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Abstract: Pyocin S2 and S4 in Pseudomonas aeruginosa use the same uptake channels as the
pyoverdine does in bacteria, indicating a possible connection between them. In this study, we
characterized the single bacterial gene expression distribution of three S-type pyocins (Pys2,
PA3866, and PyoS5) and examined the impact of pyocin S2 on bacterial uptake of pyoverdine.
The findings demonstrated that the expression of the S-type pyocin genes was highly
differentiated in bacterial population under DNAdamage stress. Moreover, exogenous addition
of pyocin S2 reduces the bacterial uptake of pyoverdine so that the presence of pyocin S2
prevents the uptake of environmental pyoverdine by non-pyoverdine synthesizing ‘cheaters’,
thereby reducing their resistance to oxidative stress. Furthermore, we discovered that
overexpression of the SOS response regulator PrtN in bacteria significantly decreased the
expression of genes involved in the synthesis of pyoverdine, significantly decreasing the overall
synthesis and exocytosis of pyoverdine. These findings imply a connection between the function
of the iron absorption system and the SOS stress response mechanism in bacteria.

Keywords: SOS response; pyocin; pyoverdine; ROS stress; Pseudomonas aeruginosa
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Table 1

Strains and plasmids used in this study

Strains and plasmids

Characteristics

Sources or references

Strains
P. aeruginosa PAOL1
ApvdA
Apys2
APA3866
ApyoS5
ARFpyo

ASpyo
Other strains

Escherichia coli Top10

Escherichia coli BL21
Plasmids

pUCP20

S2-ImmS2-pET28a

pUCP20-P,,,>-sfgfp-TOT1-
J23102-cyofpl
pUCPZO-PPA_;ggg-ngfp-TOT 1-
J23102-cyofpl
pUCP20-PprS5—sfg?7—TOTl—
J23102-cyofpl
pUCP20-P,,,4+-sfgfp-TOT1-
J23102-cyofpl
pUCP20-Pp,;,85-sf2fp-TOT1-
J23102-cyofpl
pUCP20-P,;,z-sfgfp-TOT1-
J23102-cyofpl
pUCP20-P,,4p-sfgfp-TOT1-
J23102-cyofpl

pUCP20-P,, 4,-sfgfp-TOT1-
J23102-cyofpl
pUCPZO-P/p‘J-Sfm-TOT 1-
J23102-cyofpl

pUCP20-P,, p-sfgfp-TOT1-
J23102-cyofpl

pUCP20-P,, ~sfgfp-TOT1-
J23102-cyofpl

pUCP20-P,, z-sfgfp-TOT1-
J23102-cyofpl

pUCP20-P,,, 5-sfgfp-TOT1-
J23102-cyofpl
pUCP20-P,,4s-sfgfp-TOT1-
J23102-cyofpl
pUCP20-P,,,,-sfgfp-TOT1-

pvdAinactivated in PAO1; nonresistant.
pys2 inactivated in PAO1; nonresistant.
PA3866 inactivated in PAO1; nonresistant.
pyoS5 inactivated in PAO1; nonresistant.

R- and F-type pyocin genes (PA0617-PA0642) inactivated in PAOI,;
nonresistant.
All S-type pyocin genes inactivated in PAO1; nonresistant.

F-mcrA A(mrr-hsdRMS-mcrBC) ®80lacZ AM15 AlacX74 recAl araD139
A(araleu)7697 galUgalKrpsL(NalR) endA InupG
E. coli B F-ompTgaldcmlonhsdSy(rg my ") [malB ' 1x.12(A5)

E. coli-P. aeruginosa shuttle plasmid, Gm"
Plasmid used to induce expression of pys2

pys2 transcriptional reporter, sfgfp driven by the pys2 promoter and cyofp 1
driven by the J23102 promoter cloned into pUCP20. Gm"

PA3866 transcriptional reporter, sfgfp driven by the PA3866 promoter and
cyofpl driven by the J23102 promoter cloned into pUCP20. Gm'

pyoS35 transcriptional reporter, sfgfp driven by the pyoS5 promoter and
cyofpl driven by the J23102 promoter cloned into pUCP20. Gm"

lexA transcriptional reporter, sfgfp driven by the lex4 promoter and cyofpl
driven by the J23102 promoter cloned into pUCP20. Gm"

PA2288 transcriptional reporter, sfgfp driven by the P42288 promoter and
cyofpl driven by the J23102 promoter cloned into pUCP20. Gm'

dinB transcriptional reporter, sfgfp driven by the dinB promoter and cyofp!
driven by the J23102 promoter cloned into pUCP20. Gm"

pvdQ transcriptional reporter, sfgfp driven by the pvdQ promoter and cyofp!

