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8 o @ A9 I AREHE, LA, BN & ANRE AFctE, HHT A==FEH
genomic DNAE Ez|5t9tt. 22" DNA2} class A extended—spectrum beta—lactamase(ESBL) 7%
2t 57V (blaoxa-1, blasav,  blaren, blacrx-m-1, blactx-m-0)E target® = Sfi= primersE ARG
quantitative PCRE $3Jtglch. A22 AF3 2HHE2 ESBL 9AAE<] 40t HlgoA gAgt zlo]
7b dee & S Uik @3] A9 DNA 30ngd ESBL 4727 1.93x10° copyyt EAi5Hs o]
ks AAA0] Ao 1.47x10° copy 181 HeA o= 9.5x10° copy Hroll ZAI5HA] gkotrt. 52
= SPHQl aHT FedoAe 7 ESBL §AAES HEolA & Zol7b gtk &, A=
blaoxa-1 ATV 65.3%, blacrc-w-1 AT} 33.6%5 AAA|stoIA o] T AT AA ESBL A7}
ol 99% 7WtolgE AAIsta Qth. FUMANNZE  blaoxa-1 FATY 64.1%, blacrs-w-1 AT
19.1%E AA|stERZ o] & §FXZ7E A9 83% ol g AA|sta UAth bt oh=2A HE 7
?l oA AxeMde WAHES TF AAZE ohE & skl HIshA EEsHA Adich ERF WA
M-S vl GetA blacrx-m1 SR AL 87.5%, 1=]1 blacrx-m-s A7t 9.8%5 AA|o}
LIS\

FA)o] » YA, EL el beta-lactam YA, extended-spectrum beta—lactamase, quantitative
PCR
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Abstract : Water samples were collected from three spots(Namcheon, Changwoncheon and
Cheongwoonji) in Changwon and genomic DNA was isolated from them. Quantitative PCR was
performed with the isolated DNA as template and primers targeting five different class A
extended—spectrum beta—lactamase(ESBL) genes(blaoxa-1, blasty, blarem, blacrx-w1, blacts-wio). The
number of total ESBL genes from each sample showed large variations between each sample. Thirty
nanograms of DNA from Namcheon contained 1.93x10° copies of ESBL genes whereas the same
amount of DNA from Changwoncheon contained 1.47x10° copies of ESBL genes. However, the
same amount of DNA from Cheongwoonji pond contained only 9.5%10° copies of ESBL genes.
The ratio of each ESBL genes showed little difference between Namcheon river and
Changwoncheon river, but DNA from Cheongwoonji pond showed a large difference from the rest.
blaoxa-1 gene was present at 65.3%, and blactx-m-1 gene 33.6% for Namcheon comprising together
almost 99%. blaoxa-1 gene was present at 64.1%, and blacrx-m-1 gene 19.1% for Changwoncheon
comprising together over 83%. blacrx-m-1 gene was present at 87.5% and blacrx-m—9 genes 9.8%
for Cheongwoonji, a pond which is a closed and isolated environment.

Keywords = Antibiotic—resistance, penicillin, beta—lactam antibiotics, extended—spectrum
beta—lactamase, quantitative PCR

1. M E Qo o] ofuiAl v AEAdT Euf

71Zrof] webA A, B, C, D9 4719] class® Ud

Alexander Fleming®]l oJsilA WAH Zz9] tH4l. Class A, C, D9 enzymegfi 2445 v
penicillin(benzyl penicillin T penicillin G)-= Effi7] flste] ZAJHEL9] serined AHESh= HE
I A AldSo disidE =gdst ad& y Holl, class B enzymeS-2 TS 95} Zn2+°
P IRIRE i) O 24 AldtEel disiAe de g FtH4]. ESBL FolA 7MY WA Ead
o] 1], penicillin G= WAt o] oFs| 2ol class A enzymeEQH], olEL F=2
A AT =2 o A9 B4 fgiEEo] 99 plasmidg -S4 M= A ESBL FollA
A ARl 2ol THIL o't ZEE A = Zdt JpbolE ARA|SHH4, 5], Class A

