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�� �������� ���� ������� ���� ����� � �� �! ���

�"�� ��# $��� % &��' (��)� �� � ��"� *	�+� ,�-" �� )�� ��� . '��/0

�� ��1�2�$1 3��!�1�2�� �� 4��/0 ��# �� 56�7 ��8�9# �!�  :��/���"

(DON)  ;��� <��1 �!Fusarium graminearum � ��/�1  =���

>��"� ���� ��$� ����� $?�  % �83�1�2�$1 �$�� ��� ��"���7  �8

� :�	� @$� � �� ��"��1 �"�� 1����!�� ��8 .3�1�2�$1  A�8 �� �8

 �%��
�� 3�B1%$C >�����$�L3 5����DC )!$� ��  ��E$1 �� ��$F�"�$1

3�B1%$C � �$�'�	E �8 ���! . �� =�G/�?� 3�� ��cDNA  3�B1%$C 4���!�!

 �%��
��RPL3 �E�' 4��' ��  H"$�(Lycopersicon 

esculentum)  �� I���� $��J1 ��  ����0���� �! ���K258  �� >����D�$1 ��

 ����0���� % 3�B����259 ��! $��J1 3��%$�1 �� 3������8 �� . PQE ����� >R

 �%��
�� 3�B1%$C G�
K >R % �"�'%�L3  �� S��7 ���� ��DON ) ����

>R  ��8pdr5  %ayt1 ( $�+�Saccharomyces cerevisiae  5-���

�"�� . ����� ��8$�+�RPL3 PQE  >R ����� ��8$�+� �� �
�" �����

 ����� �V! <�W� �� 3�B1%$C 3��8 G�
KDON 4�"� ���� ��  % "��

�"��� ������$� �$�V�� ��� � $� .����� � X�� ��8 ����� �"��1  ���" ��8

 �� &��' &%�-� &���� �G��1 ������ �� �� ���� Y�$K �� �	
�� ��������

��� ���% ����" ��Z�� 2��"R ��8 .    

 

���� ����	
��: �	
�� �������� ���� &��'=  �%��
�� 3�B1%$CL3 =

�� �!� :��/���"  
 

 

 

 

 

Fusarium head blight (FHB) is a disease that causes 

major economic losses in wheat and the other cereal 

crops production worldwide. Moreover, contamination 

of food with the trichothecene mycotoxin 

deoxynivalenol (DON) produced by Fusarium 

graminearum is a major health concern for humans and 

animals because trichothecenes are potent cytotoxins of 

eukaryotic cells. Trichothecene mycotoxins inhibit 

translation by targeting ribosomal protein L3 at the 

peptidyl transferase center. In this study, we modified a 

Tomato (Lycopersicon esculentum) cDNA encoding the 

ribosomal protein RPL3 so that the amino acid residue 

258 was changed from tryptophan to cysteine and the 

amino acid residue 259 was change from histidine to 

tyrosine. All version of the tomato RPL3 were 

introduced to DON-sensitive pdr5 and ayt1 mutant 

strains of Saccharomyces cerevisiae. When transgenic 

yeast were compared for growth in presence of DON, 

differences in growth rate and survival were observed 

among the yeasts expressing the modified versions of 

the tomato RPL3 genes, compared to those expressing 

the wild-type yeast RPL3 gene. These results could 

create a new field in developing FHB resistance 

varieties of wheat through genetic manipulation.  

 

Keywords: Deoxynivalenol, Fusarium Head Blight, 

Ribosomal Protein L3 
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 �� 2 0.4 � )����1�& (�56 3����6(FHB) �

7#8� 1 )9�0!1� :5; 3�+����6  <�#=  0.�> 1 ���

0��! � 7�?#� )@1�! �� �> � �� 2  	�A> 7�?#�

 (�1(Goswami and Kistler. 2004) . ��

 C��D 3����6 <�1 �E�� F��/ ��!� G�H! (�#IJ1

(�����9�KL�E�=��+Fusarium graminearum 

 (�1 ��� M�1�2(Brown et al. 2012) . <�1

06 3����6N�H/ 0.���0O.2 	�#J0!1� F�9*= � �+

)6 3�+ (��J P+�J Q/�6 ��#�,� � L4� �R!�

)� :5;����  3����6 �E�� C��D <� O�+

<��J�=�9��)� ��E�= )��+��E�= :S�TU� 0J � J

 31#6 1� ���EK 0.; 1 ��� 	1��@ � 	��!1 ���V
�1

 ����V
�1 �� )=59*� ��$�1 Q/�6 � ��#J NE���!

)� :S�TU� <�1 :1���W � M�#& ���

(Desjardins. 2006; Wagacha et al. 2007) .

<��J�=�9�� 1 )9� N� �G�4=�1 <�1 �� NA� 3�+

3�)�J1 �� E1��!(DON)  ��1�!�X 06 0J (�1

<��=�9�#= )9� 0J ��1� Y.Z= �+ 0Z��= F�1�/ 1

06 3����6)� 7��@ ��K(Mitterbauer et al. 

