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ABSTRACT

Exopolysaccharides (EPSs) producing marine bacteria were isolated from
specimens collected from the coastal areas in Thailand. Seventy six isolates showed the colony
characteristics with ropiness on modified Yeast Peptone medium (YPM), Seawater medium
(SWM) and Zobell marine broth (ZMB). Among seventy six isolates, only five isolates were
found to produce a significant amount of exopolysaccharides (2.45 — 3.05 g/g dry cell weight)
recovered from the culture supernatant by ethanol precipitation. All five isolates were identified
based on the morphological, physiological characteristics and 16S rDNA sequences. Isolates
CNEP003, CNEP071 and CNEP070 were closely related to Bacillus amyloliquefaciens NBRC
15535" with similarity of 99% (1416/1421) whereas strain CNEP012 was closely related to
Bacillus subtilis NBRC13719" with similarity of 99% (1434/1441). Strain CNEP079 was
related to Pseudoalteromonas ganghwensis FR1302" with similarity 98% (1391/14183).
When cultivated in YPM medium, B. amyloliquefaciens CNEP003, P. ganghwensis CNEP079,
B. amyloliquefaciens CNEPO071, B. amyloliquefaciens CNEPO70 and B. subtilis CNEP012
produced exopolysaccharide at the concentrations of 3.07, 2.87, 2.75, 2.62 and 2.40 g/g dry cell
weight, respectively. Maximal exopolysaccharides yields of 4.73 and 5.67g/g cell produced by
B. amyloliquefaciens CNEP003 were obtained when cultivated in YPM with an initial sucrose
concentration of 60 g/l and yeast extract concentration of 8.47 g/l, respectively. At initial pH 7.5
and temperature of 45°C, the highest yield of exopolysaccharides was 10.36 g/g cell.
Exopolysaccharides yield of B. amyloliquefaciens CNEP003 increased 4 times to 12.48 g/g cell or
20.51 g/g total cell protein within 96 h under optimized condition. Exopolysaccharides produced
from B. amyloliquefaciens CNEP003 could be prepared as a thin film with glycerol (25% w/w) as

a plasticizer. The film obtained from the exopolysaccharides was soft but though and flexible at
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the possessing thickness of 0.085 mm. Its tensile strength was 1.781 N/mm” and an elongation at
break is 76.92%. The average molecular weight of the exopolysaccharides was 2.33 x 10° Da,
when measured using Gel Permeation Chromatography (GPC). The Fourier Transform Infrared
(FT-IR) spectrum indicated the presence of dominant hydroxyl and carboxyl groups. The Nuclear
Magnetic Resonance (IH NMR) spectrum indicated the presence of mainly aldehyde protons and
hydroxyl protons of sugar, especially glucose and mannose. From High Performance Liquid
Chromatography (HPLC) analysis, exopolysaccharides produced by B. amyloliquefaciens

CNEP003 were mainly composed of glucose, mannose and arabinose.
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Table 1. Exopolysaccharides from bacteria with potential commercial application.

Microbial Source Reference
Commercialy available
Xanthan Gum Xanthomonas campestris Moreno et al. (2000)
Gellan Gum Sphingomonas paucimobilis Banik et al. (2006)
Dextran Leuconostoc mesenteroides Mariana et al. (2005)
Pullulan Aureobasidium pullulans Forabosco et al. (2005)
Curdlan Alcaligenes faecalis Grandpierre et al. (2007)
Baker’s yeast glucan Saccharomyces cerevisiae Stefan et al. (2003)
Bacterial alginate Pseudoalteromonas elyakovii ~ Sawabe et al. (2007)
Bacterial cellulose Acetobacter xylinum Tatsuya et al. (2007)
Developed to large scale
Scleroglucan Sclerotium rolfsii Shrikant et al. (2005)
Chitosan Bacillus subtilis Theruvathil et al. (2007)
Polysaccharide-biosorbent Alcaligenes latus B-16 Nohata and Kurane (1997)
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Figure 1. Structure of exopolysaccharides produced by Rhodococcus sp. 33
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Figure 3. Structure of exopolysaccharides produced by Rhodococcus erythropolis PR4
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(curdlan) uazaIATe I5NQUAY (scleroglucan) (Table 2) Iaenguauiilaiang Iaailu
s o A 2’ A 4 o 9 ' Y A ' v 9
pantlszneunanMmihmaeude A IeiusIIAT 15U Inseasnveusag ladiieudeiuale
@ 1 4 4 1 [ [
WUBY B-D-glucan dIUIADIALAUIAZAIATO 1TNQUALITONADAUAIWUTS (1, 3)-B-D-glucan

(Figure 3)

3-D-glucans

CH,0H CH,OH CH,OH
| |
H ¢—O H C—O —0
\‘lf/gH H\Cl\O l/éH H\Cl\‘o z/ A \c'\
OH H
\C_?/ lL \JC\-_C;:/ |L \I\Ci:_(;:/ !

0 Cellulose
C

| |
H  OH H  OH H OH

Figure 7. Chemical structures of B-D-glucans and cellulose

17: Gerald 11ag Tilak (1991), Sutherland (1998)
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CHOH CHZOH CHOH
0 0. OH
ol
OH \ % Curdlan
OH OH [
OH . OH
/%?\qut{’/o‘
HO™ Y7 _
\_.I T S
Ho“‘}?/H\b CH;
- \
CH,OH _O 1 CH,OH _O
it N A A, -
HO \\V,/ . H%/l*:\-?..-*i. ~ -\_\ O . Scleroglucan
o - A AR -
el TN el TN el
Figure 8. Chemical structures of curdlan and scleroglucan
N11: Tada azANL (1998), Sletmoen HALANL(2008).
Table 2. Types of biopolymers containing B—D—glucans.
Type Microorganism EPS structure Reference
Cellulose Acerobacter spp. , 1,3 - B—D glucan are Bertocchi ef al. (1997)
mainly gram — linked together through B
negative bacteria (1—4) glycosidic bonds

species and algae

Scleroglucan  Several fungi species 1,3 - B—D linked, attached ~ Sutherland (1990)
to 1,6 - D glucosyl
residues, relative molecular
mass of about1.3 x 10° Da
Curdlan Rhizobium, 1,3- B—D glucans, Sutherland (1990)
Agrobacterium and relatively low-molecular
Alcaligenes faecalis mass polymer of 7.4x10°

myxogenes Da insoluble in water
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I 1 s @ 1
OL-D-glucans (HungquuesluTumos Naenua1e O-D-glucans 1HioI06191R87
. Y a J a Yy 1a 4 a .
(Figure 9) 1sznoudIeNeaes 4 ¥ia launAnTing (dextrans) @A@UUY (elsinan) WYY
a Aa I 4 4 1
1Ay (pullulan) 1AL ATAFOAN (sialic acid) (Table 3) TagTATIEr 19V UANGIATY VL ¥OUAD
AUAIIUTE OL-(1-6) HazNgQuauIZIFouReNUAILI TS OL-(1-4) Hag Ol-(1-6) (Figure 9)
OH OH
H OH | |

