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A strain of Yersinia pseudotuberculosis which harbors a 63-kilobase plasmid
was found to cause a lethal infection in Swiss albino mice. The rate of infection
paralleled the ability of the pathogenic organism to attach to a monolayer ofHeLa
cells. One novel outer membrane protein (protein 1) with a molecular weight of
140,000 was found to be associated with the possession of the 63-kilobase plasmid
of Y. pseudotuberculosis. This protein was expressed during growth at 37°C but
not at 26°C, and expression was moderately affected by the concentration of
calcium in the growth medium. Moreover, it was found that synthesis of protein 1
is induced within 2 min after a temperature shift from 26 to 37°C. A plasmid-
associated outer membrane protein showing similar properties was also found to
be expressed in plasmid-containing strains of Yersinia enterocolitica. The proper-
ties of protein 1 indicate that it could be identical to the previously described
virulence W antigen.

The three recognized species of the facultative
intracellular parasite yersiniae, Y. pestis, Y.
enterocolitica, and Y. pseudotuberculosis, are
known to be virulent for humans and animals
(10, 25, 28). In all three species, the virulence
has been associated with the presence of plas-
mids ranging in molecular weight from 60 to 75
kilobases (15, 17, 18, 34, 41). These virulence
plasmids are correlated with production of V
and W antigens, which are released from bacte-
rial cells during prolonged growth at 37°C (4, 7,
8, 9, 22). The synthesis of these virulence anti-
gens is repressed at room temperature or at 37°C
in the presence of 2.5 mM Ca2+ (3).
No information is available regarding the

function of these two antigens. It has been
suggested that they may provide protection
against phagocytosis or serve to permit intracel-
lular growth within host cells (3, 6). Straley and
Brubaker recently showed that V antigen is a
protein (molecular weight, 38,000) which could
be recovered in the cytoplasmic fraction of the
cell (37). Less information is available concern-
ing W antigen. Lawton et al. (22), who have
purified this antigen 1,000-fold, estimated the
molecular weight of the W antigen to 145,000
and claimed that 38% of its dry weight was lipid,
indicating a possible membrane localization.

All three species of yersiniae show a calcium
dependency when incubated at 37°C on magne-
sium oxalate agar, a medium virtually free of
calcium (6, 17-19). The fraction (0.1 to 1%) of
bacterial cells, which has lost the plasmid, can

grow on such medium at 37°C (17, 18). Such
plasmid-free bacteria are no longer virulent and
do not produce V and W antigens. In addition,
growth of Y. pestis on magnesium oxalate agar
at 37°C can occasionally give rise to mutants
which have no requirement for calcium. One
class of mutants retains the ability to produce V
andW antigens but are no longer virulent (5, 33).

It is known that Y. pseudotuberculosis and Y.
enterocolitica have the ability to interact with a
monolayer of HeLa cells (2, 23, 32). A positive
correlation between penetration of HeLa cells
and the ability to produce disease has been
reported (27, 39). It is, however, unclear wheth-
er the HeLa cell invasivity reflects the fact that
the pathogen is a facultative intracellular para-
site or if it is a measure of the ability of the
bacteria to attach to cell surfaces (11).

In this study, we report results which indicate
that there is a correlation between the adherence
of Y. pseudotuberculosis to HeLa cells and the
ability of the bacteria to cause a fatal infection in
mice. However, this adherence is not correlated
with the presence of a plasmid in the pathogen,
supporting results obtained by others (34). This
study also provides information concerning a
novel temperature-inducible plasmid-associated
outer membrane protein (protein 1) having a
molecular weight of about 140,000.

MATERIALS AND METHODS

Bacterial strains and growth conditions. The bacteri-
al strains used in this study were: Y. pseudotuberculo-
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sis serotype III (denoted YP III[p+]), a strain of Y.
enterocolitica Wa (YE [Wa+]) both obtained from P.
Gemski (17, 18), and a plasmid-containing strain of Y.
enterocolitica (YE I) obtained from D. A. Portnoy
(34).
The minimal medium used was medium E as de-

scribed by Vogel and Bonner (40), which was sup-
pleented with 0.2% glucose and the essential L-amino
acids (25 Rmol/ml) except for methionine.
The rich media used were either nutrient broth

(Oxoid Ltd., London, England) or brain heart infusion
broth (Oxoid Ltd.), prepared according to the instruc-
tions of the manufacturer. Bacteria were grown either
at 26 or 37°C in a rotary shaker water bath. Growth
was recorded by following the increase in optical
density at a wavelength of 550 nm.

