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S ENEM . FERIAFF R, SO I o 0 ]
VE R 72 DR S5 A T 2801 LAY/ 45 B3 B R B30
1000 A51%7s — 42 A0 A0 AR AT LA 1 39540 P R A4 P s
FrEa o gicE s mlwen] DI bR AR T R R
PRI AR P 38 085 114 A X o R SHe 5 8 T 4 7 A1
RS AR AT, Wy RS T R AIN-3-4 AR
b Tt Bk - e 22 SR N TR T TR AR B30 K R
AT LA 4R A A A R B R LA™Y i Xt K M
FEB 5 BR B O A8 M . AR ST X —
ST BTG Yo 2 5 S M B O LU T IR UE, 45
SAEH] PNP 2 i Z W hnr B i tu o). PNP &3
MR R — RS fs e Z—, T 2T
ABLA BT A A=A RN ORI e K L T
T WAL HHE SRR, FEEK T
ST EEAE RS A 3000-8000 mg/L!M, % EE Bl i
INAREEREFIK (2 412 JF H PNP X4 B 7=k 15
FA TR S M A A DL AR 0

K, ABF5E R B 25T PNP X RGFT#
T 0] 2 A1 B L TRT 7 A 45 B TR ) 2 ) B LA DG L
il FEARBFFH, BEEHET PNP X IR E AT
SRl N RO O W= W N 173 N
st [0 0 240 B A S TR) 30T %) 4 B T L 3] 4 A
ettt 8 . SRJ5, 3@sd CCCP Al PNP X4 [
Ve AR DL RGN, DN R BB PNP X 41 i P A 41
TIVERT , fJ5 38 2 5 s 20 43 A S 9O i PCR
FI SR R — AL 56 UE PNP 520 15 B4 B L 1] 64 A
KL

1 AR

L1 R, BURLAISES R

ARSI BT B R PR ABORE L2 10 KT i
LR RN YT LB BiFRFE SR, A B L

&= 1. ARSI PT A ERAN AL

Table 1. Bacterial strains and plasmids used in this
study

Strains/plasmids Characteristics Source

E. coli O157:H7 Wild type strain This study

P. aeruginosa PAO1 Wild type strain This study

E. coli DH5a Plasmid vector TaKaRa
Plasmid MCS5 Cloning vector This study
Plasmid MCSs-Rpp L Pressionplasmid Ll

containing RFP, Gm'

MRS IRINBUE R, PIAEREBRKER,
HH N 50 mg/L,
1.2 KT TR R iR AP B A K 2R i E

=80 °C KA H A A7 I R AT T R 2 A
BRI, PRBCR R RIS 3 mL LB iRk
W, B FEIERER E 37 °C. 250 r/min iR ;3R
12 h J5IE ODeooo FTHE LA 1:100 HY H A1 HF 2]
Bt LB JigR3kr, IR A E S, AR 2 h
WE 1 IR ODeoo 8
1.3 3R AR R X R MR R T A R A A
BARIP B E (MIC {B) Rl E

HA TR 2 91, B4 10 . BRES 1 &
AW 1.5mL 5k, HALEXMA 1.0mL, AR5
M5 1A MASERID EPUAER 0.5 mL, RAER
1.0 mL IMASE 2 &, FHRIEARIK 2 R 2
9%, L 1.0mL, 510 ALK,
A 2 K. 37°C B55% 16-18 h Jo WZEEE .
R ERIEEN, BYRIEY, Do E LR
AR, AR RIENCRE, RUARARK, D
TEHR A I AR TR 13 o MICT
1.4 FERENE

B, WRIA RIGHFER-FAR, PRI %
FERNF] 3 mL LB I, i G55 LA 5% &
FERBEAT 40 mL LB WARKEFRIER) 100 mL =
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A, 37°C. 250 r/min BRI K T, SR
JEER% 3 mL B3R E) LB i, fitA DMSO
AR PNP (100 mg/L). [RIFF IR 3 mL BE 3R,
TS &) DMSO 1E R Xf B, 37 °C ¥53% 1 h, &
BRI Jea 0 AR BRI IR AR B
5 mg/L (100xMIC), T 37 °C. 250 r/min ZkZEHE5
3 h, FARRREURAR T80 1 A A B TR G
YA A B ERT e 708 R 2 R 5 B 1)),

