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Bept TR FH AANE 67029 Yersinia enterocolitica 2X 9} AAME L ofY 29
AN £ Y. enterocoliticac] N A3 A4, HEY, 43Y, AdT YL Y,
FAA Fed A 2ade G2 2ok AAAENA Y. enterocolitica®) EXE AN, A
oA, o A, AbAUAY, =2, QB ¢o 2 ZtZ 8~49, 8~33, D2~8, dD2~4, d2~4, )
2~2MPN/LE Eglen, §42 FTAAMAY, =24, e 157 de a2 g3
(B4, 4oy, ogl 5l AT MBM ¥ BXE A 22 Y. enterocolitica
297 digt AEHH EXE= 1,2 3 34 3B, 4, 589 771x]) 4EY = 13(24/29, 828%) T
2%(5/29,172%)2 2 UebdD, AF7tA 422 5770 E¥F 3 0:1- 28, 0:3, 0:5, 0:8, 0:9
o] Y g ANEAAE 0:1-28HH, 0:58 283 0:880] AAMEBNA Hajst 7
FoMT 2t 25, 4F, 259 ¥ XE Vebdon divksed 724%(21/29)E 570 Ao 3
W3S HolA 3ok AP WYY ANYAM 2/2969%)70] A7 APl FAL B
RE ¥ CRMOX AN E &4 182 B $AA 12F0 oig 44 A 23E am-
picillin, cephalothin, penicilline} A2t YA 2 B g}

I.A4 & A Pasteurella %o 432214 N HZ8

A Uolge 2 EYHJR 11F9 Ao}

Ao} F L Yersiniadt e Qo) o)) o & F Y. pestis, Y. pseudotuberculosis, Y. ente-

Adte ol BE Zgd A 3~7Yod rocolitica 3%°] AtgolA HHPAel U A

g3y MAl, FA493dE 2o 92§ 22 dAFY °] F Y. pestise YAAGY

N BEHEEFY F4E Holy] WA F A HAEQ PAFol1, A YolFE o]z

ARZ4D EF7E FHCliver. 1990). 712 AL Y. pseudotuberculosis, Y. enterocoli-
Yersinia $AFS 1% 4 doz 1A tica 2% ¥olt(d T, 1998; ¥ F, 1998).
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d 7tEoly ofAFEAA st HE A
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Yersinia enterocolitica® E4 #3¢

£ ol&ata] &lstAL} (Table 1. Fig. 1).
Table 1. Geographical information of sampling sites
Sample Codes Local Names Altitude(m) GPS

H1 Yeongsil-spring 1,228 g fgg°2gs')'4gfg"
H2 Noru-spring 1,689 I]::I :: 3502311,2323&
H3 Oreum-spring 1,662 g :: §;°2§1? ’634
H4 Sajebi-spring 1,425 g 13360025(')'28&%;"
H5 Eorimokl-spring 988 g :: fgf;o 235;, 12881,,
H6 Seongpanak-spring 778 g ;: ?g&zg"i’“l)f'/"”
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Fig. 1. Map of sampling sites (H1, H2, H3, H4, H5, H6) at Mt. Halla.
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el Mdte THEE F MYLES}
x7) Qg A& S YIge = 5
RE& Aozt HZEo] 20009 3¥HEH 5¢9
Abololl gepit Fat2 Fuoy ok 2 5]
AA Y EAg A ste] 2FE 100mL £ 7]
of RastAN dYo] A&t

3) A3 E HAE FF
A3t FAle TPRAd

oM o
< EFTTF(ATCC 9610)} stepak Sabz
FHABNM 228 26759 oo
)=

2|g 3FFE o2 3 tiTable 2).
Table 2. Number of Y. enterocolitica strains

isolated from different sampling sites

and used for biochemical tests

Source Sites No. of strains
H1 5
H2 3
H3 2
Springwater
H4 5
H5 7
H6 4
FRD* 3
Total 29

FRD *represents feces of roe deer
(Capreolus capreolus)