R g

H5t7] 9allA AEE ampicilling Aol & enzymeS2 ©A] TEM, SHV, CTX-M H
25 AT BEgo] sMsshy, tjiioel g8 oF OXA type®] 47F2&2 WdTH6]. Ghafourian et
4R a9 54 BYd AdEel el e 2 fHelA EeEs ESBLO] ER7F A9d
FA9A] s (minimum inhibitory concentration, —E-— 2 AolE Hiokal HASHETHS]. ERE

MICO)E uerdtH2]. 28y ampicilline] @] Ogutu et al.2 @A FFof|A 71 Ho] TAH
AL EHEA WENT E2AE ZUletda, WA 9= ESBL ®Al ZHA(blaoxa-1,  blasn,

ol gt giger SFEE fFEASC] blaten,  blacrxm-1,  blacrx-mo)  FRAAEES
A2l ¥l ampicillin®t Zo] HyAHAoZR multiplex PCRE &¢15}7] $j5te] thAl 71219
H frd FPAES 38522 f-lactam M2 & group— specific primers pairZ ¢t
ringS 7HA=H], olEdt FYAES beta—lactam ShATH6].

FAA It Skt S YSE beta—lactam FAFA] Quantitative real-time PCR(qQPCR)2 &34
E HB35= extended-spectrum B —lactamase MirzRE Hes ASE S4to=4 PCR §F

o BAEE DNAY Fg AR =4

(ESBL)oll thsllA 19804 the] Hw} =l ﬂ?; =
4 = "doltt7, 8, 9]. ¥A qPCRS &
%S

ESBLE AAsHs AlSel wol 2elsl] 9

_I
o:

2 S o nd oo
M)
|

o, o]2igt ESBLEL beta-lactam 0““7<ﬂ~~ 4 EE o5k g, AE A 59 &
% 9 agHor Edostes zalef IoH3] & oA o ZHA] RBEESS AAA e AT
Al 300714 ol/Fe] M= thE ESBLO| Hilk|o] o5 FAst= dol g AMEEA U7, 8,
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e A ols ERAbA e 4
ST Agatel A drdst o] AlWE 7t=2
212m g4 upiigtolA gRgith sk s2
= FgolA edde] §4E Tt Y E
Aotal, ERF 2Lt ZraeaFe] wheha] Shdef &
Aot= MABEES FHolU 77 A IFES
gt 2 AFoAE ESBL fAA=S FA4H
9 AR og HAMSH] £J5te] class A ESBL

FA72F FollA Al 7HAE Ak, Ao &
HAE target© 2 Sk group—specific primers&
Ageel qPCRE st

2. Mz H WY

2.1, Collection of sample

AT Aae 9 AdY FEHE=
128.65, 91k 35.23), HHFHE 128.67, 9=
35.2D), 293l Fddisty wWuie] FLA(HE
128.69, $1%= 3525004 AFstct. AFHE Al
21 0547, 22,000 x golAd 15 E7F 9IAE
sttt Asde AAR &, Jletele mAE
E25E genomic DNAE Eas5tt. Total
genomic DNA E&|of&= NucleoSpin  Microbial

