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A -2 Z ajf

22 %2 Vancomycing A E®0] FAS JAlste] Aol e FwEAE YERHE glycopeptide
A FREAZA IDIIANTLE Qg AEA 2 FAASA AL, 53] methicillin WA E
EATFY AeE NEAR 2oln Utk 2y H2 YAPANNE FEEY WL = ®
EATF (Mus0: MIC 8 pg/mhe) VERZ] AlEeidn o8 74x S84 IWdM= WAEdZF7H &
2" 7A54ol ukn Ales o] AAHAA F metheillin WA ZEATEE HFOE vancomycin
AR WANE 2ALE XS old 2 A7 S Lol At et B AF AR 1077 (KR

o} methicillin WA T3 2 23.3%7} vancomycinol] thatel WS B o™ vancomycin WAS YEH
= EE7F0 Musod Mu3e 7 AR WANEE Btk FHEAs d49eE T AT
vancomycin WAdoll i 8HE vanA, vanB, vanCl, vanC2, vanH 50| e FZ5R] gygtt. SDS-
PAGES AlAl3o] 81 kDa, 58 kDa, 33 kDa, 28 kDa 59| & ©l 238 131511, MuS0lA] 45
kDao) ER M0l gl 23e w319tk LDH enzyme assayolAe & A9 AA7F Musod 4 =

2 LDH &4& B3t

MooE

Vancomycine tE A glycopeptide Al 348 Al
24 19563 Amycolatopsis orientalis| A F5 =
AT, oA AEe] AEY Hdol= UDP-N-
acetylmuramyl(MurNAc)-pentapeptide J7H& L2
2 A 9. oleld AFHE AT tedA
UDP-MurNAc-tripeptide2] carboxyl 2&5-0l| palap-
ala®] dipeptide”} ligaseoll <3 A= o] ¢
A4} 4k (lipid carrier)ol] 2l8] Al X upgow
$-4kE] 0] UDP-N-acetylglucosamine™ &7 Al EH &
%44 gt} Vancomycing B8] %3 o] glycopeptide
A FYAEL o] AFEHY] AEFQ palapala
BB $ At FEAEES %L UDP-N-
acetylglucosamine® ZAA73 HA& vro} FA4H
ol Az o] o]FoXE AL Yo,

Vancomycin® EEATIF 7o tig H
A o2 dy] 2oz ¢el?. 28} vancomycin

= 120006 749 13¢¥
A A H 2000 8Y 21
k|

F

of thak PAS e F571 19883 Enterococcus
spp. 25E Ag LY olF, TEATTAME
vancomycin®l thE WAL FE8 & U5l T3
HAT?. 19921 Noble 5% Al e (cell-to-
cell mating)S 3} Enterococcus spp.2l vanA
operon®) Staphylococcus 2 A8 F Y-S BT
Milewski S92 #3552 vancomycin® teicoplanin
o] 58 uixlolM AFg A Yt TFE
WS 7HIE WETFE ATt EF Sieradzki
2.9, minimal inhibitory concentration (MIC) 1.5
pgmiQl iRl AR o2 A FEE F
Ql wiRIoA] M-S ufekste] MIC7E 100 pg/mi{l
Staphylococcus aureus® BJThil Budklch 29
v 2 Z74A A7F vl A31H vanA, vanB, vanC
=9 Enterococcus spp. 8l vancomycin W4 gene
o] S. aureusOIXE AEHA ¥now wetA ol
e YAariHae 7hd ez AZsia ok
Hog P& vancomycin WA FFE AT
o QJojA xpolg RHoled, J& A7t 2,
257} =2o] AlFe] FAe] AT AEHo]
A 9lew lysostaphinol] thit wjAde] F71s
ol wjA oA p LHh7}t gaEo] ek,

ox wx rir
ki S o ox o%

32 i ok
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A7 AN A= Hiramatsu $20] vancomycinl %
o] WAE 7HE S aureus (MuS0: MIC 8 pg/ml)
Hz=2 BI3led, olF g Ao WA
S 7FA= ¥57} Michigan®} New Jersey SollA] E
THAWP. o] WAFTEL ZF methicillin WA
TFE vancomycin®] 717 FHE B3 WAL F
53t Aoz By b,

