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Biodegradation of Polycyclic Aromatic Hydrocarbons (PAHs) by tropical microorganisms.

Chetsada Pothiratana’, Churapa Teerapatsakul?, Surachai Thachepan®*

Department of Chemistry, Faculty of Science, Kasetsart University, Jatujak, Bangkok 10900, Thailand
E-mail: fscisct@ku.ac.th

In this research, phenanthrene-degrading bacteria strain CH3 was isolated from oil-
contaminated soil in Thailand using a spraying plate technique. The strain CH3 was identified as
Pseudomonas sp. CH3 based on its 16S rDNA sequence analysis. Complete degradation of
phenanthrene in the minimal salt medium culture was observed within 3 days of incubation at
room temperature (30+2°C) whereas at 37 °C, complete degradation of phenanthrene occurred
within 6 days. At 42°C, the strain CH3 was still able to grow and degrade approximately 23% of
phenanthrene. Therefore, the strain CH3 is suitable for phenanthrene bioremediation in tropical
areas, where temperature may exceed 40°C during the hot season. Additionally, Pseudomonas
sp. CH3 can utilize aromatics and small carbon compounds, thus offering an environmentally
friendly method to remove hazardous substances from the environment.

Screening of white rot fungi with capability to degrade PAHs, phenanthrene, fluorene and
pyrene, were investigated. A newly isolated white rot fungal strain RYNF13 was selected according
to its high efficiency in biodegradation of PAHs. Complete degradation of phenanthrene in the
mineral salt glucose medium culture was observed within 18 days of incubation at room
temperature (30+2°C) whereas 95% of fluorene and 50% of pyrene were degraded in the same
condition. The strain RYNF13 secreted three kinds of ligninolytic enzyme, manganese peroxidase,
laccase and lignin peroxidase, during PAHs biodegradation. Manganese peroxidase was the major
enzyme produced by the fungus. In the culture containing phenanthrene, manganese peroxidase
showed the highest enzymatic activity at 178 UmL™ . Thus, RYNF13 is a promising tropical white
rot fungus for an environmentally friendly removal of hazardous substances from the

environment.


mailto:fscisct@ku.ac.th

N158aaNaNITINTINYEsUSENauInA lwAan azlsunin lalasansuay (W)

feqdunIdiuniou
N1 WS, Y5 S3Ansana’, g3ty sTWUS

MATY AT ANLINGIFNERNT UNINGIFENWATAIANT I9TNT NTHNN 10900

Bua: fscisct@ku.ac.th

udeildvnsuenuuaiiSeiiauansalunistosaaefluuunau (strain CH3) 91ndui
Yuideutfululszmalnedromaila spraying plate Kan1353LASITHREINU 165 DNA T09uuATISE
strain CH3 fuansindu Pseudomonas sp. dlevtinisiaeslueimis minimal salt medium wuin
wuailide Pseudomonas sp. CH3 sesaasfluuuniuviavualuomsidnislu 3 u fgumgiives
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au1Ingesaany naphthalene wuilaun Alcalicenes denitrificans, Mycobacterium sp.,
Pseudomonas putida, P. fluorescens, P. paucimobilis, P. vesicularis, P. cepacia, P. testosteroni,
Rhodococcus sp., orynebacterium venale, Bacillus cereus, Moraxella sp., Streptomyces sp.,
Vibrio sp. wag Cyclotrophicus sp.” ' MsAnLEALUATLSENIANNTnE8da18a15USENEU phenantrene
laun Aeromonas sp., Alcaligenes faecalis, A. denitrificans, Arthrobacter polychromogenes,
Beijerinckia sp., Micrococcus sp., Mycobacterium sp., Pseudomonas putida, P. paucimobilis,
Rhodococcus sp., Vibrio sp., Nocardia sp., Flavobacterium sp., Streptomyces sp. and Bacillus
sp. 12 fisngaunsAnueniuailseNaaunsngeas pyrene, phenanthrene wag fluoranthene oA
Aureobacterium sp., Arthrobacter sp. Wag Rhodococcus sp. ® Dudu
ax o A a a ' a a ¢ P )~ as a4
BnsAnuenuuaisefiausadevaansindeslsundnlalasaisueu  (Welew) dnae susion
Houlaiud 2 38 laun
1. Enrichment technique \Ju3s7ldlunisAndenwuaiisefnanunsadesaatvansusenaulngle
AaneglsunAnlalasasueu@iele) Inan1stdududeuldlue1ms Mineral salts medium ATHWLUN
31 (MSP) Falddudunuansiiterey Un WWunan 1 §Uansin 30 °C vuwefinnuisiseu 200 seune
Wil wdsentuaeide 5 Jadansadlueims MSPlud naduaidunan 2 dUani ndsntuaieioas
Tu Mineral salts medium 10 fiaddnsnifuuuniy vuwedunan 1dUasi ual didesviiieansuay
spread ULRIME91913 Nutrient agar illanuafiiieq anansadevaatsfuuunsula 131
2. Spraying plate technique ({Jwis7lglunsandenuwuafiSeNaunsadesaansasusenaulndle
paneglsundnlalasmsueu (Mlewew) lnensuimedsiidesnisAnuenliiionsual spread asuu
Rantnems ntuiasieesazatgludinaganoidy 8imes NuasuuRImL1e11s mineral salt
= A a a 1 a 191 a I 1 a v 16-17
agar FeluATISEaNTagsaauasielevlaaziinlaula (clear zone) UURIMLNBIYNS
| = ¥ ! . . o Vo = =
nsgesaaneasiaierlagldsngulasen (white rot fungi) Aadldsuanuaulauasinisfin
1 v :%’ 1 A 1 < d' 1 a a
pg19n IV TUluYsEEIan 10 Uiiuun ingubisendusifanunsogesaaiedniuly
sysumAlaeg1aiusEansam lnesvsUasenguusaeulesigesdniiu (ligninolytic enzyme) oanuuen
¢ A a a & 1 a _a v A v 2 . . . .
wanliegosanilu oulwigesdniunaniisnadnelaun Lignin peroxidase (LiP), Manganese peroxidase

(MnP) wa laccase (Lac) TIHANUIMNIEADFUALATAAT AINUIIANNNITOEDYATIANAINNANLYRATIN
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Phanerochaete chrysosporium®®*® Pleurotus spp., Trametes spp., Bjerkandera spp. hag

Ganoderma lucidum®? \Jusiu aneiiugsuasyinvoasiionsiisd ouuananinisnd
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B ansiiLoLem

Aspergillus Phenanthrene, pyrene®
Cladosporium Benzo[ a] pyrene®

Penicillium Pyrene?

Phanerochaete asieleuieunnviin®’

Pleurotus Anthracene, phenanthrene, pyrene,

fluoranthene, fluorene?"?

