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Rhizomania is one of the most important Sugar beet 

diseases throughout the world. The disease is caused by beet 

necrotic yellow vein virus (BNYVV). The Polymyxa betae 

(Keskin) is the only natural transmitting agent of the disease 

between the plants. The fungus is an obligate parasite and 

could not be cultured in the media, then detection of fungus is 

done normally by microscopic observation. In order to 

facilitate detection process, present study is done to develop 

specific antibodies against this fungus by applying 

recombinant protein. The Glutathione-S-transferase (GST) as a 

specific immunogenic protein is a critical enzyme expressed in 

zoospores, sporangia and resting spores and could be a good 

candidate to develop a serological test for P. betae. For this 

aim, the DNA region encoding fungal GST gene was isolated 

and cloned into pET28a bacterial expression vector. Large 

scale expression of the recombinant protein was performed in 

Escherichia coli (Migula). Purification was carried out by 

applying immobilized metal affinity chromatography under 

native conditions. The purified recombinant GST protein was 

used for immunization of rabbit. Purification of 

immunoglobulin was performed by affinity chromatography 

using protein A column. The purified antibodies were applied 

for efficient detection of infected plant in serological assays. 

 

Keywords: Suger beet, Rhizomania, Polymyxa beta, 

recombinant protein, antibody 
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 6
�7 18�Polymyxa betae  4
�89# *��#
��
	�
 �# 4�:�; Plasmodiophoromycetes *�# 

 ��9� &�# 	�#�!�; �-��3 1< %�,�< 1:
(Chenopodiaceae) +� ���)���� . 
�< >���?!

 ���
� >�@�:1964  *��#
�� #� 0 1< #
 6
�7 >�#
��! � +���� � � 7
� CD 1,�
 �%: 4
#E3(Keskin, 

1964) . �F9 %��G%� �# 6
�7 >�# �# 1/�9���
#� �H�� 
� %�H +I��� 4�@�	�� J
#�3 *�# (Putz et al. 

1990; Biancardi et al. 2002)�  #%�# 
� �
 ��� 
� 	� ����#1375  1< 6
�7 18� ��9�
Polymyxa betae  ���# � 7 
� CD M
#�� �# #

�%: J
#�3 N
�5 . J%��3 �# #%�# 
� 6
�7 >�#

+� 
#�
�;%< +O��� 
�,�!# PQ� � %< 	�R0 � ���<
� �# 4
���< 
� +��F G 1< 4
���< SI�� � 7
� CD M
#�

 �
#� ��9� ��!(Gharooni Kardani et al. 

2009) .N�%�� T7�! 6
�7 >�#  U�G�%@! 4�
� 4�-
� 7
� CD V%83
1� 7
� CD �%8:�; N�%�� �2 �

� 7
� CD �%8:�; U�W#��� N�%��3  N�%�� �Q 
� 7
� CD4 +�  ���<(Meunier et al. 2003) .

 T��0 � 7
� CD V%83
 U�G�%@! 4�
� N�%��
1,�
 4
���<  +�� 3)��!�����#
 (
� CD 
�*�# � 7 . >�#

 ���X� 4�-
�Y�# �< 	#%�- 1,�
 �# Z
�; 
� N�%��
 6
�7P. betae	��IH [
�7 � �# \�< #
 ��; +3�  :

15 +� ]&^ ��� � :(Abe and Tamada, 

1986) .  
 � 1< 	��IH �-��3 +���� � *���X� +<���
# 
�_

�
`S�R� 1< *8�! �-P. betae  S���� U� 1< ���!
 a�#%� 
� �!#��< �G �
#� P�7� +,2 � � +b�?,G
 �# +:�!# #��� 4#
#� 1: #
 +!�-��3 �	��IH 4�- c�;

����! +���� � #
 � ��- T7�!(Asher et al. 

                                                                     
1. Beet necrotic yellow vein virus 

2. Beet soil born virus 

3. Beet soil born mosaic virus 

4. Beet virus Q 

2002).  [#�-�,� N��# %< +��@��%@�� J�

# 4�-
�Y�# S�X��� 	��3 *5�< �
� +�^#%��T�I� 1< 

 �# 6
�7 >�# d�?,G e7#�� +;%< 
� �*�
��! f���!
6
�7 %���
� CD 1,�
 
� ��9�� 4�:�; 4�- #
 � 7

+� T@,� ���� . � : �G �T@,� >�# e5
 4#%<
J�
  %< + �8� +I�@I�� g/�?� 4�-PCR 

(Mutasa et al. 1996) � h�%�  +'�b�;# 4�-
(Ward and Adams. 1998) *�# 	�� 	��&��#. 

+/0 J�
 >�# 4i�< +�H
�: Sj
  6
�7 +���� � 
� �-
 >��OG 
� +��!#�G ��0 �F!H 	��0 *����)� �T7�!

