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71 $18} forward primer 27F (5-AGACTTTGATCMTGGCTC
AG-3)9} reverse primer 1492R (5-GGTTACCTTTGTTACGAC
TT-3"y Z+Z} oligonucleotide primer® A-&-3F T

PCR ¥H3-2 10X Han Omni PCR buffer (GENENMED, Korea),
10mM deoxynucleoside (TaKaRa, Japan)$} 10 pmol primerS- 2z}
F7F8}3L, 10ng template DNAS} 2.5 unit Han 7ag polymerase
(GENENMED, Korea)s #7}sle & PCR ¥HES 50 U=
A Z3F] thermal cycler (GeneAmp PCR System 9700, Perkin-
Elmer, Norwalk, USA)Z $=333}53 T},

A WA 982 94Col A 78 FS DNAS WA &
94°Coll A 13, 58°COllA] 13, 72°CollA 13 &<t DNAS 5%
ke WSS 303 sk, rhARte R 72°Cel A 10% F¢F
DNAS %% § 4ColAM BHasigith. PCR SHF=2
QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany)E ©]-&
ate] FABIATE FAE 165 IDNAE A5 A7IAEEA7
MegaBACE 1000 (Amersham Biosciences, USA)S- ©]-&3}o] 24
Q71X L& E293}9 3L NCBI (National Center for Biotechnology
Information) BLAST network serviceS ©]-&3F] A7|Age] A
ST AAWAE BHEITH). B3k 97149 DNASIS
MAX 1.0 (MiraiBio, Japan) program& ©|&3}o] #4311,
neighbor-joining method (18)% ©]-83}4] A% -<(phylogenetic
tree)E 21335

2%, pH, AFe=s} 22 AR} Aol A 2 Frske
Azl v|X= F3FE H7Fs7] 13k Bioscreen C (Labsystems
Co., Finland)& ©]83}Hth TS LB (tryptone 10g, yeast
extract 5 g, NaCl 10 g/lEl Aol FZ3laL 30°C, 180 rpmOllA] 244]
ZF vl e $ vl 1 mls Eppendorf tubed] o €4lEe]
(8,000%)31A . DW.E 291 Al#3te] $3%=(0.D. 600 nm) 1=
ZAE HdFE Bioscreen Coll 5% HE3IATE vl OA &
3l HA W] A|(yeast extract 0.1g, NHNO, 1g KHPO, 15g,
NaH,PO, 02g MgSO, - 7TH,0 025g MnSO, - 4H,0 0.05¢,
CaCl, * 2H,0 0.05¢/l) 380 uiE ARE3I e, 7142 tAdSs
02~1% AH&-3IATE F3t8de F8 % 012 1uits Ve
At

M F 2%F 1% tlAo] H7be AFAdA wj=|ol] HE3kar
30°C, 180 rpmOllA] 447t vjggt & Ee] #5529 v s
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of &7 vk, &3] Fo] EHEE HX|g F p-hexaned
3sitt. o9} 22 S 33 wHEste] wgd Ulo] /i
33| n-hexanes 2 E &7 &, n-hexaneFS I8t} F2
AIEF 20 ¢S Al 3FHEAE &% (Whatman No. 1)ol 53
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GCE =% o3} HE71E g HP-5890 Plusll (Hewlett
Packard, USA)E AI8-3l92™, DB-5 GC column (30 m X
0.53 mm, 1.5 pm)S A83FAT. Carrier gase A4S AFES19L,
£ 3.1 m/ming 39T Column &%+ 2HHAE Ho]
231 19 225+ 50~210°CE £ 8°C¥ Z71519
on, 2 HLLLE 210270°CE B3 60°CH 7} SFAaL,
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itk

27} 9 D&
o3 MY

A Zal FIAE ol &dt -7 LAEFCERE &Y
H 504 T55 A 23 4 vl A7) 23 Bioscreen COllA]

Table 1. Physiological and biochemical characteristics of the isolate,
Pseudomonas sp. GENECO 1

