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Abstract

As basic study for purpose bioremedation in oil~contaminated environment,
Primarlly, we isolated biosurfactant producer- strains utilized of oil-agar plate,
and measured surface tension and emulsifying activity. We investigated in
oil-contamined soil and sea water. In this laboratory, Pseudomonas sp. EL-012S
strain isolated from oil-contaminated soil was able to product novel biosurfactant
under the optimal culture condition. Its condition was n-hexadecane 2.0%,
NHsNO3 0.4%, NasHPOs 0.6%, KH2PO4 0.4%, MgSO4 - TH20 0.02%, CaClz - 2H20
0.001%, FeSO - TH:O 0.001%, initial pH 7.0 and aeration at 30C, respectively.
This biosurfactant was produced in both late-exponential and early-stationary
phase. The biosurfactant from Pseudomonas sp. EL-012S was composed of
carbohydrate, lipid and protein. The purified-biosurfactant was examined two
(biosurfactant typel, II) with the silica gel G60 column chromatography and
the purfied biosurfactant confirmed thin layer chromatography, high performed
liquid chromatography and gas chromatography. The biosurfactant typel
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involved in carbohydrate-lipid-protein chacteristics lowered surface tension of
water to 27dyne/cm and interfacial tension 4.5dyne/cm aginst to n-hexadecane
and the biosurfactant typell involved in carbohydrate lipid chacteristics lowered
surface tension of water to 30dyne/cm and interfacial tension 8dyne/cm against
to n-hexadecane. Specially type I had the properties such as strong
emulsifying activity, emulsion stability, pH-stability, thermo-stability, high

cleaing activity and forming ability.
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Table 1. Cell growth, emulsifying activity and surface tension of primarily

screened strains in oil-contaminated sites

Sampling site

& Cell Growth Emulsifying activity Surface tension
*[solated strain (CFU/ml) (O.D. at 540nm) (dyne/cm)
numbers
*EL — 008Soil 1.2x10° 1.231 42
*EL—012S0il 3.2x10° 2.452 35
*EL — 032Soil 2.1%X10° 0.682 38
*EL —051Soil 1.8x10° 0.826 42
*EL— 057Soil 2.4x10° 0.973 48
*EL—079Soil 32x10° 0574 45
*EL —082Soil 3.6x10° 0.735 40
*EL —093Soil 2.4%x10° 1.224 48
*EL — 098Soil 2.0% 10° 0.883 50
*EL - 104S0il 1.7%x10° 0.998 42
*EL — 145Soil 1.9x10° 1.023 46
*EL —0020cean 30x%10° 2532 52
*EL—0240cean 2.2%x10° 2.423 54
*EL —0280cean 1.8x10° 2.387 48
*EL —0380cean 1.9x%10° 1.243 50
*EL — 0420cean 25x10° 2.784 54
*EL — 0630cean 2.4x10° 2.448 48
*EL—0770cean 19x10° 2.453 45
*EL —0790cean 2.2x10° 2.445 40
*EL —0890cean 2.6x10° 1.094 38
*EL— 1010cean 28x10° 2.394 42
*EL —1120cean 2.2x10° 2.452 52
°EL —055Non-sea 3.26x 10 0.234 68
EL —076Non-sea 0.62x10° 0.543 62
’EL-014Non-Ocean 2.23x10° 0.432 70
*EL-014Non-Ocean 2.71x 10 0.378 68

* ; In case of biosurfactant produer strains cut off higer surface tension 50dyne/cm.
a . formed pale-halo circle(biosurfactant produer strains)

b ; not formed pale-halo circle(non-biosurfactant produer strains).
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Table 2. The optimum culture condition for the biosurfactant production

n-Hexadecane 2.0%
NH4NO3 0.40%
NaHPO4 0.60%
K2HPO, 0.02%
KH2PO4 0.03%
Medium MgSOz: + TH20 0.04%
mineral salts 0.001%
:CaCl; - 6H,0, FeCls - 6H20, MnSO, - 5SHO,
ZnS0y - THO
pH 7.0
Temperature 30C
200
Other conditions  Agitation o
(20Rev. X 6cm strock)
Culture time 4 days
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Fig. 1. Cell growth and production of biosurfactant from Pseudomormas sp.
EL-012S on the optimal medium at 30°C

