SO /B N - S S EEW SAASZBEREHEIETT Fur BSRARTHNERERSN  (RHE
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Sep. 25, 2021, 37(9): 3253-3267

DOI: 10.13345/j.cjb.200775 ©2021 Chin J Biotech, All rights reserved

- INEEPRA -

Fur

TEEY, TEES DikE Y

1 P EBEBE A VI BT R R AT A B R E S SR, JbaT 100101
2 HEBERBE R, dbat 100049

EAEMS, TR, DRME. SRR M AR AR IO T Fur i R R ARG K R T AT, A LR AR, 2021, 37(9):
3253-3267.

Wang ZP, Yu HY, Ma LY. Construction and phenotypic study of Pseudomonas aeruginosa inducibly expressing a ferric uptake
regulator. Chin J Biotech, 2021, 37(9): 3253-3267.

i E: $3%ICGRAT T (Ferric uptake regulator, Fur) R @@ izsl a0 — X EZ2 AT T. AERBE
J. # Pseudomonas aeruginosa #) fur Ao F KA, FRAZEHB. X TEAIHEFFAEALLERTTHR
Afur/attB::Pgap-fur, RAFRIZE A MARAEBELIREA A K. EWBIRT R E 358 A Fo 3L BB A 5 7 @ 09 %
h. EREM, 4 Fur kAR, MEMBEINE EZKAIRKIRSE T BT A KMFQILE; 1KEZ Fur 69484
1B OB ARAT HoO, 89 88 7 TR, T R A ARG 68 AR 35, #3h. 33 (Twitching) =A% (Swarming) i& ) f&
HEEIT RIBANE, Fur YR X LB Y M BERE R AAELRETNTE. EREBERAKRANRLRA#H
AEAT R RIBAEIRE Fur RAF R T 0& G, TSR IMFBERE KRBT~ 2. Gilsl, Furxf
ABRBREREOER. EMBIET R WEB LR EH AT BAREEZXRTEZNOERN. KR AHALRE
JOH 6 b7 o6 RAR L 45 5.
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The fur null mutants of Pseudomonas aeruginosa could not be obtained because fur is an essential gene. In this study, We
constructed a Fur inducibly expression strain Afur/attB::Pgap-fur in order to study the effect of fur on the growth, biofilm
formation, motilities and oxidative stress response of P. aeruginosa. The results showed that a low level of fur expression
retarded the growth of P. aeruginosa at an iron-depleted condition, or under high concentration of iron, or in the presence of
H,0,. Fur affected the biofilm formation and the matilities (swimming, twitching, and swarming) of strain PAOLl. The
production of pyoverdine is regulated by Fur. Interestingly, proteins from Magnetospirillum gryphiswaldense MSR-1, which
shares homology with Fur, can partially recover the pyoverdine production of strain Afur/attB::Pgap-fur. This study provides
new clues for the prevention and treatment of P. aeruginosa infections.

Keywords: Pseudomonas aeruginosa, ferric uptake regulator (Fur), pyoverdine, biofilm, motility

