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2� ����� �	
��� ����������� ������� %&'( �)�� �*( � 
��#�"+�  

)-.��
# /�
�� :11/8/90- 6��7� /�
�� :28/9/90(  

  

���56  

  
 %�
��9 :�; ���� �#�#
��< �� %&"=�+E. coli )groE( ><�� 
#   ���"+ �

���? ������ 
�"��. �&@�+ -A�+ �-  -.�� B"CD ���� E� -F� ��"���
#�? %9��G H� �� I�J"�� 
# ���? �
�
�� �� � �;
 K��� >�D �� ���"� �� ��

%D #�L�� ����� I�7FD %&M�# ����� ���N� >��# H� 6'O� H� ��"+ �  H�'O �##�?
#�&�  .H� �
�G  �� H�Q���D 6����  -&=< ���R�DS ��T"�� H�;  
�"��. �&@�+

 �� K��&��� Q���D � -+ ���'� H� #�
� ���� H��� %���� ��
�# H� �����
%D %"+ ���'� 	��&�'� Q���D �� �;��  -&=< ���C- �&@�+ 
�"��. I���D��

32 �E. coli  ���� H� I�7�� � B�C� �
�< H�groE  
�"��. E� �#
�# �

 ���? ������ ��&@�+E. coli ? %9��G��#� . H� V�+�D ������ �� R��HSig  %G

��'� %D���"�����?S 
�"�� 
# %&�W�� %9��� �#�X.� �� %'9��D �; �	�+ . 	�
 � ��#�? �#�Y"+� ����� %����� Z<
 H� �� I�J"�� ���� >!�9 6������ 
�"��

 X����S [+�� >!�9 H"C�
��� �����? %���#
PCR %=����
 � � � �
#�+ �
? ���N� \��]D��#� . H"C�
��� �����?HSig  ><�� 	� �#�Y"+� �� >!�9pFNGi 

 R�^���� ���� � ��".�? 
��< ��"+ � #�LD %"C�
��� #
�D %�� _�Y� `�
 H�
 X�+ -�+
�'.)GFP ( ���� -F�groE  ���� �-+ ���'� 
#HSig  -.�� 
#

a�� � H"C�
��� ���? X�+ � ��"b� 	� �#�Y"+� �� ��"+ � H� �S ���? ���N� �
 H��
#�&� . ���� ���� H� %&"=�+GFP  ��; H"A�+ � %9��G %"+ ���'� V��� 
#

 ��c H� ��@�# ���C�# �� �� %��X@��c  �� H� -;�# ����A �
 -�'��< R��
GFP  � �#�Y"+�%!�7"A� ����   �	
��� 
# -+ ���'� 
# �� ���� �#��

#��? 
��< �#�Y"+� #
�D %���'D.  
  

�	�" #� ������: ������� 
�"��. �&@�+ ������ �%!�7"A� ���� ��� I�J"��  
                         E�"�� %+��TD V�"+ �  
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���8�  

 +��0 +8 49�# 4�:��',; <�#= .�!"(�
.� +>�	� �	 ?'7 +8 '@&"� 4��� %�!"A  +; !0?

B��� : �=�'C 6D�8 ��8)Daniell et al. 2002( �
 �= ��E�#� ?�!��	 <� 	? .#=!"A .�!"(�(Daniell 

et al. 2002, De Cosa et al. 2001, Ruiz et 

al. 2003) �+F# ?�!&�  4G�	� H�'I �� �=�'C %���?
6	?��1 )Daniell 2002( �= .����J ��!E7 �(De 

Cosa et al. 2001, Lee et al. 2003) ��!E7 �
 .#�K� L�'G�)Daniell et al. 2002 (<��'C�,� � 

)Lee et al. 2003(  ��!E7 �DNA  .M	�J
.� +����J�# !��8.  +8 �= ��E�#� 6=�O�"KC �� �?�P���

BK/� 'Q# .C:K/� 'I�J +8 !��:�  �?�8
 .
Q"C ��8 +8 .8���? �=�'C .8�R�#� �  ?�!&� �0

4�� �!� .'9/� 6�"S��� +8 psbD+;  .8T 	�# U��C
�.� �EO  	�I +8 !#���8 +; .,J�? '9/� V0 'F�? �?��

.
# W'��? 	? �?�� �EO� !��:� 	? .X�@�J� !��8 .
�=�'C %��'8�"8  BY�'� .��
C 	? .
>�? L	�X +8 �0

.� ��8 ��5 6�
# � !�	 !#�� . ��5 !�	 +-�# 	?
 �=�'C ��@&� !O�C 'Z� L�'G� 'I�J +8 [,\�

.� B�R�  ??'5)Buhot et al. 2006(.  
 BK/� %�� BY 6�'8 ]:C 	�Q"� +8Lossl et 

al. (2005) �= <� �RNA  =�7 ��'
,�T7  	? +;
^!0 !��:� +8 � !; +��0 .� 6'5  +8 �	 !�

 �'�"; 4&C �	 'Q# ?	�� �= � !#?'; ?	�� ��C�C
+��0 '9/� !#?�? �?�? 	�'_ �EO� B8�_ 6� . %�� 	? ���

 `
-C ?�M� �8 a���mRNA b�)� 	? �=�'C 6
?	 �T +8 c�8'� % C�'� �?��� .
# .8��  ��0�5 � ?��

+#��M �� d� � �?';!�	 6!"; +8  %8 �� `�'� �?�
.� !#�	 . 6'F�? HE&C 	?Muhlbauer and 

Koop (2005) 4�:��',; 	? ��8 �'�"; 6�'8  �0
 '9/� ��Lac  �� +; !#?'; �?�P��� .���'�;�8

                                                                     
1. Transgene containment 

5�,M �=�'C .���#�	.� 6' !"; . .5!#	�?��8 %��
6'e�� �� d� �("C ��8 B��'����� �8 ��5 �?';- �C
  !���#�'���;D�5)IPTG(2 .� `7	 ?�� . BO? +8

 ��0�5 +8 ?�!&� <"KC %�� �6'e�� �� �?�P���
+#�R,5 6� 47�8 	? '0�QC aQ"C �# �  .���0 6�0

.� ��5 !��8 . 6'F�? HE&C 	?Buhot et al. 
(2006)  	��;�7 <� b:X� W��� '8 .��	

.X�@�J� � .,J�? .���#�	  '9/� 6�'8 �T �?';
 	�; +8 �?	�!# ?�M� 6!��:� g�#= 6�	 +; .M	�J

!#?'8 ..X�@�J� 6'�;�8 	? '9/� hR/C �?�8  �0
	��;�7 U��C ��\T 6�0 	��;�7 +; .���#�	 �!"";  6�0

.� �!��# �
F� .� L	�X �!#�� ?'5 .
.X�@�J�  6�0	��;�7 U��C '9/� hR/C �?�8

+9� .� ?�-�� �# �
F� ?�� .+9� 	��;�7 i�  �
F�
�#�O�C d���!8�	T +��0 g�#= 	?3  � !#	�? ?�M�

.��
C �T .51�� �0  �
F� �?��#�J 6�070 6'�;�8  
E. coli .� �	�? �	 !��8 .�T  %��? <� �� %"k
0 �0

 +; B�;�8'; 6�(�#�DNA �	 .� hR/C  � !0?
�8 +; %�T 6�(�#� %��? RNA'8 ��'
,� a0  i";

.� �!� BK/C �!"; !#� .4
�_  6�(�#� 6�0
% C�'� B�;�8'; +9� 6�0  +; .0�5 6�
F�

.� hR/C �	 '9/� .Y��# +8 �!"0?  4l�PY .8�J
�!�  !#�(Buhot et al. 2006) . +-�# %�� W���'8
.�  .���#�	 a��� <� ���C !�'90)��5 -  

