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Abstract: Three isolates, E. faecium P1, P2 and P3, from
intestinal drugs of three phamaceutical companies, four clini-
cal vancomycin resistant isolates, E. faecium V1, V2, V3 and
E. faecalis V4, and three isolates, E. faecalis DW01, DW07
and DW14, from infant feces were tested for the presence of
virulence genes, ace, agg, esp, efad, gelE, sprE, vanA and
vanB as well as fsrABC, regulatory genes of gelE and sprE,
cyIMBA, cytolysin activation genes and cpd, cob and ccf,
pheromone genes by PCR and for their phenotype activities
such as protease, biofilm formation, cell clumping and hemol-
ysis. The genes encoding cell surface adherence proteins, ace,
agg, esp and efad, were predominantly amplified from the
vancomycin resistant strain V4 and the fecal isolates DWO01,
DWO07 and DW14. Both protease and biofilm formation
activity were detected only from E. faecalis V4 from which
the PCR products of ge/E and spreE as well as fsrABC were
amplified. The pheromone genes were amplified from the V4,
DWO01, DW07 and DW14 strains and these strains showed
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clumping activity. Biofilm formation was observed from the

strains DW01, DW07 and DW 14, all of which produced PCR
products of pheromone, and V4 as well. Whole cytolysin reg-

ulator genes were amplified from DW01, DW07 and DW14

and B-hemolysis activity was detected from these strains. Any
virulence genes or activities except the pheomone gene ccf
were not detected from the pharmaceutical isolates, F.

faecium P1, P2 and P3.

Keywords: Virulence factor, Enterococcus, Biofilm, Clump-
ing, Hemolysis
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Al WHEAUARE AEE FUHTSHAR] Ace
(adhesin to collagen of E. faecalis), Agg (aggregation substance),
Esp (enterococcal surface protein) 2 EfaA (Enterococcus

Jaeclis antigen A) 53} E3 Tkl 2 91 GelE (gelatinase), SprE
(serine protease) ¥ cytolysin 5-©] 31t} [4].

Vancomycinof] Tk tj4d 2] Q10| &&= VanA, VanB 5%
AR o] &bz Atatoll 2A8HA ¢F B = Aotk A
Fat0] vand FAAE 273 7-$- vancomycin} teicoplanin
Hirof dfs) WS Holw vanB FAAE HGd 49
vancomycin®]] UlA-S X o] X9t teicoplanino] = 7F<-Al S
It Vancomycin WA o 5= YA Aol 23 A=A
&2 FAE 5 7] ol W7 B5Ad QS A4St
IS A A Agho] gk ggof oIt [S].

Acet= collageno] Agtsto] gotat o] 221525 =91,

lo fz

Agge AlZ7]H o] FalE o e it HE2es
w3z w 5= A9 (conjugation)of] o9t A} Flo] B

agg®) WAL §AT 4= 97] ohEe] FAA WEA AR
2 2R3t} @474 Cpd, Cob, CefE EFHe

50t adhesin® 2 & A QA9 E. faeciumo)| A= 1 7| %
g2stAl ekt [71.

GelE®} SprE+= protease = gelatin, casein, collagen, fibrin 5
off teh F 91k a2 ol lom e F/goll st
A9 LA HedS ST Ao dEA
tl. GelEQ} SprE:= 241 2 24 G- A<l fsrABCeof| o) 3) &a
o] 2 Hr} [8]. Cytolysin cylMBA 3 %}of| of s 2 o}
W guEo] 4T W ANES Haloh BAL Baltt,
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azoreductase, nitrate reductase, cysteine desulfurase, coagulase,
DNase, urease, lipase 5-2] 3-3j & A 0] o5t SA AT = A A
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Agg, GelE, SprE, cytolysin, 32 29| 7% 4stst 49 5
g At

o

sH T [10].

2A% R gy

21. 45

REAFE E. faecalis S1 (ATCC29212)1} E. faecium S2
(ATCC19434), B Yo A Ea]st A £22] vancomycin 4
E. faecium V1, V2, V3¢} V58302 A2 YA o3 E.
faecalis V4 (ATCC700802), Al Ao} B o 2 Kg Be|d} A
229 E. faecalis 45 DWO01, DW07 2 DW14, <Ujjof A]
OJoFE 0 2 o] -85}l Q= FAA Al 7FA] Al Foll A Eef gt
E. faecium P1, P2 9 P3& AME-3} 9T ATCC #3= 5
ol A EF Hetom DW 3= Algote] ®of Al &5t
L, P o= AFolA Eesteh A i+t = drl
74 24, AdeuiA] Eefufek, 16S rDNA 97|14 E &4 4
APl 7|EE o] &3t AHS AA st #3578= sHAAIRE
o] A¥t= 2 Aol a3shA] gkl

