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i E: (FFI AR EREANRS EFAAR LGRS —ETX, mEERAE Al REZR%
PRV AAR TG E B 4h, Hxtdt2h 4R SR 4B F (Pseudomonas aeruginosa) PAO1 ELA B AF49 %
ARk, [8 6] KZTA P aeruginosa PAOL )X AMIE, [Fk] AABI R4 MET %
FEEE Al AR SN EZ A AT REBTR AR IR S HEHE Al AT 5
AMRAZAOAFANTm, HAHBLERA A @M A A & &K (reactive oxygen species, ROS).
Be L Efedh . DNA #ifh. $4kB THALKE T RAKREAEAZ g AT RGBT, REAHAEH
% K& F PCR (real time fluorescence quantitative PCR, RT-qPCR)4#7i8 34 A ) & iA k3t — Ik
ZawmAsenig, [4R] 24E % Al 45| # P.aeruginosaPAO1 # A b =4, Al
WIS VAR AR S AHE Al ST R AR A REZ A B AL T, SR F AILEEMR
M ROS Fufig i BALK-F3R 5, B 314 DNA Hith fe b4k & T 49 F4L; Sbob, mfe ROS F Mgk
v BB A KBRS A AR KA A, UK DNA MG IE A AR RARFHEFRS. (L] 5
W F Al 3@ 25 AR AR RO ) — A AN T A F e B MR AR A mA, £ A
w7 A1 DNA. B A fn 8 fm e e,
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Mechanism of polymyxin Al-mediated hydroxyl radical lethality in
drug-resistant Pseudomonas aeruginosa

WU Yaping'?, YANG Xilan?, LIU Dongmei*?

1 College of Food Engineering, Zhangzhou Institute of Technology, Zhangzhou 363000, Fujian, China
2 School of Food Science and Engineering, South China University of Technology, Guangzhou 510640,
Guangdong, China

Abstract: [Background] Polymyxins are considered as the last line of defense against
multidrug-resistant (MDR) infections, and polymyxin A1 with a bactericidal effect against MDR
Pseudomonas aeruginosa PAO1 is a rarely studied homolog in this family. [Objective] To
explore the effect of polymyxin Al on P. aeruginosa PAO1. [Methods] A fluorescent probe was
used to measure the hydroxyl radical level in the cells treated with polymyxin Al. Then,
thiourea and bipyridine were added, and their effects on the bactericidal effect of polymyxin Al
and the production of intracellular hydroxyl radicals were investigated. Subsequently, hydroxyl
radical-induced death was characterized in terms of reactive oxygen species (ROS), lipid
peroxides, DNA damage, and changes in total iron and ferrous iron ions. Finally, RT-qPCR was
employed to determine the expression of genes involved in hydroxyl radical lethality. [Results]
The level of hydroxyl radicals in P. aeruginosa PAO1 was increased by the treatment with
polymyxin Al, and the addition of thiourea and bipyridine lowered the level of hydroxyl
radicals and attenuated the lethality. Polymyxin A1 elevated the levels of lipid oxidation and
ROS, damaged bacterial DNA, and caused a disorder of ferrous iron ion. In addition, the
expression levels of genes encoding ROS scavenging enzymes, iron uptake and iron-sulfur
cluster repair, and DNA repair were up-regulated in the cells treated with polymyxin Al.
[Conclusion] Polymyxin Al may kill MDR P. aeruginosa PAO1 by regulating the production
of hydroxyl radicals through the Fenton reaction, which damaged DNA and lipids and led to cell
death.

