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1 E: ERZBRENRE (Pseudomonas aeruginosa) F, SELEMRAFH F S2 4254 5m
B P AR BN A E S E (Pyoverdine ) 1 A AR 698 GEE, K Z ) G4 Lk
BRE ., AREAET mE+F 34 S BEMATH F (Pys2, PA3866, PyoS5) 4% m i & F
REpH, R T S2 RGMAT B E T m BB L LS F N Hh. LR KA, £ SOS
EAT, S RGHRHAZ AR GEAE AT ZINE SHE L, SMRMmA S2 R4
JRAT B F 2RV mH 2t 32 b8 4k £ 0948 IR, Bt S2 AT £ 09 AL TLIE RA K,
RS F 6 IR IRF RIS P g4k &, dt w33 EaT ROS & 7 49 3k4n bt

A I BAVEIN, o P i RIA SOS @ 8 B -F PriN B, K bE4kE 40 Ko mAR
HERZFREEK, M FRRAERETNEOREFI L ERZEMK, A EERE
BlémE F SOS & 77 B % 4 5 SkRIR A Gt T hE R A A IR A 49

XA SOS hE; ZMATH X; RA#EEE; ROS E; MEMBERA
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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 SOS 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

LB R (Pseudomonas aeruginosa)ite—FAEPEPR AR | JOAFAUIE MUFPIR S 22 1R
BAVETE, AR T AR U R ORI b o B —Fh B0 T, AT LU
HLP RSN G N T 51 S0 o B2k A oM B S e ol A A AR SR DT RE AN 42 N
B b, BRI LF4ESE (cystic fibrosis, CF) B . SEYIREH | BGEE . &
RERAE . SR SO A B RS NS . BT AT R — RS RS, f
BRI FECERER | R | SNRIERAE S ANERAE H ARG, b2 16 E
MTE R AAFER GG AR PR R, WAk . PUER | AEERYIRER pH 45,
T AR S i) S5 T AR TR, Al TR AT BN BIX B TR Ty, IR A B RSB R Y
FIKR VLR F BOTRPER R IXBE IR ) o FEACTTARBOTAL R, AR P A T A X AN ]
PGB R EE,  HCANPARSEma N R GE . v AR S 1 R 58 LA B 45 Rl AR A0

SARZINZ ST DNA 510, WsRZLm SN | iR EZEt
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HREFEO, BN DNA B R HLHIFR A SOS MR, 7EMSR RS RE T, 3 %
ST T SOS Wi LexA. AlpR Fll PrtR, LexA K Fi##% T Ki 15 DNA &
SMERIRIE, AlpR JA# T A —ERUFHAETH5E %, PrR W@ AT prov £EH
MR BETREIRAT R (Pyocin) HIE K.

TEFRER BRI, SRIAT R 250 R B, F RURD S AIUL, o R YR F RUSRIHHT
PR R R AR I R AR AL IR o S BUARIRFT IR R 2 — KR P AR, Ko7
T OV FURI/INGS i A S e B AR 5000 B T, B P S R, — A2
5 A 115 20 T A0 LGS S T B 1 455 DR T BT T8 # ( Proton motive force, PMF )
HEABEH, o — A S BGE 2 BT LI RE (40 pyocin S5) . DNAse {7 (4l pyocin
S2) B tRNAse 1t (41 pyocin S4) ®1, S HULRIHAT B 2 (198 D) 1) 2B B4 FH v R
BT, — 7l T RE Y A A= R A DR BB A5 G S AT TR 2% 04 2 A1 BB 1 400 DT R A 4 7
A ST B EFAHA - I R IHAT TR 400 T S AT T U R A TR (R 50 ), S AT 7T
F WK B IMAN G R V0 B R AU, A, PRI R 2% R AG I 2 S e A e 25
B R P FR IR e KT AE A IR , RIS S TSR 8 28 78 Bk 4 (01 B
JIHESR , FUILRMEAT I 2 (0 5000 W] e A B AR AP0, B AN BEPELT A Ak B A il 1

FIHE 24T SEBE] T S2 BISIRAT 2R (pyocin S2) it Hil i fik S BT A B |
() FpvAT 25 HPEA M AT, Fpv AT (] s 148 2 2 AR TR B B ' g 8k E( Pyoverdine )
1 F2OHIE S . AP Z R, DOCRE BRI T RERS WY 40 R 7R SRR 1R T BRIRGA I
R T2 A1, IRRETE BIANTHAEDT ROS JE 71O, szt SRS W A BT r ey 17 AS [ 4855
I R GE 2 (] AT REAFAER R

AWFFE I MR B TR S BB, R TARISIT S BISRHMAT 1 2R LA 3R
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RO, ZRIMERT B3R IR DOERE BRER A R ISR, LA SR IMT 1 28 (77 A0 20 R

BT ROS 152, 53R, YN B /M EE ( Minimum inhibitory

concentration, MIC ) H}, S FUZLRMFT 18 2K Sk RIS oMk s 7E S RUSRIRAT IH R

B REF R, SOURE PR RFRIA R T PRSP S2 RUSRARAT 1 2R v] LABH L A pvda

L7 STHENEENeZR B DS it 7S o U MR ki L i S T R

S I ARG Z BIAEA LIS Y, AR AR

1 w577k

1.1 SRR

1.1.1 EHkF TR

R IR

P RAR AR NG 1 P, AaRBCRI R bk PAOT B HGRBRAR . RIFHT A

Topl0 #1 BL21, ki pUCP20. PET28a-pys2-His ¥ A S 1447 .

