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SUMMARY

I. Title of research

Production of Biosurfactant from Marine Organism and Its Application to

the Functional Fish Based Products

IT. Objectives of research and its importance

- Isolation and optimization of microorganism producing biosurfactant and
investigation of component, rheology

- Overproduction of biosurfactant from marine organism and its applicate
to seafood processing products

- Economics analysis and development of useful technology

- Food safety and lethal dosage of biosurfactant

- Function of biosurfactant

I. Contents and scopes of research

m] Overproduction of biosurfactant from marine organism and its

applicate to seafood processing products

1. Isolation and optimization of microorganism producing biosurfactant and
investigation of component, rheology

o Isolation and identification of bacterium producing biosurfactant

_10_



o Selection of the specific substrate for producting biosurfactant
o Investigation of optimal culture conditions(Flask culture)
(Carbon source, Nitrogen source, inorganic salts, temperature, pH etc.)
o Extraction, isolation and purification of biosurfactant
o Analysis of component
o Investigation of physicochemical properties
(Emulsifying activity, emulsifying stability, biodegradation, washing
capacity, foamforming, water holding capacity, surface tension, etc.)

o The rheological properties comparison with chemical surfactant

2. Overproduction of biosurfactant from marine organism and its applicate
to seafood processing products
o Optimization Condition of fermentation for biosurfactant production with
7 L. fermentor
- Batch fermentation
- Fed-batch fermentation
- Continuous Stirred Tank Reactor
o Continuous production of biosurfactant by cell immoblization
o Qverproduction using Pilot plant(200L)
o Development of separation process

o Application to seafood processing products

3. Economics analysis and development of useful technology

o Economics analysis for production yields

o Determining bioprocess design for scale—up

-11 -



o Manufacture

m Physiological functionality and safety of the biosurfactant from

marine organism

1. Food safety and lethal dosage of biosurfactant
o Safety as food additive
- Acute toxicity, LDsy
- Antimutagencity effect, Ames test

- Antibacterial activity(In vitro)

2. Function of biosurfactant
> Function
- Adsorption Capacity of Heavy Metals(In vitro)
- Cell proliferation
- Anticancer activity
(In vivo(Sarcoma-180), In vitro(DNA/methylgreen assay))

- Immunomodulating activity (In vitro)

IV. Results of research

m] Overproduction of biosurfactant from marine organism and its

applicate to seafood processing products
1) A marine bacterium having a high oil-degrading activity was isolated in

the southern sea, and was identified as Pseudomonas aeruginosa BYK-2.

- 12 -



2) The optimum culture conditions in flask level has been determinated.

3) The biosurfactant has been extracted and concentrated, obtained(a crude
biosurfactant about 10.1g/L) and then named as NS-1

4) From the analysis of the chemical structure, Biosurfactant was estimated
as 2-0O—-a-L-rhamnopyranosyl-a-L-rhamnopyranosyl-B-hydroxy-decanoyl-3
~hydroxy decanoic acid methyl ester

5) It was exhibited that the biosurfactant has an emulsifying activity,
emulsifying stability, biodegradation, surface tension, interfacial tension, and
thermal stability compare to those of some commercial surfactants.

6) In Fed-batch, Air-lift bioreactor for overproduction, obtained about
22.7g/L and 0.1g/h, respectively. Also, In the 200 L pilot plant, obtained
biosurfactant about 18.2g/L.

7) Pilot-plant process for purification was modeled.

&) Development of functional fish based product by addition of biosur-
factant.

9) The biosurfactant showed particularly excellent results in respect to the
emulsifying activity than those of other chemically synthesized surfactants.

10) The details of process flow diagram was completed.

@] Physiological functionality and safety of the biosurfactant from
marine organism

1) Excellent result in respect to the antibacterial activity than those of the
other chemically synthesized surfactants.

2) Antimutagenecity effect of biosurfactant wes confirmed to be very high

and the value of LDsy proved biosurfactant to be GRAS grade.

_13_



3) Superior adsorption capacity to heavy metals

4) Exhibited anticancer activity.

V. Applications

1. Research results

A. Announcements of scientific papers

@ The foreign papers

- Lee, K. M., S. D. Ha, B. J. Kim, S. H. Hwang, D. J. Lim, and J. Y.

Kong, Rhamnolipid Production in Batch and Fed-batch Fermentation using
Pseudomonas aeruginosa BYK-2 KCTC 18012P, J. of Microbiol
Biotechnol., Submitted

- Jung, H. S, S. H  Hwang, M. Y. Kim, S. D. Ha, and J. Y. Kong,
Production of Rhamnolipid by Immobilized Pseudomonas aeruginosa
BYK-2 (KCTC 18012P) Using Modified Polyvinyl Alcohol. Biotechnol.
Lett., Submitted

@ The domestic papers - 4
- Kim, H. J., B. J. Kim, J. Y. Kong, and G. S. Koo, Isolation and

chatacterization of oil degrading bacteria from southern sea of Kkorea,
Korean J. Biotechnol. Bioeng., 15, 27-34 (2000)

- Kim, H. J, B. J. Kim, S. D. Ha, S. H Hwang, and J. Y. Kong,
Biodegradation of crude oil by marine bacterium and composition of the
biosurfactant, Korean J. Biotechnol. Bioeng., 14, 192-197(1999)

- Jung, Y. S, D. S. Byun, and J. Y. Kong, Stability for food additive of
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biosurfactant produced by marine bacterium Pseudomonas sp. CHCS-2, J.
Fd Hyg. Safety, Submitted

- Jung, Y. S., D. S. Byun, and Kong, J. Y. Physiological function of bio—
surfactant produced by marine bacterium Pseudomonas sp. CHCS-2, J. Fd

Hyg. Safety, Submitted

B. Announcements of scientific meeting

@ The foreign meeting - 4

- AR, e, WA, SEEE, NORE, WREITELE B & OTmE LIS &
LRI o KEAE & Z o kGEME,  The 9th  Academic Plaza in
International Food Machinery Exhibition 2002, Abstract, pl72-175 2002. 6.
11. - 14. 2002E4FE fin 126 & INTERNA- TIONAL FOOD MACHINERY
EXHIBITION 7 7 F 3 v 77 7% B kE % VOL9

- Kong, J. Y., H. J. Kim, K. M. Lee, B. J. Kim, S. D. Ha, and M. Y. Kim,
Isolation and structural analysis of biosurfactant produced by marine
bacterium Pseudomonas aeruginosa BYK-2 (KCTC 18012P), The Fourth
Asia-Pacific Marine Biotechnology Conference, 2002. 4. 22- 26, p60,
Honolulu, Hawaii, USA

- Kong, J. Y., H J. Kim, and S. H. Hwang, The present status and
prospects of the health food in Korea, fREERMEHE(LE T3 B7EE,
p30-41, 2001. 2. 8. B, Bz A K8, rhagEfr{dt frhn ey

- Kong, J. Y, H S. Jung, H. J. Kim, S. D. Ha, B. J. Kim, H. S. Koo, and
S. K. Bae, &gl & L <ozt o4, The 7th Academic Plaza in
International Food Machinery Exhibition 2000, Abstract, 2000. 5. 15. - 18.
200-203
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@ The domestic meeting -11

- Jun, B. J, H. J. Kim, B. J. Jun, H. J. Kim, M. Y. Kim, H. S. Koo, and
J. Y. Kong, Rheological properties of surimi by addition of biosurfactant,
Korea society for food engineering conference, Abstract, Chonan, Korea,
2002. 11. 16.

- Lee, K. M., S. H. Hwang, S. D. Ha, H. J. Kim, and J. Y. Kong,
Fed-Batch fermentation from overproduction of biosurfactant from marine
orgnism Psedomonas aeruginosa BYK-2(KCTC 18012P) Korean Institute
of biotechnology and bioengineering conference 2001, p 841-844, 2001. 11. §,
COEX Convention Center, Seoul, Korea

- Lee, K. M,, S. H Hwang, S. D. Ha, H. J. Kim, and J. Y. Kong,
“Optimization of cultural and fermentation process for biosurfactant
production from marine organism Pseudomonas aeruginosa BYK-2(KCTC
18012P), 2001 Korea Institute of Biotechnology and Bioengineering
Conference, p 165-168, 2001. 4. 14, Konkuk Univ.

- Lee, K. M, H. J. Kim, S. D. Ha, H. S. Jung, J. Y. Kong,
Physicochemical properties of biosurfactant produced by marine organism
Pseudomonas aeruginosa BYK-2(KCTC 18012P), The 31th Symposium of
Korean Society of Life Science, Abstract, p28, 2001. 2. 20. Miryang Univ.

- Lee, K. M,, H. J. Kim, S. D. Ha, Y. S. Kang, and J. Y. Kong, Structural
analysis of biosurfactant produced by marine organism Pseudomonas
aeruginosa BYK-2(KCTC 18012P), 2001 Korea Institute of Biotechnology
and Bioengineering Conference and Bio—Venture Fair, p 165-168, 2001. 4.
14, Chonan

- Jeong, H. S, H. J. Kim, B. J. Kim, S. H. Hwang, and J. Y. Kong,
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Continuous production of biosurfactant using Air-lift reactor, 2001 Korea
Institute of Biotechnology and Bioengineering Conference and Bio—Venture,
p329-331

- Jeong, H. S., S. D. Ha, H. J. Kim, B. J. Kim, and J. Y. Kong, Production
of Biosurfactant by Immobilized Pseudomonas aeruginosa BYK-2 KCTC
18012P Using Modified Polyvinyl Alcohol, 2000 The Korean society for
microbiology and biotechnology conference, p273, 2000. 10. 28. Chonbuk
Univ.

- Kim, H. J.,, K. M. Lee, H. S. Jeong, B. J. Kim, Y. S. Kang, and J. Y.
Kong, Fermentation production of biosurfactant from Pseudomonas
aeruginosa BYK-2, Korea Institute of Biotechnology and Bioengineering
Conference, p263-266, 2000. 4. 8

- Jeong, H. S, H. J. Kim, S. D. Ha, S. H. Hwang, H. S. Koo, and J. Y.
Kong, Production of biosurfactant by cell immobilization of Pseudomonas
aeruginosa BYK-2, Korea Institute of Biotechnology and Bioengineering
Conference, p378-381, 2000. 4. 8

- Jeong, H. S., H. J. Kim, S. H Hwang, and J. Y. Kong, Fermentation
production of glycolipid produced by marine Pseudomonas aeruginosa
BYK-2, The Korean society for microbiology and biotechnology conference,
p265, 1999. 10. 30

- Kim, H. J, H. J. Kim, Y. S. Kang, H. S. Jeong, and J. Y. Kong,
Physicochemical properties and structural analysis of glycolipid produced by
marine Pseudomonas aeruginosa BYK-2, Korean society for food

engineering conference, p140-141 1999. 10. 23
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C. The patents of application

The marine bacterium Pseudomonas aeroginosa BYK-2 producing rhamno-
lipid and methylrhamnolipid simultaneously. App. no. 10-2000-0049891, 2000.
8. 26, Korea

2. The plans of application
P On the basis of the various properties of biosurfactant, the industrial

use for canned, surimi, crabmeat products, fishs susage, etc were expected.
P Biosurfactant was identified various kinds good properties rather than
the manufactured other surfactants and that expects development of

manufactured good for improving economical value of deserted fish oil.

P This biosurfactant is good enough to substitute for existing commercial

surfactants.

P We made the bioreactor producing functional biosurfactant and

developed bioprocesses design for mass production.
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A" dAfstEe A4 pHE 5622 yvegton, mwuAeel 295

e, & obgAol ofF 53 Ao FelEo], AEHANE, AA, FEF

2. AAFSEY dF AL L FATEFAFNY S8
Pseudomonas aeruginosa BYK-2 (KCTC 18012P)ol 2]t HA-F-3}A A4k

S FAATN7] Sfste] I EREE AT vk ERa e wMdxde 3
Batgold HAxANPA3E vt o® 7L Jar FermentorE ©]-&3to] %7]

working volume 3L, W HFE% 200 rpm, 57]1% 067 vvm %2 2% 25°Col A]

3B E S AA S} fish oile] sX7F g/l olstE "ol X = A ™A fish
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o
7IHE kR AAEh #H4 AAAR 10% (w/v) MPVAE 4174, 49
Ao 1A} wA AEuds s AHEHEE Air lift LSS o

£3Fo] 3 E2 wkSo AL HAES 2 Az E7]% 05 vvm, flow rate 25

ml/h, 18] 848 0.02 h'e Z7AA <k 56g/L9 HAGES ALl
& & Ao

4. Pilot plant (200 L fermentor)E o] &3 o ZFA A

AARFeE] faFgts 9l 200 L fermentorol A % 7] & 55L/h, aHkE:
%= 150rpm, 712 5% 25% (v/v) fish oil 18]al =% 25°C9] wjdzAolA
|l Fe AASt] HAfFsEY RS HST A, 174h vl A
182g/Le] AAfsEo] A4 ATE 7 L Jar fermentoroll A2 HAHF3sl=Ee
AareS v a3k 200L fermentorol Al 2-3g/L B £& Ao & e

G A 5 Re - AAE 9% TS modeling 3+t

Atz 4% wFaAzZAe 7lsEnt ofyet AEHT7tER e A

e E Fretal e Aom wiE o off, ofFaAA 9 At &
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7. 3AE HAE R AL 483 TleqE
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WA E. coli7} &9 HAufx|o] Tween 20, Tween 80, Triton X-100,
=S 01%, 05%, 1% == 10ul # DISCell &5A1AH 37TCoA 244

o A3, AARSEe] § S5 FirdAel i Ao tehdh

ol

Ho

(2) Microplate reader& ©|83% MIC TEST
Al Fetol A At e] FA ol HAFsHES] B 0.0391% o] 5ol
A A9 AAE e, Triton X-1009] 7 $-ol= 0.0781%0°]¢2] FZelA 7
o] A o] HAF3HE<] Triton X-100Rth F wjolde] TS Hol=
2 yvetdn mabd JAdFEEe] FrdAd S vl Hold AoE e

Ao $-
gom, g we sEdAE gH RiE Uehngch

-10

)
r o
Ho
o
i
o
e
ol
o
of
:(I)L_Al
2
i
L
i
=l
2
>
=)
ol
o
)
E
offt
2
o
I,
ot
—r

(4) dEAWe] a3
Pseudomonas aeruginosa BYK-22%E FZ3 HAF34E MNNGe| ¢
& ZAWolE Aol Salmonella typhimurium TA 1007} Z7FEl vl #]of A

B9 sdMolEFel 8 AT Ak, 50%04e] sdwol Aasl v

O

HARFEG FHEL ANHEZ BSATEA FFE AASES AN G



o 5% olulel dovelte]l AAHUL, 15% olFo= Aol 100%e] 77k
FE% AAEL Bk o Ad: W YALE o8 AP oUYAW
FAAoRY BAHOE NEW FFEY AAYWS ANFE Rom, B
Holl AET AAFEE L

of W FHAoldn AFRE

(AP
M
10
-
At
=)
N
=)
Sl
=
o\
ol
4p
o
to
o2
it}
Sy
i)
o
o

oy

(2) FE¥EA

In vitro test 23, HAF3F4= Distamycin A¥ Bl s E o v}
oOFZF wre AHLo FAaINE Hol: AL & & Atk EIF IC S0#=
distamycin ko] 11.29(ng/ul) o) a1, surfactant:= 13.52(ng/ulL)= B <=3k
AE BelomXA IFA=HAEA /T 7heAdes AAste Adeta &

< Zleojth

N

s
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AC)
pzh
oft
ol

(1) -—ﬂ'-_Z'__Q'I }{]_76]

1) AR &3

2 9
et Ad

= o]
dm Hu Sxe 9 3, AAE, vak Z5)
. FHod , A, e

med dAA deet A ol
- um(SOM © =3 ) o 300] ZH9 4 g oJH, oA, 1%
. FUL) 2= TE = ’ <
O g; yeast 7, o0 mL; H = AAs i |
o extract, 50<10° g ]™ 3t arabian ligh screening oil
mL #E @ g, K-HPO, 05x10° t crude oil (ACO)
1Ce . - . ’
boxol B #ek Abejz A g; (NH4)2SO0y, 05x10
PR ' |

271 ko3

¥71E o
= o] &3}
25T
, 180 rpmeo. = vl 3Tt
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Fig. 1. Map of sampling stations in southern sea of Korea.
K gedo : 1, K ge bridge; 2, Changsungpo; 3, Hakdong; 4,Tappo;
Tongyong: 5, Tonamdong; 6, Tala; 7, Samduck; 8, Tangdong;
Namhaedo : 9, Changs ndo; 10, Murim; 11, Mijo; 12, Tanghang;
Yosu : 13, LG oil refinery; 14, Kukdong; 15, Tolsando; 16, Y chun-
hang; Kohung : 17, Naenarodo; 18, Yaenarodo; 19, Ok-gang; 20,
Toyang;, Wando : 21, Shinjido; 22, Mangnam; 23, Passenger ship
terminal; 24, Kugyed ng; 25, Tang-in; Haenam : 26, Lands end,

