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 )��� � ��� !��W�-�(��
 U��-��  �@� �� ���I%

 	 6��E� ��+O j-{ 6� �������- .6�� ���� 3��P ^@0 
��K%

 �� ����) *���, ��w1%g9�RRR �� ���(��
 60�� 6�� ��-�	

 *�%;R���-	 !��W�-�(�
 6$�O� G���(�%P *�W���
 ��� e7
 �

���5( &w�g ��:��� ��� s�
� q�+�� �\�� .�� s�
��

���% -��� )� -���A� �� /����� -��� ��� #��$% �� Q� =� � #? 

/���� )� ���S�  ��PMSF)penylmethyl sulfnyl flouride ( ���"

 ���% =� ���5( &w�g �� ��S� 6��?-% 3�-�� �D�%;Rc6�0��

��(�
 6F( ��-	 3��� ���-	.

��[P ��42:�1	��2� 

��� G��I(� ��
�%��� #@S�����
� z�
�-� ��m0 ���-	�"�%�-, .

=C�� ��)� G-	 ��Sepharose 4B  !�(���
 ��� ���� 
��S�

 ��%�-�)�����
�% (���RR ���% 
��K% )� -��� ����% =�� �D��%

 � ��%P �� H��S" 6� =����-�, ��
�9�
���K% ���� �� 6�$�O� 

6F( ���-	 G���% �" �� 3��� .!��W�-�(�
 )� e� �4�, ��� �� 
!

�� 6�B�� ��� ���� ^��% � �� ���� s�
� .6�� ���� G���% 
!

 -C� =��R���%  P 6� � �� #$�1% -���9�%��� 
���K% -���9/R

�� 4��
  !����� *�1�-, �D�%�/:=pH �D��% 4��( 3��? 6, 

� 4��
 ��-�,�R���% ��(�F�� G-	PG N���O A. niger (Sigma) 

� �� 6��E� ����/;����  ��2" ��%��P 6� n�"� 3�%� �� &��
 

�� .��-	 e7
 )� 4�I? ��  ��/�� �� 
! ��(�% �O�� 
�S� 3��

 
��K%9RR�%����� -�, � e�-" �D�%:=pH *��% 6��;c�

���-	 ���J% &��
.-]O �� )�
 &
�  ��
 6� ��� ���%P 
! 

[�/R��(�
 q�W"�� � -�%[��(�
 ��� #�$�1% -�% . ���
����� 

6� ��� ���� -�� s���1�% ���x�-���� )�  ���
 4�I? 3���9RR 

�����% 4����
 *����
� �D���% ����:=pH �9RR�����% �D���% 

�-"ec�� -�, :=pH ���(��� 4���
 ��-�, �D�% 4�( �0�� 6,

�� ���� �C�J� .-��� �� e7
A���
� 
���S" 6�.6�(�@( 3���

 &w�g �� �1�_"�-�>;/;����% ����% �� G-�	 -���� �� -����A��� 

&�-
9:���% ���-	  ��
 ���� &��
 -� -��� .��  ��
 e7


 -���Asm�0 ��" �� ���� �C�J� ���I% ��d��% 
��x;:R 

-�%�(�( )� -�@, 6� R9/R���
� .��_"�-��  �����0 3�-�� 3���

 -��� )� ����� �-�J� 6� #f�%A�0�� 9�/R4���
 ���-�, �D��% 

 ��
� �" )� -�@, 6�  ��
 �0�-�R9/R)� e7
 �-����PBS 

3��?�/R4��
 ��-�, �D�% ���;/>=pH T��/�	 z��
�-�

  ���2@� � -0-�)�(�� ���W�
� .6��,  ��J,�-� 4I? �� �� 3��

����% ��5(P sm�0 � 3��P ^�@0 3-���� d��% 
��x ��;:R

-�%�(�(�)��(� 3-�	��.

