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@=��� x
+K� � y��� ���� �� �W�� \�   /�
�0 ��

Overnight ���� �� C˚ 4 �%�9 ���? 4�nK� ��. 

    ���+,�� 8�

����S
� @=����� ����H�� )� a���  �

   	�
���
� ��1�
-��.� �
t2� �[: �

����
3#����

������ �� ) (�7 �G�#� ��1Competent  (��3���� �� (

 ) �����+� ;
#+� ��� )�2CaCl    $�����, O
�7 ��� (

)(Heat shock �
+� � �%��N� ��H��    	�
���
� ���1

 �R� b
A� ��LB agar    \�
�

� $���^ )� (��3��� ��

$�
+� L�K��� )� a� .���7 L�K��� �
+
� $F�^   ���1

  ��� )� (��3���� �� 8	
���
�Quick check   �A�0

���G5? '��  �Insert  $������ 	��
���
� �
-���.� ��

 <27 �� ;�#
� ��� )� $��-7 .�73 .��� �
:
�  

  

  
Donor plasmid                                                                 Helper plasmid      

  

 ���2�
�� 
� �
��	 .  $���%& ��+Helper  �Donor  
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 ���3�
�� 
� �
��	 . �$���%& (� �  

  

 ��-'� "./    ��'+HEK )Human embryonic 

kidney cell(  

 4
+��   ���1HEK )Human embryonic kidney )� (

    �������6 (������ �
����� 
�
�#��) ����� $�
+� \���

  ��������R� b
�������A� �� � ����������7DMEM  

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

100 $+
� �� �,��  8�
+
� $=� ��
�100   ��� ��9��2
�

$��+
�  � �
��#���
������ ����
�10  �
��=: ����� ���0��

 �� L
J�� �
���
2�� �� � ����
95  �
#�� �� �0��

  /�����, � �����C˚ 37  )� a��� .�����7 (��� ���R�

4
+� 8�E� ��
� ���G� �� ��
��      ��R23#���� ���� �1

()�� 1.���7 (���^ �  

 ��-''''� 0''''.�1�	���   ��''''+HEK  �''''2 

Transfection Reagent 2000 Lipofectamin  

 \1�X \� ��6 ���6  ���G� ��105  ×5/2   4
+��

 ��2 $+
�  ��
�Growth medium 824    )� <�e? �W���

  .�����7 (��� ���R� ���R23#����2  )� <��e? �W����

 {�
G� ()�� b
A� �� $+e? �R� b
A� 8�R23#����

  8(��)��� ���7 <2���� f��� �� .�74   ���9��2
�

 )�DNA  ��250  )� ��
���2
�Serum free DMEM 

  ���� $�����^ ���� � ���7 v��
?�10  4
��+A� ����
���2
�

Transfection Reagent 2000 Lipofectamin 

 /�� �� � x
+K�20-15  ��
2�� y��� ���� �� �*
?�

    .�����9 �%��P� \�1�X �1 �� x
+K� <� aF� .�7

  ����� �� � �7 (��� ��2� �
+�C˚ 37   �
����
2�� ��

 )� a��� .���%�9 �����? ������ �
��#�� ��48  �W����

  ����� 8�
#�����S
1 �� ���*� �! ��
� �[: �0�%

�
+� L�K���   � 8	
���
� ��14
+  /�� �� �12   ���31

     �
��#�����S
1 \��
�

� $����^ �����, b
��A� �� 

µg/ml 150 4
+� .�7 (��� ���?  �� �12    ��
�� (���9

 �R23#���� <��7 4�� (��9 .�=�%�9 ���? �R23#����

    �
-��.� )� /���eW ��� ��
-��.� �� ;�#
�   ���1

Helper  �Donor   ���R23#���� ��� (����9 � �����
�

(��9 )� \� �1 .��
-�.� \� (��9    �� �13  \1�X

 �
+�6 .�=�%�9 ���? �R23#���� ��
� ���6 

 4��5�''��DNA  ��$''6� �''���2 "''78 (''�9�	�

:5�	   �$� 4�� ��+ 

'��K��� DNA  )� (��3��� ��AccuPrep® Genomic 

DNA Extraction Kit  ���7Bioneer  (��-�7 ��  �

 |
�������3032-Cat. No.: K   .���%�9 /�
��0

105j-: )� a� 4
+�  ���7 <2���� �� v��5� ���^

 '��K��� ��
� (��)��DNA   .�=�%�9 ���? $�
�!  