1 SCORFT A ERRFN R
Table 1 Strains and plasmids used in this study

Strains and plasmids Characteristics Sources or
references

Strains

P. aeruginosa PAO1 Lab stock

ApvdA pvdA inactivated in PAO1; nonresistant. Lab stock

Apys2 pys2 inactivated in PAO1; nonresistant. Lab stock

APA3866 PA3866 inactivated in PAO1; nonresistant. Lab stock

ApyoS5 pyoS5 inactivated in PAO1; nonresistant. Lab stock

ARFpyo R- and F-type pyocin genes (PA0617-PA0642) inactivated in PAO1; Lab stock

nonresistant.
ASpyo All S-type pyocin genes inactivated in PAO1; nonresistant. Lab stock

Other strains

http://journals.im.ac.cn/cjben
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Topl0

BL21

Plasmids

pUCP20
S2-ImmS2-pET28a
pUCP20-Ppys2-sfgfp-TO
T1-J23102-cyofpl
pUCP20-Ppasses-sfgfp-T
0T1-J23102-cyofpl
pUCP20-Ppyoss-sfgfp-TO
T1-123102-cyofp!
pUCP20-Prexa-sfgfp-TO
T1-123102-cyofp!
pUCP20-Ppra22ss-sfgfp-T
0T1-J23102-cyofpl
pUCP20-Pains-sfgfp-TO
T1-123102-cyofp!
pUCP20-Paio-sffp-TO
T1-J23102-cyofpl
pUCP20-Ppas-s/gfp-TO
T1-J23102-cyofpl
pUCP20-Pj-sfefp-TOT
1-J23102-cyofpl
pUCP20-Ppvap-sfgfp-TO
T1-J23102-cyofpl
pUCP20-Ppvar-sfgfp-TO
T1-J23102-cyofpl
pUCP20-Ppvaz-sfgfp-TO
T1-J23102-cyofpl
pUCP20-Parr-sffp-TO
T1-J23102-cyofpl
pUCP20-Pas-s/gfp-TO
T1-J23102-cyofpl
PUCP20-P,ys2-sfefp-TO
T1-J123102-cyofp1-T-ar
aC-Ppap-prtN
pUCP20-Ppussss-sfgfp-T

F-mcrA A(mrr-hsdRMS-mcrBC) ®80lacZ AM15 AlacX74 recAl
araD139 A(araleu)1697 galU galK rpsL(NalR) endA1 nupG.
E. coli B F— ompT gal dem lon hsdSp(rs™ mp™) [malB*k-12(AS).

E. coli- P. aeruginosa shuttle plasmid, Gm".

Plasmid used to induce expression of pys2.

pys2 transcriptional reporter, sfgfp driven by the pys2 promoter and
cyofpl driven by the J23102 promoter cloned into pUCP20. Gm'.
PA3866 transcriptional reporter, sfgfp driven by the P43866 promoter
and cyofpl driven by the J23102 promoter cloned into pUCP20. Gm".
pyoS5 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 PA2288 promoter
and cyofpl driven by the J23102 promoter cloned into pUCP20. Gm".
dinB transcriptional reporter, sfgfp driven by the dinB promoter and
cyofpl driven by the J23102 promoter cloned into pUCP20. Gm'.
pvdQ transcriptional reporter, sfgfp driven by the pvdQ promoter and
cyofpl driven by the J23102 promoter cloned into pUCP20. Gm".
pvdA transcriptional reporter, sfgfp driven by the pvdA promoter and
cyofpl driven by the J23102 promoter cloned into pUCP20. Gm'".
fpvl transcriptional reporter, sfgfp driven by the fpvl 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
cyofpl driven by the J23102 promoter cloned into pUCP20. Gm".
pvdS 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
driven by the J23102 promoter and cloned into pUCP20. Gm".

Sfgfp driven by the PA3866 promoter, cyofp! driven by the J23102

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

This study
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0T1-J23102-cyofpl-T-a
raC-Peap-prtN
pUCP20-Ppyoss-sfgfp-TO
T1-J123102-cyofp1-T-ar
aC-Pap-prtN
pUCP20-Ppvag-sfgfp-TO
T1-J23102-cyofpi-T-ar
aC-Ppap-prtN
pUCP20-Ppvas-sfgfp-TO
T1-J123102-cyofp1-T-ar
aC-Pap-prtN
pUCP20-Pgu-sfgfp-TOT
1-J23102-cyofp1-T-ara
C-Ppap-prtN
pUCP20-Ppvar-sfgfp-TO
T1-J123102-cyofp1-T-ar
aC-Pap-prtN
pUCP20-Ppvar-sfgfp-TO
T1-123102-cyofp1-T-ar
aC-Ppap-prtN
pUCP20-Ppvae-sfgfp-TO
T1-J23102-cyofpl-T-ar
aC-Ppap-prtN
pUCP20-Ppvar-sfgfp-TO
T1-J123102-cyofp1-T-ar
aC-Ppap-prtN
pUCP20-Ppas-sfgfp-TO
T1-J123102-cyofpi-T-ar

aC-Peap-prtN

promoter, prtN driven by the Psap promoter and cloned into pUCP20.

