
Title RND型異物排出トランスポーターの複合体構成と機能
性構造の解明

Author(s) 林, 克彦

Citation 大阪大学, 2017, 博士論文

Version Type VoR

URL https://doi.org/10.18910/61689

rights
Copyright © American Society for Microbiology,
[Journal of Bacteriology, Nov 2;198(2) 332-42.
Nov. 2nd 2015, doi: 10.1128/JB.00587-15]

Note

Osaka University Knowledge Archive : OUKAOsaka University Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

Osaka University



 

 

 

 
 

 

 

 
RND 	 

	  
 

 

 

 

 

 

    

  

  
2017  3  



�
�
�

%
�  

R
N
D
�
!
 
�
�
�
�
	
�
�
'
�
'
�
#
�
�
�
�
�
�
"
�
�
&
�
$
�  

�
�


�
� 

� 

�
� 



 

 

 

 
 

 

 

 
RND 	 

	  
 

 

 

 

 

 

    

  

  
2017  3  



�



 1 

1. Hayashi K., Nakashim R., Sakurai K., Kitagawa K., Yamasaki S., Nishino K. and Yamaguchi A.  

  AcrB-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. 

2. Hayashi K., Fukushima A., Hayashi-Nishino M. and Nishino K. 

  Effect of methylglyoxal on multidrug-resistant Pseudomonas aeruginosa.  

  Frontiers Microbiology 2014:5:180. Apr. 17th 2014, doi: 10.3389/fmicb.2014.00180 

 

1. Nakashima R, Sakurai K, Yamasaki S, Hayashi K, Nagata C, Hoshino K, Onodera Y, Nishino K and 

Yamaguchi A. 

Structural basis for the inhibition of bacterial multidrug exporters. Nature, Aug 1;500(7460): 102-106, 

Aug 1st 2013, doi: 10.1038/nature12300. 

 

 

 

 

 

 

 

 

  



2 
 

                                                                       4

                                                                   7 

 

℃ AcrB MexB                             25 

1                                                                    26 

2                                                          26 

2-1.                                       26 

2-2.  AcrB F178W °                                         28 

2-3.  MexB F178W °                                        28 

2-4.  AcrB F178W/V139A1MexYI138A °                     28 

2-5.  AcrB F178W                                           28 

2-6.  MexB F178W                                          29 

2-7.  °                                  29 

2-8.  AcrB F178W                                       29 

2-9.  MexB F178W                                      30 

2-10.  AcrB F178W °                    30 

2-11.  MexB F178W °                   30 

2-12.  AcrB F178W1MexB F178W                                     31 

2-13.  ABI-PP                                    31 

3                                                                32 

3-1.  AcrB F178W 1                                 32 

3-2.  MexB F178W 1                                 35 

3-3.  MexY W177                                   39 

4                                                                41 

 

AcrB-AcrA °   � � � �                  45 

1                                                                    46 

2                                                          46 

2-1.                                       46 

2-2.  ° °                                        48 

2-3.                                                       50 

2-4.  °                                50 

2-5.  MIC                                                          50 



3 
 

2-6.                                   50 

2-7.  AcrA                                         51 

2-8.  TolC                                      51 

2-9.  AcrAB-TolC in vivo                                         51 

3                                    53 

3-1.  AcrB-AcrA °                                    53 

3-2.  AcrB-AcrA °                            54 

3-3.  AcrB-AcrA ° MIC                            57 

3-4.                                         59 

3-5.  AcrB-AcrA ° -                           60 

3-6.  AcrA AcrB                                64 

3-7.  AcrB-AcrA ° AcrAB-TolC   67 

4                                                                70 

 

                                                  � � � �      77 

 

                                              � � � �      83 

 

                                                                         92 



4 
 

 
  

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 

  

LB: Luria-Bertani 

AA. : Amino Acids (° ) 

aa. : amino acids (° DNA ) 

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 

° 1 × 1 2

1 ° 1 × 1

1 × 1 2 1F178 178

× 1F178W 178 ×

2 

TM 1N 2 TM7 7

2 
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°  

1 β 1

1 2 1 1

2 2 11. 

12. π 13. 

14. 1 [1]2 

1

1

2213 1

2 14. 1

1 [2]2 

° 5 2RND (Resistance Nodulation cell-Division)1

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

compound Extrusion)1SMR (Small Multidrug Resistance) [3][4]22015 1ACE 

(Acinetobacter Chlorhexidine Efflux) 1 5

4 1-15[5]2 

1 1

4. 2

° 1 20

4 1-25[5]2 °

1 [4]2 1

RND ° 1

[7]2 1

° 1 2 

13 RND °

4 1-351 (MDRP; Multi-Drug Resistant Pseudomonas aeruginosa)

1MexAB1MexXY [8][9]2 β 1

1 1

1 3 2 3

MDRP 1RND °

[10]2RND °

1 2

1 1

1 MDRP β

2 
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1-1. ° 5 [  4] 

1-2. ° [6] 

1-3. RND ° [8] 
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RND °  

RND ° 1 1 1 1 1

1 1 1 2 1

° 1RND °  [11]2

1 1 1

Surfactant 1 × 1 Hedgehog 

signaling pathway1 × 1

4 1-45[12-17]2 

2002 ° AcrB 12011

SecDF1 ° CusBA12016 NPC1 (Niemann-Pick 

disease type C 1) Δ 1RND °

[11][13][18-20]2RND ° 12 1

2

1SecDF1NPC1 1 1

2 1RND

2 1 RND ° 1

RND ° 2 

RND ° 1 1

[21]2 1

1 2 AcrAB-TolC4 1-55 1 × TolC1

° ° AcrA RND ° AcrB

[22][23]2 

 

1-4. RND °  

1 1 RND °  
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° AcrB 

AcrB Δ 1 ° 1

Δ 2AcrB 1

1  (Access, Binding, Extrusion monomer) 2

AcrB TolC docking domain 1

4 1-65[19]2 1/3

2

2 (1000Da<)

1

1 ° 4 1-75[24]2

F617 × 1

1 2

1 2 1

Δ 2 

1

2

1 1

2

AcrB 1 TolC

2 °× 4 1-852 

 

 

1-5. AcrAB-TolC  
1-6. AcrB  

[  24 ] 
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RND ° ABI-PP 

Pseudomonas aeruginosa RND ° 1

MexB1MexY 2 1

MexAB-OprM1MexXY-OprM [25]2

1 1RND

° 2 

RND ° 1MDRP β

2 4 1-951 PaβN (MC-207 110)1

MBX 1 1

[26-28]2 2 1

1 1

1 D13-9001 [26]2

MexB 1ABI-PP [12]2 1ABI-PP

MexB 1MexY

× 4 1-1052 

AcrB ABI-PP1MexB ABI-PP X 1ABI-PP

Δ 1AcrB MexB 4 1-1152 ABI-PP

1-8. AcrB [  24] 