��4=74 
2�:A�<	�� 
�	$� PGIP 

&���S�  �/�%PGIP ��-	 A��, z�
�-� ��?� 3�� U�
�" ��� 

D�	 ����� 4�/��(P  �����2@� � -��@�, T�� 6��� )���(����, �� �

�/�c�=pH� �����% &���-	 ���
�-)99(.�)����(� 3�-��� 3-���	 

3��5% &���S�PGIP ��R#%��� A1�,�� v��B% -����-2�% 9R

�4�/��(P )� -������-2�%�R)� -������-2�% PGIP -����� �� A6���5" 

���-	 .)� �S�;R3��%� �� A1�,�� v���B%  ��� ��-�O 6�$�O� 

�n���"�;9R 3�-�J����
 -������-2�% ;�/R���\�� (w/v) �����

 �
� =�(����,D�	 ��/�=pH 3�%� �� � �� 6��E��>6�0�� 

��(�
 *�% 6� ��-	;R���-	 6��21�� 6$�O� .6���E� ��� A1�,��

  �-,;�R -����-2�% � e% j-S% sP G��@? ��  ��� ��-O /�(

T�0 �6*�%9R�� aO��% 6$�O� .� ��� �-�
 )� ��S� �RR 

-����-2�% ����-	 6���E� v���B% 6�� *��+���% �1
�P j-S% �

��-	 �� ��� ��?� 3�� d�% 
�x�RR -�%�(��( AI1�
 ����% .
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#"!+.��	D� ��8� �4 ��	D8�4 	� ��[P ��42:�1	��2� �4 #B	@ �42:�1	��2� B_

5�	6 �	7���8�9	: ��) ��*7; =7	]�< 
�	@A. niger 

&�-	 ��-O 6(�@( A��%)P )� 6(�	 ��� �� 
-�1, ��3
��K% 3��PG 

�PGIP6, �1�J� 6��(�� ��(���0 &��
 =� *�% .�1� a�-S" 6�

 �?�� =�PGIP A��, 3�-� G)D ��11, ��5%���$% �R&���S� �\�� 

&
� U��-� ��� &K" )�(����,D�	 ��� 4�/(P �?�� =�.

��4=74 
2�:/�01�2) AM�l 

�)��(� 3-�	 T�� 6� ��_"�-� &w�g������-� )M(&��-	 G�I(� .

)� T�� ��� ��
 ��%�+�P 3���	 G-(Sigma, BSA)  ���1� 6�� 

���W�
� ����(��
���.

k�42!SDS-PAGE
*��; m7� �

#��
� �� 4���
 ��i�? �� ���%l�-,P ��� 
! �� )����-�2��

 *�W��
(SDS-PAGE) ��%D T�� 6�);M(���11,��0 
! ��

9R ��11, 4,�-�% 
! � �\�� �&��-	 *��\ �\�� .)� ��S�

 T�� 6� 
! �)����-�2�� ���P ��
�%�, )��(�-�$( *�-���( ��� 

|(� ���-	 3/�%P .|�(�PT�� z��
�-� 3���
� �-�$( 3/��% 

�J���%)�R(&�-	 G�I(� .

c�	87 

����� 6��� 6��0�" ���� ��_"�-��� 6��, ����� 4�/��(P ����11, ����5% 3����

 )�(����,D�	(PGIP) ���� 4�/(P 6� 
�f"� &50 3���� #��@" 

�X��O )�(����,D�	)4�/(P , Q��-B" 3�� �����
 ������� ���11

 �� -Z�% �  ����	3��@�� �)N���O ��� ��� (��5(P &����S� ���5% �

��_"�-���2��	 ���� k���� G-� 6� �����
� &50 �m� ��(��� ���

 &����S�  �/��% -�� ��5(P �	�11, ��5% -Z� 6S��]% � �
�-� 3�-�

N��O )�(����,D�	 ��� 4�/(P 3�� 3���@�� �)3F. oxysporum �

A. rabiei ��B( ���	 �� �6�� G��O� H�$K" ��� �� k���� 3)��
 

PGIP6����� �� ���-	 ����� ���	 )�  �C��� � )�( 3�� .


�	�4=PPGIP ��[P ��42:�1	��2� �4 ��	D8�4 	� 

&50k��� 3)��
 PGIP ��_"�-�� )� )� ���� d�-B��
� 3���

 6����� #��,�7�� ����$% ������ ����	  �C���� � )��( 3��>;/>R

���%  ��
 6� ��� d�-B�
� ��_"�-� G-	Sepharose 4B 6��E� 

���-	 . ���
 �� 6�, ��m�0 ���-	�"�%�-, ��Sepharose 4B 

A�B� �&��-	 G��I(� )��(����,D�	 ���� 4�/�(P ��(�F�� 3��?

