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ABSTRACT

Antibiotics effective in biofilm—forming Staphylococcus
aureus screened by Bio—Timer method and synergistic effect
of rifampin and erythromycin on the biofilm

Shin, Hyo—jung

Adviser: Prof. Kim, Cheol-seong, Lim, Yong

Department of Bio new drug development

Graduate School of Chosun University

To investigate not only the antibiotic efficacy against biofilm-forming

Staphylococcus aureus, but also detachment ratio of the biofilm matrix, we
performed Bio—Timer assay, which represents cell viability, with color change of
Bio—Timer medium from red to vyellow, and biofilm detachment assay,
respectively. The rbf isogenic mutant of 8325-4 strain of S. aureus, with low
biofilm producing and the complemented strain, with high—biofilm producing
strain, were used for detection for B-MBC of antibiotics according to biofilm
productivity of S. aureus. Of 24 conventional antibiotics, the B-MICs of
moxifloxacin, ceftriaxone, erythromycin and quinupristin/dalfopristin were as
same as the planktonic MICs (P-MIC) of them, respectively. This result
suggested that the 4 antibiotics may penetrate the biofilm—-forming cells as much
as the planktonic cells. But rifampin, known as bactericidal to planktonic cells,
showed much higher B-MBC than P-MBC, suggesting rifampin no longer
showed the bactericidal effect on biofilm—-forming S. aureus. Amikacin and
tobramycin were more bactericidal to biofilm—forming cells, irrespective of biofilm
productivity, than any other antibiotic used in this study. Although rifampin
seemed to be lost its bactericidal activity to biofilm—-forming strains, the
combination of rifampin either with teichoplanin or with erythromycin showed

synergistic effect on high biofiim—forming CYL1106 strains, with 0.26 and 0.36 of



FIC index, respectively. Moreover, rifampin displayed the most potent ability to
detach the biofilm matrix, reaching to 80% maximum detachment ratio at the
concentration below to the B-MBC. When the combination of rifampin with
erythromycin was treated to detach the matrix, the concentration of rifampin was
much lowered 500 times to 0.03 ng/ml. This result suggested that the
combination of rifampin with erythromycin displayed synergistic effect on biofilm

matrix detachment of S. aureus.
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BiofilmOl&t =3t&l(hydrolyzed) matrix0il =0l =i &0 ANz &
(community)& 23t MzZ0l 2k &M, SAIGt= planktonic &EHet CHEECH
[1-3]. Biofim2 2F&&2| 2 60% Ol&S] ZR0 20dt= X2z LM UL
[4, 5]. Ol2{&t NHE biofime &&= MZ2 M W HAMAN 2AHA S A
HHE X 2204, planktonic AlZ0l HIoHAM SMHN =2 WEES £0IJ
WZ0ICt [6, 7]. BiofimE &4ddt= M2 &F2, planktonic AEHSl Al Ol
HIGHA 2F 1008 OlA 1000HH Ol4 =2 &MH W&s 2ol=0d [8, 9], 0Ol=
(1) &MH<Cl biofilm e S0l YOXD|l HE0I04, (2) Biofilm LHEl A=A
planktonic &EHSl M0l Hioh &AUHES= ZAI0l HE AEHOIJI0 S o
LH&E 20eICt (3) £8t biofilm& planktonic &Ei2l NMZl= L2 HADIEOI
CtEDl &0l planktonic AEHSl MzZ2l & HANEES XIHOIESE HEE
SHMTOE & EX Z=Ch (4) ooz stMEo W8s XY Ao 32
25l biofilm 42 O ZotJl WE0ICH [10, 11]. Ol¥ X biofim= E4&t
Nz 282 Zd<, oM SHAMAHN A MAHLX £ E£&F SMH =0 &
X %10, biofimE E4ddl= AMZ0l 28t 2A=2I|79 =2 ALHY =2
20I0ICt. 1422 biofimE &dote MZ0 st 2H6o 2L, JIEZ
planktonic AEHSl ESHMH 24 ZAEME biofim @& AHZH XN&s
SIMHES &olote 242 2019t gol, R0l biofimsS A3 AEK
S 2 ZAME AM™OIH Y MZ0 280l U= SMHME HESHH

X220l AtEdt= 2401 BFEAl 250 [12, 13].

>E

ra

Staphylococcus aureus (01Gt, S.aureus)2 XIHAE 2 (Community—
acquired infection) &2t OfLl2t YH&2Z¥ (Nosocomial infection)2 F&
AIRO0ICH [14, 15]. S.aureus= XHAIUIAH 2elst &2& (hostile environment) 0l A
cell-community = biofim& = UL Saureus= HH 289
ez YWRWAMN  AScte O o|ZJ|7? HHOHl biofimE &45HH

DFEXOIN KISHQ 2Es 2?ICH [6, 14, 16]. Biofimlt 2&

= &
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| S.aureus
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SUME HEot= A0l 2ROICH £ biofilm &0 28t S.aureus®l MES

9| ®loid= biofimUl MAEJUE S.aureusE =0l= A =Bt OtLI2t biofilm

matrix€ sWHZ MAHE =

biofimE &&8t S.aureusIt BIS =UCILD StHZ2E, matrixIdt E0U=E &2,
SXE = AJl M=20IC [17].

