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Abstract Arthrobacter sp. S49, Brevibacterium sp. S47,
Corynebacterium sp. SK20, and Gordonia sp. H37 showed

BACKGROUND: Recent studies have described the enantioselective epoxide hydrolase activity with biocatalytic

importance of bacteria that can degrade polycyclic aromatic resolution of racemic styrene oxide. Among these, highest
hydrocarbons (PAHs). Here we screened bacterial isolates enantioselective hydrolysis activity was seen in Gordonia
from commercial gasoline for PAH degraders and sp. H37. An intrinsic resistance to kanamycin was observed
characterized their ability to degrade PAHs, lipids and in most of the isolates and Corynebacterium sp. SK20
proteins as well as their enantioselective epoxide hydrolase showed resistance to additional antibiotics such as
activity, salt tolerance, and seawater survival. tetracycline, ampicillin, and penicillin.

METHODS AND RESULTS: One hundred two bacteria CONCLUSION: Of the 13 PAH-degraders isolated from
isolates from commercial gasoline were screened for PAH commercial gasoline, Arthrobacter sp. S49 showed the
degraders by adding selected PAHs on to the surface of agar highest lipid and protein degrading activity along with high
plates by the sublimation method. A clear zone was found active epoxide hydrolase activity, which was the highest in
only around the colonies of PAH degraders, which Gordonia sp. H37. Our results suggest that bacteria from
accounted for 13 isolates. These were identified as commercial gasoline may have the potential to degrade
belonging to Bacillus sp., Brevibacterium sp., Micrococcus PAHEs, lipids, and proteins, and may possess enantioselective
sp., Corynebacterium sp., Arthrobacter sp., and Gordonia epoxide hydrolase activity, high salt tolerance, and growth
sp. based on 16S rRNA sequences. Six isolates belonging to potential in seawater.

Corynebacterium sp., 3 of Micrococcus sp., Arthrobacter

sp. S49, and Gordonia sp. H37 were lipid degraders. Key words: Biodegradation, Commercial ~gasoline,
Arthrobacter sp. S49 was the only isolate showing high Polycyclic Aromatic Hydrocarbon (PAH), PAH-degrading
proteolytic activity. Among the PAH-degrading bacteria, bacteria
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547), GU576171 (Arthrobacter sp. 549), GU576172
(Corynebacterium sp. SK20), LC068961 (Micrococcus
sp. SK13), LC068962 (Micrococcus sp. SK22), LC068963
(Micrococcus sp. SK26), LC068964 (Micrococcus sp.
SK57), LC068965 (Micrococcus sp. SK66), LC068966
(Brevibacterium sp. S6), LC068967 (Micrococcus sp.
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QakekEN(pH 8.0)° FEF A7) ffr 287C, 200 rpmolA
Rieba A ghe-2 ARl W §- o FAI =S hexane
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Table 1. Bacterial isolation from commercial gasoline

Taxa SK(42) S'(18) H*(18) GS(17)
Acinetobacter 1 1
Agrococcus 1 1
Arthrobacter 1 1
Bacillus 8 7 9 29
Brevibacterium 1 5
Corynebacterium 1 1 2
Curtobacterium 1 1
Enterobacter 4 1 5
Geobacillus 10 10
Gordonia 1 1
Knoellia 1 1
Kytococcus 1 1 2
Microbacterium 1 1
Micrococcus 8 2 1 1 12
Micromonospora 1 1
Oceanobacillus 1 1 2
Staphylococcus 18 2 2 2 24
Streptomyces 2 1 3

51 18 17 16 102
S', S-oil; H’, Hyundai-oil bank
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Table 2. Antibiotics resistance and tributyrin test of PAH-degrading bacteria

Resistance C S Tic

tributyrin

Micrococcus sp. SK13 - - -
Corynebacterium sp. SK20 - - -

o o o R

Micrococcus sp. SK22 - - _
Micrococcus sp. SK26 - - - -

@]

Micrococcus sp. SK57 - - -
Micrococcus sp. SK66 - - -
Bacillus sp. GS31 - - - -
Micrococcus sp. GS57 - - -

