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o E: 2 RCHAHARALNRBEENRTLRRAZ—, RHFEUMENR AN E & R A
WAL, LR BAEFRA T A A T hid, D06 KRG T W RAR KK, B SuAF L #7 A 6937 & A
RIEFTEFEN. BEPFREZ—EFHAGRSFRAE L, AL GER MR RGEH, ARTE
AR R, A AR AR BRAA LY EEG S RAFRBET AR TaeE, [B6] &
AR E I AE[5]55 2 (triphenylphosphine pillar[5]arene, TPP), vA-4-3% & %) % 3K & (Saphylococcus
aureus) ATCC 6538. 4% & %] %) 3k ) T+ (Saphylococcus aureus subsp. aureus, S. subsp. aureus)
ATCC 29213 Fafit ¥ £.5 +h 4 # & %] ) 3 i (methicillin-resistant S. aureus, MRSA) ATCC 43300 #
KW , HATIPE MR8 A dit 20 M a9 4R R [ o ik B8 i 5% ) 37 B 7R Z (minimal inhibitory concentration,
MIC)#= 5 /J» & i K & (minimal bacteriocidal concentration, MBC)#) # &, R iFEALSM T H
M, dt— Bt g R R E R AT TPP A 40 i A MU 69 T AR AR R SR By BLER ik 0 A AR
YIS 464 F, RJeUAT IR EAE RIZ RS TPP 647 AT T 4. [4R] TPP &t
3FEMRY R B BT AR EE, L3t 3 A E AR MIC 354 15.63 pg/mL; *F S aureus
#2 S subsp. aureus #9 MBC #f# 125.00 pug/mL, @ TPP BP4& 48 125.00 pg/mL JKE T 4L 1 8 4 5L
MRSA. % %F, TPP /&£ MIC T2 3 #F @ Ak 6 £ M 37 5] £ 551 A 72.9%. 69.2%F= 71.8%; £
WIR ISt % 4B 4 F A TPP RE 6938w 2T 64, AR EHBLEREN, TPP He®
CHRARAAE 20 RERIZREHR T A HM, (L8] AARLERAHT TPP &9 B M4, 4
H TR A B IR ARIRAE T — R a9 R

TNIUH . WL AR S (LY20B040001)

This work was supported by the Natural Science Foundation of Zhejiang Province (LY20B040001).
*Corresponding author. Tel: +86-571-28877777, E-mail: huangjy@zjgsu.edu.cn

Received: 2024-07-18; Accepted: 2024-09-30; Published online: 2024-10-09



4870 ZHANG Yujun et al. | Acta Microbiologica Snica, 2024, 64(12)

KB H[S]FRAITAY; R, EWHE;, &K

Synthesis of triphenylphosphine pillar[5S]arene with
inhibitory effect on Staphylococcus aureus

ZHANG Yujun, WU Huixiang, CHEN Hao, ZHOU Yiyu, HUANG Jianying*

Food Safety Key Laboratory of Zhejiang Province, School of Food Science and Biotechnology, Zhejiang Gongshang
University, Hangzhou 310018, Zhejiang, China

Abstract: Staphylococcus aureus is one of the common pathogens causing infections. It can
attach media or implant surfaces to form biofilms, which makes it difficult to be tackled and
leads to the generation of drug resistance, posing a great challenge to clinical treatment.
Therefore, it is urgent to develop novel antimicrobials. Pillar[S]arenes, a new class of
supramolecular macrocyclic hosts, attracting wide attention due to their highly rigid and
symmetrical architectures and controllable cavity sizes, which afford the limitless possibility to
create antimicrobial agents with various functional groups and biological activities. [Objective]
To synthesize triphenylphosphine pillar[5]arene (TPP) and determine its antibacterial activities
and drug resistance with Staphylococcus aureus ATCC 6538, Staphylococcus aureus subsp.
aureus (S subsp. aureus) ATCC 29213, and methicillin-resistant S aureus ATCC 43300.
[Methods] The minimal inhibitory concentration (MIC) and minimal bacteriocidal
concentration (MBC) were determined to evaluate the antibacterial activity of TPP. The effects
of TPP on biofilm formation were quantified by crystal violet staining, and the content of
extracellular polysaccharides in the biofilm was determined by the phenol-sulfuric acid assay.
The strain resistance to TPP was examined. [Results] TPP exhibited inhibitory effects on the
three strains tested, with a MIC of 15.63 pug/mL for the three strains and a MBC of 125.00 pg/mL
for both S aureus and S subsp. aureus. However, TPP was unable to kill MRSA even at a
concentration of 125.00 pg/mL. The biofilm inhibition rates of TPP at MIC were as high as
72.9%, 69.2%, and 71.8% for the three strains, respectively. The content of extracellular
polysaccharides decreased with the increase in the concentration of TPP. S aureus did not
develop resistance to TPP after 20 generations. [Conclusion] This study clarified the
antibacterial performance of TPP, providing a theoretical basis for the further development and
utilization of TPP in the medicine field.

