
� � � � � � � � � �  	 � � 
 � � � �   � � �  

�  � � � � � �  � � � � � � �  � � � � 
 � � �  �  � � � � � � � �  � 	 �  

 

 

 

� � � � � � � �  � � � 	 �  
 � � � �  � 
 	 �  

 

 

� � � � � 
 � �  � � � � �  � � � � 	 � � � � � 	 � �  � � � � � � � � �   


  � � 	 � � � �  � � � � � � � � � � � � � �  

 

 

05.13.17 – � � � � � � � � � � � � �  � �  � � �  �  � � � � � � � � � , 

03.00.28 – � � � �  � � � � � � � � �  

 

� � � � � � � 	  � !  

 �  � � � � � �  � �  � � �  � �  � � � � �  �   

� �  
 � 
 � � �  � � "� � � -� � � � � � � � � � � � � #  � � �  

 

� � � �  � �  � � � � � � 
 � � � � $ – 

� � �  -� � � � � � � �  
 �  �  � 	 � , 


 � � � � �  � � � � � %� � � � � � #  � � � , 

� � � � � � � � �   &.' . ( � � � � #�    

 

 

' � � � � �  – 2004  



 2

� ) � � � * 	 � � �  

 

++� � � � � � . ) � , 	 !  - 	 � 	 . � � � � � � � . 	  � 	 � ) � / ......................................................4 

 

0&	 +	  1. � +	  	 &0) � � � ' 	  �  . ) ' 1 23 � � � � 	 !  1 � ) 0� 	 ' ' 	  1 ) � � . 	  

1 ) � � �  � 	 &2� / -  	 � � � � 3 	 � ) � � / -  � � 04 &! � ) � � / -  � � � 4 . � 4 �  

� � � . ........................................................................................................................................17 

§1.1. 1 � � � � �  � � %� � � � �  17 

§1.2. +� � � � �  � � %� � � � �  25 

§1.3. � � � �  �  � �  � � "� � $� � � � �  � � � � � �  � � � � � %�  �  � � � � � %�  � � %� � � � � � �  36 

 

0&	 +	  2. � � � � � � ) +	 � � �  	 &0) � � � ' ) +....................................................................40 

§2.1. +� � � � �  � � %� � � � � : � � � � � � � � �  � �   �  � � � � � �  � # � � � � � 
 � � � � � � $-

 � � � � # 

 

40 

§2.2. +� � � � �  � � %� � � � � : � � � � � � � � �  � �   �  � � � � � �  � # � � � � � 
 � � � � � � $-

 � � � � # �  � � � � � � � �  � � � � � � � �  � � � � � � �  U 

 

42 

§2.3. +� � � � �  � � %� � � � � : � � � � � � � � �  � �   �  � � � � � �  � # � � � � � 
 � � � � � � $-

 � � � � #, � � 
 � � 5 � 6 � # � � � � � %� � � � � �  " � � � � � �  � � � � �  � � � � �  

 

46 

§2.4. 1 � � � � �  �  � � � � � �  � � %� � � � � � : � � � � � � � � �  � �   �  � � � � � %� � � � � � # 

� � � � � 
 � � � � � � $ � � � � #, � � 
 � � 5 � 6 � # � � � �  7 � � � �  � 7  � � � � � � � � �  

 

48 

§2.5. +� � � � �  � � %� � � � � : � � � � � � � � �  � �   �  � � � � � %� � � � � � # � � � � � 
 � � � -

� � � $ � � � � #, � � 
 � � 5 � 6 � # � � $� � �  � � � �  � �  � � � � � � � � �  � � � �  � -� � � �  

 

50 

§2.6. +� � � � �  � � %� � � � � : � � � � � � � � �  � �   �  � � � � � %� � � � � � # � � � � � 
 � � � -

� � � $ � � � � #,  �  � � 
 � � 5 � 6 � # � � � �  7 � � � � � �  � �  � � "� � $� � � � �  � � � � � �  

� � � � � %�  � � %� � � � � �  

 

 

52 

 

0&	 +	  3. ' 	 � � ) +/ 8  1 ) � � .  	 � � � � 3 	 � ) � � ) 8  � � 04 &!  � � ...........................56 

§3.1. ) � � � �   � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  � � � � �  � � "�  %� � � � 
 �  � , 

� � � �  �  � , � � "� � � � � �   � # �  � � � � � � � � � � � � # � � �  � � � � � � �  

 

              57 

§3.2. ' � � � � � � � � � � � � �  � � � � , � � � � �   � �  � � � � � � � � �  �  � � � � �  � � �  � �  

� � � �  7 � � � � � �  � "� � �   � # � � � � �  � �  

 

              63 

§3.3. - � � � � � � �  � �  � � � �  7 � � � �  � �  � � � � � � � � � ,  � � 
 �   � �  � � %� � � � -

� � �  

 

              76 

 

9	 . &3 ( � � � � ...................................................................................................................102 

 



 3

&� � � � 	 � 4 � 	 ........................................................................................................................104 

 

1 � � &) * � � � �  1. � � � 4 � . �  ) � � ) +� / -  	 � � � � 3 	 � ) � ) +, � 	 8 � � � -

� / -  	 &0) � � � ' ) '  LLLM, � &!  0� � ) + � � ) � � � � � 9	  0� � � � � � � 	 ...................111 

 

1 � � &) * � � � �  2. � � � 4 � . �  ) � � ) +� / -  	 � � � � 3 	 � ) � ) +, � 	 8 � � � -

� / -  	 &0) � � � ' ) '  LLLM, � &!  0� � ) + � � ) � � � � � 9	  � � � ) � � � 	 ......................118 

 

1 � � &) * � � � �  3. � � � 4 � . �  ) � � ) +� / -  	 � � � � 3 	 � ) � � / -  � � � 4 . � 4 � , 

� 	 8 � � � � / -  	 &0) � � � ' ) '  LLLM, � &!  0� � ) + � � ) � � � � � 9	  	 � ) -

' 	 � � ( � � . � -  	 ' � � ) . � � &) � ......................................................................................125 



 4

 


 
 � � � 	 � � . � � � � �  � � � � � � � � � � � � � �  � � � � � �  

� � � � � � �  ! " � �  � #$%. � � � � 6 � �  � �  � �  � � � � � �  � � � � � � �  �  � � � � � �  �  " � � � � � � $-

 � �  � � � �  "� � � � � �  � �  � � � � � � � 7 6 � # � � � #� � � � � � � � # � � � � � � �  �   � �  (�  � � � � � �  � � � � � � � -

� � � � � � � �  � � � � � �  � � � � � � � � � ). . � �  � � � � � � � , � � � � � � �  � � � � � � � � �  � �  � � � �  � � � � � � � �  � �  �  

� � � � � � � "� �  � � � � � �  � � � � � � � � � � � 7 6 � %�   � � � � �  � � � � �  � � � , � � �  "� � � � � �  � �  : � � � � � � � � �  

� � � � � � � � � � � 7 6 � # %� � � �  %�  � �  (� � %� � �  � �  �  � # � � � � � � � � � �   � # � � � � � � �  – � � � � �  � � ). 

� � � � �  � � � � "� � , � � � � 6 � �  5 � " $ � � � � � �  �  " � � � � � � $ � �  � � � � �  �  � � � � � � �  �  � � %� � � � � �  

%� � � �  %�  � �  �  "� � � � � � � � � �  � �  � �  �  � � � �   � # �  �  � ;  � # � � � � � � �  5 � " � 
 � � � � � $ � � � � . 

� "� � � �  �  � � " � �  � � � �  � � %� � � � � � : � �  � � �   � �   �  � � � � � -� � . � � � �  � "� � � � 
 � � � � � � �  

(� � "� � � �  � �  � � �   � %� � � �  � � , � � %
 �  � � � � � � � � �  � � �  � � � � � � � � �  � � � "� � � � � � �  �  � � � � � � � � � -

� � 7 6 � �  � � � � � �  �  � � 
 � �  � �  � � � � � � �  � � � � �  � , � � � �  �  � � � � � � � 5 �   � �  �  � � � �  � � � � � -

� � � �  � � �  � � � � "�   � %� ); � � �  � �  � � �   � �   �  � � � � "� � �  � �  � � � � � � � � � � � � # � � � � � �  � # 

� � � � � � � �  � � � .  ( � � � � � � � , � � $� � �  � � � �  � # � , �  � � � �  � � � � , � � � �  7 � � � �  � # – �  � � -

� � � 
  � �  � � � � � �  � � #�  � "�  � � %� � � � � �  "� � � � � �  � �  � "� � �  � %�  � � � � � � � 5 �  � �  � � . -

� � � � � � � � "�  �  � � � � � � � �  �  � � � � � � � � $ �  � 
 � 6 � # � � � � � � � � # � � �  � � � � � � � �  �  � � �  � � � -

� � � ); � � %� � � � � �  � � � � � � � � � � � � � � �  (� � %
 �  � �  � �  � �  � � � 
 � � �  � � � � � � "� � � � � � �  � � � � �  -

� � � �  � � � � � � �  �  %� � � � � � �  � � � � � �  � 
  � %�  � " � � � � �  � � � ) �  
 � � %� � . + � � � � � � � � # 

� � � . � � � �  � � %� � � � � �  � � � $; � 7  � � � $ � %� � 7 � : � � 
 � �  � �  � � � � � 
  �  � � %� � � � � �  � � �  � � -


 �  � � � , � � � � � � � "� � � 7 6 � �  � � � � � , � � � . , � � � � � � � � -: � � � � � � � �  �  � .� . ( � � � �  �  � � � � � -

� �  � �  � 
  � %�  � � � � �  �  � � � � � � � 7 �   � � � � � $� �  � � " � # � � � � �  � � %� � � � � � .  

� � %� � � � � �  �  � � � � 6 $7  � � � � � � -� � � � � � � � � � �  � � �  � � � � � � � � � � � , �  � � � 5 �  � � � � � � � -

� � � � � � � �  � � %� � � � � �  � "� � � 7 � � �  � � � �  � � � � $ �  
 � �  � . < �  
 � � �  � � � $ � �  � � 5  � � � $ � � $-

� � �  � � � �  � �  � � %� � � � � �  � �  � � � 5 �  �   � 
 � �  � , � � %
 �  � � � �   � � 
 �  �   � � � �  � �  � � � � � � � .  

+  � � � � � 6 � �  � � � � �  � � � ; � � � � � �  �  �  
 � � � � �  �  � � � � �  100 � � �  � # %�  � � � � ,  � -

� � � � $� �  � � � �   � � �  � # %�  � � � �  � � � � �  � � � 7 � � �  �  � � 
 � �  
 � � � � �  �  �  � � � 5 � � ; � �  � � � � � , 

 �  %� � � � �  � 5 �  �  � � � � �  � � � � �  � �  � � � � � �  %�  � � � � . � � � � �  � %� � �  � �  � � =� �  �  � � � � � � � �  



 5


 � � � � �   � � � "� � 5  � �  � � � � � � � � �  � �  � � � #� � � � � � � � �  �  � � � " � � 
 � � � � 7 6 � %�  � � � $; �  -

� � � �  %�  � � � � , � � : � � � �   � � � #� 
 � � �  � � &! ' ( � $% � � � � $7 � � �  � %�  �  � � � "�  %�  � � � �  � , �  

� � � �  � � � � , � � � � � �  � � � � 	 
 � � � � 	  �  � � � � 	 � � � � � 	  �  � � � � � � � �  �  
 � � � � � � �  �  � � �  �  

� � � � �  � � � � �   � # %�  � � � #, � � � � � � �  � � � �  � �  � � � � �  � � �  
 � �  $ � ""! ) ! &!  �  � � ( *�  � � � -

"�  � � � # � � %�  � "� � �  � " 
 �   � �  � � � � �  � � � � � � � � �  %� � � � � .  

+ � �  � �  � �  
 � �  � � � � � �  � � � � � � � � � 	  �  � � � 	 � � � �  
 �  � � # � � �  � � � � �  � � � � $ +) �  

, ! +- ! +� : � � � � � � � � � � � $ � � � � � " � 7 6 � �  � � � � � � �  (� �  � � � � � � �  � � 
 � �  � # � � � � � � � � , � � -


 � � 5 � 6 � # 
 � � � � � � �  �  � #� 
  � �  � � %� � � � � �  � �  � � � � � ); � � �  � � � � �  � � % � �  � � � � � � �   � � � -

� � � 
 � � � �   �  �  � � 5 
 � �  � " � � � � � 
 � � � � � � $ � � � � � , � #� 
 � 6 � # �  � � � � � � � ,  �  � �  � � �  � � 6 � -

� � � �   � �  � �  � � � � � � � �  � � � �  � � % � � � . ) � �  : � �  � � 
 #� 
 �  � � � #�  � � � � �  � � �  �  � � � � � �  

� � � � � � � %�  � � � � � �  � � � �  7 � � � �  � # � � � � � � � � . � � � � � � � �  � � � � �   �  � � � � 5  � � � � � , � � %
 �  

� � � $ � 
 � �  �  � � � � � �  � � %� � � � � �  � %�  � � % � � �  
 � �  %�  � �  �   � � "� � � �  � �  � �  � � � � �  � � �  
 � �  

%�  � � � � , �  � � � � � � # � 6 �   �  � � � �  �  �  � � � � � � � � �  �  � � � � � � 7 6 � %�   � �  � � � � �  � .  

� #� �  ' � . ! � %. � � "
 �  � �  � � %� � � � � � �  �  � � � � $7 � � �  � �  � � � %� � � � �  
 � �  � � � � � � � -

%�  � � � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  : � � � � � � � � �  %�  � � . � � � � � � � � �  � �  : � � � � � � �  � � � �  

� � %� � � � � � �  �  � � � %� � � � �   �  � � "� � �  � # � � � � � � � � �   � # �  � � � � � %� � � � � � # 
 �   � #. 

1 � � � �  �  � �  : � � # � � %� � � � � � �  
 � �  � � ; �  � �  � � � � � %� � � � � � �  "� 
 � � �  � � � � � �  � � � �  7 � -

� � �  � # � � % � � � �  � � %� � � � � �  �  � � � � � � � � .  

� #� ! +( � �  ( ""� #+! ) �  ( / . 1 � � � � � �  � �  � � %� � � � � � �  �  � � � � $7 � � �  � # � � � %� � � �  


 � �  � � � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  �  � � � � �  � � #� 
  � �   � � � � � � � 
  � �  � � � %� �  � � , �  

"� � � �  � � � � �  �  � �  � # 
 � �  � � � � � � � %�  � � � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  �  � � � � � � � � . 

�  � � � � �  � � � � 
 �  � � � �  � � � � $ � �  %�  � � � � �  � � � � �  � 7 � � �  
 � �  � � � � � � �  � �  � � � 
 � � � � %� � -

� � �  � � � � �   � �  � � � � � � � � �  %�  � �  (�   � ; � �  � � � � � �  � � � � �  � � "�   � � � � � � � # � � �  � � � � -

� � � ), � � � 7 
 �  �  � �  � �  � �  � � � �  � 7  � � 
 � � � 7 � � �  � � � �  � � � � $ � �  � � %� � � � � �  � �  � � � � � � � . 

.   � �  � �  � � 
 � � $ � � � �  � � � � �  � 7 � � �  � � "� � � � � �   � �   � � �  � � � %� � � � � . � � �  � � 
 � � � � -

5 
 �  � �  � � � � � �   � # � � � �  � � � � $ � # � � � �  7 � � � �  � # � � � � � � � �  
 � �  
 �   � %�  � � � � �  �  �  

� � 
 �  � � � � � , �  �  � %
 �  �  � � � �  � � 
 � � � �   � # � � � � � � � �  � � � � � 
 � � � � $ � � � � �  � � �  � �  � � � � � -



 6

� � �  � � %� � � � � �  � # � � � � � � � � , � � 
 � � 5 � 6 � #  � � 
 �   � �  � � � � � � � � �  (�   � � � � � � � � �  � � � � -

� �  � � � � �  �  � � � � � � ) � � � , � � � � �  � � � "� � � � $ � � � � �  �   � � �  � � � � �  � � � � � , �  � � � � � � �  � -

� � � �  �  � � � " � �  ; � � � $� � , � � 
 � �  � �  � � � � � 
 �  �  
 � � %� �  � � � �  7 � � � �  � �  : � � � �  � � . 1 � -

� � �  � � � � %�  � � 
 � � � � 5 
 �  � �   � � 
 �   � # � � % � � � �  (� � �  � � � � �  � � � "�  � �  � � %� � � � � �  � �  � # 

� � � � � � � � � � ) � � � �  � � � � $ � � � � �   � �  � � � � � � � � �  �  %�  � � � # �  � � � � � 
 � � � �  � � �  � � � � � $-

 � �  �  � � � " � � � � � � � � � � � 7 6 � %�  � � � � � � � � � � � � � %�  � � � �  � � � � �  � � "�  � � �  � � � � � � �   �  � %�  

� � �  � � �  �   � � � � � � � � � � � � � � � � $.  

� � � � �  � � � � "� � , � � �  � � � � � 
 �   � � � � � � � �  � � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  �  

� � � � � � � � � � � � � � # �  �   � � � � � � � # %� � � � � # %� � � � � � � 5 � � � � $ � # � � � � � � � � .  

	 � � 0 � /   ! ) ( * � . 1 � � 
 � � 5 �   � �  � � %� � � � � �  – � 
  �  � " � � � � � # 
 � �  � � � � � �  � � -

%� � � � � �  � # � � � �  7 � � � �  � # � � % � � � �  � �  � 
  � �  � � #� 
  � �   � � � � � � � 
  � �  � � � � � 
 � � � -

� � � $ � � � � . 	 � %� � � � � �  � � � �  � � � � � "� � �  �  �  � � 
 �  � � � %� � � �  � %�  � � � � � 5 �  � � , � � " � � � -

� � " �  � � � � � � � � �  �  �  � � � � �  �  �  �  "� 
 � � �  � � � � � �  � � % � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  �  

%�  � � � # � � � � � � � � � � � � � �  �  %� � � � � � � 5 � � � � $ � # � � � � � � � � . � � �  � � � � � 
  � # : � �  "� 
 � � �  


 �  � � # � � �   �  � � � � � � � � � � � � � � $. 

� " ! )  %# ' #*� � � � � � %. + 
 � � � � � � � � � �  � � � � � �  �  � � � 
 � 7 6 � �  � �  � �  � �  � � "� � $-

� � � � : 

·  1 � � 
 � � 5 �  �  �  � � � � � "� � �  �  �  � � 
 �  � � � � $7 � � �  � �  � � � %� � � � � , 	 � �  � � � � � �  � � -

� � �  LLLM, � � %� � � � � �  � � � � � � �  � �  � � � �  � � � � $ � # � � � � � � � �  � � � �  7 � � � �  � �  � � %� � � -

� � �  �  %�  � � � # � � � � � � � � . 

·  1 � � � "�  �  � � � � � � � � � � � �  : � � � � � � �  � � � $ �   � 
 � 5  � � � $ � � "
 �   � �  � � � %� � � � �  

LLLM  �  � �  � � �  � �  
 � � � � $ � %�  � � � � � � � � �  � �   �  � � � � � � � � �   � # �  � � � � � %� � � � � � #  � � -

� � � � � 
  � # � � � � � 
 � � � � � � $ � � � � #. 

·  1 � � � � 
 �   � � � � � � � �  � � � � �  �  � �  �  � %� # � � � � � � #  � � 
 �  �  � � � �  � � � � $ � �  � � %-

 � � �  � � � �  7 � � � �  � �  � � %� � � � � �  (�  �  �  � # � � � � � � # � � %� � � � �  � � � "� �   �  

� � � 
 � � � � 5 � � � � $ � 7  � � � � �  �  � # � � � � � � � � � � ) �  %� � � � -, � � $� � - �  � � � � -� � � � � � � � � � � � � �  

(� � � � �  � � " � � "� � � � � �   � # �  � � � � � � � � � � � � # � � �  � � � � � � � , %� � � � 
 �  �  �  � � � �  �  � , 

� �  � � � � �  � � -� � � . -� �  � � � � "� ), �  � � � 5 �  �  �  %� � � � � � � 5 � � � � $ � # � � � � � � � � : � " %� � � �  



 7

� � � . -� �  � � � � "� ), �  � � � 5 �  �  �  %� � � � � � � 5 � � � � $ � # � � � � � � � � : � " %� � � �  Bacillales, 

Lactobacillales, Clostridiales, Bacteroidetes/Chlorobi �  Thermotogales (� � � � �  � � " %� � � � -


 �  � ); � � � � �  �  : � � � 7 � � �   � �  
 �  � � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  � � �  � � � � � � � � .  

·  4 � � �  � � � �  �  � � � �  � � � � $ � �  � � � � �   � �  � � � � � � � � �  
 � �  %�  � �  � � � � �  � � "�   � -

� � � � � � # � � �  � � � � � � �  (� � � � � � � �  � , � �  � � � � �  �  � , � � � �  �  � , %� � � � 
 �  �  �  � � "� � � � -

� �   � �  � � �  � � � � � � � ) �  � � "� � �  � # %�  � � � #. 

·  1 � � 
 � � � "�  �   � � � �  � � � � � � � � �  %� � � � 
 �  � � � # � � �  � � � � � � � � �  – � � � � � � %� �  yuiF �  

B. subtilis ( � � � � � � � , HI0325 �  H. Influenzae) �  
 � �  %� � � � 
 �  � � � # � � �  � � � � � � � �  

BC0629 �  B. cereus (� � � � � � % yvsH �  B. subtilis) � " � � � � � � � %�  � � � � � � � � �  	 � 	  �   � � � �  

%�   �  L. lactis (� � � � � � % lysQ �  E. coli) � " � � � � � � � � �  	 � � .   

·  1 � � � � �  �  � � � 
 � � � � 5 � � � � $ � �  � �  � � � �  � � $ � �  �   � � � � � �  � � 
 �  %�  � � , � � 
 � -

� � 7 6 � # � � � � �  � �  �   � #� 
 � 6 � #� �  � � 
  � � � �  7 � � � �  � �  � � %� � � � � � � , �  � � �   � :  

- %�  �  ygeA �  Pasteurella multocida � � � � � � �  �  � �  � � � �  � � � � � � "�  � � "� � � � � �   � # 

� � �  � � � � � � � ;  

-  �  � � � � � � %� �  � �  %�  �  vatB, act� 2 �  act� 3, � � � � � � � � � � �   � , �  Pasteurella 

multocida, Mannheimia haemolytica, Polaribacter filamentus � � 
 � � � 7 �  � � � � � � � � �  � -

� � � � "� , � � � � � � � 7 6 � �  �  � � � � � � � � "� �  %� � � � 
 �  � . 

·  1 � � � "�  � , � � �  � � � � �  � � " � "� � � � � �  �  �  Xanthomonadales � � � � � $"� � �  � � � �  �   


 � %� 
 � � � � "�  TdcB, �  � � � � � � �  � �  IlvA �  E. coli.  

·  1 � � � "�  � , � � �  �  Pasteurellales � � � �  � � � �  � � $ � �  %�   thrA � � � � � � � �  � �  � -

"� /%� � � � � � �   
 � %� 
 � � %�  � "�  � � %� � � � � � � � �   �  � � � $� �  � � � �  �  �  � �  �  � "� � � � � �  � �  

(� � �  : � �  � � � � �  � � � � �  �  E. coli),  �  �  � � � � �  �  � � . 

·  1 � � 
 � � � "�  � , � � �  �  � � $� � -� � � � � � � � � � � � � �  � � � � � � � � � � �  � �  � � "�  IlvIH � � %� � � � � -

� � � �  � � � �  7 � � � � �  �  � � %� � � � � �  � � �  � � 
 �  � � �  � � � � �  � , � "� � � � � �  �  �  � � � �  � .  

·  1 � � 
 � � � "�  � , � � �  � � � � �   his � � � � �  � � "�  %� � � � 
 �  �  � � %� � � � � � � � �  %� � � � 
 �  -

"� � � � � � � � �  � � � �  7 � � � � � � �  �  Bacillus cereus �  Clostridium difficile,  �  �  �  � � 5 �  � � � � �  

� � %� � � � � � � � �  %� � � � 
 �  � � � � �  � -� � � � � � �  �  Lactococcus lactis �  Streptococcus mutans.  



 8

- � � � ; � �  � � � � �  � � �  � �  : � � # � � � � � %� � � � � � # � � � 
 � � � "�  � �  � � � � � � � � � � � � � � �  

 � � �  � � �  � 6 �  � 
  �  � � 
 � � � � 5 
 �  � �  � � � � � � $ � � � �  � � � � � �  � � � %� � � � �  LLLM.  

 

� #! ' #� ( 0#"� � /  (  , ' � � � ( 0#"� � /  1#  ! "� � . � �   � 
 � �  � %�  � � � � �  �  � � %� � � � � �  


 � �  � � � � � �  � � � �  � � � � $ � # � � $� � �  � � � �  � # � � � � � � � �  �  � � 	 � �  � � � � � � � � � 	 � �  � � � � � � �  

 �  � � � 
 � � %� � � � $ ( � ; �  � � %� � � � � �  � "� � %� 7 � � �  �  0� � � �  1). 1 � � � � � � � � �  � � � � � �  � �  � � -

� � �  � � %� � � � � � �  � � � �  � 
  � � �  � " � � � � � # � � � � � , � � � �  �  � �   � ; � # � � %� � � � � � �  �   � -

�  � %� � � � � �   � � �  
 � � %� � �  � � � � � 
 � � � �  �  � � � 
 � 7 6 � �  � �  � � � . � � � � � 
 � � �  � �  � � � �  7 � -

� � �  � �  � � %� � � � � �  �  � � � � � �  � � � � � � � � � � � � � �   � � � � �  � � � �  � � � � $ �   � 
 � �  � , � � .,  � � � � -

� � � , � � � � � � 1,3; �  � � � � � 
 �   � �   � � �  � � � � � � � �  � � � � �  �  � � � � � �  %� � � � � � � 5 � � � � $ � # 

� � � � � � � �  � � � � � � � �  � � � � � � . � � � �  � � � 
 � � � "�  �  (0� � � �  3)  � � � �  � � %� � � � � �  � �  � � % � � �  

: � � %�  � � � �  (� � � 7 � � �  � � 
 � �  � �  � � � � � 
 �  �  � � %� � � � � �  � �  � � 
 �  � , � � � � �  � � � � �  �  � � � � �  

�  � � � � � � �  � � � � �  �  � � � " � �  ; � � � $� � ) �  %� � � � -, � � $� � - �  � � � � -� � � � � � � � � � � � � � , �  

� � � � � � � � � �  � " %� � � �  Bacillales, Lactobacillales �  Clostridiales, �  � � � � � � � �  � " %� � � �  

Bacteroidetes/Chlorobi �  Thermotogales. � � � � � � � � � � � 7 6 � �  � � � � �  � � �  � �   � � � � � � � 
 -

 � # � � � � � � � �  � � #� 
  � # � � � � � 
 � � � � � � $ � � � � �  � � � � "� � �  #� � � ; � 7  � � %� � � � � �   � � � $ 

� � 5 
 �  � � � � �  � � � 
 � � � "�   � #  � � �  � � %� � � � � �  � # � � % � � � � . + 0� � � �  2 � � � � � 
 � � � �  � � -

"� � $� � � �  � � � � � � � � � � � � � � %�  � � � � � � � � �  � �   � ; � # � � %� � � � � � �  
 � �  � � � �  7 � � � �  � # �  � -

� � � �  � � � � � � � � . + � � � �  � � � � ,  � � �  � � � �   � "� � � � � � �   � � 
 �  �  � � �  � �  � �  � "� � � �  � �  

� � � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  �  � � � � � �  %� � � � -� � � � � � � � � � � � � � 1,2.  

