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Recent studies have shown that the cell surface properties of Yersinia enterocolitica are altered by the
presence of the virulence plasmid, which mediates temperature-inducible outer membrane proteins (OMP). We
investigated the interaction of Y. enterocolitica with human polymorphonuclear leukocytes by monitoring
luminol-enhanced chemiluminescence (CL) responses. A plasmid-bearing strain grown at 37°C induced four-
to sixfold less CL than did the same strain grown at 25°C or a plasmidless, isogenic strain grown at either
temperature. Inhibition of CL responses by whole cells was related to plasmid-mediated expression of OMP.
The OMP alone could inhibit the CL response of polymorphonuclear leukocytes stimulated by either opsonized
zymosan or whole cells of Y. enterocolitica. Pronase treatment of whole cells, which removed the plasmid-
mediated OMP, resulted in partial but significant elimination of CL inhibition by whole cells and by OMP
derived from them. Incubation with Y. enterocolitica for 60 min did not affect the viability of polymorpho-
nuclear leukocytes. Our results suggest that the interaction of Y. enterocolitica with human polymorphonuclear
leukocytes is directly affected by the plasmid-mediated OMP.

Since the discovery of a 42- to 48-megadalton plasmid in
Yersinia enterocolitica that is associated with virulence in
experimental infections (18, 37, 45), attention has been
focused on the characterization of plasmid-mediated deter-
minants and their role in pathogenesis. The in vitro proper-
ties of plasmid-bearing strains include calcium dependence
(18, 34, 36), V- and W-antigen production (12, 34), autoag-
glutination (28, 40), toxicity for tissue culture cells (37, 44),
altered outer membrane proteins (OMP) (4, 13, 30, 37, 38),
and serum resistance (32, 34). The plasmid-mediated proper-
ties are expressed at 37°C but not at 25°C. Interestingly, the
previously known virulence properties of Yersinia pestis and
Yersinia pseudotuberculosis, such as calcium dependence,
V-antigen production, and autoagglutination, are also medi-
ated by virulence plasmids, and a high degree of homology
has been demonstrated among the virulence plasmids from
the three species (2, 5, 10, 16, 19, 35, 36, 38, 40) (for a
review, see reference 9). These observations suggest that
similar mechanisms of pathogenicity may exist among the
pathogenic species of Yersinia. However, the role of the
plasmid-mediated determinants is not known.
The ability of Y. enterocolitica to invade the intestinal

mucosa has been shown to be of primary importance in
pathogenesis by histopathological studies of human cases (8)
and experimental enteritis (11, 33, 42). After invasion, the
organism can presumably resist the natural defenses of the
host to establish infection in the Peyer's patches and lamina
propria (11, 33, 42). Recent studies have demonstrated that
altered cell surface properties, such as unique OMP (4, 13,
30, 37, 38, 40) and hydrophobic fibrillar structure (23, 26),
are the characteristics of Y. enterocolitica which express
plasmid-mediated determinants. Attachment to the intestinal
epithelial cells or invasion of these cells or both may be
promoted by these plasmid-mediated cell surface properties
(22, 30, 44). Studies with other bacteria have shown that
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surface properties play an important role in their interaction
with mammalian cells, including phagocytic cells (29, 43). In
this report, we describe the role of plasmid-mediated OMP in
the interaction of Y. enterocolitica with human neutrophils,
as monitored by luminol-enhanced chemiluminescence (CL)
responses.

MATERIALS AND METHODS

Bacterial strains and growth conditions. The two isogenic
strains of Y. enterocolitica serotype 0:3 used in this study
(strains MCH700S and MCH700L) were derived from a
strain that was originally isolated from a patient with diar-
rhea (32). These isogenic strains were isolated from the
parent strain by using magnesium oxalate agar (32). Strain
MCH700S exhibits calcium dependency and is virulent in
rabbits and mice (32, 33). Strain MCH700L is calcium inde-
pendent and avirulent. The strains were stored at -70°C in
brain heart infusion (BHI) broth (Difco Laboratories, De-
troit, Mich.) supplemented with 20% glycerol.

