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SUMMARY

(FE QT
1. Mitigation of Harmful Algal Blooms by Sophorolipid.

A new method was proposed to control Harmful Algal Blooms (HABs) by
using biosurfactant sophorolipid. The effect of sophorolipid on growth,
motility, precipitation and recovery of algal cells were investigated for four
common HAB species. Results indicated that the motility and growth of
algal cells were inhibited significantly at the concentration of 20 and 5
mg/L sophorolipid respectively, and no recovery was observed under the
above concentrations. The concentration of 20 mg/L sophorolipid was
considered as an effective concentration to mitigate HABs. A sedimentation
test suggested that the maximum precipitation occurred at the end of 1 hr,
and the algicidal effect of sophorolipid was observed through a microscope.
Using a comparative study, sophorolipid showed prominent algicidal
capability. Analysis on bio-degradability, toxicity and cost estimation further
demonstrated the potential of sophorolipid in future HABs mitigation.

2. Synergistic Effect of Sophorolipid and Loess in In-situ Test

The inhibition effect of sophorolipid and removal efficiency of loess on C.
polykrikoides and A. tamarense were investigated respectively and the
combination of sophorolipid and loess in harmful algal blooms mitigation
was proposed for the first time. Results showed that the effective
sophorolipid concentration to inhibit the motility of C polykrikoides and A.
tamarense was 10 and 15 mg/L respectively. More than 5 g/L loess was
required in order to achieve the removal ratio of more than 80% for both
species. The combination of sophorolipid and loess showed synergistic effect.
At the optimum ratio of 5 mg/L sophorolipid plus 1 g/L loess for C.
polykrikoides and 10 mg/L sophorolipid plus 1 g/L loess for A. tamarense,



the removal efficiencies on both species were higher than 90%.
Sedimentation test was further carried out in order to verify the synergistic
effect of sophorolipid and loess combination. Compared with the sophorolipid
only group and loess only group, the sedimentation of algal cells was
complete and no recovery occurred during the whole experimental period in
the sophorolipid and loess combination group. The variation on suspended
material indicated that the sedimentation of loess was rapid and the main
sedimentation could be finished during the first 30 minutes. The addition of
sophorolipid wouldnt affect the sedimentation of loess. These above results
proved the effectiveness of the combination of sophorolipid and loess, which
was considered as a promising way for harmful algal blooms mitigation.
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1 ne] AAR] WAYLBAE 20 pug JHStel Hel A Aol Fo 254l 4
49 AzAE AAS DS ET BE 500 pug WA Blstel A

2|8 &3t vty

2 2%

Ae|BEEA 20 ppooll Mo FAR ARZA} QB ELe] AUEHA U2 iz
Folde 7z &ol(5, 30, 60, 90 cm)ollA HZ QEL Fajo] T F ubdol, A=
B4 EHo] EtE AAFAE ARAEEY A4AT vetgon, REe vlady
Az BE A AZYELY Z4E /Ao, FES} o] FASA 2 =24
B2 3A& 3t EF 5 cnd] ME FHolA MY ARAEAST I8 RS
Holo, ¥ AZF 90 cool] BES Aol 23] 250l JHE HZ BB 57t
3t & Rolv whd Ae|EPEAol M7 AABL AF 90 cndlM = Az A

—

A& "} (ofel Fig, 2-1-7, 2-1-8 %=XR)
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Cell numbers (cells/ml, X10000)

Cell numbers (celis/ml, X10000)
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cell numbers (cells/ml)

Cell numbers (cefis/ml)
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Fig. 2-1-14. P. minimumol th3t QBe|BEEH 2] 3] 43
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@ 2%

BERYEA} H2APEY FFANL 3R 3o 7} RN 54 3B
R 8 A& 2 A3t H akashiwo: 10 ppmolatoll A 23 A3l © &F 248
ol UelWten, P. minimum 20 ppmo]’dof 4% A3] @ &F Lo| Lielyic}.
stxlgt Wo] Bojex] & =AML H akashiwo, P.minimumo] 2z} 5 ppm, 10
ppooll Al A3 & & Fido] Uehts Aog ol gHRZF £EA4 3Eo 3
ol BAshz Zoz AEEHW, AU sfdoly AMgA] AeBREAL £7F HZof
o8 Fgo] uEel APl WSy, oldulE 254 B T YA
A 4stA R0 8 Helr) (o}ef Fig. 2-1-15, 2-1-16 Z2Z)

2. YA EH 9 Cochlodiniumol] that 4| &3}
7h £EA A
(1) 4
AA eHuel sield Azl HslE WANNT QY& Cochlodiniun W
P.minimng ABAUNA Y3t ch4g B0l o1& Cochlodinium % P. minimum
of 4E HBLELS SEUT YFY Arislod AeldH Fo H2YBo| U}
Elie 2549 H3E Fsidc.
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AFSE7] #18) ®ol 1 n2] HAW FBPELS TEHUE 7isto] A2 He
Fo 580l JAE A=Y AAEE BHEsId

(2) 27
AR el 7t w2 AAU APA RRBEEA HUEHA 4L uzxT
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RoZ EMEI gitl. £ 5 pnd HEJME T
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2 2"
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Fig. 2-2-6 C. polykrikoideaol th3t Re|B4EHY] 4382 F3dn7Z AHz

g A EAd T JFA 2A

@ ¥4

Cochlodiniumol] e E4EHo] HIEUS wf Aol e ¥ Yot §l
s AEHELL 7 SEEE EUste 8Y B¢ wigstEA APANE FHS
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BABHELe) 9T &FFEo] Ueh} HZAE] 43S ¥ F ¢l ARE e
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h ¥H

w28 efAloll 2831 Cochlodinium BZE 2jAste] 2z} 5, 10, 20ppm?] GLoJA &5
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Flg. 2-3-1 n]R&3}to| A 2j-AH Cochlodinium sp. 2] %54 A3}

Y. GL] #3)3 HZME Cochlodinium polykrikoides®] A&} v] A& v 2|<
o ko] 3 MESOCOSM A g
1) Me

TEo 2= & FEE A3 HAA fargaolde] ot vsE xefsta
olth. - B3] 1995 WABZE Cochlodinium® Zof 2J3t o] gyjsfd F 7642 4o|%l e
o oid X&Fo% Yoju} 2001 -9 T AL 70 Pt HEE
FAE7) 3 W A5l £RHUAR &2 u|EF olxt LATAH, B2 o
A2 59 olfE FEATT] £Y¥EI U= AFoltHF 5 1998, 7 2000),
JY W2 ko] BEE AL B glo] sl ARFoeH S0 FEHE
A Z7, AZRAEN FET FEYol BEYAEE flock Bt AHZ
1999), AZXAEI I AT WS 4o HEo] AT AMefAL @3 S
1998) AFE F2o] 2x} e¢go] ¢ glrt. whebd NP efA] S HA s}

il
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A 37h H2ZAEIN FEY FEYUol HEUAETE flocg FAsI AR
1999), AZAE3 A AT W P2 HEo % HAReIAL ¥U5} S(9
1998) HE ¥ 23 ego] 2 Ut} uletd sHAYMeiA] APL Hidls)
o HZYES TAY 4 A= 2L WHe Aol 27E T g},
Sophorolipidi= yeast Candida bombicoladl]l 2]3jA AAtE]=  biosurfactant
glycolipid®] dFoln Hgo] H: A AEIHE ENS 7Kz dr}
(Garcia-Ochoa et al. 1999). Lang 5& ZHRoJAd AJ4lE|: glycolipids?] T}orst
oA g gl che 3% BHlAEE Ested MIC(Mininum Inhibitory Concentration) g}
& dojujgdch(Lang et al. 1989).

AHA A 4F2] HAB speciesof th3} sophorolipide] &3} Al¥oe] Mg gl 1
B3t sophorolipid 10~20ppn FEojA H2AES] o] Asrt A= Aoz U}
wtct.

& Q-7 sophorolipidE o] &%t sjodol N8l Cochlodinium HZTAEIE olr
71 $13te] Az BFolA mesocosm AEE 488t Cochlodiniume] UXpyAE
2 7hAs iEE HFsATh BT H2YE 9o n]HABo] Tyt e Uotn
7] Ast] AERFFEY M4 H3E Zysidct

2 Az # Wy

20014 8¢ 14UollA 99 5% Alo] Cochlodiniun® 27} LiEh Yol s m)z o)
A SHHEElAE ol 83e]  Sophorolipid®) Hz7A EAS  APstgr)
(Fig.2-3-2). Wig sijdeiAEe 5me] WES 7h Nybolt A3 (HAb:
monofilament nylon fabric, ¥A}2] s polyamide 6, polyamide 66, polyamide
12)02 wEgth sdeiA F4L 7ol In 0T Fol7} 1nel YFHEPo]
M 8BS 3. 140’H A AAstgrh. WL 20 Ny NALANAS Mt
AL F, A2AYE] WY £3AE UZE o] HHAHAS A F o|Fo]
2ok eI AF sttoli: SophorolipidE Yol Azl WE HzAMEL] Ax4
o dA3AY g deEel, HEEFEY A HsE zasigded, e w4y
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AEIAL SophorolipidE ¥x| % Aelold Azl TE UxbgarE L AM4
H3E zAbstadch

h A sEst

bl SMAEiAE thRTE ARgstge e shue]s 50ppme] Sophorolipid
£ Yol Azt WE(58, 208, 408, 608, 90%) Cochlodinium polykrikoides®]
A H E el U x}PAEE, ciliates, heterotrophic dinoflagellates(HDF)®] 7JAl4-
Wt AEE Stch  Cochlodiniumd] A4 A ZVEE SIHefAAAM AJEE A
3|3ty FZYo T I F 6A]7to| ol Sedgewick-Rafer chamberE ©]-8 F3}3
n] Zstol| Al Asldrt. Ciliates®} HDF 7|4 T WHOR ARE 223}l
FHTEYU R 3 F A4t} 50ppnisE2] Sophorolipidd@e] Tyt ¥ &
A3t WH 22 Sophorolipid 10ppmofl A FHz2Ao] ZHE A@sHATE

»

=9 Chlorophyll-a &4& 3}7] $15t Ao A4 s+ 100nl1E
Whatman GF/F2 o3t F o2& X HuUste] APAHE st AEA=R
S0 o R|ofl= 90%2] acetoned P 24A)7HE¢E Wt AoA] RBI F EFF
EAZ EHEE 7T F INESCO AitA ez A4tstgct

(th Ay ae

Sophorolipid®] HzFA HIE olky] 93t dxgAE AP S stgct sl
BeA o)A Sophorolipide] & A|ZPE dxrtele] HILE dolR izt Heby
WHE Agsisct. AzbEE A" AJEE 60nl &F2] FHE polycarbonate
bottlez} Wo] Atete Mo Y& F 1uCig "c& it EFspolA 14T L
ajgstolct. wiFA et FEL HFYA (Li-Co quantum meter LI-1000)of+ 5%

tH3 e & ZAE PAR (Photosynthetically Avaiable Radiation) Z}& AHM&s}4itt
sladol By AIRE OF/F o421 AHgSlo] AZ ¥ UE BT UE BB
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Fig. 2-3-2 The map showing the site of mesocosm test of

sophorolipid.

ML APAE &7 F dies FEsgL. 3ol FUE FA
scintillation cocktail 15m¢E H7isted Wgtse] =AU ¥ AFPHA
Scintillation Counter® dpmg Z33lgcl. Total CO.E 2A35}7] $|3te Parsons
et al. (1984)¢] uPH-g whel A|E 100mlo] 0.0IN HCl 25m1E H7istel A ¥ pH
& &3sltach

moby whde] o3 UAFNFAFE wjFAEL H2Ao] Wt FIEel H
517] wj2ol Fol tidt T3-S Uoliy] $i3A= radial photosynthetron Bhy 9
A& P-1 AW st} (Babin et al., 1994). VFsN4E HPME HAF 3+
850meol] C & AUlslol I He F 10702 EelA ol 60nl A Fistarh YA
xbzto] 60ml Falcon culture flask® YBZ wjdstz VFoIM diffused lightE
o] Zejad ujo] ake]l Fuizh A7A stgvh. FYSEE Osram®] HA/T
400 W=E Algsigct. wjae 1A fAstden 7t Eepade] FFE OSL

100 scalar quantum meter(Biospherical Co)& MA &3stdrt. wlYo] B¢ A=®
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o] FAEE Fod W SAsHA ol FeiFet
P-1 AgolA dold ZI}= Platt et al. (1980)8] EFo| 233ste] vfrpds
sttt FA3 ol A& ZF¢ 3 A unE4E 7 & Platt et al.
(1980)8] =Wl& AM&3tATE

P=BP, (1 - exp [ —d®ll P2)) exol— 8"/ P]

&
s
e

o714 B Az, A "= wel BAYE oy &

2L B FPPPol:, PlE X3 AT o|yoMY tie] A T FYLP, F
%318 (assimilation number)e]t}. o B3 de] F3pxt &&3 H|HH i/ Hep
E AUE-BE FA F EH = oslolAY AP wHEY 7&V1E stk B
E ZAS F=E 2AE v} Hgolth P b0 U PY Ao FW

t}.

FHgol H7t He =S L 2 shE,

g FoiZrh

Q) 2% ¢ u@

(7}) Cochlodinium polykrikoides?] 744 W32 ¥

w2f BelAY 2o AJZtF2pE Cochlodinium®] 7§45 HEHE Fig. 2-3-30]
LIeRITE 7] 6890 cells/méollA 608 F 6850 cells/me2] ZAN+=2 HE7F AL
gle o= yelylth Sophorolipid HE& 50ppn g H7IS|E wia] ALefAlolA ¢

AlZY B3P Cochlodinium®] 7|A|4 ¥3l= Fig. 2-3-4o] U}epyic}. Sophorolipid

()
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50ppme F7}Etil 5E Fof 5,710 cells/med] 7AASE Ueh)c} Alzto] A}sy
NAg 247 e 908 Fofli= 1,400 cells/mee] 7§AI47} UElytct, olajg 2
= 50ppme] SophorolipidZ} 7} sldofA 908 ol <F 3/42] Cochlodinium®)
M xeto] lysis7} Ueht AE7} w5 2S-& ¢jn|dtr}. Sophorolipidete] F& Al
Ztoll whe} FAQA MTE BA Zashm Hxo] AW AEEo] 208 F ¥
2,520 cells/me2] 7|A|=& Kolr} 90& o= 810 cells/me2] ZAA47} LElyte). o]
i Sophorolipid®] FFFLZ x7to] Zasr HAA AXE F AMEwfo] PHsh= HXE
7} F715tH olF df= MEs} AL vehdc

Sophorolipid 55 10ppml. & H7I3|E Ao el A2t A 2E Cochlodinium
o] 7§Al4 WH3he Fig. 2-3-50] UERATE Sophorolipid 10ppng H7IRE 58 F-oj
7,040 cells/mé®] 7iAl4-E Ve om 608 Fol= 5,920 cells/mee] 7A$7} L}
EbsiTh o] 10ppm®] Sophorolipid &% 3tolld iAol & H3st QA& Vel
doh Zejiu MlEate] SAH MEEe 58733 F 860 cells/mio A 602F 3 Fof
i+ 3,240 cells/m o2 F7} MlEo] $HAT ny] VAL F3lo] UehtA] 9ot A
Eupo] 3ot vIB YA A MEE0] FUIE Byl

8000

7000 |- W
6000

E
E
2
g 5000
]
& 4000 r
0
€
3 3000 |
8 2000 f

1000 F

0 . ,
0 10 20 30 40 50 60 70

Time(min)

Fig. 2-3-3 Variation of cell numbers on Cochlodinium polykrikoides

in control.
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8000

\ —e— Normal cell
5000 - \ ’ -O - Swelling cell
-~aq— Total cell

4000 -

3000 4

2000 4

Cell numbers (cells/ml)

1000 -

v T T
0 20 40 60 80 100
Time (min)

Fig. 2-3-4 Removal Efficiency of Cochlodinium polykrikoides by

sophrolipid 50ppm with time series.

() g Ay

Sophrolipid H5& 50ppmo.2 HE7Is|E siajdefAolrel At Hzpd2 23t
sl42] WY H3E H3 AYE ORF Pol Fig. 2-3-60] UERATH
Sophrolipid® H7}s}x] ¢t si4s 1417 wjokd=t 5.89 mgC mgChl-a”h™e] F3}
A4=Z e}, Sophrolipid 50ppne] SE8 5%, 208, 60% FEI F 1A u)
okst ZAz}= ztz} 3.62 megC mgChl-a’h™, 1.69mgC mgChl-a”'h™, 0.84 mgC
mgChl-a'h?! ¢} 388 UEldch thZFola 27] 5.76 ngC mgChl-a h ™ol A 60
2 % 568 mgC mgChl-a’h'E & H3pyl ¢t ol2l3t Azl Cochlodiniumo]
50ppm?] Sophrolipidel H&Y A] uf-$ T UxpP4Hy Z4rt UeldE Eolx 3l
tt.

Sophorolipid ¥ EZ 10ppnoE F7I31E SHZelAIM L] At Zpd= 23t
3o BYA B3hg Wz FHE ozrFet o] Fig. 2-3-7o] Uepdch
SophorolipidE A7FslA] ¢4& sl 147 i3} 6.08 mgC mgChl-a'h" o] F3}
A& LIelylc}. Sophorolipid IOpf)m.‘l] =T 58, 208, 602 FHFI F IXT
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g A= 74 552 mgC meChl-a’h™, 4.35mgC mgChl-a™h™, 3.47 meC
ngChl-ah" &) 538 Ueh) 50pne 2 H7tsiE sl deiA R S38747)
ZA vebda itk iz Ms %7] 5.87 megC mgChl-a'h oA 6052 5 72 mgC
mgChl-a'h" & 23 Z4ske o] Aoy} ol HHMEAR AT xjo| 2 iy
t}.

19 F AF2 AdYstlA wiYgS slgong war Wl wlE
Uetd 4 itk webd Cochlodinium®] ¥ W3t u}E Z31ge)
A ARATE AR @A BB UYL $Usigrh APAIJE Fig 2-3-8
of Uehll=dl Fol F7idel ulel F3hgo] F7ieitt ARH oL E3LY
47 VERGa ootk sia) defAl AlgAle) njRAEe ¥ YAE 372~507 1
Ein n'sec” o] ¥9IE Uehdch o2yt ¥ Wslolqe] S5H& Wl 6.08~6.17
mgC mghl-a"h"e] F& WS Uehich wiebd sizjgeiAe By ugAe
¥ U] B2 vl njosi F38 7t Sophorolipide] kel ¥ Az}
2 zhehdch

g g4t

rE of
Sot
i
e,
L
b

(th) Ciliates, Heterotrophic dinoflagellates(HDF) 7)) 3 4= 314 &

HZFAE $I3tod sophorolipidE AtE3}HE -9 microorganimsmol m] x| 3}
S YotRI]  9I%te]  Cochlodinium A4} UxbgAty  A@ Zajof
microorganisms 7|4 W3 AHG $3stor}. sophorolipid7} A E2] ulo] o3k
< Fo lysisEl:= AE Uehdtls 3keksted microorganismsZol A ]z X
Tol offt ciliates®} HOFE thito® $¥stegden I ZAH}S Fig 2-3-9o Uehd
Th thZFolM= ciliates®t HDF7F 2t2} @ 7,100cells/ ¢, 3,719cells/ ¢ & U}
Bhtm Aol mE sjMie] F=aa Wl Rolx ekgktt. sophorolipid 50ppm
€ Yol& HHBeNANA ciliates®} HDF7} 7} 58 ¥ z1zh 85%, 35%8] 7fAj4
4§ Uetdtl. ciliates® oligotrichs®] ZA<$¢ #7} 58 ¥ 179cells/ 2 2] 744
T7b UElt o] Foll= o] o]4t o] wx] okgton tintinnids?] 7ol 608
F 337cells/ ¢ 7} B E AT 08 A3t Fo= TR ofoiry,
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sophorolipid 10ppm ¥7} ¥ 5&wulo] ciliates: tintinnids®] #A$L 27
4,423cells/ 2| A 1,563cells/ ¢ &, oligotrichs®] ZH-$ X7| 3,077cells/ ¢ o)A
174cells/ ¢ & FA Ztastgon 208 A3} Foll= HDF7} Z7] 2,284cells/ £ ol A
653cells/ ¢ 2 Zr43}gct. B3] oligotrichs?] A9 58 o|Fojl= THE x| ¢fo}
sophorolipide]l H¥E FA W= RAog yelytcl. =3F HDF, tintinnids,
oligotrichs®] <=9 & sophorolipido] A HILsI= HoT yelyr} o]
sophorolipid7} H2APEL] AMXte] FBE njH lysis ATl & wf AEwto]
H] L% kgt oligotrichs7} tintinnidst} HDFo B]3le] ©]& 2 &3k nioly] uji

ojetil AtZHTl

5000 control
"S 4000 ©
o
g 3000
o~
= 2000
=
o 1000
<
0 .
0 30 60 90
5000 16ppm
S 4000
o
S 3000
«
22000
=2
o 1000
<
0 n e
0 30 60 90
5000 50ppm
"8 4000
o
o 3000
(=}
o
= 2000
=
£ 1000
<
0
0 30 60 90

Time(minutes)

f_._Oligom'chs —o-Tintinnids _gg HDF f

Fig. 2-3-9 The effect of ciliates and heterotrophic dinoflagellates by

sophorolipid,
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@ =9
sophorolipid®] &g ¥-2& ti/l Ay X3} gist4A g o Folxm AsPFE
W EE olm|:Ato® ZAHC) Fig, 2-3-10& sophorolipid®] dubEel 2=
Ho{Z3 gt} sophorolipid®t ZH& glycolipid surfactant:= F&FAF ¥, A
T w2 taAge EAR 3Fol ml¢ oY AFoTA Y Ao FA] U2
ol olrh. olg¥ A At o8 EoJA& sophorolipid FEANE &
33t 4E 2 71X F=AE Fig. 2-3-11¢] Uehfsdch.

