1930
1984
14 100 (Falbe, 1987)
1992 17
35%  (Lin 19%) 20 35% (Desal
Banat, 1997)

(Fiechter, 1992)

(Biosurfactant)
, (amphipatic structure)

( )
b (hydrophobie
portion) (lipophilie portion)
(saturated fatty acid) (unsaturated fatty acid)
1.2
(hydrophilic portion) (hydrophobic portion)
2.1 ( Fiechter, 1992)
(micelle) ,

CMC (critical micelle concentration) 1" CMC



J CYWTIteM  tni wnttM 0
Ifinocniminr Hifig !

(Lin 1996)  CMC

(micelle) (bilayer) (vesicles) 2.2 :
(hydrophobic) f (van der Waals)
(electrostatic) (hydrogen bona)

2.2 (Fiechter, 1992)
(monomer)

2.3
ol In water water in



lipophilic balance) HLB 6
HLB

Critical

packlIng shape

Cone

Truncated cone

«

Truncated cone

Cylmcier
anionic
saturated

Inver ted
truncated cone
or wedge

anionic  Saturated

B

2.3

HLB (hydrophilic and
10-18

Structures
formed

Spherical micelles

5

mioglles’ca002>o 0 Q0

4

Flexible bilavers.
vesicles

S

Planar bil er

(V’

-

(Clint, 1992)



(Cooper,1986) CMC
1 (surface tension)
mN/m dyne/cm 7 |\
35 mN/m (Kosaric, 1993)
2. (interfacial tension)
mN/m
(hexadecane) (kesosene)
50 mN/m
30-40 mN/m
0.1-1.0 mN/m (Gerson, 1993)
3. (Emulsification)
( oil in water)

(Cooper  Zajic, 1980)

24 (Patel Desai, 1997)

6
( Desai Banat,1997)
1 (glycolipid)
aliphatic acid hydroxy-aliphatic 1-2
(trehalose) (sophorolipids)

(rhamnolipid) tetraacylglucose) (triacylglucose)



(ma

(fructose lipid)

OH

ylerythritol lipid) (sucrose lipid)

(diacyl inositol mannoside)

O, O— CH :CH"')L-C""
] ¢H, g
: -0

o
CH=ICH, | -CH,
CH,

COH

CH, DAc

0 ¢Hs

O — CH
HO\NOH
[_o ZCD(PII.)

OH

Ccz0

O

2.4

dimycolates

Rl

aeruginosa
acid 2

(3-1,2

lactonic form

(Rosenberg Ron, 1999)

(a,a-6,6"-dicarboxylic ester) trehalose
Rhodococcus erythropolis

(13-hydroxy fatty acid) 37-41

fatty acid

Wullbrandt, 1999) Pseudomonas

2

2 (Lang

I3-hydroxydecanoic

2
hydroxy fatty acid (C18

Torulopsis bhombicola



2. (lipopeptides) (Lipoprotein)

(surfactin) (subtilysin)

(polymyxins) (lichenysin) m]"LB S.U]|IS, &]"LB [Iiley)ﬁ
Bi]"US ||dHTmeS (Rosenberg, 1986) m]"l.ssp P:HIOTUEB
’.ES(EI’S (Yamane, 1987) m@mllwﬁmm«noche, 1972)
(ornithine lipids) Guﬂﬂmﬂ'(ﬂ‘lﬂb‘wo 3267 . _ (ornithine lipids)
(taurine lipids) (Tahara, 1976a) Agmadmununa‘a:lemm 3058

(lysine lipids) (Tahara, 1976b)

L-Asp - D-Leu - L-Leu - O
HC(CH23-CH

CH:  CHs
D-Leu - L-Leu - L-Ghu - ¢

L-Val

25 %HtﬁﬂhﬂiS(Desai Banat, 1997)

(DAB — L-Thr-  DAB\
CH,

DAB /DAB- L-Thr-DAB—¢ — (CH2)—CH—CH-CH 3
\ L. Leu-D - Phe—DAB

2.6 B H]"LB mm cyclic

octapeptide 2,4-diaminobutyric acid (Dab)
3 Dab D-Ser 6 D-Leu
L-lleu I D-Dab L-Dab (Suzuki , 1965)
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0
H2N-(CH2)3-CH-C-OH
NH
R-CH-CH,-C=0
R-C=0
2.1 Pseudomonas rubescens
Zwitterion (Cooper  Zajic,
1980)
3. (Fatty acid and Neutral lipid)
(corynomycolic acid) 0.5 40
mN/m ( 72 mN/m) (neutral lipid)
Mycobacterium rhodochrous 0.5
44 | (Cooper
Zajic, 1980) ' (rubiwettin R1) Serratia rubidaea ATCC
27593 1 [3-hydroxy fatty acid , ' 10
[3-hydroxy fatty acid ‘ 12, 14 16
(Matsuyama , 1990)
HOCHCH.COOCHCHZCOOH
(THh; ) (CHus
2.8 | (ubietin R) 1 PTAIA kA arcc

