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813 713 93] FEH o= Falj7t dojdth(l, 2). L Bt A}
L9999 47 SEERY A3rie e O A7 e E
ARE AU Ut dlE Eo] £3] AREHI e EFF
FEF Agivezes 4A% a9E VU 4 jls
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He AolM AAFA FEH dF B0 FHa B
7V Bol AFHE LS Bl A LEFHUE 7ol

¢ =TH(13).

gAgE gutEo g vPd 190~350°C, BIF 0.82~0.848 0]
I gag7t 15-308=8 7 Ak gelga BRI FE
AR ESRASFALE 74~-19%(wiwyE AR T DA A=
I vis] Fgdo] v vlF 2 Aot & EFol7] iiE
o Eof UjolAe] o]Fgo] e Holm, A & Eo tigh
Ha=r} wol 712 FEgstEe] Mo ss EY A=
FE9 AA7E &olakA] gtk aEv HT AFEHL e #F
29 E¥Y AETH Hele 7|1&9] EulsstAel e @
2], B W HARE vAE o) Ealst] wjiol 24k A=
o 9% HlEH LEE EFY 5 o FHYeliA Elks] A
T3 Y12, 13, 16,21, 26, 27).
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B39 AL 181 Biolog(metabolic fingerprint) assay
of AR 24 B4, 16S ribosomal DNA §7149 248
A A3t} Biolog assay®] A-$ AlEFFE BUGM agar
(Biolog Universal Yeast Agar, BIOLOG Inc., USA.)°ll &3},
Hjoket Al AEeS Biolog GN plated] 150 uliwell ¥ HE,
w93l & ELISA reader (EL800, BIO-TEK Instruments, USA.)
Z o]&, data library (Biolog, Inc.)¢} Bl EAlslgc), A A
A 24 B4 ugE FAE saponification, methylationd}<d
wegsl ® FA RS2 atty acid methyl esters; FAMEs)S #49
Bt WdslE AR GC (HP 6890, Hewlett packard,
USA)E AH8-3} microbial identification system®Z =331
t}. 16S ribosomal DNA G714 € ¥4& 53 5L forwad
primer & 5“CGGCCCAGACTCCTACGGGAGGCAGCA-3'E,, reverse
primerZ+= 5'-GCGTGGACTACCAGGGTATCTAATCC-3'S ARE,
PCRE AAIEIL, E7IME ®43 BLAST HAg F3) 543}
Act.

Tl

59 Wl EFMIR|Ql TSB (tryptic soy broth, Difco)S
ARSI AL, AR A M S AR TS S35 Helie, &
2902 gAfyt Arid AR E ARSI HAuiA e
Z4& NH,CI 05 g/L, Na,HPO,- TH,0 1.89 g/L, K,HPO, 0.5 g/L
2 20mig] WiXel] A= 2%(vivVE F71EMH0H, B8 HiA
E 121°C, 1583 7 Esle] Alg-atdrt). Ztzhe] #5+= TSB
oA 12A)7HE?t wldRt & HauiR]o 1%vmE HF, 25°C
200 pmO.Z 5UTF w7t & ATE BT de) 4L
HlFRL 96 well plated] 200 p1¥ EF, ELISA readerS o8
3l 595 nmell A} FH=E S5

AR Ballsel &l

tAdfe] e #8Ue sl vl 20 mioll n-hexane 20 ml
< 7hete] wigy &0 ZF dAS FE3) il o
hexaneS 30237t 7817 wukslal 9,297 poll A AR & 2
& n-hexaneFE tubedll ol 65°Co A n-hexanes ZEA|Z
o} ©] F wbed] FAE 4, AFE dAlf] FAS
&= partiton gravimetric method(Standard methods, 5520B)%}
GC(HP 6890y AM&3t] &48tATh GC £4Z271L FID
(Flame Ionization Detector) detector, HP-1 capillary column
(crosslinked methylsiloxane, 30 m (length)<0.32 mm (@)X0.25 yum
(film thickness)), injector temperature 250°C, detector temperature
290°C. rate 30°C/min, hold time 295°CllA] 108, 271 &% 50°CY
] 3%, carrier gasi= He, flow rate 54.0 ml/min® 2 #A131%Y
o EAESS T& FEFHA L wFS oiz2T9) nlwshe]
AAE o] G HESE VeI

