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X R T antABC il iL i F Il S 4B A AR T pel #9 R A it mAL B4R SRR L R A AR IR
B Rk, LB HFERE E A RIBEUT phzl A= phz2 69 & A 3 MR 4R SRR L IO LR
AR, B R RE antABC B3 TANGBR LI 09 R A E Sh A ATE . B4, #—F
Bk R pgsA | T A A5 AantABC #9iX st A 38 R A b, antABC FiX 2k 4 32 & A 449 4%
RH T AQs. AMmik RE antABC # LA ZR LA R R T £ % 49 HHQ, (2474 T
PQS #94&- & . B antABC tiX sk 4 38 & A 649 4% £ 2R # T HHQ. ko), $: X R X antABC
IR TRGBRERAN O X R EY R F ), R —FHKXRE pgsA R0
# AantABC #9i X — & ) & A, R4 A R E antABC w40 B ERE R E T £ % eh4R R4
KT B, Bk R T antABC AT 4R SRR M0 B A /) 6938 5% 4F A L iZ & HHQ A= 48 R K F 8
ERNF. B, AMEEFONLINALT 90%4A B L IH & R » & F antABC # 4
TRAATHNLRE, Rt antABC A 2EH A AEBRERAERS BREZTEA ZFENN
AMirED. [44£ 1 AntABC B4R LA 0 & RBREM . AMAEIET . EHRE T 4 K-
BHUARENETONRLELETEZANER, XAHAMNRERELERE OGRS W E 24
RERT A

EHEIR: AR EIE . AntABC; ARERA R TR A SZERENAY:, FH

Biological effects of antABC operon on Pseudomonas
aeruginosa

LI Zhiying®, LI Panxin”’, NING Wangqing, LI Lan, HAN Jiayi, CHENG Juanli , LIN Jinshui’

Shaanxi Key Laboratory of Research and Utilization of Resource Plants on the Loess Plateau, College of Life
Sciences, Yan’an University, Yan’an 716000, Shaanxi, China

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 pqsABCDE, 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 PAO1 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 pgsA 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 pgsA 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 antABC 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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Yo WAPRFRGUBYLAE | 5 BE L 10%-20% 7,
i Al BRI B 2 B AR IO B0 , B A A B
7 A ) Z AU AR SCIR AR, AL Sy Rk
G BiiEs RIS G W) | Ek = 22 R N
BEE AL & W A& 2 B8 A IR 55, Ik BE R Al ™
W7 A 2 A P T A A e A R IR AR 2R
HA 2 B BEAE )Y (quorum  sensing, QS) &R 4t
HOFEC T

QS AW K R, dlad A IR R

ORI B A5 5 20 (B 755 500 ) R B R e 4 2
&, YRR B IR B —E B(ER, RAEMTF S5
- 55 M A SRR T 4 T S S AR R ]
(R S, MR A B 1 45 R R 50,
PR AR IR B TR B d Bl D) e g g PR g
PEAEUST R SR PR T 3 AL 4 B QS R4,
23904 las, rhl. igs il pgs &4, H las. rhl
M igs BIEZ 050509 N-3-%8+ “Lel-L-i5
22 A R N TiE (3-0x0-C1o-HSL) . N-THE-L-m 224
R P TiR (C4-HSL) Al 2-(2- 2 IR Jik )- g mk -4 FH gt
[2-(2-hydroxyphenyl)-thiazole-4-carbaldehyde, 1QS],
‘B4 Lasl, Rhll fil AmbBCDE &A%, FF

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



4406

LI Zhiying et al. | Acta Microbiologica Snica, 2024, 64(11)

G A L A5 AN BR324k LasR. RhIR
Il TqsR M TP 4E T ¥ife 3 R Ay ek 100 A Ml o
ML PQS Z 48 U J2: LA kg 35 v 45 Bl 25 L &
(alkyl quinolones, AQs) N {557+ T-H QS &4,
AQs FLAHE 3 ANELEMAAY, B 2-Pikk-3-
¥ HE -4 5 1R (2-heptyl-3-hydroxy-4- quinolone,
PQS) . 2-B¥ 3 -4- M4 [l (2-heptyl-4- quinolone,
HHQ) Fl 4- ¥& & -2- B& Jk W ok -N- 2 b 9
(4-hydroxy-2-heptylquinoline-N-oxide, HQNO),
Hrp PQS K H1A HHQ /& PQS &L HIE S5
T2 PQS 5 LysR &5 PgsR Y C K
BCARSS A XA EAEF , S 30 G A8 b i T ios
POSABCDE #2022k, DI 5 H 2R AR L
Y — b3 F M 78 PqsABCDE HUfiEfL T,
) 2 A1 B M A DA AR R R B R R IR & K
HHQ, HHQ Wit — LA H R N4A R PqsH i
b g3l N A PQSPT (I 1),