��@� 3��1�_"�-� 3��K% )�) ��J,�-� 3��;���� 9�(���f��

 ��� 3��5% &���S� �O�� 6, #��,�7�� ��� d�-B�
� #���@"  ���

 �� -��� U
�" �C�J� �� �  ��
 6��=pH ����-	 d���  P )� 

)#2� 9.(��� )� e� )� -�@, 6�  ��
 �0�-� sm0 6,R9/R

��_"�-� ���
�  P )� T�� �� ��x  ���
 6�� ���� #f�% 3��

 �(�� d��� .A��/�� U
�" 
�� T��pH �-���� �(��� *��O

6� 4� ��x  �%) 3��51C��� ���% z�
�-�  ����2@� � -�0-� )�(

&�-	 *��\.-���� ���  ���
 6, *��\ ����PBS)3���? 

4��
 ��-�,9�/R�D�% (��;/>=pH  ����� �� � �� �C�J� 
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#"! H.��	D� ��8� �4 ��	D8�4 	� ��[P ��42:�1	��2� �4 #B	@ �42:�1	��2�B_5�	6 �	7���8�9	: ��) ��*7; =7	]�< 
�	@ A. niger 

!"#,.SDS-PAGE/�01�2) 	� K� ��[P ��8� K� #F8� 
	�

 2��n1 �4 ��	D8�4pHK� �7�� o�=6 ��� ��� �	�� )K�6 ��FJ�

A1 #"! +(K�@2� �� Y�� �
4)K�6 ��FJ� 
	�2A1 �

2A2 #"! H(�=! 4=P =74 .M=�
�01�2) 2��	� 

��_"�-� �%�@"  �-, ��0 )� #%�,  �1�@x� 3�-� % 3�� ��� #f�

-���  ��-0 � ��
 6�PBS 3��?�/R��� 4��
 ��-�, �D�% ;/>

=pH ���-	 ��-O-�. ��J,�-� )� 6, ���  �C( 6�\�? }���( 3��

;> ��� �R��(��� ��_"�-�� 3���? )6��OA1 #2�� 9.(&�50

  ��J,�-� ��� ���_"�-� 
�fK�
� /������ #�@� ��� � v���B% ��

 ���-	 ����) =@(.��5% 6S��]% ��_"�-� �	�11, 6�� 3��� &�
�

 ��_"�-� ��� 6, ���  �C( ��%P �	��11, ���5% &����S� 3���� ���

�% �1����.}����(SDS-PAGE 6��O 3���K% 6�, ���  �C�( A1 

����K% �� �1�_"�-� �(�� 6
 3��?��c�>��1X �  ���������, 

3�(�� ����K% �� �(��9��"���%  ��������, ����)#2��.(

�� T�� �� -���� U�
�"  ���
 3�C��J� )� e�� GA��� 

�=pH ��_"�-���  ��� d���� ����(�F�� 6�� ��C��( #f��% 3���

) ��J��,�-� 3����;����� 9��#2��� ;( ����@( ����0 3�-���

��_"�-� e7
 � -��� �(�� *��O ����� � ��
 6� ��� #f�% 3��

pH &��� A��/��  P .6, *��\ ���� *��O )� ���W�
� �� �����

 �(����9�/RD���% -����� 6��� 6��, 4����
 ����-�, �A���� 6����E� 

)�=pH(��_"�-�  �� ��0 &50 ���� ���W��
�  ���
 )� ���.

-���� U�
�" e7
 PBS 3���?9�/R4���
 ���-�, �D��% ��� 

;/>=pH &��� 6%���  ��
 3�C�J� . ��1�@x� 3�-��  ���� ��

 ��_"�-� �%�@"  �-, ��0 )� #%�, � ���
 6�� ���� #f��% 3��

-���  ��-0 PBS 3��?�/R��� 4���
 ���-�, �D�% ;/>=pH 

���-	 ��-O-� .��_"�-� ��@� &@JO U
�" �C�J� 6�?-% �� ��

 �� -����=pH ���-	 d���  ��
 )�) ��J,�-� 3��;���� 9�(

)#2�;.(��_"�-� ��� ��(��� �	��11, ���5% &����S� ��O�� ���.

�)��(� 3-�	 ��_"�-�  �/�%  ��J�,�-� 3��� e�� 3��� 
��@�� )�

 �2@( &w�g9�/R4��
 ��-�, �D�% ) ��J,�-� 3���;����� 

MR ( ��J��,�-� 6��, ���  �C��( 3����;M����� ;[)6���O2A1 ( �

 ��J,�-� 3������� �>)6�O2A2 ( ��% ��_"�-� 3��? �1����

)#2���;.(��_"�-��� 
�f��K�
� &��50 �6���O �� ����� 3����

 ��J,�-� 6�� 6��O �� ��� 6� v��-% 3�� ��0 ���x v���B% 6�(�	

/����� ���� s�
� )� e� � �(���-	 �(��.

