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Table 1. Amount of lead contamination.

Sources Lead (ppm) Reference
The Gulf of Suez,
36-52-42.15 Hamed and Emara (2006)
Red Sea (Egypt)
Kabwe town (Zambia) 0.1-234 Tembo et al. (2006)
Kayseri (Turkey) 2.96-123 Tokalyoglu and Kartal (2006)
Mediterranean, Izmir (Turkey) 7-11.1 Muezzinoglu et al. (2006)

Mining sites (South Morocco)

The Naples Harbor ,

Tyrrhenian Sea (Southern Italy)

The Ebro basin (Spain)

Mining and Smelting in East

Belgium (Belgium)

20,412-30,100

270.24

17.54-27.95

19,206

Boularbah et al. (2006)

Ferraro et al. (2006)

Martyn et al. (2006)

Cappuyns et al. (2006)
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Table 2. Analysis of heavy metals contents of seawater in Thailand in 1998.

Metals contents (mg/Kg)
Metals
East coast West coast
As 1.8 0.7
Cd 0.3 0.4
Cr 19.8 18.6
Cu 10.8 10.1
Hg 0.11 0.12
Pb 313 20.2
Zn 22.6 23.2
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Figure 1. Mechanism of metal absorption by bacterial cell.

W7 : Valls 1ag Lorenzo (2002)
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94A152NOUNEN (ion complexing) lwaelsnes aunsasusulanzsiindnla ualansiiv

H
A

Y =\ Y o <3 (] a A = =\ & AW I
Aosliguantianaaenuman sy ezgliloy  unaden wazlasdon  (Faldnyuziy
. . { v <} 1
trivalent ions tazlivuaNlndiResnuman) (Gadd, 2004; Roane and Paper, 2000) NGUUDY
A A a 4 Y 1
ummwwmmmwa@l”lcmeiimi “lmm Pseudomas, Actinomycetes, Azetobacter MY
4 I 1 o 4 4
Arthrobacter (2) TWaB3 (exopolymer) 1Huassznoungu mslulawsa Induwams lsa
a aa @ = S :3’ Y dgl [l A ~ 4 .
nsaanaon uazludy  IndwesnireadniIuerveglugiilenivgauenainisad  (slime)
3 {a ] 1] o A o 1 J -4
violuuauga (capsule) Naauuiumiuwadnld Tagnalimsaseensnquilvzadady
] [ Y
inetloeiumsdes uazmsgniunu (phagocytosis) MNUUATISeBHADY T1InguHaNTOIU
@ [ ] J o 3 ) 1 4 {
nuTane 18 Taverdenyilandunilulszgau (Ding ef al., 2002) Hl# Tang liaunsondoud
I o 1 [ 4
18 (immobilization) wazilumstlesiulildTanzidhgnieluwad (Gadd, 1992; Roane and

. ' [ v v g A
Paper, 2000) Ford tta2 Mitchell (2000) WU A3 duAUved lanzriinny lame Tsves use Tn
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9

= J c?/‘ [~ A 19 @ [ ~ 1 9 1 A9 @
a!,3Jﬂﬁuulﬂuﬂi%‘ﬂ’Jufnﬁ“lflhl?J?l’fJ\?’fﬂﬁﬁlWﬁ\‘1\111!%1ﬂll‘ﬂﬂ°mifl LL@IiuﬂWﬁﬁﬁNﬁWﬁﬂquu@m\‘l@Wﬁﬂ

