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Abstract

One of the major environmental problems today is petroleum hydrocarbon contamination
resulting from the activities related to oil spills as well as the petrochemical industry. Microbial
degradation is the major and ultimate natural mechanism which one can clean up the petroleum
hydrocarbon pollutants from the environment. The objective of this research was to study the
polyaromatic hydrocarbons biodegradability by laccase produced by lipolytic yeast, Aureobasidium
pullulans var. melanogenum, screened from Sichang Island. The experiments were firstly performed by
study the optimal condition for growing the A. pullulans and its laccase production. Laccase can be
produced from 4. pullulans by induction with 2 mM guaiacol in growth medium. Laccase was lyophilized
and stored in capsule. Biodegradability of laccase on naphthalene, anthracene, pyrene and benzo[a]pyrene
was then determined using High Performance Liquid Chromatography (HPLC). The results revealed that
the laccase activity of one capsule (0.16 g) lyophilized laccase was 711.11 U/ml and can degrade
benzo[a]pyrene, anthracene, pyrene and naphthalene by 45.33, 38.16, 25.38 and 24.35 percent after 48
hours incubation respectively. The results of that laccase produced by A. pullulans can degrade

naphthalene and anthracene in soil by 51.34 and 85.06 percent respectively, after incubation for 9 days.

Key words: lipolytic yeast, laccase, polyaromatic hydrocarbons
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29 ¥d . . Yy = ¥ o v @ s o Vv '
lad 13y dihydrodiol 91n1udaneendu lamsanarsluiginaasud uazii )i uunas

o ) A
mmauuazwawmllmumjﬂ

PAH MW S0l (mg/L)

3

128.2 31700

&
=
g
&
5

O
G-

154.2 3.900

=
o
=
=

-
=3
&
R

i
O
©

£
g

178.2 0.070

©
O

Recalcitrance
B
@@)

Phenanthrene 178.2 1.300
Fluomnthenes 2023 0.260

- o 140 M 3.3 Tassadazquauiamaniivesans

@ .
QO Inaozlsuianlalasnisuou wul1gadinaa

2283 0.002

g
:
g
:
:

A X 3 A
TmaQmwaﬁuﬂmuﬁm1iaiuﬂ13azawmmaﬂ

o
5
o5

9 .
b5 0003 U289 (Bamforth and Singleton, 2005)

¥
E
=,
=)
L)
!
H
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dy 1 1 . . [ ~ a 4 Y
193 1VNQN 1FU White rot fungi @1150800aa10815 Indoz 1sunan lalasmsveu 1a lag
9 d o Y ] a a ] . . . 2 4 JAq Y1 ,i’ 9 =)
IoulasidmSudesaarsaniiy 1¥u Lignin peroxidase Faiduten lsinlddosaareiiolss uail
° o =R 1 a a 7 A~ ) Y a a Yy .
ANVUIIINZEgesaateas Inaoy Isuan lalasmsueu Nl Iaseadwadieaniiuladne (Baldrian

et al., 2000)

3.2.2 wanipg

I o J a A o . o
uafAe (Laccase; EC 1.10.3.2) uJumu‘lwGl,uﬂqmm@aﬂcﬂmﬂﬂma (Oxidoreductase) N

Y A

1 aan A 9 a A ad
wihilumsiselgaseinsinaeudieezaoulalasinn, eondnu visdanasou 1naslsznou
wildldeansdsznevdu TlUsauiludilsznoundnuaziiTanzasinles (cu™) 4 ozaouaglu
TassafreTuanadae Tavzaeinles lulassadausesndlu 3 siia 18U type-1 (T1) Tnotlnlef 1

92A0Y, type-2 (T2) notulod 1 oxaou uay type-3 (T3 uag T3°) inodules 2 oxnou (Zheng, ef dl.,

Y
= I

] aan v v a 4 A
2008; Solomon, et al., 1992) NT2UIUMIITUHNoTFANTUYDIBONFRUV U0 Iiuannd FUAIUT
o ' = g o ' . . A v W 9 a A A o o s A
AWMU T1 F9) UL active site NUMIVUAVATIIMINE thalnsetsanduvesneilinles y
° ] 1 1 a g Y] o 1 a a aan =Y I %}
Auniie T1 wazdsrusanasou 11U dumnis T2/13 nazeendnunalfnsetsandu laiiluin
J g o 1 aaa
(Solomon, et al, 1992) 1o lwiuamaazian lhiludnsalul§asemazinnuansolunsly
duamasnldnanvateviia wu polyphenol, aromatic, benzinethiols, anthraquinone, syringalazine, 2,6
o o { g

dimethoxyphenol, veratryl alcohol, 2,5 xylidiene, ferulic acid wazd il duaaInndunin non-phenolic

] < = 4
compounds 1% HAA, HPI, VLA a2 ABTS 11JUAY (Bourbonnais et al., 1990) Fo@auean13 laton lus]

<3| o 1A A 1w 1 aaa a A Yy 1 ° .. o
vannailuaussimtionnansalfseretiunsd 1aun aAnusuw1z91299 (Selectivity) 1azoAT1
a Aaan [~ a =\ Bo} o g e A aaa
manad§nserge hidluiy Januawisalunisazateni aunsoiigi(Repeatability) 14 Ugnsen
mnaldnmeldaniignisnaass wu Mevvosarsazate gungil taganuau luguuse tazamso
o k) =

aa1e67 1an19T0M

a

a
VIIUN

W W W

UnUaUanInvaduaning (Substrate binding sites of laccase)
Taseadwanvowannd liuaasdnyuzmmizyosdumiaiis s en (Active site) tall
Aa Jo 1 adg @ 14 ] ~ = ~
mysasdumasnuazaeeudianasou lldaneililes T1 (Type-1-copper) ogluTamuh 3 vSwn
v o o I a Aa o 9y Aa J
Jnuduamsnveanmaiuusnantvinalugedlndausnaneiiles T1 (Type-1-copper) N3ADY
a 1 [ I a 4 a
T Tuaulvaiilu Histidine (His) taziludnnuvesasilios T1 (Type-1-copper) AoNTOUAIINTADL
Tuninerveanumstuvesduaasnaaq 3 ltuanmalanifanudumzmnzsssuduaasnld
a 1 a y 1 %’ < a a 1 [ a { %’
nannateria aauusnai luveuiiniunsaesd Tusiia Phe 819WUIINNUNTADLH TUAFOUUN

v Y
1¥U Asp, Lys, Tyr 1482 Prolines @A 1LHUINT Pro ANNHAINKHA10UDIFHANTADL A IUNE 100 T LY