2 AIF0NM=E B 2432 MM EUHE =FEHoHI| fIoiAE= planktonic
AEHOIA ZAGHH 22 &MHS MIC, MBC (013, P-MIC, P-MBC)2t biofilm
AEHUIA S MIC, MBC (0ldt, B-MIC, B-MBC)E A& HlwdtId| <IHA Clinical
and Laboratory Standards Institute (0lI3t CLSI)E 25 HEAIZ2! Bio-Timer
HHE AESHH B-MIC, B-MBCE =& otRILH.

A0l ALE8 === Biofim2 &0 & B-MIC, B-MBC2

Ol8E =olatdl oM, =@ 2t2 biofilm &4d =29 X0I1ES NMUstL=
=3 2t2l X0l (strain difference)dt 8l ZFE HEGIULL. = S aureus

=0l 8325-4 Z@FEQ| rbf HO|IZ= (rbf-mutant strain)@t rbf 22t=(rbf-

ol
4%

0x

rir

ot

o

(]

complemented strain)& 22t biofime& <6tHl &4&5t= (low-biofilm) ==t
biofimE ZotH &EA&Hot= (high-biofilm) ZFF==ZM AtE0SIRUCE. L£8&F biofilm
detachment assayE SoiAd &AE0W AE8 SdH<S  biofilm matrix
HlH(detachment)Ss& 9| X0IEE &0t 20I/Y= ZWUE LA 206X

Ct.

roh
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ALRUME

SEd3tAIZ] CYL1135% ol bf RIS
complementationAl2l CYL1106 @ =& AtEStRUACH [18].
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=
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S HIZM trimethoprim—sulfamethoxazole (0lot, SXT, &0|2%B)S AIZ26IULC
Rifampin (0lat, RIF, &2%), fusidic acid (Al20}), fosfomycin (0ldF, FOF,

SIEEHIQ)E ALSSHAULCH

3. P-MIC2t P-MBC =&

P-MIC2t P-MBC= CLSI guidelines0l 2t Muller Hinton Broth (Becton
Dickinson, 0I=, 0lat MHB)E 0I&8&} broth dilution methodE =&3atALCH [55].
fH&, CYL1135 =5 MHBOI &3ot0® 37C G HHAIINA 24A12F S©F
©2 & It 5x10° CFU/mIOl SI£= MHBZ A3

Hist 8, A=A
SIMGIRCH OUSe2 AgZo AL CLSI buffer (0.01% acetic acid + 0.2%

bovine serum albumin)0il =11 320 pg/mIFH 281% slAgt SMHE 96 well
plate (Nunc, EI0F2)0 10 pl& €0, GI10 2 90 uIAE &M €0 =E 100
ul I SHACH LHAUHEZS ZER U0 100 pl, SEUHEZS 22 BZE
MHB BHXI 90 pI2t Z== CLSI buffer 10 plAlS &M ZRUCH PlateE 37T
BHDIOAN EXAMEZ GHRE s 8, 620nmolAM S22 =FGIULCH
Olh =0l 90% Ol& Xtetkl &2 xEHAsEE P-MICZ &QlohACH el P-
MBCE =Z&otJ| <ol P-MIC SoIst 96 well plate®ld =0l Xtetkl &2
=%9 HIXIE TSA plateOl 2! C&, 37C HHIINAM EX AEHZ Gt

Ct. Ol TSA BHXIOIM =0l Xtk &2 FALrsEE P
C

i
fo
o
oh

4, B-MIC2} B-MBC &&
BioTimer—phenol red(0l5t, BT-PR) HBHXIE 0I23dl0d 24 BT-PR HHXIS

AH2EQ| B A2 viable cell &= AFOIOI 218t 2H O LASZ2 correlation line2

5ot CsSn 20l =stACH [8]. B-MICE =ZotI| s HEE BTA
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= TSB (Tryptic Soy Broth, Becton Dickinson, B0l= 0I3&t, TSB-g.25%) 0l
Eot0l 37C AE HHLIIOA oFRE HHLSIACH ChHSY 600nme E&%
252 QE HYHS 0.5% EZEZL0l = TSB (OIS, TSB-gs%) HHXIO 1:5000
|48 U8, 213 10 mi¥ ZRE glass beads (Marienfeld, S2)Jt SHUE=