E. coli ( 4&C �	 6!��:� �=�'C � ?�
# ?�-��
 .C	�'Y m�� '9/� �'�";E. coli  '9/� ."n�

groE  �� �?�P��� �8 �	 �=�'C �� .���#�	 � ?�? 	�'_
 6'
� .���#�	 	��;�7 <�  4
�_ �� .9;'C +;

�
F� 	��;�7 %�T 6�(�#�1  .0�5)SLG1 ( �
7 B�;�8'; 6�(�#� 4
�_ �
F� .���#�	 	��;�32 

 .C	�'Y m��E. coli .� +8 �!��8 ?	�T 4�? . �'��

                                                                     
2. Isopropyl-β-D-thio-galactoside (IPTG) 

3. Arabidopsis thaliana 
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 .���#�	 	��;�7 B�;�8'; 6�(�#� 4
�_
 �!�!�'90SLG1/ �
F�32  4&C �= UE7 !��8

 '9/� �'�";groE  6!��:� g�#= 6�	 �	
 	?�_ !��8 �T %�T 6�(�#� 4
�_ � !0? hR/C

 !��:� 	? �!�!; ��'
,� �8 �C !��8)PEP (
'8 a0 !��
# i"; .'9/�  .C	�'Y m�� 6�0E. coli 

.O��C '9/� �� .C��P�� 	��8 6�0 �
F� 6�070  !#	�?
�
F� 	��;�7 �32 �RNA .� 	?�_ �	 ��'
,�  �C !";

��#�	�= 	? p�'@&"� �	 .�  ��\T .C	�'Y m�� 6�0
!"; .�
F� a��#T�O�032 hR/C +8 	?�_ �

�
F� a��#T�O�0 U��C +; 4�# .��0'9/�70 
.� .���#�	 �
F� a��#T�O�0 � !#��70  	?�_ �#

!0? hR/C �	 .C	�'Y m�� 6�0'9/� 4�# .
�
F� 6�0'9/� +K"�� a(�32  .��:��',; g�#= 	?

!# ?�M� '9/� �'�"; 4&C �=�'C �?';?	�� ."n� ?	�
�
F�32 !0��J .� 	? �	 �T .X�@�J� 	��8 ��8 �
4��? .  

 6�'8 ��5 <�#= .�!"(� HE&C %�� �� ^!0
 .C	�'Y m�� '9/� �� �?�P��� �8 .
��� ?�-��  

E. coli  ��8 6�'8 !�'90 	��;�7 �
F� 4J�� �
 .M	�J �= 6�EO� B8�_ �� � .X�@�J� g�#= 	?

 'G� 	? .O�
�Y� !�	 i0�; BK/� �C ?�8 .��:��',;
 ��0�5 	? �=�'C 6D�8 � .
>�? ��8

d#�'C ??'5 ^'I'8 �.����:�.  
  

*"$ " ���� ��  

 ���� ����� �  �!�"����#$���  ���%�&�$'

(��� )�*+�� ��,�� ��-.��- �*-.�   

�!"";!; �= .O��C  	��;�7 �
F� 632  6'�;�8
E. coli )rpoH (�	�
� �8  .�'��? 6AY616608 

 .O��C �# �mRNA�!"";!; 6  ��5 	��;�7 �
F� 6
 ��C�CNtSig1B )sigA (�	�
� �8  .�'��? 6

AB023572 �?�? ��F��� ��  6�NCBI1  !� 47��	? .
.O��C de�  .O��C +8 	�;q� 6!C� ,;�# 6�0

��F��� 	? � !�?'5 +
M'C +"�T!��  % C�'� �?�? 6�0
8hR/� 6�' �?�!&� �?�
# rC�� 6  ��n7 6�0

47'5 	�'_ �O�#T ?	�� ." C�'�.  
(��� )�*+�� ��,�� ��-.�� ����/ �*-.�   

 4
�_B�;�8'; 6�(�#�  ��Sig32  4
�_ �
 �� %�T 6�(�#�NtSig1B  �� �?�P��� �8 [C'C +8

 6�FO�DNA .��#= 6E. coli  �?�P��� �8 ���C�C �
s&@C 4X�J 6�	�? ��'
,� a��#T ��  .5!"";

) 4;'�Fermentas ( 6�0'
��'� �� �?�P��� �8 �
.Y�'I .X�@�J�  �!�) 	��7� g'# �� �?�P��� �8

Vector NTI(!#!� 'SKC � . .X�@�J� 6�0'
��'�
a0 L	�X +8 ?��T +O�9#? �?��7� �8  'F�!K��8 �����

 !#!� .Y�'I 6	�I �4
�_ �? ��@C� ��K�� +;
 U��C2SOEing PCR  tPY �8ORF   a0�'7 .,X�

 ?��) ��!M1.(  
 6�0'
��'� �8 'SKC �� BX�Y !#�8sig32-F  �

sig32-R  6�0'
��'� �8 'SKC �� BX�Y !#�8 �# �
sigA-F  �sigA-R � �!M �	�5T �= 6�	 �� �

hO�J !�?'5 6��� .�!� hO�J ��@&�  �? %�� 6
a0 �8 +n)_  � !#!� c�,R� 6���� .O�� 49�# +8

�T ��@C� 6�'8 �FO� ���"3 +8  �
F� 4J�� � �0
��5 !�'90 	��;�7/ 	? 6'�;�8SOEing PCR  �8

 6�0'
��'� �� �?�P���sigA-F  �sig32-R ?	�� �
+n)_ � !"�7'5 	�'_ �?�P���  �
F� +8 c�8'� 6

 +8 g���� !�'90 	��;�7HSig !�?'5 'SKC. 

���. �� ��-.	 �1 )�*+�� ��-.�� �,�� ��

 ����*-.� 	*�'  

 +8 c�8'� !#�8HSighO�J �� d� �  �= 6�	 �� 6���
 �	�5T) �� �?�P��� �8High Pure PCR Product 

                                                                     
1. http://www.ncbi.nlm.nih.gov 
2. Splicing by Overlap Extension 
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Purification Kit  4;'�Roche( B��Y 	? �
+O�� 6 pTZ57R/T ) 4;'�Fermentas (
��,; !� 6��� ..#�,;  6�0E. coli  +���XLI-

Blue  �
F� ��'
0 +8 �	 [;'C�# !
�:� +;
 !�'90 	��;�7)HSig ( 6�	 �!#?�8 �?'; 47��	?

.e�T 6��Y .8�R�#� U&� .#�,;  �!#?'; !�	 %,� 
PCR  ?'; !�uC �	 'Q#?	�� +n)_ 	�ZY +O�� 	�I +8

.#�,; �� !
�:� v�'R��� �� d� �  �49S� 6�0
G� �	 L�n)_ 4&X .
��#T aZ0 6�0�O�#T?�
# L�9 .

+n)_  6HSig +,Y'� 	?  �� �?�P��� �8 !n8 6
a��#T  6�0BamHI  �SacI  B_�# 	? � 6����!M

pCIB4421 )Ghareyazie et al. 1997 ( 4&C
47�8 	? ��8 .X�@�J� '9/�  �9�PEPC  �

 	�C�"�'C35S 47'5 	�'_ . 4��;HSig +,Y'� 	?  6
 U��C h_�# .
��#T aZ0 �8 !n8 a��#T  6�0EcoRI   

 �HindIII 	��;� �� �pCIB-Hsig  	? � v	�J
+Y�#  6T-DNA+#�5�? B_�# 6  6pBI(-k)  +;
p:9_ ��,; �?�8 �!� +�J�� ��5!"���# U��C  6���

 +8 g���� BX�Y 	��;� 4��(# 	? � !�?'5 ?!-�
pBI(-k)-Hsig +8 !�T 4�? . ]�	 +8 !
�:� %��

An et al. (1986)  +��� g��'�;�8�'5T +8
LBA4404 !�?'5 BE�"� .��,; BY�'� +,;  � 6���

B
nO�	���? �� �?�P��� �8 .O�KO�� 6�0�O�#T  6�0
Sambrook and Russel (2001) 47'5 g�-#�.  

