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The Functional Characteristics of Biosurfactants

obtained from Pseudomonas aeruginosa BYK-2

Mi Jeong Kim

Department of Food and life sceince, Graduate School,

Pukyong National University

Abstract

Pseudomonas aeruginosa BYK-2 can produce the biosurfactant in largely
by wusing wasted fish as carbon source. The anti-bacterial activity of
biosurfactant is show excellent bacterial growth-control characteristics in
above 1% concentrate level. In a toxic test, LDso level seems to be reached
over 4000mg/100g body weight in ICR mouse and SD rat experiments. The

biochemical analysis results of blood obtained from butchering animal



experiments seem to be no big different in figure when compared with
control group in vitro. So we can judge the experiments materials will not
cause any harmful side effects in vivo.

In experiments of biosurfactant’s adsorption ability for heavy metals, 4
kinds of heavy metals (Fe, Cd, Pb and Zn) were removed to 40% within 5
minutes and almost removed after 15 minutes. This result thought to be very
effective when applies biosurfactant in contaminated water purification
process.

When apply natural biosurfactant in human breast cancer cell(MCF-7) and
liver-cancer cell(SNU-386) by culture for 4 days to see the cell survival
ratio, natural biosurfactant can restraint the growth of cancer cell to
maximum 85% so we can assume that biosurfactant shows excellent
anti-cancer activities. Biosurfactant is reported in several papers for their
immuno-resistance activities in immunomodulating field. So we can expect
more elevated effects when taking biosurfactant with existing anti-cancer

medicine.



R-3tA(AA &G A, surfactants) = 254 K2 g BES A
723 ¢l 92 vl A (amphipathic) 2 2, AWl #dA4E S g e
AAS 7HAT gl BAS FARY oM@ FxA9l S o 7
A, AA, 1At 22 AR Ao
AgtomA Aol A AN ¢

fr 8 Al (surfactants)+ 1917 S doj A Fdste T 2
AT o] FEEtd o, Aol A AMEHa e AY BE #
A= Aaeity setdor P ASEA gRE 54 Fslx
A AR A ghr] wiel] 1980 e BAA A= B2 AT E
el AbE R A A 228 Hsta gl dAeld. Hi B #AE
Al digk #A el Foise] HwA 3 AFS A Qi AAREelA
A TR w2 FAAA H ohgd AEEdA oA BF st
Dk A4 vh BEs] AP ok olgfe A EH FojAL 53] A
= olAE FHe A3 (biosurfactant) = ol 2] 7hA] S v}
A3 glel A iAol Ha glth F gEfde) o E MRE 2
E 7H = frEAE 4 ANE 4 gled, mud 7hekgt skl a)
etk ARS2HE o o=k Aol Theelu] Folrche gl R
w35 3, EAo] 7] o Fo]th(Catherine N. M. et al,. 2001).

HARFEAHAFIE) Y v AEZo] dhsjrls oln o8 Ay =
G Y T WEHLRE WE A7t FdHY glon, Hoe AE,
FFE, AA, AR, wH T vhdE AddRolelA o) 8dm gle] Exp
A AMEAAA AGS dAs) b gl Aotk ey, 2 A e
oo} #HHHE AFrt wiRleEte] A A AFel A9 HAFI AHo
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I. As 2 34
L A5 3HA
11 ddfrsha A w5

daikel 7F LEAGT Falleh G E {FFEE AT E] 9

BYK-2 o] ztE &el, Aol - 4355}

A 5A4E FAS A3}, Pseudomonas aeruginosa® A

d—n

= o] Pseudomonas

aeruginosa BYK-2 (KCTC 180129)2 3 s}t

AEFRERE A-gekol Aol AlgH HAF3AE, fish oil &
71A g wFsle] 3FHe] glycolipid( @ -Naphtoresorcinol, Rhodamine 6G,
Ninhydrine)7} A 4F=] it}

BAE AAFEAE FT-IR #4& 3 F4H LY hydoxyl group,
long chain hydrocarbon, esters group, methyl group 5< 7}z 1 9= Ao

= Upepgt



Fig. 1. Scanning electron microscopy of Pseudomonas aeruginosaBYK-2.

(original magnification approximately > 30,000)

2.9

2-1 3ag
KCTC(Zt=x-FAaatd 2aholl A g oa NAEHE E coliS +
Aste] A A f 3} A (biosurfactant) ©] 37 4L dolr | 9ste] A F )
AHEEAth AEdS LBul Ao HE 5] 37ColA 2441759k 400rpm
o2 I ujefst % UV-Spectophotometer = 600nmol A FH =& =4
8te] O.D(optical density)7} 10] =7 ZAdto] Aeo] Abgatdct. #d
A7 gt g o] deA R E WA g8 detd 8w} o]
duid S FAstAT Adudd 1000Ss Bawe] w@En A8

03“.,

& FLEHA0%, 5%, 25%)% 1084 H¥E DISCO 5417 Mo plate

=

off A& =, 37C 9 efEriol A 24A17F wjekst t}S clear zoneo] vielu}
Al AK-F Y THTE DISCo EFH5A17 iRy vl #EEy



. dAFFAE 1%, 5%, 10%55= DISCo|l F4A1# Ecoli7t &
S v Y Sala 37T A 244 7F wjkE ofS wEel gt
dG3tA el BT HE A|TE surfactante] A Bl . A
E87] $gte] Ecoli 7} e @ FuhA| o] Tween 20, Tween
80, Triton X-100, HAH3AE 0.1%, 05%, 1%Lz EH5AHA