2. AEuy

1) Y. enterocolitica &%)

enterocolitica ¥2)l= $73E H=ZFHAY
H(1997)0) ol& A A SPS’& o} 2Le] MBS

o %3] (Millipore: pore size 0.22mm)& o 3}
3ol 0.288% KOHE #g3 & CIN (Yersi-
nia selective agar base (Difco)oll Yersinia
No-
vobiocinE H7}) w2 28Col| Al 24~484)
7+ Bnoots}oq Hollgdo] Qlm BoNe g

2+5 KIA (Klinger’s Iron Agar) AF& ) %]
°ﬂ HF3 0 1827 vl¥ ¥ alkaline slant/
acid butt, H2S $4, gas 49 £33 y
BUe 2578 Ao 42 45 sl
AL AdAF A

antimicrobic supplement$! Cefsulodin,

_$_
TREDY #dE 4894 A9 A3(199%)
. BA 5g& HZ )

Aol Y1 4T A 35 FQt H%kf?}““i 1+
of ¥ CIN sixo] M =23 % 28C
ANA 24A1ZF wjFsta, 7yl "J Hs e
234

t}) Y. enterocolitica®) ¥ X ZA}

Tept S22 FHY AAME Y. onte-

rocolitica®) FEXZAE 5AYS o] &3 HE
7 (Most Probable Number)oll 23] ==&}
K[t ImLX5% A4 CIN sjx)o) 28 H=
83, 10mLX5, 100mLX5% of 7}x (Milli-
pore: pore size 0.22mm)E 1}3le, o]%
7he) WS wel d¥stn MPN 242

-74—
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Fob 1L ¥ MPN 24 shlc.

2) ¥ 2 Gram @44

CIN agar vl %]¢} nutrient agar vf x| uj
¢ F A0 AR FEgEv| oz A
Qo9 Gram ERE 37 4=

GRS

N NEY 53

Winblad (1978) 2 Cornelis (1987)8]
oz Ashata Aol 93 1,2 3, 4, 5 34,
3B 771e] HEHo2 EFIIY.

4) 3% ¥4

B0 2 Y enterocolitica® FRE T
Fv 08%(0:1-2&%, 0:3, 0:5 0:8, 0:9
2ol = drdted Y

f‘—i‘ %zlu}_g_g_
2Rty

v o=

5 Al U HAAd 3A Ay

7bH 27+&ZF(Autoagglutination: AAG)A|Y

Laird2?} Cavanaugh (1980) #l o g2 24
3l1tt. 10% calf serum 25m MHEPES (N-2-
hydroxyethylpiperazine-N-2-ethane-sulfonic
acid) &3 A€ %3 MEM (Minimal esse-
ntial medium)S 3mL ¥ A & ol Tryptic
soy agar A v 2joll A} 484] 7H26TC) vH Sk
TS P38t 26C9 37Ce A 18413 wi <k
33l 26C viY Al 75 & EE 28-S e
WAHY 37ColA v} Al #A7E &3S
Al g3 uigel A= n FFHo] A He
Fdez #A3A.
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T=E

1}) CRMOX A1 &
Riley®} Toma (1989) =M oz} A A}3}

%t Blood agarolAl (25C 1841%h) vl 43t
SRl ol
I APEF F 55CE A3 g Az oz
FA g 0.25M sodium oxalate 80mL, 0.25M
magnesium chloride 80mL, 5% Congo red 5
mL, 20% galactose 10mLE &33% CRMOX
vj 2] of] Eubste] 37Co A 24 AIZd Wit

a9 e $HO2 A3 HA

& Tryptic soy agar 40gg

6) A T AY

A 24 Agol A€ disc (37
6mm)< DifcoAl A FE AMESIH o, disc
diffusion method2 A A3} t}. Muller-Hin-
ton brothell ¥ FH{F4 FXE McFarlend
No. 05 #& v|M#e & ¥ vjg ugt
7 ZA % Muller-Hinton agari}ol] @&
AN HEs 2% HEso 3~587
A&ATH WiA] BAe 717 F54E ¥
disczt A2]7} 15mm &% Ho|X 2 & Fu
dAloz 7ty A s 2aAZ Hell 16~28
AlZb wjkg ¥ zone readerE A3l #
o] A8 HAAAYE FHIIAG.

