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A.L.1. Microbiological biosynthesis of exopolysaccharides from lactic acid
bacteria (EPZ-LLAB)

Nowadays, due to an increased awareness on environmental problems, it has been developed
an interest towards biopolymers, in order to develop environmentally friendly materials suited for
high performance applications and for their traditional uses.

The trend of orientation towards biopolymers and to design innovative products has led to a
global resurgence of interdisciplinary research on bacterial exopolysaccharides (EPS). The inherent
bioavailability and the apparently non-toxic nature of EPS resulted in their use in many medical
applications such as scaffolds in tissue engineering, systems for controlled release of drugs, as well
as bandages, making them more attractive compared to polysaccharides derived from plants and
microalgae (Nwodo et al., 2012). Generally, these biopolymers include exopolysaccharides in
capsular form or in the form of a viscous substance (Wang et al., 2010).

According to current taxonomy, this group of bacteria consists of twelve bacterial genera.
However, only few of them are found in food, such as Lactococcus, Streptococcus, Leuconostoc,
Lactobacillus and Pediococcus. These kinds of lactic acid bacteria may biosynthesis dextran,
extracellular xanthan, gellan, glucans, pullulan, etc. (Patel et al., 2012). Until recently, dextran was
the mainly exopolysaccharide produced by Leuconostoc genre. Industrial scale production was
focused mainly on dextran produced by Leuconostoc mesenteroides and Leuconostoc citreum (Miao
et al., 2014). It is well known that dextran is used as a substitute for blood plasma in clinical
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applications, as a standard in exclusion chromatography, as an ingredient in cosmetic products,
bakery products, and in frozen industrial products (Moscovici et al., 2015).

EPS intracellular biosynthesis by fermentation of lactic acid bacteria (EPS-LAB) was
considered of interest for this project due to their structural and functional diversity and to their
beneficial effects. Factors influencing the biosynthesis of EPS-LAB are the culture medium
composition and the incubation conditions, such as the type of carbon source, nitrogen source type,
incubation time, agitation rate and temperature of incubation. The carbon source is responsible for
the type of EPS biosynthesized by the lactic acid bacteria (LAB); the best results were obtained
when the glucose from the culture medium was added in a concentration higher than 100 g/l
(Grobben et al., 1997). The nitrogen source is responsible for the growth of lactic acid bacteria
strains and an optimal balance between the carbon and nitrogen source is absolutely necessary to
achieve high EPS yields. In order to monitor the EPS-LAB biosynthesis, the time of incubation has
a significant influence. The maximum of EPS biosynthesis is recorded when LAB are in
exponential growing stage, but no further production was observed in the stationary phase
(Tayuan et al., 2011). The agitation rate is an important factor in the biosynthetic pathway which
can affect the rate of multiplication, the medium homogeneity and thus, the availability of the
nutrient from the substrate and of the air for the existing microbial species (LAB oxygenation). The
incubation temperature depends on the type of Lactobacillus species, as well as its subsequent use.
In particular, for the EPS biosynthesis was noticed that the optimum growing temperature is 33°C
(Tayuan et al., 2011).

a. Isolation and selection of lactic bacteria strains

In this stage, 34 lactic acid bacteria strains from different sources were isolated in order to
test the ability to produce exopolysaccharides.

The culture media used for the activation, cultivation and conservation of LAB were MRS
broth and MRS agar. MRS broth was purchased from Bio Springer (Lesaffre Group Company,
France) and as standards there were used sucrose, glucose and fructose (Sigma-Adrich). Ethanol
and trichloroacetic acid were purchased from the Chemical Company SA, Romania.

Lactic acid bacteria isolation and purification was made in two stages: enrichment (Adnan and
Tan, 2007) and culture purification (Schiraldi et al., 2006).

There were chosen 6 different culture media (rye flour, yogurt, 2 types of flour, milk and
homemade cheese) in order to be tested the effect of culture medium composition on lactic acid
bacteria growth and production. All 34 LAB strains were tested, and duplicate assays were made to
ensure accuracy.

Selection of fermentation conditions

In order to test the influence of a culture medium on EPS production, strains were cultivated
in two different culture media:
- MRS broth - reference medium,
- MRS agar* - MRS agar supplemented with glucose and fructose.

