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The identification of a functional molecular moiety relating the lipopolysaccharides (LPSs) to
their capacity to induce inflammation-mediated metabolic diseases needed to be performed.
We previously described a proportional increase in the relative abundance of the 16SrDNA
bacterial gene from the genus Ralstonia, within the microbiota from the adipose tissue stroma
vascular fraction of obese patients, suggesting a causal role of the bacteria. Therefore, we first
characterized the structures of the lipids A, the inflammatory inducing moieties of LPSs, of
three Ralstonia species. Ralstonia eutropha, R. mannitolilytica and R. pickettii, and then
compared each, in terms of in vitro inflammatory capacities. R. pickettii lipid A displaying
only 5 Fatty Acids (FA) was a weaker inducer of inflammation, compared to the two other
species harboring hexa-acylated lipids A, despite the presence of 2 AraN substituents on the
phosphate groups.

With regard to in vitro pro-inflammatory activities, TNF-a and IL-6 inducing capacities were
compared on THP-1 cells treated with LPSs isolated from the three Ralstonia. R. pickettii,
with low inflammatory capacities, and recently involved in nosocomial outcomes, could
explain the low inflammatory level reported in previous studies on diabetic patients and
animals. In addition, transmission electron microscopy was performed on the three Ralstonia
species. It showed that the R. pickettii under-acylated LPSs, with a higher level of phosphate
substitution had the capacity of producing more outer membrane vesicles (OMVs). The latter
could facilitate transfer of LPSs to the blood and explain the increased low-grade

inflammation in obese/diabetic patients.
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Highlights

» Characterization of the lipid A structures Rélstonia eutropha, R. mannitolilytica
andR. pickettii was performed in connection to the observed isared Ralstonia in
obese patients

* The pro-inflammatory activities of the three copesdingRalstonia LPS were tested
and compared, explaining the low-grade inflammatlewel observed in obese
patients.

* Transmission electron microscopy performed on tireetRalstonia species helps

understanding LPS contribution to the bacterial imeme and OMV formation.

Abstract

The identification of a functional molecular magietelating the lipopolysaccharides
(LPSs) to their capacity to induce inflammation-magedd metabolic diseases needed to be
performed. We previously described a proportionalease in the relative abundance of the
16SrDNA bacterial gene from the genldalstonia, within the microbiota from the adipose
tissue stroma vascular fraction of obese patiesuggesting a causal role of the bacteria.
Therefore, we first characterized the structureshef lipids A, the inflammatory inducing
moieties of LPSs, of threRalstonia speciesRalstonia eutropha, R. mannitolilytica andR.
pickettii, and then compared each, in termgrofitro inflammatory capacitiesR. pickettii
lipid A displaying only 5 Fatty Acids (FA) was a aker inducer of inflammation, compared
to the two other species harboring hexa-acylateiddi A, despite the presence of 2 AraN
substituents on the phosphate groups.
With regard tan vitro pro-inflammatory activities, TNlk-and IL-6 inducing capacities were

compared on THP-1 cells treated with LPSs isoldtech the threeRalstonia. R. pickettii,



with low inflammatory capacities, and recently itwed in nosocomial outcomes, could
explain the low inflammatory level reported in piaws studies on diabetic patients and
animals. In addition, transmission electron micopgcwas performed on the thrRalstonia
species. It showed that tiRe pickettii under-acylated LPSs, with a higher level of phasph
substitution had the capacity of producing moreepatembrane vesicles (OMVSs). The latter
could facilitate transfer of LPSs to the blood aesplain the increased low-grade

inflammation observed in obese/diabetic patients.



1. Introduction

Although LPSs share a common architecture, theurcstral details exert a strong
influence on the biological activities they indud@ée number of fatty acids and the length of
their carbon chains, the phosphate groups and thessible substitution with various
decorations, are crucial for the regulation of doglic activities. In some examples, there is a
direct relationship between LPSs structures andebat niches (1). In mice, a fat-enriched
diet (HFD) impacts gut microbiota (2, 3) leadingawo increased ratio of Gram-negative to
Gram-positive bacteria, thereby increasing the g@odlty of LPSs diffusion into the blood.
Furthermore, the fat component of the diet favbesihtestinal absorption and the transport of
LPSs through the intestinal epithelium into thedolastream and towards the tissues (4,5).
Eventually, in type 2 diabetic patients we obseraadimpaired distribution of LPS within
lipoprotein associated with a reduced lipoprotaimaover, therefore putatively triggering
inflammation in such patients (6).