driven by the J23102 promoter cloned into pUCP20. Gm"

pvdA transcriptional reporter, sfgfp driven by the pvd4 promoter and cyofpl
driven by the J23102 promoter cloned into pUCP20. Gm"

fpvl transcriptional reporter, sfgfp driven by the fpvI promoter and cyofpl
driven by the J23102 promoter cloned into pUCP20. Gm"

pvdP transcriptional reporter, sfgfp driven by the pvdP promoter and cyofpl
driven by the J23102 promoter cloned into pUCP20. Gm"

pvdF transcriptional reporter, sfgfp driven by the pvdF promoter and cyofpl
driven by the J23102 promoter cloned into pUCP20. Gm"

pvdE transcriptional reporter, sfgfp driven by the pvdE promoter and cyofpl
driven by the J23102 promoter cloned into pUCP20. Gm"

pvdH transcriptional reporter, sfgfp driven by the pvdH promoter and cyofp 1

driven by the J23102 promoter cloned into pUCP20. Gm"

pvdsS transcriptional reporter, sfgfp driven by the pvdS promoter and cyofpl
driven by the J23102 promoter cloned into pUCP20. Gm"

pys2 transcriptional reporter, sfgfp driven by the pys2 promoter, cyofpl

J23102-cyofpl-T-araC-Pgap-prtN driven by theJ23102 promoter and cloned into pUCP20. Gm"

Lab stock
Lab stock
Lab stock
Lab stock
Lab stock
Lab stock

Lab stock

Lab stock

Lab stock

Lab stock
Lab stock
This study

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study
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(G
Sources or references
This study

Strains and plasmids Characteristics

pUCP20-Ppy;3s56-sf2fp-TOT1- Sfgfp driven by the PA3866 promoter, cyofpl driven by the]J23102
123102-cyofp1-T-araC-Pgap-prtN promoter, prtN driven by the Pgap promoter and cloned into pUCP20. Gm"
pUCP20-P,,os5-sfgfp-TOT1- Sfgfp driven by the pyoS5 promote, cyofpl driven by theJ23102 promoter, This study
J23102-cyofpl-T-araC-Pgap-preN prtN driven by the Pgap promoter and cloned into pUCP20. Gm'
pUCP20-P,,,-sfefp-TOT1- Sfgfp driven by the pvdQ promote, cyofpl driven by theJ23102 promoter, This study
J23102-cyofp1-T-araC-Pgap-priN prtN driven by the Pgap promoter and cloned into pUCP20. Gm'
pUCP20-P,,,.-sfgfp-TOT1- Sfefp driven by the pvdA promoter, cyofpl driven by theJ23102 promoter, This study
J23102-cyofpl-T-araC-Pgap-prtN prtN driven by the Pgap promoter and cloned into pUCP20. Gm'
pUCP20-Pj,r-sfgfp-TOT1- Sfgfp driven by the fpvI promote, cyofpl driven by theJ23102 promoter,
J23102-cyofpl-T-araC-Pgsp-prtN prtN driven by the Pgap promoter and cloned into pUCP20. Gm'
pUCP20-P,,,-sfgfp-TOT1- Sfgfp driven by the pvdP promoter, cyofpl driven by theJ23102 promoter, This study
J23102-cyofp1-T-araC-Pgpp-priN prtN driven by the Pgap promoter and cloned into pUCP20. Gm'
pUCP20-P,,4~sfgfp-TOT1- Sfgfp driven by the pvdF promoter, cyofpl driven by theJ23102 promoter, This study
J23102-cyofpl-T-araC-Pgap-prtN prtN driven by the Pgap promoter and cloned into pUCP20. Gm'

pUCP20-P,,, -sfgfp-TOT1- Sfgfp driven by the pvdE promote, cyofpl driven by theJ23102 promoter, This study
J23102-cyofpl-T-araC-Pgap-prtN prtN driven by the Pgap promoter and cloned into pUCP20. Gm'
pUCP20-P,,,-sfefp-TOT1- Sfgfp driven by the pvdH promoter, cyofpl driven by the]J23102 promoter, This study
J23102-cyofpl-T-araC-Pgap-priN prtN driven by the Pgap promoter and cloned into pUCP20. Gm'
pUCP20-P,,,4s-sfafp-TOT1- Sfgfp driven by the pvdS promoter, cyofp! driven by theJ23102 promoter, This study
J23102-cyofpl-T-araC-Pgap-prtN prtN driven by the Pgap promoter and cloned into pUCP20. Gm'

