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Abstract

Background: Helicobacter pylori (H. pylori) is a Gram-negative, microaerophilic bacterium that is recognized as a
major cause of chronic gastritis, peptic ulcers, and gastric cancer. Comparable to other Gram-negative bacteria,
lipopolysaccharides (LPS) are an important cellular component of the outer membrane of H. pylori. The LPS of this
organism plays a key role in its colonization and persistence in the stomach. In addition, H. pylori LPS modulates
pathogen-induced host inflammatory responses resulting in chronic inflammation within the gastrointestinal tract.
Very little is known about the comparative LPS compositions of different strains of H. pylori with varied degree of
virulence in human. Therefore, LPS was analyzed from two strains of H. pylori with differing potency in inducing
inflammatory responses (SS1 and G27). LPS were extracted from aqueous and phenol layer of hot-phenol water
extraction method and subjected for composition analysis by gas chromatography – mass spectrometry (GC-MS)
to sugar and fatty acid compositions.

Results: The major difference between the two strains of H. pylori is the presence of Rhamnose, Fucose and GalNAc
in the SS1 strain, which was either not found or with low abundance in the G27 strain. On the other hand, high
amount of Mannose was present in G27 in comparison to SS1. Fatty acid composition of lipid-A portion also showed
considerable amount of differences between the two strains, phenol layer of SS1 had enhanced amount of 3 hydroxy
decanoic acid (3-OH-C10:0) and 3-hydroxy dodecanoic acid (3-OH-C12:0) which were not present in G27, whereas
myristic acid (C14:0) was present in G27 in relatively high amount.

Conclusion: The composition analysis of H. pylori LPS, revealed differences in sugars and fatty acids composition between
a mouse adapted strain SS1 and G27. This knowledge provides a novel way to dissect out their importance in host-
pathogen interaction in further studies.
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Background
Helicobacter pylori (H. pylori) is the most common bac-
terial pathogen in the world, infecting approximately
50% of the world’s population [1]. It colonizes the
human stomach where it can persist for many years and
if left untreated resulting in the development of peptic
ulcer disease and gastric cancer [1–5]. Like other
Gram-negative bacteria, the cell wall of H. pylori is
composed of lipopolysaccharide (LPS). H. pylori LPS

is suggested to contribute to its pathogenicity by con-
tributing to colonization and persistence in the stom-
ach [6–8]. LPS is an important cellular component of
the outer membrane of Gram-negative bacteria, and
has three distinct components: the core oligosacchar-
ide, the lipid-A region, and the O-antigen [9]. The
core domain contains an oligosaccharide such as hep-
tose and attaches directly to the lipid-A region [10].
The lipid-A region generally consists of a phosphory-
lated glucosamine disaccharide surrounded by mul-
tiple hydrophobic fatty acid chains that help anchor
the LPS into the bacterium while allowing the rest to
protrude from the cell surface [11]. The O-antigen is
a glycan polymer and is the outer most section of the
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LPS structure [11]. LPS can exist with or without its
O-antigen side chains, making it smooth or rough
LPS, respectively [12]. Each component of the LPS
layer has its own unique function contributing to the
bacteria’s survival in the host. The LPS is known to
play an essential role in inducing the host’s activation
of cytokine release and increased inflammatory
response [9] thereby inducing a strong immune re-
sponse in the host. The O-antigen of H. pylori strains
has been reported to contribute to the virulence of
this pathogen [13]. H. pylori is able to imitate carbo-
hydrate structures present within the (host) human
blood cells, secretions and particularly epithelial cells by
incorporation of Lewis antigens into their O-chains [6]. In
fact, Lewis antigens are expressed in over 80% of
H. pylori strains tested [14].
There is a vast amount of structural diversity among

Gram-negative lipid-A species. This is due in large part
to the enzyme that modify the lipid A structure [15].
Previous reports have shown low immunological re-
sponse to H. pylori LPS when compared to other Gram-
negative bacteria such as Escherichia coli (E. coli) [16]
and Salmonella typhimurium [17]. This low level im-
munologic response to LPS may explain why H. pylori
infection is chronic lasting for decades [18]. There are
also unusually high levels of genetic variation among the
differing strains of H. pylori giving a varying degree of
associated pathologies [19]. Associated virulence factors
among the differing strains may also be attributed to the
geographic location to where the strain was first isolated
[20]. H. pylori strain G27, originally isolated from a pa-
tient at the Grosseto Hospital in Tuscany, Italy [21],
contains a cytotoxin- associated pathogenicity island
(cag-PAI) as well as the secreted vacuolating cytotoxin A
(VacA) both of which correlate with the more severe as-
sociated pathologies such as gastric cancer [19]. The
pathogenicity island is considered to be one of the major
determinants of virulence in the H. pylori strains [22]. In
addition, G27 is known to efficiently express Cag A [19,
21, 23, 24], which is a virulence factor associated with
increased risk of gastric cancer development [25, 26]. H.
pylori Sydney Strain 1 (SS1), originally isolated from pa-
tients with peptic ulcers in Sydney, Australia [27] is a
mouse-adapted strain that has a non-functional type IV
secretion system (T4SS) [28] resulting in inability to se-
crete Cag A in epithelial host cells [29]. Epidemiologic
studies have long reported strong association between
secretion of CagA and the severity of H. pylori disease
[20, 30]. In the present study, we compared LPS chem-
ical composition of two strains of H. pylori with varying
potency SS1 and G27. By comparing the chemical struc-
tures of LPS from SS1, a less potent strain with that of
G27, a more potent strain, we can examine if differences
in LPS composition contribute to differences in virulence

of these strains. Whilst most of H. pylori LPS composition
data [31–34] are chiefly based on the analysis of the aque-
ous layer of the phenol-water extraction procedure, we
used both the aqueous and phenol phases of LPS extrac-
tion to achieve a complete composition of H. pylori LPS
of the two H. pylori strains used in this study.

