514 4 HOoM R ¥ % Ml (B ¥ ) Vol. 51 No. 4
20254 7 H Journal of Jilin University (Medicine Edition) Jul. 2025 921

[XEHRE] 1671-587X(2025)04-0921-08 DOI:10. 13481/j. 1671-587X. 20250408

ZEMAFEBREREHFERNEAXERREREXEYE
T2 R F0 T 24 1 B 22 M

X BES e RRT ! T R, RE AT
(1. JEHE R B S AR 2 B R A AL B o F A W 2 R I O 3 35 Ak W5 bk 13201352, dEAE R4 HHE
B e K B BB A= s, bR 35 Ak 132001)

[ ZE] B R IR 2 55 24 4 2% 150 M TR R A JaR 07 AH DG B PR 2 1 % A 9 BT g i 24 4 1)
S, WD 25 R I A L o DR s WOHE 7T BRI SR B R T, AR AR T 2 PR TR bR A 2 L 25 21
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YIRETE B RE 7 3 T UKL (P<T0.05) o SRR I 37 C-30 MW B R 8 mg- L ', ] 14k 22 2504
SRR AP AR T B, ELMR R, A R TR UES RNA R YIS RNA R (A)
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RAIR/THI PgsR/A mRNA Fik K F-Thm (P<C0.01); 5 A I il 500 40 s, i A3 il 7] 4 46 2 A 2
i B A RS A R A RN A 56 L A LasR /T, RAIR/IHI PgsR/A mRNA 3 ik K F- A% (P<<0.01).
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ABSTRACT Objective: To discuss the effect of quorum sensing-related gene expression on biofilm
formation and drug resistance in clinically multidrug-resistant Pseudomonas aeruginosa, and to clarify the
mechanism of enhacing drug resistance. Methods: A total of 77 strains of Pseudomonas aeruginosa were
collected. Based on drug resistance, the strains were divided into multidrug-resistant group and sensitive
group. The optimal biofilm formation conditions were determined using the microtiter plate method;
biofilm formations of the stains in both groups was observed under an optical microscope; crystal violet
staining was used to semiquantitatively detect biofilm formation ability of P. aeruginosa in both groups;
microbroth dilution method was used to determine the minimal inhibitory concentration (MIC) values of the
quorum sensing inhibitor (C-30) against Pseudomonas aeruginosa in both groups; RNA was extracted
from two groups using a commercial kit, while RNA from planktonic state and biofilm state of multidrug-
resistant strains was extracted using modified TRIzol method; real-time fluorescence quantitative PCR
(RT-qPCR) method was used to detect the mRNA expression levels of quorum sensing-related genes
(lasR/I, RAIR/I, PgsR/A) of the stains in multidrug-resistant group and sensitive group, as well as
before and after adding the quorum sensing inhibitor C-30. Results: Among 77 strains of Pseudomonas
aeruginosa, 56 were multidrug-resistant (multidrug-resistant group) and 21 were fully sensitive (sensitive
group). Optimal biofilm formation occurred at a bacterial concentration of 1. 5 10° CFU-mL "' with 48 h
incubation. The biofilm positivity rate was 91%, with strongly positive, moderately positive, weakly
positive, and negative biofilms accounting for 16%, 34%, 41%, and 9%, respectively. The biofilm
positivity rate in multidrug-resistant strains was 96% , and biofilm formation ability in multidrug-resistant
group was higher than that in sensitive group (P<C0.05). When the concentration of C-30 was 8 mg-L "'
the biofilm formation in most Pseudomonas aeruginosa was inhibited, with enhanced suppression at higher
concentrations. The absorbtion (A) value of both planktonic-state and biofilm-state RNA ranged from 1.8
to 2. 0. The RT-qPCR results showed that compared with planktonic state, the expression levels of lasR/I,
RWIR/I, and PgsR/A mRNA of the stains in biofilm state were significantly increased (P<C0.01).
Compared with non-inhibitor group, the expression levels of /asR/I, RhIR/I, and PgsR/A mRNA in
biofilm state of inhibitor-treated group were significantly decreased (P<C0.01). Conclusion: High expression
of quorum sensing-related genes in multidrug-resistant P. aeruginosa promotes biofilm formation, thereby
enhancing drug resistance.