Hanaki 59 Mu3® MuS0S& iz vlidte
Age A7 ol WAAHIFNA N-acetylglucosamine
o cell | F5&9 F7F 2 oA | HE2F] 5
7}, penicillin-binding protein 2 2 2'9] 37}, autolytic
enzyme activity®] ‘3% 5o] AU B
t} =3 Milewski 5'92 vancomycin WA A etoll A
NAD'-linked-p-lactate dehydrogenase®} homologousgt
37 kDa2| proteino] thZ7tol} H|&l ZF718sdctka &
st

$-2lvete] ¢ methicillin WAS B £ 4
4 YANESE 52 Aoz dEA da, olArt
2 FAA Gl B ALE] dubo] AR A F-
£o02 g FAEA U WdFF7F vetd
F Qe JbsAle]l 222 vancomyeind] ThEh W
Q57 g 7hsol BE AoE dife] EH
wetx & =8 SWdlM EE T methicillin
W S aureus FFE HFSE vancomycinoll tH3
Al Zed AAE Adstn o7 7R A8E
B3l olo W 54E duruz st

lo mju ol

ol digd
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1. d8aF S|

ek

al o
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1998 9¥5-E] 1097H4] 45 ¢ FLE LF
Al 2R AAdE R FT)s Bl e v
AE AP Genus Staphylococcus® w2 57
® 137579 #FE oidoz Agsiith Agay
2 o] &3} coagulase A2} mannitol salt agar (MSA)
o widEte] B 44L& Holy #FE A4
Eeiraod Rl Ao, 1 A 18
Mol #5588 APl AH&3ith. AF AE-3
vancomycin 4 EFFFE MusS0 (vancomycin
MIC 8 pug/ml)®} Mu3 (vancomycin MIC 3 pg/ml)-& Dr.
Hiramatsu (Juntendo University, Tokyo, Japan) & 5-E]

Fopuol ALgIATh
2. Methicillin L& ZM T atHol MEZA}

A T AT 2] methicillin WA ZHANSH] €

&to] Ux}H O F cefinase disk (BBL)S ©]-&3}o Al
79 B-lactamase 435S A3 I, methicillinZl
FAAQ oxacillin® FHFH PO R FAH
oz B3l Mo MICE F38th 43
# 3]41-& Mueller Hinton agar (MHA)®! 28] 8|4
Hog FWEAL 128 pgmlFE 0.5 pg/ml7kA g
22 H7F8E Z+2Z}2] wiAjo| brain heart infusion
(BHI) brothol| Al 18A17F viekst & WFol2 A
Z3}o] 37T incubatoroll 24A17t B ¥ MICE &
3ttt

3. Vancomycin & teicoplanin Z=ed AAb

Methicillin W} o2 #ld #F& ez
vancomycin®} teicoplanin®] 3k MICE Hiramatsu
B9 wlel wel gAsloy A e #FE
A¥3}e] population analysisE -3 3H3A ). Teicoplanin
244 AARE BHIAGIA ]2z 4y (BBL; 30
pg/disc)& A3k ARSIt

4, ZEA AMHIE (Polymerase Chain

Z3EA APr22 boiling lysis BOL ©]&3}
o] %23 M79 DNA 2 plol dATP, dGTP, dTTP,
dCTP7} 242} 2.5 mMeo] =5 E93 dNTP 1.6
2} 10X buffer (50 mM KCI, 10 mM Tris-HCI, pH 9.0) 2
ul, 25 mM MgCl, 1.2 ul, 20 pmol] forward 2 reverse
primer 2 pi¥ell Tag DNA polymeraseZ 0.5 U 8713}
I HIFEFFE IS WSS gl 20 Wt HE
2 % 3 thermal cycler (Hybaid Limited, UK.)ol| 4] &
% DNAS FE& A=l o)W AMS-S 5%
B4 dyur-do Azt 2= 2AL g2 2t
vanA specific primer set2 ©]-83F A9, 94TA 2
£ 3023t % denaturation ©]F- 94TCoNA 4527+
denaturation, 49 C oA} 183} annealing, Z18]32 72°C
oA 187} extension 3= FAE 353 WEIIGL
n, wbx] 2t extensione 72CAA 1583 A &3l
Aoz BAHF extension®] O]FAAXEE 3}
At} vanB, vanCl; vanC2, vanH primer set& ©]-83
A4 FYE A3 annealing 278 42 49T,
47T, 47C, 48CE A3 hgo] o] FoAEH
3T

