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The recognition, control, and stress tolerance of bacterial persister cells

Yoshimitsu Masuda”

Division of Food Science and Biotechnology, Department of Bioscience and Biotechnology, Faculty of Agriculture,
Kyushu University, 744, Motooka, Nishi-ku, Fukuoka, 819-0395

Bacterial persister cells are metabolically dormant cells in which cell activities such as protein synthesis and
cell division are somehow drastically slowed down, so that they can survive under intensive antibiotic treatment
that targets such cell activities. This review summarizes information about persister cells such as their history,
definition, mechanism of formation, threats to clinical environments, and how to control them. In addition to such
information, this review also introduces our recent studies on the physical stress tolerance of persister cells and
their possible control in food environments. We demonstrated that some bacterial persister cells are indeed highly
heat and acid tolerant compared to normal cells, although diversity was discovered in persister cell populations.
We also found that indole and its derivatives or acetic acid are promising candidates for persister cell eradication
in food environments. We believe that this review will aid in wider attention to and understanding of the

importance of these quiet yet clever bacterial persister cells.
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1. Persister & (%

MPersister] &\ 9 SEMNEFNTZDIL 1944 4, A
HORLOFTRYOMAEMETH L= R
A T b <, SRA M B o0 H B &3 IT (R ke
THD. & 1T BT Joseph Bigger &\ 9 BH22E T, 4
A XV 22 TR=2 Y 2O TOIEETT > T
W72, Bigger X, X=v U TCHEABT KN YEKRHE
(Staphylococcus aureus) % WLER U 7-F%, SERICEEHE L
TIREOEZRREZ 7L —F EIcBHELThban=—
RPN Z LIl a oz, £/, Zoan
== B LB =) Tk LT & B
STELT, RARENTHMEREINDLI WS Z b
ERALLE. COBRREIRABRENTOR=V Y AL
H, ap=—Flaz#oik LT, fifticbbicoT
e 58 & 4, Bigger 132 @ X 9 72 Hl 4 % [ Antibiotic

Persistence] & EFH L, M LD TEXE->TLE
I i/ NER D Z & % Persister & 430 72D, A
B B9 ARSI Y, Persister (20U T OHFZED Hx
FITFEFIZENL DO TH 7. FEEE, Bigger BN
EFRL TG 39F%D 1983 4, #)& T Persister B
WIETFTHD hipd IZHOWTOREN R ST
Persister DM 2 I W THZE L HIEICE
DETELDZERHLNE RS TETNDIY,
Persister DEFE & LTI, B & OREOHM TS M %
BT SEREREBOLSICRDZ ETHAEMER E
DA VRIZIHPEEZ R THIEMRE T S, £D7®),
MR TERICKDMMEE & E > THAWERFETT
IHEEE 5 Z L1372, Uo &iif2 TW 5. Persister
OFFE LT, MEORBEIIMREZ & o7z & X112, 2 B
D —T %] 2 ENFE 25 (Fig. Y. — %I,
F—MEFaiEorn—r®EHThHoTh, E£HF

T 819-0395 1 [if] LA [ T 4 X T[] 744 = A b 5 Al
B JE (Corresponding author), y.masuda@agr.kyushu-u.ac.jp
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Fig. 1. The biphasic killing curve and the difference between persistence
and resistance (based on Bram Van den Bergh et al., 2017%.

WZIT Rk 2 e BB RENFAE LT 0, M £ 25T
EWEIZS b END L, KO KR Z2 LD D IER
TREERILIEIR L, — &L Persister WA XKD, FEFE L
7= Persister I3, PUAEME MBI BRIV Y 72 2 R IR %
Hxbhbd b, RENEHELZREE I, EFMEE 72>
THE A BT % (Fig. 1)Y. & 512, BOHAEWEIC
S ahd e, RKEnswdD 2 IER 2 EEIZFERT
D3, RNVL D —ERD Persister 1TEXFER->TLEW, Bt
EME~OBERENHEY RIS, ZO#VIKELOHFT
M EF P ICEETFERLZ SRS, AR O
HEICEHE ST 5.