��_"�-� ��� �	�11, ��5% &���S� �
�-� 6I��( ���  �C�( ��

 ��_"�-� 6,G�� 6�O�� ��0�% 3��)2A2 ( 3���5% &���S� �0��

�% �1���.3�F��SDS-PAGE ��(�� �� -F(��� 6�O ��� *����K% 
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��=P+.KBCQ #@42� �4 
4\<	Q 
�	� PGIPA�4 �=! ��4� �	�7 ��=P /�4 �� ��[P ��42:�1	��2� �4 ��	D8�4 	� 	���< #�1���W�� .

A�<	��PGIP5�	6 �	7���8�9	: ��) ��*7; �4 =@4� q� 
�� K� 
�	$� �4*�� r	�42� A.niger  �� ��4� 2 <	� Y�� �� =!	� .

6�?-%k��� 3)�
 4I? 

)ml(

��_"�-� 

)mg/ml(

#, ��_"�-� 

)mg(

S��@�/(P &��� 

)U/ml(

#, &���S� 

)U(

�@�/(P �L�� &���S� 

)U/mg(

�\��


�fK% 


�fK% ~���

���5( 

��� d�-B�
� ��_"�-� [�[/R�/:�:/;�[/;;�9 �/;M9RR 9

G��(�%P *�W��
 �� ��_"�-� s�
�

*�W��
:�q�+�� �\�� 
;M >/;>/>R9/:M�/;;�[ �99RR 9M/9

�� ��� k��� ��_"�-�

%�-,��m0 ���-	�"� 
[/R[/R:9/R:/9�� �/9;9 :/9�[ �/�M/�

6� =��/( �1�_"�-� 3�O ������K% �� 4��c�>� �(���������, 

��% ��(�� �� ���� ���� -�" a�S�E ��(�� =� �����)#2���.(

��_"�-� 
�� 6��O �� ��0�% 3��(2A1) ��_"�-��  )� ��� �����

 ���� �����)#2��(11, ��5% &���S� �O�� ��% �	� �1���.

3)�
��0 T��PGIP ���  �C�( ��m�0 ���-	�"�%�-, �� 

�% T�� ��� 6,�L��� &����S�  �/��% ��(��"PGIP )� �� U/mg 

�/;M)� #+O k��� 3)�
 6�U/mg :/9�[)� �S� k��� 3)�
 

 �/�% 6� �M/���� A��/�� -��-� )
��0 9.(

T�� k���� 3)��
 PGIP ����% ��m�0 ���-	�"��%�-, �� 

�% T�� ��� 6, ���  �C( 6S��]% �L��� &���S�  �/�% �(��"PGIP 

)� ��U/mg �/;M)� #+O k��� 3)��
 6�� U/mg :/9�[ )� ��S� 

k��� 3)�
  �/�% 6� M/����� A��/�� -��-)
��09.(

6�� 60�" �� k���� 3)��
 �+J�( PGIP ���-	�"��%�-, �� 

6� � ��m0 ���P &
�  ���� ���� ��� ��1�_"�-� 6���@I% =��  

)��(����,D�	 ���� 4�/�(P �	��11, ���5% &���S�)6��O2A2 �� 

#2� ;(��_"�-�� ���� �	��11, ���5% &���S� 6�?-% ��� �� ���

 ��_"�-�� 6�� &+J( 6������ )� ���� d�-B��
� 3��� � )��( 3���

  �C�����))� #��+Ok����� 3)���
 (����� 4�/��(P &�����S� -���

 ���O )�(����,D�	N3���F. oxysporum �A. rabiei �A. niger 

&�-	 ��-O 6J��$% � �
�-� ���%)#2�� �.(6�� }����( &�
�

 �%  �C( ��%P ��_"�-�� �1�� #���,�7�� )� ���� d�-B��
� 3���

 )�( 6�����))� #+Ok��� 3)�
 (
��S%9:���5% &����S� �?�� 

N��O )�(����,D�	 ��� 4�/(P -� �	�11,F. oxysporum)� ��� 

�%  �C( �� �1�����? 6,)� e� k��� 3)�
 ��m�0 T�� ��� 

�" �	�11, ��5%  �/�% ����R&
� 6���� A��/�� �?�� .&����S�

 ��_"�-� �	�11, ��5%  �C���� 6������ )� ���� d�-B��
� 3���

))� #+Ok��� 3)��
 (N���O )��(����,D�	 ���� 4�/�(P -��F. 

oxysporum 
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���@( k��� �� #��,�7�� ���$% ��@� )� �(�)��>(.

