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Abstract: [Objective] To identify the active components in Glycyrrhiza uralensis Fisch. that
inhibit methicillin-resistant Staphylococcus epidermidis (MRSE) infections and explore their
potential antibacterial mechanisms. [Methods] The half-dilution method was employed to assess
the inhibitory activities of pharmacological components from G. uralensis against MRSE. The anti-
MRSE phenotype of this medicinal herb was evaluated by microbial adhesion to hydrocarbons,
crystal violet staining, scanning electron microscopy, and integrated cell imaging. Additionally,
metabolomic analysis was conducted via gas chromatography-mass spectrometry (GC-MS), and
the activity of intracellular oxidative dehydrogenase was measured by a commercially available
reagent kit. The propidium iodide and laurdan dyes were utilized to assess the membrane damage
and fluidity of cells. The challenge test was conducted with the larvae of Galleria mellonella to
determine the antibacterial activities of tested pharmacological components in vivo. [Results]
Licochalcone A, licochalcone C, and glabridin from G. wuralensis demonstrated significantly
inhibitory activities against MRSE. Among these compounds, licochalcone A exhibited the
strongest inhibitory effect on MRSE, with a minimum inhibitory concentration (MIC) of 6.0 pg/mL
and a minimum bactericidal concentration (MBC) of 12.0 pug/mL. The metabolomic analysis
indicated that licochalcone A primarily influenced the metabolic pathways, secondary metabolite
biosynthesis, and ATP-binding cassette (ABC) transport systems of MRSE. This compound
impeded the biosynthesis of ornithine, lysine, and niacin, leading to the accumulation of 1,3-dipalmitin
in the cells. Phenotypic experiments corroborated that licochalcone A downregulated the
tricarboxylic acid (TCA) cycle flux and reduced the intracellular ATP level in MRSE. Furthermore,
it inhibited the biofilm formation and intracellular protein expression, thereby preventing MRSE
from adhering to HaCaT cells. Additionally, licochalcone A disrupted the structural integrity of the
MRSE cell membrane, resulting in cell collapse, deformation, and even rupture and increased the
survival rate of G. mellonella larvae following MRSE infection. [Conclusion] Exposure to
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licochalcone A alters the metabolism of sugars, lipids, and amino acids in MRSE cells, thereby
influencing the biofilm formation, biosynthesis of secondary metabolites such as proteins, and the
remodeling of cell membranes. Consequently, this alteration results in an antimicrobial phenotype
characterized by decreased ATP production, impaired transporter function, and reduced adhesion

and infection of MRSE.

Keywords: Glycyrrhiza uralensis Fisch.; licochalcone A; methicillin-resistant Staphylococcus
epidermidis; metabolomics; metabolic pathway; ABC transport
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12 B /NIDER B RIS /N 5 ER A
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(minimum inhibitory concentration, MIC)Fl /N7
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Y B A0 B X 0 K9 MRSE (1x10° CFU/mL),
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J%E (https://www. nist. gov/srd/nist-standard-reference-
database-1a) Fil Fiehn %4} J (https:/fiehnlab.ucdavis.
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MBROLE 2.0 H' ()5 f i e s SRR s .
1.5 SDHHEER TCA 1BHRKFE

X B0 K 1 ) MRSE (ODgoo 15 0.2) 7
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polarization, GP)!' PFA 4 LA (14 i sh 1
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KOG, APEEMNTRER . HERRSE =
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S B-IEREZR BT A R 2, (EXTHEIE ST
AR HNHEREUER. EYWHREER ., WA
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H B R A R B SE X H T B MIC>
200.0 pg/mL, H E @i C XF 40 & ) MIC A

@gg

OH O
¥ 2 Liquiritigenin 5 C Licoflavone C
1 2

OH O 0
HO OH HO o~ OH

S H K Isoliquiritigenin - 525 /KMi A Licochalcone A T 545 /K C Licochalcone C

5 6

O
HO' (l) OH

YKH B JK W Echinatin ¥ H AL Glabridin
9 10

Bl HENEZERS(1-12)BLFEH
Figure 1

HHX Glyceyrrhetinic acid

15.0 pg/mL, HHEAI/REE A XY MIC
6.0 pg/mL, MBC } 12.0 pg/mL, H %4 /K B il
C %41 B 19 MIC & 12,5 pug/mL, MBC &
37.5 pg/mL, HHA/KEREN D X4 E 1) MIC Sy
50.0 pg/mL. BFSEEE AR, H AR H R AR
Hi A X MRSE B4 i 76 P e, H O H A
AREN C M H R E., RTHREZERERHE
R T BT A TSR, A n S
I e SE T BT MRSE 76 A G4 JE T 25 i
()5 T B 2R T A5 A 1S PR A B, H R b e R
SERI AL A Y% MRSE (MG fe . AR 0F
FEVE N H AR EER A TR ST .

