A A35 1996
Vol. 28, No. 3. 261-~267 B

A Sensitive Polymerase Chain Reaction-based
Detection of Yersinia Pseudotuberculosis and
Pathogenic Yersinia Enterocolitica and Its
Application to Mountain Water

In-Ki Paik, M.D.!, Ken-Ichi Kaneko, M.D”, Hideki Hayashidani, M.D.”
and Masuo Ogawa, M.D.

Department of Clinical Pathology, Sanggyve Pazk Hospital, Inje University,

Seoul, Kored'

Laboratory of Animal health, Faculty of Agriculture,
Tokvo University of Agriculture and Technology, Tokyo, Japan"

i
Hl
Ao
]
J
I

=BG A MBISR 0| 28t Yersinia pseudotuberculosis®t SN
Yersinia enterocolitica® Z&fH 1} Atol XA HAHMS HE

alchetirel shohst Qe st AL FHF TSR Hoy

#017]. Ken-lchi Kaneko , Hideki Hayashidani’, Masuo Ogawa’

Bl 2 : Yersinia pseudotuberculosis(Y. pseudotuberculosis)®} A4
terocolitica(Y. enterocolitica)?l AANZFS F2 o g&Eo 298 &7

ol WA E oA E3] V. pseudotuberculosisit A Ag oM &L B
Sfol Fad 130 Fo drtolry. @A Axke A gidol A HHI MHwAE AL

ol ke of wpyl gl A el
o Al gEE Hpstn AT gol We gonn FFALAAANS(PCRIEE Al&std

gato) AEE Y, A9 5 ot gH4 FolMe)

Bl A Yersiniayt AHE A= 8o

Ht ¥ © Y. pseudotuberculosistt 2% 21814 = inv gene primer, Y. enterocolitica
g @Aty 9
ato] vir F gene primerss A23te]l PCRM S AAldtgln PCRY S £3 @A(UHE)

T+ A o3l ail gene primers AF£E9 o8 plasmid # A F 5

of ohg AYE A4Sl

A D inv, ail 9 vir F ogeneS 2 primerg el =& A4 W Y. pseudotuber-
culosis 2 Y. enterocoliticad & T H oz 7y FAGd F len] PCRYS UHEE
©3](30 cycle) PCRS Z$-+= A4 widyinc Axr 933 Ladneyd 560

cycle) PCRS! 79+ Y. pseudotuberculosisT A% 10 CFU/ml7HA,
enterocoliticatt ¢l A $- 100 CFU/ml7t#A #H&8 +

by o] WY& ol fato] Abet Apd g E At A
H

32 r&r

=

W RO 190 E WY tEhad 2] #el SACEEA el olg 7Azkel

- 261 -

Yersinia en-
&A= 5ol

coe A A u
3 Fol MEe BEY F AU
2B PCR WS AU wpgel vistel wf$ wske of wwe A4
Moz #Ed & gl Adsol EASE 259 Yersinait Awe] A E
@ QA 7 AuAdE A wos WA R a4el ¥ Avel Asd



4 glode AREY FF 8RR @ AgzAlE ERHoz gl £ gle

2let Atz

INTRODUCTION

Y. pseudotuberculosis causes gastroenteritis,
mesenteric lymphadenitis and terminal ileitis, par-
ticularly in children”, and could bring up Kawa-
saki disease, nephropathy, erythema nodosum,
and arthritis among many others as compli-
cations’. Another species of Yersinia, pathogenic
Y. enterocolitica causes mesenteric lymphadenitis
and terminal ileitis often mistakenly diagnosed as
appendicitis.

The clinical manifestation of these two Yer
sinia species are similar and they gain access to
susceptible host by ingestion of tainted food or
drink'’. We” isolated Y. pseudotuberculosis from
mountain spring waters and human stools and
suggested that drinking of mountain spring water
might be one of the main sources of Y. pseu-
dotuberculosis infections in Korea. Traditionally,
the epidemiological researches depend on the
culture of Yersinia species. The method takes
relatively long time and appeared to be insen-
sitive because only 10-30% of the suspected
spring water samples yielded positive results in
our experience.

Recently polymerase chain reaction(PCR) was
introduced for the detection of Y. pseudotu-
berculosis and pathogenic Y. enterocolitica suc-
cessfully. It involved the amplification of three
loci, inv gene for Y. pseudotuberculosis, ail gene
for Y. enterocolitica, and plasmid-coded vir F
gene for both Yersinia s;t)ecit:s;4 ? We evaluated
the PCR method for sensitivity and examined

water samples from Korea and Japan.

