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ABSTRACT KEYWORDS
Agaricusblazei isan edible and medicinal mushroom commonly cultivated Abrasiliensis,
on compost. However, non-composted substrates are being particularly Almond portobello;
studied for specialty mushrooms because their economic and labour Oligoelements;
advantages. Addition of salt minerals to the substrate or casing materials Bioremediation;
may stimulate both the synthesis and activity of enzymesinvolved in the White rot fungi enzymes.

mushroom substrate biotransformation and eventually lead to anincrease
not only in mushroom productivity but in the fruitbody mineral content
too. Remai ning substrates from mushroom cultivation area potential source
for the extraction of high valued ligninolytic enzymes like laccases. The
main objective of this study was to determine the laccase activity level
produced by A. blazei on different phases of its growth cycle, using
composted and non-composted substrates. It was also studied the A.
blazei 1accase production in substrates, either in the presence or in the
absence of Cu?* or Zn? (100 or 200 ppm). Results showed that laccase
activity depends on the substrate used and varies along the different
phases of cultivation. It was also demonstrated, that laccase production
and its subsequent accumulation in a substrate are not necessarily
correl ated with the mycelia growth rates and mushroom production yields.
The incorporation of Cu?* (100 and 200 ppm) solutions on top of the
casing layer (composted substrate) or as part of the formula (non-
composted substrates), stimulated the laccase production in the studied
substrates. Inthe case of Zn?*, only the addition of 100 ppm had apositive
effect on laccases and mainly in composted substrates.
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INTRODUCTION 19" century. However, it wasonly after the studiesre-

lated tothe degradation of ligno-cedl lulosic materid sper-

Laccases (benzenediol: oxygen oxidoreductase, formed by whiterot fungi enzymesthat they began to
EEC 1.10.3.2) have been studied sincetheend of the  draw moreattention™. They catalyzethe oneéeectron
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transfer inthe oxidation of several aromatic substrates
withthesmultaneousreduction of dioxygentotwomol-
eculesof water!?!,

Laccases can be used in remediation practices
(chlorophenals, synthetic dyes, pesticidesand polycy-
clic aromatic hydrocarbons), beverage processing
(wine, fruit juice, and beer), ascorbic acid determina-
tion, sugar beet pectin gelation, baking, and aspart of a
biosensor(*”. They can also whiten pulp paper and
detoxify agricultura by-products, such asthe phenolic
waste present intheresultingwatersof olivesgrinding,
those of the coffee pulp™™, and even biodegrade the
herbicide methyl metsulfuron. Moreover, for substrate
oxidation, laccases can al soimmobilize soil contami-
nantsby chemica couplingto soil humic substances, an
andogous processto thehumic acid synthesisin soil %4,

Laccaseactivity hasbeen extensvely demonstrated
inmorethan 60 funga mushroom species, anongthem
Agaricusbisporus, Pleurotus ostreatus and Trametes
versicolor22, and many laccases have been extracted
and purified?>?, Thetypicd fungd laccaseisaprotein
of approximately 60-70 kDawith anacidicisoeectric
point around pH 4.0,

Whilethemajority of thelaccasesso far purified
areextraced lular enzymes, thelaccases of wood rotting
fungi area sousually presentintheinterior of cellg2.
Thelocation of theseisprobably associated with their
physiological function. Itispossiblethat intracellular
laccasesof fungi participateinthetransformation of low
molecular weight phenolic compoundsin the cells.
Laccases also have been linked to the possibleforma-
tion of melanin and other protective compoundsinthe
cell wall®9, Other fungi laccaserolesinclude morpho-
genesis, fungal plant-pathogen/host interaction, stress
defence, and lignin degradati onf4%27,

Laccasesactivity reflectsthe course of theorganic
substancesand variesover time. Itisaso anindicator
of mycdium presence®. Inaparticular fungus, laccases
arenormally produced in several phasesof itsgrowth
and during thisprocesssomeareexcreted to theligno-
cdlulosic environment; from wherethey canbeeasly
extracted, aswell asfrom some soils or from spent
mushroom substrates”519, The possibility of increas-
ing thelaccases production through addition of fungal
inductorsto the mushroom growing medid'® and using
areatively ssimple purification processisanother ad-
vantage®.