We recently observed an increased frequency of Gregative bacteria from thealstonia
genus in the stroma vascular of obese patientsT{W}. tissue microbiota, and notably the
corresponding LPS, could be triggering adiposaiéissxpansion and metabolic inflammation

through the binding of CD14/TLR4 as previously shai®).

Ralstonia is a genus of Proteobacteria previously incluadethe Pseudomonadaceae. These
bacteria were mainly known as plant pathogens, thé& first documented case
of Ralstonia bacteremia and death was reported in 1968. At tihat, the pathogen was
reported as an unclassified Gram-negative bactewtich was later identified dRalstonia

pickettii (9).



More recent outbreaks & pickettii infections are documented as nosocomial outbreaks
related to the use of contaminated medical solsti@aline, sterile water, disinfectants, etc.)
used in patient care (9). The presumptive abilitiRaistonia to persist in sterile solutions is
thought to be associated with its ability to suevivithin a wide range of temperatures (15°C—
42°C). These bacteria pass through both @mb0.2um filters, used to sterilize medical
solutions. R. pickettii is well-known for contaminating waters and infotma on its
corresponding LPS structure and inflammatory cagscwas lacking. The present study will

therefore also be relevant in the contexiRalfstonia infections.

Metabolic diseases induced by a high-fat diet, tilabetes and obesity, are characterized by a
low-tone inflammation (10). The origin of inflamn@ could be related to the metabolic
endotoxemia observed in these patients at riskegéldping diabetes (11). The continuous
low-rate infusion of LPS induces hyperglycemia, avtften mice deprived of LPS receptors
are fed with a high-fat diet they are less pronénsulin resistance and obesity (12). After
eating, cholesterol and triglycerides are absoribéal the intestines and are packaged into
particles called chylomicrons, and then releasdd the blood circulation (13). These
particles can transport LPS across the intestipithelium and other lipoproteins can
transport LPS towards targeted tissues, such asdd adipose tissues (4,5). Another mean
by which bacterial LPS could reach tissues is eelab an increased translocation of bacteria
from the intestinal mucosa towards tissues, asiqusly described in type 2 diabetic mice by
Amar et al (14). Eventually, the LPSs when reacladgose tissue induce macrophage and
pre-adipocyte proliferation leading to cytokine gweotion and insulin resistance (8). LPS can
also be modified by a host enzyme, acyloxyacy! biade (AOAH), which removes branched
fatty acids (FA) from lipid A decreasing its cytaki induction capacities.

Based on the above reported evidences, there waedto chemically characterize the LPS

molecular moieties relating the role of LPSs toabetic inflammation.



2. Material and Methods
2.1.Bacterial strains and growth conditions

Three strains oRalstonia (Gram negative, Order Burkholderiales, Fanfiglstoniaceae)

were obtained from the Pasteur InstituRe pickettii and R. mannitolilytica were spread on
TCS (triptone- caseine -soja) agar dhceutropha (Cupriavidus necator in the International
Code of Nomenclature of Bacteria) on Columbia ag#rthree strains were liquid cultured in
Brain Heart Infusion (BHI) complete medium at 3Qi@der agitation (150 rpm) and stored in
30% glycerol at -80°C. Once at confluence, bactemae centrifuged (3000 rpm x 10 min)
and the pellet washed with PBS and lyophilizedidiother analysis or purification.

2.2.LPS and lipid A preparation
The Ralstonia LPSs were extracted by the Isobutyric acid/1M amionm hydroxide method
(15). LPSs were purified by enzymatic treatmentsetmove DNA, RNA and proteins, as
already described. They were also extracted withmiature of solvents to remove
phospholipids and lipoproteins. (16). The degreeurdfty of each sample, to be used for
biological studies, was checked by UV spectrome8RS-PAGE, TLC and amino acid
analyses for the detection of amino acid componant®arkers of peptides and proteins, and
for Muramic acid as a marker for eventual peptigiogh contaminants.
Lipid A was obtained by direct hydrolysis of th@philized bacteria (17). Briefly; 1-5 mg of
lyophilized bacteria were suspended in 50-400 plsobutyric acid and 1M ammonium
hydroxide (5:3, v:v), heated 2 hours at 100°C vsitinring, cooled to 4°C, and centrifuged.
The supernatant was diluted with water (1:1, vimj &ophilized. The material obtained was
then washed twice with 100-400 pl of methanol agwtrifuged (2000 g for 15 min). Finally,
the insoluble lipid A was extracted in a 50 to 200mixture of chloroform: methanol: water

(3:1.5:0.25, v: v: v).