O—0O
N

H

CH
? 0
%o
0
s HO
OH L OH

Ol-D-glucans

Dextran

|
o R R

Pullulan

Figure 9. Chemical structures of QU -D-glucans, dextran and pullulan

117: Donald 118 Judith (2004), Cakic tagaae (2002)



Table 3. Types of biopolymers containing Ol -D-glucans

Type

Microorganism

EPS structure Reference

Dextrans

Several bacteria species

QL -(1-6) linked D Shingel (2002)
glucosyl residues, high
molecular mass about 4-

5x10/

Elsinan

Elsinoe leucospila

1,3 -OL maltotriose units Sutherland (1990)
linked, soluble in water,
gels are formed at higher

concentrations

Pullulan

Fungi

Ol-1,4- and OL -1,6- Shingel (2002)
glucan, connected by an

OL-1,4 glycosidic bond,

high molecular mass 105-

106 Da

Sialic acid

Neisseria meningitidis,

E. coli,

Pasteurell ahaemolytica,
Moraxella nonliquefaciens

and Samonella sp.

Generic term for the N- Revilla-Nuin (1998)
or O-substituted

derivatives of neuraminic

acid, a nine carbon

monosaccharide, (2,9)

linked

1.2.2.4 1gnme s Induwaa 5@ (Heteropolysacchsrides) latnnguuodTyTy

4 1 £ a A T W 1 Y a 9 ' a A A
WDTUINNIMUINTUAVUYDUADNU 'ﬁ”I?J”IiE]LUJQ'E)@ﬂ"lﬂL']JH 8 Glfuﬂ]lﬂuﬂ woaduannan lay

A A . . A v W = o A A Y .
HUANLTY (bacterial alginates) dlatunay Inausans lsannedvea (emulsion and related

. a S A 9 Aa
polysaccharides) l3auau LAZWIALNBININYIUDY (gellan and related polymers) w15 u

(heparin) (D AFIBUEFNT (XM6) n3a'lav1g13iin (hyaluronic acid) 15 Tasiiloy tanimals lnauau

(rhizobium heteroglycan) L5146 (xanthan) (Table 4)



Table 4. Types of biopolymers containing heteropolysaccharides.
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Type Microorganism EPS structure Reference
Bacterial Algal, copolymer of (1-4)-linked B-D- Crescenzi (1995)
alginates Azotobacter spp., mannuronic acid and its C(5)

Pseudomonas spp.  epimer, L-Ol- gluronic acid
Emulsion Acinetobacter Mainly of rhamnose, mannose,
Sutherland
and related calcoaceticus glucose and glucuronic acid.
(1990)
polysaccharides Several composed
D - galactosamine aminouronic
acid and amino sugar, molecular
mass about 5x10° Da
Gellan and Auromonas elodea,  Monosaccharide of B—D— Nampoothiri
related Pseudomonas spp.,  glucose, B-D-glucoronic acid (2000)
polymers Sphingomonas and Ol-(1-4)-L rthamnose in
paucimobilis molar ratios of 2:1:1, high
molecular mass anionic
polysaccharides
Heparin Escherichia coli Disaccharides repeating unit of Sutherland
serotype K 5 4 -B-D- glucuronosyl-1,4 Ol- N (1990)
acetyl-D-glucosamine
XM6 Enterobacter stain  Closely EPS from Sutherland
XM6 Klebsiella aerogenes type 54, (1990)

composed of the same

tetrasaccharides repeat unit




Table 4. (Continued)
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Type Microorganism EPS structure Reference
Hyaluronic acid ~ Pseudomonas Disaccharide repeating Crescen zi (1995)
aeruginosa unit, 1,4 -B-linked
disaccharides of D-
glucuronosyl-1,3 B- N
acetyl-D-glucosamine,
high molecular mass size
from 5,000 to
20,000,000, insoluble
water
Rhizobium Some species of Heteropolysaccharide of Sutherland (1996)
Heteroglycan Rhizobium, namely,  D-glucose,
R. trifolii, D-galactose and
R. meliloti and D-mannose in the molar
R. leguminosarum ratio 1: 3: 2, forming a
hexasaccharide repeat
unit, insoluble water
Xanthan Xanthomonas Closely cellulose, the Sutherland (1996)
campestris terminal B—D—mannosyl

residue replaced by an L-

rhamnosyl, high

molecular mass about 4.7

X 107 Da
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Microorganisms Type of polymers References
Bacteria

Gram positive

Bacillus polymyxa Neutral polysaccharides Lichtenhaler (1991)

Leuconostoc mesenteroides

Lactobacillus delbrueckii subsp.

bulgaricus NCFB 2772

Lactobacillus delbrueckii subsp.

bulgaricus RR
Bifodobacterium adolescentis
M 101-4

Bacillus sp. DP-152
Streptococcus thermophilus
Gram negative

Alcaligenes cupidus KT201
Xanthomonas campestris
Klebsiella aerogenes
Enterobacter sp. BY-29
Enterobacter sp.
Pseudomonas elodea
Paecilomyces sp. 1-1
Hensenula capsulata
Hensenula holstii

Fungi

Aureobasidium pullulans
Pestalotiopsis sp. KCTC 8637P
Lentinus edodes

Aspergillus sp. JS-42

Neutral polysaccharides

Neutral polysaccharides

Neutral polysaccharides

Anionic polysaccharides

Anionic polysaccharides

Neutral polysaccharides

Anionic polysaccharides
Anionic polysaccharides
Anionic polysaccharides
Anionic polysaccharides
Anionic polysaccharides
Anionic polysaccharides
Cationic polysaccharides
Anionic polysaccharides

