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Staphylococcus aureus and Escherichia coli
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Jin-Hong Yoo, Jong-Hyun Kim", Jin-Han Kang" and Woo-Sung Min
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Background: Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli) are major pathogens
in community and hospital. And they sometimes cause the outbreak in hospital in the immunocompromised
patients. Pulsed-field gel electrophoresis (PFGE) has been regarded as a standard method for genotyping
in epidemiologic studies, but it is laborious and time-consuming. Infrequent restriction site-polymerase
chain reaction (IRS-PCRY), a new genotyping methods, was performed to compare the applicability with
PFGE.

Methods: We performed PFGE and IRS-PCR on S. aurues (n=120) and E. coli (n=117) which were
collected clinically in 4 different hospitals. We assessed each method in terms of discriminatory power,
quality, and efficiency.

Results: In E. coli, the discriminatory power of IRS-PCR was 46.7 ~86.7%, and that of PFGE was
88.9~96.7% according to hospital. But in S. aurues, the discriminatory power of IRS-PCR was 20~
56.7%, and that of PFGE was 40~90% according to hospital. The typablity and reproducibility of
IRS-PCR were 100% of each. PFGE needed four days to complete the procedure, but IRS-PCR could
be performed within one day, IRS-PCR showed better resolution than PFGE.

Conclusion: In case of gram negative bacteria (like E. coli), IRS-PCR could be a reliable alternative
for epidemiologic typing due to better efficiency and comparable discriminatory power. But in the case
of gram positive bacteria (like S. aureus), IRS-PCR does not seem to be suitable for the strain-to-strain
differentiation. More trials and changes of restriction enzymes or primers could reveal the efficacy of
42000 89 23, AAAH: 200000 128 19

Reprint request to: 2194, M-EA] FFET JJTF 6293),15-010, 7HELNGE o7t Ay WAsny

78} 02-3779-1151, Fax: 02-780-3132, E-mail: tobra@unitel.co.kr
"ol =EL 1998d FRULATAGE AwdTHlo] U] AAAUS

-289-



Algkal 2 [RS-PCR and PFGE for Molecular Typing of S. aureus and £. cofi

IRS-PCR in the field of molecular typing.

Key Words: Staphylococcus aureus, Escherichia coli, Pulsed-field gel electrophoresis, Infrequent

restriction site-polymerase chain reaction

M

SME T (Staphylococeus aureus; S. aureus) T}
W4T (Escherichia coli; E. coli)ye- BRZA9] 8
T2 TEFTE YIS ST Q4538 &3] 7
Fehe Aoz ¢HA APt

FAX TS yYY 485, TAR89E 19,
QF7)1E AR T F& WIFoR JaI|FY ¢
8219 &% 53 IR AduE FEAQLY g2
B B3olr] 44 Aol 7hsd B oplE} i
oA methicillin WA =77 (methicillin resis-
tant S. aurues)®] S7F2 QUsh YA o] Zof F
o}X| 31 ghuld PBAE ARSBlok sk AAIA Fogol
Z EAZ 5T g,

WAdE 485, L2709, 27 10E F e
A4S Frdste Bl A7 ¢HE 29
3ok ol oJgk 282 vdst s Ale] APt
2 57} vjus folsld T quinoloneAl AUl
ALgo 2% X§7) 7Vs8lt) =y F2 quinolone
A A Ao Foluida] WYoA] Ealse i3t
9] quinolone WAdol &71511 9Jct Quinolone#] &
AAE HA7)5o] Al TFT Tas IAPIA 7
Ho) WS oyslr] A PR 0B sl 9lo
o] ol2lgh Aol oJa] o] ke Aes A%
G,

ZFEduiglal odist AR ZHRAX o]
Ao E e A 9 & F& ARE gL
B ZYEAE o}y % FAAEE APt glo
o £ 7@oME JA FYX =T oito] F
Aoz BAHE: ey

RS 7HEY gt o apat Akst 470 ol
A B8 FATTT 7Y QTS Yo R 71 F
20l 7R infrequent restriction site polymerase chain
reaction (IRS-PCR)E & ALg38td A =59 4
A=E FAAGHR] HellA] A5t S A5t

£ wotstuz) s, AR E FEEAHY 7
Zola} & 4= = pulsed-field gel electrophoresis (PFGE)
WS o] 83 FERAHY FEY B 28AEE v
watAt stgick

