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Culture broth

<—Centrifugation (6000 rpm, 20 min)

Supernatant

Pellet (discard)

Add 1 N HCI
adjustment to pH 2.0

Equal vol. CHCl3:MeOH (2 : 1)
extract

<—Stirring for
12 h, 200 rpm, 4T

The solvent layer A residual product (discard)

Evaporate the solvent at 50C
Extraction of crude
biosurfactant

Fig. 1. Isolation and purification steps of biosurfactant from culture
broth.
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Table 1. Morphological, physiological, and biochemical characteristics of
Pseudomonas sp. G314

Characteristics Characteristics
Gram - Gelatin +
Spore - Oxidase +
Shape rod Catalase +
Colony color yellow Starch +
Colony Form circular Urease -
Colony Elevation convex Hydrogen sulfide -
Colony Margin entire margin  Casein +
Motility + Methy! red -
Indole - Voges-proskauer -
Citrate + Macconky's -
Nitrate - Eosin methylene blue
Fluorescense -
+, positive; -, negative

Table 2. Utilization and fermentation of various carbon sources in
Pseudomonas sp. G314

Carbon source Utilization Carbon source  Fermentation
Arabinose - Arabinose +
Cellobiose - Cellobiose +

Fructose + Fructose +
Galactose - Glucose +
Glucose + Lactose +
Glycine - Maltose -
Lactose - Mannitol -
Maltose - Mannose -
Mannito] + Rhamnose +
Mannose + Ribose +
Rhamnose - Sucrose +
Ribose +¥ Trehalose -
Sucrose - Xylose -
Trehalose -
Xylose -

Utilization: +, growth; -, no growth; W, weak growth
Fermentation : +, positive; -, negative

& H(Accession No. AY689030), Pseudomonas sp. G314
Bsidth 18l 3 AR Pseudomonas sp. G3142] &4y
At 254 WS =AY A3 Pseudomonas sp. G314
streptomycin, spectinomycin, chloramphenicol “1#} il ampicillin
AN A BwmA 7Ae WS e, B Co, Ba, Cu, Ni,
Mn, Ce} Lio] F3&A vl & A4e 2t eS8 &

Q1315 CH(Table 3).

4% 54
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°Coll Al 30°C Atololl A 713 43tk metM Pseudomonas
sp. G3149) Hieke] A %Et 30°CE I ATHFig. 2). I
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Table 3. Susceptibility of Pseudomonas sp. G314 to various antibiotics
and heavy metals

AE APGAAE WA Pseudomonas sp. G314 289

Table 4. The effect of aeration on the production of biosurfactant

Medium volume (ml)* Growth (g/L)°

Surface tension (dyne/cm)

Antibiotics MIC (ug/ml)  Heavy metals  MIC (ug/ml) 30 1.835 257
Ampicillin 700 Ba 800 50 1.335 26.3
Chloramphenicol 400 Cd 50 75 1.000 2.6
Kanamycin 5 Co 400 100 0.650 267
Spectinomycin 200 Cr 1600 150 0.650 27.0
Streptomycin 300 Cu 800 *Medium volume (ml) in 250 ml shaking (200 rpm) flask.
Tetracycline 10 Hg 50 ®The cell pellet was washed once with distilled water, dried at 105°C
Li 12800 for at least 24 h, and weighed.
Mn 1600
Ni 800

ol(Fig. 3) & &7 sk A& AU dAE ¥ pH 39
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Fig. 2. Effect of temperature on the production of biosurfactnat. Cells
were cultured for 24 hr at 25°C, 30°C, 37°C, and 42°C.
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Fig. 3. Effect of pH on the production of biosurfactant and growth by
Pseudomonas sp. G314. The pH values of media were adjusted by
addition of 1 N HCl or 1 N NaOH. Surface tension and growth were
determined after reciprocal shaking (200 rpm) at 30°C for 24 hr.
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2 ASIES v f3ldg 2 fERbEAS 2418 A (Fg.
6, Table 5), 92 #371A Zo)A olive oilS 7148 & o &
3k&Ado) 540 nmollA 1.6328 7HE o w, SEgA =3 9t
o} ghadol wE falege o C 7HA9) fakdAdol 4 &
FE 540 nmollA] 0.349, 0345, 0.362.2 HILsIger ¢t C,
< FEEAE ¥Enh AAFe R BE 7)™l tigky
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50 - 1.900 =
c £
=] =4
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€3 20} 1.750 s
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10 1700 &
(U]
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—@— Surface tension —m— Growth