%�j �� 	�!� +� 6
�7 ��< 	�!����< .J�
 4�-
 � +���� � 4#%< ���%� [
�' 1< +@�`�I�%�

4
���< *�%���
#%7 	��&��# �
�� +-��3 4�-      
+��!%�3. >��G�%� %��: 4
#���� T�I� 1< 1< *8�! �-

DNAJ�
 � *�/<�7 +@�`�I�%� +b�?,G 4�-
�!
#� #
 6
�7 ��< 	�!� �� � 	�%� >�< ����G . %< 	�R0

 +�: +<���
# *�/<�7 #��I# +@�`�I�%� J�
 �>�#
 1< 4���! J�
 >�# �# 	��&��# � �
#� ��! #
 >��G�%�

#�! +-�k,����H 1�5%,�� [#��F2G�
 . a��G >� l�-
J�
 >�# %��: ��� 
� � %�,�< +3��� � *7� �< �-

+� ���! +<���
 #
 6
�7 >�# #�G(Mutasa-

Göttgens et al. 2000).  */0 1< ���9� >�# �<
 *,: *�/<�7 ��0 6
�7Polymyxa �# %m�� 	��&��# �

J�
  H +���� � 4#%< U�`�I�%� 4�- � ����!
 >�O� >��G�%� U� >��OG+ ��#+� #�  
� 1: ���<

 
�n^ 6
�7 +3�!� 1;%D +@�`�I�5
�� T^#%� +���G
���< 1��#� . *�# 	�� d?,� [�X�X)G N��#%<

��G�G�/3 >��G�%� 1: -N#- �#%&�!#%G(GST)
5  
�

 �
#� ��9� i�< %���X� 
� 6
�7 +,��
 [i�^ +���G
(Kingsnorth et al. 2003) . 
� >��G�%� >�#

S��!�@� �5� 4�- �
#� +�#�� 1< \X! �<��� 	��3 +0
(Asher and Kerr. 1996) .  

                                                                     
5. Glutathion-S-transferase (GST) 



   �#$!%&'#
�@�- �: �# 	��&��#  4#%< o�:%G�! >��G�%� 4`�I� @G1�FG ...  3 

+�!H ��I�G p�%,G 1< P�X)G >�# 4��<  4�-
 o�:%G�! >��G�%� �# 	��&��# �< +'�b�;#GST  4#%<

 � 7
� CD 
� ��!�����#
 4
���< T7�! 6
�7 +<���

+� ��#�%� .  

  

�� B�# �  ��-  

 �!"#$ �%"�% ��&'
����  


� CD 1!��!� 7  1< 	��IHP. betae�  10
�� �#

� CD +,����H 4�
��,: [�X�X)G �:%� 
� e7#� � 7

 N
�5 ���#)�7
� (���%3 1�FG . 1!��! +3��IH ����G

�Y�# +��@��%@�� 	�-�,� �< 
�<�� +�^#%��# 4�-

*5%�E� [
�' 	��IH �-��3 1,�
 
� T7�! . >�# 4#%<
U,�
 �
�_ � hH �< #��<# +8!�9 4�- 1��� %qX�

S��������:�
��- 
� � 	�� 10 [�� 1< �'
�30 

 �%qX� hH �< ��2� �,��� �# �O< � �� 1��#E3 1X�7�
�F!H  � 	�#� 
#%7 �i 4�
 ��%��/3 	%q7 U� 
� #


�< s�@��%@�� %�� 
� 1!��! +W�� 3
�< X 40  4#%<
�� +�
%< 6
�7 4�-
������� 	�-�,� .  

 (�)*+,�RNA ���� ���- 	� ./  

 Z#%?��#RNA  *�: �# 	��&��# �< T:RNA 

easy plant mini kit (Qiagen, UK)  19�G �< �
1,�
 �# 1Q�<%� T�OI#
���� 1<
� CD 	��IH 4�- � 7

*5%3 [
�' . 	�-�,�RNA  �< 	���%3 Z#%?��#
*5%�E� [
�' ��
�3H �` �# 	��&��# . >��OG 4#%<

*_/jRNA  %����5��@Y�# s#
��!�! �# +9#%?��# �<
 4
�! hE9260  �280  uY� � �� 	��&��# %���!�!

4��� 
� 1!��! 80- +�!�� 19
� 4
#�Fk! �#%3
���%3.  
0+�,cDNA 	� RNA ) 
��"%�)' ��2)�3"�4�(  

 �� �cDNA  %��#%� �# 	��&��# �<oligo dT 
*,-  *�: � +��Giscript TM cDNA 

synthesis kit (Bio-rad, USA)  N��# %<
*5%3 ��2!# 1Q�<%� *:%� T�OI#
���� . >�# 4#%<

 
�_ �1  �# �%3�%@��RNA  	#%�- 1< 	�� Z#%?��#
4 %5�< %��I�%@��x iScript Reaction Mix 5 �

 S��!HReverse transcriptase  ���/:�! �7�5 hH �
���%3 v�/?� .h��G�%@��  %/@�����%G 	�k��� 
� �-

(termocycler) (Eppendorf, Germany)  �
 �+���� 
���G5  1X�7�C

°25� 30  1X�7�C
°42 �5 

 1X�7�C
°85  � %;H 
�C

°4 �!�� 	�#� 
#%7 . ��b)�
<1  �	��H *��cDNA UG 1��
 w���X��� �4#  4#%<

\ :#� PCR ` 4���#�9 � GST  	��&��# �
��
*5%3 
#%7.  

 �6 �	�, �%����  �	�,��7 8)�9�'GST: 

 �# 	��&��# �<cDNA <1  �T87 1/^%� 
� 	��H *��
	%�2!� \ :#� ���H�#%��/� 4# (PCR)  �# 	��&��# �<

 +'�b�;# 4�-%3��jHGST *5%�E� ��2!#.  +^#%Q
 +^#%Q 1��!%< �# 	��&��# �< +'�b�;# 4�-%3��jH

 %��#%�(Vector NTI, Invitrogen)  >� l�- �
U!�< 
� ��9�� [�0RQ#  `NCBI (Acc. No. 