Analysis of plasmid content. The presence of plas-
mids in the yersiniae strains was analyzed by a modifi-
cation of the method by Holmes and Quigley (20).
Bacterial colonies (one loop) were scraped off plates
and suspended in 1 ml of a buffer containing 8%
sucrose, 5% Triton X-100, 50 mM EDTA, and 50 mM
Tris (pH 8.0). The cells were lysed by the addition of
10 Rl of lysozyme (20 mg/ml) and incubated for 5 min
at 95°C. After centrifugation for 10 min (Eppendorf
centrifuge), the supernatant was treated with 1 ,ul of
RNase (10 mg/ml) for 15 min at 37°C. Diethylpyrocar-
bonate, 10 ,ul of a 10% solution in ethanol, was added.
The mixture was incubated for 10 min at 65°C and
finally precipitated by the addition of ammonium ace-
tate and isopropanol. The washed and dried pellet was
suspended in 50 p1 of TE buffer (10 mM Tris-hydro-
chloride [pH 8.0]-1 mM EDTA) (H. Lerach, personal
communication). The samples were electrophoresed
on 0.7% agarose slab gels with a buffer containing 89
mM Tris-borate buffer, and 2.5 mM EDTA.

Plasmid-containing strains were cured by selecting
for colonies growing on magnesium oxalate agar plates
at 37°C (17-19).

Preparation of the outer membrane by the Sarkosyl
method. For the preparation of membranes, 50 ml of
culture was centrifuged at 4°C. The bacterial pellet
was suspended in 5 ml of a solution containing 10 mM
Tris-hydrochloride (pH 7.8), 5 mM EDTA (pH 7.8),
and 1 mM P-mercaptoethanol. The cells were then
disrupted by four 15-s bursts at the full power of a
Branson ultrasonic disintegrator. Cell debris was re-
moved by low-speed centrifugation, and membranes
were pelleted from the supernatant fraction by centrif-
ugation at 100,000 x g for 1 h. The membrane pellet
was suspended in 5 ml of a solution containing 0.5%
Sarkosyl and 1 mM P-mercaptoethanol in distilled
water (16). The total membrane fraction was incubated
for at least 30 min at 4°C (in most cases it was
convenient to incubate overnight), and then the sus-
pension was centrifuged at 100,000 x g for 1 h. The
final outer membrane-containing pellet was suspended
in 100 ,ul of sample buffer (62.5 mM Tris-hydrochloride
[pH 6.8], 1% SDS, 0.5% P-mercaptoethanol, and 10%
glycerol).
Other methods used to prepare outer membrane was

performed as described by Achtman et al. (1) and
Osborn et al. (30).

SDS-polyacrylamide gel electrophoresis. The proteins
were analyzed in SDS-polyacrylamide gels essentially
by the procedure by Laemmli (21). To separate the
ouiter membrane proteins, we used gels containing

16% acrylamide and 0.094% bisacrylamide or gradient
gels (17.5 to 10%o acrylamide and 0.46 to 0.20% bis-
acrylamide). Proteins were fixed by immersing the gel
for 10 min in a mixture of45% methanol and 9%o acetic
acid. The proteins were then stained for 30 min in
0.25% Coomassie brilliant blue in 7% methanol and 5%
acetic acid and destained in 7% methanol and 5%
acetic acid with several changes. All steps were car-
ried out at 37°C. When proteins were visualized by
autoradiography, the gel was dried in an LKB Instru-
ments slab gel dryer and then put in direct contact with
Cronex-4 X-ray film. After exposure for 48 h at -70°C,
the film was developed.

Oral infection of Swiss albino mice. Oral infection of
Swiss albino mice with Y. pseudotuberculosis was
essentially carried out as described by Gemski et al.
(18). Groups of five Swiss albino mice weighing 17 to
20 g were deprived of water for 18 h and then allowed
to drink freely from a 50-ml water suspension contain-
ing 109, 108, or 107 bacteria of each strain per ml.
Attachment of Y. pseudotuberculosis to HeLa cells.

