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Abstract:  
 
The exopolysaccharide (EPS) HE800 is a marine-derived polysaccharide (from 8 × 10

5
 to 

1.5 × 10
6
 g mol

−1
) produced by Vibrio diabolicus and displaying original structural features close to 

those of glycosaminoglycans. In order to confer new biological activities to the EPS HE800 or to 
improve them, structural modifications need to be performed. In particular, depolymerisation is 
required to generate low-molecular-weight derivatives. To circumvent the use of chemical methods 
that lack specificity and reproducibility, enzymes able to perform such reaction are sought. This study 
reports the screening for enzymes capable of depolymerising the EPS HE800. A large diversity of 
enzyme sources has been studied: commercially available glycoside hydrolases with broad substrate 
specificity, lyases, and proteases as well as growing microorganisms. Interestingly, we found that the 
genus Enterococcus and, more particularly, the strain Enterococcus faecalis were able to 
depolymerise the EPS HE800. Partial characterization of the enzymatic activity gives evidence for a 
random and incomplete depolymerisation pattern that yields low-molecular-weight products of 
40,000 g mol

−1
. Genomic analysis and activity assays allowed the identification of a relevant open 

reading frame (ORF) which encodes an endo-N-acetyl-galactosaminidase. This study establishes the 
foundation for the development of an enzymatic depolymerisation process. 
  
 
Keywords: Polysaccharide – Enzymatic depolymerisation – Low-molecular-weight derivatives –  
Enterococcus faecalis  – Endo-N-acetyl-galactosaminidase   
 

http://dx.doi.org/10.1007/s00253-011-3822-1
http://www.springerlink.com/
http://archimer.ifremer.fr/
mailto:Christine.Delbarre.Ladrat@ifremer.fr


3 
 

 

Introduction 

 

Polysaccharides are macromolecules produced by various organisms: fungi, plants, bacteria and 

animals. They are widely used in industry. Indeed, they display interesting functional and 

biological properties that allow their utilisation in many sectors, e.g., in detergents, textiles, 

adhesives, paper, paint, food, pharmaceuticals, cosmetics, oil and metal recovery (Sutherland 

1998). For several years, interest in polysaccharides for biological applications has grown 

considerably especially in therapeutics as high added value products. Bacterial exopolysaccharides 

(EPS), compared to polysaccharides from other origins, tend to be more advantageous for 

commercial applications in regard to their production and availability. Therefore, new 

polysaccharides from bacterial origin, which exhibit new and interesting properties for biological 

applications, are today sought.  

Under-exploited resources of marine environment become increasingly interesting for a 

biotechnological use. In particular, marine bacterial diversity may lead to the discovery and the 

characterization of innovative molecules (Boeuf and Kornprobst 2009; Guezennec 2002). Along 

with the isolation of new bacterial strains, a screening for EPS production was performed on 

samples recovered from deep sea hydrothermal ecosystems (Guezennec 2002). Among these 

mesophilic heterotrophic strains, several EPS producers have been described: they belong to the 

genera Alteromonas, Pseudoalteromonas and Vibrio (Cambon-Bonavita et al. 2002; Raguenes et 

al. 1996, 1997a,b, 2003). Some of these EPSs have been structurally characterised (Roger et al. 

2004; Rougeaux et al. 1999a; Rougeaux et al. 1998, 1999a,b); most of them display uronic acid 

contents ranging from 10% to 40% and high molecular weight around 106 g mol-1. Some of them 

are also sulfated (Roger et al. 2004; Rougeaux et al. 1998, 1999a). 

