
46

HPLC ���������	
��
��� 3.17 ��� 3.18 ���������   ������������������!���������
���"��#�$ 80 – 100% 

��&����'�����#�$ TLC (��������$�()����$���� Rf 0.22   ���(�*��*����������!�#�$ HPLC �����������

���
���"��#�$ 80% ��&����'��������������)�&�+����)������
����,��*����)�-�$��$�����$���� Rt 3.23 


���   ���
�/
(5�����*���������
���"��#�$ 80% ��&����'�����������	"#����(
!��*��*9,!:��������;
 ���

	�#"������

�/��� �����&$�
�! A53

               *.        :.

������ 3.16   �.) TLC 	
���	
����   �.) HPLC 	
���	
��������
������������������������
� A53 ������

���	������ preparative TLC !�����"����� A53 (A) #�����#��������������!���$%�#&�$��#'*$� (B) (Rt

7.38 ����
*��+,���"��&��)

������ 3.17 TLC 	
���	
��������
-&+&%�����-��/&��!���%����������
� A53 ���%�0/��������������,�&���#!&


�&����	
���	
���24'+���� 0 – 100% #���&�+,�#�
0�#;�#,�

0

15

0

15
A              B

 A

 B

 Rf
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������ 3.18 HPLC 	
���	
��������
-&+&%�����-��/&��!���%����������
� A53  ���%�0/��������������,�&�

��#!&
�&����	
���	
���24'+���� 0 – 100% #���&�+,�#�
0�#;�#,� (Rt 7.38 ����
*��+,�

��"��&��)
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3.12.2  ���������������
� B1

(�**���*�������������!�����&$�
�!������������/$���$��
&)!*��$ B1 	
��'��
�&���
�
=
����

14 ��
  ����������&$�
�!����*��:5/
��*����;
(�*��������/$���$��
&)! CU-A1 �#�$��'��
�&���
�������	


��
��� 3.19

������ 3.19 TLC 	
�	
����������������
����!������-���&���+,���"��&��	�����"����� CU-A1 (�) �&+

B1 (�)  0���/��#&�$��#'*$� CFMM  ������+,���"��&��
���#������ 600 ��.
-�&�
� ����+�+#�&� 0

?@� 14 ��� (AE 
*��+,���"��&��) ���������&�-�������������
��+������
�
-��!�����"�����

CU-A1

(�**����������!����*��(�*
/�����/$��"�/�-�$��&� TLC �������/������
��� 4 :��*���������/$�  ;�#

�������&$�
�!"
���
5����*�����������*����;
(�*��$��
&)! CU-A1 �������	
����   -�$�����&$�
�!
�/

��������������@�$	�#���������;�-���� "�������$������
 215-250 
�-
��������������:#�:��*��

����������**��������&$�
�!"
�����
D ���������$��
&)! B1 ���������&$�
�!
�/	

����,���    (5�;�#���/$�

�

�
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��$��
&)!*��$ A53 	
��������� CFMM �������'��
�&���
�����:#�:#
 600 �*.��������
=
���� 5 ��
 

(�*
�/
����*��(�*
/�����/$��"�/�;
���*���$*�����&$�
�!"
��
�/	�#����)�&�+-�$��&� preparative TLC

�����
�������&$�
�!
�/;
��������!��������)�&�+�#�$��&� TLC �����&� HPLC ���������	
��
��� 3.20

*). ��� :). ��������� ����������&$�
�!����$*;�#$��;������)�&�+(5�;�#
��;
���	�#����)�&�+���;
-�$��&�'���*�

�(������
!-����-�*��GI  -�$"������
!�
=
���������
�#�$ 0 J5� 100% ��&����'����	
�K*�'
 �����

�����:#�:#
:����&����'�������������
�� 10%  (�*
�/
��������!��������������
�#�$��&� TLC ��� 

HPLC ���������	
��
��� 3.21 ��� 3.22 ���������   ������������������!���������
���"��#�$ 40 – 100% 

��&����'�����#�$ TLC (��������$�()����$���� Rf 0.58   ���(�*��*����������!�#�$ HPLC �����������

���
���"��#�$ 60% ��&����'��������������)�&�+����)������
����,��*����)�-�$��$�����$���� Rt 2.61


���   ���
�/
(5�����*���������
���"��#�$ 60% ��&����'�����������	"#����(
!��*��*9,!:��������;
 ���

	�#"������

�/��� �����&$�
�! B1

������ 3.20  �.) TLC 	
���	
���� �.) HPLC 	
���	
��������
������������������������
� B1 !�����

"����� B1 ���������	������ preparative TLC (A) #�����#��������������!���$%�#&�$��#'*$� (B) (Rt 7.38 

����
*��+,���"��&��)
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������ 3.21 TLC 	
���	
��������
-&+&%�����-��/&��!���%����������
� B1 ���%�0/��������������,�&���#!&


�&����	
���	
���24'+���� 0 – 100% #���&�+,�#�
0�#;�#,�
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������ 3.22 HPLC 	
���	
��������
-&+&%�����-��/&��!���%����������
� B1  ���%�0/��������������,�&���

#!&
�&����	
���	
���24'+���� 0 – 100% #���&�+,�#�
0�#;�#,� (Rt 7.38 ����
*��+,���"��

&��)

3.12.3  ���������������
� B5

(�**���*�������������!�����&$�
�!������������/$���$��
&)!*��$ B5 	
��'��
�&���
�
=
����

14 ��
  ����������&$�
�!����*��:5/
��*����;
(�*��������/$���$��
&)! CU-A1 �#�$��'��
�&���
�������	


��
��� 3.23
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������ 3.23 TLC 	
�	
����������������
����!������-���&���+,���"��&��	�����"����� CU-A1 (�) �&+

B5 (�)  0���/��#&�$��#'*$� CFMM  ������+,���"��&��
���#������ 600 ��.
-�&�
� ����+�+#�&� 0

?@� 14 ��� (AE 
*��+,���"��&��) &��G��������������
��+������
�
-��!�����"����� CU-A1

(�**����������!����*��(�*
/�����/$��"�/�-�$��&� TLC �������/������
��� 4 :��*���������/$�  ;�#

�������&$�
�!"
���
5��'5������� Rf 
����, 0.58 �������-�$��*N�	
��
��� 3.23 :  -�$�����&$�
�!
�/�����

���������@�$	�#���������;�-���� "�������$������
 215-250 
�-
��������������:#�:��*�������

�����**��������&$�
�!"
�����
D ���������$��
&)! B5 ���������&$�
�!
�/	

����,���    (5�;�#���/$���$

��
&)!*��$ A53 	
��������� CFMM �������'��
�&���
�����:#�:#
 600 �*.��������
=
���� 7 ��
 (�*


�/
����*��(�*
/�����/$��"�/�;
���*���$*�����&$�
�!"
��
�/	�#����)�&�+-�$��&� preparative TLC

�����
�������&$�
�!
�/;
��������!��������)�&�+�#�$��&� TLC �����&� HPLC ���������	
��
��� 3.24

*). ��� :). ��������� ����������&$�
�!����$*;�#$��;������)�&�+(5�;�#
��;
���	�#����)�&�+���;
-�$��&�'���*�

�(������
!-����-�*��GI  -�$"������
!�
=
���������
�#�$ 0 J5� 100% ��&����'����	
�K*�'
 �����

�

�
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�����:#�:#
:����&����'�������������
�� 10%   (�*
�/
��������!��������������
�#�$��&� TLC ��� 

HPLC ���������	
��
��� 3.25 ��� 3.26 ���������   ������������������!���������
���"��#�$ 30 – 100% 

��&����'�����#�$ TLC (��������$�()����$���� Rf 0.58   ���(�*��*����������!�#�$ HPLC �����������

���
���"��#�$ 80% ��&����'��������������)�&�+����)������
����,��*����)�-�$��$�����$���� Rt 2.61


���   ���
�/
(5�����*���������
���"��#�$ 80% ��&����'�����������	"#����(
!��*��*9,!:��������;
 ���

	�#"������

�/��� �����&$�
�! B5

          �. �.