Sophorolipid: Cochlodinium®2] AH|Xule] 288 Fo] AEFHANS doH MEE
g og BEo] QA sl MEI} lysisEHE ZAE /AL Z2E AR
I AL Fig. 2-3-120) UEhIYT) Fig. 2-3-120] a)& 3BH 22 FAHE o
3 Q¥ Cochlodinium polykrikoides©|T}. sophorolipidell BEH ANET= AMxu
o] niEQFoer HFFoje=riyHb) HA AR MErE ¢ds] &It
(c)sophorolipidE 50ppml. & H7}sjE AP Lo A= 208 F swelling cellso] &
A3 FrpstAcizt oAl 343 Z4AgE EArHFig. 2-3-4). ol w2
sophorolipid =& QI3}o] w2 A|7h Qto] M E2] swelling, lysis ZPgo] Z3qx]
A& uepdch EY sophorolipidE 10ppn22 H7telE AHFolA = swelling
cellse] Zut FZAZ F7iet Ajzte] wE A&HQ F7IFAE Byoen HaFA=

Bolx] ¢igkrH(Fig. 2-3-5). o] sophorolipid &xof mie} M FEE] lysiso] Hele

o rlo

Al

Al
=

-

L.

Al Zto] tiErhe A& uEhdth

Axpgaty AyelA FHATLE sophorolipid A7t SEFHE FAY ALE Ko
o Xzt wel x&Fos ztAstYrHFig. 2-3-6, 2-3-7). ol Cochlodinium
polykrikoides®] 7WA4 A BollA normal cells® UEIYY AMIEEE HiHgo] A3)
& U3 USE vehle delFeg B¢ RS Kol Zeg uiwtdr]
A2}H O Z sophorolipid =5& 10ppmo] EHA A7 F’Q@'?OHH%‘: H71st 5
FHE MA3] AAg a7 veRY 60F Folle 64%] AARES UElHL
sophorolipid 50ppn®] AE-FelMdE HE71% 558 FHH FAT HMAS HLE Kol
o 60 F 90%%] AAZEE Uebhdlch MG ZAERE ofuel dxPIAIY A

_54_



HE sophorolipidE HM7It AN FAY FIALY AT dERY
sophorolipidell #HZFA &I e Ao F L

Z+e M o7 ciliates®} heterotrophic dinoflagellates®] 7|4 W3 HES

2303} 23} sophorolipid 10ppm3} 50ppmof A 7RA|4= 7+A 7} LIERL} sophorolipido]]
od3rg k= Ao g UEelgth(Fig. 2-3-9).

9 2ol de] DlAAE Wowg THE 4% B MEuel wad o
naked type®] Cochlodinium polykrikoides®}t ¥ tTIE AAEIQ ciliates,
heterotrophic dinoflagellatesi= sophorolipido] 2&Jsle] A3jE3S U= AAE
Vet Zeu o438 Holdo] 38 FHEAEIFY Helzlotdt FEERAE
a3 HAZRAE 9o MEZHIAESE 2 E sophorolipid®] FHE g
4833}o] sophorolipid7t Sl FABelA L] nlHAE Holgh Hntel ojw|]t 3 n]A]

Aol ofzt FHI E4o] "asiilch

H,O0R, R
(1) o (I
O — CH
H
H O
H,O0R,
o
(o] X
F'4
H
O H
(o] cC=0
CH,OR R,
(2) o '
0 —CH—R,— COOH
QH
H O
CH,OR (1) -a :R,;=R,=COCH,
(1) -b :R,=COCH,, R,=H
0 o (1) -6 R.-H,R,-C0CH,
9y (1) -d : R;=R,=H
H O (2)y -a:R,=R,=COCH,
(2) -b :R,=COCH,, R,=H
O H (2) -c :R,=H,R,=COCH,
(2) -d : Ry=R,=H

Fig. 2-3-10 Structures of major components of sophorolipid
(1)R3:CH3, R4:(CH2)15
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(1) 9 ! Ry=hydrocarbon graup(C;-Cre

oH when R,=H
HO R,=hydrocarbon group(C,-C)
CHOH when R;=CH,
Ar—o° Ri=Hor G,
‘ Re=alkyt group(C,-Cy)
W\t Ry= hydroxyalkyl group(C,-Cy)
OH
CH,0H CHOR,
@ 0 i @3) o r
O— CH— R,— COCR, 0— CH— R,— COOR,
oH oR,
HO Gt
CH,0H CHOR,
o] fo) Q 0
OR,
OH
o Ry
OR,

Fig. 2-3-11 Structures of sophorolipid derivtives

a) Normal cell b) Swelling eell 1 wun um ¢) Lysis
Fig. 2-3-12 Effect of sophorolipid on Cochlodinium polykrikoides.
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(5) AFAAA2

A4 AFA (2001.8.23 I vl s A3 E AF)

ARZI1: 2001. 8.23 Az 20 AHela] & e AzIt 3hIH
el mjzel st (MARE HA)

2002. 8. 23 (HFAAME AY)




BE/BECL TYEY njaAdy GL Atx A1g

AHEA] HAIE ALY HAIE He|dz vz AR
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33. BB =4d A% AFNP 9F 97t
L wteglol 3 HEZFAEY e IF

7h &4

AP ZLE AZubo] 2y o FzABo] YS 1A AEE lysis A7)
€ ZAoE fetdr]. ot FxFAE siste] LA AXGS ©f A=
AEo] ohd ThE MEEFAEIU WEZtERAE T FRAEC AuY ¥
& gX Aol tet A7t sitsolof st & e AEAE HEE T 4
ABY S0l HEEFAEI e olEHAEY 4Bl A FFol st #

4. 44 A=
1) A9 4%
2 Aol A8E uejzjolEyARL A QN A4t S14E Whatman GF/F

2 o3ste EREAN AEEYIE, FEEYIE 52 AAY F 21T, 50001ux

ABZetgE S grAs|Un|HRF28o)A Zont  Skeletonema costatum(KMCC
B-24)2} Pseudonitzschia pungens(KMCC B-222)& f/2 ujx]o] 20T, 3000lux®
ZJefoll A Achuf st

HAZAEL  ZefabziEzdoa B2 (ochlodinium  polykrikoides$t
Prorocentrum minimum& f/2 ¥j=|of 22T, 5000~70001ux® FFAJefoll Arciujelst

ol

. 2% 2 1%
(1) BRBHEAS 9T el EFAES YW
b

e 2|olEHIAR S AX T2 =9] t}Fdt 5% (25ppm, 50ppm, 100ppm, 250ppm,
500ppm)ofl A wjoFslo] AlZbol whE(1A]ZE, 4A1Zh, 8AIZE, 24417, 48A|7) JhA|<4
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HstE BB ez EHIAE A4S AT WulF slide: A ZPEE 233}
o ZFH AJE(2% formalin, v/v)E AMESlo wEojFc) vl elolEaaEL
DAPI (4', 6-diamidino-2-phenylindole; final conc. 104g ml™)E QM F
black-stained Nuclepore filter(0.2m pore size) $]of <oJz}%]2lcH Porter and
Feig, 1980). slidet= JREH =4O Nikon FHFHu]Z(x1000)& AH&3te] H}e

oIS FAE ANATE AFsigdrt.

h A

AEZINEE 4B SEEUE WU AEF iR TolA A2y e Elohs
BAEY A HEE TI7.3-1-10] Ul 2716 671 A@FolA Ho)
1,849,638cells/ml, # 4 1,517,809cells/mlE HF 1,718,545cells/mle] 445
UERf T c2 oA 1A F  1646854cells/ml, 4A]ZF ¥ 1714448cells/ml 2
A2 & HETL Q9 AXEYE B} AR A= 447 T i Zgast
= B%8E EAr 8AIZ olF tizRTFolA AAST} tha FUistaon 48X Fof
3,637,826cells/ml 2 LIEIYITE AX 2T E %7} 25ppm HA I AP Fo
£ 48417 ¥ 10,126,921cells/mlE MA|47} AA Z/15l00on AXZIE =5
7t ¥&€TE MAF F7152 AR 250ppn Bt AB T 17,648, 372cel ls/ml
Uehdth 4® A3 weleolERaze v s aEzevsE 43 A3
WA gfon £ESINEY BAYS olSote Uelzlolel HRo] FEaAAA

7bhe Zieg uelydct

ofN
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Bacterial cell number

25 . O— controf

—a— 25ppm
—a—50ppm
w— 100ppm
—&— 250ppm
—e— 500ppm

20 [

15 |

10 |

(106cells/ml)

——

0 10 20 30 40 50 60

Time(hours)

Fig.3-1-1 sophorolipid ¥7} ¥ A|77zpy wlelelolBataEe] sjal4 w3}

(2) HYEAHEA H7 5 JARYE BalF wego Sz EY 4% A3}
7h 3
v orFel A ZXABE Cochlodinium} Prorocentrum 24X|7v A-L717+& A wle)e)

T F ABEEEE AU Aol wpE(1A12E, 4412, 8AIZH
24712t 48A]2F) ARAI HEE g9t 22 Yo g AASYL)

h 2
A£XFIINE 10ppre HIIR AT iR TN A|BF o] WE e E]otE
A2 AAeEE 23, 3-1-20] Uellch Cochlodiniun?t wejelolE I ES

.,.4

YUY ozFolMe] 27 AAMeE 3,379,737cells/mlPom 48X ¥
8,320, 298cells/ml & LIE}YIC}. ©]= Prorocentrumz} ¥lejgjo}lEZetaE S E3I3t t)
ZFME vl S B MY AZAYE AAE Eilsts HeelolE YA E
o A JAS FIRBLE Bk EI AT IV EF HIIE AP FoA
+ Cochlodinium &% A@Fo| A ¢F 3ull, Prorocentrum E3F AFFol|lA ¢F 5uj2]
NA4 F71E Rol 9] OHARY 59T @4 Uehioh
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() BB EHN 3 NEEFAEY 47 W

AMEEYIEL AXZTE Sppnt 10ppn oA widste] Alzte] whE WS
BEstoch AESYIAEY FFIY HUHE gotRs] #3t chlorophyll-ag &
Msloict. chlorophyll-a 24& $¢Iste] Alzbd2 2|33 3|4 300m¢E Whatman
CF/FE 3% F o2& WF 2Hsigch £4 Holl 90% opiiEe] A& ¥
o] 2421t F¢ YULoN BAsIGT, EHHEAE o€t FHE=E FASHA
2, UNESCO(1976) AAtrl2 Fslo] AAatstart.

-
&

Bacterial Cell Numbe
(10"4 cells/ml)

®

© 3000

A

Z £ 2000

= X 1000 —@— control
Z o

§ = . —@— GL10ppm
M

0 10 20 30 40 50
Time(hours)

Fig. 3-1-2 sophorolipid 7} sjgollA HZAE E3lF ue|olE AR AA4
¥ 3 (a)Cochlodinium (b)Prorocentrum

_62_



(h 23

AXZIANE $T& 5ppnC 8 HII)E HBTFo|A Skeletonema costatum®] ATt
of WE(1A17H, 6x]17h, 12A17F, 24A]7t 36A12t) chlorophyll-a % WH3E 1%
3-1-30] utebWich  oizFeld  Z7] 27.19ug/l, 36417 ¥ 52.59%ug/19]
chlorophyll-a ¥ 58 2o &2 AL Uehdct. #bdo] AZ2eME 27}
Sppme] HEE HIPIE A@told 27] 24.42ug/1, 14T F 21

2%3g Roonm AZo] wel A&Foew Zadte] 36AT Fols 8.5%ug/14

chlorophyll-a =& UFeNATE Pseudonitzschia pungens®] 7-§- tiZFolA 27

.26ug/1E2 & T

17.79ug/1, 48A17¢ ¥ 28.26ug/1E L}ERL} Skeletonema costatum®} DFH7IR]Z M3
7} 3RS Bt E3 £AXFIANE FEIt 10po] HEF APEE ARl
ME 27] 13.99ug/1, 4827t ¥ 23.24ug/18] B =& Ueh} ME7} ZAHE B
t} A¥ Az} Skeletonema costatumS 5ppme] AXZI|IE ETofx A Zto] mhe}
th4 Ztaste AZS RGOy Pseudonitzschia pungens2 10ppme] AXF M=
EmolA tlRTel nparA R AES 43S Bk ¢ £33 A2 sl of
3t 2z =] 4% AsjdPlA uEhd T ol H2YEY MAESTF F
A3 2Ast= Ao} u|AY o Skeletonema costatum®] M|ES A n|ofsim
Pseudoni tzschia pungens& 23|18 t]279 ntA A2 HESIF SIS B £
Tz o] wgsls AErt AE Fuitt tiEA Uehd A3E .

3] AyolM ekt ZAzte] whel sophorolipidi 3§ felz|otEFAE] rist]
K ako] Asjgsko] nlushe 23] sophorolipidd] Hag o|&ste £5Fe ¥
HelolEataEe 44L st 2o uUshygrh 3 deeld tEFA A
208 el B84 FRF Skeletonema costatum?t A A’ +ZF Nitzschia
pungenoll ThEl 4% AR Aol d Ukt AU & 4+ Fe] AT % o]
of wet 2F Fult} sophorolipidel] Thyt ¥t-gol ThEA viehby uieix Hrize
= g,n;s_i MELE I3l Q= naked typed] H31d HZAE  Cochlodinium

polykrikoidesol Thsh Brh & ASZIE Uehd 4 9l RO Tt
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Fig. 3-1-3 sophorolipid #7} ¥ x|+ =)ol u}E A EZ a3 E chlorophyll-a
(a)Skeletonema costatum, (b)Pseudonitzschia pungens

2.0 - ATl te JYHs

7. 22
AzULLE HZol A- sjode] Al VHA BAstD Yom, WA
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Y el feviet A7 Aoz HuTa g AFolth H5 453
of elstel e WASE 2P AT GAPIN IFEE AFIUAE WO
A% shed, 4 FHPeIMNE Bofe W QAs) olshF YAl A

EIAS F31 3l ol Hze nFE ] fIste] WA hA o] o X2
ZFEA glen, ¥ YA oR jEHI gt AL HA, BE, AE
Y Fo Es 223 Ay, HF ol 5ol A, vdE T FEINF YA
= ZEFHI QriCAME, 1994; 2} %, 1998 ole} u}, 1998). i} FHZRA|AA I}
FAEE] N Gy AT e U 5(1996)2] FRAFEN g AzUA o

A AFEHeH, ol F3] mlefgt Agolrh. HIT nHAERA y=¥A
=3¢ Sophorolipid(Glyocolipid: GL)7} HZAAAZA dso] H2ud xHo
1§tz stee FEAF S 3l £ B0 njA= ¥¥S dotRuxt Prh

BERE HE2 F4old BBl oyt QEEHoY et RUSEE 89 389
& Fre AEE miofsta ¥ 35 tiyt FAIAEEY] S dolule
o el satolel & 4 ok ofd B A3 B X d¥(5E)L
FEgt =Fo] dojt 7|7t Fasitt ol S WU WYL= AEA
[o]

7t F= Aol A& 4% 3l(Lethal toxicity: XAFSA), 22| %= Aol o

4
2

o

o

old 4= 9l (Sublethal toxicity: ©o}x|AlEA), ©7i7tel B o Alojo] HAato|
dold =% Al (acute toxicity: FHEA), F7A 2 F U @ o xojo &
Aol dojd 431 QltHchronic toxicity: R854 )(Michael. 1997). 7}A &3] AF
5= AE F2 AES Agola, AFHA B4 A BFLS ¥4 A= FEE
BEE) X0 AE AES =EATIL AEAV AP AP BHKE R
th =& BRI =E27172 duiistge] gdlon, B Aeze EAY Alis
E3%HA(wedian lethal concentration limit: LC)E &3/ = Il

2R o] R AV o AERAEA AT 50%E Abgo] o]2A st BT
2 FoE vt} 7|7 A oT 24 h, 48 h, 72 h, 96 heZ 3}3l 24 h-LCs, 48
h-LCso, 72 h-LCso, 96 h-LCso, 2.8 HHE Fit}. oj® E&o] APYES mx&= o
¥ PHstaA ¥ o), FEAHo] Algo] ohd AFE ol grh Iz FEA

!

o]
=2
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Argolut F A9, »2717, kd%E, AZEPPIEE F831A 237t € A
go|tH(Carl, 1995).

dal AR 7 PEASA AMEEHI e FUHeEE EE AW 4EEX
AEE & + Uk uF BEFAE 2EEAY] AWYE FEYAFEE 2H 3
t o AEAEY olgy U WeAAHsRE AR AEZFAEY BHE ol%
sl gith. 2 G doteld &3] Urluz Aol W FE o3 FU
sF el Aol ws) gk uwhzbA Glol ¥ Az U] A=
of - I FY WMHAFE © =& F IHTE 53 g3dS HUE AEA BHA

AEAZALES T dotazt rh

v 2438 A4S,

1) 249 A=

£ Aol &3 siFE= AFHA(Mytilus  edulis)®}  AZLRH(Scapharca
subcrenata)o|n], ojF= 4o](Mugil cephalus), R¥|Ee}(Sebastes schlegeli)}
Y2 (Paralichthys olivaceus)& AMgste] A@stdct. AFwR| e} Ajmup2 Az}
HE oxpgtolA AR, sole ZIHE FpiA B2 ASEHUM AE
Mgt zulgete stoiyta efiohujory dultiold xsiglen, Y=
Gl AT A A% AAFLZEAEFNA F3l Aozt e HE
AE I3t 1 ton FRP RN zz} #e|stadch

T2 HFol 1T s AlA A4 20T %E the 47U FH§II

S AF Al 53], o9 Bfole "ol ARSEIRI] wiEe] sl
FES 3 psu A F7MA F, 2Asi(32 psu)oll H-E AAch HZL LY
B4 19 133, Zy]= 200 nl/ming sttt A¥Bo] Tyt F, AFekx|e} A)

ek Z}A(shell length: SL), Ztil(shell height: SH), Z}E(shell width: SW)&
Hijo] He|HAE o]L3lo 0.01 m7tr] Ao, HAZFe(dry weight: DW)Z

SARTE e, FRFZ 7R AT F 70ToHM 244 e ARAD F
HAAEE 0.001 g7hx] &F3HTHTable 3-2-1). Fo], 23| E2} YX|(Table
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1.1) E& 7ixe] A &H(total length: TL)E 0.0lmm, Z-F8(dry weight: DW)Z
0.001 g7tx] ZAslals, Aol wpetd Foje] A7H(45.32 + 4.26~78.87 + 3.85),
ZAZ£28K0.251 + 0.061~3.45 + 0.18)3} RyjEete] 23H(49.282.65~58.53 + 3.85)
2} AZ2H(0.273 + 0.23~0.812 + 0.183)-2 27| o]z} ALt

Table 3-2-1. Characteristics of experimental species

% ;

Scapharca 18.6 + 0.401 +
28,7 + 1.58 23.2 + 1.18 7.3 + 0.59
subcrenata 0.84 0.03
Mytilus 22.3 + 0.673 =
. 585 + 847 29.5 + 3.57 13.7 + 5.23
edu11s 2 59 0.30

mmem—

i ‘Total length(mm)
Parallchthys

46.81 £ 4.08 1.77 + 0.06

olivaceus

2 28

Aol A1g3t L sluista AEFeIolA A2 Zoz YARIM 4 TR
HAZY AL ARl on, FE(Loess)E FHZ WA AR AAAR o|&dh=
GS IH o] A Ate] Natura-FE AH&3teich.

