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Inhibitory effects of quercetin against multidrug-resistant
Staphylococcus aureus causing bovine mastitis

MA Quanchao, LIU Siyu, XUE Ao, LIU Xican, YI Xianguo, JIN Yinli"

Xinyang Agriculture and Forestry University, Xinyang 464000, Henan, China

Abstract: [Background] Staphylococcus aureus, the pathogen of bovine mastitis, has multidrug
resistance and extensive drug resistance. Currently, most existing antibacterial drugs
demonstrate limited efficacy and are prone to residue. Natural medicines have good inhibitory
effects against drug-resistant bacteria. [Objective] To study the inhibitory activity and
mechanism of quercetin against S aureus causing bovine mastitis. [Methods] The K-B method
was used to determine the sensitivity of S aureus causing bovine mastitis to 15 antibiotics. The
minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of
quercetin against S aureus causing bovine mastitis were determined by the broth microdilution
method. The growth curve and bactericidal curve were established to analyze the inhibitory and
killing effects of quercetin against S aureus causing bovine mastitis. The chessboard method
was adopted to determine the effects of quercetin combined with ampicillin, enrofloxacin, and
doxycycline against S aureus causing bovine mastitis. The mechanism of quercetin against
S aureus causing bovine mastitis was revealed through biofilm inhibition assay, nucleic and
protein leakage assay, bacterial viability observation, quercetin accumulation analysis in
bacteria, membrane protein conformation change assay, and molecular docking. [Results] The
MIC and MBC of quercetin against S, aureus were 256 pg/mL and 512 pg/mL, respectively.
Quercetin inhibited the growth of S aureus and completely killed the bacteria within 12 h. The
fractional inhibitory concentration indexes (FICIs) of quercetin with ampicillin, enrofloxacin,
and doxycycline against S aureus were 0.50, 0.75, and 0.50, respectively, which indicated
synergistic or additive effects. Quercetin inhibited the biofilm formation of S aureus (P<0.05).
Nucleic acid and protein leakage and bacterial viability analyses indicated that quercetin
increased cell membrane permeability. The fluorescence intensity of quercetin in the bacterial
suspension reduced (P<0.05), which suggested that the concentration in bacterial cells gradually
increased over time. Quercetin caused secondary and tertiary conformational changes of
bacterial membrane proteins. Quercetin bound to tyrosyl-tRNA synthetase through van der
Waals force and hydrogen bonding, which resulted in stable binding, thereby inhibiting enzyme
activity. [Conclusion] Quercetin has inhibitory effect against S. aureus causing bovine mastitis
by inhibiting the biofilm formation, enhancing the permeability of cell membrane, affecting the
conformation of membrane proteins, and suppressing the activity of tyrosyl-tRNA synthetase.
Keywords: quercetin; Staphylococcus aureus; antibacterial; mechanism; molecular docking

WAFLER AR RS . WHEEAR, E—/ A= %Es™. 40 65 7% BR 1 (Staphyl ococcus
ZRERAEMFERY ., A BERESSIEY aureus)Z51EIAAE RN FEIRE, 55
AP N R AE RS AR, TS SEORIGIKILE RPN R . Bl
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FIWERE . BTEIPIAR . K KER . HiER. 20
W&, WHER., ®Re®E . RinvaE . ok
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5512 FLABHMT IR, A 200 pL B E 3 K
I, 37°CHFE 24 h, LIBTEILI I/ NGk
JE o MIC, MPBWEALE 5 pL BRI A T MHA

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



450 (YIS Gk

Microbiol. China

P b, WE3IIREE, T 37 CHERE 24,
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B W B 2R B 43 2 MIC .1 MIC
172 MIC, DI K 2= B i xf ], B
3WREER . K 96 fLAE T 37 °C. 170 r/min ¥5
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*1 4IABEREeACHEBIKENE AR
Table 1
causing bovine mastitis to antibiotics

Antibiotic Sensitivity

Amoxicillin
Penicillin
Ampicillin
Ceftriaxone
Cefotaxime
Gentamicin
Neomycin
Streptomycin
Doxycycline

Tetracycline

R B N R N BRI

Florfenicol

—

Enrofloxacin
Polymyxin

Amikacin

o »n »n

Kanamycin

R: Mif2h; 1. Hor; S: g

R: Drug resistance; I: Intermediary; S: Sensitivity.