Wﬁﬂ\‘]1ui]1ﬂﬂ3$‘U’J°L!ﬂﬁL3J§ITUfJ§“§3J

(] LY a iy
msvulaneminlaglnamesiimn
v o v o a = 3 d? @ ] do A g
MIvuAUVed Tangrinny Inawesyinmiuszyunumyilanguintluilssgauuu
a 7. : ' J o
Tnawesdinw Fanyilanduszisznoulidre pyruvate, phosphate, hydroxyl, uronic acid,
1 E4
. . . . . ! [ U 1 a g 1
sialic acid, glucuronic acid LLAZNYNUUDY carboxylate cdﬁwy,mﬂmaﬁ%zﬁﬂqmmmaﬂmauag
mnaraliuanunanvatelumssusuvealareniin  (Ford and  Mitchell,  2000)
™ v a o, 1
Tagina ludimsduduves ITnamessinm uaz Tanzazeglugluuy ionic 182 electrostatic
.. ' { a J. { s o & . .
binding WUIMUARSeNa 1IN BINNATeRYsEno Uiy acid polysaccharides %
tunuTangminudiedlugldvesazwiunie (salt bridge) TagsldmsiunuTanzuay EPS i
< ) ' ' a s A 1 g o
ANV (Spaulding,2004) LANT N THAWBFFINW NYAa T NIUI Tuanz R una1eiy
A 1 . o 9 A [ YY) Y] Aa I
UNGUYDY anion MMMMINNTUMITUAU AN HazmITUAUYEI Tanefu THAWDIFININ
S @ ' o v o o 1 &
wiuuTLooUUBY  electrostatic bond 931 UAUITM A aus (Geesey and Jang,
1989; Beech et al., 1995)
1 =S 4 A A 1 a o A o 1" o [ Y v [
WU TN MINLUANS oA N THAN UL IR U M UL Tane nilna1en | (Rud et
J v A a
al., 1984) Tae Tnatue3n Klebsiella aerogenes mmsmuumﬂa"l?fqaqﬂ ii’Nﬂx‘lﬁJ”Iﬁ@
I o W 1 [
NoIUA uAAEN LMt uag Tauean MUSIAY dIU P, manganicum  9NWI0QATY
o a 3 1 o a A @ o 1 a
dang@ 18 lulsmnage naaddmunIndwesidszansamlumsiulangminuaaz viia 14

" W o 7 @ A o
LUANANNU (551181515'91 NANN LA muqm ﬂizlﬁiﬁﬁii‘w, 2540)

4. A3 T 1MW

A a a

a 4 I a a 1 -4 4
Tnawes¥ImN (biopolymer) 1WuIndwesninandalixinnass¥usuions
0 4 [ [
A1595I0009FINTINTUY 19U WoNTT AL TAlsY dextrans FouuyNaIUNTNNTO 19U
4 3 U 4 1 4 v o ' '
Tuls@u iiverfluumasmisuon wu uils nag glycogen niotolsudldedluanizinadoud
Y
91/89g1U 13U pullulan (Bruins, 2000)
Aa S A v d? A AAaa 1 a = vAa =\
INANOIFINMNNATNUUINNNAINFIAUAaFIA W UUAVTANIINININ 1AL tag

= = 4 ~ 1 [ a =) ~ 9 dg’ A A =
FININ i’JlliNﬂﬁﬂﬂi%ﬂ@ﬂmmﬂ@lﬁﬂuqﬂ IWﬁ!,3Jﬂﬁ“h”)ﬂ1W‘V]ﬁ’iN"’U‘HiﬂﬂL!‘Uﬂ‘mﬁﬂu@ﬂﬁHﬂ‘ﬂ%N
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nsaozd Tu lunldalalnauau uag nsa'lvdiu Nuanaenundldalseneudle teichoic acid
1/521A% polysaccharides 1@ lipopolysaccharide AuAnAAUBNAY (Lindberg, 1998)

a % (% A

a = ~ ad Y dgl c?/l =\ 1y a s A
IWﬁLlI’EJi‘]S’Jﬂ1W NYIAUNTITTWUYUVIUUITUDYAIYNY 2 aNHUSAD (I)IWGLN@'B"WWQGI

