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W E:AFFTIEAERARNEDG ) 2R, B R T 8 IRE £ WPE T2 B R MR R
¥%, BATEEILXTAREWAAA EZRF HRAEMPIRERA RE. [B ) BLHTA B TAE
F OB & M+ =k K R ER R 40 (sodium dodecyl benzene sulfonate, SDBS)4 %% ATCC 35984 (/= I &
JLH) E R AT AR A VAR A TR L A AR N 40 B AR AR R AR AR IR 64 K AR A R % bE B8] Bk T
% (polysaccharide intercellular adhesion, PIA)= 4 &9%57%, # & Rk1%H SDBS Frié sk K # HRA A
AR | AL 6 A8 KB R AR S 09 B A 5 AR . [ 3% 1 AR XTT i Aki%, 371 SDBS 3t ATCC
35984 LT Ax A AR 6 F TR 2E Bt A AR A ta ) Kt ed Brd; OB R E R MATILER SDBS
2t A AR AR A 69 3R KRR R R 403 SR A LR SDBS 2t PIA & A 69 %0m. [ R 1RE A 256. 128,
64. 32. 16 mg/L %) SDBS ZAE 6. 12. 24 h B, 3t ATCC 35984 94 Mg LA R & o) F R aE
(P<0.01); KRJEA 32 mg/L B3t A& WA R A 4a ) o9 KA 3537 148 A (P<0.05), FFRAE R IR B 6938
Id gk, LA R AR MENKR R T 256, 128. 64 mg/L 49 SDBS 3t A& Mk IE 4 i IR R 45 A 32
A2, SDBS KE 4 64. 32 mg/L B&f PIA #9 RAH R47RI4E A . [4544] SDBS st R K H HRE A
WAE N i e KAA B EIHIER , AT AP SEMA R EBTER.
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Effect of sodium dodecyl benzene sulfonate on biofilm of

Staphylococcus epidermidis with infection of the implant
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Abstract: [Background] With the widespread use of medical implants, hospital-acquired infections
caused by Staphylococcus epidermidis biofilm are increasing. For now, there are few reports about the
effect of surfactant on the biofilm of Staphylococcus epidermidis. |Objective] To demonstrate the effect of
anionic surfactant sodium dodecyl benzene sulfonate, including scavenging ATCC 35984 biofilm, bacterial
metabolism and formation of polysaccharide intercellular adhesion (PIA). To provide reliable theory and
practical evidence for SDBS, and prevent related infections caused by Staphylococcus epidermidis biofilm
in clinic. [Methods] XTT reduction method was used to explore the effect of SDBS on the clearance of
ATCC 35984 biofilm and bacterial metabolism in the biofilm. Laser scanning confocal microscope
(LSCM) and Congo red medium was respectively used to observe the effect of SDBS on biofilm and PIA.
[Results] SDBS on the concentration of 256 mg/L, 128 mg/L, 64 mg/L, 32 mg/L, 16 mg/L has significantly
clearance on ATCC 35984 in the 6 h, 12 h, 24 h, respectively (P<0.01). It is significantly inhibition effect of
SDBS with 32 mg/L on bacterial metabolism in the biofilm (P<0.05). 256 mg/L, 128 mg/L, 64 mg/L. SDBS
has satisfied clearance. 64 mg/L and 32 mg/L SDBS has no inhibition effect on PIA formation under the
LSCM observation. [Conclusion] SDBS has significant inhibition effect on bacterial metabolism in the
biofilm of Staphylococus epidermidis and damage the morphological structure of biofilm.

