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ŚŠčİ?ĳƂƺÓĝƻǅzk�ƟƴµƆŹ Comamonas sp. E6ı>KNo�zk�Ɵ (TPA)
?ťų°ÆMƔF>�tripartite tricarboxylate transporter (TTT);ƴ¤0NĠƄ?p��g
��k�(Ƨ�0N,;RĥL'>.5�Įp��g��k�@�TPAŨËk�x_Ə TphC�
æŵk�x_Əčµ TpiA &KAõŵk�x_Əčµ TpiB 'LĴč-ON�E5Įp��g
��k�@�|�p�ƷÀ¼RYt�^�;.9ƂĻ0N,;(ŝ-O5� 
 
ŚŠčİ?ĳƂƺŸĝƻǅThis study identified a novel type of aromatic acids transporter 
involved in terephthalate (TPA) uptake by Comamonas sp. strain E6. The TPA transporter 
is similar to the tripartite tricarboxylate transporter (TTT), and consists of the TpiA-TpiB 
membrane components and TPA-binding TphC. TPA uptake by E6 cells was completely 
inhibited by a protonophore, indicating that the TPA uptake system requires a proton 
motive force. 
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ǁƽŚŠ?ġĽ 
��� ÆMƔFUnhW� E6 ı;3?ãőı
R 10 mMbv_ƟE5@ 10 mMbv_Ɵ 
+ 10 mM TPARÏGĨöÛÙ:ÛƵ.5�
ĆLO5Ź¦R 50 mM Tris-MES buffer 
(pH 7.5):ľŁą�650 µl?Åċţ> OD600
( 2.0?Ź¦; 20 µM [carboxy-14C]TPA (60 
mCi/mmol)RŃ¾.9�ŧĦœ>ÅċłRc
�|��`.5�Ź¦>ÆMƔEO5
[14C]TPA Ƣ@ł¦e�m��e��\X�
k�:ńî.5� 
� _Y�Ɵ?ÆMƔF@�E6 ı;3?ãő
ıR 10 mMbv_ƟE5@ 10 mMbv_ 
+ 10 mM _Y�ƟRÏGĨöÛÙ:ÛƵ.
5Ź¦; 20 µM [1,5-14C]_Y�Ɵ  (55 
mCi/mmol)RŎ#9ńî.5� 
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Ɲ¶Rļî.5� 
�
��� ƚ£éśâı?§ƀ� E6ı? tctAśâ
ı�tpiA śâı�&KA tpiB śâıR§ƀ
0N5H>�3O4O?ƚ£é°ƛ>\r�
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(4) Pseudomonas putida >&+N tpiBA�
tphC &KA TPA �ƍţƚ£é?ŒŊ�
pJB866> tphC; tpiBARƘŨ.5 pJCBA�
tpiBA ; TPA � ƍ ţ ƚ £ é ŭ 
(tphA2A3BA1)RƘŨ.5 pJBAtG�tphC;
tphA2A3BA1 RƘŨ.5 pJCtG�&KA
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Y�_p����e��:ô®.�ÊăƏƐ
Ė¦RĆ5�ÊăƏƐĖ¦?¡ĸťų;ťų
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����Comamonas sp. E6ı>KN TPA?Æ
MƔFŴRƋCN5H>�10 mM bv_Ɵ
E5@ 10 mM TPA RŃ¾.5ĨöÛÙ:
E6ıRÛƵ.�[carboxy-14C]TPARŎ#9�
Ź¦°>ÆMƔEO5 TPA ƢRńî.5�
3?Ũİ�TPA :ÛƵ.5Ź¦>?F TPA
?ÆMƔFĿČ(ƅò-O5,;'L�TPA
p��g��k�ƚ£é?ö=*;I�ƛ
@ TPA :?ÛƵĦ>ŒŊ(Ɗô-ON,;
(ŝ-O5 (× 1)�E5 TPA?ÆMƔF@�
pH 7.5 :Ĩæ?ĿČ  (2.6 nmol/mg of 
protein⋅min)Rŝ.5� 
 
 
 
 
 
 
 
 
 
 
 
 
× 1. Comamonas sp. E6 ıťų>KN
[14C]TPA?ÆMƔFƽTPAêØ� (�)E5
@ƮêØ� (�):ÛƵ.5 E6ıťų>KN
TPA?ÆMƔFRŝ0ƽ 
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m-chlorophenylhydrazone (CCCP) ;
ATPase ? ƨ ð » : " N
1,3-dicyclohexylcarbodiimide (DCCD):3
O4O³ŋ.5E6ťųRŎ#9TPAÆMƔ
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��� TPAp��g��k�?ŵk�x_Əč
µRb�q0Nƚ£éRÂƬ0N5H>�E6
ı;ƕū:au�ģř? Comamonas 
testosteroni KF-1 ı?au�Ɲ¶�> TTT
zT���>÷0N_Y�Ɵp��g��
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tctA?~��`(êØ0N'RƋC5�3?
Ũ İ � Salmonella enterica serovar 
Typhimurium? tctA; 39%?Ì�ČRŝ0
2 8?ĶŴĭřƚ£éRƃ´.5�,OL?
ƚ£éƝ¶RÜ>E6ı'L 28? tctA~�
�`RÏG 8.9-kb EcoRI ğņ; 7.6-kb 
EcoRIğņRÂƬ.5�ĆLO5 DNAğņ
?ßÜƝ¶Rļî.5;,P�8.9-kb EcoRI
ğņ�>@�_Y�ƟŨËk�x_ƏRb�
q0N tctC�TTT?æŵ&KAõŵk�x_
ƏčµRb�q0N tctA�tctB;ŗÌČ?"
Nƚ£é( tctCBA?Ư:êØ.5 (× 2)�
E5,OLƚ£é?Ŗ�ŀ>@�tctCBA ;
@ő=NƐ²ġÎ:�čµºćţRb�q
0N tctDE(êØ.5 (× 2)��ġ�7.6-kb 
EcoRIğņ�>@ tctBA;ŗÌČ?"Nƚ£
é(êØ.�Įƚ£éR tpiBA ;ÒÍ.5 
(× 2)�E5 tpiBA ?ÑƓ>@ÜƏŨËk�
x_ƏRb�q0N;ĕî-ONƚ£é@
êØ.='75� 
 
