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W OE: ARGRERE T, GRARTEL KynABU KAk RBRIE R AEATR AR T B, 47
RAE KT R — 5 4F H R W &k A58 B £ LA (alkyl quinolones, AQs)4 & A B 4%
pqsABCDE 4k FA#EEAAA AQs 254 F, &3F 2-&IK-3-% K -4-8218 B (Pseudomonas
quinolone signal, PQS)#= 2-& & -4-°8 3% B (2-heptyl-4-hydroxyquinoline, HHQ). [l B, 4R &L
T BT AL R AR R AR T B W BB A4 AntABC 9L TGN ZRBRBEHR, {2
AntABC EMGZBENA TN FHOADFHAERARFTLE. (B MERERLERA
antABC 498 X R EM, St REM AR BT 5. [FF1 AREBEIE PAOL A F
AKE, BRI R EUNY FTEME antABC B R REMR, AR EZBRITFAMERBRERE € R
BRI, AMBIEH R SERBFESGR. BB FFhFEn. [£R]) 85 RE antdBC
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B R RE antABC 8L -F I B 46 RIBNT pel 89k K i do A8 4R AR 32 0 i & W4 IR
R, LB HFEIRE £ A RIBUT phzl Ao phz2 9 R K 3 mAL B4R B L IO W SR H
FH AR, R RE antABC TALH TR L E 09 R A B S A 884715 3), Ko, #H—F
ek RE pgsd W 7% A 5% AantABC #9X 3£ A 3 2 A . B sk, antABC *TiX sk 4 32 % A o4 if 4%
R T AQs. AR RE antABC # F AR LR ERET £ %4 HHQ, f24p474 7
PQS # 4 M. BLEA antABC xfiX st & 38 X A 49 R 4% £ 24 8 T HHQ. suoh, s X B & antdBC
TR THREBERANT AR RBEY RO EH, B2RR—FHKRTE pgsd Ao
% AantABC 9 X —F N AR, R4 KR T antABC 4R EBRERARRE T £ % 948 R4
KT, st R R E antABC S4B L0 E & 5 6938 5% 45 A B iz & HHQ A= 4R R R F 8
ERNTF. RE, AMEEFHOMNEIARIT 00% 4B EIEH E RS> BT antABC #9\
FTAATHELRE, Ak antdABC H 2 A P REBERA GRS BRI TERA SENN
A EY. [48 1 AntABC 4R SRR L I0H 0 & RERTEMR . A WA . GIRE £ & K-
BHHFFENETEAELFEEETEZNER, XAHTRAERERR GRS B A E 59T
REZT KA,