MATERIALS AND METHODS

1. Bacterial strains

Y. pseudotuberculosis(serotype 4b, P+ (with
plasmid)) was isolated from human stool and
from spring water in Korea. Y. enterocolitica
(serotype O:8, P+) and Y. enterocolitica(serotype

0:8, P-) were from wild animal stool in Japan.

2. Water samples

Fifteen stream water samples were collected in
Aomori prefecture of Japan and spring water

samples at 12 places in Korea.
3. PCR

DNA samples were amplified using Takara
PCR Amplification Kit(Takara Biochemicals, Ja-
pan). The reaction mixture contained 200 uM
dNTP, 20 uM primers, 1 u Taq polymerase, 5 ul
10x PCR buffer and 5 ul DNA sample in a total
volume of 50 ul and overlaid with a drop of
paraffin. The reaction was carried out in the
Thermal cycler(PC700,Japan) with 94°C 1 min, 55
€ 2 min, 72C 1 min for 30 cycles. For two-
stage PCR, another round of 30 cycle PCR was
performed with additional dose of Tag poly-
merase. Ten microliter of the amplified DNA was
examined on a 0.8% agarose gel after ethidium
bromide-staining.

The 3 sets of primers used were 5'-TAA-
GGG-TAC-TAT-CGC-GGC-GGA-3" and 5'-CGT-
GAA-ATT-AAC-CGT-CAC-ACT-3" for inv, 5'-
ACT-CGA-TGA-TAA-CTG-GGG-AG-3" and 5'-
CCC-CCA-GTA-ATC-CAT-AAA-GG-3" for ail
and 5 -TCA-TGG-CAG-AAC-AGC-AGT-CAG-
3" and 5 -ACT-CAT-CTT-ACC-ATT-AAG-
AAG-3' for vir F. The amplified DNA fragments
would be 295 bp, 170 bp, and 591 bp long for
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inv, ail. and vir F. respectively”.

4. Colony counting and preparation of DNA

for the detection limit

Yersinia spp. were grown on trypticase soy

broth overmight at 25°C. A series of ten—fold

1 2 3 4 58§ B ¥

dilutions were made with normal saline or with
stream water and ol ml was plated for cell
counting. A 100 ul aliquot of each dilution was
mixed with equal volume of Tween 20 and boiled
for 5 min. Supernatants were obtained by centri-

fugation at 15000 rpm for 3 min and used for

-—591 bp

-—295 bp
-—170 bp

Fig. 1. Differentiation among versinia bacilli by PCR with
inv, ail and vir F primers, Lanes: 1. DNA base pairs
marker, 2. 295 bp product from pathogenic Y. pseudo-
tuberculosis(4db, P+) with fnv primers, 3. 170 bp pro-
duct from pathogenic Y. enterocolitica(0:8, P+) with
ail primers, 4. 591 bp product from pathogenic Y.
enterocolitica(0 : 8, P+) with vir F primers, 5. 295 &

591 bp product from

pathogenic Y.

pseudotuber-

culosis(4b, P+) with mixture of inv & vir F primers,
6 & 7:170 bp product from non-pathogenic Y. entero-
colitica(0 : 8, P-) with ail primers.

1353bp
1078bp
872 bp

603 bp _,

281 bp =
194 bp
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Fig. 2. Detection limit of single PCR to

P CFU/mL

pseudotuberculosis  with inu primers.

positive controlla Y. pseudotuberculosis colony).
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Fig. 3. Detection limit of duplicate PCR to Y. pseudotuberculosis with [nv primer. N: negative
control(distilled water), P! positive controlla Y. pseudotuberculosis colony).

PCR.
5. PCR of mountain water

The mountain water samples were centrifuged
at 8000 mpm for 20 min. Pellets were resus-
pended in 0.5 ml PBS and 0.1 ml was mixed

with Tween 20 and treated as described above.

6. Traditional culture of Yersinia spp. from

mountain watler

Two liters of water samples were filtered with
suction and the filter paper(pore size, 0.45 pm)
[Millipore Co. USA] was rinsed with 10 ml PBS.
The suspension was centrifuged at 3,500 rpm for
30 min. On the next day. The pellet was resu-
spended with 0.5 ml PBS and treated with equal
volume of 0.5% KOH for 15 sec. 0.1ml of treated
suspension was plated on Irgasan Novobiocin(IN)
agar or modified MacConkey agar and incubated

at 25C for two days.

