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Abstract

Biosurfactants are the metabolic products of some microorganisms and have many
advantages including low toxicity, good biodegradability and biocompatibility
compared with synthetic surfactants by chemical methods. In order to meet the
demands for environment protection, biosurfactants will play more and more role than

chemically synthetic surfactants in our daily life.

Sophorolipids are glycolipid biosurfactants produced by several selected variety of
yeast strains. Due to their properties of low toxicity, high biodegradability
biocompatibility and high yields, sophorolipids have great application prospects in
petroleum industr&, environmental industry, cosmetics, food, detergent industries and
pharmaceutical sector. Recently, sophorolipids have been proved to have good
antimicrobial, anticancer activities and even the anti-HIV activity, which will broaden

the applications of sophorolipids in pharmaceutical sector.
The main research aspects and results are as following:

1. Sophorolipid production by fed-batch fermentation

After feeding 5% rapeseed oil three times, the yield of sophorolipids in fed-batch
fermentation was increased by 32% than batch fermentation in 300 mL flask. In 5 L
fermentor, after 288 h of fed-batch fermentation, the yield of sophorolipids was 68.2
g/L and was increased by 109.2 % more than batch fermentation in 300 mL flask and
58.2% than fed-batch fermentation in 300 mL flask. After the rotatory speed was
improved from 400 rpm to 500 rpm, the yield of sophorolipids 5 L fermentor reached
71.1 g/L at 196 h, the fermentation period shortened 96h, the productivity of
sophorolipids was increased from 0.24 g/L/h to 0.37 g/L/h.

2. Inhibition of sophorolipids to bacterium

The inhibition effects of sophorolipids to some bacterium including Escherichia
coli, Bacillus cereus, Staphylococcus aureus, and Streptococcus mutans were

studied. It was found that sophorolipids showed strong antibacterial activities against
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gram-positive bacteria. 15 mg/L sophrolipids could fully inhibit the growth of B.
cereus, and 40 mg/L sophrolipids could fully inhibit the growth of S. aureus.

Sophorolipids showed no antibacterial activities against gram-negative bacteria E. coli.

This is the first report that sophorolipid had strong inhibition effect to Streptococcus
mutans which could cause decayed tooth. 50 mg/L sophrolipids could fully inhibit the

growth of Streptococcus mutans.

3. Inhibition of sophorolipids to Dermatophytes

The inhibition of sophorolipids to three common clinical dermatophytes,
Trichophyton rubrum, Trichophyton gypseum, and Microsporum canis were
investigated. We compared the inhibition of acidic sophorolipids with that of lactonic
ones to the three dermatophytes. Lactonic or acidic sophorolipids showed inhibition
on the growth of all the three dermatophytes and showed different inhibition towards
each of them. To Trichophyton rubrum, the inhibition of lactonic sophorolipids was a
little better than acidic ones. Toward ITrichophyton gypseum, when at low
concentrations, the inhibition of lactonic sophorolipids was much better than that of
acidic ones. However, when at high concentrations, the inhibition of acidic
sophorolipids was much better than lactonic ones. Toward Microsporum canis, the

inhibition of lactonic sophorolipids was much better than acidic ones.

For the inhibition of hypha extension, lactonic sophorolipids could inhibit the
extension of hypha much better than the acidic ones. When lactonic sophorolipids
concentration was 0.5 mg/mL, the inhibition ratio on hypha extension of Trichophyton
rubrum, Trichophyton gypseum and Microsporum canis was 53.8%, 62.5% and 68.2%,
respectively. The MICs of lactonic sophorolipids to the three dermatophytes was
0.0625, 0.125, 0.0625 mg/mlL, respectively. MICy of lactonic sophorolipids to
Trichophyton rubrum, Trichophyton gypseum and Microsporum canis was 0.125, 0.25,
0.125 mg/mL respectively. MFC of lactonic sophorolipids to Trichophyton rubrum,
Trichophyton gypseum and Microsporum canis was 0.5, 0.5, 0.25 mg/mL respectively.

The TEM observation results indicated that, after being treated by lactonic
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sophorolipids, three dermatophytes have some obvious changes in their
microstructures. The cell wall became thicker and loose, the cytoplasm agglomerated,
the membranes of organelles were disappearing, and no integrated organelles and

clear nuclear zone were found in the cytoplasm.
4, Purification and Structure elucidation of sophorolipid

After being analysed by HPLC, it was found that the crude sophorolipids produced
by Wickerhamiella domercqiae var. sophorolipid are a mixture composed of more
than ten molecules. Ten sophorolipid molecules were separately collected by
preparative HPLC. The structures of the ten sophorolipid molecules were elucidated
by MS analysis. It was found that all the sophorolipid molecules are sophorolipids
with CI18 fatty acid. Their structures differ in acetylation degree of sophorose,

unsaturation degree of hydroxyl fatty acid and lactonization or ring opening.

5. The anticancer effects of sophorolipids with different structures on human

esophageal cancer cell

The anticancer effects of sophorolipids with different structures on human
esophageal cancer cell KYSE 109 and KYSE 450 were investigated. It was found that
the differences of sophorolipid sructure in acetylation degree of sophorose,
unsaturation degree of hydroxyl fatty acid, and lactonization or not can affect the

anticancer activity of sophorolipid.

(1) The results indicated that the inhibition of diacetylated lactonic sophorolipid to
esophageal cancer cells (totally inhibition at 30 pg/mL concentration) was stronger
than momoacetylated lactonic sophorolipid (totally inhibition at 60 pg/mL
concentration), which confirmed that anticancer activity of SLs was affected by their

acetylation degree in sophorose moiety.

(2) Our results showed that sophorolipid with different unsaturation degree of
hydroxyl fatty acid also had different cytotoxic effects on esophageal cancer cells.
Sophorolipid having one double bond in fatty acid part had the strongest cytotoxic
effect (totally inhibition at 30 pug/mL concentration) on esophageal cancer cells,
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sophorolipid with two double bonds had a little weaker anticancer effect (totally
inhibition at 60 pg/mL concentration), while sophorolipid with no double bond had
the weakest cytotoxic effect (only 20% of cells were inhibited at 60 pg/mL
concentration) among the three sophorolipid molecules. This was the first study to
reveal the relationship of bioactivities of natural sophorolipid molecules with different

unsaturation degree in hydroxyl fatty acid and their structures.

(3) No matter acidic SL with one or two double bond in fatty acid part, with
momoacetylated group or diacetylated groups in sophorose part, they have little

anticancer effect against esophageal cancer cells.

6. The inhibition mechanism of sophorolipids with different structures on human

esophageal cancer KYSE450

In our previous studies, the inhibition mechanism of diacetylated lactonic
sophorolipid with a C18 momounsaturated fatty acid on the human liver cancer cells
H7402 has been proved to induce cell apoptosis. The inhibition mechanism of two
sophorolipid molecules C18:1 MLSL and C18:1 DLSL on human esophageal cancer
cell KYSE 450 was investigated by reverse phase contrast microscopy, cell staining,

fluorescence microscopy, flow cytometer, and TUNEL assay in this study.

It was found that, after being treated with C18:1 MLSL and C18:1 DLSL, cell
gradually shrank, turned round, membrane blebbing stood out. Chromatin
condensation and margination, nuclear fragmentation and apoptotic bodies were
observed. Cell cycle distribution change was observed and the sub-G1 population
appeared. These changes can demonstrate the apoptosis of KYSE 450 induced by
sophrolipids and the inhibition mechanism of sophrolipids to different cancer cells

was all apoptosis.

The apoptosis level of KYSE 450 induced by sophrolipid with different structure of
the same concentration was different. It was found that C18:1 DLSL could induce
apoptosis of KYSE 450 at a greater extent than C18:1 MLSL by morphological

changes, cell cycle distribution changes and apoptosis rate of KYSE 450, which agree




WA X#HE2MBX

with the results that the inhibition of diacetylated lactonic sophorolipid to esophageal

cancer cells was stronger than momoacetylated lactonic sophorolipid.

Key words: Biosurfactant, sophorolipid, fed-batch fermentation, Wickerhamiella

domercgiae, antibacterial activity, anticancer activity, apoptosis
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AO

CMC
DAB
DNS
DSMO
HPLC

IL
LB(medium)
MFC

MIC

MS

MTT

oD
Pl
SDS
TGF
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Acridine orange
Base pair
Critical micell concentration .
Diaminobenzidine
3, 5-dinitro salicylic acid
Dimethyl sulfoxide
High performance liquid
chromatography
Interleukin
Luria-Bertani(medium)
Minimal Fungicidal Consistency
Minimum Inhibitive Consistency
Mass spectroscopy
3-(4,5 -dimethythiazol-2-yl)-2,5-
dipheny! tetrazolium bromide
Optical density
Propidium iodide
Sodium dodecyl sulfate
Transformation growth factor

Ultraviolet spectrum
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WA XZHE ¥R

F-E4E

1.1 £ PREFHER

EMREFERNRBEDE— £ M THFN, ERLABLE B
HAF —EREFHNRB=Y. SUESRMREFERML, £
REFUEFIRBEBEREK A 522 AAL BRI IR S 40 R 1E R 5,
ERAA-BUZERNRABUAFTARENEE. EWTRERE. X5
. RIFMOBEHE. —HAEPHELEERA. MEARRLOHSER
FRA N RECREI 58, EYIREE RIS & SR IR O 24
[=E2N

RTINS R LA EONA. ERERTYS, TURTAE
WLV, RHE. RREORER, EMEERNEVEE. BEAH
BRESS. X TP, TURMSRESH. 5 AEEAEER BAF.
HrRZEANNAE. EFRFRFTE, TUBRIRTHEIWIR. £RET,
REFFYHEL A BE. EYEEE. ERUTHE, TURATLESR.
PR mMA FRRIA, RARENE, EWERRHERNEF. B, EYREE
HRIERRREN. MR, 2EN. RERE, s, L& 548, B
BERA TV NESETHEEREZE AN FR GRRES, 2005).

WA EREYRAFERERCEFZFRBRE. KEMRIEE BT
DA AUATLE: #iE. 880, Rk, leERA. IR, R—%X9TFiE
BEANEEZERAY. EVREEMERARL RETHEY, HEMAMEYRE
HMERHZHHE (Healy & Devine, 1996; Rosenberg & Ron, 1999; Kim et al., 1999;
Bento ez al., 2005) (£ 1-1, B 1-1).

1




WERKEBETZRRX

R 1-1 MEYFERREEENR

Table 1-1 Biosurfactants from Microorganisms

AR M iEPER/ Biosurfactant

44/ Microorganisms

F 4% 6 /Unidentified glycolipid

B 258/ Rhamnolipids
B RS/ glucose lipid

¥ BE¥E G/ Trehalose lipids

Bk fig/ Sophorolipids

JFEREfIE/ Sucrose lipids

S ¥EfS/ Fructose lipids

HEEE BRI
Mannosyl erythritol lipids
B¥f&/ Phospholipids
Efk/ Lipopeptide
Fi& % A/ Protein complex
P& R P £ MG/ Fatty acid, glycerides

FEEANEEEREY
Proteo-lipid-carbohydrate complex

PUBE S/ Pentasaccharide

| Nocardioides sp. Tonkova & Gesheva,

2005)

Pseudomonas species

Marine bacterial strain MM 1(Passeri et
al., 1992)

Arthrobacter species/ Rhodococcus
erythropolis/ Mycobacterium sp.

Candida species

Rhodococcus erythropolis

Rhodococcus erythropolis

Candida species

Acinetobacter specie/ C. thiooxidans
Bucillus species/ C. petrophilium
C. tropicalis

Arthrobacter species

Corynebacterium hydrocarboclastus

Nocardia corynebacteroides (Powalla et

al., 1989)
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O~ CH"CHQIG°CH3
CH,0-CO-R @ gﬁ
“ : o9 cu tcm) -CHy

0-CO-R
W
18 (I;HS
0 _170H
M-8l
((%HZ)
10 (‘iH
9 (iH
2'S(CZH 27
| |
1c=0
I |
CH
Lactonic form R = Acatyl Acldic form
BLpE e
p L—Val\
L -l;sp D\-Leu
D-Leu L-Leu
CH
O'-é ' C,HZOH L-{.eu L G‘lu
i H—OH o /
CHO  H—-OH '
o) u (EH-CH:-C =0
O-CH:
OR, O\F L (?Hl,)’
CH;3-CH-CH,
H RSN i1

-1 LA EENEYREERRNY F45H

Fig. 1-1 The molecular formula of the main microbial surfactants

PSR — M R A KRR EMREFE R, BT LA EDTRR®
t, EYHAEE. KEE, RENFERAHURBFHRENMESE, $8
AU BENERETES, ERFNEYREEEAT, FERR, Al
BIETI iZM*E, EAMIN (Banateral., 1995), FEREP. ik, ik




WA XFHRELZ/MRX

MREHFREHAE RFHN AR,

1.2 BEEEMNEH

ARERHMEERBREREES TFHARNRAY. SEEEHELFE
—AMRBAFE, 4 FEFRKERMFKER TS HR. FoktEHo2HE (FA
HEENTFUR-L 2BHELES), KRS RBAUKAEANHKE 0-(R o-1)
RERNR, XRESUEEREE. MENNXIETENRT &M RRm L
KEAR. BREAMEHNEERE. RERS 2B LN EE B ERR,
DUREBHFENBALER (B 1-2) (Asmer, 1988).

Rs  RyH,CH,
Ry: (CHy)¢-CH=CH(CH,)

I<OH >|_o ———CH (A)-a: R|=R2=COCH3
(A)-b: R,=COCH;, R;=H

@ CH,0R,

CH,0R, (A)<: Ry=H, R,=COCH;
o (A}d: R=R,=H
/ OH I o R4 (B)-a: R|=R2=COCH3
N\ l I (B)-b: R;=COCH;, R,=H
(B)-c: Ry=H, Ry=COCH,
OH (B)d: R=Ry=H
0 c=0
CH,OR, Ry
(B)
—0
'<’“ >+—o0—cli— r,— coon
HO
CH,OR,
OO
Ko
HO ‘|—

B 12 WEMRNSH. (A) WERIEER, (B) BAMER

Fig. 1-2 Structure of sophorolipids: (A) lactonic type; (B) acidic type.

1.3 EHRREREAEK

BEXRRE, BB ~ERBERINEYEIERRUBGE
(Torulopsis) FRL TR (Candida) H—ERERE, EXERESERLYE

14
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BRAUERGERALXIBRLEERE (Kreger, 1984; Hommel ef al., 1987). f3EC.
bombicola, C. apicola, C. bogoriensis, C. magnoliae, C lipolytica, C. gropengiesseri,
C. petrophilum, Rhodotorula bogoriensis % &i¥k (Gorin PAJ et al., 1961; Esders &
Lights, 1972; Hommel et al., 1993, 1994a; Otto et al., 1999; Davila et al., 1993; Hu &
Ju, 2001a; Zhou et al., 1992; Mulligan, 2005; Nunez et al., 2004). BT He¥E s £~
FIBFF 5 % R K B Z C. bombicola.

RIMEREFERR T KRB RN Rk, 238 eHcEAME <R
8, 483N Wickerhamiella domercgiae var. sophorolipid. 3% £ E R 45 K E
BB BLBE s A B S BE B B Ak

1.4 BBREREBFAHEL

HERNEFREBRRRHAXNAN— M EZRE (Rosenberg & Ron,
1999). B, FMEMEBEIEAETRA, REREEK~BREE ST R
KB, HESTEFZNRNEREN. BER, REFAEFRT X
HETHEFRETUERR.

141 B8R BES~R

Davila FEREIE= LN BANMBKERE, FRERZERZ 300 gL
(Davilaetal., 1997).

Daniel %% T WP AR KL, B 5% Crptococcus curvatus UL, i& 1)
ABARYER, REFEAKM. AREES, BARRRYFHER=/REH
BRREAB S RBERIEY . X Candida bombicola ITEEAMMFAIATLSE,
BAW AN SN IE AR BRIE, RKBE SS0h /5, BB~ EIAT 422 gL

(Daniel et al., 1998) .

Rau FHFHM SHERENRYETIEREURFE S EE RS RE
FERBERR . MEFRAMRE, FRAZIT00gLU L, A RBMESREL
BREFER SR R57 g/L/IART6 g/L/d ( Raueral., 2001) . EZEBETRER
BETENNEERR:

15




I NER AP

1. EMHEE—EELFREH,

2. ERMEAEKY: EREETHEARE, SRMEFH, 88505 mN0
FELH50 : 1.

3. EMRERRESHB: ERHEAE, IAHELE, PRHRROENEE (1

gL) , AERESTHRREL N3 1.

2009 %, Kim SFRZHAMERI RS RERERTE. LY
AT EMBUKE R R =B R, BERRRIFONIF, FE
HETHEREF SR P EENBRIKE R 30 gL, AR, E24% pH H
3.5 MERY, FAFMIOHERS NaOH A B RIE. EREERES, TH
SAFMIEA S IR, AEERERHIE 3040 g/L, HHETHH pH, HEX
FRRmAM R, KR8 KRG, MBEIR™RIAT 365 gL (Kim et al.,, 2009) .

142 LT RLEFHH RN LR

ﬂ]ﬁilﬁ%)ﬁﬁ%%i?ﬁﬁﬂ?%Féfﬁﬁi?"ﬁﬁﬁiﬂﬁ’ﬁﬁ?ﬁZ*e Lyl
i £EEIHE . B EE T LUE A Y= £ 825 5 (Deslipande & Daniels, 1995;
Daniel et al., 1999; Solaiman e al., 2004). 20064, Fleurackers FiBelgium Fi#{

YEBE M AN EF=MBEME (Fleurackers & Belgium, 2006) . 20074, FelseZH

TV RERT BRI EHE A RV EF= BB G, R T FRBT B K AR AR DL R g
FiRREIRIEX BRAE =B W (Felse ef al., 2007) , WiShahZtFIf%
TH R A IR Y)R £ =42 %8 5 (Shah et al., 20072). 20084E, Daverey FlPakshirajan
RRARA K H R AR DR E =8 (Daverey & Pakshirajan, 2008) .

143 BREARN TRBERESHHER

1994 %, Hommel ¥ ABFR T FREPEAEE FIRERRER~ B UK
LHREW. BERHERTRERYMN, RERNBEREEN, SEAES
FIREZXE 73.6 mM B, HERK=EXBEE TR, FEMERBEEFRE
HIm, & o-1 BEMRAENR LG AN TE (Hommel ef al., 1994b) .

Cavalero il Cooper ARRIBRIEFE SR AR LR BERT R A B — 3R, K

16




WEREMLT 2R X

BEFMRERLTE. SUURYEER L BEHRAR. BEE _RERET
BZt, BRRLKREHRETRB12MNE68, WERN~ERNEMD,
T 4R IR R T 5 e 1 748 0 20208, B s 0= B ARG T F8. 7= 4 A BRRE N
iR RS SHEZRENRE FEARMAS & B ERE: T+t
femE, TARKZ, AR CRAEER, ZEXAE TR, XH+A
SRR BT R R ARBE RS K 2 A M Z B A BE B BE T, P R —Fh @A
A&, MR EMRERENRAEEEREMESY, FYR—FihikEN
EE. ERERESENIES, BREEHRELENERYERRMEIRERS T
F, MARBARMNLERIENE (Cavalero & Cooper, 2003) .

Ashby 5 F I IE BT RRBR 0 R A P B MR IR BB 0 & . B B8
ARG AP, CEBANRBHEEILERS 54 R Me-Soy. Et-Soy. Pro-Soy
SRyikEE, REAHBMAENREEARBRRYKRE=RER. Candida
bombicola L, Me-Soy~ Et-Soy. Pro-Soy ARYIE LML K EBES B BIKERE
JEEIF=BA46+4 gL, 42+ 7 g/L Fl 18+6 g/L. LiMe-Soy R ERHIRE N
FHN%AREEEE, HH59%H2 FRRERITBHIRERRFEREE. L
Et-Soy F1 Pro-Soy A EY)7 HIAEIMERE G 2 516 & 43%M80% K i B R 2
eRERE (ERTREA A LMRAMR, ol LEIRESRES FHE) ,
#EBEREHRENEEUIER (Ashby er al., 2005) .

Shah %A Candida bombicola FIFIHEFENMILENERARYEF=H T Mg
FTERE A h T TR MRS, B 014 gL, BRNBRERNESY, M
BREAFHENKHERES FSRENER o R - 1BREF LHRELS, 2
MUBREHEAHER. RABRBEESIMENRESERAMTEEH, K
20-HETE(20-hydroxyeicosatetraenoic acid) #119-HETE(20-hydroxyeicosatetraenoic
acid) , XWHYFEESTEBEEENA (Shah e al, 2007b).