Anionic polysaccharides

Neutral polysaccharides
Anionic polysaccharides
Cationic polysaccharides

Anionic polysaccharide

Kwon et al. (1996)

Grobben et al. (1997)

Gassem et al. (1997)

Hosono et al. (1997)

Suh et al. (1997)

Erring et al. (1994)

Toeda and Kurene (1991)
Jana and Ghosh (1997)
Geddie and Sutherland (1993)
Yokoi et al. (1997)

Shimada et al. (1997)
Ludbrook et al. (1997)
Takagi and Kadowaki (1985)
Atkinson (1983)

Atkinson (1983)

Madi et al. (1997)
Kwon et al. (1996)
Crestini et al. (1996)

Nam et al. (1996)
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Table 6. Polymers obtained from marine bacteria and their application

Types

Polymer

Potential applications

1. Complex
polysaccharides and
related extracellular

polymeric substance

2. Pigment

3. Polyesters

1.1 adhesins

1.2 drag reducers

1.3 emulsion

1.4 surfactant
1.5 alginate
1.6 metal-binding EPS

2.1 melanins

3.1 poly 3 — hydroxyalkanoates

(e.g. polyhydroxybutyrate)

Under water surface coatings,
bioadhesives

Drilling, ship efficiency

Oil cleaning and viscosity
reduction

Dispersing agent, grinding aid
Food, textile

Toxic-metals bioremediation
Biotechnology, reporter gene,
cosmetics, dyes, colorings, sun
screens

Biodegradable plastics

U : Weiner (1997)
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Properties

Use

Polymer

Biological properties:

Chemical properties:

Physical properties:
Emultion stabilization
Fiber strength

Film formation
Flocculant

Foam stabilization

Gelling agents

Hydrating agent
Inhibitor of
crystalformation

Sheer thining, viscosity
control

Suspending agent

Viscosity control

Antitumer agents
Eye and joint surgery
Heparin analogeus
Wound dressings
Enzyme substrates

Oligosaccharide preparation

Food, Thixotropic paints

Acoustic membranes

Food coatings

Water clarification, Ore extraction
Beer, Fire-fighting fluids

Cell and enzyme technology
Food

Oil recovery (blockage of permable
zones)

Cosmetics, Phamaceuticals
Frozen foods, Pastilles and sugar
Syrups

Oil-drilling “muds”

Food, Paper coatings,
Agrochemical pesticides and sprays

Jet printing

B-D-glucan
Hyaluronic acid
Escherichia coli
Bacterial cellulose
Escherichia coli

Curdlan, pullulan

Xanthan

Bacterial cellulose
Pullulan

Various

Xanthan

Gellan

Curdlan, Gellan

Curdlan, Xanthan

Hyaluronic acid

Xanthan
Xanthan
Xanthan, Various,

Xanthan

Xanthan

117: Sutherland (1998)
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Table 8. An applications of microbial exopolysaccharides in food industry.

Polysaccharides Applications References
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Cellulose Desserts, weight reduction thickeners, artificial meat,  Bertocchi et al.
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Products, Inc. USA)
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wuawoenanalaadly 10 ulasaas waulddndu ihliiduases PCR Tastianiizns

Mauveuniosaaasly Table 10

Table 9. Reagents for PCR

Reagent Volume (ul)
10x Taq buffer 5

25 mM MgCl, 4

20 mM dNTP 1

0.2 uM Primer 1 1

0.2 uM Primer 2 1
distilled water 26.75
Taq polymerase (TaKaRa) (5U /ul) 0.25
DNA template 10
Total 50

Remark: Primer 1: Forward primer is 27F (5'-AGA GTT TGA TCM TGG CTC AG-3")

Primer 2: Reverse primer is 1518R (5'-AAG GAG GTG ATC CAN CCR CA-3")

Table 10. Condition of PCR

Reaction Temperature Time Cycle
94°C 2 min
Denaturing
94°C 10 sec
o)
55°C 30 sec 30
Annealing
68°C 2 min
Extension 72°C 10 min
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d
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Figure 11. Percentage of specimens used for isolation of marine bacteria.
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Figure 12

Table 11. Location, number of bacteria from specimens, gram staining characteristic and shape of

exopolysaccharides producing marine bacteria.

Number of bacteria from specimens Gram stain
Location Total ——— Shape
A B C D E F G H I J + -
1 10 - 1 2 1 1 - - - - 15 13 2 rod
2 - -3 - 1 -2 1 - - 7 6 1 rod
3 9 8 - 4 3 - - - - - 24 22 2 rod
4 - - 2 3 5 - -7 - - 17 11 6 rod
5 - - - - - - - - 112 13 9 4 rod

Total 9 8 6 9 10 1 2 & 11 2 76 61 15

Remark: Locations; Hot spring, Krabi province (1), Fossil Records, Krabi province (2), Phang-
nga Bay, Phangnga province (3), Pak Meng Beach, Trang province (4) and Sarasin
Bridge, Phuket province (5).
Specimens; plastic (A), plant (B), algae (C), rock (D), shell (E), sea water (F), coral

(G), metal (H), sand (I) and sponge (J).

ZMB (16%)

SWM (49%)

YPM (35%)
Figure 12. Number of exopolysaccharides producing marine bacteria isolated by using SWM,

YPM and ZMB media.
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Aiwanandn T Inausanlsdsesaduldun CNEPO15, CNEP021, CNEP070, CNEPOT9,
CNEP071, CNEP018, CNEP020, CNEP026, CNEP024, CNEP00S, CNEP017, CNEP040,
CNEPO013, CNEP051, CNEP043, CNEP012, CNEP029, CNEP019 11z CNEP034 Iagnanidn
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Table 12. Exopolysaccharides production from marine bacteria isolated from the specimens
collected in coastal areas in Thailand. Marine bacteria were cultivated in SWM, YPM

and ZMB media.

