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Diversity of Tn1546 Elements in Vancomycin-Resistant Enterococci Isolated from Korea

Sun Min Lee, M.D., Wee Gyo Lee, M.D., and Young Sun Kim, M.T.

Department of Laboratory Medicine, Ajou University School of Medicine, Suwon, Korea

Background : The vanA gene cluster of vancomycin-resistant enterococci (VRE) is carried as a
part of Tn 1546-like elements. In this study we characterized the structure of Tn 1546-like elements in
Enterococcus. faecium isolated from patients in Korea. The isolates were also typed by pulsed-field

gel electrophoresis (PFGE).

Methods : During 2000, 21 clinical isolates of vanA-containing E. faecium were collected from ten
university hospitals in Korea. E. faecium BM4147 was used as a control. PFGE was performed on a
CHEF-DR Il apparatus. For structural analysis of Tn 1546, the overlapping PCR amplification of inter-
nal regions of Tn 15646 was performed. The purified PCR products were directly sequenced by using

ABI Prism 3100 DNA SEQUENCER.

Results : All isolates were divided into 3 types according to the distribution of insertion sequences
(IS elements) integrated Tn 1546 elements. Type | and Il were characterized by an IS 1542 insertion
in the orf2-vanR intergenic region and an IS 7276V insertion in the vanX-vanY intergenic region. Type
Il represented two copies of IS1216V at the orft and in the vanX-vanY intergenic region as well as
IS1542in the orf2-vanR intergenic region. No isolates were identical to the prototype, which was iden-
tical to the predicted pattern for the published sequence of Tn1546. The PFGE results revealed that
all strains except A13, C1, A2 and A9 were genetically unrelated.

Conclusions : The distribution of IS in Tn 1546-like elements of the Korean isolates is similar to that
of the European VREs. Considering the results of PFGF and Tn 1546 typing, the horizontal transfer
of vanA resistance gene may be occurring among genetically diverse strains of E. faecium in Korea.

(Korean J Lab Med 2005; 25: 241-6)
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1. MR F

2000 1¥€5H 129 S A= 1070 dishEdels B8
vanAd¥ vancomycin WA E. faecium 2193 (d5%: H7, S12,
S20, A2, A6, A7, A9, A12, Al13, Al17, AJ6, AJ9, W3, W13,
W15, Cl1, G20, J10, SN5, Cald, 5% <ol 543 E
O Bt A7 #FE vancomycin 6 mg/Lg
brain heart infusion (BHI) agarE ©]&3l% vancomycin WA
o RE AMEIGY, VREE AME EE &5 tste] API 20
STREP (bioMerieux, Hazelwood, MO.) strip ¥ Vitek system
(bioMerieux, Hazelwood, MO.)< o]-&3te] =A3lch A
ZUFEE E. faecium BM41472, SAWZHFEE vancomycin-
susceptible enterococci (VSE) ATCC 292125 ARE-819it) VRE
FAAE L FHES AANSHE o838 vanA FAAE &

AdstATh
2. ATy

1) 2 AYH==(minimal inhibitory concentration, MIC)

National Committee for Clinical Laboratory Standards (NC-
CLS)oA AA g g3 Ao we} vancomycin?} teicoplanin
of tigt MICE 2435t 111,

2) SN g4 2M: pulsed-field gel electrophoresis (PFGE)

PFGEE Murray S[12]1¢] WS wle} A|3ta 4 SmalS o]
L3teod NP3ttt PFGEY #41& Bio-Gene software (Vilber
Lourmat, Marne la-valles, France)E ©]-&3le] UPGMA WO
2 3 B8 f14 A3 S AAsisith

3) PCR mapping

vanAd¥ wkgnololAl YA 447 £33 transposon Tnl546
WH-E overlapping HEF AIRAE o83l $EF T XF o
ol E. faecium BM4147 (prototype) 3} ¥ 5= PCR mapping
3 SFA = 5 prototype} Wlalsle] A FEE Fol| Falo]
IS1216V, 151542, 151251 2 1S14769] T3k IS-specific PCR&
Alate] WARRAAS] F25 BASIT AR A=
Table 13} 7431, ¥ #+F2+ prototype?l E. faecium BM4147
S ol gtk 24 A9 8 &%= OLIGO program v. 6.0
(National Biosciences, Inc., Plymouth, MN) & ©]-&3}%ith

