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Effect of phosphodiesterase PA4781 on motility and virulence of Pseudo-

monas aeruginosa

SONG Jin-zuan, ZHANG Qian-nan, WANG Xiu-qing (School of Clinical Medicine , Ningxia
Medical University , Yinchuan 750004, China)

[Abstract] Objective To explore the effect of phosphodiesterase PA4781 on bacterial motility and virulence.
Methods Motility of bacteria was detected by measuring the diameter of bacterial lawn, the ability of bacterial bio-
film to secrete extracellular polysaccharides was detected by Congo-red staining and phenol-sulphate colorimetry.
The expression levels of mRNA of twitching motility-mediating gene Pil/Z, extracellular polysaccharide synthesis
relevant gene PelA and pyocyanin-controlling gene PhxM were detected by real-time fluorescence quantitative poly-
merase chain reaction (RT-qPCR). Extracellular DNA produced by bacteria during different periods was detected by
agarose gel electrophoresis, the overall activity of extracellular protease was detected by measuring the diameter of
transparent circle of plaque in milk plate. Results Compared with PA03 wild-type strain, motility and mRNA ex-
pression of Pil/Z of PA4781 knockout strain decreased, motility and mRNA expression of PilZ of PA4781 overex-
pressed strain increased .differences were both significant (both P<C0. 05); compared with PA03 wild-type strain,
secretion of extracellular polysaccharide and mRNA expression of PelA of PA4781 knockout strain increased, secre-
tion of extracellular polysaccharide and mRNA expression of PelA of PA4781 overexpressed strain decreased, diffe-

rences were both significant (both P<Z0. 05); extracellular DNA secretion. expression of pyocyanine gene PhzM,
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and hydrolysis ability of extracellular protease of PA4781 knockout strain and overexpressed strain were all lower

than PAO3 wild-type strain, differences were all significant (all P<C0. 05). Conclusion PA4781 may promote the

motility of Pseudomonas aeruginosa by promoting the expression of gene PilZ. PA4781 may inhibit the secretion of

extracellular polysaccharide by inhibiting the expression of gene Pe/A. PA4781 may not directly affect the secretion

of extracellular DNA, as well as the production of virulence factor pyocyanine and extracellular protease.

[Key words| Pseudomonas aeruginosa ; PA4781; motility; extracellular polysaccharide; extracellular DNA; pyo-

cyanine
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Table 1 Primer sequences for real-time {luorescence quanti-

tative PCR
H:H FFA (57 —>3") %lf?)f)}ﬁ

RpoD  F: AAGAGCAAGCCGAAGTACGC 134
R:. ATCGCGCGGTTGATTTCCTT

PilZ F:. GCGTAACGGCATCCTGTCCTTG 149
R: CCATCAGGTTGAGCAGCATGAAGAC

PelA F. CATCAAGCCCTATCCGTTCCTCAC 130
R: CACCTTCTCGTCGGCGAAGATG

PhzM  F. GCTGGTGGCCTTCGAGATCT 128
R: ACTCCTCGCCGTAGAACAGC

1.2 F&

201 WA SO A T bR

PAO3 . & B i Bk pnCasPA-BEC-APA4781 i Fik
Btk pMP2444-PA4781 F LB FH I 37°C {5 & &%
77 15 h J5 - BRECRAS TR 95 2 Bl T LB iR R 3 v
37 C 180 r/min 5& 3% i % K 77 Ch 45 Bk F2 e 1
T AE W B B Bk pnCasPA-BEC-APA4781 Jxf 3 ik
P bk pMP2444-PA4781 B FR B h M AR R R &
B VOB AT OB 32 20 2.5 h, B ERIKE &
0.5 Z R,

1.2.2 @@wazEs ks 4A7HC & & 3 Fiz 3 By
(R 37 3 K G e HI & 40 C8TE AR =5 iR i E
Tl REF5 ML5E E K 28 28 ke & s Uk 3l A A 3l
55 43 M W B 2 L R B TR BE ) BV A TE S AR PR T AL
s AT S I e AR S M B R IR S L TR B )
M 7 5% 2 p L VATV B AR TR . AR TR VR R R R R
WG RS A 37 CHEFRAE 4557 24 h 5 WAL,
1.2.3 RIRapesoll it sn RS
U LB A, Hh & 20 pg/mL 1% 5 52 8
40 pg/mL BINIREL; W5 L I8 5 R B2 09 T R
BT LB AR o FF RS T J5 B A 37 C R 9746
Kigt 48 h | AR 45 4 .