����� 1���  

 6?�8T'PnM .#�'�� a_	 ��C�C 	q8 �� HE&C %�� 	?
 �?�P��� ]�C'C ��C�C L�EE&C �;'� �� .�7��	?

!�?'5 .P3!w �� d� �0	q8 U&� 6�	 .#�
Murashige and Skoog (1962) )MS ( 6��Y

%�����  6�0MS!#!� 4/; �.     
  

 ��!M1- .Y�'I 6�0'
��'� .O��C HE&C %�� 	? �!�  
.O��C '
��'�  

5'- CCGTGTAGTAGTCTTGGCTTTTAG -3' sigA-F 

3'- TTTTTCTCTAGGGTGAGACATCGCAAG -5' sigA-R 

3'- TGCGGCTTGCGATGTCTCACC -5' sig32-F 

5'- CTCATCTAGGGTTCTCTGCTTAATAG -3' sig32-R 

                                    4
�_ 4
�_ x!"0? ��/# �!� �!/; UJ �T '�� +; .O��C �� .��0 4�� ����e
0 B
K� 6�0.  

  
  ������ ������  	 2��*-.� 	*�' �  �-�!�  

+��� g��'�;�8�'5T 6'�;�8 �� .#�,; <�  6
LBA4404  	?5 .,��� '�O LB  �8 ��'
0 `���

.�#T <C�8  g�D 6�0)mgl
-1 50  � %�����#�;

mgl
-1 75 r�	 .e�T %� ( 6��? 	?28  +M	?

.�#��  	�? �8 � ?�'5rpm 200 !� �?�? 	�'_ . �� d�
.,� <� �!�	  	? 6'�;�8 4/; �� '�O50 

.,� �'�OLB  H_	 `��� �� d� � !� 6���3  43��
 +8 ��F"�'����� �	�;q� 6��? � 	�? 	? �?�?	�'_

 4Q,\100 6'�;�8 4/; +8 	D���'K�  +7�w� �0
�!�	 �C � !�?'5OD600nm   +86/06'�;�8 �  �0

� 	�? 	? �	�8�? !"�7'5 	�'_ 	�;q� 6��? .y'8  6�0

 x��!#� +8 BK� .n8'� L�n)_ L	�X +8 ��C�C zO�8
cm

2 1 -5/0  �8 g��'�;�8�'5T �8 � !#!� �!�'8
OD600nm   �8 '8�'86/0�?�OT � !#!� 6���  . +8 de�

 L!�3  6��? � .K�	�C 	? ���	28 .�#�� +M	?  �?�'5
 U&� 6�	MS %����� ��'
0 +8  6�0MS  �1/0 

.,�  '�O 	? g'5NAA �1 .,�  '�O 	? g'5BAP �
3  �8 ���';�� !X	?7/5 pH  �2/0  +; 4��'O= !X	?

 �T +8 �:;�C� �� d�100  ��F"�'����� 	D���'K�
+7�w� !"�7'5 	�'_ �?�8 �!� . �.�/K
0 �� d�

+#�
#��	 +J�� U&� +8 �0  !"#�� �T L�9;'C +; .���
�8 D�8 	? �!� ';{ U&� 6�M +8 +; L��PC %�� �8 �?
 6��Y ��F"�'�����250 .,�  '�O 	? g'5



  %�&�'7!Y�C � 	��: +��0 g�#= <�#= .�!"(� 6�'8 ��5 6� ...  39 

a�;�C�P�1 !#!� BE�"� �?�8 .+#�
#  6��? 	? �028 
.�#�� +M	?  ?��'���7 �8 � ?�'518  � 	�# 43��8 

!#!� �?�? ]	�'� .K�	�C 43�� . '0 4/;��10  ��	
47'5 g�-#� �	�8 <�.   

 3�4& �� ()5 ����  ������ %�&�$'�-6���*"  

 v�'R���DNA  	? �!�����8 ��C�C ��0�5 ��
 ]�	 �� �?�P��� �8 !�	 +O�� BY�'�Ahmed et al. 

(2009) 47'5 g�-#� .C�'|C ��
3� �8 . ]�	 %�� 	?
?'J +8 +;  ���0 �� �?�P��� �8 .0�5 47�8 �?';

.
# ��# ."A +KC �� p�
E��� �!��8  �� .KA�; 6
.�#�� <� ?�!Y 	? ��5 47�8  6�'8 `8'� '��

 v�'R���DNA !� �?�P��� . i";��PCR  6�'8
�!�����8 ��0�5 	? 'Q# ?	�� �= 	�ZY .8��?	  g�-#�

47'5 . 6�0'
��'� �� i";�� %�� 	?sigA-F  �
sig32-R  +; .#�0�5 .8��?	 6�'8HSig   

)bp 2300( !�?'5 �?�P��� �!#?�8 �?'; 47��	? �	 .
���T �O�#T 6�'8 %�� '8 ��:3  �� +�R�	�'C ��0�5 'C

 6�0'
��'�sig32-F  �sig32-R !�?'5 �?�P��� �# .
	�� !#�8 ��I +; .��-#T �� �0'
��'� %�� �8 	�Q�#� ?

��C�; .� .�Y�	 +8 �qO �4�� 'C  a��#T U��C !#��C
 ��'
,�Taq ??'5 'SKC . 6'F�? 6�0'
��'� 4PM

 	�'_ �?�P��� ?	�� .�R�	�'C 4&X !�uC 6�'8 +;
 !"�7'5M13-F  �sig32-F  ?	�� !#�8 +; !#?�8
�T 	�Q�#�  �0bp1061 ?�8.  

���� 7�4� �  8�9-$� ����  

 i";�� +8 +; .#�0�5PCR  �!#?�? 49S� }��M
+/�	 U&� +8 !#!� BE�"� .��� . U&� L�9;'C

+/�	  4/; U&� B��� .���MS  %����� ��'
0 +8
 �1/0 .,�  '�O 	? g'5NAA �3  �8 ���';�� !X	?
7/5 pH  �2/0  �:;�C� �� d� +; ?�8 4��'O= !X	?

 �T +8250 .,� a�;�C�P� '�O 	? g'5 !� +7�w�..  

                                                                     
1. Cefotaxime 

:;  ��1�� %�&�$'2  

 W��� '8 ��;���?�	 '\ L:8 �	?�� �O�#T
 �� �?�P��� 6�
"0�	 B
nO�	���?Dig� (DIG 

Application Manual (Roche Diagnostics 

GmbH)) !� g�-#� . 6�'8 .X�@�J� }�'� <�
 4
�_Sig32  [;'C�# !�'90 	��;�7 �
F� ��

)HSig ( �8 �!�	�!#�/#Dig  U��CPCR  �8 �
 6�0'
��'� �� �?�P���sig32-F  �sig32-R  �FO� �8 �

 +n)_ �?�?	�'_DNAhO�J 6  �!�HSig +(C �
!� . B;DNA �� �?�P��� �8 ��C�C .��#= 6

DNeasy Plant Mini Kit  )Qiagen ( v�'R���
 � !�10  g'5�'K�DNA  a��#T �? U��CBamHI 

 �EcoRI �Y U��C �!�!O�C %�D 6�'8 B�
 [;'C�#pBI(-k)HSig  	�'_ .
��#T aZ0 ?	��

47'5 .DNA �	�5T �= 6�	 �!� aZ0 68/0 
 ��E�#� BY�'� g�-#� �� d� � !�?'5 �	�7�'�KO� !X	?

