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INTRODUCTION

Previous chemical studies allowed elucidating the
structures of the LPS core regions of twenty-one P. pen-
neri strains [11–15]. Those data showed a greater struc-
tural variability in the LPS core regions than that
observed in other Enterobacteriaceae [3]. It is worth
mentioning that even one P. penneri strain can be char-
acterized by possessing a few structural variants of the
LPS core region [15]. Such a huge structural hetero-
geneity of the LPS core region of P. penneri strains, its
immunogenic properties, and the small amount of pub-
lished data concerning the serological activity of this

part of LPS encouraged us to find out which fragment of
the LPS core region of P. penneri may be responsible for
its reaction with antibodies. The results of immuno-
chemical studies conducted before enabled the identifi-
cation of two fragments in the core region of other
Proteus species which react as epitopes: the amide of
galacturonic acid with L-lysine located in the core region
of the P. mirabilis O28 and R14 LPSs and 
N-(L-alanylamino)-4,6-dideoxy-β-D-glucose in the core
part of the LPSs of P. mirabilis O6 and P. vulgaris TG103
[5, 8]. These fragments were determined by use of poly-
clonal antisera containing antibodies against both the
O-polysaccharide and the core region. The existence of
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O-polysaccharide-specific antibodies in such antisera
can influence the cross-reactivity of core-specific anti-
bodies and may not demonstrate the real serological
activity of the core region of the lipopolysaccharide
(LPS). In this paper we report on serological studies
performed with two different kinds of sera against
P. penneri 8 containing only core-specific antibodies.
The application of this material allowed a more precise
determination of which fragment of the P. penneri 8 LPS
core region may react with specific antibodies.

MATERIALS AND METHODS

Bacterial strains

P. penneri 8 (O67) was a clinical isolate from the
urine of a patient with bacteriuria in Missouri (USA).
This strain and 26 others, i.e. P. penneri 1 (O72a), 2
(O66), 4 (O72a,b), 7 (O61), 11 (O58), 12 (O58), 13
(R form), 14 (O59), 15 (O52), 16 (O17), 17 (undefined
O-serogroup), 18 (O17), 19 (O64a,b,c), 22 (O63), 25
(O69), 26 (O31a), 27 (O64a,b,c), 28 (O31a,b), 31
(O19a,b), 34 (O65), 37 (R form), 39 (O64a,b,d), 40
(O64a,b,d), 41 (O62), 42 (O71), and 44 (R form), were
kindly provided by Prof. D. J. Brenner, Centers for
Disease Control and Prevention in Atlanta (USA).
P. penneri 60 (O70), 63 (O68), and 75 (O73a,c) were iso-
lated from the urine of patients with bacteriuria in a hos-
pital in £ódŸ and, along with P. penneri 71 (O64a,c,e) and
the R110 mutant of P. mirabilis S1959, they belong to the
collection of the Department of General Microbiology,
University of £ódŸ, Poland. The other strains and their
contributors were: P. penneri 47 (O59) by Dr. E. Falsen,
Department of Clinical Bacteriology, Göteborg
(Sweden); P. penneri 77 (O65) and 93 (O67) by Dr. B.
Senior, Department of Medical Microbiology in Dundee
(UK); P. penneri 103 (O73a,b), 104 (O61), 107 (O8), 112
(O8) and P. penneri 124 (R form) by Dr. B. Holmes,
Central Public Health Laboratory in London (UK); and
P. penneri 133 (O61) by Dr. G. Giammanco, Institute of
Hygiene and Prevention Medicine in Catania (Italy).

Cultivation of bacteria, isolation, 
and saponification of the LPSs

The bacteria were grown under aerobic conditions in
liquid nutrient broth containing 1% glucose (BTL, £ódŸ,
Poland), then killed with phenol, centrifuged, washed
twice with water, and lyophilized in order to obtain dried
bacterial cells. Isolation of the LPS from the dried bac-
terial cells of the smooth or rough strains and saponifi-
cation of the LPS were performed according to proce-
dures described in detail elsewhere [2, 5, 16].

