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3 1. Structures interfacial properties and production level of typical biosurfactant

Surface Interfacial
Biosurfactant Microorganism C-source tension  tension cMC
(MN/m)  (mN/m)

Glycolipid
Glycolipids Rhodococcus aurantiacus n-alkane 26 0.35 na
Glycolipids Rhodococcus sp. HI3A hexadecane na 0.02° 1.5¢/1
Glycolipids Torulopsis apicola alkane/carbohydrate 30 <09 na
Pentasaccharide [ipid Nordica corynebacteriodes alkane 26 <1? 25mg/|
Rhamnolipid Pseudomonas aeroginosa glucose 29 0.25 na
Rubiwettins Serratia rubidaea glycerol 255 na 10mg/|
Sophorose lipid Torulopsis bombicola glucose/oleic acid 35 1.8 na
Trehalose~maono, Nordica corynebacteriodes n-alkal

renalosemmon v ‘ alane 32-36  14-17  4mg/|
dicorynomycolates Rhodococcus erythropolis
Lipopeptide/Amino lipids
Lipopeptides Bacillus licheniformis JF2 glucose 27 0.016" 0.02mg/I
Lipopeptides Bacillus licheniformis 86 glucose 27 0.36* 10mg/|
Viscosin Pseudomonas fluorescens glycerol 26.5 na "150mg/
Serrawettin Serratia marcescens glycerol 28-34 na na
Fatty acid/Neutral lipids
Fatty acid Corinebacterium lepus kerosene/alkane na 2° 150mg/I
Fatty acid+Neutral lipids  Nocardia erythropolis hexadecane 32 <3 na
Others
Protein—Carbohydrate Pseudomonas fluorescens sucrose 7 <10mg/!
Complex 378 na me
Phosphatidylethanol amines Rhodococcus erythropolis n-alkane 30 <1 30mg/t
na Corynebacterium insidiosum  hexadecane 28.5 0.55° na

AInterfacial tension measured against hexadecane. "against decane. “against

na : Not Available

kerosene.
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g 1-A. Structure of biosurfactants



Phospholipid
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R = H or Cholin or Ethanolamine etc.
X1, X2 =Fatty acid
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Surfactin, Phosphatidylethanol amine, EmulsanS& & 4 UL 0/& HHEMESHO ds5 29
TR Melsolu HEEY AotsUHM S8HHEHN e Hwstod e FAtst 4s 20
=1 ok JE{L} T 2N 2 4 AS0 YHIAST(CMCO)= ELHHEHAM 2L BH 56}
J] M 20 HHSMAHZA B0 IF =28 Ze=2 HEEU
Ololl Yt5HA Emulsanzt 20 2X}2F0] oF 100PHKDO =38h= lipopolysaccharidell =142 &
L= HHASE0| 2 55mN/m 2212 HHEEE of 3/mN/m2 FHAMGIsH2 W7 oot Yot
oYEMS sEAMstH Ul ¢S 20 S2RS d5dst ¥ A48 JJF Jd AR
oA MRS, E BIISN SIS0 WR 52 AeE Eus D YT
" 2. Comparison of Biosurfactants with Synthetic Surfactants

Surface tension Critical nicelle 1990 Cost

(mN/m) concentration (mg/1) ($/kg)
Producing organism
Rerythropolis 37 15 12.20
P.aeroginosa 29 15 5.90
T.bombicola 37 82 2.80
B subtilis 27 11(0.01mM) 20.32
Anionic synthtics
Detergent alkylate 47 590(1.2mM) 1.03
dodecylbenzen(LABS)
Sodium laurtl sulfate 37 2023-2890 0.95(30%)
(SLS or SDS) (7-10mM) 26.00(98%)
MEHHSE SR MY H=2

MBHHEMNESE2 LIYSH DIMES22EH AR = SH0|22 27200 dish Matst vi8HZ &=
2 UM UA RCE Lo SUS MEHHESMEHE0|Z slHEtE SHlot= UIMS0IL) U2
0| He AKX EF0 Wl FMEE Z2J Z2M 2L DL duido2 yzex
S HWEHAH 24UEES HX ZUUAHcentral pathway)Q! 3l & 2HE (glycolysis) 2t Tricarboxylic