1&8afnBAINA1TIAIF (Redox potential) YoaTuananeiilos T 1 (Type-1-copper) (> 700 mV ) &4

Lﬂ%mﬁw”lﬁ’h"mmﬂmﬁﬁwﬂu Trametes versicolor

vinailFnumelulassanawanveaanna (Active sites of laccase)
a { v I'4 a { g’; 1 1
1. vinunldauvesnguaeiilod T1 (Mononuclear site) D3N IFuasasnnueglng
[ I a A o [ @ A 3 a A Jd [I~1 L=
nuAameuen luanauazuuinunsunuduamasninduaisdunid arulnytunguiuea
U o 4 a a3 1 a g 1
(Phenols) 130NquEAa1lUA (Arylamines) 1200nF ladoianasouudllassdanasoull Taor1u
1 4 J Ao o . 2 < U A J
nquAdliles T1 (Type-1-copper) AIUNTUA His 1Az Cys NInua 1Wudinve Tamwui 3 tazazds
W1'11)§915 199 Trinuclear (T2/T3) (Solomon et al., 2001)
a { 1 I'4
2. vinaildauvesnguasililes T2/T3 (Trinuclear site)
{ a g [ a ad [ ] '
WoBaNATOUYNAUdIUIVTIM Trinuclear (T2/T3) BIANATOUITYNDIGTOUNTUTOING 2
1 adg
%aqmqmﬂﬂmqa‘%ﬁﬂmaqammuamﬂa (Intramolecular) (Morgunova et al., 2006) B1aNATOUILYN
1 [ a A . Y] 4 Y] a ~ 9 a ~
a8 TouruUTNUNT Cys tazHis 2 #2vesnaditlos T1 (Type-1-copper) 1Udausnanldnuusnun
= a . a dy [ S A 4 a 9 Bo} a dy é a
2 19 V51 Trinuclear (T2/T3) ViNaUIzIULAZIAIG INanavesoonFau lauiunedu Fausna
. 9 J J [
Trinuclear 931/3znouA28 1 Tutanaveanguaaiios T2 (Type-2-copper) Haz 2 Tuanavoinguaoll
J @ T [ = 1 1 ~ [ = v W .
1Jo3 T3 (Type-3-copper) 3n0gluanvazjlammasuogsznnglamun 1 1Y Tamui 3 9UNY His 8
@ 3 ' ' J A o 3 a . . v v .
auag 2 Tuanavei daunquastiles T2 Tanvuziilulas Inoodud (Tricoordinated) 3UNY His
@ 2 ' J < =) Ao o . .
2 gavaz 1 Twanavedi 2 Tuanavednguaoliled T3(a) HuusunIuAUa1s Hisl 11, His399
1 I a lo o yo/ Y
ae His449 @31 T3(b) \WuUSHaNIunUeas His66, His109 tag Hisd51 Uana1nugalnsIuny
Eo' ] LY 1 14
Tuanaveuiwu luduuas (Asymmetrically) 11 2 Turanavesnguaotilod T3 (T3 (a) 5z03N19
Y
298 A war T3 (b) Uszezmaminy 223 A) fuAIvesaviazated 2 ¥eanalunisareleon
ag Y . : '
oranasou v 1Udausna Trinuclear (T2/73) aelulassaieluanavesuannd FI¥oan19usn
I 1 4 9 = 1 1 dy v o
i 2 Tuanavesnguaeiilos T3 (Type-3-copper) AMUNLIVDINGN T2/T3 FoINWHIZIONTUND
a 1 [ { I 1 4 a 4
Turanaveeendy dureIn1an 2 Wuluanavesnguaeiies T2 (Type-2-copper) 9£5A7°%

a 9}%’ a dg@} %’ <3 A a ) 1
TmaQammaaﬂcmu"lﬂmmmuuazu"mmaﬂum"lﬂWﬁuﬂummazmﬂm‘lﬂ

ﬂﬁﬁ%mmmuaﬂma (Reaction of laccase)
o aan a o v W v ad o a
Llaﬂlﬂﬁﬂ$°I/]T]J§]ﬂiﬂ?f]ﬁ)ﬂ“]ﬂﬂ%’lﬁ'ﬂﬂ“]fuﬂ“]Jﬁ)!,ﬂﬂﬁiﬂumﬂﬁﬁﬂﬁlﬁiﬂﬂi!’)m Mononuclear
Y ad < 1 1 . . = | a .
(Type-1-copper) ummaﬂmauﬂgﬂmﬂi@umu His-Cys-His i UVUI1Ial Trinuclear (Type-2-
a dy o 9 JR N 4 a ﬁ}g a d%l 1
copper/Type-3-copper)  U3NaUiIMTNIA% Inanaveteandgau lauunaluuaz d999nn10Un
[ ad 1 ] ] o @ 1 ad [ 1 = J
G]’E')hl‘]J Iﬂﬂ’é)!ﬁﬂﬁi’é]u%%gﬂﬂNJI’E)’L!NTL!“]YENTINﬁ?ﬂiUﬂTiﬂWEJI’E)uflmﬂﬁifluﬂq 2 ¥OINN G]NL‘]JH

9
U318 Trinuclear (T2/T3) Foan1ausmiluTuanavesneiinlof T3 (Type-3-copper) FoaN19HILTUNY
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a U ] ~ I 14 v dy o
Turanaveeondu aausean1an 2 Huluenavesnsililod T2 (Type-2-copper) ¥091911N13
Aa o a ¥ a dy = A ~ v o o 1
5a29 luanaveseendu latunaiu uazihnmaoun lnaunudiazateae 11