HeLa cells were grown in Leibovitz medium (L-15;
Flow Laboratories, Irwing, Scotland) supplemented
with calf serum (10%o), streptomycin 100 p.g/ml), and
penicillin (100 pug/ml) at 37°C.
The cells were trypsinized (2.5 mg/ml) and then

transferred to cover glass-containing petri dishes (17
cm2). After incubation for 24 h, the cover glass was
thoroughly washed three times with phosphate-buff-
ered saline, and the medium was changed to 5-ml of ice
cold L-15 without antibiotics. The density of the HeLa
cells attaching to the cover glass was usually 1 x 104 to
2 x 104 cells per cm2.

After incubation at 4°C for 90 min, a 0.1-ml suspen-
sion containing 3 x 108 bacteria per ml of phosphate-
buffered saline was added. The cultures were further
incubated for 90 min at 4°C. After the cells were
washed three times with ice-cold phosphate-buffered
saline, they were fixed by the use of 1% formaldehyde
(usually overnight). Bacteria attached to the surface of
the HeLa cells were demonstrated by the immunofluo-
rescent technique, using rabbit antisera directed
against whole formaldehyde-killed Y. pseudotubercu-
losis and fluorescein-conjugated anti-rabbit globulin
(National Bacteriological Laboratory, Stockholm,
Sweden).

Usually, 100 HeLa cells were counted, and the
fraction of HeLa cells having one or more bacteria
attached to the cell surface was estimated (32).

RESULTS
Correlation between adhesive properties and

virulence of Y. pseudotuberculosis. It is well docu-
mented that yersiniae show several different
physiological changes when the cells are shifted
from growth at 26°C to growth at 37°C (4, 7, 8,
22). This was also found to be true for the ability
of Y. pseudotuberculosis to adhere to a mono-
layer of HeLa cells. When the plasmid-contain-
ing strain YP III(p+) was grown at 26°C, the
bacteria adhered to HeLa cells to a high degree.
In contrast, when this strain was incubated at
37°C in the same Ca2+-containing medium, it
attached to the HeLa cells at a reduced level
(Table 1). This observed decrease in adherence
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TABLE 1. Attachment of different strains of Y.
pseudotuberculosis to a monolayer of HeLa cells.

Strain Temperature (°C) HAttachment to

yp IMP(p+) 26 100
YP III(p+) 37 21
YP III(p-) 26 100
YP III(p-) 37 19

c The bacteria were grown in nutrient broth medium
supplemented with 5 mM Ca2+ at the indicated tem-
perature overnight.

b The fraction of bacteria which adhered to HeLa
cells was estimated as described in the text.

was not due to a loss of the plasmid, since more
than 99% of the bacterial cells grown at 37°C still
contained plasmid. To test whether any function
of the plasmid is involved in the mechanism of
attachment to HeLa cells, we constructed a
plasmid-free derivative, YP III(p-) (Fig. 1). The
attachment behavior of YP III(p-) was found to
be identical to that of YP III(p+) (Table 1).
Taken together, these results indicate that the

FIG. 1. Agarose gel electrophoresis of a cleared
lysates of two strains of Y. pseudotuberculosis. YP
III(p+) and YP III(p-) were lysed by the method
described by Holmes and Quigley (20). DNA samples
were electrophoresed in 0.7% agarose gels dissolved in
Tris-borate buffer. After electrophoresis, the gel was

stained with ethidium bromide, and the DNA was

visualized by UV light. YP III (p+) is denoted p+ and
the plasmid-free derivative YP III(p-) is denoted (p-).
The molecular weight of the plasmid was estimated by
restriction endonuclease digestion by using the en-

zyme BamHI. The resulting DNA fragments were

separated, and their respective molecular weights
were estimated by using standard DNA fragments of
known size. By adding up the sum of the fragments,
the size of the plasmid was found to be 63 kilobases.
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DAYS AFTER CHALLENGE
FIG. 2. Rate of infection of Swiss albino mice with

YP III(p+). Five Swiss albino mice were infected by
oral administration of the challange organism grown at
either 26 or 37°C to the stationary phase in nutrient
broth medium containing 5 mM CaCl2. The result of
the infection was registered. The results are presented
as a cumulative plot. Symbols: (0) dose of 1010
bacteria grown at 26°C; (H) dose of 109 bacteria grown
at 26°C; (0) dose of 1010 bacteria grown at 37°C; and
(O) dose of 109 bacteria grown at 37°C.