DNA  Kit(Macherey—Nagel GmbH, Duren,
Germany)7}  AMEESlY, EE¥  DNAE

U-2900 spectrophotometer(Hitachi High—Tech

Aol A alE-F2l extended—spectrum beta—lactamase F4Ate] Hx 3

Science Corp., Tokyo, Japan)& °]83t sk
£ S5ttt

2.2, Quantitative real-time PCR
Quantitative PCRS 438& o= TB Green
Fast gPCR Mix(Takara Bio Inc, Shiga, Japan)
12.5 ul, template DNA 3 @, forward primer
1 ul, reverse primer 1 wl& ZZJsto] ZHF
volume©] 25 w7} HZ=Z sttt 2ZF primer
o] En: Z}7F 400 nM=2 FAsHth AR
primerg2 Table 1o uepHT:. qPCR
Rotor—Gene Q(Qiagen Sciences, Germantown,
MD, USA) thermal cyclerolA 35}t PCR
XL 95 TCollA 3BT fAAZ 3, 95 C
15%, 60 T 20 %29 cycle® 453] WHE3FAC)
Melting curve 242 60 CHE 95 T2 HY
oA Fgotct. BE ¥hg2 33 HHESIHA,
dolzl Ct 79 BHE 2T dataZ AHEoIT

2.3. Znjo| BM

Ale-59] 165 rRNA F82F FolA conserved
regiony target® & St= primerso] Wol &g
A A=, ol FellA 967} 1,391rg 7St
o] EaH genomic DNAZ 10814 343
template®} 27 qPCRE 1S 10]. o2
Ao Ct =2 standard curves ZHAJsIATh
[Fig. 1]. Standard curve &4 Alo] xFoll=

Table 1. Primers used in this study for quantitative real-time PCR

Gene

Amplicon

argeted Primer name Sequence size(bp) Source
967f CAACGCGAAGAACCTTACC Thijs et
16S rRNA 424 0
1391r GACGGGCGGTGWGTRCA al.
b, M-TEM-F CATTTCCGTGTCGCCCTTATTC 900 Ogutu et
/ M-TEM-R CGTTCATCCATAGTTGCCTGAC al.’
bl M-SHV-F AGCCGCTTGAGCAAATTAAAC 13 Ogutu et
M-SHV-R ATCCCGCAGATAAATCACCAC al.’
b M-OXA-1-F GGCACCAGATTCAACTTTCAAG e oguug et
M-OXA-1-R GACCCCAAGTTTCCTGTAAGTG al.
T CTX-M-1-Seq-3F GACTATTCATGTTGTTGTTATTTC - Ogutu et
: CTX-M-1-Seq-3R  TTACAAACCGTTGGTGACG al.’
blacrnis CTX-M-9-Seq-F  ATGGTGACAAAGAGAGTGCAAC 976 Ogutu et
CTX-M-9-Seq-3R  TTACAGCCCTTCGGCGATG al.’
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logioCopy number of target genes EA|SIL y
Zol= SHE Ct 72 ZFAt. 4Zte] Alg
of digt FAAMT AAAS RS AXtstolA
FARCR Fodo] JAAEE=AE SRIsHAT.

3. &t ¥ nE
3.1. Quantitative real-time PCR
2 dAFo)A= Ogutu er alo]l AAIG primers
£ Argsto] qPCRS =fstSAtH6]. 72+ ESBL2
gene copy TE 5745t fIste] A= 16S
rRNA F42+] conserved regions target2 2
Sh=  primersQl  967f2F  1,391r2 AR5
standard curve® ZAJSHATt Al A-ollA AHFH
H AmE& ARESte] 2Rt standard curvers
Fig. 1o Yetfilct. 2t standard curved] 7]-&
71+ Figure 19 ZZAHL

3.2, ESBL fHXI=2| copy & ALt

Herrig et al-2 standard curveE 2H4Js17] 9
3t qPCRES HS wioll  Escherichia coli®]
genome 5.142 MbZ AXSIATH11]. 2 AF
oflAE A& Fol EAsts 2 Aldt genomeE<]
Aol AsskA FHsh7t E7FsctER E
coli®] genomeZ7]2l 5.14 MbE Al Fo &
Aot= Al genomese] B I7|E AL
T3t double-stranded DNA 1 bpe] EX}TFo]
6300]3, AMlit genome™ 3 copy2] 16S rRNA
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GAzA7E ZAstE2 E2lE DNA  30ngolle
16S rRNA SAA7F 1.67%x107 copy?t EAs}
2, ol A8trloginzE FASHH 7.227F #
ot oEERE2 genomic DNA  3ngollE  16S
rRNA 524271 1.67x10° copy?t A6k, o
= Agdi4E v E 62271 "ok webd 16
rRNA F32] copy 9] A&t a2 x=ol
FAIskL, 77k odE= Cr dhe y=ol &A
31 Fig. 1o e standard curveZ} foj¥ich,