Ao = [ ~ a 4 ~
AUITYUBY Yucheng et al. (2007) AnbIMTEesaatsvedIndes Isuianlalasmiveun
3 a ¥ { a ] ¥ 4

HuiloulududlraFesinnanuanmna a¥Wang et al., (2011) NUINYODAR Aureobasidium pullulans
a 9 A~ . I v W o [ g’/ = = Y
gnsananuanna lailell guaiacol iHuAIFNIN dariudelianuanlalumsAnuuannaniansm

[ &l @ 1
uazuanna N ANNY0TAA dureobasidium pullulans WNAADVANNANNTO IUNITERIAAET I

aozlsinanlalasmivou

3.2.3. Aureobasidium pulllulans
I P Aa Aa 1 a
A. pulllulans Whidaantianyauisolumsnaaeu ol ldnaiesiia w5 o luae Ti5a
& d I 1 o
e Tawe wraguad louama Hudu (Chi et al, 2009) Jadludaaniianuiiaulalunsiiilyls
o 1 o 1 [ o
UszTemilugadivnssuaise dagiunmsAnyunedrnulamanin 4. pulllulans §a3iganyiosun
Liu et al,, (2008) lasimsanunlaman 4. pullulans HN2.3 wunangimmnzauausonan la
a 1T A aa aa o [ 4
a8 8.02+0.24 glinAoladans SUFS INAMIUA (2553) AWNTOAAUONTD A, pulllulans var,
Y ~ dal %l Y a A o [ @ ~ = 1 dal dyd
melanogenum 1810 TrluAdudlouihiniu USnaungd@Fe sandarays anmsanyInu wolldl
1 aan a [ Y a 1 a aa = I 14
anwasolumasalgnierlalas ladaniny 2.3040.104 glinaoiiadans Hiesidudanis
= I a [ 4 aaa a ay o aay o [
nlasuwiunaasunveslgnsenemmeslinduuasns1weamas ATUNINY 17.84+0.79 1ay
P-4 Y A ' a a VoA
25.27+1.311e51%ud awdey Weodnyimaaneimuzauaansnan lasmanndad wya e
aas a [ a 1 a aa 4 o G Y !
ueniad lalas laFagagaminy 4.85:0.15 gliaasladaasnnuuii lamaulszgnaldlunisis
aan o 4 4 = a 4 1 901 o Jd aa  Jg g‘/ Y A
Ugnsemsdanszrgmsurauedawamoinuiniaanin Inauaznsathduiianiuaisadun
A = P-4 =~ < A o o s 3 o !
muzaunga TastlosiFuanisas il urnandummiIny 5.95+0.96 1103 1FUA HAZAIUITOII
aaa o s a Y = 72 A qud o ¢ S
Ufnsemsduanziuiaeamod lagans 88.92 Wesidua eldihiuihavmazmwmveailueas

Yy <

Y A 9 dy tdyd 1 aan a o 4
asdu szmulan laman Idnndeliianuaunsolumssalgnserlalas lagauazmsdansizd
= ] o I Y ] = a 4 a 1 Y
vainziiniszgnaldlumsgesaats Tndez Isuan lalasmsueurianien Iaa

3.3. sziigdsmMsantuNuIdY

= U a a a =Y = t‘ﬂ” = d

3.3.1. msAnmeanimsiandnla danssuvedlamwa sazUSunaldsauaimyetian
. 7. d‘ o ] = =S

Aureobasidium pullulans W13 ¥ 1unszVINM SHRBTAIIMITIMNAI5INA0L]S

wnanlalasmsven
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L4
= a G

1. MSINZIAEIaUNIE
2 A a < v ~ A X )
MIAUFDIAA 1UB111TUUS (Yeast Malt Agar; YMA) 1910w TaTatl@eruuaiiumiside uan
~ A X & 3 1 ' A
@ TaTatimernnonismeurondsliifesneluemismargasnugiu (Yeast Malt Broth; YMB)

a =

4 o o &' 1 L4 [ H <

Tunasanaaouieriniuinie tu@eswuvwefiguigi 30 ossiwaBod a18AUI5I50U 200

' < < 4 A A o < & ' o
souaoun Wunar 48 ¥ Tue e ldiremusiurvuuaziirt I 1filund e lunmsnaaosns lwds

Z A P,
nnUuMeFe 1 1edidFud 1IN0 IM15IMa) YMB adlue1m15imaigas (Lipase Production Medium;
LPM) dmsumswan lamdlSuias 50 dadaas Faussgegluviagilsunvuia 250 dadans niou
g’/ a g o 1 o S 3 s A o o Y a P 9 9 @ 1 I [ Y
nuauiuayar 1 edidud iwedmihldwdaou laindosnisla diumanuilunsa-anlid

1T @ o 1 dﬁl Y dﬁl o YA A A 9 A [

N 5.3 11M130181%9910NA 1D Taad1ua 1HUAIgANAULEAUTNAUN 600 U1 TUINAT 1NN 0.2

a

S o ' A N < 1 <
mﬂuuuﬂﬂummmmmﬁqmwﬂn 30 DAL aLsYT %ﬂﬂﬂ’ﬂiﬂi’)i@’ﬂ 200 ‘i@ﬂ@lﬂu1ﬁ L’]J’LJL’Ja1 120

U

o ° X { J 3 ' 3 A a
#2 Tuarh Tl dumdssfisadanaz neudlsanuisisen 10,000 seuaewiiiluna 15 uinigungi

]

9
o Y

[ 1 H r'd
4 eeyaFed touen lUsauntiiminidssnii 10 dlaaaduoen 1 a2 1d lamadiulanusans

