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Abstract

Project Code: MRG5180295

Project Title: Biochemical and molecular characterization of laccase from
thermo-tolerance shiitake mushroom (Lentinula edodes) and their
ability to decolorized synthetic dyes

Main researcher: Piyanan Chomnawang, Ph.D.
Division of Biotechnology, Faculty of Agro-industrial Technology,
Rajamangala University of Technology Isan, Kalasin Campus

Email: piyananchomnawang@yahoo.com

Mentor: Asso.Prof. Sanha Panichajakul, Ph.D.
Department of Biotechnology, Faculty of Technology,
Khon Kaen University
Email: sanhapanichajakul@yahoo.com

Project Peroid: 3 years (May 2008-May 2011)

The objective of the present study was to determine the optimal conditions for
laccase production by thermo-tolerance shiitake mushroom (Lentinula edodes) hybrid in
submerged culture, isolation, purification and characterization of laccase, and the
utilization of the purified enzyme for decolorization of dyes. Laccase was isolated from the
culture filtrate of Lentinula edodes strain KMUH1. Crude and purified laccase has optimum
pH 3.0-5.0 and 30-60 0C as the optimum temperature. The pH stability of laccase was
stable at pH 5.0 and the thermal stability was determined by incubating the enzyme at pH
5.0 37 0C for 16 hours. The effects of metal ions and inhibitors on laccase activity were
tested by using ABTS as the substrate. The enzyme was strongly inhibited by 1 mM
HgCl, (60%) and was completely inhibited by 0.05 mM sodium azide and 0.1 mM L-
cysteine. Substrate specificity was determined at the optimum pH for each substrate.
ABTS, syringaldazine and 2,6-dimethoxyphenol were oxidized by laccase. Pyrogallol and
guaiacol had the lowest activity enzyme. Veratryl alcohol and tyrosine were not oxidized.
ABTS had the lowest Km and syringaldazine had the highest Vmax values. Homogeneous
preparation of laccase from the culture filtrate of this fungus has been achieved using
ammonium sulphate precipitation, anion exchange chromatography on DEAE and gel

filtration chromatography on Sephadex G-100. The method gave 28 purification fold with



41% recovery of the enzyme activity. The laccase was concentrated and partially purified
by ammonium sulphate precipitation, ultramembrane filtration, ion-exchange
chromatography and gel filtration and its molecular weight determined by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) was about 60,000 Dalton. The
optimum pH for the decolonization of dyes was 5.0- the same as the optimum pH for
oxidation of ABTS. Laccase was effective in the decolorization of chemically different
dyes-triphenyl methane (bromophenol blue, crystal violet, phenol red and fucisine),
anthraquinone (indigo) and azo dyes (methyl orange), without any mediators. Laccase
decolorized dyes depending on laccase concentration, incubation time and dyes

concentration.

AMAN: Biochemical and molecular characterization, Laccase, Shiitake mushroom,

Decolorized synthetic dyes
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Effects of pH on enzyme activity of Lentinula edodes.
The enzyme reaction was performed at 37C for 10 min

Effects of temperature on enzyme activity of Lentinula edodes. The enzyme
reaction was performed in 0.1M acetate buffer pH 5.0 for 10 min

Effects of pH on enzyme stability of Lentinula edodes. The enzyme reaction
was measured after incubating at various pH at 37C for 16 hrs

Effects of temperature on enzyme stability. Activity remaining was
measured after incubating in 0.1M acetate buffer pH 5 at various
temperature for 16 hrs

Elution profile from DEAE Sephadex A-50 column

Elution profile from Sephadex G-100 column

Effects of pH on enzyme activity of crude and purified laccase of
Lentinula edodes. The enzyme reaction was performed
at 37C for 10 min

Effects of temperature on enzyme activity. The enzyme reaction was
performed at 37C for 10 min

Effects of pH on enzyme stability of crude and purified laccase of
Lentinula edodes. The enzyme reaction was measured after incubating
at various pH at 37C for 10 min

Effects of temperature on crude and purified enzyme stability. Activity
remaining was measured after incubating in 0.1M acetate buffer pH 5
at various temperature for 30 min

Correlation between ABTS concentration versus velocity of laccase activity

Lineweaver-Burk plot of inverse velocity laccase activity and inverse

ABTS concentration

34

34

35

35

40

41

44

44

45

45

50

50



a1stns (fa)

sin
u

25.

26.

27.

28.

29.

30.
31.

Correlation between Syringaldazine concentrations versus velocity of
laccase activity

Lineweaver-Burk plot of inverse velocity laccase activity and inverse
Syringaldazine concentration

Correlation between 2,6-dimethoxyphenol concentration versus
velocity of laccase activity

Lineweaver-Burk plot of inverse velocity laccase activity and inverse
2,6-dimethoxyphenol concentration

Optimization of enzyme concentration for dye decolorization by
purified laccase

Temporal effect of dye decolorization by purified laccase

Effect of dye concentration on decolorization ability of purified laccase
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Manganese peroxidase
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Michaelis constant

Maximum velocity

Tricholoacetic acid

Sodium dodecy! sulphate-polyacrylamide gel electrophoresis
Polymerase chain reaction

Deoxyribo nucleic acid

Ribunucleic acid

Diethylaminorthyl
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Relative mobility

Luria broth
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A=A, 2004] NINARDIVEY Zeng Uazame [2006] ld@nwnuanfi3fuasuanazaIniias
nGw Penicillium  simplicissimum Mwnnsdasaanedndin Tuszninamawnziasslwams
s Svstndnesssznay nnamImaassugasliifiuninnmsasuunasanuawaz e
iuLandIauasuanLag lagwudn ABTS (2,2-azino-bis(3 ethylbenzthiazoline-6-sulfonic
acid) Wwsnmitsrinmisseseionloiluumed xylidine luinaudatnile wananiies
finsdnunfeifassvasonmsnisiaefiinadan i Tziuanaan ldanifiamaag
(Grifola frondosa) [Xing WazAmE, 2006] wazmsdnsmMsiunansauaataalaslsainsh
ﬂ%uﬂ@a%uﬁﬂﬁ%'mﬁ@%au%a (Ganoderma sp.) [Teerapatsakul Laz@Dhe, 2007]

fimsansmawnzidsafiananluomnrar ey lemlagrsunluwsvosnis
duszpzan s sz asadafeuiumamizdssluamsuds BUNTNAIUANNINAG
I wailadseiiisatasdn nsfnsesdlizneuuszuandafuessIoanqnaNIIaIL
EugvﬁﬂmmmﬁulmﬁwauL:f'iawangmlummimaﬂquaﬁ [Hassegawa LazAmHE,
2005] wazluasdnyalianiwluiasfii@ns [Lobanok uazAmaz, 2003] MIANHINT
anuduiusznilesiaimisluanazesundslulasiauiy LaRaRANARNITAn AN
Hamnziaseluamananuiaansnaamuanu U laeuazazaIn [Tsivileva Waz
Am, 2004] wananniFanauifsinsldmefiamamnziassluenmsnadlufianauie
INMINARDIVAI Avtonomova  WAZAME [2006]  lagnaaadmiaIwIsiinanzauLie
zasaFwlaFananio wananiudmefienanizassluawnnnarseinslaiia
AnwRanssuvasonloiuanaaiis Sausneaduewlnifdosasaaniniaunuionlad
Augitu anfiua uwaziosoandias wulw basidiomycetes  fidanaanledle fuviw
Aeanuanuiayes waanademnsuidulauazeanaanludia 1iu Leatham [1986] fi
I%Lﬁwaumﬂﬁufﬁﬁmaﬂvlﬁ Wadssluamsnan slimissansiuaananalumad
gaganTaunuMIaIgasnanalizeiduaan wmsdoseandiamiunitoluonlodd
wu'lélu white rot fungi ﬁaiazlamﬂ"lﬁ N1ING@NaIVUad Baldrian Wae Gabriel [2002] NaN1T
*ﬂ@maaLLam‘lﬁLﬁu’hLﬁaﬁiamwﬁ?ﬂluamwLLméTam:ﬁNa@iam‘smuqmaﬂaﬁﬁmm
anlad waznmanszguuazilduaaiagnniiauwissndionuaiissdionasuas qualawi



afidszlomfludunisdszgndldmadunaluladginmwludvasnsadenladuaznis
i ldnu
wanMNIRAWIIsHLAL T nsnaaasluiennslasmsmitainnsaoaszfuan
LARAILNBILAILTUNY [Chen UazAmAz, 2003] uaziimsdnmansauenifiaiiuazluiana
Y2ILAALAR INLAAWIIAIE [Chen WazADAr, 2004] NNNNINARBIVDI Buswell WATATAY
[1996] Fnmawziasafialuemnnaiiudsiuunsszasnsueu wui Wienesazasy
"L@T?ﬂué‘ummwﬁﬁﬁﬂﬁumvﬁu livdodiaey axdiminaaanladuusniislasaondias
LATLAALAR sml,mn@mﬁnﬂm@w’m Lﬁmvl,@@‘lummsmadﬂﬂima‘umaoLsﬁaaIaaNWﬂﬂaw
anfin T3109un15390ue9 Palmieri wazamiz [2000] NENIAINDILAITTHAGaNIMTLT
Tolaowladuasuaniaalufouwasy (Pleurotus ostreatus) Liavinmsiwiziassluenvng
a7 (basal medium) LLaxﬁﬂ’]iﬁﬂH’]ﬁlauwaﬁ’m@]i{TE]\‘iLLaﬂLﬂm_l%ﬁp’]%{ﬁLLUﬂvLﬁﬁl’mLﬁ@u’]di&l
[Tinoco Wazamz, 2001] WONIINHTITNIITAAMUANULANAISVOINTURAIDDNTBITH
auguuaaAaluRawIih (Pleurotus sajor-caju) [Soden uaz Dobson, 2001] wazfadin1s
NAa0IVaI Soden LazADAL [2002] vl,éfﬁﬁmﬂﬂauﬁuﬁmugu"l,aiﬁﬁvlsnﬁuaﬂLﬂa TuiAau9iln
wazlWuaasnanluirasiintnw Pichia pastoris Renato Waz@day [2005] GAQLRBNENT
wilssimanaauaasaniaraniiiaiziassluerisngd kamInasasuans i
1 anudutuveslulasiauiitnuns zaudan1InIzdunINAauanaada 2.6 adluminy
250 laulasluansnasuaday umiwammmﬂavlmma@ wonaniuanludgumsiamaiy
LAARIAVBILAALARGIE LLawlumsmaaamwmmnmimaaammﬂLﬂavLaIGnVLeﬁu 1 v8ia
wgei MIauasUsznenau s]vl,uumimummﬂﬁiaiﬁavlalmvléﬁu%umlﬂu 9U% LAZIINMT
nA8asues Collins Uz Dobson [1997] NaamuNanIznuvasnNNduTusoswanluiion
m%iasn 5 320l Trametes versicolor waz Lt ABILALRNLOAGHHUBIUAALARLYINTHHUAETS
fmsNTEaUa9 Ioc MRNA s‘ﬁdf*ﬁaual,l,a@ﬂﬁl,ﬁmﬁ lu 7. versicolor MILEAI8NUBITH
ﬂﬂﬂ’mﬂ&ﬁ“’@ll(ﬂ’lEleﬂd"llEldVLuI@liLﬁm
uaﬂa’mmsﬂnmmamuuaﬂmmaaLLaﬂLﬂalua'lmim asTiaudnazenvng
AR wumawmmim"nﬁ']miﬂﬂmmamuaﬂwmzmﬂuLaqamamaﬂma LEUIN
MIANBIVBI Tetsch  LazADAs [2006] v‘iwmsﬁnmé’mwmwmahLaﬂauavﬂmﬁﬂwmvma
ﬂiwmsmaaLLaﬂmawaﬂmsflul,l,avmﬂﬂa@ﬂaaﬂaaﬂmmmuaﬂi@m Hortaea acidophila @9
LﬂumasmmmmLaimvl,@ﬂuam’s “ARLaTE1N 6 uaznAauanLaabe 1ol 2,6-
dimethoxyphenol JusuaiasnuazinsanssauInianiaaalsmnaiia PCR (Polymerase
Chain Reaction) lun13naaaswos Makela wazamse [2006] 7laANMINTLEAIDANLAS
AMaNUAN1IAUINLEANAVILAALARIN Phlebia radiate WamnziassluanwsAiladu
adfilaznay LLa:ﬁmsﬁﬂmﬁau,aﬂmaﬁnm%mwmﬂmyjLﬂmau"lfﬁﬁﬁgﬂﬂa@ﬂdaﬂaaﬂm
mananmas danwudulnalalusin Inay Indaeasn LLa:ﬁm{mﬁfﬂImaqaﬁnﬂ 60
flv 80 Alaenada [Thurston, 1994; Baldrian, 2006] & wlna white rot fungi azdinns
uwaasaanvedlalaloduaaiaananodd irulunga Trametes uaz Pleurotus [Giardina Wz
athe, 1995; Yaver WA Golightly, 1996; Yaver wazathe, 1996] Tudlunwas saprophytic



basidiomycetes Coprinopsis cinerea (Coprinus cinereus) Usznavan ﬂ%uﬁmuq&lm‘i
FIATZAURALATEY 17 non-alle [Kilara WasAmsy, 2006] LHiaIaNUAALARIANNIUNZRE
é'fummsm%ﬁa"ﬁ%’ummaﬂaz%m%’umsﬁnmﬂszqﬂ@ﬂ%’lum‘swaﬂﬁﬂi:mm NIRAAINY
Wuie uazn13mIaaTne ‘nuﬁg@m‘swﬁmm‘smﬁlmiq [Hatakka, 2001; Mayer U8z
Staples, 2002] aLifmvl,sﬁmuﬂm,l,amaaﬂmaaLLaﬂLﬂa@iaé‘ummwﬁLﬂuﬁﬂhmaghaﬁma
5’18&’1%1,“/1’1&% Lﬁulul,ﬁ@miz@]‘&l (Agaricus bisporus) [Smith Lazatke, 1998] uazlRanal
[Ohga Was Royse, 2001] LaLINNMIANEVEY Hilden wazAtue [2006] WUINRNNTLEAI88N
°uaﬁuﬁmuqmmamﬁmﬂa?aaﬂ%ma wazdnfuilaseandiaaly P. radiata waziiied 1
LLaﬂLﬂavlaisﬁvlﬁﬁﬁﬁgﬂmemziﬂauﬁaUmiLWWngmlummimm WARWEAIIALAWINNNT
nLanaalo I s I [Vares uazamz, 1995]

