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! '#?@ �#$?��A B�� ��C!	1 D'�E?AD�F ����  ���$� �?�!	�� 5�� G� HI#� D��J&K� /�'�4L D��!� GA 5M+,  ;'�	<

�� N	� GI#1 �A .�#� GA 5���P�  ��6���' ;	&4
D�F �&���
?1#?A C!� '� D	&��A !#� '#�Q �GD�F  "��P��?�!	�� �$� 

)Escherichia coli (C!� GMT�U� C??M1 V�F�A D#�T� 5���P� �&���
?1#?A  '�G!#��FD �?�!	�� �$�  �� ��� ��IN	��FD  �A

  ��W,�  �&�� '� �#$?��A �$� GPA��  ��A � GPA��56	
 "�X��.  �A�!�' '#Y+� GA GMT�U� C!� '� Z�FG?$% 5���P� D  #T#+?��'#$6-

 ��F�?����6�#� � �F50  5?1��F D	< � 5!�'�
!	< ��#� �� D	&��A G!#�GI#I�F541 �A � �� D�����I �&�#
 D �A�	
?� D�F

�+$� ��!�?E?�#?A � D�F�?�!	�� �$� �&�� 2#EM� ;�' �A [�� .�� �?!�1 5���P� �"�	
#?AG!#��F  GA 504��&��\?1#?A�F D

 �A � �� ]�	^&�� D	&��A "#�Z � ����#I ;�' �A � � 	A ���% .�� ��'	A B!	<#&� D	1+�?����WT#� � C?��4�#$6�	�� D'�X1

 	?`
1 GA �,�J&L� D�F 	E!�	< Z�F DqnrA  �sul1  5���P� �A�!�'� 5�I�&��
?1#?A #T#+?��'#$6 G?$% � �F�?����WT#� � �F

 .�� G&L��	<��A �?!�1 �� [<�&�� "�X�� � D	&G!#� �"�	
#?A �� ��� ��I D�FN	��F�$� GPA�� �A D 5���P� C!	&E� �#$?��A

�&��) C?4!���&+I GA 504� �' �
?1#?A7 ) C?$
!���	&1 GA 504� �' 5���P� C!	&�?A � (�,'�71  C!� '� .�����  ��� (�,'�

 ��'	A5/59 G!#� C!� �,'��&�� �� GA bK��� �F ���� � �����  ��� 5���P� \?1#?A5/9  �,'�G!#��F  ���E1 GA13 �&�� \?1#?A

�&�� 541 '� ���W&�� �'#� C?+cEF .�����  ��� 5���P� �"�	
#?A 2#Jd� �'#6�	&
T�PCR G!#� �� ��� ��I D�FN	��F �A D

�$� GPA�� ���  ��� �#$?��A10  �15  �� G!#� \! �42 ��#1 ��'	A �'#� G!#� /�MUK �+&4822 �670  �286  	?`
1 �' D��A 5WI

 Z b��� �H?1	1 GA � �++� D�FSul1 �qnrA  �Act(3)-IV GA .�+��A �1'�0%8/23 G!#� �,'�  Z D��� �FSul1 �7/35  �,'�

G!#�  Z D��� �FqnrA  �4/2 G!#� �,'�  Z b��� �FAct(3)-IV ���#A . 

!��67  :�:,67�?�!	�� �$��N	� 5�#
 �  Z�&�� 5���P� �5���P� D�F�
?1#?A.  

0	:/	  

5���P� D�F�&��
?1#?A� 
'�A �� �
!	& C!	&E�� � C!


��� ����� / �A f01	� D�F5���  '� "�� �  �4��

5��  ��I gU�. B4?��
'� �5���P� B4?��
� '� D�F

��'�� �#I#A �#L'� �' �1�	??h1 "��P� 	�!� G� ���

�&��\?1#?A ���� �A ��'�0� GA '��K �F�E� �� ���	�� .�+��A

�i /�0?�	1 &��A�!�!	  � �?T#1 '� �W$&^� V��F� D�	A

�"�� ;'�	< �� ���W&��  �!�A� � '#?@ C!� G� �#�

�� V��F�  ��'� � D	?��?< ���' j!��6� b��� ���#1
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AD'�E?0 �F���A )7( .�V	J �A�&�� /�� �+$A � G!�' -

