
��������	
��

�
�������������������
������
���� 

�����������	� 
� � � 	 
 �

�

�� 30����������	���������
������ ! "#��
�������$�%&���!
�����	'()*+,�-.���	����	 /���
�%�"#�01 
 1974��234,-����%�5 �

6�789��� �! :0��";�#<%=$%��	
& >6'?�(@)�6���)A�*�+B�����!
CD&E�F�,�G��6-
./��	�01�����
���5 �H�I2�J�5
1. ������
��!"#
��$%
345<%=K6@)��-. LMNOPQRMS4T

(PEG), LM'(UPQRMS4T (PPG)�E6LMN4VT!
LMW+MT7 (PA), LMXYTWTS4T (PVA), PEG�Z
BSLM[4�E! '\2O]+�-. LMNOPQ (PE),

85LMNOPQVP^3P4, (PET)6�0/)A_�)9
-�5 �`� PEG�0_6 Sphingopyxis terrae <%= S.

macrogoltabida :;�-. type culture���.a�5 �
bc6�(@)��da. ! <=e>6f?g�a @��
h��5 >6ij! �(@)�6)A _Ak;B�%�l3
)Am)A nendogenous:)�C6 at random�DEo �FG
H;B�%�70m)A nexogenous: )�IJ�cpY],
qdAK�o ��Lrb����Mc��-�5 N
� LM
N2VT
! s
� LMN4VTtOBPu�Q�� PA,

PVA, PE
v1��5 70m)A FGRS6T�UVw�
Wx.NyTz4<=�{X���$! �0_���. �#
��)Aw?g�
! @)��|M'\}~�YZ��*[�
��
\2���5 �6%&�*[���6]^ 2_?`�
�5

PEG aF)�1��bc��63)����-! ./6
)���}  ���d���6?! �0�� PEG 20,000

�??g��
! ./6)���} 10e��a���cb
�5 PEG 6,000�� ��_?6�)Arb�5 ��! L�
PEG�^34T7SLM[4���_?6�)Arb���
��a8-�5 �bc6�����Af-! >b�bg5<=
'�h�6i�! PEG<=�^34TN2VT<=6j��
%����AM-! ����6�K�k�l�������5

PE6�)A5
m`n�rb.a�
! �0_�oa.!
)�pq 3,000�H (PEwax) �0�r?g����Mc�
�-! @)� PE��s�tuv?w)�0r���! ���
)A
�r?g����l-�5 x�	���a.��5yz
�'�T
{|rb.a�5
2. ��������������
���/��
����
&
PEG�da. }d6<=;BnPEG~3B;B (PEGDH),

PEG�WT� ¡~3B;B (PEGALDH)! PEG��T¢Q7~
3B;Bo 6��.
S;B?g�! ��_A?�)A�r�

���cFGH)A�in���5 �bc6;B���-.A
f������! £U��+(4YQR-.! rc��F�A
f-�5 >6ij! PEGDH GMC family6 flavoprotein?
g����Mc��-! �6RT4'6WTS4T~3B;B
�-. �$.;B���-! �¤���Af-�5 ¥^? 
GMC family6 PEGDH subgroup�-.��rb.a�5
PEGALDH ! NADP�H��� nicotinoprotein?g��

! WT� ¡~3B;B? ��6��k?g�5 PPG~3
B;B type I6 quinoprotein alcohol dehydrogenase,

PVA~3B;B (PVADH) type II6 quinoprotein alco-

hol dehydrogenase?g����!��;B�¦����cM
c��-�5
_Akl3)A;B?)A�r�LMN2VT�k ��.
_AH n|M'\}~o �*�[�b.)A<=rb�5 >6
�$� F_kS���-��bG�c�a5 PEwax, PPG�
E �45?! FGS���5
g�! ��§��*�[�b
��r5
@a5 -�-! PEG, PA, PVA 345?g�! �
6*[����\2���5 PEG<%= PVA�da. )A
;B£U��¨|(Q�Mc��-! N
�da. ¨|(Q
'6 TonB-dependent receptor
*�[��{������
©ªin���5 PVA¨|(Q��� �6%&�£U� 
]^-�a
! PVA]^H6FG�%806T«¬��!­�
\®T-� PVA6*�[�.¯�c! PVA��Yrb.FG
���*[���
°(rb����l-�5 Muratac6W
TzQ76*[����! �(@)�? ��6 pit��%6
��?g��5

PEG)A¨|(Q transposases�±�b.! ²³'\2
´¡�]^��5 ¨|(Qt PEGDH
�6 Sphingomonads

>6�?µ`�]rb.a�6?! ¨|(Q6U�
@�rb
�5 ��! ¨|(Q��� ¶��AraC-type regulator6�
¥ GalR-type regulator? repressrb.a�
! PEG6]
^H? derepressrb�! ���C! PEG�%��¡��¨|
(Q
�Y�¥rb��a&¢K ¶���AM-� n£ 1o5
�¤! PVA)A¨|(Q�²³'\2´¡�]^-! PVADH

