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���	�: �� ��� %���	
 �� ��� ����� �������� �������� ��� .������ ������ !��"���  #$&�'��� ����	
�  �� ()�*)+��",����ETEC ��� .

�� -�/�� 0��1 , ���� ��2, ���3)� !�� �)4
 �5�	0 63�� -&�' ��2,!+��,  �� -' -����� 7�&����� ���&�� 8���2 .���� ��9)�  !�� ���

&6�+� :���0 �� ;�+0 !)+��" &<�� #������ . &0�,��� �=<B ��� >�?� !+��, &)<�" ���� #:���0 �� ;�+0 !)+��" . �@<�?� 7&� #�A�0

�6)��  ���� -�)� &0�,��� -BB �� :���0 �� ;�+0 !)+��" ���� ��C6� 63�� ������.  


�� � ����	 :�6)��  ����-B -�)�  &0�,���B  :���0 �� ;�+0 !)+��" �C4D , ��� #-��� ����)E�� ���� ��IPTG &� F�G�� . #-�)� �� HI

&� J)4K" L/)� 4��3" -��� M��1 �� �C� ���� !)N",�I .��' &)<�" ����  !)N",�I #���� &0�,���B :���0 �� ;�+0 !)+��" �� ��� :��O �� �&42

�� ���� ���P Q�� �� -��2�� $��3� &� M��R" �� .Q�� �� #M��R" !��S' �� HI , :�T��R" LO��U �� �)V��S ���� � &� F�G�� �R�W� X6��, , &�' L3
.  

������	: �6)�� �� HI  -��� �� !)N",�I -�)� !����� #-�)� �����  ���� #�
����  �C4D , ���V)���� �2��Y 4)�  �W��IPTG �U�Z :��O . ��

$��	��� �� -��� #L[)� !)N",�I �� \�4S X)� �� ]^% J)4K" &�. X6��, �R�W� R)� -�9� $&6�� &)<�" �W�� ��' ���� �)4
 !�� !)N",�I �� Q�� �� ���.  

���������: !)N",�I &0�,��� B !)+��" ;�+0 �� :���0 � &���" �� -��6
 ��[<�� #-B���3�� [� �� ��R2� _�� �� &)<�" !+��, �)4
 ETEC &��� .   

)*�+%�#,
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 ���4 
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Abstract 

Aims: It has been estimated that gastroenteritis is caused by bacteria in 30-70% of cases. Enterotoxigenic 

Escherichia coli or ETEC is one of the most common agents causing diarrhea. Protective immunity may be 

induced against this disease. Designing and producing a vaccine against this disease is one of the purposes of 

World Health Organization. Vaccine candidate molecules have to induce protective immunity against a broad 

spectrum of ETEC bacteria. Most ETEC strains can produce labile toxin; therefore labile toxin may be a proper 

candidate for being used as a vaccine molecule. The aim of this study was to optimize Heat-labile Toxin B 

Subunit expression in order to investigate its immunological properties. 

Materials & Methods: Optimizing of 3 parameters (IPTG concentration, time and temperature of promoter 

induction) was performed. Recombinant protein was purified with Ni-NTA column. Purified Heat-labile Toxin 

B Subunit was injected to mice subcutaneously in 4 sessions. Blood samples were taken during the interval 

between the injections and after last injection. Then, ELISA was performed. 

Results: The optimum expression occurred at 1mM IPTG concentration, after 3 hours and at 37ºC. Recombinant 

protein was highly purified (>95%) with Ni-NTA column. Also, ELISA showed high titer of antibody 

production in mice. 

Conclusion: Expressed Heat-labile Toxin B Subunit is an immunogenic protein and can be one of the important 

components in vaccine development against ETEC.   
Keywords: Enterotoxigenic Escherichia coli, Heat-Labile Toxin B Subunit, Expression, Recombinant Vaccine, Antibody 
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 "�� ���	�]# $% .[ &����� �'(�)*!��)� � ���	 �� $+,� +�-!+� �� �-/ 

�����  ��(�-( �� 
����+���� 0-�1� �2�]3 $4[ . ���,����56�  ��

 $����! ��� �� 7��2  
������(�� ������� 	
� �8��  �� �	9��

���-� :�����  �� &��� ;�<�/� �-/ +�"�� ]=.[  

�� &�� ���>! ��� +( �-�?@A3@ %+� 
���� ���-� �C�/

"2-DE  "�� �	�	��(�� �F]G .[H	�� $������� �� &����� ��I�� �	�!