1=

(1) GLo 98 &34

15 ¢ 520l solg} ZulEete 57, Y& 104AE F&351%ls, +2&
500 Water‘—bath‘ (300x80%40)0]] 12748} 156 ¢ £RE ¥ ¥
ARFL(2T)E FABIES stdon Ao ML Folot
< MAETSst 8 Ay AMg3tAATrHFigure 3-2-1)
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Fig. 3-2-1 Schematic drawing of Water-bath.
A : Water Temperature controller
B : Control Chamber
C : Water bath (0.96 ton)
D : Experiment Chamber
E

. Aeration

Atz AL sh2ol Bools o]BAS AAY F oFY FUW PHo=
_?_

Aystgdon, ztzie]l A¥po] 10742 &3t B3], AFgA 9 Hlo=
ozt A7 SRR UEF 19 BE ABL double setting dteith Zb Al

g UUEOE Pold BES o gsle] FEE AFSIATHTable 3-2-2). AU
H 9

of AHg3F oL 3% T ZH4o] & gaistol Argstgict. 4¥L 10
m FHEER] WER o33t 348 AMgsldon], BRIV UL:0DE A, Ay
= St Yol ZF3s1x] ¢gtth EdE 2E3F Z7](500 mé/min)E E3) GL7} &

[

Aohs Zle PAsnh AE A8 AP 7122 E9Hd AFE kS el
Hhgo] gl AElE AL SQom, Lo 23t WhAlA} (24 h-lCo) AW &
£ 37+ Table 3-2-20 vlehjgict,
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Table 3-2-2 Concentration of experimental water

Mugil

cephalus Control 50 ppm 70 ppm 90 ppm 110 ppm 130 ppm
Sebastes Control 30 40 5 60 oom 0 oo
schlegeli | " ppm ppm ppm pp pp
' 1,100
Mytzlf‘s Control 700 ppm 800 ppm 900 ppm 1,000 ppm
edulis opm
Scapharca 1,100
subcrenata Control 700 ppm 800 ppm 900 ppm 1,000 ppm ppm

filo
A
oX
52
lo

T AE A2 96x|Zrol gL, 2441 ZHE-QF LCs o, 72475 FES
(Recovery rate)& AE3ICTE 2447 Hete] 1052 Azt 24 7tuict ApU3t 744
E #slte] 1ol A1 ANEL 2SI A} Tt 7 AEuich =&

lo

b

ori
4]
fijo

o 3 Aol 2 © Fol 7247 B HHEE AyPstgon, 24| 2uir} A
sl JiAE Bsch AY ge) XHEBLAS CT-T0X multi-nethod prograng o]

€3} Spearman-Karber method 2 LCse2} 95% 412]17HE L3ttt

e (g) o= HAY F At gol, zy|Ezt YX& TAL 4F el

(3)8 & (Loess)ol] 2]%F AEAA
BEAFEL LY A8} U3 204 Agsigct AT BEE FIIe
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%4750 ppn e & F}c).

&
BEAES GLY] AEF YUY 2o HPsHATE. HPZIM BEE WD
SE=750 pppo 2 Sth BEAHNME HAasH RAE Fo]7

(4) 3 E(Loess)7} AP E9] Ahinlo) ule= g

= tEA AFEAE glo] BE 750 ppn & I AL LN S S FHHEY

©G) HZAAA EF
Ch HAZAAA E T HEZA

CLol 2l AEAM3 SUT 2ol YPstETh AWl M P+l BE
F-7Hable 3-2-33} SA3s}c},

(o] —

/

¥ «----

Experiment Animals

Fig. 3-2-2 Schematic drawing of respirometer system.
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Table 3-2-3 Concentration of experimental water

G'L 5 ppm
+ Loess 1,000 ppm

Paralichthy Loess
) Control
s olivaceus 10,000 ppm

(W) ARAAA EFo] APAEe) Hazvld vt g
AzAAA EY AP 0Ly Arasu] AW U A4 AYstch AY
of dWE Ay FE FZHE Table 3-2-37 FUSICE

zt. 4 3%

(1) GLo| o3t HEHA

(7)) 96417t WA} HE(96 h-LCso)

E AL WA S NEBE g HAANE o, Bstd EFATERE A
slo] 9AIZt HALERE ATl HARE S Fsigich

[op]
[
2

[+3
%
™
-

)
i
R
>
>
of,
o%
o
N

e A}8}7) ¢18)A] 1 - 2x}(Table 3-2-4)of ZAAA
964 7t WA AFEE(96 h-1Cx)E 7 A3, 13} AYolM AFEA L SEHAT

rlu
Rl
o
i
2
x
fr
=
N
=]
tlo
2
oy
rS‘J
rln
e
s
4
2
R
(o9
c
o
_.[
ind

3t Fof Jelyrh 72417 B3} Foll= 200~500 ppnd] =

Z A g A9t oy of#dt AAE Fat ol HElE £F B350
Hrilus gdato] TaAE Q) 1x} Aol AFEx|e] WA} FE72HI6h-LCx)
2 64.5 ppmol&it}. 13} A¥ Az} gtol 64.5 ppeo| P BE, 23 A= o]
& 71EL R 20 ppnd] BE FT2E AHEE sigirh
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Table 3-2-4 Concentrations of 96 hours-LCsy of Mytilus edulis

TS e Ny SRR Ay
CTESNg e

Control 50 ppm 100 ppm 200 ppm 300 ppm 500 ppm

Control 45 ppm 55 ppm 65 ppm 75 ppm 85 ppm

(L& FUZ Fole 22 g AT A S=70lA 13} 4@z} 2L B4 3)
Z& €9 23 9gdont, 6a1te] Fgt Fof whzto] AU X LR
T B3 Folle BE 277 AN sizto] Al WA
R AE A2 F 48417 A= AL A7)0
55 ppm o] %ol A L}Eu°ml 2 oJ5}e] F= Pl 72217 B3 Fof Apga
ZHAZE Letsdeh 23 H¥olA HFEgx| 2] MA|A} HE77HI6 h-LCsx)E 70.1 ppm
ISITh GL 96212t MEX|A} whof whE MY 428 20~23.4CE §x/5tdz, &=
Ab£(D0)2] AJZH E3he & lo]E Holx] ¢hotom, pHel Al7tH W3} w2
x}o]E Rolx] Qi)

2) Aot
GLof ik Ahmete] sAldatg ZALSEA] $18)A] 1 - 23H(Table 3-2-5)0] AHA 96
A WA APEE(96 h-LCso) & 7T AT, 13} Aol AmLe Clo] T2 ALE
A" 1413k0] AU o] o] thz g A BE UP7 Aret A
Mg B2 0] gt ol BUHULE. 1241700] LA 500 ppn A% To] A
L2 @ AN ALSAT 2 5= AP Tl B2he I3 At AMet g
ol AhAY Alol7} myct.
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Table 3-2-5 Concentrations of 96 hours-LCsy of Scapharca subcrenata

Control 50 ppm 100 ppm 200 ppm 300 ppm 500 ppm

Control 140 ppm 150 ppm 160 ppm 170 ppm 180 ppm

22X o] Fole RE AEFA sz d3 9 AAEe] AR, 300~
500ppmoll M= siZte @3 Sle ANEche Abgshe AAZE wokeh 300 ppn R}
S 552 APFoA W2 Abdste AR 2 43 g AT 9

SITh. 84A|Z o] Foll= &2 BE AT U= AANYFTE EFY Wgo] g

gt 12 A A3 gfol 162.3 pprolflo B R, 23 AN E o & JIEL

20 ppmo] F= F7Ho® MY st LS FY F, 1417 ojufdl tizEE Al
AT A FEFTAAAN 12 AP Fe A wjZhe $As] €2 9oy, 104
Zro] BARE Foll sizto] daole AAZE Vel Altste] 2042 B3t Fof
SET ARAANA sizte] dls Bl Urtkth APyt A7}
R AYE AZ F 40A] A= UE A7)0 160 pom o]/follAl UElsten,

fr

)

2A1ZE B3 Fofl AR AAZE eyt 221 Aol
2] AFER] ] REX AL 52T 7H96 h-LCsx)S 168.3 ppmo] KT}

(Wh) 24A17F ¥Ex]A} F5(24 h-LCs)9} 7247 H| 28 AF
FeRlo] nz= FFE AR FaHe Table 3-2-60 Yehflon,
ABES ARE S9N &7 73 5T AUANE e, £t FF 3
!

24 h Lo} 72 h 3|5g Age] AuRg ARsl 2 YT &
23, A28 AYEL thz7e} vlastd WESE Adstalc AEwA s oL of
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APE AdolMe tl2Eg A BE AP TN LE FUF F e &

2 T B FUS Atshe @48 Booh Azte] Faigte) ule} m)
& 93 gl ARV HAEgon, 3x7t0] At Folle AN HE F2tolA T
& 43 gl Zlo] wEFH Y
Table 3-2-6 Mortality and recovery rate of by GL concentration, Mytilus edulis

time elapse

control 0 0 0 (] 0

700 | 0 0 35 45 45
800 | 2 10 72 72 72
90 | 2 10 17 22 22
1,000 | 6 30 71 79 79
1,100 | 5 25 53 53 60

24 h LCs Aol A= 12417 B2} ¥, 1,000 ppm oJAtoll N Ao 2 Alwdste 7jx)
7} ST 24 h-LCs AP Fojl= A FjAS7t AAe] e Y F7te] ¢
ARG, 72217t FE-E A Fof ApUs= AN} WAAsIE T, o] 7] 7ol Apw
he ZHAlE Lo AE Foll Algshe /AR g Zo® Yl 72432 3

& HEL2 0o A8 3 AP A4S W F 2sich

2) Ajze}
GLoll 2J3t Ajmatel mjx| d8ke AR A} Table 3-2-70] Ve On, Ay
&S AEE 193 APIANE Hal, Halste] SHAARE ALslo] 2447 LCs

rr
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3} 72X HEE Age ATEE et 4 AR =Y, AME ARE

rlo

able 3-2-7 Mortality and recovery rate of by GL concentration, Scapharca

subcrenata time elapse

control 0 0 0 0 0
700 1 5 11 16 32
800 2 10 0 17 33
900 0 0 ¢ 20 25
1,000 2 10 0 22 22
1,100 0 0 0 30 50
124]2b0] ZLEA 800 ppn AEFolH HL02 T AN AWSAT 2 FE U
X

Fold THZhe AT ol AN 21 g AN xolst BT} d2A] Tl
RE Agold sizte g3 Qs AfEel AL

3) $ol9} Zujug

GLol 28t Hoio} ZulEalo] njx& §ag ZARE A7ts Table 3-2-83} Table
3-2-90] UElOm, At AAE el Halsiod 2447 APYES AL BE
H AYES 27} vlastart. 2y & Glof kFo] ® olHo[u, oFe &
g WEL Ryon, folk ZyjEUNc FAUo] sttt Aol YT %
o} zuBeté] WA} $E(24 h-LOx)i= 84.0 ppm, 46.4 ppn ©]glT, %of - 27
gte] 724127 5Qte] HEg APl AL AN gl

2 e

e
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Table 3-2-8 Mortality and recovery rate of by GL concentration, Mugil cephalus

time elapse

control| 0 0 0 0 0
30 0 0 0 0 0
50 0 0 0 0 0
70 0 0 0 0 0
90 4 80 0 0 0
110 | 5 100 - - -

Table 3-2-9 Mortality and recovery rate of by GL concentration, Sebastes

schlegeli time elapse

control | 0 0 0 0 0
30 0 0 0 0 0
40 0 0 0 0 0
50 5 100 - - -
60 4 80 0 0 0
70 5 100 - - -
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(2) GLo] AAAE S Ahxvle vAe FF

EAQ Fe[AEA A4S ZHYLEA L7 BB e IS
ol 312} 3Hoict.

(7h) Folet =HEg

Fo] AALH L B4 o 829 Yo g FH(nl 17)3tgen, 2T APE,
3EFoE Uehfdch 6L 10 ppmo] EZiEolx Zo] AiEZolth. $9 AEs
Fig. 3-2-3of utehfigict.

0.6
05 r
0.4
03 r @ Control

-©~10ppm
0.2 -@ Recovery

Oxygen Consumption rate(mlQ ,/gDW/ind.)

0.1

0.0 I SN T | SR S NN S | F AN S TR TR T 1 i i FASE S S |

ig. 3-2-3 Oxygen consumption rate of Mugil cephalus by GL(TL:89.69, DW:
3.45g).
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ool
=

N
°

N
»

~
3

Oxygen Consumption Rate(ml02/gDW/ind.)
(1
EN

2.5
- Control
24
-e-10ppm
Recovery
23 -
22 - . . .
0 6 12 18 24 30 36 42 48 54 60

Min

Fig. 3-2-4 Oxygen consumption rate of Sebastes schlegeli by Sophorolipid. (TL
49.28 mm, DW: 0.2728 g)

solet 23 E e AL AHE-E TelAl el i Tre|E Lo EH(nl 0,8 D
W-hr'stelom, 99| Ae Fig 3-2-50] Uehjgcl. zyEete 7R} 10
0 ppnRrhe 20ppmofi N #2 $2IE Rt £
3L akaan| g £XE RuERELT) B2 F£XE Oz
TETHE 10 ppoofl A o 2u§9) X7} Uk, thRTECE 20 ppuoll A oF 3u)

=2 TAE Hdch

= mpoile] BEgE B

(H) AFA

AFEA L] AdaLu] &L v Zto] Uit ktejERo g F@(nl 0;-g' DV -hr')
stglom, 918 A3h: Fig 3-2-60) Uehjdrh. AR cfzFe] HF Atas
H]E-2 0.008 ml Oz- g DW-hr'gom, 10-20 ppme] AtA2H]S g}z Z}z} 0.028,
0.037 ml O, -g" DW - hr'2A g2 Ect H2& & vehigich
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B)BE(Loess)l] 3 AEAA (WAAL FE)

BE o3 AF A} Ajmute] s|Alg 8 RARRE A= Table 3-2-10, 3-2-11
of Uehfodz sjalgS NET slgion wAANE B, Eesle Az
Aste] 96212t HlAtR}E AHA sl HARRS F3hgch

g

& Control

g

8

Oxygen Consumption(ml O 2-g-1 DW * hr-1)

0.0

Fig. 3-2-5 Oxygen consumption rate of Sebastes schlegeli and Mugil

cephalus by GL
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0.10 (

0.08

0.06

0.04

Oxygen Consumption(ml O ;- g’ DW - ")

0.02

0.00

Cotrol
£ 10ppm
- §20ppm

Species

Fig. 3-2-6. Oxygen consumption rate of Mytilus edulis by GL

Table 3-2-10. Mortality rate by Loess concentration, of Mytilus edulis time

elapse

Control 0 0 0 0 0 0 0 0

100 0 0 0 0 0 0 0 0

500 0 0 0 0 0 0 0 0

1,000 0 0 0 0 0 0 0 0

2,000 0 0 0 0 0 0 1 10

3,000 0 0 0 0 0 0 i 10
AFEA Y B FE 5 F AR t2EE T BE 4ol byt
FRH 7t LAHA] ofgkon 9647t Foll= 2,000 ppm} 3,000 ppmollA ztz} g A
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2 Abgstgrt. 2,000 ppozt 3,000 ppmollA] AFEEE Al BE £ F, o 90X
o] BIHAMFE M3 mjzo] deHA AEstEon o] & FIoAE
Eol3t Whgo] LelbA] ¢igltt HEoT AR BIX| A} HEF7HI6 h-LCs)

Table 3-2-11. Mortality rate by Loess concentration, of Scapharca subcrenata

time elapse

100 0 0 0 0 0 0 0 0

500 0 0 0 6 0 0 0 0

1,000 0 0 0 0 0 0 0 0

2,000 0 0 0 0 0 0 0 0

3,000 0 0 0 0 0 0 0 0

Control 0 0 0 0 0 0 0 0
Azete] Z¢ FE T F 9627 tZEE TUT BE TN AT A

A7p dA=A] dgron, Ayo] F8H wrtA] EE sETUA Foldt yigo]

UERER] edgteh ARl Beeh o] BEel AT Amut WA =

(96 h-LCs0)2 % 4= ¢ gich

4) B E(Loess)7} AP HE] AAinHo nXes 9T

h %

Fol ALAHEE 4 Fo] £F HoYe FoT FH(nl 17)3}god, t2F
AR, HETLLE Uehlddch #E 750 ppoo] H7HE0]R Zo] dEFolrh $2
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A= Fig. 3-2-7of Urtocth $of 242982 sl BE oj22(0.31~
0.44 ml1/1)2} 3E(0.33~0.44 nl/1)o] w5t AP By
7t o] F AE(0.40~0.44 nl/1)8] Ao

LIE} i,

() =x8=

ZUEY AFELHE2 35 Fof &2 Holgl: Ao T FA(nl 17)slgon, o

Z2, AL, HEFLOE Uehigch #E 750 ppoo] HrlE|oja o] Ay Folr),

#18] Zd3}= Fig. 3-2-80] uehgich zuEete ojza} A@Po] vladt 7e
719 BBE Ve HEZNE atasange] Wil tjzZely AP TR}
= 3A eyt

0.45 r
T 040 |
x
2
g
£035 |
&
[
H
E 030 |
2 -~ Control
=3
z -o- Loess 750 ppm
oL
g 025 | - Recovery
0.20 n i 1 ( L 1 L 1 L L i 1 I I I 1 ! ! L L J
0 6 12 18 24 30 36 42 48 54 60

Figure 3-2-7. Oxygen consumption rate of Mugil cephalus by Loess{TL: 45.32, DW
2.509).
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30

- Control

29 + —o-Loess 750 ppm
—m- Recovery

28 |

Oxygen Consumption Rate(mlQ,/gDW/ind.)

] 6 12 18 24 30 36 42 48 min

igure 3-2-8. Oxygen consumption rate of Sebastes schlegeli by Loess(TL: 58,53
mm, DW: 0.8124 g).

6) A=AAA &F

h AZAAA EFel AT YEAANAA FE)

GLZ} Loess7} YX|of nxl H3re ZAIS AN TUSIPS m, FRNER
T go] /M ¥ FIHEYT: Loess 1,000 ppm + GL 5 ppm)Z RAIRE A4S Ko
& GL(20 ppm)2} Loess(10,000 ppn)¢] % T2 MG 3t Table 3-2-12 U}
Elon, Aget JiAE A Eelslo 2447 AILES AElL 5 AUEe
272t wlasiglct.

A
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Table 3-2-12 Mortality rate of Paralichthys olivaceus by combination as time

elapse.

Control 0 0 0 0 6 0 0 0
Loess 10,000 ppm 1 5 3 15 4 20 5 25
G.L 20 ppm 0 0 0 0 0 0 0 0
Loess 1,000 ppm + G.L 5 ppm| 0 0 0 0 0 0 0 0

WAL ThE HzAAR 1 2ot W REAAL AL sHe Po0] gde
U, 278 TPV Glolut TUTIAE AR ol2A s dake BAY +

fglch Aol F8H wiztA] BE SEFA Holg Hhgo] Vel ¢t}

(W) AZAAA o] APAEY Fhiue] v Jg

CL3} BEo] 2sle] HZPE2HH FABAE uf, YXof njx&= 38L& 2
AUEA EsHS o, FZAPEFA ool JHY &S THEYT: Loess 1,000
ppm + GL 5 ppm)3} AR FANS RHoji GL(20 ppm)3} Loess(10,000 ppm)e] %
FeT APL s} Fig. 3-2-9. Uehdon, tjz7e} vlasiart. BE 239

Cochlodinium® 2& 4,000cell/1E A 7}3}ar)
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18

@~ Control
1.7 t

—o- Loess 10,000 ppm
1.6 | t -aGL 20 ppm

-5~ GL 5 ppm + Loess 1,000 ppm

1.5 L

Oxygen Consumption Rate(mlO 2/gDW/ind.)