� � . ! � %, "! +#' 2 � 3 ( # � � &! ' ( � $% ( � (  $#� ! +% , ! ( "� �  � � � # 4 � � ! '  %-  "( & � � ! ) . + 

� � � � � �  [1] � � � � � � � � �   � � � � 
  � � � � � �  � �  � � � � � � � �  � �  � � � � � �  � �  � � � � � � � � �  � � .  �  � � -

� � 6 $7  
 � � # � � � %� � � �  FOLDALIGN �  COVE, � � � � �  � �  � � � � � � # 
 �  �  �  � � � 
 � 
 � 6 � # 

� � � � $� # : � � # � � � � � � � . � � �  � � � � �  � � �  � �   � � � � � � � 
  � # � � � � � 
 � � � � � � $ � � � � �  � � " � � >-
                                                 
1 Panina, E.M., Vitreschak, A.G., Mironov, A.A. and Gelfand, M.S. (2001) Regulation of aromatic amino 
acid biosynthesis in gamma-proteobacteria. J. Mol. Microbiol. Biotechnol. 3, 529-543.   
 
2 Landick, R., Turnbough, C.L. and Yanovsky, C. (1994) Transcriptional attenuation. In: Escherichia coli and 
Salmonella. Cellular and molecular biology (Neidhardt, F.C., Ed.), p. 1263-1286. American Society for Mi-
crobiology, Washington, DC. 
 



 9

� �  � � � � � �  � �  � � � � � � � � �  � � .  � � �  � � � � � $"� � � � � � $ � � � %� � � � �  CLUSTAL_W. ) 
  � � � , 

� � � � �  � � � � 
  � � � � �   �  � � "� � � � � �  � � 
 � � � � $ � 
  �  � � � � �  � � �  � �  � � � 
 �  �  � %� # � � � � �  -

� � � , � � � "� � # � �  � � � � � � � � . �  
 � � %� �  � � � � �  � , � � 6 � � � � � 7 �  � � � %� � � � �  
 � �  � � � � � �  � �  -

� � � � � � � �  � # � � � � � �  � # � � � � � � � �  � � .  �   � � � � �  � � � � � 
 � � � � � � $ � � � � � , "� � �  � �  � � -

� � �  �   � #  � �   � � � � � � � 
  � � �  � � � � � � � . ) 
  �  � " � � � � # � � � %� � � �  – COVE. )  �  � �  � -

� �  �   �  � � � � 
 �  � � � 
 � � � � � �  � �  � � � � � �  � # � � � � � � � �  �  � � � � 6 $7  � � � #� � � � � � � � � # � �  -

� � � � �  � -� � � � � 
  � # %� � � � � � � �  SCFG. ) � � � �   � � � $7  : � � %�  � � � � 
 �  � � � � � � � �  � � , � � �  

� � %� � � � �  � 6 � �  � � 6 � �  (%� � � � � $ � � ) � � � � �  � � �  � �   �  � � >�  � � � � � 5 �  � �  � � #� 
  � # � � -

� � � 
 � � � � � � $ � � � � � . + 
 � � � � � � � � � $ � � � � , � �  � � � � � � � �  � �  � � � � � � � � � , � � � 7 6 � �  � � � � � -

%� � � � � � �  " � � �  � �  � � 5 � �  � � � � � � � %� � $� �  � � ; $  �   � � � � $; � #,  �   � � "� � � �  � # � � � � � -

� � # � � #� 
  � # � � . . 1 � : � � � �  � � � � �  �  � �  � � %� � � � � � � , � �  � � �   � #  �   � � � #� � � � � � � � � # 

� �  � � � � �  � -� � � � � 
  � # %� � � � � � � � � # : � � � � � � �  �  � � ; $ � � � � �  � � � 
 � � � � � � � $ � �  � � � � -

� � � � �  
 �   � #. - � � �  � � � � � � � � � � � �  � � � � �  � � � � �  � � �  � �  � � 5  �  � � � � � $ �  � 7 � � �  
 �   � �  

 � � � � �  � � . , � � � � �  � � � �  �   �  � 
 � � � � � � � � � � � � �   �  � � � � � %� � � � � � �  � � � � �  "� �  � � .  

1 � � %� � � � �  FOLDALIGN � � � � � � � �  � � � ; � � �  � � �  � � � %� � � � �  � � � �  

CLUSTAL_W. )  �  � � "� � � � � �  � � � � �  � � � � $ � � � � � 
 � � � � � � $ � � � �  �  � � >� � �  � � �   � � � � � -

� � 
  � %�  � � � � � � � , � � �  �  � � � � � �  � �  � � � � � � � � �  � � . . 1 � � %� � � � �  FOLDALIGN  �  � � � � �  

� � � � � 
 � �  � � � � �  � �  � � � � �  � � �  � �  � � � � � 
 � � � � � � $ � � � � � , � � � � � $"� �  � � � � 
  
 �  � � � � � -

� � � %�  � � � %� � � � � � � � �  � � . 9� � � �  � � � � � 
 � � � �  � � � � �  �  � 5 � � � � �   � %�  � � � � �  � � �  � � , 

� � �  � � � � � � �  �  � 5 � � � � �  � � � � �  �   � # � � � � � 
 � � � � � � $ � � � � �  � � � � � � �   �  � � � � � � � � � � � -

� � , �   � � � �  � � � � � 
 � � � � � � $ � � � �  � � � �  � � � 7 � � �  �  � �  � �  � � � � �  � 5 �  � � � � � � �   � %�  � � -

� � �  � � �  � � . � �  � � � %� � � � �  FOLDALIGN � � � � � � � � �  � � ; $ � � � � � $ � 7  � � � � � � � � �  � � -

� � � 
 � � � � � � $ � � � � � . 1 � : � � � �   � � 
 �   � �  FOLDALIGN � �  � � � � � � � �  � �  � � � � � �  � �  

� � � � � � � � �  � � .  � � 5 � �  � � � "� � $� �   � � 
 � �  � �  �  � � � � � . � � "� � $� � � �  «� � � � � $ � %� » � � � � � -

 � � �  � �  � � � %� � � � � �  FOLDALIGN  �  «%� � � � � $ � %� » � � � %� � � � � �  COVE � � %� �  " � � � -

� � � $ �  � � � � � � � $� � . &� � � � $ � �  #� � � � � � �  � � � � � �  � � � %� � � � �  FOLDALIGN � � � "�   �  

� � � , � � �  �  �  � � � � � � � �  � � �  $ � � 
 � �   �  �   �  � � � %� 
  �  
 � �  � � � $; � # � � =>� � �  
 �   � #. 



 10

� � � � �  � � � � 
  � �  � � �    �  � � � � �  � � � �  
 � � # � � � %� � � �  FOLDALIGN �  COVE. �  � � � � �  

� � � � � #� 
 � �  � � � � �  #� � � ; � %�  � � � � �  � � �  � �   �   � � � � � � � �  � � � � �  � #� 
  � # � � � � � 
 � � � -

� � � $ � � � � �  �  � � � � 6 $7  � � � � � $ � %�  � � � � 
 �  FOLDALIGN. 1 � � � �  : � �  � � � � �  � � �  � �  

� � � �  � � � � �  � � � %� � � � � �  COVE. 1 � �  : � � �   � � � � � � �  #� � � ; �  � � � � �  �   � # � � � � � 
 � � � -

� � � $ � � � � �  � � 5 � �  � � � ; � � � � $� � . .   � �  � � 5  �  �  � � $ � � � � �  � � $ FOLDALIGN �  � .
 . + 

� � "� � $� � � �  � � � � �  � � � 7 � � �  � � �  � � #� 
  � �  � � � � � 
 � � � � � � $ � � � � . �  : � �  � � � � �  � � �  � �  

� � � � � � � � �  � � �   � � � � � � � 
  � �  � � � � � � , � � �  �  � � � � � �  � 7  � � � � � � � � �  � � .  �  � � � � � . 1 � � -

� � � � �  � � � � %�  � � � � 
 �  � � � �  � � � � � 
 �  �   �  � � � $; � �  � � � � � � �  � � � � � � � � � $ � # � � . , �  � � � -

5 �   �    �  � � � � � � �   IRE-: � � � �  � � #, � � � 7 6 � #  � � � � � � � � $ � 7  � �  � � � � � � � �  � 7   � � � -

� � �  � 7  � � � � � � � � � .  

+ � � � � � �  [2] � � � � �   � � %� � � � �   
 � �  � � � � � �  � � � � � �  � �  � � � � � � � � �  � 
  � �  � � . , � � -

� �  �  �  �  � � � %� �  �  � 5 �  � "� � � �  � �  � � � � � �  � �  � � � � � � � � �   � � � � � � � �  � � .  � � " � � � � 
 � � "-

� � � . 	 � %� � � � �  � �  � � �    �  � � � � 
 �  � � � 
 � � � � � �  � �  � � � � � �  � # � � � � � � � �  �  � � � � 6 $7  � � � -

#� � � � � � � � � # � �  � � � � �  � -� � � � � 
  � # %� � � � � � � �  SCFG. � � � � � �  � �  � � � 5  � � � $ : � � %�  � � -

%� � � � � �  � � �  �  O(N2* log N). � %�  � � � � � � � �  � � � �  � � � � � 
 �  �   �  � � � $; � �  � � � � � � �  � � � � -

� � � � � $ � # � � . .  

+ � � � � � �  [3] � � � � �  �  � � � � � � � �  � � � � �  � � � � � �  (GC-� � %� � � # ; � � � � �  �  � � � � �  � � -

� � � � � �  � � � � � � � ) �  � # � � � $ �  � � %� � � � � �  � � �  � � � � � � � � . � � "� � � � 7 � � �  
 � �  � � � �  � � %� � � -

� � � , � � � � � � � 7 6 � �  � � � � �  � � � � � : � � � �  7 � � � � , �  � � � � � � �  � � � � �  � � � �  � � � � � � � 5 �   � � -

� � 
  %�  � � , �  �  � � � � � � �  � � � � , �  � � � � � � �  � � � � �  � � � �  � � � � � � � 5 �   � � � � �  %�  � . � � � � $�  

 � � � �  � � "� �  � �  #� � � � � � �  �   �  � � 
 � � 5 � �  � � � � #-� � � �  � � %� � � � � � � .  

	 � � � � �  � � �  
 � � � � � �    � � � � � � � � � � �   � �  � � %� � � � �  �  � 5 � � � � �   � %�  � � � � �  � -

� �  � �  ' � � �  � � � , � � � � �  � �  � � � � � � %�  � � � � �  �   � �  � � � � � � �  � � � � � 
 � � � �   � 5 �  
 � �  � � � -

 � � �  � � � � �  � . 1 � � � $ 
 �    � � � �   � � � � � � � 
  � # � � � � � 
 � � � � � � $ � � � � � . < � � � � � � � �   � -

� � � � � � �  � � � � �  l.  

 � � � � 	 � � �  � � � � 	   l �  : � � �   � � � � �   � "� � � �  � � � � � � � , � � 
 � � 5 � 6 � 7   �  � � � � �  � 
 -

 � %�  � � 
 � � � � �  
 � �  �  l �  � � 5 
 � �  � " : � � # � � � � � 
 � � � � � � $ � � � � � . � � � � � � � � � � � � � �  � � -



 11

� � 	 � �  C �  � � � � � -� �  � 
  � �  � " : � � # � � � � � 
 � � � � � � $ � � � � �   � "� � � �  � � 
 � � � � �  � " : � � �  � � -

� � � 
 � � � � � � $ � � � � , � #� 
 � 6 � �  �  C (� � � �  � %�   � � , � �  %� � � � � � , � � �  � � � � � � � � � � � � �  � � � -

� � � ). � � � � � � � � �  � � � � 	 � �   � "� � � �  � � � � 7 -� �  � � � � � � � � �   � 7  � � � �  � � %� ,  � � � � � $� �  � > 

� � � � �  � � � � �  �  � � #� 5 �  
 � � %  �  
 � � %� , �  � � � 5 � , � � "� � 5  � , �  � � %� , � � � � $ � � � � � �  � � � � �  

� � � �  �   � �  ( � � � � � � � , : � �  – � "� � � �  � �  " � � � �  � �  � �  � � � � �  :  � � � � � �  � � � � � �  � � �  � # 

� � � � � � 
 � � �  � �   �  � � � � � #, "� 
 � � � � � � # � � � � � � � � �  : � � �  � � � �  � � ). � � � � � � � � �  � � � �  � � -

� � 	 � �   � "� � >�  � � � � 7 -� �  � � � � � � � � �   � 7  � � � �  � � %� ,  � � � � � $� �  � � � � �  � 
  � �  � � � �  � �  

� � #� 5 �   �  � � � � �  
 � � %� �  ( � � � � � � � , : � �  – � "� � � �  � �  " � � � �  � �  � �  � � � � �  �  � � � � � � � -

�   � # 
 � � � � %�  � � �  � � � � � � 
 � � �  � �   �  � � � � � � � � � � � 7 6 � # � � � � � � � #; � � � � � � � � � �   � �  

� �  � 
 � � � � � �  � � ; $ � � � � � � , � � %
 �  � 
  �  � " : � � # 
 � � # � � � �  � �  � � � � � � �  � " � 
  � %�  �  � � %�  

5 �  � � � � � ). � � � 5 � � , � � �  �  � � � � � 
 � � � � � � $ � � � �  «� � 	 �  � � � � � � � �  � �  � �  � � � � �  � � � � � � �  

� � � � � � � � » � � �  5 �  
 � �  � , � � � �   � � � � �  � � � � � %�  � � 
 � � � � �  � � � � %�  � � � � �   � � � � �  � � � � � %�  

� � 
 � � � � � . � � � 5 � � , � � �  «� � � � 	 � �  C1 � � � � � � �  � 	 �  
 � � � � � �  � � � � �  � � � � 	 � �  C2», � � � �  �  

� 7 � � �  � � � � � 
 � � � � � � $ � � � � , %
 �  � � �  : � �  � � � �  � �  � � � 7 �   � � � � � � # � � � 
 � � � � � � � � � � , 

� � � 
 � � � � � � � � $ 
 � �  C1 � � 5 � �  � � � � �  � � � 
 � � � � � � � � �  
 � �  C2 (� � � � �  � � � � "� � , 
 � �  � � � 
 � � � -

� � � � � �  � � %� �  � � � � � � � � � � $� � ,  �   �  � � %� �  � � � � � 
 � � $). ! � � � � � � 	 � � �  � �  � �  � � � � � � � � -

� �  � 
  � �  � � � � � 
 � � � � � � $ � � � �   � "� � >�  � � � � � � �  � �  � � 5 
 �  � #  � � � � � � � . ! � � � � � � 	 � � �  

� �  � �  � � � � �  � � � � 	 � � � � , � 
  �  � " � � � � � � # � � 5 � �  � � � � � � �  � � � � �  
 � � %� � ,  � "� � >�  

� � � 
  � �  � � � � � � �  � �  � � 5 
 �  � # � � � 
 � � � � � � � � � � �  � �  � � �  � � � � � 
 � � � � � � $ � � � � � , �  � � � � -

� � # � � �  � � � 
 � � � � � � � � �   � � � � � � � . � � � � � � � � � 	 	 � � � � �  � � � � � 
 � � �   � �  � � � �  <C1,C2> 

� � � �  � �   � "� � >�  � � � � 7 -� �  � � � � � � � � �   � 7  � � � � , � � � � 5 � 7 6 � 7 ,  � � � � � $� �  � � �  � � "-

� � � �  � � � � � � �  � �  � � 5 
 �  � # � � � 
 � � � � � � � � � � �  �  � � # � � � � � 
 � � � � � � $ � � � � #, %
 �  � � � 
 � � � -

� � � � � $ C1 � � 5 � �  � � � � �  � � � 
 � � � � � � � � �  C2 ( � � � � � � � , � "� � � 7  � �  " � � � �  � �  � �  
 � � � � � -

� � 7  : � � # � � � � � � �  � � ).  

 ) �  � �  � �  � � � � $ � � � � � � � � � � %�  � � %� � � � � �  � � ; � � �  � � � 
 � 7 6 � 7  "� 
 � � � .  



 12

 � �    � � � �  S1, …, Sn  � � � � � � � 
  � # � � � � � 
 � � � � � � $ � � � � � . � � � � �  � � � � � 
 � � �  -

 � �  � � � � �   � � � � � �  � � � � �   � � � �  C1, …, Cm  � � � �  � �  ; � � �  �  l ( � � � �  � � , � � �  l "� 
 � >� -

� �  �  � � � � � � � �  � � � � � � � � � , �  m  �  � � � � � � � � �  �  �   �  "� 
 �  � ), � � � :  

� � �  � 7 � � # i<j � � � �  � �  Ci � � 5 � �  � � � � � � �  � � � � �  � � � �  � �  Cj, �  � � � � � � � �  � � � �  � �  �  � � -

%� � � � � �   � � � �  � � �  � � � � 
  � # � � � �  � �  � � �  � � 5  �  � � � $; �   ("
 � � $ � � "� � 5  �  � � " � �  

� � � � � � $ � �  � � � �  �  � � ).  

 � � � � � $ � � � ; � �  � �  � �  � �  : � � � �  : � � %�  � � %� � � � � � .  

? � � �  1. 1 � � � � � �  � �   � � � � $ � %�  �  � 5 � � � � �  � � � �  � � . 1 �  � � 5 
 � %�  � � 
 � � � � �  w (
 � �  �  l) 

� " � � � � � -� �  � � � � � 
 � � � � � � $ � � � �  Si � � � � � �  � � � �  � � , �  � � � � � � 7  �  � � � � �  � � � 7 � � � �  � � � -

� �  w � " Si, �  � " � � 5 
 � �  � � � � � 
 � � � � � � $ � � � �  Sj (j¹ i) � � � 7 � � � �   � � � � � � �  � � #� 5 � �   �  w 

� � � � �  (� � � �  � #� 
 � � � �  � � � $; �   � � � � � � � %�  � � � � %� ). 1 � � � � �   � �   � � � � $ � �  �  � 5 � � � � �  

� � � �  � �  � � � " � � � �  M0. 

? � � �  2. � � � � � � � �   � �  � � � �  �  � �  � � � �  � � . . � 5 
 � 7  � � � �  � �  C � " M0 � � � �  � � �  � � � -


 � 7 6 � �  � � � � "� � . + � � 5 
 � �  � � � � � 
 � � � � � � $ � � � �  Si  � #� 
 � �  � � � � �  w(i), �  � � � � � � %�  

� � � � � � � � $ � �  � #� 
 � � � �  �  � � � �  � � �  C (� � � �  : � �  � #� 
 � � � �  � �  $; �   � � � � � � � %�  � � � � %� , 

� �  � � � � %� � �  w(i) � � � � � � ). 9� � � �  
 � �  � � 5 
 � %�  i "� � �  � � �  � � � 
 � � � � � � � � �  � � � �  � �  C �  Si 

 �  � � � � �  w(i). 1 � � � � � � �   � � � 7  � � � �  � � , 
 � �  � � � � � � �  � � � � �  � � �  � �  5 �  � � � � � 
 � � �  

� � � �  �  � � . 1 � � � �  "� 
 �   � %�  � � � � �  � � � � � � � �  � � � � � >�  � " � � � # � � � � � � � � � � � � ; � #� �  � � -

� �  � �   � � � � � ; � 7 , � � �   � � � � � $� �   � � � � � ; � # (� � � � � �  � � � %�  � � � � � � �  � � 
 � �  � #� 
 � � $� �  

�   � � � � � ; � �  � � � �  � � ). � � � 
 �  � � � # � � � � � �   � # (� � �  � � " � # C) � � � �  � � , � � � � � � �  

� � ; $ � � , � � � � � � � �  � � � � � � #  �  � �  $; �  � � � � %� . � # �  � 5 � � � � �  � � � " � � � �  M1. 

? � � �  3. 1 � � � � � �  � �  � � � �  � � � � � �   � %�  %� � � �   �  � � � �  � � #. � � � � � �  � � � �  � � � � � �   � �  

%� � �  G, � � � ; �  �  � � � � � � %�  – � � � �  � �  � " M1. � " � � � �  � �  C1 �  � � � �  � �  C2 � � � � � 
 � �  

� � � � � , � � � �  � � � � � � � � � �  � � � � � 
 � � � � � � $ � � � � � , %
 �  � � � 
 � � � � � � � � $ C2 � � 5 � �  � � � � �  � � � 
 -

� � � � � � � � �  C1,  �  � � � � � � #� 
 � �  e*n, %
 �  e – "� 
 �   � �  
 � � � � � � �  �  � � � � �  � � � � � . � � � � �  � -

� � � $ �  � � "� � 5  �  � � "� � � � �  � � � ; �   � � � � � � � , � � � � 5 � 7 6 � � �  � � � � � � � �  � � � � � � � � � � � 7 -



 13

6 � # � � � �  � � , �  � � "� � � � �  � >� � �  � � � � � � � , � � � � 5 � 7 6 � � �  � � %� � � � � �   � � � $ � � �  � � � � � � � -

� � � � 7 6 � # � � � �  � � . 

? � � �  4. 1 � � � �  � � � � � � � � $ � %�  � � � �  �  � � %� � � � . � 6 � �  �  G � � � � � � � � � 	  �  � � � �  (�  � � � -

� � �   � � � "� � � �   � %�  %� � � �  � � � � � � � "� � � � �  � � � � �  � >� � � , � � � � � � � � 7 6 � # � � � $, �  � � � � � �  

� � "� � � �   � %�  – � � � � �  � � � � � � � # � � � � � � �   �  � � � ; �  � # �  � >� � � # � � � � ).  

 . � �  � "� � � �  � , � � � �  �  � � � �  � � � � � �   � �  %� � � �   � �  � � � � � � , � �  � � � � � � � � $ � �  

� � � $ � 6 � � � �  � � � �  � �  � � � � � 
 � � � �  
 �  � � � � � � � � %�  � � � %� � � � � � � � �  � � . � � � �  � � � � �  

� � � 7 � � �  (� � %� �  � � 
 � � $, � � �  �  G � � %� �  � � � $ � � ; $ � � � � �  
 � �  �   �  � �  $; � � , � � �  1/e), 

� �  � � "� � 5  �  � � " � �  : � � � � � � � � � � � �  � � 
 #� 
 � . � � � � � � � � , � � �  $; � � $ e � � �  � 
 � � � � $ 

� � � ; �  �  �   � � � �  $; � �  � � � � � � � � �  
 �  � � # � � � , � � � �   �  � � � � " � �  � � � � � . +� "� � 5  � , 

� � � 5 �  � � � � � $"� � �  � �  � � � � %� -� � � �  : � � � � � � � � � � � %�  � � %� � � � � � , 
 � � � � � � 7 6 � %�  � � 6 � � � -

� � � �  � �  � � � � � � . &�  � �  �  � � � � � 
 � � �   � �  �  � 5 � � � � �  � � � �  � �   �  � � � � �  � � � � "� �   � � -


 �   � �  � � � �  � � � " � � � �  M2. 

? � � �  5. 4 
 � � �  � �  � � � � � � � � � � � � � # � � � 
 � � � � � � � � � � . � � �  � � 5 
 � %�  � � � 
 � � � � � � � � �  w � � -

5 
 � �  � � � �  � �  � " M2 � � 
 � � � � � � �  � � � � �  $ � %�  � � � � � � � � � � � � � � � �  U(w). ? � �  – � � � � �  


 � � %� # � � � 
 � � � � � � � � � �  �  � � �  5 �  � � � � � 
 � � � � � � $ � � � � , � � � � � � � 5 �  � �  � � � � � � # � �  � � � -

� � � $ �  w  �  � � � � � � � � � � � � �  � �  � ; �  � 7  � �  � �  � %�  � � � � 
 � �   �  � � � �  � � #. 9� � � �  � 
 � � � -

� �  � � � 
 � � � � � � � � �  �  � � � � � � � � $ � �  � � � �  � �  � � � � � � � � � � � � � � � �  �  � � � � � � � � � � � � �  

� �  � � � 7  U.  1 � � 
 � � 5 � � �  � � �  
 �  � � # � � � , � � � �  � � �  � � � 
 � � � � � � � � �   �  � � 
 � �  � � � � $  � -

� � � � �  � � � � �  $ � � � � � � � � � � � � � � � � . � � � � � $ � �  � �  � �  � � � � 
 � �   �  � � � � � �   � �  �  � 5 � -

� � � �  M3 � � � � � � � � � � � � �  � �  � ; �  � 7  «� 
  �  � � � �  � �  � � � � � � �  � � 5 � �  � � � � �  
 � � %� � ». 

' � 6  � � � $ �  � 5 � � � � �  M3 � � � " � � � �  � � � � " m.  

? � � �  6. � � � � � � � �   � �  � � � �  �  � �   � � � � �  � � � �  � � . � � � � �  � 
  � �  � � � � � � � �  �  � � � , � � � -

� �  
 � �  � � 5 
 � �  � � � � � 
 � � � � � � $ � � � �  Si � � ; � � $,  � �  � �  �   � �  � � � ; � %�   � � � � �  � � � 
 � � � -

� � � � � � � , � � �  � � � � 6 � � . � � �  : � � %�  � � � � � �  � � � �  � � � � � �   � �  %� � �  G, � � � ; �  �  � � � � � � -

%�  – � � �  � � 
 � � � � �  � " Si 
 � �  �  l. 1 � � � � 
 � �  � � � � �  � " � � � ; �  �  w1 �  � � � ; �  �  w2, � � � �  

� � � � �  w1 � � 5 � �  � � � � �  � � � � �  w2 ("� � � � � � , � � �  �  G  � �  � � � � � � ). . � 5 
 � 7  � � � ; �  �  w � � -



 14

� � � � � �   � � � � � �  <c1, …, cm>, %
 �  cj – � � � � � , � � � � 5 � 7 6 � �  � #� 
 � � � �  � � � � �  w �  j-� �  � � � -

� �  � � � �  � � �  � " M3. . � 5 
 � �  � � � � �  � � � � � � � �   � � � � � �  <d1, …, dm-1>, %
 �  dj – � � � � � , � � -

� � 5 � 7 6 � �  � � � � �  �  � �  � � � � � � �  � �  � � 5 
 �  w1 �  w2 � �  � � � � � � �  � �  � � 5 
 �  j-� �  �  (j+1)-� �  

� � � �  � � � �  (� "� � � �  � �  " � � � �  � �  � � ).  

 � 6 � �  �  G � � � � � � � � � 	  �  � � � � , � � 
 � � 5 � 6 � �  � � �  �  m � � � ; �  . � � �  � � , � � � � � -

� � "� � � � �  � � � � �  � � � � � � �  c1(1)+d1(1)+c2(2)+d2(2)+…+cm-1(m-1)+dm-1(m-1)+cm(m), %
 �  

�  � � � � � � # � � � "�  �   � � � � �  � � � ; �   �  � >� � �   �  � � � �  (� �  � %�   � � � � � ), �  � � � � � � # � � � � � � �  

� � � � � � � � � � � 7 6 � �  � � � � �  �  � �  � � "� � � � � . &� %� �  � � 
 � � $, � � �  � � � � �  � � � � %�  � � � �  � � 5 � �  

� � � $ � � � � � 
 >  � � � � � � �  � � 
 � � � � � � � � �  � � �  
 � � �  � �  � � � � � 
 � � �  � � � � � �  � � � � � � � � $ � -

%�  � � � �  �  � � � �  � � � � � �   � �  %� � � � . � � � 
 �   � � �  � � � �  � � � � � � � � � � � � �   � � � �   � � � �  

� � � 
 � � � � � � � � � �  � � � �  � �  �  Si.  

