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CLONING OF THE LACCASE cDNAs FROM PYCNOPORUS SANGUINEUS
MUCL 38531, EXPRESSION IN  PICHIA  PASTORIS AND
CHARACTERIZATION OF RECOMBINANT LACCASES

SUMMARY

Laccases are blue multi copper oxidases catalyth@geduction of oxygen to water
coupled with oxidation of aromatic compounds. Laesaare currently accepted as
highly interesting industrial enzymes because eirttuseful applications for several
biotechnological processes such as the detoxibicadf the industrial effluents from
the paper, pulp and textile industries, the biordiateon of the herbicides and
pesticides, the processing of the beverages (winet juice and beer), the
determination of the ascorbic acid, the gelationth® sugar beet pectin, baking,
being as ingredients in cosmetics and as biosensor.

The present research aimed at identification, bkigous expression and
biochemical characterization of two novel laccases] andlcc2, from white rot
fungusPycnoporus sanguinedUCL 38531. Principally, the laccase specific gene
within the genome of the white-rot funBiycnoporus sanguinewsere screened and
this study revealed two different laccase genesigdated adccl andlcc2 Full-
lengthlccl andlcc2 genes were isolated and the corresponding opelingerame
for full lengthlccl cDNA is 1557 bp coding for 518 amino acids witphwative 20-
residue signal sequencécc2 gene is 2296 bp in length, contains an open reading
frame of 1713 bp and codes for 570 amino acids waitkignal sequence of 27-
residues. The genomic DNA sequence of Hotti andlcc2 genes revealed the 10
introns.

The full-lengthlccl andlcc2 cDNAs were successfully cloned into the yeasttiut
expression vector pPICZB with their own secretimmal sequence and expressed in
methylotrophic yeasPichia pastoris Factors influencing the expression such as
nutrients, methanol and copper concentrations tinem, investigated. Recombinant
laccases were purified to electrophoretically hoemmys state by ammonium
sulphate precipitation, Q-sepharose anion exchamg#® Sephadex G-100 size
exclusion chromatography. The molecular weight ofified laccases have been
estimated about 56 kDa and 62 kDa for R-LCC1 arldCR2 respectively and both
laccases were categorized as a yellow laccaseodhe tack of typical absorbance at
600 nm. Among tested compounds for substrate spégifthe maximum activity
was observed for ABTS with pH optima 3.0. Althougitimum temperatures were
found as 60°C and 30°C, the thermostability wasebeit 30°C with a half-life of
more than 7 hours for LCC1. Sodium azide, L-cygt@nd SDS were found as usual
inhibitors for the purifed enzyme. The catalyticoperties of the recombinant
enzymes were also determined for both ABTS and Biibstrates.

As a result, this work allowed obtaining the ismlat of laccase genes from
Pycnoporus sanguienudUCL 38531, heterologous expression of two lacedse
yeastP. pastoris their purification and characterisation. Moreqgvtris research
work revealed the potentiality of the developed regpion system in industrial
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biosynthesis of textile dyes and antibiotic cinmabapigment. Promising
performances of constructed novel laccase H®stpastoris will lead to further
investigations on structure-function relationshiped also protein engineering
studies.
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PYCNOPORUS SANGUINEUSTAN LAKKAZ cDNALARININ
KLONLANMASI, PICHIA PASTORISTE EKSPRESYONU VE
REKOMB INANT LAKKAZLARIN KARAKTER 1ZASYONU

OZET

Lakkazlar aromatik bilgklerin oksidasyonunu, oksijenin suya indirgenmésiy
katalizleyen coklu bakir oksidazlardir. (& substratlari okside edebilme ozellikleri
ile lakkazlar farkl biyoteknolojik uygulamalardalroynayan enzimler olarak son
yillarda 6n plana c¢ikmaktadir. Lakkazlaringkave tekstil endustrilerinden gelen
atiksularin detoksifikasyonu, herbisitlerin ve j@#erin temizlenmesisarap, meyve
suyu ve bira gibi iceceklerilenmesi,seker pancari pektininden jel gturulmasi,
firncihkta kullanilabilme 6zelliklerinin yanisirkozmetik malzemesi ve biosensor
yapiminda da kullanilabildi bildiriimektedir.

Bu calsmada beyaz curikcul kif mant&tycnoporus sanguineddUCL 38531'te
lakkaz kodlayicilccl ve lcc2 genlerinin izolasyonu ve bu genlerin heterolog
ekspresyonlari ile karakterizasyonu amaglgtimiOnceliklePycnoporus sanguineus
genomunun taranmasi sonucunda iki farkli lakkaddgadi genin vark belirlenmi

ve bu genledccl ve Icc2 olarak adlandiriingtir. Tam boydalccl ve Icc2 genleri
izole edilmi ve lccl cDNA'sinin 1557 b¢ uzunfiunda olup, teorik olarak 20 amino
asitlik sekresyon sinyali §ayan 518 amino asitlik bir polipeptiti kodlayabifdli
gorulmitdr. lccl ve Icc2 genlerinin 10 intron igergdi belirlenmg olup, lcc2 geninin
2296 bc¢ uzunlgunda ve 570 aminoasit kodlayan 1713 bglik bir agkuma
cercevesi icergi tespit edilmgtir.

Lakkaz genlerinin klonlanmasinin ardindan heterol@spresyon yoluyla
uretilebilmeleri sayesinde istenilen 6zelliklerisiggan proteinlerin - endustriyel
uygulamalarda kullanilabilecek dizeyde elde ediedsi mikin olabilmektedir.
izole edilen tam boyda lakkaz cDNA’lari maya mekiksgresyon vektori
pPICZB’ye kendi sekresyon sinyal dizileri ile klanimg ve metilotrofik maya
Pichia pastoride eksprese edilrgiir. Besiyeri, metanol ve bakir
konsantrasyonlarinin ekspresyon duzeyi Uzerindekisie belirlendikten sonra
lakkazlar amonyum sdlfat c¢oktirmesi, iyon ggéirme ve jel filtrasyon
kromatografisi teknikleriyle saffariimistir. Saflgtirilan proteinlerin girhklari R-
LCC1 ve R-LCC2 i¢in sirasiyla 56 kDa ve 62 kDa akabulunmy ve bu enzimler
600 nm'de lakkazlara 6zgl absorbansi vermediklem isari lakkazlar olarak
tanimlanmgtir.  Aktivite Uzerinde  substrat etkisi incelepaide maksimum
aktivitenin ABTS icin izlendii ve bu substrat kullanil@inda optimum pH 3.0
olarak belirlenmgtir. Optimum sicakliklar R-LCC1 ve R-LCC2 icin ssrgla 60°C ve
30°C olarak belirlenmgiolup, LCCZ'in termal stabilitesinin 30°C’de dalya aldugu
ve yarilanma émrinin de 7 saatten fazla gidsaptannstir. Saflgtirilan enzimler
Uzerinde sodyum azid, L-sistein ve SDS’nin inhilkcie etkisi old@gu gorilmig
olup, enzimlerin katalitik 6zellikleri de hem ABT&em de DMP substratlari
kullanilarak tespit edilngtir.

Sonug olarak, bu tez cgiinasi ile beyaz kif mantaPycnoporus sanguienddUCL
38531'tan iki adet lakkaz geninin izole edilmeBi, pastorismayasinda heterolog
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ekspresyonu, safiarilmasi ve biyokimyasal karakterizasyonu galalari baariyla
gerceklatirilmistir. Ayrica bu cagma sayesinde kurulan ekspresyon sistemi
aracllglyla bazi tekstil boyalarinin ve turuncu renkli ibiyotik pigment
“cinnabarin” biyosentezi zariyla gerceklgtirilmistir. Bu ¢alsma sonucunda lakkaz
yapi-fonksiyonunun aséirilmasi  ve protein muhendigii calismalarinda
kullanilabilme potansiyeli olan yeni bir lakkaz fticesi P. pastoris swu elde
edilmigtir.
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1. INTRODUCTION

1.1 White-Rot Fungi

Carbon recycling needs lignocellulose degradatien aa central step in land
ecosystems and wood degradation is mainly perforrogdfungi in nature.
Lignocelluloses, such as wood or straw, are coosho produced and recent
estimations showed that 140 billion tons of biomaeses from plant primary
metabolism annually (Bouws et al. 2008, Martineale005).

Basidiomycetes are the only known group of micraorgms that can degrade lignin
via an enzymatic process. The phylum Basidimycotagrises of more than 30000
species and most familiar Basidiomycetes are frgibody producing and sexually
reproductive ones. The degradative ability of tlhwagus is due to the hyphal
organization, allowing the penetration. Basidiontgdeingus have several ecological
roles, such as symbionts as in lichens, leavesiaadles, plant and animal parasites
or pathogens and saphrotrophs for conversion ofotiglluloses into the simple
sugars, oligosaccharides and humic substancesilifAgora and Sharma, 2010,
Martinez et al. 2005, Lundell et al. 2010).

Fungi are classified into three categories upoilr time@de of attack, soft-rot fungi,
which causes softening the tissues in wood decomnpaosbrown-rot fungi, that
preferentially degrades cellulose and hemicellulsa white-rot fungi, which is the
most efficient lignin degraders and leave white-dery material behind. The white-
rot Basidiomycetes can decompose all wood lignolmdic compounds in
coniferous softwood and angiosperm hardwood antharanique organisms that are
completely mineralize lignin to CCand HO. They are not only use lignin as a
source of carbon and energy, but also degradeslasdl as the energy providing
substrate. Two white-rot pattern, selective defigation and simultaneous rot, have
been described in different wood types. In selectielignification, fungi remove
lignin selectively from wood without appreciables$oof cellulose and those fungi

are attractive for industrial applications, inclugli biological pulping processes,



through this characteristic. However, some whitéere may simultaneously degrade
lignin with hemicellulose and cellulose componenitsvood. Degradation capability
of white rot fungi is based on its capacity to proel one or more extracellular lignin-
modifying enzymes (LME), such as manganese peregidiégnin peroxidases and
laccases. Some white rot fungi expresses all oLMEs, the others can produce one
or two of them. Lignin oxidation does not providet energy to the fungus and LME
are synthesized and secreted during the secondeigbolism of white rot fungi,
especially in the limited carbon and nitrogen levéhrora and Sharma, 2010,
Martinez et al. 2005, Lundell et al. 2010, Wesegledral. 2003, Luna et al. 2004).

White Rot Basidiomycetes are not only involvedha tlegradation of lignocellulosic
compounds, but also degrade various environmenpalfgistent pollutants, such as
chlorinated aromatic compounds, heterocyclic ar@rtagdrocarbons, various dyes
and xenobiotic compounds due to the low substrageiity and strong oxidative

activity of their ligninolytic enzymes. Therefor¢he white rot fungi and their

enzymes are thought to have potential in indusapglications, where removal or
modification of lignin and other phenolic substeatee required. Gained information
on physiology and characteristics of biocatalysml atability is necessary for
designing treatment of those processes (Wesenbailg 2003, Ohkuma et al. 2001,
Chi et al. 2007, Luna et al. 2004).

1.1.1 Pycnoporus sanguineus

Pycnoporus sanguineus a slow growing saprophytic fungus belongingthe
Basidiomycetes of the Polyporaceae family. Polyleogaoup of fungi causes wood
decay and they are the most important represeagatif’saprophytic basidiomycetes

with their high lignocellulolytic potential (Figurk.1).

The white-rot fungi from the genus Pycnoporus &@racterized by orange-red color
of the pileus surface and pores and divided intar fgpecies.Pycnoporus
cinnabarinusis found in the North Temperate Zofg,cnoporus coccineusccurs in
countries on the coastal part of the Indian andfieadceans,Pycnoporus puniceus
is in Africa and India an@®ycnoporus sanguineus found in the forests of tropical
and subtropical areas of the Northern and Southemmispheres (Correa et al. 2006,
Uzan et al. 2010).



Figure 1.1 : Pycnoporus sanguinewggowing out of dead hardwood (Url-1).

Various pigments, with a basic ring phenoxazinotracture, are synthesized by
Pycnoporus sanguinewd its unique color helps to identify it. Onetloé produced
pigment is antibiotic cinnabarin that has been shdw be active against gram
positive and gram negative bacteria from clinicamples and this feature &f.
sanguineusnade this fungus a popular medicine, used foningakveral ilnesses by
African and American indigenous people (Smaniale@03, Smania et al. 1998,
Smania et al. 1997). Moreover, this fungus prodeeral enzymes that can be used
in industrial applications, such as invertase, $yrase p-amylase $-glucosidase and
laccase. Produced laccase is the most interestimgree among the others because
of the effectiveness in wide range of biotechnatabiapplications (Pointing and
Vrijmoed, 2000, Lu et al. 2007). However, the megtidied white-rot fungi are
generally Trametes versicolgrPleurotus ostreatusnd limited number of studies
have been reported from the laccase®yfnoporus sanguineuwmmpared to those
species. Severd®. sanguineustrains and their laccases have been reported by
different research groups so far. Applications, hsuas decolorization and
detoxification of azo, triphenylmethane and anthragne dyes from textile industry
and soil bioremediation have been reported by miffePycnoporus sanguineus
laccases so far (Trovaslet et al. 2007, Litthauerak 2007). Furthermore
immobilization of wholeP. sanguineugells onto the various surfaces for different
purposes as biotransformation of synthetic compsuwml removal of heavy metals
from environment (Zulfadhly et al. 2001). Receritlyan et al. (2010) reported three
different P. sanguineusstrains and their characteristics for polycycliyed

decolorization and oxidation of nonphenolic compdsnLu et al. (2009) have



reported azoi triphenylmethane, anthraquioneone iadtjo dye decolorization
capacity of recombinartycnoporus sanguineulaccase.

1.2 Laccases

Laccases (benzenediol: oxygen oxidoreductases, HQ.312) are cuproproteins,

exhibiting four copper atoms to catalyze the oxafatof wide range of aromatic

substrates as hydrogen donors with concominantctieduof molecular oxygen to

water. This group of enzymes represent the largesgroup of blue multicopper

oxidases and six classes of enzymes (cytochromedase, laccases, L-ascorbate
oxidase, ceruloplasmin, bilirubin oxidase, phenaxaze synthase) are capable of
catalyzing this kind of oxygen reactions among ntbe: 200 kinds of oxidases and
oxygenases. Those broad range of reducing sulsstiatbude ortho- and para-

diphenols, aminophenols, polyphenols, polyaminekl@min. Typically, laccases do

not oxidize tyrosine as tyrosinases do (Giardinalet 2010, Michniewicz et al.,

2008, Baldrian, 2006, Mikolasch and Schaur, 200fr3ton, 1994).

The four single electron oxidation of the reducswpstrate to the four electron
cleavage of the dioxygen bond occurs by meanseofdtr copper atoms distributed
in the three binding sites. The phenolic substigtigstly subjected to one-electron
oxidation giving rise to an aryloxyradical and sedpsently this is converted to a
quinone in a typical laccase reaction. Both quinand the free radical product
undergo non-enzymatic coupling reactions resulimgolymerization. Furthermore
laccases do not only oxidize phenolic compoundg, dso decarboxylate and
demethylate them (Wesenberg et al., 2003, Giarelired. 2010, Duran et al. 2002).
The active site of laccases usually contain foyppen atoms and those atoms are
organized into the mononuclear T1 site and trirarcctmpper cluster, containing the
one type 2 and two type 3 copper atoms. The oxidaif the substrates takes place
in the type 1 copper site, internal electron transfccurs from type 1 to type 2 and
type 3 coppers and the reduction of oxygen to wWasgpens at these sites (Wong
2009; Morozova et al. 2007; Baldrian, 2006; Mayed &taples, 2002). Copper
atoms in the type 1 site of the enzyme gives the bblor of the laccase. However,
T1-type copper atoms lacking laccases are not aheedesignated as “yellow” or
“white” laccases. Yellow laccase froRleurotus ostreatu@Palmieri et al. 1997),

Trametes hirsuta(Haibo et al. 2009) and also different strains Ryfcnoporus



sanguineugLitthauer et al. 2007, Garcia et al. 2007, Trdest al. 2007) has been
purified and characterized so far.

There are two types of laccases depending on thetste and properties of copper
center, the low-redox potential and the high-redotential laccases. While white-rot
fungi have high-redox potential laccases, moldsidya, insects and plants have the
other type of laccases. Although laccases havertdox potential allowing the
direct oxidation of phenolic units, oxidation of mphenolic substrates with high
redox potential needs the presence of small mascatting as electron transfer
mediators, such as synthethic ABTS or native 3-HAA.the presence of the
mediators, especially with the synthetic ones, atxah of non-phenolic compounds
have been performed and it caused an interestdtedhnological applications, like
depolymerization of polyphenolics, lignin, degradatof xenobiotic compounds and
chlorine-free bleaching of paper pulp. In conttasbther ligninolytic enzymes LiP
and MnP, the laccases have been oxidized by malkeoxygen and hydrogen
peroxide which has not been required (Antorini let2@02, Martinez et al. 2005,
Bulter et al. 2003, Burton, 2003, Piontek et aD20Couto and Toca-Herrera, 20064,
Mikolasch and Schaur, 2009).

Laccases are very ancient enzymes and were fgsbowered in the exudates of the
Japanese lacquer tr&dus verniciferat the end of the 19th century (Yoshida et al.
1883). Detection of the first fungal laccase hakbfeed this discovery a few years
later (Baldrian 2006). Although Ascomycetes and teeamycetes fungi can produce
laccase, white-rot fungi from Basidiomycetes class the most efficient laccase
producer group and those laccases are the mosttanpoepresentatives of multi-
copper oxidase family (Arora and Sharma 2010; Giarét al. 2010). Laccases have
been also isolated from some bacteria and insed& ¢Enguita et al. 2003; Dittmer
et al. 2009). Different physiological functions lealieen proposed for laccases. In
fungi, laccases participate not only in lignin degation (Hatakka 1994; Bermek et
al. 1998) but also in pigment formation by polyraation reactions (Eggert et al
1995), fruiting body development (Wood 1980) andthpgenesis (plant-
pathogen/host interaction and stress defense) (&irad., 1996). Laccase was also
involved in lignin biosynthesis in plants, pigmdatmation and protection against
UV light in bacterial spore coat (Sharma et al. 20&nd sclerotization of the cuticle

of insects (Dittmer et al. 2004). Fungal laccases @ften extracellular and are



produced as highly glycosylated forms to increagdrdphilicity and molecular
weights vary between 40 to 140 kDa. They functionvarious environments by
means of their characteristics, such as to betaesiagainst high temperatures, high
or low pH and various harsh conditions (Burton, Z0Rakamura and Go, 2005).
Great variability have been observed in the inductmechanism and physico-
chemical characteristics, such as molecular weight,and temperature optima,
carbohydrate content, isoelectric point and alswtki properties among different
laccases (Duran et al. 2002). Many fungal spectesnened secrete more than one
laccase isoenzyme depend on the different growtiditons and multiplicity of
fungal laccase genes is a common feature (Ng, 2004)

Laccases become favourite tools for industrial &iakysis thanks to its versatility
and broad substrate range. The textile dye deecalion, purification of coloured

wastes waters, transformation and inactivatiorowict pollutants, beverage and food
treatment, dye bleaching and delignification ofnbgellulosics are among the
biotechnological applications of laccases (Widste Kandelbauer, 2008; Couto
and Toca-Herrera, 2006b).

1.2.1 Three dimensional structure and the mechanisiof catalysis

1.2.1.1Molecular structure

A number of the three-dimensional structures hagenbdetermined for fungal
laccases from basidiomyceteoprinus cinereugwith the T2 copper removed),
Trametes versicolor, Rigidoporus lignosugntinus tigrinus Tratemetes trogiand
AscomyceteM. albomycesas well as the structure of laccase CotA fromospdres
of Bacillus subtilis. Although these laccases have structural homolihgye are also
some differences, in particular in the organizatainloops and formation of the
substrate-binding pocket. A three dimensional hagwlmodel of the laccase from
Pycnoporus sanguienuswas constructed upon thd. versicolor laccase
crystallographic structure and is given in Figur2 @Morozova et al. 2007; Wong,
2009; Hilden et al. 2009).

Most monomeric fungal laccases shows a globulateproformed from three
sequentially arranged cupredoxin-like domains ciimg) of antiparallel3-barrels,
domain A, domain B and domain C (Figure 1.3). Tize ®f the protein globule of



laccases fronC. cinereusandT. versicoloris 70 x 50 x 45 A and 65 x 55 x 45 A,

respectively.

Figure 1.2 : Three-dimensional model of tlie sanguineutaccase constructed
over theT. versicolorcrystallographic structure (PDB Q12718).
Copper atoms are indicated by stars Hrglycans are depicted as
black spheres (Vite-Vallejo et al. 2009).

Protein is also stabilized by two disulfide bridgesnecting domain A and B and A
and C, respectively. The T1 copper site is locatethe third domain and three
nuclear cluster (TNC) T2/T3 is embedded betweenfitse and third domains and
has ligand residues for copper coordination. Aman residues of the second and
third domains are involved in the formation of thebstrate-binding pocket (the
binding site of electron donor substrate). Basethen3D structure superimposition,

four loop regions (I-1V) involved in substrate bing have been identified.

Structures of laccases isolated from different sesirare very similar and based on
the multiple sequence alignments of more than l&€cadses, four ungapped
conservative regions, L1-L4, were revealed whiah specific for all laccases. One
cysteine and ten histidine residues are housednwitiese four identified conserved

regions and form a ligand environment of coppesiohthe laccase active site. L2
and L4 are in line with the sequences of other mepomulti copper oxidases,

whereas L1 and L3 are distinctive to the lacca&aardlina et al. 2010; Morozova et
al. 2007).
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Figure 1.3 :Ribbon diagram of laccase frofmametes versicoloDomain
structures are depicted in different color codibd{D3). Blue
spheres are copper ions and carbohydrates andidisiibnds are
included as stick models (Piontek et al. 2002).

1.2.1.2Active site of laccases

The active site of laccases contains four coppes that have been classified based
on their electron paramagnetic resonance (EPR)restone Type 1 or blue copper
ion, one Type 2 or normal copper ion and two Tym®@pers (Fig 1.3). The distance
between the T2 and T3 sites of the enzyme is 4ditla@ T1 copper ion is located at
the distance of about 12 A from trinuclear coppenter (Morozova et al. 2007).
Physical methodology such as circular dichroism Y@BDd electron paramagnetic
resonance (EPR) have been used to characterizéguptars of laccases and copper
ilons of the laccase active site are classified Hmjirtspectroscopic and magnetic
properties (Mayer and Staples, 2002; Morozova eR@07). The Type 1 copper
shows an intense absorption at 600 nen- 6000M-1-cm-1) and EPR detectable. It
gives a light blue color to the enzyme solutiond ants as electron acceptor from
substituted phenols or amines. The T1 site has hisbdine imidazoles and the
sulfhydryl group of cysteine as ligands, which foemtrigonal structure and this
copper ion can be replaced by mercury or cobals.idrhe type 1 copper is not
necessary for reactivity with dioxygen and in thHesence of type 1 copper an
intermediate sharing some properties with the omyigeermediate is formed. Apart
from two histidine an done cysteine residues Té& sdntains weakly coordinating



one methionine or non-coordinating 1Phe/l1Leu aaldigands. The T2 copper does
not give strong absorption an 600-700 nm of theyerz which is invisible in
electron absorption spectra and is also EPR-détiectéhe T2 site can be selectively
removed from the enzyme molecule, and this is apemied by a significant loss of
the enzyme activity. Type 2 copper ion transfeectebns to the final acceptor,
dioxygen, which is reduced to water. The T3 sitdagtases is a binuclear copper
site with copper ions paired antiferromagneticéliyough a hydroxide bridge that
makes this site diamagnetic and prevents its detest the EPR spectra. In the UV-
visible spectrum, this site can be identified bg pgresence of a shoulder at 330 nm.
The two type 3 coppers act as intermediates inetbetron transfer pathway and
eight imidazoles of histidines are ligands of tI#TB cluster (Morozova et al. 2007;
Martinez et al. 2005; Mayer and Staples, 2002; Sakand Kataoka, 2007;
Nakamura and Go, 2005). Figure 1.4 displays theestte of laccase CotA froiB.
subtilis and positions of ligands of the T1, T2, and T@&sitwith indications of the

interatomic distances is given.

Figure 1.4 : Scheme of T1 (Cul) and T2/T3 (Cu4/Cu2_Cu3) coppes sf
laccase CotA fronBacillus subtilis with indicated distances (A)
between the most important atoms (Morozova etG{172



1.2.1.3Catalytic cycle

The laccase catalytic cycle involves binding of teducing substrate, followed by
binding of oxygen and it allows intramolecular ¢ten transfer resulting in oxygen
reduction and then proton transfer which leadsetease of the reaction products.
Laccases catalyze four 1axidation of a reducing substrate with two conauanit 2

€ reduction of dioxygen to water. The first step aaftalysis is reduction of the
reducing substrate by the copper {Ctio Cu®) at the primary electron acceptor
T1 site. The electrons extracted from the reuycubstrate are transferred to the
T2/T3 trinuclear site and results in the conversbthe resting form (fully oxidized)
of the enzyme to a fully reduced state. From fadrstrate molecules, successivé 4e
oxidation is required to fully reduce the enzyme&(R.5). The rate-limiting step is
the intramolecular electron transfer from T1 to theuclear copper site. Reduction
of dioxygen occur in two steps via the formatiorbotind oxygen intermediates. The
dioxygen molecule first binds to the T2/T3 site,datwo electrons are rapidly
transferred from the T3 coppers, resulting the formation of a peroxide
intermediate. The diffusion of dioxygen to the wtictear site is rate limiting,
followed by a rapid Idransfer from T1. The peroxide intermediate ded¢aysn oxy
radical and undergoes a 2eductive cleavage of the O—-O bond with the reledsa
water molecule. The peroxide intermediate decaymtoxy radical and undergoes a
2€ reductive cleavage of the O—O bond with the rele#sa water molecule. Decay
of the intermediate is facilitated by the finalectron transfer from the T2
copper, and is accelerated with decreasing pkh priotonation from a carboxylic
acid residue near the active site. In the last, stfour copper centers are oxidized,
and G is released as a second water molecule. The reimdaf the T2 copper
correlates with the decay of the intermediate inchhe first water is released and
the second water molecule remains bound and slexthanged with the bulk
(Wood, 2009; Mikolash and Schaur, 2009).

Despite their different origins, the overall stwet of laccases is similar. Crystalline
structures demonstrated that, the substrate cakigccases is wide enough to allow
accommodations of wide array of substrates withouar sizes. Small aromatic
molecules, for example 2,6-DMP or 2,5-xylidine, dreried into the cavity by

hydrophobic interactions with apolar amino acididess. Besides larger ligands,

like ABTS places in the cavity with non-linear siture, while one part of the
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molecule is embedded in the cavity, the other pddracts with the amino acids

around the substrate binding cavity. The inner pérthe hydrophobic substrate

cavity of laccases includes a highly conserved réispacid residue very close to the
active histidine residue. The positively chargestiiine residue is thought to initiate

the catalytic cycle by subtracting an electron frtra reducing substrate, whereas
negatively charged aspartic acid residue can &alihe formed radical cation. Not

only these polar contacts takes place in the calityalso a number of hydrophobic
protein-ligand interactions occur between the atamangs of the substrates and the
lateral chains of apolar residues of laccase (@Giardt al. 2010; Colao et al. 2009;

Ng, 2004).

4, Laccase-OH-testing + 4 Phe-OH — Laccase-red + 4 Phe-0" + H20 1. Laccase-ted + 02 — Laccase-0-0-H

H
e
aa () )

i iR 02 O
: ©
./ \. fully reduced enzyme
: @

resting (fully oxidized) enzyme %\ 3 / peroxide intermediate

3. Laccase-OH:native = Laccase-OH-resting : . Laccase-0-0-H + 2 H+ — Laccase-OH-native + H20

oxy radical intermediate

Figure 1.5 : General catalytic cycle of laccases (modified frioumdell et al. 2010
and Wong 2009).

1.2.1.40xidation of phenolic compounds

Typical laccase substrates are phenolic compourdause their redox potentials,
ranging from 0.5 to 1.0 V are low enough to peratgictron subtraction by the type 1
copper. Most common phenolic substrates DMP, goiand syringaldazine are
oxidized to phenoxy radicals, which generally ugdepolymerization via radical
coupling. Moreover phenoxy radicals can rearrafganselves leading to quinone
formation through disproportionation, alkyl-aryeelage, @ oxidation, cleavage of
Ca-CB bond or aromatic ring. The catalytic effieciencly axidation of phenols,
anilines and benzenethiols correlates to the streatf the substrate and to the one-
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electron redox potential difference between T1 eopgpite of laccase and the
substrate. The relative contribution of steric aedox properties of a substrate
determines its susceptibility to laccase oxidataod the bulky substituents cause
decreased reactivity since they impose steric fertence with substrate binding
(Wong, 2009 and Giardina et al. 2010).

1.2.1.50xidation of non-phenolic compounds

Although lignin peroxidase and manganase peroxidesdiator systems are known
to be able to oxidize non-phenolic models, sometevhirot fungi Pycnoporus
cinnabarinug, which have only laccase predominantly, can dégrdignin
efficiently. Non-phenolic substrates are oxidizgddccases with the aid of mediator
compounds. More studied mediators are ABTS, 1-hgdenzotriazole (HBT) and
3-hydroxyanthranilic acid (HAA).The oxidation of A and HBT are different as
they involve a di-cation and a benzotriazolyl-1deiradical respectively. In the
ABTS-mediated oxidation of non-phenolic substrafeBTS is first oxidized to the
radical cation (ABTY and then to the di-cation (ABTS, which is the active
intermediate for the oxidation of the non-phenotiompounds. HBT-mediated
oxidation of non-phenolic substrates starts wtkidhoxidation of HBT to HBT by
laccase and it is followed by deprotonation to fdwoxy radical. HBT-mediated
oxidation is more common than the ABTS mediated vespecially for the

degradation of non-phenolic lignin compounds (W&@f)9).

1.2.1.6Laccases with unusual spectral properties

Although most of the laccases has four copper atomisshow typical absorbance at
600 nm, some laccases does not contain the typpplec and not display the typical
blue color. These laccases have been called “yélboviwhite” laccases and can be
defined as true laccases since they are able wizexphenolic and non-phenolic
substrates but not tyrosine as the other laccasesrélow laccases have been
purified from phytopathogenic AscomyceBaeumannomyces graminis var. tritjci.
Basidiomycetes Agaricus bisporus Schizophyllum commupePanus tigrinus
Phlebia radiata Phellinus ribis Pleurotus ostreatysPycnoporus cinnabarinys
Pycnoporus sanguineusRigidoporus lignosus Trametes trogii and Coriolus
hirsutus(Giardina et al. 2010; Nakamura and Go, 2005; Mayet Staples, 2002). It

has been supposed that yellow laccases are formedrasult of binding aromatic
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compounds of lignin degradation to the blue lacahs#ng fungal growth in solid-
state culture conditions. This modification mayufesn the reduction of Cul and
Cu2 in the active center and disappearance of the bolor. Furthermore, the
modifier molecule bound to the apoenzyme of thdoyellaccase performs the
function of mediator and they can oxidize non-plien@ompounds without
mediators (Giardina et al. 2010). Instead of thgula four copper atoms per chain,
different transition metals can exist in the actsre of the yellow laccases. For
example, the white laccase fraf ostreatuscontains two zinc, one iron and one
copper atoms, although of the copper-binding residof laccases are conserved.
Laccase extracted frof. ribis binds two zinc, one manganese and one copper ion,
whereas the laccase of T. hirsuta has the copgenmamganase in 3:1 ratio. It has
been speculated that the type 1 copper is replatad-e/Mn and the type 3 coppers
are replaced with zinc ions whereas the type 2 eopgmains (Giardina et al. 2010;
Nakamura and Go, 2005).

1.2.2 Natural occurrence of laccases

Laccases were first discovered in the exudateh®flapanese lacquer trBdus
verniciferaat the end of the 19th century (Yoshida et al. }8B@&tection of the first
fungal laccase had followed this discovery a fevargelater (Baldrian, 2006).
Although laccases were firstly detected in the fgathe occurrence of laccases in
higher plants are much more limited than in furBecause of the crude plant
extracts contain a large number of other oxidatigazymes with broad substrate
specificities, plant laccases have not been detemtgurified easily (Sharma et al.
2007). The plant laccases have been detectedgndacmango, mung, bean, peach,
prune, sycamore and the experiments on the laegs®ssion in the crop plants
have also been reported (Arora and Sharma, 20L@hdfmore, cell culture dkcer
pseudoplatanusand the xylem tissue d&inus taedahave been reported to contain
laccases (Mayer and Staples, 2002).

To date, most of the laccases have been isolateld characterized from plants and
fungi, and only fungal laccases are curreniBed in biotechnological
applications. Although little is known about badeérlaccases, whole genome
analysis techniques suggested that laccases arewadespread in bacteria. The
occurrence of laccases is generally within the gen&quifex, Pyrobaculum,

Azospirillum, Sinorhizobium, Marinomonas, Ralston&ireptomycesnd Bacillus
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(Mikolasch and Schaur, 2009). The best-studiedebb@attlaccase is the CotA, the
endospore coat component B&cillus subtilisand participates in the biosynthesis
of the melanin-like brown spore pigment and seemdsbé responsible for the
protection against UV light and hydrogen pédex(Driks, 2004; Martins et al.
2002. Moreover, most of the bacterial laccases so fadistu are located
intracellularly or in periplasmic protoplast diffieg from the most fungal laccases.
Until now, only three bacterial laccases have beempletely purified and
characterized fromAzospirillum lipoferum, Marinomonas mediterraneand
Pseudomonas syringad it has been shown to participate in cell pigtagon and
plant phenolic compounds’ utilization (Sharma et24l07). Recently Palanisami et
al. (2010) reported the presence of constitutivecdaes (LACs) and polyphenol
oxidases (PPOs) in the ten tested strains of magarobacteria and this is the first

report on the cyanobacterial laccases.

Laccases are widely distributed in fungi. AlthougAscomycetes and
Deuteromycetes fungi can produce laccase, whitdenogi from Basidiomycetes
class are the most efficient laccase producer gemgpthose laccases are the most
important representatives of multi-copper oxidaammily (Arora and Sharma 2010;
Giardina et al. 2010; Call and Mucke, 1997). Whde{fungi Agaricus bisporus
Armillaria melleg Ceriporiopsis subvermispoyaCoriolopsis polyzona, Cyathus
bulleri, Daedela quercina, Fomes annosus, Ganodelumalum, Lentinula edodes,
Marasmius quercophilus, Panus tigrinus, Phlebia iata, Pleurotus eryngii,
Pleurotus ostreatus, Pycnoporus sanguineus, Pyausponnabarinus, Rigidoporus
lignosus, Trametes villosa, Volvariella volvaceascémycetes Cryphonectria
parasitica, Melanocarpus albomyces, Nurospora Bpdospora anserindmperfect
fungi Aspergillus nidulans, Botrytis cinerea, Opdtmma ulmi, Rhizoctonia solani,
Trichoderma atrovirideand a number of brown rot fun@leophyllum trabeum,
Postia placenta, Antrodia vaillantii, Fomitopsisnpiola and Coniophora puteana
have been shown to produce different level of laesaArora and Sharma, 2010).
Laccase activity has not been indicated in lowengiuZygomycetes and

Chytridiomycetes.

A variety of physiological functions have been pysed for laccases. In fungi,
laccases participate not only in lignin degradatiom also in pigmentation fruiting

body development and pathogenesis (plant-pathogsin/imteraction and stress
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defense). Laccase was also involved in lignin dsgsis in plants, pigment
formation and protection against UV light in ba@kspore coat and sclerotization
of the cuticle of insects (Arora and Sharma, 2@idrdina et al. 2010).

1.2.2.1Morphogenesis and pigmentation

Laccases play important role in morphogenesis éslhem terms of pigmentation.
Temp and Eggert (1999) reported that glucose-grawmitiure of Pycnoporus
cinnabarinushas produced laccase, associated with ligninobsiwell as formation
of pigment, cinnabarinic acid. This pigment givkese tharacteristic orange-red color
of the fruiting body of that fungus and it has alseen defined as antimicrobial
agent. Fruiting body formation may involve syntisesif extracellular pigments
connected with oxidative polymerization of cell Wabmponents for strengthening
cell-to-cell adhesion by laccase-catalyzed reactibm Aspergillus nidulans
Aspergillus fumigatus, Daldinia concentrieand some other fungi laccases are
involved in oxidative polymerizations to produc&rents, giving the color of
conidium or to produce polyphenolic glues thatkstiyphae together. Laccase level
is regulated in relation to fruiting body developth@s observed in the example of
Agaricus bisporuswhere abundant laccases are secreted into theumediiring
vegetative growth and loss of activity occurs dgriine fruiting body formation (Call
and Mucke 1997; Arora and Sharma, 2010).

1.2.2.2Phenoxazinone dye cinnabarin synthesis by use otlzase

The o-aminophenol 3-hydroxyanthranilic acid (3-HAK) one of the tryptophan
metabolites along kynurenine pathway and is theysssr of the phenoxazinone
derivative, cinnabarinic acid (CA). 3-HAA is foumd different group of organisms,
bacteria, yeast, fungi, plants and mammals (Egefedt. 1995; Li et al. 2001B-
HAA is converted into CA through the active oxyggmecies and transition metals
by non-enzymatically. Oxidation is also be media¢gedimatically by horseradish
peroxidase, myeloperoxidase, catalase, tyrosirgisegse oxidase and also laccase.
The formation of phenoxazinone ring from anthraeil@recursors starts with 6
electron oxidation of precursor and is followeddny of several reaction sequences
all of which proceed reactive intermediates suclgyasone imines The oxidation
mechanism of 3-HAA and formation of cinnabarinicidaés shown in Figure
1.6(Hiramatsu et al., 2008; Eggert et al. 1996)idaxon of 3-HAA is related to
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carcinogenic and antioxidative activities and ttogaversion has attracted attention in
clinical studies because 3-HAA and CA induce apsiptin T cells, act as powerful
scavenger of reactive oxygen species and alsorem@rk carcinogen for bladder and
breast carcinomas (Hiramatsu et al., 2008; Iwahakd®9). 3-HAA is also the
precursor for other phenoxizanone derivatives sash actinomycin class of
antibiotics synthesized by th®&treptomyceteswhich is used in the treatment of

certain forms of cancer (Smania et al. 2003).

Cinnabarinic acid and other two derivatives, cirarab and tramesanguin are
orange-red compounds and antibiotic substance peadiby the members of
Pycnoporusgenus of white-rot fungi. These phenoxazinone mioghores give

orange-red color of fruiting bodies of fungus amgbaused as natural pigments by

insects and also Australian marsupials (Eggert 1985; Le Roes-Hill et al., 2009).
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Figure 1.6 : The oxidation of 3-hydroxyanthranilic acid into ti@nabarinic acid
(Hiramatsu et al. 2008).

Cinnabarin produced byycnoporus sanguineuBas a basic phenoxazine-3-one
structure with a carbonyl group at C-1, an amimmugrat C-2 and an hydroxyl group
at C-9. This pigment is produced between 18th aBdl Zlays of culture and
increased significantly when the pH of the growtredma is 9.0 and growth
temperature was 25°C under light (Smania et al7)19%innabarin is known with its
antimicrobial properties and Smania et al. (19@orted the antimicrobial activity
of cinnabarin produced from three different strahBycnoporus sanguinewagainst
11 species of bacteria from foods as this chromegphan be used in food products
as a colorant. Toxicity of cinnabarin was also stigated and this substance had no
toxic effect on mice neuroblastoma cells (Smanialet2003). Temp and Eggert
(1999) reported a characteristic red pigment, danaic acid, synthesized by
laccase-catalyzed oxidation of the precursor 3-twyhinthranilic acid when glucose

is the carbon source in white-rot fungeygcnoporus cinnabarinusulture.
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Besides their physiological roles in nature, phezixone dyes attracted interests for
several industrial purposes. Using phenoxazinonencbphores for the development
of fluorescent probes detecting hydroxyl radicas been reported and Bruyneel et
al. (2008) investigated regioselective synthesis3diydroxyorthanilic acid and
sulfonated compound was biotransformed into a nopkknoxazinone dye
mimicking the cinnabarinic acid by using laccasesldéla Blue used in textiles,
paper, and paints, mainly as a pigment and Nild Bges are also reported as
industrially interesting phenoxazinone dyes esplgdiar fluorescent probe synthesis

for the detection of biological and organic molesu{Jose and Burgess, 2006).

1.2.2.3Pathogenesis

Extracellular laccases has also been employedthoganesis. Laccase is the major
virulence factor of the human pathogenic fungirgptococcus neoformang his
organism has emerged as a major fungal pathogartialp in patients with AIDS,
organ transplant recipients and those receiving tiapes of corticosteroid treatment.
Laccase is responsible for brown pigment produgethé® organism and is expressed
as a cell wall enzyme, oxidizing polyphenolic compds and iron. FunguBotyrtis
cinereacauses soft rot of crop plants and produces edtudar laccases involved in
the pathogenic process (Call and Miucke, 1997; Ztal\illiamson, 2004). Laccase
from G. graminisvar. tritici which is considered as important wheat pathogehisan
expressed only in planta or in the presence oftph@mogenate (Giardina et al.
2010).

1.2.2.4Lignin degradation

Lignocellulose is the most abundant biomass onheartd is the predominant
component of woody plants and dead plant materlagmin is an irregular and
heterogenous arrangement of phenylpropanoid polyandrprotects cellulose with
its resistant structure to chemical and enzymagigradation. Because of this fact,
lignin degradation is a rate-limiting step of camb@cycling. The major enzymes
involved in lignin degradation are lignin peroxidasmanganase peroxidase, versatile
peroxidase and laccase. Laccase plays a majomrégmin degradation and most of
the lignin degrading fungi produce extracellulacclases. Laccase catalyze one-
electron subtraction from phenolic hydroxyl grodpgignin to give phenoxy radicals.

Although laccases have low redox potential comparedhe other ligninolytic
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enzymes, their potential can be increased by nmdiathat can be derived from
oxidized lignin units (external) or directly fromrigal metabolism (internal). For an
efficient degradation laccase must be in contath Wie substrate, but the compact
structure of plant cell walls and the enzyme sirevent direct contact. However
mediators can be migrate far away from the fungaicetium into the tight
lignocellulose complex which is inaccessible to thecase itself (Ohkuma et al.
2001; Theurl and Buscot, 2010; Arora and SharmaQR0

1.2.2.5Detoxification

Laccases have roles in detoxification via theitypwrizing activity. Low molecular
weight phenolic compounds are potentially toxic eamd polymerized to reaction
products of sufficient size hindered in penetratidreells. Laccases are considered
as efficient radical scavengers and this propestywidespread among proteins,
especially in blue copper proteins. The radicateract with the limited number of
amino acid side chains (only one or two amongdidiie, tryptophan or tyrosine) to
form adducts with OH group As a result of the electron transfer from thet@in
site to the copper type-1 site, copper reductiom loa observed (Call and Mucke,
1997).

1.2.2.6Lignin biosynthesis

Lignin is a cementing constituent integrated intdem cell walls of plants. The
xylem tissue conduct water and solutes over gréstarmtes without significant
evaporative loss by means of water insoluble lignolecule. The lignin monomers,
p-coumaryl alcohol (forming H-units), coniferyl alol (forming G-units), and

sinapyl alcohol (forming S-units) are end produmitshe phenylpropanoid pathway
that is initiated by deamination of phenylalaniMonolignols are polymerized into
lignin from freeradical intermediates to form ligniattices and formation of a
monolignol radical is catalysed by laccases (Galtrdmal Larsen, 2002; O’Malley et
al. 1993; Caparro’s-Ruiz et al. 2006).

Laccase was the first enzyme shown to be able lior@wize lignin monomers both
in vitro and in vivo. It has been indicated thaizdase and laccase-like activities are
closely correlated with lignin deposition in devalog xylem. Since laccase operates
in the absence of toxick,, it has been proposed that laccases could plajearr

the early stages of lignification in living cellsic it would be the case during the
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formation of lignified seed coats near sensitivealigping embryos. Furthermore,
laccase might be the main lignification enzyme wHigmin concentration has
reached a level where the middle lamella has becmntg/drophobic that most water

and HO; is excluded, whereas,@ still available (Gavnholt and Larsen, 2002).