KEYWORDS  Pseudmonas aeruginosa;

quantitative PCR; Drug resistance

Biofilms; Quorum sensing system; Real-time fluorescence
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R, TRAFRVT QS RGUxt W LRy 5, AT A
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1 HEEH®

1.1 #AH . EEZ2XAPNE

] o {1 B B R v B R AT CC 15442 1 F ) AR
WL A DR A BRA w77 Bk i B
Sy bR 2 BT B B I DR A A 43 29 R Bk . Meller-
Honto B i 5 75 3 M . LB M fl 2 BRI — £ g
(diethyl pyrocarbonate, DEPC) ( L3 = K4
BARARAA), BIOG 415 RNA #2BGLH & (#
MERAEDEH AR AT ), cDNA S —# 4 ik
Mg (b fE B RAEYEARGRITEAF), 1k
M (furanone C-30, C-30) #10.1% &% M &5 W
AR SR 2 [AATRCH] . 4 [ ol b s fl 2 0 o i A
24 (#Y . VITEKMS, #HBZW ™5 A
WAH), AWZaef (3% . BSC-160011B2, I
VIR S A BR AR ), A% R B I A (R
. DS-11FxP % [E Denovix 22 &) ), FEEFn{L (A
5. SPARKIOM, Z£E TECANZAHR), SLHF5%
€ 1 PCR (real-time fluorescence quantitative PCR,
RT-qPCR) ¢ (# %5 . TCR0024, 3 [ Thermo
Fisher Scientific A A ) o
1.2 ARIAA ERFFHHRE

g A o 0 PP L TR s A TR R I PR O3 B R A AR T
LBt E&E 7 . 518, 37 CHi 3% 18~24 h, W%
W RN . BUREET R AW, WE0.5%
B, ¥ A T Mueller-Hinton Bt J B 7 K& 3 #i
37 CHi 3% 18~24 h, MERAWEE R, HIEthiifiS %
3 [ s R RN 52 58 = bR #E 4k B 2 (Clinical and
Laboratory Standards Institute, CLSI) 2023 4 i &2
bR o
1.3 AWBEGHREH

LB [E A B 57 5 A4S R 9% T LB WA B
FrFEH, 37°C. 180 r*min ¥Rk 18~24 h, HL100 pL
B R T 10 mL LB W iR 5 3R s, 37 °C
180 remin "% 2 h, MEMWIEE (A) HH0.2
W, HC100 pLiRG WK, R LB AR R: 77 FEAR K
B B, M MR E 4 B A 1.5 10°, 1.5X 107 #
1.5X10° CFU-mL ', B 200 pl. LB ¥ & 1% 3% 3 Al
20 L A [] o J3E %) s B TR R T T TR 96 FL 241 L 3% 5 il
i, 37 CE 48h, WA 3ANEIL, BMW2, 4. 8,

12, 24 F1 48 h R HI G 2% Wb ol 48 W %8 A= W) BT 1l AW
B, [RVE DL LB VR A 55 5 JE A R B M L A g
&L A=) DA A E 7R, R BRI 5 Hr 45 4
Af.
1.4 AMpEegn

KR C1.3” Tk AR, ALK
55 % WOJF ] JC W R #h 22 mh i (phosphate buffer
saline, PBS) ¥E¥ 3K, Sl A 200 pL I & 58 15
min, FFAIA 200 pl 0. 1% 45 5 3% W 44 {4 5 min,
K HddHLO ¥ 3k, & JE A 200 pl 33% K i
PR Vi TR R, BEARALIN E A (570) {H. EYEIE
WRE T I E AR AE . A (570) {H <A {H N B 1
(—), AfHE<<A (570) fH <<2XA k5 ¥
(+), 2XAME<A (570) {H<T4X AH N 45 HM
(+H), A (570) {5 =>4XA f N3 HHE (HH),
AAE R B XS BRI 3% b o Ml 2 =2 R
1.5 & 4& # & % B (minimal inhibitory
concentration, MIC) & 3 &