 1 � � � �  � � %� , � � �  
 � �  � � 5 
 � �  Si  � � 
 �    � � � �   � � � �  � � � 
 � � � � � � � � � � , "� � �  � � �  

� � �  � � � � 6 � �   � � � � �   �   � � � � , � � � � � � � , � � � � �  � � � � "� � ,  � � � �   � � � �  � � � �  � � . 1 � � � �  

"� 
 �   � %�  � � � � �  � � � � � � � �  � � � � � >�  � " � � � # � � � � � � � � � � � � ; � #� �   � � � � � �  � � � �  � �   � � -

� � � ; � � . 1 � �  � � � � �  � � � �  "� 
 � � �  � �  � � � � � � � � , � � �  � � "� � 5  �  � � " � �  � � � � � � $ � �  

� � � �  �  � �  � �  � � � �  « � � � � � ; � �   � � � � »; � � � 
 � � �  � 5 � 
 � � $, � � �  � � �  � � � � � � � �   � �  

� � � �  �  � �  � � � � � � �  
 � � 5 �   � #� 
 � � $� �  �   � � � � � ; � � �   � � � � � .  

 � " � � �  � � � � � $ � %�   � � � � �  � � � �  � �  � � � � � � � � � � �  � � � 
 � � � � � � � � � � , �  � � � � � � # 

� #� 
 � � � �  � �  «� � � � � � » � � � �  � � � �   � 5 �  � � � � %� .     

? � � �  7 (
 � � � �  � � � � $ � � ). � � � �  � �  � � � "� � # � � � �  � � . 1 � � � � � � � � � � �  � � � �  � � � � 
  � # 

� � � �  � � , � � � � "� � 
 � �  � � � �  � �  
 � � # � � � � 
  � # � � � �  � �  �  � 
  � , � � � �  � � � � � � �  � �  � � 5 
 �  

: � � � �  � � � �  � � � �  � � � � , �  � # � � %� � � � � �   � � � $ � � � � � � . 1 � � � � � � ; � � � �  �  � � "� � $� � � �  

� � � �  � �  � � � �  � �  � � 
 � � , � �  � �  � ,  � � � �  
 � � �  � � � , � � �  � � �  � # � � � 
 � � � � � � � � �  � � %� �  

� � � � $ � � " � 7  
 � �  �  (� � � $; �  l).  

 � � � � , � � � � �   � � %� � � � �  � � � � � �  � � � �  � � . 4 � � 5 � �  � %�  � � "� � 5  � �  � � � � �  �  � � .  

1 � � � �  �  � �  1. 	 � %� � � � �  � � 5 � �  � � � 5 � � $ � �  � � � �  
 � �  � � � � � �  � �  � � � � � � � �  � # � � � -

� � �  � # � � � � � � � � . 	  � � �   � , 
 � �  � � 5 
 � �  � � � � � � �  � " � � 5 
 � �  � � � � � 
 � � � � � � $ � � � �  S "� -



 15

� � � � � � � �  �  � � � � � � � 7  �  � � � , � � �  � � � � � � � 5 �  �  � � � � �  : � � �  � � � � � � �  � �  � � � � � � $ �  

� � � 
 � � � � � � � � � �  � � � �  � �  �  S (
 � � � � � � �  � , � � 
 � � � , � � � "� � � � $  � � � � �  � � � �  � � , � � � -

5 � � ; � # �  � � � � �  � � � � �  �  � � � � � �  � � � 
 � � � � � � � � � �  �  � � � � � � �  � �  
 �   � #). 1 � � � �  : � � %�  � � -

� � � -� � � �  � � %� � � � � � �  � � 
 � � � � �  �  (� � =� 
 �  >  � � ) �  � 5 � � � � �  � � � # � � � � � � � �  � � � � � � � �  

– � � 
 �  � 5 � � � � �  � � � � � � � �  �  � � #� 5 � �  �  � � � � � � � � �  ( � � � � � � � , � � 5  �  � � � � � $"� � � � $ 

� � � � � 
 � � � , �  � � � %� �  � 7  : � � � � �  1 �  2 � � � � �   � %�  � � %� � � � � � ). � � � � � � � �   �  � 5 � 
 � � $, 

� � �  � � � � � � �  � " � 
  � %�  � � � � � � � �  (� � "� � 5  � , � � � � �  � � � � � � � � �  � �   � � � � � � � %�  � � � � �  

� � ;  � # � � � � � � � � ) � � � � � � � �   � � � �  � �  � � � � � � � �  � # � 
  � � � �  � # � � � � � � � �  � � � � � � �  

� � � � � � � � � .  

1 � � � �  �  � �  2. 	 � %� � � � �  
 � >�  � � � � � 
 � � �  �  � 5 � � � � �   � %�  � � � � �  � � �  � �  � � � � � 
 � � � -

� � � $ � � � � � , � � � � � � 6 � # � " � � =� � � � �  � � � � "� � � $ � �  � � � � � 
 � . � � � � � � � � � � $ � , "� � �  �  

� � 
 � � � �  
 � �  �  l  �  
 � � %� �  � � =� � � �   �  � � � � � � � � � � � �  � � � � � �  � � %� � � � � � . � %�  � � 5  �  

� � � � �  � � $,  � � � � � � � , � � �  � � � � �  � � �  � �  � � � � � 
 � � � � � � $ � � � � �  � " � � � �  �  � � � � � �  �  � � -

%� � � � � �  � � � � � �  � �  � � � � � � � �  � # � � � � � �  � # � � � � � � � �  � " [4].       

1 � � � �  �  � �  3. � � � 
 �   � �  � � %� � � � � � �  � � � �  � �  � " � � � � � �  � � %� �  � � � � � � � � $  �  � #� 
  

� � � � �   � %�  �  [4] � � %� � � � � � .    

� , ' ! . � 1( / . � � "� � $� � � �  
 � � � � � � � � � �  
 � � � � 
 � � � � � � $  � : 

·  3-� �  � � 5 
 �  � � � 
  � �  � �  � � � �  � � �  «1 � � � � � � �  � � � � � � �  � �  �  � � 
 � � � � � � �  � �  �  

� � � 5  � # � � � � � � � #», � � � � � � , � 	 � , 4-9 � �  � � � � �  2001. 

·  3rd International Conference on Bioinformatics of Genome Regulation and 

Structure, BGRS’2002, 14-20 July 2002, Novosibirsk, Russia. 

·  Moscow Conference on Computational Molecular Biology (MCCMB©03), 22-25 

July 2003, Moscow, Russia. 

·  � � � �  � �  � � � �  � � �  � �  � � � �  � � � � � � � � �  �  � � � � � � �  � � � � � � �  � � � � 
 � � �  �  � � � -

� � � � �  � 	 �  � � 
  � � � � � � 
 � � � � �  � � � � � � � � � � , � � �  � -� � � � � � � �  
 �  � �  � 	 �  

&.' . ( � � � � #�  � . 



 16

·  � � � �  � �  � � � �  � � �  � �  � � %� � � � � � �  �  %�  � � � � �  ' � � � � � � � � %�  %� � � 
 � � � � � �   � %�  

�  � � � � � � � � � �  � � . &� � �  � � � � �  (� � #�  � � � -� � � � � � � � � � � � � �  � � � � � $� � � ) � � 
  � � -

� � � � 
 � � � � �  � � � � � � � � � �  +.	 . &7 � � � � � %� . 

·  ' � � � � � � � � �  � � � �  � � �  � �  � � � � $7 � � �  � �  %�  � � � � �  �  � � � � � � �  � � � � � � � � �  � �  

� � � � � %� �  � � . +.	 . ?  %� � $%� � 
 � �  � 	 � . 

� � . � ( � � 1( ( . 1 �  � � � �  
 � � � � � � � � � �  � � � � � � � � � �  �  6 � � � � �  � # � � � � � .  

� � ' � � � � ' �  (  ! . 5#$  ' � . ! � %. � � � � � � � � � � �  � � � � � � �  � " 3 %� � �  �  3 � � � � � 5 �  � � ; � � -

� � � 
  � �  � � 
 � � 5 � �  � �  � �  � �  � � "� � $� � � �  � � � � � �  � � � 
 � � 5 �   � #  � � �  � � %� � � � � � � . 

) � =� �  � � � � � �  110 � � � �  � �  � � ; �  � � � �  � %�  � � � � � � , �  � � �  � � � � � , 13 � � � � � �  �  26 � � � �  -

� � � .  

0� � � �  1 � � 
 � � 5 � �  � � � � � %� � � � � � 7  �  � � � � � � � � � � � � � 7  � � � � �  � � � �  "� 
 � � � , � � � -

� �  � �  � � � � � �   � # � � � � � � �  � � %� � � � � � �  � � � � � �  � � � �  7 � � � �  � �  � � %� � � � � � , � � � � � � �  

� � � � �  � �  � � � � � "� 7 6 � �  � # � � � � $7 � � �  � �  � � � %� � � � � , � � � �  �  � �  
 � � # � � � � � �   � # 

� � %� � � � � � �  � � 5 
 �  � � � � � . 

0� � � �  2 � � 
 � � 5 � �  � � "� � $� � � �  � � � � $7 � � �  � %�  � � � � � � � � �  � �   � ; � # 
 � � # � � %� -

� � � � � �   �  � � � � � %� � � � � � # � � � � � 
 � � � � � � $ � � � � #, 
 � �  � � � � � � # � � � �  7 � � � � �  � � � �  � "-

� � � �  � , �   �  � � � � � � � � �   � # � � � � � 
 � � � � � � $ � � � � #. � � � � � � � � �  � �  : � � # � � %� � � � � � �  

� � � 
 � � 5 � � � � �  �  0� � � �  3  �  "� 
 � � �  � � � � � � � %�  � � � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  �  � � -

; � �  � # � � � � � � # � � � � � � � � .  

+ %� � � �  3 � � � � � 
 � � � � � � $ �  � � � � � � � � � � � 7 � � �  � � "� � $� � � �  � � � � � � � %�  � � � � � �  � � -

� �  � � � � $ � # � � % � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  �  � � � � � � � � � � � � � �  �  � � � � � � � � � � , �  

� � � � � � � �  � " %� � � �  Bacteroidetes/Chlorobi �  Thermotogales 
 � �  � � � � � � �  � � � � �  � � "�  � � "-

� � � � � �   � # �  � � � � � � � � � � � � # � � �  � � � � � � � , %� � � � 
 �  �  �  � � � �  �  � . � � �  � � 5 
 � %�  � " 

: � � # � � � � � � �  � � � � � 
 � � � �  �  � � � � � �  � � � � �  � � � � � � � �  � � � � � � � � � � � 7 6 � �  � � � �  � � � � $ � �  

� � � � �   � �  � � � � � � � � � . 9� � � �  � � � � � 
 � � � �  � � � � �  � � �  � �   � � 
 �   � # � � . -� � � � � � � � .  

+ � �  � �  � � � � � �  � � � � � 
 �  �  � � � � 
 � , � � � � � �  � � � � � $"� � �   � �  � � � � � � � � � � , 

� � � 7 � � �  � � � � � �  � � � � � �  � �  � � � �  
 � � � � � � � � � � , �  3 � � � � � 5 �  � � .  



 17

� � � 
 �  1. � ) �  � � &! ' ( � $ �  (  � ! $ , � 4 � #'  � /  , ' ! &' � $$ �  , ! ( "� �  

, ! � # 1( � � �  %-  � � � # 4 � � ! '  %-  ' #&� � / � ! '  %-  "� ' � � � � '  $ � 	 �  

 

� � � � � � � � � � � � � � �  "� 
 � � �  � � � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  �  � � 
 � �  � �  � � � � � � �  

%�  � . ' � � � � � � � � � � � � �  � � � � �  � � � �  : � � �  "� 
 � � �  � � � � � � . � �  �  � � � � � 
 � � � � � � $ � � � $ � � � -

� � � � � �   � �  
 � �  �  �  � � � � � � � �  { A, C, T, G} ;  � 5  �   � � � �  � � � � 
 � � �   � 7  � � � �  � � � � 7  

 � 5 �  � � � � �  � � � 7  � � 
 � � � �  �   � � , � � � � � � � � � � � 7 6 � 7  � � � � � %� � � � � � � �  � �  � � � 7  � � � � -

 7 � � � �  � �  � � � � � � � � � . 	  � � �   � , � � � �  7 � � � �  � �  � � � � � � � � �  � � � � � � � $ � � �  � � � � � � 6 � �  

� " � � 
 � �  � %�  � � � � � 
 �  �  � � %� � � � � �  � � �  � � 
 �  � � � , � � � � � � �  � � � � � � � �  � � � � � � �  �  � � � # 

; � � � � � : � � � � �  � � � � � , �  � � � � � � �  � � � � �  �  � � � " � � , � � � � 
 � � �   � �  � � � � "� �  � � � � � � � -

5 �   � # � �  � � � � � � $ �  
 � � % 
 � � %�  (� � . � � � . 1 �  0� � � �  3). .  : � � � �  � � � 
 � � � �   � � �  � � � -

� �  � 7   � � �  � � � �  
 � � � � � �  �  � � � 
 � � � � � �  � �  �  � � � # � � � � � # – «� �  � � � #» : � � # � � � # ; � � -

� � � . � � ;  � � � � � �  � � %� � � � �  � � � � � "� � �  � 
 � 7  � � � � � �  � � �   �  � � � � # � � � # � � � � , «� � � � 5 -


 � 7 6 � #» � � �  � � � � � � � � � � � 7 6 � �  ; � � � $� � ; � � � � �  � �  : � � %�  � � � � � 
 �  �   � 5 � .  

4 � � � � � � � �  � � � � 	 � � � � �  � � � � �  � � � " � �  ; � � � $� �  1 �  2, � � � � �  � � � � �  � � � � �  3 �  

4, �  � � � � �  �  � � � � � � �  � � � � �  2© �  3©.  

§1.1. � #' ) %6 � � &! ' ( � $  

� � � � 	 
  � �  � � � � �  � � � � �  � � � � �  
 � �  � � � � � 
 � � �  � �  � � � � � � �  �   � � � � � �  � � � �  7 � -

� � �  � �  � � %� � � � � �  �  ! + ! 6 
 �   � �  � � 
 � �  � �  � � � � � � � : �   � �  � 6 � � � �  � � � �  � � � �  7 � � � � -

 � �  � � � � � � � � �  � � �  � � � �  � � �  � �  � �  � � � � � � � � � �  (� .� . � 6 � � � �  � � %� � � � � � � � � � � �  � � � "�  � �  

 �  � � � � � � � � � 7 6 � �  : � � � �  �  � � � � �  � � � � � � � � � ). � � � �  � � � �  �  � � � � � � � � � � � � � � $ � � � � � � , 

� � %
 �  � � 
 � �  � �  � � � � � � $ � � � � �  
 � �  �  �  450-800  � � � � � � � 
 � � . 	 � %� � � � �  � 6 � �  � � � � � -

� � � � , � � � � � � 6 � 7  � " � � � 
 � 7 6 � # : � � � �  � � �  �  � � #� 
  � �   � � � � � � � 
  � �  � � � � � 
 � � � � � � $-

 � � � � : � � � � �  � � � � � � �  � � , � � 
 � � � 7 6 � �  � � 
 � �  � �  � � � � � 
  �   � � � � � �  � � %� � � � � �  � # 

� � 
 �  � �  �   � � ; � � � � � �  � � � �  s1, s2, s3, � � � � � � �  � � � 5 � �  «� �  � � � � » 
 � �  � � � � � � �  � �  � � � � : 

s1 � � � �  2 �  2’ , s2 � � � �  3 �  3’ , s3 � � � � �  4; �  � � � # ; � � � � �  – � � � � �  � � � � � , �  � � � � � � �  � � � -

� �  �  � � � " � �  (�  � � � � � � � � � � � �  �  : � � � �  � � � � � � � ); � � � � � � �  � � � � � � � �  � � � � � � � .  



 18

+ � � %� � � � � �  � � � � � $"� 7 � � �  � � � 
 � 7 6 � �  � �  � �  � �  � � � � � � � � � : � �  � � � � $ � �  


 � �  �  � � 
 � �  � %�  � � � � � 
 � ; 
 � �  �  � � � � � � � , � � 
 � � 5 � 6 � %�  � � � � � � �  � � � � � � � ; � �  � � � � $-

 � �  � � � � � � � � � �  � � � � # � � � � � � � �  � � � � � � �  �  : � � �  � � � � � � � ; 
 � �  �  � � 5 
 � %�  � " � � � �  s1, s2, 

s3; � � � � � � � � $ � �  � � � � � � �  � �  (� � " � � �  � � 5 
 �   � � � � � �  � � � � � �  � � � � �  � � � 
 � 7 6 � %�  � � � -

� �  �  � � � � � 
  � �  � � � � � �  � � � 
 � 
 � 6 � %�  � � � � � ) � � 5 
 �  � � � � � � �  s1 �  s2, s2 �  s3; � � � � � � � � $-

 � �  � � � � �  � � "� � �  � # (�  � � � �  s1 �  s3) �   � � � � � � � � �  � � �  � # (�  � � � � # s1 �  s2, s2 �  s3) 

 � � � � � � � 
 � � ; � � � � � � � � $ � �  � � � � � � �  � �  � � 5 
 �   � � � � � �  � � � � �  s3 �  � �  � � �  � � � � �  s2; 

� � � � � � � � $ � �  � � � � �  � � � � � � � � � # � � %� � � � � � �  � � � � �  � � � �  s1, s2, s3; � � � � � � � � $ � �  � � � -

� � � �  � �  � � 5 
 �   � � � � � �  � � � � � � �  � � � � � � � �  � � � � � � �  �  � �  � � �  � � � � �  s3; � �  � � � � $ � �  

� �  � ; �  � �  � � � � �  � � �  GC �  � � � � �  � � �  AT �  � � � � � # s2 �  s3; �  � � � � � � $ � �  " � � �  � �  
 � � -

 �  � � � %� �  � �  
 �   � � � � �  � � � � �  �  � � � � � � �  � � � � �  – � � � " � �  ; � � � $� �  � 6 � � � �  �  : � � �  

� � � %� �  � � . 

9 � � �  � �  : � � # � � � � � � � � � �  � � 
 � � � � � � � $ �  � � � � 6 $7  � � �  
 � � �  � # � � � � � � �  � � � -

� � � � � � � , � 
 �   � "  � # (� � � � �  
 � � � � � � � � $ � %�  �  � � � � � � �  �  � � � � 6 $7  � � � � � � 
 � � �  � �  

� � $7 
 �  � � ) �  � � � � � � � �  � � � � � � �  � � � "�    � 5 � . � � �  � � "� � $� � � � � , � � � � � � �  � � � � �  �  �  

0� � � �  3, #� � � � � � �  �  � � � 
 � 7 6 � �  " � � �  � �  : � � # � � � � � � � � � � . 1 � � � � � � � � 7 � �  �  � � �  5 �  

� � � � 
 � � , � � �  � � ; � : 30  � � � � � � � 
 � � , 5, 8, 100, 2, 30, 15, 9, 1.3, � �  100 
 �  50.  

1 � � � � �  � � %� � � � �  � � � � � 
 � � � � � � $ �  � � � � � 
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� � � � � 
 � � � � � � $ � � � � :  

( � � � �  � � � � � � � � � � � 7 6 � # � � � -
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 �  �  (�  � � � � � � � �  U) 29 

� �   � � 
 �  �  ( �  � � � � � � �  U � � � � � � � ) 21 

� �   � � 
 �   
 � 5 �  � � � � � � �  U   17 
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 � � � � � � $ � � � � . � � � � 7  � � � �  (+,� ) � �   � "� � � �  � � � � � � . ( � � � �  � � � -

� � # � � �  � � �  " � � �  � �  � � � � %�  p =  9 
 � �  � � # 5 �  � � � � � �  � # �  20 � � � � � � � # � � � � � %� � � -

� � � # � � � � � 
 � � � � � � $ � � � � �  � � � � � 
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� � � � � � � $ � # ; � � � � �  � � � � � �  �   �  � � � � 
 � �  � �  $; �  
 � �  �  � � #� 
  � �  � � � � � 
 � � � � � � $-

 � � � � , �  � � � � �  � � � � � # � � �  � � � � � �  �  �  4 � � "�  � �  $; �  � � � � �  � � � # � � �  (+,� ).  

 

� � . � ( 1�  2.1.2. ( � � � �  � � � # � � �  (+,� ) �  � � � � �  � � � � � # � � �  (+,� ) �  �  � 5 � � � � � # � � � � � $ �  

� � � � � � � $ � # ; � � � � � , � � � � � � �   � # � � � � � �  � � %� � � � � � �  � �  � � �  � � � � � � � � �  � � � � � � -

 � �  �  � � � � � %� � � � � � �  � � � � � 
 � � � � � � $ � � � � � . + � � � � � � � �  � � � � � �  � # � "� � �  20 � � � � � 
 � -

� � � � � $ � � � � �  � " 67 � � � � �  � � � # �  � � � � � � �  2.1.1. 

� � �  � � #� 
  � �  � � � � � -

 � � � � � � $ � � � �  

( � � � �  � � "� � �  � # � � �  (+,� ) �  �  � 5 � -
� � � �  � � � � � $ �  � � � � � � � $ � # ; � � � � � , 
 � � 
 �   � # � �  � � #� 
  � �  � � � � � 
 � � � -
� � � $ � � � �   

( � � � �  � � � � � # � � �  
(+,� ) �  � � �  5 �  
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� � � � � � ; � #� �  �   � �  
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� � � � � � 	 � �   55 11 
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� � � � � � 	 � �   53 10 

� � � � � � 	 � �   57 8 

� � � � � � 	 � �   57 7 

� � � � � � 	 � �   59 10 

� � � � � � 	 � �   61 13 
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AB_pheA 57 13 

EC_pheA 43 12 

EC_pheS 47 8 

EC_trpE 44 12 

HI_pheA 48 14 

HI_pheST 39 10 

HI_trpBA 57 12 

HI_trpE 38 15 

SH_pheS 46 12 

SH_pheA 43 9 

SH_trpE 49 10 

ST_pheA 41 11 

ST_pheS 40 11 

ST_trpE 50 11 

VC_pheA 37 8 

VC_trpE 48 13 

YP_pheA1 41 8 

YP_pheA2 53 8 

YP_pheS 47 14 

��
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�
��

��
��

� 

YP_trpE 32 7 

 

 

§2.2. 
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"� � ! $  ! "� � � � ! )  � ' � 1( � �  U. � �  � #� 
  � � %� � � � � �  � � 
 � � � � � � $ 20 � � �  � � � � � � � � � # � � � -

� � �  � # � � � � � 
 � � � � � � $ � � � � � , � � � � � $"� � �   � # �  §2.2., �  � � � � � � �  
 � � � �  � � � � $ �  �  

� � � � � �  � # � � � � � # � � � � � � � � � � $ 1-2 � � � %� �  � �  � " 5  � � � � � � � 
 � �  U, � � � � � � �   � #� 
 � -

� � � $ � �   � � � � �  � � � � � 
 � � � � � � $ � � � �   �  � � � � � � �  � �   �  � �  � �  100  � � � � � � � 
 � �  (�  � � � , 
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� � � � �  � � %� � � � �  � � � �  � � "� � 5  � � � $ � � � � � � � � $ � � � � � � � � �  � � � � 
  � � � � � � � �  U). � �  � � #� -
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� � � � � � �  � � � �  � � �  -, 1 � � "�  � � �  -, 4 � � � � � �  U � � �  -> � � �  � � � � 6 �  � �  � �  � � � � � � � � � �  � � -

� � %�  � � � � �  � � � � � . 
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 � � � �  � � � � $ � �  � �  � � � � � � �  
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 � �  � � ; �  � �  "� 
 � � �  � � "� � � �  � �  � � � � � �  � �  � � � � � 
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"�   � #  � 5 �  � � � � � � � � � �  � � � � � � � � � � � 7 �  � � � � � � � � �   � � �   � � �  � � � � � 7  � � � � � 
 � � � -

� � � $ � � � � �  
 � �  �  450. ?� �  � � � � � � �  � � � � � � �  �  � � � 
 � 7 6 � � . � � � � � %� � � � � � �  � � � � � 
 � � � -

� � � $ � � � $, � � 
 � � 5 � 6 � �  � � � �  7 � � � �  � 7  � � %� � � � � 7 , � � � � � � � � � �  � �  � � � � � �  � �  � � � � � -
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  �  � " � � � # � � � 
 � 7 6 � # � � � � � � �  1-3. 

1. ) � � � �  � � 
 � � 5 � �  � � �  �  � 
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 � � � � � � � 
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  (�  � � �  «–»); �  � � 6  � � � $ � � � � �  � � � � � . 1 � 
 � � � � � � �  � � �  � � 
 � � � � � � �  � � � � � , 
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�  � � � � �   � ; � %�  � � � � � � �   �  � � #� 
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�  � � �  False). 
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 � �  � � 5 
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1. AB_pheA 1 + + 14 

2 + + 4 

3 + – 3 

4 + – 3 

Real 

2. EC_pheA 1 + + 8 

2 – – 4 
Real 
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3 + – 3 

4 + – 5 

5 + + 5 

3. EC_pheS 1 + + 9 

2 – + 3 
Real 

4. EC_trpE 1 + + 7 

2 – + 3 
Real 

5. HI_pheA 1 + + 15 

2 + – 3 

3 – – 4 

Real 

6. TY_pheA 1 + + 13 

2 + + 8 
Real 

7. TY_trpE 1 + + 6 

2 – – 3 
Real 

8. TY_pheS 1 + + 12 

2 + – 9 

3 + + 4 

Real 

9. VC_pheA 1 + + 12 

2 – + 10 

3 – + 4 

Real 

10. VC_trpE 1 + + 7 

2 – – 3 
Real 

11. YP_pheA1 1 + – 10 

2 + + 13 

3 – – 4 

Real 

12. YP_pheA2 1 – – 8 

2 + – 3 

3 – – 3 

False 

13. YP_pheS 1 – – 9 

2 + – 6 

3 + – 4 

4 + + 3 

5 + + 3 

Real 

14. YP_trpE 1 + + 8 Real 

� � � � � � 	 � �   – False 
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� � � � � � 	 � �   1 + – 9 False 

� � � � � � 	 � �   – False 

� � � � � � 	 � �   1 + – 4 False 

� � � � � � 	 � �   – False 

� � � � � � 	 � �   1 + – 6 False 

� � � � � � 	 � �   1 + – 4 False 

� � � � � � 	 � �   1 + – 4  

2 + – 3  
False 

� � � � � � 	 � �   1 + – 5 False 

� � � � � � 	 � �   – False 

� � � � � � 	 � �   – False 

� � � � � � 	 � �   1 + + 5 Real 

� � � � � � 	 � �   1 + – 5  

2 + – 3  
Real 

� � � � � � 	 � �   – False 

� � � � � � 	 � �   1 + – 3 False 

� � � � � � 	 � �   1 + – 4 False 

� � � � � � 	 � �   1 + – 5 False 

� � � � � � 	 � �   – False 

� � � � � � 	 � �   1 + – 5 False 

� � � � � � 	 � �   – False 

 

§2.3. 
 � ! ' ! 6 � � &! ' ( � $ : � #"� ( ' ! ) �  ( #  �  " � � 0� 6 %-  , ! "� #+! ) � � #� �  ! " � / - , "! +#' -

2 � 3 ( -  . ( ! � ! &( 0#"� (  * � 0( $%# � #' $ (  � � ! ' %. � �  � #� 
  � � %� � � � � �  � � 
 � � � � � � $ � � � -

� � �  � �  � � �  � � � � � � � � � �  � � � � � 
 � � � � � � $ � � � � , � � � � � $"� � �   � �  �  � �  � � �  2 � � � � � � � � � -

 � � , �  � � � � � � �  � � � � 
  � � � � � � � �  U  �  � � � � � � �  � �  �  3  � � � � � � � 
 �  � � � � 6 � � � �  � � � %� �  � , 

� � 
 � � 5 � 6 � �  � � � � � %� � � � � �  " � � � � � �  � � � � �  � � � �  � " � � %� � � � � �  � �  � � � � � � �  %�  �  trpE 

� � %�  � "� �  E. coli, �  � � �   � , � � � %� �  �  CAGCCCGCCTAATGAGCGGGC. � �  � � #� 
 �  � � %� -

� � � �  � � 
 � � � �  � � � � �  5 �  � � �  � � ; �  � � � � 6 �  � � . 