1.2.3 Industrial applications of laccases

Oxidation reactions are essential in several imtessbut most of the conventional
oxidation technologies have several drawbacks ss¢mon-specific or undesirable
side-reactions and the use of environmentally ltemes chemicals. Those drawbacks
caused to the search for new oxidation technoldgges®d on the biological systems
such as enzymatic oxidation. Enzymes are spediiogdegradable catalysts and
reactions are carried out in mild conditions. Pbé&napplications of enzymatic
oxidation techniques are employed in various intaidfields including the pulp and
paper, textile and food industries. Laccases aracplarly promising enzymes for
the above-mentioned purposes, because of the mtesesting enzymes are the
enzymes recycling on molecular oxygen as an eledciaceptor (Couto and Toca-
Herrera, 2006a). Laccase is a promising enzyitte avgreat potential application
in several areas of industry. Laccase productiamifipation and immobilization
techniques at lower costs are needed to imprieeandustrial application of this
enzyme and recombinant DNA methods offers new pisisis of raw materials and
microorganisms improvement for use in the dédferareas of industry (Minussi et
al. 2002; Arora and Sharma, 2010). Industrial aapions of laccases are

summarized below.

1.2.3.1Applications in food industry

Potential applications of laccase exist in differaspects of food industry such as
bioremediation, beverage processing, ascorbic @eliermination, sugar—beet pectin
gelation, baking, etc. Laccase is a promising emzywith a great potential
application in several areas of food industry (Misitet al. 2002; Arora and Sharma,
2010).

Bioremediation of food industry wastewater

Laccase is a well-known enzyme in bioremediatiocabee of its ability to degrade
phenolic compounds. Aromatic compounds, includihgnols and aromatic amines,
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are one of the major classes of pollutants andpteeence of these compounds in
drinking and irrigation water or in cultivated landpresent a significant health
hazard. Some fractions of beer-factory wastewatesgresent an important

environmental concern due to their high contentpolyphenols and dark-brown

colour. Laccases were degraded high-tannin-comiuwiastewater and effluent from

fermentation of sugar-cane molasses. Laccasesalsestudied for bioremediation

of olive mill wastewaters and phenolic compoundsendrastically reduced (Minussi

et al. 2002).

Removal of phenolics from must and wine

Color and taste of must and wine are dependentadicplar phenolic compounds
present in different kinds of wine. Laccase treatthehave been proposed as a
specific and mild technology for the removal of pbkcs responsible for
discoloration, haze, and flavor changes, cloudifbe use of immobilized laccase
might be a suitable method to overcome legal b&rg@nce such an enzyme is not
yet allowed as a food additive, and laccase could &pplication in preparation of
must and wine and in fruit juice stabilization (A#cand Sharma, 2010; Minussi et al.
2002. Some fungal laccases were immobilized on differeatganic and organic
supports and tested for phenolic removal in mudtvaime. Laccase immobilized on
silica gel and glutaraldehyde resulted in a deeredighe catechin concentration in
solution and was reusable for up to 5 times. Brognis one of the major faults in
beverages. Various pre- and post treatments tal gaast-turbidity and discoloration
of fruit juices are available and utilization ot&ase for the fruit juice stabilization

have been performed especially for apple juice (Mdanet al. 2002).

Beer stabilization

One of the problems faced in the brewing industryhe tendency for hazes to
develop in beers during long-term storage. Prgpegtipitation that is stimulated by
small quantities of naturally occurring polyphenoluses haze formation in beers
and traditional removal methods constitutes serieasironmental and health
hazards. Laccases could be used as an alternatiredlogy and could be added at
the end of the process, because oxygen is unwaimethe finished beer.
Furthermore, laccase may remove some of the pohgsand any excess oxygen to

enhance storage life (Minussi et al. 2002).
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Sugar beet pectin gelation

Sugar beet pectin is a food ingredient with speéifitctional properties and it may
form gels by an oxidative cross-linking of feruhcid. It has been shown to cross-
linking of the beet pectin by the oxidative couglicatalyzed with laccase (Minussi
et al. 2002).

Baking

Addition of bread and/or dough-improvement addgive the bread dough causes
improved machinability of the dough and also immavexture, volume, flavour and
freshness of the bread. Enzymes have been knowsedoas dough and/or bread
improving agents and when a laccase enzyme is amdddugh , it may exert an
oxidizing efect on the dough constituents and serves to imptiogestrength of

gluten structures. In particular, the use of laea&sults in an increased volume, and
softness of the baked product, as well as increessdtance, stability and reduced
stickness and improved machinability of the dou@hinussi et al. 2002; Couto and
Toca-Herrera 2006a).

1.2.3.2Pulp and paper industry

Cellulose and lignin are rigid organic polymeriethh have been’invented and
optimized' by nature for constructive and long tgoneservation purpose®aper

manufacturers are mainly interested in celluloseaaprimer source for paper
industry. Woody substrates like eucalyptus, bambond agricultural residues are
used for manufacturing paper depending on the ®mpe quality of paper. The
industrial preparation of paper requires separadimh degradation of lignin in wood
pulp and it is an important step in processing oba for manufacturing of paper
pulp. Microbial or enzyme-based delignification teygs can overcome the
drawbacks of conventional methods involve chlorirgilfite-, or oxygen- based
chemical oxidants which impose loss of cellulofber strength. Laccase can
degrade natural or synthetic lignin polymers byakieg aromatic and aliphatic C—C
bonds and depolymerizing lignin and provide milderd cleaner strategies of

delignification that are also respectful of theemyity of cellulose.

Two main steps for paper manufacturing are pulpamgl bleaching of woody
substrates. Using mechanical and chemical methedsatv materials are reduced to
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the fibrous state during pulping. Bleaching whictvalves the consumption of
enormous amounts of chemicals follows pulping drasé chemicals causes serious
environmental hazards. Few enzymatic treatments ib#gxh the
delignification/brightening capabilities of modechemical bleaching technologies
and the use of laccases as biological processedadpso environmentally safe
technology. The treatment of wood chips prior tach@anical or chemical pulping by
white rot fungi is called biopulping and laccasestf the white-rot fungi are used as
biopulping agents since they partially degradeifigand loosen lignin structures
before pulping. By using laccases strength of thgep increases, effluent toxicity is
reduced and also electrical energy is saved. Gfdtan is used for removing the
residual lignin in conventional bleaching while tase Mediator System (LMS) has
been shown to substitute chlorine-containing reeyémus reducing the pollution
load caused by chloroorganics. Laccase can alsppleed as biobleaching agent as
it degrades the residual lignin in pulp and deds®it and it is an ideal oxidative
enzyme for pulp bleaching because it is readilyilaike and use atmospheric
oxygen as its electron acceptor. Laccasd mimetes versicolohas been studied
widely for biobleaching of paper pulp, treatment edfluents, and various other
industrial applications (Arora and Sharma, 2010j &ad Mucke, 1997; Couto and
Toca-Herrera, 2006b; Widsten and Kandelbauer, 2007)

1.2.3.3Textile industry

The textile industry accounts for two-thirds of ttedal dyestuff market and the
chemical reagents used are very diverse in theampositions, ranging from
inorganic compounds to polymers and organic prisdu€here are more than
100,000 commercially available dyes and approxilpa#ex1C® t of dyestuff is
produced annually. Most of the dyes are decoloribaddly because of their
resistance to fading on exposure to light, watet different chemicals. The use of
laccase in the textile industry as an alternativethomd is growing very fast, since
their ability to decolourise textile effluents, at# textiles and even to synthesize
dyes (Couto and Toca-Herrera, 2006 b).

Textile dye transformation

Textile dye degradation by laccases of differemigfuhas been reported. Laccase

from Phlebia tremellosadecolorized eight synthetic textile dyes undetictary
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conditions, cell-free enzyme extracts obtained fr&Mmlebia species have been
successfully employed for biodecolorization of maythetic and industrial dyes
and malachite green was successfully transformedabgase fromGanoderma
lucidum (Arora and Sharma, 2010). Moreover, immobilized Rfeurotus ostreatus
on polyurethane foam cubes in bioreactors have hbeported to efficiently
decolorized three industrial dyes even at the lughcentrations up to 2000 ppm
(Casieri et al. 2008).

Textile dye biosynthesis

The textile industry produces and uses approximated million tones of dyes,
pigments and dye precursors, valued around 2®bidollars per year and almost all
of the produced dyes is obtained synthetically.ilUhé ends of the 19th century, all
of the dyes used for textiles were naturally detivEhe synthetic dye industry has
grown enormously since Perkin had synthesized mauin 1856 and are widely
used for textile dying and other industrial appiieas (Sengupta and Singh, 2003;
Chander and Arora, 2007). Although natural dyesewavailable for centuries,
synthetic dyes became so popular because of théugiion in large quantities,
manufacturing at a reasonable price (10-100 $ gendariety of colors demanded by
customers and endurance of colors on fabric affgeated washing cycles. However,
synthetic dye manufacturing have some limitatiaugh as their production requires
environmentally unfriendly chemicals creating warlsafety problems like strong
acids and alkalis, they needs very toxic and hamexdchemicals generating
hazardous wastes and causes economical challengkefo disposing. In order to
minimize the damage to the environment caused &éythcess and effluents of the
dyestuff industry, a proposal for a new EU regulatoamework for chemicals was
adopted by the European Commission on December 20@@his new system called
REACH (Registration, Evaluation, Authorisation amestriction of Chemicals)
requires that enterprises manufacturing or impgrtnore than 1 ton/ year of a
chemical substance would register it in a centratalbase. These stringent
environmental standards accepted by many countéesuse of the toxic and
allergic reactions associated with the synthetiesdgnd also limitations mentioned
above caused exploration of cheaper and more emagatally friendly routes, such
as natural “green” dye production methods. Natdseds have higher compatibility

with the environment and can exhibit biodegradghilwhich makes them friender to
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the environment than synthetic dyes (Duran et @22 Sengupta and Singh, 2003;
Nagia and EI-Mohamedy, 2007). Bioprocesses usuwalhsume less energy, require
fewer raw materials and no extra reactants, allochMexement of more selective
higher yield. Natural dye production at a compagapiice provides benefits for
waste disposal and occupational safety by reduttirig chemical usage as starting
materials, saving in transportation costs by deeéning production, energy
recycling by using biomass after extraction of dged prevention of waste

generation by recycling growth media (Sengupta%indh, 2003).

Fungi are the ecological source of pigments, stheg are rich in stable colorants
such as anthraquinone and a revival interest inuee of natural dyes in textile
coloration has been growing recently. Nagia andlBhamady (2007) reported the
natural anthraquinone dyes isolated from the funigusarium oxysporumtheir
evaluation for dyeing wool and the factors affegtidyeability and fastness
properties. Because of the high color strength esaland good color fastness
properties of dyed fabric made these anthraquimkyes the candidate source of raw
materials in the future. Moreover some natural dyage antimicrobial activity on
the wool fibers and shown to be able to use in ldgueg clothing for infants, elderly
and infirm people to protect them against commdeciions (Singh et al. 2005).

Enzymes have been used as biocatalysts and isslpe to use different classes of
enzymes for the biosynthesis of many compoundscedfpefor the production of
pharmaceutical and agrochemical precursors. Althougidrolases represent
approximately 80% of industrial enzymes, laccasesvshigh potential as industrial
biocatalysts through its advantages. Laccases leapty available because of the
high level secretion from fungi upon induction amldo molecular oxygen as co-
substrate can be easily renewed by running expatinie aerated vessels.
Colorization of fungi by means of polymerizationacdons is among the
physiological functions of laccases and severalistuhave aimed at determination
of coloring capacity of laccase produced coloreatipcts and synthesis of colorants
by laccase-catalyzed polymerization reactions (Enaual. 2010; Mustafa et al.
2005).

One of the applications of laccase in the textidustry is dying of cotton fibers.
Conventional methods used in the dying processedsna wide range of dyes and

auxillaries and their usage at elevated pH and ¢eatpre values. Laccases can be
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applied instead of oxidant agents initiating cooglof dye precursors and formation
of coloured compounds that remains fixed in therfistructure. Hadzhiyska et al.
(2006) reported in-situ dyeing of cotton cellulosgh a polymeric dye formed by
oxidative coupling of colourless 2,5-diaminobenzeif®nic acid and 1-
hydroxyphenol (catechol) with laccase assistanagth Bnild reaction conditions
instead of very high temperatures and higher foratf dyes onto the fibers up to 70
% has been achieved. Recently, several investigabta the biological production of
indigo from indole (so-called bio-indigo) using omebinant microorganisms
expressing mono- or dioxygenase have been repanedgroduced bacterial indigo
dye was applied for dying cotton fabrics. The eneyystem responsible for indigo
formation generally consists of one or more enzyntgsically monooxygenases,
dioxygenases or hydroxylases and compared witlchieenical synthesis, microbial
biosynthesis has some advantages, such as lowgrl@esr energy consumption,
and being eco-friendly (Han et al. 2008; Bhushaal.2000; Pathak and Madamwar,
2010).

Waste effluent treatment

During manufacturing and usage, approx. 10-15% @l dyes are released into the
environment and water soluble azo dyes can cagbdylsolored waste streams even
at low concentrations. Those azo dyes and theitrarsformation products have
been shown to be toxic, mutagenic and even carsimogMany microorganisms
from different taxonomic groups of bacteria, fungctinomycetes and algae have
been reported for their ability to decolorize azesl White-rot fungi are reported to
be the most efficient in detoxification and dec@ation of such effluents by their
lignin-degrading enzymes, especially laccases (Moes al. 2007; Arora and
Sharma, 2010; Couto and Toca Herrera, 2006b). &umtbre, a major source of
phenolic wastes is alkaline extraction stagdluefit comes from bleaching of
wood or pulp and it contains over 50% of color lo&mstead of the expensive
chemical and physical treatments methods, altemdtiotreatment processes are
now being considered. The development of procelsassed on laccases seems an
attractive solution due to their potential idegradation of dyes with diverse
chemical structures. Laccase oxidizes phenolicarid-oxy radical insoluble
complexes and enzyme-mediated bioremediation psesemclude polymerization

of pollutants among themselves or copolymerizatigth other nontoxic substances
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such as humic materials to facilitate easy remayahdsorption, sedimentation, or
filtration (Husain 2006, Robinson et al. 2001). Téraployment of laccase with the
combination of mediators and cellobiose dehydrogeriar the decolorization of azo
textile dyes proved to be a valid alternative expem and less environmentally
friendly chemical treatments of textile dye was{@ésora and Sharma, 2010). In
2001, the company Zytex (Zytex Pvt. Ltd., Mumbailia) developed a formulation
based on laccase mediator system, capable of degradligo in a very specific

way. The trade name of the product is Zylite. (@artd Toca Herrera, 2006b).

Textile dye bleaching

Laccase has been reported to quickly bleach rededyge stuff as part of the washing
solution and prevent back staining of dyed or pdntextiles. Laccase-catalyzed
textile dye bleaching may also be useful in fimghsteps of cotton fabric dying. A

laccase-based system has been shown to be capaidaching indigo dye in denim

by replacing conventional chemical oxidants (engpochlorite). This process, thus,
results in the reduction of processing time, ene|gyd water needed to achieve
satisfactory quality of the textile (Arora and Shar 2010). In 1996, Novozyme

(Novo Nordisk, Denmark) developed a new industfgblication of laccase enzyme
in denim finishing: DeniLite®, as the first indusirlaccase and the first bleaching
enzyme acting with the help of a mediator molec{@®uto and Toca-Herrera,

2006Db).

1.2.3.4Nanobiotechnology

Bioelectrochemistry has received increased atterttioing the past two decades and
has been integrated into analytical applicationghsas in biosensors working as
clinical and environmental analysis detectors. Baeccontaining biosensors have
been developed to detect various phenolic compqumxdgyen, glucose, aromatic
amines or azides, since laccases are able to satalectron transfer reactions
without additional cofactors (Couto and Toca-Hear&006a). Two types of laccase-
based @sensors are widely used. One type monitors visipéxtral changes (at 600
nm) of laccase resulting from the reoxidation o thipe 1 copper in laccase by O
Another type monitors current or voltage changenfa@ modified oxygen electrode
on which Q reduction is enhanced under the electrocatalysmmmobilized laccase.

Three types of laccase-based sensors have beererkpar detection of phenols,
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anilines, or other reducing substrates. One typectie the photometric change
resulting from the oxidation of a chromogenic stdist the second type monitors
the G concentration change that is coupled to the safestxidation, and the third
type uses an electrode that replacea® the acceptor for the electrons drawn from
the substrate (through laccase). Laccase-bassdnsors can be used for different
electrochemical measurements. Smaller and moreiesfti biosensors through
controlled deposition and specific adsorption ainbolecules on different types of
surfaces could be developed by using nanotechnoldgyra and Sharma, 2010;

Couto and Toca-Herrera, 2006a ).

Immobilisation of laccases has an important eftectthe biosensor sensitivity and
micropatterning has been shown to be an efficiegthod for the immobilisation of
laccases on a solid surface in order to developlé-fanctional biosensor. Recently,
the fabrication of an optical biosensor by usingckéd films where 3-methyl-2-
benzothiazolinone hydrazone (MBTH) was immobilizeda hybrid nafion/sol-gel
silicate film and laccase in a chitosan film foe ttietection of phenolic compounds
(Abdullah et al. 2007).

Laccase can also be immobilised on the cathodeoddidd cells that could provide
power, for example, for small transmitter systei@bgn et al.,2001). Biofuel cells
are extremely attractive from an environmental pah view because electrical
energy is generated without combusting fuel, thsyiding a cleaner source of

energy. (Couto and Toca-Herrera, 2006a).
1.2.3.50ther applications

Soil bioremediation

Polycyclic aromatic hydrocarbons (PAHS) togethethvather xenobiotics are major
contaminants of soil, and their degradation is irtgpa for the environment, since
the aromatic compounds are the major classes hftaots and those toxic phenolics
enter the environment in wastewater streamsdeased by numerous industries.
The catalytic properties of laccases can be usedegrade such compounds.
Laccases are able to mediate the coupling of red@cé,6-trinitrotoluene (TNT)

metabolites to an organic soil matrix, and resimtsletoxification of the munition

residue. Moreover, PAHs arising from natural oipdsits were also found to be

degraded by laccases (Couto and Toca-Herrer&ga2@hiacchierini et al. 2004).
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Hydroxylated metabolites, appeared as phenolic cumgs, are formed in soll
behaves like substrates of laccase and it hasrepernted that laccase from white-rot
fungus T. versicolor has the ability to transforhe therbicide N,Ndimethyl- N-
(hydroxyphenyl) urea into insoluble purple phenadmpounds, p-benzoquinone, at

pH 3, which can be easily metabolized by other f{Agora and Sharma, 2010).

Fossil fuel desulfurization

Fossil fuels emit harmful sulfur-containing compdanand various chemical and
physical desulfurization methods reduce the emmssiosuch harmful chemicals in
extreme conditions like high temperature and pmessmd with high maintenance
costs. However, desulfurization by laccase candsopmed under milder conditions

and remove organic sulfur more efficiently (Aroradé&Sharma, 2010).

Cosmetics

Laccase-based hair dyes are less irritant andreasiendle than current hair dyes,
since laccases replace®} as an oxidising agent in the dye formulation. Rédge
cosmetic and dermatological preparations contairprgieins for skin lightening

have also been developed (Couto and Toca-Herre@&al.

Medicinal applications

Synthesis of pharmaceutical products by laccases diso been reported. The
capability of laccase to synthesize new compoundghiralso be used to generate
new therapeutic compounds for treatment of microiméection or cancer. For
example, laccase can oxidimadide to produce iodine which is a reagent widely
used as disinfectaffrora and Sharma, 2010).

Immunochemical applications

Laccase catalysis can be used to assay other eszwmeh as amylase (alanine,
cysteine, or leucine specific), amino-peptidasdkaliae phosphatase;-glutamyl
transpeptidase, arylamidase, cellobiose oxidadgymotrypsin, glucosidase,
kallikrein, plasmin, and thrombin. Laccase thatcwvalently conjugated to an
antibody or antigen can be used as a marker enfgimmmunochemical assay. In
this immunochemical detection application, througbdulation of laccase activity,

binding of the antibody (or antigen) to its immuogikal counterpart is detected by
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localized laccase activity on a gel or a blot meankt much like the conventional
peroxidase or phosphatase-assisted immunochenssaysa (Arora and Sharma,
2010).

1.2.4 Molecular biological properties

1.2.4.1Laccase isozymes

Laccases of many fungal species are secreted as than one isozymes (or
isoforms) that may differ in their amino acid seqees and in characteristics with
regard to pH optima, subsrate specifity, indudipilietc. Although diversity in
laccase isozymes within a single species wasyfitetbught to be only the result of
the post translational modifications of the sameegeroduct or allelic gene variants,
characterization of laccase gene families revetilatidiversity was also the result of
the existence of multiple laccase genes in theduggnomes (Arora and Sharma,
2010; Majeau et al. 2010; Madhavi and Lele, 2008]ders et al., 2009).

During the life cycle of fungus different laccassoenzymes occurs due to the
induction or repression of laccase genes at diftegeowth levels to fullfill various
physiological roles (Theuerl and Buscot, 2010; @iraa et al. 2010). Fungi are able
to produce several laccase isozymes and the propast the enzymes produced
depends upon the culture composition, operationatitions employed, and also
induction by ferulic acids, vanillic acid, veratriacids and copper (Arora and
Sharma, 2010; Ng, 2004).

The isoenzymes has revealed diverse molecular tyegiycosylation degree and
type of carbohydrate, pH, pl values, inducibilignd substrate specifity and those
properties has suggested variable physiologicasralr catalytic properties under
different environmental condition§or example, the isoenzymes from a particular
microorganism usually possess different kineticpprties resulting in broadened
substrate specificity and they may have an adaptage for rotting fungi that grow
on complex substrates such as hard wood, and mgal@environments (Majeau et
al., 2010; Theuerl and Buscot, 2010). Furthermdriéerent properties of laccases
purified from different strains of the same specas be observed as a result of both
the production of different laccase isoenzymes difi@rent laccase properties in
different strains. On the contrary, isozymes thrat dosely related both structurally

and in their catalytic properties can be producediiferent fungus e.gCoriolopsis
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rigida, Dichomitus squalens Physisporinus rivulosusand Trametes gallica
(Baldrian, 2006).

Numerous gene and protein sequences of Basidio-Amtomycetes have been
characterized so far (Arora and Sharma, 2010; Thend Buscot, 2010). Several
laccase genes either genomic or cDNA clones hagga Is®lated and characterized
including those fromT. versicolor Phlebia radiata Trametes villosaGanoderma
lucidum Trametes sp AH 28-2, Pycnoporus cinnabarinysPleurotus sapidys
Rhizoctonia solanietc The copy number of laccase gene varies among fliogour
knowledge, among 2628 fungal laccase genes, 144 eme belong to the
Basidiomycete and only 14 complete laccase seqaefioen Pycnoporusgenus
among Basidiomycetes laccase genes are availabtbeirlNCBI database. Two
laccase genes in the same chromosome of the BawidetesAgaricus bisporus
reports the first example of a laccase gene fammlyungi. Thirty-one putative
laccase genes froframetes versicologenomic sequences are known in the NCBI
database. In the saprophytic fun@imprinus cinereayenome contains 17 non-allelic
laccase genes, clustered at seven different |atingme of which were active. Five
distinct laccase genes have been characterized Tm@metes villosafour from
Rhizoctonia solanithree fromTrametes spl-62, Trametes spAH 28-2. Laccase
gene families have also been describedPlaurotus generawith four isolated
members inP. sajor-cajy two in P. eryngiji and twelve members iR. ostreatus
The ectomycorrhizal fungusaccaria bicolorhave 11 laccase genes (Giardina et al.
2010; Majeau et al. 2010; Sarnthima and Khammua@@8; Rodgers et al. 2009).
Laccase genes submitted to the NCBI database a&irdeticoded protein molecular

weights are given in Table 1.1.

Isolated laccase genes typically display a highree@f identity with one another
and one cysteine and ten histidine residues indolvéhe binding of the four copper
atoms are conserved in most of laccagearnthima and Khammuang, 2008

1.2.4.2Transcriptional regulation of laccase genes

Various environmental and cellular factors regultte expression of the genes
encoding the enzymes and some of those factorsoanenon while others are more
unique to either a certain fungus or a class ofees (Aro et al. 2005).
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Table 1.1:Some laccase genes that have been characterirediififerent organisms.

Laccase Gene

Encoded Protein

Oraanism Accession Length MW Reference
9 number (aa) (kDa)
Bacillus subtilis Cot A, 513 65 Martins et al. 2002
uU51115
Myceliophthora Lccl, 623 80 Berka et al. 1997
thermophila AR023901
Trametes versicolor Lac2, 519 53.6 Fujihiro et al. 2009
UAMH 8272 AB212732
PVCNODOILS SANGUINEUs FJ513077 518 68 Dantan-Gonzalez et
yenop 9 al. 2008
Trametes versicolor laccase | 519 67 Ong et al. 1997
U44430
Trametes villosa Leel, 520 63 Yaver et al. 1996
AY249052
Trametes villosa Lcc2, L49377 519 63 Yaver et al. 1996
Trametes pubescens Lap2, 523 65 Galhaup et al. 2002
P AF414807
Marasmius Lacl, 517 62 Dedeyan et al.
quercophilus AF414807 2000
Lacl, 517 75 Klonowska et al.
Trametes sp. C30 AFE491759 2005
Melanocarpus Lacl, 623 80 Kiiskinen and
albomyces AJ571698 Saloheimo, 2004
Pleurotus ostreatus Poxalb, 533 62 Giardina et al. 1999
AJO05017
Pleurotus ostreatus Poxc, 249075 533 67 Palmieri et al. 1993
PVCNODOIUS COCCINEUS Lccel, 518 Hoshida et al. 2001
yenop AB072703
Pleurotus sajor-caju Lac 4 533 54 Soden et al. 2002
Gaemannomyces Lac2, 577 70 Litvintseva and
graminis var. tritici AJ417686 Henson, 2002
Pycnoporus Lcc3-2 521 58,4 Temp et al. 1999
cinnabarinus
LacD, 521 53,3 Hong et al. 2007
Trametes sp. 420 AY839942
Coriolus versicolor CvLG1 526 53,6 Mikuni et al. 1997
Volvariella volvacea Lac4 540 58 Chen et al. 2004
Ceriporiopsis Lesl 520 Karahanian et al.

subvermispora

1998
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Table 1.1 (continued):Some laccase genes that have been charactemred fr
different organisms.

Pobulus euramericana Lac90, 574 90 Ranocha et al. 1999
P Y13772
. . . Lccd 7254277 530 66 Wahleithner et al.
Rhizoctonia solani
1996
Lacl 607 75.6 Junghanns et al.
Phoma sp. UHH 5-1-03 EU267173 2009
Pleurotus ervnaii Ery3 531 56.6 Bleve et al. 2008
yng AM773999
Asperaillus niger Pel3 532 54 Rodriguez et al.
perg 9 AY686700 2008

The nutrient levels, culture conditions, and depeiental stage as well as by the
addition of different inducers to cultural mednfluence the synthesis and
secretion of laccases. In many fungal speciesetieet of these factors at the level
of laccase gene transcription has been demonstiatedlaccase expression is
generally regulated by some factors, such as metatsmatic compounds and
nitrogen and carbon sources (Giardina et al. 2(R6yulation of laccase expression
by metals is widespread in fungi. Tn versicolor, C. subvermispora, P. ostreatus, P.
sajor-cajuand Trametes pubescetise effect of copper on the regulation of laccase
transcript level have been demonstrated. Moredd¥ Ag*?, Mn*? ions are strong
modulators of laccase transcript level. The agtidnd stability of laccase from
Pleurotus ostreatuare enhanced by copper but reduced by mercurypiidsence of
putative metal-responsive elements (MRE) in thecdae promoter regions is
associated with the metal effect. Although the @nes of several putative
“activation of cupl expression” (ACE) responsive elements in somecdae
promoters have been indicated it has been obséhatdhe copper induction has
occurred in laccase genes whose promoters lacle AL MRE elements and a
totally different mechanism could be hypothesiz&th(dina et al. 2010; Aro et al.
2005).

In order to increase laccase production, aromabimpounds, such as xylidine
(XYL), ferulic acid (FA), or veratric acid (VA), ar routinely added to fungal
cultures and different white-rot fungi may respatifferent aromatic compounds.

32



Laccase induction by phenolic substances may les@onse of fungi against highly
reactive aromatic compounds. Laccases may playemsige role by catalyzing their
polymerization, since a reduction in the oxidastess caused by oxygen radicals of
these molecules. In the upstream regions of seuslaced laccase genes, such as
those fromT. Versicolor, P. sajor caju, P. ostreatus, and Trametessp. AH28-2
putative xenobiotic response elements (XRE) hawnldeund and the induction

occurs at the transcriptional level (Giardina eRalL0).

Concentration, ratio and and nature of carbon aindgen sources have been shown
to affect laccase activity. Change in laccase #gtiin response to nitrogen
concentration is a controversial issue, since dgtincreases under both limiting and
nonlimiting conditions. For example, two isozymédsfaur laccase genes fromm.
sajor-caju are induced by nitrogen sources, whereas othersumaaffected at the
transcriptional level. In addition to this, laccaseoression is subjected to catabolite
repression and high glucose levels inhibit laccasanscription in some
Basidiomycete. The existence of a carbon catabadpeessor CreA binding sites
have been determined in the promoter regions cdethepressed laccase genes
(Giardina et al. 2010).

1.2.4.3Structural and biochemical characteristics of laccaes

Until now more than hundred laccases have beeriigiiiand very few have been
structurally and biochemically characterized sa f&lthough, most of the fungal
laccases are produced extracellularly most of thetearot fungi produce both
extracellular and intracellular laccases with isygnes showing similar activity
patterns. Laccases are often produced as hightpgjyated forms and they are more
stable in the extracellular environment since chydloates increase their
hydrophilicity. Most of the laccases are monomepioteins, but some of them
exhibit homodimeric structure, which is composed tafo identical subunits.
Laccases are copper containing glycoproteins witkeoular weight between 50 and
110 kDa with 10- 20% carbohydrates and usually aanfiour copper atoms except
unusual laccases containing one, two and threeecspPpurified laccases exhibit
characteristic blue color from their absorptionwuard 600 nm due to type | copper
and 320 nm (type Il copper) and catalyze four tetecoxidation of mostly phenolic
compounds such as 2,6- dimethoxyphenol, syringaldazatechol, hydroquinone

with redox potential up to 0.8 V. The optimum pHfafigal laccases generally lies in
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the acidic range and it can changed towards diffesaebstrates. Different laccases
have different catalytic preferences and they cargtouped as ortho-, meta- and
para- substituted phenols. Studies showed thab-@aubstituted compounds were

better substrate than para-substituted compounasg/Aand Sharma, 2010).

1.3Recombinant Expression of Laccases

The industrial enzyme market has been estimatdaktovorth over $1.6 billion in
1998 for the food, 45%; detergents, 34%; textild®; leather, 3%; pulp and paper
1.2% application areas and none of these areagharenaceutical enzymes. Those
non-pharmaceutical protein market reached $2 hililo2000 and over 60% of the
enzymes used in the food, detergent and starchegsow industries are recombinant
proteins. Furthermore many recombinant proteinsoafangal origin due to the low
yield of non-fungal protein#Aspergillus nigeras a filamentous fungi is an attractive
model organism with its high secretion capacityewdas high production yields can
only be obtained for homologous proteins and naomgél mammalian, bacterial and
plant derived proteins are expressed only a few témmiligrams per liter of growth
medium (Sharma et al. 2009).

Industrial scale production of most fungal laccasesld not be performed in the
host fungi because of the low amount of the prodymetein and the requirement of
the toxic and expensive inducers to improve thédyidlthough some laccases are
employed in the industrial processes, there isangt natural laccase containing all
desired characteristics, such as stability ovearsge of temperatures and pH with
high reduction potential, halide/hydroxyl toleraread suitability for cost-effective
production. Instead of the protein production ire tfungi itself, cloning and
heterologous expression of the laccase genes lemre gerformed as an alternative
technology. Currently heterologous protein produate about one-third of all
industrial applications. Several potential advaesagof heterologous laccase
expression exist compared to the purification @& ¢éimzyme from the culture broth.
Firstly, single protein of known sequence is oledity heterologous expression, as
opposed to the fungal culture, where the productibfaccases occurs in several
isoforms. Secondly, recombinant production canltasthigher protein yields, and
the last advantage is the purification facility abed by recombinant protein
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production if recombinant proteins are secretech{@&aet al. 2009; Rodgers et al.
2009).

Microoorganisms are widely used host organisms Faterologous protein
expression, whereas recombinant fungal laccaseessipn in maize seed has also
been performed and maize-produced laccase has beemonstrated as a
polymerization agent (Bailey et al. 2004). Althougacteria seems the easiest and
quickest way to obtain heterologous proteins, taey insufficient for most of the
eukaryotic proteins because of the lack of postsletional processing.
Heterologous protein production is not only a progynthesis but also involves co-
or post-translational translocation of newly sysikhed proteins into the endoplasmic
reticulum (ER), protein folding in the ER, postristational glycosylation in the ER
and golgi apparatus, intracellular protein trafingk and sorting, proteolytic
degradation and stress response for misfoldingverexpression. Besides, correct
expression of the fungal laccases is depend osdleetion of the appropriate host,
whose codon usage and folding apparatus are saitisl functional enzyme
production. Eukaryotic yeasts are the ideal haostdungal laccase expression and
can perform post-translational modifications (pobggc processing of secretion
si,gnal sequences, disulfide bond formation, amytatprenylation, phosphorylation,
certain types of O- and N-linked glycosylation, ahiis essential for activity and
correct folding) and secretion of the laccasesmidtive and biologically active form
(Idiris et al. 2010; Freigassner et al. 2009).

Yeast expression system allows extracellular lacga®duction and secretion of
heterologously expressed proteins presents seberadfits, such as prevention of
toxic heterologus proteins inside the cell, puafion of the desired protein easily
without breaking the cells and get rid of removiaintracellular proteins, which is an
expensive step, and lastly obtaining the high lesklnative protein by using
fermentation technology (Sharma et al. 2009). Mosmmonly used yeasts as
heterologous hosts for laccase expression Rimhia pastoris, Saccharomyces
cerevisiae, Kluyveromyces lactiand Yarrowia lipolytica Different laccases

expressed in yeast, bacteria and filamentous faregsummarized in the Table 1.2.

Methylotrophic yeasts, such aBichia pastoris are attractive alternatives to
Saccharomyces cerevisigee to the less hypermannosylation of the oversgad

protein and characteristics of tRechia pastoriss explained below.
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1.3.1 Pichia pastoris

Pichia pastorisis a methylotrophic yeast that can metabolize arath as a sole
carbon source and can be genetically engineeredhdtarologous expression of
proteins for scientific research and industrialgmses. During the past 25 years, the
methylotrophic yeasPichia pastorishas become a popular host organism for the
production of heterologous proteins. More than gfifieins from human endostatin
to spider dragline silk protein have been succégsexpressed in this yeast
(Cereghino et al. 2002).

Bacterial expression systems, especiglgherichia coli, is the easiest and quickest
way to express heterologous proteins. However, esgon of larger proteins, for
example S-S rich proteins and proteins requiring ranslational modifications can
not be performed in this organism, because of #@mk lof post translational
processing system associated with higher eukarystesh as processing of signal
sequences, folding, lipid addition, O- and N-linkglgcosylation, disulfide bridge
formation. In that situation, larger proteins arte expressed in yeasts, fungi,
mammalian cells or the baculovirus systeédaccharomyces cerevisiaadPichia
pastorisare mostly preferred yeasts and are much moreyeastivated to high cell
densities and efficiently secrete heterologous gmst compared to filamentous
fungi, which are good hosts for protein secretiod are more time consuming to
work. Furthermore, some proteins that can not lalyed in mammalian cells,
Saccharomyces cerevisjaand baciloviruses were efficiently expressedhim ¢asily
manipulated P. pastoris cells (Liu et al. 2003; Demain and Vaishnav, 2009;
Cereghino et al. 2002; Cereghino and Cregg, 20080;€ef al. 2009).

Several factors caused to increment of the popwylasf Pichia pastoris the
simplicity of molecular genetic manipulations siamilto those inSaccharomyces
cerevisiae (DNA transformation, gene targeting and cloning ynctional
complementation), ability of high level intracelinlor extracellular foreign protein
production with secretion of low level of endogesquiotein, providing the potential
for expression of the soluble, correctly foldedombinant proteins that had all post-
translational modifications for functionality. Mareer, foreign gene expression in
Pichia pastorisis driven by tightly regulated promoter of alcolmtidase | gene
(AOX1) and this strong promoter is repressed in ghewth medium containing

glucose and other carbon sources and induced wdienveere transferred into the
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methanol containing medium. Recently, dual promagstem in the shuttle
expression vector foPichia pastorishas been reported by Duan et al. 2009. They
constructed &. pastorisexpression vector containing two inducible promet@n
alcohol oxidase 1 promoter and a formaldehyde delgghase 1 promoter) based on
pPIC9k and at least two proteins from one vectar lbeen induced. Foreign genes
can be integrated into the chromosomal DNA by ha@galis recombination, since
P. pastorishas no stable episomal plasmids, and more stallldimes can be
obtained by elimination of segregational instapilielating to plasmids Another
reason of usingp. pastorisas an expression host is the respiratory preferehthe
organism rather than the fermentative mode of dnpwhere toxic levels of ethanol
and acetic acid are obtained quickly in high cehsity production. Additionally,
this expression system is available as a commékiti@Cereghino and Cregg, 2000;

Demain and Vaishnav, 2009; Cereghino et al. 2002gkssner et al. 2009).

Pichia pastorisexpression system provides useful and cost-efieaixperimental
tool for protein engineering studies and high ogdinsities during cultivation
guarantees the efficient and economically susténaimtein production required for

functional, physiological and structural studieg(€yhino et al. 2002).

Table 1.2: Several laccase genes of fungi expressed in différeterologous hosts.

Laccase gene  Heterologous Explanation Reference
host
P. sajor-caju Pichia 4.85 mg '|l of active laccase was Soderet al, 2002
LAC4 pastoris produced and the enzyme was purified
and partially characterized.
Trametes sp. P.pastoris 1012 U/mg Li et al_2007
AH28-2lacb
Trametes P. pastoris Secreted laccase activity was optimized Jonnsah,et997,
versicolor Iccl O’Callaghan et al.,
2002, Hong et al.,
2002
P P.pastoris 8.0 mg 1 of hyperglycosylated active  Otterbein et al_2000
cinnabarinus laccase was secreted
lacl
Trametes trogii  P.pastoris The highest production level obtained in Colao et al., 2006
lccl fed-batch culture was 2520 U/l. 17 mg/I
Trametes trogii  P.pastoris Secreted laccase activity was obtained Colao et al., 2009
lcc2 and the highest activity was 340 U/I
T. versicolor P. pastoris Active laccase was secreted in the Gelo-Pujicet al,
lccl medium. Both active laccase and its 1999

truncated version (LCCla) were purified
and partially characterized.
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Table 1.2 (continued):Several laccase genes of fungi expressed in difter
heterologous hosts.

Fome lignosus P. pastoris Active secreted laccase activity value reachedLiu et al.,
laccase 9.03 Uml* 2003
T. versicolor P. pastoris Secreted laccase activity of 1.5 U/ml. The Brownet
LCCIV enzyme was purified and partially al., 2002
characterized.
T. villosa lccl Aspergillus Secreted laccase was purified and partially Yaveret
oryzae characterized. al., 1996
C. cinereus lccl A. oryzae 8.0 to 135 mg/l of active laccase was secreted.Yaveret
The enzyme was purified and partially al., 1999
characterized.
Pleurotus S.cerevisiae  Effect of growth conditions on laccase activityPiscitelli et
ostreatus was observed. The highest laccase activity (20@l., 2005
POXA1B U/l) was produced in the presence of copper
sulphate and glucose containing medium
Pleurotus Kluyveromyces Expression conditions were optimised, highesPiscitelli et
ostreatus lactis laccase activity obtained was 3900 U/l and al., 2005
POXA1B copper concentration did not affect laccase
activity
Pleurotus S.cerevisiae  Reliable activity values were not measured duBiscitelli et
ostreatus POXC to the low amount of recombinant protein  al., 2005
produced.
Pleurotus Kluyveromyces Expression conditions were optimised and Piscitelli et
ostreatus POXC lactis copper concentration affected laccase activity al., 2005
(100 UMy
Thermus E.coli 10 mg/l Enzyme was expressed as apoproteinMiyazaki
thermophilus and dialyzed against copper-containing bufferet al_2005
HB27 laccase to yield a holoprotein
Pycnoporus Yarrowia 20 mg/l extracellular laccase was expressed inMadzak et
cinnabarinus lipolytica bioreactor. al., 2005
lacl

1.4 Aim of the Thesis

Efficient and green oxidation technologies usingyemes has been searched to
replace the conventional non-biological methodscchaes (benzenediol: oxygen
oxidoreductases; EC 1.10.3.2), among the differexisting oxidant enzymes,
generally exhibit a considerable level of stabilitythe extracellular environment and
the inducible expression of laccases in most furggacies contributes to their
applicability in biotechnological processes. Thingythave been become the subject
of intensive research in the last decades. Emplayroé the laccases in diverse
biotechnological applications requires the enligiinof the detailed molecular
aspects of the enzyme by much more studies. Fuantre; laccase
commercialization needs sufficient enzyme stocks tlhere are some limitations for

natural large scale production in white-rot fungiterms of the selection of fungus,
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their cultivation and the optimisation of enzymedhuction. Thus, gene cloning and
heterologous expression of the cloned genes imaldaithosts are applied and these
techniques allow to obtain greater quantities afyemes which are weakly produced
by the fungus itself. Moreover, those approaches iaportant for the study of

structure-function relationships in laccase whiah explain the differences observed
between these enzymes in their biochemical pragseikinetic parameters, redox

potential, stability, etc...).

The white-rot fungud?ycnoporus sanguineysoduce several enzymes that can be
used in industrial applications and produced laedaghe most interesting enzyme
among the others because of the effectiveness die wange of biotechnological
applications, such as dye decolorization of azphénylmethane and anthraquinonic
dyes. To our knowledge, only limited number of céetg laccase gene sequences
from genusPycnoporusamong Basidiomycetes have been submitted to theINCB
database so far and this number of sequences réméed for extensively studied

and biotechnologically important fungal laccases.

In this thesis, isolation of full-length cDNAs codi for the laccase isozymes of
Pycnoporus sanguineddUCL 38531, heterologous expression in the y&ashia
pastoris under the control of alcohol oxidase promoter gmdification and
biochemical characterization of the recombinantcdges have been aimed.
Furthermore, demonstration of the functionality thfe produced recombinant
laccases for pigment and textile dye biosynthesias also been aimed in this
dissertation.
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2. MATERIALS AND METHODS

2.1 Materials
Materials used in this study is listed below.

2.1.1 Strains and plasmids
Strains and their genotypes that are used in thieqt are listed in Table 2.1.

White-rot fungusPycnoporus sanguineddUCL 38531 was kindly provided from
Sophie Vanhulle, Université Catholique de Louvdselgium. This fungus was

grown in Nutrient broth and maltose medium at 2823 this study.

E.coli Top 10F bacteria were used for subcloning studre$it was grown on Luria-

Bertani medium at 37 °C.

Methylotrophic yeasPichia pastorisX-33 is the wild-type Pichia strain and it is
useful for selection on Zeocin™ antibiotic and alame-scale growth. It grows in
YPD and in minimal media at 28-30 °C and used &srbl®gous host in this study.

pDrive vector for cloning of PCR products was ofb¢al from QIAGEN and the
expression vector pPICZB was obtained from Invigrog

Table 2.1: Strains and their genotypes used in the thesis.

