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[(Be9] ATH—FFLERAHEMBRIPE N, HRKKE E 4% EF 25 A (Saphylococcus
aureus) ATCC 25923 e94n@ Ausl. [ k) i@ E st AR B & bt . B-F A B84 Ao PL £ &
BER K C B Fatm i B M 09 %ok, it DNA dik. ME @ DNA A& & R ER R KK
ExrmA AN Ko FH# o, B AR K& & & % 4556 W & (polysaccharide adhesin, PIA)#) 4~ %,
MALEMBEADD . RAEDKE T ZA RS AEG T 0, LA E e+ T H 415 43 (Fourier
transform infrared spectrometry, FT-IR) % #7 48 & 4 49 T AL, [ BA K & 8] F &t 4% & %) &3k ATCC
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A 0.5 mg/mL, ¥ vAiB i sk IR 4 i) 69 IE L AKX DNA Ao B & R 6948, 3R A MWL+ PIA 694 %,
BRI AW IE e, Ak B dpdlmE A K B e, [48) KRB EZRENS FTaird L%
EHRARAOEK, TAHHEYBRRR ZWegit—F 2 A RAEE S,
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Silymarin inhibits the food-borne pathogen Staphylococcus
aureusATCC 25923 in vitro

WANG Jiakang, TANG Haoguo*, CHEN Jing, SI Qihe, SHEN Ruxiao, YANG Tongxiang

College of Food and Bioengineering, Henan University of Science and Technology, Luoyang 471023,
Henan, China

Abstract: [Background] As a common food-borne pathogen, Staphylococcus aureus can do
harm to food safety and human health. Although chemical preservatives can inhibit the growth
of food-borne pathogens, they pose a threat to human health and the environment. [Objective]
To decipher the mechanism of silymarin in inhibiting S aureus ATCC 25923 for the development
of plant-derived bacteriostatic agents. [Methods] We investigated the effects of silymarin on the
membrane structure of bacteria by measuring alkaline phosphatase, f-galactosidase activities, and
PI staining. The effects of silymarin on the macromolecules of bacteria were explored by DNA
electrophoresis and determination of DNA and protein concentrations in bacteria cells.
Furthermore, the effects of silymarin on the synthesis of polysaccharide intercellular adhesion
(PIA), bacteria in biofilms, and the proteins and polysaccharides in mature biofilms were
explored. Fourier transform infrared spectrometry was employed to reveal the changes of bacterial
composition. On the basis of the results, the diversity of the mechanisms of silymarin in inhibiting
S aureus ATCC 25923 was expounded. [Results] The minimum inhibitory concentration (MIC)
of silymarin against S, aureus ATCC 25923 was 0.5 mg/mL. Silymarin can inhibit the growth of
bacteria by destroying the membrane structure of bacteria cells, reducing the concentrations of
DNA and protein, Inhibit the synthesis of PIA in biofilm, and degrading the mature biofilm
components. [Conclusion] Silymarin can inhibit the growth of S aureus in multiple ways, which
is expected to provide a theoretical basis for the further application of natural products from plants.
Keywords: silymarin; Staphylococcus aureus ATCC 25923; bacteriostatic mechanism; biofilm

485 {0, %5) %5 BR T8 (Staphylococcus  aureus)ff
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A AN H T IEPEBOR TR AR, (HE R
Xof N AR R FH PR B 3 i — 2 B . PRI, )
U5 R AR 875 6 590 B4 T & R FH RS R 2 T F 5 Y 34
=B

7K K 8] 2% (silymarin, Sily)4& M 7K K #] JE 52
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WM. BLR . BUm . PO A BN S S g Ty
s TET,

Ui DG T K TR Z A B T A R
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] % 5 A Z K RS AT 4 0 (0
EIFRTE A MIC N 1.22 pg/mL, SR KEEBRS
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SR PEAG T K TR 28T LR 2 F B A v TR
PRANEE 2= [CIHPE bR E R AR BT R AR, H MIC
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BRI O B0 3 VR FH /N3 22 FCBH B T 6Tk
RET R HLR AU A B RS, X R
BRG] 7K RETR N, FXFRFAS R, ARDF
5B TE NS E OH A ERE ATCC 25923 45
M SEREMERIE B . A1 DNA AR &
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1.2 EERFILE

