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Background : The widespread dissemination of Tn1546 has been attributed to transposition into
plasmid or transferable elements. The transposition has been achieved through the activity of inser-
tion sequences. Genetic diversity in Tn1546 includes integration of IS elements such as IS1216V,
IS1251, 1S1476 and 1S1542. We investigated molecular typing and the distribution of insertion se-
quences in vanA-containing Enterococcus faecium isolated from patients in a teaching hospital.

Methods : Sixteen strains of vanA-containing E. faecium isolated from Ajou university hospital were
analyzed. PCR amplification of internal regions of Tn1546 was performed and PCR amplicons were
directly sequenced on both DNA strands by the dideoxy termination method.

Results : For all 16 isolates, 1S1216V sequences were located within Tn1546. 1S1542 sequences
were detected in the genome of 9 isolates. One isolate contained IS1216V in the vanS intragenic re-
gion. The structural analysis of Tn1546 in VRE isolates produced three different groups by the pre-
sence of the insertion sequences. Group | was characterized by deletions of orfl and orf2 and IS-
1216V insertion in the vanXY intergenic region. Group Il represented 1S1542 in the orf2-vanR and IS-
1216V in the vanXY intergenic region with deletion of orfl region. Group Il represented 1S1542 in the
orf2-vanR and IS1216V in the vanXY intergenic region without any deletion.

Conclusions : Most of Korean isolates contained IS1216V and 1S1542 sequences. Transposon ty-
ping of isolates in this study revealed a similarity to the European’s. The identification of insertion
sequence within vanA gene cluster can be a useful tool in epidemiological investigations.

(Korean J Clin Microbiol 2003;6(2):119-125)
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vk g ulo] Al WA A+~ (vancomycin-resistant enteroco-
cci, VRE)E 19861 Leclercqel] 28 #] & &7 o] gf[1],
At 10 7E Rbsiuto] Al ALg- F7het 34 WA
o] YRl oA feEl&o] F43] Frtetitt. vl= A
H of Wk A 4l E] (Centers for Disease Control and Preven-
tion)9] =7} ¥ 79 =9 3] (National Nosocomial
Infections Surveillance System, NNIS)of| tu} 2H[2] 19954
of| A 2000¥d 7}#] < 3F#}4 (intensive-care unit, ICU)$}H =}
ZHE 2" VRE T4 &o] 128%0)| A 259%% Z7}
ot Zusgit.
VRE 7491 21 & 9 glol= 2 el et
o 4 2otk VRES] A3t 342 9)
= VREZ} of ol e faalslen & 2
stel R stelc gtk VREE 33 A4 o] 5o o
st A aket WA Fzke] 3 ol o) H et 3-
9]. 7 o] F o= QA B4k2 7 517] 918 A = Pulsed
Field Gel Electrophoresis (PFGE)°l] ©] 3+ VRE ¢ Al A o] &
Ao, WA Fa ke AutkE eyl faiAe A
A2 25 £t Aol dasit. A2 oy A7
A #3HolE VRE F3 9 F ez Busta vt
(8,9]. & 7o FF9 o A% E PFGEY riboty-
pinge] A¥ oA A2 2 Folgt strigte Y WA
T 2FEEe] o] F(horizontal spread)ol] €] 3+ 53 Q1 7=
Ao B2 VRE 93t A4 PEGES} 3| Wi/ 3 #}49]
T2 BHE mEA] P o]of FTHE-10). T} AR
U ¥ oty et AlAIA o= o}A VRE W A2}
Z 74 7ol FHEA & Aot 2 E4 S 9
sto] Z7]el = vkammte] Al A FAAE E ek Tnl546
A& long-range PCRE Al F A Fa AR A 23}
o] A H w] S Y] W} restriction fragment length poly-
morphisme] F& o] 8% ¢l © y[11], & T & transposon
Woll AF] # insertion sequence (IS)E 7+ 3l WA #2
AL F2E B eke W ol o] &5 7] &= 12, 13].

olof] A} & A/ v o] AFHA A FEE
vanA3 vancomycin-resistant Enterococcus faecium (VREF)
= A e 2, 1) Glycopeptide A A o] T g WAl &4, 2)
PFGEE &3¢ ¢ 78,3 g fda 72 42 &
g B e A T st skt
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20002001 d el o}ty Y I ALe] st A
Tl Fol = E At AA A Ee] | VREF 1657E tf
o= St9ith. VRE A A& whsivto] 4l 6ug/mLs o -f
3}t Brain Heart Infusion ¥} A & o] &3 A Wy o & &}