Strain Genotype Source
Pycnoporus sanguienus
MUCL 38531
E.coli Top 10F laclg Tn1@Tet), mcrAd(mrr-

hsdRMS-mcrBf;
f80lacZAM15 AlacX74, deoR, recAl

araD139 M.A.Marabhiel
A(ara-leu)7697,galU, galK, rpsL
(Strr), endAl, nupG
Pichia pastorisX-33 wild-type Invitrogen
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2.1.1.1Cloning Vector

Direct-cloning of PCR products that were generabgdnon-proofreading DNA
polymerases, likeTag Polymerase or by enzyme blends, containifey DNA
polymerase and proof-reading DNA polymerases, vperdormed into the pDrive
Cloning Vector (Qiagen), which is supplied in aelim form with a U overhang at
each end. Genomic map of the pDrive cloning veagiven in Figure 2.1. This
vector hasampandkanresistance genes and blue/white colony screeniagagable
while using this vector for cloning purposes. Re8bn analysis of recombinant
plasmids are easily performed through the sevamnaue restriction endonuclease
recognition sites around the cloning site of pDrigther sides of the cloning site
contains T7 and SP6 promoters for both transcnptibcloned PCR products and

sequence analysis (Url-2).
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Figure 2.1 : Genomic map of pDrive cloning vector including reegion map and
functional genes (Url-2).

2.1.1.2Expression Vector

pPICZB expression vector was used in this thesik Wligure 2.2). This vector is
3328 bp in legnth and contains strong and hightipaible FAOX1 promoter.
Components of the vector is listed in Table 2.2asteorigin of replication does not
exist in thePichia expression vectors and zeocin-resistant transfasnean be

isolated, if recombination occurs between the pldsand thePichia genome.
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Positive selection of transformants k coli and Pichia is performed by zeocin
resistance-gene in the vector. Zeocin is an aniibisolated from Streptomyces,
belongs to family of bleomycin/phleomycin-type ditics and has strong toxicity
against bacteria, fungi, yeast, plants and mammai&lls. Zeocin (gH s3N 160

21S,Cu) is a copper-chelated glycoprotein, basic antewsoluble. When zeocin
enters the cell, the copper is reduced frofi"Cie Cu and is removed by sulfhydryl
compounds in the cell and zeocin is activated twl iDNA and cleavage of DNA
causes cell death (Manual of Methods for ExpressfdRecombinant Proteins Using

pPICZ and pPICd in Pichia pastoris Invitrogen Corporation, Carlsbad, CA, USA)

Figure 2.2 : Genomic map of pPICZB expression vector includiggtniction map
and functional genes (Url-3).
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Table 2.2: Components in the pPICZB expression vector.

Component Function
A fragment (942 bp) containing the AOX1 promotéigws
5-A0X methanol-inducible expression in Pichia and alsgets
plasmid integration into the AOX1 locus of Pichengme
Multiple cloning site Cloning of gene of interest into the expressiornmec
with 10 restriction
sites
C-terminalmyc Detection of fusion protein by Anti-myc Antibody Anti-
epitope tag HRP antibody
C-terminal Purification of recombinant fusion protein on metaélating
polyhistidine tag resin

Native transcription termination and polyadenylatsignal

g?r;(ii;[%r:]scrlptlon _ of AQXl gene (260bp) aIIovys 3’ mRNA process_in_g,

including polyadenylation for increased mRNA stapil
Transcription elongation factor ! gene promotesof
TEF1 promoter cerevisiaedriving Sh blegene expression in Pichia,
conferring Zeocin resistance

EM7(synthetic Constitutive promoter driving expression of Sh dpdme in

prokaryotic E.colito provide Zeocin resistance

promoter)

Sh ble gene Zeocin resistance genes for selection

(Streptoalloteichus

hindustanus ble gene)

CYCL1 transcription 3’-end of theS.cerevisia€€YC1 gene allowing 3-mRNA

termination region processing of the Sble gene for increased stability

pUC origin Allows replication and maintenance adgrhid inE.coli
Unique restriction sites permitting linearizatidnvectors at

Sad, Pmd, BsX| AOX1locus for integration into thBichiagenome

2.1.2 Culture Media

The compositions and preparation of culture merbagaven in Appendix Al.

2.1.3 Buffers and Solutions

The compositions and preparation of buffers andtswis are given in Appendix A2.

2.1.4 Chemicals and Enzymes

The chemicals and enzymes used and their suppliergiven in Appendix A3.

2.1.5 Laboratory Equipment

The laboratory equipment used during the projelisied in Appendix A4.
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2.1.6 Cultivation of bacteria and yeast strains

White-rot fungusPycnoporus sanguineddUCL 38531 was kindly provided from
Sophie Vanhulle, Université Catholigue de LouvaBelgium. This fungus was
grown in solid Nutrient broth and cultivated in did maltose medium on rotary
shaker at 150 rpm at 28 C in this study.

E.coli Top 10F’ strain was grown in Luria-Bertani (LBliid medium at 3C and
kept on Luria-Bertani (LB) agar plates. All cultaravere stored at’@ and
subcultured monthly. Storage of the bacteria forgkr times was performed by
preparation of 10 % glycerol stock and it was kept8JC. Ampicillin (Amp (100
pg/ml) was used as the selective antibioticHaroli Top 10F strainPichia pastoris
wild-type strain X-33 was selected on Zeocin andhés grown in YPD and in
minimal media. The growth temperature Bithia pastorisis 28-30°C for liquid
cultures and plates. Cultures were kept on solidimat 4C and agar plates were
refreshed monthly. Glycerol stocks of the cultuné©Dgoo of 50-100 was prepared
in YPD containing 15% glycerol and stored at°®0Doubling time of log phase
Mut® phenotype (methanol utilization positive) PicliaYPD is ~2 hours and is 4-6
hours in methanol medium. One @®= ~5 x 10 cells/ml for Pichia pastoris
Methanol is added every day to methanol contaigrayvth media, to compensate
for loss because of evaporation or consumption alsd to induce expression.
Zeocin™ was used for the selection of recombinanbroes for the expression.
Bacteria were selected in the low salt LB platgspiemented with 25 pgmiZeo,
whereas yeast cells were selected in the YPDS ypi#tel 00 pgmit Zeo.

2.2 Methods

Nucleic acid manipulation techniques, transfornratd bacteria and methylotrophic
yeastPichia pastoris heterologous expression of the full-length laeceBNAs in
yeast Pichia pastoris, purification of recombinatdccases, biochemical
characterization of recombinant laccase and finfalhctionality of the recombinant
laccases were explained in this part of the thesis.
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2.2.1 Nucleic acid manipulation techniques

Basic nucleic acid manipulation techniques, inaigdgenomic DNA, total RNA
and plasmid DNA isolation fronPycnoporus sanguienusisualization of nucleic
acids, elution of the fragments from agarose gdl @so polymerase chain reaction
(PCR), rapid amplification of cDNA ends (RACE)]lflength cDNA synthesis and
cloning of the fragments into the relevant vectsrgiven below.

2.2.1.1Genomic DNA isolation

Genomic DNA isolation fronPycnoporus sanguinedUCL 38531 was performed
by the procedure of “DNeasy Plant Mini Kit"(Qiagefkungus was grown in maltose
medium at 30°C for 4 days and cells were pelleteddmtrifugation at 10000 xg for
30 minutes. Supernatant was completely removedbandass was stored at -80°C
before isolation. Each genomic DNA isolation wagf@ened from the same
biomass. Maximum of 100 mg (wet weight) fungal usswvas ground to a fine
powder with liquid nitrogen using a mortar and feesTissue powder with liquid
nitrogen was transferred to an appropriately 1,5madrocentrifuge tubend liquid
nitrogen had evaporated. Without allowing the samiplthaw, 400 ul Buffer AP1
and 4 ul RNase A stock solution (100 mg/ml) werdeatito disrupted fungal tissue
and vortexed vigorously not to allow tissue clurfgrsnation. The mixture was

incubated for 10 min at 65°C to lyse the cells amigded 3 times by inverting tube.
130 pl Buffer AP2 was added to the lysate, mixedlianubated for 5 min on ice and
centrifuged for 5 min at 14000 rpm to precipitatetelgent, proteins, and
polysaccharides. Supernatant was applied to QlAslere Mini spin column and
centrifuged for 2 min at 14,000 rpm. The lysatewas usually 450 pl, was
transferred into a new tube without disturbihg cell-debris pellet and 1.5
volumes of Buffer AP3/E (675 ul) was added to theaed lysate, and mixed by
pipetting. 650 ul of the mixture was pipetted itible DNeasy Mini spin column
and centrifuged at 8000 rpm for 1 min. Remaning@anwvas also centrifuged and
the flow-through was discarded. DNeasy Mini spituom was placed into a new 2
ml collection tube, 500 pl Buffer AW was added aedtrifuged for 2 min at 14000
rpm to dry the membrane and prevent ethanol comi@ion. Flow-through was
discarded and spin column was transferred to anl Bicrocentrifuge tube. 50 pl
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Buffer AE was added onto the spin column, incebator 5 min at room
temperature and genomic DNA was eluted by centatfiog for 1 min at 8000 rpm.

2.2.1.2Total RNA isolation

Mycelia of Pycnoporus sanguineuggown in maltose medium at 30°C for 4 days, in
which laccase activity and red pigmentation in¢biure is in maximum level, were
collected and total RNA was immediately isolatesthgsQiagen RNeasy Plant Mini
Kit ”. Procedure was carried out as quickly as pmedo prevent RNA degradation
and all steps were performed at room temperat@reil B-MercaptoethanolptME)
was added to lysis buffer RLC, containing guanidiydrochloride, just before use.
Cells were pelleted by centrifugation at 10000 &g 30 minutes. Supernatant was
completely removed and biomass was stored at -8@f@re isolation. Maximum of
100 mg (wet weight) fungal tissue was ground tana powder with liquid nitrogen
using a mortar and pestle. Tissue powder was &emsf to an appropriately 2 ml
microcentrifuge tubeand liquid nitrogen had evaporated. Without allayvithe
sample to thaw, 450 ul Buffer RLC was added antexorvigorously. The tissue was
disrupted with 3 min incubation at 56°C, the lysates transferred to a QIAshredder
spin column placed in a 2 ml collection tube, aadtdfuge for 2 min at full speed.
The supernatant of the flow-through was transfetced new microcentrifuge tube
carefully. 0.5 volume of ethanol (96-100%) was adt the cleared lysate, and
mixed by pipetting. Sample was transferred to thde&sy spin column and
centrifuged for 15 s at 8000 x g. Flow-through wlescarded, 700 ul Buffer RW1
was added to the spin column and centrifugedlfos at 8000 x g. Spin column
was placed into a new collection tube carefullyhwiit contacting the flow-through.
500 pl Buffer RPE was added to the RNeasy splumn, was centrifuged for
15 s at 8000 x g to wash the spin columembrane and the flow-through was
discarded. Spin column was washed again with 50@uffer RPE and centrifuged
for 2 min at 8000 x g. Spin column was pthago a new collection tube and
centrifuged at full speed for 1 min to eliminatey @thanol interference. RNeasy spin
column was transferred to a 1,5 ml microcentrifdgee 30 ul RNase-free water
directly to the spin column membrane, centrifugedf min at 8000 x g to elute the
RNA.
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2.2.1.3Plasmid DNA isolation

Plasmid DNA isolation oE.coli clones was carried out with the modified procedure
of the “QlAquick Plasmid DNA Isolation Kit” (QIAGHE). All buffers and solutions

were prepared according to the kit manual and destin the Appendix B.

The bacterial cells were harvested by centrifugasit13000 rpm for 5 minutes. The
supernatant was removed and the pellet was restsgen 300ul P1 buffer. 30Qul
P2 buffer was added and the solution was then atedgbat room temperature for 5
minutes. 30Qul P3 buffer was added and mixed through invertimg tube until the
lysate is no longer viscous. The sample was ineabfatr 15 minutes on ice and then
centrifuged at 13000 rpm for 15 minutes. Supernatas transferred to a new 1.5
ml eppendorf tube and plasmid DNA was precipitabgdadding 0.7 volume of
isopropanol and collected by centrifugation at IB6@m for 30 minutes. The pellet
was washed with 1 ml of 70% ethanol by centrifugatt 13000 rpm for 5 minutes.
The supernatant was removed and ethanol was duteat 87°C for 15 minutes. The
pellet was then dissolved in 1B of elution buffer (EB) and stored at 20 The

isolated DNA was run on 1 % agarose gel.

2.2.1.4Agarose gel electrophoresis

Neutral agarose gel system, composed of 1% agaelseontaining 1XTAE buffer
(Appendix B) and ethidium bromide of a 0.2 mg/mniafi concentration was used for
electrophoresis of the sample DNAs. The gel wasimubx TAE at 4V/cm and the
gels were visualized under UV transillumination.a#gse gel concentration depends

on the purpose of the electrophoresis and theddittee nucleic acid molecule.

2.2.1.5Formaldehyde denaturing gel

The integrity of purified total RNA was checked l@enaturing agarose gel
electrophoresis. Gel was run at 5—7 V/cm in 1x EArgnning buffer. 28S and 18S
ribosomal RNAs should appear as sharp bands orsp&ale ratio of 28S rRNA to

18S RNA should be approximately 2:1 and degradafdRNA can be understood if

the ribosomal bands are not sharp and appear sssear towards smaller sized
RNAs.
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2.2.1.6Polymerase chain reaction (PCR)

Polymerase chain reaction was carried out in differsteps of this dissertation.
Screening the genome &fycnoporus sanguineusith degenerate primers, cDNA
cloning of laccase encoding genes in terms of RACIRS and the full-length
cDNA synthesis were performed with PCR using ddferprimer sets in different
amplification conditions. Conditions of RACE-PCRsllwbe explained in the
relevant part below. The annealing temperatuwlepends on the primers used,
and the time of the final elongation depends om dlze of the fragment to be

amplified (1 min for 1 kb fragment).

Screening of the genome was performed with amptifben of conserved region with
degenerate primers specific to the sequence oferdppding domain | (LAC-N1)
and domain IV(LAC-C1). 50 ng of genomic DNA, is@dt from Pycnoporus
sanguineuswas used as the template. PCR was performed udatmuPn Taq
polymerase (Invitrogen). PCR program was initica€&4°C for 4 min, followed by
5 cycles of 94C for 1 min, 50°C for 1 min, 72°C for 2.5 min and 25 cycles of 94
for 1 min, 55 °C for 1 min, 72 °C for 2.5 min andireal extension at 72 °C for 10
min. The PCR reaction was carried out in the presef 0.2 mM of each dNTP, 0.2

pmol of each primer and 2.5 units of Platinum Tatymerase.

Screening of the laccase specific sequences atDNA level was also carried out
by PCR with degenerate primers. Following the fagsand cDNA synthesis, PCR
was performed using Taq polymeragavitrogen) and @l of the first strand mixture
was used as the template. PCR was initiated wittatdeation at 94C for 3 min,
followed by 35 cycles of 9€ for 1 min, 50 °C for 1 min, 72 °C for 2.5 min and
final extension at 72 °C for 10 min. The PCR reactnix (50 pl) contained 1x Taq
buffer, 2 mM MgC}, 0.2 mM of each dNTP, 0.2 pmol of each primer, Rt&le

water and 2.5 units of Taq polymerase.

The full-length laccase cDNAs and gDNAs were amgdif with Expand High
Fidelity """ PCR System from Roche Applied Biosciences. Thisesysontains an
enzyme blend of Taqg DNA polymerase and a proofrepdinzyme that lacks
polymerase activity and prevents incorporation mdorrect nucleotides into the
newly synthesized strand in the 5'- to 3’- direntidJsing this enzyme gets 6-fold
higher fidelity compared to Taq DNA polymerase. Foe amplification of full-
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length laccase cDNA$O pl ofreaction mix contained appropriate amount of PCR-
grade water, 1x Expand High Fidelity Buffer wittbInM MgChk, 0.2 mM dNTP
mix, 0.4 pmol of forward and reverse primers, Dfiirst strand cDNA as template,
2.5 units of Expand Hift“S Enzyme Blend. PCR program was initiated af@4or

2 min followed by 5 cycles of 9€ for 30 sec, 58C for 30 sec, 72C for 2.5 min,

25 cycles of 94°C for 30 sec, 60C for 30 sec, 72C for 2.5 min and a final
extension at 72 °C for 7 min. Amplification of lase genes were also carried out by
using the same PCR system and reaction mix wasibledabove. 50 ng of gDNA
was used as template and PCR was performed acgaalithe following thermal
profile; initial denaturation at 94C for 2 min, followed by 30 cycles of 9@ for 30
sec, 56 °C for 30 sec, 72 °C for 2.5 min and d &fangation at 72 °C for 7 min.

2.2.1.7Rapid amplification of cDNA ends (RACE) technique or isolation of

laccase cDNAs

Rapid Amplification of cDNA Ends (RACE) is procedure for amplification
of nucleic acid sequences from a messenger RNA l&enetween a defined
internal site and either the 3" or the 5d eof the mRNA. This simple, rapid
and efficient cDNA cloning strategy is developeddshon the PCR and overcomes
difficulties in obtaining full-length cDNA clones folow-abundance mRNAs
(Frohman et al. 1988). Although PCR requires twgusace-specific primers
flanking the sequence to be amplified, amplificatof unknown sequences causes a
limitation for PCR and those limitations can beiaghd by using 3’- and 5-RACE
procedures. RACE has been used for amplificati@hcdoning of rare mRNAs , and
also applied to existing cDNA libraries (Fronmenal. 1988, Frohman 1993).
RACE products can be used to prepare prdbksvey and Darlison, 1991) and
in conjunction with exon-trapping methods amplifioa of unknown coding
sequences can be performed with the RACE proceddtvéams and Blakesley,
1991). Additionaly RACE procedures have advantage to dtarae genes
identified by different methods, such as cDNA sattion, differential display, RNA

fingerprinting, etc.

Rapid Amplification of cDNA Ends (RACE) is procedure for amplification
of nucleic acid sequences from a messenger RNA l&enetween a defined
internal site and either the 3" or the 5id eof the mRNA. In this thesis, two
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different RACE Kits were purchased from Invitrog@+RACE System for Rapid
Amplification of cDNA Ends (cat. no. 18373-019),-BACE System for Rapid
Amplification of cDNA Ends (cat. no. 18374-058)]caClontech [BD SMART™
RACE cDNA Amplification Kit (cat. no. 634914]. 5'nal 3’- ends of lccl cDNA
was tried to amplify by 5’- and 3’- RACE Systemerfr Invitrogen, whereas ends of
lcc2 cDNA was obtained by Clontech BD SMART RACE Kit.e@&-specific
primers needed in the amplification of the cDNA &nekere designed based on the
sequence of the conserved copper binding regidacoaises and strategy used in the

RACE experiments of the thesis is summarized irFigare 2.3.

Conserved region

Region to be amplified :*
by 5' RACE '

Region to be
amplified by 3'RACE

LN

GSP2 . NGSP2
I

5' - NV AN MWW VVUUUVVW NNAAAAA- 3

3- - L INNTTTTT -5
{ 16
NGSPT  GSP1

Figure 2.3 : Schematic representation of the 5’- and 3'-RACE HQRaccase
cDNA amplification, the relationship of gene-specgrimers to the
cDNA template is shown. The gene-specific primensewiesigned
based on the sequence of the conserved coppengiretjion.

Gene-specific primer design

RACE protocols require two gene specific primerSEp an antisense primer for the
5'-RACE PCR and a sense primer for the 3'-RACE PsiRce the RACE-PCRs are
carried out using only one GSP, specific and effitiPCR is dependent on the
correct primer design. Primers should be 23-28ongland should have a GC
content of 50-70% with a Tm of at least 65°C; whengossible the Tm should be
greater than 70°C. Additionally, 3'-terminal compkntarity should be minimized

since PCR efficiency is significantly reduced bynmr- dimer artifacts. The nested
amplification primer should be examined for dimernfiation with the commercial

primer, as well as itself.

RACE-PCRs are set up with gene-specific primersasd commercial primers and

list of the used commercial primers is given in [Eah3.
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Table 2.3: Commercial primers used in the first strand synthasd RACE

reactions.
Primer Sequence
Adapter primer (AP) 5-GGCCACGCGTCGACTAGTAC(F)3
Abridged universal 5-GGCCACGCGTCGACTAGTAC-3
amplification primer (AUAP)
Abridged anchor primer 5'-
(AAP) GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGI
IG -3
BD SMART II™ A 5'-

Oligonucleotide AAGCAGTGGTATCAACGCAGAGTACGCGGG-3

3'-RACE CDS Primer A 5'-AAGCAGTGGTATCAACGCAGAGTAC(TYoV
N-3'
(N=AC,G,yadaT;V=A, G,yadaC)
5-RACE CDS Primer 5'—(T)sV N-3'
(N=AC,G,yadaT;V=A, G,yadaC)
Universal Primer A 5'-
Mix(UPM) CTAATACGACTCACTATAGGGCAAGCAGTGGT

ATCAACGCAGAGT-3'

Nested Universal Primer A 5'-AAGCAGTGGTATCAACGCAGAGT=-3'
(NUP)

5’-Rapid amplification of cDNA ends (5’-RACE)

Determination of the 5 end of the laccase cDNAssweerformed by 5’RACE
reaction. Following to the first strand synthesicBNA, 5’RACE PCR was set up
and RACE-PCR products were characterized by cloramgl sequencing the
fragment. Two different 5-RACE Kits were purchasiedm Invitrogen (5’-RACE

System) and Clontech (BD SMART-RACE). While Lccl-&DNA was tried to

amplify by 5’-RACE System from Invitrogen, 5’-endl loc2 cDNA was obtained by
Clontech BD SMART RACE Kit.

Invitrogen 5° RACE System uses an gene specifierse primer for the synthesis of
specific cDNA by reverse transcriptase. An adag&guence is attached to the
unknown 5" sequences of the cDNA by TdT-tailingpsteior to PCR. Specific
cDNA is then amplified by PCR using a GSP-revems@gr specific to known exon

sequences and an adapter primer targetting thads{levitrogen 5 RACE system
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instruction manual). The first strand lccl cDNAswvsynthesized from 3ug total
RNA using a gene-specific Lcc1-5’RACE-reverse prirapd Superscript 1l reverse
transcriptase, a derivative of Moloney Murineukemia Virus Reverse
Transcriptase (M-MLV RT) with reduced RNase H atyiyInvitrogen 5-RACE

System). After the first strand cDNA synthesis, trginal RNA template was
removed by treatment with the RNase mix. Unincoapet dNTPsS, gene specific
primer and proteins were seperated from cDNA byngi$.N.A.P. Column. After

S.N.A.P. purification, a homopolymeric tail is add® the 3’-end of the cDNA
using TdT (Terminal deoxy nucleotdyl transferasej dCTP. After dC-tailed cDNA
was synthesized, PCR amplification of this molecwies accomplished by using
gene specific Lcc1-5’RACE-nested reverse primeneafing to a site located in the
cDNA molecule, and deoxyinosine containing Abridgetthor Primer (AAP). PCR

program was initiated at 94 for 3 min, followed by 35 cycles of 9@ for 1 min,

52 °C for 1 min, 72 °C for 2.5 min and a final egien at 72 °C for 10 min.
Following to this reaction another PCR reactionwugetvith product of the first PCR
reaction as template, 0.2 mM of each dNTP, 10 prhaf AUAP and Lccl-

5'RACE-nested-reverse primer and 2.5 units of Tadyrperase to increase the

specifity of amplification.

On the contrary to the Invitrogen’s procedure reqgithe second-strand synthesis
and adaptor ligation, the first-strand cDNA is dikeased in 5'- and 3-RACE PCR
reactions following to the reverse transcription liging SMART RACE cDNA
amplification kit. In this procedure, PowerScriptReverse Transcriptase (RT), a
variant of MMLV RT and SMART II™ A Oligonucleotidare used. PowerScript RT
exhibiting terminal transferase activity, reaches énd of an RNA template and adds
3-5 residues (generally dC) to the 3' end of tha-$étrand cDNA. SMART Il A
oligonucleotide, containing a terminal stretch ahgine nucleotides, anneals to the
dC-rich cDNA tail and provides an extended templateRT. By means of this faster
and less complex way of cDNA synthesis, completst fstrand synthesis is
guarenteed without performing any external adapgation (SMART-RACE Kit
Instruction Manual). cDNA synthesis mechanism of SMA RACE cDNA

synthesis is given in Figure 2.4.
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Figure 2.4 :Mechanism of SMART™ cDNA synthesis. First-sttaynthesis
primed with modified oligo (dT) primer and dC tadi activity of
reverse transcriptase to the end of the mRNA tetmg&MART
RACE cDNA synthesis kit manual).

The cDNA for 5-RACE is synthesized using a modif@éigo(dT) primer, termed
the 5-RACE CDS Primer A (5-CDS) and the SMARTAIloligo. The modified
oligo(dT) primer has two degenerate nucleotidetpnss at the 3' end and the primer
is positioned at the start of the poly A+ tail atié 3' heterogeneity, caused by
conventional oligo(dT) priming is eliminated. Detenation of the 5’-end of thiec2
cDNA was performed by 5’-RACE procedure as desdriabove. The first strand
cDNA was sythesized with 1 pg of total RNA, 0.6 0#5’-RACE CDS Primer A,
0.6 uM of BD SMART II™ A Oligonucleotide and Power{pt™ Reverse
Transcriptase. 5-RACE PCRs was set up with syntkds5’-RACE ready cDNA,
0.4 uM of Universal Primer Mix (UPM), 1 uM of gerspecific reverse primers,
Lcc25’'RACE-reverse-l andLcc25'RACE-reverse-Il, designed based on the
5'sequence of the conserved copper binding regemuence and Advantage 2
Polymerase(Clontech. Amplified fragment was clonetb the pDrive Cloning

Vector (Qiagen) and sequenced.
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3’- Rapid amplification of cDNA ends (3'-RACE)

3’-end of lccl cDNA was determined using 3'-RACEs&m from Invitrogen. In the
3’-RACE procedure using Invitrogen 3’'-RACE systematural poly(A) tail of the
MRNA is used as a priming site for PCR. mRNAs ameverted into cDNA using
reverse transcriptase (RT) and an oligo-dT adgmtener. The unknown 3’-region
between known exon sequence and poly(A) tail isrdahed by amplifying specific
cDNA with PCR using gene-specific forward primenpealing a region of known
exon sequences and the adapter primer (AP) taggetoly(A) tail of mRNA
(invitrogen 3'-RACE System Instruction manual).

Lccl-3'RACE -forward primer and Lccl-3'RACE-nestédrward primers were
designed from the Iccl partial sequence to detexrtia 3’end of the laccase cDNA.
The sequences of the commercial oligonucleotidemgns used for cDNA
amplification are as in the Table 2.3 and gene iBpgarimers are listed in the
Results and Discussions chapter. In this stugy ®tal RNA was converted into the
first strand cDNA by using 1M oligo (dT)-anchor primer (Adapter primer) and
Superscript 1l reverse transcriptase and after firee strand cDNA synthesis,
amplification of specific cODNA was performed by PQBIng a gene specific , Lccl-
3'RACE -forward primer and an abridged universalpéfication primer (AUAP).
2ul of the first strand mixture was used as the tatepbnd PCR was performed
using Taq polymerasdnyitrogen). PCR program was initiated at @ for 3 min,
followed by 35 cycles of 9€ for 1 min, 55 °C for 1 min, 72 °C for 2.5 min aamd
final extension at 72 °C for 10 min. The PCR reactvas carried out in the presence
of 0.2 mM of each dNTP, 10 pmpl/ of each primer and 2.5 units of Taq
polymerase. Amplified sample was analyzed by usiggrose gel electrophoresis.
Amplification specificity was increased by nestechpdification using a nested
forward primer (Lccl-3'RACE-nested forward), whickas again based on the
homology to the known laccase genes (Iccl), and\th&P. Initial denaturation was
performed at 94C for 3 min, followed by 35 cycles of 94 for 1 min, 53 °C for 1
min, 72 °C for 2.5 min and a final extension at°@2for 10 min. The PCR reaction
was again carried out in the presence of 0.2 mMach dNTP, 10 pmall of each

primer and 2.5 units of Tag polymerase.
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3’-end of lcc2 cDNA was obtained by Clontech BD SRA RACE Kit. The 3'-
RACE cDNA was synthesized by traditional reversmscription procedure with a
special oligo(dT) primer. This 3'-RACE CDS Prime(#-CDS) primer includes the
lock-docking nucleotide positions as in the 5'-C¥ner and also has a portion of
the SMART sequence at its 5' end. IncorporatiegSMART sequence into both the
5'- and 3'-RACE-Ready cDNA populations, both RACERP reactions can be
primed using the Universal Primer A Mix (UPM) recigjng the SMART sequence
and the gene-specific primers. To find out the secmef the 3'-end of the Icc2
cDNA 3'-RACE procedure was applied. The first statDNA was synthesized
using 1 pg of total RNA, 0.6 uM of 3'-RACE CDS PemA and PowerScript™
Reverse Transcriptase 1 pM of gene-specific Lc€RABRE-forward, designed as
indicated above, 0.4 uM of Universal Primer A MiPM and Advantage 2
Polymerase (Clontech) was used to set up 3'-RACR.P&nplified fragment was
cloned into the pDrive Cloning Vector (Qiagen) aaduenced.

2.2.1.8Full-length cDNA synthesis

Following to the determination of 5- and 3’-enodlsthe laccase cDNAs by RACE
protocols, gene-specific forward and reverse prameere designed specific to the
both ends of the cDNAs and the full lendthl andlcc2 cDNAs were obtained The
first strand of the cDNA was synthesized with Rochanscriptor First Strand
Synthesis kit (Roche) according to the manufactsiiestructions. In a thin walled,
nuclease-free and sterile PCR tube, primer-temptatéure, containing 3ig of total
RNA and 2.5 pmol of oligo (dT) primer was prepamedice and PCR-grade water
was added to make volume LB To denature the secondary structures of RNA,
mixture was incubated in a thermal cycler with atkd lid at 65 °C for 10 minutes
and tube was cooled on ice.udt of 5x transcriptor reverse transcriptase reaction
buffer, 0.5ul of protector RNase inhibitor, @ of deoxynucleotide mix and 048 of
transcriptor reverse transcriptase were addedetonilk and incubated at 25 °C for 10
minutes followed by 55 °C 30 minutes. Reverse tdptase was inactivated by
heating the mix to 85 °C for 5 minutes and reacti@s stopped by placing the tube
on ice. PCRwvas carried out in the presence of thg &f the first strand cDNA, 0.2
mM of each dNTP, 0.4 pmol of each forward and reeegorimers and 2.5 units of
Expand High Fidelity Polymerase Plus System enzjhead (Roche). Amplified

PCR product was cloned into the pDrive cloning eectransferred into th&.coli
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ToplOF’ cells. Following to the plasmid isolationdaconfirmation with restriction
enzyme digestion, plasmids containing the inserevgequenced.

2.2.1.9Gel extraction

PCR products and linear plasmids were extractedpanéled from agarose gel with the
“QIAquick Gel Extraction Kit” from Qiagenaccording to the protocol. The DNA
fragment was excised from the gel, 3 volumes ofdnu®G was added depending on
the weight of the fragment and the solution wasilrated for 10 minutes at 50°C by
vortexing every 2-3 minutes until the gel was digsd completely. 1 volume of
isopropanol was added, the sample was applied ¢o QRAquick column and
centrifuged at 13000 rpm for 1 minute. The flowotgh was discarded, 500 pl
buffer QG was added to the column and centrifugetB800 rpm for 1 minute. To
wash the column, 750 pul buffer PE was added, starfidr 2-5 minutes and then
centrfiuged at 13000 rpm for 1 minute which wadolwked with an additional 1
minute at 13000 rpm. The column was placed inteanc1.5 ml microfuge tube, 30
ul EB buffer was applied to the center of the QlAdumembrane, standed for 1
minute and was centrifuged for 1 minute. Eluted DINAs run on 1 % agarose gel
and stored at -20°C.

2.2.1.10Enzymatic digestion

Digestion reactions with restrictions enzymes weseried out as specified in the
manufacturer’s protocols. The PCR products, dgnand expression vectors were
cut with a reaction mix using 5U of enzyme for eqghof DNA and 1x digestion
buffer at 37°C for 1 to 2.5 hours.

2.2.1.11Ligation of the PCR products into pDrive cloning vetor

Purified PCR fragments were ligated into pDrive T@loning vector (Qiagen)
according to the PCR Cloning Kit (Qiagen) protogirive cloning vector, distilled
water and the ligation master mix were thawed cetep) before use and placed on
ice. The ligation reaction was set up in dlOof total volume by adding following

components in the written order in Table 2.4.
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Table 2.4:Components of the cloning reaction set up with p®sxiector.

Component Volume

Distilled water 2 ul (variable)
pDrive Cloning Vector (50 ng/ul) 1 ul

PCR product 2 ul (1-4 pl)
2x Ligation Master Mix 5 ul

Reaction mixture was briefly mixed and incubatedl@&(C for 1.5 hours then the
ligase was inhibited at 70 for 10 minutes. After ligation was completed, the

mixture was directly used for transformationEo€oli Top10F'.

2.2.1.12Cloning into expression vector

Laccase cDNAs were cloned into yeast shuttle espes vector pPICZB
(Invitrogen) with laccases’ own secretion signajusmnce. The pDrive cloning vector
having the PCR product and the pPICZB expressiatiovewere digested with
suitable restricition enzymes, while Iccl/pDrivensttuct was cut withecoRI and
Notl, lcc2/pDrive was digested witkcoRI. Resulting fragments were recovered
from the gel. . pPICZB vector, distilled water atfe ligation buffer were thawed
completely before use and placed on ice and ligagaction of 3.3 kb from pPICZB
with laccase cDNA was set up in 20 of total volume by adding following

components in the written order (Table 2.5).

Table 2.5: Ligation reaction of expression vector and lacad3NA by using
T4 DNA Ligase.

Component Volume
Distilled water 6 pl

pPICZB expression vector (50 ng/ul) 8 pl (9.5-7 ul)
cDNA 2 ul (0.5-3 ub)
10x Ligation Buffer 2 ul

T4 DNA Ligase (1 Upib) 2 ul
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2.2.2 Transformation of bacteria

Recombinant DNA molecules were transferred iicherichia coliTop 10 F

strains via electroporation method.

2.2.2.1Preparation of E.coli electrocompetent cells and transformation of

electrocomponentE.coli Top 10F cells

E.coli ToplOF overnight inoculum was diluted 1:100 falsto 100 ml 2xYT
medium containing Tetracyclin (38y/ml) and incubated at 32 by shaking at 250
rpm until ODyoo reached to 0,6. Culture was stand on for 30 mgatel cells were
centrifuged at 5000 rpm for 5 minutes. Supernataat discarded, pellet was
resuspended in 40 ml of cold distilled water andtrifiged at 5000 rpm for 15
minutes. Supernatant was removed, pellet was readsgd in 20 ml cold distilled
water and centrifuged at 5000 rpm for 15 minutdseriT supernatant was discarded
and pellet was resuspended in 1 ml of cold st&@léb glycerol and dispensed into
aliquots of 40ul into 1.5 ml eppendorf tubes. Aliquots were froaenmediately by

immersing within liquid nitrogen and stored at 80

2.2.2.2Transformation of E.coli Top 10F’ cells

Recombinant DNA molecules obtained from ligatioaateons were transferred into

E.coli Top10F’ by electroporation. Electrocompet&ntoli cells were thawed on ice,

ligation reaction was mixed with bacteria and migtwas transferred into the

electroporation cuvette with 0.1 cm gap. The sampigs placed onto the

electroporator (Eppendorf Electroporator 2510) #mel process was carried out at
1800V. After addition of 1 ml LB medium, the mixeuwas transferred to a 1.5 ml
tube and was incubated for 1 hour at 37°C with B&@ shaking. Bacteria were

centrifuged at 5000 rpm for 10 minutes, the suparntavas discarded and the pellet
was resuspended in 1@0of 0.85% NaCl. 10Qul of culture was spread out for each
Amp/IPTG/X-gal/LB plate or Zeo/LB plate and incuedtovernight at 37°C.

2.2.2.3DNA sequencing

The cloned fragments into cloning and expressioctore were sequenced with
sequencing primers listed in Table 2.6 and alsoeséonward and reverse gene

specific primers. Sequencing reactions were caroedby the chain termination
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method (Sanger et al, 1997) with dye-labeled digie@xminatorsby ABI Prism

3100 Avant automated sequencer.

Table 2.6: Primers used in the vector sequencing.

Primer Sequence Vector
M13-reverse 5-AACAGCTATGACCATG-3 pDrive
M13 forward (-40) S5-GTTTTCCCAGTCACGAC-3' pDrive

5" AOX1sequencing primer5 -GACTGGTTCCAATTGACAAGC-3" pPICZB
3" AOX1sequencing primer5-GCAAATGGCATTCTGACATCC-3" pPICZB

All obtained cDNA and gDNA sequences weampared with National Center for
Biotechnology Information (NCBI) database using BIeAST search at the web site
(Url-4). To obtain the full-length sequences, reseesequences were complemented,
and aligned to forward sequences using dKisteersion 1.81 (Thompson and

Jeanmougin, 2000The alignments were manually verified andtesi

2.2.3 Transformation of methylotrophic yeastPichia pastoris

Following to cloning of laccase cDNA behind the AD¥romoter, the recombinant
pPICZB vector was linearized within theA®X1 region with suitable restriction
endunuclaseSad for lccl andPmd for Icc2) to stimulate the integration by gene
insertion at the 5A0X1 locus of host's genome. Linearized recombinansmids
were eluted from agarose gel and chemically commpé&tiehia pastorisstrain X-33
cells were transformed with @g vector using the “EasyComp™ Transformation

Kit” from Invitrogen according to the protocol.

2.2.3.1Preparation of chemically competentPichia pastoris cells

10 ml of YPD medium was inoculated with single colaof Pichia pastorisX-33
strain and cells were grown overnight at 30°C shaking incubator (250-300 rpm).
Cells were diluted in 10 ml YPD from the overnighidture to an OQg of 0.2. Cells
were grown at 30°C until the Ofgp is 0.6—1.0 and it took approximately 4-6 hours.
Cells were precipitated by centrifugation at 500gxfor 5 minutes at room
temperature and the supernatant was discardecet Reds resuspend in 10 ml of
Solution | (Sorbitol solution containing ethylendyapl and DMSO for the
preparation of competent cells). Cells were sedieteby centrifugation at 500 x g

for 5 minutes at room temperature without incubatidth Solution |, supernatant
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discarded and pellet was suspended in 1 ml of ®olut The cells became
competent at this stage and aliquotedyb@f competent cells into labeled 1.5 ml
sterile microcentrifuge tubes. The tubes wereqaae styrofoam box to freeze cells

slowly and kept at —80°C freezer.

2.2.3.2Transformation of P. pastoris X-33 strain with laccase cDNA

Solution 1l and Solution Il were equilibrated inoam temperature before
transformation. One tube of competent cells fohelmansformation was thawed at
room temperature. 3g of linearized Pichia expression vector DNA wadetlto the
competent cells and 1 ml of Solution Il (PEG sauatifor the transformation of
competent cells) was added to the DNA/cell mixtared mixed by vortexing.
Transformation reactions were incubated for 1 hauB0°C in thermomixer and
were mixed every 15 minutes by vortexing to inceetensformation efficiency.
Mix was placed in 42°C heat block for 10 minutespply heat shock and cells were
splited into 2 microcentrifuge tubes (approximatgé®6 ul per tube). 1 ml of YPD
medium was added to each tube and cells were itexilaa 30°C for 1 hour to allow
expression of Zeocin ™ resistance. Cells werensexied centrifugation at 3,000 x
g for 5 minutes at room temperature. Pellets weseispended in 50d of Solution

[l (Salt solution for washing and plating transfoed cells) and cells were combined
into one tube. Following to last sedimentatiorB&00 x g for 5 minutes at room
temperature, pellet were dissolved in 100-160f Solution Ill. Plate the entire
transformation on yeast extract peptone dextroae @PPDS) containing 10Qg.ml

! Zeocin using a sterile spreader and plates wensbited at 30°C for 4 days.

Subsequently, aiolonies were plated onto minimal methanol platggpemented
with 0.2 mM of substrate ABTS to detect laccasedpoing transformants, and

plates were incubated for 3 days at 30°C.

2.2.4 Heterologous expression of the full-length ¢gase cDNAs in yea®Richia

pastoris

For heterologous expression of laccas®irhia pastoris BMGY/BMMY (buffered

complex glycerol or methanol medium), and BMG/BMbffered minimal glycerol
or minimal methanol medium) (Recipes are given ppéndix Al). Buffered media
with phosphate buffer, are usually used for sedrgieotein expression if pH-

controlled growth conditions is necessary for tloévdly of the protein. Secreted
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proteins were stabilized using complex media, BM&Y BMMY containing yeast
extract and peptone. Proteolysis of secreted pm®tevere also decreased or
prevented by cultivation in these media. To ob#dfitient expression, cultures were

always 20% of total flask volume and incubation penature did not exceed 30°C.

In order to select best laccase producer clonatiy®s$ransformants were screened
for laccase production by cultivating them in 5 aflminimal methanol medium
supplemented with 1 % methanol at 28°C on rotaakeh(250 rpm) for 3 days. 1 %
methanol added daily because of the loss by evapor&00pul of culture sample
was collected every 24 hours and cells were rembyecentrifugation at 10000 x g

for 15 minutes.

2.2.4.1Laccase assay

Laccase activity of the supernatant was determiryetheasuring the oxidation of 2.5
mM ABTS at 414 nm for 3 minutes in the presenc&@d mM sodium citrate buffer,
pH 3.0 at 25°C. The non-phenolic substrate 2, 2alzis-bis-(3-
ethylbenzthiazolinesulphonate) (ABTS) is oxidizedatcation radical and depending
on the enzyme concentration, blue-green color isiéal by cation radical. Laccase
activity is measured by reading green color betwéd&d nm and 420 nm. The
reaction mixture contained 848 of culture supernatant and one unit of laccase
activity was defined as 1.0mol of oxidized ABTS per minute under the assay
conditions. Laccase activities were monitored omBemchmark Plus Microplate
reader (Bio-Rad), calculated using equation digmagelow and explained in unit

per liter .

UM =[ (AA) [ e.d . (1 x 16 gmol/mol) . (V/V) (3.1)

whereAA = Absorbance change at 414 iy Extinction coefficient of substrate; d

= Light path (cm); V = total reaction volume (m¥)= sample volume (ml)

2.2.4.2Protein determination with Bradford assay

Protein concentration was determined using Bradferdtein Assay with bovine
serum albumin (BSA) as standard (Bradford, 1976).
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2.2.4.30ptimization of expression conditions

Expression conditions were optimised to achieveh Heyvel protein production.
Therefore, effect of cultivation in different medigrowth temperature and also

copper concentrations on the expression were t@stbds study.

Cells were inoculated in 25 ml of BMGY (bufferedygtrol complex medium) or
BMG in a 250 ml flask and grown at 28°C in a shgkincubator (250 rpm) until
culture has reached @f3= 6.0. After harvesting cells by centrifugation|lees were
resuspended to an @fd= 1.0 in buffered complex methanol medium (BMMY) or
buffered minimal methanol medium (BMM) for expressi The effect of nutrients in
different medium compositions, either BMMY or BMM, different methanol
concentrations (0.5 %, 0.75 % and 1 %) and alstivatibn temperature (23°C and
28°C)on the laccase expression were tested for 7 ddyes.effect of CuS@as an
inducer was also examined by adding different cotraéons (0.2, 0.4, 0.6, 0.8, 1.0,
1.5, 2.0, 2.5, 3.0, 4.0 mM) of Cug@ the growth medium.

2.2.5 Purification of the recombinant laccases

Recombinant laccase purification was carried outhwammonium sulphate
precipitation, anion exchange chromatography ando alsize exclusion
chromatography approach&f0 ml ofPichia pastorisculture in 1 | shake flask was
sedimented by centrifugation at 10000 xg for 15 utee and 1 mM
phenylmethylsulphonyl fluoride (PMSF) was addedthe culture supernatant to

inhibit serine proteases.

2.2.5.1Ammonium sulphate precipitation

Optimisation of the ammonium sulphate concentratmmprecipitate proteins were
carried out by adding ammonium sulphate into tHeuoeisupernatant, between 40 %
to 90 % concentrations with 10 % increment at 4£@alt was added in small portions
to the stirred solution and allowed to completeigsdlve before adding the next
portion. The mixture was pelleted by centrifugatiet 10000 xg for 40 min after

standing on ice for 30 min and tested for laccaseity.