 6�O�,��'�# q\�; +8)Blotting (+(C }�'� �8  �!�
 �8 	�!#�/#Dig-dUTP  g�-#�'� � !� !�'90

L:8 �	?�� ~���# �!0�/� 6�'8 .F#	 i";��  g�-#�
47'5.  

 =�*6-��RNA  %�&�$' 	cDNA�>�*" �  

RNA +�R�	�'C ��5 �� B; 6HSig  ��5 �
 �� �?�P��� �8 !0��RNeasy Plant Mini Kit 

)Qiagen ( ��"� 6�'8 �FO� ���"3 +8 � !� v�'R���
cDNA �� �?�P��� �8 cDNA Synthesis Kit 

)Bio-Rad ( �!#��� 4;'� B
nO�	���? W��� '8 �
47'5 	�'_ �?�P��� ?	�� . 4
�_sigA  '8 ��:3 �#

HSig  .���#�	 L�9G� 6�'8 +�R�	�'C � !0�� ��5 	?
�"��:e�� �3 47'5 	�'_ �O�#T ?	��.  

 ���  	 )�-�;� ?%���*"GFP 

 6!��:� B��YpFNGi +�J��  U��C �!�

                                                                     
2. Southern blot analysis 

3. Splising 
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��5!"���# :� ]��	�'C 6�'8 +�R�	�'C ��0�5 !��
HSig  .#= �"PC �� �?�P��� �8 ]�	 +8Verma et 

al. (2008) 47'5 	�'_ �?�P��� ?	�� . �8 :I L�	{
 !
�:�pFNGi  ��	�9
8 6�'8 � !#!� �!���

+#�
#��	  <��O�8 ��F��? �� �?�P��� �8 .5'8 6�0
PDS-1000/He  4;'� 4J��Bio-Rad  ?	��

!"�7'5 	�'_ �?�P��� . 	? .O�
�Y� .��:��'C ��0�5
 6��&� U&�50 .,� %�����#�; '�O 	? g'51  !�	

!#!� �?�? .?�8 B9_ !"#�
0 .�����8 U&� L�9;'C .
 ��8 .8��?	 6�'8GFP  gD 6�	 47�8 L�n)_

+/�  47�8 .��	 s)� +8 }T �!#!� �?�? 	�'_ 6�
B�D �8 de� � !� +7�w�  '�� � !� �!���

.�� ��K��'K� 4"�	�,72  ]�	 W���'8Menand 

et al. (1998) !�?'5 �!0�/� . ��0�5 '8 ��:3
��	�9
8  �8 �!�GFP '�� �# �!/# ��	�9
8 !0�� ��5 �

+8 ��K��'K�  	�'_ �!0�/� ?	�� .P"� �'�"; ���"3
47'5.  
  

90� " :%���  

��� ����� �  �!�"����#$���  ���%�&�$' �

(��� )�*+�� ��,�� ��-.��-�*-.�   

 �!�'90 	��;�7 �
F� 4J�� 6�'8 HE&C %�� 	?
�!"";!; +Y�#  6265  %�T 6�(�#� �� +"�T!��

 .0�5 	��;�7 �
F�)SigA (�!"";!; +Y�# +8  6
230  	��;�7 �
F� B�;�8'; 6�(�#� �� +"�T!��
32 !�?'5 B@�� .���'�;�8 .C'C +8 %��'8�"8 �8 [

+"�T!�� %�7'5	�'_  6�01  �C265  	��;�7 �
F� ��
+"�T 6�0!�� de� � .0�5  654  �C284 

��5 !�'90 	��;�7�
F� �.���'�;�8/  +�J�� 6'�;�8
!� .+"�T!�� .O��C �O�#T  !�'90 	��;�7 �
F� 6�

+�J�� %��? 	�ZY 'Q# �� HE&C %�� 	? �!�  6�0

                                                                     
1. Kanamycin  
2. Epifluorescence  

�� +; ?�? ��/# ��n7+"�T 6�0!  6180  �C333  a0
 �O�#T 	?SigA  �O�#T 	? a0 �HSig  %��? ���"3 +8

 	��;�7 �
F�r2
3 �!� �?�? hR/C  !#�) BK�1 - 

} .(+"�T!�� +; 4�� .O�Y 	? %��  iR8 6�0
 	? 	�;q�HSig  ��180 .O�265   �?�8 ��5 +8 c�8'�

+"�T!��  �  6�0265  �C332  u/"� 6'�;�8 ��
7'5+� !#� . iR8 �� .
# %��'8�"8)%��? (r2  �
F� ��

 	��;�7 �
F� �� �T �� .
# � .0�5 	��;�7
4�� �!� +�J�� .���'�;�8 .+8 �O�#T %��  ��/# .8�J

 ��EO�8 	�I +8 BX�Y !�'90 	��;�7 �
F� +; ?�?
 �� .9;'C 4
�_ %��? � �?�8 ?'K,
3 6�	�?

+Y�# �!� tPY ��"k
0 �T g�? 6 4��.  
(��� )�*+�� ��,�� ��-.�� ����/ �*-.�  

 6�0�O�#TPCR  4J�� 4&X .
��#T aZ0 �
��,; � !�'90 6�
F� 	��;�7  !>�C �	 �T 6���

!#?�
# .�!0�/�  	�Q�#� ?	�� !#�8 6bp731  �� BX�Y
 6�0'
��'� �8 'SKCsig32-F  �sig32-R  !#�8 �

 ?�!Ybp1500 6�0'
��'� �8 'SKC �� BX�YsigA-F 
 �sigA-R %�T 6�(�#� L�n)_ 4&X [C'C +8 �

 �
F� �� B�;�8'; 6�(�#� � ��C�C 	��;�7 �
F�
 ?�
# !�uC �	 6'�;�8 	��;�7) BK�1 - ? .( 4��(# 	?

.O��C U��C BX�Y !�'90 	��;�7 �
F� 4&X  .8��
 +8 c�8'� 4
�_ � %nCsigA �� d� ��C�C 6

C��	�P#��8 r,�R� 6�0�O�#T .�	'8 +,
M �� .K
 U��C .O��CBlast  <#�8 	? ." C�'� � 6!C� ,;�#

 .�'��? �	�
� �8 �=JF738023.1 !�?'5 49G.  
���.  ��-.	 �1 )�*+�� ��-.�� �,�� ����

 ����*-.� 	*�'  

 [;'C�# 6�0!
�:� 4&XpTZ-Hsig  �
pCIB-HSig !� L�9G� .
��#T aZ0 �8 . aZ0

 [;'C�# !
�:� .
��#TpTZ-HSig a��#T �8  6�0
BamHI  �SacI  	�Q�#� ?	�� !#�82200  �2800 

                                                                     
3. Sigma factor  r2  
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?�? ��/# �	 ��8 4PM . .
��#T aZ0pCIB-HSig 
a��#T �8 �#  !#�8 	�;q� 6�02200  �5142  ��8 4PM

 ?�
# '0�l �	) BK�1 - 0' .( .
��#T h_�# aZ0 ��
HindIII  �EcoRI  ?�!Y �n)_ 6����!M 6�'8

bp4600  4��;HSig  �� [;'C�# !
�:�pCIB-

HSig !�?'5 �?�P��� . 4��;HSig  ��F��M 	?