In particular, Vibrio diabolicus was isolated from the polychaete annelid Alvinella pompejana 

(Raguenes et al. 1997a). In an aerobic marine-based medium complemented with glucose, this 

organism produces the EPS HE800, an innovative hyaluronic acid-like EPS. The structure of this 

high molecular weight polysaccharide (from 0.8 to 1.5x106 g mol-1) has been elucidated 

(Rougeaux et al. 1999b), and consists of a linear tetrasaccharidic repeating unit composed of two 

N-acetyl-hexosamine and two glucuronic acid residues: 

 [ 3)-β-D-GlcpNAc-(1→4)-β-D-GlcpA-(1→4)-β-D-GlcpA-(1→4)-α-D-GalpNAc-(1→ ]n 

Structurally related to hyaluronic acid, the EPS HE800 may exhibit some similar biological 

properties: the biological activity of this bacterial polysaccharide in its native form has been 

successfully investigated in bone regeneration (Zanchetta et al. 2003). Moreover, its original 
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structural features showing hexosamines and uronic acids make it a relevant biotechnological new 

molecule with glycosaminoglycan-like biological activities.  

To obtain glycosaminoglycan-like derivatives from a native polysaccharide requires some 

structural modifications such as depolymerisation and sulfation. Therefore, new effective 

processes have to be developed to modify glycopolymers and generate active biomolecules. Our 

team is currently working on chemical methods to confer new or improved biological activities to 

the EPS HE800 (Colliec-Jouault et al. 2001; Guezennec et al. 1998; Senni et al. 2011). Because of 

their low specificity, chemical methods of modification can be easily used with most of the 

polysaccharides. In particular, free radical depolymerisation is usually performed to generate 

low—molecular-weight fractions and has been applied to glycosaminoglycans (Volpi 1994) and 

fucans (Nardella et al. 1996). Although these chemical reactions are effective, they are difficult to 

control, lack selectivity and may involve undesirable side reactions such as desulfation 

(Guezennec et al. 1998; Karlsson and Singh 1999) or formation of anhydrosugars (Shively and 

Conrad 1976). Therefore, alternative enzymatic methods for polysaccharide modification are 

being investigated to circumvent these drawbacks. The use of enzymes obviously allows great 

specificity, a better control of the reactions and leads to polysaccharidic derivatives with 

reproducible structural features by using friendly environmental conditions. However, since 

enzymes are highly specific towards a substrate, new glycopolymer molecules may require a new 

screening step to find active enzymes. 

In this study, we report the screening for enzymes capable of depolymerising the EPS HE800 with 

the goal of generating bioactive low molecular weight polysaccharidic derivatives. A large 

diversity of enzyme sources has been studied: active enzymes have been searched among 

commercially available enzymes and some microorganisms. Interestingly, we found that only one 

bacterial genus, Enterococcus and more particularly the species Enterococcus faecalis, was able to 

depolymerise the EPS HE800. This study establishes the foundation for the development of an 

enzymatic depolymerisation process.  

 

Materials and methods 

 

Commercial enzymes and microbial strains  

The origin of tested enzymes and microbial strains are respectively given in Tables 1 and 2. 

Enzymes were tested at pH 6 and pH 7.5 and were prepared at 10 mg ml-1 or twice diluted when 

enzyme was supplied in liquid.  
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Microorganisms were grown in the presence of the polysaccharide HE800 within the appropriate 

medium. Zobell (33.3 g l-1 aquarium salt [Instant Ocean], 4 g l-1 tryptone, 1 g l-1 yeast extract) and 

marine minimum medium (33.3 g l-1 aquarium salts, 6.8 g l-1 Na2HPO4, 3 g l-1 KH2PO4, 1 g l-1 

NH4NO3, 10 mM MgSO4, 0.1 g l-1 KBr pH 7) were used for marine bacteria. Luria Broth (LB) 

(10 g l-1 tryptone, 5 g l-1 yeast extract, 5 g l-1 NaCl, pH 7.5) and M9 minimum medium (6.8 g l-1 

Na2HPO4, 3 g l-1 KH2PO4, 0.5 g l-1 NaCl, 1 g l-1 NH4Cl, 0.02 g l-1 CaCl2, 10 mM MgSO4, pH 7.5) 

were used for the other strains.  Positive controls for growth (culture with 2 g l-1 glucose as carbon 

source) were added when minimal medium was used.  