Q U

Y
A v

2 7 . . a s A <
Jum luwaa (intracellular polysaccharides) Twmuawuﬂuuaﬂymmﬂmmma (granules)
9 d?’ a J Aa dy Y 1 4 1 [ Y
Tagmsasnuumves Inamessiaive lodunvasvosmsvoutazurainasnulumseain
I o y g {A o T g
#1053 (Sturgeon, 1975) n3ethnlaiedulnssadanidnyuzilunou (structural building
Aa s A dg‘ s L & Aa P 9 dgl A
blocks) (Brock, 1991) taz (2) Indwesnnanvuumousngas suiuIndwesnas19vuie
‘flmﬁ”u@mmmmmﬂﬁﬁwﬂﬂﬁumﬂmsgﬂﬁu (Gadd, 1992; Roane and Paper, 2000) iag
o I a ] A Y 4
HostunnuiluivuesTanzdwilosnn lavzidgwad
Extracellular Polysaccharides (EPS) 1wanainuuaiiseszdsznonlide TUsau uay/
a a 5 ] J o 1
H30 ﬂmu’;ﬂﬁaﬂcﬁqﬁwgﬂq N¥U pyruvate, phosphate, hydroxyl, uronic acid, sialic acid HAENYY
V04 carboxylate (Ford and Mitchell, 2000) Ne N30 UNUO0UVEd larisHinLasANALNOY
1 [ Y g‘ v a =) a dy L] 1 = 6 [ .
sawiuld dviinved Tndwessinwriail azeglurie 0.3 92,1 x10° A1adu (Ding ef al.,
& A 9 d? dy L] A ~ = a o 4
2002) %4 EPS Ner519vuntienang lugiveuiionivgatensaniunnnisaanioodaanumag
I . 1 I 1 [l a
Tugtvowaiyan1d (Morin, 1998) EPS anunsoutsesn’laiilu2 ngulvamuaiiaues

Tnseasha Ao Homopolysaccharides ti21¢ Heteropolysaccharides
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5 1 1 d a [ 4 1 [ 1
4.1. Homopolysaccharides ¥4 launnguueslyTunessilamertuuusouaonu a1m1souLi
Y 1 [l 1 @ dy
pon lailungudosaien asil
I 1 S W 1 {
4.1.1 B-D-glucans 1Hunguueslnlumosnaonuals B-D-glucans iedod1uden (UM 2)

YszaouldreTnamwes 3 ¥iia lAun Cellulose, Curdlan 1% Scleroglucan (A13199 3)

511 2 mnuaaslassadiaves B-D-glucans

U

Figure 2. Structure of B-D-glucans.

NU: Gerald tag Tilak (1991)
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A a a I A a J
137190 3 uﬁﬂwummﬂwammmmwmwaﬁiuﬂ’qmm B-D-glucans

Table 3. Types of biopolymer from [3-D-glucans group.

Types Producer EPS structure Reference
Cellulose Acerobacter spp. , mainly 1,3 - B-D glucan are Bertocchi et al. (1997)
gram — negative bacteria linked together through
species and algae B (1—>4)-glycosidic
bonds
Scleroglucan Several fungi species 1, 3 - B-D linked, Sutherland (1990)

attached to 1,6 - D
glucosyl residues,

relative molecular mass

of about1.3 x 10° Da

Curdlan Rhizobium, Agrobacterium 1,3 - B-D glucans, Sutherland (1990)
and Alcaligenes faecalis relatively low-molecular
mass polymer of
7.4x10° Da insoluble in

water

g J s w9 = [l = A
4.1.2 a -D-glucans LﬂuﬂqmmaquTuLuasmaﬂuﬂ’sa o-D-glucans (WEIDY1NUAYY (E'IJTB)
a 4 a ] J a2 .
Usznoudle Tnawes 4 yila laun Wnduau (Dextrans) 3BuUY (Elsinan) Waguaw(Pullulan)

ez lyan 10Fn (Sialic acid) (A1319914)

OH OH OH OH

| | | |
CH2 CH2 CH2 CH2
0 0 Q 0
(0] O
prd mo - m
H OH H OH H OH H OH

A )
iﬂ‘ﬂ 3 ﬂ1WLLﬁﬂ\‘lIﬂi\1ﬂiNﬂJ@\‘l a -D-glucans

U

Figure 3. Structure of o -D-glucans.

117: Donald t1ag Judith (2004)



{ a a o { a J
M50 4 1AAIFHAVD INANDTFIMNUNNAA TUNGUUDY oL -D-glucans

Table 4. Types of biopolymer from o -D-glucans.