® 2 MEERMEANGAERERECATKE
& NMIEREMS/NRERE

Table 2 The minimum inhibitory concentration
(MIC) and minimum bactericidal concentration
(MBC) of quercetin and antibiotics against
Staphylococcus aureus causing bovine mastitis

Antibiotic MIC (pg/mL) MBC (ng/mL)
Quercetin 256 512
Ampicillin 512 512
Enrofloxacin 4 8
Doxycycline 32 32

BEAR51 1 MIC #1172 MIC B, i iz 25 0] B @40
Tl R et O A ERE A K N 2 MIC
F, R 2 5E i 4= 2L 4 4 A AT ER
Ak Wit ZXT ARG R & A Bk A
RAFEIMRIVERT, SR
223 REMZLFHIE

Wit iz X 2 2L P R 4 v €0 4 Bk TR 1 R B
BHZR UL 2, AHAR XTI, W 1 MIC B, A

Susceptibility of Staphylococcus aureus

Bl 1 WMEENFIERERCHEKREE Kk
FopAly

Figure 1 Effect of quercetin on the growth curve
of Staphylococcus aureus causing bovine mastitis.

B2 MEEMGTIAERERCHABKRENRE
ER

Figure 2  Bactericidal effect of quercetin on
Staphylococcus aureus causing bovine mastitis.

BEERRERE AR KRR o WL 2 MIC I, Hi Bz
RAEMSTE 12 h oS AR KA o Bz = x4 50
D 9% 4 o (R 4 BR A L2 I R ORI AE . B
HEWSERIN, AR
224 BAMEER

ik Bz ZR IS B0 1T 24 00 A L A 4 BT (0 3
BRI RGN AR RO R 30 4R B, Wi
RIRG AWM, B R Z R RIUAH
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*3 MEERSMEANGIEREACHEHKENIEREY

Table 3 Inhibition index of quercetin and antibiotics against Staphylococcus aureus causing bovine mastitis

Drug combination Drug MICalone MIClunite FICI Action

Quercetintampicillin Quercetin 256 64 0.50 Synergistic
Ampicillin 512 128

Quercetintenrofloxacin Quercetin 256 128 0.75 Additive
Enrofloxacin 4 1

Quercetin+doxycycline Quercetin 256 64 0.50 Synergistic
Doxycycline 32 8

5 9% 4 (0 4] A BR B M B 48 20 B 0.50
0.75. 0.50, SBLUMA] Sl A e
23 WEEIHIAIEREEBERIK
B A4 Y BR B9 HD I 1E A

Wi Kz X 2 2L D 4R 4 v 0 % Kk T A ) i
IHIVE R WL 3. METXTER, WREE R 1/4 MIC
BF, Bz 2% 2R 3L 55 9% 4 60 4] 25 BR A 2L W
HIRN R 2R 20.56%; WRJE R 1/2 MIC B, Hit K2
TN A= FL 5 4R 4 B €08 A K D A 1 RS 1 0 o
M 63.43%. it Kz KRB I 4= FL 5 & 4> v
BERE A YIBIE R, R BIHTREAIE
24 WEEIH4IAIEREEBEEK
Bl 2 B B B 22 Mo 457 41E
241 MWEZERMNGIAERXREHBEBREN
FERFNEE B Bt 22 i psE R

it Kz X 2 2L B R 4 v 00 7 4 BR TR A2 R AR
RN WL 4. AHESTFXERE, 4
B RPN, 3L 5 4 v (A A BR A B A%
PR 1% ODago (K] 4A)FIEE 1T ODoso (Kl 4B) 2%
TH 5 (P<0.05). Z5 5B, Mt Fz X% 1 1) 41 g
PEAEIAVERT, (0 240 I A3 A P 3 5, 3
L PN A A i RN R 1 B A, TN T T R
HRA% IR RN 11 5 25 ot o
242 WEEMSGIABEREHCEEKE
HEFENEMPER

