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a b s t r a c t

Uruburuella suis is a novel species isolated from lungs and heart of pigs with pneumonia and pericarditis.
Phenotypic and phylogenetic evidences showed that it represented a hitherto unknown subline within
the family Neisseriaceae. In the present work we defined the whole structure of the LPS isolated from
Uruburuella suis. The structural determination, which was achieved by chemical, spectroscopic and spec-
trometric approaches, indicates a novel rough type lipopolysaccharide rich in negatively charged groups
in the lipid A-inner core region. The elucidation of the structural features of the LPS from Uruburuella suis
is a first step toward the comprehension of the characteristics of the cell envelope in such new and inter-
esting microorganisms.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Lipopolysaccharides1,2 are heat-stable complex amphiphilic
macromolecules indispensable for the growth and the survival of
Gram-negative bacteria, for the correct assembly of the external
membrane and the right positioning of porins. The very low fluid-
ity of the highly ordered structure of the LPS monolayer contrib-
utes to form a defensive barrier which helps the bacteria to resist
antimicrobial compounds and environmental stresses. LPS are also
called endotoxins because they are cell-bound and, once released,
can play a key role in the pathogenesis of Gram-negative infections
in both plant and animal hosts,3 in which they trigger the activa-
tion of both the innate and adaptative immune systems.

Lipopolysaccharides are composed of three distinct domains: a
hydrophilic polysaccharide, the O-specific chain, covalently linked
to an oligosaccharide named core which in turn is connected to the
glycolipid portion, the lipid A. In the core oligosaccharide, inner
and outer regions are usually distinguished: the inner core, proxi-
mal to the lipid A, consists of peculiar monose residues like hep-
toses and an acidic sugar termed Kdo (3-deoxy-D-manno-oct-2-
ulosonic acid) which is a marker of LPS together with 3-OH fatty
acids. The inner core region can be decorated with negatively
charged substituents, often present in not stoichiometric amounts,

like phosphate (P), pyrophosphate (PP), pyrophosphorylethanol-
amine (PPEtN), phospho-arabinosamine (PAra4N), and uronic acids
(as GalpA). The outer core region is more variable and is usually
composed by hexoses. Bacteria can also biosynthesize LPS without
O-specific chain and in this case LPS is defined of R-type (rough
type) or lipooligosaccharide (LOS) and confers a rough appearance
to the colony morphology. The lipid A4,5 is a vital component of the
microbial metabolism and has crucial functions of protection and
defense, acting as a strong stimulator of the innate immune sys-
tem. Lipid A is the less variable portion of LPS and possesses a
rather conservative structure usually consisting of a b-(1?6) disac-
charide backbone usually consisting of glucosamine, phosphory-
lated at positions 1 and 40 and acylated with 3-hydroxy fatty
acids at positions 2 and 3 of both GlcNs via amide and ester link-
age. These acyl chains, defined primarily because they are directly
linked to the sugar backbone, are further acylated to their hydroxy
groups by secondary acyl moieties. Kdo, or derivative of this sugar,
is linked to the vicinal glucosamine of lipid A backbone at the
primary function at position 60.

Uruburuella suis has been isolated from lungs and heart of pigs
with pneumonia and pericarditis.6 Phenotypic and phylogenetic
evidences showed that the new unidentified strain represented a
hitherto unknown subline within the family Neisseriaceae, a family
of Gram-negative, parasitic bacteria including several important
human pathogens. The understanding of the molecular mecha-
nisms involved in the inflammatory process requires the knowl-
edge of the structure of the bacteria derived inflammatory
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molecules, and among these LPS plays a key role. No structural
data are so far available for LPS structure for such a new species.
Moreover, the LPS structural characterization is the first step to
the design of antimicrobial compounds and therapeutic strategies.
These considerations, together with the intrinsic interest derived
from its nature of clinical isolate belonging to a new species and
genus within the Neisseriaceae family, prompted us to start the iso-
lation of the pure LPS molecules to determine the whole structure.