Garcia hazatwe [2007] lévinnsuenuaaaaan Pycnoporus sanguineus waz¥in 1
U%Ejﬂ%ﬁ’sil phenyl-Sepharose column wu:i’]LL&ﬂLﬂﬁﬁﬂﬂM%@ﬂﬁﬁ&l%% 54 LYIN WAKE®
8.37% lagld syringaldazine \HuguaLa™ LLaﬂLﬂaﬁﬁﬂﬁﬁqﬂ%{ﬁmm@ﬂszmm 69 LAz 68
Alaeaaaiiiold SDS-PAGE gel uaz gel filtration @WEGU Fe1 Km  §m3D ABTS,
synringaldazine W&z guaiacol #6n 58, 8.3 way 370 lWlasluas aud ey Henfiasuas
qmﬂ{]ﬁﬁmmzamﬁﬂ% synringaldazine  LIUSUSLATNIYINAL 4.2 WAz 50 29ALTALTUR
ANNRIA uanmnfﬁau%ﬁﬁaﬁmwLaﬁm@iaqm%gﬁﬁnﬁamﬁmﬁu%’ﬂmﬁ 50 846N
waBoad 24 uaz 48 Tlusdinslinendianaai 93 uaz 76% ANEGL HaNANILAA
Lﬂaﬁ'\‘lmmmgﬂﬁ"i.lgdﬁw L-cystein, beta-mercaptoethanol, NaN;, NaF L8z HgCl,

ﬁam’i%ﬂﬁﬁmiﬁnmmmmLLa:‘Y‘hLLaﬂLﬂaﬁgﬂﬂa@mdaUaaﬂmmwamsﬁaﬂﬁ
‘LI%E\ZVI?; NN Pycnoporus coccineus [Pointing Wazatwe, 2000] Pycnoporus cinnabarinus
[Eggert LLazatwe, 1996] Chalaraparadoxa CH32 [Robels LLazatwe, 2002] Trametes gallica
[Dong W&z Zhang, 2004] LL@iﬁﬂ'ﬂﬁ‘*ﬁa;ga"LajmﬂﬁfﬂLﬁ'mﬁ'unwv‘iﬂﬁu%qﬂ%(uazqmé’nwmwaa
LRALARINNLAAREN I@ﬂﬁﬂ'ﬁﬁﬁl,l,aﬂLﬂaiﬁﬂ%qﬂ%%Lﬁwammmiﬁﬂmmaa Thurston
[1994] miﬁﬂmwmwﬁmmLmﬂ@iwﬁmaoﬁmﬁff}hLaqamamaﬂLﬂaﬁl,mﬂvlﬁmﬂl,ﬁwaw
ULALINUNNTANENV89 Kofujita WazADee [1991] WUNULAALARINNLAANEN K-3139 WU
A1 65 Nlaaadalasit SDS-PAGE &utianan SC-495 fidn 37 Alasada lay3t SDS-
PAGE uaz 74 Alamadalasdd gel filtration [D’Annibale uasamie, 1996] Makkar Lazatue
[2001]  uENUAALARIINLAAWAN TMIBOO  wazTiediwitadnielu 660 Alaanadaidu
asUznanidsdeutuenladilesaondiaatug Lm:sﬁiﬁﬁﬂ’ﬁﬁﬂmmaaﬁfﬂﬁﬁ'mmaﬂﬁjwﬁ
mel,aﬂmamnLﬁwamwiﬁqmé'ﬂwmzmaaLauvl,snﬁﬁ@mﬁ'u 21aneauNIUldINAAIN
anzlumawnzsassnawimIanauen I@ﬂ‘wm'wLﬁwauﬁm‘%mﬂua'}mnﬁﬁumm'ﬂﬁﬂ
Iumagiaaﬁummsmmﬁé’ﬂmm:ﬁl,mﬂ@mﬁ'u [Zhao W&z Kwan, 1999]

M Inaasmaii lnurasnaasiweanidoanialaTunnuftounsluwias
@mﬂs:mﬂﬁaﬁmwsﬂi'ﬁm’mmﬂﬁﬂizﬂaum%wﬂgﬂmiam'gmvlm waznarn waluna
A IRDONLALILRD I@ﬂmﬂﬁhmummmnsﬁﬂgﬂmjauLgﬂa"L%uﬁaﬂs:mmmﬂs:mm
400,000 ATAUAI NI 90%ag1umﬂ@z'3'uaam5ommﬁaﬁﬁmsﬂgﬂ%ﬁaulﬁm"l,mﬁ'umﬂ



nndslnuiindalduszanm 50% insasnazshlunaluwinindoauasgwiinasazans
dalinamaunaafasidalilssmunarlnusnnoanis snnin 95%va9n3sanar
"Lmuﬂumiﬁamﬁsﬁé’femﬁzﬁs‘fial,l,ﬁa]zﬁiaﬁmnmml,@iiTaLﬁmiawgmﬁLLazéaurmﬁau 2N
WHEIT 1 LLamﬂsm%%mswaﬂﬁamﬁu‘lmmam%’aL%auLLa:ﬁ;@ﬂéiam{ﬁﬁa

& [y
InaannIsnangay
v 2 o A ' ¥ 2 a
autinlvifaa yauldasinfigah 1
danana lnal
L& A v
AMIRALUNFEZDNA ﬁ;@ﬂdaﬂﬁwﬁaﬁ;@ﬁ 2
ARAONNITLDN
v
v o A ' ¥ 2 a
auinliidaa yatldasinfiigeh 3
FNAaINTTaN
LR LAY
GRREN v
fMIRALUNFZ DA qmﬂdamﬁwﬁagmﬁ 4
YWADWNIININARMN
A 4
v & o A ' ¥ & P
auinliidaa yatldasinfiigah 5
o A ~
RIINAT (HIATU)
LAW MANTNNAAUULE?
v & A v
T aswdluia
AIRALUNEZDNA q@ﬂﬁamﬁwﬁaﬁ;@ﬁ 6
A 4
v Yoo v
auinlvidaa atlsasinfiageh 7
A Aade
AaNNAaINT
LFw ANNNAAL !
AMIRAILUNFEZDNA ﬁ;@ﬂdaﬂﬁwﬁaq@ﬁ 8

el l:l ad v v 1 :’ qu
LLNANGT 1 LLﬁ(ﬂGﬂiﬁ'&l’]ﬁﬂ'ﬁWE]ﬂElGNLK%VL%NLLNZ"QG]ﬂﬂE]U%’W]\‘]

=

waEug alsasifisaai 1, 3, 5 uaz 7 zdanuutwrasgiadnllwnmsganlwauin

q

De
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a a

addaniinfieged 2, 4, 6 uaz 8 Ut uTwrasFain Tty lnuitay

q



10

lunszuaumsnendaadulnuraseiiSeunelfifadymvesadonluiie  vild
iddufinifss  Seududasimsmsadeanaininis  wnzEmaniivnliifans
naznudadanadovld msBunidildusinmeandaufiszasatluiianss uneafiadn
RudaFdTia ﬁﬂﬁﬁuﬁﬂﬁmﬁmmﬁu qm%gﬁmaaﬁ%ﬁm:gwu S AUSI wassa
iuaaasdana IR lamansasaaneiuadld  (@neuimnisuiasauumlszine
Ty, 2544) wananmivendauidulnaluszauaiiSonusn gamwnIsunandauiluge
a’mnﬂiuﬂy'uﬂma‘luq@m%mw?}ma S'fidLﬂuﬁ”’u@amﬂﬁwi’a@;?&aﬂalugﬂﬁﬂ‘dLﬂuLﬁu@Tw
vﬁaﬁﬁmlﬁlﬂufmﬁﬁL‘%ﬁ]ﬁmmmﬁﬂﬂNam@iavlﬂvlﬁﬁ%aﬁ‘immmwi;ju‘ﬂm ATTLIUANT
Namluqmmﬁmmwaﬂ{TammlmyjLﬂuﬂizmumim%mnﬂﬁLLa:?%{Tan Fanordiorinin
éT’mmaLﬁaunﬂifm}au”eﬁaL‘T;qummﬁmmﬁﬁaﬂ"ﬁﬂﬂ’%mmmnlum:mummﬁ@%a
AnliAnin@sannlssnunandouiusmnann  3eindudasdnmstiiainfiomaiinon
ﬂf\iaUaagjl,msiaﬁ’mmim:lﬁaﬁaaﬁumﬁwﬁ’nm:’éoLn@ﬁau (5978 WISmadae, 2527
Chinwetkitvanich azatbz, 2000; lamsamer LasAThE, 2001]

M aETaInaN8ATININMBAIN MIAT UAEN9TIMIN F9TNITWENENUT
33mslnd ganlddselomllunismdaidon annsiidaninasfimunsonsaenladtay
gFAEANAu (Laaas wdnmbaidaseandiaauaziniiuilesoandiag) ﬁmmmn’aﬂﬁﬁ%m
daamnoansUsznauilnenldieinuisoAneeuinewlsiiman i ldlumsisadsan
Robinson uazAmkz [2001] usasliiduwimunsaldienloddenaaoinluimaglagan
white rot fungi WIN Bjerkandera adusta, Phlebia tremellosa, Pleurotus ostreatus LRz
Coriolus  versicolor lwnstapaaudfongaazile  wazlumsansnwuiiuainany
LﬁufumaavlulmsLﬁ]uﬁgaauﬁmtaﬂ@?amauaﬂeﬁﬁ waRwuimstineny  sansalums
douaanuLioaldnios  9INANINAREIIB Hatvani uaz Mecs [2002] lenanaaimnzians
Fanewluanviudefiddon Poly R-478, Remazol Brilliant Blue R uaz Orange Il 1ilu
padszney  wuinduloianauaansoaeddanrs 3 whald  uaclumImesssdan
Hatvani 48z Mecs [2003] @nswimiiiaaians gfiinadansnudslanswiniiadssloml
Tumshiawladannduladanon il fs:lomildwaons wananiud Salifiawadin
Anninfnmsanssnieawlsiuaananlfludunaunaadsandssianes ladoudule
Uszianlusean aza3dnuazlnfiaaines [Marugesan uazamue, 2006]

flasanniiadaunin 100,000 shefvnsauriasaaa %ﬁaummﬁgﬂaammulﬁwu
Aouss 10 wazansiadl earusadunsoniesinsaddananninfs [Nigam uazame, 2000;
Robinson UazAmz, 2001] 33astdnlumsmiadsanindaudrsdaslszansan fsanumns
sjamnlumsﬂﬁﬁ'ﬁu,az"naom§aﬁaa’mmiﬁwﬁmzﬁaoﬁwrwﬁﬁﬁ@@ia"lﬂﬁﬂ%mmmﬂ Ganiu
iaiudnonwlsmsisadsauseenuawlafiaziewloddldanmsuen ﬁﬂﬁu‘%qw%
u,a:?mmqmé’nHmzmaﬂ‘s:msmﬂmsm’]:L‘&TmLf,%“ulmﬁwaulummsmm SETTGR
Qmé’numzmﬂmmqaﬁmﬁuﬁé’amswzﬁuaﬂma vnanaslilumamseadandn  Dosn
Inaiduddauo®a wunaanauiwans laisny adswasa SuanfiW azlode wia vasuaud
vialasy uafivde luszauwaslfians Weeweamnianudullldannmenas
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@iElvl,l]mﬁ]ﬁ’lvl,l]giizﬁﬂﬂ’]iﬂ’]ﬁhl%ﬂq(ﬂa’mﬂﬁwﬁ’lLﬁﬁ%ﬁﬂﬁﬂﬂﬂgawguG]VLﬁ‘i’J&Iﬁgdﬁ’lLaﬁ‘ﬁlﬁa

INNITUI NINRALT mnT‘samuqmm%mmN’é‘wm{’]ma Judu wonanildwamiise
fenuduldldzihlugnniaszaugasmnis wmsmaiinafianisaisawladanls
WatRudszansaw Mummsiamnsfnsalinmmiewasnnszuwmsnendondald
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UNN 2

o ¢ A P aa a o
AR Qﬂﬂim LAYDINDLULASIDNIIIVE

2.1 senugedunidnlzlunmsnaaas
Y] @ {
211 mﬂwuffmmﬁauﬁ‘l%‘lumsﬂﬂam

\AananANInae 7 MuRug (KMU2 uaz KMU4 ldanwiisd jiansids
~ a 6 a 6 6 a g £
Wia Madmwanemaas aAnIngimaat IaInITHiunIIngIay;  KMU11 1aannsu
ATININEAT;  KMUH1-KMUH2-KMUH3-KMUH4 Lﬁwaugﬂmawm‘?au ININLIRNUT

o a P~ o & [ A & o o &

sraudiyien a3.downd suwis) Miusnenlilasnsviniu stock culture uwaIm3

LTSN BN TILENT INTR

2.1.2 wWUANL38 Escherichia coli
a A . o € Yo [ I & ¥ v
wuAfilse E coli aoWus DH50L Iddminiduiaadidrdhu (host cell) lu
= ° , = {
milaaududivulaslulonaziidiunits laczAM13  (Hudidualuianaiaiasmans (DNA
molecular marker) dwiulglunisdadenlaauniaiduaihmansidasnmsseauninag

Qs Q { 1 U { =) J
Tasandoanemem Tl danulaint luinidvaslalafsznins@ilinazfu17 NAaTwun

& & Ada L o o oA & . .
DINITLRYILTONLANRTT X-gal TILIYNNITIAALRDNLULWIN Blue/White selection

2.2 Jan aunank i3asilanazasiad
2.2.1 Ja0 uazainsal

1. nz@a1wNIad Whatman No.1 (Whatman International, Emgland)

2. N3eA¥NIDI HA 0.45 um (Millipore Coperation, USA)

3. nilaazlada Cellulose dialysis tubing 12.5 mm (diameter)

4. Vivaspin 20, 30 kDa MWCO PES (GE Healthcare Bio-Sciences AB,
Sweden)
. Duran bottom size 2L 68 joint 1 119 La6a joint 2 914
. Column size 2.5x50 cm with stop cock

. Column size 1.5x90 cm with stop cock

o N O O,

. ALAWLAWIRE (DNA vestor)
A& A A ®
fLdutawInen ltlun1imaaesfa pGEM -T Easy vector (Promega,

%o o Py A @ & ® a
USA) lfdnsulaaudunaanmm PCR lay pGEM -T Easy vector 3:zi1ane 3'terminal

. g L A o o . . a [ A o
thymidine (T) @3dAuINN1IzNUUIY 3'terminal adenine (A) YaINRAATUN PCR Na14
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‘3’ VYV & o e QI =
Iulasianlod Tag DNA polymerase waglfiduninzdniunslaauduuastiuysunmd
3 U 6 v v . d' AaA n:l' v (3 1 ad
uatihnanameluaasiadngu (B, col) SellBunldsnwmedunmudasnsliiue

uauATaU (Ampicillin) uazdalidruvasbu P-galactosidase (lacZ) arjuuluianavasfiduie
WINZEE
9. AlBuialuLanalnIoInaNBNINIZ N (Standard DNA molecular  weight

marker)