Wit Bz 28 X6 A= L B R 4 o €688 7 BR 1A 2B A7
T U 5. X RE A AR A R Sk ad oot
( 5A), VMR MIGYEL; KW E R 1/4 MIC
Witz RALPRSE , BRI A AT & Hh R £ ¢
N, HEA DEME SR E5OE(E 5B), il

3 WEEMNFIFEREREAEKE LR
FMER ARG FRRIR 25 1 3#E(P<0.05),
Figure 3 Inhibition of Staphylococcus aureus causing
bovine mastitis biofilm by quercetin. Different lowercase
letters indicate significant differences (P<0.05).

WA P AR MR AZ 0t MR 1/2 MIC Hii iz
FAHLS, KA A SR L a5 6(& 50),
UL PT YRl e A AN TE AN, 2058 40 At RS2 31 93
Yi; 22U R 1 MIC itz Z 40 BR S 410 1 35 5 P
LIS, AP AN Z (] SD). Hhik T I,
Wil 5 Bz 28V XG4 R A R A7 A A
21 it JSSE 5 S I, N B A0 R I A T
25 WEZEHIEREHEBEEIK
EZAENET

Wit iz AR 2L 5 R 4 v €0 4 Bk T R
9 G B UL IE 6. W BESA 1/4 MIC Fil 1/2 MIC
BF, BEERTEIARfL, Ml R PR BT
F%(P<0.05), 2% BH B i B2 22 A v FBE A . ik
A 2 A 28 3L D R 4 €0 8 7 Bk TR B 1A TN 1Y
W RE W, AR T R AR AE A
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Bl 4 WEENFIAEREARCABREXRAOMEBRGB)INENEE ARG FRRRERE

#(P<0.05),
Figure 4 Effects of quercetin on nucleic acid (A) and protein (B) leakage of Staphylococcus aureus causing

bovine mastitis. Different lowercase letters represent significant differences (P<0.05).

20pm . - e * 53 S pm

20 um

20 um

Bl5 WMEEMNGIEREACHEREEFEFNNEMW A XH; B: 1/4 MICHi{ K ; C: 1/2MIC

Witz %, D: 1 MIC iz %,

Figure 5 Effect of quercetin on the survival viability of Staphylococcus aureus causing bovine mastitis. A:
Control; B: 1/4 MIC quercetin; C: 1/2 MIC quercetin; D: 1 MIC quercetin.
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26 WMEENGFIABEREREHBIK

= R & B RS W E

2.6.1 FMEERZRLEF AL
L5 R 4 o (R ) BRI AR (e LA

BRLLHNETE WL 7. WM i 07 1 A8 Ak 32 2 iy

Elo MEFEFISXERCATKERRITN
BE FWEARNG FRRRES B
(P<0.05),

Figure 6 Fluorescence intensity of quercetin in
bacterial fluid of Staphylococcus aureus causing

bovine mastitis. Different lowercase letters at the same
concentration indicate significant differences (P<0.05).
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7 WERLEREFIEXEREAEKEN
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Figure 7 Fourier transform infrared spectroscopy
(FTIR) of Staphylococcus aureus causing bovine
mastitis without and with quercetin.
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Figure 8 The effect of quercetin on fluorescence

intensity of Staphylococcus aureus causing bovine
mastitis membrane protein.
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Figure 9 Visualization of docking between quercetin and tyrosine-tRNA synthase. A: Molecular docking

3D diagram; B: Molecular docking 2D diagram.
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