279 RatsH 254

815 (emulsifying activityy2 n-hexadecaneS 31712 & o]

nES o8 tAREE 109

3l ZA3A ) vl W¥N-E 1.5 ml microcentrifuge tubel] A
16,920 g0 2 5E7F AAE-E g 35 200 sk, 150 ple] buffer
(50 mM Na-citrate buffer, pH 4.0), 50 ul€] n-hexadecane® 2 Ht
SAE 24P olF AL 30x FU A wwg &
300 W 96-well platecl] EF3te] F3LAHE 540 nmol A
ELISA readerE ©)-8-3}d 23315t} 4574 (hydrophobicity )y
n-hexadecaned 7]A % ARS8} BATH (bacterial adherence to
hydrocarbon) "H-& o|8, AX LA e WEEZ VR
TH23, 29).

#Fo| 4 gl

Hjekz wsle] og tAf Balis #1S 98t pH (5.0,
7.0, 9.0)°1l w& HAF £l AU Zzte] vl pHe
50mM2] zwitterionic buffer (pHS5; MES, pH7, MOPS, pH9
TRIS)E ©| 83l HAF F ulUd3lA Tt Branched alkanedi] o
3 2ol 52 8<13}7] Y8 A branched alkane?] HEEZE C19
Q1 pristanes HF 2%(vvZE 715190, 27 pristane2] &
GCE 2% T1s] FApgs} SUF 2 P 245,

PAH(polycyclic aromatic hydrocarbon)2| £3ll& &0l

PAH®] £3)%5 F21-8 a4, t]EEZZ fluorene, phenanthrene,
anthracene, pyrenes ethyl acetate®l] 8314171 ¥ #HZF 200 pg/L
9 F=2 iAol Arisle] 1047 wjokslsdet. 4 o+
E PAH #dll5°] 0L &2l o] &5 Phanerochaete
chrysosporium PSBL-1-& o] 83131, wjokie] 2% PAH A&
2 acetonitriles BN 75%7} HE2 Hy)sle =R &
2 PAHE &3A1%] & HPLC system (Spectra system, Thermo
seperation products, USA)E o|&3ld Az EAATt C,
Vydac column (15 cmx4.5 mm ID, 5um)S ©]83}, E4L o]
74 75% acetonitrile, % 1 mVmin, &7 254 nm2] Z739)
A 208-7F AAIBIAY AAE PAHS] & T2 HEIA &
27 25 PAH FE¢} vlwsle] &3yt

EY AR IHH X 24

B AFoA ARESE B A7 8214 BANEW opit
50 cm ZoloA PO ™, WA 1.19 mm sieveS ©]83H]
ARt =271 22A 39 EYY EAL & 718 g
T Efte 28T pHE P & 718 9 EY
Ao FRE 82 75°Ce] BEIINA 124)12F o) AR
T, 43 EYAEY EA3E =7 E A2 (High temp
muffle furnace, Pillip, USA)*| o] 500°CZ 7}gslar of F A
AR =7 E Adlo] st FAE SAsch 919
g whEste] FAS] wslr} Qe WrlR| @~ 5217 ARt
718 e 23N S8 BA-5(Water Holding Capacity,
WHO)2 Kirsten®] WHoz ZAAth10). E%U2 pHE
100 ml flaskoll EF 50 g3} 50 mi¥) SH/FE 91, 147 T2t
Wik & S



110 Min-jung Ahn er al

E Qi ef
Hj gl AR T Balleel 71 w4 249 HS1 7%
S ARSI 50 g9 HE B 2%(wiw, 675 uhe] TR
£ 53 —E—‘H:% RISt on, 772 HELS TSBoIA 12
F TFE 16,920xgoll A 1087 A4 Bd T HA
HHZ]E ?8% 1, Eokqif HA35(0.58 mlig soi)®] 40%7}F H=
a27 EFeqct 2 APolA AME3E 2] pHE
4.179] =S UElle] B 10 g9 CaCO,S 100 mg 713}
o pHE 7°ﬂ 7R 4E FANHCE wloke Ao 209
ZH AR RO R FE HESR %L HuRE S
o7 S8t 3 U3 2o viekslT

