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EXOPOLY SACCHARIDES/LACTIC ACID BACTERIA/IMMUNOSTIMULATORY

ACTIVITY/EXOPOLY SACCHARIDE PRODUCTION

Exopolysaccharides (EPS) are high molecular mass polymers consisting of
monosaccharide residues, and produced by microorganisms. Some of these
polysaccharides are of interest to be used as aternative biothickeners in food. A total
of 566 strains of lactic acid bacteriaisolated from their natural habitats were tested for
EPS production using glucose or sucrose as a sole carbon source. Approximately 10
and 19% of lactic acid bacterial strains were able to produce slimy colonies of 0.2-0.9
and 0.2-2.1 cm diameter, and produced EPS ranging from 0.1-0.6 and 0.1-6.9 ¢
equivaent glucose/l when cultivated in MRS medium containing 2% of glucose and
sucrose, respectively. Bacteria identification of eight EPS-producing isolates was
performed using morphological and physiological characteristics, and 16S rRNA gene
sequences. The isolate C56 had 99% similarity to Lactobacillus salivarius. Other
EPS-producing isolates belonged to the genera Weissella (PSM$4-4), Pediococcus
(P14), Leuconostoc (PSMS1-5), Lactobacillus (FKU23 and RMS3-1), and
Streptococcus (15 and G3). Types and concentrations of carbon sources, the initial pH
of the culture medium, and cultivation temperature influenced the production of EPS

by each strain. White sugar from sugar cane gave the highest specific EPS production
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ranging from 0.03-106.94 pg/cell. Mannose-rich EPS (86.91% mannose and 13.09%
glucose) produced by Streptococcus sp. 15 stimulated mouse splenocyte proliferation
(stimulation index of 13.96) and anti-inflammatory (interleukin-10) cytokine secretion
(218.49 pg/ml) after intraperitoneal inoculation of mice with 100 pg of EPS (primary
and booster inoculations). Streptococcus sp. 15 was used to produce EPS in 5 1 MRS
broth containing 150 g/l of white sugar from sugar cane as carbon source. Cultivation
temperature and pH of the medium were kept constant at 40°C and 6.0, respectively.
The maximum yield of EPS (53.45 g/1; % yield = 42.66) was achieved after 30 h of
fermentation. This yield was 1.7 times higher than those reported for
heteropolysaccharide production in other lactic acid bacteria. The information
obtained from this research is of potential use in the food industry and for medical

(anti-inflammatory) applications.
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CHAPTER |

INTRODUCTION

1.1 Introduction

Polysaccharides are macromolecules congistih monosaccharide residues
joined by glycosidic linkages. Food industries ys#ysaccharides as thickeners,
emulsifiers, gelling agent and stabilizers (Lawsd aMarshall, 2001). The
polysaccharides are mainly derived from plantsr¢stapectin, and guar gum) or
seaweeds (carrageenan and alginate) (De Veyst.,, 2001). In the last decade,
exopolysaccharides (EPS), long-chain polysaccharideoduced by microorganisms
have been of interest to be used as alternatiibibkeners (De Vuyst and Degeest,
1999). The microbial polysaccharides have rheoklgmroperties that match the
industrial demands, and could be produced in largeunts and at high purities. The
EPS are found to be secreted mainly by bacteria wmmctoalgae into their
surroundings during growth (Sutherland, 1977, quotéaws et al., 2001). Some
generally recognized as safe (GRAS) bacteria, qdatily lactic acid bacteria (LAB),
propionibacteria, and bifidobacteria, are known tbeir EPS production ability
(Gorretet al., 2001; De Vuyst and Degeest, 1999; Andaloessal., 1995). EPS are
potentially useful as safe additives to improvetuex and viscosity of natural
fermented milk products and decrease syneresis dDwand Mollet, 2001; Ruas-
Madiedoet al., 2005). Moreover, it has been suggested thaed6R5 produced by

lactic acid bacteria may be useful for health-préimg properties, which include
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immunostimulatory actions (Chabettal., 2001; Hosonet al., 1997). Ruas-Madiedo
et al. (2002) reported that EPS from lactic acid bacteaald influence the immune
system by enhancing lymphocyte proliferation, mpbhege activation and cytokine

production.

A number of papers have reported on thalwiity of several bacterial strains to
produce EPS by using sugars, such as glucoseséacémd sucrose, as a carbon
source (Gamaet al., 1997; Smitinongt al., 1999; Talloret al., 2003). The bacterial
strains inhabiting the cheap and abundant agri@lltproducts (grains and
vegetables) would be beneficial to both EPS pradaand application. Also several
factors particularly the composition of the medigrarbon and nitrogen sources) as
well as chemical and physical factors have beemvsho have their impact on EPS
production, concentrations and structures (Tadipbal., 2003; De Vuystt al., 1998;
Gamar-Nouranet al., 1998). This research focused on the productideRs by some

selected strains of lactic acid bacteria and theumostimulatory activity of the EPS.

1.2 Resear ch objectives

The objectives of this research were:

1) To select EPS-producing lactic acid baatand produce the EPS that could

have potential for medical and food industry apgilimns
2) To optimize EPS production conditionghaf selected strains

3) To investigate the immunostimulatory atyi of EPS produced by the selected

strains

4) To preliminarily characterize EPS prodilibg the selected strains



1.3 Research hypothesis

High quantities of EPS could be producedseiected strains of lactic acid
bacteria with abundant agricultural products or lowst sugar as a carbon source at
optimum conditions. Purified EPS may influence inmawsystem. The EPS produced

by selected strains may have potential for medindlfood industry applications.

1.4 Scope of the study

EPS-producing lactic acid bacterium stragmdated from agricultural products,
animal intestinal tracts and Thai fermented foodsenselected for EPS production.
Then, some selected isolates or strains, that haté&een identified were identified
by morphological and biochemical characteristicsd/an ribosomal gene
characterization. EPS were produced by the seldatdt acid bacterium isolates.
EPS production conditions (particularly type ansh@@ntration of carbon source, the
initial pH of the culture medium, and cultivatioemiperature) were optimized. Then,
the immunostimulatory activity of purified EPS wastermined by the measurement
of cell proliferation and cytokine production. Sugeompositions of EPS were

preliminarily characterized.



1.5 Expected results

From this study, the following results are expdctePS could be produced by
lactic acid bacterium isolates inhabiting agrictdfyoroducts, animal intestinal tracts
and Thai fermented foods, and the EPS could hatenpal for medical and food
industry applications. High quantities of EPS colbddproduced bgelected strains of
lactic acid bacteria withan abundant agricultural product as a carlsonrce at
optimum conditionsData of the immunostimulatory activity &PS produced by the
selected strainsvill be achieved. Information of basic structurdstioe EPS, that

could be suitable for medical and food industrylaagions, will be obtained



CHAPTER I

LITERATURE REVIEWS

2.1 Thickening and gelling agentsfor food industries

Thickening and gelling agents are invaleatdr providing high quality foods
with consistent properties, shelf stability and ga@mnsumer appeal and acceptance.
Modern lifestyles and consumer demands are expéctedrease the requirement for
these products. Polysaccharides, derived from glgtarch, pectin, and guar gum) or
seaweeds (carrageenan and alginate), and anintairpfgelatin) have been used to
provide the desired textural properties in foodse polysaccharides are incorporated
into foods essentially to alter the balance betwiess and bound water and to change
rheological properties, mouth feel, and texture tbé product. Most recently,
microbial polysaccharides are also applied to fomldistry (Imeson, 1992). Examples
of industrially important microbial exopolysacchaes are dextran, xanthan, gellan,
pullulan, yeast glucan and bacterial alginate (Deyst and Degeest, 1999). The
gelling properties of the polymers are of importano dairy products, fabricated

foods, icings and frostings, jams and jellies, patifoods (Crescenzi, 1995).



2.2 Microorganisms and their exopolysaccharides

Microbial exopolysaccharides are extracalulong-chain, and high molecular
mass polysaccharides (branched, containingand p-linkages) which are either
associated with the cell surface in the form of apsule or secreted into the
extracellular environment in the form of slime. E&&ur widely among bacteria and
microalgae and less among fungi (De Vuyst and DsigeE999). The capsular
structure may protect the cell against unfavoraklevironmental conditions,
macrophages, and cell wall-degrading enzymes (kstjjnet al., 2001). Moreover,
the presence of EPS induces the interaction betwabstrates and bacterial cells,
which is involved in the development of biofiimsydhget al., 2004). Dextran from
Leuconostoc mesenteriodes, xanthan fromXanthomonas campestris, and EPS of the
gellan family fromSphingomonas paucimobilis are examples of industrially important
microbial EPS (De Vuystt al., 2001). However, a number of papers have reported
EPS production by other bacterial strains, suctswgars with manno-pyranosidic
configuration from Bacillus licheniformis (Arena et al., 2006), insoluble EPS
consisting of rhamnose, mannose, galactose, glucasnnuronic acid, and
glucuronic acid fromRahnella aquatilis (Matsuyamaet al., 1999), sphingan from
Novosphingobium rosa (Matsuyamaet al., 2003), O-deacylated EPS fraBnwinia
persicina (Kiessling et al., 2005) as well as homopoysaccharides and
heteropolysaccharides from lactic acid bacterraliss (De Vuyst and Degeest, 1999).
Cynobacteria can also be included among the patestiurces of EPS, such as
Spirulina platensis (Mouhim et al., 1993),Cyanospira capsulata (Ceséarcet al., 1990;
Garozzoet al., 1998) andCyanothece strains (De Philippis and Vincenzini, 1998).

Some strains of mushrooms (suchGslybia maculate and Phellinus linteus) and



yeasts (such asRhodotorula bacarum and Aureobasidium pullulans) have been
reported to produce EPS (Chi and Zhao, 2003; Kiral., 2003; Lim et al., 2005;

Yurlova and De Hoog, 1997).

2.3 Lactic acid bacteria as potential microor ganisms for

exopolysaccharide production

2.3.1 Lactic acid bacteria

Lactic acid bacteria comprise & edse group of Gram-positive, non-spore-
forming bacteria. They occur as cocci or rods aedegally lack catalase, although
pseudo-catalase can be found in rare cases. Theghamo-organotrophic and grow
only in complex media. Fermentable carbohydrates @ed as energy source.
Hexoses are degraded mainly to lactic acid (homuédetatives) or to lactic acid and
additional products such as acetic acid, etharmohan dioxide (Cg), formic acid or
succinic acid (heterofermentatives). At least 2Ihega of lactic acid bacteria,
Aerococcus, Alloiococcus, Carnobacterium, Dolosicoccus, Dolosigranulum,
Enterococcus, Eremococcus, Facklamia, Globicatella, Helcococcus, Ignavigranum,
Lactobacillus, Lactococcus, Lactosphaera, Leuconostoc, Oenococcus, Pediococcus,
Sreptococcus, Tetragenococcus, Vagococcus, and Weissella have been recorded

(Axelsson, 2004).

2.3.2 Exopolysaccharides produced by lactic acid bacteria

Strains of GRAS food grade microorganismsparticular lactic acid
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bacteria, propionibacteria and bifidobacteria, @oée to produce EPS (Gorrettal.,
2001; De Vuyst and Degeest, 1999; Andalowssl., 1995). EPS-producing lactic
acid bacteria are commonly found in dairy produstisch as Scandinavian ropy
fermented milk products, various yogurts, fermentatks, milky, and sugary kefir
grains, cheese, fermented meat, and vegetable¥ (st and Degeest, 1999). EPS
produced by the bacteria could be either homopobfsaides or

heteropolysaccharides in nature (De Vuyst and Dstg@&899).
2.3.2.1 Homopolysaccharides

Homopolysaccharides consist of a#ipg units of only one type of
monosaccharide. The monosaccharides are joinedh®r @ single linkage type or by
a combination of a limited number of linkage typ@&&e homopolysaccharides in
current reports consisting of four subgroups-glucans,p-D-glucans, fructans, and
polygalactans (Table 2.1). The production of honhggaccharides requires the
presence of sucrose. The assembly of monosacchamitke takes place outside the

bacterial cell (Ruas-Madied® al., 2002).

2.3.2.2 Heter opolysaccharides

Heteropolysaccharides are constdudtom multiple units of an
oligosaccharide. The oligosaccharide can contameetrand seven residues. The
heteropolysaccharides are formed by repeating uhiégé most often contain a
combination ofD-glucose, D-galactose, and-rhamnose and in a few cases,
acetylglucosaminey-acetylgalactosamine or glucoronic acid (De vugtsal., 2001)

(Table 2.2). Sometimes, non-carbohydrate substisusach as phosphate, acetyl, and
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glycerol are present (Robijet al., 1995; 1996). Precursor-repeating units for

heteropolysaccharide synthesis are formed intnaeely and isoprenoid glycosyl

carried lipids are involved in the process (Cernit200).

Table 2.1 Homopolysaccharides produced by lactic acid bexcter

EPS Bacterial strains Linkages®
a-D-Glucans
Dextran Leuconostoc mesenteroides subsp a-D-Glcp® (1-6)
mesenteroides
Leuconostoc mesenteroides subsp.
dextranicum
Mutan Sreptococcus mutans a-D-Glep® (1-3)
Sreptococcus sobrinus
Alternan Leuconostoc mesenter oides a-D-Glcp (1-3)/(1-6)
p-D-Glucans Pediococcus spp. p-D-Glcp (1-3)
Sreptococcus spp.
Fructans
Levans Streptococcus salivarius p-D-Frup (2-6)
Inulin-like Sreptococcus mutans p-D-Frup (2-1)
Polygalactan Lactobacillus lactis subsplactisH414  p-D-Galp/p-D-Galp®

4 Glc, glucose; Gal, galactose; Fru, fructose.

® At least 50% of the respective linkage.

¢ Homopolysaccharide containing a pentameric repgatiit of galactose.

Source: Ruas-Madieds al. (2002)
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Table 2.2 Classification of heteropolysaccharides producedduayic acid bacteria
according to the structure of repeating units ameirtmonosaccharide

composition.

_ . Glc NAc Gal NAc Rha Fru
Structure of repeating unit

Glc Gal
Trisaccharide
Lactobacillus spp. G-77 3
Tetrasaccharide
Streptococcus thermophilus SFi39 2 2
Streptococcus thermophilus SY89 2 2
and SY102
Lactobacillus paracasel 34-1 3 1
Streptococcus thermophilus 1 2 1
CNCMI 733
Streptococcus thermophilus Sfi6 1 2 1
Sreptococcus thermophilus 1 2 1

IMDO 01, IMDO 02, IMDO 03,
NCFB 859, and 21
Sreptococcus thermophilus SFi20 1 2 1

Lactococcus lactis subspcremoris 5
H414
Lactobacillus rhamnosus C83 2 3

Lactococcus lactis subspcremoris 3
NIZO B891

Lactobacillus delbrueckii subsp. 3 2
bulgaricus 291

Lactococcus lactis subspcremoris 2 2 1
SBT 0495
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Table 2.2 (Continued) Classification of heteropolysaccharigesiuced by lactic acid
bacteria according to the structure of repeatingtsurand their

monosaccharide composition.

Glc NAc Ga NAc Rha Fru
Glc Gal
Lactococcus lactis subspcremoris = 2 2 1
NIZO B40
Lactococcus lactis subspcremoris = 2 2 1
AHR 53

Structure of repeating unit

Lactobacillus sakei 0-1 2 3

Lactobacillus acidophilus LMG 3 1 1

9433
Hexasaccharide

Lactobacillus helveticus NCDO 4 2
766

Lactobacillus helveticus TN-4

Lactobacillus helveticus 2091

Lactobacillus helveticus Lh59

Lactobacillus helveticus K16

Sreptococcus macedonicus Scl136

R W A~ W DN W

Streptococcus thermophilus SFil2

N W o MMV W b~ w

Sreptococcus thermophilus S3
Heptasaccharide

Lactobacillus helveticus Lb161 5

Streptococcus thermophilus 5 2
OR901

Streptococcus thermophilus Rs 5 2
and Sts

Lactobacillus delbrueckii subsp. 1 5 1

N

bulgaricus rr
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Table 2.2 (Continued) Classification of heteropolysaccharigesiuced by lactic acid
bacteria according to the structure of repeatingtsurand their

monosaccharide composition.

. ' Glc NAc Ga NAc Rha Fru
Structure of repeating unit

Glc Gal

Lactococcus lactis subspcremoris 2 3 2
NIZO B39

Lactobacillus delbrueckii subsp. 1 5 1
bulgaricus LYO03, 24, and 25

Streptococcus thermophilus EU20 2 3 2

Lactobacillus helveticus TY1-2 3 1

Sreptococcus thermophilus NCFB 1 3 1 2
2393

Octasaccharide
Sreptococcus thermophilus MR-1C 5 2 1

Source: De vuysit al. (2001)

2.3.3 Biosynthesis of lactic acid bacterial exopolysaccharides
2.3.3.1 Homopolysaccharide biosynthesis

For a small number of homopolysactes, including dextrans,
mutans, alternans, and levans, the biosynthesisepsois extracellular and requires
sucrose as specific substrate. A highly specifigcagyltransferase enzyme (e.g.
dextransucrase or levansucrase for dextran ana Ibi@syntheses, respectively) is
involved in the polymerization reaction. The enenggeded for polymerization,

comes from the hydrolysis of sucrose (Figure 2M9r{sanet al., 2001).
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CHOH CHx CHe
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K SUCTOSE dextran n fructose

Figure 2.1 Biosynthesis of the homopolysaccharide dextran.

Source: De Vuyst and Degeest 9199

2.3.3.2 Heteropolysaccharide biosynthesis

The polymerization of repeating unit precursorg &rmed in
cytoplasm. Several enzymes and/or proteins arelvadoin the biosynthesis and
secretion of heterotype EPS which are not necégsanique to EPS formation
(Figure 2.2). The sugar nucleotide, derived fromastlL-phosphate, plays an essential
role in heteropolysaccharide biosynthesis due & tloles in sugar activation, which
is necessary for monosaccharide polymerizationwels as sugar interconversions
(epimerization, decarboxylation, and dehydrogemateic.). Together with the sugar
activation and modification enzymes, they play aci@l role in the formation of the
building blocks and, thus, the final EPS compositiGlucose or the glucose moiety
from lactose hydrolysis seems to be the sourceughrsfor heteropolysaccharide
biosynthesis in lactic acid bacteria. Glucose-l1gpate derived from glucose-6-
phosphate, which is in turn an important metaboltermediate from sugar break
down, is most probably a precursor for polysacdw®ari formation.
Phosphoglucomutase could be a key enzyme linkiadatiose degradation pathway
to EPS biosynthesis (Figure 2.2). The EPS mononmmposition may not only

be dependent on the sugar nucleotide level indidecéll but probably also on the
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lactose lactose galactose
out
’ PEP [PTS | antiport
in
galactose
lactose-6-P lactose
/\_\\ 2
galactose-6-P 1 glucose
3 ;
-6~ 10 glucgse-6-P
tagatose-6-P = 'IT .
151 fructose-6-P 7
tagatose-1,6-diP 19 “11 glucose-1-P ————\
] dTDP-glucose
16 fructose-1,8-diP %
B \
GLYCOLYSIS — UDP-glucose dTDP-4 keto-6 deoxy-
mannose
I I
ATlP -> UDP-galactose dTDP-rhamnose

REPEATING UNIT

BIOMASS EPS

Figure 2.2 Schematic representation of pathways involvdddiose catabolism (left
and upper right) and exopolysaccharide biosynth@sibox) in lactose-
fermenting Lactococcus lactis (lactose transport via a lactose-specific
phosphotransferase primary transport system) anadctgae-negative
Lactobacillus delbrueckii  subsp. bulgaricus and Streptococcus
thermophilus (lactose transport via a lactose/galactose antgemdndary
transport system) strains. The numbers refer tettzymes involved: 1,
phosphot-galactosidase; 2, L-galactosidase; 3, glucokinase; 4,
phosphoglucomutase; 5, UDP-glucose pyrophosphaylé&s UDP-
galactose-4-epimerase; 7, dTDP-glucose pyrophoglasa; 8,
dehydratase; 9, epimerase reductase; 10, phosmglosglisomerase; 11,
6-phosphofructokinase; 12, fructose-1,6-bisphoss®at 13, fructose-
1,6-diphosphate aldolase; 14, galactose-6-phosplisimerase; 15,
tagatose-6-phosphate kinase; 16, tagatose-1,6-spplate aldolase.
Source: De Vuyst and Degeest (1999)
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Rha P \. . _____\S-Glc
| - 4
_Glo-Glo-Gal- \ EPSD
[ i In —_TUMP
Gal-P
\ Cas-PP \
EPS A + EPS B\ /‘ C.-PP-Glc
EPS1+EPSK |/ \ UDP-Gle
F
l Rha Elis E +EPS
| / uDP
C:-PP-Glc-Glc-Gal
55 C.s-PP-Glc-Glc
Gal-P ~ UDP-Gal
UMP «—
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UDP-Gal ~ | upP
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e EPS ;\\
TDP TDP-Rha

Figure 2.3 Model for EPS biosynthesis lractococcus lactis NIZO B40. C55-P, lipid
carrier; Glc, glucose; Gal, galactose; Rha, rhamno®P-Glc, UDP-Gal
and TDP-Rha are nucleotide sugars.

Source: De Vuyst and Degeest (1999)

assembly of the EPS repeating unit. Polymerizabbrsome hundreds to several
thousands of the repeating units takes place thraeguential addition of sugar
residues by specific glycosyl transferases fromleuide sugars to a growing
repeating unit that is coupled to the undecaprdmogphate carrier yielding the final
EPS (Figure 2.3). This isoprenoid glycosyl lipidrear located in the cell membrane
would act as the recipient molecule for the finsgar residue. As a last step of EPS
biosynthesis, the synthesized polysaccharide ssloaated across the membrane to
the exterior of the cell, and is excreted in theimmment (slime EPS) or remains
attached to the cell (capsular EPS). Both polyna¢ion and transport may affect the

amount or the sugar composition of the EPS. Theyhithesis of polysaccharides is
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an energy-demanding process. First, one ATP isinedjdior the conversion of each
hexose substrate molecule to a hexose phosphatiertifer high-energy phosphate
bond is needed for the synthesis of each sugaeotidé, and one ATP is required for
the phosphorylation of the isoprenoid C55 lipidrear Finally, polymerization and
transport need much energy (De Vuyst and Dege8§; De vuystt al., 2001; Law

et al., 2001; Ruas-Madieds al., 2002).

2.3.4 Production of exopolysaccharidesfor food industry applications
Industrially important microbial EP are dextran fromLeuconostoc
mesenteriodes, xanthan fromXanthomonas campestris, and EPS of the gellan family
from Sphingomonas paucimobilis (De Vuystet al., 2001). However, EPS synthesized
by lactic acid bacteria (LAB) play a major role time manufacturing of fermented
dairy products such as yoghurt, drinking yoghuheese, fermented cream, milk
based desserts. The polymers may act both as ietsiand stabilizers (Duboc and
Mollet, 2001). The amount and the composition & EPS produced by lactic acid
bacteria are strongly influenced by cultures angnéntation conditions, and are
growth associated. The production of EPS dependsroperature and pH of medium
as well as the composition of the medium in terrhsasbon and nitrogen sources,
and mineral and vitamin contents (Gancel and Noi®94; De Vuyset al., 1998;
Gamar-Nourankt al., 1998; Gorrett al., 2001). The carbohydrate composition of
EPS is unique to different strains of bacteria, amay vary depending on growth
conditions; however, glucose and galactose in@der are frequently detected in the
EPS composition of many bacterial species (Cernl9§0; De Vuyst and Degeest,

1999). Some main factors affecting the EPS prododre as follows:
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2.3.4.1 Chemical factors

Compositions of the medium (carbon and n&rogources) are
known to have impact on EPS production (Cerngh@l., 1994; Degeest and De
Vuyst 1999; Tallonet al., 2003). A number papers reported on the capwploh
several bacterial strains to produce EPS by usigars, such as glucose, lactose, and
sucrose, as carbon sources (Gaetal., 1997; Smitinongt al., 1999; Tallonet al.,
2003; Tiekinget al., 2003). However, some strains can produce EP&airbased

non-dairy medium (Martenssahal., 2000; 2003).

2.3.4.2 Physical factors

The effects of temperature and pHERPS production are highly
variable, and depend on the strain used and theriexgntal conditions. Cernirg al.
(1992) observed that the optimal EPS productioedgiace at temperatures below
the optimal growth temperature. While others sho®&$ production to be favored
at much higher temperatures (De Vugstal., 1998). The optimum pH for EPS
production generally ranges between 5 and 7. Th#map conditions for EPS
production and growth direptococcus thermophilus LYO3 were at 42°C and pH 6.2
(De Vuystet al., 1998). Mozziet al. (1996) demonstrated that the regulation of pH
during fermentation was more suitable than pH ddjest before the fermentation
and EPS production was higher at pH 6, whereasspezific production yield
(Yeps/y) was better at pH 4. Gassetnal. (1997) also found that optimal pH in EPS
production by continuous fermentation at pH 6.5 pared to results obtained at pH
5.2. Van den Bergt al. (1995) established that EPS productiorLbgtobacillus sake

varied widely with small pH variations.
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The production of heteropolysaccharideslanyic acid bacterial strains
under optimal cultivation conditions varies froml®0 to 0.600 g/I, which is higher
than non-optimized condition production (0.045 1830 g/l). EPS produced by lactic
acid bacteria range from 60 to 150 mg/| kactobacillus bulgaricus (Cerninget al.,
1986; Garcia-Garibay and Marshall, 1991) and frdhd@600 mg/lfor Lactococcus
lactis subsp.cremoris (Cerninget al., 1992). EPS production of 1.5, 1.4, and 1.3 g/|
were obtained witl&reptococcus thermophilus LYO03, Lactobacillus sakei 0-1 and
Lactobacillus rhamnosus 9595M, respectively (De Vuyst al., 2001).Lacobacillus
sakel strain 0x1 was isolated from a Belgian salami whke to produce 1.4 g/l of
EPS (Van den Bergt al., 1995). The concentration of EPS of 2.13vgdls obtained
from Lactobacillus delbrueckii subsp. bulgaricus RR (Gassem, 1997). EPS
production of 0.12-4.10 g/l b¥Pediococcus parvulus 2.6 was reported by Velasco
(2006). Vijayendra and Babu (2008) showed that &m@ation using EPS medium
(pH 6.7), containing sucrose at 5% (wA7) and 5%)(wioculum, at 25°C resulted in
maximum production of HePS (18.38 g/l) hguconostoc sp. CFR-2181 in 4 h of
fermentation. However, these quantities are limitedhpared to the production of
polymers from other bacteria, for example, xanth@0-25 g/l) produced by
Xanthomonas campestris, which is one of the major commercial polymers qlgs

et al., 1998, quote in Ruas-Madiedbal., 2002).