37Tl A 2442wl s Sd ot

2-2 Microplate readerE o] -8-3+ MIC TEST

96 well microplate®] 7} wello] 1.0x10° cellsymf 2] EcoliE a-&3l=
100u£2) tryptic soy brothE 713} 17, wellld A5 & MAo] 10%7} H5=2 F
Astel 1002 A7lskar o] ¥EEHE @A R F oy gyHEZ
st 10%l A 0.0049%7) S == wello] <£u}5lgdc). Microplate Reader
el A 37°C, 18412k v gt A 600nmol A Alde] A3E FHAER 5
Zsled MIC(minimum inhibtion concentration)s % & Tolo] &A%

& =abstginh

1 3hA 2 4,

Aol 7153 Hsd A4S Uk Aeg BES AR FAd7A
ul zF

HAHEEL SD ATl 77 RESG ICR AEe] #3 vpe-2s 54y
Aol RAFE Aoz, shasletd pi obAAATAE AAEE SE

N FYstel Aol Abgsisic.



2. Hd¥FEd dA FHS ueag dE
HrAl ATE AE ZAee Hd 695
T 169~182 gol Y3, FoAAA FHL 4FHo Ut Fo] A A
A AFEe HES A9 1193~136.1 g, vfie HA9L= 21
2~224 g gt}

712 g 2dsd FUu, n ARG SR FRe B

2) A9NE A

L oauidde 2% %o 7iAA F%5 S 7Zh2 1ovegda, B
Ao Z§= 7hz 259t sl

2. el AEeFE otdFd o oJobE BAYANPNFTAS
FAE A dig JIEol flv] wWEel dE FAAY oopE
Hje] 4Al S Guideline a14(1997)8 Fm= &2 Ao 2
Hatarh

3.2 HEd Soirtrlel A duddoz FAmAPA F
A8 @el 2000mg/100g body weightd] HAFEHAES M3
Q1 SDAl Rat 10vizje] Folgh ZAd}, AlweE2 #Hatsz ¢

o
ol
i

k7] wFel AAFetA 2] LDspgt& 2000mg/100g body weight

8



g 433

e
S,
|o
kU
el
&Y
o
2
o

233 2 A

Aldedes AdwsAzs  duag A8 2000 mg/100g
body weight® Y]FC % 7000 mg/100g body weight7}% 1000mg® %
3000, 4000, 5000, 6000, 7000 mg/100g body weightE o] dlo] Algg
SFe FEFES BesnA o, NFEAS Fo3tA ga A

YHGFD FF Tl gzre T
4

L Folnd s5ue A4 F A58 FA0E olgatd Tl 9
A oA AP 13 27 Folsgn

2. 2% Fel F FoQAL Kol & AN 6AAAE v
ok}, Felej A 14272 W 18] oA dukEa 3 Al

3.0 Ad/% FR F AEEES o2z njAAA Austel
AMAZ F o RE NN/ BRAAL, AAT AL
FAR A/ 2A Prid g we aolg wi FAsA

4. ddol Alstela] HAili= BUN(Blood urine nitrogen), Blood glucose,
Serum protein, serum albumin, total cholesterol, TriglycerideS 4]}
Ak,

PES} vk E MG ol SN H AP

ot

}k]“q;]E a}\l' ﬁ;}]
SAEAAA A dY ARRH D 9T, Bire] SHAC)E By M F
o ddeEs Adstginh

op

24 dEwo] g}
FgEAEe] a3 HMstE dlHloll: o] 7FR 7} AR T B oo Gt

AA
M 19713 Ames?t W23 Salmonella HolF HZHE o] L3}

9



(Maron and Ames, 1983). 770 EH o] 48 w271
3} 7} 4 7}¥ minimal glucose agar plateo] #HA ¥ HAE
T& Asste] sdde]l W dEAe) Y 45 #AstE Aol
Salmonella typhimurium TA 100¢]] )& A} point mutation-S -F-2&+ F
AHPAE 7 Sdr &80 E Fegt & AAKGAE wjAo #H7t

sto] Bavelt HEHEA A¥E Fdund B AAL S5

vk Salmonella typhimurium TA 1000 g HHE A A 5H WHo] &
Hdoe s Ab8¥® MNNG (N-methyl-N'-Nitro -N- Nitrosoguanidine)& %24}

dol Zetzl wiEe F2 fgd T wel o&Hm Y EBAo
(Mclean and Dutton, 1995).

217 Edde]  {tgo® Alg¥ MNNG(N-methyl-N'-nitro-  N-
Nitrosoguanidine)> V|= SigmaAt=2 58 +4l5te] SR/ 2umole) 5 %71
L5 oA AV8-E9 L, Samonella typhimurium 1T-22) Histidined ¢F 9.7 @)
Salmonella typhimurium TA100S- A\ el A o] ks) ) &} sfgahel palan
B &% ol dddel Abg-spsinh
H ol A2 2 umol®] M’N’Nitrosoguanidine S -3 500 p£2] 02 M

ot
et
&

IAF ghFolo] 100 o] HuldE T Salmonella typhimurium TA
1002 x10°cells/ml) &} 100 109] A|RE ice batho] 27 cap tubeo] 23 7} 7]
vortex 3t ¥ Minimal glucose agar plateo] Z=2H3lo] 37°C oA 484 7Hajek3l &
EAFe 785 SAste] ol Ao ofs) mdWe] oA & #e] A Li(Inhibion
rate)E Al4H3HSlch
Inhibition Rate(%) = 100 x [(a-b)/(a-c)]

a: FHMolde o) friw EyE¢dole £

b ABEE Mg EFsowele]
¢ Aol AR §18 459 AAdBAEA el +

Pseudomonas aeruginosa BYK-2:2 R-E] FE&3 HAF341S MMNGe) 23]

