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Background : Pigment production and acidification of ribose are most frequently used
biochemical tests for the differentiation of three enterococcal species carrying vanC genes such as
Enterococcus gallinarum, Enterococcus casseliflavus, and Enterococcus flavescens. However,
pigment production may occasionally be negative in E. casseliflavus, and some of E. casseliflavus
may be negative or delayed reaction with ribose fermentation test. So, we performed this study to
find out biochemical tests capable of distinguishing the strains possessing vanC genotypes.

Methods : A total of 17 enterococci composed of 14 clinical isolates with motility or pigment
positive strains and three ATCC strains (E. gallinarum ATCC 49573, E. casseliflavus ATCC 25788,
and E. flavescens ATCC 49997) were tested by multiplex PCR of the vanC genes (van C-1, vanC-2,
and vanC-3) and various biochemical tests.

Results : Among the 17 isolates including three ATCC control strains, four were genotyped as
VanC-1, 11 were VanC-2, one were vanC-2/3, and any of vanC genes were not detected in one
clinical isolate, respectively. Among the enterococci with vanC genotype, acid production from a-D-
cyclodextrin and hippurate hydrolysis were positive only in VanC-1 genotype (E. gallinarum), acid
production from glycerol and methyl- a-D-mannopyranoside were positive only in VanC-2 genotype
(E. casseliflavus), and acid production from rhamnose and pigment production were negative only in
VanC-1 genotype. Acid production from a-D-cyclodextrin was negative only in VanC-2 genotype.
The positive rate of ribose fermentation of VanC-1, VanC-2, and VanC-2/3 (E. flavescens) genotype
were 100%, 82%, and 0%, respectively.

Conclusion : Acid production from rhamnose, a-D-cyclodextrin, B-D-cyclodextrin, glycerol and
methyl- -D-mannopyranoside, pigment production, and hippurate hydrolysis test were useful
biochemical tests for differentiating E. gallinarum from E. casseliflavus. The production of acid from
a-D-cyclodextrin, glycerol, methyl-a-D-mannopyranoside and ribose were suitable biochemical
tests for differentiating E. casseliflavus from E. flavescens.

Key words : VanC, VanC-1, VanC-2, VanC-2/3, Enterococcus casseliflavus, Enterococcus
gallinarum, Enterococcus flavescens, Biochemical test.
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flavescenso]TH(1). o]# & VanC E@ F &3+ 37}
A A7ae A Aol uiF fFAE B ol
Enterococcus faecium@t = ZPEol o1& A7}t 7
e FEF TS HMAe 84 AY. 44 A
E 2 ribose BEH Ago] BoH}(2). 2y, &
Y ANEE A5 FEAL £ U2 MF2=ET} 30
Tols 4R FFE 48AWAR Hjg ol SRR (3)
T3 477 BReAe Aol A, vl 54
249 ¥R Y E. gallinarum3 E. casseliflavus TF ¥
Z}z} E. faecium™ E. mundtiZ® F3 2 7Fsdol o}
(4], A2 A #E £ FHRAHY B9 ol E
casseliflavus TN A AP 3L FF7F 7] o
o A ANEH 34 AYWRe 2 E gallinarum
=} E. casseliflavus® B #3 TR £ 7leAol
AH(5). Ribose BEHMA QL E. casseliflavuset E.
flavescensE ZHEE + e Aoz 49A dov
E. casseliflavus®] A¥ FFE S401AY ¥ A
vetd 4 3io(6).

ole] AA}F2 VanC XA &3l FFdE 4
&3ta FFsA EE F e A3E AEE 2a
A& ATE AYEA . ‘

M= 3

A

VanC E@ Y] &3l FFdo T Lis}
FE dREYF 1459 EFTF 3FE Rz o
TE AP, dAEEF WEFe 4371544
97T} A g9 F oA Egwe sAFRR EFE
T F+ E. gallinarum ATCC 49573, E. casseliflavus
ATCC 25788 Y E. flavescens ATCC 49997°] %1t}

