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#� ���$� %��!"� &� '�( �
�)
��� ��*� �
 �+
��*, -��� �� ���.  .�/� ��#� �
 '�( 
� ���	 �0�� 12�/

 ��
���� 3  1	� �4	.  +� #�*��40٪ �5
��� ��*� �
 &4� 67	 %��!"� ��$8 9�) �
���� ��
 :��+ . :��5;

-�< �7� =��	� =� �� =*�
 ��
 >��	 =� ���	 ?�@� �
�) A��#) 1B� =, ��� 9��� ��*� �CD ?�@� ��
 ���E #

�#�F�� -
�G ���	.(Amtmann et al., 1997; Roberts and Tester, 1997; Tyerman et al., 

1997),      ��#� 0�� 1$8 
� :���5��� ��H�� 1�4	� 1	� �4	ID���	 ���	 12�/ (Kingsbury and 

Epstein1986���� ��
  9�5
� >�J���� �
 >���,  ��K� +� ����    L+,k2+ca�55��� &4, ���	 ?�@� =� . 9�I<�

 #F�� ��$ ��	 1M�@E 
� ����@�� ��
 %J� �5�N
 ���	 >�J��� O�P�� #�*�� =, ���	 ��
 9�5
� >�J���

�
 1"�� #	�#	� �
���  9�$<� ���	 1�4	 #��#� 
� .��
�� �55��� &4, ���	 �4B� =� =, ����@�� ��
 �N�����

Q
�( =� ���	 %�D :�����(DuPont, 1992; Shi et al., 2002) >��	 9
��P� �H���� =, �4��	 :������

�5)�K�� �5�N
 �R�,�� �(�� =�0(Blumwald and Poole, 1985, 1987).    4
 -�J�JB� #�*�� :�5S

 =, ��� 9��� ��*� #�(� ����� ��0�T =�G�" %
�, =��	�� ���	 �4B� �H���� ������� ���	 ?�@� �4	ID ��*/

 ��) �
�) ��
 U#�	� +� >�<" ��
 1"�� �!�5	��" 1M�@E VW�� :��#��5�� �)�� �
 X#� =� ���	0(Ma¨ser 

et al., 2002a; Berthomieu et al.,2003) 
 =, ��
��� ���	 >�J��� ��
 �� %����D �� ��� �$� �
��4

��5, �� 
�#� �
��� ��*� �#��
��� �
�) ��
 U#�	� >�T 
��
 �N����� 9Y�� �.  

�
 �R�,�� �(�� =� ���	 9
��P�  


��� ��
 >��	 +��4� �
��(�	 ��Y�� &�� �  ��8� ��
 !� ��� 1	� �
 �R�,�� ���*/ ���� X
!� ��
 14N�

 =, � �� =� >�J��� =� �� �R�,�� ��*/� ����4�)��� �H���� �
�) ��
 
�*"� 1B� ���	 9+���� +� %�� 9
��P�

:����� �Z =��	�� 9�)Na1/H1 ��*�� #H5� ��R�,�� ��*/ 
� �) !,#4��(Blumwald and Poole, 

1985, 1987).:�� �Na1/H1  �
 :�� =, 1	� �
 �R�,�� �(�� =� ���	 �#�� 0�� �H���� ��
 #�
�D ����



�
 �R�,�� ����#D .�) =��	��  ����#D =��	�� 1	� 9�) ��H�� ��*�� 1���
ATPase �R�,�� -type)—v  =,

�5��� ���	� �
 ��R�,�� 9#@E0  

#�
�D ���� �� &� �"#<� =� [�ND�����
� ��� =*J� � ���+/H+Na �
���AtNHX1 �5  X� �4


AtNHX1�5��� 1���
 [�ND�����
� �"�Z�0(Apse et al., 1999; Gaxiola et al., 1999; Yokoi 

et al., 2002).  