1-7. F617× [  24 ] 
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1 1

1

 [24]2 AcrB MexB 1F178

1ABI-PP F178 π-π ° 1ABI-PP

2

1 1 ABI-PP

2 1 ABI-PP

1 2 

MexY ° 1MexX1OprM ° (MFP)1

RND ° 1AcrB

MexB 2AcrB SWISS-MODEL × 1

MexY 1W177 [29]2MexY W177

AcrB1MexB F178 2 MexY ABI-PP

1W177 ABI-PP 4 1-1252

AcrB1MexB1MexY

2 

Δ 1MexY W177F1AcrB F178W1 MexB F178W

1AcrB F178W ABI-PP 1MexY W177F 

1ABI-PP 4 1-1052 1 MexB F178W

1ABI-PP 4 1-1352 1MexB

ABI-PP 1

2 1

Δ 2 1

π 1ABI-PP Δ π 2 
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1-9. RND ° ABI-PP (D13-9001) [  26] 

1-10. AcrB F178W1MexY W177F ABI-PP  

a. 1ΔacrB 1ΔacrBΔtolC  6µg/mL

b-e. ΔacrB AcrB1AcrB F178W1 acrBΔtolC

MexXY-OprM1MexXY(W177F)-OprM 1

ABI-PP  f-j. × 2

× 2

MG1655 2 
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a. b. 

1-11. ABI-PP AcrB  ABI-PP MexB   

a. AcrB FO (inhibitor)-FO (free) σ3.5  

b. ABI-PP  2FO-FC σ1.0  

c. MexB FO (inhibitor)-FO (free) σ4.0  

d. ABI-PP 2FO-FC σ1.0  

c. d. 
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1-13. MexB F178W ABI-PP  

a, b. ΔacrBΔtolC MexB 1MexB F178W

 2µg/mL1 ABI-PP c, d. ΔacrBΔtolC MexB 1

MexB F178W × 2

× 2

MG1655 2 

1-12. ABI-PP : 1 : 1 : 1 : 1 :F178

1 °:W177  ° × 1ABI-PP

× 2ABI-PP 2  

a. ABI-PP AcrB 1b. ABI-PP MexB 1c. MexY

× AcrB ABI-PP  

a
. 

b
. 

c. 
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° AcrAB-TolC  

AcrB AcrAB-TolC 1 2

acrA 1 tolC AcrB

Δ [30-32]2AcrB Δ

1 AcrB 1TolC

1AcrA [33]2

1 1AcrAB-TolC

1 TolC AcrA 1AcrB

2 1

1 Δ 4 1-1452RND °

Δ 1

1 1

2 

 

AcrAB-TolC  

AcrB RND ° 1

1 22002

1 [18]22006

1 4 1-1551

Δ 1 [19]2 

1 1

1AcrB AcrA TolC

4 1-1452 

AcrB 12 1 1 2 1 7 8

× [18]2 1N C

2 1TolC Docking domain

1 2 Porter domain 2

D4071D4081K940 1

Porter domain 1

[19]2 

AcrB TolC ° ° AcrA MFP (Membrane Fusion Protein) 

1β × 4 1-1652

AcrA 24AA. × 1 Signal Peptidase  (SP )

1 × C25 1 [34]2 

TolC 100 1

TolC 4 1-175[22]2
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TolC X TolC 1

1 [35]2 TolC 1

1TolC 1

AcrB TolC 2 

 

 

1-14. RND °  

1-15. AcrB [18][19] 

: PDBID: 1IWG1 : PDBID: 3AOA 
1-16. AcrA × (3 ) 
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AcrAB-TolC Δ  

1AcrAB-TolC 1 2 

2000 TolC 1 2002 AcrB 1AutoDock

AcrB TolC [18]2AcrB TolC Docking 

domain TolC 1 AcrB

TolC 4 1-185[36]2

AcrB TolC 1

1in vivo AcrB TolC × α

4 1-1952 1AcrB AcrA1AcrB TolC

1in vivo AcrA TolC 1AcrB AcrA

× α 4 1-205[37][38]2 1AcrB TolC

1AcrA:AcrB = 1:1 2 

1AcrA:AcrB=1:2 22006 AcrA

X 1AcrA 4 1

1-17. TolC  

Closed : PDBID: 1EK9 [22] 

 Open : PDBID: 2XMN [35] 
1-18. AcrB-TolCdocking [  36] 
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AcrA 4 1-215[23]2

1 (SPR) 1SP AcrA

1AcrB [39]2 1AcrA

KD=1.17 M 1AcrA KD=0.090 M 2

(ITC) 1AcrB AcrA 2 1 -6.0 kcalM-11

-8.7 kcalM-1 [40]2SPR AcrB TolC

1ITC 1AcrB TolC

2 

2011 1AcrB 1 ° CusBA

X 1 1CusB:CusA = 2:1 

4 1-225[13]2CusBA 1CusB AcrA 1CusA

AcrB 2 CusBA 1 CusB CusA ITC

1AcrAB Δ 1

1:2 Δ 2 CusBA 1AcrAB

AcrB AcrA 1 2

AcrB ° 1

1AcrA AcrB 1AcrAB AcrB

[41]2 

1AcrA:AcrB = 1:1 1in vivo

1AcrA:AcrB=1:2 1in vitro 1

1

2in vivo 1AcrAB-TolC

° 2 Δ

1in vivo 2 

π 1 Δ

1 2

1 2

Δ 1 2 

 

 

  



21 
 

 

 

1-19. AcrB-TolC [  36] 

1-20. AcrB-AcrA1AcrA-TolC  

[  37, 38] 
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1-22. CusBA X ( ) ITC 1:2  

[  13] 

1-21. AcrA X  (PDBID: 2F1M)[23] 
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RND ° 1

2 RND ° 2

1RND ° Δ 2

2 2 

 

 ABI-PP Δ 

ABI-PP AcrB MexB 1MexY W177 1

ABI-PP 2

Δ 1AcrB F178W1MexB F178W1MexY W177F 1MexY W177F

ABI-PP 1AcrB F178W ABI-PP 1MexB F178W

ABI-PP 2MexB 1ABI-PP 1

Δ 2 1X AcrB F178W1

MexB F178W1MexB F178W ABI-PP Δ 1ABI-PP

Δ 2 

 

 AcrB-AcrA ° Δ 

in vivo1in vitro 1AcrB AcrA 1

Δ 2 11:1 AcrB-AcrA °

1in vivo 1 2

° 1 Δ

1 AcrB-AcrA ° 1 Δ

2 
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℃  

AcrB MexB   
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1  
RND ° ABI-PP AcrB1 MexB

1MexY 2 ×

MexY 1 RND °

Δ 2 

1 1ABI-PP AcrB1ABI-PP MexB X

1 F178 Δ 2MexY

× 1AcrB1MexB F178 MexY W177 1ABI-PP

2 1AcrB F178W MexY 

W177F 1ABI-PP AcrB F178W 1MexY W177F

2 1 MexB F178W MexB

1ABI-PP Δ 2 

1ABI-PP Δ 1X AcrB 

F178W1MexB F178W ABI-PP Δ 1ABI-PP

Δ Δ 2 

 

2  
℃  

E. coli MG1655 acrB 1  W3104 acrAB

2 ( ×: 25µg/mL1

: 100µg/mL) LB LB 37 1

2 

4 2-15 2 
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2-
1.

