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Abstract : Two hundred and eighty nine strains of Yersinia enterocolitica isolated from healthy
pigs were tested for the presence of 40~50 Megadalton virulence-associated plasmids and plasmid-
mediated # vitro virulence-associated properties, i.e., congo red uptake, calcium dependency, autoagg-
lutination, CRMOX reaction, crystal violet binding and pyrazinamidase reaction. The correlationships
between in vitro virulence-associated properties and the presence of 220 Kdalton outer membrane

protein(OMP) were examined in strains with or without virulence-associated plasmids. The correla-

tionships between the presence of plasmids on the production of the OMP and the expression

of in vitro virulence-associated properties were studied with CRMOX™* strains and acridine orange-

cured CRMOX™ mutants. The results were as follows :

1. Of the in vitro virulence-associated tests with 289 strains of ¥ enterocolitica, 275 strains(95.2% )
were positive for pyrazinamidase test, and followed by in order of crystal violet binding test, 226(79.2
%) i+ CRMOX test, 190(65.7% ) ; autoagglutination test, 185(64.0% ) : calcium dependency test, 86

(29.8%) and congo red uptake test, 47(16.3%).

2. The correlationship between autoagglutination and CRMOX test(r=0.90) was highly significant

(p<0.01).

3. In 190 strains(65.7% ) bearing the virulence-associated plasmids(MW 40~50 Mdalton), the
correlation between the presence of plasmids and their in vitro virulence-associated properties were
highest with CRMOX test(r=0.93) and followed by in orders of AAG test(0.81), CV test(0.46),
PYZ test(0.37) and CD test(0.18), but no-correlationship between the presence of plasmids and
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CR test(—0.11).

4. The CRMOX* strains produced the 220 Kdalton OMP when they were cultured at 37C, but
not at 26C. The presence of 220 Kdalton OMP was correlated significantly with in vitro virulence
properties and the presence of virulence-associated plasmid, respectively.

5. In the isogenic CRMOX™ mutant strains, of which plasmid were cured by treatment with
acridine orange not only in vitrevirulence-associated properties(CR 100%, CD 100%, AAG 82.6%,
CV 583%) disappeared but also 220 Kdalton OMP(100% ) was not produced.

These results indicate that the positive CRMOX reaction is plasmid-mediated and the CRMOX
test is potential as an in vitro virulence tests with Y enterocolitica.

Key words : Yersinia enterocolitica, In vitro virulence associated characteristics, Outer membrane

protein, Plasmid-bearing.
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Table 1. Positivity of iz vitro virulence-associated characteristics of different biotypes of Y enferocolitica isolated

from pigs
Biotype Number of Positive( %)
strain CR* CD AAG PYZ CvV CRMOX
1 9 2(22.2) 2(22.2) 0 0 2(22.2) 0
2 49 18(36.7) 16(32.7) 34(694) 49 (100) 38(77.6) 38(77.6)
3 2 0 1 1 2 (100) 2 (100) 2 (1000
3A 41 2 (4.9) 7(17.1) 24(58.5) 38(92.7) 34(82.9) 22(53.7)
3B 165 21(12.7) 56(33.9) 110(66.7) 163(98.2) 130(78.8) 111(67.3)
4 23 4(17.4) 4(174) 16(69.6) 23 (1000 20(86.9) 17(73.9)
Total 289 47(16.3) 86(29.8) 185(64.0) 275(95.2) 226(78.2) 190(65.7)

*CR . congo red uptake, CD ® calcium dependency, AAG ' autoagglutination, PYZ ! pyrazinamidase test, CV © crvstal violet bind-
king. CRMOX : congo red uptake-calcium depency.

Table 2. Positivity of in vitro virulence-associated characteristics of different serotypes of ¥ enterocolitica isolated

from pigs
Serotype Number of Positive( % )
strain CR CD AAG PYZ CvV CRMOX
0:3 231 27(11.7) 67(29.0) 153(66.2) 228(98.7) 189(81.8) 155(67.1)
0:9 42 15(35.7) 14(35.7) 27(61.9) 42(100) 32(76.2) 31(73.8)
0:21 10 3(30.0) 3(30.0) 4(40.0) 4(40.0) 5(50.0) 4(40.0)
Untypable 6 2(33.3) 2(33.3) 1(15.7) 1(16,7) 0(0) 0(0)
Total 289 47(16.3) 86(29.8) 185(64.0) 275(95.2) 226(78.2) 190(65.7)