2. M3tety SHAH

VanC #3@% FFde 78 T4 AHLE yshg
AEE A R ASES FHA M9 88 FE
qa g ANRB), 548 AE03), CAMP A|(7],
hippurate 7}5=%38] Al (7)., arginine dihydrolase A @
(8] mannitol (Hayashi pure chemical, Japan), sorbitol
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(Yacuri pure chemical, Japan), arabinose (Sigma Chemical
Co., St. Louis, Mo., USA), raffinose(Junsei chemical Co.,
Japan), sucrose (Junsei), methyl-a-D-glucopyranoside
(Sigma), methyl-a-D-mannopyranoside (Sigma), ribose
(Sigma), a-D-cyclodextrin (Sigma), B-D-cyclodextrin
(Sigma), glycerol (A 348}, ¢13), rhamnose (Sigma) R
erythritol (Sigma)e] At A Al¥o|ch. AN AY&
phenol red base agar (BBL Microbiology Systems,
Cockeysville, MD., USA; ©]8} PRBAZ %F%), cystine
trypticase agar (BBL; ©]| 3} CTAZ °}gh) ¥ cystine tryptic
agar (Difco, Detroit, Mich. USA; ©]13} CTAZ 23 ¢} Al
259 JlzuR el 27 B ARFEFE =9
filter2 B3 £A4L 1% F=EZ H/HE H 96 well
micrplateol] 300 uL¥ FF3ch. A AEE uiF
F 24433} 48A1 3l AFE BESIUT.

3. PCR g3

7729 DNATE proteinase K9 /22X &Y
£ o] &% 48319 A Z(Easy-DNA™ kit, Invitrogen Co.,
USA)E AH&-3ted eE2E 1-2709 F7a I
A F2&89th. VanC-1, VanC-2, VanC-3 A F%
£ 9% oligonucleotide Al &A1&} F71E-E Table 13}
27}(6,9.10). PCR ¥H-g EFEL AT DNA 32
o 5uL, PCR €+34(10 mM tris-HCl pH 8.3, 50 mM KCl,
15 mM MgClz) 5 uL, Taqg DNA polymerase (Behringer
Mannheim, Germany) 2.5 U, Z+zt2] dNTP 200 M 2
VanCl-1, VanCl1-2, VanC2-1, VanC2-2 A& A& Z+zt 5
PM, VanC3-13t VanC3-2 A2 A& 15 pME A7t ¥
gol& ZHFDDWE 7kl 3 37} 50 L S
3+ ¥ multiplex PCRS Al 3)3}%1 1, muitiplex PCRo A
VanC-2 8| #3d A5 VanC-2¢ VanC-3 2
Ztoll gt PCRES A3t PCR W& Thermocy-
cler (Mastercycler 5330, Eppendorf, Hamburg, Germany)&
o] 83} predenaturation®. & 94Co A SEZ 71§
¥ main cycleZ 94T 30%, 58T 30%, 72T 30% & 30
3 WHE3n o2 712CAAM 108 A3
PCR ¥tg AME-2 agarose gelo| A & 7] E(100V, 308)
& F AL A3t A DNA 28-S #1383 markers
100 bp DNA ladder (Gibco/BRL, LifeTechno-logies Inc.,

Table 1. Primers used in PCR amplification of VanC resistance genes

Gene Primers (5’ —3") Product (bp) Reference
wa VanC-1 sn GAA AGA CAA CAG GAA GAC CGC 796 i
ATC GCA TCA CAA GCA CCA ATC
VanC-2 CGG GGA AGA TGG CAG TAT 484 10
CGC AGG GAC GGT GAT TIT
VanC-3 GCC TTT ACT TAT TGT TCC 224

GCT TGT TCT TTG ACC TTA
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Gaithersburg, USA)S A3tk

2 =

dAHAAN 2R 14579 FF+F F VanC
multiplex PCRO A VanC-13} VanC-2& 242} 3539 10
FoA HEHNRL BEFFY E. gallinarum ATCC
495733} E. casseliflavus ATCC 25788 Z+Z}t VanC-l,
VanC-29] 323l DNA £ & EHon E.
flavescens ATCC 499972 VanC-28} VanC-3% 2% 7}
A3 YA AYTHFig. 1). Multiplex PCRY| A VanC-2 £¥ o]
2R 1139 E. casseliflavus®} 152 E. flavescens®)
VanC-39 W§ PCRAIM & E. flavescens?to] VanC-3
232 5yt d3AAMANA yellow pigmentE HHE
17 F € PCRAA &4 ¥HgolUtt.

olg, Zelz, g, olold, BUE

2345678 91011121314151617

Lane

796 bp —
484 bp —
224 bp—

Fig. 1. Multiplex PCR of the VanC genes of enterococcal
strains with the VanC phenotype. The standard in lane 1 is
the DNA ladder. Lane 2 to 4 are E. gallinarum ATCC
49573, E. casseliflavus ATCC 25788, and E. flavescens
ATCC 49997, respectively. Lane 5 to 7 are clinical isolates
of E. gallinarum, and lane 8 to 17 are clinical isolates of E.
casseliflavus.