Methods
H. pylori strains and culture
H. pylori strains Sydney strain 1 (SS1) [27] and G27 (a
kind gift from Dr. Guillemin, University of Oregon) were
used in this study. H. pylori were routinely maintained
on solid medium, Columbia agar (Becton Dickson, MD)
supplemented with 5% laked blood (Hardy Diagnostics,
CA) and Amphotericin B (2 μg/ ml) (Mediatech, VA)
and grown at 37 °C under microaerophilic conditions
(5% O2, 10% CO2, 85% N2) [35, 36]. For LPS extraction,
H. pylori were subcultured into a liquid medium consist-
ing of brain heart infusion broth (BHI, Becton Dickson,
MD) supplemented with 5% fetal bovine serum (FBS)
and cultured for twenty-four hours on a reciprocal
shaker at 37 °C under microaerophilic conditions.
Bacteria used for LPS extraction were in logarithmic
phase of growth.

LPS extraction
H. pylori strains grown in liquid culture were centrifuged
(23,426 x g) for 30 min and the bacterial pellet washed
twice in phosphate buffered saline (PBS). LPS was
extracted by the standard Westphal method, more com-
monly known as the hot phenol-water extraction
methods as described previously [37] with minor modifi-
cations. Briefly, H. pylori pellet was suspended in 20 mL
endotoxin free molecular grade water followed by pre-
heating in a water bath (68 °C) for 10 min with continu-
ous stirring. A preheated 90% aqueous phenol solution
(68 °C) was added slowly to the bacterial suspension and
stirred vigorously for 30 min at 68°C. The reaction mix-
ture was immediately cooled down to below 10 °C. The
extracted mixture containing LPS was centrifuged at
1464 x g at 10 °C for 45 min to separate LPS according
to the ratio of polysaccharide to lipid content and from
other cellular components. LPS was obtained from both
aqueous (LPS-AqL) and phenol (LPS-PhL) phase separ-
ately. The crude LPS mixtures were treated with DNase
and RNase (Benzonase Nuclease, EMD-Millipore) and
proteinase- K (Sigma) followed by extensive dialysis to
remove the buffers from LPS as described previously
[12]. The LPS was further purified by ultracentrifugation
at 120, 000 g for 4 h at 4 °C (Beckman Ultracentrifuge)
and the pellet was suspended in molecular biology grade
endotoxin free water, lyophilized, weighed carefully, and
resuspended in endotoxin free water at known concen-
trations. The LPS-AqL and LPS-PhL were used for
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SDS-PAGE and chemical characterization by gas chro-
matography – mass spectrometry (GC-MS, Agilent
Technologies).

SDS polyacrylamide gel electrophoresis (SDS-PAGE) analysis
of H. pylori LPS
Electrophoretic profiles of both fractions of LPS (LPS-
AqL and LPS-PhL) from each strain were determined by
running samples in SDS-PAGE. Commercially available
LPS (E. coli 0111 B4, Sigma Aldrich, MO) was used as a
standard and a protein marker (Precision Plus, Bio-rad,
CA) was used for LPS size localization. The gel was sil-
ver stained (Silver Quest Silver Staining Kit, Invitrogen,
CA) according to the manufacturer’s instructions.

Monosaccharide composition analysis of LPS
Composition analysis of LPS-AqL and LPS-PhL were
performed using GC-MS as their methyl glycoside tri-
methyl silyl derivatives (TMS) as previously described
[38]. Briefly, 25 μg of LPS was spiked with 1 μg of Myo-
inositol as an internal standard and methanolyzed using
1 M methanolic-HCl at 80 °C for 16 h. The reaction
mixtures were cooled at room temperature. A nitrogen
flush was used to remove any excess acid from the reac-
tion mixtures. Methyl glycosides of amino-sugars were
re-N-acetylated using a volume ratio of 4:1:1 of metha-
nol: pyridine: acetic anhydride at 100 °C for 1 h. Finally,
TMS derivatization was done using Tri-Sil reagent
(Thermo Scientific) at 80 °C for 30 min. Samples were
dried by dry nitrogen flush and TMS derivative of
monosaccharides were dissolved in hexane and analyzed
by GC-MS using a Restek-5 ms (Restek) capillary col-
umn. Ultrapure helium was used as carrier gas at a lin-
ear flow of 1.25 mL/min with a temperature gradient of
120 °C–10 °C for 1 min, 140 °C–2 °C for 1 min, 220 °C
for 2 min, 5 °C for 1 min, and 230 °C for 4 min. Injector
and transfer line temperature were set at 220 °C and
280 °C, respectively. Constituent monosaccharides in
LPS were identified and quantified by comparing the re-
tention time and mass fragmentation pattern with avail-
able authentic standards.

