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ɽĭ�̖ĭ 
̛˶  

DTT: Dithreothiol 

EDTA: Ethylenediaminetetraacetic acid 

IPTG: Isopropyl-thio-β-D-galactopyranoside 

KPi: Pottasium Phosphate buffer 

NaPi: Sodium Phosphate buffer 

PEG: Polyethylene glycol 

SDS: Sodium dodecyl sulfate 

Tris: Tris (hydroxymethyl) aminomethane 

ŎŊ  

LB: Luria-Bertani 

.=¾�

AA. : Amino Acids (°��c̯;ż)6ɷ�P) 

aa. : amino acids (°��c̯;ĹƱ+P DNA͝ÿ;ż)6ɷ�P) 

ABI-PP:  AcrAB/MexAB Inhibitor Pyridopyrimidine derivertive 

dsDNA: double stranded Deoxy Nuclearic Acid 

EM: Electrom Microscopy 

Iα: Intermediate α-Helix between TM6 and TM7 

MIC: Minimum inhibitory concentrations  

OD: Optical density 

PAGE: Polyacrylamide gel electrophoresis 

PCR: Polymerase chain reaction 

PDB: Protein Data Bank 

rpm: Revolution per minute 

TM: Transmembrane 

WT: Wild type 

YT: Yeast extract and Trypton 

� įʤ°��c̯=Ȳŏ>1 ǰṹ̖=W×�V�ux1W�~͟Ȳŏ=Ë˗=Ό7̖)02

F01įʤ°��c̯=ŚɿÎ;ͭ)61˗ǤĆ= ǰṹ̖=W×�V�ux1W�~͟Ȳ

ŏ=Ë˗1˗ǤƩ= ǰṹ̖=W×�V�ux1=Ό7̖̺)02Ô�?1F178> 178ɾʉ

=�[{×W�{�ȲŏTƻĸ)1F178W> 178ɾʉ=�[{×W�{�ȲŏTx��x�V

�B8˗Ǥ)0ŚɿÎTƻĸ+P2 

� TM=Ʃ=Ǯũ>1Nȍ�N˥̫͈͛Ë=ΌɾTʚ+2Ô�? TM7> 7ɾʉ=˥̫͈͛ËT

ƻĸ+P2 
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ɿɨǝüx��l��°� 

� �{j��=ʅ̊Áͱ1˃˰ƽβʃ=ɂʄ>ĕūʄɄ�ŏȎ8)6˾SQ1.=΂̉;É�

%QF7;Ŝ!=ǋɵɨ̯�ʅ̊1ͫʅ'Q6 02)�):�N1˃˰>Ȧ�;Śĕ)1˶

ć˜ƵƵTɭƫ)6 02˶ć˜ƵȪȥ>Łʤ;ýΓ7 P2+:S211. ˶ć=¥ɈƵĕȪ

ȥ=ɭƫ12. ˶ćπʇ͛Ë=Śɿ;MP̎ĺƵÌ¤13. ˶ć͆͐Ƶ=Ì¤ΟŚɿ;MP͆͐

ͺŗ=ƢĕΠ14. ˶ć=ˢĒʇǝüˢ=Ƣĕ17�P[1]2 

� 1 >˶ć¥ɈƵĕ͗ÈŨ=ȼƗÈǧJ)!>f~�£;ìȑŪŉ+P¥ɈƵĕ͗ÈŨ=ɈƵ

ĕ;MPJ=7�O1̑ȿʲ8)6>˶ć¥ɈƵĕŃŨͰŲć8ǋɵɨ̯=İć�͏ɷ'Q6

�P2213>͗ÈŨ=Śɿ;MPJ=7�O1ĕūʄɄ7=ǋɵɨ̯=͕þ:Óɷ;MO˶ć

˜Ƶ˰=ǉĄ;čTţ)6�P2)�):�N14. ˶ć=ˢĒʇǝü>1ǝüŏ̯8:Pǋɵ

ɨ̯>ıů7 6J1%QTͰŲ+PƤ7=żûɄ>Ȍ1˧ƚƱɷ7 6�:�[2]2 

� ɿɨǝüx��l��°�> 5ʤ;ýΓ'QP2RND (Resistance Nodulation cell-Division)1

ABC (ATP-Binding Cassette)1MFS (Major Facilitator Superfamily)1MATE (Multidrug And Toxic 

compound Extrusion)1SMR (Small Multidrug Resistance)7�P[3][4]22015Ƙ;>ǳ)!1ACE 

(Acinetobacter Chlorhexidine Efflux) �ʅ̊'Q0�1%%7>Ǹȑ= 5ʤTýΓ8)6ɷ�P

4ņ 1-15[5]2 

� d��͵Ƶ˃˰>d��ͶƵ˃˰;ȹC1˧ƚƱɷ7 Pǋɵɨ̯=ʤΓ�Ɓ:��1%Q

> 4. ˶ć=ˢĒʇǝü;MP˨ɥǎǋƵ�M@Ŝć˜Ƶ�ª:̉Ń8)6ʑNQ6�P2d

��͵Ƶ˃˰;>Ŝ!=ɿɨǝüx��l��°��Ūŉ)1ŝˤ˰7> 20 ʤΓ�̊4�3

6�P4ņ 1-25[5]2%QNx��l��°��ǋɵɨ̯=G:N,ƙʷ:ɵÎɿɨTŏ̯8

)6̨̟)1ˢĒʇ;ǝü+P%87Ŝć˜ƵTɭƫ+P[4]2ɩ;1ö˥�Nś˥;F0�P

̆İÎTƤǁ+P RND Ōɿɨǝüx��l��°�>¾8ȹ̹)6ƢČ7�O1ƙʷ:ŏ̯

T̨̟)6ǝü)ǋɵɨ̯B=˨ɥǎǋƵT£ǻ'-6�P[7]2+:S21%=x��l��

°��Κʅɱ+P81 4=̉Ń7Ŝć;ż)6˜ƵTɭƫ+P2 

� ˏ˦˰7>Ɓ:!8J 13ʤΓ= RNDŌɿɨǝüx��l��°��f~�£;Ūŉ)6�

O4ņ 1-351Ŝć˜Ƶˏ˦˰(MDRP; Multi-Drug Resistant Pseudomonas aeruginosa)7>%QN=

�21MexAB1MexXY =ʅɱ·͌�)?)?GNQP[8][9]2ˏ˦˰>Ƿĺ̊ƽβ˰7�O1

ǋɵɨ̯=đ ;!�˰8)6ʑNQ6�P�1͈Ɣ=ĕūʄɄ7ɷ�NQPY��}�1W

�_j�1j����ahj�= 3ć;ż)6J˜ƵTǖ30ˏ˦˰�ɵ*6�P2%QN 3

ć+C6;˜ƵTǖ30 MDRP >1RND Ōx��l��°�Tŏʙ8)0̆İ̉Ń;MPŜ

ć˜Ƶĕ� 4=̉Ń8˚�NQ6�P[10]2RNDŌx��l��°�B=˧ƚƱɷīˢ:Ͱ

Ųć>1Ƕ;˧ƚƱɷ�:'Q6�Pǋɵɨ̯=͕ɷʷŅTǔŝ7 P8Ȋƨ'QP2ͰŲć

;MO1ʂġ˃˰=˨ɥǎǋƵJıǿ;Ìɒ7 P0I1͈Ɣ7>ˏ˦˰TĵId��͵Ƶ˰

;Óɷ7 :�ǋɵɨ̯=÷Ăɷ�īˢ8:O1ɱɪMOÌØ̇ʇ: MDRPƽβʃɂʄ�7 

P8˚�NQP2 
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ņ 1-1.� ɿɨǝüx��l��°�= 54=�V���[Ɵɷ ǰɬ 4] 

ņ 1-2.� ŝˤ˰=ɿɨǝüx��l��°�[6] 

ņ 1-3.� ˏ˦˰= RNDŌɿɨǝüx��l��°�[8] 
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RNDŌx��l��°� 

RND Ōx��l��°�>1ġȟɵɨ7>1d��ͶƵ˰1d��͵Ƶ˰1ǋ͟˰1ʎȟ

ɵɨ7>1͞ȸ1F01Ǻ˸K�x;˩PΚʯɵɨF7ƙ!ÛŪ'Q6�P2)�)1nc�

°�oTʹ 1RND Ōx��l��°�=Ȫˢ>Ȧ�7�P [11]2d��͵Ƶ˰7>˃˰ͬ

ƹőÈ͒ɨ̯=ǝü1ɿɨǝü;MP˶ć˜Ƶ1ͤ͡ƅǝü;MPͤƅ˜Ƶ1d��ͶƵ˰7

> Surfactant =ǝü8˜Ƶ1ǋ͟˰7>�g�×͟=İǁ8̻̈́1ʎȟɵɨ7> Hedgehog 

signaling pathway1ƩȊ\�yp��7=g�lv��×=̻̈́:91Ȫˢ>ŝ !͓36�P

4ņ 1-45[12-17]2 

2002Ƙ;d��͵Ƶ˰ɿɨǝüx��l��°�AcrB=ȥ͊�̑�Q12011Ƙ;>x��

l�g� SecDF1ͤ͡ƅǝüx��l��°�CusBA12016Ƙ;�x NPC1 (Niemann-Pick 

disease type C 1) =ȥ͊�̑Δ'Q1RNDŌx��l��°�=ȥ͊ȹ̹�īˢ8:30

[11][13][18-20]2RNDŌx��l��°�8)6>ò6 12ł˥̫͈Tȇ)1˥̫͈��ucl

=ʋż͝˗:9>M!Ê6�02ɿɨǝüŌ8ͤ͡ƅǝüŌ7>òÎ7ȥ͊�ΓÊ)6�0 

Ǵ1SecDF1NPC18>˥̫͈͛ËÁś=ȥ͊>ò!͓�1Ȫˢʅɱ;ử:ȥǁͣȹ1h�

�{uxȥǁJɿ:36�02ɱɪ7>1RNDŌ8��ŝ :ǕO7>ô͈=ȥ͊ɈƵʋͭ

T͂CP%8>7 6�:�2M361Ȏ̦ǰ©7 RNDŌx��l��°�8͂CPǿ;>1

˃˰= RNDŌɿɨǝüx��l��°�;Ͳů+P2 

� d��͵Ƶ˰= RNDŌɿɨǝüx��l��°�>1ƢŇ:¢ͣÎTȥǁ)1��x�Θ

Ē;MOŏ̯Tǝü+P[21]2ǝü;͹)6>1d��͵Ƶ˰=ö˥�Nś˥;˩P̆İÎT

Ƥǁ)1ǝü=ĄƬT˾36�P2ŝˤ˰ AcrAB-TolC4ņ 1-557>1ś˥t�}× TolC1W

s�°�°��c̯ AcrA88J; RNDŌx��l��°�AcrB=��x�ΘĒ7ŏ̯T˰

ÎśB8̻̈́+P[22][23]2 

 

ņ 1-4.� Ȫˢ=͓� RNDŌx��l��°�=Ô 

̰1΄1ˏ˭�¿�6�PJ=� RNDŌx��l��°� 
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ŝˤ˰ɿɨǝüx��l��°�AcrB 

ŝˤ˰ AcrB =˶ć̆İÎˈȀȥ͊=̑Δ;MO1x��l��°�=òÎȥ͊1˶ć̨̟

Ȫȥ�ΔN�8:302AcrB >����ty7>��¢ͣÎ7�P�1ȥ͊£7>�v�¢

ͣÎ7�O1ƨȪ�ˈİ�ǝü�~�� (Access, Binding, Extrusion monomer) �N:36�02

AcrB��¢ͣÎ=¢˛ͬ7> TolC docking domain7y�Y�l�u��d)1ƢŇ:��¢

ͣÎTƤǁ)6�04ņ 1-65[19]2%=¢ͣÎ>�[�m� 1/3,4,Q0ŏ̯ǝü=įlv

u�T́)6�P8˚�NQ6�P2%=¢ͣÎ>Ĝ̥)6ȭ=�~��B8ƤTŚĕ+PȪ

ˢʇł̸8Ĺ?QPǴɄ7ŏ̯Tǝü+P2ƨȪ�~��;>ȹ̹ʇŝýŨͣŏ̯(1000Da<)

T̨̟+P̀Ëˈİ�eux1ˈİ�~��;>ƀýŨͣŏ̯T̨̟+P͔Ëˈİ�eux�

Ūŉ)6�O1%QN>°�w�:Ë˗ͭÙ;�Oŏ̯̻̈́ˇ̵Tȥǁ)6�04ņ 1-75[24]2

³4=˶ćˈİ�eux> F617 ×��;MOėþNQ6�O1ƨȪ�~��7>̀Ëˈİ�

eux�1ˈİ�~��7>͔Ëˈİ�eux�ɈƵĕ)6�P2%=ǿ.Q/Q=�~��

=J� 4=ˈİ�eux>˔ƀ)1ǫ̯̟̆�7 :�2%=³4=Ŝć̨̟�eux71

ǫ̯̟̆=ƕTƙ$6�P%8�ΔN�8:302 

ŝýŨͣŏ̯>ƨȪ�~��=̀Ëˈİ�eux;ˈİ)1Ȫˢʇł̸;MPˈİ�~��

B=ȥ͊ŚĕTˇ6͔Ëˈİ�eux;̈́O̾FQP2ƀýŨͣŏ̯>ŝýŨͣŏ̯8ıȦ=

ˇ̵T̿P�1J)!>ˈİ�~��=͔Ëˈİ�eux;1̀Ëˈİ�euxTˇ,;̨̟

'QP2ˈİ�~��=͔Ëˈİ�eux;Ūŉ+Pŏ̯>Ȫˢʇł̸;MPǝü�~��B

=ȥ͊Śĕ=͐ʣ7 AcrB�NǏ)ü'Q1̆ İÎTȥǁ+P TolCTˇ6˰ÎśB8ǝü'Q

P2%=Ȫˢʇł̸;É�ŏ̯=Ǐ)ü)>��l°×tuc���Ȫȥ8Ĺ?QP4ņ 1-852 

 

 

ņ 1-5. AcrAB-TolC̆İÎ±ƺņ 
ņ 1-6. ŏ̯ˈİŌ AcrBˈȀ;�#P 

į˶ć=Ë˗[Ɵɷ ǰɬ 24 MOǪŚ] 
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RNDŌɿɨǝüx��l��°�ͰŲć ABI-PP 

ˏ˦˰ Pseudomonas aeruginosa = RND Ōɿɨǝüx��l��°�=�21˧ƚýͿ'Q

0Ŝć˜Ƶˏ˦˰;��6> MexB1MexY = 2 4�Κʅɱ)6�PJ=�Ŝ!1.Q/Q

MexAB-OprM1MexXY-OprM8�30̆İÎTƤǁ)ŏ̯Tǝü+P[25]2ˏ˦˰7˧ƚÓɷ

īˢ:ǋɵɨ̯=Ǯ>ȹ̹ʇƁ:!1.=ŝ :˨ɥǎǋƵ=̉Ń= 48)61RND Ōx

��l��°��Ǚ$NQP2 

� RND Ōx��l��°�;ż+P˧ƚƱɷīˢ:ͰŲć>1MDRP ƽβʃ=ɂʄ˶8)6

Ȋƨ'Q6�P2��y���k�̡ſÎ4ņ 1-951��tyʽͰŲć PaβN (MC-207 110)1

MBX ʽͰŲć�%QF7;ʅ̊'Q1�,QJȲƳ:�N˧ƚƱɷ;>˩36�:��1ͫ

ʅ�͌U7 0[26-28]2̀Ƙ7Jǳ0:ͰŲć=ʅ̊8ͫʅ�ˊ#NQ6�P2%=�21ȅ

JƢČ:ͰŲÑɷTǖ21ǋɵɨ̯Ñɷ:N@;˥ͺŲÑɷ=:���y���k�̡ſÎ>1

˧ƚƱɷīˢ:ͰŲć8)6ȇȉ̌'Q1ͰŲć D13-9001 �ͫʅ'Q0[26]2%=ͰŲć>

MexBTđȗʇ;ͰŲ)0=71ABI-PP8Ĺʡ'QP[12]2)�):�N1ABI-PPTĵH��

y���k�̡ſÎʽͰŲć> MexBTđȗʇ;ͰŲ+PJ==1MexY;.=ͰŲl�cx

×Tǔŝ+P%8�7 :�304ņ 1-1052 

� AcrB8 ABI-PP1MexB8 ABI-PP=̆İÎˈȀ= Xˑȥ͊̑ȕ�N1ABI-PP=ˈİʳǄ�

ΔN�8:O1AcrB8 MexB7ô͈+PʀȼƵ�ux;ˈİ)6�04ņ 1-1152%= ABI-PP

ņ 1-8. AcrB=Ȫˢʇł̸;MP˶ćǝü[Ɵɷ ǰɬ 24] 

ņ 1-7. F617×��T©Ư;̊0į˶ć=ˈİ͛Ë[Ɵɷ ǰɬ 24 MOǪŚ] 
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�ˈİ+PʀȼƵ�ux>1ˈİ�~��=͔Ëˈİ�eux�NýƇ)0͛Ë71ŏ̯̻̈́

ˇ̵�N>śQ6�O1%QF7ƫNQ6�0.=¾=̻̈́ŏ̯7>ˈİ�̏ɕ'Q6�:�

ʳǄ130 [24]2%=ʀȼƵ�ux;> AcrB8 MexB7ô͈=æͦ�Ūŉ)6�O1F178æ

ͦ�Ūŉ+P�1ABI-PP=��y���k�ɴ� F178æͦ8 π-πl°ua�d)1ABI-PP=

̎ȼƵ͛ý>ŏ̯͆͐ˇ̵;�P̎ȼƵȲŏ8΅΁ʋ´Ñɷ)6�02%=ʀȼƵ�ux>ˈ

İ�~��;=GŪŉ)6�O1ƨȪ�~��1ǝü�~��7>˔ƀ)6 ABI-PP �ˈİ+

P%8>¥īˢ1302%QN=%8�N1%=ʀȼƵ�ux; ABI-PP �Ƣ!ˈİ+P%8

71Ȫˢʇł̸�ͰŲ'QP=7>:��8±ɕ'Q02 

� MexY=°��c̯ȥ͊>̑�Q6�:��1MexX1OprM8�30˥˼İ°��c̯(MFP)1

ś˥���Tg���}�x8)6ǖ4 RND Ōɿɨǝüx��l��°�7�P=71AcrB

KMexB8ıŌ8±ƺ7 P2AcrBTŏ;)0 SWISS-MODEL;MP���k��w×7>1

MexY=ʀȼƵ�ux;1W177æͦ�Δ@ü)6�PƤ�±ɕ'Q0[29]2MexY=W177>

AcrB1MexB;�#P F178;ʋƣ+P2%= MexY=ʀȼƵ�uxB= ABI-PP=ˈİTÂů

+P81W177æͦ� ABI-PP8ʪÎͺŲṮ%+Ë˗;Ūŉ)6�04ņ 1-1252%=x��

x�V�æͦ8=ʪÎͺŲ� AcrB1MexB1MexY 7=ͰŲđȗ=͖ǍƵTȿů)6�P8±

ɕ'Q02 

� %=±ɕT̙Δ+P0I1MexY W177F1AcrB F178W1�M@ MexB F178WŚɿÎTÑ̅

+P81AcrB F178W> ABI-PP;ͰŲ'Q:!:O1MexY W177F 7>ͰŲ'QPM�;:

O1ABI-PP=ͰŲđȗ=͖ǍƵ�̸ͅ)04ņ 1-1052)�):�N1±ƺ;Ħ)6MexB F178W

ŚɿÎ7>͖ǍƵ>ŚSN,1ABI-PP;MPͰŲ�ʘ̟'Q04ņ 1-1352%=%8>1MexB

;��6> ABI-PP =ͰŲđȗTȿů+P̉ˁ�¾;Ūŉ)6�P%8Tʚļ)6�O1ʀȼ

Ƶ�uxÁś7ͰŲđȗTʅǥ+PīˢƵTʚ)6�02»Ʃ=ͰŲćͫʅ=0I;>1ͰŲ

ć=đȗTȿů+P̉ˁTΔN�;+Pử��P2.%71ʮ˛>Ğř̤ʣ;�#Pʭ =

ʉπ8)61ABI-PP=ͰŲ;ͭSPǳ0:̉ˁ=̑ΔTʉπ8)02 

 

 

 

 

 

 

 

 



14 
 

 

 

 

 

 

ņ 1-9. RNDŌŜćǝüx��l��°�ͰŲć ABI-PP (D13-9001) [Ɵɷ ǰɬ 26] 

ņ 1-10. AcrB F178W1MexY W177FŚɿÎ;ż+P ABI-PP=đȗ=ȹ̹ 

a. ͢ɵŌ1ΔacrBȞ1ΔacrBΔtolCȞ=\�l��Yj� 6µg/mL7=Ŗȳ

Ȃˑ� b-e. .Q/Q ΔacrBȞ; AcrB1AcrB F178W1�acrBΔtolCȞ;

MexXY-OprM1MexXY(W177F)-OprMTʅɱ'-0ǿ=\�l��Yj�1

ABI-PPŪŉ¤7=ŖȳȂˑ f-j. ŎŊ©=yap×�j�=˹ïƢƜɕů2

yap×�j�˹ï>˰Îö;ʢ˾+P8Ɍï+P2ɷ�0˰ʤ>ŝˤ˰

MG1655ɹȑȞ2 
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a. b. 