A Hindlll DNA marker, GeneRuler 100 bp Plus DNA Ladder uaz
GeneRuler 100 bp DNA Ladder (fermentas, USA) I%LﬂuﬁlﬁmaiuLaqam'%f'ammm
mmgmﬁmmmm@ lEfnSuaTIIRaUTWINTRIGLBUaA8ENIRI8INAA agarose  gel
electrophoresis 91/3naUMLTUALEWaIMIAGN 91
10. L@ la
e laddnsultlunsanadidwanazn1laanis 154 Tag DNA
polymerase, Ribonuclease A, Proteinase K LRz T4 DNA ligase (Fermentas, USA)
11. i‘a@ﬁw] B 81950 winihe dinnuefifaudeussiuiiviinminaaas

wRzWITIAAN

2.2.2 gstadnlFlwnside

1. FURLATNENAIUILATIZANINTINYBILAALAET LauA ABTS (3-
ethylbenzthazoline-6-sulfonic acid) b8 4-hydroxy-3,5-dimethoxybenzaldehydeazine
(Syringaldazine) (Sigma Chemical Co., U.S.A.; Fluka, Switzerland), 2,6-Dimethoxyphenol
Wae Guiacol (Fluka, Switzerland)

2. m‘mn‘mzLgmaqﬁuw%ﬁﬁlﬂuﬂﬁsw@aao Potato dextrose agar, Potato
dextrose broth L&z LB (Luria betani) (Sigma Chemical Co., U.S.A.; Fluka, Switzerland)

3. 37llumsvinliu3gnT DEAE-Sephadex A-50 uaz Sephadex G-100
(Pharmacia biotech, Sweden), Ammonium sulfate (Fluka, Switzerland)

4. mnldnasaunauoslasaulans léun EDTA, Sodium azide, Mercury
sulfate, Copper chloride .82 Manganese chloride (Fluka, Switzerland)

5. aﬁawﬁl“ﬂumwmaa Bromophenol blue, Crystal violet, Phenol red,
Fucisin, Indigo carmine, Methyl orange (Fluka, Switzerland)

6. msﬁl“ﬂumnmmmz%Lmﬁ:ﬁmmﬁqﬂ"ﬁmaaLLamﬂa Protein marker,
Acrylamide solution (biorad), Ammonium persulphate, Sodium dodecyl sulphate, Tris-
base, TEMED, Glyceral, 2-Mercaptoethanol, Glycine, Coomassie brilliant blue R-250,

methanol, acetic acid, TCA (Fluka, Switzerland)



14

2.2.3 @509 an g lwn13398

1. e aanitdunia-and 3% pH 211 Microprocessor pH meter (HANNA

Instruments)

2. A3BImuuTILaAED

3. Lﬂ'%'aawamms (Vortex Sciencetifica, VECP)

4. Lﬂ%ﬂdi’@ﬁﬁﬂ’]i@@ﬂﬁuum UV18000 spectrophotometer (Shimudzu,
Japan)

5. %ﬁaﬁammé’ﬂaﬁ’] HV-85 (Hirayama, Japan)

6. nguquqﬂmQﬁ Incubator psycrotherm (New Brunswick, U.S.A.)

7. ﬁﬂaam‘%@ (Bosstech Scientific Instrument)

8. Lﬂ’%f'aaﬁum%m Microfuge m22r (Bechman Coulter, U.S.A.)

9. haa@lul@ Piperman P10, P20, P100, P200, P1000 ZGilson Medical
Electronics, U.S.A., France)

10. qﬂﬂifﬁaLaﬂI@]ﬂW%gfi‘a (The Emperoe Penguin' Electrophoresis
System)

11. Lﬂéa\‘i Thermal cycler (Icycler Thermal Cycler, Bio-RAD, USA)
11. Lﬂ%ﬁ]\‘]ﬁ’mﬂ’lwa’]iﬁu‘gﬂii&l GENIUS

2.3 351N
¥ <
2.3.1 NSLAgILEWlgTRARaN WD IMITIHA
a & = & o ° o = A A o o

LOIUNTALRARANAIAH LasiildwlaiRAavananTaniAusnE Mlagn1svi
I U o v dq, = s °I4 =3 dq, dq’ 1 dl
1714 stock culture G28NITHLRWLENRLILHDIAITUTINWHTIENT INTR LU AL ITOLINA
25 aseigalBus tnzRpIwn Uszanm 2 dland nuulinianzanaain (cork  borer)
muwwﬁumg{uﬁﬂma 1 L TUALNAT mzﬁ:uu‘%nmﬁﬁLﬁﬂﬂﬂﬂﬂqm'}amnmaummwwuﬁm
Uzt 1 LHWALNAT BINNNIZLRLIUWONMITUTINWHTIANTINTE VNN 25 a9aLoald s

& 5 & & A v o AaA [ o

PNNUUANMTGALTE (subculture) 3 A3 LNalR balauloNTanuasaLazanuTnsNn gl
ﬂ'rsmam"lé’l:@ﬂﬁ']ﬂwLﬁn:é"u PNROLUKIRITLRLILTTRHALRAL USN1aT 100 aRaaS
lur92110 250 FaRANT 1LALIluan 1N (static culture) Uaf 25 asmaaidoa AN

LIRS 2000 8NT Wt 16 T ladsiadn MIawizlasasulodasrinluaninlaaalta

[ a U [~
2.3.2 N13IANNIILIIY VDY La%‘lﬂlﬂﬂﬁaa\l
o & ) = & & A a = )
NINITILNIELR UGL&%IUL%@VS@NI%Q']%']SL@ HILDDTUIA Lﬁﬂ’)iuﬁﬂqwuﬂ LNULEY

P -y @ Iy o Y . &
IHLWQW']%']'V\%T’ILW\\‘] ‘Ylﬂ"] 10 9% I@Uﬂ']iﬂﬁaﬂ@'lﬂ Buchner funnel H1$NIL@1BNTAILUDT 1
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sadulylwazanalsnaainainisiasaTassiinawlsaaldia 2 A9 ﬁﬁ"l,ﬂauuﬁﬂm;jau
muquqm%gﬁ‘ﬁ 60 2IANLTALTUE Wit 48 T 139 LN RN ABNLFIAIN TIRIUIRINLAS
YalauleRaray

a 1 4
2.3.3 35 N1ILASUNLRAIVDILD 1 L7 8d
YNIINQAaaILRlanda 2.3.2 NWRINNLAULEWLENLRLIUBIRITIARILE
RIazaaNmaein lUdunigisuaIadauainisinatdwnsiiaazudantsas 7 3,500
' P A A = < o '
Jaudauwf wn 10 w19l N 4 aseoardos nuuinansazanuaIula (crude  culture
AV oA & o Aa &a & 1
supernatant) Nl la@aasazansiaw sl siundanernanssuvadenlodda

Aaa % aa A ¢
2.3.4 35n13anaafdIfuadtanlosiuaalaa

14 ABTS 1ususiasn 3udfiselegldianlsd 100 lulasdas duny
0.02M ABTS 1u 0.2 Tuansazdianiiwiwes Aar 5.2 TutSu1a3393 1 388807 wanlwid
N ﬂwﬁéwmuguqmwgﬁ 37 AIANLTALTHE W% 2 U fﬂﬁﬁmsg@ﬂﬁmmaﬁmmma
AR 436 W LLNAT

° o ' & = A ea PPN

Arunald 1 nirsvesawlod nureds Ysuraawladnisedjasen
aandlat 1 lulasluawas ABTS daufl neldzniiznyinmmasad

2.3.5 mswdsunalusin aui5va9 Lowry uazane (1951)

NENA1DE1Y 1 DaRaaINURITAzAanaULlas 5 388867 NaNIWITNA® AN
1910 w9l LaNRIIazAuAWIRTLALAUAAMNTUTY 1 WaSUDA 0.5 NAFANT NaNIWLTAW
AINI LY 30 w1 1AAINIQANALUFINAININIATY 660 UL T ﬂ%’uguﬂaﬂ%ﬁ’mé’u
WNEA0E19 FnInagautsudeIn srwdinnututulls@uainnanunasgin BSA
(Bovine Serum Albumin)

=) ) Qs -5 a =
AILGTUNRITAZ AU E N TUIAUTU L1361
') =l I % 6

RIIRZANY N: ATANE 2 NNV LA NAITUALLE FuaNTazans 0.1 luas
Taaadlaavanlaod 100 Aafaay

R1I8ANY U: azany 1 nYuvadnathidasTainaeuiinnaw 100 NaaaaT

RITRZANY A 8ZAY 1 NINVDIIUUARTUUNITIAINGILUIINA® 100 NaRAAT

NowlTNRNRITAZAY N 100 DaRAAT GIURITAZANY U 1 UARAAT LASRITAZANY A 1
A aa AN v oA ) &
F8RAAT RITAzANENENT e SuninaTazauaalilas

o ¥ A v =
2.3.6 ﬂ’]?ﬂ’]tﬂ%\l‘ﬁﬂﬂﬁﬂ‘iqﬂﬁ AENIIANATNANAIYULINAD
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aauLa9a1nITuas Fukishima and Kirk (1995) lagwadanniAuiien
€p.l' £ dw £ =3 £ ) 1 I3 d'
RIINZANULAW LN L INNIIWIZL R RAROULAD ¥NaTazay LUUTIT9N -20 ade
LIALTER INBUINNIRLABUEITWRILILNETNAA long-chain  polysaccharides 3NNHUIN
RIIAZ AN LGUIININIANAZNAAIY ammonium sulfate LNarNdallsaun lidaIn1saan
P a ' a a & A A ' [ o & °

Lihavanlusaundazanaaziasdlsznauvainsaaz d lunuanen9nis il aItuaINITavinnIy
ANAZNAUNNINBUAIINUATY ammonium  sulfate BuAIANBUAAAINUSNIIRIUTAY ey
AANITNVAILA bara]

R1382818 ammonium  sulfate U214 5 VARRATUDIRITALANY Dl e
ANBWANNANNUTUTUUBI ammonium  sulfate TagtNuNa: 5% 310 30% 09 95% UTu1mh
YAINANTTNVAILAALARIUEITAZ AL IWAAAINAILNITIALanGIATaILaw ki layld ABTS
L UwRUALATN USU193U89 ammonium  sulfate Baa2 lda1na1319USumwLNEa ammonium
sulfate 3u@7 (Aadaas) Mavasluluasazaralysdn 1 8a5 310 Scopes (1988) BaIAN

{ o 3 { o v U U ; v
ANATNAY F1IRZANNALAALAFUINITWRI HILAsIN IFTUT WA UA2Y ultra  membrane
filtration MW cut off 30 KDa

° ea Y A o Y ° )

ia1Tazanytanladnanaznawalguad U houTalNadua2 Lazyinlv

v o X o . . o v a £ o
UV BVBAIY ultramembrane filtration MW cut off 30 KDa mmi%usqﬂ'ﬁmﬂ DEAE-

Sephadex A-50 column

2.3.7 ﬂ'liﬁ’]m%l%&lﬁlﬁu%ﬁqﬂ%é[ﬂ aldlasurlansWuuuuanidfewlaaan (lon-
exchange chromatography)
n. 351@523 DEAE-Sephadex A-50
79 DEAE-Sephadex A-50 10 N34 WEluaIazans 0.05 luans 8=
antWines Aas 5 UTunas 1 8av iuiian 24 1alus Ngnpivas iialilaanasd
Wah udheaiwesal lulaennaeanlagld water bath sonicator
2. I51a38n DEAE-Sephadex A-50 column
% s 6 2 v [ 6 a
14 aaduduirswiaidurigudnans 2.5 Lsudiuas 811 50
LIuaLNas Jadansansnaanuanssndals screw clip LANRITazane 0.05 Luans a=dian
LY & A o & do o A a A o o =
Uit Wiaz 5 aslunednyd NduseaududuleTaiieilasiuningazaiiaas Ay
screw clip MWuWasuatanlasnaan vusiduinuildy DEAE-Sephadex A-50 gel
slurry a9 Waliidalaaniarluneautatsatinaue aﬂ@”mmgwaos:é’umaﬁa%i
lunaanit 45 loudiuas wiawhiudiunasaanagluaeaui (bed  volume) 220 faddas
ﬂ%’uszé’uﬁwL'V\Iaﬂﬁagmﬁaﬁmﬁﬂmaﬂszmm 1 1 BALNAT LANTaRIaa8nNIzaN

n3a4d quﬂ'vxlwxla%mlmaé’wﬁa%ima@ LNATLRIILAN LRADANTE 3NWWUTUIAIINITINAA
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(flow rate) VasFsazaefioanuiln 50 Sadansdatalus Helidedwdelmdaeaiaies
fnuwatainauansannaanl uaziiloseeuanifilvdaiasasnans 3R usaian
a. 3%ﬁﬁtﬂ%1‘ﬁ&lﬂﬁﬂ%§ﬂ§ﬂﬂ DEAE-Sephadex A-50 column

daaslddwinesluneauiantzaduasunfintnias wal344in
asazangtewladiiiunisinldidutulasds Ultra-membrane filtration o 9laaiuuniin
8 lAas NI IWNTENIETRLASLU LT R WAINILIRIUANA LESOIE1TazaNe 0.05 Ty
a9 axFiantWies Ao 5 Usunas 250 Sasaandvadly ueasuilifarsdrossilaidy
Aureasen’y 9niuaueae linear gradient was 1 luan§ lmdsuaaslsd luasazans
0.05 Twans azdrantiviwed Aaw 5 USunas 600 Jadaas dolusmefininansazais
auwlodasuuiamtasfisuiinsiivasasaisfisanunaineasut niounsadwlily
“ananaaad UIu1ainanaas 10 UaRaaT ﬁnmem:msJLL@iazLLWiﬂ%‘u"Lﬂi‘@@hms@@ﬂﬁu
wxsvaslisauiinnueninin 280 wlwwas lagld 0.05 Tuans axdianiWines Wew 5
\Ju blank auns:ﬁl'avl,&ilﬁmn’ﬁgﬂﬁmma Tt @A UARILEAGIAVBILAALAT LU
rmwLtammﬁaJé’uﬁufﬁizmwmmi@@ﬂﬁuumﬁ 280 W IULUATURZLOARIGVDILAALAR
(U/ml) BUS WAL TAT %%aﬂ'%mmmaom‘sazmﬂﬁgﬂmzaaﬂm WAINUUTINUN AT
fuandddvasuaninauvinliidusuliuege ultra membrane filtration  YiMTiadSunas
Fanue w5 mlUsen HuandaauanAE LAZFWIBMN total protein, total activity,
specific activity, purification fold wae % yield

mmaaﬁmﬁ;agluﬂaé'wﬁ WRINNAHIWMITLRIY linear gradient
2849 1 lwaslmasuaaslsa lwansazats 0.05 luans ardiantWines Nias 5 IRANALA?
i levnmsasasluaesuidmiu il lunmmasssnssdeld Tasmedsmsazaslmdon
ﬂaavl‘sﬁﬁﬁaﬂaﬁwagluﬂaé'wﬁﬁ’;U 0.05 luans azGiantwiwes Aier 5 USuas 1 fas
NNREUEIazANY 0.2% ladsualadln 0.05 Tuans azdianiiwines Mas 5 USunas
300 JaFART aavli.lma”wLfﬂaluﬂaé’uﬁﬁai’.’laaﬁummﬁzyLauimau%agauﬂ%ﬁ@m 9lu
aaauifle uaznaufiezinaasniitlulflunmasasesidelddasmzdrsmslmaeielad
panNABANNABUMILRITALANY 0.05 Luans azdiantwiwes Wiaw 5 USunas 1 8as