@]

Brevibacterium sp. S6 - - -

Micrococcus sp. 529 - - -

© © O ©

Brevibacterium sp. S47 - - -
Arthrobacter sp. 549 - - - -
Gordonia sp. H37 - - 0 -

- - - - - - 0

- o - - 0 - o

C: chloramphenicol, S: streptomycin, Tic: ticarcillin, K: kanamycin, Te: tetracycline, Am : ampicillin, Va: vancomycin,
Ra:rifampin, P : penicillin, E : erythromycin, o: no clear zone (antibiotic resistance), - : clear zone (no antibiotic resistance)

Fig. 1. Photos of protease producing bacteria (Arthrobacter sp. S49) by using skim milk agar plate.

THLee ef al, 2008; Kwon ef al, 2010).

PAH 2ol Z2| 3

PAH %ﬂ—sﬂéﬂ—% Hl 13775 165 rRNA RS A st
R} 1397% 73177} Micrococcus sp. ©11L Corynebacterium
sp., Bacillus sp., Arthrobacter sp., Gordonia sp. | 1
7v 7} 1317, Brevibacterium sp.7t 2315 &= 3ich
Arthrobacter sp.2l 7% PAH %°l phenanthrene +3f°]

3 A7} O (Samanta et al, 1999), Bacillus®) 73-%-
Bacillus cereus’} pyrenes #-8l|$tth= Ha7}k QltiKazunga
and Aitken, 2000).

= o83t Torv 1ﬂ74-4 EH‘)}H“ﬁi O]Hx* o7 ’\LJOH
5747l g A3t W o R o]gatal tKSeo ef al,
2006). 137He] 5 & Corynebacterium sp. SK20,
Micrococcus sp. SK57, SK66, GS31, Arthrobacter sp.
$49, Gordonia sp. H37 & 670 8] wolA tributyrin
(TBN) 23l &4Jo] SIgithTable 2). Tributyrin®| ¢+
Ao Felles wdatr] e Al on ko] Adutol
U HF So% sty slke el Hle] ¥l Sl 4ol
m 22| 7FE ol§ Bl SAsIIth AAE vA oY
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Fig. 2. The schematic representation of enantioselective
hydrolysis of epoxide hydolase from Gordonia sp. H37
toward racemic styrene oxide (RSO) with GC analysis.

ojuf Hlol @ U] 2 HAEE 98 o]8¥ 1l 3tiJanda-
Ulfig et al, 2000).

Azl HaESE AR elxE £ES BAeta, Akt
e A3HA|, AQRTAZRA, st 95als], At
A T o ArdEotelA de] AREEaL Q)

THKim, 2014). @oidis] €442 13719 #F FolA
Arthrobacter sp. S497} 14AHE skim milkE +3l|5to
FHge Hole 7MY w2 ddRs] E4do] #EE o
(Fig. 1). Tizisl] &/gdo] Hol'd Arthrobacter sp. S49
= AllelME A 2 E= Z10R Kol Al viEs
9§71 HJ71ES] FE ARl 9l FelE v g
A1 s stglel A8 4 e AOE AlRHo| A

E

HIZAIE Ti=Eof 2d

of|FAto| & 7HEal &4 (epoxide hydrolase, EHase) vt
ol FmjS ARg-shd ehaH el FAto| = T e gty
o FAf| EE AlxE 4+ 31oH, cofactor Acgho] Q754
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Z5 7ML Qo] A f8Ado] 2 vle| LSl R g 7te
3 Qitk ey o FAR|E AlZel] 43 5 Sl vAE
frefel olFAtel = 7kEa] 842 Gas Chormatography

