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ABSTRACT

This study presents new and alternative fungal strainsfor the production of ligninolytic enzymeswhich have
great potential to usein industrial and biotechnological processes. Thirty autochthonous fungal strains were
harvested from Bornova-1zmir in Turkiye. In the fresh fruitbody extractslaccase, manganese peroxidase and
lignin peroxidase activities, which are the principal enzymes responsible for ligninocel lul ose degradation by
Basidiomycetes, were screened. Spores of some of the basidiomycetes species such as Cortinarius sp.,
Trametes versicolor, Pleurotus ostreatus, Abortiporus biennis, Lyophyllum subglobisporium, Ramaria stricta,
Ganoderma carnosum, Lactarius delicious ve Lepista nuda were isolated and investigated optimum
cultivation conditionsin submerged fermentation for high yieldsof ligninolytic enzyme production. In addition,
isolated fungal strains were monitored on agar plates whether having the capability of decolorization of a

textile dye Remazol Marine Blue.
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INTRODUCTION

Basidiomycetes constitute the most conspicuous group of
fungi in the environment and comprise very different ecol ogical
groups such aswhite rot, brown rot, and leaf litter fungi. Some
of them are edible and/or medicinal fungi; some haveimportant
biotechnological and environmental applications (31).

White-rot fungi, belonging to the basidiomycetes, are the
only organismscapable of mineralizing lignin efficiently. Lignin,
which is one of the most widely distributed natural organic
polymers, isvery dowly decomposed in the environment due to
itscomplex chemical structure. Lignin biodegradation performed
by these fungi isamultistep process mediated by enzymesof the
lignolytic complex. Therate of lignin decomposition dependson
the concentration of molecular oxygen. Both the nature and
direction of this process can be different in different fungi (27).
The most efficient lignin degraders were estimated by “CO;
evolution from“C-[Ring]-labelled syntheticlignin (DHP) (13,35).
Inorder to depolymerizeand minerdizelignin, they havedeveloped

an oxidative and unspecific system including extracellular
enzymes, low molecular weight metabolitesand activated oxygen
species (28,29). The extracellular enzymatic systems include
laccase (benzendiol: oxygen oxidoreductase) (Lac, EC 1.10.3.2.),
manganese peroxidase (MnP, EC 1.11.1.13) and lignin peroxidase
(LiR, EC1.11.1.14). Manganese peroxidaseisahemeglycoprotein
that catalyzes the oxidation of Mn?* to Mn®in the presence of
H.O,. Mn* is efficiently stabilized in agueous solution by o-
hydroxy acids (11). These complexes function as diffusible
oxidants that can oxidize termina phenolic substrates and also
possibly nonphenolic substitutents via a radical mediator (3).
Lignin peroxidase (LiP) playsacentral rolein the biodegradation
of the plant cell wall constituent lignin. LiP is able to oxidize
aromatic compounds with redox potentials higher than 1.4 V
(NHE) by single electron abstraction, but the exact redox
mechanism is still poorly understood (25). Laccases are
glycoprotein belonging to the blue multicopper oxidases and
they areableto oxidize phenol sand aromatic amineswith reducing
molecular oxygen to water (5). The physiological rolesof fungal
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laccases include pigment production, plant pathogens and as
well asdegradation of lignocellulosic materials(33).

Ligninolytic enzymes have a potential in several industrial
and biotechnological processeswithin awidevariety of organic
and inorganic substrate specificities (6). Such applications
include the detoxification of industrial effluent (23,36), mostly
from, textile and petrochemical industries, bleaching and
delignification processes in the paper and pulp industries (1),
removing the phenolic compounds from the beer and wine in
the food industry (21). In addition, their capacity to remove
xenobiotic substances and produce polymeric products makes
them auseful tool for bioremediation purposes (26).

