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ABSTRACT

SELECTIVE DETECTION OF VIABLE ENTEROCOCCUS FAECALIS
USING PROPIDIUM MONOAZIDE IN COMBINATION WITH REAL-TIME PCR

Sinyoung Kim, Seungjong Lee, Euiseong Kim, Deoggyu Seo, Yoonjung Song, llyoung Jung*
Department of Conservative Dentistry, College of Dentistry, Yonsei University

5ol ZiE

Polymerase chain reaction (PCR) can detect bacteria more rapidly than conventional plate counting.

However DNA-based assays cannot distinguish between viable and dead cells due to persistence of DNA
after cells have lost their vitality. Recently, propidium monoazide (PMA) treatment has been introduced.
The purpose of this study is to evaluate the applicability of the PMA treatment and real-time PCR method
for cell counting in comparison with plate counting and to evaluate the antibacterial efficacy of 2% CHX on
E. faecalis using PMA treatment in combination with real-time PCR.

Firstly, to elucidate the relationship between the proportion of viable cells and the real-time PCR signals
after PMA treatment, mixtures with different ratios of viable and dead cells were used. Secondly, relative
difference of viable cells using PMA treatment in combination with real-time PCR was compared with CFU
by plate counting. Lastly, antibacterial efficacy of 2% CHX on E. faecalis was measured using PMA treat-

ment in combination with real-time PCR.
The results were as follows :

1. Ct value increased with decreasing proportion of viable E. faecalis.

2. There was correlation between viable cells measured by real-time PCR after PMA treatment and CFU
by plate counting until Optical density (OD) value remains under 1.0. However, viable cells measured
by real-time PCR after PMA treatment have decreased at 1.5 of OD value while CFU kept increasing.

3. Relative difference of viable E. faecalis decreased more after longer application of 2% CHX. (J Kor Acad

Cons Dent 33(6):537-544, 2008)
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obA| o] o} ddste] T ThE mefsfof & AR 22
el A Ald-E biofilme B3 EAlste] Ao e
A&de 7RIthE ARdolt”. Mah &7& o8 ek A 34
< e R 714e] 584, g0z FAAe] ik =
3 AT Al g G el gl x| Aehr] wiol
ArEE o] Astelo] A A 7Ht= M
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ol AFe] HAL At ’“/] ’_‘@Oﬂ o1, PMA # 2]
o} real-time PCR "< A4 7Hs4d< 71E9 plate
counting W} H|w3sto] ‘QO}EE Aoty &3 E. fae-
calis?ll tg 2% CHX<S] A &35 PMA A £ real-
time PCR "H < AH&-ste] golile= Aot

1. PMA2| 21t HZ

1.1 Ml £29| ZH|

E. faecalis (ATCC 29212, KCCM 11814, DSM
2570: KCCM, Seoul, Korea)& ZEOZ ALg3ATE
Brain heart infusion agar (BHI agar) (Difco, Becton
Dickinson and Company, Sparks, MD, USA) plate®l
A 3 719 colonyE AF8ke] 10 ml BHI (Difco, Becton
Dickinson and Company, Sparks, MD, USA) brothel
HES F, 37CAA 1247 St wjstict. wgE
suspensmn‘ﬂ]/ﬂ 100 A& Eofule 20 ml BHI brothell
A Al FetTt. o] % optical density (OD at 600nm)
Zro] 1.091 E%}%L w2l suspensions Godo] Aople
Ao 2 FHlskATh B3 E. faecaliss 2% CHXE o] &
ato] 4027F Aeste] $hds] & Ao ® FH BT
o] ofH] A3dl|A plate countingS E& Aol LT =
= W AHE 4 F AlgE Aot 2% CHX
20% chlorhexidine gluconate (Sigma Co., St. Louis,
MO, USA)E 104} &Mt ARESIGiT o] % 52 Al
= Aolgle Aldd g v &R 4ofA ”O}ﬂt At
ool AA 0%, 0.1%, 1%, 10%, 100%7} S| =% 3
ATH.