Keywords: polymyxin Al; Pseudomonas aeruginosa PAO1; hydroxyl radicals; gene expression

i 23 i T (Pseudomonas aeruginosa) &
—FPHLBOR A, XA B A A R 5
25 o5 | B B IR R IBAE | BRI L
B pwt, I H A ZEm 21k, AR
W S B 2 W, R 2 2y
(multidrug resistance, MDR )k f) B AE B YL K
AWt Z , W HAPUAER W B-INMERES . T
RIS T ST AR 20 i S 24 TRT ISR EE 2
ZRER MRS FIRAK, AL
1 — > FRAR A IR N S50k i D75 e 1k £ 1 — JEk ol
B ), Bl HA AR 2% MDR R TCRK,

22 3 R RO 9 X Bt 22 E A 24 TR I < d i — 8
Bkl HAl, Z3E R AL 3
A SGNRZREAE G LN | PR R i ) 2R
P B B i SR EEALHDX 3 Bho AT A
N 22 B TR BRI T AL 2R T S A i B
GMED R Z 455 , 28R R 0 T8 sk
N-iit i 1 S TESE NSRS 6., 7 3 i) i /K 28 BE R A
ANBEAIMEE, AT RS IR 240 i A A A ) Tl i X
O T IREH S B R AR AE T SiAh, Ay
NS T B - S Ak R A RAL T, A 25
BRI 2R AT LAY 5 200 i A M R P ] i/ P 22 ]
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FE St 4 T Y0 (R W IR MO A 4, FE T R AH B AR
A K g AKAVEFTS 28608 % 40+ v DL ARS8
YR AR TIT 75 T N A Z B A i B sg e, 51k
N o3 R e M ) ke 2R DA 2 35002 18 2 A8 A 240
M Zefg - A, BB R 2 F R
A 38 3 A A O BT R R IR A TS &
IREPEE AT, YR RHAGMS, 405
WIE i A B B (0o ) I TE R A1k 5 1k
fiff (superoxide dismutase, SOD)YEF T 41k N
H,0,, 1l O2 Fl H,0, 23451473 Fe-S 7, fH H Ak
Fe*', SRJG H.0, Fl Fe* M E AR RIS Fe? 48 h
Fe* " J1 4 i A A (-OH), XA W L aFR A
IS 1 (Fenton) s v, -OH 4x '35 DNA | fig i #l
O AA, A B sE T,
%40 Sampson SFPIFRMEZ R E E il
PINE S S e I S s W (TR vl A =7 eI Y S 7
(Acinetobacter baumannii)’t1-; Dubey %%
PRANAE - F0 2 26 B K B B v DA RICR K 2
PRG0S AT, i — D050k B B A AR
V- BE 8 HE ] T 24 T ik M A Ak 4 e Ak Il 3 15 UK
SR PR TG SR 2 R R B SRR R B AR
BE; SR, XTZFEELT R H hESEEL
il IR A — 28 548, 41 Brochmann 5§127%
MEZFHER E XTI S8 S o i R R
HEEAHEMIERTICC,

HAET, X T 225w R M ELH e 32
TR ER M ZRA R BMERWERE,
X T2 R0 R AR R R P AR A i A . Wu
SEUST A R il 2 59 v 0 B8 1 — R LA I TR T R 1Y
ik B it 25 25 #0911 (Paenibacillus  thiamol yticus)
SY20 JF M alifbih —F E LN Z R R AL, B
Xof B 2% PRBH P B an KW+ 1 (Escherichia coli) | il
R i E A (Klebsiella pneumoniae) . [ iRy X
Ji ¥T 14 (Enterobacter sakazakii), M Vb1 1R E
(Salmonella enteritidis) . AiZk{E i (Pseudomonas
aeruginosa)F HAT RAF AR BERICR , JLHXT RIS
BN PUARITN 2 B A 2R S B (P, aeruginosa
PAO )M /MR R 22 0.25 ng/mL. KL, A

WHFE FE LU 254 P. aeruginosa PAO1 M #F5T
W, MRLZHEEZE Al AMBERPEENS
AN = AR ¥ B AR AT P B AE T .