1.0 L " L L 3
0 6 12 18 24 30 36 42 48 54 60
min

Fig. 3-2-9 Oxygen consumption rate of Paralichthys olivaceus by

combination(TL: 46.81 mm, DW: 0.1574 g).

Duncan test& &3] 12%, 302, 602 Grouping¥t Az}, 12FoA+= t|Z27o} 3
EFE A, CLY EYTE BE, 02AE 7o Unx] APIE, 60& Fol:
t2FE A, BEL, GL3+= B, 37+ CE2 YElktHTable 3-2-13).

Table 3-2-13. Statistical test of Paralichthys olivaceus by combination as

time elapse

Control

Loess 10,000 ppm

GL 20 ppm

=~I B o< B e
T ||| >
O|lm|[®=m]| >

GL 5 ppm + Loess 1,000 ppm
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L] R
< Agol AH HAZAAEA i A7 e} Amete] g Ajurc) A
FEATL U2 oA BALT} o]Folxs Zog Hol AFHX B¢ AMmutr
T HzAAA Rz 4GS Hol: AE uehula, oy Az F AN
=9 AEFEol tIE o 71 Zes Al AFYx e} Ajmel Hejy
S8 BS54 B AFEAE vge] FH3 Fuirle dFol 2¢H Uz n)
FeAE mRelA glon Edols W HAY(MRM)C) vl EI FFMe] z
- E o] 23 FAHEM)E o83t uiglo] Eojals ¥4 AEo|th Ajmupe
Hz2 Bz AF3a =5 Fapgyoln, FHo] ZzHe Wl moke] FE
SE A9 93, Fiol o 10 wrAlY Ry & Sofl Al YA AEolEE, ¥
2 siFet UL FY AYLol W AT RAANTHREA, 2001) WA A}
&=(24 h-LCso)d oA AR APl 23 = F7o|d 1,100 pprofl A 1
0%2] APLEE Hol3 AFEAE 1,000 ppmof A 30%2] AIRES Mol Hog »
ot afzmutzt HFex|E= 1,000 ppmo] Ao A WX A} HE(24 h-LCx)E 7= He
E o] "Hrh. AMmuz} AFPXE ool AY gonT Clo] =EHUS
25 H74E 2 S Ed 2oz oaEiy, 99 Aol Retko] 24 h-Lix
SE7 1,000 ppnkt} 2 FEO|EE HzyL Ul Aol AMEEE LY BE
o= AT Aol& Kol go| GLojl &3 I} AY ¢ ZeE A®HLL
SABAHBAME &AM =BEE Fo| 83 IEHE Algoln, off
of thdt AHoNE 2447 ool GLo] £/} He 4L 1Fsl =FAUNL
ARG, HZAAAT} ol Fol ¥ uAE =7} A AHA FL3i= 5
ERT} grhe odMAdEY AAE 333t =E3H5ES RN F sl LEFA
22 Agsdct. d¥Y FEAAE JZAAAI Eilshed £0HE A
Astglon, dPYEL Abgoe] ohd el Wzh} PS5 WHsl: AL 3
Aoz 43yttt Aol AHEH MEIF Held BY3} YEHS 29 5o
= UASIAAME o] Zolal, fPo] mE FHYSER de galA 9z, HoA

Naste ol zuBete olo} wizside u, VEo 4L FUY 49 B

o
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E013L, kR MAJsHe ofFoict. ¥, Zu|EY FLdE HXYEHR =
FoI9E o, o B¢ BES ¥ £ Y& Fo=2 gA UrHIYsAY
4, 2002). PxE FIxpI7I(AA 11~15 m)o] B2 ZH3lel 2] o|3o] o
Ue HEelE 3to] ol Feld FUYSE RafoA] AMAES she FoltH(BE
7], 1996). GLo] AEEo] njX&= Gl ozt AHolM Fole} zujHEete] s

A=
£H&S HAsEE o, $of dxango] &A FFH= AL Fol7} Glej ot
F¥o] HriH o= zvEECt $& Ag FEFHLE o ¥ 4+ 3 HHAA
= LS B713le o, Atazugo] B2 AL

!
REME-ELRT CRE ST
AE Yol BF 44 W10 ppn)E ZASI FelH A HHE
Hrh olZlez A ztdeM L 29310 E o] RFEYEY Bpole =vE &
Aoz AgHCH
BEI AEAE njA e %ol iyt AYelM z3|E}e] N AL HEE A

HE FRY ol Fof sH-st BHEAE of, olrin] F-Eo] FEIL B &= He
2 Ko} zy|Ele] IFA o] ZETL oprlujo] FHE 0] TFo] F¥E U= e
AtgHch of - e A FHA HEA LEFAS of, HIEHL tial g
AR08 ALY 45 Ut 2 Y o] fEE Lamellad P31 U= 29
FAZE F7VMA olrin] wo g itk LG LAATLERA FTEFS 3HI7 o
H=7] wZolch(Brett et al., 1979). o83t AFAIANE Uehtlxe] BEE

TSI oHAIZ ABFUolE Aaaulge] Ko7 gl H2E ulFe] Mol 23]
ge] oprtul ¥Rl BE7} FHFe] A1 A% ¥, TFol L WAL HoE
Bt}

HZAAA EYol AR uXE FYol T YA YA WAAE U
3} asuldY A7, AL Olo] 4ol §2H Uk g BAAAY, 1=
Astel Aol YoluAU, MelHoz I UG YoslAE Yk Ao ARW
th U 5(1996)2] d7old BE 1,000 ppug ALER A3 goie] FeAMe] M
A AYHLE o, YA, BE AL WY VY= BRYA U o2
el of et We Ee) HEojxe] olfe] trasulols JRE nAL Aol
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ol
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Q& 2O Uehdtl, g, 10,000 ppn BEFOIH W2 Abze
=) uetld NSk YA7L 4 Fol HRsHe BES A dxtEel s
Aol ol =A HoW Roe Apgdr)

43, HA WAJAEA(GL)] o) FAA
(H&F 927 o] &3 A 8A 229 tzah

1 a7 53

HZA| AL Fel¥3EH AU sophorolipids & NAERHE AArEE AdAgAgA ol
3 oole NHAZAY 28U &, EeEulE, f&oltl o F dENFELS AL
40-50%E ApA|FiTh o= WES 5B EUF Y AREAHARZ A#EI] oot
ThetA A WRE ARESHe Zlo] AitE S YR A Aot FzAAR
o= A4tE= Sophorolipidis % WEE Algslojof 3l o|F fi3A FAES
AHE T “dark 0il"2 HIER(FVE) L SEEAT AERE FATE AFolA
A FAEE AgovE AsA] Rl HIER A ok £ dFolNe
HEREE o8&l &K HF4HEQ soybean dark oilZHE n|AEARBAA
(sophorolipid)E JAI8IA €% ol& & 50 (300) liter WHI|of 2] B4t

548 B, 10 tong 7|E02 ¥ BAIIIE Asigct

2. A8

7}.7] A & A ¥ 8 4 A| (Biosurfactant)

o] JEAHEG= et yeast, fungi, bacterial mPZo| 23] WA= MEs)A
ARBEAE 2ulsty FFo ulzt AT EE HEuo] Ado] Hr= g} n
BEARGGA 7L ARG G sl FAE FEL A, BEgon P&}
7beste] ojzte o] ¢¥rhe Zojth. Exl, 712 Wioz: P o
5 HetrzE A E4¢ Bios Ag¥4 vk Holth Ax), ¥H3
Y Astsd, 2=, pHol tizt ABHS AHRBEAL Bl - 3t YsHoM A
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o] ths¥ Z2ZE UEebdrle FHoltHTable 4-1). AAA ABBAEA A2 19889
of 209&, 1994d ¥ o} 94JE2 Ha} 6 Ato] 400%0]2 8L 7153e

o 3 2+ slinict F7tske Aol gtk

Table 4-1. Comparision of Biosurfactants with Synthetic Surfactants

Surface tension Critical m1<?e11e 1990 Cost
(mN/m) Concetration ($/kg)a
(mg/L)
Producing organism
f,‘ e thropolis 37 15 12.20
, deruginosa 29 15 5.90
T. bombicola
B. subtilis 37 82 2.80
' . 27 11(0.01mM) 20.32
Anionic synthetics
Detergent alkylate
Dodecylbenzene(LABS 41 590(1.2mM) 1.03
)Sodium lauryl sulfate 37 2023-2890 0.95(30%)
(SLS or SDS) (7-10mM) 26.00(98%)

2 olg thEde] Ao g R HA Yo} oxte @Y FHol Ha
24A2 B3 FHolr)h wetA ol ¥ EAAE TR AEt
SolT BFAE uFEAREAAE Aoz HAsta o Uolst njAEA
HEGAE HYE O AYE AE, AMA, E= o AX|, Enhanced 0il
Recovery(EOR), #ZR2s 2zt EoollA FULSA $&H + ot v BEARR
A 244 EE ] QYT SLT o] Fojxn] H4YHEL suygar B
amino acidZ F4HCH HWBARBEAG FRE BARTol o8] (1)yeast
surfactants, (2)fungal surfactants, (3)bacterial surfactants® I A FEY 4
dom  AHEEA Fejo] uwlel  (1)glycolipids, (2)lipopeptides  and

lipoproteins, (3)fatty acids, neutral lipids, and phospholipids, (4)polymeric

32
fr
o
ox,
X,
rﬂ,

surfactants, (5)particulate surfactants® ibd 4 QltHTable 4-2) n|PEARY
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BAE B AEAYe thsl Ashagol Ael glom, Reiyol Fo} oo @ W
AT+ Y3 L, o, §AH G2 FRe 5= Fol AT FPol Arke Fyol

AUrk.

t}. Sophorolipid

C. bombicola, C. apicola, C, petrophilumSe]2] sophorolipid: #jx|ujofA o g
T2 TUE FHE St FPE &9 FRES MPLC, TLC, MREY &A%
Mg F¥EAEY 57, 57 ¢hao] Ztzt -COCH;7t olAHEZAYE st 1, 47§
A7} o AHEAFSBI] lactone FZRE ZH= sophorolipidZ} 7} we BES #}X]
3tch Fig. 4-1- sophorolipid®] €¥bH¢el FZRAE HoiF3 gt Fig. 4-104
Ri= H 2 -CHp0l3, ReE Re7} HY o 8lA4=7} 12u0%] 1691 X3} &2 Exst ©
F47]013, R7b -CHsYuls ghA47} 110#] 1569 X3 352 BX3} B4
™, R, Re= H &2 -COCHsolt}. sophorolipidts 2 6712 ol4te] E¥Eolrh
37 ool Fig. 4-lof AAI"H 2z thE el sophorolipide] cisidz &
7 - 45 gt} Sophorolipidi TR acetyl AF 2} lactone A¥o] I3tz o
2 Eqt43lod, alkaline hydrolysiso} &)} acid forme 2 A AFT|En, 23 pH
3.501M 4 g/Le] W solubility UEbATh EZ C  apicola®%E ABAEE
sophorolipidi pH 20jlA]= water-soluble 3}2]gt pH shifting(2—3)of &js] AR H
2] sophorolipidZ} A4 ®it}. 1 o] sophorolipide 943t 418 »E& 712t}
3 o3 Hch Sophorolipid®} ZH& glycolipid surfactant:= F&TH ¥ AL7}
B UaAGL EAR 3Fo] ul oYL AF o2 AY A0l 4] 92
Aol girh.  olg¥y wWAE At} oA E¥HolME  sophorolipido]
polyhydric alcohol-& tv}eF HJIgto 23 sophorolipid -S-EME 3Adsldct @ 7}
2| REAE Fig. 4-20] UERATt. o] 83} sophorolipid SEMEL A4 o &3}
AZA F583 A4go] HoluA $2 HAg 23 glo] BAES u|Esto 3y
HISE, X o 7lel AR Eo] ARG LA T BEAEA o451 glon
At PAARE YA G ] AHEY wh Ao Ty B28o] AY glon M)

i)
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Table 4-2. Microbial source and properties of important types of microbial

surfactans
Biosurfactants Microorganisms C-source Surface tension{mN/m) CMC Interfacial tension(mN/m)
Glycolipids
Rhamnolipids P. aeruginosa glucose 29 0.25
Pseudomonas sp. 25-30 0.1-10 mg/l 1
Trehalolipids R. erythropolis 32-36 4 mg/l 14-17
N. erythropolis 30 20 mg/l 35
Mycobacterium sp. 38 0.3 mg/t 15
Sophorolipids T. bombicola glucose/oleic acid 33 82 mgfl 1.8
7. apicola alkane/carbohydrate 30 09
T. petrophilum
Cellobiolipids U. zeae, U. maydis 30 20 mg/l >1.0

Lipopeptides and lipoproteins

Peptide—lipid B. licheniformis glucose 27 12-20 mg/) 0.1~-0.3
Serrawettin S. marcescens glycerol 28-33

Viscosin P. fluorescens ’ glycerol 26.5 150 mgft

Surfactin B. subtilis glucose 27-32 23-160 mg/l 1
Subtilisin B. subtilis

Gramicidins B, brevis

Polymyxins B. polymyxa

Falty acids, neutral lipids, and phospholipids
Fatty acids C. lepus kerosenefalkanes 30 150 mg/l 2
Neutral lipids N. erythropolis 32 3
Phospholipids T. thiooxidans

Polymeric surfactants
Emulsan A. calcoaceticus
Biodispersan A. calcoaceticus
Mannan-lipid-protein  C. tropicalis
Liposan C. lipolytica
Carbohydrate-protein-lipid P. fluorescens 27 10 mg/l
D. polymorphis
Protein PA P. aeruginosa

Particulate biosurfactants
Vesicles and fimbriae A. calcoaceticus

Whole cells Variety of bacteria




H,OR, R
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O~ CH
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HO
CH,OR, (1) -a :R,=R,=COCH,
o (1) -b :R,=COCH,, R,=H
o] (1) ¢ :R,=H,R,=COCH,
W (1) -d :R,=R,=H
HO (2) -a :R ;=R ,=COCH,
M {(2) -b :R,=COCH,, R,=H
o (2) ¢ :R,=H,R,=COCH,
(2) -d :R,=R,=H

Fig.

CH,OH A,
(1) o I
0-— CH— R, — COOR,
OH
CH,OH
[ o

HO

RJ
o) i
0— GH— R,— GOOR,

OH

Fig. 4-2. Structures
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4-1. Structures of major components of sophorolipid

R,=hydrocarbon group(C,,-C,¢)
when R,;=H

R,=hydrocarbon group(C,,-C,;)
when R,=CH,

Rg=H or CH,

Re=alkyl group(C,-C,,)

R;= hydroxyaikyl group(C,-C;)

CH,OR, R,
3 o
3) 0— cH— R, — COOR
oR,
R,0
CH,OR,
0, o
oR,
oR,

of secondary sophorolipid derivatives



3. 85 9 4y

7h aF 2 W

2 Ao AFg¥ #3FL Candida bombicola ATCC 22214, Candida apicola IMET
43747, Torulopsis petrophilum KCCM 116280]31, YM ApaHuiz] HelZ 4Co] A,
AR8stdct. 7AL AlSHH(F) o2 BE AT soybean dark oil, corn oil,
soybean oil3} AMgl-f-2](F)of| A A|ZL3} & canola 0il& 10%(wt/vol)® & A&}y
Tl 48A17 Ay 24 24 HFE  2.5L jar fermentor(Korea Fermentor
Co., Korea)oll &3l {714 ujeko g 7UZF working volume, 1L; €%, 30C:
pH, 3.5! agitation speed, 550rpm: aeration rate, lvvm AElE AStATE FE3
22 Wyog 50, 300 liter® ARZ, wjkstdrh wjs]t Sob wi=ujY
sophorolipid AAFY, AT BE glucose SEG ZATAT. F8 WA 2A

< Table 4-3¢o] UEhfAC)

1}, Sophorolipid +# 2]

SophorolipidE ujo¥e O ZHE]| ethyl acetate(33F])E A&3t F&sl31, 50
AHE-H Lol rotary vacuum evaporator()ofA] #| A3 e njAA| sophorolipidE &
gich. ml A sophorolipide TIA] hexaneg H7Iste TReUE AAsm
chloroform® 2 8%3%9] sophorolipidd $&3% ¥ AA¥ sophorolipid EZHUEE
doichFig. 4-3).

t}. Sophorolipid &4 4

(1) ¢A wlelM 5% (Critical Micelle Concentration) &%

Sophorolipid®] CMC(Critical Micelle Concentration): ZF4o] ARk
sophorolipid& ¢l ¢t} Surface tension meter (TensiomatR21, Fisher

Scientific, USA)& o]&3le] EH AL &A3}te] Leh)jgic)
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Table 4-3. Composition of culture medium

Medium
. ) Component Content (%)
Microorganisms

Glucose 10

Yeast Extract 0.5

Candida bombicola KHoPO, 01
ATTC 22914 MgS04.7H:0 0.05
CaClz.2H320 0.01

NaCl 0.01

Peptone 0.07

Glucose 10

Yeast Extract 0.06

(NH4)2S04 0.3

Candida apicola NaCl 0.05
IMET 43747 MgS04-7Hz0 0.04
Ca(NO3)2:4H:20 0.04

K2HPO, 0.04

KH2PO4 0.25

Glucose 10

Yeast Extract 0.5

KH2PO, 0.1

Torulopsis petrophilum MgS0,4.7H,0 0.02
KCCM 11628 CaCl2.2H20 0.002
FeSO4 0.001
NasEDTA or NaCl 0.002

NH4NO3 0.2
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@ 249 =

4

200ppm?] sophorolipid 4=&o¥o] 0.01lg, Fe203E& Y3 302 %S¢t vortexing AJZl
F AbRoll A AXAZTE 2x|7, 24X F ABH £ FHOZHE bcm Zololl
A A8L 25t Spectrophotometer(UV-160A, Shimadzu Co., Japan)& ©o]83}o]

optical density(0D640) Z}S =A%} LEhATL

Super
(Ethy! ace

Culture Broth

——— Hexane

natant
ate layer)

Sophorolipid#

——— Ethyl acetate

Precipitant
{Cell pellet)
Ethyl acetate ——
Superhatant Precipitant
{Ethy acetate layer) (Cell pellet)

Sophorolipicﬂ

Cell

Fig. 4-3. Isolation and purification of sophorolipids
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G) pH, &%, @ g APA =3

10mg®] sophorolipidE NaHC03, NaOH, KH2PO4, HCl $-8¢)& o]&3to] THE pH(2~
) &Hof o AF2ofA 12417, 200ppme] sophorolipid 428942 40~120°C ol A]

2A1ZF Mhg A Ztl. ®3]F 10mg?] sophorolipidE NaClz} CaCl2(0~1,000mM) 4=&-ooj

F7Fste] 6A]7t B2 F sophorolipide] A WilE Z43}4c}

(4) Sophorolipid®] 7}43t% &3

1g2} 2-methylnaphthalene& J2}&t ¥, 10ul vialo] ol 12, 2 HAICh o]
vialol CMC, 0.5g/L, 1g/Lo] AAYEA L4 5uL Y2t} 2-methylnaphthaleneo]
TEAYOE I3tx|o] WHo| o] R EE 25T, 48ATHFQ THIE F 4841 B
Z|A1Zich 1 F 1nLe] ARoj n-hexane, lmlL& 7}8to] 357t ZukAz|z, 1A]7HE
et BAAA HFEE Feslo] GC/FID(Column, Silicon O0V-101(2m#SUS) : gas
condition , N2(40psi), H2(20psi), air(40psi) : &% gradient , inital temp. =
100°C, final temp. = 240C, temp. rate = 5C/min : injection temp. : 200C,
detection temp, : 240TC)& B3}t

(5) Gas Chromatography(GC/FID)& o] &3} |44t 24 &9l

Sophorolipid wjol Zgtet xatzt 714 oild] WAt 24 wiast] ¢3 1g9]
sophorolipidefl 0.5N KOH/methanol 15mL-8 afA3o] Y3 ¥ ¥ sand bathol A
100Tol ol A 3212t uh-gA|A oAHZE AL 333t thi] BF3/methanol S 20mL
7l 90Coll A 1587 W A]HA fatty acid methyl esterS A FHc)

of o] M{LHZE 40nl HIIY F ZRelAFL (NGOl AHE)oA
12008 3T ¥ 50ul WAZeAT0] Y hexanel® LH|E 2jer}. I ¥ AlS
& 213 SUPELOCOWAX 10(30m*0. 53mm*1/m) columng ARZ¥t GC/FIDE BA3taiT},