10



ol E Ao Salmonella typhimurium TA1000] H71H diA] o] 0.1, 0.5, 1,
5% FE2 Wrbeta] 24417 e T 2y Eoivie] @ & 243t

Aol A AAFEAY Fish A0 F BF2 MNNGY 5x&
Anjde g F3te] AAsST)

XFEEEE gFiol Eollv E80li, 3~5% dAik falo  Holx =
H I lelA oleS wgFdel HFEAE A, A AN A
of ol FAAA ottt wEtA, AEE Mest AAFIHAYG FFES
AZhE 2 e A 7IEA Sad Al S-S AE Rt

100ppmE o] vl 714 FF% F(Pb), o}d(@n), #H(Fe), 71=H(Cd)]
2ml¥ 7S A 24-wellel A 52¢l AFAFIAE 5%, 2.5%, 1.25%, 0.625%,
03125%7F ¥\ =% FH7HeS dxvo® & & 37T A4 &2 ¢
Z(120rpm)efi A 0, 5, 15, 30, 6082 & ziz} whE A7l &, 14,000rpmel A
583 94 2o ¢ AFde gob lis F5 45 S ICP-AES(Inductively
Coupled Plasma Atomic Emission Spectrometer:Optima-3300XL, Perkin
Elmer, USA)E A st

2-6-1 In vivo test (Tetrazolium-based colorimetric Assay : MTT Assay)

11



ST gds AWEy M R o ki sarcoma 1804 L E 3=
AEFSHPozRE ookl HHeEel HFshn v¥HLE {E, A=
Q) AAF3AE el FAlsto] maEete] JAo] A=A RS
FA e Aol ey, Hite] AT 58| sarcomal80e] AL S A
dotiz FAC el AN TR 4E dods dAES £% Lo}
HAfstAe] AEEAL Afne How dydaks ddsigo.
Abghe] b A E(MCF-7)2h 7hghA] E(SNU 368)& Holohetm o 2y
g Agstefamddeld B wel A wiekstel ARl ol&aHTh  Abg
o TR UM EMCE-NS} LA FEH(SNU 368)9) A el vl X A

o

ARzl Aste] well'd 0.1%, 1%, 5%, 10%% 57} 552 D534
Hoveko] 47 sl WA Mo &L Awrglid.
HaAg ALY MCF-7 3} SNU 3685 trypsin®. & #]dle] A2

Al

]

g vlg o g HE dlojdl & RPMI-1640(Serum free)u oF o} o &2 =3}

——

i

A7) a2, SE-7F 1,500mpm o] ZAe = 94 Raste AxXsE 14

>

17
10ml12] RPMI-1640(with 10% Fetal bovine serum)-& 7} whel A ¥ H 8
Ae zASADL AE AAFLEx10DHE ARG E Gl
31, Multichannel pipette & ©| &3} 7} wellol] 18009 HX RHAS A

-

Ttk A8 AAFEA= FHFA 0001, 001, 0.1, 05% %2 HES
=l ¥ Eyt A 2% 0.45um membrane filters T HA|ATH AEE X2
A2 20plH Al 7R wello] H7bsle] triple test?l HEE 31}l glET
o2 A AE Ffode] Algul4l PBS bufferyhS 2003 7Fee] 100% A) &
wor Agkn. A xet Algvt HEE well plateE 37C, 5% CO2 AHH)

d

9] incubatorell A 0, 1, 2, 3 U7 wjstdct. A A& A 7kTie) plater 7}
Z}e) welle]l 0.1mg(50¢ of 2mg/mbe] MTTE 7bsils=a, Al 37C, 5%
CO2 sfoll A 4A17F o wjgdate] MTT7} S %5 g MxE 2%
AR wellsoo] AAE B839 formazand YL £3A7]7] S04
DMSOE 100444 7}3F § oF 1587 78 A kst o, 96-well plate-

12



F X A(ELISA reader)® 540nmol| A 2] 3312 =4351%0).
ANgrel AE &3S ogw ol Adsidr.

mean optical density in test well

mean optical density in control well

2-6-2 In vitro test (DNA/methyl green Assay)

DNA/methylgreen =314 2} DNA active agent$] Distamycin A7} W25}
o DNA/Distamycin AE 32 & A]3}3, methylgreend colorless carbinol
olth= EHe HEAA 630nmelA FHo] gloiA R E = Aol FH

A2 DNASH ZetAl dEste dgEAE Fopd=d
BAo] 9du, AFEEAE et 29 FAAS Holho] YaTHE Fuy

getmar sted ok Ao AR dEEANA PEEo] YA

)
AW e BAHEe sluelx, thE Al o] streptomyces insignis
ATCC31913¢] A}4H3H= Daunomycino] t}(Neal S. et al, 1992).

