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DESCRIPTION

Field of invention

[0001] This invention relates to a microbial biopolymer that contains fucose in its composition.
Additionally, the present invention concerns the process for the production of the fucose-
containing biopolymer by the bacterium Enterobacter A47 (DSM 23139). Thus, this invention is
applicable in several industries (e.g. pharmaceutical, cosmetics and agro-food industries) and
in the treatment of industrial wastes (e.g. oil and metal recovery).

Background of the invention

[0002] Polysaccharides are high molecular weight (104-107) polymeric biomaterials, formed
through the polymerization of monosaccharide repeating units. They possess a great structural
diversity as a result of the diversity of the repeating units, type of glycosidic linkages involved
and the degree of branching. Many polysaccharides possess non-sugar components, such as
organic acyl groups (e.g. acetate, succinate, piruvate) and inorganic groups (e.g. phosphate,
sulfate) (Sutherland, 2001).

[0003] On the other hand, polysaccharides often form tertiary structures through intra or
intermolecular non-covalent linkages, which confer greater rigidity to the macromolecule and
play an important role in determining the polymer's properties both in the solid state and in
solution (Kumar et al, 2007).

[0004] Due to their physical and chemical properties, namely, their water retention ability,
rheology and/or film-forming capacity, polysaccharides are used in a wide variety of foods and
industrial applications, including textiles, paints, pharmaceuticals and cosmetics, as
emulsifying, stabilizing or thickening agents (Moreno et al, 1998). Being materials obtained
from living organisms, polysaccharides are usually non-toxic and biodegradable, which makes
them biomaterials adequate for sustainable development.

[0005] The main applications of commercial polysaccharides, both natural (e.g. alginate,
carrageenan, Guar gum, pectins, xanthan, gellan) and semi-synthetic derivatives (e.g.
methylcellulose, carboxymethylcellulose, hydroxypropylguar) are based on their ability to
modify the physical properties of aqueous systems (hydrocolloids - compounds able to modify
the physical properties of aqueous systems), being used mainly in the food industry, followed
by the oil and pharmaceuticals industries. Some of these polysaccharides (e.g. alginate,
pectins, pullullan, starch derivatives, cellulose derivatives) additionally possess the capacity to
form biodegradable films, being used in the manufacturing of packages, vessels and sheets,
as well as in several agro-food, pharmaceuticals and industrial applications.



DK/EP 2513325 T3

[0006] Currently, the majority of the polysaccharides used in industry are obtained from plants
(e.g. Guar gum, Arabic gum), algae (e.g. alginate, carrageenan) or crustacean (e.g. chitin),
with microbial polysaccharides (e.g. xanthan, gellan, bacterial alginate) representing only a
small fraction of the biopolymer's market (Canilha et al, 2005). Nonetheless, in the last years,
there has been a growing interest in identifying and isolating new microbial polysaccharides
that may compete with the traditional ones, due to their enhanced physical-chemical
properties, namely, higher emulsifying and flocculating activities, higher resistance to organic
solvents, biological activity (e.g. anticancer or immunoenhancing effects) and better rheological
properties (e.g. higher viscosity for lower polymer concentrations, higher stability over wider
pH, temperatures and ionic strength ranges) (Kumar et al, 2007; Sutherland, 2001).

[0007] Microbial production of polysaccharides has advantages over their extraction from
plants, algae or animals, since microorganisms usually exhibit higher growth rates and they are
more amenable to manipulation of the cultivation conditions (Moreno et al, 1998). Plants, algae
and animals have life cycles of one or more years, being the production cycle usually seasonal.
On the other hand, the growth rates of microorganisms is of the order of hours or a few days,
while plants, algae and animals have growth rates of the order of months or years.

[0008] The main factor limiting the commercial production of microbial polysaccharides is the
high substrate cost, mainly sugars, especially glucose, starch and sucrose. In those
bioprocesses, substrate cost accounts to 20-40% of the total production costs (Kumar and
Mody, 2009).

[0009] Hence, the search for less expensive substrates with comparable productivity is
essential for the reduction of the production costs. Glycerol, a byproduct of several industrial
processes, mainly the biodiesel industry, is a good candidate. Due to the huge growth of the
biodiesel industry in the last years, it is being produced in quantities far beyond its current
consumption in the traditional glycerol applications. For the biodiesel industry or for any other
industry that has glycerol as a byproduct, it represents a burden because of its low commercial
value and the fact that its elimination is a cost associated process. Therefore, there is an
urgent need for the development of interesting application for this industrial byproduct, making
use of the fact that glycerol is a non-toxic and biodegradable compound (Celik et al, 2008).

[0010] In addition to their ability to modify the physical properties of aqueous systems, fucose-
containing polysaccharides have increased potential for industrial applications due to the fact
that fucose is one of the rare sugars, difficult to obtain. On the other hand, the presence of
fucose reduces the possibility of allergic reactions, which potentiates the use of these
biopolymers in application such as, for example pharmaceuticals and cosmetics.

[0011] Fucose may be synthesized through its chemical conversion from other more common
monosaccharides, such as galactose or glucose. Nevertheless, most chemical processes are
complex, involving several intermediates, and have low yield. An alternative to the chemical
synthesis of fucose is the chemical or enzymatic hydrolysis of fucose-containing
polysaccharides. These polymers may be found in plants, algae and microorganisms.
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[0012] In plants, fucose (L-fucose and methylated fucose) occurs, for example, in the cells
walls of potato and kiwi fruit, in soybean seeds, in the mucilage of young leaves of Plantago
lanceolata, in the roots of Lepidium sativum and Glycyrrhiza uralensis, in the exudates of
Astragalus microcephalus, A. gummifer and A. kurdicus, and in the leafs of Lupinus albus
(Vanhooren e Vandamme, 1999).

[0013] In seaweeds, fucose is found in fucoidan that is a homopolysaccharide composed of
sulfated L-fucose. Fucose may be extracted from seaweeds such as, for example, Pelvetia
canaliculata, Fucus vesiculosus and Ascophyllum nodosum. In those species, L-fucose content
varies between 9.0 and 11.2%. The yield of the global extraction of L-fucose from seaweeds is
rather low (around 7.6%) (Vanhooren e Vandamme, 1999.

[0014] Several microorganisms, namely, bacteria, fungi and microalgae, synthesize
extracellular polysaccharides (EPS) that contain L-fucose. These polymers include both homo
and heteropolysaccharides, being the later are more common, containing variable amounts of
fucose, as well as other sugar residues (e.g. glucose, galactose, mannose, rhamnose and/or
arabinose). L-fucose containing EPS are produced by bacteria belonging to several genera,
including Aerobacter, Azotobacter, Klebsiella, Erwinia, Enterobacter, Pseudomonas,
Clavibacter, Bacillus and Salmonella, among others. In fungi, fucose may be found in EPS
produced by species belonging to the genera Candida, Mucor, Polyporus, Rhodotorula e
Sporobolomyces, among others.

[0015] In the last decades, the production of L-fucose containing polysaccharides has been
reported for several bacterial genera, mainly from the genera Klebsiella, Enterobacter,
Pseudomonas and Clavibacter.