Q

P
Yuegmmuu uaziih liasnasunnssuveslamanaz S Tisau
VY a a a A d
2. ﬂ]i?ﬂf’)ﬂﬁ'lﬂ]’i!ﬂ'ﬁﬂljﬂﬂiﬂﬂlﬂﬁﬁauﬂiﬂ
o ' dy A A I a A <
IANTNNUYUVDAFDNANUYIINAY 600 H"ITL!L‘JJ@]ﬁ muwam%ﬂmﬂuizﬂznm 120 GI)"JI‘JN
Y o ¥ a a ¥ ¥ @ oo 1 Ayy @ ! a4 A <
LLﬁ'JuﬂJ”Iﬁﬁ”NﬂiWV‘IfﬂﬁLﬂiiymuI@Wiﬁm‘ﬂ\‘]Lﬂ‘]Jﬁ’J’E)fJT\TVIllﬂiJHLEJﬂL“]J'ﬁaIﬂEJﬂ"Ii‘]jULﬁ'JENVIﬂ'JTJJLi'J
1 A A = < a g ' A s J a Y
10,000 359UADUIN N4 DIAUBALYYT Lﬂunm 15 UM !ﬂﬂﬁjuﬁlﬁﬂﬁﬂl@uvl“]fllﬂﬂﬁ@llﬂﬁ@ulﬂll‘iJ

TaszrdsnaTlsduaznnssuved lamaas 11

a d :’J
3. maanzridSinaldsAunaran (Total protein)
) v ] ~ 9 [ =Y = gl.l Aax
asazaiediegan1a v1ialSuaveslilsaunaualagds Bradford’s method (Bradford,
k) ax = 1 A A [ A Y =1 =
1976) A28ITMIANEIAINITGANAUIAIN 595 W1 TUwAT Jaainsganauuanalfssumeulsua
=) gl.l % [} Y 9 4= YY) a
TilsAunanualuaisazaediodns nnnslinasgiudaldasazasunasgiuTu Inissusayiv

(Bovine serum albumin; BSA) 111/3uaiT1lsau 0-25 luTasnsuneiiaaans

a da
4. MIAATILHININT TNV JaIe (Total activity)
) P 1Y L= g}/ A,
hasazaroeu lsiinldauitaninenssuved lamanivualasldsanln Tas Td Tawuns
Y
9 a Jd a
(Maia et al., 2001) Tasldarsazareasdu Ao wis-Tulasiiia 1aulen (p-nitrophenyl palmitate)
o A = . =2 g a o 4
as19deU TagmsiamsganauudIvesnisi- luTasiuea (p-nitrophenol) Fuiluaisazarondnnmai

naehlgnienlalas lagalasdan 410 1 Tuwwasaraniosianinisaanauuds udulSeuwion
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] Y ]
Psuamia-lulasilueaifevululfazernnnsuiasgiuildmsazatenis-lulasiluoa
Y
ANumutTuaaua 0-10 luInsnsunolanaag
[ Y 1 o . aag =W [ =) o’d’
fvuald 1 wioeulsd (Uni veaennidveueu lsiiaumnudsuaveseu Ty
ansodasuns-lulasiiathauiimnud 1 19m5-1ulasWuea Ysua 1 lulas Tuageuin

a =~ < ~
NN 37 3ALs ALY Wuan 30 U

= a aAa 1 = a d a v
3.3.2. Anmanuansasazlszanimmmsdesamalndezlsmninlalasmiveuriianigg
a Jd [y a wa
vodlalfladndan luszaurios fiiams
X Pl
1. nAge AN UEPEaA 1 Naphthalene AT 0L Aureobasidium pullulans
dy é‘ a A o L [ Y3 A A
MIAYAFOYAUNTITAA 1UD 1MUY (Yeast MaltAgar:-YMA) Tt uTaTati@oruuaiumie
A 9 4 o d 2 A au 2 2
o udndelnTatlmernnemsmeusouda linesnsluemsaIgaswug1u(Yeast MaltBroth;
A o < o 4” 1 dy VA Aa = k) 3
YMB) Turiaoanaaoauneyiniuyinie Un@eauue Nguvgil 30 o saied A1enINEI301
J I ] 4 y A o o I g 1
200 soUAUN Huna 48 %1 Tua wis Iaiusvunazii I 19lund e lumsnaassas 1
o 2 ¥ s d @
naanntiumere 1lodidud 91n11151Mad YMB aalue1m1511aigas (Lipase Production Medium;
LPM) dmsumanaalama 151185 50 Tadans Faussgegluviagilsuyuua 250 Haaans wiew
gl.l a %l @ 1 o ¢ I s A Y] o 9y a S 9 9 @ 1 < [ 9
nuaniiuaydr 1 wedidud iodmihlinaaeu laindosns 18 dSumanuiunsa-arali
Y ° [ dy 9 dij o Y A A Y A 1T W
MIAY 5.3 MinsaeweInnaure lasiiuia liimiganauudasudun 600 W1 Tumas 1A 0.2
2 o ' oA A ~ 9 < ' P
nintduh ldusnuowerngungil 30 essimaded a2eAUI32501U 200 50UARUIH 1Al 120
@ R AAa P4 ~ Y 2 a = s 3 4 ° 3 @ [l
2T Felinonssuveson laigeiga mnuvdaduuudman 1 wedidud Tasynmanuaiedann
] ° y = Y s 9 < 1 A g A A
24 1 Tua i lTumds I fiadanaz neualenuGI501 13,000 SoUadUIEUNAT 5 W1 #
a 9 91 d‘ o a 4 = d' A "9 a
angines vz lddulamerhun s izimlSunanulmauiniaosyg aemaiianialasu Inns

U

9
%Jmmm;muamsauzq 1 (High Performance Liquid Chromatography; HPLC)

i1
G

2. MsnzidssaUNsdiivonanuaning
dy &1 a A o L <3 Y 3 A A
MIABUFDYAUNITITAA 1UDINITUA (Yeast MaltAgar:YMA) TiiluTaTati@eruuoiumie
2 9 4 oA 2 A aq 2 2
e ududeIn latimernnonnsaeurseuicliinesreluemsmaigasiug1u(Yeast MaltBroth;
A o Y] i’ 1 dy oA a =y Y <
YMB) lunasanaaeunoriniuinie un@ew U Nl 30 03raIHea A28AINI5IT0U
! < & 4 A 2, o < & \
200 SoUAUN Wual 48 52 Tua s Iiramindvaunaziir Il 19l und e lunmsnaaosns 1
o & . X s 3 < .
naannuaiewel esiFud 911n911151a2 YMB  a311491%1351%a2gas (Laccase  Production
& :