AJ132355.1) '*5%�E� [
� . \ :#�PCR  
�
 S2^50  T���5  %5�< %��I�%@��PCR )X 10( �5/2 

 %��I�%@��MgCl2 )mM 25( �1  �# %��I�%@��
dNTPs )mM 10( �1  �
 \�� %3��jH %��I�%@��

(5´CAACGTCGACAAGGGACCAAGG. 
TCAATGC 3´)  �1  �
 u� %3��jH %��I�%@��

(5´CAACGCGGCCGCTTATTTTGGAC. 
CGGCTGC 3´) �5/0  %��I�%@��) 4��^5/2 

�^#� ( S��!H �#Taq DNA Polymerase �1 
 %��I�%@��cDNA  � oI�738 hH %��I�%@��  %qX�

�� 1�FG . 1��!%< �< %/@�����%G 	�k��� 
� \ :#�
 T��� +����5  
� 1X�7�C

°95  �35  �1;%DC
°95 

1<  [��1  �1X�7�C
°55  4#%<1  �1X�7�C

°72 1<  [��
1 � 1X�7�30 
� +��F! J%��3 1/^%� � 1�!�m C

°72 
1<  [��10 �� ��2!# 1X�7� .��b)� PCR  �` 4�


 �
�3H1 % %5�< �< 	#%�-TAE(1X) (40 mM Tris-

acetate, 10 mM EDTA)  `��I� �< �100 
�� �
�5�%�@I# .�
�� �!�< ��b)��#  �` 4�
 �# %_!

 d�/?G *�: �# 	��&��# �<DNA  ��
�3H �` �#
(Roche, Germany)  1Oq7 � *5%�E� [
�'
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�
�� ����R� �
#� %_! pTZ57R/T ���%3 . uY�
 4%�:�< 1< +G
#%^ c�� J�
 �< ����R�E. coli 

 1���DH5α *5�� ��X�!# .+ /: *��F! 
� 4�-
J�
 �< %_!�
�� ` 4��^ ��&� + /: ��<%j- �+<H

 �< %�z@G � +���!H Sn- �����R� Z#%?��#PCR 
�!���%3 +I#�G >��OG � h�?�!# . %< ����R� Z#%?��#

4%�:�< +���/7 o�%?G 4� 8�  �-(Sambrook et al. 

1996) *5%�E� ��2!#.  
;�<')� ��#"'  ���- GST�)+/�- �!  

+I#�G �# �O< ����R� 4���#�9 *F9 +<��
*�: �# o�:%G�!High Pure Plasmid Isolation 

Kit (Roche, Germany) �&��# Sn- � ���%3 	�
S��!H a��G +���!H4�-SalI  �NotI *5%3 ��2!# .

< ��b)�1 *�� %< 	��H �� 4���#�9 �
�3H �` 4�
 .
+!��< ����R� �
#� %_!�
�� ` 4��^ 1Oq7 

pET28a )>������- +��G \� 1I�8!� 4#
#� ( � ��
 4%�:�< 1< uY�E. coli  1���BL21-de3  TX� �

���%3 .1!���- ` ��<�� a�#%� *)G 	�� 4�
 %�� [
�' 1< `��: *:%� T�OI#
���� P8Q +O�8Q

*5%�E� ��2!#.  
 a�)� 
� o�:%G�! ����R� 4��^ + /: U�

 *,:LB broth  �G �� 	�#� 
#%7 >������!�: 4��^
OD600  1< H6/0 ��%< . �# 4%�:�< {�XI# 4#%<
IPTG +/�� U�  
�FD [�� 1< +��F! S2^ 
� 
i��

 %@�� � *0��28 �� 	��&��# N���/� 19
� . 

=#�> ?�/)'"% ;�<')� �	�,  

��/� 4���#�9 #��<#  ��2!# �< 4��%�:�< 4�-
 
� `�5%��!��g 4000 1<  [��20  [
�' 1X�7�

*5%�E� .1G >�,!1 1<  
� 1!�8� [
�'20-  19
�
�� 4
#�Fk! N���/� . o�%?G +I�/� 	
#���

J�
 �# 	��&��# �< 4%�:�< �@G %< + �8� 4�-  �#�
1< ���� ��# �1,�� [#
| 	#%�-# S��!H � +G�' Z

T�OI#
���� 1< 19�G �< S�����I  ��9�� 4�-
                                                                     
1. Pellet 

(Ausubel et al. 1995) *5%�E� [
�' . *F9
 #��<# �>��G�%� Z#%?��#��/� u@G
� U�: �< �- 
�

5 +/�� %��I	�  :��I %5�< T^ H 	
#��� uY� �  �< �-
+!�� J�
 *�: u!�!��
 [
�7 �<75  � �'
�

H ����@�5R�Y�5/0  
�6  T@��1X�7� U�  4#) �<
 *^#%��# T'#�530 1�!�m4#  4�
 T@�� %- �# u�

}�(�  o�%?G�!��. ��/� 4�-o�%?G 1< 	�� [��
30 ��l?� `�&�%�!�� 
� 1X�7���� �< 
#�4 4  19
�

+�!��� �#%3 �< 10000  1X�7� 
� 
�� `�&�%�!�� �
dI�; *F9 +��
 ��/)� �� 4���#�9 4��� .