m. 2= 2 u3

1. XIHAME2| Y. enterocolitica &%
et TR FH AAUEY Y. ente-
rocolttica B X W= FAA, Aoy, o
2 EA, A, =28 2 QEM] o
2 727t 8~49, 8~33, )2~8, )2~4, »2~4
% )2~2MPN/LE Yeldo], T4tz 43

(448, daoty, oz gyt 542 3
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Table 3. Most probable numbers (MPN/L) of Y.

enterocolitica distributed in springwater

Positive No.
Sites Range
Ist 2nd 3rd  4th 5th

H1 23 8 49 8 8 8~49
H2 )2 2 4 >2 2 J2~4
H3 )2  >2 2 2 2 2~2
H4 )2 4 4 >2 2 >2~4
H5 8 2 8 2 2 >2~8
H6 33 13 23 8 13 8~33

o] & HAIx tAFAA] FU oFFH
TH EFOAM AA 198 HeFawgon
Y. enterocoliticaS 246% RE2l3dlds Angd
S, 1999)9t Z4F ol EE9 HwolAM #
27 Eig v} §89 Bdio] EGS ¢
QAN 24 EY & 2 HZq
g3 WEZ FUEo2ZN 290 HE A
o7 FAH

oheba) G A4, ABeH, oje) 2 4

h=]
Wgol A A AZE o) 45 Yo

AAIL 1 ol #g Fel Sau Yol
AAE Foz Bews x5 e A
22 A%E T3 Y5Ho Tejso) ok
A § EFolt $2e Buge o
459 A8 292 4ol B2 Ay
W, w4, 084e e FolA Lohi
AAPEL 2 28 T & YA AAd
WEZ 2PUED AF @ 4 Uk ARl
#e AT} obdst 4zEy. =9 nEw
529 A4 UEg neRz A 7L

Aol neid £ QS Hold.

2. EEl U Gram ¥qat

Y. enterocolitica®l ¥R 30T o] 5to) A uj
G doMe FHRG Qo] 5 3w
36Tl Al wjdd FolME FHEI Qv
(Krieg 5, 1984).

T3 ANPEe TETFS NYEF BF
26Tl M YT FFoME FAHo|doyt
36C MR FFoME SANLS Hgo
o AP A A M E 26Tl A H kg
dFS FUHECE Holi 36T vjFsdt #
FolAME FHURVL Holx] o} Krieg S

(1984)2] 2o} AR stAT (Fig. 2).
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Fig. 2. Electron micrographs of Yersinia enterocolitica ATCC 9610(A, B) and an isolate(C, D) from

springwater cultured at 26C and 36T.
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o el S R cH(Table 4).

Table 4. Gram stain and morphological characteristics of the isolates from different source

Bacterial characteristics

Items
Springwater

Feces of roe deer

ATTC 9610

Colony color™* Trace pink

Nonmucoid and
translucent with
reddish center

Colony trait
on CIN agar

Gram stain Negative
Straight rods to
Morphology coccobacillt

Nonmucoid and
translucent with
reddish center

Negative

Straight rods to
coccobacilli

Trace pink
Nonmucoid and
translucent with
reddish center

Negative

Straight rods to
coccobacilli

* Color of colony developed on membrane filter on CIN Agar
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3. =2l ¥l Y. enterocolitica®| A 3}atx £x)
€ Y. enterocoliticad) 4 38A A}
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A} Table 59 2o, AN &
g TFg xRN 2P 739 A3}
&3 B4 A9 2o} Inositol 3wt
o] & 80.8%, xF 100% 2 x}o]7} Ytk
ol A& X XA 22444 inositolol
W FdEol 167%08 5, 1998), AFv}
TN 767% 5 B AT zo]lE el

u

R (G 5. 1994), £ 212 A] 2k3=E]of] 4]
23 Y. enterocoliticaol A = ONPG, orni-
inositol F 4712 EA oA
Ztzt 786%, 40.6%, 60.0%, 595% o] kA&
H AR §, 19983 olE Ve,
old sty YA 1o we Y2
Folvt AYo R¥T JHBY ZE
TE A Gl ahebr zo)7t A A,

