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Two kinds of crude oil-degrading microorganisms from soil and one kind from sea were isolated and named strain A132,
strain F722 and strain OM1, respectively. These microorganism were identified Acinetobacter sp., Pseudomonas aeruginosa
and Acinetobacter calcoaceticus, respectively. The optimum cultivation temperature of Acinetobacter sp. A132 and P.
aeruginosa F722 was 35°C and optimum growth pH was 8 and 9, respectively. The growth was the highest at 2.0% (w/v)
substrate concentration when crude oil was only carbon source. The growth of A. calcoaceticus OM1 isolated from sea was
the highest at 3.0% (wfv) of crude oil. In inspection of crude oil degradability, strain A132 showed 549 g/L - day with
Eleuthera (OMAN), 2.0% (wlv). P. aeruginosa F722 showed 1.19 g/L - day with L-Zakum (AFRICA). In case of kerosene
(nCe~nCz0) and diesel (nCeo~nCas), A. calcoaceticus OM1 was degraded 95% and 75%, respectively, for 7 days culture,

and P. aeruginosa F722 was 80% after 10 days.
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T FeA AR #Ha F9, Axg FH, a8 e 3T
Ao 42U BollM RaWAE NaE A
FHF NEE Fr4ER FAE CHlA6)8] AJFH
AR HESFCE CulA| 2GS SFS 1 L 7 (NH)SO,
5 g, KH:PO; 293 g, K,HPO, 5.87 g, MgS0O. - TH,O 0.3 g,
NaCl 2 g, CaCl 0.03 g, FeSOy4 - 7TH,O 0.01 g, NiSO, - 7TH,0
0.6 mg, yeast extract 0.2 g, trace elements solution 2 mLE
2459tk 183 pHE 7002 ZEHSH, trace ele-
ments solution®] ZAL £4 1 LF MoO; 4 mg, ZnSO, -
5H,O 28 mg, CuSO;:5H.0 2 mg, HiBO3; 4 mg, MnSO. -
5H,0 4 mg, CoCl, - 6H,0 4 mgo]t}

x712] WA A fr(Eleuthera; OMAN, L-Zakum; AFRICA)
E f93 gagoz 3o FasHok & AfF 1.0% (Wv)
g 83 cujAlol ujAE BE AE 10% (VWE HE
shed, 35°C, 150 pmoE AFATE A2 HSW-90F, Sangwoo
Scientific Co.)3}ad Soko @ ApAlo] N Al o] dlale]
2o wjA 9 g R A AtigE ZAEAT Al
tjufjeko] &yt &, petri dishe] Luria-Bertani (LB) ILA]H]Z]
(BlA] 2Ad: Deionized Water, 1 L; Trypton 10 g; Yeast Extract
5 g; NaCl 10 g; Bacto agar(Difco Lab.) 15 g/L)o] Z=&& &
o @y Fo mAES Bt &4 v TSR
70°Ce R#eta, A& 2¥ee] WAER LB A
Twste] g HaatHA AR

n|AEL B3 n]4  (Olympus CX40, Japan) O 2
AT oAEe] HEYE AR &, IgEH
(Gram sainy& AASAKIT), TR A% IPEAOE
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bioMerieux sa, France)Z A}8-3}e] 538 tH18). APl 20E
kitoll Al A&e FAo] =HA %2 FFo) dEiAT universal
primerE AM&3}e] PCRM.C.Z 1651DNA (¢} 13kb)Z ZE
A7l ¥ ZE% DNAC| digle] REHOZ oF 0.3 kbpe] ¢
714 49e  ZAAste  hitp:/fwww.ncbi.nlm.nih.gov/BLAST )| 4
e AAE AT