PTG T 96 FL Al A 1E 37 A hom A 100 pL i % 4R
5 F R 10 TE RN 100 L 6 J35 i 6 3k 19 QS 41 il )
C-30¥ M (AWM N 128.0. 64.0, 32.0,
16.0, 8.0, 4.0, 2.0, 1.OMO0.5mg-L "), 37°C
K38 18~24 h, WIRMEMEAEKEN, LIEELL
4 d I MR B2 S MIIC o
1.6 37 B R E C-30 47 %) H & & 4 B AR 47 4] 4F
F & A ]

W 200 pL LB W& A4 55 3% 3 A1 20 pll A= 9 6B
BV e A v A T, AR S 1/2MIC Y
C-30 4l 1), xF BRZ A Al i AL, g4l
SAEASL. 3T CH M E 24 h)5, FEFUHE, U
GRNRL I AL R E <1, 37,
1.7 QSA8% % B mRNA & ik K40
1.7.1 s5l¥i&it 3T NCBIEE FEh & A
i 2 B B M B QS A G 3t B lasR/IL RIIR/I,
pgsR/A FIN B 16SIRNA B3], #4TLF5 1L
Xt MRS o g5 R R RS Y, 5T A
M,
1.7.2 R &k 4 BN B RNA 318 2 B 4%
M BIOG 2 18 RNA 42 B 7] & 20 TRk 17, #4E
AR R M SE RS A0 B LA 5 000 remin B 0 3 min,
F B, A 200 L PBS Zvhil . 1R % IR A,
5000 r-min”'#.0> 3 min, BIKFH L&, A 100 pL
Mg 1, RZBIRAS, HEVIEE SRR, X
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#£1 RT-qPCRE|YFES]
Tab.1 Primer sequences of RT-gPCR

Specific o Fragment
) Specific primer sequence (5'—3") .
primer size(bp)
lasR F:TCGAACATCCGGTCAGCAAA
R:GTTCACATTGGCTTCCGAGC 128
las] F:CGTGCTCAAGTGTTCAAGGA
R:AAACCTGGGCTTCAGGAGTA 10
RAIR F:GAATGACGGAGGCTTTTTGC 1o
R:CGTAGTAATCGAAGCCCAGG
RAl F:CAGTTCGACCATCCGCAAAC 170
R:TAGCGCGAAAGCTCCCATAC
PgsR F:TCGTTCTGCGATACGGTGAG 167
R:CACTGGTTGAAGCGGGAGAT
PgsA F:TTTCCTGCAATACACCTCGG "
R:GCTGAACCAGGGAAAGAACA
16S RNA F:CGTAGGTGGTTCAGCAAGTT 1o

R:TCTACGCATTTCACCGCTAC

WPV TE . A R # B 25 pL, AR,
37 “CHLE 30 min. HIA 200 pl. 24 5 11 1 20 pl &
AW, FEAMRAT, 65 CIHEE 10 min, HILA 400 pl
SN, REGEIRS . KW A BEE N,
B bR AT AWM A N, 12000 g &0 1 min,
FEMCIE A R W o R R B AR AR N, A
500 pl YEv& W, #E 2 min, 12 000 g &> 1 min,
FERENIEM o 74 B A AE A 40 pl HUBE IR W
BCE TR 1.5 mL B0 4, 65 CHiH . i Wkt
FEBC W 224 Y, 12 000 g 8.0 2 min, AR R
MIVEERIR . HUE IR RAT, AR 1. 5 mL B0,
A _E R A 40 pL Ve, ## & 2 min, 12 000 g
B0 2 min, W8 RNA B . R AR ZREA
W E U 2 RNA MR EE, DL A(260)/A(280) FL{H AR
FRNAZER, BAFERELZN 3, BOFHMHE.

