
Vol. 30, No. 8JOURNAL OF CLINICAL MICROBIOLOGY, Aug. 1992, P. 1942-1947
0095-1137/92/081942-06$02.00/0
Copyright X 1992, American Society for Microbiology

Polymerase Chain Reaction-Gene Probe Detection System
Specific for Pathogenic Strains of Yersinia enterocolitica
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The polymerase chain reaction technique was used to develop a rapid diagnostic assay for detection of
pathogenic Yersinia enterocolitica strains. The assay targeted a stretch of 163 bp of the yst gene and could be
applied to both pure cultures and crude DNA extracted from feces. The defined primer pair amplified the
targeted sequence from only pathogenic strains and fecal samples seeded with the serotype 0:3 strain of Y.
enterocolitica, whereas neither nonpathogenic strains nor normal stools yielded any amplified fragments. Of the
other Yersinia species and non-Yersinia species tested, only two strains of Y. kristensenii yielded the same

amplified product. A 20-mer oligonucleotide probe specifically hybridized within the amplified yst fragment of
Y. enterocolitica but did not hybridize with the amplifiedyst fragment of Y. kristensenii by Southern and dot blot
hybridizations. This confirms the reliability of this diagnostic assay in both clinical and epidemiological studies.
The availability of the extracted DNA for the polymerase chain reaction was checked by simultaneous
amplification of a part of the 16S rDNA and the yst gene. The entire diagnostic assay, including a simplified
technique for DNA extraction, the amplification process, and gel electrophoresis, could be completed within 1
working day, which is better than the time required for the time-consuming traditional techniques used in
clinical laboratories.

Yersinia enterocolitica is an enteric pathogen which
causes gastrointestinal disorders with a wide range of clinical
manifestations, from mild diarrhea to mesenteric lymphad-
enitis (5). Complicated infections manifested by arthritis (1),
erythema nodosum (28), and septicemia (2) are not uncom-
mon. In addition, fatal cases of yersiniosis caused by trans-
fusion of infected blood have been reported in several
countries (4, 26). The species comprises a heterogenous
group of organisms with more than 50 serovars and several
biotypes (23). However, the pathogenic serovars commonly
associated with human yersiniosis are limited to 0:1,3; 0:3;
0:9; and 0:5,27 (known as European strains) and 0:8;
0:13a,13b: 0:20; 0:21; 0:18; and 0:4,32 (known as Ameri-
can strains). Phenotypic differentiation between pathogenic
and nonpathogenic strains of Y enterocolitica necessitates a
battery of biochemical and serological tests which have been
reported to provide inconsistent results and to be time-
consuming (18). Genotypic markers for pathogenicity have
been attributed to both chromosomal and plasmid loci (8, 16,
29). Consequently, different DNA probes were developed to
rapidly detect the organism in environmental samples (10,
11, 17) and to epidemiologically differentiate between viru-
lent and avirulent (6, 19), strains. The diagnostic value of the
probes that target plasmid-encoded sequences, however, has
been questioned on the following grounds: (i) the accidental
loss of the plasmid during isolation would give false-negative
results, and (ii) the target sequences of these probes are not
exclusive for Y enterocolitica but are highly conserved in
the DNAs of Y pseudotuberculosis and Y pestis as well
(25). The need for a reliable and rapid diagnostic assay to
detect pathogenic strains of Y enterocolitica specifically is
clinically and epidemiologically important. In a previous
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study (9) we reported the generation of a vector-free digox-
igenin-dUTP-labeled probe that targeted the chromosomally
encoded yst gene (Y. enterocolitica heat-stable enterotoxin)
by using DNA-DNA colony hybridization. However, the
positive hybridization of the yst probe with three strains of
Y kristensenii was a limiting factor from an epidemiological
point of view. In addition, time- and cost-effective diagnostic
tests are crucial for validating any diagnostic assay in clinical
laboratories. We report here a polymerase chain reaction
(PCR)-mediated detection system that is exclusive for patho-
genic strains of Y enterocolitica and its applicability to pure
cultures and clinical specimens.