  �
�$'	� "'78 ���$	���� �;�;9 ���    ��$'6� ��'�<

:5�	    ��-� =�	� �� �$� 4�� ��+  

�K#� ���G� v
?� $���� �[:   )� (��3��� �� $�! ��1

Absolute real-time PCR �� ��������� $=A=� ;�� 8
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�?� f���    �"�#���� ����, �
-�.� )� $����� ��1

10-IP  $�� )�
�  .��7��      ��E+> ������ 8��+,�� ���� ��

   ���
�%���2F���� b���
� �"��#���� �����, �
-���.�

()����    �� �� ��E� ��
�� $F� ���G� aF� � �7 ��
9

 @=����� �� �
��:
� ����
���2
�PCR ���7 �e����A�. 

���?�   $��
���� ����1)300000-30   ���1 �� �! $��F�

   ���������� $�=A=� ;�� ���� �
-�.� ��� )� (@=���

 f����� ����Ct Value  \��� ���1 )� (����^ ����� ����

�?�      ��� ���� <�,��� .��7 �
[� �
-�.� $����� ��1

  ������ �� �
� /�
0 ���Mass     L��P ��� �
-��.�

()���� ��W �� �^ � g/bp 21-e096/1   ���^ ���� �� .

 aF�Mass of plasmid DNA �?� )� \� �1 ��  �1

)300000-30 ���E+> �^ )� a��� � ����^ ����� ���� (

DNA     ��� ��E� ��
�� $F� �� ��
�� ���� ��
-�.�

  ���W �� ;
#*�2   )� �����*�)DNA    @=���� �� ���

������G� ����H�� ���� aF��� .���7 �e����A� (���7 ����  � 

2V2C  =1V1C  )� �7
+��� 4����Stock   ��
-��.�

 $������� .���7 ���
[�PCR  4
����% )� (��3����� ����  ��
� 

1 – )slope/1-10 = (E     �����
�% ��-���� .���^ ��� ��

   �! a��2��� ���
t2� ���[: (��3����� ��
���10-IP 8 

’3 TCCTCATGGCTGTTTCTGG ’5  ����-���� �

 f�
��’3 GTCACCATCCTTTTGCCAG ’5 .�
�  

  >�''�� �''2 �	�
��''�	��� �
���''/ �''���2 ?�� 

Real-time PCR   
�K#� ���G� �� ��� $���� �[:     �� ���%�� '�� ���1

  $��)
F�#���� �
��G% f��� �� �
�!Piggybac   (�
��

   ���
�~� ��� 8�
-��.� ������ '�� <0�, �� ���

  f����� ���Real-time PCR  ������ .�%��N��� ����H��

�-���� �� /�
0      $�,��J ��
�J ��� ���� �� ��1

 ��-���� )� $2� �� ���7      $���[��� $��
�� <�6�� �� ��1

   '���6 ��
-��.� a��2� �� ��S�� � ��)
F#����

 <27) ���
S� ���? $��[��� $��
� )�4 �1�-���� �
t2� .(

�e��A� �� � ���� ������ '�� )� ��R�    v�
?� ����G� �

^ $F��  �K�#� ���G� )� �^ �#� � �1     8(���9 ��1 ���1

 $�� QKR� $��)
F#���� �
��G% �� 
�    $��
�� .�
�7

:��� ��) 	
��� �� �1�-����  
Forward: 

5’ACAGACCGATAAAACACATGC 3’ 

Reverse: 

5’CTCACTATAGGGCGAATTGG3’ 

 
���
	 	
  

��-/ $�@�� 
� �A�  B
��	  C�/���	 �@�-� ��+  

()�� �� �^ )� a�     � �"�#���� ����, ��
-��.� �

4
+� �� )�)
F#���� ;� �^  ��1HEK   8��7 �23#����

4
+�  /�� �� �12    \�
�

� $���^ �� ��-
� �A� ��31 

 

 
 ���4�	�
���	��� �
���/ ����2 E�F59 ��+��
��& ���<���G ��H
�8 . 
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   ��E+> ��� �
#�����S
1µg/ml 150   .��=�%�9 ����? 

b
A�     ��1 \�
�

� $���^ ���, $�
+� �R� ��13 

4
+�.���7 {�
G� ��� \� )��    	�
���
� ��
> ��1

  �
�+� ���� l�=�%� �
� )� �E� ��
� �
-�.� �?�%   ���1

  )� a�� .������ $?�� �
#�����S
1 �� ���*� 	
���
�

 8�
��#�����S
1 \��
�

� $����^ ����-
� )� ����31 ��21 

 �� 	
���
� �
+�3   ��
+� \1�X6    (���9 �� ����6

 � ��
-�.� \�13     ��
-��.� �� (���9 �� �
�+�

     �
-��.� ����, $�3=� �1��7 (��9 .����9 (�1�R�

Mock  )� a�  
�2  <27) �%� �
� )� ��315.( 

  4��5�'�� 
� �A�  B
��	DNA    ��$'6� �'���2 �

:5�	 �$� 4�� ��+  �I�	��� �10-IP   

 �
3
� )� ��=
-J� �[:DNA     ��1 $:��K���� ���1

\� �^ )�  )��9^ 4! ��� �� �11  ���� .�7 (��� �0��

 ��� �� �
? ���� \� /�
0 �� 8'��K��� )� <0�,

       L
�6 ��
3
� )� ���R� ��� ��7 (�1��R� )��9^ 4!