Types Producer EPS structure Reference
Dextrans Several bacteria o -(1-6) linked D Shingel (2002)

species glucosyl residues, high
molecular mass about
4-5x10’

Elsinan Elsinoe leucospila 1,3 -0, 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 Generic term for the N- Revilla-Nuin (1998)

meningitidis, or O-substituted

E. coli, derivatives of

Pasteurell neuraminic acid, a nine

haemolytica, cabon monosaccharide,

Moraxella (2,9) linked

nonliquefaciens and

Salmonella sp.
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5 1 1 4 1 9 a 4 1 [

4.2 Heteropolysacchsrides ¥4 launnguuesluTunesinnnimilisiauusouaenu @115
] Y a 9 1 Aa A 9 a . . A v @ ~
uyseen Ity 8 sialaun tuafiSenas1ueadiua (Bacterial alginates) dady waz Induyn
i o
M3 13@NNeIT09 (Emulsion and related polysaccharides) tnauay wag InamesnineIveq

a < sd A 4 a a
(Gellan and related polymers) 181115U (Heparin) ondoudng (XM6) leonglstin odn
(Hyaluronic  acid) T5Tmdien  samels lnaunu (Rhizobium  heteroglycan) L5 ULNY

(Xanthan )(G]”ISNﬁS)

{ a a o { a '
M0 5 naariaved InamesyINWANAIa lunguued Heteropolysaccharides

Table 5. Types of biopolymer from Heteropolysaccharides.

Types Producer EPS struture Reference
Bacterial Algal copolymer of (1-4)-linked Crescenzi (1995)
alginates Azotobacter spp. [3-D-mannuronic acid

Pseudomonas spp. and its C(5) epimer, - L-

gluronic acid

Emulsion Acinetobacter Mainly of rhamnose, Sutherland (1990)
and related calcoaceticus mannose, glucose and
polysaccharides glucuronic acid. Several
composed D -
galactosamine

aminouronic acid and
amino sugar, molecular

mass about 5x10° Da
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A1319N 5 (A9)

Table 5. (Cont.).

Types Producer EPS structure Reference
Gellan and related  Auromonas elodea Monosaccharide of 3-D- Nampoothiri (2000)
polymers Pseudomonas spp. glucose , B-D-glucoronic

Sphingomonas acid and o-(1-4)- L
paucimobilis rhamnose in molar ratios

of 2:1:1, high molecular

mass anionic

polysaccharides
Heparin Escherichia coli Disaccharides repeating Sutherland (1990)
serotype K 5 unit of 4 -B-D-

glucuronosyl-1,4 a- N

acetyl-D-glucosamine

XM6 Enterobacter XM6 Closely EPS from Sutherland (1990)
Klebsiella aerogenes type
54, composed of the same
tetrasaccharides repeat

unit
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Table 5. (Cont.).
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Types Producer EPS structure Reference
Hyaluronic acid ~ Pseudomonas Disaccharide repeating Crescenzi (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 Hetero polysaccharide of Sutherland (1996)
Heteroglycan Rhizobium, namely, D-glucose,
R. trifolii, R. meliloti  D-galactose and
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 [3-D-mannosyl

residue replaced by an L-
rhamnosyl, high molecular

mass about 4.7 x 10’ Da
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5. Hadelumsnanlnames 1w

¢
5.1 UKAIVDINTLOU

a a 1 4 o w [l H
siauazlSinavewmasmiveulinnudAyaenisaiie EPS minuuaiiGen
[ = 9 1 o [ I~ 1 o
Aumiisenumsly wu nglad glasa wanlad uazudh dwmsudunvasasveoulums
Y Y ) '
[ReUBOINOHAN EPS (Nompoothiri et al., 2002; Morin, 1998) TRRS IR RGN gellan GERR
A 4 a 1 g’ $ 3 1
Sphingomonas ~ paucimobilis 3NNVUAWNTINveuilanazareiin]a Aluuvasves
4 ~ . 1 d" Y 91::::' A 9 I 1
A3 o Tunsdiues Bacillus polymyxa nuingoazaie EPS laanigaiiold aglasmiuuvas
4 a 1 a
AM5ueuluMINGn EPS (Lee er al., 1997) ualunsfived Lactobacillus sp. 32Han EPS 1@

' Ed ) 1
iAo 19 ng Tae iuunasnsveu daaaslugii 4

20 -

15 4

10 4

EPS (g/l)

0 L] L] L] L] v L]

lucose sucrose lactose
9 fructose galactose soluble starch

Carbon sources

U 4. uaasn AU sz IUMaINS Ve UIAZ EPS
Figure4. Effect of various carbon sources on EPS formation.