MATERIALS AND METHODS

Bacterial strains. (i) Reference strains. The strains of Y.
enterocolitica and related species used in this study were
chosen to include representatives of almost all known patho-
genic biotypes and serotypes (Table 1) from a variety of
sources in North America, Europe, Asia, and Australia.
Details of these strains were mentioned in a previous report
(9). The other bacterial strains tested in this study are listed
in Table 2.

(ii) Hospital strains. Eleven strains of Y. enterocolitica
(five from Princess Alexandra Hospital, Brisbane, Queen-
sland, Australia, and six from Royal Brisbane Hospital),
which were identified to the species level by conventional
techniques, were forwarded to our laboratory for confirma-
tion of the pathogenicity by positive identification of the yst
gene.

Fecal samples. To evaluate the reliability of the diagnostic
assay in feces, three different sets of stool specimens were
examined during the course of our experiment: (i) normal
stool specimens (30 samples), (ii) normal stool specimens
inoculated with approximately 104 CFU of an overnight
culture of a serotype 0:3 strain of Y. enterocolitica (5
samples), and (iii) diarrheal stools obtained from Princess
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TABLE 1. Y enterocolitica and related species
checked for the yst gene

Total no. No. of
Species Serotype of strains strains

tested yst+a

Y. enterocolitica (pathogenic) 1,3 2 2
2a,3 1 1
3 21 21
4,32 1 1
5,27 5 5
8 7 7
9 7 7
13a,13b 3 3
20 3 3
21 3 3

Y enterocolitica (nonpathogenic) 4,33 5 0
5 11 0
7,8 3 0
7,8,9 2 0
7,13,19 1 0
10,34 2 0
21b 3 0
22 1 0
34 2 0
NTc 2 0

Y pseudotuberculosis NDd 2 0

Y kristensenii 11 1 0
12,25; 12,26 2 0
16 1 0
52 1 0

Y. frederiksenii 3b; 58-73; 4 0
16-16,
29; NT

Y intermedia 3; 4,33; 17; 4 0
17,48

Y ruckeri NDd 2 0
a Strains positive for both PCR and hybridization with the internal probe.
Atypical nonpathogenic strains.

c NT, nontypeable.
d ND, not determined.

Alexandra Hospital and Sullivan & Nicholaides Clinical
Laboratories, Brisbane (35 samples). Both laboratories rou-
tinely receive samples from different localities in the state of
Queensland and screen diarrheal stools for Y enterocolitica
by the same conventional techniques, i.e., selective isolation
on cefsulodin-irgasan-novobiocin agar followed by biochem-
ical identification of presumptive colonies.

Preparation of oligonucleotide primers and internal probe.
Oligonucleotides were synthesized by using a 391 DNA
assembler (Applied Biosystems, Burwood, Victoria, Austra-
lia) and were purified as recommended by the manufacturer.
The yst primers and the internal probe were defined to be
homologous to a region of theyst gene by using the sequence
reported by Delor et al. (6) (Fig. 1). The internal probe was
5' labeled with [-y-32P]ATP (Bresatech, Adelaide, South
Australia, Australia) by using T4 polynucleotide kinase as
described by Krupp (13). The labeled probe was purified by
using a Sephadex G-50 spin column (21). Nonradioactive
labeling was carried out with digoxigenin-dUTP (Boehr-
inger, Mannheim, Germany) by tailing with terminal trans-
ferase; this was followed by purification by selective precip-

TABLE 2. Bacterial species other than yersiniae included
in the diagnostic assay

Bacterial species strains testeda

Escherichia colib
ETEC (LT) ................... ...................... 5
ETEC (ST) ............................. ............ 2
Nonpathogenic ......................................... 2

