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[Abstract] Bacterial efflux pump (EP) has caused serious antibiotic resistance, and consequently much attention has been paid to efflux pump

inhibitors (EPIs) in recent years. EPIs could inhibit the efflux of drugs from bacteria and restore the susceptibility of drug-resistant bacteria to

antibiotics. In this review, the structural features of several types of EPs were briefly introduced, and the current progress of synthetic and natural

EPIs was summarized, hoping to provide researchers with new ideas to design or screen out new EPIs with higher inhibitory activity. Meanwhile,

for more accurate and comprehensive screening and evaluation of EPIs and their clinical effects, research methods for EPIs and standardization of

their antimicrobial susceptibility testing (AST) were also proposed
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Figure 1 Simple model diagrams of five types of efflux pumps
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Table 1 The composition and general mechanism of action of the five types of efflux pumps
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2014 4, Opperman 45 P 438 T 45 #4 2 0L A% itk g I nit
WE (pyranopyridine, Pypy) ft - #) MBX2319 (9) ,
Hoh K % %5 T AcrAB A1 HEZE (3041, IR
MBX2319 7 K35 A i o i 32 B AR 2 e B 0 e iz
M AcrB; MBX2319 ANHA BRIP4 78 14T R T
P, (AR A FE R RIS . B-INBERES . AR
SRR VTR M S AcrB JRYIPTA TG . Vargiu
PRI 4 F 81 F1% (molecular dynamic, MD) £
i MBX2319 7£ ActB JIEMI 45 & LA IS SO0 8, A
S MBX2319 [7] D13-9001 —F¢, 5 ActB 45 A 7RG /K B
Bt 5 Sjuts % * 3REUT 5 AcrBper ( —Fp TR, H
AITE Y AcB Ji T Wiz 1.7 Z5H8Ra k) 25461
MBX2319 )i Z G045k, K3 MBX2319 1] 5 T J5
P IBOKBES A, FEBUKBER, A SRS 1148
FBT K B PR B A SR SEAH AR

0]
HoN NH,

HNI\/\ N)\ NH,

(¢)

N
Il
NS
0 | _N \O
)
0
9
217 AR MBS (spectinomycin, 11) JE45#,
RUFEIE2RPAER, BA BRI MR R E

FJy, AT HEE s A R AR (A, DA T 400 ) 2
FUTIY A B, NS A e S Sl IS PR ZR i

. Prog Pharm Sci  Jun. 2018 Vol. 42 No. 6

NH N
\ H
\ _ N
O | S>—NH N
7

PPS

2.1.6 Timcodar
Grossman 25 B% 3 F p-p 2B (1 30 ) ¥ timcodar
(VX-853, 10) MASMIFSE o, 4 timcodar H7 fiff
HEE, TR RN Z 251 2] (MDR ) Mtb 4 5 555
AAmHIER (MIC=19 mg'L") ; [IFEAAET, timcodar
5 FI4EF (RIF) | DUiAMEMK ( bedaquiline ) 147k 5%
B (clofazimine ) & FNE /R H R AP EEAE A s 7L
LG 2 B A T R AR A5 AT B, timeodar 5 RIF | 52
Pa b 5 bedaquiline HXA5-{ % MDR Mtb (40 i 7% 44
TR T2 10 F5 (50% Ml E R 1.9 mg L") 5 zh
YISEE ST s, timeodar F345H RIF FISARE (INH)
PIFEFH , D80/ il Mitb B, RIS R Y 1 5 &R
XA R A F AT R R timeodar [ B BT IR IS PR R T
FHE FEMLHI RIS A S5 . SR, De Knegt %5 B ffif]
] - 2% B 2l 2 000 e v 4K 2 AR A 1 nR B P VD A +
FlZ ez il 3854 50), 20 % B VER Al timeodar 35 /K fE 42
I BEPE VD AL + IS M B PR A A% B T 1

.