1.2 Propidium monoazide crosslinking

Propidium monoazide (PMA) (phenanthridium, 3-
amino-8-azido-5-[3-(diethylmethyl ammonio)-
propyl)-6-phenyl dichloride; Biotium Inc., Hayward,
CA, USA)E 20%9 dimethyl sulfoxide (DMSO)
(Ducksan Pure Chemicals Co., Ansan, Korea)ol ¢
A 20 mME S§E8 9F T, 20T Edsidn. &
FES 500 42 1.5 ml eppendorf tubedl] &4t 1. 25
1] PMAS Aelateq #HF 25=S < 50 /tMC’] =
gt} ©]|% eppendorf tubeE 28Rl & & 5E %?l
shaker$l9l A incubation 3F$1th. 650W halogen light
(sealed beam lamp, DWE 41667, 110V, 3200K, GE

Lighting: General Electric Co., Fairfield, CT, USA)&
ol g-3lo] o] 23 Foh G wHAAT FRE FEg
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A 95] sted 45 Aol FHORE F3)1, halogen
light2%E 20 cm®] A=E fFAH=S it Yol <
& crosslinking®] fold Fo, F£-& 8000 rpmeE 5
T B dalweste AR 9 AAS § PBSE A

kit

1.3 DNA extraction

DNAE AccuPrep® Genomic DNA Extraction Kit
(Bioneer Co., Daejeon, Korea)E ©]&3lo] FZ31%
Proteinase K& 1.5ml eppendorf tubeol 2044 @1 of
719 FHlek 22 200 M ¥ ¥, Binding buffers
2004 ¥ 31 ZA] Vortexs ol &at] Eatleh. 102 &
et 60CA incubationg ¥, 1004¢] Isopropanol
(Duksan Pure Chemicals Co., Ansan, Korea)< 91l
pipet< ©]&3to] 41th. 4< Binding column tubeZ
%7 %, 8000 rpme 2 1¥ EoF dAEe &9},
Binding column tubeE MZ% 2 ml tube® &7 %,
Washing buffer 1= 5004 &g %, 8000 rpm & 13+
¢ d4EE s shRe 9& Wl § Washing
buffer2E 5004 A2t thA] 94Ee] skitt. Binding
column tubeE MZF 1.5ml tubeZ &7l ¥, Elusion
bufferg 200 H2]sta F-2oA] 5 F<t 7|0t v}
2180 2 8000 rpm o2 17 Fot YA Ee] s

1.4 Real-time PCR

Real-time PCR¥} data¥#4& MiniOpticon Real-
Time PCR System (Bio-Rad Co., Hercules, CA,
USA)< o]&3le] 2133819t} Cycle threshold (Ct) val-
uew MiniOpticon®l 9J8] As4 o2 ALte it 254
genomic DNA 149l PCR mixture 1945 ¥-& ¥ pipet
= o]&sto] 7137t A71A Bes E6tsith. PCR mix-
ture= SYBR Green (1Q"SYBR® Green Supermix,
Bio-Rad Co., Hercules, CA, USA)Z} 10 pmol®] F 7N
] primer (Bioneer Co., Daejeon, Korea), Z18]a Eit
SHTE X9 Quantifications A3 AH&E primer
+ EF-Forward (TCG GTG ATT AAC CCT CGT CA)
9} EF-Reverse (ACG GAG ATA ACA CCG GAA CC)
olt}, ALE-H primers universal primer pairg AHE-SA
i, BA primerZ} A2 A& at=A] 91 F A3
UM E. faecalis quantification 3t7] 913} cycling 4]
© T 2ol Zdsigint, WA 95ToA 1083t FAI3t
Atk o] F 95ColA 30%, 57ColA 30%, T72TClA 30
25 45 cycles® WHESIGTH piA|H o2 T2 CollA 57t
FA AT Melting curve?] 42 0.2C HH2=2 65
CAMFE 95C7HA] dSAIZTE. o] % 30T 5E3t
2|83

2. Real-time PCR2| M2 7}=4M

2.1 Real-time PCR

BHI agar platecl* & 71<] colonyE AF 38k 10 ml
BHI brothell %3 3 37¢ColA 12413 B9t vkt
t}. vl ke suspensioncl|A 10045 oo 20 ml BHI
brothol| 4] AfejFstict, o]+ F714 02 OD e 374
sted 7+ OD #toll 3l9stE suspensione 50044 F 7N
ZH]5to] 1.5ml eppendorf tubeol %A th 4" 5004
o] F¥ Fol| skt 1.25¢M PMAE Azgt & ¢
A U2 PMA crosslinkings Al@stal DNA
extractione g 3o real-time PCRS Al&J3slSith.