 ������2@� � ����������)9;( ! 3�� 6���S��]% �����pgip 

��"�(! 3�� Pinto �BAT93 ����� ��  ! 6�, ��(���  �C�( 3���

pgip 6� ����(�� *��\ 6�$]1% �� ��(! 3�&S�
� 6���R����, 

���@� G�)�%�-, 3�� )�� &W09R����� )Phaseolus vulgaris (

 �(��� ��-O.*D�fK% 6, ���  �C( 6S��]% ��� �� ��� 6���� }���(

 ��m0 ���-	�"�%�-,)6�O2A2 #2� �� ;(
! ��SDS-PAGE 

6�?�( ����c�>4�� 6�� =���/( ��(�� 6�
 3����  ����� ���, ���

 �% �	�11, ��5% &���S� �1���)#2��.(��� 6� 60�" �� Q���g 6,

PGIP &��
 3�-� �"��W�% #�J(��� 3���� �� 3��Nc3���)�2��	

�% �1���� )PGIP-1 &���
 6�
 3��� )9M�;:��;(�PGIP-2 

&��
 �� 3����);:�;[(�PGIP-33���� 6�
 3�-�� #�J�(���

 &��
Nc3��)����	)�;((�%����1.�% ��w�(� ���-��1� ���� ���

 ��()� ����K% 6�� &+J�( 3-�C��� ���2��%  )� 3���� *�+�,-"

  �� 6���� �����
 z�
�-� ��� �1�� A�� )���� ��-��@, ��? ��

)�+�-$">>��/�M3�-�  ��������, PvPGIP2 ( ��-�C��� �)h��+�-$" 

:R9:/�>3�-�  ��������, PvPGIP3 ((  �1���)��>.(��� }���( 

)� �()� �+�-$" ���K% 6, ���  �C( H�$K"�>��" �� ���������, 

��_"�-� )� 6(�	 ��� 3�-� 6���)�2��	  �/��% #���� 6�� D��@�?� ��

 �� *��W�%  ��PGIP 6� 3�� ���� ��%P &
�.

4� 6�, &�
� ����-	 T��/	 ^��1% �� ��1XPGIP ���0�% 

)� #+O ����� #��,�7�� �0�-B�
� 
��K% ��k��� 3)��
 ����O 

N���O )��(����,D�	 ���� 4�/�(P ��5% 6�3��� Colletotrichum 

lindemuthianum �Sclerotium rolfsii &
� ���� �����? 6�, 

)� �S�k��� 3)�
 N���O )��(����,D�	 ��� 4�/(P ��5% 6� ���O 

Sclerotium rolfsii�@( ����);.(��% ���w�(� ���-���1� 6�, ���

k��� 3)�
 �
� ��� ��_"�-�� )� 6���"�1� ��" ���� Q+�
 ���

 �1���  �C(  ����� )� �"��W�% 3�-2�@�.6� }���( ���%P &
�

 �%  �C( /�( H�$K" ��� �� 6, ���PGIP )� ���� d�-B�
� 3��

6������� #����,�7�� )� ���S� � #��+O ��������  �C����� � )���( 3����

k��� 3)�
 4�/(P &���S�  �/�% -� �� �"��W�% 3��5% 3������� 

N��O )�(����,D�	 ��� 3��F. oxysporum�A. rabiei ��� )�

�%  �C( �1��)#2��.(

�\�f��� �-2�@� �1�� A�� 6� 60�" ��PGIP ���5% �� ���

 /��( H��$K" ���� �� ��X���O )��(����,D�	 ���� 4�/�(P &���S�

 �\�f���� �-2�@�PGIP � )��( 6������ �� )� ���� d�-B��
� 

� -� �����  �C��� N���O )��(����,D�	 ���� 4�/�(P &���S 3��� 

F. oxysporum�A. rabiei  ���� ����  �C��(. !�"���� 3���� 

Fusarium oxysporum ��
�� ����I�� �� ����B( 3���(�P �	��

)��B( 3��) (N��O �Ascochyta rabiei ��	�) n-�� ��I�� �� 

���� ���B( q��/�% 6�� 3����� *��J�� � 6����� A$( ��B(

�% �1��@()�;���.(�% H�$K" ��� }���( �m� )��
 6�1�%) �(��"