(6) TLC/FID % IRE o] &3 7z &9

Sophorolipide “-& A4l lactone form#} acid forme® &3}y o] ul&
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& TLC/FID(Thin Layer Chromatography/Flame lonization Detector, IATRON Co.,
Japan) IATROSCAN MK-53} FT-IR(Fourier Transform Infrared Spectrometer, JASCO
Co., Japan)& ARg3te] 33t WA TLC/FIDo] &3 EXojA A|E&F 50l
methanolof 5¢l ¥ 2}& 2o} = CHROMAROD-SIIO| A& 148 3 (spotting)s}
o 100mne] &HolZ 5087t AStETt. As)&ui= chloroform @ methanol : water
£ 40 : 28] HuulE ZE3}sle] AR, BEMzACEA H2E 160mé/min,
Air= 2.0¢/min, scan speed:= 302% 3}grl. Z3 A g]= I1ATROCORDER
TC-21(IATRON, Japan)& AMg3}g o attenuation 64mV/F.S., chart speed
10.0cm/min® 8 3}gcl,

FT-IR &4 oAE= +8& A A&t sophorolipid, 0.01g& KBr powder, 1gof w3}
A Y ZH F HEYS pellet Byl YL Tton dF3tollA 187 ¥Hetd

th o] Z¥H pelletE 4,000-650cm-1 @ ol ZAstr)

4. A% 4 1%

7y @5, 713 ¥ sophorolipid®] A v

o3 EHol|A sophorolipid®] AFAF FF= late exponential ¥i= stationary
phaseollA] carbon, nitrogen ZAHA] t}Ere] sophorolipidE AdArstriz et Ach.
EZE o] Al7lo] thE HeRe] 71#(hydorcarbon, oil% )& AIFSIH Aabgdo] 3F
37t A& & 4+ vl ol#dt ¥ soybean dark oil ZHE] wf} AJzHE
sophorolipid 4te}& LIEhd Fig. 4-404 % & vehy gt

Fig. 4-50ofM= 548, 7|4 sophorolipid Fitgzt wied F AL, A&
glucose?] & B33 =t C. bombicola”} C. apicolal} T. petrophilume] H)

3] HA &2 sophorolipid A4tEE 71x|31 Q&L & 4 git)
Y. 5% sophorolipid®] ¥wg2 w3}

TRt FEolA e EHAY S &3 & A3} sophorolipidd] 4 ERAHL 7]
ol zto]7b LRt thA 2 40~50m\/nd] He1E EAtt olnfd] = F MC EY
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80~150mg/LE L}EhJZIC}. soybean dark oilZHE] ¥ sophorolipidi corn
0il(C. apicola X)L} canola 0il8] AHU} &L XA (48oN/m)3}
CMC(150mg/L)E R oyF 3 QIth(Fig. 4-6) zt 7]A sophorolipidd] FHAMAI} CMC
Z1& Table 4-40] =) A]3ic},

40 — 20 10
1 " r
12 o . N
a A
120 —
— 8
- 10 4 v v v R @ -8 - 15 -
<4100 — o ;'p
E ) N a o a ? ~
= 8 : - — 6 =
D go ) i = °
a ~ © o
= X a — 10 =
° 26y 2 3
5 60 — : = £ 3
: © - 42
°n. n‘_‘ O» © : :
5 40 — e 3
A 2
20 - 2 1 F
o o
o 0 O———0 v Samae = Oy o — 0
° 1 2 3 4 5 & 7
Time (day)

Fig. 4-4. Time course production of sophorolipids by C. bombicola

Mediun : 10% initial glucose, feeding 15g soybean dark oil/day(2.5 Liter)
[ .
100 v"«‘\‘ g W Sophorolipids {g/L)
G- ‘w°\’ :?-mu.u.:n (:u/-:)ou (a/L)
»° p\°°\’

o
o
o“’d@
80 \’
°
o

o
Corn ol Soybeanodl spo! DSFAMEZ Cornoll spo! Corn oil spo

Fig. 4-5. Effects of oils growth and sophorolipids production

spo' : soybean dark oil, DSFAME® : distilled soybean fatty acid methyl ester
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80
e ®  C. bomisicola (com oll)
* w  C. bombicola (SDO")
70 1 ® - C. bombicola (DSAFME)
v - C. apicola (corn of)
g - 4 - C. bombicola (canola olf)
.
z
Ee|* s
. s
v.
'g 55 A"Av'
- e A:-._‘“
8 so a .
£ LY d - & =
H 3o Aa LA L .
I e . a
a5 L J * o0 i A A A A, - a
] ¢ os LA SRS S . .
w© vll&!o-. o g ¥ gV v 3
LIS LAY P4
35
30 —
[ 50 100 150 200 250 300 350

Conc. of Sophorolipids (mg/'ml) : 74.7 mN/m in distiled water

Fig. 4-6. CMC(Criticl Micelle Concentration) of sophorolipids

Spo* soybean dark oil, DSFAME® : distilled soybean fatty acid methyl ester

Table 4-4. CMC, MSR and Ky values of sophorolipids

Sophorolipids Surface Tension ( mN/m) CMC (ppm) MSR Log Kmw
Com oil a1 82 0.2059113 3.66
Dark oil 48 150 0.2012881 3.56
Dis‘““";;ﬁ‘;‘:e"r"y Acid 45 94 0.2015109 3.58
Canola oil 45 90
) C'C‘;;“ic"oi;a) 4 9 0.1871288 348
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t}. Alzboll W& sophorolipide] ®2+2 ¥ 3}
Sophorolipid £4te]2 o]H ] ofg] Edola I ¢54o] 3HE ul B AN
AH&E 7128 sophorolipid HA] #4bgo] $4UE Byt AgHez di og
E& Tween 80XTH= #4¥o] thi Wolx|x|gt SDSU Brij 30RcTH= $43igct
(Fig. 4-7).

2}. Sophorolipid ¢Hg4d¢] H3 pH, &%, 49 3%

pH(2~12), *%(40~120T), NaCl(0~1,000mM), CaCl2(0~1,000mM)of cj3tH
sophorolipid®] EWH#S W3E Fig. 4-8, 9, 10, 11o] 2z} Uepjct Fig. 4-8
ol soybean dark oil 2 E] S sophorolipidi pH 304 24 FHAES UE}
Wi, corn oil2HE AJAHH sophorolipid: pH 204 canola oil 28-E] AArH
sophorolipid pH 7014 24 EWAAS Uehdth Ieu} i 3~6ajolold s
Aol BF UAYCh o] C. bombicola] # 3 pHrl 3.5 7]lsts Reg
AtgHCh %o thit sophorolipid?] ¥ W= Fig. 4-90]4 AHE nlg}
Zol A Higlol 4F3tATt. welA sophorolipids &S 2EoA Aurs] oA
stria L 4= gl E3h Fof oidt @3k UEl Fig. 4-10, 1164 NaCl ] 7
% 100mM7}x]= 7] sophorolipide] ERAe el A2l W3lrl oLt 1 o]4te
TR EHAYo] ZAastgdrt. CaCl2e] ZA-$ corn oil?} canola oil BHE A
At sophorolipide TIMZ UAE EHAH L LEPIX| T soybean dark oil 2HE
AHE sophorolipidi T4 Eetggr ¥matey 218 R ot}
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Dispersion Power (0.D )

waler

Fig. 4-7. Dispersion power of sophorolipids SDO' : soybean dark oil

Surtace Tension (mN/m)

DSFAME® : distilled soybean fatty acid methyl ester

60 -
‘-,
-
50 4 : -~
=: N - a A
40 4 - . e
- . - — ~e
30 4
20 H —&— from corn ail
- 4 from canola oil
- W from soybean dark oil
10
0 1
o 2 4 6 8 10 12
pH
Fig. 4-8. Effect of pH on the stability of sophorolipids
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Fig. 4-9. Effect of Temperature on the stability of sophorolipids

so+ { |
]
A A .
A A Y ‘ =
— 40!’- o . = [T | A A
E L&
S
2z ®
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A
§ 30
[
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®
[
8 20 - @ from com oil
g -4  from canola oi
5 M  from soybean dark oil
172
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1
0 —— T T - — v T
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Fig. 4-10. Effect of NaCl on the stability of sophorlipid
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Fig. 4-11. Effect of CaCl; on the stability of sophorlipids

vl 718" sophorolipid®] 7}-&3}% H]

7H&-2H(Solubilization) ¥t o EEo|AL FEAHOE = EFo] AUEEA
micelle $O2 Fol7l v AL Wrh 2ol 7] o8& oil, ¥& 5 4E
£ "M YAIZ EAAA FEY YA A 183 TS HEE Fofolld
olu] dz] F&EHI & 7&FY shiolrh 1d sHg3te] FEE Uehis A=
3% MSR(Molar Solubilization Ratia)®} logKmw(Micelle Water Partition
Coefficient)& A}M&3}gTl. Table 4-40f AA]3t 7|2 sophorolipid®] MSR}
logkmw Zk2 2 Apo]glo] H]x3tgirt.

==

B}, Sophorolipid 2] A u}aF z A
714 oilz} A4HH sophorolipid WY x|it 2A-E B4 A3} 713 F2 3
WAkl oleic acid®} linoleic acid?} tfH-E sophorolipid U2 ABVEYSL o

4 9l9ic}(Table 4-5).
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A}. Sophorolipid 9] lactone/acid form ratio
Sophorolipide] ¥ He7zE MW AAM Adeld sb¢ BPHU 48]
(funtional group)® 7}R. d7|(carbonyl group : -C=0)& & 4 glt}. o] dut
O 8 1750~1700cm-10jl4 v}ei} F9| ZA¥lo] ofAHE(ester)L} FIEEBAAL
(carboxylic acid)¥ whol Ztz}b 1750~1730cn-13} 1725~1700cn-12 TIEA U
23 o]l= APAHH sophorolipid®] HEl7} lactone formQlA] acid formQlX|& 4
A sFH, Zo] FHEHE AP ol FEY EFI|AAE WHFHLeE o + i
C}. Canola 0il3} soybean dark oilZ2+E AAFE sophorolipid®] TLC/FID#} FT-IR
o] £4 peakd Fig. 4-120] Vepigct. £ EAMolA lactone form& ERE o
2HE A2 1745cn-1 ZA oA 7%t peakE R om, acid forn& UEhE 7}
254 A2 1716cm-1 ZA oA 78 peak& FAJYCL Canola oilelld A4td
sophorolipids= lactone/acid forme] H]7} A2 v]x=8 |1t soybean dark oil 2FE]

AL sophorolipid?] o-—;—t )55 lactone form@. 2 o] FHSS o 4 9ldr}

o}. th® ¥-g7)9| A<} sophorolipid 44+

(1) 300 liter ¥~

Fig 4-13614 A 300 liter Wjo7l& ARG A,
£ 70 Fol 9 4 AT ol 4% walucks Be olAT WL e
sophorolipid& g A
oh. ZeEu ae) Azl u
o, o e ¢ 2

¥ 70g/Le] sophorolipid

_IO

(2) 500 liter uj %>
otz 1glofA A 500 liter A1&A] Aatare 130 g/LE 4
HEE719F AR 2AYUS 7t & o) oiyukgTlol e AAatgke 120-130 g/LY S
o 4 alrh, EE 300 liter N E ¥ISS g APA|F|H Yst:= AL A

=2 & 5 orh

flo
»

¥2
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Table 4-5. Fatty acids composition of oils and sophorolipids

Oils and Fatty acid(%)
Sophorolipids  ['co cig0 c181 cis2 c83

Com oil 975 1.65 2465 6195 059
Sophorolipid 78 067 2741 5650 223
Canola oil 587 169 5198 2895 874
Sophorolipid 878 223 5070 2638 368
Soybeandarkoil | 650 263 1610 6541 578
Sophorolipid 920 426 2213 5110 487

.oz 16210
— __Acidic foom
— B
"‘(;Ev = Latomic foom
v.27 — w7
Canola oil
(C. bombicola ) ackkic som
! 5408 Lactemic ! fonm
460000 Woyermmberdom-1] 50,60
Gpn? :—‘P\-‘-‘Mﬂktype 16093
oD 2 Lutonic fom
Soybean datk oil
- %*T
o202 (C. bombicola }
. 1 Lactomic § fonn
34 « 08
RUOKO Wavepumbadem-1] &40 1

Fig. 4-12. TLC/FID choromatogram and Infrared spectrum of sophorolipids
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160 80 (zo

140 -

120 1 - 14

Resicual ol (g/L)
8
B
Sophorolipid (g1)
® 3
DCW (9'h

60 - -6
40 1 -4
¢ L o L,
20 o Dow
! ~4— resichual ol L o
~&— saphorolipid
0 . : : : . :
1 2 3 a 5 6 7 8

Time (cay)
Fig. 4-13 Time-course production of sophorolipid using 300 L fermenter
culture condition ;aeration : 1 vvm: agitation : 120 rpm, pH : not controlled

DO : not controlled

160 8 35
140 - k16
I 30
14
120 -
a
T 12 F2s
D 1001 & g
b~ —105 =
% 80 - 2 t20 2
: 5| 4
60 + ®
e g‘ L 15
40 L s
—8&— sophorolipid 10
20 - —A— DCW 2
—&— residual oil f
° - . . v o Ls
0 2 a 6 8
Time (day)

Fig. 4-14 Production of sophorolipid using a 500 L fermenter
culture condition ;aeration : 1 vvm; agitation : 120 rpm

pH : not control: DO : not control
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sophorolipidg& A1-8-§ F41E2] 3 HFelQ soybean dark oil 2FE AJAarstz, At
2 23t e g ABE maNY

¥ sophorolipid H4E FYske ATE

=2

N

7}. Candida bombicola ATCC 22214= soybean dark oil 2HE| ¢} 90g/Le] &EL <+
£(0.45) 2 sophorolipidE AJ4tsldrt. o= TIE il YEU/IE v|IelgL o
soybean dark oilo] 2ujo]4t AFIEE HBiIAE I wF AL AR A
et

L. Soybean dark oil 23E] AAHH sophorolipid?] #24 FWA 3} oMc:= zhz)
48mN/m, 150mg/LE T}IE 7|A2HE FAHE HAHET} tha 9kt

th #AHg A ¥o)A sophorolipide SDSU} Brij 30HT 943 d:g Uelgo
o, pH, 2%, gof oigt AyA oz ¢kHI Zoz Uelyth 53] pH 3404
Mg 2 BUEHEE RYEY ols A 239 3P pHr} 3.52 Hof 71Us=
ZRoZ Atgdch

2}. soybean dark oilZ4E A4HH sophorolipid®] x|Wat 2L 7]3 o0ile ]
WA 233 fARSHEEY 1 38 AR oleic acid®} linoleic acid@ch, =3

w

F2Ho &= lactone/acid form & t]HE lactone formQ 2 ut& A},

o}, 50 liter, &2 300 liter ol 2.5 liter Bt} 2 ZLE Sophorolipid7}

s gt (Adake 130 g/L)
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54. @A EZ AF &N

1 484 438 53 AN FE) H27A &3 2A
7 AAgAgA Y A
1) A 2 UH
(7h A& A
Ao LS 11279 AUEEAE Table 5-1-10] Yepulich AHEH AHE A
% sophorolipide Al@AAN Aastdz I dele FUstd  ARE3IHT
sophorolipid®] 4tz 7-& v}z Pt} : American Type Culture CollectionoflA]
AHgH AR Candida bombicola ATCC22214%= YM agar slants of =t F+3H
ez AACTE batch culturedd BiRZEAZL thyat HrHper liter
deionized water): glucose 100g, yeast extract 0.5 g, KH2PO4 0.1 g, MgSO4.7HZ0
0.05 g, CaCl2.2H20 0.01 g, NaCl 0.01 g, peptone 0.07 g, corn oil 100 g. A=
2.5L jar fermenorZ AFMRS}Q 3 25T, lvvm aeration rate, pH 3.52] 27 3lollA
85t WlEIoITh sophorolipid uixe] A4Sl AT el AJUolAlElel=
2 32593 RE ARYEAE APS At FIAEE A A sl &
A AT

(W) 3l AxABEY WY
222 8§38 HFRAPE Cochlodinium polykrichoides 9} Alexandrium tamarensed
F/2 mediumE 33 7}8} seawater BWIR|E AF&3}o] uwjoFsialct. seawater= 0.2

un-pore-sizeE 7} cellulose nitrate membrane filterE o]&3} ¥-REL A

stodal, 121 ColA 208 HFE T ujeko] AR wigrlE 20CE FAISHE R
12-light:12-dark®] ArejollAl 5000-60001uxe] =T 91§ RAISIGC]

(th AggAe BEH=

ARGGAL] BRAE AYS AAYold A4Y AHY A4-E sl 433
otk siat ¥REAL Aslold YAstel ARBEAL AEsll Fue v
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© TEEYIES AASY] 913t Whatman GF/FE o{3}E gt AEs= A
B2 F 359 2222 stollA ¥ et : 20T, 25T. 200m18] ARH s+F
500n] R F2tAFe] &7|Z ADEIAE HFHE 100 ng/lo] HES Hsig
th Ztze] dy@oict 2709 EelAag MES £sIGTh FeladE sk £
W ES0 FAUth AEL FEAYI Q¢ LeleolEUIAES FHEI] sl n)
d AMItET AEL 23 5¢ APH Y. FHAHL surface tension meter (
Fisher Scientific, Surface Tensionmat2l)& o]&3}o] A3l AAEAF 2 A
e EHAYY WA o Asigr)

Table 5-1-1. Surfactants used in the primary screening experiments

Number | Short name Full name Type

1 GL Sophorolipid biosurfactant
2 Triton X-100 |t-Octylphenoxypolyethoxyethanol nonionic
3 Span 80 Sorbitan monooleate nonionic
4 Tween 80 |Polyoxyethylene sorbitan monooleate nonionic
5 Tween 81 |Polyoxyethylene sorbitan monooleate nonionic
6 NP-8 Polyoxiethylene nonylpenylether nonionic
7 LA-3 Laurylamine nonionic
8 MPS-814S |Esterquart cationic
9 LAS Linear alkyl benzene sulfonate anionic
10 A0S-1416 |alpha oleffinsul fornate anionic
11 CAPB Cocamidopropyl betaine amphoteric
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(h) s welget EFIEY MASF =

utelgjotE a8 2] 7§A|4&= MB (Marine Broth) plateol] BA¥ colonyE A 43}
o EAsigch. ztzte] SelATSRE 0.1 nlo] WES MAsHAom 0,90l saline
ol A7I=E et HAof utel 3 HFHEE A 2|3t plateo] FAHH colonyS A
+3telch. HF ¥ plate= 25ColM vigE gl 2zt JFEofAq 2teg[ole] SE&
Ztzke] 3 F E-E dilution levelo] wha} Aats gl

(Fh &4 Aslist AE lysis &3

AZAEL AHdel 4% 5= AFRGAe} ysol vigEdrh. H2YE
7HA 4= 1ml counting chamberE Atg3ted WA slollq AfE AT F AX
M FEEYLE 3 F HFHATE 54 AL (HEY 254 A
T/t 22 F E9)E AN stk AlEY lysis Bl &S (WEY ¥ F5/d2
74 F d)2 Astdct

Q2% ¢ »3F

(7 ARZAA 13 49

< AYolAM BE AHEEAY 5210 ng/lol A8 AAE Fig. 5-1-10] e}
el AHBEA I EEE Asl Tk wf¢ chgsiAl Letdtch NP-83 LA-33 2
< ARBEAE 7 F AP EoNA 100%2] ul-$ ol AHs) &S UEepulch
Rbdo] HE ARIEPAE AZYEY 254 Asfol wl¢ w2 HZIE el
Tween805>  40%2] 3 &3E Rk R Hal Hdd AR AFREA
sophorolipid, NP-8, LA-3, A0S-1416%} CAPB7} 934 ARAQE &2 Asjaxs
Hol F ¥zl ¥ Ao e glc),