� �  � � � � # � � � � � 
 � � � � � � $ � � � � # � � � � � �  � � %� � � � �   �  
 � � �  � 
 � � � � � � � � � � � � $ � # 

� � "� � $� � � � � : �    �  � � 5 � �  � � � � � � � � � � � � � �  � � � � � � � $ � � � � �  � � � � � 
 � � � � � � $ � � � �  � �  � � � -

� � %� � � � � �  " � � � � � #. ?� �  � � 
  �  � " � � � � � � �  2.3.  
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� � . � ( 1�  2.3. � � "� � $� � �  � � � � � �  � � � � � %�  � � %� � � � � �  �  � � � � � � � � �   � ; � %�  � � � � � � �  


 � �  � � � � � �  � # � � � � � 
 � � � � � � $ � � � � �  �  � � � � � � � �  U �  � � � � �  � � � � � �  � " � � %� � � � � � -

 � �  � � � � � � �  � � � � �  �  trpE � � %�  � "� �  E. coli. ) � � " � � �  � �  � � � � �  5 � , � � �  �  � � � � � � �  

2.2. 

� � "� �  � �  %�  �  �  � � %�  � "� �  
1 � � � � � � � �  � � � � � � �  

 � �  � � 5 
 � �  � "  � � -

 �   � # � � � � � � � �  

+� � � �  �  � �   
� � � � � � �  

� � � � � �  � �   – False 

� � � � � �  � �   1 + + 7 Real 

� � � � � �  � �   – False 

� � � � � �  � �   1 + + 7  Real 

� � � � � �  � �   1 – + 7 False 

� � � � � �  � �   1 + + 7  

2 + – 6  

Real 

� � � � � �  � �   1 + – 4 False 

� � � � � �  � �   1 + + 7  

2 + – 4  

Real 

� � � � � �  � �   1 + + 7  

2 + – 5  

Real 

� � � � � �  � �   1 – + 7 False 

� � � � � �  � �   1 – + 7 False 

� � � � � �  � �   1 + + 7 Real 

� � � � � �  � �   1 + + 7  

2 + – 5  

3 + – 3  

Real 

� � � � � �  � �   1 + + 7 Real 

� � � � � �  � �   1 + + 7 Real 

� � � � � �  � �   1 + – 4 False 

� � � � � �  � �   1 + + 7 Real 

� � � � � �  � �   1 + + 7 Real 

� � � � � �  � �   – False 

� � � � � �  � �   1 + + 7 Real 
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§2.4. � #' ) %6 (  ) � ! ' ! 6 � � &! ' ( � $ : � #"� ( ' ! ) �  ( #  �  . ( ! � ! &( 0#"� ( -  , ! "� #+! ) � -

� #� �  ! " � / - , "! +#' 2 � 3 ( -  � � � # 4 � � ! '  � 4  "� ' � � � � ' � . � �  � #� 
  � � � � � � �  � � %� � � � � �  

� � 
 � � � � � � $ � � %� � � � � �  � �  � � � � � � �  
 � �  �  450, � � 
 � � 5 � 6 � �  � 5 �  � "� � � �  � 7  � � � �  7 � -

� � �  � 7  � � %� � � � � 7 . � �  � � #� 
 �  � � %� � � � � �  � � 
 � � � � � � $ � � � � �  5 �  � � � � 6 �  � � . � � "� � $� � � �  

� � � � � � � � �  � �  � � � � � 
 � � � �  �  � � � � � � �  2.4, � " � � � � � � �  � � 
  � , � � �  � � %� � � � �   � #� 
 � �  � � � � -

 7 � � � 7  �  � � � � � � �  � � �  � � � $7 . � � � � � � � �   � , � � �  �    � #� 
 � �  � � � � �  � � � �  �  � � � � �  � � � � -

� � �  � � �  � � � $7 , � � �  �  � � � � � � �  � � � � , �  � � � � � 
  � �  �  � � � � �  � � � � � � �  � � �  � � � $7 , � � �  

� � � "� .  

 

� � . � ( 1�  2.4. � � "� � $� � �  � � � � � �  � � � � � %�  � � %� � � � � �  
 � �  � � � � � %� � � � � � # � � � � � 
 � � � -

� � � $ � � � � � , � � 
 � � 5 � 6 � # � "� � � �  � 7  � � � �  7 � � � �  � 7  � � %� � � � � 7 . 1 � � � � �  � � � � � � �  

� � 
 � � 5 � �   � "� �  � �  � � %�  � "� �  �  %�  � , � � � � 
  � � � � � � �  � � � � � � � %� � � � � � �  � � %� � � � � � -

 � �  � � � � � � $. +�  � � � � � �  � � � � � � �   � � � � � � � �  " � �  «+», � � � �  � � %� � � � �  � � � � � � $ �   � -

; � �  � � � � � %� � � � � � �  � � � � �  � � � � ; �  � � �  � � � � � � � �  " � �  «–». � � � � � �  � � � � � � �  � � 
 � � -

5 � �  � � � � � �  � � � � �  0, 1, 2, � � � � � � �  � � �  � � � 7 �  � � �  � � � $ � � � � � 
 �  � �  � � � � � %� � � � � � # 

� � � � �  � � � � � , �  � � � � � � �  � � � � �  �  � � � " � �  ; � � � $� �  � � � � � � � � � � �   �  �  � 
  � � � �  -

 � � �  ; � � � $� � � � ,  � � 
 �   � � �  � � %� � � � � � � . ) � �  � �  «2» � � � � � � � �  � � %� � � � � � � � � � �  

 � � 
 �   � �  ; � � � $� � , � � � �  � � � � � � � �  � � 
 � � � �  � � " � � � � �  � �  � � � � 
 �  � � � �  + �  �  � � -

� � � $ (+,� ) � �  �  � � � � � � � � � � � 7 6 � �  � � � � � %� � � � � � �  ; � � � $� �  � � � � � � � � � �   �  � � � � �  � � �  

5  � � � � � � � 
 � � , �  �  � � � %� �  � �  � � � � � � � �  � �   � � � � � �  �  � �  � � �  	  �  D � �  �  � � � � � -

%� � � � � � �  ; � � � $� �   �  � � � � �  � � �  7  � � � � � � � 
 � � . ) � �  � �  «1», � � � �  � � � � � � � � $ � �  

� � " � � � $ � � � � 
 �  � �  � � � � � $ + �  �   � � 
 �   � �  �  � � � � � %� � � � � � �  ; � � � � �  � � � � � � � � � �  

 �  � � � � �  � � �  5  � � � � � � � 
 � � , �  � � � � � � � � $ � �  � � " � � � $ � � � � 
 �  � �   � � � � �  �  � �  � �  

� � � � � � � � � � � � � � # ; � � � � �  (	 ,D) � � � � �  � � �  7  � � � � � � � 
 � � . ) � �  � �  «0», � � � �  � � � -

� � � � � $ � �  � � " � � � $ � � � � 
 �  � �  + �  � , A �  D � � � � �   � � 
 �   � �  �  � � � � � %� � � � � � �  

; � � � � �  � � � � � � � � � �  � � � � �  � � �  � � � � � � � � � � �   �  5 �  7  � � � � � � � 
 � � . 1 � � � � � �  « /� » 

� � � � � � � �  �  � � # � � "� � � � # � � � � � � , � � %
 �   �  � � � �  � "� � � �  �  � � � � � %� � � � � � �  �  � � � � � -
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� �  � � � �  �  � � � "�  ( �  � � �  � "� � � � �   � � � � � %� � � � � � �  � � � � �  � � � � ). 9 � �  «–» � � � "� � � � �  

 �  � � , � � �  � � %� � � � �   �   � ; � �  � � � � � � ; �  � � �  " � �  «+». 

� � "� �  � �  %�  �  �  � � %�  � "� �  � � #� 5 
 �  � �  � � � � � �  � � �  � � � $ � � � � � �  
1. EC_trpE + (2,1,0) 

2. TY_trpE + (2,1,0) 

3. YP_trpE + (2,1,0) 

4. VC_trpE + (2,1,0) 

5. HI_trpE – – 

6. HI_trpE – – 

7. EC_pheS + (2,2,1) 

8. TY_pheS + (2,1,2) 

9. YP_pheS + (2,1,1) 

10. HI_pheS – – 

11. EC_pheA + (1,2,1) 

12. TY_pheA + (2,1,0) 

13. YP_pheA1 + (2,2,1) 

14. YP_pheA2 + (2,1,0) 

15. EC_hisG + (2, /� ,  /� ) 

16. EC_thrA + (2, /� ,  /� ) 

17. EC_leuA + (2, /� ,  /� ) 

18. EC_ilvG + (2, /� ,  /� ) 

19. EC_ilvB + (2, /� ,  /� ) 

 

1 � � � � �  � � %� � � � �  � � � 5 �  � � � � � � � � � � � �   �  � � � � � %� � � � � � # � � � � � 
 � � � � � � $ � � � � #, � � 
 � � -

5 � 6 � # � � � �  7 � � � �  � 7  � � � � � � � � � . � �  � #� 
  � � %� � � � � �  � � 
 � � � � � � $ � � %� � � � � �  � �  � � -

� � � � �  
 � �  �  450 � " � � � 
 � 
 � 6 � %�  � �  � � � , � � 
 � � 5 � 6 � �  � � � �  � � � � �  � 7  � � %� � � � � 7 . � �  

� � #� 
 �  � � %� � � � �  � � 
 � � � �  � � � � � � � �  <&� 
 � �  � �  � � � � � 
 , � � � � �  � � � � , 	  � � � � � � �  � -

� � � , 1 � � "� > � � �  � � � � 6 �  � �  � �  � �  � � � � � � � � � � . + � � 
 � � � � 7 6 � �  � � � $; �  � � � �  � � � � � � �  

� � %� � � � �   � ; � �  � � � � �  �  � � � � � � �  � � �  � � � $7 , � � �  � � 
  �  � " � � � � � � �  2.5.  

 

� � . � ( 1�  2.5. � � "� � $� � � �  � � � � � � � � �  � �  � � � � � %�  � � %� � � � � �   �  � � %� � � � � �  � # � � -

� � � � � #, � � 
 � � 5 � 6 � # � � � �  7 � � � �  � 7  � � %� � � � � 7 . + � � � � � �  � � � � � � �  � � � "�  �   � "� � -
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 � �  � � %�  � "� �  �  %�  , � � %� � � � � �  � �  � � � � � � $ � � � � � � %�  � � 
 � � � � � � $  �  � #� 
  � � %� � � � -

� � . +� � � � �  � � � � � � �  � � 
 � � 5 � �  " � �  «+», � � � �  
 � �  � � %� � � � � � � � � � �   � � 
 �   � �  �  

� � � � � %� � � � � � �  � � � � � � � �  � � � � �  � � � � $: � � 
 � �  � �  � � � � � 
 �  � � � � � 
 � 7 �  � � �  � , �  � � �  

; � � � $� �  � � � � � 
 � 7 �  �  � � �  � � � $7  
 �  5  � � � � � � � 
 � �  � �  � � � � 
 �  � � � �  	 , +, � , D; 

�  � � �  � � � � � � � �  «–». 

� � "� �  � �  � � %�  � "� �  �  %�  �  � � "� � $� � �  
1. EC_trpE + 

2. TY_trpE + 

3. YP_trpE – 

4. VC_trpE + 

5. HI_trpE – 

6. EC_pheS + 

7. TY_pheS + 

8. YP_pheS + 

9. HI_pheS – 

10. EC_pheA + 

11. TY_pheA + 

12. YP_pheA1 – 

13. YP_pheA2 – 

14. EC_hisG + 

15. EC_thrA + 

16. EC_leuA + 

17. EC_ilvG + 

18. EC_ilvB – 

 

§2.5. 
 � ! ' ! 6 � � &! ' ( � $ : � #"� ( ' ! ) �  ( #  �  . ( ! � ! &( 0#"� ( -  , ! "� #+! ) � � #� �  ! " � / - , "! -

+#' 2 � 3 ( -  � � � � #'  � � ( )  %# "� ' � � � � ' % � ( , �  � -. ! � ". � �  � #� 
  � � %� � � � � �  � � 
 � � � � � � $ 

� � %� � � � � �  � �  � � � � � � �  
 � �  �  350-550, � � 
 � � 5 � 6 � �  � � $� � �  � � � �  � 7  � � %� � � � � 7  � � � �  

T-� � � � . � �  � � #� 
 �  � � %� � � � �  � � 
 � � � �  � � � �  ; � � � � �  � � 
 �  <	  � � � � � � �  � � � � , � � � � �  � -

� � � > � � �  � � � � 6 �  � �  � �  � # � � � � � � � � � � . + : � � �  � � � � � �  � � � � �  � � � � �   � ; � � � $ �  � � �  � -

� � $7  
 �  1-2  � � � � � � � 
 � � ; � � �  � � � $  � #� 5 
 �  � �  �  � � � � � � �  � � � � �  � � � "�  �  �  � � � � � � �  

2.6 �  � � � �  �  �  �  � � � �  � � � $� �  � � � � � � � .  
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� � . � ( 1�  2.6. � � "� � $� � �  � � � � � � � � �  � �  � � � � � %�  � � %� � � � � �   �  � � %� � � � � �  � # � � � � � -

� � #, � � 
 � � 5 � 6 � # � � � � � � � � �  � � � �  T-� � � � . 1 � � � � �  � � � � � � �  � � 
 � � 5 � �  � � �  � � %�  � "-

� �  �  %�  � , 
 � �  � � � � � � # � � � � � � � $ : � �  � � $� � �  � � � �  � �  � � %� � � � � � . +�  � � � � � �  � � � � � � �  

� � � "�   " � �  «+», � � %
 �  � � � � �  � � � �   � � 
 �   � � �  �  �  � � � � � � � � $ � �  � � � � � � 
 �  � �  � �  

� � � � � � �  � �  � � 5 
 �  � � � � 
 �  � � � � � � �  	 , +, � , D � � � � � %� � � � � � %�  �  � � %� � � � � � � � � � �  

 � � 
 �   � %�  �  � � � � � � �  � � � � � �  � � � � � � � � � �   �  � � � � �  � � �  3  � � � � � � � 
 � ; � � � "�   " � �  

«� », � � %
 �  � � � � �  � � � �   � ; � � � �  � � �  �  �  �  � � � � � � �  � � � �  � � � � �  �  � � � %� �  � �  � � � -

� � � �  � �   �  � � � � �  � � �   �  5  � � � � � � � 
 � �  � �  � � � � 
 �  � � � �  + �  �  �   �  � � � � �  � � �   �  7 

 � � � � � � � 
 � �  � �  � � � � 
 �  � � � �  A �  D; " � �  «–», � � %
 �  � � � � �  � � � �   � ; � � � �  � � �  �  �  

�  � � � � � � �  � � � �   � � 
 �   �  � �  $; � �  � � �  � � � $7 , � � �  � � � "�  �  � � ; � . 

� � �  �  � � %�  � "� �  
�  %�  �  

. � � � � � � �  � � � � � � � � � � � 7 6 � %�  
�  � � � � � � �  � � � � �  

BS_serS + 

BE_serS + 

HD_serS – 

BQ_serS – 

SA_serS – 

EF_serS + 

LO_serS + 

LLX_serS + 

BE_alas + 

BE_cysE – 

BE_glyQ + 

BE_hisS �  

BE_ileS + 

BE_ilvB �  

BE_leuS + 

BE_pheS �  

BE_proB �  

BE_thrS + 

BE_trpS – 
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BE_tyrS + 

BE_valS �  

BH_0807 – 

 

§2.6. 
 � ! ' ! 6 � � &! ' ( � $ : � #"� ( ' ! ) �  ( #  �  . ( ! � ! &( 0#"� ( -  , ! "� #+! ) � � #� �  ! " � / - ,  # 

"! +#' 2 � 3 ( -  � � � # 4 � � ! ' ! )  , !  ' #*� � � � � � � $  ' � . ! � % , #' ) ! &!  � � &! ' ( � $ � . � �  � #� 
  

� � � � � � �  � � %� � � � � �  � � 
 � � � � � � $ � � 
 � �  � �  � � � � � � �  %�  � � , �  � � � � � � # � � � � � �  � � %� � � � �  

 �   � ; � �  � � � �  7 � � � �  � �  � � %� � � � � �  (�  � � � �  � � � � ,  �   � ; � �  � � 
 � �  � %�  � � � � � 
 � ). � " 

� � � � � � �  2.7 � � 
  � , � � �  � � � � � �  �  �  80% � � � � � � �  � � � � � �  � � %� � � � �  � � � 5 �   �   � ; � �  �  

 � # � � � �  7 � � � �  � �  � � %� � � � � � .  

 

� � . � ( 1�  2.7. � � "� � $� � � �  � � � � � �  � � � � � %�  � � %� � � � � �   �  � � 
 � �  � # � � � � � � � #, �  � � -

� � � � # � � � � � �  � � %� � � � �  � � � "� �   �  � � � � � � � � � �  � � � �  7 � � � �  � �  � � %� � � � � � . ) � � " � -

� �  � �  � � � � �  5 � , � � �  �  � � � � � � �  2.2. 

� � "� �  � �  %�  �  . � � � � � � �  � � � � � � �  ) � �  � �  � � %� � � � � �  

1. AB_pheA 1 + + 14  

2 + + 4  

3 + – 3  

4 + – 3  

Real 

2. AB_hisG 1 + – 7  

2 – – 4  

3 + – 3  

4 + – 3 

Real 

3. AB_ilvG 1 + – 5  

2 – – 4 
Real 

4. AB_pheS 1 + – 6  

2 + + 6 
Real 

5. AB_thrC – False 

6. AB_trpB 1 + – 3 False 

7. AB_trpC – False 

8. AB_trpD 1 – – 3 False 

9. AB_trpE 1 – – 8 False 
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10. EO_ilvB 1 – – 5  

2 – – 4  

3 + – 4  

4 – – 3  

Real 

11. HI_trpBA 1 + – 4  

2 + – 4  

3 – – 3  

4 + – 4 

Real 

12. HI_trpE 1 + – 6  

2 – – 3  

3 + – 3 

Real 

13. HI_ilvB 1 + + 11  

2 – – 6  

3 – – 6  

4 + + 5  

5 + + 4 

6 + + 3 

Real 

14. HI_ilvA 1 + + 15  

2 + – 3  

3 – – 4 

Real 

15. HI_pheS 1 + – 15  

2 + – 4  

3 + – 4  

4 – – 3 

Real 

16. KP_hisD – False 

17. KP_leuA – False 

18. KP_leuC 1 + – 6 False 

19. KP_pheT – False 

20. KP_thrA – False 

21. KP_trpB 1 + – 4 False 

22. KP_trpE 1 + – 3 False 

23. PA_hisG – False 

24. PA_leuA – False 

25. PA_leuB – False 

26. PA_leuC – False 
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27. PA_leuD – False 

28. PA_pheA – False 

29. PA_pheS 1 + – 13 False 

30. PA_thrA – False 

31. PA_thrC – False 

32. PA_trpE – False 

33. VK_pheA 1 + + 15 Real 

34. VK_pheS 1 + – 6  

2 + – 5  

3 – – 3  

4 – + 4 

Real 

35. VK_trpB 1 + – 5  

2 + – 3 
Real 

36. VK_trpD 1 + – 6  

2 + – 6  

3 + – 4  

4 + – 3 

Real 

37. VK_trpE 1 – – 3  

2 + – 5  

3 – + 3 

Real 

38. SH_pheS 1 + – 4  

2 + – 3  

3 + – 3  

4 + – 3 

Real 

39. TY_trpC 1 + – 5  

2 + – 6  

3 + – 3 

Real 

40. VC_pheS – False 

41. XCA_hisG – False 

42. XCA_pheA 1 + + 3 False 

43. XCA_pheS 1 + – 12 False 

44. XCA_trpA 1 + – 4 False 

45. XCA_trpB – False 

46. XCA_trpE – False 

47. XFA_hisG 1 + – 4 False 



 55

48. XFA_pheA 1 – – 6  

2 + – 4  

3 + – 4  

4 + + 3  

5 + + 3 

Real 

49. XFA_pheS 1 + – 4  

2 + – 5 
Real 

50. XFA_thrA 1 + – 6 False 

51. XFA_trpB – False 

52. XFA_trpE 1 + – 3  

2 + + 4 
False 
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� � � 
 �  3. � � ""! ) %6 , ! ( " �  � � � # 4 � � ! '  ! 6 ' #&� � / 1( (  

+ : � � �  %� � � �  � � "� � � � � �   � �   � � �  � � � � $7 � � �  � �  � � � %� � � � �  LLLM, � � � � � "� 7 -

6 � �  
 � �  � � ; �  � � � � �   � # �  � � � � � � � � �   � # � � %� � � � � � , � � � � �  � � � � $ 
 � �  � � � � � � � %�  

� � � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  �  � � � � � � � � � � � � � � , �  � � � � � � � � � �  �  �  � � � � � � � �  � " 

%� � � �  Bacteroidetes/Chlorobi �  Thermotogales.  

 1 � � � � 
 � � �  � � � � � �  "� � � 7 � � � � � $ �  � � � 
 � 7 6 � � : � � �  � �  �  � � � � � �  �  � � � � �  � � � -

� �   � �  � � � � � 
 � � � � � � $ � � � �  � � � � � � � � � $ � # %�  � � � �  � � %� � 5 � � � � $ � " � � "�  
 �   � # 

Genbank (�  � � � � � � �  NCBI). � � � � � �  � � � � � � � � �   � #  � � �  %�  � � � �  � � � � � 
 � � � �  �  � � � -

� � � �  3.1. 1 � #� 5 � � � $ � � � � � �  � � � � 
 � � � � � � $ �  � � � � 6 $7  � � %� � � � � �  � � � � � -4 � � � � � �  � , 

� � � � � "� � �   � %�  � � � %� � � � � �  GenomeExplorer7. ) � � � � � %� �  � �  � � � � �   � #� 
 � � � � $ � � �  

 � � � � � ; � �  
 � �  � � � � � � �   � �  #� � � 8 � � � "�  
 � �   � � � � � $� � # %�  � � � � . +  � � � � � � � # � � � -

� � � # � � � #� 
 � � � � $ 
 � � � �  � � � � $ �  � � � � � � $ � � � � %�  � � � � � � � � �  
 � � � � $�  � � � � � � . � � � � � -

� � � , �  P. multocida � � �   � � 
 �   %�  , � � � � � �  %� � � � � %� �  � �  
 � � �  %�  � �  ilvG �  ilvB � " E. 

coli, �  � � � $� �  � � � � %�  � � � � � � � � �  
 � � � � �  � � � � � � �   � �  
 � �  
 �   � %�  � � � � � � � � �  � � � � � �  

� � "� � � � � �  �   � � � � � � � � $ � %�  � � �  ilvG. < � � � %�  � � � � � � � � �  
 � � � � $�  � � � � � � � � $ � � � � 
 � �  

� � � � � � � � $ � %�  � � � � 
 � � � 
 � � � � , � � � � � "� � �   � %�  �  � � � � � � 9 Phylip, �  � 5 � � � � �   � �  � � -

� � �  � � �  � �  � � � � �  � � � � $ � � � %� � � � � � 10 CLUSTAL_W. � � �  �   � � � � � �  %�  � �  � � � 5 �  

� � � � �  � � � � $ � � � %� � � � �  � � � � � �  � � �  � � � � � � �   � # � � %� �  � � �  (TMpred, http://www.ch. 

embnet.org/software/TMPRED_form.html) �  � � � � � $"� � � � � � $ � � "� , � � 
 � � 5 � 6 � �  � �  � -

                                                 
7 Mironov, A.A., Vinokurova, N.P. and Gelfand, M.S. (2000) GenomeExplorer: software for analysis of com-
plete bacterial genomes. Mol. Biol. 34, 222-231. 
 
8 Tatusov, R.L., Natale, D.A., Garkavtsev, I.V., Tatusova, T.A., Shankavaram, U.T., Rao, B.S., Kiryutin, B., 
Galperin, M.Y., Fedorova, N.D. and Koonin, E.V. (2001) The COG database: new developments in phyloge-
netic classification of proteins from complete genomes. Nucleic Acids Res. 29, 22-28. 
 
9 Felsenstein, J. (1981) Evolutionary trees from DNA sequences: a maximum likelihood approach. J. Mol. 
Evol. 17, 368-376. 
 
10 Thompson, J.D., Gibson, T.J., Plewniak, F., Jeanmougin, F. and Higgins, D.G. (1997) The CLUSTAL_X 
windows interface: flexible strategies for multiple sequence alignment aided by quality analysis tools. Nucleic 
Acids Res. 25, 4876-4882. 
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� � �  � � $ � 7  �  � � � � � � � �  � 7  �   � � � � � 7  � � � � � � , �  � � � �  � � � � 9,11 COG �  InterPro. 9� � � � , 

�  � � � � � �   � � 
 �   � # � � % � � � �  � � %� � � � � � , � � � �  � � � � � �  �  � � � � �   � �  � � � � � � � � �  
 � �  

� � � � � � � � �   � #  � � �  � � %�  � "� � �  �  %�  � �  � � � � �  � � "�  � � �  � � � � � � �  (� � � � � 
 �  �  �  � � � -

� � � � # 3.2-3.5).  

+� � � � �  � �  � � � �  � � � � $ � # � � � � �   � # � � � � � � � �  � � "� � � � � �   � � � �  � � � 
 � � � � -

%� � � � �  � � 
 � �  � �  � � � � � � �  � � � � �  � �  
 � �  � � � � � �  �   � # � � "� � �  � # � � � � �  � � %� � � � � � . 

1 � � � �  � � � �  7 � � � �  � # � � %� � � � � �  � # � � � � � � � �  � � � � �  � � � �  �  � � � � 6 $7   � ; � �  � � � -

%� � � � �  LLLM, �  � � � 5 �  (�  � � � � � �  � � � � � -� � . � � � �  � � %� � � � � � ) �  � � � � 6 $7  � � � %� � � -

� � 12 IRSA � � �  �  � � �  � � � 
 � � � � � �  � � � � � �  
 � � %� # � � � � �  � � � # �  � � � � � � � # 2-5 � � � � �  

� � %� � � � � � . � �  "� 6 � � �  � �  � � � � � �  � � � $� �  � � � � � �  � � � �  7 � � � �  � �  � � %� � � � � � , � � : � � � �  


 � � %� �  � � %� � � � � �  � � 
 � � �  �   �  � � � � 5 
 � 7 � � � .  

