )
��"����"#� ��"%� .  �-�� � _��'��� �-�� :��+� �-�� )�-FITC   

)Fluorescein isothiocyanate .(_A 2� *�� � O&'
' 2�) (6  � �P��53/1 �"#� � �P�� �� .�?� *+��"#� �- .�+-�  
  

   
 01�8 .��"%� 2�"%� )
��"����"#� )  .�#P75/22  � �P��

�"#� �� .�?� *+��"#� �- 2&��� ��) �+-� ) RN1 .(�+�W-  

  
     �E&��7 ,��G&H� s&1�� �&��� !�&�. �	[ ��   "�&�

   /�&�	+�� G��&Z5 7 ��	�� ��Z��TCD4+    /Z&� �&�
Th1 �
  s1�� 2��S� �� �. /�� �^�L[ .$	@ $$�&� 

�5  �$ �����_^� "��Z�� ��    =�	&�1 �&� Z��$	# "��
%
�1 U� *���. �^�B
 "  !�)��� �$ .��. %Z1 "��Z��

   �&��� I�&H �$ ��&B��	����� $�)�� ��   �&� "$�&�   �	&T�


  
 01�9 .*UN� �-�� )
��"����"#� ��"%� .68/27  � �P��

�"#� �� .�?� *+��"#� �- .�+-�  

  
  K	�&� �&� ���� %Z1 �� /^��Z
      "$�&�� �&\ �&5 !�&�

 �&
  "��&Z�� =�	&&5   ��&&?
 �� Z��$	&# "�&&�  �&&
� !$�&.
���� *����� �� ���� ���1 "$��   �&� �� "$��� ]O�	1 j�

  �&�P =	
�	� U� ���� �. ��P c/@�$ ���	# K�L�$
  A&�J1 7 /&�� *�	T�
   *�&���� �&�$ "    ,&-� !�&���

V� �$ �����   =	&# ��	B�� =�G�
 !�����	
	5 !����
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 W	� /���$ 7II   Y	&�� !=	&# ��'H !=�	X��� %��'5 !
 "�7��� 7 �B�<�
 "��� ) ��.19-18.(  

���" �� �. 2��S� ���� �� w-H �$  A�&B��  &�Z��� 
%��^5 !A��. ���� =� �� �� 	`�" w-H ��  /Z&�  K	�&�

��" T   7 A�&�$ i	�taFv   &���7 �&��    �&��1 !�&���7$
*�&&���� " G��&&Z5" K	�&&��&&�" T 7 CD4! 7 �&&��1 

*����� " L���
 ��G�� ����� ���" �� ./�� 9��  
 =$	� ���. "$��� 2�^��E
scFv/taFv  =�	�1 �� ��

     ���&6 /&�1 �&&� !=�&
�$ 7 h�X&'5 ��G&��   =$	&&� �&5
 *$�$ =�'� !/H�� �$ ��?� e	+� 7 ���B��8	�	Z��  /&��

       !$�&�� A&)\ �$ �&��	5 "��&� ���&. A�&B�� =��-H �
�
V�G� ���� ��	� p-`5 "��� }��
 ��5  �$ ���
�$ "$��

"��Z�� �� �^��7 ��[  "���
 =�B�� ) �@��20.(  
A�&&&B��  �&&&��	5 7 =�&&&�� "��&&&� �1	&&&��
 "�&&&�

�&&��� "$�&&�  A�&&B�� �&&�Z< �� ]&&�.�5	� "�&&�  "�&&�
  K	�&� !���&���.��      K	�&� !=�&���� !�&ZX
 "�&�  "�&&�
K	�� 7 2��'\    &�� �$ .$��$ $	&<7 =�������B6 "��

  ���&���.�� A�B�� �� !p�-`5E. coli    .�&�$�� *$�+�&��
� �� �� *$�+��� %�3$ /&�$ %
�@ A�B�   =�&�� "��7

   I�&1 7 }��&� �@� !/\�� =	���
�	+B���5 !�����8
w�`
 �� ���� �
 *��l�6 /'. "�� ) �@��21.(  

 A�&B�� �� �#�� �P ���      =�G&�
 /&�� &�Z
 �&�
 �&��� �#�� �� "�53��  "$�&�      �&
� !�&���Z� �&��	5 �� �&�

"��.��      �&��� }��&� ���&B� �&��	5 "��&� ��  "$�&�   7 �&�
h��#  "���=� �� �� �
 ]�O� ) ��@��23-22.( 