1) EIIMY 24
PCR ZZ 2ES gel2%E GENECLEAN kit (Qbiogene
Inc, Carshad, CA)Z o]&ate] 333 %, ABI Prism 3100 DNA
SEQUENCER (Perkin-Elmer, Norwalk, CT)E A3l 97]
MEs E4 skt
2

1. Z2AHSEMIC) X HMERHXLE

vln

-

b wlo]ale] gk MIC= EE @571 128 mg/L ©|422
I% WS Btk Teicoplanin®] g MICE 14357} 32 mg/
L oPde] yAds e, UHA 835 16 mg/LAh &

AAEE 219F BT vanA FAAE BAiaL gloich
2. fMA & 2M: Pulsed-field gel electrophoresis (PFGE)
PFGEE ©] &3t 21¢5-9] #7313 HE4 A3E Fig. 1914
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Fig. 1. Dendrogram of vanA PFGE of E. faecium isolates.
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Table 1. Sequences and position of PCR primers used in this study
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Primer Sequence Specificity Location Reference
170F 5 -AGGGCGACATATGGTGTAACA orf1 170-190 32
1913R 5 -CGTCCTGCCGACTATGATTATTT orf1 1913-1891 32
949F 5 -GCATGTAGTGATGAAACACCTAGCTGC orf1 949-975 32
2976R 5 - TGAAGATGAATGGATACTGGGGACC orf1 2,976-2,952 32
3514F 5 -ACTGTAATGGCTGGTGTTAAC orf2 3,5614-3,534 33
3978R 5 -CATAGTTATCACCCTTTCACATA orf2 3978-3956 33
3907F 5 -ATGCTTATAAATTCGGCCC vanfR 3907-3925 33
4794R 5 -ATCCAATCCCCAAGTTTCCC vanR 4794-4775 33
3992F 5 -TTATTGTGGATGATGAACATG vanR 3992-4012 33
4511R 5 -TCGGAGCTAACCACATTC vanfR 4,511-4,494 33
4676F 5 -AACGACTATTCCAAACTAGAAC vanS 4,676-4,697 32
5769R 5 -GCTGGAAGCTCTACCCTAAA vanS 5,769-5,749 32
5235F 5 -ATATCACGTTGGACAAAGC vanS 5,235-5,253 33
7035R 5 -TTACGTCATGCTCCTCTGAG vanA 7,035-7,017 33
8448F 5 -GATGAACGCTCTCATCATGC vanX 8,448-8,467 32
9138R 5 -TTCCTGAGAAAACAGTGCTTCA vanY 9,138-9,117 32
9341F 5 -ATGGATACGGGTTGCTTGATAT vanY 9,341-9,362 32
10577R 5 -GGTACGGTAAACGAGCAATAATACG vanZ 10,177-10,533 32
ISVB50F 5 -AACTTCACGATAGCTAAGGTT IS1216V 650-670 This study
ISV744R 5 -AAGATAGCAGGAGGAATGAC IS1216V 744-725 This study
IS1542F 5 -TCAAGCCGATGACTATGA IS1542 245-263 This study
IS1542R 5 -CTATTTCCGATAACCGTGTAT 1S1542 1076-1056 This study
IS1251F 5 -GCATCCACTGTAAACAACAG 1S1251 272-292 This study
IS1251R 5 -CGCTGTGTTTGACCATCCAT IS 1251 699-680 This study
1S1476F 5 -CGCAACGGTTCCTATACGAC IS1476 310-329 This study
1S1476R 5 -GATTGAAGCTGCGATTGATG IS 1476 874-893 This study
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Fig. 2. The genetic maps of 21 E. faecium Tn 1546 types. The
positions of genes and open reading frames (orf1 and orf2) and
the direction of transcription are depicted with open arrows. The
thick short horizontal lines represent IS elements. The position
of the first nucleotide upstream and the first nucleotide down-
stream from the IS insertion sites are depicted. Filled arrows indi-
cate the transcriptional orientations of the inserted IS elements.
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L & #FT AT 183 13L prototypedl] B8t orf2-
vanR intergenic region®} vanX-vanY intergenic region®] T
T 2% dEo]l AXAYUE PO ¥ 13 wsto] orf2-
vanR intergenic region ¥F-Eo] AN NG W 45 F
Bl, B3¢ 65tollA Igo] B2, B4, A9 143t57} I9= repd
Atk