AU Lee tazaay (1997)
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\l
5.2 uriadved lulnsiau

uraaved luTasnunlslumsnan EPS Nis1eauilszaenlidre ammonium sulfate,

. . 1 d' = Ja ~ .

peptone, sodium nitrate, urea LI01Y yeast extract Lmzwmwmaumﬂ%aumsﬂuimmu (organic
. A g J 9 = a @ A 2 . =5
nitrogen) MiJuuvaslumsas1a EPS azin1swan EPS Tudns1Ngadu (Morin, 1998) uanil
~ = Y a A . .
100U IUNTAUYY  Azotobacter vinelandii  NaTaz 1FoiunTdIuIns9u  (inorganic

nitrogen) 1dannlunswan EPS (Vermani et al , 1995)

5.3 Sanavewandiau
a 3 =\ o [ A aK qg/} dy I Y
20NFRUTULANNI U018 I UATZVIUMTIWAUDAFUTUNUF Y uaziludn

EX)

v Aa I

A @ o < ¢ < & .. . e
pond lag 1haalviiu weaneeaed wseludisard 1Ry pyridine nucleotides Wu/5u10s
9 a ~ dg’ z ~ 1 a a I A dg’
M5 1Moo NFRUNNINIUUUTNA lAIATIADMTNAA INANBTTIMN  LAaZMSINNIUYDY  EPS
A a A v I 9 a a o 3’ A a a
iesnnuuanFedniziuninldomalunmsniy@u Taauiumsmulsnasendau

=KX A 1 a 9 A A dgl k) . Y ~
WUAAADNITTYLUASNITHIN EPS NINNUURAIY (Morin, 1998) ﬂ\‘lllﬁﬂ\‘]iugﬂﬂ 5

5 T 50
4 4 + 40
E =
2 3+ 1303
n
E ol 4208
3
(&)
14 {10
0 : : : 0

50 100 150 200

Culture volumn (ml)

—m— Cell mass —e—EPS

31 5. narasn AUt sz nIems IiemeuazalSuimvesEps
Figure 5. Effect of various culture valumn on EPS formation.

U Lee tazaay (1997)
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dycu 1 a d‘ ﬂ}dy dy d’l (%
UoNINHIMUNYT NNV IMISN BR80T Bacillus polymyxa “Vl@lN‘]ﬂuGlu

Y
A

J = 1 a A |a dy dy
Wargnvuia 500 wa. yzUnanoUTu1uvee EPS Tﬂﬂﬂﬂiu1ﬂﬁl@ﬂ@1ﬁ1ilﬁﬂ%“ﬁﬂ 50 ya. %9
a 9 ~ a ~ d? o Y v a 9
aIUTDICNAN EPS vlﬂ?ﬂﬂ‘ﬂﬁ:{ﬂ L!agﬂill1mﬂl@ﬂ@1ﬁ1iﬂu1ﬂﬂlu‘ﬂ11W@§Iﬁ1ﬂ13Wa@l EPS Ua¥aq
A aa q Y A Y o qsxl 2K o Y I 1 a a =\ 1
LHEN%1ﬂﬂ1ﬂ1ﬁgﬂiﬂﬂ%’ﬁlﬁlﬁaﬂuﬂﬂﬁﬂ ﬂ\‘11!1!%\‘11’111ﬁlﬁu31ﬂiﬂ1ﬂ!ﬂl@ﬂﬂﬂﬂ%ﬁ]uuWaﬂﬂfﬂﬁ

WAREPS (Lee et al,. 1997)