27593 (Matsuyama , 1990)
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4, (phospholipids)

(phosphatidylinositol) _ (phosphatidyglycerol) | _
hophaidic 2y NICRE0IIG thioodcers Rhodooooows eyirrgls

(phosphatidylethan lamine)

(Hy'EmmUﬂdlﬂ"d)ﬂ(lm (H'dCth(p(ﬂlS MG’(IIID.B (HTﬁ(H’B (Cooper

Zajic, 1980 Rosenberg, 1986)

0
RE - -CHo
i
r2-c-0-ch
0
HX-0-P-0-X
2
2.9 (Cooper Zajic, 1980) R,
R2 , X H X CH2NH2
X (inositol) ' X
CH2CHOHCH?2
0
R1C-0-CH.
0
r2c-o-ch
0
h2c-0-p-och2 ch2 nh3
2.10 (phosphatidylethanolamine)

ACITHOG%IGI'sp. R, R2 fatty acid (Desai Banat, 1997)
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) (polymeric biosurfactants)
(emulsan) Acinetobacter
calcoacetius RAG-1 (lipoheteropolysaccharide)
! 9.9 x 105
(interfacial tension) 0.001 - 001 %
1 (biodispersan) Acinetobacter calcoacetius A2
(lipoheteropolysaccharide)
51,400 (liposan) Candida lipolytica
83% 17% (alasan)
Acinetobacter radioresistens KA53
900,000 (Rosenberg, 1986; Desal Desai, 1993; Navon-Venezia
, 1995)
H
(e,
CHe (l:HOH
(CH:'):I CI:H,
CHOH (l::O
o |
C=0 ) )
P 0 \Z‘,/ (i:”z -
CH, o Mo >70~\<——0>>__
NH HO NH
HO NH é:O é:O
¢=o (CH),, CH,
CH, cH, | "
211 Acinetobacter calcoaceticus (Desal Banat,
1997)
6. (particulate biosurfactants)
extracellular membrane vesicles microemulsion
alkane Acinetobacter
sp. HOI-N 20-50

(buoyant density) 1.158 g/lcm3 '
membrane vesicle outer membrane (Desai  Banat, 1997)



21

Glycolipids

Rhamnolipids

Trehalolipids

Sophorolipids

Cellobiolipids

Lipopeptide and lipoprotein

Peptide-lipid

Serrawettin

Viscosin

Surfactin

Subtiiisin

Gramicidins

Polymyxins

Fatty acids, neutral lipids
and phospholipids

Fatty acids

Neutral lip ds
Phospholipids

Polymeric surfactants
Emulsan

Biodispersan

Mannan lipids protein
Protein PA

Particulate biosurfactants
Vesicle and fimbriae

Whole cell

p.aeruginosa
Pseudomonas sp.
R.erythropolis
N.erlthopolis

Mycobacterium sp.

T.bombicola
T.apicola
T.petrophilum

u.zeac.u.maydis

B.licheniformis
S.marcescens
p.fluorescens
B.subtilis
B.subtilis
B.brevis

B.polymyxa

c.lepus
N.erythropolis

T.thiooxidans

A.calcoaceticus
A.calcoaectius
C.tropiccalis

P.aeruginosa

A.calcoaceticus

Variety of bacteria

(Desal
Surface tension cmcC
( N/m) (ghi)
29 0.1-10
25-30 4
32-36 20
30 0.3
38
33
30
27 12-20
28-33
26.5 150
27-32 23-160
30 150
32

13

Banat, 1997)

Interfacial tension

0.1-0.3
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Pseudomonas Sp.