BT F e A K R BRI B A
Al AR N AR 22 Tl A Ak S ] R T Ak
THZSY Bk AT HA [Fe-SIFE A & F1 BT
Mmergr, S 5aEEFRA SRR ENN £
PRIt AR o X T R ok U, T A 4
BRI 201 it PR ) A Ay 7 XA o o Ak B
BEIEMME AR E AR (ML EE . A0 R e
BEM) b, siEi b aiess e ERER .
R N LR AR B A 3 sl BR Ak R i s
T3 T 9 D5 v B ke o ) R T [k,
i Fe?" 45| k25 S i (Fenton/Haber-Weiss) ,
A E R PE4 (Reactive oxygen species,
ROS), WHEY (07). A A (H0) Fie
WAL H 45, 3X 28 ROS W] T8 [Fe-S]f%
f . EE TR IEAL . Cys/Met BRILE L.
At 44k A B DNA 305229, BrL, 40N
Bk 8 7 B RS 20T A PR o RO
+ (Ferric uptake regulator, Fur) J&ZH %k 511t
PR A PR T, R S R A P i —Fb
PRAFRE o A TR R P R BRMR B 32 1) Fur 1977 4% 3
¥ Fur 3l P s RS LR I FE S, ORIEY
EJRRERIC, R AUE AR DG SE R, 2Rt P ik
BT U S AN Ah, Fur 3 SAIE A
R . PLiRAE ST . F I FRRRLACIHSE 2 R AR
AR PETT . Fur B R WA TR LS LA
BN T Fe® 1 AL BB Y , LA — BRI 4 S 46
FREENESIT AT FERESIFS (Fur box)
X, MmBHAS T RNA REEHIZES, SHEOLN
e MRS 2R A —A> Fur A, (2
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¥ E JE B BCOR TR G IR Magnetospirillum
gryphiswaldense MSR-1 SRR HIZBL T A 54>
Fur mIRVEE T, 40500 IrrA (MGMSRv2_1721) .
IrrB  (MGMSRv2_3149) | IrrC (MGMSRv2_
3660) . Fur (MGMSRv2 3137) Ml  Zur
(MGMSRv2_2136) . >k H 4 & i 5 Ml 58 /9 Fur
(pFur) SHEIRE R Bk Fur [ITEEH RA 30%-
40% 1 28 HE TR 7 91 — BOHE) AR, PR ahsc
WER, BEMRTA R Fur (A SCHARA mFur) AT DL S 4
SR Fur box 454, & ] LIFEAR 41
AR B A P9 A A R

] g I L TR SR A BOW T, S IR S
BOHWIN, RN F RN, Wt 2y
BRENMEZ — R 2B 41
TN RAE . BB FIPE TS i R AL 3%
BN S TE S AE I (Biofilm), 5 SCHAR Se e
MELIRRBRST, 5 Sl 0l SR W, A 4R A1 o
FE T 232 5] Fur 3R Fur WL B
(i) 2 7 T 22 5 R A A O 1 56 IR A ) IR
MHE S, WDeEmgsk & (Pyoverdine), 4hFEZR A
T AN E A PrpL 20 SRGHIS A TE Y Fur
RPN RNA 195% 5%, PreFL F PreF2, B17]
AT RLR Y 5 A N S WA G A R Y ik
JE B, SIS Xt A I Rk i s K i s 712,
CA MR EE R Fur 25 2 A5 5 TR AR UM SR Y
BRI R A — A SCHER T o fur FEHR SR AR
R AR, B LI AR AR A R B ek
FRARRR, LMEXT Fur BYBFSE BEAFI AT A 2 i 5872
f1 7 1 54 W A 5 (48 PR DB AR AR T3, A HIF 5T
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PR AT 5 5 R IK I 2828 Bk Afur/attB::Pgap-fur,
Rt — 2 EY Fur B8 3 RE S LA i 2 A5 PR R A
BEidE v H IPER

1 MREFE

1.1 KE#e
111 PR ERL

ARSI o BT FH B RR A SR AN R 1. BT B
pPSW196. pEX18Gm 5 pUCP20 JFikity Jy A Sk
EIRAE
112 HERERIEFREMG

SEOG T R SR AR TR

LB 555 (1L): BEFR 10 g, BEEHEHR
# 59, NaCl 10 g;

Jensen’s 15K (1 L): NaCl 5 g, K,;HPO,
3.286 g, &R 15.56 g, 4R 2.81 9, KINE

R 1 ASLIETAE SRR
Table 1 Strains and plasmids used in this study

2 1.32 g; #ZikE 277.4 g, MgS0,4-7H,00.33 g,
CaCl, 0.021 g, FeS040.0011g, ZnS0O,40.002 4 g;

LBNS }FRdE (1 L): BEM 10 g, MLk
W 5 g;

Swimming 15 ## 3 . 7 Jensen’s 5535 5L il 4
TINAETRE K 0.3% (WIV);

Twitching 323 . 1 Jensen’s B 35 5o vh
IIAZEAEHS 1.0% (W/IV);

Swarming % 3% 3 . Nutrient Broth (Oxoid,
CM1168B) 8 g, #Zitk 59, ZHEH 0.5% (W/V).