 
1
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℃ ℃ AcrB F178W °  

Escherichia coli MG1655 β DNA [45]2 1pBAD33

° acrB C 6 His °

pBAD33acrB F178W pBAD33acrB F178W

2 1pBAD33acrB F178W1 pAcBH E. coli JM109

° QIAprep Miniprep (QIAGEN ) 2 °

(BsrGI1SacII) 1pAcBH AcrB F178W DNA 

Ligation kit Mighty Mix (° ) 2 1Tth111I

1 AcrB F178W

2 1ABI PRISM 3100-Avant genetic analyzer 

(Applied Biosystems ) 2 

 

℃  MexB F178W °  

Pseudomonas aeruginosa PAO1 β DNA 2 1

pUCP20 ° P. aeruginosa mexB C 6

His° pUCP20mexB1 MexB F178W

pUCP20mexB F178W 2pUCP20mexB F178W1 pUC118

E. coli JM109 ° QIAprep Miniprep 2

° (HindIII1XbaI) 1pUC118 MexB F178W

DNA Ligation kit Mighty Mix 2 1

MfeI1HindIII1XabI1ScaI 1pUC118mexB F178W 

2 

 

℃  AcrB F178W/V139A1MexYI138A °  

pBAD33acrB F178W pMMB67HEmexXYoprM 1 PrimeSTAR 

GXL DNA Polymerase (° ) PCR

2 dsDNA DpnI (° ) JM109 1

25µg/mL ×1100µg/mL LB

2 QIAprep Miniprep 1

2 4 2-25 2 

 

2-2.  
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℃  AcrB F178W  

AcrB F178W W3104 acrAB/ pAcBH F178W 2 100µg/mL 

20mL 2 YT 1L 37 1

2 630mL 2 YT 1OD600 ~ 0.7 37 1180rpm

25L 50mL 2.5L Medium A

12 1 30L 37 7 1180rpm 14 124,300 g

2 

Medium A 0.7% 10.3% 10.05% 

2 10.01% 7 10.1% 

2 20% glucose 10% 

1/100 2 

 

℃  MexB F178W  

MexB F178W MG1655 acrB/ pUC118mexB F178W 2

100µg/mL 20mL 2 YT 1L 37 1

2 100µg/mL 630mL 2 YT

1OD600 ~ 0.7 37 1180rpm 2℃ 30L Medium A

37 OD600 ~ 0.4 1 1mM IPTG 37 1180rpm

Overnight 2 14 124,300 g 2 

 

℃  °  

Wash buffer 1 1Breaking buffer

2850-900bar 1 1 27,000 g14 110 2

2 200,000 g14 190 1

2 EDTA Wash buffer 1 200,000 g14 190

1 ° 2 Membrane 

Sample buffer 1 200mg ° -80 2 

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 

 

℃  AcrB F178W  

℃ Membrane Sample buffer 10mg/mL °

1 2% Dodecyl-sucrose (DDS, Dojindo ) 1200,000 g14 160

2 ° Ni2+ Chelating Sepharose 
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Fast Flow (GE Healthcare ) 1 1 150mM1100mM1350mM

Imidazole-HCl pH7.5

2 ° 10% × × SDS-PAGE 1100kDa

(Millipore ) 1  [100mM NaPi pH6.2110% 

Glycerol10.1% DDS] 10 3 2 28mg/mL °

2 

 

℃  MexB F178W  

℃ Membrane Sample buffer 10mg/mL °

1 2% Dodecyl-maltopyranoside (DDM, Anatrace ) 1200,000 g14 1

60 2 ° Ni2+ Chelating 

Sepharose Fast Flow (GE Healthcare ) 1 1 125mM1

120mM1400mM Imidazole-HCl pH7.5

2 ° 10% × × SDS-PAGE

1100kDa (Millipore ) 1 [10mM Tris-HCl 

pH7.5150mM NaCl10.05% DDM] 10 3 2 25mg/mL °

2 

 

℃  AcrB F178W °  

2 [100mM NaPi pH6.2-6.41 

100mM NaCl110-14% PEG4000] 1:1 125 2

1 2  [100mM NaPi pH6.3120mM NaPi 

pH6.218% PEG4000150mM NaCl10.1% DDS15%glycerol] Glycerol 1 15 1

5% 30% 1 ° 1

100K 2 

 

℃  MexB F178W °  

2 

MexB F178W 10.28% n-Octyl-β-D-thioglucoside (Dojindo ) MexB F178W

× 2 × 1 [23.6-25.6 % PEG400150mM Sodium 

Acetate-HCl pH 4.0-5.01300mM NaCl] 1:1 125 2 

ABI-PP 1MexB F178W × ABI-PP × 2

× 1 [23.6-25.6 % PEG400150mM Sodium Acetate-HCl pH 4.0-5.01

300mM NaCl] 1:1 125 2 

1 2  [8mM Tris-HCl 

pH7.51280mM NaCl140mM Sodium Acetate-HCl pH4.510.1% DDM130% PEG400] PEG400
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30, 32.5, 35% ° 1

100K 2 

 

℃ ℃ AcrB F178W1MexB F178W  

AcrB F178W1MexB F178W ° SPring-8 BL44XU 2 

AcrB F178W Oscillation 1º1Exposure 1 sec1360 frames / 360 1MexB F178W ABI-PP

Oscillation 0.5º1Exposure 1sec1720 frames / 360 1MX225-HE CCD detector 

(Rayonix ) ° 2 HKL2000

[53]2 CC* π ° 1

° [54]2AcrB F178W1MexB F178W

WT AcrB (PDBID: 3AOA)1WT MexB  (PDBID: 3W9I) 1MOLREP

1 [55][56]2coot 1

ABI-PP WT MexB ABI-PP ° [57]2 coot1

REFMAC1Phenix.refine [58][59][60]2 ° PyMol

2 

 

℃  ABI-PP  

pBAD33acrB F178W MG1655 acrB1pMMB67HEmexXY(I138A)oprM

1LB OD600=0.05 1100µL 96well 137

2 ° × 100 2

AcrB F178W 6µg/mL1MexY I138A 16µg/mL 2ABI-PP 0, 8, 16, 

32µg/mL 1 3 2 
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3  
AcrB F178W 1  