2004).   

 06 ���EK :5; �6 0�[\=DON  	1��!�>  ��

]#T� )� ��  J )6 ^>�� �!1�=  ���A�1 �)_�A
�1

 ��� `#� )
@ � a *=(Petska et al. 2005) . ��

3����6 0.�> 1 )Z��� :1#b1 ��! 	��!1 �)4T/ 3�+

)
@ � ) ��1 7�J#� 	�?#� ��1�� )X#6 �� 3�+

)� 3�> #6 1� M�1�2 ��c
�� ��1[2(Rizzo et al. 

1992) .  

<�=�9�#=F���
d� �J#� 06 ��T=1 �6 �+ 1#V�!1#=

���4��<��=�#� 1 )=����J�� 3�+ 3#�2�.> 3��

)� �  J(Fried and Warner. 1981)  #�8� ��

 )�1�!�!Saccharomyces cerevisiae  M�1�2

PA> 	e ���#20
&��06 31  ��!tcm1  ��$�1 �����

(��+ <�=�9�#= 06 (���H� . 3�Z6 :�ZE�f� ��

 )���4�� <��=�#� ��  J�J 	e <�1 0J �� g8*�

L3 �RPL3 (�1 #�8� �� �(Fernandez et al. 

1990) .<��=�#� <�E�1 1 )9� �<��=�#� <�1 )��+

)� �1#D ���4�� ��
X�� �� 0J (�1 1 )9� � �#�2

���� <��=�#� 0�F���
d� (�E�Z& (A> ��!

 (�1 31#V�!1#=(Noller. 1993; Green and 

Noller. 1997; Wagacha. 2007).  

0ZE�f� ��! :1��>�� <�6 �� <��=�#� ���

 )���4��(RPL3) L30 ��K���1 <�6 0�@�! �� � 3�+

240  �=260 (j�V@ ����6 <���� L� 31�1� ���

 (�1 ����4�� )Z�4? �#9.�/ (A> M��>� 0J

(�1 3��#k . N� 06 ��T=1 �� �<���� <�1DON  �

 #��\=  :��W �� 0J ��1� )���1 PH! 3����6 0Z��=

��c��> ��*
!1 � N� :1#b1  F6�H� �� ���2 ���T=1 3�+

 C��DF. graminearum F�U
�)� #= ���

(Harris and Gleddie. 2001).  

)��#6  0J �1� 	�*! 3#�8� ��� N
��� �� �+

 ��$�1 �<��J�=�9�� 06 ���H� 0��� F�U= F�E�

 	e �� )*A>tcm-1 06 �(�13��? (�ZD�� �� 0J

255  	�&�
d�#= <��c��> <��
��� �	K <��=�#�

(W225C) (�1 ��� (Schindler et al. 1974; 

Jimenz et al. 1975; Grant et al. 1976).  

06 31#6 (�� �K 06 ���H� 	�+��2 	��DON  	��6

PA> 3S�6 0
&�� 	e 1 3#�8� ���Z� 3�+  3�+

RPL3 (�1 ���6 #m!���� (8��1#= 	�+��2  �� . 	e

PA>  0
&��RPL3  ���2 06 PA> <��+ 31�1�

n�E�J 0J (�1 ��� ��+�*� � ��� FH
 � 	�=�=  �+

(�5��=�#� �  ��o@ �� (8��1#= 3�+DON 

�D � )�1�6 	���!1���! :�  0���H� �� 3#=S�6 )!��

(8��1#=#�; �6 )� 	�*! �+  � +�(Harris and 

Gleddie. 2001) . ��H
!1RPL3 0>�2 0J )c!#&

 PA> <��+ ���Z� )*A> 31�1�(W228C)  ���6

 06 1� ���2 3��2�� 	�=�= F��J ���2 06DON 

06 ��1 �1� P�1�&1��/ F�E� �� (!�=�� <��=�#� p�$=

 	�+��2	K �� )�_1� (���H� �(8��1#=06 �+  ��>�

 ����!(Mitterbauer et al. 2004) . <��=�#� 	��6 �6
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�� ���#6RPL3  3����6 06 (���H� P�1�&1 �� 2 ��

(�1 ��� M�1�2 �� 2 )����1�& (�56 

 (Di et al. 2010).  

PA> #�8� �� 	e <��+ �� 3#c�� 3�+

��� M�1�2(���H� P�1�&1 Q/�6 0J �!1  06 #�8�

DON )��!�� .PA> <�1 0.�> 1 PA> ��+

H259Y )<��#�= 06 <���
��+ ( (�1

)Mitterbauer and Adam. 2002 .( 	� J�= ��1

	e ��H
!1 #6 ) 4� )��1�2 RPL3  PA> <�1 31�1�

06 ]�#Z� PA> �1#�+W258C  )��#6 � #�8� 06

N+ :1#b1 ��*! 0_1�1 N+ �6 PA> �� )E��
@1 )�1�&1

(�1.  �� 0!�2�� PA> <�1 ��$�1 �6 �0ZE�f� <�1 ��

RPL30>�2 ���2 3  #�8� 06 ��H
!1 � )c!#&

 06 0.W�@ (���H�DON   PA>�� �6 0���H� ��

(�1 0
&#2 �1#D )��#6 ���� #c�� .0 �� 0ZE�f� <�1

 ]�+ 	�+��2 06 ��H
!1 (A> ^�� � 	e 7�8
!1 ��

(�1 .  

