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Yersinia enterocolitica synthesized an exocellular antigen common to the serotypes associated with
enterocolitis but absent from other serotypes or from other Yersinia species. Both virulent Ca2+-dependent and
avirulent Ca2+-independent isogenic pairs derived from the enterocolitis-associated serotypes synthesized the
common antigen. Requirements for the synthesis of this common antigen were (i) the presence of metabolizable
sugars and (ii) growth on a solid medium at 37°C. The antigen was identified as a 24,000-dalton protein loosely
associated with the cell surface but absent from either the cell envelope or the cytoplasmic fraction.

Yersinia enterocolitica is a gram-negative bacterium that
causes several diseases in humans and animals (3). Although
this microorganism can be isolated from a variety of sources,
only some serotypes have been consistently associated with
enterocolitis (20). Up to now, the antigenic differences found
between virulent and avirulent serotypes are the tempera-
ture-dependent V and W antigens (4) and the plasmid-
associated outer membrane proteins (2, 5, 19, 22, 23, 26).

In a previous report (29), we showed that the Y. entero-
colitica strains belonging to either the 0:3 or the 0:8
serotypes produce an exocellular common antigen (C-Ag).
Such an antigen was synthesized when the cells were grown
on a solid medium with a metabolizable carbohydrate at 37°C
but not under other conditions. In this report, we present
results on the immunological and biochemical characteriza-
tion of the C-Ag. This antigen was conclusively shown to be
a 24,000-dalton (Da) soluble protein, not associated with
Ca2" dependence, whose synthesis depended on tempera-
ture, the presence of metabolizable sugars, and growth on a
solid medium. We also investigated the presence of the C-Ag
in other representative serotypes and species of Yersinia and
found that the 24,000-Da protein was produced by the Y.
enterocolitica serotypes associated with enterocolitis but not
by other serotypes or species of Yersinia.

MATERIALS AND METHODS
Bacterial strains. The strains used and their origin and

characteristics are given in Table 1. Ca2+-dependent and
-independent isogenic pairs were selected by the method of
Higuchi and Smith (14).

Preparation of CREX-Ag. Ca2+-dependent or -indepen-
dent cells from strains 3-89 serotype 0:3 and WA serotype
0:8 were grown (48 h) in (i) Trypticase soy agar (TSA; BBL
Microbiology Systems) at 37°C, (ii) TSA at 26°C, (iii) TSA
supplemented with 0.25% glucose and 0.25% sucrose (TSA-
DS) at 37°C, and (iv) TSA-DS at 26°C. For the preparation of
the CREX-Ag, the growth in 10 Roux bottles was washed off
with saline, cells were centrifuged (10,000 x g, 20 min), and
the supernatant was filtered with a Millipore membrane
(0.25-,um pore size) to remove residual cells. The filtered
fluid containing the CREX-Ag was ultracentrifuged (86,000
x g, 12 h), and the pellet was suspended in distilled water
and lyophilized.

All the remaining strains (Table 1) were grown only under

* Corresponding author.

conditions iii and iv. The fluid containing the CREX-Ag was
obtained as described above, dialyzed against distilled wa-
ter, and lyophilized directly without being ultracentrifuged.

Cell fractionation. Isogenic Ca2+-dependent and -in-
dependent cells obtained from Y. enterocolitica serotype 0:3
were grown on TSA-DS at 37°C, washed 10 times with saline
to remove any loosely attached surface components, and
suspended in 20 mM N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid (HEPES; pH 7.5)-S5 mM MgCl2. The
cells were disintegrated in an MSK-Braun cell homogenizer,
glass beads and unbroken cells were removed by low-speed
centrifugation, and the cell envelope and cytosol fractions
were separated by ultracentrifugation (85,000 X g, 6 h) as
described before (21). The cell envelope was fractionated
further by sequential detergent extraction, first with
Sarkosyl by the method of Filip et al. (11) and then with
sodium dodecyl sulfate (SDS; 1% SDS in 10 mM Tris
hydrochloride [pH 7.5], 5 min, 100°C).