1 MR5r%

1.1+

Hi] 43415 B TR (P. aeruginosa) PAO1 ELA
I R M R POMptE, mdtmRFEm, £
AR Al AR P. thiamolyticus SY20
AR TR o B Al AR AT, Sl 95% A A .
1.2 EFE. EERAFIMUSE

Mueller-Hinton (MH)¥5 325, |7 &R I H1
YR AR A A . —H 3 (dimethyl
sulfoxide, DMSO) . #iJK . 2,2-Hk At ie 1% 55
WA, BH TR (B AR A A iR
Z)‘}*ﬁ?ﬂlﬂ?ﬁ(phosphate buffer saline, PBS), 4 T 4E¥)
TRR(EERD B AR 2,7- 50K —OR
fi5(2,7-dichlorofluorescein diacetate, DCFDA), ¢
FEARET AP IR I 6 (hydroxyphenyl fluorescein,
HPF), ApexBio 22 H]; N _.[i¥(malondialdehyde,
MDA) 7 2 i 18 771 2 R0 24 77 35 [F1 2H DNA $2 5
WA, R ERHARAE,; ST
AR ik, SIS YR
/575 SYBR® Select Master Mix (2x) RT-PCR
&, ABI/AH]; HiScript Q RT SuperMix 2
sk &, e Rt T MERR AR MR R A R
] ; TRIzol RNA #2HUXF &, PR L /RBHL
YN

PG E R PCRAY, ABI 4w ME TAEA,
RS A BRA R EST R AST; HIRRG
A, MR B R AR A R A F] s B
BLOHLA B EE T, FRBCR RBHE (P )
AR 4 HEIEERYL, Bio-Rad A+,
1.3 ANz B REREN

B A 3R HPF UEAFA 03,
P. aeruginosa PAO1 #%#1 T MH 55k, T
28 °Cififbid 7%, W fb)a L 2% w it 2 MH
e, 28 °C. 180 t/min 4537 2 X 4
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(ODeoo 210 0.5). S 45 57 2 X b W 1) 4 4
BRI T B T 3 000xg B0 5 min, FHA:FRE:
IKVESE 2 W, PR R MR BE G B2 10° CFU/mL;
WO A HPF G AW R 5 umol/L F+F
30 °CH#E 30 min; RS R IIA R 96 1L
W, FFIMAZEEZE AL ARV 2250
W FE 43958 2 ng/mL #1 1 pg/mL; &), FHEFFR
ARSI FL HP 258 i B (8% B 38 & I R 490 nm,
KEPEE A 515 nm), RUSINZEA R PIYEST
BE U0 v B PR X BE
1.4 AR EREEE-REMZ

P2 HE 1.3 T Jr 72 AR A5 i 2% M1 o T T A
R R R BRI S 10° CFU/mL; 2R,
S E TR INAZ RN R AL FE YD A E
R BE 435~ 2 pg/mL A1 1 ug/mL, FFF 28 °C
WEE 3 h, FLIXS AR SRS 0.5 h BURE; f
Je, KRB RE S TR E R RS, MH B
FRIEIEATIE R ITEL
1.5 FRARFIELILIEXS ZRE 2 Al M FHY
xR ERERERESEMARERE
SRl

i HORFT K IHE g 8 i %o 5 1 Pl R A S i
R rikan 1.3, Hrp, K28R Al S6ilkak
BRAEnE—E A 96 FLMH, (HETIRFIBEMENELE
FLH B 45 150 mmol/L il 500 pmol/L.
YHTELE TSGR R 1.4 PR AT 4
1.6 40 B 5& 4 S (reactive oxygen
species, ROS)/= 4 A7

4 B3 M AR E SR BT DCFDA %% G 4R
ERUOIT] P S 1 5% 2 6 50T 391 0 A SR B
WAEHR 1.3 IRt AT el st RiE, M
DMSO # DCFDA B2 % A 10 mmol/L 11k
W, JfH PBS 22 i ¥ R BEAL 10 pmol/L /Y
DCFDA TAEW; Bk )5 19 TR & | DCFDA T
YEW I BT 37 °CHEF 30 min, UEE5E
PREF FE o W AR B S, B0 0F F PBS &
MR VE R E B R, K 90 uL BAEMINA
Mgn 96 FLA P Bl R A AR AL Ao A BE 4 5N