Chindo : 27, K mgae; 28, Chupdo; 29, Chisan; 30, Nokjin
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2 A9e AAt 2 F 45 Basol A S5 WML Awd o

of

5 (ASW : NaCl, 234 g; KCl, 0.7 g; MgCl, - 6H:0, 106 g; CaCly, 1.1 g;
Na;SOy4, 3.9 g; NaHCOs; 0.2 g; (NHy)2SO04 1.0 g; KoHPO4 0.01 g; Tris, 6.05
g DW, 10 L; pH 700 ol&3te] 43 F 549 01 mLE 1.3% (w/v)
agar’} A7k Wad s % (MMM : peptone, 5.0 g; veast extract, 1.0 g;
ferric citrate, 0.1 g; NH4NOs 1.6x10°° g; NagsHPO, 8.0x107° g, agar, 13.0
g, sea water, 1.0 L; pH 7.0)o] =% &t} =8 E petridishe 25C 3 uj
A7) A 24A17F W sle]  single colonyE #ElEtdth ¥E¥®  colony:
50mL SOMel & wlgolE HFske] 747 25T, 180 rpmo.2 & w3t

o, I 7, Fwdlsel M Fd wxE HF AA A (Fig. 2).

o AR B Askel QAWM & W g stel ool @
_Z'__

it
offt
ol
_O‘L
3R
o)
M
AC
=N
1o
ot
=
rlr
23
_>,i
E
oY,
@)
o)
=
)
)
=
o)
T~
o
>
)
e
8
Q
=)
S

v o] A SAxAE dF T Al sF Aduief sES dAE

it SHFF A% FHE 343 & carbon-coated gridel|l ¥ dAEAS 3 W
& wojrey] FFAeol A 587 AZXA7)aL 2% PTA(phosphotungstic acid

on

O
HU
s
B
ol
o
52
v

pH 70)% @ Ajske] Axam
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Sea water

l

Culture of screening oil medium

l
Incubation at 25°C, 180 rpm for 1 week

|
Selection of oil dispersing flask
l
Inoculation of 2% (v/v) mixed culture broth

in sterile screening oil medium

l
Incubation at 25C, 180 rpm for 3-days
l
Serial transfer to fresh medium at 3-days interval
!
Isolation of oil degradation bacteria in modified marine medium
l
Inoculation of single colony in screening oil medium
l
Incubation at 25°C, 180 rpm for 1 week
!

Isolation of oil degrading bacteria

Fig. 2. Isolation method of oil degrading marine bacterium.
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3%
ol
ol
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1o,
Mo

® 4% - ARSFH EH2A
- agds

g o] AEH 5o #diME aHEAANEE o] &ste] ZAMSHATL

MMM LA 8] #] e Al colonyE AHE3te] g sHduA o 3 E3HATt. s
FAZ st & ujx] Ao FAH single colonyE HirEFol ldrop
A dgg F a5 dAste] FIAn|AoR AEEAT. T ol B %
T vFEE aAHeAde E colis ©]&3t i, safraninel oM ete] A S
He 12 2334, 284 ¢& 72 agdHoew A

- Catalase tests

7159 diAF 54 EAQ HoO= AFsh3HdAIQl catalaseol 23] H»O09F O
2 FeE}. oo Eyitel catalase testE ATt HE71e] @ colony
S HuasHTod &% HAs dgst ) slide glassoll o dgd sk
71e] 1mLe] 3% (v/v) #HAFsra (H0p) &HS A%

7bef 71 ERA GRS el o) 7]E WA 7S catalase ¥R V| E

KeN
=

o
o
i)

2
e
i)
i
=)
_()|L
K
2

L:

HkAlo] gl 7S catalase 24 o & St}

dAfrstE ALY #AdE 72 dA-S g8l AFEE wiA = AdsE g
(NSW), 2l&al4=(ASW), basal salts W A(BSM : MgSO, - 7TH:0, 05 g;
FeSOs - 7TH:0, 001 g KH:PO, 1.0 gi K:HPO, 05 g; NaNOs 2.0 gi CaCls
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001 g; KCI, 0.1 g5 D.W., 1.0 L; pH 7.0), 3M ¥} = (MgSO, - 7TH,0, 0.22x10"
g; FeSO, - TH:0, 2.75x10" g; NaNO; 1.38x10" g; CaCly, 2.8x10° g; KCI,
55x107% g; ZnSOy - TH:0, 825x10° g; MnSO, - HO, 826x10° g; H3BO3
1.65x10° g; CoCly + 6H,0, 8.3x10° g; CuSO, - 5H:0, 83x10° g; NaMoO
4+ 2H,0, 55x10° g; NaCl, 55x10°% g; HsPOs(p=1.71), 055 mL; D.W., 1.0
L; pH 7.0), MMM, LBW}#|(tryptone, 10.0 g; yeast extract, 5.0 g; DW., 1
L), 8% LB ¥A(MLBM : tryptone, 10.0 g; yeast extract, 5.0 g; BSM, 1
L, pH 7002 Atgstg o, 7|d&2%= 1% (w/v) n-hexadecanes A3t}
THEFS 1%/ V)E 4BAZF E¢F st 5 o+ A 2 F3tdd s 54
sttt G OD. 660nmelAd FF=E SAHsINoH, FI3FdE=

Rosenberg E. 5(1979)¢] ®Weo ejsto] =733t

(3) 384 =(Emulsifying activity)
7tE gadS VAR Sty g wgdS AR (15000g% 10 min) g
g dE 1.25 mLol n-hexadecane : 2-metylnaphtalenes 1:1% &3

714 0.05 mL¢} 20 mM Tris-HCI buffer (pH 7.0) 3.7mLE ¥ °] vortex® 1

w3F AsHAl wykete] 1083 A A2 %, O.D. 620nmelA F3=E F4 3}
AT

FelEAdE 1 unite SFESY 1.25 mLoll digt F853% 0.1& 1 unit=
Satet o, 3% 2.0 ool = 20 mM Tris-HCI buffer (pH 7.002 g
Akl S48kt

(4) &2 st M EZFE 25 (cell adherence)
MLBMol Z}& &429 (ACO, kuwait crude oil(KCO), BCO(bunker C oil),

n-paraffin, n—-hexadecane, n-tetradecane, oleic acid, olive acid, lecithin, fish
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oil, arabinose, trehalose, dextrose, galactose, lactose, fructose, sucrose)< 7|
A2 1% (w/v) H7Fste] 48A17F v st £ cell adherenceE Rosenberg M.
s (1982)¢8 WHom ZAsiv. wigdowry 44E (10,000g x 10
min, at 4C)3}o] 42 HAE PUM buffer (K:HPO, - 3H:0, 22.2g; KHoPO,,
7.26g;urea, 1.8g; MgSO, « 7THO 02g/L pH 7.0)02 23] A H31 thtA] PUM
buffer= =<l % 400nmolA %7] FFEE °F 152 ZFA 1% (v/v)
n-hexadecane®] %78 2 mL cell &S 1083F 25C vjd7]o

A gk 5 137F ZFshA vortexsto] 154 %F Aol WA]ste] 400nmeol A &

k1

5 ZAsAh w3 oil/water?] interfaceo] F2HE cells dn|H o2 A3}
Gk ACOE 7122 3t 25T, 180 rpm o & 48A17F wj kst vl S 192
slide glassell A3FAI7l & 338k &n) 4 (x400) 0.2 23t}

G) A FzaYg HE

) Bges

AAfFsE S 93 HA gdads AAs7] f1ske MLBMO Al 25T,
180 rpme 2 & st o, 7]A 2+ hydrocarbons (ACO, KCO, BCO,
liquid paraffin, n-hexadecane, n-tetradecane)®} fatty acids(oleic acid, olive

acid, lecithin, fish oil), Z18]3l, sugars(arabinose, trehalose, dextrose,
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galactose, lactose, fructose, maltose, D-sorbitol, sucrose)S Z}7Z} 1% (w/v)
A 7bekd o 48A17F wiekE - wiF Algbell digk wAd Ao oA

FABYES vast

3) AAhYe IF
A F3E9 HAANS #dd dAdow+= MLBM 74 Ais $4
o2 sl WP o, 1 o] peptoned} ureas FEHZ FHIel 1%

(w/v) fish oil& 7| 2= 48A13F v g3t 5 o &3 FatdAd S vas

4) F71dFN A FF
71202l MLBM A& FellA BSM| A& stu4 A Azt 1% (w/v)
fish oile 7]&= 25T, 180 rpmo = 48A17F & wjdsto] o AF3} /3
BAEE MaAPom, 1 F FIRA A 2 dFL WAL Tl
i

ThA] 257C, 180 rpm & 48A17F st o A& #3F &

) 7] pHY 4%
At Aol G&FE A= 7] pHY FTFS A7) ko] 7]
Hj %] ¢] pHE 2N-HCl ¥ 2N-NaOH= pH 3.0~10.07+A A A8k, 25T
ol A 180rpm o 2 48A1%F wike F A YR e A HdNE

:?:
oRRH f3 FHEE ZHSAT

£

6) NaCl =9 9&
NaCl $57b #4474 2 HARSE A vAE 93 2457 98k,

MLBMe®ll NaCl F%=& 0~9%(w/v)7FA] B a1 48Xt s st 5 wjd FS5 A
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I-rl
T

AAdFstEe] HAARAS A WAL ZAFsH7] ko] HA =
H 59 =7 &tolA 180 rpme 2 &

b
Fatel, ANzulTh A RE AA L, MFAde] HE F HEH 3 BHE

jus)
=

< 5N-HCIZ pHE 2.0

o
o
s
r+>«
O$i
1o
=
o}
=2
<

&
=
©

at

ks
rlr
=
(ot
s
ofo
=

(Chloroform : methanol = 1:1, v/v)2 10%7%} magnetic stirrer®2 FZ3F 2

W AR 2 T8

(7) AAFSEY & - ZA

FE5ste] Ao AR E silica gele] S ¥ column (25 x 100cm)S ©] &
3te]  chloroformo.2 WA FES= 7|1EE& AAS = CM EFE0)
(chloroform : methanol = 1:1, v/v)& AFE3lo] AARFSIES E8F 555
Atk olFA doX crude AIAFSFES A silica gele] 5

2 CMW (chloroform : methanol : water = 60:25:4, v/v) £%&wES o] &3

2
it}
o
=k
=
8
5
o

SZ A1 At} Fraction collector® ¥ F£H3 Algs F=3to] TLCEH

°]
FEE Fadtgth 3Hs ReHA @S ARE AR A5 FEF T,
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cholroform 20mL= A # 3t & chloroforme % =<1 A& % silica catridge®l
155 S2AAY. 2471 A&+ chloroform, methanolS ©] -8 3}¢]
|
LKB Co, Sweden)® 33} %]t}

!
T

e

of ol
Rl
>~

ANRE XA AASI e, HF %2822 HPLC (pharmacia

(8) HPLC &4

AAE AAFIEY &5 Ao Aquasil SS-652N(8yx250mm, Senshu
Pak Co., Japan) column= AF&3%9S™, UV detecter® A=265nmolA 4]
sttt o] 5/ o 2% chloroform : methanol : water = 60 : 25 : 4(v/v)2 &

gHak 4l g Agsden, 458 05 mL/mno 2 3k

(9) TLCE o] &% FAAE £4

AAE HAAFSEIH crude HAFsHEo dHFd TFAAHES TLC (Thin
layer chromatography) #4jo = @Qlsttt. TLC #4o & silica gel 60
Foss glass plate(Merck Co., German)E AF&3tH 3 ZA7]&vl= CMW (chlo-
roform : methanol @ water = 60:25:4, v/v)& AF&38ld o, HEAGFOZ =

a-naphtoresorcinol, ninhydrine, rhodamin 6GE A}-& 3} t}.

(10) AAHEe TR

1) FT-IR spectrum 4]

ANae AAE AAFeES 100T, dry ovenoll Al 5=3 § A5} KBre

o2 ZAS ¥ FT-IR(Genesis Series, ATI matson Co., USA)Z =A3}%
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2) NMR &4

Al AR Fx2E 243871 #1skel NMR(unity INOVA 750
MHz, Varian, Australia) 23dS 339t AlE 100mgs CDs;ODeol|l =
high field NMR sample tube(5x180mm)ol] %2 <+ 750MHz NMR(unity
INOVA 750MHz, Varian, Australia)24 'H-NMR, “C FT-NMR, DEPT
(Distortionless Enhancement by Polarization Transfer) #43 2D-NMR<$I!
NOESY (Nuclear Overhauser Effect Spectroscopy), RELAY (Relayed Correla-
tion Spectroscophy), TOCSY(Total Correlation Spectroscopy), HSQC(Heter-
onuclear Single Quantum Coherence), HMBC(Heteronuclear Multiple-bond

Correlation) 4% 53t F+x2& 4 5A L
(11) AAFsE9 &7 - 883 54

) x8%He 53

Hj gl o 2 HE HARFSES 8 FE5319] 553 T silica gel columnell
=

il

Al chloroform® = 7 71 d& A Asta CMEF-& )
55 crude AAFsER Gttt o] crude AAF3ES AHE3t] ®W
A= A(TD-1, Lauda, German)= WA= -S SASA oW, crude I AF3+E
o] F=W(0, 1, 2, 3, 4, 5, 75, 10, 25, 50, 100 mg/L)=2 ®WAEHS =45}
CMC(critical micelle concentration) #ts Z7AstAth L3 FHAo=E A%
H Y= F3A(Triton X-100, SDS, Tween 80, Tween 40, Tween 20,
Emulsan)9}t 2 HAAF3E] el THd8S vy 54Tt olw 20mM
Tris-HCI buffer (pH 7.0)¢ll 0.01%(w/v)9] F3tA1E F7tsto] AFel] AHg-at
AT
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2) pHol digt EHZH o Wl

Crude dAF3t=S 27 10 mg/L¥ 3FF9 buffer(pH3.0~6.0, 50mM
citrate, sodium citrate buffer; pH6.0~8.0, 100mM phosphate buffer; pH 9.
0~10.0, 50mM boric acid-NaOH buffer)dl @i %™ =S SA3 T

3 AREY F3

Al#g 73 A (Triton X-100, SDS, Tween 80, Tween 40, Tween 20,
Emulsan)& 20mM Tris-HCl buffer(pH 7.0)¢ll 0.01%(w/v) 231, 4%(w/v)
ACOE %ol 13 A38hA vortex A7l ¥ 307F AAAIZ A5 Al

S SASY Y. Addge] 4L WA HA(TD-1, Lauda Co. Germany)&

4) HLB (Hydrophilic Lipophilic Balance) value

Hydrophilic lipophilic balance®] &4 AAH HAF3E3} crude A
3 & U AFHE F3A(Triton X-100, SDS, Tween 80, Tween 40, Tween
20, Emulsan)S AF8-3}¢] Porter(1994)% ol 2§t titration method=A1 =73}
Atk =4 001ge] Z4F F3AE 10 mLe DW.ol =9 F 4% (v/v)
benzen¥} 96% (v/v) 14-dioxane°] €% 78424 HAAS 0. 4%
347} HobglE 10 mLe &S magnetic stirrer® AlE wHFsFHA] A A
stlew, HLB #t2 cleardt 23 ol s w74 A% /71845 A3AIA

Aagon Tah.