)
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2.2. PCR ¥H-&

Total DNAS 5.2|3}7] 9|8 43S TSB 3 mLoj| A 23t
T 37°Co| A 12A]17F v FsF4 T} 7500 ipm e 2 35 FoF
AE st o2 22 thy w3 YRl HR O = total
DNAE &3} %t} [11]. PCRo|| ©]-8-3} primer= NCBI2] &
AL ol A A §A% 97149 Fxete] A2 ol
Sttt (Table 1). PCRS 343517] ¢t 2AL 2.5 mM
dNTP 4 uL, 10 X PCR buffer 2.5 uL, total DNA 0.5 uL,
DMSO 1.5 pL, primer (F) 20 pmol 0.5 puL, primer(R) 20 pmol
0.5 uL, 554 15 uL, nTaq“™polymerase (Bio-Rad, USA)
0.5 pLo]t}. PCR I o A cycle 2 95°Cof| 4] 78, cycle 1T
(30 cycle) 95°COllA] 15, 55°Co| A 15, 72°Co| A 15,
cycle = 72°Co)| A 72 =315} 4t} PCR 7] A= Eppendrof
Gene Cycler (Germany, Hamburg)E AF8-3} %t} PCRO| A}
&3t primer 4 (F)HFo] 2 H 2 0] o] 5} ).

2.3. Gelatinase®} Serine protease 4423

Gelatinase %2 93l 3% gelatin ¥} Z] (peptone 0.5%,
yeast extract 0.3%, gelatin 3%, agar 1.5%), serine protease =
AL Y3l skim milk B A] (skim milk 2%, beef extract 0.3%,
peptone 0.5%, agar 1.5%)°] #+& HE3}aL 37°Cof| A 24~48
A7 vfjoFsl Tl 0.5 mL Frazier &9 (mercuric chloride
15 g, 38% H4H&- 20 mL, S5~ 100 mL) v A]of] E 3
= 4 o Flof Frggho] A7 A FAdHk-g-oltt [12].

2.4. Hemolysis 23

Thermo Fisher Scientific Inc. (UK, Hampshire)?] Oxoid &
ol3kA uljX| (Lab-Lemco powder 1%, peptone 1%, sodium
chloride 0.5%, sheep blood 5%, agar 1.5%)°]] = HE3}L
37°Cof| A 48A1 2t & 71/ vl st gl [13].
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Table 1. PCR primers for detection of virulence genes

b . o Gene bank Anticipated
Gene Primer sequence (5" to 3°) accession number product size (bp)
ace AAGTAGAATTAGATCACACTCTATCACATTCGGTITGCG JF512475.1 320
agg AAGAAAAAGAAGTAGACCAACAAACGGCAAGACAAGTAAATA X17214.1 1,150
gelE ACCCCGTATCATTGGITTACGCATTGCTTTTCCATC EUS862241.3 419
sprE GTCAATCGGAAGAATCACTGCTGGCACAGCGGATA HES574483.1 649
fsrd CTAAGTAAGAAATAGTGCCTTGAATGAGTGAACAAATGGCTATTTA HES574483.1 743
fsrB CATCAGACCTTGGATGACGACGGAATACGATCATCGTGTG HES574483.1 854
fsrC CAACCGTGCTCTTCTGGATTAGAGTAACATTGATCAAGATTGA HE574483.1 1,140
cylM CTGATGGAAAGAAGATAGTATTGAGTTGGTCTGATTACATTT L37110.1 742
cylB ATTCCTACCTATGTTCTGTTAAATAAACTCTTCTTTTCCAAC L37110.1 843
cylA TGGATGATAGTGATAGGAAGTTCTACAGTAAATCTTTCGTC L37110.1 517
esp TTGCTAATGCTAGTCCACGACCGCGTCAACACTTGCATTGCCGAA AF034779.1 933
efadfs GACAGACCCTCACGAATAAGTITCATCATGCTGTAGTA CP002621.1 705
efsdfim AACAGATCCGCATGAATACATTTCATCATCTGATAGTA AF042288.1 735
cpd TACGGCTCTGGCTTACTATGGTGGGITATTTTTCAATTC HF558530.1 782
cob TTGTCATAAAGAGTGGTCATAACATTCAGCAAACAAAGC HF558530.1 1,405
ccf AGCCGCTAAAATCGGTAAAATGGGAATTGAGTAGTGAAGAAG HF558530.1 543
vanA TTGGGGGTITGCTCAGAGGAGCTTCGITCAGTACAATGCGG JN207933.1 931
vanB AATGCGGGGAGGATGGTGCGGATGCGGAAGATACCGIGGC JF411081.1 446