��
��� 3.24   *.) TLC -����-��*��   :.) HPLC -����-��*��������������)�&�+:�������&$�
�! B5 ����$*;�#-�$��&�

preparative TLC (�*��$��
&)! B5 (A) �
��$����$�*������*��(�*
/�����/$��"�/� (B)

(Rt 7.38 
��������'��
�&���
)

������ 3.25 TLC 	
���	
��������
-&+&%�����-��/&��!���%����������
� B5 ���%�0/��������������,�&���#!&


�&����	
���	
���24'+���� 0 – 100% #���&�+,�#�
0�#;�#,�
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������ 3.26 HPLC 	
���	
��������
-&+&%�����-��/&��!���%����������
� B5  ���%�0/��������������,�&���

#!&
�&����	
���	
���24'+���� 0 – 100% #���&�+,�#�
0�#;�#,�  (Rt 7.38 ����
*��+,���"

��&��)

3.12.4  ���
��!���'���������#�*$��
��	������ TLC

TLC �
=
��&����(���"
��:��������/���#
��&��
5��-�$��(�*��� Rf '5���
=
����Q���:����������

"
���
��$����$�*����� Rf :���������S�
   ��
��(�$
�/(5�;�#���*���
��$����$���� Rf�
 TLC :�������&

$�
�! A53   B1 ��� B5 *�������-�����*�������$��
����
=
�����&$�
�!����*��(�**��$��$���$��'��
�&�

��
����������;'���*��-�����*"
�����
D  ;�#�*� ��'��
�&�
���-

  *���
�&���
 1,8-;����!��*'���* 
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*��'���;'��*  *�� 2,5-;�;K���*'���
-'��* ��� *��-
�-���������*   ��*�������;�#����	
��
��� 

3.27 ����������� 3.2 ����������&$�
�! A53 '5������������GW�@�$	�#���������;�-���� ����� Rf ����*�� 

0.22 �"�
���$�*��*�� 2,5-;�;K���*'���
-'��*   	
:,���������&$�
�! B1 ��������&$�
�! B5 ����������

����@�$	�#��������;�-���� �������� Rf ����*�� 0.58 '5��	*�#���$�*���������S�
��'��
�&�
���-



���*���
�&���
 1,8-;����!��*'���*�����������������@�$	�#��������;�-���� �������� Rf ����*�� 0.58 

�"�
*�


������ 3.27 TLC 	
���	
����������������
� A53  B1 �&+ B5 #�����#������� (1) �+,���"���
��	�� (2) 

�����"��&�� 1,8-��
������,�&��  (3) ���,�&��,&��  (4) ��� 2,5-���;����,�#��	,��� (5) 

���	��	

���
����

          A53(1)         B1(1)          B5(1)          (1)          (2)          (3)          (4)

 Rf
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������� 3.2 
-� Rf !�������#
��+/� TLC �&+&��JK+���#�*�����������������
� A53  B1 �&+ B5 N��0
�

�����&
����	�#&
'-��
������
&*�� 215 –250 ��	�#�
�#�����#������������
�O��'���


-��Q

��� *���������� ��� Rf

�����&$�
�! A53 GW� 0.22

�����&$�
�! B1 ���� 0.58

�����&$�
�! B5 ���� 0.58

��'��
�&�
���-

 ���� 0.58

*���
�&���
 1,8-;����!��*'���* ���� 0.58

*��'���;'��* ���� 0.47

*�� 2,5-;�;K���*'���
-'��* GW� 0.22

*��-
�-���������* ����
/����� 0.20

3.13 ���"���!��#��&��JK�������������
����S-������%�0/������������������#��	
�#���� (MS) 

�&+ ���#
&�������#�
��#�	,���,� (NMR)

3.13.1  ���"���!��#��&��JK�������������
� A53

����(
!��*��*9,!:�������&$�
�! A53 �#�$��&� MS �����&� NMR    (�**������(
!��*��*9,!�#�$

��&� MS  ;�#�����
*����:�������&$�
�! A53 �������	
@���
�* * ��
��� *1(*)   -�$����� M+ ����*��

154 ����������
�/�����-���*)�����*�� 154 ���������
��$����$������
*����:�������&$�
�! A53 *��

�����
*����:���������S�
*�� 2,5-;�;K���*'���
-'��* (*���(
����*) �������	
��
��� *1(:.) ��

�������
���:�������
*���������
*�


(�**������(
!��*��*9,!�����&$�
�! A53 -�$ NMR ����[[�,:�� 1H-NMR ���

� 7.15 (1 H, d, J = 4 Hz, H-6)

� 6.95 (1 H, dd, J = 4, 9 Hz, H-4)

� 6.76 (1 H, d, J = 9 Hz, H-3)

���  13C-NMR, � 112.5, 114.5, 117.8, 123.7, 149.3, 154.1, 171.7 '5�������#��*��-�����#��

:��*�� 2,5-;�;K���*'���
-'��* (*���(
����*) �����-�����#��-���*)��������	
��
��� 3.28
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������ 3.28  	
�������	�#&��&������ 2,5-���;����,�#��	,��� (���#!������)

3.13.2  ���"���!��#��&��JK�������������
� B1

��*������(
!��*��*9,!:�������&$�
�! B1(1) �#�$��&� MS �����(�*�����
*����:�������&

$�
�! B1 �������	
@���
�* * ��
��� *4 (*)   ;�#��� M+ ����*�� 182 ����������
�/�����-���*)�����*��

182 ���������
��$����$������
*����:�������&$�
�! B1 *�������
*����:���������S�
��'��
�&�


���-

 �������	
��
��� *4 (:.) ���������
���:�������
*���������
*�
 ������������&$�
�! B1(1)

��� ��'��
�&�
���-

 �����-�����#��-���*)��������	
��
��� 3.29

������ 3.29 	
�������	�#&��&����+,���"���
��	��

3.13.3  ���"���!��#��&��JK�������������
� B5

��*������(
!��*��*9,!:�������&$�
�! B5 �#�$��&� MS �����&� NMR    (�**������(
!��*��*9,!

�#�$��&� MS  ;�#�����
*����:�������&$�
�! B5 �������	
@���
�* * ��
��� *5(*)  -�$����� M+ ����*�� 

198 ����������
�/�����-���*)�����*�� 198 ���������
��$����$������
*����:�������&$�
�! B5 *��

�����
*����:���������S�
:�� 1,8-�
�&���*��
;K;���! �������	
��
��� *5(:.) ���������
���

:�������
*���������
*�

1H-NMR :�������&$�
�! B5 	�#��[[�,���
�/

� 7.62 (2 H, dd, J = 7.3, 8.8 Hz, H-3, H-6)

� 8.31 (2 H, d, J = 8.8 Hz, H-4, H-5)

� 8.62 (2 H, d, J = 7.3 Hz, H-2, H-7)
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:#����(�**����������!�����#��*��-�����#��:�� 1,8-�
�&���*��
;K;���! '5���
=
��
����*��;�#

	
�@�������
=
*��:�������&$�
�! *���
�&���
-1,8-;����!��*'���* �����-�����#��-���*)��������	


��
��� 3.30

������ 3.30  	
�������	�#&��&��� 1,8-��"��&������;����� �&+ �����"��&��-1,8-��
������,�&��

3.14 S&������������
� A53  B1 �&+ B5 
-����#!��X������"������&�����"�����
-��Q ���

Rhizobium sp. CU-A1

��
��(�$	
:�/
��

�/(������$�
$�
��� ��$��
&)!*��$ A53, B1 ��� B5 ;�������J	"#�����&

$�
�!���������"�/�������� A53   B1 ��� B5 ���������������
=
��������!��
	
*���(��[;�# -�$���*��

��������!*�������(��
�
:���"�/����*������:��
����,��������!��
���	�# �
��$����$�*����$��
&)! 

CU-A1

3.14.1  ���������
� A53 /�*���� 2,5-��
������,�&�� (���#!������) #�Y��/&-�
������

���/$� Rhizobium sp. CU-A1 �����$��
&)!*��$ A53, B1 ��� B5 	
��������� CFMM ��������

��&$�
�! A53  ���*�� 2,5-;�;K���*'���
-'��*�����:#�:#
 300 �*.�������    (�**���
��$����$���


���*���(��[������������J	
*��$��$���$�����&$�
�! A53 ����� Rhizobium sp. CU-A1 ���

��$��
&)!*��$  B1 ��� B5 �����J$��$���$*�� 2,5-;�;K���*'���
-'��*(
;�������J��������!