2.3.5 Genes encoding exopolysaccharide synthesisin lactic acid bacteria

In most strains ofactococcus lactis, genes encoding EPS synthesis may

be located on a plasmid (Van Kranenbwigal., 1997). In contrast, akps gene
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clusters of all thermophilic lactic acid bacteriustrains, such asreptococcus

thermophilus, were located on the chromosome (Broadleeat., 2003).

Van Kranenburgt al. (1997) determined that the essential information
needed for the biosynthesis of EPSLagtococcus lactis NIZO B40 was encoded in a
single 12-kb gene cluster located on a single 40-khblasmid
(epsRXABCDEFGHIJKL), driven by a promoter upstream @isR (Figure 2.4). The
predicted gene products of 11 of the 14 genes Wemngologous in sequence to gene
products involved in EPS, capsular polysaccharigmpolysaccharide (LPS) or
teichoic acid biosynthesis of other bacteria, anthfive functions were assigned to

these genes.

Partial DNA sequence data of thes gene clusters from thieactococcus
lactis NIZO B891 and_actococcus lactis NIZO B35 strains revealed that the genetic
organization and sequence of the first five genes lighly conserved. The
organization of the other knowaps genes ot actococcus lactis NIZO B891 appears
to be conserved relative taactococcus lactis NIZO B40 (Van Kranenburget al.,
1999).

The eps locus of Sreptococcus thermophilus Sfi6 comprises 13 genes in
the 14.5-kbeps gene clusterepsABCDEFGHIJKLM. The relatedcps locus of
Streptococcus  thermophilus  NCFB 2393, the completecps gene cluster
CpsABCDEFGHIJKL of about 11.2 kb, have six genes from thps locus
epsABCDEF of Streptococcus thermophilus MR-1C. Recently, a 32.5-kb varialdps
locus was found ir8treptococcus thermophilus CNRZ 368; 17 of 25 open reading

frames are related to proteins involved in the Bgsais of polysaccharides in various
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Figure 2.4 Organisation of theps gene clusters involved in the EPS biosynthesis of
(A) Lactococcus lactis NIZO B40 (plasmid-localized) and (B)
Sreptococcus thermophilus Sfi6 (chromosomally encoded). The (possible)
functions of the different gene products are inida

Source: De Vuyst and Degeest (1999)

bacteria. Several other genes of thgs locus of Streptococcus thermophilus
CNRZ368 contain frameshifts or stop codons andyefbee, are considered as

pseudo-genes.

The genesepsA, epsB, epsC, and epsk, that have highly variable
divergence with related sequences, are mosaic g&hestwo distal regionspsAB
andpgm, and a small central region that contains orf14r8,constant and present in
most Streptococcus thermophilus strains examined. The other regions are variable
(De Vuystet al., 2001). The functional sequences of these claistefGram-positive

bacteria, which synthesize polysaccharides at #lkesurface, appear to follow a



21

similar trend of regulation, chain-length deterntio, biosynthesis of the repeating

unit, polymerization and export (Jolly and Sting&l@01).

2.3.6 Benefits of exopolysaccharidesto human health

Lactic acid bacterial EPS have pbté for application in food industries.
EPS might contribute to human health as prebig¢Bedlo et al., 2001). Prebiotics are
non-digestible food ingredients that beneficiallffeat the host by selectively
stimulating the growth and/or activity of one oliraited number of bacterial species
already resident in the colon, and thus, attengpimprove host health. (Gibson and
Roberfroid, 1995). The yoghurt starteactobacillus delbrueckii subsp.bulgaricus
OLL 1073R-1, which produces an EPS, has been regdda exert a host-mediated
antitumor activity (Kitazawaet al., 1998). Moreover, EPS produced bgctococcus
lactis subsp.cremoris SBT 0495 has been claimed to lower blood cholekter
(Nakajimaet al., 1992). Kitazawat al. (1993) showed a significant increase of the B
cell dependent mitogenic activity induced by th@nsl material products from
Lactococcus lactis subsp.cremoris KVS 20. Also, Nakajimaet al. (1995) found that
EPS ofLactococcus lactis subsp.cremoris SBT 0495 administered intraperitoneally
enhanced the production of specific antibodies icenindicating that this EPS may
act as adjuvant. Chabet al. (2001) has shown the possibility of enhancing the
immune system through EPS from lactic acid bacténdracellular polysaccharides
produced byLactococcus lactis subsp.cremoris, enhance macrophage activation and
cytokine induction (interferom- and interleukin-&) production (Kitazawaet al.,
1996). For oral administration, the exopolysacadw®rproduced byl actobacillus

kefiranofaciens induced a gut mucosal response and it was ablgptand down
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regulate it for protective immunity, maintainingestinal homeostasis, enhancing the
IgA production at both the small and large intestevel and influencing the systemic
immunity through the cytokines released to theutating blood (Vinderoleet al.,
2006). Although no evidence of lactic acid bacteriBPS on human
immunostimulatory activity has been reported yetlutar immune responses to the
bacterial polysaccharide dacteriodes fragilis have been investigated. Capsular
polysaccharides possess a switterionic charge matiis motif is critical to
modulation of abscess formation. The biologicalid&s this activity depends on the
interaction of these polysaccharides with T cetld aubsequent release of cytokines
that confer protection against abscess formatiaia(@boset al., 1992; Tzianabos,
2000; Stingelet al., 2004). Some evidences of immunostimulatory #gtivave been
reported. However, this knowledge is still impodarfor functional effect when EPS

incorporated into food matrix.
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MATERIALSAND METHODS

3.1 Chemicals, reagents, and media

Reagents and media used in each step wéod@ss:
3.1.1 Lactic acid bacterial isolation and culture maintenance
De Man, Rogosa Sharpe (MRS) medium (Appendix A@sEd for culturing
lactic acid bacteria, was obtained from Himediangeldia laboratories, India). Other
microbiological medium components, proteose peptoyeast extract, and beef
extract, were purchased from Himedia (Himedia labtmies, India). Tri-Ammonium
citrate, di-potassium hydrogen orthophosphate, wsondiacetate, and manganese
sulphate monohydrate were obtained from Carlo E@rxlo Erba Reagenti, Italy).
Skim milk solution (10%) was used for the maintesemf lactic acid bacteria at

-20°C.

3.1.2 Screening of EPS-producing lactic acid bacteria and exopolysaccharide
production
Various carbon sources, white sugamfsugar cane, rice flour, molasses
and tapioca starch added to MRS medium to replacmsge contained in the MRS
broth formulation, were purchased from local supskat. Analytical grade sucrose

was product of Carlo Erba (Carlo Erba Reagentiy)ita
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3.1.3 Exopolysaccharide extraction, purification, and characterization
Chemicals and reagents wused for aetitn, purification, and

characterization of exopolysaccharides were amalytgrade. Absolute ethanol,
Proteinase K, Pronase B-glucose D-galactosep-mannosel.-rhamnose, sucrose;
acetylgalactosamineN-aetylglucosamine and sodium hydroxide pellets were
purchased from Merck (Merck KGaA, Germany)+)-Lactic acid, magnesium
sulfate, 5-dinitrosalicylic acid, trichloroaceticcid, and trifluoroaetic acid were
products of Fluka and Supelco (Sigma-Aldrich ChehiCompany, U.S.A.). Quick
Start™ Bradford Protein Assay was a product of Bad (Bio-Rad Laboratories,
Inc., U.S.A.). Snakeskin™ pleated dialysis tube wasluct of Pierce (Thermo Fisher

Scientific Inc., U.S.A.).

3.1.4 Immunostimulatory activity test
Roswell Park Memorial Institute 1640 cuu(RPMI 1640) medium was
product of GIBCGE (Invitrogen Corporation, U.S.A.). Concanvalin A di@?),
phosphate buffer saline (PBS) and 2-mercaptoethameoé purchased from Sigma
(Sigma-Aldrich Chemical Company, U.S.A.). [metfi}Thymidine was a product
of Amersham (GE Healthcare U.K. Itd., U.K.). Biopleytokine kits used for

cytokine assay were purchased from Bio-Rad (Bio-ERaubratories, Inc., U.S.A))

3.1.5 Lactic acid bacterial identification
3.1.5.1 Morphological and physiotad characterization

Media and reagents usediochemical characterization of lactic
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acid bacteria were APl 50 CHL medium and APl 50 Gtips (Bio-Mérieux,

bioMérieux, Inc., Frange

3.1.5.2 16S Ribosomal RNA gene seging

Reagents used for genoBNA extraction were recommended
from the Wizard Genomic DNA Purified kit (Promedgapmega Corporation, U.S.A).
Isopropyl alcohol (Merck) was used to precipitatmgmic DNA; ethanol (Merck) to
wash genomic DNA pellet. Low-melting point agargBeomega) was used to prepare
gel for electrophoresis. Reagents used for polysgerahain reaction (PCR)
amplification were 10x PCR buffer, dNTPs (dATP, d&CTGTP, and dTTP) ankhq
DNA polymerase (Invitrogen, Invitrogen life techogles, U.S.A.). Oligonucleotide
primers were ordered from the Science Pacific Compdtd. (Thailand). The
Witzard® SV Gel and PCR Clean-up System (Promega) were tised®CR
purification. pGEM-T Easy Vector (Promega) was uB@dcloning 16S rRNAgene
fragment. The BigDye Terminator Ready Reaction (&erkin Elmer, Applied

Biosystems Inc., U.S.A.) was used for nucleoticius@cing.

3.2 Instrumentations

All instruments required for screening of EPS-praidg lactic acid bacteria,
optimization of some EPS production conditions,dmciion of EPS using optimum
conditions, EPS purification, preliminary charaiation of the EPS, and
identification of selected isolates of EPS-prodgcimacteria, were located at the
Center for Scientific and Technological Equipmei@uranaree University of

Technology, Nakhon Ratchasima, Thailand. For imnstinalatory activity test, the
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experiment was performed at the Department of Inotagy and Microbiology,
University of Otago, Dunedin, New Zealand. Instrumse required for DNA
sequencing were located at the Biotechnology aneebDpment Office, Department

of Agriculture, Pathumthani, Thailand.

3.3 Selection of exopolysaccharide-producing lactic acid bacteria

3.3.1 Microorganisms
Lactic acid bacterial isolates weretained from stock cultures of the
Microbial Culture Collection Laboratory, Suranardeiversity of Technology, and
isolated from their natural habitats particularyriaultural products and traditional

Thai fermented foods.

3.3.2 Isolation and primary screening for exopolysaccharide-producing

bacteria using an agar medium

To isolate lactic acid bacteria from their natuhalbitats, 25 g of each
sample were weighed into 225 ml of sterile nornadine and appropriate dilutions
were plated onto MRS agar (De Man, 1960) contairff (w/v) of glucose or
sucrose (Appendix A3.1). The plates were then iated under anaerobic conditions
in anaerobic chamber (Shel LAB, Sheldon Manufaotyrinc, U.S.A.) with a gas
mixture of CQ:H2:N, (5:5:90%) at 30°C for 48 h. The strains producéthys
colonies of 0.2 cm in diameter on agar medium daimg 2% of glucose and sucrose
were selected for secondary screening in secti®r3.3The isolates were maintained
in MRS broth and kept at -20°C with the additionstdm milk to 5% (v/v) final

concentration. For cell propagation procedure, steek cultures were taken from
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-20°C freezer, thawed at room temperature. Two redhd! of each culture were used
to inoculate 2 ml of MRS broth. After incubation 3@°C for 18 h under anaerobic
conditions, the culture was streaked onto MRS agad, incubated under the same

conditions for 48 h. Then, a single colony was silticed for further study.

3.3.3 Secondary screening for exopolysaccharide-producing bacteria using a

liquid medium

The strains that produced slimyooas on agar plate containing 2% of
glucose or sucrose in the section 3.3.2 were ssledPS production ability was
confirmed in liquid MRS medium containing 2% of hat glucose or sucrose
(Smitinontet al., 1999).

3.3.3.1 Cultivation of lactic acid bacteria for exopolysaccharide

production
One loopful of selectsdlate grown for 48 h at 30°C on MRS agar

was inoculated into 5 ml of MRS broth. The inocathMRS broth was incubated at
30°C for 18 h. The bacterial growth was monitorpdctrophotometically at 600 nm
(ODso0). Then 2% (v/v) of culture (approximately 2l.GFU/mI) were inoculated into
15 ml test tube containing 10 ml-working volumetioé medium, then incubated at

30°C under anaerobic condition for 48 h.

3.3.3.2 Exopolysaccharideisolation and quantification
After incubation (secti 3.3.3.1), cultures were centrifuged at
10,000 rpm for 10 min at 4°C. Polysaccharides m sbpernatant were precipitated

with 3 volumes of chilled 80% (v/A\gthanol, and kept overnight at 4°C according to



28

Duenast al. (2003). The precipitate was collected by cengatiion at 4,500 rpm for
20 min at 4°C(Labofuge 400R, Heraeus, Germany), then dissolvetistilled water
and freeze dried (Heto drywinner, Heto, Denmarl®SEjuantity was determined by
measuring the dry weight or total carbohydrate eonof the precipitates. The total
sugar content was determined by the phenol-sulfacid method (Duboit al.,
1956), using glucose as a standard. The EPS caoatientwas thus expressed in g

equivalent glucose/I.

3.4 Optimization of some exopolysaccharide production conditions

Some optimal conditions for cultivationtbe selected isolates were investigated
to obtain the efficient EPS production. CompositirMRS medium used (types and
concentrations of carbon source) in section 3.3e€2ewmodified. EPS production
conditions (particularly the initial pH of the cute medium and -cultivation
temperature) were optimized.

3.4.1 Types and concentrations of carbon sources
To obtain the suitable carbon seurased on a cheap and abundant raw
material, various carbon sources (soluble stamghipta starch, rice flour, molasses,
white sugar from sugar cane, and analytical gradwose) were used to replace
glucose in MRS medium (Appendix A3.1). Also concatibns of 20, 30, 35, 40, 45,
and 50 g/l of the suitable carbon source selectexd \applied to achieve the optimal
concentration. Bacterial growth was measured byitoong viable cell counts or cell
dry weight.Viable cell counts (CFU/ml) were estimated by pigtserial dilutions of
bacterial suspension on MRS agar. Plates were atedbanaerobically at 30°C for

48 h in anaerobic chamber (Shel LAB, Sheldon Martufang, Inc, U.S.A.). For the
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determination of cell dry weight from broth cultarecells were harvested by
centrifugation, cell pellet was washed twice witistdled water. The washed cells
were dried at 105°C for 24 h and then weighed aftgmg to constant weight in

desiccators. The EPS production was determineg@ssited in section 3.3.3.2.

3.4.2 Initial pH of the culture medium for exopolysaccharide production
The initial pH of the optimized niewh for the EPS production was studied.
The medium was adjusted to pH 4.5, 5.0, 6.0, M@, &0 using 1 N HCl and 1 N
NaOH, then used for culturing the selected EPSymriod) isolate(s). Bacterial cell
growth was determined by cell dry weight as desdtibn section 3.4.1. EPS

concentration was monitored as described in se@&ti®3.2.

3.4.3 Cultivation temperature
The suitable temperatures for ERS8dgction were investigated. The
selected EPS-producing isolate was cultivated enghitable medium resulted from
sections 3.4.1-3.4.2 at various incubation tempeeat 30, 35, 37, 40, and 45°C.

Bacterial growth and EPS production were monit@edescribed in section 3.4.2.

3.5 Production of exopolysaccharides using optimum conditions

3.5.1 EPSproduction in 500 ml Duran bottle
The selected isolate(s) was cultivated usingrfDDuran bottle containing
350 ml of the suitable medium and optimal condsiattained from section 3.4 for
48 h. Selected isolate was grown for 48 h at 309@GM&RS agar, then one loopful of

the culture was inoculated into 10 ml of MRS bradihd incubated at 30°C under
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anaerobic conditions for 18 h. An inoculum contagniapproximately 10CFU/m
was inoculated into the suitable medium at 2% (Whoculum size. Changes of pH,
EPS concentration, carbon source concentrationpantérial growth were measured

ato, 3, 6,9, 15, 18, 24, 30, 36, and 48 h ofi\ation.

3.5.2 EPS production in controlled fermenter containing 51 medium

Five liters of optimized MRS mediwvas sterilized in an autoclave at
121°C for 30 min. The suitable carbon source fragntien 3.5.1 was separately
sterilized using membrane filtration technique.rr@ntation was carried out in 6.6 |
of the controlled fermenter (BiostatB plus, Sartorius BBl Systems GmbH,
Melsungen, Germany). To keep the medium in the éater homogeneous, agitation
was performed at 100 rpm. The medium was inoculatiéid optimum concentration
of a fresh culture of the strain. The fermentatiemperature was kept constant at
optimum temperature. The pH was kept constant @top pH during fermentation
through automatic addition of 10 N NaOH. The terapane, pH, and agitation were
computer-controlled and monitored on line using MFRCADA Software (Sartorius,
Germany). During fermentation experiments, pH, EB&] bacterial growth were
measured at 0, 3, 6, 9, 15, 18, 24, 30, 36, arld @8 described in section 3.4.1. Also
carbon source and lactic acid concentrations wesasored at time intervals.
Fermentation samples were prepared for analysisgusiigh pressure liquid
chromatography (HPLC) by diluting the supernatafttlme centrifuged culture
samples with deionized water to concentration & @ 2 mg/ml. A 100 ul was
injected into Vertise! OA HPLC (Vertical chromatography, Thailand) (300&7

mm). For the mobile phase, a 0.005 MS, solution was used at a constant flow
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rate of 0.4 ml/min. Carbon source concentratiors @oducts profiles were detected

by a Refractive Index Detector (Waters, USA).

3.6 Exopolysaccharide purification

Various purification treatments accordingRaas-Madiedo and de los Reyes-
Gavilan (2005) were compared. After exopolysaccarsolation in section 3.3.3.2,
the crude polysaccharide was purified by trichloede acid (TCA) precipitation and
protease digestion.

3.6.1 Trichloroacetic acid precipitation
Briefly, 20% trichloroacetic acid @A) was added to the polysaccharide
solution at a 1:1 volume ratio (Oliveirat al., 1999). Then, the precipitate was
removed by centrifugation at 11,000 rpm for 10 min4°C. Supernatant containing
EPS was dialyzed using Snakeskin™ pleated dialybis of molecular weight cut-off
10,000 against sterile distilled water at 4°C fod&ys, with two daily changes of

water, then freeze-dried.

3.6.2 Protease digestion
Pronase E (protease type XIV) frBmeptomyces griseus and Proteinase K
from Tritirachium album were used for EPS purification according to Garaad
Novel (1994) and Zisu and Shah (2003), respectiveRS samples were incubated
with 0.25 mg/ml of Pronase E, then incubated aC3ftt 1 h. For Proteinase K, 0.2
mg/ml of Proteinase K were added to EPS solutioen incubated at 37°C for 16 h.

The reaction was stopped by heating at 90°C fomirf@ The residual proteins were
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determined according to Bradford (Bradford, 197&ing BSA (bovine serum

albumin) as a standard.

3.7 Immunostimulatory activity test

The impact of EPS on immune system were rawted using lymphocyte
proliferation and cytokine production assay (Amioeiet al., 2006; Chabot, 2001).
3.7.1 Optimization of exopolysaccharide concentrations for immuno-
stimulatory activity test
The optimal concentrations of EPS for mouse indoadaand stimulation
of mouse splenocytas vitro were studied. Purified EPS frobactobacillus reuteri
100-23 was used as a positive control in this stute bacterial EPS has been
studied and shown to activate dendritic cells. mphocytes that interacted with the
activated dendritic cells, produce anti-inflammgtoytokines.
3.7.1.1 Experimental design
Six experiments were conductecgi€ different concentrations of
EPS; 250, 500, 750, 1,000, 1,500, and 2,500 pginsterile PBS pH 7.4. In each
experiment, 5 specific pathogen-free (SPF) BALRimé&le mice in experiment group
were inoculated intraperitonially with 100 pl of &fh sterile PBS (pH 7.4), whereas
5 BALB/c SPF mice in the control group were inotethwith 100 pl sterile PBS pH
7.4. Proliferation of lymphocytes in response toi@s concentrationsf EPS was

determined.
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3.7.1.2 Stimulation of mouse splenocytes

Mouse splenocytes were asepticgllgpared and suspended in
RPMI 1640 medium. Briefly, mouse spleens were asa&lpt excised and placed in
10 ml plastic-capped test tubes containing 3 ml RPIM40 culture medium
(Appendix A3.2). Under a lamina flow hood, the gpls were chopped into small
pieces with sterile scissors. The spleen tissuage ¥arced up and down through a
1 ml syringe. Then splenic cells were transferreéd a 50 ml falcon tube containing 5
ml complete RPMI-1640 medium through a cell straifide cells were washed using
RPMI 1640 complete medium with 5% fetal bovine serand then centrifuged at
210 rpm for 7 min and resuspended in the same mediells were counted in a
Coulter counter (Beckman coulter Inc, U.S.A.) usitgul of splenocyte suspension
in 10 mL of Isoton (1:500) with 2 drops of Zap sadn. Two hundred microliters of
spleen suspensions containing approximately 2x&lls/ml were placed in 96-well
plates. Splenocytes were stimulated with 100 pPIE®IS preparation at different
concentrations (10, 25, 50, 75, and 100 pg/ml). Bunedred microliters of ConA (5
pg/ml) and RPMI 1640 medium were used as positind aegative controls,
respectively. The plates were then incubated uredé&s% CQ atmosphere and
saturated humidity for 72 h. Splenocyte prolifeyatwas measured as described in

section 3.7.1.3.

3.7.1.3 Determination of cell proliferation
After stimulation of m&e splenocytes in section 3.7.1.2, cell
proliferation was measured by tritiated thymidimearporation. Fifty microliters of

0.01 pCi fH]-thymidine were added to eaetell and incubated under a 5% €O
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atmosphere and saturated humidityX6rh at 37°C. The cultures were then harvested
on glass filters with an automatic harvester (Hare 96 Mach 1l M; TOMTEC,
Wallac Ltd., Turku, Finland) and®Hl]-thymidine incorporation was determined by
Micro Beta Plus liquid scintillatiocounter (Wallac Ltd., Turku, Finland). The data
were expressed as corrected counts per minute jcdpra concentration of EPS that
induced the highest lymphocyte proliferative resmrnwas chosen for further

experiments.

3.7.2 Impact of exopolysaccharides produced by lactic acid bacteria on the
immune system
3.7.2.1 Experimental design
Eleven experiments were conductesingu purified EPS from

different strains of lactic acid bacteria. In eatperiment, each of 5 female BALB/c
SPF mice in experiment group was inoculated intigpaally with 100 pl of EPS at
optimum concentration in PBS (pH 7.4), whereas eddhfemale BALB/c SPF mice
in the control group was inoculated with 100 puIRBS pH 7.4. EPS produced by

Lactobacillusreuteri 100-23 was used as the positive control.

3.7.2.2 Stimulation of mouse splenocytes
Splenocytes were aseptically pregpand suspended in RPMI 1640
medium and placed in 96-well plates (2%D@lls/ml). Splenocytes were stimulated
with EPS at optimal concentration. ConA and RPM#@6nedium were used as
positive and negative control, respectively. Thatgsd were then incubated under a

5% CQ atmosphere and saturated humidity for 72 h. Gedpsnsions (200l) were
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centrifuged at 10,000 rpm for 10 min, and the sogemts were kept for cytokine

determination. The proliferation of cells were megasl as 3.7.2.3.

3.7.2.3 Determination of cell proliferation
Cell proliferation waseasured by tritiated thymidine incorporation
as described in section 3.7.1.3. Results are piedeas a stimulation index (Sl),
where SEmean corrected counts per minute (ccpm) of tespkdoorrected counts
per minute of control sample. The control was RRkHdium. Unless otherwise
stated, an Sl o2 was considered to be an indication of stimulatahcell

proliferation.

3.7.2.4 Measurement of cytokine production
The concentrations of cytokinés-4, IL-5, I1L-10, IL12 (p70),
IFN-g and TNFe) present in the culture supernatants were detechby Bio-Plex
cytokine assay kit. The cytokine levels in the wrdtd supernatants from section

3.7.2.2 were assayed according to the manufacsurestructions.

3.8 Preliminary characterization of the purified exopolysaccharides

After EPS production under optimal condispthe purified EPS was hydrolyzed
and analyzed by HPLC. Hydrolysis of dried EPS wasied out by incubating
samples for 4 h in 2 M tri-fluoroacetic acid at @ncentration of 1 mg/ml at 100°C
(Choyet al., 1972). At the end of hydrolysis, the samples veered by freeze drying.
The dry samples, which contained the monomer sugarse dissolved in deionized

water and 100 pl of an appropriate dilution werpliag to a Vertisep! OA HPLC
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(Vertical chromatography, Thailand). The separatéisugars was carried out in 30
min at a flow rate of 0.4 ml/min using deionizedt@raas mobile phase at 25°C.
Separated sugars were detected by a Refractivex IDddector (Waters, Waters
Corporation, U.S.A)D-Glucose,D-galactosep-mannoseN-acetylgalactosaminey-

acetylglucosamine andrhamnose were used as external standards.

3.9 I dentification of selected isolates of exopolysaccharide-producing

bacteria

Bacterial isolates that produce high amoohtEPS were identified using
morphological and physiological characteristicsd @6S ribosomal RNA (rRNA)

gene sequence.