17
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144 THIZHHKK

ELREP, KREE AR EBRD2 B R0 7 58 R BN AR,
ﬁﬁ%ﬁﬂ%ﬂ%a@a%,ﬁmmﬁﬁ%ﬁﬁﬁ%fa@a%,ﬁmaﬁ%%
DR ZRE M, BETELBREECK. HATUARBENNREEDSE, il
BitE (Cavalero & Cooper, 2003) FIFFEMTEB¥ (Raueral., 2001) . XH
ERRBBRA, BEANBRRERHE, HREHEE, BEERS, TEAT
KRB

BEAMERREEAKR, REERELSTTFRIEFENEDR, EAHER
BEF= A KB MARBE R B AT LUR B B O B e A R B 2 B 3k, S B 3
RIERBE RE PR B AK s IR DL S R B R A B & (Inoue et al., 1980)

ERTRBANT, BRENABELEEKLUAARAN L, ERTAR
BB OB, ABRREMERAT R BEREMEENARTEA, BEK
RIERET 28, EREAZEEYW, BT RAZERESBRARENR
e, HRRREENRLRETHNTE BEXHIRE SR8 NEERG
BIERFELZET. HulRRRERERE TR REEAETKIERIRHE
pPHAKEBEI, ASE-PRENBRLEMBEREZBIENER, BEK
BISETKS, AEREMRIEIRS ST, TTLURZ 5% P B RN s AL 5 b
JEP A BHR, EHENRENER, KREHE (Hu&Ju, 2001b) ,

1.5 $RHRAE LSS

BB TR B IR T A e L R R R A — AN BB
H, RS S EE R S HBUE BRI A G EHFREEERE £ Wi
PR IE 2 T o XL MBS X TRRBE R 4 F LARBEID 4 BRI % T g
il g A Ty
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R K%+ EHRX

1.5.1 [ERFERER A Y HE G

Nunez FFIFIEMBE AR, HREIENENRES M EEARES T, BH
BRFENRRR F FURENR . B 510 F RE N A 1R R XX 2B AL B B AL MR IR B 2 BAL
3 BT, ZAMENRTE. REF AR REE P RREN 2B, BRA
Fl—F# e B 1,2-3,4-di- Qisopropylidene-D-galactopyranose ¥ s 218 ¥ s ) g
Bk L, BG/KMEM di-Gisopropylidene BB ML IEE (B 1-3)

(Nunez etal., 2003) .

Novozym 438

————
Vinyl acetate, THF,
35°C, Tinr

COOMe

2b, Ry~ Ry=Ac
2e Ry=Ac: Ry H
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CIhOA
0

1o CH0R,
mm/ N CHOR,
(1L0ac Novozym 35 [l / HO
+ —— CiLOR, + Ho
fo THF, 35°C, 720 Nen,
i 0. It 0
o,
]
COOCH, &, Ry = Ac

45.R, =OH,
2be
38Ry * Ry=Ac

R OB, Reae

3¢, Ry =Ac R=OH
3. Ry = Ry=0H
CRON
Ho« no
10K, “H M
i "
n HO
HBF,
————
ACN:H,0 (%:1)
80°C, 2
3
3 : H]

B 1-3 RRRET SAB NN AR LR

Fig. 1-3 Enzymatic formation of galactopyranose sophorolipid esters

Carr A R R B E IR IR R A M EETERR T H, K
MERRIE T ReslE AR 7 T B B 56830 PRIV I XN 2B AL i o i B AR
RAEM Bt BT, AR, RN ETRES LB LRE R
Biik, BGERRBE RO 1E R T RARRE IR R L D R IR E T BB M s B T
B (E1-4) (Carretal., 2003) .
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| R, = CH,C(0) 4 or CH:CH,C(O) §
. R = CH,C(0) 1= CHEO) CHC0)

o
) ﬁﬂx-c-c-m-ﬁ 3 °T*°"" E'ﬁ"“;"“"llo,m
‘ Y o
| ool or s utane) 0
| “Novozyme, THF 40°C R 0
R= CHSC(OHUWO)B R = CH,C{0O} and R1 = butyl 6 or ischetyl 7

R = CH,CH,C(0} and R1 = buty! 8 or isobutyl 9

14 BB S8R VRN E T e E MR 7 T8

Fig. 1-4 Enzymatic formation of sophorolipid butyl esters and sophorolipid isobutyl esters.

(a) 0.022N sodium methoxide, reflux, 30 min; (b) acetic anhydride or propionic anhydride,

DMAP, dry THF.

AZimB RAEE BN R NR ATEY), TEREIREE R MR TR 2 1
RELESERHEERD T, BATEHARANRERNEERTEY. AR
ETARMEER-REETEDNEDEYE, SEMERE. IRTEERR
RFiEY, RMRARBEMEDSHEEWEEZRNXER.

FIEEER-BBETEVAEUTANR: (D BREBEINRARE
JEBEHAKBR T EZEARENRER. Q) BEERNREDIBEIELEY
AFRPER. (3) BERMo-BESHBERENRENMREMRE (H1-5). )
ZHEERARERNRY . EERNMLAAERLER. 248, ZER. XK/
2R, 7ER. HERUREINMWZERER (Azimeral., 2006).
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00R"
HO . 00H H:NY
" +
R

(i
o
m ' B N COM CO0R"
"o o\r\/\/\/
oH

B1-5 RERNo-RESHEREHRES NREAEVREER-RHRTEY

Fig. 1-5 Formation of amino acid-sophorolipid derivatives. i) DCC, DCM/DMF (4:1), RT, 24

hr; (ii) 13 f 14, TFA/DCM, 0 °C, 30 min; (iii) Pd/C ethanol, H,

152 RS2

Rau FB MK T ERBLRE IR 4 F L — & TR R

| ARG B E I K ARR T Z AL B B B MR AR B Z L R R Y
BRFENE, BEEFIR LR ER AT RAER. KPR RS EE XN
HIERRBE R — N 2 TR R, HMBEIE A ERE R (B 1-6). Fid
RV ERERE 5 R DU R R B R BE PR ZE R4S 15 AR LR, po Y O e
JERIRE SR, BHEERNRIREEOREFEEMAM (Raueral,, 1999) .

Hesperidinase
 mmaman S
pH=57 Tz40°C

o

B 1-6 HURTRER: B MR A T A B 2 B R

Fig. 1-6 Enzymatic formation of a glucolipid
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AR R ERTBEAR R &4 T RGN Z B RN, VBRI RRLSH
BIERBE AT . FFNovozym 435F1Lipase PS-CIX B FFEE T LUK H ik FR 7T 1R
BATH6 W 6" BEHITEZBL, RENZMAL. Novozym 4357 UL
HRE N Z B TE BB 16/ B AL B 14T 2 Z Bt Ak, Lipase PS-CRJ ALK A Z B8
TERBE 6 BRI B AT 2 284K, Novozym 4357ERN R4 TIE A LIEILIR
BENE Z BT ML BiAk . Novozym 43583 T #EAL ZBHAL RBLAE, & 7T DAL AR HE
FEZBEHEUARBERERLEY. BEEEENLEYENovozym 4355 Lipase
PS-CHIMEAL Tt o] LU B s b B AERRBE 7+ F 6T 6" UM BT ZBhAL, &,
EX LB, 75MNNovozym 4358 B 1 KLRE i Z B AL A R IR R B e A
N BRI 1T, BEEEBNZBALRBEREELSY (B1-7) (Singher
al., 2003) .

5
£
:
£

3.R=COCH; and
4. R = CO(CH3)C:CHy

oo
2 M X XK
L~

"82%g
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HO_¢
“?Hfl 0 BCHy
L-0-CH WA o-(":u
(CHa)s ; (CHzle
o g
CH CH
Gy (CHay
{ CONH{CH,32C4HOH 1C00C;Hs
10 R = COCH, and 1
11. R = CO{CHy)C.CH, w
[
5
7N
13 HO, )
‘,3“3 8 CHy
0'9"" 1 O ?H
(CHe RO (CHabe
CH &
'c'H ]
1 ?H
(CHarr ' {CHap
» I
'CONHICHICaHOH HOY™ [ 1CONHICH12CHiOH
12. R = COCHs and 14 R=COCH: and
13. R = CO{CH3IC:CHy 18. R = CO(CHyIC:CH,

1-7 FRRTRE R % S A AU BRI G 2 Bk R B

Fig. 1-7 Regioselective enzyme-catalyzed synthesis of acetylated sophorolipid
esters, amides. (i) vinyl acetate, Novozym 435, dry THF, 40°C, 2.5 h; (ii) vinyl ester (vinyl
acetate for 3 and vinyl methacrylate for 4), Lipase PS-C, dry THF, 40°C, 72 h; (iii) primary
amine (tyramine for 5, phenethylamine for 6, (p-toly) amine for 7,
p-methoxyphenethylamine for 8, p-fluorophenethylamine for 9), Novozym 435, dry THF,
50°C, 24 h. (iv) vinyl acetate for 10 and vinyl methacrylate for 11, Novozym 435, dry THF,
50°C, 80 h; (v) tyramine, Novozym 435, dry THF, 50°C, 24 h; vinyl ester (vinyl acetate for 10
and vinyl methacrylate for 11), 50°C, 80 h (one-pot reaction); (vi) vinyl ester (vinyl acetate
for12 and vinyl methacrylate for 13), Novozym 435, dry THF, 40°C, 20 h; (vii) vinyl ester

(vinyl acetate for 14 and vinyl methacrylate for 15), Lipase PS-C, dry THF, 40°C, 72 h.

16 M S BEEE TEA ENTER .

EER, XRTRERFAFEERIBTEMAREREE ., FRERE
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@i RN TRE T, BREERHRERRERERN = ERE £ FiHR
RIERTED.

1.6.1 SRERABHTE P RAXEENTE

B R P4S0 RIHE & IS BT EENE, RREENREELRY o R
o-1 BRI, FRER EARERES T5ENRS FEIRTFRERER
U BARBERE 2 F o

1996 £E, Lottermoser WA E MRBENET= £ & Candida apicola 7 2 5%
T 2RAMEE P50 ER, HKBHHHdE A CYPS2EI M1 CYPS2E2. X 24
ERREBMEL)FHEEE SONEER, HFEHHIHN 58.7kDa i 58.6 kDa.

(Lottermoser et al., 1996)

162 B RIBERGEMEL

EXRE SRS T ER IR AR, B — M RELRFER
ZRIFEEZN,

ATEMXHE—NRZ, Van Bogaert SHRE MR EHE Candida
bombicola ¥ fERE T ABMEKF-S-HMEABER (UR43) , ZNMERS%
HEEBYTER 216 MEER, SHEBRSNAERZE-S-HREREAS
REKIFELUE (Van Bogaert et al., 2007) .

Jak, MAINIFEERET Candida bombicola HIRVEE SRR,
BAFEMEKRTRESEN URA3 BRZE LI TERBBAEEKRS, FHE
FRATERER, RiET HREREEFREBERTLMEN— Candida
bombicola HTERATEHAMERMHELMFLERSL (Van Bogaert et al.,
2008a) .

Bl/G Van Bogaert & A XM Candida bombicola P 5[ /5% T H mhEE-3-BiM
%8 (glyceraldehyde-3-phosphate dehydrogenase, GPD) #H. GPD ZHE I3
HF TR TRESE FBEERNEMRE, Van Bogaert £ R RHKER GPD £
FREHFABRUBRFHEENNREE, HRHEWE Candida bombicola . &
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R KZBEEMR X

190 bp BEhF HBUKIRIX & BEME Candida bombicola BRI B EEFM. EHE
HFFIIBERNTFURBREAERREBS, YRABEREREERE Candida
bombicola FIIFBRIERHE T £ (Van Bogaerteral., 2008b) .

1.6.3 XERER

ATT KUBEIRMN R, BIRRES N+ SEKHH R,
Van Bogaert %% £ Th5:E§ 2 (MFE-2) ZEM Candida bombicola R H 3R
(Van Bogaert ef al., 2009) . ER P EHEKMMBEIRRENH P EHEKHE
FiRE SR, ERXMDEHKNRYEE N ARE HM, FAERBTE
PEM, NEBHEEFMAETFHEKNMERE R, MFE2 EREPEMLITRHH
E%M, % Candida bombicola #R 4+ ¥) MFE-2 EFR%F 5 5t T LABH BT pEL1L
T8, FAREXRIEFREEZNATSERNEDERPSHEKIBRER.

1.7 BREEEH AN

WD REEERN—F, BFLEYTRAYE, K54, BEFOHE

A, URFERSREMA, TARMINL. FERP. L8 BEHNES
FOHEABRI T RONA BER, MERTEASSONARLABRTHA
HHIRE, REMEIER THREREAFRENIREY. IHERER YRS
s,

1.7.1 BN EET

2002 £ Kim 08 TR G MEYIEE (Kim et al,, 2002).

2005 £F Yoo %X IRIE T BLFE NS 6B M EIE YR R E & Phytophthora sp.
Pythium sp. B4 K. 500 mg/L KIKEFEEREEHME] 8% BLAMEK, HH 100
mg/L KIARBERESE Phytophthora sp. HshTRTFHIBEIERRIK 90%; RN & RIEH
R TRBORELDHRLED RS RTFOREBRESRERNATE
X, 100 mg/L ARRIKEBEIELCEE, BRRTFREEZL 80%.

BT RERNS TS ARBEELRL, SRARBEZEME, R
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PUEHEZ — . BHE S L6 SR U H) 2 2 RPN & Q0 Bacillus, Staphylococcus, Fl
Streptococcus sp B4 (Yoo et al., 2005) .

2007 4, Shah SFIH%ME. FH. AW, B, AE. HER. WRER
MEIFEELMEEN BRI EFBBENR, JR X LR R RIE MR fe A T4
BER. FREAHRBEN EZRAHENERABHER TR RAMENE
F. RERE R AIER R EARR . URKERE D RYE 2 MR T
JURPE 2 R PE B VR A 5 VR R R 75 B R AR MR S i 1E P AT LU BELGF, (R
SR B e 28R MR AR R R /8 2 AR 88 e X B ZF R B
HIBREIF (Shaheral., 2007b) .

1.7.2 BRERENRMEEYE

19974, Isoda % RILK MR NG BEH 8 T A\ R 400 A % 40 L HL60 44k,
10 pg/mL FH S AREE IS AEK HL6O AARBESF R A B AM . BERIZMARE FiE
RIERI R RIENER (sodaetal., 1997) .

1998 %, Scholz FABFINBEEIMRE, WNEET BN REAE LN
Frikl & T — SRR ATE Y . A W B RURRE IR R AT YE R T B R i 4
fil, B Leukemic Jurkat A5 41 B Head and neck cancer Tu 138, &R X
B, *f Leukemic Jurkat 48 IHEKHMH], 12.5 pg/mL BIR AL ARBE R X 2] 89%,
25 ng/mL B ZBHLIRBE AE Z 850 90%, 25 ng/mL (9 ZBUALBLBERE T R K 99.7%,
T fit Z AL B AR s Z B T M bt 40 AR K B A8 B 30 4E A X% Head and neck
cancer Tu 138 4 MUK Ut Fl AR KLHE g A L B AL AR AE B X 40 o A K AR SR DM BI £
F. BEAEER LR TS SRS T LR CBERA X (Scholz
et al., 1998; Gross et al., 1999) .

2006 G, BAIERERE T IRRTRLERS o i R XN Z M 5 P e BU MR B M v
TR FEARER, H7402 (AFFEAM), AS49 (AMIREZZM), HL60 (AR
MR A IREAR) R K562 (ABHER4MEAMAAK), BEFMRBHME
fEF (Chen et al., 20062) o BE/ESGE—HBA T RRBTBED S it B AU Z B 2
WERBLRE s A FFRE AR H7402 HIVERINLE], RAZHRNTE, AREE
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FUE (MAETHENE. HTFEUENE. REEMENE. BOLAHLE
REMENE), MAHRBEAR TG MRS RET-R, DNA 2RI R
W, WT-E A A Caspase-3 ¥ 1 MR K 40 M P9 45 B 7 IR BB R 00 % XL 2. B A
BB R AR THT T 2 T ERANRR, KIS RN
FIRTIEH AT (Chen et al., 2006b) .

2008%F, Fu¥r i T R AL IRV A4 LA R RE S AT £ M (L 5 4R s PP
MEIRCE. RZMERBEEZEE. NZBEREIE 2. BUBER. WZE
EABREMER SRESRMNEIER (Fueral, 2008) . £RER, X
RAEBERSYEMNRMFTEANERN RREAREHUNARESE (XY
20%) , HHABBEREAT E VAL, SRR R R R A RN A RSB (K
£163%) , MZBEERBENE CRx RIRE AR K E R T R36%, BZBEME
& Z B0 B I 2 0 PO BV 40 RO T4 49 18% o XX 2 B v R T A s I AR R M s v
RIS AR SERERRERK L, RZBEABRERERTERE S
0.5 mg/mL KK FE I 40 R 44 4140.3%,  7E2.0 mg/mL KK & 40 A B4 2493.4%,
B BRPE IR B0 0.5 mg/mL BIVR BE IS4 U 4 949%,  #62.0 mg/mL AR BE R
Eap .

1.7.3 BRI K IER B

B¥5U% Napolitano #RE T K24 gt B IR HFMK LN AR . 24 T ARG
ERFRMIE R AR FRRRERIE, 45RO MK SRR S e i
NREFENARET 34%H 14%:; BARAF 1(IL-1) ML KR F (TGF)
i) mRNA Rik 55T 42.5%F L8 11.7%. Bid SSREER T, 15N M
TE/NRAEFRNTRR BT EXM R AR MH T KA R B (Napolitano, 2006).

20074, Hardin¥BA T ARME (—KFIBRELSKANE) BB
FRARRE IR S YR A — R IEAT E X R MR R WM. £ 8 %
BLS me/ke ) B AR R Kb E AR RE A B /MRS, 24 bRIT2 M RIS R HL R
FEFEFIR N RA 5 RIIRE T28%F42%. FHELEFE (824 h 5 mgkeHIE,
33D HIBBERRS, 24 W72 v RIFRE R I RE AR BAN BIRE T
39%H126%. 5 mg/kgiE K RARRYE IR FIELRE S 2 B 4b 372 hiE Mk LR /D R B9 72
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EES R T32%H120%. T A EE B ARBE NS A0 28 o R /S BR A7 28 X T 4
KT 10%. FIEEH), EEERTRI, WENEZREEERD RIEARNZ4E,
T A BB R AN B o R B A R T RE R T E AR 4 M IR s th Rk R A 4R
mERIAERFFE R, TTR—HNRIHA—EF R (Hardinetal., 2007) .

T 5| AR AR B0 R R R AT RET R BIAE, TIARBENR R A HUEEHE, BT
DUEEBE e BE R MR ML AE A R B 0 R A R R B TRRBE IR R B L%
.

Hagler¥#UE T EBENR/EF TB SR AMER (U266) , 7T LAR{RIGEM A AR,
FEHE T e PR B 3 o 5% 0 P TR A 7 A K « B (XML S S AR e T
PAR/DIgE R B FBSAP (Pax5) , TLR-2, STAT 3MIL-6fImRNAKIL, TiA
EWBYSEA. AREH. MEMBT. IgAK4E U RFceRIMIL-6R mRNA
WIRIE (Hagler et al., 2007) o B, BluthZFIMBEMEN NRERERIEE L
%, ELHBERRAEIHIREM R AR B B A4 HEIgE™ £ (Bluth eral., 2008) .

ML EFRR AR AR . 1IgER MR LU R MR RI65T 29V R LA 3R
BT R

1.74 BEENHFEEHORETEMS

Shah %A T HLBENE R HATEVRH LR B UR A FEE. CEFH
RER I RAMTEYERRAORERRSY). WERERENE. MEGRRER.
BRI PN L8, CRUAR B Z ML R RE 5 Z BB R Z BRAL OB 6 2 Bk

(Shah e al., 2005)

GREYW, MBI LR R E BT, HBIRE BRI (EMC)
A 0.18 mg/mL, &TF AL A #IRKEH Nonoxynol-9 (EMC % 0.25 mg/mL)
X LB AL R AR B fE 2 BE7E 20 pg/mL KRB T7E 2 M R BEINEI K20 T
FEEhtE, TR ERRAIELRE I S RETE 2 280 PR REINH] S0%HIKE F RISt . ML
BRAL R MR R Z BRI R B E R B S M, UATF Nonoxynol-9, KESE
BRI R, REMBEENNIEREETEER.

EEREBLR OB, MERKENKESZMLEYEE, BERKE
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VEtEE, LB RRRERE R E YR,

1.8 BRREARAEINRIE E PRI A

18.1 RAEENSRONEDEL

BEERTEYEENREZ — & HRMEG L, FRE SRR IS
MG KR, BRI TFHEDHREAMME; 2 Z IR MRS RKHE
ERYSKERALR, BiTHKPEEEIREBK.

BRI S H 10%H L ERL3S%HZERBEYF, 0% B LY RE
79h PIRERRSE; TIAMRMEIEZEL114h A{LF£E81% (Oberbremer ef al., 1990) .
Schippers Tt R T RBEMREEFEMAVEBRPHER, TRERRH: FH
Sphingomonas yanoikuyae BHKFEEIE, ZMAS00 mg/LEEHEAE, FE36hA, JE
FIYR B 80 mg/LI% 40.5 mg/L, TUANTRANES MRS 423 mg/L; JERIMEAR M iR
I e i 0.8 mg/L/hFA B4 1.3 mg/L/h (Schippers ez al., 2000) ; ELIs Nk
Fi& & TAREBE A F AW M FR B CMCA4S mg/LI# 34 mg/L. FHME BT,
XHMRHFARBTHEMOEDEE, 7021811 I8 B A BR R 5 i 3E
EVMAE, RARERENESENLRAET —ENEEER.