SN RS CI¥R 52 ¥ Bils &1
25 OS] FS BASY] 9aA, WEE BN 52

Fg F, 20ml2) hexane® 87F5}d sonicator (Branson Sonifier
450, USA)~ o], 3%t 23] sonication (460 W/em?)3tITh, ©]
% hexane=-& Ho}@] 32,540 goll A 1083 A4EEsk, 27
Al GCE 23515

DIYE &M &5
n]44E-0] G4= Zgofli= INT (2-(p-iodophenyl)-3-(p-nitrophenyl)-
5-phenyl tetrazolium chloridey& ©|-83}HthH2). EUFAE 0.2 g3}
0.88 mM NADH 50 pl, 0.02% nalidixic acid 200 ul, 0.2% INT
200 ul 04M Tris-Cl (pH 7.0) 100 ulE E71ste] 24417 B¢t
HiFE & 5,922g0014] 1583 YalReElst dgtE AT 3A
AA FeHE AAAT. Pelletdll 96% methanol 1 mle B3l
wRksle MEel] ZHE INT-formazang FZ3lcth 5%
INT-formazan< 540 nm®] 3}7ollA] ELISA readerS ©]-8-3}o],
SAE VR EY] BHEE JeR) AT}
dt o o
Ha|gFo| X
27 HS1, HS2, HS39] Biolog (metabolic fingerprint)¥&-4]
Ay} HS1 759 739 Acinetobacter calcoaceticusS¥2) -§-A1/30]
B3%E ESEO, HS2 T5< Pseudomonas aeruginosaSt A
Aol 53%= Vel HS3 T2 7% Pseudomonas fluorescens
oFo] fAk O] 53%E et
vl FAAY EAZT HSI TFE Cy, (39.19%),
C,40(23.79%), summed feature 3[(15.66%)(12:0 alde or C,y, 1o/Cis0
iso 20H)17} F=AF-2 2 XA Acinetobacrerd:2] E4& Vel o,
HS2 7= summed feature 3[(36.41%) (Cis.i 150/Csy is0 20H)],
C40(27.50%), C,4,(17.04%)7} FRAE-SZ Chromobacterium/
Pseudomonas%:2} 573-& JEPNRATE HS3 @55 summed feature
3[(3847%) (Ciey 1so/Ciso 50 20H)], C,,o(27.49%), C,811(16.55%)
7} FAHABEOZX Chromobacteriumi Pseudomonas 4:9) 42 1}
BRI
He)it2] 16S DNA 4] 23} HS2 52 - Pseudomonas
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putida 59 F240o] FA el o w(BLAST homology
search score; 938), HS3 T2 7S Pseudomonas borealis -
FoF fodel =A JERTHBLAST homology search score;
900). WetA F {5 BT Pseudomonas 402 TSI, HEE
HS! 7570l oIt 16S DNA XA} Acinetobacter calcoaceticus
a5 990l EA YEPGTHBLAST homology search score;
837). @ A HSI TFE HE
2 548} At

ZTH O F Acinetbacter calcoaceticus

25 HS 759 2548 £33 A3} HS1>HS2>HS3 4=
A= ¢—r*é°l =A vEgen, #f3se <lg wig=s
HS3>HS2 >HS19] A2 YEbGTHTable 1). HS1T5+9] 72
A 100% 7Phe- 23S JeiiEY o3 BAS Zbz}
o] w57 b %’fﬁ PEe Ak 82190 Aoz AR}
& Aol & HSI 59 3 AX AAe) 45408 o
Aot A3 HEFoZA YARE @rgos ol&3l= Ao

2 B3, filse] ¥& HS3 T A9 73A Bulg &
o SRS =) BUNA DLOR olfShe Ao Bel
ok HS2 FFE TR F] 0L FeE Uehie 2o

=2 _H_oqxlt}(Table D). AAZ 73 ujckie] AmAnE A
HS1 #52] 73-9- v Fefoll ME T} Fal = A] e tid-fol] ¥-2hs)
of = AHE BEEE Ag AT 5 UAATEE BlAA).
2el® HS #F9 tAH b Bjlsk] A8l Ges
S AF YA B42% A 2F 25 YAfe] gl
dolel #Aglel BE FH] AU gt dla] 2aEA
< Uehll= 2oz SIS =3 HS1 w57 7Y '
A