  

6�  � ������  

 1 ���V
�1 �6 1�
61 �� (�JRNX-Plus
 

TM
(Cinagen, Iran) �RNA 1 FJ  ���2 `#6

0>�2 ND� )c!#&Nun-hemz6108 �� q1#8
�1 .

<�1RNA   �
 � (A>cDNA  #2�;K 1 ���V
�1 �6

Oligo dT  n�9Z� )���!�� N��!K �

(Fermentas) M-Mul V 06 ���� �cE1 	1� /

(&#2 �1#D ���V
�1.  

e )E1�= 1 	Le-RPL3 0>�2 �� ��>�� )c!#&

L!�6 )�#
�� ����� �6 	eAY456411  31#6

 3�+#2�;K )@1#?Eco 603  �Xho 603  ���V
�1

���#2 .#2�;K )@1#?�#! 1 ���V
�1 �6 �+�1�&1Oligo 

(National Biosciences Inc., Ver. 5)  ��$!1

�� . #2�;K Eco 603 N��!K 31#6 M#6 ��c��> �>1�

EcoR I  #2�;K �Xho 603  M#6 ��c��> �>1�

 N��!K 31#6Xho I 0!���+ (A> �� 	e 	�#J 3��

 FD�!pTK2 )�� ��6 .#2�;K )E1�= ���� 3�+

 	e #�I9= (A> ���V
�1Le-RPL3 06 ��c��> �1#�+

 31#6 	e 3�A
!1 � 1�
61 )���!K EcoR I �Xho I  

06(�1 #� :��W:  
Eco 603 (F):  

AGAATTCAACAATGTCTCACAGGA

AGTTTGA 

Xho 603 (R): 

TTCTCGAGAAAGATCTTCTTCAGA

AATAAGCTTTTGTTC 
  

 rd�cDNA 3�+#2�;K 1 ���V
�1 �6 �

)@1#? )W�T
X1 N��!K � ���High Fidelity 

Expand Polymerase ���#2 #�I9=.  

(�� (A> )!e��
X�� 06 )6��RPL3 

W
258

C/H
259

Y PA> L� 9= 1 ��c��> �6 )�1

 g8*�(Site-directed mutagenesis)  ���V
�1

���#2 . 31�1� 0J #2�;K (V> �� ��m �  <�1 06

PA> 3�+Trp
258

Cys  �His
259

Tyr  F�9� � ���6

�!�� )@1#?  �� 
�+ N+ .  
WC/HY (F):  

GCTTGTATTGGTGCCTGCTATCCTG

CTAGAGTTTC  

WC/HY (R):  

GGATAGCAGGCACCAATACAAGCA 
  

<�1 #2�;K0!�2 06 �+ �� 0J �!�� )@1#? 31

 ��=��.J�!774 	K�+G   06C  ��=��.J�! �� �775 

	K  �+C  06T  �6 ) ��=�#� (��A! �� � ��6 0
&�� #��\=

 0!�2�� PA>W
258

C/H
259

Y )� ��E�=�� .  

 PA> <�1 ��$�1 31#6 1 �+cDNA  1 ���#�I9=

06 F4D 0.@#��� ���V
�1 �cE1 	1� / . �� P J1� ��

 3�+#2�;K 1 ���V
�1 �6 )9� 1#��.�Eco 603 (F) 

 �WC/HY (R)  3�+#2�;K �6 3#c�� �WC/HY 

(F)  �Xho 603 (R) 06 t�1��@ 0ZfD ��  (��

��K .06 �1�J #+ t�1��@ :�ZfD <�1  	1� /

 `��6 3�+#2�;K(Mega primer)  P J1� ��

�#�$! ).� 31 0J (&#2 �1#D ���V
�1 ���� 31#�

 	e 1 F��J 0ZfD ��E�= 06 #$ �RPL3  31�1�

�� 0!�2�� PA> . (J#� �� 0ZfD <�1MWG  �6 �
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 M��Di-deoxy chain termination  �6