T,

O|AMS o|Mal
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SiX|E, S22, 0|4¥, ol Alat4
A, i AL 7]E2] 427, API20 STREP (bioMeri-
eux, Hazelwood, MO, USA) strip 2 A% %% 7]<l Vitek
system (bioMerieux)2 ©]-&3}o] E4

2. ANYU=RNX|=s=(Minimal Inhibitory Con-
centration, MIC)

S84 o 2 whaivko] Al 2 teicoplanine] o X
#] ¥F-§-%] Z] %5 &= (Mininal Inhibitory Concentration, MIC)ZE
NCCLS 7]l whe} 274 3191 tH14]. MICe] w}2} whsin}
o] 213} teicoplanin =5 32 ug/mL ©] S WA C R HAE
53

3. M7HAE Z#E

VREF9| o &t 4 74 2 7 Al multiplex PCR-E- ©]
23199 31, A A = vanA, vanB, vanC1, vanC2/39]] T 5}
Al 38 3 A TH15].

4. FHN ¥ 2M(Pulsed-field gel electro-
phoresis, PFGE)

PFGE+= Murray 5] W [16]& o] &3t =l, 113 5}
H A7 2] DNAZE 20 units Smal (Gibco BRL, Gaithersbrug,
MD, USA)© & 25| A4 *]&] 3 3, CHEF-DR II system
2 0] 83} ramped pulse timeS Al & 1%, & 202 & 3}
1 6V/em, 24417 A7 = st 42 Bio-Gene
software (Vilber Lourmat Inc., Marne la-vallee, Cedex,
France)E ©] &3lo] UPGMAH 0.2 73 BEAdle] &4
A ABd S A4 3HA ).
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5. #HA =

I

Tn1546 A A 772 Y FE overlapping & =5 A A
£ 0] &3}0] ZZ3}= PCR mapping? & Z2+5- 3 proto-
type¥ Hlwate] A v Fitel #ske] 1S1216V,
1S1542, 181251 2! 1S1476<) of) g+ IS-specific PCR= A] 3
ahel WA A F2E BASAT AFES AR A
A= Table 13} 231, 3 752+ prototype?] E. fae-
cium BM41472 o] &3t th. DNAS] FZ & Ausbel &
[17]19] S o] &3t a, 2t Al ZA ¢ §4 2=
OLIGO program v. 6.0 (National Biosciences, Inc., Plymou-
th, MN., USA)-S- o] &3} %]

6. REX €I M BN
PCR % AH&-S A 2 8] GENECLEAN kit(Qbiogene

Inc, Carsbad, CA, USA)Z o] &3}o] 3==3F &, ABI Prism
3100 DNA SEQUENCER (Perkin-Elmer, Norwalk, CT,
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Table 1. Sequences and position of PCR primers used in this study

= 121

Primer Sequence Specificity Location Reference
42F 5'-ATTTTCCTGACGAATCCCTCG orfl 42-62 13
349R 5'-TCGGAAAACAAGGYGAGCTTAGA orfl 349-327 13
164F 5'-AACCTAAGGGCGACATATGGTG orfl 164-185 13
921R 5'-AAAAGGAGCCACCATCTACCG orfl 921-901 13
949F 5'-GCATGTAGTGATGAAACACCTAGCTGC orfl 949-975 13
2976R 5'-TGAAGATGAATGGATACTGGGGACC orfl 2.976-2,952 13
3514F 5'-ACTGTAATGGCTGGTGTTAAC orf2 3,514-3,534 30
3978R 5'-CATAGTTATCACCCTTTCACATA orf2 3978-3956 28
3907 5'-ATGCTTATAAATTCGGCCC vanR 3907-3925 28
4794R 5'-ATCCAATCCCCAAGTTTCCC vanR 4794-4775 28
3992F 5'-TTATTGTGGATGATGAACATG vanR 3992-4012 30
4511R 5'-TCGGAGCTAACCACATTC vanR 4.511-4,494 30
4676F 5'-AACGACTATTCCAAACTAGAAC vanS 4,676-4,697 10
5769R 5'-GCTGGAAGCTCTACCCTAAA vanS 5,769-5,749 10
5235F 5'-ATATCACGTTGGACAAAGC vanS 5,235-5,253 30
7035R 5'-TTACGTCATGCTCCTCTGAG vanA 7,035-7,017 30
8448F 5'-GATGAACGCTCTCATCATGC vanX 8,448-8.467 12
9138R 5'-TTCCTGAGAAAACAGTGCTTCA vanY 9,138-9,117 12
9341F 5'-ATGGATACGGGTTGCTTGATAT vanY 9,341-9,362 13
10577R 5'-GGTACGGTAAACGAGCAATAATACG vanZ 10,177-10,533 13
ISV650F 5'-AACTTCACGATAGCTAAGGTT 1S1216V 650-670 This study
ISV744R 5'-AAGATAGCAGGAGGAATGAC 151216V 744-725 This study
IS1542F 5'-TCAAGCCGATGACTATGA 151542 245-263 This study
IS1542R 5'-CTATTTCCGATAACCGTGTAT 151542 1076-1056 This study
IS1251F 5'-GCATCCACTGTAAACAACAG 1S1251 272-292 This study
IS1251R 5'-CGCTGTGTTTGACCATCCAT 1S1251 699-680 This study
1S1476F 5'-CGCAACGGTTCCTATACGAC 151476 310-329 This study
1S1476R 5'-GATTGAAGCTGCGATTGATG 151476 874-893 This study
USA)E AH-3te] 97] HEE BA3SIth vans S2 &
, % simitarity : 9]8ke] AlHA| = 4511F9} 5769RS- AF8-311 Th(Table 1).
VRE/AlZlOO% 90% 80% 70%
VRE/A21——1 Z 1
VRE/A1l4 :
VRE/A1S5
YRR A2s 1. MIC, LiM REX+E U PFGE typing
VRE/A23 _
VRE/A16 Hksivjol Al Oﬂ g MICE 7 o E%ﬂ 128 ug
M /mLo] Ao & 1% A —;— Wl Vana EA T 32
$§~§§13:7 o} B te lcoplanlnoﬂ )& MICE 16-128 ug/mL-S E}
VRE/A27 —— Wl e=d, A27 759 A 16 we/mLE 5% YA S
3?552%2:—' 1 It} Multiplex PCRS o] &-3lo] /g 5 5ol A
356 bp =7]12] vanA WA A AE &<l 51 S T (Table 2).