Fatty acid composition analysis of LPS
Fatty acid composition analysis from phenol and aque-
ous layers of LPS, from SS1 and G27 were performed
using GC-MS as fatty acid methyl ester (FAME) deriva-
tive. Briefly, 50 μg of LPS was treated with 1 M metha-
nolic HCl. (Supelco, PA) at 80 °C for 16 h to vaporize
excess acid followed by extraction of fatty acids using
chloroform. Hydroxy fatty acids were further treated
with Tri-Sil HTP reagent (Thermo Scientific) at 80 °C
for 30 min to convert the hydroxyl group into tri-methyl
ethers. Finally, samples were dissolved in hexane and an-
alyzed by GC-MS using a Restek-5 ms (Restek) capillary

column. Helium was used as a carrier gas at 1.1971 mL/
min and a temperature gradient of 100 °C–5 °C for
1 min, 120 °C for 1 min, 3 °C for 1 min, and −230 °C for
4 min. Fatty acids were identified by their characteris-
tic electron impact (EI) fragmentation pattern and
retention times. The relative area percentage of the
fatty acids are reported.

Results
Electrophoretic profile of LPS extracted from H. pylori strains,
SS1 and G27
LPS from H. pylori strains, SS1 and G27 was extracted
from both aqueous and phenol phases. The silver-
stained profiles of the LPS-AqL and LPS-PhL from SS1
and G27 were compared with E. coli as a control (Fig. 1).
The LPS migration patterns between the two strains
were distinct. In H. pylori SS1, although the aqueous
and phenol layers were distinct from each other, they
were within a similar range according to size. The ma-
jority of the LPS in each fraction stayed within 37 kDa
or lower. In comparison, the G27 strains appeared to
have significant differences not only to the SS1 strain

Fig. 1 SDS-PAGE analysis of LPS aqueous and phenol fractions. LPS
was extracted from both the aqueous (aq) and phenol (ph) fractions
of H. pylori SS1 and G27 strains. E. coli strain 055:B5 was used as standard
LPS. A protein ladder was used for band sizing. SDS samples were
determined using 20ul of LPS extract and then visualized with
periodic silver stain
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but within their own aqueous and phenol layer of LPS.
G27 aqueous layer LPS had two distinct LPS smears,
one with molecular weight ranging from approximately
80- >100 kDa and another low molecular weight starting
around 30 kDa and lower. G27 phenol layer LPS was
also unique, since it featured one distinct band at
25 kDa and low molecular weight distribution near
5 kDa and lower. All of the strains showed a dramatic
difference from the control strain E. coli that had its
major LPS within the aqueous layer at 25 kDa range and
another band at the 50 kDa range.

GC-MS analysis of monosaccharides obtained from aqueous
and phenol phase LPS
The LPS carbohydrate composition of from both
strains is summarized in Figs 2 and 3, Table 1, and
Additional file 1: Figure S1. Monosaccharides that
were present at significant levels in different LPS fractions
from both strains included xylose (Xyl), mannose (Man),
galactose (Gal), glucose (Glc), heptose (Hep), and N-
Acetylglucosamine (GlcNAc); however, they were present
at varying degrees depending on the strain and the layer.
2-keto-3-deoxyoctonate (KDO) the inner core sugar

connecting Lipid-A portion to the inner core oligosac-
charide of LPS is present in all fractions in different pro-
portion. The other interesting difference is the presence of
significant amount of GalNAc in both aqueous and phenol
layer LPS of SS1, which is completely absent in G27. GC-
MS analysis of E. coli LPS strain 0113 was performed as a
standard reference (Additional file 1: Figure S2).

Fatty acid composition analysis of LPS
The fatty acid composition of both strains’ LPS analyzed
by GC-MS is summarized in Table 2. The two fatty acids
that were present in both strains from both layers were
palmitic acid (C16:0) and stearic acid (C18:0). However,
there were significant differences between the two
strains in regard to their other fatty acid composition.
The aqueous and phenol layer LPS from G27 strain had
a similar presence of fatty acids, except for pentadecylic
acid (C15:0), which was absent in the G27 aqueous layer.
Unlike the G27 strain, SS1 strain had significant differ-
ences in fatty acid composition between aqueous and
phenol layers. The fatty acid distribution in SS1 aqueous
layer LPS showed the presence of only a few fatty acids,
namely pentadecylic acid (C15:0), palmitic acid (C16:0),

Fig. 2 LPS composition analysis. LPS from aqueous fractions of H. pylori strains, G27 and SS1 were analyzed by GC-MS as both FAME and Tri-Sil FAME
derivatives of hydroxy fatty acids from (a) SS1 (b) G27 and an overlay (c) depicting both SS1 (black) and G27 (red) is shown for comparison
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Fig. 3 Composition analysis of LPS extracted from phenol fractions. H. pylori strains, SS1 (a) and G27 (b) were analyzed by GC-MS analysis as FAME
and Tri-Sil FAME derivatives. An overlay (c) is shown with SS1 (black) and G27 (red) for comparison

Table 1 Mole percentage of monosaccharides present in LPS

Abbreviation SS1 - Aqueous layer SS1 - Phenol Layer G27 - Aqueous Layer G27- Phenol Layer

