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A 24-base oligonucleotide probe specific for a region of the Yersinia enterocolitica virulence plasmid (pYV)
associated with HEp-2 cell cytotoxicity and the Sereny reaction was constructed by using sequences flanking
critical TnphoA insertions in a subcloned fragment of pYV. This probe, highly specific and sensitive for virulent
yersiniae, detected pathogenic Y. enterocolitica isolates in artificially inoculated foods.

The association of human illness with consumption of food
contaminated with Yersinia enterocolitica is well docu-
mented (2, 3, 5, 24, 25). Refrigerated foods especially and
water sources are potential vehicles for the organisms, since
yersiniae grow at low temperatures (15, 19). Y. enteroco-
litica is now recognized as a major pathogen worldwide, with
serotype O:3 accounting for most cases (8) and serotype O:9
being the next most common. However, in the United
States, most foodborne outbreaks have been associated with
strains of serotype O:8 (3, 5, 24, 25). Strains of all serotypes
implicated in human disease harbor a plasmid (pYV) of
molecular weight ca. 42 megadaltons (22). In the past 5 years
there has been an accumulation of evidence documenting the
contribution of the plasmid to the pathogenicity of the
bacterium (1, 4, 6, 8, 10, 14, 21, 22, 26).

It has been relatively difficult to detect virulent Y. entero-
colitica in food because of the long enrichment period, the
necessity for selective media, and the fact that the plasmid
may be lost on prolonged incubation at 37°C (11). Further-
more, once the organism has been isolated from culture and
identified, various in vitro and in vivo assays must be
performed to check for virulence. This is both time-con-
suming and, in the case of animal experimentation, expen-
sive and cumbersome. There is a need, therefore, for a
simple, quick screening method to detect virulent Y. entero-
colitica. We describe here the construction of a 24-base
synthetic DNA oligomer based on nucleotide sequences of
the pYV plasmid and the successful use of this probe as a
screening method for the detection of virulent Y. enteroco-
litica in different foods.

(This report was presented in part at the 28th Interscience
Conference on Antimicrobial Agents and Chemotherapy,
Los Angeles, Calif., 23 to 26 October 1988.)

Construction of oligonucleotide probes. We had previously
cloned a 2.6-kilobase (kb) BamHI fragment of pYV from
serotype O:8 Y. enterocolitica A2635 (5); this fragment has
been shown to encode genes associated with production of
conjunctivitis in guinea pigs and with cytotoxicity to HEp-2
cells in vitro (M. D. Miliotis et al., submitted for publica-
tion). When used as a diagnostic probe, this fragment was
found to be both specific and sensitive for plasmid-bearing
virulent Y. enterocolitica, Yersinia pestis, and Yersinia
pseudotuberculosis (23).

In order to develop a synthetic oligonucleotide probe,
regions of the 2.6-kb fragment involved in the cytotoxic
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phenotype were localized by mutagenesis with the transpo-
son TnphoA (18). TnphoA is a derivative of TnS, which
contains a gene for alkaline phosphatase lacking the pro-
moter and signal sequences. In-frame fusion of this gene to
genes encoding a secreted protein results in an active alka-
line phosphatase enzyme. The 2.6-kb BamHI fragment of
pYV, previously cloned into pRK404 (9) to yield pCVD788
(Miliotis et al., submitted), was mutagenized by random
insertion of the transposon TnphoA by the method of Manoil
and Beckwith (18). Strains containing pCVD 788::TnplhoA
were selected on the basis of alkaline phosphatase activity
on Luria agar containing kanamycin (300 pg/ml), tetracy-
cline (30 pg/ml), and S-bromo-4-chloro-3-indolyl phosphate
(40 pg/ml) (Sigma Chemical Co., St. Louis, Mo.).

Four different Tnp/hoA insertions within the 2.6-kb BamHI
fragment were identified (Fig. 1A). Plasmids containing
these insertions (designated as pMDM1 through pMDM4)
were introduced into plasmid-cured derivatives of Y. entero-
colitica A2635 and 8081 (designated A2635c and 808lc,

A MDM3 MOM4 MDM2  MOM!
- *® * *
t-zz ll2<-t-»ll ;.’3
-2k 14 = .5 —le—28 35—
BamHI AccI BgiIr Avdll AccT BamHL
B
SP3 S5' - CAA GGG GOG TCC TTA TIC AAGGCA T — 3'
(25-mer, 52% GC)
SP11 S' - CIG GGC TGC ATG GAG TGT GIC A - 3'
(22-mer, 59% G-C)
SP12 S5' - GOC GCT GGG TTG GAA AGG GAA GCC -3'
(24-mer, 67% GC)
SP22 S5' - GCT OCC GAA GCT TCT TGG GIG - 3°

(21-mer, 62% GC)

FIG. 1. (A) Restriction map of 2.6-kb BamHI fragment showing
the four different TnphoA insertion sites. *, Transposon insertions
(MDM1, MDM2, MDM3, and MDM4): —. direction sequenced for
designated SP3. SP11. SP12, and SP22. (B) Sequences of the
synthetic probes.
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TABLE 1. Effect of TnphoA mutations on HEp-2 cytotoxicity

Plasmid® HEp-2 cell
cytotoxicity
DY Ve +
Control©........ -
pCVD788¢ +
pMDM1¢ +/t
pMDM2......... -
pMDM3 ........ +i-
PMDMA4 . s +/-

“ Introduced into Y. enterocolitica A2635 and 8081, from which the
virulence plasmid had been cured.

