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 (I��µl 80  &�kP� �� ����B�PCR   9�
% I���

4

�; �

�  &A , Q8��

�Bioneer )Korea *(µl 20 

  <�I
�= 	
v�k�0 8/��* µl 100    2 8
�EN� ��
� 2� n=  
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µl 5  <�I


�=NheI  2MluI  m�


� �


� 2 M�


���  

4 ��

�� �� 4)�

� Cº 37   iU

� .�

��8J �

��K�

   	
��I�= <
1� &�kP��2� ,  &A1  �
v��  ,��
J= 

9��8� �% 2 �.E@ ���� �  Q8��� &A , 8L����8J.  

 -�;2Ligation    &�
kP� 2 	
E0 ����B� R��

 <1�PCR <�I�= , 9����� �� DNA ligase 4T   �
� 2

 , 9�����µl 15 �.E@  �3Tim   2 9�
% <1� 2 8�'K�

µl 4  ���

�B�p-H  *9�

% 	

E0µl 3  8/�

�DNA 

ligase 4T x10  2µl 3 PEG )Polyethylene glycol( 

 2µl 4 >�8�� n=  &�kP� 2 �% X�g�Ligation   �
�

 H2�2CaCl �8�;�





� �





� 10Ecoli TOP   

�% X���5�8�. 

 H2� �

� ~

�����; 4P

v PCR Colony �

� *

 ��
�8��8� , 9�����   (A 	
v�k�03Tim  	
��8� 

.�%   >
��) 4L�VPCR   >��
%µl 1 PR *µl 1 PF *

µl 1 2MgCl *µl 5/0 dNTP )Nucleoside 

triphosphate *(µl 2/0 taq  2µl 5/2 Buffer   �
; ���

����8� 4P�  �PCR  >��%Cº 95   m�
� ��4   *�
N�@�

Cº 94  m�� ��30  *����sCº 58    m�
� �
�30   *�
���s  

Cº 72  m�� ��70  2 ����sCº 72    m�
� �
�5   �� �
N�@�

30  	��G� &�kP� 	��8� .4/8J X�g� >K��PCR   �
�

~

�� *,��

J= &A �2� ,��

/28�K�  X���

�� �

� �I

��=

9���:� 2 ����28�   ����
����� i�8� 9����� �� (= �UV 

)Ultraviolet(  8���

:� 2kb 1  .�

% X�

g�4

��G� ��* 

 <�I�= �� ����B�NheI   ���
�B� 2 �
��8J <1� 3pH-

Tim  Q8��� ,��J= &A , 	E0���8J.  

� .��  /��& �
 ����� 0��#$
%& 3pH-Tim 

1'" �* �2��� � 293T  

&���  ���T293 )9�� � ���; 	���� �    (�
5� R�
�S

�

� 9�

% X���

5�8� T 	

��=  {28

�2 (A40SV, ( 

��5��      O
�B/ �� 2 �
% ���
�80 (8
G� ���
��� �

25T   4










:; r�










P� ��DMEM   

)Dulbecco's modified eagle's medium ( �2�

+

10 �v�� FBS )Fetal bovine serum ( 21  �
v�� 

	�� R����- �� R�5������8�� Cº 37 2  ����
��K� �� 

 ��2CO 5 �v��    �2�
+ .�
% ���K�106 × 5   &��
�

T293 4

��� �� 6 �

��0  , �

.� 2 �

% 9�� 4

:;  

24   (I
�� .4:J 4K�5�8� 	E0 ����B� �� 4)��

µg 21 *	

E0 ���

�B� µl 304 O2ddH 2 µl 11  ,

8/�

� TE )Tris-EDTA*( µl 35  ,  <�

5�; &�

�P�

 m��5/ &��P� ��DNA  iU
� 2 �% �/�a µl 350 

X2HBS  iK��2 4P� 2 	��= �� 4)8� 8';�+ ��

 &��P� ��DNA   	���
� 4:; �2� 2 4:J 9�2I/

 ��98E@ 98E@ m��v �����   , �
.� .�%48  4)�
�* 

&���  m�� �� ��4    �
� ��
��� 4P� ����µg/ml 150 

���/8J �8@ R�5���28���.  