 )� 6�
� ��� 
-�1, &�-��% &50 �� -�C�� *�S��]% 3��@�� ���

�-�	 ��-O =�L"�-�
� *D�fK% ��� 3)�
 G��$% ��.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

41
.2

8.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
26

 ]
 

                             9 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.41.28.0
https://jstnar.iut.ac.ir/article-1-749-en.html


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

��� 

��	
� ���� ��	D8�4 

1. Abu-Goukh, A.A. and J. M. Labavitch. 1983. The in vivo role of ‘‘Bartlett’’ pear fruit polygalacturonase inhibitors. 
Physiol. Plant Pathol. 23: 123–135. 

2. Albersheim, P. and A.J. Anderson. 1971. Proteins from plant cell walls inhibit polygalacturonases secreted by plant 
pathogens. Proc. Natl. Acad. Sci. USA 68: 1815–19 

3. Alghisi, P. and F. Favaron. 1995. Pectin degrading enzymes and plant parasite interactions. Eur. J. Plant Pathol.  
101: 365–375. 

4. Berger, D.K., D. Oelofse, M.S. Arendse, E. Du Plessis and I. A. Dubery. 2000. Bean polygalacturonase inhibitor 
protein-(PGIP-1) inhibits polygalacturonases from Stenocarpella maydis. Physiol. and Mol. Plant Pathol. 57: 5-14. 

5. Bergmann, C.W., Y. Ito, D. Singer, P. Albersheim, A.G. Darvill, N. Benhamou, L. Nuss, G. Salvi, F. Cervone and 
G. De Lorenzo. 1994. Polygalacturonase-inhibiting protein accumulates in Phaseolus vulgaris L. in response to 
wounding, elicitors and fungal infection. Plant J. 5: 625-634. 

6. Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing 
the principle of protein-dye binding. Anal. Biochem. 72: 248-254 

7. Cervone, F., G. De Lorenzo, L. Degra, G. Salvi and M. Bergami. 1987. Purification and Characterization of a 
Polygalacturonase-Inhibiting Protein from Phaseolus vulgaris L. Plant Physiol. 85: 631-637. 

8. Cervone, F., M.G. Hahn, G. De Lorenzo, A. Darvill and P. Albersheim. 1989. Hostpathogen interactions. XXXIII. A 
plant protein converts a fungal pathogenesis factor into an elicitor of plant defense responses. Plant Physiol. 
90: 542–48. 

9. Cervone, F., G. De Lorenzo, R. Pressey, A. Darvill and P. Albersheim. 1990. Can Phaseolus PGIP inhibit pectic 
enzymes from microbes and plants. Phytochem. 29: 447–449. 

10. Collmer, A. and N.T. Keen. 1986. The role of pectic enzymes in plant pathogenesis. Annu. Rev. Phytopathol.  
24: 383–409. 

11. Collmer, A., J.L. Ried and M. S. Mount. 1988. Assay methods for pectic enzymes. Methods in Enzymol.161: 329-335 
12. D’Ovidio, R., A. Raiola, C. Capodicasa, A. Devoto, D. Pontiggia, S. Roberti, R. Galletti, E. Conti, D. O’Sullivan and 

G. De Lorenzo. 2004. Characterization of the Complex Locus of Bean Encoding Polygalacturonase-Inhibiting 
Proteins Reveals Subfunctionalization for Defense against Fungi and Insects. Plant Physiol. 135: 2424-2435. 

13. De Lorenzo, G., F. Cervone, D. Bellicampi, C. Caprari, A.J. Clark, A. Desiderio, A. Devoto, R. Forrest, F. Leckie, 
L. Nuss and G. Salvi. 1994. Polygalacturonase, PGIP and oligogalacturonides in cell–cell communication. 
Biochem. Sci. Trans. 22:396–399. 

14. De Lorenzo, G., R. Castoria, D. Bellincampi and F. Cervone. 1997. Fungal invasion enzymes and their inhibition.  
PP. 61–83. In: Carrol, G. and P. Tudzynski (Eds.), The Mycota. V. Plant Relationships. Part B. Springer Pub., 
Berlin.  