AtNHX1 X� �4
� 3 +/H+Na) =�!��#	 !N���
�,�	 #�
�D ���1×Nh9�����(�(NHX [��F �N����K
 
�5	

1	� �
 ��N���0 ����AtNHX1 cDNA#4�� Nh×1�5��� ���, �
 �
�) 1�	�NE ^���5" =�"�� %$8 

(Gaxiola et al.1999),0  

 !,#4� �*/ ����4�)���AtNHX1  =� =�N��� �5�_��#D �����/+Na A	��AtNHX1 �� �0�� ��
 =��*� ��

1	� 9�) 9��� ��*� [�ND�����
�0 AtNHX1-overexpressing  
� �
�) =� `��J� ^���5" [�ND�����
�

 ^�� �� =N��J�1	� 9��� ��*� �
 �*E�0 �
�) A��#) 1B��Na��� 9�) 9
��P� ��
��� 
� �#�*��0  =�$�

 >��K� =, � �� �� '
��� ��#,+/H+Na 1��4E 
� 1	� �
�) �4B� ��#� �$� 
��,�" &� 1	� �
 �R�,�� 
�

 �
 =�"�� :�� +�T-DNA  ��
��� 9�) 
����*�AtNHX1  �*E� ^�� �� =N��J� 
� �
�) 1�	�NE %��!"� &�

�
��� ��*� �
0 (Apse et al., 2003).  =��	�� �
�) 1�	�NE =<	��AtNHX1-overexpressing 

 ��� 9�) 9�
�*� !�� =8��� ���	�#� 
� :�5S4
 :��� ��� 9�) 9���(�#"(Lycopersicon esculentum; 

Zhang and Blumwald, 2001; Zhang et al., 2001).  X� �4
 &� a�#� 
� :�5S4
Nhx1 �"#<�

1	� 9�) (Oryza sativa),:�5S4
 � OsNHX1 1	� 9�) 9��� ��*� �
�) %��!"� �4B� &� a�#� 
�0 

(Fukuda et al., 2004).0  

 =,�
��� ��*� -�< �7� :��overexpression  ��R�,�� :�����Nhx1  =� ������� =, �5��� �
�#" �#K<� &�

�5, &4, �
�) =� `��J� ��
��� b
�#D0" ��25�� ���� c����� =, ��� 9�) 
����D -�< �7� :��5;� Ĥ1 

AtNHX1 �5��� !� ��� �
0 =��	�� 9�) 1T�	� ����#D ��	��D >�<" >��K�AtNHX1  9�IW ��� 9�) 9��4$"

 >��K� #�+/H+Na ��
 >���!�� ��*/ 
� +� 9�) �!H�overexpressing-AtNHX1  #4��� ������ ��
���

(Zhang and Blumwald, 2001),   9�) =�@P� ��
 `�+�e�  
� ���H��AtNHX1  �
�� ��8�

(Venema et al., 2002; Fig. 1). 
� +� 9�) ��8 ��
 >���!�� ��*/AtNHX1 =�"�� %
�, %$8 ��!��



 �$5� =� 1Kf� ����#D 1@8 >�J��� !�����D ��#� :�5S4
 ���	 ��#�.1	� ��) 9��� ��*� !�� ��	 (Apse et 

al., 2003) =, �55��� ��$5*�D 9��� :��AtNHX1 �5��� &4, ��	��D 9
��P� =�.  

 >�	 
� ��
��4
� �;������2003  =����D gCE =, ����� 9�#, b
�!�C +�AtNHX1��#� 0�� .K	+/H+Na  

 >��K� a�
 %
�, VW�� ���� +/H+K 1	� 9�)  

Qiu et al. (2004')  ��
 >��	 +� 9�) = �!�� >���!�� ��*/ 
� 1Kf� ����#D >��K� =, ����� 9�#, b
�!�

>�J��� [�D� ����
� 9�) 1*,/+Na   #� �, 
��J� &� =��+Li >�J��� `�W� +K.�5
��� ��*� �
  

  

 ��)1  

���4	ID ��*/ +� ��	��D Q�#(  

%$8 9�F��8 �
�) 1�	�NESOS �
 ���#� %���+� ?�� [�D�����
� 
� �
�) �4B� ��#� �$� +��,�" ���5<�

��� 9�) �"#<� ���	 
�hE 
� 9��R�
 =���8 =*�
 ����4( %
�,0(Wu et al., 1996).   