 [;'C�# !
�:� 	? 'l�"��pBI(-k) ��,;  6���
!�?'5 . +8 g���� BX�Y 	��;�pBI(-k)-Hsig 

) BK�2 - rO� (+��0 +8 �= ��E�#� 6�'8  �� ��5 6
^!0 6�'8 g��'�;�8�'5T H�'I  6�
F� 	��;�7 6'5

��5 !�'90/ 6'�;�8 	�'_ �?�P��� ?	�� �0!��:� +8
!� �?�? .  

  

  
 BK�1- %��? �O�#T �4J�� <C�
� 6�
# ��,; � 'SKC .O�K,� �O�#T � �0 !�'90 	��;�7 �
F� 6���.  

  
)rO� ( �!�'90 	��;�7 �
F� 4J�� <C�
� 6�
#)} (%��? �O�#T .K7�'5 6�
#  �0 �!�'90 	��;�7 �
F� 4J�� 6�'8)v ( 6�
#

!�'90 	��;�7 �
F� 4J�� 6�'8 �0'
��'� ��@C� B&� <C�
�  �� �?�P��� �8SOEing PCR �)? (�= 6����!M  6�0sig32 6
 .���'�;�8)1 ( �sigA .0�5 6)3 (�T ��@C� �  U��C �0SOEing PCR  !�'90 	��;�7 �
F� !O�C 6�'8)2(O�'K� <� � �� '�
 ��@&�PCR  g�!; '0 �� �!� hO�J)1 �2  �3 ( �4�� �!� �?'8 �= 6�	)0' ( [;'C�# 6�0!
�:� .
��#T aZ0pCIB-HSig 

)1  �3 ( �pTZ-HSig )2  �4 ( !�'90 �= ?�	� 4&X L�9G� 	�Q"� +8HSig 6�0 <0�A �1  �2 a��#T �8  6�0HindIII  �EcoRI �
 6�0 <0�A3  �4 a��#T �8  6�0 BamHI  �SacI.  

M .���!#� 'F#�/#  .O�K,� ��� 6DNA )1kb ladder  4;'�Fermentas(  

  
�-6���*" ������ %�&�$' 

 i";��PCR  r,�R� 6�0'
��'� �� �?�P��� �8
 !�'90 �= ?�	�HSig  !#��	 L�9G� +8 ��0�5 +8 �	

 i";��PCR  ?�	� r,�R� 6�0'
��'� �� �?�P��� �8
 !�'90 �=HSig  !#��	 L�9G� +8 ��0�5 +8 �	

) BK�2- i";�� }PCR  �� �?�P��� �8 �	
 6�0'
��'�sigA-F  �sig32-R .� ��/# !0? .( 	?

 �O�#TPCR �T �� 6?��� ?�!nC ��!�����8 ��0�5  +8 �0
 i";��PCR !#?�? 49S� }��M .; ?�8 .O�Y 	? %�� +

+#�
# 	? !�?'F# �!0�/� 6!#�8 V0 !0�� 6 . ��
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�!�����8 ��0�5 hR/C +; .��-#T  	��8 ��-� 6
 ���� %�� +; ?	�? ?�M� ��
�Y� %�� �?�8 BK/�

��,; +8 c�8'� .�R�	�'C 6D�8 +�R�	�'C 6�0  6
!��8 �?�8 ���K� . 6�0�O�#T +8 ��# +Z_ %�� L�9G�

+; 4��? !0��J 6'�/8 .O�K,�  6!n8 L�EE&C +8
 ��5 +8 .8���? +; HE&C %�� ��# � !� ��;��

 +�R�	�'CHSig  �# ��5 <� .�Y +8 .8���? �8 ?�8
.� %�uC !�?'5 . BX�Y +�R�	�'C ��0�5 �� .K� �qO

) BK�2 - � ( 'Q# .O�K,� 6�0�O�#T '��� 6�'8
�	?�� U��C �= ��&O� L�9G�  L:8) BK�2 - v ( �

��#�	 L�9G� 4J�� U��C .�cDNA ) BK�2 -  �?
 BK�2- 0' (47'5 	�'_ �O�#T ?	�� .  

  
  

  
  

 BK�2-  [;'C�# !
�:� <C�
� 6�
#pBI(-k)Hsig )rO�( +�R�	�'C ��0�5 .O�K,� �O�#T �HSig )0 �? �v �}' ( BY�'� �
 �
F� 6��Y +�R�	�'C ��5 !O�C !�'90	��;�7)�.(  

  
)} ( i";��PCR  !�'90 	��;�7 �
F� .X�@�J� 6�0'
��'� �8)sigA-F  �sig32-R ( +�R�	�'C ��C�C ��5 +#�
# �? 6�'8)1  �2( �

 !
�:�pBI(-K) HSig  49S� �'�"; ���"3 +8)3( !0�� ��5 �)4 ( i";�� �PCR  .P"� �'�"; �� �FO� ��!8)5 .()v ( �	?�� �O�#T
:8 +�R�	�'C ��5 LHSig  6�'8 �=�'C ��&O� 4�C 6�'8+�R�	�'C ��C�C  6HSig )1( +�R�	�'C '\ !0�� ��5 �)2( !
�:� �pBI(-

k)HSig )3) .(0 � ?'(  +Y�# �"��:e�� � .���#�	 L�9G�sigA )? ( �= �HSig )0' ( �� �?�P��� �8cDNA ��FO� ���"3 +8 B; 6
)?) :(1 (�)2 ( �+�R�	�'C ��5)3 ( �!0�� ��5)4 ( !
�:�pBI(-k)HSig �)5 ( .P"� �'�";) i";��PCR �FO� �� �?�P��� ��!8 .(
)0') (1 ( �+�R�	�'C)2 ( � !0��)3 ( !
�:�pBI(-k)HSig .M . .O�K,� ��� ���!#� 'F#�/#DNA )1Kb plus DNA ladder 

(Invitrogen) .()� (+#�
#��	 4��	 +8 �A �� �!�'90 	��;�7 �
F� �8 +�R�	�'C ��C�C ��0�5 !O�C BY�'� sE,C .5'8 6�0  �8 �!�
+#�
# .�����8 �g��'�;�8�'5T +J�� U&� 	? .5'8 6 +/�	 U&� 	? �!�����8 ��C�C ��5 �.���  	? 6	�!(F# � ��!,5 +8 ��E�#� �.���

+#�R,5 U��'� .� ��/# �	 +�R�	�'C ��C�C .0!,5 4��(# 	? � +�R�	�'C !0?.  
)� (+#�
#��	 �!�'90 	��;�7 �
F� �8 +�R�	�'C ��C�C ��0�5 !O�C BY�'�  	? .5'8 �#�
# .�����8 �g��'�;�8�'5� �8 �!� sE,C .5'8 6�0

+J�� U&� +/�	 U&� 	? �!�����8 ��C�C ��5 �.��� �!,5 +8 ��E�#� �.��� .0!,5 4��(# 	? � +�R�	�'C +#�R,5 U��'� 	? 6	�!(F# � �
.� ��/# �	 +�R�	�'C ��C�C !0?.  

  

  



  %�&�'7!Y�C � 	��: +��0 g�#= <�#= .�!"(� 6�'8 ��5 6� ...  43 

  

  

cDNA +8 !0�� � +�R�	�'C ��0�5 6�'8 B; 6
 �
F� �= �"��:e�� � .���#�	 �O�#T 	�Q"�

 !�'90 	��;�7)HSig (!� +�J�� . ?�8 %�� '8 	�Q�#�
;+Y�# +  6sigA �!#	�?'8	? !��8 ��'�"�� <� 6. 