 

Polysaccharide preparation and incubation with commercial enzymes, bacterial strains or 

cellular extracts 

The polysaccharide HE800 was produced as previously described (Rougeaux et al. 1999b) and 

isolated from the culture broth by centrifugation and ultrafiltration using a 100 kDa membrane 

(OMEGA) on a Masterflex system (Cole-Parmer). The purified extract was finally lyophilised. 

Polysaccharide fibres were then slowly dissolved in water or buffer at a final concentration of 4 

mg ml-1 and were sterilised on a 0.2-µm membrane (Sterivex, Millipore).  

One volume of the EPS HE800 sterile solution and one volume of twice concentrated culture 

medium were mixed. An overnight culture of the tested microorganism was used to inoculate the 

mixture. Negative controls (incubations without EPS HE800 or bacterial strain) were included. 

Reaction mixtures were shaken at 25°C, 30°C or 37°C depending on the biological sample 

requirement for up to 7 days. Upon incubation, aliquots were removed every 24 h, heated at 100°C 

for 10 min, centrifuged at 13,000xg and the supernatants were kept at -80°C until polysaccharide 

analysis using agarose gel electrophoresis and size exclusion chromatography-multi-angle laser 

light (SEC-MALS).  

One volume of the lysate or culture supernatant was added to one volume of a solution of EPS 

HE800 at 4 mg ml-1. Negative controls (incubations without EPS HE800 or without extract) were 

included. Reactions were performed at 37°C; aliquots were collected after 4 h of incubation and 

subsequently every 24 h and were kept at -80°C until analysis for polysaccharide 

depolymerisation on agarose gel electrophoresis as well as by SEC-MALS. 

HE800 was consequently tested at 2 mg ml-1 final concentration. 

 

Enzyme localization 

Enterococcus faecalis (collection of Nantes Hospital) was grown up to the end of the exponential 

phase in LB medium without EPS HE800. Cells were harvested after centrifugation at 13,000xg 
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for 10 min, resuspended and concentrated ten times in 50 mM phosphate buffer (pH 7.5). 

Supernatant was filtrated on a 0.2-µm membrane and ten times-concentrated using a 10,000-Da 

Viva Spin column (Sartorius). Concentrated cells and supernatant were incubated separately with 

the EPS HE800 (2 mg ml-1 final) at 37°C for several days. Samples were removed every 24 h and 

were analyzed for HE800 depolymerisation using agarose gel electrophoresis and SEC-MALS.  

 

Preparation of cell lysate 

For the cell lysis, culture medium was centrifuged at 13,000xg for 10 min and the cells were 

washed once in lysis buffer (50 mM phosphate buffer pH 7.9, 100 mM NaCl). Bacterial pellet was 

resuspended in 1/50 volume of centrifuged broth with cold lysis buffer to be 50 times 

concentrated. Lysozyme (2 mg ml-1), 10 mM EDTA, 5 mM benzamidine, 0.25 mM PMSF, 0.001 

U µl-1 benzonase and 0.02% sodium azide were added and the mixture was incubated for 45 min 

at 25°C with shaking. The cells were then disrupted by sonication (5 min at 40% amplitude 

repeated five times). After centrifugation, the supernatant was collected and called lysate.  

 

Expression and activity of E. faecalis enzymes  

EF3023 (NCBI reference sequence NP_816637) was kindly provided by Magnus Hook (Texas 

A&M University Health Science Center, Houston, TX, USA). The strain Escherichia coli XL1 

(pQE30-EF3023) expresses a truncated form of the protein EF3023 without the peptide signal and 

the cell wall anchoring domains. Expression and purification were carried out as previously 

described (Sillanpää et al. 2004). Autolysin EF0799 (NP_814543) was provided by Pr. McArthur 

(Université Paris 6, Paris, France). The strain E. coli BL21(pEt-AtlA) expresses the full length of 

EF0799. Expression and purification were performed as previously described (Eckert et al. 2006). 