 ��))�* �))�"&*3Tim 5��))� 6))��   ��))+T293 

/��& �
 ����� �* 1�� .�#$
%&   

DNA  &��� (����� O� , O����AT293   4
P� �;

 *����� 9���� 	@�� R�5���28��� �� (����  4
�; r���

M��8� )Genet bio, USA ( ��L�� �� 2 �% Q8���

  ��

P� 	��

�,�3Tim  ��DNA O

����A*  r

���

98�g�, -�;2 .4:J 8�'K� ,8���� � ����8�  �PCR 

>��

% Cº 97  m�

� �

�3 �

N�@� *Cº 97  m�

� �

�  

30 ����s *Cº 58 30 �� ����s* Cº 72 �� 80  �� 2 ����s

 4

��G�Cº 72  	

b10  �� �

N�@�30  X�

g� >K�

�

.4

/8J  &��

� �

v�� ��

�   X�

g� , i

� �

; 	

K�5�8�    4
/���� �
� l
/�� R:3cDNA Tim   9�
%

 *����� r��� O��K�   , 9����
� �
� 2 �8������
���/ 

	

��= ���

� 3Anti Tim    �

� 9�

% �

J2c��;PE 
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)Phycoerythrin ()34005 Biolegend x

���2I� 2 (

)400111 Biolegend (.�% -g��  

 *�vB0 ��b ���2�+ 106  &���   ��
N� �
�µl 5 

 ,3Anti Tim 	��= ; ����2c��J 2 9�
% �  	
��=   ���
�

 x���2I� q���� m�� ��20  �� �N�@�2  *Ig� }���

 .�% ���K� O���� ��� �������  ���5% , i� �:  �
�

PBS 9���





�� l





�8b , *





���/��8�����   

)Facs Calibour, USA( ���% I����=.  

  

���	 	
  

  (A �2�
+ ����B�3Tim  �
�G�  9�
% )67PEZ-M( *

  <�I
�= �
� �G�� I31Eco   	
� 	
E0     <�I
�= R
� 2 �
%

 (A R�8���� .4%�� 	?���� 4���./3Tim  8�'K� 
% �

2 ����B� , 67PEZ-M    X�
� �
� �8��� ����B� ��

pH  >N������8J 4��� �2�+ �;   8�
:�� 	��I�= ���

{8��� �� 2 .��� 8�  

  5�)78! �����!"�#$
%& Ligation    .)��� 0�)*

3Tim  ����� �pH 1�� �9:  

��+8� R� ��* 10  	��
�; , 	���;     �
�/�� �
%� ��
�

��G� �8� � (= R�� , �; ���% n���� iK�8���  �
�* 

	��

�;  2 ���

�B� Q8��

� .���

% -��I

J 	��

�

-�;2 98�g�, �; R� ���� �� ,8���� ��	�   X�
g� ��

����� .4/8J  &�kP� , �Colony PCR   >K
% ��

2 .4� 9��=  

   R
� , 9�
% Q8��� �������B� 	��I�= <1�

�;�	� <�I�= r��� ��  ���MluI  2NheI  4/8J X�g�

 �;2  ����>v�+ 4��� �� <�I�= H8� ,  ��� 	��I�=

	��

�;  4

/���� ��

�9�

��;  q

�;8��� ���

�B� �

����:�% 9 	���; �� q�;8��� ����B� ��S2 2  ���

� �8�;��6J ��� >K%) ���83(.  

  
��� 2.  ;�� ��%&! .8< ���� �'&� �3cDNA Tim  "'

 �����pHH =��% &* 
 >-�%� ?��(Colony PCR 

 ��(�1 :&A
��
 Kb 1��(� .  ��+2 B3 B4 � 5: ���
�  �� ���+

�#-! .�
'�* ��(�  ��+6 � 7: 
���� �+� .EF! �� �
�* 1100 

H�*&! �* 3cDNA Tim %" %'�-(�.  

