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Abstract

We have isolated 65 strains(2.0%6) of Y. enterocolitica among 3219 water samples from 380
spring water sites in Seoul from 1994 to 1999. The biochemical characteristics of isolated
strains revealed that TSI was A/A, urea, MR.(37T), nitrate, motility(257), sorbitol, maltose,
manitol, arabinose, mannose, trehalose, xylose were positive(l100%6) and HoS, arginine, lysine,
oxidase, citrate, V.P.(37T), DNase, motilitv(37°T), dulcitol, adonitol, lactose and raffinose were

negative(100%4).

In in vitro virulence test, posiive rate of AAG and CRMOX were 9.2% and 4.69%,
respectively, However in the virulence gene detectable test by mwltiplex-PCR using ail, vst,
pirF genes, 65 straing were all negative, meaning that Y. enterocoliticz strains from domestic

spring water were not detected for the virulence,

Otherwise, mutiplex-PCR which was using ail, vst and subgenus—specific primer pair was
the best for identifving the virulence of Y. enterccolitica
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Qe oAS $3sim® yst(heat-stable entero-
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mollaretii 123 Y. kristensenii® e B7HAE £
8t Yersinia 442 TEE £ & MZE
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plex-PCRe] ElgA g 2Asided, FE3
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Yersinigddl ¥ 9 $AL Edward and

Ewing’s Identification of Enterobacteriaceae” 9}
Bergey's manual of systemic bacteriology® &
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o Aewos AHT oFF 2LE Milliporert
o] ofAAHE olgale] A (045um membrane
filter{Millipore, 90ma}2 &%t o7l oig o
2E 01% KOHZ 3023 HA$ F yersinia
selective agar$l CIN(Cefsulodin Irgasan Novo-
biocin, Difco, USA)A]=l4] 267, 4817 Tt
wlersbei el WA Aol A mannitol& F-#hated 22
05-2m) =Ne Jehle AFE Agste] TSI
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APIL 20 E kit
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Fig. 1. Isolation and idenﬁﬁcation of Y. entero-
colitica isolated from spring water in
Seoul

aFd e AAstED, 2EeAe Sdde &
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el - BAsA

3. A58y A¥

Y. enterocolitica 2 FAE ol H3td Ad#
9o 2%2 indole, MR, HsS, V-P, nitrate, citrate,
ONPG, arginine, lysine, oxidase, DNase, esculin,
salicin,
rhamnose, mannose, dulcitol, maltose,

sucrose, lactose, mannitol, inositol,
arabitol,
sorhitol,

adonitol,

cellobiose, melibiose, raffinose, xylose,
trehalose, scrbose, malonate, pheny-
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lalanines <% A3lst NEE F712 AAE9E R,
Ewing® #3tel v|msls ¥, enterocolitica® 3
T %9 - A&
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1) A2+SE (Autoaggiutination) AlE

AN AAEAAYRL Laind”H L Fmaty
om Wlzl= 109 FBS{fetal calf serum)$} 25mM
HEPES (N-2-hydroxyethylpiperazine- N-2-etha-
nesulfonic acid ; Sigma)”} E¢l7l %= RPMI
1640 medium@ AMEEETE 37T M= S0
dojutz Z6TofA = 3ol B8R we FF
T 9oz nEgen 4% &M 2% 24
ol HAHY gHo= BEHFYP

2) CRMOX A&

CRMOX uf=]o 2o} Wil FglAge Schi-
emannm'’¢] Hh4&  F3Egch  Tryptic soy
agar 1ILE n|g] ddsle 5504 43 g, z}
Z otz @99 0BM sodium oxalate 80ml,
0.25M magnesium chloride 80ml, 1% congo red
Sml, 20% D-galactose 10mlE & T@ste] =g
WA g THERIT A FE 5% blood agar® 26T
ol A 18X F¢t Wl F CRMOX A4 3
2 =EEta 37T A 2443 B¢ widsigioh =2
I FAel Fee gAdoz Am H4g e
FHoE Byt

(2) PCRS o] 83 W4 FAANH

1}y M 25

A" FFREE oA B2E V. entero-
colitica 6577} AHEE R, ¥ dzFF2E T
enterocolitica ATCC 9610, ATCC 27720, ATCC
23715 382 HAZFH g Y. enterocoliticu
O:3a, O3b 2597}, 24 WEZ2TFTEE Escherichia
coli OISTHY, Samonella typhimuriun, Vibrio
parafaemolyticus, Staphylococcus aureus%-o] At
S5