X AEBRENE,; AntABC; AFRARTER,; AT ERMEIEN,;, &

Biological effects of antABC operon on Pseudomonas
aeruginosa
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Abstract: In Pseudomonas aeruginosa, tryptophan can be converted into anthranilate via the
KynABU pathway, and anthranilate as a substrate is further converted into alkyl quinolones
(AQs), including 2-heptyl-3-hydroxy-4-quinolone (PQS) and 2-heptyl-4-quinolone (HHQ), under
the action of pgsABCDE, a synthetic gene cluster of AQs. At the same time, anthranilate can be
degraded into the tricarboxylic acid cycle under the catalysis of the anthranilate dioxygenase
complex AntABC, while the biological effect of AntABC on P. aeruginosa remains unclear.
[Objective] To construct and characterize the phenotype of the antABC-deleted mutant of P.
aeruginosa. |[Methods] With P. aeruginosa PAOI as the starting strain, we constructed the
antABC-deleted mutant by homologous recombination to study the effects of the operon on
tryptophan degradation, biofilm formation, pyocyanin synthesis, motility, and virulence of P.
aeruginosa. [Results] The deletion of antABC or kynU completely inhibited the growth of P.
aeruginosa with tryptophan as the sole carbon source, while ApgsA did not present this
phenotype, indicating that antABC was essential for the degradation of tryptophan by P.
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aeruginosa, and KynABU-AntABC pathway was the only way for the degradation of tryptophan
by the bacterium under the culture conditions in this study. In addition to affecting tryptophan
degradation in P. aeruginosa, the deletion of antABC promoted the biofilm formation of P.
aeruginosa by inducing the expression of the extracellular polysaccharide synthesis operon pel,
and it promoted the synthesis of pyocyanin by inducing the expression of the pyocyanin synthesis
operons phzl and phz2. In addition, the deletion of antABC enhanced the swarming motility and
twitching motility of P. aeruginosa. Interestingly, further deletion of pgs4 completely reversed
the physiological phenotypes of AantABC. Therefore, the regulation of antABC on these
physiological phenotypes depended on AQs. The deletion of antABC increased the HHQ
accumulation while inhibiting the synthesis of PQS in P. aeruginosa. These results indicated that
the regulation of these physiological phenotypes by antABC mainly depended on HHQ. In
addition, the deletion of antABC enhanced the virulence of P. aeruginosa to Chinese cabbage and
Galleria mellonella larvae, while further deletion of pgs4 only partially reversed this virulence
phenotype. Moreover, the deletion of antABC caused increased accumulation of anthranilate in P.
aeruginosa. Therefore, the enhancement of antABC deletion on the virulence of P. aeruginosa
was mediated by HHQ and anthranilate together. Finally, bioinformatics analysis revealed that
the missense mutations of ant4ABC operon occurred in more than 90% of clinical isolates of P.
aeruginosa. Therefore, antABC was expected to be used as a biomarker to determine whether
clinical isolates of P. aeruginosa were highly virulent. [Conclusion] AntABC plays an important
role in the tryptophan degradation, biofilm formation, pyocyanin synthesis, motility, and
virulence of P. aeruginosa. This finding lays a foundation for the clinical diagnosis and
antimicrobial development of P. aeruginosa infection.

Keywords: Pseudomonas aeruginosa; AntABC; anthranilate; alkyl quinolones; virulence
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G A L A5 AN BR324k LasR. RhIR
1 TqsR M TR T Ui 3 R Ay ek 100 A Ml o
M PQS G5 J& DA 3 v i i 25k & )
(alkyl quinolones, AQs) N {557+ T-H QS &4,
AQs FEAFE 3 ANEEMNMLAY, B 2-BFdk-3-
F2 HE -4 5 1R (2-heptyl-3-hydroxy-4- quinolone,
PQS) . 2-B¥ 3 -4- M4 ] (2-heptyl-4- quinolone,
HHQ) Fl 4- ¥& 3 -2- B¢ Jk v ok -N- & b &
(4-hydroxy-2-heptylquinoline-N-oxide, HQNO),
Hrp PQS K Hi1A HHQ /& PQS R4 WIE S0
T2 PQS 5 LysR &Y PgsR Y C K
BeARSS & XA BAE A, 8O0 S AR bk s
pqsABCDE Y\ 13235, MATTE 15 8 2k Al R A
Y — b3 S A 78 PqsABCDE HUfiEfL T,
] 2t i B ML TR DA A 2 R B R IR W A K
HHQ, HHQ Wit — A H R BNA N PqsH i
b g3 Al N A PQSP! (K 1),

Wi AR A P P AR AR PR A 2 RS
R VFIBAT : 55— Fh I i (0 S RIT %t R AR
AP RIRERRIER, ZIBEMG 3 P,
SR kynd (PA2579)3E R gt (1) 8 2R 2,3-XL
TN  kynB (PA2081)3E R 4ihidh i) R IR 208 Y Tk
A kynU (PA2080)3E R 4 i) K IR 2 BR T
SEATTE O TR I 20 R AR % Ak = A 4R FE R
AR 3/ L P T = 17 v = ) 'l 7y )i
Y, ARSI R AN PhnAB MIfEfL T & %
SRR R,

PR RER T Ref% b PQS Z4b, i
REIH 1 AntABC P AR IS4 Bl R i o P 2 3L H i
Pl AR (0 55 — 2 S A0 R LSBT, 2
LR R IR AU AN 2 5% AntABC 4%,
AntABC i AntA | AntB Fl AntC =/~ HE4H A,
AR E T W F 1 antd (PA2512),
antB (PA2513)F1 antC (PA2514)H 5Ny, H:
W antA GRS 4R &= FE R IR XUIN S R 2 L antB

<l actamicro@im.ac.cn, & 010-64807516

SR AR LR F IR MU/ NI | antC G
AP S LR R U S A S O TR B LS
1 )k — 20 2 LA I B il i 42 CatABC %1%
Mk A = RBIEIN(TCA TEIR).