[0016] Several Klebsiella pneumoniae strains synthesize several different EPS containing L-
fucose, D-galactose and galacturonic acid, that differ among them by the degree of acetylation
of the polymeric chain. The EPS produced by K. pneumoniae 1-1507 (US 5876982) has found
application in the cosmetics industry due to its psychosensorial qualities, hydrating and self-
emulsifying properties (Guetta et al, 2003a). Other EPS possessing a very similar composition,
have been described, namely, the EPS produced by Klebsiella K-63 (Joseleau and Marais,
1979) and by K. pneumoniae ATCC 31646 (US 4298691). The polymer of this invention differs
from those EPS by the fact that, in addition to fucose and galactose, it also contains glucose.
On the other hand, the polymer of this invention has in its composition significant amounts of
acyl groups substituents (up to about 25% of the EPS dry weight) that are not referred as
components of Klebsiella EPS.

[0017] K pneumoniae ATCC 12657 (formerly known as Aerobacter aerogenes strain A3)
produces an EPS composed of fucose, glucose, galactose and glucuronic acid, in
approximately equimolar amounts (Vanhooren e Vandamme, 1999). Fucose represents 18.9%
of the purified EPS weight (Guetta et al, 2003b). This polysaccharide differs from the polymer
of this invention by the high glucuronic acid content, and the presence of acyl groups that are
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not described for K. pneumoniae ATCC 12657 EPS. Moreover, the process described in the
present invention does not use species of the Klebsiella genus for the microbial cultivation.

[0018] Enterobacter strains have also been reported to produce EPS containing fucose,
galactose, glucose and glucuronic acid. Examples include: Enterobacter sp. CNCM 1-2744 that
produces an EPS in which the monomers are present in a ratio of 2:2:1:1 (FR2840920);
Enterobacter sp. SSYL (KCTC 0687BP) that produces an EPS with a molecular weight

between 10° and 108, in which fucose represents 8-10% of the sugar content, being glucuronic
acid the main component (40-70%) (US2002115158); and E. sakazakii, strains ATCC 53017,

ATCC 29004 and ATCC 12868 that produces an EPS with a molecular weight of 2x108, in
which fucose represent 13-22% and mannose content is up to 8%, respectively (US 4806636).
These polysaccharides differ from the polymer of this invention by the different content of their
sugar monomers and acyl groups.. Additionally, the polymer of this invention tends to have a

typically higher molecular weight in the order of 108-107.

[0019] Several Clavibacter michiganensis strains have been described that produce EPS
containing L-fucose. Those EPS contain other neutral sugars, such as galactose, glucose
and/or mannose, and acyl groups substituents, such as pyruvate, succinate and/or acetate. C.
michiganensis subsp michiganensis Cm 542 (NCPPB 1064) produces a high molecular weight

EPS (108-107) composed by fucose, galactose and glucose (2:1:1), and pyruvate, succinate
and acetate (1:0.5:1.5) (van den Bulk et al, 1991). The polymer of this invention, though
possessing a similar composition, differs from C. michiganensis EPS by the relative proportion
of the acyl groups. The higher succinate content of the polymer of this invention confers it a
higher anionic character.

[0020] In the document WO2008/127134 a process is described for the production of a
galactose-rich polysaccharide by the bacterium Pseudomonas oleovorans using glycerol rich
substrates. Nevertheless, the EPS obtained in that process contains only residual amounts of
fucose (0-4%).

[0021] In view of this, the present invention describes a high molecular weight fucose-
containing biopolymer, with a polyelectrolyte character, produced by microbial cultivation, using
Enterobacter A47 (DSM 23139) and a process thereof. Said process allows obtaining the
polymer of the invention using low-cost substrates and in an easy way. The polymer of the
invention may be used in several industries, such as agro-food industry, waste water treatment
and pharmaceutical industry due to its rehology, film-forming capacity, polyelectrolyte
character, and emulsifying flocculating abilities.

General Description of the Invention

[0022] The present invention provides a process for preparing a polymer comprising a fucose-
containing polysaccharide by cultivation of the bacterium Enterobacter A47 (with accession
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number DSM 23139), the process comprising the following steps:

1. a) a batch phase comprising cultivating said Enterobacter A47 in a culture medium in a
stirred and aerated bioreactor, wherein the culture medium comprises a carbon source
comprising glycerol or glycerol containing mixtures, a nitrogen source and inorganic
salts;

2.b) a fed-batch phase comprising cultivating the bacterium Enterobacter A47 under
conditions of nitrogen limitation; and

wherein the temperature during the batch phase and fed-batch phase is controlled between 15
and 45°C and the pH is controlled between 5.0 and 9.0.

[0023] The present invention concerns a polymer with average molecular weight of 108-107
obtainable by the process described above which comprises fucose in an amount of at least
10% of the total carbohydrate content, an amount of glucose between 20% -70% and an
amount of galactose between 10 - 40% of the total carbohydrate content, an amount of
glucuronic acid up to 15% of the total carbohydrate content and the acyl groups represent up
to 25% of the polymer dry weight.

1. Characterization of the microbial culture

[0024] The fucose-containing polymer of the present invention is produced by the bacterium
Enterobacter A47 deposited in DSMZ (Deutsche Sammlung von Mikroorganismen und
Zellkulturen GmbH), under the Budapest Treaty, with accession number DSM 23139. In
addition, the microorganism used in the present invention is characterized by other aspects,
namely, the biochemical profile, genetic sequencing and phylogenetic dendrogram presented
in Tables 1 and 2, and Figure 1, respectively.

2. Characterization of the process for the production of the polymer

[0025] The polymer of the present invention is produced in a bioreactor in a stirred and
aerated aqueous medium. The cultivation medium contains a carbon source, a nitrogen source
and inorganic salts. The carbon source is glycerol or glycerol containing substrates.
Nevertheless, the process for the production of the polymer of the invention foresees the use
of other carbon sources, either in mixture with glycerol, such as for example, sugars, alcohols,
organic acids or alkanes, as well as food and industrial wastes or byproducts, such as for
example glycerol byproduct from the biodiesel industry, sugar molasses, whey or olive oil
production wastes.

[0026] The process for the production of the fucose-containing polymer consists on the
cultivation of the microorganism in a nutrient aerated aqueous medium. The temperature is
controlled between 15 and 45°C, preferably between 26 and 37°C. The pH is controlled
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between 5.0 and 9.0, preferably between 6.5 and 7.0.

[0027] At the beginning of the cultivation, the dissolved oxygen concentration in the cultivation
medium is settled above 70%. Afterwards, the dissolved oxygen concentration gradually
decreases, concomitant with cell growth, being controlled below 30%, or preferably below 20%,
or most preferably below 10% or even in anaerobic conditions. The fucose-containing polymer
is produced under conditions of nitrogen limitation, such as in an amount less than 0.3g/L, or
less than 0.2g/L, or less than 0.1g/L or even without nitrogen source and carbon availability,
simultaneously with low dissolved oxygen concentration, as described above. Carbon
availability is guaranteed by supplying the culture with cultivation medium containing a high
glycerol concentration (>100 g/L). The flow rate of addition of such a medium during this fed-
batch phase must be adjusted to match the culture's carbon consumption.