] 2 A B M TR ) BT RLAE 37 C 53R T Jensen’s
BRge b, A WRLEAE 30 CHEE B 5 T Jensen’s
B

KB EIIAE R AT . A FYEER
(Ap) 100 pg/mL, PU¥ZE (Tc) 12.5 pg/mL, KK
H2% (Gm) 10 pg/mL, —F4% (Irg) 25 pg/mL.

Strains and plasmids

Characteristics

Sources or references

Strains

P. aeruginosa PAO1 Wild-type strain

Afur/Pgap-fur

PAO1 chromosome
Other strains

Escherichia coli DH5a
hsdR;; (K-, mK®), phoA
Escherichia coli S17-14pir

[14]

fur in frame deletion with araC-Pgap-fur inserted at attB site of This study

F-, ¢ 80dlacz AM15, A(lacZYA -argF)U169, deoR, recAl, endA;, TaKaRa Bio(Beijing)

thi pro hsdR hsdM* recA RP4-2-Tc::Mu-Km::Tn7 Apir, Gm' [15]

Magnetospirillum Wild-type strain [16]
gryphiswaldense MSR-1

Plasmids

pSW196 mini-CTX lacZ with Pgap promoter [17]
pFLP2 FLP recombinase expressing plasmid, Ap" [18]
PEX18Gm Allelic exchange and suicide cloning vector, Gm" [19]
PEX18Gm-fur PEX18Gm derived plasmid for fur in-frame deletion, Gm" This study
pUCP20 E. coli- P. aeruginosa shuttle plasmid, ori 160 0 Py, Ap' [20]
pUCP20-IrrA IrrA form MSR-1 expressed in pUCP20, Ap' This study
pUCP20-IrrB IrrB form MSR-1 expressed in pUCP20, Ap' This study
pUCP20-IrrC IrrC form MSR-1 expressed in pUCP20, Ap' This study
pUCP20-mFur Fur form MSR-1 expressed in pUCP20, Ap' This study
pUCP20-pFur Fur form PAO1 expressed in pUCP20, Ap" This study

Ap', Tc"and Gm" indicate resistance to ampicillin, tetracycline and gentamycin, respectively.

&: 010-64807509

B<: cjb@im.ac.cn
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113 EERHA

o T AP R . tRE DNA N D) il
(Fermentas); DNA % 4% (Thermo); =i f#H DNA
AT . DNA marker (TaKaRa); 5ok 4 7] &
(TIANGEN),
1.2 SRWHZE
1.2.1 Fur BRFRIXEALRE Afur/attB::Pgap-fur )
F g 5

i 2 Al B T PAOL BE 1A 2 DNA 1Y £ 5 b 4
fb, Bk DNA M9$2EL. PCR =9Il f 4lifk |
H L PCR (914 | PCR 7= 4 I S0 (1) i U] 5
T 45 A Y RO DGR & i U B AT

A AU AR A A . Bk pSW196 HA Fil
P BE S S Peap 8 30 1, IRl B A5 5T kL

mini-CTX lacZ ¥ H (5L K3 & 2 e ik e 5
PE attB o7 a5 A FREE

M & Pseudomonas genome database (www.
pseudomonas.com/) 2 $E (1) fur L PR K )3 J3 51
Wit519 Fur-F, Fur-R, DAFERE PAOL JE[R4 K
iR, PCR ¥ 1 fur JE[H Fr Br, #H:% pSW196 %
& Peap 8 T2 5, #3580 H 43R 44K pSW196-fur.

7 HE BB mini-CTX lacZ A 5& SCHk H A S 56
Tk, PRSI (R 2)i# T PCR Bk, Bk
ORI B 45 1 5 215 B T e A ateB/P o7 5 121
miBE fur JEH . BIFBXT514) Fur-up-F/Fur-up-R
Ml Fur-down-F/Fur-down-R (3 2), 43I LA# #E
PAOL Jt 21 Al , 91 fur JE R 1 P4
R A B A T4 DNA i 2% 2[R — 28044