thine, indole %

Table 5. Biochemical tests for the isolates based on API kit

Test or substrate

Bacterial source

Springwater Feces of roe deer
ONPG 100 100
Arginine decarboxylase 0 0
Lysine decarboxylase 0 0
Ornithine decarboxylase 100 100
Citrate 0 0
H,S 0 0
Urease 100 100
Phenylalanine 0 0
indole 100 100
V-P(37C) 0 0
Gelatine 0 0
Glucose 100 100
Mannitol 100 100
Inositol 80.8 100
Sobitol 100 100
Rhamnose 0 0
Melibiose 0 0
Amygdaline 100 100
Arabinose 100 100
Sucrose 100 100
Oxidase 0 0




Stepit X1 E H oFlle 29 BHOA

s

825t Yersinia enterocolitica®l E4 S

Y. enterocoliticas A 33t A st 7
Mol BEFHo 2 F R/ =d(Winblad. 1978
2 Cornelis. 1987) A1 8] A& ¥ 29739
A EY LS Table 633 o] 13 0] 245(82.8%),
280} 557(172%)°1% 2 UnA YEFL& 4

Table 6. Biotypes of the isolates from springwater

ol B 2 Y enterocolitica®] ¥
18 2 28 (F 5, 1999 &
2 AT EAA B
3+ Y. enterocolitica 270 F 57} 18 o)tk
€ B §, 199499 vl =g ol

and feces of the roe deer

No. of Biotype
Specimen
strain 1 2 3 3A 3B 4 5
H1 5 5 - — — - - -
H2 3 2 1 - - - -~ -
H3 2 2 - - - - - -
H4 5 3 2 - - - - -
H5 7 5 2 - - - - -
H6 4 A -
FRD* 3 3 - - - - - -
Tptal 29 24 5 - - - - -
FRD * represents feces of the roe deer
WA B FEF A WEA FEd 59 5 83¥Y 8%

AEFo] 18 ¢ 2% 9 3A8.7%) ¥ 3%
(43%)°] X dd= AT T, 1998)%
E Aol BYd. =3 IFd HANME 1
3 23 9ld) 3B o] 57.1% olUdtE A3}
(Bt 5, 1992) 2 FAHA L 7o Exol A
T3 2057 F HEH] 13 112%, 2% 92
%, 38 126%, 3A% 195%, 3B¥ 47.3% 9
TEE B9 AE 5, 1999 FA4ZLE
A A A 2 127 F0 g YEFHo] 3
B 2 2% 7} 67F olUddE AHH 7, 19
89)¢} ztolE BT}

Y. enterocolitica®l 5778 83 ¥ (Kapperud
5. 1984) 5 0:1-2&%, 0:3 0:5 0:8, 0:9
o} 571A FHFH g 3 wg AAe
8/29 (276%) TFolA P Hol EFHUL
FHEEE LEAAA #F 28F7 O
128886, =54 2059 944 € A
Al 242 19F F 47F7F 058 &
BE BU A4 g 28771
0:8%o] LS BYd. 28y =FF
Holl A 22ld dF& XTI oA 21729
(724%) dF= SA9Zo] dojtza] gt



ror
o
+
o
Jo
]

9.9%
0:88 94% 9 3 A3 %E% ?]E]-_TT_

Table 7. Serotypes of the isolates from spring

aEE Ak 5 1992), FEEA 2 e
ol A Eelg w3 M Fo) 0:3¥, O:
&, 0:58, 0:1-2%, 0:98, 0:880] 2zt
34.1%, 278%, 131%, 126%, 4.8%, 13.1%,
126%, 48% 2 P& F HAHY 73% = 2
HE T, 1999 & 2lo]ls By

water and feces of the roe deer

No. of Serotype
Specimen
strain 0:1-2 mi- 0:3 0:5 0:8 0:9 Untypable
xed
H1 5 - - 1 - - 4
H2 3 - - 2 - - 1
H3 2 2 - - - - ~
H4 5 - - 1 - - 4
H5 7 - - - 2 - 5
Hé6 4 - - - - - 4
FRD* 3 - - - - - 3
Total 29 2 - 4 2 - 21