182 TP EEREFHER

Mulligan®5 F] R 2806 MBERRAREESR (surfatin) ZRTRYTHE
&R HF, 4%HBRBEIETT L ER25%MICuRI60%HZn. XFXERBTLES
TEERMBEEANF KRS S, BERRERTTM L R TR, 2Kkt
ZREBEETF (Mulligan et al., 1999; Mulligan et al., 2001) .

183 BEREERENES

EHEESERL, RERCEMEELAREKMIER. SunZ@dHon
BIEXNEEEREETHILWKE (dlexandrium larnarense) , R FEE
(Heterosigma akashiwo) MZHSel8% (Cochlodinium polykrikoides) 48 fifAR
AEANEIER, B T BRI E I X A R T BRI, R AR R
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H TR A= AR 4 E,  10~20 mg/LAIARHE fg BN AT R FE90%HI B K A ..
BT R TRE L RAE K TR E L EIH FE RN M EER, 5 mg/LIRE G
M gLETBAEANBRESH B ERARBRET. ARRET, BRaHEH
MBS FIRRK25%M10%, BARAMEK60% (Suneral., 2004a,
2004b) . Lee*f R RIGH CochlodiniumBITEAT T MHILR, FRBHRT 15
FERER LRAVEBEAE. RARREEMHZHHYNEM, 4RERER
TEARFE G AR F LR & Y30 min/5 R MATEE H95%, HE X HAK79%,
MEMEVRIH R, RERBERANRF LBRSFRATURARETEEL
fed, MKBLBESREZWRA (Leeetal., 2008) .

1.9 ZRXHHAREMMEREMRAR

BRI - EMRIDESR, dTHEYTRELE, K3, RIFHHF
WA, URETE, AT, FERIE. k. SERARGESHEE
BARFHKNATR, B RERNEIENRAAREPEESTEK. EHER
T, ZRNHFRAATEZEGREUT LAY @:

1 B RBA T, ERBIRTEEFETHIMEHE, £E
BRTe R B LU R 58 — BRI N S R B A R R O B

2. HRTHRERES=ERRERE LA E LA UK RBENER
EREHMENER . AR TREENLAERE. AERERENRPMT
X =R IR L5 LH B R SUW B R EIE A

2. BRBREBESFRRF AR —RIERBEANK R REYEL
HPLC #1745 Baifk, B R EEd 10 MsEiaa s mEin.

4. MRTRRGEHHRRAEIRA SR EEE. #2EaAkBRML
FARE R IEA > B TX /8R4 KYSE 109 R KYSE 450 $ifiE LR
i, ST BBERRS T ZBULIERE . IER R A E R T NER L
by edi 28

5. RAZMRNTTE ARESENE (WHEEMERE. B TEUE
ME. RASHENE), RABBBARIA A4 RATEUR DNA
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R RS TR AR R SRR vt T & BB 0 KYSEAS0 LA B HLAIHEAT
THR.
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FoE MHRBETHRER

il

E]

- MERMEEREBRERHAKNAN—MEERE (Rosenberg & Ron,
1999). B, BRI ERA, RERERNSERMERTR AN
—ANEEHHE. EFER, REFREFBRTRXITEANTEHRETIHEBE.
Davila SRR A B BAMNBAKHBRIE, 65 S & =% 300 g/L (Davila
etal., 1997). Daniel EXKA THAEHN REELR, S£URABERHIE IR ER
S, REFREARMAEZHRE, FAMNI NI, KB 5500 5,
BB B1X% 422 gL (Daniel et al., 1998) . Rau SR m5EEBE
ARMET I RBURRS ES KRS REF R . RIEFEEE, 8
BT 300 gL KAk, $MELRBERIEL REEMF=Z 5% 57 g/L/id F 76 g/L/d.
Kim ZEREHIMEER AR R B F R AR & EREEERES, KX
e E R, BEERERFIE 3040 gL, R, EHF pH X 3.5
RIS, SFmMHFERS NaOH MIMAERE., E@dEs pH, &
B ER, kB8 KRG, BN =RAZE 365 g/L (Kimetal.,2009) .

P B sxh el R B P IRE E ST K& & Candida bombicola. BA1ER
BT BB 3R F LR = A B Wickerhamiella domercqiae 2L Ry #IH & B %
B, BIEEBNFZEBIE 30 gL £H. H THRE Wickerhamiella domercgiae &
BRAEFRERNTE, RITETI RN, ERESET REFESR M
SR U AR TR = B

2.1 HRFAE

2.1.1 E#
ME R, HEALRERFEKPSHE.
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2.1.2 {XEEMRA

AERFARA A FARI A, FTREY A& F%. LD2X-40B1 #
MAHFBREHRAKE R (LI RET R, 5, Sigma 4K15
RUFBOH, HZQ-Q 2HIRGH MARRABRETHEAFRERAR), WeE
K& (LEERAEYBERERAT, 722 XMAERET (LES=H8),
SLERSMABHERRE (BILRTENITEREERERAF).

2.1.3 EHE
2.1.3.1 $EKFF YEPD 5%

BEFE20% BAK2.0%, BEH1.0%, BN 2.0% (wy, BERHT

HEFREAm)
2132 REEXREFE
BEW 8%, XFFM 6%, KHPO4 0.10 %, NaHPO,12 H,0 0.10 %,
MgSO47 Hy0 0.05 % (wiv).
214 BRAZE
2.14.1 AR FHE

F 300 mL =A% S0 mL FTFHEEFE, BERH—HOELHAERF, 160
t/min, 30°C3%3% 24 h.

2.14.2 BHHERE

F 300 mL =AMPE S0 mL REEEFE, 2% (wwv) BEREEAIE
FF, 160 t/min, 30CHE5F 168 h WERBEARTHERAE. HAKELURE
HEREE.

2.1.4.2 REHERESE

T SLKRe#ETH 3.5 L REEESFE, 2% (W) WEHEBABRSHT,
30CHS, HEAE, MERBBRERESE. BRREUREHERAE.




WRKXKEBLEMRBX

215 BNAE

2.15.1 FABERENNE
Fl DNS k0 5E E R .

(1) A% DNS &)

ot

. MEFRFRER 104 g SEWHET 1300 mL Z&1EK+;

N

. HEFAFREN 3,5- ZFHEK#M 30 g MA(D)FES;

W

. HERRFREN 910 g WARAHE T 2500 mL Z1EKF;

-+

. HEHRTREL 25 g EARE), 25 g BAKIETEH, mMA 3) FiES;

¥ LR S BIBRES, A 1200 mL ZEKE, BEEERFES,
FrREAHRE—EHE, BMAEH.

(2) K% 1 mg/mL MK EEEER

BKBEREBE 100mL FEMRT, FRABBMKEFREREK, UMELHEEE

i
HEFFREX 0.1000 g MTAR T KBERE (AL 15 CTREEE), A%
BAREMRY, REERIZE, £59, LREHN | mymL,

d) BEBHREHZNSH (DNSE)

%R 21, KRABREEHRREAR, MAESREREP. BiAEE
BB M#A S min. RERAE, ArKAH. BRAEFERERFZE 12.5 mL,
#4. 550 nm §il OD . DIEEEKRE (mgmL) HHLR, Ll OD EhEEM
b LRibrrEfE (B 2-1).

R 21 LHlMEERE R RRA AR

Table 2-1 Different reagents and their volume of glucose standard curve

%S 0 1 2 3 4 5 6 1
TAEEEAMmL) 0 02 04 06 08 1.0 12 L5
K (mL) 15 13 1.1 09 07 05 03 0
DNS 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
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bR REE L Z2HRX

12 ¢
y=0.8826x+0.0097

R:=0.9992

ot
o0
T

HZPE R E (mg / mD
o
=

02 04 06 08 1 12
OD{E (550 nm)

(=]
(=]

B 2-1 WEMiRERL (DNS )

Fig. 2-1 The standard curve of glucose by DNS method

) HERNE LT

1. B 1 mL REE, tOA 1 mL ZBZE, LitREBESRESEHE 10
min, #R/5 5000 rpm B L 10 min; '

2. B 0.1mL KA, A 0.9 mL ZEKHR 1015, BY;
3. 075 mL A RERE P,

4. A 1mLDNS &5, B5EHKENH S min;

5. BUHRE, WKkRAE, EFZE 12.5mL, B

6. W& 550nm TR OD 4.
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2.1.5.2 BERSENIR

FAERENESE (Hu& Ju, 2001; ZER, 2000).

(1) BREHKEH

HEMFREUER 0.1g, MA 100 mL KER, B 5B,
() ENZiE s B RE

BEER—ME BB, AXNECHE. REE. CHBRS LR
B, "MReRFEEAERFETERZY, SHEESERRATRNETEIH
B&f. 620nm T, HERAARIK.

() EMELHEERIRE TR

A HIREEREN 4 mL AR HREER | mL FRERES, BYER
BTk PR, REAERKETMHA 10 min, KBAHE, #£6200m T, F
AR ODE (1 mL ZRBKAZEXR). UHEERE (mmolL) X
BRAGAR, ODENAMAT, LHliFHEmS (B 2-2).

OD (620 nm)

1

. y=1.0487x - 0.0098
R*=0.9968

(N I { ] J

0 01 02 03 04 05
HEFEIRE (mmol/L)

A 2-2 MERHERR (ER%)

Fig. 2-2 The standard curve of glucose by anthrone method
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R KZFRBEEMBX

) RN E R

HRPERE R R AR MR R A 3 2 T AL RS, P BRI S SR M e B ZE
620 nm FH) OD &, #R3% OD HMFF ERIEN & MR &R iR i bk %
HRENEE, AAEERS FEARBIEZ RAALE, B 1 g WEEHELT 191
g BBERE, KBERFHBENENSE (Deslipande & Daniels, 1995) .

(6) BRRAE S B

1. R1mL XEE, MA 1ml ZBZE, 23 iRESRESEEE 10
min, )G 5000 r/min 25.» 10 min;

2. 10pL EEBEMARERE S, KB Smin BREZBZE;
3. A 1mL K. 4mL BERAF], #/K%E 10min, K5 FKKAH,
4. 620 nm T OD 4.

2,153 HAREREIE

BUlmL R, MOAN2mLV grm: Viows Vn=10:10: 1 KA, 2U6RE
A#BAJE, 5000 r/min B.L Smin, RFHREEKLE 2B, T8, KE,

22 &R51te

2.2.1 R R BE LR

7£ 300 mL B P MR B RAENE, REEt&WE 23 fR. KB 24h
i, BAEKARGEES, XNEFEFERER, FHARER™E. BEER
BERfRIER, HFRETREEEANIHRE, BEETERNEM, KB 1200
B, BEREEANFETE, WEEmEREHM, 1680 5, MEM=EXF 326

gL

38



R KFBTEHLRX

701 —— WATE
- 604 —— RERETE
A ] —— HEEEE
8
& &
i

! v ! M 1

0 24 48 72 96 120 144 168
iFEl Ch)
2-3 BESMEREFREER

Fig, 2-3 sophorolipid production with batch fermentation in 300 mL flask

2.2.2 IR R B PR B

ERMR B E R RS B @ A s iR R =R b e =2 . A
24 i, REE240 B, BAEKREREH, BFEPRERER, FHERE
fer=4E . HE PRI REE 120 h BFVH#ETA, 72 h. 144 h, 168 h B4 5%
S%EIKNTH, KEE168h )5, MEMRFEN 378 gL, HAMKERERT 16%.
168 h MG, BTHMEOFAEE LES, SEMFELTERTRBER, U
R7E 288 hilEAFI AT G, WBREIETER 4.1 gL, HARREN
FERET 32%.
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W RRFEBELZFMNRX

o EkTE

70
60 —— MRS E

—— FEESE

| |

BT E/EESE/
HEPESE (g/L)
s 8858

o
L

0 24 48 72 96 120 144 168
BFiE (h)

v ]

B 24 FRABRBAT R, WLRTMA 5% 5.

Fig. 2-4 Sophorolipid production with fed-batch fermentation in 300 mL flask. The arrow

means addition of 5% rapeseed oil.

2.2.3 Z BRI R BRE TR R

75 L RERERY KAEFBENG, RKEHEREY 400 pm, FRERBIE
PN . WE 2-5 iR, REE48h i, WAEKRBIETH, FHah e
REr=4. BEFEFA KRR 120 h REFESES, 72 hy 120 hy 168 h K454k 0
SHMIFATI, KBE 288 h 5, MBERREEN 682 gL, WIBMAMEBERT
109.2%, HWRMAMIREBEF-BIRE T 58.2%. BB AGEE, REENE
FEEARETERNEEE, FikE S L ABETRBBIANRERN-EE
AABTFRERBHNZE.




WRRXRZBLTZEMLRX

80- s HHBAFE
—— MRS E
—— FEHERE

-~
o
L.

B TE/ LS E/
HEESE (g/L)

LA B S IR BN R N R R R T T ?
0 24 48 72 96 120 144 168 192 216 2‘:'0 26'54 268
iffE] (h)

B 2-5 SLREHEAMREATRER. WARTMA S%EFHAFHh. H%ENH 400 rpm

Fig. 2-5 Sophorolipid production by fed-batch fermentation in 5 L fermentor. The arrow

means addition of 5% rapeseed oil.

224 REABESEHMABRECRBROEN

¥ 5 L REERERIFEM 400 rpm REF] 500 rpm, FIFEZER BRI+ A
¥riho W 26 fin, KEE4BhRS, BHAEKREREH, FRERERESE.
BERIRAL KRR 120 h R FESES, 96h. 120 h. 168 h B4 5% i0 S%HIHF
W, REE196 hj5, MEERTEILE 711 gL, SREEEZ MG, SREKN
FERS—R, BERBEAMARYG M, H288 h455% 196 h, #RETT 96 h,
MBS ARERH 0.24 gLh REF 037 /L.

41




LWRXZFBELE/MBX

% —— WATE
_ e AR l
1§ ~ 60- —— HEHESE
£3 5. |
S 40
£ 41 30]
ﬁﬁ§§ 20-
& 104
B,
'10 T ¥ 1 AL v T M ] v 1 M ¥ M i LI
0 24 48 72 96 120 144 168 192

If 1A (h)

26 SLKBHEISIREAETHRR. FLRRMA S%MSFH. &% 500 rpm.

Fig. 2-6 Sophorolipid production by fed-batch fermentation in 5 L fermentor. The arrow

means addition of 5% rapeseed oil.

23 AENG

(1) 300 mL #2EAMEL R BER, M=K S%EFF MG, MEBEE R 43.1
gL, WaAkBMEER=ERET 32%.

(2) £ SL RBEEPT REFBAER, RESEFHIN=K 5%EFm, &
B2288h )5, MEMRFER N 68291, WREOMARBIRET 109.2%, HIEMEH
BEBEERET 58.2%.

(3) % 5L REEFERHEM 400 rpm 52 500 rpm, FIFEZERKEBLIRES 4
M=K S%FAFh. KB 196 h 5, MBI EIAT 711 gL, SREEEZ §M
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b, RN ERE— A, BRREAYAKSEE, t288h 445 196h, 1R
BT 96h, BBEMRHIZAERRH 024 g/Lh EHE] 037 g/l
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WRERXZFBR 2L X

F=E BB EER

L
11113

IR, WEREENNENNALETHREN 2 XE, REMEITH
THREERGREFNTMED. FUE. TRERN U RALER BRI, 5
W, MEERAEMHAENEYE, HEMELREYHENMSIERERFXE
2ZRA%ENMEIER (Shah er al., 2007) « BT EMEIBERERS,
JERREE AR A MEN, REFVMEEYHELES Phytophthora sp.
Pythium sp. B1EK (Yoo et al., 2005) , LARMEIEEHELMRE (Suneral.,
2004) .

LB ERE (Trichophyton rubrum). R/NRF & (Microsporum canis)FIF B H
E BB (Trychophyton mentagrophyte) R =F & ¥ RN K KBHE, BHELE. &
BADYERUR D> REERMREE. B SR RENREN TR e
R RIRE.

AEHATR T BB E MR LR E A8 A R 5 1 i
MR TEERERERRR. i, RITERTLRERE. RORFEREER
BRE M ERBEEATANR, PR TREREY T RRBERMEER.

3.1 HBHAE

3.11 {UEMRA

BEITEES GRMELRET), LD2X40B1 By AzB#iE HERKKHE
# (LBHREFEW ), HZQQ 2RHEH# (MRELBFEFHATRER
A7), EREFFF, Spectra Max 190 B EIEIL (USA). RAI M 245
P IEA




WA KZEBLERRX

3.12 ¥BHE
(1) MEHEFRE, B LB HE

NaCl10 g, HEH 10 g, B8 5 g, BREH 20 g, Z1&7K 1000 mL, pH 7.0-7.2
Q) KeEsE, POREFE

HEFE40g, HAKR10g FEM 20g, K 1000mL, B4 pH

3.13 B®

B — B AR R A R BE B AL A A R AR MR R R K 6 B AN R VR FE Y
R R,
314 EREEGK

() #BE: KEHHE (E coli). WRFRTHE (B. cereus). EHREHEIRE
(S. aureus)~ BIEEIRE (Streptococcus mutans) .

() Eil: AEBERE (Trichophyton rubrum). FEFEEEE (Trichophyton
gypseum)~ R/NTFE (Microsporum canis)o
3.1.5 BRREBEXANE AV th Ryl

1. M# 0. 5. 105 15, 20, 25. 30. 40, 50. 100 mg/mL ¥EEEAGHL AT —
SiR A1 [87 8 B

2. BARRERFESIMA LB BiAERES, FHELKREHR 0. 5. 10, 15,
20, 25. 30. 40. 50, 100 mg/L;

3. BAEE, 37 CHF
4. SERTEUE, WEERE ODgoo 1;
5. HEEEKME.
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3.1.6 HRBERS x} Br Rk RO BI1ER
1. B4l 0. 8. 20. 40 mg/mL ¥ F¥EH;
2. FFMAFIIA 0.25 mL — & #K B BRI,

3. BOHEA 20 mL E5RE, RSB, BHRZRES 0.0.1,0.25.0.5 mg/mL.
PAAS A & B 77 B4R B AR X B

4. BREFMA 1000l FEE (10° A~/ml) BHHS, 30 CRESEK;
5. MEBEHEEKEMN.

3.1.7 BREEBS I B ARSI RO B L FE (DI E
1. B 0. 5. 10, 20+ 40 mg/mL £ & ¥R
2. BFMAFIMA 0.25mL — R BIRE S

3. SIEA 20 mL BHFE, BHEST. HREZKREN 0. 0.0625. 0.125.
0.25. 0.5mg/mL. PARINEE SRS SR EAERAHEXS IR s

4, Komm WELHEHBTETEREL, 30 CTHHSK;
5. WEBEEER, HEHL2TEHMFIER,

3.1.8 R/MIBIRE (MIC) MBDFRRRE (MFC)

1. 50 L ANERE M ISRRMAZR S mL WA REFREP, TR
KIKEH 0,0.0625,0.125, 0.25, 0.5 mg/mL;

2. A 100 uL TR (10°4/mL), 30 CHF I K;
3. BREELAKR/MNRERA MIC;

4. BREELEKNSEARRERBERNEFEEIY KEGEHEL,
BAA, 30 CHEFHR 5K,

5. BRAEBLEKKR/NRER N MFC,
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319 B FNRENERAERASEELNTL

HREH 0.5 mg/mL WHERER 24 h 5, WEEZ, A 2.5%0 R _BEEE
WEER, 4CiI%; pH 7.2 # PBS tE#% 3 K; 1%MHEM 4CTRET 2 h; #E
AERK (25%-100% FRE); SERGE; LKBY BB RN A,
JEM-1200EX B4 BEMEH B (Catelas et al., 2005; FFFEZE, 2002) .

3.2 £R5iE

3.2.1 BEEXAEANNEIER
3.2.1.1 BBEERN K AT & (Al dh 2%

KEHER—FREANEZRANE, EXEBATRIGERE. HE
3-1 LUEH, BEERBIEEEFETRREER, M 5mgL HinE 100 mg/L,
KEFENEKEENBALTREHERN, BEEKER, RAREREX
FAEHENEKEEMEER . XGRS0 0MIE RS R, HUIE
Bt FEL R ERE BB OMWHER.