� � � 
 � � � � �  � � 
 � � � � 5 
 �  � �  � � � �  � � �   � � � �   � ; � # � � "� � $� � � � �  � �  � � � �  7 � � � � -

 � �  � � %� � � � � �  � � � 5 � � �  � � � � �  � � �  � �  � � 
 � �  � # � � � � � � � � , � � 
 � � 5 � 6 � # � � � � � � � � � -

� � 7 6 � �  � � � � � � � � �  (�   � � � � $; � � �  � � � � � � ) � �   � � � � �  � � 
 � �  � %�  � � � � � 
 �  
 �  � � �  � � -

 � �  � � � � �  � � � � �  �  � � � � � � �  � � � � � � � �  � � � � � � �  (� � �  � %�   � � � � � � ). ?� �  � � � � �  � � �  � �  

� � � � � 
 �  �   �  � � � �  � � # 3.3- 3.6. � � � � � � � � � � � 7 6 � �  � � � � � � � � � � � � � �  � � � � �  � � � � � 
 �  �  

 �  � � � �  � �  3.2.  

§3.1. � "! . #  ! "� (  � � � # 4 � � ! '  ! 6 ' #&� � / 1( (  . ( ! "(  � #*�  &( "� ( +(  � , � ' #! -

 (  � , ' � *) #� ) � #  %-  (  � ' ! $ � � ( 0#"� $ -   � $ (  ! � ( "� ! �  

� ( ! "(  � #* ( *! � #61(  � , � #61(  �  (  ) � � (  �  ("! � ' � 3 #  !  ILV). � � � � �  � � "-

� � 5  � �  � � �  � � � � � � � �   � �  � � � �  7 � � � � �   � � 
 �  �  �  %� � � � -, � � $� � -, � � � � -

� � � � � � � � � � � � � � . +� "� � 5  � �  � � � �  7 � � � � �  � � � � �  � �  ilvGMEDA  � � 
 �  �  �  :  � � � � � � � -

� � � � � , �  Pasteurellales (� � � $� �  �  P. multocida), �  Vibrionales, Alteromonadales (�  S. 

                                                 
11 Mulder, N.J., Apweiler, R., Attwood, T.K., Bairoch, A., Bateman, A., Binns, D., Biswas, M., Bradley, P., 
Bork, P., Bucher, P., Copley, R., Courcelle, E., Durbin, R., Falquet, L., Fleischmann, W., Gouzy, J., Griffith-
Jones, S., Haft, D., Hermjakob, H., Hulo, N., Kahn, D., Kanapin, A., Krestyaninova, M., Lopez, R., Letunic, I., 
Orchard, S., Pagni, M., Peyruc, D., Ponting, C.P., Servant, F. and Sigrist, C.J. (2002) InterPro: an integrated 
documentation resource for protein families, domains and functional sites. Brief Bioinform. 3, 225-235. 
 
12 � �  � � � � �  &.+., 0� � � �  � �  . .3 ., 0� � $� �  
  ' .� ., &7 � � � � � �  +.	 . (2001) 	 � %� � � � �  � � 
 � � �  � �  � � %� � � -
� � �  � # � � % � � � �  �  � � � � � 
 � � � � � � $ � � � � # � � . . ' � � . � � � � ., � � �  35, A  6, � . 987-995.  
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oneidensis), �  Xanthomonadales. 4  Pseudomonadales  � � 
 �  �  � � "� � 5  � �  � � � �  7 � � � �  

� � 
 � � $ �  � � 5 � 6 � %�  %�  �  ilvA. 4  :  � � � � � � � � � � � �   � � 
 �  �  � � � �  7 � � � �  � �  � � %� � � � � �  

� � � � �  �  ilvBN, � � 
 � � 5 � 6 � %�  %�  � , � � 
 � � � 7 6 � �  � 
 �   � " � "� "� � � �  � � � � � � � � � � � -

� �  � � "� . 0�  �  � � 
 � �  � # � � � � � 
 � �  � � � � �  �  ilvG � � 
 � � 5 � �  � � %� � � � � �  � �  � � 
 �  �  � � � # 

� � �  � � � � � � �  – � "� � � � � �  , � � � � �   �  � � � �   (� � �  �  �  : � � � � � � � �  � � � $ �  � "� � �   � �  � � � -

� � �  E. coli), �  � � � � �  �  ilvBN  � � %� � � � � �  � �  � � 
 �  �  � � � $� �  
 � � # � � �  � � � � � � �  – � � � � � -

 �  �  � � � �  � .  

� � � � � � � � �  � � � �  � � � � $ � # � � � � �  � �  � � � � �  � � "�  ILV � � � $� �  � � " � � � � � " � . � � -

� � � � � � , �  :  � � � � � � � � � � � �  �  Vibrionales �  �  � � � � �  � � � � � � � � � � � �  � � 
  ilvGMEDA, �  �  

Xanthomonadales – � � 
  ilv� GM-tdcB-leuA.  9
 � � $ %�   tdcB � � � 
 � � � � 5 � � � � $ �  � � %� � � -

� � � � � �  � � � � � �  �  : � � �  � � � � �  � �  �  � � 
 � � � � �  � � � �  �   
 � %� 
 � � � � "� , � � � � � � �  � � � � � � � � �  �  

� � � � �  � � "�  � "� � � � � �  � .  

4  P. multocida � � � � � �   %�   �   � � "� � � �  � �  � �  � � � � �  (%� � � � � %� �  � �  %�  �  ygeA 

�  E. coli), � � � � � � �  � � � � � � "� � � � �  �  ilv-� � � � �  �  ilvGM-ygeA-ilvDA. 0�   ygeA � � � � �  � � -

#� 5   �  � � � � � � � �  � � � � � � "�  racX � " B. subtilus; � � � $� �  � � � � � �  � , � � �  �   � � 
 � � � � �   � � � �  

� � �  � � � � � � "�  � � "� � � � � �   � # � � �  � � � � � � � .  

� � � 
 �  %� � � � -� � � � � � � � � � � � � �  � � � � �   leu � � %� � � � � � � � �  � � � �  7 � � � � �  �  :  � � � � -

� � � � � � � � , Pasteurellales, Vibrionales, Alteromonadales,  �   �  �  Pseudomonadales �  
 � � -

%� # � � 
 � � . � � %� � � � � �  � � �  � �  � � � # : � � # � � � � � � # � � � � 7 � � �  � � � � �  � � � �  � � 
 �  � .  

+ %� � � � �  � � $� � -� � � � � � � � � � � � � �  � � � � � � �  � �  � � � 5 �  �  � � � �  � � � � $ � �  � � � �  7 � -

� � �  � �  � � %� � � � � �  � 
 �  � � � �   � �  � � � � � � � � � � �  � �  � � � � "�  ilvIH �  Rhizobiales (Sinorhizo-

bium meliloti, Agrobacterium tumefaciens, Mesorhizobium loti, Bradyrhizobium japonicum, 

Rhodopseudomonas palustris, Brucella melitensis), �  Rhodobacter spp., Magnetospirillum 

magnetotacticum �  �  Caulobacter crescentus. � � %� � � � � �  � � �  � � 
 �  � � �  : � � �  � � � �  7 � -

� � �  � � � � 7 � � �  � � 
 �  �  � "� � � � � �  � , � � � � �  �  �  � � � �  � . 9� � � � � � , � � �  �  %� � � � -

� � � � � � � � � � � � � �  � � � � �  � , � � � � � � � 7 6 � �  �  � � � � �  � � "�  
 � � # � � � � � � � � � � �  � �  � � � � " 

IlvGM �  IlvBN (�  :  � � � � � � � � � � � � ),  �   �  IlvIH, � � %� � � � � 7 � � �  � � � �  7 � � � � � .  
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0� � � � �  � � � � � � %� �  %�  �  leuA � "� � � � � � � � � � � �  � �  � � "�  � " E. coli � �  � � � 5 �  �  �  

%� � � � -� � � � � � � � � � � � � �  (� � � � 7 � � �  Pseudomonadales) �  �   � � � � � � � # � � $� � -

� � � � � � � � � � � � � � . 0� � � � �  %�  � � ,  � "� �   � �   � � �  leuA2, � � � � � � �  � � #� 5 �   �  %�  � , � � 
 � -

� � 7 6 � �  � "� � � � � � � � � � � �  � �  � � "�  �  Corynebacterium glutamicum, � � � �   � � 
 �  �  �  � � $-

� � -� � � � � � � � � � � � � � , �   � � � � � � � # � � � � -� � � � � � � � � � � � � �  �  �  Pseudomonadales. + � � $� � -

� � � � � � � � � � � � � � # � � �  � � � �  2-� "� � � � � � � � � � � �  � �  � � "�  LeuA �  LeuA2 � � � 7 �  � � � �  � � -

� � $ � �  � � � �  7 � � � � � . ?� �  � � � 
 � � � � %� � � � �  � � � �  7 � � � � �  � � � 7 �  � � 
 � �  � �  � � � � � 
 �  �  

� � � � �  � � � � �  � � %� � � � � �  � � �  � � 
 �  � � � ,  �  � # � � � � �  � � � � �  � � � � � �  �   �  � � � 7 �  � � � -

� � � � �  � � � � � � � �  � � � � � � � . ?� �  � � � � � � � �  � � 5 � � � �  � � 
 � �  � �  � � %� � � � � �  � � � � �  � �  trpE �  

trpGDC �  Pseudomonadales, %
 �  � � � � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  �  � � � � � � � � � �  � � -

 � "� � � � � � � �  � � � � �  � � � �  � �  � � � � � � � � � .  

� ( ! "(  � #* &( "� ( +(  � . 1 � � �  � � � � $ � �  � � � �  7 � � � � �  � � � �   � � 
 �  �  �  �  � %� # 

%� � � � -� � � � � � � � � � � � � � , �  � � � � � � � � � �  �  �  � � � � � � � �  � " %� � � �  Bacteroidetes/Chlorobi, �  

Thermotogales. + � � � $; � �  � � � � �  %� � � � -� � � � � � � � � � � � � �  (:  � � � � � � � � � � � � , 

Pasteurellales, Vibrionales, Alteromonadales) � � � � � � �  � 
 �  � �  his-� � � � �  , � � � 
 � � � � 5 � -

� � � $ �  � � %� � � � � � � � �  � � � �  7 � � � � � � �  �  %� � � � 
 �  � � � � �  � � %� � � � � �  � � �  � � 
 �  � � � , �  

� � � � � � �  � � � � 5 �   � �  � � � � �  � � � � /�  � � � � � � �  � � � �  � �  � � � � � � � � � . 	 � � �  7 � � � �   �  � � � �  

 � � 
 �  �  
 � �  his-%�  � �  �  Pseudomonadales, Xanthomonadales �  �   � � � � � � � # 
 � � %� # %� � -

� � -� � � � � � -� � � � � � � � .  

4  Bacillus/Clostridium, Bacteroidetes/Chlorobi, Thermotogales %� � � � 
 �  � � � �  � � -

%� � �  �  � � � 7 � � 7 �  � � � $; � 7  � � � � $ � � � �  � # his-%�  � �  �  � � � 5 �  %�   hisZ � � �  hisS %� � � � -


 � � -� � � . -� �  � � � � "� ; �  �  � � %� � � � � 7 � � �  �  � � � %� �  � .  

) � � � � � �  � � " � � � � � "� �  � � #�  � "� � �  � � %� � � � � �  his-%�  � � . � � � � � � � � , �  Lacto-

coccus lactis �  Streptococcus mutans his-� � � � �   � � %� � � � � � � � �   �  � � � � 6 $7  �  � � � � � � � -

 � � � �  � %�  � � #�  � "� �  �  � � � � "� � �  � � �  � � � � � � � � �  � -� � � � � 13, �  �  Bacillus cereus �  

                                                 
13 Delorme, C., Ehrlich, S.D. and Renault, P. (1999) Regulation of expression of the Lactococcus lactis his-
tidine operon. J. Bacteriol. 181, 2026-2037. +� � � � 6 � �  	 .0. ( � � �  � �  � � � � 6 �  � � .  
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Clostridium difficile �   � � � 
 � � � � 5 � � � � $ �  � � %� � � � � � � � �  � � � � � � � � � � � �  � � �  � � � � � � � -

 � �  � � � �  7 � � � � � ; �  � � 5 �  � � � � � , 
 � � %� �  Streptococcus spp., �  � � � 5 �  Entrerococcus spp. 

� � ; �  �  his-%�  � � .  

( � �  � � � � � � � �  %� � � � 
 � � -� � � . -� �  � � � � "� , � �  �  Bacillus cereus � � � 7 � � �  � � �  � � -


 � � � 7 6 � �  � �  %�  �  hisZ, hisZ2 �  hisS. ) � �  %�  �  hisZ �  hisZ2 � � %� � � � � 7 � � �  � � � �  7 � � � � � : 

� 
 �   �  � � � � � � �  his-� � � � �  � , 
 � � %� �  � � �  � � 
 � � $ � �  %�  . � � � � � �  %�   hisS, � � �  �  � %�  � � -

� � � � %�  �  Bacillus spp., Listeria spp., Enterococcus spp. �  Lactococcus lactis, (� � � 
 � � � � -

5 � � � � $ � ) � � %� � � � � � � � �  �  � � � � 6 $7  �  � � � � � � �  � � � �  � %�  � � #�  � "� �  �  � � � � "� � �  � � �  

� � � � � � � � �  � -� � � � � 14.  

1 � � � "�  �  � � %� � � � � �  %� � � � 
 �  � �  � � � 
 � 7 6 � # %�  � � . 4  H. influenzae %�   HI0325 

� � 
 � � � � �  � � "� � 5  � �  � � �  � � � � � � �  (�  10 � � �  � � � � � � �   � � �  � � %� �  � � � � ) �  � � � � �  � � -

� �  � � � � $ � �  � � � �  7 � � � � . + � � 
 �  %�  � � � �  (�  � � � �  � � � � , �  Fusobacterium nucleatum �  

Bacillus halodurans) : � � �  %�   � � � � � � � � "� � � � �  �  %�  � � �  � � � � � "� � � �  %� � � � 
 �  �  (hut � � -

� � � ). +� "� � 5  � , : � � �  %�   �  � %�  � � � � � � %�  ( � � � � � � � , yuiF �  B. subtilis) � � � � "� 7 �   � � � �  

� � � � � � � � �  %� � � � 
 �  � � � # � � �  � � � � � � � � � .  

4  B. cereus %�   BC0629, � � "� � 5  � , � � %� � � � � � � � �  � � � �  7 � � � � � �  �  %� � � � 
 �  � -

� � � �  � � %� � � � � �  � � �  � � 
 �  � � � . ?� � �  %�   � � � � � � %� � �   yvsH �  B. subtilis, %� � � � � %� � �   

� � %�  �  :� �  � � �   �  � � � � � � � � �  arcD �  Pseudomonas aeruginosa �  � � "�  � � � � �  � � �  � -

� � � � � � �  lysI �  Corinobacterium glutamicum. ?� �  � � � � �  � �  � � � � � �  �  � � � � � � � � �  	 � 	  �  -

� � � � � � � � � �  � � �  � � � � � � �  �  � � � � � � �  � � .  

4  B. cereus � � � 7 � � �  
 � �  � � � � � � %�  yvsH (BC0629 �  BC0865), � " � � � � � � # � � � � � �  

� � � � �  � � � �  7 � � � �  � 7  � � %� � � � � 7  �  %� � � � 
 �  � � � � �  � � %� � � � � �  � � �  � � 
 �  � � � , �  � � � -

� � �  (� � � 
 � � � � %� � � � �  � � "�  � � � �  � � �  � � � � � � � ) � � %� � � � � � � � �  � � "�  � �  �  � � � � 6 $7  � � -

"�  -� � � � � � � �  � %�  � � %� � � � � �  � %�  : � � � �  � � 15. 1 � 
 � �  � �  � � � � � � � �   � � � 7 
 � � � � �  �  L. 

                                                 
14 Chopin, A., Biaudet, V. and Ehrlich, S.D. (1998) Analysis of the Bacillus subtilis genome sequence reveals 
nine new T-box leaders. Mol. Microbiol. 29, 662-664. +� � � � 6 � �  	 .0. ( � � �  � �  � � � � 6 �  � � . 
 
15 Rodionov, D.A., Vitreschak, A.G., Mironov, A.A. and Gelfand, M.S. (2003) Regulation of lysine biosyn-
thesis and transport genes in bacteria: yet another RNA riboswitch? Nucleic Acids Res. 31, 6748-6757. 
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lactis, %
 �  � � 
  �  
 � �  � � � � � � %� � � � � � # � � �  � � � � � � � �  LysP �  LysQ. ) � �  � � � � �  � � 
 � �  �  

(� � � � � , � � �   �  50%) : � � � � � � � �  � � � $ �  � � 
 � � � � 5 
 �   � �  � � "�  � � � �  � � � � � � "�  LysP � " 

E. coli. 4  L. lactis %�   lysP � � %� � � � � � � � �  LYS-: � � � �  � � �  (� , � �  � � 
 � � � � � , � � � � � � � � �  �  

� � �  � � � � � �  � � "�  � ), �  %�   lysQ � � � 
 � � � � 5 � � � � $ �  � � %� � � � � � � � �  � � � �  7 � � � � � �  �  %� � -

� � 
 �  � � � � �  � � %� � � � � �  � � �  � � 
 �  � � � . � � � � �  � � � � "� � , : � �  
 � �  � � �  � � � � � � � �  � � %� �  

� � � � $ � � "� � �  � �  � � � 
 � � � �  �  � � "�  �  �  %� � � � 
 �  � , �  � � � � � �  � �  � � " � � �  � � %� � � � � � � � $-

� � .  

+� �  %�  �  %� � � � 
 �  � � � %�  � � %� � �  �  � � � �   � � 
 �  �  � �  � � � # �  � � � "� � � � � � # � � � -

� � � � � #, "�  � � � � 7 � �  � � �  %� � � � 
 �  � �  � � � � � � � "�  HisB �  Pseudomonas spp.  

� � � 
 �  �  � � �   � %� � � � � %� �  � # %�  �  �   � � "� � � �  � �  � �  � � � � �  (act� 2, vatB, actX3 

� � � � � � � � � � �   �  �  Mannheimia haemolytica, Pasteurella multocida, Polaribacter filamen-

tus), � � "� � 5  �  � � 
 � � � 7 6 � # � � � � � � � � �  � � � � � "�  �  � � %� � � � � � � � �  � � � � � � �  �  �  his-

%�  � � � . ?� �  � � � � �  � � %� �  � �  � � � � � � "� � � � � � $ � � � � � � 6 �  � �  %� � � � � �  �  �  4-� � � � -

� � � � � � � � �  � : � � � -� � � 
 � "� �  (EC 2.3.1.-).  

� ( ! "(  � #* � ' #!  (  � . + � � � � �  �  � � � � �  � � "�  � � � �  �  �  �  :  � � � � � � � � � � � � , Pas-

teurellales, Vibrionales, Alteromonadales �  Xanthomonadales  � � � 7 
 � � � � �  � � � �  � �  � � -

� � 
 � �  %�  � �  thrABC. 4  Pseudomonadales �  � 6 �  �   � � � � � � � # � � � � � � � �  %�  �  � � � �  �  � -

� � %�  � � � � �  � � "�  � � "� � � � �  �  � �  %�  � � � . � � � � �  � � %� , �  :  � � � � � � � � � � � � , Pasteurellales, 

Vibrionales, Alteromonadales �  Xanthomonadaels %�   thrA � � 
 � � � � �  � � � �  � � � �  � � $ � �  

� � � � �  – � � � � � � � �  � �  � "� /%� � � � � � �   
 � %� 
 � � %�  � "� , �  �  Pseudomonadales �  �   � � � � � � � # 


 � � %� # %� � � � -� � � � � � � � � � � � � �  thrA2 (� � � � � � � �  � �  � "� ) �  hom (%� � � � � � �   
 � %� 
 � � %�  � -

"� ) � � � � � � � 5 �  �  �  � � " � # � � � � � � #. 4  Pseudomonadales  � � � 7 
 � � � � $ 
 � �  %�  �  %� � � � � -

� �   � �  � "�  thrB2 �  thrH, � � � � � � �   �  %� � � � � %� �  �  thrB � " E. coli.  

� � � �  �  � � � �  � � � � �  �  � � %� � � � � 7 � � �  � � � �  7 � � � � �  �  :  � � � � � � � � � � � � , Pasteurel-

lales, Vibrionales, Alteromonadales �  Xanthomonas campestris. +� �  � � � 
 � � � � %� � � � �  � � -
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� �  7 � � � � �  � � � 7 �  � � � �  �  � � � �  �  � "� � � � � �  � � � �  � � %� � � � � �  � �  � � 
 �  � , �  � � � 5 �  � � -

� � 5 �   � �  � � � � �  � � � � �  �  �  � � � � � � �  � � � � � .  

� � � �  � � � �  � � � �  � , � � �  �  Pasteurellales (Haemophylus influenzae, Pasteurella mul-

tocida, Actinobacillus actinomycetemcomitans �  Mannheimia haemolytica) � � %� � � � � �  � -

� �  � � 
 �  � � �  � � � 5 � �   �  � � � $� �  � � � �  �   �  � "� � � � � �  ,  �  �  � � � � �  �  . + � � � � �  
 � � � , 

� � � 
 � � � � %� � � � �  � � %� � � � � �  thr-� � � � �  �  �  Pasteurellales � �  � �  � � � � � � � �  � � � �  �  � , 

� "� � � � � �  �  �  � � � � �  �  �  � � 5 � �  � � � $ � � � �  � � �  �   � � � � � � �  �  Pasteurellales � � � $� �  � 
 -

 � �  � � � � � � � �  � �  � "� /%� � � "� � �   
 � %� 
 � � %�  � "� , � � � � � �  
 � � # � "� "� � � �  ThrA �  MetL �  


 � � %� # %� � � � -� � � � � � � � � � � � � � , � � � � � � �  � #� 
 � �  �  � � � � � � � � � � � � � �  � � � �  � �  � � "�  : � � # 

� � � # � � �  � � � � � � � .  

� � � � $�  � �  � � �  � � � �  � � $ � �  � � � � � � � �  � �  � "�  LysC � � � � � � �  �  � � � # � " � � � �  Pas-

teurellales, �  � � �   � , �  P. multocida, Haemophylus ducrei �  M. Haemolytica; �  : � � � � � � -

� � �  %�  �  lysC � � � 
 � � � � 5 � � � � $ �  � � %� � � � � � � � �  � � "�  � �  � � � � � 
 � � � � �  LYS-: � � � �  � � �  

(� � �  �  E. coli).  

� ( ! "(  � #* � ' ! $ � � ( 0#"� ( -  � $ (  ! � ( "� ! �  (� ' ( , � ! ; �  � , ; # ( � � � �  (  � ) (  

; # ( � � � �  ( � -� � 	 � -"(  � #� � *%. � � � �   � � 
 �  �  � � � 
 � � � � %� � � � �  trp-, pheA- �  pheST-

� � � � �  �  �  � � $� � -, � � � � - �  �  �  � %� #  � � � # %� � � � -� � � � � � � � � � � � � � .  

	 � � �  7 � � � �  � �  � � %� � � � � �  trp � � � �  � � � � "�  �  
 � �  :  � � � � � � � � � � � � , Vibrionales, 

Alteromonadales  �  � � %� � � � � �  � � �  � � 
 �  � � �  � � � � � � � �  �  �  � � �   � � � � � �  � � � $ � # � � � -

� �  � � � � � �  �  �  � � � � � � �  � � � � � � . 0�   trp(E/G), � � " � � ; � �  �  � � "� � $� � � �  � � � �  � �  �  � � -


 � � � 7 6 � �  
 � �  � � � � �  �  � �  �  � � �  � � � �  � �  � � "�  (� � � � � �  ; � % � � � � � � � �  � � � %�  � � � -

� �  � � "� ), � � "� � 5  � , � � %� � � � � � � � �  � � � �  7 � � � � �  � �  � � � # � � � �  � � � "� � � � �   � #  � � �  

� � $� � -� � � � � � � � � � � � � � # � " %� � � � �  Rhizobiales  � � � � �  Brucella melitensis. 

) � � � �   pheA, � � "� � 5  � , � � %� � � � � � � � �  � � � �  7 � � � � � � �  (�  � � %� � � � � �  � � �  � � 
 � -

 � � �  � �  � � � � �  �  � ) �  :  � � � � � � � � � � � � , Vibrionales, Alteromonadales, �  � � � � �   pheST 

� � %� � � � � � � � �  � � � � �  5 �  � � � � "� �  � � � $� �  �  :  � � � � � � � � � � � � .  
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) � � � �  �  trpE �  trpGDC �  Pseudomonadales � � � 7 �   � � � � � � � �  � � � � �   � � � � :  � -

� � � � � �   �  : � � � � � � � �  � � � $ � �  
 �   � �  � �  � � � �  7 � � � �  � �  � � %� � � � � �  : � � # � � � � �  � � 16, 

 � � �   � � 
 �  �  � � � $� �  � � � �  � � � � $ � �  � � 
 � �  � �  � � � � � 
 �  �  � � � � �  � � � "� � # � � � � � � � � -

 � � � # � � 
 �  � � , � � � � � � �  #� � � ; �  � � � � �  � � � 7 � � �  
 � �  � � � �  Pseudomonadales,  �   � ; �  

� � � %� � � � �   �   � ; � �  
 � �   � # � � - � "� � � � � � � # � � � � �  � � � � � � . +� "� � 5  � , : � �  � � =� �  � -

� � � �  � � � , � � �  �  : � � # � � � � � � # � � � 7 � � �  � �  � �  � � � � 5 �   � �  �  � � � � � � $ � �  � � � � �  � � � � �  

�  �  � � � � � � �  � � � � � .  

§3.2. � #� � . ! � ( 0#"� ( # , � � ( , ! , #' !   %# "� ' � � � � ' % (  ) %' � )  ( ) �  ( /  � � � #-

 4 � � ! ' ! )  ( *� 0#  %-  ! , #' !  ! ) . 

� � . � ( 1�  1. � � � � � �  � "� � �   � # %�  � � � �  �  � � � � �  � � � � �  �  � � � " � � �  � � � � . � � � � � -

 � �  %�  � � �  � � � � � �  �  " � � � �  #. 