HAR AntABC S 57 4R 28 5L 7K HH R R it 1Y
ELHI DGR, (H 2 HL7E 4 R M 3 A
P AP MR ANTE R . I, o T g X
— o, AP SRR ML E PAOT Hrkk
RAST antABC T, HIEETIZRAKIIR T
antABC ¥\ F I AW =30 . 5 R BN,
antABC I\ FTEM SR M PAOT 1 €4 2R
WEfi . ORI AL . SR R AR, Bk
FIEE )5 7 A R R B VER .

P

1.1 5I¥ER

A5 SR 1,
1.2 EPRFARAL

A F (5 FH 1 B R B OR A B R L3R 2.
1.3 BERFHRERE

ARG R A FF T L 2 A1 L R
PAO1 JHRASKRIGTE 37 °C ¥ige, WiRIRG (1
FHE%E 38 220 r/min.

TSB AR 35 H(g/L): Tryptone Soya Broth
30.0, pH 7.0,

LB R 375 (g/L) : BEREREU 5.0, NaCl
10.0, &AM 10.0, pH 7.0,

TSB [E{AR: 7% (g/L): Tryptone Soya Broth
30.0, FUlEH 15.0, pH 7.0,

LB ARG FR 5 (g/L) : BEREFEHUY) 5.0, NaCl
10.0, BEFEEME 10.0, BiEH 15.0, pH 7.0,

MMP JEfil 1% 3% 5 (mg/L) : Na,HPO, 4 258.8,
KH,PO, 1 905.2, FeSO, 0.6, MgSO, 120.0,
(NH,4),S0, 2 642.8, pH 7.0, i FHEF S INE & A0
173 L
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Table 1 List of primers used in this study

Primers name

Sequences (5'—3")

antABCup F
antABCup R
antABC low F
antABC low R
pgsAup F

pgsA up R

pgsA low F

pgs4 low R

kynUup F

kynUup R

kynU low F

kynU low R

antABC F (pME6032)
antABC R (pME6032)
antABC F (pUCP24)
antABC R (pUCP24)
phzl F

phzl R

phz2 F

phz2 R

pgsA F

pgsA R

pqsH F

pgsH R

antR F

antR R

ATCGGAATTCATCTCCTCGCTGATGTGC
AGAGGTCGAAGTAGATCCAGTTCTTTTC
CTGGATCTACTTCGACCTCTACCTGTGC
ATCGAAGCTTAGGAGATTCCCATGAACG
AGCTGAATTCAAAATATTCCCGCAACTG
TCGGCCAGGTATCGAAATCGAGGCGGAAC
CGATTTCGATACCTGGCCGACACCCTTTATCAC
ATCGAAGCTTGATCGCTGCCAGTTTGAC
AGCTGGATCCCACATGGACGATGGCTTC
TGGAGGATTTCGTTGCCGTCGAGGTAGATC
CGACGGCAACGAAATCCTCCAGAGCGAAG
AGCTAAGCTTGCCAGGGTCAGCAGGTAG
AGCTGAATTCATGAACGCTACCCGCAGAAG
AGTCAGATCTGCCTCCGACGAGGCGTCC
AGCTGAATTCATGAACGCTACCCGCAGA
AGTCGGTACCCAGCATCGACGAGCAGGT
AGCTGGTACCAAAGTTTCTCCGGCATAC
AGCTAAGCTTAGTGGGAATACCGTCACG
AGCTGGTACCATGGATGCCAGTCGATTC
AGCTAAGCTTGGTGGGAATACCGTCACG
AGCTCTCGAGTCCGGATGCATATCGCTG
GTCAGGATCCAACATGCCCGTTCCTCCG
CTGACTCGAGATGTCCGGAGGCGTGATG
GTCAGGATCCACCAGCAGCCAGTCGATG
AGCTCTCGAGGTCGACTGGTTGCCCTTG
AGCTGGATCCCTCAGGCTGTAGGCGTTG

*: The underlined bases are the restriction sites.