plasmid is not correlated to the HeLa cell attach-
ment of Y. pseudotuberculosis.
When YP III(p+) grown at 26°C was given

orally to Swiss albino mice, an infection was
rapidly established and the mice died within 3 to
7 days after challenge (Fig. 2). The rate of the
fatal infection showed a dose response, and an
average of 109 bacteria per mouse was required
to establish a lethal infection, i.e., the mice
survived a dose of 108 bacteria per mouse. The
plasmid-free derivative YP III(p-) did not cause
a fatal infection when given at a dose of 1010
bacteria per mouse (data not shown). This result
strongly indicates a significant role of the plas-
mid in bacterial virulence. However, when YP
III(p+) was grown at 37°C under conditions
which maintained the plasmid, the bacteria were
found to be less infective (Fig. 2). Thus, a dose
of 109 bacteria per mouse caused a fatal infection
in only two of five mice within 18 days, whereas
all five mice were dead within 7 days when the
corresponding dose of bacteria grown at 260C
was administered (Fig. 2). There is apparently a
correlation between the power of YP III(p+) to
cause a lethal infection in mice and the ability of
the pathogen to adhere to a monolayer of HeLa
cells. These results suggest that the adherence
properties of the bacteria may be of importance
in the process of infection.

Outer membrane protein profiles of Y. pseudo-
tuberculosis. Since the ability to cause infection
seems to be correlated to the adhesive proper-
ties of the pathogen, one might suspect that cell
surface structures are involved in the mecha-
nism of virulence. To investigate this possibility,
we studied the outer membrane protein profile
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of the YP III(p+) and its isogenic plasmid-free
derivative YP III(p-).
YP III(p+) was subjected to a temperature

shift to 37°C after growth in calcium-free mini-
mal medium containing 40 mM Mg2t at 26°C. In
contrast to its plasmid-free derivative, this strain
ceased to grow two generations after the shift.
However, the addition of 5 mM Ca2t to the
growth medium reverted the temperature effect
on the growth of the bacteria. Thus, the plasmid-
containing strain YP III(p+) showed the charac-
teristic response of yersiniae with respect to
Ca2+, M2+t, and growth temperature (4, 9).
For [3 S]methionine labeling and analysis of

outer membrane proteins, YP III(p+) was grown

PROTEIN 1 -

2 -_

3 -*.

FIG. 3. SDS-polyacrylamide gel electrophoresis of
outer membrane proteins of YP 111(p+) and 'YP III
(p-). YP III(pt) was growing logarithmically in mini-
mal medium at 26°C. At an optical density of 0.15 at
550 nm, the culture was divided into three separate 10-
ml cultures, and one of these was maintained at 26°C.
The other two cultures were incubated at 37°C. To one
of these cultures was added 5 mM CaCI2. After one
generation time (-2 h), 50 ,uCi of [35S]methionine was
added to each flask, and 5 min later, the cultures were
harvested. Outer membrane was isolated by using the
Sarkosyl method as described in Material and Meth-
ods. The respective outer membrane protein profile
was analyzed by SDS-polyacrylamide gel electropho-
resis followed by autoradiography. We added 100,000
cpm to each slot, and the autoradiogram was devel-
oped after 48 h of exposure at -700C. A similar
experiment was performed by using the plasmid-free
strain YP III(p-). Lane 1, YP 111(p+) incubated at

26°C; lane 2, YP III(p+) incubated at 37°C; lane 3, YP
III(p+) incubated at 37-C + 5 mM CaC12; lane 4, YP
III(p-) incubated at 37°C; and lane 5, YP II(p-)
incubated at 260C.

FIG. 4. Rate of induction of protein 1 after a tem-
perature shift. YP III(p+) was growing in minimal
medium. At an optical density of 0.5 at 550 nm the
culture was shifted to 37°C. At indicated times before
and after the temperature shift, a 10-ml sample of the
culture was taken, and 50 ,uCi of [35S]methionine was
added. Nonradioactive methionine (5 mg/ml, final con-
centration) was added after 1 min, the culture was
chilled and harvested, and outer membrane was isolat-
ed. The respective outer membrane protein profile was
analyzed by SDS-polyacrylamide gel electrophoresis
followed by autoradiography. Lane 1, label was added
before shift in temperature; lane 2, label was added 1
min after shift; lane 3, label was added 5 min after
shift; and lane 4, label was added 15 min after shift.