Despitemany effortsto understand thelaccaserole
inthelignocdlulosetransformation, it isnot completely
clear how important thisroleisinthelignin degradation
andinwhat extension contributesto theformation and
decomposition of humic substancesin soils. Brumi®
conducted astudy on enzyme production, including that
of laccases, during the vegetative growing phase of A.
brasiliensis (syn. A. blazel) on composted and non-
composted substrates, verifying the adaptability of A.
brasiliensis to produce mycelial biomass under
unfavourableconditions, showingacompetitivecagpacity
determined by the production of oxidativeenzymesto
degradereca citrant constituents of the substratesem-
ployed and by the accessto carbon. However, thereis
no dataavailable on laccases production during the A.
blazel reproductive phaseaswell as on the effect that
theaddition of either Cu (1) or Zn (1) producesonthe
mushroom productivity.

The aims of this search werei) to determinethe
laccase activity level duringthecultivation of A. blazei
(2 flushes), grown on composted and non-composted
substrates based on sunflower seed hulls (SSH) and on
spent mushroom SSH based substrate, (after two
Pleurotus pulmonariusflushes), intheabsenceor pres-
enceof supplements. Laccase activity wasa so investi-
gated on substratesused for runningthemycelial linear
growth test for thismushroom, when studying the abil-
ity to grownin different substrates based on sunflower
seed hulls (SSH) and on spent mushroom SSH based
substrates (SMS); and ii) to investigate the effect that
the addition of Cu?* or Zn?* (100 or 200 ppm) hason
laccase productionintheA. blazel substrate, whentheir
sdtsareincorporated either during the substrate prepa-
ration or at irrigation of casing bedson composted sub-
strates or during the preparation of non-composted
substrates.

MATERIALSAND METHODS

Biological material

Agaricusblazei Murrill (PL strain) was obtained
from Brasmicd, SP, Brazil.

Preparation and conservation of the mushroom
spawn

Themycdia culturewasmaintained in glasstubes
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on MY PA medium (20 gl* malt extract, 2 gl yeast
extract, 1 gl peptoneand 20 gl agar), covered with
sterileliquid Vasdine® at room temperature until use.
Another nutrient medium (CDYA) was prepared using
thefiltrate resulting from boiling 500 g of Phasell sun-
flower seed hulls-based compost in 1| water and add-
ing 2 gl yeast extract, 20 gl** dextrose and 20 gl
agar®®, Thisnutrient medium wasadjusted to pH 6.5
with HCI and sterilized at 1 atm for 30 min. A. blazei
mycelium wasinoculated on Petri dishes containing
CDYA medium and incubated in darknessat 25°C for
10-15 days, at which timethe mycelium almost cov-
ered the nutrient medium and was ready to be used for
spawn preparation.

Wheat (Triticum durum L.) grain (250 g) was
placedinto 1| glassbottlesand 190 ml water with 1.3%
CaCO, were added and allowed to stand overnight at
room temperature. Resulting mixturewas autoclaved
at 1amfor 1.5 hr. After myceliuminoculation (16 cm?
of colonized CDYA medium), thespawnwasincubated
at 25°C in darkness for 30 days, with occasional in-
spectionsfor detecting contaminationsand shakingsto
facilitatecompletegrain colonization.

