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HF B ERE cntRLMN 2N FN RS TENTIEEEE
MAaA T, FHET EMEL, EH4, BE, KEL £ET
AER, RETW, YT, BRx#H, ke’

VREZE A AR AR B, BEPY JE4E 716000
2 BTG 45 4T A 5 S 3 (RE AR AE), BEPE 4E44 716000
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CNtRLMN 5 Rl AR Bk , 38 8 SR 2245 i B 1) 7 v B M TR R B2 lacZ e it - A AT A, 38 FHB-
2 FUBE T FERES A Y T Zurd X entRLMNFY &% Sl 2, BRI B S5 56 (EMSA) K 3 Zur 2 11 S ent)id
S Mentia s IR B iRs s &, i — i A K i HrxfentRLMNHentR . entL, cntN%§
SER P BE B T BRI RBIEAT T /0 BT 40 o Jee e, 38 il b I M 40y v 114 2 AR AL BE 5 entRLMINK 46
SRAR ML TR ) R . [ S52R ] lacZ#e sk ive S 73 i 7R cntRLMNEZ Zur gl 11 i f 45,
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Bl YAN S RS CEENE SR
o TEARZ AR, KY 6% 5] L
SEEREE T, PEE TR S R R S5 H A AL
Y7 AT AR T B AV PR, [ E o A 4 R
(B0 AT A i 2 ke VR P H AR
PO 245 W0 T B4 T P B ) 20 ) A R T B
HSCY i A R 4 BRI 5 | S 0 AT IALAE . IR PR 2R
FEAE 2 H 40 2 A1 R T 1 Ay 2 S IR 1) B0 T
S il S I S 6 Sl i o 1T M ¢
2017 AR DA HLUL AT E I ST BT AE R
Pk L g DA TR B 8 1 62 P A A P TR A i
R 1E B RO R, B S M A S A TE
—ifg, BONERZ BRI, AR AR SR
PPERTH R GE, i Al B T 25 I 2B ) A 0
MR FrSRA R A LA R R e 2T

F AR PR TR R S ZnuABC TEVFZ 40
T X BEYL R ke 24 . ZnuABC REETEH
EVPT TR . B FEAT o S A T TP e ME— R B
TrREAPERBIR RS, RZ ZnuABC REGLHIHE
PR SO B LT A BRI AT AT 15 2. ik 24
—F, PR — A8 ATP 456 &
(ATP-binding cassette, ABC)ZE 1K KM T 5
SRAPER) ZnuABC 8RS, H ZnuA & —14>
J A A A B, ZnuB fE— AN E P
ZnuC J&—/~ ATP i, ZnuA T se BB 44 N
I F# ZnuBC #hiz i A Gk . TERNIBER 2 IR
B, ZnuD 5 ZnuABC X, 5t uoMeE B 128
ok AP JE TS (] o o Al B B R R R A
PA0781 15 i i 4 A58 FR A ZnuD 3k 27%7H 1L
PP TR A 0 0 B S A B T AR LR 5 2
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(Zn**-uptake regulator, Zur)fy s, R
W TR B IR BE, Sl Al B M TR v B T 18
WZ RN Zur AR, FERREEARIE T R
FABRZEAE znuA | znuB . znuC 4 #R%E4F znuABC
S5 DR P R S 53 2 i ) o 0 1 A R B,
X 3R P R AR MU R H BR ZnuABC Ah I A AE At
ARV T RIRSE, BEATA ZnuABC #1551
BN R G D RE R A HMEVEH]

W AYE B2 . AR . wE E AR
MR, AT AR M e 7R T —
FhoBr B ST R R TRILAR S, RSN
PA4834-PA4837 Y\ (AW 5T i 244 cntRLMN,
PA4834 fir44 A CntN, PA4835 fii44 A CntM,
PA4836 fiT44 -~ CntL, PA4837 fix44 A CntR) T4
fty, H Rk B M ANEE B - 1K IE B RS Zur
R BORAE X e Al B TR R T ) R R
HEAEH

1 AR
1.1 #het

111 BBk, BORCRIGIA: WAk 1 AR 2.
112 BEFR&fF: KIGHFFR RSB M I PAOL .
A5 A S B LML TR & TR R 2 37 °C TR SR L TE
PR IR G G IR0, HUHA 4 ECY 220 r/imin, 52
Lo AL RS 5 S (1

LB & Ml #1415 7% 3 (g/L) : NaCl 10, YEAST
EXTRACT 5, TRYPTONE 10, 7& it il By A R 5%
FEIA 1.5%Z i oy il Js [T (A B 7 0

TSB 5537 3(g/L) : 7E G 7K Hh i fi# 0.3% TSB.