Salmonella enteritidis ......................................... 3
Salmonella typhimurium........................................ 2
Salmonella dublin ......................................... 1
Salmonella berta......................................... 1
Salmonella javiana......................................... 1
Salmonella eastbourne......................................... 1

Shigella dysentenae......................................... 2

Shigella sonnei ...................... ................... 1

Klebsiella pneumoniae ......................................... 1

Aeromonas hydrophila ......................................... 2
Aeromonas sobria ......................................... 2

Vibrio cholerae......................................... 1

Campylobacterjejuni ......................................... 1

a None of the strain were yst+, which indicates the presence of a PCR
product.

b ETEC (LT), heat-labile enterotoxigenic Escherichia coli; ETEC (ST),
heat-stable enterotoxigenic Escherichia coli.

itation with lithium chloride and absolute ethanol (24). The
availability of DNA for amplification in the samples was
tested by multiplex PCR. Two universal 16S rDNA primers,
at positions 9 to 26 (14) and 343 to 357 (International Union
of Biochemistry nomenclature of Escherichia coli [27]), that
amplified approximately 350 bp of the 16S rDNA simulta-
neously with the yst gene were used. The sequences of all
primers used in our investigation are given in Table 3.

Preparation of bacterial DNA. (i) DNA preparation from
pure cultures. Test bacteria were grown overnight in brain
heart infusion broth (Difco, Detroit, Mich.) at 28°C. Cells
were pelleted from 1 ml of broth and were resuspended in
100 p,l of distilled water. Five microliters of sodium dodecyl
sulfate (SDS) (20%) was added, and the tubes were incu-
bated for 10 min at 60°C. The clear cell lysate that was
obtained was purified by using the Isogene Kit (Perkin-
Elmer Cetus, Melbourne, Victoria, Australia), with a slight
modification. Briefly, 200 ,u of sodium iodide was added to
the lysate, and the tubes were incubated in ice water for 5
min. One microliter of DNA binder (instead of 10 ,ul, as
recommended by the manufacturer) was added, and the
solution was mixed for 10 min. Bound DNA was precipitated
by centrifugation for 1 min and was washed twice with the
washing buffer; this was followed by complete aspiration of
the washing solution. DNA was then eluted in a final volume
of 60 ,ul (three times, 20 p,l) of distilled water and was
directly subjected to amplification as described below.

(ii) DNA preparation from fecal samples. Approximately
200 mg of each sample was suspended in 1 ml of phosphate-
buffered saline (pH 7.4). Coarse particles were removed by
low-speed centrifugation, and bacterial cells in the superna-
tant were pelleted by centrifugation for 1 min in an Eppen-
dorf microcentrifuge. The pellet was washed twice in 1 ml of
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Prla Pr2a

ATG AAA AAG ATA GTT TTT GTT CTT GTG TTA ATG CTG TCT TCA TTT GGA GCA

TTC GGC CAA GAA ACA GTT TCA GGG CAG TTC AGT GAT GCA TTA TCG ACA CCA

p

ATA ACC GCT GAG GTA TAC AAG CAA GCT TGT GAT CCT CCG TCG CCA CCA GCC

Pr2b Prlb

GAA GTC AGT AGT GAT TGG GAT TGC TGT GAT GTA TGT TGC AAT CCC GCG TGT

GCT GGC TGC TAG

FIG. 1. Nucleotide sequence of theyst gene as published by Delor et al. (6) and the position of the primer sets and the internal probe that
were used.

TE buffer (10 mM Tris-HCI plus 1 mM EDTA) (pH 8.0) and
was resuspended in 200 ,ul of the same buffer. The cells were
lysed by adding 10 ,u of SDS (20%) and subsequent incuba-
tion for 30 min at 60°C. The cell lysate was purified as
described above, except that the DNA binder was increased
to 5 ,ul and the bound DNA was washed three times with
washing buffer before being eluted with distilled water.