Keywords: Sodium dodecyl benzene sulfonate, Staphylococus epidermidis, Biofilm, Clearance,
Metabolism, Polysaccharide intercellular adhesion
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sulfonate, SDBS)/&PH & FBIRANEMER, Bz
I 5 i e % 50 Fn e 2 FH L AR R L 43 HIGH) 25
i, FZ B AR ARAS Iz W 32 Oy R
22 b flde e (B SDBS B B AR A AN B 2
FRUR MG PR, ARG R 4D o AT HAFRAT]
CLRBL SDBS Xif 7 [l K ] 4 B BT 14 40) ko s A1
WA 2 A VR P AT S 81 SDBS 43 5% 26 J
T4 BR TR W I R ASR . AR W N 2 TR
AR R B A= 0 5 B %) S SR ) Jo 2 M 1) 85 3R
(polysaccharide intercellular adhesion, PIA)/=/:5
W] FRAIF S, 258 RS 2R 1 7 2 TR T A= P A I ) Vi B
FWIAVER, #i)@ SDBS 7E )7 F 2 WM&,
B A o) P e R 2 BR A AR YR BT Ak 1 N
BV, SR HEE R BRI AT

1 AR5
1.1 ##)
111 EFk

ATCC 35984 (H=W# iU H PIA FRAIH M FH
PR & HORA: bl B~ B B U 4 S ;. ATCC
12228 (A=W TUA PIA FERE K BAME) I [
£ 24 A S B
1.1.2 EFEREZRFIFLEE

MISRETEE SR A (g/L): MIRLT 0.8, Jii iRl T
¥y 47.0, FEWE 36.0, BEERY 20.05 JHREE RO G

B 55 9% B (TSA) .« B3R (A R K &L R 7 85 57 2
(TSB), HUIH G A Wrialml A IR w5 MH(B) 3 5%
55, bR AEYEARA RTHE A .

SDBS. Hifigks, 258 #GAT PR A w5
Tl s RS, b A 2 A B AR B
XTT, A TAY TR(EE)RGABRAE; DI,
25 B A PR w) s 2RI, R
YRR RA ] N-(2-F8 235 IR -N-(2- £, i
fR), KB WERKAMTAHRAR; GH %K.
N-Q2-# L FE)WRE-N-(2- L4 1R) 2.38 g T 10 mL
Kb, FEIRAL e 0.20 g YRV v o

BOLIHREH B 545G, Olympus 24w i

Y, LabServ Z23d]; 96 fLigE M, Corning
ol
1.2 A%
1.2.1 SDBS XfZ K B HEEKE MIC BIE

FIFH MH(B)8S 725, 10 1 3% S e Ot 4
WA 2 mL B IR A SDBS K IR Ee ly 512,
256, 128, 64, 32, 16, 8. 4. 2. 1 mg/L, P
WA IA 0.5 Mc (Z2 [RHL47) ATCC 35984 TR
200 uL, 7E 37 °C 1R F# &% 24 hy HBATEXT R
B EA RS, AN ) F BH X B OB 1)
HERXTIRO)XT Y, 154 SDBS X} ATCC 35984 fi4
MIC., [RJRE s 20 5 BH X BR 2 )5+ B 2% ATCC
35984 ) MIC,
1.2.2 SDBS X3RKBAIEKEE IR BRER
&

ZBOSCHR[1, 7177, 1 96 FLARCF A 100 pL
0.5 Mc ) ATCC 35984, F 37°C ¥5% 24 h )5, B
96 FLAR, FFRFRARTFRIE, H PBS 2 iE
YE 3R, MKIKINA SDBS (McEER 4. 2. 1. 12,
1/4 MIC)., FHEEXTHRZS B R 4. 2, 1.
172, 1/4 MIC) (B EEE 8 M fL), T 37°C
SrEEFE 6. 12, 24 h J5 U, H PBS WEYE 3 Ik,
hn XTT W (M il XTT, N R i 4e
AR K3, BUE 4E A R K33 XTTIE R,
AL H 0.22 um WUERETUE), 37 °C kEJEHE
7% 2 h, MSFL ODgofE . F35eas FXTREFL
Rege 3y o B X BEFL R A 300 1% A= 40 0 i A
KX
1.2.3 SDBS *t3k K B E Ik E 4 YR R4 = X i
(B&7E ) RIS