 
 
 
 
 
 
 
× 2. Comamonas sp. E6 ı? tctCBA ;
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O5� 
 
 
 
 
 
 
 
 
 
 
 
 
× 3. Comamonas sp. E6ıťų&KA tctA
śâıťų>KN[14C]_Y�Ɵ?ÆMƔFƽ 
_Y�ƟêØ� (�)E5@ƮêØ� (�):
ÛƵ.5 E6 ıťųƼ&KA_Y�ƟêØ�
:ÛƵ.5 tctAśâıťų(�)>KN_Y�
Ɵ?ÆMƔFRŝ0ƽ 
 
�	��E6ı>KN TPA?ÆMƔF> tpiBA(
Ƨ�0N'RƋCN5H>�E6ı? tpiAś
âı; tpiB śâıR§ƀ.5�tpiA śâı
@ TPA :?ŌűŴRí¯>ç79#5 (×
4)� 
 
 
 
 
 
 
 
 
 
 
 
 
× 4. Comamonas sp. E6ı; tpiAśâı?
TPA >&+NŌűŴƽE6 ı (�); tpiA ś
âı (�)R10 mM TPARÏGĨöÛÙ:Û
Ƶ.5ƽ 



� E5 tpiARđ8|�g�qR tpiAśâı
>ô®.5Ũİ�TPA:?ŌűŴ(ÕĈ.5
,;'L�TPA :?Ōű> tpiA (Ċư:"
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O='75���?Ũİ'L�TPA?ÆMƔ
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× 5. Comamonas sp. E6ıťų&KA tpiA
śâıťų>KN[14C]TPA?ÆMƔFƽTPA
êØ�:ÛƵ.5 E6ıťų (�)ƼtpiAśâ
ı (�)ƼtpiAśâı> tpiAR|�g�q:
ô®.5ı (�)>KN TPA ?ÆMƔFRŝ
0ƽ 
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� tpiAśâı&KA tpiBśâı? TPA�
ä?ŶƶĢƟ:?ŌűŴRƋC5Ũİ�Wj
zk�Ɵ (IPA):?ŌűŴ(çQO9#5�
E5zk�Ɵ (OPA)&KA|�p\o_Ɵ 
(PCA):?Ōű(Ƴź>ƙĀ0N,;(ŝ-
O5�IPA?ÆMƔF>@�IPA�ƍ[}�
� iphACBDR�>êØ0N iphC( tphC;
Ìĵ> TTT ĵ?ÜƏŨËk�x_ƏRb�
q.9&M�IPA:?Ĺû=Ōű>Ċư?ƚ
£é:"N,;(ŝ-O9#N�.5(79
tpiBA ?ƚ£éōŇ:"N TpiA-TpiB ŵk
�x_Əčµ@�TphC �ä> IphC ;Iŗ
�§Ŏ0N,;: IPA ?ÆMƔF>Ƨ�.
9#N,;(ā*ŝÔ-O5�-L>
TpiA-TpiB ŵk�x_Əčµ@�ĭÌî?
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ŗ�§Ŏ.9�,OLÜƏ?ÆMƔF>­*
,;(ĕî-O5� 

��� E6ı?TPAp��g��k�(TPAŨ
Ëk�x_Ə TphC ; TpiA-TpiB ŵk�x
_Əčµ:Ĵč-O9#N,;RƋCN5
H>�TPAãĖŴRđ5=# Pseudomonas 
putida PpY1100ı> tphC&KA tpiBAR
TPAãĖţƚ£é tphA2A3BA1;;I>|
�g�q:ô®0N,;>K79�PpY1100
ı( TPA ãĖŴRňĆ0N'RƋC5�@
/H> tphC ; tphA2A3BA1 Rô®.5
PpY1100ı?¡ĸťų>KN TPAãĖŴR
ƋC5;,P�TPA?ãĖŴ@ƃLO='7
5�.'.�ÌăƏƐĖ¦?ťųď´ł>@
TPA ?ãĖŴ(ƅò-O5,;'L�
tphA2A3BA1Rđ8 PpY1100ı> tphC6
+Rô®.5ÞË>@�TPA?ÆMƔFŴ@
=#,;(ŝÔ-O5�Ìĵ> tpiBA ;
tphA2A3BA1Rô®.5 PpY1100ı?ťų
ď´ł>@ TPA ãĖĿČ(ƉHLO5(�
ÌăƏƐĖ¦?¡ĸťų>@ TPA ãĖĿČ
@ƃLO='75��ġ�tphA2A3BA1>¾
%9 tphC ; tpiBA ?�ůRô®.5
PpY1100 ı?¡ĸťų>&#9@Ƴź=
TPAãĖĿČ(Ĳ´-O5���?Ũİ'L�
E6ı? TPAp��g��k�@�TPAŨË
k�x_Ə TphC ; TpiA-TpiB ŵk�x_
Əčµ'LĴč-ON;Ũƌ-O5� 
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� ¾%9�ĮŚŠ:@őşñ�:"N P. 
putida >&#9 tphA2A3BA1 ;;I>
tpiBA &KA tphC RŒŊ-2N,;>K7
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