Bjerkandera Anthracene, fluoranthene,

phenanthrene, benzo[ a] pyrene®

Ganoderma lucidum Phenanthrene, pyrene®
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1. MIAALADNKUATILIBAINTITUYIA
1. fudegnsiuuinuiinmaiiinmiudouresiieiny wu Winaduouu vinugronssus
Uinaiifnsuudeuvesniiiu wsAnvandnuasliun danudunsa-rs (pH) warsiuugaunis
amunlaea dilution plate count
2. pafinsunuiuafiSes e iianunsodesaansansuszneuTluuunsulagds Enrichment
technique InaAudaagns 1 ¢ ldluewng Mineral Salt Medium (MSM) Aifinsiiufuuumdu
wiasAsuau vuislilneldindoand (shaken) e 7 Yu ndminiusheaduoms Mineral Salt
Medium Afinaifisansfluuuniu Tni uasdusioly wwafidefifiudwuiuasgninludanenludunon
ol
3. MadauenuuATiSefiinnuausadesaatvasiioetlagldis spraying plate lngaaniay
T2 (clear zone) AnTu ntufulaladffleulafintuninisusndeuuaielisanisely eld
Heudaviudn shnsuuntiinveadeiild lonmsfinwandnumsonie wu dnuvarvedalad
Anuanansalumsindeud AuauTRlunsAnduULNTY wartiseumgiiivnzaslunsiasey
4. ns¥psuunvdinvesupfiieifiusyansnwlunisteaasansfiverey Tnonsldaiuiua
U84 16S rDNA gene
4.1 n3a@in Genomic DNA 983l UATILSY
Tun1safin Genomic DNA wesuuaitsaagly Genomic DNA Purification Kit (Fermentas) lagil
sndnnsfie M3l ysis solution silsniiaeaduaziBeruneadunn a1ntuld chloroform asly ndu
masanaaasll (invert) ieatauenordinvediusivoonin mnuhludumies drendes
aqueous phase s?faasuj%”’uuu%qﬁ DNA agjs’halﬂidslu eppendorf tube naanli 1d precipitation
solution Lflennmznaw esenomic DNA asuuazitlutuwies druves DNA avanaznauas 1
nzneulvazangly NaCl solution wazlunnazneusnadasne ethanol 1u
4.2 MIINUZIIG) 165 DNA fhewmpdn Polymerase Chain Reaction (PCR)
Primer dwfuifiaU3unas 165 rDNA (bacteria: 27F/1389R) fie
forward primer 27F ; 5-AGAGTTTGATCMTGGCTCAG-3’
reversed primer 1389R ; 5-ACGGGCGGTGTGTACAAG-3’
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11 Polymerase chain reaction (PCR) laga1fy Tag DNA polymerse 31nUSHW Fermentas
Usenaumie 1x Tag DNA polymerase buffer, 1.5 mM MgCl,, 0.25 mM dNTP, 1 WM Forward primer,

1 UM Reverse primer, 0.025U/ Wl Tag DNA polymerase wag DNA template 1 WL 618 50 LUl
reaction

PCR Cycle Pduansleun Initial Denaturation 7 94 °C 180 3un? m1wsme Denaturation 7
94 °C 30 3u# $1WIU 30 59U Annealing 7 50°C 30 3wl uaz Extension 71 72°C 120 Jund wazln
¥ihene Final Extension 71 72 °C 240 3unfl

4.3 UTIAS189918 Agarose gel Electrophoresis Tng/ld 1.5 % Tu 0.5XTAE buffer L‘ﬁa@mm
U%@WéLLﬁ%U%ﬁ,ﬂm PCR product #ilé wagds PCR product ildludiasevansuiuadiusem First BASE
Laboratories Sdn Bhd.lngl475 Direct sequence lierdnislaauiising primer 7l forward
primer 27F %50 reversed primer 1389R

4.4 AipsgaduiuavesiiBue Tnethaduiuanes partial 165 rRNA gene filFlUTauLiBuy
Toyadauivalugiudayaniamiouie (GenBank) tngldlusunsu BLASTn (NCBI) uardndiuunviinues
LLUﬂﬁL%EJLﬁIENgfuﬁL%UMGﬁJEN Eztaxon-e (http://eztaxon-e.ezbiocloud.net/)

4.5 mafieudisumnuduiudvesmeiiudifauenldfuameiuginsda (Alignment) Tngld
1Usun3u BioEdit version 7.1.11 #2835 ClustalW Multiple Alignment waza31e Phylogenetic tree

InglUsunsy Mega 4 91875 N-J method

2. N1SANYINISERYFAIENINTINTNVYBINLUUNTULASWUATILSE
= | Ve, a I | & a a

A15AN®INTEDUEANYLAL LN UUNS WU UBNEIANSUB WAL LAULUATILSY

1. dnueiiiFenaadenliundedusims MSM ATHLULNIWINTY 100 ppm UsLEd

a v 1 a . a 1 a [y & o v g"

9auMQilvid AILLAIBY reciprocal shaker 1 150 sausiaun#t 1Wwian 3 Ju ntudadeunnizidesdy
919115 nutrient broth Yutdusian 24 Tlaa

2. 11 culture TWdwndsad 3000 sousou i Wural 10 w1l angulanis ndudauwadang
wnduusiranee ilulumied 3000 seuseuit 1Wuian 10 wil geauladia vingn 2 Ass Uiuen
ANNYUAAYIELA ODgop o ~ 0.5

3. e iiudunealldadiuenis MSM Tudnstdru 1:100 wisdearundsluanunig

autoclave wialddwSuiliu negative control



13

4. wWisuyanaaed lagikuuvsu (10,000 ppm) 100 ul ldaslu flask 50 ml selidviazae
(methanol) sewelvun 91niuine1ns MSM AduwuafiSefiiiusuauud 10 ml Fausay flask 22
T Hushunuveshetsluusasyiu dmsu 1 6

5. W3BuYA negative control Inginkuuvisu (10,000 ppm) 100 ul Tdaslu flask 50 ml
MATRNeINT MSM ThinuuaiiSeiifiasuauussiuns autoclave w&a 10 ml

6. ULWUUWIEEI8LA309 reciprocal shaker waz3nANNITANAUEIALLLVTY Wagn15L95ave
o Tneinusinaduuuviulnswiouaunieaseafiognafe methanol Weglutasmuanududy
Afinnuduiusifudunse (inear) Yafn absorbance Tutaa 200 - 400 nm SufinAueAdU

a0

maximum absorbance 3sdifn 251 nm dewedeaiie JASCO V-670 UV-visible spectrophotometer

a v A

wagInAnisiaseeawuaiiisefidadenlilneinA ODyy, WWutan 6 Ju
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NANT538ANBUA 1 N1SANWINISEREdaNeNIsTININVREITUSENaUNLaLYInaLUATILSe

NAN1INAADTILENLYBLUATISENEINNTOE519 clear zone UM mineral salt medium N
pgLULnIY nud B9wau 7 lelaan: 1-1, 2-1, 3-1, 5-2, 6-2, 7-2, 8-2 antuinleloan 3-1 wag 5-2
TUAnwnsdesaaswasldiuuunsuduinainmsvauien wuin Wersassdesaaefuuunsuls
Usyana 45% way 30% auanaunelu 18 u uslinunisiadeeawuaiiseowinay Sanudululai
dill [ 1 = a a 1 Yy = I 1 3 1 I3 [ dy
Weranangadeusyansamlunisdesaansuazliiluuuriuduunasaiveuldsenirnsiuinuiae

N a Ya o =2V Yo Y] & aa a ' a a & ' & o

wuAiiise (IdeeliinnisAnueniweiuailisenanunsadosaaneiluuuysudnase waznudl Maauinwm
& Aa o ' v ' a = vy v & @ aaa =
Wakuriiiseainanlinsmuaisatunisgasaatsfuuunsulaiusoanus nelue1 s AL ULSY
oe b Junuimslunisneasstusald

1. NMsAnLnaLUAIts8ANANNANISURU LU

ARLENABIINFAIDYNAULAAUIINLTUSHUYGAAIMNTTU NTIVN TINUIN WU 1 feg
Tnafianmnudunsa-anavesiiu (pH) Wi 7.25 nMsiudwiugaunsdaindiesgneiiu (Total count) i
A1 2.6 x 10° CFU/g 995U kaz1nudulufuiinny 14.8 % WeihAuuvinnsiiudnuiuwuaiise