1.7.3 B R TRIzol & 4 BUIF i 45 A AR 9 B 245
RNA M HE AR, e 4R B bk 07 i A ) R A= ) 5
2100 remin "0 10 min, % bW, EULE, 709
M 2 % d i A 500 pl. TRIzol # B iR &) IF & T
—80°C. 15 sZ&MFWAD, I EIR, 765 iF
AR A% 3 Yk, FEINA 500 pL. TRIzol F1 200 plL %
PrEiER 21 8k, VK& ##'E 10 min, 4°C. 12000 g
B0 10 min, FEVIGE, REWB LW, EH0
EPH ., FEINAS00 pL SN IRAT, =il
B 10min, 4°C, 12000 g&.0>10 min, 3% L&, HE
BEREREANA 1 mL & 19 75% L WE, 4°C. 10000 g

B0 Smin, ERE LK, 3 LW, HEPERE T,
PN A 20 uL. RNase Free ddH,O, #Ef#ULTE, K H
fl e A% R R S A A RNAYR B, DL A(260)/
A(280) HLE AR 2 RNA 4l i, 54> FF i 5 &2 I &
3, HOPRBIME.
1.7.4 AW cDNA %88 cDNA 5 — & & iidH &
UL rh B P BRI T . 2D BR . BURNA 1 pg,
OligdT (18) 1 pl., dNTPs 1 pl., 5XFirst-stand
Synthesis Buffer 4 pl.,
transcriptase RNase H1 pl., RNase inhibitor 2 pl.,
RNase-free ddH,O #F £ £ 20 pL. HEE.LO, 1Y
R P H 5. 42 CHER 60 min, 95 °C. 5 min,
4°C. 3min, A cDNA HTJRLEL5 .
1.7.5 RT-qPCRER M % 4 QS A X H: I mRNA
FiEKF RT-qPCRIER MK R 10 pl, 4 E
3L, 45 cDNA 0.2 pl., E#E5I1#0.2 pl,
T 5% 0.2 pl., ddH,0 4.4 pl., 2XQ3 SYBR
qPCR Master Mix 5 plo N Z& A 95 ‘CHiAE
30s, 95°CAEE10s, 60 CiBk30s, 40 MG,
PLI6SIRNA A NS5, RA 2 kit B &4
QS MK FE K mRNA kK F .
1.8 it #F 5

K I SPSS 26. 0, OriginPro 2021 fil GraphPad
Prism 9 G iH 4 HEAT GE T4 00 BT o 4% 41 QS AH G HE
[H lasR/I. RAIR/IFl pgsR/A mRNA & ik /K F 1
BRI S AR AS ¢ K 5 5 41 ) A ) BT L g
oA R BRI 3 07 22 40 A, I RE AR 240 85 4 1) LE
R ] SNK-g K36 . LA P<<0.05 K 22 % 4 it 2%

2 &5 R

2.1 ARBERBHHEN WHH (n=56) B
FIEARUE . OGP R A 3288k 32K L AL 2454
[F] Fof 5 BTN 24 1) 240 O] B Sl 2 R 2 5 RURR
(n=21) BYHIERRUE: XA BT 259 3 fUR R
20 T T S RO L 77 K A AR R M T X 11 Fh
P2 2 s Rk 2,

2.2 AHBHEARESHE 1.5X10° CFU-mL 'l
o] 2% A R P A RO R R T 1L 5100 T 1L 5 X
10" CFU - mL~ " £ {5 B0 04 A= W) BEOE B i, ELAE
B 48 hitf, 1.5X10° CFU-mL "4 4 I 5 i 14 2
PRSI B T 9% 24 h AR W B i (| 1),
B E$E 1.5} 10° CFU-mL ', K35 48 h AW EIE
) o AR SR R AT JE B

Super M-mLV Reverse
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Tab. 2 Detection results of drug sensitivity of 77 strains of