Isolates Dry cell weight (DCW) (g/1) EPS (g/1) Yield (g EPS / g DCW)
CNEP003 0.012 +£0.0004 0.034 £0.0007 2.83 £0.023
CNEPO15 0.013 £ 0.0003 0.037 £0.0015 2.76 £0.096
CNEPO021 0.004 + 0.0003 0.010 £0.0001 2.74 £0.035
CNEP070 0.014 + 0.0004 0.039 + 0.0002 2.71£0.070
CNEPO079 0.013 £0.0001 0.035 +0.0002 2.68 £0.025
CNEPO71 0.012 £0.0001 0.032 + 0.0004 2.58 £0.028
CNEPO18 0.002 +0.0001 0.006 = 0.0002 2.58 £0.091
CNEPO020 0.002 +0.0001 0.005 +0.0002 0.52 £ 0.057
CNEPO026 0.002 + 0.0002 0.005 = 0.0004 2.49 £0.052
CNEP024 0.002 + 0.0002 0.005 + 0.0002 2.42 £0.023
CNEPO008 0.002 +0.0003 0.005 +0.0003 2.34+£0.023




Table 12. (Continued)

56

Isolates DCW (g/1) EPS (g/1) Yield (g EPS / g DCW)
CNEPO17 0.004 + 0.0001 0.009 £ 0.0002 2.31+0.057
CNEP040 0.002 + 0.0002 0.005 £ 0.0002 2.28 £0.089
CNEPO013 0.002 + 0.0004 0.005 £ 0.0002 2.26 £0.046
CNEPO51 0.003 + 0.0002 0.008 £0.0018 2.20+0.056
CNEP043 0.006 + 0.0002 0.013 £ 0.0009 2.19+£0.046
CNEPO12 0.009 + 0.0026 0.019 £0.0015 2.13+0.039
CNEP029 0.010 + 0.0035 0.020 £ 0.0003 2.08 £0.086
CNEPO19 0.006 + 0.0014 0.013 £ 0.0002 2.04 +£0.048
CNEP034 0.011 +£0.0028 0.020£0.0014 2.02 £0.047
CNEP072 0.006 £+ 0.0006 0.010 £0.0006 1.72 £ 0.058
CNEPO031 0.010 £0.0013 0.017 £0.0032 1.69 + 0.065
CNEP052 0.009 £0.0012 0.015+0.0011 1.60 + 0.057
CNEPO033 0.010 £0.0007 0.016 £0.0008 1.54 £ 0.057
CNEPO068 0.008 +0.0004 0.012 £0.0006 1.47 +£0.071
CNEP069 0.009 £+ 0.0007 0.013 +£0.0004 1.46 £ 0.026
CNEP032 0.010 +£0.0007 0.013 £0.0011 1.37 £ 0.045
CNEPO055 0.017 £0.0012 0.023 £0.0011 1.37 £0.035
CNEP022 0.004 = 0.0005 0.005 £ 0.0001 1.34 +0.036
CNEP048 0.007 £ 0.0003 0.009 + 0.0001 1.34 £ 0.069
CNEP062 0.008 + 0.0005 0.010 £ 0.0002 1.28 £0.068
CNEP060 0.002 + 0.0002 0.003 +£0.0041 1.26 £0.058
CNEP023 0.008 = 0.0005 0.011 + 0.0004 1.25+0.057
CNEPO58 0.013 £0.001 0.015 £0.0003 1.22 £ 0.046
CNEP046 0.007 £ 0.0003 0.008 + 0.0003 1.15+0.059
CNEP027 0.024 + 0.004 0.026 £0.0031 1.11 £0.026
CNEP066 0.008 + 0.001 0.009 £ 0.0002 1.09 £ 0.046
CNEP054 0.013 £0.0014 0.014 +0.0007 1.06 £ 0.090
CNEPO057 0.014 £0.0002 0.014 £0.0012 1.05 +0.091
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Isolates DCW (g/1) EPS (g/1) Yield (g EPS / g DCW)
CNEPO050 0.009 + 0.0002 0.009 + 0.0003 1.04 £ 0.051
CNEP037 0.007 + 0.0004 0.007 £ 0.0001 1.01 £0.056
CNEPO005 0.003 + 0.0002 0.003 £ 0.001 0.83 £0.056
CNEPO11 0.009 + 0.001 0.007 £ 0.0005 0.83 £0.035
CNEP074 0.007 £ 0.0003 0.004 + 0.0006 0.65 £ 0.063
CNEP080 0.008 £ 0.0015 0.004 + 0.0002 0.59 £ 0.065
CNEP073 0.009 + 0.0029 0.005 +0.0012 0.56 £0.045
CNEP063 0.012 £ 0.0003 0.006 + 0.0004 0.54 £0.027
CNEPO056 0.015 £ 0.0006 0.008 £ 0.0007 0.53£0.071
CNEP064 0.011 £0.0025 0.005 +£0.0004 0.51 +£0.045
CNEPO75 0.010 £0.0011 0.005 £0.0008 0.50 +0.035
CNEPO025 0.012 +£0.0002 0.006 = 0.0003 048 +0.018
CNEPO038 0.005 +0.0023 0.002 +0.0004 0.46 +0.026
CNEPO065 0.011 £0.0004 0.005 £0.0007 0.46 + 0.053
CNEPO007 0.004 +0.0002 0.002 +0.0003 0.46 + 0.086
CNEPO061 0.013 £0.0028 0.005 +£0.0015 0.45+0.056
CNEPO16 0.013 +£0.0003 0.005 £ 0.0001 0.41+0.016
CNEPO039 0.006 +0.0023 0.002 £ 0.0009 0.40+0.017
CNEP014 0.014 £ 0.0009 0.005 = 0.0007 0.35£0.025
CNEP067 0.004 + 0.0002 0.001 £ 0.0009 0.34 £0.036
CNEP053 0.014 £ 0.0006 0.004 + 0.0003 0.27 £0.028
CNEPO076 0.009 = 0.0007 0.002 £ 0.0012 0.25+£0.069
CNEPO78 0.009 + 0.0005 0.002 +£0.001 0.23 £0.056
CNEPO077 0.012 +£0.0012 0.003 £ 0.0006 0.23 £0.046
CNEP049 0.030 + 0.0002 0.006 +0.0001 0.21 £0.012
CNEPO001 0.013 +0.0002 0.003 £ 0.0009 0.20+0.074
CNEPO035 0.014 £ 0.0006 0.003 + 0.0002 0.19+£0.003
CNEPO059 0.015 +£0.0015 0.003 +0.0003 0.19+0.034
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Isolates DCW(g/1) EPS (g/1) Yield (g EPS / g DCW)
CNEP002 0.013 £ 0.0005 0.002 + 0.0002 0.19+0.023
CNEP009 0.012 + 0.0004 0.001 +0.0004 0.18£0.015
CNEP045 0.007 +£0.0011 0.001 £ 0.0004 0.16 £0.077
CNEP047 0.004 = 0.0003 0.001 + 0.0004 0.15+£0.077
CNEP042 0.009 + 0.0001 0.001 £ 0.0001 0.15+£0.007
CNEP041 0.010 £0.0017 0.001 + 0.0002 0.09 £0.033
CNEP030 0.009 = 0.0007 0.001 + 0.0002 0.05+0.016
CNEP028 0.008 + 0.0002 0.0004 £ 0.0001 0.05+£0.015
CNEP036 0.012 + 0.0004 0.001 £ 0.0002 0.05+0.013
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Figure 13. Yield of exopolysaccharides produced by 20 selected isolates were cultivated in SWM,