H 75 2BoEFo AN ME TA
B o9 Bl udgel diste HA 2%, pH, 71A
2 zAEgT HA LERARE 25, 30, 35, 45CE &
22)3te] pH 7.0, 150 mpmoA wWi%E 397, 13
£ Eleuthera (OMAN) 9&E 1.0% (ww)E 3l 23
ek A5 28 mAEe] AT S 4z oG
dAHEL 3l EPPTA (UV-1601, Shimadzu, Japan)
AHEle] 600 il FB =g E4EQATHIG, 20, 21).
o] WS Az pH ¥ 7|d FEFAIE YA HL8
¥k &3 pH ZA}E= pH 5, 6, 7, 8, 9, 1002 341, &
T A3E HY xRN 2R E 52 sk H4
NA sERARE Al A &%, pHERAA Z2-HE 24
07 Fod 489 BB 01, 05, 1.0, 1.5, 20% (wv)E 3}

b ki

w12 nlo /TR off
dg

o 49 dASAT Yoty By 9F Faf v
B9 Aee AF 712 U vdEY 4% BEF vidE

o matel w7 WEel df /1WA FEE 30, 50, 70,
100% (wv)Z 3t 48& ATk

NaCl sT7| #% SsoFol 0jil= H&

O.D. (Optical Density) 600 nmollx] v|ME2] g =
SG9Et ODgom & 712 I, PAE AMA, PAES
Bulgo] 93t A3kS s wjATE 5 ql7] b 44
FHoz adolglE MBS £4F 4 JE CFUs (colony-
forming units)Z O.Deoonm ZF} 0] ZH3 MZ vlAEIY
th20.21). A}23 7122 Eleuthera (OMAN) fold, 946
B3 u]AMEL strain A132, F722, OM1& o] &34t wjek
Z78 B9 ndEY 49 35C, pH 8, 7|4 F& 1.0% (w/v),
150 rpmofjAl A A|EIYT, Strain OM1E FZF7 9] 25°CojA,
strain F722+= $%719] pH 9914 4¥& stk

B9 9% B vgEd st wjdexE 25, 35°C, pH
8, MAE =% 1.0% (v/v), 713 (crude o) % 2% (WV)Z
ol HE drrs 2ARYTL NaCl EEE 0, 02, 10,
2.0, 3.0, 35, 40, 5.0% (wv)ZE o] A4S vA3IHATH22).
ol WME A HFL ODeom MM ZH3A ALFEALE B

7kat

4

AsHsls 53

Eleuthera (OMANZV), L-Zakum (AFRICAZHS 7|A=2 A}
831 25, 30, 35°C, pH 8, 9, UAE % 1% (w/v), 71&
5 2% (w/v), NaCl ¥%= 02, 1.0, 2.0, 35% (w/v)& &t
AH Baise un 2AEGD. 94 B FHS A
chloroform-methanol $Z&WH-& AM2-3lgch $A] 500 mL-Zg
230 Z7)Au)A] (C-Hl#) 100 mL, 71 AFE 2% (w/v), |l
AVE B2 1% (WWE HEsY 397 IBEGE AANT

F  ahlasafamn mathanal 22 Q121 v AN ml 2 A 7LA]
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Table 1. Properties of petroleum products

Petroleum products

Properties -

Gasoline Kerosene Diesel Heavy oil

Carbon number Cs~Cipa Co~Cis Ciy~Cx Cis~

Boiling point ("C) 30~180 170~259 240~350 350~
Specific weight (15/4°C) 0.73~0.76 0.78~0.81 0.80~0.84 0.84~0.96

Cal/L. (Cal/kg) 8,400 (11,200) 8,800 (11,100) 9,000 (11,000) 9,600 (10,700)
Flash point (°C) -40 > 30~60 40~70 55~100

