(surfactant) ' (emulsifier)

(Cameotra and Makkar, 1998)

1997 9
(Desai Banat, 1997)
(Maier Soberon-Chavez, 2000)
(Mercade , 1993; Babu , 1996; Ishigami, 1997; Daniel ,

1998; Makkar Cameotra, 1999a, 1999b)

(Banat ,
2000)
(Bertrand , 1994)
Finnerty Singer (1985) ,
H13A 50%
Emulsan (Hayes , 1986)
(Banat , 2000) '
p. aeruginosa (Itoh , 1971) B. subtilis (Sandrin

, 1990; Leenhouts , 1995; Vollenbroich , 1997) mannosylerythritol
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5
lipids Candida antarctica (Kitamoto , 1993) (cyclic
lipopeptides; CLPs) Pseudomonas spp. (Nielsen , 2002)

Pseudomonas aeruginosa
Pythium aphanidermatum Phytophora capsici
(Stanghellini Miller, 1997) Brown (1991)
]
(sophorolipids) C. bombicola KSM-36 c. apicola
1 (propylene glycol) 12
Kao
Sofina (Banat
2000) (Lecithin)
(Bloomberg, 1991; Banat , 2000) Busscher
(1996) Streptococcus sp.

thermophilus



(biosurfactant)
(surface-active substance)
(Cooper Zajic, 1980) (amphipatic structure)
(hydrophilic portion)
(hydrophobic portion)

(lipophilic portion)

(saturated fatty acid) (unsaturated fatty acid)
21
(hydrophilic portion) (hydrophobic portion)
21 (Fiechter, 1992)
1 72 mN/m 30 £ 5 mN/m
(micelle)

22



75
Surfactant Molecule (g} Hydrophotis Person
—— Hydrophhe Portien
Surfactant in
Water at 20 °C
Critical Micelle
Concentration
(CMC)
o N
Surfactant at Surface Micelies Formed
I | UL
") [~ L*J O 'XJJMN.L.J/»'l:LIM).'JJJ.
=7 @ ot
3 Water o—'P o ({ - k3 @ o
el T T T T
Log Concentration (mg/L) '
2.2

Critical Micelle Concentration (CMC) )

)
) Critical Micelle Concentration (CMC)

(Gilman, 1993)

Critical Micelle Concentration (CMC)

20-200 CMC
(Desai Banat, 1997; Volkering , 1998) CMC

(bilayer) (vesicles)

2.3



(Fiechter, 1992)

2.3

(monomer)

24

water in oil

in water

oil



HLB (hydrophilic and lipophilic balance)

water-in-oil oil-in-
water HLB 6 water-in-oil ( )
HLB 10-18 oil-in-water ( ) (Desai, J. . Banat,
1997)
;eglctlgﬁlg shape ?(t)rrlljncetgres
Cone /‘ an Spherical micelles

g

ovmdTTTTT— nA
Jrincated Rong micelles 0r0 yij"Vv'0o,
Truncated cone Flexible bilayers.
vesicles
Cylinder Planar bileyers
anionic pa
saturated E
lover ted inverted
truncated cone micelles
or wedge
SR

anionic saturated

24 (Clint
1992)



1986)
1 (surface tension)
72 mN/m
35 mN/m (Kosaric, 1993)
2 (interfacial tension)
1
3 (emulsification)
( 1 oil in water)
(Cooper Zajic, 1980)

24 (Patel

Desai, 1997)

(Cooper,
CMC
mN/m dyne/cm
mN/m
50 mN/m
30-40 mN/m

0,1-1.0 mN/m (Gerson, 1993)



6

(Desai Banat, 1997)
1 (glycolipid)

aliphatic
acid hydroxyl-aliphatic 1-2

(trehalose) (sophorolipids)
(rhamnolipid) (tetraacylglucose) (triacylglucose)
(Rosenberg Ron, 1999)
2 (lipopeptice) (lipoprotein)
(surfactin) (subtilysin)

(polymyxins) (lichenysin) Bacillus subtilis, Bacillus polymyxa Bacillus
licheniformis (Rosenberg, 1986) Bacillus sp. Pseudomonas rubescens
(Yamane, 1987) Thiobacillus thiooxidans (Knoche Shiveley, 1972)
(ornithine lipids) Gluconobacter cerinus IFO 3267 (ornithine lipids)

(taurine lipids) (Tahara, 1976a) Agrobacterium tumefaciens IFO 3058

(lysine lipids) (Tahara, 1976b)