Ammonium sulphate precipitate was resuspended inm20 sodium phosphate
buffer, pH 7.2 and salts were removed by ultrailon using centrifugal devices

Amicon Ultra-15 centrifugal filter units (Millipone
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2.2.5.2Anion exchange chromatography

Sample was first applied onto the Q-sepharose (&ihHealthcare Life Sciences)
equilibrated with 20 mM sodium phosphate buffer, p& and eluted proteins at a
flow rate of 2 ml mift were detected by the routine laccase activity asBapled

active fractions were pooled and concentrated trgifitration.

2.2.5.3Size exclusion chromatography

Sample was loaded onto the Sephadex G-100 colufarHgalthcare Life Sciences)
pre-equilibrated with the 20 mM sodium phosphatédoupH 7.2 with 0.05 M NaCl,

to seperate proteins depending on their sizes @udidns were obtained with the
flow rate of 0.3 ml miff. Active fractions were pooled and concentratech wit

Millipore centrifugal devices and stored at 4°C.

2.2.6 Biochemical characterization of the recombinat laccases

Biochemical characteristics of the purified reconanit laccases were examined by
determining the molecular weight, effect of pH, parature, different substrates and
potential inhibitor compounds on the laccase agtivCatalytic properties of the

enzymes were also determined..

2.2.6.1Sodium dodecyl sulphate- polyacrylamide gel electphoresis (SDS-
PAGE)

Sodium dodecyl sulfate-polyacrylamide gel electamelis was performed on a 12
% resolving gel according to the protocol of Laemiil970) to determine the
relative molecular mass of the recombinant laccases gels were stained with
Coomassie Brilliant Blue R-250 after electrophaedilolecular weight of the
proteins were determined by comparing their prefiith unstained protein

molecular weight marker (Fermentas).

2.2.6.2Activity staining

To determine the laccase activity on the SDS-PA&Hples were loaded without
boiling and after electrophoresis gels were soakétd 100 mM sodium citrate
buffer, pH 3.0 for 30 min and incubated in 2.5 mNBFS, prepared in the assay

buffer, at room temperature until green colour lbesn observed.
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2.2.6.3Effect of temperature on the laccase activity

The effect of temperature on laccase activity waayaed at different temperatures
using 2.5 mM ABTS as substrate. Prior to laccas®igcmeasurement, enzymes
were incubated at 30°C, 40°C, 50°C, 60°C, 70°C &L for 2 minutes. Thermal
stability of enzyme was also assayed by incubahegenzyme at those temperatures
for 7 hours (R-LCC1) and 10 hours (R-LCC2) and meag the retaining activity at
25°C.

2.2.6.4Effect of pH on the laccase activity

The optimum pH of the purified recombinant laccases determined with ABTS
(2.5 mM) and DMP (2.5 mM) as the substrates in 30 ghycine-HCI buffers (pH
2.0 to 3.0), 50 mM sodium acetate buffers (pH 40510) and 50 mM sodium
phosphate buffers (pH 6.0 to 7.0).

2.2.6.5Effect of different substrates and inhibitor compounds on laccase activity

Oxidation of different substrates by recombinantcéses was examined by
analyzing laccase activity for 5 mM ABTS, 5 mM DMP,mM guaiacol, 5 mM
ferulic acid, 5 mM catechol and 3 mM tyrosine at 8pecific wavelength of each

substrate.

The effect of various potential inhibitors the recombinant laccase activity was
tested using 0,1 mM sodium azide, 1 mM sodiurarfile, 1 mM L-cysteine, 1 mM
SDS and 1 mM EDTA after incubation of enzyme at@Gdr 5 min. Laccase
activity was measured using ABTS (2.5 mM) as salbstin 100 mM sodium citrate
buffer, pH 3.0. Inhibition percentage was calcuddby comparing retaining activity

with control sample.

2.2.6.6Catalytic properties of the enzyme

Enzyme activity was measured with different conedidns of ABTS (0.1 — 5 mM)
and DMP (0.05 - 10 mM) as substrate. Michaelis-Mantonstant Km and Vmax
values were calculated using GraphPad Prism vegiod for Windows, GraphPad
Software, San Diego California USA (Url-5). Catatyefficiency was explained by

turnover number (kcat), calculated by dividing Vm{axoles of substrate séenole
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of enzyme sité) to total enzyme concentration Et (molar enzynhe sdbncentration)
used in the assay. Specifity constant was alscatell by kcat/Km value.

2.2.7 Functionality of the recombinant laccase

Subsequently to the characterization of the pufifi@ccase, functionality of the
recombinant laccases were demonstrated by bioganafion of 3-
hydroxyanthranilic acid into the antibiotic cinnaipa Textile dye biosynthesis
studies were also carried out from different dyecprsors and 2 different dyes were
produced. Obtained cinnabarinic acid and putaixtile dyes were identified with
UV visible spectrum analysis characterized withnthHiayer chromatography

approaches.

2.2.7.1Cinnabarinic acid synthesis by oxidation of hydroxwanthranilic acid via

laccase

For 3-HAA oxidation studies, 20 pug of recombinantdase, purified fronP.
pastoriswas added to a solution of 1 mM 3-HAA in 1 ml of B sodium tartrate
buffer (pH 4.0) and incubated at 30°C. Oxidation 3HAA was monitored
spectrophotometrically between 250 and 800 nm wRerkin Elmer

spectrophotometer at 10, 30, 60 minutes and 6 fajungubation.

2.2.7.2Textile dye biosynthesis

Textile dyes were synthesized from different dyecprsors (25 mM) by 10 U/ml
recombinant laccase in 100 mM tartrate buffer, pB with 200 pl of rwaction
volume.. Dye precursors are listed in Table 2.7alRd reactions using recombinant
LCC1 and R-LCC2 from yeastichia pastoris commercially available laccase from
Trametes versicoloand without laccase (blank) were set up in 1.5ubks for 12
hours at 30°C.
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Table 2.7: Different dye precursors used in the dye synthesistion.

Dye Precursor 1

Precursor 2

S2 2-amino 4- nitrophenol

OH
ITU-11 /@:
Osy NHz

0
P6, 3,5-Dinitro-2-
aminothiophene

S3 2-Aminophenol-4-sulfonic acid

HoN

2
HO ﬁ—GH

O
P8, 3 cyano 4 methyl 6 hydroxy N

ethyl 2-Pyridone

MH HO
ITU-G o 8 ? T
NN O ~N S
O 1l 2
9]

2.2.7.3Thin layer chromatography

Analysis of 3-HAA and CA by High Performance Thiayer Chromatography
(HPTLC) was performed on silica gel plates (GF grddniplate, Analtech, Newark,
DE) using n-butanol, acetic acid, water (4:2:1l/wal) as the solvent system. 10 pl
of samples were applied onto the plates with autcnapplicator (Linomat V-
CAMAG) as bands. After development, plate was resdovand dried in the
ventilated fume-hood. Visualisation of the plateswserformed under UV light at
short wave-length (254 nm), long-wave length (366) and also at white light.
Chromatogram was scanned between 200 nm and 800wvawelengths with
CAMAG TLC scanner lll and peaks were evaluated ddpen the Rf values.
Identification of compounds in reaction mixtureasamperformed by comparing Rf
(retntion factor) values of the samples with pusepounds’ values.

HPTLC analysis of textile dye precursors and dyes \werformed on aluminum
plated silica gel plates and dyes were seperateddantified. 10 pl of samples were
spotted on the plates and drieatButanol, acetone, water, ammonia (5:5:1:2,
vol/vol) was used as solvent system and TLC platas dried for 20 min in a
ventilated fume hood. Same visualisation and detredechiques, applied in the

identification of CA, was used for characterizatartextile dyes.
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3. RESULTS AND DISCUSSION

3.1 Screening of Laccase Genes

Laccase isozymes are secreted based on the diffgamth conditions by almost all
fungi examined so far. Laccase screening by comwaalt methods is performed
based on the activity of the enzyme but deternonatf some laccases including
industrially important ones is not possible by gsthis technique, because of the
difference of the enzyme expression type (constguor inducible). To overcome
this problem, D’Souza et al. (1996) and Hoshidalet(2001) developed a PCR-
based laccase-sequence screening method usingedaigeRCR primers specific to
conserved sequences around the two pairs of mesdin the N-terminal copper-
binding regions of known basidiomycete laccases aapidly isolated and
characterized laccase-specific sequences. Screehlagcase-specific sequences by
using this PCR-based method have been efficierijopmed to isolate the laccase
genes from different fungal sourc@gsoshida et al., 2001; Hong et al., 208im et
al., 2001; Cheong et al.. 2006).

In this study, laccase-gene-specific sequences hen genome ofPycnoporus
sanguineusMUCL 38531 has been screened with PCR method liyguthe
degenerate primers specific to highly conservegenpinding regions | and IV of
known laccases as an initial step. The precise eurablaccase genes within the
Pycnoporus sanguinelUCL 38531 genome was also identified by this At2Red
gene screening method. Sequence of the degeneraterp used in this study is
given in the Table 3.1. As expected, the DNA fragtrepproximately 1.6 kb in size
was succesfully amplified (Figure 3.1) since thegls of genomic DNA sequences
between copper-binding regions | and IV of knowndal laccases ranged from 1.5
and 1.7 kb (Hoshida et al. 2001; Temp et al. 1999).
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Table 3.1: Sequence of the degenerate primers.

Primer Sequence
LAC-N1 (fwd) 5-CAYTGGCAYGGNTTYTTYCA-3’
LAC-C1 (rev) 5-TGRAARTCDATRTGRCARTG-3'

1904 bp
1584 bp

Figure 3.1 : PCR product obtained by using degenerate forwaddeverse
primers; lane 1. Lambda DNA/EcoRI+Hindlll DNA fragmts
(Marker 10), lane 2. 1.6 kb amplified fragment.

The resultant 1.6 kb of PCR product was eluted fegrarose gel and cloned into the
pDrive cloning vector. Recombinant vector was utedransformk.coli Top10F
electrocompetent cells. As initial screening, plasfBNAs of 20 E.coli Amp®
transformants were isolated (Figure 3.2) and tceatiéh EcoRI to verify the cloning
of PCR products. Some of the plasmids confirmeti wastriction enzyme digestions
are given in the Figure 3.3.

Figure 3.2 : Plasmids DNAs isolated from E.coli Top10 AmpR tfansants
(lane 2 to lane 11) Lambda DNA/EcoRI+Hindlll MarkeNA
fragments (lane 1).
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1.6 kb

Figure 3.3 : EcoRlI digestion of selected plasmid DNAs (lane fatee 11),
Lambda DNA/EcoRI+HindIll Marker DNA fragments (lafdg.

Subsequently, nucleotide sequences of 26 seledmuesc were obtained and
compared with previously reported laccase sequemcedlational Center for
Biotechnology Information (NCBI) database by usBigAST search. Two different
laccase sequences displaying 62 % similarity td edaber were determined on the
genome ofPycnoporus sanguinuedUCL 38531 and were designatedlesl and

lcc2 (Figure 3.4). Alignment of these two sequencefiesv in Figure 3.5.
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>lecl gDNA partial sequence

FCACTGOCACCGOACTTTTCCAGCGAACACACTAACTOGOCTRACCGOTCCCOCTTITCOTCAATCAATG
TCCCATTGCTTCTGGACACTCCTTCCTCTACGACTTCCATGTGCCCGATCAAGCCGGTACGTCTCCG
CAGAGCGCACGATGTCTCGGAAACTCAATCTTTCAATCTGGC GTCTAGGUACATACTGGTACCACA
GCCATCTTTCCACGCAGTACTGCGACGOATTGAGAGGGCCGCTTGTCOTGTACGACCCCCACGATC
CTCAGGCGCATCTGTATGATGTTGACAACGATGAGTTCTTTGAATGGCCTGGCGTGCGACACATTT
CTOACGTOCOTOATACGATCACACTCTCATCACTTTOGCGOATTOGTATCATCTCGCGOCCAAGCTA
GGCCCGCAATTCOCGTGCGTCTTCCTCTTCTAATTGTTACGGAGAAGTTCATTCATGTAATGTTGCA
GOAGGGOCOCAAACTCTACGCTCATCAACGOUCTTOGACCAGCGGC GACTGATAGCACTTCCGAT
CTCAGTGTCATTACCGTTGAGCATGGGAAGCOOTAAGCACAGGCAAATTTCGCGTCTTGGAAAGCC
CGCTCATCTTTCGTCATCTTCAGCTATCGTTTCAGGCTTGTATCCATCTCTTGTGATCCGAACCACAC
CTTCAGCATCGATGOCCACAACATGACCATCATCGAAGTCCATGGCCGTCAACAGCAAGCCCCTCAC
COTCGACTCCATCCAGATT TTCGCAGCCCAGCGCTACTCCTTCOTGGTAAGT GAGCTTCACCACGCT
CATGTCGACATAGAACTTATCCOTATCTCCATATAGTTGAATGCTAACCAACCGGTGGACAACTAC
TGOATTCGTGCGAATCCGAGTGOCGGAACCGTGGGTTITCGAGGGCGOCATCAACTCTGCCATTCTC
COATACAAGGOTGCOUCOEATOCCOACCCCACGALCACCGACCOUGCCGACATCTOTCATTCCTCTG
GTGGAGACGAATTTGCACCCCCTCAAGCUCGATGCAAGTGOTACGTGTCATGTGTAGTATTGTCCCT
GCAACGTCCOCTGACCOTACACCAACAGCCCGOCCOGTCTGOTOTCOOTAACGTTCATTATGCGAA
GACACTCAATTTCAACTTCOTGAGTAGCTTGACTCAAGTCATAGACAAATGAACTGAGTGCTGAGA
TATCTTTTATACAATCACCAGAACGGCACCAACTTTTTCATCAACAATGUGACGTTCACCCCOGCCCA
CACGTCCCOGTOCTCCTCCACGATCCTCGAGCCGOAGCOC ACAACGCGCACGACCTCCTCCCCGCCGGOT
CTGTTTACACTCTTCCGUCGCACAGCGCCATCGAGATTACCATGCCGGCTACTACCCTAGCCCCGG
GATCTCCCCACCCCTTCCACTTGCACGOGGTACGCATAAATOCCTCACACTAACTGTCAATCACAC
CTGCTCACTCATCGCCTTCCTGTT COACAGCACGTCTTCGCTGTCOTACGCAGCGCCGGC AGCACCG
AGTACAACTACCACGACCCCATCTTCCGCGACGTCGTGAGCACCGGCCAGCCCGGCGACAGCGTC
ACCGATCCGGTTCATGACGGACAACCCGOGTCOCGTGGTTCCTCCATTGCCACATCGACTTCCA-3!

>lee gDHA partial sequence

FCACTGOCACCGOACTATTICCAGAGOTCAACCAACTGOGCGCGATGGCCCTOGCCTTCOTOGAATCAAT
GTCCCATTGCGACTGGOCATTCATTCCTTTATGACTTCCAAGTCCCAGACCAGGCCGGTACGCGCA
TCTCOGAAGCCCGUTAGCATTCTCGCACTAAGTTTOGACTCTGCAGOTACCT TCTGOTAT CACAGTC
ATCTGTCCACGCAGTACTGCGATGGGCTGAGGGGCCCATTGOTTGTGTACGATCCCAATGACCCTC
ACGCCAGCCTATACGACGT TGACAACGGTGOGTATCGTCAGTAACTCGCCAGU GACGACATGCTG
ATTGCGTOGCGCTACATGACACOOTCATCACACTTGCCCACTOOTACCACCTAGCCOCCAAGOTCG
GCCCCAAGTTCCCGTAAGTCTTATCCCAACAGAAAGTTCACGTCGTCOGTGGTCATCTCATTTCGTCT
TOATACAGTACACGCTCCCATTCCACGCTGATCAATOGCCGCGGCCGCACGOCTOCAACTATCGCG
GCGGAATTGACGGTCATCAATGT CACTCCOGGAAAGCGGTAGGTTCTACTCGAATTCATGTTCGTA
CAGGCCTCTGATAGACTTCGCGCTOCAGGTATCGT TTCCGTCTTCTGTCAATCTCTTGCGATCCTGC
CTACACTTTCAGCATCGATGGACATCGACATGACCGTCGATCGAGGCGGATTCAGTCAACACCCAGCC
ACTCGAACTACGATTCCATTCCCATCTATACCGOGCAACGOTACTCCTTTOTGGTTGAGOC GAACCA
GCCAGTUCGACAACTACTGOATTCOCGC AAACCCOATGGCAGGCACGACCGGTTTCCGAGGOCGGAA
TCAACTCAGCTATTCTGAGGTACGACGOCGCGUCAGAGCAAGAGCCAACGACGGCCCCGGGCACG
TCCACCAAGCCOTTGAAGCGAGACCOATCTCCATCCCCTOOTATCTATGCCTOTOGTAAGCACGCTT
TGATACCAGCATATAGTCAACCACTTATAGTATTATCACACAGCCAGGATCTCCTGTCOGCAGGAGG
AGTTGACAAGOCCATCAACTTGOCCTTCCAGTTTOTAAGCGOCATTICTTCOCACAGCTAATGAGCT
AATTGTTGACGGCTAAATCACACCTTTTCTCAGGATGGCACGAACTTCTTCATCAACGGTGCTACCT
TCAAGCCCCCCACTACGCCTGTTCTCCTGCAGATCTTGAGCGGCGCTCAAGCCGCTTCTGACCTCCT
ACCGTCTOOCOATGTCCACOTITTOCCGTCCAACGCCACCATCGAGCTCTCOTTCCCCGUAACCATC
CAAGCTGGGOCCCCCCACCCCTTCCACTTGCATGGGOTAAGTCTTTGGOTGGTGGAAATCAAGCGT
AGCTTCTCACGTTTCTATTCTTCAGCATACTTTCOCTOTTOTACGCAGCOCAGUCACTACGGAATAC
AACTACGAGAACCCGATATTCAGAGACGTGOTCAGUACCOGAGTACCTCAGGACAACGACAACGT
GACTATTCGATTCCGGGTGAGTCACCTGTCCGCCCTCGCTTCAAAGATCGGCAGATOCTAATCATCG
GCAAGACTGACAACCCCGGCCCOTGGTTCTTGCATTGCCATATCGACTTCCA-T

Figure 3.4 : Conserved region sequencedaufl andicc2 gDNAs from
Pycnoporus sanguineus.
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CACTGGCACGGACTT TICCAGGAAC ACACT AACTGGGCTEACGET COCG CTTTC GTCAAT
CACTGGCACGGACTATTCCAGAGGT CAMCG AAC TG GECGEATREC COTG COTTC GTRAAT
FTRFFFTHFFIFEEAESST FHHFTF b o e i i S ol i R i i
CAATGTCCCATTRCTTCTREACACT COTTE CTCTACGACT TCCAT GTGC COGATCAAGEE
CAATGTCCCATTRCGACTREGCATT CATTC CTTTATGACT TCCAA GTCE CARACCAGGEE
e e FEEE FF OFE RFEEET OFEF OFFTFLFRRT OEF L OFFT AT OREAF
[ GTAC GTC--TCCGE AGAGE GCACG ATETC TCGGAAACTC ARTCTTTCAATC TG GCGTET
G BTAC GCGCATCTCE GAAGE COGCTAGSATTCTCG CACT- AAGTTTGEACTCTE -~ C
FHEHTEF i * THE O OF T K i o T wOhEEE
AGGCACATACTGGTACCACAGCCATCTTTE CACGE AGTAC TRCGACGEATTRAGAGREC
AGGTACCTICTGGTATCACAGTCATCTGTE CACGL AGTAC TECOATEEGCTEAGGERCCC
FEE FF F FEEFEE AEEEE FEFEE FEALEERLAEREEEAEESY OFE FEEE FH OEF
GCTTGTCGTGTACGACCCCC ACGAT CCTCAGECGC ATCTG TATGATGETT GACAACCAT A
ATTGRTTGTETACGATCCCAATRAC COTCACGC CAGCCTATACGACETT GACAACGRTEG
FToRF FFTFTHEEEET AT OF OFE OFEEET OFE b A e S e o e
BTTCTTTOAATGGC L TEACET--G0 BACAC ATTTC TRACO TROET GATA GATGACACTGT
GTATCGTCAGTAACTCGCCAGCGAC GACATGCTGATTGOG TG-G0 GETA GATGACACGET
T % F * oW FHHET w * FEHE F F FEFTEFITASEE FF
CATCACTTTGGCGGATTGETATCAT GTCRE GECCAAGCTAGGOCE GEAATTCCE GTRCGT
GATCACACTTGCCGACTGETACCAC CTAGE CECCAAGGTE GOCCC CAMGTTCCC GTAAGT
FTHREEF o T T i i S FoEE OEREEFE OF OREEERT FOREEELEY &
CTT-CCTCTTCTAATTGTT- ACGGAGRAGT - ~TCAT-TCATGTAATGTT G- --CAGGAGE
CTTATCCCAACAGARAGTTC ACGTC GTCRTGETCATCTCATTTCG TCTT GATACAGTAC A
FEE & % ® + FEE O FEE * & FEEE FEEF % FOREF TEE ¥
B BCOCARACTCTACGCTCATCAAC G GCTT BEACGAGCGOCAACT GATA GLACTTCOGAT
CBCTCCGATTCGACGCTRAT CANTG GECGE GECCGCACGECTRCAACTATC GG ECGGAL
wEOF FOER OFFEET T AEE OFEARE wF OFF TEET + % O % T OoR%
CTCAGTETCATTACE GTTOAGCATE GRALG CEGTAAGCAL AGRCALATT TCECETCTTGE
TTGAL GOTCATCAMT GTCACTCC GG BAAAG COGTA GRTTC TACTE GAATTCATG T-TCET
oW FEFEF & Wi + THF ORETFEESRST ¥ + wOREE TE TN
ARAGCCCGCTCATCTTTCGT CATCT TCAGL TATCGTTTCABGCTTGTAT CCATC TCTTET
ACAGGCCTCTGATAGACTTC GCGCTECAGGTATCETTTCC GTCTTSTETCAATC TCTTEC
T A B o S T FEOREET OEERLTFREE L OEREEE OEF OREFAEEER
GATCCGAACCACACC TTCARCATCGATGRC CACAACATGACCATC ATCGAMRTC GATGGE
GATCCTGCCTACACTTTCARCATCGATGGACATCACATGACCATRATCGARGCEGATTC A
FTEEET e e S e FEREEEESTE K OFEEET L FEF
GTCALCAGCAAGCCE CTCAD COTCEACTOC ATCCAGATTT TCGCAGCCC AGCECTACTEE
GTCALCACCCAGCCACTCRAAGTAGATTCC ATTCC CATCTATACE GREC AACGGTACTCE
FTREFTFET F OFEET OFEF F& &% REEEET % % & * % kO FEF OEEEEEL
TTCGTGETAAGTHAR CTTCACCACGCTCAT GTC GACATAG AACTTATCC GTATC TCCATA
g Y E R PSR P SR S R SR R
TE ORETEEE TEEE
TAGTTGAATGCTAAL CAMCC GETGGACAAL TACTG GATTC CTCG AATC CRAGTGGCREA
————————— GLGAACCAGCC AGTCGACAAC TACTG GATTC GCGCAAACE COATE GLAGSE
FHE OFEFEE FF OFF FEREFTERLELFREERS FE OFE FEEF +* &%
ACCGTGGGTTTCRAG GECGG CATCAACTCTGCCATTCTCD GATAC AAGG GTECGCCGRAT
ACGACCGGTTTCRAG GECGGAMTCAACTCAGCTAT TCTGA BETAC GACG GLGCGCCAGAG
& FEEERERFTTRESTT FHFTFTRRFT &7 FH5F%F I R
BCCGAGCCCACGAAL ACGAD COCGL CRACATCTGTCATTE CTCTE GTECARACGALTTT
CAAGAGCCAACG--- ACGGE CCCGEGCACGTCCAC CAAGC COTTRALGG AGACC GATCTE
FTEEFF TAF THE OFF OFF wF OwF T T & THEFES wE R
CACCCCCTCAAGCCGATRLAAGTEE TACGT FTCATFTG-TAGTATTRTC COTRC AACETE
CATCCCCTGRTATCTATGIC TATEE TAAGC ACGCTTTGATACCAR CATA TARTC AMCCAC
TE OREEEE ORI FTEFEEE ¥ TR T * * TERE +
[ GCTGACCGTACACGAACARCCCGGCCGGT CTOGT FTCGE TAACGTTEA TTATG COAAGA
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Figure 3.5 : Alignment of the partialccl andlcc2 gDNA sequences
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leel GAGATATCTTTTATACAATCAC-CAGRACGGCACCALCTTTTTCATCAS CARTGCGACHT 1246

locd GACGGCTALATCACACCTTTTCTCAGGATG GCACGAACTT CTTCATCALCGETGCTACCT 1187
&% & N * TOEEE T ORTEEL FAXLL AEALTEEEEY wTEE TR X

lecl TCACCCCGCCCACAGTCCCCGTCCT CCTCCAGATC CTGAGCGEAGCGCACALCGLGIAGG 1306

locd TCARGCCCCCCACTACGCCTGTICT CCTRCAGATC TTGAGCGLCGCTCAAGLICGCTTCTG 1247
*EE *E OEEEEL FEOEE FFEATT EFTFEET FFEEFEE FE A wEE *

leel BCCTCCTCCCCGOCGGLTCTGTTTACACTCTICCGCCGCACAGCGOCATCRAGATTACCS 1366

lecd ACCTCCTACCGTCTGGLGAT GTCCACGTTTTGCCGTCCARCGCCACGAT CRAGETCTCGT 1307
FEEEEFE L * FF wEE T *OF OEET ¥ wF TR OFTHEEEE ¥ *

lecl TGCCGGCTACTACCCTAGCCCCGGGATCTCCCCACCCCTT CCACTTGCACGGGETACGCE 1426

lecd TCCCCGCAAC CATCCAAGET ---GGGGCCCCCCAC COCTTCCACTTRCATGRGETALGTC 1364
A B O T S i o *F Rl vl e i e vl e e i T i ol T

lecl TadaTGCCTCACACT AACTGTCALT CACAC CTGCTCACTCATCGECTTC CTGTTCGACAG 1486

lec2 TTIGGGT-—--—---~ GOTGGAAAT CARGEGTA---GCTTCTCACGTTTCTATTCTICAG 1412
& * ww TEEHN w O ww wEOFOFT OFT OEEW TEE

lecl CACGTCTTCGCTGTC GTACGCAGC GCCGGCAGCAC COAGT ACAACTACCACFAC CCCATC 1546

leci CATACTTTCGCTGTT GTACGCAGC G CAGGC AGTAC GLALTACAACTACFAGAACCCGATS 1472
&% FEEELEFET FXFTXETRLRLE FRETF % % FRFTERL 85T 0+ FEEE FTWE

lecl TTCCGCGACGTCGTRAGCACCGG--——-~ CCAGCCCGGLFACAGC GTCACGATC CGGTTC 1600

loci TTCAGAGACGTEETCAGCAC COGAGTACCT CAGGACAACGACAAC GCTGACTATTCGATTC 1532
T Y i e S S i o i i X * FEEHRS XX X TF FF FTLTE

leel BTGAC GEACAACCCGG-~-GTCCGTGGTTCCTCCATTGCC - ACATC GACTTCCA- - ——-~~ 1650

lecd CGGGTGAGTCACCTGTCCGCCCTCGCTTCARAGAT GLCAGATGCTAATCATCGECALGAC 1592

* * TEE T * Ew *OEEE wF EE + & *
PEELE 0000 R Rl e Bl e Bt e Bt ded
lecd TEACAACCCOGGCCCGTGGTTCTTIGCATTGCCATATCGACTTCCA 1637

Figure 3.5 (continued): Alignment of the partialccl andlcc2 gDNA sequences
from P. sanguineus.

Highly similar laccases was searched with megaldpgon of the NCBI alignment
tool (Zheng Zhang et al. 2000). Althoulgicl gDNA gave significant similarity with
the previously submitted laccases (Table 3122 gDNA have no significant
similarity with megablast tool and “blastn” optievas used to find out somewhat
similar sequences (Table 3.3). Partial gDNA segeeatliccl exhibited 88 %
identity with lcc3-2 gene ofPycnoporus cinnabarinuffemp et al. 1999) and 87 %
with laccase gene from anothRycnoporus sanguinewsgrain (acc.no. AY510604).
Sequence similarity search lot2 gDNA with different laccase genes revealed that,
lcc2 shares 68 % similarity to basidiomycete CECT 208X 3 gene (Mansur et al.
1998) , 70 % to lacC gene froframetes spAH 28-2 (Xiao et al. 2004). Not only
differences of similarity degrees d€cl and lcc2 gDNAs to published laccase
sequences, but also alignment of these two segsiande&cated thaPycnoporus

sanguineuMUCL 38531 genome contains two different laccaspgnces.
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Table 3.2: Sequences producing significant alignments withtiglasequence ofccl

gDNA.
Accession Description Score Query Maximum identity
number coverage
AF123571.1 Pycnoporus cinnabarinuaccase 1975 100% 88%
(Icc3-2) gene, complete cds
AY510604.1 Pycnoporus sanguinelaccase gene, 1914 100% 87%
complete cds
AY454306.1 Favolus aIveo!arls‘.accase gene, ;a5 73% 86%
partial cds
AY331189 1 Pycnoporus sangumellacasse gene, ;-5 73% 85%
partial cds
AY333125 1 Daedalea que_rcmdaccase gene, g4 739 85%
partial cds
AY458017.1 Pycnoporus sanguinelsccase 1509 59% 98%
mRNA, complete cds
FI513077 1 Pycnoporus sanguinelaccase 1520 63% 96%
mRNA, complete cds
Uncultured basidiomycete partial lac
AJ626679.1 gene for laccase, exons 1-2, clone 263 11% 90%
S17-Seql
FJ425896.1 Pycnoporus puniceustrain MUCL 196 10% 88%
47087 laccase gene, partial cds
FJ425895.1 Pycnoporus puniceustrain MUCL 193 10% 87%
47083 laccase gene, partial cds
EU714501.1 Pycnoporus coccinetgdrain MUCL 193 10% 87%
38525 laccase gene, partial cds
EU683254.1 Pycnoporus coccinegdrain MUCL 193 10% 87%
38523 laccase gene, partial cds
AY147188.1 Pycnoporus cinnabarinusccase 193 10% 87%
(Lccl) gene, complete cds
AF025481 1 Pycnoporus cinnabarinusccase 193 10% 87%
(Icc3-1) gene, complete cds
Pycnoporus cinnabarinustrain
EU684160.1 MUCL 38420 laccase gene, partial 187 10% 86%
cds
Pycnoporus sanguinewssrain CIRM- o o
EU678772.1 BRFM 901 laccase gene, partial cds 176 10% 85%
AF185275.2 Ganoderma lucidurstrain 7071-9 174 26% 7506
laccase gene, complete cds
FJ473385.2 Ganoderma lucidurstrain TR6 169 26% 74%
laccase gene, complete cds
Pycnoporus sanguinewssrain IMB o o
EU714499.1 W3008 laccase gene, partial cds 245 24% 84%
EU683257.1 Pycnoporus sangumem;rw_n IMB 245 24% 84%
G66 laccase gene, partial cds
Pycnoporus sanguinewssrain CIRM- o o
EU678786.1 BRFM 542 laccase gene, partial cds 268 25% 84%
D13372.1 Coriolus versicolorCVL3 gene for 156 10% 83%

laccase, complete cds
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Table 3.3: Similanty of laccase sequences in the NCBI databasepaittia

lcc2 gDNA sequence.
Accession Laccase Score Query coverage Maximum
number identity
Basidiomycete CECT 20197
U65401.1 phenoloxidase (pox3) gene, complete563 100% 68%
cds
AY839937 1 Trametes spAH28-2 I_accase C 610 89% 20%
(lacC) gene, partial cds
M60561.1 C.hirsutusligninolytic phenoloxidase 275 93% 64%
gene, complete cds
EU678775.1 Pycnoporus sangumem;ralr) BRFM 469 94% 87%
118 laccase gene, partial cds
Pycnoporus sanguinewssrain CIRM- o o
EU684155.1 BRFM 881 laccase gene, partial cds 461 94% 81%
Pycnoporus sanguinewssrain CIRM- o o
EU678772.1 BRFM 901 laccase gene, partial cds 469 94% 89%
M60560.1 C.hirsutusligninolytic phenoloxidase 257 93% 64%
gene, complete cds
AY839936.1 Trametes spAH28-2 laccase A 444 93% 63%
(lacA) gene, complete cds
AF388910.1 White-rot fungu; AH28-2 laccase 444 93% 68%
gene, partial sequence
Pycnoporus sanguinewssrain CIRM- o o
EU678773.1 BRFM 902 laccase gene, partial cds 449 96% 85%
Pycnoporus sanguinewssrain CIRM- o o
EU678779.1 BRFM 893 laccase gene, partial cds 443 96% 85%
Pycnoporus sanguinewsrain CIRM- o o
EU678776.1 BRFM 906 laccase gene, partial cds 443 96% 85%
Pycnoporus sanguinewsrain CIRM- o o
EU678768.1 BRFM 896 laccase gene, partial cds 442 94% 85%
Pycnoporus cinnabarinustrain o o
EU684154.1 BRFM 231 laccase gene, partial cds 436 0% 81%
Pycnoporus cinnabarinustrain o o
EU684156.1 BRFM 44 laccase gene, partial cds 445 67% 85%
Pycnoporus cinnabarinustrain
EU714500.1 CIRM-BRFM 945 laccase gene, 445 70% 83%
partial cds
Pycnoporus cinnabarinustrain
EU683258.1 MUCL 30555 laccase gene, partial 445 67% 85%
cds
Pycnoporus sanguinewsrain CIRM- o o
EU678780.1 BRFM 897 laccase gene, partial cds 415 96% 83%
Pycnoporus sanguinewsrain CIRM- o o
EU678767.1 BRFM 895 laccase gene, partial cds 409 96% 83%
Pycnoporus cinnabarinustrain
EU684159.1 CIRM-BRFM 237 laccase gene, 434 70% 81%
partial cds
Pycnoporus cinnabarinustrain o o
EU684157.1 BRFM 247 laccase gene, partial cds 434 70% 81%
Pycnoporus sanguinewsrain CIRM- o o
EU678782.1 BRFM 905 laccase gene, partial cds 396 94% 83%
EU678781.1 Pycnoporus sanguinewssrain BRFM 406 94% 81%

898 laccase gene, partial cds
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3.2cDNA Cloning of the Laccase Gene fronfPycnoporus sanguineus MUCL
38531

Laccase-specific sequences were screened at theA cleiel by PCR using
degenerate primers, designed based on the conseopger binding regions | and
IV of known fungal laccases, and total RNA (Figl@®) as template. 1.2 kb of
cDNA was amplified (Figure 3.7), purified and ligd into pDrive TA cloning
vector (Qiagen). As initial screening, plasmid DN&fsE.coli Amp? transformants
were isolated and based on the plasmid profilesf2@em were selected and treated
with EcaRl restriction enzyme to verify the cloning of PQiRoduct (Figure 3.8,
Figure 3.9). Subsequently, nucleotide sequenceslaies were obtained and
compared with previously reported laccase sequemcedational Center for
Biotechnology Information (NCBI) database by usBIGAST search to determine
the homology of these sequences to all known lacgases. Two different partial
laccase cDNA sequences frdycnoporus sanguineusxhibiting 70 % identity to
each other were firstly identified by this studyigife 3.10, Figure 3.11).
Determined cDNA sequences gave high homology thradivn laccase open reading
frames and designated k€1 andlcc2 in Pycnoporus sanguineudUCL 38531
lccl cDNA was detected dominantly, pointing out that lttl gene has the highest
transcriptional activity in the constructed cDNAortry. The partiallccl cDNA
reveals 91 % similarity withPycnoporus sanguineukccase mRNA (Dantan-
Gonzalez et al., 2008), 75 % with lac 2 mRNA frédnametes versicolofFujihiro et
al., 2009) and 73 % witRanus tigrinuspartial mRNA sequence (Quaratino et al.,
2008). Maximum identity rates of the partiatl cDNA with previously submitted

laccases are given in Table 3.4.

28S rRNA
185 rRNA

Figure 3.6 : Total RNA fromPycnoporus sanguineggown in maltose medium
for 4 days.
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1375 bp
947 bp

Figure 3.7 : Agarose gel analysis of cDNA fragment amplifiedhWitAC-N1 and
LAC-C1 primers. Lambda DNA/EcoRI+Hindlll DNA fragents as
Marker and 1.2 kb PCR-amplified products.

Figure 3.8 : Plasmid DNAs isolated from E.coli Top10 Afhpansformants
containing partial cDNA fragment (1.2 kb) amplifibg degenerate
primers.

(-
)\ (g o ot s Nt

_r e

Figure 3.9 : EcdRl digestion of selected plasmid DNAs, amplifiedtjazh laccase
cDNA (1.2 kb) is shown in the box.

Festaet al. (2008) reported that, small number of amino adigiences in the active
sites of laccases cause changes on the biocheofiagcteristics of the enzyme,
such as pH and temperature optima, by affectingstability of the enzyme. If
similarity between laccase sequences are lowerdfiedb %, those laccase genes are
accepted as different. Soden et al. (2002) repastadtion of four different laccase
encoding genesacl, lac2, lac3andlac4 from andlacl has 93% identity with pox1
gene fromPleurotus ostreatyswhereas similarity betweelac 4 and pox2 from

P.ostreatusvas 97%. Consistentloriolus hirsutus pobene has 91% similarity to
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the lccl from Trametes villosgEggert et al., 1998). Furthermore, a study on the
combined sequence and structural analysis of thee rtian 100 fungal laccases
accepted 95% similarity as a threshold level fanidfication of the structurally
different laccases (Suresh-Kumar et al., 2003).eBasn these facts about the
different laccaseslccl and lcc2 from Pycnoporus sanguineuslUCL 38531 are
certainly different genes with 70% similarity tocheother Besides)cc2 cDNA must

be considered as a unique gene, because of itsrmabixientity, which is much more
lower than the similarity oficcl to the other laccases. Maximum identity percergage
of thelcc2 partial cDNA with other laccases are given in Trable 3.5 and it gives
maximum similarity (75 %) withpox 3 mRNA from Trametes spl-62 laccase
(Gonzalez et al.,, 2003), 72 % witlaccase Bprecursor mRNA ofTrametes
versicolor (Jolivalt et al., 2005) and 71 % witlac 1 mMRNA from Trametes

versicolor(O’Callaghan et al., 2002).
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> |ccl cDNA partial sequence

5'CACTGGCACGGACTTTTCCAGGAACACACTAACTGGGCTGACGGTCCOGITTCGT
CAATCAATGTCCCATTGCTTCTGGACACTCCTTCCTCTACGACTTCCATGGHCCCGAT
CAAGCCGGCACATACTGGTACCACAGCCATCTTTCCACGCAGTACTGCGAGGATTG
AGAGGGCCGCTTGTCGTGTACGACCCCCACGATCCTCAGGCGCATCTGTSRATGTT
GACAACGATGACACTGTCATCACTTTGGCGGATTGGTATCATGTCGCGGCRAGCTA
GGCCCGCAATTCCCGAGGGGCGCAAACTCTACGCTCATCAACGGCCTTGEAAGC
GGCGACTGATAGCACTTCCGATCTCAGTGTCATTACCGTTGAGCATGGGABCGCTA
TCGTTTCAGGCTTGTATCCATCTCTTGTGATCCGAACCACACCTTCAGCATGATGGC
CACAACATGACCATCATCGAAGTCGATGGCGTCAACAGCAAGCCCCTCACGTCGA
CTCCATCCAGATTTTCGCAGCCCAGCGCTACTCCTTCGTGTTGAATGCTABCAACC
GGTGGACAACTACTGGATTCGTGCGAATCCGAGTGGCGGAACCGTGGGTTIGAGG
GCGGCATCAACTCTGCCATTCTCCGATACAAGGGTGCGCCGGATGCCGAGTACG
AACACGACCGCGCCGACATCTGTCATTCCTCTGGTGGAGACGAATTTGCACCCCTC
AAGCCGATGCAAGTGCCCGGCCGGTCTGGTGTCGGTAACGTTGATTATGGAGAC
ACTCAATTTCAACTTCAACGGCACCAACTTTTTCATCAACAATGCGACGTTICACCCC
GCCCACAGTCCCCGTCCTCCTCCAGATCCTGAGCGGAGCGCACAACGCGGHSACC
TCCTCCCCGCCGGGTCTGTTTACACTCTTCCGCCGCACAGCGCCATCGATBGPRACCA
TGCCGGCTACTACCCTAGCCCCGGGATCTCCCCACCCCTTCCACTTGCAGGCACG
TCTTCGCTGTCGTACGCAGCGCCGGCAGCACCGAGTACAACTACCACGAMTATCT
TCCGCGACGTCGTGAGCACCGGCCAGCCCGGCGACAGCGTCACGATCCGIIIATG
ACGGACAACCCGGGTCCGTGGTTCCTCCATTGCCACATCGACTTCCA-3

> [cc2 cDNA partial sequence

5’CACTGGCACGGACTATTCCAGAGGTCAACGAACTGGGCGGATGGCCCT®CTTCG
TGAATCAATGTCCCATTGCGACTGGGCATTCATTCCTTTATGACTTCCAAGCCCAG
ACCAGGCCGGTACCTTCTGGTATCACAGTCATCTGTCCACGCAGTACTGCI GGGC
TGAGGGGCCCATTGGTTGTGTACGATCCCAATGACCCTCACGCCAGCCTACGACG
TTGACAACGATGACACGGTGATCACACTTGCCGACTGGTACCACCTAGCCGCAAG
GTCGGCCCCAAGTTCCCTACACGCTCCGATTCGACGCTGATCAATGGCCEGCCGC
ACGGCTGCAACTATCGCGGCGGAATTGACGGTCATCAATGTCACTCCGGGRAGCG
GTATCGTTTCCGTCTTGTGTCAATCTCTTGCGATCCTGCCTACACTTTCAGATCGAT
GGACATGACATGACCGTGATCGAGGCGGATTCAGTCAACACCCAGCCACTGAAGT
AGATTCCATTCCCATCTATACCGGGCAACGGTACTCCTTTGTGGTTGAGGGAACCA
GCCAGTCGACAACTACTGGATTCGCGCAAACCCGATGGCAGGCACGACCGETCG
AGGGCGGAATCAACTCAGCTATTCTGAGGTACGACGGCGCGCCAGAGCAASGCCA
ACGACGGCCCCGGGCACGTCCACCAAGCCGTTGAAGGAGACCGATCTCCRLCCT
GGTATCTATGCCTGTGCCAGGATCTCCTGTCGCAGGAGGAGTTGACAAGGIATCAA
CTTGGCCTTCCAGTTTGATGGCACGAACTTCTTCATCAACGGTGCTACCTTAAGCCC
CCCACTACGCCTGTTCTCCTGCAGATCTTGAGCGGCGCTCAAGCCGCTTGACCTC
CTACCGTCTGGCGATGTCCACGTTTTGCCGTCCAACGCCACGATCGAGCTCGTTC
CCCGCAACCATCCAAGCTGGGGCCCCCCACCCCTTCCACTTGCATGGGCACTTTC
GCTGTTGTACGCAGCGCAGGCAGTACGGAATACAACTACGAGAACCCGATATCAG
AGACGTGGTCAGCACCGGAGTACCTCAGGACAACGACAACGTGACTATTCATTCC
GGACTGACAACCCCGGCCCGTGGTTCTTGCATTGCCATATCGACTTCGZ

Figure 3.10 : Partial sequences laicl andlcc2 cDNAs amplified with
degenerate primers.
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lecl
lec?
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lecl
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lecl
lec?
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lec?

lecl
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lecl
lec?

lecl
lec?

lecl
lec?

lecl
lec?

lecl
lec?