Monophosphorylated lipids A were obtained by HCINY.hydrolysis of the lipids A for 10
min at 100°C, neutralised and recovered by ultraifagation.

2.3.ldentification of glycose absolute configuraso
Lipids A (4 mg) were hydrolyzed with 0.5 ml of 4MOHat 100°C for 2 hours. After cooling
and extraction of fatty acids with chloroform, hsal solutions were brought to neutrality by
repeated evaporation under reduced pressure. Nfacetylation the residue was treated
with trifluoroacetic acid R-(-)-2-butanol, per-agetted, and analyzed by gas chromatography
(GC) on a BP10 capillary (Scientific Glass Engimegr column using a program 160°C (1
min) to 220°C, 5°C min at 0.6 kPa.

2.4.Sequential liberation of ester-linked fattydscby mild alkali treatment

This treatment was used to establish the lipid Maion patterns (18). For the first-step
liberation of primary ester-linked fatty acids,itipA (200 pug) was suspended at 1 mg/ml in
28% ammonium hydroxide and stirred for 5 hours@C5 The solutions were dried under a
stream of nitrogen, the residues taken up in aurextf chloroform: methanol: water (3: 1.5:
0.25, v: v) followed by MALDI-MS analysis. In ord¢o liberate the secondary ester-linked
fatty acids more resistant due to steric hindrattoe resulting lipid A was suspended in 200
pl of 41% methylamine and stirred for 5 h at 37T@e resulting samples were dried under a
stream of nitrogen, and the residues were takein apmixture of chloroform, methanol, and

water (3: 1.5: 0.25, v: viv) and followed by MALDAS analyses.

2.5.Chemical analyses
Fatty acids were analyzed as already described Bt@¥ly, LPS (0.5 mg) were submitted to
strong acid treatment, 4M HCI, 2 hours at 100°ChwdD:0 (10 pg) as internal standard,
extraction with ethyl acetate and esterificatiorthwiliazomethane. GC-MS analysis was

performed using a Finnigan Mat 95S mass spectramete



2.6. SDS—polyacrylamide gel analysis of LPSs
Fifteen percent acrylamide gel was used, andu§.8f LPS was loaded onto the 4%

starting gel. The LPS preparation, electrophonesisess and the Tsai and Frash silver nitrate
coloration were performed as previously descrita]. (

2.7. Mass spectrometry

MALDI negative-ion mass spectrometgnalyses were performed on a PerSeptive

Voyager-DE STR model time-of-flight mass spectragne(Applied Biosystem) (12BC,
Université de Paris Sud Orsay), in linear mode w#layed extraction, and alternatively with
a Shimadzu Axima Performance system in the sames r{1g.
The ion-accelerating voltage was set at 20 kV.yBibxybenzoic acid (DHB) (Sigma
chemical Co., St Louis) suspended in 0.1M citridagas used as a matrix (22). A few
micrograms of lipid A were dissolved in a mixturé ohloroform: methanol: water
(3:1.5:0.25, by vol.) at 1 pg/ pul and desalted vaittew grains of ion-exchange resin (Dowex
50W-X8) (H"), in an Eppendorf tubé 1 pl aliquot of the solution (50 pl) was depoditan
the target and covered with the same amount afnidieix suspended at 10 mg/ml in the same
mixture of solvents (23). Different ratios betwettie samples and DHB were tested when
necessaryB. pertussis lipid A was used as an external standard.

2.8.Invitro pro-inflammatory activity of LPSs
Purified LPSs were incubated with THP-1 cells (hamenocyte cell line). Supernatants
were harvested after 6 or 30 hours of stimulatmg cytokines were measured by ELISA.

Purified Escherichia coli J5 LPS was used as a control.



2.9. Transmission Electron Microscopy
Lyophilized bacteria were suspended in PBS andribeged. The pellets were fixed with
glutaraldehyde 2.5%, PFA 1% in CaCo 0.1M pH 7.4dydbr 1h. Then, they were post-fixed
with 1% osmium for 1h, dried in successive batlsnfrethanol 10% to absolute ethanol and
included in resin (Epon). After polymerization,rttslices were cut and observed with a JEOL

1400 station.