*x2 3UFET

Table 2 Primer sequences
Primer name Sequence (5'-3") ® Size (bp)
Fur-F GGAATTCCATGGTTGAAAATAGCGAAC
Fur-R CCCCGGGGCTACTTCTTCTTGCGCAC 405
attB2 GTCGCCGCCGGCGATGC
CTX1 CCTCGTTCCCAGTTTGTTCC 950
attB4 CGCCCTATAGTGAGTCG
attB5 CGCCCCAACCTCGCTGG 450
Fur-up-F CAGCTATGACCATGATTACGAATTCGGCTGGGTGACGGTGGTGCT 405
Fur-up-R ACCAGATTGTGATCGACCAGTTCAACCATGTCTGCTTTCTCAGCG
Fur-down-F CGCTGAGAAAGCAGACATGGTTGAACTGGTCGATCACAATCTGG 332
Fur-down-R ACGACGGCCAGTGCCCCCGGGTCCTCACCGTGACCCACTTG
Fur-M-F GAATTCATGGTTTCGCGTATTGAACAGC 432
Fur-M-R AAGCTTCTATTTGTCGTCGGAATCACCG
IrrB-M-F GAATTCATGCTTGTCCGCCATCAAGCAC
IrrB-M-R AAGCTTTTACCCGTGCGGCAGACGCCGC 420
IrrA-M-F GAATTCGTGCTGCGTATCGACGAAGCGA
IrrA-M-R AAGCTTTTACGATGCCCGGCGCAAGCGG 102
IrrC-M-F GAATTCATGAGCATGGTAACCGTACGCC
IrrC-M-R AAGCTTTCAACCGTCAACCCTGACTATA 420
Zur-M-F GAATTCATGAGTTTTCCCCAGCCGCAGC
Zur-M-R AAGCTTTCATGGGCTTTCCCCCCGGCAG 465
Fur-P-F GAATTCATGGTTGAAAATAGCGAACTTC
Fur-P-R AAGCTTCTACTTCTTCTTGCGCACGTAG 405

?Bold fonts indicate the recognition sites of the corresponding restriction enzymes.

http://journals.im.ac.cn/cjbcn



FEWE SARSBERERENETT Fur FSRIATTHEERRE ST 3257

PEX18Gm, i i I 7 56 UF Je A5 B 41 3 R 2k
PEX18Gm-fur, 7 Fij— 5828 bk HE it b A FH XU 422
BT B R E A RAR AR, IR AR 5] Y
Fur-up-F. Fur-down-R (5% 2) #£17 PCR i, %
LA BN PRI GR SRR Afur/attB::Pgap-fur THk
1.2.2  ERERIXKFEHWE

M RNA B3R B2 1107 40 2 40 i i 4
2 15 mL B0, SRIEI 1 mL Trizol, SRJ57E 4 C
257 10 000% g 5.0 10 min, B F-37 59 1.5 mL
B, A 200 L & A5, RIZIRGIRA G, =
RFFE 5 min, 76 4 C4&MFF, 10 000xg 5.0
15 min J& , NIRRT 25 Y 13 500 pL 4 =
B 1.5 mL B0, A GRS, MER
UIRAG , Z IR E 8 —20 CHlE 30 min, 7E 4 C
Z1F 10 000 g &0 15 min, /NOFE EHE N
A 1mL 75 %L, 78 4 C4FT 10 000xg
B0 5 min, 37 B3, 7o/, {4 RNase-free
H,0 30-50 uL ¥ f# RNA.

8 5% - i 44 EasyScript® First-Strand
cDNA Synthesis SuperMix (AE301-02) 3k 2Bk
RNA 1) DNA, ¥ RNA 4555 cDNA, #%
HEE B B A 75256

RT-gPCR: fii | LightCycler480 (Roche) 1T,
% 6%k SYBR Green 1 (Thermo Fisher)
X R DNA ST, ROWARR I 3,

%3 QgRT-PCR RI{KZE
Table 3 gRT-PCR reaction system

Component Volume (pL)
EvaGreen 2 X gPCR MasterMix 5.0
Forward primer (10 umol/L) 0.3
Reverse primer (10 umol/L) 0.3
Template DNA 0.5
Nuclease-free H,O 3.9

Note: reference gene is rpsL in strain PAOL.