) v saa ' = = aa . . |

wagAnuenaeusNiinseesaaneuuunIulagds spraying plate UWe1¥13 Mineral Salt Agar wuin
AUN50ARRENLUATILS8NEUNSa g e aaNeHwuLnIUlaNaus 6 telylan Ao CH1, CH2, CH3, CH4, CH6
way CH7

2. MIINAINITANAIVBINULNIULALNISLDIY VB UATISEIAALEaNTE

UenanaenunedaulunaIanyilensns Mineral salt medium wagHLUUNIUTILTY 100

& o Y] = ‘:4' A a ¢ 1a a a A A | = ~

ppm MnTuthlUInAIMIaanduLeasil 251 nm iednseiusinamuuuniuiviosguasiusouiioy
ANNALNTalUNTEasEaBHLLUNIUTLARLUATISE Tuiun 6 fe UV-Visible spectrophotometer
Ignanisvaaeiaguil 1-1 Fauanslesidudiluuuvsuiviosgluemsildiasausazlolsaniidaden
LSeuiieuiuyaaiunu (control set) HANIINAGBILAAT Waaneiiug CH3 Tussansnmluniseges
aanefluuursulafniniomenugauidadenty Jadndenaeaeiug CH3 luvinnsneaewialy

3. MsAnwAANBzIUANEENeWUS CH3

anwauzlalatveadoanenug CH3 Inuuwe1ms Nutrient agar Massyilunian 24 aluell 817
fuuas (opaque) laladddnwaenay veuieu (FUN 1-24) waziliaunuszegiauuiuleladia
\WADILAZUOUVTUTE (JUN 1-2B) Weanemiug CH3 susraluvioudu Andunsuau anunsaniouiila
(motile) (§U# 1-20)
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60%

51%
47% 49% ’

-0 50% .
777 1 a3y 45%

40% -

Wwde

=
w:f 30% -

N

20%

% Pruu

10% -
0%
0% - T T T T T

CH1 CH2 CH3 CH4 CH6 CH7

GRS

JUN 1-1 Wesdudvasiluuuviuiivdoegluemsildidewsazlolaan Wevuliluaa 6 Ju

JUN 1-2 nwdnuaizvedlalatvesaeiug CH3 vuo1wns NA Weumluiaa (A) 1 Ju (8) 2 Tu

war (C) NM5gaukUUWNSY scale bar = 5 Lm
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Slonnaoun3193ay51Iata 25 - 50°C Tu nutrient broth (NB) uinanesiug CH3 13glé
Tusing 25 — 42°C Imwummﬁ@qqqmﬁ 37°C (optimal temperature) Lagluseninegig 25-40°C WU
N5y lannndt 80% ve9AINISATEER daudl 42° wunsvasaAnilu 76.2% VBIANNTLATEYFIAR
(U7 1-3)

Sodnduunviisvesuuafiuaeiug CH3 lasnmsmarfuiuauisdinyes 165 DNA gene
(partial 16S rDNA gene Sequence) Windualagende 27F waz 1389R primer Fadu universal
primer wagmannuluglngleid Direct sequencing fa8 primer 27F %39 1389R lnsnsalaglinasande
n1slAan 165 rDNA sequence Tiiiusuiutusnilvunn 1287 hndlelns Wodouiiisunnundonds
Tugudeyamafidute (GenBank) wuin wuafiiFeaneus CH3 fianuadeadanniigaiy
Pseudomonas sp. S2 165 ribosomal RNA gene, partial sequence (HQ721241) Tnatniiouiugs
100% waziileludaduunvilalnaiisuiiouiu type strain wuiwuadiBoaenug CH3 Sy
ARNEARNAU Pseudomonas balearica SP1402 (U26418) (97.98%) and P. resinovorans LMG 2274
(Z76668) (97.5%). wazillothluiamehnnuduiudnadiaunsiuwuaiidely cenus
Pseudomonas wuinwuailiseaneiug CH3 fianulnadaiiu P. azotifigens 6H33B and P. indica
IMT37 ¢ wuailiSelu genus Pseudomonas filnddnfuunuaiiFeanesiug CH3 awnsaiaiefldionyd
adlan P. balearica SP1402 amnsawiayléonmaiigedia 46°C?" P, indica IMT37 asnsawiayléluga
Vil 25 89 42°C* M3A3eyes P. azotifigens 6H33B Tu LB medium wulglugae 28 - 41°C Yol
optimal temperature 484 P. resinovorans agluis 28 - 30°C Lwﬂﬂiwumﬂiﬁiy‘ﬁ 42°C2% gty

a

wuAfiSeaneiiug CH3 Fagndnduundusiulu Pseudimonas sp. CH3 Fadita3nsi93gyAsounguanyll

Y

MeusnvesUszwalmenaeansUasegluyie 27-40 °C*! Jslianumanzanlunisiiluldeuasddy

Useinalne
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1.2

83.4%

88.4%
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0,
9g.4y 1000%
95.2%
90.7% 89.2%
76.2%

a8% .,
. 0
M = N N N OE N .
30 32 35 37 40 42 45 50

Temperature (°C)

JUN 1-3 N131930Y0UUATISELALNANTANINAT ODgog n WWAWBAUNOH 25-50°C Mlaviianiogivile

| s & ¢ a Ao A a o p~ ~ Y a ‘:1' o
LLVNﬂi’]W“ZJENLLﬁmLU@iL“lju@ﬂﬁLﬁ]S@%@ﬂLLU@V]LiEJVIQﬂJMQJJUULU‘JEJULV]EJUﬂUmmiLﬁ]iiyJQJQGWI 37°C
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99 Pseudomonas azotifigens 6H33b(T)

74 Pseudomonas indica IMT37(T)
76 Pseudomonas balearica SP1402(T)
?‘— Strain CH3
78 Pseudomonas resinovorans LMG 2274(T)

Pseudomonas stutzeri ATCC 17588(T)

53 62 Pseudomonas alcaligenes NBRC 14159(T)
33 {Pseudomonas aeruginosa LMG 1242(T)
90 Pseudomonas otitidis MCC10330(T)

Pseudomonas citronellolis DSM 50332(T)

Pseudomonas psychrotolerans C36(T)

H Pseudomonas anguilliseptica Bl

Pseudomonas pseudoalcaligenes LMG 1225(T)
Pseudomonas putida NBRC 14164(T)

79

41

82 Pseudomonas fluorescens DSM 50090(T)
Pseudomonas syringae KCTC 12500(T)

86 {Pseudomonas rhizosphaerae IH5(T)
92 Pseudomonas abietaniphila ATCC 700689(T)

97

0.005

SUT 1-4 Py widuiumaifaunmslasendodfuiua partial 165 DNA gene YesuuAfi3eaemiug CH3
TUﬂﬂuﬁﬁﬂﬁﬁULLUﬂﬁL'%EJiu genus Pseudomonas 17 species laun Pseudomonas alcaligenes NBRC
14159(T), Pseudomonas aeruginosa LMG 1242(T), Pseudomonas otitidis MCC10330(T),
Pseudomonas azotifigens 6H33b(T), Pseudomonas balearica SP1402(T), Pseudomonas
citronellolis DSM 50332(T), Pseudomonas fluorescens DSM 50090(T), Pseudomonas indica
IMT37(T), Pseudomonas pseudoalcaligenes LMG 1225(T), Pseudomonas psychrotolerans C36(T),
Pseudomonas resinovorans LMG 2274(T), Pseudomonas rhizosphaerae IH5(T), Pseudomonas
stutzeri ATCC 17588(T), Pseudomonas abietaniphila ATCC 700689(T), Pseudomonas syringae
KCTC 12500(T), Pseudomonas putida NBRC 14164(T), Pseudomonas ansuilliseptica Bl 1aglais
Neighbor-Joining (bootstrap test 1000 replicates) LLNuQﬁméfLLamQﬂ’smm’sﬁgﬂﬁmﬁ’sﬂm Scale bar
fimefe 0.005 MsAsunUamnuiituasesumis (number of base substitutions per site) Fum
fihunfwaiommaie 1261 fums Tnensinaszthdiumaiiludesing (gap) 8an (Complete

deletion option) Inuxugiianuduiuslagnasislaelusunsy MEGAG
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4. NM5IAAINITANAIVDINUUUNTUKAZNIILAIYVDY Pseudomonas sp. CH3
WenegauUszdnsnimnistesaarsNuuuniulag Pseudomonas sp. CH3 N1ANMLTNTUYDY