165 KA A 257 01 B BT A T A BB T 9 o
#| 3 mL LB IXEH, SRGIFREAR IR, fE5FR
AR R LD 1% R £ 88 100 mL LB
W AARREFE I 250 mL =i, 37 °C. 250 r/min
FMF TR ENNBUERK T, A PNP. DMSO
(100 mg/L)J5 X} i 5 #EA T4, B AR 2
5 mg/L (50xMIC), 4k£L155% 3 h, MBI T,
1.5 BARRERE

T AR Y K AT TR R B i R 4
MCSS5-RFP Jitkir , 511751 4 RFP (Frep: 5'-GGggtace
ATGGTGAGCAAGGGCGAGGAGGATA-3', Rypp:
5'-CCCaagcttCTACTTGTACAGCTCGTCCATGCC

G-3") W RITR, KB HETE 5%t |
SRR AR 1% B4R B BRI 2 40 mL
1100 mL LB ARG FREE, RRREFRBINEUE K
BN A PNP (100 mg/L)HI 1 mmol/L IPTG 4k4E
FE:F% 1 h, 4] PBS 22 i BE 3] ODegoo=0.1 B,
IR PR AAE 558/583 nm MR ISCe Ko/ S K
IR LR Y RE T, I H LA PBS 2% il ok X R
1.6 RNA 25

Trizol ¥42HL RNA: (1) B 2-3 mL HK T
12000 r/min .4 °C &5.0> 5 min J5WHEDTE, A 1 mL
Trizol Reagent [z &Z WK 2] . (2) T 12000 r/min .
4 °C B> 10 min, F FIEHRA 2 mL HiEFT
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15-30 °C #& 5 min, SRIEHMA 1/5 BB A
(#102mL), KJI$E 15s i FEIREE 2-3 min.
(3) ¥ FESE T 4 °C. 12000 r/min £5.0> 15 min 5
FeKARZ 1.5 mL BL0%, T 15-30 °C TIIASEE
HRNEE, 2% ENGEIES) 10 min, (4) AFE
F 12000 t/min., 4 °C &.0> 10 min, £ L3, A
1 mL 75%¢8 £, 5. (5) BT 7500 r/min,
4°C B0 5Smin J5 25 BiE, ZERACE 5-10 min (7]
g TF4AUh -, 15 RS R)E A 30-50 uL
RNase-free /K%, —80 °C A7
1.7 BREENE

KM YST 550A 14 A3 7 Vs ik A B8 (FH %
TUFIEE SRR E ). H S, FTHHXER B 15-20 min,
LA A, FRAE S PNP (100 mg/L)
F1 DMSO Ab PR 5 B BRI 2500 EIEW, T RRait
SR KRR SRRk, R il EE RIS i B R
Je B IE K
1.8 BERHNHT

R T T 0 0 e e P T 7 X0 502 K v 48 43
SRR PNP (100 mg/L)FI DMSO b3 1 h, %
S A B 2R A BRI HEA TG )AL AT
HERERAE N - (1) $2H RNA . ] Nanodrop2000
X T4 RNA (A3 B RNl fE R R, PRy e 2
3K RNA B 5 pgo ¥REE 200 ng/pL, ODagonos 1T
1.8-2.2 ZIH], (2) EBRZMEA RNA, AT HAX
AW mRNA 3K HA polyA B, JREZAYARE
FIHH Oligo dT 5 ployA #47T A-T TREEHCXT, MU
RNA H3 5 mRNA, — R 2Bk rRNA 15
X, AToresdE e . 3) hBik mRNA,
Hlumina ¥ & &40 %5 56 7 81 B Beab Ay, 2Bk
rRNA 53 mRNA J& 5281 RNA [751, K
JEIRJL kb, PITR S A TRENLAT I R 4
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J& BT LCKS mRNA BEHLIETL K 200 bp 4247 17N
A B, (4) RBE4 T cDNA  FEWHE SR VE R T,
FIFHBENLS 1Y, LA mRNA SRIH S % 4 i — 5%
cDNA, Bl #T ZHE5 I, T U E RS 1
(5) #%# adaptor, XUHEMT cDNA 2544 ARl R i ,
JIA End Repair Mix ¥ HAb V- R, Fifi)57E 3/
Kuhn b—A4~ A G2, HTEE Y TRk,
(6) Hlumina M7, JeCFEME, PCR ¥ 15 4~
cycles, PR 2%Eiaie Ik H 4547, TBS380 &
i, AR BIRA EAL, cBot FiEfi#F=l PCR ¥~
14, ARV clusters, 5o/ PR HluminaHiseq4000 /¥ .
1.9 FtER PCR T