��(�� ������������ �	� ������� )ETEC(  "��]J .[ �	� K��E

����� ��I�-I �� 
���� &�,,I��L	� $��#4A= 9�� ��M:�� $+:��#= 

 "�� NC�,� �	� +� ���O�P� � +1�-! 
�Q �� �F�-�I �� 
��]? $

R $S.[ �� ����� �	�  T-�� 5�2 +:5:� � K�� �,2�� +UV�����W X��-Q

���P� ���� ]# $% $=[.  

 YF�( �� ���� ��Z�! $�,( 
��,( �� ����� �	� �2�-�� +( 7,P(��

\�� � ����� ���-� "��� �F�-/ ����]#@ $## .[ &��� ���2 �F�-�

+� ��^�� +I "�� �-�� ����� �	� +�_E ��`�DQ  �,�	� ���a�-��

���� . ��U� ����� �	� +� ���I $+1�-! 
�Q �� �F�-�I �� b:�� ���O�

���29-C "��V� ��-8 �� 5�2 NC�,� �	� +� �	�O�P� � �2-� ���

��2 ��c� ����� �	� +� �2-�]R $#@ $##.[  


-^_� )
-�:-� �	�F ( �f-2-�	� � �g���W ��P	�� �PI�� ��	�2�I

+	-� �� �1��� h�C +�_E ��`�DQ  �,�	� �2�-�� � ���� �	� �F

 �	��2 ��L	� ��I��]#% .[  

 �Q���	� $i��� �	� �� B��PI-!�� �� ����Q +� i�PQ   ��-!

��	� $"P2�� �P(�� ��	�2�( :  

h:� (��Q �� ���� ���P� Y)2 � "�� �����W �Q���	� �	� � �	��

�� �D	� ��(�� 52f-!�k �,(]#% $#3 .[  

l (+	-� "	�'I���PI-! �:-� $��I�� �	� �F ����Q +� i�PQ  

 �,�PF]## .[  

m (�� l-P*� -V ��-��� � &�-� �f-,�	� $n5� �	� �-�]#%.[  

+� ����� �	� +�_E �-�-� �P(�� o�2��������  �p-� �-�( 
-<*�

 �� +( "��#= ���� 0�<� �-L� �-�( . �Q���	� K��� �P(�� �	�

B  ��_( ��P(-! q�(�!-2(CTXB) +� ��(�� &���F���	
������ 

+� +( "�� 
�1O��W +� K������ 0�<� �(��-/ ��� . �� �P(�� �	�

 ��2� ��� �� r��s,� �-�( �� �,�:�� �	���a��(RG % ��� �� �

 ��(�-(G?%"�� +���� ��`�DQ  �,�	� $ ."P	�-! ��� �� �-�( �F

 5�2 Y(���=% % +� �O�P� ���-�a Y2�� ���� �� � +���� "`�DQ

 ���Q �� "�� +�P2�-! t	5�� �-�(=@ %�L	� "uO�*��,( � .

�� �� �P(�� �	� K���&�!-( "uO�*� +� ��-! �a ���) ���GA3 

&�� ( ��� "UP2]4 $#4.[  

&��6 �v�Q 
�Q �� ����� �	� �P(�� �� ���� �� �D_�>� �F

�� N�)*! h�C �6���P6 +� +�-! �� +( "�� �	� �� ��)�E� � �,,(

 �-F � la �,2�� �_	�P� +� +( ���� �� ��(�� �	� ����E $+)�,�

�� w-��� ������� � �E����� x,F�O $�	�yW��2 $�-� t	 +� ��-!

 �� ���� ��P�	 NC�,� ��� "�� ���� � ��( ��O �2��� �P(��

 ��� ���V �u2�� �� �P(�� T-2 t	 $�	��O��M� z�*:]4 $#4.[  

 �Q���	� �f ���� �_UV +:�)� �� ��6�,P	-2B  ��P(-!  q�(�!-2

����Q +� i�PQ (rLTB)  �2�-�2 r��56 ��]#= .[ 5�2 +1:��� �	�

+,��� 0�F ����2a ��:-! � ��{!��k |�_>! $�f ���� ��� +�_E ���

�� o�L2� �a.  