Bacteria were inoculated from frozen stock cultures into
10% BHI broth and grown overnight at room temperature
(25°C) in a rotary shaker (150 rpm). Fresh BHI broth was
inoculated with a 10% inoculum, and the culture was then
incubated at 25 or 37°C. Each culture was designated by the
strain number followed by the growth temperature (e.g.,
cultures MCH700S-37°C and MCH700S-25°C). Bacterial cul-
tures used for CL assays were pelleted by centrifugation at
10,000 x g for 10 min, washed twice with 0.1 M phosphate-
buffered saline (PBS) (pH 7.2), and suspended in Hanks
balanced salt solution (HBSS) (pH 7.2) (GIBCO Diagnostics,
Madison, Wis.) lacking phenol red indicator but containing
0.1% gelatin.

Plasmid screening. Plasmids were analyzed by agarose gel
electrophoresis, using the method of Portnoy et al. (37).

Preparation of human PMN. Human polymorphonuclear
leukocytes (PMN) were prepared from pooled citrated pe-
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ripheral blood obtained from 5 to 10 healthy individuals by a
modification of the method of Boyum (6). Pooled blood was
diluted 1:1 with PBS containing 0.1 mM glucose (PBS-
glucose) and layered onto Ficoll-Paque (Pharmacia, Upp-
sala, Sweden) in 50-ml conical tubes. The tubes were cen-
trifuged at 480 x g for 30 min at 15°C, after which the upper
layers containing lymphocytes, monocytes, platelets, and
serum were discarded. The bottom layer was mixed 1:1 with
PBS-glucose containing 5% dextran (molecular weight,
500,000; Pharmacia) and 1.5% EDTA. After 60 min at room
temperature, the upper phase was collected and washed
twice with PBS-glucose. The remaining erythrocytes were
removed by hypotonic lysis with a 0.84% NH4CI solution at
37°C for 10 min. The PMN were then pelleted by centrifuga-
tion at 480 x g for 5 min and washed three times with
PBS-glucose. Final suspension of the PMN was in HBSS
lacking phenol red indicator but containing 0.1% gelatin. Cell
viability, as determined by trypan blue dye (0.2%) exclusion,
was greater than 98%. PMN were counted with a
hemacytometer and suspended in HBSS to a final concentra-
tion of 2 x 106 cells per ml.

Preparation of normal human serum for opsonization.
Blood from at least five healthy individuals was allowed to
clot for 1 h at room temperature. Pooled sera were divided
into portions and frozen at -70°C. Frozen serum was
thawed and used immediately.
Zymosan preparation. Zymosan A (Sigma Chemical Co.,

St. Louis, Mo.) suspended in PBS at a concentration of 20
mg/ml was sonicated with a model 1510 Sonicator (B. Braun
Instrument Co., San Francisco, Calif.) until the suspension
appeared homogeneous. This stock solution was stored at
40C.
CL assay. Luminol-enhanced CL was measured with a

luminometer (model 1251; LKB, Stockholm, Sweden) by
using a modification of the procedure of Easmon et al. (15).
To each cuvette were added 500 RI of bacterial suspension (5
x 107 CFU), 50 ,u of normal human serum, 100 ,lI of luminol
(5-amino-2,3-dihydro-1,4-phtalazine-dione; 10-' M; Sigma),
50 ,ul of HBSS, and 500 ,ul of PMN (106 cells). Cuvettes
containing the reaction mixture were placed immediately in
the luminometer, which was preheated to 37°C. The CL
response was measured automatically at 2-s intervals on
each of eight cuvettes over a 90-min period, with a constant
amount of agitation between measurements. In other experi-
ments, the bacterial suspension was replaced by suspensions
of OMP, zymosan A, OMP plus zymosan A, or OMP plus
bacteria, and the amount of HBSS added was adjusted to a
final volume of 1.2 ml in the reaction mixture.

Isolation of OMP and sodium dodecyl sulfate-polyacryla-
mide gel electrophoresis. OMP were prepared by sucrose
density gradient centrifugation, using a modification of the
procedure of Hancock and Nikaido (21). Cells grown in 2
liters of BHI broth for 3 h were collected by centrifugation at
10,000 x g for 20 min at 4°C. The bacterial cells were washed
in 30 mM Tris-hydrochloride (pH 8.0) and suspended in 15
ml of 20% (wt/vol) sucrose in 50 mM Tris-hydrochloride (pH
7.9). The cells were disrupted by sonication with a Braun
model 1510 sonicator for 20 s four times in an ice bath. The
cell debris was then removed by centrifugation at 3,000 x g
for 10 min, and the supernatant was layered onto a sucrose
step gradient comprised of 1 ml of 70% (wt/vol) sucrose, 2 ml
of 64% (wt/vol) sucrose, 2 ml of 58% (wt/vol) sucrose, and 2
ml of 52% (wt/vol) sucrose in Tris buffer. The loaded
gradients were centrifuged at 183,000 x g for 14 h in a TiSO
rotor by using a model L8-55 ultracentrifuge (Beckman
Instruments, Inc., Palo Alto, Calif.). The band in the 64%