YPM and ZMB media.
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Table 13. Identification results of exopolysaccharides producing strains by 16S rDNA analysis.

Accession
Strain Closely related species Similarity (%)
number

CNEPO08  Staphylococcus epidermidis BBAR7-13d" FJ217188 99 (1414/1419)
CNEPO03  Bacillus amyloliquefaciens NBRC 15535" AB325583 99 (1416/1421)
CNEPO12  Bacillus subtilis CECT39' AJ276351 99 (1434/1441)
CNEPO13  Bacillus subtilis CECT39' AJ276351 99 (1436/1444)
CNEPO15  Bacillus pumilus NBRC12092" AB271753 99 (1411/1414)
CNEPO070  Bacillus amyloliquefaciens NBRC 1 5535" AB325583 99 (1414/1419)
CNEPO71  Bacillus amyloliquefaciens NBRC 1 5535" AB325583 99 (1424/1432)
CNEPO19  Pseudoalteromonas whanghaensis DQO11615 98 (1401/1420)
CNEP021  Pseudoalteromonas ganghwensis FR1302" DQO11614 99 (1401/1412)
CNEP024  Pseudoalteromonas ganghwensis FR1302" DQO11614 99 (1402/1413)
CNEP026*  Pseudoalteromonas ganghwensis FR1 302" DQO11614  82* (1180/1424)
CNEP029*  Pseudoalteromonas whanghaensis DQO11615  96* (1375/1424)
CNEP034  Pseudoalteromonas whanghaensis DQO11615 98 (1396/1420)
CNEP040  Pseudoalteromonas whanghaensis DQO11615 98 (1408/1427)
CNEPO079  Pseudoalteromonas ganghwensis FR1302" DQO11614 98 (1391/1418)
CNEPO51  Vibrio alginolyticus ATCC17749" X74690 99 (1419/1429)
CNEPO17  Pseudomonas doudoroffii MBIC1298" AB019390 98 (1395/1421)
CNEP020  Alteromonas macleodii IAM 12920" X74690 99 (1396/1408)
CNEP043  Alteromonas macleodii IAM 12920" X82145 99 (1394/1404)
CNEPO18  Marinobacter hydrocarbonoclasticus S6-02" EU624424 98 (1405/1420)

Remark: * New strain
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Figure 14. Phylogenetic tree analysis based on almost completed 16S rDNA gene sequence.
Numbers within the phylogenetic tree indicate the percentages of occurrence of the

branching order in 1000 bootstrapped trees. T is type strain.
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Figure 15. Morphology under microscopic view (x100) of (A) B. amyloliquefaciens CNEP003,
B. amyloliquefaciens CNEPO70 and B. amyloliquefaciens CNEP071, (B) B. subtilis

CNEP012, and (C) P. ganghwensis CNEP079. Arrows indicate spores. Bar, 10 um.
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Figure 16. Yield of EPS produced by selected isolates when cultivated in SWM, YPM and ZMB
media.

* Different superscripts indicate significant differences (p<0.05)

Table 14. Comparison of the amount of exopolysaccharides and yield of exopolysaccharides

obtained from selected marine bacteria.

Isolate Dry Cell weight (DCW) (g/1) EPS (g/1) Yield (g EPS/ g DCW)
CNEP003 1.03 + 0.002 3.16 £ 0.015 3.07"
CNEP012 0.98 £ 0.002 2.35+0.018 2.40°
CNEP070 1.01 +0.003 2.65+0.017 2.62°
CNEP071 1.02 £ 0.002 2.81+0.017 2.75°
CNEP079 1.03 + 0.002 2.96 +0.019 2.87"

* Different superscripts indicate significant differences (p<0.05)
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<«— Solvent front

Figure 17. Thin layer chromatogram (TLC) of EPS samples (Lane 1: thamnose, Lane 2: xylose,
Lane 3: arabinose, Lane 4: fructose, Lane 5: mannose, Lane 6: galactose, Lane 7:
glucose, Lane 8: hydrolysed EPS of B. amyloliquefaciens CNEP003, Lane 9:
B. subtilis CNEPO12, Lane 10: B. amyloliquefaciens CNEP070, Lane 11:
B. amyloliquefaciens CNEPO71, Lane 12: P. ganghwensis CNEP079 and Lane 13:

control YPM medium).
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Table 15. Viscosity of exopolysaccharides obtained from marine bacteria cultivated in YPM broth

and incubated at 45 °C for 96 h.

Strain Viscosity (cP)
B. amyloliquefaciens CNEP003 653
P. ganghwensis CNEP079 46
B. amyloliquefaciens CNEP071 35
B. amyloliquefaciens CNEP070 29
B. subtilis CNEP012 15
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Figure 18. Time course of cell growth and exopolysaccharides production obtained from B.

amyloliquefaciens CNEP003 cultivated in YPM broth and incubated at 45 °C.
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Figure 19. Effect of carbon sources on cell growth, exopolysaccharides production by
B. amyloliquefaciens CNEP0O3 after cultivation at 45 °C for 96 h.

* Different superscripts indicate significant differences (p<0.05)
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Figure 20. Effect of sucrose concentrations on cell growth, exopolysaccharides production by
B. amyloliquefaciens CNEPOO03 after cultivation at 45 °C for 96 h.

* Different superscripts indicate significant differences (p<0.05)
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Figure 21. Effect of nitrogen sources on cell growth, exopolysaccharides production by
B. amyloliquefaciens CNEP0O3 after cultivation at 45 °C for 96 h.