L accasesactivity in composted substrate

Two 1 kg bags with phase I compost, based on
sunflower seed hulls-Helianthus annus- and wheat
straw!™, inoculated with 5% of A. blazel spawn, were
sampled at different phases of themushroom cultiva-
tion process, i.e. casing application, fruiting body in-
duction, first and second flush of mushrooms, to deter-
minethelaccases activity in both the substrate and cas-
ing material. Sample columnswere obtained from the
bottom to thetop of the substrate with help of a5 cm
diameter punch. Both casing and substratelayerswere
separated and homogenized, and 1 g of each wastaken
for thelaccase activity analysis. Laccase activity was
spectrophotometrically measured and average values
from threereplicates of each extract were analyzed by
one way ANOVA and means were compared with
Tukey HSD (0=0.01) using the Statistica 6.0 software.

Remaining materia wasused for dry weight deter-
mination by the gravimetric method (50°C for 48 hr).

L accasesactivity in non-composted substrates(lin-
ear growth test)

Linear growthtest on A. blazei wasperformedin

glasstubes (20x 2 cm) (n=10) containing 8.5-10.0cm
tube length of different non-composted substrates
(TABLE1Y).

TABLE 1: Non-composted substr atesfor mulationsbased on
sunflower seed hulls(SSH) and spent mushroom substrate
either unmilled (SM S) or milled (SM SM), and with different
per centages of supplements (ver micompost -ver m-, peat or
brewery residues-BR-), and 2.0 % CaS0O,, 0.5% CaCO,
and 60.0% water. Componentsof theformulationsaregiven
in massunits. Thetotal nitrogen content (Kjeldahl) and the
carbon/nitrogenratiosarealso given.

SSH SMS SMSM Verm Peat BR N

substrate o) ) (%) (%) (%) (%) %) ™
Control 1 (SSH) 3750 - - - 05971
SSH/SMS (5/5) 18.75 18.75 0.63 78
SSH/SMSM (5/5) 18.75 18.75 0.63 78
SSH/verm (8/2) 30.00 7.50 0.69 55
SSH/verm (6/4) 22.50 15.00 0.78 44
SSHipeat (8/2)  30.00 7.50 0.78 55
SSHipeat (6/4)  22.50 15.00 0.81 54
SSH/BR (8/2) 30.00 7.50 0.87 50
SSH/BR (7/3) 26.25 11.25 0.99 44
SSH/BR (6/4) 22.50 15.00 1.10 40
Control 2 (SMS) 37.50 0.82 68
SMSBR (8/2) 30.00 7.50 0.90 60
SMSverm (8/2) 30.00 7.50 0.86 58
SMS/verm (6/4) 22.50 15.00 0.91 48
SVISpeat (8/2) 30.00 7.50 0.88 48
SVISpeat (6/4) 22.50 15.00 0.96 45

After 53daysof incubation, threesamplesper treat-
ment were taken for dry weight measurement. Con-
tents of the seven remaining tubeswere emptied and
myceliacolonized portionswere separated and mixed;
then 1 g colonized substrate sample (n=3) was obta ned
for laccase activity measurement.

L accases activity in non-composted substrates
(cultivation trial)

Thenon-composted substrates supporting the bet-
ter mycdlium devel opment inthelinear growth test were
usedinacultivationtrid. Substratesformulationswere
prepared in an appropriate container, soaked with wa
ter for 15to 20 hr, then 750 g of each substrate were
put in 13 bags (35 x 25 cm) of high density polyethyl-
ene (75 um) and closed with the help of a cotton plug -
to dlow gasexchange- fitted with arubber band. Bags
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weresterilized at 1 atm for 120 min. After cooling, a
substrate samplewas obtained from each trestment for
moisture and pH measurement, and bagswereinocu-
lated with 6.5% (wet weight) of A. blazel wheat grain
spawn. Treatments consisted of: [Control (SSH)];
[SSH/SMS(5/5)]; [SSH/SMSM (5/5)]; [SSH/verm (8/
2)]; [SSH/peat (8/2)]; [SSH/BR (8/2)]; [SSH/BR (7/
3)]; [SSH/BR(6/4)]; and [SMSBR (8/2)] (see TABLE
1). Upon completion of thecultivationtria, threebags
wererandomly taken from each treatment, the casing
material of each bagwasremoved and asamplerepre-
senting the entire substrate depth wastaken, homog-
enized and then 1 g of theresulting materia wasused
for measuring laccase activity. Also, to obtain thedry
weight, anaiquot of theremaining material wastaken
and driedin stove. Measures of laccases activity from
the different substrate formulationswere anayzed by
simple ANOVA and themean va uesof laccase activi-
tieswerethen compared by Tukey HSD (0=0.01).