sucrose fraction was removed and diluted in 30 mM Tris
buffer; this was followed by centrifugation at 177,000 x g for
1 h. The resulting pellets were washed once and finally
suspended in a small volume of 0.1 M PBS (pH 7.2) and
frozen at -70°C in portions.

In temperature shift experiments in which small volumes
of cultures were used, OMP profiles were determined by
using Sarkosyl extracts, as described by Bolin et al. (4).
OMP preparations were solubilized by boiling for 4 min in
2% sodium dodecyl sulfate-12.5% glycerol-1% 2-mercapto-
ethanol-62.5 mM Tris-hydrochloride (pH 6.8). Samples con-
taining 30 to 40 ,ug of proteins were analyzed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis in the
discontinuous buffer system of Laemmli (27), using 10%
acrylamide and 0.27% bisacrylamide in the running gel. The
protein content of each sample was determined by the
Bradford method (7), using protein assay reagents (Bio-Rad
Laboratories, Richmond, Calif.) and bovine serum albumin
as the standard. Molecular weight markers and reagents for
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
were obtained from Bio-Rad Laboratories; the markers used
were myosin (molecular weight, 200,000), p-galactosidase
(116,000), phosphorylase B (92,500), bovine serum albumin
(66,200), and ovalbumin (45,000). Proteins were fixed by
immersing the gel for 20 min in a mixture containing 20%
methanol and 10% trichloroacetic acid. The protein bands
were then stained for 30 min at 56°C with 0.25% Coomassie
brilliant blue R250 in 25% methanol-10% acetic acid.
Destaining was carried out in a mixture containing 10%
methanol and 10% acetic acid, with several changes. The
staining intensity of the OMP profile was recorded with a
scanning densitometer (Bromma-220Z Ultrascan laser
densitometer; LKB Stockholm, Sweden).

Pronase treatment of whole cells. Bacterial cells were
treated with pronase (protease type XIV; Sigma) by the
method of Martinez (30). Washed cultures of Y. enter-
ocolitica were suspended to one-tenth of their original vol-
ume in 10 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid; pH 7.2) supplemented with 5 mM Ca2+.
These cultures were then incubated with pronase (1 mg/ml)
for 30 min at 37°C. Control bacterial cultures were sus-
pended in the same buffer but without pronase. Bovine
serum albumin (0.1%; Sigma) was added to the incubation
mixtures to quench the reaction. The cultures were then
pelleted by centrifugation at 10,000 x g for 10 min and
washed three times with PBS.
PMN viability. PMN (8.3 x 105 cells per ml) and bacteria

(4.2 x 107 CFU/ml) were incubated at 37°C, and samples
were examined for PMN viability at 0, 30, and 60 min by
using the trypan blue exclusion technique. A total of 140 to
210 cells were counted in each sample.

RESULTS

Plasmid profile. Strain MCH700S contained plasmid DNA
with a molecular weight of approximately 42 x 106, whereas
such a plasmid was lacking in strain MCH700L (Fig. 1). The
presence of a plasmid in strain MCH700S was consistent
with the following previously reported properties of this
strain: calcium dependence, autoagglutination, serum resist-
ance, and virulence in mice and rabbits (32, 33).
CL response to whole cells of Y. enterocolitica. Strains