WuuunIuLTueu 100 ppm kazdnadrutdudutosduuuniuludiogis Taeld UV-Visible

spectrophotometry  Amax = 251 nm luiuil 0, 1, 2, 3, 4 Uag 6 VDINSINLIALNTD LAYAIUIIN
s & oo a a A | Y] | a a Y a v Y] a & YK
WoasiudtluuuniunivieegludiiegrauSeuieuiunouiudy uazinnisiasyvesdalagnisingd
ODgoonrm UDIAIDYI NANIINAABILARNIIT Pseudomonas sp. CH3 arunsadovaatsiuuuniulaetil
Usgansnmilleinizidedlu mineral salt medium figauugiiviod (30£2°C) lagnasaninlaesdeLiies
2 Yu USunauiluuuvsuvasiiies 20% Weifisununewduay uagluiuf 3 vesnsidoudensialiny
a = & ! aa A a | < a v = o a Y]
Auuuniuluems uenaninuin wuadiiFeiinisiasyed1eailunousuAuIUDTIug 3 Lagnasain
& o a a 1 £ PN 2 & o A PN o X
TuuvekuafiiisazAsudansiilunaenauasdun1saaesludun 6 (FUN 1-5) MsiiuTuves
wuafiserivgluiunisanasvesiluuuvsuludieds@liiiuil Pseudomonas sp. CH3 aunsades
| = vy a & ' ¢ ' Y] ~ a a Y
aansAuuursunezldiuuuniulunraiasusutazuraimasanuiionisasydulala nan1mnassain
' | = o A | ) o v !
YARIUANKARIIT N1TaRAURIkLUVTUIINTITeRUY Wy Jadenienienin Sdeeni 20%
sreuduniuuaiiselu genus Pseudomonas tay genus TnatAes Tunisgoeaansiiuunsu
Hfeg1eieolUll WU Pseudomonas sp. USTB-RU gagaatefluuuniule 86.65% NAnsidudutsunu
100 ppm luian 8 Tu figaungil 30°C* Pseudomonas stutzeri ZP2 gogaasuuuniuld 96% 7
AILTLTUSUAY 250 ppm Tuiian 6 Ju Maaumgil 37°C** wuailiselu gemus Pseudomonas and
Sphingomonas strains @unsagevdatsiliuuniulaeg1amsUss@nsans 75-100% AAMUTNTUSAY
150 ppm Tutaan 72-168 Falusigaumgiifn 25°C* Sphingomonas sp. GY2B gagaasfluuuniule
99.8% MAAUULTWENAY 100 ppm NRaunail 30°C lunian 2 Ju* Wawsuwieuiunuidenaunt
Pseudomonas sp. CH3 #Usgansamadlunisgesaaieiluuuniu lnsaiunsadevaarsiuuunsula

100% rnududusudu 100 ppm ﬁqmmﬁﬁaa (30+2°C) Tuan 3 Ju
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svavandusida(3u)

el PHE CH? ~ esgem PHE 4AAIUAN ==l =ASIAZAUCH3  ==A =A1512560 YOAILAN

JUN 1-5 Wesidudvasiluuuniuiiviosguarn1sa3yveuuniiise Pseudomonas sp. CH3
error bar kaAIAIALARIALAZOU (SD) 1MNN1TNAGRY 3 41 YamuALldwuATISeNIUN Y Iinelag

s aaa o 5
A1T autoclave LNULAaNUVIN Ifﬂm/l’]mi‘l/lmam 2 91
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mu‘ﬁ 2 NMSANEINNSER8EANENIITININVRE1SUSE N UNLBLEY RS
Wwnsaniunsive
1. snewustlilunuise
1.1 agiiudniidausnlyaiainsssui
Aadenifiusegimansssued tnesjaiuluiinsingulavisen (white rot fungh Lilesannd]
MATefinsnuingylvisenannsadesaansansiiteievldnateviia Tneiinsnaulvisensiniasaer

'
I =

Usnalauduld vusnluliivivan wasuwvisuld Inednasnuwnnssusnalingndesiiioning
P & 1 a a \ ¢ A | v = ' ¢ 1 A= A

asveulwlgevdniiunazdeseanuenwadiitedeslyl Bs1nTenunuiteuleinguilinuaudilunis
dogaaeasiilolorie vililaansuansuaae quinines Fefimnulufivaiinii uazrilassadrainene
nsepaaasald

deldmedauanihmsantuiineSurednwuzneusnvesneaniin wavyhsesiuniaUes (spore
print) Iummzﬁmamﬁmé’mﬂaq Wetufinanwaengusniseusoulal 397n1sandnuun (identify) aan
=3 1Y @ 1 [ o v & =3 ::4'::{' < ¥ ] Y @ 1 & o =3
win witndaldanunsadadiuunlaliiuneninlilunfbusasui 1w idutesssun vsetineniin
Touwiaigamail 45-50 aemgaLdya LiouiaRLa? Wesnuiulugananafinuazdnuingdliain lng
anunsathinaugUlaenisudludl venen 3-5% KOH asludnaguils wahuesisaeuldnges
qanssasialy®

Yninndauenliuiansluiesujifinig tneldomns Potato dextrose agar (PDA) aaniiinil
LWL NUUDMNSHTL 1A sterile Waunaninlmduses TdAuAULENARNinRaNLAL LDl
1 <@ ::’4’ d’ll a dg‘; 1 4:1' a v
du stalk Y9INBNTA 19AIUNIIUDWMITEEAYE PDA TnamatiaUaeniiie Uuigamgiivies 1ia1 3 - 5
T WewalaseyunuvinlmgeuTanslagldis hyphal tip isolation 119a3uneInns PDA Tuaiuems
Weadalni vig 2 asuielulaleusans desganvarvendulonglindasqansseay denuigns
=3 & a Y a
WUAINADADINSTRINTLDee ¥Ta PDA

1.2 angiuginsNlisuaLe AT IeifiIng19YauIansanlasin1siTeved A, A3, leanynl
ININOU LALIINIATINITITETDY AS. Y301 T3iNTaNa NMATYVIRATVIVET ALLINEIAIERT L.
WNEATAANS 91UIU 22 Laletan

2. N15ANLABNSINAANUFINTAYBYFAYEITNLDLDY

2.1 MSWIYUNA YD

WSHUNATBLAENTTNIZIALITIUNEIMNS PDA Tillvunadunuaudnatdlalatiussann %ves
U0 9nTUlY cork borer Was 4 vwaldusUAUENA1YINTU 0.5 WURWAT ARTUINUTIIN