£ o]gste] =48 4= QItiWoo and Lee, 2014). 137}
FE o Y AERSAto =) Hhgskal ko
FE2 AR F, oFAIEA Qe f718MSS Gas
Chromatography® 48t A3}, Arthrobacter sp. S49,
Brevibacterium sp. S47, Corynebacterium sp. SK20, 71
2|3l Gordonia sp. H37°I14 33t8/ o ZFAtol = 7kts)
A& Bt} 53], Gordonia sp. H37 & 143t WG|l 4
mM 2R AE[-IEA]E(2 mM (R)-styrene oxide$} 2
mM (9-styrene oxide)E FAHEZ 0T Fafste] (R)-
styrene oxide$} (9-styrene oxidew 77} 0.66 mMT}
1.60 mMo] A =3tk o] AWE Gordonia sp. H37 &
(R)-form?] oAt =5 WA Felloh= FoPde ] of FAL
ojE 7kl #do] ¥R ItKFig. 2). vdE] 9F v
SRS A (PAHS) o A olli= monooxygenase
o gJal el FAto] =t PAJE| AL o FAPlE FallE Sl el
ZApol & 7rial S (epoxide hydrolase) 7} &4kl €
tKBezalel et al, 1997). ¢ W&ol A 2o}zl PAHs +
& ATl oFAe|E Ve G4 B 7F AL
1 FoME Ao R o] § ThsAo] 2 B ol FAL
olEE Ax T F e wFE A Ho] AFuEAY o] &

7Fe7gel 71tk

S| L S

PAHs #dllss 71 137] w55 ol8-sto] A 4
2 BTk F vloh BAA] e S Sohis] siel 3
detslon 4 A3 Corynebacterium sp. SK207} theF
g Al g el At Zlew SAHCH
kanamycin, tetracycline, ampicillin, penicillin 47} &
ol disliA Widel sl AoR IS SlA, Gordonia sp.
H379] 735 3714 S5l el o] = slow 2AH
om oiF-Ee] #5771 kanamycin®l A= WS 7
AL SI3ItHTable 2). 84 w419 - w2 #5242
A gAS B dsigion] S T Ay 2 B R
FE O EEsh PAH WaArel 54 4 dAvE HE
Burkholderia sp. 9+ Alcaligenes sp.= TSt PAHsE
Wallet3lal, Burkholderia sp.©] 73-%- chloramphenicol,
kanamycin, streptomycin, tetracycling, Alcaligenes sp.
+ ampicillin, chloramphenicol, kanamycin, streptomycin,
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ATt (Kim et al, 2005). Meguro et al. (2005) °ll °latd
718 WA oAl Wdell #ofshs wiEA Tt ARy e
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Fig. 3. Effect of salt concentration on survival of PAH-degradation bacteria.

Table 3. Effect of salt concentration and temperature on survival of PAH-degrading bacteria in seawater.

after 2 days

after 4 days

Incubation and temperature 20C 28T 20C 28°C

A B ¢ A B C A B C A B C
Micrococcus sp. SK13 - - + + + ++ - - ++ ++ ++ ++
Corynebacterium sp. SK20 - - + + + ++ - - ++ ++ ++ ++
Micrococcus sp. SK22 - - + + + ++ - - ++ ++ ++ ++
Micrococcus sp. SK26 - - + + + ++ - - ++ ++ ++ ++
Micrococcus sp. SK57 - - + + + ++ - - ++ ++ ++ ++
Micrococcus sp. SK66 - - + + + ++ - - ++ ++ ++ ++
Bacillus sp. GS31 - - + + + ++ - - ++ ++ ++ ++
Micrococcus sp. GS57 - - - + + ++ - - ++ ++ ++ ++
Brevibacterium sp. S6 - - + + + ++ - - ++ ++ ++ ++
Micrococcus sp. 529 - - + + ++ - - ++ 4 ++ ++
Brevibacterium sp. 547 - - + + + ++ - - ++ ++ ++ ++
Arthrobacter sp. 549 - - - + + ++ - - ++ ++ T+ T+
Gordonia sp. H37 - - - - - - - ++ ++ T+ T+
. no growth, +: good growth, ++: very good §rowth