Keywords: pillar[S]arene derivatives; antibacterial performance; biofilm; drug resistance
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R Tt H AR P AR 4 B €8 4 4 K I (methicillin-
resistant S. aureus, MRSA), BEWEIE il A= W #i i,
A LA 5 R R TR 24 e Rk sl 3 B A e 1
A ) I A T G T R, AR KT
2 hE . EBMRRE RSP, HHA
S H A IE R 2 A M A R s 4T
MR P R HATHRIGT, XA
{7 FH I 2 S0 T AN TR AT 2, T A A TR
A W R TE NS P RG i , AARAS B hnxE LA
3 20 T R 2R AN R S LT B IS T B
TR T AT ORI R R ST X — IR
TEH, FRATIE U TF LT R B X 7 U A 7R LA B B
SRR ) 2 TR A ) R T AL B W A SR
SR, PUAER B IZ AR 8T bk Rt
G B, P U AR, R, F
R BB AT R i R0 B A= 0 4 B ELAS 7 A i 2
PR BRI R 2 OC 2

D5 A — e v o, HX R
ARGEHE AT IARZS By WO AE 2 il 2 145 0 B g ]
PEATINREALD L, MR KM & W 5 B2t 5
TAE2 =R E A, HHGEGR R . S EAS
P AL, MR N T DL b
BRESEZ AT SRS ZRE . HE
TR ETFEE5 )G, BB MEssdy
PERETEPEST, IR AL [S1DY IR AT A W mT LAY
B KA TR 11 A e B s A5 5 ISR A UL ]
1 PH - PR SR AL A P T LA S b A R 2E 6T TR RN
G B AT BR B AR A D TE s Joseph
SRR R B, A BRI T B KIE MR [S 1D
AT A ) RN 2 e B A FH 8 A [S D5 e 8T LU
ZRACH ] 2 G B S A A M R AT 1. Ut
Hb, IR DR ELAA R s 7K 2R T RRURT e Ja
HLAG 3 AT, X A5 B A TRE U A 28 2ok LE Wi L
PH S — 2R LB 4 A 1) X0 55 2% PR B TR A >
FCBHE 2 B B3 i b e e R AR A

FAERAAL S D7 ke BB 2 AR T IF5IA =
AL BH B 7 kA, A5 3 =R AR BEAE (5105 12
(triphenylphosphine pillar[5]arene, TPP), L) 4%
R4 R I ATCC 6538, 43 1 (0, % BR 7 S Fif

(Staphylococcus aureus subsp. aureus, S. subsp.
aureus) ATCC 29213 Fiif B & P bk 4 2% (255 45

BRI ATCC 43300 4i e 8 bk A AR, AFoE T
TPP R4 P BB S L 250, B 76 i I & Y
R I B R FEAI R 2 g ] B R BRI AR B

1 HE5xZ

1.1 E#RAEZERF

itk S aureus ATCC 6538, S subsp. aureus
ATCC 29213 il MRSA ATCC 43300 g { v [ 3%
18 kA W) T AP LR A4S B P U0 (China General

Microbiological
CGMCC).

Jil 85 M iR K 52 A7 (tryptic soy broth, TSB)
AR % 2 I K G BIE (tryptic soy agar, TSA)
Wy A b st Rl SR B A BR 2w, At R i
I A BTz T30 (CE A R A
1.2 EFEMNHE

Bruker AVANCE 111 500 NMR ## 542
A, Bruker 23 w5 fiHtR{X, TECAN SEHI 2w 5
UV-2600 2£5hal IG5 6t , SHIMADZU
NI
1.3 =FEBHISIFREHNERERE

ERSYT, T =FeEom AN % —
M (30 mmol). JC/KARFREH (120 mmol)Fl P i
(250 mL), #FHEMBEMA 1,4- 28 T L
(180 mmol), 60 °C J Ly, M2 @iknHr
(thin-layer chromatography, TLC) sl jz i i#F
Fio TFRBIEER, HAsig, S VlReE—
AWLEREIC, KRR AN TR A 2 W 4 )
ZHEMEAEY 1. B EY 1 (3.48 g,