Ribose Rib 14.63 18.71 – 9.58

Rhamnose Rha 7.46 – – –

Fucose Fuc 10.34 2.69 0.79 –

Xylose Xyl 1.02 2.41 2.09 12.74

Mannose Man 1.55 1.62 10.03 13.94

Galactose Gal 22.84 6.26 34.73 13.35

Glucose Glc 17.36 11.31 18.38 13.74

N-Acetyl-D-galactosamine GalNac 18.16 16.53 – –

N-Acetyl-D-glucosamine GlcNac 2.71 14.08 11.64 20.1

Heptose Hep 3.93 10.6 16.28 9.71

3-deoxy-α-D-mannooctulosonic acid KDO 5.31 15.78 6.06 6.83

Amount (μg/ 100 ul) 254.69 179.71 119.78 13.24

LPS from Helicobacter pylori strains SS1 and G27 were purified into aqueous (Aq) and phenol (Ph) layers and were separately subjected to composition analysis.
The sugar composition values of aqueous and phenol layers are presented as mole percentages of monosaccharides obtained in fractions of the total amount
that is presented in μg/100ul
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and stearic acid (C18:0). On the other hand, the phenol
layer LPS had a significant amount of 3-hydroxy fatty
acids with lower chain length such as 3-hydroxy
decanoic acid (3-OH C10:0) and 3-hydroxy dodecanoic
acid (3-OH C12:0). The other noticeable difference be-
tween the strains was the presence of relatively high
amount of myristic acid (C14:0) in G27 as compared to
the SS1 strain. Hence combining the monosaccharide
and fatty acid composition data along with LPS molecu-
lar heterogeneity as shown in SDS-PAGE it can be con-
cluded that there is a significant structural difference in
the LPS layer of both strains.

Discussion
LPS is a vital structural component of all Gram-negative
bacteria and has significant effect on the endotoxin ac-
tivity of the bacteria. Knowledge of LPS composition in
addition to indicating the degree of LPS potency may
also lead to the discovery of new treatment methods,
thereby underscoring the importance of performing a
complete LPS composition analysis. In the present study,
we used both the aqueous and phenol phases of LPS hot
phenol/water extraction to determine the composition
of H. pylori LPS. This is in contrast to previous H. pylori
LPS composition studies, which used only the aqueous
phase to define the composition of LPS [31–34, 39, 40].
A drawback of using only one phase is the potential of
missing some molecules. We compared the LPS com-
position of H. pylori, strains SS1 and G27. H. pylori, SS1
is a commonly used strain and the chemical structure of
its LPS is known [41]. The LPS composition of G27 was
unknown when we commenced this study but was pub-
lished this year [40]. However, similar to previous studies
on H. pylori LPS composition, this study also used only
the aqueous phase for analysis.
We show that H. pylori LPS is unique and like Leptos-

pira LPS separates into two phases [12]. We found that
a high number of hydroxyl fatty acids from SS1

separated into the phenol phase of hot phenol-water ex-
tract compared to G27. This indicates that the distribu-
tion of H. pylori LPS in the phenol and aqueous layers
may be dependent on the H. pylori strain. These results
therefore underscore the importance of analyzing LPS
isolated from both phases. The ratio of hydrophilic sac-
charide and hydrophobic lipid portions of LPS influence
their distribution in the aqueous and phenol phases [42].
SDS-PAGE analysis of LPS showed clear differences in
the LPS composition of the two H. pylori strains. The
LPS composition of the G27 strain was generally similar
in the aqueous and the phenol layer; whereas, for the
SS1 strain, the aqueous layer had a larger amount of dif-
ferent sized molecules. The biggest difference in H.
pylori composition between layers (aqueous and phenol)
was in the SS1 strain with the detection of many low
molecular weight fatty acids in the phenol layer and
none in the aqueous layer. This may be associated with
the thick smear we observed at the bottom of the phenol
SS1 in the silver-stained gel but was absent in G27.
Another noticeable difference was the presence of copi-
ous amounts of low molecular weight LPS molecules in
the phenol phase of SS1 that was not visible in G27.
This low molecular weight material possibly represents
the highly defined LPS material such as the short-
chained fatty acids that was detectable by GC-MS.
We detected core constituents previously found in H.
pylori SS1 LPS including ribose, fucose, glucose, gal-
actose and DD- heptose [8]. Heptose was present in
both strains at significant amounts, although the SS1
aqueous layer had significantly less heptose than the
G27 aqueous layer. Heptose is a common monosac-
charide within the LPS core and has been proven
lethal when deleted in H. pylori [43] emphasizing the
importance of heptose for LPS inner core for mem-
brane integrity and viability. In H. pylori LPS, the
heptose moiety is DD-heptose, which is found within
the inner core of the LPS [7].