[3-hydroxydecanoic acid Bergstrom
1946 Pseudomonas pyocyanea
1 Bergstrom
[3-hydroxydecanoic acid 1949 Jarvis ~ Johnson [3
hydroxydecanoyl-/3-hydroxydecanoate 2 glycosidic
Pseudomonas aeruginosa 3%

2 1965 Edward
Hayashi oxidation
méthylation  1,2-linkage  rhamnolipid 2 212 Hisatsuka , 19711

rhamnolipid 2 Pseudomonas aeruginosa 7 1

n-hexadecane n-paraffins (C4C1 (Lang Waullbrandt, 1999)
L-OPrhamnopyranosyl-/3-hydroxydecanoyl-/3-hydroxydecanoate

(rhamnolipid 1 2.12) Pseudomonas aeruginosa KY 4025 10%
n-alkane (ltoh , 1971) 1976 Yamagushi rhamnolipid A B
acylation  a-decanoic acid 2.12 Hirayama  Kato
1982 Rl R? Pseudomonas aeruginosa 158 Difco
trypticase soya 1985 Syldatk R R [3
hydroxydecanoyl (R3 R4 212) Pseudomonas Sp.
DSM 2874 resting ceil fatty acid
8-12 Pseudomonas . (Rendell
. 1990)
(Lang  Wullbrandt,1999) Hisatsuka 1971
R2 Pseudomonas  Sp.
hexadecane protein-like activator oxidation
n-alkane R2 (Hisatuska ,
1972) Pseudomonas aeruginosa KY-4025 (mutant)
(toh  Suzuki, 1972)  Pseudomonas aeruginosa PG 201 (Koch ,
1991) n-paraffin -~ n-alkane wild-type
(Lang

Waullbrandt, 1999)



y——0 0-GH-CHj-C-0-CH-CH,-CO0H

(GH) {&33
H CH

Rrermolic 1

M, 504

0, 0- » -COOH
G (01 ¥

o Rrammolpid 3

MW, 334

oo N @

2.12
aeruginosa (Lang

2.2

Rha-C8-C8
Rha-Rha-C8-C8
Rha-Rha-C8-C10
Rha-Rha-C10-C8
Rha-C8-C10
Rha-C10-C8
Rha-Rha-C8-C12:1
Rha-Rha-C12:1-C8
Rha-Rha-C10-C10

X

Rhamnolipid 2
MW. 650

dt, 1999)

[VH]

2% (Deziel

15

H)A - ONO-CH-CH-C - 0- - CH-E0CH

(26 (2
o O " Remoipd A
CCH= -( % 3 RMW i
H - 0 0-CH-CH2C-0-CH-CH2C0CH
H o ( %
gty 3
N Rhamnolipid B
Var o W, 803
CCHECH{CHBCHS
HO,——0,_0~CH~CH5=COOH
CH, (CH,)g
;H &, Rhamnolipid 4
HO o] MW. 480
Cy
OH OH
RI, R2, R3 R4, A Pseudomonas

Pseudomonas aeruginosa D/RP

1999)

%
[V

47 0.12

593 03 |
621 11.30 265
621 184 0.88
475 2.22 1.20
475 0.95 0.38
647 153 0.12
647 061 0.74
649 56.95 1311



Rha-C10-C10
Rha-Rha-C10-C12:1
Rha-C10-C12:1
Rha-C12:1-C10
Rha-Rha-C12:1-C10
Rha-Rha-C12-C10
Rha-Rha-C10-C12
Rha-C12-C10
Rha-C10-C12
Rha-Rha-C12:1-C12
Rha-Rha-C10-C14:1
Rha-Rha-C12-C12
Rha-Rha-C8
Rha-Rha-C10
Rha-C8
Rha-Rha-C12:1
Rha-Rha-C12
Rha-C10

Rha-C12

XY X

(resting cell)
(Hauser  Karnovsky, 1957;1958)
Drecursor

glycosyl-transferase

[V

503
675
529
529
675
677
677
531
531
703
703
705
451
479
305
505
507
333
361

stationary phase

Burger
Pseudomonas aeruginosa ATCC 7700
rhamnosyltransferase 2

%

8.77
4.52
0.78
0.78
0.09
151
453
0.10
0.33
0.25
0.25
0.10
0.05
0.16

(1969)

16

2.04
0.70

3.41
52.99
1.85

0.70

3.33
15.49
041

213
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1996 Ochsner

Pseudomonas aeruginosa PG 201

HOIT — 0 ft
HO-GH-CHr C- O-GH-CHfC-OH
{— f 0-P-0-P—0-Thyte Khi« a
6h &h 0. I, <)3
Thymidine-diphosplw-rhamnose P-~droxydocaooyl-P-hvdroxydecaooate

P /| Rhamnoslytransferase

Ll —— 0-GH-CH2C-0-GH-CHr COOH Rhar‘rmlipid 1

\—g CH CH,  I-rhamnosyl- P-nydioxytecancyyiP-rTv'dioxyiecanoale
ul ol ’

