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Abstract : 
 
Alteromonas infernus bacterium isolated from deep-sea hydrothermal vents can produce by 
fermentation a high molecular weight exopolysaccharide (EPS) called GY785. This EPS described as a 
new source of glycosaminoglycan-like molecule presents a great potential for pharmaceutical and 
biotechnological applications. However, this unusual EPS is secreted by a Gram-negative bacterium 
and can be therefore contaminated by endotoxins, in particular the lipopolysaccharides (LPS). 
Biochemical and chemical analyses of the LPS extracted from A. infernus membranes have shown the 
lack of the typical LPS architecture since 3-deoxy-d-manno-oct-2-ulopyranosonic acid (Kdo), 
glucosamine (GlcN), and phosphorylated monosaccharides were not present. Unlike for other Gram-
negative bacteria, the results revealed that the outer membrane of A. infernus bacterium is most likely 
composed of peculiar glycolipids. Furthermore, the presence of these glycolipids was also detected in 
the EPS batches produced by fermentation. Different purification and chemical detoxification methods 
were evaluated to efficiently purify the EPS. Only the method based on a differential solubility of EPS 
and glycolipids in deoxycholate detergent showed the highest decrease in the endotoxin content. In 
contrast to the other tested methods, this new protocol can provide an effective method for obtaining 
endotoxin-free EPS without any important modification of its molecular weight, monosaccharide 
composition, and sulfate content. 
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Introduction 

In recent years, the increasing demand for natural polymers in pharmaceutical, food or other industrial 

applications has led to a remarkable interest in polysaccharides produced by microorganisms. In particular, due 

to their capacity to produce bioactive compounds, the study of bacteria from marine origin is becoming an 

important research topic (Laurienzo 2010). Many known marine bacteria produce high molecular weight 

(HMW) extracellular glycopolymers, so called exopolysaccharides (EPS), and some of them display unique 

properties (Guezennec 2002). Previous studies have shown that some deep-sea hydrothermal vent bacteria, such 

as Alteromonas and Vibrio species, produce EPS endowed with original structures (Delbarre-Ladrat et al. 2014) 

and innovative heparin-like properties (Colliec-Jouault et al. 2004). Notably, Alteromonas infernus bacterium, 

isolated in deep-sea sediments of the Guaymas basin (Gulf of California), secretes a branched HMW GY785 

EPS (2 x 10
6 

g/mol) with a sulfated nonasaccharide repeating unit (Fig. 1). Recently, a low molecular weight 

(LMW) oversulfated derivative obtained from the HMW GY785 EPS was demonstrated to enhance the 

chondrogenic differentiation of mesenchymal stem cells, considered as an attractive source of cells for cartilage 

engineering (Merceron et al. 2012). More recently, the LMW GY785 EPS derivative was shown to inhibit the 

establishment of lung metastases in pre-clinical model (Heymann et al. 2016). 

A. infernus is a Gram-negative bacterium. Consequently, the EPS produced by this bacterium can be 

contaminated by different bacterial extracellular molecules such as lipopolysaccharides (LPS), an integral 

component of its outer cell surface, proteins, nucleic acids (DNA) and/or residual salts. These contaminants, 

often called pyrogens or endotoxins, can alter the EPS beneficial effect and induce severe side effects. In 

particular, LPS exhibit a wide range of pathophysiological effects (Wang et al. 2010) and their removal below 

the nanogram level is a crucial step to prevent from endotoxin shock reactions, tissue injury and even death of 

host organisms. Nevertheless, if the LPS of many bacteria are well characterized, the LPS produced by 

Alteromonas spp., and especially those isolated from deep-sea environment, are much less studied (Caroff et al. 

2003).  

Several methods have been developed for production and purification of EPS (Adam et al. 1995, Anspach 

et al. 1995, Wilson et al. 2001, Magalhaes et al. 2007). However, these methods result in variable amounts of 

residual endotoxins along with traces of LPS, protein and nucleic acids. Some endotoxin acceptable limits have 

been calculated and can be found in the Pharmacopoeia. Because endotoxins have severe adverse effects at low 

concentrations, their removal from pharmaceutical products is crucial even if it is a laborious step. Although 

acid or alkaline treatment can be used to inactivate LPS by lipid A removal, these methods can depolymerize 

biological molecules such as EPS (McIntire et al. 1967). Thus, non-destructive methods for LPS removing are 

required. Few methods, such as Triton X-114 phase separation or affinity chromatography, led to a significant 

LPS removal from polysaccharides below the nanogram level (Pier et al. 1978).  