6CM dish  (Nunc, EI0t3)0l €10 37C HHLIIOAM Gt=E EX BHSHRULCH
15

=
o
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o
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2
otLIA! DO AHUUEZOZ StMHEIIE = BT-PR BHAIO biofim0l ¥4
glass beadE <Eg12, BT-PR HHiXION Z€=Z& glass bead & E2 &R
ZoIU L PlateES 37T HBHLDI0A HBHOIB N 2LAHHEZY

BHXIOF BAIE =2 LMOIF Hol= AS 2ot biofimsS S48t

MS UEHE OHXIY well?l SN s=E B-MICZ = QI6HALY.
el B-MBCE =d&Eot)| fIoiMdeE 01 X2tk &2 B-MIC platell 2t
welltld beadE HUHA BT-PR HHXISH 1 miA SHU= MZ2 24 well plate0il

SHM 37T HBHILII0A BIRE EX Foto=z E02I5tH

E}
2S4S UEtE OIS well2l S8H s=2 B-MBCZ = 0QI6tAL.

I

5. Biofilm matrix detachment &3&
Biofim2 & &4dol= CYL1106 &@FE TSB_gose HHXIN &S

Y HHLIIUNAM G2 HHEE . @ =Jt 600nmUIA ST 3

ol
2
w
\,
a

=)
m
i
o

ro
A0l

=D, 012 TSB.osy HIXION 1:50001 M BIMGIQUCH BAE FHS 96 well
plate®l 200 pI% 2D 37T HILIINA IR MY & OIS, ZAHS HalD
PBSZ 235 MO{WCH ZD 128 pg/mI=E TSBogss BHXION 28H% 5| & sk

SHAMHIE 2 wellOfl 200 pl& 270, 37C HHLDI0A B6AI2H S0t EX| HH 26U L
B =, &MIUE Hell PBSEZ 29 AW CHE, plateE A20AM 1AI2E S0t
ATZAIZZCH Ol 2 welldl 99% methanol2 100 ul&l @10 15228 D&EAIZ2!I =,



22 methanol2 HHS GO, &A20M 20828 HZEXAIZILD 0.25% crystal
violet(Olat, CV)E 100 pl& S0 A20(A 2022t B XIotHLEH. PBSZ 281 MO
AM2UAN HEAIZCH OFX2SZ 33% acetic acidE 150 pl® €0 CVE

ST US, 590nmUlA SZ2EE ] biofim ¥4 AEE =OIGHILE

i

(0)al
ol
U

=

i

6. B-MIC2t B-MBC 0l OIXl= &s51
B-MIC2t B-MBC2 &afssit= CYLI106 22 AMEGHH B-MIC, B-
MBCet =gt HHOZ AFoIAL. SdlM= BT-PR BHXION 4x MBCREl 28X

0

S| &G AFZSIR 20 teichoplanindt moxifloxacin, teichoplanindt tobramycin,
teichoplanindt  quinupristin—dalfopristin,  teichoplanindt  rifampin el
rifampint erythromycinS &M Xclgt B2 & 542 &= &IotUCH 2
St &l ASED0 st Z3t= FICI (fractional inhibitory concentration
index)2t FBCI (fractional bactericidal concentration index)E& 0I&35tN
oH&otALCH =, FICI £= FBCI g0l 0.5 0Iatel ZS2 synergy, 0.5 Ol& 1
Olotel &S partial synergy, 1 ¢l &HS= addition, 1 0l& 4 0|2tel F=

indifference 12l 4 0|AlQl AL antagonism@! 2122 alfl&stHCH [19].

7. Biofilm matrix 0 OIXlEs ASS) =3

Biofilm matrix0ll 01Xl &As&il= 212 biofilm matrix detachment2t

O

25t YYo= MFotALH =@, M= rifampin? 2 0.5 ug/ml £H
0.0000015 pg/ml NtXI 2BHA SIMGHRM, G210 22 DFE UE SIS

= pacampicillin 16 ug/ml, cefotaxime2 4 ug/ml, erythromycin2 1 ug/ml 2

A0 biofilm0l EAH=E 96 well platetil 200 pl& S UL,



A0 A28 gMdM= planktonic &EHHA P-MIC2H P-MBCOF 2Lt
2iSl XO0IE 20 Azmgdugs € = URUCH it CTX, FOF el
fusidic acide P-MICSt P-MBCZ2H0l 8HH XIOIE 20 HZSMHNZ BT AL
P-MIC2t biofilm &fEf2l B-MICE HIWoHEH, HE=2 NIt P-MIC 2Ch
B-MICIt SIHEUSH fusidic acidet RIFS] < CYL1106 @=0lAM =10 6008H
Ol 3ItEl B-MICE =20 ULt Quinolones HE2l &AMl MXF,
Cephalosporins HI€2] CRO, Marcolides HEZ¢Q! ERY el Streptogramin
HES Q-Do &MH= AEFF2 biofilm &= 2H SO0l planktonict
S8t B-MICE 20 A biofilmll 2540l =2 SMHHAS & = AULt (Table

1, 2).