EF1800 (NP_815498) was purchased from New England Biolabs (Ref. P0733). Enzyme activity 

was measured on the substrate HE800 upon incubation at 37ºC in a reaction mixture containing 

the purified enzyme, 1 mg ml-1 EPS HE800 and 50mM phosphate buffer pH 7.9. For EF1800, an 

activity assay was performed at 37ºC during 72 h with 1mg ml-1 of EPS HE800 preheated at 

100°C for 10 min in the NEB denaturation buffer provided with the enzyme (0.5% SDS, 40mM 

DTT). Depolymerisation was controlled by agarose gel electrophoresis and SEC-MALS. 

 

Electrophoretic analysis 

Analysis was performed by agarose electrophoresis and revealed with Stains all (1-ethyl-2-[3-(1-

ethylnaphtho[1,2-d]thiazolin-2-ylidene)-2-methylpropenyl]naphtho[1,2-d]thiazolium (Sigma)) as 

previously described (Rigouin et al. 2009). 
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SEC-MALS analysis 

Molecular weight of the polysaccharide was determined by size exclusion chromatography 

combined with a multi-angle laser light scattering detector (SEC-MALS). 

The system consisted in a column (PL aquagel-0H, Varian), a pump and an injector (Kontron 

Instrument). Elution was performed at 1ml min-1 with 0.1 M ammonium acetate filtrated on a 0.1-

µm membrane. A refractive index (RI) detector (Hitachi L2490) and a MALS detector (mini-

Dawn Heleos IITM; Wyatt) were coupled on-line. Samples were centrifuged and filtrated on a 

0.45µm membrane prior to injection (100 µl). Data for molecular weight determinations and 

conformation were analyzed with Astra software (Wyatt) based on a dn/dc of 0.145. The number-

average molecular weight (Mn), the weight-average molecular weight (Mw), and the polydispersity 

index (Mw/Mn) of the samples were determined. 

 

Results  

 
Screening of depolymerising activities 

In this study, we tested a large diversity of biological samples for their ability to depolymerise the 

EPS HE800. 

A total of 38 commercially available enzymes were tested in the presence of the EPS HE800 at pH 

6 and pH 7 (Table 1). These enzymes are glycoside hydrolases and polysaccharide lyases with 

different substrate specificities, but also proteases since some of them such as papain, pronase and 

pepsin have been shown to break down chitin (Kumar and Tharanathan 2004; Kumar et al. 2004; 

Vishu Kumar et al. 2007a,b). Despite this broad diversity, none of the tested enzymes was found 

to depolymerise the EPS HE800 (data not shown). 

Then, the screening on bacteria was performed since a lot of them produce several different 

endoglycanases. Various strains were chosen with regard to their marine environment or because 

of their described capacity to produce diversified glycoside hydrolase activities. Each strain was 

tested in appropriate growth medium (Table 2). Two culture conditions were carried out: in the 

first, a culture in minimal medium using the EPS HE800 as the only carbon source was performed 

in order to identify the potential use of EPS HE800 as a substrate for growth. Under these 

conditions, none of the strains grew. In the second, depolymerisation was assessed upon culture in 

a rich medium supplemented with the EPS HE800. Culture supernatants were analysed for 

polysaccharide degradation by agarose gel electrophoresis since this method has proven to be 

appropriate to get a rapid result (Rigouin et al. 2009). At the beginning of the incubation with the 
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E. faecalis SP1 strain, the EPS HE800 pattern appeared as a broad smear on the agarose gel. After 

48 h of incubation, a shift in the migration pattern was observed indicating an increased mobility 

and suggesting a depolymerisation. Lately, a depolymerisation was also detected with a strain of 

E. faecium and with another strain of E. faecalis (V583) (data not shown). The distance of 

migration of a polysaccharide submitted to electrophoresis on an agarose gel depends on both the 

global charge and the molecular weight of the polysaccharide. To check whether the molecular 

weight of the EPS HE800 decreased, the samples were analysed by SEC-MALS. For E. faecalis 

SP1, a progressive decrease in EPS HE800 molecular weight was observed with time and after 6 

days of culture the molecular weight of HE800 decreased by half to reach 748,000 g mol-1.  