Culture Collection Center,
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10 mmol), *J 4 —H (5.53 g, 40 mmol), ZH
F#E(1.50 g, 50 mmol)Ail 1,2- "5 Z%¢(250 mL)
HAZ] 500 mL A EEEEH, ZiREFE 10 min
7, I = A 2848 5 40(7.10 g, 50 mmol),
TLC Wi S B 45 o5, A 2K 85 T /K K B
Iy age W EE(3x100 mL)AEH, JC/KBREREN
T, BEWS, HENERMGE 2. &5,
¥ALE&Y 2 (0.50 g, 0.50 mmol)Fl = 2 Kt B
(0.29 g, 1.11 mmol)E T 50 mL =&k, &
B3, A 10 mL 2, [BIE 8 . TLC
VI S5 0 S o B I R Ve ) AR E R, R e
IK T, BT A 6 A 28k U R T A5 B i
L E Y 3 (COREBEE ST R (E 1),

E1 &1, 23 &5/

Figure 1 Synthesis of compounds 1, 2 and 3.
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1.4 HIEEMENE

2% Yang 57 LIRS AR 0, A5 O
1E-80 °CHYHM%S S aureus. S subsp. aureus Fil
MRSA FHBCE TIRWEEBES T, 500 R
IR TR R T 2 28 U AT 1% ) 2 00 1% e s 2 11
PER ZINR(TSA) Ak b, T 37 cCHiFRA Hh i
B 24 h 5, FHEM IR LR BRI ) Sl HE
TWHMA 1%HEMNEEAKRRKERG
(tryptone soy broth, TSB)H', - Hjk & F
37 °C 180 r/min §R % 1557 24 ho 28 2 KIGHLH)
PR ARG E ODgoo T A4 IR BE (B R 1
S AT VR B, AR ORMR 229 10° CFU/mL J5 1§
FHGZ R 78 800 38 - A R T B0 A T ),
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3 1 i P R BRI E AL 5 ) TPP X S
aureus, S subsp. aureus Fll MRSA /NI
¢ ¥ (minimal inhibitory concentration, MIC),
1 mg i =RIEBERE[S DY R S W% T 2 mL
) DMSO, 153 500 ug/mL #J TPP i, Ffijm
FHIC T 7K XA B C i 45 31— R IR E 1Y) TPP
7 (0.98-250.00 ug/mL). 434K S aureus, S
subsp. aureus fll MRSA A9 415 1 &K (100 uL,
10° CFU/mL)#F0F 96 FLA . [RlHs}, 43 A TSB
(7 1% 260 1) PRV M B 75 R B X, TSB
(7 1% 2 W ) ) 20 T T TG U 7 700 g B AR Yo
B, MIC {HEiC %0 RE S sl A ) A 4 ) e (IR
PR R

SR FH B Y- b 2 000 2 400 T 701 R 4 69,7 7
K B A B /D A B W (minimal  bacteriocidal
concentration, MBC), 7t MIC I 2 )5, MHA
R AT DL A 96 FLAR PRI IR 100 pl T8 &
WX ST AT TSA (5 1% ) -4 o HF
B T 37 °CEEFRAH R SR 24 h e, WP
M b AR AERAE O, 58 4 JC T T AR VR B
B>/ MBC.,

1.5 SEECFAKEEKBZHNE

%% Diao Z"W5 ik, ¥ S aureus, S
subsp. aureus F1 MRSA 85 5% 2 Xf ¥4 K
(ODgo=0.8), WrAE W, I45 HAR Bl 25 1
WeJE Sl 10° CFU/mL 1 B8, I AN [l e B2 1)
TPP VAW, A EZMREES 51 172 MIC Al
1 MIC, LIAXERIN TSB (% 1% %5 4) i) 40 B 1
B TCHD R A 2 oo B RO T E R R
FERHPIEFT 37 °C, 180 r/min K557, 4 lIIR% 2 h
B, FHESFR{UME ODeoo B o 18 32 3% 55 i) 0]
1 ODgoo fHLZ: il £ K £k , K2l TPP X S. aureus.,
S subsp. aureus fil MRSA 4= K £k a9728 1k .