_5._



acidTCAHMZ 22 SOIIPH =0, 0| 2RE MEHHBNSHS siMstel TR RIS
TS0l MSECh SR H2 IR Y XY BEOZ 0/20(H Uend, ojmf & A

b = € X

a
-
>
a

SHALS EAU AL TCAS HM SYEtt dEREF0| S$423520 A o x|y
&2 gMste d2E O8 29 2}

dEAHEE e MM L2 glucose-6-phosphate 2 RE 27| EHB A B R0 2 5104 0
GHIINEES o2 HEsHH S, M73A XYrAS iYL NN I TCAS Sof MA S acetyl-CoA
It SEEHO LOZICL OIFH MME MPH Y KNS T2 ol AH2510t20 siM =3t
5O glycolipid® @Mt =L}

| A=S2EO0 MRS H2E D20MM TAE WAL U202 MHMED akanel
SRH 448 XYLE B-oxidationdl 28 acetyl-CoANX =2 =E TCAQ gluconeogenesis
(glycolysis®| HUIS)H2E Sof MIAHQ =S M6 =k (Y
ol M= rCt

d2o0 ool WS =EgEL)

Polysaccharide

i Gluiose 6-P
Trehalose Fru!COSe 6_;-~§~‘-_.~.-~_-.\~.pen ose phosphate

pathway or phosphoketolase
routes

Sophorose A
Fructose 1,6 bis-pP

Gly'eraldehyde 3-Pe——s»Dihydroxy acetone P

4
Pho;bhoenol pyruvate Glycerol 3-phosphate
[ B Glycerol

Pyruvate
\\\\\EL\
xalodcetate Cetyl-CoA
///,"'0 ~\\\!///’—§\ﬂ Acetyl-CoA
dlate trate D ///'

: oxaloacktate
Malonyl-CoA
Fumarate Isocitrate ‘

Fatty acids

c
Succinate
g"‘\2-Oxo-glut:arz-xt

38 2. Intermediary metabolism relating to biosurfactant precursor synthesis from carbohydrate
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Polysaccharides

CellobiosS€e—. Glucose 6-P

entose phosphate
Rhamnose. Fructose 1,6 bis P

Glyceraldehyde 3-P————————Dihydroxyacetone-P

Trehalose Fruitose 6-P

sn-Glycerol 3-P

Phosphoenolpyruvate
[ Lipid
B-oxidation
cycle
xaloacetate Acetyl-Coke——————Fatty acids
alate"“~\\
cginate
B 2-oxoglutarate Citrate
€\ J ALKANES
Glyoxylate isocitrat

J

a8 3. Outline of intermediary metabolism relating to biosurfactant precursor synthesis from

hydrocarbon substrate.
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Q15F Z40ILCt sophoros lipidel BSE 1O o2 MHUSIACL Candida bogoriensis
o A< sophoros lipidE&dol= ZA 3872 F4JF ZOSCIT LA™ ULl g@MEo!

UDP-glucose= glycotransferase [0l 2/l HASH2Z glucoseTt 7| € HDA(13-Hydroxy Docosanoic

acid)Oll ™ =6t 2F2t GIcHDA (13- (B-glucopyranosyl)- hydroxydocosanoic acid)2t Glc2HDA (13-

iy

(2'-p- glycobyranosyl— B-glucopyranosyl) oxy-docosanoic acid)Z& &4 &tCI.

UDP-glucose + HDA > GIcHDA
glycosyltransferase |
GlcHDA + UDP-glucose > Glc2HDA
glycosyltransferase |l
Glc2HDA + Acetyl CoA > AcGIc?HDA or Ac2GIc2HDA

acetyltransferase

HSoll M acetyltransferased] 218l acetyl-CoAZ 2 El acetyl® I 7t MYE 0 AcGic?HDA

K
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Ac2GIc2HDATY & E &Lt Torulopsis bombicola®ll S[5) MAMEE= ZHos= precursor7t sophorose 2}
17-OH-~octadecanoic acidO| 0 2t2f £&% lactonization, acetylation0| 2! 0JLIA sophorose lipid7} A4

SEUD 2HH JACH(OEH)

HO
CH,0H
Sophorose HQ !
. — HOCH, o
17-OH-octadecanoic acid HO®S A s
OH H
(CHa)is
COOH
HO HO
Ho A\ CH;0 Ho J\ CH,OH
HOCH C=0 =C—
Ho o 0 (IC oy ——= °© oct, o] 0
oL\ (e oo
OH i OH (I)
CH, l (CHy)s CH~CH;,
CH,0Ac OHOH
0=C-0 o
HO CH,0Ac
OH g
(CHy)s~CH—-0
CH,