Table 2. Biochemical reactions of 16 enterococci with VanC phenotype and 1 isolate of yellow pigmented Enterococcus
ORG Media Incubation
{No) tvne

% of biochemical reactions by incubation time Cs
time (hr) -

MAN SBL ARA RAF SUC MGP RIB ACD BCD GLYMMPRHA ERY ADH PIG MOT HIP

EGA CTA (BBL) 24 100 0 100 100 100 100 100 100 75 0 O O .0 100 O 100 100
“ 48 100 0 100 100 100 100 100 100 75 O O 0 o i
CTA (Difco) 24 100 0 0 75 100 100 0100 o0 O O o0 O
48 100 0 25 100 100 100 50 100 75 O O O O
PRBA (RBL 24 100 0 100 100 100 100 100 100 100 O O O O
48 100 0 100 100 100 100 100 100 100 O O O O
ECA CTA(BBLY 24 100 18 100 82 100 100 8 O O 100 91 100 O 91 100 91 0
(11) 48 100 18 100 100 100 100 82 O O 100 91 100 O
CTA (Difcoy 24 100 18 0 8 100 91 27 O O 55 8 27 0
48 100 18 36 91 100 91 45 9 0 100 91 8 O
PRBA (BBL) 24 100 18 100 100 100 100 91 O O 100 91 82 O
48 100 18 100 100 100 100 91 O O 100 91 100 O
EFL CTA(BBL) 24 100 0 100 100 100 100 0O 0 0 O O 100 O 100 100 100 O
1) 48 100 0 100 100 100 100 0 0 0100 O0 100 O
CTA (Difco) 24 100 0 O 100 100 100 0100 0 0 O0100 O
48 100 0 100 100 100 100 0 100 0 100 O 100 O
PRBA (RBL 24 100 0 100 100 100 100 100 100 O O O 100 O
48 100 0 100 100 100 100 100 100 100 100 O 100 O
YPE CTA (BBL 24 100 100 100 100 100 100 0 100 100 100 100 100 O 0100 0 0
1 48 100 100 100 100 100 100 100 100 100 100 100 100 O
CTA (Difco) 24 100 0 100 100 100 100 0100 0100 O O O
48 100 0 100 100 100 100 0 100 0O 100 100 100 O
PRBA (BBL 24 100 100 100 100 100 100 0 100 0 100 100 100 O

48 100 100 100 100 100 100 100 100 100 100 100 100

Abbreviations : ORG, organism(s); BCs, biochemical reactions; MAN, mannitol; SBL, sorbitol; ARA, arabinose; RAF, raffinose; SUC,
sucrose; MGP, methyl-a-D-glucopyranoside; RIB, ribose; ACD, a-D-cyclodextrin; BCD, B-D-cyclodextrin; GLY, glycerol; MMP, methyl-
a-D-mannopyranoside; RHA, thamnose; ERY, erythritol; ADH, -arginine dihydrolase; PIG, pigment; MOT, motility; HIP, hippurate
hydrolysis, EGA, E. gallinarum ATCC 49573; CTA (BBL), cysteine trypticase agar manufactured by BBL; CTA (Difco), cysteine tryptic
agar manufactured by Difco; PRBA (BBL), phenol red base agar manufactured by BBL; ECA, E. casseliflavus ATCC 25788; EFL, E.
flavescens ATCC 49997; YPE, yellow pigmented Enferococcus.
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Table 3. Results of biochemical tests for the differentiation of enterococci with VanC genotype

VanC % of positive reaction of biochemical test by media
genotype CTA* PRBA* CTA* or PRBA*
RIB RHA ACD GLY MMP PIG HIP
VanC-1 100 0 100 0 0 0 100
VanC-2 82 100 0 100 90 100 0
VanC-3 0 100 100 0 0 100 0
Abbreviations: See table 2.
*Manufactured by BBL.

178252 A3st Al @elA CAMP A gL 25 &4
ol:, Atg3 HSEAAMe MA AYe HAde
FddA o, F dAFHuA A 3-EHYA o5
£ ¢l 1 arginine dihydrolase, M2 AlY, 54 2
hippurate 7}583] AlE & v FA| ko] WE Ao 3}
ol gt

VanC-1 739 BBL3AlS] CTASt PRBA HjA &
o] &3 FEIHAH L W g7t utE Fol7t gl
Y Difcoe] CTAE 48413 v o)A arabinose}
raffinose= ¥ TFH, riboses} B-D-cyclodextrine 24z}t
2F9} 3F7 YA 2 uF A tH(Table 2). VanC-2 F+
o] GEsIA1¥-& BBLS CTAS PRBAS 7 %9
raffinose, ribose ¥ rhamnose & A &3l 7| 2R A&
Ex #g7|Zte & Aol7t il ey Difcod] CTA
£ wjek7|ztel u}el arabinose, raffinose, ribose, a-D-
cyclodextrin, glycerol, methyl-a-D-mannopyranoside =
rhamnose 4] €2 2to}7F A cH(Table 2).