1.2.3 AERKMLEANE

i SR L R PAOL #5 R T 5 mL f9 Jensen’s
3wk, 37 °C. 200 r/min 85 3% Bk A K4
i 11100 (VIV)HY e fil4%T 100 mL 1 Jensen’s %

&: 010-64807509

Fewirh, 37 °C. 200 rimin #5535 ; ¥ 7 h I5HFHG
HORE, 5 HoAE 600 nm A Y 561 (ODeoo) , 4 3 h
B LR, EE 3K,

1.2.4 S48 5 M T A W 4 BT BB 7 Y T

A A HEEAG 00 S ) 2+ R L TR
PAOL HzFlF LBNS V4 , il & T 37 Cid 457
PRI RSP E RSB AT 5 mL
LBNS 15358, 37 'C. 200 r/min i 5555, R
JE B 50 pl 3 5 85 SR B R R F 5 mL Jensen’s
32w, 37 °C 200 r/min $53% % ODgoo 25T 0.5
ZiAq o H 100 pL B R T 96 FL PVC #iiH,30 C
FREIESR Lh,

A= Bk Y BURE 1 il - FHHEMEIGE PVC
B P R (U 125 S b IO B AR TR A, T A
KR ZEHPE 3 Y. ¥ 120 pL 0.1%45 fb 2 mA
PVC #izH, 30 Cfr'&E 5557 30 min (45 fh 5 7]
DA 2 ] W B ) 200 B A B A T e ) o B PVC
B, FHHEAG WG 45 f 28, O P AR BRER K
i (WERFRARMILE MERIATR) - B 200 uL 30%
LTENNA PVC Hirr, Kl ODseo 6 (B2 BV fif
) o
1.2.5 SSRAMET LM R =T

FR R g eh 2= A K B0, BURESL T Jensen’s
TR BEFR R, IS YRR SL, A h RAE
AT o — 0 S AR B8 2 JC D B % 35 v R Bl
S 7 I ODgoo fH o 73— B U AR TR AR TTTE , B
Ri e LW T SRR A 2% v 0.1 pmol/L Tris-HCI
(pH 8) 1, i AR L ODgos fE . ODaos i %
FHFCAR Y 555 9 1) ODegoo 4 7H1 HEAL - OD405/ODsoo
R HAE Hams ik Z 77 (Relative pyoverdine)??,
1.2.6 MR IEIZ ST AR

(1) ¥iEiZsheE SRR (Swimming)

FHF 2005 PR VK He AP 1) swimming B AR R: 77
FFAR R b o 37 Cab i 35 7% 5 A i
e 1TV B2 37 T X R 4 A 122

(2) HEZIEEII AN (Twitching)

B<: cjb@im.ac.cn
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FA A % B DA U5 28 il H2 R0 21) twitching [ 4k
FrREAFAURHR . 30 ‘CHEFR 1-2 d Je il i gr Ak
SRR A 52 L T A0 B 5 A sl I B A 2 5 B [X 3
i B A,

(3) iz shae 1A (Swarming)

PG AL B TR AR BE R ) LBNS ARG 773,
37 CHR G IR B L pL BT swarming
[ AR IR Pl R w37 CRE KGR, R~
- 4 B 1 B KR i B AR R4

2 HER5AW

21 Fur BESRIERTH Afur/attB::Pgap-fur
B HIE 550

P Fur 15 3R89 A8 0k, B SE7E Ik PAOL
LDV B AN 52 i A 2 {15 BRI AR FRAR Y
attB i ;i3 A LA Pgap AJE BT fur B, AR5
TERRAARHA S 2R fur ERPERT, mBR
FERA Bk fur JER, &2y 5 uE 3R
Fur if5 532152875 ¥k Afur/attB::Pgap-fur (&l 1),

2.2 ZRIHk Afur/attB::Pgap-fur EAREEKIRE
HIRERIEKIFR

FEABIETEH, Ry T3 4 il A % A1 2R i 1 1
FERE PR R, VEFIIERE RS FRIE Jensen’s 15 5E
B, ARESTERIRGE , 100 pmol/L ki B A
B 2 M1 B T T b BB Hp A e gk vk i 12T
Jensen’s 1% 35 KL Y FeSO, YN 4 umol/L, a7
WEFE R A T w4k (100 pmol/L) Fis b oA
il FeSO4 (2524 0 pumol/L , A S 56 v/ AR 2k 45 1)
XoF A 23 A1 P T B LR A R A K S