In this work in order to efficiently purify the HMW GY785 EPS, we first identified the molecules co-

produced with EPS upon A. infernus growth to determine if typical components such as LPS are present. In 

parallel, LPS directly extracted from bacterial cell membranes were characterized. Then, after different 

treatments commonly employed to reduce endotoxin level, we determined if the previously identified molecules 

are still present in EPS batches produced by fermentation. Finally, we optimized a method for developing a 
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suitable purification process including different criteria such as: (i) an endotoxin level authorized by the 

European Pharmacopoeia (<0.5 EU/mg), (ii) minimized degradation of the EPS, (iii) an optimal recovery of the 

EPS and (iv) a scalable method. 

Materials and Methods 

A. infernus cultures for LPS production 

1.8 ml of A. infernus strain (CNCM- I 1628) stored at -80 °C was used for the culture. The bacteria were grown 

in a Zobell marine medium composed of 5 g/L of tryptone, 1 g/l of yeast extract and 33 g/l of aquarium salts. 

The culture was carried out in an Erlenmeyer flasks (1,000 ml) containing 200 ml of marine medium and placed 

in an incubator at 30 °C under agitation. After 48 h, the bacterial cells were isolated from the marine medium by 

centrifugation (20 min at 8,000 g) and freeze-dried. 

A. infernus fermentations for EPS production 

GY785 EPS was produced by A. infernus strain in fermenters (30 l or 40 l of medium) with Zobell marine 

medium. The carbohydrate source necessary for biosynthesis (glucose 30 g/l final concentration) was added at 

the beginning of the batch culture. Then the culture was placed under controlled conditions (aeration, agitation, 

pH and temperature) until the carbohydrate was totally consumed. HMW GY785 EPS secreted into the culture 

medium was precipitated by ethanol after centrifugation or ultrafiltered and then freeze-dried, as previously 

described (Rougeaux et al. 1999, Roger et al. 2004).  

Extraction of LPS from bacterial cells after fermentation  

From freeze-dried bacterial cells, LPS were extracted following classical methods, such as hot phenol/water or 

phenol/chloroform/petroleum ether extractions, (Galanos et al. 1969). 

a. Hot phenol-water (PW) method: 200 mg of bacterial cells were suspended in 5 ml of deionized water. A 

mixture of hot (65 °C) phenol (4.5 ml) and water (0.5 ml) was added to the suspension and left under 

stirring at 65° C for 30 min. The mixture was then cooled to 5 °C, and centrifuged for 30 min at 8,000 g. 

The aqueous supernatant was separated and the phenol layer re-extracted with water (5 ml) followed by 

centrifugation as described above. The combined aqueous phases and the phenol phase were dialyzed (5 

days) against water and freeze-dried. 

b. Phenol-chloroform-petroleum ether (PCP) method: 200 mg of bacterial cells were subjected to the 

extraction mixture (5 ml) of 90% phenol/chloroform/petroleum ether (2:5:8 v/v/v), at 10 °C for 30 min. 

The mixture was then centrifuged for 10 min at 5,000 g. The cell pellet was submitted to two more 

extractions as above. Solvents from the supernatants are evaporated and deionized water is slowly added 

to the remaining solution to precipitate the LPS. Pellet and supernatants were dialyzed (5 days) against 

water and freeze-dried. 
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Purification treatments applied to GY785 EPS 

a. Affinity chromatography: LPS was removed by affinity chromatography on Proteus NoEndo columns 

(Generon, UK). EPS was solubilized in 0.01 M EDTA at pH 7 and a concentration of 1 mg/ml and 

loaded (20 ml) onto the column by centrifugation to obtain a flow rate of 1 ml/min (30-45 min at 100 

g). The eluted solution was extensively dialyzed against water before freeze-drying. The resin was 

regenerated by desorption of the LPS with 1% sodium deoxycholate (NaDOC) in 0.1 M ammonium 

bicarbonate solution. In parallel, affinity purification experiments were carried out in batch. EPS was 

solubilized in EDTA 0.01 M solution (pH 7) at 1mg/ml with 1 ml of NoEndo resin. After 2 days of 

stirring, the resin was removed by centrifugation (30 min at 10,000 g). The resulting supernatant was 

dialyzed and freeze-dried. 

