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Abstract

Fifty hydrocarbon-metabolizing microorganisms were isolated from soil samples polluted by the petroleum
oils in Gamman-dong, Busan. Among them, strain 2-3A, showing strong emulsification activity, was selected
by oil film-collapsing method. This bacterium was identified as Acinetobacter sp. and designated as
Acinetobacter sp. 2-3A. The optimum temperature and pH on the growth of Acinetobacter sp. 2-3A were 25°C
and pH 7.0, respectively. The carbon and nitrogen sources for the most effective emulsification activity were
3.0% olive oil and 0.5% peptone, respectively. The 0.15% potassium phosphate was the most effective emulsifi-
cation activity as a phosphate source. The optimum emulsification activity condition was 20C, pH 7.0, and
2.0% NaCl. The optimum time for the best production of biosurfactant was 27 hrs. The emulsification stability
was maintained at the temperature range from 4°C to 100°C, pH range from 6.0 to 10.0, and NaCl range
from 0% to 10%. For the oil resolvability of the biosurfactant, the residual oils were investigated by gas
chromatography. As a result, it was verified that the biosurfactant decreased and decomposed crude oils from
nCio to 1Ca.

Key Wonds : Acinetobacter sp., Biosurfactant, Emulsification activity, Oil-contaminated soil, Qil-degradation
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FJ), biofertilizer, biopile, bioreactor, bioremediation,
biostimulation (% ¥& ¥ AxF=EA ] F7), land-
farming, phytoremediation 0] JtH?. B4 g
‘“’“ﬁ«] 3¢ B Hgo] 2853 {35 FH

gL FAH A= Jon, g3t A A
S ti¥-2o] g3A FAR AT 547 231
dE A, AEH T BAAE DHol A
. AESH e AR 2R BT 7
FE o] &3t F&R Mol 3837 B 4
HA 25 B8 54 59 2833 FHol A
o] 1970 di ¥ 8 A7t E3| JPH3 o

U EL EGME AN F71E9] 3, F¥x
<8 2 EYY gz 54 #oqstn o dA=
Exxon Valdez3 9] §F8% Alal A] Alaska #]2te]
Adol} nEs A 7 AdeEe hydrocarbong
Pseudomonas aeruginosa 5 o]-&3ta] A A3 o7}
A, AF7AA LA FRAA FREHN N4
B Acinetobacter, Aeromonas, Arthrobacter, Bacillus,
Corollospora, Corynebacterium, Dendryphiella, Micro-
coccus, Mycobacterium, Norcardia, Pseudomonas &
So] wuse] . ols} 2ol f ES’_“‘; EdS
Aasled o] AEEFH EA7|E2 AAFH)2
84 7Ne=2A H&7bsAol “H Fon,
AAZ FRLY ESE Y 4FH22 HEHT
A& 71%01‘:}8) 53 AR EYS A= 7
AoA FHLEEAE Fasie EF e A
i 24 °l bloremedlatlon HA A uf-- FAHHA
AZS = Aoz A AW,

B ATE #7529 EGAN 2T FRES
ol W E 2= § 38 A (emulsification activity)o] B ol
Acinetobacter sp. 2-3AS £, 33 A A=
A, o] FF7} Aikste AEAHEA A (biosurfactant)
o] #alg A A Tl dis] 2AME Aot

2. € 3 yd
21. R8s ojgEe 22
A A #5209 ESS AF3d 94
085% AAAsol AdYPez M3 dH
(arabian light crude oi)Z #Y§ @492 HS
28 ) X (NH)SOs 0.3%, NaHPO, 0.332%,

g3t
KH:PO; 0.083%, MgSO, - 7H,O 0.04%, MnCl; -

AAE - FEE

2H,0 0.0002%, CaCl; - 2H,0 0.0002%, crude oil
2.0%)0l =, HE S F 30T 48R 7k v 3l
FRESH FFE 13 AE3A 4] dslei
i zlo) E2FFES HEd 25T, 150 rpmol A
e wjF3EA 16d B A B E FFE F
2 Ax & B335 A (Shimadzu, UV-160)2 &4 =
(640 nm)E FANBlA B0l 4T dFE 23}
2 AF3Rn. ol TFE A B34 g uiA
o] 4837+ A& F3 & oil film-collapsing assay'”E
o] 83}y ujjokRe] oil film-collapsing A4S &3
3 2ol FRAHAT. 3, pouidishel 355
5miE ¥, 2 9l Y4 20 pE goj=g oil film
o] FA =M ujkd 5 uF oil film FGol] Hojxg
BAE clear halo®] X&-& FA3AU.