2.3.8 m‘sﬁnaul%u“lﬁ’n%qﬂ'ﬁffmﬂ%%'waﬂal,mifu (Gel filtration)
A =
n. 351@3a39a
79 sephadex G-100 (fine grade) 20 n3¥ wrlu 0.1 lwans azdian
TWWas Wiaw 5 USu1as 350 HaaaT tiuaan 24 T2l ﬁqm%gﬁﬁao HNINNNBIA
W@unualun laarmeaanlayly water bath sonicator

2. N19LAI8N Sephadex G-100 column
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fanaauiuuia 1.5 x 90 luawas lwuwids Jadarsaefideny
88819678 screw clip LavTWiWasaslunaaniduiulotanuaaauit Lﬁaﬂaaﬁumwgm%“;
gasdialan nsuaany screw  clip  ihadsdastiinaslwlnarinuasunatnsdase Tu
YULLALINWALAY sephadex G-100 slurry adldagnedng au"[ﬁmmqwaowalumé’wﬁ
Useanmh 85 LTUflnT 19NIzA BN TIINANALLEWANAURENa19a IR AN ERILLHININ
18 udr T WWeSae lUUseanm 450 S8a5aT LReasnosui

Q. agﬁ’lm%l‘ﬁ&ﬂﬁu%qvlﬁﬂﬂ Sephadex G-100 column

fanaaulioTWinesUseunm 450 D85305 INUBHIHENTAZANY
ubodadluluneanil uarzzanuals 0.1 Tuans azGiantwines WLas 5 A288aTINT 1WA
10 fsdsaIaadalug iuunsaduas 10 Sadans wonasazasudazunsasuwliadinis
g}@ﬂﬁuuawaﬂﬂsau‘ﬁ'mmmmﬁ"u 280 wluluas laols 0.1 luans azGiantwinas A
107 5 1Iu blank ﬁ]%ﬂi:“fqﬁhﬂﬁﬁ’m’lig}ﬂﬁuum Tusztf oI UArILenAIG ILAALAR
Lﬂyuﬂﬁwu,ammmé’wﬁ'uﬁ%zwj’m@hmsg@mﬁmmﬁl 280 W LULUATULRZLEARIGVBILAR
Lag (Uml) AUS1wawuWIaTu Vu%aﬂ%mmmaamsa:muﬁgﬂmaaﬂm WRINEWTIN
usasuRiuanddfuasuaniaaunyinliiduduiugas utra membrane filtration ¥nnnsia
U5nasnenue wiUSunmlusin muendiauanas LazA1wI s total protein, total

activity, specific activity, purification fold Wwaz % yield

2.3.9 ﬂ']iLLElﬂLLazatﬂi’wﬁﬂ’)’lNU%&‘!ﬂgﬂadLﬂ%v[%&jﬁgf'lﬂ polyacrylamide gel
electrophoresis (PAGE)
ABLAIBNET
n. Acrylamide solution (30% acrylamide, 0.8% Bis)
senauais 30% wiv acrylamide Was 0.8% w/v bis-acrylamide
wasulagds acrylamide 30 N3W uAz bis-acrylamide 0.8 N3y azaneluwinnan uazliy
Usaunaslvasy 100 Sadaas (Avlsh 4 asewoafos
1. 20% Sodium dodecyl sulphate (SDS)
azany SDS 100 n5¥ @2etinan anindsursunaslyle 500
ERERIE Lﬁu"l,’?ﬁqm%gﬁﬁaa
@. 4X Stacking gel buffer: 0.5M Tris-HCI buffer pH 6.8, 0.4% SDS
°1°jl'd Tris (hydroxymethyl aminomethane) 30.275 N3N azan Ulu‘i{’]
nAw 300 HaAaT 16N 10 HadsnI289 20% SDS USuUR 1a7 1% 6.8 #2186 M HCI Laziiw
TEMED 1 Jadaay Lﬁu"l’?ﬁqm%{]ﬁﬁaa
3. 4X Separating gel buffer: 1.5M Tris-HCI buffer pH 8.8, 0.4% SDS
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‘fﬁ Tris (hydroxymethyl aminomethane) 90.825 3w azmsﬂm{'}
naw 300 I8AaA5 LAY 10 DaaanTVas 20% SDS USUM Lo 1T 8.8 §18 6 M HCI wazi3i
USIaslile 500 Aaddns Lﬁu"l,’?ﬁqm%gﬁﬁaa

3. 1% Ammonium persulfate

9 ammonium  persulfate 0.01 n3¥ azanslutiinan 1 Taddas
(L@%ﬂﬂminﬂﬂ%ﬁl,m%wwa)

. 2X sample solubilizing medium

Usenauaie 10 Ua8aaT 20% glycerol, 5 UaaaaIVAd 10% 2-
mercaptoethanol, 10 Aa8a6IV89 20% SDS, 12.5 UadaaIU8d 0.5M Tris-HCI pH 6.8 L&z
12.5 1inaw 1@ia bromphenol blue 0.001%

4. 10X Running buffer

°]°jl'd Tris (hydroxymethyl aminomethane) 30.0 N3 WA glycine 144
n3y azaeluwinngs USUR o1 10w 85 daw 1 M NaOH uwazd3ui5a1@5auasy 1000
faaaay SUIT 4 aseaaSos

4. 1X Running buffer

@29 10X Running buffer 100 88807 LAd 5 UaRAAT Va9 20%
SDS uaztSutFunasanasy 1000 Nadaas

fl. Staining solution

°ﬁl'<1 coomassie brilliant blue R250 2 n3¥ avansluiuniuaa 500
fadaas BunsaozdaniTudu 100 Haddas wazdiulsuiasdsiinaulwasy 1000
RERIGR] n‘sama:msﬁ;m‘*ﬁuﬂﬁﬁﬂ%@ Lﬁuvliﬁaqmﬁgﬁﬁad

t. Destaining solution
LWNIWER 50 VARAAT NENNUNIABTANLTNTY 70 Uadaas Usu
U3Na3dinnawanasy 1 aas
7). Fixation solution
azane TCA 60 niulwinnauuazUsud3unaslvasy 500 Sadaas
A5LA38ALA
n. Separating gel (10% acryl amide) lutS81a3 20 Radaasdsznavee
-acrylamide solution 6.7 ml
-4X separating gel buffer 5.0 ml
-distillated water 7.8 mi
-1% ammonium persulfate 0.5 ml

faw load @3 TEMED 15 lulasaas
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%, Stacking gel (4% acryl amide) luUSu195 10 Aadaas Usznaueie

-acrylamide solution 1.3 ml
-4X stacking gel buffer 2.5 ml
-distillated water 5.95 ml

-1% ammonium persulfate 0.25 ml
faw load L&x TEMED 5 lulasaas
S GERY

1. 15A7ALATBY electrophoresis #28 ethanol udILszNaUTALATEINE

'
a A i

2. Duidamvazarniu andunissnaiuveudiszasudunszanndanuy
chamber 14 daaslwiuudeditlszanm 5 wifl

3. HENANIAZA18YY separating  gel  a1NTa n. inatlugaiatailaas
T84IN9IZWININTZANG1U chamber umuﬁmmgomﬂmaumaﬂszmm 10 LTUALNAT LAY
nauad luuwndaaialvwiies Seu AvlildAad jaselnfwe laestulszano 1
72189 Ngaunniiviasg wﬂﬁmaﬁuﬁaﬁaauyizﬁ wirFauniraananniiniea uazldnszany
firgduihaanlinua

4. HENF1INZALVS stacking gel auda 3 udlFhidagaldlalutesing
JTRININTTINGDINNEIN separating gel WaLLFIULNUAIANNUA WNalhiAaTaInsd Ty
nouar1Ie0819 Aelilaaudsaidszanm 30 wnf

5. 1@ electrophoresis buffer 841w chamber UuLaza191lALAN LazAa 974
WHWRIBaN

6. LausIazaaew Tl TNTW waz/mia svazanaldsdnanasginad il
waasgadgaz 10 lulasdas dava lWAauLazuInan power supply AL lWAwag
chamber  UnLazad funszua Wi narauldgsnvinlaslenszualndn 110 Tad

< =3 a 2’ Aa dl' d' =3 % 1
AUNTZNIABUOLFUNLIUVE bromophenol  blue  tARawNad laniistlaraarwansvas
. A o < \ A A
separating gel TlFlamuszanm 2 Talus nyarunszua i waznaagaiaTasiiauas
LHWLINDDN RIAILINNAWLAZLTAIIUEITALANY 30% wiv trichloroacetic acid (TCA) 1iu
a A A o A & a o \ & o Ao .. .

1281 30 wfl ez lilusduiafanuuduiaa anwudaudale staining  solution
U5z 2 T3L39 WAa19RTBNALE destaining solution LABLURBUIUAZ 2 ATI IUNBILA
wHwLaa e TaTzuznnlysiuaReuiifis uALAINEN1ILaN bromophenol blue LARBWT LU

16 durtuen Relative mobility (Rm)
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. ' A
2.3.10 NMIANHIANHMLIANIZDDIUAALAGTILENUTENS
iasarasuaaaanuen ldanmailasnlannwiuuuuanidfoudszy
LAZLIANALATTU ANTINNTANBNANHULANIZAN g T1ENATINGY Lol
-MIANHNANTENUVDIN LaTuazgangiidan il e
-MIfNANUETTAONLAT Laza ANl
-HANTENUYBI losanlansNiNadansvinausa9towh bl
HANIENUVBIAHUEIGBUDARI LD e
SMIANEIANUTUAIZYDIRURLATN
-MIANENANVTNTUVDIFUELAINA NI TIUHATEN
=S a g 6
-mansUTanomen lmdlumsnenane®san iz
=2 ;:' a o &
-mMianEzezammazad s INanNFEFILATIER
-MIANEIANULT NI BYaIEFIIATIERAan N R N IR lwn1INaNaNIT

g [
RILAINSH

2.3.11 msﬁnmqmé’nwm:mafuLaqaﬁaﬁuﬁwﬁmtamﬂa
MIANALANDISLBWLDINAANRDN
-ﬁnLﬁuhmaaLﬁwaw’?iLW’lzLﬁymlummsmmﬁuN%Lﬁﬂﬂmaﬁqm%{]ﬁ

25 gaanraldos a1 30 % lUusnanaaisidue Iﬂﬂl*’ﬁ*’q@Lmﬂaﬂﬁmﬁﬁmaﬁu%agﬂ
ﬁnmﬁﬁmaﬁaﬁ'@vlé”l,ﬂmawaugmmw menafia agarose gel electrophoresis lagld
1% agarose 713 ethidium bromide 0.5 lulasnsudefaaans luavazaaiwines 1X TAE
(Tris acetate EDTA) ugiinldamasaundoutiufinnindasiasas gel document
ﬂﬂiLﬁN%%ﬁLS%LawEJ\‘]ﬁ%ﬂ')ﬂ@&dﬂﬁiﬁﬁmiﬁzﬁuaﬂl.ﬂﬁglw,ﬁﬂ‘lﬁa&
sanuuyIwwed lasvimafSouifisudauiiailainduesBuaruqunis
§GLﬂ‘i’]::‘ﬁ(LLaﬂLﬂﬁi%Lﬁ@%ﬂ&JLLﬂzLﬁ@“ﬁﬁ@suﬂﬁﬂ‘i’]ﬂgag‘iugﬂwfl’a;&a NCBI  GenBank

(http://www.ncbi.nim.nih.gov) wasanuulddrdufiaadlaindlunIiimeuiny (conserved

region) US104 5 U8z 3’ 2098 UAINS1INTNINI380NLULLAZFILATIEA INILNassLAnzLie
I ludunanaasmstiusonstuiiiwelaslfinafia RT-PCR domsldarsidweianald
uersiduieutuuy (RNA template) Mmiﬁﬁﬂg’jﬁ%mLﬁaLﬁwéﬂmuéuﬁﬁmaﬁwmﬂﬁﬂ
RT-PCR $awnvlwswasnoanuuylissns lavldya RT-PCR &113931 RevertAid First
Strand cDNA Synthesis Kit (Fermentas)

gauuaN w3l §isen (reaction mixture) lu3unasvindsznauday 13
WBuwaduuuy 1 lwlasn3u, 10X Reaction Buffer with MgCl, 5 'lulasdas, dNTPs
(dATP/AGTP/ACTP/ATTP)  wfimas 0.2 Hadluand Inswesildrfiass 0.5 lulaslusns
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RevertAid " Reverse Transcriptase 0.5 lulasaas UsuiSunassesiinaulifidsmnaesyy
du 50 lwlasaas haunaudldluvil§Asendaniadas Thermal  cycler Tanas
Iﬂmﬂmmmuanmﬂml,a”?y s lumsrhu§isen RT-PCR aisil

mumaumim Reverse Transcription Vlaﬂmﬂ&l 50 adfLoalToa Lwian

60 WM 1IN 1 50U

a

2UAaw initial PCR activation step Namnnidl 94 a9aLTalToa LUwIan 3

9 U
d

PN IWIN 1 50U mﬂﬁfumhgj{fmlau denaturation Ngannil 94 AIFNLTRLTOF LA

2

30 3w, annealing figmwnd 58 aseuTalTos w1 30 TuM uas extention  #
gaunnil 72 asenaides ua 45 3w Swiuseuseinvihiljisonae 35 seu
TUABUFATNY elongation step Namnnil 72 aseuaaiGas 1wiaan 10
WIN 1% 1 08U
ATIIROLNANADAHN PCR cneinafia agarose gel electrophoresis lasld 1%
agarose 714 ethidium bromide 0.5 lulasnsudalafaas wansazarouWiWas 1X TAE (Tris
acetate  EDTA) aua3and Wi 100 Taavi tuiian 60 wd udrsinluamazeuniaw
% v { g; o L o =) Qs vV A Qg
tufinnIndau1a3ad gel document MNUUINNIIUBNENAUAZYIWEAA M PCR 1#13anT
LS8N 1% agarose  bansazaouWWas 1X  TAE A'lNT ethidium  bromide a1n%®iiN
Aa s 6 o v a . A a
NAAADHN PCR MUvinnsuanawiadiamaiia agarose gel electrophoresis LWBLENLAUG
WBula Waan be i dandsansazanaii ethidum  bromide 10 lulasnsudafiafans
nnuudaTudiawaiihwinendainy moldusigaanhlade udhldusnaiasudidu
Y A A€ v Qs =3 o =
waananaauazi iuIgntlaslfgesiausndiduadiiogy
¥ a o ¢ o & v v .
nslaanBuwnanims PCR 1gizaatant E. coli