\?1#?A?A  ��'� D�	A �FD'�E�F  '� ��' j!��6� �

��� k%�A /���#?�5���P� G� 5���&�� D�F �
?1#?A

��A '�D	&�F  '� �l!#A!	���$� �?� )Escherichia 

coli (�+� ��?< j!��6� )8.( �?�!	�� ����I '��&�� �$�

�I � G&��� m �  �4�� '� ;'�#
 ���&�� �M?0@ '#$6

5�� /���#?� )1 �18(  n� � �() o!	@ �� ����� GA �

)2( �FB&4?�#�� '�  �
��	< B^1 �?� � D p$&^�

�FG!#� �� �qMA .�A�!�� '��&�� D��'�#
 '�  � 

 �
��	< ��F Z#1�< � D5,	6 GA H$)� G� �+&4F H$@

2�0�� �M&4� b��#%	?) �! ��#W% ��++� HI#� ��#W%

 /�'�4L � ��!�	
 ��#E% �! �Mi#� /���	I

 �++��� �'�� '#?@ 5M+, GA �' �+?�+�)15.(   �4�� '�

�?� �	&��A CA� D���' ]'�L 5�#W% k%�A� D b`�

'�'�� 5�#W% D.��#��� 5!l++� � G&�(
 GF� G� '� �

��M&� �'�#� D '� b
?+6'#$6 �  #T#+?r#� GA 5���P� ��

 ��	A b!s� �� �
! � ������ ;'��
 "�� �  �4��

"'�6 '� �F�'�� C!� ��	&4
 ���W&��  �4�� '� 5���P�-

�F D 	�t '#?@ ��'�	<) �!�	
11.( D#�T� 5���P� 

�&���
?1#?A o@�+� '� p$&^� *@�P� � �����  /��W&�

�&� � \! '� G?��� C
E� 5�� C!� .���A /��W&� 

�W1���� us�E&�� /� "���1 �  ��?� �v#� '� /��W1 �� 

�	1 V	J�?/�0 &���	&��A!2� 5�� )2 (� 	&�?A  v�#��

 '�&L�� 	??h1 2�0�� GA �F\?1#?A�&�� GA �!�'�� 5���P�

	&��A '� �
?&�ZD�F D C!� .�+��� ��	A "��P�

 �! � ����#��	� /'#, �� GA �+��#1�� �F5���P�

 ���� '� ��#� ��'	A ����#��	� ]'�L90  �,'�

�F5���P� D �' �F�����'� �'�#� '� ��F��� bA�K

�F5���P� D ����#��	� ]'�L �� 	&E� �10  �' �,'�

�F5���P� D ��#��� b��� ����#��	�)4(.  �A 2��

 � '#?@ 5M+, '� D'�E?A C!� 5?EF� � 	?��W1 C!�

 GM��I 5��� 	?L� GMT�U� '� GAM1??C �P� �!G4 

����	6�  Z�FD &�� 5���P��A?1#?
�  '��$� �?�!	�� 

"'�6 '� N	� 5�#
 �� ��� ��I�FD $� GA �&0�� 

��A?�#$ BT�� 	F�Q GA � B?&L��	<. w!�&� b,�� C!� �� 

GMT�U� ��G���	A '� ���#1D�!'D�F ��A�&�� ����'� � 

5M+, '� ���W&�� �'#� '#?@D 5��?�(
C!�  �'� 

j^A �	?
 '�	K.   

I�� � 
)�	��  

J��0���� ���3 :  �&4A�1 '�1400 /�� GA �6  ����20 

 D��% b
� GA G� � ��W,�  �&�� '� *K�� D'��)	�

 �+&��� �&�#
 GI#I ;'�	<j!�< ���� G�  ��

 v#EX�20  ��'�	< "'�66  ;'�	< �'�� 2#@ '� "'�6

�$� D'�E?A GA �&A� GPA�� � �+&��� �#$?��A14  �K�6 "'�6

�$� D'�E?A GPA�� .���#A �#$?��A �'��  �!�< '� [��

�&�� f?d� '� ;'�	<��
' "'�6 ���E1 �� GPA�� �A D�F

�$�) �#$?��A6  � ("'�610 �$� GPA�� �K�6 "'�6 �#$?��A

 �%#EX� �16 G�#E� "'�6 .�� D	?
 "'�6 	F D��� GA10 

G�#E� �6��J1 b
� GA ���	< GMUKG�#E� .�� D	?
 �F

 G?$^1 �� [< G� �#A N	� G+?� G$q% GMUK \! b���

�m�M� E� GA "��K� ���� �G�#G�#E� .�� D	?
 '� �F

*EI ��X� V�	Q.�!�	
 bP&+� 7! '�+� '� � �� D'��  

 ��������67 �,5�1�) : D	&��A �!���+� '#Y+� GA

�$��?�	��  b!	&�� [�� �! n�#� �A 	Y� �'#� G�#E� '�

 D�' 	A 	Y� �'#� G�#E� D�' 	A g?P$1 �A G$M� '�+� '�

 ���� 5�� �UL /'#JA ����� \� 5�� f?d�

�� /�� GA � �#�24  '#1�A#
�� '� 5%��37  GI'�

�&����� D'����� ��	
  �� 5!�' /'#, '� .�#�

G+
	< �� �(x�' �1'#,) 50`� �#&�s D�FG+�	< D�F

 f?d� D�' 	A y#
�� EMB 5�� �UL /'#JA

 /�� GA � ��� ����24  D��� '� 5%��24  GI'�

�&����� GA#
�� ��	
G+
	< .�#� G� 50`� �#&�s D�F

 f?d� D�' 	AEMB ��#E� D�$6 �0� D�I ��X!� ���

GA G?T�� /'#, GA D	&��A  �#+%�?�	�� �$�  �!���+�

��� D�' 	A [�� .���	
G+
	< C!541 �F �K�	&6� D�F
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IMVIC �� "�X���1'#, '� .�#�541 z�dT �� G� -