3 (Fatty acid and Neutral lipid) ' ' , 1
(corynomycolic acid) 0.5 40 mN/m
( 72 mN/m)
Mycobacterium rhodochrous 0.5
44 mN/m (Cooper Zajic, 1980)
1 (rubiwettin R1) 1 Serratia rubidaca ATCC 27593

1 p-hydroxy fatty acid 1 10 p-hydroxy



fatty acid ' 12, 14 16 (Matsuyama ,
1990)

4, (phospholipid) : ' o

(phosphatidylinositol) (phosphatidyglycerol)

(phophatidic acid) Thiobacillus thiooxidans Rhodococcus erythropolis

(phosphatidylethanolamine)
Corynebacterium alkanolyticum, Candida tropicalis Micrococcus cerificans (Cooper

Zajic, 1980 Rosenberg, 1986)

b, ? (polymeric biosurfactant)
(emulsan) Acinetobacter
calcoacetius RAG-1 (lipoheteropolysaccharide)
9.9 X 105
(interfacial tension) 0.001-0.01%
(biodispersan) Acinetobacter calcoacetius A2
(heteropolysaccharide) 51,400
(liposan) Candida lipolytica 83%
1 17% (alasan)
Acinetocacter radioresistens KA53 (Desai

Banat, 1997)

6. ? (particulate biosurfactant)
extracellular membrane vesicles microemulsion
Acinetobacter sp.
HO1-N 20-50 (buoyant
density) 1.158 g/cm3 membrane

vesicle outer membrane (Desai Banat, 1997)
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21 (Desai Banat, 1997)

Surface tension CMC Interfacial tension

( N/m) (]} « 1

Slycolipid

Rhamnolipid p. aeruginosa 29 0.1-10 0.25
Pseudomonas sp. 25-30 4 1

Trehalolipid R. erythropolis 32-36 20 14-17
N. erythopolis 30 0.3 35
Mycobacterium sp. 38 15

Sophorolipid T. bombicola 33 1.8
T. apicola 30 0.9
T. petrophilum

Cellobiolipid . Zeac, . maydis

Lipopeptide and lipoprotein

Peptide-lipid B. licheniformis 27 12-20 0.1-0.3
Serrawettin . marcescens 28-33
Viscosin p. fluorescens 26.5 150

factin B. subtilis 27-32 23-160 1
Subtiiisin . subtilis
Gramicidin . brevis
Polymyxin - polymyxa

Fatty acid, neutral lipid and

phospholipid
Fatty acid c. lepus 30 150 2
Neutral lipid N. erythropolis 32 3
Phospholipid T. thiooxidans

Polymeric surfactant

Emulsan A. calcoaceticus
Biodispersan A. calcoaecticus
Mannan lipid protein c. tropiccalis
Protein PA p. aeruginosa

Particulate biosurfactant
Vesicle and fimbria A. calcoaceticus

Whole cell Variety of bacteria
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Pseudomonas
aeruginosa Pseudomonas sp. (Desai Banat, 1997, Lang Waullbrandt, 1999)
p-hydroxydecanoic acid Bergstrom
1946 Pseudomonas pyocyanea
1949 Jarvis Johnson
Pseudomonas aeruginosa p-hydroxydecanoy!'P-
hydroxydecanoate 2 glycosidic
Pseudomonas aeruginosa 3%
2 1965 Edward
Hayashi
1,2-linkage rhamnolipid 2 25 Hisatsuka (1971)
rhamnolipid 2 Pseudomonas aeruginosa 7
n-hexadecane n-paraffins (C4C19 (Lang Wullbrandt, 1999)
L-a-rhamnosyl-P-hydroxydecanoyl-p-hydroxydecanoate (rhamnolipid 1 |
2.5) Pseudomonas aeruginosa KY 4025 10% (toh ,1971)
1976 Yamagushi rhamnolipid A B acylation a:
decanoic acid 25 Hirayama Kato 1982 RL
R2 Pseudomonas aeruginosa 158 Difco trypticase soya
1985 Syldatk Rl R2 p-hydroxydecanoyl
(R3 R4 2.5) Pseudomonas sp. (Rendell
. 1990)
(Lang Wullbrandt, 1999) Hisatsuka 1971
R2 Pseudomonas sp. n-hexadecane
protein-like activator 1
R2 , (Hisatuska , 1972)
Pseudomonas aeruginosa KY-4025 (ltoh Suzuki, 1972)