-@- ; surface tension, -l- ; dilution factor(Fcmc), —-A- ; celll growth,
-%-; pH, -O- ; Emulsifying activity
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3. AEAEEAEAY AA R +x ¥4

Pseudomonas sp. EL-012S7} AAtstE AEAREARA Y AAZ 98] 509 jar
fermentor®| Pseudomonas sp. EL-012SE& 34zt vigsted, 4 F&9 2 {718
FZHOZ crude biosurfactant® A AF Fo, silica gel column chromatography
9} sephadex G-15 gel filteration® 3Bt HFig. 2). AALD AEAREGA=
TLC® HPLCE ¢% AAFCE dd 2 AAHUSE Fddded, 2 243
AEARZAAA type 13 typel & LA

AAHAHE Fdto] 2R crude biosurfactants= ¢Z2ME gm Jglon 10 H)
FA < 4gAEE H5E F AU A AA AN BEAARLAAY 49
AstE XA ZFE Table 30 Yetiith Z42+e] Al GAA BEAAEA
Ao 844 Jelde AFQ #3494 28FY LTS A dAdA FAH
T PNew, FFHoz 34 % crude biosurfactant®] F-384 2 Dilution factor

o] %2 24zt 264 unitt 36.4unitE YEINTH o]w o] F4E&2 42% HET

Table 3. Distribution of biosurfactant at each isolation steps.

. L Emulsifying activity
. Surface tension  Dilution .
Isolation steps ( unit/ml )

(dyne/cm) factor(Feme) n-hexadecane Crude oil Soybean oil
Culture broth 30 7.8 2.741 1.425 2.045

Acid precipitatant 30 12.2 5.562 4.864 4198
Culture broth except

. .. 30 4.3 1.263 1.098 1.127
acid precipitatant
Lower phase
. 30 154 12.245 3.1%4 8.015
(Organic phase)
U h
bper pliase 42 20 4824 1516 2.268
{(Water phase)
Extracted powder
30 364 26.431 6.215 12.981

(Crude biosurfactant)
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Fig. 2. Elution patterns of column chromatography for purification of
biosurfactants.
A ; Elution diagram of first silica gel G60 column chromatography. Concentration
biosurfactant solution 3ml was loaded onto a column equilibrated with

chloroform/methanol(10:1) and eluted with same solvent. column size ; 25X100cm, flow
rate ; 30m¢/hr, fraction volume : 5m¢, B ; Elution diagram of secondary sephadex G-15
gel filtration column chromatography. Fraction solution from first column
chromatography faction 17~29 was evaporated and then dissolved in 20mM Tri~-HCI
buffer(pH 8.0), This solution filtrated by membrane filter paper(0.2um pore size). This
filtered solution was applied onto a column of equilibrated with 20mM Tri-HCl
buffer(pH 8.0). column size ; 1.5X80cm, flow rate ; 10mé/hr, fraction volume ; 3m¢, C ;
Elution diagram of biosurfactant type II from secondary silica gel 60 column
chromatography. Fraction solution from first column chromatography faction 106~110
was evaporated and then dissolved chloroform/methanol/acetic acid (65/25/4). This
solution filtrated by membrane filter paper (0.2um pore size). This filtered solution was
applied onto a column equilibrated with same solvent. column size ; 15X 80cm, flow
rate ; 20ml/hr, fraction volume; 3ml

-@- ; Critical micelle dilution factor(Fcmc),

-(O- ; Total sugar content (O.D. at 490nm by phenol-sulfuric acid method)

-A- ; Total protein (O.D. at 750nm by Lowry method )
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4. AEADGZA Y FxE4