0.5, 1.0, 2.0 F14.0 ug/mL (I ZHHE R Al IFH
15 min; fie)5, VATCRZKAVERXT R, FIR bR
PGB DO R B, BRI 492 nm,
KEHE 515 nm,
1.7 AP EHERSEHNE

¥ A W AR L HE IR BT p 2 A Ak, IF
A MDA 59518 i T MDA & sl &
P T R SRR B B A . B, B
0 A P e R A B P B 22 10° CFU/mL
SRIG . 1) R J 1 PR VB AR FE 235318 0.1 0.5,
1.0.5.0 1 10.0 pg/mL M ZFHHE K A1 FFF 30 °C
WEE 3 h JEBLOBUR R Sm RN S
[FabFEZH MDA & iffrE s, LA 30.0 mmol/L
Ho O, I TR AL P A4 4 25 (B S 1 o0 BRI X R
FH BRSO 4% 20 7E 532 nm A1 600 nm (9%
B, fIRAR(1)IHE MDA & .

Mxl(f xV

extract
MDA (nmol)= ed
500%V,

sample

A Var IR R BT, el MDA B /R
FERE[1.55%10° L/(mol-cm)], Vsampte N ITAFE G
R, d AR, Vextwac NITAFZBUR 1A
M, F B
1.8 DNA RG890 E

fii FH DNA %ERE VKA R 2 R0 2R AL Ab
T A 2P A BT B9 DNA 50405155 0, , 15 i 24 1%
BN P R R 2RO, AR B K B A
JEIMAZFRE Al 25 kEN 5. 20, 50
F1 100 pg/mL, 55 5 — & B[] J5 57 FH 40 7 5 R 41
DNA $&Hu 7] & 46 BB 2R LI IR 1 DNA;
e, XTEHEEUAY DNA JEA7T5E I H TR I B il
/N RITA
1.9 MEHNEHETFMISKEFSE
B9 E

LR R AP 0 HR S I B R
TN fef PRV 2 AR - e e o
Je, R S B A TR I R R e I e AR 3R
EOKEREME; RIFIMAZEER Al #2550

xFx10* (1)
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419 5 ug/mL Fl 20 ug/mL, HF 28 °CiF &
3h; dJE, SRS R AR B b ek
FEXAFEREZRER Al L5 AR 2R
PR P SR B RN R B S T
DA Ak B 25 A Ay B A% B
1.10 EEHERIEBERRIE
1.10.1 RNA $2EUK ¢cDNA &k

TEH BT HY P. aeruginosa PAO1 Hlin A —
EWE M 2R AL, 255 AW E 550
10 pg/mL 1 20 pg/mL, A2 5 AL R 2 T
M SR = IFHE 2 h J5 3 000xg B0 6 min,
Frk BEWE R WAL RN, JEAAAETE
—80 °C . # i FH A B RNA $2BUF) ] TRIzol RNA
PEHUA L, cDNA A R A HiScript Q RT
SuperMix J % 50 £ 10,
1.10.2 BEREXEERERSIMEIT

M NCBI %4 /% + 5 # P. aeruginosa PAO1
HEHEHAGEE, IFHE gidB, fur, lexA, recA,
sodM . sodB. iscA Fil iscR J:H F4{E .4, i
Primer 5 #5519, HEIUR —4R I A
BHEABRA ST G, SN

LS sn 1 fros .