MO JERbEE FERE(mL/L): 5xM9 FhiEH 200,
1 mol/L MgSO, 2, 20%%j%j4# 20,
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5xM9 ¥ i (g/L) : NaHPO, 7H,0 64,
KH,PO, 15, NaCl 2.5, NH,CI5, #%fi#T 1L 5
Tk, 121 °C KH 20 min; 20%7# %4, 115 °C
K 30 min,

1.1.3 FEiEH|: e . TRYPTONE, YEAST
EXTRACT. TSB }i#=3EIH [ OXOID; IfRH;
H AR ZIRERHA IR w5 DNA Ak B
& BRI S A AR AR A BR A A 5
DNA REHI A &S EWH ARG RAFE; BRI

PN VI A TaKaRa A¥)/AFl; EHEIE A
NEB; N, N, N',N-4(2-iit 1 B 3£) 2, — i (TPEN) I
HH R BB A R 2 Fl ;. O-NITROPHENYL
B-D-GALACTOPYRANOSIDE(ONPG) ., 4-(2-M{ M
%)~ —H (PAR)IY H  Sigma-Aldrich PG4 34
WIER A (B A AR A N-2-38 L LRI
N'-2- L Hfi R (HEPES) W [ b Bl 37 T AR AL BB
WA RA T PRKEE R (Gentamicin, Gm), RIIB
%% 2% (Kanamycin, Km). 5% % (Chloramphenicol,

Table 1. List of strains and plasmids used in this study

Strains and plasmids Relevant characteristics Source
Strains
Pseudomonas aeruginosa
PAO1(ATCC15692) Wild-type This lab
AcntL Mutant of knockout cntL in PAO1 This study
Azur Mutant of knockout zur in PAO1 This study
AzurAcntL Mutant of knockout zur/cntL in PAO1 This study
AzurAcntN Mutant of knockout zur/cntN in PAO1 This study
ABC Mutant of knockout znuB/znuC in PAO1 This lab
ABCL Mutant of knockout znuB/znuC/cntL in PAO1 This study
PAO1-V PAOL1 containing plasmid pME6032 This study
ABC-V Mutant of knockout znuB/znuC containing plasmid pME6032 This study
ABCL-cntL Mutant of knockout znuB/znuC/cntL containing plasmid pME6032-cntL This study
ABCL-znuBC Mutant of knockout znuB/znuC/cntL containing plasmid pME6032-znuBC This study
ABCR-cntR Mutant of knockout znuB/znuC/cntR containing plasmid pME6032-cntR This study
ABCN-cntN Mutant of knockout znuB/znuC/cntN containing plasmid pME6032-cntN This study
ABCRL-cntR Mutant of knockout znuB/znuC/cntR/cntL containing plasmid pME6032-cntR This study
Escherichia coli
TG1 [F'traD36proABlaclqgZAM15]supEthi-1A(lac-proAB) A(mcrB-hsdSM)5(rK-mK-) This lab
S17-1 RP4-2(Km::Tn7, Tc::Mu-1), pro-82, LAMpir, recAl, endAl, thiEl, hsdR17, creC510 This lab
Plasmids
pK18mobSacB Km"; sacB-based gene replacement vector This lab
p34s-Gm Amp'; Gm resistant cassette carrying vector This lab
DMEG032 Shuttle vectqr between Pseudomonas and E. C(:“ containing lacl%Ptac fragment for This lab
gene expression; source of tetA gene cassette, Tc
pME6032-cntL cntL cloned into pME6032 for complementation This study
pME6032-zur zur cloned into pME6032 for complementation This study
pME6032-znuBC znuBC cloned into pME6032 for complementation This study
pME6032-cntR cntR cloned into pME6032 for complementation This study
pMEG6032-cntN cntN cloned into pME6032 for complementation This study
pMini-CTX::lacZ Q-FRT-attP-MCS, ori, int, oriT, Tc" This lab
pET28a Expression vector with N-terminal hexahistidine affinity tag, Km' This lab
pET28a-zur pET28a derivative for expression of zur This study
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F2. SI¥LCERER