Thymidine-diphospho-rhamnose

P Rhamnoslytransferase 2

HO O-CH-CH,-fclz— 0-CH-CH,-COOH Mind 2

' [l .
oy Y iy, ifHl
('ZH o I-rbarrrosyl- I-rharrrosyl-
OH ? fihydroxydecarxjyl-P-hydroxydecaroete
HO
o H
2.13 R1 R2 Pseudomonas

aeruginosa (Lang Wullbrandt, 1999)

rhamnosyl-transferase catalyze rhamnosyl-
transferase 2 deoxy-thymidine-diphospho-L-rhamnose (d-TDP-L-
rhamnose) ‘ rhamnosly : [3-hydroxydecanoyl-/3-
hydroxydecanoate mono-rhamnolipid (Burger , 1963)
hydrocarbon chain rhamnosyl-transferase (Maier

Soberon-Chavez, 2000)
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Pseudomonas aeruginosa PG 201 (Ochsner , 1994a; 1994b;
1995; Ochsner Reiser, 1995) rhl region

2.14 rhl AB rhamnosyltransferase 1 rhl R rhl |

rhl AB Rhl' R
N-acylhomoserine lactone autoinducer
Rhl | rhl |
N-acylhomoserine lactone rhl AB
plasmid pU098 tac promotor Pseudomonas putida KT 2442

precursor (rhamnose I3-hydroxydecanoyl-/3-hydroxydecanoate)

Escherichia coli 2001 Rahim rhl C
rhamnosyltransferase 2 35.9 lipopolysaccharide
(LPS) 2.15

Rhamriolipids
\ et
1T~ S, ‘)——{ Perniplas m

T Hharm mSyl- I !
francferase :

Flantase

| ‘ Aul_nnriuur |
F'q(‘)"'(?nln -~ RhIA || :,. mhF-T CnF'
( RrIR { < fiskiuina

a

Autumu ucar '—J

2.14 Pseudomonas aeruginosa (Ochsner
Reiser, 199



2.15
(Maler

D-glucose-6-phosphate
1 AlgC
D-glucose-1-phosphate

I RnnlA

dTDP-D-glucose-—-* LPS

RmIB

dTPD-4-keto-6-deoxy-D-glucose

Fatty Acid Biosynthesis

[

P'Ketodecanoylester
NADPH -
pr—

p-Hyldroxydecanoyl-ACP

RMIC RmID
5
dTDP-4-keto-6-deoxy-L-manose P'Hydroxydecanoyl-S-CoA
RmID | PhaC
NADP
1
1
”<0 a 5 1 r_ o Q
HAhF F (D6 (CH)8
dTDP-L-rhamnose o3 e

LPS

RhIAB

p~ Hydroxydecanoyl-P-hydroxydecanoyl-S-CoA

HO Q-CH-CH,-C - 0-CH- CH—COOH

OH

(CH26
ch"

L-rhamnosyl-p-hydroxydecanoyl-p-hydroxydecanoate

TOP-L-tha
RhIC
TDP
o}

I
O—CH-CHC — 0—CH- CH;~COOH

HO 0
CH, (CHyg t(l:Hz)6
CH, CH,

OH 0
HO 0.
CH,
OH OH

L-rhamnosyl-L-rhamnosyl-p-hydroxydecanoyl-P-hydroxydecanoate

Soberon-Chavez, 2000)

19
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rhamnosyltransferase 1 (3-hydroxy acid (precursor)
ACP CoA heterologous host
rhamnosyltransferase ACP(Acyl Carrier Protein) CoA (Maier and

Soberon-Chavez, 2000)

Pseudomonas sp. ketoacyl reduction
(Campos-Garcia, 1998) rRhl G
Rl G NADPH-dependent ketoacyl
reductase NADPH co-enzyme 2000 Rehm
polyhydroxyalkanoic acid (PHA)
2.16
PHA ..

ACP-SH CoA-SH
CoASH

CoAS PhaC )
R-(-)3-Hydroxyacyl-CoA K; R-(- ]3 -Hydroxyacyl-ACP

PhaG
NADP!

NADPH+H', FabG
FabA
Fatty acid
R-(-)3-Hydroxyacyl-ACP — 3-Ketoacyl-ACP de novo Enoyl-ACP
PhIG biosynthsis
? FabB
CO +APC FabF S
NADPH+ H
B—Hydroxydecanoyl-B-hydroxydecanoyl
Malonyl-ACP ACY| ACP NADF

TDP-rhamnose

Rt 1 CoA-SH
TDP ’ FabD
ACP-SH J

Malonyl-CoA

TDP-rhamnose

Rt 2
TOP |

b Aeetyl-CoA
Rhamnolipid

2.16
(Rehm 2000)



mrcfmrm-H  tmT 2«ou
She*w«niamrniimoB .