b. Anion exchange chromatography: EPS was dissolved in 0.5 M sodium acetate (pH 6) at a concentration 

of 1 mg/ml. 500 mg of DEAE-Sephadex resin, pre-equilibrated with sodium acetate at pH 6, was 

added to 50 ml of EPS solution, and the solution was stirred 2 h at room temperature. The resin was 

poured in a Poly-Prep chromatography column. EPS was eluted with a linear gradient of 0.5 M 

sodium acetate with NaCl (50 ml, 0 to 1 M) at 2 ml/min. Each fraction was collected, dialyzed against 

water and freeze-dried. 

c. Bligh and Dyer extraction: EPS was dissolved in 0.01 M EDTA solution (pH 7) at a concentration of 

10 mg/ml. Five volumes of chloroform/methanol (2/1, v/v) were added and the mixture was stirred 

for 4 h at room temperature. After centrifugation, the organic phase containing LPS was discarded. 

Aqueous phase containing EPS was precipitated by cold ethanol and collected by centrifugation. The 

obtained EPS was subjected to two other extractions as described above before being extensively 

dialyzed and freeze-dried. 

d. Triton X-114 extraction: EPS was dissolved at 1 mg/ml in water or 0.01 M EDTA solution (pH 7) and 

Triton X-114 was added to a final concentration of 1% (v/v). After cooling on ice, the solution was 

stirred at 4°C for 1 h and incubated at 37°C in a water bath for 1 h to induce phase separation. The 

upper aqueous phase containing EPS was carefully removed after centrifugation (10 000 g, 30 min, 

30°C) and subjected to Triton X-114 phase separation for at least two more cycles with 5% (v/v) 

Triton X-114. To the resulted aqueous phase, NaCl (2%, w/v final concentration) and cold ethanol (3 

volumes) were added to precipitate the purified EPS. After dissolution in water, the obtained EPS was 

extensively dialyzed to eliminate traces of detergent and salt, and freeze-dried (Adam et al. 1995). 

e. Sodium deoxycholate (NaDOC) extraction: EPS was dissolved in 0.05 M Tris HCl buffer containing 

0.1 M NaCl (pH 7). NaDOC was added at 2% (w/v). The mixture was incubated at 65°C for 15 min 

and then cooled on ice. EPS solution was acidified with acetic acid (20%) to pH 5 and centrifuged 

(8000 g, 30 min) to precipitate LPS and NaDOC. The supernatant containing EPS was extensively 

dialyzed against water and freeze-dried (Kachlany et al. 2001). 

Analytical techniques 

a. Characterization of LPS extracted from A. infernus bacterial cells: Elemental analyses were performed 

by the Central Micro-analysis Department of the CNRS at Gif/Yvette (France) for carbon, hydrogen, 
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nitrogen and sulfur contents and by the Central Micro-analysis Department of the CNRS at 

Villeurbanne (France) for phosphorus content. Monosaccharide and fatty acids compositions were 

determined as described by Bohin et al. (Bohin et al. 2005). Briefly, 200 mg of dried samples or 

monosaccharide and fatty acid standards were submitted to acid methanolysis with MeOH/HCl 0.5 M, 

for 20 h at 80°C. After drying under a stream of nitrogen, 200 µL of acetonitrile and 25 µL of 

heptafluorobutyric anhydride (HFBA) were added. The samples were heated for 15 min at 150°C. After 

evaporation of the reagents under a stream of nitrogen, samples were taken up in 250 µL of 

dichloromethane, and 1 µL was injected into the GC-MS apparatus, on a VF-1ms capillary column. 

The temperature was set up at 90°C for 3 min, then increased by 5°C/min up to 260°C and held for 20 

min. Electrospray spectra were obtained at 70 eV at 230°C.  

b. Determination of LPS content in EPS batches: The amount of LPS was determined by direct 

transmethylation of the fatty acids and GC-MS analysis of the obtained fatty acid methyl esters 

(FAMES) derivatives (Tirsoaga et al. 2007). 10 mg of EPS, and a known amount of C17:0 (used as 

internal standard) were dissolved in 0.5 mL of HCl/MeOH 0.6 M, and heated at 80°C for 20 h. After 

cooling, 1 mL of water was added. FAMES were extracted twice by 2 mL of hexane. The organic layer 

was reduced under N2 and subjected to GC using an Agilent 6890 series gas chromatograph equipped 

with a VF-1ms capillary column and electrospray Agilent 5973 Network mass spectrometer detector. 