dI�; +8�:%G T�� +5#%3�G���%: J�
 �< 4���
T@�!2 *5%�E� ��2!# . � ��< 1/^%� ����G

dI�; +/� �` a��G >��G�%� 4���T�%:#  4��^ ���H
S��� �� T��� [�&I�� (SDS-PAGE)  *5%3 ��2!#

(Ausubel et al. 1995) . >��G�%� *._/j >.��OG
<1 *_/j 1/���  �%� �
#�!���# >��G�%� d?,� 4�-

4��3 >���8IH3 (BSA) �� ��2!# .*_/j  4�-5/3 �
75/1 �875/0 +/��+/�� 
� �%3%��I �# BSA  ��! �

*7
 4�- 2:1 �4:1  �8:1 �! >��G�%� �# o�:%G
�
�� +/� �` �# 	��&��# �< � 	�� 1�FG %_! T�%:#  ���H

)S:#%�� �` �# o:%�  �'
� 
�FD 	�  :8/6 pH  �
 �'
� 	��#�� 	�  : ������ �`8/8pH  ( >��OG

�� *_/j.  

���� �	�, @"�)>  

+ ��# *F9 4� I���! 	��� J�3%; �� �#  +�#�
���%3 	��&��# .P�
�G +���G 1< �-  +!Rn0 [
�'

)1l�-�� T;#� ( *5%�E� [
�'(Yinghai et al. 

2007) . 
#�X� ��# P�
�G 
�100 �%@�� 
� �%3
+/��  >��G�%� �# %��IGST  �< 1: 	�� ��I��� o�:%G�!
S-�!�%5 T��: *!#�9# \�2^4  ��< 	�� v�/?�

�� 	��&��# . �# u� ��� P�
�G14  �< ��
100 

                                                                     
2. Immobilized Metal Affinity Chromatography 

(IMAC) 

3. Bovine Serum Albumin 

4. Freund complete adjuvant  
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+/�� 
� �%3�%@�� S- �< 1: >��G�%� �# %��I \�2^
�!�%5 d7�! *!#�9#1 *5%3 ��2!# ��< 	�� v�/?� .

 T'#�5 
� �O< P�
�G 
�FD10 *5%�E� [
�' ��
 .
�; P�
�G >�%;H �# �O< 1�&- �� �# +��F! 4%�3

1I�I �# 	��&��# �< J�3%; o/7  4�-Venoject 
�` �� ��2!# 
#� .�; e�9 4�- 1< 	�� 4
�H  [��

� ~�G# 4��� 
� *0�� 
�FD  
�FD 
� o� U� uY�
���/� 19
�� �5%3 
#%7 N .1< T'�^ �%�  1/���

� `�&�%�!�� 3000 1< 1X�7� 
� 
��  [��15  1X�7�

#�9S��XG �# u� � 4��� h��G 
� ��  
� �-20 - 
�!�� 4
#�Fk! N���/� 19
�.  

���� ;��4' 
+%$ A),  

	
�� T��@G �# u�+ ��# 4 ��2!# � +�#�
�; 1< 4%�3 +�!H 
��0 >��OG 
�_ ��%�< 4�-1 �� *

�HJ�3%; �# 	�%�j #��i# \2 � ��- 
� S�X���
*�/�  4�-96  >��G�%� �< 	�� 	�#� \��� +@-�D

 o�:%G�!GST ) *_/j �<10 +/�� 
� �%3�%@�� %��I (
�� ��2!# . ��/)� �# 	��&��# �# u� ��O< T^#%� 
�

 	�  : �����PBS 1X-Skim milk  ��'
� ��
*7
 4%�  4�-1:512  *7
 �G1:262144 %� �; �

+�!H 1< ��bG# *F9 �!���%3 	��&��# ` . �!�<
+�!H +3�!�� 4��<-+�!H +�!H �# 	��&��# �< `  4��<

�,! 1��!�m  ��G�&�5 >�I�@IH S��!H �< 	�� 
#�(goat 

anti-rabbit, AbD-serotec, UK)�  [
�'
*5%�E�. �O< 1/^%� 
� 	���  1 ���4-T� 5�%��!  [�&�5

U-�D 1<  	���5# �- �# �O< � ���%330  #��� 1X�7�
 
� 
�! hE9405  #��i# �!#�; 	�k��� a��G %���!�!

�� 	�!#�; .+& � �%� : 1!��! %<#%< �� �# \�< hE9 
�� +X/G *8z�.  

dI�; +�!H 4���4��< �%� [����)� %��� �# �-
+/���G +5#%3�G���%: J�
 �<2  ��� �# 	��&��# �< �

 >��G�%� 4��^A (AbD-serotec, UK)  P8Q �

                                                                     
1. Freund incomplete adjuvant  
2. Affinity chromatography 

*5%�E� [
�' 1Q�<%� T�OI#
���� .  
��# �"�	$ �BC% ���D� ��3  

1< +�!H �%:
�: +�
%< 
�_ �  +���� � 4#%< 4��<
1!��! 1@I ���H �	��IH +-��3 4�- 1qX! 4
#E3 4# 

*5%�E� [
�' . #��<# 
�_ � >�# 4#%<4  �# %��I�%@��
1< 	��IH �-��3 	
�b0 	%�#� 1@I [
�' T@� 4#

�� 1��#E3 �I�/��%��! �,j 4�
 . 1/^%� �# u�
+�!H a��G �,j ��%:����� �( 4��<GST  Tb��

 *0�� �� �# u� � 	����� ��G�&�5 >�I�@IH 1<
 *�%��<��(NBT/BCIP)  %5�< 
� 	�� 1�FGAP 

(Tris-HCl, pH 8.3 25mM, Glycine 

92mM, Methanol 20% v/v) �� 15�(# H 1< .
 �# u�10 7�hH a��G �,j 1X�  ��9� � 1��� %qX�
��0 �� 1@I ��9�*5%3 
#%7 +�
%< �
�� �-.  
  