Pseudomonas aeruginosa to 11 kinds of antibiotics  [n(/%)]
Antibacterial Drug resistance  Intermediate Sensitivity
drug rate rate rate
TZP 24(31.17) 13(16.88) 40(51.95)
TIM 48(62.34) 8(10.39) 21(27.27)
CAZ 33(42.86) 4(5.19) 40(51.95)
FEP 24(31.17) 11(14.29) 42(54.54)
IPM 31(40.26) 1(1.30) 45(58.44)
MEM 29(37.66) 1(1.30) 47(61.04)
TOB 3(3.90) 000) 74(96.10)
AK 3(3.90) 0(0) 74(96.10)
CIP 27(35.06) 8(10.39) 42(54.55)
LEV 30(38.96) 8(10.39) 39(50.65)
SCF 19(24.68) 12(15.58) 46(59.74)

TZP: Piperacillin/ Tazobactam; TIM: Ticacillin/clavulanic acid;
CAZ: Ceftazidime; FEP: Cefepime; IPM: Imipenem; MEM:
Meropenem; TOB: Tobramycin; AK: Amikacin; CIP: Ciprofloxacin;

LEV :Levofloxacin; SCF : Cefoperazone/Sulbactam.

23 HBRPEFREERNEDES RN

TE It 73 5 19 77 B e 2 AR5 B 70 B B AT JE AR
AWIBERE 1, Hop iR EHAME (HHH) 128k (16%0),
RAERYE (HH) 268k (34%0), SHBHME (+) 324
(41%), BITE (=) 7k (900). EWIBIL K HE
VLA 2o 8 5 2 AR50 1 A 0 IR OE B RE ) DL 3% 3,
P ¢ A1 B L TS T 245 2 0 0 RS A ) T AR i
EAUUE 3

24 FRARECIIOVERATHEBRERA LR
HRtes HEAMBRALE, HC30WkERN
8 mg- L "I 4 2 fB B T AR 0 B 0 T 1 AE T R AR
(P<<0.01), H C-30 ¥, X i 4 M o0 i v 2
VI RETE BURE I R 400 4 AR . DLIAD 3.

2.5 3EHFMAAKQSAEKE mRNAK
F LLI16S RNA NS R, £ it 24 240 A UK
MWWk P lasR . lasI. RhIR. Rh{I. PgsR il PgsA
mRNA £ 35 K F 439 R (9.37+0.37 vs 1. 71+
0.39) . (5.2440.26 vs 1.77+0.13) . (9.51+
0.50 ws 1.5040.10) . (6.3140.17 ws 0.83+
0.05), (8.4440.62vs 1.72£0.16) K (13.57+
0.58 ws 1.6340.14), Z i 25 24 7 bk QS M % 3
K mRNA £k K- THUE (P<<0.01).

2.6 AHBEESAEFHEZQSAE mRNA AKX
F  LLI6S RNA RN Z 5N, Z & 25 41 1/ bk
lasR . lasl. RAhIR. RAI. PgsR Fl PgsA 1€ /£ ¥ i
A M A 1 mRNA KKK P40 52 (10, 74+
0.34 vs 1.7840.04) . (12.5240.44 vs 1.95+
0.08) . (20.35+1.38 vs 1.7241.12) . (13.72+
1.71 ws 0.76+0.45) . (18.51+0.49 wvs 1.12+
0.36) & (10.0241.03 vs 1.6540.09) , ‘= ¥y ps
AH R H QS HH € F I mRNA 33k K F 1 5 T F
e S Wk (P<<0.01),

2.7 A C-30# 4 MG H A QSA XA E mRNA
REAE A 1/2 MIC C-304MEI FIFT IS, AR
BHE M lasR . lasI. RhIR. RAI. PgsR Fl PgsA

L8r [ INegative control *A#O
1.6 F [71.5x10° CFU-mL '
14} E1.5%10" CFU-mL™'
1.2 I 1.5%10° CFU-mL !
— ' *AH
o 1.0F
e
wv
Z 08}
0.6 |
0.4
0.2F
0
24 48
Time(#/h)
B

A Biofilm formation of Pseudomonas aeruginosa at 24 and 48 h at different concentrations (1— 3: Negative control; 4—6: Biofilm formation
0f1.5X 10° CFU-mL %, 1.5X 10" CFU-mL !, and 1.5X 10° CFU-mL " after 24 h culture; 7— 9: Biofilm formation of 1.5 X 10° CFU-mL !,
1.5X10" CFU-mL "', and 1.5X10° CFU-mL"" after 48 h culture) ; B: Histogram of Pseudomonas aeruginosa biofilm formation. ("P<<
0.05 vs negative control group; “P<0.05 vs 1.5} 10° CFU - mL™'; *P<C0.05 vs 1.5X 10" CFU-mL™"; “P<C0.05 vs 24 h).