22, &2 53

FrREd gAo] 713 Hold 2-3A #F2] A3t
3173 AHAe Vitek Systems (BioMerieux, VITEC &
VIDAS)E o] &3geH, MacFaddin'"3} Gerhardt
599 Wy e Basle] YA, 434 54
ZALE 121502 BHH A S HESFAT

=3 2ol A8 53 93k 168 RRNA genes
0]-8-3} sequencing-S- 3J s, AccuPrepTM Genomic
DNA extraction kit (Bioneer)E A}83}<] total ge-
nomic DNAE #& 39 templateE A}-&31H o). 16S
RNA §AR9] ZZo o]&3 primerE2 Table 1
7 2t} old forward primere] 5ol AFAL
EcoR12] Q12| X.Q) &, reverse primer?] 5'¢ll= BamHI
9] AARLAE H1EH Tk PCR ¥E2 AccuPower
PCR Premix (Bioneer)E A}R8-3to] Minicycler (MJ
Research, USA)E PCR WH3-& A8tk BA MT
oA SEZF HAANZ F, 94THA 13, 61TCA 1
B, 12TCAA 184 303 WEse DNAE 534
71, upxjgte sz 72CHA 587 extensionA]F
CR #+4-& FAAZh AAR 16S IDNAS] PCR
£ 28 pGEM-T vector (Promega)oll ligationA] A
222 vg] £v]3F 200 ule] XL1-blue competent
cello)) transformation A]Z!1 ¥ alkaline lysis mini-prep
o 2 plasmidE mini-prepdt T} o]9k 2ol
16S tDNA EA-& 53t drIMde Z2AE F,
National Center for Biotechnology Information(NCBI)
] GenBank Hlo]ElHo]2e A 7} FEHl &

o

- -
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Table 1. Oligonucleotides used in this study
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Primer Sequence Description
16S rRNA-F 5-AGAATTCTNANACATGCAAGTCGAICG-3' Forward primer for PCR
16S rRNA-R 5-GTGGATCCGGYTACCTTGTTACGACTT-3' - Reverse primer for PCR
T7 5-TAATACGACTCACTATAGGG-3' Sequencing

SP6 5-ATTAGGTGACACTATAGAAT-3' | Sequencing

N: degenerate including 4 nucleotides
Y: degenerate including pyrimidines

FFET @rixde vimsigon, MEGA 2.1
package' V& ol g3l AZEE aH}

23. RREs aF2 A H4ExA

EdF 2349 A JRRAE A Y38
o 2%, NaCl % % £7] pHel B & 43 53
39T =, 4T ~42C, pHE 2~10, NaCl T &=
0~10%= Zrz} A% F, 25THA 150 rpmo 2
24713 2] v 3T TFe T E3YE
Al(Shimadzu, UV-160)2 &3 =640 nm)S =43}
.

24 EAHEYH S £& ¥ K38y £

B A H 84 A(biosurfactant) & $23517) 93y
A uj ¥ 8942 LB broth (tryptone 1.0%, yeast ex-
tract 0.5%, sodium chloride 1.0%)ol] A HF£3}o] 25T,
150 rpmoll A X Fat Aot Wi F8-4-& AN &2
(13,000 rpm, 20 min, 4C)3t TAE AA% 45
Holl 2 Fak& A3 7hetdA, pH 2002 =
A3ted 4T A B X s BEAAEZA
E AAANAY. AAE AEARGHAE QHE
(13,000 rpm, 20 min, 4C)3}yq JAEL 431,
472l +&H(pH 8.0, NaOH)ol| £33l FAA
Z ANAY Azxd £24& VLR 33 F&34 ¢}
+ evaporatorE o] &3t FEF AL AEAWVE
AAZ AHE-3 AT