L accases activity in composted substrate. Effect
of copper and zinc

High dengty polyethylene(25x 35cm, 75 um) bags
werefilled with 350 g phase Il compost, inocul ated
with 5% of A. blazei wheat grain spawn, and closed
with acotton plug asmentioned in the previous section.
Thenthey wereplacedindarknessinanincubationroom
at 25+3°C and 80% of R.H. Casing bed (140 g, 34%
peat, 29% CaCO,, 37% water) was layered on day
17 ontop of dl bag substrates, and salt treatmentswere
applied a thistime. Theninetreatments (n=12) were:
C1, control; C2to C5, incorporation of CuSO,.5H,0
or ZnSO,.7H,0 to the casing bed during its prepara-
tion (CBP); and C6 to C9 incorporation of the same
sdtsduringwaterings(W). They werelabdlled as: Con-
trol; 100 ppm Cu CBP; 200 ppm Cu CBP; 100 ppm
Zn CBP; 200 ppm Zn CBP; 100 ppm Cu W, 200
ppm Cu W, 100 ppm Zn W, 200 ppm Zn W.

All bagswere opened 27 daysafter casing and ex-
posed for the fruitbody induction to 300 Ix (cal16 hr
photoperiod), 27+3°C, and 85% R.H. with a ventila-
tion rate exchange of 3-4 room air volume per hour.
Watering, condsting of fiveshotswith sprayer, wasdone
5 daysafter bag opening and continued, usualy every
two days, until theend of thetrid. Inthecase of water-
ing with sat solutions, different sprayerswereused for

each treatment, and after use they were stored under
refrigeration till the next st solution gpplication. Seven
applications were done every two days after which
common watering continued. The assay was ended by
harvesting thefirst flush of mushrooms. Fromremaining
bags, three of them were randomly chosen per treat-
ment, even from those where no fruitbodieswere ob-
tained (100 ppm Cu?* CBP and 200 ppm Zn?* W).
Also, asamplefrom each treatment was obtained from
thetop of the casing material to the bottom of the sub-
strate. The casing layer was separated from the sub-
strate, and each fraction was then homogeni zed to ex-
tract 1 g for laccase activity measurement. Also, the
casing layer and substrate werejoined again (maintain-
ingtheir original proportion), mixed uniformly and an-
other 1 g was taken from this mixture. These three
samples, i.e. from substrate, casing and substrate/cas-
ing, werethen used for laccase extraction and activity
determination. Dry weight of each of the studied frac-
tionswas al so determined. Resultswere statistically
anaysed by using the oneway-ANOVA and the Tukey
HSD test (o = 0.05).

L accases activity in non-composted substrate.
Effect of copper and zinc

Laccase activity was also analyzed in non-
composted substrateswith or without addition of those
metal sats.