In recent years, there has been a growing interest in
screening researches for new and aternative fungal strains for
producing of value-added and efficient ligninolytic enzymes.
Several screening works about ligninolytic enzymes have been
carried out mainly in white-rot basidiomycetes (9). In these
studies fungal strains were searched for detecting the ability to
produce lignin-modifying enzymes (9,28). This study presents
an initial screening method for detecting ligninolytic enzymes
inalittlewhileand suggests an estimation whether fungal strain
will secrete these enzymes or not. For this purpose, fruiting
bodies were used to investigate ligninolytic activities as first
time and fungal isolateswere used to determinetheligninolytic
activity with a conventional method. Cultivation conditionsin
submerged fermentation for high yields of enzyme production
by isolated fungi were optimized. Additionally, dye
decolorization ability of produced enzymes was tested.

MATERIALSAND METHODS

Screening for ligninolytic enzyme production in fresh fruit
bodies

Thirty fungal strainswere harvested from different habitats
around Bornova- Izmir in Turkiye. Amount of fresh fruit bodies
were cut into the pieces and transferred to the polystyrene
tubes with adding acceptable proportion of phosphate buffer,
pH 6.0. They were homogenized for 3 minutes at +4°C with
homogenizer (IKA T10 Basic Ultra-Turrax, 220-240 volt, 50/60
Hz) and for 5 minutes at +4°C with sonicator (Sonics Vibracell
VCX 130PB, 130 watt, 20 KHZ). Homogenateswere centrifuged
a +4°Cin10.000rpmfor 25min (HETTICH UNIVERSAL 30RF)
and then the ligninolytic enzyme activities were determined in
supernatants.

I solation of fungal strainsand secondary screening on solid
medium with isolated fungi

Malt extract agar (MEA) (Merck), potato dextroseagar (PDA)
(Fluka) and yeast extract agar (Y EA) wereused toisolatefungi.
Recent years, thetraditional screening reagentstannicand gallic
acid have been replaced with synthetic phenolic reagents such
asguaiacol and syringal dazine and the production of ligninolytic
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enzymesisobserved asacolorlesshalo around microbia growth
(7,16,24). Therefore, 0.01% guaiacol and syringal dazine were
added to the solid medium and incubated at 26°C. With guaiacol
positive reaction was indicated by the formation of a reddish-
brown halo.

Cultureconditionsfor ligninolytic enzymeproduction

Isolated fungal strainswere maintained on 2% (w/v) MEA
or PDA dantsat 4°C and the fungi were activated at 26°C. The
mycelium were harvested with sterile 0.9% NaCl solution and
then inoculated into 100 ml 2% malt extract broth or potato
dextrose brothin 250 ml Erlenmeyer flasks at 26°C and 165 rpm.
Cultivation was carried out in an orbital shaker. In both stages,
incubation time depends on the fungal strains. After the growth
period, pellets were inoculated 250 ml Erlenmeyer flasks
containing medium and incubated at 26°C and 165 rpm. In order
to optimize enzyme production, different media and agitation
rates (90, 130 and 165 rpm) were used. The media were
composed of:

M1: 10 g/l glucose, 0.025 g/l yeast extract, 0.05 g/l
MgSO..7H0, 1.0 g/l NH,H-PO, and adjusted at pH 4.5.

M2: 10 g/l glucose, 5.0 ¢/l yeast extract, 0.22 g/l ammonium
tartarate, 2 g/l KH,PO,, 0.05 g/l MgSO,.7H,0, 0.1 g/l CaCl,.2H.0,
0.5 g/l KClI, 0.2 g/l Thiamin, 10 ml/I trace element solution and
adjusted at pH 4.5.

M3: 10 g/l glucose, 0.22 g/l ammonium tartarate, 0.2 g/l
KH2P04, 0.05 g/I MgSO4.7H20, 0.01 g/l C&Clz.ZHzO, 0.001 g/I
Thiamin, 10 ml/l trace element solution, 10 ml/l 10% Tween
solution, 1.5 mM veratryl alcohol (VA) and adjusted at pH 4.5.

Trace element solution was composed of 1.0 ¢/l FeS0O,.7H.0,
1.0 g/l MnSO..H,0, 0.25 g/I NaMo00,.2H,0, 0.10 g/l HsBO3,0.25
g/l CuS0O,.7H0, 0.25 g/l ZnSO,.7H,0, 0.10 g/l NH,NO;, 0.50 ¢/l
Co(NO3),.6H,0, 0.01 g/l NiSO4.6H,0 and 5 ml/l H,SO, (95-98%).