2. Persister 7 il 1%

Persister DIEENILBHEDOH H—D2>D A 1 =X LI
XoTHEENTHB DN, b L IFEED, @3]
DRI > TV D DM, LW 9 EmiT A 72
BTV DR, Persister FERIZ D72 N D AP O F5
OWTIEHBEICEERE S TWD. ZRETDE
< DMEIT X B L, Persister ML, A ML R 7S
MZE o TIEBFEINTE Y, ZDOREHIHHL
A ML ATHD. 2D KD RBIPICL > THERH
S 7z Persister 1%, & QHHBEY BRI ICH H
LREREZESTLE Y. HlZIX, —BEEZORRK
TIE, FLARIRTEIZ X D Persister NIEL SN THB D, *
NEFLOVEMICHR L CHEREL2TR-oT5H6
TYH, HEZHENBEROER DRI ICE -
T-HEAIZ B W T Persister £ IFXHE % B L T
59, IRIRIREZHERF L T 5. 20, FEFITEW
R 2 28T CHEGE A B9 2 2%, £4LE TIEHAED
G2 R LT-EETH DY,

BUARIRFETS 1T T/ < £ < DA kL A7 Persister
OBl & Ld. HlIX, B2 KEBROKE,
BV, A N LA, NOGREMRIZE S END

Z e EIT L o T, Persister IR BIE I SN D Z
ERHME S TWD (Fig. 2)Y. 7=, MEWELHEIZ
Ko TAEENRBEESNS Z & T Persister NifESh
5 eV, PLAEME B Persister HIME SN TEBY,
INIZEST, BREOHAYE CLEL-HE, K
BETLELESGA LY QAREBNZ V05
TRy 7 AMRBGHE I >TLED 720, EEMN
METHD. BEA N LRIZL-TEERZIEIND
Persister FZAIZ DWW TIE, T2, BEA ML R IZxd
DINEWHBEO —FTH LBMICE L, DNA B¥ A —
TaEZTTEEIC@ SOS IGED TONMISLTEY,
BEEICOVWTIH I A —TF 2y 7 LIRS
YIFTNVME R LIMEMBER = X 2= — s
CHERENBE L L T B (Fig. 2). BEREISAIE, F1IET
RTCOMBEAFEINHFEST DT T 7> 4(5) Vg
((p)ppGpp) & L, Persister % HilfHl 3~ 2 BB /2 5% E %
HoTWa., KIBE T, (pppGpp 1%, 7 I/ BEOR
REET g v 71T Lo TEHIL SN D A EESE RelA
Ko T, EITRE, €K, ¢, V BB L OIEN
e D HUERIF IZTE ML 40D SpoT IZ L » TAE I S,
FR L2 (p)ppGpp 2 & > T Toxin-antitoxin ¥ A7 A
(TA ¥ AT L) BIEMEAE L, Persister R~ & D728
ST FETz, SOS ISR, PUAY B UG M e
REICE S THIE D DNA BN F A — V%572 BRIC,
LexA X° RecA 72 & OBl fHI[K 7 %z /1 L T DNA &1
A 2 TR S8 5 — 5T, —REIIC DNA GRE &
D IAVETETEZ I S 5. Z OBRIZ, LexA OfilfE A
L7z SOS IS F D TIRD TA ¥ A7 ADEMEALT
5 Z & TREHEMEMET L, Persister FE kI HETeY.
ARNVAYTFIRE| &4 L 72D Persister TERHE
RIZHAT, Z20HGIEHEV T snT
WHM, A R L AIZBIRZR < MBFEHYIT Persister JERLDS
EBZAZELHMOENTNDYD. ZEdhDE, HilE
WIS BRI 22 F KO IR b D LB X
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Fig. 2. Environmental triggers of antibiotic persistence and bacterial
response mechanisms (based on Murkus Huemer et al., 20209.