��' b?&� D�?�� �2��+!� �?T#1 �!�?E?�#?A D�FVP   �

 �W+� ��W+� �50`� �50`� /'#, GA /�	&?� D�?��

GA �+��A �#+% �?�!	�� �$� �� �!���+����	
 )6.(  

 �	��/	 .,,+-���3*,-�,4�:  C??M1 D�	A 5?��4�

�&�� D�F�'�� GA 504� ��� ��I D	&��A �w!�' 2�!	&��A

 �A	� �'����&�� ;�' GA ���� �
4!� '��&�� ;�' ��

	r#A  ���W&���� '��&�� {��� 	A ;�' C!� s#EM� .

�&�� ��' �� 5M��E� � ���I f?d� D�' 	A \?1#?A

 .5�� '�#&�� 5�	� G@#d� '� {�4� D	&��A  '�

f?d� ��  #��� C!� '�
�  #&+?F 	T#� 5��  �\4!� -

�&�� D�F ���W&��  �	!� H@ C1��< 5�	� �
?1#?A�� 

C?��4�#$6�	�� :b��� G� )5 "	
�	
?�/ �(\4!�

D	1 + �?����WT#� �B!	<#&�b
?+6'#$6 ) 30 "	
�	
?�/ 

�(\4!�A ) C?4!���&+I10 "	
�	
?�/�(\4!� �4�� -

C?$
?��	&1 )30 "	
�	
?�/?&
���#
+?T �(\4!�C 

)200/15 "	
�	
?�/�4��� �(\4!�C?$
?� )30 

"	
�	
?�/ C?��4�#$W!� �(\4!� )10 "	
�	
?�/ 

� �(\4! b
?+W��	$�)30 "	
�	
?�/ �(\4!�

C?4!��#3� )30 "	
�	
?�/C?&4$� �(\4!� )10 

"	
�	
?�/���� �(\4!�C?$?� )10"	
�	
?�/ �(\4!�

�4�#��C?$?� )25 "	
�	
?�/(\4!� .5��  D�	A

 D	&��A G!��I 	F �\4!� �� '��&�� j!���� "�X���'  	A

 /�� GA '�
� �
��� \� f?d� D�'24  '� 5%��

 D���37 x?&��� GI'� [�� .���� ���� 5�� ��'4 

 �15 \� f?d� �� G+
	< j!���� GT#T GA '�
� �
���

���DTSB   /�� GA � bP&+�3  D��� '� 5%��37 

�&��� GI'�?�1 D�	A ��	
/'��� G  5/0  �+T'�6 \�

 �� b!	&�� n�#� �A  � �� [< .���� GA#
��

 �!�!	&��A  #?4����#�5/0  	T#� f?d� D�' �+T'�6 \�

 �0!	P1 5�(
 �� [< .�� ���� �UL 5�� '�
�  #&+?F

10 \4!� �GP?K��&�� D�F 	T#� f?d� D�' 	A �
?1#?A

5?$< � �� ���� '�	K ��� g?P$1  #&+?F /�� GA �F18 

 D��� '� 5%��35 &��� GI'�� .���!�	
 GA#��� ��	


������ \4!� 	F ��' "�% GT�F 	UK [�� '� � D	?


 G4!�P� �A G!��I 	F 5?��4� � 5���P�  ��?� 5!���

����I �'����&�� �A CLSI �� 5r�	K.  

 K)1L��)DNA : ��'	A C!�'�DNA G!��I�� D�F

 �?���#I ;�' GA 	Y��'#� ) �$0K b
1�	< o0@ �7( 

 [�� .�� ]�	^&����� ]�	^&�� "#�Z  '�!	6 '�

 D��+�20 �&��� GI'��!�	
 �	?Lt ��	
.  

 ��A�) MC)1	PCR :GA 5?Mi� �!���+� '#Y+�

�&�� GA 504� �!�!	&��A 5���P�\?1#?A G&�� D�F

 #T#+?��'#$6 Z �C?4!���&+I � �F�?����WT#� ��F D�F

 |#A	�A 5���P� G #T#+!#� GA 504�) �Fqnr �(

) �F�?����WT#�Sul 1) C?4!���&+I � (aac-3-IV '� (

.56	
 '�	K 	?`
1 �'#� ��'	A �'#� D�F G�#E�  j+���

PCR  �!��� BX� '�25 	&?T�	
?� b��� 5/2  	&?T�	
?�

PCR  	6�AX10 �5/1 �$?� �B!�?+� �!	$� 2#�2/0 �$?� -

 2#�dNTP  �100  "	
#���DNA  �#�T�5/0  2#��	
?�

 B!��� ���� \! � �	E!�	< 	F ��Taq Polymerase  '�

 �!��� BX�25 ����� 	&?T�	
?�.�� D���  j+���PCR 

.�� "�X��  �ET� V'��+<� 	$
?�#�	1 ���&�� '�  G���	A

 j+��� �!��� PCR  G?T�� D��� 5�	��� /'#, GA

 D��� '�95  D�	A GI'�3  � �GP?K�35  b��� b
?�

5�	��� D��� '� D���94  D�	A GI'�60 BF �G?��} -

5�	� D��� '� D���Anealing 2��I) 1D�	A (90 

 D��� '� ;	&4
 � G?��}72  D�	A GI'�60  GA G?��}

 '� �!��� ;	&4
 ��	EF72  D�	A GI'�10  "�X�� GP?K�

.��  2#Jd�PCR  �!���	A "#!�?1� �A ��� D�?�� x�'