U1
o
it

) H5EY L F3 A3
—Z

P2 A3 7-3HA(Triton X-100, SDS, Tween 80, Tween 40, Tween 20,

N

Emulsan)®} crude AAF35S 247 001 % (w/v)® ¥ il Rosenberg E. 5
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2) T WM&
HEEL AR ZHH single colonyE 50 mL Z]EujX|o] 7][&A=Z 1%
(w/v) fish oilE 7}k 250 mL erlenmeyer flaskell HE3}e] 25T, 180 rpm

O 2 40N EE A" w5 da e HFoAnh

(3) 8]# 28 (Batch fermentation)

AAFst=e ANFS F7HA7171 98kl 7 L Jar fermentor (BEST
KOREA Co., Ltd.)el working volumes 3 L& 3&}o] 3|5 nwjkslgich. 3] Eu)
¥ 20 flask WS Fato] Aozl HA wpdaA =205 A&t H

S A7) 938 wHauf 2= &% 25T, 7] pH 7.0, &= 10

o

0~350 rpm, €713 0.33, 0.5, 0.67, 1.0 vvm, T3 HZET= 1, 1.5, 2.0% (v/v),
7N1d %% 05~3.0% (w/v) fish oile] W olA vl AASAT. 1811 A

]_
a9 fHBAE, WARRe) AND, ¥4 2L AAsn R 246 9

(4) oA Ax F%F (dry cell weight)

AAFsAl AT biomass@S 7317 fste], A|IZFEE sampling §
0 mLE 9AEg 5] (10,000gx10min, at 4C) pellets A3t o™,

o] pelletS 30 mL S#F% washing 3 & ttA] QA& sle] A=A o

231, pellets 3 F3tAh o] HAH-2 23] wkaE Ao, 35H pellet

ng] Azxsta JAHsd dFuE fHS o]&3ste], 110C dry ovenol A 1243+

FFe e wWFae PARe (10000gx10min)d F, Wt 125
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mLol n-hexadecane : 2-methylnaphtaleneS 1 : 12 33k A eF 0.05 mLe}+

20mM Tris-HCI buffer (pH 7.0) 3.7 mLE Y i vortex® 1327+ 7F38tA alwk

atol 1027 AAAZ1 F OD. 620nmolA F3 =5 Z48Ath Fredd e
I unit= S 125 mLel et #3538 %= 015 1 unitz f4Hsile

w, E3% 20 o]delME 20mM Tris-HCI buffer (pH 7.0)2 3] 3lo] Al

Mty F 1A f7180 FEO AW FYWoER AN

ny

2 S Gt YElA vl 20 mLol n-hexanes 20mL #7Fsto] &
A2 7o Wi 183 e F 20870 AXAA FESS A Wl de
Ak FF NapSOs 0.8 T AA F vlg] dxste] A=std ¢F7]

o]-§ste] dry ovenol X 4AIZF HZxsle] TR AoR E VAFS

=45t T danFon sabeglh

o

(7) Adw3= FF3

i Fatd ol Adte dAdF3tE AFE #8ke] Orcinol assay ¥ #3}

FalEo] AHEFS 95te] Koch 5 (1991)°] €] 3F orcinol assay WS A}
L3kt o] WL dAEEst] 4 mFEET A 01 mLE 53% HxSO4 &
Hel 0.19 % orcinole] =o}9l= WHEAISF 0.9 mLel FH7bste]l 100C E& &
oA 2083 FRIFES L 1583 A2 AXAZ & 0OD. 42InmolA &
FEE FAHs AZFeAr. xFIA4L Sigma AFEH

(EFA19HE 0, 10, 20, 30, 40, 50ug® orcinol HF-3-A]eFol]l ¥ a1 HF-3-A] 7]

B G 43% rhamnose

Y
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Aol 24

Hr

1) BF

}od rhamnose

.
(0, 10, 20, 30, 40, 50ug)= R®F-&AIZF o™, O.D. 421nmel A]

—_
fiTe)

o

boloh g 9

S

e A4y

Hr

==
RN

22!

tel 5% (0, 50, 100, 150, 200ug)=

S

&

$324E Wa

"

(0, 50, 100, 150, 200ug)

(1979)2] el ¢

bol =73}

S

Rosenberg 5

ks,

/\EQ

3

Fota

ijN

w}

o

&0

o)
A
o
of
B3]
el

oH

!

3lo] working volume 3L, LW

°]-&

=
=

fermentor (BEST KOREA Co., Ltd.)

% 200 rpm, MIY>% 25C, E7]1% 0.67 vvm (volume of gas per volume of

reactor per min)2]

I =]

A}t o,

iy
E

@ A

2

& (Fed-batch fermentation)

Bl
oF

B
2

)

—~
fi%e)

o
Ho

qr

qr

Ho

H

of glof 7EA s 5

7] working volume

ol %

o]-&3

=
=

Jar fermentor(BEST KOREA Co., Ltd.)
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2722222222222

Fig. 3. Schematic diagram of a fed-batch culture system.
(A) Feed reservoir; (B) flow meter assembly; (C) peristaltic pump

(D) STR (Stirred Tank Reactor)
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7 L Jar fermentor
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pm, &7 % 0.67 vvme]
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air in

——

air out

Y,

Fig. 4. Schematic diagram of a laboratory chemostat culture.
(A) Medium filter; (B) feed reservoir; (C) flowmeter assembly;
(D) peristaltic pump (feed); (E) STR (Stirred Tank Reactor);
(F) level control module; (G) double air filters;

(H) peristaltic pump (product); (I) air humidifier; (J) air filter;

(K) product receiver
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71 el =2 74 v 747 7hestd vAde tArEEe] A so

W, hay, T8y Sol Qudl A ngste A9 A F20] A way
of A% AgE I ek oldl ;AW AgEE AAA FRE AATE
A, FAILEA, T F old A7 QAW B S4o] glom, B

He 7= 92 JyFAgo] 3 FAH A modified polyvinyl

alcohol& o] &3sto] A3t viA o & air lift WFE7]E o] &3te] A

(1) #A9 1483 %

uAQGst AAA RS H= AR P Aol 7 FAH2EA] modified
polyvinyl alcohol (MPVA)S AF&3tth WA, #AlE 27 984 7 L Jar
fermenter (BEST Korea Co. Ltd., Korea)& ©]£3}¢] working volume 55 L,
0.3 vwvm9 E7]&, pH 7.0, ¥&% 200 rpm, 25Ce] 2o = nj kst & uj
FNS 10,000xg, 4T, 10202 AdZe At Eal€ pellets AA AN &
gatol Aol ALESEAtHFig. 5). A3 AAAZ o] &€ MPVAE PVA
of dHs Hd Ao AstEE FQF PVA &0 49| alginates: 37}
fo] M| =2 A 23, #A|ZE H=Z phosphate &9 x2]E %3}9] alginate
E ] AR AT 7 (pore)o] FAEA st 71E FIA ol
°Fgt PVA Hl= W9 T34 S S7H71= HHolth # AdAs HHsk
2 10 %(w/v) PVA (Av. M.W. 70,000~100,000 Sigma chemical Co., USA)
9} 05 %(w/v) alginate (Sigma Chemical Co., USA)S ¢k 2 % (w/w)oll A
10 %(w/w)e] A w22 242 &3ek v, £33 boric acid& 43} 0.3 M

_68_



Carriers

Cells

Mixing

4 R
. Air
¢ o Filter Pum
o
°
[0
(o)
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o 0 0_ o0 5
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o —— ©
2 © Q@ |6

Fig. 5. Immobilization procedure of Pseudomonas aeruginosa BYK-2

KCTC 18012P.
1. Carriers and cells mixture

3. Silicon tube

5. Gelling solution

2. Peristaltic pump
4. Syringe

6. Magnetic stirrer
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CaClz - 2H07F 4191 &foll A skA| 7] ulnkr
H AT EY HE=E AXSST GAE Bl=Y ARE Zola HE=W Y
alginateE =W 7] Y3l Sodium phosphate &< (0.3 M NaH-PO, - 2H-0,
pH 45)° &A dAAZE wtet & Az vess Hidd SFTE AFH

dto] 4Ce] rytst Aol AHgaHglH

it
—_
>
L
off
rO
N
—
229
X,
K
r\I
ol
-

(2) 17338t TA 9 vl F

aAstE FAE st flek wiA 2 53 2 MgSO, - TH20,
0.5 g; FeSO, - 7TH-0, 0.01 g; KH-PO,4, 0.20 g; KoHPO4 0.1 g; NaNOs, 04 g;
CaCly, 0.01 g Z28]3L KCI, 0.1 g& 1 L S/ =9 A83 a1, 120 rpm,
25C shaking incubatorol A} wj &l 23S A A5 T}

(3) Hl=9 Zx

1 A3} H=9 I texture analyser (TA-XT2i, Stable Micro systems,
UK)E Algste] =As gt olwel ®Bl= Z%E hardness®t springiness®
SAs e, d5He Ade = AEY 70%, MRS 3 secd] £HoR

AT

N
ol

1_4

49

ol

(4) 1A stE v =9 #F

FAF AAE W 7 (Hitachi S-2400 SEM, Japan)S o] &3] wj kA 7ho] uw}h
& nAstE v= g dAE #FsAh WA glutal aldehyde® H][=E 3L
MNA AAE o] &3to] H=E dAdtstar, 30, 50, 80, 90, 95 % (v/v)=
s|M g oehge FaH o R A ste] FiES A7 st

ﬁ 239 @ F o=
Wiel A EEE A} A4 @uAdow el

y R84



(5) Air lift A E17E-E-7]

1.8 L Air lift A=49-8-7](BEST Korea Co., Ltd. Korea)S A}g3te] 1A
st #AE o] &3 HARFEY AHFAANS AN SR (Fig. 6). W& =L
2% 1% (v/v) fish oil, 0.5 vvme] F7]%, 1.2 L AZFIAZ 33 vjdstA
AL wjgo = E7|% 05 vvm, flow rate 25 mL/h, 283l 344 0.02

o) zdow FHsA

K

=

AAG3tE dHFAYLS Y3 Scale-up¥d fermentoroll A HAF3HE< it
Fs A5 F AFS VteAds HFAoE AEY Ha7 vk AAFIE
g g AAS 3 wjdxE 200 L fermentor (3=2+F 7] automatic
system)E ©]&3lo] %7] working volume 120 L, 25% (v/v) fish oil& ¥

44 248 T3] A% 571 % Wy $EE delsel wFstart

7 Sl FRgA] Aele] Fasta FHel Agss FAE el &
oGRS Hen Aol AYE & dEs s 448 AUsdL
A glofol dth webA LS G4 A

°
g - AAn L x d7re Qe FAHAHE LG o).
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Antifoam sensor Thermal sensor

Exhaust gas

o [\

Lo N Out

Feed T l out : o° 00 o

|j ool
ol :
©: o0

i Culture broth ol © .
Medium ol o o o Water in

Circulator

Sparger

{ E Regulator Ay ijer

Air compressor

Fig. 6. Schematic diagram of the Air-lift bioreactor.

Total volume : 1.8 L Drafter diameter : 60 D x 200 H
Vessel diameter : 100 mm Air flow rate : 0.5-5 NL/min
Vessel depth : 320 mm Micro sparger : 20 p/min
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Table 1. surfactants and biosurfactant formulation by two-level design

urimi moisture(mlL) salt Biosur— GT- Tween- Elimi- total
No. u( ) water | . (@) factant 1000 20 nator (2)
& (mL) oil(mL) & (g) (mL) (mL) (mL) &
85.90
1 200 3.84 0 0 0 0 294.74
83.32 2.58
97.99
2 200 9.31 0 0 1.55 1.55 310.25
95.05 2.94
97.99
3 200 9.31 0 1.55 0 1.55 310.25
95.05 2.94
97.99
4 200 9.31 0 1.55 1.55 0 310.25
95.05 2.94
97.99
5 200 9.31 1.55 0 0 1.55 310.25
95.05 2.94
97.99
6 200 9.31 1.55 0 1.55 0 310.25
95.05 2.94
97.99
7 200 9.31 1.55 1.55 0 0 310.25
95.05 2.94
111.44
3 200 9.82 1.6375 1.6375 1.6375 1.6375  327.49
108.10 | 3.34
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ol
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X
off

0 0.
8% St § wAVIE 5t E9eta 2%9 NaClg 3 7bste] thA] 5zt
A7 2 #2AIAZ] F sausage =7 7] (Buffalo, Sausage Maker, NY, USA)
= A}g3}e] polyvinylidene chloride(® 3.0 cm x 25 cm) & 4, A%
skl 90TColA 4023t 7hdstar Wzhpel] v

4
W75 star Hd WMol Yol 1843t WA nyd & Ao 54 49

B

7+

1=

i

of AR-&3}HthH(Table 2).

3) A5 &3 A BE FF FA}

A5 A Age] &3l do] &3 £A7F o F =400 ojwg J3F
= "AE 7S AR fste] e 22 dds At

o] o H7}¥ = o], soy protein concentrate, ¥ F3}E, vegetable oil,
A5, NaCle] =34 o] soy protein concentrate 3%, HAF3&

0.1%, vegetable oil 6%, 4S&S Wz E33lo] emulsion FHE WHE 5 o

%S Yo %3 A$(Table 3¢ No. 1, 2)9 o]Hde] Az =Ads}A 37
Hol| &3talo] o] BS A %3 A (Table 3¢ No. 3, )& o] A x3&%
U X A zHE olde] Agy FUsA A
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Table 2. Formulas for preparation of fish meat paste containing biosurfactant

moisture(mL)

. Biosur-
surimi salt total
No. (2) water vegetable () factant ()
(mL) oil(mL) (2)
60.68
1 200 5.32 0 266.00
57.04 3.64
61.17
2 200 5.33 0.13 266.63
57.50 3.67
61.67
3 200 5.35 0.27 267.27
57.97 3.70
62.67
4 200 5.37 0.54 267.55
58.91 3.76
63.68
5 200 5.40 0.81 269.84
59.86 3.82
64.70
6 200 5.42 1.08 271.15
60.82 3.88
65.73
7 200 5.45 1.36 27247
61.79 3.94
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Table 3. Formulas for preparation of fish meat paste containing biosurfactant

moisture(mL)
No surimi : soy protein Biosur- salt total
’ (g) ice/water | vegetable concentrate(g) factant(g) (g) (g)
(mL) oil(mL)
82.95
1 200 8.92 0 595  297.38
7797 4.98
84.31
2 200 8.97 0.299 598  299.12
79.25 5.06
82.95
3 200 8.92 0 595  297.38
7797 498
84.31
4 200 8.97 0.299 598  299.12
79.25 5.06
1, 29] 7% soy protein concentrate, biosurfactant, oil, ice/water® v|g] &3
3, 4] 749 @) AgwEs 5
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(3) 249 54

d2 Okada®l WHor FAoAt AP AE(w3 x 3 cm) 99
A& bmmel @RI plungerE A& dte] 60 mm/min®| HE2 WA
rheometer(Rheometer, Model CR-100D, Sun Scientific Co., Tokyo, Kapan)®=
o7 4 (g) 9 WA (mm)@e =4t

(4) A= =A
CIE Lab color: A=A (ZE-2000, Nippon Densoku, Japan)E ©]&3fo] 2

o B9 AEL, a bE A3 WAE AE, L-3bE o] &at] Axtalsit
Z4e AR 57 o2 H4ste] Bgton Tahgnh

oS dd Aol EAd nAe= AAFSE 2 F3hAe Tl e Fk
S HES] 9ste] $A ZE2aA JMPE ol &3te] AF A wet 7
a3 f3AS AEEdet. 183l screening designs £3to] A 7F3bo] &

H7F A= AdAdFEEd B wIAE AR AAsian

(6) SAEA
F=dA, Fo4 AS2 SAS FA H7A el 7 ANOVA 2 Duncan’s

(|

multiple range test® A A3} T}
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1. 34739 2

o
v
i
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A%}

ol ALg3tA Y. HAF3A S A48 891 (20,000rpm, 30min) L FA S
< FEHZ STHT HoA 0.22m FAIEHE o] &t Fat
Ao ofyste] AFo| o]&egrt AETS LBulA o HFsle]l 37TCelA

24X 759 400rpme. 2 ¥ #j st & UV-Spectrophotometer® 600 nmeoll

AARF3A 7 Aol J=A AFE WA &Rlsty] $1ste] DISC He
2 g3y o] duAdds TS Ml 100uLs H Ao =
B3l A5E FEEE 10ul® "HeE DISCo &5A1A Al plateo] A&

E37C wjekr)ol A 24X 7 Hi¥EE S clear zoneo] WENUEZRA o R E
5 S B PR g e R

(2) Microplate readerE ©|-&3% MIC TEST

96 well microplate?] 7z} wellel 1.0x10" cells/mL ¢ E. coliS 3-53t= 100
plLe] tryptic soy brothE 7}8lal, well G Alm5E&do] 10 %7F HEH ZA4
skl 100uLE #H7bstal o] w25 E dA AR F wjy S|AMEHES st
1029 41 0.0049% 7} ¥ =% wellel|l 4|3+ th Miicroplate reader Woll A 37
T, 18A1ZF wiFslaA F3%= 600nmollA Mol AEsS FA3e] MIC
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|8 =<1 2000 mg /100 g
2] 3000, 4000, 5000, 6000, 7000 mg /

&A

SHAlE oA
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=
P71 HEEH A, AHG A GARATIE gy FolEd wE
zbol & Hlal - FASEA T dHe] AststA A= BUN  (Blood  Urine
Nitrogen), Blood glucose, Serum protein, serum albumin, total cholesterol,