P Positive control strains with an intact virulence plasmid.

< Negative control strains lacking the virulence plasmid.

¢ Subcloned 2.6-kb BamHI fragment from pYV in pRK404.

“ pMDMI1 through pMDM4 are TnphoA insertions into pCVD788.

1 +/—, Evidence of cytotoxicity. but results less consistent than those
obtained with positive control, including, in many instances. only partial
disruption of cell monolayer.
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respectively) by filter mating (16) and tested for cytotoxicity
to HEp-2 cells in vitro. The insertion in pMDM?2 resulted in
loss of cytotoxic activity (Table 1).

We utilized the single BamHI site in TnphoA to subclone
the Yersinia sequences flanking each TnphoA insertion. The
four TnphoA-mutagenized plasmids were digested with
BamHI and subcloned into pBR325, resulting in eight sub-
clones, each with one end of TnphoA and an adjacent
Yersinia sequence. Approximately 100 to 150 base pairs of
Yersinia sequence were determined for each subclone by
using the double-stranded sequencing method of Chen and
Seeburg (7) and an 18-base primer derived from base pairs 24
to 41 of the IS50 sequence of TnphoA. Of the eight fragments
sequenced, regions from four (Fig. 1) were selected for
testing as probes on the basis of the phenotypic results
described above. These oligonucleotides were synthesized
with B-cyanoethylphosphoramidite chemistry with the Du-
Pont Coder 300 and labeled at the 5’ end by transfer of *P
from [y-*P]JATP (ICN Radiochemicals, Irvine, Calif.) by
using T4 polynucleotide kinase (Bethesda Research Labora-
tories, Gaithersburg, Md.) as described previously (17).

TABLE 2. Results of representative hybridization experiments for food artificially contaminated with Y. enterocolica

Acrobic plate count”

Yersiniae added*

Food item and Dilution Plating Predicted yersinia No. of colonies
plate no. PCA MAC of food” pYV? pYV - dilution count/plate? detected with SP12

Brie cheese

1 8 x 10° 1 x 10* 1072 Undiluted 0 0

2 1072 9 x 10° 10°° 9 x 10° 6 x 10°

3 1073 9 x 10° Undiluted 9 x 10? 3 x 10°

5 104 9 x 10° 10! 9 x 10! 6 x 10!

6 1074 9 x 10* 107! 9 x 10? 2 x 10?
Pork chop

7 6 x 10° 1 x 10° 102 Undiluted 0 0

8 1072 9 x 10* Undiluted 9 x 10* +¢

9 104 9 x 10° Undiluted 9 x 10? 3 x 102

10 10°* 9 x 10* 10! 9 x 10° 1 x 10?
Alfalfa sprouts

11 oG 4 x 107 104 Undiluted 0 0

12 1072 9 x 10* 107! 9 x 10? +

13 10°° 5 x 10* 1072 5 x 10! 0
Chocolate milk

14 6 x 10° NG 1072 9 x 10° 10! 9 x 10! 7 x 10!

15 10°? 5 x 10* 10! 5 x 10° 0
Tofu

16 0G 2 x 10* 102 6 x 10° 107! 6 x 10° 3 x 10!

17 102 6 x 10° Undiluted 6 x 10! 2 x 107
Crabmeat

18 1 x 107 3 x 10* 1072 Undiluted 0 0

19 1072 8 x 10* 10! 8 x 10? 1 x 10?

20 102 8 x 10* 1072 8 x 10! 2 x 10!

21 104 8 x 10* 107! 8 x 10° 1 x 10?
Oyster

22 2 x 107 2 x 10° 1073 Undiluted 0 0

23 102 8 x 10* 107! 8 x 10? 1 x 10°

24 107* 8 x 10° 10! 8 x 10! 3 x 10!

25 1074 8 x 10° 1072 8 x 10° 2 x 10°

“ CFU per gram of food. PCA, Plate count agar; MAC, MacConkey agar: OG. overgrowth of highest-dilution plate; NG. no growth.
" Includes 10~! dilution required to make homogenate (i.e., 10”2 dilution of food = 10~ ! dilution of food homogenate).
< CFU per milliliter. pYV™*, Yersinia strain with virulence plasmid: pY V™ . yersinia strain cured of plasmid.

