2025, 65(5): 2061-2071 G =i
CSTR: 32112.14.j.AMS.20240707 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20240707 http://journals.im.ac.cn/actamicrocn

Research Article Bt &

B Efxt & =+ LA EE RIS E R R E AL

T

FHET, AE, KER, KR

FEARIRE ARl SHARERE, 10058 Bat

FERSE, VERE, TRIEFES, PRIAIAR . 0 BB X &5 S AR TEAT B A W RS A o 41 L A HELIRIBIF 92 (0], A2 41%, 2025, 65(5): 2061-2071.
WANG Yuwen, WANG Hui, ZHANG Haibing, CHEN Xiangdong. Inhibitory effect and mechanism of thymol on biofilm formation of
Proteus mirabilis[J]. Acta Microbiologica Sinica, 2025, 65(5): 2061-2071.

W OE: [89]) A8 L8t 35+ & AT H (Proteus mirabilis, PM) 4 4 JZ 4 37 4|V A B 2 # £ AL
#l. [ %Y RAMKERFHAERDNE T LB 6K H R (minimal inhibitory concentration,
MIC) = 5 AK 2 4 I3 49 4] 7K JZ_ (minimal biofilm inhibitory concentration, MBIC); R A # % ++ 4% 0 2
BEBONR-FHABE; LaFEEENT T LB AWER RGP HER; N T LB
FEBHABREZ RSO A,;, MNEa Lot A2 yBERbRoM(Ish S 4. BN EE .
eDNA)# &7 ; RA EH X AL ZPCREMNE T LB FFEHLHALMBEAXLRRELEY
#or, WAGGINE Q35 rshA (RS A % T L RBORBE B N & G KA. fIhD (M E—ZBREFAR)
FomrpA (- H EREFEHBARALAR). [£R] 928 FFTHHFEH 4 MIC % 0.156 mg/mL,
MBIC # 0313 mg/mL, T E2FW 4| AME YT R, B EZBIF T FEHBATRAGEF R, 74|
A YIRS S AE . &K A R A eDNA 89T A, R B30 4] rsbA. fIhD F= mrpA A& B 69 &35, [4#]
BEHTAWH T FZ AR EMNBRGT R, AN TS mBZEHRRD. I 2 R
REE BFEW F A AR KRR REA X

KRR BEB; FHEAUAE; AR TRER; AU

*Corresponding author. E-mail: chenxd@cpu.edu.cn
Received: 2024-11-11; Accepted: 2025-01-10; Published online: 2025-02-26



2062 WANG Yuwen et al. | Acta Microbiologica Sinica, 2025, 65(5)

Inhibitory effect and mechanism of thymol on biofilm formation
of Proteus mirabilis

WANG Yuwen, WANG Hui, ZHANG Haibing, CHEN Xiangdong"

School of Life Science and Technology, China Pharmaceutical University, Nanjing, Jiangsu, China

Abstract: [Objective] To investigate the inhibitory effect and mechanism of thymol on the biofilm
formation of Proteus mirabilis (PM). [Methods] The minimal inhibitory concentration (MIC) and
minimal biofilm inhibitory concentration (MBIC) of thymol were determined by the broth micro-
dilution method. The time-kill curve of thymol was established by the colony counting method.
Crystal violet staining was performed to determine the inhibitory effect of thymol on the biofilm
formation of PM. The effects of thymol on the swarming and swimming of PM and the
extracellular polymeric substances (extracellular polysaccharides, extracellular proteins, and
eDNA) of the biofilm were determined. RT-qPCR was employed to investigate the effects of
thymol on the expression levels of PM biofilm-related genes: rsb4 (encoding histidine-containing
phosphotransmitter of the bacterial two-component system), 72D (encoding the flagellar regulon),
and mrpA (encoding mannose-resistant Proteus-like fimbriae). [Results] The MIC of thymol
against PM was 0.156 mg/mL. Thymol significantly inhibited the biofilm formation of PM, with
the MBIC of 0.313 mg/mL. Thymol inhibited the motility of PM, reduced the formation of
extracellular polysaccharides, proteins, and eDNA in PM biofilm, and decreased the expression
levels of rsbA, flhD, and mrpA. [Conclusion] Thymol inhibits the biofilm formation of PM by
suppressing the motility and formation of extracellular polymers and down-regulating the
expression of biofilm-related genes.