3.9.1 Morphological and physiological characterization
The selected isolate(s) was granwrMRS agar at 30°C under ananerobic
conditions for 24 h. Cell morphology was observeg Gram staining. Some
physiological characteristics were determined atiogrto the criteria established in
Bergey’s Manual of Determinative Bacteriology (Heltal., 1994). The fermentation
patterns of each isolates were also determined Hgy APl 50 CH system
(Biome'rieux, RCS Lyon, France) according to thenofacturer instructions. Then
the APILAB Plus software version 5.0 from bioMémeand Analytab Products’
computer database were used for comparison of bgdoate assimilation and/or

fermentation patterns.
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3.9.2 Sequencing of 16S ribosomal RNA gene

Analysis of the nucleotide sequent 16S ribosomal RNA gene was used
for genetic characterization according to Weisbar@l. (1991). There were five
major steps including extraction of genomic DNA,RP@mplification of 16S rRNA
gene, Cloning of PCR product, sequencing of PCRIliaoyp and analysis of 16S
rRNA gene sequence.

3.9.2.1 Extraction of genomic DNA

Genomic DNA of thelesged isolate of EPS-producing bacteria

was extracted using Wizard Genomic DNA Purified (@romega). The bacterial
isolates were cultivated on MRS agar plate, andbated at 30°C for 24 h. Bacterial
cells were washed by scraping into microcentrifugge containing 1 ml of 50 mM
EDTA (pH 8) and centrifuged at 12,000 rpm for 5 rain4°C. The cell pellets were
resuspended with 24@d of 50 mM EDTA (pH 8), then 3@l of 10 mg/ml lysozyme
was added. The mixture was incubated at 37°C fomB1) followed by the addition
of 300ul of nuclei lysis solution (Promega). Samples wi&en incubated at 80°C for
5 min and left to cool down to room temperaturebsaguently, the mixture was
added with 2ul of RNase Solution (Appendix A2.2), mixed by insien, and
incubated at 37°C for 30 min. One hundred micrdditef protein precipitation
solution (Promega) was added and mixed using vaisce at high speed for 20
sec. After incubation on ice for 5 min, the mixsingere centrifuged at 12,000 rpm
for 5 min at 4°C. The supernatant was transferratb ia new sterilized
microcentrifuge tube. Then, 304 of isopropanol was added into supernatant and
centrifuged at 12,500 rpm for 10 min at 4°C. Th@esnatant was discarded. The

DNA pellet was washed with 640 of 70% ethanol, then dried at 37°C for 1 h. Fifty
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microliters of TE buffer (Appendix A2.1) were addexhd kept overnight at 4°C to
allow DNA to dissolve. The extracted DNA was detelcusing 1% agarose (Low
EEO Agarose, BIO 101, Inc., U.S.A)) gels electagsis in TBE buffer (pH 8.3)

(Appendix A2.3).

3.9.2.2 Amplification of the 16S ribosomal RNA gene

Polymerase Chain Reac(PCR) was performed using Thermo
electron corporation Px2 Thermal Cycler (Biosciefmeghnologies Division, U.S.A.)
with a primary heating step for 2 min at 95°C, dated by 35 cycles of denaturation
for 45 sec at 95°C, annealing for 45 sec at 551, extension for 2 min at 72°C
which was followed by a final extension at 72°C #min. Each 25l of reaction
mixture contained 2l of genomic DNA, 13.5ul of MilliQ water, 2.5l of 10X PCR
buffer (Invitrogen), 2.5ul of 25 mM MgCh, 2.5 ul of 2 mM dNTPs mixture
(Invitrogen), 1.0ul of each primer (fD1 and rP2) (10.0 pmoldy/and 0.5ul of Taq
DNA polymerase (5Ufl) (Invitrogen). The primer sequences were showT able
3.1. The PCR amplified products were analyzed lgtedphoresis in 1.0% agarose
gel followed by staining with ethidium bromide (A@mdix A2.5) and visualization
under ultraviolet light (UVusing gel documentation (Syngene, Synoptics, UK
size of PCR products was compared with 1 kb DNAléadInvitrogen). The expected
size of amplified DNA fragments was approximate/$aD bp The DNA band of the
expected size visualized under the UV light wasfiarh the gel by a clean blade and
placed into a new 1.5 ml microcentrifuge tube. Teé matrix that did not contain

DNA material was trimmed off to obtain the minimwalume of the gel. Then, the
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PCR products were purified by using WitZar8V Gel and PCR Clean-up System

(Promega) according the manufacturer’s instruction.

3.9.2.3 Cloning of 16SrRNA gene

DNA fragments obtainfom section 3.9.2.2 were ligated into
pGEM-T Easy Vector (Promega). Each @D of reaction mixture contained the
following components: .l of 2X Rapid Ligation Buffer, T4 DNA Ligase, fl of
pGEM-T Easy Vector (50 ng), gl of PCR product, and Ll of T4 DNA Ligase
(3 Weiss unitgll). The reactions were mixed by pipetting, and ratied 1 h at room
temperature. The ligation mixes were transformed rompetentEscherichia coli
JM109 cells using the heat-shock method. Two mitensl of each ligation reaction
were added to a sterile 1.5 ml microcentrifuge tabhace, then transferred 50 of
cells into each tube. The tubes were gently flickeadnix, and placed on ice for 20
min. The cells were heat-shocked for 45-50 secwater bath at exactly 42°C, and
immediately returned to ice for 2 min. Subsequenf$0 ul of SOC medium
(Appendix A2.8) was added to the tubes, then reastwere incubated for 1.5 h at
37°C with shaking (150 rpm). One hundred micro$itef each transformation culture
were then spread onto duplicate Luria-Bertani (BBpicillin/isopropylg-D-
thiogalactopyranoside (IPTG)/X-Gal plates and irated at 37°C for 16 h.
Transformants were selected for the presence op@EM-T Easy containing insert
by blue/white screening systeiVhite transformant colony of each strain was chosen
and cultured overnight in 5 ml of Luria-Bertani thra/Appendix A2.7) containing

kanamycin (50ug/ml) at 37°C with shaking (150 rpm) for 24 h. Pads were
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extracted from the 5 ml overnight cultures Edcherichia coli following the Pure

Link™ Quick Plasmid Miniprep kit protocol (Invitrogen).

3.9.2.4 Sequencing of 16SrRNA gene

Sequencing of 16S MRNene was performed using M13/pUC
universal forward and reverse primers and also wglkorward and reverse primers
(Table 3.1) and Terminator Ready Reaction kit vers2.0 (Perkin Elmer, U.S.A.) in
combination with an automated sequencing systeme. gédne was amplified using
thermal cycler. An estimated amount of 100 ng ofADNas used for each reaction
together with 5 pmol of each primerdl of ready reaction mix and deionized water
to attain a 10ul final volume. The same primers were used as pteviPCR
amplification. Cycle-sequencing PCR and DNA prdeifpon with ethanol and
sodium acetate were done following the manufactrerotocol (Applied Bio-
Systems, U.S.A.). The precipited DNA was dried, dig$olved in deionized water.
Then, sequencing was performed using ABI377 Autech&@NA sequencer (Perkin

Elmer, U.S.A)).

3.9.2.5 Analysis of 16SrRNA gene sequence
Nucleotide sequenatadbtained from DNA sequencing software
of ABI377 Automated DNA Sequencer was interpretad eonverted to single letter
code in text file format by the Chromas 1.56 prograrhe sequence was also
corrected by manual inspection of the chromatogfamn.the identification of closest

relatives, newly determined sequences were comgarttbse available in GenBank
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databases [http://www.ncbi.nlm.nih.gov/] using skam nucleotide-nucleotide

BLAST program [blastn] to ascertain their closedatives.

Table 3.1 Oligonucleotide primers used for PCR amplificatiand sequencing of

16S rRNA gene.

Primer Primer sequence Target regioh Reference
(5to 3)
fD1 AGAGTTTGATCCTGGCTCAG 8-27 Weisburgt al. (1991)
rP2 ACGGCTACCTTGTTACGACTT 1491-1511 Weisburgt al. (1991)

Walking TAACTACGTGCCAGCAGCC 515-533
forward

Walking CGACAACCATGCACCACCTG 1008-1027
reverse

M13/pUC GTTTTCCCAGTCACGAC
Forward

M13/pUC CAGGAAACAGCTATGAC
Reverse

Udomsil (2008)

Udomsil (2008)

Messing (1983)

Messing (1983)

#Escherichia coli numbering



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Selection of exopolysaccharide-producing lactexid bacteria

Five hundred and sixty six isolates of ladrcid bacteria obtained from stock
cultures of the Microbial Culture Collection Labtoey, Suranaree University of
Technology, and isolated from their natural habitgagricultural products and
traditional Thai fermented foods) were tested foeit EPS production capability
using two different types of carbon sources, glecasd sucrose. Approximately 10
and 19% of lactic acid bacterial isolates produskuy colonies of 0.2-0.9 and 0.2-
2.1 cm in diameter on MRS agar containing 2% otgée and sucrose respectively
(Figure 4.1). The isolates produced slimy colond®en culturing on MRS agar
containing 2% of glucose were isolated from Thamfented foods: Pla-som (9.9%)
and Sai-krork-prieo (0.5%). Additionally, when auihg on MRS agar containing 2%
sucrose, slime-producing isolates were isolatethfiidhai fermented foods; Pla-som
(12.4%), Sai-krork-prieo (1.1%), and Nham (0.2%grieultural products; rice grain
(1.6%), rice husk (1.2%), mung bean (0.5%), sil§@2%), and topioca waste
(0.5%), and intestinal tract; chicken intestine@9) and pig intestine (0.4%) (Figure
4.2). A total of 166 selected bacterial isolatesemeonfirmed their EPS production
ability using a liquid medium, MRS medium contamir?% of sugar. EPS
concentration was estimated by the phenol/sulfacid method, and expressed in g

equivalent glucose/l. The EPS production of 0.1-§.@quivalent glucose/l was
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obtained when glucose was used as carbon sourgerérF4.3). When the selected
isolates were cultivated in MRS broth containingcrese, the amount of EPS
produced was varied from 0.1-6.9eguivalent glucose/l. Twenty isolates of lactic
acid bacteria were selected for further study basedheir EPS production ability,
with specific EPS production ranging from 0.26-448/cell, and diversity of
bacterial habitats (Table 4.1). In a previous siiMgn Geel-Schutteet al. (1998)
indicated that type of carbon source added to ¢heesing media plays a major role
in the detection of the EPS phenotype. The studyamestrated that the sucrose
medium was the best media for detecting the EPS\qifee of EPS-producing
Lactobacillus when compared to the medium containing either agac fructose,
maltose, raffinose, galactose, or lactose. Thisenagion was similar to EPS-
producing lactic acid bacteria isolated from trafiial Thai fermented foods reported
by Smitinontet al. (1999). Our result also showed that MRS contairsngrose
improved the detection of EPS-producing strainsaulnber of papers reported on
habitats of EPS-producing lactic acid bacteria sagldairy products (fermented milk,
yoghurt and kefir grains) (De Vuyst and Degees999 cereal fermentations and
intestinal tract (Tieking and Ganzle, 2005; Tiekat@l., 2003), non-dairy fermented
foods (Ludbrooket al., 1997), Thai fermented foods (Smitinceital., 1999) and
Nigerian fermented foods (Saratial., 2002).However, the ecological function of the
EPS produced by LAB is not clearly defined, butytlprobably have a protective
function against unfavorable environmental condgiomacrophages, and bacterial
cell wall-degrading enzymes (Looijesteighal., 2001). In this study, most of EPS-

producing isolates were selected from traditioali fermented foods especially
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Figure 4.1 Slimy colonies (arrow) of lactic acid bacterial lst®s on MRS agar
containing 2% of sucrose (a and b) compared to rfedium

containing 2% of glucose (c and d).
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Table 4.1 Specific EPS production of selected isolates wbelturing at 30°C in
MRS broth containing 2% of analytical grade sucrése 48 h under

anaerobic conditions.

Isolate code Source of bacterid Specific EPS production
(pg/cell)
C25 Chicken intestine 11.9
c27 Chicken intestine 3.30
C56 Chicken intestine 151
C58 Chicken intestine 1.03
FKUS5S Pla-som 0.26
FKU23 Pla-som 44.5
FLB1 Pla-som 42.3
G3 Tapioca waste 2.06
15 Tapioca waste 15.7
NHMS3 Nham 0.35
P14 Pig intestine 1.39
PSMS1-1 Pla-som 22.8
PSMS1-5 Pla-som 35.9
PSMS2-4 Pla-som 13.1
PSMS3-6 Pla-som 7.08
PSMS4-4 Pla-som 8.68
PSMS5-1 Pla-som 34.2
RMS3-1 Rice grain 1.50
SSMS1 Sai-krork-prieo 6.13
SSMS6 Sai-krork-prieo 20.2

@ Pla-som, Thai fermented fish; Sai-krork-prieo, iTleamented sausage; Nham,
Thai fermented pork
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Pla-som containing 2-5% of salt. High osmotic puessin its natural habitat may

induce the formation of polysaccharides.

4.2 Optimization of some exopolysaccharide produan conditions

To obtain the maximum production of exopolysacatarirom inexpensive
medium, some components of MRS medium and produat@mnditions including
types and concentrations of carbon source, inghdl of the culture medium, and
incubation temperature for culturing the selecteBSEproducing isolates were
investigated.

4.2.1 Types and concentrations of carbon sourse

Five different carbon sourcesluble starch, tapioca starch, rice flour,
molasses, and white sugar from sugar cane weretasdéntify the suitable type of
carbon source in the MRS medium for EPS producti@gncose, an original carbon
source of MRS medium, was replaced by the selecation sources. Twenty
selected isolates obtained from a selecting stepe \@rown at 30°C for 48 h in MRS
medium supplemented with 2% of various carbon ssur¢he EPS production using
MRS containing 2% of analytical grade sucrose wearsopmed as a positive control.
The exopolysaccharide production was shown in tefnspecific EPS production
(pg/cell). The highest EPS production of 106.94 pg/cell waseoled in the isolate
PSMS1-5 when using white sugar from sugar cane eataon source (Table 4.2).
Junget al. (2008) reported that the specific EPS content.869 EPS/cell (specific
EPS production of 1.820 pg/cell) was achieved_bgtobacillus amylovorus DU-21
when 15 g/l of glucose was employed as the carbarcs.Lactobacillus casei CG11

was grown at 25°C for 48 h in BMM supplemented vgtitrose at concentrations of
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2, 5, 10, and 20 g/l resulted in specific EPS potidn of 4.86, 5.26, 4.50, 8.93

pg/cell, respectively (Cerning al., 1994).

Table 4.2 Specific EPS production (pg/cell) of 20 selecteolates after culturing at
30°C for 48 h under anaerobic conditions in MRSbkntaining carbon

source at the concentration of 20 g/l.

Specific EPS production (pg/cell)

Isolate Analytical White Molasses Soluble Rice Tapioca
code grade sugar from starch flour starch
sucrose sugar cane

C25 11.93 28.36 0.22 0.00 0.00 0.00
c27 3.30 0.04 2.93 6.51 2.86 1.19
C56 1.51 1.40 1.00 0.00 5.48 5.95
C58 1.03 3.69 0.57 0.00 2.01 3.84
FKU5 0.26 0.18 0.00 8.88 0.82 0.00
FKU23 44.53 47.00 0.69 4.03 1.28 0.00
FLB1 42.25 6.88 12.08 0.00 0.00 0.00
G3 2.06 2.65 0.06 0.00 0.00 0.00
15 15.73 43.19 8.09 0.00 0.00 0.00
NHMS3 0.36 0.14 0.76 3.59 0.00 0.00
P14 1.39 1.27 0.09 0.00 1.28 0.00
PSMS1-1 22.82 13.01 0.01 9.95 0.06 1.54
PSMS1-5 35.91 106.94 1.02 2.36 0.43 0.00
PSMS2-4 13.10 8.96 0.42 2.17 1.50 0.00
PSMS3-6 7.08 5.90 2.37 0.00 0.07 0.00
PSMS4-4 8.68 75.92 8.72 0.00 211 0.00
PSMS5-1 34.20 4.73 0.76 0.00 0.00 0.00
RMS3-1 1.49 0.03 0.79 4.70 0.00 0.00
SSMS1 6.13 8.96 1.56 0.00 0.00 9.33

SSMS6 20.25 4.47 0.07 3.98 0.76 0.00
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sugar cane (20 g/l) compared to analytical gradeose.

Among the carbon sources tested for selected lacid bacterial isolates,
white sugar from sugar cane gave the highest spdei#S production ranging from
0.025-106.94 pg/cell followed by molasses (0-12008cell), soluble starch (0-9.95
pg/cell), tapioca starch (0-9.33 pg/cell), and rlmair (0-5.48 pg/cell) compared to
analytical grade sucrose (0.26-44.5 pg/cell) (Tahl2). Results from this study
revealed that white sugar from sugar cane gaveehi@PS specific production
(0.025-106.94 pg/cell) than analytical grade suer@26-44.5 pg/cell) (Figure 4.4).
Moreover, from the economic point of view, whitegau from sugar cane is a
potential carbon source for EPS production by setktactic acid bacterial isolates
which was about 40 times cheaper than analyticatlegrsucrose. Prasertsdanal.

(2008) found that substitution of the analyticahdg sucrose by white sugar from
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sugar cane resulted in the reduction of the ravern@atcost by 98%. Therefore, white
sugar from sugar cane was chosen to be used asuiben source in MRS medium
for further study.

For study on optimum concentration of white suganf sugar cane, five
isolates of lactic acid bacteria: FRB), 15, PSMS-5, PSM3-4, and RMS3-1, were
selected based on their high EPS production allign culturing in MRS medium
containing 2% of white sugar from sugar cane asdan source (47.00, 43.19,
106.94, 75.92, and 0.03 pg/cell respectively), diversity of bacterial habitats (pla-
som, tapioca waste, and rice grains). Various aunatons of white sugar from
sugar cane: 20, 30, 35, 40, 45, and 50 g/, wevestigated to obtain the optimal
concentration. After cultivating the isolates F&) I5, PSMS-5, PSM3-4, and
RMS3-1 for 48 h at 30°C under anaerobic conditions, #wdates could produce the
maximum exopolysaccharide of 1.52, 6.28, 13.16028and 0.03 g EPS/ g dry
weight when using white sugar from sugar cane atewotrations of 45, 35, 45, 50,
and 30 g/l, respectively (Figure 4.5). White sufyam sugar cane concentrations of
45, 35, 45, 50, and 30 g/l were suitable for ER&Ipction by the isolates FKA3, 15,
PSMS-5, PSM&-4, and RMS-1, respectively, and were selected for further
experiment. The sugar concentration had a marktefie EPS yield. The increase in
sucrose concentration from 20 to 50 g/l resultedhereased EPS production. EPS
formation is generally favored by the excess ofiant carbohydrates. Cernirajal.
(1994) showed that the presence of excess sugdreimedium had a stimulating
effect on EPS production of lactic acid bacteriak¥ekdag and Aslim (2008) studied
EPS production byactobacillus delbrueckii subsp.bulgaricus and Sreptococcus

thermophilus in the medium containing different concentratiohglucose, and found
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that EPS production and growth were stimulated Hgy liigh glucose concentration
(30 g/l). Korakli et al. (2003) reported the EPS production hgctobacillus
sanfranciscensis LTH2590 increased by increasing the sucrose cdratén in the
medium. Influence of concentrations of white sufyjam sugar cane on growth was
also observed. The bacterial growth slightly insehwhen the sugar concentration
was increased from 20 to 50 g/I for the isolateMB&$-5, FKU23, and RMS3-1. Most
mucoid microorganisms produce EPS under all grastiditions, but production is
maximal under particular growth conditions on aired medium (Gancel and Novel,
1994). All parameters that increase or decreasatgrmte influence the extracellular
concentration of EPS precursors and, therefore, &P8esis (Zevenhuizen, 1986).
A decrease in growth of bacteria was observedalates PSMS4-4 and 15 grown in
medium containing high concentration of carbon seyB% white sugar from sugar
cane). Less favorable fermentation conditions fomgh of these selected strains may
decrease total viable counts which resulted in n&bt*& being produced for protecting
the microbial cell itself. Gancel and Novel (199dund that an industrial strain of
Sreptococcus salivarius subsp.thermophilus grown in a semisynthetic medium,
produced EPS during the stationary phase of gro@tncentration of sugars that

decreased growth rate, increased polymer synthesis.

4.2.2 Initial pH of the culture medium for exopolysccharide production
Optimization of environmentr fgrowth is important to achieve the
maximal EPS production. To elucidate the influemdeinitial pH of the culture
medium on growth and exopolysaccharide producttbe, initial pH of optimum

medium were varied at pH 4.5, 5.0, 6.0, 7.0, a0d Results showed that the highest
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EPS production by isolate PSMS4-4 was obtained whercultivating medium was
adjusted to pH 5.0 and 7.0. The optimum initial fiiif EPS production of isolate
RMS3-1 was 5.0 and 8.0. When the influence ofahgH of the culture medium was
investigated for the isolates 15, PSMS1-5 and FKUB8 pH of medium at 6.0, 5.0,
and 7.0 respectively were found to be suitableufegt.6). The optimum pH for EPS
production generally ranges between 5.0 and 7.0h Wan Berget al. (1995)
established that EPS production bgctobacillus sake varied with pH variations.
De Vuystet al. (1998) reported optimal EPS production and grawtt&treptococcus
thermophilus LYO3 in milk medium, were at pH 6.2 and 42°C. Mboetzal. (1996)
demonstrated that maximum polymer synthesis (488) mgd cell viability (2.4x18
CFU/ml) occurred whehactobacillus casei was cultured at a constant pH of 6.0 and
30°C for 24 h. Gassemat al. (1997) also found that the optimal pH for EPS
production by continuous fermentation was at pHda®pared to results obtained at
pH 5.2. For bacterial cell dry weight, the increasepH from 4.5 to 8.0 had
tendency to increase biomass production. At high yatue, the bacteria may
protected itself by production of slime layer aktad to the cell surface resulting in

increase of cell dry weight

4.2.3 Cultivation temperature

The optimal temperature foPE production was determined by
cultivating the selected isolates in the optimirgetlium at optimum pH for 48 h. The
incubation temperatures were varied at 30, 35480and 50°C based on the range of
its growth temperatures. Cultivation temperaturiéscéed bacterial growth and EPS

production depending on strains (Figure 4.7). Geyet al. (1992) observed that the
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optimal EPS production takes place at temperatlsw the optimal growth
temperature. While others have shown EPS produttidse favored at much higher
temperatures (De Vuyst al., 1998). Garcia-Garibay and Marshall (1991) fotimat
Specific polymer production (equivalent milligransf dextran per CFU) by
Lactobacillus delbrueckii subsp.bulgaricus NCFB 2772 grown in skim milk was
greater at a temperature (48°C) than at the optirtemperatures for growth (37 to
42°C). The EPS production increased with increasngperatures, was also found by
Grobben et al. (1995), who examined EPS production by the sanmmainstin
chemically defined medium with glucose or lactoselee substrate carbohydrate. In
Lactobacillus delbruckii subsp.bulgaricus and Streptococcus thermophilus strains,
the EPS production rate was lower at 30, 37 andC4han at 45 °C (Aslinet al.,
2005).

Optimum conditions for the production ekopolysaccharides by
selected lactic acid bacterial isolates were cateduin Table 4.3. EPS production
rate depended on both bacterial isolates and growigditions. The results showed
that all strains tested provided high amount of EP$8-29.16 g EPS/g cell dry
weight). Mozziet al. (1996) found thak actobacillus casei CRL 87 produced the EPS
with optimum specific EPS production of 3.951¢ EPS/g cell dry weight when
culturing at a constant pH of 6.0 and 30°C forl24hene and Bravo (2007) found
that the highest specific EPS production Ibb&ctobacillus delbrueckii subsp.
bulgaricus in the medium containing lactose from deproteidiznéhey as the carbon

source, was 188 mg/g biomass/h.
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Table 4.30ptimum conditions for the production of exopolydaarides byselected

lactic acid bacterial isolates.

Isolate EPS production conditions
code
Carbon sourcé Initial pH of the culture Cultivation
(%) medium temperature (°C)

FKU23 4.5 7 30

15 35 6 40

15 35 8 30
PSMS1-5 4.5 5 30
PSMS1-5 4.5 5 37
PSMS4-4 5 7 30
PSMS4-4 5 5 30
RMS3-1 3 5 37
RMS3-1 3 8 35

& Carbon source in MRS base medium for EPS productio

4.3 Production of exopolysaccharides using optimum calitions

4.3.1 Exopolysaccharide production in 500 ml Duratvottle

Time course of EPS production sgflected isolates under optimum
conditions were investigated to obtain the suitaldementation time for the
maximum EPS production. Selected isolates weraei@dtin the optimized medium
under optimum conditions. The fermentation profiles terms of pH, EPS
production, cell growth, and the consumption ofbcar sources during growth, were
exhibited (Figure 4.8). All parameters were detéci¢ intervals when the isolates
FKU23, I5, PSMS-5, PSMS3-4, and RMS-1 were cultured for 48 h. It was found
that EPS production commenced at 3 h of incubadiwh still increased until 9 h of
incubation times before becoming slight increadee Tonsumption rate of a selected

carbon source during the fermentation period vadegending on EPS-producing
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strains. The highest specific EPS productions wétained after 12, 12, 30, 18, and
36 h of fermentation for the isolate FKU23, 15, PSM5, PSMS4-4, and RMS3-1
respectively. After 3 h of incubation, the decreas@H was found for all isolates
tested. Also, the final pH in the MRS medium wasobe4.0 after a fermentation
period of 48 h. For bacterial growth, the statignainase of growth was obtained after
6, 9, and 12 h of incubation for the isolate 1®lases FKU23, PSMS1-5, and RMS
3-1, isolate PSMS4-4 respectively. Moreover, th@agn of most strains studied was
growth-associated production. However, both groagheciated and non-growth-
associated production kinetics were observedUastobacillus strains (Manca de
Nadraet al., 1985; Kojicet al., 1992).Degeestt al. (1995) also mentioned that EPS

production from thermophilic LAB strains is growdissociated production.
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Figure 4.8 (A) Growth and EPS production by isolate FKU23 in MR&diam
containing 45 g/l of white sugar from sugar canéndtal pH of 7

and 30C for 48 h.
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EPS production in terms of % EPS Yield (Yp/s) raggirom 4.38-79.96%
was obtained (Table 4.4). The maximum specific Eff8duction bylLactobacillus
casee CRL 87 at a pH of 4.0 after 24 h of femtation was 4.3% EPS vyield.
Dueiiaset al. (2003) found thafediococcus damnosus produced 0.6% EPS yield
when culturing in SMD medium containing 30 g/l ghse, without pH control for 19
days at 25°CLactobacillus delbrueckii subspbulgaricus RR was reported to produce
EPS with yield ranged from.013 to 0.046 g EPS/g lactose consumed or 1.3-4.6%

EPS yield (Gassemt al., 1997).