Gm"
Sfefp driven by the pyoS5 promote, cyofpl driven by the J23102

promoter, prtN driven by the Peap promoter and cloned into pUCP20.

Gm'".
Sfefp driven by the pvdQ promote, cyofpl driven by the J23102

promoter, prtN driven by the Psap promoter and cloned into pUCP20.

Gm".
Sfefp driven by the pvdA promoter, cyofp! driven by the J23102

promoter, prtN driven by the Peap promoter and cloned into pUCP20.

Gm'".
Sfefp driven by the fpvl promote, cyofpl driven by the J23102

promoter, prtN driven by the Psap promoter and cloned into pUCP20.

Gm".
Sfefp driven by the pvdP promoter, cyofp! driven by the J23102

promoter, prtN driven by the Pap promoter and cloned into pUCP20.

Gm'".
Sfefp driven by the pvdF promoter, cyofpl driven by the J23102

promoter, prtN driven by the Psap promoter and cloned into pUCP20.

Gm".
Sfefp driven by the pvdE promote, cyofp! driven by the J23102

promoter, prtN driven by the Pap promoter and cloned into pUCP20.

Gm".
Sfefp driven by the pvdH promoter, cyofp! driven by the J23102

promoter, prtN driven by the Psap promoter and cloned into pUCP20.

Gm".
Sfefp driven by the pvdS promoter, cyofp! driven by the J23102

promoter, prtN driven by the Psap promoter and cloned into pUCP20.

Gm'".

This study

This study

This study

This study

This study

This study

This study

This study

This study

1.1.2 FERHA

LB Widedk: PRk (AETAYTRARATR) , 10 g/L; Btk (A TAY TR

ARAF ) , 5 g/Ls NaCl (P THGHARAR ) , 10 g/L;

20 g/L WYBUE (BRI T GRARA R ) .

http://journals.im.ac.cn/cjben
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FAB 55573 (NH4)SO4 (BHL T EFRIARRAF ) , 2 g/L; NapHPO412H0 (B[ T
HAEBRAF) , 12.02 g/L; KHoPOs (BIHL T IAGFIARAF ) , 3 g/L; NaCl, 3 g/L;
MgCL( BiIHz TIFIABRAF ), 93 mg/L; CaCl-2H,O( B[ T iR ABRA R ), 14 mg/L;
iR 4B TR, 1 mL/L,

SSM Hi5#3E: KoHPO,s-3H,0, 7.86 g/L; KH,POs, 3.00 g/L; (NH4),SOs, 1.00 g/L;
MgSO0,-7TH,0, 0.20 g/L; 38FIMR ( BIHL TikiA AR ) |, 4.00 g/L; H NaOH &A1Y
pH®E 7,

FAIRR] : SRVP R (PR TR FRA R )  IRKER (B Tl A BRA R ) |
ZATER (B TEGARRAR ) | BUEPE (PI, HAFECAEBZ )« Hl (B
FLT AR BRAT ), FeCly (BRI TR0 A FRAR ) L BUhColl (B T804 FRA
F] ) , HEPES (i T ABR AT ) , CuSOs (BFr TIFIARAR ) , SFHNHEE-p-D-

FACEFURH (PR TIRIA R AR ) o

1.1.3 FE{UFE

B8 A (BARETRRR o, B IX71) , EE TPl (BRTTA B, A
Advantage A10) , EHIEESH TAES (ZEREBHCARAR, #1%5 SVE-4AL) , K%
IRV AR R BRI A R A |, #95 HZ-6090A ) , NanoDrop 2000 (3§
BRCHRBHEA R |, S BRERELOII R U ERA R A H , #LS TGL-16A),
MR B OHL (JERt s B OHUA FRA T, 5 LD5-2B) , AR E AL (ASREMREE
FremhARAT, A5 617BR109469 ) , AEALIEIRAH (LN TRHLAR], SPX &

F)) , WIHRETENL (JEat M ERSRAERARA TR, 195 FD-1A-50) .

Z&: 010-64807509 > cjb@im.ac.cn
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1.2 753%

1.2.1 BB FRAREEHRAE

ABFE BB L R % Bl PCR BN 133, Bl S iy s |9 S H 5]
Une 2 iR o M Gibson Assembly 177 12045 454 Fr Bedfi A B EALRY pUCP20 5ok 117
Bt e PRSP B AR S 1 W e AL BRI AT B Top 10 S22 4 o M PCR Kz A
B P S 5 A B TE A ) TR o B AR P AL AR T ORI fE 22 PAOL B Apvdd Ttk
e, AP PROE T ) R e DRI IR R AT 22-80C KA, LAMHSZEfdif ], Jirfr PCR

LA K Gibson Assembly S5 h 4 2H 43 B R0 sz 7 it B 340 2 B & i BH 5
=2 5149F5

Table 2 Primer sequences

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 AGCGAGTCAGTGAGCGAGGAAGGCGTTTAAGGGCACCAATAA 43
C
pUCP(prtN)-F CTTCCTCGCTCACTGACTCGCT 22
pUCP(prtN)-R CTTGGCCGGAAGAGCGCCCAATACG 25
PA0923-F AGAGGGAGGGCAAGTCCAACCAGTTTCAGCATCTGTCTGTCCT 52
TTCCGTATC
PA0923-R CTCTATAGTGAGTCGGGATCGCTAGCGGCGAACCGCCAACCGC 45
CA
PA3007-F AGAGGGAGGGCAAGTCCAACCAGTTAAGAACGGCACCATCAG 43
G

http://journals.im.ac.cn/cjben
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PA3007-R CTCTATAGTGAGTCGGGATCGCTAGTTGAAGCCGAGTTCCTGG 43