[0028] The culture broth obtained at the end of the cultivation in the bioreactor may be used
directly, without any treatment, or after being dried. Alternatively, the fucose-containing polymer
may be precipitated from the broth by the addition of a precipitating agent (e.g. ethanol,
acetone), yielding a native polymer.

[0029] The extraction process of the polymer of the invention consists on cell removal (e.g. by
centrifugation of the broth), followed by the precipitation of the polymer by addition of a
precipitating agent. The purification of the polymer involves the use of one or several additional
processes (e.g. dialysis).

[0030] Depending of the cultivation conditions in the bioreactor, the cultivation time and the
procedures used to extract/purify the polymer, the process yields 50 g/L of native polymer or
20 g/L of purified polymer.

3. Characterization of the polymer

[0031] Typically, the polymer of the invention has a fucose content that represents at least 10%
of its sugar composition. The fucose-containing polymer has in its composition other neutral
sugars, namely, glucose and galactose, and it may also contain in trace amounts (<5%) other
sugars, such as for example mannose, rhamnose, arabinose, fructose, glucuronic acid and/or
glucosamine.

4. Applications of the polymer

[0032] The polymer of the invention presents flocculating and emulsifying activities, it forms
highly viscous aqueous solutions with pseudoplastic fluid behavior, and produces
biodegradable fiims when mixed with other polymers. Hence, it may replace other
polysaccharides, such as for example xanthan, alginate, carrageenan, Guar gum and Arabic



DK/EP 2513325 T3

gum, in their numerous applications, namely, in the agro-food industry, in pharmaceuticals and
cosmetics. In addition, the presence of fucose in the polymer of the invention further
potentiates its use in medical and cosmetic applications. Moreover, the presence of pyruvate
and succinate residues confers an anionic character to the polymer. As a consequence, it is
able to immobilize toxic metals.

Description of the Drawings

[0033]

Figure 1 - Represents the phylogenetic dendrogram of the bacterium Enterobacter A47 (DSM
23139).

Figure 2 - Represents the apparent viscosity of an aqueous solution (0.8% w/v) of the fucose-
containing polymer (measured at room temperature).

Figure 3 - Represents the time course of the consumption of the carbon source (glycerol) and
nitrogen source (ammonium), the production of biomass and fucose-containing EPS, during
the cultivation process for the production of the polymer of the invention.

Detailed description of the invention

1. Characterization of the microorganism

[0034] The fucose-containing polymer is obtained by cultivation of the bacterium Enterobacter
A47 (DSM 23139). The microorganism may be a wildtype strain, a variant or a mutant, as long
as it has the ability to synthesize the fucose-containing polymer. A pure culture may be used
or, alternatively, one can use a mixed culture in which at least one microorganism is able to
produce the polymer of the invention.

[0035] The preferred microorganism to obtain the polymer of the invention is the bacterium
Enterobacter A47 (DSM 23139) with the characteristics described as follows. The biochemical
and genetic characterization of the microorganism was performed by DSMZ (Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH).

1.1. Morphological characterization of the bacterium Enterobacter A47 (DSM 23139)

[0036] The bacterium Enterobacter A47 (DSM 23139) is a rod with the following dimensions:
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1.2. Biochemical profile of the bacterium Enterobacter A47 (DSM 23139)

[0037] The bacterium Enterobacter A47 (DSM 23139) has the following biochemical profile,

which is typical of the Enterobacter genus (Table 1):

Table 1: Biochemical profile of the bacterium Enterobacter A47 (DSM 23139) ("+" and "-"
represent a positive or negative reaction, respectively, to the test preformed).

Test

Result

Lysis by 3% KOH

+

Aminopeptidase (Cerny)

Catalase

Growth anaerobic

Gas from glucose

+i++i+

HoS

Indol

Methylred

Degradation of:

Gelatine

Tween 80

DNA

Urea

Citrat (Simmons)

Malonate utilization

VP

ONPG

ADH

+Ei+l ]+ +E+

LDC

OoDC

+

Acid from (ASS):

Glucose

Fructose

Mannose

Maltose

D-Xylose

Sucrose

+E+ i+ +i ]+
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Test

Result

Trehalose

+

L-Arabinose

Rhamnose

Galactose

Adonitol

+i+L+ )+

Dulcitol

Erytritol

Inositol

Glicerol

1.3. 16S rDNA gene sequence of the bacterium Enterobacter A47 (DSM 23139)

[0038] The 16S rRNA gene sequence of the bacterium Enterobacter A47 (DSM 23139) (Table
2) was determined by direct sequencing of PCR-amplified 16S rDNA. Genomic DNA extraction,
PCR (Polymerase Chain Reaction) mediated amplification of the 16S rDNA and purification of
the PCR product was carried out as described by Rainey et al (1996). Purified PCR products
were sequenced using the CEQ™DTCS-Quick Start Kit (Beckman Coulter) as directed in the
manufacturer's protocol. Sequence reactions were electrophoresed using the CEQ™8000
Genetic Analysis System. The resulting sequence data was put into alignment editor ae2
(Maidak et al, 1999), aligned manually and compared with the representative 16S rRNA gene
sequences of organisms belonging to the Enterobacteriaeceae (Maidak et al, 1999). For
comparison 16S sequences were obtained from the EMBL, RDP or DSMZ databases.

Table 2: 16S rDNA gene sequence of the bacterium Enterobacter A47 (DSM 23139) - SEQ ID