Seqh Len(nt) SeqBE Len(nt) Score

leol 1181 leczZ 1181 T0%

CACT GECACGGACTTT T CCAGGAACACACTAACT GEGGCTGACGETCCCECTT TCST CAAT
CACT GECACGGACTAT T CCAGAGET CAACGAACT GEGCEGATGGCCCTECCT TOST GAAT
hrkkkEkEAERAEE Fhkhkk kk kEkkEERE kEk Kk Ak kk FAEEE KEL
CAATGTCCCATTGCTTCTGEACACT CCTTCCT CTACGACT TCCATGT GUCCGATCAAGCC
CAAT GTCCCATTGCGACTGEECATT CATTCCT TTATGACT TCCAAGT COCAGACCAGECC
hrkkhkkA AR A AEE  hhhkk Kk kk kEERE Ak khkkhkid dE Ak Kk Kk kEk
GGCACATACT GETACCACAGCCATCT TTCCACGCAGTACT GCGACGEAT TGAGAGGECCG
GGTACCTTCT GGTATCACAGTCATCT GT CCACGCAGTACT GCGAT GEGUT GAGGEGCCCA
kA kk ok KEEAEE Fhkhkk AAREE kAR EhAAhAdhhhkik *E kEEE Kk kX
CTTGTCET GTACGACCCCCACGATCCTCAGGLGCATCT GTATCATGT TGACAACCATGAC
TTEETTET GTACGATCCCAATGACCCTCACGCCAGCCTAT ACGACGT TGACAACCATGAC
k kk kkEEEEEE kkk k kk khkkk k* kr kk kEk kEhEEAEAkkkkiAk
ACTETCATCACTTTGGCEEATT GETATCATGT CGCGECCAAGCTAGGCCCGCAATTCCCG
ACGETGAT CACACTTGCCGACT GET ACCACCTAGCCGCCAAGET CGECCCCAAGTTCCCT
kk kk kEEEE K Kk hk kAEEE Kk £ Ak khkkhk k rEEEE & kkrkk
AGGEECECAMAACT CTACGCT CAT CAACGGECCT TGEAC GAGCCECGACTGATAGCACTTCC
ACACGCTCCGATT CGACGCT GAT CAATGECCECEECCGCACGECTGCAACTAT CGCGECE
* kk kK kk khkkk kAEkE kEEE Ak Kk kkkk & k% ok ok ok
GATCTCAGTET CATTACCGT TGAGCATGEEAAGCGCTATCGTTT CAGGCTTGTAT CCATC
GAATTGACGET CATCAATGT CACTCCEEEAAAGCGETATCGTTTCCGTCTTGTGT CAATC
k% ok ok EkkkEk ok k=* k  kk kEhkEE khhkhkkAR £ kEkEE Kk kEX
TCTTGTGATCCGAACCACACCT T CAGCAT CGATGECCACARCAT GACCAT CAT CGAAGTC
TCTTGOGATCCTGCCTACACTT T CAGCAT CEATGGACAT GACAT GACCET GAT CGAGGCGE
khkkk kEkEEE k kkkk kkEEAAEEAEEAAE kk  kEkkkEAREE K khkkx &
GATGECET CAACAGCAAGCCCCT CACCET CGACT CCAT CCAGAT TT T CRCAGCCCAGCGC
GATTCAGT CAACACCCAGCCACT CGAAGTAGATT CCATTCCCAT CTATACCGGGCAACGS
Y kkkk kAR Kk EhkEE KAk kk kE kkEEE £ Kk & * ok kk k*
TACTCCTTCGT GTTGAATGCTAACCAACCGET GGACAACT ACT GGAT TCGTGCGAATCCG
TACTCCTTTGET GET TGAGGCEAACCAGCCAGT CGACAACT ACT GGAT TCGCECARACCCG
hrkkkkkE kEEk Kk k hk hAEEE kEk Kk AhAEAhkhkrARAEAAE FEk Kk kEk
AGTEECEGAACCET GEETT T CGAGGGCGECAT CAACT CTGCCAT TCT CCGAT ACARAGEET
ATGECAGGCACGACCGETT T CGAGGGCGEAAT CAACT CAGCTAT TCT GAGGT ACGACEET
* ok kEk k& hEkkkhh A AR AAEE Ahhikhrd Kk kEAEE Kk kkk Kk Kk
GCGCCEEATGCCCGAGCCCACGAACACGACCGCGCCGACAT CTCTCAT TCCTCT GET GEAG
GCGCCAGAGCAAGAGCCAACGA - —- CEECCCCGEGECACGT CCACCAAGCCGT T GAAGGAG
khkkk kk kkkkE KEEE kk kEk Ek kx kk dk  kk Rk kEEE
ACGAATTTGCACCCCCT CAAGCCGAT GCAAGT GCCCGGCCGET CTGETET CGETARCET T
ACCGATCTCCATCCCCT GEGTATCTAT GCCTGT GCCAGGAT CTCCTGET CGCAGCAGCAGT T
kk Kk Kk Ekk kkkAk * kkkk  kEEEE Kk krk ok kE EE
GATTATGCEAAGACACT CAATTTCAACT T CAACGGCACCAACTTTTTCATCAACAATGCG
GACAAGGCCAT CAACTTGGCCT T CCAGTT TGATGECACGARCTTCT T CAT CAACGETGCT
*x ok kE ok & * kkE ok kEk Kk kkhEd khkkEk rEAEEEELE  kEk
ACGTTCACCCCGCCCACAGTCCCOGT CCTCCT CCAGAT CCT GAGCGEAGCGCACAACGCG
ACCTTCAAGCCCCCCACTACGCCTET TCT CCT GCAGAT CT T GAGCGECGCTCAAGCCECT
kk kEkEk  kk kkkEk ki kk kEkERE Akhhhdk kkkkEAEL Kk Kk E
CAGGACCTCCTCCCCGCCGEET CTGT TTACACTCT TCCGCCECACAGCGCCAT CGAGATT
TCTGACCTCCTACCET CTGECGATGT CCACGT TTT GCCGT CCARCGCCACGAT CGAGCTC
kEkEkEEEE Kk Kk k* kkk  kEk K Kk kEkk k kk Kk ok kkEEEE &
ACCATGCCGEECTACTACCCTAGCCCCGEEAT CTCCCCACCCCT TCCACT T GCACGEECAT
TCETTCCCOGCAACCAT CCARAGCT - - —~GEEGLCCCCCACCCCTT CCACT TGCATGGGECAT
* ok kk kE Kk K kk kEk kk ok kEkkEEEAAEAAAkhkkkAE KEEEE
GTCTTCGCTET CETACGCAGCGCCGGLAGCACCGAGT ACARCT ACCACGACCCCATCTTC

ACTTTCGCTGET TETACGCAGCGCAGGCAGTACGCGAAT ACAACT ACCAGAACCCGATATTC
khEEAAEE AEFFAREEAAF FEEAR AE Ah AEEEAAEAE K kARE kE KEA

CGCEACGT CGT GAGCACCGE——-——— CCAGCCCEECEACAGCET CACGATCCGET TCATG
AGAGACGT GET CAGCACCGEAGT ACCTCAGGACAACGACAACGT GACTATTCGATTCCGE
* kkkkk kk KEAEkhhk khEk ok KkkAEE hEkh kKk kk kEk KkEE &

ACGEACAACCCEEETCCGT GETTCCT CCATT GCCACAT CGACTTCCA 1181

ACTGACARACCCCGGCCCETGETTCT TGCATT GCCATATCGACTTCCA 11381
Hk hkEEhREE kA AhAAARAAE K AhFEEAAE ArAEEAEEEAEE
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Figure 3.11 : Alignment of the partial sequencesloél andlcc2 cDNAs.
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Table 3.4:Multiple alignment results of the conserved regiequence dtcl
cDNA with previously reported laccases in the NCBtabase.

Accession Laccase Score Maximum
number identity
AY458017.1 Pycnoporus sanguinelaccase mRNA, complete cds 1797 93%
FJ513077.1 Pycnoporus sanguinelaccase mRNA, complete cds 1683 91%
U44430.1 Trametes versicoldaccase | (Iccl) mMRNA, complete cds 877 76%
AY049725.1 Trametes versicoldaccase 1 (lacl) mRNA, complete cds 874 76%
AY693776.1 Trametes versicoldaccase 1 (Iccl) mRNA, complete cds 868 76%
FJ469151.1 Trametes versicoldaccase protein mRNA, complete cds 850 76%
AB212732.1  Trametes versicoldac2 mRNA for laccase2, complete cds 836 75%
AF548032.1 Trametes sp-62 laccase (pox1) mRNA, complete cds 827 75%
AF548033.1 Trametes sp. I-62 laccase (pox1) mRNA, pox1-lccldle 821 7506
complete cds
AM419158.1 Panus tigrinugpartial mRNA for laccase (lacl gene) 706 73%
Y18012.1 Trametes versicolomnRNA for laccase 682 73%
AE414109.1 Trametes versicoldiaccase B precursor (lacl) mRNA, 661 7204
complete cds
AF548034.1 Trametessp. 1-62 laccase (pox2) mMRNA, complete cds 650 72%
AF152170.1 Pycnoporus cinnabarinusccase (lacl) mRNA, complete cds 650 72%
AB072703.1 Pycnoporus coccinedscl mRNA for laccase, complete cds 609 71%
F1688172.1 Pycnoporus sanguinewsrain H275 multicopper redoxase 607 71%
(Ilccl) mRNA, complete cds
EF362634.1 Polyporus brumalid AC1 mRNA, complete cds 598 71%
AY081775.2 Coriolus hirsutudaccase (072-1) mRNA, complete cds 598 71%
AF176230.1 Polyporus ciliatudaccase (Icc3-1) mRNA, complete cds 596 71%
AF491759.1 Trametes spC30 laccase 1 (lacl) mRNA, complete cds 589 71%
FJ817448.1 Trametes spC30 laccase 5 (lac5) mMRNA, complete cds 569 71%
DQ431716.1 Coriolopsis gallicalaccase (lacl) mRNA, complete cds 562 71%
FJ598130.1 Coriolopsis gallicalaccase mRNA, complete cds 553 71%
AY875867.1 Coriolopsis gallicalaccase (lacA) mMRNA, partial cds 553 71%
DQ914876.1 Ganoderma fornicaturatrain 0814 laccase (lacl) mRNA, 551 71%
complete cds
DQ914872.1 Ganoderma lucidurstrain delgccase (lac4) mRNA, complete538 70%
AB212731.1  Trametes versicoldacl mRNA for laccasel, complete cds 524 70%
FI656307.1 Ganoderma lucidurstrain 7(:(()1751-9 laccase mRNA, complete 518 70%
AB212731.1  Trametes versicoldacl mRNA for laccasel, complete cds 524 70%
FI656307 1 Ganoderma lucidunstrain 70%11—9 laccase mRNA, complete 518 70%
AF176232.1 Polyporus ciliatudaccase (Icc3-3) mRNA, partial cds 517 70%
AF548035.1 Trametes spl-62 laccase (pox3) mMRNA, complete cds 511 70%
AM422387 1 Trametes versmolomRNgefr?er)multlcopper oxidase (klc2 473 69%
DQ914874.1 Ganoderma tsugastrain 11(2:9dlsaccase (lac1l) mRNA, complete471 69%
AB212733.1  Trametes versicoldac3 mRNA for laccase3, complete cds 470 69%
AM419159.1 Panus tigrinugpartial mMRNA for laccase (lac2 gene) 466 69%
AB212734.1  Trametes versicoldac4 mRNA for laccase4, complete cds 464 69%
DQ914868.1 Ganoderma lucidunstrain Iigslaccase (lacl) mRNA, partial 457 69%
AJ420900 1 Pycnoporus cmnabannqzaer::g; mMRNA for laccase (Icc3-1 455 71%
AF491761.1 Basidiomycete C30 laccase 2 (lac2) mRidd#yplete cds 455 68%
AF176231.1 Polyporus ciliatudaccase (Icc3-2) mRNA, complete cds 453 69%
AY485829.1 Ganoderma lucidurfaccase mRNA, complete cds 435 68%
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Table 3.5: Multiple alignment results of the partial Icc2 cDN@&quence with

previously reported laccases.

Accession Laccase Score Maximum
number identity
AF548035.1 Trametes spi-62 laccase (pox3) mRNA, complete cds 803 75%
Y18012.1 Trametes versicolomRNA for laccase 704 73%
AF414109.1 Trametes versicoldiaccase B precursor (lacl) mRNA, 666 7204
complete cds
F1688172.1 Pycnoporus sanguinewssrain H275 multicopper redoxase 637 72%
(Ilccl) mRNA, complete cds
AF548034.1 Trametes spl-62 laccase (pox2) mMRNA, complete cds 618 71%
AB072703.1 Pycnoporus coccineuscl mRNA for laccase, complete cds 596 71%
AM419158.1 Panus tigrinugpartial mMRNA for laccase (lacl gene) 590 71%
AY081775.2 Coriolus hirsutudaccase (072-1) mRNA, complete cds 590 71%
AY049725.1 Trametes versicoldaccase 1 (lacl) mRNA, complete cds 572 71%
AY693776.1 Trametes versicoldaccase 1 (Iccl) mRNA, complete cds 572 71%
AB212731.1  Trametes versicoldacl mRNA for laccasel, complete cds 569 71%
U44430.1 Trametes versicoldaccase | (Iccl) mMRNA, complete cds 569 71%
EF362634.1 Blyporus brumalid AC1 mRNA, complete cds 563 71%
AB212732.1  Trametes versicoldac2 mRNA for laccase2, complete cds 558 70%
AF152170.1 Pycnoporus cinnabarinuaccase (lacl) mRNA, complete cds 558 70%
FJ469151.1 Trametes versicoldaccase protein mRNA, complete cds 554 70%
AF176230.1 Polyporus ciliatudaccase (Icc3-1) mRNA, complete cds 547 70%
DQ914872.1 Ganoderma lucidurstrain RZdI:ccase (lac4) mRNA, complete526 70%
AF548033.1 Trametes spl-62 laccase (pox1) mRNA, pox1-lcclA allele, 594 20%
complete cds
AF548032.1 Trametes spi-62 laccase (pox1) mRNA, complete cds 524 70%
AY458017.1 Pycnoporus sanguinelasccase mRNA, complete cds 511 70%
FJ513077.1 Pycnoporus sanguinelasccase mRNA, complete cds 502 69%
AJA20900.1 Pycnoporus cmnabarlnqzaer;l:; mRNA for laccase (Icc3-1 502 7204
F3656307.1 Ganoderma lucidurstrain 7(:(()1751-9 laccase mRNA, complete 499 69%
FJ598130.1 Coriolopsis gallicalaccase mRNA, complete cds 480 69%
DQ431716.1 Coriolopsis gallicalaccase (lacl) mRNA, complete cds 480 69%
AF491759.1 Trametes spC30 laccase 1 (lacl) mRNA, complete cds 475 69%
DQ914874.1 Ganoderma tsugae strain 1109 laccase (lacl) mRNA, 473 69%
complete cds
AB006824.1 Ganoderma tsunodae mRCNd,i for bilirubin oxidase, detep 470 69%
AY875867.1 Coriolopsis gallicalaccase (lacA) mRNA, partial cds 468 69%
FJ817448.1 Trametes spC30 laccase 5 (lac5) mMRNA, complete cds 450 68%
AY485829.1 Ganoderma lucidurfaccase mRNA, complete cds 434 69%
AF176232.1 Polyporus ciliatudaccase (Icc3-3) mRNA, partial cds 432 68%
DQ914876.1 Ganoderma fornicaturatrain 0814 laccase (lacl) mRNA, 496 68%
complete cds
AM419159.1 Panus tigrinugpartial mMRNA for laccase (lac2 gene) 417 68%
AF176231.1 Polyporus ciliatudaccase (Icc3-2) mRNA, complete cds 414 68%
DQ914868.1 Ganoderma lucidurstrain Izegslaccase (lac1l) mRNA, partial 207 68%
AMA422387 1 Trametes verS|coI0|mRNg\efr?é)mumcopper oxidase (klc2 407 68%
EF362635.1 Polyporus brumalis AC2 mRNA, complete cds 398 67%
AB212733.1  Trametes versicoldac3 mRNA for laccase3, complete cds 385 67%
AY450406.1 Flammulina velutipetaccase mRNA, complete cds 352 67%
AB212734.1  Trametes versicoldac4 mRNA for laccase4, complete cds 352 66%
U44431.1 Trametes versicoldaccase IV (IcclV) mRNA, complete cds 329 66%
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3.2.1 5’-and 3’-Rapid amplification of cDNA ends (RCE)

Following determination of the partial sequencenggspecific primers used in the 5'-
and 3’-RACE protocols were designed to obtain dgtand 3’ ends of the laccase
cDNA (Table 3.6). Rapid Amplification of cDNA nds (RACE) is a procedure
for amplification of nucleic acid sequences framnmessenger RNA template
between a defined internal site and either eor the 5 end of the mRNA.
This simple, rapid and efficient cDNA cloning stgy is developed based on the
PCR and overcomes difficulties in obtaining fulhhigh cDNA clones of low-
abundance mRNAs. Although PCR requires two sequspeeific primers flanking
the sequence to be amplified, amplification of nmkn sequences causes a
limitation for PCR and those limitations can be r@eene by using 3’- and 5’-RACE
procedures. RACE has been used for amplificati@hcdoning of rare mRNAs , and
also applied to existing cDNA libraries (Frohmet al. 1988, Frohman 1993).
Additionally, RACE products can be used toepgare probes (Harvey and
Darlison, 1991-) and in conjunction with exon-traqgp methods amplification of
unknown coding sequences can be performed witiRIWEE procedures (Adams,
and Blakesley, 1991). In order to isolate the laeceDNAs, utilization of RACE
technigue has been reported in different studieskiidia et al., 2001, Kiiskinen and
Saloheimo, 2004, Liu et al., 2003). General stwyataggplied for cloning of laccase

genes is summarized in the Figure 3.12.

3'RACE primers

LACN} —_—)
laccast
<+—< <+
5'RACE primers LACC1

Figure 3.12 :Schematic representation of designing degenerae ?ithers
specific to conserved copper binding regions | Bhend primers
to be used in 5" and 3'RACE protocols for laccasgplfication.
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Table 3.6: Primers used in the RACE experiments.

Primer Sequence
lcc1-3'RACE-forward 5-TCCGTGGTTCCTCCATTGCCA -3’
lcc1-3'RACE-nested 5-CCATTGTCACATCGTCTTCCA -3
forward

lcc1-5’RACE-reverse 5'-ACATTGATTGACGAAAGCGGG -3’
lcc1-5’RACE-nested reverse 5-GGACATTGATTCACGAAGGCA -3
lcc2-3'RACE-forward 5-GAGTACCTCAGGACAACGACAACGTGAC-3
lcc2-5’RACE-reverse-| 5'-AATGAATGCCCAGTCGCAATG -3’
lcc2-5’RACE-reverse-l| 5- ACGGAGATCGCGAGGGATACCGTC -3’
Lccl-forward* 5'CCGGAATTCAGCATGGGCTCCGGTCT-3
Lccl-reverse* 5-AACGCGGCCGCCCTAATGGTCGGACT-3’
Lcc2forward* 5-CCGGAATTCATGGAGGGATCGAGACCAACT-
Lcc2reverse* 5’-AACGAATTCTCAéACCCCAATAACTA-S’

3.2.1.1Determination of 5’ End of thelccl cDNA

5" RACE system was used to determine the 5’encheflaccasdéccl cDNA from
Pycnoporus sanguineddUCL 38531. A 600 bp fragment was obtained afteRPC
reaction usingccl-5’RACE-nested reverse primer and AUAP (Figure B.Ihis
fragment was cloned into pDrive TA cloning vectondaused to transform
electrocompetentE.coli ToplOF' cells. After plasmid isolation and redioa
analysis, fragment was sequenced, compared withigusly reported laccase
sequences in the databases and significant sityilaith other laccases was not

observed.
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Figure 3.13 :Agarose gel analysis of 5’RACE product using IccRACE-
nested reverse primer and AUAP. 1. Gene Ruler™KA
Ladder as Marker and 2. PCR-amplified product.

To evaluate the specificity of the amplificationacéon from the oligo-dC tail,
another control reaction omitting TdT was set ughe TdT tailing experiment of
cDNA. However, PCR reaction usinigcl-5’RACE-reverse andccl-5’'RACE-
nested reverse primers and AUAP showed no differdéretween two PCR products
and concluded that a specific 5-RACE fragment dawt be amplified. Although it
has not been obtained 5’-RACE product, we decidedse the 5-end sequence of
the anothePycnoporus sanguinedaccase (AY458017.1) with % 93 similarity to
lccl cDNA of Pycnoporus sanguineuslUCL 38531 to amplify full-lengthiccl
cDNA.

3.2.1.2Determination of 3' end of thelccl cDNA

The 3'-RACE system was used to determine the ntidiesequence of 3’ end of the
Pycnoporus sanguineuslUCL 38531 laccaselccl cDNA. This procedure uses
poly(A) tail found in mMRNA as a generic primingesitor PCR. 3ug of total RNA
was converted into the first strand cDNA by usifigNl oligo (dT)-anchor primer
(Adapter primer) and Superscript 1l reverse trapsase (Invitrogen 3-RACE
System). Iccl-3’RACE-forward” and fccl-3'RACE-nested forward” primers,
listed in Table 3.4 has annealed to a region ohesemuence and the adapter primer
has targeted the poly(A) tail region. By using thwgsy, 3'-mRNA sequences, which
lie between the exon and the poly(A) tail, had beaptured. The first PCR reaction
set up with forward primer and AUAP resulted in fhduct ca. 500 bp (Figure
3.14-A) and this product was used as a templatehimrsecond PCR using nested-

forward primer and AUAP. More distint band ca. f0was amplified (Figure 3.14-
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B) and cloned into pDrive vector. Isolated plasmwadsre cut withEcoRI (Figure

3.15) and positive clones were sequenced.

A B

831 bp 584 bp

584 bp

Figure 3.14 :Agarose gel analysis of 3’'RACE-products. A. PCRhgsiccl-
3'RACE- forward primer and AUAP. B. PCR usihgcl-3'RACE-
nested forward primer and AUAP. lane 1. Lambda
DNA/EcoRI+Hindlll DNA fragments as Marker and laRePCR-

amplified product.

500 bp

Figure 3.15 :EcadRl digestion of selected plasmid DNAs (lane 2 tel®), the
fragment shown corresponds to the amplified paldiadase cDNA,
obtained by 3'-RACE system, Lambda DNA/EcoRI+Hindll

Marker DNA fragments (lane 1).

Sequence of 3’-end ¢dcl cDNA is given in Figure 3.16. In this figure, justsmall
portion of the conserved copper binding regionyjagsly shown in the Figure 3.12
is displayed:lccl-3" RACE-forward” primer sequence is underlined atop codon
“TAG” was found at the upstream of the polyadenglatsite. Stop codon was
defined by translating nucleotide sequences intodéduced amino acids and this

87



codon was the first codon that has not been trenstdo the any amino acids.
Results of the alignment of the sequence with kndaatases in the database is
listed in Table 3.7. 3'-end sequenceloél showed 93 % and 83 % similarity to
laccases isolated from differeRycnoporus sanguinelsdrains (Dantan-Gonzalez et
al. 2008, Fujihiro et al. 2009). Furthermore, 84s¥nilarity to lccl mRNA of
Trametes versicolofNecochea et al., 2005), 81 %Tametes pubescelep2 gene
(Galhaup et al., 2002) and 80 % to LAC1 phenolosed&domBasidiomycete C30

has been observed.

5'.....AGCCCGGCGACAGCGTCAC GATCCGGTTCATGACGGACAAC
CCGGGICCGTGGTTCCTCCATTGCCA CATCGACTTCCATCTCGAG
GCCGGCTTCGCCATCGTGTTTGCCGAGGACGTGAACGATATCAA
GTATGCGAACCCGGTCCCGCCGTCGTGGTCGGAGCTTTGCCCCA
TCTACGACAAGCTCCCGGAGTCCGACCAT TAGGTTTGCGCGGGGT
GCGGAGGGGCGGACTCACTTGGGACTATCATTCCTTCGTTGAATTCC
GGATTTCTAGTATCAGAGACATGGAGGCTCTAGGTCTGGTTAATACC
GCGCGGACATTTGGGTAATATTCTCGTAGACCTTGTAGCTCCGAGTA
CTGTATGGGGTTGCTCGCAGTCTACCGGCGCACACTCTTTGGTAGTCC
TGCTTCGGGTCACTATGTATAGTACATTACAGTTTATACCAATGTGAA
TTTGGATTAGAGGTATGATGACTGACAAAAAAAAAAAAAAAAAAAA
GTACTAGTCGACGCGTGGCCAATCTGAATTCGTCGACAAGCTTCTCG
AGCCTAGGCTAGCTCTAGACCACACGTGTGGGGGCCCGAGCTCGCGH5
CCGCTGTATTCTATAGTGTCACCTAAATGGCCGCACAATTCACTGGCG
3’

Figure 3.16 :3’end sequence décl cDNA. Partial sequence of conserved
copper-binding region is bold, gene-specific forsvarimer is
underlined and stop codon TAG is in italics anddbol
Polyadenylation site is also underlined.

3.2.1.3Determination of 5’ end of thelcc2 cDNA

In order to obtain 5’-end d€c2 cDNA, the first strand cDNA was synthesized with
“Smart Il A Oligonucleotide” and used as a templdta 5-RACE-PCR.
Subsequently, second strand cDNA was amplified i gene specific reverse
primer “lcc2-5’'RACE-reverse-I” and the universal primer (UPMhjah recognizes
the smart Il A oligonucleotide and a fragment gbaximately 550 bp was obtained
(Figure 3.17-A). The fragment was cloned into theripe cloning vector and
isolated plasmids were digested whledR| (Figure 3.17-B). Determination of the
5-end oflcc2 cDNA was also confirmed by another RACE-PCR sewifh the
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gene specific reverse primdct2-5’RACE-reverse-II” and the fragment with equal

size was obtained.

Table 3.7:Multiple alignment results of the 3’-end sequentiol cDNA.

Accession Laccase Score Maximu
number m
identity
AY458017.1 Pycnoporus sanguineus laccase mRNA, ienpds 423 82%
AF123571.1 Pycnoporus cinnabarinus laccase (Ilcag@§, complete cds 392 80%
AY510604.1 Pycnoporus sanguineus laccase gene,letamgals 327 95%
FJ513077.1  Pycnoporus sanguineus laccase mRNA, letnguls 311 93%
AB212732.1 Trametes versicolor lac2 mRNA for lae&aomplete cds 188 83%
U44430.1 Trametes versicolor laccase | (Iccl) mRiEémplete cds 185 83%
u44851.1 Trametes versicolor laccase | (Iccl) genejplete cds 185 83%
L49377 1 Trametes villosa (clone LCC2) laccase gene, exehs, 1 185 83%
complete cds
FJ469151.1 Trametes versicolor laccase protein mRigiplete cds 197 82%
AY693776.1 Trametes versicolor laccase 1 (Iccl) ARdOmplete cds 197 84%
AY049725.1 Trametes versicolor laccase 1 (lacl) ARddmplete cds 194 81%
AF414807.1 Trametes pubescens laccase 2 (lap2) gemplete cds 176 81%
AF162785.1 Basidiomycete C30 polyphenoloxidase (LAC1) gene, 176 80%
complete cds
AF491759.1 Trametes sp. C30 laccase 1 (lacl) mRN#plete cds 176 80%

AE548033.1 Trametes sp. 1-62 laccase (pox1) mMRNA, pox1-lccliédley 174 80%
complete cds

AF548032.1 Trametes sp. I-62 laccase (pox1) mRN/&alete cds 174 80%
Basidiomycete CECT 20197 phenoloxidase (pox1) gene, 174 80%

U65399.1
complete cds

FJ598130.1 Coriolopsis gallica laccase mMRNA, cotepdels 172 80%

DQ431716.1 Coriolopsis gallica laccase (lacl) mRiEémplete cds 172 80%
DQ431715.1 Coriolopsis gallica laccase (lacl) genejplete cds 172 80%
AY081188.1 Trametes versicolor laccase Ill geneulete cds 172 80%
AY875867.1 Coriolopsis gallica laccase (lacA) mRNbarstial cds 172 80%
EF362634.1 Polyporus brumalis LAC1 mRNA, complats c 170 81%

AJ294820.1 Trametes trogii Icc1l gene for laccaseng 1-11 170 78%
Y18012.1 Trametes versicolor mRNA for laccase 170 1%8

Plasmid DNAs containing the inserts were sequencéd. start codon“ATG” has
been found as a part of Kozak consensus sequeddeliowed by another guanine.
Kozak consensus sequence, gccRccAUGG (R=A,G) omueukaryotic mRNA at
three base upstream of the start codon and plays@ortant role in the translation
initiation with recognition by ribosome. Kozak seqae has variations and strong
consensus is explained as occurrence of G at te#iggp +4 and A or G at the
position -3(Kozak, 1986. Thelcc2 cDNA sequence has displayed strong consensus
as the start codon is followed by a guanine andntieotide at -3 position is an
adenine (ACAATGG). In filamentous fungi, the -3 pms is 90 % an adenine
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(Yaver et al. 1996). The partial sequencdoo® cDNA, containing the 5’-end, is
demonstrated in the Figure 3.18. Maximum identifylex2 laccase with other
laccases are given in Table 3.8 and have 77 % aoticdesimilarity with Trametes
sp. -62 pox 3MRNA (Gonzalez et al. 2003), 76 % with versicoloriccl mRNA
(Ong et al. 1997), 75 % withrametes spl- 62 pox 1ImMRNA (Gonzalez et al. 2003)
and 81 % witHac 1mRNA from Polyporus brumaligRyu et al. 2008).

Partial sequence of thkc2 promoter region were also analyzed for putative
consensus promoter elements known to be employ#tkitranscriptional regulation
of fungal genes. Approximately 155 bp upstreamhef start codon ATG has been
sequenced and analyzed. Putative transcriptiororfamnding TATA and CAAT
motifs have been identified at -48 and -116 witthie promoter ofcc2 and they are
underlined in the Figure 3.18. Meanwhile, it is Wwmothat TATA and CAAT motifs
are not strictly conserved in the fungal gene pri@mso(Yaver et al. 1996, Smith et
al. 1998). Strong fungal promoters contain a tylploag pyrimidine rich region
between the TATA box and the translation start &alhaup et al. 2002). Here a
long pyrimidine rich region has been observed atdéfined location. Moreover, a
putative metal response element (MRE), adheringth®® consensus sequence
TGCRCNC (R=A/G, N=any nucleotide) at nucleotideipos — 98 and underlined
in the Figure 3.18.

550 bp

Figure 3.17 :A. 5-RACE-PCR product amplified byi¢c2-5’-RACE-reverse
primer” and UPM, B.Restriction enzyme digestiorptafsmids
having PCR product. lane 1. Lambda DE&SRI+Hindlll DNA
fragments as Marker, lane 2-9: cut plasmids, PGymt is shown
in the box.
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S'CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGWET
CGGGGATCGCTTCCGAGTCCTCTCGTGGCTCATMTCCTCTTACTG
CTTCCCTTTTCTATTCTAGCCCCCTCTCTTTCTCGGCCTTAGTTCATT

TTATTTATCCTCTTTGGCCGTTCTGTTTTGATTATTGGGGTTTACGGA

CTTGACAATGGAGGGATCGAGACCAACTCTTCTTCACATGTTCTCGT

CCTTGGTTGTGACGGTATCCCTCGCGATCTCCGITTAGCTGGAATA

GGTCCCGTGACGGACTTGACGATCAGCAACGCCGACGTCTCTCCA(

ATGGCTACCAGCGAGCAGCGGTAGTGGCAAACGGTGTCATGCCCG!

ACCACTCATTACGGGCACGAAGGGCGACGAGTTCAAGATCAATGTC
ATCAACAACCTGACGAATCATACCATGCTCAAGTCTACTAGTATTC

ACTGGCACGGACTATTCCAGAGGTCAACGAACTGGGCGGATGG
CCCTGCCTTCGTGAATCAATGTCCCATTGCGACTGGGCATT CAT

TCCTTTATGACTTCCAAGTCCCAGACCAGGCCGGTACCTTCTGG
TATCACAGTCATCTGTCCACGCAGTACTGCGATGGGCTGAGGG

GCCCATTGGTTGTGTACGATCCCAATGACCCTCACGCCAGCCTA

TACGACGTTGACAACGATGACACGGTGATCACACTTGCCG ... -3

(SPAR YD)

Figure 3.18 :5’-end sequence of the lcc2 cDNA. Partial sequafictke
conserved copper binding region is displayed wihl lkcharacters.
Regions used in designing gene-specific reversenastbd-reverse
primers are underlined and the sequence of unilversaer is
shown in italics. Start codon “ATG” is showed inldand italics.
Lcc2-forward primer sequence used in the full-langdNA
synthesis is highlighted with gray and TATA boxtir@ promoter
region is also underlined.

3.2.1.4Determination of 3’ end of thelcc2 cDNA

The 3’-end of thdcc2 cDNA has been determinddy 3'-RACE-PCR set up with
universal primer mix and gene specificct23’RACE-forward” primer, listed in
Table 3.6. A fragment ca. 550 bp has been ampliffregure 3.19) and cloned into
the pDrive cloning vector. Plasmid DNAs were isethfrom the transformants, cut
with EcoRl (Figure. 3.20) and the positive recombinant iplials were sequenced.
Partial sequence d€c2 cDNA displaying the 3’-end is shown in Figure 3.Phe
stop codon “TGA” has shown in italics and a potnpolyadenylation signal
sequence, which is an eukaryotic consensus sequl@Add AA, located in the 31
nucleotide downstream of the stop codon is undsalitNucleotide identity ratios of
thelcc2 cDNA with other laccases in the NCBI databasegaren in Table 3.9 and
the amplified fragment has 77 % similarity wigox 3 mRNA of Trametes sp.
(Gonzalez et al. 2003), 77 % withox 2 gene of basidiomycete CECT 20197
(Mansur et al. 1997) and 76 % with white-rot fungAld28-2 laccase gene partial
sequence (Xiao et al. 2003).
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Table 3.8: Multiple alignment results of 5’-end sequence @& litc2 cDNA

Accession Laccase Score Maximum

number identity

AE548035.1 Trametes sp. 1-62 Iaci?jsée (pox3) mRNA, complete 394 77%

DQ914872.1 Ganoderma lucidum strain RZ laccase (lac4) mRNA,324 7506
complete cds

AF152170.1 Pycnoporus cinnabarinus laccase (lacl) mMRNA, 306 7506
complete cds

AY081775.2 Coriolus hirsutus Iacc?:zz (072-1) mRNA, complete 295 77%

AY049725.1 Trametes versicolor laccase 1 (lacl) mRNA, 295 76%
complete cds

AY693776.1 Trametes versicolor laccaselécl) mMRNA, 295 76%
complete cds

AB212732.1 Trametes versicolor lac2 mRNA for laccase2, 291 76%
complete cds

U44430 1 Trametes versicolor Iai%a}sse I (Iccl) mMRNA, complete291 76%

AF548032.1 Trametes sp. 1-62 Iacilejze (pox1) mRNA, complete 289 7506

AF176230.1 Polyporus ciliatus IacciSi (Icc3-1) mRNA, complete 288 74%

AF548033.1 Trametes sp. I-62 laccase (pox1) mMRNA, ptoditA 286 7506

allele, complete cds

Y18012.1 Trametes versicolor mRNA for laccase 286 4%7

DQ914874.1 Ganoderma tsugae strain 1109 laccase (lacl) mRNA284 76%
complete cds

AY485829.1 Ganoderma lucidum laccase mMRNA, compuldte 284 76%

Pycnoporus sanguineus strain H275 multicopper o

FJ688172.1 redoxasel¢cl) mRNA, complete cds 282 3%

F3469151.1 Trametes versicolor Iacccdise protein mRNA, complete282 7506

DQ431716.1 Coriolopsis gallica Iacgg:e (lac1l) MRNA, complete 280 74%

AB212731.1 Trametes versicolor lacl mRNA for laccasel, 277 73%
complete cds

AE414109.1 Trametes versicolor laccase B precursor (lacl) 275 73%

mRNA, complete cds

AY458017.1 Pycnoporus sanguineus laccase mRNA, epds 273 75%

AY439331.1 Panus rudis laccase mRNA, partial cds 8 26 73%

AB072703.1 Pycnoporus coccinedscl mRNA for laccase, 266 730
complete cds

AY875867.1 Coriolopsis gallica laccase (lacA) mRNvartial cds 264 76%

AF548034.1 Trametes sp. 1-62 Iacilejze (pox2) mRNA, complete 255 76%

AM422387 1 Trametes versicolor mMRNA for multicopper oxidase 244 7204

(klc2 gene)
AF491759.1 Trametes sp. C30 Iaccca(\jsse 1 (lacl) mRNA, complete241 7204
AB212734.1 Trametes versicolor lac4 mRNA for laccase4, 232 7204

complete cds

92



564 bp

Figure 3.19 :PCR product obtained by lcc2-3'RACE-forward priraed UPM.

2 3 4 6 i 8 9

1
v, "—:. . . ;
-4 XX L X K X X |
564 bp

350 bp

Figure 3.20 :Plasmids containing the 3’-end of the lccl cDNANds were
verified by EcoRI digestion.

S TGTCCACGTTTTGCCGTCCAACGCCACGATCGAGCTCTCGTTCCC
CGCAACCATCCAAGCTGGGGCCCCCCACCCCTTCCACTTGCATGGGCA
TACTTTCGCTGTTGTACGCAGCGCAGGCAGTACGGAATACAACTACGA
GAACCCGATATTCAGAGACGTGGTCAGCACCGGAGTACCTCAGGACAA
CGACAACGTGAC TATTCGATTCCGGACTGACAACCCCGGCCCGTGGTT
CTTGCATTGCCATATCGACTTCCA CCTCGAGGCCGGCTTCGCCGTCATCAT]
GGCCGAAGACACGCCCGAGACCAAGTCGACAACCCCGTGCCTCAATCTTGG
ACGGACCTTTGCCCTATCTACGACGCGCTGGACCCTAGTGATCTGTGAAGE
GGGGTCATCATTGAAGTCGCCTCGCTACACCTTCGCCTTGTTGGACATTCT
CCATCTTTCTTGCATCGCTATTTGGACATTGGTCACTTGTTAATAAGCCAGC
ATTTCGTGGATAGTTATTGGGGTA GAGGACCTTGGGATGGACTTAACTTTG
CTTTACAATTAACCGGACTAGTACTGTAGATAGCGTATACATTGCATAGTCG
TTACAGACAGAAAAGCCACTCTGTAATGTTCCTCATNCCTGCCATANGGAA
TCTCCCGCCAAAAAAAAAAAAAAAAAAAAAAAAAAAAG TACTCTGCGTTGA
TACCACTGCTTGCCCTATAGTGAGTCGTATFAG

Figure 3.21 :Sequence of the 3’-end of the Icc2 cDNA. Partigiussce of the
conserved copper binding region is displayed widld lcharacters.
Gene-specific forward primer and polyadenylatianai are
underlined and universal primer is shown in itall8sp codon
“TGA” is shown in bold and italics. Lcc2-reversearper used is
highlighted.
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Table 3.9:Multiple alignment results of the 3’-end sequentiEc2 cDNA

with other laccases.

Accession Laccase Score Maximum

number identity

AE548035.1 '(I:'crjzmetes sp. I-62 laccase (pox3) mMRNA, complete 288 77%

AY081188.1 Trametes versicolor laccase Il genepglete cds 286 77%

D13372.1 gc?:olus versicolor CVL3 gene for laccase, complete282 76%

L49376.1 Trametes villosa (cloneCC1) laccase gene, exons 277 76%
1-9, complete cds

AE548034.1 I(;aslmetes sp. I-62 laccase (pox2) mRNA, complete 271 7506

AF414807 1 I(;aslmetes pubescens laccase 2 (lap2) gene, complet&68 76%

Y18012.1 Trametes versicolor mRNA for laccase 268 6%7

AF414109.1 Trametes versicolor laccase B precursor (lacl) 264 76%
mRNA, complete cds

AB212731.1 Trametes versicolor lacl mRNA for laccasel, 260 76%
complete cds
Pycnoporus sanguineus strain H275 multicopper o

FJ688172.1 redoxasel¢cl) mRNA, complete cds 259 5%

AB072703.1 Pycnoporus coccinedscl mRNA for laccase, 259 76%
complete cds

U65400.1 Basidiomycete CECT 20197 phenoloxidase (pox2) 282 77%
gene, complete cds

EF362634.1 Polyporus brumalis LAC1 mRNA, complate c 237 74%

AY081775.2 gc?:olus hirsutus laccase (072-1) mRNA, complete 233 74%

ABO72704.1 Pycnoporus coccinelscl gene for laccase, 233 77%
complete cds

AF152170.1 Pycnoporus cinnabarinus laccase (lacl) mRNA, 296 7506
complete cds

DQ914872.1 Ganoderma lucidum strain RZ laccase (lac4) mRNA,221 74%
complete cds

AF176230.1 (I:(;)Slyporus ciliatus laccase (Icc3-1) mRNA, complete 291 7904

DQ431716.1 (C:Zc;):olopss gallica laccase (lacl) mRNA, complete 219 76%

AY875867.1 Coriolopsis gallica laccase (lacA) mRNbartial cds 219 76%

AF491759.1 '(I:'crjzmetes sp. C30 laccase 1 (lacl) mRNA, complete210 7506

AY147188.1 Pycnoporus cinnabarinus laccakedl) gene, 258 7506
complete cds

AF025481.1 Pycnoporus cinnabarinus laccase (Icc3-1) gene, 258 7506
complete cds

AJ294820.1 Trametes troddic1 gene for laccase, exons 1-11 205 7%

AF170093.1 Pycnoporus cinnabarinus laccase (Lacl) gene, 203 7506
complete cds

AY693776.1 Trametes versicolor laccaselécl) mRNA, 203 7204
complete cds

F3656307 1 Ganoderma lucidum strain 7071-9 laccase mMRNA, 201 73%
complete cds

EU492907.1 Trametes hirsuta laccase (Lac) geneplebencds 201 76%
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3.2.2 Full-length laccase cDNA synthesis

Following to the determination of the both 5’- aBdend of thelccl and lcc2
cDNAs, forward and reverse primers involving thigi@ion and termination codons,

listed in Table 3.6, were designed.

3.2.2.1Amplification of the full-length lccl cDNA

The full-lengthlccl cDNA synthesis has been carried out via PCR hygusie first
strand cDNA, Expand high fidelity polymeraséccl-forward” and fccl-reverse”
primers. A fragment ca. 1.6 kb has been amplifiedure 3.22), cloned into the
pDrive cloning vector. Plasmid DNA were isolatedrr the transformants (Figure
3.23) and positive clones were selected by digestith EcaRI (Figure 3.24) and
sequenced. BLAST homology search results of fulgth Iccl cDNA with laccase
sequences in the NCBI database showed 94 % idemiitiq Pycnoporus
cinnabarinus Icc3-2 (Temp et al. 1999), 93 % witliPycnoporus sanguineus
(AY458017.1) and 91 % witiPycnoporus sanguineud/ite-Vallejo et al. 2009).
Homology search results are listed in Table 3.46latediccl cDNA was submitted
to the NCBI database.

Complete mRNA sequence letl from ATG start codon to TAG stop codon is 1557
bp and this open reading frame encodes deduceeiproith 518 amino acids
(Figure 3.25). A signal peptide of 20 residuespoesible for the secretion of the

laccase was observed in the sequence.

Figure 3.22 :Full-length Icc1 cDNA amplified with Icc1-forwarchd Iccl-
reverse primers.
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Figure 3.23 :Lccl/pDrive plasmids (lane 2 to lane 13), Fastrhigh range DNA
ladder (lane 1).

Figure 3.24 :Restriction enzyme digestion results of Iccl/pDa@smids (lane
2 to lane 7), Fastruler high range DNA ladder €laj

Lccl cDNA encodes deduced laccase protein with 518 @ragids and a typical
laccase secretion signal sequence of 20 residuiets @én the N-terminus of the
protein. As observed in other laccases this peptake a positively charged amino
terminus, a hydrophobic core and small amino aesidues (Liu et al. 2003).
Typical copper ligands composed of 10 His and 1 @sidue, required for
coordinating copper atoms on the active site of aheyme are in the conserved
positions of fungal laccases (Figure 3.27). Initmid to the six potential N-
glycosylation sites, five Cystein residues are labé in the deduced amino acid
sequence and Cys 472 is the conserved laccasdwsgrecting as a ligand to T1
copper domain. Crystal structures of reporteddiasiycete laccases are composed
of 3 domains and two disulfide bridges, between aonil and 3 and between
domain 1 and 2, stabilize the enzyme (Giardind. 040 , Liu et al. 2003).
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Table 3.10:Similarity search results of full-length Icc1 widhfferent laccases.