PA2288-F AGAGGGAGGGCAAGTCCAACCAGTTTGCGGTATTCAACTGGCG 43

PA2288-R CTCTATAGTGAGTCGGGATCGCTAGAGTTCGGCAAGGTTGTGG 43

PA1150-F AGAGGGAGGGCAAGTCCAACCAGTTTCTTGAAGCACGAGGCT 43
G

PA1150-R CTCTATAGTGAGTCGGGATCGCTAGTCCTGGTGGGACAAATGG 43

PA3866-F AGAGGGAGGGCAAGTCCAACCAGTTATCCAGGCGTTTCTTGCG 43

PA3866-R CTCTATAGTGAGTCGGGATCGCTAGTGGTCACGACAAGTGGTG 43

PA0985-F AGAGGGAGGGCAAGTCCAACCAGTTACCACTTTCAGCGACTC 43
G

PA0985-R CTCTATAGTGAGTCGGGATCGCTAGATCGTCTGGACCTTGTGC 43

PA2385-F AGAGGGAGGGCAAGTCCAACCAGTTCGCCGGTAGCGGCGAGC 50
TAAGCGTA

PA2385-R CTCTATAGTGAGTCGGGATCGCTAGATAGGCGGTCCAGCGGAT 43

PA2386-F AGAGGGAGGGCAAGTCCAACCAGTTTGCTGCGATTCCTCAGTG 43

PA2386-R CTCTATAGTGAGTCGGGATCGCTAGTGCTTGTCCAGGAACAGC 43

PA2387-F AGAGGGAGGGCAAGTCCAACCAGTTAACATAAGCAGGGCGAG 43
G

PA2387-R CTCTATAGTGAGTCGGGATCGCTAGAAAGCCTTCGGATGCTCG 43

PA2392-F AGAGGGAGGGCAAGTCCAACCAGTTAAGAATGGCAAGGGACG 43
G

PA2392-R CTCTATAGTGAGTCGGGATCGCTAGCCGCCAGGTCGAGCGAAG 44
C

PA2396-F AGAGGGAGGGCAAGTCCAACCAGTTATGGCGGTGTAGTGCTTC 43

PA2396-R CTCTATAGTGAGTCGGGATCGCTAGCAGCGCAGTCTGGTTCAGC 48
GCCT

PA2397-F AGAGGGAGGGCAAGTCCAACCAGTTAATACCACCACATCGGCG 43

PA2397-R CTCTATAGTGAGTCGGGATCGCTAGGCAAGGCGTTGTTGATGC 43

PA2413-F AGAGGGAGGGCAAGTCCAACCAGTTACCATCAACCACCACTG 43
G

PA2413-R CTCTATAGTGAGTCGGGATCGCTAGCGGAATCCGCCGCGGATAG 44

PA2426-F AGAGGGAGGGCAAGTCCAACCAGTTACCACTGGCAACAGCAT 43
C

PA2426-R CTCTATAGTGAGTCGGGATCGCTAGAGCCTGAAGAACGCATCC 43

Z&: 010-64807509 > cjb@im.ac.cn
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1.2.2 HEGRAE

it )& AR (IX-71 Olympus ) SKIHEAT HMRA DR RE . $A5k STGFP Al
CyOFP1 %A P & K1k 488 nm,  STGFP FY & ST K 520 + 28 nm,
CyOFP1 (RSN 583 = 22 nm, FAEREHHUR BRI, 200 ms, MIE Y7L
TERERK K I D EHR BEI T & WK N 405 nm, B EFIK R 450 nm; AEAEY S P
TOCHIE WK 561 nm, L HHK A 605 nm. T GeH L0520 A 3 DO R,

T S R PV S g AN A E
1.2.3 EREFRIAKFHME

ENCIEMG A AR RSN A3 EUE AL 2 BT & 9 MATLAB R 552 g 18200,
S22, EEEER CyOFPl SBIBEHHRMZOCE o w Se M s R s
( Laplacian of Gaussian, LoG ) #fi & 4 B Y5656 o W5 A FH GG ER 41 ( Spectral crosstalk )
W A S B it R PR S ), ARARR IE DGR o S5 B AT 1435 R 3 K T i g 40 B
R0 PR AR 3 AR IE SR I T35 (H B

X F— M F SfGFP, CyOFP1, ZOUMERRE 3 ROk R, K& 3 fhe
SR BRI c1y co e, 3 DUOGEIEIABEIBERE S L L.