M SCHR[8], #F 37 °C. 120 r/min 53 Y
ATCC 35984 I# ] TSB #iFt % 0.5 Mc, U 42
FhA 96 fL# ., 44l 100 pL; 37 °C 1535 24 h,
FREBEFRIL R TR, FH PBS Wk 3 . i TSB
XHEHFE SDBS T &R, 4l A SDBS(H i
F 64,32, 16, 8, 4, 2, 1, 1/2MIC), FHPEXTHE
T ERMEN 64, 32, 16, 8, 4, 2. 1,
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1/2 MIC) (A% 8 & FL) 100 uL, 37 °C 4k
SEREFE A8 ho A XTT I (MAS AR FE R 0.5 g/L,
0.22 pm fLAERY UGBS UERR A, Im AT VK3)
100 pL, 37 °C GRS 2 h, WM& FL ODgso . 5
WA PO BRFL UM IR 58 B BEFL R A
FR A 4 0 A X R
124 HAHBERIENE SDBS R K HEIK
B RIS R B RR R

WZH 500 pL 0.5 Mc 9 ATCC 35984 il A £

SR AR W T G SR LM, F 37 °C 15 3%
24 ho FEBFREAMRESRE, 1 PBS {HE—IX,
W HL SDBS (MEFEN 4. 2. 1 MIC), PHM:XTIRZY T
MERMRE R 4. 2. 1 MIC)4 500 uL 3B A 5]
BREFEMMFE R, 37 °C 433IK59% 6. 12, 24 he
Pa A GEEROR

FSAREAR R R E R R)E, 75 LRGSR
JE, FHICH PBS Pk ARG B 77 0% 1 . B FUN 1
YL (4 pL FUNT J2REHIA 10 mL GH % ) nA
BRI, AR IA 1 mL, 37 °C ##h
Jufs, 30 min J5, PABOGILERMAE B A1 3D A
Wi PR 532 nm, KK 640 nm). SEH]
100 FEARAS BE LS A= Wy w0 AR R B, ARG R Z
B, B 200 F5ALEFE S 8 )2 ITANE; A4l
AT 3 UK
1.2.5 SDBS Xf PIA £ RO EZNE

2 B SCHR[9]H TSB 43 51I% B¢ SDBS(HEE M 1.
1/2 MIC) . FHMEXF R 2 T3 & R (MBS 1.1/2 MIC)
1 mL T, AL 37 °C. 120 t/min $# K
WA ATCC 35984 (0.5 Mc) 50 pL (5%FH)4%
Ffiit), B 37 °C 435liE5% 4. 8. 12, 16, 20, 24h
S R BER BT, 4390103 X R 2R A ISR 21 85 5 )
b, B37°CHiFE 24 h)5, FIRHCE 24 h, M
WA . 55 U BH X BECRT B X B, R 22 b 7R
ATCC 35984 F1 ATCC 12228 B 43 X K £ 7 W SR
IEEFRIE b, 37°C B5FR 24 h i, FIRE 24 h,
WS TR V& €A

1.2.6 ¥R

K HH SPSS Statistics #{7EF T LR 2R Ty 2253#
PFEA BT ¢ Ke S, B DLV 29 (b o 22
(X £SD)#ER, P<0.05 REZFAHGITH#EX,

2 HERG500
2.1 SDBS X FREBEEIKE MIC Bl E
H1F SDBS. Ji 8 & M AR BE B jiita 3,
HXF ATCC 35984 il VE Ao S iR 2, 5B
PEXT RS R PR X RS AR, ATAS S SDBS X
ATCC 35984 ) MIC & 64 mg/L; Ji i 8 £ ¥ ATCC
35984 i) MIC Jy 8 mg/L.
2.2 SDBS 3R K B EKEE MW IEFIRAIE
GRS B B LA, SDBS
(LR BEAR YR B 256, 128, 64, 32, 16 mg/L (4.
2. 1. 12, /AMIC)H}, 7E 6. 12, 24 h SEAf[A] Bt
X ATCC 35984 L% B A= Mok B35 AT T B
12, 24 h Z5 A BE X ATCC 35984 (14 £E Myl I v 1
ROEM N 2 (P<0.001) , 15 B2 55 i AT 3K 86.77%.
HARZER LA 1, % 1,