See footnote in Table 1.
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Table 3. Positivity of combinations of in vitro virulence-associated characteristics of different biotypes of Y

enterocolitica isolated from pigs

(?f/‘ L:flntr]g}:ecritc}é Positive patterns Biotype Total( % )
tests 1 2 3 3A 3B

1 AAG 1* 1 (04)
cv 2 2 (0.7
PYZ 6 7 20 1 34(11.8)
2 AAG-PYZ 1 1 (04)
CR-CD 2 1 3(1m
CD-PYZ 2 2 (0.7
CV-PYZ 2 10 23 4 39(13.5)
3 CR-CD-PYZ 1 1 (04}
CD-CV-PYZ 3 3 (.0
AAG-CRMOX-PYZ 1 4 2 7 (24)
CD-CRMOX-PYZ 1 1 (04)
CR-CV-PYZ 1 1 (04)
AAG-CV-PYZ 2 2 1 5 (1.7)
AAG-CRMOX-CV 2 2 (0.7
CRMOX-CV-PYZ 1 1 2 (0.7
4 CR-AAG-CV-PYZ 1 1 (04}
CD-AAG-CRMOX-PYZ 5 5 (1.7)
AAG-CRMOX-CV-PYZ 15 12 50 86(29.8)
CR-CRMOX-CV-PYZ 1 1 2 (0.7)
CD-AAG-CRMOX-CV 1 1 (04)
CD-CRMOX-CV-PYZ 1 6 (2.1)
CR-CD-CV-PYZ 1 1 (04)
CR-AAG-CRMOX-PYZ 1 1 (04)
5 CR-CD-CRMOX-CV-PYZ 1 1 (0.4)
CR-AAG-CRMOX-CV-PYZ 7 1 5 14 (4.8)
CD-AAG-CRMOX-CV-PYZ 4 1 5 29 1 40(13.8)
CR-CD-AAG-CRMOX-PYZ 1 1 2 (0.7)
6 CR-CD-AAG-CRMOX-CV-PYZ 7 1 10 2 20 (69
Negative 5 5 (1.7)

Total 9 49 2 41 165 23 289

* . number of positive strains.
See footnotes in Table 1.
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Table 4. Positivity of combination iz wvitro of virulence-associated characteristics of different serotypes of ¥
aps . L
enterocolitica isolated from pigs

Multiplicity Serotype

of virulence  Positive patterns Total( %)
tests 0:3 0.9 0:21 UT
1 AAG 1 1( 04)
Cv 2 2007
PYZ 27 6 1 34(11.8)
2 AAG-PYZ 1 1( 04)
CR-CD 1 2 3C 1.0)
CD-PYZ 1 1 2007
CV-PYZ 37 2 39(13.5)
3 CR-CD-PYZ 1 1( 04)
CD-CV-PYZ 2 1 3( 1.0)
AAG-CRMOX-PYZ 6 1 7( 24)
CD-CRMOX-PYZ 1 1€ 04)
CR-CV-PYZ 1 1( 04)
AAG-CV-PYZ 5 5 1.7)
AAG-CRMOX-CV 2 20 0.7
CRMOX-CV-PYZ 2 2( 0.7
4 CR-AAG-CV-PYZ 1 1€ 04)
CD-AAG-CRMOX-PYZ 5 5( 1.7)
AAG-CRMOX-CV-PYZ 73 12 1 86(29.8)
CR-CRMOX-CV-PYZ 1 1 2( 0.7)
CD-AAG-CRMOX-CV 1 10 0.4)
CD-CRMOX-CV-PYZ 6 6( 2.1)
CR-CD-CV-PYZ 1 1€ 04)
CD-AAG-CRMOX-PYZ 1 1( 04)
5 CR-CD-CRMOX-CV-PYZ 1 1€ 04)
CR-AAG-CRMOX-CV-PYZ 8 6 14( 4.8)
CD-AAG-CRMOX-CV-PYZ 36 4 40(13.8)
CR-CD-CRMOX-PYZ 1 1 20 07
6 CR-CD-AAG-CRMOX-CV-PYZ 13 5 2 200 6.9)
Negative 3 2 5( 1.7)
Total 231 42 10 6 289
UT ' untypable to 12 standard antisera, * : number of positive strains.
See footnotes in Table 1.
Table 5. Relationships between in vifro virulence-associated characteristics of Y enferocolitica
In wvitro i
virulence-associated CR CD AAG CRMOX PYZ
characteristics
CD 0.64**
AAG 0.54** 0.69**
CRMOX 0.44** 0.79** 0.90**
PYZ -0.13 0.23* 0.33** 0.44**
(%Y 0.03 0.18* 0.28* 0.39** 0.74**
See footnotes in Table 1.
*p<0.05. **p . <0.01.
% 163(254%)004 28121 PYZY 275FF 187F &(0.81) ; CVYHE(0.53) ;: PYZ ¥+2(0.37) 283 CD
(68.0%)9 PYZ™ 143% 33(214%)9A Zetxu= H3(018)2 & AABAE VERE o (p<0.01),
7 A2 Aok CRYM-G-3 Fotam|= Fd & 3tolle ABaA47} g
Al HaAd #YW 4dn 3dA Eeavs TH(~0.11).
A& AaBA A CRMOXEHE(0.93) » AAGHE WMo RHE MIEL(R} CHEEN HAM AY
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Fig 1. Plasmid DNA profile or Y enterocolitica isolated from swine. Strains in lane 1,3,5,6,8,9,10,11,12.13
and 17 harboured plasmids of 40~50 Mdalton, while strains in lanes 2,4,7,14 and 18 did not. MW marker
was used lambda DNA digested with Hind III and strains in lane 15 and 16 harboured plasmids of 80
Mdalton.