130, MBI, JOCRE T RESRIE ¢ Z I RITF AR

ﬁal :Bbl :8(:1
] (€Y)

[Ia Ip IC]Z[Cl €2 C3][3a2 ,Bbz ,802
ﬂa3 ﬁb3 ﬁc3

Forp B2 j PO | DOLEIE AU R 8. DRI S B BB 2 AT DL g R 28
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c=Ip7" (2)
B~ HEAUE RBOE M AR . A R B M 8 2 i g A S SR AR — RO

JRAIAR Z SR E . Hedn, R Z& b RAEAE SIGFP 9 )6HE A, fA45 SFGFP, CyOFP1, %%
JERE R R I M PEIEE, B 2B IE T A IOGIREE , IR EGREE 1 FIESORE ¢ i

EUTF AR
Uao Iy Ic]l=1[c1llBar Baz PBasl 3)

1.2.4 HHER A A RRATEERE SRR B E

ARG DR R W OER R TR VOB R W B . 7€ Fe' Bk IR 1
pmol/L 1Y) SSM Y F# A it i 1557 PAOT I A T 1 2R3k PriN (1) 2l 9O BTk
IR 7E 1:200 TR EBTEEA &k SSM BigrdEr, JFINARL ST 1% FIRHE
S5haf 10 h 5, HUS pL R 2 B0 THEoO LI (BRI 405 nm, 20K 450
nm) , TSR SRR A B AR T PO ER R VR EE . B I OBk R
(VR BEI S 2 1 mL R T RS0, BBR IEWR, FRINACK BT R A B, RS ul

H A R W FABIOEIR R, W B SO R R MR N I DO Rk R

1.2.5 REVRRIESLE

¥ PAOT BRI ZE 200 mL [N G464 SSM 1535238 | 37°CHE 352 X050 . w4y
#2550 mL B0, 4°C. 6000 r/min 5.0 10min, YBE FIEW . LN 0.22 pm
e R g 3SR, . FHE ] 1 mol/L ) HEPES( pH = 7.0, & 100 mmol/L fi¥) NaCl )

Hgk, /AL S mL/h A3 i 4R A S 2 A i B B R U A . B A
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ABENSE)E LD S mL/h B REGE I 50 mL £ 17K, 2.5 mL #Y 0.1 mol/L A CuSO4 IR ,
50 mL 285 7/K 1 30 mL HEPES i## (pH 7) . biWoEd AR, 6/l 50 mL
%) 20 mmol/L ) HEPES ¥k, BEJ5H 20 mmol/L A ZRERZE K (pH = 5.0, % 100
mmol/L i NaCl) i, £ 5 mL J&E—K, H NanoDrop 2000 & &+ (400 nm 4k
o PFHJEAIE MRS R T, EHEAE T 1 mL 19 10 mmol/L EDTA K,
KA B 2B Tk M sh it Sephadex G-15 #:, 4 4 mL YedE—uk, lHE 48 5h-n]

DGR MRS . K4 385 nm Ab A = AR S B 3T

1.2.6 S2 BVFIRITF R ZIZEL

¥ BL21::S2-ImmS2-pET28a itk 1 2 mL 1353 W75 5] 200 mL Hréf LB 35557
e, BrFR R XPEGIT (ODspi=0.2-0.3) , JIA 1 mmol/L 1 5 PN 3&-B-D-Bi A ZLpE 1T
(IPTG ), BHS7E 16°C T LA 200 r/min FYF%H IR 77 1577 20h il 25,05 5000 r/min, 10min )

R AT 4, B2 T TGE 256 ( 50 mmol/L Tris-HCI( pH 7.5 ), 1 mmol/L EDTA,

10% HH A1 10 mmol/L WK ) -, FFi i ki A i 4 i . 4°C\8000 r/min 5.0 30min,
W4 F AR A 4% b5 W A AKTA TM FPLC 2R84 U Hi-Trap FF A % %57 ),

B 22 b (1 mol/L BEWE, 20 mmol/L Tris-HCIl (pH 7.5) ) ¥eMi His ARic & 1
% . 5 Precast-GLgel Hepes SDS-PAGE 4%-15% ( Sangon, Biotech, China ) #3 His #5
AR BT SERE . 2L ARSI hi (20 mmol/L Tris-HCI (pH 7.5) #1150
mmol/L NaCl) "i##7, i /] BCA & e il & (FECHRBHE AR ) I ik
J o RO ERAIE FA7E-20°C F 44T 1.5 mL #49 EP & h, 1EERURIERTTE 4°CF 2

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



WESOHR /MRS S BRSBTS T

2 R G4

2.1 BEVFISEIRERGRE

T TERAAEZ R A R DR 0 SRAB O, T A A ) B (R ) 3 T2t
HRG. WRER ST YOS RS — LR d R (B 1A) |, BEEFI
Gibson Assembly £ A H A9FE DR (1) )i3 374 A B SR A9 45 E (37 & ( target promoter insert
location ) o FEBURL L4171 H iR S 3 F il Rk G oOE T sfgh Rl
RN 123102 #EHIFR KRB EIICE N cyofpl. SEGFP (W& KM T HIE ST
FESESRIE, 1 CyOFP1 W2 T2 G R AL HIRR iy X AU A0 30 1A, (Rl FHF SfGFP
TR ERE—1k, WA Z ALK A 22 5 X4 SR AR . AMSR BB A SERT L, A
araC-PBAD-prtN Fr Bt (& 1B) , HVAISCEAES 358 PN (¥ [RIAS UL H (45 s+ 19

Riko BB R TR A BISER MR b, RV R SR 261 T 058 H B0 RE Y

Kiko

1 IR E R EE
Figure 1 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
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promoter controls the transcription of sfgfp and the constitutive promoter J23102 controls the
transcription of cyofpl 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.