 �'�
� 2Z D�' 	A5/1 �,'� )3/0 
 '� �'�
� "	25 

 	6�A 	&?T �$?�1XTBE  �A � �� �'#6�	&
T� (�� b�

UV doc .�� 50} � ��F���  
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 2��I1- /�J^��  �!���+� '� ���W&�� �'#� D�F	E!�	< Z�F�&�� 5���P� D '� �
?1#?A�$� �?�!	�� )11(  

�&��\?1#?A  5���P�  Z  �T�#1  2#Jd� ������   D���5�	4EF D���  

 #T#+?��F    

qnrA 

F: GGGTATGGATATTATTGATAAAG 

R: CTAATCCGGCAGCACTATTTA  
670  50  

�F�?����WT#�  Sul 1 
F: TTCGGCATTCTGAATCTCAC 

R: ATGATCTAACCCTCGGTCTC 
822  47  

C?4!���&+I  Aac(3)-IV  
F: CTTCAGGATGGCAAGTTGGT 

R: TCATCTCGTTCTCCGCTCAT  286  55  

  

N����  

 ��������67 �,5�1�) :G!#��F  /�?,#JL 5�I ��

\� f?d� D�' 	A 5�� � �
���EMB  ��'	A �'#�

541 ��?!�1 �� [< � �+&6	
 '�	K �!�?E?�#?A D�F

IMViC  �� .�� "�X�� ���� �'#� '�100 ��� (L� G�#E� 

 ��N	��F�$� GPA��  ��A D �#$?��A40 G!#�  �� �60 

�$� GPA�� �A G�#E� �#$?��A42  G!#��$� �?�!	�� �I �

 ���E1 .��82 ��#)'� x�' ��X!� �A ��'	A �'#� G!#� �

\� 5�� f?d� D�' 	A �0� D�I ��X!� � �
���

 D�' 	A D�$6EMB  541 � ���� G?T�� �?!�1IMViC 

 �50`� 2��+!� /'#, GA �'MR  �50`�VP  � �W+�

 ��� �W+� /�	&?� .�����  

 �	��/	���3*,-�,4 :� � D	&��A �?!�1 �� [<� "�X�

�&��G!#� �"�	
#?A �� ��� ��I D�FN	��F GPA�� �A D

�$��&�� 5���P� C!	&E� �#$?��AA 504� �' �
?1#?A G

) C?4!���&+I7  GA 504� �' 5���P� C!	&�?A � (�,'�

) C?$
!���	&171  ��'	A C!� '� .�����  ��� (�,'�

5/59 G!#� C!� �,'��&�� �� GA bK��� �F \?1#?A

 ���� � �����  ��� 5���P�5/9  �,'�G!#��F  GA

 ���E113 �&���&�� 541 '� ���W&�� �'#� \?1#?A-

� "�	
#?A �&�� w!�&� .�����  ��� 5���P� �"�	
#?A '