ņ 1-11. ABI-PP AcrB̆İÎ �M@ ABI-PP MexB̆İÎˈȀȥ͊8΁ŨŷƜņ  

a. AcrB=ȥ͊8Ɛ=΁ŨŷƜņ FO (inhibitor)-FO (free)Οσ3.5Π 

b. ABI-PPˈİ�uxķ̽ȥ͊8΁ŨŷƜņ 2FO-FCΟσ1.0Π 

c. MexB=ȥ͊8Ɛ=΁ŨŷƜņ FO (inhibitor)-FO (free) =͡<İS-Οσ4.0Π 

d. ABI-PPˈİ�uxķ̽ȥ͊8΁ŨŷƜņ 2FO-FCΟσ1.0Π 

c. d. 
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ņ 1-13. MexB F178WŚɿÎ;ż+P ABI-PP=đȗ=ȹ̹ 

a, b. ΔacrBΔtolCȞ; MexB 1MexB F178WŚɿÎTʅɱ'-0ǿ=\�l�

�Yj� 2µg/mL1į ABI-PPɠƜ7=ŖȳȂˑ� c, d. ΔacrBΔtolCȞ;MexB 1

MexB F178WŚɿÎTʅɱ'-0ǿŎŊ©=yap×�j�=˹ïƢƜɕů2

yap×�j�˹ï>˰Îö;ʢ˾+P8Ɍï+P2ɷ�0˰ʤ>ŝˤ˰

MG1655ɹȑȞ2 

ņ 1-12. ABI-PP=ˈİ�uxķ̽=ȥ Ο͊ˏ:ɢˁ1́ :ʩˁ1̰ :͟ˁ1Ν:ʗΝ1ʆ:F178

æͦ1�o�°:W177æͦ °��c>ʧͬíŔ�w×71ABI-PP>lvX

uc�w×7́ʚ)02ABI-PP=ɢˁġŨ>Ν˭7́ʚ)02Π 

a. ABI-PPˈİŌ AcrB=ȥ͊1b. ABI-PPˈİŌ MexB=ȥ͊1c. MexY��

�k��w×BˈİŌ AcrBɹȑ= ABI-PPT͡<0J= 

a
. 

b
. 

c. 
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ŝˤ˰ɿɨǝüx��l��°�AcrAB-TolC̆İÎ 

� AcrB> AcrAB-TolC̆İÎ= ͛8)6Ȫˢ)1ĝɫ7>Ŝć˜ƵTʅǥ):�2%=²>

acrA͗ÈŨ1J)!> tolC͗ÈŨTȬǦ)0ŝˤ˰7> AcrB;MP˨ɥǎǋƵ�M@Ŝć˜

Ƶˢ�:!:P%8�NΔN�7�P[30-32]2AcrB =ˈȀȥ͊�Nƙʷ:ǫ̯̟̆Ȫȥ>Δ

N�8:30�1ŏ̯T̨̟)0Ʃ= AcrB>ǝüȪˢTʅǥ+P0I;1TolC8̆İÎTƤ

ǁ+Pử��O1AcrA8>³˛̆İÎB=ȥǁ�Ú͌'QPử��P[33]2Ȫˢʇł̸;

MP˶ćǝü>1˰Îś;ŏ̯Tǝü+PửƵ�N1AcrAB-TolC ¢˛̆İÎTȥǁ)6�

Ṉ%P8˚�NQ1.=0I;> TolC T̨̟)0 AcrA ;MO1AcrB =Ȫˢʇł̸�Ú͌

'QPử��P2%=M�:̆;:ĄƬT¢˛ͬ7˾36�P8˚�NQP�1̆İÎ=ȥ

ǁTĵI1Ȍ̑Δ:ɣ�Ŝ�4ņ 1-1452RNDŌɿɨǝüx��l��°�=MO̝˃:ǝü

Ȫȥ=̑Δ;MO1ʀȼƵ�ux;ˈİ)0ͰŲć>9=M�;̻̈́=ͰŲT͒ǁ)6�P=

�1ͰŲćͫʅTʉʇ8)0Œİ;>MOđȗʇ:ͰŲǴɄ>Ï�1:9=ʤ�=̤ΑB=̑

ȿ=ʼĪT4�IP1R�2 

 

AcrAB-TolC̆İÎ=įg���}�x 

� AcrB>ƢŇ:¢ͣÎTȥǁ+P RNDŌx��l��°�7�P�1%QF7;̑�Q0ˈ

Ȁȥ͊>ŝ !³41¢łżʡȥ͊8Ά¢łżʡȥ͊;ýΓ'QP22002Ƙ;őĶ'Q0¢ł

żʡȥ͊7>1+C6=�~���ƨȪ�~��;ΓÊ)0ȥ͊Tǖ36�0[18]22006Ƙ;

őĶ'Q0Ά¢łżʡȥ͊7>1Ȫˢʇł̸TĦǾ)0¢4=ȥ͊�ʘ̟7 4ņ 1-1551ɱ

ɪ7>ǝüȪȥTΔN�8+P0I;>1%=Ά¢łżʡȥ͊�ử7�P[19]2 

� ɵɳʇ:ɪƾ;��6¢łżʡȥ͊�Ūŉ+P=�9��>1»Ʃȡ̕'QPC 7�P�1

J)¢łżʡȥ͊�Ūŉ+P=:N?1AcrB � AcrA K TolC 8˶ćT̨̟+PĆȴͷ=Ǟ˂

��y8)6Ūŉ+P8±ƺ'QP4ņ 1-1452 

� AcrB> 12ł˥̫͈ȥ͊7�O1ʭ 18ʭ 2̫͈	��ucl1�M@ʭ 78ʭ 8̫͈	�

�ucl=ͬ;ŝ :×��Tǖ4[18]2ǨÊ=³ł˖Ó)ȥ͊7�O1Nȍ8 Cȍ>˃ˡ

̯æ;Ūŉ+P2¢ͣÎTȥǁ+P͹1TolC Docking domain8Ĺ?QP͛Ë7ͻ=ýŨ8
j

�xȥ͊Tȥǁ)1ƢŇ;ˈİ+P2˶ć̨̟T+P͛Ë> Porter domain8Ĺ?QP2˥̫͈

ȥ͊> D4071D4081K940=¢Ȳŏ���x�=͆͐;͹)6͝˗Tŝ !Śĕ'-1%=Ś

ĕ8 Porter domain=©Ư;�Pį�~���N=¢4=��ucl=é =Śĕ�͋Ē)1Ȫ

ˢʇł̸=ŝ :ȥ͊ŚĕTƟ ̱%+[19]2 

� AcrB8 TolC=ͬT4:"Ws�°�°��c̯ AcrA> MFP (Membrane Fusion Protein) ;

ƅ)1β j�x�N:P¢4=y�Y�8	��ucl��y×�Nȥǁ'QP4ņ 1-1652

AcrA = 24AA.F7>jdz×��ty7�O1˥̫͈)0=2; Signal Peptidase � (SP�)

;MOþǲ'Q1jdz×��ty;ˊ! C25æͦ�ˣ̯¿ĎTĩ#1˥ ;W�_�'QP[34]2 

� TolC >����m�æ; 100�ʣƜʨ ü)0	��ucl=ʱTJ4ś˥���7�O1

TolCĝɫ=ˈȀȥ͊7>	��ucl=¤ʬ�ͪ*NQ0Ƥ7̏ɕ'Q6�P4ņ 1-175[22]2
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TolCŚɿÎ= XˑˈȀȥ͊̑ȕ;MO TolC>¤ʬ�ͫĪ)0ȥ͊TĨP%8�7 1̆İÎ

ȥǁǿ;>ͫĪ)1ŏ̯ǝü;͕)0Ƥ;:P[35]2͈Ɣɪƾ7> TolCö͛>ͪ*6�O1F

0˥̫͈���ȥ͊>ͫĪ)6�P0I1TolC ö͛>˰Îś͛=ǔơ8G:+%8�7 1

AcrB;MP TolCö͛B=ŏ̯̻̈́;MOŏ̯ǝü�Ů°+P2 

 

 

ņ 1-14. RNDŌɿɨǝüx��l��°�=ǝü͐ʣ=±ƺ 

ņ 1-15. ³4= AcrBȥ͊[18][19] 

Ə: PDBID: 1IWG1Ĭ: PDBID: 3AOA 
ņ 1-16. AcrAȥ͊�w× (3ʫMO) 
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AcrAB-TolC̆İÎ=̑ΔB=̛G 

%QF7;1AcrAB-TolC̆İÎ=ȥ͊1ȪˢT±ɕ+P̛G�Ŝ!:'Q6 02 

2000Ƙ; TolC=ȥ͊�̑�Q1.)6 2002Ƙ; AcrB=ˈȀȥ͊�̑�Q0͹;1AutoDock

;MP AcrB 8 TolC =yua�dj����j���˾:SQ0[18]2AcrB = TolC Docking 

domain 8 TolC =	��ucl¤ʬ>ĿGİ�ƤT)6�O1j����j��7> AcrB 8

TolC�ʊ;ˈİ)6�PM�;Ǣ�Q04ņ 1-185[36]2%=j����j��7±ɕ'Q0

AcrB8 TolC=yua�dË˗;jlvY�æͦTſñ)0ŚɿÎTÑ̅)1§˛T˥;ʅɱ

'-P81in vivo;��6 AcrB8 TolC=ͬ�æͦıř7kl×�Xyαȩ'Q0ŝ :ýŨ

�̏ɕ'Q04ņ 1-1952F01AcrB 8 AcrA1AcrB 8 TolC =§Ǵ;��6ˈİ)�P·;

jlvY�ȲŏTſñ+P81in vivo;��6 AcrA=æ·8 TolCæ·1AcrB=æ·8 AcrA

æ·7e�_×��_�;MOαȩ'Q04ņ 1-205[37][38]2%QN=őĶ�N1AcrB8 TolC

>ʊ;ˈİ)1AcrA:AcrB = 1:1 =ȥǁȹ�Ťƣ8Ü*NQ6 02 

 Ǵ71AcrA:AcrB=1:2 =ȥǁȹ�Ťƣ8˚�NQPőĶJŜ!Ūŉ)022006 Ƙ; AcrA

= XˑˈȀȥ͊�őĶ'Q0�1AcrA=΁ŨŷƜ>ˈȀȠŨ©; 4ýŨŪŉ)1³ͣÎĝË

ņ 1-17. TolC=ȥ͊ 

Ə Closedȥ͊: PDBID: 1EK9 [22] 

Ĭ Openȥ͊: PDBID: 2XMN [35] 
ņ 1-18. AcrB-TolCdocking [Ɵɷ ǰɬ 36] 
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�³4Ūŉ+PƤ7̏ɕ'Q AcrA �³ͣÎ7Ūŉ)�P%8�ʚ'Q04ņ 1-215[23]2F

01́ ·��m��ôΛɄ(SPR);MO1SP�;MOˣ̯¿ĎTĩ#0 AcrA=G�³ͣÎTȥ

ǁ)1AcrB B8ˈİ+P%8�őĶ'Q0[39]2%=őĶ7>1AcrA ĝͣÎ7>̑ͿůǮ

KD=1.17�M 7�P8%R1AcrA ³ͣÎ7> KD=0.090�M 8őĶ'Q02ʯɔɛůŌɧͣɕ

ů(ITC);MPˈȗ7J1AcrB8 AcrA=ͬ; 2ȴͷ=ˈİ�ʚļ'Q1.Q/Q-6.0 kcalM-11

-8.7 kcalM-18ȼˁˈİǮßʣƜ=̎ĺƵ�őĶ'Q0[40]2SPR;MPǴɄ7> AcrB8 TolC

=ͬ;̎ĺƵ�őĶ'Q0�1ITCTɷ�0ŰΙ7>1AcrB8 TolC=ͬ;>̎ĺƵ�̏ɕ'

Q:�302 

2011Ƙ;>1AcrB=���d7�P 1×ͤ͡ƅx��l��°�7�Pŝˤ˰ CusBĂİ

Î= XˑˈȀȥ͊̑ȕ�őĶ'Q1̑ �Q0ȥ͊>¢łżʡȥ͊7�30�1CusB:CusA = 2:1 

=ȥǁȹ7=ˈİ�̏ɕ'Q04ņ 1-225[13]2CusBA 7>1CusB � AcrA ;ʋƣ)1CusA

� AcrB;ʋƣ+P2%= CusBĂİÎ7>1ĝͿ)0 CusB8 CusATɷ�6 ITC;MO̎

ĺƵTɕů+P81AcrAB=Œİ8ȹCP8Δʘ;Ƣ�ˈİ�̏ɕ'Q1ˈȀȥ͊8 ˪+P

1:2=ȥǁȹ�ΔN�8:36�P2%= CusBĂİÎ8ıȦ;1AcrAB;��6JĝͿ)0

AcrB8AcrA=ɏİ;MP̆İÎˈȀȥ͊̑ȕ�̛GNQ0�1ɱŉ;˩PF7ǁčÔ>:�2

AcrB >¾=°��c̯=ˈȀĕ;��61š;8)6ĵFQP1#7JˈȀTɵ*PD9ˈ

Ȁĕ)K+!1AcrA8 AcrB=ʋ´Ñɷ�Ơ�%88İS-61AcrAB̆İÎ;ëî)6 AcrB

ĝɫ=ˈȀ�ɱQP%8�ɳɹ= 48˚�NQP[41]2 

%QN=î˾ʔʦTÞʏ+P81AcrA:AcrB = 1:1 Tªơ+PőĶ7>1in vivo7=ʔʦˈ

ȗTŏ8)6�O1AcrA:AcrB=1:2Tªơ+PőĶ7>1in vitro7=ʔʦˈȗTŏ8)6�O1

ǝüȪˢT̚×)1̆İÎ=ȥǁTȪˢ8ȥ͊=§·�N˚Ź+P̦ɣ�¥̳)6�P8ʮ˛

>˚�02in vivo J)!>÷ȥǁʽ;��6>1AcrAB-TolC ʽJ)!>���d=ɿɨǝü

x��l��°�=ȪˢT̚×)0Ô�:�2ǝüȪˢTůͣʇ;ΔN�8+P÷ȥǁʽ>ɱ

ŉ;˩PF7Ūŉ)6�N,1in vivo;�#PɈƵɕůʽ�ử8˚�NQP2 

Ğř̤ʣ;�#Pʭ³=ʉπ8)61Ȫˢ=̚×8̆İÎȥ͊=̑ΔT§·�Nȡ̙7 P

ŰΙʽTI()61Ȫˢ+P̆İÎ=ȥǁ8ȥ͊;ͭ)6ʔʦT˾302ȥ͊>�!F7lz

u�j�ux7�O1%%�N>Ȫˢ8Ēʇȥ͊>ʚļ'QP;89FP2ửęý=ͭÙƵ

7ȪˢTΔN�8+PɵÎýŨTɷ�61ȥ͊Tɳ̑+P%8;ǘǂ)02 
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ņ 1-19. AcrB-TolC ̆İÎ=ȡü[Ɵɷ ǰɬ 36] 

ņ 1-20. jlvY�ŚɿÎ�N±ɕ'Q0 AcrB-AcrA1AcrA-TolC ̆İÎ 

[Ɵɷ ǰɬ 37, 38] 
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ņ 1-22. CusBĂİÎ= XˑˈȀȥ͊(Ə)8 ITC;MP 1:2̆İÎ=ȡüΟĬΠ 

[Ɵɷ ǰɬ 13] 

ņ 1-21. AcrA= XˑˈȀȥ͊ (PDBID: 2F1M)[23] 
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Ȏʔʦ=ʉʇ 

Ŝć˜Ƶ;ͭSP RND Ōɿɨǝüx��l��°�;4�61ŝ !³4=̤Α�Ūŉ+

P2 4> RND Ōɿɨǝüx��l��°�;MP˜ƵɭƫTł͘+PǴɄ7�P2J� 

4>1RND Ōɿɨǝüx��l��°�̆İÎ;MPǝüȪȥ=̑Δ7�P2Ȏʔʦ7>Á

¤= 24=̤Α;4�6ʔʦ)02 

 

� ABI-PP=ͰŲ;ͭSP̉ˁ=̑Δ 

ABI-PP=ˈİ+P AcrB8 MexB=ʀȼƵ�ux;>1MexY7>W177Ȳŏ�Ūŉ)1x

��x�V�æͦ8=ʪÎͺŲ;MO ABI-PP �ˈİ7 :�%8�ʚļ'Q6�02%QT

̙Δ+PŚɿÎ1AcrB F178W1MexB F178W1MexY W177FTÑ̅+P81MexY W177F>

ABI-PP;MOͰŲ'Q1AcrB F178W> ABI-PP;MOͰŲ'Q:!:30�1MexB F178W

> ABI-PP;ͰŲ'Q02MexB7>1ABI-PP�.=¾=ʳǄ;ˈİ+PīˢƵTĵI1ͰŲ

;ͭSP̉ˁTΔN�;+Pử��302.%71XˑˈȀȥ͊̑ȕ;MO AcrB F178W1

MexB F178W1MexB F178W8 ABI-PP=̆İÎȥ͊T̑Δ)1ABI-PP=ͰŲđȗTȿů+P

̉ˁT̑Δ+P2 

 

� � AcrB-AcrA˼İ°��c̯T͈*0Ȫˢ=̚×8̆İÎȥ͊=̑Δ 

in vivo1in vitro;�#Pî˾ʔʦT̶F�1AcrB8 AcrA=ȥǁȹ1�M@̆İÎȥ͊Tǝ

üȪˢ=̚×JĵI6ΔN�8+P2õÎʇ;>11:1=ȥǁȹ7Ňů)0 AcrB-AcrA ˼İ°

��c̯TÑ̅)1in vivo;��6ǝüȪˢT̚×)1Ȫˢ;ȅÌͲử:ȥǁȹTȿů+P2

˼İ°��c̯�ȪˢTʚ-?1Ȫˢ=̚×8̆İÎȥ͊=̑Δ=§·�N̚×7 PŰΙʽ

8:P0I1ȪˢTǖ30 AcrB-AcrA˼İ°��c̯Tɷ�61Ȫˢ+P̆İÎ=ȥ͊T̑Δ

;ǘH2 
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ʭ℃ʫ 

ŚɿŌ AcrBĤ@ŚɿŌMexB=ȥ͊̑ȕ  
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ʭ 1ʶ� ː̓ 
RND Ōɿɨǝüx��l��°�ͰŲć ABI-PP >ŝˤ˰ AcrB1ˏ˦˰ MexB TͰŲ+P

�1MexY Tò!ͰŲ+P%8�7 :�2��y���k�ʽͰŲć=ͰŲl�cx×T

MexY ;F7ǔŝ+P0I;>1ͰŲć�9=M�; RND Ōx��l��°�TͰŲ)6�

P=�T̑Δ+Pử��P2 

ʭ 1 ʫ7J͂C0M�;1ABI-PP 8 AcrB1ABI-PP 8 MexB =̆İÎ= X ˑˈȀȥ͊̑ȕ

�:'Q1§˛;ô͈+P F178 Ȳŏķ̽=ʀȼƵ�ux=Ūŉ�ĀΔ)02MexY ���k

��w×8=ȹ̹;MO1AcrB1MexB= F178;ʋƣ+P MexY W177Ȳŏ�1ABI-PP=ˈ

İTͰŲ)6�P8±ƺ'Q02Ű͹;%=æͦT¸Ǥ+PŚɿÎ1AcrB F178W 8 MexY 

W177F7>1ABI-PP;MO AcrB F178W�ͰŲ'Q,1MexY W177F�ͰŲ'QP8��Ͱ

Ųđȗ≠ͅ�ʘ̟'Q02)�):�N1±ƺ;Ħ)6 MexB F178W>͢ɵŌ MexB8ıȦ

;ͰŲ'Q1ABI-PP=ͰŲđȗ;>Ȍ̑Δ=̉ˁ�ͭ͋)6�P%8�ʚļ'Q6�02 

.%71ABI-PP=ͰŲđȗTȿIP̉ˁTΔN�8+P0I1XˑˈȀȥ͊̑ȕ;MO AcrB 

F178W1MexB F178W�M@ ABI-PP8=̆İÎ=ȥ͊TΔN�8)1ABI-PP=ͰŲđȗ;ͭ

SPȌ̑Δ=̉ˁT̑Δ+P%8Tʉʇ8)02 

 

ʭ 2ʶ� ŰΙȏǱ8ǴɄ�  
℃�Τ� ŰΙ;Óɷ)0˰Ȟ�M@��l�y 

� E. coli MG1655Ȟ= acrBȬǦȞ1�M@ W3104Ȟ= acrAB͗ÈŨȬǦȞ>î˾ʔʦ7Óɷ

'Q0J=TĂɷ)02˰Ȟ>͕þ:ǋɵɨ̯(c����[{g�×: 25µg/mL1W��j�

�: 100µg/mL) TĵU1 LB ���xJ)!> LB ɍÎŎŊ;MO 37
7g�{�͖ā1ŎΕ

T˾302 

Ȏʫ7ɷ�0˰ȞĤ@��l�y>4́ 2-15;F8I02 
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℃�℃ AcrB F178Wʅɱɷ�c°�=ȥʸ 