D, Bl ZITHE OMAL S RHOBRZ, VAR — L
EDOUMERTIIHEIC 2 SO~ L SEL S D
TN, MenDO T TNIZE S TEDS EE#
PJ— Lo TLE-THAEITIE, FLL MLAKD
/}\fotb\ji@llﬂ%ﬂiﬂﬂﬂiﬁgﬁﬂﬁ‘l‘i%‘6/i\’CﬁTLf:
Persister IRFEIZ/2 > T LE -7z, EWHIEETHD.
DX DR BEIFEMD Persister b A b L A KD
Persister & & o, Persister FE i (XM 2515 5 U 2 7 43
WMEZERy by PV ToREFELTET LN
5. ZOE 2L, MEEREEICEW T, EHEOMm/
EMNKEHOMEMI L 1T R ARIREHRELT
52 LT, EORATEINIZEE R TIEAR 225
Hi2E LTHRRMICEZ Y 9 2BREDOEITHKIS
L, EEEIFREEZELTBEVIHLDOTHS .
Persister |22\ TH, A b L ADOEWBEREE T T, M
WM OB NI RICHEBATFFE LW, 25K
DD, B 2 X PUEYE BTG R R A R
LAREICHENTS, ZOMBE NI TEZEL D
MEEMB RN EZEDLTZDOORK E LT, EER
HEEZHSTNDEDOTHD.

3. Toxin-antitoxin & X T .,

B E L SOS IBEDOWEIZE W T, KK
Persister JERK & EAZHICHIE T 5 2 A @mE I TH
% D75 Toxin-antitoxin (TA) A7 A THDH. TA VA
TAE, RO ELRTIE, MEBFICHEE RS
toxin &, ZO#EMEE T 2D antitoxin 12 LV K S
NnNTNDBHY, toxin & antitoxin X4 Xu > &K L, [F
RFICHEBLL C, % TR E R EPRT 5 2 LT toxin

DEPEEZIHI L TWDH R, Hx RBREA ML RIS
LEInb e, Fur 7 —8IZ LY antitoxin N0 fE S I,
B RN C toxin 2M1EMHEALT 2. TEMEAL L7z toxin [ XA PR
EVEABLE A Z & T Persister IRk 8T 5. #ilz
X, ®HIC Persister A IZ BIE 9 5 Bin+ & L THRE
STz hipA 137212 HipAB &9 TA ¥ A7 A D toxin
BEEE T THODIZEBHLNERSTE. 20O
HipAB O HIEEAE IS W T, T TBMEINE N HEL
S 472 ppGpp 12 K - TIEME L &7 17 7 —F Lon
2% Antitoxin T& % HipB % 53 fi# 9% Z & T HipA 23&
PERAE L 70D, F D%, [EMHIRIED HipA XY R Y —
A ETORMREMEST S Z & TRENVEEZ IR T S+,
Persister TG ZRHET 5 2. EDIENIT Y, YafQ-DinJ
VAT LIFIKRIBE CHRINIZTAY AT LDO—DT
H Y toxin T 5 YafQ I mRNA #YJlr525=> KV
AX 7 L7 —EEEEZED, frx OBETORRE
PRET 2. FEEEFoPIcE, VARY —4H EToO#
RIZBWTRYRTF FEHOMEZMREET 5 2 o8
7 & BF-Tu % 22— R § 5 8In1 tufd X° wfB & Eh
THEY, YafQ BZI5H D mRNA ZHIK4+ 5 2 & TH
VN T B RAEMR D LE X, Persister NI E S
L0 F N RTrrumb Ay R—E A
THEEHFE NY S 77— (Tnad) 22— KT 5
AR mad HEMLRSTRY, 201y R—E
M DIEENVE, A AT 4 LTERK, HUAEE I ME,
7T AI REEN, WREMEBEIUOA ML RISEEE
LR BN T a e A EHIET D ST T
ELTORENRRENTNDD
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4. BBERIZE 1T B Persister DEEH