Phylum/Class Order Bacteria Abbr. 
aaaa-proteobacteria Rhizobiales Sinorhizobium meliloti SM 

  Agrobacterium tumefaciens  ATU 
  Rhizobium leguminosarum LE 
  Mesorhizobium loti MLO 
  Bradyrhizobium japonicum BJA 
  Rhodopseudomonas palustris  RPA 
  Brucella melitensis  BME 
 Sphingomonadales Sphingomonas aromaticivorans # SAR 
 Rhodobacteralles Rhodobacter sphaeroides  # RS 
 Rhodospirillales Magnetospirillum magnetotacticum  # MMA 

  Rhodospirillum rubrum  # RR 
 Rickettsiales Rickettsia prowazekii RP 
 Caulobacterales  Caulobacter crescentus CO 
bbbb-proteobacteria  Burkholderia pseudomallei # BPS 
  Ralstonia solanacearum RSO 
  Nitrosomonas europaea  NE 
  Bordetella pertussis BP 
  Neisseria meningitidis NM 
gggg-proteobacteria Enterobacteriales Escherichia coli EC 
  Salmonella typhi  TY 

  Klebsiella pneumoniae # KP 
  Erwinia carotovora  EO 
  Yersinia pestis  YP 
 Pasteurellales Haemophylus influenzae HI 
  Pasterella multocida VK 
  Actinobacillus actinomycetemcomitans # AB 
  Mannheimia haemolytica # PQ 
 Vibrionales  Vibrio cholerae VC 
  Vibrio vulnificus VV 
  Vibrio parahaemolyticus VP 
 Alteromonadales Shewanella oneidensis SON 

                                                 
16 Olekhnovich, I. and Gussin, G.N. (2001) Effects of mutations in the Pseudomonas putida miaA gene: regu-
lation of the trpE and trpGDC operons in P. putida by attenuation. J. Bacteriol. 183, 3256-3260. 
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  Microbulbifer degradans # MDE 
 Pseudononadales Pseudomonas aeruginosa PA 
  Pseudomonas putida PP 
  Pseudomonas fluorescens # PU 
  Pseudomonas syringae  PY 
  Azotobacter vinelandii  # AV 
  Acinetobacter spp. # AC 
 Xanthomonadales Xanthomonas campestris  XCA 
  Xylella fastidiosa XFA 
Firmicutes Bacillales Bacillus subtilis BS 
  Bacillus cereus ZC 
  Bacillus halodurans HD 
  Bacillus stearothermophilus  # BE 
  Oceanobacillus iheyensis OI 
 Lactobacillales  Enterococcus faecalis EF 

  Enterococcus faecium EFA 

  Streptococcus mutans SM 
  Streptococcus pyogenes   ST 
  Streptococcus pneumoniae SPY 
  Streptococcus equi # SEQ 
  Streptococcus agalactiae SAQ 
 Clostridiales Clostridium acetobutylicum  CA 
  Clostridium perfringes CP 
  Clostridium botulinum  CB 
  Clostridium difficile  # DF 
  Clostridium tetani CT 

  Clostridium thermocellum CTE 

Bacteroidetes 
/Chlorobi 

 Bacteroides fragilis 
Porphyromonas gingivalis 

BX 
PFI 

Thermotogae  Thermotoga maritima 
Petrotoga miotherma 

TM 
PMI 



� � . � ( 1�  2. 1 � � 
 � � � "�   � �  � � � �  � � %� � � � � �  �  � � � � �   � �  � � � � � � � � �  ILV %�  � � . 1 � � 
 � � � "�   � �  � � � �  7 � � � � �  � � � � � �  �  " � � � � �  & � � �  % (� � � �  

; � � � $� �  � � � � � � � � �  � �  � �  � � � � � � $ � � ). . �  � �  � �  � � %� �  � � � � � �  �  � � � 
 � � �  � � �  � � � � � � � � . � "� � � �  � �  � � %� � � � � � �  � " LysR � � � � � � � � �  �  � � "� � 5 -

 � �  (" � �  REG) � � � � � �  �  5 � �  � �  ; � � � � � � .  

 
a Sinorhizobium meliloti SM                  leuB; leuC; leuD;    %leuA2;               ilvE; ilvD; ilvA;     REG2-ilvC;                 &ilvIH; 
 Agrobacterium tumefaciens ATU                  leuDB; leuC;           %leuA2;               ilvE; ilvD; ilvA;     REG2-ilvC                  &ilvIH; 
 Mesorhizobium loti MLO                  leuD-//-leuB; leuC;  %leuA2;              ilvE; ilvD; ilvA;      REG2-ilvC                  &ilvIH; 
 Bradyrhizobium japonicum BJA                  leuB; leuC; leuD;    %leuA;                 ilvE; ilvD; ilvA;                ilvC;                 &ilvI-x-H;  
 Rhodopseudomonas palustris RPA                  leuB; leuC-//-leuD;  %leuA;   leuA2;   ilvE; ilvD; ilvA;                                         &ilvIH-//-ilvC;  
 Brucella melitensis BME                  leuB; leuC; leuD;    %leuA2;               ilvE; ilvD; ilvA;                                         &ilvIH-//-ilvC;  
 Sphingomonas aromaticivorans # SAR                  leuC-//-D; -leuB-;    %leuA2;               ilvE; ilvD; ilvA;                                           ilvIHC; 
 Rhodobacter sphaeroides # RS                  leuCD;      leuB;     %leuA;                  ilvE; ilvD; ilvA;               ilvC;                  &ilvIH; 
 Magnetospirillum magnetotacticum # MMA                  leuCDB;                 %leuA;    leuA2;   ilvE; ilvD; ilvA;                                         &ilvIHC-//-leuA; 
 Rhodospirillum rubrum # RR                  leuCDB;                    leuA2;  leuA2;   ilvE;  ilvD; ilvA;                                           ilvIHC; 
 Rickettsia prowazekii RP  - 
 Caulobacter crescentus CO                  leuCD-x-B;             %leuA;                 ilvE; ilvD; ilvA;              ilvC;                    &ilvIH; 

b Burkholderia pseudomallei # BPS                  leuCDB                  leuA2;                   ilvE; ilvD; ilvA;                                          ilvIHC-//-%leuA; 
 Ralstonia solanacearum RSO                  leuCDB;                 leuA2;                   ilvE; ilvD; ilvA;                                          ilvIHC-//-%leuA; 
 Nitrosomonas europaea NE                  leuCDB;                                               ilvE; ilvD; ilvA;                                          ilvIHC-//-leuA;          
 Bordetella pertussis BP                  leuCDB;                  leuA2; %leuA2;     ilvE; ilvD; ilvA;                                         ilvIHC; 
 Neisseria meningitidis NM                  leuCD; leuB;           leuA;                      ilvE; ilvD; ilvA;                                         ilvIHC; 

g Escherichia coli EC   leoO<-->&leuABCD;                         &ilvGMEDA--ilvY<->ilvC;                     &ilvBN;          ilvIH; 
 Salmonella typhi TY   leoO<-->&leuABCD;                         &ilvGMEDA--ilvY<->ilvC;                     &ilvBN;         ilvIH; 
 Klebsiella pneumoniae # KP   leoO<-->&leuABC[                            &ilvGMEDA--ilvY<->ilvC;                     &ilvBN; 
 Yersinia pestis YP   leoO<-->&IS-leuABCD;                     &ilvGMEDA--ilvY<->ilvC;                     &ilvBN;        ilvIH; 
 Erwinia carotovora EO                 &leuABCD;                          &ilvGMEDA--ilvY<->ilvC;                     &ilvBN;        ilvIH; 
 Haemophylus influenzae HI                 &leuABCD;                           ilvGDA;  ilvE;                ilvY<->ilvC;                        ilvIH; 
 Pasterella multocida VK                 &leuABCD;                          &ilvGM-ygeA-DA; ilvE;  ilvY<->ilvC;                        ilvIH; 
 Mannheimia haemolytica # PQ                 &leuA; leuB;]leuCD;              ilvGM;  -ilvE-; [ilvD[; ilvA-;     ilvC;                           ilvIH; 
 Vibrio cholerae VC   leoO<-->&leuABCD;                          &ilvGMEDA;                  ilvY<->ilvC;                        ilvIH; 
 Vibrio vulnificus VV   leoO<-->&leuABCD;                          &ilvGMEDA;                  ilvY<->ilvC;                        ilvIH; 
 Vibrio parahaemolyticus VP   leoO<-->&leuABCD;                          &ilvGMEDA;                  ilvY<->ilvC;                        ilvIH; 
 Shewanella oneidensis SON                 &leuABCD;                           &ilvGMDA; -ilvE-;          ilvY<->ilvC;                        ilvIH; 
 Pseudomonas aeruginosa PA   REG<-->leuCD-yafE-leuB; leuA2;       -ilvE-;  ilvD; ilvD; X-ilvA; ilvA;                                  ilvIHC; 
 Pseudomonas putida PP   REG<-->leuCD-yafE-leuB; leuA2;        ilvE;   ilvD;            &ilvA; ilvA;                                 ilvIHC; 
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 Pseudomonas fluorescens PU   REG<-->leuCD-x-B;           leuA2;         ilvE;   ilvD;           &ilvA; ilvA;                                 ilvIHC; 
 Pseudomonas syringae PY   REG<-->leuCDB;               leuA2;         ilvE;   ilvD;           &ilvA;                                         ilvIHC; 
 Acinetobacter spp. AC   REG<-->leuCxD--B;           leuA2;        -ilvE-;  ilvD; ilvD;    ilvA;                                          ilvIHC; 
 Azotobacter vinelandii # AV   REG<-->leuCDB;               -leuA-         -ilvE-;  ilvD; ilvD;    ilvA;                                          ilvIHC; 
 Microbulbifer degradans # MDE   REG<-->leuCDB;               -leuA-         -ilvE-;  ]ilvD            ilvA;  ilvY<->ilvC;                     ilvIH;     
 Xanthomonas campestris XCA   REG<-->leuCD-yafE-leuB                  &ilvCGM-tdcB-leuA; ilvE; ilvD; ilvA;   
 Xylella fastidiosa XFA                 leuCD--B;                              &ilvCGM-tdcB-leuA; ilvE; ilvD;   

 

� � . � ( 1�  3. +� "� � 5  � �  � � � � �   � �  � � � � � � � � �  �  � � � 
 � � � "�   � �  � � %� � � � � �  HIS %�  � � . ) � � " � � �  � �  � � �  �  � � � � � � �  2. � � � �  � �  %�  � �  hisI �  hisE � � -

� � � �  �  (I/E). 0� � � � 
 �  -"� � � � � � � �  � � � � � � � � �  �  � � � � "� � �  � � �  T-� � � � �  � � � � � �  �  " � � � �  T. 

 
�  Escherichia coli &hisGDCBHAF(I/E);       
 Salmonella typhi &hisGDCBHAF(I/E);        
 Klebsiella pneumoniae # &hisGDCBHAF(I/E);        
 Yersinia pestis &hisGDCBAHAF(I/E);        
 Erwinia carotovora  &hisGDCBHAF(I/E); 
 Vibrio cholerae &hisGDCBHAF(I/E);  
 Vibrio vulnificus &hisGDCBHAF(I/E); 
 Vibrio parahaemolyticus &hisGDCBHAF(I/E);    
 Shewanella oneidensis &hisGDCBHAF(I/E); 
 Haemophylus influenzae &hisGDCBHAF(I/E);   &HI0325; 
 Pasterella multocida &hisG-x-vatB-DCB--HAF--(I/E); 
 Actinobacillus actinomycetemcomitans #   his(I/E); 
 Mannheimia haemolytica #  ]hisGD;   &x-actX2-hisCB[   ]hisH-x-AF-x-(I/E); 
 Pseudomonas aeruginosa  -hisGDC;  his(B1)H-x1-AF;  hisIE; 
 Pseudomonas putida  -hisGDC;  his(B1)H-x1-AF;  hisIE; 
 Pseudomonas fluorescens #   hisGDC;  his(B1)H-x1-AF;  hisIE; 
 Pseudomonas syringae   hisGDC;  his(B1)H-x1-AF;  hisIE; 
 Azotobacter vinelandii #  -hisGDC;  his(B1)H-x1-AF;  hisIE; 
 Acinetobacter spp. #  -hisG[   ]hisDC;  his(B1)H-x-A; hisF;  his(I/E); 
 Microbulbifer degradans #  -hisGD;  hisC; his(B1)HAF; hisIE; 
 Acidithiobacillus ferrooxidans #  -hisGDC(B1)HAF(I/E); 
 Xanthomonas campestris   x2-hisGDCBHAF(I/E); 
 Xylella fastidiosa   x2-hisGDCBHAF(I/E); 
�  Caulobacter crescentus &hisZ-x-hisG;  x-his(B1)HAFE;   -hisD-;  hisC;  hisI-; 
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B/�  Bacillus cereus &hisZ-hisGD(B1)HAFIE-hisB2; x-hiB2;  hisC;  -hisC-;    &hisZ2;    ThisS-aspS;   &yvsH1;  LyvsH2;  
 other Bacillus sp. (BS, BE, HD)   hisZ-hisGD(B1)HAF(I/E);          -hisC-;                                          ThisS-aspS; 
 Clostridium difficile # &hisZ-hisG� (B1)HAF(I/E); hisD;  hisB2-x; hisB2; hisB2;                 -hisS-aspS; 
 Lactococcus lactis ThisC-hisZ-hisGD-x-(B1)-x-HAF(I/E);                                             ThisS-aspS    &lysQ;     LlysP; 
 Streptococcus mutans  ThisC-hisZ-hisGD-x-(B1)-x-H--AF(I/E);                                            hisS—aspS 
 other Streptococcus sp. (SP, SPY, SEQ, SAG) 

Enterococcus sp. (EF, EFA) 
     -                                                                                                   hisS—aspS 

Therm Thermotoga maritima &IS-hisS-hisGDC(B1)HAF(I/E);   -hisB2; 
 Petrotoga miotherma # &hisS-hisGDC(B1)HAF(I/E);        -hisB2; 
CFB Polaribacter filamentus # &hisGDCBHAF-actX3-(I/E) 
 Bacteroides fragilis &hisGDCB;   hisHAF(I/E);         

 
� � . � ( 1�  4. +� "� � 5  � �  � � � � �   � �  � � � � � � � � �  �  � � � 
 � � � "�   � �  � � %� � � � � �  THR %�  � � . ) � � " � � �  � �  � � �  �  � � � � � � �  2. 
 

g Escherichia coli &thrABC; 
 Salmonella typhi &thrABC; 
 Klebsiella pneumoniae # &thrABC; 
 Yersinia pestis &thrABC; 
 Erwinia carotovora  &thrABC; 
 Vibrio cholerae &thrABC;  thrA2; 
 Vibrio vulnificus &thrABC; 
 Vibrio parahaemolyticus &thrABC; 
 Shewanella oneidensis &thrABC;  thrA2; 
 Haemophylus ducrei      -   
 Haemophylus influenzae &thrABC; 
 Pasterella multocida &thrABC; 
 Actinobacillus actinomycetemcomitans # &thrAB-x-C; 
 Mannheimia haemolytica # &thrAB;]thrC; 
 Pseudomonas aeruginosa                 thrA2;              hom-thrC;        -thrB2;  thrH; 
 Pseudomonas putida                 thrA2;              hom-thrC;        -thrB2;   
 Pseudomonas fluorescens #                 thrA2;  thrA2;  hom-thrC;         -thrB2;  thrH; 
 Pseudomonas syringae                 thrA2;              hom-thrC;         -thrB2;  thrH; 
 Acinetobacter spp. #                 thrA2;              hom]                  thrB2;  thrH; 
 Azotobacter vinelandii #                 thrA2;             -hom-; -thrC-;   x-thrB2; 
 Microbulbifer degradans #                 thrA2;  thrA2-; hom-thrC;                      thrH; 
 Xanthomonas campestris &thrAB—thrC; 
 Xylella fastidiosa  thrABC; 
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� � . � ( 1�  5. 1 � � 
 � � � "�   � �  � � � � �   � �  � � � � � � � � �  �  � � %� � � � � �  
 � �  %�  � �  TRP, PHE �  

pheST  %�  � � . ) � � " � � �  � �  � � �  �  � � � � � � �  2. � � � �  � �  %�  � �  trpE �  trpG � � � � � �  �  � � �  

(E/G). � � � �  � �  %�  � �  trpC �  trpF � � � � � �  �  � � �  (C/F). 

 
a Mesorhizobium loti &trp(E/G);   -trpDC-     trpFBA;                         -pheA;        pheS-x-T; 

Rhizobiales Brucella melitensis &trp(E/G);   -trpDC-     trpFBA;                         -pheA;        pheST; 
 Sinorhizobium meliloti &trp(E/G);   -trpDC-     trpFBA;                         -pheA;        pheST; 
 Agrobacterium tumefaciens &trp(E/G);   -trpDC-     trpFBA;                         -pheA;        pheST; 
 Rhodopseudomonas palustris # &trp(E/G);   -trpDC-     trpFBA;                         -pheA;        pheS-x-T; 
 Rhizobium leguminosarum # &trp(E/G);   -trpDC-     trpFBA;                         ]pheA;        pheS[; 
 Bradyrhizobium japonicum &trp(E/G);   -trpDC      trpFBA;                         -pheA;        pheST; 

b Bordetella pertussis &trpEGDC;                                                        pheA;        pheST; 
g Escherichia coli &trpE(G/D)(C/F)BA;                                         &pheA;       &pheST; 
 Salmonella typhi &trpE(G/D)(C/F)BA;                                         &pheA;       &pheST; 
 Klebsiella pneumoniae # &trpEGD(C/F)BA;                                             &pheA;      &pheST; 
 Yersinia pestis &trpEGD(C/F)BA;                                         IS-pheA;        &pheST; 
 Erwinia carotovora &trpEGD(C/F)BA;                                             &pheA;      &pheST; 
 Haemophylus influenzae   trpEG-x1-trpD(C/F)-                         -trpBA;     pheA;        pheST; 
 Pasteurella multocida   trpEG<-x-D(C/F)-x-trpBA;                 trpBA;     pheA;        pheS-x-T;  
 Actinobacillus 

actinomycetemcomitans # trpEG-x1-trpD(C/F)-                         -trpBA;     pheA;        pheS-x-T; 

 Mannheimia haemolytica #   trpEG-x1-trpD)-    trp(C/F)[              -trpBA;     pheA;         pheST; 
 Vibrio cholerae &trpEGD(C/F)BA;                                             &pheA;        pheST; 
 Vibrio vulnificus &trpEGD(C/F)BA;                                             &pheA;        pheST; 
 Vibrio parahaemolyticus &trpEGD(C/F)BA;                                             &pheA;        pheST; 
 Shewanella oneidensis &trpEGD(C/F)BA;                                             &pheA;        pheST; 
 Pseudomonas aeruginosa %trpE;  %trpGDC;    -trpF;         trpI<->trpBA;   -pheA-       pheST;   
 Pseudomonas putida %trpE;  %trpGDC;    -trpF;         trpI<->trpBA;   -pheA-       pheST; 
 Pseudomonas fluorescens # %trpE;  %trpGDC;    -trpF;         trpI<->trpBA;   -pheA-       pheST; 
 Pseudomonas syringae  %trpE;  %trpGDC;    -trpF;         trpI<->trpBA;   -pheA-       pheST; 
 Azotobacter vinelandii # %trpE;  %trpGDC;    -trpF;         trpI<->trpBA;   -pheA-       pheST; 
 Acinetobacter spp. #  trpE;    trpGDC;       trpFB--A;                           pheA-        pheST; 
 Microbulbifer degradans #  trpE;    trpGDC;      trpFBA-                              -pheA-        pheST; 
 Acidithiobacillus ferrooxidans #  trpEGDC-;             -trpF;                      trpBA;  ]pheA-      ]pheST[; 
 Xanthomonas campestris  trpE;   trpGxDC-    -trpF;   trpI<->trpB-x-trpA;   -pheA-       pheST; 
 Xylella fastidiosa  trpEGDC-x2;         -trpF--BA                             -pheA-       pheST; 
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� ( ". 1. � #� � � � � � � � � � �  � "� � � � 5 �  � �  � � � � �  � �  «� � � � � � � � � � � � » � � � �  7 � � � �  � �  
� � %� � � � � � . 
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� ( ". 2. 1 � � �  � � � � �  � � "�  � � �  � � � � � � �  �  %� � � � - �  � � $� � -� � � � � � � � � � � � � �  
 � �  � � � � � � # 

� � � � � � � : (a) ILV (� "� � � � � �  � , � � � � �  � , � � � �  � ), (b) HIS (%� � � � 
 �  � ), (c) THR (� � � � -

 �  � ), (d) � � � � � � � � � � � � # � � �  � � � � � � �  (� � � � � � � �  � , � � � � "�  � , � �  � � � � �  �  � ). 

 

 



� ( ". 3. +� � � �  � � �  � �  � � � 
 � � � "�   � # � � � � � � � �  � � �  � � � � � � � �   � �  � � � �  7 � � � �  � � � � �  � � "�  � � "� � � � � �   � # � � �  � � � � � � �  �  %� � � � - �  

� � $� � -� � � � � � � � � � � � � � . +� 
 � � �  � : ; � � � $� �  � � � �  7 � � � �  � # � � � � � � � � , � � 
 � �  � �  � � � � � 
 �  �  � � %� � � � � �  � �  � � 
 �  �  �   � #, � �  � � � � � � � �  � �  

� � � � � � �  �  � � %� � � � � �  � # ; � � � $� � #. � � � � �  � � � "�  �  � � � � � 6 �   � �   � "� �  � �  � � %�  � "� � � , � � �  �  � � � � � � �  1, �  � � %� � � � � � � � �  � � � � �  � . � � � � � �  

� � � "�  �  : � � � �  � �  � � � � # � � � �  7 � � � � � � . � � � � �  � � � � �  � � 
 � � �  �  � � � � �  � � � � � � , � � � � �  �  � � � � � � �  � � � � � �  � � 
 � � � �  � � � . . � 
 �  �  � � �  � � � � � � �  

� � � " � � �  � : L – � � � � �  , V – � � � �  , I – � "� � � � � �  , H – %� � � � 
 �  , T – � � � �  �  , M – � � � � �  �  , W – � � � � � � � �   �  F – � �  � � � � �  �  .  � � � �  �  

� � 
 � �  � # � � � � � 
 � # � " � � � 7 �  � � � � � � � � � �  � � � � � 6 �   � # � � 
 �  � � .  

1 � �  � � � � �  � � �  � �  � � � � � $"� � � � � � $ � � � %� � � � �  ClustalW � �  � � � 
 � 7 6 � � �  � � � � � � � � � � � : � � � � � � � �  
 � � � � � �  10.0, � 
 � �  �  � �  
 � � � � � �  

0.05, � � �  � � �  "� � � �  0.5.  
                                                                                                                                                                                           ========>   -------------------------->   antiterminator <---------------------------------    <======== 
gamma-proteobacteria                                                                                                                                                                                                                                                                            ==============>       terminator         <============== 
EC  i l vGMEDA          - - - - - - - - - - ATGACAGCC L L CGA V I  AGC L V V I  AGC V V V I  I  I  CCACCGTGCGGGGCTGCACTTGGACGAGGAAAGGCTTAGAGATCA- AGCCTTAACGAACTAAGACCCCCGCACCGA- - - - - - - - - - - - - AAGGTCCGGGGGTTTTTTTT 
TY  i l vGMEDA          - - - - - - - - - - ATGACAGCC L L CGA V I  AGC L V V I  AGC V V V I  I  I  CCACCGTGCGGGGCTGCACTTGGACGAGGAAAGGCTTAGAAATCA- AGCCTTAACGAACTAAGACCCCCGCACCGA- - - - - - - - - - - - - AAGGTCCGGGGGTTTTTTTT 
YP  i l vGMEDA          - - - - - - - - - - ATGAAAGCA I  L CAA V I  AAC L V L I  AGC V V V I  I  I  CCACCGTGCGGGGCTGCACTTGGACGAAGAAAGGCATAAAAATCAAGCCTTAATCTCAAGAGAACCCCCGCACCGA- - - - - - - - - - - - - AAGGTCCGGGGGTTTTTTAT 
EO  i l vGMEDA          - - - - - - - - ATGAAAGCCCTATCCCTA V ATTAGC L V V I  AGC V V V I  I  I  CCACCGTGCGGGGCTGCACTTGGACGAAGAATGGCTTAGAAATCA- AGGCCTGATTCAAGAAAACCCCCGCACCGA- - - - - - - - - - - - - AAGGT- CGGGGGTTTTTTGT 
KP  i l vGMEDA          - - - - - - - - - - ATGACAGCC L L CGA V I  AGC L V V I  AGC V V V I  I  I  CCACCGTGCGGGGCTGCACTTGGACGAGGAAAGGCTTAGAAATCA- AGCCTTAACGAACTAAGACCCCCGCACCGA- - - - - - - - - - - - - AAGGTCCGGGGGTTTTTTTA  
VC  i l vGMEDA          - - - - - - - - ATGAAC L AACGCTCGC I  AACGCT L I  AAC L I  I  V V I  L V - - ACGACGCGGGGGCGAGTGGGCGAAAAATAAGTAACCA- - - - - - - - - - - - - AATCCAAAAAAACCCCCGCACTGA- - - - - - - - - - - - - AAAGTCCGGGGGTTTTTTTA 
VV  i l vGMEDA          - - - - - - - - ATGAACTTTGCCGCTCAA I  AACTCT L I  AAC L I  I  V V L I  - AGCACCGCGCGGGGGAGAGTGGGCGCAAAATAACCACTAG- - - - - - - - - - - - - - - - ATTGACAAACCCCCGCACTGA- - - - - - - - - - - - - AAAGTTCGGGGGTTTTTTTT 
VP  i l vGMEDA          - - - - - - - - ATGAAC L TTCGCTCAT I  AACACA L L GCC L I  I  V V I  I  - GGCACCGCGCGGGGGCTTGTGGGCGAAAGGTAACCACA- - - - - - - - - - - - - - - AATTACAAAAAACCCCCGCGCTGA- - - - - - - - - - - - - AAAGTCCGGGGGTTTTTTTA 
VK  i l vGM- ygeA- DA     - - - - - - - - - - - - - - ATGGCA L CGCCCT V L AGC I  I  I  AAC L V V I  I  I  - - - - ACTGCGGGGCGAGCGCGTTAATGTTTGACTGTCAATA- - AATAAAAAAGATCAAATTTAACCCTCGTCTGAT- - - - - - - - - - - - - AGCAGATGAGGGTTTTTTTT 
SON i l vGMDA           - - - - - - - - - - - - ATGTTTAACCAAGCTGCCAAG L I  L V I  I  ACC V V I  I  - AAATCACAGCGGGGGCGGCGCATGGCAAACTGGTAGACCTAAAA- GGTTAAAAGTTTCGAAAGAACCCCCCGCTCCGA- - - - - - - - - - - AAGGACCGGGGGGTTCTTCGT 
PU  i l vA              - - - - - - - - - - - - - ATGACTTCCACC V L CGCTGCCAGCCAAGC I  I  ACCGCC I CCTCATTTGGCGGGCTAGCTCACGACT- - - - - - - - - - - - - - - - - - - - - - - - - - - - GCAGCACCCAACCCGCCCTA- - - - - - - - - - - - - - - - - - - - GAGGCGGGTTTTTATT 
PP  i l vA              - - - - - - - - - - - - - - - - ATGAATACATTCCCGCAC V AACGCC I  I  I  ACCGCC I  I  AGCTTGGCGGGCTAGCGCGTACG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - TGCACCGAACCCGCCC- - - - - - - - - - - - - - - - - - - - TGGAGGCGGGTTTTTTCT 
PY  i l vA              - - - - - - - - - - - - - - ATGAAC L I  AAGCAAAAC L GGCCAG I  I  I  ACC V I  CCA V ATGGCGGGTTAGCCGAC- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - GTTTGCAAAAAACCCGCCCTG- - - - - - - - - - - - - - - - - - - - GAGGCGGGTTTTTTCT 
XCA i l vCGM- t dcB- l euA  ATG 30  L CCCGCGCCC I  GGC V CCGGCGTCG L L V L V L I  ACCTCGCCAACCGGTGCGGGACGCGGCTTCGTGTAGGCAACAGACAC- - - - - - - - ACAAGGCTTCGATCAGACCCCGCACCGGC- - - - - - - - - - - - - AACGGCGCGGGGTTTCGCGT 
XFA i l vCGM- t dcB- l euA  ATG 27  L CCCAATTCTGCT I  ACG V GCCTTT L L I  L V L I  GCCTGCCCAAGCAGTGGGGGACAGGCCAGCGTGTAAACAACATACACT- - - - - - - - - CAGGCTTTGATCAAACCCCGCATTGGC- - - - - - - - - - - - - AACCTTGCGGGGTTTTGTTT 
 