 9�F��8sos1 sos2, and sos3 ����� 9��� ��*� �
 �� ��25�� ���	 >�J��� #i�0 ��
��� �P@� ^���5"

sos1 2 �	 
��)� �+ ��Y����� =�(  ��
��� ���) 1�	�NE >��sos1  9Y��+LI�+Na  1	�0 ��
��� `��

sos1 1	� j��� ��	��D ��
 12�/ �, -����B� �� =5��+ ��
 �)
 =, �5
��� ��*�0  

 ��sos1  -
�D ����+/H+Naj��� =����D 
� ���*/ :�4
�+��� ��
�� =,N =����D `� &��C &�N��K"�
��


 �55��� �, �
 1	�0 (Shi et al., 2002; Fig. 1). =, ���*���+� 
�P� #� �5K�SOS1-GFP  9�) .�,#�

 A	�� �
 >��	 ���4	ID ��*/ ��� 9�) �5�� %�D �����SOS1  �5)�� 9�) �#�� g�
0 (Shi et al., 

2002; Fig. 1).   ��
 #�
�D ����+/H+Na Q�#( 
�+Na ����� 9�) �H���� ����#D ?�@� =��	��0  

 ��SOS2  =��	�� =, �5��� �
�C� �, �
 �+�5�, :_��#DSOS3  1	� 9�) >�<"0 (Halfter et al., 

2000).   

SOS3 =, �5��� �
�C� �, �
 �F5��5��� :�_��#D ��N�,   ��    SOS2�<"��) �
�� >�<@��� Qiu et al. 

(2002)   >�<" >��K� =, 1	� 9�) 1��i ����4�)��� 
�7�+/H+Na  ��
��� ���4	ID ��*/ 
�  , sos1

sos2, and sos3  1	� =�"�� %
�, �*E� ^�� �� =N��J� 
�0    

 =�0�<" .�,#� 9�I<� �5;#
  SOS2 9�) 1"��+�� >��K�� �) &�#B�� �
�F*���+� A�B� 
� =�"�� %$8 +�5�, 

+/H+Na  ��
��� 9�) = �!�� ��
 >���!�
� sos3and sos2  ��
��� 
� � � �) 9�
�*�sos1 �*� 1"��  

(Guo et al., 2001; Qiu et al., 2002). ��
��4
 :�� #� 9�IW Quintero et al. (2002 ��N�	 #4�� 
�

SOS  .�,#��� ���#, -�Ki�� �5�"�� 9�) >�J��� =,+Na �  sos3and sos2  =��	�� sos1 ��*�� ��25�

0 �� 
� =, �5��� 1���
 � �� =� a���� :��sos ���) =, [��e4, &� =��	�� sos2k5��5��� :�_��#D � +�5�,  

 ��N�, sos3 1	� �<�KT A�B� 
�0  

 =, 1	� 9�) b
�!� sos2 >�<" >��K� :�5S4
+/H+Na  �5��� ��25� �
 �*/0  >��K� 
� �4�2W %
�,

 ��
��� ��
 >���!�� �*/ 
� ����#D/ ���	 >�<"sos2 ��� 9�) b
�!� �*E� ^�� �� =N��J� 
�0  >��K� ���

 . �8� >�<"+/H+Na  ��
��� ��
 >���!�� �*/ 
�  sos3  1	� 9��K� #i��0(Qiu et al., 2004).     :��#��5�

�� ��*� �
 9��� :�� k5� �5F�	 #�N� =, �
� sos >�<" >��
�D ���� =, ��5S4
 1	� 9�) .<*5�+/H+Na  


� 9�) ��25� ��R�,�� sos3 1	� m�� =� =�N���0  (Qiu et al., 2004).0  



+��5��
�, ������ �� ���� (GUS) #����#D >#�5, 1B� ����#� ��
���SOS1  1	� 9�) 9��� ��*�0  

"� Ĥ 1 GUS��
 >��	 
� ���4W  :	� ���!� �4�*��
�D0  (Shi et al., 2002).  

