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Drug tolerance in bacteria
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Abstract: Drug tolerance is the capacity of genetically susceptible bacteria to survive the killing by
bactericidal antibiotics. At population level, drug tolerance can result in slow killing kinetics or failure of
sterilization by antibiotic treatment. Drug tolerance can stem from phenotypic heterogeneity or from
environmentally induced stress response at population level. While various genes and pathways were shown
to be implicated in bacterial drug tolerance, it is becoming clear that the common mechanism underlies the
survival of antibiotic-tolerant cells is the alteration of cellular growth or metabolic state achieved by either
regulation or genetic mutation, which counteracts or diminishes the killing effect induced by the drug-target
interaction. Increasing clinic evidence shows that drug tolerance is a causative reason account for the
requirement of lengthy treatment and the high relapse rate observed in persistent infections. Importantly,
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recent studies demonstrated that drug tolerance could accelerate the emergency of drug-resistant mutants.
Therefore, deciphering the molecular mechanisms of antibiotic tolerance may shed light on our
understanding of antibiotic killing and the adaptive evolution of antibiotic resistance, and could facilitate the
development of new intervention agents and therapeutic strategies.
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FFBETERBRAE A i s 4R, (H R4 A R IR A 2
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AEBIRZS . B, Baek S i i i A i MR T8 AE 3L
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R MAERET A G, XERLR A J5 45 4% o0 4
FRPAE A REHE L ARIRAE A DR P MR} st 3
PPEAT TIRABFSY , & B 3k R 1 388 = i o
H A Bk D8 B 7 R 43 ff AR AL B R Ak, AT
A Bh TS5 5 BT B a7 KR K 2 it 32 k. Li
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i ROS FF=AE L A ) KAy B S AR 5510
WATHEIE R BAIAEF . 65 2 5D A P2
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- I 4 R R AL PR )G 2 B 8 L JH AT TR 2
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recA ik VRN AR KT 15 B8 B (T
BAVE B R BT 9 DNA XN 24552 L [H
recA Y ligD J&, HHPXTZ2 R0 259 () U R i 4
At LSRR DNA s PELEd 6] 40 i 57
YR R R AR, (H 259 A B A {e] 15 A%
DNA #iifs, HAHLS A FRATRTHANE T & B
LKLY BT MazG HAT B AR A AL 1010379 dCTP 19
77, BEMERT ILZA% TR A DNA T2 DNA $it
B2 S, FATHRR T MazG 2k e 2% 4y
FOFF AR 52 25 ) 5 T O GBI, ABR mazG 3
DR i 45 42 2 A T 1 25 W0 T 52 B 7 K A7),
RAWEF R B Y B2 S BT ROS K
BT, 5l dCTP BYE L 2T IR Al ad i
DNA G5 R A HHE AL R 4 3 BRIt
H—15 Kk DNA BUEEWSE, Ayt %ot
FE AL B AL TT IR IB A DNA S35 R IR K 45
Ko AP DNA $i4 09 22000, 32 A A
BT ER R E 3 il DNA 42 fa e
LKA TR 52 245 ) A TR Y R R 2 —
4 ZiWit S5 T B

KZHH R I 5 EB 25 2 N 4R e
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YT 57 B4 20 B A A Ak AR KA RN T g 0 25 3 i
TG (U™ BN 2B SOS WA )WPIRAS , X AR
A PR ZEHR 7R 245 W T 52 23 AR E T 2450 I il . A
TR E M SOS WA KIATH . &8
R 7] TR TR 0] 2% {1 B L PR R A 3 N 1 2 A )
Nz, HALHS RO T 2% DNA RA M
AU R, R SOS AL
R H A4 TR 28 A A B S B R B IR R 2 — o FRAT
PIOFR R, FoE 5 BT T 2 55 DNA
REWRIEE IR, E5E DNA $ifh Kk e B4
WRAHR T EE R RIS 5, PR
A G AT ROS J7 A RN DNA #if55. Wk
HEHAAEN A N ERRMANDEITIERY)
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T S A RN R B I P 5 R B2 W Ak PR S K
FESE ™ A R BONZ P 548, T 257 1Y)
SRR B, EL 24 58 5 A T kA T 2
SAR LA, AT IS G TR 24 M A T AR o
T 225N, P A 2 5 A it R

JE I NEABRESEE DNA AWM LA, iR
REAS D2 PR IE R K56 7% o WF9 B0 s s 1)
KPR IFHEF AN SOS I & 24 HE 5L UK F-
U2 el A BRI P I 9T & B ST 22
Yo e g AR, T 2 R K-
B BAN, IR & IR TP A E AR
T AR 0 Wt AT A SR, DT 2 1 Wt T 4R
AOPTIE SR ACE Rl T 25 Wit 32 A0 FE T
A R AL FET B AE IS I R RE A, DRI S A TR 7
HMIEHTHE R Y J LRI T SE 25 5 7 A
M2
5 IR