MCH700S and MCH700L were grown at either 25 or 37°C,
and the luminol-enhanced CL responses of human PMN to
these strains were examined (Fig. 2). A significant response
was observed when PMN were incubated with culture
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MCH700S-250C, MCH700L-37°C, or MCH700L-25°C in the
presence of 4.2% normal human serum. No CL response
was generated in the absence of serum (data not shown). The
CL response to culture MCH700S-37°C was four- to sixfold
lower than the responses observed for the other cultures.
This suggested that the depression of the PMN CL response
was mediated by a plasmid-mediated determinant(s), since
temperature inducibility is one of the characteristics of
plasmid-mediated properties in Y. enterocolitica (4, 13, 30,
37).
The temperature inducibility of the CL-depressing prop-

erty in the plasmid-bearing strain was further demonstrated
in temperature shift experiments. Strain MCH700S and
MCH700L cultures growing logarithmically at 250C were
shifted to 37°C, and at different times after the temperature
shift the cultures were examined for the ability to stimulate
CL. Control cultures were also examined without a tempera-
ture shift. Figure 3 shows that the CL response ofPMN was
depressed significantly by strain MCH700S within 30 min
after the temperature shift to 37°C, indicating that the
factor(s) associated with CL depression was expressed rap-
idly at 37°C. The temperature shift had no effect on strain
MCH700L.

Effect of temperature shift on expression of plasmid-medi-
ated OMP. The fact that the surface properties of Y.
enterocolitica are altered by the presence of plasmid-medi-
ated OMP (4, 30, 37) and the fact that the CL response of
PMN can be affected by the surface properties of stimulants
(24, 25, 31) suggested that the plasmid-mediated OMP might
be responsible, at least in part, for the depression of the CL
response. Figure 4 shows the sodium dodecyl sulfate-
polyacrylamide gel electrophoresis profile of the OMP of
strain MCH700S after a temperature shift with time, which
indicated that the expression of the CL-depressing factor(s)
after the temperature shift coincided approximately with the
appearance of an OMP with a molecular weight of about
200,000, similar to protein I of Bolin et al. (4). A parallel

FIG. 1. Agarose gel electrophoresis of plasmid DNA isolated
from Y. enterocolitica strains MCH700S (700S) and MCH700L
(700L).
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FIG. 2. CL responses of human PMN to Y. enterocolitica
strains. Strains MCH700S and MCH700L were grown for 3 h at 25
or 37°C. The reaction mixtures contained PMN (8.3 x 105 cells per
ml), bacteria (4.2 x 107 CFU/ml), pooled normal human serum
(4.2%), and luminol (8.3 x 10-7 M). Each point represents the mean
of CL responses ± standard deviation from four separate
experiments.

experiment with the plasmidless strain revealed no such
changes in the outer membrane profile (data not shown).

Effect of plasmid-mediated OMP on the CL response. To
test the possibility that the plasmid-mediated OMP were
responsible for the observed depression of the CL response
by culture MCH700S-37°C, we examined the CL responses
of PMN to OMP isolated from Y. enterocolitica strains
grown at two different temperatures (Fig. 5). OMP derived
from the plasmidless strain or from the plasmid-bearing
strain grown at 25°C stimulated the CL response, whereas
the CL response was not observed with the OMP from the
plasmid-bearing cells grown at 37°C. The inhibitory effect of
the plasmid-mediated OMP on the CL response was further
demonstrated in experiments (Fig. 6) in which isolated OMP
were added to reaction mixtures containing PMN and opson-
ized zymosan. Opsonized zymosan at a concentration of 0.5
mg/ml elicited a CL response very similar to that observed
for whole cells of the plasmidless strain of Y. enterocolitica
(Fig. 2). Addition of OMP derived from strain MCH700L or
culture MCH700S-25°C resulted in a slight but insignificant
inhibition of the zymosan-induced CL response. However,
OMP from culture MCH700S-37°C inhibited the CL re-
sponse significantly (Fig. 6). Furthermore, this inhibition
was dose related (Table 1). A similar pattern of CL inhibition
was observed when the OMP preparation was incubated
with PMN in the presence of whole cells from culture
MCH700S-25°C or strain MCH700L (data not shown).
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FIG. 3. CL responses of human PMN to Y. enterocolitica strains

after shift of growth temperature. Two flasks containing fresh BHI
broth were inoculated with a 10% inoculum of an overnight culture
grown at 25°C. One culture flask was maintained at 25°C, and the
other was incubated at 37°C. At the times indicated, a portion of
each culture was removed and washed, and PMN were challenged
for CL responses to these washed cultures. The peak height of the
CL response of each determination is shown. Each point represents
the mean peak height of the CL response ± the standard deviation
of three separate experiments. For the contents of the reaction
mixtures, see the legend to Fig. 2.