����,*�� 2,5-;�;K���*'���
-'��*���������$��;�#@�$	
��$����� 2 ��
 ;�#��#��*����*�������(��
�


�'��!    	
:,������$��
&)!*��$ A53 ;�������J$��$���$*�� 2,5-;�;K���*'���
-'��*���;����*�������

(��
�
�'��!���������*�������	
��
��� 3.31  (5�$�
$�
;�#���*�� 2,5-;�;K���*'���
-'��* �
=
�����&

$�
�!�������(�**��$��$���$:����'��
�&���
:����$��
&)!*��$
�/(���
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������ 3.31  ���#!��X���#'*$����"������&�� A53  B1 �&+ B5 0���/��#&�$��#'*$�#/&� CFMM �����������

���
� A53 /�*���� 2,5-���;����,�#��	,���
���#������ 300 ��.
-�&�
� #�����#�������

Rhizobium sp. CU-A1

0
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-��&.
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��������	
���� 2,5-
�
���������	�������������	������������
���
�����!�
��������	
���� 2,5-
�
���������	�������������	�������������
�� Rhizobium sp. CU-A1
"#$	�	%�������&�	�������������
�� Rhizobium sp. CU-A1
��������	
���� 2,5-
�
���������	�������������	������������
�� Rhizobium sp. '$&*+	/����$&
"#$	�	%�������&�	������������
��'$&*+	/����$&
�$�0 
$�����6��
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3.14.2  ���������
� B1 /�*��+,���"���
��	��#�Y��/&-�
������

���/$� Rhizobium sp. CU-A1 �����$��
&)!*��$ A53, B1 ��� B5 	
��������� CFMM �����

�����&$�
�! B1 �����'��
�&�
���-

�����:#�:#
 300 �*.�������    ������������$��
&)!*��$����
���

*���(��[������������J	
*����*'�;�'!��'��
�&�
���-

;
�
=
�����&$�
�!���
D ��*����*�
;
�����

���$�*�� Rhizobium sp. CU-A1  �����*�������	
��
��� 3.32  -�$  Rhizobium sp. CU-A1 -�$

�����J���$��'��
�&�
���-

(
�����
����,����*��� 30% :��
����,������#
@�$	
��
��� 4 :��*��

���/$��"�/� �����*���(��[:���"�/������:5/
���
����,����������   	
:,������$��
&)!*��$ A53 *^�����J

��*'�;�'!��'��
�&�
���-

(
�����
����,����*��� 30 �
��!�'^
�!:��
����,������#
@�$	
��
��� 4 �"�


���$�*�
  �����*���(��[���$���^*
#�$    ��$��
&)!*��$ B5 ��
����,��'��
�&�
���-

���������**��� 

75 �
��!�'^
�!:��
����,������#
����*�����(
J5���
��� 8   ��(�&���$;�#���
����,��'��
�&�
���-

��

����������������!;�# ��(;��	"���'��
�&�
���-

   ����
=
�
�&���
 1,8-;����!��*'���*����*��:5/
��/�
�/

����� ��� Rt :���
�&���
 1,8-;����!��*'���*(�**����������!�#�$��&� HPLC ��� 2.61 '5������*����'�

�
�&�
���-



��$��
&)!*��$ B1 �
=
��$��
&)!*��$���������'��
�&�
���-

(�**��$��$���$��'��
�&���


�������������!��
���*���(��[����������J��*'�;�'!��'��
�&�
���-

;�#
����,��^*
#�$ -�$�������

��'��
�&�
���-


����, 55 �
��!�'^
�!:��
����,������#
@�$	
��
��� 8 �����*���(��[��^*
#�$�����

�
��$����$�*����$��
&)!*��$���
D     '5����(�&���$;�#�����'��
�&�
���-

�����J�*��*����*���;


�
=
*���
�&���
 1,8-;����!��*'���*;�#���-�$
_((�$���*�$@��;���#����N�$*�(*���:����
;'�!

(Selifonov ����,� 1996)    ���
�/
	
��$��
&)!*��$ B1 ��(�*��*���
�&���
 1,8-;����!��*'���*���

J�*�
���$
(�*��'��
�&�
���-

������
�#�$��&����*�$@��  ���	�#
����,��'��
�&�
���-

����   

���*���
�&���
 1,8-;����!��*'���*����*��:5/

�/  �"�/�$�������J	"#�
=
��������!��
	
*���(��[;�#   (5�

�����J��^
*���(��[:����$��
&)! B1    
�*(�*
�/ *���(��[:����$��
&)! B1 $��
#�$*�����$��
&)! CU-

A1 ��/�
�/��(�
������(�**���
���$
��'��
�&�
���-

;
�
=
*���
�&���
 1,8-;����!��*'���*-�$��&�

���*�$@���*��;�#
#�$*����������*������:����
;'�!  (Selifonov ����,� 1996)
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������ 3.32  ���#!��X���#'*$����"������&�� A53  B1 �&+ B5 0���/��#&�$��#'*$�#/&� CFMM �����������

���
� B1 /�*��+,���"���
��	��
���#������ 300 ��.
-�&�
� #�����#������� Rhizobium sp. 

CU-A1

3.14.2  ���������
� B5 /�*������"��&��-1,8-��
������,�&��#�Y��/&-�
������

���/$� Rhizobium sp. CU-A1 �����$��
&)!*��$ A53, B1 ��� B5 	
��������� CFMM �����

�����&$�
�! B5 ���*���
�&���
-1,8-;����!��*'���* �����:#�:#
 300 �*.�������    ������������$

��
&)!*��$����
���*���(��[������������J	
*����*'�;�'!��'��
�&�
���-

;
�
=
�����&$�
�!���
D

��*����*�
;
��������$�*�� Rhizobium sp. CU-A1 �������	
��
��� 3.33

�������$��
&)!*��$ B1 ����
���	
*����
����,:�������&$�
�!
�/��#�$��5�*�� Rhizobium
sp. CU-A1 -�$�����J	"#*���
�&���
-1,8-;����!��*'���*(
�����
����,����*��� 40 �
��!�'^
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B1

��������	
�����
	���	����		��������	������������ �!�
�����"�
��������	
�����
	���	����		��������	�������������
�� Rhizobium sp. CU-A1
$%&	�	
�������'�	�������������
�� Rhizobium sp. CU-A1
��������	
�����
	���	����		��������	������������
�� Rhizobium sp. (&'�)	���*�&'
$%&	�	
�������'�	������������
��(&'�)	���*�&'
!&�+ 
&��������
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����,������#
@�$	
��
��� 4 :��*�����/$��"�/� �����*���(��[:���"�/������:5/
���
����,����������    

��$��
&)!*��$ A53 �����J��*'�;�'!*���
�&���
 1,8-;����!��*'���*(
�����
����,����*��� 50

�
��!�'^
�!:��
����,������#
@�$	
��
��� 8 �����*���(��[�����(��
�
���$���^*
#�$

���������$��
&)!*��$ B5 ;�������J$��$���$*���
�&���
 1,8-;����!��*'���*;�#������
��$�

���$�*����$��
&)! CU-A1 ���;�������J*���
�&���
 1,8-;����!��*'���*�
=
��������!��
	
*��

�(��[  ���������$��
&)!*��$ B5 �������*�����	
*��$��$���$*���
�&���
 1,8-;����!��*'���* '5��

$�
$�
����
=
�����&$�
�!�������(�**��$��$���$:����'��
�&���
-�$��$��
&)!*��$
�/(���

������ 3.33  ���#!��X���#'*$����"������&�� A53  B1 �&+ B5 0���/��#&�$��#'*$�#/&� CFMM �����������

���
� B5 /�*������"��&�� 1,8-��
������,�&��
���#������ 300 ��.
-�&�
� #�����#�������

Rhizobium sp. CU-A1
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 A53

��������	
�*��
	��&��	 1,8- ��&����*����*��������	������������ �!�
�����"�
��������	
�*��
	��&��	 1,8- ��&����*����*��������	�������������
�� Rhizobium sp. CU-A1
$%&	�	
�������'�	�������������
�� Rhizobium sp. CU-A1
��������	
�*��
	��&��	 1,8- ��&����*����*��������	������������
�� Rhizobium sp. (&'�)	���*�&'
$%&	�	
�������'�	������������
��(&'�)	���*�&'
!&�+ 
&��������
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�����&+��!��K�S&�����&��

����&��"�����	��0'������	�,�� Tn5

��
��(�$���/�
�/�)�����(�N5*9������&$�
�!(�**��$��$���$��'��
�&���
 ���$�
����*��$�:#��	


Rhizobium sp. CU-A1  -�$�����(�**��$��
&)!��$��
&)! CU-A1 -�$	"# Transposon Tn5 �#�$��&���
(��*

"�
 '5�����	�#;�#���
���
(��*
�!(��
�
 15730 -��
   (�**�����(���*�����*���:�� Tn5 �����

Tn5 �����J���*����:#��������^
��:�� Rhizobium sp. CU-A1 ����)��   
�����
���
(��*
�!��/����

;
���(�������$��
&)!*��$����*�����	
*��$��$���$��'��
�&���
 ;�#��$��
&)!*��$�����/���/
 18

��$��
&)!