15. De Lorenzo, G., R D. Ovidio and F. Cervone. 2001. The role of polygalacturonase-inhibiting proteins (PGIPs) in 
defense against pathogenic fungi. Annu. Rev Phytopathol. 39: 313-335. 

16. Desiderio, A., B. Aracri, F. Leckie, B. Mattei, G. Salvi, H. Tigelaar, J.S.C. Van Roekal, D.C. Baulcombe, L.S. 
Melchers, G. De Lorenzo and F. Cervone. 1997. Polygalacturonase-inhibiting proteins (PGIPs) with different 
specificities are expressed in Phaseolus vulgaris. Mol. Plant-Microbe Interact. 10: 852–60 

17. Dixon, M., D. Jones, J. Keddie, C. Thomas, K. Harison and J. Jones. 1996. The tomato Cf-2 disease resistance locus 
comprises two functional genes encoding leucine-rich repeats proteins. Cell. 84: 457–459.  

18. Favaron, F., R. D’ovidio, E. Porceddu and P. Alghisi.1994.Purification and molecular characterization of a soybean 
polygalacturonase-inhibiting protein. Planta 195: 80–87. 

19. Favaron, F. 2001. Gel detection of Allium porrum polygalacturonase-inhibiting protein reveals a high number of 
isoforms. Physiological and Molecular Plant Pathol. 58: 239-245 

20. Ferrari S., D. Vairo, F.M. Ausubel, G.Cervone, G. De Lorenzo. 2003. Tandemly duplicated Arabidopsis genes that 
encode polygalacturonase- inhibiting proteins are regulated coordinately by different signal transduction 
pathways in response to fungal infection. Plant Cell . 15: 93-106. 

21. Grant, M.R., L. Godiard, E. Straube, T. Ashfield, J. Lewald, A. Sattier, R.W. Innes and J.L. Dangl. 1995. Structure 
of the Arabidopsis RPM 1 gene enabling dual specificity disease resistance. Sci. 269: 843–845. 

22. Hahn, M.G., P. Buchell, F. Cervone, S. H. Doares, R.A. O’Neill, A. Darvill and P. Albersheim. 1989. Roles of cell 
wall constituents in plant pathogen interactions. PP. 131–181. In: E. Nester and T. Kosuge (Eds.), Plant–Microbe 
Interactions. McGraw-Hill, New York.  

23. Huang, Q. and C. Allen. 2000. Polygalacturonases are required for rapid colonization and full virulence of Ralstonia 
solanacereaum on tomato plants. Physiol. Mol. Plant Pathol. 57: 77–83.  

24. Johnston, D.J., V. Ramanathan and B. Williamson. 1993. A protein from immature raspberry fruits which inhibits 
endopolygalacturonases from Botrytis cinerea and other micro-organisms. J. Exp. Bot. 44: 971–976. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

41
.2

8.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
26

 ]
 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.41.28.0
https://jstnar.iut.ac.ir/article-1-749-en.html


�2) 
�	$� 234/�01 5�	6 �	7���8�9	: ��) ��*7; 2� 	���< �	7���8�9	: ��) �=

��	$� 
	� 
	� ... 

��� 

25. Johnston, D.J., B. Williamson and G.P. Mcmillan. 1994. The interactions in planta of polygalacturonases from 
Botrytis cinerea with a wall-bound polygalacturonase-inhibiting protein (PGIP) in raspberry fruits. J. Exp. Bot. 
45: 1837–1843. 

26. Laemmli, U.K. 1970. Cleavage of structural proteins during the assembly of the head of bacteriophageT4. Nature 
227:680-685. 

27. Lafitte, C., J. Barthe, J. Montillet and A. Touze. 1984. Glycoprotein inhibitors of Colletotrichum lindemuthianum 
endopolygalacturonase in near isogenic lines of Phaseolus vulgaris resistant and susceptible to anthracnose. 
Physiol. Plant Pathol. 25: 39–53. 

28. Leckie, F., B. Mattei, C. Capodicasa, A. Hemmings, L. Nuss, B. Aracri, G. De Lorenzo and F. Cervone. 1999. The 
specificity of polygalacturonase-inhibiting protein (PGIP): a single amino acid substitution in the solvent-exposed 
b-strand/b-turn region of the leucine-rich repeats (LRRs) confers a new recognition capability. European Mol. 
Biol. Organization (EMBO) J. 18: 2352–2363. 