(54 Distamycin A2} ATl HAF3 A7) 50%  inhibion
Concentration(IC50) ¢t & -7 3to 2 Alge] &ofai AL E DNA/Methyl
green Assayol] |3 Z73h3l0}

# FE % Distamycin AE o ¥--29) 0.001, 0.005, 0.01, 0.05, 0.1, 0.5, 1,
5, 10, 20, 50, 70, 100gg/mé 7} H =3 FzAstz Agel HAGFsAE ¢
€ FE7 HEE A G, dR2TEE dEes o8
DNA/methyl green(20mg) 100ml¢] 0.05M Tris-HCl, pH7.5 buffer
(containing 7.5mM MgS04) 5of 24A17F Fot 37T ol A stirringA] 7] H 4]
A3 &AM AT

13



Alg FFELd zZ14s FwwE 20u0% 718bil DNA/Methyl green
SHE 180L7FGE Al 630nmoll A E-3 S E FASI 25T A 2443

L

}

R

oo
>,

71 ¥ 630nm= FRLE ZHHshe] IC507HS ak ok

2.7 A AAdE
ddwatAle] ARQAAN mAe ZisE FASH] Al FAH A4
& AH R

Agoel ALEF B8-S BalB/C Female® A5 652 Z1& Al &8y
AbSAl B AR SRS 48 FFstgu. 399l carrier protein© 5
A]= KLH(Keyhole Limpet Hemocyanin, Sigma H5654, 10mg)S <lAM¢h3
G 2mlefl o} ANEE] HAzA] 20Te] H#tslcl. Adjuvants
SigmaAl 258  +9](Sigma F5881, Freund’s Adjuvant, Complete)d} ]
carrier protein®} F WO F oA wpgAT 40004 ¥ ATl AlEE
PBSE Al8-3lo] 1%(10mg/ml)= Al Z A8 H 597 w92~ 40084 £
st i, WFELE oI PBSE FHoE FAFch Fo 108 F
AT e A4 ¥FE HAEd £ AEE Pesdd. olm uaa

= el BAXE R oo A drh

2-7-2 A xujek

DMEM with HEPES(Dullbecco’s Modified Eagle’s Medium, Sigma D5648)
= TYstd 3& F/F4 1Lo] =<9 £ o 7)o Sodium bicarbonate 3.7g&
Wi, HCI2 pHE 722 25d. o4& 500ml¥ u¥rol 045mm
membrane filter2 <33t % sodium pyruvate(100X)5Sml, Fetal calf serum

50ml, Non-essential amino acid 5ml, 2-mercaptoethanol(100X) 0.5ml,

14



Penicillin streptomycin(200X) 2.5ml, < x]2]%} Fetal bovine serum 500mi-S
Fader HIM § o AEud wARZ ARgEdY. REd AEE
1107747} = =5 =il 2HAZ &, 72475t 5% CO2wjd7] 2 ul
FaldAth. 72A W F AENTAE A4 Relsel AES ARG

A& AL Mouse IgG antibody 7 Zol] A}£3} %)

2-7-3 3} A Detection
Mouse 1gGE 7AZ3l7) YalA (e X ¥ Anti-HBs EIA(Cat
No. ND 1203)& +<U3te] ELISA Sandwitch'¥ o2 R A13149t}. Mouse

IgGoll i3l antigeno] F-2t¥ 12-well plate] 24 WZ2T, FA HERE,
AlwE 2z 3709 wellol 504 7}stm, F4 3 A 2A(Human HBs-Horse
Radish Per-Oxidase)2 Z} wellol] 504 713 3 30T oA 6087 #@h&
Al whgol E1hr] 5-10de] 7| E S FAH0; : 0.6mg/ml of
3,3°,5,5 -Tetramethylbenzidine= 1: 1, v/v)sle] ¢ldo)] o} wrezg 3 27}
well?] HE82S FHall, AHHE0) o= 63 AHatsict Alx=
FAolES FHA Aol ZotA AAM Heoldo AANE 443 A

A vhe, ot ¥ Ao

m[o

2F wellell 10008 ¥ 2 EF § 4
2ol A o] Soi7bAl e FE st 30837 WA W AN A
1004 2F welle] @o] whg-g AAAAG. mEda Ao FHEE
450nmofl 4 104 o]ujell Z-gst).

15



m. 23 ¢ 5%

]_l

T E HAFFAe FFEHdArE g]lstr] #18 Ecoli 7} FHHE
B AufA] DISCHE ol &3t dHANG AAFIAAE 1%, 5%, 10%F
w2 DISCo FE5AA Ecolizh &i8 wlA 9ol &2]x 37T oA 244
P AR, 1%0]39] wRoA gHHe Aw A AAFeol Jeet
i, 1%l = AAdAge 277 lom AL HiE Aoi Rol gy

Yrgol W & Aoz ArHtHIY 2.
AdfaAe) FE5Ee ABe ADBYA} w287 9514 Tween

20, Tween 80, Triton X-1003} ¥7 0.1%, 0.5%, 1%% %% 10uL% DISC
of FFAA 37CelA 2423F wiekaldriy Tween series ¢ 25, 47}
9] FEAA FaBNE Holx ke Triton X-1002 1%2] F Lol A]
adddAdE vdetdda, IAAGEA: FAANEdARgGE $58 @
TEAS BT 1Y 3).