Dace, adhesion to collagen of E. faecalis; agg, aggregation substance gene; gelE, gelatinase; sprE, serine protease; fsrABC, two-component regulator
system of gelE and sprE; cytA, cytolysin activation, cylM, cytolysin modification, cy/B, cytolysin transport; efaAfs, E. faeclais angtigen A; efaAfm,
E. faecium angtigen A; cpd/cob/ccf, sex pheromones; esp, enterococcal surface protein; vandB, vancomycin resistance determinants A and B.

25. 8% Y &4

Kristich 5-0] 43 oF7k wigjako] 27 aksic} [14]. TSB
3mLoj #& HE3H 5, 37°Co| Al 16A]7F vl ok ict. o vl
oFoll 10 pLQ} 1% glucose 3E35H= TSB 1 mLE 24-well Hj]
oFubo] @11 37°Col| ] 2447k I o] ujokal it 2E s
3mLE HjFTHE 53] AojE F 1% crystal violet 30“
500 uL= 15 5¢F ARt § e 2 53] A&
95% ethanol 2.5 mLZ 2r445}31 ODspol| A S8 &4 3}

Act.

26. 928 $9 A= % $F (clumping) &3

F 22 Busks DWOI1 F50l A Jayanti 59| <
o] gslo] HZE QoS Ao & AT o]L3tT)
[15]. XA &S 93f BHI (brain heart infusion) 3F 1} 2] of
A 719 gAFE 22 3 /1= BHI ¥ 3 mLo| A&35}
o] 5x 108 mL7}FA] 7]% & o] ujjoFol 0.5 mLo|| H| 22 &
0.5 mLES H7}stgich EgH-S 37°Co) 4] 3A7F wut ujoF
o & A An]F o= HEEk i

27. %3aL gES

Azoreductase 242 Rafii [16] 52 W of uhet A H5HS
o1, coagulase (BD BBL™ coagulase plasma, USA, NJ, Cat
No.240827)2} DNase (BD BBL™ DNase test agar, USA, NJ,
Cat No.211179)= B/ 54 7| EE o sho] Al=Abe] W
o we} =435} th. Nitrate reductase, cysteine desulfurase,
lipase, urease ] &> =2 [10]2] Wi of] whet 574 531t

RE-L. g 1k
3. 374 W5 FAA 2 §4 24

PCR il 0.2 Sheoldt #H50] WEA AR et &

4 4 2548 Tule 20 A o1 Ao ATt
24 _,_zl °z % Qubsl= WEA 8422 ace, agg, esp,
efad®] PCR AbE- A A ot ol A 8t 74A] o] 4 &
A% A

Collageno] Agtoh= Tl AL ¢35 Q}o]-~ acex= vancomycin
WAt 522l E. faecalis V4 9 2522 E. faecalis S10| &
AsFAARE A A R et w5 EZT ThE ol
A A E A st

A9 AR AT O] RS B age $UAE van-
comycin WA w322l E. faecalis V42} A1 Ao} Bl A 2
3 E. faecalis DWO1, DW07 2 DW14 #3204 &5ttt
Agge F| ZE {H| S 5ol oJ8f Wdo] ko]
T S AE 7] Wzl Bl = AL epd, cob, cofs
B GokE 252 DWOIS| Aol W olststel 2o 4
e $HUH ol &3kt (Fig. 1). agg F 847} 2kl
= E. faecalis V4, DW07 2 DW14 #F= S3HFSS B Y
A9k agg PCR A= DA 33 A 2]t E. faecium
P1S S ulS S Eo]x] okorth. Dunny So] WrE3t 2}
[1712} 28 SHH2S de Ao g Hol y2E S AHRE

BHG3l= A5 E faecalzs DWO012] Ar5-olof 9J3f agg 4
Ap7h g E o] SR HRg-o] dojt Ao 2 siA T 4= Q=4
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Table 2. Virulence genes identified by PCR from Enterococci