g Afole 2l y = -41llx +
39.1312 Yy, AAASE R? = 098822
A A9 1ol 7k BR= o2 Rl Al
Lohy dEQloHFig. 1], AgA o AL 3
Aol y = -3.815x + 42.868% UEN}L, EAA
AGt R? = 099462 vrebdtHFig. 1], ¢4
o] Aol 3] y = -3.833x + 40.3662
2 yehta, 23A5E R? = 0.99682 UrErd
CHFig. 11. mebs olgA dojxl 3lfAo=z
ESBL oA 7FA  f§AAE(blaoxa-1,  blasnv,
blarem, blactx-w-1, blacrx-nm-9)9] copy +E A
Aot tHTable 2].

3.3, ESBL RTXIE9 2x

AN=E AHHT AFE2 HA ESBL §HAE
o FxE AmEY At o7t e F &
UtHTable 2]. d#e] 7% DNA 30 ngd
ESBL 4Ax7F 1.93%10° copytt EA15H= dlo]l
sl FRHe] ALol= 1.47x10° copy 181
Aol 9.5%10° copy Hrell &A612] et

30
» ]
25 4
’ F&) G c
s [+ o 207
- -]
&4 £ € s
H £ 3.815x + 42.868 S y = -3.833x + 40.366
: u4.111x+ 39,131 = e - < 10 - = :
z 0 VO HERIN T 33 R' = 0.9946 R* =0.9968
R =0.9882 1 1
5 5 4
o 10 0+ v v v - - <
2 L 4 5 [ 7 F i ] 4 & r 2 3 4 5 6 7 B

Log,,Gene copy number

Log,,Gene copy number

Log,,Gene copy number

Fig. 1. Standard curves for quantification of the ESBL genes. A, Namcheon; B, Changwoncheon;
C, Cheongwoonji. PCR were performed in triplicate and the average value of Ct was

adopted to estimated the copy number of the target genes. Ct stands for cycles for

threshold.
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Table 2. Calculated number of gene copies of the extended—spectrum beta—lactamase genes in 30
ng of DNA derived from microorganisms in the waterfront environments.

Genes Namcheon Changwoncheon Cheongwoonji
blaoxa-1 1.26x10° 9.42x10* 82.5
blasiy 1.13x10? 3.3x10° 1.33%10?
blarem 2.52%10* 1.98x10* 48.6
blactx-m-1 6.48 %10 2.81x10" 8.31x10°
blacrx-m-o 1.82x10° 1.9x10° 9.27x10°

Z dHols Fex Kt 200u] oA 1@y F
AHo|= Aoz et 158] o]4re] ESBL 4%}
7V EAskE AS € £ At B dAFAE
Z+ Ag¥Ez 2ad" & DNA %¥g HwsxE
Aottt st F DNA &2 o Adg 7
Fgt dinprt Bl g-go] At AJolE 1YY
2o FFS Hluste AL oulrb gty o
cHEQ17] wRolth T F DNAS] %S H|1 3
A FAe] EAsHe ndES FFS oteteled
= ] mzstd DNA Ha 9L 3

7b Qleka ke G FYdo]l AHe
T opdo] Tt AHED A o AgRoA A
25 AFYLo= EFetr F P B
“lactam YA WAL 2t AFES] Tl