Ik PRAFE G B2 75 25 W) T 52 5 4 A1 e 5 0 11
T SN AR 2 R R VA G o SR R B Bt e
PR 2T GE AL RS B ARTT i AR PN 0 )
R MIC RAAEBUE, (B39 26818
HHR L SR IR PRI T B 2 g 2
2imt G, B, sy BRI S T AR
Ha BN, BEE T REIEE R, NimE
SRS IR I R & B, RIS ShE
il 235 % 9 NIR WA v S 2047 — 2 A 258 3 A
FF B 20 B % A B8 St/ IMA (Lipid body), #&/R ik
TAIRIRFEARAS s 40 TR 5% S 41 20 B A R W vh i 45
P 3 BFT T -5 UK B AR 40 T 110 5 S 2 v JEE A AR B4
TAh, IR ZHFEE R 5 MR AV 25
M 524 5, W PRI BOw P R . 4
IR S ER AR A S5 . BT RATR IR (1) I
JE A TR 25 2 TR SR Y R RIS () 49
M2 MR 5 M AP IR BB VING; (3) Y
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i 52 ) st A2 IR 2R3z U it 202 2%, 181tk E i xet il PR
S TR 25 52 WA I8 S8 328 AN AN 24 BT T 24530538

G PR 0 43 A A R AR 1 T 6P I R 24540
M ZmiFse, HETE BT ZMEe S8 w259
i 52 B35 A5 9878 . Schumacher ZEI 543 M7 T 423 Bk
PRIEZOPE R A, AT A B 23 bR
hipA7(G22S, D291A)RAEHE, 14 hipA(P86L)%E
Rk, W5 R BUAHOC R AR A MIC, (B354
B RN Y AN E R 2, S B0
J&YL, Hicks 255 549 W25 1ML 4 B FF I I
IR T T Ry, TR prpR HE
(RS BRI B s it 428 2 1) 58722 5 AN T it 245
PR BRI . 2 WFY R B R AR S8 PrpR
A RE R R s FELLN IR N ME—BRIE I IRBE T,
FHSE prpR FRASRRAT Z RGP 52 . TR
YN TR T 2450 e A e BE OQHK, RGBS AR Tt
2 R AR BE S AR T 25 T B . I Y S I Ak
W5t & B B R B AE BT AE BT B A R REAR S5
L R 52 Y 2 AR TS R e AR
ST UM 25 A K
6 RYE

Tiif 245 240 BT 119 4 3R 1 2 % NS RETE B K
PRIRP. 2016 ARICA BB UCER X< AH B 241
TET ARV ARy, BRG FER A3 RK B S
T CPEETGMEAE &, AR R
EAESRIRE S [FAE, AHTETN 258N G20
W25 Jy st R vk iy 5 R EZ —. |
UE, SCTEYN BT 245 a8 3] T 2R R
s il 240 VAT i 245 () RS T At 2y L PR EZ 7 A
R, MR MR, U4 TR T 24 [n] 87 O
SO T AR AN T 25 M TR B ERZ L], AT &
(LGN T 1 R R i RIVEZTE 7/ INEZTE 7B 61
BT BANRITRCR AR A . IR A S
TN 25 )T SZ AL, R ITIRFRAT T B A R AR
PRMLAR . 4 TR 0 oA R R T 9 5w LA R i 24 7
TE AL %) T ff, A OGS Y HE S TC B A

ROBYT SR WG 1T R B AL R A7 R it

) TN P 25 32 1 SR R L
BCRTT BTG T SR IEGE Jr 12—, Conlon %
R ZREBUALAY) ADEP4 RENSE IS & M1
fiti ClpP AR KIE AP 4 B i A ak s, o)
YSE5 s ADEPA 5 ARG FHRE RS IR
BRANEE ™, DosRST WU oG A% /AT B B0 48,
% L P A D A DA T AR IR 1 O B R 9 R
g8, MO BORE E R MUY AR 9
DosRST MBI, IASMSEIEE R /R E H R A
R S AR X AR 225 % T O AR TR 4
PILIRZH DNA Fase TR AN A 52 24 W) 7% 1 1) B L
MLz —, HEEX DNA MSEEW 2B E R 5
(RecA) AN &2 AT RIED . 4, 4E
R R LA 5% B A 200 P A A AR BOIR S (A s Jin sk
WL SRR B s pH %) RERE S a 2 W ) AR
ROR, AT R I PR I Rz FH 33 6 5 W A A 1 i —
AR .

H B X 41 T8 25 W it 32 0 I R 58 S5 1R ik
THI G — LA FEAA DR I, P75, TGP IR L4
2 2 AN T i e R ST . T AN R 2T 52
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