Table 2 Relative are percentage of fatty acids present in LPS

SS1 - Aqueous layer SS1 - Phenol Layer G27 - Aqueous Layer G27- Phenol Layer

3-Hydroxy Decanoic Acid 3OH-C10:0 – 10.86 – –

3-Hydroxy Dodecanoic Acid 3OH-C12:0 – 17.11 – –

3-Hydroxy Hexadecanoic Acid 3OH-C16:0 – 23.4 31.22 21.68

3-Hydroxy Octadecanoic Acid 3OH-C18:0 – 13.65 19.43 7.247

Lauric Acid C12:0 – 3.87 – –

Myristic Acid C14:0 – 1.43 11.1 20.24

Pentadecylic Acid C15:0 29.9 8.84 – 11.33

Palmitic Acid C16:0 45.83 10.14 21.07 22.74

Stearic Acid C18:0 24.26 10.7 17.19 16.75

LPS from H. pylori strains, SS1 and G27 were purified into aqueous (Aq) and phenol (Ph) layers and were separately subjected to composition analysis. The fatty
acid composition for the aqueous and the phenol layers were performed using the area under the corresponding fatty acids and is a relative percentage calculated as a
percentage of that particular fatty acid in the total mixture
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Other monosaccharides, such as glucose and galactose,
which reside in the outer core, were present in both
strains. However, in general the G27 strain had higher
concentrations of monosaccharides that contribute to
the core of the LPS molecule while H. pylori SS1 had in-
creased concentrations of monosaccharides that are dir-
ectly attributed to the O-antigen region of the LPS, such
as fucose. Fucose was very prominent in SS1 at high
concentrations in the aqueous phase and in small quan-
tities in the phenol phase. In the G27 strain the amount
of fucose detected was negligible in the aqueous phase
and undetectable in the phenol phase. Usually found at-
tached to the O-antigen structure, this sugar generates
Lewis antigens, which are also expressed in the gastric
epithelium [44]. Fucose is therefore commonly known
for playing a role in the host immune response evasion
[45]. This could contribute to the adaptability of the SS1
strain in colonizing mice very efficiently. Further studies
are needed to test the role of fucose in colonization abil-
ity. A rather interesting sugar observed in large amounts
in the SS1 strain that was not present in G27 was
GalNAc, which plays a role in glycosylation of mucins in
the human gastric mucosa [46]. Generally, in a healthy
human gastric mucosa, mucins are produced that are
either secreted or membrane-bound that help create a
physical barrier of the gastrointestinal tract [47]. Largely,
the mucins produced in the gastric mucosa include
MUC1, MUC5AC and MUC6 [46]. These mucins have a
tandem repeat in their amino acid sequence and these
sequences are highly glycosylated with GalNAc O-
linkages [47]. GalNAc is a derivative of galactose usually
found in humans. This bacterial homologue of human
blood group A transferase has been shown to accept
blood group A antigens thereby showing an exceptional
ability to synthesize human blood group A antigens and
essentially mask itself from the human immune system
[48]. GalNAc is necessary for intercellular communica-
tion and its presence only in SS1, which is a mouse
adapted strain suggests the efficient adaptation of this
strain to the mammalian immune system by mimicry as
a means of concealment. The monosaccharide KDO is
another provably essential monosaccharide for H. pylori
LPS composition. Our analysis showed differences in the
monosaccharide KDO between the H. pylori strains, SS1
and G27. KDO functions as a link between the essential
heptose moieties of the inner core and the Lipid-A do-
main [49]. Whereas, the G27 strain showed similar con-
centrations of KDO in both the aqueous and the phenol
layers, the SS1 strain did not have a significant amount
of KDO in the aqueous layer. The phenol layer of SS1,
however, had larger amounts of KDO than both layers of
G27. Further studies are needed to understand the pos-
sible importance of the large amounts of KDO we ob-
served in the SS1 strain compared to the G27 strain. In

the present study, while our LPS analysis showed pres-
ence of mannose in the G27 strain, in contrast, it was
not detected in a recent study by Li et al. [40]. Mannose
has been detected in other H. pylori strains including
NCTC 11637, S-24, and C-5437 [50]. The reasons for
this contradictory finding are currently unknown but it
is possible the different growth conditions of H. pylori
were a factor. We cultured H. pylori in liquid media
(BHI) prior to LPS extraction. In contrast, Li et al. [40]
cultured H. pylori on solid media, Columbia Blood Agar.
Indeed, H. pylori growth medium composition has been
shown to impact the expression of H. pylori antigens,
especially LPS [51].
Fatty acids contribute to the Lipid-A region of the LPS

structure. For most organisms, the fatty acid lengths are
C10 - C14 with a few having higher fatty acid lengths of
around C16 - C18 [52]. The fatty acid moiety lengths for
H. pylori are generally around C16-C18 [53]. Hydroxy
fatty acids are components of the Lipid-A region of the
LPS structure so they are generally good indicators of
LPS integrity [54]. A major disparity in LPS composition
between H. pylori strains, SS1 and G27 was the distribu-
tion of lower molecular weight fatty acids including
lauric acid (C12:0), β-hydroxy lauric acid (3OH:C12:0),
and β-hydroxy decanoic acid (3OH:C10:0), which were
observed in the SS1 strain and were not detected in the
G27 strain. In addition, the GC-MS analysis of G27
showed more high weight molecular weight fatty acids
with little or no low molecular weight fatty acids. This
may signify the presence of heavy oligosaccharides,
which are usually present in bacteria that produce the
smooth form of LPS. In contrast, the SS1 strain LPS was
composed of more low molecular weight fatty acids,
which suggest a closer association to a rough form of
LPS. Previous investigations of H. pylori strains indicated
that many long-chain fatty acids (higher molecular
weight) yield smooth LPS while those with shorter chain
fatty acids (lower molecular weights) yield rough LPS
[50, 55]. High molecular weight, or smooth LPS, gener-
ally have a repeating O-chain which is high in molecular
weight [56]. In contrast, rough LPS lacks an O-chain
and instead has a short-chain oligosaccharide in place of
the O-chain giving it a shortened, rough appearance.
The different forms of H. pylori LPS have been associ-
ated with the ability of these bacterial organisms to dis-
play antigenic diversity, which allow them to evade the
host immune systems.

Conclusions
The purpose of this experiment was to analyze the
differences in the composition of LPS between two H.
pylori strains of varying potency through a detailed bio-
chemical composition analysis. We compared LPS com-
position of SS1 to G27, which had not been analyzed
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before we commenced our study. H. pylori SS1 LPS had
more sugars and fatty acids compared to the G27 LPS.
The significance of these differences in LPS composition
of these two H. pylori strains is unknown at this time.
The greatest differences between the strains SS1 and
G27 were seen in the foundational structures of the
strains, such as the Lipid-A domain and the amount of
O-antigen side chains that were present. Although fur-
ther investigation is needed to confirm the importance
of certain sugars and fatty acids on the potency of the
strain, the differences between the two strains are
clearly evident. Future studies will define Lipid-A and
O-antigenic structure of LPS to improve the compre-
hension of the mechanisms of pathogenesis.