{

AaE AFHT A AR Fl WA=
LAYo] EAQT 7ol Atk wHE &%
RTolA WANIEES FFolAe & Atol7t &
AstA|gt ZF ESBL fAA=9] Hl& = & A
o7t k. &, FHAME blaoxa1 FHATY
65.3%, blactx-m-1 FAAT} 33.6%5 AA|SEE
2 o] & 5427t AA ESBL #4729 99% 7t
7HolE ARt ATE AHHAME blaoxa-1
FARTE 64.1%, blactx-v-1 FAATY 19.1%E
Ax|stER o] & FHATE AA ] 83% oS
kA5t lgict. BHHe| bt o2 2"
R HA2A A WA= EF AATL
g & st HlsiA LEotA Aot EJt
WA At HE&xE GebA blacrx-m-1 AATE
AAY 87.5%, 3 blacrx-m-e AR
9.8%€ AAstaL ATt FHt FeHA &
AotAl WA blaoxa-1 FAAE H2A A=
B3t 0.87% 4ol 2iEo] A FoTt. whEtA

HafE &3 FeAe =0l FAjlel fFdse

Aol ok AT AT ApolE Holn §I%l
}.

AA qPCRE F7olLt AEe] EAfct= 1|48
B2 AA8F 4 AFHoz EAHSH] <S94
da] AMSET T, 8, 9]. B dAFoAME &
4 AU 37 A@AA & ARE AHstL, A
7]o] &A15}= beta—lactamase FAAES A
Hoz BEAsSIY: ole HHoer £ 449
A £ARHIE &Aooz HUEFst 2}

IS i
ol o

57k qloglet AztE, B¢ 0ddel
|22 saped] 2ol

o rr

HT
N
o
ek ¥
P
o

I Poor 1 o2 R
Ui,

o/

ot
ZFAA = 478 class®] beta-lactamaseE°] &
Aste Aoz g Qledl d2FoNA class A
enzymes°| 7FY Wol EEstal Iot4]l. ES
Zt class enzymes2] A9HE EIL Z zjolE
Hol=d, o4& &9 FRHdAE= CTX-Mzt
SHV-type] enzymeEe] AT Hol=Hyls|
Sotrla]7to A TEM-type enzymeSo] ol
wx5tal YTH5]. F=ollA= beta-lactam Y
Aol WS Uetlle Klebsiella pneumoniaes
245 2 Aat, blasy’t 46.9%EA T Wk
I 2o 2E blapw©] 21.1%=4 = HAATH
(6] 23 FY AHe A E ol ZH Lo
T blagyt blarene 8 F4Z7 =2 Kot
o}, o2bA $-2luete] ESBL Bt o=d=
E e BY 7R SEot ofAXI
ol A4 olu] beta-lactam Al
it ot WEAlREEel E8E FHEAT
[12]. 7189 w2 AFxso] AdAe EAst=
A WAAAFES A5t HsiA A2 =
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b AR Q1o FAAE TR paper disc
WS T2 ARG gheH13] 2y
Ho g A Higfe] HA =
4 Alet=ell oM 740l &71s5t
, ERF YAlRSol Aol Wde ZEA Sl
= Azt gt ARE d& 7 gk o
ZA A= oleRt FHog qPCRE ARESh=
A7 €1 ok B AFolA+= SYBR Green
dyeE AR&ste] qPCRE F3stelout gPCRO|
AHEEE ZFZH9] primerol] dye® ZATHAIAA o
g ZF79 primersE FAl] AMHS-Sh= multiplex
gPCR HHE  AA=JEH6, 141, Multiplex
qPCRZ of2] ope] 32 FAlo AAlstE=
747t thg dye® ZAH o8 FFY primerss
gt tubeoll A FAlOl ARER £7b dnh whEbA
AloFE o] tubeo]] WHEA o= Hrier wf IAY
Sh= pipetting errorgs 48 & $£E glony
primerstt thermal cycler®] 7}FAo] HXt= o
Hol Q. I3y SYBR green dyeS AHgsh=
Aol g oge] gt QlAlGHH HE= dye
2 B3R ke Adl primersE AHESIE &H
thermal cycler®= A &E3slctt. tjlo]l 3t tubeol A
712] primer pairdt AR&Sfol SRR AlE 4
T A& tube = SOt G Tk ©f
g ARSSHE 7ol gPCRE ARS-SH HReF
E7Fse AldES ZERoIA AAAl EAst
Aol HE mAEEe] 7L e WAEdR
AZAEE ASst HHSHA 24T 4 ok
A AltdEe A=mstr] fiste] of2] 7HA]
I FAAEC] ARREL e, AFolAE
B-lactam YA 7P S8k, E 7
g ARSHL e FAAECIH15]. 2By o]
2t p-lactam YYAES Eofstes ESBLE2
ojn] A&sty, AFE, AFEe] AU +F T A4
Alell F9AstA Fax=lo] glgo] RIS,
16, 17]. webA] o] 43 ESBLO| ZtdA|of|A] wH-E
Lhg SAETH p-lactam PPAEC] H ©]
& AT Azl AHgE 4 gle Aldi7E 9
Q& W] =T s5 AoH1S, 16].