-|-

2. P-MBC % B-MBC Hl

AU AIEE E 2459 MHC2 B-MBC= P-MBCOl HIdh =4 8BHOIA
10,00084 Ol&h =g 0 low-biofilm &4& CYL1135 @ £t high-biofilm &4
Z3& CYL11060lM B-MBCE= O ZSItEQRUCH S35l Quinolones HZ2l &M
S0M= MXF, Aminoglycosides HES MM & AMKILE TOB Ielld
Streptogramin  HE2l Q-D2 ZFS P-MBCECL+ CYL1106 =@=2 B-MBCIt
gthel JtE %2 SItES 2E0AM B MM Hiol 4HE2=2 biofilm &HEHO

SHFQl ARESMHE THEHIACH (Table 1, 2).

3. Biofim 84 AX0 2 B-MIC2 B-MBC H|1
Low—biofilm &4 CYL11356 =#F° B-MIC2} B-MBCE HIwWoiE2H,
Quinolones HMIXH2F Aminoglycosides MIXHOF EF M A0l HloH biofilmUl <K £=8t

am&dZEs B0 MEZEHN &E2ct= @MHC PenicilinAl2F Cephalosporin



Hel A= B-MICH HloH B-MBCIH 16HH0IA 64014 =0t biofim &«
AZ0l EOX= He & = UJULCH (Table 2).

Low-biofim && CYL1135 &2 high—biofim &4 CYL1106 &= 2+2
B-MIC= Z2{L} 281 Ol&el XI0IE =20 gt X0IJF SARUCEH 2Lt fusidic
acidet RIF2l Z< CYL11062] B-MICIO CYL1135 =#=2 B-MICOl HloH =2t=2t
64842t 533842l =O0tA  high-biofim && CYL1106 0N &K<
gt A E0kls HE € = UM & @ 2t2 B-MBC2 X0IE
H o2 CYL1106 =32 B-MBCII HERZ 281 014 3iidHe HE
OISR 2L, RIFS B2 & 2= 2t0l B-MICUHA =& X0IE 2ol AXHE B-
MBCS| XtOIJt 10008H Ol& XHOIE E2RCH Oledgt Zdt= RIFS &S biofilm
gd ZZ0 WMt biofime &ZE&WIt A ZAdteE AHYS € = UUCH
(Table 2).

High-biofilm && CYL1106 Z=0AM A0 AtSst SM4He B-MBC=
B-MICOl HIoH 40ilA 6484 SIOtTIALCE OlH S 2= biofilm2l &0 28t B,
A0 ALSEH SMHl biofim0l et A7s20| 2482 &€ &= JUJALCH Lt
Aminoglycoside MAl = AMKZt TOB 1eld fusidic acidel &<, B-MICSt B-

MBCIt 2 HU 281 X0l 20 &UE 22 high-biofilm
S0l AMKt TOB2| &
01Ot Lo A

O

£E2 47SIUE BN

A

=S|

=}

SLCH (Table 2).