Table 2. List of primers used in this study

Primers Sequences (5'—3’) Description

cntL F CTCGGGATCCAACGCCTCGAAATCCTTC Detection primers of cntL
cntL R GTGTCGTACAGGCGAATCTCGCATTCCAG

cntL U CGAGATTCGCCTGTACGACACCCTGATCC

cntL L CTCGAAGCTTCCTGCTCGGAAAGTATCC

cntL BUF CTCGGAATTCATGCAAGGACGCACACCG Amplification

cntL BUR CTCGCTCGAGTCATCGACCGGCCTTCTC primers of cntL

cntR F CTCGGGATCCATGCAGCGGATCGAGCAG Detection primers of cntR
cntR R GCGACGATCGACACCGAGGACAAGCGAC

cntR U CCTCGGTGTCGATCGTCGCTACTACGAGC

cntR L CTCGAAGCTTCACCAGCGAAGCGATCAG

cntN F CTCGGGATCCTACGTGCACAGTCCGTTC Detection primers of cntN
cntN R CCAGAACAGCATCACGCTGAAGGTGAAG

cntN U CAGCGTGATGCTGTTCTGGAGCGAGGTG

cntN L CTCGAAGCTTAGACTCAATGCCTGGACC

cntN BU F CTCGGAATTCATGGTGCTCGACCTGCTG Amplification primers of cntN
cntN BU R CTCGAGATCTCCGGAGGCTCAGCCCTTC

cntRBU F CTCGGAATTCATGAGAGTCAGTGTGTCG Amplification primers of cntR
cntR BUR CTCGAGATCTTAGAGGGCTCAGTAGTTC

zur F CTCGGGATCCAAGCTTGCCCAGGCGTTC Detection primers of zur

zur R CGACGGTCTGGCTGACGCACTGGCTGTG

zur U GTGCGTCAGCCAGACCGTCGAGGTGGTC

zur L CTCGCTGCAGGCGTGGTCGTGATGGTGG

zurBUF CTCGGAATTCATGTACAAGATTGCGCCCAAG Amplification primers of zur
zur BUR CTCGCTCGAGCGTTGTCCATCAGGCGTC

znuBC BU F CTCGGAATTCATGGACAACGCGCTGGTG Amplification primers of znuBC
znuBC BUR CTCGAGATCTTCGCCAGATTCTACACCG

PcntR* F CTCGGGTACCCATGCAGCGGATCGAGCAG

PcntR* R GAAGACTTCCTCGTGGTTGCTACCAGTTCGATTCCGGCCTC Detection primers of PcntR*
PcntR* U GTAGCAACCACGAGGAAGTCTTCTTTTCTGGTGCGATTTCC

PcntR* L CTCGCTGCAGCTGGGGCTTCTTGGTCAC

EMSAF TCGAGCAGCATGAACAGC For EMSA

EMSAR ACAGTGAGGACCTCCAGC

Cm) . VU & (Tetracyclin, Tc). & F*H & &%
(Ampcillin, Amp) #1574 3 -B-D- i £ 2 FL b AT
(IPTG)% M4 H At st R E R A R A A o HoAthF
TR K fef P 7 O3 A
1.2 EPHRER R EA

e R R 83 7R R T AR ) A 4 R SR [11] 4

actamicro@im.ac.cn

ERITESAT . (1) BERRER : A5 51490530
P TR R DNA B, il S
JEfif PCR A RS R B R 2828 1 H I B, AR
0 B R R B2k SO Y) T b & [ R Bk A
pK18mobSacB, M p34s-Gm ] Gm kLA,
U i P A F A UE N N i S 2 I YN 77
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FFE S17-1 M bk, JREL 4 GAEMH &
A ARBAR T AR AR . AR 3R AR 1Y
HUETE 4 PCR A A A% J5 By — IR A F R, F
LA FBNPER 12%E0E ) LB I e, 8
SURNS 2 ive e a1 SRS NIV E - 35 F 7P AL 7/ 8
(2) R EAb: KT LA % PCRY IS, B,
ERE R EA R K pMEG032 |, EEE AMRAA
28 o AR s B RD R R H B A AR TR PR
H, ZHUER AR 5 1% TN AR
1.3 B-2RRLVET RIS A