1.10.3 R HKEE PCR (real time

fluorescence quantitative PCR, RT-qPCR)
i ] ABI A H] ) SYBR® Select Master Mix

(2x) RT-PCR A& 7EDO e & PCR L Lifffr
RT-qPCR 2255, AR F R 4544225 SCHR19].
1.10.4 EFERESHMHIELIE

ARSI 3 AT, B4 T C<35 H
ZFAHEL 0.5 WNFFE PR, FERARXT
FRRATR A 2722 By e TR (LA gidB
YEN NS IR B Bl i s 5 35 48 7
bR IR 2, AL 3 AT, FIH
GraphPad Prism8 1 &l Fl 2 2% 4317 .

2 ERE540

2.1 EZHREZR Al NSERBRBRER
BHEEN~E

HPF J&—Rh il a5 3 DERE WIOER,
AT DAy e TR R R RO R, AL
JoBeIt, 25 i R (- OH) S b AL AL IR 2%
B A R Aoy 720, B LI I 2 5 B /AT

% 1 Pseudomonas aeruginosa PAO1 F 1% 5M & F 5|4 F 5% it

Table 1 Primer sequences of polymyxin synthesis and regulation genes in Pseudomonas aeruginosa PAO1
FER 2 R BLH T iE BIEZE 2] P RN
Gene name Gene function Primer sequence (5'—3") Product size (bp)
IWZ LR gidB  16S rRNA F L6 FL i CCGAGGCTGGGGATAACT 117
Reference gene  16S ribosomal RNA methyltransferase TCTTCTTGCCGTTGCTGT
gidB
fur BRI S A ACCGTCTATCGGGTGCTG 181
Iron uptake of transcriptional regulatory protein TTTCCTTCTGGCGCTTCT
lexA e rHBENA ATCCTGCCGTATCAATCCC 183
Transcriptional repressor protein CGTTTCACCGTGACCTCC
recA HAM A AAGTTCTACGCCTCGGTCC 111
Recombinase A GGAAACCTTGTTCTTCACCA
sodM A AL P B AL (Mn-SOD) CTTGCCTTACGCCTACGA 244
Superoxide dismutase (Mn-SOD) CATCACGGTCCAGAACAGC
sodB A B AL (Fe-SOD) CCACGACAAGCACCACAA 167
Superoxide dismutase (Fe-SOD) GGCTCAGGCAGTTCCAGTA
iscA BRESHEA CGAGGGTATCCGTCTTGG 197
Iron-binding protein TGAAGCCTTCGTTGAGCC
iscR HTH R 845 4 7 GGCGATACCTGTCTGACCC 73
HTH-type transcriptional regulator TGATGCCGCTGAGGAACT
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BN B SR AR O . T SR B
H—FPEEEE AR, CaPE SN SR
FFRZ0ME ™A= 72 B B ST B A i se T2, dn
B 1A s, FEFXTRRAL, amib 2 M
2 Al 4bFE P. aeruginosa PAO1 4435 |5 GR
FERAIN, Ui Z AR Al Zb PR RS S A0 e
AEFRAmEE, A, R 2 FETAEREATH
AW MZWE 1B s, Z2FE % Al 4035
P. aeruginosa PAO1 {5 4B 2 T /%, 72 H 2
Tt EES T, WHEEEE AL AR
AR 2R AR S M TR B AT g 58 A A AR A 6
2.2 WRAR TR LR (R S PR AV R KUE A
TR — Pl A G BR R, s Xt 2
FEE A1 AL FEAY P. aeruginosa PAO1 HF — 8
HIPRFAEH (B 2). MBTE-RE & LA, 2
IS 150 mmol/L HillRALFEXT P. aeruginosa
PAO1 MAFIE R IEATC R M, U B 12 Mk J3E it JOR %o
PR AAS 5 I8 FAE W I #E4E F (B 2A); AH
HMTZFWEER AL M, ZFWR AL

A 200~

150

100

Fluorescence (a.u.)