KKE R, POL AR ARA A
“HIEEWA(DMSO 3y, KHETTRHE R
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T HARAG PR A A WL, Bz T il A R
INE] G SR EIR 2¢ 6 E (fluorescein isothiocyanate,
FITC), CHAEMFHARA R 28 M,
VU ) B B 2 5 O A R
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AR A BR A ] P AR A, TR 2k

WIRHE A A PR A F] ; HAS R URTEEPL, Christ
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HE LT A ETEAY , Bruker Al s ZHREREFRIX
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I, FEBRCHRBHE A A
1.3 EHFE

Ji 1% K R 3 B 7 R (TS A) F B i K 2
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1.4 MIC RO E
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Mo MEREBHAEKFEGERHE 50 °CHY TSA
B R AL, AR TR BT Mk KRBT (1%
DMSO ¥ i) I IR #E 2O B 435 0.1.0.2.,0.3
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AR LART R 30 mL, XFBRZH Hom A% &
DMSO T ARZ K RETR A, B3 FLEE 1 )5
FE A5 B B X R R Bl 1x10° CFU/mL
() 4 B AT IR T ATCC25923 T A= (fi
TSB ¥ 3R 5E7E 37 °C. 100 r/min £ F b % 55
I, 3 2 B I A 2 R R RO ), FE 37 °C
THEFR 24 h JEUEH A KIENL, MIC {Hh A
MR AN UL A0 PR A 7% AR K I IRk B, i S 5
EHE 3R,
1.5 BEEMTHIINIEFourier transform
infrared spectrometry, FT-IR) 7> #E#k ATCC
25923 BT

S e g G F T IR E B, e
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KRETR A BN X HRA . Z )R 7E 4 °C.
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[f]). 7E 37 °C. 100 r/min 23 J1%3% 4 h #1 8 h J5
PR I 1 3% 22 AH [5) W 56 (ODgoo=1.0), % HE
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A3 SRR FE 4 bR 8 h i BBORE I I 4% 2 A ) 1
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JEEBC R, A 1 mg/mL A 4 - B-D- N g 2
F| B F (2-nitrophenyl beta-D-galactopyranoside,
ONPG) I F 37 °C/K#F 40 min J5 A 5 mL
0.5 mol/L Na,COs & W24 1 W, M %E ODgos {H. -
1.6.3 5t B 1055 W 22 40 B B S B 1

Z:H8 Han 0575, oK RETZR DL 0 MIC

(WREZH) . 1/4 MIC, 1/2 MIC HI MIC B2k i
GBI G 5 0 R A BR B B = (1% 10° CFU/mL)
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HEE, B mEPIA 2 uL PT Y%, =RT
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e EAT L, BT OB R WL
1.7 Sily 2IBEXFE#Kk ATCC 25923 DNA 12
SP5a:pEA
1.7.1 4AE DNA SE/NE

Z i Guo W IR REEIS R, A
0 MIC (3 JH4H). 1/4 MIC. 1/2 MIC Fl MIC 7K
KE[EN TSB IR 25 pL WEWK
(1x10* CFU/mL), 7£ 37 °C. 100 r/min 435145 5%
6 h F1 12 h JFHEFE, 8 000 r/min &5.0> 10 min,
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ﬁ%%*ﬁﬁﬁ@[ﬂ%g(ODéoozl-ﬂo *E}E%%%
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T EAT I B 5 M P UK
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2 [ Deng S IEIEREEIS I, BRI
Hil#5 [/ 1.6.1, Z8@8 7 A AE 300 W, TAE
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di R FH 2 DIRERFAR (G ODse, B ISR EE 1Y
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=AU
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() B B R A A B I 2T B R B L WSRO
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MIBHPERT IR, 37 °CCHE RS 16 h, WELH I
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BIVE LT E0) R PIA FAPE R #E -
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(EEG AP =38
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2 EREG5M
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SIREE R P X A WA, BAES