Triglyceride ¥+o 2 F4 31T},

(4) dEdWo] 53
A EdWo] Futdoz Al8¥ N-methyl-N'-nitro-N-Nitrosoguanidine

(MNNG)2 v = Sigmart25F-H Fd8te] S0l 2umole] F%271 S =25 =

Salmonella typhimurium TA100-2 Q1A o) etal A & g3} shshgstad
FE Egutol A ARSI

FEAWol AL 2 ymol®] MNNGE sk 500 pLe] 0.2 M QI4b ¢k
Mol 100 pLo] AwjFE #32 Salmonella typhimurium TA 100(2x10” cells
/ mL)2} 100 pLe] A& % ice bathol B cap tubeol ¥ 7} Al vortex %+
% Minimal glucose agar plate®] ='g38}o] 37Co| A 484 7Fuf kst & E-7] 59
FE5 A3t ol Ao o& Edo] A AT 4% (Inhibion rate)E 7

Inhibition Rate(%) = 100 x [(a-b)/(a—c)]
a: EQAWISlel od FrEE B EAN|Y
b: AEE Aesg L] BHEAM]Y >

¢t EAW AN AR G A5 AARAEAW] 9] S
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Ao AHEE AAFSA Y st ARl FEEHEQ MNNGE §=e o]

2}

A=A AAFSAE 5%, 2.5%, 1.25%, 0.625%, 0.3125% = 24-welloll 3 7}t
stal, FHR7FES dxdo® 3 % 100ppme FTaE F(Ph), okd(Zn), &
(Fe), 7F=8(Cd)< 73l 37C ¢ &332 (120rpm)el A 0, 5%, 154, 30
i, 602 ZH7F REEAIZ 5 14,000rpmell A 5E3F FAE ko] AR
2S5 AR 3 A=AS A A~H A st ICP-AES(Inductively Coupled
Plasma Atomic Emission Spectrometer; Optima—-3300XL, Perkin Elmer,

USA)&2 #4183 th
3. ¥FTFEA

(1) In Vivo

LM EZMCF-7)9F Aol FAE(SNU 368)S soltista o3
Agtsta oA Egrrol AldiujFste] Ao o] &t FRA AMES]
MCF-73 SNU 368% trypsino. & @ sl AEE Zg2~3 v o g2 HE

woldl & RPMI-1640(Serum free) W} o2 F3}A) 7)1l 5 #37F 1,500 rpm

Re)
£

o] Aoz dARYs AEE A2 F 10 mLe RPMI-1640 u %<

(with 10% Fetal bovine serum)& 7}3l] @ MXEFFHS ZASHAT. AlE

o] ARAFEExI0VNE Ju RS Ea) doblal, multichannel pipettes

o] &3t 7zt wellol 180 pLel Al EH-

= ZFHSd 0001, 001, 01, 05 %&E HEE =9l
=

membrane filterE& & HAAT AlRE F

Ho
2
o
it
of\
Ot
ol
R
T
>,
il
r (%]
P
re
Ho
ot
>

"2 20 LA Al e wellel
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7Fsle] triple test7} HEE SFith RO 2A AXEREFH Alm gl
PBSTHS 20 pL H7Fste] 100 % MEFo 2 Abgktl AlEel Al HE
H well plateE 37C, 5 % CO; AH 9] incubatoroll 4 0, 1, 2, 3 &7t w3}
Atk A A AZE 9] plate= 2] wellel 0.1 mg (50 ul of 2 mg/mL)<]
MTTE 7t thA]l 37 C, 5 % COy dtoll A 4 A7+ | wjekste] MTT7F

FAdH=E s wMiAE EF AZst welldel 4" B899

mean optical density in control well

(2) In Vitro(DNA/Methylgreen assay)

&2 Distamycin A9 A5 HAF3A] 7He] 50% Inhibition Concen-—
tration(ICs0) 3t oz A A5 3otstAd AEE DNA/Methyl green
Assay°l 93lA ZA33irh EFE4 Distamycin AS ol &2l 0.001, 0.005,
0.01, 0.05, 0.1, 0.5, 1, 5, 10, 20, 50, 70, 100ug/mL 7} %% ZAstaL, A&
J AMEHA L 2 w7 HEE ZAEN L, e dEERE FH]s)
A TH.

DNA / methylgreen (20 mg)< 100 mL¢] 0.056M Tris-HCl, pH7.5 buffer
(containing 7.5mM MgSOy ol =] 24A)17F &<tk 37ColA stirringA] 7] & A
ehd 8] B Al F T
o}

Al

bl
ke

F=gd ZA472+S FrEE 20ul® 7Hetal DNA/methylgreen-& 94 -S
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180ul. & 713t SA] 630nmolA FHFEE S48k, 25TAA 24A13F HHg

Ao ALg3 558 BAL/ Female® A3 6572 AS A3 a1, AFS
Al B AR 8 4GS THEATY. g9l carrier protein® ® A=
KLH(keyhole limpet hemocyanin, Sigma H5654, 10mg)S <1AFE=8-o 2mL,
of =o] ALE3F7] A AR -20TC] B3t AdjuvantE Sigma A2 5
T91(Sigma F 5881, Freund’s Adujuvant, complete)d}e] carrier protein®} &
For HolA whe2g 400uL® FoEith AlE= PBSE AREste]l 1%
(10 mg/mL)¥ Al =A% F 543+ whg29 400uL? Folsialal, tx=a&
o] 3 PBSE FHFoE Tttt Fo109%F AP s=S 3BAA v

128 5 AEE 2USAT olu WAALE dRRe] BALE ofFoix

0y

T

(2) Al=xa g

DMEM with Hepes(Dullbecco’s Modified Eagle’s Medium, Sigma D5648)
S FYste] 33 FF< 1 Lol =<2 3, 979 sodium bicarbonate 3.7g<2
Yi HCIZ pHE 722 2533tk ol3S 500mL=E Y-Fo] 0.45um= filter
sterilization ¥+ %, sodium pyruvate(x100) 5 mL, Fetal calf serum 50 mL,
Non-essential amino acid 5 mL, 2-mercaptoethanol(x100) 0.5 mL, penicillin—
streptomycin(x200) 2. 5 mL, €323+ Fetal bovine serum 50 mLE %
o % HI7MRE v& 2-6TolA H7bstel wiA = AMESEATh ZEd AlEE 1x

W07 =% we] Az 5, 72 AZEECH 5% COmjoF] 2 weahgl
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(¢

o 7247 WG F AEWGele yRelstel AEE AASL AEe

mouse IgG antibody 7 &l AF-&3}3t}.

(3) 3A Detection

Mouse?] IgGE A=3H7] a4 (FHUedoZ2HE Anti-HBs EIA (Cat
No. ND1203)& +93te] ELISA sandwitch® &2 #4133tk Mouse IgGel
th 3k antigeno] &2HE 12-well plated] SANE, FAHNEL, ARE 747
3709 wellel 50ul® 7Fstal, EA3EA 9 (human HBs-Horse Radish Per-
oxidase)S 7} wellell 50ul. 7Fgk & 37TColA 60&3F HE-g-AFTh WESo] &
7] 5-108Ad 71dHAe ZA(H0, @ 06 mg/mL of 3,355 -Terra-
methylbenzidine = 1 : 1, v/v)3to] Ao Fof B85 £ 7} welld] W&
55 T8 Wi, AFAEooul)o = 63 A AHE FHoEE &
sA FAFe AeA AA Holds AHAES ks A
T 71 29S 7F wellel 100uL® ¥ il frames 7FEA A4 & £33 & A
Zo A "ol Foj7hA] FEE sto] 301 WA T WS A AS 100ul
A ZF wello]l €ol W& AXAAT mE: A @AY FHE=E 450nmell A

102 ol =7g 38t

N
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Table 4. Distribution of oil-degrading bacteria in southern sea of Korea

Number Stations Oil degradability
1 K gedo K ge bridge + +
2 Changsungpo +++
3 Hakdong + +
4 Tappo + +
5 Tongyong Tonamdong +++
6 Tala ++
7 Samduck ++
8 Tangdong + +
9 Nambhaedo Changs ndo + +
10 Murim ++
11 Mijo ++
12 Tanghang + +
13 Yosu LG oil refinery ++
14 Kukdong +++
15 Tolsando ++
16 Y ch nhang + +
17 Kohung Naenarodo + +
18 Yaenarodo ++
19 Okgang ++
20 Toyang + +
21 Wando Shinjido + +
22 Mangnam + +
23 Passenger ship terminal ++
24 Kugyed ng + +
25 Tang-in ++
26 Haenam Lands end ++
27 Chindo K mgae + +
28 Chupdo + +
29 Chisan ++
30 Nokjin + +

+ + +, Profuse growth; + +, moderate growth;

+, a little growth as evidenced by turbidity; —, no growth.
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FTHo® st tHTable 5). w&l¥ BYK-2 #¥5& MMMeolA 18417+ wj

ok & okl 800uLell glycerol 200uLE i1 £3%3te] -75C deep

1
freezerol] X 338l &FF Ao A3}

Hel® BYK-2 59 zZ+5 FH, A, 43t 5485 A 23E
Table 6°] YEeEMSATE ¥ 5 gram negative©o]l 1, 545 7HA|H,
rod typel 2 cell size= 1.4~1.7um% 2™ (Fig. 7), catalase, oxidase°ol|A] &
Args yEiddt 2 9 o8 7HA] 54 5SS Bergey's mannual of
systematic bacteriologyS <A 2 A A3 AF % 96%9 Pseudomonas
aeruginosa® A E R o™  Pseudomonas aeruginosa BYK-2% ™3} t}.
£, doFH Pl dFE Tkl KCTC 18012Pe2 i W ]
vkol Pseudomonas aeruginosa BYK-2(KCTC 18012P)¢] i WAHS ZtHA
] At

fol
Ll
N
o

—

(2) W= A3
sgol A weS B FFE ol f

2 Aesigdh, 7] Eu) A o

bol AAfatEel A g /1% wA

7] A7 2+ NSW, ASW, Pseudomonas

ol

>~

bes

e

aeruginoasa WY A 2 71 Wol] & BSM¥ Guerra-Santos 5 (1984)°]
Pseudomonas aeruginoasa T2 A F3tE9] AL Askel] ARE3E 3M Hj
A S ARESEATH

7t F19¥ARF Al f71d 42990 MMM¥ LBE #7ste], 1% (w/v)
n-hexadecanes 7]& % 25TColA 48A17F5<F 180 rpmo = HlY3to] cell
growth®} FSHE=E SAsHA T

2 A3 MLBMolA #3457 1114 unit= 7FE =74 ygon, ASW
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Table 5. Oil-degrading capabilities of isolated strains southern sea of

Korea(K ge Changsungpo, Tongyong Tonamdong, and Yosu

Kukdong)
Stations
Strain number
K ge Tongyong Yosu
Changsungpo Tonamdong Kukdong

1 + + —
2 - ++ +++
3 + ++ +
4 ++ + —
5) — + +
6 - — +
7 ++ + ++
8 — - +
9 ++ + +
10 - ++ ++

+ + +, Profuse growth; + +, moderate growth;

+, a little growth as evidenced by turbidity; —, no growth.
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Table 6 Morphological and biochemical characteristics of marine

bacterium Pseudomonas aeruginosa BYK-2

Characteristics Results

Gram stain (—)
Cell size 1.4~1.7um
Morphology of colony Rod
Oxidase —
Rhamnose —
N-acetylglucosamine
D-ribose

Inositol —
Sucrose —
Maltose
Itaconate
Suberate —
Malonate
Acetate
D,L-lactate
L-alanine
5-ketogluconate —
Glycogen —
3-hydroxy-benzoate
L-serine

Mannitol

D-glucose

Salicine

D-melibiose

L-fucose

D-sorbitol

L-arabinose

Propionate

Caprate

Valerate

Citrate

Histidine
2-ketogluconate
3-hydroxy-butylrate
p—4-hydroxy-benzonate
L-proline

+
+

+

+ 4+ + +

+ 4+ + +

+++ A+t
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Fig. 7. Scanning electron microscopy of Pseudomonas aeruginosa BYK-2

(original magnification approximately x30,000).
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o LB7F #7be iAol A 884 47.7 unit, 3M WX ol LB7F d7bd
Ao A 409 itz SAHATG FHBHE} 2 A AAFEE Y
o] grte AL duiste Ao oF Ade|HE MLBMS AHgdte] 7HE

A& dstAtH(Table 8).

N

(3) &2 digt cell adherence

gav)dde 48213 wgE e dAdEse FAE T F
hydrocarbon®] thdt cell ¥-25S A3ttt 2 A3 hydrocarboniF(ACO,
KCO, BCO, n-paraffine, n-hexadecane, n-tetradecane)E 7|22 IS A$
80 % olde] =& cell #&5ES HetHlon, AMAE 7HeH lecithing 7]
= YEdHAT IGRE
A= B 70%0]5ke] cell
3

()

rlo

2 IS v 915%=E 7MY E=2 cell FF

olf

arabinose, galactose, sorbitol, sucroseZ #|¢] 3}
255 YEFW tH(Fig. 8). Hydrocarbonioll A &
| UJEl= A2 cell adherence 57 ool olu] A7 7| A= AMEH
2ol 3] induce® Ao ok Aoz WX
T3k oil/water®] AWl 2 cellE x 400 3
(Fig. 9). 5 g9 & 4A= ACO7F st oa A FAA A=

oy, ARG #AZE ACOd FAE & EHFS HoFa 9t

dr Ho

o2 cell adherence”}

uu)

A u| A

%
lo
fu
r o)
3
ol
O
38
i)

Koch 5 (1991)°] Peudomonaas aeruginosa mutantS 2 A A3k o] 2o
olstd, FH &8 M-S hydrocarbons 7] 2= o] &8t Ag- MEWA F
AE HAAFFES Axes T Axgte=z yrd & M ¥yt alkane}
aggregated® ©] soluble alkane FE|Z cell W& diffusion¥ A active
transport¥ o] Al =, o]A& @adow tA HAF

cellftf o= WrR W= 7|22 whEsHA F/E Zéllstae HAdwst=s Aitst

v Fo® Husta th(Fig. 10). weba 2 #5799 A% 22 Pseudo-
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Table 7. Selection of optimal culture medium of biosurfactant produced

by Pseudomonas aeruginosa BYK-2(incubation for 48h at 25C)

Medium Cell growth (0.D.660nm)  Emulsifying activity(Unit)

A 0.15 44
AL 6.85 154
AM 3.60 44
B 0.15 4.0
BL 6.81 47.7
BM 3.26 0.7
C 0.17 0.7
CL 7.45 111.4
CM 2.92 8.2
D 0.15 2.3
DL 8.04 40.9
DM 1.89 22.1

A, NSW; AL, NSW+LB; AM, NSW+MMM; B, ASW; BL, ASW+LB;

BM, ASW+MMM; C, BSM; CL, BSM+LB; CM, BSM+MMM,;

D, 3M; DL, 3SM+LB; DM, 3M+MMM
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Fig. 8 Comparison of cell adherence on the various carbon source

by Pseudomonas aeruginosa BYK-2.

—

, arabian light crude oil; 2, kuwait crude oil; 3, bunker C oil; 4, n-paraffine;
5, n— hexadecane; 6, n—tetradecane; 7, oleic acid; 8, olive oil; 9, lecithin;
10, fish oil; 11, arabinosel?, trehalose; 13, dextrose; 14, galactose;

15, lactose; 16, fructose; 17, maltose; 18, sorbitol; 19, sucrose
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Fig. 9. Pseudomonas aeruginosa BYK-2 biosurfactant producing
microbes, aggregation around arabian light crude oil

droplets(approx. 400x magnification).
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Fig. 10. Hypothetical scheme for surfactant-linked alkane uptake

into a microbial cell(Koch et al).
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monas aeroginosa A4 TT2ZA HAARFSES AietEA 7H=E AEE d
7 AR wEl Al
uptake 2@} FARgE 7] 2fe] o] ste] Yot dARFEES] AJako] o] Fo

2= Ao 7 Bo]AL
4) A IFz2A HE

MFe s BE dAfeEe] Yue MFPIA FABYES S FO

=
A 225 25, 30T, 37Tl 22t ddS A3 A}, HA wjd

I HAFE=e] Aitel] A FIFs v mebd 2 APeAM =
hydrocarbons, fatty acids, sugars® ©A29o 2 3lo] 25T A 484 7HE <t
180rpm O = wjFstSlar, wMFFo] H3HI FEEHEE St V|HAER
Al wagto ] HA7|EAS AAsAY. 2 23 hydrocarbongs F ol
n-hexadecane®] TA %= 7.3AU, F3&H % 1105 unitZ, fatty acids <l

+ fish oile] ¥AAE 12.2AU, #3234 % 1684 unit®, G5 <o+ fruc-
toses 71HE A A, #HFE 95AU F3EA =7t 854 unit® fish
oilel| A 71 = A1 vhgkth(Table 9).