Table 4.4EPS yields and percentages of sucrose consumed auftering in 500 ml

Duran bottle under optimum conditions.

Isolate EPS production conditions Fermentation EPS Specific % EPS %
code time® production EPS yield  Consumed
Carbon |nitial pH of Cultivation (h) (a/l) production (Yp/s)®  sucrose
sourcé  culture  temperature (g EPS/ g dry
(%) medium (°C) weight)
FKU23 4.5 7 30 12 4.15 1.42 79.96 12.22
5 3.5 6 40 18 0.84 1.07 16.99 17.08
15 3.5 8 30 12 6.47 3.94 34.17 52.49
PSMS1-5 4.5 5 30 30 13.67 7.34 39.75 91.29
PSMS1-5 4.5 5 37 24 6.71 5.94 38.44 41.98
PSMS4-4 5 7 30 30 8.65 7.35 31.09 52.78
PSMS4-4 5 5 30 18 8.16 10.25 67.45 33.59
RMS3-1 3 5 37 36 1.18 0.48 5.87 64.93
RMS3-1 3 8 35 36 0.69 0.17 4.38 55.46

& Carbon source in MRS base medium for EPS productio
® Fermentation time achieving maximum specific ER&lpction
©9% EPS vyield (Yp/s) = g EBR00/g consumed sucrose.
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The isolate 15 was selectedlémge scale production, based on high %
EPS vyield, % sucrose consumed, short fermentatime &and its impact on the
immune system results (section 4.5). Approximatayenteen percerdf sucrose
consumed produced a 16.99% EPS vyield. The maxinpgtific EPS production was
obtained after 18 h of fermentation time. The ER&Ipced by isolate I5 stimulated
the proliferation of lymphocytes as well as thedurction of IL-10 anti-inflammatory
cytokine. EPS production conducted in 500 ml Durattle without shaking resulting
in only seventeen percent of sucrose being consuthexkfore about 83% of residual
sugar still remaineth cultured medium. Agitation is important for adete mixing,
mass transfer and heat transfer. It not only asaistss transfer between the different
phases present in the culture, but also maintaansolgeneous chemical and physical
conditions in the culture by continuous mixifigongkiattikajornet al., 2007). In
order to improve production of the polymer, agaatiwas further applied for 5 |
fermentation.

In additionally, the amount of inoculum used coaftéct the growth and
EPS production. The production of the polymer jate I5 using various inoculum
sizes (1, 2, 5, 7, and 10%) of culture (approxifyat€® CFU/ml) was studied. The
decrease in % EPS yield was observed at 5% up%oifOculum sizes (Figure 4.9).
One percent and 2% inoculum sizes gave similar % Kfelds during 18 h of
fermentation. Thus, one percent inoculum size vasen for the production of EPS

in fermenter.
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Figure 4.9 Effect of inoculum size on growth (cell dry weighgnd EPS
production of isolate 15 cultivated in MRS mediumntaining 35 g/l

of white sugar from sugar cane at 40°C for 18 h.

4.3.2 EPS production in controlled fermenter

EPS production was performed in@l@&ontrolled fermenter containing 5 |
of MRS medium containing 35 g/l of white sugar fr@ugar cane. To keep the
medium in the fermenter homogeneous and protecgexydissolved into the
medium, agitation was performed at 100 rpm. Thené&mter was inoculated with
1.0% (v/v) of a late log phase culture. Temperaturé pH of the cultivation medium
were kept constant at 40 and 6.0 respectively. EPS production started ata®er
inoculation and continuously increased until 24vhjch reached the maximum EPS
yield of 12.29% (Figure 4.10). EPS production wasompanied by growth. When
the bacterial growth reached stationary phase &t &8 fermentation, specific EPS

production reached the highest level ©l9 g EPS/g dry weight (3.96 g/l).
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Figure 4.10 Growth and EPS production by isolate 15 at 40°Cairfermenter
containing 5 | MRS medium with 35 g/l of white sugeom sugar

cane and pH 6.

Bacterial growth was related to the increase irti¢aacid. The maximum lactic
acid of 36.49 g/l was achieved within 24 h, follalvey constant values until the
end of the experiment of 48 h. For substrate copsiam, the complete consumption
of sucrose was found within 6 h of fermentationeTlesult showed that available
substrate limited bacterial growth.

To overcome substrate limitation, gpimum concentration of white sugar
was investigated using 500 ml Duran bottle. EPSIpebon was further improved

after optimization of concentration of carbon s@urthe increase in concentration of
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Figure 4.11 Effect of white sugar from sugar cane concentratiorgrowth and
EPS production by isolate 15 in MRS medium at 46518 h.

white sugar from sugar cane from 35 to 150 g/l mes the increase in EPS yield
from 20.47% to 33.01% (Figure 4.11). Whereas ti@eiase in concentration of
white sugar from sugar cane to 200 g/l providediticecase in EPS vyield to 33.74%.
Therefore the concentration of 150 g/l was choseifiurther study in the fermenter.
The optimum carbon source concemnatvas used for EPS production. The
fermentation temperature and pH were kept constn40°C and pH 6.0. The
maximum EPS yield of 42.66% was achieved at 30 ferwhentation. The maximum
EPS production of 53.45 g/l (Specific EPS produttiof 26.08 g EPS/g dry

weight) was obtained. Sucrose was completely comesinvithin 78 h (Figure 4.12).
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A number of papers reported that EPS productiongusarious sugar by lactic acid
bacteria ranged from 60 to 150 mg/l foactobacillus bulgaricus (Cerninget al.,
1986; Garcia-Garibay and Marshall, 1991) and frahd@600 mg/lfor Lactococcus
lactis subspcremoris (Cerning et al., 1992). EPS production of 0.12-4.10 g/l by
Pediococcus parvulus 2.6 was reported by Velasco (2006actobacillus sakei strain
0+1 was isolated from a Belgian salami was ablprtmluce 1.4 g/l of EPS (Van den
Berg et al., 1995). The concentration of EPS of 2.13 ghs obtained from
Lactobacillus delbrueckii subspbulgaricus RR (Gassem, 1997). The EPS production
(2.767 g/l) obtained usingactobacillus rhamnosus RW-9595M in whey permeate
medium (Macedat al., 2002). However, to make EPS production proféaiolr the
food industry, the productivity should be enhant®dt least 10-15 g/l (Van den Berg
et al., 1995). Vijayendra and Babu (2008) showed th& BRduction using medium
containing sucrose at 5% (wWA7) and 5% (W) inoculiat pH 6.7 and 25°C for 4 h
resulted in maximum production of heteropolysaciclea(18.38 g/l). Our study show
that the isolate 15 has its potential for EPS puotidun was obtained and could be
apply for industry. The maximum EPS production &4 g/l and specific EPS
production of 26.08 g EPS/g dry weight were apprately 1.7 times higher than
those reported for heteropolysaccharide produdtiasther lactic acid bacteria (30.10

g/l and 13.87 g EPS/g dry weight, respectively)jdyendra and Babu, 2008).
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Figure 4.12 Growth and EPS production by isolate 15 in 5 | MRf@dium
containing 150 g/l of white sugar from sugar caheld 6 and
40°C in 6.6 | fermenter.

4.4 Exopolysaccharide purification

Since EPS produced by selected strainsgudifierent optimum conditions,
there was an opportunity to obtain diverse EPS8iras. The EPS were needed to be
purified for further characterization and study their impact on immune system.
Crude EPS were precipitated from supernatant déied medium using 3 volume of
80% chilled ethanol. After lyophilization, proteicontent of the polymers was

measured. Results showed that crude EPS contairg&886% (w/w) protein
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Table 4.5 Protein contents in crude EPS and purified EPfer(gurification

treatment) produced by the selected lactic acidelbiat isolates when

culturing at optimum conditions.

EPS EPS production conditions % Protein contents %

according 4 rhon sourcé  Initial pH _ Cultivation Crude Purified Protein

to isolate (%) of culture  temperature EPS EPS removal

code medium (°C)

C56 2% glucose 6.2 37 8.06+0.34  0.97+0.0 87.99

FKU23 4.5% white sugar 7.0 30 7.06+0.02 0.32+0.02 95.41
from sugar cane

G3 2% white sugar 6.2 30 8.06+0.02 0.74+0.02  90.76
from sugar cane

15 3.5% white sugar 6.0 40 7.72+0.23 0.36£0.01  95.39
from sugar cane

P14 2% analytical 6.2 30 7.72+0.00 0.58+0.02  92.45
grade sucrose

PSMS1-5 4.5% white sugar 5.0 37 6.99+0.02 0.42+0.02  93.98
from sugar cane

PSMS4-4 5% white sugar 7.0 30 7.73+0.80 0.26+£0.16  96.65
from sugar cane

RMS3-1 3% white sugar 8.0 35 7.39+0.05  0.74+0.0 89.98

from sugar cane

&Carbon source in MRS base medium for EPS production

Data are mean£SD for duplicate data.

Protein content was calculated as % weight by wvteigh

contents (Table 4.5). Smitinomt al. (1999) reported that two different strains of

Pediococcus pentosaceus produced EPS comprised 90.3% w/w and 85.2% w/w



72

sugars while protein contents were found to be 1i% and 4.0% w/w. Macura and
Townsley (1984) showed thakactococcus lactis subsp. cremoris (formally
Sreptococcus cremoris) synthesizes slime material containing 47% proteic 29%
carbohydrate and suggested a glycoprotein natutbeoslime. Although there were
many methods recommended for EPS purification lmyoreal of protein, the most
common procedure was TCA precipitation and cergafion. Also a combination of
TCA precipitation and protease digestion has besed ufor purification of the
polymers (Ruas-Madiedo and de los Reyes-Gavila5R0n this study, comparisons
of various purification treatments for EPS purifioa were studied. Three
approaches: precipitation with variable amountsTGfA, digestion with proteases,
and the combination of protease digestion and T@&ipitation were used to reduce
protein in the crude EPS. The protein content wekerchined according to the
procedure of Bradford (1976) using bovine serumumiin standard. Different
purification steps were compared as follows;
a) Trichloroacetic acid precipitation
Single step of trichloroacetic acid precipitation

Crude EPS sample was added with ZCA to final concentration of 0.05
mg/ml, then the mixture was incubated on ice fdr fbllowed by centrifugation at
11,000 rpm for 10 min at 4°C. The EPS solution wWadyzed using Snakeskin™
pleated dialysis tube of molecular weight cut-d¥ @0 against distilled water for 3
days, at 4°C, with two daily changes of water, tfreeze-dried before determination
of protein contents in the solution. The resultvgdd that only 7.84% protein contents
were removed indicated that the protein preciptatiid not have notable effect for

protein elimination.
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Three repeated trichloroacetic acid precipitation
Protein in crude EPS was remousithg 20% TCA as described above
and repeated 3 times before dialysis and freeziegirAfter treatment, the protein
content of 33.01 ug/mg EPS still remained in crigfeS. Without any protease
digestion treatment, approximately 8 to 58% prot@intents were removed from the
crude EPS indicated that trichloroacetic acid piéaiion alone was not efficient
treatment for EPS purification (Table 4.6).
b) Protease digestion
Concentration of crude EPS samplas vadjusted to 5 mg/ml using
phosphate buffer pH 7.4, then Proteinase K (0.2ntf)ghere added and incubated at
37°C for 16 h according to Zisu and Shah (2003 &hzyme reaction was stopped
by heating at 90°C for 10 min and then centrifuged 1,000 rpm for 10 min at 4°C.
Protein content of the sample with protease treatm&as 55.02%. Less than 30%
protein content was removed by the single stepeps® digestion and also protein
precipitation.
c)Combination of protease digestion and TCA precipitation
EPS was treated with Proteinasaskdescribed in step b) followed by
freeze-drying. Then the polymer was treated witbZDCA as described in step a).
The combination of protease digestion and TCA pitation enabled to eliminate
protein approximately 80% (Table 4.6).
d) Combination of 2 stepsof protease digestion and TCA precipitation
EPS sample from step c) was addedfinal concentration of 0.25 mg/ml
Pronase E followed by freeze-drying according ta¢gh and Novel (1994). The

combination of protease digestion using both Pnats® K and Pronase E, and TCA
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precipitation was the most efficient purificatioledatment of crude EPS. The method
resulted in approximately 90% protein removal.

Then, the combination of protease digestion usioth lProteinase K and
Pronase E, and TCA precipitation was selected g@piieal for purification of EPS
samples. After treatment, negligible amount of @iotwas detected, about 90% of
protein content in EPS were removed. Less than df%ip content still contained in
EPS samples (Table 4.5).

When crude polysaccharide was applied to Seph&#A00 gel permeation
chromatography, protein in EPS was observed withio of three polysaccharide
fractions (Figure 4.13). This result could be usedexplain that there were some
proteins associated with polysaccharide. Some potjsrides from plant have been

reported to have protein associated with polysaodédYanget al., 2008).

Table 4.6 Purification of exopolysaccharide producedUagtobacillus reuteri

100-23.

Treatments of crude EPS Protein content (ug) % Protein removal
in 1000 pg EPS

Crude EPS 78.48+0.00 0
TCA precipitation 72.33+1.83 7.84+2.33
3x TCA precipitation 33.01+1.14 57.94+1.46
Protease digestion 55.02+0.23 29.90+0.29
Combination of protease digestion and

o 15.09+1.83 79.88+2.33
TCA precipitation
Combination of 2 steps of protease digestion

7.10+0.69 88.04+0.87

and TCA precipitation

Data are mean+SD for duplicate data.

Protein content was calculated as % weight biglie
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However, the protein was removed after purificatissing both Proteinase K and

Pronase E, and TCA precipitation (Figure 4.14).
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Figure 4.13  Gel filtration chromatogram of the crude polysacates produced by

isolate 15 on Sephacryl S-400 column.
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Figure 4.14  Gel filtration chromatogram of the purified polysharides produced

by isolate 15 on Sephacryl S-400 column.
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4.5 Immunostimulatory activity test

4.5.1 Optimization of exopolysaccharide concerdtion for
immunostimulatory activity test

The optimal concentrations of EPS for mouse inatooh, and stimulation of mouse
splenocytesn vitro were studied. Purified EPS frobactobacillus reuteri 100-23, a
positive control EPS, was used in this study. Th#naum concentration of EPS for
mouse inoculation was investigated by using varicoscentrations. One hundred
microliters of each concentration (250, 500, 75IA, 1500, and 2,500 pg/ml) of the
EPS in phosphate buffer saline pH 7.4 were injeaté@peritonially. Each mouse
receiveda boosterdose of eacltoncentratiomafter 3 weeks of inoculation. After 5
weeks of inoculation, splenocytes were aseptigaigpared and stimulated with 100
pl of EPS at different concentrations of 10, 25, B8 and 100 pg/ml. Proliferation of
lymphocytes in response to various concentratadnSPS was compared. The data
demonstrated that optimal concentration of EPSsfidenocyte stimulatiomnn vitro
was 75 pg/ml (Figure 4.15). Also one hundred miterd of 1,000 pg/ml used for
mouse inoculation exhibited the highest lymphocegsponse (Figure 4.16). Thus 100
png of EPS was appropriate to use in the furthelermoculation.For this test, aP

value of < 0.05 was considered significant.

4.5.2 Impact of exopolysaccharide producedly lactic acid bacteria on the
immune system
4.5.2.1 Lymphocyte proliferation
Lymphocyte prolifamat response to mitogens is widely used to

assess immune function. ConA, the T-cell mitogeas wsed as a positive control in
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Figure 4.16 Optimum concentrations of EPS for mouse inoculatidrhe
proliferation of splenocytes exposed to 100 pl &fSE(75 pg/ml)
were compared. Error bars represent standard dmviat the mean;
The differences of mean were calculated by the Médfitney U
test, ***, Highly significant difference at p < @Q; *, Significant
difference at P < 0.05%, No significant difference, compared with

control group.

this study. Eleven EPS samples derived from diffeleacterial isolates were tested
for their ability to stimulate lymphocyte prolifénee responses by detecting the
proliferation of spleen cells of experiment miceodnlated with the EPS. EPS

produced by the following isolates: C56 wheriticating in MRS containing 2%
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Table 4.7 Lymphocyte proliferation responses to EPS andACon

EPS EPS production conditions EPS-stimulated ConA-stimulated
according conditions’ conditions”
to isolate Carbon Initial Cultivation Experiment  Control Experiment Control
code source’ (%) pH of temperature group group group group
culture (°C)
medium
C56 2% glucose 6.2 37 3.96 3.08 11.70 8.66
FKU23 4.5% 7.0 30 231 2.09 1.70 1.65
white sugar
from sugar
cane
G3 2% 6.2 30 9.48 5.93 10.98 9.45
white sugar
from sugar
cane
15 2% glucose 6.2 37 3.04 1.91 7.58 6.22
15 3.5% 6.0 40 13.96 12.19 6.06 7.91
white sugar
from sugar
cane
15 3.5% 6.0 40 7.22 19.61 2.77 21.93
white sugar
without yeast
extract
P14 2% analytical 6.2 30 2.32 1.87 2.15 3.00
grade sucrose
PSMS1-5 4.5% 5.0 37 1.66 1.62 3.73 3.82
white sugar
from sugar
cane
PSMS4-4 5% 7.0 30 1.34 1.29 2.29 1.88
white sugar
from sugar
cane
PSMS4-4 2% glucose 6.2 37 3.27 2.49 7.34 8.56
RMS3-1 3% 8.0 35 5.84 3.72 4.43 3.10
white sugar
from sugar
cane
L. reuteri 2% analyical 6.2 37 3.6 3.2 4.21 3.46
100-23 grade sucrose

&Carbon source in MRS base medium for EPS production
®The stimulation index (SI) was expressed as fatdudation (ratio of mean ccpm of
culture with antigen/mean ccpm of culture withaatigen).
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of glucose at pH 6.2 and 37°C, FKU23 when cultuimg/iIRS medium containing
4.5% of white sugar from sugar cane at pH 7 andC3®3 when culturing in MRS
medium containing 2.0% of white sugar from suganecat pH 6.2 and 30°C, 15
when culturing in MRS medium containing 3.5% of tehsugar from sugar cane at
pH 6 and 40°C, P14 when cultivating in MRS mediuontaining 2% of analytical
grade sucrose at pH 6.2 and 30®SMS4-4 when cultivating in MRS medium
containing 2% of glucose at pH 6.2 and 37°C, RMS&HEen cultivating in MRS
containing 3% of white sugar from sugar cane at §knd 35°C and 15 when
cultivating in MRS medium containing 2% of glucasepH 6.2 and 37°C, stimulated
the proliferation of lymphocyte with the stimulationdex (S1)>2 and higher than the
control group as shown in Table 4.7. Also, EPS pced by the positive strains,
Lactobacillus reuteri 100-23 when cultivating in MRS medium containing 2f
analytical grade sucrose at pH 6.2 and 37°C, s#tadl the proliferation of
lymphocyte. The highest proliferative response wibained with EPS produced by
isolate 15 when culturing in MRS medium containB§% of white sugar from sugar
cane at pH 6 and 40°C (SI=13.96, control=12.19)eW/monomer compositions of
the polymer were considered, it was observed thatnose-rich EPS (63-91.44%
mannose) from isolates C56, G3, I5, and RMS3-1 whdhvating under optimum
conditions and isolate PSMS4-4 when cultivatindiRS medium containing 2% of
glucose at pH 6.2 and 37°C exhibited lymphocytdiferation stimulation. Whereas
the EPS contained exclusively glucose as the maimponents could not stimulated
cell proliferation as found in EPS from isolatesM&3!l-4 when cultivating in MRS
medium containing 5% of white sugar from sugar caheoH 7.0 and 30°C and

PSMS1-5 when cultivating in MRS medium containing% of white sugar from
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sugar cane at pH 5.0 and 37°C. From these reseitsodstrated that mannose
component affected lymphocyte proliferation. Codittory result found in EPS
contained 96.65% glucose and 3.35% mannose producesblate FKU23 and also
EPS contained 96.58% glucose, 1.27% mannose, &aB@éAinknown sugar produced
by isolate P14 could affect lymphocyte proliferatidianget al. (2007) found that
EPS composed of mannose, glucose and galactosa witilecular weight of 23 kDa
could markedly facilitate lymphocyte proliferatiorand might be a strong
immunomodulator. A mannan from the cell wall@dndida utilis, and mannan-type
polysaccharides from plant, bacterial, and fungakses have been described to have
immunomodulatory effects. As an example, acemanmapolydisperseds-(1,4)-
linked mannan, is an immunostimulant which causeacrophage activation
(Ramamoorthyet al., 1996). Leunget al. (2004) found that the mannose-rich
polysaccharide fractions prepared frodoe vera L. var. chinensis (Haw.) Berg.
stimulated peritoneal macrophages, splenic T awdlBproliferation. The potency of
aloe polysaccharide fraction increases as mannosir and molecular weight of
the polysaccharide fraction increase. The mechanisattivation of immunity by-
glucan may provide clues to the immune activatigmiannose-rich polysaccharide.
Dectin-1 is now thought to be the major receptorlewkocytes that mediates the
biological effects off-glucans as immune cell activators. Dectin-1 sh@gan-
independent binding to a subset of T lymphocytesd, ia involved in triggering their
proliferation (Brownet al., 2003; Palmaet al., 2006). Kalka-Mollet al. (2002)
emphasized that bacterial polysaccharides with #tenonic charge spatial motif,
such as capsular polysaccharides, elicit potent’Déell responses boih vivo and

in vitro. Tzianabost al. (2003) demonstrated that bacterial polysacchatdes the
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ability to modulate the cellular immune system. ylaee structurally diverse, but all
share a zwitterionic charge motif that allows thendirectly interact with T cells and
antigen-presenting cells to initiate an immunomathiy T cell response.
Zwitterionic polysaccharides bind to the surfaceanfigen presenting cells, and the
high density of charges facilitates electrostatieriacions with T cells. Stingeét al.
(2004) demonstrated that zwitterionic polysacclewithteract directly with T cells
with rapid association/dissociation kinetics. Theliferative response of T cells
depends on free amino (positively charged) and cogtbor phosphate groups
(negatively charged) that are part of the repeatumgt structure. Chemical
neutralization of either of the charged group ressim loss of the ability of the
polysaccharide to activate T cells (Tzianalmbsal., 2003; Tzianabos, 2000). One
study suggested that phosphate groups in EPS prdduclactic acid bacteria could

play important role in lymphocyte proliferation ¢(zawaet al., 1998).

4.5.2.2 Cytokine production

On activation by antigen, T sedlynthesize and secrete a variety
of cytokines that serve as growth, differentiatiand activation factors for other
immunocompetent cells. There are two maibsets of T lymphocytes, distinguished
by the presence of cedurface molecules known as CD4 and CD8. T lymplescyt
expressing_D4 are also known as helper T cells, and theseegiaaded abeing the
most prolific cytokine producers. This subset cariulsther subdivided into Thl and
Th2, and the cytokines they produare known as Thl-type cytokines and Th2-type

cytokines. Thl cells produced interleukin-2 @),- interferon gamma (IFN-g) and



Table 4.8 Effect of EPS produced by different lactic acidteaal isolates on cytokine production.

EPS according Content of cytokine (pg/mi:SD)
to isolate IL-4 IL-5 IL-10 IFN-g TNF-a IL-12 (p70)

code Experimen  Control Experiment Control Experiment Control Experiment  Control Experiment Control Experiment Control
group group group group group group group group group group group group

C56, 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 .4861.08 7.63+x12.72 -1.31+7.39 0.67x2.75 0.01+0.0D.00+0.00

2% glucose,

pH 6.2, 37C

FKU23, 0.38+0.85 0.00+£0.00 0.00+0.00 0.00+0.00 16.80%+4.05* 1.76+7.09.06 +0.83 -0.60+0.70 2.36%+4.38 -0.01+3.8878+1.59 0.97+4.76
4.5% white

sugar, pH 7.0,

30°C

G3, 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 24.74+18.88%8.74+5.13 -0.41+0.38 -0.41+0.38 -0.78+1.74 -1.56+2.1-3.06+0.96 -0.68%1.55
2% white sugar,
pH 6.2, 30C

15, 0.02+0.03 0.00+£0.00 7.80+39.40 0.00+0.00 1.14+1.56 1.14+1.568.35£1.08 2.21+4.42 -3.02+3.51 3.59+#5.83 -0.0580.00.01+0.03
2% glucose,
pH 6.2, 37C

5, 0.00+0.00 0.02+0.05 0.00+0.00 0.00+0.00 218.49 23.62 6.80+15.20 3.53+4.84  -5.51+#5.51 4.37+3.01 0.02+0.08®.02+0.03

3.5% white +92.02* +16.31
sugar, pH 6.0,
40°C

I5, -1.97+0.64 0.00+0.00 -317.89 0.00+0.00 237.93 83.46 -19.60+0.00 3.92+8.77  -9.24+519 4.16+3.33 -1.06+1.55 0.00+0.00

3.5% white +184.03 +192.75 +116.19
sugar without

yeast extract,
pH 6.0, 40C

& Background levelsf cytokine production in cultures not stimulateith EPS were subtracted from the mean EPS-indiesgmbnses to

produce secretion values. Negative values inditetethe unstimulated secretion levels were highan the stimulated secretion levels.