1 2

° 1

1 1

2 1

1 1

1Medium A

1 1 °

2WT AcrB 1 JM109

° pAcBH

1pAcBH AcrB

1pAcBH acrB acrB F178W

2 

1 AcrB

1acrB

2WT P1 phage

Datsenko 1JM109

recA 1recA [61]2

1 acrB acrAB 1

W3104ΔacrAB/pAcBH F178W 2 ℃ 1

4 2-152WT AcrB 2 ℃ 1 4 2-252 

 

 

2-2. AcrB F178W IMAC SDS-PAGE  

1Elution 2-7 2 

2-1. AcrB F178W  
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AcrB F178W

1 1

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

NaCl110-14% PEG4000] 1:1 125

4 2-352 

 

2 ℃

° 1 SPring-8

° 1HKL2000 X

° 1 π

1 2 ℃ ℃ °

2 1AcrB F178W

WT C21 3.60Å 2

4 2-35 2 

227.56 Å1134.36 Å1

162.62Å 1 90.00 197.97 1

90.00 2 1WT AcrB

(a,b,c, α, β, γ ) = (226.53, 134.44, 

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

1 4

2-452 

WT AcrB ABI-PP AcrB 

F178W

1

2

ABI-PP ABI-PP

1

V139 1

4 2-552 

 

 

 

 

 

 

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

2-3. AcrB F178W 22  
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2-4. C2 AcrB F178W   

2Fo-Fc, σ1.0, 3Å  

2-5. AcrB F178W W178 2Fo-Fc, σ1.5

AcrB F178W AcrB ABI-PP

: 1 : 1 : 1 : 1 :W178 1 ° ×

1ABI-PP × 2ABI-PP 2 



35 
 

℃ MexB F178W 1  

1

2 1Medium A

2AcrB

1AcrB His tag

° [41]2

AcrB MexB μ

2 AcrB MexB

1acrB

2

MexB 1pUCP20 ° MG1655

acrB MexB F178W

1 1

° 2 

1MG1655ΔacrB/pUC118mexB F178W

2 ℃ 1

4 2-652WT AcrB

2 ℃ 1 4 2-752 

 
 

MexB F178W 1 2 

2-7. Mex F178W IMAC SDS-PAGE  

1Elution 2-8 2 

2-6. MexB F178W  
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MexB F178W 1WT 1

Detergent Screening 2 1 0.28% 

n-Octyl-β-D-thioglucoside MexB F178W × 2ABI-PP 1

MexB F178W × ABI-PP × 2 × 2 ℃

1 ° 4 2-852 

 

 
 

SPring-8 ° 1HKL2000 X ° π

1 2 ℃ ℃ ° 2 1MexB F178W1MexB 

F178W ABI-PP WT P11 3.3013.05Å 2

4 2-45 2 

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

69.49, 88.54) (PDBID:3W9I)1 WT MexB ABI-PP (a,b,c, α, β, γ ) = 

(126.20, 137.03, 152.27, 85.75, 68.93, 87.39) (PDBID:3W9J) 4 2-952 

WT MexB ABI-PP  (PDBID:3W9J) MexB F178W ABI-PP

1 AcrB F178W 1ABI-PP

1W178 ABI-PP - ° 2

ABI-PP 1 1ABI-PP

2W178 1 1W178

4 2-1052 ABI-PP 1ABI-PP

MexB F178W 2ABI-PP WT

MexB F178W 2 

MexB F178W WT MexB 1WT

DDM 2 1

n-Octyl-β-D-thioglucoside 2 

 

2-8. MexB F178W  

MexB F178W  ABI-PP MexB F178W  
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2-4: Data collection and refinement statistics. 

 MexB F178W MexB F178W +ABI-PP 
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P1 MexB F178W   

2Fo-Fc, σ1.5, 3Å  

P1 ABI-PP MexB F178W  

2Fo-Fc, σ1.5, 3Å  

2-9. Mex F178W  
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MexY W177  

℃ 1F178 ABI-PP

1 2 

1AcrB1MexB F178 V139 1AcrB F178W W178

ABI-PP 1V139 2 1MexB 

F178W W178 V139 1V139

4 2-1152MexY × W177 I138

W177 2AcrB1MexY 1

1 MexB 1 2 

Δ 1AcrB F178W/V139A1MexY I138A 2AcrB F178W1

MexY ABI-PP 1

2-10. a. MexB F178W W178 2Fo-Fc, σ0.8  

     b. ABI-PP MexB F178W W178   

2Fo-Fc, σ1.0  

c. ABI-PP MexB F178W  

/ °/ : 1 : 1 : 1 : 1 :W178 1 °

× 1ABI-PP × 2ABI-PP 2  

a. 

b. 

c. 
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1ABI-PP 2 

2 ℃ 1ABI-PP

2 1AcrB F178W/V139A1MexY I138A ABI-PP

1 4 2-1252 

 

 

2-11. ABI-PP MexB F178W W178/W177

 W178/W177 × 1 2

ABI-PP 1V1391I138 ° 1 × 2 

a. AcrB F178W AcrB ABI-PP  

b. ABI-PP MexB F178W  

c. MexY AcrB ABI-PP  

a. ｂ. ｃ. 

2-12. AcrB F178W/V139A1MexY I138A Erythromycin  

ABI-PP PP  

MG1655ΔacrB/pBAD33acrB F178W/V139A1

MG1655ΔacrB/pMMB67HEmexXY(I138A)-oprM1 

6µg/mL116µg/mL ABI-PP 2 
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4  
1 AcrB F178W MexB F178W 1 3.6Å1

3.3Å13.0Å AcrB F178W1MexB F178W1MexB F178W ABI-PP

2 

° WT 1

2ABI-PP MexB F178W ABI-PP WT

1WT F178 W178 ABI-PP - °

1 ABI-PP 2 1

ABI-PP 1

2 1AcrB1MexY 1

Δ 1AcrB F178W W178 V1391

MexY W177 I138 1

acrB 1acrBtolC 1ABI-PP

2 2 ℃ AcrB1MexY 1

AcrB F178W/V139A1MexY I138A WT ABI-PP 2 1

ABI-PP W178 W177 1ABI-PP

1MexB AcrB1MexY

1 2 

1 MexY

2MexB F178W 1

1

Δ 2 ° 1RND

° 2

1Nature 500, 102–106 doi:10.1038/nature12300 2

2 

 

 

RND ° 1

2 1 × ×[62]

1 × 1

1RND ° Δ  ( : Frontiers 

Microbiology 2014:5:180. Apr. 17th 2014, doi: 10.3389/fmicb.2014.00180)2 × ×

MDRP 1 2 1 × × π 1

° FliC [63]2

1MDRP 1

1 1 2
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1 MDRP β 1 1

1 [64]2

1 1

2 

1 2

2

1 1

1 2 

 

1℃ 21. 