818 (emulsification activity) -2 Rosenberg
5% g Wy ste] ALY 0.01 M MgSO,
- TH08 $H#-3k1 & 0.05 M Tris-HCI buffer (pH
8.0) 7.5 mio)] 3}714¢] n-hexadecane 0.1 mIE &
T F, 37 AEABEEA 02 mE B2 18
vortexdte] {-3LAIZITh 1083 FX A H, A
stE oA 1 mlE Fohio] £33 % A (Shimadzu,
UV-160)2 &FHX(540 nm)E SA3e F384S

=339

25. wEEd HHxzU

2:3A 3] #3384 HH2ALE AR A8
iYL E, 27] pH, NaCl 5%, 49, A4 4, Q4
e} FFE ASIY T LB brothol] one colonyE
HZ3bed 25T, 150 rpm O & 24A17F v g Aujok
Jo g HAYE ATt 9A #3383 HFH AL
2= E FA437] A8 A7) AMGdE 2L )
ol 1%7}F =A 25 20T, 25T, 30T, 37°Cl
A 24X FAgu|gEt {F3EAE S SAAT
H# 7] pHet NaCl =& F437] 943 pH 6,
7, 8 R NaCl 0%, 1%, 2%, 3%2 2} 233 vl A
A7) 2708 WY3td #3¥PL A3

B BAAd AAdY £/, A4E FEo w
& AEAREEAY F38HE ZAE 98
basal medium(carbon source 4.0%, NaNO; 0.2%,
KH,PO4 0.01%, MgSO; - 7TH,0 0.01%, CaCl; 0.01%,
yeast extract 0.01%, final pH 7.0)& 7|2 %A= 3}
o Zzte] @447 A49 L U 559 QA

£ F71st A7) 208 wjgdto FgAS
ZQ3AT £ o] 2ol F3¥AY HFH =
Ae AFE F, 29 AJo & 3B E 23
At § T Aol wt wigd Foll BulEE
RAEADEALA Y F38F S FH3AT

26. 22IZF 2-3A71 YAMS= MEAHHEN -
Xe] oty

Acinetobacter sp. 2-3A7} A Sl AEA A A
Ao Lxo BE {FIAUFAH L 2437 A3 4
71¢] o2 YEAVEIAE Fvlstdrt. Tris/
10 mM MgSOs (pH 7.0) bufferol] A 7}2] AMEANY
AAE F7HE o 72} 4T, 10T, 257, 37T, 50C,
75T, 100T oA 3027 ¥HgA17 & {3l s =
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Akt L3 pHell dig HAPE 2AH3L7] A3,
citrate-phosphate buffer (pH 3.0~6.0), Tris-Cl buffer
(pH 7.0~8.0), glycine-NaOH (pH 9.0~10.0)Z A}-&
sto] pHE ZASAT 7)ol Y2ARBIAE
500 pl F7hsted Ao A 3087 HAF F pH
gE fItAANL FAHIAY. £F Tris/10 mM
MgSO4 (pH 7.0) bufferd] =& Z}Z} 0%, 1%,
2%, 3%, 5%, 1%, 10%2 2333 JEAHGALA

£ 71 F Lo 308 B F GEEe
BE fEPIYe FHSAT

27. Et@F 9 #Y AEYH e FaHEY
H|

2-3A @57} AAdste AEABGAYA S € TF
2 A AR A e F38EE v RT-
ABABIAAE HArsls EFTF Acinetobacter
sp. (ATCC 31012)$} Pseudomonas aeruginosa BYK-1
(KCTC 18012P)& Ab7)¢] 2-3A @39 wjgz=As
FUSA wgstg e, EAREAA Y FE
Aed FEHA £ Q. £ )& BE
o] AEAAGIA 9} F35o] 23 3834
A A2 tween 20 2 tween 80 YA F-318
Bl 23g Tk = 0.01 M MgSO, - TH0E &h-3ta
9] 0.05 M Tris-HC] buffer (pH 8.0) 7.5 mlol| 3}
7129 n-hexadecane 0.1 miE &3 &, Fu|gk A
EAWREHAES 02 mY ¥ Hed F3EA

Ryl weh FH84¢ Nn BAFAG.