Each sample was centrifuged at 10.000 rpm for 15 min and
supernatant of the culture was used for enzymatic assays. All
enzymatic analysiswas carried out in duplicated.

Enzymeassays

Laccase (Lac) activity was assessed by measurement of
enzymatic oxidation of 2,2"-azinobis-(3-ethylbenzothiazoline- 6-
sulphonic acid) (ABTS) at 420 nm (e = 3,6.10* cm® M) .One
Unit of enzymeactivity is defined asthe amount of enzymethat
oxidizes1 mmol ABTSin1min(4).

Mn peroxidase (MnP) (EC 1.11.1.13) activity wasmeasured
by monitoring the increase in absorbance at 469 nm due to the
oxidation of 2,6-dimethoxyphenol (DMP) at the present of
H.O,(e = 4.9610* cmM-?) and MnSO,. One activity unit was
defined asthe amount of enzymethat oxidized 1 mmol of DMP
per minute (18).

Lignin peroxidase activity was determined by H,O, dependent
veratraldehyde formation from veratryl acohol at 310 nm (ez10=
9.3cmt mM-L; modified according to Tien and Kirk) (34).
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Textiledyedecolorization by isolated fungal strains

The dye used in this study was Remazol Marine Blue (Cl
Reactive Blue 203) and itschemical structurewasgiveninFig.
1. Thetextile dye was added to the solid media at 200 mg/I of
final dye concentration before autoclaving. Petri dishes with
isolated fungal strains were incubated at 26°C for four weeks
and monitored in order to detect decolorization capability.

OCH,
N:NQSOZ(GHZ)ZOSOSNa

SONa " OCH,

HN OH
(?H;CH;SOZQ N=N
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Figurel. Chemica structureof Remazol MarineBlue(Cl Resctive
Blue203)
Tetrasodium-4-amino-6-[2,5-dimethoxy-4-(2-sulfoxyethyl sulfonyl)
phenylazo]-5-hydroxy-3-(4-(2-(sulfoxyethylsulfonyl)
phenylazo)naphtal ene-2,7-disulfonate (CasH2oNs0,1S5.4Na)

RESULTSAND DISCUSSION

Screeningfor ligninolyticenzymein fresh fruitbody extracts
Literature about geographical and climatic repartition of
autochthonous fungal flora or describing biodiversity in agiven
region for ligninolytic enzymes production is scarce (9). In this
study, thirty autochthonous fungal strains were harvested from
Bornovalzmir in Turkey andidentified in Ege University, Faculty
of Science Microbiology Section according to their macroscopic
and microscopic properties. Inthefresh fruitbody extracts, laccase,
manganese peroxidase and lignin peroxidase activities were
screened. Table 1 givesthe primary screening resultsin detail.
The highest level of ligninolytic activities was obtained by
the T.versicolor, well known ligninolytic enzyme producer, which
has both Lac and MnP activities (Table 1). Although Trametes
hirsuta phylogenitically closely related to the specie of
T.versicolor, has quite low laccase activity compared with
T.versicolor. However, it is necessary that to consider the age
of mushroom, when T.hirsuta aswell asA.bienniswasharvested,
they were highly old. We also noticed that Lyophyllum
subglobisporium, Inocybe longicystis, Clitocybe sp., and
Ramaria stricta, which have never been presented in the
literature dueto secretion of ligninolytic enzymes, havelaccase
and Ganoderma carnosum, Lepista nuda and Agrocybe sp.
have manganese peroxidase activities. However, while Coprinus
atramentarius showed high manganese peroxidase activity,
Coprinus domesticus presented neither manganese peroxidase
nor laccase acitivity. Therefore, screening of ligninolytic
enzymesin thefresh fruit body extracts can beaquick screening
method and it can give some ideas about further experiments.
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Table 1. Screening for ligninolytic enzyme in fresh fruit body
extracts.