MMP Bl 5 55 B rhor M il : 2 g/L A
ZEEE 10 mmol/L IR (R IR, lle;
PEZR, Cys; RINZMR, Phe; L&, Leu;
OER, Trp; Z%AMR, Ser; WM, Gly; H
W lR, Met; %2, Pro; 77% 2, Thr; 4%
AMWENE, Gln; RAMENE, Asn; 4ZMR, Val;
NEMR, Ala; KR, Arg; HZAMKR, His; [
M, Tyr; AR, Glu; MR, Lys; K4
ZIR, Asp; IXEEZIEIR T —F).

PB 353 (g/L): NaCl 1.4, K,S0410.0, JB#
E T 20.0, pH 7.01,

HEREIZ B (swarming motility) 15 #7 3 (g/L)

EIRN 8.0, #i%WE 5.0, 3R RS 5.0, pH 7.0,

UK 8 iz 8 (swimming motility) 5 # Jt
(g/L): E M 10.0, NaCl 5.0, Bigks 3.0, pH
7.0824,

4715 31 (twitching motility):5 75 2 (g/L) : &
FIW 10.0, BEERREW) 5.0, NaCl 5.0, Bk
10.0, pH 7.0,

PUERMAIBOATT : SR R TR KR
2 30 pg/mL, @R E 30 ug/mL, KKREHR
100 pg/mL, PUFRZE 200 pg/mL), KIHFFH (B
FIFEZE 30 pg/mL, EWEZX 30 pg/mL, PYIHFE
20 pg/mL, PERER 10 pg/mL),

http://journals.im.ac.cn/actamicrocn
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*2 EHMBERERE
Table 2 List of strains and plasmids used in this study

Strains and plasmids Related features Source

Pseudomonas aeruginosa

PAO1 (ATCC 15692) Wild-type Laboratory collection
AantABC Mutant of knockout ant4ABC in PAO1 This study
ApgsA Mutant of knockout pgs4 in PAO1 This study
AkynU Mutant of knockout kynU in PAO1 This study
AantABCApgsA antABC/pgsA double deletion mutant in PAO1 This study
Escherichia coli
TGl F' [traD36 proAB" lac 19 lacZAM15], supE, thi-1, A(lac-proAB), Laboratory collection
A(mcrB-hsdSM)5, (rK” mK")
S17-1 RP4-2 (Km::Tn7, Tc::Mu-1), pro-82, LAMpir, recAl, endAl, thiEl, Laboratory collection
hsdR17, creC510
Plasmids
pK18mobsacB Km'; sacB-based gene replacement vector L8]
p34s-Gm Amp’; Gm resistant cassette carrying vector 1l
pMEG6032 Broad-host-range vector, Tc" 1201
pMEG6032-antABC antABC was cloned into pME6032 This study
pUCP24 Broad-host-range vector, Gm" 21
pUCP24-antABC antABC was cloned into pUCP24 This study

pMini-CTX::lacZ Q-FRT-attP-MCS, ori, int, oriT, Tc" (22]

pMini-CTX-P,r::lacZ P,z promoter was cloned into pMini-CTX::lacZ Laboratory collection
pMini-CTX-P,,,::1acZ P54 promoter was cloned into pMini-CTX::lacZ Laboratory collection
pMini-CTX-P,.;::lacZ  P,,.; promoter was cloned into pMini-CTX::lacZ Laboratory collection
pMini-CTX-P,.;::lacZ P, promoter was cloned into pMini-CTX::lacZ Laboratory collection
pMini-CTX-P,::lacZ P, promoter was cloned into pMini-CTX::lacZ Laboratory collection
pMini-CTX-P,y::lacZ  P,qn promoter was cloned into pMini-CTX::lacZ Laboratory collection

pMini-CTX-P,,,z::lacZ
Tc: Tetracycline; Gm: Gentamicin; Km: Kanamycin; Amp: Ampicillin.