2.2 S BB RMTERERE SOS NI FH TRIFRIERF Rt

NP B — T IR TR R, R — R B TR T AR B I R IR T AE R
A LA TR 9 SOS MR . FERRHI PG FR4E FAB Hul 73 5l AT 3 Flt S RUSRIRAT 2R
FEIA (pyocin S2, S4, S5, XJ i FEH 43 FlJ2 pys2, PA3866, pyoS5) M4 PAOL Ei3%
X, RIEIMATAHRE N | pg/mL AR R, 4k83%3% 4 h REHIHZOLR
TRBEI X 3 AN FERAER I ABUAE AT A: RALHE 4 h Z 519Kk,

SERNE 2A Wi, TE 1 pg/mL BSR4 T, 3 F S TRUZRIRAT 1R 25 5L A
MFRIATEREAH I T R B, RI—ERIr TR YR 0K B AT W i BT, T 54—

WA R B (F 2A) .
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& 2 S BIRRATEREREE SOS MR &4 NHFRIEN TR

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 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 PAOI1 strains 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.

— AR S5 PSR T 381 3425 Lex A 1A 12192 5 SOS MR (1 5L KI( lex4,
dinB, PA2288 ) K3k (K 2B) o Z5R] 3 MR RIRTEIUAE R IZ J5, RKikly
AU T, RRAEAR G MR Z A BRI 22 5

S FULE AT TR 3R FE K (1 FRIR 4132 3] PreN (IR . PRI IRATSONES T 1% BTz {r
WA T SA TS araC-PBAD-preN F B IR 8 72O E s TR 1 B A= 8 PAOL S 7Y
SEMAFRE LN M ERL . 450 MAE 2C, 3 PMRNPFSEANE LI, HEMEE

A Z A W25 5
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FRATFI 4S5 2 %% ( Coefficient of Variation, CV, FrifE% 5P EAY HAE ) KE X
MRS MAZ R R RB 22 5, CV BEBK, FoRMES MR Z A1 22 580K
Z5RME 2D R, TEAFTE 1 pg/mL MR FRN D B 13T AL 555 4h 25, LexA H
PR (lexA, dinB, PA2288 ) WIFRINIAE 5 280 5 ARG hi A AL IR I A W
W2E5, M S BULRIRAT R R FE K AR 128 5 REUN AR [FIAERE 3k PriN 2EH
MIEBLT , S BULRIRHFT 3R B Y FRIB BRS¢ BB/ . ILAh, REHUE R,
S YLK TR IR IR WA —E R, Hrh P43866 sy, iXFh -4kl e
T preN FERIBERRIATE U, BME7ER ZHiAE R A AIEN T, bR A —
SEVRERY PriN &1, W] LIS RERIRAT IR SR AL 0K o 3 FhagIerT o R BE A 2 ] 1) 26 57
FIRESE T HIR 3 PriN RIS 22 5%, TEMIFI SR T, PA3866 BRI %5532 3|

PrtN E]/:J iﬁﬁ% (22] o

2.3 TRIL PriN REMAE PIEEXRN SR ERER

AR SCHRARIE , S2 1 S4 B MAT T 2% 2 i 5 S A (R M BT A IR 1) FpvA L S £
FUEAGNRE, 1SS RIZRMAT P 22l FptA 338 85 FIE AR 9224, X P~ a8 2
PO T AR, 53— D EE A DI RE R AR SRIORME BT R o MS R T LA
IRFRE N T, DOEMERRE (Pyoverdine ) FIZEEZE (Pyochelin) o A A LY
TOCRERR R B BRR /- BN AR AN , OB R AR R T LIS S IR h iy =M gk 1
Fe’", BfiJ5 %5 %) Fe(lll)- pyoverdine £l Fe(11I)- pyochelin 4351 A FpvA F1 FptA 3 i 5 1
HEA TR L

N TRIE T BT R ARIXFITOUEER R (5 R Z AR, 5B/ 2l ik
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ZFMERMAT B R DO EME R N & 1 o B TR AT B R ARl A1 TRk a2
EHARAY, TEPUERIEMT BARTT DAL, (H)2 HA S a3k W . BT e
LRI, SOS Wi b7 15 K F PreN 1E 4 nl AR]85 Z2 R0 A IR 1 SR e AT B 25
Ik, PILTRATIEPEAE S 3k PriN A AR PR WSO LB R 14 e . LAk, Fe™*
Uk JE eI 2% B B M 2 A Th SO CRB R R I A K, A TR, S T s 4
HFEFRH T Fe® VR, FAHIR IR PR ARG RE R 5L SSM A TS5, ANEINA
(1) Fe W THE R 1 pmol/L,

ZEHLNE 3A FR, RIFSNE, HFRIK PriN RN I B ERE SR 1A
BRI T B9 Bk 2 Y S B FEFAE 70 PAOT AHZE AR, SRR FUAFAE X D6
PR BN, TTE 1% TR S T, A A0 M N 2 h 19t
WERRR A, AT ARV SRR RIEE, BA IR TR, 78 Sh iR, RiBES&M
T IAN B M O ERERRER O i KA 1% AR R 3.3 ff. MIARPH T RER
I, RiFT A TR O R R E RN 1% SAF T 15 £ 1
10h 2], ARYE A0 T IO I A DS ERE R R it 1% 5 R Y 1.9 7%, Rifs
S PR RSO B R W KA 1%IF A0 T 3.7 fif. Az, 4i
PR IO S R R I 1 28 AR TR I B 225, X AT REBEIZEE 35 PN
AMUEREARTO B R I FE, ATREIE S8 A0

FE SRR PriN BR T S BUGHIRAT I R B A FRIA 24k, Wi R BRI F A
LRMAT R R B R L . L FE PriN BB P OO 0 & B FAIK T IR REDL

WIJE S RILRMERT 1 3R X T B . E— P AYTERBRERMRAT I 2K B0 T A b 2k PreN,
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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 pyroverdine. (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.