A & Y

1. ML TONFATWALAWLDLTN RN INUALDULANIRE

s & a A

dnfan s Age157 Ui BeudatdnAuaisuianine lagld

e

a a &

aaTNEINITHINIAL U N e NLTUALSWatnIne 1 da 3 lasadansrinauvadian s
T4 DNA ligase ﬂumiazmﬁﬁﬁmaﬁaﬁmugﬁ 4 29T TIRMIBTINAY USWava9
ssazmslumaiuismnldanduusihvessivnguiagadisagy
2. maassumasintudinsulslunsasanodn
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Fig 1. Typical pattern of growth curve demonstration of Lentinula
edodes mycelium long during growth in potato dextrose agar (PDA)

medium at 25C
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Fig 2. Typical pattern of growth curve demonstration of

Lentinula edodes mycelium long during growth in potato dextrose agar

(PDA) medium at 30C
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Fig 3. Typical pattern of growth curve demonstration of

Lentinula edodes mycelium long during growth in potato dextrose agar

(PDA) medium at 32C
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Fig 5. Typical pattern of growth curve demonstration of
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Fig 4. Typical pattern of growth curve demonstration of
Lentinula edodes mycelium dry weight during growth in potato dextrose
(PDB) medium at 25C
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Lentinula edodes mycelium dry weight during growth in potato dextrose

(PDB) medium at 30C
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Fig 6. Typical pattern of growth curve demonstration of
Lentinula edodes mycelium dry weight during growth in potato dextrose

(PDB) medium at 32C
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Fig 7. Typical pattern of laccase of Lentinula edodes during growth in

potato dextrose (PDB) medium at 25C
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Fig 8. Typical pattern of laccase of Lentinula edodes during growth in

potato dextrose (PDB) medium at 30C
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Fig 9. Typical pattern of laccase of Lentinula edodes during growth in

potato dextrose (PDB) medium at 32C
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Fig 10. Typical pattern of manganese peroxidase of Lentinula edodes

during growth in potato dextrose (PDB) medium at 25C
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Fig 11. Typical pattern of manganese peroxidase of Lentinula edodes
during growth in potato dextrose (PDB) medium at 30C
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Fig 13. Effects of pH on enzyme activity of Lentinula edodes.

The enzyme reaction was performed at 37C for 10 min.
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Fig 14. Effects of temperature on enzyme activity. The enzyme reaction was

performed in 0.1M acetate buffer pH 5.0 for 10 min.
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Fig 16. Effects of temperature on enzyme stability. Activity remaining was
measured after incubating in 0.1M acetate buffer pH 5 at various

temperature for 60 min.
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Fig 15. Effects of pH on enzyme stability of Lentinula edodes.
The enzyme activity was measured after incubating at variou
pH at 37C for 16 hrs.
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Table 1 Effects of metal ions on laccase activity

Metal ion salt Concentration (mM) Relative activity (%)
None - 100
BaCl, 1 102
CaCl, 1 91
CoCl, 1 95
HgCl, 1 40

KCI 1 101
MnCl, 1 94
NaCl 1 96
SrCl, 1 100
ZnCl, 1 99
CuCl, 1 175
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Table 2 Effects of inhibitors on laccase activity

Inhibitors Concentration (mM) Relative activity (%)
None - 100
NaN; 0.01 16

0.02 5
0.05 0
0.1 0
1 0
EDTA 0.1 109
1 107
3 104
5 102
Cystein 0.01 74
0.02 47
0.05 4
0.1 0
1 0
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Table 3 Substrate oxidizing activities of laccase

Substrate Absorbance (nm) Relative activity (%)
ABTS 436 100
Syringaldazine 526 141
2,6-Dimethoxyphenol 468 85
Guaiacol 436 3
Pyrogallol 450 28
Veratryl alcohol 310 0
Tyrosine 280 0
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Table 4 Precipitation of laccase from the supernatant by saturated ammonium sulphate

Ammonium sulphate

Laccase activity

Remaining laccase activity

saturation (%) (U/ml) (%)
0 0.3996 100
10 0.3654 95
20 0.3461 90
30 0.3308 86
40 0.3115 81
50 0.2577 67
60 0.1115 29
70 0.0192 5
80 0.0077 2
90 0.0038 1
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3.8.3 Nﬁﬂﬁiﬁﬁttﬁﬂtﬂﬁﬂ%é’!ﬂﬁﬂﬂ DEAE-Sephadex A-50 column
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Fig 17. Elution profile from DEAE sephadex A-50 column
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3.84 Nﬁﬂﬁiﬁﬁttﬁﬂtﬂﬁﬂ%é’!ﬂﬁﬂﬂ Sephadex G-100 column
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Fig 18. Elution profile from sephadex G-100 column
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Table 5 Summary of the purification procedure for Lentinula edodes KMUH1

Purification step Volume | Activity | Protein Total Total Specific Purification | Yield
(ml) (U/ml) (mg/ml) activity protein activity fold (%)
(V) (mg) (Uimg
protein)

Crude culture filtrate 400 0.4299 0.240 171.96 96.00 1.79 1.00 100
Ammonium sulphate 60 2.706 0.176 162.36 10.56 15.37 8.59 94.42
precipitation (80%)
Ultra membrane 30 4.389 0.154 131.67 4.62 28.50 15.92 76.57
filtration
DEAE-Sephadex 20 5.267 0.132 105.34 2.64 39.90 22.29 61.26
Sephadex G-100 12 5.916 0.117 70.99 1.40 50.71 28.33 41.28

a I3 a & ¢ v .
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Fig 19. Effects of pH on enzyme activity of crude and purified laccase of

Lentinula edodes. The enzyme reaction was performed at 37C for 10 min.
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Fig 20. Effects of temperature on enzyme activity. The enzyme reaction was performed

in 0.1Macetate buffer pH 5.0 for 10 min.
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Fig. 21 Effects of pH on enzyme stability of crude and purified laccase of
Lentinula edodes. The enzyme activity was measured after incubating
at various pH at 37C for 16 hrs.
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Fig 22. Effects of temperature on crude and purified enzyme atability. Activity
remaining was measure after incubating in 0.1Macetate buffer pH 5 at various

temperature for 30 min.
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Table 6 Effects of metal ions on laccase activity

Metal ion salt Concentration Relative activity Relative activity
(mM) (%) (Crude laccase) (%)
(Purified laccase)

None - 100 100
BaCl, 1 102 96
CaCl, 1 91 100
CoCl, 1 95 73
HgCl, 1 40 104
KCI 1 101 100
MnCl, 1 94 102
NaCl 1 96 102
SrCl, 1 100 101
ZnCl, 1 99 101
CuCl, 1 175 177
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Table 7 Effects of inhibitors on laccase activity

Inhibitors Concentration Relative activity Relative activity
(mM) (%) (%)
(Crude laccase) (Purified laccase)
None - 100 100
NaN3 0.01 16 40
0.02 5 29
0.05 0 16
0.1 0 3
1 0 0.5
EDTA 0.1 109 111
1 107 109
3 104 106
5 102 105
Cystein 0.01 74 80
0.02 47 58
0.05 4 21
0.1 0 0.5
1 0 0.2
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demethoxyphenol  luutuef pyrogallol  Wae guaiacol fJ@i’lLLaﬂafiavL&igd LATUAALAR L

fITneandlas veratryl alcohol LLaZ tyrosine e

Table 8 Substrate oxidizing activities of laccase

Substrate Absorbance Relative activity (%) Relative activity (%)
(nm) (Crude laccase) (Purified laccase)
ABTS 436 100 100
Syringaldazine 526 141 148
2,6- 468 85 89
Dimethoxyphenol 436 3 8
Guaiacol 450 28 36
Pyrogallol 310 0 0
Veratryl alcohol 280 0 0
Tyrosine

3.12 nMsdnwlIsufisurnansENuYaIANNITNIRTUFLATNAB NI 3819

d' ] o Y A d{
waaLAFNHIWNIII 1AL EN5

a =) o 1 1 a A { ] o v ~a Q{

MmifnsantwarasFuaiamdan sl jisenvasuaaiaansunisinliuigns
N Lentinula edodes suwui KMUH1 laglfiawlsd 0.5 wistsiususiam ABTS,
Syringaldazine Waz 2,6-Dimethoxyphenol NANMUENTHIZWRING 0.1-3.0 Tadluas lu
ssarasazBiandwines A 1a 5.0 anududu 0.1 lua1s gungdl 37 asenaaidoa Lo
THalunstn 5 w9 ¥HaNITNAaeIN ke MNEaATEnINIEIRNALVEIOATILSIVEINTLT
UPATUINURIUNAUIA NN TNTUVIFURLATN NKLIHUAINITVY Lineweaver-Burk

NANNINARD (gﬂﬁ 23) wu WalduSum ABTS lunsvhyisenszning 0.1-3.0
A A & A o ) Aaa a £ ' = A A @
fadluans uaaaddannasivesdjiteninduetimaid uazlidgegaliold ABTS
2 Sadluand WaliuiFunm ABTS gend1 2 Hadlum® hinunsiiudanniasal jisen
gastenlad  Wathdd@wnausesaanmatsslnseaeen koduazsiunauvasnna
wiudu ABTS anvinmIwdaanaw Lineweaver-Burk (3U1 24) awnsamien Michaelis
constant (Km) & wibufjissniseandlad ABTS lariszanm 0.719 Hadluans uazen
Vmax 0.557 Jadluagdauwfl

A Y A . . o aaa 1 a A 6 a

WalduSunm Syringadine lunsvyAsenszwing 0.1-3.0 Hadluand uaainsd
o ' Aaaa A £ ' { ' d ¥ . .
danmuivasljisennaduediimai U 25) ussiidngigailald Syringadine 1.8




50

fadluas (HaindSunne Syringadine gandn 1.8 Nadluant Tainun s Rnsnnsg
Ujismnveeulsd  ekddundurssdanmusnjitonenewloduszdunauas
AMULTNT I Syringadine WM INRaanT W Lineweaver-Burk (31.]“71' 26) ®1NIDRIAN
Michaelis constant (Km) &w3uijisenniseandlad Syringadine lad1tszanm 1.85 Had
Tuans uazen Vmax 1.268 Jadluadauf

uaziiialdu5anm 2,6-Dimethoxyphenol lumsvind§ASonszwing 0.1-3.0 Hadluans
LLaﬂmm’jé‘m’mm,s'wadﬂﬁﬁ’%mLﬁuifuash\ﬁam%:l (gﬂ‘ﬁ' 27) LLﬂ:ﬁ@i’]gdq@]LﬁGW 2,6-
Dimethoxyphenol 2.4 Fadlua3 Lilatiui3anm 2,6-Dimethoxyphenol ganin 2.4 fiadlu
a3 Vl,sjwumil,ﬁué’mwmﬂi’aﬂﬁﬁ%mmaaLauvlﬂjﬁ Havhendunauassan e
Uifsenveseonloiuazsrunauvaianuidudn 2,6-Dimethoxyphenol 41vNIWRaANTIN
Lineweaver-Burk (31]“7; 28) RWWNIONIA Michaelis constant (Km) &wiudfAsennis
aandla 2,6-Dimethoxyphenol ladndszan 1.49 Tadluans uazdn Vmax 0.623 Aadlua
faun

wdLilariniswdn Km uaz Vmax I@ﬂl‘*ﬁmiﬁﬁmmmﬂgm %omﬁﬂﬁagamﬂﬂﬁw

WUAAIN LG LANG1INWLANTDY AILFadla1319N 9

Table 9 Substrate specificity of purified laccase Lentinula edodes KMUH1

Substrate Value from graph Value from estimate
Km Vmax Km Vmax
ABTS 0.719 0.557 0.746 0.578
Syringaldazine 1.85 1.268 2.754 1.887
2,6-dimethoxyphenol 1.49 0.623 1.515 0.633
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Table 10 Structure, concentration and maximum absorbance wavelength of dyes

Dye type Dyes Concentrations of dyes | Maximum absorbance
(mgl/l) wavelength (nm)
Triphenyl methane Bromophenol blue 60 592
Crystal violet 60 490
Phenol red 60 431
Fusicin 60 530
Anthraquinone Indigo 60 580
Azo dye Methyl orange 60 466




55

100
90
80
S 70
2 60
a)
2 50
< —o— Bromoph.blue
g 40 —— Crystal Violet
()
x 30 —aA— Phenol red
20 —6— Fuchsin
—&— Indigo
10 —A— Methyl orange
O T T T 1

0 0.2 0.4 0.6 0.8 1

Laccase concentration (U/ml)

Fig 29. Optimization of enzyme concentration for dye decolorization by purified laccase

. 5 .
3.13.2 n1sAn¥szazIa I mNzanlnn1Iana 9 dI LA 1T

2 A A o ¢ A& v ' .

AnvniszozaNumanzaylwn1IWan 19 FILAIITA mlmag 3 ﬂqusl,v\zy
o AV o o a A v v w 4 [ & °
AN LANEINILEY NTLATNRITR AT UT UG 8YNawlaaalTa IwnInaaasvinlalag

£ ) t:s { ] 1 =) aa aAaa v

luaniaauigndn 0.6 wiiwdafiaddas luasazapdjisentsznaudan tawlad lu 0.1
Tuans azFaguniwas A 187 5.0 0.6 WUIUGANARANT wazENeNULTNTUgarine 60
JafRNINGaaaT ﬂ%mmq@ﬁwmaamm:maﬂu 3 §adaasUsumaiWwas anwulun 37
s TaTuE Wik 24 Thlad Tieneiaiadnimng 4 Tl vin1inaaad 3 41 daaugud
lFlunimaaasfanmtinuaaiaa ldduvinananaadialwintfaawiw 5 win

NANIINAND (gﬂﬁ 30) ﬂﬁwaﬂmﬁé’umwzﬂumju triphenyl methane

v 1 =1 =Y Q =1 =\ aaAa = 6" 1
loun vaewfuaaug, aiadalilotdia, Aueaisa waz WEFu FFaaszdlungy
anthraquinone bl indigo LLa‘;ﬁﬁdLﬂi’l:ﬂuﬂéju azo l@un methyl orange Wui1 LBl
. & A a &£ o

32z I UAITUNWIBI K ANEINIT I wAIINanaIRAL AN wa N lUdy uas
m’mmmmiumiwaﬂﬁmﬁéﬁLﬂﬁzﬁﬁmgﬂumaswzmmLLsﬂ 9UDINIILN (4 Lz 8
< 2 o A a £ '
7 104) TI8ATINIWENMIFANTUANTZHLIA IUNNTLY