K RETZEWE N 0.1-0.4 mg/mL 5 HA
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M RE R b, YR IE AR, UEB K QA R
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B, 1650 cm™' FHE M EIEH C=0 MM 4R sh
FeAE, 1550 om™! PR A9 4 B N-H S 4R 36
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2220 B A0 M 0 B 5 R 2 K T R
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Figure 1 Fourier transform infrared spectrometry
analysis of Saphylococcus aureus treated with
different concentrations of silymarin.
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BEPEBYIAOC, MuAME 1 5 LA 2 2 R ) 2
WAV, BN S DNA XTI AE K
BHWANTT | DI S G R Btk i — 2R
FEK R 20 4 v (0 A Bk o LR A B B
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21 TR 10 T B R R (AKCP) o7 F JHL 400 it B 5
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i MIC 4HH 9% (P<0.01), HiBtHEWT K KE] X
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T E T ODos {ELRENS S AT A IR ) S8 #E 1 22
SR 2B i, K KETRANIE 4 h 5, KAk
FHZE W SR 2 i (P<0.01) , X BE2H G I A8
ik, K RETZE AL 8 h 5, SXTHRAIAA L, MIC
A WOLE E I .(P<0.01), B-FLBEH HE
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FEE ) SE B

Pl J2—Fl% . DNA 2&agukt, (HH o
HEATE AN, AT A0 R Az A f A i At T A
PI A fEHEA4IIE S DNA 454, 7E50OC BB
BIRLT . Rptb— 50K CET R X FE R ATCC
25923 L REBELE R s, R PT X AT
Yefty, 7Ot B B ME S R 3 B, IR
HILF L@z, Mmstraid, pGK
KEIRIRE K, AL, MEK
£ L RS 45 5 BLAE T I B
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CJ4h 0.3 —=— Control .
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B2 KKEIEXER ATCC 25923 HREERRAAMAIRM(N=3)  A: AKP iftE. B: B-ZLWi T s 1k

Figure 2 Effect of silymarin on cell wall membrane structure of strain ATCC 25923 (n=3). A: AKP activity.

B: B-galactosidase activity. **: P<0.01.
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3 RAREBMIRMRKCERIE M ATCC 25923 483K Y 20 (n=3)
Figure 3 Effect of silymarin on cell membrane of strain ATCC 25923 was observed by fluorescence
microscope (N=3). A: The control group. B, C and D are 1/4 MIC, 1/2 MIC and MIC groups, respectively.

2.4 Sily RIEXTAE DNA B0

DNA {5 4 4= W = B8 AL 5, RN Y
He KB ANT] D A 1 BRI ARSI i Tk
FR S 3 B EE TR ST KRRl =X bk ATCC
25923 DNA 520, SEImas fanid 4. &5 o,
FEL YK 5 S . 78 A [ v 3 /KRB 28 0 ) B SR AN
6 h il 12 h Ji7, H DNA 265 B ¥A RIR LR
B, o MIC 428 2571 JLF- A a] O,
R TR 53 Y6 B EE T B I 25 2R [ 7R MIC 4
1 DNA % & il (P<0.01).
2.5 Sily QBN HREEH R

K R AN A A RSy, A AT Eh
EBAFEARMNZSS AU5E T BCA T
a3 ) G R I K TR 2R 0 A TR AR R Y Y
Wi, SCEGAERME 6 Frs . ANETE A AR

B 4 FEBREK CERLBAER ATCC 25923
i DNA Hjk 734 (n=3)

Figure 4 DNA electrophoresis analysis of strain
ATCC 25923 treated with silymarin at different
concentrations. Electrophoretic bands 2, 3, 4 and 5
were 6 h treatment groups of 0 MIC, 1/4 MIC, 1/2
MIC and MIC. Electrophoretic bands 6, 7, 8 and 9
were treated with 0 MIC, 1/4 MIC, 1/2 MIC and
MIC for 12 hours.
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—o—12h

DNA concentration (pg/mL)
o0

6 L
4+ *ok
2 E sk
1 | 1 1
Control 1/4 MIC 1/2 MIC MIC

Silymarin concentration

Bl 5 K EEIRME K ATCC 25923 DNA 5200
(n=3)

Figure 5 Effect of silymarin on DNA of strain
ATCC 25923 (n=3). **: P<0.01.

FEK QAR IR AP HESE 6 h 5, IRMEMK
TR O LR T A R LSS, MIC 45 %)
PR AR PG AR 1 BT i TR 2 (P<0.01), 12h )5
5 Ve A B 2E R 1 5T S A AN R R B R
(P<0.01), H MIC & ffll, 255 UEK ]
Z Al LIS S aureus ATCC 25923 & 115 14 i
2.6  Sily A TE X 40 5 4 49 B Y 52 )
2.6.1 Sily SCIEITEHIPEA PIA B0

A W B 32 B R AN TR B M JE 5T (extracellular
matrix, ECM)PASCRETEH P A RE A K, ECM
FER SN PIA, ‘B0l DL E A SRk

I Control
0gl HH 1/4 MIC
’ 112 MIC

[ IMIC
0.6

02r

Protein concentration (mg/mL)

0.0

Time (h)

& 6 K KEIEXEF ATCC 25923 EHRKIE
Mg (n=3)

Figure 6 Effect of silymarin on protein of strain
ATCC 25923 (n=3). **: P<0.01.