3. Results

3.1. Total fatty-acid composition of the thiiea stonia lipids A
R. eutropha lipid A fatty acids composition was characterizeg GC/MS and found to
correspond to three to four 3-hydroxytetradecaacid (14:0(3-OH)), one tetradecanoic acid
(14:0), and a small amount of 2- hydroxytetrade@aaoid (14:0(2-OH)).
R. mannitolilytica lipid A fatty acid composition was characterized ®Z/MS and found to
correspond to four 14:0(3-OH), one 14.0, one 1&Q®-OH).
R. pickettii lipid A fatty acid composition was characterized BC/MS and found to
correspond to three 14:0(3-OH), one 14:0, and sratd4:0(2-OH).

3.2. Molecular heterogeneity and distribution of tlatty acids between the two D-
glucosamine

3.2.1. MALDI-Mass spectrometry analysis of the &@iRalstonia lipids A
The three lipids A were obtained by direct hydrays the bacteria (17), purified, deionized
and tested in the negative-ion mode after bein@siggd on the target and covered with the
DHB matrix suspended in 0.1M citric acid solution.
R. eutropha lipid A spectrum, presented in Figure 1A displayednajor peak at/z 1599

corresponding to a bis-phosphorylated di-GIcN pe@atd molecular species with three



14:0(3-OH) and two 14:0. A satellite peakmaz 1615 indicated some heterogeneity at the
14:0 with hydroxylation at position 2. Two peaks,pdus and minus 226u for 14:0(3-OH),
appeared respectively atvz 1825 atm/z 1373, and showed fatty acid substitution
heterogeneity due to lipid A biosynthesis. Otheaksewere representative of molecular
species carrying one AraN @z 1504, 1730 and 1957 respectively for the tetrantg-, and
hexa-molecular species.
R. mannitolilytica lipid A spectrum, presented in Figure 1B, showedagor peak ainv/z 1627
corresponding to a bis-phosphorylated di-GIcN pe@atyd molecular species with three
14:0(3-OH), one 14:0 and one 16:0. A satellite p@ak observed at plus 16 u corresponding
to a molecular species containing 16:0(2-OH) irsstafal6 :0. Two other doublet peaks were
observed at/z plus 131 and plus 226u, i.e.rafz 1758/1774 and 1889/1905 corresponding
respectively to the addition of one and two Arablidaes. Minor peaks observednalz 1854,
1985 and 2116 were attributed to bi-phosphoryldtexk-acyl (four 14:0(3-OH), one 14 :0,
and one 16 :0) unsubstituted with AraN, and sulgstit respectively with 1 and 2 AraN
residues.
R. pickettii lipid A spectrum, presented in Figure 1C displagedajor peak ai/z 1599
corresponding to a bis-phosphorylated di-GIcN pe@atyd molecular species with three
14:0(3-OH) and two 14:0. Other peaks were represigrtof molecular species carrying one
and two AraN residues and observed respectivatyzat 730 and 1861.

3.2.2. Kinetics of sequential liberation of estekéd fatty acids from the three
Ralstonia species

- Ester-linked fatty acid liberation under DHOH treatment.
As we previously demonstrated (18), under thesalitons only the primary ester-linked
fatty acids were released. In the cas®adutropha andR. mannitolilytica, the release of two

14:0(3-OH) was confirmed by a shift at minus 45@ading to peaks of respective tetra-acyl
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molecular species (see TablB).pickettii lipid A being only penta-acylated, a shift at nsnu
226u (14:0(3-OH) was observed (see Table).

- Ester-linked fatty acid liberation under Methyliaen treatment
All three lipids A led to peaks atvz 952 after release of secondary ester-linked fatigs;
with of course some heterogeneity observed atqhesor two arabinosamine residues (131u)
(see Table displaying calculated MW). The obsemé&shifts were consistent with fatty acid
residues characterized by GC-MS analysis, i.e.orstary 14 :0 and 14 :0(2-OH) fdr

eutropha andR. pickettii and 14:0, 16:0 and 16:0(2-OH) f@r mannitolilytica.