Additional file

Additional file 1: Figure S1. An inverted overlay of LPS composition
analysis from H. pylori strains, SS1 and G27. The aqueous (a) and phenol
(b) fractions depicts the differences in peak heights of SS1 (black) and
G27 (red) using GC-MS analysis of FAME and Tri-Sil FAME derivatives.
Figure S2. GC-MS analysis of E. coli strain 0113. E. coli LPS was analyzed
as standard reference. (PDF 530 kb)
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coli: Escherichia coli; EI: Electron impact; FAME: Fatty acid methyl ester;
FBS: Fetal bovine serum; Gal: Galactose; GalNAc: N-Acetyl Galactosamine;
GC-MS: Gas chromatography-mass spectrometry; Glc: Galactose; GlcNAc:
N-Acetyl Glucosamine; H. pylori: Helicobacter pylori; Hep: Heptose; INO:
Myo-inositol; KDO: 2-keto-3-deoxyoctonate; LPS: Lipopolysaccharide;
Man: Mannose; PH: Phenol; Rha: Rhamnose; SS1: Sydney strain 1;
TFA: Trifluoroacetic acid; TMS: Tri-methyl sil; Tri-Sil: Trimethyl silyl ether;
VacA: Vacuolating cytotoxin A; Xyl: Xylose

Acknowledgements
We are thankful to Dr. Kailash Patra of the Department of Medicine at the
University of California, San Diego for guidance and suggestions to the manuscript.

Funding
Publication of this article was supported by NIH grant R21CA188752.

Availability of data and materials
The datasets generated and analyzed during this study are available from the
corresponding author upon reasonable request.

Authors’ contributions
MO and BC conceived and designed the study; KL, KB and IL performed
experiments; IL, KL and BC analyzed data; MO helped draft the manuscript;
KL and IL co- wrote the manuscript and was edited by MO and BC. All authors
read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Division of Infectious Diseases, Department of Medicine, University of California
San Diego, 9500 Gilman Drive, La Jolla, San Diego, California 92093, USA.
2Glycotechnology Core Resources, University of California San Diego, 9500
Gilman Drive, La Jolla, San Diego, California 92093, USA.

Received: 8 September 2017 Accepted: 23 November 2017

References
1. Peek RM Jr, Blaser MJ. Helicobacter pylori and gastrointestinal tract

adenocarcinomas. Nat Rev Cancer. 2002;2(1):28–37.
2. Borody TJ, George LL, Brandl S, Andrews P, Ostapowicz N, Hyland L, Devine

M. Helicobacter pylori-negative duodenal ulcer. Am J Gastroenterol. 1991;
86(9):1154–7.

3. Tytgat G, Langenberg M, Rauws E, Rietra P: Campylobacter-like organisms
(CLO) in the human stomach. In: Gastroenterology: 1985. WB Saunders co
Independence Square West Curtis center, STE 300, Philadelphia, PA 19106-3399:
1620–1620.

4. Marshall BJ, McGechie DB, Rogers PA, Glancy RJ. Pyloric campylobacter
infection and gastroduodenal disease. Med J Aust. 1985;142(8):439–44.

5. Atherton JC. The pathogenesis of helicobacter pylori-induced gastro-duodenal
diseases. Annu Rev Pathol. 2006;1:63–96.

6. Simoons-Smit IM, Appelmelk BJ, Verboom T, Negrini R, Penner JL, Aspinall
GO, Moran AP, Fei SF, Shi BS, Rudnica W, et al. Typing of helicobacter pylori
with monoclonal antibodies against Lewis antigens in lipopolysaccharide.
J Clin Microbiol. 1996;34(9):2196–200.

7. Edwards NJ, Monteiro MA, Faller G, Walsh EJ, Moran AP, Roberts IS, High NJ,
Lewis X. Structures in the O antigen side-chain promote adhesion of
helicobacter pylori to the gastric epithelium. Mol Microbiol. 2000;35(6):
1530–9.

8. Moran AP, Knirel YA, Senchenkova SN, Widmalm G, Hynes SO, Jansson PE.
Phenotypic variation in molecular mimicry between helicobacter pylori
lipopolysaccharides and human gastric epithelial cell surface glycoforms.
Acid-induced phase variation in Lewis(x) and Lewis(y) expression by H. Pylori
lipopolysaccharides. J Biol Chem. 2002;277(8):5785–95.

9. Kusters JG, van Vliet AH, Kuipers EJ. Pathogenesis of helicobacter pylori infection.
Clin Microbiol Rev. 2006;19(3):449–90.

10. Hershberger C, Binkley SB. Chemistry and metabolism of 3-deoxy-D-
mannooctulosonic acid. I. Stereochemical determination. J Biol Chem.
1968;243(7):1578–84.

11. Tzeng YL, Datta A, Kolli VK, Carlson RW, Stephens DS. Endotoxin of Neisseria
meningitidis composed only of intact lipid a: inactivation of the meningococcal
3-deoxy-D-manno-octulosonic acid transferase. J Bacteriol. 2002;184(9):2379–88.

12. Patra KP, Choudhury B, Matthias MM, Baga S, Bandyopadhya K, Vinetz JM.
Comparative analysis of lipopolysaccharides of pathogenic and intermediately
pathogenic Leptospira species. BMC Microbiol. 2015;15:244.