FRD*represents feces of the roe deer

Y. enterocolitica BA Yo ¥ §
dEAAME HESE 9 g¥Foz 0:39%
0:97} EatAlwt w5 9 S48y 2
e g3Y 0:89)1 HI o+ 0:32 vy
AHEley. 1996). 1% = AA 9 Z=Fo B
22l @e} Aolzt AAH T glon(z
S, 1994) =3 viE Y FFE A2 189

3% 8H¥ 05 06 0:7, 08 & =2 §
737} B(E, H4F EY AN 253 2

0 Ao 2R 23 ¥V enterocolitica

F20] 0:3%, 0:98olete A %, 19
89)¢t sty ¥ w AFToA BT ¥
enterocoliticas QAA] WHPddo] ofd FHog
FHE.

6. Al 2y HaM 2t
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oM 22|35t Yersinia enterocoliticadl &4 ¢+

vanauch 1980, 4 ‘5. 1994). Laird9} Cava-
naugh (1980)i> $-<dsl ZAuF wjz|d
MEMoll A 36C2 wi}d 57t 271838

1 o

9,

do7lx e vFE HIAAE vEu A
oFo 1S A9} 11 TEE Y. enterocolitica

Table 8. Virulence test for the isolates from
springwater and feces of the roe

deer

Specimen  No. of strain AAGY CRMOX

H1
H2
H3
H4
H5
H6
FRD*
Total 29 2 =

O e T B CRY JCR 3
|
|

FRD *represents feces of the roe deer
* Autoagglutination

BANE F o eFolM FT V. ente-
rocolitica 297l thst Al Ty HUAd A=A
442 Table 81} o] 25:(69%)%t] =7}
$AAYol FAolen AW wi
At o= Alel M e FFAA 7zt 1
234 AHE AN BAE BAE
Yoz Adad Hdd Alfde 25

dold .

Y. enterocolitica®l AP AlgdYPog
CRMOX ®Fgo] t& AP#AY AdH &
284S Jeiddn 2usAger §, 19
92). CRMOX #3& 7l&22 & 9 CR-
MOX ®bZ-o] Z4d AAG ®F3olA 69%
o] ¥4E B AFE 5ol & # Uk
=3 Fxio A a3t Y. enterocolitica M &
CRMOX ®tgoju} AAG HFZ oM A48
Ehd AT 5, 1994)0. 2 Bl Y. enterocoli-
ticaoll A1EVY AP B A7t dast
v Azt
40~48 megadalton 2712} plasmid®] X ¢}
VAN ofst AEFHY FHL ail (at-
tachment-invasion locus) § AU AE HHF
Y. enterocolitica= 100% WAool A A
2 deld Aok ) 1999). WA S E
AAHRGE °l%3}°4 all FAXE AT
o HYgYd A8 E BT Ho] uig
7-‘3’3}‘:}3’— *}f’x‘_‘?}.

1, Y. enterocolitica®) WP

7. &N 2ty

Y. enterocolitica 293¢t o) W3 FyA 7
4 A" AFE Table 92 o] aminogly-
cosides Al €2l amikacin, gentamycin, kana-
mycin, streptomycin, tobramycin # tetracyc-
lines Al B tetracycline © 7]€} chloram-
phenicoldl & £& #4448 EPod, b-
lactam penicillin A1 €<% ampicillin, penicillin
1} cephalosporins @ 7)€} cepherns Al g ¢l
cephalothinel = WA S Yebdoh

Y. enterocoliticad® ©] A Ao T
iz gleA &ed d579 dFde
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Table 9. Antibiotic test for Yersinia enterocolitica isolated from spring water and feces of the roe deer