Medium)dmsumswaauannd Usuas 50 Jaaaas aeussgedluviagideuyvuia 250 Nadans

Q U
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9 Y a . A o o Y a A Y 4 g o o
NWIDUNUAY guaicol 2 mM Uag CuSO, 0.5 mM L'Wf]“lfﬂu11WN§@IL@HL1¢]53JV]§IE)Qﬂ15l1ﬂ ﬂWﬂHUUWVl‘]JVH

13 . .
T U 982851951499 (lypophilization)

3. nAgeUANNEII0 I HePBaa 18 Naphthalene A8@AAANIANITA

Y 9y 9 a a

MLAAIATNNMIMANUINTY 23.1 glanoliadans tinadly Naphthalene 1Az Anthracene
9 9y A 9 A A o I Aa Aaa s 3 J a A 14 a @ S A
ANVLUVNUVULTUAU 0.25 YAaanTuaAduaaang, 5 wesiua tween 80, 100 llﬁﬁilla’]i ozgaaUios n

]
= a =

1 I 1 o 1 ] <4 1
MANUYUNTA-AN 4.5 LLE%I'JUTUlﬂU'JJVIQ‘(MﬁQN 30 ‘O\iﬂ%"])’m"])’ﬂﬁl‘ﬂfJ"Iﬁ}’JEJﬂ’J”IiJli’Jii’J‘]J 200 SOUABUIN

I o < @ ] < A o a 4 S A A 1y a
Wuan 24 GH’JTJN Lﬂ‘]J@'I’Jf’JEJNGIf’JTiNTI 24 11151 HYsun Naphthalene nyapagaIgnnun

N lasn Inns Yo una MV UANTID UL (High Performance Liquid Chromatography; HPLC)

1 = a d 1% s d
4. Tlﬂﬁf’)‘l]ﬂi]13»1%71N1ﬁiﬂuﬂE]Elf;’l’f:l1Elf;‘n'ii‘l/‘lﬂﬂ%iiu]ﬂﬂllaiﬂiﬂ1ﬁ‘ljﬂuﬂ?ﬂ!!i‘lﬂ!ﬂi‘l’ﬂ1ﬂﬂﬁﬂ
o 4 a 1 Aa Aaa 1] a
muamﬂﬁmﬂ%ﬁ A. pullulans ﬂ’NiJLGISJI‘JJ‘ﬁIu 711 gum@uaaam (0.16 NFY) QIUDITFITAZDY
N1lsznevude Naphthalene Anthracene Pyrene (48% Benzo[a]pyrene ANV UAY 10, 0.908, 0.135
A Aa o 1 A Aaa L 4 Aa A 4 a Y] P I
wag 0.19 YaansunoNaaans, 5 1/oSiHua tween 80, 100 Naa luas azdanviles NaaNwdlu
[ Y o VoA a = " 9 3 [ a
NIN-AN 4.5 L!ﬁ’JHWVlﬂﬂiJVIQﬂ!ﬁQII 30 DNAUKAUKIT LVITNIIANULTITOU 150 TUNDUIN L‘IJ‘L!L’JﬁT
o 2 o ' ] ° @ ) ' PN
48 “B’JI?N Iﬂﬂlﬂ‘ﬂ@n’ﬂmﬂnﬂ 12 Glf’ﬂll\i NINITNATIT PAHs 99N INT1TALA1INID1 Iﬂ‘c’JL@m!ﬁ
1 =Y % 1 @ 1 o <3 4 [] <3 1
YU 2 LT]'IGII’EN‘IJﬂﬂﬂ!GI’J@fJ'N AU 3% INUBY 15% l’lfI/I“I/I“l«ll)f]‘ﬂ“])’ 100 LGII‘EJW%I'J‘EJﬂ’NiJLTJﬁ@‘U 200 39UMD
P @ a s ~ A 1Y a ~
Wi Wunan 6 93759 I3 PAHs fitiaeegalumaiianialasun Innsiveaunadiyy

AUTI0UL Y (High Performance Liquid Chromatography, HPLC)

a a g a
3.3.3. ﬁﬂ‘H1ﬂ'J1NfnN'l5@!!ﬁzﬂﬁzﬁﬂﬁﬂ'lwslli’)\‘i!!ﬁﬂ!ﬂﬁﬂ1ﬂ§ﬁﬂ 1uﬂ1§dﬂﬂﬁﬁ1ﬂiwai’)$iﬁﬂﬂﬂﬂ

Jslasmsveuniluilovludogisau

v
1 a A

) J [ a @
VA aNnBad A pullulans Us1a 5 05y @uaa ludiededunlseneudle Naphthalene

a

A A a o " A A S 3 4
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One of the major blems today is hyd bon ination resulting from the activities related to oil spills as well as the petrochemical industry.
Microbial degradation is the ma]or and uinmate natural mechamsm which one can clean up the I hydrocarbon 1l fro the 1t. The objective of this
research was to study the p Iltybylmsepmducedbyhporvbcveastmm b ! screened from Sichang
Island. The experiments were ﬁrsﬂy petformed by study ﬂ'le optlrnal condition for growing the A.pullulans and its laccase producuon Laccase can be produced from A.pullulans
by induction with 2 mM guaiacol in growth med| Bi bility of anthracene, pyrene and benzo-[a]-pyrene by laccase was then determined. The results
revealed that laccase produced by A. pullulans can degrade benzo-[a]- pyrene, anth pyrene and hthalene by 45 33, 38.16, 25.38 and 24.35 percent respectively.