=

[=]

4. Sequence of last synthesis steps of sophorose lipid from Torulopsis bombicola

=4 Bl 2FH (Batch culture)0| 20| 0|2
S W20 220le 25 M Zojor

[

A B2 (Fed-batch culture)ics o1AL g 2+ (Continuous culture) £ 0|
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Torulopsis bombicola® 0| &8 sophorose lipid2l MAMARME AS2A O E4A2A0] U3 T

=0t HEME 10% glucose2 8 H2 2 10% soybean oill Al A ALSH 22 b| 13 2ACHD

“ 8 5.
FIA HEHMMO ZH MESE(3Y 5-A)% 4o 01255(08 5-0)= Ho T AFOHX|
9+, sophorose lipidel Motk AHME 2 Roj2 2ol UL E 5-B). EtA2i9 sophorose

lipid= 2| Med| 8% glucose®! HP 94%=, soybean oil2 372%2LCF AN WCHE 3).

I 3. Summary of carbon mass balance in batch cultures

Product Culture 1 Culture 2
odue Conc. TCC Ratio Conc. TCC Ratio

@) @ChH ) @) @Ch (@)

(Carbon fraction)

Cell (0.50) 230 115 270 20.0 10.0 12.6

Sophose lipid (0.57) 7.0 4.0 94 52.0 29.6 37.2

CO; (0.27) 85.1 23.3 548 1378 372 46.8
Total Carbon Input 38.8 76.8

Total Carbon Output 42.5 795

Culture 1 : Medium containing 10% glucose as a sole carbon source
Culture 2 : Medium containing 10% soybean oil as a sole carbon source
TCC : total carbon content

Ratio : carbon content in each product/total input carbon

Ol HiEeZ 5101 & MEBIE2 sophorose lipidS A4AHSHT] Qs wasoxe Mokt
Lt Control2= 11% glucose?t 10% soybean oilE ZIIUHAIO EII5H0I 8 U6tH D, Culture A=

p=4

10% glucoseE =TIl &Sl & 9% oilS LEJ|UHE 2Hamo= H

J

Fot Tt 3210 Culture B=
3%°1 glucose® ZJI0| 93 LHHAl 7%2 glucose@t 9% soybean oilE '8 X oz X

4).

i
N

FotATH R



Cell growth (g/L)

Sophorose lipid (g/L)

120

glucose and

soybean oil (g/L)
3

Residual

0 ] @)
0 20 40 60 80 100 120 140
Time(hr)

I8 5. Effect of each carbon source on profiles of cell growth, sophorose lipid production and

carbon source consumption in batch culture containing glucose or soybean oil.  Culturel : 10%

glucose as a sole carbon source(Q), Culture 2 @ 10% soybean oil as a sole carbon source(@)



T 4. Summary of carbon mass balance in oil intermittent fedbatch cultures

Product Culture A . Culture B . Culture C '

. Conc. TCC Ratio Conc. TCC Ratio Conc. TCC Ratio

(Cabon fraction) @) (g-c/) 0 (@) CH G0 @) @ChH_ (8

Cell (0.50) 28.0 14.0 12.4 27.0 13.5 12.0 30.0 15.0 13.3

Sophose lipid (0.57) 1190 678 602 1150 655 58.2 73.2 41.7 37.0

COz (0.27) 1181 319 283 1393 376 333 2085 56.3 50.0
Total Carbon Input 113.7 116.6 1126
Total Carbon Output 1126 1126 112.6

Culture A : 10% glucose was initially added and total 9% oil was intermittently added with an
interval 7hr

Culture B : 3% glucose was initially added and total 7% glucose and 9% oil was intermittently
added with an interval 7hr .

Culture C : 11% glucose and 10% oil as a carbon source

TCC : total carbon content

Ratio : carbon content in each product/total input carbon
ZEH O 2 controle A 37%Q EtLMEE=Z 732g/12 sophorose lipidE AL}, 2HEHC
2 oil2 ZAIJI8F culture A B 2T 60.2%, 582%2 =2 HAXMEEZEZ 1190, 115.0g/1<

sophorose lipidE U2 MA2H0| 3N BIi6tRC 0|2t 22 e 0lFs WAIES gt
oll2 9150 metabolic pathway’l sophorose lipid A& ZCF X ghato]l Ao
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