w
=]
I

CK PMA

Norfloxacin

& 1

ZHER Al MERVENSARREMEREHEE

TR IR AL FRZH P. aeruginosa PAOI1 FAFIE R
B4 = (B 2B), AN B 7R B A AR
WA A SO A i BEAR (A 2C). X AT
REZ R IS IR IR o] ABH W Z2 2R AL v
Pt AR A, SR> Fenton SN ™A=
PRI B L, TS 40 RSB T
2.3 BXMEOE X §6 2R (R 22 B B RO $R K
£

Fenton [ (Y ETHEZANME N ™4 H.0, 5
F M HEAER, 15 Fe* B =Mk &+ (Fe’)
HAE SRR B RS2 Rk e S — R AR
EREES G Fe? T A RUBH KT Fenton Ji2 i I FEAIK
FH R AR M X IRGL, 500 pmol/L
ML BE ZS AT P. aeruginosa PAO1 (K771 %
FEARTCE (K 3A); M TZEEE Al
ARERA, RIS INZREE R AT FIBCALIE n] 4
W 2B E & AL XT P. aeruginosa PAO1 5%
% 73Kl 3B). I, USHIEEAkIE AT DL 2 P AR
P. aeruginosa PAO1 %% F 5L 4= (] 3C), iX ] BE

B 70
6.5
g 6.0 e CK
2 s - PMA
o~ - Norfloxacin
5b
L 50k
45
4.0 ! | | | | |
0 1 2 3
Time (h)

A: ZEEZE Al BRI EAES

P. aeruginosa PAO1 #iififi¥% H H B ™42 B: ZRAE Al AigH > EXT P. aeruginosa PAOT HY % 14 -Hif
M. CK: MIRIMEZREE Al W2 I PMA: Z2FWEE AL 48, AF/NG FRFRRRF
i) 22 5% I % (P<0.05).

Figure 1 The hydroxyl radical production was mediated by polymyxin Al and norfloxacin in Pseudomonas
aeruginosa PAOI. A: The production of hydroxyl radicals in P. aeruginosa PAO1 was induced by polymyxin

A1 and norfloxacin; B: Time-kill kinetics of polymyxin Al and norfloxacin against P. aeruginosa PAO1. CK:
Black control; PMA: Polymyxin A1 treatment. Different lowercase letters were significantly different (P<0.05).
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B ~
A - CK = PMA ¢ D CK == PMA
8r 7.0 & PMA+Thiourea 200 1 = PMA+Thiourea
5y a a a a a
= 8
=4k ©CK 5100 |
Q R g
£ -4 Thiourea 5]
= g S0r
2
" 1 L 1 L | 45 L 1 L 1 L 1
0 1 2 3 "0 1 2 3 5 15 25 40 45
Time (h) Time (h) Time (min)

2 BRNEHER Al NSHERBREMERERUREEHESENEM A GRS
P. aeruginosa PAO1 fEiE BN ; B: BRIRTS I/ N2 EEE 2 Al % P. aeruginosa PAO1 5145115 C: Wi
RS INBELIK 28678 & A1 /-39 P. aeruginosa PAO1 ¥ A 137742, CK: NIRINZEHEE Al 1925 A%
B PMA: ZERER AL LA . AR/NE FRER RN [F 2 1] 22 5 1 3 (P<0.05).

Figure 2 The effect of thiourea on polymyxin Al-mediated lethality and hydroxyl radical production in
Pseudomonas aeruginosa PAO1. A: The survival effect of P. aeruginosa PAOI by adding thiourea; B:
Thiourea decreased the effect of polymyxin Al on the lethality of P. aeruginosa PAO1; C: Thiourea lowered

the level of hydroxyl radical mediated by polymyxin Al in P. aeruginosa PAO1. CK: Black control without
polymyxin A; PMA: Polymyxin A1l treatment. Different lowercase letters were significantly different (P<0.05).