The data are expressed as mea8®.
* Cytokine production in the experiment group waghgicantly higher than that in the control gro(ip< 0.05).
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Table 4.8 (Continued) Effect of EPS produced by differentitaacid bacterial isolates on cytokine production.

EPS according
to isolate

code

Content of cytokine (pg/mi:SD)?

IL-4

IL-5

IL-10 IFN-g TNF-a IL-12 (p70)

Experimen Control
group group

Experiment  Control
group group

Control
group

Control Experiment Control
group group group

Experiment Experiment  Control
group group group

Experiment
group

P14,

2% analytical
grade sucrose,
pH 6.2, 30C

PSMS1-5,
4.5% white
sugar, pH 5.0,
37°C

PSMS4-4,
5% white
sugar,

pH 7.0, 30C

PSMS4-4,
2% glucose,
pH 6.2, 37C

RMS3-1,
3% white
sugar,

pH 8.0, 35C

L. reuteri
100-23,2%
analyical
grade sucrose,
pH 6.2, 37C

0.35+0.77 0.00+0.00

0.00+0.00 0.00+0.00

0.00+0.00 0.00+0.00

0.00+0.00 0.00+0.00

0.00+0.00 0.00+0.00

0.17+0.38 0.00+0.00

0.19+0.43 0.00+0.00

0.00+0.00 0.00+0.00

0.00+0.00 0.00+0.00

0.00+0.00 0.00+0.00

0.00+0.00 0.00+0.00

0.00+0.00 0.00+0.00

9.65+2.90* 0.32+3.38  -0.01+0.480.42+0.76  3.89+0.00  -0.75+1.6&8.07+0.79 0.86+1.21

6.59+1.43*  -0.50+2.02 -0.41+0.383.55+0.57  2.33+2.13* -1.92+2.701.06+0.96* -1.25+1.52

5.27+1.97 3.92+554 0.41+0.38 1.31+1.85 -2.33+2.13 6.78+4.08 -1.76+0.00 0.8841.2

6.06+13.54 0.00+0.00 1.77+3.95 0.00+0.00  -3.51+3.24 0.67+2.75 0.00+0.00 0.00+0.00

19.76+18.57 0.00+0.00 1.77+3.95 1.77+3.92.75+2.75 -4.06+2.68 0.00+0.00  0.00+0.00

11.87+#5.03 9.15+2.90  0.26+0.58 0.00+0.38  3.11+1.74  2.33+2.1395+0.79* 0.88+1.23

@ Background levelsf cytokine production in cultures not stimulateith EPS were subtracted from the mean EPS-indigsgmbnses to

produce secretion values. Negative values inditetethe unstimulated secretion levels were higien the stimulated secretion levels.

The data are expressed as mea8®.
* Cytokine production in the experiment group waghsgicantly higher than that in the control gro(ip< 0.05).
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tumor necrosis factor and are vital for cell-megliatmmunity. On the other hand,
Th2 cells predominantly produce interleukin-4 (I)-4nterleukin-5 (IL-5) and
interleukin-10 (IL-10) and are associated with hwahoimmunity and allergic
response (Street and Mosmann, 1991). In this stB&s of lactic acid bacterium
origin stimulated cytokine production of mouse spleytes (Table 4.8). The
cytokines measured in the cultured supernatantsvesthoan increase in the
concentrations of IL-10, compared to control mikati-inflammatory cytokine 1L-10
production by stimulated splenocytes was obtaimetesponse to EPS produced by
the isolates FKU23, G3, P14, and PSMS1-5 when gnguat optimum conditions,
and isolate 15 when cultivated in MRS medium camtag 3.5% of white sugar from
sugar cane at pH 6 and 40%4lthough EPS produced by isolate 15 when cultivated
MRS medium containing 3.5% of white sugar from augcane (without yeast
extract) at pH 6 and 40°@ndLactobacillus reuteri 100-23 stimulated the production
of cytokines in experiment mice with no significaarhount compared with control
mice, IL-10 was produced in response to stimulatetih the produced EPS. EPS
produced by isolate P14 when cultivating in MRS med containing of 2% of
analytical grade sucrose at pH 6.2 and 30°C andtesé5 when cultivated in MRS
medium containing 3.5% of white sugar from sugane at pH 6 and 40°C had an
immunostimulating activity since the EPS stimulabgahphoctytes proliferation and
also augmented the IL-10 production. Results frdns study showed that EPS
produced by selected lactic acid bacterial isolatadd stimulate the immune system
and thus may increase the capacity of host agaflammations. This knowledge
could be important with respect to a functionaketfon human health if the EPS has

incorporated into a food matrix.
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4.6 Preliminary characterization of the exopolysacchaiiles

The study of the structure of EPS shouldcbasidered to understand their
physicochemical and biological properties and expBPS-producing LAB in
industrial or medical applications. Purified EPSrevéydrolyzed and analyzed by
high performance liquid chromatography (HPLC). Raidcid hydrolysis of the EPS
yielded a complex mixture of oligosaccharides hosvesr chromatographic run time
of 35 min provided clear separation of all monokatce (Appendix C)D-glucose,
D-mannose, D-fructose, D-galactose, L-rhamnose, N-acetylglucosamine and\-
acetylgalactosamine were used as standard sudasesults showed that varieties of
monomer compositions of EPS were depending on EB&Jping isolates (Table
4.9). EPS-producing lactic acid bacterial strainsluding generaStreptococcus,
Lactobacillus, Leuconostoc, andLactococcus, have been reported to produce a wide
variety of structurally different polymers, in asithat range from 4x1@o 6x16 Da
(De Vuyst and Degeest, 1999). EPS produced bysthlate PSMS4-4 contained only
glucose when cultivated in MRS medium with 5% whstegar from sugar cane as
carbon source. Monosaccharides detected in EPSigeddoy isolates PSMS1-5 and
FKU23 when cultivated in MRS containing 4.5% whstegar from sugar cane, were
glucose and mannose (approximately 97.0 and 3.@%gectively). The monomer
compositions of 96.5% glucose, 1.30% mannose, abh@% unknown sugar was
found INEPS produced bigolate P14 when cultivated in analytical gradersse as
carbon source. Mannose-rich exopolysaccharide (&@¥#nose and 37% glucose)
found for EPS produced by isolatédViS3-1 and G3 when cultivated in MRS
medium containing white sugar from sugar cane. ERS produced by C56 and

PSMS4-4 composed of 77% mannose when cultvat®RS medium containing
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Table 4.9 Sugar composition of EPS produced by selectddtes under optimum

conditions.

EPS according

EPS production conditions

Composition of sugaFJ (%)

to isolate — ——
Carbaon Initial pH Cultivation Glucose Mannose Unknown
code
source’ (%) of culture ~ temperature sugar
medium C)
C56 2% 6.2 37 22.85 77.15 -
glucose
FKU23 4.5% 7.0 30 96.65 3.35 -
white sugar
from sugar
cane
G3 2% 6.2 30 36.96 63.04 -
white sugar
from sugar
cane
15 2% 6.2 37 8.56 91.44 )
glucose
1) 3.5% 6.0 40 13.09 86.91 -
white sugar
from sugar
cane
P14 2% 6.2 30 96.58 1.27 213
analytical
grade sucrose
PSMS1-5 4.5% 5.0 37 96.92 3.08 -
white sugar
from sugar
cane
PSMS4-4 2% 6.2 37 22.81 77.19 -
glucose
PSMS4-4 5% 7.0 30 100.00 - -
white sugar
from sugar
cane
RMS3-1 3% 8.0 35 36.11 63.89 -
white sugar
from sugar
cane

&Carbon source in MRS base medium for EPS production

b Data are presented as percent molar composition.

¢ The relative proportion of the peak areas wasutailed to estimate the monomer

composition.

-, Negative detection.
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2% glucose. Different contents of mannose (86 drf¥d thannose) were found in EPS
produced by isolate I5 when cultivated in MRS medicontaining white sugar from
sugar cane (3.5%) and glucose (2%), respectivehe Gomposition of the EPS
produced by lactic acid bacteria was strongly iflced by cultures and fermentation
conditions. Kojicet al. (1992) and Cerningt al. (1994) reported that the sugar
composition of EPS was influenced by carbon sourGrsbbenet al. (2000) also
found that sugar composition of the EPS was infteeinby the type of carbon source.
The type of substrate limitation had a remarkabfiience on the molecular mass of
EPS produced byactococcus lactis subsp cremoris NIZO B40 and NIZO B891
(Looijesteijnet al., 2000). However, Torinat al. (2005) found that the monomeric
composition of the polymers produced bgctobacillus helveticus ATCC 15807 is
independent from the carbohydrate usedmFour study, the isolate PSMS
4-4 produced homopolysaccharide containing onlycage when cultivated in the
medium containing white sugar from sugar caereas heteropolysaccharide-
EPS was found when the isolate was cultivatedemtiedium containing glucose as a
carbon source. Alsthe isolatel5 produced polysaccharide composing of different
components when different types of carbon sourckit@vsugar from sugar cane
compared to glucose) were used. This reveals Heabtganism is able to produce
more than one type of polymer. It has been repgtediously that the EPS produced
by Lactobaillus casei CG11 in the presence of glucose was different ftloat formed

in the presence of lactose (Cernet@l., 1994).Not only types of carbon source, the
polymer composition may vary depending on microlgiawth conditions (Cerning,
1990; De Vuyst and Degeest, 1999). Results from study exhibited that different

fermentation conditions (initial pH of the cultureedium and cultivation temperature)
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affect the components of EPS. However, differerdrabial strains could produce the
same type of EPS. For example, composition anabf$?S produced by two strains
of Lactobacillus delbrueckii subspbulgaricus isolated at different growth phases and
produced under different fermentation conditiongarying carbon source or pH)
revealed that the component sugars were the saptey @ al., 2000). Based on
microbial exopolysaccharide types, EPS are eithemdpolysaccharides or
heteropolysaccharides in nature (De Vuyst and Dsgeel999). The
homopolysaccharides were found to consist of glscémuctans and polygalactan.
The production of these homopolysaccharides regjtive presence of sucrose (Ruas-
Madiedoet al., 2002). Most of homopolysaccharides were repaidoe synthesized
by extracellular glycansucrases using sucrose egiycosyl (fructose or glucose)
donor. From this study, PSMS4-4 produced homopobfsaide contained only one
type of monosaccharide (100% glucose) when usiogpse as carbon source. Maina
et al. (2008) found thaW. confusa E392 produced-D-glucans named dextran which
could be a suitable alternative to widely usedha production of linear dextran.
Leuconostoc, Lactobacillus, and Streptococcus are known to synthesize dextran
(Padmanabhan and Kim, 2002). Most EPS from LAB mdetd are
heteropolysaccharides. Their structures consist i@peating unit containing three to
seven sugar residues. The repeating units most efta@tain a combination ab-
glucose, D-galactose, andL-rhamnose. In a few cases-fucose, N-acetylb-
galactosaminey-acetylb-galactosaminep-ribose,D-glucuronic acid, an@-nononic
acid are present. Each hexose could adopt the pyeaor furanose ring configuration,
and be linked with the: or # anomeric configuration to other residues at several

possible positions. Furthermore, substituents, sischcetate, phosphate, glycerol or



90

pyruvate, could be present. Mannose was also fasnd monomeric component of
EPS produced by lactic acid bacteria, suchaxsococcus lactis subspcremoris, and
Lactobacillus casei subsp.casei (Cerning, 1992). Aslinet al. (2006) reported that
mannose dominated (99-100%) on the EPS producedabtpbacillu delbrueckii
subsp bulgaricus andStreptococcus thermophilus strains in skim milk and MRS/M17
medium. Pavlova and Grigorova (1999) reported that interaction between the
polysaccharide synthesized bighodotorula acheniorum MC polymer (92.8%
mannose and 7.2% glucose) and xanthan showed ssteaffect. The viscosity of a
mannan—xanthan (20:80) mixture was 40% higher agpaced to the xanthan alone.
Proportions of glucose and mannose in EPS fourmumstudy were different from

EPS recorded. These biopolymers could offer thedppity for new applications.

4.7 ldentification of selected isolates of exopolysacahde-producing

bacteria

4.7.1 Morphological, cultural and physiolgical characterization
Twenty lactic acid bacterial st@s were selected according to their EPS-
production abilities from section 4.2.1 for theirorphological and physiological
characterization. These selected isolates were (pasitive, non-spore forming and
catalase negative (Table 4.10). Sixteen, threecaedsolates found to be rods, cocci
and ovoid, respectively. Cultural and morphologichércteristics of some selected
isolates were shown in Figure 4.17, 4.18 and 4Fb9.biochemical characterization
results compared to APIS0CH/CHL database, nineaissl of hetero-fermentative
rods; C25, FLB1, PSMS1-1, PSMS2-4, PSMS3-6, PSM$SMS5-1, SSMS1, and

SSMS6 were identified askissella confusa with preciseness at 99.8, 99.6, 99.8, 99.9,
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Table 4.10 Cell morphology and some physiological charactessiof selected

isolates of EPS-producing lactic aid bacteria.

Isolate Source of bacterial Characteristics
code isolation
Cell shape Cell sizem) CO,
production
C25 Chicken intestine Rods, short chains  0.43-0.53 x 0.63-1.31 +
c27 Chicken intestine Rods, short chains  0.40-0.52 x 0.62-0.89
C56 Chicken intestine Rods, short chains  0.30-0.45 x 1.12-1.31
C58 Chicken intestine Rods, short chains  059-0.76 x 1.16-1.70
FKU5 Pla-som Rods, short chains 0.42-0.63 x 0.83-1.15
FKU23 Pla-som Rods, short chains 0.43-0.63 x 0.76-1.41
FLB1 Pla-som Rods, short chains  0.45-0.52 x 0.55-1.38
G3 Tapioca waste Cocci, short chains  0.50-0.59 x 0.59-0.80
15 Tapioca waste Cocci, short chains  0.43-0.52 x 0.52-0.78
NHMS3 Nham Rods, short chains 0.43-0.55 x 0.81-1.50
P14 Pig intestine Cocci, short chains  0.78-0.88 x 0.98-1.26
PSMS1-1 Pla-som Rods, short chains 0.35-0.40 x 0.79-1.16
PSMS1-5 Pla-som Ovoids, short 0.31-0.42 x 0.56-1.17 +
chains
PSMS2-4 Pla-som Rods with a 0.41-0.76 x 0.90-1.70 +
thicken at one end,
short chains
PSMS3-6 Pla-som Rods with a 0.40-0.59 x 0.83-1.36 +
thicken at one end,
short chains
PSMS4-4 Pla-som Rods, short chains  0.66-0.74 x 1.19-1.25
PSMS5-1 Pla-som Rods, short chains 0.53-0.66 x 0.90-1.07 +
RMS3-1  Rice grain Rods, short chains 0.54-0.69 x 0.89-1.53 +
SSMS1  Sai-krork-prieo Rods, short chains 0.38-0.50 x 0.74-1.20 +
SSMS 6  Sai-krork-prieo Rods, short chains  0.49-0.66 x 0.73-1.26

Symbols: +, positive; -, negative.
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Figure 4.17 Colony morphology of lactic acid bacterial isolatega) C56, (b)
FKU23, (c) G3, and (d) I5 on MRS agar at 30°C 8¢
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Figure 4.18 Colony morphology of lactic acid bacterial isolatéy P14, (f)
PSMS1-5, (g) PSMS4-4, and (h) RMS3-1 on MRS aga&0ac€ for
48 h.
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Cell morphology from Gram stain of lactic acid @l isolates (a)

C56, (b)FKU23, (c) G3, (d) IS, (€) P14, (f) PSMS1-5, (g)\PS$4-4,

and (h) RMS3-1.
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Table 4.11 Identification results of selected lactic acid leaietl isolates according to

biochemical characteristics.

Isolate Identification (% identity)
code According to APl 50CH/CHL system (Biome’rieux, Fraice)
C25 Weissella confusé09.8%)
Lactobacillus delbruecksubsp.delbrueckii(58.9%)
c27 Leuconostoc mesenteriodashspmesenteriodes/dextranicu2n(99.9%)
C56 Lactobacillus salivariug99.7%)
C58 Lactobacillus salivariug99.9%)
FLB1 Weissella confusé09.6%)
Lactobacillus acidophilu8 (78.2%)
Lactobacillus delbruecksubsp.delbrueckii(58.9%)
FKU5 Leuconostoc mesenteriodashspmesenteriodes/dextranicu2n(99.9%)
FKU23 Leuconostoc mesenteriodasbspmesenteriodes/dextranicu2n(98.4%)
G3 Lactobacillus crispatu$99.9%)
15 Lactobacillus acidophilu® (99.6% )
NHMS3 Lactobacillus pentosu®9.9%)
P14 Lactococcus lactisubsp lactis1 (98.6%)
Pediococcus pentosace$95.8%)
Pediococcus pentosacelig91.2%)
PSMS1-1 Weissella confusé09.8%)
Lactobacillus brevid (94.5%)
Weissella confusés5.1%)
PSMS1-5 Leuconostoc mesenteriodes subsp. mesenteriodeafientn?2 (99.1%)
Lactobacillus brevid (99.5%)
Leuconostoc citreurf93.7%)
PSMS2-4 Weissella confusg99.9%)
Lactobacillus acidophilu8 (83.8%)
Lactobacillus delbrueckii subsp. delbruediib.9%)
PSMS3-6 Weissella confusg99.7%)
Lactobacillus acidophilu8 (92.5%)
PSMS4-4 Weissella confusg99.2%)
Lactobacillus acidophilu8 (83.6%)
Lactobacillus brevid (63.5%)
PSMS5-1 Weissella confusg9.2%)

Lactobacillus brevid (94.5%)
Lactobacillus acidophilu8 (73.1%)
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Table 4.11 (Continued) Identification results of selected ilaeicid bacterial isolates

according to biochemical characteristics.

Isolate Identification (% identity)
code according to API 50CH/CHL system (Biome'rieux, Frace)
SSMS1 Weissella confusé09.8%)

Lactobacillus delbruecksubsp.delbrueckii(98.6%)

SSMS6 Weissella confusé94.4%)
Lactobacillus delbruecksubsp.delbrueckii(74.1%)

RMS3-1 Lactobacillus brevis199.9%)

99.7, 99.2, 99.2, 99.8, and 94.4% homology, respaygt(Table 4.11). Three isolates
C27, FKU5, and FKU23, were heterofermentative, amdild be identified as
belonging to the genukeuconostoc Their biochemical profiles were closed to
Leuconostoc mesenteriodas 99.9, 99.9, and 98.4% homology, respectivedglakte
PSMS1-5, the heterofermentative ovoid, was idesdifi as Leuconostoc
mesenteriodesLactobacillus brevis, Leuconosnoc citreu@®9.1, 99.5, and 93.7%
respectively). Two isolates C56 and C58 were simwah Lactobacillus salivarius
(99.7 and 99.9% respectively). Isolate NHM$&s identified asLactobacillus
pentosug99.9%). Isolate RMS3-1 was identifiedlaectobacillus brevig99.9%).
Amongst the twenty EPS-producing isolates, a Grasitpe coccus isolate;
P14, was identified akactococcus lactisand Pediococcus pentosace(®3.6 and
95.8% respectively)The isolates 15 and G3 gave 99.6 and 99.9% homolaitly
Lactobacillus acidophilusndLactobacillus crispatusrom APIS0CH/CHL database,
respectively. Boyett al. (2005) mentioned that APISOCH/CHL database coeduito
occasionally misidentification or uninterpretablesults for Lactobacillus species.

Eight potential EPS-producing isolates; C56, FKUB3,P14,PSMS1-5, PSMS4-4,
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and RMS3-1, were chosen for further characteripatising 16S ribosomal RNA

sequencing technique.

4.7.2 Sequencing of 16S ribosomal RNA gene
Eight potential EPS-producimgplates were identified using 16S
ribosomal RNA sequencing technique (Weisbwtgal., 1991). The gene was
amplified from genomic DNA using fD1/rP2 primers.nd expected size of

amplified DNA fragments obtained were approximate®00 bp (Figure 4.20).

Figure 4.20 Gel electrophoresis of PCR products obtained frioenamplification of
lactic acid bacterial 16S rRNA gene using primé4dnd rP2. Lanes:
M, Molecular weight marker (1 kb plus DNA laddenyvitrogen); 1a,
bacterial isolates C56; 2a, G3; 3a, 15; 4a, P14n&gative control; 1b,
P14; 2b, PSMS1-5; 3b, PSMS4-4; 4b, RMS3-1, and ridgmative

control.
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Figure 4.21 Sequence alignment of 16S rRNA gene of Gram-pesiactic acid
bacterial cocci: isolates 15, G3, P14, and PSM3iyausing ClustalW

and BioEdit programs. Bloadhkdicate the conserved nucleotides.



99

710 TFz0 730 740 750 7Ee0 arin]
P O TP TNl E A S I [P Ol I I IR [P DA
15 672 CCATGTGTAGCEET TGCGTAGATATATGGA cACHIETEGC CRECTICT 741
63 672 CCATGTRTABCGET TGCGTAGATATATGGA CACOEBTEGC CRECTICT 741
P14 700 CCATGTGTAGCEET TGCGTAGATATATG CACRETEGC CEECTRTCTGE 762
PSMS1-5 673 CCATGTGTAGCEET TECGTAGATATATG CACCRETEGC CGEC 74z
g0 =l 200 210 220 220
R P P TN AN IR IR [P IR
15 T4z [ ACAGGATTAGATACCCT GGTAGTCCH 811
63 T4z [ ACAGGATTAGATACCCT GGTAGTCCH 811
P14 770 G CAGGATTAGATACCCT GGTAGTCCHY 839
PSMS1-5 743 CAGGATTAGATACCCT GGTAGTCCHY g1z
860 870 280 830 200 210
P T O [P s I [Pl [P [P [N
15 g1z GTGT cedrrTecdesedifeTed GCTALCECATTAARAR 881
63 g1z GTGT CCATTTCCREREANTRET R GCTAACECATTAARGR 881
P14 840 GTET GERTTTCCHCCC TR GTE] GCTAACGCATTAAI 209
PSMS1-5 &13 GTGT GRITTCCHCCTAYTRETG] GCTAACGCATTAA gaz
SEZ0 230 240 jc3n) =T 270 280
S TS TP LN ER I I B I | P I TN I I
15 852 [CCTEGBEEAGTACGACCGCAAGGT TEARACTCALNAGALT TEACEEERHCCCECACRAGCEETGEAGCATE 951
63 882 |CCTEGEEAGTACGACCGCAAGGT TEARACT CALNGEALT TEACEEEHACCCECACAAGCEETGEAGCATE 951
P14 910 |[CCTEGEEAGTACGACCGCALGGTTGARACT TTEACGEGHACC CECACARGCEETEEAECATH 979
PSMS1-5 883 |[CCTEGEEAGTACGACCGCAAGGTTGARACT TTGACGEGECCCECACAAGCGRTEEAGCATH 052
S90 1000 1010 10zZ0 1030 1040 10E50
S PPN Iy el [P PPl Iy IRyl [Py [P (R R IR P
15 952 [GETTTAATTCGAAGORACGCGRAGRACCTTACCAGGTCTTGACATCC ratect 66 1021
63 952 [TGETTTAATTCGAAGCRACECGRAAGRACCTTACCARETCTTGACATQCC TATICCT] 66 1021
P14 950 [TBETTTAATTCGAAGATRCECGRAGRACCTTACCARGTCTTRACATAITC CARTICTA AG 1048
PSMS1-5 G953 [TGGTTTAATTCGAAGCOMRCGCGAAGAACCTTACCAGGTCTTGACATACTT GAIrTT GA 1021
los0 1070 1080 1020 llo0 1110 1120
T T Sl S [Pl [ Al I I [N I |
15 102z I cee-fTEACAGETGETGCAT GGG TCET CAGCTCET GTCETGAGATETTGEE 1050
G3 102z T CEE-{TEACAGETGET GCAT GETIIETCET CAGC TCET GTCETGAGATBTTGEE 1052
P14 1049 GECA GACAGETEETECATGETBTCETCAGCTCETET CETEAGRTRTTEREH 1117
PSMS1-5 1022 CARARTGACAGET GETGCAT GETIQETCET CABCTCET GTCETGAGATETTGEE 1091

11z0 1140 1130

15 1090 [ITARGTCCCECARCGAGCGCARCCG i LR GTTGEECACTCTAR 1158
63 1090 [TTARGTCCCECARCGAGCGCARCC i Il GTTEEECACT CTAR 1158
P14 1118 [TTAAGTCCCECAACGAGCGCAACC i b GT TEEECACT CTAR 1187
PSMS1-5 1092 [TTAAGTCCCBCAACGAGCGCARCC i PGTTGEECACTCTARG 1160

1zoo 1z10 1zzZ0 1230 1z40 1250 lZSD

P TP I Tl S O F ey Ol I Il I I

15 1159 [BCCBE CCGEAGGAAGHIGGE CE TCATCATGCCCCTTATG&CCTGGGCTACA 1228
G3 1159 [BCCGE CCGEAGGAAGHIGGE CE TCATCATECCCCTTATGACCTGEECTACACH 1228
P14 1158 [BCCEE CCGEAGGRAAGHIGGE CE TCATCATECCCCTTATGACCTGEECTACACH 1257
PSMS1-5 1161 [GCCEG CCEGAGGAAGRHOGGE CE TCATCATECCCCTTATGACCTGEEECTACACH 1230

1270 1230

I P I .l

15 1229 ddracanTedrTe cTCH] 1298
63 1229 AATACALTEHITE cren| 1298
P14 1258 AATACALTGELTE cren| 1327
PSMS1-5 1231 AATACALTEHCGT cren 1300

Figure 4.21 (Continued) Sequence alignment of 16S rRNA gen&@m-positive
lactic acid bacterial cocci: isolates 15, G3, Padgd PSMS1-5, by using
ClustalwW and BioEdit programs. Blocks indicate tlw®nserved

nucleotides.



