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Mechanism of VanB Phenotype in Vancomycin-Resistant Enterococci carrying vanA gene
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Background : Recently, vancomycin-resistant enterococci (VRE) with the vanA genotype that are
susceptible to teicoplanin have been described in Japan, Taiwan, and Korea. The investigators sug-
gested three point mutations in the putative sensor domain of vanS or impairment of accessory proteins
VanY and VanZ as an explanation for the VanB phenotype-vanA genotype VRE. In this study, we
analyzed Tn 1546-ike elements to determine the molecular mechanisms responsible for the impaired
glycopeptide resistance of clinical VRE isolates with VanB phenotype-vanA genotype from Korea.

Methods : From 2001 to 2004, 28 clinical isolates of Enterococcus faecium with VanB phenotype-
vanA genotype were collected from 8 different university hospitals in diverse geographic areas in
Korea. For structural analysis of Tn1546-like elements, PCR amplifications for internal regions of
Tn 1546 were performed. The purified PCR products were directly sequenced with an ABI Prism 3100
DNA sequencer.

Results : The sequence data of the vanS regulatory gene revealed that none of the isolates had
any point mutations in this gene. All 28 isolates had a complete or incomplete deletion of vanY gene.
Of these, 13 strains represented a complete deletion of vanZ, and 2 strains showed the deletion of
nucleotides near the end point of vanX.

Conclusions : The mechanism of VanB phenotype-vanA genotype in VRE isolates from Korea is not
point mutations of vanS but the rearrangements of vanX; vanY and vanZ. (Korean J Lab Med 2006; 26:

412-7)
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F s By E o wAio] §43] F7ketal AT, 2]
n= 27 A7 7H=9 93] (National Nosocomial Infections
Surveillance System, NNIS) ol A+ Z3A}ao A EE =& At
& % VRES] H]&o] 1989¢] 0.4%914 19930l 136% 2
Z7¥eEd oM, 20043714 31.3% 2 B et8eS B sHATi3,
4], el A= 1992 bk o] WY 3xle] PAEAA van-
comycin®] IEWAS Hol+ Enterococcus durans 1575 B
I, o]% 1997d7kA] VREY] #e¥les v 2ot 1998
WHE 774 vancomycin AMH- S7H HEo] AAMA 7t
afal Ao, 61,

AF7#9] vancomycin WA E383 VanA, VanB, VanC,
VanD, VanE % VanG Z9A] VanA %} VanB7} Az o 2
o] glom, Ao E FAY xHY ] YA T-12]. =
vancomycin teicoplanindl] WA Hol& VanAd 9 A% vanA
A4S, vancomycin®] = WA ol teicoplanin®] 7FFAI9l VanB
o] A§ vanB AAE A3tk & VanB X8FS HO
Y vanA §7AE z2H= VanB phenotype-vanA genotype VRE
7} B8 8} 9lth Hashimoto S$[13]& vanA #+43% VREJ]
A teicoplanin®] ZH<FAlS Hole A2 vanS domaing 3709
HAEddort deel Ao E Awsigion, Ha ¥ d=ixE
o9} o] Hgh vk 9IrH14, 15]. I}, olohe tE HRle
2 vanY9} vanze] @A ES] A4 S WS AL ¢ glo
o, # d=tolA VanB phenotype-vanA genotype VRE 54
T & FFA vanX e FF AAS, OE 4dFA vanY B
vanZ A Adol &S HAd v QIrH16]. £ oA
£ 3|4 ¥AlE= VanB phenotype-vanA genotype VRE
o W 717g gotR izl wu| tighgdel A £2]E VanB phe-
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2001 1978 2004\d 129742 A= 870 thshi oA 1
3t SAPAAF 880] VanB &9l VRE 287FS At
2 3%tk 4 7+ vancomycin 6 mg/LS -3 brain heart
infusion agarg o|-&3le] Agl 3 wiAHOZ vancomycin W]
4o FE A8, VRER A4E BE #59) tiste] 7]E9]
714, API 20 STREP (bioMerieux, Hazelwood, MO, USA)
4 Vitek system (bioMerieux) < ©]43te] SA3Ih 2+ 75
9] vancomycin, teicoplanin #2445 %= (minimum inhibitory
concentration, MIC) £74& #1319 E-testE AlYsISTH17].
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Table 1. MICs of vancomycin and teicoplanin for clinical VRE
isolates with VanB phenotype-vanA