This study

W E H AR R 2= A 5T T
1.1.3 FEMNHE

{38 PR AR iR ot LS IX-T1),
EE TR TR, A5 Advantage A10),
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SVE-4Al), REFsiRGan i RO GRS
RHEA R, A5 HZ-6090A), NanoDrop 2000
FER R BHE AR, &G ERERE L
VP ULEH A TR AW, S TGL-16A), K
BOALAE R R B TR ], #15 LD5-2B),
TR L LA (A AR AR A B 2 i BR A |, B
617BR109469), A Ab3EFR46( gAML FRHEA
Al, SPX R4, BRI TEALAL st B FESL i U2
ARRAHE], A5 FD-1A-50)
1.2 753
121 AR B FRAREEHRDE

JRi A i FE v 4 v Bt PCR R
WA E], BT X5 R ANNER 2 PR
FIH Gibson Assembly A J7 24454~ Bl A
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FNLk P pucP20 Skl b5 Ak 2755 4k
PB4 77 W) e AL B R AT T Top 10 1832 25 4
JiEL HF AR PCR SIS, DA B I 45 % 15 31 1E A Y
KL . B i )R R AR 2 B Ak 6 TR A Ak &
PAOL 5 ApvdA BEPEH, FIIHHCPEPRIE H E A
T REY KRB 280 °CUKAH, LAH 5 2L (f
Ao i PCR i A M Gibson Assembly S [
20 53 T 1 R0 S 07 it P 44 2 BEGAR) G E  43
1.2.2 XHXEGRE

e P30 B B 9055 (IX-71 Olympus) K #6476
RIZESCEHE R4 . FH% SfGFP #1 CyOFP1 1y
DG BG4 R 488 nm, SfGFP fY
R (520+28) nm, CyOFP1 Y & SN
(583+22) nm, FAHERHH & SEHEIEHT A4 200 ms.
D2 19 2 D' W K 2R 1) S0 B B AR R D
405 nm, KHPEKHK 450 nm; A FEYL S
HPL ZOEMIR K 561 nm, KRGTIEK N
605 nm. K T Guit 205 2 B P 1 D B
ATERIEE S BT RAE T 24 I 1850
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Table 2 Primer sequences used in this study

Primer name Sequence (5'—3") Size (bp)
promoter-test-F GGGGACACTGTATCTGCG 18
promoter-test-R TCTTGCGAATGACCTTGA 18
pucZL-F2 CTAGCGATCCCGACTCACTATAGAGGG 27
pucZL-R2 AACTGGTTGGACTTGCCCTCCCTCT 25
add-sfgfp-F GGAGGGCAAGTCCAACCAGTT 21
add-sfgfp-R GTCAACCGCAAGCTCCTAGCGGCGG 25
add-cyofpl-F GGAGCTTGCGGTTGACAGCTAGCTCAG 27
add-cyofpl-R CGGAAGAGCGCCCAATACGC 20
add-prtN-F GCGTATTGGGCGCTCTTCCGGCCAAGCGCGCAATTAACCCTC 42
add-prtN-R AGCGAGTCAGTGAGCGAGGAAGGCGTTTAAGGGCACCAATAAC 43
pUCP(prtN)-F CTTCCTCGCTCACTGACTCGCT 22
pUCP(prtN)-R CTTGGCCGGAAGAGCGCCCAATACG 25
PA0923-F AGAGGGAGGGCAAGTCCAACCAGTTTCAGCATCTGTCTGTCCTTTCCGTATC 52
PA0923-R CTCTATAGTGAGTCGGGATCGCTAGCGGCGAACCGCCAACCGCCA 45
PA3007-F AGAGGGAGGGCAAGTCCAACCAGTTAAGAACGGCACCATCAGG 43
PA3007-R CTCTATAGTGAGTCGGGATCGCTAGTTGAAGCCGAGTTCCTGG 43
PA2288-F AGAGGGAGGGCAAGTCCAACCAGTTTGCGGTATTCAACTGGCG 43
PA2288-R CTCTATAGTGAGTCGGGATCGCTAGAGTTCGGCAAGGTTGTGG 43
PA1150-F AGAGGGAGGGCAAGTCCAACCAGTTTCTTGAAGCACGAGGCTG 43
PA1150-R CTCTATAGTGAGTCGGGATCGCTAGTCCTGGTGGGACAAATGG 43
PA3866-F AGAGGGAGGGCAAGTCCAACCAGTTATCCAGGCGTTTCTTGCG 43
PA3866-R CTCTATAGTGAGTCGGGATCGCTAGTGGTCACGACAAGTGGTG 43
PA0985-F AGAGGGAGGGCAAGTCCAACCAGTTACCACTTTCAGCGACTCG 43
PA0985-R CTCTATAGTGAGTCGGGATCGCTAGATCGTCTGGACCTTGTGC 43
PA2385-F AGAGGGAGGGCAAGTCCAACCAGTTCGCCGGTAGCGGCGAGCTAAGCGTA 50
PA2385-R CTCTATAGTGAGTCGGGATCGCTAGATAGGCGGTCCAGCGGAT 43
PA2386-F AGAGGGAGGGCAAGTCCAACCAGTTTGCTGCGATTCCTCAGTG 43
PA2386-R CTCTATAGTGAGTCGGGATCGCTAGTGCTTGTCCAGGAACAGC 43
PA2387-F AGAGGGAGGGCAAGTCCAACCAGTTAACATAAGCAGGGCGAGG 43
PA2387-R CTCTATAGTGAGTCGGGATCGCTAGAAAGCCTTCGGATGCTCG 43
PA2392-F AGAGGGAGGGCAAGTCCAACCAGTTAAGAATGGCAAGGGACGG 43
PA2392-R CTCTATAGTGAGTCGGGATCGCTAGCCGCCAGGTCGAGCGAAGC 44
PA2396-F AGAGGGAGGGCAAGTCCAACCAGTTATGGCGGTGTAGTGCTTC 43
PA2396-R CTCTATAGTGAGTCGGGATCGCTAGCAGCGCAGTCTGGTTCAGCGCCT 48
PA2397-F AGAGGGAGGGCAAGTCCAACCAGTTAATACCACCACATCGGCG 43
PA2397-R CTCTATAGTGAGTCGGGATCGCTAGGCAAGGCGTTGTTGATGC 43
PA2413-F AGAGGGAGGGCAAGTCCAACCAGTTACCATCAACCACCACTGG 43
PA2413-R CTCTATAGTGAGTCGGGATCGCTAGCGGAATCCGCCGCGGATAG 44
PA2426-F AGAGGGAGGGCAAGTCCAACCAGTTACCACTGGCAACAGCATC 43
PA2426-R CTCTATAGTGAGTCGGGATCGCTAGAGCCTGAAGAACGCATCC 43