The composition of the non-composted substrate
formulawas 11.9% SSH, 11.5% poplar (Populusni-
gralL. var. italica) sawdust, 6.0% wheat bran, 4.5%
soybean meal, 4.0% peat, 2.0% CaCQO,, 0.1%
(NH,),SO, and 60.0% water. Copper and zinc salt
solutionswere applied during substrate preparationin
thefollowing concentrations: 100 ppm Cu?*; 200 ppm
Cu?; 100 ppm Zn?*; 200 ppm Zn?*; substrateswith no
addition of these sdtswereused ascontrols. High-den-
sty polyethylenebags (25x 35 cm, 75 um) were filled
with 350 g of the corresponding substrate (n=12) and
closed with acotton neck fitted with an e astic band, to
alow appropriate gasexchange. The bagswere steril-
ized at 1 atm for 120 min and this operation wasre-
peated 24 hr | ater. When the substrate reached room
temperature, it wasinoculated with A. blazei wheat
grain spawn at arate of 6.5%, withinasterilelaminar
air flow cabinet. Then, bagswere passed to anincuba
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tionroom and maintained at 25+2°C in darkness. Cas-
ing bed, prepared as above mentioned, was applied at
day 25 after incubation. After casing was colonized
during 14 days, bags were open and colonized sub-
strateswere exposed to an inductive environment for
fruiting (22-30°C, 80% R.H., 300 Ix (ca. 16 hr photo-
period), with aventil ation rate exchange of 3-4 room
ar volumeper hour). Upon completion of thefirst flush
of mushrooms, three bagsfrom all treatments, except
the onewith 200 ppm Cu?*, wererandomly sampled.
Casing materia wasretired from the bagsand there-
maining substrateswere homogeneoudy mixed. Then,
two samplesof 1 g each weretaken at random and ex-
tracted for |accase activity determination on two occa-
sions(consdered datisticaly asblocks). Fromtherest
of thematerid, asamplewas obtained to determinedry
weight. A bifactorid ANOVA, blocksand treatments,
were performed, and as no block effect or treatment
interaction wasfound, thetreastment effect wasandyzed
and meanswere compared by Tukey HSD (o= 0.01).

Deter mination of laccase activity

Laccaseactivity wasdetermined following the pro-
tocol of Brum®®., Briefly, 10 ml of distilled water con-
taining 10 pl of Triton-X100 wasadded to 1 g of fresh
substrate or/and casing. Themateria was macerated,
filtered and centrifuged (1500 x gfor 15min at 4°C,
Rolco 2036, Rolco S.R.L., Argenting), and the super-
natant wasimmediady used for theenzyme assay based
ontheoxidation of the syringal dazine (A525 nm extinc-
tion coefficient £ = 65000 M-! cm-!). Syringaldazine
[N,N’-bis(3,5-dimethoxy-4-hydroxybenzylidene hy-
drazine)] is often considered to be a unique laccase
substrate*® aslong ashydrogen peroxideisavoidedin
thereaction, since thiscompound isalso oxidized by
peroxidases.

For this, 0.5 ml sodium acetate buffer (pH 5) 0.1
mol/l and 0.5ml of the supernatant, asexplained above,
were placed in a glass tube. Four tubes per sample
corresponding tothreereplicatesand ablank (without
syringaldazine addition) were prepared. Thelaccase
activity was recorded using a spectrophotometer
(Metrolab 1600 plus, UV-VisMetrolab S.A., Bernd,
Argentine) at 525 nm. After the blank sampleswere
measured, 25 ul 20 mmol/l syringaldazine (SIGMA)
were added to the tubes, placed in avortex for 10 sec

BioTechnology —

and after aminute of the syringal dazine addition, the
absorbancewasmeasured. One unit of enzymeactivity
wasdefined asthe amount of enzymewhich oxidizes1
umol of substrate per minute. Laccase activitieswere
expressed asU/g dry weight of the extracted material.

RESULTS

L accasesactivity in composted substrate

Theevolution of thelaccase activity inacomposted
sunflower seed hull and wheet straw based substrate
during A. blazai cultivation showed asgmoidtypecurve
(Figurel).Atcasing (day 17) and at fruiting induction
(day 27), thelaccase average activity weresimilar and
low ca. 0.9 U/g DW, but after thefirst (day 102) and
thesecond flush (day 117), increased by 8 and 10times,
respectively. Thelargest increase of laccase activity
(576%) was produced during the vegetative phase, i.e.
from the casing until thefirst flush; but markedly de-
clineditsproduction rateduring thereproductive phase
or fruiting, i.e. betweenthefirst and second flush, when
amost reached aplateau by increasing 18%.