Effect of pronase treatment. It has been shown that plas-
mid-mediated OMP are exposed to the cell surface and can
be removed by treatment with proteases (30). Removal of
the OMP is accompanied by alteration in serum resistance
and cell surface hydrophobicity, which are characteristics of
plasmid-bearing cells. These observations led us to examine
the effect of pronase treatment on the CL response, which
was altered by plasmid-mediated OMP. As Fig. 7 shows, the
plasmid-mediated OMP were not detected by sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis after pronase
treatment. The susceptibility of the OMP to pronase was
further confirmed by a densitometer scan (data not shown).
The peak heights of the CL response to whole cells of

culture MCH700S-37°C were elevated significantly (P <
0.001) after pronase treatment (Table 2). No difference was
observed between the CL responses to pronase-treated and
nontreated cells of culture MCH700S-25°C or MCH700L-
37°C. These data further suggested that the plasmid-medi-
ated OMP were involved in the inhibition of the CL response

by PMN, although the inhibition by culture MCH700S-37°C
was not completely eliminated by pronase treatment. The
incomplete elimination of CL inhibition could have been due
to the presence of residual OMP not removed by the pronase

treatment. The sodium dodecyl sulfate-polyacrylamide gel
electrophoresis technique may not have been sensitive
enough to detect a small amount of protein.
PMN were challenged with zymosan together with OMP

isolated from whole cells after pronase treatment (Table 3).
Inhibition of zymosan-induced CL by OMP derived from
culture MCH700S-37°C decreased significantly (P < 0.02)
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FIG. 4. Sodium dodecyl sulfate-polyacrylamide gel electropho-
resis of Y. enterocolitica MCH700S OMP. A culture grown over-
night at 25°C was inoculated into flasks containing fresh BHI broth
prewarmed to 37°C. The flasks were incubated at 37°C. At timed
intervals, the cultures were removed and analyzed for OMP. OMP
were extracted by using Sarkosyl. Lane A, Overnight culture grown
at 25°C; lane B, culture grown for 30 min at 37°C; lane C, culture
grown for 1 h at 37°C; lane D, culture grown for 2 h at 37°C; lane E
culture grown for 3 h at 37°C; lane F, culture grown for 6 H at 37°C;
lane G, culture grown for 12 h at 37°C; lane H, culture grown for 24
h at 37°C; lane I, molecular weight standards.

after pronase treatment. However, as with whole cells, the
CL response to the OMP of pronase-treated culture
MCH700S-37°C was still not as high as the CL responses
observed for the OMP derived from other cultures.

Effect of Y. enterocolitica on viability of PMN. Previous
studies showed that plasmid-bearing strains of Y. enter-
ocolitica were cytotoxic to tissue culture cells (37, 44). To
test the possibility that inhibition of the CL response by
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FIG. 5. CL responses of human PMN to OMP derived from Y.

enterocolitica strains. OMP were prepared by sucrose density
gradient centrifugation from Y. enterocolitica strains grown for 3 h
at 25 or 370C. The reaction mixtures contained 500 p.g of OMP per
ml. Each point represents the mean + standard deviation from two
separate experiments.
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FIG. 6. Effects of OMP derived from Y. enterocolitica on
zymosan-induced CL responses. OMP were prepared by sucrose
density gradient centrifugation from cultures grown for 3 h at 25 or
37°C. The reaction mixtures contained OMP (1,000 ,u.g/ml), PMN
(8.3 x 105 cells per ml), pooled normal human serum (4.2%), luminol
(8.3 x 10-7 M), and zymosan A (0.5 mg/ml). Each point represents
the mean standard deviation from two separate experiments.

culture MCH700S-37°C might have been due to its cytotox-
icity to PMN, we examined the viability of PMN incubated
with culture MCH700S-37°C or MCH700L-37°C by using the
trypan blue exclusion technique. There was no significant
change in the viability of PMN up to 1 h of incubation; the
levels of viable PMN after 1 h of incubation were 94 and 95%
with cultures MCH700S-37°C and MCH700L-37°C, respec-
tively.