VanC FAAE 7HA 3 ke e Ass Ad
2 24X EFFE A= o B-D-cyclodextrin FE 3]
Alg 2} hippurate 7}FEE3 AP VanC-1 3 Y(E.
gallinarum) N A FAd ol ar, glycerol® methyl-a-D-
mannopyranoside B &3 Al@-L VanC-2 A ¥ (E.
casseliflavus)o| A5t FAJolR o, thamnose } pigment
AL VanC-1 A ZAANTE F4lAR a-D-
cyclodextrin BE3] AlEL VanC-2 FA A% &4
olautt. ®EJ VanC-1, VanC-2 2 VanC-2/3 (E.
flavescens)©] ribose B E3 FJELS &2 100%, 82%
2 0% TH(Table 3).

]

o

Enterococcus gallinarum, Enterococcus casseliflavus
2L Enterococcus flavescens'= glycopeptides©l] &9
AGWAdE& Bole VanC E¥Y 9 Fraozy 494
AA A A=t ¥u 43F 2oyt Heuz
ol FFol Wi A& 2d A Bl AU,
23y A2 Coombs F(11)& Bar] HelFelA
£33 49 E. gallinarum ¥ Fo X VanC FRAX B3 o}
Y VanA FAAE A& o] @FA Aol

2l vancomycin 85 Wido] #E AL ¢o 2 VanC
Ed¥ L3le FFTNAE 2FES vancomycin
Addel 288 7hsAdS A ke Reluz g4
o2 F8% 9ot dvkm vt £ VanC K3 Y
el 9% HE¥F T AWHIL vancomycin
Az PAdo g QA% vancomycin X8 AW E A1YE 2
A & U7 A& vancomycin ZAd FFTH
vancomycin A =WAdQ VanC B3 F2ao) B Es)
3 AE&F A 53 el asditi(10).

FAEH LM E 19993 49ARY F3To 7
H 549 A8 S E017] 93 J1EY AT
{8)l L-pyrrolidonyl-B-naphthylamide (PYR) Al 83} CTA
(BBL) 7] 24X 9] A 2] mannitol, sorbitol, sucrose L
ribose FES Al @S F713td AR3ta Q1o VanC
BE@Y FpAol &8l E. casseliflavus$} E. gallinarum
< & A, E. casseliflavus$} E. flavescens ribose
Aggez Estnz ZARE 3L E sledel
A, old VanC BEY ZF7a& A5 F &5
ZAd 3 & U= AEEg A #3% VanC £
Y Aoy #gE T /&% Aoz Bud
(3,13,14) A8 FH F dut HAHA A A%
g 5 U3 Ak JHFo] AYI AES AP ez
Agsigor FE AL 712 q e Aysis
A9 Aol & H ek et

B A7 A3 9|31R E. gallinarum=} E. casseliflavus
E Zdstede AAA o9 d % rhamnose, a-D-
cyclodextrin, B-D-cyclodextrin, glycerol ¥ methyl-a-D-
mannopyranoside & 32} hippurate 7}5E3 A@F
o] vj& #&& B3 AlFo|Ad}.

E. casseliflavus$} E. flavescenst= T ¥-¥-2] 3318 4
‘do] frAetH ribose Al o2 3do] 7t AR
g2 A U (2). 28 Y Clark $(6)2 1259 VanC-
2/3 -1 (E. casseliflavus—E. flavescens) 2} ribose ¥+-3
€ dFY wiFetA sFFe] S| Fol
¥t 123 EEU FAHYS Ry, & 947
X 11539 E. casseliflavus F F 25(18%)7}
ribose SA4°IUtt. ol AHAER E w ribose Al
deto 2 E. casseliflavus$} E. flavescensS 3 &3] 3
HE & gle @571 7] dEd F a5 EE 4§
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HHE VanC #3238 AA T O & Y3 Agol
gasdt. B dFdA e ribose APl A% o-D-
cyclodextrin, glycerol 3 methyl-a-D-mannopyranoside”}
E. casseliflavus$} E. flavescens®] 7o) 528 & 4
Qe AEE AP o2 e-D-cyclodextrin ¥ glycerol 4]
He FR A AFRSle 7126 9} vl A Tl uhel &
= A3} 3}o]7} Y21} methyl-a-D-mannopyranoside
£ ribosecl] S lAY E. casseliflavus A = FAd oA
1 1ZEA R W)t e B Wit gl
AT}, E. flavescens7t MEL FFTAA | A e
AT Al wat thxe] =] gt} 19914 Pompei 5
(14)& o743 XNEE AA3AD 48] FAAA 2
EAH =3 M2 FAA R E. casseliflavusSt&
plasmid DNA %423 °] 29, ribose, methyl-a-D-
mannoside & D-turanoseE £&|31R] £l 4539 AT