Uansdulodisltidunandslunisneasssald
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2.2 M3fmdensfiaunsagevaaisarsitetesliunlosnu (Primary screening)
] v A Yaa . a A
nsaadenlaeldis spraying plate UlMINAGOU 2 ¥R A wood meal-based agar
(WMBA) Tngimigndniiodnuau 1 Juiuasuuemisudedngn vuialiigumgivies Wesiasyaud
¥ ¢ a1 W & X = o ' P Aa Y
yunaduruaugna1talatdiviniu % veiumiziiedtie Ininsruasitelevaslunfvinves
2113 lawansiaesnldlunismaaeshe Auuuvsu Indu uasgesiu antudunsliNaaumgivies
dunan1si93eyrees vnmsinvuiaduiuaudnansvedalatinndua msdadensnianuaunsaly
| P a & vy & o a a a v 2 aax =
nsgoiluuniululowull Andonainsinasnsansglavue i sudndiluumiy
3. nMsfneUsEanSnmnsteuaanea1siaLYlagsaeugnAaEanld
2.1 NMSANIUTLENTAINNNTUBYERYENTNLDLY
nsnnaednetlsaeiusNAnEaNIINNTNAREN 2 INAnwINIsgesaangasiltereyly
a pRp a a Y 1 = a ~ ° &
gImMTvad ansiieleynAnwdl 3 wialdun Auwwniu vigeesu waglniu imswsidesiluems
Wi mineral salt glucose broth (MSG) Ailsifinsidnasiieninnisasrueuletidesaniiu lnely
2135UsH19s 10 faddns ussglunanaduunn 50 faddas uuiislingaumaiiviesliswasaduna 3 u
Y a o a v v W & o ' aa | & |
udfuileterasiuaudanududuwindu 100 ppm antuvinnsudluanieninisiwgiuuaieug)
WUU Rotary Shaker inusagnasninusunaansusyneviielesfianadaeldinaiianmsaiualnsinlaswm
3 Tudumeaunisiusnegraieth luiausunufitoevianadlasldwmadeniaalaslnlnswuvsiy vinlae
PNanan g 19uanna1sieLeY WeiuwniIuea Usuns 30 Jadans adtUlunanan waasaniald 15
Wi Antunsesenduleesesn hdlanlaluuiuanudutusie lnggadiulaindsung 250
lulasdns Tdlu appendrof uwadnfuumiueausuns 375 lulasans wadlvidiiuantugaansasaiei
naufuAwaiun 500 lulasans Tdadluvasnnaase waRuunIuealsuins 4500 tulasans waulndn
u thansagaenauaui Akl InUSnaasUsenauiluuwnsu Waeeiu wazlniu Nanuend
AAU 251, 262 WAy 239 nm AIUaINY
3.2 AnwnanssuveseulesigesaniunasieduluseninansesyaansasfioLey
a ca 6 1 a a a ;% 1 .
Apszvnanssueuleddesdniu 3 ¥a 1aun laccase, manganese peroxidase (MnP) Wag
lignin peroxidase (LiP)
3.2.1 MnAsIEnanssuvaaauleyl Laccase
Aanssuvateulell Laccase TiAs1enanUfizen oxidation a3 2,6-dimethoxyphenol
(DMP) lngdnFinisaanaunacminateaay 469 wiluns ansnldvinujisenusenausie
DMP 1191 3.0 mM Malonate buffer pH 4.5 19191 50 mM @sazangtouluinanuidudui

bANNT AN
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3.2.2 Myasiginanssuvesoulyd Manganese peroxidase

Aanssuveteulysl MnP Aiasieannuijisen oxidation ¥as DMP laginf1n1sganzu
wasfinmeIndu 469 wilumns a1salivhuFAzenUsznouse DMP Wudu 3.0 mM MnSO,
WU 3.0 MM H,0, 1W1U4 6 mM Malonate buffer pH 4.5 1Wudu 50 mM ansazaietoulal
aandududimangas

3.3.3 Myiasginanssuvaaeuled Lignin peroxidase

Aanssuveteulel LiP Aimsienainufizen oxidation ¥es veratryl alcohol af1N1s
anduuasil 310 wiluiuas a1sildviuFAzeWsEneue Veratryl alcohol iy 1.5 mM
H,0, Wi 0.2 mM Malonate buffer pH 4.5 1Wudu 50 mM asazanereuledanududud
N TE
ol 3 iiniAnsgAnduLASILUU time scan SuiinAnelugisnan 3 uidilaeldiedos

UNICO 2802 UVVIS spectrophotometer Tnefinewusilsk 1 Unit vesoulesisa 3 wialumsnnassiie

Usunureaeuluifiansaeondladduansnusuna 1 pmol Aaui
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NANISNAABINBUT 2 N1SANWYINISERYEANENINTININVDIEISUTTNBUNLLRYIAYST
1. aneugsnldlunuide
1.1 angiugTMAauwenniaINsssuy IR

HANSARKEN LAaNERUTIIIWI 3 lolaian Laniianns1edn 1

A a s

ANS5197 1 WARSSIE ToaNny FOINUIAIENT LAZWNAINUIVDIR9819 ALY NTNLIINTTITUVR

o

Sa Yoasly VINVAENT WAL
KU-Eng 01 - Lenzites elegan UShadlAusuaINgs vthAeImnssumans un.
KU-Rec 01 - Ischnoderma sp. VSNl NTNANYIUMERS LA,
KU-Mb 01 - Ganoderma lucidum Usnadleaulyl 919fingadainen un.

A1919% 2 uansdnwee fruiting body Ueee KU-Eng 01 WATHANTTTYTTA

NINLERAY fruiting body ¥a9 KU-Eng 01 NINLEAY fruiting body 284 Lenzites elegan

: ARSS LDUNGUTUNA LazAg (2001)

dnwaz fruiting body 989 KU-Eng 01 %uanuwin 30 x 24 93, %1 1-7 9. W@uledauuy wilen dudensu Wedunsa

szdeududiina wWigfaduleuiuldnuilawiuaugs Uinaauglmnssumans uning1donynseans

nan1sszyvilaluseiudugiuingt KU-Eng 01 fdnuwarlnalAesiu Lenzites elegans dmaglu Order Polyporales Uay

Family Polyporaceae
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M13199 3 wARIANYalY fruiting body ¥84%8 KU-Rec 01uagHan15szyviin

AINLENY fruiting body 849 KU-Rec 01

ANLLEAY fruiting body Y84 Ischnoderma benzoinum

ﬁm’l:http://it.vvikipedia.org/vviki/lschnoderma_benzoinum

anwauz fruiting body Y89 KU-Rec 01 A11sUszanad 20 cm. aunsedl 14 cm. A28%U 2 cm. @Uasisunmig %3o

UIH18 NUUSIUAULIUAEAS UNINYIFUNEATAENS

nan1sszyvialuseaudugiuingn KU-Rec 01 fdnwaizlndifissiu ischnoderma benzoinum %’ﬂa‘&ﬂu Order

Polyporales wag Family Fomitopsidaceae

M13199 4 wansdnealy fruiting body ¥84%e KU-Mb 01uaznan1ssyyyile

NINKENS fruiting body ¥89 KU-Mb 01

ANLLEAY fruiting body Y89 Ganoderma lucidum

1 ousA Junsasana wavane., 2551

anwaz fruiting body 89 KU-Mb 01 v117nUu19 3x 5 @3, U 1 @3, Auea 3-4 cm. isnneendeusiuiy ieuds @

YIRALAT VUGBS WUU%L’;mﬁﬂmﬂ%’lﬁ;a%ﬁwm AEINYIANANSUMNINGABLNYATANERNS

nan13szyviialussaudagiuinegn KU-Mb 01 ddnvuglndifiesiu Ganoderma lucidum dmeglu Order Polyporales

ag Family Ganodermataceae
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1.2 angiugsflnsuanuenseiiieg e usansainlaseinsideves sa. as. lnednual 3ns

MDY haY A3. Y31 T3AMTana N1AINIRATIINET ANEINEANT L. Inuasenans Suau 22 lelulan

Y =
LEAAIANAITINN 5

AT 5 LEReTIE Foaiey ToIUIMERNT LarViveiIng 19T LsiazYila

s¥a Yoaiiyy

Yo MeFEns

LIRAINLN

KU-Alkd -

Garnoderma sp.