ZERMNE 2 o, DIEFARL PAOL S X RE,
ARk Afur/attB::Peap-fur DL A% i 6 Oy X7 i
PSS T RE, TE2RIFFHREDHK
Afur/Pgap-fur HYZRIA 8 HA A PAOL 1Y 40%
KA, T 1% 0.4% BT RLAMEAE T T, 28400k
Afur/attB::Pgap-fur W fur B3k A] LIk 5 B 4w
RIEACE (Bl 2A).

HY A RUTR bR PAOL 7E iy 8k A1 2k i) 27 B3

http://journals.im.ac.cn/cjbcn

ODgoo fi 55 A LK %] 1.5-2.0 2 [a], Tii7E Jensen’s
R IERY BRI BEE S ODgoo MJ LAIAE 6 Aify, XK
WG R PAOL TE iy BRI R P 45 rh A= K B 1 B A2
o MY TRk PAOL, 25258k Afur/attB::Pgap-fur
TE i 2R Bk A R Hp ) A K 2 52 B K i) 4
F, BT TAERMPIRE, FF 80wk BT R 5% L
Rl T XK KB T, 7E 0.4%PFThir b
e, ATLURE B 5 kR PAOL — A K
J1 (Bl 2C, D). FEIEH REFRIEMPRME T, A2
Bk Afur/attB::Pgap-fur (144 1 15 N 32 Bl v A1 4 1
JAYE A RIEO S AR —FE (K 2B).%5 LT,
PR e 1 v B 2 s ) A A1 B i TR 1) A K R
71, TERERFMRER YRS v, S B A T A K
#Z MR, JUHIE RS PE Afur/attB::Pgap-fur 76K
FFREN T, 16 m SRR AT th R B ™
FAERIS, L TAKARES . MM R Bk
Z /b Fur FRREETAOTE R, i mA kK
St BNINH], FERL NI 24 T AT RE B AR KOR
THREN . ZEERIGUE T fur i S RIBRLHY
ATy, FIIAE T fur JE 0T LR K HAE S
¥ A
2.3 IR Afur/attB::Pgap-fur BY & 1L IE JR L2
MR R

Vi 4 R 4 B T Fur B4R I8 o] AR 4R
A7 38 B I 3 AR R i AL AU KatG | AR
74K SodB 4%, f ARG FRILEEFRAET,
SRAR BT fur 228 HRAH ELF R R PAOL, X A1
N HoOp BUBESS NP, AHIFSE E— A A A
KE i 20 HO, & & & 5% W %% A bk
Afur/attB::Pgap-fur (4= K fE

SERUNE 3R/, 24 H,0, %A 1200 umol/L,
AT 11 h N RE PAOL A K 22 481, ARG WK A2 IE#
XULHT 1 200 pmol/L F ¥ B 2 X Bk PAOL A=
ARSI, (HEJRAERE PAOL (55
Bz, d@al—B Ty, Wik PAOL A
KT IE# K. 287450k Afur/attB::Pgap-fur 7€
H202 7 1200 pmol/L Bf, —E R AR ZFIR
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i, VLR ER Fur LUS, MERXIRETRRE  WE0ER, Z5REM] Fur 76 2080 0 A
REJES, RETHEIIVGTRES, MR T4 PRETAY AN SN o A %36 PR 1

A ) down I PAO]1 chromosome

attB
x Integrase-mediated recombination

Pyap Promoter

ori oril

ya down

PAO1 chromosome

B
aacC1 SacB
- -
- pEX18Gm 1 oriT

Pyp Promoter

Frist homologous recombination event selected
on Gm-containing medium

Oril SacB accC1 Ori
up down S up down

aacCl ‘ SacB
-—

-—
up down

oriT

down

up

Second homologous recombination event selected by plating
on media containing 5% sucrose

aacCl SacB
= o up down l Pyap Promoter
ori oriT attB’’P attP”’B
up down Chromosome with fir knock down

pEX18Gm with fur insertion
1 Afur/attB::Pgap-fur R E T =E

Fig. 1 Schematic diagram of the construction of mutant strain Afur/attB::Pgap-fur. (A) The fur gene with Pgap promoter
was inserted into the attB site of the genome of strain PAO1. (B) Deletion of fur gene in strain PAO1/attB::Pgap-fur.