biofilm

g

s

4. Biofilm matrix2| d

AU AtEEH

[

Lt
=<

==

ot

ro

StUHE

biofilm matrix0l CH&F detachment &1t
HE2

HE2

=20l B-MIC2t B-

a ZZ0 2H8E0l biofilm0Oll Jr&

bacampicillin,

Ct.
MBC 25t

etachmentOfl CH

2 g 2

Quinolones

i

gd CYL1106 Z=0IA

HH= CYL1135 @2 CYL1106

ol
00l

FA
S

0l

HL

H

=

| S0lA

=S
[a—

N2

XtOI Dt
CYL11062

MHl= Penicillin

MXF, Cephalosporins H <& 2|

CTX,

Aminoglycosides HEZ2| TOB, Glycopeptides HZ2l TEC, Marcolides HEZ 2



ERY, Streptogramin HZ9 Q-D 0|92, P-MBC2F B-MBCS2 XI0|JF MY =2

MHQ RIFE SHUHXZ2ZE AMECIULE. SMHE €A @2 2dEUE20

oo

A8t biofilm matrix& 100%=2 22 M, biofilm matrix2 zHZASES A S

Z 1, bacampicillin, CTX2 &MHMIII 60% z=HZASS EI2MH, MXF, TOB,

TEC, ERY 2l Q-DY &R 40% z=UZAE82 2/ACH DU olatl &el
o

SHUHEZLCZ ALE8 RIFS 8% 80%2 zUZAEE 2

0ol

2ol gdue =2 ZHEH biofilm matrix ZO ZAZE0l 50% 0

2t gdmel B-MBC 20 =2 sZ0lA

2 M B-MBCY &)U 235l ¥2 sZ0AM ztZAses EJ0 (Fig.
3).
5. et Hel E&0l B-MBC 0l DIXls &dssd

250 ArEE SdH SUA A2 S2HE M0l UOE ddue Xgs
= IFDt ERY 504X

TECH MXF, TEC TOB, TECH Q-D, TECH RIF 12l R

X80l B-MBCOl DIXl= A&5SWE EOIGHRULCH (Table. 3). 2 Z1 TEC RIF,

RIFL ERYS2l &< FIC indexOlAl 22t 0.26, 0.382 20 as=It UASCH,
C

0l gl FBCOIME =0t fle 2= =elotth L£8F TEC? Q-Do &=
FICZ FBC Z& ZHES =20l A= QoL O 20 TEC2 MXF,
TECS®t TOB L& FIC2H FBC 25 &1t AU

6. EF X2l HE0| rifampin? biofilm matrix detachmentdil 0IXl= ASsS W
Biofilm matrix2 60% Ol&2 ZZIHAdAES 2 SMH S0M
bacampicillin, CTX el Xtale) B-MBC 20 H %8 =0 AM biofilm
matrix0fl ZHZAES 202 ERYS HEGIH 0l 2 SMAHC HUHZAE22 20
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=0l Ol A&l AS8 s&= 0l01 RIFY 22 =M =502 0.06
ug/mitilAl 02 AES 2RI 20 2 olstel Oet 2 sZulA
ZHZAES SQIGHRULCH A& 20 2= RIFS Z<, X8 B-MIC, MBC
sE20 #X 22 0.015 pg/mlllA  biofilm matrix2l 80%2 XA
SACH OHLE RIFRE ERYS HE AlllE RIFE S 2HZ AMES 30l
HIGhAM 51280 O %8 =%2 0.00003 pg/mitiiAl S8 80%2 matrix
detachment Z2ZAES QoA S M2t EE Al matrix detachmentOll
OlXl= ASENIH USS L = UACH (Fig. 4). DALt bacampicillin, CTX2t
RIFS &g A= & 2Me matrix detachmentOll O0IXl= =HZASE2CH
silte 20l ZEHES ERULL
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HZ WHl =2 =X
S.aureuse= Lot EMHNH WA S£st =5t HR UM =22lE  S.aureus

HE 20! penicillinll LHAZ EQICH 1980EHN =8!S methicillin MIHH LHAEZ2

20l @ZF (methicillin—resistant S. aureus, 018t MRSA)2 =ZI&22 80%=
AS|GlE 2192 LAHAM QACH [18]. E£8F K SMHUH SAN WHWAEES 20l=

A9 CHILHAZ0l LXMOAM &bl =22l UL MRSA2F 0l CHAIWLA
S.aureus2 XZ0 =EXHS=Z M0Ol= GlycopeptideHl2l VANOI JHX WAS

20l= S.aureus (vancomycin—resistant S. aureus, 0lat VRSA)JI &8 ot S H

VRSAS =Zclg E£8t Xt Sote D AL [7].

£ol S. aureus= BHUAM AEEE 2A2I1+2 HBE0 BiofimsS & &ot0
ot g, Xs2g el BtE2gs Lo2itt [20]. 2 0lfs  S.aureusOl
g4dot= biofime 1 XAHIb e =2 M4 WEES 20, =9
HARAON A A MAHEX £ MRO0ICH [21]. Sol 2A=I1+72 HEH

ogr
>.

d

o

It

S.aureus®| biofim 2E&2 JIFHEH biofimE & HAHGHIIIE HEY
ot OIf22 &E2R AMZdtd Yses A=2IIF2E HAHE == 2ol 8=
b

Biofilm &AW 2olgt 2AH=9o 28 XN2E A= biofimsS MG
A

or ror

THI

o
>
o
O

9))

.aureuss 8 22 &TotH SA0 S.aqureus® biofilm matrixS Xl

tCH [17 ARUME=E biofimE &ASH Saureustl ZIHEQI A

Motdl MM low-biofim &&= CYL1135, high—biofim &d&z=F0l

CYL11062==0ll CH&t 24F2 &K B-MIC, B-MBCE =&ot0 HM P-MIC,

P-MBCS2t HlLl, EASIUH, & BM=2 S Z2t2 B-MIC2t B-MBCY
(o]

A0l S HlWsGHH biofilm &8 X0 HE X
O

ol

[a—}

'

r

oY

J
Z biofilm matrix detachment assayE AI=Z3dtM biofilm matrix2l XlH 0l
SUAQ SMHE EOIGHALE

gteiMe EFEs 2] fIoiAM P-MIC2H B-MICE =248 21, MXF, CRO,
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ERY 12l Q-D &dH<e B-MIC= P-MIC2t Sgotd, L8t biofim &4
50 OE & dgo=: 2H0E X010 AYCH 0ldE 2= 0l dHeE

planktonic &EH2l M=t s2g T2 biofimdl FAl FFH0l FHH HS=2
B UCH BHAOI RIFSI B-MIC= P-MICOI HloH 60084 Ol&l SJtctH A
biofilmOl E@F&0l Jt& ZX AUACH MXFS B 2&Y FEH0l £20