After preparation and sterilization, the inoculation of the culture medium was performed
according to the Malik et al. method (Malik et al., 2009).

Lactic acid bacteria strain selection
Following incubation, the EPS-LAB production has been quantified using Paulo et al.
procedure (Paulo et al., 2012). After data evaluation there were selected five lactic acid bacteria
strains (PP15, PP19, PP29, PP32 and PP34). Selection took into consideration the EPS-LAB
amount produced in MRS broth, but also the tensile strength of the samples biosynthesised in MRS
agar*®.
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b. Biosynthesis of exopolysaccharides by lactic acid bacteria (EPS-LAB)

Fermentation conditions — Culture medium

In order to study the effects of medium conditions, in particular of the carbon source on the
growth of lactic acid bacteria and the production of EPS-LAB, MRS broth was supplemented with
glucose, fructose and sucrose at a final concentration of 100 g/l (Tayuan et al., 2011).

In this regard, for the fermentation of selected lactic acid bacteria strains there were used
two kinds of culture media:

- MD I - containing MRS broth supplemented with fructose and glucose.

- MD II - containing MRS broth supplemented with sucrose.

The culture media was sterilized at 110 °C for 30 minutes and inoculated with 30% fresh
inoculum for 48 hours and then the absorbance was read in the region of 0.5 - 600 nm (Liu et al.,
2009). Incubation was carried out for 48 hours without pH control, at a temperature of 33 °C, with
agitation at low speed (100 rpm), sufficient to keep the culture homogeneous. The obtained culture
was treated at 100 °C for 15 minutes to inactivate the enzymes capable of degrading the polymers
(Lee et al., 2012). After the inactivation, EPS-LAB were extracted and purified.

A.L2. Extraction and purification of EPS-LLAB

The extraction and purification protocol of EPS-LAB has been established according to the
literature (Liu et al., 2011; Tayuan et al., 2011; Bennama et al., 2012; Palomba et al., 2012). The
EPS-LAB amount extracted from different culture media are presented in Table 1.

Table 1. The amounts of EPS-LLAB extracted from different culture media

, EPS-LAB, g/l
Culture medium 5577 PP19 PP29 PP32 PP34
MD I 2.48 4.19 2.80 2.60 2.60
MD II 5.05 163 5.18 4.42 5.20

It can be concluded that the optimum culture medium for the growth and the biosynthesis of
EPS-LAB was MD II, which contains MRS broth and sucrose.

A.L3. EPS-LAB physico-chemical characterization

The isolated lactic acid bacteria strains produced different amounts of exopolysaccharides
(EPS-LAB) depending on the type of culture medium used. From all EPS-LAB samples was
selected sample PP15 due to its structure with a high elasticity observed in MRS agar *.

1. Gel permeation chromatography (GPC)

In order to determine the molecular weight average and the polydispersity index of the EPS-
LAB samples it was used gel permeation chromatography (GPC), and the measurements were
recorded on a Shimadzu system (PL-GPC 120, Varian). It was injected a dilute solution of the
polymer (1 mg/ml) in the solvent system (0.2 M NaNOs, 0.01M NaH,PO,, pH = 7) with a flow rate
of 1 ml/min. The calibration of the system was performed with Pullulan standards (Type P-82, Lot
01101, Denko KK Shodex, Japan).



The detailed compositions of samples [-PP15 and II-PP15 are presented in Table 2, where
weight-average molecular weight (Mw, g/mol), number-average molecular weight (Mn, g/mol) and
polydispersity index (PD= Mw/Mn) are indicated.

Table 2. Relevant molecular parameters of I-PP15 and II-PP15

Samples Mw, g/mol Mn, g/mol Polydispersity, PD
Fr. 1 2.8x10° 1.0x10° 2.87
Fr. 2 6.9 x 10° 6.2 x 10° 1.11
I-PP15 Fr. 3 40x10° 29x10° 1.34
Fr. 4 1.6 x 10 1.2 x 10 1.38
Fr. 5 2.7 x 107 2.1x10° 1.24
Fr. 1 47 x10° 1.4x 10° 3.30
Fr. 2 7.8 x 10° 7.0 x 10° 1.10
TI-PP15 Fr. 3 41x10° 27x10° 1.51
Fr. 4 3.2 x 107 2.6 x 10° 1.24

It can be noticed that the sample I-PP15 presents five characteristic fractions with different
molecular weights. For the fraction with the highest molar mass (2.8 x 10% g/mol) the PD is 2.87,
which indicate a polydisperse polymer. For the other fractions the PD values are around 1, which
indicate the presence of monodisperse polymers. Taking into account the fact that Fr. 1 of samples
[-PP15 and II-PP15 have extremely high molecular weights and are polydisperse polymers, it is
assumed that the EPS-LAB are forming complex aggregates (Hwang et al., 2013).