� Escherichia coli MG1655ȞTβ˭Î DNA=Õ¦Ȟ8)6ɷ�0[45]2î˾ʔʦMO1pBAD33

��l�y�c°�; acrB ͗ÈŨ= C ȍ; 6 ß=�ltk�Ȳŏ�N:P His °dT¿Ď)

6c��{�d)0 pBAD33acrB �M@ F178W=ŚɿſñT)0 pBAD33acrB F178W�Ūŉ

)6�02F,1pBAD33acrB F178W1�M@ pAcBHTÛǖ)0 E. coli JM109Ȟ.Q/Q�

N��l�y�c°�T QIAprep Miniprep (QIAGENʜ) 7̥̅)02§��l�y�c°�T

ĄͲ͞ˁ(BsrGI1SacII)7ûɳ)0=21pAcBHB AcrB F178WŚɿÎ;ʋƣ+P͛ËT DNA 

Ligation kit Mighty Mix (°_��Y^ʜ) 7ˆG̾U12��l�yǐüT˾�1Tth111I7û

ɳ)ĄͲ͞ˁ�u��d+P%8ˆG̾GTʘ̟)1j�c\�l̑ȕ;MO AcrB F178WŚ

ɿÎ;ʋƣ+P%8Tʘ̟)02j�c\�l̑ȕ>1ABI PRISM 3100-Avant genetic analyzer 

(Applied Biosystemsʜ)7˾302 

 

℃�Φ MexB F178Wʅɱɷ�c°�=ȥʸ 

� Pseudomonas aeruginosa PAO1 ȞTβ˭Î DNA =Õ¦Ȟ8)6ɷ�02î˾ʔʦMO1

pUCP20��l�y�c°�; P. aeruginosa mexB͗ÈŨ= Cȍ; 6ß=�ltk�Ȳŏ�N:

P His°dT¿Ď)6c��{�d)0 pUCP20mexB1�M@ MexB F178WŚɿÎTc��{

�d)0 pUCP20mexB F178W�Ūŉ)6�02pUCP20mexB F178W1�M@ pUC118TÛǖ

)0 E. coli JM109Ȟ.Q/Q�N��l�y�c°�T QIAprep Miniprep7̥̅)02§��

l�y�c°�TĄͲ͞ˁ(HindIII1XbaI)7ûɳ)0=21pUC118ȞB MexB F178WŚɿÎ

;ʋƣ+P͛ËT DNA Ligation kit Mighty Mix7ˆG̾U12á̄=��l�yTǐü)1Ą

Ͳ͞ˁ MfeI1HindIII1XabI1ScaI7ûɳ)6ĄͲ͞ˁ�u��d)1pUC118mexB F178W �

ȥʸ'Q0%8Tʘ̟)02 

 

℃�Χ AcrB F178W/V139A1MexYI138Aʅɱɷ�c°�=ȥʸ 

� pBAD33acrB F178W�M@ pMMB67HEmexXYoprM;1Śɿſñɷ��Y��8 PrimeSTAR 

GXL DNA Polymerase (°_��Y^ʜ)Tɷ�6��l�yòͨ;Śɿſñ)6 PCR;MOŖ

ƕ)02%=ʊͦ dsDNAT DpnI (°_��Y^ʜ) ûɳ)0J=7 JM109TƤ̸̯Ǥ)1.

Q/Q 25µg/mL =c����[{g�×1100µg/mL W��j��TĵU1 LB ŸŞŎŊ7͖

Ǎ)02ɴɪ��l�yT QIAprep Miniprep7̥̅)1ŚɿſñTj�c\�l̑ȕ;MOʘ

̟)02Ȏʫ7ɷ�0��Y��>4́ 2-25;F8I02 

 

́ 2-2. Ȏʫ7ɷ�0��Y�� ̍ 
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℃�Ψ AcrB F178W=ʅɱ8ʻ̅ 

� AcrB F178W>W3104�acrAB/ pAcBH F178W;MOʅɱ'-02W��j�� 100µg/mL T

ɐĎ)0 20mL= 2�YTɍÎŎŊT1LữΙʵTɷ�6 37
7΃8�ŎΕ)1Ć�ŎΕT˾

302Ć�ŎΕɍT 630mL= 2�YTɍÎŎŊ;Ď�1OD600 ~ 0.7;:PF7 37
1180rpm7

ŎΕ)025L=¢̐��lg;ĆŎΕɍ 50mLT 2.5L= Medium AΟ¤̖Π;Ď�0J=T

12Ȏɷƻ)1̔ 30L=ŎΕɍT 37
7 7ǿͬ1180rpm7ŎΕ)0=214
124,300�g7͔

Ưłħ)02 

Medium Aέ0.7% ��͟ȼˁ_�Z�10.3% ��͟³ȼˁ_�Z�10.05% c\�͟zx�

Z��2ȼĺɨ10.01%ʗ͟�d}jZ��7ȼĺɨ10.1% ʗ͟W��{Z�T˳ɼȼ;ə�

)^�xc���ɚ˰T)02ıȦ;^�xc���ɚ˰)0 20% glucose8 10% _i�~͟

TÎʥȹ7 1/100,4Ď�02 

 

℃�Ω MexB F178W=ʅɱ8ʻ̅ 

� MexB F178W> MG1655�acrB/ pUC118mexB F178W;MOʅɱ'-02W��j��

100µg/mL TɐĎ)0 20mL= 2�YTɍÎŎŊT1LữΙʵTɷ�6 37
7΃8�ŎΕ)1

Ć�ŎΕT˾302Ć�ŎΕɍTW��j�� 100µg/mL TɐĎ)0 630mL= 2�YTɍÎŎ

Ŋ;Ď�1OD600 ~ 0.7;:PF7 37
1180rpm7ŎΕ)02℃�Χ8ıȦ;̔ 30L= Medium A

ŎΕɍT 37
7 OD600 ~ 0.4;:PF7ŎΕ)1˅ɠƜ 1mM= IPTG TĎ�6 37
1180rpm

7 OvernightŎΕ)02.==214
124,300�g7͔Ưłħ)02 

 

℃�Ϊ x��l��°�Tʅɱ)0˥ɻý=̥̅ 

� łħ)0˰TWash bufferΟ¤̖Π7ɇɊ)1͔ƯłħƩ1Breaking bufferΟ¤̖Π7÷Ɯǀ

ɟ)02850-900bar=ňČ7˰ÎTʖʕ)1Ȍʖʕ˰1ŽñÎT 27,000�g14
110ý7 2ł

͔Ư+P%87ʹĢ)02͔Ư£ɑT 200,000�g14
190ý;MO˥ɻýTɀȶ'-1īə

ƵɻýTʹĢ)02˥ɻýT EDTA Wash bufferΟ¤̖Π7ǀɟ)1÷Ɯ 200,000�g14
190

ý;MO˥ɻýTɀȶ'-1˥́ŉƵ°��c̯TʹĢ)02̥̅'Q0˥ɻý> Membrane 

Sample bufferΟ¤̖Π7ǀɟ)1�M. 200mg=°��c̯ͣ&8;ý#-80
7úˈÛŪ)02 

Wash buffer : 50mM Tris-HCl pH7.010.5mM EDTA11mM MgCl2110% Glycerol 

Breaking buffer: 50mM Tris-HCl pH7.010.5mM EDTA11mM MgCl2 

EDTA Wash buffer: 50mM Tris-HCl pH7.010.5mM EDTA 

Membrane Sample buffer: 50mM Tris-HCl pH7.5110% Glycerol 

 

℃�Ϋ AcrB F178W=ʻ̅ 

� ℃�Ϊ;MO̥̅)0˥ɻýTMembrane Sample buffer Tɷ�6 10mg/mL=°��c̯ɠƜ

;Ɠ͠)1˅ɠƜ 2%= Dodecyl-sucrose (DDS, Dojindoʜ)7īəĕƩ1200,000�g14
160ý

;MO¥ə=˥ɻýTɀȶ'-02īəĕ˥°��c̯T Ni2+TÛǖ'-0 Chelating Sepharose 
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Fast Flow (GE Healthcareʜ) ; 1ǿͬĦƱ'-1_��;íŔ)0=2150mM1100mM1350mM

=¢ȴͷ7 Imidazole-HCl pH7.5 TĵU1�u�V�7_��Ŵͣý,4ýĨ):�Nəü)

02ʉʇ°��c̯TĵU1ɻýT 10%Wc�×W�yf×= SDS-PAGE 7ʘ̟)1100kDa

Ͳśɡ͐˥(Milliporeʜ)7ɠ˔)1Ͳśɡ͐˥£7ȅ˅�u�V� [100mM NaPi pH6.2110% 

Glycerol10.1% DDS] ;MO 10àƓ͠T 3ł)02ȅ˅ʇ; 28mg/mL=°��c̯ɠƜ;̥

̅)02 

 

℃�ά MexB F178W=ʻ̅ 

℃�Ϊ;MO̥̅)0˥ɻýTMembrane Sample buffer Tɷ�6 10mg/mL=°��c̯ɠƜ;

Ɠ͠)1˅ ɠƜ 2%= Dodecyl-maltopyranoside (DDM, Anatraceʜ)7īəĕƩ1200,000�g14
1

60 ý;MO¥ə=˥ɻýTɀȶ'-02īəĕ˥°��c̯T Ni2+TÛǖ'-0 Chelating 

Sepharose Fast Flow (GE Healthcare ʜ) ; 1 ǿͬĦƱ'-1_��;íŔ)0=2125mM1

120mM1400mM =¢ȴͷ7 Imidazole-HCl pH7.5TĵU1�u�V�7_��Ŵͣý,4ýĨ

):�Nəü)02ʉʇ°��c̯TĵU1ɻýT 10%Wc�×W�yf×= SDS-PAGE7ʘ

̟)1100kDaͲśɡ͐˥(Milliporeʜ)7ɠ˔)1Ͳśɡ͐˥£7ȅ˅�u�V�[10mM Tris-HCl 

pH7.5150mM NaCl10.05% DDM] ;MO 10àƓ͠T 3ł)02ȅ˅ʇ; 25mg/mL=°��

c̯ɠƜ;̥̅)02 

 

℃�ΤΣ AcrB F178W=ˈȀĕ�M@c�Y^��vc°�xûɳ 

� ˈȀĕ>juvX�dy�u�˳ȻǔǭɄ7˾302�i���əɍ[100mM NaPi pH6.2-6.41 

100mM NaCl110-14% PEG4000]8 1:17ɏİ)125
7ˈȀTǁͨ'-02ˈȀ>ȯêïūΒ

Ʈͧ7̏Ź)1äï7ˈȀ=ĀůT˾302���lxəɍ [100mM NaPi pH6.3120mM NaPi 

pH6.218% PEG4000150mM NaCl10.1% DDS15%glycerol] = GlycerolɠƜT 1ȴͷ 15ý�#1

5%,4 30%F7£ǻ'-1ˈȀ=c�Y^��vc°�xûɳT˾30=21c�Y^lx

���̂˗7 100K=ʩˁȻɉ¤7úˈ'-02 

 

℃�ΤΤ MexB F178W=ˈȀĕ�M@c�Y^��vc°�xûɳ 

� ˈȀĕ>��b�dy�u�˳ȻǔǭɄ7˾302 

� MexB F178Wĝɫ=ˈȀĕ7>10.28% n-Octyl-β-D-thioglucoside (Dojindoʜ) TMexB F178W

h��×;Ď�02%=h��×T1�i���əɍ[23.6-25.6 % PEG400150mM Sodium 

Acetate-HCl pH 4.0-5.01300mM NaCl]8 1:17ɏİ)125
7ˈȀTǁͨ'-02 

� ABI-PP8=̆İÎ=ˈȀĕ7>1MexB F178W8ʯ�×ȹ= ABI-PPTh��×;Ď�02

%=h��×T1�i���əɍ[23.6-25.6 % PEG400150mM Sodium Acetate-HCl pH 4.0-5.01

300mM NaCl]8 1:17ɏİ)125
7ˈȀTǁͨ'-02 

ˈȀ>ȯêïūΒƮͧ7̏Ź)1äï7ˈȀ=ĀůT˾302���lxəɍ [8mM Tris-HCl 

pH7.51280mM NaCl140mM Sodium Acetate-HCl pH4.510.1% DDM130% PEG400] = PEG400
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=ɠƜT 30, 32.5, 35%8ȴͷʇ;�$6ˈȀ=c�Y^��vc°�xûɳT˾�1c�Y^

lx���̂˗7 100K=ʩˁȻɉ¤7úˈ'-02 

 

℃�Τ℃ AcrB F178W1MexB F178W=ȥ͊̑ȕ 

� AcrB F178W1MexB F178W=ˈȀ=òłǌw�°> SPring-8= BL44XU;6ħͽ)02 

AcrB F178W>Oscillation 1º1Exposure 1 sec1360 frames / 360�1MexB F178Wĝɫ�M@ABI-PP

8̆İÎ> Oscillation 0.5º1Exposure 1sec1720 frames / 360�=ȐÄ71MX225-HE CCD detector 

(Rayonixʜ);MOw�°ħͽT˾302ĦžƢƜ=ͽʥ�M@̊ʥJO> HKL2000;MO˾

30[53]2ĦžƢƜ=˨ƑʋͭÙǮ7�P CC*TǗπ8)6Óɷīˢ:w�°�T̊ʥJO1

ò6=ˈȀ;��6ȅśȵF7w�°TĂɷ)0[54]2AcrB F178W1MexB F178W=Ëʋȿů

>.Q/QWT AcrBȥ͊(PDBID: 3AOA)1WT MexBȥ͊ (PDBID: 3W9I)Tɷ�1MOLREPT

ɷ�6ýŨ˗ǤT˾�1ȿů)0[55][56]2cootTɷ�6ȥ͊ƹőB=ŚɿſñT˾�1�`�

y7�PABI-PP>WT MexB8ABI-PP̆İÎˈȀȥ͊MOw�°Tʢ̈́)0[57]2.=Ʃ coot1

REFMAC1Phenix.refineTɷ�6ʻŷĕT)0[58][59][60]2ȥ͊w�°=Ǣɻ> PyMol;6˾

302 

 

℃�ΤΦ ABI-PPͰŲđȗɕů 

� pBAD33acrB F178W> MG1655�acrB1pMMB67HEmexXY(I138A)oprMT͕)0ǋɵɨ̯7

ĆŎΕƩ1LBɍÎŎŊ7 OD600=0.05F7Ɠ͠)1100µLT 96well���x137
7΃8�Ŏ

Ε)02\°~�×7ə�)0\�l��Yj�T 100àƓ͠7Ď�02\�l��Yj�ɠ

Ɯ> AcrB F178W7> 6µg/mL1MexY I138A7> 16µg/mL1302ABI-PP>ıȦ; 0, 8, 16, 

32µg/mL=ɠƜ8:PM�;Ď�1Ɓ:!8J 3łŰΙ)02 
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ʭ 3ʶ� ˈȗ 
Φ�Τ� AcrB F178W=ʻ̅1ˈȀĕ8ˈȀȥ͊̑ȕ 

F,1ŎΕȐÄ8˰Ȟ=ˆGİS-=ȡ̕T˾302

ŎΕȐÄ;>˰Ȟ8��l�y�c°�=ˆGİS-1

ɍÎŎŊ=ȜΕˁͣ1ɍÎŎŊTñQPŴŀƤɪ1\W

��j��=ʣƜ�ͭ͋+P2ŝͣŎΕ=ͭÙ£1Ŵŀ

Ƥɪ1\W��j��=ʣƜ>Śȃ)5N!1ŎŊ=ɚ

˰=Ŵǽ'J˚ƿ)61Medium A;MP̪ȜΕŎŊTʭ

 ȐÄ8)6̗ů)1˰Ȟ1��l�y�c°�=ˆG

İS-Tȡ̕)02WT AcrB=ʅɱ7>1ŝˤ˰ JM109

8��l�y�c°�pAcBH =ˆGİS-�ɷ�NQ6

�O1pAcBH >ȹ̹ʇŜ!=ŝˤ˰Ȟ7 AcrB Tʅɱ)

K+�%8�N1pAcBH= acrB͗ÈŨ͛ËT acrB F178W

ŚɿÎ͗ÈŨ;˗ Ǥ�0J=TÓɷ+P%88)02 

ŚɿÎ=ŝͣʅɱ;�036>1ŝˤ˰7> AcrB�ƶ

Ɣʅɱ+P%8J�O1acrB ͗ÈŨ�ȬǦ)6�P%8

�ȉF)�2WT ;��6 P1 phage ;MPƤ̯ſñ�M

@ Datsenko=͗ÈŨȬǦȞÑ̅=ŚɄT̛G0�1JM109

> recA͗ÈŨ�f~��NȬǦ)6�O1recA͗ÈŨȬǦȞ7>92NJǁč):�30[61]2

.%71ʔʦű;Ūŉ)0 acrB J)!> acrAB ͗ÈŨTȬǦ)0ŝˤ˰�Nȡ̕)0ˈȗ1

W3104ΔacrAB/pAcBH F178W Tɷ�6ʭ 2 ʶ℃�Ψ=͈O;ŎΕ+P81˥ɻý;ŝͣʅɱ+

P%8�S�304ņ 2-152WT AcrB;ɘ*6ʭ 2ʶ℃�Ϋ;ƪ�1ʻ̅T˾304ņ 2-252 

 

 

ņ 2-2. AcrB F178W= IMAC7=ʻ̅©= SDS-PAGE=ˈȗ 

%=Œİ;>1Elution= 2-7=��cj��Tɠ˔)02 

ņ 2-1. AcrB F178W=ʅɱʘ̟ 
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ʻ̅)0 AcrB F178W =ˈȀȐÄȡ̕T

˾�1juvX�dy�u�˳ȻǔǭɄ71

Reservoir [100mM NaPi pH6.2-6.41 100mM 

NaCl110-14% PEG4000] 8 1:17ɏİ125


7ˈȀ�ȕü)04ņ 2-352 

 

� ʭ 2 ʶ℃�ΤΣ=͈O;c�Y^��vc

°�xûɳT)1úˈ)0ˈȀT SPring-8

7w�°Tłħ)1HKL20007 Xˑłǌw

�°Tʥý)1ͅ ȠŨƝπ=ȥ͊ŃŨ;F8

I1ʭ 2 ʫ℃�Τ℃=͈Ow�°̑ȕT˾3

02.=ˈȗ1AcrB F178WˈȀ=ˈȀŌ>

WT 8ı*! C21ý̑ˢ> 3.60Å 1302

įˉ̔ã>4́ 2-35;F8I02 

ˈȀȠŨ=hYm> 227.56 Å1134.36 Å1

162.62Å7�O1į̐Ɯ> 90.00�197.97�1

90.00�1302%Q>1WT AcrB=ˈȀȠ

ŨhYm(a,b,c, α, β, γ ) = (226.53, 134.44, 

162.78, 90.00, 97,73, 90.00) (PDBID:3AOA)8

ȹ̹)6DEŚSN,1ıƤ7�30� 4ņ

2-452 

� WT AcrB = ABI-PP ˈİȥ͊8 AcrB 

F178W =ʀȼƵ�uxķ̽Tȹ̹+P

81Śɿſñ)0x��x�V�Ȳŏ�

Δ@ü)6�PȦŨ�ʘ̟'Q02

ABI-PPˈİȥ͊Ȧ;ȲŏTABI-PP8̀

ʨ):�M�;ł̸'-6GP81ķ̽

=ªͦJ)!> V139 æͦ8̀ʨ)1%

QN>̀ʨ+Pæͦ=ĳ TŚȃ+P

%87J̑Ɍ'Q:�304ņ 2-552 

 

 

 

 

 

 

́ 2-3: Data collection and refinement statistics. 
AcrB F178W 

ņ 2-3. AcrB F178WˈȀΟøʎ> 22ǷʉΠ 

ƏέïūΒƮͧʆ˭ï̏Źê 

ĬέäïȔT͈)0ï7=̏Źê 
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ņ 2-4. ƏέC2ˈȀ©= AcrB F178Wȥ͊ Ĭέ΁ŨŷƜņT͡<0J= 

Ο2Fo-Fc, σ1.0, ķŅ 3Å=GǐüΠ 

ņ 2-5. ƏέAcrB F178WŚɿÎ=W178ķ̽Ȳŏ8΁ŨŷƜņΟ2Fo-Fc, σ1.5ΠĬέ

AcrB F178W ŚɿÎ=ͰŲćˈİ�uxķ̽;ˈİŌ AcrB ɹȑ ABI-PP T͡<0

Οˏ:ɢˁ1΄:ʩˁ1̰:͟ˁ1Ν:ʗΝ1ʆ:W178æͦ1 °��c>ʧͬíŔ�w×

71ABI-PP>lvXuc�w×7́ʚ)02ABI-PP=ɢˁġŨ>Ν˭7́ʚ)02Π 
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Φ�℃� MexB F178W=ʻ̅1ˈȀĕ8ˈȀȥ͊̑ȕ 