12. 2 1 1

2 1 1

1 2 1

2 1 ° π 1

2ABI-PP

1 1MexY

2 

 

1 ×

( 	  )2

°

[65]1 2 

ABI-PP 1 Δ

2 1 1

2 1RND ° 1MBX

AcrB [28]2 MBX

ABI-PP 2 1 °

1 [66]2 1

2 

2 2 

1.  

2. AcrAB-TolC  

1. ABI-PP 1 1

1 1

22. 3 2 RND
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° 1 β

2 3 1 ° ° 2

2 1RND

° Δ 1 Δ Δ

2 2 

1MexY 1 MexB1MexY ×

2 Δ MexY X

Δ 1 2 
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AcrB-AcrA °  
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1  
AcrAB-TolC RND ° 2

1 1 1

2 

1in vitro °

1in vitro 2

120nm

1 20nm 2

2015 MexAB-OprM in vitro

1 1

° × [67]2 in 

vitro 1in vivo 1

° Δ

2 

1 AcrAB Δ 1

2 AcrA1AcrB

1 Δ AcrAB

2 1AcrB-AcrA ° 1 °

1 Δ 2 

 

2  
℃  

E. coli BL21 acrB ×

[70]2acrAB Datsenko E. coli BL21 acrB 1

pKD4 PCR [61]2

acrABacrEF 1BL21 acrAB pCP20

1MG1655 acrEF P1

[68]2BL21(DE3) acrAB Datsenko pKD4

PCR 2  

( ×: 15µg/mL1 : 100µg/mL1 25µg/mL) 

LB LB 37 1 2 

4 3-15 2 
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3-1. 1  
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℃ ℃ ° °  

E. coli MG1655 β DNA 2 ° °

4 3-15 2 4 3-25 2 

pBAD33 C 2 acrB SacI1XbaI

2pAcBH acrB aa. 496-540 (Iα) XbaI1SalI 1pBI

2pBI SalI1HindIII pAcBH acrA C25A (ACA CGC)

1acrAL 1acrAL C 6 °

1pBIAL 2pBIAL dsDNA GSGSGSG

aa.496-540 1pBGSAL 2 1 aa.496-540

1pBAL 2 

pBIAL aa.496-540 acrB C 10 1 ApaI

pBS-(ApaI)-AS 2pBS-(ApaI)-AS ApaI 1acrB  aa.496-559

(Iα-TM7) PCR 1In-Fusion pBSITAS [71]2PCR acrB

C aa.496-538 TM7 pBSTAS 1 acrB C

15 aa. pBS15TAS 2 

1pBSITAS pBS15TAS acrB Q255A PCR 1pB(Q255A)SITAS

pB(Q255A)S15TAS 2 

1 ° DNA

2 

 

 

3-1. °  
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3-
2.

 
1

ds
D

N
A
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℃   

Overnight 1mL 110mM

100mL LB 2 ° 1 32µg/mL

2OD600 0.7 2 17,680 g 10

2 2  2  ℃ 1Wash buffer Breaking 

buffer 1 2 1 27,000 g 1

200,000 g, 30 2 EDTA Wash buffer

1 200,000 g14 190 1 °

2 Membrane Sample buffer 1 2 

 

℃  °  

℃ 110% Criterion TGX stain-free precast gel (Bio-Rad ) 100

× SDS-PAGE 2LAS3000 312nm UV °

1 Trans-Blot Turbo Midi polyvinylidene difluoride (PVDF) membrane 

(Bio-Rad ) 25 PVDF 2 1 1iBind 

Western system 2 ° × Sigma-Aldrich (H1029-0.2ML) 

1 AcrA × 1 AcrB ×

2 Chemi-Lumi One Super ( ) 1LAS3000

2 ° 1 ° 15µg1 AcrA

2µg1 AcrB 15µg ° 2 

 

℃  MIC  

MIC 1 MPIPC, 1 MCIPC, Sigma

1 × CMD, Sigma 1 EM, 1

TC, Sigma 1 MINO, Duchefa Biochemie 1

NA, 1 NB, Wako 1 ACR, Wako 1

EtBr, Sigma 1 6G R6G, Sigma 1 ×

BZC, 2 Overnight

100 1 ° 10mM LB

1µL 137 16-18 2 1

MIC 2MIC 4

2 

 

℃   

Overnight 0-10mM LB

100 1OD600 0.5 2 1A buffer 
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[100mM KPi pH7.5, 5mM MgSO4] 2 2OD600 36 A buffer

1 A buffer 1:1

OD600=18, 10µM 96-well black 

flat-bottom plate (Corning) 2 °

530nm1 600nm SD-8100  (Corona Electric ) 2

2 3 1 1π

2 

- 1 1

℃ 1 1 ℃ ° 13µg

AcrB 2 

 

℃ AcrA  

AcrB TolC in vivo

[36]2AcrB (PDBID: 3AOA)1Open-state TolC (PDBID: 2XMN)

1PyMol (Schrödinger ) [35]2

AcrB-TolC 1 1

SWISS-MODEL ×

× 1 × 2 1

° 2 AcrB-TolC × AcrB1Open-state TolC

1AcrB-TolC 2 AcrA

SWISS-MODEL 1 1

SWISS-MODEL 1 AcrA × 2AcrA

AcrB1TolC 1Schrödinger suite BioLuminate

[72]2BioLuminate 1 ° default 2 

 

℃ TolC  

E. coli MG1655 DNA 1C FLAG° tolC PCR

1pET22 Die1HindIII In-Fusion pET22tolC FLAG

[71]2 A150C PCR 1pET22tolC(A150C) FLAG 2

PA° TolC(A150C)PA 2 1

tolC DNA 2 

 

℃ AcrAB-TolC in vivo  

pET22tolC(A150C)PA1 pB(Q255C)S15TAS BL21(DE3) acrAB 2

100 1IPTG 2 ℃

1 2 ℃ 115µg 
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° 110% Criterion TGX stain-free precast gel 1100 × SDS-PAGE

1UV ° 2PVDF iBind Western system

2 ° (Sigma aldrich  H1029-0.2ML)1 FLAG M2

(Sigma aldrich ) PA° × (012-25863, Wako ) 2 
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3  
AcrB-AcrA °  

AcrB 12 1N C [18]2 1AcrA C25

1Siganl Peptidase II 1-24AA. C25 [34]2

AcrA N 4 3-252AcrB-AcrA °

1 AcrB C AcrA N TM

2 ° ℃ ℃ 2 

 

 

 

 

TM 11 AcrA × AcrBIAL1 AcrBGSAL1 AcrBAL

2AcrA × 1AcrA C25A 1

1 [34]2 1AcrA C25A (AcrAL ) AcrB

C 2AcrBIAL1 AcrBGSAL1 AcrBAL

AcrA × TM 26

AcrB TM6 TM7 α

Iα 2 1Iα AcrB AcrB-B-B

1 [70]2 1AcrBIAL

2 1 GSGSGSG Iα 1

AcrBGSAL 2 1 AcrBAL 2 

 