Tween series®} Triton X-1002 AW A A=A st A o] &5 = vt
T8 ATz AA =4 wie AFHAEERA ALES ARz
el FEatrA AR s o] Hold A2E HAAWEH A AR

AAFsIAe FFBA 49 B o] WA Feli ¢ gl

th. Stapylococcous aureus®] XA HAFHAI Aol AAEE &4

H

AT st A5 8E T Aidd AAEATIE TEo] KaE L
U o1 (Geertsma M.F. et al, 1993, 1994, Hayakawa, H. et al, 1980,
Sherman M.P. et al., 1988), Al&+S W] 23t ER/fEE2] Ho T2 339y
o] HAAL Ftsl Mycobacterium tuberculosisi ol e A 7Hsk 37
dAdE& Holx AoR Ry duHGaynor CD. et al, 1995, Hwang
and Clements, 1990).
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Tween Series®} Triton X-1002 AW EAAA 2 t}bSstA o] § e ¢
FARAAAFLRE O A i AFHAVNEZ dAdYoRE Hoj

A7 W Eol HAAHGAAA ] Ade] thdF

HEHQ HAANGAAZAE dA™, gF delA g Hga=

Ty A2 FEA, LR/, HB gEEel iAw S0 i okA

dol BN, Fddg 7FAEA Ao, 850l Hejd HAAH

AAlE A vty & o gk B oo 7]

o ARt drdnd 9o FRle] BF £fHEe Hojd AW

AAEA AEH 7HA e Age AR EY

2. Microplate readerZ ©| &3 MIC TEST

2% 4, 5¢ HAAFHAL Triton X-100¢) MICE(Minimum Inhibion
Concentration) S ZA ¢ ZAo|th. AldFudor] Ao ZF4o] 2431
=9 AF 00391%014e] FEolA Ao oA E ¢l oW, Triton X-1002}
Agoll= 00781%0]del el A9 Aol HAFSA I Triton
X-100R o F uf olie] @ Bolx= Hez yehgu, wg
Triton X-1002} HA-F31=2] MICZHE ZHzb 0.0391% 9 0.0195% 2 5 uf
oj4el o)zt vtEitth wEltd HAFEREZe FHEAHAS W Holw

102 UElgon, uf$ e evogii A" w32 Jehigoh
Tween 203+ Tween 805 Z-& wua AL Lalagor} Ao 34z
ol = Aeg yestd

o,
o

A TRl AAA, 44, 94, w4y o5 At AR

[=%1 |

of R Wsshel BrEE WekAIAY B3 5

_SL

T At o]t

17



Fig. 2. Antibacterial activity of the biosurfactant isolated from Pseudomonas

aeruginosa BYK-2.
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Fig. 3. Antibacterial activity of biosurfactant compared with

comumnercial detergents.
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Biosurfactant 10%
Biosurfactant 5%
Biosurfactant 2.5%
Biosurfactant 1.25%
Biosurfactant 0.625%
Biosurfactant 0.3125%
Biosurfactant 0.156%
Biosurfactant 0.0781%
Biosurfactant 0.0391%
Biosurfactant 0.0195%
Biosurfactant 0.0098%
Biosurfactant 0.0049%

1.5

1.0

Strhodieiive
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Fig. 4. E.coli growth curve treated with various concentration of biosurfactant
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—&— TritonX-100 10%
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Fig. 5. E. cofi growth curve treated with various concentration TritonX-100.
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AEE APEAA A S velle WA, Lectingt o] Aol
gk A 2hE THE S MR AAEY dHAEE A5e & g4dsiE |
AMETL olztA o2 ZFH Aol AEE APHA7IE WHeR Ay
ofj A o EE-8 s = Hoer oFAZcHBorron PJ. et al, 1998,
Wilsher M. L. et al., 1988, Holmskov U. et al., 1994),

S-elvier A FYokF kA od ookF RAAH|IENE wAE
ZFoll g sisEel g7l wlEel dE 449 oofE W YgAAE
Guideline 3 H(1997)& iz &#& Hsle HPsdch & ddq) &
A7 7l Al AR AFo R FAAEAPA] AL 2000mg /100g
body weighte] HARFAE 4 F=<) SDA Rat 10utg]e] Fo3 &
I, AgEeE FFEA FUrl wEel HAGFIAY  LDsegke
2000mg/100g body weightE 4133 Ao 2 wdsiary. 2 Ao Sofs}
Al SDA Rat?t ICR moused 77} 5o 2 o] 4000mg/100g body
weight, 5000mg/100g body weight, 6000mg/100g body weight, 7000mg/100g
body weight, F-A 2o g vhro] 13 57 Fof § 14239 AVDE,
AitS4, ATdst 9 Y40 g #Fadey o 43 e o
7reFslA) A -
O Hd FEA

weighto] Al o+ vla] o] Abdo]l Uelyt 1, 7000mg/100g body weighto]
M= AA AbEE Yelygdth SD Ratitoll Al = 4000mg/100g  body
weightol] A 2ube] o] Apgbo] Yeldm, 7 ojie] &8 FojitoA =
HA A& Ve A T

ubebA, ICR mouser™oll A HAF3HE S LDsox 3=  6000mg/100g

B
ot
o Algdli: ICR mouseo] A+ 6000mg/100gbody

oA

—_

body weight®} 7000mg/100g body weight Aloleo] E A& Ao =2 ALE
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& A Fol AANE] ol

g mEkd 7 oFR APSENA HARIFA LDsoA =
4000mg/100g body weightE 4+3]gt Flo 2 o AR, dA XNEFH7)
B2 AR E Iy G854 B Zagase 2o gt o g Ee] A
9 LDsp7} 1350mg/i00g body weight & = HAG&A 7 AZHNE
24 kel o ¥ o= yEbyth

ARtFadel Zg AEI}F BE APwedlAd #EA7|ES ANEE
Aol Folo Hay olu3 FA4E FHAHA Fgho

Aghse] Ay YEYF RE ANJTAAN AAHd AFTFNE

TEAM FAoze ofdade] By ekgir)

]
Rl feko v o] gazio] WX Qokrh
A § AHS W AxPARAsw Wy Fuwa,
albumin, BUN(Blood Urine Nitrogen), Glucose, cholesterol, Triglyceride
= =AM AnE i 1% 20 dEhddh e slas g e
S Akl 2 zpol: Folm 2= ololu).