i AR B M P AR R R 2 A
R VFIBAT : 55— P2 P (0 SR T %t R AR
AP R RIRERRIER, ZIBEM 3 P,
73572 kynA (PA2579)KE A 4wt i (4 2 R 2,3-31
T4 | kynB (PA2081)3E Rl 4 fith i) K IR 24 R Y Tk
JHE AT kynU - (PA2080) i K] 4 it 1 K R 2 BR T,
JEAFTE 0 S R I AN M A Q% AL 7 AR 4R 2 FE 2K
e 3 L PN et i b7 ¢ = N O Sl Cay ) i
Y, EAREERH IR AN PhnAB HIfEfL T &%
BRI H IR,

PR HRER T Ref% b PQS Z4b, i
Al 1T AntABC RIS 0 R o 4B 2 LK FH IR
PR AR (0 55— 2 SR A0 R LSBT, 2
BRI R AUIN A 2 5% AntABC 4%,
AntABC i AntA | AntB 1 AntC =/~ L0 ¥,
BT EE T W42 71 antA (PA2512),
antB (PA2513)F1 antC (PA2514)i) 5L 4y, H:
H antA Zt A 418 22 2R R BUN SR S 5L L antB
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SRR 2 SR F IR AU/ NI L . antC Fafid
AP S SE R R U AR A S O T B LS
1 )k — 20 2 LA I B il i 42 CatABC 1Y %%
M kA = RGN (TCA TEIR).

HAR AntABC 27 5T 4R 24 52K HH R R At 1Y
ELAI DGR, (H 2 AR R M B R A
AP MR AN E R . I, S T g deix
— A, AR SRR M E PAOT Hrkk
AR T antABCHEINT-, I T IR IR T
antABC #: 9\ + 1Y A= W) # R0 o 45 R BOR
antABC 9\ 7 S LML TR PAOT 1 €4 212
R . AL . SIKE R A . Bk
FIEE ) 8 7 A R R B VER .

P

1.1 S¥ER

A5 Y5 SR 1,
1.2 ERFARAL

AT ST A8 FH 0 B i B Bk {5 B L2 2.
1.3 BERFHERIERE

ABESE Rl R RIS B T
PAO! JHRASKRINTE 37 °C ¥ige, WiRIRG (1
FHE%E 38 220 r/min.

TSB A RE 3£ H(g/L): Tryptone Soya Broth
30.0, pH 7.0,

LB i iAEs 25 (g/L) : BEREREY) 5.0, NaCl
10.0, BEE A 10.0, pH 7.0,

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

LB [R5 (g/L) : BRI 5.0, NaCl
10.0, BEFE A 10.0, BiEH 15.0, pH 7.0,

MMP LAl 1% 35 5 (mg/L) : Na,HPO, 4 258.8,
KH,PO, 1 905.2, FeSO, 0.6, MgSO4 120.0,
(NH4),SO, 2 642.8, pH 7.0, fdi BN 1
173/ L
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Table 1 List of primers used in this study

Primers name

Sequences (5'—3")

antABCup F
antABC up R
antABC low F
antABC low R
pasAup F

pasAup R

pgsA low F

pgsA low R

kynU up F

kynU up R

kynU low F

kynU low R

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

phz1 R

phz2 F

phz2 R

pgsAF

pgsAR

pgsH F

pgsH R

antRF

antRR

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 5 552 B rhr M il : 2 g/L A i
ZifEE 10 mmol/L I ZIEFR (R &R, lle; 2
Ptz lR, Cys; RINZAMR, Phe; 522dlR, Leu;
=R, Trp; 2% R, Ser; HZAMR, Gly; H
W2, Met; %2, Pro; 77% 2, Thr; 4%
ZAMWENE, Gln; KAMEME, Asn; 4R, Val;
WNEMR, Ala; KR, Arg; HZAMKR, His; [
M, Tyr; &AM, Glu; HizR, Lys; K4
ZAMR, Asp; IXELEIERRH—FI),

PB }i9# #(g/L): NaCl 1.4, K,S0410.0, fifi
AW 20.0, pH7.0M,

HEREIZ B))(swarming motility) 55553 (g/L):

EFRN 8.0, #iZWE 5.0, 3R RS 5.0, pH 7.0,

UK 8 iz 8 (swimming motility) 5 # Jt
(g/L): &M 10.0, NaCl 5.0, BiEHE 3.0,
pH 7.024,