&B: 010-64807509 BL: cjb@im.ac.cn
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't G B 200 B R 31 AR 4 SR ) FH PR A
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Gaussian, LoG)#ffi & I HIAEER . Bl s A D GIE
HA 3 (spectral  crosstalk)JFr 15 0 B 25 B 61 &8
ISR, RIS IEJGaR . f e B D 1) S R R ik
KV SR 30 2o 240 TR A B PN A AR 3R e B TE DR
PP B

X F—f & SfGFP. CyOFP1. Ghgsk
2R 3 MO IR R KR 3 RSB
SRR o1 e ea R, 3 ANMPOGIEIE
TR DR E A L. L. LFR, BT
TR IR, SOIREE T RIS ¢ Z [h)
R RER:

[Ia Ib Ic]:
Ba By B
“ 1
[Cl ) C3] B B B M
B By B

o g 02 j 9B | DG T8 rh A AR
ZH IR B B A E AT LA R AR
c=14" (2)
B e R EE R B MR R B . A R
W 1 i 3 o ) B AR Al e — b 2 e i o
MR 2R E R . Hedn, KRR T HAE#E STGFP
POLE, Tk SFGFP. CyOFP1., #Grgskx
WA P OCEME, i e £ E T PEOGIREE, it
IR IE TSRS ¢ W AN PR R
U, 1, I1=[allBy B Bl (3)
1.2.4 HEBRRPHEARAESRRENE
AR5 9 W8 R 3R 1) 9 ik ke R
JEWERRR MM E . F Fe IZWREN 1 pmol/L
) SSM iR 3E i 5 5% PAOL M A Tad 5
ik PrtN W3 32645 BURL A P - 76 1:200
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T e B LAY 4k SSML B3R 3, I AR
SR 1% HAARE, Shal 10hJ5, HUS uL
PRV S B T iR o LR R (ORI 405 nm,
P 450 nm), 5B P0E0E RN
PRI R 98 S B AR MR L I A 1R 2 S v Ak
FIR U B 2 1 mL R TR L, R
VW, FIACHTERRE SR AL E R, B S pL
J5 R 2 B T RSO B, B S Ot
TR RN B DO CIE R R U .
125 REUKAIESRR