121
1.0-
= 0.8
E 1 —s— (0 mg/L
S 0.6- —e—5mglL
304' —a— 10 mg/L
o] —v— 25 mg/L
© 0.2 —e— 50 mg/L
) —— 100 mg/L
0.0
0 2 4 6 8 10 12
& Ch)
B 3-1 BB R K ST o A 4 i %

Fig. 3-1 Inhibition of sophorolipids to E. coli. Concentration of sophorolipids were 0. 5, 10,

25, 30, 40, 50, 100 mg/L
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3.2.1.2 HBHAER &R AR HRE KMH b

SHEHHRER—MEZRFME, ®IESMHELE, MHENSH
ERFERAYE. WEENTEROARRENMEERNE 32 firx. BE
BESFEPIRFEASRE M 10 mg/L 302 50 mg/L, BAMKEREKIRA, 2R
WERGREILE] 40, 50 mg/L Bf, REBTLEMHESHEAHRENEK. 8
HFEEX SR EHERER RIFOMBIER, IRREEEARETEMEE

HENEK,
4.0-
3.5-
3.0- —=— 0 mg/L
~ ] —o— 10 mg/L
g 2.5- —a— 15 mg/L
Q 9 O_ —v—20 mg/L
8] — 25 mg/L
~ 1.5 —— 30 mg/L
8 10] ——40 mg/L
] —e—50 mg/L
0.5 e
0.0- —
0 2 4 6 8 10

if 1A (h)

B 3-2 BURE R S 3R B WA R KR R

Fig. 3-2 Inhibition of sophorolipids to S. aureus. Concentration of sophorolipids were 0, 10,

15, 20, 25, 30, 40, 50 mg/L
3.2.1.3 BB ERFRAE MG dhe

ERFAFEOR—ME RNEZRANE, BRAFERFE LK
B, RIERYTE. WEEN LAMEERME 3-3 PR, TUES, HERE
SR F AT EA LS R EAHRE T ROMENER . EEE SRR E
fIsmm, BARRIREARBRIRD . SEFEIRRA, 10 mg/L B REREBME—H 4
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BEREK, SRBREKRERE 15 mgl HREBTEMHERFRTENE
K. GXNEREAEHERRICMEIRE 40 mg/L MLL, BB R R &
BB ARIMEIRBLE D

3.0-

2.5
T 2.0
= ] —s— 0 mg/L
© 1.5- —eo— 10 mg/L
S . —a— 15 mg/L
E 1.0- —v— 20 mg/L
0O j —+—25mg/L

0.5- —— 50 mg/L

0.0{ »

0
BfE (h)
3-3 BURE Ba X R R FRAT B (90 6 ot 4%

Fig. 3-3 Inhibition of sophorolipids to B. cereus. Concentration of sophorolipids were 0, 10,

15,20, 25, 50 mg/L
3.2.14 BRREAEXT R BERR B (9906 i %

R EHE R —FRIER AN EZ RIS, ROBRAEHFELFIZEX
FEIRE R EP K —F. CRERBENBURN, g ERMRE. REENR
AEHE, RPHREN SAFNN, 2EENSEFNRT. RUEREIUE
FRBERNIEZRE, WEROBNEEZRE. WB 34 FTLUES, &
BN R ARE NG RBROMFER . BEELFETRERRENEM, Hi
HIREABIRD . SHFERSRE X 10, 25 mg/L B R AE BN — 32 B K
K, LHEIRREIAZ 50 mg/l RALAEBE 2 MG R EREN EK. Wk
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FEREAERIKAIR B TSR A RE A K, B HRMEF # Sl KR UA
g GRiRGT i, &

055j

OAST
€ 0-40'_ —a—0 mg/L
& 0.351 —e— 10 mg/L
S 0301 —— 25 mg/L
e UL ] —v— 50 mg/L
0 0.25- —<— 100 mg/L

0.20+

0.15-.

0-10 1 ¥ L v I o I T

0 5 10 15 20 25
Bf[a] Ch)
3-4 BLRE R R FE SRR T ) i 8

Fig. 34 Inhibition of sophorolipids to Streptococcus mutans. Concentration of sophorolipids

were 0, 10, 25, 50, 100 mg/L

3.2.2 BRYEAR XS B2 kY i ey 4
3.2.2.1 ARV BB R X L BB A BE A

A 3-5 Fin, WEREUMBERET A R ERMEAARFOMEER. BHES K
J&, BEMAREERREEARMA 0.25 mL —F EREAKFH AN BER 46
EMHLCRERT. £3F 0.1 gL 7025 gL WEREBBIRNFR L, S5t
M, IEERENEEHEARRD, BEXNMDTRE. HHNEELK
RRREROFENEE, NEMHELNER. £8F 05 gL MBI RER
FFRLE, ELRAEENEK, 3905 gL ARERERETSNHLEE
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BEHEK,

B 3-5 WEERUEERRN A B EMEMMEIER

Fig. 3-5 Inhibition of lactonic sophorolipids to Trichophyton rubrum. A: medium without

0.1 g/L lactonic sophorolipids; D: medium with 0.25 g/L lactonic sophorolipids; E: medium

sophorolipids solutions; B: medium only with 0.25 mL dimethyl sulfoxide; C: medium with
with 0.5 g/L lactonic sophorolipids.

3.2.2.2 ARRIBRE R A R B R B W RIER

ME 36 FTAEH, ARREEENAERERELAFREMMEIER.
B35S K, BEMARE AR MA 0.25 mL — 5 A 77 A0 AR 4 % P
REAGEBEEKRERE. £8F 0.1 gL, 025 gL 71 0.5 g/L AEER LK
JREITFR L, BELREABREREEENEK, HAEREF S K01 gL
AEERREERETAMEEAEREBENEK, SAAEREMLL, WRER
B A B R AT ERNMHIER.
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B 3-6 WRERIEM AR R RN HEA

Fig, 3-6 Inhibition of lactonic sophorolipids to Trichophyton gypseum. A: medium without
sophorolipids solutions; B: medium only with 0.25 mL dimethyl sulfoxide; C: medium with
0.1 g/L lactonic sophorolipids; D: medium with 0.25 g/L lactonic sophorolipids; E: medium

with 0.5 g/L lactonic sophorolipids.

32.23 ABRTREREM R/ MRFHEIMEER

ME3-TATLVES, SAERERE &, ARERERSR M TFESEL
HREMMEER. #3555 RE, BREMMEERERARMA 025 mL —F
PAFIF AN BFR ERDMIFEEKRERE. £3F 0.1gL. 025gL
0.5 gL WERRMRREMEHIFIR £, BREERERDMFHEZGEK, JHHES
FFSREF0.1 gL AREMBERRETEINHER M TENEK, 54628
Bt PIERRUERBERER R /MR F B AE ERMIMEEA,
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B 3-7 ARSI R/ M F R RS

Fig. 3-7 Inhibition of lactonic sophorolipids to Microsporum canis. A: medium without
sophorolipids solutions; B: medium only with 0.25 mL dimethyl sulfoxide; C: medium with
0.1 g/L lactonic sophorolipids; D: medium with 0.25 g/L lactonic sophorolipids; E: medium

with 0.5 g/L lactonic sophorolipids.

3.2.24 REBRBIRN A ERE MMEHER

e 3-8 Frx, BREMBENACEREWARRENMEWER. B 5K
Ja, SEEEREFRMRTRAML, BMEEFETREMBIKENER, FIR
LEENFEANED. £EFH 0.5 gL REREENTFRLE, LFREEEN
B, RS 5 KI, 05 oL REMBER/LFitEeMilaeEsmme
K.
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B 3-8 MEVELRRER 4L 655 M 8 A e A

Fig. 3-8 Inhibition of acid sophorolipids to Trichophyton rubrum. A: medium without
sophorolipids solutions; B: medium with 0.1 g/L acid sophorolipids; C: medium with 0.25

g/L acid sophorolipids; D: medium with 0.5 g/L acid sophorolipids.

3.2.2.5 RERB RN A TR A S

BE3-9TLEY, SUATREML, RERBEENAEREBEAHER
FEHER 55 5 RIE B FR LA BN EBERE A KER. ESF 0.1 gL
REMERETR L, SRAL, AEFEREANEEREXKRD, HEXD
HWATRS. RAREREEHRROEENRENNGELNEN, £5F
0.25 g/L 71 0.5 g/L REBIRAHS AR L, RERAEEMEK, RS 5 KA,
0.25 gL RAMBEIERRE R 2B A EHERENEK.




bR XEBLEMRX

B 3-9 AR X A R EHE A EER
Fig. 3-9 Inhibition of acid sophorolipids to Trichophyton gypseum. A: medium without
sophorolipids solutions; B: medium with 0.1 g/L acid sophorolipids; C: medium with 0.25

¢/L acid sophorolipids; D: medium with 0.5 g/L acid sophorolipids.

3.2.2.5 BERBE X R/ T B R MHHER

W 3-10 iR, BREMBEENRDMRTFEHAFBERAMEIER. &5k S
R, SEEEKFHXNEFREL, BERFETRUMERKEREX, F
REFEENEERNRD. £4F 0.5 gL REMBKENTRLE LFREEE
MK, BHHAERESR S K, 0.5 gL REMFERLFRET MR/ MITEHN
EK.
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B 3-10 RERBEREN R/ F EISIEA

Fig. 3-10 Inhibition of acid sophorolipids to Microsporum canis. A: medium without
sophorolipids solutions; B: medium with 0.1 g/L acid sophorolipids; C: medium with 0.25

g/L acid sophorolipids; D: medium with 0.5 g/L acid sophorolipids.

3.2.2.6 A REZY KR g SRR ZUBORE Rt = Bk 8 A 00 e FE A E

BALR T AR R BRI T L EBE . AR EBERD
RFE=FMEHEBENNEHER N TLEEBENR DM FERIINE T HE5#
5 KB 7 REOL, MTREHERE, RIMETHESF S K3 10 ROHER.
R 3-1 PRIIH T HEIRE 7RI, =B bR ol 7 7 IR R B P9 e 2 R s P e 22
HEERE TR LA KBS, MRFTUES, REREKESAEREERENH
BREBTAGERMANRDMTE, HF 7R, £EF 025 gL BEMEK
KR E, BERBERERENEEEK, TESE 0.5 gL REKRERKTR
L, AEEMENRNPMTERE —LEEEK, TX=MHERBES, piER
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BN RAMETERARROMHEIEN, R 7KK, 0.1 gL WEEHER
RMEETEMER DM TFEEENER. ABRERERN B ERE B RFEOR
RHEIER, £ H 025 gL M 0.5 g/L WERRUMEBE AR ) FAR LB A EEK
T FAREMERYE, ABRRRERNE—ERMEHER, £8H 05 gL A
Be AR AR B B P AR L DR RE R B — R A K, .

MFAEEBERG, AR R RS A 2 LR BRE IS A0 HIRCR
B— . FE NIRRT RREIERE SN, ZEERENEE R EBRED,
HRENREIREIAE] 05 gL, BFBRLRN, BEFEELK, HEEFNER
K, EEREENEKTEER. EREARNBELT, 55BN FRL
HENREED>T A ERERE RN TR LN EE S E.

RERBE AR A W R MR A R B R S # AR ROERIM IR A A RE
MHEENREMRD, MARERKHEANHAEFEHENER, £RK
BHIEST, WERERRIRE AR R TR, $5F 5 Rit, 0.05 g/L
FINRE R RSB A EHBRENEK, TEH 0.1 gL MM
FREI PR EEEDBEREK. ERKEEST, REGERENERARRESFT
BRI R, B3 10 KJE, 0.5 gL REMRIEE T2 MG A BHEENEK,
MEF 0.5 gL MNBRRRERNFR EEFOEREEK. RIVEN, TR
R RE R B — MR TR, BRER TREMMGFIRER, BMEFEER T
SMHAEFERENEK,

X FRAMEFE, EERU AR S A 1E I LR B R AR A4 I R B R
Z. ERREFLT, REREENRIMTFERT - W5ER, ERKRES
#F (0.5 gL), BMEMERENA/MITERBRNMAER, EANEANE
KEIE 5 R #HFHTRGE, £EF 0.1 gL ABERRERN TR EBRAEE
RIAEK, WHARREREREN R DMTHRA RN EMEIER.
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# 3-1 Hi3% 1 K5 ARERERIR 5 MR A SRR gt
TEERE. ARFERERRDMRTEMMERY LR

Table 3-1 Comparison of the inhibition of acidic sophorolipids with that of lactonic
sophorolipids to Trichophyton rubrum, Trichophyton gypseum and Microsporum canis at the

seventh day of cultivation

Sophorolipids Trichophyton Trichophyton Microsporum
concentration rubrum gypseum canis
Control” ++ 44+ e+ 4+
0.1 g/L ASLs +++++ ++++ +++++
0.25 g/L ASLs ++++4 - +++4++
0.5 g/L ASLs +++ - +4+
DSMO’ +++++ ++++ +++++
0.05 g/L LSLs +++++ ++ +
0.1 g/L LSLs ++++ + —
0.25 g/L LSLs +++ - -
0.5 g/L LSLs ++ - —

Control’ was medium without sophorolipids; DSMO’ was medium only with 0.25 mL dimethyl
sulfoxide; + showed the amount of the colonies; — indicated that no colonies was grown; ASLs

was acidic sophorolipids; LSLs was lactonic sophorolipids

3.2.2.7 BRBERRX =Fh B KRR AU B L E (I

MR 3-2 ATLLEH, WERRIKRYEIE LR R ARE M S i I =R R o
MEZER. SRUMRERREROS gL, 46E8HE. AEHEREAR
MEFEMELEHEMNHEZNFRE 192%, 12.5% F 9.09%. FE N B e
FER RIS, =R EBENEE AR/, BHLEMMEIEEA, YhER
REEIEREN 05 gL 6, AAERE. AREERENR M THEI R L EM
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HIZE S5 7 53.8%, 62.5% F 68.2%. FAHNBRBEMEEATK, HNEE
BPERRIRE N 0.5 g/L i, BFER—MERIRE, BHETRELEFE &
EOHAENR T ERENINS, HHRERESFEETHATELZY, £
HLRMAETER, NMd T ELHEKIEM.

# 32 5 S RIEWRBIRX SR BUK BB B L M 0 B

Table 3-2. Inhibition ratio of hypha extention at the fifth day of cultivation

Trichophyton rubrum  Trichophyton gypseum  Microsporum canis

Sophorolipids
) Diameter Inhibition =~ Diameter  Inhibition = Diameter Inhibition
concentration
(mm)  ratio (%) (mm) ratio (%) (mm)  ratio (%)
Control 26 0.0 24 0.00 22 0.00
0.0625 g/L ASLs 25 3.84 23 4.17 22 0.00
0.125 g/L ASLs 24 7.69 22 8.33 21 4.55
0.25 g/L ASLs 24 7.69 21 12.5 20 9.09
0.50 g/L ASLs 21 19.2 21 12.5 20 9.09
DMSO* 23 115 22 8.33 20 9.09
0.0625 g/L LSLs 16 385 16 333 15 31.8
0.125 g/L LSLs 15 4.3 12 50.0 13 409
0.25 /L LSLs 14 46.2 11 54.1 9 59.1
0.50 g/L LSLs 12 53.8 9 62.5 7 68.2

Control’ was medium without sophorolipids; DSMO" was medium only with 0.2 mL dimethyl

sulfoxide; ASLs was acidic sophorolipids; LSLs was lactonic sophorolipids

3.2.2.8 B/MIEIRE MICHB/PREKIRE (MFC)

LR ED, REMEEN =R BB E LT REMEfER, Freizki
R T R R B e xt =0 B BB B B B MR E MICORI R ADMRKIKRE
(MFC). B1% 3-3 ATUEH, WEREREREY =MEKBEN MIC EEE
0.0625-0.5 mg/mL. WA BERE. AEREBAMR/MITFEK MICs E 7
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7 0.0625, 0.125, 0.0625 mg/mL, MICy {E45I& 0.125, 0.25, 0.125 mg/mL,
MFC H#25& 0.5, 0.5, 0.25 mg/mL.
& 3-3 ABEUEERE =5 R BB E B MISHRE MIORBMREKRE (MFC)

Table 3-3 Minimum Inhibitive Consistency (MIC) and Minimal Fungicidal Consistency

(MFC) of lactonic sophorolipids to three dermatophytes

MIC (mg/mL)
Dermatophytes MFC(mg/mL)
MIC range MICso MICgo
Trichophyton rubrum  0.0625-0.5 0.0625 0.125 0.5
Trichophyton gypseum  0.0625-0.5 0.125 0.25 0.5
Microsporum canis  0.0625-0.5 0.0625 0.125 0.25

3.2.29 EHFERESITRERLENE RS ENEEZA

R TR RER =5 R RRBE B RO A AL, BATFI R E S R T AR
BB EAL B G =M KB E EME RN, mE 3-11 FrR, RERLE
B, SHERBEELOARETEARERNY, ARFES—, ARSABRH
B, ARSNBRENRTE, ARKNEXEN, RRTE. 23 EEEMREE
REE, TEEHE. ARFEREARMTENARTRETHENEMY
R ARBEETEMY, BRARE RREETEENER, BREH
R, ARBEBA, HRFAHEATENARBNZX. XL 0 R E T
RERBTHERAANREEE, Wl RRRAERES EARATEX,

W,




R KEHBETEMLRX

B 3-11 B AT REEL RN R A CEHE. AREERENR MTFENESFEL
Fig, 3-11 TEM observation of Trichophyton gypseum, Trichophyton rubrum and Microsporum
canis with sophorolipids treatment. A: Trichophyton gypseum without being treated by
sophorolipids; B: Trichophyton gypseum treated by 0.5 g/L sophorolipids for 48h; C:
Trichophyton rubrum without being treated by sophorolipids; D: Trichophyton rubrum
treated by 0.5 g/L sophorolipids for 48 h; E: Microsporum canis without being treated by

sophorolipids; F: Microsporum canis treated by 0.5 g/L sophorolipids for 48h

33 ZEMG
(1) HesEfant = KM EEHERMEIER, *RBTE/LF&E
e BUIRIE T MR AN 5 i RO T e BR o B WA SR EIE A

() HRMETHEENIAERE. AEHEBENRDMTE=FE
IR 9 B I B0 9Tk 4 R S BBl ok X = B 8 B A AR SR (0 4 B A
A

(3) BB T PR RYMRRE e A0 MR B AR B e ot IX = b B R B MO AE AL SR IR
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Flo MLLETMBERG, WERERRER M HIBR LR R G RIS R 4 —
Re MARHTBERY, RARMERRAREEERLERBOIHER, &
(UREMHIEE B R, T HRERKEAANHAERERENEK. 2
RAMRFERY, B R R S BR LR AR B R B R AT R %

(4) NRERUBRAE NS LU R B AR BE IS RESE AT BB =R B R B R RO B L SE M, 5
WARSESFET, BRI B R B L P RAMFIEA . Bk, PBsRssEg
BAE 9% 1 B R F I PR B B BRI V89T

(5) BUEHEHUE, RASLHBERERLES, 46E8E. 7 ¥
REBENAMITENARNEMSHERET HEXE. AT ETEL
A, MRERE, ARBOBREK ARETRETENARBAKKX.
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ENE BRENSBLL. FHLERAMEEY

o
il1lg

KRG RO R MRS MERS FHRARNBAY. XERERATE
—AMERIBFE, 2T BRKEMBKER B ER. FKEHIREE (B
HEEDSFUB-L 2EERES), KR REAN BN KE 0-(R 0-1)
REMNIR, XFESUEERME. MEMNXAETENTSEmREN
KEARR. BHEAERNREARR. BERS ZBINEEURZBALLER
B, UWRREFLEABEWIER (Asmer, 1988).

HARBEY K BAE BRI MREROAS HAHR, RERS ZRENA
R RRER A SR RE K. AR SRR e, BB E R
BRR: BOBERELERERR, MEINER, REERFERNRENE
FiT, L8 CoA, ZB CoA HAZHRIIEIR, NHEEMAKRBHEMAE.
FERTRRTE B I BR A L £ R 450 (Cyt PASO)IE A F AR o-/o-1 BEISHIM, 1
REEZBE | HEAT, B—IMEES TEEY oo-1 BEENR, £RE
HEEE: ERERBE 2NERATRI N EERS THBIEEREKL, £
BN EZBEEBERAT, ERCBUNRER. LAmEEDEERS
A 16 BRER 18 BRARMTRRRY , RERTR S B HEFI RIS RS, BT & MR e
SHEERETREDOSEHEW. LA HREYEERSARE 16 KR 18
AEHTRRE, MRS BE BT HASEY p- AL BRI N 16 KR 18
BRAERTR, RIEBARMEER, FTURREREHRFEN TS EE 0 16
& 18 B

R ATK Wickerhamiella domercqiae var. sophorolipid F| FA X h 8 — g
REBIMRAREIRESYEL HPLC #TH B4t S eS8 — ML
1, DLT RBAT RS 2 A pE AR XA & A R A o

EER, MEREEATSRANARA T ZMRE. MERR T AEHM
EYiEHE, FURBEHRNRAER NS, EFFENEYIENE. 1997, Isoda
SRV RSB A RSN A 0% H HL60 K14ME, 10 pg/mL K45

63




WRXZBEZMR X

PLREMEBLAERE HL60 1% B 0 R AR (B R ZFTFLRE 75 R B B H A 18
REMERIERIER (Isodaeral., 1997) . 1998 %, Scholz Z4ifk 18 3k AL R et
figs RGBS BRI BRI RE AL B0 iR & T — R RS ROAT A . B AR
RIERHATEMERTHAPREAR, BFAM Leukemic Jurkat F1I5EE 41 f
Head and neck cancer Tu 138, R KM, BEEEMMA. ZEBMLARERZEEMNZ
Bite FOBRBE AR T BEXh X By Pl R ES RA MRSR I HIE Y, WO Z BHL BB S 2
BERIT B A A K E AR A MBI . B H 8 AR IS R S S5 1
RS F LM ZBERF X (Scholzetal., 1998) .