Pseudomonas sp. L-rhamnose LPS
(lipopolysacchairde) L-rhamnose 0 antigen (Rahim :
2000) L-thamnose TDP-L-
thamnose Ml tocus miamiemc  ml

glucose-1-phosphate thymidyltransferase, dTDP-D-glucose-4,6-dehydratase,
dTDP-4-keto-6-deoxy-D-glucose-3,5-epimerase dTDP-4-keto-L-rhamnose reductase
(Rahim , 20000 alg c Phophomannomutase
2 alginate exopolysaccharide
cystic fibrosis alg C
Phosphoglucomutase LPS (Cooyne , 1994)
core-LPS (Olvera , 1999)
Alg C 2.15
lasR IR

(Mater  Soberon-Chavez, 2000)

(vesicle, lamella, micelle)

4 (Rosenberg
Ron, 1999) A B Pseudomonas sp. BOP
100 , 1.3 A 1
38,000 B 7,000
A
B 43,62 64 735
vesicle, lamella (lipid particle) 217
(Ishigami
Suzuki, 1997) A B A
: 313 °c B 21°0 vesicle
A 284°0 B3L6 °c 2.18

0.5-20
h8-1.2 (Ishigami \ 1987)
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Rhamrmiyl

co0

% it] pH68

Mcelle

a

OH
1] pHcBS 2
Ipsd exiiticle

2.17 A B
(Ishigami ~ Suzuki, 1997)

e ——
e

)
\

Cxothermlc ——
J )
:1\ ;
N ]l
WSS L
]
o
|

2.18 A B (Ishigami
1997)
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Pseudomonas aeruginosa
n-alkane
(Syldatk ~ Wagner, 1987)
multivalent ion

(o)
High yield coefficient (y ps, y pX agar-plate
diffusion  dye reagent  Siegmund  Wagner, 1991 HPLC (High-pressure
liquid chromatography) ~ Schenk , 199 (Lang  Waullbrandt, 1999)

1 batch  fed-hatch
pyocyanin  phenazine dye 0.2
(Osman , 1996) Pseudomonas sp. 195
mannose phenanthrene
(Deziel , 1996)
2 Batch resting free cells Syldatk 1984
-1985 (Lang Wullbrandt, 1999) Pseudomonas sp. DSM 2874
resting cell yield coefficient (y pis, y pX
016 023 061 330
R3 R4 RL
R2 n-CY RL
41%, R2 42%, R3 15% R4 2%
3 Semicontinuous  immobilized cell

immobilized cell

immobilized cell ~ Pseudomonas sp. DSM 2874 (
polymer supporter) polymer calcium
alginate (Klein Wagner, 1987) immobilized
cell Siemann  Wagner (1993)



2.3
complex media

p. aeruginosa
p. aeruginosa
p. aeruginosa KY 4025

p. sp
P. sp. MUB

P. sp. DSM 2874
p. aeruginosa Ul 29791

p. aeruginosa 4471
p. aeruginosa 4471

?

28-31°C

C- source
(9)
Glycerol (30)

Glycerol (30)
n-Paraffin (90)

n-Paraffin (50)
n-C14/15 (20)

n-C14/15 (80)
Corn ail (75)

Olive ail (20)
Olive ail (20)

Pseudomonas Sp.

RL Ypls
(9/) (9/9)
25 0.083

20 0.067
85 0.094

140 0.280
29 0145

128 0.160
46.0  0.613

165  0.382
90 0450

bioreactor mineral salt
6-75 (Lang  Waullbrandt, 1999)
XO) ve T() P
(9/9) (9/lh)
ND ND 9 0026 Jarvis  Johnson 1949
ND ND 120 0.016 Hauser  Karnovsky 1954
ND ND 144 0.059 Itoh , 1971
Suzuki  ltoh 1972
ND 085 120 0.117 Yamaguchi 1976
34 085 48  0.060 Wagner 1983,
Wagner 1984
210 061 180 0.071 Syldatk 1985
120 383 192 0240 Limhardt 1989;
Daniels 1938
6.0 128 720106 Robert 1989
ND ND 120 0075 Para 1990