5. Sodium dodecy! sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE)

Vancomycin 744 AL B3 AR Mo
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Table 1. The nucleotide sequences of PCR primers used in this study for the detection of vancomycin resistant

gene from S. aureus

Primers Sequence (5' to 3") Targets

vanA Sense AAAAAGGCTCTGAAAACGCA vanA
Antisense AGCCAGTTCTTTTGCCTTCA

vanB Sense GAATTGTCTGGTATCCCC vanB
Antisense GTTTACTTTGGTTACGCC

vanCl1 Sense ACTAACAATAGCTTCCCC vanCl
Antisense ACTTCATATTTCAGCGGG

vanC2 Sense CCTTTACTTATTGTTCGGC vanC2
Antisense TCTTGATAGGATAAGCCG

vanH Sense CATAAATCAGAGATTTCCGC vanH
Antisense GTTTACCTCTATACTTCGGC

Wokdg BA3}7) 218}, Laemmli'™2) discontinuous
buffer system& ©]-83l4] 12.5% seperating geloll 4]
SDS-PAGEE A& th Al #f4-& Moreira
09 Wl g Wyste] Fn8lglon, sample $3
A3 (0.1 M Tris-HC, 2% sodium dodecyl sulfate (SDS),
20% glycerol, 1% 2-mercaptoethanol, 0.001% bromphenol
blue, pH 6.8)7 &% E£§3ld 95T heating block
A 553+ A28l 10 mAZ bromphenol blue”} gel
o] ol olF wi7hA] oF 241t B9t WG E
gt & Coomassie blue-R 250 g0 2 oF 1083+ &
L=

6. Lactate dehydrogenase assay {LDH)

Al7¢] vancomycin®]] et A7) NG dolr 7]
$13td LDH assayS 4 A|313iT} BHIAY 37°ColA
24X ¢ vl FF TS 0.85% B AGgel R/t
o 43 22 F 3 AT Algg oAl
0.85% A2 A Gl F/3kL 50 WellA] 10x 313
S 158 23 &4 A2 £, 10,000 pmS
2 A RT3t GOzl A NG Hof AFe Al
B33t E0ld B-Hdg Moldeus 59 WS
Az 2A v W¥ste WA NADHE
phosphate buffer (pH 7.4) 2.11 mM FE2 FH|
NADH £ | mlE FF< 50 g} 2 EG &
37T heating blockell A <F 28 B¢ HA& b5 20
ul pyruvic acid €% (1.36 mM)E 715+ 340 nmell
A 158 59 4% NADHS 48 33 =
B3 FHAE Lowmy PPE AHESlY o] Y

Table 2. Antimicrobial susceptibility test of vancomycin
resistant S. aureus

: MIC (ug/ml)
Interpretatlop of agent Number
of vancomycin V958t .
. of strains
resistance Oxa Vm
Potential-VRSA 128> 4 3/107
128> 6 1/107
128> 7 1/107
128> 8 1/107
Possible hetero- 128> 3 6/107
VRSA
S 128> 4 7/107
128> 5 57107
128> 7 1/107

1. g 2y At

S. aureusZ F78k] Agol A& 1187 A
& methicillinF] FBEAY oxacillin® 2 AR
S UE AEsle A HALE AAEglen
NCCLS WAEA 715D utel Y& B 75
 1077] A} o] FFES do R WA 4
mg/L9] vancomycin®] E3E BHIANA] 24417 W
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Colony foming unit(log)

concentration of vancomycin(meg/ml)

Fig. 1. Population analysis of vancomycin resistant
S. aureus

99.4 kDa — ;

66 kDa — .

45 kDa —

29 kDa —

21 kDa —

Fig. 2. SDS-PAGE of vancomycin resistant S.
aureus. Lane 1, Marker; Lane 2, Mu50; Lane 3,
Mu3; Lane 4, s129; Lane 5, s134; Lane 6, s135

e
01)1

o 4]& ¥ potential- VRSAZ HAH A
aFe 670 AAReH, 4% et wigstd F
1

218 A3 = YE hetero-VRSAS] 7FeAdel Sl
= Ao $ARE #FE 197 AAAC ek
Ao ALL-H methlclllm WAAEEATHE F QF

23.3% (25/107)2) Z A7} vancomycindl| thaled %

2o WAL 71 RE ¢ & YA e IF
£ AL E increment WE-S AH8-3}] vancomycin
= pg/mlow 10 pg/mi7hA] - BHIA Wi
A MICE ZA438IA T} Teicoplanin 754 A}
e fag e B8 AAsiey 25 #e
4o g vebgrh