Pseudomonas aeruginosa PG201 (Koch , 1991) 1 '



n-paraffin
(Lang dt, 1999)
6 Lang Wullbrandt
(1999) 25 1 1 -
0
H) ~—0 0-CH-CH2C - O-CH- CH-C0CH 0 O=CH~CHz i O~—CH~ CHz-COOH
CH (CH) (CHz)s ‘CHz’s
C
Ui O-l . Hj Rhamnolipid A
Rhamnolipid 1 c CH=CH—(CH,)g~CH, i e
MW 504 vV, Bob
0_0—CH—CHy c O—CH- CH;~COOH
HO/L------ cy9_%H_E)%HQ 600, (CHI,S <CHZ>5
CH3
Rhamnolipid 3 " Rhamnolipic B
MW 334 &g MW. 803
—CH=CH—i Ci
0 OC;H CHaC CHOOH [ R
2)6 0. 0— CH—CH-—COOH
K H o H e '< }j (CHZDS
0, .
CH, Rhamnolipid 2 Rhamnolipid 4
ul MW. 650 < J MW. 480
OH  OH
25 R1, R2, R3, R4, A Pseudomonas
aeruginosa (Lang Waullbrandt, 1999)
(resting cells) (stationary phase )
(Hauser Karnovsky, 1957; 1958)
precursor Burger (1963)
2 Pseudomonas aeruginosa
ATCC7700 rhamnosyl-transfer rhamnosyl-
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transferase 2 1996
Ochsner Pseudomonas aeruginosa PG201 1 2
rhamnosyl-transfer

rhamnosyltransferase 2

o @ ’ MO-CM-CHjj-C - a 4K—CH—E0H
3 9
P + j

HO HO o o"

Thymidine-diphospho-rhamnose  P-Hydroxydecanoyl-p-Hydroxydecanoate

P ,1 Rhamnosyltransferase 1

O
-CHf-C - O-CH -CHj-COOH
Rhamnolipid 1
CHg L-rhamnosyl-p-hydroxydecanoyl-

&
@

-hydroxydecanoate
o Thymidine-diphospho-rhamnose Py y

TDP s ¢ Rhamnosyltransferase 2

o
o O-fH —cu‘—g— O—CH —OHy—COOH

o ..
CRH, ‘f"‘z’o 11'3421, Rhamnolipid 2
c“; G"; L-rhamnosyl-L-rhamnosyl-
HO 5 p-hydroxydecanoyl-p-hydroxydecanoate
KO <
m:l
Hl K
2.6 Rl R2 Pseudomonas

aeruginosa (Lang llbrandtt, 1999)
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rhamnosyl-transfer 2
rhamnosyltransferase 1 (Rt 1) rhamnosyl
transferase 2 (Rt 2) Rt 1 thymidine-diphospho-L-rhamnose
(TDP-L-rhamnose) p-hydroxydecanoyl-(3-hydroxydecanoate Rt 2
TDP-L-rhamnose 1 1 2
TDP-L-rhamnose rhamnosyl p-hydroxydecanoyl-(3-
hydroxydecanoate Rt 1 "1
1 rhamnosyl TDP-L-rhamnose '
2 Rt 2 (Burger , 1963)

Pseudomonas
aeruginosa PG201 (Ochner , 1994a; 1994b; 1995; Ochsner
Reiser, 1995) 1 ( ono-rhamnolipid) rhlA

rhiB rh/ operon rhamnosyltransferase 1 (Rt 1)
RhIA RhIB rhlA 885 bp
RhIA 325 295
RhIB
cytoplasmic membrane RhIB rhiB 1278 bp rh/A
" rhl operon RhIB 426
(putative
membrane-spanning domain) catalytic subunit rhamnosyltransferase
1 47.0 (Ochsner ,  1994a)
2 (di-rhamnolipid) rhic RhIC Rahim
( 2001) rhic rhic
Pseudomonas aeruginosa PAO1  rhic 975 bp Rhic 35.9
325 1 TDP-L-