in minimal medium (40 mM Mg2t) at 26°C. At an
optical density of 0.15 at 550 nm, the culture was
split and put into three separate flasks. One
culture was maintained at 26°C. The other two
cultures were transferred to 37°C, and to one
was added 5 mM CaCl2. One generation later,
the three cultures were labeled with 50 ,uCi of
[35S]methionine for 5 min and harvested. The
outer membranes were isolated, and the outer
membrane profiles were analyzed by SDS-poly-
acrylamide gel electrophoresis followed by auto-
radiography. Three outer membrane polypep-
tides, showing molecular weights of 140,000
(protein 1), 17,000 (protein 2), and 15,000 (pro-
tein 3), were found to be induced by the tem-
perature shift (Fig. 3). A minor decrease in the
amount of protein 1 was observed when Ca2t
had been added to the growth medium, whereas
proteins 2 and 3 were unaffected by the addition
of Ca2t (Fig. 3). A parallel experiment with the
plasmid-free strain YP III(p-) revealed that only
proteins 2 and 3 were induced by the tempera-
ture shift. No detectable synthesis of protein 1
was observed in this strain (Fig. 3).

In an attempt to measure how soon after a
temperature shift from 26 to 37°C the synthesis
of protein 1 is turned on, we pulse-labeled a

1 2 3 4
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FIG. 5. Outer membrane protein profiles of YP
III(p+) incubated in different growth media containing
5 mM Ca2" at 37°C. After incubation overnight, each
culture was harvested, and outer membrane was pre-
pared by either the method of Osborn et al. or the
Sarkosyl method as described in Material and Meth-
ods. Outer membrane protein profiles were then ana-

lyzed by SDS-polyacrylamide gel electrophoresis.
Outer membrane protein profile of cells grown in the
following medium: lane 1, nutrient broth medium
(Osborn et al.); lane 2, brain heart infusion broth
(Sarkosyl method); lane 3, nutrient broth (Sarkosyl
method); and lane 4, minimal medium (Sarkosyl meth-
od).

logarithmically growing culture of YP III(p+) for
1 min with [5S]methionine at different times
before and after the temperature shift. Analysis
of the outer membrane protein profiles showed
that the amount of protein 1 was increased less
than 2 min after the shift, indicating that the
synthesis of protein 1 very rapidly responded to
the changed temperature (Fig. 4).

In previous studies describing temperature-
inducible proteins of yersiniae no high-molecu-
lar-weight outer membrane protein was reported
(34, 37). We therefore compared three different
methods to isolate the outer membrane: the
Sarkosyl method, the method described by Os-
born et al. (30) (Fig. 5, lane 1), and the method
described by Achtman et al. (1; data not shown).
All three methods gave the same result, and
regardless of the method used, we were able to
detect protein 1 (34, 37).
The synthesis of protein 1 was, however,

found to be affected by the medium in which the
bacteria were incubated. Cells grown in rich
nutrient broth medium was synthesizing this
protein in smaller amounts compared with cells

grown in minimal medium. After growth in brain
heart infusion broth, protein 1 was hardly de-
tectable (Fig. 5).
Outer membrane protein profiles of Y. entero-

colitica. A comparative study between outer
membrane protein profiles of Y. pseudotubercu-
losis and Y. enterocolitica revealed differences
(Fig. 6). Two different plasmid-containing iso-
lates of Y. enterocolitica possessed a tempera-
ture-inducible outer membrane protein with the
same molecular weight as protein 1 of YP III(p+)
(Fig. 6). This outer membrane protein of Y.
enterocolitica was found to be associated with
the virulence plasmid, since an oxalate-cured
plasmid-free strain of Y. enterocolitica lacked
this protein (Fig. 6). This result indicate that Y.
pseudotuberculosis and Y. enterocolitica may
have a plasmid-coded temperature-inducible
outer membrane protein in common.

DISCUSSION
In agreement with results obtained by others

(24), we have been unable to detect pili on the
surface of strains of Y. pseudotuberculosis ad-
hering to HeLa cells (data not shown). It must
therefore be concluded that the ability of YP
III(p+) to adhere to HeLa cells is not mediated
by pili. Furthermore, the gene(s) involved in the
attachment function is most likely chromosom-
ally located, since a plasmid-free derivative, YP
III(p-), retained the capacity to adhere to HeLa
cells. This conclusion is in agreement with re-
cent results obtained from similar studies with
Y. enterocolitica (11, 34).