Spontaneous point (°C) 500 ~550 400~500 300 ~400 300~450

o wWykgk ¥, 1,500 rpmoll A 7E7F AR E HAg 8
Z9] chloroform-methanol 2-& F%3}ed Hako| 30 mL7} &
A FEHvz 2Pl A2 FEAAE A8t sodium
sulfate® AGH Yol =2 AAS L dHFS 3l F
ZellAl 50°C oA AT AT F FAEAN EA
He Wl AEFEY FHE ZH3NCE ZE HFL 28 9
A HEAES gele AUdS EIEa BTgE ARSI

n-Alkane (Cm—C;g)i A )\]_,F;_ o 2le 3
HACH, JEF, T/ %wﬁ 7142 3td 7+ 713 .
AP e 2AFIETH3,23). AAPMPES C-HiRel 2+ 713
FE L0, 20% (wiv) F7Fshed, 25, 35°C, pH 8, NaCl 5%

&
Q

=
o

02, 1.0, 2.0, 3.5% (wfv), 150 tpm Z7Ao)A] wjorsted wul
Bo| 442 E ODeomlM EFEE ZA3lY YA S
#H71s 3k

GC/FIDE 0|88l petroleum hydrocarbons?9| &3l 4
Z=Ab

AFAE ZdA S5 (Kerosene), A+ (Diese)Z 7]@dE
AHg-ahe], HjdEE 25C (HFozRE Hel® #F), 35C
(E¥o2RE Helg OF), 7IAFE 10% (wiv)., NaCl &
T 1.0, 20% (w/v), MAE HEFZ 1% (v/v), pH 82 3}
#jok3}ed, petroleum hydrocarbonse] H-3f patternS ZAFSIS
o ARAE F LR, 5H AR FHY DA B4
Table 1o JeRdATk3). AFAES] B3] E42 gas chro-
matography (Varian Star 3400, USA)/flame ionization detector
g ojgsel Y P WY BN RASHAL FIYHL
THEAATEY TR KRE QS 71RE S
I, B4 2Ae 29 #uh AFEH capillary column; Rix-5,
Zol; 60 m, W7; 032 mm, ¥k 025 ym, FH7R2S (Na);
30 mL/min, AH-L5; 80°C (1 min)-9°C/min-300°C (32.56 min).

o2 M Mo

Fede Hoch meb g
33 API 20E kitE o] &3l A
Arsk9ck, 1 A5, strain A132
Acinetobacter sp., strain F722% Pseudomonas aeruginosa
2 AT 2o sidosRE Red A 28 1A
-2 strain OMI-& APl 20E kit A}§-8td, 5 =jalo} whe
'Xé:% AAEA oW, A8 T HA gol Bk HEg
Bzl ABEsEA Eﬁ‘ﬁ?v 16S 1DNA 7498 o) 838t strain
OMIE EAslgew], 1 B3} Acinetobacter calcoaceticus®)
16S rDNAS} 98% 2] %’Qfé% WERHATH19).

o}{‘ %{U

=°.|_1|

oj420] 4Fx
A% 2o U149 A7 2%, pH, 71d FEzA

£ U3 2t} Acinetobacter sp. strain A1329] 3z £
ZAH25)oll A 25, 30, 35°CollA H|52§ ODeoonm 2E0) WML
ou}, 35°CoAlY g ®2 ODewonm 70 USEY. TS pH
Z7o M= pH 7, 8T HFES ODenm # Z717F B
A=dl, pH 89 O.Deonn F7H47F pH 7RT}F ETE 281
71de] & Higtd wE ZAIME 2% (wivel A =
€ O.Degonm #©) USITE Strain F7229) 7 £ 2AH25)9)
M 35°CAlM B2 ODeom 35S HEREALE pH 6-900A
T "% AT 2he7bAE BIS:3E O.Deoone FO1 WHZEOL, 72 hr
o], pH 994 ®L2 O.Deoonm & YEFHOM, ODeonm It
o] 109] 7tASTh 2w HH 1E FEERACIAE 05-
20% (wiv)7HA Hlﬁ'l O.Dgoomn O} UHF 2L,
2% (wivyellA © E& O.Deoonn 7101 LIS

3o ZRE falil Af T odE OMIS) HA pH
2 7E FEE 24T 29, pH 69 RMolA 22 HFS B
How &3] pH 7944 F2 O.Deoonn e YERIAL. 28]
3 71EFEE 30% (wwvdA B& A4S Hgridata not
shown).