Fungal strains MnPU/L) Lac(U/L)
Abortiporus biennis 2104 -
Agaricus sp 249 427
Agrocybe aegerita 19.60 3463
Agrocybe sp. 1 7644 28.86
Agrocybe sp. 2 2161 183
Clitocybe sp. 174 16360
Coprinus atramentarius 142.70 234
Coprinus domesticus - -
C. plicatilis 1191 900
Cortinarius sp 1 50.14 722
Cortinarius sp 2 164 1535
Ganoderma carnosum 86.19 -
Inocybe lacera 2363 1120
Inocybe longicystis 17.20 11390
Lactarius delicious Al 036
Lepiota naucina 79 -
Lepista nuda 3048 2598
Lepiota sp. 1 25.79 6.42
Lepiota sp. 2 1890 439
Leptonia lazunila 1290 1740
Lyophyllum subglobisporium 5622 165.7
Pleurotus ostreatus 52.78 364
Ramaria stricta 85.61 87.64
Rhizopogan luteus 317 -
Russula rosacea 52.89 57.76
Russula sp. 57.89 26.64
Suillus luteus - -
Trametes hirsuta 3148 561
Trametes versicolor 99343 13668
\olveriella sp. 490 -

Spores of some fungal strains such as Abortiporus biennis
(Strainno: ECN 100601), Cortinariussp. (Strainno: ECN 100602),
Ganoderma carnosum (Strain no: ECN 100603), Lactarius
delicious (Strain no: ECN 100604), Lepista nuda (Strain no:
ECN 100605), Lyophyllum subglobisporium (Strain no: ECN
100606), Pleurotus ostreatus (Strain no: ECN 100607), Ramaria
stricta (Strain no: ECN 100608) and Trametesversicolor (Strain
no: ECN 100609) wereisolated and pure cultureswere obtained.

In order to observe the ligninolytic enzymes production by
screening, 0.01% guaiacol and syringaldazine were used as an
indicator for theligninolytic enzymerection with isolated fungal
strainson 2% MEA or PDA plates. The positive reactionswere
determined by a colorless halo around microbia growth. Table
2 presents a comparison of reactions of isolated fungal strains
with containing synthetic indicators on appropriate agar plates.



Table 2. Comparison of reactionsof isolated fungal strainswith
containing synthetic indicators on appropriate agar plates.

Isolated fungal strains  Strainno Guaiacol Syringal-

dazine

Abortiporus biennis ECN 100601 + -
Cortinarius sp 2 ECN 100602 * -
Ganoderma carnosum  ECN 100603 + -
Lactarius delicious ECN 100604 - -
Lepista nuda ECN 100605 * -
Lyophyllum ECN100606 =+ ;
subglobisporium

Pleurotus ostreatus ECN 100607 + -
Ramaria stricta ECN 100608 + -
Trametes versicolor ECN 100609 + -

+: strong positive reaction; -: negative reaction; +: weak positive
reaction.

As seen from the Table 2, T. versicolor, P. ostreatus, A.
biennis and G. carnosum gave strong positive reactions on
guaiacol without being positive on syrinaldazine whereas L.
subglobisporium, R. stricta and L. nuda were weak positive
reactions on guaiacol and no reactions with syrinaldazine due
to the specificity of the indicators. Only one strain, Lactarius
delicious, showed no reactions with synthetic phenolic
reagents. Our results suggest that primary screening of
ligninolytic enzymesin fresh fruitbody extracts and secondary
screening with synthetic reagents, providing easily detection,
can be used for predetermination of fungal strains which are
capable of lignin-degradation.

Ligninolyticenzymeproduction from isolated strains

White-rot fungi require trace amounts of essential heavy
metal s such asmanganese, molybdenum, zinc or nickel for their
growth, however these metals are toxic for fungi when present
in excess. It was known that extracellular ligninolytic enzymes
are regulated by heavy metals on the level of transcription as
well as during their action (2). In addition, lignin-modifying
enzymes are secreted by white-rot fungi during their secondary
metabolism (12), and the synthesis and secretion of these
enzymes is often induced by limited carbon or nitrogen levels
(15). Furthermore, agitation rate affects enzyme production via
mass and oxygen transfer. Therefore, in this study, various
culture mediums with different composition and different
agitation rates were investigated for ligninolytic enzymes
production.