������#����������������-���&���+,���"��&��

�����
����$��
&)!*��$��;K���;�'!�#�$ Tn5-probe �������$��
&)!*��$����������"�/
����^
�����	�#

��[[�,��:
����*����*�
 (5�;�#�)������*��$��
&)!*��$ E11 ���	�#��[[�,
����, 9.4 kb �����-��


�:#�	
��*����!�����������
�����-�;��!:��"�/
����^
�����*��� -�$	"#-���-*
�����-�;��!;��!����!�����

������(������*�� Tn5 �����N��� 5'�3' ��*(�* Tn5   ������
�����-�;��!������*�� Tn5 ��#�$��5�*����

��^
�����
�����������
;'�!;K������-���-����	
 Burkholderia sp. ��$��
&)! RP007 (���������


����*�� 38%) '5����
;'�!
�/����
#����	
*�����*������!��
:�� trans-o-hydroxybenzylidene-pyruvic acid

(tHBPA) ;�#�
=
 salicylaldehyde 	
��J�*��$��$���$�
�&���
 (Laurie ��� Lloyd-Jones, 1999)   ���


�/
 (5���� AE-Probe (�*"�/
����^
���������������
�����-�;��!
�/ �����	"#������^
������*��$�:#��*��*��$��$

���$��'��
�&���
	
��$��
&)! CU-A1 ���;
   ;�#-��
"�/
 4.5 kb BamHI-HindIII �:#�	
��*����!;�#�
=


������� pWT   ��������
�����-�;��!��/����:��"�/
���*���
�/ �����"�/
���*�����:
�� 4574 bp   


��������
�����-�;��!��/�������*����;
���$����������
:��:#����������
�����-�;��!	
 GenBank �#�$

-
��*�� BlastX version 2.2.1   (�*:#�������������
	
�����*������-
���;�#(�*-
��*�� BlastX

���*���������
��()�������#
�����/
�)�*��J�������
=
-
���
 ���J5������
���*��:��;�-�-'�

(ribosome binding site, RBS)  ��(�����J���)*������
�����
}� (Open Reading Frame, ORF) ;�#

(��
�
 5 *��� '5������N���*��J������;
������$�*�
 (��
��� 4.1) ���
�/

*������
�����
}���� 1 (ORF1) �
=
*������
�����
}����;�������,!*�������$��;�������J��*��

����-
��&�-�
�
��������
����� 1 :�� ORF (start codon)  �����������*������-
�����������
*��

putative ferredoxin reductase ���
���������-�$$�
 mocF :�� Rhizobium leguminosarum bv.

viciae (Bahar et al., 1998) ����*�� 33%    �������,�
)��*9! (conserved motif) 	
*��(��*��G����


(flavin) @�$	
-���*)�:�� FAD ���*������-
�����
����� 33-43 :�� ORF1 -�$�����,���*����
��*��

�#�$*������-
 TVAGANAAGGD ��#�$*����$��
�����
�-�$ Eggink et al. (1990) '5��������*������
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-
�
=
 TX6AXGD (X ���$J5� *������-
���	�D)   putative ferredoxin reductase :�� Rhizobium
leguminosarum bv. viciae �
=
���!
��*���
5��:��������
;'�!��*'�(��
� (oxygenase system)

�*��$�:#��*��*����
*����������'5�:�����;�-'��
 (rhizopines) '5��;�-'��
�
=
���
��*��
���@�

inositol �����#��-�$ bacteroid 	
��*��" (Bahar et al., 1998) -�$��
;'�!��*'�(��
�
�/	
 Rhizobium
leguminosarum bv. viciae ;���������*��$�:#��*��*��$��$���$��� PAHs

*������
�����
}���� 2 (ORF2) ����$�
 acnE  ������*������-
�����������
*��;K������-���-�

��� ���
���������-�$$�
 phnE  :�� Burkholderia sp. ��$��
&)! RP007 (Laurie ��� Lloyd-Jones,

1999) ����*�� 38%   ��
;'�!;K������-���-����:�� Burkholderia sp. ��$��
&)! RP007 ����
#����	


*�����*������!��
:�� trans-o-hydroxybenzylidene-pyruvic acid (tHBPA) ;�#�
=
 salicylaldehyde 	


��J�*��$��$���$�
�&���
 ��������
	
��*9,����$�*�
	
��J�*��$��$���$GI�

���
 (Laurie ���

Lloyd-Jones, 1999) �������	
��
��� 5.1

������ 4.2���#�-��Z�����������;���#��-��&	�#&�0� Burkholderia sp. ���"����� RP007 (Laurie �&+ Lloyd-

Jones, 1999)

*������
�����
}���� 3 (ORF3) ����$�
 acnK  ������*������-
�����������
*�� 2-���!��*'�

��
'����;K�!��;K-��(��
� ���
���������-�$$�
 phdK :�� Nocardioides sp. ��$��
&)! KP7 (Iwabuchi

��� Harayama, 1997) ����*�� 46%    �������,�
)��*9! (conserved motif) 	
*��(��*�� NAD+ :��

aldehyde dehydrogenase superfamily (F/Y)(I/T)G(S/E)(T/P)XX(G/F) (Horn et al., 1991) 	
������

*������-
�����
����� 226-233 :�� ORF3 '5��
��*���#�$������*������-
���
�/ FIGSAATG ���$����

��������
��:�������,�
)��*9!
�/������	*�#���$�*�������,�
)��*9!:��*������-
�����
����� 227-234

(FIGSTDTG) :�� Nocardioides sp. ��$��
&)! KP7 (Iwabuchi ��� Harayama, 1997)  
�*(�*
�/$��

�������,�
)��*9!:��*������-
�����
����� 250-257 :�� ORF3 -�$
��*���#�$������*������-
���
�/

LELGGKNP '5����#�$*�������,���� (active site) :�������;K�!��;K-��(��
�	
 Pseudomonas stutzeri
��$��
&)! AN10 (Bosch et al., 1999) '5����������*������-
	
�����,���*�����
=
 LELGGKSP      2-���!

trans-o-hydroxybenzylidene

pyruvate

pyruvate

salicylaldehyde
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��*'���
'����;K�!��;K-��(��
�:�� Nocardioides sp. ��$��
&)! KP7 ����
#����	
*���
���$
 2-���!��*'�

��
'����;K�!	�#�
=
 *�� o-phthalic 	
��J�*��$��$���$GI�

���
 (Iwabuchi ��� Harayama, 1997)

�������	
��
��� 4.3

������ 4.3  ���#�-��Z���������� 2-
������,�#��,�&���;�����;	��!�#��0���?�����-���&��24����������

Nocardioides sp. ���"����� KP7 (Iwabuchi �&+ Harayama, 1997)

*������
�����
}���� 4 (ORF4) �$��	
*������
�����
}��������(�* ORF1-3 ��� 5   ������*����

��-
�����������
*��-
���
�����#�$*�� adducin ���
���������-�$$�
	
(�-
�:�� Mesorhizobium loti
(Kaneko et al., 2000) ����*�� 38%   
_(()��
$��;�������
#����*�������
:��-
���
�����#�$*�� adducin

����
�
�


*������
�����
}���� 5 (ORF5) �
=
*������
�����
}����;�������,! *�������$��;�������J������

�$)�*���
����� (stop codon) ��������
���)��#�$:�� ORF    ������*������-
�����������
*�� short-

chain dehydrogenase ���
���������-�$$�
 yigI :�� Pseudomonas aeruginosa ��$��
&)! PA01

(Stover et al., 2000) ����*�� 43%   short-chain dehydrogenase ����
#�����
=
��
;'�!����	
*����


*�� �-oxidation 	
��$��
&)! PA01 '5��*����
*�� �-oxidation 
�/;���������*��$�:#��*��*��$��$���$

PAHs

�������(��,������*��$�:#��:�� ORF *��*��$��$���$��'��
�&���
����� ORF1 '5��J������

�
=
-
���
���������(��
=
�G��!����*'�
����*��� (putative ferredoxin reductase) �
����(�*�������,

�
)��*9!	
*��(��*��G����
@�$	
-���*)�:�� FAD  :���G��!����*'�
����*���   -�$������*������-


:�� ORF1 �����������
*�� putative ferredoxin reductase :�� Rhizobium leguminosarum bv.

viciae ����
=
���!
��*���
5��:��������
;'�!��*'�(��
� �*��$�:#��*��*����
*����������'5�:�����

;�-'��
 (rhizopines) '5��;���������*��$�:#��*��*��$��$���$��'��
�&���
  ��� ORF1 
�/
�
=
*������


�����
}����;�������,!*���
��$����$����������
*��*������-
:��-
���
	
 GenBank ��(�
=
*��

�
��$����$����$�������
*��S�
:#����   �������*��$��$���$ PAHs ����;