PCR-mediated DNA amplification. DNA was amplified by
PCR (20) by using 1 to 5 ,ul of extracted DNA, 0.2 ,ug of each
of the yst primers, and 0.4 ,ug of each of the 16S rDNA
primers (Table 3). PCR was performed for 35 cycles for 1
min at 93°C (denaturation), 2 min at 60°C (annealing of
primers to single-stranded DNA), and 20 s at 72°C (elonga-
tion). Ten microliters of the amplified products (the partial
yst and 16S rRNA genes) were visualized by electrophoresis
by using a 1.3% agarose gel.

Detection of the yst gene with the internal probe. (i) Use of
the ['y-32P]ATP-labeled probe. DNA was transferred from
agarose gels to nylon membrane filters (Hybond N; Amer-
sham International, Amersham, England) by Southern blot-
ting (21). Filters were air dried, wrapped in plastic, and
exposed to UV light (302 nm) for 5 min to fix the single-
stranded DNA to the filter matrix. Hybridization proceeded
for 2 h at 50°C by using a buffer containing 2x SSC (I x SSC
is 0.15 M NaCl plus 0.015 M sodium citrate [pH 7.0]), 0.1%
SDS, 1 mM EDTA, 1 x Denhardt solution (7), 250 ,ug of calf
thymus DNA per ml, and the denatured labeled probe.
Filters were then washed twice in 2x SSC-0.1% SDS for 15

TABLE 3. Sequence of the oligonucleotide primer sets and the
internal probe targeting the yst or 16S rRNA genes

Primer' Sequenceb Tm (OC)C

yst-Pr2a 5'-30AATGCTGTCTTCATTTGGAGC50-3' 60
yst-Pr2b 5'-_92GCAACATACATCACAGCAATC'72-3' 60
yst-P 5_'-20CAAGCAAGCTTGTGATCCTC139-3' 60
16S rDNA-Pr2a 5'-9GAGUUUGAUCCUGGCUCA26-3' 54
16S rDNA-Pr2b 5'-357CTGCTGCCTCCCGTA343-3' 50

a Pr, primer; P, probe.
b Superscript numbers indicate the positions of the primers within the yst

reading frame (6) and 16S rDNA genes (International Union of Biochemistry
nomenclature of E. coli), respectively.

c Tm, melting temperature determined as described by Mason and Williams
(15).

min and once in 2x SSC for 10 min at the hybridization
temperature, dried, and exposed to X-ray film at -70°C for
4 h.

(ii) Use of the digoxigenin-dUTP-labeled probe. PCR prod-
ucts were precipitated with an equal volume of 4 M ammo-
nium acetate and a double volume of isopropanol, washed
once with 70% ethanol, and resuspended in 10 pl of distilled
water. One microliter of each sample was spotted onto nylon
membranes (see above). Denaturation of the DNA, hybrid-
ization, and visualization were performed as mentioned
previously (9), except that the prehybridization step was
omitted and hybridization was done for only 1 h.

Sensitivity of the diagnostic assay. An overnight culture of
a Y enterocolitica serotype 0:3 strain containing approxi-
mately 104 CFU was serially diluted, and normal stool
specimens were seeded with each dilution. DNA was ex-
tracted as described above. To ensure maximum recovery of
DNA, 10 ,u of DNA binder was used. Five microliters of the
purified DNA was subjected to amplification by PCR.

RESULTS

Preparation and purification of template DNA. All bacterial
strains tested in this investigation were easily lysed with
SDS alone. The availability of the extracted DNA for PCR
was checked by simultaneous amplification of the yst gene
and the 16S rDNA fragment. DNA from pathogenic strains
of Y enterocolitica gave rise to two amplified products,
while nonpathogenic strains yielded only a single rDNA
fragment (Fig. 2A). In coamplification with the yst gene, the
16S rDNA fragment was amplified less efficiently than it was
in the absence of the yst target.