I H AN CRE SRR AR EE . 45 RANKE 3B R, TEMER R BUFN F RYSGRIRAT 7R R 5
[ (PA0617-PA0642 ) MR NS FIE PriN, AN ERERR R vk B S5 B A4 T i bRt %
5 PriN JE2e 5, UEW] R B F BUGEIRFT I8 2O A SISO B ER ZR MA il 143 5 R
3 Fih S RUGRIMAT IR B, JOUMBERR MG A TR s 78 3 Fh S BILRMeAT B R AL
TR R Y TR IR T, DERE R ER A U LA R SR A — S TR AT PR 38 B IR 1 T ke
R, ARJEI R NI BRI Rk i . X FTREUEA PriN A B A BB H H20
BT VOB A EE PriN R R S e 18 3D 22 A B R R 3k, IATT E] 4264

T 9O R Gl
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N TIRICE R PN W2 DOEME R R A e, FRATIE T 8 MITOLREBER
A AL R B B TR S PriN I AOSRIA T 45 RANE 3C 7R, i %5 PreN i,

pvdA, pvdP, pvdF, pvdH VUL AT H B N, pvdE R pvdS LR A9 I MEGCT B

2.4 82 BIGIRATE R T LUB D T RE SR R AV IRE

T2 S2 BISHHHT I ZE S FpvAl & IS A HHOE KT U6 E M
FpvAl W25 G HHPT, XK 82 BIGRFT I R MR A AT 2 &5 1) FpvAl Jl36E, AT
FANBEME LB EIEERZ . i THRIT S2 RISEIRAT 1 X DOt sk X B, 3
IAMNEINAAIR R B ) S2 RIS 1 2 S EIEERE , W Apvdd JE M98 EmE kR
MMk Apvdd TRk TR T4 PB4k R ISR pvdd, ARBTCHA RO
PEERER, DRI S DRI B 1 4 R N SO CRE RR (R S AR IR TN EE L FpyvAl
T TE A SN A

ApvdA WHRAEEA 10 umol/L MIZOEIEZ R AR LR S2 RISHHKAT I &R i &
2hZJ5, BORRR FIEZIE , IAH RG0SR TR, AT 40 T i P 1 9 g R
Mk, 25N 4A PR, REERRFRIED S2 AULRIFT 1A 2 vk BE RGN, 4N TR AR P 1Y
DI K B LR A . Ho B background S35 10 pmol/L By %GRS B K BOVA T
(W2 NEBRIE . 24 S2 RULRIHEAT I 28 VR A 3 20 pg/mL I, 4HERI PN 2 LB R R Yk
O A RFR TR P PO RR M . SCIREIRERN], IRl S2 BULRIRIT IR
LD ApvdA FEEIOLHEER

WA 4B Fizs, IIAT S2 BULRIAIT 2R )5, PAOL N RYZOLIEE R ZOL 2

TR R RN 2ZE SR E A A, —R S2 RISEIRFT IR R MAA7E S BFAE R PAO]
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TOULMEERR A, (AR S2 BILRMAT 1H 2R AR A YR AT RO e SR 1Y

POLH . R II2OERE 225 3 /NT PAOL RN DO ERIE R 257, NIt A

— AR S2 BULRHAT B 3R 2208 PAOT SEIUFOLIEER R o

A

2500 F
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10 20
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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 umol/L pyoverdine solution. (B) Pyoverdine's fluorescence intensity in solution and in

PAOIL 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.

2.5 92 BT ER TR BAERTE “RinE”

PR Z BB E R, 2R B R AL T UV BRI ol Z AR R R 1 26 F T,

AN 272 ROS,, M A B 238 1 400 i ¢ G ME B3R 1) 70 AR S A T i A SR AR 22 1Y)

POLREHR, N RZOLERR T LU 4 5252 ROS HYB T4 N4 7E ROS J&

JIZEAE T RIAFIE R o U P[RR RERS B B¢ G 2 3R 1 P A0 TR 2o B B B AN
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WSO S/RRBEAIE S BRI ER ST RA R AT

BRPOCERERN WERE" W, RO RERSBRIBCET AR R T bR AT M SRR R
— BN ROS FJ7, B4 MRS tRESR RS h o SRR SRR
TR, NIRRT — T D F RAFAETOCRE R S2 RILRIAT RIS, #EiE
ROS [EJRERARIE  “WIHHE" .
FESA 1 pmol/L 1) Fe 1) SSM 55350l Apvdd THREEF A5 PAOT 1537 E XU ,
W5 SE B B Apvd A TR AOAE BN E R SR L PN AR ZHAR N 10 pmol/L f5OLIEER R
10 pg/mL () S2 RILKIAT IR, XFHRZANY ApvdA KRG FREE FUMA B E
10 pmol/L MZEIEMEERE , BFA: 7 PAOL HYREFRIE T FUIMA AR IE N 10 pg/mL 1Y S2
TUSRMAF I . 2 h Je, TR ISR P AR 2R 2 pg/mL W ZABE R, ShZ
JEIMARRZARIE R 1 png/mL FBL T RE AT AR SR