NO 1

1

TGATCCTGGC TCAGATTGAA CGCTGGCGGC
AGGCCTAACA CATGCAAGTC GAACGGTAAC

61

AGGAAGCAGC TTGCTGCTTC GCTGACGAGT
GGCGGACGGG TGAGTAATGT CTGGGAAACT

121

GCCTGATGGA GGGGGATAAC TACTGGAAAC
GGTAGCTAAT ACCGCATAAY GTCGCAAGAC

181

CAAAGAGGGG GACCTTCGGG CCTCTTGCCA
TCGGATGTGC CCAGATGGGA TTAGCTAGTA

241

GGTGGGGTAA CGGCTCACCT AGGCGACGAT
CCCTAGCTGG TCTGAGAGGA TGACCAGCCA

301

CACTGGAACT GAGACACGGT CCAGACTCCT
ACGGGAGGCA GCAGTGGGGA ATATTGCACA

361

ATGGGCGCAA GCCTGATGCA GCCATGCCGC
GTGTATGAAG AAGGCCTTCG GGTTGTAAAG
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421 TACTTTCAGC GGGGAGGAAG GCGATAAGGT
TAATAACCTT GTCGATTGAC GTTACCCGCA
481 GAAGAAGCAC CGGCTAACTC CGTGCCAGCA
GCCGCGGTAA TACGGAGGGT GCAAGCGTTA
541 ATCGGAATTA CTGGGCGTAA AGCGCACGCA
GGCGGTCTGT CAAGTCGGAT GTGAAATCCC
601 CGGGCTCAAC CTGGGAACTG CATTCGAAAC
TGGCAGGCTA GAGTCTTGTA GAGGGGGGTA
661 GAATTCCAGG TGTAGCGGTG AAATGCGTAG
AGATCTGGAG GAATACCGGT GGCGAAGGCG
721 GCCCCCTGGA CAAAGACTGA CGCTCAGGTG
CGAAAGCGTG GGGAGCAAAC AGGATTAGAT
781 ACCCTGGTAG TCCACGCCGT AAACGATGTC
GACTTGGAGG TTGTGCCCTT GAGGCGTGGC
841 TTCCGGAGCT AACGCGTTAA GTCGACCGCC
TGGGGAGTAC GGCCGCAAGG TTAAAACTCA
901 AATGAATTGA CGGGGGCCCG CACAAGCGGT
GGAGCATGTG GTTTAATTCG ATGCAACGCG
961 AAGAACCTTA CCTACTCTTG ACATCCAGAG
AACTTTCCAG AGATGGATTG GTGCCTTCGG
1021 GAACTCTGAG ACAGGTGCTG CATGGCTGTC
GTCAGCTCGT GTTGTGAAAT GTTGGGTTAA
1081 GTCCCGCAAC GAGCGCAACC CTTATCCTTT
GTTGCCAGCG GTYAGGCCGG GAACTCAAAG
1141 GAGACTGCCA GTGATAAACT GGAGGAAGGT
GGGGATGACG TCAAGTCATC ATGGCCCTTA
1201 GAGACTGCCA GTGATAAACT GGAGGAAGGT
GGGGATGACG TCAAGTCATC ATGGCCCTTA
1261 AAGCGGACCT CATAAAGTGC GTCGTAGTCC
GGATTGGAGT CTGCAACTCG ACTCCATGAA
1321 GTCGGAATCG CTAGTAATCG TGGATCAGAA
TGCCACGGTG AATACGTTCC CGGGCCTTGT
1381 ACACACCGCC CGTCACACCA TGGGAGTGGG
TTGCAAAAGA AGTAGGTAGC TTAACCTTCG
1441 GGAGGGCGCT TACCACTTTG TGATTCATGA
CTGGGGTGAA GTCGTAACAA GGTAACCGTA
1501 GGGAACCTGC GGGCTGGATC ACC

1.4. Phylogenetic dendrogram of the bacterium Enterobacter A47 (DSM 23139)
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[0039] The phylogenetic dendrogram of the bacterium Enterobacter A47 (DSM 23139) was
constructed using the ARB package (Pruesse et al, 2007). Based on the evolutionary distance
values, the phylogenetic tree was constructed by the neighbor-joining method (Jukes and
Cantor, 1969), using the corrections of Saitou e Nei (1987). The root of the tree was
determined by including the 16S rRNA gene sequence of Klebsiella pneumoniae into the
analysis. The scale bar below the dendrogram indicates 1 nucleotide substitution per 100
nucleotides.

[0040] The 16S rDNA gene sequence of the bacterium Enterobacter A47 (DSM 23139) shows
highest similarity with the bacteria Enterobacter pyrinus (98.3%), Enterobacter hormaechei
(99.0%) and Enterobacter asburiae (98.9%). The criterion to identify a given microorganism
within a known species is defined as having a similarity of at least >90% or, ideally, >99.5%,
with the type strain for that species (Janda and Abbott, 2007) .

[0041] In view of this, in some aspects, the microbial culture to be used in the process for the
production of the polymer of the invention may be any microorganism that shares a similarity of
at least 99.0+0.5% with SEQ ID NO 1 da Enterobacter A47 (DSM 23139), according to Table 2,
obtained by genetic manipulation, mutation, variation or directly from Nature.

2. Characterization of the process for the production of the polymer

[0042] The polymer of the present invention is produced in a stirred aerated bioreactor, with
pH and temperature control. The process for the production of the polymer is initiated by the
inoculation of the microorganism in a nutrient aqueous medium containing a carbon source, a
nitrogen source and inorganic salts. The process comprehends an initial batch phase, followed
by a fed-batch phase, during which mineral medium is introduced into the bioreactor.

2.1. Cultivation medium

[0043] The cultivation medium for the production of the fucose-containing polymer consists of
a nutrient aqueous medium, containing a carbon source, a nitrogen source and inorganic salts.

2.1.1. Carbon source

[0044] The preferred carbon source is glycerol and glycerol containing mixtures. Alternatively,
the carbon source may be a monomeric, dimeric or olygomeric sugar, an alcohol, an organic
acid, an alkane or mixtures containing two or more of the referred compounds.

[0045] The carbon source may also be food or industrial waste or byproduct, containing one or
several of the compounds referred above, such as for example, glycerol byproduct from the
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biodiesel industry, sugar molasses, whey or olive oil wastes. Glycerol byproduct from the
biodiesel industry is mainly composed by impure glycerol and containing variable amounts of
methanol (5-50%), besides several other contaminants reminiscent from the industrial process
(e.g. NaOH, fatoils, some esters, sulphur, proteins and minerals). Sugar molasses are a sugar
refinery byproduct rich in sugars (sucrose, glucose and fructose) (>50%). Whey is a byproduct
of the cheese industry, mainly composed by lactose. The organic fraction of olive oil wastes
includes sugars, tannins, polyphenols, polyalcohols, pectins and lipids. Other food or industrial
wastes and byproducts that have in their composition compounds such as sugars, alcohols,
organic acids and/or lipids may be used as substrates for the microbial cultivation and
production of the fucose-containing polymer.

[0046] In the process for the production of the fucose-containing polymer, according to the
invention, the carbon source must represent between 2 and 10% (w/v) of the aqueous nutrient
medium, during the batch phase, in order to adequately supply for cellular growth. During the
following fed-batch phase, the carbon source should be kept above 0.1% (p/v), preferably
above 0.5 (p/v), in order to guaranty carbon availability for polymer synthesis.

2.1.2. Nitrogen source

[0047] The nitrogen source for the microbial cultivation may be an inorganic salt (e.g.
(NHy4)oHPO4, NH4OH, (NH4)2SO4, NH4CIl) or an organic nitrogen compound (e.g. urea,
aminoacids), mixtures thereof or a food or industrial waste or byproduct containing nitrogen
compounds (e.g. soya flour, yeast extract, wheat bran) .

[0048] In the process for the production of the fucose-containing polymer the nitrogen source
must have an initial concentration between 0.6 and 3.0 g/L, during the batch phase, such as to
assure cellular growth. During the following fed-batch phase, the nitrogen source must be kept
below 0.3 g/L, preferably below 0.1 g/L, thus creating a nitrogen limitation. Hence, during the
fed-batch cellular growth is limited or restricted by nitrogen limitation that, concomitantly with
the carbon availability, induces the synthesis of the fucose-containing polymer.

2.1.3. Inorganic salts

[0049] The cultivation medium also includes, in traces amounts, metal cations, namely,
sodium, potassium, magnesium, iron, manganese, cobalt, copper and zinc. Each of these
cations must be present in the cultivation medium in concentrations between 0.001 and 100
mM, except sodium that may be present in higher amounts, especially for pH control.

2.2 Cultivation conditions
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[0050] The bioreactor cultivation is initiated by the inoculation of the microorganism in the
aqueous nutrient medium described above, aerated with compressed air. The volume of
inoculum should represent between 10 and 30% of the total reaction medium at the beginning
of the cultivation.