P..x promoter was cloned into pMini-CTX::lacZ Laboratory collection

1.4 EFERF

DifEHE . BRI . MR . Tryptone
Soya Broth 77 3E, OXOID /A H]; DNA 4lifk A
Wil & . ORI &, RARAAERHL L
SOABRAT; DNA REHE, bt NaAY
ARARAT]; BREIVEADINE, TaKaRa AF]; T4
DNA 3, NEB 2A7l; o-RHEAEIE-p-D-2kL
Wi (o-nitrophenyl-p-D-galactoside, ONPG), P&
MR PE R Ay (L) A RN A BB,
Gentamicin . Kanamycin  monosulfate .

Chloramphenicol , Tetracycline il 20 Fh 2 FL R %,

<l actamicro@im.ac.cn, & 010-64807516

BB E R PRl o HoAth w0 15
[ ot
1.5 RTHREEHNERBEE

IR 7R PR B H AN R RR 114 F e B SC AR [25]4
T ET
1.5.1 RTHRETHEE

AT v 5 A8 ok 118 A At R T ) 958 B 21
5. UUMIE AantABC R, B4, Liss:
REMITE PAOL ()5 DNA M, it rm
X514 antABC up FlantABC up R Fll antABC low
FlantABC low R 4y J 4734 T % 5 W 1 b i
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antABC up F Bt FIFiiF antABC low FBt, Pl
H antABC up F/antABC low R 5|#¥JLL antABC up
Bt antABC low F B RAsip , 1§ & A
PCR MJHEILIN FBR & AantABC. ¥ 3A5 M RbE
a5 A RBAK pK18mobsacB |6 B i Y] (BamH
UHind D)5 #4754, RIGHAZE KRG HE
TG1 , O ¥ B ¥ 52 B JF 4% 15 & 2 401K
pK18mobsacB-AantABC ¥4 KK R YIRS
(CGm)JFFEAb I RIGFFE S17-1 #3384 AR
¥k S17-1 (pK18mobsacB-AantABC-Gm), [i)5,
A5 B BHA T 5 Z AT S BRI PAOT)
W 12 A 1 T Bt 51 A 3 T R S M R
PAOL 1, FiJ5, RS EMHE &M LB B
WRE AT T 5 A PR B R (100 pg/mL)FISE 55
E((30 pg/mL)i LB MWHFH. KBMEESL
PCR B FJ5 15 B BRAC A o ARAT 1Y B S AR P
Wit LB EPiPERR T, MR E iR T35 A RIR%
2(30 pg/mL)FI 12% 4 LB Al b, X
PR TS 4 PCR A . HUiE e Ay f5, B
A antABC BB TEATRE
152 B EHRBIGE

DI AantABC W EHANERE R, B 5E0H
5% antABC FlantABC R, "4 antABC ¥4\
T B Y 1 antABC $9\+ 3L
F B MR pME6032 [A] I i) (EcoR 1/Bgl
)G i, RIEHAERBITFE TGL
g o BH PR SE BE OO 3K 1% E 4 kb 1K
pPME6032-antABC. WJ5, it ity ik
W EHBIAREE T AantABC 2875k, Zhitk
16 AR A 15t A% EL AN B RE o (8 FH [R)RE 14 7 9245 21 4l
2o Al B M TR JH A 58 AR AR P EL AP TR
1.6 S ZrNE

BRI ARFERN T 5 mL WA TSB B3Rk
th, 37 °C. 220 r/min 553% 12 h J5 4% 1% 2
B 5 mL WA TSB 3535k, 32 B A e

J& 43 A B 1 mL PFRFIN T, 4 500 r/min B0
5 min WA, A | mL MMP i 37380775
U 2 IRAEASFE AL TE] ODgoo M 7E RIEUEAR RS, SR)5
PR EERY S mL A MMP 5532 3 (1% B A TR
T AL T, 20 LA 2 W A ] ) e R Ry e )
P ELA ODgoo H 0.05, 37 °C. 220 r/min ¥E7%
B FR, AR bR AR, A IS 1R
[E] (B PRI AE ODeoo, ALk i Bl
R 51 00 75 BN 0 vk B P AR R KA R
IPTG %,
1.7 #E = &% (thin-layer chromatography,
TLC)3:3