1ASINNTIVE SA.M5. aDanunl INTABU NN,

SW19 -

1ASINNFIVE SA.05. aRanwal INTABU UN.

BKNO1 -

Ganoderma oregonese

1AS9INN5I98 A9,

Y301 F3snsana un.

T14 YOUAN

Lentinus polychrous

1AS9INN5I98 A9,

Y301 F3fsana un.

T15 UBUVTI

Lentinus squarrosulus

1ASINSITY 9S.

Y301 53snsana un.

T2 -

Pleurotus ostreatus

1ASINSITY 9S.

Y301 S3snsana un.

T4 -

Plueotus sajor-caju

1ASIN5ITY 9S.

Y301 53smsana un.

T27 -

Pleurotus oryngii

1ASINNTINE A9

Y301 F3nsana un.

T6 -

Pleurotus cystidiosus

1ASIN1539Y 95.

%301 S3snsana un.

7 -

Auricularia auricular

1ASINNTINE AS.

Y301 F3sana un.

RRITO1 -

Trametes versicolor

1ASINSITY 9S.

%301 53snsana un.

RRITO2 -

Trametes sp.

1ASINNTINE A9

Y301 F3nsana un.

RYNF13 -

1ASINNTINE AS.

Y301 F3nsana un.

TMC20 -

1ASINNTINE A9

Y301 F3sana un.

TMC21 -

1ASINNTIIE A5

Y301 S3insana un.

TMCQ -

1ASIN5I9Y 95.

Y301 S3isana un.

Unk-B -

1ASIN5I9Y 95.

Y301 S3isana un.

Unk-D -

1ASINNTIIE A5

Y301 S3insana un.

Unk-I -

1ASINNTIIE A5

Y301 S3insana un.

Unk-J -

1ASIN5ITY 95.

Y301 S3isana un.

Unk-K -

1ASIN5ITY 95.

Y301 S3isana un.

Unk-N -

1AS9INN5I9E A9

Y301 S3nsana un.

Unk-R -

1AS9INN5I9E A5

Y301 53nsana un.

Unk-T -

1ASIN15ITY 95.

Y301 S5msana un.
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2. NMsAndansIdUNsatsaawa1sitateylAlulUasiu
NM3AREENIINIAMNEINTATUNNTIAS YUUDINTNAFDU wood meal-based agar (WMBA) il

1 a ] a A o ° o ) =
ﬂ']ﬁWUﬁ']iWL@L@%LWWS%U@@QIU NTINVNINTNAADUINUIU 27 lai%LaVl lﬂNﬁ@QLLaWﬁIumqﬁqﬂﬂ 6

= a Aa 1 = ! a a v
AITNN 6 LEANNITLAILYVDITTUUDINNTG WMBA NUATTWUAITNEDLDULLA AL TUAAIUUNINUIDINNT

"y yuadurugudnandlalaisuue s WMBA Aifiansfielen
FIUNUTN
Phenanthrene Fluorene Pyrene
KU-Alkd-Ganoderma sp. +++ +++ +++
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ABSTRACT
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In this research, phenanthrene-degrading bacterial strain CH3 was isolated from

oil-contaminated soil in Thailand using a spraying plate technique. The strain CH3 was identified
as Psendomonas sp. CH3 based on its 16S tDNA sequence analysis. Complete degradation of
phenanthrene in the minimal salt medium culture was observed within 3 days of incubation at
room temperature (3012°C) whereas at 37°C, complete degradation of phenanthrene occutred
within 6 days. At 42°C, the strain CH3 was still able to grow and degrade approximately
23% of phenanthrene. Therefore, the strain CH3 is suitable for phenanthrene bioremediation
in tropical areas, where temperature may exceed 40°C during the hot season. Additionally,
Psendomonas sp. CH3 can utilize aromatics and small carbon compounds, thus offering an
environmentally friendly method to remove hazardous substances from the environment.

Keywords: Phenanthrene, Pseudomonas sp., PAHs

1. INTRODUCTION

Environmental pollution currently
becomes socially interested and concerned.
Polycyclic aromatic hydrocarbon (PAH), a class
of hydrocarbon compounds containing two
or more fused benzene rings, is widely
distributed in environment as a consequence
of rapid growth of industry. PAHs are highly
toxic, carcinogenic and mutagenic to human
and living organisms. However, the removal
of PAHs from the environment is extremely
difficult due to their low solubility in water,
strong absorption on solid particles and

high stability. Elimination of PAHs from
environment can be achieved by cheaper and
more environmentally friendly microbial
transformation and degradation. Phenanthrene
was used as a model compound to study
PAH biodegradation by microorganisms and
to isolate novel PAH-degrading bacteria.
Most of the reported PAH-degrading
bacteria belong to the genus of Pseudononas,
Mycobacterinm, Burkbodelria and Sphingomonas.
The PAH degradation by microorganisms is
typically affected by environmental factors,



such as temperature, pH, the presence of
nutrient, oxygen and bioavailability [1, 2].
The factor strongly limiting the application
of microbial bioremediation in fields,
especially in the tropical area, is temperature.
For example, the outdoor temperature
measured in Thailand can be as high as
40°C, depending on season [3]. Therefore,
the bacterial strains that are capable of rapid
degradation of PAH and able to acclimatize
to a range of temperature are necessarily
required.

In this study, isolation and characterization
of phenanthrene-degrading bacteria from
oil-contaminated soil in Thailand have been
carried out. The phenanthrene biodegradation
efficacy of the bacteria was examined for a
range of temperature up to 42°C. Moreover,
the capability of the bacteria to utilize other
PAHs and carbon compounds was also
studied.

2. MATERIALS AND METHODS
2.1 Chemicals and Media

All chemicals used are analytical reagent
grade. Minimal salt medium (MSM) was
composed of 18 mM (NH),SO,, 1 uM
FeSO,.7H,0, 100 uM CaClL,.2H,0, 1 mM
MgSO,.7H,O, and 8.5 mM NaCl in 10 mM
Na,HPO -KH,PO, buffer (pH 7.0) [4].
One litre of nutrient broth (NB) comprised
3 g of peptone and 5 g of beef extract and
the pH was adjusted to 6.8-7.0. Mineral salt
agar (MSA) and nutrient agar (NA) were
prepared by addition of agarose and agar in
MSM and NB, respectively, to make a final
concentration of 1.5%. All media used were
autoclaved at 121.5°C for 15 min. Stock
solution of phenanthrene in methanol
(10 gL") was freshly prepared ptior to use.

2.2 Soil Samples and Enrichment Process
Muddy soil samples were collected from
oil-contaminated areas in Bangkok, Thailand
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and stored at 4°C. The total count of bacteria,
relative humidity and pH of the soil sample
wete 2.6 X 10° cfu/g of soil, 14.8% and 7.25,
respectively. Enrichment medium was
prepared as follows; firstly adding 1 mL of
freshly prepared phenanthrene stock
solution in methanol (10 gL.") to a 250-ml
sterile erlenmeyer flask and allowing methanol
to evaporate overnight. Then, 100 mL of
the autoclaved minimal salt medium was
transferred into the prepared flask to make a
final phenanthrene concentration of
100 ppm. To prepare the enriched consortium,
1 g of the soil sample was mixed with the
enrichment medium, followed by incubation
at room temperature (30£2°C) on a rotary
shaker at 200 rpm for 1 week. Then, a 1-mL
aliquot of the suspension was transferred
to 100 mL of another fresh mineral salt
medium containing the same amount of
phenanthrene as described above. This
enriched consortium was incubated under
the same condition for another 1 week.