5.4 Qv

v
A A a

uuafieannsondan EPS 1@ lugisvesgungiinaeudiseznhaaznugungiin

E4

c; 1 A 1 a ==t o Y a == d‘ ~
ﬁ1ﬂ31qmﬁgﬂﬂtﬁﬂ1$ﬁuﬁ'f)ﬂ”liﬁ]immﬂﬂllﬂﬂﬂliﬂ%%%”ﬂﬁﬂTiNaﬁ EPS @vU  1UDI910N

a

Ao w a 4 o 1A a )
QUHYNAOATININTYUAZUIAAA (cell mass) VxAINNNYUHMYNF UTMnveIIawad
o Y a d?’ A A =) a Ay o Jd o I3 Y
wihldmawaa EPS geliuilosnnidomaalimsnigidasmsduaszimisesaanzdiag

2 . . ] L (% 4 9 42‘ .
wazilsuaves isoprenoid phosphate gﬂumﬂﬂumimmiww EPS ldunnau (Morin, 1998)
v v
WBNINH Tallon LAZAME (2003) WUN Lactobacillus plantarum EP 56 3¢Haa EPS laah
a = a A a dgl 1 1 a Ada A 9/::'
gl 18 BeAITAITdIAazIzNAA EPS anauioguniigediu uanungaunisnniy 1an
QNN (Thermophilic microorganism) 323 uazHan EPS 1@aiogunglogszning 60-

80 IR NFAe (Nicolaus, 2002)

5.5 WIRY¥

A A u'd Y 9 a d'd d‘ 1 [ z = 1 1
LL‘]_I?’TV]LSEJIﬂEJ‘VI’J]'I,']JLLa’JW’Nﬂ”l’iﬂ”liﬁ]SﬂJTlWL’fJGHVILmﬂ@]NﬂutWiWﬂ%uu%ﬂﬁﬂWﬂ@ﬂﬂﬁ
S

Y v
v [ a

a Y ~ ~ ~ 9 = 1 a A A
Nan EPS A2¥ IﬂﬂWL@“]W]LTﬁJWﬁ?JTﬁ]%ﬁiN EPS 3€UYUDYNUFUAVDILUANLTINISHAAN EPS
Y= ~ a Sy v &
Shu itagaAMe (2003) Vlﬂﬂﬂ‘ﬂ1Nﬁﬂlﬂx‘lWlfJ‘]ﬂ!ﬁ$ﬂiM1m"Uﬂ\‘l EPS “lflulﬂﬁnﬂl‘]fﬂ Antrodia camporata

WU ey srdwratlSinaazaan nues EPS aae nanfe fierimngaudmsums

Y '
A A o

WA EPS 108 Antrodia camporata A 10% 5 uan1niin ferdegsiliulaluanaves EPS
d? 1A A A 9 S A 9 1 A A = 1 a A A 9
799U ualsinm EPS finaa lavziidsmmilos daun fiewgeaziinaaoliuin EPS Nndald
1 4 [
auae uanaunuIwIa luanannaa lativzaouded U51e0UnUN Bacillus polymyxa
9 A A <3| 9 A a ] = @
92@3519 EPS fftowilunans (7) uazazaiwanauloioranad (Lee ef al., 1996) I5UIATINY
Thermophillic microorganism c’?wm?muazwﬁﬁ EPS 1dAiiie filey 7.6 (Nicolaus, 2002) ¢4

waaaluzii 6
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35 - T 8

30 +
3
g 25 + /\‘\‘ T ;:

O)

Sz 204 e
g D +4 8
_gé 15 4 £
2 10 i
) + 2
1] 54

0 } } } } } 0

2 3 4 5 6 7
Initial pH

—s— Exopolysaccharides —e— Biomass

= = A L { v A !
gﬂ‘ﬂ 6. LLEAINAVDINDYNUADNITIWNUYUUDY EPS Gluizamm 14 JUN WY TEHIN 3-6
Figure 6. Effect of various pH range from 3-6 on EPS formation for 14 days of cultivation.