Fig. 1. Dendrogram produced following UPGMA analysis of
the PFGE patterns of Smal-digested DNA. The percent
similarities between and within clusters are shown.

PFGE 9}/ & & o B2] 59] Al4sh Al57} £ FF72
e 9l 3L, 90% mmllarltya 7IEo 2 atle W 3719
Z3ek 10719 8-S YER MQ'(Flg- D).
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Table 2. Glycopeptide resistance phenotypes and genotypes of VRE isolates
Strain NO. Species MIC(mg/L) of Phenotype Genotype
Vancomycin Teicoplanin
Al4 E.faecium > 128 128 VanA vanA
AlS E.faecium > 128 128 VanA vanA
Al6 E.faecium > 128 > 128 VanA vanA
Al7 E.faecium > 128 32 VanA vanA
Al8 E.faecium > 128 128 VanA vanA
Al19 E.faecium > 128 32 VanA vanA
Al12 E.faecium > 128 64 VanA vanA
A20 E.faecium > 128 32 VanA vanA
A27 E.faecium > 128 16 VanB vanA
A28 E.faecium > 128 32 VanA vanA
A21 E.faecium > 128 32 VanA vanA
A25 E.faecium > 128 32 VanA vanA
Al3 E.faecium > 128 2 VanA vanA
A22 E.faecium > 128 32 VanA vanA
A23 E.faecium > 128 32 VanA vanA
A24 E.faecium > 128 32 VanA vanA
Table 3. Structural analysis of Tn1546 in 16 VRE isolates
Strain No.  Specimen  42-349%  164-921 170-  949-  3514- 3907- 3992- 4676- 5235- 8448- 9341- Type
1913 2976 3978 4794 4511 5769 7035 9138 10577
Al4 blood - - - - - - + + + ++ + |
AlS blood - - - - - - + + + ++ + |
Al6 blood - - - - - - + + + ++ + |
Al7 blood - - - - - - + + + ++ + |
Al8 blood - - - - - - + + + ++ + |
A19 blood - - - - - - + + + ++ + |
Al2 blood + + + + ++ ++ + + + ++ + Il
A20 bone - - - - ++ ++ + + + ++ + I
A27 cathter - - - - - - + ++ ++ ++ + Iv?
A28  cathter - - - - ++ ++ + + + ++ + I
A21 peri. fluid - - - - ++ ++ + + + ++ + I
A25 peri. fluid - - - - ++ ++ + + + ++ + I
Al3 pl. fluid - - - - ++ ++ + + + ++ + I
A22 sputum - - - - ++ ++ + + + ++ + I
A23 sputum - - - - ++ ++ + + + ++ + I
A24 wound - - - - ++ ++ + + + ++ + I
BM4147 + + + + + + + + + + +

+, Presence of a PCR product of the expected size in Tn1546; ++, Presence of a PCR product of the larger than expected size in