2.2 Plate counting

7+ OD %ol 8 33HE suspensions Golujo] o] &5 7}
ZF 10609 A4384 (10°,10°107,10° S Al&@sta, 844
sampleE< BHI agar plated] 2042 Al H$lo o]
HEG 5 37CAA wjFatitt. 2443 39 colony®]
E Alo] Aeld &, 1ml <ol & colony?] 2 EH4F19A
i log CFUR EA81 T,

3. 2% CHX&| E. faecalisol| et A7 =1}

3.1 Mt Z22| ZFH|

BHI agar platelA & 712 colonyE 33k 10 ml
BHI brothell %3 3, 37Tl 12417t 59k wjslsl
o} vlFE suspensiondA 100 4E Zolfo] 20 ml
BHI brothellA] AjujFsisitt. o]$ OD #= 1.00] =
= z243ko], o] W]9] suspensions HEO 2 ARESIATH

3.2 E. faecalis biofilm2| xi&l

E. faecalis®] biofilm< Z#%¥ membrane filters (0.2
M pore size, 13mm diameter; Whatman International
Ltd., Maidstone, U.K.)& AH&ste] @A, BHI
agar plate &l membrane filtersE 223 OD %ol
1.02.2 2449 suspensions 904 HE3ATH HE Tl
103 A% A2A1Z0 &, 37TColA 39 &<t vkttt ¢
+ starvation phase9] E. faecalise THE7] A Ale
gk Aojtp,

3.3 CHXel XMz|

Membrane filterE 3ml PBS7} €71 tube2 &7 &, 1
7 VortexE ©]8-3t99membrane filter’d<] A< 2
A A, ol FolAM 50042 Wz dejulo] 1.5ml
eppendorf tubedl] %71 ¥, 8000 rpmo-2 5% F<F YA
weate] el A& AANAY. 247 2% CHXE 1ml
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4 5%, 15% 30% 40% B9 Helsha, 2T PRSS
Iml A2 A AHESIAT o % daldelste] 59
NS A AT Fol] CHX inactivating agent® 1ml¥ 10%
7F A2l8l¥ Tt CHX inactivating agent= TWEEN® 80
(Sigma Co., St. Louis, MO, USA) 3 ml< 0.43%< &
TE A9 9Tmlel A ste] A ZstATH”. o] $lof A
Al W2 PMA crosslinking® Al33sta DNA
extractions g+ 3o real-time PCR& Al&3lSit}.

1. 2 ot
1. PMA®| 21} 25

A 37°C°ﬂ"1 12712 &< vl et B, faecalisg TAIA
o2 10ue A& S AldsATt. 24 £ES DNA
extraction 2] ?%4 &t %o real-time PCRS A3t o
EX 02 Ct valued ALK 243 71 =2 Ct value®
100 44345 Aldeh B2 A oA #2EAD 7P 5
< Ct value= 104] 3|4 Alget T2 E ol A2
t} (Figure 1). & E. faecalis®] %] ©AH o2 F7}13t
TE Ct valuet TAA SR 7F43HS

o2 Aolgle Ald e 52 /‘ﬂ;f*o‘ A8t tE H]
g2 4191A (Figure 2A) PMAS A2]& Fof 7t v
3t real-time PCR= A3ttt 1 A3} AolSle At
o Hlgo] FIMEFE, F FR [ AA V & 245 Ct val-
ues BAIA o2 742 (Figure 2B), PCR 714114
Uehd A9 relative difference® WHAIZ 2.2 Z718191
o} (Figure 20). % 1 9 A% F& Adwt SR8
7ol relative difference’} A9 ¢l Aoz YEbga,
RV oMe dolgle Aldnt EA517] vl relative
difference?} 7H4 %ol UeRRTE