  

  
 ���3�I�&(�2% ��A2% ." /��& �
 ����� ���
J KL+ �M3p-

H-Tim 
 ��(�1 :A
��
 &Kb 1 

 ��(�2 /��& �
 ����� :3pH-Tim K��
J �* ��  ��+NheI � 

MluI �� KL+.�% 1 �
�* � bp 2312  �bp 4600  1��'

�! .'�� 

5��� N�O(
% 0�$��!�&A�+ ���� 6�8! "' �+  

 8��k�&���  �� 9�% 4K�5�8� ���  (�
�,  2 �28
%

     >K
% �� R�
5���28��� �
� ��
��� �
��� 2� , �.� 4   

 9��=.4�  
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��� 4. 5��� ��+ T293 HEK 

A 0�$��!�&A�+ �* ��!"' M% �EP :B0�$��!�&A�+ �* ��!"' M% Q� �(#+ �' :  

  

�R�(
 � PCR 1�� .�#$
%&  5��� S�
� ��"  

 -�;2 X�g�PCR  �2�9�% 4K�5�8� &��� X��A *

�.E@ �� M��8� ����  �3cDNA Tim    &�
b �
�1100 

 ,�� 4�S >K%) �� (�:� �5 (  4
/���� , 	;�+ �;

(A (�% 98���� 2 &��� (2�� T293 	� .�%�� 

  

  
��� 55�78! �M"�I�&(�2% ��A2% . PCR   

)Polymerase chain reaction ( .�#$
%&  5��� S�
� ��"

1�� � �V9P ����  �� �3Tim �
�
 �  ��+�� 

 ��(�1: &A
��
 Kb 1 

 ��(�2: �+��  S�
� ��" �#-!T293 1��
 .�#$
%&  

��(� ��+ 3  � 5:  &�F� 3cDNA Tim  5��� S�
� ��"T293 

 �* .�#$
%& 3cDNA Tim  

(
�&(!�(�����I ?��  

���/ y�����   (�
�� (I
�� *�8�����88  ��
v�� 3Tim 

&��� DE� ��   �� 9�
% 4K�5�8� ���14   �
.� ,2�

&��� R:K�5�8� ,  �� �	� ��K%= .��;  

 >v�+ y����  	��
�� DE� �� � 	��5P� -�I/

&��

� ��  ��

�T293  4K�

5�8�  ��

�;2 �

� 9�

%

  �
��� 	��
�� DE� �� �5��N� �� �����B�  �3Tim  ��

 928J���% &��� ��  ���T293   	
� (�
:�  
��  �
; �

��	�.� (��� ��  ��3Tim   928
J ��  9�
% 4K�
5�8� 

 4�)050/0 ≤ P(.   

 &2�S �� ����6  27 .4� 9���:� >��@  

  

���  

R�T�28

� �

:; �

� (�

�I��  m�

N�NP� *�

��S ��

�

�� 	.��2 ����, �    �28
% R�T�28
� �8K��) 	�����%

 �%��� �� 2 � m�N�NP� R�*    �
� u��
0 R�T�28� ��

���0�� 	��8� �8� ���, ��N�*  2 	�����%��� 4���./

 ,��� (= 	K�I�/��� m��v�k0  .4�  

3Tim    �8
� 2 4
� 	���� DE� R�T�28��K��J

�� R�T�28� R�%�   	�����
%��� m��v�k0 2 �8K��)
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 2q���� 	��1/ ���0��*  <�
5�� �� ����    	��
�� ��
�

9�� �   R
� �
� .��% u���� 2 (��� (�����5� 	���� 

<�5�� �� (��� �;   m����
;28� 	��
�� ���  �
�   8
L� ,

���I� 2 (��,* ���k�@ <�5�� , 8�   &��
� ��
�   ��
�

	� 	�����;�� �%��* �� ��6R�T�28� ���� �� �����  ���

 ��� i� m8��w�   2 (��
�B�8�5/ �
���� ��S8� ,

(���B�,�K��J*     4
5�� �
���S 	��
�� <�
5�� R� j

�; 8� m8��w� R�*   	��
1/ ���0�
� ��*   2 �8
K��)

	��= m��v�k0  O��A R�T�28
� R�   
� �
�6��� 8�s.  ,

 *2� R�&��� , 9����� 9�� ��� �    �
���� (�����
5�

CHO 4� 8�W��� n���S �8�.    