NEEHZA AMEE AA53AY F

8wl AL Wi
ol TR AL Fo] FTHE A

oR oAdstR ot rate] A 2.8Y FAhSeE AT RoM garE
2 dA HAdE5E 4 %tk =3 BUNojy F¢lz, albumin®)
G- R & AolE BojA 9 3oR Hol Aoy 7F Al
F& vAA @FEs Ve da2 AT $HE Rase
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B g 19713 Ames7t 71gl Salmonella ol &S &
o] 83t ¥ v} (Maron and Ames, 1983).
MNNG== Samonella typhimurium TA1000] w3t HE AR 2AH =H o)
HowA wekdo] Zbatr] miEed T2 2igh dgtel ol ol &EH, 3
Abe) dzlstel 2 DNAGZ|afdel oj4dg dorle FHH 247
ofu] ike] Y ERoln|hashg o] DNA FdR R HEHA ods dod|e
59 71 #odted o2 FA FIvhal (Mclean and dutton, 1995).
HARIAY 24 Sddoldel o3 d=ddoldd A3E Table
3o JER ATt
AAFAE MMNGY o8 SRl s ¢

L

.31 Samonella typhimurium
TA100°] A7t wix|o} 0.1%, 0.5%, 1%, 5% L2 #H7Fstod 24421 wj
3 1%9 5%olA ztzt
504%¢t 625% % ¥AHUG. o= HAAFSA Hibe st 1%oldlA
s0% olgel Edviols AR EAt ME wEe Adee Fold Ay
Eof M= &t vrld ew veidoy & o dAFsAE A
o o1 Easl Axe ehatu.

FEdAHC] gHY BHAAHE TANZAY AGATIE A4S 3

b S

Fgt B mdo] wxel £% AW

7 o

o =dolgt: AR, AARYE A RdEs At Eda9
chemopreventive agent, WSrEHAI} MEAH EAE53H HEE& Asfsl=
blocking agent, tEA 4 A FxAEH At & AlAE HEE A3

3}= supperssing agent®] 37FA R FE b 4 glth. (Wattenberg, 1985,

Hocman, 1989, Flora and Ramel, 1988, Flora 1988)
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Fig. 6. Vitality of ICR mouse and SD rat injected with
various dose biosulfactant.
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Table 1. Blood analysis results of ICR mouse

injected with biosurfactant

Control Biosurfactant
2000mg/100 4000mg/100
Items not treated & i & & . g
body weight body weight
(n=5)
(n=5) (n=5)
BUN{mg/dL)* 21.0+0.7 24.6+0.9 28.7+1.2
Glucose(mg/dL) 176.0+21.0 141.0+145 193.0+15.6
Total Protein
6.0x0.8 54208 5A4+12
(g/dl.)
Albumin{g/dl.) 4.1+0.6 3.0:04 3.1+0.2
Cholesterol
104.0+10.2 126.0£8.8 121.0+10.3
(mg/dL.)
Triglycerides B
65+5.7 T5.3+6.4 86.0+4.6
{mg/dL)

* BUN:Blood urine nitrogen
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Table 2. Blood analysis results of SD-Rat injected
biosurfactant
Control Biosurfactant
2000mg,/100 4000mg/100;
[tems not treated & ) & & ) e
body weight body weight
(n=hH)
(n=5) (n=3)
BUN(mg/dL)x 27.8:23 20612 22.3+2.3
Glucose(mg/dL
128.0+10.2 127.0+9.6 13702136
Total Protein
6.2+0.3 58108 5705
(g/dL)
Albumin(g/dl.) 4.4+0.8 3.9+0.1 3.8:0.1
Cholesterol
121.0+6.3 98.0+5.4 940+12.3
(mg/dL)
Triglycerides _
61.0£4.2 64536 H7.0+45
{mg/dL)

*BUN:Blood urine nitrogen
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Be) AFASe) o84 FEAWe] Tavt Q= BAL ARt
Ao ol HEASR AWstu, EAY FABHARA g Gof
gith. QAL sz e AMET DEe] FBelwoelrt Yoy ROz
A shbel A g7k B F A7) sl A gaATE FFEYE of
Ueb gorgye sbdths 28 ¢fvlshi: dxien stk

5%

r

Eﬂ 1
o

29 7108 BAFHAL FEE FAEE ¥ Aotk Adfs
A7 AW EE A BAN FAE FIHS AL uE B 4G

ate] wjAdshEA AR S gelelr] 9lA sfaRRgRE eldy 4%
HjeFl Fol] H A3kt AFE2AS HA7kstddh 100ppm 5%
o] vl 7tA &%, Fe, Cd, Pb, Zno] Ff3 Ao HAFAES 0%,
0.3125%, 0.6215%, 1.25%, 2.5%, 5% 557} &2 Hrlele] Het g