Degradation of LPS

The LPS was degraded by treatment with 1.5%
acetic acid at 100°C for 1 h to obtain a precipitate of

lipid A. The reaction mixture was centrifuged
(13,000×g, 20 min, 4°C) to separate lipid A from the
water-soluble carbohydrate portion, which was then
fractionated on Bio-Gel P-10 column (1.6×100 cm,
equilibrated with 0.05 M pyridine/acetic acid buffer, pH
5.6) [9]. The eluates were monitored with a Knauer dif-
ferential refractometer. The fractions were eluted,
freeze-dried, and checked by matrix-assisted laser-des-
orption/ionization time-of-flight mass spectrometry
(MALDI-TOF) run on a Kratos Kompact-SEQ instru-
ment [7].

Preparation of core oligosaccharide conjugate 
with diphtheria toxoid

The conjugation was performed by the method of
Jennings and £ugowski [4] based on reductive amina-
tion. Fractions containing the conjugate were concen-
trated by ultrafiltration up to 2 mg/ml of the product.

Immunization procedure and sources of the sera

Sera against the whole bacterial cells of P. penneri 8
and 34 were provided by the Department of General
Microbiology, University of £ódŸ. The anti-conjugate
serum was obtained by immunization of New Zealand
white rabbits in the foot pads with 50 µg of the conjugate
suspended in Freund’s complete adjuvant at days 0 and
21. Two weeks after administration of the last dose of
vaccine, the rabbits were bled [6].

Serological assays

The LPS samples were tested with rabbit antisera by
sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis and Western blot, enzyme-linked immuno-
sorbent assay (ELISA), or passive immunohemolysis
(PIH) with antisera absorbed with selected LPSs and
unabsorbed sera. All assays were carried out as previ-
ously described [8]. In PIH, sheep red blood cells were
sensitized with alkali-treated LPSs (64–128 µg/0.2 ml of
sheep red blood cells). Using the alkali-treatment
process for the preparation of antigens used in PIH or
absorption procedures is necessary because only LPSs
deprived of ester-bound fatty acids as a result of saponi-
fication with 0.25 M NaOH (2 h, 56°C) can easily sensi-
tize sheep red blood cells. The polystyrene microtiter
plates used in ELISA were coated with 200 ng LPS per
well. Antibody titers (the highest dilution of antiserum
giving optical density (OD)405≥0.2) were determined
three times for each system. In Western blot the antis-
era were diluted 1:100 in a dot-blot 10% skimmed milk
buffer.

Absorption procedure

Antiserum was diluted with veronal buffer (1:50)
and incubated with sheep red blood cells (0.2 ml) sensi-
tized with the respective alkali-treated LPSs (200 µg) for
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30 min in ice. Antibodies that bound to LPS were
removed from the antiserum by centrifugation. The
reactivities of the 2-fold serially diluted antisera were
tested using ELISA or PIH. In the latter test the anti-
serum titers were established as the last dilution of anti-
serum resulting in 50% hemolysis [8].

RESULTS AND DISCUSSION

In this paper the serological and epitope characteri-
zation of the P. penneri 8 LPS core region is presented.
In the first stage of this study, serum against whole cells
of the P. penneri 8 strain was absorbed with alkali-treat-
ed LPS of P. penneri 93, which has the same O-polysac-
charide structure as the P. penneri 8 antigen but their
core regions are serologically different [1]. The aim of
this procedure was to eliminate antibodies against 
O-polysaccharide from the tested antiserum and leave
only those directed against the core region of the LPS.
The absorption efficiency was checked by the Western
blot technique. The lack of ladder-like patterns referring
to the O-polysaccharide of P. penneri 93 LPS showed that
all the O-polysaccharide-specific antibodies were suc-
cessfully removed from the tested antiserum by the
absorption procedure (Fig. 1). In the further part of the
study this antiserum is referred to as anti-core serum.
The other antiserum used in this study was directed
against the core oligosaccharide of the P. penneri 8-diph-
theria toxoid conjugate (anti-conjugate serum).

Apart from the antisera, Proteus LPS samples were
used here as antigens. They were chosen on the basis of
results of serological studies performed earlier at the
Department of General Microbiology. Those investiga-
tions resulted in the preliminary division of 133 P. pen-
neri strains into nineteen groups differing in the sero-
logical activities of their LPS core regions [unpublished
data]. One to six representatives of each group were
selected for the isolation of LPSs to create a set of 40

P. penneri antigens used in this study. Additionally, LPS
from mutant R110 of P. mirabilis S1959 was added to
the set, which thus contained 41 antigens.