Ctvake

Figure 1. Ct value measured by real-time PCR after serial
dilutions of E. faecalis (A. 10° dilution, B. 10" dilution, C.
10? dilution, D. 10° dilution, E. 10 dilution)
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2. Real-time PCR2| M2 7}=4M

Az mEl OD @& 48 23 OD
Bl 1.0¢ wi7tA] Aol w53t 4733 h Zi
A}, 18]l OD #e] 1.0%H 1.5 =2
o] 3% St Ak At

Z} OD gk At whet 27g3te] OD gre] 0.23, 0.53,
1.0, 1.5¢ W] ¥&<5 ot real-time PCR< A3
23}, 0D #te] 1.0% wW7tA= PMAE A2lg A (Figure
3, group A)Z} AH2letA] &2 A (Figure 3, group B) At
olof] Aolgl= Ml relative difference’} A< B S5
UERstth. OD kel 1.5¢ wje] F&ellX = PMAE A3
A3} AelstA] & A Aol & Ao]7h UERRiTE

Z+ 0D #1419 log CFUZ Hlwal] £ wl&, OD 3ol
A-GFE Ao F7F AAFez IS & 4 Ui

(Figure 3, group C)
3. 2% CHX&Q| E. faecalisol| Cist A =1}

2% CHX= 5, 15%, 30+, 40% <k A2)e 247 Ct
valueZ} A2t Z7F8HS & 4= A AL (Figure 4A), Aol
= Alete] ke fHaske AL 4 4 AR (Figure 4B).
273} vl wste] AolSl= E. faecalis®] relative differ-
ences & W, CHXS 5% &<t Aelsid < wol = st
%2 *ﬂ?o] Zete As ¢ & AUAdnh ey S A
o] AFEL 2% CHXS 40% 59 A2)gh 7ol Vel
i, o] F7H 2 & plate countings £ CFUE 3%
i ﬁﬂr"ﬂﬂ gHld 4 9131t} (data not shown).

v. o #

E. faecalise 918 3, FAA AN A< 7=
Aol Adete ‘?}/‘é 2|26 AFA Y delo] He Aldte]
7] wjiEe] o AFellA ARESISITE B oA A
T biofilme FAske] A fﬂd ?ﬂﬂé 7W7] )
wol, 2889 Adl 7tsAS A8t
stojof gt} whebA B, faecalisel gt CHXJ At &t
Soluy] glal] Aolsle Ae AZol odx, V&
9] plate counting e A HHo=H PMA A<}
real-time PCR W& 4 438l= A& Golr gyt

WA E. faecalisdl g+ real-time PCRY &3 A<
Agstatt. 0D kol 1.022 249 E. faecaliss &
Ao 2 343l real-time PCRS Al&3t%ith. Figure 1
o Yehd 275 BWA Aldo] < 108] H =2 DAA] &
o] Z7led4+E (Ot value® A2 2po] 2 et
MiniOpticon®l] Wehd ZZ24 2 Zo A= DNA %o

o mju
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1 11 111 I\ Vv
Viable E. faecalis (1) 0 0.5 5 50 500
Dead E. faecalis (1) 500 499.5 495 450 0
Viable bacteria (%) 0 0.1 1 10 100
@)
3 s
3 5
corerod A 14 11 n
A " n ¥
minutes
S 8 |
§ g
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2 H
3 = N g
= =
[ n m ) \ ool % 1t " »
minutes

Figure 2. Effect of PMA on the amplification of different
ratios of viable and dead E. faecalis (A. Table showing
mixing ratios of viable and dead E. faecalis, B. Ct value of
amplified genomic DNA shown as a function of the
percentage of viable E. faecalis, C. Relative difference of
viable E. faecalis measured by real-time PCR)
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{ »
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OD joptical density)

Figure 3. Correlation between relative difference measured
by real-time PCR and log CFU by plate counting (group A.
Relative difference of non-PMA treated E. faecalis at each
optical density, group B. Relative difference of PMA
treated E. faecalis at each optical density, group C. Log
CFU by plate counting at each optical density)