(W) Adggdael 2a 43

FoUsl Y AU AZPAS A%kl YA ADRYAE 84 2% 0
& o7 sl R Wl WEold A T 7 ARBEAe ARsl=o] o)
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2t AT AHEEAE 10mg/LY] WS wEoA FEI Asjazprt vehA|
Tt AREGA L] BEH HEE FHEHIA FES] st 100mg/Le] B2 FEE
Aol AHg3tAT Fig. 5-1-2004 8 4 R0 AUEEAY F7e 2= uel
B3l Azt whE Aol tiokstA UERWTE AJ7to] x| wol ulz} CAPBY] EW
AEo] BE koA w2 A Z71319.21 sophorolipidZ} THEo B A &3
£ 202 Jelydth LA-39 NP-82 A AEI|ME EHYY] A HstA] o
o} sjollM E37l FA 4SS Uehich 2= g ZA3E B3 oFiEd] A
A7 20T Bt 25Tl o wEA BRI Eo] 52 2xoA AUBEA
o] AE3I A2 A doldS BAFTh f38 AR U AT I4L7] 9]
BE ol HzIA o] AHEEHE AREEAY dEHE =& Zojetx HtHrh

ol ARBAEA Y wEot IR VAE Fig. 5-1-30 Veiyleh. A
B E = AHYdA 2l sophorolipide} CAPBY] H3&S Table 5-1-20f LIERICE
o] A3}= Fig. 5-1-28FE @ojzl AEL FHUh ARZEAY 50% o]4fo] 14
3l =olon ol 2 ol F 7] AERGA N oyt I} 244]
dx] detis AL uigit). 577 FollE 90% o] AHBGHIL E3) 5
. %18 A3y} BoyEZo] CAPBE sophorolipid®} B]&3t AEINEE HojFn
10712 AAgg=e] a3ty 3 3 7Y F¢ AEsU TbedE viekd

_%

!
_‘%‘5‘_
¥l

m[o

el
|
1=

5712 AREEA 7t BAEsE = 5o s ot AN HIE Fig. 5-1-49]
Uehdch 27 §3E 52 sfokuteelote] ATt Uty O Fels Aa®S
Ueldch £ Aol ARBEA Y Hrke Ao F2¥ fr1¥4e] FFHol Hof
ol§ £ulsH= ¥ Fo eElots] HAE FEste APBYA FEN AAE 7}
e Aog siekgnh w3 sjoF wteejole] A4} 20T oA R} 25CHAM EA
Vel EH A o] wistel u|5gt A3}E Kol temperature-activityZte] d/ge]

e 25 Fystact.

i

[¢]

fr
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() CAPBe] M X lysis &3}

R Aot oA AEUY Aol s)Rste] RS w) CAPB: &2 JZAE
Saet HEHER H2IA o] 2 JHede RolFodrh. A2PES] 254 A3
HEolA CAPB: Y ME lysis BIE RojForh Fig. 5-1-50 CAPBY C
polykrikoideso] TiRt 573 As{Etet HE lysis TS Ueldlch I Az=
CAPB2] s o} HEA|Zbo] uwlgl ME lysis A7t £713S QZ¥cl CAPBY &
7t 10mg/LY ) MR lysis H]SL 24A]7F ¥ 90%2 Wom 15mg/LAn) 44]7
40mg/LY = 30 Foll oF 90%2] IS R}, CAPBY] AHZAIE i3t lysis &
I H2FA ] a3ty AZYPE A =20 Y HOF it}

o] AEAY dalet X $3H sophorolipide] A¥ ZAzbo] we} sophorolipid
o CAPBE &2 FZAE AA F2 A ae 4A AEFHE 5402 11744
AREYAF 27 Al 7H3 H3dat Rog vl

120
— C polykrikoides

3 A tamarense

100

[o23
(=1
¥

Inhibition ratio (%)
8
¥

B3
(=]
¥

20 |

Surfactant species

Fig. 5-1-1 Inhibition ratios of 11 surfactants on HABs organisms
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Fig. 5-1-2 Biodegradation of surfactants in seawater (Surfactant concentration

100 mg/1)
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surface tension (mN/m)

Fig, 5-1-3 Relationship between surfactants concentration and surface tension in

surface tension (mN/m)
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Table 5-1-2. Biodegradation of sophorolipid and CAPB in seawater

(Surfactant concentration: 100 mg/L)

Biodegradation ratio

Surfactant Time . Biodegradation ratio (20TC)
(25T)
1 day >60% >50%
3 days >80% >70%
Sophorolipid
5 days >85% >80%
7 days >92% >85%
1 day >50% >50%
3 days >80% >80%
CAPB
5 days >90% >80%
7 days >98% >90%
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1.80E+07 @Day 0

L60E+07 | mDay 2
L40E+07 | oDay 3
1.20E+07 @ Day 4
7 LOOE+07 gDay 5
D 8.00E+06 mDay 6
“  6.00E+06 g Day 7
4.00E+06 g Day 9
2.00E+06 mDay 11
0.00E+00 , mDay 13
Control GL NP8  LA3  AOS- CAPB
1416
Surfactant species
(a) 25C
1.80E+07
1.60E+07 |
1.40E+07 |
1.20E+07 |
g LOOE07 |
E 8.00E+06 |
© 6.00E+06 |
4.00E+06 |
2.00E+06 |
0.00E+00 Lol » =
Control GL NP-8 AOS- CAPB
1416
Surfactant species
(b) 20T

Fig.. 5-1-4 Variation on marine bacteria number durineg the biodegradation of

surfactants (a) (b)
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'ig. 5-1-5 Effect of CAPB concentration and contact time on the cell lysis of C

lykrikoides
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W ARBAYA G G, v Ed dE As 9, A 88 I
1) &3

(h 2x=H=e) AFY 49

(W) 2x=2d=d A3 o Hxfd wgge AszAl

(th H=ZAE d3t 2¥ 29} g9 g3

E) HzAEd B 2¥x2Acs) e A WPgzd 7

(2 A¥As ¢ 4y

(h uIRE, WF =2

Candida bombicola ATCC22214= YM Ab=u)x|o] =8}z 37Qdutct A vixjo] &7
A frA] AlZch Apjed2 500ml baffled flaskol] 100m1e] wiz]olA] wjorstaict. 3
4] e w24 glucose 100g/L, yeast extract 0.5 g/L, KH:PO; 0.1g/L,
MgS04-7H:0 0. 05g/L, CaClz-2H,0 0.0lg/L, NaCl 0.01g/L, pepton 0.07, corn oil
100g/Lo]tt. vi9}7]+= 2.5L jar fermentorE& A3l 8§dEot niok stdon 25
C, pH 3.5, 1vm2] 2ZolA wjet 3tgct. A RIS E cell S HAY AT Y2

SR ok2] ethyl acetateE o]-gso] &s}eic}.

(W) A28 E<] uF

AZMMEL Cochlodinium polykrichoides, Alexandrium tamarense, Scripsiella
trochoidea, Heterosigma akashiwo2] 4%& F/2 mediumE 3 7}3} seawater Wjx|E
ARE3ted ufer sttt A1R3¥t seawateri:= 0.2um cellulose nitrate membrane
filter AM83l] RREL AA 3lEa, 121C, 202 ¢ WFslo] njx| & o] 3}
gk widel A& wiQ7lE 20T 2] 313, 12h-light-12hdarke] AFejol A
5000-60001ux2] F=T WL ZA} sttt
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g B stk 540l AMY H2AES Fy @olF dofA Counting
chamber®} Haemacytometer& o|&38}e] A4 3tglc). & F4= Lugol &N o] &3}
o HzgEe DAl A+ Sdrh £EH ANES £54 AhF4/E F4E
Axt stedct

(h A=AE A

HRRES T 529 ZE 4 AFRLAY ZES} g wixlolA wjg st
Ach 93 Aol A F AEA uAZ 42 o WolR SlolM Counting
chamber$} Haemacytometer& o]-£3}ed Al dlgtt. £ F4= Lugol &AE 0]83}
oF HZAEE TAS A+ sldrh. JZAE AALES L5 (B2 AU
o] B E 42 At stgct.

(b AZA =AY

HzE] 8L ol 100cn, AF 4cn®] BF FEHE o]&3lq =
F7AFEe] uf 30cmrict Me]E FHE o83t sampling portE THEYIL FAH]
£ ol &sle] ARE s} AP AR 27 ARPE =4 £FTZIE
TE 44 o]-& Hch

(3) 2%

h) 2X2Fse] AZY AF

AXZ || BPAke)

1. %0 59, ethyl acetateE o]&3l F2H AES L£XZ|FE
HigtEol 91, ethyl acetated ©]€3l F+&H AZL £X 2=

A B3, AAAAH, FFFol 5U 22X 2=

11708 239, AAAZH, 5% ¢Zo] ¢RH, uiGEe 5d £XZer=

11709 B3, AARZEE, 108 GFo] ¥Fd

1709 B39, RAAZ2H, 20% 4Fo] $FH, HIGE HU £F 2=

S
o
(s}
2
A
rO
B>
e
b
K1)
o,
I
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7. 1170 RBH, E& o|&3ly F29, ulutEe [ AXZay
8. 1171 RUH, ethyl acetated o] &3}o] F2H, viutEo] &9
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Fig. 5-1-6 XA E 4% 1171 ByY Ax v =0 tjit AsEy
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Ethyl acetateE o|-&3}o] &3t AXZ =7} thE sophorolipidith gL &
A3 E2HE HAcrhFig. 5-1-6). A A2 AsjA o] E FLE nx=| E& Y
th & Eof, 11719 AAAZ] 10 ppnd] AXZITE AT 323 AXZ ey
E2] 90%2] FH2APE A3 AAE Rt FHFo] H¢ AX TN =E vigEo

=9 AXgeYE Hr} U HIEAE B}

(h g A=A E e Asfan

X250 HA APLENE #1o AE Fo] o3 LUk 23 3% 3
ZABES A3l £2X2nE 59 A & 4 9t IF 5-1-7& 329
2= Asshs HAH2AA 10ppme] A2 IE FEoA 1687 =] 90%

3
9] $£E 4ol AH3ELE AL Ho|a gt}

C. pol ykri koi des
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(ChAZAE FEd 2% AArR

Fig. 51-8& ¥E2 w2 oy A28 AALAE Hol ik Aol ¥
st £ F RF 80xo] o] JZAYE AA AUE Ho|y] ¢35t Sg/lol e BEI}
gestach. A2 283U 2B AAE Mt £X2eWENT) O
We @ BEJ} We sttt
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(Fh 2X=2d=e FE wigdd o Asf &%
4222229} FEL] AZAPE AMAMY] vlaE Jole], £XRIEE ¥
A EE RAAY $E AEE B i, FEE W2 ASEAE B td
< FZEARE BLch 2 A2V FEE O Z3Fd FoR oA
At} Fig. 5-1-99] Ao &8VA C polykrikoides®} A. tamarense® 2] 73-$-of,
lg/Le] VEE Hz|3 A8 AS oMol F F4= 1000-3700 cell/mlo] PR Tt
5, 10ppme] AX2|¥|=F 37 AHe|g 228 7ol 100,500cell/mi2] Az}
& 2ot ol F FolA BF 90xo| e HZRAE AARIAE KA Zoldrt. O
HEE, AFzr=d FEY WY FRAA JRYE AAZAE B %
Eo & &Y £ ot Ax=ev=e HE HFH wjyt 2AL C
polykrikoides®] 7-9-oll:= 1g/Le] HEo] Sppnd] AT 22I|=E HIR A$43,

o1
A, tamarense?] 7390l 1g/Le] HEo] 10ppnd] A 2T =F FHUIgE A9t

flo

K

(vh W34 =4t
AR A= URFE, AXZIE, BE, A2z FEY wig 59 47)
sttt AzHE AZFES] 43(0,30,60,90cm)ol A A Zho]
g 24 3193, BEL BE-2FFIVujge] F AETA
HiaH B =& &3 stgdrt. 2% 5-1-100] w29, ¢ polykrikoides?) 73
Z2ollA samplingE 2|gt 43olA AL Hl%¥ H=2 FX 3ttt 5ppnd
Z2 M= lg/LE AT A7y AP 1AL FAHF AFEAT)
FHoll A Uelstch sixgt 2F ZHAA ol @&t FAL S st ok A
ol3tA HE-LXFe I wigH ML 302, 150&°] At FoxE XA
of ol® mH¥EE AT 5 ¢gl, 1508F 30cn A HAAE vf¢ F2 22 7
AEo] XL drh ol HAzVYE THFE AARE vshde 23 4
th Fig. 5-1-112 F7ZAels BE, 2X2eE, HARAPEFY F =& Ko
olct. Aztel 3hd, HES] AZAMHAA AF 0EFUS FAT FHE B4
3F AL UBFEE Rolx olrt. uliStEoA HES wlE HAAHE £X=E

[“JI'J
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Y=t HIMH B Sols WAl Aglt). Fig. 5-1-123 5-1-13& A. tamarense?] 7
94l C. polykrikoidesst R Y VAXNE Uehdg Rojz gtk HEWE A}
€T B¢ 150201° Aol A 30cex] M2l ngBo] wo] 4 FHolc} AW T
o £ INEF EYSt A} F ol 30cnA] ol oW nRET Basix|
RE3tgrt. ol F£F, C polykrikoides, A. tamarense RFollX HESL AT Ty
E& igste] AHgsidlE B9 oS AAA FZEHE UepdS Hol: Aol
=3

C pol ykri koi des

—e— fotal
- immotile
—a— motile

cells/mi
g

200
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sophorolipid concentration{ppm)

A tanarense

—o— total
~—&— immotile
—&— motile

cells/mi
N
S

0 & *— 4
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SL concentration{ppm

Fig. 5-1-9 &2 22v]=9} ZEQ o] 2|3t A5 &3} (Loess concentration: 1g/L)
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Fig.5-1-10 Sedimentation test of sophorolipid, loess and their combination

on C. polykrikoides
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Fig. 5-1-11 Change on suspended material during the sedimentation of C

polykrikoides

- 126 -



the control

20000

Jw/syeo

tme fnin)

10ppm sophorolipid

9000
8000

w/s|@o

90 120 150
tine fnin)

60

30

1g/L loess

30000

25000

20000

15000

|wi/s|190

10000

tine fnin)

loess and their combination on
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sedimentation of A. tamarense
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(h) 2X2YE, gE-A¥ZAs e AZYE ANES vl

Table 5-1-3 Comparison on the removal effect of sophorolipid,

combination

HAB organisms Loess (1g/L) |Sophorolipid# Loess+sophorolipid
C. polykrikoides |36% 79% (5ppm) 96%

A. tamarense 22% 86% (10ppm) 90%

loess and their

* The values for sophorolipid represent the motility inhibition ratio on algal

cells

Table 5-1-4 The concentration of loess,

the removal ratio (motility inhibition ratio for sophorolipid) of 90%

sophorolipid and their combination at

HAB organisms loess Sophorolipid Loess+sophorolipid

C. polykrikoides >6g/L 10ppm 1g/L+5ppm

A. tamarense 5g/L 10ppm 1g/L+10ppm
Table 5-1-33} 5-1-4= AXZ22|v=e} FE-A2X LT wj3e] AjEAE vz
3t A3jolrt. F BoML BEE AT JZAYE AARN} U2 w22 &
AYEE H7IHHE 29 FH3] oS Hola QUth Table 4-20) wEE 4X
223 =2] HIlo 3l HEY HEE £Y F U3, °E U] HRAPE A AN
¥xel WAL IHY 4 Ak

2 Az 9o 424ED A8 ek HE7A B 97t
7hAAE 49

1 A= 2 By

h 47 F&

2002 849 Wl B 2wy Vel Ayol $UEHUTHFig.5-2-1).
(F) #sh4

CEES
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3l AEe "ulF 4 ZA3} 20% oy /3E HZAPEo ¥ o4
B Cochlodinium polykrikoides®} <25 Skeletonema costatum ©] 95% ©]4}2] o
282 fAsdr}. € polykrikoides$} S, costatumin ©] EZoA
3000cel1s/m1~20000cel 1s/ml 2 LIE}tom ojo] what A4 AHE F Fof tisted

T3t olct.

(th A5
sophorolipidi= $lof] MBH tiE AP AN AR A& A43193 FEE= 59
o2 RE Fu|stgch

33%

Fig. 5-2-1 Station map showing the site of in situ sedimentation test
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() EFAAMY JAAH 2Y

< AEE Sl 2ol 5m, AF 10cn® F 7} 40L HE FL 44 &3t 47
2] #L Group 1& YR Z 319 om Group 28 10g/L loessE, Group 3& lg/L
loess+bmg/L sophorolipid®, Group 4& 20mg/L sophorolipid® 3}ict, 4718 #L
2 Fol AzuA #HAle] Wi #Eel sophorolipidE FEZolA B7lste #E
257} 9o AAE 2 HEE At AIZL A in, 3m, SmoflA g2 latex
FHE dZ¥ FAp|2 AZPE2(EIE F 308, 458, 60E)AFAT HAES F
ZEeE aEJon 1nlE 23t HulF 3ol A4HACH

2 2% ¢ 1%

(7h) C. polykrikoides 2] H73A

C. polykrikoides®] 873 A¥ ZAE Fig. 5-2-20] Uepdlrh tizFoME 14

e AL HErE 32 gkt 371A] AEFAME 4 lmolA 30E Fof

50% o]3l2, 45 Folt 202 MAFIF ZaoH ol AVA AP BF

of ¢ S+& UYeRdT} Group 30iAE 30& ¥ 4

7t vehd e Aesid A AE7ES Tt

G AE =57} UElth EI Group 304 60% F 4 1n¢t 3mollA C

polykrikoides7} #4=]2| o} C. polykrikoideso| 713 wiZ A $A3] AsIAS
< BojErh ¢ A3 AEAM APo2HE dofd AEI YAste Zoln F3

%4 A= FA|o] sophorolipide} FEI}F Al UA] &7} 9SS FHIUTL

O

=

polykrikoides o]

(Wb S. costatume] H7FA

HzU oM = tfE $HEAY S costatur C. polykrikoides® T} 6~8f
e A4 Ltelylict, Fig, 5-2-30A &4 9l%o0] S costatum® sophorolipid
o BEE IsI] AEZHE o M & EREIAE Uehch 4748 Growp F
Group 30j|A] 71% H& A7}/ 7} LIEPYET o)== sophorlipid®} HES] E3rAtRy]
TFEF sl Aol EU USE FEUTL A F O Fo oy Hig=
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sophorolipid®} BEx Egsle] AME31HE ] Ho}l HL 5T 2 A3 aAE
2 4 9ogo] Uelddrh BESL ¥EL 10g/LolA 1g/LE At x| 10%7 ARg
St 3l sophorolipid?] 7% 20mg/LofA] 5mg/LE 1 AME S E7} 75% ZASHACE
ATi7t 1g/L BE2L} 5mg/L sophorolipid E3tesd I A7 &3l 10g/L BE,
20mg/L sophorolipidihg ARE¥ F-9RTE F715tgtt. ¢1of 2 AlY=] Fajof of
& MAYUSESS IA F 7HR] FEo] arh. sl sophorolipide HZRAAEL] 2%
4E& Aslste] ulebd BEo] sle] {A FHH HZEEL FAUAE a4
713 JZAA A HEEA] BaA st Zojth. E ThE shus B3 Yoy
HE Az}l XF M X rlo]o]] electrostatic?t Van der waalsZ7} A3 2R sl Zlo]
th FEXEHO sophorolipidrt Faste] ¥ Asle EEE WsiI|2 BE g}
o FFE I wetd BEGARL HZPE xjolo] -] FASE Fof

th

(™) H&

H82 A2 FAESEEAY Aol BF 84 oo FzIA ] AA ALgs}7]
£13t 523 2¢lo|t}l. Table 5-2-10f BE 2} sophorolipid, 1 £ E8§tEof 3t
B85 ekt ¥EY F2 sjEA oz mule euhy], AXu|l AuE X
§gict, sophorolipidi 200Kg sophoropid/l ton reactor/7 days culture AAtS 7]
Z2 3%E& ol 44t F2E 10 ton reactor2 Tt I w|& S Mo Y 4 gl
A "rlh Table 304 Boz|%o| sophorolipid®} HES] &3t ztzt BERE A}&
& wfe] 28.6%, sophorolipidet AN uwje] 40%2] u]Lo] £8%tl. 13Ew
sophorolipid®} HE2] A|Ux] #3}= FzZAEL] H7bMofa] 2ut oplzl A= 3
Aul-go A= LiepdT],
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Table 5-2-1. Cost estimation on three HABs mitigation methods

Methods Loess Sophorolipid Loess+Sophorolipid
Optimum concentration 10g/L 20mg/L 1g/L+5mg/L
Unit price ($/kg) 0.014 5.36 -
Mitigation cost 0.14 0.1 0. 04
($/m3) . . .