C A Gl Hity

o < o
1.0 &

19983 19 RE) 199943 1974X) 71Eduiska o)}
et 4 A HY (ME 47, B 8Y (= 49 &
A, C BY (B7Z 33 2, D B9 (4 2ol
A 2R Red FNXETH 1208F (& 8
A 30FHY dAE 17ET (AEY 277F, 7IE Z
HY 30EHE Uder 3%t

2.IRS-PCR

1996'd Mazurek 5ol HIgh & A& $A}
of ARG-BIATH ),

13k 752 chromosomal DNAE QIAamp tissue
kit (QIAGEN, Hilden, Germany)& °] &3l $43}%
t}. Adaptor= Hhal adaptor?! AHS} Xbal adaptorQ!
AXE AHg-81T) AHE 22709] %7191 AHIL (5-AGA
ACT GAC CTC GAC TCG CAC G-3)3} 7702] &7
Z ¥ AH2 (5 TGC GAG T-3)7} anneal 311 59
EollE CG-3'9 BAE Z2HA] 3ttt (Fig. 1A). &
742 10 pLA e molar F5& Egtet (A F
oF 80°CollA 4CE WZAA THE F 20T B
Eipi=d

AXE 18709} 9712 © AX] (5-PO; CTA-GTA CTG
GCA GAC TCT-3)# 7719] €712 B AX2 (5“GCC
AGT A-VE Hof 9l annealed¥o] 5'9] Eof 5-
CTAGY] BA3E ZHA 313t (Fig 1B). AX1S T4
polynucleotide kinase (Boehringer Mannheim, Mannheim,
Germany)E ©|-§3te] Qe £ Qlikald AXI9+
AX2E FFog oA HFFE7F 244 10 pmol/

20 14

LCJ ~]aH2

5 11
Ax2[ lcTAG
AX1[ ) —PO~

Figure 1. Schematic presentation of adaptors used in
IRS-PCR Hhal adaptor (A). Xbal adaptor (B).
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pL7t HES TS F 123 59 80Tl 4Tt
| BZFAA 20T BFA33T)

Primer2= AH13 PXE AR2312it) PXE 197]9]
A7) (5-AGA GTC TGC CAG TAC TAG A-3)& AX %}
FERAQ E7IMEE ZES 319tk 29 DNA
5 uLell Hhal (Bochringer Mannheim) 10 U2} Xbal
(Boehringer Mannheim) 12 UE 715l 3 37°Coll4]

Digestion

Hhal Xbal Hhal Hhal

]

R

cncenctrenecs.

Initial primer annealing

[ PX primer ]
AX1

AH1

Initial extension

l PX primer
AX1

1A F F<t Agsielch. Zehd DNA 5 ul, AH 20
pmol, AX 20 pmol, DNA 3|4 buffer (5 )2 uLE =
351 rapid DNA ligation kit (Boehringer Mannheim)
< 0831 ligationd}dth o] 34L& Fig 20] T4
s}sisict

E3HE template DNA 2 uL, 10 X PCR buffer 10 uL
ANTP mixture (2.5 mM each) 2 uL, PX primer 50 pmol,

Ligation
Xbal Hhal
AH2
AH1
Hhal
Denaturation
3

81 AX2 AH2
AX1 AH1

Figure 2. Schematic presentation of process of IRS-PCR.

M1 2345678 910

A b

A

M1 2 345678 910

B

Figure 3. Representative products of IRS-PCR. E. coli isolated from hospital C (A). S. aureus isolated from hospital
A (B). Lane M, DNA marker; lane 1-10, clinically isolated strains.
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AHI primer 50 pmol, Taq DNA polymerase diluent 5 uLL
£ 419] PCR cycler 2400 (Perkin-Elmer, Branchburg,
N)E ol&38td THEA AHNSE olgslo] TE
Stk Z7] denaturation ©HAIE 527 95CollA] A
8512131, denaturation 94°ColA] 1%, annealing 60°C
13, extension 72°CollA] 9022 303] AJ3) F- wix|=}
extension 72°C 5E22 3t}h PCR productE
0.5 X TBE (Tris-borate-EDTA) buffer, 100 volto]A] 3
AlZF B¢ polyacrylamide gel (6.5% T [total monomer
concentration], 2.7% C [cross-linker concentration])°l
A} A7]%9F 3} ethidium bromide® skl UVH
Z902 ARIE AU (Fig 3).