T LA KA £ AN BB BRI WIS 2T ekt
ATLLS PIA 254, FIAX—FRPE T DIRFEK ®
#]Z XA PIA A BRI , SEBe 25 Rl 7
Jiin o T REZH TR 75 IR R A0, T A UK K]
FIRIR LR IR 50 b BB VR B A /NS
MIC 2H B A58 4R, BEBIK R R ] LA
PIA MG, F S B — s A AR M
2.6.2 Sily QBT E IR ATEMEE AR LS
PR M 3RS S S TSR]
Pk ATCC 25923 AEWEENIE RS0, LIk
K —HRFT KRB Z X A R E I, S

1/8 MIC

Control

Bl 7 KXEZEXTE#H ATCC 25923 PIA BYFNE(n=3)

1/4 MIC

1/2 MIC MIC

Figure 7 Effect of silymarin on PIA of strain ATCC 25923 (n=3).
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IR A5 RANE 8 BTN o AR A K K& 3R Y X B 41
YN TEFE BT 10 CFU/mL, 1/8 MIC
1 1/4 MIC AZbFRZL 75 B 4CH 10°-107 CFU/mL,
iRk 95.7%-98.8% (P<0.01), 1/2 MIC
L FRAE N TG B 10°-10° CFU/mL, MIC 41
WG BE 10°-10° CFU/mL, i 28 1od
99% (P<0.01)
2.6.3  Sily IR XS R EAAE MIIE N ZRE K20 25 R
PR , AN [ R BE ) 7K TR sl 2R Ak
PRI, Z )5 PIYLRHR Yy, 79t
TR T WLEE K i) 2R 0T A 2 A 0 5 D 240 1 1)
M, SEERZE AN 9 FiR. X BRAL{UA D Ear
B, ME K RE KB RIG N, 206500
B 2, UL B B BT . A5 RAIEY]
K 2R BE A LA IR B8 33 AR IR T R K
HHTA

=2 ~ o o
T T T 1

v, ]
T

The number of viable bacteria (g CFU/mL)

*ok
o
* ok
' ;
/8 MIC 1/4MIC 1/2MIC MIC
Silymarin concentration

=

Control

8 JKTKEIEMEHk ATCC 25923 £ HIENE
B B AR MR (n=3)

Figure 8 Effect of silymarin on the number of
viable bacteria in strain ATCC 25923 biofilm (n=3).
**: P<0.01.

9 JKKEIEXTE R ATCC 25923 B 4105 A 4R & A0 #2
Figure 9 Effect of silymarin on bacteria in mature biofilm of strain ATCC 25923. A: The control group. B,
C, D, E and F are 1/16 MIC, 1/8 MIC, 1/4 MIC, 1/2 MIC and MIC groups, respectively.
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2.6.4  Sily AR A YIBE 4 57 B 200 PN R, MR Rk IRITK KR

AR R A 2 AL A, R R X REVE IR Sy rgsE e, SEER A5 SR NIA 10,
MEAFRTREZ, “HREHELSS, XY B 10 PR AR SRS E S Y
WMAYRNIE R AVEYREWAERFESE 25, HEARMZREE Y8 E D P<0.01),
FEREEMMEARY, RARFRIOCRFEITOR  WIRAAEYBEAY OSSR S, RERE
i 55 Z R RS S AEDOE B M Rk, HAYIRE)R, 2K a2 A PG i 4= Py s
PO FIRIRENS S AN A, e R W HREAEL

10 7K XKEIEXTER ATCC 25923 534 Y18 4R 5 B9 520

Figure 10 Effect of silymarin on components in mature biofilm of strain ATCC 25923. A, B, C, D, E and F
are FITC staining groups of control, 1/16 MIC, 1/8 MIC, 1/4 MIC, 1/2 MIC and MIC, respectively. G, H, 1, J,
K and L are fluorescent brightener staining groups of control, 1/16 MIC, 1/8 MIC, 1/4 MIC, 1/2 MIC and
MIC, respectively.
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Figure 11 Fluorescence quantitative diagram analysis
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