DISCUSSION

In this study, we found that the luminol-enhanced CL
response of human PMN is inhibited by the plasmid-medi-
ated OMP of Y. enterocolitica. This conclusion is based on
the following observations: (i) the CL response to Y.
enterocolitica expressing the plasmid-mediated OMP was
much lower than the CL response observed with cells
lacking the plasmid-mediated OMP; (ii) the CL response of

TABLE 1. Dose-related inhibition by OMP of the PMN CL
response to opsonized zymosana

OMP concn (pg/ml) Peak-height CL response (mV) Inhibition

0 106.7 21.4b
50 106.3 23.4 0.4
100 84.1 4.5 21.2
500 39.9 6.6 62.6

1,000 24.8 9.6 76.8

a PMN were challenged with increasing concentrations of OMP derived
from culture MCH700S-37°C and opsonized zymosan.

b Data are means - standard deviations of two to four experiments.
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FIG. 7. Effect of pronase treatment on the OMP of Y.
enterocolitica strains. Strains MCH700S and MCH700L grown at 25
or 370C for 3 h were washed and incubated with pronase (1 mg/ml)
for 30 min at 37°C. OMP were prepared from pronase-treated and
nontreated cell suspensions by sucrose density centrifugation. Lane
1, Culture MCH700L-25°C control; lane 2, culture MCH700L-250C,
pronase treated; lane 3, culture MCH700L-37°C control; lane 4,
culture MCH700L-37°C, pronase treated; lane 5, culture MCH700S-
25°C control; lane 6, culture MCH700S-25°C, pronase treated; lane
7, culture MCH700S-370C control; lane 8, culture MCH700S-37°C,
pronase treated; lane 9, molecular weight standards.

zymosan-stimulated PMN was inhibited in a dose-related
fashion by OMP derived from Y. enterocolitica expressing
plasmid-mediated properties; and (iii) pronase treatment of
whole cells, which was shown by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis to remove the plasmid-
mediated OMP, resulted in partial but significant elimination
of CL inhibition by whole cells and by the OMP derived from
them. The inhibition of the CL response was demonstrated
under conditions which did not affect PMN viability.
The incomplete elimination of CL inhibition after pronase

treatment (Tables 2 and 3) may have been due to the
presence of residual OMP. The plasmid-mediated OMP of Y.
pseudotuberculosis (4) and Y. enterocolitica (C. H. Pai, G.
Meyers, and D. E. Woods, Program Abstr. Intersci. Conf.
Antimicrob. Agents Chemother. 23rd, abstr. no. 783, 1983)
have been shown by sodium dodecyl sulfate-polyacrylamide

TABLE 2. Effect of pronase treatment on the CL response to
whole cells of Y. enterocoliticaa

Peak-height CL response (mV)b
Strain (OC) Before pronase After pronase P value'

treatment treatment

MCH700S 37 29.4 + 20.0 59.8 ± 19.9 <0.001
25 126.6 ± 61.8 123.4 61.5 NSd

MCH700L 37 117.9 ± 61.6 117.4 ± 54.9 NS
a For reaction mixtures, see the legend to Fig. 2.
b Data are means + standard deviations of eight experiments in which each

strain (with or without pronase treatment) was tested in pairs.
c As determined by Student's t test with paired values and a two-tailed

hypothesis.
d NS, Not significant.
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TABLE 3. Zymosan-induced CL responses of PMN to OMP
derived from Y. enterocolitica before and after pronase treatmenta

Peak-height CL response (mV)
to OMP prepared from

Strain Growth temp whole cellsb P valuec(OC)
Before pronase After pronase

treatment treatment

MCH700S 37 80.7 ± 19.4 122.0 ± 23.2 <0.02
25 160.6 ± 26.9 160.0 ± 21.9 NSd

MCH700L 37 183.4 ± 42.3 152.8 ± 37.7 NS
a Outer membranes were prepared from whole cells that had been incubat-

ed with pronase (1 mg/ml) at 37°C for 30 min. Reaction mixtures contained
1,000 pLg of OMP per ml.

b Data are means ± standard deviations of five experiments in which OMP
from whole cells (with or without pronase treatment) were tested in pairs.

c As determined Student's t test with paired values and a two-tailed
hypothesis.

d NS, Not significant.