13. Logan RP. Helicobacter pylori and gastric cancer. Lancet. 1994;344(8929):
1078–9.

14. Appelmelk BJ, Vandenbroucke-Grauls C. Lipopolysaccharide Lewis Antigens.
In: Helicobacter pylori: Physiology and Genetics. Edited by Mobley HLT,
Mendz GL, Hazell SL. Washington (DC): ASM Press; 2001.

15. Lodowska J, Wolny D, Weglarz L, Dzierzewicz Z. The structural diversity of
lipid a from gram-negative bacteria. Postepy Hig Med Dosw (Online). 2007;
61:106–21.

16. Muotiala A, Helander IM, Pyhala L, Kosunen TU, Moran AP. Low biological
activity of helicobacter pylori lipopolysaccharide. Infect Immun. 1992;60(4):
1714–6.

17. Nielsen H, Birkholz S, Andersen LP, Moran AP. Neutrophil activation by
helicobacter pylori lipopolysaccharides. J Infect Dis. 1994;170(1):135–9.

18. Moran AP. Biological and serological characterization of campylobacter
jejuni lipopolysaccharides with deviating core and lipid a structures. FEMS
Immunol Med Microbiol. 1995;11(2):121–30.

19. Guillemin K, Salama NR, Tompkins LS, Falkow S. Cag pathogenicity island-
specific responses of gastric epithelial cells to helicobacter pylori infection.
Proc Natl Acad Sci U S A. 2002;99(23):15136–41.

Leker et al. BMC Microbiology  (2017) 17:226 Page 8 of 9

dx.doi.org/10.1186/s12866-017-1135-y


20. Covacci A, Telford JL, Del Giudice G, Parsonnet J, Rappuoli R. Helicobacter
pylori virulence and genetic geography. Science. 1999;284(5418):1328–33.

21. Covacci A, Censini S, Bugnoli M, Petracca R, Burroni D, Macchia G, Massone A,
Papini E, Xiang Z, Figura N, et al. Molecular characterization of the 128-kDa
immunodominant antigen of helicobacter pylori associated with cytotoxicity
and duodenal ulcer. Proc Natl Acad Sci U S A. 1993;90(12):5791–5.

22. Kauser F, Khan AA, Hussain MA, Carroll IM, Ahmad N, Tiwari S, Shouche Y,
Das B, Alam M, Ali SM, et al. The cag pathogenicity island of helicobacter
pylori is disrupted in the majority of patient isolates from different human
populations. J Clin Microbiol. 2004;42(11):5302–8.

23. Amieva MR, Vogelmann R, Covacci A, Tompkins LS, Nelson WJ, Falkow S.
Disruption of the epithelial apical-junctional complex by helicobacter pylori
CagA. Science. 2003;300(5624):1430–4.

24. Baltrus DA, Amieva MR, Covacci A, Lowe TM, Merrell DS, Ottemann KM,
Stein M, Salama NR, Guillemin K. The complete genome sequence of
helicobacter pylori strain G27. J Bacteriol. 2009;191(1):447–8.

25. Blaser MJ, Perez-Perez GI, Kleanthous H, Cover TL, Peek RM, Chyou PH,
Stemmermann GN, Nomura A. Infection with helicobacter pylori strains
possessing cagA is associated with an increased risk of developing
adenocarcinoma of the stomach. Cancer Res. 1995;55(10):2111–5.

26. Parsonnet J, Friedman GD, Orentreich N, Vogelman H. Risk for gastric cancer
in people with CagA positive or CagA negative helicobacter pylori infection.
Gut. 1997;40(3):297–301.

27. Lee A, O'Rourke J, De Ungria MC, Robertson B, Daskalopoulos G, Dixon MF.
A standardized mouse model of helicobacter pylori infection: introducing
the Sydney strain. Gastroenterology. 1997;112(4):1386–97.

28. Eaton KA, Mefford M, Thevenot T. The role of T cell subsets and cytokines in
the pathogenesis of helicobacter pylori gastritis in mice. J Immunol. 2001;
166(12):7456–61.

29. Kawazoe T, Sakagami T, Nakajima K, Hori K, Fukuda Y, Matsumoto T, Miwa H.
Role of bacterial strain diversity of helicobacter pylori in gastric carcinogenesis
induced by N-methyl-N-nitrosourea in Mongolian gerbils. Helicobacter. 2007;
12(3):213–23.

30. Atherton JC. CagA, The cag pathogenicity island and helicobacter pylori
virulence. Gut. 1999;44(3):307–8.

31. Altman E, Chandan V, Li J, Vinogradov E. A reinvestigation of the
lipopolysaccharide structure of helicobacter pylori strain Sydney (SS1).
FEBS J. 2011;278(18):3484–93.

32. Altman E, Chandan V, Li J, Vinogradov E. Lipopolysaccharide structures of
helicobacter pylori wild-type strain 26695 and 26695 HP0826::Kan mutant
devoid of the O-chain polysaccharide component. Carbohydr Res. 2011;
346(15):2437–44.

33. Altman E, Chandan V, Li J, Vinogradov E. Lipopolysaccharide structure of
helicobacter pylori serogroup O:3. Carbohydr Res. 2013;378:139–43.

34. Esmaeilli D, Mobarez AM, Salmanian AH, Hosseini AZ. Bioactivity and
immunological evaluation of LPS from different serotypes of helicobacter
pylori. Iran J Microbiol. 2013;5(2):142–6.