3-2. AcrB ( )1AcrA ( )  
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TM 1AcrB TM7 AcrBSITAS 1AcrBSTAS1AcrBS15TAS

2TM7 AcrB 1 2AcrB

C 10AA. 1 Iα TM7 1AcrA (AcrAS

) AcrBSITAS 2 Iα AcrBSTAS1 AcrB 

WTAcrB C 15AA. AcrBS15TAS 2 

 

 

 

 

℃ AcrB-AcrA °  

AcrB-AcrA ° pBAD33 ° ° PBAD

1 [50]2

AcrB-AcrA ° acrB acrAB E. coli BL21

2 AcrB-AcrA ° ℃ 1 °

2 ° 4 3-454 3-55 2 

° 1AcrB-AcrA ° 140kDa

4 3-4 a54 3-5 a52 AcrB-AcrA °

1AcrB-AcrA ° C ° 1

2 C 1 1C

° 2 

AcrA 1140kDa 1acrB

1 WT AcrA 40kDa 4 3-4 b54 3-5 b52 

AcrB 1140kDa 1100kDa 4 3-4 

c52 100kDa AcrBIAL1 AcrBGSAL1 AcrBAL 1

AcrBSITAS 1AcrBSTAS1AcrBS15TAS 2 WT AcrB

 

3-3. AcrB-AcrA °  

a. °  b. 6 °  

b. 
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1 2100kDa AcrB-AcrA °

1 1

2 1 1 1

2 

AcrBGSAL 1WT AcrB 

2 1TM 1AcrB-AcrA

° TM 1TM7 AcrBSITAS 1

AcrBSTAS1AcrBS15TAS 100kDa Δ 4 3-5 

c52 1 AcrA 140kDa 2 1AcrB

× AcrA

2 

TM7 AcrB-AcrA ° 1250kDa ×

4 3-5 b,c52AcrBS15TAS 1 ° TALON1Superdex200 GL 

10/300 1SDS-PAGE ×

1 AcrB

4 3-652 AcrB-AcrA °

1AcrB-AcrA ° AcrB

2 

 

Western blotting 1AcrB:AcrA=1:1 AcrB-AcrA °

1 AcrB 2 1AcrB-AcrA

° acrAB AcrA 1

AcrB-AcrA ° AcrB 2 TM7

AcrB-AcrA ° AcrA × AcrB-AcrA °

2 
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3-4. AcrA × AcrB-AcrA °  

a. anti-His ° 1b. anti-AcrA 1c. anti-AcrB  

 

3-5. TM7 AcrB-AcrA °  

a. anti-His ° 1b. anti-AcrA 1c. anti-AcrB  
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AcrB-AcrA ° MIC  

2 ℃ AcrB-AcrA ° AcrB acrB1acrAB

BL21 MIC 1 °

2 4 3-354 3-45 2 

WT AcrB BL21 acrB 22 210 2

BL21 acrB ℃ AcrA 1 WT AcrB

WT AcrA 2WT AcrB BL21 acrAB 1

° 1 AcrA

1 2 

AcrB-AcrA ° BL21 acrB BL21 acrAB WT AcrA

WT AcrB 2 1AcrB-AcrA °

AcrA1AcrB 2 

AcrB-AcrA ° MIC 1Iα 2

1Iα 40 1

 

3-6. AcrBS15TAS  SDS-PAGE  

°  

a. anti-His b. anti-AcrA c. anti-AcrB
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AcrBGSAL1 AcrBAL1AcrBSTAS1AcrBS15TAS AcrBIAL1AcrBSITAS 

1 2 1AcrA

× TM7 AcrB-AcrA ° 1AcrA

× AcrBIAL 1 MIC 2 

1AcrB-AcrA ° 1

2 

 

 

 

 

 

 

 

3-3. AcrA × AcrB-AcrA °

acrB1acrAB MIC 

 

3-4. TM7 AcrB-AcrA ° acrB1acrAB MIC 
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AcrB-AcrA ° 1

MIC 1

2 

AcrAB-TolC 1

1 [4]2

1 DNA ° [73]2

Glucose 1

[74][75]2AcrAB-TolC 1

1AcrB

1 1SMR MFS

[66]2AcrB

1 2 1 ℃

1 2 

1AcrA

2AcrA AcrE AcrEF-TolC 1AcrA AcrE

95%1 70%1AcrB AcrF 95%1 77% 1AcrE AcrB

× [76]2 AcrE AcrB

1acrAB 1acrEF BL21

1 2 

 

acrB AcrB1AcrB-AcrA ° 1 °

4 3-752acrB WT AcrA

1AcrB 1

2acrAB 1AcrB 2

1AcrA 1 2 1

acrAB AcrB-AcrA ° 2

AcrB-AcrA ° 1

2 1AcrB-AcrA °

2 

AcrBS15TAS 1AcrB C 15AA. 1AcrB

1 2

20 TM7 1AcrBS15TAS

2 AcrBS15TAS AcrB-AcrA °

2 

1acrABacrEF acrAB 1AcrB
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1AcrB-AcrA °

2 1AcrA AcrE LB

1 2 ℃ AcrA ×

AcrB-AcrA ° 1acrAB 40kDa

4 3-4b54 3-5b52AcrE AcrA 70% 1 AcrA

× AcrE 240kDa

1AcrE 2 

 

 
 

AcrB-AcrA ° -  

AcrB-AcrA ° 1

 

3-7.  

a.b. AcrA × AcrB-AcrA °  

a. acrB  b. acrAB  

c.d.e. TM7 AcrB-AcrA °  

c. acrB  d. acrAB e. acrAB acrEF  
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1 - 4 3-854 3-954 3-1052pBAD33

° 1 2

1 2

1 2 

BL21 ° 1 1

4 3-8a,b52 1acrB

acrABacrEF ° 1

2 1 °

1 × 2acrABacrEF AcrB

° 1 ×

1 ×

4 3-8c52 

2 1 -

0 ~ 2mM1 0, 0.1, 0.25, 0.5, 0.75, 1mM

2 °

acrB 1 acrABacrEF 1 200 

arbitary units (AU) 1 50-60AU 2

120-130AU 1

2 

 

 

3-8. °  

a. acrB  + ° 1WT + °   

b. acrABacrEF  + ° 1WT + °  

c. acrAB  + AcrB 1acrABacrEF  + AcrB  

d. acrB  + AcrB 1acrB  + °  
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acrB AcrB 1 1