28, RREd 2H45H

493 829 2 XY O ZA arabian light
crude oil g FF34, PlAE F&o s =T

& 4F BFEE FE3, FEEAS gas chro-
matography 2 B4 go2H FREN E4& 3
3 th ZF crude oil & FE37IH oF ¥
50 ml7} @71 A2} flaskol] 1 mle] LH(2%, vv)E
A7Vsbe] w g F, ANPEZ A3t conc. HC
< 2 ml 78k WHE-& A AIZ] H, oil FFES
&3 YA e EqZurd &1 F FE
L£.u) 2 hexane (Mallinckrodt, HPLC grade)S 25 ml
A7bsld A ¥ wrE 33319 th Hexane 10 mlE
A2 E NG F, 7 fractionES F3H,
Na;SO EFA|A FEE A A3 th Hexane 10

H

ox X N d
o 2t rlo

CELRE R

mlE Na;SO.2 A&, 33l % rotary evaporatorE ©]
83} hexaneZ A A 3L oil ZFES FHIHTH
E%%9 AR hexane 2 miE H718M, olF 1 nl&E
# 3} microsyringeE ©] 83} gas chromatography
4 injectiond}o] B3t

GCE GC-17AAFW V2 (Shimadzu) A}£-3H% 2
A& 7)< FID (flame ionization detector)Z, columna
HP-1 30 m x 0.25 mm x 0.25 um; length x id x film
thickness)& AHE3IHTH 2% Z AL injector tem-
perature 250°C, detector temperature 250C, oven tem-
perature 75C ~300TC, 2 &% 3C/minlo 2 %
1, initial time 0 min, final time 15 min® 2 &}<] 90
min §$ 2 X2 74388 ALt} Carrier gas
€ N & AHE3A T

1. RRE8 01822 22 ¥ 83
FHFE BEdss & 504 755 s,
oil film-collapsing assay¥ol) 2]3|] £3]%5°] 7H¢

3 23A FFE AE3AHFig. 1). °] 59 ¥
B3, A35ey EAEL ZANE Zi Table 290
et 2-3A #5E Gram 74, catalase test %
Moz Vitek SystemsS o] &3d TS A
Acinetobacter 3} 713 |AIG T Bk &3 5
AL 9)3ted 16S DNA 714 4(1,603 bp)yS £43}
o] NCBI GenBankel] 5&5¢ 4540 & dFE
I FARTe AHAdE Lol Ao, Acinetobacter
junii$} 99% ©149) 714 wL& 4E4E UEldof
(Fig. 2), B @ FE Acinetobacter sp. 2-3A8} H 3}t

fAch.

Fig. 1. Emulsification activity of strain 2-3A.
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Table 2. Biochemical characteristics of Acinetobacter sp.

E-&l3t Acinetobacter sp. 2-3A2] /34
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o8, NaCl 37} A 713 & st on 2.0%

A ARE vmA F ZFHAo 5~ 10%ANHE A
Test Result Test  Result o] AAsA & Y tHFig. 3).

Gram staining - Lactose - o -
Catalase +  Mannitol - 33. 7Y Y =Y
Peptone base - Raffinose - 33.1. RElgldol ofx[&= 2%, pH, NaCle| H&
gacitr;cin - Zaﬁl;:'inl - Acinetobacter sp. 2-3A7} AAAVSHE A EAREA

ptochin - orbito - o = = o s
Hemicellulase - Sucrose - A frat@gel vIXe &E, pH, NaCle] 92
Growth at 6% sodium chloride + Trehalose - ZANG A= Fig 49k 2ok 20CoA M &2
10% Bile - Ar;bilnose - £38A8S pgon, 25~37CoaAN e 50%0]3}2
40% Bile - Pullulan - o5y 5 1
Esculin - Inulin } +3EAS By 618;13 Acinetobacter sp. BE-254
Decarboxylase base control +  Melibiose - $} Nocardia sp. L-41772] 739 30ClA 7} &
Arginine - Melezitose - S84 vepddn Bag by} o Tr:i}%
Urea - Celloblose - 9o wRe 27 pHY FFE FHA pH 70004
Tetrazolium red - Ribose - o o m o
Novobiocin - Xylose - Ti}%"é 0] 7]’% 3311—_9\}‘;} NaCl %—‘-E}l‘ %EJ:T_" 2.0%
Dextrose - Pyruvate - NaCl 3R dA FstgdAdo] 7148 E=UthFig. 4). o}

3.2. Acinetobacter sp. 2-3A%] =X H&EEA

Acinetobacter sp. 2-3A2] H& AAZAL ZAME
A3, HF 2EE 25TE 30CAME & 2489
o1 20T 37CAME L A2, 4T, 10T,