AAE AEARGAEA typel, 0. ZF 2A9LS UV-spectrophotometer
analysis, FT-IR spectrometry analysis& 2 3J3% Z 3} biosurfactant type [ < 3
3} lipid ¥ protein® 3t 2 polymeric biosurfactantdl Ao g FAFY S
o, AEADLEAAA typell = 2 lipid7} 2 ¥ rhamnolipidd] Ao2 FAHI
T3 AEAREALA typel & SDS-PAGEZ oA @ bandz2 &2 HUow,
densitomery scaning 23 #x3o] 11,0003 22 2AHUt ZAE AEADEA
AEo ExES F203t7] Y98l sephadex-LH 2022 gel filteration 3+ 23 A
EABEAMA type 1L ExFo] 1100002, type IE o) 500083 H=
Aoz SAHAY

AAE BEAVEAHAAE alkali 7t AE o, BEAHLEIA typel o 7
< oMY lipid7t #99Uen, 2o 2= rhamonse’t &2 HYUY. AEARE
AA type O Aole 3709 lipid7t 8 =HJow, D224 rhamnose’} #15
pei=d

5. AEAHEYA 9 £ 3158 42 HE

AAE PJEARALGYA EE - 3183 54 ZAE A3 AEADZAAA type
I, 0 2% dichloromethaned| X €& E7t 7t Ho|om, THAY dAE JEA
HEAA typel & 30mg/lolA 27dyne/cme.2 YERGI, typell & 80mg/190 A
30dyne/cmo.2 e}t E3FH n-hexadcaneo] W3t AdAHL =23 A3} type
19 ZAS9E 12mg/19 FZoA 45dyne/cme® JEltew type 09 A$
20mg/18] FE=lA 80 dyne/cme.® el T3 4 % pH NaCl, calcium ion
of qg FIs AHE A2H BEAHULAA typel, I EF vluz AAT g&&
eyt wetgd 2 3 434S AEAEGA typel 7t typel EO 5
A veinten, & AR Jde FEAFEAAY v AFHE YehAUT
a9, 7138 9 AE FA, AAY A, & ) SA A
READEAAA typel & 71E8 4 AAYo] Ho] wpor, typellE Y 2 &
w2 o] Hojyr

N 24, $4H(ATY
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Crude oil2 2¥G¥ E%o digt MEAAEAA] H7F EFdA = crude
biosurfactant9} AEAHEAA] type [ S H7IRE o ZFoA EL-012SF7 &
FE AEHANI =Y £ 2371 e Aoz ey

120.00%
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§ 20.00% |
l—
oomb ] 1 1 i 1 1
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Fig. 3. The infrared spectrum of the biosurfactants.
A  biosurfactant type I, B ; biosurfactant typell
Table 4. Identification of biosurfactant by colorimetric method
Results
Substrate Detection biosurfactant biosurfactant
type 1 type 1I
Diphenylamine reagents - -
a -Naphtol-sulfuric acid - -
Phenol-sulfuric acid + +
Carbohydrate Anthrone . +
Somogyi-Nelson arsenomolybdate - -
Elson-Morgan reagent + -
Esterified fatty acid Hydroxylamine-ferric chioride reagent + +
Lipid Rhodamine 6G + +
Amino acd Ninhydrine + -
Protein Lowry Method + -




Table 5. Identified carbohydrate of biosurfactants after alkaline hydrolysis of

biosurfactants

After alkaline hydrolysis | After acid hydrolysis
Detection Biosurfactant Biosurfactant
type 1 type O type [ type I
Diphenylamine reagents - - - -
a -~Naphtol-sulfuric acid + - + -
Phenol-sulfuric acid + + +
Anthrone + +
Somogyi-Nelson arsenomolybdate + - + -
Elson-Morgan reagent + + + +
75 F 50 40
g ®f gof 5
£8% | 04| £§
ol £2 g%
gs® 287 £g
@ Bt g1+ 7
2 0 20
A 0 1 50 W W B 0 8 12 16 20 24 28 C 1.3 5 7 9 1N
Biosurfactant concentration(mg/) Biosurfactant concentration (mgA) pH
50 50
c w0 5 46 }
S 5o §-21
55 BE® ] EE% |
20 | 2308 o o O0—00-0—0 L [ o o0—0—0—0—0—0—0
@@ 0 8 ac;:!) [ 3 E 0 ih—H—Q—O/._H—H
o5, 000000000 882 882
1‘33 320 S5~2}
5 h el @ 18}
(D Z) 1 1 1 1 Il 15 s 14 L
D | E F o
0 4)T O 120 rﬁ)) 20 o 1 2 3 4 10mM 30mM 50rmM 70mM S0mM

NeaCl conoertration (%)

Calciumion concentration( m )

Fig. 4. Surface activity of the purified biodurfactants versus condition.