[0051] Throughout the cultivation, the temperature is controlled between 15 and 45°C,
preferable between 26 and 37°C, and the pH is controlled between 5.0 and 9.0, preferably
between 6.5 and 7.0.

[0052] The dissolved oxygen concentration is high (>70%) at the beginning of the cultivation,
gradually decreasing during the batch phase concomitant with the cellular growth. During the
fed-batch phase the dissolved oxygen concentration is controlled below 30%, preferably below
10% or even under anaerobic conditions. The air flow rate may be kept constant between 0.1
and 2.0 vvm, being the dissolved oxygen concentration controlled by the automatic variation of
the stirring speed between 0 and 2000 rpm, preferably between 400 and 800 rpm.
Alternatively, the air flow rate may vary throughout the cultivation between 0 and 2.0 vvm, while
keeping a constant stirring rate. The dissolved oxygen concentration during the fed-batch
phase may also be controlled by substrate addition. In this case, both the stirring speed and
the air flow rate may be kept constant at a value between 0 and 2000 rpm, and between 0 and
2.0 vwm, respectively.

[0053] Polymer synthesis is initiated during the batch phase but it occurs mainly during the fed-
batch phase, when cellular growth slows down or stops due to the nitrogen limitation imposed
to the bioreactor. During the fed-batch phase, nutrient medium is introduced into the
bioreactor, which created conditions of carbon availability and nitrogen limitation. Nitrogen
concentration in this phase is kept below 0.3 g N/L, preferably below 0.1 g N/L. Under these
conditions, cellular growth is restricted and the polymer is produced as long as there is carbon
available to match its consumption by the culture.

[0054] Polymer synthesis in the bioreactor may be kept for 4-7 days or until the moment when
the broth becomes too viscous that it is no longer possible to maintain an homogeneous
distribution of oxygen, temperature and nutrients. This situation occurs when the apparent

viscosity of the broth reaches around 2.0 Pa.s (measured at 30°C, at a shear rate of 5 ™).

[0055] Alternatively, the production of the polymer of the invention may be kept in a continuous
process or in a repeated fed-batch process. In the continuous process, the nutrient medium is
continuously introduced in the bioreactor, being the broth containing the polymer also
continuously removed. In the repeated fed-batch process, the bioreactor operation mode
described above (an initial batch phase, followed by a fed-batch phase) is cyclically repeated.
About 10-30% of the broth volume left is in the bioreactor and serves as the inoculum for the
following cycle. These two alternative bioreactor operation modes allow for an optimization of
the process, since non productive periods, namely, new inoculum and bioreactor preparation,
are eliminated.
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2.2. Extraction and purification of cultivation products

[0056] The cultivation broth obtained at the end of the cultivation may be used directly, without
any processing. Alternatively, the raw polymer may be obtained by drying the broth at a
temperature up to 80°C or by freeze drying.

[0057] Alternatively, a native form of the polymer may be recovered from the broth at the end
of the cultivation preferably by precipitation, which may be achieved by the addition of a water
miscible solvent in which the polymer is insoluble, such as for example an alcohol (e.g. ethanol,
isopropanol) or a ketone (e.g. acetone). The fucose-containing polymer is precipitated by the
addition of 1-3 volumes of precipitating agent for each liter of broth. The polymer co-
precipitates with cells, proteins, salts and other broth components that are insoluble in the
precipitating agent. The precipitated polymer may be dried at a temperature up to 80°C or
freeze dried. This native polymer, as well as the broth and the raw polymer described above,
may be used in applications such as for example wastewater treatment or animal feed.

[0058] In an alternative extraction procedure, the polymer of the invention may be partially
purified in a process that includes cell removal by centrifugation (10 000-20 000 rpm, 30-60
minutes), followed by the addition of a precipitating agent (1-3 liters of precipitating agent for
each liter of broth). The precipitating agent may be any of the solvents referred above (e.g.
ethanol, isopropanol, acetone).

[0059] The cultivation broth is highly viscous at the end of the cultivation, thus cell separation is
facilitated by diluting it (addition of 1-4 liters of deionized water for each liter of broth) prior to
centrifuging. The precipitated polymer may be dried at a temperature up to 80°C or freeze
dried. This semi-purified polymer may be used in several applications such as, for example,
the agro-food, cosmetics, paper, paints or oil industries, among others.

[0060] A pure polymer may be obtained by additionally using one or more of the following
methods:

1. 1) Re-precipitation of the polymer from diluted semi-purified polymer aqueous solutions
(0.1-5.0 g/L), being the degree of purity increased with the number of re-precipitations
performed,;

2. 2) Sequential precipitation with different precipitating agents, namely, ethanol, acetone
and/or isopropanol, or mixtures thereof, thus promoting the elimination of different
contaminants soluble in each solvent;

3. 3) Washing the semi-purified polymer with solvents in which the polymer is insoluble
(e.g. hexane) but that solubilizes one or more of the contaminants;

4. 4) Use of proteolythic enzymes (e.g. tripsin), addition of protein precipitating agents (e.g.
trichloroacetic acid) or denaturation of proteinaceous materials by heating at
temperatures between 60 and 80°C;

5. 5) Dialysis, ultrafiltration or diafiltration of aqueous semi-purified polymer solutions, with
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reduced concentrations (0.1-5.0 g/L), which results in a high degree of purity since the
high molecular weight polymer is separated from all low molecular weight contaminants.

[0061] The pure polymer obtained with any of these procedures may be dried at a
temperature up to 80°C or freeze dried. The high degree of purity of this polymer allows its use
in the food, pharmaceutical and cosmetic industries, among others.

[0062] Several different combinations of the referred methods may be used to extract/purify
the fucose-containing polymer, according to the degree of purity and the specific application for
which it is intended for.

3. Polymer characterization

3.1. Composition

[0063] The polymer of the present invention is constituted mainly by a high molecular weight

polysaccharide (108-107), with a fucose content of at least 10% of the total sugar content. That
polymer is also composed by glucose and galactose (20-70% and 10-40% of the total sugar
content, respectively). The relative composition of the referred sugars in the polymer, fucose,
galactose and glucose, is dependent on the cultivation time and on the bioreactor operating
conditions.

[0064] Additionally, the polymer of this invention may also possess other neutral sugars in
minor amounts (<5%), such as mannose, rhamnose, xylose, ribose, arabinose, glucuronic acid
and/or glucosamine.

[0065] The referred polymer possesses as well non sugar components, namely acyl groups,
which represent up to 25% of the polymer's dry weight. The main acyl groups detected were
succinate, pyruvate and acetate.

[0066] Typically, acetate and pyruvate represent between 0.5 and 5% of the polymer's dry
weight, while succinate is present in higher quantities, normally between 1 and 20%. The
composition of the polymer of the invention in terms of each acyl group is dependent on the
reactor operating conditions and on the time of cultivation. The presence of pyruvate and
succinate residues confers an anionic character to the polymer. As a consequence, it is able to
immobilize toxic metals, making possible its application on toxic metals removal (heavy metals
and radionucleotides) from contaminated soils and water.