Figure 4. Monitoring exposure of E. faecalis to increasing
time periods of 2% chlorhexidine (A. Increase of Ct values
as increasing exposure time of 2% CHX, B. Decrease of
relative difference of viable cells as increasing exposure
time of 2% CHX)
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T AN AL SR S HCE 5
o] AojXlaL, DNA o] Botd+5 22 14
= Ct valueE Bt} o] AHZE HolA E, faeca]zsoﬂ
3t primer® & YHEOJH 1 real-time PCRE A3 =71
= AEsthe A$ 939

ueba] thE AR PMAY 83 AES Aldsisith
Nocker &"*92] 1o =W PMA®} quantitative
PCR= #o| AHgatle W, dolsle Alawt degxos
AEHE d 3349 2345 B} A% 19 AT
M= Salmonella typhimurium, Listeria monocyto-
genes, E. coli 0157:H7, Mycobacterium avium <]
Algto]l AHEEaL, ofH AFAAME E. faecalisg ©|-&35t
of AP AL Ieh webA E. faecaliso A= PMAS
=2 Alfro] HheEle] | AolglE ARt AelA o g 71&y]
TAE Flste Agol ot

olgle Al Hlgo] TdAA R 10u]e] Ao 7} Y=
= Figure 2A8} Zo| Aolgle Alvta & ATt S 4 o)A
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A, dolle Al vl&S 108 Aol7t Y=s
fz} ol 2-& &9 Aol Ct valued] 2 Aol7} ¢
7] witolt}, Aolols Alto] ko] 10w A=<l zke] 7}
1/} SRS W Ct value® 9 3 FEQ Ao]E BT
(F1gure 1). $19 2Nz ool Alete] ol S71
5 Ct valuew #H&she Ag 18 4 AUt (Figure
2B) EE Ot value?] #o]7} Figure 1614 Yehd 2]
B 2 YA = FA R, fref@kel ato] & Heol=
Ag & F A%t ol & 53l PMAZF Y =% oA =&
AlTte] DNA® crosslinkinge] dojt Ao|ka e 4=
A3, PMAS A28 ¥ real-time PCRE Al#@3te A
o] Aol E. faecalistt AYH o2 A& 4 ole &3}

A9 Whgleleke A & 4 99T

222 plate counting®.2 4% CFU7} real-time
PCRZ 53l 49 Aolle A9 relative difference
o} Avtz|o] HlwE ek, 7k OD g2 Ao el slolA
o= AEe Aol & THEY] Yste] £ 0.2, 0.5, 1.0, 1.5¢
o2 A3t E. faecalis suspension 100 A& 20 ml
BHI brothell ¥-& $ < ?/M 30% Z¥HAlel OD kol
0.23¢] =281, o] F F43] F7FshHA BAIZE 73 BA] of
OD %ol 1.0l =3t} OD ﬁol 1.0914 1.52 ==&

© Al AAEETE ZoA] B ARl AQESITH
ok TAIZE A3Alo] OD #kel 1.50] =23kt PMAS A
2ot TR AE)slA] e A At relative dif-
ference®] o] Blma] EH OD ko] 1.00] =€ o
o R At H]’\‘ A& & g sk webA OD Ftol
Z7lelel 1.00] £2E Wl Fio| Aojgli Aol v
o] Aow 5]]/:_4,%13} T3 OD kel 1.0914 1.52 <&
Z = PMAE A28l & 22 AlS Aolgle Al
9] relative difference’} $71sk= ©l Hldl, PMAE A&
g ﬁl‘ioﬂ e ol Al relative difference’l 2l
adh= o] AT o] & B34 OD #hol 1.5¢
ol Al F& Aldto] I EAlstH, & Al
DNA7} PMA®} crosslinking®] dolur] AZEA]
obo AZE 9l
Ag Aol oo A M CFU (Figure 3C)&
OD %ol 1.59 W A% S7ketsiwoll ¥laiA PMAS A e
%29 relative difference (Figure 3B)= OD ol
1.59 w Bo] fasigivhe Heolth. PMAE A28 &
oA dopdle At AFdvke ds A48 B9, CFU
9} PMAE A2]a 229 relative difference Alolel= %
HHAZE ook gt} AR AAR = Atolo] OD gtol
1.5¢9 W & zpol& Btk CFUE OD #kol 1.0% wx
o 1.59 W A& F7letsinh. shAlt PMAS A2l &
9] real-time PCRoIX &4 4¥ relative difference= OD
gto] 1.0¢ wEoh 1.59 w &4 gol 7433