��c
��  3�+ABI  �6 � �� )E1�= <��Z= L�=���=1

N+  �6 )V��� )E1�= LeRPL3 L!�6 �� ��>�� 	e �

PA> ��>� � )E1�= (UW  ����= 	K �� #m!���� 3�+

��. PA> 	e 0
&�� N��!K t��= 3�+Xho I  �

EcoR I   ��1� )!��6 FD�! pTK2 �� 3#�8� . <�1

	e 31�1� ����5�  3�+ß- lactamase  �Leu2 

06 06 )6�8
!1 3�+#c!�*! 	1� /  �� ^�=#=E. coli  �

 � ��=���#� <�6 #m!���� 0ZfD � (�1 #�8�

0�=�X   	e �� +�ADH1  )� ��1�  ���(Sanjarian 

et al. 2009)  .06 ��� (�� ��.� 06 1�
61 ���K  3�+

 �Z
��E. coli DH5α �� FH
 � . 1 	� ��?1 (A>

����5� ������.� FX1� 06 ^�J#=�! 3�+ 3�+

 ) .J M�� �� 1  �Z
��PCR  )���!K No+ �

�� ���V
�1 .3#
J�6 1 #m!���� ���  (8��1#= 3�+

#8
�1�� ���V
�1 #�8� )
8��1#= �� � ��� q1 .

=(8��1#E :�
�1 1 ���V
�1 �6 #�8� 	�#J�N�
  �

)=�1#@ u�� 1(&#�[� ��$!  (Gietz and 

Wood.2002) . � (8��1#= 3�+#�8� 7�8
!1

 #�8� �� )>��X 	e 0�>#= � )���!�� 1 	� ��?1

 (&#�[� :��W 	1��9�+ � 	��#$ � M�� 06

(Sanjarian et al. 2009) .	����+ 31#6 3��

#�8� ���= )��#6 (A> �+ <��J�=�9�� 06 F�U

DON  09E M�� 1 ���> (�.� 3�� #6 3�1[2

���#2 ���V
�1 .(m.; 1�
61 �� #�8� v.
8� 3�+ 3�+

(8��1#= �6 �����
X�� :��V
� 3�+RPL3 (A> �

(&#2 �1#D )��#6 ���� ��� )c +��+. <�1 31#6  ��J

) .J 1  3�+P�� �#�8� �� 0!�4� (*J ml5  t�U�

YPD  �Z6 �� � ���#2 0�A= p��� ml20  t�U�

 (*JYPD  t��= p��� ml5/0  (*J P�� <�1 1

�� x�H.= .) .J  06 	���� �= �+7/0=600OD  ��

 3���30 )
!�� 0>�� �!�� ��1� (*J �1#2 . <�1 1

(D� (*JF��� v.
8� 3�+  100 % �20% �4 % �

8/0% 2 0�A=���# . µl5  1 0fH! L� �� (D� #+ 1

t�U� (*JSC-Leu 09E ���>�� 3�1[2 . 1 r�

L*X09E 	�� 3��� �� (�.� ��+30  0>��

)
!�� 06 �1#2 :��7 0!�8�#2 �����#2 3�1[2 . �Z6

09E ��Aj 1  ���� (8��1#= ) .J #+ ��� 	1��� ��+

(m.; � )��#6 	K �� 0J )��+0
&�� PA> 3�+

v.
8� 06)� ��� 	��9� ��? �!�#J� 60 ��K (�� . 06

 ^�=#= <�1 R +K(8��1#= 3�+#�8� ���  �6 ���

��
X�� v.
8� 3�+RPL3 (X1� 9�3�� �� .  

0��� (���H� 	1��� )��#6 (A> (8��1#= 3�+

RPL3 t�U� 1 3�+SCGlu-Leu  3��@ 0Jppm 

40  �ppm 60  N� 1DON �� ���V
�1 ��!��6 .

(�.�06 �+  :��7 0!�8�#2 ��  3�1[2 1 r� � �!��

0��� ��� 	K v.
8� 3�+RPL3  31�1� t�U� ��

DON ���#2 0���H� #c��9� �6 . 1 ��#
 J 31#6

 �D�& (�.�DON �� ���V
�1.  

  

78� � 9����  

RNA 0>�2 ���2 1 )>1#8
�1 FJ  (A> )c!#&

 �
 �cDNA  0ZfD � (&#2 �1#D ���V
�1 ����

 ��m
!1����1200 bp 06  ��K (��) F9�1.( 

  

  
 F9�1-  	e #�I9=Le-RPL3 0>�2 ���2 1 )c!#& .1  �

2 : #�I9= 1 FW�@ 0ZfDcDNA  3�+#2�;K t��=

)W�T
X1 .M : #J���1Kb (Fermentas).  

  

 31#6PA> ��$�1W
258

C/H
259

Y   L� 9= 1

PA> #��\= ��=��.J�! � g8*� ��c��> �6 )�1 0
&��

1200 bp 
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 #2�;K �� )E1�= ��WC/HY(F)  �WC/HY (R) 

���#2 ���V
�1.  