T3 VAR AR EHE gAYLS 74T F FstdAd R %S v 8w
ofyel ALE F3tEe Frldx 55%F EAS Fode Ado® yEuth
Olive oil2 AAbet AARFsES Fsk o] o) fish oilZ2 AitdE A

FaBel AL vBletn FHE ol WYk ¥ AA® Folw Fe 47 1
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Fig. 11. Effect of temperature on the cell growth and biosurfactant production
by Pseudomonas aeruginosa BYK-2.
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Table 9. Effect of various carbon sources on the biosurfactant production

by Pseudomonas aeruginosa BYK-2(incubation for 48h, at 25C)

Cell growth  Emulsifying

Carbon sources (OD.660nm)  activity(Unif) " PH
Arabian light crude oil 7.8 51.3 8.7
Kuwait crude oil 8.8 52.0 8.4
Bunker C oil 6.4 51.5 8.4
Liquid paraffine 47 26.0 8.6
n-Hexadecane 7.3 110.5 8.4
n-Tetradecane 5.5 79.5 8.7
Oleic acid 12.6 9.0 8.3
Olive oil 14.2 71.5 8.6
Lecithin 13.9 22.7 8.4
Fish oil 12.2 168.4 6.2
Arabinose 6.3 34.8 7.6
Trehalose 94 60.7 8.3
Dextrose 9.9 12.4 8.3
Galactose 6.1 42.0 7.8
Lactose 4.8 36.9 8.6
Fructose 9.5 85.4 8.5
Maltose 43 34.3 8.5
D-sorbitol 4.0 36.3 8.3
Saccharose 42 27.0 8.3
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Table 10. Effect of various nitrogen sources on the biosurfactant
production by Pseudomonas aeruginosa BYK-2(incubation for

48h, at 25C)

) Cell growth Emulsifying
Nitrogen sources o . Final pH
(O.D.660nm) activity(Unit)

Luria Broth' 7.56 167.1 6.70
1% tryptone' 473 62.64 6.40
05% yeast extract' 235 5811 6.20
0.5% peptone’ 253 59.01 6.30
05% tryptone' 237 59.82 6.20
05% tryptone + 05% yeast extract’ 6.62 1225 6.20
05% peptone + 0.5% yeast extract' 6.60 88.7 630
0.2% urea’ 691 147.9 6.40

! Basal salt medium(BSM) : 0.5g MgSOy - 7TH20, 0.01g FeSO, - TH20,
1.0g KH2PO4, 0.5gK2HPO4, 2.0g NaNOs, 0.01g CaCly and
0.1g KCI in 1Ldistilled water(pH?7.0)
’ Basal salt medium(absence 2.0g NaNQOs) + Luria broth(LB)
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Fig. 12. Effect of urea concentration on the cell growth and emulsifying
activity by Pseudomonas aeruginosa BYK-2 at 25°c.
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Table 11. Effect of inorganic compounds on the biosurfactant production

by Pseudomonas aeruginosa BYK-2(incubation for 48h, at 25C)

. Cell growth Emulsifying .
Inorganic compound o ) Final pH
(O.D.660nm) activity(Unit)

LB! 8.56 173.1 8.7
LB'- NaNO; 6.52 155.0 8.7
LB'- MgSO 5.92 154.6 8.7
LB'-FeSO, - 7H,O 6.92 98.4 8.6
LB'- KH,PO, 6.29 146.2 8.7
LB'- K,HPO, 6.41 156.5 8.6
LB'- CaCl, 7.41 144.6 8.6
LB- KCl 8.68 128.4 85

' Luria broth(LB) : 10g tryptone, Sg yeast extract and 1Lbasal salt medium(pH?7.0)
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Table 12. Effect of ferric sulfate concentration on the biosurfactant

production by Pseudomonas aeruginosa BYK-2(incubation of

48h, at 25TC)
concentation (ODAGonm) actviyUmg Pl PH
0.00mM 6.64 102.9 6.5
0.01mM 6.28 119.7 6.5
0.02mM 7.86 129.2 6.5
0.03mM 7.74 158.3 6.5
0.04mM 8.68 168.4 6.5
0.05mM 8.97 174.2 6.4
0.06mM 8.51 149.4 6.4
0.07mM 7.02 143.9 6.4
0.08mM 7.18 142.3 6.5
0.09mM 8.50 146.4 6.5
0.10mM 8.93 142.4 6.5
0.20mM 5.96 104.1 6.4

! Luria broth(LB) : 10g tryptone, 5g veast extract and 1Lbasal salt medium(pH?7.0)
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Fig. 13. Effect of pH on the cell growth and biosurfactant production by
Pseudomonas aeruginosa BYK-2 (incubation for 48h). Each
medium containing 1%(w/v) fish oil.
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Fig. 14. Effect of NaCl concentration on the cell growth and biosurfactant
production by Pseudomonas aeruginosa BYK-2 (incubation for
48h). Each medium containing 1%(w/v) fish oil.
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Fig. 15. Time course of cell growth and biosurfactant production
by Pseudomonas aeruginosa BYK-2 at 25°C.
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o dFUF Ahbste AdwstEY FAARAES EA87] f8 1%(w/v) fish
oils 7|HE WiYgE AFHomRyY HAFES F71E&W FEHeR F
=55 F RS B AY. AR B4 = silica gel 60F2s
glass plateE ©]&3to] TLCE st o, A& mjZE CMW (chloroform :
methanol @ water = 60 @ 25 @ 4, v/v)& A&tk TLC A7 & HEASF
a—naphtoresorcinol, thamnose 6G<2} ninhydrine®. & Z}7z} o, A& odjdo
T E sk
2 A3 Rf 048, 0.65, 0.82= a-naphtoresorcinol?} rhodamine 6G°l red<}
d

red violet color® Z+7z} AHE-S-S B ¢ S ™ ninhydrineol| 4= red purple®

Gl (g e S o7 yEytHTable 13). wabd 2 #5371 AAEE A
AF3lEe FA A(glycolipid) & T4 Holde= Aoz Felx

ot
=
N

H, Rhodamin 6GolA red violeto &= FAWFZo] YEl+= Rf 096

()

2 AEH fish oil®] @FAAto R BT

(7) AAFIHEY TR

—

) FEEA AgH AR ¥ - AA

ABHEY FaRE BAY] el Polrl WY FFAL 7180 FE

P
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Table 13. TLC analysis of biosurfactant produced by Pseudomonas

aeruginosa BYK-2

Detection reagent

Rf value
a-Naphtoresorcinol ~ Rhodamine 6G Ninhydrine
0.48 R RV RP
0.65 R RV RP
0.82 R RV RP
0.96 G RV P

R, red; G, green, RV, red violet; RP, red purple; P, purple
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W3} silica gel chromatography, sep—pak silica cartridge (2cm, Waters Co.,
USA) A& = Zestdlen, £ d52 TLCS HPLCE skl

olde] A} A fish oils 7|A=Zst WY 49 3F7F2 glycolipid (Rf
048, 0.65, 0.82)7 A2rES Felsbgion], 71 F Aargol We Rf 0659 A
5% silica gel chromatography™ ¥} Sep-pak silica catridge® 7 #|3Fo] 400
mge ARE AdYer, o] AlgE TLC9 Aquasil SS-652N (100)(8yx250
mm) columno] ¥ HPLCZ #4138t th(Fig. 16). HPLC 23}, Rfak 0.65

= RT7F 1424019, %7 65.1%d<S & F+ AATh

o] A& NS-1(Natural Surfactant)© & wWH3J oW, FREA 23

g ekt

2) FT-IR &4

AAE AAF3E(NS-1)2] %7} 7FA = functional groups &<lsl7] 9
&o] FT-IREA S 3slgloem, A 89 A= KBr §o2 3t

#24 A, NS-1& 3450cm ', 2920cm ', 1750cm ', 1450cm ', 1050-1120cm
o S FFdgoen, oS FAIHHEYE hydroxyl group, long chain
hydrocarbon, esters 7], methyl 7] 5< 7Fxa ¥ Aoz e tH(Fig.

17).

3450cm '~ hydroxyl group (-OH),
2920cm '~ long chain hydrocarbon(-CHa-),
1750cm '~ esters(~CH2-CO-O-R),
1450cm '~ methyl(-CH3),

1050-1120cm '~ vibration(-CH2-)

- 111 -



Fig. 16. HPLC profile of biosurfactant produced by Pseudomonas
aeruginosa BYK-2. column, Aquasil SS-652N (100) (8yx
250mm); mobil phase, CMW (60:25:4, v/v) isocratic; flow rate,
0.5mL/min; detector, UV (A=265nm).
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Fig. 17. FT-IR spectrum of biosurfactant NS-1 produced by Pseudomonas

aeruginosa BYK-2.
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3) NMR
NS-1¢] FzEANLS 98 'H-NMR, “C FT-NMR, DEPT, 2D-NMR %
2 (RELAY, HSQC, HMBC)< 21 A 843 o}

@ 'H-NMR #4

2 AAE NS-1258 'He] Aggax Ao #3 724 A
2 'H-NMR& @atgivh. 2@ 47, NS-19 spectrumgk §(ppm)E 092,
1.25, 1.32, 1.56, 1.64, 2.07, 2.5, 2.63, 3.34, 3.4, 3.65, 3.76, 3.98, 4.04, 4.14, 4.28,
48, 490, 495 5225 AUt 6=490, 6=4.92F A a-sugar7t EQlH A
o §=125914 deoxy sugar(CHz of Cg)7} A=A}t th=F sugare= §
=3.0 7 5.6, lipid== 6=0.8 ~ 2.29] A proton spectrum©] EFsTHFig. 18).

A
=

il

1 = L ES
‘C-FT NMR<S E4S FAs1 Qe a4 ga A4 Ane
AS F 9 BEAWoR NS-19 8275 2 wds B2Astax A8S

o
e

g3t A A3 biosurfactant NS-12 33709 €& 42 AL A= A
A

Aol 2170 &4~

o
s =
147}
o
0Q
=
0.
4
o
=
[S—
Do
=
lo
U
>
fo
Qy
o,
<
Q
o)
=]
-z
N

=A3HS &5 tH(Fig. 19).

E£3] §=100.0, 6=104.2°] anomeric carbon®| §=172.2, &6=173.0°4+=
aglycon #4919 1¥H ©4(CH; -)7F A4S & 5 A =3 CD;ODHF4
(6=485)E Z - FA] &§=0 ~ 485AfololA = F=E  aglycon HH7F 6
=70"110AFo] ol &= sugar®97F £A3t= Ao 2 e tH(Table 14).

@ DEPT 4
NS-1¢] DEPT 135%4 43 anomeric carbon®l §=100.0, 6=104.2->
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Fig. 18. "H-NMR spectrum of biosurfactant NS-1 produced by

Pseudomonas aeruginosa BYK-2.
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Fig. 19. ®C FT-NMR spectrum of biosurfactant NS—1 produced by

Pseudomonas aeruginosa BYK-2.
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Table 14. ®*C-FT NMR spectra data of biosurfactant NS-1 produced by
Pseudomonas aeruginosa BYK-2(750 MHz in CDs0OD)

Carbon §(ppm) Carbon §(ppm)
(sugar moiety) (aglycon moiety)

C1 Cy 100.0 104.2 C1 Cy' 1722  173.0

Ca Gy’ 80.8 72.0 Co Cof 41.7 40.0

Cs Cs' 4.5 74.0 Cs Cs’ 76.0 73.0

C4 Cy 2.4 72.2 Cy Cy' 34.8 34.2

Cs Cs' 71.0 71.0 Cs Cs' 26.3 26.0

Ce Ce’ 18.4 184 Ce Ce' 30.8 30.8
Cr C7’' 31.1 31.1
Cs Cs' 33.0 33.0
Co Co’ 24.0 24.0
Cio Cio’ 14.5 14.5

Cu’ 52.8
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CH-72% 9o 908% A3k 7 sugar? 98l 670 ~ 1104Fo] ol A A%
CH-& 4o dew aglycon 911 6=20 ~ 45Ate]oll= (CHo)n , 6
=18.3% 6=14.7°+= CHz7} SAES &<l vk (Fig. 20).

@ RELAY &4

AR ARs oA e F 2¥Atolo| AFES FASIE partnerg ©] 83
23S A7 RELAY®A S AAISA T a sugarf-9191 6=4.95% 6
=398, 3.76, 3.65, 2.63, 1.32, 1.25, 0929} 6=4.902 6=3.98, 3.76, 3.65, 1.32,
1.25, 0.92 Atolol A Ago] F2¥ sugar F9 §=4.04% 6=2.63, 2.5, 1.54,
6=398C 6=365, 125 6=376% 6=34, 334, 125 6=3.65% 6=34, 3.34,
1.25, 0.92, 6=34% 6=3.34 AtololA Aol FEHAT. Lipid F91¢ &
=2632  §=1.32, 125, 092, 6=164% 6=1.32, 6=154% 6=1.32, 6=1.32%
6=1.25, 092, 6=1.25% 6=0.92A}olollA Z+z+ ZAg weteE oz e
o (Fig. 21).

o
Ho

® HSQC #4

Glycolipid NS-1¢] tjgt HSQCS Z¥yE AHEdE 1 g4 A<
annomeric carbon §=100.0(Cy), 6=104.2(C,")= 'HS 6=4.95 §=4.90%}
coupling® ol  dom,  §=80.8(Cy),6=72.0(C )& 'He §=376, 5=393%} &
=745(C3),6=74.0(C3")& 'HO| 6=3.34, §=34, 6=724(C), =722(Cs)e& 'H
o] §=365, 6=3.76, 6=71.0(Cs), &=71.0(C5")S 'He] 6=365 6=3.763} &
=18.4(Ce), 6=184(Cs" ) 'H 6=125 6=1.253+ zz} coupling 382 UTh
Glycosidic bond?] A2 aglycond 3¥ ErAE §=76.0(Cy)= 'Hel 6
=4.043  §=73.0(C3)e 'HO =522, 6§=415(Cy), 6=41.1(C,)e 'HY §
=250, 6=2.63, 6=34.8(Cy), 6=34.2(Cy')> 'H| 6=1.64, =156, 6=26.3(C5),
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Fig. 20. DEPT (Distortionless Enhencement by Polarization Transfer)

spectrum of biosurfactant NS-1 in CDs;0D.
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Fig. 21. RELAY(Relayed Correlation Spectroscopy) spectrum of

biosurfactant NS-1 in CDsOD.



§=26.0(Cs" ) 'He 6=1.32, §=1.32, 6=30.8(Ce¢), =308t 'H9] 6=1.32,
132, 6=326(C7), 6=32.8(C;)2 'H 6=132, 6=1.32, 6=33.0(Cs), &
=33.0(Cs")e 'He §=1.32, §=1.32, 6=24.0(Cy), §=24.0(Co")e 'H] §=1.32,
6=1.32, 6=145(Cy), 6=145(Cy)e 'H 6=1.25 6=1.259} coupling¥ °]
AE Aow FAEdTh ®3F aglycon F-91916=52.8(-CHz)E 'H(6=3.65)%t

coupling¥ o] A= Aoz gl Ah(Fig. 22).

® HMBC 4

NS-19] anomeric carbon 1¥ EA 9% C1(6=100.0)°] aglycon Cs6
=76.0)7} coupling ¥ oIA ™, anomeric carbon Cs(6=80.8)¢} anomeric
carbon C;'(6=104.5)°] coupling®l®] <At} X3t anomeric carbon Ci(6
=100.0)M 7  couplingdtx Y= 'HO 6=4.089) YA aglycon Cy(§
=41.7),C4(6=34.8), C5(6=26.3), Cs(6=30.8), Cs(6=31.1), Cs(6=33.0), Co(5
=24.0)7} coupling o] dom (Co(6=239)¢ Hxe #& Ao EFog:=
'H(8=1.32)9} Ci9(6=14.7)°] coupling= o] 3l

Aglycon C3'(6=73.0)% couplingdt= C2'(6§=40.0) C;'(6=173.0)2F C4' (6§
=34.2)9F e TH(6=525)9 A doH, C5(6=26.0), Cs'(6=30.8), Ci'(§
=31.1), Cg'(6=33.0), Co'(6=24.0), Ci'(6=14.7)°] coupling®ol Sl&= o=
Uebdth E3 aglycon 919 §=52.8(-CHy)& 'H(6=3.65)% At glo
o 7e AR Ci'(6=173.007 coupling® o] A= Aoz FAFrh
(Fig. 23).

@ NS-1¢ 7273

'H-NMR, “C-FT-NMR, 2D NMR 59 Z3}Z%¥ glycolipid NS-1¢]
Z+ 2709 a-L-rhamnose®t 170¢] B-hydroxydecanoic acid, 17§2¢] B-hy-
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droxydecanoic acid methyl ester’} ZA3%%¥ 2-O-a-L-rhamnopyranosyl-a-L
-rhamnopyranosyl-B-hydroxydecanoyl-B-hydroxy decanoic acid methyl
ester® 93] H oH(Fig. 24).