rhamnose 1 2



: ‘ 1 2 p. aeruginosa
(Ochsner ,
1995; Ochsner Reiser, 1995) quorum
sensing (QS) p. aeruginosa 2 las rhi
(Fugua , 1996) las system
LasR Lasl
autoinducer PAI-1 [A/-(3-oxododecanoyl)-homoserine lactone (30-C12HSL)]
(Fuqua , 2001; Gambello Iglewski, 1999; Passador , 1993; Pearson
, 1994;) lasi, lasB, lasA, apr toxA
(Gambello , 1993; Passador , 1993; Seed , 1995; Toder ,
1991) rhl system RhIR Rhll
autoinducer PAI-2 [N-butanoyl-L-homoserine lactone (C4HSL)
factor 2] (Fuqua , 2001; Ochsner , 1994b; Ochsner
Reiser, 1995; Pearson , 1995) rhil thlAB rhic
(Latifi , 1996; Ochsner , 1994a, 1994b; Ochsner Reiser, 1995; Rahim
, 2001) autoinducer W-acylated homoserine lactone (HSL)
(Fuqua , 1994)
autoinducer transcriptional
regulator (Fuqua , 1996; Fuqua Greenberg, 1998; Salmond
, 1995) Fuqua (1996) guorum sensing

autoinducer
autoinducer

(LasR RhIR) autoinducer-protein complex



RhIR 28 241
transcriptional activator rhIAB (Ochsner , 1994a, )
rhic (Rahim , 2001) rhiR 723
bp downstream rhiB p. aeruginosa PG201
(Ochner ,1994b) RhIR
C4HSL autoinducer RhIR-C4HSL
complex (Ochsner Reiser, 1995) rhll
Rhll autoinducer synthetase 201
autoinducer PAI-2 rhll 1 rhiR 606
bp (Ochsner Reiser, 1995) rhill '

N-acylated homoserine lactones
rhiAB rhic rhiR rhll (Ochsner , 1994a; Ochsner

Reiser, 1995; Pearson , 1997; Rahim , 2001)

rhamnolipids

rhamnosyl-
U transferase ﬂ
e - L L Y

W s S T
+ L D _}+ ﬂ
+

. autoind
PYOCYanin g @ <<_ RhIR (s;n‘:;l"et:geer)
elastase -
S . Q autoinducer "J

Q\

2.7 p. aeruginosa (Ochsner Reiser,

1995)
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2.7 RhIR regulatory protein autoinducer PAI-2
Rhll autoinducer synthetase rhll RhIR-PAI-2 complex
RhIR- C4HSL complex las box rhlAB
rhiAB rhamnosyltransferase
(Pearson , 1997) RhIR
elastase pyocyanin RhIR
pleiotropic regulator (Ochsner , 1994b; Ochsner Reiser,
1995)
@ <«—— @ PALI
Vir
\+A / Lasl
lasR f
YR lasl
= -
lasB ¢~
lasA
toxA t
apr
others? FHIR) waige: <«—— @) PAI-2
RhII
rhlAB ‘_’_’-:-——"' W +
lasB T rhil
rpoS
others?
2.8 guorum sensing Pseudomonas aeruginosa. (Pesci

, 1997)
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1997 Pesci ' las rhl system
las quorum sensing system rhl quorum sensing system
RhIR transcription post translation LasR
PAI-1 autoinducer las system
iR E coli LasR-PAl
rhiR post translation
PAI-1 rhiA RhIR PAI-2 E coli
PAI-1 RhIR PAI-2
rhiAB Latifi (1996) las system
rhl system 2.8 Pesci LasR PAI-1
autoinducer
PAI-1 lasR Vir LasR
PAI-1 LasR 1 PAI-1
RhIR PAI-2 ( post translation) LasR-PAI-1 complex
lasi rhiR Lasl PAI-| PAI-2
RhIR ( transcription) autoinducer PAI-2 RhIR
RhIR PAI-2 PAI-1 RhIR-PAI-2 complex
rhll rhIAH

rhamnosyltransferase 1
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(Beal Betts, 2000)

L, antiphytopathogen
Pythium aphanidermatum zoospore (Stanghellini , 1996) '

1 2 Zoosporic
plant pathogen Pythium aphanidermatum 1 Phytophthora capsici Plasmopara
lactucae-radicis Abalos 2001 Pseudomonas aeruginosa
AT10

RCICD + R,cICO + RCICP + R,cICP+
R,cRICD+ R,c12 + &

Botrytis cinerea Gliocadium Virens
Haferburg (1987) tobacco mosaic
virus (Nicotiana glutinosa) potato Xvirus (Nicotiana tabacum) wetting agent
(Bunster
, 1989)
2. (L-rhamnose)
quercitrin naringin
rutin rhamnose-containing polysaccharide
1 Pseudomonas aeruginosa hydrolysis
late log phase stationary phase

(Linhardt , 1989)