Trametes versicolor is one of the wood-inhabiting fungi
and extensively studied for ligninolytic enzymes production,
athough the ligninolytic mechanisms of Abortiporus biennis
have been described inthe recent literature. Furthermore, it was

Ligninolytic enzymesfrom fungi

known that LiP is not secreted by T. versicolor (22). Isolated
fungal strains were incubated on 2% MEA at 26°C for 4 days
and inoculated into 100 ml malt extract broth at 26°C and 165
rpm. The pelletswereinocul ated into 250 ml Erlenmeyer flasks
containing second medium and incubated at 26°C. Asseenfrom
the Fig. 2 and Fig. 3, the agitation rate significantly affects Lac
and MnP production.
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Figure 2. Effect of different agitation rates on Lac production
by isolated funga strains.
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Figure 3. Effect of different agitation rates on MnP production
by isolated fungal strains.

Fig. 4(a) presents that for T. versicolor and A. biennis the
maximum Lac activities were obtained after 7 and 11 days
incubation of the strainsat 130 rpm 511.10 U/l and 427.03 U/,
respectively. Fig. 4(b) demonstrates that for A. biennisand T.
versicolor the maximum MnP activities were obtained after 4
and 6 daysincubation of the strains at 130 rpm 597.50 U/l and
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1051.17 U/, respectively. Contrary to results of Jaszek et al.
(14), they have reported that in T. versicolor culture medium
Lac activity were detected approximately 100 nkat/mg protein
and MnP activity were detected 120 nkat/mg protein whereasin
A. biennis cultures 3.66 nkat/mg protein MnP activity and 25
nkat/mg protein Lac activity were detected.

Thewhite-rot fungi Pleurotus ostreatusisacultivated edible
mushroom and it is a saprotroph that acts as a primary
decomposer onwaood. P. ostreatus produces severa ligninolytic
enzymes such as laccase, manganese peroxidase that catalyse
one-electron oxidation of ligninunits, but not LiP (11). Isolated
fungal strain was activated on 2% MEA at 26°C for 7 days and
inoculated into 100 ml malt extract broth in 250 ml Erlenmeyer
flasksat 26°C and 165 rpm. The pelletswereinocul ated into 250

ml Erlenmeyer flasks containing second medium and incubated
at 26°C. Fig. 2 and Fig. 3 show the effects of agitation rate on
Lac and MnP production. As seen from the Fig. 5(a) and Fig.
5(b), the highest MnP and L ac activities were obtained after 10
daysincubation of thestrain at 165rpm 101.81 U/l and 311.55 U/
I, respectively. However, contrary toresults Stgjic et al. (32), for
different P. ostreatus strains revealed Lac activities varying a
rangefrom 3.2t0 256 U/l in submerged fermentation of mandarin
peels.

Ganoderma carnosum belongs to subclass of white-rot
basidiomycetes. Ganoderma genus has been widely studied
since some of its species have medicinal properties. G. lucidum
has been used for promotion of vitality and longevity (20) and
prevention and treatment of various human diseases in China
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Figure 4(a). Lac production of T. versicolor and A. biennis at
26°C and 130 rpm;
Figure4(b). MnP production of T. versicolor and A. biennis at
26°C and 130rpm.
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Figure5(a). Lac production of P. ostreatus and G. carnosum at
26°C and 165 rpm.

Figure 5(b). MnP production of P. ostreatus and G carnosum
at 26°C and 165 rpm.



and other Asian countries (19,30). Additionally, thesefungi have
aso raised interest in the area of plant pathology. One of the
important aspects of Ganoderma species associated with the
useof itsligninolytic potential, but the studies about thisfungus
are not completely known (8). Ganoderma carnosum, isolated
in this study, was activated on 2% MEA at 26°C for 7 daysand
inoculated into 100 ml malt extract broth in 250 ml Erlenmeyer
flasks at 26°C and 165 rpm. The pellets were transferred to 250
ml Erlenmeyer flasks containing third medium and incubated at
26°C. AsseenfromtheFig. 2and Fig. 3, agitation ratesinfluenced
Lac and MnP production and the Fig. 5(a) and Fig. 5(b)
demonstrate that the maximum MnP and Lac activities were
obtained after 4 and 10 daysincubation of the strain at 165 rpm
136.99 U/l and 87.92 U/, respectively, but LiP activity was not
detected. In afew literatures, Ganoderma sp. strains have been
reported to produce ligninolytic enzymes by using of several
agricultural wastes and food industry wastes in submerged
fermentation. As the results were compared, Lac activities
varying arangefrom 0.04 to 97000 U/l and MnP activitiesvarying
a range from 0.02 to 135 U/l were observed due to types of
wastes (8,31).