The temperature was set up at 90°C for 2 min, then increased by 2°C/min up to 280°C and held for 2 

min. Electrospray spectra were obtained at 70 eV at 230°C. Limulus Amebocyte Lysate (LAL) assays 

were performed by Charles River laboratory (Ecully, France) to determine the endotoxin level in HMW 

GY785 EPS before and after purification. 

c. Characterization of GY785 EPS batches: Monosaccharide content was determined by GC analysis of 

trimethylsilyl derivatives after acidic methanolysis (Kamerling et al. 1975). The total sulfur content 

present in the HMW GY785 EPS was determined using high-performance anion-exchange 

chromatography (HPAEC), as described by Chopin et al. (Chopin et al. 2015). The molecular weight 

(Mw) of the samples was determined by High-Performance Size Exclusion Chromatography (HPSEC) 

coupled online with a multi-angle light scattering detector (MALS, Dawn Heleos-IITM, Wyatt) and a 

differential refractive index (RI) detector (Optilab Wyatt). Data were analyzed with Astra software 6.1 

(Wyatt Technology). The mass recovery (%) and calculated mass (µg) evaluated by RI detection are 

given in the ASTRA report. For each injected EPS sample, this recovery is above 70%. 

d. Characterization of other biological molecules: The protein content was determined using the BCA 

(bicinchoninic acid) protein assay using the BCA1-1KT kit (Sigma). The nucleic acid content was 

determined using the Quant-iT PicoGreen dsDNA kit (Invitrogen Molecular Probes).  

e. SDS-PAGE: Precast polyacrylamide 4 to 20% gradient gels (Bio-Rad) were used for SDS-PAGE 

analysis. The E. coli strain O111:B4 LPS was used again as reference. Samples were mixed 4:1 (v/v) 

with a sample loading buffer (66 mM Tris-HCl pH 6.8, 20% v/v glycerol, 2% v/v SDS, 5 mM EDTA, 

14.3 M mercaptoethanol, 0.025% w/v bromophenol blue) and boiled for 10 min. 25 µg of the sample 

was loaded on a gel. Gels were run in a buffer composed of 50 mM Tris, 383 mM glycine and 10% 

SDS, at 100 V. LPS were detected by silver nitrate staining (Kittelberger et al. 1993, Zhu et al. 2012). 
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After this first coloration, SDS-PAGE was further stained with Stains All to detect anionic 

polysaccharides (Rigouin et al. 2009). 

Results 

Characterization of LPS extracted from bacterial cells 

LPS were extracted from dried bacterial cells following hot phenol/water (PW) and 

phenol/chloroform/petroleum ether (PCP) methods. Extracted molecules were first characterized by SDS-PAGE 

with a double coloration. A highly sensitive silver nitrate staining was used to detect LPS that stain brown (Fig. 

2a) and was followed by Stains-All staining that allows visualization and identification of acidic molecules such 

as acidic proteins and anionic polysaccharides, as blue bands (Fig. 2b). The silver/Stains-All protocol can be 

used for detection of molecules over a range from 0.25 to 50 ng (Kittelberger et al. 1993, Goldberg et al. 1997). 

The E. coli LPS (O111:B4 strain) used as reference stained brown and displayed a ladder-like band pattern (Fig. 

2, lanes 1). The extract obtained by the PW method showed in the aqueous phase a strong blue broad band at the 

top of the gel and a strong brown broad band at the bottom (Fig.2b, lane 2), while in the phenolic phase it 

showed only one dark-brown sharp band at the bottom (Fig.2, lanes 3). The extract obtained by the PCP method 

displayed in the aqueous phase a brown lightly stained smear and a light-brown broad band at the bottom (Fig.2, 

lanes 4) and no band in the phenolic phase (Fig.2, lanes 5). Whatever the extraction method used, the displayed 

brown bands in the LMW region of the gel (bottom) could correspond to LPS present in A. infernus cell 

membranes. Unlike E. coli (strain O111:B4) LPS, the A. infernus LPS did not display a ladder-like pattern 

generally observed for Smooth-type LPS, in which the lipid domain called lipid A is linked through a core 

oligosaccharide to an O-chain or O-antigen domain composed of an oligosaccharidic sequence. Thus, A. 

infernus LPS could be of Rough-type lacking O-chain or displaying a short O-chain LPS. The broad blue band 

observed in the aqueous phase of the extract obtained with the PW method could correspond to a contaminant 

HMW EPS that stains blue with Stains-All. Consequently the PW method does not appear to be sufficiently 

selective for the extraction of A. infernus LPS and the PCP extraction method seems more appropriate for the 

extraction of A. infernus LPS, which was found only in the aqueous phase (Fig.2, lanes 4). Therefore, both 

monosaccharide and fatty acid compositions were determined by GC/MS in the dried PCP aqueous phase 

extract. In parallel, the GC/MS analysis was performed on a commercial E. coli LPS, used as reference (Fig.3). 