1.2.4 XB-mBEellms 28 BORTHkE
T 4CTF 13 000 r/min &0 20 min, 5%
FH0.22 pm 3o PEEFBR A 0] 28 U8 J5 0 BT WP A
3MERBM K CBE, 4C I KUTIE. IR H 4CF
13 000 r/min B.0> 15 min, 5 35, A 1 mL 2818 K

HEE BE Y LA 2B TTTE

PRI 2. 5 mg b5 fE# 2 0E, T 25 mL (945 &
L B 100 mg/ L (8 b o 58 260 4 0 . T i T
3 2 A TR 10.20,30,40 pL, NZEME KA E &
100 Lo B0 VR BE 43 510 10,20.30,40 pg/mL
HATHA T A 200 pL 6 % K B VS . 4% 50 1L
I 500 pL WRERER IR 2] 5 % & 10 min, 40 C
KGN 15 min, B F L FE 5 min R T
490 nm A0 RE WG BE AR . LA AR o T 2 I TR TR
S AR AR W BE A N A B L 2 o B o 2R 5 Tl
U 7 R FIAH OC R B

3 SV IBCAN [v) BT ke 194 B A1 22 W D0 0 & 4 TR R 1
TEIEAT 0 T AR (B A A bR o il 0T B AR 20 A R
EZ ol
1.2.5 AKd &0 E 4 G ORE 55 09 R H
i A HAE 600 nm (1) OD {f . F LB 55 5% 3L i
BRI OD WK 0. 05, 450 2 96 fLAR . i
THEIR 180 r/min, 37 C R 3%, 4 FF 2 h A A5 400
it HAE 600 nm 40 1) OD {E , 2 24 h, A [R] s [i] )
FERAF BN OD {2 il R AR Rt 46 .
1.2.6  Ja4h DNA K5 /3l HUE SR 6.12,24.36 h
1 BF A T R PAO3. BRI Bk pnCasPA-BEC-
APAA4781 N3t 23R W #k pMP2444-PA4781 1) I8 W
1.5 mL 10 000 r/min B.0> 10 min, B_F 3% % -5 P
IRFR VKRR AR 1 TC K S B 38 A IR ST R A — 20 C ok
%8 30 min, L J5 12 000 r/min B> 10 min, &
WA 1 mL 70% ZEEC—20CHIE) L BERD 12 000
r/min B0 10 min, 3 _E3E A B S TG HR T
AW LA 20 pL XEEAK - 20 CAR-AE. R
A AR S 7E 120 35 BB I v Fi ik AR 45 R
1.2.7 SwRtxE PCRANEFEZATHE
o B 55 B AR R B R PAO3 R BR B A& pnCasPA-
BEC-APA4781 J i 3% 3K T #k pMP2444-PA4781 T
LB k5 5 37°C, 180 r/min & % 3 4, i 1%
B FRJE B 0 B BOICOR 35 357 5 h, 422 BEAH L/ 40 B
RNA 4 st 7] & 3t W B 7E , S B0 3 5L RNAL I
B HUe BEAE A 38 5 LA

IS RNA #4500 ng, 4% RNA 8% 55
SV HRAE, 42CHEH 15 min, 85 C M 5 s K IF
EasyScript RT/RI 5 gDNA Remover, ¥ #2 B H 19
RNA 5 58 cDNA, — 20 C B #HARAE
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1.3 % Frzx HAXBER =W, WA
GraphPad Prism 8. 0 4t i 4 X5 848 #E 17 3 #r
TR VEOR AR+ bR ifE 22 (T + ) Fon . Z 4L AR
K 8K & J7 2220 B (one-way ANOVO), P<0. 05
NESFA G L,
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s NS B TIE shRE Ty . I 40 S B B AR O E
TGETE 3 B AH LG T 35 A2 B B Bk PAO3, PA4781 &
%% TR Mk 114 K 3 BE ) 55 . PA4781 3 3¢ 35 T Bk 19 Uk
SiRE e, ZR A S E R L (P<<0. 000, I
Bl 1. 5 PAO3 BPA: BUTE HRAH L, PA4T781 @ B 1 &
f9 DN Bl BE 7 U6 55 . PA4781 3o 2 35 T8 K 19 DA Bl i T
BB, 22 BA G L (P<<0.00D) WK 2, M
T PAO3 Hf £ RIG bk . PA4781 R BR B AR 1 B4 17128 3l
RE 7055 PA4781 b 32 3K 1 Ak 1) B4 17 iz 3 e ) 1
WL E A ST E L (P<<0.05), WA 3,

#E— L 5% PA4781 5 84718 g A K 1Y PilZ
FE PR B S K OF 1 52 L 45 SR 3R 5 B AR R TR BR
PAO3 # L . @ Bk B #k pnCasPA-BEC-APA4781 fy
PilZ mRNA ) #H % 2 ik & & B, o 36 3k 3 #k
pMP2444-PA4781 () PilZ mRNA [ # %t 3 ik & 48
s ERAEGIHFE X (P<<0.0D), WLE 4,
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Figure 1  Statistical chart of swimming motility and swim-

ming diameter of PA03, pnCasPA-BEC-APA4781
and pMP2444-PA4781
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Figure 2  Statistical chart of swarming motility and swar-

ming diameter of PA03, pnCasPA-BEC-APA4781
and pMP2444-PA4781
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Figure 3  Statistical chart of twitching motility and twitching
diameter of PA03, pnCasPA-BEC-APA4781 and
pMP2444-PA4781
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Expression level of PA03, pnCasPA-BEC-
APA4781 and pMP2444-PA4781 PilZ