Keywords: thymol; Proteus mirabilis; biofilm; inhibitory effect; mechanism
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Q) WAVEYIE . 78 6 FLAEFLINA 5 mL HE
Wi, 37°CH;:s% 24 h, FR2ER3:Y), JH PBS Zuh
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FEERFEYIG, M PBS ¥E% 3k, #A
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UL, DL rpod NS L, FERIRIK KR
FHAR & g 2 Ak i T
.11 Zitoh

S5 B 45 R ] GraphPad Prism 10.0 %44 3¢
gt ot 2 B, A R I 3 P AT IR

%1 RT-qPCR3|4)

HOPH, TR 22 37
2 ERE540

21 MEEHAMRAEER

A USRI IR S5 S M HUR(S) . Ay
M. M5 R) 3 Anl, FudE KW # ATCC
25922 FIAH SR BT ATCC 27853 Fhy e i 4 5
WITERRUETE B . 3 2 Fta, 10 MR s
FEEXT 20 1 bt 25 Y BoAa i 254, Horboxd
MATER . EhHiE . a&%%. L FME
PR B O TH 25 7K 5F 10 Bk & SR BT B H X
AT B R M 25, A 8 BRed X & I Bk Wt 2y,
A 8 MRIAXTLL B R M2, A 7 PRUAA 20K PU Ak
fif 24 .
2.2 BEE MIC BNEER

X A SR AR TE AT B ) MIC 25 4036 3
Frs . E OB XK 4 AR B MIC R
0.156 mg/mL.
2.3 BEBRE-REZNELS SR

T HR P 0 AT S AR T AT TR A IS R] -2 T e dn
Bl 1 s, 4xMIC Fl 2xMIC e BE ) 1 Ly i
AR, IXMIC ¥ BB A B By HA TR ROR .
12h 5, 1/2xMIC K VLR kBRI AR 525
FA 35 7 0 HE L H 114 358 P 5 AR — 3
24 FELTEATEREIIRSE BEE IR0
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TRk AT AT R 0 A A B A BCRE T AN 2
Fis, BT ARSI REIE i AE MR, e 2k A
JIEBE 7 & ol H R4 2 B9 PMII2 T4 KR H 2 A Py s
A

Table 1 Primers for RT-qPCR

Gene Forward primer (5'—3’) Reverse primer (5—3)

rsbA TCCGTATCGTACTTCCATACC GGCGAGTTTTGCAGTTATACC
mrpA ATTGCGGGCTCTGCATTA GGAATACGTTGAGCACCTGA
fIhD TGCCCGTTTCTTTGTAGCAGA CCGGTTTGAAGACAGCGAAA
rpoA GCAAATCTGGCATTGGCCCT TAGGGCGCTCATCTTCTTCCG

http://journals.im.ac.cn/actamicrocn
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R2 TIHRERERTEREAYBURMIARE

Table 2 Results of antimicrobial susceptibility test of 10 strains of Proteus mirabilis

Antimicrobial PMS5 PM6 PM7 PM8 PM9 PM10 PMI1 PMI12 PM13 PMIl4
Ciprofloxacin 1 S I R S 1 R S R S
Levofloxacin S 1 I I S 1 1 S R I
Imipenem I 1 R I I S S S S S
Ampicillin R R S S R S R R R R
Ceftriaxone R S S S R R S S S R
Gentamicin I S S S R S R R R R
Erythromycin S R R R S R R R R R
Chloramphenicol S R S R S S R R R R
Trimethoprim-sulfamethoxazole R R S S R R R R R R
Lincomycin R R R R R R R R R R
S: Sensitive; I: Intermediate; R: Resistant.
*3 BAEMMIFFREMATEAIMIC 151
Table 3 MIC of thymol on Proteus mirabilis
Strains MIC (mg/mL) Lok
PMS5 0.156 -
PM6 0.156 8
PM7 0.156 0.5
PM8 0.313
PM9 0.313 0.0 . .
PM10 0.156 T o0 RO DD
T T I IIN
PM11 0.156
PM12 0.156 E2 T+iRERERATEEIRAEE
PMI3 0.156 Figure 2 The biofilm formation ability of ten strains
PM14 0.313 Proteus mirabilis.
- - Control 2.5 HE® MBIC FIUESER
—— 4xMIC
e 2xMIC A % PM12 ) MBIC 24 0.313 mg/mL,
15 y N
2 e IXMIC Je AR YD BB MBIC 4 0.064 mg/mL, =¥
(@ 10 ﬁiﬁg PR 200 TR T A I ) B B DR AP T, AR T R T
= e 1/8XMIC R E AP TE . PUw ¥ iRy MBIC 38
— l/16xMIC T MIC, YENHEY IRy, o B X A=)
0 . . .
30 R AR PR (3R 4)
h 2.6 BHEEBXEVIRE RSN
Bl BEEBREE-RE% TR B A L X PMIL2 A W ST B A5
Figure 1 The time-kill curves of thymol. WA 3 B, B LA S AR T AT A Y

P4 actamicro@im.ac.cn, 7% 010-64807516
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*4 BEMNRSHFFEMATEAIMBIC
Table 4 MBIC of thymol on Proteus mirabilis 12

Drug MBIC (mg/mL) MBIC/MIC
Thymol 0.313 2
Levofloxacin 0.064 64
2.5
ns
2.0 -
R ke
. LSFH
gl sesksksk
3
1.0
EEE TRk
0.5 [
0'0 1 1 ’-I—‘
& & &
RSN GRIEN &
N2

E3 BEmxEPRT RSN

Figure 3  The effects of thymol on biofilm
formation. ns: No significance; ***: P<(0.001; ****: p
<0.000 1.