3. PFGE
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DNA 2= Schwartz H-3 ¥dsle] A3,
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3}, dAHE 1 mLe] TEEN] thA] Zoix] o)F
0.1 mLe] #HL 15 mLe] Al g NgBeE &
t}. o} FH4-& low melting point agarose! 1% InCert
agarose (FMC Corp. USA)9} &35} mold (0.2X06X
1.6 cm)oll FQI3}iL 4ol A 2087 £ plugs BF
Eq
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23130 bp
6557 bp

4361 bp
2322 bp

2027 bp

A

E. coli®] 73-%- agarose plugg 1 mgmL2] lysozyme
(Boehringer Mannheim)©] €41 & lysis 84 (6 mM
Tris-HCI, 100 mM EDTA, | M NaCl, 0.5% Brij58, 0.2%
sodium deoxycholate, 0.5% lauroyl sarcosin [pH 7.6])
ImLoll B3 37°CellA 18A1ZF B¢ HRaHlch

S. aureus®] 745 plugE 1 mgmL2] lysozymed} 10
units/mL lysostaphin (Sigma, USA)o}] ] )& lysis
A 1 mLol) a1 37°CellA 18A13F F<F BAjEkict
Plug& proteolysis &% (0.25 M EDTA, 20 mM EGTA
[pH 9.0D 2.2 13] Ml F 500 pg/mL9] proteinase K
(Bochringer Mannheim)7} £¢ 1= proteolysis 8%
1 mLoll ¥31 50Col|A} 24412F 59 70 pmeg W
stk TE 939 (10 mM Tris-HCL, 1 mM EDTA
[pH 8.0 2% 37°CollA 2AIF A& stn ofA] TE 9%
ROz 4A|7H4 23] A EITE Agarose pluge AHE
A7) TE 5Holl Yol 4°Col|lA] Bakslgich

2) Mistas Xe

0.2X0.6X0.4 cm9] agarose plugs- X restriction
endonuclease buffer 100 uLoll o] 4Tel 30&7+ 8t
=

HPALE E colit 10 UL} Xbal (Boehringer Man-
nheim), S. aureus™ Smal (Boehringer Mannheim)<
AREBFIL T 37°CollA 6AIRE HERIste] A ejsiaich

3) PFGE™'

Agra A 22] 3t agarose plugs 75ColA 1£3F 7}
g3t =9 T 1% Seakem gold agaroseZ 3§ 3
HE-100 Super Sub Horizontal Unit2} Switch Back Pulse
Controller (Hoefer Scientific Instrument, San Francisco,

B

Figure 4. Representative products of PFGE. E. coli isolated from hospital C (A). S. aureus isolated from hospital A

(B). Lane M, DNA marker; lane 1-10, clinically isolated strains.
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USAYE ©]83514] 140 V (5.5 Viem)ollA] 1320l 25
7k212] pulse time#} 3:12] forward/reverse ratio=. 20A]
7 B¢ A7149 %5199tk DNA size marker= A DNA
Concatemer (Boehringer Mannheim, 48.5~970 kb)S
AHgEAT)

27195 °] B Foll= 05 pgml FE9) ethidium
bromide2 FH3LT 1A]7F B B2 AFHE & uv
transilluminator2 18T} (Fig. 4).

4. 2EEH

DNA ¥ o] whe Ex13Ee] 42 Tenover
0] AAIGE E47)2E o] g31lon SPSS (7.0)
o] FFAEA (cluster analysis) T2 7% (squared Eu-
clidian distance 54)2 ©]-835]4 dendrogram< 24
3%tk Dendrogramoll Al 90% ©14+e] SAXAE 71
T IFE L IFE sl

2 1

1. BRI £ colel T8

WA E colioll tHEF IRS-PCRO] ¥ ¥ (discri-
minatory power)< TR Zt} A WY g
E. coli 277) #5225 22712 8 FEo] 7¥ss)t
o 81.5%2] ¥'EES B3tk o9} & oz B
HHe] - 86.7%, C U A% 46.7%, D HY9]
73 66.7%2] WEH S AT 5= AU} Typability
9} reproducibility= =5 100%31t}.