2.2 HEZE/RE A X MRSE #9345

FRIEA
R T HERPTEAS H A /R ER A X MRSE H4%H
A B0 A R R e, Kk EE AN

10° CFU/mL By MRSE 7 %l 2 & T 0.5xMIC.
IxMIC. 2xMIC B HE2/RE A W, F£4E 37 °C

OH O

HO. o)
OH O HO.
) Doy ot
H
o1 On
e}

HHOH Liquiritin FHE Isollqu1r1t051de

o Mo « 9 _
HO ~o OH
HO OH O

HEA/RED Licochalcone D

Q—JAH L
H¥% Glyceyrrhizic acid
11 12

Chemical structures of the main components (1-12) of Glycyrrhiza uralensis Fisch.
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x1  HEYIXIMRSERNHIER

Table 1 The inhibitory effect of compounds on MRSE
Compounds MIC (ug/mL)  MBC (ug/mL)
(1) Liquiritigenin >200.0 -

(2) Licoflavone C 15.0 30.0
(3) Liquiritin >200.0 -
(4) Isoliquiritoside >200.0 -
(5) Isoliquiritigenin >200.0 -
(6) Licochalcone A 6.0 12.0
(7) Licochalcone C 12.5 37.5
(8) Licochalcone D 50.0 -
(9) Echinatin >200.0 -
(10) Glabridin 11.0 30.0
(11) Glycyrrhetinic acid ~ >200.0 -
(12) Glycyrrhizic acid >200.0 -
Methicillin >200.0
Clarithromycin >200.0 -
Cefalexin 62.0 -
Gentamicin >200.0 -
Vancomycin 1.5 3.0

JEE, B2 hillE 1 IR ODeoo 185 1 40 M i3t
GOR UL 2, AR Z o, X IR ZH 20 TR 7E
2 h Ja #EARTECER I, £ 0.1% DMSO A%
g MRSE A K BF8 . 7E 0.5<MIC 1y H # AR
il A VEFIT, 4HFETE 6 h 5 P AR s s ; 78

A

0.3

8§ —— Control
= 0.2 —— 0.5xMIC
Q

g o — 1xMIC
2 — 2xMIC
=

0.0
2 6 10 14 18 22

t/h

IxMIC [ H# A RE A fEHTR, 95E 20 h 54
P A B R A AR 2xMIC A4 H B A /R
AERITE, 24 h WARMEZBIME ALK, RUH
AR E A X MRSE f0 38 G841 il £ FH 522 7] F AR
T o SRR AT 2R s, 0 REZH o b R
£ 10° CFU/mL (1) MRSE 7 40 o 50 Hr et 1,
24 MRSE £ T 0.5xMIC., 1xMIC, 2xMIC Ky
H R A RE A FEF, §T 4 h YR R
R AR KRG . 525 4h )5, #£ 0.5<MIC 41
(T AL IT 4R BT 7R 1xMIC 2H 5995 41 i
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Figure 2 The growth curves and time-killing curves of MRSE in response to licochalcone A. A: The growth

curves of MRSE cells in a 96-well microplate treated with various concentrations of licochalcone A; B: The

survival count of MRSE cells subjected to different concentrations of licochalcone A.
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Significant changes in the MRSE metabolic profile under the influence of licochalcone A. A: lonic

chromatogram of the control group compared to the 0.5xMIC group; B: Alterations in differential metabolites of
the 0.5xMIC group relative to the control group; C: Principal component analysis (PCA) of the control and 0.5x
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Figure 4 Licochalcone A primarily influences the metabolism, biosynthesis, and ABC transport of MRSE.
A: The peak areas of key metabolites in the control group and the 0.5xMIC group were quantified using a
GC-MS-based metabolomics method to assess the peak areas of metabolites (*: P<0.05; **: P<0.01; ***: P<
0.001); B: KEGG pathway analysis for significantly different metabolites are presented.
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Figure 5 Licochalcone A influences the TCA cycle and ATP production in MRSE. A-C: The activities of the
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Figure 6 The impact of licochalcone A on the adhesion of MRSE. A, B: Biofilm formation (A) and intracellular
protein content (B) in the control group, 0.5xMIC group, and 1XMIC group (¥**: P<0.001; ****: P<(0.000 1);
C: Fluorescence microscopy images of MRSE adhesion to HaCaT cells in the control group, 0.5xMIC group, and
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Figure 7 The effect of licochalcone A on the structure of bacterial cell membranes. A: Licochalcone A affects
the leakage of DNA and RNA in MRSE; B: Licochalcone A influences the hydrophobicity of the MRSE cell outer
membrane; C: PI labeling of licochalcone A damages the MRSE cell membrane; D: Licochalcone A affects the

fluidity of the MRSE cell membrane; E: Licochalcone A impacts the morphology of MRSE cells. **: P<0.01;
**%: P<0.001; ****: P<0.000 1.
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