Table 6. Relationship between presence ‘of 40 Mdalton plasmid and in vitro virulence-associated characteristics
of Y enterocolitica

In vitro No. of tested Presence of plasmid Correlation

virulence test organisms +(%) - (r)

CR + 47 38(80.9) 9 —0.11
- 242 152(62.8) 90

CD + 86 79(91.9) 7 0.18**
= 203 111(54.7) 92

AAG + 185 174(94.1) 11 0.81**
- 104 16(15.4) 88

CRMOX + 190 135(97.4) 5 0.93**
- 99 5( 5.1) 94

Cv - 226 174(77.0) 52 0.53**
- 63 16(25.4) 47

PYZ + 275 137(68.0) 88 0.37**
- 14 3(21.4) 11

* 1 p<0.05, ** p<0.01.

Table 7. Relationship between the presence of 220 Kdalton outer membrane protein and #n vitro virulence-
associated characteristics of Y enterocolitica

Presence of I\tloﬁof In vitro virulence test-positive( %)
strains
220 Kdal ton OMP tested CR CL AAG CRMOX Cv
Positive 25 14(56.0) 21(84.0) 23(92.0) 25 (100) 22(88.0)
Negative 14 0(0) 0(0) 0(0) 0(0) 9(64.3)
Correlation(r) 0.44** 0.79** 0.90** 1.00** 0.38*
¥ < 0,05, *p<0.0L,
T MaZEel 2| : Y emerocoliica®] ¥ 94 AALE 2 &F). Z A8 B YA 442 (CRMOX) kA 73}
YT 20 Kddon DAAS FUH BIAEHN 94359 9ju} o 246 o7} AU 5. CR-
7Y BAE FAE AHE Table 79 2uh(Fig MOX W94 A8 FAd ol A= 200 Kdalone] T &
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Table 8. Changes of in vitro virulence-associated characteristics of isogenic CRMOX-negative mutant of Y entero-

colitica cured with acridine orange

CRMOX No. of Treatment Positivity( % )
strains with acridine
reaction tested orange CR CD AAG CV
Positive 25 Not treated 16(64.0) 21(84.0) 23(92.0) 24(96.0)
25 Treated 0 0 4(16.0) 10(40.0)
Negative 14 0 0 0 8(57.1)

Table 9. Changes in the presence of in vitro virulence-associated plasmid and 220 Kdalton outer membrane

protein in isogenic CRMOX-negative mutants of Y enterocolitica cured with acridine orange

CRMOX No. of Treatment Presence of
. straing with acridine -
reaction tested orange 40~50 Md plasmid( %) 220 Kd OMP(%)
Positive 25 Not treated 25(100) 25(100)
25 Treated 0 0
Negative 14 Not treated 0 0
AO-cured | isogenic CRMOX-negative mutants cured with acridine orange.
1 2 3 45 67 8 9 10N
205000
116000
97400
66000
45000
29000