2.3 Isolation and Characterization of
Phenanthrene-degrading Bacteria
Phenanthrene-degrading bacteria were
isolated from the consortium using a spraying
plate technique as previously described [4].
The sprayed plates were incubated at room
temperature (3012°C) for 2 weeks. Colonies
surrounded by a clear zone were isolated.
The isolated bacterial strain was characterized
for its colony morphology on nutrient agar,
Gram’s stain and cell shape. The motility was
observed under a light microscope using a
hanging drop technique. Optimal temperature
for growth of the isolated bacterial strain in
nutrient broth was examined for an incubation
period of 48 hours using a temperature
gradient incubator (Tokyo Kagaku Sangyo,
Japan). The examined temperature ranged
from 25 to 50°C. The growth was
determined by spectrophotometric method.
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The isolated bacterial strain was molecularly
identified by searching for their 16§ rDNA
sequence homology in Genbank database.
Bacterial genomic DNA was purified by
Genomic DNA Purification Kit (Fermentas,
USA) according to manufacturer’s protocol.
The universal primers (forward primer 27F:
5-AGAGTTTGATCCTGGCTCAG-3’
and reverse primer 1389R: 5'- CTTGTGCG
GGCCCCCGTCAATTC-3") were used for
the amplification of the 16S rDNA gene
fragment with Tzg DNA polymerase
(Fermentas, USA). DNA sequences were
compared to sequence homology using
BLASTN program (www.ncbi.nlm.nih.gov/
BLAST). Phylogenetic tree was constructed
by neighbour-joining method with a 1000-
replication bootstrap analysis using MEGA4
program [5].

2.4 Phenanthrene Biodegradation

To examine biodegradation of
phenanthrene by isolated bacterial strains,
the bacterial culture was inoculated in mineral
salt medium containing phenanthrene as
follows; the sterile 50-mL erlenmayer flask
was initially filled with 0.100 mL of
phenanthrene stock solution in methanol
(10 gl.'"). Methanol was allowed to evaporate
overnight. After that 10 mL of the overnight
culture in nutrient broth inoculated in
mineral salt medium at a ratio of 1:100 was
transferred to the prepared flask containing
phenanthrene. The final phenanthrene
concentration in culture media was
100 ppm. The culture flasks were shaken on
a reciprocal shaker at 150 rpm. The
phenanthrene biodegradation efficacy
was investigated at room temperature
(30£2°C), 37 and 42°C using a watet
bath shaker (Taitec MM-10, Japan). Each
experiment was performed in triplicate.
Control experiment was carried out in

duplicate using the autoclaved sterile

bacterial culture instead of the living culture.

The concentration of phenanthrene
in culture media was determined
spectrophotometrically at A= 251 nm
JASCO V-670 UV-visible

spectrophotometer [6]. Calibration curve

using a

for phenanthrene showed a linear relation
in a concentration range of 0.1 - 1.6 ppm
(R* = 0.998). Typical procedure for
determination of phenanthrene concentration
in culture media was as follows; the collected
sample was diluted with methanol by a factor
of 4 to completely dissolve the remaining
phenanthrene, followed by centrifugation at
14,000 rpm for 2 min to separate residual
bacterial cells. The supernatant liquid was
then diluted by appropriate folding (4 or
100 folding) depending on amounts of
phenanthrene remained in the culture.
Bacterial growth was determined from the
methanol-diluted culture by an OD

600nm
spectrophotometry.

2.5 Carbon Source Utilization

In addition to phenanthrene, the
utilization of other carbon compounds
was examined for the tested strain. The
tested bacterial strain pre-grown in
phenanthrene-containing media were
inoculated at an initial OD, —of 0.01 to
fresh mineral salt medium supplied with
one of following substrates at 0.01% (w/v
or v/v): phenanthrene, fluorene, pyrene,
benzo|alanthracene, benzene, toluene,
xylene, phenol, methanol, ethanol and
acetone. The cultures were incubated at
30°C with the 150 rpm shaking condition
for 4 days. The cell growth in the media were
indicated by the increase of OD

600nm Value'

3. RESULTS AND DISCUSSION
3.1 Isolation and Characterization of
Strain CH3

Phenanthrene degrading bacterium



CH3 was isolated from oil-contaminated soil,
using 1-week followed by additional 1-week
time interval enrichments without an
elevated concentration of phenanthrene.
The strain CH3 colony on nutrient agar was
white, opaque and circular in shape with a
smooth edge and surface after 24 hours of
incubation. When incubated longer, the
colony became yellow with an undulate
edge (Figure 1A). The strain CH3 was
motile, gram-negative, short rod bacterium.
The optimum and maximum temperatures
for the growth of the strain CH3 were at
37 and 42°C, respectively. Spots of the CH3
cells suspension on minimal medium (MM)
sprayed with phenanthrene showed a clear
zone around bacterial colony after incubation
at room temperature for 7 days, indicating
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that the strain CH3 retained phenanthrene-
degrading capability (Figure 1B). A 16S rDNA
sequence, consisting of 1287 nucleotides
from the amplification showed the highest
sequence similarity to Pseudomonas sp. S2 16S
ribosomal RNA gene, partial sequence
(HQ721241) (100%). According to the
sequence similarity compared to type
strains, the strain CH3 showed a close
relation to Psendomonas balearica SP1402
(U26418) (98%). Additionally, phylogenetic
analysis showed that the position of the
strain CH3 in phylogenetic tree was also
close to P. azotifigens 6H33B and P. indica
IMT37 (Figure 1C). The DNA sequence
of the strain CH3 16S rDNA gene (partial)
was deposited in GenBank database under
the Accession No. AB932518.

99 [:fseudomonas azotifigens 6H33b(T)
Pseudomeonas indica IMT37(T)

Pseudomonas baleanica SP1402(T)
Strain CH3

Pseudomenas resinovorans LMG 2274(T)

- Pseudomonas stutzeri ATCC 17588(T)

Pseudomonas aicaligenes NBRC 1415%T)
Pseudomonas aeruginosa LMG 1242(T)
Pseudomaonas otitidis MCC103304T)

Pseudomonas putida NBRC 14164(T)
100 ————— Pseudomonas rhizosphaeraeH5(T)

0.00%

Pseudomonas fluorescens DSM 50090(T)

\
76|
62 Pseudomonas syringae KCTC 12500(T)

Figure 1. Characterization of strain CH3: (A) colony morphology at day 2 (B) clear-zone

surrounding colony on phenanthrene sprayed plate (C) Phylogenetic tree of Pseudomonas sp.