B3l

DO

fr MEES vehlle RS I = USlvhkFg ). 2 F
Fol wjdRAE A3 28l pHoll WE oA Eajae-s
gRIsk A} HSI1, HS2 FF= pH9Y & pHollM e BalgA]
< 9 et HJ‘E, HS3+v pH5¢] 4HAd pHOlA E-af@Ado]

o5 A UEbd-S ST 4 UATKTable 2). 2 #5575 T
Table 1. Hydrophobicity and emulsifying activity in HS strains
Strain Hydrophobicity(%) Emulsifying activity
HS1 98 0.1t
HS2 53 0.24
HS3 46 0.74

Table 2. Diesel oil removal rate by HS strains at various pH

Diesel oil removal (%)

Strains
pH 5 pH7 pHO
HS1 90 92 70
HS2 64 57 24
HS3 80 52 64

pH was adjusted with 50 mM zwitterionic buffer (pH 5: MES, pH 7:
MOPS, pH 9: TRIS). Measured pH after 5 day cultivation was adjust-
ing pH+0.2.
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Fig. 1. Gas chromatography profile of residual diesel oil in HS strains
culture. (A) No inoculation; (B) HS1; (C) HS2; (D) HS3.

Table 3. Co-cultivation result of HS strains

Mixed strain Diesel oil removal(%)  Emulsfying activity
HSI1, HS2 68+21 0.16
HS1,HS3 62+16 0.40
HS2, HS3 3027 0.40

HS1, HS2, HS3 28+15 0.97
wate] zh dFote] A3 el e gl Bads 89
g A3t EegS o BE B gRude) Aol B} v
< BaldE vehiilen, A #5HSL, 2,33 25 58]
of WIS A9 wedele] WS we fHBHL Yl
sl o) BB S e 2899 tlAfE Balels

[o]
ANE AT 4 UtKTable 3). ol8igt Aah= 1 E(1)o] U
3] Ble} Zo] ©3la o] gy mE gikoz
HS1 @59} HS2 ©9] A9 2+ #3158 AU =
Ex HS3 #Fot £ g F9 f3lsol F1gtez <t
=3

VIAEE o8] vfRsl 11

Table 4. PAH removal by HS strains in minimal media

. PHA removal(ug)
Strains
Fluorene  Phenanthrene Anthracene Pyrene
HS1 77290 624+121 197105 279+62
HS2 103382 695+118 213105 213+64
HS3 492+49 466+ 36 92+150 137+10
PSBL-1* 1268476 842+113 191£106 167+64

‘Known to PHA degrading microbe Phanerochaete chrysosporium
PSBL-1 strain.

Foll o3 Fafl &&o] wi- wrobd AdAHoR Fajago) gt

A== A Vet Bejzioh

PAH % Branched alkane 0 Ci{ 8t B8lls

PAH #3849 A$ WE HS TF7} Phanerochaete
chrysosporium PSBL-1 5-9} H|i13dla] wre- BajgkAde vieh)]
ATh(Table 4). 2121} HS1, HS2 T59) -9 PSBL-1 59
2HY Axo] PAH 23 84& Jee Aoz B
HS3 @8] -9 ZE PAHO didle] Aytdozm o Ba &
g eI, HS2 #5771 vlawd w8 BEajdde vehd
A Bt AP f8lss BF 2 49 24 Jehd
€ 2oZ AlaHc) &8 PAHY ring 97t EV1ESE By}
2 o) FolAA e AAE e, 0|93 A= PAHY]
78 ring®] 7ol HlElEt] Frlshe a5AY FokE Qe B
o] g A0Z HFTH2S). Branched  alkaneol ©dh
TaleS 3] Slal @ o ghiilzo] 19709 pristane
& ARESE] 5YUZE ujeket Ak A 7 EF 10% 9)vhe) vt
< Fa&S YA, GC chromatogramS <13+ Az
pristane®] 23+ pick®] A% Ao B e AL BRI}

A v AA)),

EQkHef

=2E HS &5 & AA wjgA] O Baflgo] 714 A4 U
Bl HS1 @5roll thate] A4 EYelre] A&50 taRs)s
RIS A% EkE BT Aol AHREE Eoke] BA
A} 8BS (Water Holding Capacity, WHC)2 0.58 g H,O/g
soil, & F7IBHE 9.66%(wiv), pHE 4.175 VJeERNQLH B9k
o] A& Z3tA UEhie] CaCOZ H71ele] Eke] pHE 7
2R F APS A