Analytical and immunological methods. Total carbohy-
drates and protein were determined by standard methods (9,
18). SDS-polyacrylamide gel electrophoresis was performed
in the discontinuous buffer system of Laemmli (17). Molec-
ular weight standards were bovine serum albumin (67,000
[67K]), Escherichia coli B porin (38K), soybean trypsin
inhibitor (21K), and lysozyme (14K). Western blots were
performed by the method of Towbin et al. (28) at 250 mA for
8 h. Antigen bands were detected after incubation first with
the corresponding antisera and then with peroxidase-
conjugated sheep anti-rabbit immunoglobulin G (Nordic
Laboratories). 4-Chloro-1-naphthol (E. Merck AG) was used
as the substrate (13).

Immunoelectrophoresis was performed in Noble agar
(Difco Laboratories) by using barbital buffer (pH 8.6) with or
without 2% Triton X-100 in both the reservoirs and the gel.
Indirect hemagglutination with lipopolysaccharide (LPS)
was performed as described elsewhere (8). LPS was ob-
tained by the method of Westphal et al. (31) from Y.
enterocolitica 0:3 grown in Trypticase soy broth (BBL) at
260C.

Protein A-containing staphylococci (Staphylococcus au-
reus Cowan 1 [ATCC 12598]) were produced and stabilized
as described by Kronwall (16). A 1-ml sample of a 10%
(vol/vol) cell suspension was coated with antibodies by
incubation for 3 h at room temperature with 0.2 ml of
undiluted serum from rabbits immunized with CREX-Ag
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TABLE 1. Distribution of the 24,000-Da exocellular antigen
among Y. enterocolitica serotypes and other Yersinia species

Species and strain (source)a Serotype C-Ag

Y. enterocolitica
WA (Alonso) 0:8* +
WA/ETBR (Doyle)' 0:8 +
Y7N (Doyle)d 0:8 +
3-89 (Dorronsoro) 0:3b +
9 (Bottone) 0:3b +
9B (Bottone)e 0:3 +
6249-1 (Aulisio) 0:4,32b +
E659 (Doyle) 0:5, 27/2 +
148-69 (Ahvonen) 0:9b +
WC-188 (Aulisio) 0:21'b +
5629 (Dfaz) 0:5 -

79/Y (Prats) 0:5 -

2387 (Diaz) 0:5,27/1 -

685-C (Prats) 0:7,8 -

81-Y (Prats) 0:13 -

Y. frederiksenii 867 (Brenner) 0:16 -

Y. kristensenii 103 (Brenner) 0:12 -

Y. intermedia 955 (Brenner) 0:17 -

Y. pseudotuberculosis PB1/ + (Brubaker) IB -

Y. pestis KIM (Brubaker) mediaevalis -

a Sources are fully identified in the text.
bStrains of Y. enterocolitica from which Ca2+-dependent and -independent

cells were obtained and tested.
C Plasmid-cured derivative of WA.
d Plasmid-cured derivative of Y7P.
e Plasmid-cured derivative of strain 9.

treated with periodate. Coagglutination tests were per-
formed as described elsewhere (24).

Antiserum production. All antisera used were raised in
rabbits. Antisera to Ca2+-dependent living cells (serotypes
0:3 and 0:8), grown on TSA at 26°C, were prepared by
repeated injection with 107 viable cells at weekly intervals
(once subcutaneously, then twice intramuscularly, and then
twice intravenously). Antisera to Ca2+-independent cells
were obtained likewise. In every case, the animals were bled
1 week after the last injection.

Antisera to acetone-killed Ca2+-dependent serotype 0:3
cells grown on TSA at 26°C were obtained after four weekly
intramuscular injections of 5 mg of cells in Freund incom-
plete adjuvant.
Two different antigenic preparations were used to obtain

antibodies to the C-Ag. One lot of animals was injected
intramuscularly with the CREX-Ag of Y. enterocolitica 0:3
grown on TSA-DS at 37°C (1 mg in Freund incomplete
adjuvant per animal), and the injection was repeated 1 week
later. The second lot of animals was immunized likewise, but
the CREX-Ag had been treated previously with periodate as
described by Hurvell and Lindberg (15) to destroy the O
antigenic determinants of LPS.