1

(Ulg DW)
O =N wh OO N 0O O O

Laccases

408
i e 0B

Casing 1st flush

Cultivation stage

Induction 2nd flush

‘ day 17 27 102 117 ‘

Figure1: Mean laccase activity content values (U/g DW
subgtrate) in composted sunflower seed hull based substrate
duringA. blazei cultivation.

Theaveragelaccase activity inthecasing bed was
much lower thanthat found in the substrate ong the
crop, i.e. 0.2 U/g DW at induction and first flush and
0.4U/gDW at second flush. This showsthat theen-
zymeismainly produced and accumulated in the sub-
strate from where the mushroom obtains most of the
nutrientsfor itsgrowth and devel opment.

L accaseactivity in non-composted substrates(lin-
ear growth test)

Significant differences (p=0.0003) werefound be-
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tween thelaccase activity substrate contents of differ-
ent non-composted substrates, contained in tubesfor
linear growth test, colonized by A. blazel, after 53 days
of incubation, athough therewereno significant differ-
enceswith the control (Figure 2). Substrates showing
thehighest production of A. blazel |accaseswere both
the sunflower seed hulls (SSH) and the spent mush-
room substrate (SM S) with different proportions of
brewery industry resdue; an increasein the supplement
proportion resulted in anincrease of laccases produc-
tion. Therest of the substrateformul as showed similar
laccase production, except for SSH with pest (6/4 ra-
tio) with thelowest content of laccases and the only

onethat differed significantly withthose substrateswith
highest laccase production (Figure 2).

When observing the A. blazei mycelia growth
behaviour on these same substrates, wefoundthat in
thosewhereas gnificant increase of laccases activity
content was measured, the mycelium growth ratewas
similar to their respective controls (datanot shown),
which suggeststhat thelaccase activity, at least inthis
system of eva uation of growth and growing conditions,
isnot agood indicator of mycelium growth. However it
should be correl ated when the mycelial masswerethe
parameter to be measured for mycelia growthevaua
tion.

2.00

EN|

1.80

1.60

ab

2

2

o
=]

Laccases
(Uig Dw)

o
oo
o

0.60 1

Control SSH

SSHIBR (64)
SMS/ER (8-2)

SMS/peat (8-2)

SMS/Verm (6-4)

Treatments

Figure2: Mean laccase activity content values (U/g DW substrate) produced by A. blazei in different non-composted
substratescontained in test tubesfor analysisof mycdlial growth after 53 daysof incubation. For treatment abbreviations
see TABLE 1. Different letter shetween columnsr epr esent significant differences(Tukey HSD, 0=0.01).

Inamost all substrate formulations, the average
laccase activity content val ues, with the exception of
SSH/pest (6/4), wereintherangeof 0.9-1.5U/gDW,
showing no statistical differences.

L accaseactivity in non-composted substrates(cul-
tivationtrial)

Highly sgnificant differences(p=0.004) werefound
inthelaccase production by A. blazei ontheresidual
non-composted substrates after two mushroomsflushes.
The highest |accase content was obtained in the control
(SSH) andinthe SSH/pest (8/2) subdtrates. Thesewere
sgnificantly superior tothelaccase contentin SMS/BR

substrate (8/2) but not totherest of the substrates (Figure
3). Theselaccase content valueswere similar to those
foundin composted substrate, aso after two flushes of
A. blazel.

L accases activity in composted substrate. Effect
of copper and zinc

No significant differencesin the laccase content
comingfromthecasingmaterid, after thefirst A. blazei
flush, from different trestmentswerefound. However,
laccase content increased around 243% with the addi-
tion of 100 ppm of thesaltsof either e ement during the
preparation of the casing bed compared to the control.
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When themineral nutrient dosewasincreased, only the
Cu?* salt solution had apositive effect on thelaccase
content (181%) with regard to control. Otherwise, when
100 ppm Cu?* was applied by irrigation, it was ob-
served alaccase content lower than the control; how-
ever, anincrease of 137% wasobtained with 200 ppm

Cu?* irrigation. When the Zn?* solution was applied
duringirrigation, laccase content vauesweresmilar to
the one obtained with the control (Figure4). Thisen-
zyme content inthe control casing bed (0.16 U/g DW)
Isconsistent with that measured after afirst A. blazei
flush cultivated on composted substrate (0.20 U/gDW).