INETOHENS, Persister DIELEILERIR DB
WCBWTHIEFICEE TH L Z LT THFNTZT
5 & D3, 1944 BT Bigger MRS L T LA, Persister
D FFE TR YIE OVRHE I B WV Tl /N M & i 1 T
VT2, Persister 1R ZEL O MBI A~V IR & 72
HEFETHY, b FOREEMIC L > TRHEITKS
NDHEAHASENI DT THDL. TbEh, FUEWEN
PEER Do WO RICHBE L TLE S & v ) KHE
NEEHETH Y, Persister (T _DRICEN TV, =
DEZNARBEINTZDOEX, XA FT7 4 VAR
Persister £ OTFAENH LN E RS2 B TH D.
NAFT7 4 v e, FIZIEREHED X AU WY
MENFET O, THITHMENEERSN SRR L2
WTAV T —=RDOEIRbDETE L, TOHTH
A DL ANDH ZFHEMATHD. 2D, A
AF 7 4NV ANOME I ITHEWESER LIZ W
LR BEN, TRETTEAAL T T 4 VA BB
L7 IS K DG E ORI D Ch 5 2 & 35
BCERWVWIENRRENTD. 2F0, x4
T 4V LANITHAEMERREAN L THE O KRS E F
L7-& LT, Persister 1ZZOWNMITEEZEY, ik
WME N BINTZBIS, SA LT 4V AN S
NTWEERESZFA LU CHEIMEEZBRG L, FRIEIL
DRWHSTLEIOTHD.

JERYIE DOVRE OB IZB 1T D Persister DB 5 % EH
BERICRE 32 Z L IXNEETH 5. 2010 4%, Mulcahy
BTk - T, BIRMERHELEO R OBEERICESE
NG EEE L - RRBE R IRV T Persister DE|E N LR
LTWDZENRIN, TRAEKBEGIZHE T
Persister BBET 5 Z E R EINTZHRIORETH D
10 F 7o, REBIEEERBEICEWNT, 2 %A T
hipA 12 Persister JERAMEE SN 281514 R 2 R £
LTWwWaZebHESATWD D Zok ok
Persister D fF{EILEYLAE DIRFIZ B W THAME &5
O ZSIEMIEFLTCLEY, BEHICOE2PEY
B~ OUEEE MBI 22 RE R I K D MEE s 0%
GEREIEIMB LD, T 228V T, Persister
RS & U CERAIMMER & v O KERITWUY FE T
L 9 728, & OfilAE 3 3 A0 i g oo il & W U &
IFCHERMETHD.

5. Persister O &l 5%

FRNTIE, 2D XD 7 Persister & D X H 2 L THil
T2 ERTEDLON, EWVH T EIZHODNTIER
7o & 5 Persister DOfIHIGIEIZFEID, 1) BEHEEAR
T Bk, 2) B EBLE 3 5 514, 3) Persister D {RHT
EMWEEZEE S ERAME ~DEZEEr eSS E
%4, O 32T BNnD (Fig 3)Y. HERET D

DM E LT, MiaE S EEE (= KT 4 v
R E) RME oML BEHEKETLVT A Nk
R ERHRE SN TND O, F7-, ADEP4 L9
HHROPAEWE ITHMIINT ClpP 707 7 —FY & RE
TEHERRBIC L, T F A X NI %5l & 2
L, thostEwmE L3 5 Z & T Persister & & &% 5
THZERARTHD I ENRINTNDH,

Persister JE AR D FLEZ ST, 6 21E, ppGpp DA
PURTH D LT 03, ppGpp & L 7= Persister 2k
Wkt U CHEBEEZETHZ ENMBN TS, F
72, 4 R—=niZ oW\ Th, KGHEIZEBW T Persister
R EZRET L2 ERREINTNASIO. LaLaen
5, Persister FERUIMARIR D O L&D THER R K
DEGTLZ 00, HD—D0ORKERET L
1T TI& Persister DJERLLEIIRHETH 5. EEE, H—
D TA VAT K& ET 5721 T Persister D LIC
KRERBBERIS VI ERREINTVD.