8 PNP (100 mg/L)F1%% 4 A DMSO 4351l 4k
B Y M FF T R AR BB TR O R RNA
FIFH PrimeScript® RT reagent Kit (Perfect real time)
W4 F (TaKaRa 2 F)) S i i 7 &5 & i cDNA 2 —
B, FIF UltraSYBR Mixture (With ROX)i 5 &
(T CWBIO 7 F)E Bio-Rad A Al B2 G E =
PCR 1 F% ] SYBR green I #¢JGYek it fkqT
qRT-PCR., XJH CFX Manager™ 1.6 5 ff, 1E4
SRR LA nadB FEH NS, TERHITHE
UL gapd FEPRIDRINZ:, RN E BIE T4
KMo FIFA Primer 5.0 Fil Oligo 6.0 #4511 3%
(5181 ¥ 5 appC (Fappc: 5'-TCCTCGCCACTCA
CTCATTAG-3', Ryppe: 5'-AGCCCAGGTCACCTTC
CAG-3"). cyod (Feps: 5-TGATGCGACAGAAGA
ACA-3", Ryou: 5'-ATGGCAATCCAAGGTAAT-3'),
cydA (Fuas : 5'-GTTGCGAACGGCTGGAT-3'
Ryas: S-TTTAGCGAAGGCGAAGTCA-3), &4t
Invitrogen 23 Fl GG W o [ AL TRFE D B9 9 '
L FARRIFER T, (BEAIA PNP, 7EH1%K
BRI H LA nadB FE R INS, T2 RIGAF B L

gapA L NS, SERBSIYIFIN appCers
(Fappc™™; 5'-CCCaagcttGCCACTCACTCATTAGA
TAAACCC-3', Ry : 5'-GGggtaccGGCTCAC
GATTGCCTTGC-3") . cpod ™™ (F 5" 5'-CC
CaagcttCGGAACAGGGCTTTGCT-3", Ry "™
5'-GGggtaccTGGCGGAGATACCGTCATA-3").,

1.10 R IAFEREEMEE appC, cyod FEE R XERRIR
BRIRBRIR MCS5/appC"*™, MCS5/cyoA™ "

DL 2% B B T PAO T MCHARAR , app C (Fappe:
5.-TCCTCGCCACTCACTCATTAG-3", Ryppc: 5'-AG
CCCAGGTCACCTTCCAG-3"). cyod (Feyou : 5'-TG
ATGCGACAGAAGAACA-3', R .yp4: 5'-ATGGCAA
TCCAAGGTAAT-3)Ch51¥), ##47 PCR G,
PCR 724 K 384K MCS5 4 Hind 111 F1 Kpn 1 3§ 1)
J&, BER O S R R B, A KA B
T4 MG . 3 B LS | B DA 5 5 5
L2 A AL TR, RO — 2, T
5 |0 1 T D) ASE 50RO AR A7 s 1) T A 1)
S IR — 5, BT FII N appCee
(Fappc™™ 5™+ 5'-CCCaagcttGCCACTCACTCATTAG
ATAAACCC-3', Ryppc™ ™ 5'-GGggtaccGGCTCA
CGATTGCCTTGC-3"), cyoA™ ™ (F "™ 5'-C
CCaagcttCGGAACAGGGCTTTGCT-3", Ry,
5'-GGggtacc TGGCGGAGATACCGTC ATA-3'), i%
B appC. cyod FEIR R 46 A Bk MCSS Hi, MK
M AR453 MCS5/appC™™se™e . MCS5/cyoA™ et
111 ERiRF, MR %E

B2 L B AR L AL 28 K AT D N 2
T U, AL SR A B 50 mg/L K EE
RIEEFREE S, BUEL TR T 50 mg/L JRKE
1Y LB 5 S 7, R & PR UsoR:, ki &
PCR %7, feJmid@ad iy i 2 741
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2 ERFAM