[0067] Depending on the extraction/purification method, the polymer obtained may contain,
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besides the fucose-containing polymer, other components present in the cultivation broth,
namely proteins and inorganic compounds. The maximum content of these components was
detected in the native polymer (15-30% of proteins and 25-40% of inorganic compounds),
while the minimum amount (<1%) was detected in the purified polymer obtained by dialysis.

3.2. Polymer average molecular weight

[0068] The average molecular weight of the purified polymer, determined by Gel Permeation
Chromatography, is in the range of 108-107. Normally, when the polymer production is initiated
during the microbial growth phase, its average molecular weight is around 10°, increasing over

time during the cultivation run up to a relatively constant value in the range of 108-107.

3.3. Properties of the polymer

3.3.1. Solubility

[0069] The polymer of the invention is not soluble in a wide range of organic solvents at
ambient temperature, including acetone, isopropanol, DMSO, hexane, diethyl ether, xylene
and tetrachloroethylene, among others. This characteristic of the polymer opens the possibility
to its application in the preparation of solvent resistant membranes to be used in separation
processes. However, it was observed that the polymer is soluble in some organic solvents,
namely in tetrachloroethane.

[0070] The polymer of the invention is stable in contact with the organic solvents tested,
maintaining its composition in terms of sugar constituents and acyl groups after being exposed
to those solvents. In addition, the average molecular weight was also not affected.

3.3.2. Viscosity of polymer aqueous solutions

[0071] The aqueous solutions prepared with the polymer of the invention are not Newtonian
fluids, presenting a pseudoplastic fluid behaviour (Figure 2). The apparent viscosity of a 0.8%

(wiv) polymer solution is 0.21 Pa.s measured at 25°C, for a shear rate of 5 s'!, decreasing

down to 0.02 Pa.s for a shear rate of 500 s™!. Since the viscosity is immediately recovered
when the shear rate is decreased, no hysteresis phenomena are observed. The pseudoplastic
fluid behaviour of the polymer solutions confers this material the capacity of modifying the
physical properties of aqueous systems, and the potential to be applied as thickener and
texture enhancer, mainly in the food, pharmaceutical and cosmetic industries.
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[0072] The apparent viscosity of the polymers aqueous solutions decreases with the increase
of temperature, but the pseudoplastic fluid behaviour is maintained. The apparent viscosity of a

0.8% (w/v) polymer solution, measured at a shear rate of 5 s! is 0.32 Pa.s at 15°C, decreasing
to 0.05 Pa.s at 65 °C.

[0073] The effect of sequential heating and cooling stages on the dynamic and steady-shear
properties of the purified EPS solution was studied, performing cycles of consecutive heating
and cooling steps. After recording the mechanical spectrum and the steady-state data at 25°C,
the same sample was heated up to 40, 55, 70 and 80°C. It was observed that the apparent
viscosity and dynamic moduli (G' and G"), recorded at 25°C at the end of each cycle, were
practically coincident. From this, we may conclude that the polymer sample is quite stable
under temperature fluctuations, maintaining its properties in consecutive oscillatory and
steady-state tests at 25°C, after being exposed to increasing temperatures up to 80°C. These
characteristics let us think that the polymer may be used in aqueous formulations (e.g. food
products) that are subjected to temperature fluctuations during processing.

[0074] Regarding the viscoelastic properties, the aqueous solutions of the polymer containing
fucose present a behaviour of a viscous liquid (G">G' in the entire range of frequencies
studied). No gel formation was detected under the conditions tested.

3.3.3. Emulsifying activity

[0075] The polymer of the invention possesses emulsifying activity, which means that it is able
to stabilize emulsions of water droplets in hydrophobic compounds, such as oils (e.g. olive oil,
paraffin) and hydrocarbons (e.g. hexane, toluene). As so, the polymer may be used as
bioemulsifier or stabilizing agent, and has the potential to replace synthetic emulsifiers in a
wide range of applications, such as in the petroleum, detergent, textile, paper, paint, cosmetic,
pharmaceutical and food industries.

[0076] The emulsifying activity is not confined to the purified polymer. Other forms, namely
raw, native and semi-purified, have revealed the capacity of stabilizing emulsions of water in
hydrophobic compounds. This ability was verified using solutions of polymer of the invention,
with a concentration between 0.05 and 1.5%, when mixed with several hydrocarbons (e.g.
hexadecane, hexane, toluene and xylene) and oils (olive oil and paraffin). The emulsions
formed were quite stable for several weeks. Furthermore, they have shown to be very stable to
temperature, resisting to heating from ambient temperature up to, 40, 50, 60 and 100°C.

3.3.4. Flocculating activity

[0077] The polymer of the invention presents also a significant flocculating activity, and may be
used as a natural bioflocculant agent. The flocculating agents are useful in the promotion of
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cell and colloid aggregation, being widely used in industrial applications, such as wastewater
and drinking water treatment and food products. The biodegradability and safety of the
polymer of the invention represent advantages over synthetic flocculants, which are dangerous
for human health and whose degradation in the environment is difficult.

[0078] At ambient temperature and neutral pH, the flocculating activity of the polymer of the
invention decreases from 70 to 60% with the increase of the polymer concentration from 0.1 to
0.8% (w/v). This flocculating activity was compared to that of commercial polysaccharides,
namely, xanthan, alginate, Guar gum and carboxymethylcellulose. The polymer of the
invention revealed to be a good flocculating agent, with a similar performance to that of
commercial products, for the same polymer concentration.

3.3.5. Preparation of biodegradable films

[0079] The polymer containing fucose may be used to produce biodegradable composite films
by mixing it with other biopolymers, such as starch, pectin, alginate, carrageenan, gluten,
gellan and chitosan. These films may be applied as membranes in organic solvents processing
and packaging materials.

[0080] Polysaccharides, such as chitosan, starch and guar gum, have been tested in the
preparation of microspheres for drug controlled release. The polymer of this invention may be
used as well for that purpose, either alone or mixed with other biopolymers.

4. Applications of the polymer of the present invention

[0081] The polymer of this invention presents emulsifying and flocculating activity, and forms
high viscosity aqueous solutions with a pseudoplastic fluid behaviour. As a consequence, it
may substitute other polysaccharides, like xanthan, alginate, guar gum and Arabic gum, in a
wide range of applications, namely as a thickener, texture enhancer or binding agent, in the
food, pharmaceutical and cosmetic industries.

[0082] The polymer containing fucose may be used to produce biodegradable composite films
by mixing it with other biopolymers, such as starch, pectin, alginate, carrageenan, gluten,
gellan and chitosan. These films may be applied as membranes in organic solvents processing
(e.g. solvent dehydration by pervaporation), and in packaging materials, like food packaging,
regarding their low permeability to gases (oxygen and carbon dioxide).

[0083] The polymer containing fucose may also be used as a source of oligosaccharides,
obtained from the original polymer by applying physical treatments (e.g. microwaves, heat,
irradiation and ultrasonication), chemical processes (e.g. acidic hydrolysis), enzymatic
treatments (e.g. with hydrolases and liases) or biological processes (using microbial agents
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able to degrade de polymer and use all sugars as carbon source, except fucose). The
obtained fucose and fuco-oligosaccharides, as well as the original polymer, isolated or mixed
together, have a great potential in medical applications as anti-carcinogenic and anti-
inflammatory agents, in the treatment of rheumatoid arthritis, to name a few (Vanhooren e
Vandamme, 1999; Péterszegi et al, 2003b). Furthermore, due to the presence of fucose in its
composition, the polymer of the invention has also a great potential to be used in cosmetics as
hydrating and anti-ageing additive (Péterszegi et al, 2003a).