 

Characterisation of the biocatalyst 

Further investigations were carried out to characterize the biocatalyst produced by E. faecalis SP1. 

Culture was performed in a rich medium without the HE800; at the end of the exponential phase 

of growth, cells and supernatant were separated, and both concentrated. Culture supernatant and 

cellular extracts obtained after cell lysis were incubated with the EPS HE800 under bacteriostatic 

conditions (sodium azide added). Samples were withdrawn during incubation and analysed for 

depolymerisation using agarose gel electrophoresis and SEC-MALS. No depolymerisation 

occurred with the culture supernatant; activity was only found in the cellular fraction (Fig. 1A). 

SEC-MALS analysis shows that the depolymerisation reached a plateau after a 72-h incubation at 

42,000 g mol-1 (Fig. 1B) suggesting that the biocatalyst was not active anymore on the 

polysaccharide after this time. Additional experiments confirmed that it was the result of an 

enzymatic process: (i) the addition of proteases inhibitors helped to enhance the reaction of 

depolymerisation, resulting likely from a protection from proteases; (ii) an incubation at 70ºC 

during 20 min to trigger enzyme denaturation led to the inhibition of the reaction of 

depolymerisation (data not shown). Therefore, the catalyst responsible for the depolymerisation 

seems to be an enzyme associated to the cells. 

 

Detailed analysis of elution profiles of size exclusion chromatography 

SEC-MALS was carried out on the samples withdrawn upon kinetics in order to get more detailed 

information on the depolymerisation process (Fig. 2). The decrease in Mw is depicted by the 

progressive shift towards higher elution times (RI, bottom plots). Besides the initial time, the 

elution profiles are characterized by a main peak delayed in time throughout the kinetic course. 

The molecular weight distribution (upper plot) is characterized by a downward curvature in the 

high molecular weight range, corresponding likely to aggregates. Then the curves become linear 
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and overlap for the different samples. Such a profile is expected for polysaccharide preparations 

differing only in the molecular weight distribution.  For each sample, the polydispersity index 

(Mw/Mn) which expresses the molecular weight distribution of the polysaccharide in a fraction, 

never exceeded the value of 2 (data not shown), suggesting that the degradation products within 

each sample are also homogeneous. Taken together, those results suggest that the 

depolymerisation occurred in a random manner rather than in a processive one upon which 

heterogeneous fractions would be produced.  

In a random enzymatic depolymerisation, the molecular weight of the polysaccharide should 

decrease with time according to the equation: Mw(t)-1 = Mw(t = 0)-1 + kt, where k is the kinetic rate 

constant of the depolymerisation process, Mw(t) the molecular weight at time t and Mw
 (t=0) is the 

molecular weight at initial time (Roubroeks et al. 2001). Figure 3 displays a straight curve up to 

72 h confirming that the degradation occurs at a constant rate (2x10-7 h-1) and in a random manner. 

A close kinetic rate constant (1x10-7 h-1) was found when E. faecalis V583 was used, suggesting 

that bacterial strains belonging to the same species show the same depolymerisation activity on 

HE800. 