2. Thermogravimetric analysis (TGA)

Generally, the thermal degradation of polymeric materials is a complex process that is
achieved through simultaneous chemical reactions and physical changes (Ahmed et al., 2013). The
thermogravimetric analysis (TG) and differential thermogravimetry (DTG) of EPS-LAB sample
were performed on a STA 449F1 Jupiter NETZSCH equipment.

The behavior during the thermooxidative destruction of I-PP15 sample is shown in Figure 1.
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Figure 1. Thermal behaviour of sample I-PP15
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In region 60-83 °C appears an endothermic peak characteristic to the dehydration process, a
process that is accompanied by a loss of 4.06% of total mass (Table 3). The second process appears
in the range of 120-400 °C, which corresponds to the cleavage of glycosidic linkages with the
formation of levoglucosan from the monomer unit. Regarding the sample II-PP15 (figure not
shown), its thermal degradation followed a degradation profile similar to the I-PP15 sample.

Table 3. Thermal degradation data corresponding to EPS-LAB samples

Sample 1-PP15 1I-PP15

Ti, Tmax, Tf, Aw, Ti, Tmax, Tf, Aw,

°C °C °C %0 °C °C °C %
Peak 1 59 75 83 4.06 62 77 98 3.85
Peak 11 121 134 144 9.44 125 134 141 8.80
Peak 111 197 208 218 9.55 163 172 175 3.40
Peak IV 233 250 259 21.20 197 219 234 11.57
Peak V 298 303 394 16.38 235 247 261 15.04
Peak VI 600 643 684 6.53 609 671 675 6.36
r, % 32.28 30.37

From the thermogravimetric study of samples I-PP15 and PP15-II it can be noticed that in
the range of 100-300 °C is produced an important mass loss (Aw,%), due in particular to the
depolymerisation reactions of EPS-LAB, by breaking the C-C or CO bonds. The residue obtained
after thermal degradation (r, %) is an expression of the sample’s crystallinity degree. Thus, the
diminishing of the crystallinity determined a decrease of the activation energy and an increase of
the residue quantities (Ciolacu et al., 2006). In the present case for sample I-PP15 was obtained a
residue of 32.28%, while for II-PP15 was recorded a lower residue (30.37%). These data confirm
the fact that sample II-PP15 has a more crystalline structure than [-PP15.

3. Differential Scanning Calorimetry (DSC)
DSC measurements of samples I-PP15 and II-PP15 were performed with Maia F3 200 DSC

(Netzsch, Germany) equipment. In the region of 20-140 °C, the DSC measurements of EPS-LAB
recorded an endothermic peak characteristic for the dehydration process (Figure 2). Considering
that the water absorbed by the EPS-LAB occupies almost the entire area of the amorphous structure
it can be noticed that the endothermic peak area is directly proportional to the amorphous fraction of
EPS-LAB. Thus, from the areas of the endothermic curves can be noticed that sample II-PP15
(81.65%) has a more crystalline structure than sample [-PP15 (93.44%).
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Figure 2. DSC curves of [-PP15 and II-PP15 samples
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In addition, both structures have values similar to glass transition areas, which indicate a
high flexibility of the chain segments, probably due to the presence of structures with the lowest
possible degree of organization.

4. Fourier Transform Infrared Spectroscopy (FT-IR)

FTIR spectra were recorded using a Bruker Vertex 70 in the frequency range 4000-400 cm’
with 4 cm™ resolution and 24 scans. The obtained spectra were processed using SpectraManager.

