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ular weight of 240,000) in the two mutants (Fig. 2). This
result is in agreement with that of Skurnik et al. (35) and
confirms that protein P1 plays a role in the AA of Y.
enterocolitica. We also observed the presence of a new
protein with a molecular weight of ca. 55,000 in the Y.
enterocolitica W22708 (pGB910) OMP pattern. To localize
the structural gene of OMP P1, the Tn8!3 insertions were
mapped into pGB08 and pGB910. The two mutations occur
in BamHI fragment B4 at 2,500 and 1,600 base pairs,
respectively, from the right extremity of this fragment.

Mutations affecting the SR. The ability of the 68 cointe-
grate-bearing strains to resist the bactericidal activity of
human serum was tested as described above. As expected,
strain W22708 (R388::Tn813) cultivated at 28 or 37°C and
strain W22708 (pYL4) cultivated at 28°C were unable to
survive in human serum at 37°C: 60 min after the exposure to
5% human serum, less than 1% of the bacteria survived
(Table 1). On the other hand, strain W22708 (pYL4), grown
at 37°C, presented a high degree of resistance: 70% of the
bacteria survived after 90 min of exposure to the serum.
Among the mutants, 66 of 68 behaved like the pYL4™ strain,
but 2 of 68 (containing pGB08 and pGB910) were as sensitive
as the pYL4™ strain. The two omp P1 mutants are thus also
affected in their resistance to the bactericidal activity of
human serum. ,

Cloning of BamHI fragment B4 of the virulence plas-
mid of serogroup 9 strains and complementation experiments.
The fusion site of the two cointegrates pGB08 and pGB910 is
localized in BamHI fragment B4. This fragment, from

FIG. 1. BamHlI restriction map of pYL4 (pVYE22708::Tn3) (24).
The insertion site of Tn3 within pVYE22708 is indicated by an open
arrow. The external circle numbers refer to BamHI restriction
fragments. The number of insertions of Tn813 in each BamHI
fragment is given in the internal circle. Arrows marked with the
symbol © indicate the Tn813 insertion that abolishes the OMP P1
expression. OMP1 represents the approximate region that encodes
for OMP P1. The Ca?* region represents the highly conserved
plasmid region that was shown in the plasmid pYV019 of Y. pestis to
contain the Ca?* dependence locus (33). The Rep and IncD regions,
respectively, contain the replication genes and the incD determinant
of incompatibility (2).
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FIG. 2. Sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (10 to 20% polyacrylamide gradient gel) of OMPs of Y.
enterocolitica W22708 bearing different plasmids after growth in
BHI at 37°C. Lane 1, W22708 (R388::Tn813); lane 2, W22708
(pVYE22708); lane 3, W22708 (pYLA4); lane 4, W22708 (pACYC184-
B4); lane 5, W22708 (pGB08); lane 6, W22708 (pGB08) (pACYC184-
B4); lane 7, W22708 (pGB910). The arrows point to the plasmid-me-
diated OMPs. The dashed arrow points to a protein only observed in
W22708 (pGB910).

pVYE439-80, the virulence plasmid for another serogroup 9
strain, was previously cloned into the plasmid vector
pACYC184 (24). The recombinant plasmid (pACYC184-B4)
was introduced by transformation into E. coli C600 and Y.
enterocolitica W22708. E. coli C600 bearing pACYC184-B4
did not harbor protein P1 in its outer membrane and did not
manifest AA or SR. Y. enterocolitica W22708 (pACYC184-
B4) synthesized protein P1 when grown at 37°C, even with
the presence of 1 to 5 mM of calcium (data not shown).
However, this strain was as sensitive as the plasmidless
strain to the bactericidal activity of the serum. As far as AA
is concerned, the results are not clearcut: the strain autoag-
glutinated at 37°C, but the phenomenon was much ‘‘slower’’
in the sense that it was apparent after 24 h of growth instead
of 12 h of growth. The results clearly show that OMP P1 is
involved in AA and SR. However, the cloning of the
relevant gene indicates that the presence of Pl is not
sufficient to confer either AA or SR within 12 h.