£U�! 70 PVAl3)A;B! O,+(4~ c6}d6£
U�6��c��! �(���¥rb�5 -�-! �J6*[
���� pva¨|(Q6�¥ PVA�%�·50rb���
�Mc��-�5x_ 1�! Pseudomonas¥�¦�rb.a
�
! Sphingopyxis¥F_�§¦�-�5 Sphingomonads 
¸¨�b¹6²³'\2´¡��Q����
 Bastac
(2004)�%���rb.a��¦©�! �(�R�ª��«�
�)A·5
�cb.a�5q 30�N� @)� PEG)A_
6)9�º¬-�
! >6s-�C­®� Sphingomonads�
ZB)A_�:��)9?����t! Sphingomonads�¥
�� PVA)A_
a`d���rb.a��������!

' �¯x :0��»°±� ²±
¼½2³8



����������	
��
� ���� Sphingomonads

�������	�������������

�����
��
 �
! ��"#���#�
$%����&'() *��

PET+ ������,���-.��/! ��,�-
�0�
����1��2'(3�45��6���#�789
 *�
2+� ��:�;���<��=�>$?@� /�� ��&'
()!"�0�#$�A�BC%$D�89
�! �0���
$&EF�G<H�I7��
-J���89
� ����#
$K#L�M! &���%�����'N��OP<)Q�(
NRS�%9� ���:�T���)&*�+�9JU�A�
$VW#L
�	

�
3. ��������	
��
%���,X��-#.D�
-J���/�0�#�C!
123*��+�45#Y
� ��Z���6$#L
78�
[\)K8*�/8$98! 123*��9#L
�!  �]
^�12:��/:�_�`-a��-�K�bc�� *en-

dogenousA exogenousA+ �d#12e;�<9f
?A
��9� ��-J�78�=g>?@#��F�h'�AB
/! <912e;�iC#L�9A�	
8! =gD��6�
���'c�jDk�� 
E�?�l� PEwax�m)n�#
Y
�#! bFK�-.�G8D�
�HI/8=g[\)�
oJ/�� GPC�-
��-�K�#KLA���M�d�
pN/! =L2qrs�2t��#Of
�! PQHu� GPC

v�<�-C�R/��#! HI�S/9�wTxl����
�y?@�
��G8�$z$/8{
�! enodogenous�
exogenous���� �|�U=V##KL�=L2qrs
�2t���R/��#! BC&��pK�6$#L
���

./��9

}~J�
4. � 
 �
����8W%���)&*����A�X�-J����
Y�A�����

1) =ZA�[ 10Z\]�%���^_` *��F��3+
ab{�o�cdf
�

2) ,e^�f��:��gTA���-h��$��/!
,e`:��i����-�h�Dk
�! jKg]�kL�
l��9�

3) 12:��:mon��o�f
�c�:��p1�q
z�K/! %��rs�:��/8cdf
�

4) Sphingomonads���F�'q�t��������
�u�-.! 8W%�����kLCVW/89
�v��

�

5) %���&���%���on! *����&*���
�w�x$�wS#Y
�

����! yD������<c�z1�'c�j/! �P
���<�/8�

������� ��{�	�.��9J�
|��78#�f
�
g}! kg�z1�~y8���9�}9��������
������/D��
89�}L"/�� �����! ��
��kg *� �� �kg+ �9J���¡#! 20�¢��
��{f
��	��."/��  �u! ��#��C�'c
£�! �&! ¤¥��¥! ��¦��¥�d������§	
#�����Dk
���#L"/�� "�! =g�+�WS
���>�! 6���D#Y
¨�kg���©����`ª
#Y
�9�8$«�#�Y."k¬� �`^�`98! 6�
�� �
#�l89�}9��C�����$�A��29
�/"f� 
u�����<�9�}9�¨�kg�g}�­
®¯���`-a�	°¥��&��±C`���/t²"
f�

� 1 Sphingopyxis�^,�`l
 PEG���o
A: PEGDH;�� (pegA)
B: TonB-dependent receptor;�� (pegB)
C: PEG-ALDH;�� (pegC)
D: permease;�� (pegD)
E: acyl-CoA synthetase;�� (pegE)
R: AraC-type regulator ;�� (pegR). ��� GalR repre-
ssor# ¡D�89
�! PEG�-. derepressD�
�
peg�����F�[�c�¢³�w8/8! S�¡´f
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Oxidase: PEG���£ 3:�;��� &�()w8�¤¥�
GST: glutathione S-transferase. PEG-carboxyl-CoA�w8
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� 2 �� PET���
A: ¨©ª�� PET
B: 60¶# 4«¢¬­
C: ¨®/#��¯°u! 2«¢¬­
D: ��,�®//�t#��¯°u! 2«¢¬­
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