The structure of the commercial E. coli LPS is well known. The main constituents characterizing E. coli LPS, 

such as 3-deoxy-D-manno-oct-2-ulopyranosonic acid (Kdo), glucosamine (GlcN) and 3-hydroxy-fatty acids 

were well detected (Stenutz et al. 2006). In contrast, neither Kdo nor GlcN were detected in PCP extract of A. 

infernus cells (Fig.3). The monosaccharide analysis of the dried PCP extract showed the presence of only few 

sugar residues (Table 1), glucose (Glc), mannose (Man) and N-acetyl-glucosamine (GlcNAc) were the main 

detected monosaccharides. The fatty acids were identified in small amount as myristic acid C14:0, 3OH-C14:0, 

palmitic acid C16:0, hexadecenoic acid C16:1, heptadecanoic acid C17:0, stearic acid C18:0 and octadecenoic 

acid C18:1. The elemental analysis of the PCP extract allowed to determine the presence of a very small amount 

of phosphorus (P) lower than that of LPS (usually close to 4%), which suggests that the extract contains most 

likely phosphorylated molecules such as nucleic acids (Fensom and Gray, 1969). The absence of sulfur (S) 

confirms that the PCP extract was not contaminated by the sulfated EPS. Therefore, the chemical composition 
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of the PCP extract suggests the presence of either atypical LPS or glycolipids in the outer cell membrane of A. 

infernus.  

Characterization of LPS in GY785 EPS batches 

After the fermentation step, the HMW GY785 EPS was isolated from the bacterial culture by alcoholic 

precipitation or ultrafiltration. Three batches were analyzed by LAL assays (Charles River Laboratory) and all 

three displayed a high content of endotoxins, estimated at 40,000, 72,500 and 200,000 EU/mg. The HMW 

GY785 EPS were then analyzed by SDS-PAGE to detect LPS contamination using silver/Stains-All staining 

(Fig. 4a and 4b). All HMW GY785 EPS showed a strong blue broad band at the top of the gel and two or three 

brown thin bands at the bottom (Fig.4b, lanes 3 to 5). The presence or intensity of these latter bands could not be 

correlated to the degree of contamination. As observed above, the LPS found in HMW GY785 EPS did not 

present the same ladder pattern as E. coli LPS (lanes 3 to 5). These silver positive LMW bands found in all 

highly contaminated EPS could correspond to a Rough-type LPS lacking O-antigen moieties, as suggested 

above for the LPS extracted from the A. infernus bacterial culture (Maskell 1991). Another batch was treated 

with hydrogen peroxide in order to eliminate LPS. This batch showed a blue stained smear with a higher 

migration than that observed for the HMW GY785 EPS batches and corresponding to a population of chains 

with a lower molecular weight (Fig.4b, lane 2). It is important to note however that hydrogen peroxide is 

commonly used to depolymerize polysaccharides. In this low contaminated LMW EPS as determined by the 

LAL assays (135 EU/mg), no dark brown band was detected.  

Search for an effective method to obtain GY785 EPS free of LPS 

As the amount of LPS remained still higher than the level authorized by the European Pharmacopoeia (<0.5 

EU/mg) in all EPS batches, the development of a rapid and efficient downstream purification method was 

necessary. For this purpose, a highly LPS contaminated EPS batch was selected for purification assays and 

analysed. GC/MS chromatograms showed that the GY785 EPS was constituted mainly of sugars (51 % w/w) 

corresponding to its typical monosaccharide composition with a small amount of proteins (2.6 % w/w), nucleic 

acids (7.5 % w/w) and fatty acids (0.5 % w/w total FAMES), among which myristic acid C14:0, palmitic acid 

C16:0, hexadecenoic acid C16:1, heptadecanoic acid C17:0, stearic acid C18:0 and octadecenoic acid C18:1 

(Table 2). The fatty acid composition of GY785 EPS was similar to LPS composition found in PCP dried 

extract (Table 1) suggesting that the EPS batch was contaminated by the outer cell membrane LPS or 

glycolipids.  