The reactivities of the anti-conjugate and anti-core
sera were tested by ELISA with all the mentioned LPS
preparations. In this assay, both antisera reacted with six
LPSs: P. penneri 8, 34, 133, 7, 14, and 15 (Table 1). Some
differences in reactivity of both antisera were observed.
The anti-core serum reacted with equal strength with
P. penneri 8, 34, and 133 LPSs and the reactions were
only a little weaker with the P. penneri 7, 14, and 15 LPS
samples. On the other hand, the anti-conjugate serum
reacted strongly with the LPSs of the first group, but
much more weakly with the second group of LPS prepa-
rations. Remarkably, only the anti-core serum reacted
weakly with the LPS of the rough P. penneri 13.

The dissimilarities in the reactivities of the two anti-
sera could be explained by the different compositions of
the immunoglobulin classes presented in these antisera.
The core oligosaccharide linked to the diphtheria toxoid
is a T-dependent antigen and induces the production of
anti-conjugate immunoglobulin G (IgG) but not the
production of immunoglobulin M (IgM). The use in
ELISA of Fc fragment-specific goat anti-IgG and anti-
IgM as the second antibodies enabled confirmation of
the proposed theory by detecting only IgG in the anti-
conjugate serum (antiserum titer in the homologous sys-
tem: 1:8000). In contrast, the application of the men-
tioned antibodies showed the presence of both
immunoglobulin classes (higher level of IgG: 1:8000 and
a lower level of IgM: 1:2000) in the anti-core serum.
This may explain the stronger reactions of this anti-
serum with P. penneri 7, 14, and 15 LPSs and the pres-
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Fig. 1. Western blot of P. penneri LPSs with serum against the 
P. penneri 8 LPS core region.

Table 1. Reactivity of antisera against: the P. penneri 8 LPS
core region and the core oligosaccharide of the P. penneri
8-diphtheria toxoid conjugate with Proteus penneri LPSs

LPS from Reciprocal titer for the LPS in
P. penneri strains ELISA

P. penneri 8 anti-core serum
P. penneri 8 16,000
P. penneri 34 16,000
P. penneri 133 16,000
P. penneri 7 8000
P. penneri 14 8000
P. penneri 15 8000
P. penneri 13 2000
P. penneri 8 anti-conjugate serum
P. penneri 8 8000
P. penneri 34 8000
P. penneri 133 8000
P. penneri 7 2000
P. penneri 14 2000
P. penneri 15 2000

Data for the homologous LPS are italicized.



ence of antibodies cross-reacting with P. penneri 13
which were not found in the anti-conjugate serum.

In Western blot, both the anti-conjugate and the
anti-core sera bound to low-molecular-mass LPS species
consisting of the core-lipid A moieties of P. penneri 8,
34, 133, 7, 14, and 15 LPS samples (Figs. 1, 2). As in
ELISA, only the anti-core serum reacted with P. penneri
13 LPS. It showed only a weak banding pattern. 

The absorption of both tested antisera with the respec-
tive P. penneri 8, 34, 133, 7, 14, and 15 LPSs followed by
ELISA completely abolished their reactivity with these
antigens. This suggests the presence of a common epitope
in the core region of all the mentioned LPSs. As the anti-
-core serum was the one that reacted with the LPS of
P. penneri 13, only this antiserum was absorbed with the
antigen in question. This absorption decreased the anti-
core serum titers with the LPSs of P. penneri 8, 34, 133
(from 16,000 to 4000) and 7, 14, and 15 (from 8000 to
2000), which suggested the presence of another type of
antibody in this antiserum cross-reacting with some frag-
ment of P. penneri 13 and other LPSs core regions used.

The data reported earlier by other authors [10] also
suggested the presence of a common fragment in the
P. penneri 8 and 34 core regions reacting as an epitope.
The identical serological activities of these LPSs
observed in the present serological study may also
demonstrate the structural identity of their LPS core
regions. This probably also refers to the P. penneri 133
LPS core region, which reacted identically to the P. pen-
neri 8 and P. penneri 34 antigens in all the assays. To ver-
ify these assumptions, an experiment with the serum
against whole cells of P. penneri 34 was conducted. At
first this antiserum was absorbed with the alkali-treated
LPS of P. penneri 78 strain, which has the same structure
of the O-polysaccharide chains as the homologous anti-
gen although the core regions of both LPSs are serio-
logically different [1]. This absorption resulted in an
antiserum containing only core-specific antibodies.