* Different superscripts indicate significant differences (p<0.05)
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Figure 22. Effect of yeast extract concentrations on cell growth, exopolysaccharides production
by B. amyloliquefaciens CNEPO0O03 after cultivation at 45 °C for 96 h.

* Different superscripts indicate significant differences (p<0.05)
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Figure 23. Effect of initial pH on cell growth, exopolysaccharides production by
B. amyloliquefaciens CNEPO0O3 after cultivation at 45 °C for 96 h.

* Different superscripts indicate significant differences (p<0.05)
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Figure 24. Effect of temperature on cell growth, exopolysaccharides production by
B. amyloliquefaciens CNEP003 for 96 h.

* Different superscripts indicate significant differences (p<0.05)
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Figure 26. Time course of cell growth, exopolysaccharides production, pH and residual sugar (a);
product yield coefficient (Yp/x) and (Yp/s) (b); of B. amyloliquefaciens CNEP003 in
YMG broth (pH 7.5, 45 °C) containing 60 g/l sucrose and 8.47 g/l yeast extract as

carbon and nitrogen sources, respectively.
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©

Figure 27. Appearances of film prepared from exopolysaccharide produced by B.
amyloliquefaciens CNEP 003 at concentrations of 2% (A), 3% (B), 4% (C) and 5%

(D) with 20% glycerol.
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Table 16. Effect of exopolysaccharides and glycerol concentrations on thickness, tensile strength

and elongation at brake of film from B. amyloliquefaciens CNEP003.

EPS Glycerol Thickness Tensile strength % Elongation
concentration (%) concentration (%) (mm) (N/mmz) at brake
10 0.051+0.001  5.589+0.085°  25.68 +2.509"
20 0.053+0.001  1.580+0.018  57.70 =3.203"
3 A ‘
25 0.064+0.000'  1.141+0.024"  105.01 +4.732"
30 0.073+0.001"  0236+0.003  138.67 +4.836°
10 0.071 +0.001'  7.097+0.078°  32.39 +3.228
20 0.085+0.001°  1.781£0.037"  76.92 + 4.349°
4 ‘
25 0.091+£0.001" 1.707+0.056  115.79 + 5.694°
30 0.105+0.001°  0313+0.006  152.22 +4.694°
10 0.102+0.001° 9.671+£0.101°  42.39 +3.535'
20 0.114+0.001°  1.798 £0.092°  102.30 +3.025'
5
25 0.124+0.001°  1.338+0.079°  128.11 + 3.694"

30 0.134+0.001°  0.473+0.003  168.83 +3.229"
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Figure 28. Appearance of film prepared from exopolysaccharide produced by

B. amyloliquefaciens CNEP003 at concentrations of 4% with 20% glycerol.
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Figure 29. Purification profile of exopolysaccharide from B. amyloliquefaciens CNEP003 on
Sephadex G-100



91

82 Anwniminlaanaveusnlalndusanilsalasis Gel Permeation
Chromatography (GPC)
A o a3 = S o a = .
mmnmﬂimiwau%ﬂm"liﬂwmumimmqmﬁmazmﬂu 0.05 M sodium
bicarbonate buffer (pH 11) HAINTDIAY nylon 66 membrane (VUIAFWIU 0.45 llllﬂiﬂu)
[ Q’l’ o w 1 4 % I @ o
wmmﬂuummamﬁm%}wm?m GPC Cdﬁﬂﬁwgguamﬂummmgm (5900-788000 @1Q81U)
(MANUIN ) Taeld Ultrahydrogel linear 8¢ guard column uaz 19 Refractive Index Detector

a

[~ v v o Y @ < A aa 1 A A = I
Lﬂum%uﬁiyiym AIYDNTIUTI 0.6 UAAAATADUIN NYUNYN 30 DIFUFALHYT Wuan 22
= =] = J A A [V 4 . .
HUIN Wﬁfni“lflﬂa@QWU’JW&@ﬂI%IWﬁL!%ﬂﬂWllﬁﬂ“‘lnﬂLL‘Uﬂ‘miﬁlﬁWEJWH‘ﬁ. B.  amyloliquefaciens

=~ oy @ 1 o 6 % . & A Y A [ 2’ Y]
CNEPO003 uumuﬂimaqammu 233 x 100 @19aU (Figure 30) e lnamesnuiivin
a s a @
TuanavoIneaUsAA1 lSANNANDIN Bacillus sp. DP-152 A0 2 x 10° A1aAU (Shu ef al., 1997)
a Y 2 o oy o <3 = s a Y . A
LLa%ﬂJﬂﬂﬂaLﬂENﬂUuWWuﬂIﬂJlﬁflaGU’E]\‘lLfJﬂI‘ﬁfIWﬁl!“ﬁﬂﬂWlliﬂﬂWa@]leMﬂ Bacillus sp. 1-450 A9
9
@ o o a o @ wa
2.2 x 106 AU ( Kumar et al., 2004) 1!TﬁuﬂIllLﬁf}ﬁﬂl@\iW@ﬁmﬂiﬁWaIﬂﬂﬂﬁ\‘]ﬂ‘UﬂﬂlﬁlJ'Uﬂ
Y A = S A g’ o =\ A 1 Aa A~
ﬂWHﬂ'ﬂll‘ﬁ'uﬂIWﬁL!%ﬂﬂWﬂiﬂ“ﬂNu1ﬁuﬂIﬂJlﬁf]ﬁﬁj:\‘lﬁ]guﬂ’NﬂJT‘iuﬂﬂJ1ﬂﬂ’NW’l3]mL“])'ﬂﬂ1llﬁﬂﬂ1J

Wmiin Tuanad (Rew er al,. 2000)

v —

N
8

(-]
T
|
I
-

200
<00
N " s.oo 1000 15.00 ‘00
Minnes
Mn Mw Mp Mz Mz+1

Polydispersity

(Daltons) (Daltons) (Daltons) (Daltons) (Daltons)

1651443 2327756 2151005 3149260 4005695 1.409529

Figure 30. GPC chromatogram of partially purified exopolysaccharide from B. amyloliquefaciens

CNEPO003.
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Figure 31. Infrared spectrum of exopolysaccharides from B. amyloliquefaciens CNEP003.
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Figure 32. The 'H NMR spectrum of exopolysaccharides from B. amyloliquefaciens CNEP003
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Table 17. Isolates, medium, source and location for the isolation marine bacteria producing

exopolysaccharides.