�/
�#��*��;���*'�(��
��
=


��
;'�!������#
	

��*���$�*��$��$���$ (Ensley et al., 1982; Ensley & Gibson, 1983)  ;���*'�(��
�
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��*���#�$ 4 �
��$$��$ ;�#�*� �G��!����*'�
����*���   �G��!����*'�
   ISP large subunit (��)� ���

small subunit (�2) (Ensley et al., 1982) '5���G��!����*'�
����*����
=
�
��$�
5����������[���*�������


:��;���*'�(��
� �������$��
;�#*��������"�/������$��
&)!���$��$���$ PAHs :�����
����
=
�G��!����*

'�
����*���;
���*�������
:��;���*'�(��
�$����
*���
����(�**������
*�������
:���G��!����*'�


����*������;��(���������
��*���$�	
�'��!�(#��#�
 (Simon et al., 1993)   ���
�/
	
*�,� ORF1 ��(�*��$�

:#��*��*��$��$���$��'��
�&���
  ���*����)
"���(
:5/
�������:#����:��������
�����-�;��!���J#�
 ����

N5*9����������
&!�������*���(��[	
��'��
�&���
���*��������*����*������
#����:��$�


$�
����*��$�:#��*��*��$��$���$��'��
�&���
���;
��� ORF2 ��� ORF3 ����$�
 acnE ���

acnK '5��J�������
=
 hydratase-aldolase ��� aldehyde dehydrogenase ��������� '5����
;'�!��/�

���"
��$��������*��$�:#��*��*��$��$���$ PAHs ���
D ������;�#����	
�������� 4.1

�������� 4.1 $�

�����������
;'�! hydratase-aldolase ��� aldehyde dehydrogenase

()�"�� hydratase-

aldolase

aldehyde

dehydrogenase

$��$���$ ��*����#�����

Rhizobium sp. CU-A1 acnE acnK ��'��
�&���
 ��
��(�$
�/

Pseudomonas putida G7 nahE nahF �
�&���
 Simon et al., 1993

Burkholderia sp. RP007 phnE phnF GI�

���
 Laurie ��� Lloyd-Jones, 1999

Nocardioides sp. KP7 phdJ phdK GI�

���
 Iwabuchi ��� Harayama, 1997

�������(��,�*��(�����$����:�� acnEK  �����$�
��/������*��(�����$������*����(�*$�
	
*�)��

nah '5���*��$�:#��*��*��$��$���$�
�&���
 (Simon et al., 1993) '5���
=
$�
*�)��������
:#����*���
)��*9!

�$������  $�
*�)����#�$ nah (�����$�����
=
-��
���
 nahAaAbAcAdBFCQED -�$ nahF J�������
=


aldehyde dehydrogenase ��� nahE J�������
=
 hydratase-aldolase '5��������� 2 $�
���*������$�


���
���
���������:��$�
�������*�


��������$�*��(�����$����*��$�
	
 Burkholderia sp. ��$��
&)! RP007 (Laurie ��� Lloyd-Jones,

1999) '5����������#�$*������-
:�� ORF2 ����$�
 acnE ��*����)� �����*��(�����$����:��$�
 acnEK
��������*����(�*��$��
&)! RP007 '5��$�
 phnF ���J�������
=
�����;K�!��;K-��(��
�:����$��
&)!

RP007 �$�����*��$�
 phnE ���J�������
=
��
;'�!;K������-���-���� (phnFE) @�$	
-��
���
���$�*�


*��(�����$����:��$�
:�� Nocardioides sp. ��$��
&)! KP7 (Iwabuchi ��� Harayama, 1997)

'5��
����������
=
*������-
�����#�$*��*������-
(�* ORF3 ����$�
 acnK ��*����)� �����*��(�����$�

���:��$�
 acnEK $������������*����(�*��$��
&)! KP7 -�$$�
 phdK ���J�������
=
 2-���!��*'���


'����;K�!��;K-��(��
� �$��	*�#$�
 phdJ ���J�������
=
 ���
�-���!��*'���
'��;���������-���� ��*���

�)������ ORF ���
���
 (phdJ, ORF1, phdK)
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���
�/
 (5��
=
;
;�#���*��(�����$����:��$�
����*��$�:#��*��*��$��$���$��'��
�&���
	


Rhizobium sp. ��$��
&)! CU-A1 
�/��((�;���$������
=
 cluster �����
$�
����*��$�:#��*��*��$��$���$

PAHs ���
	�[� (Simon et al., 1993; Denome et al., 1993; Takizawa et al., 1994)  -�$�� ORF4 '5��

������*������-
�����������
*��-
���
�����#�$*�� adducin ���;���*��$�:#��*��*��$��$���$ PAHs

���*�$��������� ORF2 ��� ORF3 ��� ORF5 ���������*������-
�����������
*�� short-chain

dehydrogenase '5���
=
��
;'�!�
5�������((��*��$�:#��*��*��$��$���$ PAHs ������;�#��$����$��
��

-�$��$��
;��;�#*����J5��
#����*�������
	

��*���$�*��$��$���$ PAHs ����
�"�� (Denome et al.,
1993)    $�
����*��$�:#��*��*��$��$���$ PAHs ��(;���$������
=
 cluster ;�# �"�
$�

��������� 2-���!

��*'���
'����;K�!��;K-��(��
� (�* Nocardioides sp. ��$��
&)! KP7 ��������������J	
*��$��$���$

GI�

���
 ������^
�����*�$�� '5����:
�� 1,455 bp 
��*���#�$ 7 Open Reading Frames (ORFs)  ��

���
����
=
$�
����*��$�:#��*����J�*��$��$���$GI�

���
��/���� 3 $�
 ��� ��* 4 ORFs ���;���*��$�:#��*��

*��$��$���$GI�

���
 (Iwabuchi ��� Harayama, 1997)


�*(�*
�/ Romine et al. (1999) ��$�
����*��$�:#��*��*��$��$���$�����-�����*���$"
��

(�* Sphingomonas aromaticivorans ��$��
&)! F199  ;�#�*�  ;�GI
��  �
�&���
  ����-;'��
  ����-

���'��  ��������$�
����*��$�:#��*��*��$��$���$�
�&���
�����	
�"�/���$��
&)!
�/ ;�#�*� $�
 nahE  nahD
��� nahF ��*��*��(�$����$������D*�
���J�*���
�#�$$�
(�*��J�*��$��$���$������


��
��(�$
�/(5��
=
��
��*���;�#*����J5�$�
 acnE ��� acnK '5���*��$�:#��*��*��$��$���$��'��
�

&���
	
 Rhizobium   -�$����	�#��^
��� Rhizobium sp. ��$��
&)! CU-A1 ��$�
 ���*������*����(�*$�


����*��$�:#��*��*��$��$���$ PAHs ���
������;�#��$����$��
����#�  ��/�������
�����-�;��! ������*������

-
 ���*��(�����$����:��$�
  -�$$�
��((�*��(��*��(�$;���$�����*���
=
 cluster ���*����)
(�"���(


$���:5/
J#�����������
�����-�;��!���
����������
=
��
;'�!���
����*��$�:#��*��*��$��$���$��'��
�&���


���(�*"�/
����^
��	
������� pWT ��/�	
���
�#
���
��$�����������������(��$�
���
�������������*�����)

�����
�� *��(�����$����:��$�
���"���(
:5/
   
�*(�*
�/N5*9�*������
#����:��$�
����$*;�#
�/ (��
=
*��$�


$�
���"���(
$���:5/
���$�
�����
�/�*��$�:#��*��*��$��$���$��'��
�&���
(���

���������
����#����������������-���&���+,���"��&��

��*����������&$�
�!	�#����)�&�+�����������!-�����#��������� �������$��
&)!*��$ A53 ����

*�� 2,5-;�;K���*'���
-'��* (*���(
����*), ��$��
&)!*��$ B1 ������'��
�&�
���-

 �����$��
&)!