S LA ONPG g JIe 4y fdt FHOK 80 18 J 12 00 7 e
SRS W R B FUBE RS, AT
TEBEOE PRI Z Buffer 420 pL. 1370 &
100 pL ., 4fJ5 20 pL. 0.1% SDS 10 pL J& %], 30 °C
FAFTHCE 20 L he JFAEEEE A Z AT 30 min,
TEEY G P in A 0.004 g/mL ONPG, e/
i, ZE WA 100 pL, 30 °C T JFAAT I A
RN SERUR . A 250 pL # 1 mol/L Na,COs £ 1|
JNE, I i SN B[], S5 S5 43 A 52 g VT
420 nm A1 550 nm &b B SGAE , A A XA D
B SR RGeS TR - FLBHH IS o KBS
BA{3/=1000% (0D 420—1.75%ODsso)/[(1 i ODgoo)* (1A
) x (B st E)] o

Z Buffer: 100 mmol/L Na,HPO,. 40 mmol/L
NaH,PO,. 10 mmol/L KCI. 1 mmol/L MgSO, #1
5.4 uL/mL B-Fidk 4 I

JIE Y22 i - 60 mmol/L Na,HPO, . 40 mmol/L
NaH,PO, . 2.7 pL/mL B-%i3& L BEF 4 mg/mL
ONPG.

AW T R D 3 RO SE 5
AIZE R

14 FHKRERERLAL

1.4.1 pET28a-zur FAKMME R DIAR SR A
PAO1 ) DNA Jfitl, 3% zur hE, &mEU S
PET28a i M) pET28a-zur A, -k — 41k
F R IFF 1 Transetta (DE3)EE k.
142 FHARZXFHL: KRR EKRE 1%
MR, P BB R AR R B IE UK
Wy, IAZLHE N 1 mmol/L 1 IPTG, 22 °C 5%
FIRI . BOWEERIR, AR I
FH R 5 KRR T3 Ni-NTA (Novagen)Ziifk,
FE, B RS RE B4 T, Bda AT 22
R BEIR ARAT A B 1 o B TS 0 8 R EE
NanoDrop 1000 43J%)% 31 (Thermo Scientific) il
S, T-80 °CIR-AE#& .
1.5 BEM R ST

18 st BHL 14 S 36 (electrophoretic mobility  shift
assay , EMSA)Fi B8 STk [13] 4 18 19 77 2 AT -
EMSA [ 5w Z 457 20 pL, HiAk 2 4 10 mmol/L
Tris-HCI (pH 7.5). 40 mmol/L KCI, 10 mmol/L
MgCl,. 1 mmol/L DTT. 1 pmol/L ZnSO,. 50 pug/mL
ploy(dl-dC). 5% . 200 ng iizhTIX DNA.
400-500 ng M. N BINEAAR 5 A SO R
% 30 min, %4 6% Native-PAGE HiJk, MA7E
0.05%# GlodView | TURZ R YA} rh 44 5, 30 min.
1.6 ##k(zincophore) A EL
1.6.1 IEFEE BB zincophore BUREL: K%
TR TR, & 1%RY 5 E TSB it
iR s 2REl, BUSRR BN, &5 1
3 LI BIMA LR R, TR, #Es
2, BCEEAYRAR 2R, 1 mL w0
B 1 puL DMSO ¥ -1 5
1.6.2 HIP zincophore HHREL: K%t 2

http://journals.im.ac.cn/actamicrocn
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B, 1% 1%MFE RS TSB RS iR ks
FEREH, BEOBABTTE, Jom KT
FEHAE R, AR O R B FE /IR
ez, W EAVARGA BT, 1mL
WL 1 L DMSO % f#
1.7 PAR 52L&