 2��I2 .5�� ����   

�O �4��
� �	��/	 ������3*,-�,4� : �'#6�	&
T�

 2#Jd�PCR G!#� �� ��� ��I D�FN	��F GPA�� �A D

�$� ���  ��� �#$?��A10  �15  �� G!#� \! �42  G!#�

 /�MUK �+&4��#1 ��'	A �'#�822  b
�)1 �(670 

 b
�)2  � (286  b
� )3  �++� 	?`
1 �' D��A 5WI (

 Z b��� �H?1	1 GA � D�FSul1 �qnrA  �Act(3)-IV 

GA .�+��A �1'�0%8/23  �,'�G!#�  Z D��� �FSul1 �

7/35 G!#� �,'�  Z D��� �FqnrA  �4/2  �,'�

G!#�  Z b��� �FAct(3)-IV  ��'	A C!� '� .���#A

6/47 G!#� �,'� �?����WT#� GA "��P� D�FGA ���%

) B!	<#&� D	110  �� G!#�21   Z b��� (G!#�Sul1  �

7/51 G!#� �,'�) C?��4�#$6�	�� GA "��P� D�F15 

G!#�  ��29  b��� (G!#�qnrA  �33 G!#� �,'� D�F

 �� G!#� \!) C?4!���&+I GA "��P�3  b��� (G!#�

Act(3)-IV G!#� ~?F ��'	A C!� '� .���#A 56�! D�F

 Z b��� G� ��� ��?1#+6 	Y� �� ��� ���A 5���P� D�F

�&�� 5���P�G!#� ��� �F��  ��� �' �
?1#?A �� G� �!�F

 "��P� ��?1#+6 	Y� Z �I�� ��EF ���� G&L�+� D�F

���#0� 5���P�GA . �1'�0%11  �� G!#�21  "��P� G!#�

) D�?����WT#� /�0?�	1 GA4/52  �(�,'�14  �� G!#�

29 ) C?��4�#$6�	�� GA "��P� G!#�3 /48  � ( �,'�2 

) C?4!���&+I GA "��P� G!#�6/66  	Y� �� (�,'�

 Z b��� ��� ���#A "��P� ��?1#+6� D�F ��'	A �'#

.���#0�  
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2��I 2-  5���P� �,'��&��
?1#?A '� �G!#��F D�$� �?�!	��  �� ��� ��IN	��F �$� GPA��  ��A � (pT�) GPA�� �A D

(n) �#$?��A  

�&��\?1#?A  ) pT�42 (G!#�  ) n40 (G!#�  

�,'�  �����	6  �,'�  �����	6  

C?��4�#$6�	��  69  29  20  8  

D	1 +�?����WT#�B!	<#&�  50  21  10  4  

b
?+6'#$6  8/42  18  10  4  

C?$
!���	&1  4/71  30  15  6  

C?$?� ����  5/59  25  5  2  

C?4!���&+I  1/7  3  0  0  

C?4!��#3�  5/59  25  20  8  

C?&
���#
+?T  5/28  12  10  4  

C?$
!���	&1 �4��  2/64  27  10  4  

b
?+W��	$�  7/35  15  10  4  

C?&4$�  1/57  24  15  6  

C?��4�#$W!�  3/33  14  5/12  5  

C?$
?� �4���  2/45  19  5/12  5  

  

  

 2��I3-  Z �����	6G!#� '� 5���P� D�F D�F�$� �?�!	�� �$� GPA�� �A  �)	� �� ��� ��I'#?@ �#$?��A  

V�F  Z  Sul1 qnrA  Aac(3)-IV  

) �A�!�' �,'�42  =n(  8/23 ) �,'�10 (G!#�  7/35 ) �,'�15 (G!#�  4/2 ) �,'�1 (G!#�  

G!#� '� �A�!�' �,'�	1 +�?E$��WT#� GA "��P� D�F D

) B!	<#&�21  =n(  

6/47 ) �,'�10 (G!#�  -  -  

G!#� '� �A�!�' �,'� C?��4�#$6�	�� GA "��P� D�F

)29  =n(  

-  7/51 ) �,'�15 (G!#�  -  

G!#� '� �A�!�' �,'�) C?4!���&+I GA "��P� D�F3 = 

n(  

-  -  2 ) �,'�1 (G!#�  
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 b
�1-  2#Jd� �'#6�	&
T�PCR   Z 	?`
1 GA |#A	�Sul1   #&�)1  �16G�#E� : 50`� D�F822   #&� �D��A 5WI7 �	�'�� :

  #&�8.(�W+� 2	&+� :  

  
 b
�2-  2#Jd� �'#6�	&
T�PCR   Z 	?`
1 GA |#A	� qnrA)M  #&� �	�'�� :1  �13G�#E� : 50`� D�F670 �D��A 5WI 

  #&�4(�W+� 2	&+� :  