100

1340 1350 1360 1370 1380 1320 1400
Sl P T T Al I I [ I |

AGTCEGAATCGCTAGTAATCECGRAT CAGCAdeCCRd 1368
AGTCEGAATCGCTAGTAAT CECGRAT CAGCAARCCR 1368
AGTCEGAATCGCTAGTAAT CECGRAT CAGCATIBCCR 1397
A GTCEGAATCGCTAGTAAT CECGRAT CAGCAAECCR 1370

I5 1299 i
G3 1299 BTTCGG
Pld4 15328 BTTCGG
PSMS1-5 1501 GTTCGG

1
| r.r TGCAACTC r.t :H
| £

H TECAACTC r!

1410 14z0 1430 1440 1450 1450
P I I [ I A N I I
15 1369 [FETGRAATACGTTCCCEERACTTBTACACACCHCCCET CACR GTTTGTA cd 1435
63 1369 [FGETGAATACGTTCCCEERACTTETACACACCHCCCET CACAC GTTTETA cd 1435
Pl4 1395 |BGTGAATACETTCCCRERACTTRTACACACCHCCCET CACAC GTTTETA cd 1467
PSMS1-5 1371 |BBTEAATACGTTCCCEGRTICTTETACACACCGCCCGTCACAL GTTTETANTRCC 1440
1480 14320 1E0d 1510 1E5E0 1530 1E40
AT L o IS Ay e [ IS [ ISPl I |
15 1439 frdhee GCCRACTALG GaTGHr THEEREAAGTCRTAACAAGETAY 1508
63 1439 [IGRGE GCCRACTALG GATGATTR LGTCGTAACAAGGTAE 1508
P14 1465 [IHG6E GCCHIICTALG GAJCRGA T GAT T2 LGTCGTAACAAGGTAE 1537
PSMS1-5 1441 [THECq GCCHIICTAL G GARGA T GAC G LGTCGTAACAAGGTAE 1509

15 1509 [CCGT 1512

G3 1509 CCGT] 151z
P14 1538 CCGT 1541

PSMS1-5 1510 [CCGT| 1513

Figure 4.21 (Continued) Sequence alignment of 16S rRNA gen&i@m-positive
lactic acid bacterial cocci: isolates 15, G3, Padd PSMS1-5, by using

Clustalw and BioEdit programs. Blocks indicate tlenserved

nucleotides.
10 Z0 30 40 4] &0 0
Che 1 RGAGTTTGATCCTEGC T CAG! GAACGCTEECEECGTGCCTARTACATGCAAGT CGAACGRALC 70
FEU23 1 RGAGTTTGATCCTEGC T CAG! GAACGCTEGGCGECGTGCCTAATACATGCAAGT CGAACHCACT 70
PSMS4-4 1 RGAGTTTGAT CCTGGC T CAG! GAACGCTGGCGECGTGCCTAATACATGCAAGTCGRACRHCTTT 70
RMS3-1 1 RGAGTTTGAT CCTGGC T CAG! GAACGCTEGCGGCGTGCC TAATACATGCAAGT C GAACHAACT 70
20 a0 100 110 1z0 1320 140
Ch6 70 —_——— —=-ATGCTTGORT---TCA--CC —=—1GTEGC q GTGAGT. 124
FEU23 71 T——— GENGCTTGOQIC——-CTGATT q TENGTGGC q GTGAGT. 133
PSMS4-4 71 TCAD —GNGCTTGQI CAGATATGAC A} GNGTGGC q GTGAGT. 139
RMS3-1 71 A——— ——GMGCTTGCAT ——-CA———T TAQ TEAGTEEC OQIGGT GAGT. 127
1&0 170 1g0 130 00 £10
P L [P [P [y [PPYN [P PP (S R .
Ch6 125 ITAL0 GCGEATAL G GCTALATACC IH' CTCTAAG 194
FEU23 134 IC TAML AT (GG GEL TAL GEALACA GCTAATACC ri'- RALCCTALR 203
PSMS4-4 140 IT CT Tl GGGEATAL GGEALACA GCTAATACC PH' RCAATAGC ZO9
BRMS3-1 1z8 """‘_I HGGGEATAL GGEALACA GCTALATAC CHOPR RLCAACTTG 197

Figure 4.22 Sequence alignment of 16S rRNA gene of Gram-p@sikactic acid
bacterial rods: isolates C56, FKU23, PSMS4-4, aMiSB-1, by using
Clustalww and BioEdit programs. Blocks indicate tlenserved

nucleotides.



Z30 Z50 Ze0 270 280
I S TP I I .
56 195 rrafeaTedpfccceced 263
FEU23 204 TARGATEHCCCEORH 273
PSMS4-4 210 TERICCCECRH 278
RMS3-1 198 TTREATEHICCCECRE 267
z20 3EZ0 330
ol B T T (A T
56 264 T GETREG GTAL plddTa 6 coaadT6a GAl 333
FEKU23 274 IT 6T NG GTARE TR GCoealc ATEAGR 343
PSMS4-4 279 T GG THME GTAS TR GCCRAGTIT GAGR 343
RMS3-1 268 T G6THAG GTAS PRI GC CBMC T GAGA 337
360 370 380 390 400 410 4z0
T I N T I PSS [P Il [P IR [ |
56 334 [RCTGAGACACEGECC CTCCTACGGRAGGCAGCAGTAGERALTCTTCCACAATG hadcTeat] o3
FEU23 344 RCTGAGACACEECC CTCCTACGGRAGGCAGCAGTAGEEALTCTTCCACALTEG aeTean] 113
PSMS4-4 349 RCTEAGACACEECC CTCCTACGGRAGGCAGCAGTAGEEALTCTTCCACALTEG AQdcTGAT| 218
RMS3-1 338 RCTGAGACACGGCC CTCCTACGGRARGCAGCAGTAGEGAATCTTCCACAAT G pagrcrear 407
450 4a0 470 480 430
BT N I I N [P
56 404 rdreedyfrceTasaadicTeTTorAGRGAL CGAl 473
FEKU23 414 TITTCEET CRTAAAAQNC TETTGTIT BHRGAL GTAT 453
PSMS4-4 419 M TCERATCRTAAAAQUCTETTE GAA GACA 43
RMS3-1 408 M TCEFAT CRTAAAAANCTETTE GAA TAT 477
£l0 EED B0
I B I T
56 474 GACGGTAT] BACGTGCCAGCABCCGCGH 543
FEU23 454 GACGGTAT] BCETECCAGCABCCECGH 553
PSMS4-4 459 GACGGTAT] BCETECCAGCABCCRCGH 555
RMS3-1 478 GACGGTAT] ACETGCCAGCABCCRCGH 547
570 £&0 £30 &0a &ld
B T T T S TN ISl BN U TS [
56 544 [TAATACGET FAAGCET T CCOBATTTATTGEGCGTARAR GCARECGE 513
FEKU23 554 [TABATACET HCAARGCET T CCGBATTTATTBEECETARAR GCARRCGE 523
PSMS4-4 559 [TARATACET. QCARGCET TRYT CCOBATTTATTBEECETARAR GCARMCGE 625
RMS3-1 548 [TBATACGT. HCABRGCET T CCGBATTTATTGEGCETARAR GCARRCGE 617
BE&0 &70 &80 &90 700
T e I Iy T ISP B e
56 614 G GAAACTEG CTTEAGTGCARRGRE 653
FEU23 624 G GARACTE CTTBAGTGCA YL GAG 593
PSMS4-4 629 G GARACTE CTTBABTGCARILGAG 595
RMS3-1 618 r] GAAACTG CTTGAGTGCAGYAGAR 687
710 TED 720 740 7LD Ten Fariel
T I [P [Pl [ [P Iy [P [Pl I [Py I -
56 634 [FTGGRAACTCCATGTGTAGCGGTGARATGCGTABATATATGEAAGALCACCAGTGGC 753
FEU23 694 |BTGGAACTCCATGTGTAGCGGTRARATGCGTARATATAT GEAAGAACACCAGTRRE 763
PSMS4-4 699 [GTEEAACTCCATETGTAGCGETGAAATGCGTAGATATAT GGALGRLACACCAGTGEC 768
RMS3-1 658 [BTEEAACTCCATETGTAGCGGTGARATGCETAGATATAT GGAAGAACACCAGTBEE 757
780 790 s00 210 80 830
A I N N [Ny B [OS N H SOl Y IR I TN
56 754 TETAACTGAC RJTGAC AT C6ARARCHT 666 TAGCARACAGGAT TAGATACC CTGGTAGTC g23
FEKU23 764 TGTAACTGAC AATGAG AT CGARARCAT 666 TAGCARACAGGAT TAGATACCCTGGTAGTC 833
PSMS4-4 763 TGTAACTGAC RITGAGHIT CGARA GGBTAGCABACAGGAT TAGATACCCTGETARTC 838
RMS3-1 758 TGTAACTGAC GO GAG T CGALL GGETAGCAAACAGGAT TAGATACCCT GETAGTC 827
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Figure 4.22 (Continued) Sequence alignment of 16S rRNA gen&@m-positive
lactic acid bacterial rods: isolates C56, FKU23M%4-4, and RMS3-1,
by using ClustalW and BioEdit programs. Blocks agale the conserved

nucleotides.



850 260 g870 880 890
B I [ oy [P ISl B [P [y
56 824 [CETARACGAT GCTHHETET GGETTTCCRCCCT G T6ddeCAGCTARCE 593
FEU23 834 [CETAARCGAT GCTAFETET GGETTTCCRCCCT IR GTEAJECAGCTALCE 903
PSMS4-4 539 |CETAAACGAT GCTAFETET GGETTTCCRCCCT TR GTEAJECAGCTALCE 903
RMS3-1 528 |CETAAACGAT GOTARGT BT BGETTTCCRCCCT IR GTEAIECAGCTALCE 897
320 230 240 =) =T:n) a7a 380
B T T I N IS H AN [ IR N N I
56 694 TGG66AGTAC RfCCECAAGRIGAAACT CARAGGAAT TGAL GEGRRC CCGCACARGLEETGGAGY 262
FEU23 o04 T GG66AGTAC RYCCECAL BRTTGAAACT CARAGGAAT TRAL GEEHAC CCGCACAAGCRETERAGY 572
PSMS4-4 509 TG G66AGTAC BYCCBOAL BRI BARACT CAAAREAAT TRACEEEHAC CCRCACAAGCGETERAGH 375
RMS3-1 598 TG G66AGTAC HRCCHCAL BRATGARAACT CARAREALT TRACEEEHRC CCRCACARGCEETERAGH J66
930 000 1010 10EZ0 loz0
P P N [ (A ISl ) ISl I Il J
56 963 [RTGTGGTTTAATTCGARGOCGCORARALCCTTACCAGETCTTEACA 1032
FEKU23 973 RIGTGETTTAATTCGARGCLCGCORARALCCTTACCAGETCTTGACA 1042
PSMS4-4 979 RTETEGTTTAATTCGARGCR CGCGAABAACCTTACCAGETCTTEACA 1045
RMS3-1 967 RTETEGETTTAATTCGARGO CGCGAABALCCTTACCAGETCTTEACA 1036
1l0&0 1070 l0g0 1090 1100 1110 1120
R L el IR I I B I |
C56 1033 AGBT ceTTCqEAC CAGGIGGTECATERAIGTCOTCAGCT CETRACGTGAGATETTER 1102
FEU23 1043 GABC COTTCHAGGAC CAGRTEETGCATGRIT BT CBTCAGCT COTHICETGAGATRTTGH 1112
PSMS4-4 1049 GAGC COTTCHAGGACAR R CAGBTEETGCATGRIN BT CBTCAGCT CBTRICETGAGATRTTRH 1115
RMS3-1 1037 AGAC COTTCHAGGACAT R CAGBTEETGCATGRIN BT CBTCAGCT CBTHICETGAGATETTRH 1106
11z0 1140 11E0 1le0 1170 1lls0 1120
PP I I I D I P T Il Iy I |
56 1103 [FTTARGTCCCBCARCGAGCECARCCCT b GTTECCAGCATTRRGTT GEGCACTC Gact 117z
FEKU23 1113 [FTTARGTCCCBCAACGAGCGCARCCCT L GTTECCAGCATTIRGTT GEGCACTC Gact 1182
PSMS4-4 1119 [BTTAAGTCCCRCAACGRABCECALCCCT L GTTECCAGCATTIRGTT GEGCACTC Gact 1185
RMS3-1 1107 [BTTAAGTCCCRCAACGRABCECALCCCT b GTTECCAGCAT TIIGTT GEGCACTC Gact 1176
1z00 1210 12z0 1220 lz40 1250 1260
PPN I IR I ISR IOl B I IR I
56 1173 [FCCGETBACARACCERAGGAAGETGRGEAAGACET CATCATGCCCCTTATGACCTGGGCTACA 1242
FEU23 1183 |FCCGETGACARACCEGAGGARGGTGEGGACGACET CATCATBCCCCTTATBACCTGERCTACACH 1252
PSMS4-4 1189 BCCEETGACARACCGGAGGAAGGTGREEATIGACET CATCATBCCCCTTATGACCTGEGCTACACH 1258
RMS3-1 1177 BCCGETGACARACCGGAGGAAGGTGREEATIGACET CATCATBCCCCTTATGACCTGEGCTACACA 1246
1z70 1z80 1230 1300 1310 13z0 1330
N I A I 1 S L Ty B
56 1243 KGTGCTACAATGRRCE GCTBATCTCTT. copTfreTcs] 1312
FEKU23 1253 KGTGCTACAATGHRTG GCTABATCTCTT. ceanrercy| 1322
PSMS4-4 1259 [CBTECTACBATGHCGT. GCTBATCTCTT. Tacereres 1325
RMS3-1 1247 [CETECTACAATGHLT G GCTAATCTCTT. ceatreres] 1316
1340 13E0 120 1370 1380
I T T IS [y Il Ay [l Iy
56 1313 [FTTCEBATTGTAGECTGCALCTCRCCTACATRALRRERAT CECTARTAAT CBC 1382
FEU23 1323 [FTTCEEATTGTAGECTECALCTCRCCTACATRALRANRGAAT CGCTABTAAT CBC 1392
PSMS4-4 1329 [BTTCEGATTETAGGCTRCALCTCRCCTACATGALRTIOREALT CGCTAGTALT CBC 1398
RMS3-1 1317 BITCEEATTGTAGGCTGCAACTCECCTACATGALGTIQRGAAT CECTABTARTCEC 1386
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Figure 4.22 (Continued) Sequence alignment of 16S rRNA gen&@m-positive
lactic acid bacterial rods: isolates C56, FKU23M&4-4, and RMS3-1,
by using ClustalW and BioEdit programs. Blocks oade the conserved

nucleotides.
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Ch6 1383 GGTGBATACGTTCCCGG
FEU23 1393 GGTGAATACGTTCCCGG
PSMS4-4 1399 GGETGAATACETTCCCGG
RMS53-1 1387 GEIGAATACETTCCCLG

CTTGTBCACACCGCCCGTCACACCATI}BI}BGTTTGTMCACCMG
CTTGTACACACCGCCCGT CACACCATGAGAGTTTGTAACACCCALLG
CTTGTACACACCGCCCGT CACACCATRAGAGTT TG TAACACCCALLG
CITETACACACCHCCCGTCACACCATGAGAGTT I GTAACACCCALLG

oo

1420 1490 1500 LE10 1E5z0 1530 1540
-------------------------------- l----1----J----/----}.----]...
Che 1453 = — CAGCC TMGGTGGGRCAGRTGRT GGTmGTCGTﬂACﬂAGGT 15z0
FEU23 1463 ICTTCl> CAGCC TAAGGT GGEACAGATGAT GETGAAGT CGTAACAAGGTA 1532
PSHM54-4 1469 [T--TC CAGCC TAAGGT GGGACAGATGAT GETGAAGT CGTAACAAGGTY 1556
FM53-1 1457 [TT T TAl CAGCC TAAGGT GGGACAGATGAT GETGAAGT CGTAACAAGGTN 1525

Ch6 1521 BCCBT| 1525
FEU23 1533 BCCBT| 1537
P5MS4-4 1537 GCCBT| 1541
RMS53-1 1526 BCCBT] 1530

Figure 4.22 (Continued) Sequence alignment of 16S rRNA gen&i@m-positive
lactic acid bacterial rods: isolates C56, FKU23M34-4, and RMS3-1,
by using ClustalW and BioEdit programs. Blocks aade the conserved

nucleotides.

Table 4.12 The length of 16S ribosomal RNA gene sequencesigift potential
EPS-producing isolatesbtained from DNA sequence analysis.

Bacterial isolates Length of 16S ribosomal GenBank accession
RNA gene sequences (nt) number
C56 1525 FJ611792
FKU23 1537 FJ611791
G3 1512 FJ611790
15 1512 FJ611789
P14 1541 FJ611788
PSMS1-5 1513 FJ611787
PSMS4-4 1541 FJ611786

RMS3-1 1530 FJ611785
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After sequencing, the amplified 16S rRNA gene fragts were aligned (Figure
4.21 and 4.22). The length of the DNA sequencesummarized in Table 4.12. The
percentages of 16S rDNA sequence similarity amaodpies were 84-99% (Table
4.13 and 4.14). The isolate I5 showed the highestasity with G3 at relation value
of 99%. Then, the 16S rDNA sequences were comp&oethose available in
GenBank databases using standard nucleotide-nisdedLAST program to
ascertain their closest relatives. Results of sintyt and strain homology are shown
in Tables 4.13and 4.14. The isolate G3 had 100, 100 and 99% R3¥Argene
sequence similarity, when compared3oeptococcus infantarius subsp infantarius
strains CIP106106, CIP106107, anfireptococcus luteiensis CIP 106849
respectively. The isolate 15 had 99% 16S rRNA gemequence similarity, when
compared taStreptococcus bovis, S. equinus, S. infantarius andS. luteiensis (Table
4.14). The isolate P14 was identifiedResliococcus pentosaceus according to API-
system (95.8% identity). Based on 16S rRNA geneaecg, isolate P14 belonged to
the Pediococcus as shown in Table 4.16. Isolate PSMS1-5 could demtified as
belonging to Leuconostoc mesenteriodes according to API-system with 99.1%
identity. Sequencing of 16S rRNA gene showed thatisolate PSMS1-5 belonged to
the Leuconostoc. For Gram-positive rod, C56 was similarltactobacillus salivarius

at 99.7% identity and 99% similarity based on ABtem and 16S rRNA gene
sequence, respectively. Other isolates includindJEX RMS3-1, and PSMS4-4
appeared to closely related witleuconostoc mesenteriodes (98.4%), Lactobacillus
brevis (99.9%), andMeissella confusa (99.2%)according to API5S0CH/CHL database,
respectively. Based on 16S rRNA gene sequence showable 4.15, the isolate

FKU23 was closed tolLactobacillus sake DSM 20017 (99% similarity),
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Lactobacillus graminis DSM 20719 (98% similarity), andLactobacillus curvatus
DSM 20019 (98% similarity). The isolate RMS3-1 was closed Limctobacillus
pentosus NRIC 1833, Lactobacillus plantarum NRIC 1838, andLactobacillus
pentosus NRIC 1837 (99% similarity). The isolate PSMS4-4swadosed toMeissella
confusa JCM 1093 andWeissdlla cibaria LMG 17699 (99% similarity) The
phylogenetic trees were constructed based on tise rDBNA sequences using the
neighbour-joining method with software MEGA versidrD (Tamuraet al., 2007)
(Figure 4.23 and 4.24Both unrooted trees were divided into two claddade |,
a homofermentative group and clade I, a hetercéatative group. For Gram-
positive cocci, the isolate PSMS1-5 was placed ledes I, which represented
homofermentative group. The species of geediococcus and Streptococcus were
placed in clade IlI, which were heterofermentativasd demonstrated the close
relationship between those genera. For Gram-pesitods, clade | represented
homofermentative group, composed of the isolate .8BIS3-1, FKU23, and

PSMS 4-4 were placed in clade |Il, which were hd&mentatives



Table 4.13 16S rRNA gene sequence similarity of Gram-positigcci and related species.

Bacterial 5 G3 P14 PSMS 1 2 3 4 5 6 7 8 9 10 11 12 13 14

isolates 1-5
15 100
G3 99 100

P14 86 86 100
pPsMs1-5 84 84 85 100
9 99 86 84 100

[

2 99 99 85 84 99 100

3 99 100 86 84 99 99 100

4 99 99 84 84 99 99 99 100

5 99 100 86 84 99 99 100 99 100

6 99 99 86 84 9 99 99 99 99 100

7 99 99 86 84 99 99 99 99 99 99 100

8 86 86 99 85 86 86 86 83 86 86 86 100

9 86 86 97 85 86 86 86 83 86 8 86 98 100

10 85 85 97 84 85 84 86 83 8 86 84 98 97 100

11 82 82 96 82 82 82 82 83 82 82 82 96 96 96 100

12 84 84 85 99 84 84 84 83 84 84 83 8 85 85 83 100

13 83 83 82 99 83 83 83 83 83 83 83 82 85 82 83 98 100
14 83 84 82 99 83 84 84 84 84 84 83 82 85 82 83 99 9200

901
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I5: Streptococcus sp. 15, G3: Sreptococcus sp. G3, P14:Pediococcus sp. P14, PSMS1-%:euconostoc sp. PSMS1-5, 1Sreptococcus
bovis strain ATCC 27960 (AB002481), &reptococcus bovis strain NCFB 2476 (AF396922), &reptococcus infantarius subsp
infantarius strain CIP 106106 (DQ232529), &reptococcus equinus strain NCDO 1037 (AF429765), 5:Streptococcus infantarius
subspinfantarius strain CIP 106107 (DQ232530), 8reptococcus luteiensis strain CIP 106849(DQ232532), 7Streptococcus bovis
NCTC 11436 (AJ305257), &ediococcus pentosaceus strain DSM 20336 (AJ305321), 9:Pediococcus acidilactici strain DSM
20284 (AJ305320), 10:Pediococcus stilesii strain LMG 23082 (AJ973157), 11:Pediococcus claussenii strain DSM 14800
(AJ621555), 12:Leuconostoc citreum strain NRIC 1776 (AB022923), 13:euconostoc mesenteroides strain NRRL B1355
(EU574896)14: Leuconostoc holzapfelii strain LMG 23996 (AM600682).
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Table 4.14 16S rRNA gene sequence similarity of Gram-positivds and related species.

Bacterial C56 FKU23 PSMS4-4 RMS3-11 2 3 4 5 6 9 10 11
isolates

C56 100

FKU23 91 100

PSMS4-4 88 90 100

RMS3-1 90 93 89 100

1 99 91 87 90 100

2 99 91 88 90 99 100

3 99 91 88 90 99 99 100

4 91 99 90 93 90 91 91 100

5 91 98 90 93 99 91 91 99 100

6 91 98 89 93 90 91 91 99 99 100

7 87 89 99 88 8 87 87 90 89 89 100

8 87 89 99 88 8 88 88 90 90 90 99 100

9 90 92 88 99 90 912 90 92 93 93 8 88 100

10 90 92 88 99 90 91 90 92 93 93 88 88 100 100
11 90 92 88 99 90 91 90 92 93 93 88 88 99 99 100
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C56: Lactobacillus sp. C56 FKU23: Lactobacillus sp. FKU23, PSMS4-4Weissella sp. PSMS4-4, RMS3-1t actobacillus sp. RMS
3-1, 1:Lactobacillus salivarius strain ATCC 11741 (AF089108), 21 actobacillus salivarius strain NBRC 102160(AB326353), 3:
Lactobacillus salivarius strain JCM1231 (AB370881), 4:Lactobacillus sakei strain DSM 20017 (AM113784), 5:Lactobacillus
graminis strain DSM 20715 (AM113778),6: Lactobacillus curvatus strain DSM 20019 (AM113777),7: Weissella confusa strain
JCM 1093 (AB023241), 8Weissella cibaria strain LMG 17699 (AJ295989), 9:Lactobacillus pentosus strain NRIC 1837
(AB362758), 101 actobacillus pentosus strain NRIC 1833 (AB362754), 1LLactobacillus plantarum strain NRIC 1838 (AB362759).
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Table 4.15 Similarity of 16S rRNA gene sequence of eight exggaccharide-

producing bacterial

nucleotide sequence database (NCBI).

iIsolates compared with otherctdyéga from

Bacterial Length Nucleotide sequence comparison, identificationlteswd details
isolate of Closest relative Length  Sequence GenBank Isolation
code sequence of homology  accession source/
(nt) sequence (%) number remark of
(bp) closest
relative
C56 1525 Lactobacillus 1570 99 AF089108 Oral
salivarius
ATCC 11741
Lactobacillus 1487 99 AB326353 Human
salivarius intestine
NBRC 102160
Lactobacillus 1486 99 AB370881 Human
salivarius saliva
JCM 1231
FKU23 1537 Lactobacillus 1561 99 AM113784  “Moto”
sakei starter of
DSM 20017 sake
Lactobacillus 1548 98 AM113778 Grass silage
graminis
DSM 20719
Lactobacillus 1559 98 AM113777 Milk
curvatus
DSM 20019
G3 1512 Streptococcus 1470 99 DQ232532 Human
luteiensis
CIP 106849
Streptococcus 1463 99 AF429765 Horse faeces
equinus
NCDO 1037
Streptococcus 1500 99 AB002481 Swine
bovis
ATCC 27960
Streptococcus 1539 99 AF396922 Ruminants
bovis
NCFB 2476
Sreptococcus 1470 100 DQ232529 Infant faeces
infantarius
subsp.
infantarius
CIP 106106
Streptococcus 1470 100 DQ232530 Human
infantarius blood
subsp
infantarius

CIP 106107
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rRNA gene sequence efjht

exopolysaccharide-producing bacterial isolates @vegh with other

bacteria from nucleotide sequence database (NCBI).