 '��K���DNA .����  

���?� ���� ����������� $��=A=� ;����  $������� ����1

�K��#� �����G�) �
-���.�  ����1300000-30 �����, (

 �"#����10-IP  f��� ��Ct value   )� (���^ ��� ��

�?� )� \� �1   <2�7) �7 ;�� (�S��� b�
� �16 .(

 f��� �� �
=n-1Ct value ��
-� )� (��^ ��� ��  �

DNA �
+� (��9 )� \� �1 	
���
� ��1    ����*� 8��1

   �e���A� �����
6 /�
0 �� (�S��� b�
� �E� ��
�

 <27) ����97.(  

  �� � ��
-���.� \��� (����9 ������ �����*� �����

��
-���.�    ���� ������� 	��
��� ����103 × 51/151  � 

103 × 60  �� $F�2   ���
���2
�DNA   @=����PCR 

 ;��H, �� $��F� �����G� ����� ���� $����: �^ )� .�
���2 

  ��E+> �� ��
���2
�ng/µL 100  )�DNA   �� $�
��!

 @=�����PCR    (���=��-� �����*� �����  ��
� � �
���  �

4
+� �e��A� )� a� .��� QKR��� ���G� �� $��1  �

   ����� ���A� � $��[�Diploid genome equivalent 

4
+� �� ��     ������ $���#�� ���1pg/diploidgenome 

6/6 �K#� ���G� 8���    ���^ ���� �� (��9 �1 �� �1

   ��� ������ ��
-�.� \� ;�#
� �� ��5   �� � �K�#�

 �� ����� ��
-�.� �� ;�#
�2     4
+�� ��1 �� �K�#�

    )� <�0�, $�=A=� b�6 	
7 f��� �� .�7 �e��A�

    $������ 84
���% �� �^ ���� ����? � ��������� ���
-�

PCR  �� �����95 .�7 �e��A� �0�� 

 

  
 ���5�-� ����� :�1+ �� 
� L& C�/���	 ��-/ (
 
� �
��	 .� 0��
�9��H�+ (����2 ��	M �2 �+  
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 ���6"G� 
� �A�  ���$	���� �;�;9 .  �� $���%& ���  �@�
�� ��+10-IP 

 

 

 
 ���7 �� ��P�� "�6G�9 .10-IP (R) �$���%& �� � (T@�) �$���%& (� ���< �� 
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 :U'��� :2 4�� ����2 
� �A�  B
��	   "'�@�6V �

�	����	���    

    ���[: (���7 ;���� ����������� $��=A=� f����� ����

()����   �K�#� ����G� ��
9      ���H�� aF�� � $��! ���1

 @=���PCR  ���
-� ��� ��  �DNA    ���1�-���� ���

 .�7 $���� 4
+� �� $%��&� '�� ���*� 8�
&K�

     �
S���
� ��
-��.� \�� (���9 �� �� /�
0 ����

�K#� ���G�   8$%���&� �1     �� 4
+�� ��1 �� �K�#� �

.��^ ��� 

 
���  

      ��
-��.� \�� ;��#
� $�����
� 8��G��5� ��� �����

PiggyBac  �
�+� <
2R� ��     $�
+�� 	�
���
� ���1

HEK �
+� $���� .��� (��� ��R� ��   ���� �� ��1

 ��+,�� )� (�� \� )� �G� (��^    ��E� )� ��R23#���� �

     �
��! �� ��E� ��
�� �"�#���� �� �
-� �
�~� �! ��
�

�^ ��
� � (�7 ������ '�� 4
+�   $�-��� /�
0 �� �1

 �t���, �?
� ��
� �����) l���4  ��7   �! ���
� )��

.���� �
:� 4
+� ��  

� $���� �K�#� ���G     �� �
��! �� (��7 '�� ���1

�
�����+�   )� (��3�������� ������� 	�����
���
� �������1 

Absolute real-time PCR  �� ���� �
��-� QK��R�

�K#� ���G� 8��
-�.� \� (��9 	
���
� �
+�  ��1

 �� ����� $�!5  ��W ��� .��� (�
� 4
+� �1 �� �K#�

      )� ��� �
�� $���G��5� ����� ��� v��5�PiggyBac  ��

�
+� �
�
� 1) ���
� (��� (��3��� 	
���
� ��11.(  

�K#� ��^ �� ��� $���� �[: �
=n-1   '�� ���1

  '�� ���� ����� $��)
F��#���� ���
��G% <��0�, (���7

 ��� \� )� 8��� (���%� y�3�� $%��&�PCR based 

  ��
�J �-���� �3: \� �� 	
��� ���� l�7 (��3���

�^ )� $2� �� �7 $,��J �
,�� <6�� �� �1  $��[��� �

PiggyBac  �
-���.� �� ����S�� �Backbone  �����?