  
 b
�3-  2#Jd� �'#6�	&
T�PCR   Z 	?`
1 GA |#A	�Aac(3)-IV )M  #&� �	�'�� :1 50`� G�#E� :286   #&� �D��A 5WI

2.(�W+� 2	&+� :  
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 P"4  

�$�G$
 '� 	?� � �	� �$,� b��#% �� �
! �#$?��A -

�� '#?@ D�F'#Y+� GA G� ���A �&��  � 2	&+�\?1#?A-

�� ���W&�� p?UT� *?�� D�F k%�A "��K� C!� G� ��	


 �� j!��6� � �!�() ��#�  �����' j!��6��� D	?
 -

�&�� /�� ��s#@ ���W&�� '� .�#�\?1#?A � v#+1 ��F

�&�� 5���P� �� �M?�� /�I'�G�#
 '� �
?1#?A D�F

�� ��X!� D	&��A p$&^� 5!��� '� G� ��	
 GA 	X+�

�&�� �!�'�� "�%\?1#?A�� w!�' D�F) ��	
13.(  '�

C!� GMT�U� �&�� 5���P� C!	&E� GA 504� �' �
?1#?A

) C?4!���&+I7  GA 504� �' 5���P� C!	&�?A � (�,'�

) C?$
!���	&171  ��'	A C!� '� .�����  ��� (�,'�

5/59 G!#� C!� �,'��&�� �� GA bK��� �F \?1#?A

 5���P� ���� � �����  ���5/9  �,'�G!#��F  GA

 ���E113 �&�� �&�� 541 '� ���W&�� �'#� \?1#?A

 .�����  ��� 5���P� �"�	
#?A�&��' C!� '� .'� GMT�U� 

G� �?�  �'�
EF �  �?r�I' G�s�FD @?'# &�#
� 

� V�	@�?��	 �'	A �'#� �'� 	Kj?A ������ '�C!	1 

5?��4� 504� GA �	&1C?$
!��  �
;'� ���	� )21.(  

G� 	
� G� '#@  �EF �� �'��� D#�T� 5���P� 

�A�	
?� G!��ID�F o@�+� p$&^� C
E� 5��  �A

w!�&� ��� ���A /��W&� 	�!�
! b,�� �� GMT�U�  	i��

w!�&� �A D�� �1  �
�	0��� 5PA�U� .�'��  �P?P� #^�L

�$% � 2�� '� ��l�1388  '�G�#E�D�F ��I  �� ���

�$� �'�#� �?A � �	�1  �&�� '#?@ �#$?��A C!	&5���P� 

GA �' \?4
!�?T��C?4!���	&!'� ��?��� �����?$?C� 

&4$�?C� ��	&1?$
?C ���#E� ;'��
 )10.(  G�	
� 

 �EFG� '#@ #�T� �� �'���D 5���P� �?A�	
� 

��I!G�FD o@�+� p$&^� C
E� 5��  �A!�
!	� 

���A /��W&� )5( GA |#A	�  �	!� '� /�MT�U� 	!�� ��� 

 �&���K	�  �X!�A't� �  �&��#L � �	�1 �{'�6 D�F 

��  ���G� �F� C!� GA��� D��!� ���� �1 #�T� 5�� 

GM�#1 ��  ��� � 5���P� �&���
?1#?A G!#� '� D�F

�$� �?�!	�� ��C?EF '� .�' GUA�' �'�
EF � D	WMI � 

)1394C!	&�?A ( 5���P� �&���
?1#?A G!��I '� �' D�F

�$� �?�!	��  �A ��#F� '� '#?@90 5���P� �,'� 504� 

GA C?��4�#$6�	�� ���	� ��F��� )12 .(Diarra  �

)  �'�
EF2007�&�� 5���P� ��'	A '� ( �
?1#?A791 

G!��I D�F�$� �?�!	��  �� ���� 5��A 54!�EF

 �@ '� �&�#
 GI#I53  v�#�� �A '�E?1 5d1 ��'

G!��I "�E1 u�0!	P1 G� ���	� ��F��� ��' y	d� �F

�&�� �+� GA 5���P� �� �1��W&� /�I'�  ��� �' \?1#?A

 �' C?$
!���	&1 GA 5���P�  ��?� C?+cEF .�����5/86 

C!	&�?A D�'�� G� ���	� ;'��
 �,'�  .�#A �����	6

G!��I �� �E?� ���� C?+cEF�4�#�� GA �F �C?$?�

 �?����WT#� C?+cEF � C?4!��#+?&
��� �'#6#?&W�

) �����  ��� 5���P�36' .(?M�   �'�
EF �)2003 '� (

A  �	�1?	&�!C 5���P� GA |#A	� �' ���	&1!$
?C )94 

[�� � (�,'� 	&T#�!B )56 ��4�#$6�	�� � (�,'�?C 

 �A44 �,'� ���	� ;'��
 )20 .( �!�	F��dT�,  �

  �'�
EF )2006C!	&�?A �?� �!	01 '� ( 5���P�  �'

504� GA �4��� C?$
!�� ���	� ;'��
 )88  (�,'�

5���P� ��� C?��4�#$6�	�� 	A�	A '�  �A �?�76  '� �,'�

5��� '�	K "#� ��' )25( . ��	&4
 V	J�

C?��4�#$6�	�� GA �!��+1 BF V	J� � D �	A �A  ��� 

���#��L ���&�� D�F�
?1#?A ��b?T� ���#1 C!� 5���P� 

G� ���A s�A "'�6 '�  �	!� 	��	� '� '#?@ ;'�	< D�F

�� '�	K ���W&�� �'#� ]'�L /�MT�U� � � 	A ���% .�	?


��  ��� �?� '#�� ��G� �F� C!� �&��\?1#?A  	!�� '�

�F'#�� 5���P� �� �?� �!s�A 5�� '��'#L	A  �

C!	&�?A 5���P� �,'� GA �' 5�� ���� ��J&L� �#L .