2.1 PNP RFEMREE A B[] KA R A= K B ARG
0T 7 A A B T L B RS

F1 200, 400, 600, 800 mg/L ¥ i) PNP 4b
PR R 0 A R A S B M,
BA B L35 B R, R TRIVR BE 1) PNP 2%

BT LA AN RS2 . 2 PNP WREEA 400 mg/L
B, KT B AR B LA i o B2 (B 1-A);
24 PNP ¥ 200 mg/L AR , i 235 3 7
F B stk o 35 (B 1-B); 100 mg/L
V1Y) PNP 43 51l Ab B B0 RS K AR
ML, EEAERM 1L 3. 5. 7 h ERs
AT AFTG L. PNP AEFIIY 1-7 h X 2 AR

(A) E. coli (B) P. aeruginosa
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—&—FE. coli+PNP
_ 25(——0D la w25 4
g E
= Z 20
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5 3 , 2
o 5 10 P. aeruginosa
L = 4A— P aeruginosa+PNP
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1.
Figure 1.

PNP RERE (A, B). {EATRRERE(C, DMEKARERIKRE, FFHAE=EIFE
Effect of different concentration of PNP (A, B) and PNP at different time (C, D) bacterial at different growth

0= 0
3 6 9 12 15 18 21 24 27 29
t/h

B2 LAY 22 0

phases (E, F) on the proportion of bacterial persisters. All samples were treated with 5 mg/L ofloxacin. A, C, E: the levels
of persister in E. coli; B, D, F: the levels of persister in P. aeruginosa. *: P<0.05; **: P<0.01; ***: P<0.001.
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PRI ) LG XA S 28, (ELL 1 b B B 2T A L g3
R R (8 1-C, D); F 100 mg/L #EEF) PNP
473 590 A T g T T R ] 1B T 2 K B AR T B
11, PNP X A P (A4 B8 1 L AR Ak e e — 30

PNP X IR A T R A S 54 P P ) A [ A A s
R F T OIS AN TR PRI R, R
PR EL A DL B 8 AR Ak, R A D BRI,
FATE LA s S A0 TE A K A E AT,

Fr B TR LB iR s/ N (B 1-E, F)

(A) (B)

CK PNP CCCP

100
10+
1k

0.1+

Percent survival

B P. aeruginosa
O E. coli

0.01L
©

Cell size (fold change)

W P. aeruginosa
@ E. coli

Dissolved O,/%

CK PNP

CCCP
[E 2. PNP #1 CCCP X 4HE =4 #F B B LLHI(A)FIX RNA TE4(B). MR (C). EAKEMERD). ARES
S(E)BIE N

R NA integrity

2.2 PNP F#l CCCP X405 HE S I

A 100 mg/L PNP. 20 pmol/L W15
CCCP 4b 39X %50 A= A IS 3 1) M A T 70 ] e B
MOTE . S5 AR A, PNP Rl CCCP ] LIs i
R T T R ] 5312 P T 455 B T LG 17 2270 2 42
T 2-A), [FE 3550 LI RNA 9 5848
PE(E 2-B). 4 R SF (& 2-C) . B0 2 5
R (& 2-D), AR H IR = 1.5 %, %
Bposam, R 2 5, 18

wr i

B P. aeruginosa
O E. coli

Untreated PNP CCCP

O Untreated
@ PNP
m CCCP

P. aeruginosa E. coli

Figure 2. Effects of PNP and CCCP on proportion of bacteria persisters (A), RNA integrity (B), cell size (C), protein
levels (D) and dissolved oxygen (E). E. coli and P. aeruginosa were all treated with 100 mg/L. PNP and 20 umol/L
CCCP.
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LR AR R N2y 6 F5(E 2-B). IRk
KE T PNP ARF WA G575 H AR, $50T L
PN B IS, HED AT BESE PNP X [ (I
W AE A ]
2.3 PNP X 4UEF R M B R A
RS A 25 S I P BB PNP X B AR
VERAIH . A T HRAEX AN, F% PNP A FA]
T HE LA S R THE SR AL M, S5RERI, A
PNP Ji5 , 5 20 i PR AH DG I8 5 K00425 LR 3Rk &
BERRE 3), HH appC. cyod, cydd =3k

log,FC (PNP/CK)