Substrates Reaction/Enzyme GE?\;EE] 01
Gram stain -
Catalase +
Oxidase +
Potassium nitrate ~ Reduction of nitrate to nitrite +
Tryptophane Indole production -
Glucose Acidification -
Arginine Arginine dihydrolase +
Urea Urease -
Esculin Hydrolysis(p-glucosidase) -
Gelatin Hydrolysis(protease) -
p-Nitrophenyl-{3-

D-galactopyra-  [3-galactosidase -

noside
Glucose Glucose assimilation +
Arabinose Arabinose assimilation -
Mannose Mannose assimilation -
Mannitol Mannitol assimilation -
i\g;l;iti};tglu_ N-acetyl-glucosamine assimilation -
Maltose Maltose assimilation -
Gluconate Gluconate assimilation +
Caproate Caproate assimilation +
Adipate Adipate assimilation +
Malate Malate assimilation +
Citrate Citrate assimilation +
Phenylacetate Phenylacetate assimilation +
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3U7E WjoFe & #384(0D 540 nm)e] 8 Y TFE
22178 0 2 AHEIATE GCE o83ty w59 tA Esles 3
Qg A7} tAl Ballso] 7P 93 @5 GENECO 1 HF
Zog MAdsgith

ool 88 U 54
% A% Beld-F GENECO 1S Fstan 7 2 Hx}&n)

)

Aoz #FF A9 agSAel dole oF 1.7-25um, F&
oF 0.4~0.5 um?l ZHre] FeHE YeRNUckFig. 1). w259
A Assta] EAS gRlaly] f1ste] API 20NE kits ARS-
o] AALS AA]3}HTHTable 1). Catalase, oxidase, arginine
dihydrolase 432 A4S YEMN S M, indole A4Fs, urease,
B-glucosidase, protease, B-galactosidase &3> 4402 AP H

F173 20.0kV 14.8mm x10.0k SE(M)

Fig. 1. The SEM image of Pseudomonas sp. GENECOI1. Bar
represents 5 pum.
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A} B9 o]85S 8913 A glucose, gluconate, caproate,
adipate, malate, phenylacetate 5< BAYCZ o] &8 4 glo
1} arabinose, mannose, mannitol, N-acetyl-glucosamine, maltose
T Baddo® o] &8 4 Uitk o) o] A sl 54
< %83} API LAB PLUS software (version 4.0)= 223§k
A3} Alcaligenes xylosoxidansS} 95.8%2] FAL=E UEIAA
9k 16S IDNAS] F7IMEE 7|22 ¢ BAATEAS 4
oA EEHF= Pseudomonas 439 ESHE AlESHH 1F9
243} 0 M(Fig. 2), GenBank data baseS ©]-&3+ 2] A}
A<= Pseudomonas sp. strain 273 (23)3 99%, Pseudomonas
sp. KIEI71-B (9%} 99%2] & FAIEE YA &3],
Pseudomonas sp. strain 2733}= API 20NE kitE AF&3F A
2 ASEE AAIA SUF 54 verhe] Ee@wot
Pseudomonas <9 E3HH T1F-o|g e AL A5 o)
3t AAE 53 E2]HdFE Pseudomonas sp. GENECO 122
Wyl H o, k=AY E R EAE (Korean Culture Center of
Microorganisms, KCCM)ol| 7183}e], KCCM 104352] =8
S & At
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HAES A2 8 B sl wEbA] A4t 2 S thAlel
BEE 7] wiol] AAAA A ol g B a]le] f w8l
ol v & TS Pv= AL oln| Bard vt lthQ2).
mEbA] oAl BE Qg Al A8 HAxAE R ¢
3} Bioscreen CE ©]83l A3 Algtaclo=z 2§35 4
UE 2%, pH, U & T F3ehH 5 a%1S Rl
t}. Pseudomonas sp. GENECO 19] A7) wX= 9] g3k
< skr] 918 Fig. 3¢l vERd mke} 2ol 15, 20, 25, 30,