u\i

&or:\JéL

=4
L
5
10
S M

542

PMA AHgAldle & Algos e dd o] A vl
&S S EH wjcko] Arhs A2 UE & o o= Al
A Zetol] v A gk &5t wol PMA7ZE Al 2 Bo)sted]
real-time PCR Al3A]oll SZ5]A] ¢kt wkel, o Ao
© AlZuto] dB &a4-S wektiel= BHI agar plate® %
& Jitol FuEW AEHo] 3 &0 Aol 4FE F
A7) WEor FZEY AN Fgdo] g™ *1]4“01
AeA R A E A5 Hud Ho] glonz o] o
o A7l 3 o estelgtn A

O}X‘WW Aoldle Al Ao AEE & e v
HE gt} Cultivation-based approachoIX = Aolsle
Algtol wljeke] <ty A% (viable but non-culturable)
o] Vehdtha b whaba Aolsle Al & AldE
TFEokE Aol 100% A8 = glar, Alato] Aokl
A Holw A2 F4 (reproductive growth), thAF 24
% (metabolic activity), AZ2] $43% (membrane
integrity) ol weh 22kd 4= ok PMA X2 W 94
A EERe] e ol what "ﬂﬁ | AolgleA] -5 %7tet
A HEg, 943 "LOPO]% AT 100% 4ol AEETh
1 Feplele et e A 2.

E. faecalisd] tdled CHXe| 7+ 342 Heling

°-|—‘

el oJste] o|m| wrelzl vt 1o, Lima & 193
39 ot witE E. faecalis biofilmell 2% CHX< 2|3}
F= wnt ebd e /‘ﬂ%«] AbEs #EE vk &l

t} o] AFME ZoF membrane filtersell A =<

& E. faecalis bloﬁlmoﬂ 2% CHXE A2lst< ol 4
ool Agto] Azt Wt Axpdor 7HAaES o4 4 9
Ak, 39 B AlTE v A2 Al ”‘“}'—l.lﬁ% <
&l starvation phased®] Alitg TE7] $aiA AL, o
AI719] Alate] 7 AdAdo] ol d1smfectant°ﬂ «IOH
AA AAEA F7] wjFoltp? ol AEe] A 2%
CHXZ 5 &<t ATt E o= Be Fe Aol AL
FPA|TH wlg § CFUZ &3] & 47 CHXS 402 &
<t APt wf de] Alate] AbEsE As & F U
o} (data not shown). W& PMA A2 T real-time
PCRE A3 e W= CHXS 40874 AelailaL, A4
Ztol A4E Ct valueZt AR AolSlE E. faecalis®]
relatlve difference”} 7Hashe A st (Figure
). o] CHX®| A 2] Alzto] S7terE S Alto] Bol
7‘1’\1 Ao Aol Ate] ol FHadhe A& vE
Y= Aot} o] & 534 disinfectant® 2% CHX= AH-
’3}04 E. faecalisel gt At 835 Hrtshe o glofA]
=, PMA A2} real-time PCR W& 2 438h= o] 7}
*OPD}J— =
ol Ao A3 AAE o= E. faecalis®] H]&©|
AESFE Ot values S7HIA T A= PMA A £



Propidium monoazide$} real-time PCRE 028+ &0fl= Enterococcus faecalisS| MEAE Ol ZiE

real-time PCR W< o| &3] Alate & 4 A
plate counting®-2 9-& CFU Aleldll& OD #e] 1.0¢
w 7HA] 2 gaaA7E A AR OD #el 1.5 o4