In order to efficiently purify the GY785 EPS from all contaminating molecules without reducing the 

polysaccharide molecular weight and modifying its original monosaccharide composition, different methods 

described in the literature were tested except hydrogen peroxide treatment. To assess the efficacy of different 

treatments, the amount of the total FAMES and EPS molecular weight before and after detoxification were 

determined and compared (Table 3). Since endotoxins are negatively charged due to the presence of phosphate 

groups, anion-exchange chromatography is often employed as a mean to remove them. Two factors govern the 

success of this approach: (i) the affinity of the endotoxins for the EPS molecule and (ii) the affinity of the 

endotoxins for the particular anion exchange support used. DEAE-Sephadex chromatography was reported to 
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efficiently remove LPS from proteins (Hou et al. 1990). However, the anion-exchange chromatography was not 

suitable for LPS purification from GY785 EPS since the GY785 EPS, which is an acidic polysaccharide due to 

the presence of uronic sugars and sulfate groups, was recovered only at 75%, which suggests a slight binding to 

the column. The endotoxin level was reduced to only 17%. Affinity chromatography (NoEndo resin), commonly 

used for high binding affinity of the lipid A moiety of LPS, allowed to remove around 88% and 80% of the LPS 

from GY785 EPS using a column and in batch, respectively. The low efficiency of NoEndo resin was attributed 

to a too high level of endotoxins, which results in an overloading of the resin. Because of their amphiphilic 

structure, LPS have poor solubility in aqueous solutions and are present as aggregates in colloidal solution. The 

physical state of LPS depends on the polysaccharide moiety of the LPS and also on the presence of inorganic 

cations and basic amines, which neutralize negatively charged groups on LPS and induce their aggregation 

(Garidel et al. 2005). Bligh and Dyer extraction method using organic solvents, i.e. a chloroform/methanol 

mixture was applied to remove LPS from the EPS sample (Bligh et al. 1959). A decrease in the total FAMES 

was observed, indicating that the lipid molecules are extractable in organic phase in a liquid/liquid extraction. 

After performing three cycles of extraction, a level of the residual FAMES of 7% was obtained. However, the 

recovery yield of the EPS obtained by alcohol precipitation from the aqueous phase was only of 66%. 

In order to prevent self-aggregation of LPS, surfactants such as Triton X-114 (Adam et al. 1995, Mercaldi et al. 

2008) or sodium deoxycholate (NaDOC) (Shands et al. 1980, Kachlany et al. 2001) may be added. Although, 

the LPS level was reduced by 91% by performing three cycles of Triton X-114 extraction, the treatment led to 

EPS recovery of only 50%. In contrast, the NaDOC extraction allowed to remove 99.5% of the total FAMES 

from GY785 EPS, which was recovered at 75%. The main characteristics of the EPS obtained after the NaDOC 

treatment are reported in Table 4. Before the treatment, 1 mg of GY785 EPS was contaminated at a microgram 

level by proteins and fatty acids (total FAMES) and at a nanogram level with nucleic acids (Table 2). The 

purified EPS was free of protein and the amount of nucleic acids was significantly decreased (down to 0.002 % 

w/w). After the NaDOC treatment, only very low quantity (0.002 % w/w) of palmitic acid (16:0) was detected. 

LAL assays performed on the purified EPS sample revealed a residual LPS amount of 55 EU/mg. Only minor 

modifications of the sugar composition and sulfur content of the GY785 EPS were noticed.  

Discussion 

In comparison to the indicative data of Leone et al. (Leone et al. 2007), no LPS comparable to those extracted 

from other Alteromonas strains was found in the A. infernus bacterium. Indeed, although at the first sight, the 

SDS-PAGE data seem to prove the presence of Rough-type LPS in the A. infernus strain, all samples extracted 

by the common phenol-chloroform-petroleum ether method and characterized by GC/MS were shown to lack 

the typical lipid A or the core of LPS. In some cases, the absence of Kdo, or even a modification of the lipid A 

backbone amino sugar are observed (Caroff et al. 2003). The absence of Kdo, glucosamine and phosphorylated 

monosaccharides which are ubiquitous constituents of all LPS demonstrates the uncommon structure of A. 

infernus membrane lipids.  

The lack of LPS in a Gram-negative bacterium is not an exception. Indeed, several Gram-negative bacteria do 

not contain LPS at all, such as Chloroflexus aurantiacus (Meissner et al. 1988) or Thermus thermophilus (Silipo 

et al. 2004). Bacteria of the genus Sphingomonas were shown to have glycosphingolipids that fulfill the LPS 

function (Kawahara et al. 1991, Kawasaki et al. 1994). Schultz et al. reported the extraction of a new class of 
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outer membrane lipid which was isolated from Treponema denticola by phenol-chloroform-petroleum ether 

extraction; this glycolipid probably functions as LPS but lacks Kdo and 3-hydroxy-fatty acids (Schultz et al. 