_1}-}

oA 120rpm, 37Tl A WhEAIZIHA 0, 5, 15, 30, 608 7H7he) Al zh)
A QlRE Fstel 94 Red ¥ Aol doldli FE5Y 4T
ICP-AEDZ &3ttt ] £/ F545L T¥dA Bd 4 5 9%
o] 5% olulel 40%o]Ade] AAEJAL, 155 o|FolE= A 100% 717H-S
AALE Bl o A= B2 QYANED o835 AL ofy
Ak, AR oY @AH T &S FE& AAPNE AAeEe

L -
j=)

Jr>

?20{)4

AT, B Ayl AT AARIAT A TEes] wie] FH%o)
edd FARs ¢ AhHoletn A HL

Catherine 5(2001)2 HAFFHAE 183 Edolvt #4F9 55
AAsE AAE Az v G9€3 maxs gdldz wmslu glon,
Li(1995)s 2 7k=8, 7o, 5, F2, U@, od 52 A4 &4 717
(Environmental Protection Agency)oll A A s}y 73 §83t 3402 1
lEol da, EF Fo olE Fode 29 #aol YF=E vt
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AT waAl, olge AAWYE Aae] B Fol ¥aE 34
of Hol5E FaA Aol 55

= =
ARG S &S| ZEF A LTSRN, T 2949

g

b
K3R=]

AALHe] ste HAwsAe AbEs wAsta vk WA e

6-1 In vivo test (Tetrzolium-based colorimetric Assay ; MTT Assay)

A Zol AFEH I 9= Tetrzolium-based colorimetric (MTT) 74 2 ¥} &
96 well plateZ A3l HAFAIE ELISA reader (multiwell microplate
reade) 3 o] &3dle] @& Algs de wEn ARd 24 A5 F
slol  AE:mA W AEF AAgezM de] AMgEHm )
(Carmichael, J. et al,, 1987, Mosmann, T., 1983, Shoemaker R. H. et al,
1985).

hatabgel 4% SHEE wESrelols] Grs Fatged oa
o =2 F8A MTT tetrazoliume AFME o= u|£849 MTT
formazan©. 22 YA 71T}  MTTE phenol red7} Zolsl Hlx] wi= og
QoA =Ad 4F N WA He FE4 tetrazolium salto] v} 43
¥l MTT:: dehydrogenase enzymeol| 9|3} 4] tetrazolium ringe] %] A &
£ 9] purple formazan® 2 Y ET} o] B8 M formazand isopropanol
H DMSO%T 9l &mE ol&cte| &alxo] stz dyeo] FXk7}
540nm &} mAgol A Herh =@, of wAel ZAE FATE= olglo
W, dAd e G AlEe] FRE wdgth S v MTT/: A

| o) @dd ¥E vEhdv 2 welldl EAEhis AE A XSG )
gt G MR M= o] HAslo] o] Folx A Y] Wi FHE
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MTTZ} AlEol ojsf S oS vebliu] 2 welld] Exjsh= A& A
¥ao dldsts Aolrh & FoF 84 FolA dMx AEES 7 W
FolatAl ALEE = Wy F9) shel).

Abakel el MEZMCEDT 2ot Al ¥ E(SNU-386)2] A%e]
A d3s 49Rr7 A3t welld 01%, 1%, 5%, 10% F%7} H L s
HARFstAE H7bsto]l 49U wigetd A Axel AFEFES Anugich

AAGBAE Aohehx Qe dzTo Waud ARFe WEse e

a ARz GEFNTHEHIA AW FHo] o) FAFEgHYst FEG
= ZAojrh MEFL A, 2544 2o $E2EA LA e = F
TEE AT = o] TAesfAZE e FHel 93, AEFE A
o 55 2 wiZel gEelt FHA S of#t 23t MRI

+(Khokhar, A. R., 1989, 1991).
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Table 3. Influence of biosurfactant on the mutagenecity induced by

MNNG in Salmonella typhimurium TA 100

Treament Concentration(%) Revertant/plate Inhibtion Rate(%)
Controll(MNNG)
986+62
Spontaneous
0.1 936+32 5.7
. 05 845125 15.0
MNNG + Biosurfactant
1 54112 50.4
5 434+11 62.5
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Fig. 7. Effect of biosurfactant on the removal of Cadnium
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Fig. 9. Effect of biosurfactant on the removal of Iron
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Fig. 10. Effect of biosurfactant on the removal of Lead
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Fig. 11. Cytotoxic effect of surfactant for MCF-7 cell line
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6-2 In vitro test

28 11, 12904 AR E wke} Zo] AAFEHAE in vivoolld ¥ &
dol vig- Helwu webA] in vito A9l HHAAM e BFY FAo H
o3z ol 2 & DNA/Methyl green Assay't @ = <ol E gttt Methyl green
olgts E24& DNAG 7t9do s 2 By EFdold + e 24
o|t}, Distamycin A9} DNA/methyl greeno| %2511 DNA/Distamycin A %}
methyl greenolvliz AR E A EC] A =d ol& A= Aol I
rA &) H&o|tt  Distamycin A A EisF wfg ek ofEo R o
217 Sl DNASH ZatA Adstes AHS 7HA oA SdAER
de] ARRE A Sl