Bk PAOL R E 200 mL AR ERN)
SSM K ditrr, 37 °CYEF: XU . K 53
B 50 mL BH.O0EH, 4 °C. 6 000 r/min .0
10 min, W FiEW. LN 0.22 pm 198
Bt ug FIEWZ S, FHEA 1 mol/L ) HEPES
(pH 7.0, ¥ 100 mmol/L () NaCl)E &, Ffi)5 LA
5 mL/h A9 SE 38 o P A A 25 A B s B A
Pl A . B AP AP BR N E S LL 5 mL/h
P A L 50 mL 25 57K, 2.5 mL 11 0.1 mol/L
) CuSO4 ¥, 50 mL £ 27K F1 30 mL HEPES
W (pH 7). BIEWGRLE G2 )5, %6 50 mL
i) 20 mmol/L ) HEPES #hk , 5 F 20 mmol/L
1 R ER S v (pH 5.0, 7 100 mmol/L ] NaCl)
i, 5 mL YSE—k, ] NanoDrop 2000 Il
T (400 nm Kb P0G ) o R BE S A RE it R
T, HEHGEHT 1 mL ) 10 mmol/L EDTA 7K
W, R R 2B KO B A A
Sephadex G-15 41, 4F 4 mL itdE—1k, MIE44h-
AT GRS % 385 nm AbWEA =S BORE i B 3T
1.2.6 S2 BRI ERIZE

¥ BL21::S2-ImmS2-pET28a Bk 2 mL 3:f
W SRR E) 200 mL Bt LB B3R5k, B
35 2 BT (ODge=0.2-0.3), A 1 mmol/L
B IPTG, BfiJ57E 16 °CF LA 200 r/min F%% 3 ik
PRESE 20 he T E0(5 000 r/min, 10 min)Iak
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KIGFFR AN, 2T TGE Z (50 mmol/L
Tris-HCI (pH 7.5), 1 mmol/L EDTA, 10%H Al
10 mmol/L WKME), Ffid 4k Jhk i 75 B AR 4 i

4°C, 8000 r/min %[> 30 min, BRIEAMMEH .

¥ FIE WO A AKTA™ FPLC RS EBH
Hi-Trap FF #1 (& 5 BEy7), {60 22 vh il
(20 mmol/L Tris-HCI, pH 7.5, 1 mol/L Bk )3k i
His #3258 5. #H Precast-GLgelHepes SDS-
PAGE 4%-15% [*£ TA:4) TR (i) A B wl Tk
3% His W& ABEERE ., sifb iy H mrEEdT
ZZ MR (20 mmol/L Tris-HCI, pH 7.5, 150 mmol/L
NaCh)Hi#EHT . (] BCA & 15 ik 77 & (FE 2k
TR B W)y B IR o R 2B Al
FEATE-20°C /33T 1.5 mL 1Y EP & +h, 7E4E
WHRVERTAE 4 °CT AR

2 EREM

2.1 RBEiFRAERERGHIDE
T TE BN TR JZE U B LS [a] B DA A B
THOL, 5 A AN R BRI A 5 3l 12Ol &

Bl1 AR EFRREE
Figure 1

58 MR B 7Ot RS — L R —
AR ECRL (] 1A), FEJS A Gibson Assembly
TAANG H By FE I B9 5 354 A 21 5OsE 89 45 52
‘B (target promoter insert location). ¥4 & Fiky [ {1
&1 H RS g R R s A OO E
FIEA sfgfp F T 2SR B8 723102 il 3Rk
ROFE (6252 Y68 1 RE A eyofpl . STGFP R 1A 2
BT H R 215 ks i, T CyOFP1 W H]
T GG A FRFE P Xof 4 B 46 R (9 R3] [T ]
T STGFP Kk AyIH—Ak, W4 Z [ARZS
22 SRR o W AMEAR TORL A SRR |, A
A araC-Pgap-prtN F B:(E 1B), BRI SZBRAE 5
Fik PrtN (9 [E] UL B 1 J5 3h iRk, A
K A 1) BRSNS T R b, BRI FEAS [
B SR A TR H I RE R Rk
22 S BRRITERERETE SOS MR & H
THYRIEH = R

NP R — T ST AR R, 2 —Fh
BRIRIT I SRS IR R HTAE R AT A S
AR Y9 SOS W, 7EFR I PERE 7 4L FAB HoRt oy

Fluorescent reporter plasmid mapping. A: A high-copy-number and broad-host-range plasmid,

pUCP22, is used to construct the fluorescent transcriptional reporters. The target promoter controls the
transcription of sfgfp and the constitutive promoter J23102 controls the transcription of cyofp! with the same
ribosome binding site, B0034. B: On the basis of fluorescent transcriptional reporters (A), a sequence was