1998). Therefore, there are some species of Gram-negative bacteria, which despite the absence of LPS, continue 

to propagate and accomplish normal life cycle. However, it is for the first time that the lack of a typical LPS is 

reported for an Alteromonas strain. Liparoti et al. (Liparoti et al. 2006) and Leone et al. (Leone et al. 2007) have 

proposed a Rough-type LPS in A. macleodii ATCC 27126 and A. addita KMM 3600, respectively. However in 

these studies, the extraction by the conventionally adopted phenol-chloroform-petroleum ether method resulted 

in a glycolipid or a phosphoglycolipid recovery instead of LPS. A. macleodii ATCC 27126 and A. addita KMM 

3600 strains were isolated from surface sea water samples collected from around the Hawaiian Islands and the 

region of Chazma Bay (Sea of Japan), respectively whereas A. infernus GY785 strain was collected in the deep 

sea of the Southern depression of the Guaymas basin. Silipo et al. were interested in LPS from Thermus 

thermophilus HB8 strain (Silipo et al. 2004). This halotolerant bacterium, which was isolated from shallow 

marine hot spring in Japan, is able to grow in harsh environmental conditions of temperature reaching 80°C. The 

authors reported that the outer membrane of this bacterium was not composed of LPS, which was totally absent, 

but of a glycolipid, which could substitute the LPS in the structure of the external membrane. Similar results 

were reported in Leone et al. for Thermus thermophilus Samu-SA1 strain, also isolated from a shallow marine 

hot spring (Leone et al. 2006). Consequently, these authors suggested that microbial adaptation to hard habitats 

has been accomplished through the biosynthesis of molecules with uncommon negative charge density in the 

outer membrane (i.e. phosphate groups and acidic monosaccharides) which could have the structural function of 

LPS. 

 

To our knowledge, no structure of LPS from bacteria isolated from deep-sea ecosystem has been published to 

date. Sledjeski and Weiner only reported the analysis by SDS-PAGE of several LPS from marine bacteria, 

including the analysis of LPS from three hydrothermal vent Hyphomonas strains (Sledjeski et al. 1991). These 

three LPS appeared to be Rough-type LPS with a lack of ladder-like pattern. On SDS-PAGE, all three have a 

slightly stained band migrating immediately after another more darkly stained one, the same profile was 

observed for the extracts of A. infernus which could suggest the presence of similar molecule type. Mining the 

genome sequence of A. infernus for potential genetic clusters of lipidic and glycosidic polymers could later 

confirm the presence of genes coding for an atypical LPS or glycolipids. This method was previously described 

by Keck et al. to demonstrate the absence of LPS in the Sorangium cellulosum strain So ce56 (Keck et al. 2011). 

Different detoxification and purification methods were applied to obtain A. infernus GY785 EPS free of 

endotoxins. DEAE-Sephadex chromatography is a method reported to efficiently remove LPS from proteins 

(Hou et al. 1990). Suwan et al. (Suwan et al. 2012) have reported that anion-exchange chromatography was 

efficient to remove endotoxins from heparosan (a non-sulfated precursor of heparin), but not from sulfated 

heparin. The inefficiency was attributed to the binding of heparin to DEAE due to the low pKa value of the 

sulfate groups. In contrast to these methods, we have shown that a treatment based on the differential solubility 

of EPS and LPS in NaDOC detergent was more efficient. NaDOC treatment was rapid and allowed both to 

purify at high level the HMW GY785 EPS while preserving its structure. This method is therefore a promising 

alternative to totally eliminate proteins and to reduce both glycolipid components and nucleic acid contents at a 

nanogram level from the GY785 EPS. 
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Table 1 Chemical composition of the PCP extract obtained from 

A.infernus dried cells 

 

Monosaccharide and 

Fatty Acids 

 

 

(% w/w) 

Glc 1.7 

Man 1.2 

Gal 0.3 

Rha 0.04 

GlcN nd 

GlcNAc 2.1 

GalA 0.4 

Kdo nd 

C12:00 0.08 

C14:0 

3OH-C14:0 

0.03 

0.17 

C16:1 0.13 

C16:0 0.18 

C17:0 0.07 

C18:1 0.09 

C18:0 0.08 

P 0.89 

S nd 

nd: not detected 

 