RS BRI 4-2-Me B &) -[H2K
B (PAR)#EAT Zn?* 45 Akt 1A Zn® B I
T, PAR BN KA B, 7E 490-500 nm
ARG RERAR , OD fE/IN; 55 Zn®* 8545 5 TE i
BEY, BEOARAE, xR TIOLE B
BT, OD{EAE R . Ay T I 7 il 2 Al B M P 15 2 40
TCAN_ VT Zn® B G RE ST, KA R AR
JiA 200 pmol/L TPEN #J M9 535 K rf 37 °C 5555
% ODgpo=0.5 (FFpRUHIN) 5, £ 0.22 pm JEMELT
UEAS R SR JCAN M VR, BT PAR SXEG (LA
1 mL). RWARRWTF: Sk 1 molll Y
HEPES-KOH (pH 7.4) 40 uL. 10 mmol/L f# ZnCl,
10 pL AIJCHNE & 940 uL (2% 5 uL DMSO #
0 B SR AN ML IS AT 935 pL 1 M9 H5
FE)VRS, EZR TR 15 min, KRiEMA
5 mmol/L ) PAR ZEE# K 10 b, F9E 5 min
o, BRI E 497 nm ARG . LLER NI
AT ZnCly i M9+200 pmol/L TPEN 1537 3t (5]
5 uL DMSO i i35 5 SLEE U A1 935 pL (1) M9
B FREEWE XTI, ODaer HUMELE/NRIR TCAN ML |
TN Zn B AR TR . XL B A 3 Mk
WF AT BT A 3 IR
1.8 KiEHE (Galleria mellonella)l H B 2 S SL 1%

F 1597 2 ODggo 47 0.8 MYTRIFR, 2500 B it
VE, fd1F 0.85% NaCl Wkis 4t i 7 B 2t M i Ji2
TERAFPRZ (S W5 — ) R B IE 4y i) i J 70 I

actamicro@im.ac.cn

J2 PO AR R SR A 1x20° A Al R ALK
P, BRI ERT AR U T B 50 AN IS IR sy, AR
12 h Giit LRIET- 5, B A 3 AR
it A 3 IR,
19 SEitatr

52 B 28 5L L B4 0 A MR 2 1 K
P, f#iF Student’s t-test (XA EL X)X & 25 1 ok
547 #r. F GraphPad Prism version 5.00 %Xk {4:
(GraphPad software Inc.; San Diego, CA, USA)
XFEERIATGEI 2 MR R, P {E<0.05 AR R
F. *: P<0.05; **: P<0.01; ***. P<0.001. fif
ARSI DB 3 NMEY AT I B A
21K

2 HRfaH

2.1 AFE4E staphylopine 4 ¥4 B E#E K
B

A IE I8 255 BTS2 7 e AR B T A e PR 4
EAE 54 W @ % Bk staphylopine A= ¥4 i 2t
PRI [FTR Y cntRLMN #5290+ (ent #2490 F) (IR1J 1L
Sl F7E 45 EMBOSS Stretcher, https://www.
ebi.ac.uk/Tools/psa/emboss_stretcher/) (& 1), 4%k
Al BAL L T 114 L 2 115 4 (0, 9 4 B AT ) AR e i
A U SaCntL (SAV2469) 11 2 3 ik 1y 41l () — Eobk:
J 29.0%, FHABIE Ay 43.8% , 4R Z-A% B MU T Y CntM
BEEN 54w amE BRI staphylopine B &
SaCntM (SAV2468) i & % iR J¥ 41 i — 3Pk R
32.8%, AHAIME: R 50.4%. HH Eb 4 vE (oA A BR B 1Y)
BT, WSE IR cntRLMN A Fh 2l
PR O JE LA entR AT entN, entN 3[R i — A4~
A 284 NEIETRITEL T EamA LA S5k 1 41 i 5



MEKEE | APk, 2020, 60(4)

795

HH, 1 entR FE W ps— >4 708 2 FERR )
fBE R INBZ AR 1, (HI2 8D entK k]
F1 cntABCDEF AEN#% . ik, Arnoux M1BATES:
B AT ER TR S T AT L Z D RE G R #
A staphylopine, ‘&%) 1) 4 J@ B A 5 R B
F 2RI, RERsRIAT4E A IR S8 . k. 4.