C/���  

 �","+��, ������P. betae 

  
�n^ �# +:�^ +��@��%@�� [#�-�,�
 +�^#%��# 4�-
�Y�#P. betae 1,�
 
� �-��3 4�-

��< 	��IH .�!
 ��2!# �# u� �-
�Y�# >�# 4���H  1<
 �!�� 	�-�,� e��2� [
�') T@�1.(  

  

 
T@� 1-  4�-
�������Polymyxa betae   

� 7 
� CD 1,�
 
� 	��IH.  
  

(�)*+,� RNA  )�9�'  ���� 	�cDNA  

Z#%?��# RNA  1Q�<%� T�OI#
���� �# 	��&��# �<

                                                                     
3. Dot-blot immunoassay 



6     *��� +,-�$� . +�/0 1/2� ����� � ����� ���� 	
��� ���� ��� +0#
� �-��3 4
�� 51391  

���%3 �
�5�%�@I# +��F! ��b)� � *5%�E� [
�' .
 4�-�!�< 	�-�,�RNA  �
�3H �` 4�
 %< +����8�


 Z#%?��# 
� *�X5�� �# +:�^RNA +� +-��3���< .
 *_/jRNA Z#%?��#  �s#
��!�! 	�k��� a��G 	��

360/2  4
�! hE9 *8�! �< � %��I�%@�� 
� �%3�!�!
280/260  %<#%<96/1 �,! 1: �� >��OG  	� -�

 4i�< ��/;RNA ��< . 1�FG 4#%<cDNA  �#
RNA � l�- � dI�;1?�! S��!H >  4
#�%<

 %��#%� � N�@O�oligo dT ���%3 	��&��# . ��b)�
<1  �� � �# 	��H *��cDNA 1<  4#%< oI�7 #� 0

 ` 4���#�9GST���%3 	��&��# � .  
�%�����6 �	�, GST  �!E.coli  ��",DH5α 

�%���� ��0�'  ��  

 ` 4���#�9GST 	%�2!� \ :#� a��G 4#
 �#%��/�)PCR ( oI�7 	��&��# �<cDNA  4�-%��#%� �

 4�
 %< +��F! ��b)� � *5%3 [
�' +'�b�;#
���%3 �
�5�%�@I# ��
�3H �` . �# +:�^ 1Q�<%� f���!

%�z@G � 4���#�9 1Oq7 ���^ 
� 4#600  ��< *&9
��< . �` 4�
 �# ��b)��# �# u� 1Q�<%� 1Oq7

T7�! �
� pTZ57R/T 1!���- 	��� � ���%3 4���
�<%� 1��� 
� 1QDH5α  4%�:�<E. coli  %�z@G

���%3 .+ /: h�?�!# ` 4��^ 4�-GST  J�
 �<
 4��^ *,: a�)� 4�
 %< +<H ��&� + /: ��<%j

X-gal *5%�E� [
�' .�/:  ` 4��^ 4�-GST 
 + /: ���H �# 	��&��# �<PCR �!�� h�?�!# .

���H ` ��9� +���!H Sn- +/��@G 4�-GST  
�
+ /: >�#  �-�!��!��
 [�8m# 1< #
 . 

�%����  F!�)' ;��4' ���- .G�% �! �	�, 

` ��#%G >��OG GST 1!���- 
�  1/'�^ 4�-
 T7�! +'�b�;# ���
��!�� 4�-%3��jH�# 	��&��# �<

 *:%� a��GMWG-biotech  [
�' ��IH
*5%�E� .1Oq7 ��9� �# +:�^ ��#%G >��OG f���!  4#

 ��Q 1<560 ��< ��G��/:�! . �< ~�5 ��#%G 1���X�
��#%GU!�< 
� ��9�� 1<�,� 4�- ` NCBI  �<

 1��!%< �# 	��&��#BLAST  ` >�# 1: �#� �,!

 ���� 1<�,G) ���^99 (% ` �<GST 6
�7 P. betae 
` +!�F9 U!�< 
� ��9�� NCBI (accession 

No. AJ132355) �
#� . 1���X� >�# >� l�-
 ` ��#%G ���! d?,�GST  �< 1���X� 
� 1/'�^

U!�< 
� ��9�� ��#%G  	
��� 4�-��G��/:�! �7�5 `
271� 273  �292  *F9 
�´5  1<´3 +� ���<

)T@�2 .( �G ���%3 �0�< �-��G��/:�! 
� �E^ >�#
 1��
 ��Q 
� �!#�; 
��:DNA  
� � 	���! %��CG

+/� ��#%G *��F!  
� 1/'�^ ���Y�5  [��&�� ���#� ��H
 ���<) T@�3 .(  

 ` ��9� ����G �# u�GST  ��2!# � 	��� 
�
��#%G >��OG� 1!���- ��< T7�! 
� H 4��� 

pET28a S��!H �# 	��&��# �<  [
�' +�%< 4�-
*5%�E�.  1��� 1< 1/'�^ 	��� uY�BL21 4%�:�< 
E. coli �� TX� �.  