AEH R MY HH38 HES AEAM A¥oA vehd sophoropidst BE
o] Edol AUz &IV} UEE FWIUCh F APE A &t FA
HABspeciesoll tht Zz}et & &7, sophorolipidel FES] THPAUAXE= R
ZFH o] & 78 & Bolfrh wetd ool MEE A21A HLE wAsHS

H&=7E ZIdhs) & 4 lzlch
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Fig. 5-2-2 Sedimentation test on C. polykrikoides
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o aE, aF4Y 49

1) &3

& ATl Uehd Aol el BEE ALY H2APEY & YPEH} Y
2 A3J&AI}, sophorolipidE AMREF FZAEL L2 Ajrel WY ARFAES
B2 RG] 913te] HELL sophorolipidE EEIY ARAl & HRITAEIIL
Aol FEE Q). olo] ulel HES} sophorolipidE EYSI AL w Al
U AN dehbs HzIAEAE Yrlslr) st 20024 8Y
Cochlodinium HZ7} WAL FRA nSxold FRAEE FAstdc). (Fig.
5-2-4).

128° 30 128° 45' 129° 00

35° 15

35" 00" 35° 00"
34745 34" 45°
34" 30 34° 30"

128° 00" 128" 15 58" 30' 128‘45’129' o0

Fig. 5-2-4 AZHAPAUH £3x]
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(2 438 # ¥H
(7H Mesocosm ¥
Y SIHAZEIAQY mesocosne 5me] WELZ 71 Nybolt A3F02 FES]
r}. mesocosm®] FZHL ZZo] 1.2m0]L &ol7} 3 YEH =
7} EA A Zstgct. AL mesocosng F-Fol Y F J2AY
HE AL F o|Fo|Ar}. mesocosmPF B}Lloll= sophorolipid}

2 F FZolAel AlZto] wiE HzAREL Jixfel dxpgAt

H THE mesocosnoll: WEE Yol A8 +Ystgch

1
g
i)
il
N
>
_or|_¢‘
2

(W) 832 xA

¥E, $E9} sophorolipid TYEAE U ol MY ATsde ol J=
TA BAE gotry] 9iste] FHMATAEE £t BEAZE FUSAHY
) BEATANE o] &SHAT) Cochlodinium 27} AT VAol zZtzke] Az
AEAE 200x20m Ao B S (Table 5-2-1)2 ALEZ F A zto] wpE ®F, F
2 AZoA HZAAEL /MA42 chlorophyll-a ¥ 5§ ZASIGTE chlorophyll-a

== phaeo-pigment® B g3lo] AArstHct.

@) 2% ¢ 23

(7}H) Mesocosm A ¥

1)Cochlodinium polykrikoides®] 7| A<+ ¥l AH

3 E 1g/12} sophorolipid 5mg/18 E§ 35t mesocosmoll Y3l AjZte] whE(E7HA,
HA7MAE H A 168, 308, 605) Cochlodinium polykrikoides®] 7WA|4 H3}E
#AE AE 39 5-2-50] Ueldlch 27] AZFAHAELE ¥7l A 1,554cells/ml
o] ANSEIF UEIYT AR EA B AF 1, 34lcells/nl 2 Th: ZFATE UE]
Wit 158 A3} 306cells/nlE o 80%2] 7fAl4 A4S UelWen 60% Z3F
o= 78cells/mlE 95%2] 7|4+ ZHAE RErh FE 10g/18 Y2 mesocosmol A
X Z¥o) w}E Cochlodinium polykrikoides®] 7WA|4 HEE #AZ AIE Fig. o vt
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ERdch. &7] 453cells/mle] 7RM47} Vel BEHRI JF A4 227t Ue
L} 603 FollE 126cells/ml 2 70%2] 7jAj4 7tAE Ueh) #E2} sophorolipidS
ZYste] Y& AP HC} W 274 2AE Byr)

2) AP AY

3E 2} sophorolipidd 21z} 1g/1, 5mg/17} EA E%}ste] 2 718)2 mesocosmol 4]
A ZZ 282 A3 42 C-14 incorporated(dpm) H3 A}E 17 5-2-6(a)ol
Uebdch 142w d3t AzIFAEY AE FHo] 1536dpmoE UElGT ALY
F A&7 AT YR 608 Fol: 191dpnl 2 87% 745t loessE A
713l mesocosmol A& 7t A Mol 243dpm, 60E A3 ¥ 26dpno.E 89% ZtA S}

Tyste] AUl Y7ot vy 24T LS HYrh(Fig 5-2-6(b)).

‘ Sophorolipid + Loess {
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Fig. 5-2-5 {23 A 3o & C polykrikoides?] 7\A|4 ¥ 3}
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Fig. 5-2-6 XA E3Ao] 2J3} C-15 incorporated &}
(a)sophorolipid 5mg/L + loess 1g/L (b) loess 10g/L

) dgax

1) Cochlodinium polykrikoides®} 7§ A3 W3} A4

FEATYNE 0|83l AU Cochlodinium FZ7} WA o] H23d1d
Tl 20m<20me] o]l B E 1g/12} sophorolipid 5mg/18 E3}spe] AEE ¥ ¥3,
35, AFlA Alztel WE(H7bE, HI7HE, 158, 30&) /A HIE BEsA
CHFig. 5-2-7(a)). &7) ¥Z2ol|Ax2Q Cochlodinium BZWE WE = 2 249cells/ml
dom EPEA H7l IF 1,301cells/nl 2 42% LAFINE VeI 308 Fojj=
95%2] 4T E Boch $3 AFolMe Cochlodinium o] Ju|a FH= Tt
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X,

o 22 WYos BEE 10g/]1 w7} HA AR F Ao oE(H/ME, 7t
152, 30, 60%) 7IA4 H3AAE T37 5-2-T(b)oll Uehch 7] EZFol
Cochlodinium 1,200cells/ml7} JAE|gon ME AIE IIF 740cells/mlZE 38%
A5t} 30EFoll= 258cells/mlE 78%8] LAFH}E Bo] ZE 9} sophorolipid
& EYstel AZYy ARt 2 #3pt W2 FAog uepdth 608 Fole
450cells/ml 2 F|A 71 F7H=o] UElton o] AlZto] z|dol ulel FHs|4of
=3d Azt Atgdch
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Fig. 5-2-7 HZFA| &40l 23} C polykrikoides?] 7hA|4 3}
(a)sophorolipid 5mg/L + loess 1g/L (b)loess 10g/L
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2) chlorophyll-a = W3} 4%
loess$} sophorolipid® Z§s}o] Arxst A9 Ayl A FEFoA2e] chlorophyll-a
©=7} 3.62ug/19 oL} By A% 0. 5lug/1 & 85%8 B2 AAXZLS EPon 30%
Foll& 0.25ug/12] H =T 93%2] A ARAE UelWchFig. 5-2-8 (a)).
chlorophyll-a HXEo 2I3t JZ FHAXLo] NS HHAUE ZAAEct A UE}
¢ R chlorophyll-a %% &% A| phaco-pigment& &3l RF3 FA7] dE
of] lysis7} AWE T Q= wle A XEEo] phaeo-pigmentE HIFE| Q7] wf&E RHe
2 A8¥"ch 333 AFolME siAe HstA et Zo] w2 chlorophyll-a
=& UERch
sophorolipid: Cochlodinium %2} AHj¥ute] F3kS
E vZAH 2R §F0] QEA dlo MEI} lysisH =,
2¥rcl. 28U sophorolipid® 27} 43T do] AXNAL B EFolA &
Flebekx] 4 BAdol 9ol 2 gyo] EFol 1A Hrh EIHHY FH=
Qs asre] HEo} Etsto] ALEsATh BE2} sophorolipidE Tt g_r.z%}
A& 7% sophorolipid7t BE Yzl @ehgol AZste HzAZ I¥E Fol
R} 2 AZ A AT} VERiTh
BE 10g/19 H=7F HA IR ST AN HAE F 30 ATt 78%
Z+A % b (Fig, 5-2-8(b)) X 1g/1%} sophorolipid 5mg/12] sX71 A H7igt
Ao Ze A F 5% A4+ fAE Ryrh FEUS AEUE FeR
AbEako] 108¢] 1o] Z+Astg 2 A8Fe] sophorolipidE FI7I3 A} FZAZE AA
FHs 17%7F Eokth o)k UA £uH APA MYy B AT Y BA
Heo] Azel YA st AOR sophorolipidet HES EY AXE R348 Hx 74
of &2 &3Jt A& Ao = dvidr)

Fol ATUYE YoA HE
=
—
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Fig. 5-2-8 2 F A E o] 23t chlorophyll-a & ¥ 3}
(a)sophorolipid 5mg/L + loess 1g/L (b)loess 10g/L

3. Az 34 sl NAse Jg AESd de T P
A PR B FF W)

(1) &3
HEZFAE #1351 sophorolipid, REFE HEsYES B¢ FHAE] nAE o
BE doti7] 913t Cochlodinium FZojl ti3t AT A, mAIZE APz}

A FESHIAE eleioly A4 W NP ST
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@ 4% Az ¥ Wy
ChaE FRAE ANS W

2) He ot ER}AE

Be| 2ol E Y AR Niskin 472 EZ5|4E A4l 24 TEwlos A8
U It 2%7F HEE 2AsET A4S 43 slideE® A 2Ste] Nikon ¥
Fu] B (x1000) 3ol A ejejolE AR ANSE AT

sophorolipid®} BE H7} F Azte] wlE FEEZYIEL] A+ HIHE Fig.
5-3-1 (a)oll Yeldct. H2UQ dAPols FEEZHIE 7AAl¢= 1091007
ind, /m°Z wj-¢ %A LERF O™ o|& Noctiluca scintillans®] $EE7} 90% o)A}
Jd Aoz Yeyrh AX A ZEIZYIE 4= 180,360ind. /m3E UERGT
AR A% 157,525ind. /m32. 2 UER} 48 ZAsigon 158 F 112,380ind. /m32
2 x&Fo g Zrasht 308 F 276,921ind, /m30.2 AA ZIIet SEZYIAEL
AALET & FH47E 4" 242 HAAch. HEES AXSELS o) At
oE FEEYIEY JiAle HIE Fig. 5-3-1 (b)ol uepirh. Ax A
1,037,771ind. /m38] 7|57} el om ALE X 645 494ind. /m3, AE F 30E
2t ¥ 340,300ind. /m32.2 ZtASH} 1At ¥ 584,238ind. /m30 8 Z7lste]

152t 4598 Yehdr),
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Y FHAE AolA BEMZAHANAM 0EF 67%2] FESHIE MAF LTt
UEI O loess®} sophorolipid?] E§ AtsAl¥oA 3082 F 38%2] 7MAs Z4
7} Ul sophorolipide]l 23t @R T o3 HPo] FEESHIAE A
T Zzo] F¥E A AeE dEn O B A o] Aol ulel FH4

o} ZYE] dAH R Urld 2o R Algdr}.
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Fig. 5-3-1 JZFAE4e] 2 FESTIE A+ Hs

(a) sophorolipid 5mg/L + loess 1g/L (b) loess 10g/L
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(W) delgotEdaE

@A TR aIFE AP Ao welolEga LS Az ©E A4 Wy
A3E Fig. 5-3-2 (a)o] uyeldch wAIFZAN weeolEYIaEL Ha
912, 529cells/ml, Ztf 1,290,445cells/ml 2 H 1,056, 936cells/mlE LIE}YIT]
Aol et tizFet 7 MY 4AY AP UsiuA] ol ZESY
sophorolipidE H713t wl4£3E HE ZAz A7t F 1A ojulol: Aol A3 o
ol mjugt Ao wiehHc,

VEEELEIM= npask 2 24 1,401,005cells/ml, FHo) 1,751,318cells/nl
2 W 1,611,904celIs/ml = LFERL} thz 79} 7 Algpzhe] AgbAo] LERUA] o
stom 98] w43 EF A} 2 AAE BArHFig. 5-3-2 (b)).
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T ZESD QJri(EHE, 1994 ¥ 5 1998; o|&} w}, 1998). v} XA AA 7L
S4B n]X = 3ol AT AFE U 5(19%)2 FRFEEC] AT Ha2yA A
Folld AFEgen, ofgjole I8] mjojdt Agolrh. T mAEAL A
B9l Sophorolipid(Glyocolipid: GL)7} AZAAAZA 7gsle] AU 2o
o] g5lx} SlnE PEHREL B3l 4 B nxE 3L gotruz ch
HEAR AP Fatolg Ao th3t L@E AL} JlEt fUHE EAL W)y
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2480 AAY BAY AN FZAAAT Aol vlxE duol iz A
e +uED, A4 dz waxdely F2AES BT BPUPS +Asl]
APUAES WPIA YEshuat Uik oldY WYAUES SAsto] dojh A}
S ARGl AE Aol ujzstn Y2AEN AZAAAS} 29ste] WY £

t T QUES detuax .
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(2 4% A&

h A9g

2002'd 8% 21%ollA 8% 24 Apolo] A HAMUHN M= ZI|E2}(Sebastes
schlegeli& AH&3te] APt ZyjEeS ZAEE 9 7HreldlA Aol
I AR ATA APAE utste] 0.5 ton FRP o4 &esioint. B4
19 +¥33d, Z7]&= 200 we/minZ Stoivh. Aol AR Z3|Ee] AAA % (total
length: TL)& 0.01mm7}x], Z15 3 (dry weight: DW) A& FFTZ 71Xl
ARTE F, 80TolAM 24X 5 e ARAZ F, AXALZE 0.001 g7t FH 31

Table 5-2-2¢f Lje}lj4ict.
Table 5-2-2 Characteristics of Sebastes schiegeli

86.00 £ 0.36

W) Az4E

20029 84 21do] B ghujrlo] ¥ HRAYEQ Cochlodinium 100 LE xj438}
of FABZFATL ARAR st Ao g3t ABL Cochlodinium
4,000 cell/12] 27 3lollA] 4=3s}glch
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@ 484
2 Age] M43 PBAEAA CLE Ashridta YETUN VE HoT 4
T @HRe] BAF g ARSI on, BE(Loess) A2 WA Hz A
A2 o]§3h= 6S Iw o] A AL Natura-FE A}&3}eic}.

@) 4% Wy

1) HZAAA E3o] 43 HEAY (A4} £5)

PP 2|Efos APS 197, APAUNY UEz S whyos Al
HEIQIL, thE ol Cochiodinium 4,000 cell/l 7} HA7FE)QT AFASLold Al
ol #3o] Hlrh AE HEFHe TYPSIAS o FZAEIA Bgo] MW &
< FZHLoess 1,000 ppm+ GL 5 ppm)3} -F-A}3F FALS Kol GL(20 ppm)2} Loess
(10,000 ppm)2] = FZto g AR L stel, vz} vlastETH(Figs-4-1).

Table 5-3 Concentration of experimental water

Sebastes Loess

G-L G-L 5 ppm
Control
schlegeli 10,000 ppm 20 ppm + Loess 1,000 ppm
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Fig. 5-4-1 Experiment of Sebastes schlegeli mortality on field

- 149 -



2) AZAAA EFo] APAEY Aaivld v T

AtaAN] S UG5 S A8t ZAstech DO-meter(YSI 600XL)E ©]
£3}o] 30&Enict A4 os EEALE FYsiglon, FHH &&dAE FREE
o] &3l A& o |USGCHFig. 5-4-2: Fig. 5-4-3). % H AAES 1A
TUY &EA - ¥ Y AE At GATH e R Haksie @S
AP T FH(g) o E F]HAR F AArstgct

zyjEega YxE 727 ¢F Felold 3 stdrh. dE d¥E 2@
=T 72 Table 2.23} SU3} ¥ix] A8} o] Cochlodinium 4,000 cell/l
7} A 7HE ek

[+]

i

¢

H

/

Airston

Experiment Animals

Fig. 5-4-2 Schematic drawing of respirometer system.
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Fig. 5-4-3 Experiment of oxygen consumption of Sebastes schlegeli on field
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7h AZAAA EFA g EHARFAA )

GLZ} Loesso] &Jste] HzABEZXHE TA3EE o, Zu|Ee} njxls Y3 R4}
3t AREA EYSES wl, ARNMETA #o| 71 & F(Loess 1,000 ppm
+ GL 5 ppm)2t SAF WAFE Hoji GL(20 ppn)2 Loess(10,000 ppn)e] F= 73t
0% UYL 3} Table 5-4-1 LEpom, xpgat AXE ¥l Lelste] 2447 4}
BEE 45t w28 AUES URT7e wastdrt. BE 2o Cochlodinium
HZ

=
£ 4,000 cell/12 B73lqcy.

Table 5-4-1 Mortality and recovery rate of Sebastes schlegeli by combination as

time elapse

" ﬁecovtry mte : et

Control 0 0 0 0 0
Loess 10,000 ppm 0 0 0 0 0
G.L 20 ppm 0 0 0 0 0
Loess 1,600 ppm + G.L 5 ppm{ 0 0 0 0 0

fr

RE Z7lola 24A17F =2F A Zlou} T2A17t HEE AT AU A
USTE oF 122 3020] At Fols B Hoprke BES Rk AFde

& SRSt BETFY F-fof A Al F, FEA] sl 2IELS
o] E7FssIATh. of 2A1T A Folle zuEeg BEY 4 et vidgd

X

flo
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ohe ghgo] Wit zul @z st tlET} GLFE wahde] 48 wydn
BETH 2 YapEo] FAHE o] WUTYTE THE AT ulzsie] Hgsh
Uabgol wate |

17N B3 Folk thZ TN WS sh AT} Bolst) GLTANE 42
o F3olM F9& sk Sl BRHUL oF 2047 A Fole FZAAA
7 AEAE, PRANE ATl YA NS Hel VRl ASHE Rew
A2,

() HARAAA Eeol AFAEY iino) vle 9

GLZ} Loessoll 2Jste] AZAMEZNE FASIEE uf, ZIEY njx= F3L 24}
T AREAN EYPSES o, HRPETA FLol M &S F7HLoess 1,000 ppm
+ GL 5 ppm)3} AR #AE ROl GL(20 ppm)t Loess(10,000 ppm)2] = 3t
22 A¥E }9 Figure 5-4-4 Uepon, cixe} wjadlgch EE 12
CochlodiniumE 4,000 cell/1& 3 7}3tgrt.

BRAELE o] Folx] zyujE7 AkaAH][ &S B t)RFE 0.32~0.34 ml/1, GL
7+ 0.31~0.34 ml/l, Loess:= 0.31~0.34 ml/l, EFFE= 0.28~0.34
ml/1)(10,000 ppm)E H3E RHA|ql, Duncan testE 3l 128, 30&, 60
Grouping¥t Az}, Alzte] whE F=HE 93 xlo71 ¢lgich
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—@- Control(Fish + Red 4,000cell/I)
07 | -5~ Loess 10,000 ppm
0.6 | - GL 20 ppm

-3 Loess 1,000 ppm+GL 5 ppm

Oxygen Consumption Rate(mlO»/gDW/ind.)
<
&
¥

01 |

Fig. 5-4-4 Oxygen consumption rate by combination of Sebastes schlegeli(TL:
85.30 mm, DW: 3.34 g)

Table 5-3-2 Statistical test of Sebastes schlegeli by combination as time elapse

60

Control A A A
Loess 10,000 ppm A A A
GL 20 ppm A A A
GL S5ppm + Loess 1,000 ppm A A A

6 2 2
Aeol AT YIRS Feld H3F 4VEHS VR ZvEUS YFo|
4 FUY #9 FEIL, PAGe] HYFE ofFolth mY, B B¢

- 154 -



ol AZAAEN 293 E wl, o AN5¢ HES Y 5 e T dHA
At atzleled, 2002; FE7], 1996).

FAUEL HAZAAA E3go] HAZ HZAEL 293} I8 S0 HT 3
8 FEAE gotRaxt +3% AYolrt

HEX AR Aol E BRI o] Zu|Eehe AMo] Hile Fo] BEHI=H A
ZAE3 HzAAA G UL o] oz AlgHct

Z7o] RE F£RUo] A& Wio] EVMsIEY Az thEA o 124 F 3
e BEJ B 2+ ¢S =38 Hda, uiste FEMNOR Yoy, ¥
Eo] 2 YAIE olF 1 Ut oA HYEA HEI FHH R A=d

e AE 7Y Zfole Ao k3hidg we Zlo] WAL

CA

4
i)
il
it
>
>
i
i
i)
L
3
2,
)
2o
-
iz
A

(s}
FUg ool dsixzE 2 Ude vehds A Wgel ot Fol o, A

"ol olgol HE B¢ Zslol whetiE ‘”%011 Aol 7t glom (Yt

o] WYL, AlZto] A L5E QAL Hom, Jyg A Uxe LR
ot U 5(1996)8] dFolAd HE 1,000 ppnd ALEIF A Yol F¢
HY A AYstnE ol, g, FEY AL oWy FLE AAHA
ote 2oz Ueht o] Hrl ¥ FES] HEAMY ofFf iaibloE F¥E
o XL} Abo] o2& & gl ZAoE uEeldrh

Cochlodinium 4,000 cell/12] 3j<=ollA Z3|EetolAl FRAAA 7} nx= o]
mepstriil Atz Hch.