0.6
BEER 256 mg/l. E364 mg/L 16 mg/L

B 128 mg/. D132 mg/L N Negative control

0.4r S L

s L KEK P Jola
@ Ii{lm |
12 24

1 FEIRER SDBS Xt 5% K #EKE £ MR E
MAEFA(X £SD, n=8)

Figure 1 Scavenging effects of different concentrations
of SDBS on the biofilm of Staphylococcus epidermidis
(X £SD, n=8)

e SRR ERAA L, 3k P<0.001, **t3E P<0.01.
Note: Compared with the negative control group, *** represents
P<0.001, ** represents P<0.01.
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R 1 TREIKRER SDBS 3 ATCC 35984 HI;ER R
Table 1 Clearance of ATCC 35984 on different
concentrations of SDBS (%)

Concentrations of SDBS (mg/L)

Time (h)
256 128 64 32 16
6 5592 4979  36.18 17.59 11.11
12 86.77 8524  84.94 80.00  68.12
24 85.49 8373 7751 7178  66.27
I B R =C B4 ODe30—S2 384 ODg30)/5t BEAL ODe30% 100%.

Note: Clearance rate=(control group ODe3p—experimental group
ODg30)/control group ODg30%100%.

S RAYEXS BRAEAR LY, O3 b 2 3R A R BE 43 3l oy
32, 16 mg/L (4. 2 MIC){E 6 h X} ATCC 35984 ELJE
) A 5 RS A I s R (P<0.001) 5 I
Hk BE o 32 mg/L (4 MIC) T i KTE 6. 12, 24h
X} ATCC 35984 [ W 9k s BRAE FH 3R B 2
(P<0.001), {HIEFR%F A E Hik%E] 34.87%, 8 mg/L
MIC)LA MR EE )T I B R AEAE A 12, 24 h I £E %
PRHE T A U RS TR 1 2R, EARHIL i AR AE L 45
RIWE 2, %2,

2.3 SDBS Xf ATCC 35984 £ #1#% B% A= X
it (B3 71) B9 521

ST BELAH L, WSS 4 096, 2 048,
1024, 512, 256, 128, 64 mg/L (64, 32, 16, 8.
4. 2. 1 MIC)[¥) SDBS, X} ATCC 35984 4= ¥y Ji5t
DAL TR 1 I A B R W (P<0.001) 5 VR BE K
32 mg/L (1/2 MIC)&}, X ATCC 35984 AEH i P 4
BRI A &5 (P<0.05), Uil SDBS 1EF
VTR T BRI AT 5 M A 0 RS N A TR A L ) T
1, WEMH AN, S5RILA 3,

SRR BRFLAR LG, WREESH 512, 256, 128,
64. 32, 16 mg/L (64, 32. 16, 8. 4. 2 MIC)f
T EE, W ATCC 35984 A= ¥k 5 P 4 18 i 4%,
A M 2552 0 (P<0.001); WREER 8. 4 mg/L (1,
1/2 MIC)H, % ATCC 35984 A& ¥ [ PN 241 B 1) 4 34
JCHA M (P>0.05), VLW & RAE 2 MIC LA
e R AT I A A A R PN A TR A
2R ILIE 4,

08r mEm32mg/L =2 Smg/l EZ42 mg/L
B 16 mg/L 11 4 mg/L Negative control

k3kok

Kk sk

T T —

0.0 LEE

e
B2 FARREAHBEMREEEKEEMHENE
RAYER(X £SD, n=8)

Figure 2 Scavenging effects of different concentrations
of vancomycin on the biofilm of Staphylococcus epidermidis

(X +SD, n=8)
e SRR A,
*t 3 P<0.05.

Note: Compared with the negative control group, *** represents
P<0.001, ** represents P<0.01, and * represents P<0.05.

=L P<0.001, **L3FE P<0.01,

£2 AEKREFTHBEEREM ATCC 35984 BIEMRE
Table 2 Clearance of ATCC 35984 on different
concentrations of vancomycin (%)

Time (h)  Concentrations of vancomycin (mg/L)

32 16 8 4 2
6 26.81 26.46 2.28 0.00  0.00
12 34.87 0.00 0.00 0.00  0.00
24 25.39 0.00 0.00 0.00 0.00

TE V5 B3R = B2 ODso— 52504 ODg30)/ X HEAL ODg30%100%.
Note: Clearance rate=(control group ODg3p—experimental group
ODg30)/control group ODg30%100%.