?�/)'"% ;�<')� �H�I ;��4'  ��#"'  

 >��G�%� ��I�GGST  +���%�:�< �<��� 
�
<1  a��G ��< {�XI# %m# 
� � o�:%G�! [
�'IPTG 

 
�G���%� *)Glac *5%�E� [
�' . T^#%� +Q 
�
dI�; � ��< g/�?� 1!��! �>��G�%� 4���  +��-

 >��G�%� �
�5�%�@I# +Q �!�
 >�# � 	���%3 *�#�%<  
SDS-PAGE  � �5%3 
#%7 +�
%< �
��) T@�4.(  

 dI�; � ��< f���!  o�:%G�! >��G�%� 4���
GST �<��� 
� >��G�%� >�# o�� � ��< �# +:�^ �

; � +���%�:�< 	�� dI�; 	���H 
� H 4i�< ��/
+� ���< .o�:%G�! >��G�%� ��GST  ���^ 
�5/25 

���%3 >��OG ��I#� �/�:.  
 o�:%G�! >��G�%� #��� >��OG 1< v�<%� f���!

dI�;  dI�; o�:%G�! >��G�%� ��I�G �# +:�^ 	��
GST  #��� 1<16 +/��  a�)� %��I U� {#�# 1< �%3

+� +���%�:�< *,: ���<. dI�; �# u�  4���
1< >��G�%�  
� ���#����# 4i�< %���X� ��9� T�I�

 � 	���H 
� 	��� >�# �E^ 
�_ � 1< dI�; 	���H
 T�0 �#��^ 
� +�#� + ��# T�87 �# 4�O< �
�b�

 %5�< 
�n^ 
� ��I���PBS *5%�E� [
�' . [#�-�,�
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 ��2!# �# u� 1: ��< >�# �# +:�^ +��@��%:��
dI�; �0 S2^ �4��� o�:%G�! dI�; >��G�%� 	�

1< +� 
#%7 \����H 1I�I >�W�� 
� h��
 [
�' *5%3 .
1<  >��G�%� *�IR^ \�#�5# � T@,� >�# e5
 
�_ �


���G �%5�< 
� o�:%G�!  ���5# T�87 �# +&/�?� 4�-
 %���X� 1< ���#����#10 -20 +/��  
i��(Hamilton 

et al. 2003) 
� %5�< �# 	��&��# �pH  1qX!

#P�7
 >� l�- � U�%�@I#���  dI�; >��G�%� 4���
(Treuheit et al. 2001) ���%3 ��2!# . +��F! f���!

 �>��G�%� *_/j \-�: �4%;H 
���G *�X5�� �# �,!
��< h��
 T�@,G �# >���: 
� . *_/j *I�^ >�# 
�

 dI�; >��G�%� +��F!GST  #��� 1<5/0 +/��  �%3
+/�� 
�  �# � �� 	��!��
 %��I �4�O< �
�b� 4#%< H

+ ��# ���H � +�#� ���%3 	��&��# U�`�I�%� 4�- .  

  

  
 T@�2- S- g��
  4��G��/:�! +I#�G 4���GST  +!#%�# 1�#�9P.betae   

 	
��� 1�#�9 �<AJ132355.1  ` U!�<NCBI 
  



 ����� � 1391  

  

 +P. betae   
 


+%$ ���� ; ��J ��#"' �!�-  

 �< 4� I���! ��&� 	��� J�3%; 
 o�:%G�! >GST *5%�E� [
�' .

+�!H  �; �4��<  T^#%� 
� 4%�3
+ ��# %- �# �*5%�E� [
�' +�#� .

+ ��# 1/^%� %- 
  ��2!# �< +�#�
 +& � �%�)P�
�G �# T87 ( 18��)�

*7
 4%� 
�_ �   4�-1:512  �G
 *�/<�7 � 	���%3 1�FG �; �%� �

 �1Q�<%� ` +�!H �GST  �o�:%G�!
���%3 +�
%< S�X���%�j . >�%;H

 *8z� \ :#� 4#
#� 1: 	��&��# �

1< #
 � +�!H 
��0 #� 0  %_! 
� �%�

�!#�; f���! ��
�� >  	�k��� 4�-
 �# \�< T7#�2  �%� : 1!��! %<#%<
P�
�G �# T87( ���< .+�!H 
��0  �%�

 ���1:80000 ���%3 >��OG)T@�5.(  
�!�-  

+�!H +5#%3�G���%: J�
 �< 4��<
>��G�%� �# 	��&�� A  4%�:�<

*��� +,-�$� . +�/���� � ����� ���� 	
��� ���� ��� +0#
� �-��3 4
�� 5

  

 T@�3- g��%�-  4���#� ��H +I#�G 4���GST  +!#%�# 1�#�9
 	
��� 1�#�9 �<AJ132355.1  ` U!�<NCBI 

 
 >��(SDS-PAGE)  �# 1/'�^

 o�:%G�!GST  �<��� 
�
 o�GST  +���%�:�< �<��� 
�

 1I�8!� 1< Tb�� o�:%G�! >
���%3 dI�; +/���G +5#%3�G� .

  �o�:%G�!2 : dI�; >��G�%�
 ��
#�!�M : + ��G�%�%:
��

PageRuler™ Unstained 

(Fer.  