inserted for the inducible expression of prtN.
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ST 3 Fh S RUGRIHAT R 2 B (pyocin S2. i — SRR S5 SR T 535 3 523
S4. S5, XF IR pys2. PA3866. pyoSS)  LexA JEHEZ 5 SOS Wi BRI (lexd . dinB.
(PR PAOT 5537 EXE0, SRIGINALKIKEE  PA2288)MIFIA(K 2B), 45K 3 ML E
1 pg/mL MIRNVP A, k8ihisR 4 he e fl BRAEPUAERGHZ G, REWAGHE BT, (2
M BB X 3 MEEERMASTAER  WEMESMEZ BN RSERAHE2ZS .
M AE R 4 h Z R IR AR, S FULR AT 1R 2 3k P 9 ik 4 Z 3 PreN (1)
G 2A FoR, 7E 1 pg/mL WEEIN JEEE . R IRAT SOWER T 1% 0 BT H i s 5
VRZMT, 370 S RIGIFT R R IR FRILFE  FATHY araC-PeapprtN FBIE S T2
BRI T m b, Bl dm ks AR EFER PAOL S BULRHGH PA 2 B
HRAREN LT, WA dE N RsE R RNE 2C Pn, 3N EHEMIEA RS

W12 32 = (8] 2A), R B, (HR MRS AR Z B I 25 5
A B
B CIP. . -
," i ~—
™\ . & .4 !
After treatment with CIP = N -
for4 h Ll -
pys2 PA3866 pyoSs
C D
g I Before treatment with CIP
71 mm After treatment with CIP
) for4 h
6 -
> ST
o 41
< # 3 i
PA3866 ? I
0

pys2 PA3866 pyoS5  lexd PA42288  dinB

2 S BZRHEEEREAE SOS MR £ U FRIANF R

Figure 2 Heterogeneity in S-type pyocin gene expression under SOS-responsive circumstances”’. A, B:
Fluorescence images were acquired before and four hours after the addition of 1 pg/mL of ciprofloxacin after
strain PAO1 that had been introduced with various promoter fluorescent reporter plasmids were grown to log
phase in the FAB medium. A: Three pyocin genes. B: Three LexA-regulated genes. C: Fluorescence images of
strains PAO1 introduced with different fluorescent reporter plasmids capable of overexpressing PrtN. D: Before
and after ciprofloxacin therapy, the CV values of three pyocin genes and three LexA-regulated genes were
calculated). The error bars in three replicate experiments show the standard deviation. CIP: Ciprofloxacin.
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F| A 5 2 % (coefficient of variation, CV,
PRAEZE S VI {EAY HUAE) R E f X AN AR5 A
ZIMr R FRIRZES, CV IEK, FoRME
AR Z A 22 5 80k, S5 R an1El 2D Fo, 7E
FETE 1 pg/mL MR BE IR N D B R 5 B b B 57
4 h ZJ5, LexA HIEHIEM IR (lexA . dinB.
PA2288) IR B AL 5 B R R 2 A B AL B
WA W25, S BIGRIRAT 18 2 I Rk 1)
A S R B K R Rk PriN R
THOLT , S UL AT 12 28 ik IR ) 2Rk 1 28 57 R AL
BN MO, REFIARAPEZ R, S BISRIAT
R B R IR WA —E M, Hrh P43866
AR . XFh AT RERR T preN BEDH B
fili A ALY, BIETER 2404 R AL FAYE O
T, AR —E W ER PriN EEH, AL
PR AR AT T R AL R 1 3R35 3 Fhag ot i 2% 5k
PR 2 [0 %) 26 5 7T et TR 2l F0 PriN A%
FEERYZE S, TEMFZRMET, PA3866 FEIN A
532 5| PreN R,

2.3 JEFRIL PriN REMAEPRLIERXREN
ABRERER

FRAE SCHRARAE , S2 1 S4 UL T 1 2 3l
SR AN E i FpvAl JETER A
A, 1M S5 BULRIH I R 2l id FptA EiEE
PR A HBRT 141237241, 35k 8 A4 3 3 1 % 4 R
Ui, 75— EE R I RE R PRSIt i ot
2o LR SN I AT LG M R R N T
FeREE & (pyoverdine) FIE 2k K (pyochelin) . 41
BB RSO B R AR i B A bh , 94
JEIE B3R MR AT A G R s v ) = ik g
T Fe*', BlJG E &Y Fe(lll)-pyoverdine Fil
Fe(II)-pyochelin 435l A FpvA I FptA i i & [
SN S