1.6 AR BN HI
A W9k BRI %% F Ersanli 221505 v 0047

M5, ¥ S aureus, S subsp. aureus Fl MRSA
WIPRTE TSB 37 B B SR 107, SR T 6k 1)
R SR ST LA 1:100 M0 MBI AN B 1%
EBERBTEE TSB #5384, 78 96 FLA 2k
Tofs BE AR B i 25 TC R K RN TPP B BURIA W, 1
B BT 11 TR B R B 100 pL A3 A 96 L
M B B FL2Z s R Bs o 4 A A D v
Ak 1 04 TS A TR TS I FL B AS 5 Ak A 1 14 % B
fL, HULE 1% #4040 TSB 4 e w2 i G
PR VE R PHPEXT BRZH . 7E 37 °C R E 24 h
J&i , A BT AR 2 B A S SR SR [
TERY AR o AR5 HIWAE I 200 pl PBS 2K
VA IR LA 2 BRIF AN A . FRANA 200 uL
) 0.4%%5 fh R WYL 8 15 min J5, H PBS £
WREZ k. BEEEIEFL, BRiTatm Ll
BR 2 2R 0K , T BEALH 435I A 200 pL
95%Z I, #HE 15 min J5 il FHREFRGC T A
FEARTE ODgoo MBI . ARG
FOUEATT 3 RE M 3 YOS 5258, B
PRI 25 RR A XD, IFRL A 3
FIR o
B % =

X} HRZHODfE- 43 4HODIE x100% (1)
*of W ZHODIE '

1.7 FEINZHEEPS)RENE
1.7.1  trAERE SRV 4R

A 0, 0.2, 0.4, 0.6, 0.8, 1.0 mL
# 0.1 mg/mL ARAER 2P, & T 10 mL 1Y
A, ARUES I TR 2R 1R K A AR ARy
1 mL. FEEZ3II0A 1 mL 5% AEBIERK, FRE
RAT, SRIFZEERHMA 5 mL R, #E
10 min. {5 8 HEHR T o 1 S 0 W FE A0 TR
SR F U I Tk KR RN 20 min J5, T
1+ 490 nm 20 5 W WS RE o DA A 7 B R 3 (ug/mL)
VENREARAR, W A A YN AR AR 22 i b
IS
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1.7.2  Bash % HERIIREL

K Wu SO i RSy BIE & TPP
i) TSB ¥ 72 B A TPP 1925 I X 4] TSB
FRR s, 37 °C R 55 2 d, I 4 000 r/min
B0 10 min, BRE FIEW, HRIERET
10 mL A K B FRER K o FEAIA 50 pL (1) Pronase
E, BT 37 °CfHIRIEFRAME 2 h, JIA 200 puL
FT B 10%M) =S LR, PKOKE: 30 min,
10 000 r/min #5.0> 30 min, W FIEHROIMA AT
1 CBEA, —20 °C JHCEAIR, SRF 28 12 000 t/min
B0 20 min, BR & BIEW TTEY 430000 1 mL
) 5% 2RI A 5 mL VR GRER , /K 10 min,
A X REZH, 7E ODago FE MG . &5
RIMAZ R SRR, WA Q).

MM WA 2 =

X R EPS & 2 - A B4 EPS & & <100% (2)
0
SR ZHEPS & &

1.8 #HmERREDH

>R H Liu %17 J5 22005 TPP XF S aureus,
S subsp. aureus Fil MRSA WHLIE & RIESY,
— 2D VP 4 VR 60 A K TR B I R] 0 AR b R A
2% TPP 7AiM 254 . 4B 7E 37 °C T Y TSB
Bap B SRk . BUS R 10 pL A H)
10 mL f) TSB i FR FEBEA MRS o B o) A [
J& TPP/H A PUARIY 96 FLAR TP A S T HE 35 5k
1 37 °CHURFFRAE LGSR 24 h)m, BORA il
JE B EAT SR AERE SR A T E
MIC, FEMEAELAE 20 £, [ FIHF A
PEARAT ) 1
1.9 FIRLERSIT S

SR EET 3 CFAT SRR, B R
Excel 2016 45313 #7, Origin 8.0 X IFAEK, X
A A & 7 22 4> M7 (One-way analysis of
variance)F 177l , & A Duncan’s test /77387~
Wz p 2R, P<0.05 #A S A48
R, SR EER L+ 22 RN .
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2 BER540