E dA7E A0 AA R 2% CHXS o Aedss
Aolgle E. faecalis® 74dlAQ ko] fadte AL
PMA #3219} real-time PCR WS ALg-3lo] &ols}
et

PMA #2]¢} real-time PCR ¥ w23 7hctel W
o2 ¢ko 2 DNA-based assays H< &isiA & A
o} 53] 712¢] PCR o] Holgle A & Al
T2 Kota A SEA7)= v, o|H PMAE o] &
S AT W A Alxes 7R Al dgdo s
A&t FIATE HAA " on7t do =g
PMA 2|9} real-time PCR WHo| o]zle] 21819
ol &2] E. faecalis® F¥ o2 AM43l1 disinfectant®
CHXE A3t A%z Ardoz A29S dolgd 4
AN

EE PMA AHgjAlof Aolgle Alite] FdiAQl &2t ul
ol 9J3] Hojzl CFUZF OD %ol 1.5¢ o of& <ol
ofaf A FHHAE HolA= EhTt 0}?‘1 dsm—

or
o

fectantel] =29 & Axdke] dAS kel go 9
o4 PMA X%FJ o] wan Ad 71 Hthog, < o 4
AN, IHEZ o] plate counting®] WA %H‘a‘ﬂibﬁ

7HA17} 90 Aol

v.2d E

1.PMA 221} real-time PCR Wi < o] &3to] & A
& AYsta AolRlE E. faeccalistt A& oz 7%
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Propidium monoazide ¢} real-time PCR-- ©] &-%}
Ako}9) = Enterococcus faecalise] A&l Aol 7 &

Ae] HZol 919141 polymerase chain reaction (PCR) & 7]E9] plate counting®} 92| W24 A< 4
=% 7 It AR Aldto] S Foll= DNAE 717 A 4 317] wiZel, DNAY 7128 42 olsl= *1];7‘

I & At 5T 4 ¢lot. F ol DNA extraction@ ol propidium monoazide (PMA)E A 2]ate] 4olo)l &=

Wik AeH o 2 A Este Wiol AAEITE PMAE 49 Aot 53ete] £2 Al20] DNAYHY =& o}oﬂ/ﬂ

Agste] PCRol 555 = A& Hett

Enterococcus faecalise ZH2 89 Ao ol 23 Uolo] Hl= AlFoz A He] gt} 283 chlorhexi-

dine (CHX)2 E. faecalis®] A A olx g3z ol ek <fo] vra] A},

o[l Ade] HAL AT o 4ol 3lolA, PMA 2|9} real-time PCR e A& 7Fe/d2 71¥9 plate
counting®} Hlwate] LolH = Aot B3 E. faecalisol] W3 2% CHXE A+t 3= PMA A2 & real-time

PCR WY& AHEsto] dolie Aot

A v o 7 WA AolglE Ay} & AS THE H &2 4ojA PMAS A2 £ real-time PCRS A3l
PMAZ} ¥ =% dlollA] & Alite] DNASH Zste 3E UehlleA] dotisitt b2 PMA A2 ¥ real-
time PCR WS o]&3lo] Aolgl= Alite] & 43 2 plate counting® & A& CFUS ¥l walsitt. vpx|et
O 2 2% CHX®| AgAZte 2 39S vl E. faecalisol et A+ &35 PMA #2] ¥ real-time PCR U<

Apstel gopugih

A8 Az Aol E. faecalise] Hl&°] 42T TE Ct values 7‘7}3}9113}. a2]a PMA A2l % real-time
PCR W& o] &3l Aol <2 543 A7 plate counting® 2 B2 CFU Ato]dl|i= Optical density (OD) kol
1.0¢ w7k 4 8aA7E Ak, skARE OD gkol 1.59 W, PMAE 2] ¥ real-time PCRE A4S o 5
E Aol AlTrel o] Aasllsol WA plate counting®l 93t CFUE Al S7I8HdTh vixeeg 2%
CHXE 28 48855 AolSl= E. faecalis®] FHA o] #aste A& PMA 219 real-time PCR W&

o] &3l gelskitt.

FH0] : E. faecalis, real-time PCR, propidium monoazide, chlorhexidine
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