F,1ŎΕȐÄ8˰Ȟ=ˆGİS-=ȡ̕T˾

302ȎʶΦ�Τ8ıȦ;1Medium A;MP̪Ȝ

ΕŎŊT͖Ǎ)02AcrB>ˈȀĕ)K+�%87

ʑNQ6�O1AcrB > His tag TĂɷ)0ʻ̅7

>g�°�)K+�%8�ʑNQ6�P[41]2��

�d7�PAcrB8MexB>μI6ȥ͊�ΓÊ)6

�P2ɏñ)0 AcrB �ˈȀĕ+P%87 MexB

=ȥ͊8ĨO͓�PīˢƵTĨOʹ!0I1acrB

͗ÈŨȬǦȞ7ʅɱ'-P%88)02͢ɵŌ

MexB8ıȦ;1pUCP20ɹȑ�c°�8 MG1655

�acrB=ˆGİS-7MexB F178W=ʅɱT̛G

0�1ŝͣʅɱ):�30=71.=¾=��l

�y�c°�7=ʅɱTȡ̕)02 

ȡ̕=ˈȗ1MG1655ΔacrB/pUC118mexB F178W

Tɷ�6ʭ 2ʶ℃�Ψ=͈O;ŎΕ+P81˥ ɻý

;ŝͣʅɱ+P%8�S�304ņ 2-652WT AcrB

;ɘ*6ʭ 2ʶ℃�Ϋ;ƪ�1ʻ̅T˾304ņ 2-752 

 
 

ʻ̅)0 MexB F178W=ˈȀȐÄȡ̕T˾�1��b�dy�u�˳ȻǔǭɄ7˾302 

ņ 2-7. Mex F178W= IMAC7=ʻ̅©= SDS-PAGE=ˈȗ 

%=Œİ;>1Elution= 2-8=��cj��Tɠ˔)02 

ņ 2-6. MexB F178W=ʅɱʘ̟ 
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MexB F178Wĝɫ=ˈȀĕ7>1WT8ıȐÄ7>ˈȀ�ƀ':ˈȀ�ŜǮȕü)0=71

Detergent ScreeningT˾�ȐÄ=ȅ͕ĕT˾302.=ˈȗ1MOˌΜ:ˈȀ�ȕü)0 0.28% 

n-Octyl-β-D-thioglucosideTMexB F178Wh��×;Ď�02ABI-PP8=̆İÎ=ˈȀĕ7>1

MexB F178W8ʯ�×ȹ= ABI-PPTh��×;Ď�02§h��×Tʭ 2ʶ℃�ΤΤ;ƪ�ˈ

Ȁĕ1c�Y^��vc°�xûɳT)04ņ 2-852 

 

 
 

� úˈ)0ˈȀT SPring-8 7w�°Tłħ)1HKL2000 7 X ˑłǌw�°TͅȠŨƝπ=ȥ

͊ŃŨ;F8I1ʭ 2ʫ℃�Τ℃=͈Ow�°̑ȕT˾302.=ˈȗ1MexB F178W1MexB 

F178W ABI-PP̆İÎ=ˈȀŌ>WT8ı*! P11ý̑ˢ>.Q/Q 3.3013.05Å1302į

ˉ̔ã>4́ 2-45;F8I02 

ˈȀȠŨ=hYm>WT MexB=ˈȀȠŨhYm(a,b,c, α, β, γ ) = (124.82, 133.98, 150.47, 87.14, 

69.49, 88.54) (PDBID:3W9I)1�M@WT MexB ABI-PP̆İÎ=ˈȀȠŨhYm(a,b,c, α, β, γ ) = 

(126.20, 137.03, 152.27, 85.75, 68.93, 87.39) (PDBID:3W9J) 8ȹ̹)6DEıƤ7�304ņ 2-952 

� WT MexB ABI-PP̆İÎȥ͊ (PDBID:3W9J) 8 MexB F178W ABI-PP̆İÎȥ͊=ʀȼƵ�

uxķ̽Tȹ̹+P81Śɿſñ)0x��x�V�Ȳŏ> AcrB F178W 8ɿ:O1ABI-PP

8̀ʨ):�M�;ł̸)1W1788ABI-PP��-�l°ua�d)6�PȦŨ�̏ɕ'Q02

ABI-PP=³˞;ý�Q0΁ŨŷƜ�1ªͦ8ıʯ;Ƣ!̏ɕ'Q6�O1ABI-PP�Ƣ!ˈİ

)6�P8Ǡɕ'Q02W178 =ķ̽æͦ1ªͦ8>̴Ϳ��O1W178 æͦ>ȹ̹ʇ˨ɹ;

Ē!%8�7 04ņ 2-1052.=¾=ŒǄ7 ABI-PP N) ΁ŨŷƜ>̏ɕ'Q,1ABI-PP

> MexB F178W;��6JʀȼƵ�ux;ˈİ)6�P8S�302ABI-PP>WT8ıȦ=

Ȫȥ7 MexB F178WJͰŲ+P8˚�NQ02 

� MexB F178Wĝɫ=ȥ͊=ʀȼƵ�uxķ̽=΁ŨŷƜTWT MexB8ȹ̹+P81WT7

>ʀȼƵ�uxķ̽;̏ɕ'Q6�0 DDM �̏ɕ'Q:�302F01ɐĎ)0

n-Octyl-β-D-thioglucosideN) ΁ŨŷƜJ̏ɕ'Q:�302 

 

ņ 2-8. MexB F178W=úˈ)0ˈȀ 

MexB F178WˈȀ ABI-PP MexB F178W̆İÎˈȀ 



37 
 

 

 
 

 

 

 

 

  

́ 2-4: Data collection and refinement statistics. 

 MexB F178W MexB F178W +ABI-PP 
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ƏέP1ˈȀ©= MexB F178Wȥ͊  

Ĭέ΁ŨŷƜņT͡<0J=Ο2Fo-Fc, σ1.5, ķŅ 3Å=GǐüΠ 

ƏέP1ˈȀ©= ABI-PP8 MexB F178W=̆İÎȥ͊ 

Ĭέ΁ŨŷƜņT͡<0J=Ο2Fo-Fc, σ1.5, ķŅ 3Å=GǐüΠ 

ņ 2-9. Mex F178W=ȥ͊ 
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Φ�Φ� MexY W177=ʪÎͺŲTł͘+PŚɿÎ 

ȎʶΦ�℃;MO1F178 =æͦ=͓�� ABI-PP =ͰŲđȗ=ȇɤTȿů5#Pŝ :̉Ń

7>�PJ==1ȿůʇ7>:�%8�ʚ'Q02 

ȥ͊Tȹ̹+P81AcrB1MexB7> F178=̀ç;> V139�Ūŉ)1AcrB F178W=W178

æͦT ABI-PP 8ˈİ+PƤ8ıȦ;ł̸'-P81V139 8ʪÎͺŲṮ%+2 Ǵ1MexB 

F178W 7> W178 =̀ç;Ūŉ+P V139 =Ë˗�KK͔!;Ë˗)6�O1V139 8>̀ʨ

):�4ņ 2-1152MexY =���k��w×;��6J W177 æͦ=̀ç;> I138 �Ūŉ)

6�OW177Tł̸'-P8̀ʨ+PË˗ͭÙ;�P2AcrB1MexY;��6>1ʀȼƵ�u

x=Îʥ�ƀ'�1J)!>MexB;!NC6Ț̷Ƶ;¬)�=7>:��18ẬTʪ602 

� %=ẬT̙Δ+P0I;1AcrB F178W/V139A1MexY I138ATÑ̅)02AcrB F178W1

MexY > ABI-PP ;ͰŲ'Q:��1Ậ;ƪ�?x��x�V�æͦ=ʪÎͺŲTł͘+Q

ņ 2-10. a. MexB F178WŚɿÎ=W178ķ̽Ȳŏ8΁ŨŷƜņΟ2Fo-Fc, σ0.8Π 

     b. ABI-PPˈİŌ MexB F178WŚɿÎˈȀȥ͊=W178ķ̽Ȳŏ8΁ŨŷƜņ  

Ο2Fo-Fc, σ1.0Π 

c. ABI-PPˈİŌMexB F178WŚɿÎ=ͰŲćˈİ�uxķ̽ 

ΟjW�/�o�°/ˏ:ɢˁ1΄:ʩˁ1̰:͟ˁ1Ν:ʗΝ1ʆ:W178æͦ1 °��c>ʧͬíŔ

�w×71ABI-PP>lvXuc�w×7́ʚ)02ABI-PP=ɢˁġŨ>Ν˭7́ʚ)02Π 

a. 

b. 

c. 
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?1ABI-PP;MOͰŲ'QP2 

Ȏʫʭ 2ʶ℃�ΤΦ;ƪ�\�l��Yj�Ūŉ¤7ŖȳȂˑTɕů)1ABI-PP=đȗTɕ

ů)02ɕů=ˈȗ1AcrB F178W/V139A1MexY I138AʅɱȞ7> ABI-PP;MPǝüͰŲ7

\�l��Yj�=΅˰đȗ�̊NQ1ẬTŏ;)0˚Ź8ıʯ=ˈȗ;:304ņ 2-1252 

 

 

ņ 2-11. ABI-PPˈİŌ MexB F178WŚɿÎ8ıȦ;W178/W177æͦΟʆΠTł̸'-0ǿ

=ʪÎͺŲ W178/W177 >ɲÎí6U�w×7Ǣɻ)1̀ʨ͛Ë>̰˭7˭T¿#02

ABI-PP>Ν˭71V1391I138æͦ>�o�°7́ʚ)1lvXuc�w×7́ʚ)02 

a. AcrB F178WŚɿÎ=ͰŲćˈİ�ux;ˈİŌ AcrBɹȑ ABI-PPT͡<0J= 

b. ABI-PPˈİŌ MexB F178WŚɿÎˈȀȥ͊ 

c. MexY=ͰŲćˈİ�ux;ˈİŌ AcrBɹȑ ABI-PPT͡<0J= 

a. ｂ. ｃ. 

ņ 2-12. AcrB F178W/V139A1MexY I138AʅɱȞ= ErythromycinŪŉ¤7=ŖȳȂˑɕů 

ΟABI-PP> PP8ɽ)0Π 

MG1655ΔacrB/pBAD33acrB F178W/V139A1

MG1655ΔacrB/pMMB67HEmexXY(I138A)-oprM1 

T.Q/Q 6µg/mL116µg/mL=\�l��Yj�8 ABI-PPŪŉ¤7ɕů)02 
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ʭ 4ʶ� ˚Ź 
� Ȏʫ7>1įŚɿÎAcrB F178W8MexB F178W=ŝͣʅɱ�M@1.Q/Q=ý̑ˢ 3.6Å1

3.3Å13.0Å 7= AcrB F178W1MexB F178W1MexB F178W ABI-PP̆İÎ=ȥ͊̑ȕ;ǁč)

02 

� įx��l��°�=ȥ͊>WT=J=8ˈȀŌ�ıŌ7�O1̍ ȀȠŨhYmJDEŚS

N:�302ABI-PP;MOͰŲ'QP MexB F178W 7> ABI-PP>WT8ı*!ʀȼƵ�u

x;ˈİ)6�O1WT7= F1788ıȦ;W178æͦ=G=żƱ7 ABI-PP8�-�l°ua�

d7ˈİ)6�O1.=¾7 ABI-PP 8˚�NQP΁ŨŷƜ>̏ɕ'Q:�302Á£�N1

ABI-PP =ͰŲ>1%=ʀȼƵ�ux;ˈİ+P%8;MOͰŲđȗTʅǥ)6�P%8�ʚ

'Q02F01AcrB1MexY=ʀȼƵ�ux=Îʥ�ƀ'�1J)!>Ț̷Ƶ;¬)�8��

ẬT̙Δ+P0I1AcrB F178W7=W178æͦ8ʪÎͺŲṮ%+īˢƵ=�P V1391F

0 MexY7=W1778̀ʨ+PīˢƵ=�P I138TW�{�;˗Ǥ)0ŚɿÎTÑ̅)1.Q

/Q acrBȬǦ1acrBtolCȬǦŝˤ˰;ʅɱ'-P81ABI-PPɷͣÖŪʇ:\�l��Yj�

=ŖȳǉĄđȗ�̊NQ02ʭ 2ʶ℃�Φ=ˈȗT͢ɵŌ AcrB1MexY =ˈȗ8ȹ̹+P81

AcrB F178W/V139A1MexY I138A > WT 8ıʯʣƜF7 ABI-PP ƽĩƵ7�302%Q>1

ABI-PP� W178J)!> W1778=ʪÎͺŲTł͘7 PM�;:P81ABI-PP�đȗTʅ

ǥ+P%8Tʚ)6�O1MexB8ȹCP8ˮƖ:�N AcrB1MexY=ʀȼƵ�ux=Îʥ�

ƀ'�1J)!>Ț̷Ƶ;¬)�%8�ʚ'Q02 

� %QNˈȗ>1%=ʀȼƵ�uxB=ͰŲć=ˈİ� MexY7JͰŲÑɷTĤE+%8Tʚ

ļ+PJ=7�P2MexB F178W7J1͢ɵŌ8ıȦ;ʀȼƵ�uxB=ͰŲć=ˈİ�ͰŲ

đȗ=ʅǥ;ử:0I1%=ʀȼƵ�uxB=ĕİɨ=ˈİ�ͰŲđȗTJ0N+ª̉Ń7

�P%8�̙Δ'Q02%=ʀȼƵT°�fux8+P%871RND Ōɿɨǝüx��l�

�°�ͰŲć�Ñ̅īˢ7�P%8�Ȏʔʦ;MOʚ'Q08ʮ˛>˚�6�P2%%F7=

öŴ>1Nature 500, 102–106 doi:10.1038/nature12300 ;ô˲8)6ǡ̺'Q02î;ģ˚̦ǰ8

)6Ȏ̦ǰTǣʚ)02 

 

 

� RND Ōɿɨǝüx��l��°�Tł͘+PǴɄ8)6>1ŏ̯7:�ǳ̋=ǋɵɨ̯T

ɂʄ;ɷ�P8��ƪȑ=ǴɄJȇđ7�P2%Q;ͭ͋)61�t×d�^ah�×[62]8

��{��k���yġɶ=�|_�{�8��˺˻=ǋ˰ǁý�ˏ˦˰1h×�}�˰1ŝ

ˤ˰;��61RND Ōx��l��°�=ŏ̯7:�%8T̙Δ)0 (ª̦ǰ: Frontiers 

Microbiology 2014:5:180. Apr. 17th 2014, doi: 10.3389/fmicb.2014.00180)2�t×d�^ah�×>

MDRP;��6J1 Ȧ;đȗTʅǥ+P2̦ ǰʅ́Ʃ1�t×d�^ah�×=πʇ8)61

ΈȺTȥǁ+P°��c̯= 4 FliC=ʅɱǉĄT+P8=őĶ�:'Q0[63]2%QNǳ̋

=ǋɵɨ̯>1MDRPTĵHˏ˦˰;ż)6˧ƚƱɷ'QPŒİ;>1ưɥʇ;ȹ̹ʇ˯ǅ:

ǝüŏ̯7�P8˚�NQP�1ͫʅ=ˈȗ̦8)61ŏ̯�Ĵ�TĀů'QP;89FP2
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ɱɪ7>1g�lt�� MDRPƽβʃB=ȅ˅ǅȴ7�P�1g�lt�=ĉÑɷ�ŝ !1

˧ƚÓɷ7 Pǋɵɨ̯8)6>1ĽΑɣ�Ŝ�[64]2ɂʄ;ɷ�P%8=7 PÌØ̇Ƶ=

ǋɵɨ̯�Ŗ�P%8>1ǫ˽ʃʯ7=\�yxaj�j�uc=Ìɒ�īˢ8:P=71ư

̉7�R�2 

� ͰŲć�ȇ+PĂɣ8)6>1%QF7;˧ƚƱɷ'Q6�Pǋɵɨ̯�Ó�P%8;�P2

ǳ̋ǋɵɨ̯>.=̟īJĵI6ͫʅ;É��lc�ŝ �2ͰŲćTİć8)6ɷ�P:N

?ǳ̋8ı*Ǉ�7>�P�1˧ƚƱɷ'Q6�Pǋɵɨ̯7�Q?1˶ɨĒƾ�Śĕ):�

=7�Q?1̟ī�¤OPīˢƵ>ǳ̋=J=MOȠȴ;Κ�2 

 

� ʀȼƵ�ux;ˈİ+PͰŲćá̄=̉ÄT˚�P81℃4�$NQP21. §̎ŧƵ7�P

%812. ƀýŨ7�P%82ǫ˽ʃ7>1˽©B=ʊǟǊ¦�īˢ:ćŌ8:P�1˽©ɠƜ

Tͨǿͬˋǖ+Pử��P2ʀȼƵ7�Q?1ʀȼƵ�uxB=ˈİˢČ>Κ��1ȼəɍ

8)6=ćŌTĨO5N�%81ɣ Ƚ͟ǝɃ=͉Ɯ�͉!:P%8�N¥͕7�R�2M361

§̎ŧƵ�͕)6�P2F01ͰŲć>x��l��°�Tπʇ8+P0I1d��͵Ƶ˰=

ö˥B8ă͒+P0I;ƀýŨ7�P%8�ử7�P2ABI-PP T>*I8)0��y��

�k�ʽͰŲć>§̎ŧƵ1ýŨͣ8J;%=̉ÄTɖ0)6�O1MexY ;l�cx��T

ǔŝ+P%8�7 P:N?ˬ�ͰŲć8:P8˚�NQP2 

 

� ͰŲđȗTʅǥ+PʀȼƵ�ux>1͌ĕʽˉȨʇ;>�[{×W�{�Ȳŏ�Ŗ�6�!

%8�ʑNQ6�P(Ɨǁ�	� ƘƜě�ɸ©ʎŢ˘ Ýř̦ǰMO)2%=͛Ë>ʀȼƵTǖ4%

87ɿɨǝüx��l��°�=ŏ̯Tŏ̯ˈİ�eux;̡ſ+P8��j����j�

��őĶ'Q6�O[65]1͌ĕʽˉȨʇ;JʀȼƵ7�P%8>ô͈+P2 

ABI-PP =ʀȼƵ�uxB=ˈİ8ͰŲđȗ8=ʊǟʇ:ŃȗͭÙ;ͭ)6>1Ȍ̑Δ7�

P2%QF7;ƫNQ6�PˈȀȥ͊71ǝüŏ̯8ͰŲŏ̯Tėā)6�PJ=>1.=ˈ

İʳǄ7�P2̀Ƙǳ0;1RNDŌɿɨǝüx��l��°�=ͰŲć8)61MBXʽͰŲ

ć8 AcrB ����m�ȥ͊8=̆İÎˈȀȥ͊�őĶ'Q0[28]2%= MBX ʽͰŲć>

ABI-PP 8ı*!ʀȼƵ�ux;ˈİ)6�02.=¾1g����°�j����j��;

��6J1%=ʀȼƵ�ux8ͰŲć=ͭÙ�ʚļ'Q0[66]2ǝüŏ̯8ͰŲŏ̯=͓�>1

ʀȼƵ�ux8Ƣ�ʋ´ÑɷṮ%+�9��7�P8��ɣ;ͭ)6>g�n�hl�Ĩ

Q6�P2 

ʮ˛>ͰŲć�Ȫˢ+PīˢƵ8)6> 24˚�P2 

1. Ȫˢʇł̸TͰŲ+P 

2. ǝüȪˢTJ4 AcrAB-TolC̆İÎ=ȥǁTͰŲ+P 

1. > ABI-PP=ªͦ¨G=΁ŨŷƜ�NƢ�ˈİT)6�P%81F01ʀȼƵ�ux>͔

Ëˈİ�eux=Ūŉ+Pˈİ�~��=G;Ūŉ)6�O1ƨȪ1ǝü�~��;>Ūŉ)

6�:�%8�N±ɕ'QP22. >ʭ 3ʫ7ʚ+ˈȗ8JͭÙ+P2ʀȼƵ�ux> RNDŌ
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x��l��°�=́·;̀�ŒǄ;Ūŉ)1%=¿̀> βj�xȥ͊�ś͛;Ĉ ü)8:

36�P2ʭ 3ʫ7>1%=̀ç7=Ws�°�°��c̯=ʋ´Ñɷ�ʚļ'Q02%=͛

Ë=ŭůĕ>̆İÎȥǁ;Ʀ΋+PīˢƵ��P2%QN=Ậ>1RND Ōɿɨǝüx��

l��°�̆İÎ=ȥ͊Ȫˢʋͭ=̑Δ71MO̝˃:ͰŲȪȥ�̑Δ'QP%87ΔN�8

:P8˚�P2»Ʃ=ƄͫTȊƨ)0�2 

Ȏʫ=öŴ;MO1MexY ͰŲć1J)!> MexB1MexY §Ǵ;đ!�{��h×ͰŲć

=̗̔B=͑ʰ�ʪ6NQ08˚�P2ͰŲćͫʅ;ử7�P�Ȍ1Ȍ̑Δ= MexY= Xˑ

ˈȀȥ͊=̑Δ8ô;1ȅ˅ˈȗ0P˧ƚƱɷīˢ:ͰŲć=̠ɵTȊƨ)6ȎʫT˅�P2 
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ʭΦʫ 

AcrB-AcrA ˼İ°��c̯=Ñ̅8Ȫˢ̑ȕ 
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ʭ 1ʶ� ː̓ 
� ŝˤ˰;��6> AcrAB-TolC̆İÎ� RNDŌɿɨǝüx��l��°�=ȪˢTǑ�2ʭ