o0
o ®o

5 e o

4

N

NAFE

NaCl 571 8% 2&la3o| 0lxj= Hs

Eleuthera (OMAN), 7]&4olA Aj7te] wl& &5 Bl
o] A% paternd Figure 1o yEhNQICL Strain A1329)
7B &7 A" CFUs Zho] 4413 Fof] ozt wojzow,
ol Hfr AE Bl strain A1329] A AFsle 24
o] g HFog AIZRY. EF strain A1329 Hoh
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Figure 1. The time course of crude oil-degrading strains growing on
crude oil of Eleuthera (OMAN).

Ao 36A7F 2oz AL Stain FI22e BE &
CFUs Zro] 7254tk Strain OM12] A9 wif Z7]%H
AL 3HQ9.em, CFUs 3ol b2 @] nlgta] A%<l
AGe)x AR =gEHE  wjdAzte]l 28 HAh
Sidorov 50} 719 ez st FAFIE 10M10°
cells/g soilo]A] 10°-10° cells/g soil .2 7tAatgciy Hug]
th A B AR 28A & Fo8 AT Ha
32 @sttr o)e EPE #F EsEFvl 714R olgd
crude oile] ThE AL JIA T 7] HfEoE Almdch
NaCl 3% wgle] g E 2 sigfozgre Feld ¢
faa nAABe A ojwd WMEE nXevte i =
A} AFE Table 20] YERJUTE Strain A1329] H9E
NaCl 57} Ao 433 4Fs F= A0z A EAT
Kim S(5)3 Kapley $(22)¢ A%l LB AFujA|elA &
ZE HAEY] NaCl = 43L& 33t & d79M
= ez yAz ALgsle $33lY) Stain FI2E EY
PA B BPEI NaCl F= 30%7HA= 2 B3] ¢l
k. skl Ee)E strain OMIE ¥ F3F FHi NaCl
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=T 50%0M% Tl RS Byrh w3 2319 Nali
A wjge Rt 25°CoA 35°CR WtE Fof nAYEY
AR ZALEY S u, 7 A EY uAEQ strain Al32=
25°CoA A AAE ART ¥ & A4S Jepdh ARt
strain OM1& Aol tha AR 2 offZe Wid
9] AR HILEE 0°CE AEz § P4 i
2ol mEo) 35°CE OM1<e] A& AR niHdn
At "k

718 &af 5oly A

Eleuthera (OMAN), L-Zakum (AFRICA), & 9#& 7|d=
&hed strain A132, F722, 18]3 OM1S 7HAT EF vdE
o] AAsET AdEA LA Fe Aoz AWHE NaCl
og 3o ff BIsS ¥ty Eleuthera (OMAN),
28 strain A1327} 549 g/l - day® VM =& B35
<2 veEh ek oo 25 strain OM19] 247 g/L - day® &
gt} 3, L- Zakum (AFRICA), QA& strain F7227}
119 gL -dayg 7}4 £& df 2allss 7R Fez2 A}
B3, I theo 2= strain A1329) strain OM1S AF ¥
o] HWZ=EA ZAMEATE Eleuthera (OMAN), Aol A
strain OM1& 25°Col| A A5 Edso] =uth

A4E FASle AR FAA BEEH #7 #eldTo A
B Ao olEl EAAA ZARH $3hd,
e, S4, A, 47AS HACHE 7IAZ ol &tk
72 Table 3o YJehhdch AFAFA tgk E3ls
¥ dx, 2o 7k #F EF 5 A6 9
et ta ZolE AT Rilss /A
Atk dwrr oz Fgol M HAEE Al B, FF

B SHE diRRol MACHIT F 289 A FHa

A
=
re) [e]

=27

i o dek ol

<l
g

T
olA 71 Bo] HFHE URAF T A SR sht

Table 2. Effect of NaCl concentration on the growth of the isolated strains at 25°C