N T RFEMAT R R IBMPOCRE R R
B I Z ] B S AR, B 5 B 3Rk 2 Mg ik
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FF T 2K I 2 Mg 28 LN 5 1 T4kl
FEB R A H 55 T Rk w2 AR AR, fEHE
FVERA T BRI LIRS, (H2 HAT A i i 2=
R BT, A SRR R T, SOS A Ky
JATT R F PreN IE 40T LA R B 2RO [R) 2R
ML MAT B B ik . R IR AT P AE i ik
PriN YRR RSO R & e . Ik
AN, Fe' BIHe BE m I 2 i 355 R 40 T TP 2 e g ik
EHA K, dER—E T T
il R Fe' (U B, R Ik % o P B i
B Rt SSM RHEAFSLHs, AMEINA Fe¥ Wi
fEE A 1 umol/L,

SR NE 3A PR, RiFRT, 3Kk PriN
TR R 24 T DAY ) 9 S P Ak 3R 1) 5 R A TR S R
H S EIE R R Y B R A B PAOL AH 22
ANK, 2B T (A A7 X 9 G IE A 28 1 B R i)
RN TAE 1% BT R AHAE S T, AN RHR
JL PR A SRR P DO B R R 1 i, AR TR
PR MBI, AR R, FE S h i,
RIFEFAMT R E AN POEE R SRR
A1 1%IF ST 3.3 4. AR PR & &
S, RIE TR T B PO LRk
R R 1% 5 2AM I 15 /5, £ 10 h
B, AR5 AT BAH B LN B9 RE R R 5 L
S 1% BT 1.9 15, RiFEFEM PR
W DB R R R KA 1%IF T4 TR
3.7 5. FEWIAETZL, AN P oo mg kR
P 1 22 SRR R T L A T 1 22 5%, X T e G
FERT IR PriN AMUSREIRDO LB R Rk,
A RBIA 23l FL A

BESETTINF PrON BR T % S RILRIKAF IR
RN pFREZ A, Wiy R BRI F RISEHAT
HRILHE P FRE, Hitbd %Rk PriN Rtk ok
REERZ G B PR T I AR UL S UL IRAT
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3 @A PriN REMAEPRLERENSRERR

Figure 3 Overexpression of PrtN results in reduced pyoverdine synthesis in bacteria. A: Pyoverdine’s
fluorescence in solution and in the bacterial cell were both assessed after 5 or 10 hours of incubation in SSM
media. B: Different strains’ ability to synthesize pyoverdine. C: Expression of several pyoverdine
synthesis-related genes in strains that overexpress PrtN and wild type. The error bars in three replicate
experiments show the standard deviation.

PEF K PN, IR B RRIRE BIRIA SRS R . X ATREULE] PriN
RIWE . 45 E 3B s, 7EMR R AT F A5l g B 7 %6 8 K 4 il #%
TSR AT T R IE D (PA061 7-PAOGA2) TR AR 3L PriN IR AR SR AT 8 R 3K R 2 AMRI LR 2658
ik PriN, MIANRIECRERR R AT S AR M AR T 0O R A Al

PRid 335 PriN o225, Ui R BUFN F BUSRHAT N T ERIEE R IR PreN WAL 2 e rg gk R
PRI DOCE R I A e T BRI 3 F AR, M T 8 ARSNGB R A A 3 [
S RULERRAT PR IEIN, JOEBRRM S MEA T RS PR PreN IR AE . 450 A
PRI HE 3 Fh S BULEIRAT IR R IE R R BRI EERE  3C s, o 3R18 PN B, pvdA. pvdP. pvdF .,
o, PRk R IO R LA SRR E—FP S pvdH DUANSERAYFEWI R T, pvdE FI pvdS
RULEIRAT IR R S R AR TP AR 5 (R RN JERA R IR TR % .
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24 S2 BIBRMERATLUR DR LERR
AR EX

CAMSEUEN] S2 RISRHAT R R 5 FpvAl &
FIR 2 G BUE R TUOUE LR FpvAl 455
WHP, XFIR S2 BILRMAF I R AT RES: i
FH FpvAl i, M3l i LA GE
o N TIRGE S2 RIGRIAT T R XSO GIE Bk R AR
FIRZM , FRATTINEIAAS AT BE (1) S2 UL AT 1]
RV EE, W ApvdA SN A9 EREEER
HIHREE . ApvdA TEBRH TR TH IO R
PIOCHEEA pvdd, KB ICHEG OB HRER,
IH ST 3 o LN 381 4 2 R PR BB R R AR 5 4
TSR T AN I FpvA Tl il p /M AR

ApvdA BIRRAE S A 10 pmol/L B ZEIEERR
FURTRI MR BE 1Y) S2 RSk AT R R I 2h Z )5,
B ERR BIEWZIS , ACHT 35 57 R R
R, RS A R L PN R R R VR B L S AR
Kl 4A Pron, W& SR S2 RIS MAT IR Y
W BESE N, 240 D R P 9 D' W A 2R T R R