 	1.� ��m�N�NP� ,*   	��
1/ ���0�� �� R�T�28�

 ��b �� 	.�?b >��;  �8
� .4� ,��� 
'��&*   ���
� ��

R�T�28�  ��� ����� 	��:V3Tim   9�
% u��
0 R�T�28� *

   ��
J I
�� u��
0 q�;8��� R�T�28� �� �:V ,	   ���0�
�

 	.�?b 	��1/ ��� R�T�28� �;    R�0�
� 8
��� �@��  8
�

��� �:V DE�*   	
� 4
�� ,   �
��2    �� 9����
� �8
�

    �
�G� �8
� 	
�+ �
� �8K��) 	��8� m�N�NP� 	08� � 

	��= ���� 	� �; 	��� }��    	
� � 	��
1/ ��
�  ��
���% *

� q������� ����.    

  

  
 ���6 0�W �&� ���* �&(!�(�����I "%'�
 .3Tim 5��� "' 5��� � 1�� .�#$
%&  ��+  ��+T293 1��
 .�#$
%&   

  

  
 ���7 ���* �E$
 �%��! .3Tim >��!MJ M% �(I&X&* ���I '�V(! ��+��&(!�(�  

0

20

40
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 D8> $�E)��� 8��>

 �
��

 )
'�

$
 �

&
��

+
T
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-3
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4�I� ,  &��
� R� , 9����� ���*    ���0�
� R�
%�

	.�?b 	��1/ 	� ��S2 2 8� }��  	��1/ ���  4
�  �
;

      , 9�
% u��
0 �
� q
�;8��� R�T�28
� �� 4� RK��

��:V �%�� ��%�� ��S2 &���.  

�� �S�� ��  ,��� X�)R�T�28�  ��� 9�% 9�� -����

 �� &��� DE� �������8/	k���� �*   (28
N� ���5�

�/8v �� 	� q�;8��� R�T�28� , 8� %���.� 	��= ����   �
�

R�T�28� R� l��I� , >v�+ ������ �������� ��   �
� ��

	� *	���:���,= m����+      2 (�
��� ��
L�� �
� �
���

������ u��:� .��% ��/8J ��; �� ��  

  �

�G� m�

N�NP� ���

� �� �    �

a 8

� 8��

��=

	��= (A      (��
� H2� , 8
J I
�� 	
��T�28� ��
�   ��
�

 	

��= �

; 	/8J���

�28; �2� 8

� (A  �

J2c��; (=

	� *��%  9�����*��8J (��� ��80  2 4��@ (8J ���

  q
�;8��� R�T�28� �C�� 8���N� 4
� X,C H2� �� .

Cell SELEX  	/8J���
�28; (��� , 9����� ��S ��* 

&��� ,   	
��= �
; 	���      -��
�� ��
0 DE
� 8
� � (A

	� 	� 9����� ���� ��8J ��; R� �� 2* 9A28� �   n�
���

(,� ���5� 8����= 9��:���,= �� 2 8�    8
L� , �
; 	��
� 

 �







���� ��/8







:�� mI







�Gg� HPLC   

)High-performance liquid chromatography( 

���5� X28P�* 	� X�g� >��@ .�%��  

l�NP� R�*  z�
� ��  �
�G� �    n�
��� 2 ���
�����

 R�T�28

� �

��) 8��

��=3Tim  *2� R

� , .�

% X�

g�

    �C�
� (�
�� �
� &���3Tim   (= DE
� ��  ��
� ,�
�� .

     *9�
% (�
�� R�T�28
� R
� , 9����� �� 8����= 40��

��


��0�� ���


) (�


K�  , 	


%�� 	


�2�� �

-�;2 	� -��; � 	��� ��� .���  

  &�
K��� 	
�A {�;��   ��
�3Tim    �� ��
� R�
�2

H��  ���Balb/c  <�= �� B�� �.�5�=  .4
:J ��K%

m�.��E� �� ��/8J X�g�*   (�
NNP�   ��g�
5S �� �
;