Accession Laccase Score Maximum
number identity
AY458017.1 Pycnoporus sanguineus laccase mRNA, Eienpds 2316 93%
FJ513077.1  Pycnoporus sanguineus laccase mRNA,letnguls 2148 91%
AF548034.1 Trametes sp. I-62 laccase (pox2) mRNAjaptete cds 483 74%
AY510604.1 Pycnoporus sanguineus laccase gene,letamgals 2055 97%
AF123571.1 Pycnoporus cinnabarinus laccase (Ilcag§, complete cds 1815 96%
AB072703.1 Pycnoporus coccineus lccl mRNA for laecaomplete cds 425 73%
F1688172.1 Pycnoporus sanguineus strain H275 multicopper raskox 414 73%
(Iccl) mRNA, complete cds
Y18012.1 Trametes versicolor mMRNA for laccase 715 0%8
AF414807.1 Trametes pubescens laccase 2 (lap2) gemplete cds 339 80%
L49376.1 Trametes villosa (clone LCC1) laccase gene, exedis 1 339 79%
complete cds
D13372.1 Coriolus versicolor CVL3 gene for laccasemplete cds 320 79%
AY454306.1 Favolus alveolaris laccase gene, pautial 975 96%
AY333125.1 Daedalea quercina laccase gene, padsal 935 93%
AY331189.1 Pycnoporus sanguineus lacasse gen@lmgals 953 96%
F3656307.1 Sdasnoderma lucidum strain 7071-9 laccase mMRNA, cetapl 267 78%
AY147188.1 Pycnoporus cinnabarinus laccase (Lcehpgcomplete cds 207 81%
AF025481.1 Pycnoporus cinnabarinus laccase (lcagefg, complete cds 207 81%
FJ425896.1 (F;’é/scnoporus puniceus strain MUCL 47087 laccase gmaréal 196 87%
FJ425895 1 Eé/scnoporus puniceus strain MUCL 47083 laccase gmaréal 196 87%
EU714501.1 Pyc_noporus coccineus strain MUCL 38525 laccase,gene 196 88%
partial cds
U65400.1 Basidiomycete CECT 20197 phenoloxidase (pox2) gene, 195 80%
complete cds
EU683254.1 Pycnoporus coccineus strain MUCL 38523 laccase,gene 191 87%
partial cds
EU684160. 1 Pycnoporus cinnabarinus strain MUCL 38420 laccaseg 185 87%
partial cds
AJ626679.1 Uncultured basidiomycete partial lac gene for laec@&xons 1- 182 94%
2, clone S17-Seql
EU678772.1 Pycnoporus sanguineus strain CIRM-BRFM 901 lacgase, 174 86%4

"~ partial cds 0
AF185275.2 Ganoderma lucidum strain 7071-9 lacgase, complete cds 161 81%
EU714499 1 Pyc_noporus sanguineus strain IMB W3008 laccase,gene 247 85%

partial cds
EU683257.1 Egscnoporus sanguineus strain IMB G66 laccase geamtal 247 85%
EU678786.1 Pycnoporus sanguineus strain CIRM-BRFM 542 lacgase, 253 87%

"~ partial cds 0
FJ473385.2 Ganoderma lucidum strain TR6 laccase, gemplete cds 156 81%
AY081188.1 Trametes versicolor laccase Il geneyulete cds 122 81%
EU683256.1 Egscnoporus sanguineus strain IMB H2180 laccase, geangal 95 3 87%
EU683255.1 Eé/scnoporus sanguineus strain IMB G53 laccase geamtal 95 3 87%
EU683253.1 Pyc_noporus coccineus strain MUCL 38527 laccase,gene 95 3 87%

partial cds
EU678784.1 Pycnoporus sanguineus strain IMB W006-2 laccase,gen 95.3 879

"~ partial cds ' 0

ABQ072704.1 Pycnoporus coccineus lccl gene for Eeozomplete cds 95.3 87%
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Based on the reported laccase structures, it casupposed that two disulfide
bridges is formed between Cys105 and Cys507 amwdelet Cys137 and Cys225 in
Pycnoporus sanguineu$MUCL38531 Iccl laccase. Phenyl-alanine, leucine or
methionine, involved in the coordination of thedyipcopper atom, can be found ten
amino acids downstream of the conserved cysteimne 482 is located at the position
mentioned in deduced amino acid sequendeadfand is assumed to be essential for
the high redox potential of the laccases (Templetl®99). Multiple sequence
alignment of deduced amino acid sequencecof. with other basidiomycete laccase
sequences revealed thitynoporus sanguinedUCL 38531 shares 98 % and 95 %
of identity with laccases frorRycnoporus sanguineugported by Zhao (Genebank
accession number AAR20864.1) and Vite-Vallejo et (@009) and 97 % with
Pycnoporus cinnabarinusc 3-2 (AAD49218.1) (Fig 3.28). It also has 78% identity
with Trametes versicolotaccase |(AAC49828.1) andTrametes spl-62 laccase
(AAQ12268.1), 73 % identity witlPycnoporus cinnabarinus IccfAAN71597.1)
and Pycnoporus cinnabarinus Icc3-1AAC39469.1), 72% with Pycnoporus
cinnabarinus lacl(AAF13052.1) (Figure 3.26). Conserved copper bigdiagions
are shaded in gray and possible N-glycosylati@ssare underlined.
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atgggotcoggtcttttocageoatcttogtcacoat cgoggooat ctot ggoagoct ogot
M & 8 & L F 8 I F %W T I A A I & &= &5 L A
goccatcgggoccaadggocggacctegtcat ctoggacgct gh gt caat cotgatggcacy
A I & P E A D L v I 8 D A WV W N P D & T
coocgagotgocogtegtegttaat ggogoattoccct ggocooctocat ctot gggaagasg
FE R A A WV VWV ¥ N & A F P & P L I & & EKE K
ggtgatcacttccagctcaacgbgatcaacaagttgaccaaccacact atgoct gaagacy
= O H F o L N ¥ I W K L T W H T M L K T
accagtatacactggocacggacttttoccaggaacacact aactgggot gacggtcoogot
T &8 I H W H <& L F Q@ E H T N W A D & P A
ttogtcaatcaatgtoccattgottot ggacactecttoct ctacgactt ccatgbgeco
F v N o C P I A § & H & F L ¥ D F H W P
gatcaagocggocacatactggtaccacagocat ctttoccacgcagtactgogacggattg
b g A = T ¥Y W ¥ H &8 H L & T 2 ¥ C D & L
agaggdocgcttgtegtgtacgacocccacgat cctcaggogecatch gtatgatght gac
R & P L ¥V v ¥ D P H D P © A H L ¥ D W D
aacgatgacactgtcatcactttggoggattggtatcat ghocgoggocaagoct aggccog
W o DT % I T L &A D W Y H ¥V A A K L & P
caattooccgaggggogcaaactctacgoctcat caacggoctt ggacgagoggogact gat
o F P R & A N 3 T L I W & L & E A A T D
agoacttcocogatctocagt ghcattacogtt gagcat gggaagocgotatcgtttcaggctt
g T &8 p L & ¥ I T ¥ E H & K E ¥ E F E L
gtatccatctcttgtgatcocgaaccacacottocagoatcgat ggocacaacatgaccat o
vV o8 I 8§ < D P W H T F 8 I D G H N M T I
atcgaagtogatggogt caacagoaagococt cacogb cgactocat ccagattttcgoa
I E v 0 & v N & K P L T W D & I Qg I F A
goocagogotactoccttoegtgttgaat got saaccaaccggtggacaactactggattogt
A o R Y 8 F ¥ L W A N Q P WV DD N ¥ W I R
gocgaatcogagtggoggaacegbgggtttocgagggoggoatcaactoctgocattchccga
A N P 53 & & T ¥V & F E & & I N 5 A I L R
tacaagggtgcgcocoggat gocgagoccacdaacacgacogodocogacatctgbcatt oot
¥ K & A P D A E P T N T T & P T &8 W I P
ctggtggagacgaatttgcacoccctcaagocgat goaagh gocoggyoocggtoctggt gt o
L ¥ B T W L H P L EBE P M 2 W P = ERE &5 = W
Jgataacgttgattatgogaagacactocaatttocgacttocaacggoaccaactttttocat o
= N v Db ¥Y A K T L W F W F W & T N F F I
aacaatgogacgttcaccoccgoccacagtoccogtoectoctccagat oot gagoggagog
N N A T F T P P T ¥ P W L L Q I L 5 &= A
cacaacgogoaggacctoctoccogoodggtect ghttacact ctt cogoogocacagogoo
H W A o D L L P & ¢ &8 % ¥ T L F P H &5 A
atcgagattaccatgocggctactacoctagooccocgggatoct coccaccocttocactt g
I E I T Mm p A T T L A P & &8 P H P F H L
cacgddgecacgtcttogoct ghcgtacgcagogoocdgoagocaccdagtacaactaccacgac
H & H v F & % % R &8 A ¢ & T E Y N ¥ H D
cocatcttocogogacgbtoghgagqoacoggocagocodggodgacagogt cacgat coggtt o
rp I F E D v % & T & o P & D 8 % T I R F
atgacggacaaccodggt ccgtggttoctccattgocacatcgactt ccatctocgaggoo
m T OO N P & P W F L H C H I D F H L E A
Jgoaottogocategt gttt gocgaggacgt gaacgat at caagtat gogaaccoggt ooog
= F A I % F A E D v N D I K ¥ A N P WV P
cocgtegtggteggagctttgoocccat ctacgacaagct coccggagtoccgaccattag
= = w 35 EBE L < P I ¥ D EKE L P E = D H -

Figure 3.25 :lccl open reading frame consists of 1557 bp and encatkes
deduced amino acids.
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Figure 3.26 : Alignment of putative amino acid sequence of Icathwlifferent
basidiomycete laccases using CLUSTAL W algorithggri®dporus
sanguineus (AAR20864.1), Pycnoporus cinnabarint&-&
(AAD49218.1), Pycnoporus sanguineus (AC0510109niates
versicolor (AAC49828.1), Trametes sp. 1-62 (AAQ182H,
Pycnoporus cinnabarinus lccl (AAN71597.1), Pycnapor
cinnabarinus Icc3-1 (AAC39469.1), Pycnoporus ciramadus lacl
(AAF13052.1).
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3.2.2.2Amplification of the full-length lcc2 cDNA

The full lengthlcc2 cDNA was synthesized by PCR usirlgc2-forward” and ‘fcc2-
reverse” primers listed in Table 3.6. The ampliffegment was ca. 1.7 kb (Figure
3.27) and was cloned into the pDrive vector. Plasmiere isolated (Figure 3.28)
and sequenced. Similarity tfc2 cDNA with different laccase sequences is given in
Table 3.11. Maximum identity d€c2 cDNA was 75 % with pox 3 laccase mRNA of
Trametes sp(Gonzalez et al. 2003), 71 % wiBycnoporus sanguinelsdrain H275
multicopper redoxase mRNA (Lu et al. 2010) and 71wdth Iccl mRNA of
Pycnoporus coccineuddoshida et al. 2001). Isolatddc2 cDNA was submitted to
the NCBI database.

2027 bp

Figure 3.27 :Full-lengthlcc2 cDNA amplified withlcc2-forward and Icc2-
reverse primers.

7 8 9 0 11 12 13

a-._ \.:l é._' . 4 > A 4 C 7N d 5\ .. A %
10 kb .
I LS - LeleeEl

2kb

Figure 3.28 :Lcc2pDrive plasmids (lane 2 to lane 13), Fastrulehhignge DNA
ladder (lane 1).
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Table 3.11:Alignment results of full-length lcc2 cDNA with preusly reported

laccases.

Accession Laccase Score Maximum
number identity
AF548035.1 Trametes sp. I-62 laccase (pox3) mRNMmete cds 1050 75%
Y18012.1 Trametes versicolor mMRNA for laccase 843 2%7
AF414109.1 'Cr(;aslmetes versicolor laccase B precursor (lacl) mRid#nplete 812 7204
F3688172.1 Pycnoporus sanguineus strain H275 multicopper rasiiccl) 800 71%

MRNA, complete cds
AF548034.1 Trametes sp. I-62 laccase (pox2) mRN#Malete cds 773 72%
AB072703.1 Pycnoporus coccineus lccl mRNA for laecaomplete cds 758 71%
AF152170.1 Pycnoporus cinnabarinus laccase (la&)Y/) complete cds 744 71%
AY081775.2 Coriolus hirsutus laccase (072-1) mRN@émnplete cds 742 71%
AB212731.1 Trametes versicolor lacl mRNA for laedassomplete cds 711 71%
AY049725.1 Trametes versicolor laccase 1 (lacl) AR®OmMplete cds 699 71%
AY693776.1 Trametes versicolor laccase 1 (Iccl) MRddomplete cds 695 71%
U44430.1 Trametes versicolor laccase | (Iccl) mREémplete cds 691 70%
AF176230.1 Polyporus ciliatus laccase (Icc3-1) mREémplete cds 688 70%
EF362634.1 Polyporus brumalis LAC1 mRNA, complate ¢ 686 70%
DQ914872.1 CGda}snoderma lucidum strain RZ laccase (lac4) mRNaplete 684 70%
FJ469151.1  Trametes versicolor laccase protein mRighplete cds 672 70%
AB212732.1 Trametes versicolor lac2 mRNA for lae&ssomplete cds 672 70%
AF548032.1 Trametes sp. I-62 laccase (pox1) mRN#Mpalete cds 661 70%
AF548033.1 Trametes sp. 1-62 laccase (pox1) mMRNA, pox1-lcclidley 657 70%

complete cds
AB006824.1 Ganoderma tsunodae mRNA for bilirubifdage, complete cds 634 70%
DQ431716.1 Coriolopsis gallica laccase (lacl) mRidmplete cds 630 69%
FJ513077.1 Pycnoporus sanguineus laccase mRNA,|letanguls 627 70%
FJ656307.1  Ganoderma lucidum strain 7071-9 laccé®dA, complete cds 627 69%
AY458017.1 Pycnoporus sanguineus laccase mRNA, ienpds 625 70%
FJ598130.1  Coriolopsis gallica laccase mRNA, coteptds 621 69%
AY875867.1 Coriolopsis gallica laccase (lacA) mRNvwytial cds 610 70%
DQ914874.1 CGda;noderma tsugae strain 1109 laccase (lacl) mRbdlApiete 603 70%
AF491759.1 Trametes sp. C30 laccase 1 (lacl) mRi#plete cds 601 69%
AM419158.1 Panus tigrinus partial mMRNA for laccélsel gene) 590 71%
FJ817448.1  Trametes sp. C30 laccase 5 (lac5) mRbiAplete cds 565 68%
AY485829.1 Ganoderma lucidum laccase mRNA, compuldte 563 69%
AF176231.1 Polyporus ciliatus laccase (Icc3-2) mREémplete cds 529 68%
EF362635.1 Polyporus brumalis LAC2 mRNA, complate ¢ 524 68%
DQ914876.1 Ganoderma fornicatum strain 0814 laccase (lacl) ARN 509 68%

complete cds
AF176232.1 Polyporus ciliatus laccase (Icc3-3) mRNértial cds 520 69%
AM422387.1 Trametes versicolor mRNA for multicoppaidase (klc2 gene) 509 68%
AJ420900.1 gPé/EQ;)porus cinnabarinus partial mMRNA for laccase3{1 502 790
AB212733.1 Trametes versicolor lac3 mRNA for lae&ssomplete cds 500 68%
AB212734.1 Trametes versicolor lac4 mRNA for laegassomplete cds 462 67%
U44431.1 Trametes versicolor laccase IV (IcclV) niRMomplete cds 461 67%

Complete mRNA sequence lot2 from ATG start codon to TGA stop codon is 1713
bp and this open reading frame encodes deducedipnaith 570 amino acids. A

102



signal peptide of 27 residues, responsible for dkeretion of the laccase was
observed in the sequence (Figure 3.29). ConserQekistidine (H91, H93, H136,

H138, H421, H424, H426, H478, H480, H484) and oysteine (C 479). Phe 489
exists 10 amino acids downstream of the conserystine residue and is known to
be involved in the coordination of the type 1 capg®m in the laccase (Temp et al.
1999). Furthermore, it is suggested that the phalayline residue at this position is

essential for the high redox potential of laccasesbserved in tHecl.

Secreted laccases are glycosylated up to 25% with @lycosylation sites found at
Asn-X-Thr/Ser sites and those functional groups suggested to be involved in
stabilization of copper centres, protein secretidinection, protection against
proteolysis and also enhancing thermostability @eod et al. 2009). In the deduced
amino acid sequence latc2, three possible N-glycosylation sites were founiz8,
N404 and N462 using N-glycosylation prediction t{idtl-6).

Signal peptide is the polypeptide domain that awelved in the protein targeting of
secretory proteins and those peptides are segnoérts-50 amino acids. Signal
peptide sequence is composed of hydrophobic cecwtet containing leucine,
methionine and phenylalanine and this core is #anky the positively charged N-
terminus and the hydrophilic C-terminus. The seégretsignal sequence was
determined in the deduced amino acid sequendecdfand the position was found
between 1 and 27 amino acids, whereas the mo$y ltkeavage site was identified
between pos. 27 and 28: VLA-GI (Url-7). The simiiampercentages of the signal
peptide were between 22-48 % with other laccasemea previously, and the
highest similarity was observed for the laccasedinfTrametes spAH 28-2 (Xiao
et al. 2006).

Multiple sequence alignment results of deduced anaitid sequence dfcc2 with
different basidiomycete laccase sequences indicdtatiPycnoporus sanguineus
MUCL 38531 shares 80 % of identity witaccase Cfrom Trametes spAH28-2
(Xiao et al. 2006) and 76 % wifframetes spphenoloxidase (Mansur et al. 1997)
(Fig 3.30). It also has 72 % identity wilhametes pubescelamccase 2(Galhaup et

al. 2002),Pycnoporus sanguinelsgrain BRFM 66 laccase gene (Uzan et al. 2010),
Pycnoporus cinnabarinugacl (Otterbein et al. 2000)Pycnoporus sanguineus
multicopper redoxase (Lu et al. 2010) d&htnoporus coccinedaccase (Hoshida et
al. 2001) (Figure 3.30).

103



atggagggat cgagaccaactocttottcacatgttctogtccttggtt gt gacggt at oo
M E & & K P T L L H M F a 2 L W W T W3
ctogogatctocgtgttagotggaataggt cocgt gacggacttgacgat cagcaacgoo
L A I 5 v L A~ & I &G P W T D L T I 5 N A
gacgtct chccagatggctaccagogagcagoggt agt ggcaaacggt gt cat gocogoa
o w8 P D = ¥ Q2 R A A WV WV A N = WV M P A
coactcattacgggocacgaagggogacgagtt caagat cast gtcat caacaacct gacg
rF L I T & T K & D E F K I N W I N N L T
aatcataccatgctcaagtctactagtattcactggcacggactattoccagaggtcaacyg
N H T M L EKE & T & I H W H < L F 0 K & T
aactgggoggatggoccoctgocttocgtgaat caatgtococcatt gogactgggecattcatto
N w A~ D & P A F Vv N o C B I A T & H & F
ctttatgacttococaagt cocagaccaggococggtaccttctggt at cacagtcatotgtoo
L ¥ b F Q@ W P D Qo A = T F W Y H & H L &8
acgoagtactgogatgggct gaggggoccattggttgt gt acgat cocaat gacococtoac
T o ¥ <2 p &< L E & P L YW W ¥ D P N D P H
gocagoctatacgacgttgacaacgatgacacggtgat cacacttgocgactggt accac
A 5 L Y »0 v D N D D T %W I T L A D W ¥ H
ctagoogocaaggt cggoocccaagttoocct acacgctocogattogacgct gat caatggao
L A A K Vv & F K F rF T E 5 D 8 T L I N G
cgoggocgoacggct goaactat cgocggocggaatt gacggtcatcaat gt cactoocggga
rE & R T A A T I A A E L T W I N vV T B =
aagqoggtatocgtttococgtcttgt gt caatoctocttgegatect goctacactttcagecata
K R ¥ R F E L w & I & < D P A ¥ T F 5 I
gatggacat gacat gacocgt gat cgaggocggattocagt caacacoccagocact cgaagta
r « H D M T W I E A D &2 WV N T Q P L E W
gattccattcoccatctataccgggcaacggtactocctttgtggtt gaggocgaaccagoca
oD 35 I P I ¥ T & 0O K ¥ & F VW W E A N ©Q P
gtogacaactactggatt ocgogocasacocogat ggocaggocacgacoggttt cgagggogga
¥ o M Y wW I R A N P M A = T T & F E & G
atcaactcagctattct gaggt acgacggogogocagagocaagagooaacgacggoooodg
I w & A I L R ¥ D & A P E o2 E P T T A PF
ggcacgbccaccaagoccgttgaaggagaccgat ctccatcocococtggtatctat goctgtg
= T T T KR P L K E T D L H P L %W & M P W
coaggat ctoct gt cgocaggaggagtt gacaaggocat caacttggoctt occagEttgat
P = B P v A = & W D K A I N L &~ F 0 F D
ggcacgaacttcttcatcaacggtgctaccttcaagococcoccactacgocctgbtot ooty
= T MW F F I N =< A T F K B P T T P W L L
cadgqatcttgagoggogot caagoogcttct gacct oot acegt ctggogat gt ccacgtt
2 I L &8 & A (Q A A 3 D L L P B & D W H W
ttgoocgboccaacgoccacgat cgagotoct cgtt coocogocaaccatoccaagoct ggggooooo
L p &8 N A T I E L & F P A T I @ A & A F
cacccchttoccacttgocatgggocatactttogotghitgt acgcagogocaggcagtacggaa
H P F H L H == H T F A ¥ W R & A & 5 T E
tacaactacgagaaccocogat attcagagacgt ggt cagocacoggagt acctcaggacaac
¥y W ¥ E W P I F R D W W &2 T & W P 0 D N
Jgacaacgtgactattcgattcocggact gacaaccococggoccgtggttctt gocattgocat
r w %w T I E F E T D N P &< P W F L H £ H
atcgacttccacctocgaggococggcttogococgt cat cat ggoocgaagacacgocogagacc
r o F H L E A = F A %W I M A E D T P E T
aadbtocgacaaccocgtgoctcaatocttggacggacctttgoccctatotacgacgogct gy
K & T7T T P C L NN L &< KR T F A L & T T E W
accctagtgatctgtgaacgcocggocgtcatcattgaagt cgocctocgoctacaccttogoctt
T L % I < E R & W I I E W A &5 L H L E L
gttggacattctoccatctttocttgecatocgoctatttggacattggtocacttgttaataag
¥ & H & P I F L A 8 L F = H W 2 L v N K
ccagtcatttogtggatagttattggggtcoctga
B W I 5 w I v I = W -

Figure 3.29 :Lcc2open reading frame isolated frdPycnoporus sanguineus
MUCL 38531, consists of 1713 bp and encodes 57Qastiamino
acids.
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ACE37081 ——MSRFQSLLSF-—--—-VLVSLAAVANAAIGPVADLTLTNAAVSPDGFSREAVVVNGQTFEG 54

ACNG9056 --MSRFQSLLSF---—VLVSLAAVANAAIGPVADLTLTNAAVSPDGFSREAVVVNGQTEG 54
BABE&2775 --MSRFQSLLSF--——VLVSLAAVANAAIGPVADLTLTNAAVSPDGFSREAVVVNGQTPG 54
AAF13052 —~-MSRFQSLFFF--——-VLVSLTAVANAAIGFVADLTLTNAQVSPDGFAREAVVVNGITPA 54
AAM1E407 ——MSRFQSLLAF--——VVASLAAVAHAGIGPVADLTISNAAVSPDGESRQAVVVNGGTEG 54
AAB63445 —--MSGFRLLPSFASLAVIVSLALNTFAAVGPVTDLTISNANVSPDGFQRAAVVANGGVEG 58
ARWZE934 —=MNGLRLLPSFASLAVVVSLALNTLAGIGPVTDLTISNENVSPDGFTRAAVVANGEAPG 58
Loez MEGSRPTLLHMFSSLVVIVSLAISVLAGIGEVIDLTISNADVSPDGYQRAAVVANGVMEA 60
. - - T *'_ . t_:-ww:n’*: 'wl‘!’l‘: - *1‘!‘"* *_
ACE37081 PLIAGQOEGDRFQLNVIDNLTNHTMLETTST ¢ 114
ACHNE2056 ELIAGQKGDRFQLNVIDNLTNHTMLKTTSIT < 114
BABG69775 PLIAGQKGDREQLNVIDNLTNHTMLKTTS IHWHG! J AFI] 114
AAF13052 PLITGNKGDRFQLNVIDOLTNHTMLETSSI ¥ 114
AAM1E407 PLITGNKGDNFQLNVIDNLTNHTMLESTSII 114
AAB63445 PLINGQEGDHFQINVVNQLTNHTMLESTS I 118
ARW2E334 PLITGQEGDRFQINVVNKLSNHTMLESTS IHWHGE 118
ooz PLITGTEGDEFKINVINNLTNHTMLESTS IEWHGL T GPAFVNQCET 120
Q,: - -'_‘:: :!ﬂ"tt:'*:_'*'»', :t:r***’:‘!:bw
ACE37081 LYDEQVPDQA SPFVVYDPNDPQASLYDIDNDDTVITLADWYH 174
ACNEDO5E LY¥DEQVEPDQ. 174
BABES775 LYDEQVPDDA 174
AAF13052 LYDFQVPDQAGT i 174
AAM1B407 LYNFQVEDOAGTEFRYHSHLSTOYCDGLRGPFVVYDENDESADLYDVDNDDTVITLUVDWYH 174
ARAB63445 VVYDPNDPHASLYDVDNEDTVITLADWYH 178
ARWZE6934 ; LRGPFVVYDPNDPNASLYDVDNDDTVITLADWYH 178
Lcc2 ; VVYDFNDPHASLYDVDNDDTVITLADWYH 180
: **:**:*x—**ax'**t*
ACZ37081 VAAKLGPRFPLGADATLINGLGRSPGTTAADLAVIKVTQGKRYRFRLVSLSCDPNHTFST 234
ACHN&9056 VAAKLGPRFPLGADATLINGLGRSPGTTAADLAVIKVTQGKRYRFRLVSLSCDPNHTESTI 234
BRBES775 VAAKLGPRFPLGADATLINGLGRSPGTTAADLAVIKVTQGKRYRFRLVSLSCDPNHTFSI 234
AAF13052 VAAKLGPRFEPFGSDSTLINGLGRTTGIAPSDLAVIKVTQGKRYRFRLVSLSCDPNHTESI 234
BAAM1BA407 VAAKLGPAFPLGADATLINGKGRSPSTTTADLAVISVTAGEKRYRFRLVSLSCDPNYVESI 234
ARB63445 VAAKLGPAFPPRADATLINGLGRSTDTEPTADLAVIKVTSGKRYRFRLASLSCDPAFTESI 238
ARW2E934 VAAKLGPAFPPRSDATLINGLGRTSDTPNADLAVITVITGERYRFRLISLSCDPAYTEFSI 238
LCC2 LAAKVGPEFPTRSDSTLINGRGRTAAT IARELTVINVTPGERYRFRLVSISCDPAYTFSI 240
*t*:* * :*:ttt*t tt-" :;*:t*'** *hkkx kA *:t*;’ "tt*
ACZ37081 DGHTMTIIETDSVNTQPLEVDSIQIFRAQRY SEVLDANQPVDNYWIRANPSFGNTGFRAGG 294
ACN69056 DGHTMTIIETDSVNTQPFLEVDSIQIFAAQRYSFVLDANQPVDNYWIRANPSFGNTGFAGG 294
BABE2775 DGHTMTIIEADSVNTQPLEVDSIQIFAAQRYSFVLDASQPVDNYWIRANPSFGNTGFAGG 294
AAF13052 DNHTMT IIEADSINTQPLEVDSIQIFARQRYSFVLDASQPVDNYWIRANPAFGNTGFAGS 294
ARAM18407 DGHNMTIIETDS INTQPLVVDSIQIFAAQRY SFVLEANQAVDNYWIRANPNFGNVGEFTGG 294
ARBE&3445 DNHDMT IIEADAVNTQPLEVDSLOIFAGORY SFVLEANQAVDNYWVRANPFFGTTGFAGG 2958
ARAWZ26934 DNHDMT I IEADGVNTQOLTVDSLOI FAGORY SEVLEANQKSGNYWVRANPLFGTTGFAGG 298
Lec2 DGHODMTVIEADSVNTQPLEVDSIPIYTGQORYSEVVEANQPVDNYWIRANPMAGTTGFEGG 300
'I'_I' :1:1—1_1_:1—:" - t*t: w::‘t"-‘l*t::t‘t _-rt-v:-tttw t__ﬂ"! -
RCE37081 INSAILRYDGAPEVEPTTNQTTPTEPLNEVDLHPLT PMAVPGLPEPGGVDEPLNMVENFN 354
ACNG9056 INSAILRYDGAPEVEPTTNQTTPTEPLNEVDLHPLTPMAVPGLPE PGGVDEPLNMVENEN 354
BAB69775 INSAILRYDGAPEVEPTTTQTTSTEPLNEVDLHPLTPMAVPGRPEPGGVDTPLNMVENEN 354
AAF13052 INSAILRYDGAPEIEPTSVQTTPTKEPLNEVDLHPLSPMPVPGS PEPGGVDKPLNLVENEN 354
AAM15407 INSAILRYDGAARIEPTTTQTTSTQPLNEVNLHPLVATAVPGSPVAGGVDLAINMAFNEN 354
AAB63445 INSAILRYDGAAEVEPTTTRSTSTEPLAETDLV PLASMPVPGSPVSGGVDKAINFAFTEFN 358
RAWZE934 INSAILRYDDAVPAEPTSEQGTS TKPLEKETDLHPLTAMPVPGSAVSGGVDKAINFAFTEN 358
Lccz INSATLRYDGAPEQEPTTAPGTS THEPLEETDLHPLVSMPVPGSPVAGGVDEAINLAFQFEFD 3&0
PSRRI S Pl A e e N e e
ACZ37081 GTNFFINGESFVPPSVPVLLOILSGAQAAQDLVPSGSVYVLPSNSTIEISFPATANAPGA 414
ACH69056 GTNEFFINGESFVPPSVEVLLOILSGAQAAQDLVPSGSVYVLPSNSTIEISFPATANAPGA 414
BAB69S775 GTHNFFINDHSFVEPSVEVLLGILSGAQAAQDLAPSGSVYVLEPSNSSIEISFPATANAPGA 414
BAF13052 GTNFFINDHTFVEPPSVEPVLLQILSGAQAAQDLVPEGSVEFVLPSHNSSIEISFPATANAPGE 414
AAM1B407 GTNFFINGASFTEPPTVEVLLOIISGAQNAQDLLPSGSVYSLPSNADIEISFPATTAAPGA 414
AABE3445 GTNFFVNGATFTPPSTPVLLOIMSGAQDASALLPSGDVYSLPSNATIELTFPATTGAPGA 418
AAWZ2E934 GTNFFINGATFQFPPTTPVLLOILSGAQDAKDLLPSGDVYALPSDATIELSFPASTGAPGA 418
Lccz GTNFFINGATFRKPPTTPVLLQILSGAQAASDLLESGDVHVLPSNATIELSFPATIQA-GA 419
P e e B T e s P e
ACZ37081 FPHPFHLHGHTFAVVRSAGSSEYNYDNFIFRDVVSTGTP-—GDNVTIRFETNNFGEWFLHE 472
ACNGES056 FH TFAVVRSAGSSEYNYDNPIFRDVVSTGTP--GDNVTIRFETNNEG 2 472
BAB&S775 B 'TFAVVRSAGSSEYNYDNPIFRDVVSTGTP‘*GDNVTIRFQTNNP 472
AAF13052 PH HAFAVVRSAGSSVYNYDNPIFRDVVSTGQP~-~GDNVTIRFETNNP 472
ARAM1B407 EHE HAFAVVRSAGSTVYNYDNEIFRDVVSTGT PAAGDNVTIRFRTDN B 474
ARB63445 PHE TFAVVRSAGSTKYNYDNPIWRDVVSTGT PAAGDNVTIRFRTDNEPGPW 478
BAWZE934 PHEFHLHGHT FAVVRSAGSTEYNYDNPIWRDVVSTGT PQAGDNVT IRFRTDNPGEWFLHC 478
LcC2 PHP] ITEAVVRSAGSTEYNYENPIFRDVVSTGVPQDNDNVT IR FRTDNEE c 479
AR Ak A E R Ak A A Ak aA: Ak A s kb Ak AEeAd * AT RT AR A EaEEEEE
ACZ37081 ID QSWS-DLCPIYDALDPSDL--—- 518
ACHES056 QSWS-DLCPIYDALDPSDL——— 518
BABE9T775 QSWS-DLCPIYDALDPSDL---— 518
AAF13052 QAWS-DLCPI¥DALDFPSDL--- 518
ARM1B407 QAWS-DLCPI¥YDALDPSDQ——=— 520
ARBE3445 QOAWS-DLCPIYDALDPSDO--- 524
ARWZ2E934 DI M E DT PDTEL————————————————————————————————————— 501
Leez 31 DEHLEA IMAEDT PETESTTPCLNLGRTFALSTTRWTILVICERGVIIEVASLHLE 539
ACZ37081
ACNG&32056
BAB&9775
AAFl13052
ARM1EB407
ARBE63445
AAWZE934
nccz2 LVGHSPIFLASLEFGHWSLVNEPVISWIVIGY 570

Figure 3.30 :Alignment of putative amino acid sequencécaR with different
basidiomycete laccases using CLUSTAL W algorithm.
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Trametes sp.phenoloxidase (AAB63445.1), Trametes sp.AH28-2 laccase C
(AAW26934.1), Trametes pubescentaccase 2 (AAM18407.1),Pycnoporus

sanguineusstrain BRFM 66 laccase gene (ACZ37081), Pycnopainoeabarinus

lacl (AAF13052.1),Pycnoporus sanguineusiulticopper redoxase (ACN69056),
Pycnoporus coccinedsaccase (BAB69775.1).Conserved copper bindingoregare

shaded in gray and possible N-glycosylation sitesuaderlined (Figure 3.30).

3.3 Characterization of Laccase Genes

Following to the synthesis of the full-length cDNAscl and Icc2 genes were

isolated and characterized by determining the m#&won organization. To our
knowledge, only 14 complete laccase sequences fPgomoporusgenus among

1440 of basidiomycetes laccase genes are availalilee NCBI database and this
number of sequences are very limited for extengigsaldied and biotechnologically
important fungal laccases. Gene cloning strategieges the opportunity to

understand the structure-function relationshipsagsimary step for heterologous
expression of laccases in different organisms, Wwhace easily cultivated and
producing sufficient amount of the protein. Thesam® study constitutes the first
report on the cloning of laccase genes from whotefungi Pycnoporus sanguineus
MUCL 38531 and cloned genes were submitted to G8INlatabase.

3.3.1 Sequence dtcl gene ofPycnoporus sanguineus MUCL 38531

Characterization dttcl gene has been performed following to amplificatignPCR
using ‘ccl-forward” and fccl-reverse”primers and genomic DNA Bfycnhoporus
sanguineusMUCL 38531 as template. The fragment ca. 2 kb bheen amplified,
cloned into the pDrive cloning vector. Subsequemibsitive clones were sequenced
and aligned with the sequences of the cDNAs torpeite intron-exon organization

of laccase geneSimilarity of lccl gene to other laccases in the NCBI database was
determined andiccl shared 88 % similarity witlPycnoporus cinnabarinus lcc3-2
(Temp et al. 1999), 87 % with laccase of anotRgcnoporus sanguineustrain
(AY510604), and 86% withH-avolus alveolarislaccase gene (AY454306) (Table
3.12).
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lccl gene was 2132 bp and has an open reading frarh®53f bp with a 58% GC
content (Url-8). The coding region was interruptad 10 introns of 52-68 bp in
length, consistent with the introns of other fungahes in the literature (Figure
3.31). The coding regions of fungal laccases anegdly interrupted by 8-13 introns
of about 50-90 bp in length and splicing junctionsually adhere to the 5'-
GT....AG-3 rule (Galhaup et al 2002). Several fungétons that contain consensus
splicing sites as observed in thecl at 5 and 3’ intron boundaries can be
examplified. Thelap2 gene ofTrametes pubescerad Iccl gene fromTrametes
villosa contain 8 introns (Galhaup et al 2002, Yaver et 14196), lcc3-2 of
Pycnoporus cinnabarinuandlcc2 of Trametes villoséhave 10 introns (Temp et al.
1999, Yaver et al. 1996)CVLG1 of Coriolus versicolor and Cs-Lcsl of
Ceriporiopsis subvermisporgossess 11 introns (Mikuni and Morohoshi, 1997,
Karahanian et al. 1998).
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YATGGGCTCCGGTCTTTTCAGCATCTTCGTCACCATCGCGGCCATCTCTGGCAG
CCTCGCTGCCATCGGGCCCAAGGCGGACCTCGTCATCTCGGACGCTGTCGTCA
ATCCTGATGGCACGCCCCGAGCTGCCGTCGTCGTTAATGGCGCATTCCCTGGCC
CCCTCATCTCTGGGAAGAAGgtaageesacatgticicteiatgggetataccacggctaategtectegteta
eGGTGATCACTTCCAGCTCAACGTGATCAACAAGTTGACCAACCACACTATGCT
GAAGACGACCAGTATAgtateccgstctgticictigeeetagciecestactcacgcageccteaagCACT
GGCACGGACTTTTCCAGGAACACACTAACTGGGCTGACGGTCCCGCTTTCGTC
AATCAATGTCCCATTGCTTCTGGACACTCCTTCCTCTACGACTTCCATGTGCCC
GATCAAGCCGgfacgtefcegeagagegcacgatgtcteggaaactcaatettcaatetggcgtctagGCACAT
ACTGGTACCACAGCCATCTTTCCACGCAGTACTGCGACGGATTGAGAGGGCCG
CTTGTCGTGTACGACCCCCACGATCCTCAGGCGCATCTGTATGATGTTGACAAC
GATGAgftcttteaatggcctegcatecgacacatticigacgtecgteatagateaCACTGTCATCACTTTG
GCGGATTGGTATCATGTCGCGGCCAAGCTAGGCCCGCAATTCCCgtgegtettectctict
aatigttacggagaagttcaifcatgtaatetiecagGAGGGGCGCAAACTCTACGCTCATCAACGG
CCTTGGACGAGCGGCGACTGATAGCACTTCCGATCTCAGTGTCATTACCGTTG
AGCATGGGAAGCGgtaageacagecaaatttcgegictiegaaageccgctcaictticgteatcttcagCTATC
GITTCAGGCTTGTATCCATCTCTTGTGATCCGAACCACACCTTCAGCATCGATG
GCCACAACATGACCATCATCGAAGTCGATGGCGTCAACAGCAAGCCCCTCACC
GTCGACTCCATCCAGATTTTCGCAGCCCAGCGCTACTCCTTCGT Ggtaagteagettea
ccacgeicatgicgacatagaactiaicegtaiciccatatagT TGAATGCTAACCAACCGGTGGACAA
CTACTGGATTCGTGCGAATCCGAGTGGCGGAACCGTGGGTTTCGAGGGCGGCA
TCAACTCTGCCATTCTCCGATACAAGGGTGCGCCGGATGCCGAGCCCACGAAC
ACGACCGCGCCGACATCTGTCATTCCTCTGGTGGAGACGAATTTGCACCCCCTC
AAGCCGATGCAAGT GgtacetetcatetetagtatigicectecaacgicegeteaccgtacacgaacagCCC
GGCCGGTCTGGTGTCGGTAACGTTGATTATGCGAAGACACTCAATTTCAACTTC
gieagiagcitgacicaagicatagacaaatgaacigagigetgagataiciitiatacaatcaccagAACGGCACCA
ACTTTTTCATCAACAATGCGACGTTCACCCCGCCCACAGTCCCCGETCCTCCTCC
AGATCCTGAGCGGAGCGCACAACGCGCAGGACCTCCTCCCCGCCGGGTCTGTT
TACACTCTTCCGCCGCACAGCGCCATCGAGATTACCATGCCGGCTACTACCCTA
GCCCCGGGATCTCCCCACCCCTTICCACTTGCACGGGetacgcataaatgecteacactaactet
caatcacacctecicacteatcgecttectettceacagCACGTCTTCGCTGTCGTACGCAGCGCCGG
CAGCACCGAGTACAACTACCACGACCCCATCTTCCGCGACGTCGTGAGCACCG
GCCAGCCCGGCGACAGCGTCACGATCCGGTTCATGACGGACAACCCGGGTCCG
TGGTTCCTCCATTGCCACATCGACTTCCATCTCGAGGCCGGCTTCGCCATCGETG
TTTGCCGAGGACGTGAACGATATCAAGTATGCGAACCCGGTCCCGCCGTCGTG
GTCGGAGCTTTGCCCCATCTACGACAAGCTCCCGGAGTCCGACCATTAG-¥

Figure 3.31 :Sequence dtcl gene fromPycnoporus sanguineddUCL 38531,
open reading frame is interrupted by ten introns.
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Table 3.12:Alignment oflccl gene with previously submitted laccase

sequences.

Accession Laccase Score Maximum
number identity
AF123571.1 Pycnoporus cinnabarinus laccase (Ilcag:8%, complete cds 2521 88%
AY510604.1 Pycnoporus sanguineus laccase gene letamguls 2484 87%
AY454306.1 Favolus alveolaris laccase gene, partial 1312 86%
AY331189.1 Pycnoporus sanguineus lacasse genélmals 1277 85%
AY333125.1 Daedalea quercina laccase gene, padsal 1255 85%
AY458017.1 Pycnoporus sanguineus laccase mRNA, menpds 2062 97%
FJ513077.1 Pycnoporus sanguineus laccase mRNA letenqus 1938 95%

AJ626679.1 Uncultured basidiomycete partial lac gene for lae¢c&xons 1- 263 90%
2, clone S17-Seql

AF185275.2 Ganoderma lucidum strain 7071-9 lacgase, complete cds 220 76%
Basidiomycete CECT 20197 phenoloxidase (pox2) gene,

U65400.1 217 75%
complete cds
AY147188.1 Pycnoporus cinnabarinus laccase (Lcehegcomplete cds 211 81%
AF025481.1 Pycnoporus cinnabarinus laccase (Icagdg, complete cds 211 81%
FJ473385.2 Ganoderma lucidum strain TR6 laccase, gemplete cds 209 75%
FJ425895.1 (I?c)j/é:noporus puniceus strain MUCL 47083 laccase gearéial 200 87%
EU714501.1 (I?c)j/é:noporus coccineus strain MUCL 38525 laccase,gearéal 200 87%
D13372.1 Coriolus versicolor CVL3 gene for laccasamplete cds 200 80%
F3425896.1 E&/gnoporus puniceus strain MUCL 47087 laccase gearéal 198 87%
EU683254.1 E&/gnoporus coccineus strain MUCL 38523 laccase,gearéal 195 87%
EU684160.1 Pycnoporus cinnabarinus strain MUCL 38420 laccaseg 189 86%

"~ partial cds
AF548034.1 Trametes sp. I-62 laccase (pox2) mRN/Amete cds 189 80%
EU678772.1 Pycnoporus sanguineus strain CIRM-BRFM 901 lacgase, 178 850

"~ partial cds 0
F3656307 1 Sdinoderma lucidum strain 7071-9 laccase mRNA, cetapl 161 81%
EU714499 1 E&/gnoporus sanguineus strain IMB W3008 laccase, graméal 247 84%
EU683257.1 E&/gnoporus sanguineus strain IMB G66 laccase gramgal 247 84%
EU678786.1 Pycnoporus sanguineus strain CIRM-BRFM 542 lacgase, 270 84%

"~ partial cds °
AY081188.1 Trametes versicolor laccase Il geneygiete cds 134 82%
Y18012.1 Trametes versicolor mRNA for laccase 122 1%8
ABQ072704.1 Pycnoporus coccineus lccl gene for BEoezomplete cds 121 75%
EU683256.1 Eé/;:noporus sanguineus strain IMB H2180 laccase, gramgal 117 750
EU683255.1 Eggnoporus sanguineus strain IMB G53 laccase gemgal 108 75%
EU683253.1 Eggnoporus coccineus strain MUCL 38527 laccase,genéal 108 75%
EU678784.1 Pycnoporus sanguineus strain IMB W006-2 laccase,gen 106 740

"~ partial cds ?
AB072703.1 Pycnoporus coccineus lccl mRNA for laecgomplete cds 95.3 87%
EU678783.1 Eé/;:noporus sanguineus strain IMB G05.10 laccase, gential 89 8 74%
AJ420899.1 Ganoderma lucidum partial lac2 gendaftzase, exons 1-7 82.4 80%
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3.3.2 Sequence dtc2 gene ofPycnoporus sanguineus MUCL 38531

Isolation of thdcc2 gene from the genome Bfycnoporus sanguineddUCL 38531
has been achieved by PCR, set up witltZ-forward” and ‘cc2-reverse” primers.
The fragment ca. 2.2 kb was cloned into the pDecieaing vector, positive plasmids
were selected and sequenced. Identity.of2 gene to other fungal laccases was
remarkably lower compared to the identitiy lo€1 and Icc2 gene exhibited 68%
identity with the complete sequence pufx 3 gene from the basidiomycete CECT
20197 (Mansur et al. 1997), 78% witlhametes spAH28-2 laccase ClgcC) gene,
partial cds (Xiao et al. 2006), 67% willmametes spAH28-2 laccase Al&cA) gene,
complete cds (Xiao et al. 2006) (Table 3.13). MesFolcc2 gene revealed 61%
identity with recently reporteBycnoporus coccineustrain BRFM 938 laccase gene
and 56% with laccase gene frddycnoporus sanguinewstrain BRFM 66 (Uzan et
al. 2010). Isolatettc2 gene has been submitted to the NCBI database.