Bacterial source

Antibiotic Group Antibiotics
Spring water FRD*
Aminoglycosides Amikacin S S
Gentamycin S S
Kanamycin S S
Streptomycin S S
Tobramycin S S
Tetracyclines Tetracycline S S
B—lactam penicillin Ampicillin R R
Penicillin R R
Carbenicillin I 1
Cephalosporins and Cefoxitine I I
Other cepherns Cephalothin R
Others Chloramphenicol S S
FRD”* represents feces of the roe deer
¥®S: susceptible, I: intermediate, R: resistant
chloramphenicol, kanamycin, tetracyclineS 9] V.3 31 2 3

FAANE ¥ #44S BdF vy an-
picillin, cephalothingole WA< Bdgn
Eug ANz F, 19949 L3t 1
23 FEul BWolA 23 Y enterocoli-
tica BYA ZFH AE AHF 5, 1999)
R AFAN BaF Y. enterocoliticady o} $F
FAA 24 A" Y 5, 1999) 9 =
=Y RUFEANN G Y. enterocolitica
7q Tl g dAA Z4d A" A
S, 19948 2 ZAAN e Anst Ux
st

AR, AEA, oY, a8, 433, 19
81. 2xo}e] Y. enterocolitica g 14.
gk 2] st 2] 15: 429

THEAY. 199%. gy AgA A9
213, ppl27-130.

AE, A, o4, 7Y, &4, 1981
Shigella® 2% Y. enterocoliticaol
A A 1ol hgaopsts)a) 24
78

g, doleh, v, WM, g9, 19
99. hEF A B F5Eo ot
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Yenterocolitica @ ZAb. thA 3 A
BAJAATFLE. 1: 7-24
HAE, A&A. 1992 Ao A 22
3 Yersinia enterocolitica®l 3=/
3y 9 gddA gFA s
0} 8} 3] =] 32: 63

HAW. 1991 A gAY S2AE9
Aol BEZAL MgA B2
BREATHEE 27: 1215

&4, 1. 199 FEY T
BolA B3 Yersinia enterocolitica
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A Study on Yersinia enterocolitica Isolated from Springwater

and Feces of Roe Deer in Mt. Halla

Han, Chang-Soo and Duck-Chul Oh*
Jeju Provincial Water Resources Management Office, Bukjeju-kun Jeju-do 695-811, and
Dept. of Biology, Cheju National University, Jeju-si Jeju-do 690-756, Korea

ABSTRACT

Yersinosis is known as an infectious disease caused by Yersinia pseudotuberculosts, or Yersinia.
enterocolitica. Some strains of Yersinia enterocolitica are pathogenic to human. This study was con-
ducted to examine the characteristics of Yersinia enterocolitica strains isolated from spring water
at six points near the climbing routes of Mt. Halla as well as from the feces of roe deer. Data
were obtained in several approaches such as biochemical characterization, biotypes, serotypes,
virulence and antibiotic test for the isolates, and MPN (most probable number/L) techniques.
Most probable numbers (MPN/L) of Y. enterocolitica in springwater were ranging from 8 to 49
in Yeongsil-spring, 8 to 33 in Seongpanak-spring, »2 to 8 in Eorimok-spring, 72 to 4 in Sajaebi-
spring, Noru-spring, and »>2 in Oreum-spring. This suggested that Y. enterocolitica strains might
be distributed much more in spring waters in the lower altitude than those in the higher alti-
tude. Twenty nine strains of Y. enterocolitica from spring water and feces of roe deer were sele-
cted for several tests. Twenty four strains (82.8%) were found to belong to biotype 1, and the
rest (17.2%) were biotype 2. Autoglutination positive was observed in two strains among them
(6.9%). In analysis of serotypes of O:1 - 2 mixed form, 0:3, 0:5, 0:8, and O:9 for the isolates,
0:1 - 2 mixed type and O:8 type were 2 strains (6.9%) each, and O:5 type was 4 strains (13.8
%), while the other 21 strains (72.4 %) did not show any agglutination of 5 serotypes. Antibiotic
test for randomly selected strains of Y. enterocolitica showed that those were resistant to ampici-

llin, cephalothin, and penicillin.

Key words : Yersinia enterocolitica, Yersinosis, Mt. Halla. Springwater, Feces of roe deer
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