RESULTS

PCR amplification of three genetic loci, inv, ail,
and vir 7 can be used to diagnose both Yersinia
spp(Fig. D and vir F

the plasmid.

showed the presence of

A single run of PCR for inv detected up to 10°
CFU/ml of Y.

even lower concentrations(Fig. 2) but the two-

pseudotuberculosis  or  perhaps
stage PCR for inv detected up to 10 CFU/ml
(Fig. 3) and the two-stage PCR for ail detected
up to 100 CFU/ml of Y. enterocolitica(Fig. 4).
Out of 15 stream water samples from Japan, 6
were positive for ail by PCR. Y. enterocolitica
was isolated from 2 of the 6 PCR-positive sam-
ples by the traditional culture method(Fig. 5). Out
of 12 spring water samples collected in Korea, 11
were positive by PCR for inv. However, Y.
pseudotuberculosis was not detected in any sam-

ples by the traditional culture method (Fig. 6).

DISCUSSION

We amplified three chromosomal locations using
PCR to identify Y. pseudotuberculosis and patho-
genic Y. enterocolitica The three sets of primers
were derived from the sequences of inv, ail, and
vir F genes. The inv encodes invasin which ap-
peared to be required for the invasion of epi-

thelial cells by Y. pseudotuberculosis™. The ail

from Y. enterocolitica promoted attachment and
invasion of E. coli cells to HEp-2 cells. The ail

1s for attachment-invasion-locus and has no ho-
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Fig. 4. Detection limit of duplicate PCR to pathogenic Y.
enterocolitica with ail primers.
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Fig. 5. Application of PCR to mountain stream waters of
Aomori prefecture in Japan by ail primer to detect Y.
enterocolitica. Lanes 1-6 : positive, Lane 7: negative.

mology to inu of Y. pseudarubercu.’osismA While
these two genes were unique to the two Yersinia
spp. respectively, The vir F was carried on a
plasmid, pYV, found in both species. This 70 kb
plasmid is responsible for the pathogenicity of

. i w . . Gl
Yersinia spp. as revealed in animal studies . It

5]

al

also carries several indirect markers of virulence
such as calcium dependence and autcagglutina-
tion. The vir F is related to the expression of
vop gene which codes for a protein found on the
outer membrane of Yersinia spp.“’.

There have been attempts to identify Y.
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Fig. 6. Application of PCR to mountain spring waters of Seoul by inv primer to detect Y. pseudo-
tuberculosis. Lanes 1-12: positive, except lane 4, Lane 13 : negative control (distilled water)
Lane 14 positive controlla Y. pseudotuberculosis colony)

pseudotuberculosis and Y. enterocolitica by am-
plification of these gene segments by PCR'".
Simultaneous amplification of the above three loci
appeared to be a convenient and adequate pro-
cedure for routine detection of these pathogenic
Yersinia spp.”. Furthermore, Nakajima et al.
reported that the above three segments were not
amplified in non-pathogenic Yersinia spp. nor in
Salmonella spp. Campylobacter spp., or in patho-
genic Escherichia spp.”.

We confirmed that Y. pseudotuberculosis and
Y. enterocolitica could be identified by a similar
PCR procedure.

The single-stage PCR involving 30 cvcles for
ine could detect up to 10" CFU/ml. However, a
two-stage PCR involving additional 30 cvcles
with another dose of Taq polymerase raised the
sensitivity to 10 CFU/ml This is consistent with
the observation made by Nokajima et al”. This
sensitivity was confirmed both with normal saline
as well as with stream waters,

We examined natural water samples from
Korea and Japan using this PCR method and
compared the result with that obtained with the

culture method. Out of 12 spring water samples

from Korea, 11 were PCR-positive for inv. but all
were negative by the traditional culture. Consi-
dering that the samples were collected during
August when the water temperature reached the
highest and that Y. pseudotuberculosis is a
psychrophile, the result suggests that the PCR
method could be much more sensitive than the
traditional culture method in practice.

The detection of versinia spp. by PCR would
be useful for the epidemiological study of other

environmental specimens.

SUMMARY

A PCR-based detection of Y. pseudotuberci
losis and pathogenic Y. enterocolitica was eva-
luated.

Methods : Three loci, inv for Y. pseudotubercu-
losis, ail for Y. enterocolitica and plasmid-coded
vir I¥ for both, were amplified and the results were
compared with that obtained by the traditional
culture method.

Results : A single-stage PCR detected Y. pseu-
dotuberculosis to 107 CFU/ml, which was not more

sensitive  than culture method. However, two-
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stage PCR could detect 10 CFU/ml of Y. pseudo-
100 CFU/ml of Y.

enterocolitica for ail. When the natural samples

tuberculosis  for iiw  and

were examined, PCR method proved its su-
periority more than expected.

Conclusion : The PCR method should be use-
ful in detecting Y. pseudotuberculosis and Y. en-
terocolitica in natural water samples and may
also be applied for rapid and sensitive diagnosis

of human yersiniosis.
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