117 : Shu BaLAML (2004)

5.6 91 VO UBAATINA EPS

'
A A

o o A A o Y " a
nyuansgnwaa EPS Tﬂﬂmllﬂimwuﬂimmiu 24 ¥ TN IM ez nuUsuw

Y94 EPS N1nNgaazed 1ugavean15ngan 1anei (stationary phase) (Vermani, 1995;

a

] Y

Morin, 1998; Tallon et al, 2003) TagNYLIALALDIGUVBAUANITBUUILUHAAONMINANYDI EPS
Y A A 7 2 ~ =~ A P 9 A o P
A8 ADINDDIYVOATAANINUYUIAYTLHZAINMTHAA INAINDTIZAANDIAUTDIVNINA NV VY
a Y (dg’ L] a 4 dd‘ = ] 9 a 4 9
mamsaseu lsituundos Inawes lunsdilwaalivualngmsadnIndwessziosas
A ' s A Y 9 a o 0 Y Y}
iosnnuratvosnsueutaz ulasnuivgldlumsadnIndwesazgminnldlunsain

FUFASUNY (Morin, 1998)

5.7 daaIuszrinamsvautaz lulasau (C/N)

a dg‘ Y a A A A dg‘ = 1
N1TINAA EPS ﬂxqwumﬂimmmm C waz N Uisunanunnau Taeis1091U41M3

] v
A A

a Y A (A a 1 1 a ~A A d'
Wam EPS Nangaoilsuimues C/N Twil5um 10:1 uazvzaawanolsuaveuuanGen

q

a v a [ 1 U 4
Waa EPS i%}’JEJ Burdman tazaag (2000) "I,??])ﬁﬂklTWU’J”I']JiiJ1ﬂlﬂl@\1@@li1ﬁ3u§$ﬁ?}ﬁﬂﬁﬂﬂu
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H 1 1 a § U, 0’
ez luTasnuniinegdinanensHan EPS W0aLse Azospirillum brasilense 818%WE Cd, Sp7

A A 4 /2 o w
e FASO 204 FIﬂUﬂﬁiJWﬂlsUfN EPS ‘ﬂngNGUU'iJ§$3J1m 15, 40 1ae 60 Lﬂ@ﬁl%uﬂﬁ1ua1ﬂﬂ
Z
6. wMamslszgnaldindmesianm

A a = =\ Y dg’ (Y] o 1 o Y a
Lu@ﬂ%’lﬂ}wﬁlll@i“]f')ﬂ’lwuIﬂﬁ\iﬁﬁ%?‘ﬁa'lﬂﬁﬁﬁlsllu@glﬂ’ﬂﬂ‘ﬂ%ﬂﬁﬁ“lc]’EJEJ'I\WTIGlWGIﬂJﬂ

a I A a d?’ <] 1 9 = ) Jq9 Y ¥
GU’EJ\?IWQHJ’E]T]S’JSHWVIWﬁ@]ﬂluu1ﬂl!¢lﬂ@n\1llﬂﬂ’lﬁl %\‘lﬁHJTﬁﬂH1N11J3$Qﬂﬂal“ﬁulﬂﬁﬁ1ﬂﬁﬁ1‘il

E4
=< [

@ s o Y 1 Y J [
VYUNU ﬂﬂﬂigﬁ\‘lﬂﬂﬁ]$u1llﬂﬁl“]5 U NNATUYATINNTINDINIT NNMITUNNY LDTBNITY LA

Q

o v w 2 v & Y o A
NITUIUATOAHIFILINADUY L']J‘Ll@]u ﬂﬂllﬁﬂﬂiu@?i”lﬂﬂ 6

d' a a e’d‘ a A A o 0
13190 6 LLﬁﬂQ%HﬂﬂJ’OQT‘WﬂLN@iV]Wﬂ@]ﬂ1ﬂllﬂﬂ‘ﬂliﬂiﬂ‘ﬂ$tﬁl!ﬂ$ﬂ”lii!flﬂﬂi%fgﬂ@ﬂ%

Table 6. Biopolymer from marine bacteria with potential commercial application.

Types Polymer Potential applications
Complex polysaccharides  adhesins Under water surface coatings,
and related extracellular bioadhesives
polymeric substance Drag reducers Drilling, ship efficiency
Emulsion Oil cleaning and viscosity reduction
Surfactant Dispersing agent, grinding aid
Alginate Food, textile
Metal-binding EPS Toxic-metals bioremediation
Pigment Melanins Biotechnology, reporter gene,

cosmetics, dyes, colorings, sun
screens

Polyesters Poly3 -hydroxyalkanoates Biodegradable plastics

1 : Weiner (1997)
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