2) Template DNA £2|

¥t genomic DNAE Gerhard?e] whilg
ol &3 oha3 o] BTt £4 5ml tryptic
soy broth(TSBiell A 18-2444F 54t shaking
incubator®  FRHE(180 rpmymin)dle]  HAd g
2 pelletsS TE buffer(10mM  Tris 1mM
EDTA pH 80)= 22 A3t AT #4&
%Al TE buffer 567piel #AF-FA1711 10% SDS
30ul, proteinase K(20mg/m¢ in TE buffer) =
RNase(10mg/m¢ in TE buffer) 5u¢& 7latn 2 4
ek, 37CAA 1Az HEATT ¢ F M
NaCl 100t 2718 F chA] 65°C¢) CTAB(Hexa-
decyltrimethyl- Ammonium-Bromie,Sigma)/NaCl €
%4 0mE 7Hch CTABE21(10% CTAB in
07M NaCD€ DW 20mlel NaCl 41g%
CTAB 10g& 65CelA H#s %9 o2 F3o
100me7F = A e}

ThAl CTABNaCl 98 &0 2 HHI| ES9
A G5TAA 101 841711 ¢ F B9800
#2}2] chloroform/isoamyl alchol (24:1)& 7}t
15000mme 2 PAEYZ dho] ddie A2
< MEZE Eppendorf tube® 713 thA| F3ko)
FCl{phenol/cholroform/isoamyl  alcohal(25:24:1) &
bsted AESA oz EEND 15000mpmel A
o HHEEE % g 4FYE AEZE wbe
2 &7 06u(500x0)¢)  isopropanold  7lEhe]
DNA #do] Mduj7zi=] £0 & dHE E5] 4
Atk 15000mmoe®  5EI f44¥E g sz
pelletsell 70% ethanol2 7}3le] AAEL 4=
4.

Vacuum evaporator2 ethanols @33 Fua
A W2 S0pe] W DWE HZE F UV
spectro-photometer 2 260mm o3+ FJEE
243l DNAFEE 2339 o84 248
genomic DNAE multiplex—-PCR® template DNA
2 AHg-E itk

]

3) PCR Primer
Heldel slE V. enterocolition® A%, A3}
A A, EHsr] ¢ AR g
aillattachment invasion locus)¥ yst(heat-stable

chromosome®]|
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enterotoxin) gene, 12]T plasmid¥le] HA &
virF geneS AME8lER, Yersinia 02 TEE
B o2 gubgenus—specific primer pairg® XE%3}
o] multiplex-PCR®] $& 7F4& 2489t
{Table 3.

zZ}zrel PCR #H3% 422 356 bplail), 134 bp
{yst), 231 bpluirF), 28]3t 749 bp (subgenus-

specific primer pair)E AA&HA =4, =59

virulence gene®] §F % HUA

H]iL DNA® PCR $Z& Hamett5" 9] wgol
w} AAEE T, template DNA 1gf, 2+ 50
pmol primer 12, 50 mM KCl, 10 mM Tis/
HClpH 83), 1.5 mM MgCl, 2% 200uM dATP,

Table 1. Annual distribution of spring water samples and Yersinia enterocolitica strains isotated

from spring water in 1994-1999

Year 1994 1995 1996 1997 1998 1959 Total
No. of 831 824 416 388 382 378 3,219
water sample
No. of
Y. enterocolitica  5(0.6%) 11(1.3%) 6(1.4%)  2(05%) 25(6.5%) 16(4.2%) 65(2.0%)