Persister DS M2 BA S 5 HIEIE, EARMITH
JoEEERET LI ETHD. HlxiX, HiEEY
Persister I[ZWSINT 2% Z & THI D AL DD DR T
NI b, 72 2 27V ay FROPAEMENE
BENIZEYAEND L 91272V, Persister D FKHA R
PEREET D Z ENRENTNDED,

EROA v Rz onTIiE, TOFHEKREEGD
THEFREFIZEBEZED TVWD D (v R—LiX
Persister B Z LT 572100 T2 <, HidkWE & o ff
T &> T Persister #fRELFHFGDHZ & bHESNT
Wb, Fie, 42 F—LIRINZ X - T Persister DIif#R
HELERTIEL2ZEHEFERALNLERS>TND
(Fig. 4A) 2%, ZTNHDERE LT, 1 R—=ANEFT
LAUNTET = NVT 4 THEERENET SN
TV (Fig. 609, S50, ~"a Ay Ay K=o —
HThHhora— A F—=NIZEE-TIE, BMT
Persister IZ%f L CHMWPIETEEZFFOZ LRI
TWEY, ZoXkHie, §idko 3 >OETHOHFETO
FIERAIEETH D Z £ 02, A R—)LX Persister il
A~DISEBHFEIN TN D.

6. Persister D X bk L Xt 1E

ZIVE TD Persister DBFFEIL, HITHIAEWEmIE &
WO BTN ED LT E 2. Z D728, Persister
DR & DA b L AMEIZ DN T ORERmITIE L
NERINTImolz, BMOBREAHEE L LT
INBSF T —RREI 72D, B AL DREKRRRE R & &R
FI o270l EORERENREMSND &,
B OMENERL, BMOMERTOETHD
IR E DN H D, ZOORMBEEIZEN
T, BPFEMEOBMIEIZ OV TS Z L IXEER
MECTHD. T TEELIL, MEERICBIT S
Persister DTFEDN B OB 72 & D A b U ATPEIC
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Fig. 3. New approaches to target bacterial persister cells (based on Markus Huemer et al., 20209,
There are three main strategies for treatment and prevention of infections associated with bacterial persisters: (1)
directly targeting persister cells; (2) inhibiting formation of bacterial persisters; and (3) resuscitating persisters and

sensitizing them to conventional antibiotic therapy.
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Fig. 4. Effects of indole derivatives on heat tolerance (A) and Diversity of persister subpopulations (B).
(A) Isolated persister cells of £. coli BW25113 was resuspended in fresh TSB with indole (2.0 mM), 5-iodoindole (0.5
mM), 5-hydroxyindole (2.0 mM), or indole-3-acetic acid (2.0 mM) to obtain approximately 103> CFU/ml and subjected
to heat tolerance assays (57 °C, 5 min)*¥. (B) Persister cells of E. coli strains were isolated using different types of
antibiotics (ciprofloxacin (CPFX), ampicillin (ABPC), and kanamycin (KM)) and subjected to heat tolerance assays
(57 °C, 5 min) (unpublished data by Masuda Yoshimitsu ef al.).
Data points represent means of results from at least three independent experiments, and error bars indicate standard

deviations. *p < 0.05, **p < 0.01, N.D.: not detected

KIETERELZOHBENZ DN THREEZIT>TCEZD
T, 2 TAh LR TREE V.

Persister DAFFEIZRB T, HD2PIAEME 28 I2HR
MU= BIZ—EHFEGF LTzt D% Persister £ &
EFT DD, Persister & —F T=->Th, TOMWNE
MoFIZs I HICREBO R D97 7 )V — T BNEE
LTWaEEZXZOND. DF Y, fMIARES K HET