                                                                                                                                                                                                                ============>   ----------------->  antiterminator  <-------------------<============= 
                                                                                                                                                                                                                                                                                                                      ==============>         terminator       <============= 
EC  i l vBN             ATG 12  L  AACGCAAAA L L CCAACTGCGCCATCCGCCGCA V V V V CGT V V V V V GGCAATGCGCCGTAGGGACTGGAAC- - - - - - - - - - - - - - - AACACACGATTCCAAACCCCGCCGGCGCA- - - - - - - - - - - - AACCGGGCGGGGTTTTTCGTT 
TY  i l vBN             ATG 12  L  AACGCGACC L L ACAACTGCGCCATCTCGCGCA V V V V CGT V V V V V GGCAATGCGCCGTAGGGTCCGGAACAC- - - - - - - - - - - - - - - ACACGATTCCAAAACCCCGCCGGCGCA- - - - - - - - - - - - AACCGGGCGGGGTTTTTTGTT 
YP  i l vBN             GTG  9 ACTGCCAATTTCGCC L L AACACCGCGCAT V GCCGCG V V V V CGC V V V V GGCAGCGCGCCGTAACGGGTACCGAAT- - - - - - - - - - - - CCAGAAAGATTCCCAAACCCCGCCGGCGCC- - - - - - - - - - - - AGCCGAGCGGGGTTTCTTTTT 
KP  i l vBN             ATG  9 - -  L I  GCTTCGACC L L AAAACCGCGCCAGCCGCG V V V V TCT V V V V V GGCAATGCGCCGTAGGGTCCGGAACA- - - - - - - - - - - - - - - - ACACGAATTCCAAACCCCGCCGGCGCA- - - - - - - - - - - - AACCGAGCGGGGTTTTTTGTT 
EO  i l vBN             GTG 24 - - - - GCA L L AACACCGCGCAT I  GACGCG V V V V L V GCA V V V V V V GGCAGCGCGCCGTAACGGGTTCCGAA- - - - - - - - - - - - - - - TCGAAGATTCTCAAACCCCGCCGGCGCC- - - - - - - - - - - - AGCCGAGCGGGGTTTCTTGTT 
 
                                                                                                                                                                                     ======>   -------------------------------------->  antiterminator  <----------------------------------------------  --<====== 
                                                                                                                                                                                                                                                                                                                                                 ==============>            terminator                 <===============                                          
EC  l euABCD           - - - ATGACTCACATCGTTCGCTTTATCGGT L L L L AACGCATCTTCTTTGCGCGGTAGACGAGTGAGCGGCATCCAGC- - - - - - - - - - - - - - - ATTAAGCCAGCACGCAGTCAAACAAAAAACCCGCGCCA- - - - - - - - - - - - - - - - - TTGCGCGGGTTTTTTTATG 
TY  l euABCD           - - - ATGTCATATATCGTTCGTTTCACTGGG L L L L AACGCATTTATTGTGCGCGGTAGACCGGTGGGCGGCATTCAACAT- - - - - - - - - - - - - - - - - TAAGTCAGCTCGAAGTCAAACAAAACCCGCGCCG- - - - - - - - - - - - - - - - - - TGTGCGGGTTTTTTTATG 
KP  l euABC[            - - - ATGATTCGCACCGCTCGTATCACCAGC L L L L AACGCATGCCATTTGCGCGGTAGGCTGTTGGGCGACGTTCAGCGT- - - - - - - - - - - - - - TAAGTCATCTTCCAGCAAGACTATAAAACCCGCGCCT- - - - - - - - - - - - - - - - - TGGCGCGGGTTTTTTTATG 
YP  I S- l euABCD        - - - - - - ATGTTCTACTCAACCCGT L L AGC L L L AACGCATCTCTCTTGCGCGGTATGTTGGTGGACGGAAATCAGAAC- - - - - - - - - - - - - - - - - TGATTCAGCCATCAAGATTAACAAGCCCGCGCAA- - - - - - - - - - - - - - - - - ATGCGCGGGTTTTTTTTGT 
EO  l euABCD           - - - - - - ATGTTCAAGTTTACTGTC L L AGC L L L AACGCATCCTTCTTGCGCGGTAGGTTTGTGGGCAGACTTCAGAAC- - - - - - - - - - - - - - - TAAGTTTCTCGCCACACGATACAAAAACCCGCGCTG- - - - - - - - - - - - - - - - - ATGCGCGGGTTTTTTTTTA 
VC  l euABCD           - - - - - - - - ATGCGTTTTTCT L L L GGC L L L ATCGTGGAACCATCACGCGGGTAGGCTGTGGACAAAAACAC- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - CACACAAGATAAAAAACCCGCAGC- - - - - - - - - - - - - - - - - - TGATGCGGGTTTTTTTATA 
VV  l euABCD           - ATGACAGCACATTTTTCTTTC L L AAC L L L ATCGTGACAAGATCGCGCGGGTAGGCTGTGGAAGAAAAATAAACC- - - - - - - - - - - - - - - - - - - - - - - - - - ACACAGAATAACAACTAGCCCGCACAT- - - - - - - - - - - - - - - - - CGATGCGGGCTTTTTTATA 
VP  l euABCD           - ATGTCAGCTCATTTTTCTATC L L AGC L L L ATCGTGACCAGTTCGCGCGGGTAGGCTGTGGAAGAAAAATAACCA- - - - - - - - - - - - - - - - - - - - - - - - - - - CACCAATTTCTTAGAAACCCGCATGA- - - - - - - - - - - - - - - - - AAATGCGGGTTTTTTTATA 
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SON l euABCD           ATGAATAGAATTAGCAGCAAA L GAC L L L L TCT L GCGCCAAAAACGCGGAGGTCTTAGTGTTGCTCGCTCGATAG- - - - - - - - - - - - - - - - - - - - - - ATAGGCAAAACACTCATAAACCCCGCACTAA- - - - - - - - - - - - - - - - TGTTGCGGGGTTTTTTGTA 
HI   l euABCD           - - - - - ATGTTTCGTATTGTTTCT L TCT L AAC L L L TCACATTTTGTGTGCGGCTAAGTTGTGGATAAAAAAACAGT- - - - - - - - - - - - - - - - - - - CAGATGTAAATACCCAATTTTAAACCCGCACTTTA- - - - - - - - - - - - - TAAGTTGCGGGTTTTTTATCT 
VK  l euABCD           - - - - - ATGTTTACCATGTGTTCT L TCT L AAC L L L ACACAGTCATTGTGCGGCTAGGTTGTGGATAAAAAACAGTAA- - - - - - - - - - - - - - - - - - - - - - - - AATATCCCACAAATTAGACCCGCACAT- - - - - - - - - - - - - - - - - GTAAGCGGGTCTTTTTTTA 
PQ  l euA              - - - - - - - - - - ATGGAAAAATTTACC L L CGA L TCT L L TCGTATTTTGTGCGAGGATAAAGATTGATTGGAAAAAGTAA- - - - - - - - - - - - - - - - - - - - - ATGGACTATCCACATTCTTGCCCGCACCTT- - - - - - - - - - - - - - - AAAATGCGGGCTTTTTTTAT 
 
 
 
 
 
 
                                                                                                                                                                                                                                                                               =======>  terminator <======= 
alpha-(beta)-proteobacteria                                                                       ----------------------------------------------> antiterminator  <-------------------------------------------------- 
SM  i l vI H             ATGAAAAATTTCGCG V L L V V GGACGGCGCATGGGCAGGGTGGT- - - - - - - GTAACCATCCGGCGGTAGCCACCCATGCGCTGAACGAGGCTCCTG------ACGGGGCCTTTTTTT 
ML  i l vI H            ATGAAAAAGGCA L I  L V GGAAGGCGCGTGGGCAAGGCGGTG- - - - - - - - - - - - TAACCGCCGGGCGAAAACCTCCCATGCGCAACACATAGGCTCCCTC- - - - - - GGGGGCCTTTTTTATT 
BJA i l vI H             ATGCGTAAC I  I  ACCAAA L L I  GCCGTGGTGCCCAGGCACACCGCCGGGGATGGCTAG- CTGCCATCCACATGACAGGCGGTGTGCATGGGCCCTCT- - - - - - TCGGGGCCTTTTTTATTT 
CO  i l vI H             GTGCGCAAAACCATG I  V L ATGGAGCGGCCGTTCGCGGGGTGACCTCGAAGTCACGTCGTAG- - - - - - - - - - - - - - CTCGGTCGCGCGCGCAAAGGTCCTT- - - - CGGGACCTTTTTTCTTTT 
ATU i l vI H             ATGAAAAAT L AAC V L I  V V GGACGGCGCATGGGCAGGATGGTATAACCATCCGGCGAA- - - - - - - - AGCACCCATGCGCTGAACGAGGCTCCTC- - - - - - TAGGGGCCTTTTTTT 
BME i l vI H             ATGAACACG I  I  I  L V V CGGGCGCGCATGGGCAGGGTGGTGTAACCACCCGGCGAA- - - - - - - - - - AGCTCCCATGCGCGAAAGACAGGCTCCCT- - - - - - CGGGGGCTTTTTTATTA 
RPA i l vI H             ATGCGACACAAA I  TCCGAC L L L V I  V CCCAGGCGCACCGCCGGGGGTGGATAGA- CTCCACCCCGCGAACGGACGGTGCGCTGAGGGCCTTCG- - - - - ACGGGCCCTTTTTTATT 
MMA i l vI H             ATGCGCACG V L I  V V GAAGCGCCACGGACGGGGCGGGCTTGAGGACAAGCCCGGC- - - - - - - - - - AGGCCCGGTCGGTGGCGCATGCAGGGTCCCT------CGGGGCCCTTTTTTATT 
RS  i l vI H             ATGTCTGGT V V L L V GGAATGCTGCGCATGGGCCGGTGACGGTTG- - - - - - - - - - - - - - - - - - - - - - ACCATAATCGGTTCCCATGCGCCCCCGAGTGA-ACCCCGGGGGCTTTTTGTT 
 
 
                                                                                                                                                                                                                                              ------------------------->            terminator?            <---------------------------- 
                                                                                                                             -----------------------------------> antiterminator  <------------------------------------------------- 
SM_l euA2              ATG 78 TCC L L L L GGC L ATCCGCGGTTGCCGGGTTCGCTGAG- - - - - - - - - - - - - - - - - - - - - GAGCGCCCGGCGGCCGAA- - - - - - - - - - - - - - - - - - - - - - - - - - - AAGCCTTGCCGGCACCTGCTCCTCGAAA 
MLO_l euA2             ATG 57 GCG L GCTTCGACC L L L L GGC L ATCGGCGATCGCCGGGTTCGCTGAAG- - - - - - GAGCGCCCGGCGGTCGA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ACCGCCGCGCAAGCGCATGCTC 
ATU_l euA2             ATG 36 GCA L TCG L L AGC L GAC L ACACGCGGTTGCCGGGTCCAGTGAGGA- - - - - - - - - - - - - GCGCCCGGCGGCCGA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - AAGCCCGCTGGCGCAAACGCTCCTCAT 
BJA_l euA              ATG 66 GCG L L CCCACC L L L GGCGGC L L L ACTTGCCCCTGAGGGCCGGCTGGGCGCCA- CGCGCCTGGGCGCTCAGGGGTTGGTCGAGAT- - - - CACCGGACACCTCAAGCGCCCAGCACTGAACGGCGCAA 
RPA_l euA              ATG 78 ACC L GCG L GGCGGG L L L L AGCCGCCCCTGAGGGCCGTCTGGGCAGTTTTGCCTGGGCACTCAGGGGATCGCACG- - - - - - - - - - - - - - - - - - - - - - - - - ACAGCCAGCCCCTCATGCGCCCGCGCGGC 
RS_l euA               ATG 60 GCG L L L L AGCTGCCTCTGAGCGTGCCCTTGGGCGCGA- - - - - - - - - - - - - - - - - - - - - - - - - - CCGCTCGGAGGTGACC- - - - - - - - - - - - - - AGCGCCCGGGACCGAAGCTGAGCACAACGAGAGAATTCA 
MMA_l euA              ATG 36 GCG L ATT L GTAAAC L L L AGCCGCCCCTGAGGGCCGTCCGGGCGTG- - - - - - TGCGCCTGGGCTCTCAGGGGAT- - - - - - - - - - - - - - - - - - - - - - - - - - - TGTCGCTCTGAGATCGGAAGTCGGGTTTT 
BME_l euA2             ATG 66 GTT L GACTCG L L ACC L GGC L AGCGGCGATCGCCGGGCTCGTTGAGA- - - - - - - - - - GGAGCGTCCGGCGGTCGATC- - - - - - - - - - - - - - - - - - - - TTCGGTCTCGCCGGACCTGTGCTCCTTTCCAG 
SAR_l euA2             ATG  6 CGA L GAC L ACC L CGA L ACCCGCCCTTGGGCGTAAGCTGACGCGTCGGTC- - - - - - - - - - - TGCCCCGGCGCGCAC- - - - - - - - - - - - - - - - - - - - - - - - - - GGCGCCCAGGGGAACAGGAACCACGTAA 
CO_l euA               ATG 12 GAC L L TCG L CGG L ATCAGCCCCTGGGCGCTCTAGGGGCCGCGCA- - - - - - - - - - - - - - - - - TCGTCGTGGCCGGGCGCACAGGGGATGATTGAACCCGCAGCCCGCACGCAGACACACCCCTTTCGACGA 
BP_l euA2              ATG 84 GCC L TCG L L CGC L CCGATCGGTTGCCGGGCCTAGTGCCC- - - - - - - - - - - - - - - - - - - - - - - CGTGGTAGCTCGGCA- - - - - - - - - - - - - - - - - - - - - GCCGTACGCTCGCCACACGCGTTTTCCCCCGT 
BPS_l euA              ATG 18 TTC L L L 12 L CGCGCG L GCG L GCGCGCCTGCCGCGCTGACCGTT- -  23 - - TGTTGTCTAGCGTCGCCTG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - CGGTGGCGCGAGCTTCATCACGTGT 
RSO_l euA              ATG 46 GGC L L GGTCGTCAGGTCGGGACACGCGCATAGGAATCGC- - - - - -  35 - - - - - - AACAGGAATCACAGCGCCCCGGCCTGCAAC- - - - - - - - - - - - - - - CATGCACGCCGGGGCGTTTTGCATTCTGCGCCGC 
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                                                               Termination conformation (3, 4)                                                              3 =======>                       <======= 3’                                                4 ==================> terminator <===================  4’                   
gamma-proteobacteria                        Antitermination conformation (1, 2)        1 ===========> ----->   <---- <=========== 1’             2 ========> --------------------------------->  <--------------------------------- <=========== 2’ 
EC hi sGDCBHAFI                ATGACA 15  H H H H H H H CCTGACTAGTCTTTCAGGCGAT- - - - - GTGTGCTGGAAGACATT- - - CAGATCTTCCAGTGGTGCA- - - - - - - - - - - TGAACGCATGAGAAAGCCCCCGGAAGATC- - - - ACCTTCCGGGGGCTTTTTTATTG 
TY hi sGDCBHAFI                ATGACA 15  H H H H - - - - - - CCTGACTAGTCTTTCAGGCGAT- - - - - GTGTGCTGGAAGACATT- - - CAGATCTTCCAGTGGTGCATG- - - - - - - - - - - AACGCATGAGAAAGCCCCCGGAAGATC- - - - ATCTTCCGGGGGCTTTTTTTTTG 
YP hi sGDCBHAFI                ATGAAT 15  H H H H H H - - CCTGACTAGTCTTACAGGCCGAT- - - - GTGTGCTGGAAGACGGTTAACGAATCTTCCAGGTGGCGTAGAG- - - - - - - - - AACGCAGTAGAGAGCCCTCGGAAGATA- - - - ATCTTCCGAGGGCTTTTTTATTG 
KP hi sGDC[                    ATGAAC 15  H H H H H H H CCTGACTAGTCTTTCAGGCGATG- - - - - TGTGCTGGAAGACGTT- - - TGGATCTTCCAGTGGTGCATGA- - - - - - - - - - - - ACGCGCAGAGAGCCCCCGGAAGATT- - - - CACTTCCGGGGGCTTTTTTTTGG 
VC hi sGDCBHAFI                ATGCGT 18  H H H H H - - - CCCTAAGGTGTCTTTCGGGAGATGTACGCATACCCGGGGGACAG- - - - - GAATCTCCCGGAGTTGAAATCAGAGCC- - - ATAAAAAGATTCTAACCCTCGGGAGACCA—AACCTCCCGAGGGTTTTTCGTTTT 
VP hi sGDCBHAFI                ATGCGT 18  H H H H H - - - - CCAGCCTAGTCTTTCGGGAGATGTACGCATACCCGGGAGGCAG- - - - - GAAACTCCCGGAGGTGAAAATCAAAG- - TAAGAACAGATTTTAAACCCTCGGGAGACGC- CAATCTCTCGAGGGTTTTTTAGTTT 
VV hi sGDCBHAFI                ATGCGT 18  H H H H H - - - - CCAGTCTAGTCTTTCGGGAGATGTACGCATACCCGGGAGATAG- - - - - GAAACTCCCGGAGGTGAAAATCATCA- - - - AATTCAGATTTTAAACCCTCGGGAGACCA- ACATCTCTCGAGGGTTTTTTAGTTT 
sh hi sGDCBHAFI                ATGAGC 18  H H H H H H - - - ATGCGGTAGCCTTCGGACGT- - - - - TCACTGCCGGAGGACTAT- - - - - ATCCTTCTGGCGGACTGATTCAAA- - - - - - - GATGATCATAAACCCCTGGAAGG- - - - - - - - AATTCCGGGGGTTTTTGCTTTT 
VK hi sGx- x- DCBxHAFxI          ATGAAT 15  H H H H - - - CTACCCTGATTATCTTTCGGGTATT- TTGTGATGCTTGGAAGATAAC- - - - AAATCTTCCGAGTGTGCGATAAAATGA- - - - CGAACAATATAAACCTCTCGGAAGC- - - - - - CATTTCGAGAGGTTTTTTTATCA 
HI  HI SGDCBHAFI                ATGAAT 15  H H H H - - - - - - ACCTGATTATCTTTCAGGCGTGAT- TGTATGTTTGGAAGATAATAA- AATATCTTCCGAGTGTAATAAAAATCAGTGTAAAAGCAATAAATACCCCTCGGAAGGC- - - - AATTTTCGAGGGGTTTTCTTTTAT 
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HI 0325                       ATGAAC 15  H H H H - - - TCAACTGAATAATCTTTCAGGTTTTT- - GGTGTGCTTGGAAGATT- - - - - - - - - TCTTCCGAGCTGACAGGATAA- - - - - - - - - TAAAAATCTTACCCCTCGGAAGGC- - - - AACTTTCGAGGGGTTTTGTTTTAT 
PQ X- X- HI SCB                 ATGAAT 15  H H H H - ACTTTAACCTGATATCTTTCGGGCATTT- - GGTGTGTGCGGAAGATAA- - - - - - - CTCTTCCGAGCAAGTGTAGCAAAT- - - - - - - - - CAATAAAGATCTCTCGGAAGGC- - - - AACTTTCGAGAGATTTTTTTATAG 
 
 
                                                                                                                                                                                                                                                                 3 =========>       <========= 3’                               4 =========>terminator ?<==========  4’                   
alpha-proteobacteria                                                                                                                   1 -------------------------------------------->               <------------------------------------------ 1’ 2 =======> ------->          <------ <======== 2’         RBS-sequestor ? 
CO HI SS                      ATGACC  9  H H H GGC H H H H CCGACCTCGCCTCGCGGGATCGGCCGGGTCCGCGCGCTCTAAAGCCGAGCGTACCCAGCCAGAGCCCCGCCTAGCGGATGGGGCTTAAGTGCAAGCGCCATCCGTCGAAGCCTAGAAGCCTTAGGACCGACGATG 
 
 
 
 
 
 
 
                                                         Termination conformation (3, 4)                                                                3 ===============>                                   <================ 3’                                               4 ===============>terminator<=============== 4’             
low-GC Gram+  bacteria                Antitermination conformation (1, 2) 1 =================>         <====================== 1’                                        2 ==========> ----------------->           <------------------- <============ 2’          
ZC YVSH1                   ATGCTT 30 H AAA H H H H ACGTAACCCTTGAAACCTAGCGGAAAAATTACGCGTAGGTACAAGGGTTA- - - - - - - - - - - - TTCCCGTTGTACCTACGCTTTGGCG- - - - - - - - - - - - - - - - - - AAAGAGCCATGTAGGTATTTTTTTATCTACATGGCTCTTTTTTTAT 
ZC hi sZGD( B1) HAFI E- B2      ATGCTT 3  H CTA H H H ACATGAAACCCTTGAACCTAGCGTGA- - - - AAACGTGTAGGTACAAGGGTTA- - - - - - - - - - - - TTCCCGTTGTACCTACACTCTAC- - - - - - - - - - - - - - - - - - - TGAAGAGCCTTGTAGGTATT- - - TTGTCTACAAGGCTCTTTTTATTT 
ZC hi sZ2                   ATGCTA 18 H CTT H H H ACGTAACGCCGTGTATCCGAAGAAAAATTTTTCTTCGTGGGTACAGGGCTT- - - - - - - - - - - - - TTCCTGTTGACCCACGAAGCGTT- - - - - - - - - - - - - - - - - - - CATAAAGCTATGTGGGTATTT- - - - TTATACCTGCATAGCTTTTTTT 
DF hi sZG� ( B1) HAF( I / E)       ATGGTG 33 AAT H H H H H AGATTAAAGGGATTGTAATATGAAAT- - TAATTCATAGACACAAGCCCTGTTTTTAGTGTAATTGGTCTTGTATCTATGATGGGAAGTAATTTTAAGAGAAAATTATAGCCATATAGGTATA- - - - - AAGCCTATGTGGCTTTTTTATTGT 
LLX_l ysQ                   ATGAAT 9 TTACGC H H H TTG H AGATAAGAGTTGTGTCATACAG- - - TAGGTATAGATACAGCTTTAGA- - - - - - - - - GTACGCTCAAGTATCTATGCCGGTGAT- - - - - - - - - - - - - - - TCTCAAGAGACCGGTTGTAA- - - - - - - AGACAACTGGTCTTTTTATTTG 
 
 
                                                                                                                                                                                                                                                                                       ============>terminator<===========                                 
Ot her s                                                                                                =======================>                       antiterminator                     <========================                                         
TM1044 I S- hi sS- / / - HAF( I / E)  ATGTTT 9 H H H H - - - - - - TGCTACGGCCCGGCGGTTTCTCCACCGGGTGTGTGA- - - - - - - - - - - - - - - - - - - - - - - - TGGTGGGAGATCGCACGGGCCACGTCGAG- - - - - - - - - - AAGACGTGGCCTTTTTGTTTAT 
PMI   hi sS- / / - HAF( I / E)       ATGTCT 48  H H H - - - - - - - - ACATGGCGTGGCCGAGTTAACACATGCCATGTATGTTGTTATTTGTAAATCACCGCATACAAGGCTAAACGTAATAACCGGTCACGAGA- - - - - AATCGTGACCGGTTTTTTATTTTTT 
PFI  hi sGDCBHAF- ( X3) - ( I / E)   ATGACT 15  H H H - - TTTTATAATTGCAATCAGGCGATTTAAAAATGTATT- - - - - - - - - - - - - - - - - - - - - - - - GAATAAAAGCAAAATATTTATAAACCCGTTTGAGCAA- - - - ATCAAACGGGTTTTTTCAATTTTA 
BX  hi sGDCB                ATGAAC 18  H H H TACTCAATCGAATAACTCGGTGGGCAAGATGGTATTGTG- - - - - - - - - - - - - - - - - - - - - - - - TATATATATGATAGAATACGAGGCTTACCGAT- - - - - - - - - - AAGGTGAGCCTTTTTTATTTTC 
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                                                                                                                                                                                                                                      ===============>  terminator <=================                                 
                                                                                                                               ============>   ---------------> antiterminator <---------------- <=========== 
EC_t hr ABC  ATGAAACGC I  - - - AGC T  T  I   T  T  T  I   T  I   T  T GGTAACGGTGCGGGCTGACGCGTACAG- - - - - - - - - - GAAACACAGAAAAAAGCCCGCACCTG- - - - ACAGTGCGGGCTTTTTTTTTCGA 
TY_t hr ABC  ATGAACCGC I  - - - AGC T  T  T  I   T  T  I   T  I   T  T GGTAACGGTGCGGGCTGACGCGTACAG- - - - - - - - - - GAAACACAGAAAAAAGCCCGCACCTGA- - - ACAGTGCGGGCTTTTTTTTCGAC 
YP_t hr ABC  ATGCGATAC I  AGCCTGAAC T  T  I   I   T  T  T GAA T  T GGTTACGGGGCGGGCTGACGCGTACAG- - - - - - - - - GAAACAATAGAAAAAAGCCCGCACCTAG- - - ACAGTGCGGGCTTTTTTTTTCAA 
KP_t hr ABC  ATGAATCGC I  GGCATG I   T  T  I   I   T  T  T  I   T  T GGTAACGGTGCGGGCTGACGCGTACAG- - - - - - - - - - GAAACACAGAAAAAAGCCCGCACCTGA- - - ACAGTGCGGTTTTTTTTTGACAA 
EO_t hr ABC  ATGCGCACT I  AGCCTA I   T  T  I   I   T  I  ACCGATACAACCAGTAACGGTGCGGGCTGACGCATACA- - - - - - - - - - - AAGATTCCAGAAAAAGCCCGCACCGA- - - - ACAGTGCGGGCTTTTTTTTTATG 
VC_t hr ABC  ATGTTG 12 I  - - - GTAATG T  T  I   I   T  I   T GAC T TCGCATGTTGGGGCAGGCTGCTGAGCGCAA- - - - - - - - - - AATTTCACAAAAAAGGCCTGTATCCCA- - ACCGATACAGGCCTTTTTTTATAC 
VV_t hr ABC  ATGATT 9 CAACTAGTAATG T  T  T  I   I   I   T GAC I  ACACATGTTGGGGCAGGCTGCTGAGCGAAAG- - - - - - AACAAATTTCAAAAAAAGGCCTGTATCCAA- - CAAGATACAGGCCTTTTTTTATAC 
VP_t hr ABC  ATGCCA 9 CTAGTAGTAATG T  T  T  I   I   I   T GACACGACAAATGTTGGGGCAGGCTGCTGAGCGAAAG- - - - - - - - - AAATTCACAAAAAAGGCCTGTATCCAA- - CAAGATACAGGCCTTTTTTTATGC 
SON_t hr ABC ATGCAT 6 GGTTTCGTAGTA I   T  I   I   T  T  T  T  T  T AGAGTGGGGGCGGGCTGATACACCCTAA- - - - - - - - - AGAATTTAACGACGAGCCCGCTTCCCAC- AAAGAAGCGGGCTTTTTTGTTTCT 
XCA_t hr ABC ATGCGG 9 GGCGTGGCCGGC I   T  T  T  I   T  T GCC T  I  –CGCCCGGTGCGGTCCGTCGTCTTCGCGTA- - - - - ACTTCCGAAAACAACGGCCCCGCACCCGGATCAGGATGCGGGGGTCTCCCTCTCT 
HI _t hr ABC  ATGAAA 21 I   I  AGC T  I   T GCC I   M  M  T  I   I   M  I  AATGGTGCGGGTTAGTGCAGCAAAA- - - - - - - - - ACAAGATACAGAAAACCCGCGATTCAA- CTGAATAGCGGGTTTTTTTATAAAT 
PQ_t hr ABC  - - - - - - ATGAATTGTTTT I   M  M  T  T  I   I   T  T  I   M 6 –CATAGTGCGGGTTTTAATTGGCTGAAATAATGAAAGAATAAACCGAAAACCCGCTAC- - - - - - - - - - AAGCGGGTTTTTTTGTATAA 
AB_t hr ABC  ATGAAA 6 CGC T TTT I   M  M CCA T  T  M  T  M  I   M  I  AATGGGGCGGGCTAGTGCGTTGAAGA- - - - - - - - - ATAGAATTCATGAACCCGCATTTCCC- - - - GAGAGCGGGTTTTTTTATGCAA 
VK_t hr ABC  ATGAATAAACGC T GTG I   T  M  I   M  T  T  T  I   I   T –AATAGTGTGCGGGTTAGTGCGTAACAAAAA- - - - GATCGAATTCCACAAAACCCGTACTGAATA- AAAAGTGCGGGTTTTTTTATGAAA 
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                                                                                                                                                                                                                                          ========>   terminator    <=======                                 
gamma- pr ot eobact er i a                                                                               ======>   --------------------------> antiterminator <---------------------------- <====== 
EC_t r pE( G/ D) ( C/ F) BA    ATGAAA 21 W W - - - - - - - CGCACTTCCTGAAACGGGCAGTGTATTCACCAT- - - - - - - - - - - GCGTAAAGCAATCAGATACCCAGCCCGCCTA- - - - - - - ATGAGCGGGCTTTTTTTTGAAC 
TY_t r pE( G/ D) ( C/ F) BA    ATGGCA 21 W W - - - - - - CGCACTTCCTGATAGCGGGCGGTGTATGAACAGCT- - - - - - - - - - GTAATCAGCCAAACGATACCCGGCCCGCCTG- - - - - - - TTAAGCGGGCTTTTTTTTGAAC 
KP_t r pE( G/ D) ( C/ F) BA    ATGCAC 18 W W - - - - - - CGCACCTCCTGACGACGGGCGGCGTGATCGCGTTT- - - - - - - - - TGCATTCAGCATACAGATACCCGGCCCGCC- - - - - - - - AATGAGCCGTATTTTATTGGACA 
YP_t r pE( G/ D) ( C/ F) BA    ATGAAG 24 W W - - - - - - CATATCTCCCTCTCTCGGGCGATGTAATCACGCATATCC- - GTCATCAGACAGTGCAGATTGCTTCAGCCCGCTA- - - - - - - - - ATAGCGGGTTTTTTTATGGAT 
EO_t r pE( G/ D) ( C/ F) BA    ATGAAG  6 W W - - - - - - CGCTCTTCCCTCTCGCGGGTGGACTAATCACGCATCGCT- - GTTATCACACATGCAGATATTCCCAGGCCCGCTTAA- - - - - - CTAAGCGGGCTTTTTATTTGAT 
VC_t r pEGD( C/ F) BA       ATGTTA 57 W W CGCACT W ACAAGTTCTTGGTGGGCTCACGTGTATTTCTA- - - - - - - - - - AGTTTAGATACTCACACACCTAGCCCGCCAAC- - - - - - TTGAGCGGGCTTTTTATTGGTT 
VP_t r pEGD( C/ F) BA       ATGTTA 72 W W CGCACT W ACAAGTTCTTGGTGGGCTAACGTGTACTTCTAG- - - - - - - - TTTAGAAAAACAAACGTCATAAAGCCCGCTACT- - - - - - - CAAGCGGGCTTTTTATTTTGT 
VV_t r pEGD( C/ F) BA       ATGTTA 72 W W CGCACT W ACAAGTTCTTGGTGGGCTAACGTGTACTTTTA- - - - - - - - - ATAAAGAAAATGAATCACACAAAGCCCGCTAAC- - - - - - - CATGCGGGCTTTTTATTTTGT 
SH_t r pEGD( C/ F) BA       ATGACT 27 W W W - - - - CACTTCCCAACTTAGCGGGTAGTGTGAAGCTCTGTGCTCATTTGAAAGTAACAGAATCAACAGAAAAGCCCGCAGA- - - - - - - - AATGCGGGCTTTTTTGTTGGT 
 