4] el Wt ol 9] AFE 0T, 27
2.0% NaCl 594 $3tgc}.
332 RO 0X= BAR, FAS, ol
% sEo| ¥
HEARYA) AAPVE AP 8L A Y
o2

] pH 7.0,

QTANE AL JFstA] ZP 3 pHe 7001 F & 943 basal medium e 7] E 24 3to] Zhzp
100 [—————————— A. calcoaceticus
39 p y
16 '
A b
38 l A. g sp . Cl
Acinetobacter junii
l 100 Acinetobacter sp. 2-3A
‘ A4 Iu‘il‘ul
A. johnsonii
—_
0.005

Fig. 2. Phylogenetic tree based on comparison of the 16S rDNA sequence indicating the position of Acinetobacter
sp. 2-3A. The phylogenetic tree was generated using the neighbor-joining method. Bootstrap values, expressed
as percentages of 1000 replications, are given at branching points.
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0.0 4
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Fig. 3. Effects of temperature, initial pH, and NaCl con-
centration on the growth of Acinetobacter sp. 2-3A.

o B29S 4%% HA F74ste] 20T, 150 rpmo.
Z 44T wigE R g F s34 549
23 Table 35} o] n-alkaneol A ] f-31842 o
AR gk, olive oild M 714 B 84S
BRI Q). Acinetobacter sp. BE-254'™} Nocardia sp.
L-417%¢] A% @47t viad 2 estes oiE
Q1 n-dodecane, n-tetradecane, n-hexadecane 9] ali-
phatic hydrocarbon-8-, Acinetobacter calcoaceticus
CLY9 7% glucoseE @402 ALEe o $
3 F384L Bo B FF Acinetobacter sp.
2-3A8} Aol & Btk ojF-9] YL olive oil& &
2902 AS-3Y.

dAE - F4

oL

/3
o

0.16

012

8.08

0.04

Emulsification activity (ODsa40)

.00
20 25 30 37

Temperature (C)
0.12

0.08

0.04 1

Emulsification activity (ODsa0)

OﬂOJ

pH
05

04
0.3
0.2 1

0.1

Emulsification activity {ODs40)

0.0 4
0 1 2 3

NaCl (%)

Fig. 4. Effects of temperature, initial pH, and NaCl con-
centration for emulsification activity of Acinetobacter
sp. 2-3A.

Tt vAe dode] JE§S dolrr] ¢
&) basal mediumo] NaNO;$} yeast extract t§4l 2+
29S8 0.01%% H7hetd 20T, 150 pmel A 4
ZH wgFstAh Mg ¥ F3E4E 49 A9
Table 49} Zo] #7122 peptones A 713 ¥
< F3EA4E e, §71849Y beef
extract®} F-71204 ¢ KNO:E =& {3848
Eb it 89 Acinetobacter sp. BE-254'7% o) 3
2 {71249 4 =& #3848 JeEhT
ol Fo] Ayl peptone S AU 2 AHGEH )

8 F3BHE Fol7l A48 FH vx4dY
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Table 3. Effect of carbon sources for emulsification activ-
ity of Acinetobacter sp. 2-3A

Carbon sources  Emulsification activity (540 nm)

None 0.07

Glucose 0.104
Sucrose 0.086
Fructose 0.075
Hexane 0.092
Octane 0.08

Decane 0.075
Dodecane 0.118
Hexadecane 0.098
Soybean oil 0.116
Olive oil 0.251
Paraffin 0.077
Glycerol 0.072

Table 4. Effect of nitrogen sources for emulsification ac-
tivity of Acinetobacter sp. 2-3A

Nitrogen sources Emulsification activity (540 nm)