EXAMPLES

Example 1: Production of the fucose-containing polymer by cultivation of the bacteria
Enterobacter A47 (DSM 23139), using glycerol byproduct from the biodiesel industry

[0084] A culture of Enterobacter A47 (DSM 23139) was inoculated in 8 L of culture media with
the composition presented in Table 3. The bioreactor (BioStat B-plus, Sartorius) was operated
under the following conditions: controlled temperature at 30°C; controlled pH at 6.80+0.05,
automatic addition of NaOH 1M and a constant aeration rate of 1.6 L/min (0.2 vvm). As
microbial growth was taking place, the concentration of dissolved oxygen decreased from 80%
saturation in the beginning of the cultivation run, to about 20% after 1 day.

[0085] From that instant, a continuous feed (of about 20 mL/h) was introduced in the reactor.
Its composition was that presented in Table 3, but with a different glycerol concentration (200
g/L). These operating conditions limited the nitrogen concentration in the fermentation broth
(below 0.1 g N/L) and permitted simultaneously a good availability of carbon source.

Table 3. Composition of the culture medium.

componente concentration
Glycerol co-product 25 g/L
KoHPOy4 58 g/L
KH5POy4 3.7 g/L
(NHg4)o,HPO4 3.3 gL
Mineral solution( 1.0 mL/L
MgSO4 100 mM 10 mL/L
(1) composition of mineral solution (for 1 litre of HCI 1N) : FeSO4-7H,0, 2.78 g;
MnCl,-4H50, 1.98 g; CoSO4-7H50, 2.81 g; CaCl,-2H50, 1.67 g; CuCly-2H50, 0.17
g; ZnSO4 7H50, 0.29 g)

[0086] The dissolved oxygen concentration decreased gradually down to 10% saturation,
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value achieved after 2 days of cultivation. From that moment, it was controlled below 10% by
automatic variation of the stirring rate between 400 and 800 rpm. After 1 day under these
conditions, the viscosity of the fermentation broth increased quickly, which was related to
polymer production.

[0087] At the end of 4 days of cultivation, the polymer concentration was nearly 13.3 g/L, which
refers to polymer extracted and quantified in his semi-purified form (Figure 3). The viscosity of
the fermentation broth increased significantly between day 4 and day 7, even though the

polymer production has ceased. The productivity reached the value of 3.6 g L"! day ™! and the

yield from glycerol was 0.47 g g'!, considering the time interval in which polymer production
took place (from day 1 to day 4).

[0088] The cultivation run was stopped at day 7, when the viscosity of the fermentation broth

reached 3.0 Pa.s, at a shear rate of 5 s"! and T=30°C.

Example 2: Extraction and purification of the fucose-containing polymer produced by
Enterobacter A47 (DSM 23139) from glycerol byproduct

[0089] In the end of the cultivation run described in Example 1, the polymer containing fucose
was recovered from the fermentation broth, in the form of three different products with diverse
purity grades: native, semi-purified and purified polymer.

[0090] The native polymer was obtained by the addition of acetone directly to the fermentation
broth (3:1). The concentration of native polymer was 20.6 g/L.

[0091] To obtain the semi-purified polymer, the fermentation broth was firstly diluted to reduce
viscosity (2 L of deionised water to 1 L of fermentation broth) and then the biomass was
separated by centrifugation (20000 rpm, 30 min). Afterwards the cell-free supernatant was
added slowly to acetone (1:3) under mild stirring, promoting the polymer precipitation. The
precipitate was dissolved in deionised water and freeze-dried. The concentration of semi-
purified polymer was 11.6 g/L.

[0092] In order to obtain the purified polymer, an aqueous solution of semi-purified polymer
was processed by dialysis in contact with deionised water during 24 h, using a 3500 MWCO
membrane (SnakeSkinTM Pleated Dialysis Tubing 68035 - Thermo Scientific). Sodium azide
was added (6 ppm) to prevent microbial degradation of the polymer. After that, the polymer
was precipitated by adding acetone, redissolved in water and freeze-dried. The concentration
of purified polymer was 5.5 g/L.

[0093] As an alternative, the polymer may be extracted/purified by the following methodology:
dilution of the fermentation broth and biomass separation by centrifugation; heating at 60°C for
1 h to inactivate the enzymes present in the supernatant that may be responsible by partial
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polymer degradation; dialysis of the supernatant in contact with deionised water and finally
freeze-drying. With this method where recovered 5.0 g/L of purified polymer.

Example 3: Chemical analysis of the fucose-containing polymer produced by
Enterobacter A47 (DSM 23139)

[0094] The polymer produced as described in Example 1 and extracted as described in
Example 2 was characterized in terms of its chemical composition, namely regarding its sugar
composition, the content of acyl groups and the amount of non-sugar residues (proteins and
ashes), using the methods described in Freitas et al (2009). The chemical composition of all
polymer purity grades (native, semi-purified and purified by dialysis) was analysed over time,
during the cultivation run.

[0095] After 1 day of cultivation the polymer was constituted mainly by glucose (77%) and
galactose (15%), with lower amounts of fucose (6%). As the cultivation proceeded, the relative
proportion of these sugar monomers has changed significantly: the glucose content decreased
gradually to 40% at day 4, and the relative amount of galactose and fucose increased up to
26% and 28%, respectively.

[0096] The sugar composition was practically constant in the last 3 days of operation (glucose,
40-44%,; fucose, 26-30%; galactose, 28-29%).

[0097] It was also observed a variation of the relative proportion of the acyl groups over time: it
varied from 2.4% succinate, 0.2% pyruvate and 0.3% acetate, at day 1, to 20% succinate, 2.4%
pyruvate and 2.0% acetate at day 4. Afterwards, at day 7 was observed a decrease of
succinate content to 3.9%, along with an increase of pyruvate (4.9%) and acetate (3.6%).

[0098] The composition in terms of sugar and acyl groups constituents is similar for the
different purity grade polymers. The same does not happen for the case of proteins and ashes.
The content of these components decreases from the native to the semi-purified polymer, and
from the later to the purified polymer.

Example 4: Production of the fucose-containing polymer by cultivation of the bacteria
Enterobacter A47 (DSM 23139), using glycerol byproduct from the biodiesel industry,
under different temperatures and pH

[0099] The culture Enterobacter A47 (DSM 23139) was cultivated in 2L bioreactors, as
described in example 1, except for temperature and pH that were controlled under different
values, according to Table 4. At the end of each run, the polymer was recovered as described
in example 2.