Tn1546; -, no PCR product was detected.
*Nucleotide number of Tn1546. * Variant 1

peri.= peritoneal, pl.= pleural.
2. 78X X

FHA T2 B e §3e 3R TR AT
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1S1216V e} 1S15422] AFQlo] 9] © 1} Tnl5469] = A4
o EuE A g FolAoh tA FF A2 FFE 1T
Wolgow 1de 44 543 @7 vans %9 o

IS1216V A4F¢lo] Eutd ottt A27 52 o=
g vans F-9] 7] ME 243 A Sdels UEA
A WA KA FE SIS 2 Tl o2
ol I 2 d ol el o] HAAM el Tl th
i dEhi i g #F £ oW @512 prototype}
2o FE Ued o7 fl%laL, 1S12510]1} 1514769
A= SHEA #okvt

&
Xd*ilﬁlzigi woorla, ¥
Al o2 FZhwQlrt. VREL wi7d @ el
u}2} VanA, VanB, VanC, VanD, VanE 2 VanG 9] 67}%]
Por FFHM[18-22], o] T ttE Fo® Hol7} 75
3t VanA ¢} VanBg o] 7+ &) 2o A =03 3o
t}. VanAg 2 54, =4 WA S JERH, vk=n}
o] Al 7} teicoplanin E 5o WAl S K <lt}. vanA gene
clusteri= Tn1546uf o] 3= o] it} Tnl546 10.4 kb=
7] & Tn3-subfamilyol] :3}H, transposase (0rfl), resolvase
(orf2) 2 778 2] 4 #}(vanR, vanS, vanH, vanA, vanX,
vanY 2 vanZ)E 7}7l vanA gene cluster®] 3 H&E o7 -
Az o] 1 tH23]. ©] = vanRSHAX A2 9= F4#}
Hol glo] fA]x o]l o}, Tn15469] vpw#] F-iE& o
Fe FAAF A x2F oz Qg wol & YERATHS, 12, 13,
23] o] H gt F-H A A 2 F el = 18] A, -5 L
Ad D AEAH0] Fo] E3hE a1, o] F IS 4 o]
Tn1546°] 2} A 3o F aQlo g e )
Tnl546°] 43 %l+ Tn3 transposon-S non-conjugative
transposon & &2 2} A 2 conjugation %82 712 11 A &
o}, 2 2 2 vanA WA 4229 A ul= pheromone-
responsive plasmidi} transferable elements 2 2] o] Fof 2]
shof o] Fol A1, o] o] Fo| 7hs EF st Al o] 151216V
o} 22 1S9] o go|t}. Tnlbd6uiol] 4w = Ao s &
H 2 ISE 181216V, 151542, 151251 2 1S1476 o] t}{24-27].
1S1216VE TFkgh 2] S ol A, Tnl546W &) o 2] F-9] ]
AdEe Aoz Bawa grh24-26]. HER2 Hag
Z & vanX-vanyY intergenic region®] ] 1L, vanR - %} ]
upstream 59| noncoding regionol| = £3] A HTH 2 A
TFoll A 1S1216V+= 4 o = = F ol A] vanX-vanY
intergenic region®]] A1 E o]l ThE H e} LA 5
O}, A279] A vanSe| frH A o = 4] E o] ATt
vanS 471 #}= protein kinaseZ glycopeptide & 1 %] 3}
vanA gene clusterE &4 34 7] &= 4 2 & vanRz} 3H
EA 8429 o 3L stt}. Hashimoto 5-& vanAd VRE
2t st et vanS ko] HEddolrt A & A
$ teicoplanin®l] 74 S YERA ¥t E 189

EEE R
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[28]. A27 #F2] 7% teicoplanin MIC7} 16 ug/mLZ T}
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5 FHste] B, W 22 o T2 1515429 4F
9]l& Holi}, [S1251e AR gola] T FF9 &
AR 271 489 F59 A S ey S o
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N IR R I N
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o] B8 VREd| th g A2y A= FRbE of of ghrh i
AeE.

i & : wkzwtol il A FAd=te] F & plamidit
transferable elementsol] 2] gt} Tnl5460] o] 7}%53k nj
7N EZ Z2] o] FA| insertion sequences (IS)e] & go] &
7ol8], o 2 aje] Tnlsao] therdt HA AZE
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1S1216V, IS1251, 1S1476 2! 1S1542 So]t}. o]d] A2} &
o oA E2]H vanAd E. faeciumS tiA o 2 IS &
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A 1} EH/\]' T B A] 1S1216V7F S A a1,
167+ % Fo|A] IS15427F A Q). 3 #F=
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vanXY intergenic regionol] A9 H 3 o] A ¢}, 113 & orf2-
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