B : 010-64807509 . cjb@im.ac.cn
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A ns B 4 pmol/L Fe
1.0 - T o = PAQO] 8
. . - 0/ ape
T Afir/attB::P, ,o-fiur —m- AfurfattB::Py,p-fur+1% ara
—h— Afur/attB::Py,y-fur+0.4% ara
2 i 2 6% Muwr/attB:Py,-fir+0.01% ara
3 5 l 8 —o— AfurfattB::Py,p-fir+0% ara
<Z: < oKk b - PAOI1 T _F77
2 05 z 4
g5 3
2= £
= )
= £ o
0 0 0 c 4 | | | | | | 1 1 1
’ R N e 7 9 11 13 15 17 25 27 29 32 35 37
Q\e e'\u v e'\u v D'\o v g\o v . .
Q5 N X QQ\ N Growth time (h)
c High Fe (100 pmol/L) D Low Fe (0 pmol/L)
25 ¢ " 20— "
= 20 B ik
I~ I~ 1.5
Q o)
W 1.5 5
5 (3
E z 1.0
3 3
P 1.0 <
2 £ 05
o 05+ ]
0.0 - —-@*ﬂﬁ'f—%_@—ﬁ('/l 1 ﬁ? 0.0 ]
7 9 11 13 15 17 25 27 29 32 35 37 7 9 11 13 15 17 25 27 29 32 35 37
Growth time (h) Growth time (h)
2 RMARRE SR STEETRIHK Afur/attB::Pgap-fur B Fur BIRIZU R IZE £ AR SR EREREK

iiiEs3

Fig. 2 Expression of Fur in strain Afur/attB::Pgap-fur under different arabinose and the growth curves with different
concentrations of iron. (A) Expression of Fur in strain Afur/attB::Pgap-fur induced by different arabinose. The amount of
strain Afur/attB::Pgap-fur is normalized to the level of strain PAO1. The corresponding arabinose (ara) concentration are
listed below each bar, the superscript letter “*” indicates a significant difference compared to strain PAOL. t-test of
unpaired unequal variance was performed for testing differences between groups. *P<0.03, **P<0.02, ***P<0.000 2.
(B-D) Growth curves (ODgq) Of strain Afur/attB::Pgap-fur in Jensen’s media with 4 umol/L, 100 pmol/L (high iron
concentration), or without iron (low iron) at increasing concentrations of arabinose. Values are the mean of at least three
independent assays.

24 Fur MFHREMEEFRKRENINES  EAFKKERINET, 00D T k6

igose Xy L 0EA I ZES. il 6. 12, 24, 36 h [ R[FES I
PRECT BRI I DRy ST A prggmore, RBLRIM0 BRI RSB

BN B AE B R T o KRB LRI e R o B L., ARG Y

PR 2B DR B R T 0, P R 2 BRI ORI T ppae ket I N 6 h,

Fur B9IEAE, o THIFSE Fur XTAEYIRBERSm, A SESLNE 4 B 5B R B PAOL HIH:.
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Fig. 5 Biofilm biomass of strain Afur/attB::Pgap-fur in high and low iron environments. The biofilm biomass of strain
Afur/attB::Pgap-fur is compared with the level of strain PAOL. The corresponding arabinose concentration are listed
below each bar. Values are means from two independent experiments, each with three replicates. t-test of unpaired unequal
variance was performed for testing differences between groups. *P<0.03, **P<0.02, ***P<0.000 2, ****P<0.000 1.
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Fig. 7 Pyoverdine production of strain Afur/attB::Pgap-fur
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strain PAOL. The corresponding arabinose concentration are
listed below each bar. Values are means from two
independent experiments, each with three replicates. t-test
of unpaired unequal variance was performed for testing
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