Amplification of the yst gene. The designed primer set yst
Pr2a-b proved to be highly specific for the yst gene. In
general, a PCR product with a consistent size of 163 bp was
successfully amplified only from pathogenic strains either in
multiplex PCR with 16S rDNA or in a separate amplification.
Nonspecific products were never detected. In addition,
neither nonpathogenic strains of Y enterocolitica nor other
bacterial species yielded any amplified product. Among the
other Yersinia species tested, only two strains of Y knistens-
enii gave rise to an amplicon of the same size.

Verification of the yst amplicon. In order to verify the
authenticity of the amplified fragment, Southern hybridiza-
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FIG. 2. (A) Gel electrophoresis pattern of yst-specific amplifica-
tion by PCR (using primer set Pr2a-b). Lanes: 1, 1-kb ladder
(Bethesda Research Laboratories); 2, yst product of Y enteroco-
litica serovar 0:8; 3, multiplex PCR of Y enterocolitica serovar
0:8; 4, yst product of Y enterocolitica serovar 0:3 (from seeded
stool); 5, multiplex PCR of Y enterocolitica serovar 0:3 (from
seeded stool); 6, multiplex PCR from normal stool (not containing
yst-specific DNA); 7, yst of Y kristensenii; 8, yst of nonpathogenic
Y enterocolitica; 9, multiplex PCR of nonpathogenic Y enteroco-
litica. Numbers on the left are in base pairs. (B) Hybridization of
Southern blot from the gel in panel A by using a [y-32P]ATP-labeled
internal probe.

FIG. 3. Detection ofyst-positive strains by dot blot hybridization
on nylon membranes with the digoxigenin-dUTP-labeled internal
yst-P probe. Dots: 1, 3, 4, and 6, Y enterocolitica 0:3; 0:8; 0:9; and
0:5,27; respectively; 2, Y kristensenii; 5, multiplex PCR of non-
pathogenic Y enterocolitica as a negative control.

and esculin hydrolysis, were consistent with the results of
the diagnostic assay (9). On the other hand, none of the
diarrheal stool samples forwarded to our laboratory during
this investigation contained the yst gene. This finding was
consistent with the information that we later received from
those laboratories that reported the absence of Y enteroco-
litica in those samples, as detected by conventional tech-
niques.

DISCUSSION

tion was carried out with a 20-mer oligonucleotide probe.
PCR products were transferred from the gel to nylon mem-
branes and were hybridized with the [y-32P]ATP-labeled
probe yst-P. This probe hybridized exclusively with the
amplified yst fragment from all pathogenic strains of Y.
enterocolitica but not with that of Y. kristensenii, confirming
the specificity of the assay. In addition, we checked a
nonradioactive detection system using digoxigenin-dUTP in
a dot blot assay. PCR products were concentrated by
selective alcohol precipitation (3), and an aliquot from each
PCR was spotted onto a nylon membrane. Directly thereaf-
ter, hybridization was allowed to proceed for only 1 h after
denaturation. Filters were briefly washed, and the hybrids
were visualized as described above. Results were consistent
with those obtained by Southern hybridization with the
radioactively labeled probe (Fig. 3).

Fecal samples seeded with Y. enterocolitica. Thirty normal
stool samples were examined for the presence ofyst-positive
Y enterocolitica. While the 16S rDNA fragment was suc-
cessfully amplified in all cases, the yst fragment was never
visualized by gel electrophoresis, nor was it detected by the
radiolabeled internal probe (Fig. 2B). Both fragments were
generated, however, when the stool was seeded with a Y.
enterocolitica serotype 0:3 strain (Fig. 2A). The sensitivity
of the assay was further evaluated by its ability to detect
rather low numbers of the target cells. An amplicon corre-
sponding to the yst gene could be visualized by agarose gel
electrophoresis with as little as 102 CFU of Y enterocolitica
in the original fecal sample (data not shown).