Bacterial Species: R. eutropha
Native Sample Molecular Species NH , OH, 5h treatment CH ;3 NH 3 OH, 5h treatment
Acylation Pre’:':n'ie /e MHI-fm/e e -|am P”maryc:A, ne S| oM Sec°"daigf
4FA 1372,7 1372,7 0 Free Free 952 420,7 14:0 14:0
4FA 1388,7 1388,7 0 Free Free 952 436,7 14:0(2-OH) 14:0
4FA 1AraN 1503,9 1503,9 0 Free Free 1083,1 420,8 14:0 14:0
S5FA 1599,1 1372,7 226,4 Free 14:0(3-0H) 952 420,7 14:0 14:0
SFA 1615,1 1388,7 226,4 Free 14:0(3-OH) 952 436,7 14:0(2-OH) 14:0
5FA 1AraN 1730,2 1503,9 226,3 Free 14:0(3-0OH) 1083,1 420,8 14:0 14:0
6FA 1825,4 1372,7 452,7 14:0(3-OH)  14:0(3-OH) 952 420,7 14:0 14:0
6FA 1841,4 1388,7 452,7 14:0(3-OH)  14:0(3-OH) 952 436,7 14:0(2-OH)  14:0
6FA 1AraN 1956,6 1503,9 452,7 14:0(3-OH)  14:0(3-OH) 1083,1 420,8 14:0 14:0
Bacterial Species: R. mannitolilytica
Native Sample Molecular Species NH , OH, 5h treatment CH 3 NH 3 OH, 5h treatment
il P L Wl L I = e = T (a1
5FA 1627,1 1400,8 226,3 Free 14:0(3-0OH) 952 448,8 16:0 14:0
5FA 1643,1 1416,8 226,3 Free 14:0(3-0OH) 952 464,8 16:0(2-OH) 14:0
S5FA 1AraN 1758,3 1531,9 226,4 Free 14:0(3-0H) 1083,1 448,8 16:0 14:0
5FA 1AraN 1774,3 1547,9 226,4 Free 14:0(3-0OH) 1083,1 464,8 16:0(2-OH) 14:0
5FA 2AraN 1889,4 1663 226,4 Free 14:0(3-0OH) 1214,2 448,8 16:0 14:0
5FA 2AraN 1905,4 1679 226,4 Free 14:0(3-OH) 1214,2 464,38 16:0(2-OH)  14:0
6FA 1AraN 1984,6 1531,9 452,7 14:0(3-OH)  14:0(3-OH) 1083,1 4488 16:0 14:0
6FA 2AraN 2115,8 1663 452,8 14:0(3-OH)  14:0(3-OH) 1214,2 4488 16:0 14:0
Bacterial Species: R. pickettii

Native Sample Molecular Species NH , OH, 5h treatment CH ;3 NH 3 OH, 5h treatment
Acylation Pre’::’:e /e MHI-fo/e K| am ananl/g: ne M| am Sec°"dai"czf
5FA 1599,1 1372,7 226,4 Free 14:0(3-0OH) 952 420,7 14:0 14:0
5FA 1615,1 1388,7 226,4 Free 14:0(3-OH) 952 436,7 14:0(2-OH) 14:0
5FA 1AraN 1730,2 1503,9 226,3 Free 14:0(3-0OH) 1083,1 420,8 14:0 14:0
5FA 2AraN 1861,3 1635 226,3 Free 14:0(3-0OH) 1214,2 420,8 14:0 14:0

3.2.3. Fragmentation d&lalstonia lipid A molecules in the positive-ion mode
Fragmentation in the positive-ion mode (data notsd) allowed identification of the
distribution of the different fatty acids on eadttlwe two GIcN residues representing the core

of the lipid A moiety. Fragmentation occurs at teeel of the glycosidic bonds of the GIcN,
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the distal GIcN carrying its phosphate group andesponding fatty acid residues. A peak at
m/z 904 appeared in all three lipids A spectra in thsifpze-ion mode. It was interpreted as
corresponding to one phosphate, one GIcN, two 343H) and one 14:0. This determined
that 16:0 and 16:0(2-OH), when present, asRinmannitolilytica, were located on the
reducing GlcN as well as 14:0(2-OH), when presasinR. eutropha andR. pickettii.
3.2.4The anomeric configuration of the GIcN-I glycosigicosphate
The anomeric bond was determined to dbdoy the kinetics of phosphate release

compared to the- and R-P anomers of synthetic GIcN-3-hydroxymigiseferences. The
glycose absolute configuration oFGIcN was determined by GC-MS af and D-GIcN
reference samples (23).