 

Genome analysis and protein candidates 

E. faecalis V583 genome has been sequenced (Paulsen et al. 2003) and made available under 

number NC_004668 (NCBI). Since this strain is, as E. faecalis SP1, able to depolymerise the EPS 

HE800, we identified nine open reading frames (ORFs) corresponding to endoglycanases or lyases 

that might be involved in this catalysis (Table 3). Taking into account the EPS HE800 chemical 

structure, seven ORFs were retained for further studies. Among them, three were produced in the 

laboratory: EF3023, EF0799 and EF1800. First, as described by Sillanpää et al. (2004), we 

successfully expressed in E. coli the protein encoded by the gene EF3023. This enzyme is a 

putative hyaluronate lyase and has been described to be anchored to the cell wall. The protein 

EF0799 (altA) is an endo-N-acetylglucosaminidase active on the peptidoglycan. It was also 

successfully purified in our lab as previously described (Eckert et al. 2006). However, none of 

EF3023 or EF0799 expressed proteins showed the expected activity on the EPS HE800 (data not 

shown). The protein encoded by the gene EF1800 is an endo-α-N-acetyl-galactosaminidase. The 

gene carries a signal peptide and a bacterial Ig-like domain (group 4) found among bacterial 

surface proteins. When following New England Biolabs (NEB) recommendations, the incubation 

of the enzyme with the EPS HE800 led to a significant depolymerisation as shown by the agarose 

gel electrophoresis and SEC-MALS: a shift of the elution peak toward lower molecular weights 
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occurred during the incubation (Fig. 4). Such results indicate that the protein EF1800 might be the 

enzyme involved in the depolymerisation of the HE800 by E. faecalis. 

 

Discussion 

 
In this study, we carried out a large screening in order to find enzymatic activities depolymerising 

the polysaccharide HE800. The EPS HE800 is of great biotechnological interest in both its native 

and its depolymerised form; therefore, finding enzymes capable of catalyzing the 

depolymerisation opens a new way for developing attractive bioprocesses for the production of 

tailor-made EPS derivatives. 

Two major sources of biological samples were tested: commercial enzymes and bacterial strains. 

Enzymes were chosen among commercially available glycoside hydrolases with broad substrate 

specificity. Hyaluronidases were studied because of the structural similarity of the EPS HE800 

with hyaluronic acid. No depolymerisation was observed with these commercial enzymes showing 

that the EPS HE800 exhibits a high structural specificity. Among bacterial strains, none of the 

strains from deep-sea hydrothermal vents, as well as none of the other deep-sea marine Vibrio 

strains was active. Bacteria from another atypical environment (Bogoria lake in Kenya), 

characterized by high salinity/alkalinity, and high temperature were also examined. Most of them 

belong to the genus Bacillus, which so far has proved to be a good producer of endoglycosidases 

(Nankai et al. 1999; Sutherland 1999) but again none of them revealed activity. Infectious 

bacterial strains from human samples were considered because of their natural ability to produce 

enzymes active on glycosaminoglycans (Stern et al. 2007). In fact, it is within this group that we 

found a bacterial genus capable of depolymerising the EPS HE800. E. faecalis SP1, as well as E. 

faecalis V583 and E. faecium were the only strains, among those tested, that led to a 

depolymerisation of the EPS HE800.  

The reaction of depolymerisation with the concentrated cell lysate gave rise to final products 

reaching a quite low molecular weight of 40,000 g mol-1, which is however far from the number of 

potential cleavage sites. The conformation of the polysaccharide may be of great relevance for the 

modulation of this reaction. Indeed, the analysis of the polysaccharide in the reaction conditions 

gave evidence for aggregated chains inside the molecule (data not shown). Efforts have still to be 

done to promote the unfolding of the HE800 during the reaction in order to facilitate the access of 

the enzyme to other sites of the polysaccharide. Alternatively, this incomplete reaction could be 

also due to the enzyme denaturation throughout incubation. Whether this enzyme is able to 



11 
 

depolymerise the EPS HE800 down to one repeated unit remains to be determined but there is 

likely one site of cleavage per repeated unit. 