Vancomycin Teicoplanin

Isolates Species MIC  Suscep- MIC  Suscep-
(mg/L) tibility ~ (mg/L) tibility

J1 E. faecium >256 R 16 |
J2 E. faecium >256 R 16 |
J3 E. faecium >256 R 12 |
J4 E. faecium >256 R 12 |
J5 E. faecium >256 R 12 |
J6 E. faecium >256 R 12 |
J7 E. faecium >256 R 16 |
J8 E. faecium >256 R 16 |
J9 E. faecium >256 R 4 S
J10 E. faecium >256 R 12 |
Ji1 E. faecium >256 R 8 S
J12 E. faecium >256 R 24 |
J13 E. faecium >256 R 16 |
J14 E. faecium >256 R 16 |
J15 E. faecium >256 R 1 S
J16 E. faecium >256 R 24 |
J17 E. faecium >256 R 16 |
J18 E. faecium >256 R 24 |
J19 E. faecium >256 R 16 |
J20 E. faecium >256 R 24 |
J21 E. faecium >256 R 2 S
J22 E. faecium >256 R 12 |
J23 E. faecium >256 R 1 S
J24 E. faecium >256 R 8 S
J25 E. faecium >256 R 12 |
J26 E. faecium >256 R 8 S
J27 E. faecium >256 R 6 S
J28 E. faecium >256 R 16 |

T T T T T
100%  90% 80% 70% 60%

1/03.J1

1/05.J3 I —

1/10.J7

1/06.J4
3/06.J17

2/03.J9
2/04.j10 —
2/07.J12
a4
4/08.J26
210414 —————— |
4/02.J21
2/08.J13
3/03.J15

I
3/07.J18
3/09.J20 I

3/04.J16

2/02.J8
4/03.J22 5 }—’
4/04.J23
3/08.J19
4/06.J25
4/05.J24
a0t ———
4/10.J28
Fig. 1. Dendrogram of E. faecium isolates with VanB phenotype-
vanA. To produce the dendrogram, the banding patterns of E.

faecium isolates were interpreted by Dice analysis and analysis
by the unweighted pair group method with arithmetic averages.

Abbrebiations: R, resistant; |, intermediate; S, susceptible.
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28779 vanS A tist H7IME B4 A3 Ho|q R E
#AT 4 §I%Uth(Fig. 2). vanA gene cluster®] {34 HYF
9 ANMES A5l 2805 EF 1S1216v7t vanX-vanY
intergenic region (nt8625-9051)o AYEHA vanY % vanZ
Tz & A T2 BE 2SS IAENT o] 5 1372,
39, J14, J15, J20, J22, J24, J25, J27, 128, J10, J12 2 J16)E
1S1216v7} vanA gene cluster 5 nt8712, nt8832 2 nt8845 ¢
Aol AYHHA nt93557H] F 523-643 bpe] F7] EHo] WA
ate] vanY®] FE A4(220-340 bp)o] UKL, BY*E FE3}
Ak o 13953001, J4, 1o, J13, J6, J7, J8, J11, J18, J19, J23,
J21 2 17 AAME 1S1216ve] AFdell 3t vanY ¥ vanze] ¢
A ANS BET F AU, BHE stk WA 27703,
J26) = vanX?] vEA T $A](nt8624) <1< nt86492} nt8694 ]|
A 1S1216ve] Aol o £40] glglon, BX+2 F-23kith

Orf2-vanR intergenic region®] AY¥ AU € (insertional

sequences, 1S)9] £/ wal F71 B/t F, 1S1216v7t
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Fig. 2. The genetic maps of Tn1546 types of E. faecium isolates
with VanB phenotype-vanA genotype from Korean hospitals. The
positions of genes and open reading frames (orf1 and orf2) and
the direction of transcription are marked by dark arrows at the top.
The inverted triangles represent IS elements. The positions of the
first nucleotide upstream and the first nucleotide downstream from
the IS insertion sites are depicted. Solid arrows indicate the tran-
scriptional orientation of the inserted IS elements. Deletions are
indicated by dotted lines.
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IS1542¢] $=WHaFo 2 ARlE S «d (Bd 2 BYd)E, IS1216v
7} 18154200 WsFo 2 ARQlE & xv (Bv, BYv % BXv)Z,
IS15425F A & #s (Bs % BYs)Z, 1S9 Af¢jo] lsld
& Bno 2 A HFig. 2).
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VRE®9 WA3 = VanA¥- vancomycin (MIC, >64 mg/
L)% teicoplanin (MIC, 232 mg/L)ol 54, F=4 W<
Hom[19], B A7t o]FoA AT 8], ]9} 22 glycopep-
tideol] Thet A=A HFol el WAzt A dgET
VanA Z@9 ddS A FAPEE Tnlsdee] oJsto] it
= oA A AT (transposons) & Fite] dH o E F

AEe A7l A glycopeptided] t3F TEWA S FEale
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al
dsgleld, 479 715 AFOE YFodn & 3759
open reading frames (orfl, orf2), AL ZA3}= vanR,
vanS, A WA #dE §us= 549 depsipeptides 3.8}
8= vanH, vanA, vanX, 123 Ao IFHoxE ko
HE =27 T B8k vanY9 vanZZ UFolFITHS,
21, 22].