56

100
90
80
70
S
o 60
>
a
© 50 —e— Bromoph.blue
c —m— Crystal Violet
5
g 40 —a— Phenol red
m .
—oe—Fuchsin
30 )
—B—Indigo
20 A —A— Methyl orange
10 A
0 T T T T T
0 4 8 12 16 20 24

Time (h)

Fig 30. Temporal effect of dye decolorization by purified laccase

= ¥ U s o 6 1 =
3.13.3 NIANBIANMNITNTWVDIFFILATITH B AMNFINITA IBN1INanv19E
fatasnzhvasnantad
=4 a = 6 = o 6
ANV UI IR FILATIZR A AU ENNTD LN IN AN RFILATIZ AU
waalas Tolddag 3 ngulng dsnldndiniudy maeSoussscapidududioina
¥ v ) Q( { 1 1 =Y aa
Uaaalda Iumsmaaoﬁﬂmmlmamﬂamqmﬁ 0.6 WUIUGANARAAT Iha1TAZAY
Uinsendsznovary tawlod lu 0.1 Twans exfiaaiwines A 1o 5.0 0.6 wiIude
JaRaaT LLazLLﬁJsﬁummLﬁwﬁumaoﬁﬁmﬂmﬁwﬁuq@ﬁm lus19 20-100 FadnTNGaRAT
ﬂ'%mmq@ﬁmmaamia:mﬂu 3 JaRaaUTUMBTWINaS NTWLNN 37 aIALTRLTYR
W% 24 T2la9 ¥imInaaas 3 90 é’amugum"ﬁ’lumsmaaaﬁamiﬁmamﬂavl,ﬂﬁuﬁﬂmU
AAC%I 3’ A =)
LAAAIG LWINLAA I 5 W
HAN1TNARDY (FUN 31) msvxlanmaﬁé’amsw:ﬂumjw triphenyl  methane
U 1 = a o =3 = Aa A a o 6" 1
laun unauAunaauy, a3raalIlatae, NuanLsa Was WEFu ammi’]mlungu
anthraguinone 'l indigo LLa:'ﬁE‘%’\‘imi’lzﬂuﬂﬁju azo 'laun methyl orange Wuin mInan

INFFIATILANANUTUTUA 9 LaALAF FIN1TANBNIFFILATIZA LGUN Laslanne



57

11474 20-40 ARANTNAARATVAIRFILATIZH HONIINHLADLNNAM VT UTUVAIRFILATIZH
o . v o A .
LNNT WA URINITD lwNIINaNINFT A aa 8 b aTuaN N UTWANINT % 114129 80-100

JRANINADRAIVAIRALLAALARN 0.6 NLGaNadanT

100

90 +

g
(0]
>
A
=
= —@— Bromoph.blue
g —m— Crystal Violet
& —4— Phenol red
—6— Fuchsin
—B— Indigo

—A— Methyl orange

0 T T T

0 20 40 60 80

Dye concentration (mg/l)

Fig 31. Effect of dye concentration on decolorization ability of purified laccase

3.14 nafnsamansmenwlaanazasdniindauaniad
4 . .
3.14.1 nyaanuuulnswas (Primer design)
6 o o @ A a 1 g 6 a
MnnIeanuuynswaiiwizandauiaailalndludineuintvaiu
lac lasandumalisuiisudrauihadleindszniadenasusziiamoiugds glunga
Basidiomycota iwulugutdaya wuivinmvesiduiiiailalndnlanumanzaudmiv

T dwlwsinasiNatnuUSaN AL Awaua I3 lac ﬁéﬁﬁuﬁaﬂﬁia%ﬁuamﬁﬁa%Ja@ia"lﬂﬁ

Folwswas fauinalalng YUNA (WH)  Tm (2ILTaLSea)
Forword lac ATGCTTCCCTTCGTTTATCTTCTGG 25 50.9
Reverse lac TCAAGGTAATTGAGCAGGGG 20 46.7



58

¢ @ U (~$
3.14.2 N3ugNaI3 Lo wLENLARLLLAAKRD N
t;l’ £ =3 s 0'/ =3 1 t:ll
ANNITNIZLRBILFR L oTasRaranlwa I T Ra N BHTILG NS INTR LN
qm%gﬁ 25 a9 aalGua 1Twa1 30 T ANWWALA 0819 lA8NITNTDILAZANIIAIUN
< & & o o o ¢ & o o ¢ & o &

nawlaaaa 3 a39 uazsnaulylusnanonarsiduia I@Ul"ﬁ‘*};@aﬂmwnaﬁl,amamLiﬁ]gﬂ
(Total RNA Extraction Kit (Plant) [Minij (RBC BIOSCIENCE, TAIWAN) AN#&IN13
ATIVFALIILLNATHA agarose gel electrophoresis lagld 1 % agarose gel ansLauanuen
lamazin Ul lwn s udSunmiw lac waz@nEINInITLEAIaNTIAUGIINATiA RT-PCR

da

a a g [3 a
3.14.3 NSNS BRALDWLaVDIIW lac Taanatha RT-PCR
o 6 & A:ll s U [ =3 o aaa ‘ﬂ' n' g
nmMyhasiauanuanana laaniawloiianasaninyd jizenaiugn
ALAWLATDIAN Jac AENARA RT-PCR 320NU IwIlaas Forword Jac Las Reverse lac LA
tg/ 1 a > 6 = a t=6‘9/ d: =
Towiaulusznitemanesss lagndanmy PCR danuuignidesunuaciuaidnie
dl dq/ dl 1 a dl a a dl A dl
awgUuwitdon Gﬁo"lum'mmm@ a139ztAaLiasanauRalnduasaIaINan LT b
Naaad J9dasnavluvinnTuanatsidutaanignlaiiananlnianase waziin1sIAN
| Qq’ =) A { 1 g; QI |2
USU T UALAWLaYDIT fac laanaiia RT-PCR G9tiagansnuIwlhaawnstnyUTanm
g v o Qs o =) Qs v a Q( = Q‘D
TUALDWLAVAIT fac LA XVINNTLUNFNALRYNNAAN W PCR lﬁmqm lauaaTwlan
< d ° o & v a £ o [
A3IdEIITILRLAL W aNUIINg waztwuenanaTu PCR I%U‘Sﬁg‘ﬂﬁiﬂﬂl"ﬁ“gmwﬂﬁﬂ@
aLguLa%’mLﬁ]ﬂﬁ’]L%ﬁ]EU AN TuAanaa laztwnslaauTunaanms PCR uazaalaan
Py & v A A & o @ A a & Ao A o
Taaundaims LLa:mumauq@mﬂﬂaﬂ'mLm']:m'vnm@ummia"lmmﬂiﬂaum@Laaﬂ"l,@



UNN 4

a§ﬂwan1$ﬂﬂaaa

4.1 ayduansdnm

1. WazlRsaduloiRananuua1msudsn 25, 30 uaz 32 adeiTalBur wuIlFwle
= o A a Aa . . a
m@%a&l“qna’mwuﬁqwgﬂLLUUﬂ’]SL%ifyLLUUWJﬂm (Logarithmic growth) Taofsa9 log phase
atfluga9e1y 10-20 4 uazazi3udng stationary phase fiany 25-30 T luamizfiiiie
wnziaasluamswaINanzdonu Jyduuunmaaiyimlauiuuddsig log phase ag)

lugsany 20-40 Tu uazaziuLdng stationary phase Nlant 40-60 T

2. LFuluAananaINsaNaaLau lodlannasazkuIndalasoanTiaa b b uIzninenng
wigzanduly wszwud tauloduaaiaauszuuimtailateandias vaianaumoiug
g}ﬂwauﬁ@hLLaﬂaﬁamaoLauvlenﬁgaq@gaﬂd’]mm‘ﬁufwa-uanm%nﬂﬁﬁ‘lﬂumsmam lag
WUIEEAUE KMUH1 LﬂumﬂﬁufﬁmmmNﬁ@LLaﬂLﬂaLLa:Lmeﬁmﬂﬁaan%ma"l,@?ga

Aad
NNQUN] SNt lwmInaaas

3. ﬁ]’]ﬂﬂ’]iﬁﬂ‘]ﬂ’]LLﬂzW@&Ju’lmﬂﬁﬂﬂ’Yiﬁ’llﬁLLaﬂLﬂ&ﬂ%tﬁﬂ%ﬂ’md’lu Harnudwaawnnsvinly
u‘%qw‘ifﬁm syazansuanlufisutanadud wonaae DEAE-Sephadex A-50 column i1
lﬁLﬁwﬁuﬁuﬁ’m ultramembrane filtration WLaZLENGIE Sephadex G-100 column wuinle
LaALAENTALaARS AL NIZIANIN 1.79 winwdadaaniulysan 1w 50.71 minode

Faansuldsan %agaﬂ’jmaﬂaﬁﬁﬁuﬁuﬂi:mm 28 1¥in

4. ﬁnﬂmiﬁﬂmﬂﬁﬁﬂﬁﬁwammmaLLaﬂa‘iamaaLauvlsﬁﬁLLamﬂaﬁagfl,ugﬂ crude uaz 7
mumsv‘hlﬁﬁqw’ﬁ; (purified) WU

4.1 Crude uag purified uaALAF A3uuy Aarfwanzan milauiuie AT19MW0D
Uszunm 3-5 Lfiaﬂwﬁganiﬁ 7 wudtewlad ldsunsossd fitenld uazfignsnisss
Uniengege (qmﬁgﬁﬁmm:au) ﬁqm%{]ﬁﬂs:mm 30-60 B9ALTALTUE HAINUNSAT
nmatUisenvesienlofazanasadninalii LLazwudwﬁqmwgﬁ 80 aIALTALTLE LNay

Tiwuanusasalumassdnisemasenlodias

4.2 uaaiaaniaglugy crude waz purified denuiatissdaiior N 3-6 dauilas

[} 1 1 a? 6 a [l [~ a a [} a
1u°m<1m§\mmmauvlsmmuaﬂamwvlﬂam\‘m@Lm LREUATITNULRD mgﬂumaqmﬂgu 20-



60

40 lapfNgmangiiszning 20-30 asenzaifos uaaiaa ldnsgyiiouea @ldvasanled

A = oAl o . a
LﬂULN@Lﬂquﬂaﬂqqzﬂﬁﬂﬂqquq% 60 »IN

4.3 ssUsznavefiuniveslans HoCl, aanIndusdljisenvasuaaias Naglugy

crude 60% laglailnaniznuda purified dauansauginsdugadnides uaaiaaiaglug
o Yo € a % v o A a ¢

crude sanIngniudildadnisuysaldnlaidoualod anududu 0.05 Tadluand uaz

A a R A A & A . A Aand A & @ N~
PRLGDUAINULVNUL 0.1 Nﬂa‘[wﬂ‘ni lufﬂmz‘ﬂ purified UALLDAAIGALNEILRNWDILNIThL

4.4 synringaldazine Weuan@idvauaninanafiaglugyl crude uaz purified g4
ﬁqmaommﬁa ABTS U8z 2,6-demethoxyphenol Tuaueh pyrogallol L@z guaiacol fen

LaAGIA liigy uazuaaasliaansnaandlad veratryl alcohol uag tyrosine let

45 wamsansasunarsaivasuanas  eld ABTS 1 udusiam e
Michaelis constant (Km) & miudfissnnmsaandlad dszanme 0.719 Jadluans wazen
Vmax 0557 fadluadawdl ileld Syringadine &13130%1A1 Michaelis constant (Km)
fmsuUfisemssendlad laaUszanm 1.85 Jadluand uazen Vmax 1.268 Jadluade
w1l uaziiiald 2,6-Dimethoxyphenol §1313a%1¢N Michaelis constant (Km) fwIuUgnsen
mMyeandlad laadszano 1.49 Jadluans waze1 Vmax 0.623 Aadluadauwdi

5. ﬁ]’mmiﬁﬂmmmmminmamaﬂLﬂaﬁNmmsﬁﬂﬁu’%qwﬁunwﬂaﬂmaﬁﬁame:ﬁlu
ngal triphenyl methane ldur uaanAuaauy, a3adalalalda, Auaaise uaz WaTu &
§a1aTehlungu anthraquinone  léiur indigo  uazEFuATIZAlUNGN azo  léur methyl
orange WU WatRudnmuaaesanumansnlumsnenasdiisduanlude uaz
Waruszeziianlunstuwiuin anusansalunmsnenasdffmsduauludas uas
anusanInlunsanawidanzildgilutieszozinaiun guesnsuy F9sasns
WanasdAnduauszaza lumsty  wenani Fase e nuEuiudn g uaaes
susananasdfstaeilannn wazilatfivanuiduturasdqsiasiANdu

AMNRINIID NI ENAINRRA1RAAI L AU NNETUT AN

4.2 VLA
' & A ° v a LA o °
ﬁ]’mﬂ’]i“n(ﬂaQGWU’J’]LEMVL‘IT&JLLaﬂLﬂﬁ‘ﬂN’l%ﬂ’li“ﬂﬂﬁUiqﬂﬁNﬂﬂEm’]wluﬂ’liu’m’w\laﬂ
a o 6 A o ] I Aad o 6 o 1
AIFFILATIZR omﬂmﬁlzmmavlﬂLﬂumsm’mmimLau"lfnumﬂszqﬂ@ﬂ%’lm:@ummﬁmu
= = % o % 1 =3 6
LLﬂt&lﬂ’]iL@lifJ&lEﬂLL?J‘LPII@GLEluVLG]jsﬂ‘ViL%&l’]&ﬁ&lﬂﬂﬂ’lﬂﬁjmu LT NI L Ll



LONA1ITO19D9

. all'lﬂll%ﬂ’miilla;\iLL’J@é/ﬂ&ILL‘ﬁ'GﬂizmﬂvLV]U. ﬂﬁaﬂﬁiﬁﬁﬁﬂgﬂL%Elﬁ]’miﬁd’]uﬂaﬁ'ma&iwaﬂ
fa3. 2544. 129 Wi,

. Avtonomova AV, Krasnopol LM, Maksimov VN. Optimization of nutrient medium for
submerged cultivation of Ganoderma lucidum (Curt,:Fr.)P.Karst. Microbiology.
2006; 75(2): 148-153.

. Baldrian P. Fungal laccase-occurance and properties. FEMS Microbiology Review.

2006; 30: 215-242.

. Baldrian P, Gabriel. Copper and cadmium increase laccase activity in
Pleurotus ostreatus. FEMS Microbiology Letters. 2002; 206: 69-74.
. Buswell JA, Cai YJ, Chang ST, Peberdy JF, Fu SY, Yu HS. Lignocellulolytic enzyme

profiles of edible mushroom fungi. World Journal of Microbiology and

Biotechnology. 1996; 12: 537-542.

. Cavallazzi JP, Kasuya CM, Soares MA. Screeninf of inducers for laccase production by
Lentinula edodes in liquid medium. Brazillian Journal of Microbiology.

2005; 36: 383-387.