Figure 4
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b LK 5.
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Figure 5 Detection of extracellular polysaccharide of PA03,
pnCasPA-BEC-APA4781 and pMP2444-PA4781
by Congo-red plate
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PAO3 . &4 18k pnCasPA-BEC-APA4781 J it 33k
WPk pMP2444-PA4781 BYMEMR B . T 1H 50 FE S B
B, SRR, 58 R PAO3 A H . B R B
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015
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Figure 6 Standard curve of glucose

PelA(PA3064) Jit Pel ZHl A (o 5 5 22—
i jd RT-qPCR Kl PA4781 Xt PelA H P 4% 5k
TR . S5 RoR  S EF AR B R AR PAO3 AT L, R
B bk pnCasPA-BEC-APA4781 () PelA mRNA ff)
XS 25 B3 8 0 Fe K B Bk pMP2444-PA4T781 1
PelA mRNA HYFIX F 355 T R 22 7 A Gt X
(P<<0.0D), WL 8, 15 M &b 2l i 4 AR fh— 2.
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Figure 7 Detection of extracellular polysaccharide of PA03,
pnCasPA-BEC-APA4781 and pMP2444-PA4781

by phenol-sulphate colorimetry
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% % 2545 PAO3 Hoi, P<<0. 01,
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Pel A 4 56 Hk A 3 35 Ht
Figure 8 Expression levels of relevant genes of PA0O3, pn-

CasPA-BEC-APA4781 and pMP2444-PA4781 Pel A
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RITR Bk PAO3. 5 BR B #& pnCasPA-BEC-APA4781
DL Je ik 35 W bk pMP2444-PA4781 [ 4 K il 2%, 45
RN AE 0~12 h, 3 PR AR 2 20 80k KRS,
N hikBFEM, ZEERKGB TP, A3 HE bk
ARG ZER LG EE L (P>
0.05), WK 9, HLyk&i KL N 6 h JF 45, Mg bb
DNA IR B A HERS . S m B WG £.24 h
KB R 336 h 4k DNA 552 M. 78 12,24 h,
B RUTR B PAO3 1Y L #b DNA KREMR R ML T
BfAE BB Bk PAO3, @t BR B Bk pnCasPA-BEC-
APA4781 Filjd 18 B #k pMP2444-PA4781 B % &
FEXF A WKL 10,
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L5

0D600

I N TN NN N N N |
0 2 4 6 8 10 12 14 16 18 20 22 24
1 (h)
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B A Kt £
Figure 9 Growth curves of PA03, pnCasPA-BEC-APA4781
and pMP2444-PA4781

B 10 PA03, pnCasPA-BEC-APA4781 F1 pMP2444-PA4781
HI LS DNA & &

Extracellular DNA levels of PA03, pnCasPA-

BEC-APA4781 and pMP2444-PA4781

Figure 10

2.4 PA4781 s Ph=M A W £ ik 9 H a1
RT-qPCR #F 5% 45 i &% Wk W = 7 A= (19 55 I Ph=M
(PA4209)mRNA 97254k, 455K o . R 3k pn-
CasPA-BEC-APA4781 F i 3 ik I ¥k pMP2444-
PA4781 () PhxM mRNA FY A1 X} & 35 KT 5 A4 A
FR PAO3, 22 R A G #E X (P<<0. 0D, LK 11,
2.5 PA4781 sfm A RN E G Bt H e 8 E X
PR BEAE 25 377 A o i BT B 1Y) AR AT DU A O T e 4y
Br . 5 B 4R R Bk PAO3 AH L . #BR 8 A& pnCasPA-
BEC-APA4781 13 3R iIE W bk pMP2444-PA4781 11y
HEAMKRE N IA TR ZR A5 E X (P<
0.00D), WK 12,
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PAO3 pnCasPA-BEC-  pMP2444-PA4781
APA4781

RS
Heox x5 PAO3 H . P<<0. 01,
B 11  PAO03. pnCasPA-BEC-APA4781 #{l pMP2444-PA4781
PhzM fyik

Figure 11 Expression levels of PA03, pnCasPA-BEC-
APA4781 and pMP2444-PA4781 PhzM
5
4k
£
K
= 2r
s
1k
0
PAO3 pnCasPA-BEC- pMP2444-PA4781
APA4781
[EER7S

Hex » % N5 PAO3 H#, P<<0. 001,
B 12 PAO03, pnCasPA-BEC-APA4781 #{I pMP2444-PA4781
Ji S Al
Figure 12 Total activity of extracellular protease of PA03,
pnCasPA-BEC-APA4781 and pMP2444-PA4781
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R B8 I [ R 3 1T B 5 A A2 0 9 RE 1) T/ B b R
BRI B R 4% 3 i 1 P i s
SNTEWAR UK 2l JF REAE 3 1 IV 7Y B B 1) e R Wi 4
EERREBEAT. AR XA TERIEELAELRT
PR R )2 I B S b R R DT
PilZ j2—F R 1748 3 i IV BY 1 B T8 BT 2 200
1 B o-di-GMP 255 T B0, T B A W 9l 0 v v
Y SRAE L AR 5T R AR S5 56 2 i 0 A 1 R R
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