1 ʫ;��6͂C0͈O1î˾ʔʦ�N>1Ȫˢ8ȥ͊=§·�NG0̦ɣ�¥̳)6�P8

ʮ˛>ƽ*6�02 

Ȏȑ7�Q?1in vitro÷ȥǁʽTȥʸ)˥°��c̯.=J==ȪˢT̔ɕ+P=�ůʓ7

�P�1in vitro÷ȥǁʽ7>d��͵Ƶ˰=³͡=ɵÎ˥ȥ͊T÷ɱ+Pử��P2%=³

͡=ɵÎ˥ȥ͊>120nm ʣƜ=³Ȗ=ɵÎ˥�˼İ):�M�;ĄƬ'Q0ɪƾ7�P%8

�ȾINQ1:��4%=ͬ͸> 20nm ʣƜ=Ġ'7ˋǖ'QPử��P2Ȏʔʦ=͇©=

2015Ƙ;>MexAB-OprM;��6>��p��;MP in vitro÷ȥǁʽ8'QPŰΙʽ�őĶ

'Q0�1%=̦ǰ7>ȼˁY^�=̻̈́8ŏ̯̻̈́ˢ=ʋͭ>ĨQ6�N,1ɱŉ;˩PF

7°��c̯��×7=ůͣʇ:̜�7 P÷ȥǁʽ>Ūŉ)6�:�[67]2ʮ˛>ń΀: in 

vitro÷ȥǁʽ7>:!1in vivo7̆İÎȥǁ8ȪˢT̝)!̥CP%871lzu�j�ux

8)6=°��c̯ȥ͊8Ēʇȥ͊8)6=ǝüȪˢ;4�6ͭÙƵTΔN�;)M�8̛

G02 

F01%QF7; AcrAB ³˛̆İÎTΔN�;)M�8+P̛G>Ŝ!˾SQ6 0�1

ˈȀȥ͊̑ȕ=ǁčÔ>őĶ'Q6�:�2%Q>÷ȥǁT̛G0͹= AcrA1AcrB=ͬ=̎

ĺƵ=Ì'�ġŃ7�O1ȥ͊TΔN�8+P0I;J AcrAB ͬ=̎ĺƵTƢĕ+Pử�

�P2.%71AcrB-AcrA˼İ°��c̯TÑ̅)1 Ȏĕ)0°��c̯8)6���Ȫˢ

T̚×)1ȪˢTΔN�;+P8��ǴͥTʪ602 

 

ʭ 2ʶ� ŰΙȏǱ8ǴɄ�  
℃�Τ� ŰΙ;Óɷ)0˰Ȟ�M@��l�y 

� E. coli BL21Ȟ= acrBȬǦȞ>_��]×{Wŝū��c��ȝ=³ͷŐĞǬǜMOý̩)

6�01�0[70]2acrABȬǦȞ>DatsenkoN=ŚɄ;MO E. coli BL21Ȟ= acrBȬǦȞ�N1

pKD4 ɹȑ= PCR ɶɨ;MO_z�Yj�˜Ƶ͗ÈŨ8˗ Ǥ�P%87Ñ̅)0[61]2

acrABacrEF ͗ÈŨȬǦȞ>1BL21�acrAB ȞMO pCP20 Tɷ�6_z�Yj�˜Ƶ͗ÈŨT

ĨOʹ�0Ʃ1MG1655�acrEFȞMO P1�V�kTɷ�6_z�Yj�͗ÈŨTſñ+P%

87Ƥ̯ſñ)0[68]2BL21(DE3) Ȟ= acrABȬǦȞ> DatsenkoN=ŚɄ;MO pKD4ɹȑ=

PCRɶɨ;MO_z�Yj�˜Ƶ͗ÈŨ8˗ Ǥ�P%87Ñ̅)02˰ Ȟ>͕þ:ǋɵɨ̯ 

(c����[{g�×: 15µg/mL1W��j��: 100µg/mL1_z�Yj� 25µg/mL) TĵU1

LB���xJ)!> LBɍÎŎŊ;MO 37
7g�{�͖ā1ŎΕT˾302 

Ȏʫ7ɷ�0˰ȞĤ@��l�y>4́ 3-15;F8I02 
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́ 3-1. Ȏʫ7ɷ�0˰Ȟ1�M@��l�y ̍ 



48 
 

℃�℃ ˼İ°��c̯ʅɱ�c°�=ȥʸ 

� E. coli MG1655ȞTβ˭Î DNA=Õ¦Ȟ8)6ɷ�02˼İ°��c̯ʅɱ�c°�=ȥ

ʸȤ̉>4ņ 3-15;ʚ+2Óɷ)0��Y��>4́ 3-25;F8I02 

� pBAD33; Cȍ=�ltk� 2ȲŏTȬǦ'-0 acrB͗ÈŨT SacI1XbaI=ͬ;c��{

�d)02pAcBH MO acrB = aa. 496-540 Ύō(Iα)T XbaI1SalI =ͬ;c��{�d)1pBI

TÑ̅)02pBI= SalI1HindIII=ͬ; pAcBH�N acrA͗ÈŨ; C25A (ACA�CGC)=Śɿ

TĎ�1acrALTÑ̅)1acrAL= Cȍ; 6ß=�ltk�Ȳŏ�N:P�l°dT¿Ď)6c

��{�d)1pBIALTÑ̅)02pBIAL8İǁ dsDNA;MO GSGSGSG�N:P��_�͝

ÿT aa.496-540 =Ύō7˗ Ǥ�1pBGSALTÑ̅)02F01ıȦ; aa.496-540 =ΎōTȬ

Š'-1pBALTÑ̅)02 

� pBIAL�N aa.496-540=Ύō8 acrB͛Ë= CȍT 10ȲŏýȬǦ'-1ĄͲ͞ˁ ApaĮ̟͝

ÿ;˗ Ǥ�0 pBS-(ApaI)-ASTÑ̅)02pBS-(ApaI)-AST ApaI7ûɳ)1acrB= aa.496-559

Ύō(Iα-TM7)T PCR7Ŗƕ1In-FusionĦƱ7ſñ) pBSITASTÑ̅)0[71]2PCR;MO acrB

͛Ë Cȍ;¿Ď)0 aa.496-538TʹĢ) TM7=G8)0 pBSTASTÑ̅)1'N; acrB= C

ȍ�N 15 aa. F7ȬŠ'-0 pBS15TASTÑ̅)02 

� F01pBSITAS�M@ pBS15TAS= acrB͛Ë; Q255AT PCR7ŚɿTĎ�1pB(Q255A)SITAS

�M@ pB(Q255A)S15TASTÑ̅)02 

%QN=ÑȢ7>1ử;Ʊ*6j�c\�l̑ȕ;MO˼İ°��c̯òͨ= DNA͝ÿT

ʘ̟)02 

 

 

ņ 3-1. ˼İ°��c̯ʅɱ��l�y=ȥʸȤ̉ 
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℃�Φ ŝˤ˰˥ɻý=̥̅ 

� ͕þ:ǋɵɨ̯7͖Ǎ)0 Overnight =ĆŎΕɍ 1mL T110mM W��~�lTɐĎ)0

100mL= LBɍÎŎŊ;Ď�02ǝüɈƵTǖ4˼İ°��c̯;ͭ)6>1'N; 32µg/mL

=^ahj��TŎŊ;Ď�02OD600� 0.7 ;͒)6�N 2 ǿͬƩ;łħ)17,680�g 7 10

ý͔Ư+P%87˰Tłħ)02ʭ 2ʫ ʭ 2ʶ ℃�Ω8ıȦ;1Wash buffer7ɇɊ) Breaking 

buffer 7ǀɟ)0=21̲ΊɅʖʕT˾302Ȍʖʕ˰1ŽñÎT 27,000�g 7ʹĢ)1£ɑ

T 200,000�g, 30ý7̲͔Ư+P%87īəƵɻýTʹĢ)02˥ɻýT EDTA Wash buffer7

ǀɟ)1÷Ɯ 200,000�g14
190 ý;MO˥ɻýTɀȶ'-1˥́ŉƵ°��c̯TʹĢ)

02ʻ̅'Q0˥ɻý> Membrane Sample buffer7ǀɟ)1ŰΙ;ɷ�02 

 

℃�Χ ŝˤ˰˥ɻý=Z[l°���uvX�d 

� ℃�Φ7ŝˤ˰˥ɻýT̥̅)110% Criterion TGX stain-free precast gel (Bio-Radʜ) 7 100�

×x=ů΁ň7 SDS-PAGE T˾302LAS3000 Tɷ�6 312nm = UV ï¤7°��c̯=�

�yTī̌ĕ)1.=Ʃ Trans-Blot Turbo Midi polyvinylidene difluoride (PVDF) membrane 

(Bio-Radʜ)7 25W��W=΁ɉã7 PVDF˥B̸ø)02 ȭǋÎ1³ȭǋÎĦƱ>1iBind 

Western system;M36˾302ǋ�l°d�~c��z×ǋÎ> Sigma-Aldrich (H1029-0.2ML) 

TÓɷ)1ǋ AcrA ��c��z×ǋÎ1ǋ AcrB ��c��z×ǋÎ>î˾ǰɬ=J=TÓ

ɷ)02ĕūʅï;> Chemi-Lumi One Super (z_�Yvlcʜ)TÓɷ)1LAS30007ȡü)

02įZ[l°���uvX�d;��61ǋ�l°dǋÎTɷ�0J=7> 15µg1ǋ AcrA

ǋÎTɷ�0J=7> 2µg1ǋ AcrBǋÎTɷ�0J=7> 15µg=˥°��c̯TÓɷ)02 

 

℃�Ψ MICɕů 

� MIC ɕů;>1^ahj��ΟMPIPC, Ȓ¹ĕǁƎȢʜΠ1c�ahj��ΟMCIPC, Sigma

ʜΠ1n�V��y�×ΟCMD, SigmaʜΠ1\�l��Yj�ΟEM, z_�YvlcʜΠ1vx

�hYc��ΟTC, SigmaʜΠ1�~hYc��ΟMINO, Duchefa BiochemieʜΠ1z�kcl͟

ΟNA, Ȓ¹ĕǁƎȢʜΠ1~��^j�ΟNB, WakoʜΠ1Wc�����ΟACR, WakoʜΠ1\

tkZ����YyΟEtBr, SigmaʜΠ1��s�� 6GΟR6G, SigmaʜΠ1œĕ��i×g{Z

�ΟBZC, z_�YvlcʜΠTɷ�02͕þ:ǋɵɨ̯7͖Ǎ)0 Overnight =ĆŎΕɍT

100àƓ͠)1�Yc����°�7įǋɵɨ̯8 10mM W��~�lTɐĎ)0 LBŸŞŎ

Ŋ; 1µLʋƣTl�ux)137
7 16-18ǿͬ΅˗)02g�{�=üɱTʉ̌;MOʘ̟)1

g�{�=üɱ�̏ɕ7 :!:30ȅƀ=ɠƜT MIC 8)02MIC =ȹ̹;> 4 àÁ£=

ɠƜƐTȇƻ8)02 

 

℃�Ω \tkZ����YyǝüɈƵɕů 

� ͕þ:ǋɵɨ̯7͖Ǎ)0 Overnight =ĆŎΕɍT 0-10mM =W��~�lTɐĎ)0 LB

ɍÎŎŊ7 100 àƓ͠)1OD600� 0.5 ;:PF7ŎΕT˾302˰T͔Ưłħ)1A buffer 
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[100mM KPi pH7.5, 5mM MgSO4] 7 2łɇɊ)02OD600� 36ʋƣ;:PM�; A buffer7Ɠ

͠)1ŎΕ=ǿ;ɷ�0W��~�lɠƜ8\tkZ����YyTɐĎ)0 A buffer 7 1:1

;Ɠ͠+P%87˅ɠƜ OD600=18, ˅ɠƜ 10µM =\tkZ����YyT 96-well black 

flat-bottom plate (Corning);̥̅)02\tkZ����Yy=Y�°�_��x˹ïTĐ̱Ʌ

ͨ 530nm1ȡüɅͨ 600nm7 SD-8100�Yc����x��s� (Corona Electricʜ)7 2ý&

8;ȡü)02ŰΙ>Ɓ:!8J 3ł˾�1įãTƗŋ)1πɘäƐT\����8)6́ʚ

)02 

� ʅɱͣ-ǝüɈƵʋͭ=ɕů7>1\tkZ����YyǝüɈƵɕů;ɷ�0˰TýĨ)1

℃�Φ=ʖʕ1˥ɻýłħǅΌ1�M@℃�Χ=Z[l°���uvX�d=ǅΌ;ƪ�13µg

=˥ɻýTǋ AcrBǋÎ;M36ȡü)02 

 

℃�Ϊ� ̔ʴʠū;MP AcrAˈİË˗̑ȕ 

� AcrB8 TolC=̆İÎ> in vivo7=jlvY�ŚɿÎTÓɷ)0sY�cxc�l��cŰ

Ι7=̆İÎ±ƺTĂɷ)0[36]2AcrB (PDBID: 3AOA)1Open-state= TolC (PDBID: 2XMN)

TÓɷ)1PyMol (Schrödingerʜ) TÓɷ)Ë˗ͭÙT̥ǯ)6͝˗)0[35]2ȥ͊ƹő;��

_�͝ÿT¿Ď)6 AcrB-TolC TǨÊʇ; 1 Ȏĕ)0ȥ͊;)1%=ȥ͊ƹőTŏ;

SWISS-MODEL ���k��w��dh���;6\}×b�ȅƀĕ̔ʴTĵH���k�

�w×Ñ̅˾ʣ;MO1òÎȥ͊=\}×b�ȅƀĕT˾302.=Ʃ1��_�͝ÿTȥ͊

w�°�NĨOʹ�02%= AcrB-TolC=yua�d�w×Tì;÷Ɯ AcrB1Open-state TolC

=ˈȀȥ͊T͝˗)1AcrB-TolC ̆İÎ8)02ˈȀȥ͊©7̏ɕ'Q6�:� AcrA ͛ËT

SWISS-MODEL���k��w��dh���;MOÑ̅)1ˈȀȥ͊;ˈİ)0=21%Q

T÷Ɯ SWISS-MODEL���k��w��dh���;͈)1òͨ AcrA�w×8)02AcrA

ˈİhYx> AcrB1TolC =˥̫͈͛ËB=ˈİTʹś)61Schrödinger suite= BioLuminate

;MO̔ʴ)0[72]2BioLuminate;MP̔ʴ7>1����°> defaultTɷ�02 

 

℃�Ϋ� TolCʅɱɷ��l�y=Ñ̅ 

� E. coli MG1655Ȟ=f~� DNAMO1Cȍ; FLAG°dTǚñ)0 tolC͗ÈŨT PCR7Ŗ

ƕ)1pET22T Die1HindIII7ûɳ)6 In-FusionĦƱ;MOˆG̾G pET22tolC FLAGTÑ̅

)0[71]2%%; A150C=ŚɿT PCR7ſñ)1pET22tolC(A150C) FLAG TÑ̅)02ıȦ

; PA°dT¿Ď)0 TolC(A150C)PA ʅɱ��l�yTÑ̅)02%QN=ÑȢ7>1ử;

Ʊ*6j�c\�l̑ȕ;MO tolC͗ÈŨòͨ= DNA͝ÿTʘ̟)02 

 

℃�ά� AcrAB-TolC= in vivŏİÎ=ȡü 

� pET22tolC(A150C)PA1�M@ pB(Q255C)S15TAST BL21(DE3)�acrABȞBſñ)02%=˰

Ȟ=ĆŎΕT 100àƓ͠)1IPTG�M@W��~�l7̡ſ)˰Tłħ)02%QT℃�Φ8

ıȦ;̲ΊɅʖʕ;MOʖ˰)1˥ɻýT̥̅)02̥̅)0˥ɻýT℃�Χ8ıȦ115µg =
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˥ɻý°��c̯ͣTÓɷ)110% Criterion TGX stain-free precast gel 1100�×x7 SDS-PAGE

T˾�1UVï¤7°��c̯Tī̌ĕ)02PVDF˥B̸ø) iBind Western system;M36

ǋÎĦƱT˾302ȡü>ǋ�l°dǋÎ(Sigma aldrich ʜ H1029-0.2ML)1ǋ FLAG M2ǋÎ

(Sigma aldrichʜ)�M@ǋ PA°d�~c��z×ǋÎ(012-25863, Wakoʜ);MOȡü)02 
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ʭ 3ʶ� ˈȗ 
Φ�Τ� AcrB-AcrA˼İ°��c̯=̗̔8ȥʸ 

� AcrB> 12ł˥̫͈7�O1Nȍ8 Cȍ�ô;˃ˡ̯;Ūŉ+P[18]2 Ǵ1AcrA> C25

;��61Siganl Peptidase II;M36 1-24AA.�þǲ'Q C25;ˣ̯¿Ď'QP[34]2x��

k�ʇ;> AcrA= Nȍ>����m�ʧͬ;Ūŉ+P4ņ 3-252AcrB-AcrA˼İ°��c̯

TÑ̅+P0I;>1˃ ˡ̯æ= AcrB Cȍ8����m�æ= AcrA NȍTˈİ+P TM��

_��ử8:P2ʅɱɷ��l�y�c°�>℃�℃=͈O;Ñ̅)02 

 

 

 

 

� TM��_�8)6114> AcrA=jdz×͝ÿTĂɷ)6 AcrBIAL1 AcrBGSAL1 AcrBAL

TÑ̅)02AcrA=jdz×͝ÿ>1AcrA C25A7>þǲ'Q:!:O1ǝüȪˢ>Ì¤+

PJ==1ŠSQ:�%8�őĶ'Q6�P[34]2.%71AcrA C25A (AcrAL8ʡ+)8 AcrB

= CȍTȦ�:��ty��_�7ˈİ'- Ȏĕ)02AcrBIAL1 AcrBGSAL1 AcrBAL>

%= AcrAjdz×͝ÿTĂɷ)0 TM��_�TÓɷ)0J=7�P26ł˥̫͈��uc

l7ǨÊ=³ł˖Ó)ȥ͊=�P AcrB> TM68 TM7=ͬT˃ˡ̯æ;�P α��ucl

7�P Iα7˕�QP2î˾ʔʦ�N1Iα> AcrB¢ͣÎT Ȏĕ)0 AcrB-B-B;��6��

_�8)6ÓSQ6�O1%QT˃ˡö��_�8)6Ăɷ)0[70]2%Q;MO1AcrBIAL

TÑ̅)02F01d�j�8n��=���x͝ÿ7�P GSGSGSGT Iα8˗ Ǥ�1

AcrBGSALTÑ̅)02'N;1��_�͝ÿT:!)ʊ;ˈİ'-0 AcrBALTÑ̅)02 

 

ņ 3-2. AcrB (Ə)1AcrA (Ĭ)=x��k� 
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� J� 4= TM��_�8)61AcrB= TM7TĂɷ) AcrBSITAS 1AcrBSTAS1AcrBS15TAS

TÑ̅)02TM7> AcrB=ȅJśæ;Ë˗)6�O1ȹ̹ʇ˨ɹƜ�Κ�8˚�NQP2AcrB

= C ȍT 10AA.D9ąO̾G1%%B Iα 8 TM7 Tɷ�61AcrA =����m�͛Ë(AcrAS

8ʡ+)T˕�1 AcrBSITASTÑ̅)02%%�N IαTʹĢ)0 AcrBSTAS1�M@ AcrB ͛Ë

TWTAcrB= Cȍ�N 15AA.D9ȬŠ'-0 AcrBS15TASTÑ̅)02 

 

 

 

 

Φ�℃� AcrB-AcrA˼İ°��c̯=˥ɻýB=ʅɱʘ̟ 

� AcrB-AcrA˼İ°��c̯> pBAD33��l�y�c°�=W��~�l����°�PBAD

=¤;ˆG̾U1=71W��~�lɐĎͣ;MOʅɱ=̥̅�īˢ7�P[50]2%QN

AcrB-AcrA˼İ°��c̯T acrBJ)!> acrAB͗ÈŨTȬǦ)0 E. coli BL21Ȟ;ʅɱ'-

02ȥʸ)0 AcrB-AcrA ˼İ°��c̯=˥ɻýB=ʅɱT℃�Χ;ƪ�1Z[l°���u

vX�d7ʘ̟)02ʅɱTȡü)0Z[l°���uvX�d>4ņ 3-454ņ 3-55;ʚ+2 

� ǋ�l°dǋÎ7>1AcrB-AcrA ˼İ°��c̯=��y8ƴSQP 140kDa ¿̀=��y

�̏ɕ'Q04ņ 3-4 a54ņ 3-5 a52ò6= AcrB-AcrA˼İ°��c̯7.=¾;��y>:

!1AcrB-AcrA˼İ°��c̯7 Cȍ=�l°dTJ36�PJ=>1òͨʅɱ)0J==G

7�302%= Cȍ>1î˾ʔʦ;��6ǝüɈƵ;̉͡8��%8�S�36�O1Cȍ=

�l°d�ÛŪ'Q0%8>ȪˢTǑÛ)6�P8˚�NQ02 

� ǋ AcrAǋÎ7>1140kDa¿̀=��y=¾;1acrB͗ÈŨȬǦŝˤ˰7ʅɱ'-0J=7

>1öŃƵ=WT AcrA 8ƴSQP 40kDa¿̀;��y�ȡü'Q04ņ 3-4 b54ņ 3-5 b52 

� ǋ AcrBǋÎ7>1140kDa¿̀=��y=¾;1100kDa¿̀=��y�ȡü'Q04ņ 3-4 

c52%= 100kDa =��y> AcrBIAL1 AcrBGSAL1 AcrBAL;��6>Ƣ!ȡü'Q0�1

AcrBSITAS 1AcrBSTAS1AcrBS15TAS;��6>Ɓ:�302%=Ë˗> WT AcrB =Ë˗7�

 

ņ 3-3. ȥʸ)0 AcrB-AcrA˼İ°��c̯ 

a. ˼İ°��c̯=Y��k b. ȥʸ)0 64=˼İ°��c̯=ȥǁ 

b. 
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O1.=¾=��y>ȡü'Q:�302100kDa ¿̀=��y=Ë˗Tį AcrB-AcrA ˼İ°

��c̯7ȹ̹+P81MO��_�=ͨ�J==D��1MOýŨͣ�ŝ ���y�ȡü

'Q02%Q>1˃ˡ̯æ=��_��þǲ=ġŃ7>:!1˥̫͈��_�=ʊĆ1͇©J

)!>ʊƩ7þǲ'Q6�P%8�ʚļ'Q02 

� AcrBGSALTʻ̅)0=2̯ͣýȕ+P81WT AcrB MOS,�;̯ͣ=ŝ :��ty�

̏ɕ'Q02%=ˈȗ>1TM��_�͛Ë7þǲ'Q6�P%8Tʚļ)6�O1AcrB-AcrA

˼İ°��c̯ͬ7ɷ�0 TM��_�=͓��þǲɮTƏĬ)1TM7�N:P AcrBSITAS 1

AcrBSTAS1AcrBS15TAS7 100kDa¿̀=��y�Ɓ:!:30%8;̣Δ�4#NQP4ņ 3-5 

c52F01ǋ AcrAǋÎ7> 140kDa¿̀Áś7>DE��y�ȡü'Q:�2Á£�N1AcrB

=ʊƩ7�l�]�×wX�dJ)!>˙̘=åȮ�̱%300I; AcrA ͛Ë=G�ȬŠ)

08˚�NQ02 

� TM7;MP AcrB-AcrA˼İ°��c̯7>1250kDaÁ£=Ë˗;�×t��8ƴSQP�

�y�ȡü'Q04ņ 3-5 b,c52AcrBS15TAST1�l°dTĂɷ)6 TALON1Superdex200 GL 

10/300Tɷ�6hYmǝʹc��xd��X�7ʻ̅+P81SDS-PAGE;MO%=�×t�

�8ƴSQP��y�ȡü'Q6�O1F0S,�; AcrB ĝɫ=��yJıǿ;ȡü'Q0

4ņ 3-652hYmǝʹc��xd��X�7> AcrB-AcrA˼İ°��c̯=ĝͣÎ8ƴSQP

əü��c>ȡü'Q,1AcrB-AcrA ˼İ°��c̯> AcrB ͛Ë=G=J=JĵU7¢ͣÎ

Tȥǁ)6�P8˚�NQ02 

 

� Western blotting=ˈȗTF8IP81AcrB:AcrA=1:1=ȹɮ7Ňů)0 AcrB-AcrA˼İ°�

�c̯>˥;òͨʅɱ)1 ͛> AcrB͛Ë=G7þǲ'Q6�02)�):�N1AcrB-AcrA

˼İ°��c̯Tʅɱ'-0 acrABȬǦȞ7>͎Ϳ)0 AcrA͛Ë>:!1˥;ʅɱ+PJ=

>òͨ AcrB-AcrA ˼İ°��c̯8þǲ'Q0 AcrB 7�P8S�302%=þǲɮ> TM7

TÓɷ)0 AcrB-AcrA˼İ°��c̯7> AcrAjdz×͝ÿTÓɷ)0 AcrB-AcrA˼İ°�

�c̯;ȹCÌ¤)6�02 
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ņ 3-4. AcrAjdz×͝ÿTĂɷ)0 AcrB-AcrA˼İ°��c̯=ȡü 

a. anti-His °dǋÎ1b. anti-AcrAǋÎ1c. anti-AcrBǋÎ 

 

ņ 3-5. TM7TĂɷ)0 AcrB-AcrA˼İ°��c̯=ȡü 

a. anti-His °dǋÎ1b. anti-AcrAǋÎ1c. anti-AcrBǋÎ 
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Φ�Φ� AcrB-AcrA˼İ°��c̯= MIC;MPɈƵɕů 

� ʭ 2 ʶ℃�Ψ;ƪ� AcrB-AcrA ˼İ°��c̯�M@ AcrB Tʅɱ'-0 acrB1acrAB ͗È

ŨȬǦ BL21Ȟ;ż)6Ȧ�:ǋɵɨ̯= MICTɕů)1��l�y�c°�=GTſñ)0

ŵª˰Ȟ8ãTȹ̹)02ˈȗ>4́ 3-354́ 3-45;F8I02 

� WT AcrBTʅɱ'-0 BL21�acrBȞ7>ŵªȞ8ȹC 22�N 210à=ȇƻ:Ɛ��302

BL21�acrBȞ7>Φ�℃7AcrA�ƶƔʅɱ)6�P%8�ʘ̟7 6�O1ſñ)0WT AcrB

8WT AcrA�Ĝ̥)6Ȫˢ)08˚�NQ02WT AcrBTʅɱ'-0 BL21�acrABȞ7>1

��l�y�c°�=G=ſñȞ8ȹC6ȇƻƐ�:!1ƶƔʅɱ)0 AcrA J)!>.=�

��d�Ūŉ):�0I;1Ȫˢ7 :�8˚�NQ02 

� AcrB-AcrA˼İ°��c̯Tʅɱ'-0 BL21�acrBȞ�M@ BL21�acrABȞ7>WT AcrA

8 WT AcrB Tʅɱ)6�PȞ¨G;˶ć˜ƵTłƭ)02%QN;MO1AcrB-AcrA ˼İ°

��c̯� AcrA1AcrB8ıȦ=ǋɵɨ̯˜ƵˢTȇ)6�P%8�ʘ�INQ02 

� AcrB-AcrA ˼İ°��c̯ͬ7 MIC Tȹ̹+P81Iα =ȇɤ7˜Ƶ�Śĕ):�302%

Q>1Iα > 40�8ͨ!ʪÎͺŲTł͘7 P8˚�NQP�1��_��ʒ�J)!>D8

 

ņ 3-6. ʻ̅)0 AcrBS15TAS= SDS-PAGE�M@ 

Z[l°���uvX�d;MPȡü 

a. anti-His b. anti-AcrA c. anti-AcrB
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U9Ūŉ):� AcrBGSAL1 AcrBAL1AcrBSTAS1AcrBS15TAS7J AcrBIAL1AcrBSITAS 8�

FOƐ>:!1ǋɵɨ̯˜Ƶˢ;��_�ͨ=Ʀ΋�DE:�%8Tʚļ)6�02F01AcrA

jdz×͝ÿ8 TM7TĂɷ)0 AcrB-AcrA˼İ°��c̯=ͬ7J�FOƐ>:!1AcrAj

dz×͝ÿTĂɷ)0 AcrBIAL7>1ȹ̹+P8S,�; MIC�˱26�02 

� Á£�N1AcrB-AcrA˼İ°��c̯>ŝˤ˰=ɵÎ˥;òͨʅɱ)1Ŝć˜ƵȪˢTǖ4

%8�S�302 

 

 

 

 

 

 

 

́ 3-3. AcrAjdz×͝ÿTĂɷ)0 AcrB-AcrA˼İ°��c̯

Tʅɱ)0 acrB1acrABȬǦȞ= MIC 

 

́ 3-4. TM7TĂɷ)0 AcrB-AcrA˼İ°��c̯Tʅɱ)0 acrB1acrABȬǦȞ= MIC 
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Φ�Χ� \tkZ����YyǝüɈƵɕů 

� ȎʫΦ�Φ7 AcrB-AcrA ˼İ°��c̯>Ȫˢ8)6Ŝć˜ƵˢTǖ4%8�S�30�1

MICɕů;MOS�P%8>˜Ƶ£ǻ=G7�P=71%=˜Ƶɭƫ�ǝü;MPJ=�9�

�Tȡ̙)02 

� \tkZ����Yy> AcrAB-TolC =ŏ̯7�P%8�ʑNQ6�O1����m�;Ū

ŉ+P\tkZ����YyT˰Îś;ǝü)1˃ˡöB=ØñTͰȮ7 P[4]2˃ˡ̯ö=

\tkZ����Yy>1f~� DNAB=Y�°�_��x˹ï8)6̏ɕ7 P[73]2ǝü

ɈƵɕů;> GlucoseTĎ�P%87˴ʥ'Q0ŏ̯=ǝüTÚ͌'-̚×+PǴɄ81ŏ̯

=Øñ=ͰȮT̚×+PǴɄ��P[74][75]2AcrAB-TolC =ʅɱ;MO1ʘ�;˃ˡ̯ö;˴

ʥ'Q0\tkZ����Yy=˰ÎśB=ǝü·͌�GNQP�1AcrB =˃ˡ̯æ;>ŏ

̯͈͐īˢ:̵͈>ʧ�6�N,1˃ ˡ̯�N����m�ʧͬB=̻̈́ˇ̵>1SMRK MFS

ŌTˇɹ+P8˚�NQP[66]2AcrB7>ǫ̯̟̆T˾�����m�æ;=Gǫ̯̟̆�e

uxB=ˇ̵�Ūŉ)6�P0I1Ʃ˛=ǴɄ�͕)6�P8˚�02.%71Ȏʫ℃�Ω=

ǴɄ;ƪ�1\tkZ����YyǝüɈƵɕůT˾302 

� \tkZ����YyǝüɈƵɕů;�036>1AcrA Áś=g���}�x;J˚ƿ)

02AcrA=���d7�P AcrE> AcrEF-TolC̆İÎ8)6Ȫˢ+P�1AcrA8 AcrE>ʋ

ıƵ 95%1 ˪Ɯ 70%1AcrB8 AcrF>ʋıƵ 95%1 ˪Ɯ 77%7�O1AcrE> AcrB8JȪ

ˢ+P%8�h×�}�˰;��6őĶ'Q0[76]2ıȦ;ŝˤ˰7J AcrE� AcrB8Ĝ̥)

6Ȫˢ+P8'QP0I1acrAB͗ÈŨ;Ď�1acrEF͗ÈŨT̓Ď7ȬŠ'-0ŝˤ˰ BL21

ȞTÑ̅)1\tkZ����YyǝüɈƵɕů7ȹ̹)02 

 

� acrB ͗ÈŨȬǦȞ; AcrB1AcrB-AcrA ˼İ°��c̯Tʅɱ'-0J==§˛71Y�°

�_��x˹ï=£ǻ�ŝ !ǉ�NQ04ņ 3-752acrB͗ÈŨȬǦȞ7>WT AcrA�ƶƔ

ʅɱ)6�P0I1AcrB 8Ĝ̥)6\tkZ����YyTǝü)1˃ˡ̯B=Øñ�ͰȮ

'Q08˚�NQ02acrAB ͗ÈŨȬǦȞ7>1AcrB Tʅɱ'-6J˹ï£ǻ�ʘ̟'Q02

%Q>1AcrA �:�0I1\tkZ����YyTǝü7 :�0I8˚�NQ02 Ǵ1

acrAB͗ÈŨȬǦȞ;AcrB-AcrA˼İ°��c̯Tʅɱ'-P8˹ï£ǻ�ŝ !ǉ�NQ02

M36 AcrB-AcrA˼İ°��c̯>ɵÎ˥;ʅɱ)1\tkZ����YyTǝü)6�P%

8�ʘ�INQ02%QN�N1AcrB-AcrA˼İ°��c̯>.=¾=ǋɵɨ̯7JıȦ;ǝ

üT˾�%8;MO˶ć˜ƵTɭƫ)6�PJ=8˚�NQP2 

� ȎʶΦ�Τ7ȥʸ)0 AcrBS15TAS7�P�1AcrB = C ȍ�N 15AA.=ŒǄ>1AcrB ˈȀȥ

͊©;��6ªͦ�ʘ̟üȑPŒǄ7�O1˥̫͈͛Ë�N˃ˡ̯æ;ü0ʊƩ;Ë˗+P2

%=ŒǄ; 20W�~͟�N:P TM7Tˈİ)6�O1AcrBS15TAS;>��_�=˨ɹƜ>D

8U9Ūŉ):�2%= AcrBS15TAS;��6J¾= AcrB-AcrA ˼İ°��c̯8ŚSN:�

ǝüɈƵ�̊NQ02 

� F01acrABacrEF ͗ÈŨȬǦȞ;��6J acrAB ͗ÈŨȬǦȞ8ıȦ=ˈȗTʚ)1AcrB
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=ʅɱ>˹ï£ǻTǉĄ-,1AcrB-AcrA˼İ°��c̯=ʅɱ;M36˹ï£ǻ=ǉĄ�̊

NQ02%Q>1AcrA=���d7�P AcrE� LBŎŊTĂɷ)0͈Ɣ=ŎΕȐÄ7>ʅɱ

-,1̃ Ƶ£ǻ;Ŷ¦):�0I8˚�NQ02ȎʫΦ�℃7=ǋ AcrA��c��z×ǋÎ;

MP AcrB-AcrA˼İ°��c̯=ȡü7>1acrAB͗ÈŨȬǦȞ;��6 40kDa¿̀;��y

�ȡü'Q:�304ņ 3-4b54ņ 3-5b52AcrE> AcrA8 ˪Ɯ� 70%�O1ǋ AcrA��c

��z×ǋÎ> AcrE Jȡü7 P8˚�NQP240kDa ¿̀;��y�ȡü'Q:�30%

8>1AcrE�ʅɱ)6�:�%8Tǩǖ)6�P8˚�NQ02 

 

 
 

Φ�Ψ� AcrB-AcrA˼İ°��c̯=ʅɱͣ-ǝüɈƵʋͭ 

� AcrB-AcrA˼İ°��c̯=ȪˢTʋżʇ;̚×+P0I1\tkZ����YyǝüɈƵ

 

ņ 3-7. \tkZ����YyǝüɈƵɕů 

a.b. AcrAjdz×͝ÿTĂɷ)0 AcrB-AcrA˼İ°��c̯=ȡü 

a. acrBȬǦȞ b. acrABȬǦȞ 

c.d.e. TM7TĂɷ)0 AcrB-AcrA˼İ°��c̯=ȡü 

c. acrBȬǦȞ d. acrABȬǦȞ e. acrAB acrEFȬǦȞ 
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ɕůTɷ�61ʅɱͣ-ǝüɈƵʋͭTɕů)04ņ 3-854ņ 3-954ņ 3-1052pBAD33��l

�y�c°�7>1W��~�lɐĎͣÖŪ7ʅɱͣT̥ʶ+P%8�7 P2W��~�l

ɠƜT£ǻ'-P81ǝüɈƵ�.QÁ££ǻ):!:PɠƜ�Ūŉ)02%=ŰΙʽ;��

6ɈƵ�Ώǆ28:PɈƵTȅŝɈƵ1F0%=ȅŝɈƵ=Ěý=ãTɈƵĚã8Ĺʡ+P2 

� ͢ɵŌ BL21 ;��l�y�c°�Tĝɫ7ſñ)1W��~�lɠƜ=Ʀ΋T̥CP81

W��~�lͣÖŪʇ:ǝüɈƵ=£ǻ�̊NQ04ņ 3-8a,b52 Ǵ1acrB ͗ÈŨȬǦJ)

!> acrABacrEF ͗ÈŨȬǦȞ;��l�y�c°�Tĝɫ7ſñ+P81W��~�lͣÖ

Ūʇ:ǝüɈƵ=Śĕ>D8U9:�302%%�N1W��~�l>°��c̯=ʅɱ̡ſ

1#7:!1\}×b�ɗ8)6JÓSQP%8�S�302acrABacrEF͗ÈŨȬǦȞ; AcrB

Tʅɱ'-0J=7>��l�y�c°�ĝɫ=J=8Ɛ�:�30=71%=\}×b�>

\tkZ����Yy=ý̑7>:!1ǝüɈƵ=\}×b�ɗ8)6ÓSQ08˚�NQ0

4ņ 3-8c52 

� ǝüɈƵ>W��~�lɠƜ;MOˮƖ=ɈƵ£ǻTʚ)02)�):�N1ʅɱͣ-ǝüɈ

Ƶʋͭ=ɕů7ɷ�0 0 ~ 2mM1ɩ; 0, 0.1, 0.25, 0.5, 0.75, 1mM7>W��~�lɠƜ�ŝ 

!͓S:�ͲOǝüɈƵ=ȹ̹�īˢ7�P8˚�02��l�y�c°�Tĝɫ7ſñ)0

acrB ͗ÈŨ1J)!> acrABacrEF ͗ÈŨTȬǦ)0ŝˤ˰Ȟ;��6>18J;˹ï� 200 

arbitary units (AU)B8£ǻ)1ȅŝɈƵ7> 50-60AU ¿̀7�302%=ɈƵĚã7�P

120-130AU;ă͒+Pɣ7=W��~�lɠƜ1ʅɱͣ7\tkZ����YyǝüɈƵTȹ

̹)02 

 

 

ņ 3-8. x��l��°�ʅɱͣTĄƬ)0Œİ=\tkZ�ǝüɈƵɕů 

a. acrBȬǦȞ + �c°�1WT + �c°�  

b. acrABacrEFȬǦȞ + �c°�1WT + �c°� 

c. acrABȬǦȞ + AcrBʅɱ1acrABacrEFȬǦȞ + AcrBʅɱ 

d. acrBȬǦȞ + AcrBʅɱ1acrBȬǦȞ + �c°� 
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� acrBȬǦȞ; AcrBTʅɱ'-P81W��~�lɐĎͣ;ÖŪ)61ǝüɈƵ�£ǻ)6

�PȦŨ�̏ɕ'Q04ņ 3-8 d52 Ǵ1acrABacrEFȬǦȞ; AcrBTʅɱ'-6J1ɈƵ=

£ǻ>̊NQ,ȅ˅ʇ:˹ïͣ> 200AU ¿̀7�O1W��~�lɐĎ;M36DEŚĕ)

:�302ɈƵĚã;�0PW��~�lɠƜ>10.25mM ¿̀1302F01W��~�l

ɠƜT£ǻ'-P81.Q;MPʅɱͣ£ǻ�ʘ̟7 02ɈƵĚã= AcrBʅɱͣ>1BL21

͢ɵȞ8ȹ̹)61ŚSN:�ʣƜ=ʅɱ7�302 

� AcrB-AcrA˼İ°��c̯=ʅɱͣT̥ǯ+P81acrBȬǦ1acrAB acrEFȬǦŝˤ˰Ȟ;

��61W��~�lɐĎͣÖŪ7ǝüɈƵ�£ǻ+PȦŨ�̏ɕ'Q04ņ 3-954ņ 3-105 2

acrABacrEF ȬǦȞ;��6ɈƵĚã8:PɠƜ>1AcrBSITAS 7> 0.25mM1AcrBSTAS 1

AcrBS15TAS 7> 0.5mM7�302öŃƵ=WT AcrA�ʅɱ+P acrBȬǦȞ; AcrB-AcrA˼

İ°��c̯=ʅɱͣTʅɱ'-P81ɈƵĚã> AcrBSITAS 1AcrBSTAS1AcrBS15TAS 7

0.1-0.25mM=ͬ=ɠƜ7�302 

� AcrB 8ıȦ; AcrB-AcrA ˼İ°��c̯7JW��~�lɠƜT£ǻ;É�ʅɱͣ£ǻ�

ʘ̟7 0�1ı*W��~�lɠƜ7= AcrB=ʅɱ8ȹC1MOŜ!= AcrB-AcrA˼İ°

��c̯�ʅɱ)6�04ņ 3-1052%=ʅɱͣ=͓�>1̸øǿ=��l�y DNA=ȥ͊K

mRNA =ȥ͊=͓�;MPJ=8˚�NQP�1AcrB =ɈƵĚã8ȹ̹)61ʿ 5 à�N.