*��$ B5 ����*���
�&���
-1,8-;����!��*'���*   (�*��*����������!�����&$�
�!�����J�&���$J5�

���������
&!:��*���(��[:���"�/� A53, B1 ��� B5 *��*�����������&$�
�!�����������!;�#	
������"�/�

-�$ A53 �(��[;�#	
������������'��
�&���
�
=
��������!��
 (��
��� 3.11 *.) �
����(�*���$����
'�
:�

���'��
�&���
(
J5�*�� 2,5-;�;K���*'���
-'��* 	
:,���� B1 ��� B5  �(��[;��;�# (��
��� 3.11 :.) �
����
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(�*�
���$
��'��
�&���
;
J5����$���'��
�&�
���-

 ��� *���
�&���
-1,8-;����!��*'���* ����
�/
 ;��

��*����*:������
'�
(5�;�������J	"#�
=
��������!��
���������
;�#

(�*��$��
*��$��$���$��'��
�&���
-�$ Pseudomonas aeruginosa PAO1 (Selifenov et
al., 1996) �������'��
�&���
(�J�*��*'�;�'!;
�
=
 ���-1,2-��'��
�&�
;����, ��'��
�&�
���-

 ���

*���
�&���
-1,8-;����!��*'���* ���������    	
��
��(�$
�/����'��
�&�
���-

 ���*���
�&���


1,8-;����!��*'���*�
=
�����&$�
�!���������(�*��$��
&)!*��$:�� Rhizobium sp. CU-A1   �������

Rhizobium sp. CU-A1 
��(�����J�*��$��$���$��'��
�&���
���
=
*���
�&���
-1,8-;����!��*'���*

�"�
���$�*�
*��	
 Pseudomonas aeruginosa PAO1 �������	
��
��� 4.4    

������ 4.4 ��?�����-���&���+,���"��&��#�Y������"��&��-1,8-��
������,�&��	�� Pseudomonas

aeruginosa PAO1 (Selifenov et al., 1996) (�.) �&+��?�����-���&���+,���"��&��	�� Rhizobium sp.

CU-A1 ���#���0������!����$
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_(()��
$��;������$��
J5�()��
���$!��������J$��$���$*���
�&���
-1,8-;����!��*'���*   	


��
��(�$
�/���(����$��
&)!*��$������� *��-2,5-;�;K���*'���
-'��* ����*���(
����* '5��������
=


�����&$�
�!����*��:5/
(�**��$��$���$��� PAHs ���$"
�� (Starovoitov, 1975 ��� Grifoll et al.,
1995) '5��������� Rhizobium sp. CU-A1 �����J$��$���$*���
�&���
-1,8-;����!��*'���*���
=


*���(
����*;�#  '5��
��(��*��:5/
-�$��J������
����
�/

*���
�&���
-1,8-;����!��*'���*��(J�*$��$���$��#�$*�
*��GI�

���
-4,5-;����!��*'���*

'5���
=
�����&$�
�!����*��(�**��$��$���$;���
-�$ Mycobacterium sp. AP1 (Vila et al., 2001) ���

Mycobacterium sp. PYR-1 (Young et al., 1995)  '5�������
��*�����*������-�����#��������������!��*

'���
����-�����*��
'�
 2 ���� ��#�$��5�*��*���
�&���
-1,8-;����!��*'���*    ()��
���$!��/� 2 "
��

(���*'�;�'!*��GI�

���
-4,5-;����!��*'���*;
�
=
*��GI�

���
-4-���!��*'���*-�$�5��������!��*

'���
����
'�
��* 1 ���� �������(�*
�/
(��*��*��������*'��(
�
����
'�
������������!��*'���$�������

��*�����;
    	
���
�����$�*�
*���
�&���
-1,8-;����!��*'���*��((�J�*����������!��*'���
��

��
'�
��* 1 ���� ���	�#�*���
=
*���
�-&��* ����*��*��������*'��(
 2 ������
����
'�
������������!

��*'��:��*���
�-&��*�������*�����;
 �"�
���$�*����J�*��$��$���$;���
 �������	
��
��� 4.5 ����

*���
�-&��*(�J�*������*'��(
 2 ������
����
'�
���;�����������!��*'���*���
=
 1,2-;�;K ���*'�-8-

���!��*'��
�&���
  �����
�"�
��J�*��$��$���$*���
�-&��*:�� Pseudomonas maltophilia CSV89

(Phale et al., 1995) �������	
��
��� 4.6 '5����/� 2 ��J�(��
���$
*���
�-&��*;
�
=
*��'���;'��*�"�
���$�

*�
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������ 4.5 ��?�����-���&���"���	�� Mycobacterium sp. AP1 (Vila et al., 2001) (�.) �&+���+����#�����?�

����-���&�������"��&��-1,8-��
������,�&��	�� Rhizobium sp. CU-A1 (�.)
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������ 4.6 ��?�����-���&�������"	����	�� Pseudomonas maltophilia CSV89 (Phale et al., 1995) (�.) �&+

���+����#�����?�����-���&�������"��&��-1,8-��
������,�&��	�� Rhizobium sp. ���"�����

CU-A1 (�.)

����(�*
�/
*��'���;'��*(��
���$
�
=
*���(
����* (Fuenmayor et al., 1998) ����
���$
�
=


�����;������, G������;������ ���;������*��G������ ��������� (Ning et al., 2001) �������	
��
��� 5.4

������:#�������(�*������!���;
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������ 4.7 ��?�����-���&�����,�&��,&�� (Fuenmayor et al., 1998) �&+���#!������ (Ning et al., 2001) (�.)

�&+���+����#�����?�����-���&�����,�&��,&��	�� Rhizobium sp. CU-A1 (�.)

-�$��)
��#� ��(�**���������&$�
�!����*��(�**��$��$���$��'��
�&���
 3 "
����� ��'��
�

&�
���-

, *���
�&���
-1,8-;����!��*'���* ���*�� 2,5-;�;K���*'���
-'��*  �����J���
�$��J���

�����������/���#
:����'��
�&���
	
 Rhizobium sp. CU-A1 ;�# ���
�/��� ��'��
�&���
(�J�*������

;��!;
�
=
 ��'��
�&�
���-

, *���
�&���
-1,8-;����!��*'���* ���*�� 2,5-;�;K���*'���
-'��*

��������� �������	
��
��� 4.8   '5�������&$�
�!	
����^��
=
�����&$�
�!���$��;�������J�*���$*������	�#

����)�&�+���������(
!��*��*9,!���-�����#�������������
�
�
;�#	
��
��(�$
�/  '5��(��#������$��
&)!*��$���

���������&$�
�!����D �����:5/
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������ 4.8 ���+����#�����?�����-���&���+,���"��&��	�� Rhizobium sp. CU-A1
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Introduction

Acenaphthylene is a polycyclic aromatic hydrocarbon (PAH) found as constituents of

coal tar and tobacco smoke (Neurath, 1972) and organic contaminants of groundwater

(Mattox and Humenick, 1980).   Acenaphthylene is one of the 16 PAHs listed in priority toxic

pollutants compiled by the US Environmental Protection Agency.   This compound is well

known for causing adverse effects to humans as well as aquatic organisms (Lederer, 1985).

The metabolism of acenaphthylene by mammals and the isolated metabolites have

been reported in detail (Hopkins et al., 1962) whereas the metabolic pathways of

acenapthylene by microorganism have been rarely investigated and remain unclear.

Schocken and Gibson (1984) reported the ability of Beijerinckia sp. to cometabolize

acenaphthylene by dioxygenation acenaphthylene to form cis-1,2-acenaphthenedihydrodiol,

1,2-dihydroxyacenaphthylene and finally to acenaphthenequinone which cannot further be

oxidized.   Komatsu et al., (1993) found that the pure culture strain Pseudomonas sp. A4 can

transform acenaphthylene to 1,8-naphthalenedicarboxylic acid.   Although this strain can

utilized acenaphthylene and 1,8-naphthalenedicarboxylic acid as a sole carbon and energy

source, no metabolite from the oxidation of 1,8-naphthalenedicarboxylic acid was reported in

present.   Transformation of acenaphthylene to cis-acenaphthene-1,2-diol can also be

performed by Pseudomonas aeruginosa PA01 (pRE695) carrying naphthalene dioxygenase

gene cloned from plasmid NAH7.   Then, the nonspecific dehydrogenase activities presented

in the host strain further oxidized cis-acenaphthene-1,2-diol to 1,2-acenaphthenequinone prior

to spontaneously ring fission to form naphthalene-1,8-dicarboxylic acid (Selifonov et al.,

1996).   No further oxidation of naphthalene-1,8-dicarboxylic acid was found.   It is also

interesting how the microorganism gains the c-atom from naphthalene-1,8-dicarboxylic acid.

In order to accumulate intermediates of acenaphthylene degradation, we mutagenized

the strain CU-A1 using transposon Tn5.   The accumulated intermediates was purified by

TLC and HPLC before subjected to be identified by MS and NMR.   In this paper, we

describe an novel metabolic intermediate of acenaphthylene degradation lower than

naphthalene-1,8-dicarboxylic acid.   These results confirmed that the strain CU-A1 can use

acenaphthylene as substrate for growth.   Moreover, the acenaphthylene degradation pathways

were also proposed.
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Materials and methods

Bacterial strains and plasmids

Rhizobium sp. CU-A1 was isolated from petroleum contaminated soil in Thailand on

the basis of the ability to grow on acenaphthylene as the sole carbon and energy source.