RESULTS
The immunoelectrophoretic analysis of the CREX-Ag of

Y. enterocolitica 0:3 grown on TSA-DS showed two main
antigenic components with sera from rabbits infected with
homologous cells (Fig. 1, well B, trough 1). The component
corresponding to the cathodic precipitin line was sensitive to
periodate oxidation and was amphiphilic, as shown by its

FIG. 1. Immunoelectrophoresis of Y. enterocolitica 0:3 anti-
gens. Troughs: 1, serum to homologous Ca2"-dependent viable
celis; 2, serum to homologous Ca2'-dependent acetone-kiiled celis
grown at 260C; 3, serum to heterologous Ca2'-dependent viable
celis. Antigen preparations: A, homologous LPS; B, CREX-Ag
(TSA-DS, 370C); C, same CREX-Ag preparation but treated with
periodate; D, penodate-treated LPS.

sensitivity to the presence of Triton X-100 in the gel (Fig. 2,
well B). Water-phenol-extracted LPS also showed cathodic
mobility (Fig. 1, well A) and was sensitive to periodate
oxidation (Fig. 1, well D) and to the presence of the
detergent in the gel (Fig. 2, well A). The cathodic precipitin
line was detected by the homologous sera (Fig. 1, well B,
troughs 1 and 2) but not by the heterologous sera (Fig. 1, well
B, trough 3), regardless of the growth conditions of the cells
used to obtain the CREX-Ag. Moreover, it gave a line of
total identity with the homologous LPS (data not shown).

In contrast, the precipitin line of anodic mobility was

B^1
..,. +

2
FIG. 2. Triton X-100 immunoelectrophoresis of LPS (well A)

and CREX-Ag of Y. enterocolitica 0:3 (TSA-DS, 370 [well B]).
Trough 1, serum to Ca2+-dependent viable homologous cells; trough
2, serum to Ca2+-dependent viable heterologous (0:8) cells.
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detected with sera from rabbits infected with either homol-
ogous or heterologous cells (Fig. 1, well B, troughs 1 and 3)
but not by sera from rabbits immunized with acetone-killed
cells grown at 26°C (Fig. 1, well B, trough 2). This compo-
nent was detected regardless of the presence of Triton X-100
in the gel (Fig. 2). Also, periodate treatment under the
conditions that destroyed the cathodic component had only
a moderate effect on the shape of the precipitin line (Fig. 1,
well C). This component was termed the C-Ag.
The presence of the components described above in the

CREX-Ag of Y. enterocolitica 0:3 grown under different
conditions was examined by immunoelectrophoresis with
sera of rabbits infected with either C2`-dependent or
-independent cells from both serotypes. The results (Table 2)
showed that the C-Ag was synthesized only at 37°C and with
glucose and sucrose. Under those conditions, both Ca2+-
dependent and -independent isogeneic cells produced the
C-Ag. The C-Ag was also synthesized upon transferring cells
grown at 26°C to TSA-DS and incubation at 37°C.
The CREX-Ag of Y. enterocolitica 0:3 grown on TSA-DS

at 37°C contained carbohydrate (35%) and protein (59%).
SDS-polyacrylamide gel electrophoresis analysis (Fig. 3)
showed that all the preparations developing the C-Ag
precipitin line contained a major band that was stained by
Coomassie blue. The apparent molecular weight of this band
was 24,000. The same analysis showed that some of the
preparations that had not been ultracentrifuged contained
minor additional lines (for example, Fig. 3, lane 8) not
detected in preparations from other strains.
To obtain a serum specific for the C-Ag (anodic line),

rabbits were immunized with either the CREX-Ag from Y.
enterocolitica 0:3 grown on TSA-DS at 37°C or with the
same preparation treated with periodate. Whereas the first
serum developed both the LPS and the C-Ag precipitin lines,
the second developed only the latter (Fig. 4). The titers of
these sera in the indirect hemagglutination test with the
homologous LPS were 1:16,384 and less than 1:8, respec-
tively.
With the specific serum, Western blot analysis showed

conclusively the identity between the 24,000-Da protein and
the C-Ag (Fig. 5, lanes 1 and 2). Also, coagglutination with
this serum confirmed that the 24,000-Da protein was present
only in CREX-Ag preparations of cells grown at 37°C on
TSA-DS.

Absorption experiments with whole living cells confirmed
that the antigen was present on the cell surface. Both
coagglutination and gel precipitation became negative after
absorption with cells of the representative strains of
serotypes 0:3 and 0:8 grown on TSA-DS at 37°C but not
with cells of the same strains grown on either TSA-DS at
26°C or TSA at 37°C.