Fig 2. SDS-PAGE profile of 220 Kdalton outer membrane protein of Y enterocolitica. None of the OMP
are visible in the lanes 4(1173), 8(717) and 10(1091) of virulent organisms grown at 26C, whereas
the OMP’s are visible in the lanes 3(2063-1), 5(1173), 7(717), 9(1091) and 11(2026) of virulent organisms
grown at 37C. Lane 2(1212) shows OMP profile of avirulent organism grown at 37C, whereas lane 1(1212)
is the profile of OMP of avirulent organism grown at 26C. Lane 6 is the standard molecular weight

marker.
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. EE
Fo]l s W2 o EAolU &, o] OMP
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92.0%, CV 88.0%, 2 CR 56.0% &o)om, v A&
4% 643%7} Cvtollon}, CR, CD, AAG, CR-
MOXHHS-& w5 4ot o]E9 HAuks7te]
2B AAE CRMOX 1.00 ; AAG 0.90; CD 0.79 ; CR
0.44 ; CV 0.390] 1t}

Acridine orangeZ X{2|8} Mo A|ZTHH BHHA
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Fig 3. SDS-PAGE profile of outer membrane protein of virulent and isogenic virulence-cured mutant of
Y enterocolitica cultured at 26C and 37 : Lane 1(815) and 3(1280) are OMP profiles of the virulent
organisms cultured at 26C, while lane 2(815) and 4(1280) are OMP profiles of the virulent organisms
cultured at 37C. Lane 6(815) and 8(1280) are OMP profiles of the isogenic virulence-cured strains cultured
at 26C and lane 7(815) and 9(1280) are OMP profiles of the isogenic avirulent strains cured with acridine
orange and cultured at 37C. The lane 5 is molecular weight standard.
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o B{3tel BAE 2A87] 98k CRMOX*
& acridine orangeZ ) g3le] Zglrnes )
b CRMOX™ ®olZo] g CR F34, B4 9
A7 SR, OV AR NEay WAy B
Fol ¥stE A A2 Table 83} Zu} =,
CRMOX™ 25%9] 2} Algauy whg gA#o CR*
165-(64.0% ), CD* 213-(84.0% ), AAG* 2332(92.0%)
2D CVT 243(96.0% ) o] Q).

$H CRMOX'E AOZ a8t S CRMOX™
HolF 2550 )3k WFS S AAG™ 43(16.0%), CV*
105:(40.0% ) o] 21}, CR F& 2 AAGE 2% &
o]tk CRMOX* #& AOZ H23g<e o Ay
Wl Hag B kg A7 8-S CRF CD 100%, AAG
82.6% % CV 58.3% 0|t}

CRMOX* 2 26T A ujks mf 220 Kdalton
OMPE #&9A @1 ¢ 37c2 wjdd oot
dEHA2U, A0 E CRMOX~ w#o|3Z 37T )
FE Wolle 2MYAG(Fig 3 FR).

CRMOX*, CRMOX~ I8l1 AOx 2] CRMOX-
ol PY H.§9} 220 Kdalton OMP R §7te] o
Al Table 98} Zt}h. P*9} OMP R & F& TE CR-
MOX*o]gl o CRMOX~ 9 AOH @ &Aoo
ME #EHA gsid.
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(caicium dependency test), CRA| 8 (congo red uptake
test) @ PYZA] ¥ (pyrazinamidase test)-2 A A)3tQ T}

AET 28950 hE zH WUA DAY oAl
& PYZT 952%, CV*t 78.2%, CRMOX* 65.7%,
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CRMOX whgo] &4 uiztalri= Ae & 4 9ok