�^��E
 �� �$   �&� G��  /&�$ 9�&�     =�&�� �&� ���&�
]���
!   �	&�.7 7 ������.�� A�B�� ��pET32a   *�&?�

     �� %&LO �&�^� !�	&�.7 ��	&^5 p��[ �� �. �@ *$��
,��
�� I�)��   �&��?� "�&�      �?<	&5 %&��O =�&�� !"��&�

.�@ %M�\ %LO �� /LB�  
�^��E
 �$  "Yang 7  =���&�Z�     �&��	5 "��&� G&��

���X���.  "scFv   7 =	�&��
�	+B���5 !���&. '�>�3 !
/&&�$  �=�&&�� �&&����8 "��7TNF-scFv �	&&�.7 �� !

 �&&�
8�HpCANTAB 5E    �	&&�.7 �� =�&&�� "��&&� 7
pBV220  =��G�
 �$E. coli BL21     �&. �&@ *$�+�&��

  �� =�&&�� ��>Z&&'P ,��G&&H� s&&1��ml/mg 15/0  �$
  �&�
8�H �	�.7pCANTAB 5E   �&�ml/mg 45/0  �$

 �	�.7pBV220     �&� =�&�� �$ �&T\J
 %��O ,��GH� .�@
 �&
 *$�$ /LB� =� "	O �5	
7�6      ��&� ��&�P �&. $	&@

 �5	
7�6 �� �5���.lac  ��
8�H �	�.7 �$pCANTAB 5E 
 7pAB1 �
 ) �@��20.(  

     "�����&. �&� �&� �&. �� $	<7 �� !�^��E
 �� �$
��	�  "E. coli BL21  �	�.7 7pET32a )   �&� *��&Z�
�^EO " pel B   7 ���&�� �� !(�@ *$�$ K�-��� =� �$ �.

   �u57�&6 �� ��	&# /LB� �� DE� !A. =�
� 2�
 �$
   =$	&� �&�Z. $	<7 �� �
� !�@ =��� �`@�5 2�	M ��

 ��B�� /�M�#taFv ���� �� �B��-
 �$ "���	5   "$�&�
      �$ �&��	5 !�
7�&��L�� K	�&� �$ *�&@ �&��	5 "��)5

� �	T�
 �� "��.�� �&���� IG��B
 !���
�$ 9���   "�&�
/�� ��'��.  

  
!#����1 � �234  

�� =���6 %M�\ ���-
 �
�� *�7$ "   �&@�� ����@��. "
�
 =�?+M� *�>'��$ �$ "�)Z
 J�� �@��. 
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Abstract 
Background: Leptin deficiency or dysfunction in leptin receptor (ObR) signaling may tend to 
resistance to autoimmune diseases. On the other hand, leptin receptors exist on many cells and 
therefore blocking all of them will probably result in unfavorable effects. Targeted ObR blocking on 
specific immune cells with a leptin antagonist such as taFv (Tandem single chain fragment variable or 
Tandem scFv) may be advantageous for patients with autoimmune diseases. This project aimed to 
optimize the condition for large scale production of such molecule and to test its effect.  

Methods: The cloned taFv gene was sub-cloned from pAB1 to pET32a vector. The taFv fragment 
existence in pET32a vector was confirmed via polymerase chain reaction (PCR) method using T7 
primers. Dot blotting was recruited to detect protein expression. Optimization experiments were 
carried out and assayed using enzyme-linked immunosorbent assay (ELISA). Finally, the functional 
activity was evaluated via flow cytometry. 

Findings: The result of PCR confirmed integration of taFv 2300 bp gene fragment in pET32a vector. 
Dot blotting confirmed taFv higher expression in pET32a vector compared to previous vector. It was 
found that media containing sorbitol, Escherichia coli BL21 strain, IPTG 0.05 mM and 18˚ C 
temperatures were resulted in higher production of protein levels. Based on flow cytometry, taFv was 
able to attach to 20% of lymphocytes. 

Conclusion: pET32a vector with pel B fragment is suitable for secretory overexpression. Production 
of taFv could be enhanced via optimizing media and culture conditions. 
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