OFREAO L& THE MITHS fluoroguinolone M 20 HF A0l O £2 A&
B0E JI&ES H7 [23]2 LXE ZAUCH BHH) RIFS B, Eb 4

Hlol &&&= biofim && Al 6008 Ol =2 B-MICE E20HAM XX

AEA0 SCD HE J|EQ 21 [24]12= T2 biofimlle &40 XM
HHXe= 2AEe L £ AU/UAT (Table 2). AHLL Staphylococcus epidermidis It
S Hole= biofiim0l RIFOl A&AH0| =0 B0%t=s U2 ZW0IACH [25].

Biofim && A&Z0N OE B-MIC 12/l B-MBCE Hlu, =48 Zu,
biofilm2l && FE2k 280l biofilm0l JtE SAEQ ARSMH =
Aminoglycosides HZ2l AMKI TOBOIRLCH (Table 2). 0l 8 2= S.aureus
in vitro2t in vivotOllA TOBS HMclgt &<, Xclotkl €2 X2 BluotAS
i bacteria viability 20l XtOIJF AACH= 2D [26]2 ABHE 2 0IRUCH

Jeu 08 4 MZQ Pseudomonas aeruginosall &3 biofilm  AHEHOI A

TOBOl et =& EEHEE UEWOs 20 UACH [27]. £ TOBE
PEEOZ AVI2CZM HES odl= &4 2o A JHe amino groupss

JIXID JA=0l 0l= M2 30s ribosomell S0/2921 16s rRNA2F & 236H)|] & A
Sl QULCH [28]. L&t piofim 2 X200 ERAl e & = BILDE LHee
(o]

=g = UAUs oIt €2 ==20lAd= 2td biofim 2#E=S XI=0

Mo
>

t=
StaphylococciOlfl 2= & mouseZFE| catheterS 3lg=cll TOBS WA &ESE
ZZe 20 TOBOI Z&tE plate®ilA biofilm bacteriadt B2 EIX &2 UACHD 2
[26]ZI01 TOBOl LHEE0l Rl= AS & = UJULE 01E EUZ TOBOI =2
A=Y Mo ZEE 2l E2 WES0AM EF SMHSH dlol biofima
Sot=0 e SHQ SMHYS 0IFH &S = JAJUCH

-1 S0l MXFZt Q-DOI P-MIC2t B-MIC, P-MBC2 B-MBC HIWE S0l

=
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AUECZ SHAQ SMHYsS Eol & & JUR/UCH (Table 1, 2). 53l Crst
N0l ol Z2EAst 24 HASE It A= [29] Quinolones HIZ2l 4HITH
MXF2l &<, biofilm matrixOiAd Z=ICH 40% BT HMAES =20 BHH biofim
bacterialilAl= =2 &Zg4dS LIEHES & &= U/JUL (Table 2, Fig. 3). L&t
ot= Ya=el=Ql S. lugdunensis® biofilm0il CHoHA &=
ULt MXFOI biofilm

matrix 2CH biofilm bacterialll O SU&Ql 0|®= OOt EF SMHISOH HloH

22 Staphylococcidl

MXFOl =2 azZads 20 [30]s 2X&E 20s
(0]

$0

=]
£ A2z HOECH £ MXFE dUE2=z AUt ¥2 SMHSH dldk
efflux pump2l &= A 2ZJ| 20 A S22 HHES=HE 2,3M0 4
SO NZE W =8 FC0 200 g = ACH [34-36]. 012} 22 0lF=2 MXFOI

biofilm bacteria0il OIXl= F&0l S 3H AL Hz oA £ OE

00l

SOHAEQl MRl Streptogramin HE2l Q-D2 quinupristindt  dalfopristinOl
BtetdE SEHEM A2 50s ribosomelll Z&6tH HEE Fd=S AMot=
ARy stMHE & 2™ UCHI7]. N Methicillin resistant staphylococci
(MRS), penicillin/erythromycin resistant Streptococci el E£. faecalistil CHEt
g8 e 9XIe vancomycin-resistant Enterococcus faecium (VRE), vancomycin—

sensitive Enterococcus faecium (VSE)S ZFZ2 vancomycin WA&ZS XIZ0l

AL D AO0 [38-40] planktonic AtEHOIA = 2tk =20t QL2 O 24

NZ0 OolAdME &2l E UEHO= 2200 AT
==

[41]. £&t D=sE0|2]
otXIBH 1024 ug/ml =0 A cathetertil & & S aqureuss ZAAZ2ICH = BENE

[

AACH [42].