8

o

Nelid 0 Z N
o) J\N N \ l
| |
CHy O Ci O

=

X
10 N

Lo BRI, LB R BT Mtb (5 P2 R AN 3L,

X AT B AR Rv1258¢ SPHE AR 2 A9 KM

Lee 45 U1 5 iof P25 i Ik e Bk 322 2 1) B RE AT Ao

FIBRZE , Bt T — R IPH I EE R 2 ( spectinamides ),

‘f?'? iiffsQOIS%H 428 e




R A T Y TS oM, g FIRIERS, R
i 2R EUAC A R W ) 40 2 B0 S SR e A 40 BT B R
Wl AMESE IS . R SRR TR 34T T BERE AT R 1599
('spectinamide 1599, 12) , HAEHE KR A5
BATHPTAER (PR . 2R EER)
By MIC, 4R spectinamide 1599 Jf- A fig 3 sl WL 25 2
e, X e BH LI N 2 38 L 4 i) Rv1258¢ 9 7 HET)
RESR R RE LA S 281 B

OH
Ho
N OO
HO "0
HO
HN\ O

11

OH
Hof
N

P OO
HO 0y

HO
o HNY\@L
0 N

Za

2.1.8 SILA-421 2Bl ERAMEZE ISR, SILA-421 b,
PN A S22 R 24112 iR 2 45 A% 0a ) — Rl asgon) B9,
PRSI Fptfl HIIF, STLA-421 (4 25 B8 TG % b s Hh ik BE AR
S R RO, BRI 58 INH R RIF X 22 25 25 %
WYY R, HA5 INH A RAFr P EER, nrphik a0
INH 2 519 INH iLht, 4R, SILA-421 JFRfghsns
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23k R R 5 e 5% AcrB il MexB AMHEZE B4 1) ,
Be A MERETL SE 00, SR 2 IR R 22 A 1R F ]
5 AR AcrB Fl MexB & [ BEd-Mfil i v i K Ak
a7 E1EH C( lanatoside C )FNK = HJ0( diadzein ),
Astolfi 45 P g i FF & 2 Rl 3D 2L AIRRL, Gk
W3 A RTA RO ) 4 (U 45 3K B P NorA SR HESE
(4t 4%). Choudhury %5 B Al 4r F X407k, M
328 A URAAH A Wy v e R T A X e A B
MexAB-OprM #MHEZE Hh 41 i J5t 4 H 25 11 MexB HAT 41
HTEER9F —— X ERR ( p-coumaric acid ) , 11754
BRI e J5 ,  [RIRE (o P AR 80 ) a6 1 4 AR A1 361
ANHESEAM G IEE, IR UE SR A O ER RE S BRI N VD
X MexAB-OprM if 5 3 1) i 3 {15 PR AT 119 2 TR0
S KA A W I PRI T A A RERf N, (EJ2 AR )
NI, AW R 466 9 e v SR AE Y EPIs
ORI BE S T REREE A TR 24 PR FE A LA WA B2
3.2 &F SAR mhit E#lwB E5tis it

XF 56 A A W 2 R A T i R P A LT P 1
B, Hd s F AL AR ROC &R (structure-activity
relationship, SAR) HYWFZE X T 254 BRI 1. A3
B4 T O R AR 8 > B B 7™ T 245 11
RND #hHESE 6], e HL Il PR A 5 A0 {8 A 1 4 700 2 LA
MBX2319 AR MLk sEfb 54, FFHROCHR
(5T, Nguyen %5 B9 & T — 41 MBX2319 fiiA:4,
IRUFSH A — 2 b 59 (19~23) 7EHESH /2 AR
SEFIIRPL VU AR TR 5 A B 16 4 D Tl e MBX2319 B2
AL Mz ] T MBX2319 485K 153+
TGRS 1) RO A/ HE 2 200 o 05 e 2 00 T ) 4544
Ty, DL AR B G DA e v L RS A
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