29. Mattei, B., M.S. Bernalda, L. Federici, P. Roepstorff, F. Cervone and A. Boffi. 2001. Secondary structure and 
posttranslational modifications of the leucine-rich repeat protein PGIP (polygalacturonase-inhibiting protein) 
from Phaseolus vulgaris. Biochem. 40: 569-576 

30. Morrissey, J. H. 1981. Silver stain for proteins in polyacrylamide gels: A modified procerdure with enhanced 
uniform sensitivity. Anal. Biochem. 117: 307-310 

31. Motallebi, M., M.R. Zamani and A. Hosseinzadeh Colagar. 2003. Relationship between polygalacturonase activity and 
pathogenicity among Iranian isolates of Ascochyta rabiei. J. Sci & Technol. Agric & Natur. Resour. 6(4): 159-169 

32. Nene, Y.L., and M.V. Reddy. 1987. Chickpea diseases and their control. PP. 233-270. In: M.C. Saxena and K.B. 
Singh. (Eds.), The Chickpea. CAB International, Oxon, UK.  

33. Newman, M.A., J. Conrads-Strauch, G. Scofield, M.J. Daniels and J.M. Dow. 1994. Defense related gene induction 
in Brassica campestris in response to defined mutants of Xanthomonas campestris with altered pathogenicity. 
Mol. Plant Microbe Interact. 7: 553–563. 

34. Ori, N., Y. Eshed, G. Presting, D. Avov, S. Tanksley, D. Zamir and R. Fluhr.1997. The 12C family from the wilt 
disease resistance locus 12 belongs to the nucleotide binding leucine-rich repeat super family of plant resistance 
genes. Plant Cell. 9: 521–532. 

35. Pietro, A.D. and I.G. Roncero. 1996. Endopolygalacturonase from Fusarium oxysporum f.sp. lycopersici: Purification, 
Characterization, and Production During Infection of Tomato plants. Phytopathol. 86(12): 1324-1330. 

36. Pressey, R. 1996. Polygalacturonase inhibitors in bean pods. Phytochem. 42: 1267–70 
37. Salvi, G., F. Giarrizzo, G. De Lorenzo and F. Cervone. 1990. A polygalacturonase-inhibiting protein in the flowers 

of Phaseolus vulgaris L. Plant Physiol. 136: 513-518. 
38. Shanmugam,V. 2004. Role of extracytoplasmic leucine rich repeat proteins in plant defence mechanisms. J. 

Microbiological Res. 09-014 
39. Shieh, M.T., R.L. Brown, M.P. Whitehead, J.W. Cary, P.J. Cotty, T.E. Cleveland and R.A. Dean. 1997. Molecular 

genetics evidence for the involvement of a specific polygalacturonase, P2c, in the invasion and spread of 
Aspergillus flavus in cotton balls. Appl. Environ. Microbiol. 63: 3548–3552. 

40. Sweetingham, M.W., R.H. Cruickshank and D.H. Wong.1986. Pectic zymograms and taxonomy and pathogenicity 
of the ceratobasidiaceae. Trans. Br. Mycol. Sci. 86: 305-311 

41. ten Have, A., W. Mulder, J. Visser and J.A. Van Kan. 1998. The endopolygalacturonase gene Bcpg 1 is required for 
full virulence of Botrytis cinerea. Mol. Plant Microbe Interact. 11: 1009–1016. 

42. Toubart, P., A. Desiderio, G. Salvi, F. Cervone, L. Daroda, G. De Lorenzo, C. Bergmann, A.G. Darvill and  
P. Albersheim. 1992. Cloning and characterization of the gene encoding the endopolygalacturonase-inhibiting 
protein (PGIP) of Phaseolus vulgaris L. Plant J. 2: 367-373 

43. Westermeier, R. 2000. Electrophoresis in Practice, A Guide to Methode and Aplications of DNA and Protein 
Separations. 3rd ed., Wiley-Vch, New York.  

44. Zamani, M.R., M. Motallebi and M.A. Arefpour. 2000. Comparative study of polygalacturonase activity from 
different Iranian isolates of Fusarium oxysporum. Iranian J. Agric. Sci. 31: 293-302. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

41
.2

8.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
26

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.41.28.0
https://jstnar.iut.ac.ir/article-1-749-en.html
http://www.tcpdf.org