Thelcc2 gene is 2296 bp and includes an open reading frdM&13 bp with 56%
GC content. The open reading frame is interrupted®introns as observed in the
lccl and the length of introns is between 53 and 6@ pag's and consistent with the
most fungal introns (Figure 3.32). Furthermore, ialfons have the consensus
sequences conserved in the eukaryotes at the ibirgpbite as GTRNGY (Y=C, T,
R=A, G; N=A,G, C, T) and at the 3’-splicing site &G (Giardina et al. 1999).

3.4 Expression of laccase cDNAs in Methylotrophic YeadRichia pastoris

Present study is the first report on the heteralsgexpression of both laccases of
Pycnoporus sanguineddUCL 38531. In this study, isolatddcl andlcc2 cDNAs

of Pycnoporus sanguinedMUCL 38531 were succesfully expressed in y&ashia
pastoris Cloning of cDNAs into the expression vector, gi@mmation of the yeast
and the studies performed to optimize the expmassonditions are explained

below.
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S ATGGAGGGATCGAGACCAACTCTTCTTCACATGTTCTCGTCCTTGGTITGTGA
COGTATCCCTCGUGATCTCOGTGTTAGCTGGAATAGGTCCCGTGACGGACTTG
ACGATCAGCAACGCCGACGTCTCTCCAGATGGCTACCAGLGAGCAGCGGTAG
TGGCAAACGGTGICATGCCCGLACCACTCATTACGGGCACGAAGGGCGACGA
GTTCAAGATCAATGTCATCAACAACCTGACGAATCATACCATGCTCAAGTCTA
CTAGTAT TgtatgticigacceicgtategacaagigegcetactgatacaatatcaaaccatigeagCACTGGC
ACGGACTATTCCAGAGGTCAACGAACTGGGUGGATGGCCCTGCCTTCOGTGAA
TCAATGTCCCATTGUGACTGGGCATTCATTCCTTITATGACTICCAAGTCCCAGA
CCAGGCCGgtacgegeatciccgnageccgeiagganciegcactaagiiizeactcrgeagGTACCTICTG
GTATCACAGTCATCTGTCCACGCAGTACTGCGATGGGCTGAGGGGCCCATTGG
TTGTGTACGATCCCAATGACCCTCACGCCAGCCTATACGACGTTGACAAC G
getatcgteagtaactegecagegacgacatgcigattgegiescpetog ATGACACGGTGATCACACTIG
CCGACTGGTACCACCTAGCCGCCAAGGTCGGCCCCAAGTTCC Cgtaagtettatcccan
cagaaaghcacgicgicgtegteaicicatttcgtentgancag TACACGCTCCGATTCGACGCTGATC
AATGGCCGLGGUCGLACGGCTGCAACTATCGUGGCGGAATTGACGGTCATCA
ATGTCACTCCGGGAAAGC Getagetictactcgaanteargiicgtacagecetctgatagacticgegeigea
fOTATCGTITCCGTCTTGTGTCAATCTCTTGCGATCCTGCCTACACTTTCAGCA
TCGATGGACATGACATGACCGTGATCGAGGCGGATTCAGTCAACACCCAGCC
ACTCGAAGTAGATTCCATTCCCATCTATACCGGGCAACGGTACTCCTTTGTGG
TTGAGGCGAACCAGCCAGTCGACAACTACTGGATTCGCGCAAACCCGATGGC
AGGCACGACCGGTTTCGAGGGCGGAATCAACTCAGCTATICTGAGGTACGAC
GGCGCGLCAGAGCAAGAGCCAACGACGGLCCCGGGCACGTCCACCAAGLCGT
TGAAGGAGACCGATCTCCATCCCCTGGTATCTATGLCTGT Getaageacgettgatace
agcatatagtcasccactiatagtatiatcacacagCCAGGATCTCCTGTCGCAGGAGGAGTTGAC
AAGGLCATCAACTTGGCCTTCCAGT TT gtaageggeaticticgracagetantgagecaangiteas
gectanatcacacerticieagGATGGCACGAAC TTCTTCATCAACGGTGCTACCTICAAG
CCCCCCACTACGCCTGTTICTCCTGCAGATCTTGAGCGGOGCTCAAGCCGCTIC
TGACCTCCTACCGTCTGGUGATGTCCACGTTTTGCCGTCCAACGCCACGATCG
AGCTCTCGTTCCCCGCAACCATCCAAGCTGGGGCCCCCCACCCCTTCCACTTG
CATGGGgtaagrcmgretpgtesaaatcaagegtagericteacgttictartcticagCATACTTTCGCTGT
TGTACGCAGCGCAGGCAGTACGGAATACAACTACGAGAACCCGATATTCAGA
GACGTGGTCAGCACCGGAGTACCTCAGGACAACGACAACGTGACTATTCGAT
TCCGGgteagteaccigicegeccicgeticanagatggeagargetanteateggeaag ACTGACAACCCC
GGCCCGTGGTTCTTGCATTGUCATATCGACTTCCACCTCGAGGCCGGCTTCGL
COTCATCATGGCCGAAGACACGCCCGAGACCAAGTCGACAACCCCGTGLCT e
taagtaaaccigecageaccgactiigtiacticetgeatgatcicactgatgptacaccatteag AATCTTGGACGE
ACCTTITGCCCTATCTACGACGUGCTGGACCCTAGTGATCTGTGAACGCGGGGT
CATCATTGAAGTCGCCTCGCTACACCTTCGCCTTGTTGGACATICTCCCATCTT
TCTTGCATCGCTATITGGACATTGGTCACTTGTTAATAAGCCAGTICATTTCGTG
GATAGTTATTIGGGGTCTGA -3

Figure 3.32 :Sequence dtc2 gene fromPycnoporus sanguineddUCL 38531.
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Table 3.13:Similarity of lcc2 gene to other known laccases.

Accession Laccase Score Maximum
number identity
U65401.1 Basidiomycete CECT 20197 phenoloxidase (pox3) gene, 244 68%
complete cds
AY839937.1 Trametes sp. AH28-2 laccase C (lacCggpartial cds 781 78%
M60561.1 C.hirsutus ligninolytic phenoloxidase getmmplete cds 288 64%
EU678775.1 (F;’é/scnoporus sanguineus strain BRFM 118 laccase gantigl 476 88%
AY839936.1 Trametes sp. AH28-2 laccase A (lacA)sggeomplete cds 466 67%
AF388910.1 White-rot fungus AH28-2 laccase genejaaequence 466 67%
EU684155.1 Pyc_noporus sanguineus strain CIRM-BRFM 881 lacgase, 469 88%
partial cds
EU678772.1 Pycnoporus sanguineus strain CIRM-BRFM 901 lacgase, 476 90%
"~ partial cds °
M60560.1 C.hirsutus ligninolytic phenoloxidase gecmmplete cds 269 64%
AY147188.1 Pycnoporus cinnabarinus laccase (Lcehpgcomplete cds 540 81%
EU678773.1 Pycnoporus sanguineus strain CIRM-BRFM 902 lacgase, 456 86%
"~ partial cds 0
AF025481.1 Pycnoporus cinnabarinus laccase (lcagefg, complete cds 540 80%
AY510604.1 Pycnoporus sanguineus laccase gene,letaguls 504 88%
EU678779.1 Pycnoporus sanguineus strain CIRM-BRFM 893 lacgase, 447 84%
partial cds

EU678776.1 Pyc_noporus sanguineus strain CIRM-BRFM 906 lacgase, 451 86%
partial cds

EU678768.1 Pyc_noporus sanguineus strain CIRM-BRFM 896 lacgase, 449 86%
partial cds

AF123571.1 Pycnoporus cinnabarinus laccase (Ilcag@§, complete cds 490 82%
Pycnoporus cinnabarinus strain BRFM 231 laccase,geartial

EU684154.1 cds 443 83%

EU684156.1 (F;é/scnoporus cinnabarinus strain BRFM 44 laccase,gearéal 452 86%

EU714500 1 Pycnoporus cinnabarinus strain CIRM-BRFM 945 laecas 452 84%
"~ gene, partial cds

EU683258.1 Pycnoporus cinnabarinus strain MUCL 30555 laccaseg 452 86%
"~ partial cds

AJ420900.1 gé/r(ig;)porus cinnabarinus partial mRNA for laccase3{1 499 81%

149377 1 Trametes villosa (clone LCC?2) laccase gene, exehs, 1 206 88%

complete cds

EU678780.1 Pycnoporus sanguineus strain CIRM-BRFM 897 lacgase, 492 84%
"~ partial cds

EU678767 1 Pycnoporus sanguineus strain CIRM-BRFM 895 lacgase, 416 84%
"~ partial cds

EU684159 1 Pycnoporus cinnabarinus strain CIRM-BRFM 237 laecas 241 83%
"~ gene, partial cds

EU684157 1 Eggnoporus cinnabarinus strain BRFM 247 laccase,geartial 441 83%

EU678782.1 Pycnoporus sanguineus strain CIRM-BRFM 905 lacgase, 398 83%
"~ partial cds

EU678781.1 Eé/;:noporus sanguineus strain BRFM 898 laccase gartial 413 83%

EU678771.1 Pycnoporus sanguineus strain CIRM-BRFM 900 lacgase, 407 83%
"~ partial cds

EU678770.1 Pycnoporus sanguineus strain CIRM-BRFM 899 lacgase, 418 849%
"~ partial cds 0

EU678769.1 (F:’é/scnoporus sanguineus strain BRFM 894 laccase gantigl 409 81%
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3.4.1 Cloning of the full-length laccase cDNA intthe expression vector

Laccase cDNAs were cloned into yeast shuttle espasvector pPICZB with its
own secretion signal sequence. Signal peptidesi@ressary to direct proteins into
the secretory pathway and the use of the signaleseg of recombinant proteins’s
itself is generally succesful for set up a secsexpression system, especially in
Pichia pastoris(Daly and Hearn, 2005). The pDrive cloning vedtarving the PCR
product and the pPICZB expression vector were tigesvith Ecarl and Notl.
Resulting fragments were recovered from the gellaaded with pPICZB using T4
DNA Ligase (Roche). Following to transformation &.coli Topl0 F with
lccY/pPICZB andlcc2/pPICZB constructs, sequencing was carried outotafien
that the laccase cDNA was in frame with the C-teahipeptide before yeast

transformation.

3.4.2 Transformation of yeast competent cells

Selected recombinant vectors were linearized withen5A0X1region withSad to
integrate into the 5AOX1region of host's genome via homologous recombomati
(Daly and Hearn, 2005). Recombinant pPICZB tramsterinto chemically
competentPichia pastorisstrain X-33 cells and laccase-producing transforisia
were selected on minimal methanol plates supplezdenith 0.2mM ABTS after
incubation for 3 days at 30°C. Laccase secretiagsformants oxidized the ABTS

and were identified by the green zone aroundPiichia colonies (Figure 3.33).
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Figure 3.33 : The agar plate assay to select Pichia pastorigmecants
containing laccase cDNA on minimal methanol media
supplemented with 0.2mM ABTS, A. Iccl transformamtsicc2
transformants.
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3.4.3 Laccase production

Positive transformants were assayed for extragelaccase production by growing
in liquid buffered minimal methanol medium. The amb of extracellular laccase
activity ranged from 10 Uito 55 UI*among 27 LCC1-producing clones and clone 3
was selected as the best LCC1 producer (Figure/).3dowever, the recombinant
LCC2 activity were between 2.5 Uhnd 35 Ul and the maximum activity was
observed for clone 8 (Figure 3.34-B). The bestdaecproducer clones were, then,

selected and used to study the time course actfitecombinant enzyme and to
characterize the recombinant enzyme.
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Figure 3.34 :Selection of the transformant with highest laccagerity in

buffered minimal methanol medium, A. Lccl, B. Lcc2
transformants.

114



3.4.4 Optimisation of expression conditions

High level protein production for any heterologopsotein is achieved by
optimization of expression conditions. Earlier $&sdreported the importance of pH
and copper availability on the activity of laccaseyme (O’Callaghan et al. 2002,
Liu et al. 2003), so laccase activity was comparedour different media as a
preliminary study for expression optimisation. Test laccase producer clones were
incubated in different media including buffered mal methanol medium (BMM),
buffered minimal glycerol medium (BMG), 0.2 mM Cu$S@dded BMM and 0.2
mM CuSQ - 0.3 % Ala containing BMM. Protein production Bichia pastorisin
the low pH media (pH 3.0) is known to be possibiéd sometimes it is preferable
(Yaver et al. 1996). But laccase activity resultssented here revealed that, pH of
the buffered minimal methanol medium (pH 6.5) wasrdased to acidic region in
the enzyme production phase because of the reldabgninolytic enzymes and
other excreted acidic factors (Majeau et al. 2000y pH in the buffered minimal
methanol medium and buffered minimal methanol mediwith CuSQ had
decreased the laccase activity compared to 0.2mBi0gand 0,3 % Ala containing
buffered minimal methanol medium (pH 6.5) and itynh@ due to the susceptibility
to acidic proteases (Figure 3.35). O’Callaghanle{2®02) explained the effect of
alanine by supposing the metabolism of alanineasgld ammonia that neutralised
acidic end products of methanol metabolism andeswed laccase activity was
observed in the alanine-add&chmetes versicololaccase producinBichia pastoris
cultures. pH-controlled culture by alanine increhiee laccase activity because of
the increased enzyme stability and the activity ve@ehed a maximum of 276 units
after 7 days in that medium. Oxygen availabilitys ldso an important impact on
heterologous production of laccase Richia pastorisand cultivation have been
carried out with 20% total volume of the shakingsis. Subsequently optimal
production of recombinant laccase was carried mwrims of exploring the effect of
nutrients and methanol concentration, cultivatiemperature on laccase activity.
Optimum copper concentration, as an inducer, hses laéen found for the laccase

activity.
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Figure 3.35 :Laccase production of Pichia pastoris transformamitsethanol
containing buffered minimal medium)( methanol free buffered
minimal glycerol mediums(), methanol containing buffered
minimal medium with 0.2mM CuSO4A(),methanol containing
buffered minimal medium with 0.2mM CuSO4 and 0.8%lBnine

(%).
3.4.4.1Effect of cultivation temperature
Heterologous protein expression is affected by rsdvinportant environmental
factors, such as pH, osmolarity, nutrients and aswowth temperature. Protein
folding/aggregation, secretion and stress respoase€ommon responses to those
factors (Gasser et al., 2007). Optimum growth tenaipiee forP. pastorisis usually
defined as 28-30°C and the previous studies hargalerd that a reduction of the
growth temperature for example 25°C could improlie tecombinant protein
production without preventing the growth (Gasserakt2007). Decreasing the
cultivation temperature was found to be benefi¢tal the laccase expression as
indicated in the study of Cassland and Jonsson9)198hanging the growth
temperature affects many cellular processes, inwudthe central carbon
metabolism, stress response and protein foldingw@r temperature may have a
strong impact on specific productivity by affectimggulation of specific genes.
Molecular links between protein folding and tempear@ was explored by different
works and specific productivity was revealed at tfamscriptional level. Host cells
react to recombinant protein production by variowetabolic and intrinsic stresses,
such as the unfolded protein response (UPR) patlandynduction of oxidative and
osmotic stress response genes are overlapped by [WWR& been explained that a
downregulation of environmental stress responsegencurs, while upregulation of
ribosome biogenesis genes and enhanced transaoripfidhe secretory pathway

components have been observed at lower temper&aresequently, the higher rate
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of correctly folded recombinant protein secreti@s bbeen accomplished (Gasser et
al. 2007, Graf et al. 2009, Dragosits et al. 20@8prder to observe the effect of the
temperature on the laccase activity, cells werevgrmm buffered minimal methanol
medium at 23°C and 28°C. Cultures were assayetthdéolaccase activity for 7 days
and the highest values were compared. Laccaseiti@gtivf the lccl culture for
seven days is given in the Figure 3.36. Basedhesetresults, both LCC1 and LCC2

cultures were cultivated at 23°C in this study.
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Figure 3.36 :Determination of the optimum cultivation temperatof P.pastoris
transformant expressing lccl cDNA in buffered miairmethanol
medium containing 0.2mM CuSO4 and 0.3% alanine.

3.4.4.2Effect of Methanol Concentration and Nutrients

The effect of the different media on the laccastvidg was tested with buffered
complex methanol medium (BMMY) and buffered minimalethanol medium
(BMM), containing 0.3 % alanine to eliminate pH exft. Pichia pastoris use
methanol as a sole carbon source and methanol ddexdadaily to induceédoxl
promoter to induce laccase expression. Effect iérdint methanol concentrations
(0.5 %, 0.75 % and 1 %) were also tested in the Bivdihid BMM medium at 23°C
for 7 days.

Expression of laccase depends on the growth conditimedium compositions and
strain. Tryptone and peptone are the favouriteogén sources. Although nitrogen
limitation is defined as the major factor for enbiag ligninolytic enzyme

production in some species, fungal laccases thatnmt affected by nitrogen

limitation should be preferred for large-scale prcttbn as the increasing growth rate
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of biomass causes improved laccase activity (Majetual. 2010). Collins and

Dobson (1997) reported the regulation of laccaggession inTrametes versicolor

at the transcriptional level by nitrogen, as ther@éased nutrient nitrogen
concentration caused the increased levels of lacod&BNA. Consistently, laccase
activity was about 7 fold higher in the BMMY, coimilag yeast extract and peptone,
by preventing the proteolysis of secreted protairtkis study.

Pichia pastorisis a methylotrophic yeast and uses methanol aseacarbon source.
Heterologous expression of the proteins is perfdriog cloning cDNAs into the
expression vector under the control of the proméiex1 of alcohol oxidase gene
which is induced by methanol. This strong promatercontrolled at the gene
transcription level and is used to drive the exgiges of high level of recombinant
proteins even with the single integrated copy ef gene of interest (Cereghino and
Cregg, 2000; Daly and Hearn, 2005). Therefore nmetheoncentration added to the
growth medium should be optimized to induce lac@tivity without inhibiting the
growth of cells. In this study, 1 % MeOH was thestbeoncentration to induce
expression (Figure 3.37), as observed in the regwnb laccases oPycnoporus
cinnabarinusandTrametes versicologxpressed i?. pastorig(Otterbein et al. 2000;
O’Callaghan et al. 2002). Consistently, Guo et(2D06) reported the enhanced
activity of recombinanfl. versicolorlaccase expressed Richia methanolicawith
increasing methanol concentration and 0.8% methhnel been explained as the
optimum concentration. However, Lu et al.(2009)orépd the 0.5% methanol as
optimumconcentratiorio induce heterologous laccase expressidpichia pastoris
Based on these results, recombinant LCC2 produdtam been performed in the

same medium and cultivation conditions.

In this study, different concentrations of coppelfsete was added into the BMMY
medium and the highest level of activity was 120"tin the culture grown in 0.6
mM CuSQ containing buffered complex methanol medium aftelays of growth in
shake flask and measured laccase activity was édeid higher than the control
sample grown in the BMMY without copper sulfate.l Aheasurements were
triplicated and standard devitiations have not gaheexceeded 10 % of the mean
values. It has been observed that the level ofae@ctivity in the control culture
was much more lower than the other cultures supghéed with copper sulfate
(Figure 3.39-B).
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Figure 3.37 :Eff_e(_:t of different media and methanol concentrato the laccase
activity.

Total protein concentration reached 143 rigalfter 8 days of growth and the
increasing copper concentration did not affect girotsynthesis degree, whereas
laccase activity was decreased due to the coppgrireenent of the enzyme
(O’Callaghan et al. 2002). Furthermore biomasshef ¢ulture, containing 0.6 mM
CuSQ, was lower than the other concentrations and ewencontrol sample,
indicating that the increased laccase activity waisdue to increased biomass and
increasing copper concentrations have not any tefffect on the biomass of the
cultures (Figure 3.38-A). Collins and Dobson (198&p)orted the effect of copper
concentrations on the laccase gene transcriptioal lef Trametes versicoloand
tested different concentrations of copper sulfatee amount of the highest laccase
transcript and activity was observed at 0.4 mM CySereas low level of laccase
transcripts detected in the absence of copper asredd in this study, suggesting
that the existence of a correlation between comoercentration and the of the
transcriptionlccl. The effect of different concentrations of coppeifate on the
LCC2 activity was also detected by adding coppéiatiinto the BMMY medium
and the highest enzyme activity was 148nl the culture grown in 2 mM CuSO
after 6 days of growth and measured laccase actias about 3 fold higher than the
control sample grown in the BMMY without copperfat¢ (Figure 3.38-B).
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Figure 3.38 :Effect of the different copper concentrations o LICC1 activity
of P.pastoris cultivated in BMMY at 23°C. A. Growtlofile,
B.Laccase activity of the culture.

Maximum total protein yield was 104 mg bn the 8th day of the growth. The
growth of cultures have not been affected with @asing concentration of copper,
whereas the OD600 values have decreased in thenoeesf 3 mM and more copper
concentrations (Figure 3.39-A, Figure 3.39-B). kRarimore, laccase activites of the

all cultures containing copper sulfate were higtien the control culture without
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copper. Fonseca et al. (2010) have reported tlogiper produced an increase of
constitutive laccases in fun@. applanatumPeniophora sp.C. versicolorand P.
sanguineus although biomass oPycnoporus sanguineusnderwent a growth

inhibition with 1 mM copper.

Expression levels obtained in this study for bo@d1l and LCC2 was remarkably
higher than the recombinant laccaség€noporus cinnabarinusxpressed iichia
pastoris with 8 mg I' (Otterbein et al. 2000) and recombinant lac4 daecof
Pleurotus sajor-cajuwith 4.85 mgf yield (Soden et al. 2002). Acquired
concentration of the recombinant protein was alghdr than lacl oPycnoporus
cinnabarinus heterologously expressed iAspergillus oryzae(80 mg 1) and
Aspergillus nige70 mg 1*) (Sigoillot et al. 2004). Recombinant laccase\tgtiand
protein production can be further increased withmfntor-based production as
reported by Colaet al. (2006).Trametes trogiLCC1 laccase in fermentor culture of
Pichia pastoriswas expressedith 14 fold higher activity than shake flasks cudt..
Furthermore LCC2 was expressed by using fermeniibr 286 mg T total soluble

protein concentration on the 6th day of the gro(@blao et al. 2009).

3.5 Purification of the Recombinant Laccases fronPichia pastoris

Pichia pastorisculture of LCC1 and LCC2 laccases were grown lrstiake flasks
containing BMMY supplemented with 1 % MeOH, 0.3 %aAand optimized
concentration of copper sulphate for 8 days. 1 nidnylmethylsulphonyl fluoride

(PMSF) was added to the culture supernatant tdiingerine proteases.

Following to ammonium sulphate precipitation, pnasewere purifed by using anion
exchange chromatography and size exclusion chragregby. Purified proteins
were visualized on SDS-PAGE and laccase activitg whserved by zymogram
analysis on the gel. The general purification téghes used for laccases involve
ultrafiltration, ammonium sulphate precipitatiomni exchange, gel filtration and
hydrophobic interaction chromatographies (Madhawd kele, 2009).

121



4 5 6
Time (days)
B
i B0Z2ZmM O04AmM MOSfmM HOSmM BHI1mM B 1L5mM

B2oM ®E25oM Z23mM QO4oM BCd

iz T
g p% é
2 B 7
/ b /
f e /
% . f
% b /
B 7

Time (days)

Figure 3.39 : Effect of different copper concentrations on thevgh (A) and
laccase activity (B) of LCC2 producing P. pastautture

3.5.1 Puirification of R-LCC1

Protein precipitation was carried out by adding ¢NBO, to the culture supernatant
and optimization of the ammonium sulphate concéintrtavas carried out by adding
the salt between 40 % to 90 % concentrations wit4lincrement at 4°C. Laccase
activity of the pellets have been tested and stiuravith 90 % salt was found as the
ideal amount for laccase precipitation. Followirgy drecipitation, the pellet was
resuspended in 20 mM sodium phosphate buffer, @Haid salts were removed by
ultrafiltration using Amicon Ultra-15 centrifugalter units. Sample was first applied
onto the Q-sepharose resin equilibrated with 20 sddium phosphate buffer, pH
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7.2 and eluted proteins at a flow rate of 2 ml ivere detected by the routine
laccase activity assay. Recombinant laccase wasessitlly separated from dark
brown colour present in the supernatant with theraexchange chromatography
and this procedure on Q-sepharose resin providefbl@2purification with a final
enzyme Yyield of 83.7 %. Activity of the fractionseme assayed by routine
measurement procedure. The resultant chromatograimalso active fractions are
shown in Figure 3.40-A. Pooled active fractions eveoncentrated by ultrafiltration
and the sample was loaded onto the Sephadex GdlOfm pre-equilibrated with
the same buffer to seperate proteins dependinghein sizes and fractions were
obtained with the flow rate of 0.3 ml minActive fractions were collected from the
first peak region in Figure 3.40-B , concentratad eesulted in 39.4 fold purification
with 44.5 % yield. The laccase activity, specifutiaty yield percentage and fold
purification values at all purification steps arenmsnarized in Table 3.14.
Recombinant LCC1 was purified fromichia pastorisculture with 82.7 U mg
specific activity and 44.5 % yield was more thae jield obtained by hydrophobic
interaction chromatography iRycnoporus sanguineu€CT-4518 (Garcia et al.
2007), and it was very close to tRe sanguineuselBMDO0O01 (Vite-Vallejo et al.
2009). Purified recombinant laccase was run on BD&-polyacrylamide gel and
purified laccase was monomeric and single band wath60 kDa was observed on
the SDS-PAGE. (Figure 3.41-A).

Table 3.14:Recombinant LCC1 laccase purification steps frémchia pastori

culture
Purification  Total Total Specific Recovery Purification
step Activity Protein Activity (%) Fold

V) (mg) (U/mg)

(NH4)2SO, 46122 22 2096 100 1
precipitation
Anion 38595 0.835 46221 83.7 22
exchange
Size 20548 0.248 82842 44.5 39.4
exclusion
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Figure 3.40 :Elution profile of recombinant LCC1 laccase appledA. size-
exclusion and B. anion-exchange chromatographynwadu

Laccase activity on the SDS-PAGE was observed égtitrg gel with ABTS and

green colour occured indicating the substrate dixadaafter several minutes of
incubation (Figure 3.41-B).

Fungal laccases are copper-containing glycoprateiesecular weight is between 55
and 85 kDa with 15-25 % carbohydrate and genemaliyerved as monomeric
proteins (Arora and Sharma 2010, Rodgers et al9R0@olecular weight of the
recombinant laccase was similar to other fungalcdaes and was not
hyperglycosylated in contrast to the recombinant L@otein of Pycnoporus

cinnabarinusexpressed irPichia pastoris(Otterbein et al. 2000). The molecular
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weight of the purified laccase was also consistetit the molecular weights of other
Pycnoporus sanguienwssrains reported by Pointing and Vrijmoed (2006) &arcia
et al. (2006).Furthermore, the feature of reacting with ABTS dre tSDS-
polyacrylamide gel indicates the strength of theyeme and its ability to use in the
applications in the presence of detergents, sucHeaslorization of textile dyes
(Dantan-Gonzalez et al. 2008).
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Figure 3.41 :Coomassie brilliant blue stained SDS-PAGE analgsurified
laccase from Pichia pastoris carrying lccl cDNAgld: Protein
molecular weight marker (Fermentas); lane 2: crexteact of
P.pastoris; lane 3: laccase from anion exchanga@iography;
lane 4: purified laccase by gel filtration chrongr&phy. B
Zymogram analysis on the SDS-PAGE stained with ABTS

3.5.2 Puirification of R-LCC2

Same purification procedures applied for LCC1 wias gerformed for purification
of recombinant LCC2 fronPichia pastorisculture. Proteins were separated from
dark brown colour present in the supernatant witie tanion exchange
chromatography and this procedure on Q-sepharosm ngrovided 26.7 fold
purification with a final enzyme vyield of 85 %. Hlon profile of the anion Exchange
chromatography is as in the Figure 3.42-A. Activactions were pooled, applied
onto the Sephadex G100 column and proteins areraedeby size exclusion

chromatography. Active fractions collected from finst peak region in Figure 3.42-
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B were concentrated and resulted in 17.4 fold mation with 26.6 % yield. The
laccase activity, specific activity yield percergagnd fold purification values at all

purification steps are summarized in Table 3.15.

Table 3.15:Summary of recombinant LCC2 purification frdPrchia pastoris

culture
Purification  Total Total Specific Recovery  Purification
step Activity Protein Activity (%) Fold

(V) (mg) (U/mg)
Crude 62349 23.2 2687 100 1
(NH,),SO, 52937 16.2 3267.7 85 1.22
precipitate
Anion 53735 0.75 71646.9 86.2 26.7
exchange
Size 16597 0.354 46936.2 26.62 17.47
exclusion
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Figure 3.42 :Elution profile of recombinant LCC2 laccase applogdA. anion-

exchange chromatography and B. size-exclusion catagnaphy
columns.

Purified recombinant laccase was run on 12% SD$agojlamide gel and the
molecular mass was approximately 62 kDa (Figur8-2)3 Laccase activity on the
SDS-PAGE was observed by treating gel with ABTS gnelen colour occured

indicating the substrate oxidation after severaiutes of incubation (Figure 3.43-B).

Recently Koschorreck et al. (2008) have been cldoad laccase isoenzymes from
Trametes versicoloand expressed them Richia pastoris Purified laccases were
migrated on the SDS-polyacrylamide gel and protemese about 72 kDa and they

supposed that the higher molecular weight comptodtie native enzyme was the
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result of the hyperglycosylation . pastoris Besides, Lu et al. (2010) reported the
recombinant laccase frofycnoporus sanguineus275, expressed iR. pastoris
with higher molecular weight than the native one. tBe contrary to these results,
neither R-LCC1 nor R-LCC2 was hyperglycosylatedresmolecular weight of the
two laccases on the gel was close to the theolretickecular weight of the deduced

amino acid sequences (Url-9).
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Figure 3.43 :SDS-PAGE analysis of purified laccase from LCC2dmeer Pichia
pastoris culture, A. Purified laccase, lane 1. &rmimolecular
weight marker (Fermentas), lane 2. crude extraét.péstoris, lane
3.pooled laccase fractions from anion exchangensatography,
lane 4. purified laccase, B. Activity assay on SB'SGE gel

3.6 Biochemical Characterization of Recombinant Laccase

Biochemical characterization is very important tdight the properties of enzyme at
the molecular and kinetic levels being a preretgi®r usage of those enzymes in
biotechnological and industrial applications. Biewhical characteristics of the
laccases has been reported extensively from basydietes and ascomycetes group
of fungi. In this study, purified recombinant lasea of Pycnoporus sanguienus
MUCL 38531 were characterized in terms of determgnenzyme activities at
different pH and temperatures and assaying effestewveral inhibitors on laccase
activity for the first time in the literature. Spiead characteristics and catalytic

properties were also examined.
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3.6.1 Determination of Optimum pH

The optimum pH of the recombinant laccases have betermined by measuring
activity at broad pH range from pH 2.0 to 7.0 fos 21M ABTS and 2.5 mM DMP
respectively. pH optima may vary with different strates or with laccase isozymes
of the same organism and each substrate of la¢wzesé@s own specific pH optima
for its oxidation (Jordaan et al 2004; Arora andu@ia 2010). The optimum pH of
the most fungal laccases are between 3.0 and 7.phfenolic substrates, whereas
optimum pH of plant laccases can range up to 9.plémt laccases. Furthermore, the
optimum pH for fungal laccases usually lies in #uedic range (between pH 3 and
pH 5) when ABTS used as substrate and increasingahlts causes loss of enzyme
activity. Optimum pH of the laccases from white-unigi is generally lower than the
laccases of brown rot fungi and this may be relébetthe involvement of the white-
rot laccases to the lignin breakdown, whereas dtterl act as detoxification agents
(Madhavi and Lele, 2009; Sinsabaugh 2010).

pH optima of both recombinant laccases characilizehis study was pH 3.0 for
ABTS, whereas pH 4.0 for DMP with a bell-shapedfipgdFigure 3.44) as proposed
by Xu et al. (2007). Those values were identicathwnative laccase from
Pycnoporus sanguinel®CC 108 (Litthauer et al. 2007) and also consistatin the
other laccases, POXC froRleurotus ostreatugPalmieri et al., 1997) antrametes
pubescengGalhaup et al., 2002). Furthermore, theoretidavglues of LCC1 and
LCC2 were predicted as 5.7 and 5.5, respectivétizX0).

Optimum pH profiles of laccases towards phenolibssiates are generally bell-
shaped as observed in this study and varies amiffiegedt laccases, because of the
varied contribution of laccase, phenolic substratel oxygen to the pH activity

profile. Activity profile of a laccase for a phemokubstrate is affected by both the
hydroxide anion binding to the T2/T3 coppers, caggo an inhibitory effect and

also the redox potential difference betweeen the copper site and reducing

substrate at higher pH (Xu 1997; Madhavi and L208)9; Sinsabaugh, 2010).

The structure and conserved residues of laccasestha important roles on the pH
profile. The architecture of the reducing substiateling cavity of the laccases has
two conserved residues histidine and aspartic aeittich are located in close
proximity to one other. Both residues are respdeditr the initiation of catalytic

cycle and the existence of these two dissociablar pesidues associated with the
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optimal acidic pH for the substrate oxidation. Sitbson of this residue with an
uncharged residue such as asparagine or alanineresaied in the decreasing
laccase activity at low pHs (Colao et al., 2009Q)rtkermore, replacement of the
aspartic acid residue with less polar or apolardies (Asn or Ala) shifted the
optimal pH to higher pH values for phenolic subtstsa Madzak et al. (2006)
reported a shift in the optimal pH for DMP towatdgher pH with Asp~Ala and

Asp—Asn substitutions. As the pH optima of recombinkagtases oPycnopurus

sanguineusare acidic, it may be suggested that there isarsaerved amino acid

substitutions in the substrate binding site.
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Figure 3.44 :pH optima of LCC1 (A) and LCC2 (B) laccases for ABand
DMP substrates

3.6.2 Determination of Optimum Temperature and Themal Stability

The optimum temperature of laccases may vary betwlee strains of an organism.
Here, the effect of temperature on LCC1l activityswanalyzed at different
temperatures using ABTS as substrate. Thermallisyatii enzyme was also assayed

by incubating enzyme at those temperatures forurshand measuring the retaining
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laccase activity at 25°C. Optimal temperature i®uab60 °C using ABTS as
substrate and the activity has decreased with asang temperature (Figure 3.45-A).
The enzyme was stable at 30°C more than a weelameere higher than 7 hours
for both 30°C and 40°C. Half-lives of the enzymaa&v80 min and 60 min for, 50°C
and 60°C respectively. Activity rapidly decreaséa\e 70°C and % 50 of activity
was retained after 30 minutes of incubation at 8(FiGure 3.45-B).

Optimum temperature for laccase activity is betw2@s87 °C and laccases of most
white-rot fungi is stable below 50 °C (Arora andaBha 2010). Maximum laccase
activity was observed at 60 °C and this value waghdr than the optimum
temperature of differerRycnoporus sanguinewsstrains (Garcia et al. 2006, Trovaslet
et al. 2007). Half-life of the R-LCC1 was 80 mit®, in and 30 min for 50°C, 60°C,
70°C and 80°C respectively. Thermal stability of ttnzyme was higher than the
recombinant laccase &fleurotus eryngiexpressed idspergillus oryzaewhich lost
its activity by incubation at 65°C for 30 min (Raglrez et al. 2008).
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Figure 3.45 :Optimum temperature (A) and thermal stability (Byecombinant
LCC1
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Figure 3.45 (continued):Optimum temperature (A) and thermal stability (8)
recombinant LCC1

The recombinant LCC2 laccase has also been testedisfthermal properties by
determining its thermotolerance and thermostabiliftp determine the optimum
temperature activity was measured at the conceteetperatures without pre-
incubation. Optimal temperature is about 30 °C gishBTS as substrate and the
activity has decreased with increasing temperafBrgure 3.46-A). The half-life
(t12) of the enzyme at 30°C and 40°C. were about 250am¢h45 min. Half-lives of
the enzyme were 30 min for 50°C and rapidly desgdaabove 50°C and % 50 of
activity was retained after 10 minutes of incubatad 70°C and 80°C (Figure 3.46-
B).

Optimum temperature of LCC2 was lower than LCC1 alsd LCC2 was less stable
because of the lower half-life at 30°C. Activity svalecreased more quickly in
increasing temperatures compared to LCC1. Althohglf-live of the Icc2 seems
very low at higher temperatures, optimum tempeeatiiranother white laccase from
Pleurotus ostreatysPOXA2 was about 25-35 °C ang was 12 min at 60 °C
(Palmieri et al. 1997). Similar results were repdrin the study performed with
another strain dPycnoporus sanguineu$wo laccase isoenzymes, namely Lac | and
Lacll were purified and molecular weight of Laclsvaigher than Lacll as observed

for R-LCC2. Optimum temperatures were 30°C and 50f€spectively.
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Thermostability of Lacl was less than Lacll andshaesults were consistent with
our data (Garcia et al. 2006).

Thermal stability of laccases correlates with thewgh temperature of the source
organism significantly. Thermostable laccases hgeeerally been isolated from
bacteria since fungal laccases quickly losses #wivity at temperature over 60°C,
but Coriolopsis and Trametesspecies are higher stability than other groups of
basidiomycete. Although they have higher stabilihgrmal properties of different
isozymes and isolates may differ (Hilden et al. §00Consistently, thermal
characteristics of LCC1 and LCC2 laccases arerdifteboth in thermostability and
thermotolerance. Thermotolerant response and thstafitity of laccases result from
several factors including 3D protein fold and pagkipresence of metal ions, such as
existence of four copper ions, and internal profestures, like salt bridges (ionic
bonds) and dense hydrogen bonding. For examplesii@plof copper ions both
inactivate laccase and uncouple the protein domaind changes in protein
conformation causes to loss of activity at elevaesdperatures (Bonomo et al. 2001,
Hilden et al. 2009).

Laccases fromPycnoporusgenus also have similar optimum temperature and
stability characteristics witlCoriolopsis Although LCC1 stability was higher than
LCC2 and some laccases from differdPycnoporus sanguineustrains, 1, of
laccase from SCC108 was 170 min at 75°C for thdaiaon of DMP (Litthauer et al.
2007). This could be due to the lack of hyperglytatson, providing stability to the
enzyme by stabilizing the conformation and preventthe heat denaturation.
Furthermore glycosylation type and its positionoaddfects the thermal behaviour
more than the attached amount of glycosylationh frotein. The carbohydrate
composition of laccases are between 10 and 25 %glyudsylation is suggested to
have roles in the stabilization of the conformatiothe secretion of proteins and
sensitivity to proteases (Hilden et al. 2009, Ergyeit al. 2003, Uzan et al. 2010)
Proline content has also known as its propertynofeéasing the stability by causing
tight packing. Proline content of LCC1 (8.3 %) waere than the proline contentof
LCC2 (7.5 %), assuming the reason of the thernadilgly of LCC1 compared to
LCC2.
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Figure 3.46 : Temperature optima (A) and thermal stability (By@tombinant
LCC2

3.6.3 Substrate specifity

The substrate specifity of the laccase was exaimioedifferent compounds as in
the order of ABTS, DMP, guaiacol, ferulic acid, es&tol and tyrosine by analyzing
laccase activity. Extinction coefficient and wavejeths used in the activity
calculation is listed in Table 3.16. As observedha other laccases purified from
different Pycnoporus sanguineus strains, the regmanbP. sanguineudaccases

LCC1 and LCC2 oxidized a range of substrates, luticg nonphenolic

heterocyclic compound ABTS and monoaromatic phersubstrate DMP (Lu et

al. 2007, Garcia et al. 2007, Uzan et al. 201@kdase activity of both LCC1 and
LCC2 for ABTS was higher than the other substrdtascase activity for ABTS and
DMP were also higher than guaiacol, ferulic acidd azatechol. Recombinant

LCC1land LCC2 laccases did not oxidize tyrosine gp@al laccase.
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Laccases are classified as low-, medium- and heglastion potentials for the copper
sites and fungal laccases have higher reductioenpats than other organism’s
laccases (Rodgers et al. 2009). Phenols are typidadtrates of laccases and have
lower reduction potentials allowing electron absficn by type 1 copper. DMP,
guiacol and syringaldazine are commonly used plesabstrates. Laccases are also
able to oxidize other electron donating substrdtasexample the most commonly
used substrate ABTS which is not pH dependent apes chot form quinones
(Giardina et al. 2010; Majeau et al. 2010).

Table 3.16:Laccase activity of LCC1 and LCC2 for different strates

emax (M Wavelength  Activity (U ml’)

Substrate Concentration cm™? (hm) LCC1 LCC2
ABTS 5.0 36000 420 13,7 152
DMP 5.0 35645 470 12 0.25
Guaiacol 5.0 6400 436 0,175 ND*
Ferulic acid 5.0 12483 287 0,033 0,215
Catechol 5.0 2211 450 0,028 0.02
Tyrosine 3.0 280 0 0

*ND: Not determined

3.6.4 Effect of inhibitor compounds on laccase asfity

Inhibitory effects of known laccase inhibitors, s8od azide, sodium fluoride, L-
cysteine, SDS and metal chelator EDTA on the lazeasivity were analyzed after
the incubation of enzyme with those compounds &C3fbr 5 min. Inhibition

percentage was calculated by comparing retainitigitgowith control sample.

The general inhibitors of metal-containing oxidases sodium azide or fluoride,
several sulfhydryl organic compounds, such as dlitineitol, thioglycolic acid, L-
cysteine, metal ions (e.lylg>", C&*, Sit*, B, Co**, Cf*, Mn?*, Zr?"), fatty acids,
EDTA and quarternary ammonium reagent®aldrian, 2006; Johannes and
Majcherczyk, 2000, Arora and Sharma, 2010). In stisdy, LCC1 laccase was
strongly inhibited by typical inhibitors of Pycnops genus, sodium azide and
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sodium fluoride with 99.97 % and 99.0 %, respedyivé.0 mM L-cysteine had also
caused 96 % inhibition, whereas the most effectingition was observed with 100
% at 1.0 mM L-cysteine for LCC2 (Table 3.17). Fertimore, a respectable
inhibitory effect of SDS has been observed on Ho@iC1 and LCC2. Laccase
purified from Pycnoporus sanguineuSCT-4518 was also strongly inhibited by
sodium azide, sodium fluoride and L-cysteine (Gaetial. 2007). Chelating agents,
such as potassium cyanide, cysteine, sodium anded&DTA are present in some
wastewaters and are the potential laccase inh#bitonic strength of the solution
affects enzymatic performance as well as the slitlyloif reaction products and high
ionic strength can totally inhibit laccase activ{fylajeau et al. 2010). Smaller and
more electronegative halides inhibit laccase agtivian other halides in the periodic
table (fluoride>chloride>bromide). Small anion ibitors such as halides bind to the
type 2 and type 3 copper and cause interruptiaiefnternal electron transfer and
activity inhibition by blocking Access to the tridear copper cluster. Furthermore,
X-ray structures revealed that an azide sits antbadype 3 coppers in one bacterial
laccase structure and the most effective inhibitwese declared as the azide and
fluoride in terms of their capacity of lowering mdly by 50% at micromolar
concentrations (Rodgers et al. 2009, Colao et @9 The inhibitory effect of
reducing agents L-cysteine and B-mercaptoethansl leen suggested due to
breaking disulfide bonds between sulfur containargino acids in the enzyme
(Garcia et al. 2007). Metal chelator EDTA was notedficient inhibitor, especially
for LCC2, consistent with the other reported laesagdordaan et al. 2004).