Fig. 4. Effect of NaCl concentration on the production of
biosurfactnat and growth by Pseudomonas sp. G11. Surface tension
and growth were determined after reciprocal shaking (200 rpm) at
30°C for 24 hr.
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Fig. 5. Time course growth and biosurfactant production by
Pseudomonas sp. G314. The cell was cultured in LB medium at 30°C.
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—a—Olive oit —a— Triacetin (C2:0) —a— Tributyrin (C40)

—6— Hexane (C6) —o—Octane {C8) —a—Decane (C10)

—e—Tetradecane (C14) —#—Hexadecane ci6)
Fig. 6. Emulsification stability of various substrates by biosurfactant
solution. The absorbance (OD 540 nm) of the emulsion was
determined at the indicated times. After the initial 10 min holding
period, absorbance readings were measured every 10 min for 60 min.
The log of the absorbance was then plotted versus time.

Table 5. Emulsification activity and stabilization of various substrates
by biosurfactant solution.

Substrates Emulsification activity Decay constant
(OD 540 nm)” (Kd, 107y

Olive oil 1.632 -0.30
Triacetin (C2:0) 0.002 -4.30
Tributyrin (C4:0) 1.338 -1.63
Hexane (Cy) 0.235 991
Octane (Cy) 0.349 -10.27
Decane (C,p) 0.345 -11.18
Tetradecane (C ) 0.360 -1.60
Hexadecane (C,¢) 0.095 -4.06

The sample mixture was shaken vigorously in a vortex mix. The
absorbance (AS540 nm) of the emulsion was determined after the 10
min.

*The emulsification assay was performed in the presence of biosurfac-
tant as decribed in the material and methods.

>The log of the absorbance was then plotted versus time and the slope
(decay constant, Kd) of the line was calculated.
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Fig. 7. Effect of increasing biosurfactant concentrations on surface
tension. biosurfactnat solution were prepared in 0.2 M phosphate
buffer (pH 7.0) Surface tension was measured at 25°C. Symbols
average of triplicate vial, error bars maxiraum and minimum values.
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A2 A HeErd el CMC (Critical micelle concentration)

CMC =4-E Pseudomonas sp. G314& By A5 22
02 M phosphate buffer (pH 7000 £3iA1A L8 i 31A
sex FEgEe A8 ARsIT). A AREFA7 X
54 2gke Wl ¥RE 72 dynefemlM A AwgaA
=57} 20 mgLd woll EWAH0 30 dynelemZ A3 H&
soict. maps BESA AREEA =w7l 20 mgld W &9
o) FEA Hashe AR EF CMC ez A3
Qoh(Fig. 7). 1AL 20 mg/LETH A= ABgRAY =7t F
A g wagEol aste] 100 mgLd HE BEEH
o] 27 dynefeme]™, 400 mg/LY A= A 74 FHgEd
25 dyne/cm®] ATt

A2 A EAE S| BT

B QA AR ARSI a3)s A 82T acetone, &,
methanol, chloroform “12]3L dichloroform¥ 28 v 8¢ 2
chloroform/methanolt®] 1+ dichloromethane/methanol Z+ 22 &3
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puanold| N E ok SIES UL ethly-ethers} isoamyl
alcohololME R BTHE BAEE Aoz Uehgth Iy
cyclohexane, hexane, Xylene 18)30 pentaned| A= A5 gals
2 e Ao BRIE THTable 6).
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Table 6. Survey for solubility of the partial purified biosurfactant