Hospital strains and diarrheal stools. All five strains ob-
tained from the Princess Alexandra Hospital and five of six
strains from Royal Brisbane Hospital were positive for the
yst gene in the test system that we used. Phenotypic viru-
lence markers, including pyrazinamidase activity and salicin

In a preliminary study to develop a highly specific PCR
primer set for the yst gene, 10 pathogenic and 10 nonpatho-
genic strains of Y enterocolitica were tested. Primer set
Prla-b was designed to amplify almost the entire sequence of
the 213-nucleotide-long yst gene. Although one major band
appeared in all pathogenic strains tested, the appearance of
nonspecific bands in both pathogenic and nonpathogenic
strains indicated a lack of specificity of this primer set (9).
So, another primer set, Pr2a-b, was designed to amplify a
part of the yst gene. An amplified product that matched the
size of the target sequence was consistently produced by the
pathogenic strains of Y enterocolitica, whereas no ampli-
cons were generated from nonpathogenic strains. Therefore,
a collection of 102 strains of Yersinia species of worldwide
origin as well as many enterotoxigenic strains of other
bacterial genera were screened. By using the diagnostic
assay described here, the combination of the primer set
Pr2a-b and the subsequent hybridization with theyst internal
probe exclusively detected pathogenic strains of Y entero-
colitica. Moreover, certain serotypes, such as 0:21 and 0:3,
have been reported to contain pathogenic and nonpathogenic
strains (12, 22). The diagnostic assay described here was
able to differentiate between typical (pathogenic) and atypi-
cal (nonpathogenic) strains of these serotypes, in that the yst
gene was detected in the former but was absent from the
latter. Although two strains of Y kristensenii generated a
fragment of the same size as the yst fragment, no hybridiza-
tion signal was obtained with the internal probe. It is not
unusual for there to be some mismatches within the internal
sequence of the gene between the two organisms. An inves-
tigation is under way in our laboratory to sequence the gene
from different strains of the two species and determine the
degree of homology on both the nucleotide and the amino
acid levels. None of the enterotoxigenic strains listed in
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Table 2 produced any amplification products. Although there
was a certain degree of homology between the yst gene and
the heat-stable enterotoxin gene of E. coli at the 3' end of the
gene, with only six mismatches within the 21-oligonucleotide
3' primer Pr2b, there were 14 mismatches within the 21
nucleotides of the 5' primer Pr2a compared with the same
target region of E. coli (see Fig. 3 of Delor et al. [6]). Thus,
the possibility of amplifying a product from such a closely
related organism was excluded.
The availability of DNA for amplification is a matter of

concern, especially from fecal samples containing many
inhibitory substances; also of concern is the subsequent
sensitivity of the Taq polymerase. We amplified a stretch of
the 16S rRNA gene using two universal primers along with
the yst gene to test for false-negative results (Table 3). The
16S rDNA fragment was less efficiently amplified in the
coamplification than it was in the absence of the yst target.
This result may be attributed to the difference in the melting
temperature of the primer pairs used (Table 3).

In addition, the amplification of a target sequence within a
short period and the subsequent use of a nonradioactive
assay would confirm the results of any PCR-mediated detec-
tion system. The use of a dot blot technique with a digoxi-
genin-dUTP-labeled probe produced the same results after 1
h of hybridization as those obtained by a Southern blot-
radioactive probe detection system. Another major advan-
tage of the nonradioactive detection system is that the same
hybridization solution can be reused several times, which is
more convenient for routine work in clinical laboratories.

In conclusion, the diagnostic assay described here is not
only highly specific but is also capable of providing a
clear-cut result on the same day that a specimen is submitted
to the laboratory. The speed at which results are obtained
compared with the speed at which results are obtained by
conventional techniques will be a major advantage during an
epidemic. In addition, the assay described here offers a
powerful tool in epidemiological studies for establishing the
precise etiology of an enteric infection.
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