57T o CHEE L CHEE L 72 Persister (ABPC-
Persister) ClE, MlaEES RN ZITIE L L TH D, DNA
Py A L —RAEMETDHZ L TY ) L DNA HRE T
ESAHATaTaxY o 0l Lo THEEL 72 Persister
(CPFX-Persister) Tli, DNA & MTITEIEL TV 5D
EWVWIHEETHD. EM L 72 D EAEHE S IZIEE
IELTWAEbiAEMERE SHVIRREIC 2 - T
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Fig. 5. Acid tolerance of persister cells (A) and Combinational effect of

acetic acid and heat treatment against persister cells (B)
(A) Isolated persister cells of E. coli strains were resuspended in PBS (pH3) with or without 2% acetic acid to
obtain approximately 105 CFU/ml and incubated at 25 °C, 15 min. Viable cell numbers before and after
treatments were counted to evaluate survived cells (%). (B) Isolated persister cells of E. coli O157:H7 was
resuspended in PBS (pH4, 5, or 6) containing acetic acid (0, 0.1 or 1.0 %) and subjected to heat tolerance assays
(57 °C, 5 min) (unpublished data by Masuda Yoshimitsu et al.).
Data points represent means of results from at least three independent experiments, and error bars indicate

standard deviations. *p < 0.05, **p < 0.01, **

B, Persister HEEICH WS HEMEEE XD E A
U ATMEZR EOReME S B D O TIL R W & Fox i
RE L. 22T, Bl 5 ENEE LR SHUAEMEIC
Lo THBEL 2 KIHE Persister OEAMPEIZ DV TR
Rz & Z 5, CPEX-Persister [Z1E% FiA & i U CHA
FITE WA E A2 R L7z (Fig. 4B). 2D Z Lk,
Persister D A k L AitPEIL, & ORI N™EL LT
WHDONIZE TR ENRB I, BEITAR
BT®H BN, TDOH T CPFX-Persister [ZFEHFITE W
A NVAMEZFFOZ LR EINTZ. S5, AUK
BB CHERMN 2T Persister OFFMEL B2 b Z &
bR ST,

ZUMHAE 720 T e <, B & W 9 ST Persister 13
EFITE N EARSNT pH 3 DKM CULE L =55
AN, pi o 3 FMoOsEWEMEZ AWV Th %ﬁbf’
KIGE O157:H7 @ Persister [T EFHE LY L HE
BV ER MM &2 ox L 72 (Fig. 5A). — 5 T, kﬂﬁ-
O157:H7 7213 T < IR MED KRG T %, pH3 D5
T CHEBR AR & Bl U C 2 %EERE & SN L 72454,
fEH Lot E OFEFEIZBfR 72 <, & TD Persister
WEBWTEERENAFEICKTLEZZ &b, BFRIX
Persister (ZxF U CREMIZIERT L Z EAREINTE
(Fig. 5A). % Z T, Persister (2% 9 2 2 & i D FH )R

*p <0.001.

WZOWTHFH L7=. pH6 IR W CIEERBERINC X 5 £
FROBLH R HNARM -T2, pHe 7213 5 1B
T, 0.1%LL b= o> FERE AN C ENIHE 23 16 5 B R & [R5 DL
TE KT L7 (Fig. 5B).
EDORERENG, BN E LTRHHARRD b
TWDH A R—=RfE e L THBEICEbh T
HHEEEEDS, Persister Z M35 ECHFICAEHTH D
ZEBHBNERo T
7.8 b Y I
RBHEMEEME T LT 5 Persister 1%, — /.45 &
FHEORBRIED TN E T 5O T, AWM H O
O RLTWEHR L L TRE SN TLE S WHE
MRHD. Linl, 20T 2BEOGEEILTAEME I
U CHRPLA (E2iFmtt) 227210 T, B0m
LWV A ML RICK L THIEFICHKEBRNT &,
fito TR LEAIMMEE CHE L CLE S aTREMEN
D, EWVIH S IR LTHES TEWITFRWFEET
b5, BiH ’%%’uﬁ%ﬁib5 Lm0, FOHEIES
%, EERBEIZRDLTEAS. L, REETHIL
A v F‘~/l/’<°ﬁ’ﬁﬁ§& Wo B RIEINmIZ X - T,
Persister Z #lffl TX A A REME DL R I LT, T ORI
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Fig. 6. Model mechanisms of indole or acetic acid to control persister cells

combined with heat treatment.
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