A ARBAIANZ YR Pseudomonas sp. G314 291

Table 7. Surface tensions and critical micelle concentrations (CMCs)
of various surface-active compounds in aqueous solution

Solvent Solubility
Benzene WS Surface tension CMC
Ethly ether D Compound (dyne/cm) (mg/L) Reference
Cyclohexane US Sodium dodecylsulphate 37 22%%% 21
Ethyl acetate WS )
Haxane us Alkylate dodecylbenzene 47 590 21
Acetone S Dihydroamine fluoride 35 475 4
Water WS Ole}famin'e ﬂuo.ride . 30 270 4
Methanol S chzllus lz.chemfanms JF-2 77 10 18
Isoamyl alcohol D (hpf)p epnde). .
Toluene WS ?:ﬂi o ”)‘b"l’s 27 11 21
Xylene Us Pseud as a ino.

seudomonas aeruginosa

Chloroform S (thamnolipids) » 15 21
Dichloromethane S Torulopsis bombicola
Pentane us (sophorolipids) 37 82 2
Butanol WS Pseudomonas sp. G314 25 20 This study
Chloroform : Methanol (1:1) S
Chloroform : Methanol (2:1) S
Dichloromethane : Methanol (1:1) S A7, 250 ml £%F] Azt ZTakas ] wix|gke] HLSE we
Dichloromethane : Methanol (2:1) S

D, dispersion; WS, weak soluble; US, unsoluble; S, soluble

HAE S1FsHA At 2222 5 AUEEAT AHgE
RS Eopell g-8o] 7kadt tix] EAZHN v|AES o &%
AE AAEAGA /] 4ol FIFEHL Ach24).

PAEZRE] AL AE AREAE 47 Asle 72
dd e dd EYlA #F 23 Mg L A7
332755 e 3L, ©] F wibutyrin®] H7HE A4
AESA AR GA E98 el 1TFE gaF Ad8e &,
Ao 71 -3 dATS HE Y. JE Add
T2 Pseudomonas sp.2 FYE A Pseudomonas sp. G3142
B3kt

g AUEGA} FeAEH 88 o) 7T & $54 8
9lo] H&= AL 2x0|tkl, 10, 20). WA Pseudomonas sp.
G3149] 2o w2 &4 HelE AR A9 15°CRE 37°C7t
X wHA— o] 25 dyne/emEB YA FAHUL, I A4
pHE TAHOE ofdejds) e olME T3 el A
2 2498 AT 283 NaCl®l 5571 1%9) 2%% 9
7R Ao 24 F948 719 25 dyne/eme RIS, 3%
NaCl oA e E83Y ghol 27 dyne/omS VERARIS} 6t
AHog {F71 FEE Ao HAES A& Fside 2
Age] 22X A& Ao & "aido] ot v}
sge] AT S22 15.8°Ce]H, Bl A% 25°C WL]o]
ok 223 ANEARL Sigre) pHE oFgZel Ao, Walkers)h
Cowell (30)°] ZAKF di=2] B NaCl ¥=7F 3.5% - 3.7%2
I B3 AL zerehd, B Ao ANEE Pseudomonas sp.
G3l4e i B #72F Al AHE 7Fsdol ok
YT}, I Pseudomonas sp. G3149] AE AHEAIA] A
& OE AEHE ARgdA 84 BskE 2AKRE

DA YES AE AEGIA S 84 58 RAoE Yeht
Pseudomonas sp. G314% Pseudomonas sp. EL-G5272] % 7]%%
AR AI5)9) o] TIHLRE fA7ES st A AW
AAE Aitete Aoz Azt ueba 9499 Egelu g
Sl o] #& ol 8T AY A&EAHQ 4h Fo] ¥ Ao=w
Alz €}