9.00
| a |—|1
«
8.00
7.00
6.00
w = ab
g5,
e T ab
= «
i 2 |
e [=]
4.00 [
5
£
3.00
= 1
b
2.00 % —
4 3
1.00 &
g
0.00 L5

Treatments

Figure3: Mean laccaseactivity content values (U/g DW substrate) in differ ent spent substrates corresponding to non-
composted substrates: sunflower seed hull (control, SSH) or spent mushroom substrate (SM S) and SSH supplemented with
different materials (ver micompost -ver m-, peat or brewery residues-BR-), at theend of atwo flushescycleof A. blazei
cultivation, 210 daysafter spawning. Different letter sbetween columnsrepresent significant differences (Tukey HSD,

0=0.01).
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Figure4: Mean laccaseactivity content values (U/g DW) (n=3) in peat casing (C) of composted substratewith addition or not
of Cu? or Zn? (100 or 200 ppm) duringwatering (W) or casing bed preparation (CBP), after thefirst A. blazei flush.

BioTechnology —

Hn Tudian Jounual



BTAIJ, 7(3) 2013

Gonzilez-Matute Ramiro et al.

109

Laccase activity content analysisin the substrates
of thedifferent trestments showed no significant dif-
ferences, being al valuesbetween 9.83 and 11.97 U/
g DW (Figure5). These values were on average 50
% higher than those measured in composted substrate
without addition of mineralsafter afirst flush of A.
blazel.

——————y FULL PAPER

Inthe caseof laccase activity in samplesof there-
maining wholegrowing medium, i.e. substrateand cas-
inglayer, itispossibleto observethat thedifferencesin
theactivity values obtained on the casing layer done
between different treatments, disappeared and de-
creased alittlewith respect to the val ues obtained from
substratesaone (Figure6).

14.00
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Figure5: M ean laccaseactivity content values(U/g DW) (n=3) in composted substrate (S) with or without Cu? and Zn? (100
or 200 ppm) applied duringwatering (W) or casingbed preparation (CBP), after thefirst flush of A. blazei ushrooms.
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Figure6: M ean laccaseactivity content values (U/g DW) in spent mushroom compost (casing + substrate, C/S) with or
without Cu? and Zn? (100 or 200 ppm) salt solutionsapplied duringwatering (W) or casing bed preparation (CBP), after

thefirst flush of A. blazei.
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Figure7: Mean laccase activity content values (U/g DW) after thefirst flush of A. blazei mushroomscultivated in non-
composted substratewith or without Cu?* (100 ppm) or Zn? (100 or 200 ppm) addition. Different letter shetween columns

represent significant differences(Tukey HSD, ¢=0.01).

L accasesactivity in non composted substrate. Ef-
fect of copper and zinc

Wefound nointeraction between factors(p=0.317)
or effect by theblock (different samplings) (p=0.031);
however, therewasahighly significant trestment effect
(p<0.010). The addition of 100 ppm of Cu?* to the
substrateincreased laccase activity inahighly signifi-
cant way with regard to the control. Asfor Zn?*addition,
thelower dosed soincreasedinahighly significant way
the laccase content in the substrate, but was not the
casewiththehigher dose. At thesametime, thelaccase
activity content inthe substrate containing 100 ppm of
Cu?* washighly significantly superior tothat found with
100 ppm of Zn?* (Figure7).