Keywords: lipolytic yeast, laccase, napthalene, biodegradation

8

Polyaromatic Hydrocarbons (PAHs) are a class of persistent organic pollutants
which mainly come from incomplete combustion or pyrolysis of fossil fuels or other Figure 1.
organic matter (Gao D. et al., 2010). This study focused on four type of PAHs as PAH Degradation

by Laccase at 24
hour

Degradation rate (%)

---L

Naghtnalene Benzo-{a}-pyrene
wpsnwnu

Figure 2. 01

Laccase (benzenediol: oxygen oxidoreductase, 0.08
EC 1.10.3.2) is enzyme that has a potential in toxic Remaining
material degradation. Laccase can be produced by naphthalene 0.06

A. pullulans yeast strain (Rich O. J., et al,, 2011). = =
In this study, A. pullulans was screened from —#—Naphthalene
Srichang Island.

ectives of this study is to test PAHs degradation
abllltv and eﬁ'icuentcy of laccase from lipolytic yeast
in Laboratory environment and in Sichang island’s soil

Remaining
anthracene

Remaining pyrene
concentration at
different time

-
I I ' Figure 5.

g ' Remaining
A. pullulans “pof;‘fg :;:"s; Lyophilizer benzo-[a]-pyrene
J

concentration
+ .

at different time
Soil sample 1-3 1 capsule
from Sichang Island of laccase
|

One capsule of laccase (0.16 g) has enzyme activity equal to 711 U/ml
and PAHs degradation abilty as below:

1. Naphthalene (10 mg/ml) was decreased by 24.35%

2. Anthracene (0.908 mg/ml) was decreased by 38.16%

3. Pyrene (0.000135 mg/ml) was decreased by 25.38%

4. Benzo-[a]-pyrene (0.00019 mg/ml) was decreased by 45.33%

However, when testing PAHs degradtion ability of laccase from lipolytic
yeast by using soil from Sichang island. The result was showed that

Water bath shaker Incubator shaker T S ——| :he laccase frp;n lrijpolytic yeast can not degraded PAHs in the soil
e Ay o Chromatography (HPLC) rom sichang island.
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Abstract: One of the major environmental problems today is petroleum
hydrocarbon contamination resulting from the activities related to oil spills as well
as the petrochemical industry. Microbial degradation is the major and ultimate
natural mechanism which one can clean up the petroleum hydrocarbon pollutants
from the environment. The objective of this research was to study the polyaromatic
hydrocarbons biodegradability by laccase produced by lipolytic yeast,
Aureobasidium pullulans var. melanogenum, screened from Sichang Island. The
experiments were firstly performed by study the optimal condition for growing the
A. pullulans and its laccase production. Laccase can be produced from A. pullulans
by induction with 2 mM guaiacol in growth medium. Biodegradibility of naphthalene
by laccase from A. pullulans was then determined. The results revealed that laccase
from A. pullulanscan degrade naphthalene about 30 percent in 24 h.

Keywords: biodegradation, laccase, lipolytic yeast, napthalene,
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Introduction 4
Poly-aromatic hydrocarbons (PAHE) are This isolate was obtained from oil-contaminated soil The residual levels of PAHs were follo b_v HPL&
environmental pollutants in the soil, water and air and so was expected top have PAH degradative amalysis. 4
They and their derivatives are widespread products ability —Laccase enzyme production from
of incomplete combustion of organic materials; both A pullulans was induced and applied for degradation
from natural combustion, such as forest fires and the mixture of benzo[alpyrene, pyrene, anthracene,

volcanic eruptions, and also from anthropogenic and naphthalene as model PAHS on varying size and -..\
activities. These compounds are a class of hazardons ’ S - @ m
organic chemicals consisting of two or more fused

benzene mmgs i linear, angular and cluster - Naphthalene Anthracene
armrangements.

Biodegradation of PAHs has been performed by
fungi, various enzymes from fungi and white rot
basidiomycetes. This sindy was performed in order
to nvestigate the degradation of PAHs using laccase
from Aureobasidium pullulans var melanogenum
(Figure 1).
by
Biodegradation of PAHs by laccase was performed with 1 capsule of lyophlized After mcubation with the laccase for 48 h, the concentration of na.ghﬂnlm
laccase (0.16 g) with an activity of 711 U/mL. This laccase was added to a mixed anthracene, pyrene and benzo[a]pyrene were all decreased as the mcubation time
solution of naphthalene, anthracene, pyrene and benzo[alpyreme at imitial increased to a mimmum -from 24 h |pyrene) or 36 h (pyrene and
concentrations of 90, 7.5, 99 and 37 pg/ml., respectively, and mcubated at 30°C naphthalene) onwards, excépt for anthracese which not reached completion
with shaking at 150 rpm for 48 h. The degradation curves are shown for each by the end of the 48 h assay period. At 48 h.the remaiming concentrations of the
respective PAH in Figure 3 - 6. four PAHs were 68, 4.7, 72 and 20 ug/ml. for paphthalene, amh':ene ene ,
and benzo[alpyrene, respectively. Thus, benzo[a]pyrene yas the most degra ble
PAHs, followed by, anfhra pyrene and naphthalene mﬂ:‘hvmdatmn
efficiencies (relative to the inifial concentration) of 45.9%, 3 gy and
24.4%., respectively (Figure 7).
]
In comparison to the commercial laccase preparation,
of PAH: obtained with the crude laccase preparation|from A. pullulons war »
melanogenum was mostly higher. especix]ljfnr benz.o[a] ene d'eglidmcn_

N :

Figure 3. Biodegradation of Figure 4. Biodegradation of
Naphthalene by laccase Anthracene by laccase

M”ZLLLl

Nephthalme AW (IR SERR

Figure 7. Percentage biodegradation of four poly-aromatic
hydrocarbons (PAHs) using the crade laccase

Figure 5. Biodegradafion of Figure 6. Biodegradation of preparation from A. pullulans (Lacease) compared
Pyrene by laccase Benzo[alpyrene by laccase to control using commercial laccase (Control).

Conclu ) 0

Laccase was induced by 2 mM of guaiacol and 0.5 mM CuS04 in YM media from A. pullulans var. melanogemm. Its activity of 1 capsule (0.16 g) of lyophilized laccase
was 711 U/mL. The biodegradation of a mixture of four different PAHs (90 pg/mL naphthalene, 7.5 pg/ml. anthracene, 99 pg/ml. pyrene and 37 pa/ml benzo[alpyrene) by
lau.‘ase in liquid media occnrred within 48 h of incubation without ABTS or HBT with a degradation efficiency for benzo[alpyrene, pyrene, anthracene and naphthalene of
i Even though the crude laccase preparation from A. pullulans could not completely degrade the four tested PAHs undef these
ry potentially be a suitable and promising green method, which may have the potential for environmental performance.