���;	    �
� ��
5�2 	���� ���1Th   *�
����3Tim  ��

&��� DE�  ���1Th  (��) �����:� 9c
�2 8 �   DE
�

�% ��0��% 	���� )24-23.(  

�� N�NP�	  r��� �; ���:�Chen (��K�� 2   �
�

  �8
K��) 	��8� ��L�� R�T�28
� 3Tim   q
�;8��� ��

&���  ���= O�������   ��
�;2 , *4
/8J X�
g�   	��
��

O������;28� EGFP-3TIM-a28pET  9�����  .�
%

 �� R

��

.��E�* �

� �

�S  ��2=RNA  (A3Tim  ,

�

���� � *(�

5� 	

E�P� (�

0 �

������;  �cDNA 

    �
.E@ X�
V� �
� 2 �
% ��0�� � EGFP3-3TIM  ��

����B� ~�����; * ������  �21Ecoli B   �
% X�g�

2  �8K��) 	��8� ��L�� ��3Tim    *,�
����= �
�2� ��

 �% 9����� R�T�28� (A��/ R� ,)25(.  

 �




� �




S�� �




�,�




�� T�28




�R� GFP   

)Green fluorescent protein (  <�
5�� O� (��) ��

m��L�   ��/ }�K
�28K�� , 9����
� �
� *�  2 i�
�2

 R��t�� 4���5+(= R����  &��
� u��:� ��   ��
�

 2 I
g�   �� �8���
; 4��2�
P�  m�
.��E� In vivo  2

 q5�8� , 9����� R��t��6His )Hexahistidine *(

 R�T�28� (��� �� 4� RK����; ��g� &B�0.  

 �� *8a�+ -�2c� ����� 	��:V R�T�28�% �; �

	�  , ,��� ������8/u��0  R�T�28
� 2 �,��   	��
�

 8�L�GFP 	� .�%�� �� 	�?@ m�.��E�*  	P%8� X8/

 �

% �

���� R�T�28

� R

���

� 9  R

� ��

S2 �

� .

RT��28� �v�� 	��:V ���  , 	�C�� R�T�28
�  �
� �

 &��

�	

� >��

% � ���

% 2   R

� 9�

?� �

����

R�T�28� �+ ���I  4���4�    X8
/ �
���� R�8��
�� .

   9�
?� (I
�� �
� 	��:V*  	
�     �� 	
�G� X�
J �
���

  &��
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Abstract 
Background: T-cell immunoglobulin and mucin domain-3 (Tim3) is known as a marker of cell 
surface of T-helper-1 (Th1) cell and has a key role in many diseases with cell-mediated immunity. 
Over expression of Tim3 has reported in autoimmune and atopic diseases. Though, many studies done 
about this inhibitory help protein molecules, but yet need more research. In research project on Tim3, 
native protein with proper post translation modification should be provided. In this study, Tim3 was 
expressed on the surface of HEK293 T-cell line.  

Methods: Tim3 expression cassette was amplified from cDNA clone EX-W2682-M67 via polymerase 
chain reaction (PCR). The PCR product and pHygro plasmid were digested by NheI and MluI 
restriction enzymes. The linearized pHygro and digested PCR product were ligated together with T4 
DNA ligase and transformed into Escherichia coli TOP 10 F'. The resulted pH-Tim3 plasmid was 
linearized with NheI and transfected into 293T cell line. The transfected cells were positive selected 
with hygromycin and their genomic DNA was extracted and PCR was done on them to amplify 
complementary DNA (cDNA) of Tim3. Also, protein expression levels were assessed via flow 
cytometry. 

Findings: The result of PCR on selected cells confirmed integratioin of cDNA clone of Tim3 in 
genomic DNA. Based on flow cytometry, about 88% of cells were expressed Tim3 sharply. 

Conclusion: In order to understand the role and mechanism of Tim3 protein, we need a large amount 
of purified native Tim3. Prokaryotic expression systems are simpler and cheaper than eukaryotic 
expression system, but they are not proper system for expression of proteins that modified after 
translation. Expression of membrane proteins like Tim3 on the surface of cell has even more native 
conformation in comparison with recombinant Tim3. The cells display Tim3 could be used in 
antibody, nanobody or aptamer production projects. In this project, we constructed a 293T cell which 
overexpressed Tim3 on its surface compared to untransfected ones. 
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