AQs M-I Ik RS Sk (2613 LA
Bk, BRI B4R T 5 mL B9WA LB
37 °C, 220 r/min 3% 12 h, ¥5538 )5 B9 R %
1% 2 5 mL f3AA LB H1, 37 °C., 220 r/min
R 25 E W5 10 000 r/min &0 10 min, Y4
FiEIFH 0.22 pm AL g gt U8 F g
3 AR IR L 2R £ B (2 R 2 g o A
0.01% VK EEIR)AE B 2 WK, YR 26 BUR T e e
R o WARTR Y)W B A, B3 ul i
WS GF254 TLC M. ThE, A& H
HEE(95:5) R it AR HEA T2 BT o )2 AT ) 1 28 41
SATAAE 312 nm PEKF E47 ] AL LSS IR
EK- A,
1.8 A AERI R B L I8

A= T T IR 7 i B S 2 SOk [25]9F
NP, T e AR B PR AN T AT ) 5 mL
Wik LB i3 dkrh, FRAMR SRR 2 ODgoo N 2.50
F, BRI E BRI 1% MR B i LB K33
Ferp, JRAJEEL 100 uL FRRS ERINA 96 fL
PVC #iH, FAAbFIGEE 8 N, 1F 37 °CHs
FRAATP SR 24 h W R, JRTERALPm
A 200 pL ABERREh 22 th ik (PBS)IE 1k 2 IR ABR 2
B A B AR R . IR TS, AL EDm

http://journals.im.ac.cn/actamicrocn
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A 100 pL 0.1%2 i 55 YL 0 & T8 B A= 1 4 A
et 10 min, FR] PBS {7k 2 K. feJa FHiE &
1) 95%  BER BB 26 76 2E D p IS b i 4 i 4%
SR 5 (8 FH AR (3G %E 2 BEE AR ODs7o XA
gk R T o Sl 8 N EE A BRI
FRR IR 22
19 ZKEZHNS=ENE

SR TR 2R S REIE 1k E S U1
W R B MR EERD T 5 mL WK TSB B3Rk,
37 °C. 220 r/min }55% & ODgoo N 2.50, % 1%
w5 mL Fr iR PB B53R3EH, 37 °C,
220 r/min 3555 24 h 5, ¥3EFHEPLL 8 000 r/min
20 5 min R HIEW, 7E 5 mL EWHERHIIA
3 mL & {5, RIZUEENES] 2 min J5, LA 8 000 r/min
(A 2500 10 mino SRJ5 , K DT FHEL RS 281
BRI T mL 0.2 mol/L i HC #E17  2¢
B, FRRE.OE, BUE HCLER, MAE ODsy,
LRI 2 5 1t =0Ds30x17.072 (ng/mL). ZRIKTH 3
I E S5 R PR ODgoo fH B —1k
AR B
1.10 =Eh4EseLs

SETEE 3 JiFikas sh AT iz sh 3t 2%
BRI2710 5. 3 Fis shiPEsem o mIfE R i
S, WETKAZ SRR T A8 B AR B EA T o Xt
FHEREZ S FNFIKAS shiz shPESC s W 25 U B ik
BERT 5 mL A LB H, 37 °C. 220 r/min 1535
% ODgoo N 0.80 JE B 3 uL BRAEFT45 H AR
Huls, 30 °CIEE B3 20-24 h, MEHE & 1P L
1500, BT Imagel B {4 LIRS ML EAR MR E K
JEE I TR TR XA T8 shiz kS ne,
PRI 75 28 R RN T B4 738 2l AR ARG
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Figure 1