This research was supported by the National Research Council of Thailand (NRCT), the Aquatic Resources Research Institute (ARRI), Sichang islam.i,
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ABSTRACT

Poly-aromatic hydrocarbons (PAHs) are a group of persistent organic pollutants that are
resistant to degradation and can remain in the environment for a long time. PAHs contain
two or more fused benzene rings and are mainly produced as byproducts of incomplete
combustion, such as from fossil fuel burning, forest fires, coal fires or vehicle emissions.
Currently, PAHsincreasingly cause major environmental problems because of continuing
industrial development. Biodegradation by microbes is the major natural mechanism for
PAH removal from the environment. The main objective of this research was to study the
biodegradation of four types of PAHs (naphthalene, anthracene, pyrene and
benzo[a]pyrene)by laccase produced from the lipolytic yeast, Aureobasidiumpullulans var.
melanogenum, screened from Sichang Island (Thailand). The optimal condition for
growing A. pullulans var. melanogenum and its laccase production was first evaluated,
and revealed thatlaccaseproduction was induced with 2 mMguaiacoland 0.5 M CuSOysin
the yeast malt (YM)growth medium. Laccase was then lyophilized and stored in capsule
form. The subsequent ability to degrade naphthalene, anthracene, pyrene and
benzo[a]pyrenewas determinedusing high performance liquid chromatography. The results
revealed that the laccase activity of one capsule (0.16 g) of lyophilized laccase was 711
U/mL(4.4 U/mg) and could degrade a mixture of benzo[a]pyrene (37pg/mL), anthracene
(7.5ug/mL), pyrene (99 pg/mL) and naphthalene (90 pg/mL) by 45.9, 37.3, 27.3and
24.4% respectively.

Keywords:Biodegradation; Laccase; Lipolytic yeast; Poly-aromatic hydrocarbons
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L. INTRODUCTION

Poly-aromatic hydrocarbons (PAHs) are environmental pollutantsin the soil, water and air.
They and their derivatives are widespread products of incomplete combustion of organic
materials; both from natural combustion, such as forest fires and volcanic eruptions, and also
from anthropogenic activities [1,2]. These compounds are a class of hazardous organic
chemicals consisting of two or more fused benzene rings in linear, angular and cluster
arrangements [3.4]. For example,naphthalene is the simplest with two rings and is the most
soluble of the PAHs[1]. On the other hand,benzo[a]pyrene, a typical high molecular weight
PAHs with five rings, is one of the most recalcitrant and toxic PAHs [5,6]. Recently,
benzo[a]pyrene was included as one of 12 target compounds or groups in a new strategy for
controlling persistent, bio-accumulative and toxic pollutants [3].

Biodegradation of PAHshas been performed by fungi, various enzymes from fungi
and white rot basidiomycetes [7]. Fusariwm sp. E033, one species of fungi,was shown to be
able to degrade 0.4 mM (100mg/L) benzo[a]pyrenedirectly [8], whilst fungal laccases from
Trametesversicolor and Myceliophthorathermophilahave been shown to be able tooxidize the
12 target aromatic hydrocarbons [3].Laccase (benzenediol:oxygenoxidoreductases,
EC1.10.3.2), in the family of blue multi-copper oxidases [9],is a polyphenol oxidase
containing four copper atoms in its active site [10] and is capable of oxidizing a wide range of
aromatic compounds, with the concomitant reduction of molecular oxygen to water [9]. In
addition, laccases can be used in a great variety of process, mainly relatedto bioremediation,
such as pulp delignification, de-colorization and detoxification of textile dyes,as well as for
bioremediation ofxenobiotic compoundsand treatment of wastewater [11].

Aureobasidiumpullulansisaubiquitous, polymorphic and oligotrophic black yeast-
likemicrofungus[12]. It is particularly well known for its biotechnological significance as a
producer of the biodegradable extracellular polysaccharide (EPS) pullulan (poly-o-1,6-
maltotriose) [13]. This vyeast also produces numerous degradative enzymes;
includingfructofuranosidase, glucoamylase and xylanase. However, laccase production by A.
pullulansis poorly known[9]. This study was performed in order to investigate the degradation
of PAHsusing laccase from A. pullulansvar. melanogenum since this isolate was obtained
from oil-contaminated soil and so was expected top have PAH degradative ability. Laccase
enzyme production from A. pullulans was induced and applied for degradation the mixture of
benzo[a]pyrene, pyrene, anthracene, and naphthalene as model PAHS on varying size and
complexity.Theresidual levels of PAHs were followed by HPLC analysis.

2. MATERIALS AND METHODS
2.1. Microorganism and chemicals

Aureobasidiumpullulans was obtained from the Biofuels by Biocatalysts Research Unit,
Chulalongkorn University, Thailand. Benzo[a]pyrene, naphthalene, guaiacoland 2,2'-azino-bis
(3-ethylbenzthiazoline-6-sulfonate) (ABTS) were purchased fromFluka. Anthracene
andpyrene were purchased from Sigma-Aldrich.

2.2. Culture conditions and enzyme production

The inoculum was grown in yeast malt (YM) broth (3% (w/w) yeast extract. 3% (w/v) malt
extract, 5% (w/v) peptone, 10% (w/v) glucose) at 30 °C for 48 h with shaking at200 rpm. This
culture was then inoculated at 1%(v/v) into laccaseproduction medium (2 mM of guaiacol and
0.5 mM CuSOy4 in YM) as described previously [14]. Growth of A. pullulans was measured
over 120 h of culture in terms of the culture turbidity using the absorption at a wavelength of
600 nmand Colony forming units (CFUs/mL) was determined by spread plate technique and
dilutes it to count the number of cell between 30-300 colonies. The culture wascentrifuged at
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10,000 rpm, 4 °C for 15 min, and the supernatant harvested as a crude laccase preparation,
lyophilized and stored in capsules.