Bl AT R R A% 1 Y O 6

Fig. 1 Screening of optimal conditions for biofilm formation
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A:2h;B:4h; C: 8h; D: 12h; E: 24 h; F: 48 h.
B2 sk A s LB 40 4 18 B T B8 A 4 IS PO T LI O (45 A 28, <1 000)

Fig. 2 Formation of Pseudomonas aeruginosa biofilm observed by optical microscope (Crystal violet, >X 1 000)

3 FRO G SRR BT B A W BRI TR W BE T
Tab.3 Biofilm forming abilities of parts of Pseudomonas

aeruginosa

Strain number A(570) Biofilm formation ability
7 1.772+0.027 ++

8 1.687+0.063 ++

50 1.623+0.156 +H

55 1.409+0.185 +H

69 1.331+0.080 +

70 1.520+1.136 +

mRNA £ 3k K43 5 &y (10, 7440. 34 vs 3.47+
0.05) . (12.520.44 vs 2.8940.06) . (20.35+
1.38 ws 8.06+0.10) . (13.72+1.71 ws 7.01+
0.35) ., (18.5140.49 vs 4.3940.11) & (10.02+
1.03vs 5.9740.25), SARMmMHFAH L, A
48] 700 L TR B v QS AH L mRINA 335 7K - B 5
FEAR (P<<0.01) . 5Uskdl b, i 25 41 b vk 2
YIE iiae ) i (P<<0.05),

3 3 8

o 2o AR B R R — R SR MEBUR B, TR IE R
P ETE N B kT 2r 5 2 o SR, TERBEIIRT
R b, i R AR B T E T AR AL T BRI
1R L AR, BEE T IEPUAE R Iz AR
F ] 2 A PR BT 9 TR 2415 B0 2 BRI AF B TR
HZEm L™ E 0 FL, T 22
2 Al PR VAT T 245 AL A F 9 2 5 1 O T N AR

A= W JE R R AL AR B M AR W R O
PR ) R R A A AR Wy O LA S S B
532 QS ARG SMER . SH TRERR . B R
PR RN 3 AR 0, AN URE 3 2R
W TE PR 25 O B RS AN SRV T 9k A £F 4 4
SN, HAMELIBOEBR . BF T BoR . ZEMZM
) 2o LI TR AR W B BEE RO 10000, HARBF IS
R (ZHEM 25 A8 LY IR ER N 9600), 4
NERAR, ATRES B BEEE A FRE )k A R
PR AR AT 5 AT ST 2 R RS A A )
i, TIRES PR R D-SR L SR A O . ABs

A TT RSB T A ) B T R L

Tab.4 Biofilm formations of 77 strains of Pseudomonas aeruginosa

Biofilm formation ability

Group x P
Feminine character Weakly positive Moderately positive Strongly positive
Drug resistant 2 24 21 9
7.843 <20.05
Sensitive 5 8 5 3
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Fig. 3 Biofilm formations of 6 strains of Pseudomonas
aeruginosa after treated with different concentrations

of C-30

it 245 20 5 U H AR AR W ORI RE ) L 22 R 4t
R, RSB ET 2 K2 54 Y RA
XK, ek ARG R B

QS RS M7 5 70+ FAH N G 5 o F 52 R 4
., lasR. lasl. RAIR. Rhl. pgsRH pgsA 2% i5
55 F 2 RA I, 2 20 B IR 2% B 8 K3k
W ES T 5ES S F2 RS, #
I 1) A2 A B AH GG SR PR U . F
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