L
rr
e
o

- 155 -



DEH[E 2tA =

L #4348d3< goiste 443yt 7bed FAAA SAAAL 2 7 H

2001, 2002 BRAHEA, FEot YWY EAY TYsAST M L& F=A
A&E Bt uwebd ol J|ZE dto| EY AMEPE Folu wgx AL Y
T7t QAU ol & Ardsto] g% staich

AL YLo2E A, WITEF(H3lrle AgALe) e =802 oiabgaty]
TEYS ATE FAMA HUBEELS R, Y dFolth. ExEE £
ATAHZE oA vd BRLEA A B EAD} RES EYsl Aol F
AEES Y oot

2 53 52 BO 3YN WA 27 (22 WS WY WHo) 94 Wagh)
& 8T A9 Su: adstdon 272 ¥E + YR
HEAS WBHE ARAA YU 2UY FoltH2002. 12). o] B A
A7t REE W £ UD 2F T 2UE SHssich
3. & TN Ld Glol % tdd YEANE IS FRoL dyHne
A% A4S Astols o REo UF FAF A= Fust WA Aoz 47,
GLel d33H4¢ AsiAe 2Py 2 Sy AN7 Bad
BRREYES AABEAEY A JNBUEA BE] TYSHe RS gold
th 2002.8 9 BHAHAN AMgS 2 AT YES AL AWolN WLY B
T Eol HES}D MIREE AT3GT o] ATFE AHGAl, ol Fuol A1g
Sle wgelth. WAl BEATIZL AYFe] ofmlolA  WE, 18P AFAY ol
e PEF uistBo] Bolgle Wel Y F §AA BIT Basie 3o
3 AARRELS SN F AT =Y FPagel
3

- 156 -



2 1 2 @
1. Kosaric, N. (1993), Biosurfactants: Production, Properties, Applications,
p366, Marcel Dekker, INC., New York.

2. Desai, J. D., and I. M. Banat. (1997), Microbial production of surfactants
and their commercial potential[review]. Microbiol. Mole. Biol. Rev, 61, A7-64,
3. Lin, S-C. (1996), Biosurfactant: Recent Advances. J. Chem, Tech. Biotechnol.,
66, 109-120.

4. Georgiou, G., S-C. Lin, and M, M. Sharma, (1992), Surface-active compounds
from microorganisms(Review). Bio/technology., 10, 60-65.

5. Kosaric, N. (1990), Biosurfactnats. Kem Ind., 39, 557-566.

6. Haferburg, D., R. Hommel, R. Claus, and H.-P. Kleber, (1986), Extracellular
microbial lipids as biosurfactants. Adv. in Biochem. Eng, / Biotechnol., 33,
53-93.

7. Lee, S. J. and K. D. Nam, (1993), Properties and application of glycolipid.
J. Korean Ind, Eng. Chem., 4, 26-40.

8. Parra, J. L., M. A. Manresa, M. Robert, M. E. Mercade, F. Comelles, and M. P.
Bosch, 00 (1989), Chemical characterization and physicochemical behavior of
biosurfactants. JAOCS., 66, 141-145.

9. Shigeo, I., and S. Ito. (1982), Sophorolipids from Torulopsis bombicola as
microbial surfactants. Biotechnol. Lett., 4, 3-8.

10. Ken-ichi, H., N. Tadaatsu, S. Noritoshi, and Y. Koichi, (1971), Formation of
rhamnolipid by Pseudomonas aeruginosa and its function in hydrocarbon
fermentation, Agr. Biol, Chem., 35, 686-692.

11. Abraham, ¥.-R., H. Meyer, and M. Yakimov, (1998), Novel glycine containing
glucolipids from the alkane using bacterium Alcanivorax borumensis. Biochim. et
Biophysic, Acta 1393, 57-62.

12. Lang, S. and D. Wullbrandt, (1999), Rhamnose lipids - biosynthesis,
microbial production and application potential. Appl. Microbiol, Biotechnol.,
51, 22-32.

13. U. S. Patent 4,628,030 Process for the production of rhamnolipid (1986)

14. Helle, S. S., S. J. B. Duff, and D. G. Cooper, (1993), Effect of surfactant
on cellulose hydrolysis. Biotechnol. Bioeng., 42, 611-617.

15. Guerra, D. I., 0. Kappeli, and A. Flechter, (1986), Dependence of Pseudomona

- 157 -



aeruginosa continuous culture biosurfactant production on nutritional and
environmental factors. Appl. Microbiol. Biotechnol,, 24, 443-448

16. Banat, I. M, (1993), The isolation of thermophilic biosurfactant producing
Bacillus sp, Biotechnol. Lett., 15, 591-594.

17. Hbid, C., P. Jacques, H. Razafindralambo, M. K. Mpoyo, E. Meurice, M.
Paquot, and P. Thnart, (1996), Influence of the production of two lipopeptides,
Iturin A and Surfactin Sl on oxygen transfer during Bacillus subtilis
fermentation. Appl. Biochem. Biotechnol., 57/58, 571-579

18. Sim, L., OP. Ward, and Z.-Y. Li, (1997), Production and characterisation of
a biosurfactant isolated from Pseudomonas aeruginosa UW-1. J. Ind, Microbiol. &
Biotechnol., 19, 232-238.

19. Matsufuji, M., K. Nakata, and A. Yoshimoto, (1997), High production of
rhamnolipids by Pseudomonas aeruginosa growing on ethanol. Biotechnol. Lett.,
19, 1213-1215.

20. Ochsner, U, A., J. eiser, A. Fiechter, and B. Witholt, (1995), Production of
Pseudomonas aeruginosa rhamnolipid biosurfactants in heterologous hosts. Appl.
Environ, Microbiol., 61, 3503-3506.

21. Makker, RS. and SS. Cameotra, (1997), Biosurfactant production by a
thermophilic Bacillis subtilis strain. J, Ind Microbiol. Biotechnol., 18,
37-42.

22. U, S. Patent 5,037,758 Enhanced production of biosurfactant through the use
of a mutated B, subtilis strain (1991)

23. Susumu, Ito and S. Inoue. (1982), Sophorolipids from Torulopsis bombicola:
Possible relation to alkane uptake. Appl. Environ. Microbiol., 43, 1278-1283.
24. U. S. Patent 4,215,213 Process for producing a glycolipid ester (1980)

25. Kosaric, N., W. L. Cairns, N. C. C. Gray, D. Stechey, and J. Wood, (1984),
The role of nitrogen in multiorganism strategies for biosurfactant production,
JAOCS, 61, 1735-1743.

26. Cooper, D. G., and D. A. Paddock, (1984), Production of a biosurfactant from
Torulopsis bombicola. Appl. Environ. Microbiol,, 47, 173-176.

27. Asmer, H.-J., A., S. Lang, F. Wagner, and V. Wray. (1988), Microbial
production, structure elucidation and bioconversion of sophorose lipids. J. Am.
0il Chem. Soc,,65, 1460-1466.

28. Casas, J. A., S. Garcia de Lara, and F. Garcia-Ochoa. (1997), Optimization

- 158 -



of a synthetic medium for Candida bombicola growth using factorial design of
experiments, Enzyme Microb, Technol., 21, 221-229.

29. Davila, A.-M., R, Marchal, and J,-P. Vandecaseele. (1994), Sophorose lipid
production from lipidic precursors: predictive evaluation of industrial
substrates, J. Ind. Microbiol,, 13, 249-257.

30. Brakemeier, A., S. Lang, D. Wulbandt, L, Merschel, A. Benninghoven, N.
Buschmann, and F. Wagner. (1995), Novel sophorose lipids from microbial
conversion of 2-alkanols. Biotechnol. Lett.,, 17, 1183-1188.

31. Rau, U., C. Manzke, and F. Wagner. (1996), Influence of substrate supply on
the production of sophorose lipids by Candida bombicola ATCC 22214. Biotechnol,
Lett.., 18, 149-154.

32. Stiiwer, 0., R. Hommel, D. Haferburg, and H.-P. Kleber. (1987), Production of
crystalline surface-active glycolipids by a strain of Torulopsis apicola, J.
Biotechnol., 6, 259-269.

33. Zhou, Q. H., V. Klekner, and N, Kosaric, (1992), Production of sophorose
lipids by Torulopsis bombicola from safflower oil and glucose. JAOCS 69, 81-91.
34 Klekner, V., N. Kosaric, and Q. H. Zhou, (1991), Sophorose lipids produced
from sucrose. Biotechnol. Lett., 13, 345-348.

35. Susumu, I., K. Manzo, and I. Shigeo, (1980), Growth of yeasts on n-alkanes:
Inhibition by a lactonic sophorolipid produced by Torulopsis bombicola, Agr.
Biol, Chem. 44, 2221-2223.

36. Zhou, Q. H. and N. Kosaric, (1993), Effect of lactose and olive oil intra-
and extracellular lipids of Torulopsis bombicola, Biotechnol, lett., 15,
477-482.

37. Kor. Patent 94-23921. New sophorolipid derivative and its use.(1994)

38. U. S. Patent 5,656, 747 Process for the quantitative purification of
glycolipids. (1997)

39. U. K. Patent 2,002,369 Process for the dehydrating purification of hydrated
sophorolipid or a derivative thereof. (1978)

40. U. S. Patent 5,616,479 Method of production of sophorosides by fermentation
with fed batch supply of fatty acid esters of oils (1997)

41. Duvnjak, Z., and N. Kosaric. (1987), Deemulsification of petroleum w/o
emulsions by selected bacterial and yeast cell. Biotechnol. Lett., 9, 39-42.

42. Kim, W. K., and E. K. Kim. (1992), Effects of culturing parameters on the

- 159 -



production of microbial biosurfactant from Candida bombicola. Korean J.
Biotechnol. Bioeng., 7, 102-106.

43.Kim, W. K., and E. K. Kim. (1992), Application of biosurfactant(sophorolipid)
produced from Candida bombicola, Korean J. Biotechnol. Bioeng., 7, 107-111.

44, McCaffrey, W. C., and D. G. Cooper. (1995), Sophorolipids production by
Candida bombicola using self-cycling fermentation. J. Ferment, Bioceng., 79,
146-151,

45, Hommel, R., O, Stiiwer, W. Stuber, D. Haferburg, and H.-P. Klber. (1987),
Production of water-soluble surface-active exolipids by Torulopsis apicola.
Appl. Microbiol, Biotechnol., 26, 199-205.

46. Hommel, R. K., and K. Huse. (1993), Regulation of sophorose lipid production
by Candida (Torulopsis) apicola. Biotechnol. Lett., 15, 853-858.

47. Cooper, D. G., and D. A. Paddock. (1983), Torulopsis petrophilum and surface
activity. Appl. Environ. Microbiol., 46, 426-1429,

48. Davila, A.-M., R. Marchal, and J. -P. Vandecasteele. (1997). Sophorose lipid
fermentation with differentiated substrate supply for growth and production
phases. Appl. Microbiol. Biotechnol.,, 47, 496-501.

49, Kim, S. Y., D. K. Oh, K. H Lee, and J. H. Kim, (1997), Effect of soybean
oil and glucose on sophorose lipid fermentation by Torulopsis bombicola in
continuous culture. Appl. Microbiol. Biotechnol., 48, 23-26.

50. Brakemeier, A., D. Wullbrandt, and S. Lang, (1998). Microbial
alkyl-sophorosides based on 1-dodecanol or 2-, 3- or 4-dodecanones. Biotechnol.
Lett., 20, 215-218.

51. U. S. Patent 4,197,166 Dehydrating purification for a fermentation product
(1980)

52. U. S. Patent 4,201,844 Process for producing a hydroxyfatty acid ester
(1980)

53. U. S. Patent 4,216,311 Process for producing a glycolipid methyl ester
(1980)

b4, U. S. Patent 4,297,340 Cosmetic composition for skin and hair treatment
(1981)

55. U. S. Patent 4,305,961 Cosmetic composition (1981)

56. Dykes, P. (1998), Surfactants and the skin. Int. J. Cosmetic Sci., 20,
53-61.

- 160 -



57. Kim, E. K. (1991), Production of Biosurfactant. Biochem. Engineer. 5, 31-38.

58. Kim, E. K.(1993), Application of Biosurfactant for Environmental Clean-up.
Biochemical Engineering, 7, 97-103.

59. Kim, D.H, J. B. Lee, Guhn Been Yim and E. K. Kim (1995), Optimized
Production of Microbial Surfactant, S-acid, from Penicillium spiculisporum,
Kor. J, Biotechnol, Bioeng., 10,113-118

60. Jung, H. K., J. B, Lee, G. B. Yim and E. K, Kim (1995), Properties of
Microbial Surfactant, S-acid, Kor. J. Biotechnol. Bioeng. 10,71-77

61.Kang, S. H., K. J. Cho, C. S. Han, E. K. Kim (1998), Effects of Microbial
surfactants on Bioremediation, Theor. Appl. of Chem. Eng., 4(2), 2945-2948

62.4} 3 A, 1970, 3T Zsje] RofFol #F dF. I3 FAMNFTY AFHA

1~167,

3.8 4 ¥, 1996 AFAL TESYIAE 2 A, FNH EXe] BT I+
st ARSI =&, 92 pp.
64.% M d, 2 F 7], 1997. AA AU FEEYIAE T AEY £Xo] AT &

T Fsjd, 7:91~104.

65. H3T - AHF .ol - &8F - UUF - ol FAY, 1998, FEL| RAE H=2A=
Cochlodinium &) A A&=}. J. Korean Fish. Soc. 31(1):109-113.

66. Babin, M., A. Morel and R. Gagnon, 1994. An incubater designed for extensive
and senstivity measurements of phytoplankton photosynthetic parameters. Limnol.
Oceanogr., 39(3): 694-702.

67. Cheng, Q. & S. Zhang, 1965. The planktonic copepods of the East China Se
a. Calanoida. Studia Marina Sinica. 7:20~122,

68. Cheng, Q. et al., 1974. On the plankton copepods of the Yelllow Sea. Cyc
lopoida and Harpacticoida. Studia Marina Sinica :27~100,

69. Choi H.G, et al,, 1998. Removal éfficiency of Cochlodinium polykrikoides by
yellow loess, J. Korean Fish. Soc. 31(1), 109~113.

70. Garcia-Ochoa,F. and J. A. Casas. 1999. Unstructured kinetic model for
sophorolipid production by Candida bombicola. Enzyme and Microbial Technology.
25: 613-621.

- 161 ~



71. Kimmerer, W, J., 1993. Distribution patterns of zooplankton in Tomlaes bay,
California. Estuaries, 16:254~274.

72. Kim, D, Y., 1985. Taxonomical study on Calanoid Copepod(Crusracaea: Copepod
a) in Korean waters, Hanyang Univ. ph. D thesis.

73. Kim S.J. 1999. Settling characteristics of natural loess particles in
seawater, J, Korean Fish. Soc. 32(6), 706~712.

74. Kim S.J. 2000. Removal of red tide organisms. J. Korean Fish. Soc. 33(5),
455~462,

75. Lang, S., E. Katsiwela and F. Wagner. 1989. Antimicrobial effects of
biosurfactants, Fat. Sci. Technol. 91: 363.

76. Mori, T., 1964. The pelagic copepoda from the Neighbouring Waters of Jap
an, The Soyo Company Inc,:1~150,

77. Park Y.T., W.J. Lee, 1998. Changes of bacterial population during the
decomposition process of red tide dinoflagellate, Cochlodinium polykrikoides in
the marine sediment addition of yellow sea. J. Korean Fish. Soc, 31(6), 920~
926.

78. Parson, T.R. Y. Maita and C.M. Lalli, 1984. A manual of chemical and
biological methods for seawater analysis, Pergamon Press. 3-28 pp.

79. Platt, T., C. Gallegos and W.G. Harrison, 1980, Photoinhibition of
photosynthesis in natural assemblages of marine phytoplankton. J. Mar. Res.,38:
687-701.

80. Porter, K.G., and Y.S. Feig. 1980. The use of DAPI for identification and
enumeration of bacteria and blue green algae. Limnol. Oceanogr. 25:943-948.

81. UNESCO, 1976. Zooplankton fixation and preservation, UNESCO Press, Paris:
1~350.

82. SPFAIZISH. 2002, ] H2AL AW 172pp.

83. U7% - 297 - AYY. 199%. LHFYE o3 2w A7 BFRAYEA

- 162 -



9(3). 239-245.

34. §324. 2001, WA TAIFEZ. U]AL 196pp

85. gEl - ARl - HHK - SHH - gol - AHF - ol¥A. 1998, H=R QB AUz
Al A,

86. 1. 3l A=ZX E Coclodinium polykrikoides AtZ MG Micrococcus sp. LG- 1
o] Haje} AAZEA g2 31(5). 767-773.

87. oA - whdel. 1998. ¥ YE Az AF YA II. Iz
micans AtZAMdPseudomonas sp. LG-22] Heje} A2EA. gh4=x]. 31(6). 852-858.
88. FE7]. 199%6. ¥Fol=H. Ux|ah, A&, 563 pp.

B9. HHIM=RE. 1994. FREEOBMEYBNHRICHITZEBLHER. AL HEY-B
B R LWREYRBLERDT (FEW=EH, R), EERE4AE, ¥R,

pp. 9-22.

AL Prorocentrum

90. Brett, J. R., Groves, T. D. D., 1979. Physiological energetics. In: Hoar, W.
S.,Randall, D. J., Brett, J. R. (Eds.), Fish Physiology. Vol. VH, Academic
Press, London, pp. 279-352.

91. Carl J, Sindermann, 1995. OCEAN POLLUTION Effect on Living Resources and
Humans, CRC press, New York, pp 20-21.

92. Michael J. Kennish, 1997. Pollution Impacts on Marine Biotic Communities.

CRC press, New York, pp 88-89.

- 163 -



	미생물생산 생리활성물질에 의한 적조제거제의 산업화

	제1장 서론

	1절. 연구개발의 필요성

	1. 적조발생 현황 및 영향

	2. 적조로 인해 해양약식의 피해

	3. 적조발생의 원천적인 봉쇄나 정확한 예측 어려움


	2절. 관련 연구의 현황과 문제점

	1. 현재 주로 사용하는 황토사용법

	2. 황토 사용으로 인한 문제점 발생

	3. 기타 적조 방제를 위한 연구현황 및 문제점


	3절. 새로운 적조방제 연구개발의 필요성

	4절. 연구개발의 목표 및 내용

	1. 최종목표

	2. 연차별 연구개발목표와 내용


	5절. 연구개발 추진체계

	6절. 활용방안


	제2장 연구수행 내용 및 결과

	1절. 미생물 생리활성물질의 생산효율 증대

	1. 생리활성물질의 생산

	2. 생리활성물질의 생산 방법 및 유효 형태

	3. 생리활성물질의 분리

	4. 활성물질의 생분해도 조사

	5. 폐쇄생태계(mesocosom)를 이용한 생분해도 조사


	2절. 생리활성물질의 적조구제 효과

	1. 생리활성물질의 사용성 및 효능 평가

	2. 생리활성물질의 Cochlodinium에 대한 구제효과

	3. 현장 적용 시험


	3절. 생리활성물질에 의한 해양환경 영향 평가

	1. 박테리아 및 식물플랑크톤에 대한 영향

	2. 어·패류에 대한 영향평가


	4절. 최적 생리활성물질(GL)의 대량생산

	1. 연구목적

	2. 개요

	3. 재료 및 방법

	4. 결과 및 고찰

	5. 결론


	5절. 생리활성물질의 현장 적용시험

	1. 실험실 실험을 통한 생리활성물질과 황토의 적조구제 효과조사

	2. 적조발생 해역에 생리활성물질 적용시 나타나는 적조구제 효과 평가

	3. 적조발생 해역에 서식하는 기타 생물들에 대한 영향성 평가



	참고문헌