2005 F, BAIERERE T IR N MR Z B A BB fext
VURPAPRE A H7402 (AFFEZRE), AS49 (AFEAREHM), HL60 (A&
BEonnmma) M Kse2 (NBHHRARALBAR) S5 RBIMEHERH
(Chen et al., 2005) . B/5 Xit— R T RERI B4 MBI ZBEH p Re
BRERE N4 H7402 BOERINLE], RIVMLBERR MBI HLEI RS 4 i
BT (Chen et al., 2006) . 2008 £, FuZiRiE T RAKREGE S YLLK
FEfTAEY) (BERBIETRE. BB, LIBEMRERZE. NCBEmRE
JEZ.BE RAVRMENG . BB N ERERNENE) * B AR A A0 AIE R (Fuer
al., 2008) .

B BRERAXTARAEHHRAREIEA S F P EEENR. BY
RBRENE D TG EEX AT FRER S ZBAERNARR, fEpmEssa
MERARUKRBEABEL, RIESBALRBBIKLHRRS KB4
4 AT REREAM KYSE 109 1 KYSE 450 KB LR P, @ 4KR
RERANEHEFUMEBENXER, Tk —S BB SN
W, TR AR LY R R

4.1 ARG %

4.1.1 {EFEAEA
TR ARAS, HMARRArdisdiga; LD2X-40B1 &=




R K=E 2B

BRI EAENEAKER (LERRETRMT): HZQQ 2HFEHR (RB/RE
FERETHEATFRERAT); FHERN (LESREVBEAERAR); £EH
Agilent A7) 1100 B EE{Y; %£E Applied Biosystems 7 5] API4000
B AN

(1)

@

)
@
@)

@
©)
(6)
™
®
®

HUREEIERT 7L5T A 28 LA 28«

R MIEMR, HREFM, 47.. 6 7L, 24 FL. 96 FLAMIEFRIR, 10 pL.
100puL. 1mL. 5mL #£R;

{3 #8: Spectra Max 190 R i1 (Molecular Devices Co. USA), BNA-310
B8 MBERA (LEEELREEERAE).

4 M B 5% R R A
FEAIE, HNUSEEYTIEMEERAR;
RPMI 1640 3555, HyClone 24 ];

MTT, [3-(4,5-dimethythiazol-2-yl)-2,5-dipheny! tetrazolium bromide], I 5 &
MEMEE, AMRESCO 7=fh;

NaHCO3;, 74748, E#RIXMTI

“HRETR, oo, PEERMTERIELI=;
AEBIE, EREBBAH;

WM EE, streptomycin sulfate, AMRESCO A 7];
BFERM, 80 HRM, LWREBNEARGBARAF;

JEE AR, Trypsin, 1:250, AMRESCO 2A#];

(10) SDS, BBI =

412 REEE=EH

B L B £} Wickerhamiella domercqiae var. sophorolipid, 1AK% Ai5K

P
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4.1.3 FPhEERES AT A A0 AR LR Bk
KYSE109 I KYSE450: ARERZAM, WEAKR, LEEFESERRML.,

4.14 EHX
4.1.4.1 $HKFF YEPD B3

HEFE20%, BAKE20% B9 1.0%, HER2.0% (wh, BIERTF
SRS, |

4142 BB RRERE

HI%E 8.0%, ¥ 6.0%, KH,PO,4 0.10 %, Na,HPO,12H,0 0.10 %,
MgSO+7TH,0  0.05% (wWiv),

4.1.4.3 MHUEIFRE TR B 3 WA AT
(1) RPMI 1640 A #3555

EURPMI 1640 —4¥, 1 NaHCO;2 g, fMA 1000 mL =K+ ¥, H HCI
WpH £ 7.2, TERE, 4 CHKEGFE.

(2) WHEHR
1. WHFEFEREER 08y A2ml TE=ZKEM®, TEER 1 mL;
2. MIMEEZW, S0 HEM, A2mL TE=ZKEM, STESH I mL;

3. MAEHE=%/K38mL, FEAKNOmL, BEASEEZE 10000U,
FEER 10000 pg;

4. HETF 15mL (AE ImL) PMELESP, -20CHKERE.

(3) RPMI1640 Se &35 55 %

RPMI 1640 EASEIRHE 89 mL, HE4MFE 10mL, NFHER 1 mL, B,
(4 MTT ¥ (5 mg/mL)
#EFFREL 100 mg MTT, A0 pH 7.2 K PBS ¥k 20 mL, MG ERE, 48T
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BLOED, 20 CHKERE.
(5) NaHCO3 ¥#¥ (pH HEH)

HERGFRER 5.6 g NaHCO;, Y#ET 100 mL =2k S, LIRE N 5.6%, TER
Hig, 2ETFELES,

(6) PBS # (pH 7.2)
NaCl (AR.) 85¢g

KCI (AR.) 02g

Na;HPOs12H,0 2.85¢

KH,PO4 027¢

T 1000 mL =ZKH, BHpH K 7.2, £ 121 CKHE 15min J5, BEMK

#.
(7)0.25% BREABEHILE

HERFRER 0.25 g BREEBE, M pH 7.2 B PBS ¥R, BEAH9S, MEAZS
4 h BUKENEE, HAREE, RETERE, 2R5E0EP, 20 CKE
R

(8) 10% SDS ¥

HEFREL 10 g SDS, HET 100 mL =7 K+F, KKEH 10%. HTHHEHR
2,
4.1.5 BREEARNRN

REREZSFHRNIRIEERE, WEEFHME S0 CRET®E RAED
Ptk 28, ZRBKMEHH, BE S0 CRETHR, BIREBICRERE,
B R SR AR BE A A o

416 BRABERRNSBALSHE

BN R R R £ 2R HPLC 48 . &4 74 KromasiL Cig, 5 pm

67




WRXEBELENRX

(250mm X 4.6mm, Agela Technologies Inc., USA)RIZM ke, JREhAEA ZBE-7KiE
THEYER (B, BHEFRA: 0min~15min, ZEEEM 40 %A EE 60
%: 15 min~30 min, ZHEEEM 60 %HEZE 70 %; 30 min-40 min, ZHFEEMN
70 %FHEZE 90 %; 40 min~55 min, ZFESEERTE 90 %. FHEER 5 uL, FE
1 mL/min, 207 nm . %|&%E HPLC %&%: PrepHT XDB Cj5 column (250
mmx21.2 mm, Agela Technologies Inc., USA)#I&H, #HEARR 500 uL, %iE 15
mL/min, YERE&H 55 H7% HPLC #EH.

4.1.7MS 947

2% % HPLC I HIMR4E e 4 & B AP14000 %1 (Applied Biosystems,
USA) 2+t BFIR: ESL; BMEBE: 4500 V; BTHEEE: 100 C; BhA:
25psi; ¥HBHS: 20 psi.

4.1.8 MR IEFRS %

1. SHMEKHEAREFRAREE UG, B

2. F3mLpH 7.2 & PBS YA,

3. A 1mL 0.25 %K1 E AR, 4L 1 min;

4. JIA 3 mL ¥ RPMI 1640 255

5. RRRWITRSGHEAMRF) 2 MIKEFRT,

6. MET 37 C, 5%CO. EFMFHEFR. BHRER—K.

419 BREHSNEE

VR R RS Z B8, RS F] RPMI 1640 2 H#ERBERRKE (2
RERE/NT 0.02%, ZEEKREN 0.1 %E X REFELEEH), B 0.22 pm Bt
HERE.
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4.1.10 MTT ESHR%FEZE (Price & Mcmillan, 1990)

1.

AR A K5 AT 3 B A K S B B 1000 r/min #5.0» Smin, 3 L7,
Fi RPMI 1640 ZLEFERBRARBE, FHRKER 1.0X10°
cells/mL;

WRBENERE AR SC B AR D: BR 50 uL 4ABRINA 96 FLARRIEFRAR &, 857
24h JEEIA 50 uL HRBEREHE M, BAMKE 6 MR, HRAMHEA
(Rindif) MZaxBA (R, TR

BET 37C, 5% CO, BRI 24,
BN 10 uL MTT %9 (5 mg/mL), ZkEEHEEI5F 4 h;

PO 100 uL SDS B, F37C, 5% CO, BATEFIW, FHME R
VAR, 570 nm T @l OD fE;

EETHAA A RFEER

R4 oD E—F A4 OD

HRFFE = X 100%
Rt B4 OD A—F A4 OD

4.1.11 HELH

BMEAFHEHREE, XA (RE.

42 &R

4.2.1 HPLC 4B 4L B ER

Wickerhamiella domercgiae var. sophorolipid F|FASEXF i % 28 — BIR R 213
BIRARBE ISR M 4 HPLC 7M1, &MA A 4-1 Fim. WEPAILIES, #EE
RSP EE AL ENAS. BEPEEREN 10 HASAHER
HPLC #1T T #l#% .
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10

MJMAMJ W WL

88 25 59 75 109 125 150 175 28 W5 150 TS5 M 25 B N5 ME 425 &8 5 M 525 588
wubs

ol s [ 100 180 200 260 lﬂmﬂnu“‘ﬂ 408 480 500 450 €00  6E0 YEN

B 4-1 BBEASH S A48 HPLC 247

Fig. 4-1 HPLC chromatogram of crude sophorolipids produced by Wickerhamiella

domercqiae var. sophorolipid. Ten sophorolipid molecules were separately collected

422 BHBRESGWERE

K& BEIN 10 MERBERASHITT MS 7. SHANKLIERE. 2
TETE, UERREGEHIR 41 Fim. ARTHERTUEL, RNPEFE
HIERFERR A 2 ERT IR ER /M 80 2 18 BRAERTRR, TIENIMSA X FI7ZE T ARA R
HAMABHREAR CEXR. — M WERANMNR), WEREKI N 2B
BREAR (RLBE. NLBE. LB, URETHFENEL (WERE.,
B,

¥ 1 g 5 Mg AR, REBK, AMEBRER, B 6 Fif 9 g
B, RS, ARERERER, X PRBEREREER SRS, 5 R
RpgEfeh, &1 PEERTSRE OB, RIS A C18:2, 2 Flig 3
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BB A B LB, TeRBRE 22710 C18:2 1 C18:1, ¥ 4 Fig 5 iR
BB, FRRTERER 4 Fh C18:2 71 C18:1,

e 4 FRERLERAE R, 1 6 IBRAES N M B L BRE, IERTRRER 4 b C18:1,
% 7, ¥ 8 M 9 MIREEN S AN BE, MRITRES AR C18:2, C18:1 #
C18:0. ZBIFBEMA, MEMRMLIERAD, T CABRHENE N &R [B]bEE 2 8
WRZEE MM, LZBUBREMRMERT, RHRESFEERD, #
VERREIRRAERR /D, BT CAARAE NG )t e i (6] B 3 s Py BR 0 /- TR RO A2 R 3 i 384
% 10 M FETER 313, REZXNMERTEST LRSS, X0
BRI TARTEEIE,

41 BERAINEWE R

Table 4-1 Stucture elucidation of sophorolipid molecules based
On m/z peaks of protonated molecular ion [M+H"]

No. as Retention m/z peak of
assigned time protonated
in Fig. 2 (min) molecular ions

Sophorolipid

structure Abbreviation

unacetylated acidic SL with a
1 7.42 621 T " fayacid  CI82NASL
. monoacetylated acidic SL with -
2 10.21 663 a C18 diunsaturated C18:2 MASL..
fatty acid
monoacetylated acidic SL with
3 11.35 665 a C18 monounsaturated C18:1 MASL
fatty acid
diacetylated acidic SL witha
4 14.81 705 _ C18 diunsaturated C18:2 DASL
fatty acid
diacetylated acidic SL witha
5 16.64 707 C18 monounsaturated C18:1 DASL
fatty acid
monoacetylated lactonic SL
6 20.68 647 with a C18 momounsaturated ~ C18:1 MLSL
fatty acid
diacetylated lactonic SL with a
7 2631 687 T — ity scid. C182DLSL
diacetylated lactonic SL with a
8 3171 689 C18 momounsaturated C18:1 DLSL
fatty acid
diacetylated lactonic SL with a
9 45.21 691 C18 saturated C18:0 DLSL
fatty acid

10 49.35 313 unknown
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423 ZHENENRBENHAEEARERNER

MERTTLVEH (B 4-2), SZBEE P B BB A b bk 40 R 2 R
5, 30 pg/mL BKIRBERATLASER R KM B 289 B A0 M B 06U R SR 0k
Z, 60 pg/mL BRREE T ATLASER R KA.

120, - 100- —=—C18:1 MLSL
—a— C18:1 MLSL
S 80; £
E 601 §>. 604
o
2 40 2 401
g 20+ g 204
04 01
-20 Y T T v T T T n Y y T T T y
0 10 20 30 40 50 60 0 10 20 30 40 50 60

(A)  Concentration of sophorolipid (ug/mL) (B)  Concentration of sophorolipid (ug/mL.)

K 4-2 FRZBALEE R AR BB KYSE109 (A) R KYSE450 (B) KMEIEMR
Fig. 4-2 Effects of lactonic sophorolipid with different acetylation degree of sophorose on cell
viabilities of KYSE109 (A) and KYSE450 (B). Cell viability was determined by MTT assay.
C18:1 MLSL= monoacetylated lactonic SL with a C18 momounsaturated fatty acid; C18:1
DLSL~= diacetylated lactonic SL with a C18 momounsaturated fatty acid. The data represent

mean+S$.D. n =6 in all groups. p <0.01 by comparison with the control

424 REBFEAEENREENNRERARERNER

MERTUEN (B4-3), BHERRKINZ B A FEE B g KYSE109F
KYSE4S0iIHEHM RN E, 60 pg/mL KIRELEEHHARNEERLHEE
T71%M76%; &8 — XU IIXN Z Bt A B RUAR B Ml X X P PP 20 R U R SR 258,
30 pg/mL HIRBERAT LISE2RTCAM: BF RN TE N BN B8 A
KPR R IEIRR IR, 25T ES0 pg/mL FI60 pg/mL HIWKEA T A5 2
ANTEA L
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——C18:20LSL] -=-C18:2 DLSL
~e—C18:1 DLSL] ~e—C18:1 DLSL
100 —-C18:0 DLSL| 100 —4— C18:0 DLSL|
~ 80 80
3 -
&/ 601 5 60
r 2
E 404 5 40
g > 2
; 20+ §
3 o 0
_20 r - r . '20 T T T T T T T
0 20 40 60 0 1 20 30 40 50 60

(A)  Concentration of sophorolipid (ugmL) (B} Concentration of sophorolipid (ug/mL)

B 4-3 ARFEREBENABERREREY KYSE109 (A) M KYSE450 (B) Hii4iER
Fig. 4-3 Effects of lactonic sophorolipid different in unsaturation degree of hydroxyl fatty
acid on KYSE109 (A) and KYSE450 (B) cell viability. Cell viability was determined by MTT
assay. C18:2 DLSL= diacetylated lactonic SL with a C18 diunsaturated fatty acid; C18:1
DLSL= diacetylated lactonic SL with a C18 momounsaturated fatty acid; C18:0 DLSL=
diacetylated lactonic SL with a C18 saturated fatty acid. Values represent mean+S.D. n = 6

in all groups. p <0.01 by comparison with the control.

42.5 BEREEN R EEBRNMEER

HERTTUEN (B 4-4), FMRHES)RUZBETREZBE, 5K
BRI WRERBNXE, REEE & EEAM KYSEL09 F1 KYSE450
HREEAZEMHER. WERKEES 60 pg/mL B, BHRNFEEERRER

100%.
A100- v ~ 1004 ‘_‘\i"’é
g 80 ' g 80
2z 2 % —a— C18:1 MASL
o 60 ~=— C18:1 MASL] < 604 —e—C18:22DASL
2 —s—C18:2DASL S —a—C18:1 DASL
= 40 —a—C18:1 DASL = 40
(]

© 20 204

T L T T T T R 0 Ly T ¥ T T T DL

0 10 20 30 40 50 60 0 10 20 30 40 50 60

(A) Concentration of sophorolipid (ug/mL) (B)  Concentration of sophorolipid (ug/mL)

44 BBBRERE KYSE109 (A) R KYSE450 (B) Hi&IfER
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Fig. 4-4 Effects of acidic sophorolipid on the éell viabilities of KYSE109 (A) and KYSE450
(B) Cell viability was determined by MTT assay. C18:1 MASL= monoacetylated acidic SL
with a C18 monounsaturated fatty acid; C18:2 DASL=~ diacetylated acidic SL with a C18
diunsaturated fatty acid; C18:1 DASL= diacetylated acidic SL with a C18 monounsaturated
fatty acid. Values represent mean£S.D. n = 6 in all groups. p < 0.01 by comparison with the

control.

4.3 i1t

AR P RAVEUE T B 8 F B SO i 0 28 R R BB B B0 RE M R 2
HPLC 41, SRERPEEERMTEELE 10 LU EHES . BHIEE
BEH 10 AL A% &R HPLC #17 T #1%, 3R 24T 10 S is4 45
. XEMBERS FHEHXETFETRIBREMNAENEERR (XN
& — PRI NR), WERESSINZBUEERR CAZBE. NZH
B, B, URREFAARRL (WEBEE., BRE). $XERRLEHMRE
fesr FRTHEERZAM KYSE 109 1 KYSE 450 B LR, IR KRR
BRASEH ST EFEERXR.

1998 4, Scholz %4RiE T MARERATAEY Z AL HIBLRE NS Z RE A1 Z BhAL I AR
FERE T BE XY B i 40 2 Leukemic Jurkat #1552 40 0 Head and neck cancer Tu 138 £
HIRGRRMEER, BFH LB 2R E Z BB IS T et X
PIT R A R R A R A R A HIE A o A& R R B O LR S 1 5
W7 ERZBEHE X (Scholz et al., 1998) « RITMHIRLERERRZBE
AL AR RL KR Fle B R 0 B A b 1 P R T B S B AL A P B A MR g, 3X
HENE T Z AT RX TARBEMRTEHE SR IR AR RS 3 2 Z BHL IR B X HRE

IREGERET, FEHRBMENEERRNNELEERS TR
HEHEER A AR, ETRE S &F 1 MR NSRS T RS
RARAFRBNARSEN (30 py/ml KRERTUTESRARAR) , IR
WAEH 2 MR A EERARRE R4 T X R B R AR A I HIE RS (60 pg/mL
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IR R B2 ARTCANL) » FRRTRRERM A AR BB R a4y T b R
MEMARENRS (60 nymL FIREREBMH 20%0AREK)  XEX
T AR R G TSt 5 T R 2 A AR X AR B B RIRUE,

EHBIOE, NOREMBIRNERETS BEZBUT RN ZBAL, fENiRE
AR—AVBERBANNE, BRERERN T REEARELEREMEIER,
RANERSZ AR TR A FTRBEYEERMEMFF & (Shah er d,
2005) . Bk, Fu%UETMEMENE (100 pg/mL BEF 35.5% MM L
AWEERIERENE (100 pg/mL B4 26.2% ZMIEE) XHBEARE M RAE BRI
fERl (Fuet al., 2008) . XN RGRITARITTBERE Aok fan B ez 4 i
Y ARG R S AL RE BT AR .

BATRR T B OHME R S REMZHRXR, XN TH#—SHRR
IR B E AL AR X ARBE R $E 1T 2 B TR B R B E i A Yis tE O B v
fen FHRAEEHNEX.

4.4 XRNG

(1) BRI B A A 3 IR R BB 2 REE S &2 HPLC
S, EREEERESTEEZX 10 LR ENAS. BETESEREN
10 Fh4H 4 F %1% % HPLC #1T T #1&,

(2) RFGEMT 10 HRR R NEH. SREARND HEBINHRE
RS RRITREER M AR 18 BRAERTAR, TUEAIRGHIRIX A T AR R AR/ HY
ANEAMBEAR (ERE. —MRREFNR), WRESI 0 IBUERAS
B (RZBE. NZBE. L), URREHFEARL (MEEE. BED.