FERE ISR 5 Fis, g A SMEMA R ZOEE R R, A ROS
JEHIFERRERTEARBER A CIERK K ApvdA TRk ; TH7EEREE v Rl AE R 28 g ik 2
S2 TULEKFT I RIS, A ROS FEJI L3 RFEREEN Apvdd Wbk, 734k, BIEREE I
RNFAETOCE R RNDIRAAAE S2 RGMATHE R, WASEIETAER PAOT kT A &
BITOEERFRIIT ROS 1. BAGIHFETRINE RN, T PRI A 752
JERERRER N S2 BULRMAT IR RN, ApvdA TRRRAYSET A (16.5%+2.2% ) BLIL R T4 S2

TS MAT A Z B 5 R ApvdA THERINZET % (1.6%30.5% )
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B 5 S2 BIRBRITE = A LA BN EE R “EiimE”

Figure 5 Pyocin S2 can help bacteria kill " cheaters ". The ApvdA strain was inoculated into
SSM medium with 10 umol/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
pg/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.

3 ittt

X T A R R O R UL, PR BRI RIS G , FIr U g o 2 28 0

FEEA, SOS MR FIIFFEM 20 D 70 4G, ZadJLTHER AR, XFF LexA fl
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RecA AR SOS P W28 C A7 A0 IRAY 1A, TEZRBRET R, PrtR 7l AlpR L2
SOS Wi A EZER T H , HA PriR @i P85 preV BN A FR LR S RILRAT 14
RIEENRRIL . TELITERBTTE R, 2 A SRR S TR 73 S USRI IR 3R 28 1
AR Z (8] R R 5420 P S TRUSR AT 7 3% L e i 4 T 2 AR I N AT
HDRE, X LEiH3E 8 — A A BT E RSRRAT  R EAA A . SR R R
IR ARG H AR RS, I A B AT DU e AT 2R, A RER IR Sy
I BMER I R JCIE S e AR ) 5240 b g ikl S8 T EA BIBFEaii, T it—
WHRFE S BULRMAT IR R AE SOS MR AR KL R FZO G R R Z R BK &, FRATH
TR ST POLIRE RIORRM LN, I B BT AR TSR AT B R X%
TR

FATHOSERE], 18 SOS MmN, MR S RISRIMAT R R AL ARk B T

RIS, — MRS ANARS BRI . 115340 — W5 A K WRRE B F3 . ST

jn

T TR IMAT 8 2R (95 B T4 RS B SR U —FRHAE , FFEARERE B IMAA B g2
SOS [y, M HEAMIBTTERY], LRIMAT B 196 i R 4w 205, e
FIRATLMEASFRERE 0 U6 T 2R MAT IR 2R, A7 (A B s AL rT RER B, RERSIL
WD H A A T A

S TR 2 AT BT R A A A BRI PR 14 S0 AR T SR B N o (R SR AR R Y, R
W =5 Z A RAAEIR R A . AT T R3A PriN R 2OEEER R 05 it . 45
KW, 3RIK PN SRR/ D 9OEREBER G R, FPR S BUaRMeAT I s L A T
HEREBRER 15 A BRI, (EUR GRS BRI SR A& . X 3R PriN Al fig

i HAth 7 2 He sl M SO R 1B i R il M 2 5UOCRE R R A il
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MR R R IR, RIVOCREYRR A MY T B TR A5 R R 2k 1 5
1 SECIEER R 15 U2 BIAR S AR TR, e 22 PO A% 5 (K F( sigma factor )PvdS,
BriLZ SMAA OxyR, AlgR, CysB, AmgR % B [N B SR ik PriN bk pvdS
(e P RMIEA K, (HZ PriN W RESZI T HALS 5IRETO R R S B 8
BRFRIRIE, S PvdS TERNAPIFRES, 5 FpvR A G UM HIRE, HA
F R PvdS AT DA RS A RIA0P 12 BT LA — R RRJE . PriN S8/
Hi PvdS M & i, MM EIOUERR G B T R

ARBFFFEIRMR T BB 82 FULRIHEHT B 20 A AR B MR R R IR, 25 R
SRMAT TR R RIAEAE 2 D A BRI ER R, X5 Z AR ZeHIAF R, TER]—
AR, POUREERR R REN R A S YRR B BRI A O
BRI CWORE” B, BT CIRET AT RAANTHAERR R AR P A S M AR SR AR R
B, o B0 U P A S Y R RTE R SR AR T b T 4534 BRI A ROS
W I RIAETE, S8R ] AR IRt AR I DO B R R R, X e 2
SRR ARSI P M RS AF A R, R TSR R,
RUTATREAEAE DI ML AR IX R OC R . FRATIERRI], IR AEAE S2 RISk
FFRZE I, FRBETRG R ) T AR DM RREIR IR

LR IR RS2 A SOS MR, MHOERERR R WIAE ROS HKA R 0 i v & 45
HEAEHT . FRATHY 025 S AT BER B A BT A 3 T sk T i 10 28 8 Z IR DB R o
HRTERAT LI, AR IA A IR ST LU AN B AR R IR S I I 2 IR AT T R
A IS 75 O LR ERZ R ARBT ROS K7, BIIRIRFAF7E SOS Wi, Al ROS He M iz,

B2 M I P WA S22 ) PRIV P, B B N SR AR, R
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