2.3

p. aeruginosa 4471
P. sp. JAMM

P. aeruginoga DSM 7108
P. aeruginosa DSM 7107

P. aeruginoga BS2
P. aeruginoga BS2

P. aeruginosa GL1
P. sp. BOP 100

C-source
()

Olive oil (20)
Mil waste olive
oil (24)
Soyhean ol
(125)

Soybean oil
(163)

Whey (20)
Sucrose )(20)
(dlistillery waste
Glycerol (30)
Ethanol (30)

18.0

112.0
L.78

1.85

5.8
3.0

Y pl

(9/9)

0.500
0.058

0.624

0.687
0.089

0.093

0.193
0.100

X (/)

4.2
ND

ND

ND
16

15

2.8
10

Y pix

9/9)

2.38
ND

ND

ND
111

1.23

2.07

T(h)

110
150

167

264
44

44

150
3.00

Pv
(9/1/h)

0.091
0.009

0.467

0.424
0.040

0.042

0.038
120

Manresa 1991
Mercade Manresa 1994
Wullbrandt 1994:
1995: Wullbrandt 1998:
Giani 1997

Babu 1996

Babu 1996

Arino 1996

Osman 1996



2.3

C- source RL vos o X@)  vox T(h) Pv
) @) (09 (9/9) (gfilh)
P. aeruginosa IFO 3924  Ethanol (55) 320 0582 34 941 168 0.1900 Matsufuji 1997
P. aeruginopsa UW-1 Canola ail (60) 243 0405 ND ND 216 0113 Sim 1997
RL: rhamnolipid
Y s trate
X
Y px: !
T:

Pv:
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Immobilization support

Free cells
Alginate
Chitosane
Agar
Carrageenan
Epoxide resin
Polyacylamide

(specific growth rate)

11986)

(Fiechter, 1992)

volumetric productivity (Pv)

Py 20

21

Pseudomonas sp. DSM 2874 immobilization

(Kosaric, 1993)

- L Rhamnolipids Production
Principle of immobilization

Glycerol  Glucose  n-Alkane
None 100 100 100
lonic binding 90.00 66.1 219
lonic binding 21 2.0 2.5
Nonspecific gelation 54.9 515 20.8
Nonspecific gelation 44.4 39.2 169
Covalent binding 2.8 38 1.8
Covalent hinding 3.5 15 6.5

Pseudomonas aeruginosa PG 201

(specific productivities)
(Guerra-Santos , 1984: 1986; Reiling

Yoo 0.15
0.545
Y pis 0.48 volumetric productivity
(Ochsner , 1996)



25 Pseudomonas aeruginosa DSM 2659
(Kosaric, 1993)

X Pv q p Y pls YX/S

T ey o (o) g9
A 018 0002 1363 545 41 0.15 0.007
010 0004 77 292 38 0.145  0.015
014 004 79 300 3 01 0.11
014 007 46 179 3 0.07 0.12
B 0135 0135 24 134 56 0.05 0.12
005 005 25 I 3l 0.08 0.13
C 005 005 25 88 3 0097 014
012 012 38 309 8l 0070 014
0065 0065 25 147 59 0077  0.085

Condition A : cell recycle 0= 20 g/l glucose

Condition B : chemostat 0= 20 g/l glucose

Condition C : chemostat 50 =18,2,250 =36, 5,30=30 ¢/l glucose
: Dilution Rate

B : Bleed Rate

X Cell Weight

pV: Volumetric productivity

0 » - Specific productivity

Y ws : Production Yield

Yxs: Cell Yield

Y L/Vr: Volume Ratio

28
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(Desai  Banat, 1997)

L
Pseudomonas Sp.
n-alkane
2. Pseudomonas Sp.
Stationary phase
CIN
161 181 CIN 111 (Guerra-Santos
, 1984 1986) biomass yield
(Hommel , 1987)
3
(Fiechter,
1992:  Kim , 1997, Sen, 1997) Pseudomonas
aeruginosa DSM 2659
(Guerra-Santos , 19684,
1986)
4,
6.0-6.5

1 (Guerra-Santos , 1984)



Pseudomonas 3.