KSDX Bio-Timer&d= 0I&0t0 biofilm bacteria?l viabilityES 2t&EX2Z
SOIGHHA SMHSH st gzad EEE B-MIC2 B-MBCZ =QIGHRICE
Jleflt biofilm bacteriall S@&&Z2 SItAIDl= &M =82 &Il fAHAM Ol

K2 HAHE3H0 biofilm bacteriall Atl&ss
RIFZ HESH A2 FICHA AsSsSHE BUS
=]

golgr = AUCH (Table 3). &M =8 B 2001 RIFS FHoH &S
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@Iolf planktonicdt biofilm bacterialil A

biofilm bacterialil CH8t RIFS &nEz BUE SWUE UEIUHX &0 JIES
B0e AbtE ZUE HUCH il 212 RIFL M AI2E SMHES 5,
RIFZt TEC, RIFZt ERYS &% FICHA &dsalE 20 OOt RIFZE biofilm
bacterialif W& el OE HHMSHS XgSE &=

ch=IC

g

o

st biofilm bacteria 0l210 DAZI00F Stl= matrixe biofim XI&
CIAl biofime MEHE %= JlU=s SHUM =28 20IE 2=Ch 0l&

OIRE =& HEE 882 aMH =2 JHAILD biofilm detachment assayE &l Al &t

23 bacampicillin, CTX, ERY 12l RIFOIA matrix® HHal=0
SUEOIFSE &0l & 4= JAULH (Fig. 3). 0] & rifampin2 AIE2E A SE0I
0.06 ug/ml OIA =Z=ICH 80% Ol&el matrix 2482 20 JHE X0l

oo
0z

He & = JU/UCH (Fig. 3). 0l= LH4 JI2X S 2HE HASL 2= S5
S.aureus? B RIFS 0.06 uyg/ml =0 M OI0l EAE biofimE 70% Ol4
AMSCHe 210[29]2 LXGIA20, catheterdl 2T UA=s  S.aureust
S.epidermidis2l biofilm matrixE KMHot=0l OE SHHel M Hel VAN TEC
S0 RIFOI JtE SWEO0IUC=E E0[43]2%% LXGHACH 1 S0l planktonicst
biofilm AEHMIAM RIFD EF SMHC HE Al &SSWUE LIERCE 210[10, 26,
44-49]1% UALH.
el biofilm matrix2 =& MAE = U= S4M S

matrix0l S0l 4F° FMHUES I ASENUE SFOULL =Z0t
DEE UOX 382 MM =, bacampicillin (16 ug/ml), CTX (4 ug/ml) 12l2
ERY (1 pyg/m2 RIFDE SAI0 MeloltW RIFS s&2 MASSUE

RIFEH =22 X2l= Z=Z0 dHlof ERY &H Xelel B RIFS 0.015
ug/ml =% OIGHHIA &SEUE UEIRSS ERIGHALCH (Fig. 4). 0101 Macrolide
| MHS2 fungilt bacteriall 2o S&E biofim &S ARMGHALE
HHote 2oz 2dMd JA2n, =2 DAL 084 YA ool &2

LIEI= St HIQI ERY [50]%= catheterOll E A= S.aureus® biofimS

X

o
oo

k=),

=J

i
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HAGH=O A0S otACH [51]. E£&F =2 S.aureus? biofilm AEHUIA
Macrolides H€ = &tLIQ! clarithromycin (0I5, CLR)E cefazolin £&= VANt
SN M2lotFdS W biofim matrixS MIO{oted SWHOIYCHE 24[52]0 WA
oFE HEIFZE MEE AZEWAME CLRY s&

E42 =0Ues B0IF UJUCH [63]. Ol0f BHoll RIFZE JIEF CHE 282 &M
Hee ASsUIb Al 20l DsTUHAM 2eags 2ds Zols £
UACH (Fig. 4). 0l &2 B= MEHH =
StMHES0l  biofim& HMAHSt=O SWHOHM RIF, Macrolides 12l1)

Aminoglycosides HIZ1t 22 &SMHS2 &E2= Z0lotAH gh[54]s 2%

iy
b

o
i
J
!
i

gﬂ

z
>
1o

0P
ol
r

= Cephalosporins H &2

Z2EXHOZ Al Z3HAH biofilm matrixtl S24& QI RIFZE ERYS biofilm
bacteriall S&OCl &MH, GWE =H AMKOILI TOB St &M YHEei!
AIESECHH biofim2 Mot s 2ioz WOEICH 2L RIFS &2