(Phaengthai et al., 2000 )   Escherichia coli S17-1 containing the suicide vector pSUP2021

(Simon et al. 1983) was used as conjugable transposon Tn5 donor.

Media and growth conditions

Carbon-free mineral medium (CFMM) employed for routinely cultivation of the strain

CU-A1 and the mutants thereof was prepared after Kasuga et al. (1997).    Acenaphthylene

and other polyaromatic compounds were solubilized in dimethyl sulfoxide whereas

protocatechuic acid in absolute ethanol.    All PAHs solution were filter sterilized through a

PTFE membrane cartridge (0.2 �m in pore size; Advantec Toyo, Tokyo) and added to CFMM

following autoclaving and adjusting pH to 7.5 at a final concentration of acenaphthylene 0.6

g/l, protocatechuic acid 1 g/l and other PAHs 0.1 g/l.   Rhizobium sp. CU-A1 and mutants

thereof were routinely grown at 30 �C: with agitation at 200 rpm .   Rhizobium sp. CU-A1 and

E. coli S17-1 were also cultured at 37 �C in LB or 2YT medium (Sambrook and Russel, 1999)

Agar plate were prepared by addition of Nobel or Bacto agar 1.5% (w/v).   Kanamycin was

added at 50 �g/ml.    Rhizobium sp. CU-A1 and mutants were kept at –70 �C in CFMM

supplemented with acenaphthylene or protocatechuic acid, respectively, in 50% glycerin

culture.

Transposon mutagenesis

Transposon Tn5 on the suicide vector pSUP2021 was conjugally transferred from E.

coli S17-1 to Rhizobium sp. CU-A1 by filter mating technique.   Exponential phase cells of E.

coli S17-1 as donor and Rhizobium sp. CU-A1 as recipient in LB medium were mixed at the

donor-to-recipient ratios of 1:1 in a microfuge tube and centrifuged.   The pellet was

resuspended in 50 �l of the supernatant and transferred to a nitrocellulose membrane (pore

size 0.45 �m; Sartorius, Germany) placed on LB agar.   After mating 30�C for 18-24 hours,

the cell mixture was resuspended in 1 ml 0.85% NaCl and 100-�l portion of an appropriately

diluted solution was spreaded onto CFMM agar supplemented with protocatechuic acid and

kanamycin.    Following incubation at 30�C for 4 days, transconjugants were spotted onto

master plates of the same composition.
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Selection of acenaphthylene degrading defective mutants

To select acenaphthylene degrading defective mutants, transconjugants were 

transferred from master plate onto CFMM agar supplemented with kanamycin and 

acenaphthylene was applied as crystal on the lid.   The selection plates were sealed with 

parafilm and incubated at 30�C up to one week.   Mutants can be screened by growth or 

production of coloured metabolites on selection plated and confirmed by their inability to 

grow in liquid CFMM with acenaphthalene as sole carbon and energy source within 3 days.

Extraction and purification of acenaphthylene degradation intermediates

For isolation of intermediates, acenaphthylene degrading defective mutants were 

enriched in CFMM supplemented with protocatechuic acid and kanamycin at 30�C for 24 

hours following by centrifugation and washing three times with 0.85% NaCl.   The pellet was 

resuspended in CFMM before transferred to CFMM containing 0.6 g/l acenaphthylene.    The 

culture was cultivated at 30�C with agitation 200 rpm for 5 days before subjected to extract 

intermediates

After incubation, the culture was acidified to pH 2-3 with 1N HCl and then extracted 

twice with equal volume of ethyl acetate.   The ethyl acetate extracts were pooled together and 

dried over anhydrous Na2SO4 and evaporated to dryness in vacuo at 25 �C.   The residue was 

redissolved in methanol for further purification.   Accumulated intermediates were purified by 

preparative thin-layer chromatography (TLC) (TLC plate silica gel 60 F254, Merck, Germany) 

with hexane:ethyl acetate:acetic acid (10:10:1) as the developing solvent.   The major spot 

was scraped off, eluted with ethyl acetate and submitted to silica gel column chromatography.   

The column was stepwise-eluted with 0-100% ethyl acetate in hexane with 10% increment for 

each step.   Each fraction was dried over anhydrous Na2SO4, evaporated to dryness in vacuo 

at 25 �C and redissolved in methanol.   The resulting intermediates were analysed for their 

purity by TLC and reversed phase HPLC with ODS column (Shimadzu Scientific, Japan) as 

described in Nuttapun et al. (2000).

Identification of intermediates

The purified intermediates were identified by mass spectrometry using a Trio 2000 

mass spectrometry (Fisons Instruments, England).   The mass spectrometer was operated at 70 

eV of electron ionization energy.   Intermediates were identified by comparison of their 

electron impact (EI) MS spectra with those obtained from authentic samples.
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For 
1
H and 

13
C nuclear magnetic resonance (NMR) analyses, the metabolite was 

dissolved in 10% (v/v) deuterated methanol (CD3OD) in deuterated chloroform (CDCl3) and

analyzed at 500 MHz (JNM-A500 spectrometer, Jeol, Ltd., Tokyo, Japan)

Chemicals

All chemicals used in this study were obtained from Kanto Chemical, Tokyo, Japan or

Sigma-Aldrich, Steinheim, Germany.   Bacteriological media were purchased from Difco

Laboratories, Detroit, Michican.   Solvents were obtained from Merck, Darmstadt, Germany.

All chemicals and solvents were of the highest purity commercially available.

Results and discussion

Tn5 transposon mutagenesis and isolation of acenaphthylene degrading defective

mutants

In order to study the intermediate of ACN degradation by the strain CU-A1, the 

transposon mutagenesis experiments were performed so as to block the gene involving ACN 

degradation pathway.   After conjugation using recipient strain CU-A1, the transfer frequency 

of Tn5 from the donor E. coli S17-1 was observed at approximately 4.7 x 10
-5 

per recipient.    

No spontaneous kanamycin-resistant mutants derived from Rhizobium sp. CU-A1 was found 

under the same condition.   Southern hybridization analysis revealed that Tn5 was ramdomly 

inserted at only one site in the chromosomal DNA of each transconjugants (data not shown).    

From about 15,000 transconjugants obtained, three mutants defective in utilizing 

acenaphthylene as their sole carbon source were isolated and designated as A53, B1 and B5, 

respectively.

Isolation and purification of accumulated intermediates

Preliminary determination by analytical TLC of the crude extracts from 14 days-

acenaphthylene degradation by the mutant strain A53, B1 and B5 showed the occurrence of

spot patterns different from those of wild type strain CU-A1 (Fig 1).    Major spots at Rf 0.22,

Rf  0.58, Rf  0.58 from strain A53, B1 and B5, named as intermediate I, II and III, respectively

were isolated from preparative thin layer chromatography and purified by silica gel column

chromatography and eluted with eluted with 0-100% ethyl acetate in hexane.   HPLC analysis

confirmed the purity of intermediates as shown by single peak at retention times (Rt) of 3.23,

2.61 and 2.61 min for intermediate I, II and III respectively.
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Fig. 1 Analytical TLC showed accumulated intermediates after 14 days

incubation CFMM supplemented with acenaphthylene.   Arrows indicated

spots of intermediates at Rf 0.22, Rf  0.58, Rf  0.58 from strain A53, B1 and B5,

respectively.

Identification of purified intermediates

MS analysis of intermediate I revealed a molecular ion (M
+
) at m/z of 154 which was

the base peak and fragment ions at m/z 136, 108, 80 and 52 as shown in figure 3.   This mass

spectral fragmentation pattern and a mass spectral library search suggested that intermediate I

was 2,5-dihydroxybenzoic acid (gentisic acid).    Its identity was further confirmed by

comparing the mass spectra with those of an authentic standard (data not shown).    The 
1
H

and 
13

C NMR spectrum of the metabolite I was also identical to that of 2,5-dihydroxybenzoic

acid.

Fig. 2 Mass spectrum of intermediate I isolated from acenaphthylene degradation by Rhizobium sp. A53.   Mass 

spectral characteristic of this intermediate is shown in Table 1.
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Following a similar approach, intermediate II with Rt of 2.61 min was analysed by

MS.   The results revealed that the mass spectrum of intermediate II consisted of a molecular

ion at m/z of 182 and characteristic fragment ions at m/z values of 154, 126, 98, 87, 74, 63 and

50 and a base peak at an m/z of 182 (Fig. 4).   It was identified by comparing the mass spectra

with those of an authentic sample as acenaphthenequinone.