In Figure 3 are presented the spectra recorded for samples I-PP15 and PP15 II.
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Figure 3. FTIR spectra for samples [-PP15 and II-PP15

The broad band situated in the region 3100-3600 cm™ are due to the fundamental
frequencies of OH-stretching vibration; at 3411 cm™ for I-PP15 and 3400 cm™ for II-PP15 (Chen et
al,, 2013). The absorption bands that appear between 2700-3000 cm™ are assigned to C—H
stretching vibration (Xiao et al., 2014), and for EPS-LAB are situated at 2930 cm’! (I-PP15) and at
2934 cm™ (II-PP15). Usually, in region 1500-2000 cm™ appears a peak assigned to absorbed water,
at 1670 cm_l, which is associated with the OH stretching (Ciolacu et al., 2011). In the range of
1300-1500 cm™ it can be noticed the band at 1457 cm™, assigned to a symmetric CH, bending
vibration and the bands at 1334 cm™, assigned as C-OH bending in plane (Ryden et al., 2013). The
band at 835 cm™ for sample I-PP15 and 834 cm’ for sample II-PP15 is characteristic to the valence
vibration of -D-glucan (Goo et al., 2013).

5. Nuclear magnetic resonance (IH-NMR)

'H-NMR spectroscopy was done by using a Bruker Avance III NMR spectrometer with a
multinuclear sample head with reverse detection. The samples were dissolved in deuterated water
(D,0). '"H-NMR spectra of [-PP15 and II-PP15 samples are presented in Figures 4 and 5.
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Figure 5. "H-RMN spectra of I-PP15 and II-PP15 (range: 1-5.5 ppm).

Profile spectral data indicated the presence of two types of compounds: low molecular
compounds characterized by narrow signals and well-defined macromolecular forms, characterized
by broad signals (Figure 4).

Among low molecular compounds there have been identified: lactate / lactic acid -
characterized by two signals: 1.36 ppm (doublet, coupling constant J = 7.0 Hz) and 4.33 ppm
(quartet, coupling constant J = 7.0 Hz), glucose - characterized by the two signals corresponding to
the anomeric proton from 4.58 ppm ( form, doublet, J = 7.92 Hz), and 5.17 ppm (o form, doublet,
J =3.72 Hz) and fructose - characterized by a number of narrow signals in the range from 3 to 4.2
ppm.

The presence of the macromolecular compounds is indicated by broader signals from 3 to
5.6 ppm spectral region (Figure 5), region from 4.4 to 5.6 ppm being characteristic for anomeric
protons of such structures.

More data and two-dimensional NMR experiments are required for identification of the
compounds present in these complex mixtures.



CONCLUSIONS

The objective of phase I of the MATINOV project was fulfilled. There were selected the
optimal conditions for lactic acid bacteria (LAB) to biosynthesize new series of exopolysaccharides
(EPS-LAB) and the resulting compounds were isolated, purified and characterized by dedicated
methods:

1. 34 strains of lactic acid bacteria from various sources, such as rye flour, yogurt, wheat flour,
milk or cottage cheese, were isolated.

2. Lactic acid bacteria selection was done by testing these 34 strains on two types of media:
liquid, represented by MRS broth, and solid, represented by MRS agar supplemented with
glucose and fructose. Based on this first selection, there were identified five strains best
producers of EPS-LAB.

3. For the biosynthesis of EPS-LAB at a large scale, in order to be extracted, purified and
quantified, the five strains were further tested in liquid medium, using two types of media
improved with different carbon sources, denoted MD I (MRS broth, fructose and glucose)
and MD II (MRS broth and sucrose).

4. Tt has been demonstrated that for all 5 strains of lactic acid bacteria the most suitable
medium for the EPS-LAB biosynthesis is MD II, when the maximum yield was 5.18 g EPS-
LAB /L of culture medium.

5. GPS analysis showed that EPS-LAB contain polydisperse and monodisperse fractions; also,
it is assumed that fractions I with high molecular weight values and polydispersity indices
are in the form of complex aggregates of exopolysaccharides.

6. FTIR and 'H-NMR spectroscopies indicate that it have been biosynthesized EPS-LAB and
confirm the estimated structures of the obtained polymers.

7. The thermogravimetric and DSC analysis of the selected samples have revealed the presence
of a mixture of exopolysaccharides, along with relatively small amounts of low molecular
compounds, possibly fructose and/or glucose.
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