3.
emulsifier solubilizer
(Kleckner Kosaric, 1993)
(Maier Soberon-Chavez, 2000)
liposome (Ishigami , 1988a)
emulsifier (Ishigami , 1988b)
4,
(byproduct) (Kosaric, 2001)
1994 (National Research Council)
300,000 1
bioremediation
(Head, 1998)
(Maier Soberon-Chavez,
2000) Kosaric (2001) bioremediation

bioremediation
(leaching

agent)
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4.1

hydrophobic organic compounds (HOCSs)

(biodegradation) (Beck Jones, 1995; Erickson
, 1993; Luthy , 1994; Weissenfels , 1992; Wirdemann , 1995)
1 bioavailability (Volkering

. 1998) 2.9

(Volkering, 1996)

72 O .
n 2/ {‘\) particulate absorbed 3

7 />( pollutant

%/
A i $ .
iquid film in water phase
in pores
a adsorbed solid or liquid i
in pores
2.9 ! (Volkering , 1998) )

) ) )
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bioavailability

(Volkering , 1998)
hemimicelle
admicelle 2.10
critical admicelle concentration 1 CMC (West
Harwell, 1992; Nayyar , 1994)

BB

Surfactant micelle Emulsion
monomer dr0p|et
Surfactant hemimicelle admicelle
monomer
2.10 emulsion droplet hemimicelle admicelle

(Volkering , 1998)
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Miller, 1994) 2000 Al-Tahhan
Pseudomonas sp. LPS (lipopolysaccharide) LPS
LPS
2 (Herman
. 1997)
4.2 (metal-organic  co-
contaminated) 37%
(Kovalick, 1991)
(Baath, 1989; Duxbury,
1981; Hughes Poole, 1989)
(Sandrin , 2000)
8-12 (Maier
Soberon-Chavez, 2000)
53
(Thangamani Shreve, 1994)
octadecane Triton X-114 Corexit 0600 Triton X-114 10
Corexit 0600 5 (Thai Maier, 1992)
20% SDS tween 80

6% (Bai , 1997)
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ionic strength

phenanthrene (Noordoman
, 1998; Van Dyke , 1993), pyrene (Lafrance Lapointe, 1998)
polychlorinated biphenyls PAH (Van Dyke , 1993)

undecane, pentadecane, hexadecane, octadecane, pristine,

naphthalene, phenanthrene pyrene TritonX-100 tween
60 (Scheibenbogen , 1994)
44

" (organic ligand)

DTPA, EDTA NTA

Cadmium organic ligand 19, 16.36 9.78
Lead organic ligand 18.66, 17.88 11.34
(Martell Smith, 1976) Cadmium
organic ligand 6.89 Lead organic ligand 8.58
(Ochoa-Loza, 1998) ( organic ligand log) NTA
DTPA EDTA DPTA (Borgman
Norwood, 1995; Van Dam , 1999) , 1
(Herman , 1995
Ochoa-Loza, 1998; Tan , 1994)
(Torrens , 1998)

12.6% (Mulligan , 1999)



4-6

3-10 (Mulligan

Jeneil Biosurfactant

1

lIbrandt, 1999)

Kosaric 1984

29

(Rosenberg, 1993)

Gibbs, 1993)
5-20
100 - 20 (Lang
1-3 1

Pseudomonas spp. ( Mercade , 1993; Robert , 1989)

2000 Haba
Pseudomonas aeruginosa 4772 NCIB 40044
1 2 (R1 R2 )y 27
(Mercade , 1993)
34-36 / 3
1.85 1.78 (Koch , 1988; Babu , 1996) Patel
Desai (1997a) 1 0.24 2002 Hori
(PHASs) p. aeruginosa IF03924
PHAs
late log phase
stationary phase
PHAs 0.07 0.04



2004 Jeong P.
aeruginosa BYK-2 (KCTC 18012P) 10%
1 ' ' 80-90%
15 1 ' 0.1
( Kaweshima , 1983; Mulligan , 1989; Ohno , 1995; Shabtai
Gntnick, 1986) Ochsner (1995) rhIAB tac
pu098
1 Pseudomonas putida KT2442
1 puU098
1 Escherichia coli 2004 Tahzibi
p. aeruginosa MM 1011 N-methyl-N'-nitro-N-nitrosoguanidine (NTG)
P. aeruginosa PTCC1637 10
Pseudomonas sp. A4l
2542
72
29 mN/m 30° 200
72 , 7.0
(2545)
LC-MS IR-spectrum
, rhlA rhiR
Pseudomonas sp. A41 rhlA RhIA
rhamnosyltransferase 1 rhiR '

rhlAB



	บทที่ 2. ปริทรรศน์วรรณกรรม