 �cE1 0
�� 1 ���V
�1 �6 ��1 0.@#� ��  

Le-RPL3 )F4D 0.@#� �� ���#�I9=( 0ZfD �� �

 F�9� t�1��@bp400  �bp800  PA> 31�1�

Trp
258

Cyc  �His
259

Tyr  �!�� ��E�= . :S�TU�

 P J1� 1 0.@#� <�1PCR 3�� 1 g�.8= 1 r� �

06 ���2K �e  P J1� ��$!1 31#6 �`��6 #2�;K 	1� /

PCR  � 
&#2 �1#D ���V
�1 ���� ��T=1) F9�2.(  

  

  
 F9�2-  PA> ��$�1W

258
C/H

259
Y  	e 3�� #6  

Le-RPL3  1 ���V
�1 �6SDM .1 :��TU�PCR   0ZfD

bp 800 #2�;K �6 3�+ WC/HY (R) �Eco 603 .2 :

 31#6 )V � �#
 J1 .3 :��TU�PCR   0ZfDbp 400  �6

 3�+#2�;K WC/HY(F) � Xho 603  4 : )V � �#
 J

 31#63  .M : #J���1Kb (Fermentas)   

  
)E1�= (UW �� ��>�� )E1�= �6 0���H� �6 �+

L!�6 06 	e )E1�= 0.��� 0J �1� 	�*! � �� ����= )6��

)E1�= ��06 3�+ (�� PA> �A = ���K #m!���� 3�+

 (�1 ��1� |�) 	��J #��\=TGG  	��J 06TGC  ��

 PA>WC  	��J #��\= �CAT  	��J 06TAT  ��

 PA>HY ((�1 ��� }V@ 	e )E1�= 0�H6 �. 

0!���+  1 r� PA> 	e 3��  FD�! �� 0
&��

 )!��6pTK206 ��� � (�� 	�6��� �� 1�
61 ���K  

E. Coli 0!���+ �� 3�� . ) .J L�J �6PCR �

 ��� �6 ^�J#=�! ) .J� ~ )
8��1#=

RPL3W
258

C/H
259

Y �� ����= . (�.� 1 ) .J 0�

0J  1 r� � 7�8
!1 �� 
�1� 3#
*�6 �!�6 :��

 No+ F�/ ).��9= ����= (A> �����5� q1#8
�1

N��!K L�J �6 )���!K 3�+EcoR I  �Xho I  ��$!1

 ��) F9�3 .(  

  

  
  

 F9�3- ) .J 3#cE�6#; (8��1#= 3�+(DH5α)   

E. coli PA> �60
&��	e 3�+ RPL3 ) .J 1 ���V
�1 �6

PCR )���!K No+ �6 ��_�= � .3-1 : )���!K No+

��� q1#8
�1 3�+  1 ���E. coli  .M : #J���1Kb 

(Fermentas) �4 : �)V � �#
 J8-5 :) .J PCR  1

3#
J�6 ^�J#=�! 3�+.  

   

��� q1#8
�1 (8��1#= 3�+  (A> 3#
J�6 1 ���

06 #�8� )
8��1#= (&� ��J . 3#�8� FD�! � 0���

 )@1#? )W�X (&1#j �6 P���K <�1 �� ���V
�1 ����

����#2 �!106  � 3��? 0J  PA> 31�1� 3#�8� 0���

	e ��  3�+ade2 �ura3 �his3 �trp1  �leu2 ���6 

<�1 1 �1�J #+ 0J )� �+ 6 � !1�=0  )6�8
!1 #J��� 	1� /

60 �!�� ��J .	e  3�+ayt1 �pdr5  �rpl3 	e 0� �

<��=�9�#= 06 #�8� (���H� �� F�X� <�1 �� �+

 0���][@ ��� ��& (����@ Q/�6 0J �!1 ���ZE1  

<��=�9�#= 06 	K  0.�> 1 ��+DON )� ���. 	K 1  �>

 0JRPL3  �(�1 3��#k #�8� #�I9= � ��� 31#6

 (U= � 3#��#
!�� )E1�= :���$� �� 	K 	e

�1�  1�!1GAL   FD�! ��pZGA196 #6 0J  n��1

F��@3�+ (Yeast Replicative Plasmid) 

YRP 0!���+ �(�1 ��� )@1#? � ����#2 3��

 1   2   3  M  4    5   6   7  8 

1    2    3    
4  M 

800 bp 

 

400 bp 
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 1� <��=�#� <�1)� N+1#& #�8� 31#6�K�� . FD�! <�1

 31�1�Ura3 60  /(�1 )6�8
!1 #J��� 	1�   

) F9�4 - vE1.(  

 Q/�6 �
JS�2 31�1� t�U� �� #�8� (*J

 	e 1 )���!��RPL3 �1� (U=  1�!1GAL )�   ���

0�=�X �D�& ��1  	K 1 )���!�� � (�1 )���!�� �� +�

 3#��#
!�� )E1�= �=CEN4 )� 1��� 0�1�1 � J  �

1 Q/�6 <��+ ��J )� #��#
!�� 	��
&1 � ���  ��

 :����H= 3�
��)� (�� 1 FD�! ��Z
�  ���

(Barbour et al. 2000) . #J���Ura3  �FD�! <�1

#�8� <�6 Y�#V= 	�9�1 1� 	K �D�& � FD�! 31�1� 3�+

 �>1� t�U� ��5-FOA )� N+1#& ��! � J  

(Mc Cusker and Davis. 1991).  