PITE B2 B S 2 AR R, B S 25 vk B
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LA R 24 B R 773% . 51.2%. 20.7%
16.2%
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FF AR 32 B2 48 4 TR AE [ R 2% AR SE HEE 1Y
e B 3l Tk 20 D)2 B 2 T K 5 s )
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BEE YIS, 4 JRR T ORI MR A L
RS RE ST ITIE DL, LRl 4A . 4C WHESE
iz5)), KB 4B. 4D Mikalh. JoZx R4 Az
SHE ) ok, IE RS AR (AR 8.50 em).
FERRFREE RN E e, MRS R I
TR I % . 78 MIC WK R, 4B

MEBSIFATCLERIT, Wik shhg 1tz 3]0
AP, Yk Eh B M (3.50+0.45) cm,  H i AMll
() 4 o P e ok i B, Ao e I B /D TN L TR
12xMIC ¥ EE T, 4EE R REAE IS 8 A8 M (5.20+
0.20) cm, KB EAZ H(6.00£0.25) cm, #1325
I
2.8 HEHXTEYIRENMRESIIREZ N
2.8.1 HEmX IS TERNEI

L 4h 22 WEAT B T 4 TR 26 B A R ke T A
APBEFRUE M 22 N )=4.408x+0.172 3 (R*=0.991 6).
WE SA Fitzs, 1/2x, 1/4x ., 1/8xMIC ¥ BE )
HLER A P2 A 0 i B E LT IR, B
525k BE 5L IE AR O o X 1a B AL I mT 0
SRR FEAE
2.8.2 BEEEBXEIIERNEM

Ji A1 1 i S A 2 A A DNA A
HAEM, B =g U AL,
PR R R U2, AR T 4058 1 3B
T A bRl y=7.280x+0.115 8 (R*=0.990 3).
WK 5B s, 1/2xMIC., 1/4xMIC ¥ B () i B
my b PEZH MO AR (& WA IR TR R AL, HYS
Wk SR A DG . 3 U I Lm0 o A
AWM
2.8.3 BRI DNA B9520

Jish DNA TE4EREE P ifee v . SR bE %
SRR RS AL ) B A 55 7 T R FE AR .
Bl 5C Fion, 1/2x, 1/4x, 1/8xMIC ¥ J&F i) B
F A BRA AT 2 s /D i Ah DNA AR, H524
Wyvk B S OE A OG0 X d B B I mT 4 ) i A
DNA BB .
29 BEBXEVREXRERERIEKTE
spAn

K S5O 5 B PCR KGN F7 B iy %o 27 5
A TEAT B A W BRI A 6 35k PR S KPR 52
ZERANFE 5 Frn, 1xMIC Fl 1/2xMIC % BE )
HEAEIG, rsbA. fIhD. mrpd FEP B FE 35 &
P R, H S 200 R IEAEDC,
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Figure 4 The effects of thymol on Proteus mirabilis swarming and swimming. A: Effect of thymol on

swarming; B: Effect of thymol on swimming; C: Swarming diameter; D: Swimming diameter. ns: No

significance; ****: P<0.000 1.
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The effects of thymol on extracellular polymeric substances. A: Effect of thymol on

exopolysaccharide; B: Effect of thymol on extracellular protein; C: Effect of thymol on eDNA. ns: No

significance; *: P<0.05; **: P<0.01; ***: P<0.001.

®5 HEMXEYREXEEERKFRME

Table 5 The effect of thymol on transcription levels of biofilm-related genes

Gene During biofilm formation Mature biofilm

1/2xMIC 1xMIC Control 1/2xMIC 1xMIC Control
rsbA 0.51+£0.08""" 0.28+0.02"""" 1.00+0.03 0.80+0.02" 0.24+£0.017""" 1.00+0.01
fIhD 0.20+£0.02"""" 0.10+0.04""" 1.00+0.03 0.73+0.07" 0.13£0.017""" 1.00+0.00
mrpA 0.70+0.05"" 0.18+0.01°""" 1.00+0.08 0.58+0.10" 0.38+0.05"""" 1.01£0.15

*: P<0.05; **: P<0.01; ****: P<0.000 1.

K, PR SN R A B 22 TR AL R T 2 3 R T
A ARG TR AR S IE AR MR, LB B AR A
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Mo, A= W 5 D 1 40 B T 24 1 RT3k T g
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X} 23 A AT T A MIC A4 0.156 mg/mL, MBIC
4 0.313 mg/mL, Xf &) AR AT S A P bk
P BB ARG TE, 1x. 1/2x 1/4xMIC ¥
() AR ok 2B W REE Y 4 R 2 R 77.3% .
51.2% F120.7%.

AR S R o i 2%, 2B 2R
RO . e 2 IRER T, s 24
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It mrp BRONT BB LM AL AR
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