(3) WMERERNTNEERSRERSNZBRENKES X, LB
EARRRRE e R B A A EIROR I T 8 Z B AR R R R

(4) BURET AERRERNSMEER SRENRESNARNERES
X, BENBHNZBABRRREEN R ERARMHERIHE, 851X
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REMZBNERREE S ERARMHR RS SERINBHNZBA
B B BRI X X A R A AR K Z

(5) MEMBEELLRERSENZBELREZBE, RIRMEN)2—
MURERFNNE, L RERARSERRGIHER.
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ERhE FREHPBERESSREEMMEA KYSE4S MiE
TR

e}
i

X TR EARNMENE, HREN—EURSERNBER.
1997 &, Isoda KILKLARMRBENE RE W 5 3 A\ 400 1 L% 40 fL HL60 K1 73+4L, 1B
RAZRAAHBE FE R IR R ELRE IS R IERER, B8 L MmELHA i
—S IR (Isodaetal., 1997) . 1998 £E, Scholz H4ifkBE| AR,
R 5B R AR BT R A AL B T vl & T — S RE R ROAT A . P PR BY R g
BREATEDERTREZS M Leukemic Jurkat F115 & 41 Head and neck cancer Tu
138 BF MBS, SRKH, BRIEHES. ZBULIREN Z B Z B R
FERET Bt XA AT R RSB EIE R, WO MK LB AR A LA T e
MAREKERRHMEER . BIEE R LR NPt SR 7
FHZBEFAE X (Scholzeral,, 1998) . 2006 4E, RATLREWR T MBS
2 R R Z B EE R R R et A4 H7402 HOMRRINLEN, RBLARYE
e FUBE LB R 3R A M ETET: (Chen ef al., 2006) « {ERMEEEXF AR
b 40 BB L AL R B ARIR, A [ 45 M R P v F TR — 2K b 40 L 1
REBER? RUHRFELE L HREANAANRE.

AZW®RIRT C18:1 MLSL A1 C18:1 DLSL BfisEfs, UREREAR
KYSE450 {EABIAN R, RAZHRQNTE, ARBEENE (E¥EEHE
ME. HFEMBENE. TOLEMBNE), A4 M HAR N RE S &
TR DNA RN RN AR EHWREEN T REEAM KYSE4S
H B R B RBLEIREAT T A

i
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5.1 PHelFngr &

5.1.1 ((FFEA
1) EENSE

BE A (FERMALIRE); BNA-310 B FABEFHACEA Tabai
A7); HEEME (HZE Nikon 27)); LSMS10 MAFRHAREEME (EE
Zeiss 247 ); EM-1200ES #4188 (HAHILAF)); JCytomics™ FC500 H4
Fa{X (Beckman), Modifit-3 program ##7%&%E: Spectra Max 190 4R it {%

(USA).

@) #H

1. SRS B E R B S
[ﬁ]‘4.1.1, 4.143.

2. Giemsa B8 57 R & ROACHY

B HEBAFRER 0.75 g Giemsa IRF (BB RFI=), MAHM 25 mL, B
B 25ml, WAERHE, RE—NMARER.

THEW: B pH72 #PBS HB 10 15/ A.

Jitk: ¥ Giemsa BARMANGASP, UHBEIMAH M, TLEMRE, BN
AREE, BAE, BAFEET (BEKE,2001),

3. MBSt B A BRI A%

BR: BRI 0.5 g MYRe A (AO, Sigma AFIFEH), A 50 mL 4
FEKIER, BN 1 %HERE.

TAEH: AR pH 7.2 M PBSHR 10 55 (0.1 %A T/EM) M (B
K&, 2001),

4. BHBEFTARN
JX_E, Sigma 275, H 0.lmolVL, pH 7.4 M1 — MM 4%H%E
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. V9E{LER. Epon8l12. Sigma 28]~

5. TUNEL RAHIA
DeadEnd ™ colorimetric TUNEL system, Promega, #%/A %], USA.
4%% T P REAECH:

FRE 4g LR FEAMRT pH72 9 PBS F, TAF 100mL, 65CKETE
fi#, 4CRE (FWRAAFER.

6. FALHBAR A A

PI (propidium iodide, B4LPGRE, Sigma 2 FF=5H) REH: 50 mg/mL PI, 0.1

mol/L EDTA(Na),, 1.0% Triton X-100, 50 ug/mL RnaseA. 5.1.2 HiERRNEE

f4.1.9,

5.1.3 Bk
KYSE450: ABEEAMR, WEAM, LEEFEERRELE.

514 PRRFEAEERE

[ 4.1.8.

5.1.5 @RRRIRR

% 418 WHE, WELTHREEKENAR, HBARKEHN 1.0X10°
cells/mL, EX 0.5 mL MAZEHE ZHH B 6 FLAMIEFRIRP, BHEHEFFE 240, I

ARBERREALE 240, REBERGE, BARHE (B8%%,2004) , THRET.

5.1.6 BAtEX BB QX MBI

UE# MMM RA, UEARERIZANEA, UTELRHRE
Bt B PR AL
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517 ARAERNARRRERERROARES

BWELTHREEKYNAR, HEAMEKEHN1.0X10° cells/mL, EI1 mLi
ANGILAMIEEFF RS, SEIEFR24 by IONBRRE A HE A R B 440 pg/mL,
¥4 h, REIEMEEMBENEREELENEARESNZL.

5.1.8 Giemsa 3 &8 WE IR AR IE R AML S

BB 505 ik, RIREN 40 pg/mL FIMBEASRERIER 24 h /5, BUBLE
oy BEETF; PEEE S min, BT; Giema B HE LA 15min, pH7.2 H
PBS M¥t, BRTF; FEMRHE: AEEMBENE.

5.1.9 NYGeHe e RRRMIEER R ORRES

5.5 WTek, RREN 40 pg/mL MMBERSHER/ER 24 h 5, B
R, B8ETF; ZEEE 15 min, BF; REBEBEZELE 15 min, pH 7.2
i) PBS M, BRT: RAEHMBENE. EEELH K488 nm), KHEK 515mm
(DNA, &),

5.1.10 iES B RIS {E B A RES

LR 40 pg/ml KEERIER 240 )5, AARE TIRERR, BpH72 8
PBS Ytk 2 IK; HMITIEA 2.5%M R —BEEWEE, 4CE®; pH 7.2 # PBS
B3 K 1% 4CEE 2h; BEREIHKQ25%-100% KE); BRI,
LKBV @ #E T A HLE1 5 JEM-1200EX 3% 5 6 58 W 22 314 R (Catelas e al, 2005;
MIEZE, 2002).

5.1.11 TUNEL (TdT-mediated dUTP nick end labeling) #&34ApfE1
HRA G REF AT
1. BEE: HRHRE 4%ZEFESD 25 min;
2. Yilk: WIRHRL pH 7.2 # PBS FHEFHIK, K S min;
3. ¥&: BIRFRLE 0.2% Triton X-100 F 5 min;
4. Yeik: RIEHRLE pH 7.2 () PBS PHHFHIK, 8K S min;
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8.
9.

T

N 100 pL FHEZE i, & FH 5-10 min;

FRic: 0100 uL TAT REBEABEICH £, ARgibgfeeTE, &L
E o FRIE RN A, RIGAE 37°CEIB R P 60 min;
KRN, BEERR, B8 2XSSCF KM 15 min;

Bk
A
p 10. BE¥k:
.48
12. BE#k:
13. et

PBS ik 3 K, K S min;

B 0.3%EEF 3-5 min, UL ERBREESEUDBIER:
PBS H¥#k 3 1K, 4K 5 min;

i 100 QL BERAEWE (1:500 PBS #%), EEHFHF 30 min;
PBS ¥E¥%k 3 1K, |IK 5 min;

fm 100 uLDAB (HETHER), HEEMBETRHR, AiLER

BHIRIK, DAB Z#RAF, I 30 min AER;

14. Yebk: REB AKX

1S.0%: AFBHKEE, EXEERETAE.

5112 RRABEARARMNARATERB P26

2.

-

SRIBESAMM CARMEAT 1X10°), pH 7.2 £ PBS Fik&EHEIK;

A g

EFMA 1 mL70% KIKAZE—20 CTRBER;

7E pH 7.2 i PBS L& %Ik, F 100 B 975 M8, B0 AT m
A 0.5mL Pl 23, 85, ZEREX 1h;

E pH 7.2 1ty PBS LIk 2 IK;

52 &R

. WA A ACBUEE 5000 MR, HFRETT 73 4r(Wang et al., 2003).

521 BRALEENHARAREERRREDARLSOTL

FEAXEMBABERE ARBGERES. TUBEEHS. EKEK: #
BREER T KYSE4S0 4iMi/E, AMMAEKZEME, HROBERETRAM
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B, HAMA 40 pg/mL # C18:1 MLSL &85, AHHEERD, HEMKE
BRUAK. LAKF 40 pg/mL # C18:1 DLSL 3B /5, MpE. TH. &
B, BRI HHBR— S MAEEH, NEFRERE TR (B 5-1).

5-1 C18:1 MLSL #1 C18:1 DLSL £ KYSE450 415 41 B A& 254k
KYSE450 IE#41M (A); 40 pg/mL ¥ C18:1 MLSL (B) A! 40 pg/mL £ C18:1 DLSL (C)
Fig.5-1 Effects of C18:1 MLSL and C18:1 DLSL on morphological changes of KYSE450

cells (X400) . Control, untreated cells (A); Cells treated with 40pg/mL C18:1 MLSL (B) and

40 pg/mL C18:1 DLSL (C) for 24h.

5.2.2 Giemsa G BRBIEEAEREEARLSHTL

ERETUE, EHMKYSELS0 A/, MRERK, BEWER, KAK
EMIAR, B2, KEGE, ARRERES. SAEA 40 pgmL i C18:1
MLSL fERIJG, ARSI, Bramapamegs, BRTHEAN, K&
hatk, BRARZERRE MR, LM 40 pgmL # C18:1 DLSL #EM
Ja, MARR, KEBrMRAENEE, ARGEE, FRASEETLEER, H
R OGN M. (B 5-2).

Ut !%‘W ‘“’@*@J é " —E'

o 5" %

Tl : ‘“’ «
(8’;; V}‘ﬁ" @h*l f’ e ,ﬁ; w' 0% »
gQ a F. ":ﬂ b I

B C
5-2 Giemsa 5712 KYSE450 41 LAk

KYSE450 IE¥ 40/ (A); 40 pg /mL ) C18:1 MLSL (B) /140 pg/mL 1 C18:1 DLSL (C)
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Fig. 5-2 Morphological changes of KYSE450 by Giemsa stain (X400) Control, untreated
cells (A); Cells treated with 40 pg/mL C18:1 MLSL (B) and 40 ug/mL C18:1 DLSL (C) for

24h.

5.2.3 N ReRNRBMEERERAERABRLSHETL

RCBHETME, EHM KYSE4S0 MAIRIRES TR, BREHE
%, B2 LKA 40 ug/mL f C18:1 MLSL fEFI S, SMME R sk
Rilstt; S41HF 40 pg/mL f) C18:1 DLSL #ERIJG, MR ERE, HHE
R PR R E LR . (F 6-3),

5-3 YRR REME KYSE450 HREA T
KYSE450 IER 41 (A); 40 pg/mL ff) C18:1 MLSL (B) 140 pg/mL [y C18:1 DLSL (C)

Fig. 5-3 Morphological changes of KYSE450 by acridine orange stain (X400); Control,
untreated cells (A); Cells treated with 40 pg/mL C18:1 MLSL (B) and 40 pg/mL C18:1

DLSL (C) for 24h.

524 EFRANRAREEARRETARAREHLSHTL

LEERELRHCIS:1 MLSLAIC18:1 DLSLALH % SKYSE4504 R T,
HEIKRARATERATTENERNRBELE, ATEFE B HIX— S
AT T EHHENE.

BHEGREEARATHABRE RN AL, BRAIBRARETH
“&ViE” (Zakerietal, 1995;Duetal, 2005).

FRBERE A B AT IE % 1) KYSE4S0 410, MM ELER, BEREaR, &
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RGN, MRERSE, ARGREETRE, BETHEAN, 3FRIREH
ARBGA; RERTHRBES, BRELE, REBAENHERD: HT LB
BEAREER AR CME (B 5-4),

§UO e S P
RS 40 M EARES 2 et
Rr i St
W e 1 ™ L
é,{.; ‘1 » Q@g Lk 4w!£
&{‘ - .‘..A.}/If,_"g A’ i .::g»
\::i' “\”‘ K ".”,. ' . ‘ » .’ ’
e A 8 A
3: ‘* " % 3% it e
5:'% RN T T M
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Fig.5-4 Effects of sophorolipid on nuclear fragmentation of KYSE450 cells by transmission
electron microscopy (x4000). Centrol, untreated cells (A); Cells treated with 40 pg/mL C18:1

MLSL (B) and 40 pg/mL C18:1 DLSL (C, D) for 24h.

5.2.5 TUNEL (TdT-mediated dUTP nick end labeling) # 3 & #HAMK AT

20 e P T B RS 1E B R K B CaMg R R VIS ) U AT 2 BUDNA B B
Wik, HIEHMERAYIE KM DNA, 76 DNA #EF450, K5 DNA KE
M%go
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TUNEL 3 & F B R il S H B B R(TAD R AV En il S
M (biotin-dUTP) ¥#F| O =4 5 O DNA % EHRAIRICEAR. AW &R
CHRERERERES DNA BELE, BHIEVRE-ERIELYE
(Streptavidin-HRP) 54MERITHBERELE S, BN EUYBEKRLEWL
SRBHESFE_EERN (DAB) £ (Gavrielietal 1992).

HE S-S ATLLEH, REMFERGEN ESHRAERKR. ARTRAN,
KB —, BEEAEK, SRR LT R MARNHRE SR LREM
Rz, AREERDNRETHENZW, LHRLXNZ BN B R
R, EAREMG2ERE, ARCEEAENEEEK, B EEN
AME. UEERRBLHMHNEARERERE, KYSE4S0 HKZRA
VIR, MRERRAE T AT, XX LB P BR AR A L B Z e A R AL R
BERE T KYSE450 40 i iy 40 6l 1 R B o

L ngg!'—‘-“a g'l % %_ .m W?‘
‘?" =R Q’ PN “'W"G
T g,x««ﬁ%;, TR N /ﬁ: a
- /l‘;j-v,;". ﬂ\&— ﬁ'hw-f‘”-‘?f» .‘ﬁy..,- / r;v, P
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& 5-5 TUNEL B4rK# C18:1 MLSL #1 C18:1 DLSL £ /5 KYSE450 41 fu i 7

,.

KYSE450 IE% 41 (A); 40 pg/mL ) C18:1 MLSL (B) Rl 40 pg/mL f¥] C18:1 DLSL (C)
Fig.5-5 Apoptotic KYSE450 cells as demonstrated by analysis using TdT-mediated dUTP

nick end labeling. Untreated cells, no apoptotic sign was detected (A); Cells treated with 40

pg/mL C18:1 MLSL (B) and 40 pg/mL C18:1 DLSL (C) for 24h.

5.2.6 AXNABRBEARANRBEEARAEERRYACERRBL
MES-6, KS-IMERTLUES, GIEFAMEML, C18:1 MLSLL#EG, 4
HIG/M L F320.25%, MHISHI T #Z35.12%; CI18:1 DLSL &5, MHG/M
EAZE18.56%, MGG, T FEH36.47%. XLEHIEKIHCI8:1 MLSLFICIS:1
DLSLi% 5 ¥ A MMAEGH, HFARASREAT - NARAM, NFiRER
™. W& K40 pg/mLAYCI8:1 MLSLAICI8:1 DLSLi%$24 h, MMM T —£545 4
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Fig. 5-6 Cell cycle distribution in KYSE450 cells treated with C18:1 MLSL and C18:1 DLSL.
Control, untreated cells (A); Cells treated with 40 pg/mL C18:1 MLSL (B) and 40 pg/mL

C18:1 DLSL (C) for 24h.

2R 5-1 LR Rt 40 O R S 22 A6 N0 S R A v 1

Table 5-1 Effects of C18:1 MLSL and C18:1 DLSL on

cell cycle distribution and apoptosis rate at 24 h

Go/G1 (%) G>/M (%) S (%) Sub-G1 (%)
control 42.53 13.13 44.35 0.02
C18:1 MLSL 44.63 20.25 35.12 10.17
C18:1 DLSL 36.47 18.56 44.97 12.25

5.3 i1t

SREZAHIBTIFUES, RITRREE b C18:1 KT Z Bt P B R AR s 456 A
A0 R H7402 BIHLEI 25 A AT (Cheneral, 2006). AIFFH £
KT, ARESFUE (A% EHMENE, A FEMBENE. KB
TREE), DNA ZA7 1 SR AL kM LA Ko I =X 40 B A e 0 240 PR 348 20 A R T s
C18:1 MLSL A1 C18:1 DLSL A5 F LK% 515 5 & B 8 41 M KYSE450 B 15 I L 43t
FTHA. J
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BAREENE, WREEERE, WEARKSE. ARERE. REEEER
Mia%. BRAT/MURBRATIEEWL. BdRARMSTEAARA
SMAMRET RN, FEHAT AN EEAENE —Fhg, U EHRY, X
RS — SR E AT E R EEA R, HeEE
R RN TARNMEARAE 81, BRIIEARALT.

55, ARGHMRREISTARRET 7 M@ %A K HAHE,
Tit AT AREE - NGB IR AR BT R KD, #AT LR,
[RI¥EEfY C18:1 DLSL Lt C18:1 MLSL fei% 3 R B4 Ml KYSE450 EXREEH
RERLT. T—Ats - NI BEH A BRI EX R 5 R A R A MHIK
RRTRZBENNBRERERNERHRE.

54 FRMGE

(1)i5E%F C18:1 MLSL F! C18:1 DLSL # i s 3 & & 1% 41 i KYSE450
HEEIL B R, BRITTUBHE—ERETCEA, BERs FREESEE
40 Bl KYSE450 /1=,

(2) AR (40 pg/mL) f C18:1 MLSL A C18:1 DLSL 312 & & m 41 i
KYSE450 BT-f/KFEAR, C18:1 DLSL t C18:1 MLSL fEiES REEMAM
KYSE450 B ARRERRKERAT.
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EXRGEERE

B4

AXGRERATHEYE. HHLE. BEE, SREYEREFSSHMIRM
g, B KRBT IERE T B B R A PR AR GO B IR T BT
M. SREEE, FRSHORERORMEEYE, URRRSHIRE
et R ERARMERNLE. REki, B2DBTUTER:

1. 300 mL EAEAMEL KRS, ERBEIETIMNZIR S%INFHE, EEfsr=

EAB1gL, WAMRBORERETZERRT 32%. 7 5L KBEDY K=
BERENE, #MELREE 288 h 5, HEBEMETTEN 68.2 gL, HEMAMEBESRT
109.2%, HIEMAIMNEIRBEFER® T 58.2%. % 5L KB HEM 400 rpm 37
B2 500pm, KB 196h 5, MFER=RIAE) 71.1 gL, GREBEZ ML,
BERENTERE— A, ERRKEAMAXLE, H288h H4E3 196h, AT
T 96h, BBEMEMERE%EH 0.24 g/L/h REEF 037 gL/,

2. AR 2 R EHE A2 O0EER, SXBTE/LTR
HHIER. BURE T RN SR BN R R SR A W EAMEIER.
BARETREENLEERE. A EFEBERNRA/MITFEX=HE LK KK
WA AR, BB IR RHX = Fh B B o A5 IROR RO AT A, FEEL
BT BRI e MR B R B X X = P B R B AR A R IR

3. KRR SLRE BRI SORF 0 38 Bk IR R B8 B (AR R fR AEL 9 2 HPLC 4
i, K EERAER 10 A4 A% &R HPLC #T T H1&, HFEREMT 10
MEEREAINEH. SRRARMNSERBNMERLS WIRESHE
18 BAEHTRR, TEMMEHENKAZETRNREIMAERNEERR (TXR.
—ARREANRER), WRERRINZBURERR (RLBRE, NTBE,
FZBiL), URREHFENEL (WEEE, BRED.

4. FRTARLGHEIRARFERAS N HEHEHH KYSE 109 f KYSE
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450 MM, KIS FROZBLERE. IRIREBAMBREENRE
WEL B LU R EENR W ERRE T RS TIRp R4 A
REXFUREETEOEW.

5. B4 7T C18:1 MLSL F1 C18:1 DLSL Hif ARG HIMEE N T &EEH

fl KYSE450 MHiAPEpL&l, ESBEE e BB AR ERAN SRS A A
15, H C18:1 MLSL I C18:1 DLSL #F s e #F a5 | EE Mg 2 AT, 7640
RRE T3 EARATHKERR.

R2

AXRABT—EHTRBER, MRERONARBAE —ENREER. R
M, AFREFEAELL, RETEEHTE-IHANEER.

1. BRETAERERR T IR E~RERNTE, ERERFE

BICERIRER) C. bombicola "= HBERE HIKF, EFEH—PRE=E LUEN
R X.

2. BRERTENTE, MREEORBREPHXRELTEERER
ERRR, BRRERASNEHREREHERNE.

3. FRHYLR, EEMBLSENHYER, HEAATMEER. #
TRtAEEtRR, BURBHEEME.
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Background. Sophorolipids (SLs) obtained from
yeast broth are mixtures of many sophorolipid mole-
cules with different structures, and have attracted
more attention since they were found to have good
antimicrobial, anticancer, anti-inflammatory, and
anti-HIV activities. We investigated the effects of soph-
orolipid molecules with different structures on human
esophageal cancer cells in the present work.

Materials and Methods. Ten sophorolipid (SL) mole-
cules were separated and purified from the sophoroli-
pids mixture using preparative HPLC, and their
structures were identified by MS analyses. The effects
of sophorolipid molecules with different structures
on two human esophageal cancer cell lines, KYSE 109
and KYSE 450, were investigated by MTT assay.