  

 FD�!pTK2 ) F9�4- 7 (#c6�8
!1 #J��� 31�1� 

Leu2 #�8� 7�8
!1 31#6 0J (�1 �6 (8��1#= 3�+

)� ���V
�1 FD�! <�1 ��� .RPL3  (U= )>��X

�1�   1�!1ADH )� F9E1�+�!e��� (0!���+ 3��

 31�1� t�U� �� N+ 1� 	e 	��6 	�9�1 <�1 0J ���#2

)� N+1#& �J�.2 31�1� N+ � �
JS�2 ���K . )E1�= 1

0�=�X
X1 31#6 ��! 	e <��+ �� +� )���!�� ��


)� ���V
�1��� . #c6�8
!1 #J��� :��V=pTK2  �6

pZGA196 	�9�1 (�� 1 :�4b1 FD�! <
&�

pZGA196  �) .J 7�8
!13�+  FD�! 31�1�

pTK2� #�8� ��H
!1 )? 06 (8��1#= 3�+

t�U�  N+1#& 1� )W�T
X1 #c6�8
!1 #J��� 31�1� 3�+

)� � J.  

  

  

 
 F9�4- 06 3#�8� 3�+����5�  ��JP+�,� <�1 �� 0
&� .vE1 ( ����5�pZGA196  � (�1 ��>�� 3#�8� 0��� �� 0J

<���=  	e ��  JRPL3 (�1 	K 31#6 .�8
!1 	e 6 #�8� 31#6 	K #cURA3 (�1 .7 ( ����5�pTK2  )>��X 	e 0J

(LeRPL3)  #c6�8
!1 	e 31�1� � ��� 	�.J 	K ��LEU2 (�1 .  

  

 1) .J �+ t�U� 3�� ��#J ��� 3SCGAL-

Leu �8 ) .J  (*J t�U� 06SCGLU-Leu  ��#6

�!��. 5 	K 1 �= t�U� 3�� �+SCGLU-Leu 

����!�#J. ��� #�8� �J�.2 31�1� t�U� �� �+

 1 ���V
�1 #c!��6�1�  1�!1ADH1 	��6 (A> 	e

LeRPL3 ��6 #�8� �� .��/ 1 	� ��?1 (A> ��>�

 FD�!pZGA196 ) 31�1�RPL3 #�8�(� #�8� 3�+

1 (8��1#= t�U�  SC-Leu 06 SC-Ura  FH
 �

�!�� a��
! 0J �0.W�@ ��/ �� 1� FD�! <�1 ��>� �A =

1 )9� ) .J �+ �1� 	�*! .��/ t�U� 3�� ���SC-

Ura �*!	 ��>� ��/ �� +� FD�!pZGA196 (�1 .

��/ :�4b1 (A> �Z6 0.@#� ��  ����5� ��>�

pZGA196 t�U� 3�� 0J 3#�8� ) .J �  

SC-Ura  t�U� 06 ���6 ��#9! ���YPD+FOA 

URA3 

PGAL1/GAL10 

 

Yeast RPL3 

 CEN4 

pZGA196 

!"� 

2µ ori 

Amp
R
  

PADH  

LeRPL3  

TADH 

LEU2 

pTK2 

# 
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�� FH
 � .5-FOA (5-Fluoroorotic acid) 

���� 	e 	��6 <��Z= (A> 0J (�1 31Ura3  ��

06 #�8� )� ��J��� . 	e 31�1� #�8�Ura3 )�  �!1�=

FOA )�J1����.& 06 1� L� 0J � J F��4= <������

)� ��.� 31#6 )�� ^�J#= ���6(McCusker 

and Davis. 1991) .	��+ F9� �� 0J ��?4 

 ����5� �A = �(�1 g8*�pZGA196 	e 31�1� 

Ura3(�1 . ����5� <�1 #m!���� ) .J #21 �<�1#6� 6

���6 0
�1� 1�)�! � ��o@ �� �!1�=FOA  � J ���

 ��o@ �� ��� )E�FOA 	�*!��/ �� +� 	e 	��6

Ura3 (�� 1 0$�
! �� � ����5� 	�1�

pZGA196 )����6 .#6� 6 <�1 06 F�U= 	��K ��

DON  1) .J #�8� 1 )��+ (8��1#= 3�+ ���V
�1

 0J �� t�U� ��SC-Ura �#9! ��� ��@ <�/ �� �

 0J	K ��� �+ t�U� ��YPD+FOA  (4I� ��!��6 .

 0
4E1) .J 1  t�U� 3�� #6 ��#J ��� 3�+FOA 6 0

PA> F�E� 1 1 � �*! ���V
�1 ���� <�1 	��6

) .J 	���+ 3�+  t�U� ��SC-Leu ���V
�1 ��. 