30

2.6
Pseudomonas Sp.
CMC surface tension interfacial tension
2.6 Pseudomonas Sp.
25-40 °c (Lang randt, 999)
. Surfgce Interfacial tension CMC
Strain Product tension ( N o
(- Nim) |
p.aeruginosa /Bl R2 40 - 5
p.sp DSM 2874 R1+R? 26 < 20
p.sp DSM 2874 R1-R4 28 < 20
P.sp DSM 2874 Rl 26 ia 20
P.sp DSM 2874 R2 2 <1 10
P.sP DSM 2874 R3 25 <1 200
P.sP DSM 2874 R4 K] <1 200
P.aeruginosa 44T1 Rl 25 0.2 b 1
P.aeruginosa 44T1 R2 25 1 i
p.aeruginosa BPO 100 R B Na sait 29 3he 260
p.aeruginosa BPO 100 RB-Me Rl 01c 400
ab Interfacial tension -CH kerosene n-C8
Me methyl ester 2.6 Hisatsuka
, 1971; Syldatk , 1985; Parra , 1989; Ishigami , 1993
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(amphiphatic)
(wetting agent) (foaming agent)
(solubilizer)

fat holding
capacity

2.1
lecithin~lecithin derivative,
glycerol fatty acid ester, hydroxylic acid fatty acid ester, lactylate fatty acid ester,
polyglycerol fatty acid ester, ethylene propylene glycol fatty acid ester, ethoxylated
derivative of monoglycerides, sorbitan fatty acid ester, miscellaneous derivative (Kosaric,
1993)

sophorolipid additive (shelf life)
annosylerythrytol lipids Cadida antarctica

emulsan
200 emulsan  apoemulsan Acinetobacter calcoacetius

» liposome (Ishigami



1987)

2.1

Functions

Emulsification (water-in-oil)
Emulsification (oil-in-water)
Aeration

Improvement of whippability
Inhibition of fat crystallization
Softening

Antistaling

Dough conditioning
Improvement of loaf volume
Reduction of shortening requirements
Pan release agent

Fat stabil zer
Antispattering agent
Atisticking agent
Protective coating
Surfactant

Viscosity control
Improvement of solubility
Starch ccmplexation
Flumectant

2.8 (Kosaric, 1993)
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(Kosaric, 1993)

Product examples
Margarine

Mayonnaise

Whipped toppings
Whipped toppings
Candy

Candy

Bread

Bread dough

Bread

Bread

Y east-leavened and other dough and
batter products

Food ol

Margarine and frying oils
Caramel candy

Fresh fruits and vegetables
Molasses

Molten chocolate

Instant drinks

Instant potatoes

Cake icing



Functions

Plasticizer

Defoaming agent
Stabilization of flavor oils
Promotion of "dryness”
Freeze-thaw stability
Improved wetting ability

Inhibition of sugar crystallization

2.8

Product
Emulsan

Biosurfactant

Biosurfactant

Biosurfactant

Lipopeptide

Biosurfactant

Sophorose lipids

Microorganism

Product examples
Cake icings

Sugar production
Flavor emulsification
|ce cream

Whipped topping
Instant soups
Panned coating

(Kosaric, 1993)

Patent

Arthrobacter Sp. ATCC 31012 Biotechnol. Aktienges.,

4,276,094 (1981)

Corynebacterium hydroblastus  CPDL,

NRRL-B 563

Arthrobacter, Bacillus

3,097,308 (1976)
, CPD,

Corynebacterium, Nocardia, — CA 1,114,759 (1981)

Psedomonas
Arthrobacter RAG 1

Methylomonas Clara
ATCC 31226

Pénicillium spiculispo

Torulopsis bombicola

Gutnick, D., Rosenberg, E
DE 2,415,897 (1987)
Ploescht AG,
DE 3,312,166 (1984)
rum Inoue-Japax Reseach Inc., Jpn
Kokai 7837,189 (1987)
Kao Soap Ltd.,
DE 2,834,118 (1979)
DE 2,938,383 (1980)
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Product
Glycolipids
(trehalose lipids)

Fructose lipids
Spiculisporic acid

Biosurfactant

Emulsan

Sophorose lipid

Surfactin

Biosurfactant

Biosurfactant

Trehalose lipid

Biosurfactant

Microorganism

Arthrobacter paraffineus
ATCC 15591

Corynebacterium hydroblastus
ATCC 15592

Arthrobacter paraffineus
ATCC 15591

Pénicillium spiculisporum
ATCC 16071

Thiobacillus, Bacillus,

Nocardia, Pseudomonas

Acinetobacter SP.ATCC 31012

Torulopsis magnoliae

Torulopsis apicola
Bacillus subtilis ATCC 21331

Candida

Candida, Pichia, Nocardia,
Mycobacterium,

Pseudomonas

Rhodococus erythropolis
DSM 43215

Corynebacterium salvinum

34

Patent

Kyowa Hakko Kogyo Co. Ltd.
DE 1,905,472 (1970)

US 3,637,461 (1972)

Kyowa Hakko Kogyo Co. Ltd.
DE 2,440,942 (1975)
Kobayashi, Y., Tabuchi, T,
US 3,625,826 (1971)

Philips Petroleum Co

US 2,907,389 (1959)

US 3,185,216 (1965)
Petroleum Fermentation N.v.
US 4,311,829 (1982)

US 4,311,832(1965)
Spencer, JF.T., Tullich, AP,
Gorin, P.AJ.