strain isclated

Table 2. Biochemical characteristics of Y. enterocolitica {N=65} isolated from

spring water in

Seoul
Test or Substrate result?%{+) Ewing%(+) | Test or Substrate result®%{+) Ewing%{+)
TSI AA AA Sorbitol 100.0 98.3
H,S{TSI agar} 0.0 0.0 Maltose 100.0 53.4
Urease 100.0 85.6 Manitol 100.0 100.0
Methyl red 37°C 100.0 100.0 Cellobiose 93.8 924
Methyl red 25°C 67.7 975 Glucose Acid 100.0 100.0
Arginine 0.0 0.0 Gas 0.0 0.0
Lysine 0.0 0.0 Arabinose 100.0 975
Ornitine 100.0 93.2 Melibiose 20.0 0.0
Oxidase 0.0 00 Mannose 100.0 100.0
Citrate(Simmons') 0.0 0.0 Trehalose 100.0 924
V.P 37°C 0.0 0.0 Dulcitol 0.0 0.0
VP 25°C 20.0 76.3 Adonitol 0.0 0.0
Indole 50.8 39.8 Inositol 477 09
DNase 0.0 2.7 Rhamnose 446 0.0
Nitrate 100.0 98.3 Lactose 0.0 0.0
Motility 37°C 0.0 0.0 Raffinose 0.0 0.0
Motility 25°C 100.0 975 Xylose 100.0 474
Sucrose 89.2 94.1 Salicin 75.4 229
esculin 195 70.1 Sorbose 939 95.1

dEa4 %] #1537 432000
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dCTP, dGTP, dTTF, 25U Taq DNA polymerase
(Boehringer mannheim)& T 33} 50uf reaction
mixtureE Thermal Cycler (Perkin Elmer 9600)%
FHReYon FEZxAL ou gt

Denaturation DA o2 94TdA 187L ==
3191, primer annealings}3 0.7 55T A 184,
extention HAHALEF T2TelM 28BS 13doe=
B 258 F AAEE, HFAoZ UTAM 7E
7t © extention AlFHTE SHdZ dyger= 7
Zke] WgEe template DNAE %A %& A&
ALg-3t et

o

5) Agarose Gel Electrophoresis

05XTBE buffere]l 3% Nusieve 31 agarose
gel{tFMC Bioproducts, Rockland, USA)E =<1 t}
£, %% PCR procucts 849 6wz 229
sample loading dyve 12ulZ 4o 15% agarose
gelel A BOVZ 3717 F9F A7]|d%5 S HAAsgx
molecular size markere 123bp DNA ladder
(Gibeo/BRL)E AH&-3lsdch

Gel'& 05 pg/md X9 ethidium bromide £l
o 3087t g4l m, A /5 40804 HF
# ¥ UV transilluminator® WM=2 €955t

m & 3

% 321978 AAE FAH olF 66 (20%)59)

214 Yersinia enterocofitica®l MSHE 2101 &5 012 109

Y. enterocolitica® 8|3 Wled dAxdEE A
HE %7 HATg # BES AHEY 19ud
o] 817F 55(06%), 19959 824AF 115(1.3%),
1996 4164%F 65(14%), 19973 3884F 25
(05%), 1998 3821 F 257(6.5%), 1999 3784
F 167(4.2%)5¢] 2=}

koA BElE Y. enterocoliticn 6552 A8}
4 442 Table 2.4 EAE ¥ 2] Ewing
o] Aot zte] 2ol it

EE TF7F TSIA A/AE Jehiiglen u-
rease, MLR.(37°C), nitrate, motility(25T), sorbital,
maltose, manitol, arabinose, mannose, trehalose,
xylose= 100% 4L vehliglz, HeS, arginine,
citrate, DNase, motility(37T),
glucose gas, dulcitol, adonitol, lactose, raffinose’=
100% &4 Jedgo.

in vitro FANEAAE AAG 2 CRMOX %
AEol 47 92%9t 46%= UEbtHATA .
#H Multiplex-PCRe| Bl2d& delpz] ¢35
Z42ke] 34 ¥ PCRE dAstded Fig?
= ANEES JAe R 6ilst yst primers ARu
ol #HA WP 2% FFE Lol Aoln,
A3 aild yst frAzbe] Ztzbeh i FEAIE
obFl Alekgle]l I uelgernz or|d 2749
primerE FAo ARgEe] oM Ml oF
6559 REFETF 37, 2En sA AN #g
0:3a, 0:3b 270 thall SZH6-& HA& g

lysine, oxidase,

Table 3. Oligonuclectide primers used in muitiplex-PCR

Primer Oligonucleotide sequence(5'—3") Loeatigo:ngvithin SPIZ?E;;
Ail-a TGGTTATGCGCAAAGCCATTGT 580-600
Ail-b TGGAAAGTGGGTTGAATTGCA 915-934 590
Yst-a GTCTTCATTTGGAGGATTCGGC 152-173
Yst-b AATCACTACTGACCTTCGGCTGG 264-285 1
VirF-a GCTTTTGCTTGCCTTTAGCTCG 754-775
VirF-b AGAATACGTCGCTCGCTTATCC 962-983 21
Y. 165-86f GCGGCAGCGGGAAGTAGTTTA 66-86
B. 165-794r TACAGCGTGGACTACCAGGGT 794-814 ™
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Lane 191 E&FFYU Y. enterocolitica ATCC
910 FF= 134bpe] yst FARAE 2883 9
2}, 356bpe] ail A AFHY Y9I Lane
28] Y. enterocolitica ATCC 277298} Lane 39
ATCC 23715 57149 A2 25 DUz
e Foz AUYanh g 2 Ay A