Isolates Medium Source Location
CNEPO001 SWM Algae Seawater hot spring, Karbi province
CNEP002 SWM Rock Seawater hot spring, Karbi province
CNEPO003 YPM Plastic Seawater hot spring, Karbi province
CNEPO005 SWM Plastic Seawater hot spring, Karbi province
CNEP007 SWM Plastic Seawater hot spring, Karbi province
CNEPO008 SWM Plastic Seawater hot spring, Karbi province
CNEP009 SWM Plastic Seawater hot spring, Karbi province
CNEPO11 YPM Plastic Seawater hot spring, Karbi province
CNEPO12 YPM Plastic Seawater hot spring, Karbi province
CNEPO13 YPM Rock Seawater hot spring, Karbi province
CNEPO14 YPM Plastic Seawater hot spring, Karbi province
CNEPO15 ZMB Plastic Seawater hot spring, Karbi province
CNEPO16 ZMB Plastic Seawater hot spring, Karbi province
CNEPO17 ZMB Shell Seawater hot spring, Karbi province
CNEPO18 ZMB Sea water Seawater hot spring, Karbi province
CNEPO019 ZMB Algae Fossil Records, Karbi province
CNEP020 ZMB Coral Fossil Records, Karbi province
CNEPO021 ZMB Rock Pak Meng Beach, Trang province
CNEPO022 ZMB Shell Pak Meng Beach, Trang province
CNEP023 ZMB Metal Pak Meng Beach, Trang province
CNEP024 ZMB Metal Pak Meng Beach, Trang province
CNEP025 ZMB Sand Sarasin Bridge, Phuket province

CNEP026 ZMB Sand Sarasin Bridge, Phuket province
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Isolates Medium Source Location
CNEP027 YPM Plant Phang-nga Bay, Phangnga province
CNEP028 YPM Plant Phang-nga Bay, Phangnga province
CNEP029 YPM Shell Phang-nga Bay, Phangnga province
CNEP030 YPM Shell Phang-nga Bay, Phangnga province
CNEPO031 YPM Plastic Phang-nga Bay, Phangnga province
CNEP032 YPM Rock Phang-nga Bay, Phangnga province
CNEPO033 YPM Plant Phang-nga Bay, Phangnga province
CNEP034 YPM Plastic Phang-nga Bay, Phangnga province
CNEPO035 YPM Plastic Phang-nga Bay, Phangnga province
CNEPO036 YPM Plastic Phang-nga Bay, Phangnga province
CNEP037 YPM Rock Pak Meng Beach, Trang province
CNEPO038 YPM Shell Pak Meng Beach, Trang province
CNEP039 YPM Shell Pak Meng Beach, Trang province
CNEP040 YPM Shell Pak Meng Beach, Trang province
CNEP041 YPM Metal Pak Meng Beach, Trang province
CNEP042 YPM Metal Pak Meng Beach, Trang province
CNEP043 YPM Metal Pak Meng Beach, Trang province
CNEP045 YPM Sand Sarasin Bridge, Phuket province
CNEP046 YPM Sand Sarasin Bridge, Phuket province
CNEP047 YPM Sponge Sarasin Bridge, Phuket province
CNEP048 YPM Sponge Sarasin Bridge, Phuket province
CNEP049 YPM Plant Phang-nga Bay, Phangnga province
CNEPO050 YPM Algae Pak Meng Beach, Trang province
CNEPO51 SWM Shell Fossil Records, Karbi province
CNEPO052 SWM Metal Fossil Records, Karbi province
CNEPO053 SWM Algae Fossil Records, Karbi province
CNEP054 SWM Algae Fossil Records, Karbi province
CNEPO055 SWM Coral Fossil Records, Karbi province
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Isolates Medium Source Location
CNEPO056 SWM Plant Phang-nga Bay, Phangnga province
CNEP057 SWM Shell Phang-nga Bay, Phangnga province
CNEPO058 SWM Plastic Phang-nga Bay, Phangnga province
CNEP059 SWM Rock Phang-nga Bay, Phangnga province
CNEP060 SWM Rock Phang-nga Bay, Phangnga province
CNEPO61 SWM Plant Phang-nga Bay, Phangnga province
CNEP062 SWM Plant Phang-nga Bay, Phangnga province
CNEP063 SWM Plant Phang-nga Bay, Phangnga province
CNEP064 SWM Plastic Phang-nga Bay, Phangnga province
CNEPO065 SWM Plastic Phang-nga Bay, Phangnga province
CNEP066 SWM Plastic Phang-nga Bay, Phangnga province
CNEP067 SWM Plastic Phang-nga Bay, Phangnga province
CNEPO068 SWM Algae Pak Meng Beach, Trang province
CNEP069 SWM Rock Pak Meng Beach, Trang province
CNEP070 YPM Shell Pak Meng Beach, Trang province
CNEP071 YPM Metal Pak Meng Beach, Trang province
CNEP072 SWM Metal Pak Meng Beach, Trang province
CNEP073 SWM Sand Sarasin Bridge, Phuket province
CNEP074 SWM Sand Sarasin Bridge, Phuket province
CNEPO75 SWM Sand Sarasin Bridge, Phuket province
CNEPO076 SWM Sand Sarasin Bridge, Phuket province
CNEPO077 SWM Rock Phang-nga Bay, Phangnga province
CNEPO78 SWM Sand Sarasin Bridge, Phuket province
CNEP079 YPM Sand Sarasin Bridge, Phuket province
CNEP080 SWM Sand Sarasin Bridge, Phuket province
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16S rDNA gene sequences of marine bacterial isolates

1) CNEP003

CTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGG
ATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTCTGAACCGCATGGTTCAGA
CATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTT
GGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCG
GCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAAT
CTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTC
GGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACC
TTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATA
CGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTC
TTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGA
ACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAG
ATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGA
GCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACG
ATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAG
CACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGC
CCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAG
GTCTTGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGA
CAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCA
ACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACT
GCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATG
ACCTGGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGG
TTAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCG
TGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGG
GCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCC
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2) CNEP012