None 0.099
NH,4Cl 0.126
NH4NOs 0.119
NaNO; 0.104
NaNO; 0.104
KNO; 0.231
Urea 0.115
Yeast extract 0.134
Tryptone 0.167
(NH,4):SO4 0.100
Peptone 0.462
Polypeptone 0.189
Beef extract 0.222
Malt extract 0.124

olive oil®] TEE& 0%l A} 6%7}x] HILA 71 A A #
38/4E AT 1 A3 Fig. 59 2] 3.0%2]
FZolA F8g0] 71 Fol ol F9 AYPdMe
HGAgo 2 AFR3E olive 0ild] BEEE 3.0%= 3}
Roh =F F38H-E Eol7] A3 HF 249
peptone?] FXE Yotr ] Y3, @499 olive oil
9 FEE 3.0%E AT peptone?] T2 0%
A 1.5%7 A EEA7IHA 73848 233 Qh
I d3 0.5%2] sEAA FE8AYol N TR
B (Fig. 5), o}% 9] AdfoMe A2Yog Algste
peptoned] FEE 0.5%F Tk vl &) 93 A
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Z
E o015}
k3]
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Fig. 5. Effect of olive oil, Peptone, and potassium phos-
phate concentration for emulsification activity of
Acinetobacter sp. 2-3A.

EAHGAAA L] Aate] BAdE Qe C, Nd o]
o= o8 A7} FAL-go) ojs} BHd ON
U &, P, 40|29 5 5 2L d77) olF
o7 git}. o} Acinetobacter sp. 2-3A2] {8Y
A& A% HF QAFEE A A3 Bl 9T
HA QgL £A3 AFpotassium phosphater} A
Aol HAevi(xt7 T A)A]), potassium phosphate=
0.15% A 7bF £ #384& UYehllo(Fig. 5),
o] 9] AP AME AP o2 A3+ potassium
phosphate®] F =& 0.15%% 3}¢t}.
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333 ol Mol wE HEAHEMN R
sty

HEARREA ] A LS A3 olive oil 3.0%,
peptone 0.5%, potassium phosphate 0.15%, MgSO; -
THO 0.01%, CaCl; 0.01%, 7] pH 7.0, NaCl 20%%
g5 HFu A& st 20T, 150 rpme.E 14
AZE W FBEA ATEE Fo A3 /3 8EE
&43tAth. 1 A7 Fig. 6342l deFH 7]
o) EAA FatEAol Fhsted 2741 wiF A] 7}
T ES FEEAEE BAoH, FAVE g7t
A 2 g4ol HA ARt ol Nocardia sp.
L-417%¢) B9-9} o] tl5F4 7o) F9 F4l7
tEo] HEADEGA ] Yikeo] F7H3T7t B
A7 gol7bEA Zadte A FARHA G-

3.4. Acinetobacter sp. 2-3A7} YMstE MEA
HEMF o oty M

250 g2 AFAS A A5 Fig 73 2o)
4CT~100TARA W& X PeolA HAsiyh
&3] 100ColA 3083 7183l f3igdo] Ho
A A ket pHol thdk ¢t S ZAME A3 pH
6~1091 4 QFA 3G, NaCl 0%~ 10%0] A = Bl
A A4 L el ATkFig. 7).

35 EtnF U 84 ANELNLe a8
Hja
Acinetobacter sp. 2-3A8+ MEA QG AANE WA+

r0.8

e T
Dy
2 lovﬂ/m m
£ A 2
s & @
g g ES
e J —o— Cal growth -
s} & —a— Emulsifying activity %
3 —
i &)
= g o
8 o HAN g
I | 2t S
» & TN 2
o T Y
v T T —- v y—r—t-0.0
50 100 150 200 250 300
Time (hr}

Fig. 6. Growth curve of Acinetobacter sp. 2-3A at the op-
timum culture conditions and change of emulsifica-
tion activity.
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Fig. 7. Effect of temperature, initial pH, NaCl concen-
tration on the stability of emulsification activity
of Acinetobacter sp.- 2-3A.

= EXFETF Acinetobacter sp. (ATCC31012)%}
Pseudomonas aeruginosa BYK-1 (KCTC 18012P) %
#3hgo] 4% et AHE AR tween 20,
tween 802} 431848 & vind A¥E Fig 83 2%
o} B #F Acinetobacter sp. 2-3A< 35 AW
g44Y AEARRALAE Yidste BETFER
o} 2uf o] FEEA] ¢FEHAT.

36. RS Y

TFo P BE df &9 paraffined] &
shrag £ A3, Fig 99 2] v 59 ol F
e 7122 AH8-dE ¥ 58 paraffines] g3}
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0.4 7
0.3 4
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Fig. 8. Comparison of emulsification activity (1, tween
20; 2, tween 80; 3, Pseudomonas aeruginosa
BYK-1 (KCTC 18012P); 4, Acinetobacter sp.
2-3A; 5, Acinetobacter sp. (ATCC 31012)).
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Fig. 9. Gas chromatographic analysis of residual oils in
the culture broth containing 2.0% arabian light
crude oil (a, 1 day; b, 5 days; ¢, 10 days; d, 20
days).