M��  :��D P$ � 31#6 )V.
8� 3�+

(Z!��� 1 <��=�9�#= )2�  J  ��� �1�61 #�8� ���

)� 0.�> 	K 1 0J (�1 �1�!1 06 	1�=  3#�2

	� � !�� )��+#
�1��� ��
&� #��\= �)4�! ��� �L*X

(*J t�U� �� (Boeira et al. 2000) P$ � �

��.� �1�Z= �#J ����1 3��! 7[> �6 �+ (Engler et 

al. 1999) . #6 #�8� )4�! ��� #k�@ P+�,� ��

���> (*J t�U� 3��� (&#2 �1#D )��#6 ����.  

)c +��+ (A> R +K (8��1#= ���  3�+

v.
8� 3#�8� )F9� 5 ((D� 1v.
8� 3�+  (*J

 �6 p���1=OD600 #�8� 31#6(8��1#= 3�+ �6 ���

LeRPL3 � )Z�4? ��! ��! 0
&�� PA>  3�+

W
258

C  �DM (W
258

C/H
259

Y)  ���#2 ���V
�1

)F9� 5.(  

  

  
  

 F9�5- 	����+#�8� ��� R +K 3�� 3��@ t�U� 06 ��H
!1 (A> �+DON .WC :

(8��1#= #�8�  �6 ���LeRPL3  PA> 31�1�W
258

C �DM :(8��1#= #�8�  �6 ���

LeRPL3  v/�o� PA> 31�1�W
258

C/H
259

Y� WT :(8��1#= #�8�  �6 ���Wild type 

LeRPL3.  
  

  

  

  

WT 

WC 

DM 

25  % 4 % 8/0 % 
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06 a��
! n��1 #6 (��  1 �	��K <�1 1 ���K

(8��1#= #�8�  �6 ���LeRPL3 )Z�4? ��!  �

PA>0
&��  W
258

C/H
259

Y  (D�25 % 1 �

PA> 0
&��  W
258

C  (D�100 % 06 ��H
!1 (A>

 3��@ t�U�DON �!�� 7�8
!1.  

(�.� 0���H� �6  3�+YPD  �D�&DON  31�1� �

DON (D� t��= 0J  3�+#�8� v.
8� 3�+

09E (8��1#= ��6 ��� 3�1[2�! ) F9�6(�  g8*�

(8��1#= 3�+#�8� 0J ���#2 PA> �6 ��� 0
&��  3�+

DM )W
258

C/H
259

Y(� W
258

C  �LeRPL3  ��!

 )Z�4?06  06 1� (���H� <�#
*�6 ^�=#=DON  	�*!

)� � +�.  
  

  

 F9�6- t�U� 09E (*J 3�+ 3�1[2  �6 ���(D� 3�+ (8��1#= 3�+#�8� v.
8�  �6 ���0��� v.
8� 3�+ LeRPL3  . t�U�

  	��6DON )(�1� (��(�   3��@ t�U�YPD+ 30 ppm DON  )�~ (��(� WC : #�8�(8��1#= �6 ��� LeRPL3  31�1�

PA> W
258

C �DM : #�8�(8��1#=  �6 ���LeRPL3  v/�o� PA> 31�1�W
258

C/H
259

Y  �WT : #�8�(8��1#=  ����6 

Wild type LeRPL3.  

  

0 ��K���1 �� #��\= <�� ~  3�+RPL3  #�8�

��� )���� � )� 0J �!1  ��=� & ��$�1 Q/�6 � !1�=

���H�( <��=�9�#= 06 �!�� �+ .PA> <�1  �� �+

V@ ����6 0Hf ��j(0 ��K���1 <�6 ���  3�+240  �=

263 ���6 �!1 (Mitterbauer et al. 2004) �� 0J �

P+�,� <�1 	K ���Z� �+ ��RPL3 0>�2 �HE1 )c!#&

���#2� ��� N��!�2�1 06 � #�8� 

(Saccharomyces cervisiae)  FH
 ��!�� .  

Sanjarian et al. (2009) 0J �!�1� 	�*! � 1

#�8� 	���(8��1#= �(8��1#= 3�+ 31�1� 3�+

 PA>W
258

C  ��RPL3�  (���H�3#
*�6  (4�!

06 PA> PA> �>1� 0
&��W
258

R � 

W
258

R/H
259

Y  06DON  	�*!)�� +� .

PA>  PA> �>1� 0
&��W
258

R  ���� �� 06 (4�!

 �#c��06��6 ��� � J :���  0.��� <�1 F�E� 0J

)� ��/ ��!1�= <�1 )�1��J �J#� �� <��=�#�

F���
d� ��/ �� 1#V�!1#=  �� p�$= �� 	K )��!1�=

^�#8= �� � ���4�� 	K p�#� 	�����6 . #�8� <�1

 3��@ t�U� �� 7�.f� (���H� �D�&DON ��6. 