 ��
��� +� ����!� 9�) =�"#� 9
�PW :�� #� 9�IWSOS1 ���) 9��� �
�) 
�*" 1B� =,/+Na  ^�� +� �#�*��

 1	� �*E�0" :�� #� 9�IW� Ĥ 1GUS��� 9�) ���D =*�
 '�� ��
��D� ��
 >��	 
�0 >�<" >�J���+/H+Na  

 +� 9�) = �!�� ��
 >���!�� ���4	ID n�*/ `�4� 
�SOS1 1	� =�"�� %
�, X#� =�0  

=, 1�� 9�) 9��� ��*� �5; #
 SOS1 �
�� ��
��� 
� �#�*�� ���� 1<	� 1	� :�4�(Qiu et al., 

2004 ��
���SOS1 ���) �
�) 
�*" 1B� ��� j��� �)
(e.g. 100 mM NaCl ���	 ���� ��
��

 
� �#�*�� 1	� 9�) �48 �*E� ^�� =� 1KN� =��	� =*�
 ���#
0  

 �5;#
 �f� .	�5� ��
 
�*" A��#) 1B�25 mM NaCl ��
 =���8� ��
���SOS1 1KN� �#�4, ���	

 ��
�� �*E� ^�� =�0  a���� :�� +�Shi et al (2002) 1B� =, ���$�� 
� �
 �#�
�� ���	 ��� >�J��� >��

� =�Z#" �5�N
 ��I� ��
 U#�	�����0  

 �#��4WSOS1 �
 X#� ��"�!� ��
 �R�,��
� 9#�(? � ���	 ��� >�J��� ��#� =*�
 
� ���!� �(�� =� �
 ���	

 �5��� 1���
0  ���	 ��� 1�	 ��
 
�*" 1B� =, �H�� +�SOS1 ���!� +� ���	 ��� 1���
� �#��4W `�W =�

 1	� :�4� =, ���$�#� 
� ���	 ��� -
�N( %
�, ��#� =*�
=��	��  ��
 �R�,�� 
� ���	 ��� 
�KW �������

 1	� ��) ��$5*�D �) ��H�� X#� ��
 >��	0 ��J�N� >�J��� 
� �#�CD 1*�#� =� �5�+��� 1	� :�4� >�� :��

1SOS /+Na �)�� ���!� ��*��
�D ��
 >��	 
�0  

 m�� ��ATPASES 1	� 9�) 1"�� ��
��� ��
 =��� +� �
��N� 
� ���	  

 #4�� �f� o
�� 
�S. cerevisiae */ +� ���	 Q�#(� =��	�� ���4	ID �Na1- ATPases  `�5�ENA 

 �#�F�� -
�G0 ENA�#��4W 1	� 9�) =�"#� �<�KT X#� +� :��0 
�ENA -
�D ���� ��N�	#� 9�IW

+/H+Na )1991  (Haro et al  ��
 X� �4
 �#�(�ENA1          0�#�����N�" n 9!( +�, PpENA1(

PpENA2A; Benito and Rodrı´guez-Navarro, 2003).   1	� 9�) =�"#�0  

 ����cDNA  ��J�EPpENA1 =�"�� %$8 #4�� �0�� �
�) =� 1�	�NE 
�ena1-4 nha1 ^���5"

 1J�JE 
� �
�) =� U�NEPpENA2A  1	� 9�#�� ���, �
0  



 ��
 1)���
PpENA2A-��@� m�Z�� =, ����	
 #2� =� 9�+��  
� ���
 ����D =	 �5�N
�
������N�" 9���

  ��
 1)���
 -��@�PpENA 2A, 2B, and 2C ��
 1)���
 �#��4W �PpENA2B and 2C  +�5


��� 9�*� %���+�0  ��
 X� �4
ENA  ��
��� � ��� ��
 =��*� 
� �� a�#�� [�D�����
� ��
 `��� 
�� 3 �"#<� 

 1�	� 9�*�0  

 =, �5��� ��$5*�D �
������N�" 
� �
 =�"��  ���	 ��
 ^4D- ���#�N,�  9���  ��8�� �5��+ ��
��� :� �� 
�

 ��
��� 
� ����� >�T 
� 1	� :�4� �$�� ��� 1	�� 3  �5)�� =�"
 :�� +�0  

 (Benito and Rodrı´guez- Navarro, 2003).  

���	 >�J���� ��	��D cC8 ���+ �F�N���  

 ���	 >�J��� �#F�H���� =� ��	��D >�J��� :�������� 9�) ��$5*�D0(Epstein et al., 19630HKT1 cDNA 

 =��!( +�cDNA ��� 9�) ��$5*�D `�5� =*�
 ��J�E0(Triticum aestivum)  �5�� ���, %���+� =��	��

 �+�	٬ 1N�� #�CD #��q� #4�� ��Y� ��	��D ���
�,��0 (Schachtman and Schroeder, 1994).  