Virulence factors

Strains
ace agg cpd cob

ccf gelE sprE fsrA fsrB fsrC cylM cylB cylA esp efaAfs

vand  vanB

efadfm

E. faeciun P1 - - - - - _ _
E. faeciun P2 - _ _
E. faeciun P3 - _ _
E. faeciun V1 - _ _
E. faeciun V2 - - -
E. faeciun V3 - -
E. faecalis V4 + o+
E. faecalis DWO1 -+

+

+

+ |
|
|
|

E. faecalis DW0O7  —
E. faecalis DW14  —
E. faecalis S1 +
E. faeciun S2 - - - -

I
+ o+ o+ o+
+ o+
+ o+t
e

|

+
|
|

— — — _ — — _ + _ _

+ +

|
|
o+
S S SO B
+ o+ o+ |
+ o+ o+
|
+ o+
+ o+ o+
|

+ o+ o+ o+
+ o+ o+
|
|
|

|
|
|
+
|
|

The virulence factors were marked as + when the anticipated sizes of PCR products were obtained.

(a) - (b)
(C) - (d)

Fig. 1. Appearance of clumping cells induced by supernatant from
E. faecalis DWO01 containg the sex pheromone genes. (a) Control
(supernatant of DWO01), (b) E. faecium P1, (c) E. faecalis V4, (d) E.
faecalis DWO07, (e) E. faecalis DW14. Arrows show the clumping.

A Aol & wEe
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Espe= A+ S 20 oA e F4 L A= I
& sl Tl R AelA glon] 1 AE ATl 4 E 4
A B85 E. faecium P1, P2, P3¢} E. faecium S2 4 E.
Jaecalis VA5 A &)t vancomycin WAHF E. faecium V1,
V2, V3 9 AlAjo} B By 13 F faecalis DWO01, DWO07,
DW140] A esp PCR 4= A Ut

efad A= VI #55 AL BE d#5ollA B E
Qlt}. EfaA= E. faecaliso)| A A Uetd 53 7153t adhesin
o2 A YA E. faeciumo| A= 1 7]50] HEHA|
&t} [7). E. faecalis®} E. faecium®] EfaA ofu]l=Ail A E-2
73% HEe] §AAS 20]7] ulo] of wru e opnl b
g U] Aro) wet E. faecalis®} E. faeciumE 574 4~
S 71202 ol 4517| = Tt (18]

gelEQ} sprE= Tl A Faff &1t FEu FAd ol Bojst
= fARbo|th T AR = E. faecalis?) V4, DW01, DW07,
DW14 8 SI 50 4 B E| 1A 8 E. faeciumo] 4= 22
E) 2] QFQLTE. gelES} sprEE HAdte # 75 o83 24 4
B2 AAISFRAT E. fuecalis VATFO) Tl Ba|ghy S 1
ST} (Table 3). gelE} sprE7} A7) e = 28 G4

Table 3. Biochemical assays for virulence factors and virulence enzymes

Strains Gelatinase (GelE)  Protease (SprE) Biofilm formation Hemolysis Azoreductase
E. faeciun P1 - - 0.147 - -
E. faeciun P2 - - 0.158 - -
E. faeciun P3 - - 0.162 - -
E. faeciun V1 - - 0.144 - +
E. faeciun V2 - - 0.135 - +
E. faeciun V3 - - 0.131 - +
E. faecalis V4 + + 0.419 - +
E. faecalis DWO01 - - 0.846 + +
E. faecalis DW07 - - 0.699 + +
E. faecalis DW14 - - 0.489 + +
E. faecalis S1 - - 0.463 - +
E. faeciun S2 - - 0.19 - +

The + was marked when the each activity was detected.
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A9 firABC7H B2 5T G BT S Mol V4
ZFato] o] RS HAFHIL Gow o]k FHAYL 53

A Aol YA 5k= Aol
A& Aol Hofst= A= gelE, sprE R esp 0| A
U]— esp & O % -]X]J— HHO }_7‘]0]] II,]—FL]— /%]%U_]- oﬂ/ﬂ?ﬁEﬂ— q.%.
= ohal Haw ok [19]. =1 3 /4 7 fr3dApol] gt A

3.5 3101317] 93] AR Tl AF F2=o et Al a5 4] A
2 245900 Table 3014 & 5 9 AT A2} 3
Aol Ao g o FF= E faecalis V4 Y E. faecalis
DWO01, DW07, DW14 2 S1 #+F %t} V4 439 A EY g
4L gelESt sprE 3 AAE ATAZ 4= QAT esp A}
o A Y] A 25 A% EASHE A02 B

o ol APPAE 2L 5 gsieh WEH A2 s
et Sl a5 A 40 S et A
[15]7F slom o5 *e‘%‘rﬂ/%} ool A8 A HEE
ARl cpd®} cofs BF RAote 59 E. faecalis V4,
DWO01, DW07, DW14 ¥ S1 R 5% MET g Ao] W Ao
U 4 91300 2 B S A 340 e
B AE = B E. faecium ©) 3L BEE G0 WS of
FE= E. faecalis o1 0|9} & @ﬂ% gE =Rz
HPTL E] o] q. 20]