(8%

(=
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T

1500

1 000 |
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K. HA K+ 5 (background) /245 10 pumol/L
D ERE R VAR DR E . 24 S2 RILRK
FRER R U IR S 20 pg/mL I, 20 G PN 192
JEIE R R IR I B 24 B I TV Wb o g ik
FIWE . S5 RRM, IR S2 TSR AT 1A
R ApvdA SEHCIOCE R R

WK 4B i, AT S2 RIS & 2
J&, PAO1 I ZERER R DO B2 R %,
X R 22 SR A A, — I S2 RILRIKHT
R HIEE 2/ B A R PAOT TEIE R R 1)
AR, AR S2 B4k AT B 2 R S Y
VS TR G R 2R I TR o VTR R R
2R BE/NT PAOL N RIS 25
S, IR A —AN R R R S2 RIS AT 1 2 200
b PAOL $EIIO LB R
25 S2 BIRBRMHERA LIS AERERE
“HUOmE

DRI Z H AT 2 I, 2 A S Ak
T UV B E Z A& R R 5 TR, 40

4000 | I Solution
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3000 t
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A
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Pyocin S2 concentration (pg/mL)

4 S2 BURERITE R W LURL D R SX R AYIREN

I 1000 t
0
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Pyoverdine
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Figure 4 Pyocin S2 reduces bacterial uptake of pyoverdine. A: Fluorescence pictures of pyoverdine channels
were taken after 2 hours of incubation of ApvdA strains unable to synthesize pyoverdine in media containing
10 umol/L of pyoverdine and different concentrations of pyocin S2. The background (blue bar) represents the
fluorescence intensity of a 10 pmol/L pyoverdine solution. B: Pyoverdine’s fluorescence intensity in solution
and in PAOL1 cells after two hours of exogenous addition of either 10 mol/L of pyoverdine or both 10 mol/L of
pyoverdine and 10 g/mL of pyocin S2. The error bars in three replicate experiments show the standard

deviation.
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e e ROS, T 20 B 2338 3 B il 5 St mg 4k
B 43 10 Sl A 440 TR M P R R 22 11 7 O g Ak
F U1 P B 5 6 I Ak 2 AT AR B A o e 2
ROS M (5338 40 TR 7E ROS FE 71 2545 T i A¢
TR Y I v R B AEAE RS & OOBPE R R 1)
HEF A T ] {1 PR TR RN A5 B 2 S 4k 2 )T
BB, <M - R % 4o BT A B R R 23 WA 1
POLEHRER . — BN 4 ROS K7, ARA“HK
B 5, B 48 TR B i 1) 7€ ' g Ak 2 00 AR LI
P BTk, BATE BRI P R AE SO
WEERR N S2 RILRIRAT IR Z B, Fiti il ROS J£ 77
REAS R FE IR E

ApvdA+10 umol/L pyoverdine+
10 pg/mL pyocin S2

5 S2 BIRRAITERAIIALB AR R RImE”

TEE4 1 umol/L 1) Fe* ) SSM 55 35 KL rfotés
ApvdA FERRECET4E R PAOT 5535 X000, Bl
SCERA R ApvdA ARIAE BN TESE IR A IA
T U BE A 10 pmol/L [ 2E MG R 2 A1 10 pg/mL
[ S2 RILRIAT IR 25, XF REALAY ApvdA BRRRAY S
FrHE UM SRR R 10 pmol/L 5 g%k
2, BPAER PAOL (35 R A HUIM AR SNy
10 pg/mL (% S2 RILRIRITRZR . 2 h 5, 7TEPTA
PRI INA R LW ES 2 pg/mL W ZAE
K, ShZEMARLHEER 1 pg/mL FELEN
WE AT A AT £

A AR SE AN 5 Bk, SR B

.‘_” 2 \ E “__.
ApvdA+10 pmol/L pyoverdine

PAO1+10 pg/mL pyocin S2

Figure 5 Pyocin S2 can help bacteria kill “cheaters”. The ApvdA strain was inoculated into SSM medium with
10 pmol/L of pyoverdine added exogenously. The medium was also incubated in the presence or absence of
10 pg/mL of pyocin S2. PAO1 was inoculated into SSM medium containing 10 pg/mL of pyocin S2. Two hours
later, a final concentration of 2 ug/mL of tobramycin was added to all media. After five hours of continued
incubation, staining for life and death was performed. The images show the results of multiple passages of merge,
the red color represents dead bacteria, and the blue color in the background is the fluorescence of pyoverdine.
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