8) AZ 349 27 354 54

1) BE FtA 29 48 Astel m A= pHY FF

FHAH d3dS VA= pHY d¥FS FAbstr] flske], pHel ®3H3.0~
10005 o] pH ¥W3to] e ZHAHEY Adtes ZHAEARZ S43 4
I, HA Y FHEE e pH
2 Z2AEY}(Fig. 25). o] A23Z #vlyg o & CMC(critical micelle concentra-
tion) &k ¥ Al surfactant®} ¥ #F7F AibsteE AARstEe WA o

AW uwse,

AurH oz AVBHASS Fe el FHe) Juz Tuges A
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H,C o

HO C33Hg9O0;3

H,C
HO? o

HO
OH

2-0O-a-L-rhamnopyranosyl-a-L-rhamnopyranosyl-3-hydroxydecanoyl-

B-hydroxydecanoate methyl ester

Fig. 24. Structure of biosurfactant NS—-1(methyl rhamnolipid) produced by

Pseudomonas aeruginosa BYK-2.

- 125 -



Surface tension(mN/m)

28

3 4 5 6 7 8 9 10

pH concentration(-)

Fig. 25. Effect of pH on the surface tension of crude oil biosurfactant solutions.
The pH of biosurfactant solution(10mg/L) in three kinds of buffer was
varied, and it was measured at 25°C.

“pH 3.0-6.0, 50mM citrate, sodium citrate buffer; pH 6.2-8.0, 100mM
phosphate buffer; pH 9.0-10.0, 50mM Boric acid,NaOH buffer
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hydrophobic interaction®} van der waals force® <& 4 <At} (Porter et al.,
1994).

wepA 2 AP E dFUF AAtelte dAAdRstEe] dEtHow A H
P E HAste CMC s%7F duidA & ZHAEAZ A9 1 243
2 57 Aiete AAdRsEe CMC ¥%=+ 10 mg/L= 545
EFAFEL 295 mN/mAt. o] vt EYAA E2l¥ Peudomanas aeru-—
ginosa’t A4+el= rhamnolipide] CMC &% 15 mg/L(Mulligan et al., 1993)
¢} Peudomanas aeruginosa ATCC9027¢] A4Fs= rhamnolipide] CMC &%=
50 mg/L(Zhang et al, 1992) Ru% & FEZA, H2Fo2 % {3144
o] o}F oitt= Aol (Fig. 26).

3) AN #-& surfactants} A AFSES EHAY R AWZY vl

A A FHF<Q emulsand A F8FAIQ] TritonX-100, SDS, Tween 80,
Tween 40, Tween 203 2 #5771 A= A A F3E (biosurfactant) <
20mM Tris-HCI buffer(pH 7.0)¢ll 51 & A= S FA 5t vlulstglt.

I A, gzt 20mM Tris-HCl buffere] WA 72 mN/m%oH,
emulsan< 46 mN/m ; Triton X-100, 32 mN/m ; SDS, 36 mN/m ; Tween
80, 40 mN/m ; Tween 40, 38 mN/m ; Tween 20, 37 mN/m= 7Z}Z} A5
Row, 2 w#F7E Agkete HAAFsES 295 mN/m=E 574 = A oH(Fig. 27).

T3 O/W Abolo] AW AHS v aldl7] 913e] 20mM Tris-HCl buffer(pH
7.0)° 2+ surfactant® 0.01% (w/v) #H7}slar 4% (w/v) arabian light
crude ol ¥i O/W AW Fe AHstes FAHAT. 1 Ax, dx=+<
20mM Tris-HCIl buffer= 28.0 mN/m, emulsan, 9 mN/m ; Triton X-100,
2.3 mN/m ; SDS, 148 mN/m ; Tween 80, 35 mN/m ; Tween 40, 3.2
mN/m ; Tween 20 3.0 mN/m=zZ SAFHJ o, 2 F57 A= AAH
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CMC(Critical micelle concentration)

Surface tension(mN/m)

20

0 20 40 60 80 100

Biosurfactant concentration(mg/L)

Fig. 26. Effect of increasing biosurfactant concentrations on the
surface tension. Biosurfactant solution was prepared in
50mM citrate, sodium citrate buffer(pH 5.6).
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Tween 20 \
Tween 40 \
Tween 80 |
SDS |
Triton X-100 \

Emulsan |
NS-1 \
Buffer

0 10 20 30 40 50 60 70

Surface tension (mN/m)

Fig. 27. Effect of surface tension for 0.01%(w/v) various surfactants.
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= #F7F Aibete AAfFstEY ol &S TAFSHY] flste] FHe &
ol wet et d et FltAdAd S SAEAT A AMEE RS EA
= FEE, Adeg, 281 20mM Tris-HCl buffer(pH 7.0), 50mM Citrate

aw
o1
S
o
S
R
ofo
of
ok
32
o

Sodium citrate buffer(p
T4 Fiol we FISEEE

(pH 7.0)Z ©] &39S 4% 3=+ Triton X-100°] 138unit® 714 =

& wEEds VHE

Tween 80, SDS =02 7bz} 1227, 234, 144, 122, 1.1 unit®] 4884 %<
7F4 o (Fig. 29).

50mM citrate, sodium citrate buffer(pH 56)5 AF&3 A5 FIJTH==

e

As Ay 20mM Tris-HCl buffer

oo
&y
re
Ho

3}& (crude biosurfactant), Tween 20,

Triton X-100°] 144unit® 7} =& A S 7FH 3, crude biosurfactant,
Tween 40, Tween 20, Tween 80, SDS o2 77} 83.6, 69.9, 39, 285, 14.2,
2.0 unitd &3S 7HHTH(Fig. 30).

Tap waterE A& A$ F3 &A= Triton X-1000] 133.6unit® 7%

f
o

=t 3, crude biosurfactant, Tween 20, Tween 40, emulsan, Tween 80, SDS
o8 Z+7F 110, 34.1, 222, 204, 185, 4.2unitd] 324 7S 7H8 oH(Fig.
31).

Sea waterg A& ¢ F3tE€A == Triton X-100°0] 1689unit= 7+

%3 emulsan, crude biosurfactant, Tween 40, Tween 20, Tween 80, SDS
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Tween 20
Tween 40
Tween 80
SDS

Triton X-100

o LLL

Emulsan

Biosurfactant | |
Buffer

10 15 20 25

o
(63}

Interfacial tension (mN/m)

Fig. 28. Effect of interfacial tension for 0.01%(w/v) various surfactants.
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Tween 20 1
Tween 40 1
Tween 80 1

SDS ¢

Triton X-100

Emulsan T/

Biosurfactant

0 20 40 60 80 100 120
Emulsifying activity (Unit)

Fig. 29. Emulsifying activity of 0.01%(w/v) various surfactants
containing 20mM Tris-HCI buffer(pH 7.0)
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Tween20 7]
Tween40 7]
Tween 80 1]

SDS {

Triton X-100

Emulsan |

Biosurfactant |

0 20 40 60 80 100 120 140
Emulsifying activity (Unit)

Fig. 30. Emulsifying activity of 0.01%(w/v) various surfactants
containing 50mM citrate, sodium citrate buffer(pH5.6).

- 133 -



Tween 20 \

Tween 40 |

Tween 80
SDS [J

Triton X-100

Emulsan

Biosurfactant

0 20 40 60 80 100 120 140 160
Emulsifying activity (Unit)

Fig. 31. Emulsifying activity of 0.01%(w/v) various surfactants
containg tap water.
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TOo 2 7}7F 104.8, 859, 734, 63.1, 41.3, 49 unitd] F3&H 7S 7HH oH(Fig.

ok FaorHdAdS vt 23 20mM Tris-HCl bufferol A= E #F7}
AArelE AAR3EE o] 5AZFe] AT o= Kd = -335 & 7} okg o] ¢
3 o1 (Fig. 33), 50mM Citrate, sodium citrate buffer (pH 5.6) oA+

R
a
I

-222%2 emulsan©] (Fig. 34), tap waterol| A& H #F7} Arksls dd
f3l=0] Kd = -26° 2(Fig. 35), sea waterol = emulsan® Tween 40, %
AF3tEo Kd = -366, Kd = -40.3, Kd = -43.8% t}A emulsan®] %7]&
shAIRE Ao FARgE SHAA S drER A TH(Fig. 36).

o3t AME T E ul & dF7F At AdRIES dFy g

oM ekt FEbEAde] ¢t Aom wE A, A4S

rﬁt
N
N
1
=
2
o

5 AAFsEY 2= 2 4 AAAN AE
NEANE AAGES AFL57] e o5 2 d kAol ¢35}
53l7] Wio)] B AL gt WA Lxwsle]

[e]
o°
E TS AES] A8, &% 20C~100C7HA & Hef oA 601t

2xd #Agel 1E FHAPAL F
At on 7 =207, 30T, 40C, 50C, 60T, 70C, 80T, 100TC) -3}
et gl gk Kd#k2 -6.82, -6.79, -6.07, -8.73, -9.04, -9.45, -10.72 }E}b%L

§
ih)
_\‘;I,
0o
S
3
!
p—
o
S
3
z
f
=
=2
X

EI HAFs=e @ HAAES FAS] Slste] 121TollA 1023 2271
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Tween 20 7]

Tween 40 7]

Tween 80 ]
SDS ™

Triton X-100

Emulsan

Biosurfactant

0 20 40 60 80 100 120
Emulsifying activity (Unit)

Fig. 32. Emulsifying activity of 0.01%(w/v) various surfactants
containing sea water.
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Emulsifying stability (Kd x 103)

—@— Buffer

—W¥— Biosurfactant
—— Emulsan
—4— Triton X-100
—O— sbs

—/— Tween 80
—{ Tween 40
—— Tween 20

0 50 100 150 200 250 300

Time (min)

ig. 33. Emulsifying stability of 0.01%(w/v) various surfactants

containing 20mM Tris-HCI buffer(pH 7.0).
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—@— Buffer

—W— Biosurfactant
—l— Emulsan
—4— Triton X-100
—O— sbs

—/— Tween 80
— Tween 40
—>— Tween 20

Emulsifying stability (Kd x 103)

0 50 100 150 200 250 300

Time (min)

Fig. 34. Emulsifying stability of 0.01%(w/v) various surfactants
containing 50mM citrate, sodium citrate buffer(pH 5.6).
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Emulsifying stability (Kd x 10%)

Fig.

—@— Buffer
—W— Biosurfactant
—l— Emulsan

—4@— Triton X-100
—O— Sbs

—/— Tween 80
—{ Tween 40
—— Tween 20

0 50 100 150 200 250 300

Time (min)

35. Emulsifying stability of 0.01%(w/v) various surfactants
containing tap water.
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—@— Buffer

—W— Biosurfactant
—l— Emulsan
—4— Triton X-100
—O— sbs

—/— Tween 80
—{ Tween 40
—>— Tween 20

Emulsifying stability (Kd x 10%)

0 50 100 150 200 250 300
Time (h)

Fig. 36. Emulsifying stability of 0.01%(w/v) various surfactants
containing sea water.
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Fig. 37. Effect of emulsifying stability for temperature on the 0.01%(w/v)
crude biosurfactant containing 20mM Tris-HCI buffer(pH 7.0).
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o ETs AN Ay FEtAAEs w27 EdAgE oA 42 A
o
=

0
v
rol

Mas] % ow) AAPEA e A9 0% F Kd e 61301901,
=

A b o] ofF ek Ao FAHATHFig. 38).

6) HLB g &4
HLB @& "elfshzo]l 154 Ade] 484, 254 4de] 4axE &
st FAZ FAFEt 54

AL W/O (Water in OiD&o]az, 10-132 O/W (Oil in water) 802 HIE

= Ax7F "k HLB ghe] 1~7<1

o
<
o

1L 9th(Poter et al, 1994). = EAH o &= HLB o] 1~4% EgAolH, 4-7
2 A ko]l "WojAH, 7~9% kA Ho|x gt EEYIH, 10~132
oF 5, 13 o] T &dow EAste Ao delAd U

wEbA, 2 Ao A= 2 HAAF3E(crude biosurfactant) ¥ A A€ A <A
stE(NS-1)¢] HLB #<S SAsIow, A#E Z+E  surfactant(emulsan,
Triton X-100, SDS, Tween 80, Tween 40, Tween 20)°] %= =A3}
.

Z AAFstEe HLB a2 111, A" dAFsE(NS-1)2 10.6, emul-
san< 11.4, Triton X-1002 10.0, SDS+= 10.6, Tween 802 15.0, Tween 40
134, Tween 20& 1212 =H¥o] 2o ALEH Z+% surfactants R

O/W @o & Fl=AHFig. 39).
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Emulsifying stability (Kd x 10%)

Fig.

38

@ Weathered sample
V¥ Autoclave sample

v

0

10

20 30 40 50 60

Time (min)

. Emulsifying stability of the biosurfactant treated
by heating at 121 °C.
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Tween 20 |

Tween 40 \

Tween 80
SDS |
Triton X-100 \
Emulsan \
C.BS |
P.BS |

0 2 4 6 8 10 12 14
HLB value

Fig. 39. HLB(Hydrophilic lipophilic balance) value for various surfactants.
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2. AAFSHEY A 03

,d
ox
2
A
o
fm

(1) LIS

D& = g &

7 L Jar fermentor®l] working volume= 3LZ 3}¢], 7|2 1.0 %(w/v) fish
oil, 25C, 0.67 vvm (2L/min)¢] =3, w¥r&E% (100, 150, 200, 250, 300,
350 rpm) = 3] Euj S HAAEFA T

Hj A 3, 200 rpmell Al 7R W dAFstEo] AAEE Aow ElEH
tH(Fig. 40). 18] 3 200 rpmo]ie] wRkETo A= 31417 o|EHE Be oF
o] foamo] AR Z foamol| <& vkl wiglo] fermentor HIOZ

overflow® = A& 97 98] 5 %(v/v) antifoam (Dow Corning DB-110A 2

22 AXANE AHESth NSRS 300 mpm oo ® & A9 At
of A& s, o] A2 w2 WUREEER Qlste] Hdd £k (shear rate)
7t S7rske] ke Eebe & H AR, wRby] F9lel &g-=ol(eddies) 7t

ol A A MET] £4S FrEA HAFIE At JFS vA =

7]

Ao ® FAE = Adolrt

2) 7% I9F

WHFEE 200 rpm, 712 EE 1.0% (v/v) fish oil, &% 25T 2] v Y3710l A
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4 XY Biosurfactant production — g

Dry cell weight (g/L)
N
-
Biosurfactant production (g/L)

100 150 200 250 300 350
Agitation speed (rpm)
Fig. 40. Effect of agitation speed on the cell growth and biosurfactant

production by Pseudomonas aeruginosa BYK-2(KCTC 18012P)
at a batch fermentation condition (Sampling point 96hr).
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Dry cell weight (g/L)
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Biosurfactant production (g/L)

0.33 0.5 0.67 1.0

Aeration rate (vvm)

Fig. 41. Effect of aeration rate on the cell growth and biosurfactant
production at a batch fermentation condition (Sampling point 96hr).
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Dry cell weight (g/L)
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Fig. 42. Effect of inoculum size on the cell growth, biosurfactant production
and DO by Pseudomonas aeruginosa BYK-2 (KCTC 18012P) at

200 rpm, 0.67 vwm, 25°C.
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—e— 0.5% (V/V) fish oil
—— 1.0% (V/V) fish oil
—m— 1.5% (V/V) fish oil
—O— 2.0% (VIV) fish oil
8 —A— 2.5% (VIV) fish oil |—
—O— 3.0% (V/V) fish oil

Dry cell weight (g/L)

O(} 1 1 1
0 50 100 150 200

Time (h)

Fig. 43. Effect of fish oil concentrations on the cell growth during
a 7L batch fermentation at 25°C, 200rpm, 0.67vvm.
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—&— 0.5% (V/V) fish ol
—7— 1.0% (V/V) fish oil
—&— 1.5% (V/V) fish oil
—O— 2.0% (V/V) fish oil
—A— 2.5% (V/V) fish ol
18 —O— 3.0% (V/V) fish oil

Biosurfactant concentration (g/L)

50 100 150 200

Time (h)

Fig. 44. Effect of fish oil concentrations on the Biosurfactant
during a 7L batch fermentation at 25°C, 200rpm, 0.67vvm.
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—— 0.5% (V/V) fish oil
—— 1.0% (VIV) fish oil
—m— 1.5% (V/V) fish oil
—o— 2.0% (VIV) fish oil

35 —A— 2.5% (VIV) fish oil
—0— 3.0% (V/V) fish oil

Substrate concentration (g/L)

Time (h)

Fig. 45. Effect of fish oil concentrations on the substration concentration
during a 7L batch fermentation at 25°C, 200rpm, 0.67vvm.
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Absorbance at 421nm

y =0.13201+ 0.095612x R=0.99803

0 10 20 30 40 50

Rhamnose concentration (ug)

Fig. 46. Standard curve for rhamnose concentration.
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—O— Biosurfactant production
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Biosurfactant production (g/L)
|

Time (hr)

Fig. 47. Biosurfactant production by Pseudomonas aeruginosa BYK-2
(KCTC 18012P) during a 7L batch fermentation. Conditions:

2.5% (v/v) fish oil, 0.01% (w/v)urea, 25°C, 200rpm and 0.67vvm
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Fig. 48. TLC chromatogram of time course on the biosurfactant
produced by Pseudomonas aeruginosa BYK-2 (incubation
for 192h). A, 12h; B, 24h: C, 48h; D, 72h; E, 96h; F, 120h.

detection reagent, a-naphtoresorcinol; development solvent,

CMW( 60 : 25 : 4, v/v).