 6'SKC +n)_ 	�(lbp793  6�0'
��'� U��C
sigA �	 �T �"��:e�� 4&X � ��'�"�� ^qY �

?�
# !��C . �= �# ./Y� ��# ��5 +; .��-#T ��
sigA  !#�8 �qO ?�8 �	�? �	bp793  � !0�� ��5 	? a0

!�?'5 �!0�/� 4R�	�'C 	? a0 . +; ?�8 .O�Y 	? %��
 !#�8 	�(lbp1642  !#�8 6�M +8bp2319  U��C +;

 6�0'
��'�sigA-F  �sig32-R  +�R�	�'C ��5 	?
 	�ZY �4��!# 	�ZY !0�� ��5 	? � !� �!0�/�

 �=�'CHSig  L�9G� +8 +�R�	�'C ��5 	? UE7 �	
 !#��	) BK�2 -BK� �?2-02 .( 'F�? .��� ��

 % C�'� ��8 �� BX�Y % C�'� ?�M� .8��?	 ��K��
HSig �'��� �O�#T �� �?�P��� �8  ?�M� 4,3 +8 L:8

% C�'� .
# 'Q# +8 .E)"� �+8�/� .,J�? 6�0 !�	 .
 !�'90 % C�'� ��8 L�9G� �qOHSig ��E�#� �� d� �

 '9/� 4&C �=groE � ���5 g���:� +8 '�
.� !� . %�� �?�8 �'F,
3 L�9G� 6�'8 ��	 %�'�(8

 ��8 �.��EO� a���HSig  % C�'� ��E�#� L�9G� �# �
 4&C 'F�	��5 �= <� �?���'7 �4�:��',; +8 �T

 '9/�groE ?�8 4�:��',; +8 . 'F�	��5 �= ��8
47�8 	? 47�8 h�R� L	�X +8  �'F,
3 ��9� 6�0

E�#� .��EO� a��� %�� �?�8 �	 4�:��',; +8 �= ��
.� L�9G� ?�
# . �?�P��� �8 �9� 4"�	�,7 % C�'� ��8

.�� ��K��'K� <� �� -4"�	�,7  
(Nikon Eclipse E1000)  !�?'5 .�	'8

)BK�3 .(y'8 ��	�9
8 6�0  [;'C�# !
�:� �8 �!�
pFNGi  ��8GFP  �9� 4"�	�,7 �!0�/� �8 �	

 !#?�? ��/#) BK�3 - }.(   
 [;'C �8rC��  %�T 6�(�#� 4
�_ 6�0

+9�  +#�/# .O��C '8 ��:3 +; ��C�C 	��;�7 �
F�
 4�:��',; +8 ?�	� 6�'8)Kosuke et al. 2000 (

 �8 i"K
0'8 rC�� 6�	�?RNA  6!��:� ��'
,�
)PEP (.� iR8 �8 !��8  6�(�#� 4
�_ 6�0

 �
F� 	��;�7 B�;�8';32 6E. coli  L	!_ +;
8 ��@C� � hR/C '9/� +groE  	��;�7 �?	�? �	

��5 !�'90 6�
F�-E. coli !� .Y�'I . B&�
 6�(�#� � .0�5 %�T 6�(�#� 4
�_ ��@C�

 	? .���'�;�8 B�;�8';HSig  %�� 	? �!� +�J��
 �Y�# �;'� ?�!Y 	? �HE&Cr2  �4�� +�7'5 	�'_

 iR8 �� .
# %��'8�"8)%��? (r2  	��;�7 �
F� ��

# � .0�5 .���'�;�8 	��;�7 �
F� �� �T �� .

4�� �!� BK/C.  
+Y�#  62  	��;�7 �
F� ��70 4l�PY �!�  %�'C

+Y�# 4�� B��; % C�'� 6 . %�� 6�Z3� .��
C
+Y�# �	��;�7 �
F� �� W:;  62 .� B��� �	 !#�� .

4l�PY  +; 4�� 4,3 %�� +8 +Y�# %�� 6D�8 .5!�
+Y�#  62 V�	�� 6�	�? a01 hR/C �!"0?  �Y�# 6

10- B@�� V�	�� 6�	�? a0 � '9/�  �;'� +8 �!#��
RNA .� ��'
,� !��8 .B@�� V�	��  �;'� +8 �!#��
a��#T2�'5 %��? �8 � !"#��3  ��'
,� !Y��'�� %�'�5	�8

 ."n�β′ a0'8 .� i";  !";(Campbell et al. 

2006) . 6�(�#� 	? +; .k�	�� <C���	T ��M
�;�8'; �? �!��!M �3�8 �?	�? 	�'_ %��? %�� �� B

.� .���#�	 ��\T �3�8 � �!� +��	 ??'5.  
+Y�# 6 2 �
F� ��# 6�0	��;�7 �
F� 670  �	

.�  +8 ���C4 ?�
# a�EC 4
�_ :1/2 �2/2 �3/2  �
4/2 . .Y��# +; .��-#T ��1/2  �2/2  +8 ��@C� 	?

 a��#TRNA !#	�? .
(� iE# ��'
,�(Murakami 

et al. 2002; Vassylyev et al. 2002; 

Lysenko. 2007) 4
�_ HE&C %�� 	? �qO �
 � }�R�#� 6	�I �!�'90 	��;�7 �
F� .O��C .0�5
 �!��8 +���?'8	? �	 +Y�# �? %�� +; !�?'5 6����!M

.� BX�Y !�'90 	��;�7 �
F� �'��  +8 	?�_ 4���8
 hR/CRNA 6!��:� ��'
,�)PEP (!��8.  

  
  

  

  
  

  
  

  

  
  

  

  
  

                                                                     
1. Helix 

2. Core Enzyme 

3. Clamp 
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+�R�	�'C'\.(  

 .��
10 !�?'5 �!0�/�) :rO� ( 4"�	�,7
 �!�?)} ( 4"�	�,7GFP  ��C�C y'8 	?

 �� �?�P��� �8 [G-2A  �B-2A  ��/#

 'F�	��5 �= ��8 � !��
# 6'5
+�R�	�'C ��0�5 +8 .8���? �  6

 �!�?'5 BE�"� ��0�5 %�� 4�:
 !�'90 	��;�7 �
F� ��E�#� '8 .
K
 �= �'�� �!��8 4�:��',; +8 +

'9/  groE  BE�"� 4�:��',; +8
 +8 	?�_ !�'90 	��;�7 �
F� 	�Z

 .Y��# �1/2  �2/2  V�	�� +8"β 
.� B@�� ��'
  +; .O�Y 	? �!#��

  +8DNA  B@�� '9/� B&� 	?
(Wilson et al. 1997, Hsu 

2004, Lyse . +Y�#3/2  �!� �!M 	?
 +Y�# � ?	�? 4;'� '9/� 4/2  +8

 +Y�# 10- .� B@�� '9/� ?�� .
4
�  � .0�5 	��;�7 �
F� 6�0

 .Y��# +; !� B@�� 'F�!K� +8 

 + ./0�1� 2 .
,34��� .3�	� ��0�5 6	��"7���� ���� �	�
� ���� ���

  

 BK�3-  ��8 �O�#TGFP  !0�� � +�R�	�'C ��C�C ��0�5 6�'8)�	�'C'\

.�� ��K��'K�- 4"�	�,7)Nikon Eclipse E1000 ( .��
"5	�8 �8
 �� �?�P��� �8 +�R�	�'C ��C�C y'8 G-2A filter set  �!�?'5 �!0�/�

B-2A filter se  �!� �!0�/�)v ( �)? (� �8 [C'C +8 �	 !0�� ��5 y'8

 ��@C� � '9/� hR/C 	? +
 �!#	�? iE# '9/� 6'�;�8 ��

 6�0'
��'� .Y�'I �8 LD
 +; 47'5 L	�XORF  .,X�
 a��#T .����"� �HindIII  	?