MEEEN- RN
4588 8§88 = 2
SO O O© O & o O
-10 " M X M X X X
E 3. PNP XWE=

Figure 3.
100 mg/L PNP.
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210t
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POk TE S N 0N DN 77 R R G
2.4 PNP XJ 4B B8 TR e ) D RE B DR A SE I 2%
YeE R PCR 27

L SR 3 B, T I Y 5 A B T R O
3 AIhEE RN . YO0 E i PCR #E— 1
UE PNP X 2 Jf WP 0 2 5 A e, 45 SRR
EXTRZHM L, PNP ALHEZH appC. cyod TE KM
FF ORI A 2 AR M T rh B R A R B 3 T R
(P<0.05), T1fi cydA TEfINA PNP J5 22 539 8
# (K 4-A, B).

O P. aeruginosa
m £ coli

K049,

Kis53
K000,
Koogs
Ko14;
K01546
K01915
K1009;
K10914

188 B B [l Rk BY 2
Effect of PNP on signaling pathway gene expression. E. coli and P. aeruginosa were all treated with

o Ak @ PNP
2 20f *k
s
=
S 15}
2
<
210t
k=
& 0.5}
appC cydA cyoA

EXBHEARBRREEPHRALEE PCR 7H1(A, B)

Figure 4. PCR analyses in E. coli (A) and P. aeruginosa (B). In E. coli, housekeeping gene is gapA; in P.
aeruginosa, housekeeping gene is nadB. *: P<0.05; **: P<(0.01; ***: P<0.001.
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2.5 PNP X4 B R B S E 2 DR ek

PNP 7 53) ik R 1 B A i BRI TR
5 MEI AR S 2 N IE appC . cyod ik
FVh D R T 2B UE PNP O o 10 24 0
W TG N FE A B EE i, REBRIER appC. cyod K
M FEAMEIET, LR ATHESIX 2 D HEH
il 2 M AT G, T e S SORZ R S A i) ik [A]

(A) 25f

N
S
T

xk
; e
o

[—
W
T

—
()
T

Relative abundance

o
(%
T

0 1

e C G OA
&\%?5\ ay? &‘\%6(\ (W)
2

o
o\")c ('N,OA

MIFRIE. 2OLE L PCR 3 HT4i REW], 1R
B AT SRR S B, S SRR IE IR app ™ |
cyod™ ™ G IEIHY appC. cyod FEFF kA
0 R F(P<0.05) (A 5-A, B), I HH:H 2
SRR BE PR AT R R ] St B T )45 B T L
BIFGEERTERAR L 2 BT 2 DR (B 6), KW
appC F cyoA WiPHER SR TR LI AR 1A o6

B) 25

3k okok

N
(=)
T
*
F *
*
_'

—
W
T

—
(=)
T

Relative abundance

=
(9]
T

B 5. HEXBHREQIEZBREBEB) PAEALESE PCR 717

Figure 5.

gPCR analyses in E. coli (A) and P. aeruginosa (B). In E. coli, housekeeping gene is gapA; in P.

aeruginosa, housekeeping gene is nadB. *: P<0.05; **: P<(0.01; ***: P<0.001.

1 E. coli P. aeruginosa
' ' @mCK
B cyoA antisense
E 10f m appC antisense
=
0
=]
S 0.1
]
=W
0.01F
0.001*
6. BHEXZEBERNABITHENERBRERER

X345 B & e IRy S 0m

Figure 6. The influence of E. coli and P. aeruginosa
carrying antisense gene on the proportion of bacterial
persisters. All samples were treated with 5 mg/L
ofloxacin.

3 i

FREATR A 1944 200 BUE , 3L H4ER P H
TE G AR S P R A S e v 4 T A P
EBORMZ R EN, CAVIEEIRERY,
W I LI S 2%, IRZ MR tin4a )R
PPN T RV RRAL(TA R, B
ZRUE(QS). BN AEN 2 B IR A0 A 1
Fr B P A — % IR AR R ST 1, (EAS W) 240 R
R EZE R, MER-PIHER RGN
1 5% W (E. - coli) P B3 BE SIS R 3 B0k B T 1
i, AHFE 4 ¥ (045 29 BR 18 (Staphylococcus  aureus)
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T T IR