T FOEER R IE 0 4 B0 3 g TR A 80 M A 3
P R A AT, A R AR A A Y A R
B3z H SacntABCDEFKLM #: 4\ + fF /v & .

SacntkKLM K 7% 44 staphylopine Y4916 miiidk
2, SaCntK J&4H ZPRIK el , SaCntL 540 ALk &
BRI PR, SaCntM 2 staphylopine Jii &0, 11T 4
fih staphylopine it SacntABCDEF 3[R #5415 i 42
H1, staphylopine 4 SaCntE fi5¢, WA
T 4 J& 1Yy staphylopine [f] jg PN 9 5% iz W A
SaCntA-F %1571, H Aifid & 3 4 o (0 A A R O
AN EME—a] L7 4k staphylopine FOZNE , 4f4% R 2
JEL TR B Al Bl A= W e D A B DAL L b A A AR
staphylopine £F 445 i [ 5 L R 01 AR5 H i)
A WAE B 25 5 B 45 R R i S AR R T e Y
cNtRLMN 5 4> ¥ {6 4 5 BR B % il & ) staphylopine

§
&
Staphylococcus aureus ~— WEpE)

&
&
Pseudomonas aeruginosa )

1. AFBEMEMESEGEEIKE staphylopine
EMEBEERI LR

Figure 1. The comparison of staphylopine
biosynthetic gene clusters between Pseudomonas
aeruginosa and Staphylococcus aureus.

A FEE TR entKLM #2490 FRE, X153
TR (164 18 114 25 SR AH — 350 35 7 i 2 A1 B 1
(1 ent BEA 7T BE 5 4 v A 2 BRTE entkKLM 4520
TFRYTHREZARL, S5 il S A1 S AT B 5 7 A BB
2.2 cnt Y TS5 R M B B T BRI
H T IR SRR MR TR ent TS5
PR T IRIGE — BB, ARFIRTEARR Zn? e
THE T AR PAOL TFE . ent BT A
SEPR B S8 AR DR Z AT AR T O o 45 SR A L B
A: 7 PAOL Hitk, FEAFIARE Zn? YR T & Htk
AR BEZES . X AR R TSR
PRI H A B FLA A B R BUR GE (W ZnuABC) Y 1)
BB A AMESE AR T ont Z87RRRTE B KT
TR PR AR ERIEREL . S T HERR ZnuABC %F
BT HRIASEN T, A5 LL znuBC R R
(ABC)E R & Bk #4 % T ABCL, ABCR. ABCN
K H 4% Bk Bk ABCL-cntL . ABCR-cntR |
ABCN-cntN. BRI ARG OLES LA 2 s .
&l 2-A F1& 2-B H 4352 PAOL.ABC .ABCL .
AcntlL DU Fh B ¥R 7E Zn® 38 R Y BE IR 5L (MO+
10 pmol/L ZnSQ,) Fl Zn* ik = iy B 3% 3 (M9+
200 pumol/L TPEN)H i A= K £k . AT LUE B FEBE 5
FRAEAMFEE T, R4 ABC., ABCL HikEnH
(DEEIDEEE STYEEIE SR (EP RS Y R SE i TESS
R PAOL Z[RIBA W A K2R, KRIMTE
PRAFIREE T ABCL 1R #K i A= 1 L HAt B AR A B 2
WM, BB znuBC Al entl [RIEFERE A2 B 2
S E BB Y BRI T 4 DG B B8 4RI, R T
CntL 5 4 ¥ €05 %5 BR 1A 1Y) A0 5 e 45 i SaCntL
) P, ASHF 58 #E I CntL 3@ 3 4% 6 A R
staphylopine ZE{UM) 12 5B B F A4, h TR
TEIX —HEM, A58 i PAR 250K 21 B 45 5%
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A B
( )1.0- ( )().4_
03k
Y02}
S
01k
00515 20 25 30 % 10 20 30 40 50 60 70 80
i/h t/h
N
D, ®
S L PAOL-V PAO1-V
08y / =+ ABC-V = ABC-V
/ - ABCL-znuBC -+ ABCL-znuBC
g0o6r1 —~ ABCL-V < = ABCL-V
8 ——ABCL-cntlL Q0. -+ ABCL-cntL
04r - ABCR-V S -+ ABCR-V
-s- ABCR-cntR = ABCR-cntR
02r : ABCN-V A ABCN-V
0, Qe . , , T ABCN-cntN 0.0E== , , , = ABCN-cniN
5 10 15 20 0 20 40 60 80 100
t/h t/h