Bacterial Length Nucleotide sequence comparison, identificationlteswd details
isolate of Closest relative Length  Sequence GenBank Isolation
code sequence of homology  accession source/
(nt) sequence (%) number remark of
(bp) closest
relative
15 1512 Streptococcus 1463 99 AF429765 Horse faeces
equinus
NCDO 1037
Streptococcus 1470 99 DQ232532 Human
luteiensis
CIP 106849
Sreptococcus 1500 99 AB002481 Swine
bovis
ATCC 27960
Streptococcus 1539 99 AF396922 Ruminants
bovis
NCFB 2476
Streptococcus 1517 99 AJ305257 Human
bovis blood
NCTC 11436
Sreptococcus 1470 99 DQ232529 Infant faeces
infantarius
subsp.
infantarius
CIP 106106
Streptococcus 1470 99 DQ232530 Human
infantarius blood
subsp
infantarius
CIP 106107
P14 1541 Pediococcus 1569 99 AJ305321 Dried
pentosaceus American
DSM 20336 beer yeast
Pediococcus 1472 96 AJ621555 Spoiled beer
claussenii
DSM 14800
Pediococcus 1569 97 AJ305320 Barley
acidilactici
DSM 20284
Pediococcus 1529 97 AJ973157 White maize
stilesii grains

LMG 23087
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Table 4.15 (continued) Similarity of 16S rRNA gene sequence @fht
exopolysaccharide-producing bacterial isolates @vegh with other

bacteria from nucleotide sequence database (NCBI).

Bacterial Length Nucleotide sequence comparison, identificationlteswd details
isolate of Closest relative Length  Sequence GenBank Isolation
code sequence of homology  accession source/
(nt) sequence (%) number remark of
(bp) closest
relative
PSMS1-5 1513 Leuconostoc 1415 99 AM600682 Coffee
holzapfelii fermentation
LMG 23990
Leuconostoc 1448 99 AB022923 Honeydew
citreumNRIC of rye ear
1776
Leuconostoc 1445 99 EU574896 Alternan
mesenteriodes sucrase-
NRRL B-1355 producing
strian
PSMS4-4 1541 Weissella 1477 99 AB023241 Sugar cane
confusa
JCM 1093
Weissella 1529 99 AJ295989 Chilli Bo
cibaria
LMG 17699
RMS3-1 1530 Lactobacillus 1561 99 AB362754 Phak-sian-
pentosus dong
NRIC 1833 (Pickle)
Lactobacillus 1561 99 AB362759 Khom mak
plantarum (Sweeten
NRIC 1838 rice)
Lactobacillus 1561 99 AB362758 Hom-dong
pentosus (Pickle
NRIC 1837 spring
onion)
Note: ATCC, American Type Culture Collection; CIP, Calien de [Institut

Pasteur; DSM, Deutsche Sammlung von Mikroorganisomeh Zellkulturen GmbH,;
JCM, Japan Collection of Microorganisms; LMG, BCAMIG Bacteria Collection;
NBRC, NITE Biological Resource Center; NCDO, NatbrCollection of Dairy
Organisms; NCFB, National Collection of Food BaieteNCTC, National Collection
of Type Cultures; NRIC, Nodai Research Institutelt@e Collection; NRRL,
Agricultural Research Service Culture Collection.
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87 (Leuconostoc sp. PSMS1-5
6“m~Leuconostoc mesenteroides NRRL B1355 (EU574896)

YOI comastoc citreum NRIC 1776 (AB022923)
Leuconostoc holzapfelii LMG 23990T (AM600682)
98 — Pediococcus sp. P14 \
36 Pediococcus pentosaceus DSM 20336T (AJ305321)
Pediococcus stilesii LMG 23082 (AJ973157)
Pediococcus acidilactici DSM 20284" (AJ305320)
Pediococcus claussenii DSM 148007 (AJ621555)

Streptococcus equinus NCDO 10377 (AF429765)
[-Streptococcus bovis NCFB 2476 (AF396922)
rStreptococcus luteiensis CIP 106849T (DQ232532) > I
Streptococcus bovis ATCC 27960 (AB002481)
g3 [Streptococcus bovis NCTC 11436 (AJ305257)

100

90

Streptococcus sp. 15

6

(=)}

Streptococcus infantarius CIP 106106 (DQ232529)
Streptococeus sp. G3
Streptococcus infantarius CIP 106107 (DQ232530) ]

0.02

Figure 4.23Phylogenetic tree of EPS-producing Gram-positivecgdbased on 16S
rRNA gene sequence data using the neighbour-joimreghod. The
unrooted tree was derived by using BioEdit, and &egrograms.
Branch lengths are scaled in terms of expected ewnbf nucleotide
substitution per site. Numbers on branches areshbrapt values from
1,000 replications. Two subgroups are indicatedHéterofermentive

group; Il, Homofermentativgroup. The scale bar represents (calculated)

distance.
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57— Lactobacillus sp. C56 R
18\ Lactobacillus salivarius ATCC 11741" (AF089108)
Y0007 actobacilius sativarius ICM12317 (AB370881)
Lactobacillus salivarius NBRC 102160 (AB326353))
751 Lactobacillus sp. RMS3-1 \
[Lactobacillus plantarum NRIC 1838 (AB362759)
100 uLactobaciHus pentosus NRIC 1837 (AB362758)
05! Lactobacillus pentosus NRIC 1833 (AB362754)
o6 —Lactobacillus sp. FKU23
52| LLactobacillus sakei DSM 20017 (AM113784) > I
Lactobacillus curvatus DSM 20019T (AM113777)
0 I—Lactobacillus graminis DSM 20719T (AM113778)

o9 Weissella sp. PSMS4-4
’—EJVeisseHa cibaria LMG 176997 (AJ295989)

Weissella confusa JCM 1093 (AB023241) j

100

Figure 4.24 Phylogenetic tree of EPS-producing Gram-positivesrdoased on 16S
rRNA gene sequence data using the neighbour-joimmeghod. The
unrooted tree was derived by using BioEdit, and Megrograms.
Branch lengths are scaled in terms of expected euwnbf nucleotide
substitution per site. Numbers on branches areshbrapt values from
1,000 replications. Two subgroups are indicatedddmofermentative
group; IlI, Heterofermentativegroup. The scale bar represents

(calculated) distance.
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Table 4.16 Identification results of selected lactic acid tesi@al isolates based on API 50CH/CHL system (Bioieax) compared to

16S rRNA gene sequence.

Identification (% identity)

API 50CH/CHL system
(Biome'rieux, France)

16S rRNA gene sequence

Bacterial Cell shape Cell sizeim) CO,
isolate production
code

C56 Rods, short chains 0.30-0.45x1.12-1.31 -
FKU23 Rods, short chains  0.43-0.63 x 0.76-1.41 +
G3 Cocci, short chains  0.50-0.59 x 0.59-0.80 -
15 Cocci, short chains  0.43-0.52 x 0.52-0.78 -

Lactobacillus salivarius (99.7%)

Leuconostoc mesenteriodes (98.4%)

Lactobacillus crispatus (99.9%)

Lactobacillus acidophilus 2 (99.6% )

Lactobacillus salivarius ATCC 117471 (99%)
Lactobacillus salivarius NBRC 102160 (99%)
Lactobacillus salivarius JCM 1231 (99%)

Lactobacillus sakei DSM 20017 (99%)
Lactobacillus graminis DSM 20719 (98%)
Lactobacillus curvatus DSM 20019 (98%)

Streptococcus luteiensis CIP 106849 (99%)
Sreptococcus infantarius subspinfantarius
CIP 106106 (100%)

Sreptococcus infantarius subspinfantarius
CIP 106107 (100%)

Streptococcus equinus NCDO 1037 (99%)
Streptococcus luteiensis CIP 106849 (99%)
Sreptococcus bovis ATCC 27960 (99%)
Sreptococcus bovis NCFB 2476 (99%)

Sreptococcus bovisNCTC 11436 (99%)

SII
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Table 4.16 (Continued) Identification results of selected iaetcid bacterial isolates based on APl 50CH/CHstesy (Biome rieux)

compared to 16S rRNA gene sequence.

Bacterial Cell shape Cell sizeym) CO, Identification (% identity)
isolate production
code i “ri
API 50CH/CHL system (Biome'rieux, 165 rRNA gene sequence
France)
P14 Cocci, short chains  0.78-0.88 x 0.98-1.26 - Lactococcus lactisubsp lactis1 (98.6%) Pediococcus pentosaceDSM 20336
(99%)
Pediococcus pentosace$95.8%) Pediococcus clausseriSM 14800 (96%)
Pediococcus pentosacelig91.2%) Pediococcus acidilactiddSM 20284
(97%)
Pediococcus stilesliMG 23082 (97%)
PSMS  Ovoids, short 0.31-0.42 x 0.56-1.17 + Leuconostoc mesenteriodassp. Leuconostoc holzapfeliMG 23990 (99%)
1-5 chains mesenteriodes/dextranicu{99.1%)
Lactobacillus brevid (99.5%) Leuconostoc citreulNRIC 1776 (99%)
Leuconostoc citreur®3.7%) Leuconostoc mesenterioddRRL B-1355
(99%)
PSMS Rods, short chains  0.66-0.74 x 1.19-1.25 + Weissella confusg9.2%) Weissella cibarid MG 17699 (99%)
4-4 Lactobacillus acidophilu8 (83.6%) Weissella confusaCM 1093 (99%)
Lactobacillus brevid (63.5%)
RMS Rods, short chains  0.54-0.69 x 0.89-1.53 + Lactobacillus brevit (99.9%) Lactobacillus pentosusRIC 1833 (99%)
3-1 Lactobacillus plantaruMNRIC 1838 (99%)

Lactobacillus pentosusdRIC 1837 (99%)

911
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CHAPTER V

CONCLUSIONS

Lactic acid bacterial isolates were screened fd® BRduction using glucose and
sucrose as carbon sources. Approximately 10 anpei®ent of a total of 566 lactic
acid bacterial strains isolated from agriculturagucts and traditional Thai fermented
foods produced slimy colonies on MRS agar contgirif of glucose and sucrose
respectively. The colonies were 0.2-0.9 and 0.2-@1 diameter on MRS agar
containing 2% of glucose and sucrose respectid®S yields of 0.1-0.6 g and 0.1-6.9
g equivalent glucose/l were obtained when thedates®were cultivated in MRS broth
containing 2% of glucose and sucrose respectively.

Twenty lactic acid bacterial isolates thatd hgpecific EPS production values
ranging from 0.26-44.5 pg/cell were selected fatimjzation of their EPS production
conditions. Types and concentrations of carboncssyrthe initial pH of the culture
medium, and cultivation temperature were investideb achieve the maximum EPS
production. Five carbon sources: soluble starchsaza starch, rice flour, molasses,
and white sugar from sugar cane, were used for g8uction by the selected
isolates, and compared to analytical grade sucossgy MRS based-media. White
sugar from sugar cane was found to provide the dsgliPS-specific production
ranging from 0.025-106.94 pg/cell. The sugar wantbhosen to be used as carbon
source. Five isolates of lactic acid bacteria: PRUI5, PSMS-5, PSMS3-4, and

RMS3-1 inhabiting pla-som, tapioca waste, and rice gra@spectivelywere selected



118

based on their promising EPS production ability.@d7 43.19, 106.94, 75.92, and
0.03 pg/cell respectively) and diversity of baakhabitats. Concentrations of 45, 35,
45, 50, and 30 g/l of white sugar from sugar caeesvguitable for EPS production by
isolates FKU23, I5PSMS1-5, PSMS4-4, and RMS3-1 respectively. Inighl of
medium and cultivation temperature affected thelpction of polymer depending on
isolates. Initial pH of 7.0 at 3C was suitable for EPS production by isolate FKU23.
The optimum conditions for EPS production by iseltt were at initial pH of 6.0 and
40°C, and initial pH of 8.0 and 3G. Initial pH of 5.0 and cultivation temperature of
30 and 37C were suitable for EPS production by isolate PSMSThe optimum
initial pH and cultivation temperature for EPS puotion by isolate PSMS4-4 were
5.0 and 7.0 at 3C. For isolate RMS3-1, initial pH of 5.0 at“€ and 8.0 at 3%
were optimum conditions for production of the pogm

Selected isolates were then cultured under optinsanditions. The highest
specific EPS productions of 1.42, 3.94, 7.34, 10a2f6l 0.48 g EPS/g dry weighere
obtained after 12, 12, 30, 18, and 36 h of fermeniafor the isolates FKU23, 15,
PSMS1-5, PSMS4-4, and RMS3-1 respectively.

The polymers were purified by protease digestianguboth Proteinase K and
Pronase E, and trichloroacetic acpecipitation resulting in the reduction of protei
Residual protein content was lower than 1% (w/w).

Characterization of EPS was then performed using &gdrolysis, and
analyzed by HPLC. EPS were found to be either hatyspccharide or
heteropolysaccharides. Homopolysaccharide composd#s glucose whereas
heteropolysaccharides contain glucose and mannosarying proportions. Eight

EPS-producing isolates were identified using molphical and physiological
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characteristics, and 16S rRNA gene sequences. ERfspng isolates were identified
using the API-system (Biome'rieux, France) laactobacillus salivarius(C56),
Pediococcus pentosaceyP14), Weissella cibaria(PSMS4-4), andLactobacillus
plantarum(RMS3-1); two isolates dfeuconostoc mesenteriodgkU23 and PSMS
1-5); and two misidentification results dfactobacillus for isolatesl5 and G3
respectively. Sequencing of 16S ribosomal RNA gem&irmed that the isolate C56
was Lactobacillus salivarius(99% similarity). Other EPS-producing isolates &ver
identified as belonging to gener&Veissella (PSMS4-4), Pediococcus (P14),
Leuconostoc(PSMS1-5), Lactobacillus (FKU23 and RMS3-1), andtreptococcus
(I5 and G3).

The purified EPS were studied for their impact ba immune system. Eight
EPS produced by the selected isolates stimulatetiepyte proliferation. Four of the
eight EPS stimulated lymphocyte proliferation, audivated the cells to secrete the
anti-inflammatory cytokine IL-10. The highest pfehative response (stimulation
index of 13.96) was obtained from mannose-rich EF91% mannose and 13.09%
glucose) produced by isolate 15 when cultured inSviRedium containing 35 g/l of
white sugar from sugar cane at°@0and pH 6.0, and IL-10 (218.49 pg/ml) was
produced in response to the EPS. These result®@sutitge possibility of modulations
of the immune system in mouse splenocytes afteosxe to EPS from lactic acid
bacteria.

Isolate 15 was selected to test for EPS produdnoa 5 | controlled fermenter
containing MRS medium with 150 g/l of white sugaiomh sugar cane. The
fermentation temperature and pH were kept constiah®°C and pH 6.0, respectively.

The maximum EPS production of 53.45 g/l (% EPSdyad 42.66) was achieved after
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30 h of fermentation. This yield was 1.7 times leiglthan those reported for
heteropolysaccharide production in other lacticl &acteria.

Since lactic acid bacteria isolates obtained frbrs $tudy could produce large
amount of EPS, they may be useful for food indusfpplications. Considering the
productivity and yield of the product, EPS prodantconditions ofStreptococcusp.

I5 was optimized. EPS production of 53.45 g/l camdduseful commercially. From an
economic point of view, the use of white sugar freagar cane as a cheap carbon
source to produce EPS was of particular importagedastitution of the analytical
grade sucrose by white sugar from sugar cane eesuit the reduction of the raw
material cost by 98%.

In addition to industrial benefits, certain EP®quced by selected lactic acid
bacterial isolates stimulated proliferation of immeu cells and interleukin-10
production. The EPS may be useful for medical apgibns as anti-inflammatory
materials. This knowledge could be important wiglspect to a functional effect on
human health if the EPS was incorporated into d foatrix.

Studies of the rheological properties of EPS arsb @he structure-function
relationship of EPS in a food matrix are necessaiynprove visual appeal, taste, and
to fully understand the physical functionality dP& in food products. To employ EPS
produced by LAB as potential functional food comeots with health-promoting
properties,in vivo mouse experiments with oral administration of ER& required.
The EPS that stimulated IL-10 production could nbgt tested forin vivo anti-
inflammatory activity using experimental animal netgl of inflammatory bowel

diseases.
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In conclusion, the information obtained from thisdy is potentially useful for

food industry and medical applications.
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APPENDIX A

CULTURE MEDIA AND REAGENTS

1. Buffer for exopolysaccharide purification

Phosphate buffer saline (PBS)

NacCl 8.00 g
KCI 0.20 g
NaHP Oy, 115 ¢
KH.PO, 0.20 g
Sodium bisulpite (0.02 M) 22.80 ¢

The ingredients were dissolved and the final volumas adjustedo 1,000 m
with distilled water. Then, the pH was adjusted7td with HCI. Then, thi
solution was sterilized by autoclaving for 10 mih 121°C, 15 Ib/sqgare

inches, after preparation.

2. Chemicals, reagents and culture media used fo6$ ribosomal RNA gene
sequencing
2.1 RNAase (10 mg/ml)
RNAase 10.00 mg
The RNAase was dissolved in 10 mM THE! (pH 7.5), 15 mM NaCl 1 r

and stored at -20°C.



143
2.2 Tris-EDTA (TE) Buffer
Tris Base 121 ¢
EDTA (CioH14N20sN&.2H,0) 037 g
The ingredients were dissolved and the final volumas adjusted to 1,000 ml
with deionized water. Then, the solution was gted by autoclaving for 10

min at 121°C, 15 Ib/square inches, after prepamnatio

2.3 Tris-borate (TBE) buffer (5X)

Tris Base 54.00 ¢
Boric acid 2750 ¢
EDTA (C10H14N203Nag.2|‘|20) 0.37 g

The ingredients were dissolved athe volume was adjusted to 1,000 ml

deionized water.

2.4 Gel loading buffer (6X)
Bromophenol blue 25.00 ¢
The dye was dissolved and the volume was adjusiedl0 ml with 409

sucrose in water.

2.5 Ethidium bromide (10 mg/ml)
Ethidium bromide 1.00 ¢
The chemical was dissolved and the volume was sajud 10 ml wih

sterilized deionized water.
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2.6 Luana Bertani media (LB medium)

Tryptone 10 g
Yeast extract 5 ¢
NaCl 5 g
Agar 15 ¢
Distilled water 1,000 ml

Sterilization was done by autoclaving for 15 minldid°C.The medium we
then cooled down to room temperature, and added |[H0Of 25 mg/m

Kanamycin to LB medium.

2.7 Luana Bertani broth (LB broth)

Tryptone 10 g
Yeast extract 5 ¢
NaCl 5 g
Distilled water 1000 ml

Sterilization was done by autoclaving for 15 mirlai°C. The medium was
then cooled down to room temperature, and added [d06f 25 mg/ml

Kanamycin to LB broth.

2.8 SOC medium

Tryptone 20 g
Yeast Extract 59¢
NacCl 05 g

KCl 0.18 g
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MgSQO, 2.4 ¢
Distilled water 1000 ml
Sterilization was done by autoclaving for 15 mirlai°C. The medium was

then cooled down to room temperature, and addedMGsterile glucose.

3. Culture media for lactic acid bacterium cultivaton and exopolysaccharide
production

3.1 MRS medium (De Man, Rogosa and Sharpe Medium)

Proteose peptone 10.00 g
Beef extract 8.00 ¢
Yeast extract 4.00 g
Polysorbate 80 ((NH3CsHs07) 1.00 ¢
Tri Ammonium citrate (CHCOONa.3HO) 200 g
Sodium acetate. 3@ 5.00 g
MgSQ,.7H,0 0.20 g
MnSOy.H,O 0.05 g
KoHPO, 200 g
Dextose 20.00 ¢
Agar 10.00 g

Final pH 6.2 £ 0.2 at 25°C
The compositions were suspended in 1,000 ml ofildtwater. Bringto the
boil until dissolved completely. Sterilization wdsne by autoclaving for :

min at 121°C.
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3.2 Culture medium for cell culture (Complete RPMI-1640 medium)

Fetal calf serum 5%

Penicillin 100 U/ml
Streptomycin 100 pg/mi
50 mM Mercaptoethanol 0.1 ml/ml

The compositions were suspended in 1,000 ml of RP840 medium.



APPENDIX B

STANDARD CURVES
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Figure 1B. Standard curve of glucose according to phenol-galacid method

(Duboiset al., 1956).
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Figure 2B. Standard curve of bovine serum albumin (BSA) adogytb Bradford
(Bradford, 1976).



148

3,500,000

3,000,000+
2,500,000+

2,000,000
y = 1E+06x + 23693

1,500,000 R% = 0.9987

1,000,000

Area

500,000+

0 T T T T
0 0.5 1 15 2 25

Concentration (mg/ml)

Figure 3B. Standard curve of standaveglucose using Vertisel) OA HPLC with a

100% water mobile phase and a refractive indexctiate

3,500,000

3,000,000+
2,500,000+

2,000,000

Area

1,500,000 y = 2E+06x - 16338
R? = 0.9951
1,000,000+

500,000

O T T T T
0 0.5 1 15 2 25

Concentration (mg/ml)

Figure 4B. Standard curve of standapemannose using VertisEp OA HPLC with

a 100% water mobile phase and a refractive indéxctizr.
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Figure 5B. Standard curve of white sugar from sugar cane ugertjiseg" OA
HPLC with a 0.005 M K50, mobile phase and a refractive index

detector.
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Figure 6B. Standard curve of standapelactic acid using Vertiséf OA HPLC with

a 0.005 M HSO, mobile phase and a refractive index detector.



APPENDIX C

HPLC CHROMATOGRAM
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Figure 1C. HPLC Chromatogram of partial hydrolyzed exopoly$ecae from
Lactobacillus salivarius C56 cultivated in MRS broth containing 2% of
glucose with initial pH of 6.2 at 37°C for 48 h.r@ale injection volume

was 100 pl. Chromatographic run time was 30 min.
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Figure 2C. HPLC Chromatogram of partial hydrolyzed exopoly$ecae from
Lactobacillus sp. FKU23 cultivated in MRS broth containing 4.5% of
white sugar from sugar cane with initial pH of 70 30°C. Sample

injection volume was 100 ul. Chromatographic rumetiwas 30 min.
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Figure 3C. HPLC Chromatogram of partial hydrolyzed exopoly$ecae from
Sreptococcus sp. G3 cultivated in MRS broth containing 2% of tehi
sugar from sugar cane with initial pH of 6.2 at B0Sample injection

volume was 100 pl. Chromatographic run time wasmgt
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Figure 4C. HPLC Chromatogram of partial hydrolyzed exopoly$ecae from
Streptococcus sp. 15 cultivated in MRS broth containing 3.5% diite
sugar from sugar cane with initial pH of 6.0 at @0Sample injection

volume was 100 pl. Chromatographic run time wasmgt
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Figure 5C. HPLC Chromatogram of partial hydrolyzed exopolys$ecwe from
Sreptococcus sp. 15 cultivated in MRS broth containing 2% of gdse
with initial pH of 6.2 at 37°C. Sample injection lume was 100 pl.

Chromatographic run time was 30 min.
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Figure 6C. HPLC Chromatogram of partial hydrolyzed exopoly$ecae from
Pediococcus sp. P14 cultivated in MRS broth containing 2% of
analytical grade sucrose with initial pH of 6.238°C. Sample injection

volume was 100 pl. Chromatographic run time wasmgt
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Figure 7C. HPLC Chromatogram of partial hydrolyzed exgpaccharide from
Leuconostoc sp. PSMS1-5 cultivated in MRS broth containing 4.686
white sugar from sugar cane with initial pH of @0 37°C. Sample

injection volume was 100 ul. Chromatographic rumetiwas 30 min.
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Figure 8C. HPLC Chromatogram of partial hydrolyzed exopolys$ecwe from
Weissella sp. PSMS4-4 cultivated in MRS broth containing SPAvhite
sugar from sugar cane with initial pH of 7.0 at B0Sample injection

volume was 100 pl. Chromatographic run time wamatl
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Figure 9C. HPLC Chromatogram of partial hydrolyzed exopoly$ecwe from
Weissella sp. PSMS4-4 cultivated in MRS broth containing 2% o
glucose with initial pH of 6.2 at 30°C. Sample ctjen volume was 100

pl. Chromatographic run time was 30 min.
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Figure 10C. HPLC Chromatogram of partial hydrolyzed exopoly$ecide from
Lactobacillus sp. RMS3-1 cultivated in MRS broth containing 3% of
white sugar from sugar cane with initial pH of &0D35°C. Sample

injection volume was 100 pl. Chromatographic rumetiwvas 30 min.
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Figure 11C. HPLC Chromatogram of 2 mg/ml standarehlucose using Vertiséld

OA HPLC with a 100% water mobile phase and a réfracindex

detector.



156

120.007]
100.00-)
80.00

60.00-

Mv

40.007]

20.00-)

0.00

-20.007]

7 —— 7 ——— ==
2.00 4.00 6.00 8.00 10.00 12.00 14.00
Minutes

Figure 12C. HPLC Chromatogram of 2 mg/ml white sugar from sucgne using
Vertiseg" OA HPLC with a 0.005M bSO, mobile phase and a

refractive index detector.
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Figure 13C.HPLC Chromatogram of 2 mg/ml standdrdnannose using Vertis&p
OA HPLC with a 100% water mobile phase and a réfracindex

detector.
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Figure 14C.HPLC Chromatogram of 2 mg/ml standardactic acid Vertisep" OA

HPLC with a 0.005M HSO, mobile phase and a refractive index

detector.
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Figure 15C. HPLC Chromatogram of 2 mg/ml standaresucrose (analytical grade)
using Vertisep! OA HPLC with a 100% water mobile phase and a

refractive index detector.
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Table 1D Effect of EPS produced by lactic acid bacterialage C56 when culturing in MRS broth containirig ®f glucose at

initial pH of 6.2 and 37°C for 48 h on cytokipeduction

IL-4 Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 12.33 0.00 0.00 266.24 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Average 0.00 0.00
S.D. 0.00 0.00
IL-5 Experiment group-EPS Experiment group-ConA  Eperiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 59.31 0.00 0.00 665.40 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00
Average 0.00 0.00
S.D. 0.00 0.00
IL-10 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 346.28 0.00 0.00 2389.45 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00
Average 0.00 0.00
S.D. 0.00 0.00
IFN-g Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 1147.54 0.00 0.00 3164.72 0.00
0.00 8.83
0.00 0.00
0.00 0.00
242 29.34
Average 0.48 7.63
S.D. 1.08 12.72
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Table 1D (Continued) Effect of EPS produced by ladciicid bacterial isolate C56 when culturing MRS broth containing

2% of glucose at initial pH of 6.2 and 37°C f& 4 on cytokine production

TNF-a Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 23.10 6.57 1.07 89.27 1.07
1.07 6.57
1.07 0.00
23.10 1.07
1.07
Average 5.26 2.18
S.D. 9.98 2.97
IL-12 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 16.46 0.00 0.00 132.64 0.00
0.00 0.00
0.00 0.00
0.05 0.00
0.00
Average 0.01 0.00
S.D. 0.02 0.00
Remarks:

Experiment group-EPS, Splenocytes from mice ingeetgh EPS were stimulated vitro with homologous EPS

Experiment group-ConA, Splenocytes from mice irgdatvith EPS were stimulated vitro with ConA

Experiment group-RPMI, Splenocytes from mice irgelotvith EPS were stimulatéd vitro with RPMI medium

Control group-EPS, Splenocytes from mice injectétd WBS were stimulateieh vitro with homologous EPS
Control group-ConA, Splenocytes from mice injechgth PBS were stimulateih vitro with ConA
Control group-RPMI, Splenocytes from mice injectath PBS were stimulateih vitro with RPMI medium
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Table 2D Effect of EPS produced by lactic acid bactesalate FKU23 when culturing in MRS broth contagnth5% of white sugar

from sugar cane at initial pH of 7.0 and 30°C 48rh on cytokine production.