HAFsA 9t Distamycin Aeke] &¢F ZAE vlwg At 1
13,140]t}. 2@ & 4 Q5o HAHF3}A = Distamycin A9} M| <=3}
At oz e AR gNE Holw s 4 g Uk

E3 IC S03% distamycin Zte) 11.29(ug/mL)o] 31, FA &84 = 13.52
(ugmL)2 A F o] ofd e A4 /AP7tsAHE AAste A7
2 & & s Aotk
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Fig. 13. Displacement of methyl green in DNA

by distamycin A
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o
2
0%
oX,
olr

Aol apde] BeaAol WAe a3 FHus) A A A4
& Agasit. gudy A2y FHE ANRHA, AE2Y F4T
AegA, FAANIYAE T vE AUBAE ofm wyow
=4 welse Gae EabE drbdoa wasta Aok AR, 94,

¥ AH S A & mitogenol] & s A A= W2 G
A& oA élaL, Natural killer cellol ©}3}b target cell?] lysis& A3, vl
AZHA e EH Fc Receptor®} R A ¢ @74~ 5 WAy edAe &
H7} FegA A ¥ie i 9l ch(Ansfield and Benson, 1980, Wisher et al.,
1988, Catanzaro et al., 1988, Coonrod and Yoneda, 1983).

= HYdAME vz Ae AT S YAt vt 8 Hapteno &
WYY 5 10mg/mle] HAFIAE 400u¥ 59 Fob B Foigh

% wppmol w4 AZstel B gng Eelsd A wId F
U

e Fol¥ Aoz @k $4 IgGrh tE el AN wol M@
EAE FAeH7] YEA e d e 2 B Anti-HBs#h ELISA kitE

TSkl M@ A% AR FHE/ xR A9 Aol ik
9 15904 BE 9 USel AARHAG] 9% IgGe] B@L v

T3 2ol gldem gSe] A gEERY § Be EFrE nuoo
A B3R Gagatel Ao Agg vAA @ Hewm mo
ok Eg #ElE B gEAE 240 wigstaA, daedd AE A

AGe b Que) R FA AT WA BG4
QYT A FARHAT B dEuls A FAYNS
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Fig. 15. Specific reactivity of ELISAs{sandwich method)
against anti-mouse lgG antigen for detection of mouse 1gG
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FrgdsyE A 2 Aoz vEiger, ddfstArt AW A A
S s Bt A E-E FE) A AbE vEHo] RaEm glof
FE5gt HAAHEAGA Aol Al AdAoln, FASAAAgAE
AEFANERME Pl w2 AR dEy SE@AdEy oYy,
FEEAE JHAL Qo] B &FH R AdEE S84 o8 + s A
olgt 7Idido. Edolu FH FISH AATel HYdd #AEA
Aol o] &2 + dom FAFIA Y AbEe] AFHL drh. HARF
A= =T AAS o AlSh o, Nawral killer celle] ¢} 3F Target cell®)

-

lysisE A3, vl E23x]2] #W Fc Receptor?} R A9 & 74 & W
A 7l A & FEHAA Ruda glon, H¥L T HA
A= FHAAE AEA Fe A4 W Foss Aoz A}
ol

@70l AHEE A4 E fH HAdfeAd AlEREY faAE
1ol vk, stshfahAe] wis] HAFHAE 53 BAS
Wol 7HA i e Aoz eyt

olElE AaE offotd AFAAAN FANTAEN 2754 4
of HrtstAY, FHE HAREEe HAR #FFFe unwrnsg A3
A A ARE" F Slvh ARk M A 7hA rlTAS A obE
L Z2A Atgo] ZbyEtar, oFE 9 A4®El 0 2 A liposomel AR E
Stk o9 BEGY Asht AR b ol o] fo| v, B
W AN, FEE sl 9 FE T, ol 5 oolg] BofelM A}
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AL =2

=g #MHNIMA] 288t ME 2HE U U=Z o|F
o FAI olti= A=t HBZE HAUL Fol BHOlM d4ETY
figlo2 AHi UALE =glLich, Himpl oHFoME UL AR
4 fieloz EEd W@t F¢l F¥4 u4H, HH8Y d4H
M A2 A ReE ZEILITH EF HEH - plHMo= F 1}
B HEo Fol UYS B4H, HEY ueH, HY4 u4H
M= 2bAre]| St TEL|C
HE I mEt HEy deld MM FM MEjEHEY FEA
DRCHe: B St Mol B HEE AN & T&& & M
Hi 22 FHl H-gal¥ F] P ZYo= UARSHH, O 2fof
E 31 &2 o Heof SojF sl FujSH HE I MY 2
HE2} HoE uh4 HAEY TRFL ZE BEM LAY =
&& MELCH 23 HHE 24Y FAM= FFE 4« UM BiH
H Fo FUHY fUEDS HEsHAE dSAEN Y= D0R: O
e MEL
DA eE B YA HAUSAY BAIEel AMYE BEo= A
HE Fol otHA|L & HME Di&E K2 AL A AR T
& & AMYsts HE, FRe=E B AL 81 U FA T
B ASItHE Lie] F HE AElo|Y Fodo|, HIAMLIU B2 &
& & Mol YA HoM ATt EHAE THEDL AlY MTE
A NUp&E FHEHH, Qi FRE AN 08 4 YTE O}
B 2 "o| HoiFp Attt Lie ofHL[H o] T2 HFA|H
A AlSHE =EIL[T
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