A B

o CK = PMA C =CK ==PMA
B 70 ~+ PMA+Bipyridine 120 - == PMA+Bipyridine
-~ a a % a
— = L e i a
gf) —_— 390bbbbcbbabb'b
= 3
6 4+ - CK § 60
= -¥ Bipyridine 3
S 2tk ¢ 30
—_— 4 =]
=
n | 1 1 n J 45 1 1 L 1 L ]
0 1 2 3 o 1 2 3 5 10 15 20 40
Time (h) Time (h) Time (min)

3 BRMIEMZHER Al NMNSHEFZBREMERERUAREEHESENENM A KLLMD
31 P. aeruginosa PAOT 275 MM : B: TEILBEVR I S EHE % AL & P. acruginosa PAO KA 71
C: BEMEBEAR NP Z 5 2% Al /- 519 P. aeruginosa PAO1 ¥ [ L™ 42, CK: RIRMEZEHE Al
M2 X PMA: ZRE R AL . ARG TR R4 0] 22 5 2.7 (P<0.05).

Figure 3 The effect of bipyridine on polymyxin Al-mediated lethality and hydroxyl radical production in
Pseudomonas aeruginosa PAO1. A: The survival effect of P. aeruginosa PAO1 by adding bipyridine; B:
Bipyridine decreased the effect of polymyxin Al on the lethality of P. aeruginosa PAOI1; C: Bipyridine

lowered the level of hydroxyl radical mediated by polymyxin Al in P. aeruginosa PAOI1. CK: Black control

without polymyxin Al; PMA: Polymyxin Al treatment. Different lowercase letters were significantly
different (P<0.05).

2 RS NI ik BERH T T Fenton S, AT ik
R A SRR AR, SRS T A 2%
B B 1 7 AR

24 ZHEZE Al SIEAEHREREM
it ROS A& . BEREL
BNAREF DCFDA A8 5 3% LA L A 2
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TLARNMERRE, YR AR S AT A2 B P B
IK RS BTG — 5822 Y (dichlorofluorescein,
DCFH) H BT 4R, YAMMl N 7€ ROS
iif, ROS AP ICH ) DCFH A Ak il HA s s
BN 2,7- 5 9¢ 6 &K (2,7-dichlorofluorescein,
DCF), #: DCF (2GR AT L S 4 i A
ROS KPR, ARk B Z B2 AL AL 3EXT
P. aeruginosa PAO1 #il i P i P 420 A 17 o
Bl 4A JiRs  biE Z R R ALEWREE 4,
LN ROS & i W THE . Ak, A tkaE
i S AL 40 AL N O B BT AT 42 MDA, MDA 5
R AV e A [ o = = 7 o 3 ol Nl VA Rala o
3,5,5-— HIILWmE-2 4-— R, ZW i R BkRL A,
FEAE 532 nm A RWBCEANS, DR 3 Ao A
MDA ¥ & RIS 200 L D3 19 i o S04k 1 00 o 4
Kl 4B I, BEEZRAR ALERIKRIER R,
AN MDA &R ER R, WHZHER Al
S P. aeruginosa PAO1 77 2E ¥ [ Lo
A A PN A o AL
25 ZHEZ Al 5|RIERBREMEEH
FEsk B F R EL LK DNA IR

ZFW R E BN Fe-S 7%, {41
M= KR Fe®™, wEpanp kst il

>

65 000

u.)