CCAGGCAGCGGGCTATATGCAGTCGAGCGGAAGATGGGAGCTTGCTCCCTGATGTTA
GCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCC
GGGAAACCGGGGCTAATACCGGATGCTTGTTTGAACCGCATGGTTCAAACATAAAAG
GTGGCTTCCGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGT
AATGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACT
GGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCA
ATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTA
AAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGT
ACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGT
GGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTC
TGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGA
GTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGG
AGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAA
AGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAG
TGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCC
CCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTG
ACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTG
GTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTG
ACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGC
TACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCA
ATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTG
GAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTA
CACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAACCTT
AGGAGCCGCCGCCAAGTGACGAAGGGTGG
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3) CNEP070

GGAGCGGGGCTATCTGCAGTCGAGCGGACGATGGGAGCTTGCTCCCTGATGTTAGCG
GCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGG
AAACCGGGGCTAATACCGGATGGTTGTTTGAACCGCATGGTTCAGACATAAAAGGTG
GCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAAC
GGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGG
ACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATG
GACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAA
GCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTAC
CTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGG
CAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTG
ATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGT
GCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAG
GAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAG
CGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTG
CTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGC
CTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGAC
ATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGT
GCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGC
AACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGAC
AAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTA
CACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCAAT
CCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGG
AATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTAC
ACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAACCTTA
GGAGCCGCCGCGAAGTGACGAAGCGG
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4) CNEP071

GGGCGAGCTGGGCTATCTGCAGTCGAGCGGACGATGGGAGCTTGCTCCCTGATGTTA
GCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCC
GGGAAACCGGGGCTAATACCGGATGGTTGTTTGAACCGCATGGTTCAGACATAAAAG
GTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGT
AACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACT
GGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCA
ATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTA
AAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGT
ACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGT
GGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTC
TGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATGGGAAACTGGGGAACTTGA
GTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGG
AGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAA
AGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAG
TGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCC
GCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTG
ACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTG
GTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTG
ACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGC
TACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCA
ATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTG
GAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTA
CACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAACCTT
TTGAGCCGCCCCGAAGTGACGAATGAAA
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5) CNEP079

GGGCGATGCGAGCTAAATGCAGTCGAGCGGTAAAGAGAGTAGCTTGCTACTCTGCTG
ACGAGCGGCGGACGGGTGAGTAATGCTTGGGAATATGCCTTATGGTGGGGGACAAC
AGTTGGAAACGACTGCTAATACCGCATGATGTCTACGGACCAAAGTGGGGGACCTTC
GGGCCTCACGCCATAAGATTAGCCCAAGTGGGATTAGCTAGTTGGTGAGGTAATGGC
TCACCAAGGCGACGATCCCTAGCTGGTTTGAGAGGATGATCAGCCACACTGGGACTG
AGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCG
CAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACT
TTCAGTAAGGAGGAAAGGTTAAGTGTTAATAGCACTTAGCTGTGACGTTACTTACAG
AAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCGAGCG
TTAATCGGAATTACTGGGCGTAAAGCGTACGCAGGCGGTTTGTTAAGCGAGATGTGA
AAGCCCCGGGCTCAACCTGGGAACTGCATTTCGAACTGGCAAACTAGAGTGTGAAAG
AGGGGGGGAGAATTTCAGGGGGAGCGGTGAAATGCGTAGAGATCTGAAAGAATACC
GATGGCGAAGGCAGCCACCGGGGTCAACACTGACGCTTCATGTACGAAAGCGTGGG
AGAGCAAACAGGAGTAGGATACCCGGGTAGTCCACGCCGTAAACGAGGTCTACTAG
AAGCTCGGGTCTTCGGACTTGTTTTTCAAAGCTAACGCATTAAGTAGACCGCCTGGA
GAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGT
GGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACACTTGACATACA
GAGAACTTACCAGAGATGGTTTGGTGCCTTCGGGAACTCTGATACAGGTGCTGCATG
GCTGTCGTCAGCTCGTGTTGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
CTATCCTTAGTTGCCAGCGATTCGGTCGGGAACTCTAAGGAGACTGCCGGTGATAAA
CCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCCCTTACGTGTAGGGCTACAC
ACGTGCTACAATGGCGCATACAGAGTGCTGCGAACCTGCGAGGGTAAGCGAATCACT
TAAAGTGCGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATC
GCTAGTAATCGCGTATCAGAATGACGCGGTGAATACGTTCCCGGGCCTTGTACACAC
CGCCCGTCACACCATGGGAGTGGGTTGCTCCAGAAGTGGATAGTCTAACTTGCGGAG
GACGTCACCGCGAGGTACGGGCTCC
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GPC Calibration Plot
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788000 11.950 5.896526
404000 12.333 5.606381
112000 13.223 5.049218
47300 13.952 4.674861
22800 14.632 4.357935
5900 15.631 3.770852

Figure 37. Standard curve of pullulan by Gel Permeation Chromatography.
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Table 18. Major functional groups of exopolysaccharides observed with FT-IR.

Wave number  Functional group  Functional type Reference

(cm )

36700-3230  OH (hydroxyl) OH in  polymeric Singh et al., 2006

compound
3230-3000 CH,, C=H Singh et al., 2006
2950-2900 C-H stretching Singh et al., 2006
2900-2850 C-H stretching Singh et al., 2006
1750-1740 Cc=0 Carboxylic acid Singh et al., 2006

1670-1650 C-H and C=0 Amide I (protein  Bramhachari and Dubey, 2006
peptidic bond)

1550-1535 C-N and N-N Amide II  (protein Bramhachari and Dubey, 2006

peptidic bond)

1470-1460 CH, Brambhachari and Dubey, 2006
1410-1400 C=0 and OH Caboxylic acid Bramhachari and Dubey, 2006
Alcohols and phenols
1200-1000 C-0-C Polysaccharides Bremer and Geesey, 1991

<1000 “  Fingerprint” Phosphate or sulphur Bremer and Geesey, 1991

Zone functional groups
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Figure 38. HPLC chromatogram of standard glucose sugar.
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Figure 39. HPLC chromatogram of standard mannose sugar.
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Figure 40. HPLC chromatogram of standard arabinose sugar.
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Figure 41. HPLC chromatogram of standard fructose sugar.
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Figure 42. HPLC chromatogram of standard galactose sugar.
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Figure 43. HPLC chromatogram of standard rhamnose sugar.
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Figure 44. HPLC chromatogram of standard xylose sugar.
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