Results. The structures of the 10 sophorolipid mole-
cules differ in acetylation degree of sophorose, unsatu-
ration degree of hydroxyl fatty acid, and lactonization
or ring opening. The results demonstrated that the in-
hibition of diacetylated lactonic sophorolipid on two
esophageal cancer cells (total inhibition at 30 pg/mL
concentration) was stronger than that of monoacety-
lated lactonic sophorolipid (totally inhibition at 60
ug/mL concentration). Difference of unsaturation
degree of hydroxyl fatty acid in SL molecules also
had obvious influence on their cytotoxicity to esopha-
geal cancer cells. The sophorolipid with one double
bond in fatty acid part had the strongest cytotoxic
effect on two esophageal cancer cells (total inhibition
at 30 pg/mL concentration). Acidic sophorolipid
showed hardly any anticancer activity against esopha-
geal cancer cells.

Conclusions. In this study, the relationship of anti-
cancer activities of natural sophorolipid molecules

1 To whom correspondence and reprint requests should be ad-
dressed at State Key Laboratory of Microbial Technology, Shandong
University, Shan Da Nan Road 27, Jinan, 250100 China. E-mail:
songx@sdu.edu.cn or quyinbo@sdu.edu.cn.

@

and the differences in their structures was revealed,
which probably further reveals the mechanism of SL
bioactivities and will be helpful in the modification of
SL structures to obtain more novel SLs with excellent
bioactivities. © 2010 Elsevier Inc. All rights reserved.

Key Words: sophorolipid; esophageal cancer; acetyla-
tion; unsaturation degree; lactonization.

INTRODUCTION

Sophorolipids (SLs) are glycolipid biosurfactants pro-
duced by yeasts and composed of a sophorose moiety
(hydrophilic part) linked by a glycosidic bond to a long
chain hydroxyl fatty acid (lipophilic part). They are
mixtures of many sophorolipid molecules differing in
acetylation degree of sophorose, acetyl group position
in the sophorose moiety, chain length and unsaturation
degree of hydroxyl fatty acid, hydroxyl group position in
the fatty acid moiety, and lactonization or not (Fig. 1)
[14]. Due to the properties of low toxicity, high
biodegradability, biocompatibility, and produced in
the largest amount in all the biosurfactants [5], sopho-
rolipids have great application prospects in cosmetics,
food, detergent industries such as emulsifiers, in envi-
ronmental industry as bioremediation agent, and in pe-
troleum industry as enhanced oil recovery agent [6-9].
Recently, sophorolipids have attracted more attention
since they were found to have good antimicrobial,
anticancer, anti-inflammatory, and even anti-HIV ac-
tivities [10-19]. This will broaden the applications of
sophorolipids in the pharmaceutical sector.

Natural sophorolipid molecules and their specific
derivatives (such as sophorolipid methyl ester, sophoro-
lipid ethyl ester, and so on) have recently been reported
to have anticancer effects against pancreatic cancer
cells [19]. In our previous studies, the inhibition on
four human cancer cell lines H7402 (liver cancer line),

0022-4804/$36.00
© 2010 Elsevier Inc. All rights reserved.
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A LOR, Ry RyHCH, fluid phase consisted of acetonitrile-water and was programmed from
Ry: (CHy) CH=CH (CHyy 40% to 9070 in _55 min, which was pumped at a flow rate of 1.0 mL/
()& Ry=R.=COCH, mm The injection volume was 5 uL and the eluent was monitored
0—10H (Avb: Ry=COCH, R,=H with UV detector at 207 nm. Ten fractions were collected, respectively.
R, HO (A)<: R;=H, R,=COCH, Preparative HPLC was performed using a PrepHT XDB C,; column
(A)d: R,=R;=H (250 mm X 21.2 mm, Agela Technologies Inc). The injection volume
(B Ry=R,=COCH; was 500 uL and the flow rate was 15 mIl/min. The fluid phase was
H R (BYb: Ry=COCH, RosH programmed as the same of analytical HPLC,
(B RH, R m3 All 10 purified SL molecules were applied to MS analysis for
OH (B RyRyeH structure elucidation on an API 4000 mass spectrometer (Applied
Biosystems, Foster City, CA).
o) C=0
Cell Culture
B CH,0R, Ry
Human esophageal cancer cell KYSE 109 and KYSE 450 were ob-
" Ol R, COOH tained from Qilu Hospital of Shandong Province, China. The two
Ho cell lines were cultured in flat flasks with RPMI 1640 medium (Gibco,) Q3
OR, supplemented with 10% calf serum (Hangzhou Sijiging Co., China), Q4
100 units/mL penicillin and 100 pg/mL streptomycin sulfate
(AMRESCO,) in an incubator with an atmosphere containing 5% QS
H CO; at 37°C. Each purified sophorolipid molecule dissolved in ethanol
HO was added to the cells grown in the RPMI 1640 medium and the final
OH concentration of ethanol was below 0.05% (vol/vol). The RPMI 1640

FIG.1. Structureof sophorolipids: (A) lactonic type; (B) acidic type.

A549 (lung cancer line), HL60 and K562 (leukemia line)
by a purified diacetylated lactonic sophorolipid with
a C18 monounsaturated fatty acid was also investi-
gated, and the inhibition on the human liver cancer
cells H7402 was attributed to cell apoptosis induced
by this diacetylated lactonic sophorolipid [10]. How-
ever, the relationship of the bioactivities of natural
sophorolipid molecules and the differences in their
structures have not been revealed so far. Considering
that the differences in SL structures are mainly the
differences in acetylation degree of sophorose, unsatu-
ration degree of hydroxyl fatty acid, and lactonization
or not, 10 sophorolipid molecules of different structures
were purified, and the effects of them on human esoph-
ageal cancer cell KYSE 109 and KYSE 450 were inves-
tigated in the present work.

4 7’

MATERIALS AND METHODS

Production of Crude Sophorolipids

The yeast Wickerhamiella domercgiae var. sophorolipid was main-
tained on YEPD agar slants at 4°C and was transferred at regular
intervals. A loopful of inoculum was inoculated to 100 mL medium
in 500 mL conical flagks. The composition of the medium for batch cul-
tivation was as follows (g/L): glucose 80.0, yeast extract 3.0, KH,PO,
1.0, NagHPO,- 12H,0 1.0, MgSO,- TH,0 0.5, and rapeseed oil 60.0.
After the strain was cultivated for 7 d in 5-L fermentor at 30°C with
1.0 vvm aeration rate, the products of sophorolipids were extracted
with ethyl acetate, and then ethyl acetate was removed by vacuum
evaporation at 50°C. The residue was washed with hexane to remove
the remaining rapeseed oil, followed by the removal of hexane by
vacuum evaporation, the crude sophorolipids were obtained.

Purification and Structure Elucidation of Sophorolipid

The crude sophorolipids were applied to Kromasil C18, 5 um columns

160 Q2 (250 mm X 4.6 mm, Agela Technologies Inc.) for HPLC separation. The

AT ISRELEL | S R T RPN T AT LY 8
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medium without the addition of SL was used as the blank.

MTT Assay

Fifty microliters of the cell suspension (1.0 X 10° cells/ml) was
seeded into the wells of a 96-well plate and incubated for 24 h, and
then sophorolipid solution diluted in different concentrations was
added to the wells. After incubation of the treated cells for 24 h, cell
viability was determined by MTT (3-[4, 5-dimethylthiazol-2-yl]-2,

§-diphenytetrazolium, Sigma) assay [20]. Ten microliters of MTT Qe

was added to the wells and the cells were cultured for 4 h at 37°C in
an incubator with an atmosphere containing 5% CO,, then 100 uL
of 10% SDS was added to the wells and left overnight. The formed

formazan was measured by spectrophotometry (Spectra Max 190 Q7

Spectrophotometer; USA) at 570 nm,

Data Analysis

The results are expressed as the mean + SD, and accompanied by
the number of experiments performed independently. Statistical
analysis was dope by ¢-test.

RESULTS
Separation and Purification of Sophorolipids

As shown in Fig. 2, the crude sophorolipids produced
by Wickerhamiella domercqiae var. sophorolipid are
a mixture composed of many molecules. Ten sophoroli-
pid molecules were separately collected.

Structure Elucidation of the Purified Sophorolipids

In this study, the structures of the 10 sophorolipid
molecules were elucidated by MS analysis. Their struc-
ture details were listed in Table 1. It was found that all
the sophorolipid molecules are sophorolipids with Cyg
fatty acid. Their structures differ in acetylation degree
of sophorose, unsaturation degree of hydroxyl fatty
acid, and lactonization or ring opening. Compound 10
with m/z peak of 313 does not correspond to any of
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FIG.2. HPLC chromatogram of crude sophorolipids produced by Wickerhamiella domercgiae var. sophorolipid. Ten sophorolipid molecules
were separately collected.

the SL analogs or its precursors. This peak was proba- esophageal cancer cells KYSE109 and KYSE450 are
bly obtained during fragmentation of sophorolipids. shown in Fig. 3. The cells were treated with sophoroli-
pid of different concentrations, ranging from 0 to 60

Eff £ SL on Cell Viabili pg/mL, respectively. C18:1 DLSL showed the strongest

ects of S on el : cytotoxic effect on KYSE109 and KYSE450, almost no

The cytotoxic effects of purified lactonic sophorolipid viable cells of the two cell lines were observed after

with one or two acetylated groups of sophorose on the treatment by SL at concentrations higher than.

TABLE 1
Structure Elucidation of Sophorolipid Molecules Based on m/z Peaks of Protonated Molecular Ion (M + H*]
No. as assigned Retention m/z Peak of protonated
in Fig. 2 time (min) molecular ions Sophorolipid structure Abbreviation
1 7.42 . 621 Unacetylated acidic SL with a C18 C18:2 NASL
i diunsaturated fatty acid
2 10.21 . 663 Monoacetylated acidic SL with a C18 C18:2 MASL
diunsaturated fatty acid
3 11.35 ’ 665 Monoacetylated acidic SL with a C18 C18:1 MASL
monounsaturated fatty acid
4 14.81 705 Diacetylated acidic SL with a C18 C18:2 DASL
- diunsaturated fatty acid
5 16.64 707 Diacetylated acidic SL with a C18 C18:1 DASL
o monounsaturated fatty acid
6 20.68 647 Monoacetylated lactonic SL with a C18 C18:1 MLSL
monounsaturated fatty acid
7 26.31 687 Diacetylated lactonic SL with a C18 C18:2DLSL -
diunsaturated fatty acid
8 3171 689 Diacetylated lactonic SL with a C18 C18:1 DLSL
monoungaturated fatty acid
9 45.21 691 Diacetylated lactonic SL with a C18 C18:0 DLSL
saturated fatty acid
10 49.35 313 Unknown
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FIG.3. Effects of lactonic sophorolipid with different acetylation degree of sophorose on cell viabilities of KYSE109 (A) and KYSE450 (B).
Cell viability was determined by MTT assay. C18:1 MLSL = monoacetylated lactonic SL with a C18 monounsaturated fatty acid; C18:1 DLSL =
diacetylated lactonic SL with a C18 monounsaturated fatty acid. The date represent mean * SD;. n = 6 in all groups; P < 0.01 compared with

the control.

30 pg/mL, while C18:1 MLSL showed almost complete
inhibition when SL concentration was elevated to 60
pg/mL, which indicated a weaker cytotoxic effect of
C18:1 MLSL than C18:1 DLSL on KYSE109 and
KYSE450 cells.

As shown in Fig. 4, after the cells of KYSE109 and
KYSE450 were treated with sophorolipid of different
concentrations, ranging from 0 to 60 ug/mL, lactonic
SL with different unsaturation degree in their fatty
acid moieties showed different effects. C18:1 DLSL pre-

sented the strongest cytotoxic effects on KYSE109 and -

KYSE450 cells, cell viabilities of the two cell lines
were almost 0, at the SL concentration of 30 ug/mL,
while C18:2 DLSL, complete inhibition of the cells of
KYSE109 and KYSE450 required higher SL concentra-
tion (50 and 60 ug/ml, respectively). C18:0 DLSL
showed the weakest cytotoxic effect, after the treat-
ment by 60 ug/mL SL concentration, 77% and 76% cell
viability of KYSE109 and KYSE450 cells were retained,
respectively. .

-+ C18:2 DLSL|
——C18:1 DLSL
~a~ C18:0 DLSL

>

100
80-
60

20+

Cell viability (%)

0 20 40 60
Concentration of sophorolipid (ug/mL)

Three acidic sophorolipids, which differ in acetylation
degree of sophorose or unsaturation degree in fatty acid
moieties were chosen to act on the cells of KYSE109
and KYSE450 esophageal cancer cell lines. As shown in
Fig. 5, C18:2 MASL, C18:1 DASL, and C18:2 DASL
have little inhibition to KYSE109 cells and can even in-
crease the cell viability of KYSE450 cells. Even when
the SL concentration was lifted to 60 ug/mL, the cells of
the two cell lines retained almost 100% of cell viabilities,

DISCUSSION

Nature sophorolipids are mixtures of SLs with differ-
ent structures. In our study, 10 sophorolipid molecules
were separated and purified from sophorolipids mix-
ture produced by Wickerhamiella domercgiae var.
sophorolipid using preparative HPLC. Their structures
were elucidated by MS analysis. The structures of the
10 sophorolipid molecules differ in acetylation degree

-a—C18:2 DLSL
—~—C18:1 DLSL|
100 —4-C18:0 DLS
< 80
> 601
5 40
>
% 20
o
04

0 10 20 30 40 50 60
Concentration of sophorolipid (ug/mL)

FIG. 4. Effects of lactonic sophorolipid different in unsaturation degree of hydroxyl fatty acid on KYSE109 (A) and KYSE450 (B) cell via-
bility. Cell viability was determined by MTT assay. C18:2 DLSL = diacetylated lactonic SL with a C18 diunsaturated fatty acid; C18:1 DLSL =
diacetylated lactonic SL with a C18 monounsaturated fatty acid; C18:0 DLSL= diacetylated lactonic SL with a C18 saturated fatty acid. Values
represent mean * SD; n = 6 in all groups; P < 0.01 compared with the control,
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FIG.5. Effects of acidic sophorolipid on KYSE109 (A) and KYSE450 (B) cell viability. Cell viability was determined by MTT assay. C18:1
MASL = monoacetylated acidic SL with a C18 monounsaturated fatty acid; C18:2 DASL = diacetylated acidic SL with a C18 diunsaturated
fatty acid; C18:1 DASL = diacetylated acidic SL with a C18 monounsaturated fatty acid. Values represent mean * SD; n = 6 in all groups;

P < 0.01 by comparison with the control.

of sophorose, unsaturation degree of hydroxyl fatty
acid, and lactonization or ring opening. The anticancer
effects of sophorolipids with different structures on
human esophageal cancer cell KYSE 109 and KYSE
450 were researched.

In 1998, Scholz et al. have reported that SL deriva-
tives, acetylated sophorolipid ethyl ester and acetylated
sophorolipid butyl ester, possessed strong cytotoxicity
to suspension cell leukemic Jurkat and attached cell
head and neck cancer Tu 138. However, unacetylated
sophorolipid ethyl ester and unacetylated sophorolipid
butyl ester showed little cytotoxicity to the two tumor
cells. The author determined that the anticancer activ-
ity of SL was related to the acetylation of SL molecules
[21]. The results in the present study indicated that the
inhibition of diacetylated lactonic sophorolipid to esoph-
ageal cancer cells was stronger than mom acetylated
lactonic sophorolipid, which confirmed that anticancer
activity of SLs was affected by their acetylation degree
in sophorose moiety.

Our results showed that sophorolipid with different un-
saturation degree of hydroxyl fatty acid also had different
cytotoxic effects on esophageal cancer cells. Sophorolipid
having one double bond in fatty acid part had the stron-
gest cytotoxic effect (totally inhibition at 30 ug/mL con-
centration) on esophageal cancer cells, sophorolipid
with two double bonds had a little weaker anticancer
effect (totally inhibition at 60 ug/mL concentration), while
sophorolipid with no double bond had the weakest cyto-
toxic effect (only 20% of cells were inhibited at 60 ug/mL
concentration) among the three sophorolipid molecules.
This was the first study to reveal the relationship of bio-
activities of natural sophorolipid molecules with different
unsaturation degree in hydroxyl fatty acid and their
structures.

Interestingly, acidic SL with one or two double bonds
in fatty acid part, with monoacetylated group or diace-

tylated groups in sophorose part, have little anticancer
effect against esophageal cancer cells. This result
agrees with the previous report that acidic SL pos-
sessed weaker bioactivity than lactonic SL and has lit-
tle cytotoxicity [13]). However, recently, Fu et al. have
demonstrated that acidic sophorolipid has stronger cy-
totoxicity (35.5% cytotoxicity at 100 ug/mL concentra-
tion) than lactonic sophorolipid (26.2% cytotoxicity at
100 ug/mL concentration) against pancreatic cancer
cells [19]. These different results are probably attrib-
uted to the inhibition mechanism of SL on pancreatic
cancer cells, which are different from other cancer cells.

In our previous studies [10], the inhibition mecha-
nism of diacetylated lactonic sophorolipid with a C18
monounsaturated fatty acid on the human liver cancer
cells H7402 has been proved to induce cell apoptosis.
We also have studied the inhibition mechanism of two
sophorolipid molecules on human esophageal cancer
cell KYSE 450 and it turned out to be cell apoptosis.
The results will be presented in anether paper.

In conclusion, in this study, the relationship of anti-
cancer activities of natural sophorolipid molecules
having different structures in acetylation degree of
sophorose, unsaturation degree of hydroxyl fatty acid,
and lactonization or not and their structures was re-
vealed, which probably further reveals the mechanism
of SL bicactivities and will be helpful in the modifica-
tion of SL structures to obtain more novel SLs with
excellent bioactivities.
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The Inhibition of Sophorolipids to Dermatophytes”

Lingjian Shao, Xin Song Ph.D.,” XiaojingMa, HuiLi,
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Introduction. Sophorolipids, a class of glycolipid biosurfactants produced by yeasts,

have been attracting great attentions for their various bioactivities, such as

- antimicrobial, anticancer activities and even the anti-HIV activity, which will broaden

their applications in pharmaceutical sector besides food, detergent and cosmetics
industries. In the present study, we investigated the inhibition of sophorolipids to three
common clinical dermatophytes, Trichophyton rubrum, Trichophyton gypseum, and

Microsporum canis and probable inhibition mechanism.

Materials and methods. Three dermatophytes were treated with increasing
concentrations of lactonic sophorolipids and acidic sophorolipids. Minimum
Inhibitory Concentration (MIC), Minimal Fungicidal Concentration (MFC) and
inhibition ratio to hypha extension of sophorolipids to dermatophytes were measured.
TEM observation of three dermatophytes before and after being treated with
sophorolipids was done to research inhibition mechanism of sophorolipids to

dermatophytes.

Results. Lactonic or acidic sophorolipids showed different inhibition on the growth of
three dermatophytes. When lactonic sophorolipids concentration was 0.5 mg/mL, the

inhibition ratio on hypha extension of Trichophyton rubrum, Trichophyton gypseum
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and Microsporum canis was 53.8%, 62.5% and 68.2%, respectively. The MICsq of
lactonic sophorolipids to the three dermatophytes was 0.0625, 0.125, 0.0625 mg/mL,
respectively. The TEM analysis indicated that, after treated by sophorolipids, three
dermatophytes have some obvious changes in their microstructures. The cell wall
became thicker and loose, the cytoplasm agglomerated, the membranes of organelles
were disappearing, and no integrated organelles and clear nuclear zone were found in

the cytoplasm.

Conclusions. These results suggest that sophorolipids may have great potential in
treating skin diseases. Lactonic or acidic sophorolipids can be used to treat skin

diseases induced by different dermatophytes.

Keywords: inhibition, lactonic sophorolipids, acidic sophorolipids, dermatophyte



Introduction

Sophorolipids are glycolipid biosurfactants produced by yeasts and composed of a
sophorose moiety (hydrophilic part) linked by a glycosidic bond to a long chain
hydroxyl fatty acid (lipophilic part). They are mixtures of up to 14 sophorolipids
differing in acetylated degree of sophorose, chain length and unsaturation degree of
hydroxyl fatty acid, and hydroxyl group position in the fatty acid moiety [1-4]. As
shown in Fig.1, there are two main types of sophorolipids-acidic sophorolipids and
lactonic sophorolipids. Due to their properties of low toxicity, high biodegradability
and biocompatibility [5], sophorolipids have great application prospects in cosmetics,
food, detergent industries as emulsifiers, in environmental industry as bioremediation
agent, in petroleum industry as enhanced oil recovery agent [6-9]. Recently,
sophorolipids have been proved to have good antimicrobial, anticancer activities and
even the anti-HIV activity, which will broaden the applications of sophorolipids in

pharmaceutical sector [10-13].