AWFFELERE, PNP 0] DL RIS 38 0 R AT
PRI T 2 A1 SR PR 5 BA DT L 481, PNP A FH B 1
ARV SR AN [) A A I IR PNP A [] 3 B2 R 2 %)
R B TR A LU AR AN TR IR, 2 PNP YRR 2 SR
RS AE R BT . BHEA 1 h, WREE A 200 mg/L
IR, ¢ R R LIS & i K. B F PNP B
PESR HMERE MR, e AR T BB I ) | ¥ B
KRBT, SHERE /40 B R8T, T BRe
PRI L /N . A BEE S SRR, AL
KIGFFTE 6 h ol LAy /45 B A7 i) 1000 1%, 7E
X B0 A A H I B R B AT LG B i oK, 9 Lk
J&4 0.52 mmol/L B AT DL K 3 9 /0 B TR L 451
1000 5. iXJ& i T Y EL#VE AR, AT L
77 AR A AR ) A FERE B AT, 24 1 ] A
Ve BE AN R B BT 77 2R B RICR AN TR, DT 5 R - B T
EU B A TR AR AT FE 4 SR PR L B v, Wy i
FRT R A AIN-3-%0 -+ =0 Ik - 5 22 2 1R N TR
A DL 2R A T A A R R L, YRR
TEXT B A A I 30 H &k R T R WK FEAE 2 mmol/L
B, AIN-3-5AC T Zobe - 5 22 20 B2 N R Vi B
0.1 mmol/L BIREMEIINZE A 5 ANBUEHAF5
PR 0

ARSI A R LB, PNP A] LG40 5 B
VIS, BATHEN AT BE S PNP X 40 F I A 10
VER . Wb St o ir 8 R R0, S5 40T A
KL appC. cyod #E PNP ALK AT B8 Fl 4R
SRR A P REA T RIA IR, X 2 AN EEEYS
(5 3R AR A G, I B ERAT TR R 1Y
HLF 205 40 i 60 3 R G AL 45 4y A A (D
HA AZEAIER), 7EAihT it ab TR
ARG WA ; POtER PCR 4R IE—LRET
PNP 4bFRZH S5 X RRLHAH L appC . cyod Feik 20
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FREAG; L R SORIRIMN 2 MEEE P ERL, I
For 45 B8 A LB ) AR Ak, 25 R e B X 5 I A7 3
il 6 [T IR BA B A L) BT 2 b 2 NGRS, S
25 FRAULH] T PNP 2180 2 40 240 B v W A PR S
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Influence of p-nitrophenol on bacteria persisters

Wei Wei, Jie Fang, Gen Li, Xu Chen, Bo Li, Huixin Li, Feng Hu, Jun Wu'

College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China

Abstract: [Objective] To study the effect of p-nitrophenol (PNP) on persisters of Escherichia coli and
Pseudomonas aeruginosa and to analyze the transcriptome to illustrate the impact of PNP on persister formation.
[Methods] Ofloxacin was used to determine the bacteria persisters number. Cell self-digestion assay was done and
the effect of respiratory inhibitors carbonyl cyanide chlorobenzene hydrazone (CCCP) on bacteria persisters was
studied as well. Based on analysis of bacterial transcriptome, two genes (cyod and appC) associated with the
formation of persistence were screened. Their expressions were confirmed by Real-time Fluorescence Quantitative
Polymerase Chain Reaction (PCR). The association between the two genes and the formation of persistence was
also checked by antisense oligodeoxynucleotide assay. [Results] PNP inhibited the respiration of E. coli and P,
aeruginosa, thus increased the proportion of bacterial persisters. PNP concentration, PNP function time and the
bacterial growth period affected the proportion of bacteria persisters. PNP and CCCP inhibited the self-digestion of
E. coli and P. aeruginosa, including the changes in dissolved oxygen, protein degradation and cell size, and the
integrity of RNA. The results from transcriptome analysis and Real-time fluorescent quantitative PCR showed that
PNP addition decreased the expression of cyoAd and appC in E. coli and P. aeruginosa. Through the antisense
oligodeoxynucleotide inhibitory expression of cyod and appC was found that bacteria persister proportion
increased compared with the original strain. [Conclusion] PNP can increase the proportion of bacteria persisters by

inhibiting the cellular respiration.

Keywords: persisters, Escherichia coli, Pseudomonas aeruginosa, nitrophenol, cell respiration
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