QÁ£= AcrB-AcrA˼İ°��c̯�ʅɱ)6�02%Q;MO1AcrB-AcrA˼İ°��c̯

=ɈƵ>1AcrB8ȹC6 20%ʣƜ;Ì¤)6�PJ=8˚�NQ02 

� AcrB-AcrA˼İ°��c̯Tʅɱ)0 acrBȬǦȞ8 acrABacrEFȬǦȞ=§ȞͬTȹ̹+P

81ɈƵĚã7=W��~�lɠƜ� acrB ȬǦȞ7> 0.1-0.25mM1acrABacrEF ȬǦȞ7>

0.25-5mM 8�FOŚSN,1F0%=ǿ=ʅɱͣJ�FO͓S:�304ņ 3-954ņ 3-1052

%=%8>1acrBȬǦȞ;��6f~��NƶƔʅɱ+PöŃƵ AcrA> AcrB-AcrA˼İ°�

�c̯=ɈƵ£ǻ;ͭ¦)6�:�%8Tƻĸ+P8˚�NQ02 

� Á£�N1AcrB-AcrA ˼İ°��c̯1AcrBSITAS 1AcrBSTAS1AcrBS15TAS> AcrB 8ȹC

6\tkZ����YyǝüɈƵ�Ì¤)6�PJ==1öŃƵ AcrA� AcrB-AcrA˼İ°�

�c̯=ɈƵ;>ͭ¦):�302AcrB-AcrA˼İ°��c̯>ƢŇ:��¢ͣÎTȥǁ+P

4ņ 3-652AcrB-AcrA˼İ°��c̯�ā=ı ýŨ�N AcrATâOP8Âů+P81öŃ

Ƶ AcrA=ȇɤ7ɈƵ�Śĕ):�%8=̣Δ�7 :�2M361ʅɱͣ-ǝüɈƵʋͭ�N

> AcrB-AcrA˼İ°��c̯�ĝɫ7Ȫˢ+P%8�ʚļ'Q02%%�N1��¢ͣÎTȥ

ǁ+PAcrB-AcrA˼İ°��c̯�ȥǁȹAcrB:AcrA=1:17ǝüȪˢTǖ48ˈ̦5#NQ02 

� AcrB-AcrA ˼İ°��c̯>ɈƵ�Ì¤)6�02͈Ɣ AcrA >ˣ̯¿Ď'Q6�P�1˥

̫͈͛ËTǖ4 AcrA7> AcrA C25A (AcrAL) 7>ˮƖ=ɈƵ=Ì¤�őĶ'Q6�0[34]2

AcrB-AcrA ˼İ°��c̯=ɈƵÌ¤>1%= AcrAL=ɈƵÌ¤8İS-61Φ�℃7ȡü'

Q0 AcrA ͛Ë=ȬǦ)0 AcrB-AcrA ˼İ°��c̯=0I8˚�NQP2AcrB ͛Ë�ƢŇ

:¢ͣÎTȥǁ+P4ņ 1-1550I1AcrA͛ËT 147JȬǦ)0 AcrB-AcrA˼İ°��c

̯¢ͣÎ=Ċİ>1AcrA ͛Ë=ȬǦĊİ;ͭ͋)6ŝ !£ǻ+P2%QN�ġŃ8:O1
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ɈƵ�Ì¤)6�PJ=8˚�NQ02 

 

 

 

 

 

ņ 3-9. x��l��°�ʅɱͣTĄƬ)0Œİ=\tkZ�ǝüɈƵɕů 

a. acrBȬǦȞ + AcrB1b. acrBȬǦȞ + AcrBSITAS 

c. acrBȬǦȞ + AcrBSTAS 1d. acrBȬǦȞ + AcrBS15TAS 
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Φ�Ω� ̔ʴʠū;MP AcrA8 AcrB=ʋ´Ñɷ̑ȕ 

� Φ�Ψ7¢ͣÎTȥǁ+P AcrB-AcrA ˼İ°��c̯�ĝɫ7ǝüȪˢTȇ+P%8�ʚ'

Q02ɩ; AcrBS15TAS7>1AcrA =Ūŉ7 PË˗�ĄͲ'Q6�P˚�NQ02%=ĄͲ

'Q0AcrAË˗ͭÙ>AcrAB̆İÎ=Ȫˢ8ȥ͊=ͭÙTΔN�8+P̉͡:ƹő8˚�N

Q02AcrBS15TAS 7> C ȍTą30 AcrB ; TM7 Tˈİ'-6�O1%=ƹőTJ8;

AcrBS15TAS=ȥ͊�w×TÑ̅)02 

� AcrBS15TAS=ȥ͊�w×�N>1AcrA͛Ë> AcrB=ĝͣÎ8ĝͣÎ=ͬ1Y�°���x

��=Ë˗;ĄͲ'QP8˚�NQP2%=Ë˗; AcrA�Ȏƣ;ʋ´Ñɷ)�P�;ͭ)61

Ȏʫ℃�Ϊ;ƪ�1ȫ¶ɩÅďǬ=ĜČ=J81̔ʴʠū;MOȡ̙T̛G02 

� ȥǁȹ 1:1 = AcrB-AcrA ˼İ°��c̯�Ȫˢ+P%8�N11:1 =ǝü��y�Ūŉ+P

8˚�NQ02%=ǿ1AcrA >ŏ̯=ɜü):� 6 ͣÎ=ʱȥ͊TƤǁ7 :�0I1AcrB

8 TolC �ʊ;ˈİ+Pử��P2AcrB 8 TolC >jlvY�ŚɿÎıř7ʊ;kl×�X

ņ 3-10. x��l��°�ʅɱͣTĄƬ)0Œİ=\tkZ�ǝüɈƵɕů 

a. acrAB acrEFȬǦȞ + AcrB1b. acrABacrEFȬǦȞ + AcrBSITAS 

c. acrABacrEFȬǦȞ + AcrBSTAS 1d. acrABacrEFȬǦȞ + AcrBS15TAS 
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yˈİ7 P%8�ʑNQ6�O1%= AcrB Q255C1TolC A150C=ʋ´ÑɷTŏ;1AcrB8

TolC=̆İÎȥ͊�w×TÑ̅)04ņ 3-1152 

 

 

 

� Schrödinger suite= BioLuminate7 AcrB-TolC̆İÎȥ͊�w×;òͨ AcrAȥ͊�w×=y

ua�dT˾�81AcrBJ)!> TolC=˥̫͈͛Ë7ʋ´ÑɷT+P̑=G�ƫNQ04ņ

3-12Ə5[72]2.%71˥ ̫͈͛Ë8=ʋ´ÑɷTʹś)6÷Ɯ̛G150ß=̑Tƫ04ņ 3-12

Ĭ52+P81AcrA =˥MOȅJ͔� α ��ucl��y×� TolC 8Ɨ˾J)!>ŶOɐ3

6�61Nȍ1Cȍ�ö˥;�P̑� 64ƫNQ04ņ 3-1352.=¾> AcrA=͝˗>1MFP

8)6 TolC8 AcrB=ˈİTÃ¼+P;>͕)0Ƥ7>:�304ņ 3-12Ĭ52 

 

 

ņ 3-11. AcrBS15TASTŏ;)0Ȫˢ+P AcrAB-TolC̆İÎ=±ƺņ 

Ə: ˏ˭> AcrB1΄˭> TM7��_�1̰> AcrATƻĸ+P 

Ĭ: AcrBS15TAS8 TolC (Openȥ͊)=ˈİ�w× 
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� AcrB>¢4=g��]��j��TJ30ƢŇ:��¢ͣÎ7�P�1AcrA>Y�°��

�x��=Ë˗;ˈİ)0J=� 541ƨȪ�~��=c��x;ˈİ)0J=� 147�3

04ņ 3-1352 

� BioLuminate7> AcrA=Ț̷Ƶ>˚ƿ-,1ŚƤ):�ȥ͊�w×TJ8;yua�dj�

���j��T˾36�P0I1ƫNQ0ƹő>Ͳůʇ:J=7�P�1Y�°���x��

=Ë˗>1AcrBS15TAS=ȥ͊�w×�N±ɕ'Q0Ë˗7�O1ɩů=ŒǄ;ʋ´Ñɷ+P̑

�ƫNQP%8>1AcrB-AcrA˼İ°��c̯=Ȫˢ8̆İÎȥ͊Tǩǖ+PJ=8˚�NQ

02 

 

 

ņ 3-12. AcrB-TolC̆İÎ£B= AcrA=yua�dj����j�� 

Ə>˥̫͈͛Ë;ˈİ)0ȦŨ1Ĭ>˥̫͈͛ËT̔ʴ�Nǝʹ)0J=7�P2 
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Φ�Ϊ� AcrB-AcrA˼İ°��c̯TĂɷ)0 AcrAB-TolC̆İÎ=ȡü8ʻ̅=̛G 

� AcrB8 TolC>ʊǟ=ʋ´ÑɷTĨP%8�ʑNQ6�P2AcrB-AcrA˼İ°��c̯�Ȫ

ˢ+P=71AcrB:AcrA=1:1 =ǝü��y�Ūŉ)1%=ǿ;> AcrB8 TolC�ʊ;ˈİ+P

ử��P2.%71AcrB-AcrA ˼İ°��c̯=jlvY�ŚɿÎ8 TolC =jlvY�Ś

ɿÎTȥʸ)1ȡü�M@ʻ̅T̛G02 

� Ȏʫ℃�Τ1℃�℃;ƪ�1pB(Q255C)1pB(Q255C)SITAS�M@ pET22tolC(A150C)FLAGTÑ

̅)02%QNT JM109(DE3);ſñ)1AcrB(Q255C)8 TolC(A150C)FLAG1�M@

AcrB(Q255C)SITAS8 TolC(A150C)FLAGTıǿ;ʅɱ'-02ŝˤ˰=����m�ʧͬ>͟

ĕȐÄ7�O1����m�7̆İÎTƤǁ+P AcrAB-TolC ̆İÎ7>1ǟ̒)İ�̴Ϳ7

Ūŉ+Q?1jlvY�Ȳŏ;MO AcrB8 TolC�ʊǟʇ;̆İÎTƤǁ)ƫP2˥ɻýTł

ħ)1͙ìć(DTT)�O1͙ìć:)= 2ȐÄ7h��×Tûɳ)1ǋ FLAG°dǋÎ7Z[

l°���uvX�dT˾304ņ 3-1452 

� DTT7ûɳ)0h��×7>1100kDa¿̀8 50kDa¿̀;��y�ȡü'Q02100kDa¿

̀=��y>ò6=h��×7ȡü'Q1TolC =³ͣÎ8˚�NQ02TolC >ś˥���7

�O1β j�x�N:P˥̫͈ȥ͊�ŭů:0I1Κɔ7ûɳ+Pử��O1Κɔ7ûɳ+

P8Ȏȑ=ýŨͣ7�P 50kDa=G=��y�ȡü'QP%8Tʘ̟)6�P2)�):�N1

ņ 3-13. yua�dj����j��=ˈȗ 

̰: AcrA1Ν: TolC1ˏ: ƨȪ�~��1΄: ˈİ�~��1�o�°: ǝü�~�� 
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AcrB >Κɔ7ûɳ+P8��y�¯QP=71ɧûɳT˾36�:�2DTT TɐĎ):�3

0h��×7>1 140kDa ¿̀;ô͈)0��y81AcrB(Q255C)7> 200-220kDa1

AcrB(Q255C)SITAS7>˵� 200-220kDa =��y81ɠ� 250kDa ̲=��y�ȡü'Q02

AcrB(Q255C)8 TolC(A150C)Tıǿʅɱ'-0î˾ʔʦ7>150kDa; TolC=ĝͣÎ1215kDa

¿̀;ɠ� AcrB-TolC̆İÎ1.)6 145-155kDa; TolC ³ͣÎ8'QP��y�ȡü'QP

8)6�0�1»ł=ȡü7>'N;J� Ȏ1100kDa ¿̀=��y�ȡü'Q02%=

100kDa =��y>.=¾=��y;ȹC6˵!1î˾ʔʦ7>ȡü7 :�30J=8˚�

NQ1SDS-PAGE 7Jȥ͊�ŘQ,;ˋǖ'Q0 TolC =³ͣÎ8˚�NQ02%QF7;ƫ

NQ6�0 145-155kDa =��y>1jlvY�=ˈİTĵU7ȥ͊�ŭůĕ'Q0¢ͣÎ8

˚�NQ02AcrB(Q255C)7> 200-220kDa7ƫNQ0��y>î˾ʔʦ= 215kDa8Ë˗� 

˪+P0I1AcrB-TolC ̆İÎ8˚�NQ02AcrB(Q255C)SITAS = 250kDa ̲=��y>1

AcrB-AcrA ˼İ°��c̯= AcrA ͛Ë8��_�TİS-P8 40-50kDa ;ʋƣ)1

AcrB(Q255C)SITAS8 TolC(A150C)FLAG=̆İÎ7ƺů'QPýŨͣ8 ˪)02 

 

 

 

 

� JM109(DE3)7>͢ɵŌ AcrA�ʅɱ)6�P0I1AcrB-AcrA˼İ°��c̯�͢ɵŌ AcrA

TâO6̆İÎTƤǁ)0=�1AcrB-AcrA˼İ°��c̯.=J=�̆İÎTȥǁ)0=�

ėā�7 :�2BL21(DE3)= acrAB͗ÈŨȬǦȞTȥʸ)1%=˰ȞTɷ�6��_�=ʒ

� AcrB(Q255C)S15TAS�M@ FLAG°d=ÀSO; PA°dTſñ)0 TolC (A150C) PA Tʅ

ɱ'-1AcrB-AcrA˼İ°��c̯Tɷ�0 AcrAB-TolC̆İÎ=ʻ̅T̛G02 

� AcrB(Q255C)S15TAS�M@ TolC (A150C) PA Tʅɱ'-11.5% Lipodisq;MO˥ɻýTīə

ĕ)0[77][78]2TALON �k�(Clontech ʜ);͈)10mM110mM1300mM = pH8.0 =Y�s

ņ 3-14. AcrB(Q255C)SITAS8 TolC(A150C)FLAGTɷ�0AcrAB-TolC̆İÎ=ȡü 

Ə: anti-FLAG°dǋÎ(M2) ;MP̆İÎ=ȡü1Ĭ:ǰɬ[36]MO ͛ǪŚ 
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q�×7əü)02%QTZ[l°���uvX�d;MOǋ PA °dǋÎ7ȡü)04ņ

3-1552 

� Lipodisq;MO AcrB(Q255C)S15TAS-TolC(A150C)PA ̆İÎ>īəĕ'Q1150kDa= TolC ¢

ͣÎ> 01J)!> 10mM=Y�sq�×;MOò6əü)1Άɩɿʇ:ˈİ8Āǲ7 P�1

 Ǵ7 AcrB(Q255C)S15TAS-TolC(A150C)PA ̆İÎ> 300mM Y�sq�×;MOəü'Q1�

l°dTǖ30 AcrB(Q255C)S15TAS8ıȦ=ǙĒTʚ)02 

 

 
 

� %=̆İÎTʻ̅+P̛G>»=8%Rǁč)6�:�2̝˃>Æ-P�1

AcrB(Q255C)S15TASTʻ̅+P1J)!> TolC(A150C)PA Tʻ̅+P%871̆İÎ8˚�N

�P��y�̊�PJ==192N7ʻ̅)6JjlvY�;MP̆İÎTƤǁ)6�:�

AcrB(Q255C)S15TASJ)!> TolC(A150C)PA�ǙĒTô;+P0I7�P2%Q>1AcrB-AcrA

˼İ°��c̯� TolC8 in vitro7Jʋ´ÑɷTǖ4%8Tʚļ)6�P�1AcrAB-TolC̆İ

ÎTʻ̅+P̛G;>ͺŲ8:36�O1%=ɣTðȈ+P%8�ử7�P2 

  

ņ 3-15. AcrB(Q255C)S15TAS-TolC(A150C)PATɷ�0 AcrAB-TolC̆İÎ=ʻ̅=̛G 
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ʭ 4ʶ� ˚Ź 

� Ȏʫ7>1AcrB:AcrA = 1:1=ȹɮ7Ňů)0 AcrB-AcrA˼İ°��c̯TÑ̅)1.=ǝ

üɈƵT̝˃;̥C02.=ˈȗ1AcrB-AcrA˼İ°��c̯�ɵÎ˥;ʅɱ)1͢ ɵŌ AcrA

=ǅď#:)7 AcrB-AcrA˼İ°��c̯�.Qĝɫ7˶ćǝüT˾�P%8�S�302%

Q;MO1AcrAB-TolC ̆İÎ=:�71AcrB 8 AcrA >Ɓ:!8J 1:1 7Ȫˢ+P%8�ʚ

'Q02ʅɱͣ -ǝüȪˢʋͭTΔN�8+P81ȅJ��_�=˨ɹƜ�ĄͲ'Q0

AcrB-AcrA ˼İ°��c̯ AcrBS15TAS;��6JMO˨ɹƜ=Κ� AcrB-AcrA ˼İ°��c

̯8ıʯ=���ȪˢTȇ)6�02AcrBS15TAS;��6> AcrA͛Ë= Nȍ�Ūŉ7 PË

˗>1ƢŇ: AcrB ¢ͣÎ=ͬ1Y�°���x��=Ë˗;ĄͲ'Q1Ɓ:!8J%=Ë˗

�ǝüȪˢ;̉͡7�P%8�ʚļ'Q02 

� AcrB-AcrA˼İ°��c̯> AcrA͛ËT 34)�ǖ36�:�0I1ˏ ˦˰MexAKMacA

:9¾= MFP =ˈȀȥ͊7̏ɕ'Q6�P 6 ͣÎÁ£=ȥ͊TĨP%8�7 ,1ʱɪ=˶

ćˇ̵TƤǁ+P%8�7 :�[79][80]2˶ćǝüTǑ�%8=7 P AcrB-AcrA ˼İ°�

�c̯7> AcrB-TolC�ʊǟʋ´Ñɷ+P̆İÎ�ư΍8˚�02 

� AcrA �w×;MP AcrB-TolC ̆İÎ£B=yua�dj����j��7>1BioLuminate

;MO1ɵÎ˥;ˈİ7 Pɪƾ AcrA ȥ͊=̑ 6 4�ǣʚ'Q15 4�Y�°���x��

=Ë˗11 4�ƨȪ�~��=c��x͛Ë;ˈİ)6�02%=j����j��ˈȗ>1

AcrBS15TAS7>Y�°���x��Ë˗;ĄͲ'QP AcrA �%=Ë˗7Ȫˢ+P%8Tǩǖ

+PJ=8˚�02ʭ 2 ʫ71ͰŲć7�P ABI-PP >%=Y�°���x��=Ë˗;̀�

ŒǄ;ˈİ)6đȗTʅǥ)6�02̆İÎ=Ƥǁ8ͰŲć=ͭÙƵ;4�6>¥Δ7�P�1

ͰŲć=ˈİ�̆İÎƤǁ;Ʀ΋TĤE+īˢƵ��P8˚�NQP2 

� AcrB-TolC �ʊǟʋ´Ñɷ+P%8>1AcrB(Q255C)S15ITAS �M@ AcrB(Q255C)S15TAS 8

TolC(A150C)8�ʊ;̆İÎTƤǁ+P%87ʘ�INQ02%=̆İÎTʻ̅+P%8�7

 1ȥ͊̑ȕ�7 Q?1Ȫˢ7 Pȅƀȹɮ7Ňů'Q0 AcrAB-TolC ¢˛̆İÎ=ȥ͊�

ΔN�;:P8˚�NQP2 

� %%F7=öŴ= ͛>1AcrB-AcrA Fusion Proteins That Act as Multidrug Efflux Transporters. 