2.1 =ZFREBHESIFRERIEERESTHT

G 2 B AL (8] 2A): 'TH NMR (500
MHz, CDCl;) 6 6.82-6.70 (m, 10H), 3.80 (t,
J=6.0 Hz, 4H), 3.78 (d, J=3.8 Hz, 10H), 3.67 (dd,
J=14.7, 4.9 Hz, 24H), 3.20 (s, 4H), 1.84-1.69 (m,
8H). k&Y 3 (TPP)IZEHRAE(E 2B): 'H
NMR (500 MHz, CDCl3) § 7.83-7.79 (m, 15H),
7.64-7.60 (m, 15H), 6.73 (m, 10H), 3.95 (m,
10H), 3.74-3.57 (m, 40H), 2.47—1.64 (m, 40H).
2.2 =ERERHESIFRMIIEE Y

S aureus. S subsp. aureus fll MRSA £+
WIEFR NG, TE 96 fL b, PIHR LSS 2 1 ¥ i £L
R MIC (& 3A et dnid), st—2H
14 i5E OD {ECHIKT TPP X 3 FEaiikfg MICU, A
K 3A A A, 24 TPP ¥l 15.63 pg/mL
f, S aureus, S subsp. aureus fl MRSA A9JfL
M2 PR IR A, UL TPP S8 &30 T Ak E
B, MMFSE] TPP X} S aureus. S subsp.
aureus Fl MRSA ) MIC ¥} 15.63 pg/mL.

&l 3B VA i AT S g 45 R R W, TR B TR )
MIC fEHEF, G4 HRSE] T, Had
WIS E, MRS RKEEIE R . A
TPP W BEXE N, ~F-H b A T P Bl e bl 2 T R
24 TPP ¥ J&F ly 125.00 pg/mL i}, S aureus # S.
subsp. aureus IS VA b ICHT W TE A K,
1M MRSA BB AR AR A R W& ERK.
Kk, Wi TPP X} S aureus fil S subsp. aureus
() MBC 4 125.00 pg/mL, TPP B f#i7E 125.00 pg/mL
WIE T HSANBEAR S MRSA,

23 =FREBHEBIFRNEHEBHEBIKE
K%

i AR K &k — 22 TPP X S.
aureus, S subsp. aureus Fll MRSA {520 . 41
B 4 Fros, 25 PO BR A 40 A K A R g S
BAK, 7E2h )5, S aureus, S subsp. aureus
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Figure 2 Characterization of compounds. A: '"H NMR of compound 2. B: "H NMR of compound 3 (TPP).
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15063 pgfml 125.00 pgmL

S. aureus B g
S. aureus

S. subsp. 15463 pghink

aureus S. subsp.

aureus

MRSA §®

62:50 pg/mL | 125.00png/mL

lj.éjiugiml.

3125 pg/mL

:  MRSA
&

o> 9 o
NI I SN A S

SN S SR e I

9

& &

TPP concentration (pg/mL) G,x\\

3 TPP Xt 3 ME#KAI MIC 1 MBC %5 R [E

Figure 3 The MIC and MBC results of TPP against three strains. A: Plot of 96-well plate results after 24 h
of different concentrations of TPP culture broths. B: MBC plate coating of TPP on three strains. The red box
in the figure indicates the first clarification hole, which corresponds to the MIC hole.

08F —1MIC AT 0.8F — 1 MIC 0.8F — 1 MIC 4
| /{/} L /}/{'H_! - /}/}}
= 06F i+ = 0.6F A - 06F ! i
021 j 02r : / 02 /
0.0 = § 5 an e e T i % e et SR TR o 7 ;. i, R
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
t'h t’h

4 TPP EARERKE THMAEE KN HFRIFM

Figure 4 Effect of TPP on bacterial growth kinetics at different concentrations. A: The growth curves of S
aureus under different concentrations of TPP. B: The growth curves of S subsp. aureus under different
concentrations of TPP. C: The growth curves of MRSA under different concentrations of TPP.

1 MRSA G FEA XS B KM, HAE 200 W&
Frai ks, 2R AREN, X—Wg
] SCHk[14]—3. & 1/2 MIC TPP 4bFERY
S aureus, S subsp. aureus fl MRSA )7 F| ]
#l, S aureus Fl S subsp. aureus (94 K7E 10 h
WAL TR, Bl S #E ARPEC A K (B 4A .
4B). MIE 4C LI 1, MRSA B4 KTE 12 h
WAL TR, BlJa i AT EUER I, EE
J& 1 MIC [y TPP LI E Ml H 2R/ KT S
aureus, S subsp. aureus fll MRSA, [A it TPP
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XIS aureus, S subsp. aureus Fil MRSA I &1
FH 5 55 5 B S vk BE ARV . g e St
i MIC % 5256 Fr i 4518 — 2
24 HYWERRBINGFIRISHESE
E"]:F"IE