of QoA 7t AgBl We4 B wge
oA E 22189 A2 CRMOXHWIS 3} Tl A 8w

W “]’-25‘7]'4 33 HA = AAG(0.90), CD(0.79), CR(0.
44), PYZ(0.44) 2 CV(0.39) &08 ¥% %o Aw
‘_/51] YEHA ATH(p<0.01). =ekA 9o tAl 7}z
AldEd HYAd B8 FEAYS #0129 CRMOX
o g eE] diAg 5 gowld AWAHEo
AAGHRE T Th2 Al whe-7he] AE#A| = CR-
MOX(0.90), CD(0.69), CR(0.54) 2 PYZ(033)0 %
=9 #94(p<0.01)g 183 CV(0.28) 7holl &
44 (p<0.05)& YepdT CDUMS3} tha A @da
W org7tel A#ABdAE CRMOX(0.79), AAG(0.69)
2 CR(0.64)2 1% 9] o8 PYZ(0.23) a8 1 CV
(0.18)7Fell #1438 Yehhdch. cvrga o 4
g whgte) 4 BAA = PYZ(0.74) ¢k CRMOX(0.
39)7kel 31 9] {29 A2, AAG(0.28) 9} CD(0.18)7}o))
A4S Yl o), DR(0.03) I $olAo) ¢l
o PYZ ¥hg3 o & AP W whg3te] AuEAs
Cv(0.74), CRMOX(0.44) ¢ AAG(0.33)0.& nx 9
fr4d-2, CD(0.23)7tol o4& Yehfdoy CrR
(-013)3e F9do] iUk felAo) dd 9
A& CRA CDH¥HE FA&o] e uwkd Cvel PYZ
B3 FAE ®%V) Wioltt

ol AToNAM AT 289FF 6714 A @By HAA
BN ge] BF G T 69%, 574 AlH %
AL 197%, 37kA AE FHFE 7.6%, 27kA) A
BEETL 156%, GUAY BT 128%0]ATh

oj9tz e A FATFl he Z APy HAA

33t o)zt Avte RS | shd, ¥ enerocoli
v AT WU BRG] F4 AN E A @
T Chang et al®®, Noble et al*’, Kay et al*® 2 Wach-
smuth et al*e] A3 x)3he}.

Y enterocoliica®l B YA A9} AgThy) WA

#d44 o] 40~50 Mdalon plasmidol 9] 8}e] 2 ul %
thE #ol Zink et al**T Gemski et al'del] o]3te] B
i@ F suckling mouse AFES L Ezjo] §5 vj4
FGH JAH7E plasmidoll oste] Aujgrie Aol
#2590t} 221} Heesemnann et al®'2 B[ QA 727}
PFE AEERe o $4 HIHLS JehiE o)
oly7) wjEo] P ol9jo] TE WA AF QA
BeE ALY Y enterocolitica P~ F3FE nle
2o AAERE oNAe AT A Pz
dix AF REE1Y =3 2@ g AYe
Yo Ae AT A4 WL AFse PPE e
do ke Ao g A Ut

o] Aol A APF 289FF 65.7% 7t P ol k.
P B0t ATl WA B AT ARnas
CRMOX* 97.4%, AAG* 94.1%, CD* 91.9%, CV*
77.0%. PYZ" 68.0%9) 28 CR¥S-S A 93t
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CRMOXS$} ALGAI g0 ¥ enterocolitica®) B 94 A
o2 7Hg A HARoEe AE ¢ F AU

2 &

A7a GRNA BEelg Yersinia enterocolitica7l §)
Aol st HYPAFE MR YEAE ZAMEL A
Fouy 94 BE 447k R4S vy 9
sod 2g|FF 289F o] tisle] congo red FAWHE
(CR), #H <9&ANS(CD), A7I¢HS(AAG),
CRMOX®}FZ-, crystal violet Z§WH8-(CV) 18] 1 pyra-
zinamidase¥t-3-(PYZ) & AA| Q). E£§F Y enterocolf-
tca 40~50 Mdalton plasmid9} AP §UA #d
RH&-7tel AAIE ¥3]7) 93t CRMOX* #F ¢} ac-
ridine organge 38 CRMOX~ ®o|Fo| tjate z}
BeS Hustgoh. dold 4HE FEshdE e
Eiaas

1. 328950 Aol dig 24F AEIY a4
HEd g e FPTFS PYZ 2755(95.2% ), CV
2265(78.2%), CRMOX 1903(65.7%), AAG 1853
(64.0%), CD 863(29.8%) = CR 47%(16.3%)2]
oAt
2. AEI HaAd BEPTY] FAdNE 2 24
S7ve] @A A AAGA E 3} CRMOXA| @ 7te
$o] 7} 7 AAFATH(r=0.90).
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44 Ee42v=(100%)E A A3 CRMOX ™ #ol 52|
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g mols MAaERoY 26T WAHA %
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VR AT}

6. 40~50 Mdalton plasmid Ef7#FE CRMOX
EE AAG NS 71 B2 ABHAE YT
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