It has been reported (2, 5, 19, 22, 23, 26) that in virulent Y.

TABLE 2. Results of immunoelectrophoretic analysis of the
CREX-Ag obtained from Y. enterocolitica 0:3

Antigenic components synthesized in the

Serum serotype following medium at the indicated temp:
(infecting cells)Y TSA-DS TSA

37°C 26°C 37°C 26°C

0:3 (Dep.) C-Ag/LPS LPS LPS LPS
0:3 (Ind.) C-Ag/LPS LPS LPS LPS
0:8 (Dep.) C-Ag
0:8 (Ind.) C-Ag
a Dep., Ca2+-dependent cells; Ind., Ca2+-independent cells.

1 2 3 4 5 6 7 8
67>

38.

21>

14>
FIG. 3. SDS-polyacrylamide gel electrophoresis of Y. enteroco-

litica CREX-Ag from cells as follows. Lanes: 1, serotype 0:3
Ca2+-dependent cells grown on TSA-DS at 37°C; 2, 0:3 Ca2+-
independent cells grown on TSA-DS at 37°C; 3, 0:3 Ca2+-dependent
cells grown on TSA-DS at 26°C; 4, 0:3 Ca2+-dependent cells grown
on TSA at 37°C; 5, 0:8 Ca2+-dependent cells grown on TSA-DS at
37°C; 6, 0:5,27/1 Ca2+-independent cells grown on TSA-DS at 37°C;
7, 0:9 Ca2+-dependent cells grown on TSA-DS at 37°C; 8, 0:5/27,2
Ca2+-independent cells grown on TSA-DS at 37°C. Molecular
weight markers (x 103) are shown at the left.

enterocolitica some outer membrane proteins are expressed
at 37°C but not at 26°C. Although the water solubility of the
24,000-Da protein did not support the possibility of its being
an outer membrane protein, we investigated its presence in
the cell envelope. Neither the Sarkosyl-soluble proteins nor
the Sarkosyl-resistant, SDS-solubilized fraction contained a
24,000-Da band that could be detected by Western blot.
Likewise, the C-Ag could not be detected in the cytosol
fraction by similar methods. In contrast, coagglutination
with the 24,000-Da-protein monospecific serum and either
whole live cells or acetone-killed cells grown at 37°C on
TSA-DS was positive, demonstrating that the antigen was on
the cell surface. However, when the cells were washed with
saline, the C-Ag was found in the washings, and coaggluti-
nation with the cells became negative after the fifth washing.
The presence of the C-Ag on the cells of other serotypes

and species of Yersinia was studied by coagglutination with
the monospecific serum, and the results were confirmed in
every case by immunoelectrophoresis and Western blot of
the corresponding CREX-Ags (Table 1). Only the serotypes

FIG. 4. Immunoelectrophoresis of CREX-Ag from Y. enteroco-
litica 0:3 grown on TSA-DS at 37°C. Sera were from rabbits
immunized as follows: 1, with CREX-Ag; 2, with periodate-treated
CREX-Ag.
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FIG. 5. Western blot analysis of Y. enterocolitica 0:3 prepara-
tions. Lanes: 1, TSA-DS at 37°C with serum to viable homologous
cells; 2, same preparation as in lane 1 but with serum to periodate-
treated CREX-Ag; 3, supernatant of Trypticase soy broth Q77C)
with serum to viable homologous cells; 4, supernatants of Trypti-
case soy broth (37°C) with serum to periodate-treated CREX-Ag.

associated with enterocolitis produced the C-Ag. In con-

trast, the serotypes isolated from normal stools, as well as
other species of Yersinia, did not produce the C-Ag. In all
positive serotypes, the C-Ag was synthesized only on TSA-
DS at 37°C.
The results described above were obtained with cells

grown on solid media. When the same strains were grown in
broth, the C-Ag was not found on the cell surface or in either
the cell envelope or the cytosol fraction, regardless of the
presence of sugars and of the incubation temperature. Like-
wise, coagglutination, immunoelectrophoresis, and Western
blots of the supernatants of the growth medium, concen-
trated by lyophilization, were negative for the presence of
the C-Ag (Fig. 5, lanes 3 and 4).