: Sea water only, : 1x1/10 marine medium, ”:1x1/100 marine medium

platec] % 180 uLel wi¥elE 10 uLE HFskaL wiekst  Feid @9 5S4 99 o] w2 el ® dhast 4
B4 600 nmollA O.D.gk& Saigitt 48 sdfrelld & & & 0% Alsd:
SR 3 PAH Ral50) 9l 137 5l ehstel 9 v SheF ool thet fRe) Bl L A3 e BA 918t
A8 FQItE 9 5= 0, 2, 5, 10, 15, 20%= Z43H o] Z=82 gl AFHE o] th2 z}z}o] g2 o] falo] Al
1, 7L A3 1370 #F7F 0-2% E5=ollA O.D.gko] 48A1%F itk o w5k 9 25 "I o YFE A
Foll= 05 oo o] & Agton, 10%9] =2 sl =l Al el 7 30Celde= HA 48 & 5 AR 4C ol
A= Brevibacterium sp. $6°] 7V¢ 2 A5 ]—OﬂEHFlg 3). AE olgo] HA k. whd vk 20X Acinetobacter
9 FErb S AT ohlEl 5Tt =2 M E 7 9} Pseudomonas 7 &2 2+ X}FJJ‘— o7 dHA 1 g
Ak Aow wol o] Atk Azt R ¥ 48 @ Ralehs 20w gud go wsanory
o] &2 49 LML w9 AFEC] =T o2 ]l AE & 4 gty Baght g ‘?HLee et al, 2008).
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T2 geeta AFE o] vE dlE ket
Aol A% 155 SR Micrococcus sp. SK26,
Arthrobacter sp. $49+< 1/10 marine Bl|A] o4 % 373}
Gom UMz #5552 marine HiR oA o] 2 A3
Ch(Fig 4). 38 AFS )52 %Et 77} 25, 23°C 0|9,
pH= 7.54, 8.02% SEIE 25 whZ WdlelX= 2
0C Eq.._ 28(:01],\1 A—]x]—o] }j]ﬂxq uul-alo:q o o
HiAl 37E B Al S 7R ok AdelME o] Aol
ool 13¢F= allel A8shs 2 A7k jls e
% HollKTable 3), s &57) vtow J&+S 714 &
W& Ho® AbREth

uieh 49 54, 72, pH, Atk 52 AEste] 2
S 71 1 T FE AR B & ¥ T
ol gt ol b nigkEel o] fwelt wEeet niskEol
vl ol#¥ Ao deiA vk AR ol o] = H
gl A7} ItKwon et al, 2010).

a2 g

& Qs S SRR E e weste] PAHS 24
nEE BASkL el v 54 Avingith 14
7} PAH #3 &40] Sl 13719 #7F 2e=0oH 13
7% 7357} Micrococcus sp. ©)il Corynebacterium
sp., Bacillus sp., Arthrobacter sp., Gordonia sp.©] 7} 1
17, Brevibacterium sp.7} 272 F =tk A2
1 Corynebacterium sp. SK20, Micrococcus sp. SK57,
SK66, GS31, Arthrobacter sp. 549, Gordonia sp. H37
T o7l el welr A Ea 2ol ISl dd
i3> Arthrobacter sp. S497F 748 & @A #3f €4do|
TSI} (Fig. 2). AlEAI= 718l w2 Arthrobacter
sp. S49, Brevibacterium sp. S47. Corynebacterium sp.
SK20, 183l Gordonia sp. H37 ©] #&A] o FAto|=
Vsl avks Hth dwolA 53] Gordonia sp. H37
<= Y AEEA| 2o thet ot e e A o HA
o= 7l #do] #EE I (Fig. 3). A WY HIAEC]
M 10%2] %2 sXollX& Brevibacterium sp. S67F 7t
4 7 Atk Jei A8 e £ Fol SJste]
A%l g A RE Aow A B AoiE F5
Al diE olgstol Alrtel A 2dS ARl W
A9 w5 QEfstae 449 sieE delsto] At 4%
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ol 7 2 SRl on] 2571 20C Ruks 28T oflA]
H].T.,L)ﬂxl—o] u]—yﬁ qu—a]—ou;] Lo er 1:1] HH;(]E ;<47]_—5-]_;<]
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ol A< 7P:f% Aow A7fEv, ofd A¥E Edz &
m olE dFES FF ASHTE AN La@Z Y
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