E

[=1
o
T
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©

£
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Strains

Fig. 3. LDH assay of vancomycin resistant S.
aureus

2. Vancomycin WU&i#Ee| LAglE 24

Aol Ale3 JAAA F vancomycinol] gt
MIC7} 7 pg/mi ol #F& Adstd, WA
HEE ZABIE Mus0 2 Muddt Bjms] Htoh
o A7 Fig 194 B nls} gdo] AL e
AHRE BE SATTAATEO] Musod Mu3d F
7 B YANEE Bt

ok

3. BEELS AMEE

Enterococcus spp.ol A W& 2
vanB, vanCl, vanC2 2 vanH specific prim
o Zzte] ZHA FHEL AH J%—% AT
Ax 2 Ay AT RE E=AT
DNA7} &5 &gkt

Vancomycin®] WARE B A&HIJH 75
& A4S E SDS-PAGEE AAIEHd Muso %
Mu3te] ol 532 Hji 24831k Fig. 2014
9} o] markerE 7]—,:__§ RFLP advanced program
(Advanced American Biotechnology. CA., USA)Z ©}
g3l A7pe] o BaEg AR 23 81 kDa,
58 kDa, 33 kDa, 28 kDa%ll 4] 52 F8 &9 &
89 8951 o™, MuS0- 45 kDaoll A 5324
glo] FAFAT (Fig. 2).

Az mz

5. LDH enzyme assay

281 235 Agds 712 A2 pyruvic acidt
HAAC NADH7} ZAtz NADE HEE= AE
158 %9} 340 nmollA] NADH7} Z45E %4& &4

(o]
o=
o 24 Md] LDH enzyme?] B4 AEE doln
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skon] o A At mg YD enzyme
o] F& AdEdo 1 A Fig 39A ¢ ol
Mus0% 5135 FFo) A th& FFo| sty &
< LDH enzyme XX & B on F FF alo]
dE FASHIZ Fo3 Aolr} glo] vl A
Ee 848 21 e Aoz Yt (p<0.05).

AaozA gy g i

of Aol Agel AHEHAA AV DL 1950dh
Fub 2k 50% o]Ate] Mio] B-lactamaseS ASAHE}
o2 WAade Z2A Fo wet 19603 methicillin
3 cephalosporinZl] FHEZAZ i d o, 1970
Ao methicillin W3] F33RA 19503 3
Bk g Mde A8l e AMgEo] &
vancomycin®] o]dl| thst 713 A3 <Q FAE A}
|FAY. L= B33 vancomycin WA A

T % coagulase 24 I RAFHFY 5L

aureus®l] JAME FARE WAA Fo) YEhE F
RE 7HeAde] AAFHATY, 90 drh Tk 559
WMol AT Be=r] Alztetdn ¢
oo FA9 HZHE-E FE3 A7z Uk
Aol ALEE 10759 methicillin WAZHA] & 25
7} vancomycin WA AT (potential VRSA: 6, hetero-

VRSA: 19)2 2 £ 5o 233%2] Ea&& Bk

°| Hiramatsu 570] d¥2] 57) W& oz
aho] E2]8 vancomyen WA FF9] Ea]8<l 20%,
5%, 10%, 22%, 22% 53} v|@g o) v|$aA o
A & Ao YEynh

FEES ANk 45 vanA, vanB, vanC1-C2,
vanHell 5ot §H2} Algo] BFA FZ X
ol S aureus2] vancomycin X34 enterococci
vancomycin 34 fAAtel= A9 #w#o) ¢l
Tt Aoz ddEHon, o9 e AnE oA
TEE9 A} 2o)rt gn?,

SDS-PAGEE &3t Udd7e] dde U
AREEFA Mus0, Mu3} 37 vimd A3 2 3}
o] A& Holx| ko i 81 kDa, 58 kDa, 33 kDa, 28
kDaol| A FE2Q dy B3e Felaict ot
2 AN E Musoo A 45 kDad] @ 2HS =
Ao #1F F AU} 81 kDa 45 kDad] 2
22 747} penicillin binding protein (PBP) 29} PBP 4

of sjgsle Aoz WY vz 2EE )
HA S Ftovt AF7AY IF Bl B]Fo]
£ 4 vancomycin WAolE 24 FAskA] & A
o2 A, Konx” 52 PBP7} peptidoglycan
D29 ala-p-ala T-Z0 glycopeptide] A7
Agste AL 7xHog goay AyHoz
FRAAZE AZHA 288l S ZoEA F
tha 351t} 3HH PBP 4+ EA}3ko] RS (45 kDa)
gld e A& 7]Hde geA IR ey F
2 secondary cross-linking®| & EHAM AFe p-
lactamA] FAA ] i3k Ao BoAsts Aoz
B,