���� %$ ���� ;��4'  
��	

+ ��# �3%; 
� +�#�
�:%G�! >��G�%� �# 	��&��#

+�!H 
��0 >��OG *F9
 %- �# �O< � T87 g/�?�

+�!H 
��0 � %- 
� 4��<
& � �%� 1!��! �< 1���X�

���%3 .
�_ � >�# 4#%<
 *7
1:262144  �%� �#

` +�!H �< H +3�!�� �!�<
 S���� 
�X���%�j #��I#

+�!H *7
 �&��# �
�� �%�
+�!H �< +� ` 1< #
 ���<

�� 1�5%3 .��
�� >�# 
�
�< T7#�^ ���< 
��
 #��I#

 +& �)G �# T87 �; �%�
<1 *��  ���^ 
� 	��H

=#�>
+%$ �	�,�!�-

dI�; +�!H 4���
	��&��# �< � +/���G

M        

25 kDa

66 kDa

8     � . +�/0 1/2�

 T@�

  

T@� 4-  >��G�%� �
�5�%�@I#
dI�; o�:%G�! >��G�%� 4���

+���%�:�<.  o�:%G�! >��G�%�
:%G�! >��G�%� � 	���%3 ��<

5#%3�G���%: J�
 �< >������-
1 : dI�; >��G�%�GST 

BSA 1< ��
#�!���# #� 0
Unstained Protein Ladder 

(Fermentas, Germany)

M        1       2
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Staphylococcus aureus�(Zhang et al. 

1999)� *5%�E� [
�' .+�!HdI�; 4��< 	�� 4���
` 4�
 %<+/� �T�%:# �� U�@&G ���H . +@� �!�< ��

 1�^�! 
�25 �/�: � U8� 1��
 1< v�<%� ��I#�
 1�^�! 
� 4%k��50  1��
 1< v�<%� ��I#� �/�:

 ���%3 	�-�,� �>�k �) T@�6.(   
  

 
T@� 5- +�!H 
��0 >��OG1!���- � D 4��<< 4#1 *�� J�3%; �# 	��H + ��# a��G 	�� +�#�GST  ���H �# 	��&��# �<

S�X��� %�j #��i#.  o�:%G�! >��G�%�GST )µg/ml10 (\��� 4#%< U-�D �#� �� 	��&��# #��I# 4�- .*7
 4%�  4�-512 
 �G131072 J�3%; �# 1/'�^ �%� + ��# 4�-  ��bG# *�/<�7 4#%< P�
�G �# T87 �; �%� >� l�- � 	�� +�#�+�!H  1< 4��<

+�!H ���%3 	��&��# ` .+�!H 4��< +�!H a��G 	�� �!�< 4�-  4��<GAR
AP ) *7
5000 (\�� 
�n^ 
� �  +���� � +���!H ���

�!�� . Z�� ��Q 
� 4
�! hE9 	�k��� a��G #��I# \ :#� �!#�;405 S�! �# u� %���!�! *5%�E� [
�' *0�� .  
  

 
 T@�6- dI�; >�I�<�/3�!���#  	�� >��G�%� ��� a��GA .+�!H 4��^ �; �%� 4��<  ��b)��# *F9 +'�b�;# 4�-

dI�; � >�I�<�/3�!���#  >��G�%� 4��^ ��� 4�
 %< H 4���A ���%3 	��&��# .dI�; *)' � ��/;  4���
 �
�5�%�@I# 4�
 %< >�I�<�/3�!���#SDS-PAGE *5%3 
#%7 +�
%< �
�� .AbdI�; >�I�<�/3�!���# �; M
�� � >��G�%� %:

PageRuler™ Unstained Protein Ladder (Fermentas, Germany).  
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��# ���D� �BC% �"�	$ ��  

*F9 G�+'�b�;# ���+�!H \ :#� ��< 4��<  4�-
1!��! 1�/0 %< 	�� ��I�G ���H �	��IH +-��3 4�- 

1qX! 1@I 4
#E3 �� ��2!# 4# . +:�^ ���H >�# f���!
+�!H 4i�< *�/<�7 �#4��< U�@&G 
� 	�� ��I�G 4�-

+� 	��IH �# SI�� 1!��! ���< )T@�7.(  
  

  
 T@�7- 1qX! ���H 1@I 4
#E3 4# . *�'�b�;#

+�!H dI�; 4��< 1!��! +���� � *F9 	��  +-��3 4�-
1qX! ���H �# 	��&��# �< 	��IH 1@I 4
#E3  +�
%< �
�� 4#

� �5%3 
#%7 ��W�G � . �,j 4�
 %< 	��IH +-��3 	
�b0 #��<#
1@I �I�/��%��! +�!H uY� � 	���%3 4
#E3  dI�; 4��<

 S��!H 1< Tb�� ��G�&�5 >�I�@IH) *_/j1:1000 ( *F9
+�!H 1< ��bG# ���%3 	��&��# ` . \ :#� ��2!#

+�!H 4��<-+�!H  #
�� [#%��<�� 	��� �# 	��&��# �< `
���%3 4���
�@�H [�&�5 T� 5�%��! .  

  

D2� 

+�!H ��I�G 4#%< 4�-%3
���< 1�/0 +'�b�;# 4��<
6
�7 T�87 �# �+-��34
���< 4�-�; 	
�b0 �#� dI

1��
 �� � *5�<  4
�%( `�!���# #� 0 1< 6
�7 4�-
+����< .6
�7 �
�� 
� */0 1< �4
�89# *��#
�� 4�-

S-#%5 �*,: a�)� 4�
 %< ��
 *�/<�7 ��0  �
�H
dI�; e<� � + ��# *F9 6
�7 	�� T@,� +�#�

+� ���< . �
�� 
� >�#%<� <6
�7 P. betae 1<  #� 0
 U�� 4
�89# Tk!# 6
�7  U� >��OG �1��
 �7�5

 +���G 
� ��9�� +'�b�;# `�!���# >��G�%�
*I�^ +� 4
�%( �6
�7 +@�`�I�5
�� 4�- ���< .