B AANE Pseudomonas sp. G3142] A& ABEGA2] o
2 7]"dol 3l |+  acetone, methanol, chloroform,
dichloromethane?} 72 TU-8ml 2 chloroform/methanol©] 1}
dichloroform/methanol# -2 E3Eujolx] & &al=e A&
ZY31, ethly ether®} isoamyl alcohold A& B-sfjE = Bilww
Ao 2 el B benzene, ethyl acetate, toluene, butanol,
olre &% S35 31, cyclohexane, haxane, xylene, petaned- &
3 &3EA e FoE et AN glycolipids &
718vle 2 BEEY B vig A% S3lHE Aom UdRA
k. w2l B Ago] ALEE Pseudomonas sp. G3147F AT
3= AE AHEYAE glycolipiddle] 838 53 el
glycolipiddl 9] AE AHEAAAR] ALz FAHAG. ot
glycolipid AlEe] AE AWLIA F trehalose-6,6-dicoryno-
mycolates= chloroformol] 2 =11, wehalose, tetraester®} 7+
=Z49] glycolipid= chloroform/methanol 52| E&-gufol] & =
2.0, lactonic sophorose lipids, ©FF] =] lipids= ether, hexane
2 chloroform®l] 2t =1 acetone®} methanolo| A €k7te} €&
ZHllob & = o delA UL, T surfactin® AAIYSE
o} E,
petroleum ether, hexanedll© %] %31, rhamnolipidsS methanol,
chloroform, ethyl acetate, ethyl etheroll= 2 =521} hexaneol A
= =54 gt 4EA ko, 12, 13, 22). wekA] )9l e
AY AYE} B HAGo AE-H Pseudomonas sp. G314 -£3)
E& HwEPE Aa7A] YA glycolipidhe THEA] surfactin

e

ol methanol, chloroform, dechloromethane %l
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%} rhamnolipid3} H]<=%t
glycolipidd] ROE F4FT},
AA deiAd e 35 AEEgA e AE AUEAE
o] ¥ % CMC e B AFol ALEE Pseudomonas
sp. G3142} ¥lwdr A3 (Table 7), Pseudomonas sp. G3142] 3
o 2878 gro] 25 dyne/emE WA7HA) BaE AREIAS
71 estaon, AT AMEgA ] E498 vehr] 9
S Ha 59 CMC gt E=3F w3 B0 vElRT o}
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Soll et <A, pHell 93t A A T Al VA B4
S Hojh o@HE Edolt, B 183 sl AEAIA #
AR ARSI 0] =3 RIS sk 28y o
AR B QA8 Aga] HsiMe 1 F2E BES gt
T eyt Qon, 1 725 Fgetsl] gaiMe A B
FH 2990 B ARl Ate] AR, AA Bk
23 5 ARFA At 5 A8 ool & Aoz AZH)

Fe dEdE A2 R

ZHAle 2
B =52 20054% gl shed+ 2498 Al o5t
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ABSTRACT : Characteristics of Biosurfactant Producing Pseudomonas sp. G314
Shim So Hee and Kyeong Ryang Park* (Depart. of Biotechnology, Hannam University, Dae-
jeon 306-791, Korea)

Three hundred thirty two bacterial colonies which were able to degrade crude oil were isolated from soil sam-
ples that were contaminated with oil in Daejon area. Among them, one bacterial strain was selected for this
study based on its low surface tension ability, and this selected bacterial strain was identified as Pseudomonas
sp. G314 through physiological- biochemical tests and analysis of its 16S tRNA sequence. Pseudomonas sp.
G314 showed a high resistance to antibiotics such as ampicillin, chloramphenicol, spectinomycin, and strep-
tomycin, and heavy metals such as Li, Cr, and Mn. It was found that the optimal pH and temperature for bio-
surfactant production of Pseudomonas sp. G314 were pH 7.0 and 30°C, respectively. After seven hours of
inoculated, the biosurfactant activity reached the maximum, and surface tension of the culture broth was
decreased from 72 to 25 dyne/cm. The crude biosurfactant was obtained from the culture broth by acid pre-
cipitation, followed by solvent extraction, evaporation and then freeze drying. The CMC (critical micelle con-
centration) value of the crude biosurfactant was 20 mg/L.