Lactate dehydrogenase (LDH)S] 53 Z3} 3 719
ZF (s135)7F 4 EELTA Musozt B8
A2 2 GAXNE HAT B H4¥o An:=
Milewski §'99] Aol B FE (125 pg/mi)2)
vancomycin BA| A W& 53 Wo| g
4 LDHS| &4 %7} dlzFel v)8) s3tvhes AL
7 A8t th. Vancomycin WA FEEAT 7
A 574 ¥ LDHE ddhE HEE genedl 93]
#eln] Bajigko] 367 kDa EEZ VanHS} NAD*-
linked-lactate dehydogenase (dnLDH) 3 Z& d-2-
hydroxyacid dehydrogenase family®} o}v] =it g
A4 27 28~40%9] FEA 49~61%2 FAM
S A, 298 Boyle-Vavra 5"& Milewski 59
o] AL APH WAFFE ALE3ld ddh gene
& pM952-2 vectorol| A insertional inactivationd}
dnLDHS| A xe] RislE 543 43 e W
daFoe 2 340 nmollA| NADHZ 3 &%
£ol 77 BREA 23kon] Westem blottingS
E 3 dnLDHY| 3 Z3te FEo| #EEx gt
3 3Hth 22y vancomycin WA HAL Aol A
< vancomycin®] MIC7} 25 5 pg/mlE ddh gene©)
inactivation® ¥o} wFet 184 2 @Il A
2 A7t e Ao Bl ueid 2 A
d AFoA vancomycin WA FFolA LDHS &
dol Fotalont, ojZe] AlFe] ug7I™el A4
Hog gastzAld A #Ee srldE 0F
& ol B& oz Aztdrt

2 Ay A7 S awues vancomycindl] thEl
A71Adde 48 7HA EfAA 247 #3)
I e Aoz welt a3uz FudA g
vancomycin W3 dFoll g 7|1 & & o] A3
B+e]7] 98l o= Western blotting2 %3+ PBP
9] #el3} tjE o] LDHenzymed] W3ld] w2
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peptidoglycan A 7-A12) W3S vl 2 W71 del
HAg o A3o] Yag Ao A47dr.
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=Abstract=

Characterization and Frequency of Vancomycin Resistance in Staphylococcus aureus
Isolated in Korea

Sung-Un Park and Jong-Bae Kim'

Department of Medical Technology, College of Health Science,
Yonsei University, Wonju, 220-710, Korea

The vancomycin, one of the family of glycopeptide antibiotics, inhibits the synthesis of bacterial cell
wall peptidoglycan and has been widely used against gram-positive bacterial infections, especially for a
treatment of methicillin resistant S. aureus infection. However, clinical isolate which was intermediately
resistant to vancomycin (Mu50: MIC 8 pg/ml) was isolated in recent years. In this study we performed
vancomycin susceptibility test with the increment method and population analysis with clinical isolates
S qureus. Also we did several kinds of tests with three selected isolates (s129: MIC 7 ug/ml, s134: MIC
7 pg/ml, s135: MIC 8 pg/mi) to find out possible mechanism of vancomycin resistance. As a result, the
prevalence of vancomycin resistant S. aureus isolates among S. aureus strains resistant to methicillin
was 23.3% (25/107). The vancomycin resistances of isolated strains of S. aureus were between those of
Mu50 and Mu3 strains. By PCR analysis, none of the isolates with decreased vancomycin susceptibility
contained known vancomycin resistant genes such as vanA, vanB, vanCl, vanC2, and vanH. Major
bands of 81 kDa, 58 kDa, 33 kDa, 28 kDa were demonstrable in whole cell lysates by SDS-PAGE from
all three isolates as well as reference strains. And especially, 45 kDa protein was overproduced in Mu50
strains. Among them increased production of NAD*-linked-p-lactate dehydrogenase (dnLDH) were
detected from one clinical strain (s135) and Mu50 strain. From these data, we suggest that the mechanism
of vancomycin resistance in these isolates are distinct from that in enterococci.

Key Words: Vancomycin, S. aureus, Population analysis, PCR analysis, SDS-PAGE, NAD"-linked-
p-lactate dehydrogenase
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