2 ME2SZ 2l HWdEds &ESob sl gddz 2 2™ I 20

Il
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SHAH =

o

M8 NED

Al
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RIFQI ERYS Y&
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22 0.03 ng/ml sEUHAE 80%2 =28t biofilm matrix MHAE2S 20 =100

dsa e ERULL

Z &: MXF, CRO, ERY 2l Q-D=2 Et Mol HIoHAM biofimdl EEH0| £2
St ME 204, Aminoglycosides HEZ2 M S0HAHME AMKILE TOB
b GHE Al dliohH biofim & JZO0 428101 biofilm0l <=8t
HE 2ol= EMHE HHECH RIFY 22, biofimdl S0l A
I, biofiim && Al &St £t &8N0l 245 = SMMOIUCH DLt

B-MIC 2UE %2 =Z0M 80%2 biofim
= s HE SHFQ SHUASM, RIFH ERYLHS HE
AOllE RIFSl SR Al 20 284 5008 ¥2 sS0M =28 biofilm matrix
HNAH sE SBALCH ZME HIECZ, B4 AMK &2 TOBZ AE6tH

biofilm W S. aureus € 0| SAI0 RIFY ERYS YHEIEOZ AIESoIH S

ol

e

matrixe Ml H

1
z
o
¥

aureus)t @4ot= biofim matrix® SWUEC2 HIHot=E 20|l S aureusot
=

gdote biofilm 28& X0l =& Hetol 2 = ATk A==
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Table 1. Planktonic MIC and MBC

antimicrobial agents MIC? (ug/ml) MBC® (ug/ml)
Bacampicillin 0.25 0.25
AMC 0.5 1
SAM 1 1

CIP 0.125 0.25
LVX 0.125 0.125
MXF 0.06 0.06
NOR 0.5 0.5
OFX 0.25 0.25
CEC 1 2
CTX 0.5 4
CRO 2 2
AMK 2 2
KAN 1 1
Sisomycin 0.25 0.25
STR 8 8
TOB 0.5 0.5
TEC 0.125 0.25
VAN 0.5 0.5
ERY 0.25 0.5
FOF 2 16
Fusidic acid 0.015 0.125
Q-D 0.125 0.125
RIF 0.003 0.006
SXT 0.5 0.5

— a : minimum inhibitory concentration

- b : minimum bactericidal concentration
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Table 2. Biofilm MIC and MBC

CYL1135 (Low—biofilm) CYL1106 (High—biofilm)
antimicrobial agents MIC2 MBCP MIC MBC

(ug/ml) (g/ml) (ug/ml) (ng/ml)
Bacampicillin 0.5 8 0.5 16
AMC 1 16 1 64
SAM 2 64 2 64
CIP 0.5 4 0.5 4
LVX 0.25 2 0.25 4
MXF 0.06 0.125 0.06 0.5
NOR 1 1 1 16
OFX 0.25 0.5 1 8
CEC 4 128 8 512
CTX 1 32 2 64
CRO 2 128 2 128
AMK 8 16 16 16
KAN 16 16 16 64
Sisomycin 2 4 2 128
STR 16 32 16 128
TOB 2 4 2 4
TEC 0.25 2 1 4
VAN 1 4 2 16
ERY 0.25 4 0.25 8
FOF 64 128 128 1024
Fusidic acid 0.125 1 8 8
Q-D 0.125 0.5 0.125 1
RIF <0.03 0.06 2 64
SXT 1 8 4 32

— a : minimum inhibitory concentration

- b : minimum bactericidal concentration
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Table 3. FIC and FBC indexes of antibiotics on biofilm for CYL1106 strain

antimicrobial agents FIC® index FBC® index

TEC (ug/ml) + MXF (ug/ml) 2 (indefference) 18 (antagonism)
TEC (ug/ml) + TOB (ug/ml) 1.13 (indefference) 2.5 (indifference)
TEC (ug/ml) + Q=D (ug/ml) 10 (antagonism) 4 (antagonism)
TEC (ug/ml) + RIF (ug/ml) 0.26 (synergy) 3 (indifference)
RIF (ug/ml) + ERY (ug/ml) 0.38 (synergy) 1.5 (indefference)

- a : fractional inhibitory concentration

- b : fractional bactericidal concentration

— FIC or FBC of drug A (FICA or FBCA) = MIC of drug A in combination/MIC of drug A alone, FIC or FBC of drug B (FICB
or FBCB) = MIC of drug B in combination/MIC of drug B alone [56]. FIC or FBC index (FICI or FBCI), calculated as the sum
of each FIC or FBC, was interpreted as follows: FICI or FBCI 0.5 = synergy, >0.5 and <1 = partial synergy, 1 = addition,

>1 and <4 = indifference, =4 = antagonism [57].
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Fig. 1. Correlation line
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Fig. 2. Biofilm assay
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Fig. 3. Biofilm detachment assay of antibiotics on matrix for CYL1106 strain
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Fig. 4. Synergy effect of antibiotics on biofilm matrix for CYL1106 strain
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