 <� '|C �8 �("C �!�'90 
47'5 g�-#� �+"�T!�� 	?  .
+#�/# !�e� B��� %�T 6�1 

 ������ �� �	 % C�'� ��E�#
.,� +K"�� �� d� � �?�
  !�e�

.�  ?�� . HE&C %�� 	? �qO
 	��;SigA 	? +; ��C�C 6

 ��!� �?�? 	�'_ !�'90 �= �
 	��;�7 �
F)HSig ( +8 �	

                                         
1. Transit peptide 

^!0 4�:��',; # 6'5
GFP ���? �� d� +;
HSig 8� 4�:��',; +

.�  '8 .
K&� BO? !#��C
; +8 +#�/# !�e� U��C

GFP '9/� 4&C +;
� 	�ZY ��!8 �!�?'5

.
# ��8 !��8.  
 %��? 	?2 δ.Y��# �

 a��#TRNA �� ��'
,�
 +Y�#3/2  �4/2 

.�  !#?'5997, Hsu et al. 

Lysenko  2007)

 '9/� B&� 	? +��	 �?
# �FO� +��	 +Y�# <�?�

4
�_ HE&C %�� 	?
!K� +8 6	�I .���'�;�8
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 BK�

��'K� <� �� �?�P��� �8 4"�	�,7
�C y'8 	? B7�',; +8 c�8'� ��'_

 �� �?�P��� �8 +�R�	�'C2A filter set

.� !0?.  
  

 .Y��#3/2  �4/2 /C 	? +;
 +8DNA +Y�# 	? 6 E# '9/�

!� 6����!M .�8 LD�@C�
a0 +#�5 +8 ����� 5 L	�X 6�

??'5 tPY .����"� ��F��M ^qY
�!�'90 ��M �? ��@C� B&�
�� 	? '|C ��!8 � !C� ,;�#
�T 6�(�#� �� .KA�; 4
�_

4�� .'� ��E�#� +#�/# !�e� %��
� � �?�
# a0�'7 4�:��',; +8

 !�	 <��!#� +8.� �!�'8
 	��;�7 �
F� %�T 6�(�#�

+Y�# 6�!�8� 0 �= �!"";!; 6
�7 �
F� !�'90 �= 4�#��C
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1/2  �2/2 %��?2  ."n� .0�5 	��;�7 �
F� ��
+"�T!��  �� %�T 6�(�#� 6�0SigA  .Y��# �3/2  �

4/2  .O��C ��Sig32!#�� +�7'5 .���'�;�8 6 .
!&�%��? �?�  6�0�O�#T �� d� +; ��n7 6�0

 s&X ��@C� � ?�8 �!� hR/� .KC��	�P#��8
%��?  g�-#� � '
��'� .Y�'I H�'I �� +; �0PCR 

a0  6�0�O�#T �� d� �?�8 +�7'5 L	�X �����
.O��C +-�# .�	'8 �# � r,�R� .O�K,�  	�I +8 .8��

!�?'5 !�uC B��; .Y�'I !�'90 	��;�7 �
F�.  �!�
 �8 �HE&C %�� 	?��n7  �= ��8 �?�
#GFP6 

^!0  U��C �!� 6'5pFNPi  �4�:��',; +8
 ."n� 	�Q�#� ?	�� ?'K,
3 �? '0 6�	�? +; ?�? ��/#

a0'8  �8 i";RNA  hR/C � 6!��:� ��'
,�
 .���'�;�8 '9/�groE !��8 .�.   

 �
F� �� HE&C %�� 	? BO? �? +832  .���'�;�8
 6�'8!�?'5 �?�P��� �
F� !�'90 4J�� : ���

 '9/� �� �?�P���groE  	��;�7 �
F� +; �?�832 
 +K"�� g�? � !"; .����"� �	 �T  p�X�@�J� 4�� 	?�_

 '9/�groE  U��CRNA  	? 6!��:� ��'
,�
.
# .����"� .n9I 4O�Y  ?��(Buhot et al. 

2006) ..� .C	�X 	?  �0	��;�7 �
F� '��� �� ���C
 �
F� 6�M +832  6�M +8 +; ?'; �?�P���groE  	?

 .X�@�J� 	�I +8 +; .��0'9/� �� 6!��:� 	��;�
.� .����"� �0	��;�7 ��
0 U��C �("C  �?�P��� �!#��

 +; ?�� BX�Y ��"
I� ��w�� %�� �� �# � ??'5
RNA .
# 6!��:� ��'
,� 	 �0'9/� �T !#��C 	? �

 ��8 L	�X %�� '\ 	? +; !"; .����"� 6?�3 4O�Y
!�?'5 !0��J +M��� BK/� �8 .X�@�J�.  

 �8 !��:� 	? �= .��EO� ��8 HE&C %�� 	?
!� �?�? 	�'_ 'Q#!� !�'90 	��;�7 �
F� �� �?�P��� .

 ?	�� 	��8 BO? !"A +8 !��:� 	? �= .��EO� ��8
4�� +�7'5 	�'_ %EE&� +_:3 . ��= ��EO� .3�# '5�

 �# 6?�@�_� +; ?�� '�� 4��?'8 �� !n8 �� B9_
.� �!��8  	�8 �� ���C � !�	 ��I 	? .7�w� .KO�8���

?�
# }�"�M� �
# . ��@&� .P"� L�'G� �%�� '8 ��:3

)LD�@&� ( �!�?�-�� .KO�8��� L�'|C �� .#=
 �= ��8 +; .C	�X 	? �!�!M .#= LD�@&� U��C

.
>�? L	�X +81 BK/� 4�� %K
� �!��8  ??'5 ���
(Lossl et al. 2003, Herz et al. 2005, 

Chakrabarti et al. 2006) . ����8 '5� %��'8�"8
 ����RO? 47�8 �� ���� 	? �	 !��:� 	? �= ��8

i0�1� 	? �?�
# ]���J � %��	  6?�"8 6�0
.� !��8 ]�	� �8 	��8 !#��C .�= ��8  6!��:� 6�0

 +; .
Q"C 6�0'9/� U��C � .���#�	 s)� 	?
���� 	? �= L��P�� ��8 �3�8  6�0'���	�� +8

.� 47�8 h�R� �� 6�
# �.K�=�O���7  �'�"; �!#��
.
# ??'5 ..
# �0!��:� 	? .��EO� ��8 %��'8�"8  !#��C

��	? .O'�"; 'X�"3 �� �?�P��� �8  �6!��:� ?��
 ??'5 BX�Y)Clarke and Daniell. 2011 .( �qO

 !�'90 	��;�7 �
F� 4J�� �8 HE&C %�� 	?
��5/ 6'�;�8)Hsig ( +9,\ BK/� %�� '8 �C !� ]:C

??'5.  
 �= ��8 .M	�J �'�"; %O�� �.,9_ L��	��5 	?
 6!��:� �=�'C �?�?	�'_ �� �?�P��� �8 !��:� 	?

 6=�7 '9/� 4&CT7  ��'
,� <��� �?�P��� �8 �T7 
 <��!#� +8 � �!���	 4R�	�'C ��5 +��0 U��C +;

.� BE�"�  47'5 g�-#� �!�(McBride et al. 