< RE39 3, 1992id9]+= DNA-DNA hybridization
< XTI} A8 ANEE B3 olE 4dFE AELR
77 E. flavescensd < HudFvr(2]). 28
Descheemaeker 5 (15)-2 pulsed-field gel electrophoresis
I £ oligonucleotide D11344-primed PCR| 4] E.
casseliflavus$} E. flavescenss ZEE § I3, Clark
S(6)& 217339 E. casseliflavus =¥ E. casseliflavus-
E. flavescens 257} VanC-2 +3AAE 7IA 2 U3 ©]
7FeH 10FE VanC-3 3RS 34 7ix 3 glems
E. flavescense M 2L TdFo] ol VanC-3 HA Y
£ ZAd 7ML A E. casseliflavuse] HolFEL 7}
B0l 7] W&ol o|E 3 WMo|FL E. casseliflavus-
E. flavescens2 T%vg o] W7 = olok & FA3A.
B dFNA 1139 E. casseliflavuse VanC-22+& 7}
AR A ew E. flavescens EETFE VanC-2%
VanC-3& A9 7FAl 2 %t}

B QA FN\A E. flavescensE TR Ho] BEIRdA I
#F(YPE)Y= VanC PCR &4 22X sorbitol, a-D-
cyclodextrin®} B-D-cyclodextrin A ©]HA arginine
dihydrolase S4¢) Aol AY A E. casseliflavus 2]
o] H ol e API 20 Strepoll 1 & Leuconostoc spp.
(profile No.; 5014551, %ID; 63.9, T-index; 0.60)°] %1 32
BBL crystal Gram-Positive ID systeml| A& Enterococcus
raffinosus (profile No.; 2650777636; biotype validity; 943,
confidence; 0.8093)% T},

2 o

B A : VanC FAAE Z3 Y& Enterococcus
gallinarum, Enterococcus casseliflavus R Enterococcus
flavescens2] ZE FA 71 &3] ALede A8
APe Mo YA3F ribose BERE APl 224,
A A YL E. casseliflavus) A 49U 4 e, E
casseliflavus®] ¥ TFE ribose FEE Algo] &4

olg, o=, g, olojd, BeE

ZE dgo] A Ueg F Utk old AARFTL
VanC F3AE 7IA2 & 378< 348 + Jde
A3 AP S Fu & AFE YR

g oE o JARAANN BB BATE F EEEE
e Ma AR FAoAY 1439 FFdTH} E
gallinarum ATCC 49573, E. casseliflavus ATCC 25788 2
E. flavescens ATCC 499972 33+& X3 1759 AT
TE YACE VanC-1, VanC-2 2 VanC-39) W%
PCRI} o7 71A] 4318 54 A@E APsAot.

A o FFE REDTF 3FE LR 17FY BT
T % VanC-1, VanC-2, VanC-3€ 2zt 4%, 115 2 1
FAn 92AAANA € 1FE VanCPCRAA &
doldt. VanC FAAE 7M1 e F+F F 8-D-
cyclodextrin B £3] A&} hippurate 7}5E8 Al@2
VanC-1 %A 8 (E. gallinarum) N AT FAo| A1,
glycerol®} methyl-a-D-mannopyranoside B3] Al @&
VanC-2 %A 3 (E. casseliflavus)| AT FAd oA,
Rhamnose®} pigment 34 VanC-1 A F AL &
Aol 2 a-D-cyclodextrin B¥3] A|¥L VanC-2 &3
ol EAolith. VanC-1, VanC2 R VanC-2/3
(E. flavescens)2] ribose B#3 YA EL ZHzt 100%,
82% 2L 0%t}

2 2 ! E gallinarum E. casseliflavus®] 244 &
Ao #83% W3 AFoZE rhamnose, a-D-
cyclodextrin, B-D-cyclodextrin, glycerol 3 methyl-a-D-
mannopyranoside®] Z£3 A|@ 3 M4 A1 B hippurate
B AP ol 3L, E. casseliflavus$} E. flavescens] 7+
E A d & a-D-cyclodextrin, glycerol, methyl-a-D-
mannopyranoside$} ribose FE3] Algo] AT},

b
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