. Cavallazzi RP, Brito MS, Oliveira MGA, Villas-Boas SG, Kasuya MCM. Lignocellulolytic

enzymes of three Lentinula edodes (Berk.) Pegler strains during cultivation on
eucalyptus bark-based medium. Food, Agriculture and Environment.

2004; 2(1): 291-297.

. Chen S, Ge W, Buswell JA. Biochemical and molecular characterization of a laccase

from the edible straw mushroom, Volvariella volvacea. European Journal of

biochemistry. 2004. Impress.
. Chen S, Ma D, Ge W, Buswell JA. Induction of laccase activity in the edible straw

mushroom, Volvariella volvacea. FEMS Microbiology Letters. 2003; 218: 143-148.

10. Collins PJ. Dobson ADW. Regulation of laccase gene transcription in Trametes

versicolor. Applied and Environmental Microbiology. 1997; 63: 3444-3450.

11. D’Annibale A, Celletti D, Felici M, DiMattia E, Giovannozzi-Sermanni G. Substrate

specificity of laccase from Lentinus edodes. Acta Biotechnology.

1996; 16: 257-270.

12. Dong JL, Zhang YZ. Purification and characterization of two laccase isoenzymes from

a lignolytic fungus Trametes gallica. Prep Biochem Biotechnol. 2004; 34: 179-194.




13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

62

Eggert C, Temp U. Eriksson K-EL. The lignolytic system of the white rot fungus
Pycnoporus cinnabarinus: purification and characterization of the laccase.

Applied and Environmental Microbiology. 1996; 62: 1151-1158.

Giardina P, Cannio R, Martirani L, Marzullo L, Palmieri G, Sannia G. Cloning and
sequencing of a laccase gene from the lignin-degradating basidiomycete Pleurotus

ostreatus. Applied and Environmental Microbiology. 1995; 61: 2408-2413.

Grabski AC, Grimek HJ, Burgess RR. Immobilization of manganese peroxidase from
Lentinula edodes and its biocatalytic generation of Mn”l-CheIate as a chemical

oxidant of chlorophenols. Biotechnology and Bioengineering 1998; 60(2): 204-215.

Gracia TA, Santiago MF, Ulhoa CJ. Studies on the Pycnoporus sanguineus CCT-4518
laccase purified by hydrophobic interaction chromatography.

Applied and Microbial Biotechnology. 2007; 75: 311-318.

Hassegawa RH, Kasuya MCM, Vanetti MCD. Growth and antibacterial activity of
Lentinula edodes in liquid media supplemented with agricultural wastes.
Electronic Journal of Biotechnology. 2005; 8(2): 212-217.

Hatakka A. Biodegradation of lignin. In: Hofrichter M, Steinbuchel A (eds)
Biopolymers. Wiley-VCH, Weinheim. 2001: 129-180.

Hatvani N, Mecs |. Production of laccase and manganese peroxidase by
Lentinula edodes on malt-containing by-product of the brewing process.

Process Biochemistry. 2001; 37: 491-496.

Hatvani N, Mecs |. Effect of nutrient composition on dye decolorisation and
extracellular enzyme production by Lentinula edodes on solid medium.

Enzyme and Microbial Technology. 2002; 30: 381-386.

Hatvani N, Mecs |. Effect of certain heavy metals on the growth, dye decolorization,
and enzyme activity of Lentinula edodes. Ecotoxicology and Environmental Safety.
2003; 55: 199-203.

Hilden KS, Makela MR, Hakala TK, Hatakka A, Lundell T. Expression on wood,

molecular cloning and characterization of three lignin peroxidase (LiP) encoding
genes of the white rot fungus Phlebia radiata. Curr Genet. 2006; 49: 97-105.

Heinzkill M, Bech L, Halkier T, Schneider P, Anke T. Characterization of laccase and
peroxidase from wood-rotting fungi (family Coprinaceae).

Applied and Environmental Microbiology 1999; 63: 1223-1227.




24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

63

Kilaru S, Hoegger PJ, Kues U. The laccase multi-gene family in Coprinopsis cinerea
has seventeen different members that divide into two distinct subfamilies.
Curr Genet. 2006; 50: 45-60.

Kofujita H, Ohta T, Asada Y, Kuwahara M. Purification of synthetic textile dyes by
Phlebia tremellosa. FEMS Microbiol Lett. 1991. 37: 562-569.

Leathum GF. The ligninolytic activities of Lentinus edodes and Phanerochaete
chrysosporium. Applied Microbiology and Biotechnology 1986; 24: 51-58.
Lobanok AG, Babitskaya VG, Plenina LV, Puchkova TA, Osadchaya OV. Composition

and biological activity of submerged mycelium of the xylotrophic basidiomycete
Lentinus edodes. Applied Biochemistry and Microbiology. 2003; 39(1): 60-64.
Makela MR, Hilden KS, Hakala TK, Hatakka A, Lundell TK. Expression and molecular

properties of a new laccase of the white rot fungus Phlebia radiata grown on
wood. Curr Genet. 2006; 50: 323-333.

Makkar RS, Tsuneda A, Tokuyasu K, Mori Y. Lentinula edodes produces a
multicomponent protein complex xontaining manganese (ll)-dependent peroxidase,

laccase and beta-glucosidase. FEMS Microbiology Letters. 2001; 200: 175-179.

Mansur M, Suarez T, Fernandez-Larrea JB, Brizuela MA, Gozalez AE. |dentification of
a laccase gene family in the new lignin-degrading basidiomycete CECT 20197.

Applied and Environmental Microbiology. 1997; 63: 2637-2646.

Mata G, Savoie JM. Extracellular enzyme activities in six Lentinula edodes strains
during cultivation in wheat straw. World Journal of Microbiology and biotechnology.

1998; 14: 513-519.

Mayer AM, Staples RC. Laccase: new functions for an old enzyme. Phytochemistry.
2002; 60: 551-565.

Motson E, Verachtert H. Growth of higher fungi on wheat straw and their impact on
the digestibility of substrate. Applied Microbiology and Biotechnology.
1991; 53: 421-424.

Murugesan K, Arulmani M, Nam In-Hyun, Kim YM, Chang YS, Kalaichelvan.
Purification and characterization of laccase produced by a white rot fungus
Pleurotus sajor-caju under submerged culture condition and its potential in
decolorization of azo dyes. Applied microbiology and Biotechnology.

2006; 72: 939-946.




35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

64

Nigam P. Armour G, Banat IM, Singh D, Merchant R. Physical removal of textile dyes
from effluents and solid-state fermentation of dye-adsorbed agricultural residues.

Bioresources Technology. 2000; 72: 219-226.

Ohga S, Royse DJ. Transcriptional regulation of laccase genes during growth and
fruiting of Lentinula edodes on supplemented sawdust. FEMS Microbiology Letter
2001; 201: 111-115.

Okeke BC, Paterson A, Smith JE, Watson-Craik |A. The relationship between

phenol oxidase activity, soluble protein and ergosterol with growth of Lentinus
species in oak sawdust logs.Applied Microbiology and Biotechnology

1994; 41: 28-31.

Palmieri G, Giardin P, Bianco C, Fontanella B, Sannia G. Copper induction of laccase
Isoenzymes in the ligninolytic fungus Pleurotus ostreatus.

Applied and Environmental Microbiology. 2000; 66(3): 920-924.

Perez J, Jefferies TW. Mineralization of 14C-ring-labeled synthetic lignin correlates with

the production of lignin peroxidase, not of manganese peroxidase or laccase.
Applied and Environmental Microbiology 1990; 56: 1806-1812.
Pointing SB, Jones EBG, Vrijmoed LLP. Optimization of laccase production by

Pycnoporus sanguineus in submerged liquid culture. Mycologia.
2000; 92: 139-144.

Robinson T, Chandran B, Nigam P. Studies on the production of enzymes by white-rot
fungi for the decolourisation of textile dyes. Enzyme and Microbial Technology.
2001; 29: 575-579.

Robinson T, McMullan G, Marchant R, Nigam P. Remediation of dyes in textile

effluent: a critical review on current treatment technologies with a proposal

alternative. Bioreseources Technology. 2001; 77: 247-255.

Robles A, Lucas R, Martinez-Canamero M, Omar NB, Perez R, Galvez A.
Characterization of laccase activity produced by the hyphomycete Chalara (Syn.
Thielavopsis) paradoxa CH32. Enzyme and Microbial Technology.

2002; 31: 516-522.

Schlosser D, Grey R, Fritsche W. Patterns of lignolytic enzymes in Trametes
versicolor: Distribution of extra- and intracellular enzyme activities during
cultivation on glucose, wheat straw and beech wood.

Applied Microbiology and Biotechnology 1997; 47: 412-418.




45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

65

Smith M, Shnyreva A, Wood DA, Thurston CF. Tandem organization and highly
disparate expression of the two laccase genes /cc? and Icc2 in the cultivated
mushroom Agaricus bisporus. Microbiology. 1998; 144: 1063-1069.

Soden DM, Callaghan JO, Dobson ADW. Molecular cloning of a laccase isozyme
gene from Pleurotus sajor-caju and expression in the heterologous Pichia pastoris
host. Mycobiology. 2002; 148: 4003-4014.

Soden DM, Dobson ADW. Differential regulation of laccase gene expression in
Pleurotus sajor-caju Mycobiology. 2002; 148: 4003-4014.

Teerapatsakul C, Parra R, Bucke C, Chitradon. Improvement of laccase production
from Ganoderma sp. KU-AIK4 by medium engineering.

World Journal of Microbiology and Biotechnology. Impress.

Tetsch L, Bend J, Holker U. Molecular and enzymatic characterisation of extra- and
intracellular laccases from the acidophilic ascomycete Hortaea acidophila.

Antonie van Leeuwenhoek. 2006; 90: 183-194.

Thurston CF. The structure and function of fungus laccases.
Microbiology. 1994; 140: 19-26.
Tinoco R, Pickard MA, Vazquez-Duhalt R. Kinetic differances of purified laccase from
six Pleurotus ostreatus strains. Letters in Applied Microbiology. 2001; 32: 331-335.
Tsivileva OM, Pankratov AN, Nikitina VE, Garibova LV. Relationship between the

molecular structure of the nitrogen source and the activity of the extracellular lectin
of Lentinus edodes (Berk.)Sing [Lentinula edodes (Berk.)Pegler] upon submerged
cultivation. Microbiology. 2004; 73(4): 410-413.

Vares T, Kalsi M, Hatakka A. Lignin peroxidases, manganese peroxidases and other
ligninolytic enzymes produced by Phledia radiata during solid-state fermentation of
wheat straw. Applied and Environmental Microbiology 1995; 61: 3515-3520.

Xing ZT, Cheng JH, Tan Q, Pan YJ. Effect of nutritional parameters on laccase
production by the culinary and medicinal mushroom, Grifola frondosa. World

Journal of Microbiology and Biotechnology. 2006; 22: 1215-1221.

Yaver DS, Golightly EJ. Cloning and characterization of three laccase genes from the
white-rot basidiomycete Trametes villosa: genomic organization of the laccase

gene family. Gene. 1996; 181: 95-102.



66

56. Yaver DS, Xu F, Golightly EJ, Brown KM, Brown SH, Rey MW, Schneider P, Halkier
T, Mondorf K, Dolboge H. Purification, characterization, molecular cloning, and
expression of two laccase genes from the white rot basidiomycete Tranetes

villosa. Applied and Environmental Microbiology. 1996; 62: 834-841.
57. Zeng GM, Yu HY, Huang HL, Huang DL, Chen YN, Huang GH, Li JB. Laccase

activities of a soil fungus Penicillium simplicissimum in relation to lignin

degradation. World Journal of Microbiology and Biotechnology. 2006. Impress.

58. Zho J, Kwan HS. Characterization molecular cloning and differential expression
analysis of laccase genes from the edible mushroom Lentinus edodes.
Applied and Environmental Microbiology 2000; 66: 2531-2533.




AMARWIN



68

To be submitted to

Applied Biochemistry and Microbiology

Purification and characterization of laccase from thermo-tolerance shiitake

mushroom (Lentinula edodes) and decolorization of chemically different dyes

ABSTRACT
Extracellular laccases in cultures of thermo-tolerance shiitake mushroom

(Lentinula edodes) grown in liquid culture on a potato dextrose broth was purified using
ammonium sulphate precipitation, anion exchange chromatography on DEAE and gel
filtration chromatography on Sephadex G-100. The enzyme was purified up to 28.33-
fold from the initial protein preparation with an overall yield of 41.28%. The optimum
pH for enzyme activity was around 5.0, and it was most active at 40 °C. The enzyme
oxidized 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid; ABTS) diazodium salt,
synringaldazine, 2,6-dimethoxyphenol, guaiacol and pyrogallol, but not veratryl alcohol
and tyrosine. The enzymatic characteristics Km and Vmax have been determined using
ABTS, syringaldazine and 2,6-dimethoxtphenol as the substrate were 0.719 mM/0.557
mmol/min, 1.85 mM/1.268 mmol/min and 1.49 mM/0.623 mmol/min respectively. The
effects of metal ions and inhibitors on laccase activity were tested by using ABTS as the
substrate. The enzyme was inhibited by CoCl, and BaCl,. In contrast, ImM CuCl,
activated purified laccase by 77%. Purified laccase was effective in the decolorization
of chemically different dyes-bromophenol blue, crystal violet, phenol red, fusicin,
indigo and methyl orange-without any mediators.