According to the serological data obtained in this
study, this antiserum reacted in the same way in ELISA
with the LPSs of P. penneri 8, 34, and 133 (antiserum
titer 1:8000; data not shown). As expected, in Western
blot this antiserum recognized fast-migrating bands
(restricted to the core-lipid A molecule) of the three
tested antigens. The LPS of P. penneri 78 was used here
as a control of O-polysaccharide-specific antibody elim-
ination from the antiserum (Fig. 3). 

The absorption of the core-antiserum against P. pen-
neri 34 with the LPSs of P. penneri 8, 34, and 133 fol-
lowed by PIH completely abolished its reactivity with
these antigens, and the results may confirm the previous
suggestions of the identity of the P. penneri 8, 34, and
probably 133 core regions (not shown data).

The main aim of the present investigation was to dis-
cover which fragment of the P. penneri 8 LPS core
region may be recognized by the antibodies and react as
an epitope as well. The results of the serological studies
carried out using anti-core and anti-conjugate sera
against P. penneri 8 referred to the known chemical
structures of the LPS core regions of P. penneri 8, 7, 14,
15, and 13 (Fig. 4A–E) indicated that this epitope may
be associated with the fragment α-GalNAc-(1→2)-α-
-DD-Hep-(1→6)-α-GlcN. It is located in the distal part
of the LPS core region of P. penneri 8, 7, 14, and 15. The
only strain that does not have this fragment in the LPS
core region is the rough P. penneri 13 strain (Fig. 4E).
The remaining part of the core region of this LPS that
could react with both tested antisera was identical in all
the tested antigens. Accordingly, the lack of an anti-con-
jugate serum reaction with the P. penneri 13 LPS both in
ELISA and Western blot suggests the existence of anti-
bodies in this antiserum which recognize only a common
epitope (Table 1, Fig. 2). Similarly, the antibodies
remaining in the anti-core serum after its absorption
with the LPS of P. penneri 13 probably reacted only with
this common fragment.
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Fig. 2. Western blot of P. penneri LPSs with serum against the core
oligosaccharide of P. penneri 8-diphtheria toxoid conjugate.

Fig. 3. Western blot of P. penneri LPSs with
serum against the P. penneri 34 LPS core
region.



The identical reactivity of the tested antisera with
the P. penneri 8, 34, and 133 LPSs in all the serological
assays also suggests the existence of the same epitope in
the core regions of the P. penneri 34 and 133 LPSs of
undefined core structure. 

Comparison of the results of the serological studies
with the well-defined core structures of P. penneri 8, 7,
14, 15 (Fig. 4A–D) also revealed that the glucose
residue linked to the epitope located in the core region
of the LPSs of P. penneri 7, 14, and 15 (Fig. 4B–D) and
absent from this part of the LPS of P. penneri 8 (and,
presumably, P. penneri 34, 133) (Fig. 4A) might weaken
the binding of antibodies by this common fragment.
Therefore, in ELISA both antisera (P. penneri 8 anti-
-conjugate and anti-core serum) reacted with the
homologous LPSs and P. penneri 34 and 133 antigens

more strongly than with the second group of LPS prepa-
rations (P. penneri 7, 14, 15) having the glucose residue
in their distal part of the LPS core region (Table 1).

Moreover, the structural and serological data sug-
gest that the glycine residue attached to α-GlcN of the
epitope located in the P. penneri 8 (and probably P. pen-
neri 34 and 133), 7, 14 LPS core regions (Fig. 4A–C)
might not influence the serological specificity of the
antigens in question. This is more likely because of the
fact that in the LPS core region of the mentioned anti-
gens, the amino group of the GlcN residue may be acy-
lated by 10–20% by a glycine residue [15]. This amino-
-acid residue was not found in the P. penneri 15 LPS core
region (Fig. 4D). In spite of this small difference
between the core region structures of the P. penneri 15
and P. penneri 8, 7, 14 (and probably P. penneri 34 and
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Fig. 4. General structures of the core-lipid A region of P. penneri 8 (A), 7 (B), 14 (C), 15 (D), and 13 (E) LPSs. The putative common epitope
in the P. penneri 8 (A), 7 (B), 14 (C), and 15 (D) core regions is indicated by an arc. Arap4N – 4-amino-4-deoxy-L-arabinopyranose, GalA –
galacturonic acid, GalNA – amides of GalA with aliphatic polyamines, GlcNGly – 2-deoxy-2-glycylamino-D-glucose, Hep – L-glycero-D-
-manno-heptose, DD-Hep – D-glycero-D-manno-heptose, Kdo – 3-deoxy-D-manno-oct-2-ulosonic acid, PEtn – 2-aminoethyl phosphate.