LS I, I83} 740] orf2-vanR intergenic region®} vanX-
vanY intergenic region® ¥ F89] ZZ AEo| AXYL orfl

o] 27k AALE Foldn AGFFIIA HATLE
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X

g #F9] FAA FE 4 23 prototypedt Wl 3le] PCR
ZE 489 1} AR IS A% 97) NG B4 A3
R H-9l= 18154291 1S1216VE ARYC 2 9k ZAA3ith(Fig. 2).

orf2-vanR intergenic region #$|7} AR A& =7] 1,324 bp
o] 115427} Tnl546 % <17] A% #3932 %90 Ae Ao
AL #4779 8 bp A719] A F-1(CTATAATC,
#3925-3932) ¢] WH AfQlo] FutESleh

vanX-vanY intergenic region 97} A% A& A7) 809 bp
9] IS1216V7} Tnlb46 & ¥7] MY #8658-8832 F-9loll 4
HACE Y AXE Y FHol AYE 1S15429+= HEA
vanX-vanY intergenic region ( #8625-#9051) Ako]9] thokst
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A2,

32l A9 orfl region (#631-623)°l 1S1216V Y=o
AR MY 9+ #6319, AYA B FAAe] 8 bp A
719] fA B912) S Ablo] SUEIAT, A 9H) YRR
orfl A7 N> A=A

&

Kl

VRE Zg2 A 15od7F w53k frgollM 217] o2
S Bl mo| A o] AEHS Escherichia coli®} Staphylo-
coccus aureus THrO 2 WAZAYG S fisle &3 52 UF
HA2[13, 14] YAWAEEAT#, HEFd 2 Clostridium
difficile 7¥9¢] AZAZ vancomycin® ARE-o] Z7}5HHA VRE
7} 5438 F7FsIATH15] ol¢ke gE] f38elAE vancomycin
ot} teicoplanin® 7+ glycopeptided] Al avoparcine:
19703t H B SEC] AR H7lete] ARSg o] F 1980t el =
vanA® VRE7} 7153 o Hg &80 ofuet 147313 4dsAt
A= JMEM o2 RE ARAA RS WAHI7E VRE
71 Fo Yo g ZAFHT It 16, 17]. fElvgte] A=
2001l Mgk A= 7970 M-S o ® 3 Ar[18]el 93t
W 544%¢] HelA on] VREZ} &4 v} SlAL o5 B
A E4E 4 FAE F VRE 2ANLES) BAE 27.7%7HA
A ACE Hop FRAE0] B YAl Aol B e
A EHEEE FAHCE VREZF HIgHE & 4 Aok =& =
14101]’\1% A3} 715 REHF Atole] FAA WYY, PFGE

2 vanA gene cluster -FJEX7} 2819, 20] VRE =7}
9818 513} o] B0 2R A IHrie d2e) By
o 7ol A AR, 719 3 A 2] A F Hd
ARl ¢Jgt S7HE Als Tk

A72S MRY S40] ok FEol VRES 98 29e
oju] &3=o] Aggo] Wolzl 97} tiEo| X XS 7t B A
o2 Z43lA] Yol VRE w8359 75 AlgEol oF 37%0]
[21] £3] vanA¥ VREE Vancomyclnoﬂ IEWAS Ho[19,
20] XE7F A7) wizol 485l gk AbgEol ErH10, 22].
vanA VRE Zo|= E. faecium©] 7P T3 #=[8]02 dd
A Y B AFAME 21709 VanA¥ VRE 2%
© 2 vancomycin®] & MIC7} 128 mg/L ©]4e] I EWAS

B4t} Teicoplanindl] theixe 8dF52 MIC7} 16 mg/LE
TR WS Hol 2333 4] BLASIE ol Clark
Sl23]9] d7¢ R E WA SRR WHold ojet A}
2 X4Eh:}

vanA¥ WA §HAE= vanS, vanR, vanH, vanA, vanX$}
vanY +Z FAAEE FAEH] = mobile DNA element?]
Tni15460 $1A18h=H[24, 25] vanA type®] Tnlb46& E. fae-
cium BM41479] Tnl546& 9822 3}4 point mutations, inser-

E. faecium

tion sequence (IS) elements®} deletions 5ol <Jaf thekal oF
AHS HOY25, 26] B AFNME hAFFES] Tnlsd67-27}
E. faecium BM41479] prototype Tnl546& 27F02 FHA
left-end deletionS Ho|AY IS1216V 2 1S15427F HY =N
< % F A B A d 25 T 4ET 8 59 B
A AFE v} Ao 27].