Among the enzymes annotated in the genome of E. faecalis, the EF1800 exhibits a HE800 

depolymerising activity under specific conditions: substrate must be prepared in the denaturation 

buffer and heated; this may facilitate the accessibility of enzyme as discussed above. The enzyme 

has been described to catalyze the liberation of O-glycan from glycoproteins and more specifically 

to release core1-disaccharide from core1-pNP (β-Gal-(1→3)-α-GalNAc-pNP), trisaccharide from 

core2-pNP (β-Gal-(1→3)-[β-GlcNAc-(1→6)]-α-GalNAc-pNP) and tetrasaccharide from Gal-

core2-pNP (β-Gal-(1→3)-[β-Gal-(1→3)-β-GlcNAc-(1→6)]-α-GalNAc-pNP) (Goda et al. 2008) 

but also core3-disaccharide from β−GlcNAc-(1→3)-α-GalNAc-pNP (Koutsioulis et al. 2008). 

Although those motifs are not entirely found in the sequence of the HE800, the presence of α-

GalNAc could be sufficient to entail the cleavage by this enzyme that displays broad substrate 

specificity. On the EPS HE800, the activity might correspond to a non processive pattern in which 

the enzyme is released from the substrate after each cleavage and binds randomly to another site in 

the molecule chain. Since we obtained products with homogeneous molecular weight, this agrees 

with the expected non processive enzymatic behaviour. Moreover, this endoglycosidase carries a 

peptide signal and a bacterial Ig-like domain which are hallmark signs of a surface protein; this 

agrees with our experiments since we have shown that the enzyme is associated to the cell. 

Therefore, this endo-α-N-acetyl-galactosaminidase is likely to be responsible for the 

depolymerisation we measured with the cells of E. faecalis. 

This work shows the difficulty to find an enzyme active on an unusual polysaccharidic molecule. 

Indeed, polysaccharide structural features are complex since they rely on multiple diversities : 

diversities of residues, of glycosidic linkages (regio- and sterero-isomers) and of glycosidic 

configurations (Bohn and Bemiller 1995). It also shows the fruitful strategy of the screening of 

bacteria because of their high number of endoglycosidases activities. It should be noted that the 

enzyme EF1800 was not commercially available at the start of the study. The bacterial screening 

allowed us to look for and identify this particular enzyme.  

The future objectives will be to clearly identify its cleavage site on the EPS HE800 and to enhance 

its activity by directed evolution in order to obtain an efficient enzymatic tool.  
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Table 1: Commercial enzymes screened for the HE800 depolymerising activity.  
 

Enzyme Manufacturer Reference 
   
Alginate lyase CEVA AL651 
Alpha-amylase Sigma A7720 
Alpha-glucosidase Sigma G3651 
Amyloglucosidase Sigma A9913 
Beta-amylase Sigma A7005 
Beta-galactosidase Sigma G5190 
Beta-glucosidase (almonds)   Sigma G0395 
Beta-glucuronidase Sigma G7396 
Beta-glucuronidase Sigma G7646 
Bromelain Sigma B2252 
Celluclast 1,5L Novozymes CCN030502 
Cellulase Sigma A8546 
Cellulase Sigma C9422 
Cellulase A Amano  
Chitinase Sigma C6137 
Chitinase Sigma C6137 
Chondroitinase AC Sigma C2780 
Endo-alpha-L-N-acetylgalactosaminidase Calbiochem 324716 
Heparinase III Sigma H8891 
Hyaluronate lyase Sigma H1136 
Hyaluronidase II (sheep) Sigma H2126 
Hyaluronidase III (bovine) Sigma H3506 
Hyaluronidase III (sheep) Sigma H2251 
Lysing enzyme Sigma L1412 
Lysosyme Sigma L6876 
Papain Sigma P3250 
soluble Papain  Merck 7147 
Pectinase  Sigma P4716 
Pectinex Ultra SP-L Sigma P2611 
Pectolyase  Sigma P3026 
Pepsin Sigma P6887 
Pronase Sigma P8811 
Protease type IV Sigma P5147 
Proteinase K   Sigma P8044 
Pulpzyme HC Novozymes CKN00044 
Subtilisin A Sigma P5380 
Trypsin Sigma T8128 
Viscozyme L Sigma V2010 
   