35. Jung SW, Thamphiwatana S, Zhang L, Obonyo M. Mechanism of antibacterial
activity of liposomal linolenic acid against helicobacter pylori. PLoS One. 2015;
10(3):e0116519.

36. King CC, Obonyo M. Helicobacter pylori modulates host cell survival regulation
through the serine-threonine kinase, 3-phosphoinositide dependent kinase 1
(PDK-1). BMC Microbiol. 2015;15:222.

37. Westphal O JK: Bacterial lipopolysaccharides. Extraction with phenol-water
and further applications of the procedure. Methods in Carbohydrate Chemistry.:
New York: Academic press; 1965.

38. Thenot J, Horning E. MO-TMS derivatives of human urinary steroids for GC
and GC-MS studies. Anal Lett. 1972;5(1):21–33.

39. Hildebrandt E, McGee DJ. Helicobacter pylori lipopolysaccharide modification,
Lewis antigen expression, and gastric colonization are cholesterol-dependent.
BMC Microbiol. 2009;9:258.

40. Li H, Yang T, Liao T, Debowski AW, Nilsson HO, Fulurija A, Haslam SM,
Mulloy B, Dell A, Stubbs KA, et al. The redefinition of helicobacter
pylori lipopolysaccharide O-antigen and core-oligosaccharide domains.
PLoS Pathog. 2017;13(3):e1006280.

41. Monteiro MA, Appelmelk BJ, Rasko DA, Moran AP, Hynes SO, MacLean LL,
Chan KH, Michael FS, Logan SM, O'Rourke J, et al. Lipopolysaccharide structures
of helicobacter pylori genomic strains 26695 and J99, mouse model H. Pylori
Sydney strain, H. Pylori P466 carrying sialyl Lewis X, and H. Pylori UA915
expressing Lewis B classification of H. Pylori lipopolysaccharides into glycotype
families. Eur J Biochem. 2000;267(2):305–20.

42. SH W, Jiang SX, Wang HQ, Ke L, Nie DK, Zhu GF, Liu YM. Studies on endotoxins
of Leptospira. III. The presence of beta-hydroxy-myristic acid in the LPS of
Leptospira Interrogans serovar Lai. Wei Sheng Wu Xue Bao. 1987;27(2):165–8.

43. Stead CM, Zhao J, Raetz CR, Trent MS. Removal of the outer Kdo from
helicobacter pylori lipopolysaccharide and its impact on the bacterial
surface. Mol Microbiol. 2010;78(4):837–52.

44. Matsuura M. Structural modifications of bacterial lipopolysaccharide that
facilitate gram-negative bacteria evasion of host innate immunity. Front
Immunol. 2013;4:109.

45. Pickard JM, Chervonsky AV. Intestinal fucose as a mediator of host-microbe
symbiosis. J Immunol. 2015;194(12):5588–93.

46. Magalhaes A, Reis CA. Helicobacter pylori adhesion to gastric epithelial cells
is mediated by glycan receptors. Braz J Med Biol Res. 2010;43(7):611–8.

47. Kufe DW. Mucins in cancer: function, prognosis and therapy. Nat Rev Cancer.
2009;9(12):874–85.

48. Yi W, Shen J, Zhou G, Li J, Wang PG. Bacterial homologue of human blood
group a transferase. J Am Chem Soc. 2008;130(44):14420–1.

49. Li H, Liao T, Debowski AW, Tang H, Nilsson HO, Stubbs KA, Marshall BJ,
Benghezal M. Lipopolysaccharide structure and biosynthesis in helicobacter
pylori. Helicobacter. 2016;21(6):445–61.

50. Moran AP, Helander IM, Kosunen TU. Compositional analysis of helicobacter
pylori rough-form lipopolysaccharides. J Bacteriol. 1992;174(4):1370–7.

51. Walsh EJ, Moran AP. Influence of medium composition on the growth and
antigen expression of helicobacter pylori. J Appl Microbiol. 1997;83(1):67–75.

52. Erridge C, Bennett-Guerrero E, Poxton IR. Structure and function of
lipopolysaccharides. Microbes Infect. 2002;4(8):837–51.

53. Moran AP, Lindner B, Walsh EJ. Structural characterization of the lipid a component
of helicobacter pylori rough- and smooth-form lipopolysaccharides. J Bacteriol. 1997;
179(20):6453–63.

54. El Hamidi A, Tirsoaga A, Novikov A, Hussein A, Caroff M. Microextraction of
bacterial lipid a: easy and rapid method for mass spectrometric characterization.
J Lipid Res. 2005;46(8):1773–8.

55. Perez-Perez GI, Blaser MJ. Conservation and diversity of campylobacter pyloridis
major antigens. Infect Immun. 1987;55(5):1256–63.

56. Moran AP, Prendergast MM, Appelmelk BJ. Molecular mimicry of host
structures by bacterial lipopolysaccharides and its contribution to disease.
FEMS Immunol Med Microbiol. 1996;16(2):105–15.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Leker et al. BMC Microbiology  (2017) 17:226 Page 9 of 9


	Abstract
	Background
	Results
	Conclusion

	Background
	Methods
	H. pylori strains and culture
	LPS extraction
	SDS polyacrylamide gel electrophoresis (SDS-PAGE) analysis of H. pylori LPS
	Monosaccharide composition analysis of LPS
	Fatty acid composition analysis of LPS

	Results
	Electrophoretic profile of LPS extracted from H. pylori strains, SS1 and G27
	GC-MS analysis of monosaccharides obtained from aqueous and phenol phase LPS
	Fatty acid composition analysis of LPS

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