Strains NaCl Culture time (day)
(%) 1 2 3 4 5 6 7
0.2 . - - - -
1.0 - - - - - - -
A132 20 - - + + +
30 . - " .
40 - - - - - -
50 - - - - - - -
0 - + ++ ++ +4+ +++ +++
0.2 - + ++ ++ +++ +++ +++
1.0 - + ++ ++ ++ ++ ++
F722 2.0 - + ++ ++ ++ ++ ++
3.0 - + + + ++ ++ ++
40 - - - - - + +
5.0 - - - - - -
0 - + ++ 4+ +++ +++ +++
0.2 - + ++ ++ ++ ++ ++
1.0 - + + ++ ++ ++ ++
OM1 20 - + ++ +++ +4++ +44+ ++++
3.0 - + ++ +++ +++ +++ +++
4.0 - - + ++ +++ +++ +++
5.0 - - + ++ +4+ ++4+
—~— . A ~n s . n e 1N IR B | Aan [ O N I ] +nn aranth
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Table 3. Degradability of petroleum products by the isolated strains at 35°C

Culture time (day)

Strains Substrates

1 2 4 5
Kerosene - - +
Diesel + + +
Al32 Gasoline - - - -
Bunker-A - - - - +
Bunker-C + + + + + +
Kerosene + + ++ ++ ++ ++ ++
Diesel + + ++ ++ ++ ++
F122 Gasoline - - - - - +
Bunker-A - - - - - -
Bunker-C - - - - +
Kerosene + ++ ++ ++ ++ ++
Diesel - + + + +
OMI Gasoline - - - - - -
Bunker-A - - - - - -
Bunker-C + + ++ ++ ++ ++ ++
growth grades evaluated as O.Degonn values : + ; 0.1~0.4, ++ ; 0.5~1.0, +++ ; 1.1~2.0, ++++ ; > 2.1, - ; no growth
Table 4. Degradability of n-alkanes by the isolated strains at 35°C
. Culture time (day)
Strains Substrates ] 5 3 5 5 7
n-Cg - - - +
n-Cio - - + +
n-Ciz + + ++ ++ ++ ++
n-Cuy + ++ +++ +4+ +++ ++
A132 n-Cig - - - - + +
n-Cao - + ++ ++ ++ ++
n-Co - + +4+ ++ ++ ++
1-Cog - + + +
n-Cx : - - -
n-Cg - - - + + +
n-Cio - + ++ 4+ ot 4+
n-Cp2 - + + + + +
1-Cis - - + + + +
F722 n-Cig - - + + + +
n-Cao - - - + + +
n-Cx N - N - - -
n-Cag - - - - - -
n-Cs : - : - - -
n-Cg _ R R R R R
n-Cyo - - +4+ + ++ +4+
n-Crz + ++ +4 ++ ++
n-Cua + + ++ ++ ++ ++
OM! n-Cis + + + + +
1-Cag - - + + + +
n-Ca - - - + + +
n-Cog - - - + + +
n-Ca - - - + + +
growth grades evaluated as O.Deoonm values : + 5 0.1~04, ++ ; 0.5~1.0, +++ ; 1.1~2.0, ++++ ; > 2.1, - ; no growth

o] e@glolty FRFE LEH A9 EGE AIA7Ied
%o}, B AolA 'v‘r’/]% -vc"rw'gr Bl EAnYETe]
FEAAE FES v, 298 Ao AHEFE 5 J& A
o2 A5 ¥l Strain OM1E 3 AE $£& AL Ho
7] W&o HYSFHF S AFiLA] bioremediation g W AYE 2 A
g 7hedo]l & Aoz Aadch