0.4r

0.3}
S 0.2H
Q

0.1H sk

sk Rk
sk R e K

0.0
Control 32 64

128 256 512 102420484 096
Concentration (mg/L)

Bl 3 FEKE SDBS Xt ATCC 35984 4 44 B N4 E
KBRS ME(X £SD, n=8)

Figure 3 Effects of different concentrations of SDBS on
bacterial metabolism in ATCC 35984 biofilm ( X +SD , n=8)
. SPAEXIRGAHLEL, **+3k P<0.001, *fU3 P<0.05.
Note: Compared with the negative control group, *** represents
P<0.001, * represents P<0.05.
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0.41

0.3

ODGBO

O'OCOntrol 4 8 16 32 64 128 256 512
Concentration (mg/L)

B 4 ARIREAHEEEN ATCC 35984 4 Y45 I N 40
BEC TR R IE( X £SD, n=8)

Figure 4 Effects of different concentrations of vancomycin
on bacterial metabolism in ATCC 35984 biofilm (X + SD , n=8)
SRR BRI, **+U P<0.001.

Note: Compared with the negative control group, *** represents
P<0.001.

24 FAHBEEMEMNE SDBS MEREEE
BRE Y BR BB PR E

DL IR A Ak T 200 fi5 057 14 8244l
8 JZIFHANR, BEA AT 3 WKk, FARLE R ILE S, 6.
mE 5. 6 Fn, MANEEYRIRTERE, g
PR FAFERT, R E2EsREL; 124 A Yk il e
IR, W AR Bz 0, WIE A BT B 9k
ARG AG . Wi WEL LT, SDBS Xt ATCC 35984
TE R A P B ) T BRSO I s T T A K

Negative control 1 MIC 2 MIC 4 MIC

B 5 HALRERTEMIENE SDBS X ATCC

35984 4 W) AR B IE RRAE A (200%)
Figure 5 Scavenging effects of SDBS on ATCC 35984
biofilm observed by laser confocal electron microscope (200x)

2 MIC

4 MIC

Negative control 1 MIC

6 HMAXRERTEMREURAHERN ATCC

35984 MR B FRIER (200%)
Figure 6 Scavenging effects of vancomycin on ATCC 35984
biofilm observed by laser confocal electron microscopy (200%)

6h

12h

24 h

2.5 SDBS Xf PIA R B9 5200

EBAEXT IR ATCC 35984 77 JIES T Ak 11 B ot
B8 ATCC 12228 AN 7= A% AH EL(1& 7), SDBS ¥ JiE
}1 64, 32mg/L (1. 172 MIC), 4>3HE 4. 8. 12
16, 20, 24 h W}, ATCC 35984 TENIFLT 4555 |
(EVE Bl B, SLATE 1 MIC DL TR R
SDBS F-ANGE R E 50 PIA UTE Y, 259 WA 8.
T ERWEN 8. 4mg/L (1. 1/2MIC), 1EH 4,
8. 12. 16 hiff ATCC 35984 7ENIFL11E 3 1y
BT Y B, 20, 24 h B TS G L6,
VLT B R R E BB R]JF AT 52 PIA BB
i, 5 ILE 9,

ATCC 12228

ATCC 35984

E7 PIAPBRMEEHS PIA PAMEERAENRIIEFEL
BEEAE R

Figure 7 Colony color comparison of PIA positive strains
and PIA negative strains on Congo red medium
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— _—
172 MIC
SDBS 8 h

1/2 MIC MIC
SDBS 4 h

E 8 SDBS {ERE ATCC 35984 7ENI R4IIEHE FFH
EEIR

Figure 8 Colony color of ATCC 35984 on Congo red
medium after SDBS treatment

QU
1/2 MIC MIC
Vancomycin 8 h

12MIC  MIC
Vancomycin 4 h

12 MIC MIC
Vancomycin 24 h

1/2 MIC MIC
Vancomycin 20 h

9 AEBHR1EAR ATCC 35984 ZERIRAEFE L
EHEHE

Figure 9 Colony color of ATCC 35984 on Congo red
medium after vancomycin

3 wiE4in

H A C 0 41 7 3 i K Fff (adherence) . R4
(accumulation) . i (maturation) . Jlii 7% (detachment)
4 A BOE A P, A0 RS B R R AR
S VIR Y i BB B, Hi PIA &
2N T A P TE S0 R A B B FT b