DISCUSSION
The CREX-Ag of Y. enterocolitica 0:3 contained two

main antigenic components. The component of cathodic
mobility was amphiphilic, sensitive to periodate, detected by
homologous but not by heterologous sera, and produced
under all growth conditions tested. It was identified as LPS.
In contrast, the anodic component was not sensitive to either
Triton X-100 or periodate and was produced only at 37°C on
a solid medium with sucrose and glucose. Both homologous
and heterologous cells, either Ca2+-dependent or

-independent, produced the C-Ag under these conditions.
The C-Ag was also synthesized in vivo, because specific
antibody was produced when rabbits were inoculated with
viable cells grown at 26°C but not by immunization with
acetone-killed cells grown at the same temperature. This
cannot be due to the effect of the acetone on the C-Ag,
because the antigen was detected on acetone-killed cells
grown at 37°C on TSA-DS but not on living cells grown at
26°C. On the other hand, that observation indicates that
when injected into the experimental animal, the cells start
synthesizing the C-Ag because of the rise in temperature.

This interpretation is consistent with the fact that in vitro the
C-Ag was produced on TSA-DS only when the temperature
was shifted from 26 to 37°C.
The C-Ag was detected in the washings of the cells but not

in either the cytoplasmic or the cell envelope fractions, and
it was identified as a soluble protein of 24,000 Da. This
protein is unlikely to be the temperature-dependent antigen
of Doyle et al. (10). This conclusion is supported by the
following lines of evidence. First, in contrast to the
24,000-Da protein, the antigen of Doyle et al. is not produced
by the plasmid-cured strains WA/ETBR and Y7N. Second,
whereas the antigen described by Doyle et al. (10) is pro-
duced by cells grown in broth, the C-Ag described here was
produced only on solid media. Third, it was shown recently
(6) that the synthesis of the antigen of Doyle et al. is
associated with the presence of a 42.2 + 1.1-MDa plasmid,
and, as indicated above, both WA/ETBR and Y7N are
plasmid cured. Furthermore, both Ca2+-dependent and
-independent cells produced the C-Ag, and it is known that
Ca2+ requirements are related to a 42.2 ± 1.1-MDa plasmid
(12).
Because the 24,000-Da protein could not be detected in the

cell envelope fraction, it is also different from the tempera-
ture- and plasmid-dependent outer membrane proteins de-
scribed by other researchers (2, 5, 19, 22, 23, 26).
The 24,000-Da protein was produced on solid media with

metabolizable sugars but could not be produced in broth.
Although we have no data to support it, a possible explana-
tion is that the sugars are required for the synthesis of some
sort of glycocalyx or other surface structure containing
polysaccharide, for it is known that glycocalyx structures
are seldom produced in liquid media (7). In turn, such a
structure would be necessary for the 24,000-Da protein to be
expressed and retained on the cell surface. In fact, our
results suggest some kind of loose association between the
C-Ag and the LPS, a major surface structure, because both
sediment together upon ultracentrifugation despite their
widely different molecular weights.
Our results also show that the Y. enterocolitica serotypes

0:3, 0:8, 0:9, 0:4,32, 0:5,27/2, 0:21 (1, 20, 27), and 0:13,7
(1), all associated with enterocolitis, produced the C-Ag. In
contrast, the Y. enterocolitica serotypes 0:5, 0:5,27/1,
0:1,6, 0:7,8, and 0:13 isolated from normal feces or from
feces from which other enteropathogenic bacteria had been
isolated and the representative strains of other species did
not synthesize the C-Ag.

It is interesting to note that the C-Ag was produced by
strain E659 serotype 0:5,27/2 but not by strain 2387 serotype
0:5,27/1. Although strain E659, originally reported as Ca2+
independent (25), could be an avirulent isogenic derivate, the
strains of serotype 0:5,27 biotype 2 have been consistently
associated with enterocolitis (30). In contrast, strain 2387
serotype 0:5,27 belongs to biotype 1, which is considered
nonpathogenic for humans (20).

Altogether, our observations suggest that the C-Ag is
related to the ability to produce enterocolitis. However, the

*fact that Ca2+-independent cells were able to produce it
indicates that the C-Ag cannot be the only virulence factor.
It will be necessary to investigate the biological properties of
the C-Ag to identify precisely its role in the pathogenicity of
Y. enterocolitica.
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