Lyophyllum subglobisporium, Ramaria stricta and Lepista
nuda were incubated on PDA dants and Lactarius delicious
was incubated on MEA slants at 26°C for 7 days. After
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incubation they were inoculated into 100 ml potato dextrose
broth and 100 ml malt extract brothin 250 ml Erlenmeyer flasks
at 26°C and 165 rpm. After the growth period pellets were
inoculated 250 ml Erlenmeyer flasks containing medium and
incubated at 26°C and 165 rpm. However, significant ligninolytic
enzyme activities were not detected in submerged culture
conditions for 30 days whereas found out in fresh fruit body
extracts of R.stricta. L. subglobisporium and L. nuda cannot
be cultivated under these cultivation conditions. There is not
any literature for these Basidiomycetes producing ligninolytic
enzymes. Therefore, further experimentsare required for using
these fungi in industrial and biotechnological process.

This study providesthat fresh fruit bodies of fungus can be
used for the screening of new and aternative enzymes as a
primary method, especially for the production of ligninolytic
enzymes and confidence of this method was confirmed by
guaiacol tests as a secondary method.

Applications of isolated fungal strains for textile dye
decolorization

White-rot fungi are capable of decol orization of sometextile
dyesviaproducing ligninolytic enzymes. In this study, isolated
fungal strains were used for decolorization of a textile dye,
Remazol Marine Blue, on agar plates. As seen from the Fig. 6,

(a) Blank

i

(b) G. carnosum ECN 100603

r ==

(d) 4.. biennis ECN 100601

(¢) T. vercicolor ECN 100609

(e) P ostreatus ECN 100607

Figure 6. Decolorization of Remazol Marine Blue on agar plates. (a) Blank; (b) G carnosum ECN 100603; (c) T. versicolor ECN

100609; (d) A. biennisECN 100601, (€) P. ostreatus ECN 100607.
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decol orization of Remazol Marine Bluewas observed effectively
on agar plates with G carnosum ECN 1400603 strain and T.
versicolor ECN 100609 strain for two weekswhile P. ostreatus
ECN 100607 was not efficient to decolarize the dye for four
weeks. Onagar platewith A. biennisECN 100601, it wasdetected
that there was a transformation of dye.

RESUMO

Triagem de enzimasligninoliticas de fungos
autoctones e aplicacdes par a descoloramento de
Remazole MarineBlue

Este estudo apresenta novas cepas de fungos produtores
de enzimas ligninoliticas com potencial de aplicagdo em
processos industriais e biotecnol égicos. Trinta cepas de fungos
autéctones foram obtidos em Bornova-Izmir, Turquia. Os
extratos frescos dos corpos de frutificagdo foram submetidos a
triagem de atividade de lacase, manganés peroxidase e lignina
peroxidase, que s80 as principais enzimas de degradacéo de
ligninocel ul ose pel os Basidiomycetes. Foram isolados esporos
de Cortinarius sp, Tramnetes versicolor, Pleorotus ostreatus,
Abortiporus biennis, Lyophyllum subglobisporium, Ramaria
stricta, Ganoderma carnosum, Lactarius delicius ve Lepista
desnuda, investigando-se as condigdes Gtimas de cultivo em
fermentagdo submersa para producdo de enzimasligninaliticas
com elevado rendimento. Além disso, as cepasfiingicasisoladas
foram monitoradas em placas de agar quanto a capacidade de
descoloramento do corantetéxtil Remazole Marine Blue.

Palavras-chave: Basidiomycetes, enzimas ligninoliticas,
descoloramento
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