3.3.Comparison of IL-6 and TNé&-production after LPSs stimulation of THP-1 cells
The pro-inflammatory response to stimulation bytlteeRalstonia LPS samples was lower
than withE. coli J5 LPS as shown in Figure 2. All batches show#drénces in TNFx and
IL-6 responses. Both cytokine production, as diggdaby TNFe, and IL-6 production
respected the same ranking while trending to almosinduction withR. pickettii. It was
followed byR. eutropha, then byR. mannitolilytica presenting the closest inducing capacities
compared td. coli J5 LPS.
According to the various described structure-attivelationships that we have previously
established on other bacterial genera (24, 19, 725-®e anticipated the lipids A with
molecular species close to 6 FA to be the morev@éctike theE. coli lipid A reference is
known to be. This is what was observed here Wwitbutropha and R. mannitolilytica, while
R. pickettii displayingonly penta-acyl lipid A molecular species, was aakvénducer.R.
mannitolilytica presents more of the hexa-acyl molecular specidstas explained its higher
inducing capacity. The presence of free aminatg@usuon the phosphate groups is likely to

reduce the important charge interactions betweea Rhosphate group molecules and the

12



receptor, and to modulate positively the activityhis would make sense, according to the
present data, as the more active lipid A is the withk more substitution on the phosphate
groups. This increased activity has already besortieed by us foBordetella pertussis LPSs
(25).

3.4.SDS-PAGE analysis
The threeRalstonia LPS profiles were compared after SDS-PAGE eletinogsis in Figure
3A. They were compared to a Smooth-tyecoli LPS and to thdB. pertussis lipo-oligo-
saccharide (LOS) as size referendéesutropha LPS migrated at the level of tike coli 0119
LPS with two well-defined specific regions, firsitiv R-type LPSs migrating slightly under
those ofB. pertussis taken as a reference, migrating at 4kDa, and 84tf§g$s limited to a few
molecular species localized at about 10kDa.
R. mannitolilytica presented different molecular species at the Roagt Semi-Rough level
followed by LPSs with increasing O-chain elemeritamto a dozen, with a maximum size at
10kDa. The more intense LPS molecular species detected at the Semi-Rough level.
R. pickettii LPS molecular species were limited to Rough-typeé &emi-Rough type LPSs
with no molecular species over 5kDa.

3.5.Transmission Electron Microscopy
At a first glance, two types of membranes can bsenked. A thick and dark membrane was
found for R. eutropha and R. mannitolilytica, while R. pickettii displayed a thin and light-
colored membrane. In addition, much more Outer Mamb Vesicles (OMV) were present
between these bacteria and even at their surfacéhe process of being generated. The
thickness of the membrane was proportional to ite of the corresponding PS present in the
LPS molecular species.
R. pickettii also possessed the lipid A molecular species veisis FA, which has recently

been correlated to the formation of OMVs (27). Artimportant physico-chemical trait of
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these LPS molecules was the fact that most ofiping A phosphate groups were substituted
with AraN, thus reducing the stability of two vialnmolecules via Mg++ bivalent cations.
Therefore, the membrane was less stable and moducive to OMV formation which was
observed in Figure 3B.

The present work further demonstrates the impoetamd the fine structural
characterization of LPSs, in this case those oéehbacterial species belonging to the
Ralstonia genus for the interpretation of biological activities. fEe important species of the
Ralstonia genus where selected due to the impomaneéase of this genus in the stroma
vascular of obese patients (7).

4. Discussion

The identification of the precise structure of LASImportant to support the role of gut
microbiota dysbiosis in the low grade inflammatioduced metabolic disease. Although the
role of LPSs in the triggering of metabolic diseass been largely described in rodents and
humans, several hypotheses could be raised regathd@r mode of action (33). The low
grade inflammation induced by LPS would depend upeweral mechanisms favoring the
excessive absorption of these molecules and upa@ir tetructure to inflammatory
relationships (34). First, LPSs could be absorbethinv chylomicrons released by the
intestine to the lymph and then to the blood (E®ring lipoprotein metabolism they would
be exchanged between lipoproteins and releasednwitb blood (36). LPS-binding proteins
and sCD14 would prevent LPS from binding to thefaste membrane receptor TLR4 that
triggers a cascade of intracellular molecular meims leading to the release of
proinflammatory cytokines notably, but also by itemanmune cells (37). Within the stroma
vascular fraction of adipose depots, such cellswal as others such as endothelial cells,
therefore contribute to the low grade inflammati@8). Secondly, through an intestinal