Table 3.17:Inhibitory effect of different compounds on laccasgivity

Inhibition (%)

Compound Concentration (mM) LCC1 LCC2
Sodium azide 0.01 96.75 97.36
0.1 99.97 99.96
Sodium fluoride 0.1 90.2 ND
1 99.0 ND
L-cysteine 0.1 40.5 99.14
1 96.0 100
SDS 0.1 90.93 91.2
1 91.73 98.89
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3.6.5 Catalytic properties

Catalytic performance of the recombinant enzymeewreasured by determining

Michaelis constant (Km), turnover number (kcat)d apecifity constant (kcat/Km).

Enzyme activity was measured with different coneidns of ABTS (0.1 — 5 mM)
and DMP (0.05 - 10 mM) as substrate. Michaelis-Mantonstant Km and Vmax
values were calculated using GraphPad Prism pragkamvalues of R-LCC1 were
1.355 mM and 0.442 mM for ABTS and DMP respectiyeipereas R-LCC2 have
0.277 mM and 8.39 mM towards ABTS and DMP . Botméwer number and
specifity constanvalues were higher than the kcat and kcat/Km ré&iio DMP
(Table 3.18).

Kinetic parameters of R-LCC1 and R-LCC2 were deteech by using ABTS and
DMP as substrates. Although recombinant LCC1 sekave lower affinity for
ABTS than DMP with its higher Km value, turnovemnioer for ABTS was 39.5 fold
higher than DMP proving that ABTS was oxidized éasthan DMP and ABTS
seems a better substrate for R-LCC1 in terms dfiffyeconstant. However, affinity
of R-LCC2 for ABTS was remarkably higher than thBlB, since Km value of R-
LCC2 for ABTS was lower than the DMP. Moreover,ntover number for ABTS
has been 5.4 fold higher than the turnover numbddMP and it bares the faster
oxidation of ABTS than DMP as observed in the R-ICThe turnover number can
be diverse and varies with each laccase from éifiteorganisms or strains. The Km
value of R-LCC1 for ABTS was 1.85 fold lower andakevas 1.3 fold higher than
the Lac4 laccase fromleurotus sajor-cajuexpressed iPichia pastoriswhile Km
for DMP of R-LAC4 was 3.7 fold and kcat was 24 fdligher than R-LCC1 (Soden
et al. 2002). Although affinity of R-LCC1 for botkBTS and DMP were lower than
native laccases from different reportegcnoporus sanguinewstrains (Trovaslet et
al. 2007, Litthauer et al. 2007, Vite-Vallejo et @D09, Lu et al. 2007), catalytic
efficiency (kcat) values indicating that the rateconversion for the substrate of the
recombinant enzyme remarkably was higher than eathes. Specifity constants of
the reported native laccases are generally closezhth other and were two fold
lower than the recombinant laccase for ABTS. Furttzge, native laccase reported
by Lu et al. (2007) had 79.6 fold lower constanarnththe recombinant LCCL1.
Catalytic properties of the several native or rebirant fungal laccases are given in
the Table 3.19.
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Table 3.18:Kinetic parameters of recombinant LCC1 and LCCZ2daes oP.

sanguienuMUCL 38531
Laccase Substrate Vmax Km kcat kcat /Km
(umolmin*l™) (mM) (min™) (mMM™min™)
LCC1 ABTS 11538 1,355 9,65.40 7,12.14
DMP 292,15 0,4415 2,44310 5,52.14
LCC2 ABTS 1907,7 0,2768 1,740 6,14.10
DMP 350,9 8,389 3,14.30 3,74.16

Table 3.19:Catalytic properties of previously reported funigaicases

Laccase Substrate Km kcat kcat/Km Reference
(mM)  (min™) (mMM™*min™)

P. sanguineus ABTS 0,106 3,56.10 3,36.1d Vite-

CELBMD 001 Vallejo et
al. 2009

P. sanguineus ABTS 0,077 68,87 8,94.10 Lu et al.

China 2007

P. sanguineus ABTS 0,13 2,88.1b 2,2.1d Litthauer

SCC108 et al. 2007

P. sanguineus DMP 0,052 1,26.10 2,4.1d Litthauer

SCC108 et al. 2007

P.sanguineus ABTS 0,018 570 3,16.10 Trovaslet

MUCL 41582 et al. 2007

P. sanguineus ABTS 0,032 1,42.10 4,4.10 Uzan et al.

BRFM 902 2010

P. sanguineus ABTS 0,033 1,28.10 3,9.106 Uzan et al.

BRFM 66 2010

Pycnoporus ABTS 0,026 1,310 510 Uzan et al.

coccineus BRFM 2010

938

P. sanguineus ABTS 0,0026 6,33.70 2,4.16 Lu et al.

H275 expressed in 2010

P.pastoris

Wt-MtL_fungus ABTS 290 7,9.10 2,7 Bulter et
al. 2003

Wt-MtL_yeast ABTS 270 80 0,3 Bulter et
al. 2003

Pleurotus sajor- ABTS 2,5 7,416  2,96.10 Soden et

caju Lac 4 al. 2002
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Recently Uzan et al. (2010) reported two laccasems fPycnoporus sanguienus
BRFM 66 and BRFM 902, which Km values have beenelothan the values of
other describedPycnoporus sanguineukiccases and proved that the catalytic
properties of the laccases from the different sgaif the same species could be

varied.

Difference between catalytic properties of the rebmant laccase isoenzymes may
have been resulted from the difference of the tiras of both laccases. Colao et al.
(2009) observed a difference between the moleeutditecture of two recombinant
laccase offrametes trogiiwith regard to two spatially closed residues sumding
the substrate cavity, Thrl64 and Ser264 of Lccleweplaced by Phe 163 and lle
265 in Lcc2 by affecting the capacity of enzymeteract with polar groups on the

ligands.

3.7 Demonstration of the Functionality of Recombinant laccases

Following to characterization of the purified redoinant laccase LCC1 And LCC2,
functionality studies of the recombinant laccaseewgerformed. In vitro synthesis of
antibiotic cinnabarin and textile dye biosynthesisre performed by using the

recombinant laccases.

3.7.1 Synthesis of Cinnabarinic Acid by in-vitro oxdation of 3-HAA

In this part of the study, the formation of the ptxeazinone derivative, cinnabarinic
acid synthesis by recombinant laccases LCC1 and2L@@ified fromP. pastoris
has been aimed. The o-aminophenol 3-hydroxyantivawid (3-HAA) is one of the
tryptophan metabolites along kynurenine pathway @dhe precursor of the
phenoxazinone derivative, cinnabarinic acid (CAHAA is converted into CA
through the oxidation by horseradish peroxidase,elaperoxidase, catalase,
tyrosinase, glucose oxidase and also laccase. dmeafion of phenoxazinone ring
from anthranilate precursors starts with 6 electowidation of precursor 3-HAA and
is followed by any of several reaction sequencésofiwhich proceed reactive
intermediates such as quinone imines and resultienphenoxazinone ring of
cinnabarinic acid. In this study, 20 ug of reconalinlaccases LCC1 and LCC2 was
added to a solution of 1 mM 3-HAA in dissolved 1 afl50 mM sodium tartrate
buffer (pH 4.0) and prepared mixture was incubated0°C. Oxidation of 3-HAA
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was monitored spectrophotometrically at 10, 30 &ddminutes and 6 hours of
incubation. For all time intervals, oxidation ofHAA was also monitored as
increasing absorbance at the 325 nm wavelergtbphilized form of cinnabarin
pigment, chemically synthesized in our laboratoejobe, has been also prepared in
the 50 mM sodium tartrate buffer (pH 4.0) and uasgositive control in all of the
HAA oxidation studies. Both laccase with HAA reactiand lyophilized form of
cinnabarin was scanned between 250 nm and 500 nmelevgths with UV visible
spectrophotometer. An increment in the absorbamcé5@ nm and red pigment
formation were observed with time, revealing t68& was formed by oxidation of
3-HAA (Figure 3.47 and Figure 3.48). As consisteith our data. in the literature it
was reported that cinnabarinic acid (CA) had forraétdr oxidation of the precursor
3-hydroxyanthranilic acid (3-HAA), by laccases (Edget al. 1995, Bruyneel et al.
2008).
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Figure 3.47 :Changes in the UV-visible spectrum during the ottadaof 3-
hydroxyanthranilic acid by P cinnabarinus lacc&mnditions: 50
mM sodium tartrate buffer (pH 4.0), 1 mM substrated 20 ,ug
enzyme at 30°C in a 1-ml reaction volume. Timervdés are given
in
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Figure 3.48 :Comparison of the UV-visible spectrums of chemicainthesized
cinnabarinic acid, HAA with Iccl laccase and HAAthaut laccase
samples

In order to also characterize the observed red @nyyftHPTLC analysis of 3-HAA,
recombinant laccase-catalyzed reaction of 3-HAAiclhvas synthesized at 6 hours
of incubation and also CA, was performed on silieh plates using butanol/acetic
acid/water (4:2:1) as the mobile phase. After degwelent, the plates were dried and
scanned (Camag TLC scanner 3 under software canftdlinCats v. 1.3.2) at 325
and 450 nm wavelengths. The images of the HPTL mhthe samples, visualized
at white light and UV light at 366 nm and 254 nmvelangth is diplayed in Figure
3.49. Blue fluorescence has been observed forpbis ®f 3-HAA, whereas CA has

observed as orange-red colour at 366 nm wavelength.

Following to the scanning of plate at 325 nm and 46n wavelength, major
significant spots were appeared at about Rf 0.784dAA, at Rf 0.58 for CA and
Rf 0.59 and 0.78 for 3-HAA oxidation samples catall with LCC1 and LCC2. 3D
visualization of HPTLC chromatogram is given in g 3.50. The Rf values for 3-
HAA and CA was closed to the reported Rf values20a®d 0.51 respectively
(Eggert et al. 1995).
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A

Figure 3.49 :Separation of laccase catalyzed oxidation of 3-twygnthranilic
acid products by high performance thin layer chrimgi@phy
(HPTLC), Plate was displayed at white light (A§63nm (B) and
254 nm(C); lane 1. Negative control, containing ¥ idydroxy-
anthranilic acid without enzyme, lane 2. Positieatcol,
cinnabarinic acid without enzyme, lane 3. 1mM hygamthranilic
acid with LCC1, lane 4. 1mM hydroxyanthranilic agith LCC2
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Figure 3.50 : Three dimensional analysis visualization of semeraamples on
TLC plate at 325 nm and 450 nm wavelengths, sathpiegative
control, containing 1 mM Hydroxy-anthranilic acidtiout enzyme,
sample 2. Positive control, cinnabarinic acid withenzyme,
sample 3. 1mM hydroxyanthranilic acid with LCCligde 4. 1mM
hydroxyanthranilic acid with LCC2
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Absorbance values were consistent with the wavétengaxima of HAA and CA
and CA spots had higher values than HAA spots at8, whereas 3-HAA spots
absorbance of were higher at 325 nm (Table 3.2bleTa.21). All of the obtained
results by both UV-visible spectrophotometry andTH@ indicated that, the red
pigment synthesized by recombinant laccase catdlgzalation of 3-HAA was the

phenoxazinone derivative cinnabarin.

Table 3.20:Rf values of significant peaks and absorbanceshefsamples on t
TLC plate scanned at 450 nm wavelength

Sample Peak Rfvalue Absorbance (AU)

250 nm number
Negative control 1 0,60 39,4
2 0,78 24,1
Positive control 1 0 12,0
2 0,35 49,7
3 0,58 304,5
HAA with LCC1 1 0 12,2
2 0,4 16,9
3 0,46 27,5
4 0,59 336,7
S 0,77 19,1
HAA with LCC2 1 0,59 265,6
2 0,78 23,0

Table 3.21:Rf values of significant peaks and absorbanceh@fsample
on the TLC plate scanned at 325 nm wavelength

Sample Peak Rfvalue  Absorbance (AU)
325 nm number
Negative control (3-
A ® ! 0,01 61,4
2 0,06 70,7
3 0,14 69,0
4 0,24 46,1
5 0,78 95,3
6 0,95 24,5
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Table 3.21 (continued):Rf values of significant peaks and absorbancethef
samples on the TLC plate scanned at 325 nm

wavelength
Sample Peak Rf value Absorbance (AU)
325 nm number

Positive control (CA) 1 0,01 61,6
2 0,05 84,3

3 0,14 70,1

4 0,22 58,1

5 0,58 52,8

6 0,80 65,8

7 0,97 19,5

HAA with LCC1 1 0,01 55,6
2 0,18 53,9

3 0,29 32,2

4 0,59 64,1

5 0,78 101,3

6 0,97 16,2

HAA with LCC2 1 0 59,7
2 0,15 57,8

3 0,28 27,9

4 0,34 18,1

S 0,59 41,2

6 0,78 119

7 0,92 14,4

3.7.2 Textile Dye Biosynthesis by Recombinant Lacsas

Natural dye biosynthesis for textile coloration & alternative to synthetic dyes
because of being friender to the environment asd strict environmental standards
accepted by many countries has been growing rgce®diveral novel textile dyes
had been obtained by screening of fifteen precarand their coupling reactions by
our group previously (Kahraman, 2008). In thisdgtusynthesis of an azo dye
named as ITU-G, which can be used in textile coloma via recombinant laccase-
mediated coupling of dye precursors 3,5-Dinitror2iraothiophene (P6) and 3 cyano
4 methyl 6 hydroxy N ethyl 2-Pyridone (P8) and ITW-from 2-amino 4-
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nitrophenol (S2) and 2-Aminophenol-4-sulfonic a¢iB) have been aimed. Dyes
were synthesized succesfully from different dyecprsors (25 mM) by incubating
with 10 U/ml recombinant laccase in 100 mM tartiauéfer, pH 4.5.

Parallel reactions were set up with individual jpsors without laccase (blank), two
precursors without enzyme, individual precursorthwecombinant LCC1 or LCC2

enzyme and two precursors with enzyme in 1.5 mésudnd incubated for 12 hours
at 30°C. The reaction of S2 and S3 precursors iitbmbinant laccases resulted in
orange-red colored ITU-11, while green color oledinfrom laccase catalyzed
oxidation of P6 and P8 precursors. Synthesized dggs shown in Figure 3.51 as in
the order of ITU-11 (A) and ITU-G (B). As shown kiigure 3.51 there was no color
change in the reactions containing precursors witHaccase as opposed to the

reactions containing laccase.

$2+S3  $2+4$3+LCC1 At | PERREEHEGsH

L = ! = 38

e |

A E

Figure 3.51 :ITU-11 (A) and ITU-G (B) dyes synthesized from relat
precursors by laccase catalyzed reaction

To characterize the reactions mentioned above, lpghformance thin layer
chromatography was carried out and dye mixturegweperated into the individual
components. The analysis was performed on alumjplatad silica gel plates and 10
ul samples were spotted on the plates aflutanol, acetone, water, ammonia
(5:5:1:2, vol/vol) was used as mobile phase. Theenent of the spots on the plate
was observed at white light, 366 nm and 254 nm Veanghs of UV light. HPTLC
plate images irradiated at 366 nm wavelength aosvshn Figure 3.52 for ITU-G
and ITU-11 respectively.
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B

Figure 3.52 :High performance thin layer chromatographic sejpanaif laccase
catalyzed textile dyes, (A) ITU-G; sample 1. Pénpke 2. P8,
sample 3. P6+P8, sample 4. P6+LCC1, sample 5. P8t €&ample
6. P6+P8+LCC1, sample 7. P6+LCC2, sample 8. P8+L.G&#aple
9. P6+P8+LCC2, (B) ITU-11; lane 1. S2, lane 2.188¢ 3. S2+S3,
lane 4. S2+LCC1, lane 5. S3+LCC1, lane 6. S2+S3+1,d4he 7.
S2+LCC2, lane 8. S3+LCC2, lane 9. S2+S3+LCC2
Negative control reactions containing dye precwsseithout enzyme and positive
control reactions of individual precursors with gmes were set up to compare the
profiles of the spots on the TLC plate. Plates vesmanned between 200 nm and 800
nm wavelengths and separated components were adadbyzcomparing the rates of
migration and also absorption values of the samased on the multiwavelength

profiles of the plates 400 nm was chosen for evalnaf the Rf values.

The 3D-HPTLC chromatogram at 400 nm in Fig 3.53wsltloe characteristic traces
of ITU-G with their peaks. Specific and significaRt values of seperated ITU-G
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samples are shown in Table 3.22. Characterizatiothe® synthesized dyes were
carried out by comparing the retention factors. @xdmg to the compared Rf values
of significant spots, P6+P8+LCC1 sample gave thpmnspot at about Rf 0.90 with

green color, while LCC2 gave this spot at Rf 0.8thwhe same color. Because of
the difference of those Rf values from the othengas and observed green spots

could be the result of laccase-catalyzed oxidatougpling of P6 and P8 precursors.

y g  200.0
/

A
200.0 (AU

[AU] A 100.0

1000 A o ——

Figure 3.53 :3D visualization of seperated samples on HPTLCepd@td00 nm
wavelength

The 3D visualized HPTLC chromatogram of ITU-11480 nm is given in Figure
3.54 and significant Rf values of the characteristaces with their peaks are
demonstrated in Table 3.23. The compared Rf vatfiesgnificant spots revealed
that, all S2+S3, S3+laccase and S2+S3+laccasedigificant spots, appearing at
Rf 0.07, Rf 0.5, Rf 0.69 and Rf 0.77, whereas S&dae and S2+S3+laccase
reactions gave one more spot at Rf 0.81. Besidesyrbance of the mentioned two

precursors with enzyme was about 1.61 fold more thdividual S3 with laccase.
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Considering these results, it can be concludedIiiat1l had resulted from laccase-
catalyzed oxidation of S3 precursor, not coupliegNeen S2 and S3.

Table 3.22:Rf of significant peaks detected in ITU-G synthegations b

HPTLC
ITU-G (400 nm) Peak Rf value Absorbance (AU)
number

P6 1 0,04 14,1
P8 1 0,63 14
P6+P8 1 0,02 12,4
P6+LCC1 1 0 10,8
P8+LCC1 1 0,64 12,8
P6+P8+LCC1 1 0,42 23,8
2 0,64 18,6

3 0,90 51,3

P6+LCC2 0 0 0
P8+LCC2 1 0,63 17,2
P6+P8+LCC2 1 0,41 12,5
2 0,64 14,9

3 0,87 16,7

7000
(AU

~ S000

2000

2000

= 1000

no

Figure 3.54 :3D visualization of ITU-11 samples on HPTLC plat&l@0 nm
wavelength
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Table 3.23:Rf values of significant peaks detected in ITWU-synthesis reactions

HPTLC
ITU-11 (400 nm) Peak Rf value Absorbance (AU)
number

S2 1 0,07 120
2 0,45 70

3 0,53 105

4 0,65 81

5 0,75 102

S3 1 0,1 205
2 0,45 70

3 0,52 260

4 0,65 125

5 0,75 325

S2+S3 1 0,07 51
2 0,5 500

3 0,69 190

4 0,77 150

S2+LCC1 1 0,1 125
2 0,42 158

3 0,52 82

4 0,63 100

5 0,7 25

S3+LCC1 1 0,07 60
2 0,5 350

3 0,69 120

4 0,77 80

S 0,81 60

S2+S3+LCC1 1 0,07 75
2 0,5 470

3 0,69 180

4 0,77 125

5 0,81 97

S2+LCC2 1 0,1 108
2 0,43 130

3 0,62 75

4 0,72 42

S3+LCC2 1 0,07 68
2 0,46 380

3 0,51 115

4 0,73 102

5 0,81 263

S2+S3+LCC2 1 0,07 70
2 0,51 138

3 0,81 360
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Although continuous search of several industrieBng out new harmless ways for
dye synthesis, there are only limited number oflists exist in the literature about
laccase-catalyzed natural dye biosynthesis. Bibggis of yellow colored food
colorants by laccase-catalyzed oxidation of feraltd in a biphasic hydro-organic
medium had been reported recently. By achievingravgd control of synthesis,
color stability in the food coloring had been obh&l and these compounds were
suggested as food colorant for the replacemenymthstic colorants like tartrazine
(Mustafa et al. 2005). Enaud et al. (2010) repottesl biosynthesis of the first
sulfonic azoanthraquinone dye, named Laccase A&d R, through enzymatic
coupling of aromatic amine monomers. The commerldatase fromTrametes
versicolor was used as biocatalyst in the study and the rdmadye was not
cytotoxic, showed no mutagenic effect and the dyeproperties showed its
industrial potential. By means of the synthesigho$ ecofriendly compound, safe
and environmentally friendly routes to azo sye Yadesis had been opened.
Similarly, following the characterization of thendliesized colored solutions ITU-G
and ITU-11, dyeing capability experiments shoulgbgormed and it should also be
tested in terms of its antimicrobial activity, toxy for mammalian cell lines,

mutagenicity and also for ecotoxicity in future \wer
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4. CONCLUSION AND RECOMMENDATIONS

The purpose of this research was to achieve isolaif laccase encoding genes from
white-rot fungiPycnoporus sanguineddUCL 38531, the heterologous expression
of those laccase cDNAs and also purification amtthemical characterization of the
recombinant laccases. Laccases (benzenediol:oxyggeloreductase, EC 1.10.3.2)
are multifunctional enzymes as oxidizing diversst lIof aromatic compounds
containing hydroxy or aromatic group and theseuiest make them good candidates
for applications in many industrial, agriculturaidamedicinal applications. Those
applications have been carried out either in lalooyaor pilot plant scale (fardina

et al. 2010, Arora and Sharma, 2010, Aro et al5200arge-scale applications need
sufficient enzyme stocks and production of thisyeme in the fungal sources need
expensive redox mediators and inducers. Cloninfpafase genes from the fungal
sources and overexpression of the functional engywiil sufficient yields in yeasts
overcome these problems. Thus, our study wasyfifsdused on the determination
and isolation of the laccase-encoding cDNAs fromiteviot fungi Pycnoporus
sanguineusMUCL 38531, then laccase cDNAs were heterologoesigressed in
yeastPichia pastorisand recombinant laccases were biochemically cheniaet.
The laccase-specific sequencesPgtnoporus sanguineddUCL 38531 has been
screened and two different laccase-specific seasendisplaying similarity to
previously reported laccases, were identified bmththe cDNA and gDNA levels
and denominated alscl and lcc2. Iccl cDNA was detected dominantly in the
constructed cDNA library, pointing out the highéstnscriptional activity oflccl
laccase gene. 5’- and 3’-ends of the laccase cDM&e determined and isolation of
the full-length cDNAs have been carried out. Theresponding open reading frame
for full lengthlccl cDNA is 1557 bp, coding for 518 amino acids withudative 20-
residue signal sequence. Furthermioo2 gene contains an open reading frame 1713
bp in length, coding for 570 deduced amino acidstae genomic DNA sequence of
both Iccl and lcc2 genes revealed the 10 introns. Typical copper asiges
composed of 10 His and 1 Cys residue, requirecdordinating copper atoms on

the active site of the enzyme, are in the consepasitions of fungal laccases in
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both lccl and Icc2 genes. The present work constitutes the first rtepa the
molecular cloning of laccase genes fr&ycnoporus sanguinedUCL 38531 and
the sequences d&fcl andlcc2 gDNAs and mRNAs were submitted to the GenBank
genetic sequence database the NCBI with the aoctessimbers HM106995 and
HM106997.

The heterologous production of laccases have lrted as the most suitable way
to obtain higher yields of functionally active lase in the shorter period of time
than the fungi itself. Yeasts can serve as ideal far the overexpression of the
eucaryotic proteins, requiring post-translatiomaldifications. Ligninolytic enzymes
are generally difficult to overexpress in heteralog organisms in their active form,
however the expression of active recombinant laaxdsas been reported in the
yeasts Saccharomyces cerevisia&luyveromyces lactigPiscitelli et al. 2005),
Yarrowia lipolytica(Madzak et al. 2005Richia pastoris(Soden et al. 2002) so far.
Both laccase encoding cDNAs & sanguineusMUCL 38531 were successfully
expressed in yeaBlichia pastorign this study. High level protein production farya
heterologous protein is achieved by optimizatioexjression conditions. Results of
our study revealed that the alanine should be attdedutralize the pH of the culture
medium and it prevents the negative effect of tbieli@ proteases on the laccase
activity. Decreasing cultivation temperature wasoafound beneficial to obtain
increased laccase activity, th&®s pastoriscultures were cultivated at 23°C. The
effect of nutrients on the laccase activity werstdd by growing yeast on either
minimal or complex media and appropriate methanakentration to induce laccase
expression was also determined. Laccase activisyhigher in the complex medium,
containing yeast extract and peptone by prevergiogeolysis of secreted protein,
and 1% methanol was the best concentration to 4ol promoter. Laccases are
copper-containing enzymes and requirement of lact@scopper ions and the effect
of copper concentrations on laccase activity wemicated in previous studies
(O’Callaghan et al. 2002, Liu et al. 2003). Coppms have a role in the catalytic
core of the laccase as a cofactor and a minimuroezdration of copper in milimolar
range is necessary for laccase activity. Optimuppeo concentration is specific to
strain of a single species or to different spedfferent concentrations of copper
sulfate was added into the complex medium and thgkebkt level of activity was
observed 0.6 mM and 2.0 mM CuSO4 for LCC1 and LG&pectively. Laccase
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activites of the all cultures containing copperfatgl were higher than the control
culture without copper. Expression level obtainedthis study was remarkably
higher than the most of the fungal recombinantdaes that are produced
pastorisor other heterologus host organisnie biomass of the R-LCC1 producing
culture, containing 0.6 mM CuQQwas lower than the other concentrations and even
than the control sample, indicating that the insegblaccase activity was not due to
increased biomass and increasing copper concemsatiave not any toxic efffect on
the biomass of the culturehe growth of R-LCC2 cultures have not been affi:cte
with increasing concentration of copper, whereasQioovalues have decreased in
the presence of 3 mM and more copper concentrations

Recombinant laccases were purified fr@chia pastorisculture and both laccases
were monomeric and single band with 56 kDa and®2 Wwas observed on the SDS-
PAGE for LCC1 and LCC2, respectively. Molecular glei of the recombinant
laccases was similar to other fungal laccases amd mot hyperglycosylated.
Biochemical characterization is very important tdight the properties of enzyme at
the molecular and kinetic levels being a preretgiigr usage of those enzymes in
biotechnological and industrial applications. pHtima may vary with different
substrates or with laccase isozymes of the samenmm and the optimum pH for
fungal laccases usually lies in the acidic range each substrate for its oxidation
has its own specific pH optima (Jordan et al. 2@04ra and Sharma 2009). The pH
optima for ABTS was pH 3.0 in this study, where&k 40 for DMP with a bell-
shaped profile. Optimum temperature for laccaswicts generally between 20-37
°C and laccases of most white-rot fungi is staldow 50 °C (Arora and Sharma
2010). Maximum laccase activity was observed at®@nd 30 °C for Iccl and Icc2
and this values were similar to the the optimumperatures of differerycnoporus
sanguineusstrains (Garcia et al. 2006, Trovaslet et al. 20Q&ccases generally
have four copper atoms in the active site and ¥l sontaining mononuclear copper
ion, is the primary electron acceptor and is resgma for the typical blue colour of
the enzyme, characterized absorption peak at 60@fMmiv-visible spectrum. No
peak was observed at 600 nm in the UV-visible spatbf the purified recombinant
LCC1 and LCC2, while there was a peak at 410 nmlainwith the other reported
white laccases. Inhibitory effects of different quaands on the recombinant laccase

was also assayed and both laccases were stronghlyited by common laccase
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inhibitors, sodium azide, sodium fluoride, L-cysi&i SDS and metal chelator
EDTA. Kinetic parameters of recombinant LCC1 andd2were determined with
ABTS and DMP substrates. Although recombinant L&GE&ms have lower affinity
for ABTS than DMP with its higher Km value, turnaveumber for ABTS was
higher than DMP proving that ABTS was oxidized éasthan DMP and ABTS
seems a better substrate for recombinant LCClrmstef specifity constant. The
affinity of R-LCC2 for ABTS was remarkably highdran the DMP, since Km value
of R-LCC2 for ABTS was lower than the DMP. Moreové&srnover number for
ABTS was higher than the turnover number of DMP #iéires the faster oxidation
of ABTS than DMP as observed in the R-LCC1. Resulesented here, proved the
existence of various laccases having different nopitn temperatures and also
catalytic efficiency parameters. It is also eviddmt, the molecular basis of these
differences in terms of the determination of thenber of laccase encoding genes
has been investigated by this dissertation.

Following to characterization of the recombinantclkses LCC1 and LCC2,
functionality studies of the recombinant laccasesehbeen performed. In vitro
synthesis of orange-red compound cinnabarin aftgdation of the precursor 3-
hydroxyanthranilic acid with recombinant laccases been carried out. Although
continuous search of several industries to find oetwv harmless ways for dye
synthesis, there are only limited number of studkasst in the literature about
laccase-catalyzed natural dye biosynthesis. Thyghasis of two dyes named as
ITU-G and ITU-11, which can be used in textile calton, have been occured via
recombinant laccase-mediated coupling of dye psecarin this study. These
functionality studies were firstly reported for omsbinant laccases in the literature
and demonstrates the synthesis of textile dyesigmgnts, which will be used
possibly as colorants for different purposes, vato-friendly enzymatical methods

as an alternative to conventional chemical synghesi

As a consequence, constructed vectors contaitiod and lcc2 cDNAs and
heterologously expressed laccasefokanguineuserve as a template for further
studies on the determination of structure/functielationships or as a green tool in
many biotechnological processes by the help of rthetimized expression

conditions, purification procedures and determibe¢hemical characteristics. It has
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also been shown that, recombinant laccases havkushiochemical and molecular
characteristics to the native enzymes and may geosheaper alternatives.
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APPENDIX A.1 : Compositions and Preparation of Culture Media

Maltose medium

20 g maltose, 1.84 g diammonium tartarate, 2.3gdium tartarate, 1.33 g KHO,,
0.1 g CaCl.H,0O, 0.5 g MgSQ@7H,0, 0.07 g FeS©7H,O, 0.046 g ZnSQ7H,0,
0.035 g MnSQH,0, 0.007 g CuS£BbH,0, 1.0 g yeast extract and vitamin solution
(D- biotin 2 mg, D-pantothenic acid hemicalciumtsa?2 mg, folic acid 0.2 mg,
niacinamide 40 mg, thiamine- HCI 40 mg, p- amindmn acid 20 mg and
riboflavin 20 mg) were dissolved in 1000 ml digtdl water and sterilized by
autoclaving for 15 minutes on liquid cycle.

Nutrient agar medium (1000ml)

Potato dextrose agar 3949
Distilled H,O was added up to 1000ml and then autoclaved fonihbtes.

Luria Bertani (LB) Medium (1000ml)

Tryptone 10g
Yeast Extract 59
NacCl 59

Distilled H,O was added up to 1000ml and 15 g of agar was addedlid medium
then autoclaved for 15 minutes.

2xXYT Medium (1000ml)

Tryptone 169
Yeast Extract 109
NacCl 59

Distilled H,O was added up to 1000ml and 15 g of agar was addedlid medium
then autoclaved for 15 minutes.

175



Yeast Extract Peptone Dextrose Medium (1000 ml)

Yeast Extract 1%
Mycological peptone 2%
Dextrose (D-glucose) 2%

10 g of yeast extract and 20 g of mycological peetwere dissolved in 900 ml of
water and sterilized for 15 minutes on liquid cydd®0 ml of filter-sterilized 20 %
dextrose was added.

Yeast Extract Peptone Dextrose Sorbitol Medium withizeocin™ (1000 ml)

Yeast Extract 1%
Mycological peptone 2%
Dextrose (D-glucose) 2%
Sorbitol 1M
Zeocin™ 100 pg/mi

10 g of yeast extract and 20 g of mycological peptand 182.2 g of sorbitol were
dissolved in 900 ml of water, 20 g of agar was adaledsterilized for 15 minutes on

liquid cycle. 100 ml of filter-sterilized 20 % degse was added. Medium was
cooled to ~60°C and poured after adding 1.0 mIG&f thg/ml Zeocin™ .

Minimal Dextrose Medium (1000 ml)

YNB 1.34 %
Biotin 4x10°%
Dextrose 2%

13.4 g of yeast nitrogen base with ammonium seiléatd without amino acids was
dissolved in 900 ml of water, 15 g of agar was adaled sterilized for 15 minutes on
liquid cycle. 100 ml of filter-sterilized 20 % demse and 2 ml of filter-sterilized
500x biotin were added. Medium was cooled to ~68A@ poured.

Minimal Methanol Medium (1000 ml)

YNB 1.34 %
Biotin 4 x 10° %
Methanol 0.5%

13.4 g of yeast nitrogen base with ammonium seiléatd without amino acids was
dissolved in 993 ml of water, 15 g of agar was adaled sterilized for 15 minutes on
liquid cycle. 5 ml of methanol and 2 ml of filtetesilized 500x biotin were added.
Medium was cooled to ~60°C and poured.

Buffered Minimal Glycerol and Buffered Minimal Meth anol Media, BMG and
BMM (1000 ml)

100 mM potassium phosphate buffer, pH 6.0

YNB 1.34 %
Biotin 4 x 10 %
Methanol 0.5% or
Glycerol 1%

13.4 g of yeast nitrogen base with ammonium sulate without amino acids was
dissolved in 890 ml of distilled water and steelizfor 15 minutes on liquid cycle.
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Following to cooling the medium to ~60°C, 100 mlpe-sterilized 1 M potassium
phosphate buffer, pH 6.0, 2 ml of filter-steriliz6@0x biotin and 10 ml of glycerol
was added. 5 ml of methanol was added for BMM awbtaf glycerol.

Buffered Glycerol-complex Medium, BMGY and BMMY (1000 ml)

YNB 1.34 %
Yeast Extract 1%
Mycological peptone 2%

100 mM potassium phosphate buffer, pH 6.0
Biotin 4 x 10 %
Methanol 0.5 % or
Glycerol 1%

10 g of yeast extract, 20 g of mycological peptand 13.4 g of yeast nitrogen base
with ammonium sulfate and without amino acids wiasalved in 890 ml of distilled
water and sterilized for 15 minutes on liquid cydfellowing to cooling the medium
to ~60°C, 100 ml of pre-sterilized 1 M potassiunoghate buffer, pH 6.0, 2 ml of
filter-sterilized 500x biotin and 10 ml of glyceralas added. 5 ml of methanol was
added for BMMY instead of glycerol.
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APPENDIX A.2 : Compositions of Buffers and Solutios

TAE Buffer (50X): 242 g Tris Base, 57.1 ml Glacial acetic acid, 160 EDTA
(0.5M, pH 8.0) mixed, distilled water was addedtapl L and pH was adjusted to
8.0 by adding HCI.

TBE Buffer (10x): 108 g Tris base, 55 g Boric acid, 40 ml EDTA(0.5M, pH 8.0)
mixed, distilled water was added up to 1 L andgbkrition was autoclaved for 20
min.

Agarose Gel (1%):0.5 g Agarose was melted in 50 ml TAE Buffer (1%)Jlowing

to cooling down the gel, 0.5 pg/ml EtBr was added gel was poured into the tray.

FA Gel (1.2 %): 1.2 g agarose 10 ml 10x FA gel buffer, RNase-free water was
added up to 100 ml and the mixture was heated tb thne agarose. Following to
cooling down the gel to 65°C in a water bath, 11&H87% (12.3 M) formaldehyde
and gel was poured into the tray (size 10 x 147xctn).

10x FA gel buffer: 200 mM 3-[N-morpholino]propanesulfonic acid (MOP&ge
acid), 50 mM sodium acetate, 10 mM EDTA, pH towith NaOH.

1x FA gel running buffer: 100 ml 10x FA gel buffer, 20 ml 37% (12.3 M)
formaldehyde, 880 ml RNase-free water.

P1 Buffer : 6.06 g Tris-base, 3.72 g EDTA.2Bl were mxed pH adjusted to 8.0
with HCI after dissolving components and distilledter was added up to 1L. 100
mg RNase A was added for 1 L buffer.

P2 Buffer: 8 g NaOH, 50 ml SDS (20% w/v), NaOH was dissolve@50 ml
distilled water and 50 ml of SDS was added.

P3 Buffer: 294.5 g potassium acetate dissolved in 500 mlldtwvater adn pH was
adjusted to 5.5 by adding acetic acid.

1 M potassium phosphate buffer, pH 6.0132 ml 1 M KHPQO,, 868 ml 1 M
KH,PO, mixed and confirm the pH = 6.0 = 0.1 and sterdiby autoclaving.

100 mM sodium-citrate buffer, pH 3.0 (1000 ml)820 ml 0.1M-citric acid and 180
ml 0.1M-trisodium citrate were mixed.

100 mM Tartrate Buffer, pH 4.5 (1000 ml):15.08 g tartaric acid was dissolved in
1000 ml distilled water and pH was adjusted towlith NaOH.

20 mM Sodium Phosphate Buffer, pH 7.2 (1000 ml)

360 ml 0.2M-NaHPQO, and 140 ml 0.2M-NapPO, were mixed and diluted to 1000
ml with H,O.

30 % Acrylamide solution: 58.4 g acrylamide and 1.6 g bisacrylamide were
dissolved in distilled water and stored at 4C i dark.
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4X Separating gel buffer 1.5 M Tris-HCI (pH 8.8) was dissolved in 200 nil o
distilled water.

4X Stacking gel buffer for SDS-PAGE:0.5 M Tris-HCI (pH 6.8) was dissolved
in 50 ml of distilled water.

2X sample buffer for SDS-PAGE:2.5 ml 4x stacking buffer, 4 ml 10 % SDS, 2
ml glycerol, 1 mlp-Mercaptoethanol, 0.05 % (w/v) Bromophenol blue aver
dissolved in 10 ml of distilled water.

SDS-PAGE Running Buffer: 3 g Tris, 14.4 g Glycine, 10 ml SDS (0.1%) were
dissolved in 1 | of distilled water.

SDS-PAGE Staining Buffer: 0.1 g Coomassie Brilliant Blue R-250, 50 ml
methanol, 10 ml acetic acid dissolved in 100 fdistilled water.

SDS-PAGE Destaining Solution5 ml Methanol, 10 ml Acetic acid dissolved in
100 ml of distilled water.

Ammonium persulphate (APS): 10% (w/v).

Sodium dodecyl sulphatgSDS): 10% (w/v).
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APPENDIX A.3: Chemicals and Enzymes

Chemicals

ABTS

2,6-dimethoxyphenol (DMP)
Acetic acid

Acrylamide

Agar

Agarose

Ammonium persulphate
Ammonium sulfate

Bisacrylamide

Boric acid

Bovine serum albumine
Bromophenol Blue

Calcium chlorid (CaG)

Catechol

Coomassie Brilliant Blue

Copper sulfate pentahydrate
D-biotin

Dextrose

di Potassium hydrogen phosphateHRO,)
Diammonium tartarate
Di-potassium hydrogen phosphate
Disodium hydrogen phosphate
Dithiothreitol

Ferulic acid

Glycerol

Glycine

Guaiacol

Hydrochloric acid

Hydroquinone

L- alanine

L-cysteine

Methanol

Mycological peptone

Natruim hydroxid (NaOH)
Potassium di hydrogen phosphate gRIQy)
Potassium dihydrogen phosphate
Sodium acetate was obtained from
Sodium azide

Sodium chloride (NaCl)

Sodium dihydrogen phosphate
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Supplier

Sigma-Aldrich (Germany)

Fluka (Switzerland)
Merck (Germany)
Sigma —Aldrich
Sigma
Sigma

Merck

Riedel-deHaen (Germany)

Sigma-Aldrich
Merck
Sigma-Aldrich
Sigma-Aldrich
Merck
Sigma-Aldrich
Bio-Rad (USA).
Merck
Fluka
Riedel-de Haén
Riedel-de Haén
Sigma-Aldrich
Merck
Riedel-de Haen
Merck
Sigma-Aldrich
Fluka
Merck
Merck
Merck
Sigma-Aldrich
Merck
Merck
Riedel-deHaen
Bio-Chemika
Riedel-deéta
Riedel-de Haén
Fluka
J.T.Baker (JUSA
Merck
Riedel-de &
Riedel-de Haen



Sodium dodecyl sulphate Sigma-Aldrich

Sodium hydrogen phosphate @ Oy. 7H,0) Merck

Sodium hydroxide Riedel-de Haen
Sorbitol Sigma

Tris (hydrocymethyl) aminomethane Merck

Triton-X100 Sigma
Tryptone Sigma
Yeast Extract Sigma
Yeast nitrogen base with ammonium sulfate andamiono acids Sigma
Zeocin Invitrogen
B-Mercaptoethanol Merck
Enzymes Supplier
EcoRlI Fermentas
Sad Fermentas
Not Fermentas
Tag polymerase Fermantas
Long DNA Polymerase Mix Fermantas
Expand High Fidelity Polymerase Roche

T4 DNA Ligase Fermentas
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APPENDIX A.4 : Laboratory Equipment

Autoclave: Nuve OT 4060 Steam Sterilizer (Turkey), Tutthaues4@ ML,
(Switzerland), Tuttnauer 3870 ELVC (Switzerland)

Balances:Precisa XB620C SCS (Germany), Precisa 125 A SE@aiiény)

Centrifuge rotor: F241.5P, JA-30.50 Ti Beckman Coulter (Germany)

Centrifuges: Beckman Coulter, Microfuge 18 (Germany), Avant3Ql- Beckman
Coulter (Germany), Allegrd 25R Centrifuge, Beckman Coulter (Germany)

Deep freezes and refrigerators -80°C Heto Ultrafreeze 4410, - 80 °C New
Brunswick Scientific U410 Premium (England), Hetold? Bear 4410 ultra freezer,
JOUAN, 2021 D refrigerator, Arcelik, -20°C Arceld09It,+4°C Arcelik
Electrophoresis equipments E — C mini cell primo EC320, The Mini Protean llI
System Bio-Rad (USA).

FPLC: BioLogic Duo-Flow, Bio-Rad (USA)

Fraction collector: Model 2128, Bio-Rad (USA)

Gel documentation system{JVI PHoto MW Version 99.05 for Windows

Ice machine: AF 10, Scotsman (UK)

Incubators: Nive EN400, Nive EN500

Laminar flow cabinet: Biolab Faster BH-EN2003 (Italy)

Magnetic stirrer : AGE 10.0164, VELP Scientifica srl.

Micropipettes: Gilson pipetteman 1Ql, 20 ul, 200 ul, 1000 ul, Volumate Mettler
Toledo 10ul, 20 pul, 200pul, 1000ul, Eppendorf research 10, 20 pl, 200 ul, 2000l
Micro-plate reader : Bio-rad Benchmark Microplate Reader

Orbital shaker incubators: Shell lab 1575R-2E (USA), Certomat S II, Product#
886 252 4, B. Braun Biotech Internationnal GmbHgimho Electron Corporation
430 (USA)

pH meter: MP 220, Metter Toledo International Inc.Wissendaf-Technische
Werstatten

Pure water systemsUSF Elga UHQ-PS-MK3, Elga Labwater

UV-Visible Spectrophotometers:Perkin Elmer Inst. Lambda 25 (USA), Shimadzu
UV-Pharmaspec 1700 (Japan)

Thermocycler: Techne FTGENE 5D
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Thermomixer: Eppendorf thermomixer comfort (1.5ml)
Transillumunator: Biorad UV transilluminator 2000
Vortex machine: Heidolph Raax top (Germany)
Waterbaths: Memmert wb-22
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