 
al pha- pr ot eobact er i a 
ATU t r p( E/ G)            ATGAAT 24 W W W - - - - - - - AGCAGCTTTTTGCGGCCTTGACCAGTCA- - - - - - - - - - - - - - - - - TGTCTTCAGACAAAGTCCAAGCCGCCCGAAT- - TTTCAGGCGGCTTTTTTGTTATTA 
SM  t r p( E/ G)            ATGGCA 21 W W W - - - - - - - - GCTCGCTGAGGCGGCCTTGACCAGTCA- - - - - - - - - - - - - - - - - - TGCGTGATTGAGAGATGGAGCCGCCCGGAGATTTCGAGGCGGCTTTTTTCGTATTC 
RLE t r p( E/ G)            ATGATC 21 W W W - - - - - - - - GTTCGCTAAGGCGGCCTCGACCAATCG- - - - - - - - - - - - - - - - - TGTCCAAAGACGACGAGTGAGCCGCCCGAAA- CTTCGAGGCGGCTTTTTTTGTTTAT 
BME t r p( E/ G)            ATGAAC 27 W W W - - - - - - - GCTCGCTAAAAGCGGCCACGCAGGCGTTCG- - - - - - - - - - - - - TGCATATGCGTTCAGAAGACAGGCCGCTGGGAT- TATCCGGGCGGCCTTTTTGTTTGGC 
MLO t r p( E/ G)            ATGCGT 15 W W W - - - - - - - GCCTGCTGACAGCGGCCTGTTCGAACGCG- - - - - - - - - - - - - - - CGTGCGTGAAAAGAGAGGGTGGCCGCAACGGAAAGTCCGGGCGGCCATTTGTTTTTTA 
RPA t r p( E/ G)            ATGCAC 33 W W –CGCACCTCCTGACCAGAGGTGGCCGTGCGATCCCG- - - - - - - - - - - - - - - - - TTAATTTCCGATCGTCCTGAGGCCGCCACG- - - - - - CGAGGCGGCTTTCGTTTGTCCT 
BJA t r p( E/ G)            ATGAGC 24 W W - - CGCACCTCCTAA- - - GAGGTGGCCGGTGCGATTTC- - - - - - - - - - - - - - - - - TTTTCCCAAAATCGTCGAAGGTCGCCCACGC- - AGTGCGGCGGCCTGATCGTTTGTC 
 
 
gamma- pr ot eobact er i a ( Pseudomonas)                                                                            terminator ? (a number of weak hairpins) 
PU t r pGDC   GTGTTGATCACCAGCAAACTTCTGGATCAAGTCATCAAGGCACACGCCCGCTGGCGTTGGCGCGCCTGAATCTTTT- - CTGCCGGCCCCGCCGGATCTGTATCGCT- - - - - - - - - TTGC- - CTTCCTTGCCCGTTTGAAATGCCGCTGTGCCGATGCGA- -  
PP t r pGDC   GTGTTGATCGTCAGCAAACTCTTGATGCGCGTAATCAAGGCCCACGCCCGTTGGCGTTGGCGCGCCTGACTTTATCTCCTGCCGGCCC- GCCCGGCCCGTCCCCGT- - - - - - - - - TTGC- - CTTCT- - - - - CGTTT- ACCGCCCGTTGTGGCAAAGC- - - -  
PY t r pGD    GTGCCGTTGGTCAGCAGACTCTTGATGCGCGTTATCAAGGCCCATGCCCGCTGGCGTTGGCGTGCCTGAATTTTCATCCCGCCGATTCCGGCCT- CCTGTGCTTAT- - - - - - - - - TACCGACTACCTGCGGCGCAACACAACC- - - - GTTACCAAGCAA- -  
PA t r pGD    GTGATCCACCTCAGCAGCATCATCACCTCCCTCATCAAGGCATTCGCCCGTTGGCGCTGGCGCGCCTGACTTCTTCT- TCGCCGGCCTGGCCGGTCACGTCTCCCTG- - - - - - CGTACCCCGTTTTCCACAGGCAT- AATGCC- - - - - - GACGATCCACTC 
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AV t r pGDC   GTGACATCCAGCAGCACCCTTCTGATGCGAGTCGTAAAGGCCCACGCCCGTTGGCGCTGGCGCGCCTGATCTCTTTC- CTTCCGGCTCGGCCGG- - ACGCTTCCTTG- - - - - - CCT- CCCCGTTCCCGGCTCGCA- - - - - - - - - - - - - - GACGAGCC- - - -  
PA t r pE     GTGGCGGTCA- - - GCAAACTCTGGATGAAGGTCATCAAGGCCCTGGCGCGTTGGCGCTGGCGCGCCTGACATCATCCTCCGCCGGATA- GCCGG- CGCG- - CGTTTGCACCCTGTTGACCGT- TCTCTCCTC- - - - - - - - - - - - - - - - CGATGAGGCTGAT 
PP t r pE     GTGGCGGTTACTGGCAAATTCTGGATGAAAGTCATCAAGGCCTTGGCCCGTTGGCGTTGGCGCGCCTGACTTCAGCCTGCCGGCGTGT- GCCGG- CCCGTCCGTTTG- - CC- - - - TGACCTA- TTGCTGCTTG- - - - - - - - - - - - - - - CCACGAGACTACT 
PU t r pE     GTGGTGGTCACCCGCAAACTCTGGATGAAAGTCATCAAGGCCCTGGCCCGCTGGCGTTGGCGCGCCTGACTTGTTCCTG- GCCGGCTT- GCCGG- CGCG- - - - TTTG- - CACACCTGACTGATTTGCACCTCACA- - - - - - - - - - - - - CCACGAGGCACCC 
PY t r pE     GTGGTGGTCACTCGCAAACTCTGGATGAAAGTCATCAAGGCCCTGGCCCGCTGGCGTTGGCGCGCCTGACTTGATTCTG- GCCGGCCT- GCCGG- CACG- - - - TTTG- - CCTACCTGACCG- - TTTACCCTCAAA- - - - - - - - - - - - - CCACGAGGTTGCT 
AV t r pEG    GTGGTGGTCTCCTGCAAACTCTGGATGAAGGTCATCAAGGCCCTGGCCCGCTGGCGCTGGCGCGCCTGACGACAGCTCCTGCCGGTTC- GCCGG- CGCG- - - - TTTG- - CCCCTTTCCCGTAATTCCCGCCCG- - - - - - - - - - - - - - - CCACGAGGCCGAT 
            * * *           * * *    *            *   *  * * * * *     * *  * *  * * * * *  * * * * *  * * * * * *                     *  *       *       *          *   *                                   *                                
 
 
                                                                                                                                                                                                                                                    ==========> terminator <==========                                 
gamma- pr ot eobact er i a                                                                                                         =======> ---------------------> antiterminator <------------------------- <======= 
EC  pheA     - - - - - ATGAAACACATACCG F F F GCA F F F ACC F –- - - - CCCTGAATGGGAGGCGTTTCGTCGTGTGAA- ACAGAATGCGAAGACGAACAATAAGGCCTCCCAAA- - - - TCGGGGGGCCTTTTTTA 
TY  pheA     - - - - - ATGAAGCTCACCCGG F F F GCA F F F ATC F –- - - - CCCTGACCGGGAGGCGTTTCGTCATGTGAT- AAAGAATGCGAAGACGAACAAGAAGGCCTCCCCCA- - - - CCGGGAGGCCTTTTTTA 
KP  pheA     - - - - - ATGAAACTTGTCCCG F F F GCA F F F ACC F –- - - - CCCTGACCGGGAGGCAATTCGTCGTATAAG- AAAGAATGCGAAGACGAACAATAAGGCCTCCCAC- - - - - CCGGGAGGCCTTTTTTA 
EO  pheA     - - - -  ATGATAAATAAACCG F F F GTA F F F ACC F - - - - CCCTGATTTGGGAGGCGATTCGTCGTAAGAG- - AAGAATACGAAGACGAACAAAAAAGCCTCCTGA- - - - - CAAGGAGGCTTTTTTTA 
VV  pheA     - ATGACACCTCAT F CTGTAC F F GAC F F F - - - - - - CTCCAATAATGTTTGGAGGCTCGCTCGTTGTTCAA- - AGACAAGTCAAAAACGAACAGAAAGCCTCCTCT- - - - - TAAGGGGGCTTTTTTTA 
VP  pheA     ATGCACTTAACCTCACTG F ATT F GAC F F F - - - - - - - - - CTTCCATAGTTGGAGGGGCTAACTCGTTTGTGAAAGAAAAGTCAAAAACAAACAGAAAGCCTCCCCAC- - - - TCGGGAGGCTTTTTTTA 
VV  pheA     ATGCAAATCCACTCTCTG F AGT F GAC F F F - - - - - - - - - - CTTCGATAGCGGAGGGGCTAACTCGTTTGTGAAAGAAAAGTCAAAAACAAACAGAAAGCCTCCCACA- - - - TCGGGGGGCTTTTTTAT 
SON pheA     - ATGAAAACAAATACCCTAGCG F F ACT F F F - - - - - - ACACCCCCACTCTAGGAGGCGGATTTACTGTGT- - - - - AAAAACGAAAGTAAAAATCCAAAGCCTCCCAC- - - - - - TGGGAGGCTTTTTCGT 
 
 
EC pheST     - - - - - - - - - ATGAATGCTGCTATT F CGC F F F TAC F AGCACCTGAATCCAGGAGGCTAGCGCGTGAGAAG- - - AGAAACGGAAAACAGCGCCTGAAAGCCTCCCA- - - - - - - GTGGAGGCTTTTTTTG 
TY pheST     - - - - - - - - - ATGAACGCTGCTATT F CGT F F F TAC F AGCACCTGATCCCAGGAGGCTAGCGCGTGAAAAA- - - CGAAACGAAAAACAGCGTAAAAAAGCCTCCTG- - - - - - - ATGGAGGCTTTTTTTG 
KP pheST     - - - - - - - - - ATGAATGCTGCTATT F CGC F F F TAC F AGCACCTGAACTCAGGGGGCTTGCGCGTGAAAGA- - - AGAAACGGAAAACAGCGCCAGAAAGCCTCCCC- - - - - - TGTGGAGGCTTTTTTCG 
YP pheST     - - - - - - - - - ATGCATACAGTTATT F CGC F F F TAC F AGCGCCTGATTACAGGAGGCTTGCGCGTAAGAA- - - - - TAGAAACGAAAAATAGCGCCGAAGCCTCCCAT- - - - - CGTGGAGGCTTTTTTGT 
EO pheST     - - - - - - - - - ATGAACGCTGCTATT F CGT F F F TAC F AGCGCCTGAACTCAGGGGGCTTTGCGCGTAAGA- - - - AAAGAAACGAAAAGTAGCGCTTAAGCCTCCCTC- - - - - - AGGGAGGCTTTTTTGT 
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§3.3. � � ' � � � #'  %# � � � # 4 � � ! '  %# "� ' � � � � ' %,  � 6+#  %# � � &! ' ( � $ ! $ . 

� � 5 �  � � � � � 
 �  �   � � � � � � �  #� � � � � � �  � �  � � � �  7 � � � �  � �  � � � � � � � � � ,  � � 
 �   � �  � � %� � � � -

� � � . 

� � � � � � � � �  � � � 
 � � � � � �   � �  �  � � 
 �  � � � �  � � � , � 
 � � �   � # �  � � � � 6 $7  � � 
 � � �  � � "� � -

� � "� � � � . � �  � � � �  � � # � � � � �   � � � � � �  � "� � � � 5 � 7 � � �   ; � � � $� �  � � � � � � � � �  (� � � � �  � � � � , �  -

� � � � � � �  � � � �  �  � � � " � � ; �   � � � � � � � # � � � � � � # � � � " � �  ; � � � $� �   �   � � 
 �  �  �  � � � � � � � � � -

� �   �   �  � � � "�  � ). + � � 5 
 � �  ; � � � $� �  %� � � "�  � � � $ � �  � � � � � �  � � � 
 �  �  �  � � � � � � � �  � � � -

 � �  � � � �   � � � � � � � 
 � � ; � � � � �  ; � � � $� �  � � � � � � � %� � � � �  � � � � #� ; � � � � � � � �  � �  � � � � "�  �  � � �  

 � � � � 
 �  �   � �   � � � � � � � 
 � . �  � "�  � �  � � 5 
 � �  ; � � � $� �  � � � "� � � � � � �  " � � �  � � , #� � � � � � � � -

"� 7 6 � �  � �  � � � � � 
  � 7  :  � � %� 7  (� � " " � � �  – �  
 � � �  � �   �  10, � � � � �  � � %�  � � � � � � 7 � � �  � 
 � -

 � � �  . � � � /� � � $). + � � � � $7 � � �  � �  � � � � 
 �  � � � � 
 �  � � �  � 7 � � %�   � � � � � � � 
 �  (� � �   � � � 
 � -

 � �  � � � � � � �   �   � %� ) � � � � � � � � � �   �  : � � �  � . 

� � � � #�  � � � � � �  � #� � � � � � � � � �  � "� � � � 5 �  �  � � � � "� � � �  � "� � �  � �  � � � � � � � 5 �  � �  

; � � � � �  �  � � 
 � �  � �  � � � � � � �  (�  � � � � $7 � � �  � �  � � � � 
 �  � � � � � � 5 � 7 � � �  � � � � 
 �  � � �  � �  -

� � �  � � � � "� � �  � � �   � � � 
 �  � �   �   � # � � � � � � � ). � � � � � �  � � � � "�  �  � � 
 � �  � �  � � � � � 
  (� � -

� � �  � � � � � � ) �  � � � � � � �  � � 
 � �  � �  � � � � � � � , � � 
 � � 5 � 6 � �  � � � �  7 � � � �  � 7  � � � � � � � � � . + 

� � � � $7 � � �  � �  � � "� � � � "� � � �  � � 
 �  �  "� � � � ; �  �  � � "� � �  � � �  � � � � � � � , � � �  : � � �  � � 
 � -

� � � �   � "� �  � �  � � � � � � � � � � � 7 6 � # � � �  � � � � � � � .   

� � � �  � � %� � � � �   � ; � �   � � � � � $� �  � � � � �  � � �  � � 
 � �  � # � � � � � 
 � � , � �  � � �  �  �  � � � -

"� � � 7 � � �  � � 
 � � $ � . 1 � � " � �  ; � � � $� �  (� � � �  �  �   � � 
 �  � ) � � 
 � � � � � � �  � � � � � � � � , �  � � -

� � � � �  � � � �  – 5 � �  � � , �  � � � � �  � � � �  – � � 
 � � � �  � � � �  ; � � � � � � . � � � � � � � � , � � � � � � � � -

 � �  � � � � �  � � � � �  �  �  � � � � � � �  � � � � �  � � � � "�  �  5 � �  � �  �  � � 
 � � � �  � � � �  ; � � � � � � . 

9
 � � $ ; � � � $� �  � � "� � � � 7 � � �  � � " � � � � �  � � � � "� � �  �  � � � � � � � �  � � .  



� � � � , 
 � �  �  � %� # � � � � � � � � �   � # �  � � � � � �  %�  � � � �  �  � � 
 � �  � �  � � � � � � �   � -

#� 
 � � � �   �  � � � � �  � 
  � �  (� � 6 � � � � �   �  � � � � �  � � ) � � � �  7 � � � �  � �  � � � � � � � � �  � � %� -

� � � � �  � � � � �  � � "�  � � � � � � � � �   � # � � �  � � � � � � � . � � � �   � #� 
 � � � �   � � � � � $� �  � � � � -

�  � � �   � � � � � $� �  � � 
 � �  � # � � � � � 
 � �  � � �  � � � � �  � � � � , � �  � � � � � � � � � � � 7 6 � �  � � � � � -

� � � �  � � � � � � 7 � � �   � � � 6 � � � � �   � .  

+  � #� 5 
 �  � �  � � � �  7 � � � �  � � 5  � 7  � � � $ � %� � �  � � 
 � � �  � � � � � � � � � �   � ; � # 

� � %� � � � � � � . ) 
  �  � � � � � � � � �  � � � �  � "� � � �  �  � " : � � � � � � � �  � � � $ � # 
 �   � #,  � -

� � � � � � , �  � � � � � � $ � �  � %� �  � � �  � �   �  
 � �  �  � � 
 � �  � %�  � � � � � 
 �  �  ; � � � � � . � � � -

%� �  � � � � � � � � �  � � � � � � � � � � $,  � � � � � � � , 
 � �  �  �  � � � �  � � � $ � � � �  � � %� � � � � �  � # � � -


 �  � � , 
 � �  �  �  � � � � �  � � � � � � � � �  �  � � � � � � # � � � � . )  �  � � 
 � � � � � � � $ � " � � � � � � � � � � -

� � � %�  �  � � � "� , �  � � � �  � � � � , � � � � � 7 6 � �  � � � � � � �  � " 17 � � � � � 
 � � � � � � $ � � � � � , � "� -

� � �  � " � � � � $�  [38].  

( � � � �   � � 
 �   � # � � � � � � � �  �  � � � � %�  � � � � � � � �  
 � � � � � # � � %�  � "� � # �  � # 

� � � � �  � � �  � �  %� � � � � �  � �  � 
 � � � � �  � � � �   � ; � �  � � 
 � � �  �  � � � � � � �  � �  � � 
 � � � �  � � -

� � � � � � � �  � � %� � � � � � � : �  � 
  � �  � � � � �  � , � � -� � 
 � � � � � ,  �   � #� 
 � � � �  ; � � � , � .� . 

� � � � � %� � � � � �   �  " � � � � � # � � � � � � � � . 	  �  
 � � %� �  � � � � �  � , � � %� � � � � �  � �  � � � 5 � -

� � 7 �  �  � %� �  � � � � � �  � � � �  � � � � $ � �  � � � � � %� � � � � � �  � � � �  7 � � � � .  

+  � � � � � � � # � � � � � � # � � %� � � � � �   �   � ; � �  � � � " � # ; � � � � � , � � � � � � � , � 
 -

 � � � , � � � � 7 � � �   � � � �  � �  " � � � � � �  : � � � �  � � �  � � � �  7 � � � �  � �  � � � � � � � � � , � � �  

� � � � 5 � � � � �  � � � � �  � � � � �  «� � � � � � � � » � � � " � �  ; � � � $� �  �  � � � � � � �  � �  � � � �  � � �  F.  
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<� � � � 9 � 	 � �  

1. 1 � � 
 � � 5 �  �   � � � �  � � %� � � � � �  �  � � � � � � � � � � � 7 6 � �  � � � � $7 � � �  � �  � � � %� � � � �  
 � �  

� � � � � �  � � � �  � � � � $ � # � � � � � � � �  � � � �  7 � � � �  � �  � � %� � � � � �  �  %�  � � � # � � � � � � � � . 1 � -

� � "�  �  : � � � � � � �  � � � $ �   � 
 � 5  � � � $ : � � �  � � � %� � � � �   �  � �  � � �  � �  
 � � � � $ � %�  � � � � � -

� � � �  � �   �  � � � � � � � � �   � # �  � � � � � %� � � � � � # � � � � � 
 � � � � � � $ � � � � #.  

 

2. 1 � � 
 � � � "�  �  108 � � � 
 � � � � %� � � � # � � � �  7 � � � �  � # � � � � � � � �  
 � �  � � � � �  � �  � � � � �  -

� � "�  � � "� � � � � �   � # �  � � � � � � � � � � � � # � � �  � � � � � � � , %� � � � 
 �  �  �  � � � �  �  �  �  � � � � � � -

� � � � � � � � , �  � � � � � � � �  �  �  � � � � � � � �  � " %� � � �  Bacteroidetes/Chlorobi �  Thermotogales. + 

 � � � � � � � # � " : � � # %� � � �  � � � �  7 � � � �  � �  � � � 5 �  �  � � � � � � � . 

 

3. 1 � � � � �  �  � � � 
 � � � � 5 � � � � $ � �  � �  � � � �  � � $ � �  �   � � � � � �  � � 
 �  %�  � � , � � 
 � � � 7 -

6 � # � � � � �  � �  �   � #� 
 � 6 � #� �  � � 
  � � � �  7 � � � �  � �  � � %� � � � � � � , �  � � �   � :  

- %�  �  ygeA �  Pasteurella multocida � � � � � � �  �  � �  � � � �  � � � � � � "�  � � "� � � � � �   � # � � � -

 � � � � � � � ;  

-  �  � � � � � � %� �  � �  %�  �  vatB, act� 2 �  act� 3, � � � � � � � � � � �   � , �  Pasteurella multocida, 

Mannheimia haemolytica, Polaribacter filamentus � � 
 � � � 7 �  � � � � � � � � �  � � � � � "� , � � � � � -

� � 7 6 � �  �  � � � � � � � � "� �  %� � � � 
 �  � .  

 

4. 1 � � � "�  � , � � �  � � � � �  � � " � "� � � � � �  �  �  Xanthomonadales � � � � � $"� � �  � � � �  �   
 � -

%� 
 � � � � "�  TdcB, �  � � � � � � �  � �  IlvA �  E. coli.  

 

5. 1 � � 
 � � � "�  �   � � � �  � � � � � � � � �  %� � � � 
 �  � � � # � � �  � � � � � � � � �  – � � � � � � %� �  yuiF �  B. 

subtilis ( � � � � � � � , HI0325 �  H. Influenzae) �  
 � �  %� � � � 
 �  � � � # � � �  � � � � � � � �  BC0629 
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�  B. cereus (� � � � � � % yvsH �  B. subtilis) � " � � � � � � � %�  � � � � � � � � �  	 � 	  �  %�   �  L. lactis 

(� � � � � � % lysQ �  E. coli) � " � � � � � � � � �  	 � � .   

 

6. 1 � � 
 � � � "�  � , � � �  � � � � �   his � � � � �  � � "�  %� � � � 
 �  �  � � %� � � � � � � � �  %� � � � 
 �  -

"� � � � � � � � �  � � � �  7 � � � � � � �  �  Bacillus cereus �  Clostridium difficile, �  �  � � 5 �  � � � � �  

� � %� � � � � � � � �  %� � � � 
 �  � � � � �  � -� � � � � � �  �  Lactococcus lactis �  Streptococcus mutans.  

 

7. 1 � � � "�  �  � � � 
 � 7 6 � �  � � � � �   � � � �  � � � �  7 � � � �  � �  � � %� � � � � � : 

%�   thrA � � � � � � � �  � �  � "� /%� � � � � � �   
 � %� 
 � � %�  � "�  �  Pasteurellales � � %� � � � � � � � �   �  

� � � $� �  � � � �  �  �  � �  �  � "� � � � � �  � �  (� � �  �  E. coli),  �  �  � � � � �  �  � � ;  

� � � � � � � � � � �  � �  � � "�  IlvIH �  � � $� � -� � � � � � � � � � � � � �  � � � � �  � � %� � � � � �  � �  � � 
 �  �  � � � -

� �  � , � "� � � � � �  �  �  � � � �  � .  
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