Journal of Bacteriology, Nov 2;198(2) 332-42. Nov. 2nd 2015, doi: 10.1128/JB.00587-15. ;ª̉˲˛

8)6F8I02%Q>ª̦ǰ8)6î;ǣʚ)02 

 

� %=ʫ7ƫNQ0AcrB:AcrA=1:18��ˈȗTȡ̙+P͇©712014Ƙ= 4Ȇ;AcrAB-TolC

¢˛̆İÎ=c�Y^΁ŨΒƮͧ;MPȥ͊�őĶ'Q04ņ 3-165[81]2.=ȥ͊7>1ʮ

˛;>ƻś7>�30�1AcrB:AcrA = 1:2 =ȥ͊�̏ɕ'Q6�02F012015Ƙ12016Ƙ

;őĶ'Q0c�Y^΁ŨΒƮͧ(Cryo-EM)ȥ͊7JıȦ=ˈȗ7�304ņ 3-175[82][83]2

%QN=̆İÎȥ͊>Ȏʫ7ΔN�8'Q0ˈȗ8İS-1ȥ͊8Ȫˢ=̏ɣ�Nɳ̑+P0

I;̉͡7�P2˚Ź;ử7�P0I1%QN=̆İÎȥ͊Tʹĝ;˄¼+P2 
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� 2014Ƙ; Nature7 16�ý̑ˢ=ȥ͊�őĶ'Q0�1%Q;>³4=˼İ°��c̯Tɷ

�6�04ņ 3-1652 4> AcrA T AcrBö͛;˼İ'-0˼İ°��c̯7�O1AcrB= 1

łʉ=����m�ȥ͊=͝ÿ=͇©(AA. 328-329); AcrA òͨ(25-397)Td�j�-n���

�_�7˼İ)6�02J� 4> AcrZ-AcrA 7�O1AcrAB-TolC =ɈƵTS,�;ĳ£'

-P 48AA.�N:P AcrZ � AcrB 8ʋ´Ñɷ+P%8TĂɷ)6 AcrA(AA.1-397)= C ȍ;d

�j�-n����_�7 AcrZ T˼İ)6�0[84]2%QN AcrABZ-TolC 7ƫNQ0ȥ͊>1

AcrA= 6ͣÎTȥǁ)1TolC= α��ucl��y×=îʬ7 tip-to-tipʋ´ÑɷT)6�02

F01̆İÎƤǁǿ= TolC> Openȥ͊7�302AcrA-AcrZ˼İ°��c̯�ˈİ)0Ë˗

>1Y�°���x��=Ë˗7�302%=ȥ͊7>1\tkZ����Yy�M@

trimethylammonium diphenylhexatriene (TMA-DPH) =ǝüɈƵ>WT AcrB8ȹC6ƀ'�J=

=Ūŉ)1MIC> 1-2ȴ=łƭ7�302 

� 2015Ƙ;ǳ0; AcrAB-TolC̆İÎ�őĶ'Q1.=ȥ͊> 2016Ƙ; TolC8 MacA=a�

�°��c̯=Ăɷ;MO 8.2�ý̑ˢ=Κý̑ˢ7̑ȕ'Q04ņ 3-175[81][82]2%=ȥ͊

7>1AcrB= Cȍ; AcrAT³ýŨ˼İ)01AcrB-AcrA-AcrA˼İ°��c̯TÓɷ)6�

02%= AcrBAA-TolC ȥ͊7J1 4>Y�°���x��=Ë˗1J� 4>c��xË

˗;ˈİ)6�02TolCJͫ�Q0ȥ͊7̑�Q6�02%=ȥ͊= tip-to-tipʋ´Ñɷ> 2014

Ƙ;őĶ'Q0J=8>S,�;ɿ:36�O12014Ƙ= AcrABZ-TolC=ȥ͊7>1AcrA=

6 ͣÎ7ÑNQ0ʱȥ͊; 7-8�D9 TolC �ñO̾HƤ;:36�0�1AcrBAA-TolC 7>

ņ 3-16. AcrZ-AcrA˼İ°��c̯TĂɷ

)0 AcrAB-TolC̆İÎ= Cryo-EM

ê [Ɵɷ ǰɬ 81] 

ņ 3-17.AcrB-AcrA-AcrA˼İ°��c̯

TĂɷ)0 AcrAB-TolC̆İÎ=

Cryo-EMê [Ɵɷ ǰɬ 82] 
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TolC=îʬ8ĿGİ�Ƥ7ˈİ+P8őĶ'Q04ņ 3-1852 

� z~wXlc;Žñ)0WT AcrB1WT TolC�M@WT AcrATɷ�6 AcrAB-TolCT÷ȥʸ

)0ˈȗ�N>1ıȦ= 6ͣÎ AcrA8ƴSQPȤƤ�őĶ'Q04ņ 3-195[85]26ͣÎ AcrA

�ÓSQPȥ͊>ʘ�; 4=��y8)6 AcrAB-TolC̆İÎ;Ūŉ+P=1R�2 

 

 

 

ņ 3-18. AcrA-TolC=ʋ´Ñɷ[Ɵɷ ǰɬ 82] 

Ə: AcrABZ-TolC1Ĭ: AcrBAA-TolC 

ņ 3-19. MexAB-TolC1AcrAB-TolC̆İÎ= in vitro÷ȥǁ[Ɵɷ ǰɬ 85] 

� � � � a.b.c. MexAB-OprM1d.e.f. AcrAB-TolC =}`vX�β˭ê 
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� ʮ˛=ȥʸ)0 AcrB-AcrA ˼İ°��c̯7> 1:1 =ˈİȹɮ7ęý:ǝüɈƵTʚ)02

îD9Ǚ$0ȥ͊8ȹ̹+P81AcrA =Y�°���x��Ë˗ͭÙ> AcrB-AcrA ˼İ°�

�c̯8 ˪)6�O1Ɓ:!8J%=Ë˗>̆İÎ�ȪˢTǖ40I;ư΍=Ë˗8˚�N

Q02 

� )�):�N1ȥǁȹ;ͭ+Pʐʌ�Ūŉ+P2%=ʐʌ;ͭ)6>1̆İÎƤǁ8Ȫˢ;

ͭ+P̀Ƙ=őĶ�N1̣Δ�īˢ7�P8˚�P2ȥ͊ͭÙ=őĶ;¥̳)6�P̏ɣ8)

61��x�ΘĒČ�Ǚ$NQP2AcrB1MexB7>��x�ΘĒČ�ǝüˢČ;ÓSQ1%

QN>ô͈= D4071D408 �M@ K940 Ȳŏ=Ē �ì8:36�P4ņ 3-205[19]2%QF

7;őĶ'Q0ȥ͊7>1ǝüȪˢ;ử:��x�ΘĒČ�:�ɪƾ7÷ȥǁ'Q02 

 

 
 

� ̆İÎ8ǝüȪˢ=ͭÙ;ͭ)6>1̀Ƙ=̆Ǯ=d×���Nʔʦǁȗ�őĶ'Q6�P2

2015 Ƙ;ˏ˦˰=���d7�P MexAB-OprM = in vitro ɈƵɕůʽ71ǝü;É�

MexAB-OprM̆İÎ=̑Ɍ�őĶ'Q04ņ 3-215[86]2%= in vitroɈƵɕůʽ7>1MexAB

TĵU1��p��8 OprM TĵU1��p��=³4�N:O1MexAB TĵH��p��

;>�^t�ĕˣ̯�Žñ'Q02ɈƵɕůʽ;��61WT MexB1̻̈́ˢČTȬ! MexB 

D407N>18J;ŏ̯ǝüĆ;>lx��xW�k���m;MOʻ̅+P8 OprM�ȡü'

ņ 3-20. AcrB;�#P��x�ΘĒ;ư΍: D4071D4081

K9408į¢ͣÎ©7=Ë˗8ȥ͊ 
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QP�1ŏ̯ǝüƩ;> MexB D407N 7>Ɵ ˊ OprM�ȡü'QPJ==1WT MexB 7

> OprM�ȡü'Q:!:P%8�őĶ'Q02 

 

 
 

� OprM> MexAB=D�1MexXY1;��6J1MexXY-OprM8)6ÓSQP2F01TolC

>1AcrAB=D�1AcrAD1AcrEF1MdtABC1MdtEF1EmrAB1EmrKY1MacAB1F0 Type 

I Secretion system7�P HlyABC;JÓSQP4ņ 1-25[87]2.=¾=x��l��°�� TolC

TĂɷ+P%8T˚ƿ+P81Ɣǿ AcrAB-TolC ̆İÎTƤǁ)6�P8>˚�5N�2%Q

>1AcrB =Ǟ˂/ǝü��yþOȄ�Ậ8J͈*P�12016 Ƙ; AcrB =Ēƾ̑ȕ;��6

őĶ'Q1ẬTʚļ+Pˈȗ�ü6�P[88]2AcrB1AcrD>.Q/QAcrAB-TolC1AcrAD-TolC

̆İÎTƤǁ)1AcrB�̨̟+Pŏ̯8AcrD�̨̟+Pŏ̯>ô͈+PJ==�Ŝ�J==1

 ͛>ɿ:36�P2AcrB8 AcrD>̨̟ŏ̯ÖŪʇ;ɵÎ˥©7=ǔǭ͉Ɯ�Ì¤+Pǹ�

őĶ'Q02TolC>����m�ʧͬ7��tyd�_�;Ňů'Q6�P0I1ǔǭ͉Ɯ=

Ì¤>̆İÎ=ƤǁTƻĸ+P2%QN=őĶ> TolC TĂɷ)0̆İÎ>1Ɣǿ̆İÎ7>

:! ǿʇ̆İÎ�Nȥǁ'Q6�P%8Tʚļ)6�P2 

 

� %QNTˎİ)61AcrAB-TolC ̆İÎ;>΅ʇ8Ēʇ:³4=̆İÎȥ͊�Ūŉ+P=7

>:��18ʮ˛>˚Ź)04ņ 3-2252+:S21AcrA 8 AcrB>ŏ̯T̨̟+P8̆İÎ

ņ 3-21. MexAB-OprM= in vitroɈƵɕůʽ8ǝü;É� MexAB-OprM̆

İÎ=­Ϳ[Ɵɷ ǰɬ 86] ǝü 5ýƩ;> OprM�ȡü'Q6�:

�2MexB D407NŚɿÎ7>­Ϳ�̊NQ:�2 
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TƤǁ)1AcrA8 TolC=̎ĺƵ;M36 6ͣÎ AcrA1J)!>.QÁ¤=ͣȹ7 AcrAB-TolC

̆İÎTƤǁ+P2.=Ʃ1AcrB �ǝü��y;þOȄSO1AcrAB ͬ=ʋ´Ñɷ=Śĕ;

MO AcrB8 TolC�æͦıř=ʋ´ÑɷTƫNQP̴ͿF7̀5#NQ1AcrB�N TolCö͛

;ŏ̯�ǝü'QP2%=Ʃ1AcrAB-TolC̆İÎ>̑Ɍ'Q1÷@ AcrB>Ǟ˂��y;ǃP2

%=Ậ7�Q?1+C6=ʔʦőĶ;ʐʌ-,1AcrAB-TolC =Ȫˢ8ȥ͊TĔǕʇ;ɳ̑

üȑP8˚�P2%=Ậ18)6J19=M�;ŭůʇ: AcrA= 6ͣÎȥ͊�ŘQ1AcrB

8 TolC �̀5!Ē 8:P=�1F01˥°��c̯7�P AcrB 8 TolC �̀5!;�03

6>ưɥʇ;ɵÎ˥ȥ͊�ȱH�1��x�ΘĒČ7.Q�F�:�P=�18�30ʁĽ�

ɋ�A28J�Q1AcrAB-TolC ̆İÎ=MOΚý̑ˢ=ȥ͊8ŚɿÎŰΙ;MPȪˢ̑Δ�

ư΍7�O1»Ʃ1ȥ͊=̏ɣ�NǝüȪˢ=̝˃�̑Δ)0�2 

 

 

 

ņ 3-22. RNDŌɿɨǝüx��l��°�=ǝü;ͭ+PẬ 
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ʭ �ʫ 

ˎǕ 
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� ɿɨǝüx��l��°�>1˃ˡ8��ˣ̯³͡˥7ėþNQ0ʧͬTĄƬ+P;>ư΍

=J=7�O1ġȟɵɨ�Nʎȟɵɨ;˩PF7ɵÎɿɨǝʹ=½ˆGTè�6�P2ƽβʃ

TƟ ̱%+˃˰JÔś7>:��1˃˰=ɿɨǝüx��l��°�>ĕūɂʄ;ɷ�NQ

Pǋɵɨ̯;ż)1˨ɥǎǋƵ�M@Ŝć˜ƵTʅǥ+P2ƪȑ>ǳ̋=ǋɵɨ̯�Ɣ;ͫʅ

'QP%8;M36˃˰ƽβʃ�ðȈ'Q6�02)�)1̀Ƙ7>1˜Ƶ˰=üɱ�ǋɵɨ

̯=ĂʈɮÌ¤TǓ 1ͫʅΐƜ�Ì¤)1˃˰ƽβʃ=÷˫�lc�£ǻ)6�P2ͨƘ;

S0Pǋɵɨ̯=Óɷ;É�1+C6=ǋɵɨ̯�đ�:�ʂġ˃˰=üɱJőĶ'Q44�

P2 

� d��͵Ƶ˰7>ǋɵɨ̯˜Ƶ=ġŃ8)61RND Ōɿɨǝüx��l��°��̀ƘɆ

ʉ'Q6�P2ɱŉ=̤Α8)61ŝ !³4�P2 4>1RND Ōɿɨǝüx��l��

°�TðȈ)1ƽβʃ;żǋ+PǅȴTċü+P%81J� 4>1RND Ōɿɨǝüx��

l��°�=ǝüȪȥT̑Δ+P%87�P2 

 

� ˏ˦˰7>1RND Ōɿɨǝüx��l��°�>ċ˶°�fux7�O1ͰŲ+P%8�

7 Q?1ǋɵɨ̯=͕ɷʷŅ=ǔŝ�īˢ8:P=G:N,1Ŝć˜Ƶˏ˦˰ƽβʃ=ɂʄ

;ɷ�P%8�7 Pǳ̋ɂʄɄ8)6Ȋƨ'QP2)�):�N1ɿɨǝüx��l��°

�;ż+P˧ƚƱɷīˢ:ͰŲć>Ūŉ)6�:�2MexB ;ż)đȗʇ:��y���k�

ʽͰŲć=ͰŲʷŅT MexY ;ǔŝ+P%8Tʉπ;1��y���k�ʽͰŲć ABI-PP=

ͰŲ;ͭSP̉ŃTΔN�;+P%8TĞř̤ʣ=ʭ =ʉπ8)02 

� ŝˤ˰ AcrB = X ˑˈȀȥ͊̑ȕ;M36 RND Ōɿɨǝüx��l��°�=ǝüȪȥ1

ǫ̯̟̆Ȫȥ= ʬ�̑Δ'Q1ǫ̯̟̆=ƙ'=½ˆG�̑Δ'Q02)�)1Ws�°�

°��c̯1ś˥���8=̆İÎ8)61Ȫˢ+P RND Ōɿɨǝüx��l��°�=ǝ

ü͐ʣT̑Δ+P0I;>1Ȫˢ�Û̙'Q0̆İÎȥ͊TʑPử��P2 

� Ȏʔʦ7>1RND Ōɿɨǝüx��l��°�=ͰŲ̉ˁ=̑Δ81Ȫˢ+P̆İÎȥ͊

=̑Δ=³4Tŝʉπ8)02Ȏʔʦ7ƫNQ0ʑ̊T1Á¤;̉ʿ+P2 

 

1. � ABI-PP>ʀȼƵ�ux;ˈİ+P%87ͰŲđȗTʅǥ+P 

� ABI-PP > AcrB1MexB1T͖Ǎʇ;ͰŲ+PJ==1MexY TͰŲ+P%8�7 :�2

AcrB8 ABI-PP1MexB8 ABI-PP=̆İÎˈȀȥ͊�N1ABI-PP=ˈİ+PʀȼƵ�ux;

�P8±ɕ'Q1AcrB1MexB7> F1787�PȲŏ� MexY7>W1777�O1ABI-PP=͖

ǍƵ>1%=ƋΚ�x��x�V�æͦ8 ABI-PP �ʪÎͺŲṮ%+0I7>:��8±ƺ

'Q02%QTʘ�IP0I; AcrB F178W1MexB F178W1MexY W177F�Ñ̅+P81AcrB 

F178W > ABI-PP ;MOͰŲ'Q,1MexY > ABI-PP ;ͰŲ'QP8��=͖ǍƵ≠ͅ�

̊NQ02ABI-PP �ʀȼƵ�ux;ˈİ)ͰŲT+P%8>1��H<ȯ)�8˚�NQ0

�1±ƺ;Ħ)6 MexB F178W>WT MexB8ıȦ;ͰŲ'Q1ABI-PP=ͰŲđȗTȿIP

̉Ń�¾;Ūŉ+P%8�ý�36�02 
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� ABI-PP �ˈİ+PʀȼƵ�ux=ͰŲđȗTȿIP̉ŃT̑Δ+P0I1AcrB F178W1

MexB F178W1�M@ MexB F178W8 ABI-PP=̆İÎ= XˑˈȀȥ͊̑ȕT˾�1.Q/Q

3.6Å13.3Å13.0Åý̑ˢ7ȥ͊̑ȕ;ǁč)02įȥ͊>WT=J=8ˈȀŌ1ˈȀȠŨhY

m>ı 7�O1MexB F178W8 ABI-PP=̆İÎȥ͊7>1WT8ıȦ; MexB F178W=ʀ

ȼƵ�ux; ABI-PP�ˈİ)6�02%=ˈİ>WT MexB= F178æͦ8ıȦ;1W178æ

ͦ�ł̸)6żƱ)6�O1ABI-PP 8�-�l°ua�d)6�02.=¾=ʳǄ; ABI-PP

=΁ŨŷƜ>̏ɕ'Q,1ABI-PP=ͰŲđȗ�ʀȼƵ�ux;ɹȑ+P%8�ʘ�INQ02

 Ǵ1AcrB F178W7>W178æͦ�ʀȼƵ�ux;Δ@ü)6�O1W178æͦTł̸'-P

8ķ̽= V139æͦKªͦ;̀ʨ)02 

� ABI-PP ķO=ȥ͊�N1ʀȼƵ�ux� MexB 7>Ð̃��P=7>:��8��Ậ�

ɵ*02%QT̙Δ+P0I; AcrB F178W/V139A1�M@ MexY I138ATÑ̅)1ABI-PP=

͖ǍƵT̥C02AcrB F178W/V139A1MexY I138A >ô;WT8ıʣƜF7 ABI-PPƽĩƵ7

�O1MexB8ȹCP81AcrB1MexY=ʀȼƵ�ux=Îʥ�ˮƖƀ'�%8�ʚ'Q02 

� %=ʔʦǁȗ;MO1ʀȼƵ�uxB=ͰŲć=ˈİ;MOͰŲđȗTɵ*P%8�ʘ�I

NQ02F01ABI-PP ;.=¾=ͰŲ̉Ń�:�%8�N1%=ʀȼƵ�ux�ͰŲć=ċ

˶°�fux8:P%8�ʚ'Q02 

 

2. AcrB:Acr A= 1:1ȥǁȹ= AcrB-AcrA˼İ°��c̯>ǝü;MPŜć˜ƵˢTǖ4 

� Ȫˢ+P AcrAB-TolC¢˛̆İÎ=ȥ͊T̑Δ+P;�0O1AcrB8 AcrA=ͬ=̎ĺƵ�

Ì�%8�ĽΑ71AcrA8 AcrB³˛̆İÎ=ȥǁȹ�ȿů'Q6�:�302ǝüȪˢTǖ

4 AcrB-AcrA˼İ°��c̯:N?1Ȫˢ;͹)6= AcrAB-TolC¢˛̆İÎ=ȥǁȹ�M@

ȥ͊TΔN�;7 P8˚�02 

� AcrB:AcrA = 1:17Ňů)0ȥǁȹTǖ4 AcrB-AcrA˼İ°��c̯>1ɵÎ˥B=ʅɱ;

MOȅƀʅ˟ͰȮɠƜ�£ǻ)1Ŝć˜ƵˢTǖ4%8�ʘ�INQ02F01%Q>öŃƵ

= AcrA=ȇɤ;��SN:�302AcrB=ŏ̯7�P\tkZ����Yy;MOǝüˢČ

Tɕů+P81AcrB-AcrA˼İ°��c̯>\tkZ����YyTǝü)6�O1ǝü;M

OŜć˜ƵˢTǖ4%8�S�302 

� \tkZ����YyǝüɈƵɕůʽTÓɷ)1AcrB-AcrAȪˢTÑ̅)1ʅɱͣ-ǝüȪˢ

=ʋͭͭÙT̥C02AcrB-AcrA˼İ°��c̯=ǝüɈƵ>1WT AcrB8ȹCP8 20%ʣƜ

;Ì¤)6�P%8�S�302)�):�N1öŃƵ AcrA=ȇɤ;��SN,1AcrB-AcrA

˼İ°��c̯=ɈƵ>ŝ !Śĕ-,1AcrB-AcrA˼İ°��c̯�.Qĝɫ7ǝüȪˢT

ǖ4%8�S�302 

 

3. AcrA> AcrB=Y�°���x��Ë˗7Ȫˢ+P 

� AcrB-AcrA˼İ°��c̯>1˼ İ;ɷ�0��_�=ͨ';ͭÙ:!.Qĝɫ7Ȫˢ)02

��_�=ȅJʒ�˼İ°��c̯7>1AcrA =Ë˗�ĄͲ'Q6�O1AcrB-AcrA ˼İ°
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��c̯ AcrBS15TAS�N>Ȫˢ;ử: AcrA=Ë˗�±ɕ7 P2AcrA>1ƢŇ: AcrB¢

ͣÎ=ͬ1Y�°���x��=Ë˗;Ūŉ+P8˚�NQ02AcrB-TolC ̆İÎB=j��

��j��7>1AcrA �ĨO�PƤ=̑ 6 ß=�21%=±ɕ'Q0Y�°���x��=

Ë˗; AcrA �ʋ´Ñɷ+P̑� 5 ßTğI6�O1%=Ë˗7 AcrA �Ȫˢ+P%8Tʚļ

)02 

� ʔʦ͍˾©;̑�Q0 AcrAB-TolC ¢˛̆İÎ=òÎȥ͊�N>1AcrB ¢ͣÎ; AcrA � 6

4Ñɷ)0ȥǁȹ AcrB:AcrA=1:2 Ƥ�̊NQ0�1AcrA =Ë˗=�2 3 4>Y�°���x

��=Ë˗7�O1Ű͹;%=Ë˗7ʋ´Ñɷ+P%8�S�36�P2 

 

� AcrAB-TolC¢˛̆İÎ=ȥ͊81ʮ˛=ƫ0 1:17Ȫˢ+P˼İ°��c̯>´�;ʐʌ)

6�P�1%QF7;ƫNQ0¢˛̆İÎ>��x�ΘĒČ=:�Œİ;̆İÎ7�P%8T

˚ƿ)1Ậ8)6΅ʇ:ȥ͊8Ēʇ:ȥ͊=³4�Ūŉ+P8˚Ź)02%=Ậ;ŏ5#

?1AcrB-AcrA˼İ°��c̯>ǝüǿ=ȥ͊TĦǾ7 PJ=8±ɕ'QP28>��1.

=M�:ȥ͊=ƹő�¥̳)6�P=>ʘ�7�O1ȥ͊̑ȕ7ƫNQPΚý̑ˢlzu�j

�ux8ǝüȪˢ8=ͭ͋T1ŚɿÎTɷ�0̑ȕ�ˆGİS-6̝˃T̑Δ)0�8˚�6

�P2 
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