1269

44 9] carbon chain®] Cioo| A «Cs7bA] A 9] djF
o] 80%o]d Eai=E ATk W F 10 o]Fol= «Cr
9} WCieE A3 B340 A 43 BalHA
on, 20 olF o= Cod AL A R ¥
243 )= Ak Acinetobacter sp. A54°"7} 1.0%
(v/v)2] arabian light crude oil& €3] L& sl=1d
Ad 96A 73} Pseudomonas sp. BCK-1*¢] 2.0%
(v/v)9] arabian light crude oilZ E-3l3l=d A4 72
A Zvol] wla) B FF Acinetobacter sp. 2-3AE 2.0%
(v/v) arabian light crude oil-& E3]3l=d] 540 &8
51t} Carbon chaino] 71 .Cu¥ .C50l A4 & &
ZF Acinetobacter sp. 2-3AE 54 o]F o} ¢ 90% o]
& B3istgen, 109 olF &d3| Elstdch
Pseudomonas sp. CHCS-27} Kuwait2}+ crude 0il2)
WCrool A oCre B9 E FA3] st 13447H0]
AY WA, B @3 Acinetobacter sp. 2-3A= arabian
light crude 0il9] Ciool M Ciu FHE FA3) B35}
=9 120X 7ko] AR}

—_— 2,

4.2 8

2 Awkse R ESS st g3l
& ol EE7t L S09FY FREWN TFE 1RE
B3 H e, oil-film collapsing assayS ©]-&-3] Al
AEA 50 71 B 2-3A FFE A¥sigct o
T Fels, Yssa A& Vitek systemsZ
913131 16S-rDNA sequencingS E3] 43 A=
Acinetobacter sp. 2-3A2 W FHon, o] FFE=
25T, pH 7.0, NaCl 0% A H& 43¢ Jeh Y
£ o5 384 JH=A% HaEa 84
At A EGY 4883 4S9
Z A8 & AFsna 3 A g

mo e L
Ty

1) Acinetobacter sp. 2-3A% 20C, pH 7.0, NaCl
2.0%, 3.0% olive cilS &4 Lo 2, 0.5% peptoneS
ArYo R, 0.15%2 Q1A S o83 S v 713 =
< #3384 e

2) @9 A wE F383S A A7 27
Azt F Al P e 384 JEAY-

3) Acinetobacter sp. 2-3A7} XS HEAHE
AA e ABAEE A A3 4T~100T, pH 6~



1270

10, NaCl 0%~10%2} FH AT 99 &%, pH,
NaCl Fxolx ¢HEE Bt

4) BEAUEAAAE WA= BFT5F Acinetobacter
sp. (ATCC 31012)9} Pseudomonas aeruginosa BYK-1
(KCTC 18012P), 81813+ AHYAS) tween 20 L
tween 803} §-28-AH S v wg A7} Acinetobacter sp.
23A°) 3420 29) ol $5UE & AN

5) @5 WMAAIT Ao dE AFe 2F @
BeaE BAT 29 5Y F Codll A CnZtA A
of 3ol oF 80% olakz wHAHYH, 102 o
Fole A9 gRgol 248 L=t

¥

ha

A

1) Kim J. Y. and K. S. Cho, 2006, Bioremediation of
oil-contaminated soil using rhizobacteria and plants,
Kor. J. Microbiol. Biotechnol., 17, 185-195.

2) e, 255, Y, olFF, 933, 200, E
%29 Al EFL9 NE, B3], 237-
244pp.

3) Georgiou G., 8. C. Lin and M. M. Sharma, 1990,
Surface active compounds from microorganisms. Bio.
Technol., 10, 60-65.

4) Bragg J. R, R. C. Prince, E. J. Harner and R. M.
Atlas, 1994, Effectiveness of bioremediation for the
Exxon Valdez oil spill, Nature, 368, 413-418.

5) Atlas R. M., 1981, Microbial degradation of petro-
leum hydrocarbon an environmental perspective,
Microbiol. Rev., 45, 180-239.