Fig. 2. Agarose gel electrophoresis of nu-
cleic acid amplification procucts from
Y. enterocolitica using ail, yst primers.
Lane 1, 2, 3, 4 5, 6, and 7:;Y. en-
terocoliticn ATCC 9610, ATCC 27729,
ATCC 23715, Y. enterocoiitica (3a,
Q3b, Y. enterocoitica strain 1 and 2,
respectively. M, 123 bp DNA ladder.

Fig. 3. Agarose gel electrophoresis of nu-
cleic acid amplfiication procucts from
Y. enterocolitica using virF primers.
Lane 1, 2, 3, 4, 5, 6, and 7:;Y. en-
terocolitica ATCC 9610, ATCC 27729,
ATCC 23715, Y. enterocolitica (:3a,
O:3b, Y. enferocolitica strain 1 and 2,
respectively. M, 123 bp DNA ladder.

tE AR A153 45[2000)

st 19, HAANM 2% HAH V. entero-
colitica Or3a, O:3b TFE Frile] ¥4y #3
AHE BF ARk vk e ofeel A E
g T3] Lane 6, 7( Y. enterocolitica strain No.
1, 2) 8 U=z 633 (dn A ojg yel4d
FHAEY] = FAAE 2FEn YA g A

Fig. 4. Agarose gel electrophoresis of nu-
cleic acid amplification procucts from
Y. enterocolitica using subgenus-specific
primer pair. Lane 1, 2, 3, 4, 5, 6, and 7
VY. enterocolitica ATCC 9610, ATCC
27729, ATCC 23715, Y. enterocolitica
O:3a, O:3b, Y. enterocolitica strain 1 and
2, respectively. M, 123 bp DNA ladder.

Fig. 5. Agarose gel electrophorests of nu-
cleic acid amplification procucts by
multiplex- PCR. Lane 1, 2, 3, 4, 5, 6, and
7; Y. enterocolitica ATCC 9610, ATCC
27729, ATCC 23715, Y.enterocolitica
:3a, 0O13b, Y. enterocolitica strain 1
and 2, respectively. M, 123 bp DNA
ladder.
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Fig. 6. Agarose gel electrophoresis of nu-
cleic acid amplification procucts from
Y. enterocolitica, E. coli Q157:H7, Sqi-
monella typhimurium, Vibrico prahae-
molyvticus and Staphviococcus auretls
using subgenus-specific primer pair.
Lane 1, 2, 3,4, and 5 Y. enterocolitica
ATCC 27729, E. coli O15TH7, Salmo—
nefla typhimurium, Vibrio prahae-
molvticus and Staphylococcus aureus,
respectively. M, 123 bp DNA ladder.

o2 vepyrt

thg o2& plasmid A HAF virF F4219
FEA FFE dolrdrth Fig 3¢ UEd FoE
HAHR A Y. enterocolitica ATCC 96107} V. en-
terocolitica ATCC 237157 virF f-3A =2 &7}
BoldR) &etT V. enteracolitica ATCC 77299
Aol Eelg O:3a, O3bTET virF FRRE
EFAE HAF 5 vk I Lane 6, WY
enterocolitica strain 1, 2)9] U= 635(4n 4
) B5E urF FHAE 278 g2 Ao
vlebsti o)

Fig. 4% subgenus-specific primer paird® o] &
3ol YersinieZvi& #U% dyPArtelr). Lane
1, 2, 38 E5TFE X3t Lane 4, 5ol 7]
oA &eljt Y. enterocolition 0:3a, O3b o5 2L
T3 Lane 6, 79] ofpeiiA Reld #F 2% 1}
A 637 Z 3} BF F57F o3t 749 bpo) #
ARE Lfdtn e 2iez et Fig 62
o3 749bps) bandZ A= FEAA B
St Yersinia & 7Ed W=ty SolA