To confirm these findings, plasmid pGB08 was introduced
into strain W22708 (pACYC184-B4). The resulting strain
clearly was resistant to the bactericidal activity of human
serum and autoagglutinated in 12 h at 37°C. The mutation
altering the SR is thus fully complemented by the presence
of an intact B4 fragment.
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TABLE 1. Sensitivity to human serum of Y. enterocolitica
W22708 harboring different plasmids after growth at 28 and 37°C

% Survival in 5% human se-

Growth rum at 37°C after incubation
Plasmid temp time (min)“:
( C) 30 60 90
pVYE22708 28 0.1 0.025 <0.01
37 100 75 70
pYL4 28 0.15 0.025 <0.01
37 93 110 75
R388::Tn813 28 0.15 0.025 <0.01
37 45 0.6 0.03
pGB08 28 0.1 0.025 <0.01
37 60 9 1.6
pGB910 28 0.05 0.025 <0.01
37 S5 12 0.06
pACYC184-B4 28 0.5 0.025 0.03
37 66 2 0.7
pGBO08, pACYC184-B4 28 3.3 0.5 0.3
37 94 80 S5

< All organisms survived growth at 28 and 37°C before incubation in 5%
human serum at 37°C.

DISCUSSION

A set of 68 different mutations in the virulence plasmid
pVYE22708::Tn3, pYL4, was constructed by cointegration
with R388::Tn813. The insertion points of R388::Tn813
within pYL4 were not randomly distributed. Most of the
insertions occurred in BamHI fragment B3, a fragment
previously shown to contain the replication function of the
plasmid (2). .

Insertion of R388::Tn813 within BamHI fragment B7 of
pYL4 abolishes the CD property of the strain. This fragment
is part of a particularly conserved region of the virulence
plasmid in the genus Yersinia (16, 24, 34). This region was
previously shown to encode CD and to be essential for
virulence in Y. pestis and Y. pseudotuberculosis (6, 33). As
expected, this highly conserved region thus also encodes CD
in Y. enterocolitica.

Two clones harboring plasmids mutated in BamHI frag-
ment B9, a fragment neighboring the conserved region,
present a phenotype never described so far in the genus
Yersinia: they grow poorly at 37°C on TSA. Surprisingly,
instead of promoting growth of these mutants at 37°C,
calcium seems to reduce it even more. The characterization
of these mutants and others presenting the same phenotype
will be presented in a separate paper.

Two Y. enterocolitica W22708 strains carrying plasmids
mutated in BamHI fragment B4 (pGB08 and pGB910) lost
the property of AA. The analysis of their OMP pattern
reveals that they have lost the OMP P1 (240,000 molecular
weight). The OMP pattern of the clone harboring one of
these cointegrates (pGB910) presents a new protein of ca.
55,000 molecular weight. Since it was suggested that P1
could be a polymerized structure (35), the observed new
protein could be a slightly truncated form of the monomer.
As already shown for Y. pseudotuberculosis (35), this result
indicates that OMP P1 is involved in the AA phenomenon.
To confirm this, we cloned the relevant BamHI fragment
onto pACYC184. E. coli carrying this recombinant plasmid
does not express P1 in its outer membrane, even at 37°C.
This contrasts with the expression of the Y. pseudotubercu-
losis OMP P1 in E. coli (6). Y. enterocolitica W22708
carrying the same plasmid expresses P1 in its outer mem-
brane at 37°C and becomes, albeit slowly, autoagglutinable.
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Recently the OMPs of Y. enterocolitica strains carrying
virulence plasmid have been shown to be involved in the
resistance to the bactericidal activity of human serum (27).
The implication of OMPs in SR is not unprecedented: some
plasmid-encoded OMPs have been shown to be responsible
for plasmid-specified SR in E. coli (5, 29). In agreement with
this, the two mutants defective in P1 production are sensi-
tive to the bactericidal action of serum. Surprisingly, Y.
enterocolitica W22708 carrying the recombinant clone and
expressing Pl in its outer membrane is not resistant to
human serum. However this clone fully complements the

insertion mutation in the OMP Pl gene. These results

suggest that OMP P1 is a necessary but not sufficient
condition for SR. All the other mutants were thus tested to
define a second plasmid gene involved in SR, but no such
mutant was found.

In Y. pseudotuberculosis, a mutant defective in OMP P1
was shown to be fully virulent (6). Moreover, in Y. pestis
and Y. pseudotuberculosis, SR is not plasmid encoded (32).
These two elements clearly suggest that in these two spe-
cies, SR and the presence of OMP P1 is not required for
virulence. It would have been most interesting to test the
virulence properties of the two SR~ AA~ CD* clones.
Unfortunately, virulence in Y. enterocolitica strain O:9 is
difficult to assess (Bakour et al., in press). Moreover, Y.
enterocolitica harboring pYL4 seems to be even less virulent
than the other O:9 plasmid-bearing strains, though pYL4
specifies CD, SR, AA, and OMPs. This reduction in viru-
lence, presumably due to the Tn3 insertion, made it irrele-
vant to assay the virulence of the mutants. A new set of
mutants is presently being constructed in our laboratory.
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