I ARG 7 I G R e B 25 M PR R, Bt
AR B RESCRE . BRI R IR, (B S
S A 2 PE AR R Y B AR A A

Wy 5 S TN %) A4 TRT L Ui 0 A 4 T T 24 M 2
1 000—1 500 15, FLHUEA—FPhrl R REE 4
BRI AN B, B S btk 697 N B R
B, RAT A ST A YA & i 25 A
BEA RN KA L o an i ™, it
I H 245 B RO 53 FH T 240 0 A 0 ) i 1B
MtsE, Arh2GE S8 | i e, STamEE
VI RS TR I/ E R AN BAR

FH B 2 T M) B A T2 RS
15 & HVERET S5 2008, Real s iRk
SRR L2 W T H AR ol Tolkig
Ve i N YL AR E 2 U W Ak 2 B A G
SDBS ‘&4 Uil , @G HE R R AnEEA
Jowg, HU RO Bz AT — s JIBE T . HETER W
B R ™+ e SRR R K HAhER e R
A T A R AR i e K R 9 B 2 T T
A, HAREABNERE T, Hikm . AL, &
BEIF . IR EE A B BB — 2 TR BE
SDBS 512 T I:ATH K .

WL XTT Wik e mAail & B3, WK 256,
128, 64, 32mg/L (4. 2, 1, 1/2 MIC)iJ SDBS,
7E 6. 12, 24 h % ATCC 35984 KA FIbk i 2
(P<0.001), Ff HAE R A 8RB, PR 12,
24 h B, WEBRAEVBEECRIE 66%L 1, #Ok
LR AR o T B A At S T AR [ R
HOEBREORE TR R . (BRI A XTT
75 5 O R A o 7 B e I A5 R 25 R A 52
S—5, FRE SO R BB S | R
YIRS —4 56

e ¥ h 64 mg/L (1 MIC)LA | i) SDBS Xf ATCC
35984 A=Wy Wk FEE PN AN B AR A A S e
(P<0.001); ¥k 32 mg/L (1/2 MIC)t, %t ATCC
35984 A=Wyt B PN 4 TR A A A AE S 2 Y
(P<0.05), FFPLH SDBS X} AWl AR 1435 i 1
TGS 20 TR il 156 7 A A o 5 BH X B2
F AL, SDBS HiA:= Yk B N 240 1R A QI ) S AR
FALR .
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TENIRAL RIS, WREE N 64 32 mg/L
(1. 1/2 MIC)i}, SDBS % ATCC 35984 PIA A4k
FEICHA EANHIMEH , #2755 SDBS it ¢ iz i 2 sk i 4k
Prpk Y B SR AE B B A T PIA TR B
M0, HED SDBS A B2l i Hfthii i 5 5
U 510 T 2 7 A T BR T A4 A B . Tzano 25U
% T 1) Sy B 5 - 750 3 1 0 2 390 198 1 e R At 1R M
(sodim dodecyl sulfate, SDS)XJ 1t AT 1 A: 19k
BEAVERT, TAh SDS RERZIREE R A PT B85,
DRI T T 5 | A W B Jo v B P A v, 3 A
APR38R FRATTiE— B4R SDBS X £ &
HIEBRE YRR T 2%

I AHFST, 454 RTINS SDBS HT 2 1 A 2 Bk
VI LA R R i A5 ), FR A1 % B SDBS 7EHi 4l
PARIHRG BT | BOREE N A B A . I B AR M B Ay
T RCRGE ) A SEUESE T SDBS % 5 | i = e A Jgk
Y (10 2 Jg AT BR TR A 0k B ) B s BR AR, A
SRR I R B 16 i 2R B2 4 5 K A AR ) Bk 5 S 1
I R PN B SR e R e R SR 5%
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