A B9 ¢ 259 260] F& FFola, 107 11
o] & WFZ 37T olyo] B2 FIPT BFY:
37 9l B4 258 uEde R 7FE 9
o o gtk 28y B WA 921,23, 12, 15,
180] 22 P2 BREJD B WY E coli type 1),
17, 24, 7, 147} &= O} 2 22 Yz BEFEUT B
B E. coli type 2). C HYLY] 3¢ 24, 26, 13, 21, 22,

157} 22 Fdo) #5 (C WY E. coli type 1)°0)1L, 16,

23, 27V E v 2 gl FF (C HY E coli
type ) EFH 4 AYUck D Y A= A HY
o E gE #58 A4T F U (Fig SA).
Wb, WA E. coliol U3 PFGE S35l 248
YL ohg} gk A HAolM B® E coli 27
7N IFERE 4717 E FEo) 7Fsslel 88.9%9)
HEHE Bt ole} 2 whgog ¢ BHYy B
90%, B} D U9 739 96.7%2] WEES get 4
AT Typability9} reproducibility = =5 100%St}

-293 -

E. coli PFGE9| 74%- 47 sid QoM ¥alg &
Fo B9d UF 75 Qo] BF zdzto) e B
FElo] RSPCRIF= T} AnE vehligic} (Fig 5B).

2. HYY S gureuse| ZElEM

HAB S aureusol] thgk IRS-PCRY) BIEHL T}S
I 2tk A Hdol B9 S awreus 307 TFES
Y 1278 3 o] 7hgdlked 40%9] HEE S B
A3, ol T2 woz B WY A 20% C WY
o] 7 26.7%, D Y9} B¢ 56.7%2) WEHS g
A 5 AATE Typability?} reproducibility= =5
100%3A T}

A9 A 26-119] 157 571 22 (A
B S aureus type NE EFHo] ¥ 7F2 MA
& 4 ATt S aureus= E. coli®r 2] Hdvjct
23709} 77 S 7R Aeg FATY
(Fig. 6A).

A B S gureusol] 3 PFGEE S35ty
ST AEY L O3y g A WYl 29 S
aureus 307) FF2HE 2771 #E FHo] sbsd)
o 90%2] MEHL Bt} ol & wyoez B
HUY] 4 40%, C HYU B9 833%, D ¥Ue A
T 734%2] HEHL FAg 5= 21Ut Typability2h
reproducibilityt= =5 100%%h

S. aureus GA| A, B, C 99 3¢ E coli9} o}t
M E B Z1zhe) EYd gFE ¥ Jhsela,
ek D W9 ¢ 2939 167357} $Y8 #5
FRE2UC) (Fig. 6B).

2 &
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SEPINET. gE g B Ao rlEdgsn
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S. aureuss Fo 2 AstS FHsl hE 75 o
5 sjotsta olo) wle Wl 3 s 2y
U ABAAE vkl AL Fd ERE2 89

L & AFolas FZo) AldEo] ofgHRotolA]
853 gl BAESE 715 IRS-PCRY 3
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Figure 5. Dendrogram of E. coli produced by IRS-PCR and PFGE. Left column, results of IRS-PCR (A). Right
column, results of PFGE (B).
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Figure 6. Dendrogram of S. aureus produced by IRS-PCR and PFGE. Left column, results of IRS-PCR (A). Right
column, results of PFGE (B).
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Table 1. The comparison of discriminatory power between
IRS-PCR and PFGE

Discriminary
power (%)
IRS-PCR PFGE
E. coli Hospital A 81.5 88.9 0.22

Hospital B 46.7 90 <0.05
Hospital C  66.7 96.7  <0.05
Hospital D 86.7 96.7 0.08
S. aureus Hospital A 40 90 <0.05
Hospital B 26.7 833  <0.05
Hospital C  56.7 733 0.09
HospitalD 20 40 <0.05

Organism  Hospital P value

A FEHEA Y HE slsAR Zo] Hrlslaxt
sioich B S Y A A 4
’3, phage 338, ¥43'H L bacteriocin Y 59 ¥
g o] o] 85 o] it} o]of) Hkslo] PFGEE
A7) w8y 9 A= Aol o FFEF 3
QI ribotyping®]tt random amplification of polymorphic
DNA HUt $-43IARE o] W& 3437 Yshirle
a7t} AHlE wZ Fsof st T gk &
2 Algho]l Hasiy g g9 ghgo Aldo] )
Ae & Fo] EAlolt). A Rz 473t
£ 1% PFGE %ol djgt 217} ARk o7 A
Bof glx) ghryssols,