47712 Bl (twitching motility) 15557 3 (g/L) : 2
FIWE 10.0, BEERREW 5.0, NaCl 5.0, ik
10.0, pH 7.0%,

PUERMREOATT : et R R R
B 30 pg/mL, AHR 30 pg/mL, KRKER
100 pg/mL, PUFRZE 200 pg/mL), KIHHF# (B
FIRER 30 pg/mL, FAFEEK 30 pg/mL, PUIHFE
20 pg/mL, PEREER 10 pg/mL),

http://journals.im.ac.cn/actamicrocn
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®2 EMMRKESR
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 antABC in PAO1 This study
ApgsA Mutant of knockout pgsA 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 I 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 [18]
p34s-Gm Amp’; Gm resistant cassette carrying vector [19]
pMEG6032 Broad-host-range vector, Tc" [20]
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-Ppgr::lacZ
pMini-CTX-Ppga::lacZ
pMini-CTX-Ppn::1lacZ
pMini-CTX-Ppn::lacZ
pMini-CTX-Pyyen::lacZ
pMini-CTX-Pyqe::1acZ
pMini-CTX-P yr::lacZ
Tc: Tetracycline; Gm: Gentamicin; Km: Kanamycin; Amp: Ampicillin.

Ppar promoter was cloned into pMini-CTX::lacZ Laboratory collection

Ppsa promoter was cloned into pMini-CTX::lacZ Laboratory collection
Pohz1 promoter was cloned into pMini-CTX::lacZ Laboratory collection
Pohz2 promoter was cloned into pMini-CTX::lacZ Laboratory collection
Ppgsa promoter was cloned into pMini-CTX::lacZ Laboratory collection
PpgsH promoter was cloned into pMini-CTX::lacZ Laboratory collection

Panr promoter was cloned into pMini-CTX::lacZ Laboratory collection

AURZS TR A BR 2> 7] o A H AL R 2
FEo BTl
1.5 REREEHEREE

1.4 FERF
TilE WY . BREE I . BEREHEHUY . Tryptone
Soya Broth }% 33, OXOID /A 7]; DNA 4iifk[A]

WooR & . Bk /MR &, KRR AL
TO)A R E]; DNA REE, e aEmH
ARARAA]; FRAIHEN VIS, TaKaRa AW ; T4
DNA %45/, NEB AH]; o-fif 5 KE-p-D-2F- 3L
Wi (o-nitrophenyl-p-D-galactoside, ONPG), P&
B SR ASARAE S Bk,

Gentamicin

Kanamycin  monosulfate .

Chloramphenicol , Tetracycline il 20 Fh 2 FL R %,

P4 actamicro@im.ac.cn, 7 010-64807516

TR AR PR B H AN R RR 118 F e B SC AR [25]4
T EAT
1.5.1 RETHRAEE

AT v 58 ok 114 A 7t R T ) P8 B 21
5. LIKMIEH AantABC h|, B4, Liis:
REMITE PAOL ()5 DNA M, it em
%1514 antABC up F/antABC up R #il antABC low
F/antABC low R 43l ¥ ¥ T 3% 5 K 9 L i
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antABC up H BRI T i antABC low F B, i
I antABC up F/antABC low R 5|#J LA antABC up
J Bl antABC low FBUA#E AR, 18 i 5 & Sk
PCR R SEIN B & AantABC. KRSy i
a5 B AR pK18mobsacB [A] i i) (BamH 1/
Hind D)5 #4715 42, AR5 b 2 R R TG,
e PH oM e B OJF K 1H E o4l 3k K
pK 18mobsacB-AantABC i 42 X K E ik 3k
(Cm)J5 AL R AT S17-1 155 52 (A TR
¥k S17-1 (pK18mobsacB-AantABC-Gm), i),
H A5 2 R AT 5 Z R E GRS B PAOT)
W A 1 T B T4 AR T N R R
PAOL ', BJE, FEaERH &M A LB &7
W BT R AT T & A IR K& (100 pg/mL)FIE %
(30 pg/mL)) LB AP TFH. KHAHEEZS
PCR BGUFJE15 B BRAC A . FRAT 1 A B A T
it LB JCHUMERE I, FReE A T 5 Rk
Z (30 pg/mL)F1 12%FEHER) LB - b, ST H
[ERTR VA 22 PCR A . Hrik B e Ay s, B
FR1G antABC Y Bt 28 A8 bk
1.5.2 EH#EHKBEE