A

Pseud i ATCC 27853

“5

— Pseudomonas cickorii ATCC 10857T

L Pseudomonas syringae ATCC 13522T

Pseud fluo ATCC 49642
T Pseud tongata ATCC 10144T
: Pseud fluo ATCC 17573
GENECO 1
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| I:Psﬂu!omouas asplenii ATCC 23835T
Pseudomonas marginalis ATCC 10844T
Pseudomonas cichorii ATCC 10857

I Psend yringae ATCC 19310

1 Pseudomonas stutzeri ATCC 17588
Pseud ginalis ATCC 10844
Pseud i ATCC 33350
Pseudomonas fragi strain IFO 3458T

F idolens 1AM 12406
Pseudomonas synxantha IAM 12356
Psenudomonas taetrolens 1AM 1653

0.1

Pseud IAM 1508
Pseud itrored, D84022
Pseud 1S ATCC 4207
Pseud ofaciens ATCC 13985
E Pseud fluo ATCC 13525
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Fig. 2. Phylogenetic tree of Pseudomonas sp. GENECO 1 and its closest relatives based on 16S rDNA sequence analysis. The bar represents 0.1

estimated change per nucleotide position.
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on, 15°ce} 3 71 B S YeERIT ol2ig A
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7} 37°CA(23)S Ak o) tha Aoldt Axrs Jehhict F

Cell growth(OD 600nm)
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Fig. 3. Effect of incubation temperature on cell growth of strain
GENECO 1. ¢ ,35°C; B ,30°C; A ,25°C; @,20°C; S, 15°C

Emulsification(OD 540nm)
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Fig. 4. Effect of pH on the emulsification of diesel 0il(1.0%, v/v).
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Fig. 5. Effect of diesel oil concentration on the emulsification. 4,
0.2%; W, 0.5%; A, 1.0%
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Fig. 6. Gas chromatograms of 1.0%(v/v) treated diesel oil by
Pseudomonas sp. GENECO 1. (A) Control after shaking for 4 days
without bacteria, (B) after growth for 2 days, (C) after growth for 4
days.
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ZH HAS ©4g 12 ©]8he] p-alkane peakoll AE #ISP7E Q1%L
o, A 12 o3 n-alkane peak’} TAdtr] ARSI,
96AIZE Mg Foll= BhASE 12 o]3HRE ol 12 oo BE
Eb3lrA 31EHEC] 95% o) HallE AthFig. 6). 531, Cl16 (n-
hexadecane) ©]’d2] n-alkane peak’} A 3| HAE o] vl 31
A g8l E GA o8 F d' o= dAvHELh
Bioscreen CE ©|-83t 88 E 54 Ave} vlas) & o 48
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A7 A TS Pseudomonas 459 PIAAEESC] FHEZA
& ¥ HEsld 52 tialel BAdite ARo] ofn] B
E vl k9, 13,17,23). ¥ AFAA A8 Pseudomonas sp.
GENECO 1 529} ] A3}el2] 543 16S tDNAS] H71M<E
o] A8 Pseudomonas sp. strain 273, Pseudomonas sp. KIE171-
B 9] 1, 10-dichlorodecane (1, 10-DCD), isopropylamine 53}
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ABSTRACT : Isolation and Characterization of Diesel Qil Degrading Bacterium, Pseudomonas sp. GENECO 1
Isolated from Oil Contaminated Soil
Jong-Kwang Lee, Moo-Hoon Kim, and Hyung-Soo Park* (Samsung Engineering, R&D
Center, Yongin 449-844, Korea)

With the enrichment culture technique, bacterial strains which degrade diesel oil were isolated from soil
contaminated with diesel oil. One of the isolates named GENECO 1 showed the highest activity for emulsification of
diesel oil as well as the highest growth rate. This strain, GENECO 1, was identified as a Pseudomonas sp. based on its
biochemical, physiological characteristics and 16S rDNA sequences. The optimal cultural conditions for cell growth
and oil emulsifying activity of its culture were as follow; 30°C for temperature, 7.0 for pH. Diesel oil degradation was
analysed by the gas chromatography. More than 95% of 1% treated diesel oil were converted into a form no longer
extractable by mixed organic solvents after 96 hours incubation.