VRE?| glycopeptided] W& WA 714& tha3 2tk Gly-
copeptideE protein kinase®]l VanS9| 23tk F9j9] o] 73]
oA 7¥A]3}3, VanS9| cytoplasmic histidine & (residue) 2]
A7Fe14ke} & phosphoryl group®] ¥ 24 1A} (response re-
gulator) €1 VanR 9] aspartate ZHRE = Ho]dt}l QAxksld VanR
S vanH2| promotor sequence®]] F25te] AALE 407 VanH
AAFEIT)E 01014 VanHe] a-ketoreductase”} pyruvates 3
13le] D-Lacs A4St} VanAs H¥H So|=g 7= D-Ala-
D-Ala ligase24] VanHoll ¢J3sle] AAE D-Lacdl] D-AlaS A
Aslt), o]% D-Ala-D-Lac A3+ UDP-N-acetyl muramide
tripeptided] Zggteh T2y, dubg oz Apte] GalAe] &
Alsk= D-Ala-D-Ala ligased] 9J3te] /322l D-Ala-D-Ala
AFAE A==, olgA AAE D-Ala-D-Ala A7A=
Zn*"-dependent dipeptidase?! VanXol 98t #AE wha}
A Az AFAe fFE WAEe R FAEh %3 VanY
+ accessory carboxypeptidaseZA] VanXoll &Jste] | A=A
%3 A2 Yol EAlsk= D-Ala-D-Ala #HiEo] 258 pen-
tapeptide & A A d&E gty wALOE VanZe AFE
teicoplanin WAgell Fojdtiy dx 3o} et 75 of
2 s oA YA B8l

VRES] 483 2832 o2 dx|gtt &, vanco-
mycin# teicoplanindl] WAS Hol+ VanAde 7
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& Holu vanA FAAE 7HE 497 b 223 d
Soll A BE T It 13-16]. Hachimoto 5[13]2 VanB phe-
notype-vanA genotype VRES WA7|do 2 WA w& %7)
WAE 9= vanS domaing 33 EUH|Z Al 9tk
%, vanA AR W 24 @9ehs VanSe #7444 van-
comycin®] EAFFE At AY ZEAR] VanReAl A=
£ Aggitt o]F VanRo] 43} Ho] VanHAX Y| <
W8], Ul wde] 2dAE 99sle vanSe 38 4
o]+ VanS9| oAt 23S f817, oo W teicoplanin
3 Wk2-2] $=410] teicoplanin®l thak WA 7HAS fisle
o= A¥sty Sith o]F T % F=ollA vanS domain?] 3
] EAHolo] 2|3 VanB phenotype-vanA genotype VRE 2

=
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to o W 2 (B
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L
gk vh 9ith14, 151,
A9 teicoplanin®l] thgk MIC AALA BE 757} teico-
planin®] 7HEA &8 2708 B, 287F 25 VanB pheno-
type-vanA genotype VREZ &< {t}. VanB phenotype-
vanA genotype VRE 287594 vanS domain® F4#F &4
Hol& §iglem, ol& F3te g=ollx] WASHE VanB pheno-
type-vanA genotype VRET Y& @ Z33= 2] vanS do-
main®] 42 EAH} ofd TE 71HYE & Stk VanB
phenotype-vanA genotype VRE 28¢5 = 269-F9lA vanY
o A WS FET £ ATk olF 137 #5(J2, 19, J14,
J15, J20, J22, J24, J25, J27, 128, J10, J12 2 J16) A= 1S1216v
7} nt8712, nt8832 B nt8845 1]l AFUE WA nt93657H] F
523-643 bp] 97] &2lo] WAIEH] vanYe] & AA(220-340
bp)o] #HAHUTE o|H3t A= 7|E d=mellA BiE VanB
phenotype-vanA genotype VRE 54[16]9} fAfsic) Bl
vanY A2 WS A ¢ A 2697 F 134701, J4,
J5, J13, J6, J7, J8, J11, J18, J19, J23, J21 % J17)o A& IS-
1216ve] Aol &3t vanY % vanze] ¢ AAE WA
AL AFE teicoplanin WAl FHodsh= ZoE 4EA AE
vanZ 9| teicoplanin WA Wl 4TS & & Sivks 74
AANHRARY vanzZ F2A5e] W] WA 7} Ay
oo} vanze] $£41¢] VanB phenotype-vanA genotype VRE
FEPA=A Y A7 g1 4 ik VanB phenotype-
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B 91719] nt86249} Q1M 3 nts6499} nts6osol A £40] el
ek olget £40] vanX FAA Lol Jgg Fof VanB &
d IS fad Ao2 FAHG
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type VRE®] WA71He] 4& % F53e tE2H, 1S1216ve]
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71422 vanS domain®| 3% E9Wo|9} Hehol Vany T
VanZe] Aoz HE vl k. & AolAe Tnlbd69] £4
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