��G�G�/3 >��G�%� -N�#-1< �#%&�!#%G  U� #� 0

*I�^ +���G 
� ��9�� U�`�I��< 	�
�H%5 4��
 4�-
 +�^#%��# 4�-
�Y�# � ���$!#
�Y�# �
�Y��W� T�87 �#

�7 `�!���# 1:1< ��! 4 +� 
��� +� ���
 U� �!#�G
 >�# +���� � 4#%< +8�� � 1 ��3 ���< 6
�7

(Mutasa-Göttgens et al. 2000).  
 o�:%G�! >��G�%� P�X)G >�# 
�GST 

 6
�7 +'�b�;#P. betae +�!H ��I�G 4#%<4��< 4�-
*5%3 
#%7 	��&��# �
�� 6
�7 1�/0 +'�b�;# . f���!

 1���X� � ��#%G >��OG 
� ��9�� ��#%G �< H
U!�<  `(acc. nr. Aj132355.1)  ��9� �# +:�^

+� 
�:E� 4��G��/:�! ��#%G 
� �E^ ��0 1� ���<
� ��H 
� %��CG 1< %2 � 1:���#	
��� 4�- 4�- 100 -

95 *�# 	���%3 . ���� 1<�,G ��9� �# +:�^ f���! >�#
` 
� 4�-GST 1�#�9 
� 1!�3 >�# #
 1Q�<%� 4�-


#�� . >��G�%� 
� #�#%5 1<�,G ��9�GST 1<  T�I�
*_5�)� +^#�! ��9�  >��G�%� >�# �
� 	��

+� ���< .[��
�:�%� +���G 
� >��G�%� >�#  � �-
[��
�:�� \X! 4#
#� � �
#� ��9� �-  
� +���# 4�-

\ :#� S� 4�- +� ��/� �
� +�#�� � ��< 
(Udomsinprasert et al. 2005; Asher and 

Kerr, 1996) . 

 o�:%G�! >��G�%� ��<GST  +���%�:�< �<��� 
�
dI�; �  1< %2 � T@�! ��� �# 	��&��# �< H 4���

 ��I�G16 +/��  %��I U� {#�# 1< dI�; >��G�%� �%3
�� +���%�:�< *,: a�)� . �# +:�^ 1�I�# f���!

 � �#%5 T��@G �# u� 1/'�^ >��G�%� h��

dI�; ��< 4��� . �# 	��&��# >��G�%� >�#) 4#
#�
h��
 (+ ��# 4#%<  ��I�G 1< %2 � J�3%; +�#�

+�!H ���%k! i�< %��G �< 4��< . ]&^ ���I 1< 19�G �<
+ ��# 4#%< >��G�%� +O�8Q �%5  *�/<�7 ��0 � +�#�

 4�-
���G �	
�# T�87 �# �	� -�: �#�� �# 	��&��#
 4%k�� �# 	��&��# ����#����# �# 	��&��# T�87 �#pH 

P�7
 � U�%�@I#���#  >�# e5
 4#%< >��G�%� 4���
���%3 #%9# TnO� . *�/<�7 �# +:�^ 1/'�^ f���!

 h��
 T�@,G �# >���: 
� �>��G�%� *_/j \-�:

1              2                3             4           5 



   �#$!%&'#
�@�- �: �# 	��&��#  4#%< o�:%G�! >��G�%� 4`�I� @G1�FG ...  11 

��< . dI�; >��G�%� +��F! *_/j *I�^ >�# 
�GST 
 #��� 1<5/0 +/�� +/�� 
� �%3 �� 	��!��
 %��I. 

Treuheit et al. (2001)  *_/j >�< 1q<#

 � �!�#� 
#%7 +�
%< �
�� #
 h��
 #��� � >��G�%�
 T�@,G \-�: 
� >��G�%� *_/j >���: +�H
�:

�!���! ����G #
 h��
 .+�!H 1�FG �# u�4��<  4�-
	
�b0 �# 	��&��# �< �8�� *�G f���! �dI�; 	��IH 4�-

6
�7 1< P. betae  >�# �# 	��&��# *�/<�7 �# +:�^
+�!H ��<4 +� 	��IH �-��3 +���� � 4#%< �- ���< .

 �# 	��&��# *�/<�7 ���� ��! +/87 [�X�X)G f���!
+�!H ��I�G 
� o�:%G�! >��G�%� 4`�I� @G 4��<  4�-

+'�b�;#    1<  
�_ �   +���� �    6
�7 4�-   �I��  
  

4
���< +-��3 4�-  +� ���<(Peschen et al. 

2008; Kingsnorth et al. 2003).  
  

�#�.E"�F"  

 �# +���� + ��# � +<�%@�� 4`�I� @G��< \?<
 \?< �#%�# 4�
��,: 4`�I� @G��< 	�@,-�$�

N�%��  +-��3 +�� �1����  +@��� 	��3 [�X�X)G
4
���< \?< �
�,:  +-��3 +�� �1����  [�X�X)G

� �R'# 
� CD 
E< 1�FG +&�: �%� : \?< �� 7
1���� �%� � >�:#� [�X�X)G 4�#
 4���  �


�! ���� 	�k,!#�  >�# [�!�@�# �
�H S-#%5 4#%<
+� +!#�#
�7 � %@,G P�X)G ��%3.  
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