A ; Surface tension measurements in various concentration of purfied biosurfactant added to
slightly basic water( pH8.0 ), B ; Interfacial tension measurements in various concentration
of purfied biosurfactant added to slightly basic water( pH80 ), C ; Effect of pH on the
biosurfactant stability, D ; Effect of temperature on the biosurfactant stability, E ; Effect of
NaCl concentration on the biosurfactant stability, F ; Effect of calcium concentration on the

biosurfactant stability.
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Fig. 5. Physiochemical properties of biourfactants produced by Pseudomonas sp.
EL-012S

A ; Rose-Miles foam height and stability after 5 & 10 min (cm) versus concentration of
biosurfactants at 25°C, B ; Dispersan power of biosurfactant s in carbon black,(-O-) or
a—Cu phthalocyanine blue-[]-, C ; Washing effects versus concentration of biosurfactants
concentration, D ; Wetting ahility versus concentration of biosurfactants at 25°C, E ; Washing
effects of varios surfactants.(A ; AEO, B ; AES, C ; formal cleaner used waashing power
measurments, Marketing washing slovent((sparkle) D ; Bio solve 6%(hydrocarbon mitigation
agents) , biosurfactant type I, G : biosurfactant typell.)), E ; Stablilization of emulsan by
purified biosurfactants & synthetic surfactants H ; Emulsifiying substrate was
n-hexadecane .The absorbance 540nm(Asgq) of the emulsion was determined at the
indicated times. After initial 10min holding period, absorbance readings were taken every
10min.. The log of the absorbance was then plotted versus time, and the slop(decay
constant,Kd) of the line was calculated. -@- ; Biosurfactant type I -(- ; Biosurfactant
type O, -A- ; Triton X-100. -0~ ; Tween 60, -A- ; Span 85, =%~ ; Sodium dodecyl
sulfonate(SDS), in a-Cu phthalocyanine blue, -O-

Table 5. Reduction rate of aliphatic and aromatic hydrocarbons after incubation
with the sample A, B, C, D, E.

Reduction rate(%) of
Aliphatic hydrocarbons

. . Aromatic hydrocarbons
(Ci7/pristane : C/ig phytane ratios)

Control 0 0
A 24 7
B 52 43
C 21 15
D 42 31
E 32 13
F 72 54
G 32 17
H 53 48
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Reduction rates were calculated as following :

the remaining amounts of aliphatic or aromatic
hydrocarbons in A, B, C, D, E samples
experiment at intervals of 4 weeks incubation

X 100(%)
the remaining amounts of aliphatic or aromatic

hydrocarbons in the control experiment at intervals

of 4 weeks incubation

Control ; added to 4% crude oil, A ; added to 4% crude oil + 10% cell
suspended solution, B ; added to 4% crude oil + 10% cell suspended solution +
biosurfactant type I (100mg/kg), C : added to 4% crude oil + 10% cell suspended
solution + biosurfactant typell (100mg/kg), D ; added to 4% crude oil + 10% cell
suspended solution + crude biosurfactant(100mg/kg), E ; added to 4% crude oil +
109% cell suspended solution + N - P solution, F ; added to 4% crude oil + 10%
cell suspended solution + biosurfactant type I, + N - P solution, G ; added to
4% crude oil + 10% cell suspended solution + biosurfactant type I, + NP
solution, H ; added to 4% crude oil + 10% cell suspended solution + crude
biosurfactant + N - P solution.

* N-P solution was composed to NHUNO; 04096, Na PO, 060%, K:HPO, 0.02%,
KHPO; 0.03%.
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