Fig. 3 Mass spectrum of intermediate II isolated from acenaphthylene degradation by Rhizobium sp. B1.   Mass 

spectral characteristic of this intermediate is shown in Table 1.

The mass spectrum of intermediate III (Rt 2.61 min) showed an apparent molecular ion

at an m/z of 198, fragment ions at m/z of 154, 126, 98, 87, 74, 63 and 50 (Fig. 5).   The base

peak was at an m/z of 198.   Its mass spectra were also similar when compared with those of

an authentic standard.   Moreover, the 
1
H NMR of the metabolite III showed the same

spectrum as of 1,8-naphthalic anhydride.   Consequently, on the basis of he molecular weight

and fragmentation patterns, the intermediate III could be identified as 1,8-naphthalic

anhydride which is an acid form of napthalene-1,8-dicarboxylic acid.
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Fig. 4 Mass spectrum of intermediate III isolated from acenaphthylene degradation by Rhizobium sp. B5.   Mass 

spectral characteristic of this intermediate is shown in Table 1.

Growth of Rhizobium mutant strains on intermediate I, II and III

In order to ensure that these three identified intermediates I, II and III are the 

accumulated metabolites of acenaphthylene degrading pathway which cannot be used as 

carbon sources for growth of the mutant comparing with the wild type strain CU-A1, all 

mutants and wild type strains were culture in CFMM supplemented with each intermediate at 

the concentration of 300 mg/l for 8 days.

Table 2  Growth of Rhizobium sp. CU-A1 and their Tn5 mutants on various substrates.

Growth on Strains

CU-A1 A53 B1 B5

Acenaphthylene +a -b - -

Intermediate I

(2,5-dihydroxybenzoic acid)

+ - + +

Intermediate II

(Acenaphthenequinone)

+ + + -

Intermediate III

(Naphthalene-1,8-dicarboxylic acid)

+ + + -

a and b indicated that the strains can grow or not grow with selected substrates with in 8 days,

respectively
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Discussion and conclusion

The objective of this study is to identify metabolites from acenaphthylene degradation

in Rhizobium sp. CU-A1.   We therefore induced mutagenesis of this strain using transposon

Tn5 as described in previous works (Laurie and Lloyd-Jones, 1999; Simon et al., 1983).

Transposon Tn5 can transpose randomly into chromosomal DNA of Rhizobium sp. CU-A1

with the efficiency of approximately 4.7 x 10
-5 

per recipient cells which was comparable to

the efficiency obtained from Tn5 mutagenesis of Rhizobium meliloti (Simon et al., 1983).

Three mutant strains incapable of growing with acenaphthylene as carbon source were

selected from about 15,000 transconjugants.   After incubation of these mutant strains in

CFMM supplemented with acenaphthylene for 14 days, the acidic extract was preliminary

analysed by TLC.   The result showed that the mutants A53, B1 and B5 had a different TLC

pattern from each other and from wild type strain CU-A1 as shown in figure 2.   The

accumulated intermediates with Rf 0.22, Rf  0.58, Rf  0.58 from strain A53, B1 and B5, named

as intermediate I, II and III, respectively, as shown by a major spot with high intensity, were

subjected to purify by preparative TLC and HPLC and silica gel column chromatography.

Identification using MS and NMR compared with authentic standard revealed that

intermediates I, II and III were 2,5-dihydroxybenzoic acid (gentisic acid), acenaphthene-

quinone and naphthalene-1,8-dicarboxylic acid, respectively.    Acenaphthenequinone and

naphthylene-1,8-dicarboxylic acid have been identified as intermediates of acenaphthylene

degradation by Pseudomonas aeruginosa recombinant strain PA01 (Selifonov et al., 1996)

and Beijerinckia sp. (Schocken and Gibson, 1984).    This compound was reported as a dead-

end product of  acenaphthene and acenaphthylene oxidation by Pseudomonas cepacia F297

(Grifoll et al., 1995) and Ps. aeruginosa PA01 and PA01 (pRE695) (Selifonov et al., 1996)

On the contrary, Alcaligenase eutrophus and A. paradoxus could oxidized naphthylene-1,8-

dicarboxylic acid which was an intermediate of acenaphthene degradation, to 3-

hydroxygenzene-1,2-dicarboxylic acid.   However, there was no published data available on

the further bacterial metabolism of naphthylene-1,8-dicarboxylic acid.

2,5-dihydroxybenzoic acid (gentisic acid) was newly identified as accumulated

intermediate of acenaphthylene metabolism.   Gentisic acid was found to be the product of

various kinds of PAHs metabolism such as naphthalene via salicylic acid (Fuenmayor et al.,

1998.), fluorene (Grifoll et al., 1995).   Gentisic acid could be further oxidized by the strain

CU-A1 to maleylpyruvate and fumarylpyruvate which are the same as Raltonia ap. strain U2

(Ning et al., 2001)

In order to confirm that these compound were actually intermediates of

acenaphthylene degradation pathways, the purified intermediates were used as substrate for
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growth of wildtype strain CU-A1 and mutant strain A53, B5 and B1.    The strain CU-A1

could utilize all substrate and exhibit growth whereas all the mutants could not use

acenaphthylene as substrate for growth.   The mutant strain A53 could not use 2,5-

dihydroxybenzoic acid because this strain lacked of the enzyme involving 2,5-

dihydroxybenzoic acid oxidation due to the insertion of transposon in that gene.   Therefore

A53 could not grow on this substrate.   The mutant strain B1 was incapable to utilize

acenaphthenequinone which was its accumulated intermediate but it showed the growth on

acenaphthenequinone as sole carbon sources.   This can be explained by spontaneous

chemical transformation of acenaphthenequinone to naphthalene-1,8-dicarboxylic acid

(Selifonov et al., 1996) which can be further used as substrate for growth.   The mutant strain

B5 accumulated naphthalene-1,8-dicarboxylic acid and could not use that substrate for growth

as well as acenaphthenequinone whereas 2,5-dihydroxybenzoic acid could be used as growth

substrate.

According to the identification of acenaphthenequinone and naphthylene-1,8-

dicarboxylic acid, it might be proposed as shown in figure 5 that the early step of

acenaphthylene degradation in Rhizobium sp. CU-A1 could occur in the same manner as

proposed in P. aeruginosa PA01 (pRE695) (Selifonov et al., 1996).   Acenaphthylene could

be dioxygenated to be cis-acenaphthene-1,2-diol.   After dehydrogenation of cis-

acenaphthene-1,2-diol, acenaphthenequinone was formed and would be spontaneously

oxidized to naphthylene-1,8-dicarboxylic acid.

Naphthylene-1,8-dicarboxylic acid may be decarboxylated one of the carboxyl group

on pentene ring of acenaphthylene and hereby was converted to 1-naphthoic acid.    This

reaction may occur in the same manner as the oxidation of phenantherene-4,5-dicarboxylic

acid, an intermediate of pyrene degradation by Mycobacterium sp. AP-1 (Vila et al., 2001)

and Mycobacterium sp. PYR-1 (Young et al., 1995), in which one carboxyl group was

decarboxylated from the substrate and resulted in the formation of phenanthrene-4-carboxylic

acid.   1-naphthoic acid might be dioxygenated at position 1,2 resulting in 1,2-

dihydroxynaphthalene which would be further oxidized to trans-o-hydroxybenzilidene

pyruvic acid and salicylic acid, respectively.

The other possible pathway of 1-naphthoic acid oxidation would be dioxygenation at

the position 7,8 of benzene ring of 1-naphthoic acid which contains no carboxyl group.    The

resulting 1,2-dihydroxy-8-carboxynaphthalene might be oxidized to salicylic acid using the

same pathway as described for naphthoic acid degradation by Pseudomonas maltophila

CSV89. (Phale et al., 1995)    Then, salicylic acid would be metabolised to gentisic acid,

maleyl pyruvate and fumaryl pyruvate (Fuenmayor et al., 1998; Ning et al., 2001).
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In conclusion, we suggested that Rhizobium sp. CU-A1 has ability to cleave the fused

five-membered ring of acenaphthylene to form naphthalene-1,8-dicarboxylic acid via

acenaphthenequinone.   One of the benzene ring of naphthalene-1,8-dicarboxylic acid could

further be cleaved to form 2,5-dihydroxybenzoic acid.   This ability is consistent with our

earlier observation that Rhizobium sp. CU-A1 was able to use acenaphthylene as its sole

source of carbon and energy. (Phaengthai et al., 2000)
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Figure 5  Propose pathway of acenaphthylene degradation by Rhizobium sp. strain CU-A1.   Pictures printed in

bold represent the identified metabolites from this study