Cytolysin 4|22 8 25 Kol CyIMBAY] &)
ot 3 Fu|E 7] ojof o] T S S8 cylMBA
S AAFo] A& PCRE EHQ15}S T} (Table 2). &7 3t cylMBA
= Al oF EHoll A Ee] 3k o2l E. faecalis DWO1, DWO7,
DW14of| A9k 2HA & gict. Cytolysin®] 2432 g2lstr] 9]
A AR & o] &3 A HS AT A} o ek of
=2 E. faecalis DW01, DW07, DW14 o+31to] b-88 T4
X it} (Table 3).

Vancomycin Y A5 E. faecium V1, V2 L V3 F350]| A
= vand AR}, E. faecalis V4 4520 A= vanB A A7 &
A AAY Tk AN FEAAE AT 27
©]7] oroFt,

Z*]X—HX-]OE tﬁE/\‘] OZ%Z]-.__ B /\ET@EH/B]— T+
Jaecium R U= E. faecalisol| A AR =7 =90
Aot ERo A Eegt At A HsAd AR
TR HAE Ao R Hop Agkrof A WA A
L7 A E Y A 4 Q&S Btk

A et e #5098l o tﬂ—t—&.
PCR AtEo| A 5}A] ool At o 2 otA Ao
i 3 2 |k, 2 A Y| E2Folu; T AL SRF 7
E5E 1@455011 sHla At lon ol

O

o

A (T e b

=)
Ml

1o rlo ok

.‘
Jo

4 e m
£ o4r 30 4

[e5
Jﬂ ox.
-0,

O:

rr
o3

(g oL ¢

=

o off

Flas g 24
Ul J&o] Aol fa ass Aitstd
= Qs o7 74A] Aol fETh & A
A2 azoreductase, cysteine desulfurase, coagulase, nitrate
reductase, urease, lipase, DNase 52| S48A4 A3S A4

SF3ATh

Azoreductase /g Vo] HAA| Rt =5 A 23 2 o
Fo| A olE] gl o™ cysteine desulfurase, coagulase, nitrate
reductase, urease, lipase, DNase &AL BHA| x| oottt
(Table 3). Azoreductase’= o} % 7|5 L 3sl= F3HES Wb
= HFHol o2 A7 = Faffaso|tt. ofx3)
& oA 53] ot d w3 A&, o oFE, &4, 8
&E Y o] Eofoll A ARg-o] HaL gl 9 =d), AW v =
of oJsf otz P =m3}eHEo] R H Hdotdl B vhxE
ofglo] A= o] 52 AR atol| EAsh= Aol el 4

=
shejof w2 A& AT [16].

n=2= 0

4.3

ook g A A E&|Tt E. faecium P1, P2, P3ut59}
vancomcyin WA E. faecium V1, V2, V3 U E. faecalis V4 o
Z, Ao} BWo|A Eedt E faecalis DW01, DW07,
DWI4 27014 W54 § 870 274 2 94, §) 5 42)
/e Blasto] FAA 9 ehdAde et &4 AAIstH
‘i‘iﬁ}-

A oA e FFol A=
oJsta WA FAA Y %“é
AR ko) AlAoF B Ba] 52 9 vancomyein U] A
+Fo| M= ace, agg, cpd, cob, ccf, gelE, sprE, fsrABC,
cyIMBA, esp, cfaAfs, vanA, vanB 52 FHAA L G| aA 2
azoreductase EAJ o] AL Qth AR 2 & YE35H7)
213 8HA] A3 of| Al &= gelatinase, serine protease, A &2+ & A,

22 AR oS A
2e) T Rl Eae] gyol

o X]l{]‘]-.%_ DZE]—/H _Q_‘o‘ﬂp}/\-] EO] 1:”-7:]5]04];}. Jﬂiﬂ ﬁx]—?‘]
cef7t WAH E. faecium P29} P3 #F2] A9 AR} Ao

o] 75401 1% % 9082 elo] g 244 B0l B

Q3

£ 2 20040 AL S A nef o
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