DISCUSSION

Variation inthelaccase activity content along the
cultivation timewas observed with composted and non-
composted subgtrates. Itislikely that during tropophase
and beforethefirst flush of mushrooms, mostly avail-
ablenutrients rel eased during composting were used
until itsdepl etion. Thisnew stuation which generates
nutrient insufficiency would beresponsiblefor theacti-
vation of enzyme genes involved to complete the
idiophase, including thosefor laccases, whose activi-
tieswould allow the accessto less available carbon
sourceswithinthelignocelulosic matrix.

Different srainscultivated in various substrate ma-
terialscan result in different laccase activities®. Inour
research, different contents of laccase activitieswere

BioTechnology — o

measured, showing that both the formulation and the
initial substrate degradati on status can beadeterminant
of thelaccase production and aparticul ar biodegrada
tion strategy settled by this mushroom when adapting
to growthinagiven substrate.

Comparing thelaccase concentration of the non-
composted substrates sudied withthemushroomyieds
obtained from these substrates during the cultivation
stage (datanot shown), it was possi bleto note that the
highest | accase concentration after two flushes of A.
blazel, about 8 U/g DW, wasfound on the substrates
with lowest yields, i.e. control and SSH/peat (8/2).
Probably, theshortage of easily availablenutrientsand
thelimited accessto carbon sourcesinduced laccase
productionto higher levels. Inthe more nutrient-rich
substrates, with SM'S or those containing different
supplements, i.e. brewery residues (BR) or
vermicompost, the laccase production waslower. On
the other hand, the lowest laccase concentration (1.9
U/g DW) wasobserved inthe SMS/BR (8/2) substrate
which wasthe best in productive performance. It was
also demonstrated that A. blazel laccases production
and its subsequent accumulation in the substrateis not
correlated withthemycelial growth rateand mushroom
productionyields, i.e. SMSYBR (8/2) showed thehighest
laccase activity content, after 53 daysof incubation on
thelinear growth test.

Inthecaseof non-composted SSH based subdtrate,
laccase content val ueswerelower than those reported
by Brum® for anon-composted substrate (50% real
pa m leaf -Archontophoenix alexandrae Mart.-, 25%
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Eucalyptus sp. sawdust, 12% whest bran, 8% CaCO,,
and 5% CaSO,, withaC/N ratio of 25/1) whichwere
13.9and 5.2 U/g DW &fter 14 and 35 daysof incuba-
tionof A. brasiliend's, respectively.

Sincelaccases are oxidoreductases enzymes con-
taining Cu?, in A. blazel cultivation it would be ex-
pected anincreaseinitsactivity content following the
addition of non-mycotoxic concentrations of Cu? in
thesubstrateor casing bed. Infact, itisknownthat this
enzyme production and activity can bestimulatedinthe
presence of adequateamountsof Cu?1%28, Inthisstudy,
addition of 100to 200 ppm of Cu?* inthecasing bed of
acomposted substrate doesnot ater thelaccase activ-
ity content in the substrate; however, it may havean
inductiveeffect on laccases activity inthe casing mate-
rid, especidly whentheminerd solutionisincorporated
during its preparation. In the case of non-composted
substrates, 100 ppm of Cu?®* as part of the substrate
formulastimul ated the production of laccases.

Instead, only the addition of Zn?* (100 ppm) had a
positive effect on laccases, similar to that found with
theaddition of Cu?* (100 ppm) inthecaseof composted
substrate, but it wasless extensivein the case of the
non-composted subgtrate. Theaverageva uesof laccase
activity contentsfound inthe non-composted substrate
with theaddition of Cu?* and Zr?* solutionswere about
1/3 of thosefound in composted substratewith the ad-
dition of thesamesaltsinthecasing layer.

CONCLUSION

Laccase activity increase did not result in apro-
ductivity improvement at thefirst flush of mushrooms.
However, should thisfinding do support theuseof this
oligod ementswhen|ookingfor addingeconomicd vaue
to thiscrop through laccase production, sinceit would
not be expensive or cumbersometo add the copper or
zincsdtinthesubstrateformula
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