  

��� � 	
���  

������� �	�� 
�	� : �f +�:�� ���� �� }kLTB  �����k ��

pET28a  ��I�� �� � q�I�!-2�	� �������  +	-�BL21(DE3) 

plyss $+,��� ��-8 �u2 ��-� ��{!��k ��:-! ��� �f ���� ���

 "O�6]#G $#? .[+,��� "��( +� ��� ���IPTG )K�k��k�5	�B A

DA �	�-2���k-�(9�6-�!( $�� o�L2� ��� � ���� ���� . $�-u,� �	� ���

 ~�*� �� ��(�� ��� �� }kLB +� ����� � H	��  �-2 ly�=/@ 

 �� m-� 
-CG@@ ���-2�2$ "��( �	��,�O�6 ���V ����� ��-� �F . �����

 ��� ��3? ��2�� +��� ���� � ���6= "u_W $"E�� h_�>� �F

IPTG )J�/� $�/� $��/� $#  �=/#�_���9-� ( ���V ����� ��-�

"O�6 . +,��� "u_W �� }��IPTG  ��� �� �3?  +���

��2��  ���� ���� $���6)@ $# $% $3 $4  �= "E�� (���� �� � �� �

 +,��� "u_W �� "	��2IPTG  h_�>� ��� $���� �)%= $3@  �3? 

��2�� +������6 (�� ����� .��(�� �a �� }k ��� �� f-�D	��2�� �� �F

rpm =@@@ +� � ���#@ H�� +)�V� �-�����2-� � ��a) ���V

?@ % }:�k �?=/@ (�� o�L2�.  

���� ����� ���� 	� ��	�� ������� ���� �������

�� ����!�" #	$%" &!':  �2��� ��{!��k |�_>! �!�����


-_*� i�����"�� ���D�� �2f-_�2� o�P�� K���! �	 ��-� . �� �y:

+� ��	���a $�2��� ��{!��k 9�� ���� +� +�-!
-_*� �-u,� ��-�

�� o�L2� ��(�� 
-_� �� ��{!��k . ���� �� K8�Q �:-_� l-�� �����

 �O�� ��A (PBS)  �-�����2-� �� }k � �� "/�-,�	) ���V?@ % �

 }:�k?=/@ (+�P�� �
-_� ��� �� K8�Q �	�� 
-_*� $�F

H�� f-�D	��2�� �� ��a) +2-�2# .( +_Q�� �� K8�Q l-�� +� }��

 �O�� $KUVB ) &��� ��Q �O��R �9-� ( �-����-�2� �� }k � +O�v�

4=+)�V�f-�D	��2�� � ��!� ��� �� � �� ��� �	�� 
-_*� $) +2-�2

% .( �O�� $KUV +_Q�� �� K8�Q l-�� +� $+���� ��B ) &��� ��Q �O��

R �9-� ( �-����-�2� �� }k � +O�v�4=+)�V� $��!� ��� �� �

 �� ��� �	�� 
-_*� � o�L2� f-�D	��2��) +2-�23 .( o��! �� f-�D	��2��

 ��� �� KQ���rpm =@@@ +� � ���#@ +)�V�  "O�6 ��-8]#? $

#R .[ �F $KQ��� �	� o��!� �� }k3  
f �� +2-�2#% %SDS-

PAGE  �2�� ��-O����:�]#S.[  
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���� ���	 
� ������ ������ �������������	� ��	�

)Ni-NTA:(  ����� ���	
 �� � ��� ����� �������� ����� ����

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

���
 ��01 2�3
 ����4 ���
 �!�� ����B �5 &67�8'$' � &!�9� . :�

 �!�� ��;!� +�B&7$<7 �&� �,  -%�$!�� &� � &	�=� #�
�  �>�') �,

��  &	�=�?��� ( ��@�7$') #��=A� % :��� �A4/� (�7�5 . :8'

��@�7$' D$�3
��� �� �E�5rpm  4��� &� � #�
��  �� &	�=�

F<G �H�� FH�
 � �$�IH��7�' J��� ��
��5 ���K . ������� �����

&� ���L� �� � E�$��7� M��pH  �!�" #�$%]�N .[&7$<7 �G��O ��,

 D� ��� �������� PQR' +� :� $�' +��S %SDS-PAGE 

�7�5 +�$!���@�� ]TU[.  