bacterial translocation process where bacteriaphegocytized by different intestinal cells
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that remain intracellular, mostly within lysosomésg prokaryotes reach the adipose depots
(39). The Gram-negative bacteria can release L& 3gdract with TLR4 triggering, as well
as inflammation. Therefore, from this pathway tvaterlimiting steps can be identified and
related to the structure of the LPSs. First, LP@abe involved in the destruction, or not, of
the bacteria by the innate immune system within ititestine. The intensity of the pro-
inflammatory capacity of LPS to interact with thenate immune cells from the intestine
would be a first triggering step to the destructadrthe bacteria by phagocytosis within the
intestine, and therefore reducing the amount of fdR@d within the blood (40). Conversely,
it could be suggested that LPS of low pro-inflamomatcapacity would not be able to engage
the full destruction of the bacteria during the gahaytosis process. The second hypothesis is
related to our previous observations that a reduttedtinal defense was responsible for the
translocation of gut microbes through the intestamel towards tissues (2,14). Notably the
intestinal innate immune cells were unable to at&ML17 secreting cells, such at the Th17
lymphocytes which are involved in the intestinaffeshse against opportunist commensal
bacteria (41). The origin of the reduced intestidefense was due to dysbiosis, since the
transfer of the dysbiotic gut microbiota to gerraefrmice induced hyperglycemia (42).
Therefore, a low pro-inflammatory LPS would notddgde to fully engage the activation of
Th17 producing cells, and therefore, be respongddsieéhe leaky gut mechanism leading to
bacterial translocation. Altogether, from our sasdwe could expect that a change in the
mucosal microbiota would impair the intestinal immewcells by means of specific structures
of LPSs.

It was also shown that acyloxyacyl hydrolase (AOARBdiated partial LPS deacylation and
inactivated almost 80% of a subcutaneous dose & héfore it could travel to draining
lymph nodes (43). When LPS enters the blood streemthe gastrointestinal tract, it is

transferred to the liver by the portal venous syst€here, Kupfer cells which take most of it
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are also the major liver AOAH producers (44). Toke of LPSs within the adipose tissue for
the control of the low grade inflammation can bepmsed, as predicted and demonstrated
before from translocated bacteria (45).

5. Conclusion

In this paper we aimed at demonstrating the roleLBS in the low grade level of
inflammation observed in patients with obesity ahabetes. Some of thRRalstonia LPSs,
with less FA and less AraN substituents, displaycstiral characteristics known to leading to
lower cytokine inducing capacities. We can now akpl element to element and at the
molecular level, the state of low-grade inflammatimnnected to metabolic diseases.

We showed how under-acylated LPS, like the oneadtarized inR. pickettii, among the
other species, increased the formation of OMVsigag production from the bacterial
membrane (27). It is clear that such structures, in low inflammatory LPS molecules, can
cross the intestinal membrane much easily thanebactan do. The observed increased
abundance ofRalstonia in patients with metabolic diseases thus stronglpport our
hypothesis on how the underacylated LPS strucinogease and participate to the low levels
of inflammation observed in metabolic diseases t¢ikesity and type 2 diabetes.

In addition, as already observed, lipid A structurgere shown to be a useful tool in
phylogenetic bacterial studies (28-3lt)applies here again as the three describedtatas
were found to be significantly different from thHeseudomonas-type lipid A, to which

Ralstonia was first related (32).
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Figurelegends

Figure 1. Comparison of lipid A MALDI-MS spectra and corresponding structures of
the three Ralstonia species. A. Ralstonia eutropha, B. R. mannitolilytica and C.R. pickettii
Figure 2. Comparison of 1L-6 (A) and TNF-a (B) production after LPS stimulation of
THP-1 cdlls.

Figure 3. SDS-PAGE displaying the three LPS profiles (A) and electron microscopy (B)
of the three Ralstonia species. A. Ralstonia eutropha, B. R. mannitolilytica and C.R.

pickettii
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Highlights

Characterization of the lipid A structures of Ralstonia eutropha, R. mannitolilytica
and R. pickettii was performed in connection to the observed increase of Ralstoniain
obese patients.

The pro-inflammatory activities of the three corresponding Ralstonia LPS were tested
and compared, explaining the low-grade inflammation level observed in obese
patients.

Transmission electron microscopy performed on the three Ralstonia species helps

understanding LPS contribution to the bacterial membrane and OMV formation.