US 3,205,150 (1965)
Takeda Chemical Ind. Ltd.
US 3,687,926 (1972)

VEB Petrl-chemisches
Kombinant Schedt,

DD 139,069 (1979)
Wintershall AG,

DE 2,401,267 (1975)

DE 2,843,685 (1980)

DE 2,911,016 (1980)
Wintershall AG,

DE 3,248,167 (1984)

Zajic, J.E., Gerson, RK.

US 4,355,109 (1982)
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L
Bacillus subtilis 10-25 p.g/ml (ICH) (Lang , 1989; Lang ~ Wagner,
1993) Abalos 2001

Pseudomonas aeruginosa AT10

RCICD + RcACH + RCICR + R,cIC2+ RCRL D+ RCI2 + RCR

2 antiphytopathogen phytopathogen  Pythium
aphanidermatum Zoospore (Stanghellini ,
1996) N
zoosporic plant pathogen Pythium aphanidermatum, Phytophthora capsici

Plasmopara lactucae-radicis 5-30 mg/l
zoospore 1 (Stanghellini Miller, 1997)

Haferburg , 1987 tobacco mosaic
Virus (Nicotiana glutinosa) potato X virus (Nicotiana tabacum) wetting
agent 1
(Bunster , 1989)
3 (L-rhamnose)

quercitrin
naringin rutin
hydrolysis
(Linnarat , 1989)
4, pyrene  pyrenacylester of rhamnolipid
(fluorescent probe) micropolarity
microfluidity (Ishigami ~ Suzuki, 1997)
5.
(flushing agent)
51
(aliphatic) (aromatic) (Miller, 1995) 2.9

ZZS&Shl'l
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2.9
pure culture  Hexadecane Hisatuska , 1971, Shreve
, 1995; Zhang Miller,
1994; 1995
Octadecane Churchill , 1995; Zhang
Miller, 1992; 1994; 1995
n-paprffin ltch  Suzuki, 1972
phrnanthrene Zhang , 1997
2. hexadecane Herman , 1997a; 1997h; Jain
, 1992
tetradecane Jain , 1992
pristane Jain , 1992
creosote Provideni , 1995
Oberermer , 1990
2
' (Shreve ,
1995; Zhang Miller, 1992) 2
hydrophobic hydrophobic
(Shreve , 1995; Zhang  Miller, 1994) 2000 Al-Tahhan
Pseudomonas Sp. LPS (Lipopolysaccharide)
LPS hydrophilic LPS
hydrophobic 2

(Herman , 1997b)
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5.2 (metal-organic Co-

contaminated) 37%
(Kovalick, 1991)
(Baath, 1989; Duxbury,
1981; Hughes Poole, 1989)
pure culture

naphthalene (Sandrin , 2000) naphthalene
' 8 -12
(Maier  Soberon-Chavez, 2000)
5.3
1 1
interfacial
tension
hexadecane alkyl benzyl sulfonate (Thangamani Shreve, 1994)
octadecane Triton X-114 ~ Corexit 0600 Triton X-114 10
Corexit 0600 5  (Thai ~ Maier, 1992)
hexadecane 20% SDS tween 80
6% (Bai , 1997)
jonic strength Interfacial tension
phenanthrene (Noordomn
, 1998; Van Dyke , 1993) .pyrene (Lafrance Lapointe, 1998)
polychlorinated hiphenyls PAH (Van Dyke , 1993)
undecane, pentadecane, hexadecane, octadecane, pristane,
naphthalene, phenanthrene  pyrene TritonX-100  tween
60 (Scheiben , 1994)
5.4 ,

organic ligand organic ligand



DTPA, EDTA NTA
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Cadmium organic ligand 19, 16.36
Lead organic ligand 18.66, 17.88 (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) organic ligand
(Herman , 1995; Ochoa-Loza, 1998; Tan , 1994)
(Torrens , 1998)
12.6% (Mulligan , 1999)
Jeneil Biosurfactant 5-20 1
20 (20 1 ) -100 (5 1
) (Lang Waullbrandt, 1999)
ethoxylate alkyl polyglycoside

1-3 1
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