Alginate lyase was supplied by “Centre de Valorisation des Algues” (CEVA, France); Celluclast 
and Pulpzyme were a kind gift from Novozymes. 
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Table 2: Microorganisms from Ifremer, Nantes University and Nantes Hospital collections as 
wellas from public collections used for the screening for the depolymerisation of the EPS 
HE800 

 

Public collections: LMG Universiteit Gent, Laboratorium voor Mikrobiologie, Ghent, Belgium; DSM 
DSMZ, Braunschweig, Germany; CIP Institut Pasteur, Paris, France. LB: Luria broth; Z: Zobell. 
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Table 3: Listing by E. faecalis V583 genome annotation, of glycoside hydrolases/lyases 
potentially involved in the depolymerisation of the EPS HE800.. 
 
 

Reference  Name Potential family (CAZY)  Enzymatic activity 

EF0114  Glycoside hydrolase  Family 20 GH  Endo-β-N-acetyl-glucosaminidase* 

EF0361  Chitinase   Family 2 GH  β-N-acetyl-glucosaminidase 

EF0551  Glycoside hydrolase  Family 31 GH  α-Glucan lyase 

EF0799  Autolysine (AltA)  --  Endo-β-N-acetyl-glucosaminidase* 

EF0818  Ppolysaccharide lyase  Family 8 PL  Xanthan lyase / hyaluronate lyase 

EF1800  Glycoside hydrolase  Family 101 GH Endo-α-N-acetyl-galactosaminidase* 

EF1824  Glycoside hydrolase  Family 31 GH  α-Glucan lyase 

EF2863  Endo β-N-acetyl-glucosaminidase  Family 18 GH  Endo β-N-acetyl-galactosaminidase 

EF3023  Polysaccharide lyase  Family 8 PL  Xanthan lyase / hyaluronate lyase 

Upon looking at the structure of the polysaccharide, 7 proteins were selected for extensive bio-
informatic studies (in grey). CAZY potential family: http://www.cazy.org. (GH: glycoside 
hydrolase; PL: polysaccharide lyase)  
* Enzymatic activity experimentally confirmed (Collin and Fischetti 2004; Eckert et al. 2006; 
Goda et al. 2008; Koutsioulis et al. 2008) 
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Fig. 1: Depolymerisation of the EPS HE800 by E. faecalis SP1 lysate. Lysed cells at the end of the 
exponential phase culture of E. faecalis were concentrated and incubated with HE800 at 2 mg 
ml-1. Collected samples were analysed for HE800 depolymerisation. A Electrophoretic analysis of 
the samples at 0, 4, 24, 72, 144 and 196 h incubation. B Molecular weight of the HE800 
determined by SEC-MALS at the same time points 
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Fig.2: SEC-MALS analysis: refractive index (RI) (bottom curves) and logarithm of the molecular 
weight (log Mw) (top curves) versus elution time, for the incubation of the EPS HE800 with lysate 
of E. faecalis SP1 
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Fig. 3: Enzymatic activity of the lysed cells of E. faecalis SP1 (diamond) and E. faecalis V583 
(square) on HE800. k, rate constant of the depolymerisation process, is given by the slope of the 
curve 
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Fig. 4: Depolymerisation of the EPS HE800 by E. faecalis EF1800 enzyme: agarose 
electrophoresis analysis (A) and RI response obtained by SEC-MALS (B). The reaction was 
performed in the NEB denaturation buffer with the preheated HE800 at 1mg mL-1 and the enzyme 
EF1800 during 72 h at 37°C. Incubation times were 0, 40 and 72 hs. A control without enzyme 
was carried out 
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