< Based on 100-wl sample per plate.

“ +, Positive result, but accurate colony count could not be obtained from autoradiograph.
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FIG. 2. Autoradiogram of Whatman 541 filters spread with dilu-
tions of food samples artificially infected with virulent Y. enteroco-
litica. (A) Brie cheese: filter with predicted count per plate of 9 x 10!
CFU (plate no. 5. Table 2): (B) oyster: filter with predicted count per
plate of 8 x 10" CFU (plate no. 25, Table 2).

Testing of probes. Twenty Yersinia strains were initially
screened for the presence of nucleotide homology with the
synthetic probes. Colonies were spotted onto Trypticase soy
agar plates, incubated for 24 h at 25°C, transferred to
Whatman 541 filters, and hybridized with the probes as
previously described (20). Ten of these strains were pre-
sumed to be pathogenic because of lethality to mice, calcium
dependence, and presence of pYV, and they gave positive
results when probed with our original 2.6-kb BamHI frag-
ment and with a 4.2-kb fragment from the calcium depen-
dence region of the plasmid (24). The remaining 10 strains
were nonpathogenic by the same criteria and did not hybrid-
ize with these two fragments. Of the four synthetic probes
tested, only SP12 (derived from DNA flanking one end of the
transposon insertion in pMDM?2) consistently gave the same
results as the 2.6-kb BamHI fragment (results not shown).
SP3 and SP11 showed some false-negative results, and SP3
and SP22 revealed one false-positive reaction. The false-
positive and false-negative results did not appear to be
serotype dependent. Subsequently, we screened a collection
of 138 Yersinia strains comprising 85 Y. enterocolitica (at
least 1 strain from each serotype), 8 Y. intermedia, 7 Y.
kristensenii, 6 Y. frederiksenii, and 2 Y. pseudotuberculosis
strains and 30 clinical isolates other than yersiniae (entero-
toxigenic, enteropathogenic, enteroinvasive, and enterohe-
morrhagic Escherichia coli and Citrobacter, Kluvvera. Aero-
monas, Hafnia, Klebsiella, and Enterobacter isolates). In all
instances, the SP12 synthetic probe results were comparable
to those of the nonsynthetic 2.6-kb BamHI fragment: all
pY V-containing strains of Y. enterocolitica and Y. pseudo-
tuberculosis hybridized with the probe, and no other strains
gave positive results.

Synthetic probe SP12 was therefore chosen to screen food
artificially contaminated with either virulent Y. enteroco-
litica A2635 or its plasmid-negative derivative A2635¢c. By
standard methods (12), 50-g food samples were homogenized
in 450 ml of Butterfield buffer, and aerobic plate counts were
determined on plate count and MacConkey agars (12).
Different concentrations of Y. enterocolitica were then
added to the samples (Table 2) by the methods of Hill and his
colleagues (12, 13). Samples (100 wl) were plated out on
MacConkey agar and incubated overnight at 30°C. Plates
were directly blotted with Whatman 541 filters, and filters
were hybridized with our SP12 probe, as described above.
On selected plates the identities of probe-positive and probe-
negative colonies were confirmed by standard biochemical
tests.

A close approximation existed between the predicted
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yersinia count per plate and the actual number of colonies
detected with the SP12 probe (Table 2). Excellent results
were obtained with a 107~ food dilution inoculated with 10>
to 10* CFU of Y. enterocolitica per ml. This would be
equivalent to detection of 10* to 10° CFU/g of food. While
we did not test smaller inocula, we would anticipate no
difficulty in using these same techniques to identify smaller
numbers of organisms. It is also evident that even when food
contains numerous other microorganisms, as was the case
with alfalfa sprouts, pork chops, and oysters, virulent yers-
iniae could be easily identified (Table 2). As few as two
colonies on MacConkey agar plates can be detected by SP12
(Fig. 2). None of the food samples inoculated with A2635c
(pYV negative) hybridized with SP12 (Table 2).

In summary, this study has demonstrated the sensitivity
and specificity of a synthetic defined oligonucleotide probe
based on the conjunctivitis- and HEp-2 cell cytotoxicity-
associated regions of pYV in identifying virulent Y. entero-
colitica strains. We have shown that this probe can be
successfully used to directly screen cultured food samples;
assays utilizing this probe should provide a rapid and accu-
rate means of detecting pathogenic Y. enterocolitica strains
in a variety of foods and, possibly, in clinical samples.
Furthermore, we have shown that random insertion of
TnphoA into a gene provides a useful tool not only for
mutagenizing the gene, but also for constructing synthetic
oligonucleotide probes to detect the gene.

This study was supported in part by contract 223-85-2094 from the
U.S. Food and Drug Administration.
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