2. Results

2.1. Isolation and compositional analysis of LPS isolated from
Uruburuella suis

LPS fraction was extracted from and analyzed by SDS electro-
phoresis. The isolated and purified LPS was found to have the typ-
ical run to the bottom of the gel as R-type LPS (LOS).

The compositional analysis of the isolated LOS revealed the
presence of L-Rha, D-GlcN, D-Glc, L-glycero-D-manno-heptose (L,D-
Hep), 3-deoxy-D-manno-oct-2-ulopyranosonic acid (D-Kdo). Meth-
ylation analysis revealed the presence of terminal Rha, 2,3-substi-
tuted Rha, 3,4-substituted Hep, 2,3,7-substituted Hep, terminal
Hep, 4-substituted Glc, terminal Glc, terminal GlcN, 6-substituted
GlcN, 4,5-substituted Kdo, terminal Kdo. Furthermore, at high
retention time a heptose disaccharide Hep-(1?7)-Hep was found
(Fig. 1).

Fatty acids analysis revealed the presence of (R)-3-hydroxytet-
radecanoic (C14:0(3-OH)) in amide linkage and (R)-3-hydroxydo-
decanoic (C12:0(3-OH)) acid and dodecanoic acid (C12:0) in ester
linkage.

In order to achieve the primary structure of the core portion of
Uruburuella suis, LOS was fully de-acylated to obtain an oligosac-
charide fraction OS that, by gel-permeation chromatography, was
further purified. The compositional analysis of the isolated OS con-
firmed the presence of the sugar residues found in the intact LOS
fraction.

2.2. Structural characterization of OS product

The 1H NMR spectrum of OS is shown in Figure 2. A combination
of homo- and heteronuclear 2D NMR experiments (DQF-COSY,
TOCSY, ROESY, 1H–31P, 1H–13C HSQC and 1H–13C HMBC) was exe-
cuted in order to assign all the spin systems of OS and the mono-
saccharide sequence. In the anomeric region of the 1H NMR
spectrum (Fig. 2) 11 anomeric signals were identified (A–M, Table
1, Fig. 2a); furthermore, signals resonating at 1.80/2.04 and 1.69/
2.09 ppm were identified as the H-3 methylene protons of two
Kdo residues, K1 and K2. The anomeric configuration of each mono-
saccharide unit was assigned on the basis of the 3JH1,H2 coupling
constants obtained by the DQF-COSY and the intra-residual NOE
contacts observable in the ROESY spectrum, whereas the
values of the vicinal 3JH,H coupling constants allowed the identifica-
tion of the relative configuration of each residue. The proton reso-
nances of all spin systems were obtained by DQF-COSY and TOCSY
spectra and were used to assign the carbon resonances in the HSQC
spectrum.

Residues A and B were both identified as composing the disac-
charide backbone of the lipid A. The gluco configuration was indi-
cated by high 3JH,H ring proton values (all around 8–10 Hz). In
details, residue A was plainly identified as the a-GlcN of lipid A
skeleton probed by the correlation of H-2 with a nitrogen bearing
carbon signal at 55.2 ppm, testifying its nature of amino-sugar
whose C-6 carbon signal, downfield shifted at 69.5 ppm, was proof
of glycosyl substitution at this position (Table 1). The high-field
shift of proton resonances of H-2 was indicative of the absence of
acylation at these positions. The chemical shifts values of H-1/C-
1, the low 3JH1,H2 coupling constant and the intra-residual NOE con-
tact of H-1 with H-2 were all in agreement with a-anomeric con-
figuration of A. Analogously, spin system B was identified as
GlcN; the HSQC spectrum showed the correlation of H-2 with
nitrogen bearing carbon signals; the high-field shift of proton res-
onances of H-2 was indicative of the absence of acylation. The
chemical shifts of H-1/C-1, the 3JH1,H2 coupling constant (8.0 Hz)
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Figure 1. Electron impact mass spectrum of the terminal Hep-(1?7)-Hep disaccharide isolated via methylation analysis; the structure and the main fragments are shown in
the inset.
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