Table 2 Chemical composition of the native GY785 EPS 

 
Native GY785 EPS 

Endotoxins (EU/mg) 72,500 

Sugar composition Rha/Man/Glc/Gal/GlcA/GalA 

Sugar content (% w/w) 1/2/18/15/9/6 

Sulfur (% w/w) 4.5 

Protein (% w/w) 2.6 

Nucleic acid (% w/w) 0.007 

FAMES composition 3OH-C14:0/16:1/16:0/18:1/18:0 

FAMES (% w/w) 0.02/0.04/0.15/0.2/0.02 

Total FAMES (% w/w) 0.43 

Mw (g/mol)/Mn (g/mol)/Ip
a
 2.1x10

6
/1.9x10

6
/1.1 

a 
Mw: weight-average molecular weight, Mn: number-average molecular 

weight and Ip: Mw/Mn polydispersity index 
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Table 3 Fatty acid (total FAMES), GY785 EPS recovery yield and EPS molecular weight 

before and after different purification treatments. 

Treatment applied 

Total FAMES 

yield 

(% w/w) 

 

EPS yield 

(% w/w) 

SEC-MALS
a 

(Mw/Mn/Ip) 

No treatment 100 100 2.1x10
6
/1.9x10

6
/1.1 

Anion-exchange chromatography 83 75 2.1x10
6
/1.9x10

6
/1.1 

Affinity chromatography (column) 12 23 2.1x10
6
/1.9x10

6
/1.1 

Affinity chromatography (batch) 20 84 2.1x10
6
/1.9x10

6
/1.1 

Chloroform/methanol extraction 7 66 1.8x10
6
/7.2x10

5
/2.5 

Triton X-114 9 34 2.1x10
6
/1.9x10

6
/1.1 

NaDOC 0.5 75 2.2x10
6
/1.5x10

6
/1.5 

a 
Mw: weight-average molecular weight, Mn: number-average molecular weight and Ip: 

Mw/Mn polydispersity index 

 

Table 4 Chemical composition and molecular weight of the GY785 EPS after the 

NaDOC treatment 

 GY785 EPS after 

NaDOC treatment 

Endotoxins (EU/mg) 55 

Sugar composition Rha/Man/Glc/Gal/GlcA/GalA 

Sugar content (% w/w) 1/2/14/15/10/7 

Sulfur (% w/w) 4.3 

Protein (% w/w) 0 

Nucleic acid (% w/w) 0.002 

FAMES composition 16:0 

Total FAMES (% w/w) 0.002 

Mw (g/mol)/Mn (g/mol)/Ip
a
 2.23x10

6
/1.52x10

6
/1.5 

a 
Mw: weight-average molecular weight, Mn: number-average molecular weight 

and Ip: Mw/Mn polydispersity index 
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Figures 

Fig. 1 Nonasaccharidic repeating unit of GY785 EPS composed of: 4 glucose (Glc), 2 galactose (Gal), 2 

glucuronic acids (GlcA) and 1 galacturonic acid (GalA) residues. GalA bears one sulfate group at C2 position 

(Roger et al, 2004) 
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Fig. 2 SDS-PAGE analysis of A. infernus cell extracts after silver nitrate (a) and silver nitrate and Stains-All (b) 

stainings. Lane 1 contains E. coli O111:B4 LPS as control. Lanes 2 to 5 are extracts obtained from A. infernus 

dried cells: lanes 2 and 3, molecules extracted by the phenol-water (PW) method in aqueous phase and phenolic 

phase, respectively, lanes 4 and 5, molecules extracted by the phenol-chloroform-petroleum ether (PCP) 

method, in aqueous phase and phenolic phase, respectively 
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Fig. 3 GC-MS chromatograms of the heptafluorobutyrate derivatives material liberated by acid methanolysis of 

E. coli LPS from the 026:B6 strain and A. infernus cell extract (aqueous phase of PCP method) 
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Fig. 4 SDS-PAGE analysis of GY785 EPS stained by silver nitrate (a) and silver nitrate followed by Stains-All 

(b). Lane 1: E. coli O111:B4 LPS. Lane 2: LMW GY785 EPS (MW = 30 kg/mol) containing 135 EU/mg of 

endotoxins. Lanes 3, 4 and 5: HMW GY785 EPS (MW ≈ 2,000 kg/mol) containing 43,000, 72,500 and 200,000 

EU/mg of endotoxins, respectively. 

 

 