������ ���� ����� :��� ������� �V�W M�� X<1 &� E�5

��������  +� E��I�'� �� � ���" Y�' ��
$Z�K)��R�'��H� \ (&��$R> 

�!�" Y�Q7� ����7��'� ]TU[. 

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

SDS-PAGE :&7$<7 �R������ �^��
 �� E��<, �,)SM0431  �

SM0671 +��R
�! ( E�$��7� 2H��5 �3� D� ����S %SDS-

PAGE ���_ �H�G �� S4 ���
 �8
K+�$!���@�� 5��7.  

*��� ,-. ����� /�0���� ������ 
�1! *�+ ���23

 &��4�"�3 ����. 1! :&7$<7 +� E��� `a/ ���� ;���H� M�� �,

&� �5 &�!�"��1 .&7$<7 �������� ����� +� :�F<G ��,���K +� E�5

 &��H� ;���H� &6�^ �� ��7�$� �V7 ��$
 ������� ���/ &1 $�' � E�5

 &��> ;���H�T  �!�� ����bU ���
 ��$
Tris-Hcl  ��pH  �����4/A  ��

 ��
�c ��7�' &G��&� ���" #�
de  �5 Y�Q7� �>�']TU.[  

���5 ��%�� ������ 1��6 �78!LTB 9�3 �7 : &���� 

����� ������� Y�"��f�
 �H�g7 hQ/ �� �7��! -
�^ �$G�� �E�5� 

���
�5 &!�9� ���� .E��" ��,iM$
 �H��  �,�j0H�
+K ��,ik? 

&�I, *���7� �aW � �$7 ��
� �V7 +� �,�j0H�
+K *$�l
 2H��5 �� ��

�7�5 . D�� ��$7 ��S��  ������f�
)D��m
S� Y�"��f�
 (��7K +� �� �

&� � �<1 &�/�7�5 nH�;� M$
 �, &� ���G�H+ #�$% . nH�;� ��

 ��$
 �7��! �=�7 �$G�� ��,��'$� ��$7 &' � �!�" ���= E��I�'�

 &� ��'$� &�%�!�o �5 nH�;� �jH�fH +� +�� . �M$
 E��" XH &�

&�  �gR� �,�5 �$R>PBS �5 nH�;� -H��'�.  

;�	 1�<� � ���=��> : �H�� �� � nH�;� �, +� :� &�I, XH

M$
 +� �#�	H�;�&� ���j7$O �,�
K -<> . �Y�' �+�'��G ����

 ��� �� �$�IH��7�'rpm �4�� &� � #�
��  ��
� �� &	�=�o  &G��

��7�'Y�' � �5 Y�Q7� ���" �� �,S�k ��7�' &G�� ����gj7 ���"

�7�5.  

���5 ���� �����1! �78! 9��"��4�@� "A�B�C3��� : �H� ��

 �� ������f�
 p^ M��d  q�^��$7 ������� +� Y�"��@�
)��7K� ( ��

#�R��1 �!�� +� E��I�'�k �� #�R��1)r/s=pH ( ��
� �� � �5 E��5$�

uv ��7�' &G��&� ���" #�
T �!�" ���= �>�' . �
�<� ��� ��

 -/��
"�;H��" �!�� �� $0�65 �PBST )Ub/U% �TUkTween �

S/A=pH( �5 Y�Q7� .Y�' +� �� ���j7$O ��$7 &' +� -%�/ ��,

 +� �=� ���$�bUU/d  ��drUUU/d  �D�� ���j7$O +� -%�/ Y�' ����

 +� �=� ���$�dUUU/d  ��uTUUU/d  Y�� ���j7$O +� -%�/ Y�' ����

 +� �=� ���$� �eUUU/d  ��TbrUUU/d  ���j7$O +� -%�/ Y�' ����

�5 E��I�'� �OK .  

 �=� �&"�x7�1 &�/�
 �� :8'TUUU/d  &"�x7�1IgG HRP 

 �� �5$
�9PBST �5 D�<> � . ���/ ����6�$' �K +� :�T 

���
 Y�"OPD  ��b ���
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