Key words: Laccase, Shiitake mushroom, Lentinula edodes, Purification,

Characterization
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INTRODUCTION

Lentinula edodes, commonly known variously as the black oak mushroom,
shiitake or shiang-gu, is a gilled mushroom in Class Basidiomyceted, Family
Tricholomataceae, anf Order Agaricales. It was first cultivated in China more than 800
years ago (Chang and Miles, 1987). Shiitake mushroom produces low calories, sodium,
fat and cholesterol, while rich in protein, carbohydrate, fiber, vitamins and minerals.
Mushroom extracted can stimulate the immune system, lower blood pressure and
cholesterol including resistance to AIDS, etc (Kues and Liu, 2000). Shiitake mushroom
is mainly grown on natural of Quercus spp. and its productivity depends on the quality
of sawdust used as the substrate. During growth and fruiting of this fungus extracellular
amylolytic and lignocellulolytic enzymes were produced. The amylases are extracellular
enzymes and available for digestion of starch as a carbon source for metabolism in
order to provide soluble hydrolysis. This mushroom has been shown to secrete a wide
range of cellulases complex namely cellobiohydrolase, carboxymethylcellulase, beta-
glucosidase and the hemicellulases, Xxylanase, beta-xylosidase (Leatham, 1985;
Adsawasoontonnet, 1991; Buswell, 1996). This mushroom also secretes the ligninases,
laccase, manganese peroxidase (Grabski et al., 1995), of which laccase is the most
abundant (Cullen et al., 1997; D’Annibale et al., 1996). Laccase are ligninolytic
enzymes (Evans et al., 1994), but they find applications in biosensors, pulping, textile
dyes, detoxification of polluted water and other biotechnological procedures (Palmieri
et al., 1993; Brenna and Bianchi 1994; Reid and Paice, 1994; Ghindilis et al., 1995;
Martirani et al., 1996). Large amounts of chemically different dyes are used for various
industrial applications such as textile dyeing, and a significant proportion of these dyes

enter the environment in wastewater. Sequenced anaerobic/aerobic digestion and other
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biological processes have been proposed as having potential in the treatment of textile
wastewater (Banat et al., 1996). Kirby et al (2000) reported that Phlebia tremellosa
decolorized eight synthetic textile dyes added to the culture under stationary incubation
conditions. In Thailand, Panyamee et al (2005) develop new thermo-tolerance hybrids
strains of L. edodes, which produced high yields and aroma content from original
parent, obtained from foreign imported and commercial with the local wild type strains.
These funguses produce various enzymes with industrial applications. Among the
enzymes produced by this mushroom, laccase is of particular interest because of its
effectiveness in numerous biotechnological applications. Preparations of this fungus
have exhibited strong laccase activity with no lignin peroxidase and weak manganese
peroxidase (MnP) activities. However, there are no reports on dicolorization or
biodregadation of phenolic compounds by purified laccase from thermo-tolerance
shiitake mushroom. Due to its ready availability as an edible mushroom, using purified
laccase by this fungus has clear advantages for environmental bioremediation: the
enzyme produced by this mushroom is safe for humans and the waste culture after
harvesting the mushroom can be used as a source of the enzyme. In this paper, we deal
with the isolation and characterization of laccase from thermo-tolerance shiitake

mushroom, and the utilization of the purified enzyme for decolorization of dyes.

MATERIALS AND METHODS

Chemicals

ABTS, Potato dextrose agar (PDA), Potato dextrose broth (PDB) were from
Sigma Chemical Company (U.S.A). Syringaldazine, 2,6-Dimethoxyphenol and Guiacol

were from Fluka (Switzerland). The chemicals used in the purification step were from
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Pharmacia biotech (Sweden) and Fluka (Switzerland). All other chemicals used in these
investigations were either from Himedia laboratory Ltd or from Merck (India) Ltd.

Microorganism and culture conditions

Thermo-tolerance shiitake mushroom (Lentinula edodes) (KMUH1) was used
throughout this study. Mycelia were maintained on PDA. For production of laccase,
PDB was used. As inoculums, mycelium blocks (1 cm diameter) were cut from a PDA
plate culture. One block was placed in a 250 ml Erlenmeyer flask containing 100 ml
PDB medium, and incubated at 32 °C under stationary culture condition for 40 days.
The mycelium was removed from the supernatant by centrifugation at 8,000 rpm 4 °C
(Beckman Instruments, Inc., California, USA) for 10 min. The supernatant was used as
a crude enzyme solution to be purified in the further experiments.

Enzyme assay and protein determination

To determine the laccase activity, ABTS was used as the substrate (Modified
from Munoz et al., 1997). The reaction mixture for the standard assay contained 0.02M
ABTS (0.2 M acetate buffer pH 5.2), and the enzyme solution in a total volume of 100
ul. After incubation at 37 °C for 2 min, the reaction mixture was detected by measuring
the absorbance increase at 436 nm (e436= 29.3 mM™cm™). One unit of laccase activity
was defined as the amount of enzyme that catalyzed the oxidation of 1 umole ABTS in
reaction mixture at 37 °C in 1 min. Protein concentration was measured with Lowry
assay using bovine serum albumin (BSA, Sigma) as the standard.

Purification of laccase

The culture supernatant was fractionated with saturated ammonium sulphate in
order to remove unwanted proteins (Modified from Fukishima and Kirk (1995). The

culture liquid was concentrated with ultra membrane filtration MW cut off 30 KDa.
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Crude laccase was loaded onto anion exchange column (DEAE-Sephadex A-50) that
has been equilibrated with sodium acetate buffer (0.1M, pH 5.0). Unbound proteins
were washed out with sodium acetate buffer (0.1M, pH 5.0) and the bound proteins
were eluted using sodium acetate buffer (0.05M, pH 5.0) with a linear gradient of NaCl
(0-1M). Ten milliliters of fractions were collected. The protein content of each fraction
was determined by measuring the absorbance at 280 nm. Laccase activity of each
fraction was determined as described earlier. Laccase rich fractions were pooled
together, concentrated and used for further purification on Sephadex G-100 column.
Proteins were eluted with the same buffer and 10 ml fractions were collected and again
the laccase rich fractions were pooled, concentrated, filtered through 0.22 um sterile
membranes and stored at -20 °C, until further use.

Effect of pH and temperature on laccase activity and stability

The effect of pH on laccase activity was examined in the pH range 2.0-11.0
(0.1M acetate buffer was used at pH values from 2.0-6.0, 0.1M phosphate buffer was
used from 7.0-11.0) using ABTS as the substrate. The effect of temperature on the
enzyme activity was determined at pH 5.0. The reactions were performed by incubating
at each temperature and pH 5.0 for 10 min. The effect of pH on the enzyme stability
was investigated by measurement of the activity remaining after incubation for 16 h at
37 °C in various buffer. The thermal stability of laccase was investigated in 0.1M
acetate buffer pH 5.0 for 60 min at various temperatures. After incubation, the activity
remaining was determined.

Substrate specificity

Spectrophotometric measurement of substrate oxidation by purified laccase was

carried out in a 1 ml reaction mixture containing the test substrate 0.02M in 0.1M
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acetate buffer pH 5.0. The reactions were conducted at 37 °C for 10 min. The rates of
substrate oxidation were determined by measuring the absorbance increase, and the
molar extinction coefficients were obtained from the literature (Eggert et al., 1996; Shin
and Lee, 2000). Michaelis constants (Kn,) and Vmax Were calculated from Lineweaver-
Burk plots (Lineweaver-Burk, 1934).

Dye decolorization by laccase

The decolorization of chemically different dyes by purified laccase was
determined over 24 h periods. The reaction mixture for the standard assay contained 60
mg/l dye, 0.1M acetate buffer pH 5.0 and enzyme solution (0.2-1.0 U/ml, final
concentration) in a total volume of 3 ml. During incubation at 37 °C, the time course of
decolorization was determined every 4 h by measuring the absorbance of 592 nm for
bromophenol blue, 490 nm for crystal violet, 431 nm for phenol red, 530 nm for fuchin,

580 nm for indigo and 466 methyl orange.

RESULTS AND DISCUSSION

Purification of laccase

The purification chart for the purification of the laccase from the liquid culture
filtrate of thermo-tolerance shiitake mushroom is shown in Table 1. The method gave
28.33-fold purification with 41.28% recovery of the enzyme activity. The elution profile
of the laccase activity from Sephadex G-100 column is shown in Fig. 1. The result of
SDS-PAGE (data not shown) shows that the enzyme preparation is pure and the
determined relative molecular weight is 60 kDa. The relative molecular masses of the
laccase purified from the culture filtrate of Ganoderma lucidum, Chaetomium

thermophilium, Neurospora crassa, and Gaeumannomyces graminis var. tritici are 68
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Kda, 77 kDa, 64.8 kDa and 60 kDa, respectively. It is worth mentioning that Nagai et al
(2002) have also reported laccase from a different strain of Lentinula edodes but the
molecular weight of the laccase reported by them is 72.2 kDa. The difference in the
molecular weight of the two laccases from the same species may be due to different
strains.

Effects of pH and temperature on enzyme activity and stability

The pH profile for laccase activity against ABTS showed one peak of maximum
activity at pH 5.0 (Fig. 2.). When the effect of pH on enzyme stability was determined
at 37 °C, the enzyme was stable at a pH range from 3.0-6.0 (Fig. 3.). The optimum
temperature of laccase was determined at pH 5.0; the maximum activity was observed
at 40 °C (Fig. 4.) The thermal stability of laccase was determined by incubating the
enzyme at pH 5.0 (laccase was stable at 37 °C for 16 h at this pH) for 30 min. There was
no loss of laccase activity after incubating at 30 °C, but incubating the enzyme at 40 °C
resulted in a 16% loss of laccase activity. Thus, we concluded that laccase is stable up
to 30 °C (Fig. 5.). Such differences have been observed by several authors and ascribed
to variable degree of substrate protonation under different pH conditions (D’Annibale et
al., 1996; Fukushima and Kirk, 1995).

Substrate specificity

Substrate specificity was determined at the optimum pH for each substrate. As
shown in Table 2, the conventional substrates of laccase, such as ABTS, syringaldazine,
2,6-dimethoxyphenol, guaiacol, and pyrogallol, were oxidized by laccase. Tyrosine, and
verathyl alcohol, the standard substrates for tyrosinase, and arylalcohol oxidase, were
not oxidized. The double reciprocal plot using ABTS, syringaldazine and 2,6-

dimethoxyphenol as the variable substrate were done. The calculated Km values for the
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above substrate were 0.719 mM, 1.85 mM and 1.49 mM respectively.

Effects of metal ions and inhibitors

The effects of metal ions and inhibitors on laccase activity were tested by using
ABTS as the substrate. The enzyme was strongly inhibited by 1 mM Cystein (99.8%
inhibition), 0.1 mM Cystein (99.5% inhibition), 1 mM NaN3; (99.5% inhibition) and 0.1
mM NaNj; (97% inhibition), whereas EDTA had only a slight activated effect. In
contrast, 1 mM CucCl, activated laccase by 77% (Table 3). When the effect of metal ions
on enzyme activity was tested, 1 mM CuCl, activated laccase activity. Some fungal lac
have been reported to show type-2 binuclear copper signal besides type-1 copper
(Reinhammar, 1984). Call and Mucke (1997) reported that removal of type-2 copper
reduced the residual activity of the intact enzyme to 5% and that reconstitution is
achieved by incubation with CuCl, under aerobic conditions. Considering these facts,
the activation of lac by Cu?* may be due to the filling of type-2 copper binding sites
with copper ions.

Decolorization of dyes

The optimum pH for the decolorization of most dyes was 4.0 but the optimum
pH for oxidation of ABTS was 5.0. Therefore, the reactions for each dye were
performed at pH 5.0. Laccase rapidly decolorized three type dyes, triphenyl methane
dyes (bromphenol blue, crystal violet, phenol red and fusicin), anthraquinone dye
(indigo) and azo dye (methyl orange), depending on laccase concentration without any
mediators (Fig. 6.). Field et al (1992) showed a correlation between anthracene and
benzo a pyrene biodegradation and poly R-478 decolorization. Considering these
reports, lac may have the capacity to degrade triphenyl methane, anthraquinone and azo

dyes.
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CONCLUSION

This research successfully purified laccase from Lentinula edodes thermo-
tolerance hybrid by ion-exchange chromatography combined with gel filtration
techniques. After final purification step, the enzyme was purified 28.33 fold with an
increase in specific activity from 1.79 to 50.71 U/mg proteins. The properties of the
purified enzyme indicated that this purified laccase enzyme functioned as acidic pH.
This enzyme was strongly inhibited by 0.1 and 1.0 mM cystein and 1 mM NaNs. This
study confirms that ability of purified laccase of L. edodes in decolorizing different
groups of dyes and suggests that this enzyme could be used for the decolorization of

industrial effluents.
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Figure Captions

Figure 1 Elution profile from sephadex G-100 column

Figure 2 Effect of pH on enzyme activity of purified laccase of Lentinula edodes. The
enzyme reaction was performed at 37 °C for 10 min.

Figure 3 Effect of pH on enzyme stability of purified laccase of Lentinula edodes. The
enzyme activity was measured after incubating at various pH at 37 °C for 16 hrs.

Figure 4 Effect of temperature on enzyme activity of purified laccase of Lentinula
edodes. The enzyme reaction was performed in 0.1M acetate buffer pH 5.0 for
10 min.

Figure 5 Effect of temperature on enzyme stability of purified laccase of Lentinula
edodes. Activity remaining was measured after incubating in 0.1M acetate
buffer pH 5.0 at various temperatures for 30 min.

Figure 6 Optimization of enzyme concentration for dyes decolorization by purified

laccase.
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Table 1 Summary of the purification procedure for Lentinula edodes KMUH1

Purification step Volume | Activity Protein Total Total Specific Purification Yield
(ml) (U/ml) (mg/ml) activity protein activity fold (%)
) (mg) (U/mg
protein)

Crude culture filtrate 400 0.4299 0.240 171.96 96.00 1.79 1.00 100
Ammonium sulphate 60 2.706 0.176 162.36 10.56 15.37 8.59 94.42
precipitation (80%)
Ultra membrane 30 4.389 0.154 131.67 4.62 28.50 15.92 76.57
filtration
DEAE-Sephadex 20 5.267 0.132 105.34 2.64 39.90 22.29 61.26
Sephadex G-100 12 5.916 0.117 70.99 1.40 50.71 28.33 41.28




Table 2 Substrate specificity of purified laccase Lentinula edodes KMUH1
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Substrate Value from graph Value from estimate
Km Vmax Km Vmax
ABTS 0.719 0.557 0.746 0.578
Syringaldazine 1.85 1.268 2.754 1.887
2,6-dimethoxyphenol 1.49 0.623 1.515 0.633




Table 3 Effects of metal ions and inhibitors on laccase activity
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Metal ion salt Relative activity Inhibitors Relative activity
(1 mM) (%) (%)
None 100 None 100
BaCl, 96 NaN3 0.01 mM 40
CaCl, 100 NaN; 0.02 mM 29
CoCl, 73 NaN; 0.05 mM 16
HgCl, 104 NaN; 0.1 mM 3
KCI 100 NaN; 1 mM 0.5
MnCl, 102 EDTA 0.1 mM 111
NaCl 102 EDTA1mM 109
SrCl, 101 EDTA 3 mM 106
ZnCl, 101 EDTA 5 mM 105
CuCl, 177 Cystein 0.01 mM 80
Cystein 0.02 mM 58
Cystein 0.05 mM 21
Cystein 0.1 mM 0.5
Cystein 1 mM 0.2
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Figure 1 Elution profile from sephadex G-100 column
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Figure 2 Effect of pH on enzyme activity of purified laccase of Lentinula edodes.

The enzyme reaction was performed at 37 °C for 10 min.
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Figure 3 Effect of pH on enzyme stability of purified laccase of Lentinula edodes. The

enzyme activity was measured after incubating at various pH at 37 °C for 16 hrs.
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Figure 4 Effect of temperature on enzyme activity of purified laccase of Lentinula
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edodes. The enzyme reaction was performed in 0.1M acetate buffer pH 5.0 for

10 min.
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Figure 5 Effect of temperature on enzyme stability of purified laccase of Lentinula

edodes. Activity remaining was measured after incubating in 0.1M acetate

buffer pH 5.0 at various temperatures for 30 min.
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Figure 6 Optimization of enzyme concentration for dyes decolorization by purified

laccase.
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