4 3-8 d52 1acrABacrEF AcrB 1

200AU 1

2 10.25mM 2 1

1 2 AcrB 1BL21

1 2 

AcrB-AcrA ° 1acrB 1acrAB acrEF

1 4 3-954 3-105 2

acrABacrEF 1AcrBSITAS 0.25mM1AcrBSTAS 1

AcrBS15TAS 0.5mM 2 WT AcrA acrB AcrB-AcrA

° 1 AcrBSITAS 1AcrBSTAS1AcrBS15TAS 

0.1-0.25mM 2 

AcrB AcrB-AcrA °

1 AcrB 1 AcrB-AcrA °

4 3-1052 1 DNA

mRNA 1AcrB 1 5

AcrB-AcrA ° 2 1AcrB-AcrA °

1AcrB 20% 2 

AcrB-AcrA ° acrB acrABacrEF

1 acrB 0.1-0.25mM1acrABacrEF

0.25-5mM 1 4 3-954 3-1052

1acrB AcrA AcrB-AcrA °

2 

1AcrB-AcrA ° 1AcrBSITAS 1AcrBSTAS1AcrBS15TAS AcrB

1 AcrA AcrB-AcrA °

2AcrB-AcrA °

4 3-652AcrB-AcrA ° AcrA 1

AcrA Δ 2 1 -

AcrB-AcrA ° 2 1

AcrB-AcrA ° AcrB:AcrA=1:1 2 

AcrB-AcrA ° 2 AcrA 1

AcrA AcrA C25A (AcrAL) [34]2

AcrB-AcrA ° 1 AcrAL 1 ℃

AcrA AcrB-AcrA ° 2AcrB

4 1-155 1AcrA 1 AcrB-AcrA °

1AcrA 2 1
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2 

 

 

 

 

 

3-9. °  

a. acrB  + AcrB1b. acrB  + AcrBSITAS 

c. acrB  + AcrBSTAS 1d. acrB  + AcrBS15TAS 
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AcrA AcrB  

AcrB-AcrA °

2 AcrBS15TAS 1AcrA 2

AcrA AcrAB Δ

2AcrBS15TAS C AcrB TM7 1

AcrBS15TAS × 2 

AcrBS15TAS × 1AcrA AcrB 1 °

2 AcrA 1

℃ 1 1 2 

1:1 AcrB-AcrA ° 11:1

2 1AcrA 6 1AcrB

TolC 2AcrB TolC ×

3-10. °  

a. acrAB acrEF  + AcrB1b. acrABacrEF  + AcrBSITAS 

c. acrABacrEF  + AcrBSTAS 1d. acrABacrEF  + AcrBS15TAS 
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1 AcrB Q255C1TolC A150C 1AcrB

TolC × 4 3-1152 

 

 

 

Schrödinger suite BioLuminate AcrB-TolC × AcrA ×

1AcrB TolC 4

3-12 5[72]2 1 150 4 3-12

52 1AcrA α × TolC

1N 1C 6 4 3-1352 AcrA 1MFP

TolC AcrB 4 3-12 52 

 

 

3-11. AcrBS15TAS AcrAB-TolC  

: AcrB1 TM7 1 AcrA  

: AcrBS15TAS TolC (Open ) × 
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AcrB 1AcrA °

5 1 1

4 3-1352 

BioLuminate AcrA 1 ×

1 1 °

1AcrBS15TAS × 1

1AcrB-AcrA °

2 

 

 

3-12. AcrB-TolC AcrA  

1 2 
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AcrB-AcrA ° AcrAB-TolC  

AcrB TolC 2AcrB-AcrA °

1AcrB:AcrA=1:1 1 AcrB TolC

2 1AcrB-AcrA ° TolC

1 2 

℃ 1℃ ℃ 1pB(Q255C)1pB(Q255C)SITAS pET22tolC(A150C)FLAG

2 JM109(DE3) 1AcrB(Q255C) TolC(A150C)FLAG1

AcrB(Q255C)SITAS TolC(A150C)FLAG 2

1 AcrAB-TolC 1

1 AcrB TolC 2

1 (DTT) 1 2 × 1 FLAG°

° 4 3-1452 

DTT × 1100kDa 50kDa 2100kDa

× 1TolC 2TolC

1β 1 1

50kDa 2 1

3-13.  

: AcrA1 : TolC1 : 1 : 1 °:  
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AcrB 1 2DTT

× 1 140kDa 1AcrB(Q255C) 200-220kDa1

AcrB(Q255C)SITAS 200-220kDa 1 250kDa 2

AcrB(Q255C) TolC(A150C) 150kDa TolC 1215kDa

AcrB-TolC 1 145-155kDa TolC 

1 1100kDa 2

100kDa 1

1SDS-PAGE TolC 2

145-155kDa 1

2AcrB(Q255C) 200-220kDa 215kDa

1AcrB-TolC 2AcrB(Q255C)SITAS 250kDa 1

AcrB-AcrA ° AcrA 40-50kDa 1

AcrB(Q255C)SITAS TolC(A150C)FLAG 2 

 

 

 

 

JM109(DE3) AcrA 1AcrB-AcrA ° AcrA

1AcrB-AcrA °

2BL21(DE3) acrAB 1

AcrB(Q255C)S15TAS FLAG° PA° TolC (A150C) PA 

1AcrB-AcrA ° AcrAB-TolC 2 

AcrB(Q255C)S15TAS TolC (A150C) PA 11.5% Lipodisq

[77][78]2TALON (Clontech ) 10mM110mM1300mM pH8.0

3-14. AcrB(Q255C)SITAS TolC(A150C)FLAG AcrAB-TolC  

: anti-FLAG° (M2) 1 : [36]  
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× 2 ° PA ° 4

3-1552 

Lipodisq AcrB(Q255C)S15TAS-TolC(A150C)PA 1150kDa TolC

01 10mM × 1 1

AcrB(Q255C)S15TAS-TolC(A150C)PA 300mM × 1

° AcrB(Q255C)S15TAS 2 

 

 
 

2 1

AcrB(Q255C)S15TAS 1 TolC(A150C)PA 1

1

AcrB(Q255C)S15TAS TolC(A150C)PA 2 1AcrB-AcrA

° TolC in vitro 1AcrAB-TolC

1 2 

  

3-15. AcrB(Q255C)S15TAS-TolC(A150C)PA AcrAB-TolC  
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4  

1AcrB:AcrA = 1:1 AcrB-AcrA ° 1

2 1AcrB-AcrA ° 1 AcrA

AcrB-AcrA ° 2

1AcrAB-TolC 1AcrB AcrA 1:1

2 - Δ 1

AcrB-AcrA ° AcrBS15TAS AcrB-AcrA °

2AcrBS15TAS AcrA N

1 AcrB 1 ° 1

2 

AcrB-AcrA ° AcrA 3 1 MexA MacA

MFP 6 1

[79][80]2 AcrB-AcrA °

AcrB-TolC 2 

AcrA × AcrB-TolC 1BioLuminate

1 AcrA 6 15 °

11 2 1

AcrBS15TAS ° AcrA

2 2 1 ABI-PP °

2 Δ 1

2 

AcrB-TolC 1AcrB(Q255C)S15ITAS AcrB(Q255C)S15TAS

TolC(A150C) 2

1 1 AcrAB-TolC

Δ 2 

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. 