��'	A '� Gregova  �'�
EF � )2012���#$�� '� ( 

)9x��! � (  �'�
EF � )2004C?� '� ( )24 �?� (

C!	&�?A 5���P�  '�G!��I�F D�$� �?�!	�� '#?@ 

504� GA C?��4�#$6�	�� 5�� ��� ;'��
 �#I� .
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5���P� �&�� Ds�A�
?1#?A 504� GA C?��4�#$6�	�� �

GA �?���#WT#� B!	<#&� ��	EFb
?+6'#$6 � �4��� �-

C?$
!�� ��GA ���#1 b?T� C!� �� 2���&� ���W&�� �&�� -

\?1#?A�$� D'�E?A 2	&+� '� �FG� ���A �#$?��A !#X1 �

�<�<'� C!� �&��\?1#?A�F A541 "�X��  ��A u�qM D�F

5?��4� �&��
?1#?A� k%�A  ;	&4
 � '#�Q

B4?��
'��	
?�GA "��P� D�F C!� �&��\?1#?A ��� �F

5���!�I  � �� . G� G�  Z5���P� D�F �&���
?1#?A 

5���P� ;	&4
 '� C?A '� B4?��
'��	
?�jP� �F 

E%���!���+� D�	A u�	?L� � ��'�� D� G!#� "��P� D�F

GI#1 �'#� 	&�?A G&6	
 '�	K 5���  2#Jd� �'#6�	&
T�

PCR G!#� GMT�U� C!� �� ��� ��I D�FN	��F �A D

�$� GPA�� ���  ��� �#$?��A10   �15  �� G!#� \! �

42 !#� ��'	A �'#� G Z b��� �H?1	1 GA D�FSul1 �

qnrA  �Act(3)-IV ���#AGA . �1'�0%8/23  �,'�

G!#�  Z D��� �FSul1 �7/35 G!#� �,'� D��� �F

  ZqnrA  �4/2 G!#� �,'�  Z b��� �FAct(3)-IV 

 ��'	A C!� '� .���#A6/47 G!#� �,'� GA "��P� D�F

 �?����WT#�GA ���%) B!	<#&� D	110  �� G!#�21 

  Z b��� (G!#�Sul1  �7/51 G!#� �,'� "��P� D�F

 ) C?��4�#$6�	�� GA15  �� G!#�29  b��� (G!#�qnrA 

 �33 G!#� �,'� G!#� \!) C?4!���&+I GA "��P� D�F

 ��3  b��� (G!#�Act(3)-IV  ��'	A C!� '� .���#A

G!#� ~?F Z b��� G� ��� 56�! D�F 5���P� D�F

�&�� 5���P� ��?1#+6 	Y� �� ��� ���A  ��� �' �
?1#?A

�� �F��G!#� � G&L�+� "��P� ��?1#+6 	Y� �� G� �!�F

 Z �I�� ��EF �������#0� 5���P� D�FGA . �1'�0%

11  �� G!#�21  D�?����WT#� /�0?�	1 GA "��P� G!#�

)4/52  �(�,'�14  �� G!#�29  GA "��P� G!#�

) C?��4�#$6�	��3 /48  � ( �,'�2  GA "��P� G!#�

) C?4!���&+I6/66 ,'��6 	Y� �� ( ���#A "��P� ��?1#+

 Z b��� ��� .���#0� ��'	A �'#� D�F '� C?EF�&��' 

'� �$0K /�MT�U� ��'	A �#JL '�  Z�F5���P� D 

	A�	A '� �F�?����WT#�'��X� �  �E&�' �'�
EF � 

)13965���P�  ��?� ( GA C!��!��WT#� G!#� '� �' D�F

�$� �?�!	�� �$� �'�#� �� ��� ��IGI#I �#$?��A D�F

�&�#
 G?��'� '�  ����45  � ���	� ;'��
 �,'�

G� ���	�  �?A  ����57 G!��I �� �,'� D�F �?�!	��

�$�   Z D�'��sul  �5 G!��I G� b���   Zsul  ���#A

504� GA 5���P� �?����WT#� ������  ��� )14w!�&� .( 

GMT�U� GMT�U� �A 	?L� '��X� '�
EF �C!� '�  � 

BF �#JL���#L �'�� . Soufi )  '�
EF �2011 '� (

 Z ��'	A ;'��
  �?��� 5�#
 '� 5���P� D�F

 '� G� ���	�166  G!��I�?�!	�� �$�  �� ���� 5��A

  �?��� 5�#
28   Z b��� G!��Itet A/B  C?+cEF �

86   Z b��� G!��I1sul  �73  C!� �� G!��I86  G!��I

 {��  �	�&+!� �I��1   Z b���1sul  C?+cEF .���#A

 b���  �	�&+!� C!�2sul  �3sul   ��� G� ���#A �?�

�� �F��?�!	�� �$� GA  �4�� D�() �� ��� ��I  �#+%

 Z �� ���^��&�� 5���P� D�F Z b��� � �
?1#?A D�F

 �	�&+!� � �?����WT#� 5���P� �F�� '�E� GA) ��'23(.  

Ponce-Rivas )  �'�
EF �2012 ( G� �����  ���

 ����52  �� �,'�G!��I�F D�$� �?�!	��   Z �I��

qnrA  ���� v#EX� '� � ��#A73  �� �,'�G!��I�F 

 �� �
! Z�F '� G� ���#A �'�� �'  #T#+!#� 5���P� D

 �� D'�?4AG!��I�F  Z�F Dqnr  \! {�� �A ��	EF

���#E� �A�!�'  �	�&+!� )19(. ��	&4
 /�MT�U� '� D�

p$&^� |�P� G!#� 	A  �	!� G$EI ��  ��ID�F �?�!	�� 

�$� �&�� 5���P� � '#?@ ��� "�X�� ���� '� �
?1#?A

GA '�� ;�' GMT�U� C!� '� .5��G�#
G���	A D� D�!'