Table 4: Values of temperature and pH tested.
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Run {Temp (°C)} pH |y (h™") { Xmax (9/L) E';g?f;ax rp (9/L.d)| Yps (9.97)
1 300 |70 030 7.14 8.37 5.00 0.17
2 300 {701} 032 7.58 10.13 4.94 0.21
3 200 {60 0.14 7.41 0.82 0.19 0.01
4 400 {60 034 9.20 2.59 0.81 0.03
5 200 {807 0.13 8.39 4.40 2.54 0.10
6 400 {807 022 5.63 1.62 1.34 0.04
7 159 1701} 008 8.17 1.12 0.33 0.02
8 441 {707 - 0.21 0.23 0.06 0.02
9 300 {56 010 { 1062 7.50 2.05 0.09
10 300 |84] 007 3.01 2.67 2.38 0.09

[0100] The conditions that maximize cell growth, polymer production and productivity were
found to be temperatures between 25 and 34°C, and pH controlled between 6.5 and 7.5 (Table
5). In addition, within these temperature and pH ranges, the polymer's content in fucose was
maximal. Outside these ranges, the culture has synthesized polymers with different
composition, such as, for example: reduction of the fucose content (<14%), concomitant with
an increase of the glucose content (>50%) and the addition of new monomers (e.g. rhamnose
and glucosamine) as main components (up to 20% and up to 10%, respectively). Glucuronic
acid was also detected in these polymers with a content up to 15%. The acyl groups content
was also affected by temperature and pH during cultivation, being reduced to levels below 10%
of the polymers' dry mass.
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Patentkrav

1. Fremgangsmade til fremstilling af en polymer der omfatter et fucoseholdigt
polysaccharid, hvilken polymer opnas ved dyrkning af bakterien Enterobacter
A47 med accessionsnummer DSM 23139, hvilken fremgangsmade omfatter
felgende trin:
a) en batchfase der omfatter dyrkning af bakterien Enterobacter A47 med
accessionsnummer DSM 23139 i et dyrkningsmedium i en omrart og be-
luftet bioreaktor, hvilket dyrkningsmedie omfatter en carbonkilde, der om-
fatter glycerol eller glycerolholdige blandinger, en nitrogenkilde og uor-
ganiske salte;
b) en fed-batchfase der omfatter dyrkning af bakterien Enterobacter A47
under betingelser for carbontilgeengelighed og nitrogenbegraensning;
og hvor temperaturen under batchfasen og fed-batchfase styres mellem 15 og

45 °C, og pH-veerdien styres mellem 5,0 og 9,0.

2. Fremgangsmaden ifelge krav 1, hvor:
a) den indledende koncentration af opl@st oxygen i det bakterielle dyrk-
ningsmedie er over 70 %;
b) den opl@ste oxygenkoncentration styres til niveauer under 30 %, mens
opretholdelsen af nitrogenkilden begraenses til meengder mindre end 0,1
g/l og tilferslen af carbonkilden tilpasses til dens mikrobielle forbrugsha-

stighed .

3. Fremgangsmade ifelge krav 1-2, hvor mineralmediet indf@res i bioreaktoren i

fed-batchfasen.

4. Fremgangsmade ifelge krav 1-3, hvor temperaturen i dyrkningstrinnet styres

mellem 25 og 34 °C, og pH-veerdien styres mellem 6,5 og 7,5.

5. Fremgangsmade ifalge krav 1-4, hvor dyrkningsvaesken ved afslutningen af

dyrkningstrinnet terres ved en temperatur op til 80 °C eller frysetarres.
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6. Fremgangsmade ifelge krav 1-5, hvor dyrkningsmediet efter ekstraktionstrin-
net udfeeldes ved tilseetning af 1-3 volumener feeldningsmiddel for hver liter

dyrkningsveeske.

7. Fremgangsmade ifelge krav 1-6, hvor polymeren yderligere oprenses ved di-

alyse, ultrafiltrering eller diafiltreringsteknikker.

8. Fremgangsmade ifalge krav 1-7, hvor volumenet af bakterie Enterobacter
A47 med accessionsnummer DSM 23139 der er inokuleret i mediet ligger mel-
lem 10 og 30 % af det samlede reaktionsmedium ved begyndelsen af dyrknin-

gen.

9. Fremgangsmade ifalge krav 1-8, hvor carbonkilden er et fadevareaffald eller

industriaffald eller biprodukt.

10. Fremgangsmade ifglge krav 1-9, hvor carbonkilden er mellem 2 og 10 %
(veegt/volumen) af dyrkningsmediet i batchfasen og over 0,1 % (veegt/volumen)

i fed-batchfasen.

11. Fremgangsmade ifalge krav 1-10, hvor nitrogenkilden har en startkoncen-
tration pa mellem 0,6 og 3,0 g/l i batchfasen og ligger under 0,3 g/l i fed-

batchfasen.

12. Polymer med en gennemsnitlig molekylveegt pa 10° - 107 der kan opnas ved
fremgangsmaden ifelge et hvilket som helst af kravene 1 til 11, i hvilken den
omfatter fucose i en meengde pa mindst 10 %, en meengde glucose pa mellem
20 % og 70 %, en meengde galactose pa mellem 10 — 40 %, en meengde glucu-
ronsyre op til 15 % af det totale carbonhydratindhold, og acylgrupperne repree-

senterer op til 25 % af terveegten af polymeren.

13. Polymer ifglge det foregéende krav 12, hvor acylgrupperne er succinat

og/eller pyruvat og/eller acetat.
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14. Polymer ifelge krav 12-13, hvor de acylerede forbindelser omfatter maeng-
der af succinat op til 20 %, pyruvat og/eller acetat i maengder op til 5 % af poly-

merens tarveegt.

15. Polymer ifalge et hvilket som helst af kravene 12-14, hvor den har et indhold
pa mindst 5 % i neutrale sukkerarter, som er valgt blandt rhamnose, mannose,

glucosamid og/eller glucuronsyre.

16. Polymer ifalge et hvilket som helst af kravene 12-15 der har en pseudopla-
stisk fluidopfarsel i vandigt medium, med stabil viskositet under temperaturer op
til 80 °C, pH mellem 3-10 og ionstyrke op til 20 % NaCl.

17. Polymer ifelge et hvilket som helst af kravene 12-15 der er uopl@selig i or-

ganiske oplasningsmidler.

18. Polymer ifglge et hvilket som helst af kravene 12-17 der har en emulsions-
dannende og stabiliserende kapacitet mod adskillige hydrofobe forbindelser,
som er valgt blandt vegetabilske olier og mineralolier og carbonhydrider, idet

emulsionen er stabil til opvarmning til temperaturer op til 100 °C.

19. Polymer ifalge et hvilket som helst af kravene 12-17 der har flokkulerende

aktivitet.

20. Film, overtreek og indpakninger der omfatter polymeren ifglge et hvilket som

helst af kravene 12-19.

21. Bionedbrydeligt kompositfilm der omfatter polymeren ifalge et hvilket som

helst af kravene 12-19.

22. Mikrosfeerer til leegemiddelstyret frigivelse der omfatter polymeren ifalge et

hvilket som helst af kravene 12-19.

23. Farmaceutiske og/eller kosmetiske formuleringer der omfatter polymeren
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ifalge et hvilket som helst af kravene 12-19.

24. Anvendelse af polymeren ifalge et hvilket som helst af kravene 12-19 i agro-

fedevareindustrien, i farmaceutiske og kosmetiske industrier og/eller i affalds-

5 behandlingen.
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