IL-4 Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
191 12.11 0 0 14.98 0
0 0
0 19.58
0 0
0 0
Average 0.38 3.92
S.D. 0.85 8.76
IL-5 Experiment group-EPS Experiment group-ConA Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0 54.96 0 0 59.89 0
0 0
0 69.77
0 0
0 0
Average 0.00 13.95
S.D. 0.00 31.20
IL-10 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
21.95 128.27 0.76 0.76 136.83 5.39
14.63 17.12
19.55 239
19.55 3.94
12.1 6.79
Average 17.56 53.52
S.D. 4.05 103.87
IFN-g Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
2 575.47 1.34 1.34 457 1.34
1.67 0
1.34 436.82
2 0.28
0 1.34
Average 1.40 87.96
S.D. 0.83 195.02
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Table 2D (Continued) Effect of EPS produced by lactic dzadterial isolate FKU23 when culturing in MRS throontaining 4.5% of

white sugar from sugar cane at initial pH of 7@ 80°C for 48 h on cytokine production.

TNF-a Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
7.64 9.57 3.75 3.75 115 7.64
3.75 115
115 115
7.64 3.75
0 7.64
Average 6.11 7.63
S.D. 4.38 3.88
IL-12 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
5.42 3.66 1.94 7.21 7.21 3.66
3.66 1.94
3.66 11.76
3.66 0.3
7.21 1.94
Average 4.72 4.63
S.D. 1.59 4.76

Experiment group-EPS, Splenocytes from mice ingeetgh EPS were stimulated vitro with homologous EPS

Experiment group-ConA, Splenocytes from mice irgdatvith EPS were stimulatead vitro with ConA

Experiment group-RPMI, Splenocytes from mice irgelotvith EPS were stimulated vitro with RPMI medium

Control group-EPS, Splenocytes from mice injectéti WBS were stimulateiah vitro with homologous EPS
Control group-ConA, Splenocytes from mice injecteth PBS were stimulateieh vitro with ConA
Control group-RPMI, Splenocytes from mice injeckath PBS were stimulateieh vitro with RPMI medium

Experiment group-EPS, Splenocytes from mice ingeetgh EPS were stimulated vitro with homologous EPS
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Table3D

sugar cane at initial pH of 6.2 and 30°C ford@ cytokine productian

Effect of EPS produced by lactic acid bactasalate G3 when culturing in MRS broth contain®g of white sugar from

IL-4 Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0 93.84 0 0 104.79 0
0 0
0 0
0 0
0 0
Average 0.00 0.00
S.D. 0.00 0.00
IL-5 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0 129.24 0 0 186.4 0
0 0
0 0
0 0
0 0
Average 0.00 0.00
S.D. 0.00 0.00
IL-10 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
3.94 1080.15 6.97 14.63 1369.71 33.53
54.3 20.76
40.23 14.63
35.78 17.12
24.32 6.79
Average 31.71 14.79
S.D. 18.88 5.13
IFN-g Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
1.34 861.32 1.34 0.65 1178.84 1.34
0.65 1.34
1.34 0.65
0.65 1.34
0.65 0.65
Average 0.93 0.93
S.D. 0.38 0.38
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Table3D (Continued) Effect of EPS produced by lactiddzacterial isolate G3 when culturing in MRS brotimtaining 2% of white

sugar from sugar cane at initial pH of 6.2 andC3@r 48 h on cytokine production

TNF-a Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA Experiment group-RPMI Contral group-EPS Control group-ConA Control group-RPMI
3.75 15.33 7.64 7.64 15.33 7.64
7.64 3.75
7.64 3.75
7.64 7.64
7.64 7.64
Average 6.86 6.08
S.D. 1.74 2.13
IL-12 Experiment group-EPS Experiment group-ConA Experiment group-RPMI Controal group-EPS Control group-ConA Control group-RPMI
3.66 14.54 5.42 5.42 22.07 3.66
3.66 1.94
5.42 1.94
3.66 3.66
5.42 1.94
Average 4.36 2.98
S.D. 0.96 1.55
Remarks:

Experiment group-EPS, Splenocytes from mice ingeetgh EPS were stimulated vitro with homologous EPS

Experiment group-ConA, Splenocytes from mice irgdatvith EPS were stimulated vitro with ConA

Experiment group-RPMI, Splenocytes from mice irgelotvith EPS were stimulatéd vitro with RPMI medium

Control group-EPS, Splenocytes from mice injectétd WBS were stimulateieh vitro with homologous EPS
Control group-ConA, Splenocytes from mice injechgth PBS were stimulateih vitro with ConA
Control group-RPMI, Splenocytes from mice injectath PBS were stimulateih vitro with RPMI medium
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Table 4D Effect of EPS produced by lactic acid bacterialate 15 when culturing in MRS broth containing 2%glucose at initial

pH of 6.2 and 37°C for 48 h on cytokine produatio

IL-4 Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.07 90.40 0.00 79.74 0.00
0.00 0.00
0.00 0.00
0.01 0.00
0.00 0.00
Average 0.02 0.00
S.D. 0.03 0.00
IL-5 Experiment group-EPS Experiment group-ConA  Eperiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 644.28 9.82 759.48 0.00
0.00 0.00
0.00 0.00
88.10 0.00
0.00 0.00
Average 17.62 0.00
S.D. 39.40 0.00
IL-10 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
2.84 1372.54 0.00 2.84 1779.53 0.00
0.00 0.00
0.00 0.00
2.84 2.84
0.00 0.00
Average 1.14 1.14
S.D. 1.56 1.56
IFN-g Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 890.20 8.83 915.49 0.00
0.00 0.00
0.00 0.00
242 8.83
0.00 0.00
Average 0.48 2.21
S.D. 1.08 4.42
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Table 4D (Continued) Effect of EPS produced by lactic dmadterial isolate IS5 when culturing in MRS brotmtaning 2% of glucose

at initial pH of 6.2 and 37°©@r #8 h on cytokine production

TNF-a Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
6.57 34.12 6.57 17.59 1.07
1.07 0.00
6.57
6.57 12.08
0.00 0.00
Average 3.55 4.66
S.D. 3.51 5.83
IL-12 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 45.32 0.05 38.30 0.00
0.00 0.00
0.00 0.05
0.00 0.00
0.00 0.00
Average 0.00 0.01
S.D. 0.00 0.03
Remarks:

Experiment group-EPS, Splenocytes from mice ingeetgh EPS were stimulated vitro with homologous EPS

Experiment group-ConA, Splenocytes from mice irgdatvith EPS were stimulated vitro with ConA

Experiment group-RPMI, Splenocytes from mice irgelotvith EPS were stimulatéd vitro with RPMI medium

Control group-EPS, Splenocytes from mice injectétd WBS were stimulateieh vitro with homologous EPS
Control group-ConA, Splenocytes from mice injechgth PBS were stimulateih vitro with ConA
Control group-RPMI, Splenocytes from mice injectath PBS were stimulateih vitro with RPMI medium
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Table 5D Effect of EPS produced by lactic acid bactersallate 15 when culturing in MRS broth containin$% of white sugar

from sugar cane at initial pH of 6 and 40°C f8rion cytokine production

IL-4 Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 49.30 0.00 0.00 6.69 0.00
0.00 0.00
0.00 0.11
0.00 0.00
0.01 0.00
Average 0.00 0.02
S.D. 0.00 0.05
IL-5 Experiment group-EPS Experiment group-ConA  Eperiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 597.84 0.00 0.00 155.08 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Average 0.00 0.00
S.D. 0.00 0.00
IL-10 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
210.17 936.59 0.00 30.28 771.37 0.00
374.72 15.25
175.85 42.27
133.93 30.28
197.79 0.00
Average 218.49 23.62
S.D. 92.02 16.31
IFN-g Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 1652.27 0.00 8.83 1205.37 0.00
0.00 8.83
33.99 0.00
0.00 0.00
0.00 0.00
Average 6.80 3.53
S.D. 15.20 4.84
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Table 5D (Continued) Effect of EPS produced by lactic du#dtterial isolate 15 when culturing in MRS brattntaining 3.5% of

white sugar from sugar cane at initial pH of 6 408C for 48 h on cytokine production

TNF-a Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
6.57 17.59 12.08 6.57 12.08 0.00
12.08 1.07
1.07 6.57
12.08 6.57
1.07 1.07
Average 6.57 4.37
S.D. 5.51 3.01
IL-12 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 27.80 0.00 0.05 15.59 0.00
0.05 0.00
0.00 0.05
0.00 0.00
0.05 0.00
Average 0.02 0.02
S.D. 0.03 0.03
Remarks:

Experiment group-EPS, Splenocytes from mice ingeetgh EPS were stimulated vitro with homologous EPS

Experiment group-ConA, Splenocytes from mice irgdatvith EPS were stimulated vitro with ConA

Experiment group-RPMI, Splenocytes from mice irgelotvith EPS were stimulatéd vitro with RPMI medium

Control group-EPS, Splenocytes from mice injectétd WBS were stimulateieh vitro with homologous EPS
Control group-ConA, Splenocytes from mice injechgth PBS were stimulateih vitro with ConA
Control group-RPMI, Splenocytes from mice injectath PBS were stimulateih vitro with RPMI medium
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Table6D Effect of EPS produced by isolate 15 when cutigirin MRS broth containing 3.5% of white sugamfr sugar cane (without

yeast extract) at initial pH of 6 and 40°C 4&h on cytokine production.

IL-4 Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA Experiment group-RPM| Control group-EPS Control group-ConA Control group-RPM|
0.00 48.13 2.25 0.00 159.15 0.00
1.42 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Average 0.28 0.00
S.D. 0.64 0.00
IL-5 Experiment group-EPS Experiment group-ConA Experiment group-RPM | Control group-EPS Control group-ConA Control group-RPMI
0.00 792.68 446.94 0.00 536.87 0.00
416.03 0.00
16.18 0.00
213.06 0.00
0.00 0.00
Average 129.05 0.00
S.D. 184.03 0.00
IL-10 Experiment group-EPS Experiment group-ConA Experiment group-RPM | Control group-EPS Control group-ConA Control group-RPMI
255.69 459.62 8.15 2.84 478.76 0.00
550.26 30.28
194.68 38.34
156.71 57.52
32.32 288.30
Average 237.93 83.46
SD. 192.75 116.19
IFN-g Experiment group-EPS Experiment group-ConA Experiment group-RPM| Control group-EPS Control group-ConA Control group-RPMI
0.00 1489.92 19.60 0.00 2138.65 0.00
0.00 0.00
0.00 0.00
0.00 19.60
0.00 0.00
Average 0.00 3.92
SD. 0.00 8.77
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Table 6D (Continued) Effect of EPS produced by isolate tew culturing in MRS broth containing 3.5% of vehgugar from sugar

cane (without yeast extract) at initial pH of r&lad0°C for 48 h on cytokine production.

TNF-a Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
1.07 17.59 12.08 6.57 28.61 0.00
12.08 6.57
0.00 0.00
0.00 6.57
1.07 1.07
Average 2.84 4.16
S.D. 5.19 3.33
IL-12 Experiment group-EPS Experiment group-ConA Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 17.33 1.75 0.00 48.83 0.00
3.46 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Average 0.69 0.00
S.D. 1.55 0.00
Remarks:

Experiment group-EPS, Splenocytes from mice ingeetgh EPS exposed to homologous EPS
Experiment group-ConA, Splenocytes from mice irgdavith EPS exposed to ConA

Experiment group-RPMI, Splenocytes from mice irgelovith EPS exposed to RPMI medium
Control group-EPS, Splenocytes from mice injectétd WBS exposed to homologous EPS

Control group-ConA, Splenocytes from mice injectgth PBS exposed to ConA
Control group-RPMI, Splenocytes from mice injectdth PBS exposed to RPMI medium

ILT


Administrator
Typewritten Text
171


Table 7D Effect of EPS produced by lactic acid bactesalate P14 when culturing in MRS broth contain2dg of analytical grade

sucrose at initial pH of 6.2 and 30°C for 48 hcgtokine production.

IL-4 Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0 14.23 0 0 15.73 0
0 0
0 0
1.73 0
0 0
Average 0.35 0.00
S.D. 0.77 0.00
IL-5 Experiment group-EPS Experiment group-ConA Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0 41.2 0 0 55.26 0
0 0
0 0
0.97 0
0 0
Average 0.19 0.00
S.D. 0.43 0.00
IL-10 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
14.63 183.31 3.94 9.49 222.12 3.94
14.63 3.94
12.1 0
17.12 3.94
9.49 3.94
Average 13.59 4.26
S.D. 2.90 3.38
IFN-g Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
1.34 300 1.34 2 357.77 0.65
2 1.34
1.34 0
1.34 0.65
0.65 1.34
Average 1.33 1.07
S.D. 0.48 0.76
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Table 7D (Continued) Effect of EPS produced by lacticddgacterial isolate P14 when culturing in MRS brobntaining 2% of

analytical grade sucrose at initial pH of 6.2 aB8C3 for 48 h on cytokine production.

TNF-a Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
7.64 115 3.75 3.75 115 3.75
7.64 3.75
7.64 0
7.64 3.75
7.64 3.75
Average 7.64 3.00
S.D. 0.00 1.68
IL-12 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
3.66 3.66 1.94 3.66 5.42 1.94
3.66 1.94
3.66 11
5.42 3.66
3.66 3.66
Average 4.01 2.80
S.D. 0.79 121
Remarks:

Experiment group-EPS, Splenocytes from mice ingeetgh EPS were stimulated vitro with homologous EPS

Experiment group-ConA, Splenocytes from mice irgdatvith EPS were stimulated vitro with ConA

Experiment group-RPMI, Splenocytes from mice irgelotvith EPS were stimulatéd vitro with RPMI medium

Control group-EPS, Splenocytes from mice injectétd WBS were stimulateieh vitro with homologous EPS
Control group-ConA, Splenocytes from mice injechgth PBS were stimulateih vitro with ConA
Control group-RPMI, Splenocytes from mice injectath PBS were stimulateih vitro with RPMI medium

€Ll


Administrator
Typewritten Text
173


Table 8D Effect of EPS produced by lactic acid bactesalate PSMS1-5 when culturing in MRS broth contey.5% of white

sugar from sugar cane at initial pH of 5 and 3€C48 h on cytokine production.

IL-4 Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0 11.4 0 0 10.79 0
0 0
0 0
0 0
0 0
Average 0.00 0.00
S.D. 0.00 0.00
IL-5 Experiment group-EPS Experiment group-ConA Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0 54.01 0 0 78 0
0 0
0 0
0 0
0 0
Average 0.00 0.00
S.D. 0.00 0.00
IL-10 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
9.49 129.22 3.94 3.94 163.06 3.94
12.1 0
9.49 3.94
12.1 5.39
9.49 3.94
Average 10.53 3.44
S.D. 1.43 2.02
IFN-g Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.65 277.68 1.34 0.65 333.66 0.65
1.34 2
0.65 1.34
1.34 1.34
0.65 0.65
Average 0.93 1.20
S.D. 0.38 0.57
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Table 8D (Continued) Effect of EPS produced by lactic dwadterial isolate PSMS1-5 when culturing in MR8t containing 4.5%

of white sugar from sugar cane at initial pH o&risl 37°C for 48 h on cytokine production.

TNF-a Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
7.64 9.57 3.75 3.75 115 5.7
7.64 0
7.64 3.75
3.75 3.75
3.75 7.64
Average 6.08 3.78
S.D. 2.13 2.70
IL-12 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
5.42 5.42 3.66 0 5.42 3.66
5.42 2.79
3.66 1.94
5.42 3.66
3.66 3.66
Average 4.72 241
S.D. 0.96 1.52
Remarks:

Experiment group-EPS, Splenocytes from mice ingeetgh EPS were stimulated vitro with homologous EPS

Experiment group-ConA, Splenocytes from mice irgdatvith EPS were stimulated vitro with ConA

Experiment group-RPMI, Splenocytes from mice irgelotvith EPS were stimulatéd vitro with RPMI medium

Control group-EPS, Splenocytes from mice injectétd WBS were stimulateieh vitro with homologous EPS
Control group-ConA, Splenocytes from mice injechgth PBS were stimulateih vitro with ConA
Control group-RPMI, Splenocytes from mice injectath PBS were stimulateih vitro with RPMI medium
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Table 9D Effect of EPS produced by lactic acid bactesalate PSMS4-4 when culturing

from sugar cane at initial pH of 7and 30°C forl¥8n cytokine production

in MRS broth contayr5% of white sugar

IL-4 Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0 17.02 0 0 13.04 0
0 0
0
0
0
Average 0.00 0.00
S.D. 0.00 0.00
IL-5 Experiment group-EPS Experiment group-ConA Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0 91.91 0 0 86.85 0
0 0
0
0
0
Average 0.00 0.00
S.D. 0.00 0.00
IL-10 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
9.49 330 3.94 14.63 181.48 6.79
9.49 6.79
12.1
6.79
8.16
Average 9.21 10.71
S.D. 1.97 5.54
IFN-g Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
1.34 539 0.65 3.27 346.16 0.65
0.65 0.65
0.65
1.34
1.34
Average 1.06 1.96
S.D. 0.38 1.85
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Table 9D (Continued) Effect of EPS produced by lactic dmadterial isolate PSMS4-4 when culturing in MR8t containing 5% of

white sugar from sugar cane at initial pH of 7808C for 48 h on cytokine production

TNF-a Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
3.75 115 7.64 13.41 115 3.75
7.64 7.64
7.64
3.75
3.75
Average 5.31 10.53
S.D. 2.13 4.08
IL-12 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
3.66 7.21 5.42 5.42 7.21 3.66
3.66 3.66
3.66
3.66
3.66
Average 3.66 4.54
S.D. 0.00 1.24
Remarks:

Experiment group-EPS, Splenocytes from mice ingeetgh EPS were stimulated vitro with homologous EPS

Experiment group-ConA, Splenocytes from mice irgdatvith EPS were stimulated vitro with ConA

Experiment group-RPMI, Splenocytes from mice irgelotvith EPS were stimulatéd vitro with RPMI medium

Control group-EPS, Splenocytes from mice injectétd WBS were stimulateieh vitro with homologous EPS
Control group-ConA, Splenocytes from mice injechgth PBS were stimulateih vitro with ConA
Control group-RPMI, Splenocytes from mice injectath PBS were stimulateih vitro with RPMI medium
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Table 10D

Effect of EPS produced by lactic acid bactas@late PSMS4-4 when culturing in MRS broth @mning 2% of glucose

at initial pH of 6.2 and 37°C for 48 h on cyto&iproduction.

IL-4 Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 91.18 0.00 0.00 86.27 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Average 0.00 0.00
S.D. 0.00 0.00
IL-5 Experiment group-EPS Experiment group-ConA Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 44541 0.00 0.00 514.08 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Average 0.00 0.00
S.D. 0.00 0.00
IL-10 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 766.29 0.00 0.00 1518.40 0.00
0.00 0.00
0.00 0.00
30.28 0.00
0.00 0.00
Average 6.06 0.00
S.D. 13.54 0.00
IFN-g Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 1101.37 0.00 0.00 912.96 0.00
0.00 0.00
0.00 0.00
8.83 0.00
0.00 0.00
Average 1.77 0.00
S.D. 3.95 0.00
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Table 10D (Continued) Effect of EPS produced by lactic duadterial isolate PSMS4-4 when culturing in MR8t containing 2%

of glucose at initial pH of 6.2 and 37°C for 48t cytokine production.

TNF-a Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
1.07 34.12 6.57 6.57 28.61 1.07
6.57 1.07
0.00 0.00
6.57 0.00
1.07 1.07
Average 3.06 1.74
S.D. 3.24 2.75
IL-12 Experiment group-EPS Experiment group-ConA Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 36.55 0.00 0.00 38.30 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Average 0.00 0.00
S.D. 0.00 0.00
Remarks:

Experiment group-EPS, Splenocytes from mice ingeetgh EPS were stimulated vitro with homologous EPS

Experiment group-ConA, Splenocytes from mice irgdatvith EPS were stimulated vitro with ConA
Experiment group-RPMI, Splenocytes from mice irgelotvith EPS were stimulatéd vitro with RPMI medium
Control group-EPS, Splenocytes from mice injectétd WBS were stimulateieh vitro with homologous EPS
Control group-ConA, Splenocytes from mice injechgth PBS were stimulateih vitro with ConA

Control group-RPMI, Splenocytes from mice injectath PBS were stimulateih vitro with RPMI medium
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Table 11D Effect of EPS produced by lactic acid bacterialage RMS3-1 when culturing in MRS broth contagnB% of white sugar

from sugar cane at initial pH of 8 and 35°C f8rion cytokine production

IL-4 Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 27.08 0.00 0.01 28.85 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Average 0.00 0.00
S.D. 0.00 0.00
IL-5 Experiment group-EPS Experiment group-ConA  Eperiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 314.56 0.00 0.00 431.43 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Average 0.00 0.00
S.D. 0.00 0.00
IL-10 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 839.54 0.00 0.00 1349.18 0.00
26.13 0.00
34.34 0.00
0.00 0.00
38.34 0.00
Average 19.76 0.00
S.D. 18.57 0.00
IFN-g Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 1069.59 0.00 0.00 1224.53 0.00
8.83 8.83
0.00 0.00
0.00 0.00
0.00 0.00
Average 1.77 1.77
S.D. 3.95 3.95
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Table 11D (Continued) Effect of EPS produced by lactic dzadterial isolate RMS3-1 when culturing in MR$thrcontaining 3%

of white sugar from sugar cane at initial pH o&r&l 35°C for 48 h on cytokine production

TNF-a Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
1.07 17.59 1.07 6.57 12.08 6.57
1.07 1.07
6.57 1.07
3.82 3.82
6.57 0.00
Average 3.82 2.51
S.D. 2.75 2.68
IL-12 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.00 16.46 0.00 0.00 20.81 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Average 0.00 0.00
S.D. 0.00 0.00
Remarks:

Experiment group-EPS, Splenocytes from mice ingeetgh EPS were stimulated vitro with homologous EPS

Experiment group-ConA, Splenocytes from mice irgdatvith EPS were stimulated vitro with ConA

Experiment group-RPMI, Splenocytes from mice irgelotvith EPS were stimulatéd vitro with RPMI medium

Control group-EPS, Splenocytes from mice injectétd WBS were stimulateieh vitro with homologous EPS
Control group-ConA, Splenocytes from mice injechgth PBS were stimulateih vitro with ConA
Control group-RPMI, Splenocytes from mice injectath PBS were stimulateih vitro with RPMI medium
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Table 12D Effect of EPS produced Hyactobacillus reuteri 100-23 when culturing in MRS broth containing 2¥analytical grade

sucrose at initial pH of 6.2 and 37°C for 48 h gtokine production.

IL-4 Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0.84 0 0 0 29.39 0
0 0
0 0
0 0
0 0
Average 0.17 0.00
S.D. 0.38 0.00
IL-5 Experiment group-EPS Experiment group-ConA  Eperiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
0 0 0 0 120.95 0
0 0
0 0
0 0
0 0
Average 0.00 0.00
S.D. 0.00 0.00
IL-10 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
24.32 6.79 3.94 17.12 261.88 3.94
12.1 12.1
14.63 121
15.88 14.63
12.1 9.49
Average 15.81 13.09
S.D. 5.03 2.90
IFN-g Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
2.64 0 1.34 1.34 506.53 134
1.34 1.34
1.34 0.65
1.34 0.65
1.34 0.65
Average 1.60 0.93
S.D. 0.58 0.38
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Table 12D (Continued) Effect of EPS produced bgctobacillus reuteri 100-23 when culturing in MRS broth containing 2% o
analytical grade sucrose at initial pH of 6.2 &@fC for 48 h on cytokine production.
TNF-a Content of cytokine (pg/ml)
Experiment group-EPS Experiment group-ConA  Expeiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
7.64 3.75 3.75 7.64 15.33 3.75
7.64 7.64
7.64 3.75
3.75 7.64
7.64 3.75
Average 6.86 6.08
S.D. 1.74 2.13
IL-12 Experiment group-EPS Experiment group-ConA  Experiment group-RPMI Control group-EPS Control group-ConA Control group-RPMI
3.66 0.3 194 3.66 9.02 2.79
5.42 5.42
5.42 3.66
5.42 1.94
4.53 3.66
Average 4.89 3.67
S.D. 0.79 1.23
Remarks:

Experiment group-EPS, Splenocytes from mice ingeetgh EPS were stimulated vitro with homologous EPS
Experiment group-ConA, Splenocytes from mice irgdatvith EPS were stimulatead vitro with ConA
Experiment group-RPMI, Splenocytes from mice irgelotvith EPS were stimulated vitro with RPMI medium
Control group-EPS, Splenocytes from mice injectéti WBS were stimulateiah vitro with homologous EPS
Control group-ConA, Splenocytes from mice injecteth PBS were stimulateieh vitro with ConA

Control group-RPMI, Splenocytes from mice injeckath PBS were stimulateieh vitro with RPMI medium
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