> 52 000

39 000

26 000

Fluorescence (a

13 000

CK 0.5 1.0 2.0 4.0
Concentration (ug/mL)

4 ZHEEAEAXEREERE PAOL HARE NS ™% A)FMERE LB

ZHHERE Al AbFE A0 AR B RN AR T
AL, AERNE SA B, PP H.0, 467
SUEAMIEN Fe M T E, A, 20 pg/mL
ZEHE Al AL FWB 5[ P. aeruginosa PAO1 4
Ml Fe* & BFb, XAl REZ R o2 i A B AT B
MK Fe-S %, 2 BHUH Fe*'o SRABER H
K 7 A I AS [R] e BE AL B ) AR 2 1B B
DNA H5E8 WK 5B s, MiE Z# W R Al
Ab BV FEHE TN, B SR AR R I T DNA S5 3% i A8
MHMERZH Y, WHZHEE Al s
o fig AN DR 40 7 41 I HP B DN
2.6 ROS FREEHEXERERIA

] 2% {1 PR MO D i i P LA Fe-SOD Al
Mn-SOD X 2 F4ifig it SODP7, &k 2 Fla] T
fitt , Mn-SOD & i3z sodM & PH 8 4%, 1M
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AN ) O B, 2R Al A
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FEAKFE(E 6). MEZFWERE Al EFMMKE
A5 10 pg/mL A1 20 pg/mL B}, sodM [
FEIR K40 5 R X BEAL Y 2.33 50 4.92 fiF,
[ FEHL, sodB 3 PR 2 3k 7K - 40 51 S %o BEAL 1Y
4.47 f5M 13.27 f5 .

B
CK Negative control
0.5 pg/mL
% 1.0 pg/mL Polymyxin A1l
% 5.0 pg/mL
= 10.0 pg/mL a

30.0 mmol/L H,0, ¢ Positive control

1 1 1 1 ]
0 100 200 300 400 500
MDA concentration (nmol)

CK: &~

WIMZ R R AL PR AR . AN R/ING A RER R AN [R) 41 1) 22 57 2. 35 (P<0.05) .
Figure 4 Effect of polymyxin Al action on bacterial ROS production (A) and lipid oxidation (B) of
Pseudomonas aeruginosa PAO1. CK: Black control without polymyxin Al. Different lowercase letters were

significantly different (P<0.05).
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5 ZHREZE Al LENAFRBAMEMAEAEETKEN DNA KM A ZFEE AL 5EH
MR F RS FIZETL. CK: NINMEBRE R Al WS EXR; H0.: FAPEXTER. B: 20
Al ZbHHEK DNA. M: DNA o FaREY; 1 NMSMEEHE AL 2 AT 2-5 518K IR
Jns. 20, 50 F1 100 pg/mL 255 H R Al 4L H5 $E B E & DNA,

Figure 5 Effect of polymyxin Al treatment on intracellular iron ion levels and DNA in Pseudomonas
aeruginosa PAO1. A: Polymyxin Al caused a disorder of iron and ferrous iron ion. CK: Black control without
polymyxin Al; H,O,: H>O; treatment positive control. B: Polymyxin Al damaged bacterial DNA. M: DNA
molecular weight marker; 1: Blank control without polymyxin Al; 2-5 respectively indicate the bacterial
DNA extracted after adding 5, 20, 50 and 100 pg/mL polymyxin A1 treatment respectively.

15 e 27 SIBIASTARIE S A ER R
8 fur IR 4 B = M B B T 51 A 1

10 ke A DL AN kR . R P R R 2 S A

EM B 20 pg/ml. aﬁn K129301 St g i 5 B A 2 5 S A
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;‘% SL . a Y Fe-S #14, iscR JE[H 4wt IscR 2, 7EANE
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W fur . iscR il iscA LR F kKK 7 s,

E6 FREREZFHEEALEMAN sodM fMsodB 3 4stppyek Lol S WS Z8H
37 Ej
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Figure 6 The effects of different concentrations of )

polymyxin Al on the relative expression levels of R R R ALWIEIRE] 20 pg/mL i, 3 4

sodM and sodB genes. FER Y 22 38 7K 20 A B2 v % BRZH 1Y) 5.12.7.46
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Figure 7 The effects of different concentrations of
polymyxin Al on the relative expression levels of
fur, iscR and iscA genes.
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Figure 8 The effects of different concentrations of
polymyxin Al on the relative expression levels of
recA and lexA genes.
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