20Uzk wieFst A7 gzl Aoz AR T
ol 20% Wil Aow et o] AL FiAdo] 733k 2R
A tAdo] 37) Fo g 3ugoz ls AAHN Ao
E HojAW, HSI Tl o8k Ballg-2 7] 102 Sl 50%¢]
Fe) HARE Balska, HE 290Y00= 80%o) ] UAGE B

18] Axd FREe I 2AE AAsRs AL F9F

 AsATh o3t 27 e g T Zyl= AEE HS
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Fig. 2. Diesel oil removal and microbial activity in HS1 treated soil
sample. ( O ) diesel oil removal; ( @ ) microbial activity.

F7F RS oA BAaUS Ao FA% 43S v}
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a, wepa A47ga E/gol %‘Z‘:E}_& s AT QATE
= A E= Zlolw ol tjAdfo] Ballg gt 4 &
L8 Yolx= ZE & 7 UTHR).

2 ddMe fF LHESRCERE YA Balldde] =
< VAL dFE B8k, 1 F E4°] & HSI, HS2,
HS3 #5ol gk 5A4& sebshe 43S dAleidinh 750
the 52 AAE 22} Acinetobacter calcoaceticus (HS1),
Psedomonas sp. (HS2, HS3) T<F-& SR HA. =3+ Eal8 &
Fol ¢ tAR 2l ol 2] thEA JehdS 1 &
UL, oo whe} Al o) Eaf& ek Aolrt Vel S & &

AT AA Al FF B 2547 fEE40] A Y
=) o|#H 3 BEAlo] e §-5E3) BAS 2% ARAE= Ao r

1Jr‘:/]r"”:} 3 Faj@Ado] #A veld HS1 7] - oA
r LEEEE TASt EhYE AAS 2 22 gAf
E3lleg UrEM] Q3L, EFoA 9] A& =3 B4 vehbs A
o2 Rl °i‘3}

ag/do] 2 HSI T #3l8/do] H& HS3 dFolA
quorum sensingS YO 7]= ACE U#AH AE homoserine
lactone (HSL)-type autoinducerS ZAE&8I{thZAR v]AA). 7|8
o] o8 AFAI Acinetobacter sp., Psedomonas sp.8] 7%
HSL-type autoinducerE CHTITH= Apdo] BIEATKE, 17,
18). “4719] ZA¥= HSI1 ﬂTQ} HS3 #&7} AEg sk
As AEAAE A 9l FARA, F dF7F AL 3
S P e P e
5 fRd BES 2L 4 U= PHoe S50 A5
g Ao g Byt

2 AFE B3
< HA3 & Ay A

O
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ABSTRACT : Characterization of Diesel Oil-Degrading Bacteria
M. J. Ahn, Y. J. Han, H. S. Lim!, K. H. Choi', O. B. Kwon!, Y. C. Choi, and B. C. Jeong*
(Department of Biological Science, MyongJi University, Yongin, 449-728, Korea, 'R&D Center
for Chemical Technology, Hyosung Corporation, Korea)

Diesel oil-degrading bacterial strains were isolated from diesel oil contaminated soil and called HS series (HS1,
HS2 and HS3). These strains were identified as Acinetobacter sp. (HS1) and Pseudomonas sp. (HS2 and HS3)
based on Biolog test, cellular fatty acid composition, and 16S rDNA sequence analysis. These strains were cul-
tivated in liquid minimal media containing 2% diesel oil, and diesel oil-degrading activity was measured. As
result, all strains degraded over 70% of total diesel oil. But PAH (polycyclic aromatic hydrocarbon)- and pris-
tane-degrading rate of these strain was below 20% of total PAH and pristane. The HS1 strain showed highest
hydrophobicity and low emulsifying activity among the experimental strains and high diesel oil-degrading
activity. From the above-mentioned result, microcosm experiment was performed with the HS1 strain. The HS1
strain showed a degrading activity of over 80% of total diesel oil in microcosm test. And microbial activity was
correlated to diesel oil-degrading activity. Therefore, it is suggested that the HS1 strains could be effectively

used for the bioremediation for diesel oil.



