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Yersinia enterocolitica serotype 9 contained an antigenic component giving a
reaction of total identity with Brucella native hapten and polysaccharide B. This
component was present in a phenol-water extract (fraction 5; M. Redfearn, Ph.D.
Thesis, University of Wisconsin, Madison, 1960) along with the smooth lipopoly-
saccharide. The native hapten could be purified free of lipopolysaccharide and
proteins by gel filtration.

It has been shown that phenol-water extracts
(fraction 5; M. Redfearn, Ph.D. Thesis, Univer-
sity of Wisconsin, Madison, 1960) of smooth
Brucella spp. contain two different components
(6). The main one has been identified as the
smooth lipopolysaccharide (S-LPS) carrying
antigens A and M and exhibiting a variety of
biological activities (6, 12, 14). It is also respon-
sible for the antigenic cross-reactivity between
smooth Brucella spp. and Yersinia enterocoli-
tica serotype 9 (1, 7). The second component,
referred to as native hapten (NH), is a polysac-
charide and lacks altogether the properties usu-
ally associated with S-LPS (15). It seems to be
identical to polysaccharide B (PB) prepared
from Brucella melitensis 115 rough cells (5).
We have previously reported that phenol-

water extracts (fraction 5) of Y. enterocolitica
serotype 9 could remove the precipitins for both
NH and PB of Brucella spp. from sera of cattle
infected with Brucella abortus (4). These results
suggested that Y. enterocolitica serotype 9 could
contain a component with antigenic determi-
nants common to those in NH and PB. In the
present study, we show that fraction 5 of Y.
enterocolitica serotype 9, in addition to the S-
LPS, contains a second component immunologi-
cally indistinguishable from either NH or PB of
Brucella spp. This component can be purified
free of S-LPS and proteins.

Fraction 5 was prepared from B. melitensis
16M and Y. enterocolitica serotype 9 (strain
MY79) by the phenol-water extraction method
developed for Brucella spp. by M. S. Redfearn
and described by Baker and Wilson (2). PB was
extracted with 0.5% trichloroacetic acid (TCA)
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from cells of rough B. melitensis 115 as de-
scribed by Dfaz et al. (5). NH of Y. enterocoli-
tica serotype 9 was prepared by the method
described for the extraction of NH from B.
melitensis 16M (9). Briefly, cells were suspend-
ed in distilled water, autoclaved at 121°C for 30
min, cooled, and removed by centrifugation
(12,000 x g, 30 min at 5°C). The supernatant of
this centrifugation was precipitated with 3 vel-
umes of ethanol at 5°C for 18 h with continuous
stirring. The resulting precipitate was removed
by centrifugation, and the supernatant was pre-
cipitated further with 2 additional volumes of
ethanol. The precipitate formed after this second
ethanol addition constituted the crude NH. Ini-
tial purification of crude NH was achieved by
gel filtration on Bio-Gel P300 (100 to 200 mesh).
The crude NH (50 mg) was dissolved in borate
buffer, pH 8.3, applied to a column (2.8 by 89
cm) and eluted at 20 mi/h with the same buffer.
Fractions (1 ml) were collected and monitored
by double-gel diffusion against serum from a
cow infected with B. abortus. Antigen activity
was found in fractions 143 to 148 and 228 to 353.
Those fractions corresponding to the void vol-
ume (143 to 148) were pooled (peak 1), dialyzed,
and lyophilized. The yield of lyophilized materi-
al was about 0.3 mg. Fractions from 228 to 353
(peak 2) were also pooled, dialyzed, and lyophi-
lized. The yield of antigen was 29 mg.

Protein was determined by the method of
Lowry et al. (13), using bovine serum albumin
(Sigma Chemical Co.) as a standard. The meth-
od of Warren (16) was used to determine 2-keto-
deoxyoctonate (KDO) with appropriate mix-
tures of KDO and deoxyribose as standards
(Sigma). Sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis was carried out as
described by Laemmli (11), and gels were
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FIG. 1. Immunodiffusion analysis of phenol-water
extracts (fraction 5) of Y. enterocolitica serotype 9
(well y) and B. melitensis 16M (well b).

stained with Coomassie blue. Double immuno-
diffusion was performed in 1% agarose in borate
buffer, pH 8.3, with or without 10% NaCl. Sera
from infected cattle were obtained as previously
described (5).
When the fraction 5 of Y. enterocolitica sero-

type 9 was examined by double-gel diffusion in
gel without 10% NaCl and sera from infected
cattle, only one precipitin line was formed. This
line, which corresponded to the S-LPS, gave a
reaction of partial identity with the S-LPS of
smooth Brucella spp. These results confirm pre-
vious reports of several authors who have dem-
onstrated by gel immunodiffusion that smooth
Brucella spp. and Y. enterocolitica serotype 9
share antigenic determinants in their S-LPS (3,
7, 10). However, when a gel containing 10%
NaCl was used for immunodiffusion analysis, a
second component giving a reaction of identity
with both PB and NH of Brucella spp. was
observed (Fig. 1). These results indicate that a
component equivalent to Brucella NH and PB
was present in the Y. enterocolitica serotype 9
S-LPS preparation obtained by the phenol-water
method, and, as it happens with Brucella NH
and PB, the detection of this second component
with most bovine sera is enhanced with 10%
NaCl in the immunoprecipitation buffer (5). The
reason for this NaCl requirement is not at pres-
ent well understood but it has been shown (8)
that bovine immunoglobulin G1 reacts better
with antigen in hypertonic media.
Crude NH of Y. enterocolitica serotype 9 was

fractionated on a Bio-Gel P300 column, and two
peaks were obtained, the first one being eluted
in the void volume. When the individual peaks
were analyzed by double immunodiffusion in the
gel with 10% NaCl, peak 1 developed a precipi-
tin line that gave a reaction of total identity with
Y. enterocolitica S-LPS. In contrast, the second
peak formed a line of precipitation that gave a
reaction of total identity with the NH and PB of
Brucella spp. and the NH present in fraction 5 of
Y. enterocolitica and Brucella spp. (Fig. 2).

FIG. 2. Immunodiffusion of phenol-water extracts
(fraction 5) (well a) of Y. enterocolitica serotype 9
reacted with sera from cattle (central well). Well b
contained NH of Y. enterocolitica serotype 9, well c
contained NH of B. melitensis 16M, and well d con-
tained PB of B. melitensis 115.

The results of chemical analysis of Y. entero-
colitica NH (peak 2) showed that no S-LPS was
present as judged by KDO measurements and
immunodiffusion analysis, although 22.9% of the
protein was still in it.
Once the results of the chemical analysis were

known, the second peak was further treated with
TCA as follows. The dried material was sus-
pended in distilled water (2 mg/ml), and TCA
was added to a final concentration of 30%. The
precipitate formed was discarded, and the super-
natant was dialyzed and lyophilized. The final
yield varied from 40 to 60% when referred to the
weight of the starting material. After precipita-
tion with TCA, the NH was free of contaminat-
ing proteins as determined by chemical analysis
and sodium dodecyl sulfate-polyacrylamide gel
electrophoresis.
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