6) Kim H. J, B. J. Kim, S. D. Ha, S. H. Hwang and
J. Y. Kong, 1999, Biodegradation of crude oil by ma-
rine bacterium Pseudomonas sp. CHCS-2 and compo-
sition of the biosurfactant, Kor. J. Biotechnol. Bioeng.,
14, 192-197.

7) Roberts M. S., L. K. Nakamura and F. M. Cohan,
1996, Bacillus vallismortis sp. nov., a close relative
of Bacillus subtilis, isolated from soil in Death Valley,
California, Int. J. Syst. Bacteriol., 46, 470-475.

8) Ruberto L., S. C. Vazquez and W. P. Cormack, 2003,
Effectiveness of the natural bacterial flora, bio-
stimulation and bicaugmentation on the bioremediation
of a hydrocarbon contaminated Antarctic soil, Int.
Biodeterior. Biodeg., 52, 115-125.

9) Vogel T. M., 1996, Bioaugmentation as a soil bio-
remediation approach, Curr. Opin. Biotechnol., 7,
311-316.

10) Kim H. S, C. H. Lee and H. H. Suh, 1997, A lip-

dAE - B4 &

opeptide biosurfactant produced by Bacillus subtilis
C9 selected through the oil film-collapsing assay, J.
Microbiol. Biotechnol., 7, 180-183.

11) MacFaddin J. F., 1980, Biochemical tests for identi-
fication of medical bacteria, 2nd ed., Williams and
Wilkins Co., Baltimore, 36-308.

12) Gerhardt P, R. G. Murray, E. R. N. Costilow, E. W.
Nester, W. A, Wood, N. R. Krieg and G. B. Phillips,
1981, Manual of method for general bacteriology, 1st
ed., Am. Soc. Microbiol., Washington D. C., 135-154.

13) Dunbar J, L. O. Ticknor and C. R. Kuske, 2000,
Assessment of microbial diversity in four Southwestern
United States soils by 1658 rRNA gene terminal re-
striction fragment analysis, Appl. Environ. Microbiol.,
66, 2943-2950.

14) Sambrook J., E. F. Fritsch and T. Maniatis, 1989,
Molecular cloning, a laboratory manual, 2nd ed., Cold
Spring Harbor Laboratory, New York, 25-28.

15) Kumar S., K. Tamura, I. B. Jakobsen and M. Nei,
2001, MEGA2: Molecular evolutionary genetics anal-
ysis software, Bioinformatics, 17, 1244-1245.

16) Rosenberg E., A. Zuckerberg, C. Rubinovitz and D.
L. Gutnick, 1979, Emulsifier Acinetobacter RAG-1:
isolation and emulsifying properties, Appl. Environ.
Microbiol., 37, 402-408.

17) Kim S. H,, E. J. Lim, K. S. Choi, Y. K. Jeong, K.
L. Jang and T. H. Lee, 1996, Emulsifying agent pro-
duction by Acinetobacter sp. BE-254. Kor. .
Microbiol. Biotechnol., 24, 206-212.

18) Kim S. H,, E. J. Lim and T. H. Lee, 1998, Optimization
of culture condition of Nocardia sp. L-417 strain for
biosurfactant production, J. Kor. Soc. Food. Sci.
Nutr., 27, 252-258.

19) Hwang K. A., Y. S. Kim, H. J. Ahn and K. S. Choi,
1995, Isolation of biosurfactant-producing Acinefobacter
calcoaceticus CL and the biosurfactant production and
application, J. Kor. Ind. & Eng. Chemistry, 6, 562-
570.

20) Lee C. H, H. S. Kim, H. H. Suh, S. H. Choi, H. M.
Oh and B. D. Yoon, 1997, Microbial degradation of
arabian light crude oil by Acinetobacter sp. A54, Kor,
J. Appl. Microbiol. Biotechnol., 25, 520-526.

21) Koo H. 8., 2001, Characterization of oil degradation
bacterium Pseudomonas sp. BCK-1 isolated from the
coastal water of Yosu, Korea, J. Kor. Fish. Soc., 34,
145-150.

22) Ryu B. H,, H. J. Kim, S. K. Bae, J. D. Kim and J.
Y. Kong, 1995, Purification and characterization of
biosurfactant from marine Pseudomonas sp. CHCS-2,
Kor. J. Biotechnol. Bioeng., 10, 582-588.