 D�	A ���� 5��A w!�&� ��  �#&A �1 �� /�MT�U�

��'	A � \!Z#T#?��?<� � �
!Z#T�	� �$?E
1 D�F

 5��?�  �#&A �1 ���	
 ���W&�� ��+!� '� ��?1#�Z

  .�#E� t�^1� GPU+� '� �0��+� ����'� � D	?��?<

 *@�P� � p$&^� o@�+� '� �!�'�� 5���P� D#�T�

 5�� C
E� G?��� \! '� �&� � /��W&� �����
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�� G� ���A /��W&� ���� ���#1  ��?� �v#� '� /��W1 ��

�&�� /�0?�	1 V	J� "���1 �\?1#?A C!� �A .���A �F

 D�	A �?W� 	����� \! �!�'�� 5���P� D#�T� �#I�

G!��I�� '�E� GA GPU+� \! �!�!	&��A D�F) ��'22 .(

G!#� 5���P� j!��6� �A GUA�' '� /��'��
  Z#1�< D�F

�?�!	�� �$� �&�� /�0?�	1 GA 504�!	&��A 2�� '� 2�

5�� j!��6� �  p$&^� ���#� �!�'�� 5���P� D#�T�

�� 	??h1 2�� '� � v#+&� �?� �!�?6�	hI���A )5(. 

�&�� 5���P� ��F�?E��< �$�'#UA GA �' �
?1#?A

D	&��A�� �U%� �F b��#% .�++�R  b��� �F�?E��< �!

 Z��� ��++� �� G� �+&4F �!�FB! �! ��++� H!	^1 D�F

�&�� ��+F�	??h1\?1#?A�� �F�� �L	A .�+��A  C!�

 2�� '� �+&4F �'�� �' 5���P�  Z \! fP6 �F�?E��<

 G?$% �' 5���P�  Z 5�F �1 ��'��K ���� �� D���M1 G�

bE� �#L �A �F�'��  Z H$)� .�++� 5���P� D�F

 �#�4��	1  �'� �!�'��C!� �� � ��'�� '�	K �F �L	A �'

G!#� ��D�F �A  #cEF �!�!	&��?�!	�� �$�  ��'��K

 .�++� �?T#1 5%	� GA �' G��
�+� 5���P� D�F�?E��<

GA �!�'�� G��
�+� 5���P� D�F�?E��< 	�!� �1'�0%

�� w&+� �?E��< \! '�  �#�4��	1 *EX1 �� � ��#�

 �#�4��	1  #�"��#��	� � �F�?E��< C?A �F D�F

�� ��	1 G?T�� Z ��++�5���P� D�F �� �!�'�� �+��#1

 5!��� '� G� ��#� �XA�I �&��' GA ���#� C!� C?A

�� �!�'�� 5���P� 	&�?A ;	&4
 GA 	X+� C!� �� .��	


�A ��' '� G��
 �+� 5���P� D�F�?E��< '#q� �!�	1
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Abstract 

Colibacillosis is one of the most important diseases caused by Escherichia coli (E. coli), 

which causes a lot of economic damage to the poultry industry. Considering the 

increasing spread of antibiotic resistance in this bacterium and the emergence of resistant 

strains of E. coli, this study was conducted with the aim of determining the pattern of 

antibiotic resistance in E. coli strains isolated from chicken carcasses referred to 

veterinary diagnostic laboratories in Isfahan province. In this study, for detecting of 

resistance genes to fluoroquinolones and sulfonamides, 50 bacterial strains were isolated 

from broiler chickens with pericarditis and perihepatitis and E. coli colonies were 

confirmed by microbial and biochemical tests. Then, the resistance of the strains to the 

commercial antibiotics (enrofloxacin and sulfonamide + trimethoprim) was evaluated by 

the conventional antibiogram method. In addition, the bacterial genome was extracted by 

boiling method and the qnrA and sul1 genes were amplified with specific primers to 

evaluate antibiotic resistance against fluoroquinolones and sulfonamides. After 

confirming the bacteria and performing an antibiogram, the strains isolated from chickens 

with a history of colibacillosis showed the lowest antibiotic resistance to gentamicin (7%) 

and the highest resistance to tetracycline (71%). In this study, 59.5% of these strains 

showed resistance to at least two antibiotics, and about 9.5% of the strains showed 

resistance to all 13 antibiotics used in the antibiogram test. Also, the electrophoresis of 

the PCR product of the strains isolated from chickens with a history of colibacillosis 

showed that 10 and 15 and one strain out of the 42 investigated strains were able to 

amplify fragments of 822, 670 and 286 base pairs, respectively, carrying the gene Sul1, 

qnrA and Act (3)-IV. In other words, 23.8% of strains contained Sul1 gene, 35.7% of 

strains contained qnrA gene and 2.4% of strains carried Act (3)-IV gene.  
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