HKT1   1	�(Durell 1999)et al., 0 � �
��� ��*� �
 �#�� 0�� 9�) 1@8 ���	 �#F�H���� :�5S4
 

(Tholema et al., 1999).0  `�5� ��#�HKT1  1	� 9�) !� ��� ��) �4	 ��C/ .K	0  �� =W�4H� #�+

KtrB 
�V. Alginolyticus  ��
 X� �4
 =��	�� ��	��D ���  �#�� 0�� �0�� �F�N���J��� -��G�P( >�

KtrAB K1  �5�� ��N�	
� �+�	Vibrio alginolyticus  ������� =, ����
� �#�,�� &� �#��� ��
 12�/

 ���	 ���  � ��	 Q
�(  
0��٬ 1	� 9�) &�#B�0 �0�� ��
 12�/ 
� �5; #
 1�4	  ���	 ��� � ��	 Q
�(

٬ =��	�� 9�) =7	�� ��	��D ��� �#�� 0��HKT1  1	� 9�) =,���0>���, =K) :���D �F�N��� c������  0��

 ��"� �� r�@�� ���	 ��� �#��0  

 �#�� 0�� #F�� 9�
9�����( ��	��D ��� :�����KUP/HAK/KT  ��� >�J��� :���D �F�N��� =7	��� :�5S4


 1	� 9�) 9��� ��*� ���	 ��� �0�� ��
 12�/ 
� ���	(Santa-Marı´a et al., 1997).0  

 ��	��D �#�� 0�� ���) �F�N��� +� 1�K �/ =�  ��� 9�) 9��� ��*� ��	��D >�<" �#�� 0�� =� =�N��� ���	 1@8

 ��
��� ��
 =��� 
�� 3  ���) O�(Egeria, Elodea, and Vallisneria  �f�  ���" ��5�
�, o
���Chara 

australis and Nitella translucens 



(Smith and Walker, 1989; Walker and Sanders, 1991; Maathuis et al.1996) �5
��� ��*�

 ��
�� ��
��� 
� ���Y� �� !�" =7��
 =,0  �8 � `�5� ��
 =*�
 
� �5; #
(Hordeum vulgare),  -
? �

(Zea mays ^�� >�J��� ���  ��) ���D ����� �4� ��	��D �#�� 0�� =� =�N��� ��	��D 1@8(HKT1  &�

� 9�4W �
��4
�5��� �
�#" ��
��� :�� 
� �
 ��	��D ���  �#��
�� �, =0 =�N��� ��N4
 9�) &�#B� ����#D

 �5)�� 9�) �"
 -
? ��
 =*�
 
� ����� �4� ��	��D �#�� 0�� n =�(Newman et al., 1987; Kochian 

et al., 1989).   

 �#�� 0�� �� ��
��� :�� 
� 1	� :�4� �
��N� ���� ��
 =��� =, �5
��� ��*� -�< �7� :�� =, :�� ="�Z� =�

 �5)�� =�)�� ���)�e4
 ��	��D ���(Schroeder et al., 1994)" :��#��5�� Ĥ =J��	 �"
 ��#� ��#" ��
 1

 1	� ��*� �*E� ^�� ��
  

(Maathuis et al., 1996; Rubioet al., 1996; Ma¨ser et al., 2001). 

[�ND�����
��5��� �
 =��� +� �
��N� +� =�����8 
�7�٬U��e� �,�٬�#�a�#� 9���� a �
0�D�        9�) �*,

1	�0 HKT1�
 X� �4
  

 

 

(Populus spp.; Fairbairn et al., 2000; Uozumi et al., 2000; Horie et al., 2001; 

Golldack et al., 2002; Garciadebla´s et al., 2003; Sul et al., 2003). 

 

 

 �0�� s	�D �5D�� a�#� `��� 9�) ���, [5R��	7  ��OsHKT  �
��� ��*� �
0 . �8 ��
 X� �4
HKT 

 =�2 ���*�� ��NJ� -��@�� 9�
0��
 ��N�	 
� :����� -��G�P( ����0 X� �4
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