$� ��R� @=��� ��� �
t2� .���� �K#� �=X �� �1�  �

    ����������� <�����0�, �
������! �� (������7 '�� 

Random integration   .$��)
F�#���� �
��G% �� ���

    \��� �
��+� �� ���� ��� ����R� ������� ��
��� ����� ��

  ����� .�
� �K#� \� �� ����� $%��&� '�� 8��
-�.�

�� )� $2� 	
�5 �K#�   �
�+� �� $�:�� �    \�� ���1

     �� �
�+� �� � �
�� $%���&� '�� <�0�, ��
-�.�

'�� ��
-�.� .�
� $��)
F#���� �
��G% �� x
��� �1 

   $��)
F�#���� ;��#
� ������PiggyBac    ��� ��[=�

(�� �
�
�    $�-� ����A� ������� 	
���
� ��1   � �
�7

� ����) /�G��5� �� �^ ��1������ )� $2�(����  �^ �

   $������ �! �� ;��#
� ��� )� (��3��� 8�%�9 /�
0

 ��� 
� �
�! �� ��
� $����� � �-�� '�� �
+��? .���

�=
�) �� �� ��� ����
� �+-: )�   ����� $����� �! �

    4��� �� .���
9 ����? ��E� ��     ���1�
��� ��
6� ���1

       ���1)�% �� ��?
� ��� � ;���� ���
� ��[: $�����

Preclinical 
%� ��  ����? (��3��� ��
� /�*
*A� �� �

$� ) ���
912.(  

   $��)
F�#���� �T��� $����� )� ��7N9PiggyBac 

4
+� �� ��� 8��������#� ��1   ���1�
��� 4�*��� ��1

  )� (��3���� �� (�-W @��X \� ����-� $����� �
>

 $�� L
#A� �1�
��� ���      $��?� <2�R� ���� .�
�7

  $�� (
�+: ��R
�      �T��� $������ ��� ��=�  ���1�
���

4
+� �R���#���� �� $�����    \�� 8���������#� ��1

(�-W �� � �^ )� (��3��� �    4��� �� .���� ��1   ���1

�.� 8�
6�   ���1�
��� 4�*��� �
e[� �[: ����) ��1

4
+� �� ��
-�.�   ��� ��� ��1     $������ ��
> ���1

.��� (�7 ��H��  
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����#:�� )� $��2�  �.��� ����� ������  ���
�
� 8���1

���e
1 ��1�
��� ;�#
� )� <2R��    � $������ ���1

     �� ��1 $�9"�� )� ��1�
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Abstract 
Background: A major bottleneck in the production of recombinant proteins in conventional linear 
method is the heterogeneity in number of transgene copies in the genome of the host cell that lead to 
variable levels of transgene expression. Aside from the low efficiency of the random integration, other 
phenomena such as positional effect contribute to low efficiency of transgene expression. PiggyBac is 
a class of DNA transposons which can transpose through “cut and paste” mechanism in host genome. 
Some specific characteristic of this transposon makes it promise vector in gene transfer studies. High 
capacity of transgene transposition and flexibility in molecular engineering of transposase are 
characteristics of PiggyBac transposons that are important in recombinant protein and gene therapy 
approaches. The aim of this study was estimation of transgene copy number based on helper-
dependent and independent PiggyBac transposition system in human embryonic kidney (HEK) cells. 

Methods: Plasmid containing interferon gamma inducible protein 10 (IP-10) coding sequence flanked 
by PiggyBac terminal repeat element and plasmid containing transposase system and a unit plasmid 
containing both transposae and IP-10 coding sequence were used for generating recombinant cells in 
helper-dependent and independent system, respectively. Human embryonic kidney cells were 
transfected by each group. After clonal selection, absolute quantitative real-time polymerase chain 
reaction was used for estimation of transgene copy number. 

Findings: Estimation of IP-10 copy number has revealed 5 and 2 copies per cell in helper-independent 
and dependent system, respectively. 

Conclusion: Here, we report activity of PiggyBac transposition in human embryonic kidney cell line. 
PiggyBac helper-independent and dependent system was used for generation of stable cell line 
producing mouse IP-10 protein and our data confirmed permanent expression of this transgene with 
the mean of about 5 transgene copies per each cell. 
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