1994) �'�"; ��8 6?�!Y �C �  !�?'5 BX�Y �!�
)Magee et al. 2004a .(�= ��
0 +; .��F"0  �0

 U��C ��'
,�T7 �!#!� ��8 ���#�C� U��C ��EO� B8�_ 
�!0�/� .P"� L�'G� �T .
>�? ��8 g�F"0 	? �!�  �0
 4��!# ?�M� 'F�?)Lossl et al. 2005( . %�� �8

�!"A a��� %�� ��Y �	 �T 4,3 � ?�9# }�,)� �
.� %�� ���C  '9/� +; ?�
# ��8 %"AT7  U��'� 	?

 U��C .0�F/����TRNA  U��C �!#��!; ��'
,�
.� +�J�"� +��0 ?��  U��'� 	? L	�X %�� 	? �

 .��EO�'\ ��8 �3�8 �# ��F/����T �� ��'8 � .n9I

                                                                     
1. Constitutive 
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!� !0��J .�= �� .Zn8 ��8 �%�� '8 ��:3  6�0
��:� ��'
,� 	�ZY 	? 6!T7 .� '|C  .�Y !";

�= �T '5�  '9/� �0T7  !"��8 +���!#(Magee et 

al. 2007) .Buhot et al. (2006)  �� �?�P���
 '9/�groE  6'�;�8E. coli  +; !#?�? ]	��5 �	

 hR/C B8�_ 6!��:� .���#�	 L:K/C U��C
.
# !��8 . ��8 U��C ?	�� %�� 	? �= ��8 �'�";

4_��1 +��0 .#�8 4��; <�  	��;�7 �
F� 6�'8 6�
.� BX�Y '
�  i"K
0'8 +; ?��RNA  ��'
,�

 !��:� 	? �!�!;)PEP ( �	 .���'�;�8 '9/� �
+)��� .� 6'5 !"; .  
? !�'90 	��;�7 �
F� <� �� �� HE&C %�� 	

 ��C�C /E. coli  .0�5 	�!��� +"�� <� !O�C 6�'8
 �?�P��� +�R�	�'C ��5 	? �= .
>�?'\ ��8 	�Q"� +8

a�?�
# .]�	 .��
C  !#!� ';{ D�8 	? +; .��0
 +��0 	? +; !"��0 ��8 �!"";�EO� �=�'C <� !"���#

�"� !��:� +8 � �!� !;.� BE ?�� . L��	��5 	?
%�D .,9_  �= <� 6�	�? �+O�� .��:��'C 6�0

 ��8 �+��0 +8 +��#�G ]��	�'C �8 +; !#?�8 ��n7'\
�T ��K�� �0 .� '�q� !�?'5 . ��5 <� HE&C %�� 	?

 �	 �!"";��EO� B��3 +; !�?'5 !O�C +��� +�R�	�'C
 6�'8 +�R�	�'C ��5 %�� de� � !��8 +���?'8	?

'C 	�'_ �?�P��� ?	�� !��:� +8 ���RO? �= ]��	�
47'5 . 6�'8 �	 47�8 h�R� ��8 ��K�� a��� %��

^!0 6!��:� g�#= +8 +; .0��RO? �=  6'5
.� .� a0�'7 �??'5 !��
# . ��&O�GFP  � g���:� 	?

 +nO�)� ?	�� HE&C %�� 	? .
�:��
0 +8 �!�	
 ��E�#� �� ^!0 �'�� 47'F# 	�'_GFP  4�:��',; +8

 '9/� 4&C �T ��8 L�9G� �("CgroE  U��C �
?�8 !�'90 	��;�7 �
F� . '9/� +; .��-#T ��groE 

.
# .����"� .0�5 6�0��'
,� U��C  �("C �?��
^!0 !�'90 	��;�7 �
F�  4�:��',; +8 �!� 6'5

                                                                     
1. Transient 

a0'8 �8 4�� 	?�_  �8 i";RNA .��:��',; ��'
,�
 �=GFP� %�� 4&C 6!��
# ��8 �	 '9/.  

 6��Y ��C�C +�R�	�'C ��5HSig  %�� 	? +;
.� �	 !� !O�C HE&C  	? ���RO? �= ��8 6�'8 ���C

47�8 ?�? 	�'_ �?�P��� ?	�� �9� 6�0 . ���RO? �=
.�  �= %��F��M 4���8GFP  6!��:� B_�# 	?

??'5 . .��EO� � 47�8 h�R� 6�0'9/� �� �?�P���
 �= 6�'8 6'F�?HSig  �+��0 +8 �!� BE�"�

.�  g�#= 	? �= ��8 ���RO? aQ"C +8 '-"� !#��C
??'5 !��:� . '9/� �� HE&C %�� 	?PEPC 

47�8 	? �("C �	 �= ��8 +; !�?'5 �?�P���  �9� 6�0
.� '-"�  ��8 g!3 �'9/� %�� �� �?�P��� 4,3 �??'5

g�!#� 	? �T .P"� L�'G� i0�; +-�#	? � ./��� 6�0 
?�8 ��5 6	�	�8 	? �=�'C ��8 . +; 6?	��� 	? .O�

 ]��	�'C BY�'� 	? .P"� L�'G� �=�'C ��8
+#�
#��	  6�0'9/� �� �?�P��� �!��8 +���? �9� 6�0

.� +X�C �'F�? .��EO� �� � 47�8 h�R� ??'5.  
 6�M +8 +; 6'F�? 47�8 h�R� �� .��EO� '9/� '0

 '9/�PEPC 5 	�'_ a��� %�� 	?.� ?'  ��8 !#��C
 	�'_ +; 'Q#?	�� ^!0 �= 47�8 h�R�  �� .��EO�
 �'�"; 4&C �	 ?�� BE�"� .��:��',; g�#= +8 4��

?	�T	? ?�J .+�R�	�'C ��0�5 4�� !��  6HSig 
+��� +O�� 6 +#�J	�; ���"3 +8 .9��"� 6  �9� 6�0

 	? ]�	� �8 ?��� ��8 6�'8 .��0	��;�	�8 �� .����
�8 ��0�5 	? +7�w� .KO�8��� 	�8 +K"�� ��!8 �!"�

4
�_ g�
C  .0�5 '
3 L!� g�
C 	? �� ��5 6�0
 ��5 6	�	�8 � !�	 6�	 [C'C %�!8 � !"��
# ?�-��

??'F# ?�-�� .��� 'G�.  
  

�$�+)�;  

 +; v'; 6�	��/; 6=�O�"KC�8 �!K/0�1� ��
!#?�
# a0�'7 �	 HE&C %�� L�#�K�� � +"��0�  'K/C

	!_ � .#�?.� ?'5?.  
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ABSTRACT 

 
A system was designed using E. coli heat shock promoter (groE) in plastid vector and a 

hybrid plant/bacteria sigma factor was constructed under control of a tissue specific 

promoter. This system was designed for overcome to deleterious effects on plant growth 

and fertility that may be caused by transgene overexpression. So that hybrid sigma factors 

contained N-terminal motives of tobacco sigma factors including chloroplast signal peptide 

and RNA polymerase interaction domains, composed by C-terminal motif of E. coli 

sigma32 that able to recognition and binding to groE promoter. Then this gene, HSig, was 

cloned in Agrobacterium vector after adding regulatory elements. The result vector was 

used for transformation of an Iranian variety of tobacco. Detection of transgenic plants was 

performed by PCR, southern blot and RT-PCR analysis. The Hsig gene expression and its 

targeting to plastid was confirmed after transformation of tobacco chloroplast using gene 

gun technique for targeting of green florescent protein (GFP) under control of groE 

promoter usingpFNGi vector into transgenic HSig explants. We hope that the system that 

was designed and constructed in this study for GFP expression in chloroplast genome, be 

able to apply in molecular farmingfor expression of any other desired genes instead of 

GFPfor specific gene expression in chloroplast. 
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