CH3 and related species in Genus Psexdomonas constructed on the basis of 16S rDNA sequences

using the neighbor-joining method. Bar = 0.005 base substitution per site. There were a total

of 1261 positions in the final dataset. Bootstrap values are shown next to the branches.
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3.2 Biodegradation of Phenanthrene by
Pseudomonas sp. CH3

The efficacy in biodegradation of
phenanthrene by Pseuxdomonas sp. CH3 was
investigated at room temperature (30£2°C),
37 and 42°C. The percentage of remaining
phenanthrene in the culture was calculated
from the remaining concentration relative
to the initial concentration of 100 ppm.
The results demonstrated a significant
reduction in phenanthrene concentration in
mineral salt medium culture at room
temperature (30£2°C). It was found that
phenanthrene was degraded by 80% after
2 days of incubation (data not shown).
The strain CH3 completely degraded
phenanthrene within 3 days of incubation
(Figure 2A). The growth of the strain CH3
was also monitored by changes in OD
value. It was found that the OD

600nm
the maximum on day 3 and remained

600nm
reached

relatively steady until the end of incubation
(Figure 2B). In a control set, the reduction of
phenantherne by abiotic factor was less
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than 10% at 3 days of incubation. At 37 °C,
the results showed that 70% of phenanthrene
remained in the culture after 3 days of
incubation but no phenanthrene was
detectable after 6 days of incubation.
The bacterial growth slightly increased
during the incubation and the OD,
reached ~0.2. At 42°C, approximately 77%
of phenanthrene remained after 6 days of
incubation and the strain CH3 slowly grew
during the incubation period (Figure 2A and
2B). At 37 and 42 °C, the reduction of
phenantherne by abiotic factor was less
than 10% at 6 days of incubation. In this
experiment, the higher phenanthrene-
degrading capability was observed at lower
temperature. Although the solubility of
phenanthrene increases at higher temperature,
oxygen availability decreases, leading to
the reduction of aerobic phenanthrene
biodegradation. The optimum temperature
for phenanthrene biodegradation was
dependent on the sites where the species
were sampled and isolated [7].
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Figure 2. (A) The percentage of remaining phenanthrene and (B) the bacterial growth of
Psendomonas sp. strain CH3 at room temperature (RT), 37 and 42°C. An error bar showed the

standard deviation of three replicates.



Table 1. Utilization of wvarious carbon
substrates by strain CH3

Substrate Growth?
Phenanthrene ++
Fluorene +
Benzo|a]anthracene -
Pyrene -
Benzene +
Toluene +
Xylene +
Phenol +++
Methanol -
Ethanol ++
Acetone -

*‘Growth was monitored by the increase of
OD,,... values for 4 days.

- High growth (+++): Growth > 10 fold
compared to initial value.

- Medium growth (++): Growth 5- 10 fold
compared to initial value.

- Growth (+): Growth 2 —5 fold compared
to initial value.

- No growth (-): Growth < 2 fold compared
to initial value.

There were reports about phenanthrene
biodegradation by Pseuxdomonas spp and
related genera. For example, Pseudomonas sp.
USTB-RU degraded 86.65% of phenanthrene
(initial concentration of 100 ppm) within
8 days at 30 °C [8]. Isolated Pseudomonas and
Sphingomonas strains showed high degradation
of phenanthrene (75-100% of 150 ppm) in
72-168 hours at 25 °C [9]. The strain CH3
showed comparable efficacy in phenanthrene
biodegradation. Only a few bacterial strains
have been studied for their phenanthrene
degradation at relatively high temperature.
For example Pseudoxanthomonas sp. DMVP
showed 90% of phenanthrene degradation
at 40 °C after 5 days of incubation [10]. The
high efficacy of phenanthrene degradation
and survival at a wide range of temperature
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make the utilization of the Pseudomonas
CH3 in phenanthrene bioremediation outdoor
extremely attractive and beneficial, especially
in tropical areas where the temperature
sometimes reaches 40 °C.

3.3 Utilization of Other PAHs and Carbon
Compounds by Pseudomonas sp. CH3

In addition to phenanthrene, the results
showed that the strain CH3 was capable
of utilizing other PAHs such as fluorene.
The strain CH3 was able to utilize small
aromatic compounds, i.e. benzene, toluene,
xylene and especially phenol. It also utilized
small carbon compounds such as ethanol
but neither methanol nor acetone.

4. CONCLUSIONS

Bacterial strain CH3 was isolated from
oil-contaminated soil and identified as
Psendomonas sp. based on its 165 rDNA
sequence. Pseudomonas sp. CH3 was able to
degrade phenanthrene completely within 3
and 6 days of incubation at room temperature
(30£2 °C) and 37 °C, respectively. Partial
degradation of phenanthrene by Pseudomonas
sp. CH3 was obtained within 6 days of
incubation at 42 °C. Additionally, Psexdomonas
sp. CH3 could utilize other harmful carbon
compounds such as phenol and benzene.
Thus, Psendomonas sp. CH3 is a potential
candidate for in situ bioremediation of
phenanthrene and possibly other toxic organic
compounds, commonly contaminated in
the environment in tropical area where
temperature can reach 40 °C.

ACKNOWLEDGEMENTS

This work was supported in part by
grants from the Science Research Fund
(ScRF), Undergraduate Research Matching
Fund (URMF) and ScAWAKE from the
Faculty of Science, Kasetsart University,
Center of Nanotechnology, Kasetsart



Chiang Mai J. Sci. 2015; 42(X)

University and Kasetsart University Research
and Development Institute (KURDI) and
by the Commission on Higher Education,

Ministry of Education through the National

Research University Project of Thailand

(NRU).

REFERENCES

(1]

Doyle E., Muckian L., Hickey A.M. and
Clipson N., Microbial PAH degradation,
Ady. App.l Microbiol., 2008; 65: 27-606.
DOI 10.1016/S0065-2164(08)00602-3.

Avramova T., Sotirova A., Galabova D.
and Karpenko E., Effect of Triton X-
100 and rhamnolipid PS-17 on the
mineralization of phenanthrene by
Pseudomonas sp. cells, |. Hazard. Mater.,
2008; 152: 1293-1300. DOI: 10.1016/
j.ibiod.2008.03.008.

Thepa S., Feasibility of Evaporative Cooling
Applications For a Lentinus edodes (Berk.)
Sing Honse, PhD Thesis, King Mongkut’s
University of Technology Thonburi,
Thailand, 2008.

Hohzoh K., Kazutaka N. and Keiji Y,
Rapid screen for bacteria degrading
water-insoluble, solid hydrocarbons on
agar plates, Appl. Environ. Microbiol., 1982;
43: 454-457.

Tamura K., Dudley J., Nei M. and Kumar
S. MEGA4: Molecular Evolutionary
Genetics Analysis (MEGA) software
version 4.0. Mol. Biol. Evol., 2007; 24:
1596-1599.

Tao X.Q., Lu G.N,, Liu J.P, Li T. and
Yang L.N., Rapid Degradation of

Phenanthrene by Using Sphingomonas sp.
GY2B Immobilized in Calcium Alginate
Gel Beads, Int. . Environ. Res. Public Health,
2009; 6: 2470-2480. DOT 10.3390/
1jerph6092470.

Hwang H.M., Hu X. and Zhao X,
Enhanced bioremediation of polycyclic
by
environmentally friendly techniques,
J. Environ. Sci. Health C Environ. Carcinog.
Ecotoxicol. Rev., 2007; 25: 313-352. DOI
10.1080/10590500701704011.

Masakorala K., Yao J., Cai M.,
Chandankere R., Yuan H. and Chen H.,
Isolation and characterization of a
novel phenanthrene (PHE) degrading
strain Pswuedomonas sp. USTB-RU from
petroleum contaminated soil, J. Hazard.
Mater., 2013; 263: 493-500. DOI 10.
1016/j.jhazmat.2013.10.007.

Pedetta A., Pouyte K., Herrera SSM.K.,
Babay PA., Espinosa M., Costagliola M.,
Studdert C.A. and Peressutti S.R.,
Phenanthrene degradation and strategies
to improve its bioavailability to
microorganisms isolated from brackish
sediments, Int. Biodeter. Biodegr., 2013; 84:
161-167. DOI 10.1016/j.ibiod.2012.
04.018.

aromatic hydrocarbons

[10] Patel V., Cheturvedula S. and Madamwar

D., Phenanthrene degradation by
Psendoxanthomonas sp. DMVP2 isolated
from hydrocarbon contaminated
sediment of Amlakhadi canal,
Gujarat, India, |. Hagard. Mater., 2012;
201-202: 43-51. DOI 10.1016/j.jhazmat.
2011.11.002.