FE ool Axeld|, AduFEE 2% 24

HAM Yesinia enerocoliicall MEHE TR0 246 3 111

%l E coli 0157 HT®} Salmonella typhimuriun,
Vibrio para- haemolvticus. Staphyvlococcus aures
7b AHEE AT BRE BH RE Y. enterocolitica
e old# fFdxE Afstn YAt o2 &7
9] 52 A¥ T40bpe] {§AHAE S84 %
2 Aoz et}
2 et o 2 Fig. 5% o/Hd 4% diEL8 &

2, 9877 A E IFES faes 8wy ‘n’21
A £ FFZ M5 ES 98 muliplex-PCRE
Aleig Aol 47FA] primerd B oz AlLE
§ A3 virF fEAe] dEe ol ga v
FAAR ai®m yst, Z¥]la subgenus-specific
primer paire Lane 2, 39] X33 259 =4

A 29 ¥AY #F 03, 03p) 259 o
8 Solo] FEd  W=E Aded 2y

Lane 6, 7 ¢ ol 2l 5 259 veiA
635~(AFA M= subgenus-specific primer pair
of g W= e FElo) vk B ohE W
A4 At g ‘{HEE Bl HA ghol, o
oA el 6659 Y. enterocolitica #+FEL 2
Frh Wi A fle Ao F=gich

v. 2 &

oA EHE Y. enterocoliticn® 2=2)-&3
Azterz Addg 718 At ng nad B o
kgt Apelzt AR =Y ol d H4e Rl
Aol Mol 7ide] &HE 2 o FHH 229
Zpo], A, HAz FFe] thek By¥ajoel 2
2lal F7|3te] BEAA BEE TFe Ald Fe
A 719d Aeg Fold = ok

Hal HYA Yersimg T2 FAss dEds
REHT g4y BYAar 938 Ayd
o) 3% 712 A7 H G944 0‘1*‘?-—1 A
Bide] v Fo|Holn AZtiH]H
P E R v gAY Hel X ¥
AEHor WA YV enterocditioms o8 7
] 94 #H BXAY a@l iw, yst virF B
ZEZ:3 9le] ol d rbEel hdt AL
B AHAD s Ao
Y. enterocolitica®] WYL

l::

]

S

al, inu, yst, virF
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§A4ZZ olv § xwtoRE AT HAHE Y
el Ratnz zgsld Baals el uhEhA
st} sAP?. 28y invi= Y. enterocoliticast
Y. pseudotuberculosis$tel Aol ¥5she] 2
A= Adatda A e Hgd el
e FAAZ 356 bpe] AMEES Pl al
M9} 134bp A o]2] heat-stable enterotoxing A

Aee yst 283 pasmidel $1FEhe] ATt
ol Ao @eldtE 231bpd wvirF HHA E

3 Yersinia &0%e 72T EHoE 749bp3
A 5= subgenus-specific primer pairZ ©|£3t
of multiplex-PCRE S#3tsdch 1 243 v #
WA RS o] ¥HLA, BHYd YV entero-
coliticad Eeldez d@s gUdEd o ¥
& gont e} $E 2ea FedM EIH
= Y enterocolitic®) B2 - FA &34 A
51 4 e g EPH URler Aztdn
A7 wp w¥e) padaE oA 29 T
5 2 10% Jole] #FEe] HYde| dRdn
sged B AddAe A8 sdds 23
gtk olz{ g Aol TAFAY WU 42
8 @HYH BA e 7128 in viro HY
NG 2 plasmide] &4 fFHE PR #HF
7] el B AY Wy fAzke ol & W
W= 2 gjolrt it Ao Alngoh

olate] H3@ Il okgolA HulE 6654 Y
enterocolitica= in vitro 1@ HAA4 FHzH4
5z #@os 2 o Hgdo] d3 gle ALE
solFgam, WY Yersinia £¥%E A9 2 T
ez o213k multiplex-PCR #de] A&, A
g5 oA g EFFHAL & den 7l
o] wAHQ] BEAye yATgS: F8o|n 9
atd dAqe gleld Bk 2 7HAE ATE + 3
= ihgelet whdHTh

2 b R

o i

-

v.d £

MEA 257) AR o] EEF 309FEe]
A#A 32191& dFdeE F 65(2.0%)F9 Y.
enterocoliticn® el ol& ol i A5
&3 EA 9 multiplex-PCRE ol&3s Wdd &

sl EE A ASH 45 (2000)
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