IRS-PCR2 PCRE ©]-8-3 DNA typing% 71g 3
2o} Al=E7] A1 Ao 7]E9) PCR FEy
92 infrequent 2 frequent cutter 7 7}A) 2] AT
AF A AHEEH, 2 &dol §3Ele adaptore}
linkerE primer?} A AMR-8te] B g EEghe 4
BHoz ZFF 4 9l Fo] EFolt}h Adaptors
Hhal-adaptor (AH)®} Xbal-adaptor (AX)7} 932 ZHe}
< AHI, AH2, AX1, AX22 FA5o] Ut} Primer
PXE AX1o] AR FoZ 3 gete] shte] grlof B
o] PX-G, PX-C, PX-T, PX-AS 2F=7| 5|11 o]+ pri-
mer 2% FES 4E 357 o) 234 goy
primer’} SAFTE SE35) FHe Alzho) "a
g BYRke Aoz ZEI 4 oy,

2 A1AI E coli IRS-PCRY 3¢ HYEe
46.7~86.7%, S. aureus IRS-PCR2} 3¢ 20~56.7%2]
HEHE Hof JZSAATA] 28Tl viE A
2o widgo] Hojdg SR 5 At IRS-

PCRo| @G FolA HEEo| "olx]= olfre
olulx 7oA infrequent cutterZ 23U
Xbalo] 2FWdTAME 23] £ 71eA0] ¥
£ Zlo= gk uebA] TaddelA IRS-PCR
& AN&staAt sz A -$oll& thE infrequent cutter,
& Smal 5L o1& N2E 54 F2FL ARG
24 WEE S PN F UE AR AZ4dr)

a9 98 ZHANM E colic A MY B H
A9 A4AHR Ui 755 HFE & gUd B¢
¢ C Moy D BHUAY X FF7 i e
7HRE 92 FEEHY g 3z} &Hlo] A
H{F e 757t o= FAesR|e 74 &)
9 BYEE gE #5771 45 AT aAg &
U AeIsich ol st thFAE ol % 7)
ol F8 BARE, o A 2 A9AsizR
B9 £ 5 et At 9Es v Aoz A7t
= ofof e FF FFH protocololl wWE o
4 AT oloixjor & Aoz Aztdch

WA S qurense 47) $1F 7)1F BF 2~3709] dl®
A& 7R @57} I Ao HolATk IRS-PCRY
agdd el gk HH S Azgoid o]F
g wdolgo)rl= oYt AAZ S aureusol] th3t
PFGE®] A= 40~90%2] ¥33E Bolny D ¥§Y
< Asta YA BdolXe 53 U 755
A F AU Foz n|Fo] Wit ApojE
153] nefsfjof & zog Alztdry.
2 A7 e g 42L 48 4 99l
A BAE EHo2 g FiEAdy

)r)m

¢

Wi o] Hojuy)e aFA% PFGEY & ¥ E o) v]
A2 Fahe Zoz AZHET (Table 1), 224 B
2 Aoz} At ol2lg Afoldll thgk A} ¥
AFas 23 W3 F MEL AR Jd=olo &
Aoz Azted

£ 479 vdol HUDE E colis) S. aureuss 3l
2 7IREE A2 g8 FE B2o0 IRS-PCRHY
PFGE?| Z3E A AA3ctd ST R4S
7R FFE ARl ofHAT 95 AFeA o
FAo] Feld Bex e B Al #3849 A
7ol 7hsdE @8 wiAE e AUTH

o] & E coli%t S aureus ©19)9] t}E WYX HF
(Pseudomonas aeruginosa, Serratia marcescens, Stenotro-

phomonas maltophila, Staphylococcus epidermidis, Entero-
coccus )0l W HHA EAT A WA Pl
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g xpol& fsh=dl 2de] IRS-PCRY] &84

T7F g ojof & Aoz AYzher

gi1zd

1) 24Y, #3%, 287, o157, 949, AAE,
Aga, A2, 7Y Escherichia coli$} Staph-
ylococcus aureus dFEANA FAAL FE B/
P o] w]ud F: Pulsed-field gel electrophoresis,
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