- 157 -



1500

1000

500 |

Emulsifying activity (Unit)

0.1 1 10 100

Dirution rate (x1)

Fig. 49. Emulsifying activity of optimum dilution rate for cultur broth
(incubation for 104h).
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Fig. 50. Change of emulsifying activity on the purified
biosurfactant concentration.
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® Purified biosurfactant
O  Crude biosurfactant

10

Absorbance at 421nm

0 50 100 150 200

Biosurfactant concentration (ug)

Fig. 51. Standard curve of sugar content on the biosurfactant concentration.
® y=0244+00419x R=0099784; O y=0.1076+0.009236x R =0.99232
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® Purified biosurfactant
O  Crude biosurfactant

Emulsifying activity(Unit)

0 50 100 150 200

Biosurfactant concentration(ug)

Fig. 52. Standard curve of emulsifying activity for biosurfactant concentration.
® y=-0.1348+0.37609x R=0.99350; ,y=0.0624 +0.014833x R =0.99889
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- 10 —O— biosurfactant production 25

Dry cell weight (g/L)
Biosurfactant production (g/L)
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Time (h)

Fig. 53. Biosurfactant production by Pseudomonas aeruginosa BYK-2
(KCTC 18012P) during a fed-batch fermentation on 200rpm
and 0.67vvm. The arrow indicates the start of medium feeding
(2.5mL fish 0il/100mL medium).
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—O— Biosurfactant production
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25
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Dry cell weight (g/L)
Biosurfactant production (g/L)

0 24 48 72 96 120 144 168 192 216 240

Time (h)

Fig. 54. Biosurfactant production by Pseudomonas aeruginosa BYK-2
(KCTC 18012P) during a Fed-batch fermentation on 200rpm
and 0.67vvm. The arrow indicates the start of medium feeding
(25mL fish oil/1L medium).
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L ©
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0 L Ob 1 1 1 1 1 1 1 1 1 O
0 24 48 72 96 120 144 168 192 216 240

Time (h)

Fig. 55. Biosurfactant production by Pseudomonas aeruginosa BYK-2
(KCTC 18012P) during a Fed-batch fermentation on 200rpm
and 0.67vvm. The arrow indicates the start of medium feeding
(10mL fish oil/1L medium).
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56. Biosurfactant production by Pseudomonas aeruginosa BYK-2
(KCTC 18012P) during a continuous fed-batch fermentation

on 200rpm and 0.67vvm. The arrow indicates the start of

medium feeding.
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Fig. 57. Biosurfactant production by Pseudomonas aeruginosa BYK-2

(KCTC 18012P) during a continuous fermentation on 200rpm

and 0.67vvm.
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—@— Ca-alginate (3%)
—{— Modified PVA (10%)
6 r| —&— PVA (10%)

Biosurfactant production (g/L)

1 1 1

0 24 48 72 96 120 144
Time (h)

Fig. 58. Comparison of different carriers on biosurfactant production.
Culture conditions: 25°C, pH 7.0, 100 rpm, 2% (w/w) cell loading.
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—{— Modified PVA
—@— Ca-alginate

Biosurfactant production (g/L)
N

O 1 1 1 1 1 1
0 1 2 3 4 5 6 7

Number of cycles

Fig. 59. Comparison of the stability of modified PVA and Ca-alginate
beads on biosurfactant production in repeated batch culture.

- 173 -



Biosurfactant production (g/L)
S

O L L L L
0 2 5 10 15 20
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Fig. 60. Effect of cell loading on biosurfactant production by the immobilizec
cell. (Cell loading % (w/w) : g cell wet weight/ 100g carrier)
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Biosurfactant production (g/L)
SN

2.0 3.0 3.5 4.0

Bead size (mm)

Fig. 61. Effect of bead size on biosurfactant production by the immobilized
cell. Bead size were 2.0mm, 3.0mm, 3.5mm and 4.0mm respectively.
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Biosurfactant production (g/L)
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O L L r
3 5 10 20

Ratio (medium vol. / bead vol.)

Fig. 62. Effect of medium volume to bead volume ratio on biosurfactant
production by the immobilized cell.
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Fig. 63. Relative activity of biosurfactant production by the immobilized cell
in a repeated batch of culture. Every cycle incubated for 120hr at 25°C, 120rpm
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(7) FAF A AvlF S ol &3 243 dA #F

FAF AN F S o] &ste] A s AAA Wl EE= wAe AEY
(viability) & &obE Skth mFAIztel wE 143t v=ue) A WstE a3
g Ay aAst A5 (A HAFrsteEe] HAWAALFS Bl dHeETA7E
e = 120 h (C)&t Alzke] Aol wheh vj=ve] A7 S7hekala 4
A7191 (D)l A= A8 A"l &A= AT (Fig. 65).

(8) Air lift bioreactorZ® o]-&3 Hd

o
&3
aAst A dAsuds As) ASEe Aewerle FRE, 274
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Fig. 64. Stability of bead hardness and springiness in a repeated batch
of culture using texture analyser. Initial hardness and springiness were
220g-force, 0.82.
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S

£ o
e s

Fig. 65. Scanning electron micrographs of immobilized cells in modified
PVA. A, after entrapment of cells; B, after 24 h (initial phase of
logarithmic growth); C, after 120 h (final phase of logarithmic growth);

D, after 1440 h (stationary growth phase)
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66, 67).

4. Pilot plant (200 L fermentor)E ©]& 3 o] FA4k

AAF3EY HFBAS 8 scale-upd 200 L fermentorol] A AAHS 7
3 2t
(1) S71%F (Air flow rate)d]l W& HAARFIFEY thFAA

200 L fermentorE ©]&3to] working volume 120 LolA E7]=¥ (0.33,
0.46, 050 vvm)Z 25°C, 150rpmo.2 3|l YgS HAAsA Y. 7[d 25 25%
(v/v) fish oil& AF&3tG o™, foamoll <38 thze] njkdo] fermentor HY O
2 overflow™ = A= 97| #3] 5% (v/v) antifoam (Dow Corning DB-110A
Al E AZA)E AHESEATH

w23} 033 vvme] 4% 156h #i¥A] 6.1 g/L, 046 vvm¥d w 180 g/L
(168h)el Atk 2&aL 0.50 vvme| -+ B2 ZFel foame] 2Aste] LH7}
overflowd & 24 HAF3t= At FFS Fo AikFe] 49 g/L2 o o

& S7rEA e oktk(Fig. 68).

) &% (Agitation) o] WE HARFIFEY O FALL
S71% 046 vvm, 712 &% 25% (v/v) fish oil, &% 25°Ce] ujz=71A
200LfermentorE ©]-&3sfe] wHkEE=W (100, 150, 200rpm) 3] Fuj kS 2 A5}

o} 1 A3} 168h v A me| A= 125 g/Le] HAF3stEo] A4t
3+ 150 rpme 180 g/L= 7MY B2 = HAR3stES ALsA . 200
rpme] 74§ B o foamo] WAt UF7} overflowd .24 84h vl A
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pH

—@— Biosurfactant
gt —O— Cell release
—A— Residual fishoil | { 3

12

Cell release (g/L)

Biosurfactant production (g/L)
Residual fish oil (g/L)

0o 1 2 3 4 5 6 7 8 9 10 11
Time (d)

Fig. 66. Time profile of biosurfactant production by immobilized cell
in 1.8 L air lift bioreactor. Conditions: 1% (v/v) fish oil, 25°C, 0.5 vvm,
1.2 L working volume, 10% (w/w) cell loading.
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—&— Biosurfactant
8 —O— Residual fish oil ] 20

116

112

Biosurfactant production (g/L)
N
Residual fish oil (g/L)

0 L L L L L L L L L L 0
0 2 4 6 8 10 12 14 16 18 20 22

Time (d)

Fig. 67. Continuous production of biosurfactant by immobilized cell using
1.8 L air lift bioreactor under continuous feed 20 ml/hr flow rate of mediun
containing fish oil 10 g/L, and 25°C, 0.5 vvm, 10% (w/w) cell loading.
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—&— 0.33vwm D.C.W.
o9 0.46 vwvm D.C.W
—#@— 0.50vwmD.C.W.

7~ —O0— 0.33vwm B.P. 20
oo 0.46 vwm B.P.

—-0— 0.50 vwm B.P. g Vv 718

Dry cell weight (%,w/w)
Biosurfactant production (g/L)

0 24 48 72 96 120 144 168 192

Time (h)

Fig. 68. Effect of air flow rate for cell growth and biosurfactant production
D.C.W., dry cell weight; B.P., biosurfactant production.
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6.8 g/Le HAAfF3st=S Aitst A oh(Fig. 69).

(3) A =AY HAFIEY HZFALL

HAARFIE2] HFAYAS 98] 200L fermentorol A 571 % 046 vvm, ut
150 rpm, 712 %F % 25 % (v/v) fish oil 1831 &% 25°Ce] wigzol
A 3RS AAlste] dARSEY] RS A5 23, 174 h s EA
182 g/Le] AAfstEo] AAESAT. 7 L Jar fermentorol A2 3} 9
A vlwsbH 200 L fermentoro]l A 2-3 g/L o] £& Ao e
Zrefuh oF 30WH scale-up ¥ Aol HlEl ALl =A 42 A2 scal-upel
up g Falo] wigk A Hle] Wt 9 AlAEl A FA T ol Hal vl kA
ol AojFol wel wjF ApAlo] Wb dojd wEl Ao Ag i rh(Fig.
70).

AP~
H

AAFE =" A & 28 - AAE 9 A4S Fig. 719 2

AE HAE BE7]E 87 0] 10tono] il working volme 7tono & 797 uj
Fotw dFA4E (200 L) A3l o8 crude HAF3t= 1.75ton (& £
AA ikl ZFo] 25% 7Iw)s 9 7 Utk B, dAEY 7= vl o
A& AAsH7] 98l Al &ZFol 2ton/hel HHENY AL dAE7E A

sE=7102 %AIH. AeF

ot

Y
)
rr
W
o
o
L

ton/he]il &4 o] 10tonoZ AF A 30 % (v/v) TFET g2 A7+
S 7H 2 Ax27ID)E wgAs fdx3 & 5tone F
ZZE)2 BUYAt &2 #7181 ethanol 2@ methanol 2tong ©] &3}
o] &

7= sAA F718Ws AAgH. o
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—&— 100 rpm D.C.W.
-y~ 150 rpm D.C.W.
—-#— 200 rpm D.C.W.
—O— 100 rpm B.P.

T g 150 rpm B.P. 0
SV 18

—-— 200 rpm B.P.

Dry cell weight (%,w/w)
Biosurfactant production (g/L)

0 24 48 72 96 120 144 168 192
Time (h)

Fig. 69. Effect of agitation speed for cell growth and biosurfactant production.
D.C.W., dry cell weight; B.P., biosurfactant production
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Dry cell weight (g/L)

—@— Dry cell weight
7 —O— Biosurfactant production 25

O() 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
0 12 24 36 48 60 72 84 96 108120132144156168180192

Time (h)

Fig. 70. Time course of cell growth and biosurfactant production
by 200L fermentor
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olyel AEFH/MEZAL 27|54

ol
ot
Ho
o
k=l
9,
rlr
po
|o
fr
.
=
o
2
|o
!
I
2

(1) AAFSEF dTF3pA S A7t o3 FF

2 A Ae dAFSEA B FEAY HItdd mE of&Ee] B diE
BIE dotry] fte] 7zt e B om Hrlste] 243 MAE A
stAtH(Table 16, Fig. 72).

AAfst=o] H7td 45 v F3hA7F H7ME o5 Ht 84 whiteness
& #ARA7E S EAded oA AAfstEe] 7HA = g Mz
o2 A7ZtEh Deformationo] SlojA GT-10002 Eliminator’} <7FAl 7] &

3, HF 2 Tween-202 7FAA7]+= A HATE oo HEA
AAfFstEe H7te 4ol deformatione] thE F3Aol vdlA €53 F
7hobe= A3 s Bt E dAFSES 7P A S force #te ST
, GT-1000°] 4} Tween-202 F&F= T4 AY FaA7l+= 4

al
&S B9 ow EliminatorE H7MA 71 Aol force’t F7tets 43S B



Table 16. Changes in whiteness, deformation and force of biosurfactant and

surfactant based products

whiteness deviation deformation deviation force deviation

no add 43.17 0.45 3.96 0.36 63.20 3.56
Tween—20+
o 4251 0.55 3.99 0.27 55.00 3.39
Eliminator
GT-1000+
o 4428 0.69 411 0.19 61.80 5.45
Eliminator
GT-1000+
41.74 1.08 417 0.46 52.40 5.77
Tween—20
Biosurfactant+
o 28.26 1.30 471 0.76 73.40 10.45
Eliminator
Biosurfactant+
29.40 1.71 4.09 0.30 49.40 9.40
Tween—20
Biosurfactant+
30.48 0.41 492 0.83 70.40 6.50
GT-1000
All 2792 0.94 513 0.50 54.00 3.67
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Screening Fit

Prediction Profile

5.13 4
- i
“§443085'TTI/ITT I/IIT T L]
£ ] It i 1
K7} 3.96 —
— T T L T L T ™
\n 0.14 v 0 v 0 v 0 -
Biosurfactant GT-1000 Tween-20 Elimi-nator
Screening Fit
73.4 —H
8 599875-TTJJTT TT_l T TTJ__I
8 1 LT 1]
49.4
T 7 T T 7 T T 7 T T 7 T
A 0 A 0 A 0 A 0 -
Biosur-factant GT-1000 Tween-20 Elimi-nator

Screening Fit

==

39.045
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27.92—- l J‘

Prediction Profile

] |

[

|-

T,

L\

—\

—\
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biosurfatant

GT-1000

Tween-20

Eliminatornator

Fig. 72 Screening of biosurfactant and surfactant add on kamaboko by

fractional factorial design.

- 193 -



At

FotAlel MelA olme] FAL O FYNL & Qe 2002 485

Aoz AtR7F "o

(2) AAFIFE A7l s=o WE IF
B oA E AAFIES dEmog H7Eo] 9ol 0~05 % 2z F=d
2 o]&F9 B wA= S dolHktH(Table 17, Fig. 73~75).
Whiteness® X7} 7184 webA] Haf gasts 43S B9 AL, defor-

mation< 0.1 %= H7F3F o] 5Fo] 9446 mm= 74 3o forcerx 0.5%

ro
¥
ﬁ',
mlm
o?
%2
id

AZFE7F 1192 g2 =93 0.1 %H7F77F 1132 g & v 2=
ol e Aol 01 %H7F AES HA sz AT 7t Adden o

o] AL 01 % BERFIAS H7teto] AbRs71 2 &t

(3) Are =F A #E IF

2] F-o A soy protein? oil ¥ AEFIAE emulsion typelZE THEOA
A5l H7MS 859 7= BAURE A EFets BRoR o5S
zAAE Aol 24 Aolel WM Lolrtrh(Table 18, Fig. 76~78).