2. cntBHPFSERFHREMEFS FRIEN
Figure 2. The cnt operon participates in the uptake of zinc ions in Pseudomonas aeruginosa. All data are
representative of at least three independent. *: P<0.05; **: P<0.01; ***: P<0.001.

YA IR R TG RE S BE R INE 2-C ABCN-V (4 KR B A F PAOL-V FI ABC-V
FI7R o P, JF HAS 38 A% B AN BRRR R 2 3 T A Tk 14 2
2-C " TPEN ¥ 200 pmol/L, Zn?" 9k KRR,

100 umol/L. FREFRGFEAMET, M PAOL FI 2.3 Zur BEMIEE cnt Y FrIEE

ABC Tk, cntl 2828 bkREFR Y TCANAE 135 I B JE L W R U S s TR BOR T 1 Zur
BT EGRE AEEAL, XEUE T CntL MG gyt N THISE ont BRO TR LA B T
staphylopine 25/ zincophore FUFEIN . 8B CntL #5211 Zur JAES, ABISEHE T 24 ont B0\ T4
i it/ staphylopine Y24 zincophore UG8 R 3+ PentRY1 lacZ % st B4 4 TRk , Ak 46
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Figure 3. The Beta galactosidase activity assay of the
cnt operon promoter PcntR’. All data are representative
of at least three independent. *: P<0.05; **: P<0.01;
***: P<0.001.
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.05; **: P<0.01; ***: P<0.001.
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Figure 8. The virulence of Pseudomonas aeruginosa
to the larva of wax moth. All data are representative of
at least three independent, *: P<0.05; **: P<0.01; ***:
P<0.001.
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The functional model diagram of cntRLMN operon of Pseudomonas aeruginosa.
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Characterization of zinc ion uptake mediated by cntRLMN
operon in Pseudomonas aeruginosa
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Abstract: [Objective] We characterized the function of cntRLMN in zinc ion uptake of Pseudomonas aeruginosa
PAOL1 (ATCC15692). [Methods] On the basis of the mutant strain AznuBC, we built AcntRLMN using homologous
recombination. We also constructed its complementary strain and lacZ fusion report strain through plasmid
conjugation transfer. Transcriptional regulation of Zur protein on cntRLMN was studied by beta-galactoside enzyme
activity assay. In vitro binding of Zur protein to cnt promoter and mutated fragments of cnt promoter was tested
using EMSA. The zinc ion uptake function of cntR, cntL, cntN and other genes in the cntRLMN operon was
examined through growth curve analysis. Finally, the influence of cntRLMN mutation on the virulence of P.
aeruginosa was studied using the infection model of the wax moth larva. [Results] The enzyme activity analysis of
lacZ transcription and fusion showed that cntRLMN was negatively regulated by Zur protein, and its expression was
induced by zinc ion starvation in a Zur-dependent manner. The EMSA results showed that the promoter of
cntRLMN could bind His-Zur to form a DNA-protein complex, where the binding site was
GCGTTATAGTATATCAT. The growth curve and the infection experiment of the wax moth larva showed that
ZnuBC and CntRLMN were functionally complementary; when grown in Zn-restricted culture, the toxicity of P.
aeruginosa to the wax moth larve was significantly inhibited only in the znuBC and cntRLMN double-deleted
strain. [Conclusion] The cntRLMN, which plays an important role in toxicity of P. aeruginosa, is likely an
alternative zinc ion uptake system directly and negatively regulated by the Zur protein.

Keywords: Pseudomonas aeruginosa, zinc intake, cntRLMN, Zur, EMSA
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