Z} classoll &dh= ESBLE2 1 7% 4 2&
712to] M= th=al, mEbA enzyme B4 A5H
SH= inhibitorEo] A2 TE2H18]. o4& W
class A enzymeE9| active siter= Ser¥} Lys”™
o2 o]Fojx 9JEH|, Ser®| beta-lactam ring

O I

9] carbonyl carbong& FZASA acyl- enzyme

IN Rl ot Ot o8
%
=2

Ir

Jorr & |1

o
el
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intermediate2 A3tAIZITE webA Zb classel]
SH= enzymes 9] AAAANA Y] B7} drsz]H
o]t enzymes9 FIHAHE A& 4+ UL,
I3t ZF enzymes9] inhibitor el T&o] H
T glodgat o gettH18]. uldEe] F42 2
T JFR9] Fko & dFE donz AHFE
Ha 2 FY] & A= Fo st nd=9
L IA oE & 91, ZF e Exx
gttt 5, A7 24X BYEHE F9)
beta—lactam FFA°| WHFES BYEHIS
2 =97}t Qlokal metEc

4.3 8

—

FAA9 370 AR, FEA, F2ADAA
= A2E AFsta, AF¢ Az=2FE DNAS
HEsttt. Class A extended—spectrum beta—
lactamase -FAZt 57V (blaoxa-1, blasmy, blatewm,
blacrx-v-1,  blacrxmo)E  target®Z  SH=E
primers®} A|22HE EZEH genomic DNAE
AHgoto] JeF4 PCRE sttt ARE A
g AHE2 AA ESBL A= 49 HE
oA ZAgt Zol7t U2 & &+ UM EH
9] 7€ genomic DNA 30 ngd ESBL -#%}7}
1.93x10° copytt EAsH= o whal] Qe
ALolE 1.47x10° copy 181 HLA|o=
9.5%10° copy Htoll EA5HA] okt &, FA
£ 2B} 2008 ol 121 Fedoel= A
=2 Kot 58] o]4Fe] ESBL 327t EAfsh=
AS & & Atk FHT FHHAME D
ESBL #4259 H[goAE 2 #tol7b gl
ll/j}%joﬂ/\_]li‘ b/ZOXAq %@1}7]' 65.3%,
blacrx-vi-1 AL 33.6%E AHAISIER o] F
FAA7F AA ESBL 5429 99% 717telE at
A5t AATE. FLAHANAE blaoxa-1 AT
64.1%, blactx-m-1 FAZZE 19.1%5 AR
2 o] & {AATE HAY] 83% ol Akl
At wtdHe] opdat thEA HA" 7 A
22N M= WEAHAES FF AAT oE F
shdoll HlshA dFobAl Aqdeh TR WA Al
o] Hl&LE YA Dblacrx-m-1 AT AAY
87.5%, ZLe|Al blacrx-m- FAATE 9.8%E 2
Zlstal Sl

AN
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