AFAEE 1431 Je EFRE nalkaneo] B2 F

Hr

& AAEka ok fF Bellwaol dF UAZ ey
HollA gl F2 ojHF n-alkane o]&h=A HAVE
71 9)8ked BrAeTL 10, 12, 14, (8, 20, 22, 28, 32719 €@
35 gidoz o)lgslgrt Strain Al32, F722, OMl1d)
n-alkane @& Z4zt 71AE2 ARt Wi 2H & 35°C,
NaCl % 1.0% (w2 E358 ZAE 278 Table 49
YEPH I Strain AL32< wfok Aj7te] AojdSyE BE 7
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o) g Ago] B8 FFET 2tk 53] n-Cuolr A
Zol A Edth ol Cha F(16)9 AHSoe ©
n-alkane 2] €471 10, 12, 14, 20004 1 & AL 81y
th Strain F722& n-Cpolld 7+ o] Hkom, strain
OMI1L 78 7|Ho| el Haf 58 BHYoh 2& 7]
AL AMRSte] wjgk £2AE 25°C, NaCl E% 3.5% (WW)E
o] AYE 3 Ay EY g 71R6) iy Mol A
©] mw)3kg o), strain OM1E 35°C, NaCl B 1.0% (w/v)
ZAANA Hop AFo] ZgtMdata not shown). 3] strain
OMI18] A$E ea57) 10, 12, 14, 18914 ofF =& WA
< 39k Strain A132, OM1L &hyoz ALEH - alkane
3 RIS D e ReR 2AEADL. ol W

Zﬂ%‘ —?"ﬂ’\'] T A, el g EElsE sAn 91

d &gtk Smain F122& 54, 275 74
n-a lkane, carbon number?] 10~207}# R + e

7Hl Aoz AT

ofr 39, F[F Jo 2
ol
k=

gl rlr
mlo

GC/FIDZ 0|28 petroleum hydrocarbonse| =&l E4

TA}
ol A 5 EaTF < strain A132, F722, OM12- o) &35}

o i l s, %X]ﬁ B, palkane oz A

TUEE BAAES 2AZ g AFd #eEHz e

T A9 RaAHAEE GCFIDE AMS3sle g 9l 4

e FAeAtE FE P H4Yole smain OMI, FI228
N i 1

W

D)
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0]% tch 2 AuE Figure 2, 39) YERRJACE Strain OMI

HloFS A)AEEA] 4Uwte] g7t 9, 18-209) n-alkane
100% A\ At (Figure 2-b), FYUE SH9 80% o|ite] &
&S ek 7Y Tl 27) peaks) wlmste] Az
Hog Fajgo] 95% o)gor ZAEQItHFigure 2-¢). ©]#]
¢ duts ddEF 4EQ nakaned 7|2 o83 Ay
A3 (Table 3)ob FARSHA ZAMEQIC). Strain OM1e] Y3
& w27 10%cfuml) AEPoH, B EAL 2AIS o
A 107 (cfu/mL)ol 131, AbEYIol HolE Ao AxEe
10%cfu/mL)o) It} whHol strain F722% ujek 4elubol] i
7} 9, 20¢1 n-alkane-S ASA Ea) 8} 2 (Figure 2-d), F
AE Ffol 48%5 AAT Roz FAEALE wid 109
FolE ©AS7 9-11, 18-209) n-alkanee A9 Eajslo
v 8Ae7 n-Co~n-Croll tigt Eal&& 45~75% 1
(Figure 2-¢), A% FH<9 E3&e 80% ooz A
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Figore 2. GC/FID analysis of kerosene by Acinetobacter calcoaceticus OM1 (NaCl conc. 2.0%(w/v), B, C) and Pseudomonas aeruginosa F722 (NaCl
cone. 1.0%(w/v), D, E). (A) initiation, (B) after 4days, (C) after 7days, (D) after 4days, (E) after 10days. Peak No.; 1(nCo)-12(nCao).
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Figure 3. GC/FID analysis of diesel by Acinetobacter calcoaceticus OMI1. (A) initiation, (B) after 4days, (C) after 7days. Peak No.; 1(nCo)-20(nCss).
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