Biosynthesis, transformation and degradation of anthranilate in Pseudomonas aeruginosa.
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Figure 2 The growth of Pseudomonas aeruginosa strains in different carbon source media. A—D: The growth
of PAO1 and AantABC in MMP minimal salts medium with one of 20 amino acids as the sole carbon source.
E—H: The growth curves of PAO1, AantABC and its complementary strain in liquid medium TSB, MMP
minimal salts+10 mmol/L tryptophan (Trp), MMP minimal salts+20% glucose (Glu) and MMP minimal
saltst10 mmol/L proline (Pro). All data represent at least three independent experiments. The error line

represents the standard deviation. ***: P<(0.001.
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Figure 3 KynABU-AntABC pathway is the only way for Pseudomonas aeruginosa to degrade tryptophan in
MMP medium. A: The growth curves of PAO1, AantABC, and AkynU in MMP minimal salts+10 mmol/L
tryptophan. B: The growth curves of PAO1, AantABC, and AkynU in MMP minimal salts+20% glucose. C: The
growth curves of PAO1, ApgsA, AantABC, and AantABCApgsA in MMP minimal salts+10 mmol/L tryptophan.
D: The growth curves of PAO1, ApgsA, AantABC, and AantABCApgs4A in MMP minimal salts+20% glucose.
All data represent at least three independent experiments. The error line represents the standard deviation.
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Figure 4 Effect of deletion mutation antABC on biofilm formation of Pseudomonas aeruginosa. A, B: Biofilm
formation and quantitative analysis of different strains on 96-well plates. C, D: The expression levels of
biofilm-related genes in PAO1, AantABC and its complementary strain were detected by pel'-lacZ and psi'-lacZ
transcription fusion. All data represent at least three independent experiments. The error line represents the
standard deviation. *: P<(.05; **: P<0.01; ***: P<0.001; ns: No significant difference.
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Figure 5 Effect of deletion mutation antABC on pyocyanin biosynthesis of Pseudomonas aeruginosa. A, B:
Synthesis and quantitative analysis of pyocyanin from different strains in PB medium. C, D: The expression
levels of pyocyanin synthesis-related genes in PAO1, AantABC and its complementary strain were detected by
phzl'-lacZ and phz2'-lacZ transcription fusion. All data represent at least three independent experiments. The
error line represents the standard deviation. *: P<0.05; **: P<0.01; ***: P<0.001; ns: No significant difference.
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Figure 6 Effect of deletion mutation ant4ABC on the swarming motility and twitching motility of Pseudomonas
aeruginosa. A, B: Determination of swarming motility of P. aeruginosa different strains. C, D: Determination
of swimming motility of P. aeruginosa different strains. E, F: Determination of twitching motility of P.
aeruginosa different strains. All data represent at least three independent experiments. The error line represents
the standard deviation. **: P<0.01; ***: P<0.001; ns: No significant difference.
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Figure 7 Effect of deletion mutation antABC on virulence of Pseudomonas aeruginosa. A, B: Determination
of the lesion area of Chinese cabbage treated with different P. aeruginosa strains. C, D: Survival curves of the
Galleria mellonella larvae treated with different P. aeruginosa strains. All data represent at least three
independent experiments. The error line represents the standard deviation. *: P<0.05; ***: P<0.001.
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Figure 8 Effect of deletion mutation antABC on AQs production of Pseudomonas aeruginosa. A: The
expression levels of pgsABCDE operon in PAO1, AantABC and its complementary strain were detected by
pgqsA'-lacZ transcription fusion. B: The expression levels of pgsH gene in PAOIl, AantABC and its
complementary strain were detected by pgsH'-lacZ transcription fusion. C: TLC analysis the AQs production of
PAO1, AantABC and its complementary strain. Lane 1: 20 mmol/L PQS standard; Lane 2: 20 mmol/L HHQ
standard; Lane 3: AQs extract of PAO1 (pME6032); Lane 4: AQs extract of AantABC (pME6032); Lane 5: AQs
extract of AantABC (pME6032-antABC); Lane 6: AQs extract of Apgs4 (pME6032). D: The expression levels
of antR gene in PAO1, AantABC and its complementary strain were detected by antR -lacZ transcription fusion.

All data represent at least three independent experiments. The error line represents the standard deviation. *:
P<0.05; **: P<0.01; ***: P<0.001.
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