2.3. Biodegradation of PAHs

One capsule of laccase (1.6g), found to contain 71lunit (UymL of enzyme activity, enzyme
activity was determined by enzyme activity assays[15]. Capsule of laccase was added toa
mixture of benzo[a]pyrene, pyrene, anthracene, and naphthaleneatan initial concentration of
37,99, 7.5 and 90 ug/mL, respectively. Then, 5% (v/v) of Tween 80 and 100 mM acetate
buffer (pH 4.5) were added and the mixture was incubated at 30 °C for 48 h with shaking
at150 rpm. Samples were collected every 12 h and extracted with 2 volumes of hexane. After
that,0.75 volumesof 15% (v/v) triton X 100 was added to the solution and shaken for 6 h at
200 rpm before analysisas previously described [6].

2.4. Analysis of PAHs

Residual PAH levels in the extracts were analyzed by HPLCusing a modelShimadzu LC-20A
series connected to an Inertsil ODS-P HP column (0.46 mm in diameter and 250 mm in
length) and equipped with UV detector. The mobile phase was an 80:20 (v/v) ratio
acetonitrile:water mixture,run at aflow rate of 1.5 mL/ min.

3. RESULTS AND DISCUSSION
3.1.Growth of A. pullulans var. melanogenum

Growth of A. pullulansvar. melanogenumwas measured over 120 h when incubated in YM
medium at 30 °C with shaking at 200 rpm. Under these conditions, the growth of A. pullulans
rapidly increased afterl0 h of incubation and reached stationary phase withind8-72 h of
incubation. The maximum cell density was obtained at 48 h and so thisculture cell timewas
selected for further cultivation in YM medium supplemented with 2 mMguaiacoland0.5
mMCuSOjgto inducelaccase production. After that, the crude extracellular enzyme preparation
was evaluated for the abilityto degradea mixture of four differentPAHs.
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Figure 1.Growth (as colony forming units (CFU)YmL) of A. pullulans in YM medium, incubatedat 30 °C, 200
rpm for 120 h. Data are shown as the mean 1 5D, derived from 3 independent trials.
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3.2.Biodegradation of PAHsusingthe crude laccase preparation from A. pullulans

Biodegradation of PAHs by laccase was performed with 1 capsule of lyophilized laccase(0.16
g) with an activity of 711U/mL. This laccase wasadded toa mixed solution of naphthalene,
anthracene, pyrene and benzo|a]pyreneat initial concentrationsof 90, 7.5,99 and37ug/mL,
respectively, and incubated at 30 °C with shakingat150 rpm for 48 h. The degradation curves
are shown for each respective PAH in Figure 2.

After incubation with the laccase for 48 h, the concentration of naphthalene,
anthracene, pyrene and benzo|a]pyrene were all decreased as the incubationtime increased to
a minimum from 24 h (benzo[a]pyrene) or 36 h (pyrene and naphthalene) onwards, except for
anthracene which may not reached completion by the end of the 48 h assay period. At 48 h,
the remaining concentrations of the four PAHs were 68, 4.7, 72 and 20 ug/mL for
naphthalene, anthracene, pyrene and benzo[a]pyrene,respectively.Thus, benzo[a]pyrenewas
the most degradable PAHs, followed by anthracene, pyrene and naphthalene with degradation
efficiencies (relative to the initial concentration) of45.9%, 37.3%, 27.3% and 24.4%,
respectively.
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Figure 2.Biodegradation of poly-aromatic hydrocarbons (PAHs) by laccaseshowing the residual concentration
over time of:(a) naphthalene, (b) anthracene, (c)pyrene, and (d) benzo[a]pyrene. Data are shown as the mean + |
SD, derived from 3 independent trials.

In comparison to the commercial laccasepreparation, the degradation efficiency of PAHs
obtained with the crude laccase preparation from A. pullulansvar. melanogenumwas mostly
higher, especially for benzo[a]pyrenedegradation.
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Figure 3.Percentage biodegradation of four poly-aromatic hydrocarbons (PAHs) using the crude

laccasepre paration from A. pullulans (Laccase) compared to control using commercial laccase(Control). Data are
shown as the mean +1 SD, derived from 3 independent trials. Means within each pair with a different lowercase
letter are significantly different (P < 0.05; Mann-Whitney U test)

This result was similar to that previously reported [5], wherelaccasewas shown to efficiently
remove(degrade) aged anthracene, benzo[a]pyreneand benzo[a]anthracene from contaminated
soil. The specificity of laccase catalysis was proposed to be related to the ionization potentials
(IPs) of the substrates[5]. Moreover, the laccasecatalysed oxidation processwas enhanced
when adding certain low molecular weight compounds as mediators, such as ABTS. Asuitable
mediator would form an intermediate with high activity thatcould transfer electrons from
oxygen molecules to the substrate and so enhance the substrate degradation[ 16]. Previously, it
was reported thatdegradation of phenanthrenewith purified laccasefrom T. versicolor 951022
did not occur, but did when ABTS or HBT was added into the reactionmixture [17]. In the
presence of 5 mM ABTS orHBT, laccaseat 5 U/mlLcould oxidize 40% and 30%of a 20
mg/Lphenanthrene solution in 2 h, respectively. In contrast, otherPAHs, such asanthracene,
fluorene, benzo[a]pyrene and perylene, were almost completely removed by thelaccasefrom
T. versicolor after the addition of HBT [17].

4. CONCLUSION

Laccase was induced by 2 mM of guaiacol and 0.5 mM CuSOy in YM media from A.
pullulansvar. melanogenum. Its activity of 1 capsule (0.16 g) of lyophilized laccase was
711 U/mL. The biodegradation of a mixture of four different PAHs (90 pg/mL
naphthalene, 7.5 pg/mL anthracene, 99 pg/mL pyrene and 37 ug/mL benzo[a]pyrene)by
laccase in liquid media occurred within 48 h of incubationwithout ABTS or HBT with
adegradation efficiency forbenzo[a]pyrene, pyrene,anthraceneand naphthaleneof 45.9,
27.3, 37.3 and 24.4%, respectively.

Even though the crude laccasepreparationfromA. pullulans could not completely
degrade the four tested PAHs under these conditions with a single dose over 48 h, it may
potentially be a suitable and promising greenmethod, which may have the potential for
environmental performance.
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