IS1542% Q=13 Bt o] I8kl A uhatmolal 7 &
FAANE HFHATE BV Q71E A WARFAA 2 &
AHTH25]. Woodford 5[28]¢] Aol oJstd g= W HLY
LA A F2H vanAY AFF 45%, A 019 gl
A 22E vanA¥ ATEY 19%+ 1915429 AYRA7} orf2-
vanR intergenic region®] %It} Darini $[26]2] AT-olM+ orf2-
vanR intergenic region®l 1S15427} AYE A= YAFF vanAd
8 E. faecium®| ¥ 8% (2/24¢5) 0] UHA] vanAq E. fae-
ciumte T2 FAA 1S15427}F 91X 5te] BE Aol 1S1542
7F At =0l ool HAE T

Wl X - SL20]0] T2 17% A 1515429 A3l

RN LSS B8 8l el AYYA= EF arf2-vanR inter-
genic region®|Ath E AFoAE Al 5 EFoA 1S15429
ARQlo] #AEAY, AY YA= orf2-vanR intergenic region® 2
Tnl546W orf2-vanR intergenic region©]9]e] H-Ljoj|A 1S1542
o] A9Jo] FAEQITHE BIE[25 26]F= ztol7} Qi A
Azt oA BAR 1S15429] Aol Wl Bx9| Aol
WA = QY AYE FdM e BF orf2-vanR intergenic
regiont] nucleotide 39329] |94 vanRol| thal] upstream™aFS
2 8 bp (CTATAATC) 7} ¥HEsle] Xt Ed o]+ Wood-
ford 52819 Ao} A 3A

Handwerger S[29]01 2Jai Z{n HYH IS1216Ve B A
A BE AT vanX-vanY intergenic regionoA 18]l
A9 & 759 orfl region®ll YA f 52019 AFelAME
A9 74% ) A 1S1216V 7} vanX-vanY intergenic region
o A=) T AUA71Q] 181542 (17%) Bok AARETE =%
ok g3t olznghdellA FelE dFEoAME IS1216V] AFYel
vanX-vanY intergenic region®] ]9l orf2-vanR intergenic region
NME JZEJEH orf2-vanR intergenic region®l] A=+ 7
FEZ 5 o] AE(3418-3862 bp) o] YAV ISIZI6V inser-
tionF-9]oll 2> Aol JUNI[30] ol2] gt deletionS & ol
A FES 4= Atk 1S1216VE vanX-vanY intergenic region
o AEE AR ohogs A&
o dde g3 F

S HY

"‘/K

EH]—S}— 2= olutﬂ OM]—E vanY
vanA ‘I'I‘Zdz]‘—é‘ 7K dFEE teico
planine] 7} o) 4= 9loj[31] B At tAEFE AT
AeollA AW Wzoll 1S1216V7F A E = vanX-vanY inter-
genic region|X]¢] A& HAE R okt frEoA ] IS1216V
o FxE vl mt £ b e Bl UEatdA el
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B3 GFAAE HFRE FE B $44 Aol sjag Ao
2 358 & o] $oI4e) VRE 24 % 157k 279 9%
e 2S wEee Age 8 5
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% 99T £3 PFGE BAAF tjiie] 2550 Azt
& PPS Mol WA HAARS 54 M3t gaglel By
eItk 447) Ak FolAle] vanA A7 Astebgel
% ojol &|g Ro] ol 53 olo] g WA At

HERASIH,

s

iy
S
O

o OoF
o =

A : VRE® vanA §AAE Tnls46do] ZA)6HH vank,
vanS, vanH, vanA, vanX, vanY ¥ vanZ% 45| A=,
Tnl546 ENAEEL FHz2e] & S, 24 9 AYA
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