Ao A, f8AE WA Ge Aol fAAE AR oRuT Fach

al
emulsion type®] 7|9 WHo R WIE oREHU= & F£XE YERY AL

E3] deformation®] 74-% Emulsion B7} 4.72mm= t}& o
(e3]

g Arbstel WE olRol WrHA @e o Fmrhe ¥e FAE U
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Table 17. Changes in whiteness, deformation and force of biosurfactant

based products

Biosurfactant deformation force

concentration whiteness deviation (cm) deviation (@) deviation
0% 45.13 4.012 5.32 1.28 97.60 10.55
0.05% 43.47 1.13 521 1.49 106.4 11.67
0.1% 39.37 0.58 9.45 3.81 113.2 10.62
0.2% 41.46 0.57 6.76 2.03 101.00 10.17
0.3% 36.60 0.51 6.40 1.87 116.0 6.04
0.4% 35.98 0.72 6.27 1.27 100.6 8.14
0.5% 33.84 0.63 4.78 0.62 119.2 9.63
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Fig. 73. The effect of biosurfactant on whiteness values of kamaboko.
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Fig. 74. The effect of biosurfactant on deformation of kamaboko.
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Fig. 75. The effect of biosurfactant on force of kamaboko.
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Table 18. Changes in whiteness, deformation and force of biosurfactant

based products

. L Deformation L Force L
Whiteness deviation deviation deviation
(mm) (g)
Emulsion N 44.66 0.73544 4.26 0.25671 128.6 3.36155
Emulsion B 41.67  0.837974 4,72 0539212 130.2 5.890671
0% %7} 43.74 1.383286 411 0.28728 1272  6.379655
0.1% frst=37} 40.41 1.810351 4.24 0.448141 138.0 11.26943

Emulsion N : soy protein concentrate, oil, ice/waterE ©v|#] &3t

Emulsion B : soy protein concentrate, biosurfactant, oil, ice/waterE w2 &3t
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Fig. 76. The effect of biosurfactant on whiteness values of kamaboko.
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Fig. 77. The effect of biosurfactant on deformation of kamaboko.
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Fig. 78. The effect of biosurfactant on force of kamaboko.
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factant®] 7i#o] Fagk AFEOFE olFa Y dHEALEE Wa
Petroleum Alol A AJAsl= Emulsano] 7150 od® @A Az, dx7])H
32 AL So7 AMRE I dow Penicillium sp. i 57F A= S-acid
= A7 LA, sEEAe] SAoRA JEE I QA

A& glycolipid®] FEAE AAtste] gFEFd §&3sta Jdem, 1 9
AL A 7 5ozt 4
ste o gtk webA W AE fEfe] AEAWGGA = FAAF] dAELR
A 2 Abgol gdld Zlow AzbEW, g Hg AP, B AFAE #

—|~
=y
o
i
do
&
1o
ol

biodispesan, liposan & UF%3g

F = 93 sy o dEFEA L oil-recovery SolE 1 &Aool AA 7]
o sl T}

2 AT i, Aas] W AdREtE s 553 AdS o] &ste 5
|Lro st= ofe] 7HA AR A & &8 4 gt

(1) ABdFTA F3A%e 714 349 Hlu

Aol Algd AGviAE U AAFHER A ARTA FIAE
A sl 1 A H e vlaste] ®krh(Table 19). WA 10te] o
MFrg olgdle] HARES AN A9 dgHT Axde Aww,
wiHl, Ve Qe Fe) gnew ARsle] dFele] mstrh 10t gzl

working volume 700L= 7}5 A1 7] 20g/1L2] Ak o] °o]A 140kge] HA

TE
T3tEs €5 7 vk 140kg/13]E 7l o = 191t 43] 7FeAl71H 560kg/

Al 3k T HEA ] S+ (Emulsan) ¥} 3853141 (LABS) &

2 ot AR AES vl BH AERstAs sk sbAel] v E)
a7k 7 & 9ol ey (Emulsan / LABS =124)), & Aol A A4k
He ddfFstES 6b/kgoz sttt ETE HAY 22 AefstAEel
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Table 19

A AfrshE A A 7FALL

TEl s aw Woow
£ =
EEEER 260,000 05%/2
] A A =] 7,800 2 34 A 58] x3%
2 267,800
3 e ] 1,200,000 | 191 120000091/
wiH | g 168000 | A% mRux14%
2 1,368,000
A 150,000
e 120,000
g5 84,900 28,30091/100%
Az 17} AR F 24200 | AN SEEED
k2] 36000 | 4wt ulaos
S
ML e 6goo | (AUl D
A7 1,000,000
71 ek vl gizg | s
EEE so210 | AL
2 1,469,289
A 3,105,089
Qv (5%) 165254 |  Alsemiag
o & (10% o) 299254 | wreuleody
= 4 7 3,559,507 058 7%
7,1199/kg
(6.0%)
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}c}H(Table 20).

)

4-5uf A&

H] o A =

e

i 60wl 7t

9|

o] Aol shekfrstAlol M

—

0

o]
o
of
B
A

(2) 3L &8 71 AL

oL
[¢)

o]

3 oH(Fig. 79).
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Table. 20 f+3}A1¢] 714 H]

AAfrstes BEFSA 3Hiskal

I n H] 31

B (NS-1)*  (Emulsan=*) (LABS#x*)
74 6.0 30.0 25
($/kg)  (AxEL7}) (Z+uf 7}) (vl 7})

oAFe et

CMC 10 - 592 o] stskfratAldl H]s
(me/L) oF 60m) -
I L xﬂ%/] Hbo]
Eu 29.5 45.0 47.0 @}ﬂo ﬁrxﬂ o H]3|
(mN/m) ouf -

B ATASE, e AEH
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Fig. 79. AAFsEAL 4=

1. Boile 2. Air compressor 3. Tank 1(5Tone)
4. Tank 2(5Tone) 5. Centrifuge 6. Pump
7. Pellet collector 8. Storage tank 9. Evaporator
10. Blower 11. Dryer 12. Separator
13. Filter 14. Evaporator 15. Storage
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Fig. 80. Antibaterial activity of Biosurfactant on various concentrations.
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Fig. 81. Antibacterial activity of Various Surfactant.
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E. coli v olUe} Stapylococcus aureus® 7FAA] AW AAEE A3}
AMA AAES Tl AldEs AFEAYIE e¥ol Buda glewn (Geertsma
MF. et al, 1993, 1994, Hayakawa, H. et al., 1989, Sherman M.P. et al.,
1988), AtgS HM%E3 EResE Hd FE AAEHo HAINS FEsie

(

Jt e e Hol:

o

f

Mycobacterium tuberculosisttol| taj %= 733k

O
o
pord)

B %3 I (Gaynor C. D. et al., 1995, Hwang and Clements, 1990).

(2) Microplate reader& ©|83% MIC TEST
Fig. 82, 832 HAR3}t=3 Triton X-1009] MIC#(Minimum Inhibition
Concentration)& A3 Zlo|th. Alztul Qfeol A Alte] F2o] HAf3te
A% 0.0391% ©]4e HmollA A Ao, Triton X-1002] 7 -l
0.0781%0°1°2] FIollr Aol A= o] HAF3t=o] Triton X-100EtH
o] el dddds wole Aow yetuth &3 Triton X-1002% A A3
7} 0.0391%9F 0.0195% % S wjo]/o] ztol 7} yebwttt. uhet
29 gL v wHol Aow yehgon wj$ 2o wn
M= AHE EHRE et oh Tween 207 Tween 80% Z& &
As FdFF oY A FHdAdo] gle Ao= e
AEF3AZE ARSI ART ddddo] Hold olf= BEF3HA
gl Fom Altoluy AlEe] A H
25 WSATIAY 3 E07A Aldtoly AEE AFEAIA
TEAAS YE= B, Lectind 2ol Aldtol] gk 228 595 7HA=

AMEYG WAAEE AFF 5 2438 AR} oo gdn AT

o L

;

oy} MEE AFEA7IE HHoZ AdelA FdES st e AoE o
A2t (Borron P.J. et al.,, 1998, Wilsher M. L. et al., 1988, Holmskov U. et
al., 1994).
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2.0 ~
—@— Biosurfactant 10%
—O— Biosurfactant 5%

—w— Biosurfactant 2.5%
——
—.—

Biosurfactant 1.25%
1.5 Biosurfactant 0.625%
—{— Biosurfactant 0.3125%
—4&— Biosurfactant 0.156%
—O— Biosurfactant 0.0781%
—aA— Biosurfactant 0.0391%
—4— Biosurfactant 0.0195%
—&— Biosurfactant 0.0098%
—O— Biosurfactant 0.0049%

1.0 4

Optical density (600nm)

0.5 A

Incubation time (h)
Fig. 82. Growth curve of E. coli treated with biosurfactant of various concentration

- 210 -



2.0 ~
—&— TritonX-100 10%
—O— TritonX-100 5%
—w— TritonX-100 2.5%
—v— TritonX-100 1.25%
—&— TritonX-100 0.625%
—O— TritonX-100 0.3125%
—&— TritonX-100 0.156%
——
—A—
—A—
——
—O—

1.5 1

TritonX-100 0.0781%
TritonX-100 0.0391%
TritonX-100 0.0195%
TritonX-100 0.0098%
TritonX-100 0.0049%

1.0 +

Optical density (600nm)

0.5

Incubation time (h)

Fig. 83. Growth curve of E. coli treated with TritonX-100 of various concentration.
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(3) FAFEAHAL

FElvel A Eol ek b Al T oJokE HAAFTIE e AL F
gk 7ol gl7] wiimel dE
(197)& = §F= Aot
dAF3E 2000 mg/100g body weight Fofatoll A A& 717HS E3to] Al
TES HEEA fGgon, APsEed dFd 2 A= LDsp#t> 4
2000 mg/kgs B3 AowE AmHATh . AFo=w SDA Ratet ICR
mousesS 27} 5o 2 U o] 4000 mg/100g body weight, 5000 mg/100g
body weight, 6000 mg/100g body weight, 7000 mg/100g body weight, F*
g o® Uro] 13] BT F 149319 AME, ARtSA, Aswst 2 R

Aads #gsiglon O dde vad Zov Fig 842 It @S

rl

O HAAF3Ed 93 AbddE ICR mousecl A= 6000 mg/100g body
weightoll A g wha]e] Abiro] yERyEa 7000 mg/100g body weightoll A4 += A
AA S JeERd T SD ratitoll A& 400 Omg/100g body weightoll A 2w}2]
o] Appo] yERtaL, 1 oo &R oA E AAAES YEFW AT w
Z}4] ICR mouseo A 9] HAF3HE 9 LDsp* = 6000 mg/100g body weight}
7000 mg/100g body weight Alololl &g Aoz Atz ¥ ™, SD rate] 4%
+ 4000mg/100g body weight$} 5000mg/100g body weight Alolol] &g A
o7 AndEd. wagA, F T HA¥sEolA ABAHLAAAY LDsA =
4000 mg/100g body weightE 43]g Aoz o AKX dAA AEFHEZE A}
453 JE F3A F Ay SA A 2" =29 49 LDs’F 1350
mg/100g body weight® ¥ HAF3Eo] AFo2 HI/E2A ok Adol ¢

=2 o2 ey
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Vitality (%)

120 q

I |CR mouce
100 - - 1 SDrat
80 A
60 - —
40 4
20
0 T T T T T 1
1000 2000 3000 4000 5000 6000

Dose (mg/100 g body weight)

Fig. 84. Vitality of ICR mouce and SD rat injected biosulfactant
on the various dose.
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Table 21 Blood analysis results of ICR mouse injected biosurfactant

Control Biosurfactant
Items 2000mg/ 4000mg/
not treated . )
(h=5) 100g body weight 100g body weight
1’1:
(n=5) (n=b)
BUN(mg/dL)* 21.0= 0.7 246+ 0.9 287+ 1.2
Glucose(mg/dL) 176.0£21.0 141.0£14.5 193.0+15.6
Total Protein(g/dL) 6.0£ 0.8 54+ 0.8 54+ 1.2
Albumin(g/dL) 4.1+ 0.6 3.0+ 04 3.1+ 0.2
Cholesterol(mg/dL) 104.0+10.2 126.0+ 8.8 121.0+10.3
Triglycerides(mg/dL)  65.0+ 5.7 75.3t 6.4 86.0t 4.6

* BUN : Blood Urine Nitrogen
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Table 17. Blood analysis results of SD-Rat injected biosurfactant

Control Biosurfactant
Items 2000mg/ 4000mg/
not treated ) )
(n=5) 100g body weight 100g body weight
n:
(n=bH) (n=3)

BUN(mg/dL)* 278+ 2.3 20.6+1.2 223+ 2.3
Glucose(mg/dL) 128.0£10.2 127.0£9.6 137.0£13.6
Total Protein(g/dL) 6.2+ 0.3 5.8£0.8 5.7+ 05
Albumin(g/dL) 44+ 0.8 3.9+0.1 3.8+ 0.1
Cholesterol(mg/dL) 121.0+ 6.3 98.0£5.4 94.0+12.3
Trigl ides( d
L)rlg yeeridestmg/d 04 645+3.6 570+ 45

*BUN:Blood Urine Nitrogen
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(4) dEHAdHo] a3}
Salmonella typhimurium TA 1009] thalA point mutatione Fe3sl=
ARG AE Ao H7tsto

AEHS h BAE BAN0lE ARG F A
ol fuEEA ong Fsnug ¥ A9e FYstgich

ofste] & Al vkar gtk (Mclean and dutton, 1995).
FgEAMol giE AME WHde oy JHAIE JAAT B AFdA =
19711 Ames7F 7l$F Salmonella WHolF A&
Ames, 1983). #Fo] EWue] 248 =AU g HAAFSAE H7td
minimal glucose agar plate®] FAAE EASAWo|T T =& AFsd &
Aol B FEojleld o 5 AA s Aolth

Pseudomonas aeruginosa byk-22%¥ F&3 HARF3AES MNNGo 9
d sAWMolE Aol Salmonella typhimurium TA 1007} ZH7Fe w9
0.1, 05, 1, 5% X=2 FH7Fsto] 24X 3F vigst & B EAWo|HFo FE&
=743 A3 1%} 5%l A ZH7F 50.4%9F 625% % #EE A o= HAF3t

6
A AIPEETE 19013l 50%0] 49 Eddels AFEAL WS Eee
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Table 23. Influence of biosurfactant on the mugagenicity induced by
N-methyl-N’-nitro-N-Nitrosoguanidine(MNNG) in Salmonella

typhimurium TA100

Treatment Concentration(%)  Revertant/plate  Inhbition Rate(%)
Control(MNNG) 98662
Spontaneous
0.1 936+32 5.7
0.5 854+25 15.0
MNNG+biosurfactant
1 541+12 50.4
5 434+11 62.5
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Heavy metal lon Conc(ppm’

0 03125 0625 125 25 5
Additive

Fig. 85. Lead(Pb) removal from medium by biosurfactant on the various
concentrations

120 moz
5=

Heavy metal ion Conc.(ppm’
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Additive

Fig. 86. Zinc(Zn) removal from medium by biosurfactant on the
various
concentrations
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Fig. 87. Iron(Fe) removal from medium by biosurfactant on the various
concentrations
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Fig. 88. Cadnium(Cd) removal from medium by biosurfactant on the
various concentrations
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Fig. 89. Anticancer effect of sufractant for MCF-7 cell line
on the various concentrations
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Fig. 90. Anticancer effect of surfactant for SNU 386 cell line
on the various concentrations

- 224 -

00.10%
mi%
o5%
010%

]l

m0.10%
mi%
o5%
010%

I




[e]
=
o ol FFEHI FAHATE Aolth AXLFL WA, 254 Y0 FE

=
st MRI®] 2FAZE 23S il dvks Zlolth(Khokhar, A. R., 1989,
1991). A AFEAl AAE Wty or WA s dArks AMdS o
o] =EolA Bag Wb glal
F37h ZigE e At @ 5 AT

2) In vitro test

oA HARFIALY IS+ S UeElA Zoltl. DNA/methyl green assay+s
DNA/methylgreen® %A ¢} DNA Active agent ¢l Distamycin A7} WH-g3}<]
DNA/Distamycin A& S I A3}aL, mehtylgreend colorless carbinol®] 2F
= 242 AFAA 630nmoll A FFo] A LS st Flo] FH Aotk

W2 DNASH AetA Adtste ddEdS o=t H2o] qla,
TEAL Ruid FAAE Fotdo] Fda s Suiststazt = Ao
oNA EFdE I

==
K3
e BAES A PR 4unm g 2A¥FY shioln

il

, o
¥ A9l 7o) streptomyces insignis ATCC31913°¢] A4+t Daunomycin®] tF
(Neal S. et al, 1992).

2 AT = AEEA] AFES JARF3A = Distamycin A¥F B s E o
Fig. 9204 B9 & o Ql5co] HSzshruh ofgh vhe Axe] JBaH)sE B
o= A& & = Ar} =3 IC 508 % distamycin #k°]  11.29(ng/ml)e] it

surfactant= 13.52(ng/mL)=Z B 23k =X & HJo 22X IAZHAZ A9 7t
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(2) 3FFE A4 (Cosmetic industry)
1) Y5 hair B5A4
2) Tl A FEEL HUbE BVt A% s

(3) A9kt (Pharmaceutical industry)
D o8 714 71548 7HA = FFoEA Y AARIE

2) SFE WAl ~El O 2 4 9] liposomel & A&

(4) A2k (Oil-industry)
1) Microbial Enhanced Oil Recovery (MEOR) - A 9] 4ta3| =9} F&
Ao &, T2AF A B2 crude oil sludgedl A oile] 3|4~

2) A AAAS - 2= oile] FolzZesl FF T

olr

(5) E%9 A &A 3 (Microbial remediation of contaminated soils)
1) ed¥ Bk Azl A&
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Anderson, W.(1961) The antipeptic activity of sulfated polysaccharides, J. Parm.
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