As is reported, sophorolipids possess antibacterial properties and are more effective
against gram-positive bacteria than gram-negative bacteria [14]. Besides the
inhibition to bacteria, sophorolipids are also good antifungal agents against plant
pathogenic fungi such as Phytophthora sp. and Pythium sp. [12], antialgal reagents for
algal bloom inhibition [15], and even have strong activities of anti-human
immunodeficiency virus and of sperm-immobilization [13]. Rosemarie Hardin et al.
[16] reported that sophorolipids tend to decrease sepsis-related mortality in a rat
model. However, little information regarding the inhibition mechanism of
sophorolipids to microorganism is available, it stays however a matter of debate
whether the effect is caused by modulation of immune and inflammatory responses or
by the direct destroy of sophorolipid molecules to cell structures of microorganisms
[17,18]. So far, the inhibition of sophorolipids to skin disease-causing fungi has not
been reported. Trichophyton rubrum, Trichophyton gypseum, and Microsporum canis
are three common clinical dermatophytes which can cause serious skin tinea on hand,

foot, nail, head and so on. In the present study, we investigated the inhibition of




sophorolipids to the three dermatophytes and probable inhibition mechanism.
Materials and methods

Production of sophorolipids

The yeast Wickerhamiella domercgiae var. sophorolipid was maintained on YEPD
agar slants and was transferred at regular intervals. A loopful of inoculum was
inoculated to 100 mL medium in 500 mL shake flasks. The medium for batch
cultivation contained (per liter deionized water): glucose 80.0 g, yeast extract 3.0 g,
KH,PO;4 1.0 g, Na;HPO412H,0 1.0 g, MgSO47H,0 0.5 g, and rapeseed oil 60.0 g.
After the strain was cultivated for 7 days in 5 L fermentor at 30 °C with 1 vvm
aeration rate, the products of sophorolipids were extracted by ethyl acetate, and then
ethyl acetate was removed by vacuum distillation at 50 °C. The residue was washed
with hexane to remove the remaining rapeseed oil. After the residual hexane was
evaporated by vacuum distillation, the crude lactonic sophorolipids were obtained.
The medium for acidic sophorolipids cultivation contained (per liter deionized water):
glucose 80.0 g, yeast extract 3.0 g, (NH4),S04 4.0 g, KH,PO4 1.0 g, NayHPO4 12H,0
1.0 g, MgSO47H,0 0.5 g, and rapeseed oil 60.0 g. After the strain was cultivated for
7 days at 30 °C, hexane was first added to the fermentation broth to remove residual
lipophilic substrate, followed by centrifugation for 15min at 6000 rpm to remove the
yeast cells, the supernatant was concentrated at 80 °C by vacuum distillation to a

brown, sticky semi-solid product ,that is, the acidic sophorolipids.
Dermatophytes

Three dermatophytes, Irichophyton rubrum, Trichophyton gypseum, and
Microsporum canis were obtained from Institute of Dermatology in Chinese Academy
of Medical Sciences. Dermatophytes were maintained on Sabouraud's Agar Medium

consisting of glucose 40.0 g/L, peptone 10.0 g/L, agar 20.0 g/L.
Effect of sophorolipids on dermatophyte growth

Lactonic sophorolipids were dissolved with dimethyl sulfoxide to the final




concentrations of 0, 8, 20, 40 g/L respectively. Two hundred and fifty microlitres of
lactonic sophorolipid solutions were poured into sterilized plates and 20 mL medium
was then added. The medium and the lactonic sophorolipids solution were fully
mixed. The final concentrations of lactonic sophorolipids were 0, 0.1, 0.25, 0.5 g/L
respectively. The medium without sophorolipids solutions were used as blank.
Acidic sophorolipids were dissolved with deionized water to the final concentrations
of 8, 20, 40 g/L respectively. Two hundred and fifty microlitres of acidic
sophorolipid solutions were added into sterilized plates followed by the addition of 20
mL medium, and then they were fully mixed. The final concentration of acidic
sophorolipids was 0.1, 0.25, 0.5 g/L respectively. = The medium without
sophorolipids solutions was used as control. One hundred microlitres of spore
suspension (1 X 10° spores/mL) of each dermatophyte was spread on the prepared agar
plates with and without sophorolipids and cultured for 5 days at 30 °C. The growth

of each dermatophyte was observed every 24 hours.
Inhibition ratio to hypha extension of sophorolipids to dermatophytes

Sophorolipids in different concentrations were mixed with Sabouraud's Agar
Medium and then added into sterilized plates. The medium and each concentration
of sophorolipids solution were fully mixed. The final concentrations were 0, 0.065,
0.125, 0.25, 0.5 g/L, respectively. Medium without sophorolipids solutions were
used as control. An agar cake of fungal inoculum (6 mm in diameter) was removed
from a 5-day-old previous culture of all the dermatophytes tested and placed upside
down on the Sabouraud's Agar Medium plates with sophorolipids of different
concentrations. The plates were cultured for 5 days at 30 °C. The diameter of the
hypha was measured and the inhibition ratio to hypha extension was calculated using

the following formula:

inhibition ratio (%)={1-radial growth of treatment (mm)/radial growth of control
(mm)} X 100




Minimum Inhibitory Concentration (MIC) and Minimal Fungicidal
Concentration (MFC)

Fifty microlitres of lactonic sophorolipids with different concentrations was added
into 5 mL medium in different tube, and the final concentrations of sophorolipids
were 0, 0.0625, 0.125, 0.25, 0.5 g/L respectively. The medium with 50 pl dimethyl
sulfoxide was used as control. One hundred microlitres of spore suspension (1X 10°
spores/mL) of dermatophyte was added into the tubes with and without sophorolipids
and cultured for 3 days at 30 °C. The minimum concentration of sophorolipids in
which tube no dermatophyte was grown was the MIC. One hundred microlitres of
medium in which tubes no dermatophyte was grown was spread onto the Sabouraud's
Agar Medium plates and cultured for 5 days at 30 °C. The minimum concentration

of sophorolipids in which plate no dermatophyte was grown was the MFC.
Morphological observation of dermatophytes by TEM

For transmission electron microscopy (TEM) observation, hyphae treated with or
without Jactonic sophorolipid (0.5 g/L for 48 h) were collected and washed once with
PBS (0.85% NaCl, 0.02% KCl, 0.285% Na,HPO,12H,0, 0.027% KH,PO,, pH 7.2,
w/v) and centrifuged for 10 min at 1,000 rpm. Pellets were then stood overnight at
4 °C in 2.5% glutaraldehyde, treated with 1% osmium tetroxide for 2 h at 4 °C,
dehydrated in different acetone/water concentration gradient (25~100% acetone), and
embedded in epoxy resin. Ultrathin sections (70~90 nm thick) were prepared with a
diamond knife using a Richart Ultracut II microtome and examined by a

JEM-1200EX electron microscope (Japan) [19].

Result

Inhibition of lactonic sophorolipids to Trichophyton rubrum, Trichophyton

gypseum and Microsporum canis

As shown in Fig.2, after being cultured 5 days, Trichophyton rubrum on medium
without sophorolipids solutions and medium only with 0.25 mL dimethy] sulfoxide




were grown well.  The colonies of Trichophyton rubrum on medium with 0.1 g/L and
0.25 g/L lactonic sophorolipids were smaller and less than the two controls. 0.5 g/L
lactonic sophrolipids could fully inhibit the growth of Trichophyton rubrum. As to
Trichophyton gypseum and Microsporum canis, the hyphae also grew well on the two
controls. There were no colonies on medium with 0.1 g/L, 0.25 g/L and 0.5 g/L
lactonic sophorolipids, which indicated the stronger inhibition of lactonic
sophorolipids to Trichophyton gypseum and Microsporum canis than Trichophyton
rubrum. (The results regarding the inhibition of lactonic sophorolipids to

Trichophyton gypseum and Microsporum canis were omitted.)

The inhibition of acidic sophorolipids to Trichophyton rubrum, Trichophyton

gypseum and Microsporum canis

As shown in Fig.3, after being cultured 5 days, the colonies of ITrichophyton
gypseum on medium with 0.1 g/L acidic sophorolipids were smaller and less than the
ones on medium without sophorolipids solutions. There were no colonies on
medium with 0.25 g/L and 0.5 g/L acidic sophorolipids, which indicated strong
inhibition of acidic sophorolipids to Trichophyton gypseum. The colonies of
Trichophyton rubrum and Microsporum canis were less and less with the increase of
the concentrations of acidic sophorolipids. There were no colonies on medium with
0.5 g/L acidic sophorolipids. (The results regarding the inhibition of acidic

sophorolipids to Trichophyton rubrum and Microsporum canis were omitted.)

Comparison of the inhibition of acidic sophorolipids with that of lactonic
sophorolipids to Trichophyton rubrum, Trichophyton gypseum and Microsporum

canis

We investigated the inhibition of acidic sophorolipids and lactonic sophorolipids to
Trichophyton rubrum and Trichophyton gypseum from the fifth day to the seventh day,
and to Microsporum canis from the fifth day to the tenth day. Only the results after 7
days’ cultivation were shown in Table 1. The inhibition of acidic sophorolipids to

Trichophyton gypseum was much better than to Trichophyton rubrum and




Microsporum canis. At the seventh day, there were no colonies of Trichophyton
gypseum grown on the medium with 0.25 g/L acidic sophorolipids. However, some
colonies of Trichophyton rubrum and Microsporum canis were grown on the medium
with 0.5 g/L acidic sophorolipids. Lactonic sophorolipids has the strongest inhibition
to Microsporum canis, the growth of the dermatophyte was fully inhibited by low
concentration of lactonic sophorolipids (0.1 g/L), they also showed good inhibition to
Trichophyton gypseum, no colonies appeared on the medium with 0.25 g/L and 0.5
g/L sophorolipids, in comparison, lactonic sophorolipids presented inhibition for
Trichophyton rubrum growth, some colonies could still be observed on the medium

with 0.5 g/L sophorolipids.

To Trichophyton rubrum, the inhibition of lactonic sophorolipids was a little better
than acidic ones. As the increase of the concentrations of lactonic and acidic
sophorolipids, the colonies of Trichophyton rubrum were less and less. When the
concentration of sophorolipids was 0.5 g/L, there were no colonies grown on the
plates at the fifth day. With the prolongation of culture time, the colonies were grown
out gradually and they were a little less on the medium with lactonic sophorolipids

than on the medium with acidic ones at the same concentrations.

Both acidic and lactonic sophorolipids have strong inhibition to Trichophyton
gypseum. They could not only inhibit the size and quantity of the colonies, but also
inhibit Trichophyton gypseum for a long time. At low concentrations, the inhibition
of lactonic sophorolipids was much better than acidic ones. After being cultured for
5 days, there were no colonies on the medium with 0.05 g/L lactonic sophorolipids,
but some colonies on the medium with 0.1 g/L acidic sophorolipids were observed.
When at higher concentrations, the inhibition of acidic sophorolipids was much better
than that of lactonic ones. After being cultured for 10 days, there were no colonies on
the medium with 0.5 g/L acidic sophorolipids, but on the medium with 0.5 g/L
lactonic sophorolipids, Trichophyton gypseum was growing slowly and some colonies

were observed.

To Microsporum canis, the inhibition of lactonic sophorolipids was much better




than acidic ones. At lower concentrations, acidic sophorolipids showed a little
inhibition to Microsporum canis, at higher concentration (0.5 g/L), acidic
sophorolipids showed good inhibition to Microsporum canis, they could retard the
growth of Microsporum canis until the fifth day. After being cultured for up to 7
days, there were no colonies on the medium with 0.1 g/L lactonic sophorolipids,
which indicated strong lasting inhibition of lactonic sophorolipids to Microsporum

canis.
Inhibition ratio to hypha extension

It could be seen from the table 2 that, lactonic sophorolipids could inhibit the
extension of hypha much better than the acidic ones. When acidic sophorolipids
concentration was 0.5g/L, the inhibition ratio to hypha extension of Trichophyton
rubrum, Trichophyton gypseum and Microsporum canis was only 19.2%, 12.5% and
9.09% respectively. When treated by higher concentrations of lactonic sophorolipi&s,
the colony diameters of three dermatophytes were smaller, and the inhibition ratio is
higher. When lactonic sophorolipids concentration was 0.5 g/L, the inhibition ratio 0
hypha extension of Trichophyton rubrum, Trichophyton gypseum and Microsporum
canis was 53.8%, 62.5% and 68.2% respectively. Because lactonic sophorolipids were
hard to dissolve in water, when the concentration was 0.5 g/L, the medium was
opaque. After hypha cake was cultured on the medium, there was transparent circle
around the hypha cake, which indicated that sophorolipids were absorbed into the

hypha, and acted on the inside of cell.

Minimum Inhibited Consistency (MIC) and Minimal Fungicidal Consistency
(MFC)

In liquid culture, acidic sophorolipids have little inhibition to three dermatophytes,
so only MIC and MFC of lactonic sophorolipids to three dermatophytes were
investigated. MIC range of lactonic sophorolipids to three dermatophytes was
0.0625-0.5 mg/mL. MICsp of lactonic sophorolipids to Trichophyton rubrum,
Trichophyton gypseum and Microsporum canis was 0.0625, 0.125, 0.0625 mg/mL




respectively. MICqo of lactonic sophorolipids to Trichophyton rubrum, Trichophyton
gypseum and Microsporum canis was 0.125, 0.25, 0.125 mg/mL respectively. MFC of
lactonic  sophorolipids to Trichophyton rubrum, Trichophyton gypseum and

Microsporum canis was 0.5, 0.5, 0.25 mg/mL respectively.
TEM observation

Before being treated by sophorolipids, the cell wall was intact and the thickness of
cell wall was even. The cytoplasm was homogeneous, and organelles and vacuoles
could be seen clearly in the cytoplasm. The membranes of organelles and vacuoles
were intact. The nuclear zone and the boundary were clear. After being treated by
lactonic ~ sophorolipids, Trichophyton gypseum, Trichophyton rubrum and
Microsporum canis have some obvious morphorlogical changes (Fig. 4). The cell
wall became thicker and loose, the cytoplasm became agglomerate and formed grain
structure with high electron density, the membranes of organelles were disappearing
and the organelles were destroyed. There were no integrated organelles and clear

nuclear zone in the cytoplasm.

Discussion

As a kind of glycolipid biosurfactant, sophorolipids have been attracting more and
more interests for their various activities in pharmaceutical area such as anti-cancer,
anti-bacterial, anti-algal and anti-HIV activities [10-13]. Sophorolipids have also been
reported to present inhibition to plant pathogenic fungi such as Phytophthora sp. and
Pythium sp. [12], however, there have not been any studies on the inhibition of
sophorolipids to pathogenic fungi which can cause human skin diseases. In this
paper, sophorolipids showed strong inhibition to three common clinical
dermatophytes, Trichophyton rubrum, Trichophyton gypseum, and Microsporum canis
which can cause skin diseases, and acidic and lactonic sophorolipids showed some

different effects, which have not been reported before.

In our previous study, one diacetylated lactonic sophorolipid was purified to act on

the human liver cancer cells H7402 and the inhibition of this sophorolipid was



attributed to its induction of cell apoptosis of liver cell [10]. In clinical therapy of
skin diseases, purified component of sophorolipid was not necessary, so crude lactonic
and acidic sophorolipids were used to inhibit dermatophytes in this study. We
compared the inhibition of acidic sophorolipids with that of lactonic ones to the three
dermatophytes. Lactonic or acidic sophorolipids showed inhibition on the growth of
all the three dermatophytes and showed different inhibition towards each of them. To
Trichophyton rubrum, the inhibition of lactonic sophorolipids was a little better than
acidic ones. Toward Trichophyton gypseum, when at low concentrations, the
inhibition of lactonic sophorolipids was much better than that of acidic ones. However,
when at high concentrations, the inhibition of acidic sophorolipids was much better
than lactonic ones. We speculate that, for acidic sophorolipids, a critical concentration
may account for the above results. When the concentration of acidic sophorolipids
was higher than the critical concentration, they could fully inhibit the growth of
Trichophyton gypseum. Toward Microsporum canis, the inhibition of lactonic
sophorolipids was much better than acidic ones. The inhibition of acidic sophorolipids
to Microsporum canis was not obvious. For the inhibition of hypha extension,
lactonic sophorolipids could inhibit the extension of hypha much better than the acidic
ones. And in liquid culture, acidic sophorolipids have little inhibition to three
dermatophytes.  Therefore, lactonic sophorolipids may have more potential in

clinical therapy of skin diseases.

In order to understand the mechanism of the inhibition of sophorolipids to the three
dermatophytes, morphological changes of the three dermatophytes after the treatment
with lactonic sophorolipids was fulfilled through TEM observation. The TEM
observation results indicated that, after being treated by lactonic sophorolipids, three
dermatophytes have some obvious changes in their microstructures. The cell wall
became thicker and loose, the cytoplasm agglomerated, the membranes of organelles
were disappearing, and no integrated organelles and clear nuclear zone were found in
the cytoplasm. One probable reason of these changes attributes to surfactant trait of

sophorolipids, and another reason probably lie in that sophorolipids can induce cell




apoptosis based on the effect of sophorolipid to human liver cancer cell line H7402.
Newly-discovered dermatophyte inhibition bioactivity of sophorolipids will make
sophorolipids as a clinical candidate drug for the treatment of skin tinea, and will

enrich the applications of sophorolipids in pharmaceutical area.
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Figure captions

Fig.1 Structure of sophorolipids (A) lactonic type; (B) acidic type.
Fig.2 Inhibition of lactonic sophorolipids to Trichophyton rubrum.

A: medium without sophorolipids solutions; B: medium only with 0.25mL dimethyl
sulfoxide; C: medium with 0.1g/L lactonic sophorolipids; D: medium with 0.25 g/L

lactonic sophorolipids; E: medium with 0.5 g/L lactonic sophorolipids.
Fig.3 Inhibition of acidic sophorolipids to Trichophyton gypseum.

A: medium without sophorolipids solutions; B: medium with 0.1 g/L acidic
sophorolipids; C: medium with 0.25 g/L acidic sophorolipids; D: medium with 0.5 g/L

acidic sophorolipids.

N

Fig. 4 TEM observation of Trichophyton gypseum, Trichophyton rubrum and

Microsporum canis with sophorolipids treatment

A: Trichophyton gypseum without being treated by sophorolipids; B: Trichophyton
gypseum treated by 0.5 g/L sophorolipids for 48h; C: Trichophyton rubrum without
being treated by sophorolipids; D: Irichophyton rubrum treated by 0.5 g/L
sophorolipids for 48 h; E: Microsporum canis without being treated by sophorolipids;

F: Microsporum canis treated by 0.5 g/L sophorolipids for 48h.
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Table 1 Comparison of the inhibition of acidic sophorolipids with that of lactonic
sophorolipids to Trichophyton rubrum, Trichophyton gypseum and Microsporum canis

at the seventh day of cultivation

Sophorolipids Trichophyton Trichophyton Microsporum

concentration rubrum gypseum canis
Control’ +H 4+ +4d++ FEt

0.1 g/L ASLs +++++ +++4+ F+4+++

0.25 g/L ASLs +++++ - 444+

0.5 g/L ASLs +++ - F4+
DSMO’ ++++ ++++ ottt :

0.05 g/L LSLs ++4+++ ++ + )

0.1 g/LLSLs +4++ + _ '

0.25 g/L LSLs ++4 - -

0.5 g/LLSLs ++ — -

Control” was medium without sophorolipids; DSMO" was medium only with 0.25
mL dimethyl sulfoxide; + showed the amount of the colonies; — indicated that no

colonies was grown; ASLs was acidic sophorolipids; LSLs was lactonic sophorolipids




Table 2 Inhibition ratio to hypha extension

Trichophyton rubrum  Trichophyton gypseum  Microsporum canis

Sophorolipids
Diameter  Inhibition ~ Diameter  Inhibition = Diameter Inhibition
concentration
(mm) ratio (%) (mm) ratio (%) (mm) ratio (%)
Control 26 0.0 24 0.00 22 0.00
0.0625 g/L ASLs 25 3.84 23 4.17 22 0.00 E
0.125 g/LASLs 24 7.69 22 8.33 21 4.55
0.25 g/LASLs 24 7.69 21 12.5 20 9.09
0.50 g/L ASLs 21 192 21 12.5 20 9.09
DMSO* 23 11.5 22 833 - 20 9.09
0.0625 ¢/L LSLs 16 385 16 333 15 31.8
0.125 g/LLSLs 15 423 12 50.0 13 40.9
0.25 g/[L LSLs 14 46.2 11 54.1 9 59.1
0.50 g/L LSLs 12 53.8 9 62.5 7 68.2

Control” was medium without sophorolipids; DSMO® was medium only with 0.2 mL

dimethy! sulfoxide; ASLs was acidic sophorolipids; LSLs was lactonic sophorolipids



Table 3 Minimum Inhibitive Consistency (MIC) and Minimal Fungicidal Consistency

(MFC) of lactonic sophorolipids to three dermatophytes

MIC (mg/mL)
Dermatophytes MFC(mg/mL)
MIC range MICsy MICy
Trichophyton rubrum  0.0625-0.5 0.0625 0.125 0.5
‘ Trichophyton gypseum  0.0625-0.5 0.125 0.25 0.5
Microsporum canis  0.0625-0.5 0.0625 0.125 0.25
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