gel electrophoresis followed by autoradiography to be ex-
pressed within minutes of a temperature shift. However, in
the present study the plasmid-mediated OMP were not
detected by Coomassie blue staining of sodium dodecyl
sulfate-polyacrylamide gel electrophoresis profiles until 60
min after the temperature shift, suggesting that sodium
dodecyl sulfate-polyacrylamide gel electrophoresis was not
sensitive enough to detect a small amount of protein. The
insensitivity of sodium dodecyl sulfate-polyacrylamide gel
electrophoresis may also account for a slight delay in the
expression of the plasmid-mediated OMP after the tempera-
ture shift (Fig. 4) compared with the expression of CL-
depressing factor(s) (Fig. 3).
To our knowledge, this study showed for the first time that

interactions of Y. enterocolitica with phagocytic cells are
altered by the presence of the plasmid-mediated OMP. The
CL response is a sensitive, indirect measure of the degree of
phagocytosis in human neutrophils (1, 20) and has been used
to demonstrate effects of bacterial cell surface structures,
such as capsule, protein A, lipopolysaccharide "O" chain,
Vi antigens, and unidentified surface components, on the
phagocytic activities of PMN (24, 25, 31). Inhibition of CL
responses, as demonstrated in the present study, may be
interpreted as due to the anti-phagocytic role of the plasmid-
mediated OMP. Since normal human serum is required for a
PMN CL response to occur, we may speculate that the OMP
interfere with C3b receptor recognition or with signal trans-
mission after the C3b-receptor complex has been formed.

Recently, Lachica et al. (26) described a hydrophobic
fibrillar surface structure of Y. enterocolitica that is associ-
ated with the virulence plasmid. These authors suggested
that the fibrillar structure may promote the attachment of the
bacteria to the intestinal epithelial cells and to phagocytes.
In describing nonflagellar surface appendages in Y.
enterocolitica and Y. pseudotuberculosis, Kapperud et al.
(23) presented evidence suggesting that the plasmid-medi-
ated OMP which has a molecular weight of ca. 180 x 103 may
be related to the surface fibrillae. It is possible that the
plasmid-mediated OMP described in this study and the
fibrillar structure of Lachica et al. (26) and Kapperud et al.
(23) are the same outer membrane component. Certain types
of fimbriae and fibril proteins have been shown to promote
attachment to epithelial cells or resistance to phagocytosis or
both. Some examples are fimbriae of gonococci (14), the M
protein of streptococci (17), and the CFA/I fimbriae of
Escherichia coli (3). Purification of the fibrillar structure of

Y. enterocolitica may allow identification of the factor as-
sociated with CL inhibition.
The presence of virulence plasmids in Y. enterocolitica, Y.

pseudotuberculosis, and Y. pestis and the high degree of
homology demonstrated among these plasmids suggest that
similar mechanisms of pathogenicity may exist in all three
species of Yersinia (2, 5, 16, 19, 38-40). However, the
observation that plasmid-mediated OMP are expressed in Y.
enterocolitica and Y. pseudotuberculosis (4, 30, 37, 38) but
not in Y. pestis (38, 41) indicates that Y. pestis possesses
virulence-associated surface properties different from those
of the other two species. This is further supported by the
finding that Y. pestis is constitutively resistant to the bacte-
ricidal action of normal human serum, whereas Y.
enterocolitica is extremely sensitive unless the plasmid-
mediated OMP are expressed (30, 32, 34). Thus, the inhibi-
tion of the CL response, or possibly of phagocytosis, by
plasmid-mediated OMP may not be common to all Yersinia
species. However, the plasmid DNA from Y. pestis has been
shown by E. coli minicell analysis to contain the coding
capacity for production of OMP which are immunologically
related to the OMP produced by Y. enterocolitica (38).
Furthermore, Y. pestis cultivated in vivo has been shown to
express plasmid-mediated polypeptides that are recognized
by absorbed antisera to Y. enterocolitica (39), although it is
not known whether the polypeptides are located on the cell
surface. Thus, the possibility that inhibition of the CL
response by OMP or another plasmid-mediated surface
structure that is common to all pathogenic species of
Yersinia cannot be ruled out completely.

In conclusion, the CL response of human PMN is inhib-
ited by a virulent strain of Y. enterocolitica, and this
inhibition appears to be mediated by the plasmid-encoded
OMP. These observations suggest a possible antiphagocytic
role of the OMP in the pathogenesis of Y. enterocolitica.
Further studies will be required for resolution of the basis for
inhibition of CL responses.
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