It is now accepted that colonization of the
surface of the interior of the intestine by entero-
pathogenic bacteria is an essential step in the
process of infection (26, 35). Many of these
bacteria produce proteinaceous surface anti-
gens, pili, which promote the colonization of the
intestine in vivo and promote the attachment of
the bacteria to different types of erythrocytes in
vitro (12, 31). These colonization factors (CFA),
which are a prerequisite for the organism to
establish an infection, also show host specificity
and are in many cases encoded by plasmids,
e.g., the colonization factors of enterotoxogenic
Escherichia coli: K99 (calf), K88 (pig), and
CFAI and CFAII (human) (13, 14, 29, 35, 38).
The power of these different enteropathogenic
bacteria to agglutinate and bind different eryth-
rocytes has been correlated to and used as a
measure of the capacity of the pathogens to
adhere in vivo (16, 35). The fact that Y. pseudo-
tuberculosis shows a positive correlation be-
tween attachment to HeLa cells and oral infec-
tivity may reflect the ability of the strain to
colonize the intestine in vivo as a primary step in
the process of infection rather than as a measure
of the invasiveness of the pathogen (Table 1;

INFECT. IMMUN.
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FIG. 6. Outer membrane protein profiles of two
different strains of Y. entercolitica. Each strain was
incubated at 260C in minimal medium supplemented
with 0.2% Casamino Acids. At an optical density of
0.4 at 550 nm, the culture was divided into two
portions. One sample was maintained at 260C, and the
other was transferred to 370C. After incubation over-
night, the cultures were harvested, and outer mem-
brane was isolated and subjected to SDS-polyacryl-
amide gel electrophoresis. After electrophoresis, the
gel was fixed and stained with Coomassie blue. Lane
1, YP 111(p') incubated at 370C; lane 2, YP11('
incubated at 260C; lane 3, YE(Wa') incubated at 260C;
lane 4, YE(Wa') incubated at 370C; lane 5, YE(Wa-)
incubated at 370C; lane 6, YE I incubated at 260C; and
Lane 7, YE I incubated at 370C.

Fig. 2). Thus, the adherence properties of the
pathogen may be an additional virulence factor
aside from the plasmid-encoded virulence fac-
tors.
The plasmid of YP III(pd ) is apparently not

involved in the bacterial attachment to HeLa
cells, but seems to be offundamental importance
for the ability of the strain to cause a fatal
infection in Swiss albino mice. This study of the
outer membrane protein profiles ofSDS- III(p')
revealed that expression of a protein (protein 1)
with a molecular weight of approximately
140,000 was associated with the virulence plas-
mid (Fig. 3). The protein was found to be
induced immediately after a temperature shift
from 26 to 37 lC, and its rate of synthesis after
such a shift was found to be affected by the
presence of 5 mMCa72 in the growth medium.
Plasmid-containing strains of Y. enterocolitica
were also found to express a similar outer mem-
brane protein. It might therefore be hypothe-
sized that protein 1 is a common virulence factor
of yersiniae. Virulent strains of yersiniae have
two antigens in common, the virulence antigens
V and W, respectively (4). The W antigen shows

similar properties compared with protein 1 with
respect to temperature inducibility, plasmid as-
sociation, molecular weight, and calcium re-
sponse (4). Furthermore, protein 1 is an outer
membrane protein, and as such it might be
exposed as a surface antigen. Since there are
obvious similarities between W antigen and pro-
tein 1, it is tempting to speculate that these two
proteins are one and the same. However, the
ultimate answer to that question must await until
these proteins have been fully characterized.
The function of protein 1 is presently unclear,

but one possibility is that it could work as a
porin, which gives the bacteria new properties of
advantage in the process of infection. The fact
that synthesis of protein 1 was partially sup-
pressed during growth of bacteria in rich medi-
um compared with minimal medium may sup-
port this hypothesis. We have obtained results
which indicate that V antigen is released into the
growth medium when the bacteria are grown
under conditions which are known to induce V
and W antigens (unpublished data). Protein 1
may therefore be involved in the passage out
from the cell of V antigen, which in turn may be
an active molecule involved in bacterial viru-
lence. Alternatively, protein 1 may change the
bacterial cell surface in such a way that the
pathogen will resist phagocytosis or become
resistant to intracellular killing by the phago-
cytes.

It is likely but not proven that the structural
gene of protein 1 is to be found on the virulence
plasmid. To find out more about its function and
regulation we have cloned plasmid DNA frag-
ments into pHC79. We are now in the process of
identifying the different gene products of the 63-
kilobase virulence plasmid of Y. pseudotubercu-
losis strain YP III(p+). We hope, by using this
strategy, to be able to answer some of the
questions concerning the possible role of plas-
mid-coded products in the process of infection
by Y. pseudotuberculosis.
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