E. P. penneri 13 (R = Etn or H; R = R = or H
1 2 3

P � � � �-Hep-(1 2)- - -Hep or H; -GalNA )DD
13

A. P. penneri 8 (R =H)
3 14

� � � � � � � � � � � � � �-GalNAc-(1 2)- - -Hep-(1 6)- -GlcNGly-(1 4)- -GalA-(1 3)- -Hep6 Etn-(1 3)- -Hep-(1 5)- -Kdo-(2 6)-lipid ADD P

� � �-Hep-(1 2)- - -HepDD

R -(1 7)-
3 � �-Hep �-Kdo

�-Glc �-l-Ara 4Np

1
2

1

4

1

8

1
7 4

2

B. P. penneri 7 (R =H)
3 14

� � � � � � � � � � � � � � � �-Glc-(1 4)- -GalNAc-(1 2)- - -Hep-(1 6)- -GlcNGly-(1 4)- -GalA-(1 3)- -Hep6 Etn-(1 3)- -Hep-(1 5)- -Kdo-(2 6)-lipid ADD P

� � �-Hep-(1 2)- - -HepDD

R -(1 7)-
3 � �-Hep �-Kdo

�-Glc �-l-Ara 4Np
1

2

1

4

1

8

1

7 4

2

D. P. penneri 15 (R =H)
3 14

� � � � � � � � � �-GalN-(1 4)- -GalA-(1 3)- -Hep6 Etn-(1 3)- -Hep-(1 5)- -Kdo-(2 6)-lipid AP

� � �-Hep-(1 2)- - -HepDD

R -(1 7)-
3 � �-Hep �-Kdo

�-Glc �-l-Ara 4Np
1

2

1

4

1

8

1

7 4

2

� � � � � � � � � � � � � � � �-Glc-(1 4)- -GalNAc-(1 2)- - -Hep-(1 6)- -GlcN-(1 4)- -GalA-(1 3)- -Hep6 Etn-(1 3)- -Hep-(1 5)- -Kdo-(2 6)-lipid ADD P

� � �-Hep-(1 2)- - -HepDD

R -(1 7)-
3 � �-Hep �-Kdo

�-Glc �-l-Ara 4Np
1

2

1

4

1

8

1

7 4

2

C. P. penneri P14 (R = Etn or H; R = R = or H
1 2 3� � � �-Hep-(1 2)- - -Hep or H; -GalNA )DD

14

� � � � � � � � � � � � � � � �-Glc-(1 4)- -GalNAc-(1 2)- - -Hep-(1 6)- -GlcNGly-(1 4)- -GalA-(1 3)- -Hep6 Etn-(1 3)- -Hep-(1 5)- -Kdo-(2 6)-lipid ADD P

� � �-Hep-(1 2)- - -HepDD

R -(1 7)-
3 � �-Hep �-Kdo

�-Glc �-l-Ara 4Np
1

2

1

4

1

8

1

7 4

2

R
2

R
2

R
2

R
2

R
2

R
1

R
1

R
1

R
1

R
1



133) LPSs, the P. penneri 8 anti-conjugate and anti-core
sera absorbed with P. penneri 15 LPS did not react with
any of the tested antigens, both those possessing and
those not possessing the glycine residue in the core
region. This finding might confirm that the common frag-
ment of the LPS core region responsible for the cross-
-reactivity of P. penneri 8 antisera is α-GalNAc-(1→2)-α-
-DD-Hep-(1→6)-α-GlcN without a glycine residue.
Establishing more numbers of similar epitopes may be
helpful in choosing appropriate R antigens for the prepa-
ration of a vaccine protecting against infections caused by
P. penneri 8 and other Proteus cross-reacting strains.
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