R A e, KMREET TPP I
S aureus. S subsp. aureus Fil MRSA 14 ¥ 4%
JETE 15, 0% S 5 107 (8] 5A). BF9E & R S aureus.
S subsp. aureus Fll MRSA f) £ 99k BETE A% 1 41
il 38 AT Wk B AR 1P (P<0.000 1), 24 1/4 MIC



WER 5| MUEWER, 2024, 64(12)

4877

F11/2 MIC f#) TPP Zb ¥R}, S aureus, S subsp.
aureus Fl MRSA AE W8 A I 28535118 29.3%
28.1%. 27.7%#1 62.4%. 59.2%. 59.2%; 1E 1 MIC
1 TPP AbPET, S aureus. S subsp. aureus Fil
MRSA H= P IR 57350 iR 3% 72.9%.69.2%
A1 71.8% (1 5B). 1E HLfif 1 2 HE R ] BE 23 3d 1
ST A AR R I 2 - At Dy R ™,
T IF L faf 2 A [S 10 AT AR b A W 0 42k
s St B IE R T 8 AR [S P R AR
b A BH S SR A AR P e B RE ) G E

HiAMRE S W) (extracellular polymeric substances,
EPS)HYIE i n] ABH AL I 25 W i 9 Hi, (2R
BUEE N 7 W A0 R B A R H A Bk AR
EPS JE M2 5%, KA 0E6 57 0hdr 40T 40

EMAEMINZ PR S & TR - R k2
il TR AR AR ER S, BIE TR R y=0.069
16x+0.109 9, #i5& F %k R*=0.997 3 (I& 5C), M
Kl SD AILLE 1, BEE TPP WA N, X S
aureus. S. subsp. aureus Fll MRSA A= 4 4% I fits
A1 22 R I R S B0 B TR R4 #5(P<0.000 1),

4 1/4 MIC #1 1/2 MIC 9 TPP 43K}, S aureus,
S subsp. aureus I MRSA A= Y9k i o i &1 Z2 4%
BRI 243 R 12.5% . 14.3% . 15.1%F1 35.7% .
35.3%. 37.1%; 7£ 1 MIC ¥k J& T, Xf S aureus.
S subsp. aureus Fil MRSA ~E 94k JIE Jif 41 22 085 1
RN 66.6% . 68.3%F 67.8%., 4EFF%
B, TPP ] DL i [ AIK S. aureus. S. subsp. aureus
FIMRSA A= W4k 5 v i A1 2208 00 7 1ok o3 B

P2 R 50 eV FIAE TG 260 SRR -G BRI R BE, DA i 1k 2 1R 286 A
A B
; s @ 0 @@ 100 =1 MICE= 1/2 MIC =21 1/4 MIC
S. aureus - :\5 .
. . 80 [ &k kg *okk ok
E
S. subsp. f§ ol
aureus _',‘ 2
[=]
s 40r
MRSA | e
Z 20 ﬂ ﬂ ’—I-’
|
E 40 — e aman
0.4 :
0.2 5 0

0 2 4 6 8 10 12
Glucose concentration (pug/mL)
B 5 TPP X 3 FEMEEMHBIRA BINEFIAEINE 2 BRF I
Figure 5 Effect of TPP on inhibition of biofilm formation and EPS content in three strains. A: Crystal violet
staining of the biofilm at different concentrations. B: Inhibition rate of TPP on the biofilm of three strains at
1/4 MIC, 1/2 MIC and 1 MIC concentrations. C: Standard curve of glucose. D: Effect of TPP on extracellular
polysaccharides of the biofilm of the three strains. **: P<0.01; ****: P<(.000 1.

S. aureus S. subsp. aureus MRSA
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25 MMHERSHA

4 MIC {E)AEfEEI S aureus 1 S
subsp. aureus M 25k . WK 6 i, 1
1/2 MIC TPP fAAEMIE N T L4540 20 d ),
TPP % S. aureus fil S. subsp. aureus 1] MIC {H 3
AEFEARAS , ¥4 15.63 pg/mL. F 4R PG Ak kb 3
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Figure 6 Development of resistance during
successive passages in the presence of TPP at
1/2 MIC concentration. Methicillin was used as a
positive control for Gram-positive bacteria.
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