PIFEE AantABC I H ANER MBI, # el
519 antABC F/antABC R, 1 antABC #:4\
T A B, ¥R h e antABC 59\ T L
F B H AN pME6032 [ 1] (EcoR  1/Bgl
I)E 78, R HALE RIBITFE TGL
el R I SN - S N I T = N
pME6032-antABC. ifiJ5, i i ih 4k i) i
W EHBMA T AantABC 287450k, &4tk
i e ARAT AL T AN BRI o (8T FH R 1 A5 31 i)
L1 B A At S AR MR 1 B D R
1.6 HKZaINE

R MR T 5 mL WA TSB 5375k
tr, 37 °C. 220 r/min ¥35% 12 h J54% 1% %
BrEr 5 mL AR TSB 535t 32 £ e

Je 43 A B 1 mL PFRFIN T, 4 500 r/min B0
5 min WK, A | mL MMP i 3738075
Bt 2 Ui R i ) ODgoo M 72 Y EEARSE , SR
PR LAY S mL AR MMP 55323 (1% B AR TR
T AL T, 2 DA 2 W AN ) 1 e R Ry e )
AT E LA ODgoo H 0.05, 37 °C. 220 r/min ¥E7%
B R, AR R AR, A G AR
(] (] PRI AE ODgoo, il ALk, KBl
R 51 B0 75 BN N vk B P AR R KA R
IPTG %,
1.7 SEZEfiZ(thin-layer chromatography,
TLC)3L3E

AQs M-I Ik RS2 SCk[26]3F LA
Bk, FERr B4R T 5 mL F9WA LB
37 °C, 220 r/min 3% 12 h, ¥5535 )5 B9 W%
1%55 3% 5 mL (3R LB /1, 37 °C. 220 r/min
R ERaE WS 10 000 r/min 8.0 10 min, Y5
IEIFH 0.22 pm AL IR AR U8 L g
3 AR R L 1R L TR (L R L Tig Hm A
0.01% VK EERR)AC B 2 WK, WS BE 2 BUR T e i
ZERVRAR o VRARHR Y)W s i, B3 pl i
W GF254 TLC MR, T, A& R b
HEEE(95:5) R it s AR A T2 BT o )2 AT I 1 28 41
SIHTAYHE 312 nm P T T T AL L8 IR
LB .
1.8 SE I IEA R AL KL

A= T T IR 7 1 B S 2 SOk [25]9F
IMPMESC, T e AR B PR AN TR ) 5 mL
WK LB 35370k, Frdli 1558 2 ODgoo 4 2.50
mF, B SE R BRI 1% MR i LB K35
Ferp, JRATEEL 100 L FRB S EBOIA 96 fL
PVC tiHr, B AbPRRcE 8 PMEA, fE 37 °CHs
FRAATPHESE 24 h R, FRERA Lo
A 200 pL BEIRER 22 Mk (PBS)TB Uk 2 IR ABR &
B A AR Rt . IR TS, AL EDm

http://journals.im.ac.cn/actamicrocn
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A 100 pL 0.1%2 & 55 YL 0 & T8 B A= 9 4 B
Yeft 10 min, FEH PBS ¥k 2 K. ffaHiE &
) 95% Z BERBE B 36 76 2E DR IS b i 4 i 4%
SR e A FH AR (3G E 2 BEPE AR Y ODsyo XA
Prpk A T o Tl 8 N EE A BRI
FRR IR 22
1.9 ZEREZHNEENE

SR TR 2 REIE Tk E S U1
W R B MR EERD T 5 mL WK TSB B3Rk,
37 °C. 220 r/min 55 % ODgo N 2.50, % 1%
e E 5 mL BT EEAR PB BigR ik, 37 °C,
220 r/min 3555 24 h 5, ¥3EFHEPLL 8 000 r/min
20 5 min R HIEW, 7E 5 mL EIERHIIA
3 mL & {5, RIZUEENES] 2 min J5, LA 8 000 r/min
(A3 2500 10 mine SRJ5 , K ST FHEL RS 281
BRI T mL 0.2 mol/L i HC #1746
B, FRE.OE, BUE HCLER, T%E ODsy,
LRI 3 5 T =0Ds3x 17.072 (ng/mL). ZRIKTH 2
O A A5 R P WY ODgoo B —1k
AbFR
1.10 EEhMEsCie

SETEE 3 JiFikas sh M iz sh 3L 2%
BRI2710 . 3 Fid sk sSem o HfE R s
S, WETKAZ SRR T A8 B AR B EAT o Xt
FHEREHZ S FNIEIKIE iz shPEsC s, 4 AF I A ik
BERT 5 mL A LB H, 37 °C. 220 r/min 1535
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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<(.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 PAOI1, ApgsA, AantABC, and AantABCApQgsA 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 psl'-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 antABC 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
pgsA'-lacZ transcription fusion. B: The expression levels of pgsH gene in PAO1, 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 APgsA (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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