09 �1 <�k 1� (8��1#=>PA> � 0
&��H
259

Y 

(���H� #
�J 06 (4�! 3W
258

C �1� 	�*!.  ^E�>

 0J (�1 0>�= a��
!06 G�6#� �1�!1  (���H� 3#�2

	�=�= )4�! (8��1#= 3�+ �6 ���RPL3 PA> 0
&��

W
258

C� (Harris and Gleddie. 2001; 

Mitterbauer et al. 2004)  ��! �PA>0
&�� 3�+

W
258

R � H
259

Y (Afshar et al. 2007)� 

1       25      %4    %8                   %./8    %./4     %25    %1   

WT 
 

WC 
 

DM 

 



  ��96K 	1��9�+ �: #�8� 1 ���V
�1 Saccharomyces cerevisiae (A> ...  21 

��1� 3�+ G�6#� 06  �� 0.W�@ (���H� )��#6#�8� 

 t��= 0JSanjarian et al. (2009) 06(�� ���K

��6 )� ����= 1� J#� .09 �1 <�k  3S�6 	��6RPL3 
)Z�4?�  06 F�U= P�1�&1 ^>��DON )�!  0J ��

<�1 #c!�*! 0
9!  ��$�1 N�H
�� ����� 0J (�1

F�U=� <��=�#� �� ��>�� PA> RPL3 (�1 . <�1

)��#6 �� ��k�� ���� ��! ).4D 0
&#2 ��$!1 3�+

 (�1 0
&#2 �1#D ��J�=(Harris and Gleddie. 

2001).  0ZfD 	��6 0J ��1� ��>� ��! )=���1�2 0
4E1

99 0 ��K���1 3�A
!1 1 31N  <��=�#�RPL3  #�8�

 06 (���H� ��$�1 Q/�6 (8��1#= 	�+��2 ��DON 

)�  	e <�1 3S�6 	��6 06 1� ��k�� <�1 0J ���

�!��1� (4  �!1(Di et al. 2010).  

	K 1(�� �]�+ 0J �> xf� <�#
*�6 06 )6��

#�8� <�6 �� � ��6 (���H� �)Z�4?  ���H� 3�+

PA> )!1�1#& ��! 3�+W
255

C  �� �H
256

Y  #=S�6

06 ���6)� #m!PA> 0J ���� 0
&��W
258

C/H
259

Y 

���6 3#
*�6 (���H� 31�1�  .06 �� ��m � <��+

�@ 0ZE�f�PA> (���H� 	1��� �#k v/�o� 0
&��

W
258

C/H
259

Y PA> � )Z�4? ��! 06 (4�! 0
&��

W
258

C (&#2 �1#D )��#6 ���� . a��
! n��1 #6

06 (�� PA> ���K  	1��� <�#=S�6 ��J[� 0
&��

 <��J�=�9�� 06 (���H�DON  ��! 06 (4�! 1�

PA> � )Z�4?  ��! 0
&��W
255

C �1� 	�*! . �#6

��.� �� (���H�)� #�8� 3�+ #b1 1 )J�@ �!1�=

 06 )���4�� <��=�#� �� PA> �� <�1 )*�1�&1

DON 08�! #��� 06 (4�!PA> 3�+���6 0
&�� .

PA> �:1�+�*� <�1  0
&��W
258

C/H
259

Y  1�

06  ��D�1 �� (���H� 3�HE1 31#6 )4�� � ���!�J 	1� /

)� )&#Z� ��� 2 n��@��!�� .:��V= 0
4E1 ����6 3�+

06 �A = ��K��J L� �� #��\= F�E� �� ��  |� 0 ��K���1

)�!  ��k�� <�1 0J �+�)�  �!1�= :�ZE�f� �� �� �K

���#�2 �1#D #m!.  

�#&���1 �S��
@1 v.
8� 3�+RPL3 )�  � !1�=

 06 (���H� ��UE 1 )=��V
� :��W�TX

<��=�9�#= �  J ��$�1 �+ .06  <��+F�E�� )��#6  3�+

 PA> <�#=��V� � <�#=1��J 7�8
!1 ���� �� )�1�
61

 �� :1��>�� ��! ���� 	�=�= � #�8� � !�� ���

	K 1 r� �= (�1� ��� �� 2 )
8��1#= 06 �1�D1 . 

 

� �:;��<� 

	���� <�1 )�� ���J 0E��� 1 )
��D 0��!  ���1

(�1 ��1 ��!��c! . ).� ��c*+�,� 1 	�2�!��c!

)�� A� (�� � L�
!e  3��� &) �#?159 ( #
&� �

3��9�+  31#6 3��A�> (���� ��A! 3��� & 3�+

0 ��+ <���= ���
X1 �� � �e�#� <�1 )�1#>1 3�+ 

)� )!1���D :�!�9�1 0�.J 	��1[2 � ���! . 1 <� O�+

 3���*J :�H�HU= �J#� 1 �1�K ���+#2 ���&�#�

���
X1 �� 31#6 �<�� � 0��� 	��1[2 FD�! � 3#�8

 3����5�)� )!1���D � #9*=��#2. 
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