2 2 

 

AcrB:AcrA=1:1 12014 4 AcrAB-TolC

4 3-165[81]2 1

1AcrB:AcrA = 1:2 2 12015 12016

(Cryo-EM) 4 3-175[82][83]2

Δ 1

2 1 2 
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2014 Nature 16 1 °

4 3-1652 AcrA AcrB ° 1AcrB 1

(AA. 328-329) AcrA (25-397) -

2 AcrZ-AcrA 1AcrAB-TolC

48AA. AcrZ AcrB AcrA(AA.1-397) C

- AcrZ [84]2 AcrABZ-TolC 1

AcrA 6 1TolC α × tip-to-tip 2

1 TolC Open 2AcrA-AcrZ °

1 ° 2 1

trimethylammonium diphenylhexatriene (TMA-DPH) WT AcrB

1MIC 1-2 2 

2015 AcrAB-TolC 1 2016 TolC MacA

° 8.2 4 3-175[81][82]2

1AcrB C AcrA 1AcrB-AcrA-AcrA °

2 AcrBAA-TolC 1 ° 1

2TolC 2 tip-to-tip 2014

12014 AcrABZ-TolC 1AcrA

6 7-8 TolC 1AcrBAA-TolC

3-16. AcrZ-AcrA °

AcrAB-TolC Cryo-EM

 [  81] 

3-17.AcrB-AcrA-AcrA °

AcrAB-TolC

Cryo-EM  [  82] 
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TolC 4 3-1852 

WT AcrB1WT TolC WT AcrA AcrAB-TolC

1 6 AcrA 4 3-195[85]26 AcrA

AcrAB-TolC 2 

 

 

 

3-18. AcrA-TolC [  82] 

: AcrABZ-TolC1 : AcrBAA-TolC 

3-19. MexAB-TolC1AcrAB-TolC in vitro [  85] 

a.b.c. MexAB-OprM1d.e.f. AcrAB-TolC β  
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AcrB-AcrA ° 1:1 2

1AcrA ° AcrB-AcrA °

1

2 

1 2 1

1 Δ 2

1 2AcrB1MexB 1

D4071D408 K940 4 3-205[19]2

1 2 

 

 
 

1 × 2

2015 MexAB-OprM in vitro 1

MexAB-OprM 4 3-215[86]2 in vitro 1MexAB

OprM 1MexAB

2 1WT MexB1 MexB 

D407N 1 OprM

3-20. AcrB D4071D4081

K940  
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1 MexB D407N OprM 1WT MexB 

OprM 2 

 

 
 

OprM MexAB 1MexXY1 1MexXY-OprM 2 1TolC

1AcrAB 1AcrAD1AcrEF1MdtABC1MdtEF1EmrAB1EmrKY1MacAB1 Type 

I Secretion system HlyABC 4 1-25[87]2 ° TolC

1 AcrAB-TolC 2

1AcrB / 12016 AcrB

1 [88]2AcrB1AcrD AcrAB-TolC1AcrAD-TolC

1AcrB AcrD 1

2AcrB AcrD

2TolC 1

2 TolC 1

2 

 

1AcrAB-TolC

1 4 3-2252 1AcrA AcrB

3-21. MexAB-OprM in vitro MexAB-OprM

[  86] 5 OprM

2MexB D407N 2 
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1AcrA TolC 6 AcrA1 AcrAB-TolC

2 1AcrB 1AcrAB

AcrB TolC 1AcrB TolC

2 1AcrAB-TolC 1 AcrB 2

1 1AcrAB-TolC

2 1 AcrA 6 1AcrB

TolC 1 1 ° AcrB TolC

1 1

2 1AcrAB-TolC Δ

1 1 Δ 2 

 

 

 

3-22. RND °  
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° 1

1 2 β

1 °

1 2

β 2 1 1

1 1 β 2

1

2 

1RND °

2 1 2 1RND

° 1 β 1 1RND

° Δ 2 

 

1RND ° ° 1

1 1 β

2 1 °

2MexB

MexY π 1 ABI-PP

Δ π 2 

AcrB X RND ° 1

Δ 1 Δ 2 1 °

° 1 1 RND °

Δ 1 2 

1RND ° Δ 1

Δ π 2 1 2 

 

1. ABI-PP  

ABI-PP AcrB1MexB1 1MexY 2

AcrB ABI-PP1MexB ABI-PP 1ABI-PP

1AcrB1MexB F178 MexY W177 1ABI-PP

1 ABI-PP

2 AcrB F178W1MexB F178W1MexY W177F 1AcrB 

F178W ABI-PP 1MexY ABI-PP

2ABI-PP 1

1 MexB F178W WT MexB 1ABI-PP

2 
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ABI-PP Δ 1AcrB F178W1

MexB F178W1 MexB F178W ABI-PP X 1

3.6Å13.3Å13.0Å 2 WT 1

1MexB F178W ABI-PP 1WT MexB F178W

ABI-PP 2 WT MexB F178 1W178

1ABI-PP - ° 2 ABI-PP

1ABI-PP 2

1AcrB F178W W178 1W178

V139 2 

ABI-PP 1 MexB

2 Δ AcrB F178W/V139A1 MexY I138A 1ABI-PP

2AcrB F178W/V139A1MexY I138A WT ABI-PP

1MexB 1AcrB1MexY 2 

1

2 1ABI-PP 1

° 2 

 

2. AcrB:Acr A= 1:1 AcrB-AcrA °  

AcrAB-TolC Δ 1AcrB AcrA

1AcrA AcrB 2

AcrB-AcrA ° 1 AcrAB-TolC

Δ 2 

AcrB:AcrA = 1:1 AcrB-AcrA ° 1

1 2 1

AcrA 2AcrB

1AcrB-AcrA ° 1

2 

1AcrB-AcrA 1 -

2AcrB-AcrA ° 1WT AcrB 20%

2 1 AcrA 1AcrB-AcrA

° 1AcrB-AcrA °

2 

 

3. AcrA AcrB °  

AcrB-AcrA ° 1 2

° 1AcrA 1AcrB-AcrA °
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AcrBS15TAS AcrA 2AcrA 1 AcrB

1 ° 2AcrB-TolC

1AcrA 6 1 °

AcrA 5 1 AcrA

2 

AcrAB-TolC 1AcrB AcrA 6

AcrB:AcrA=1:2 1AcrA 3 °

1 2 

 

AcrAB-TolC 1 1:1 °

1

1 2

1AcrB-AcrA ° 2 1

1
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