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Abstract:

Eight vegetable oils and glycerol were examined as sole carbon source to screen nine isolates of Botryosphaeria
spp. Among these, B. rhodina MAMB-05 produced highest laccase titres on all carbon sources evaluated followed
by B. rhodina MMLR isolated (from orange, Citrus sp.). The influence of inorganic nitrogen (NH4Cl, NaNOs3,
(NH4)2S04, and NH4NOs), organic nitrogen (yeast extract (YE), urea, peptone, and corn steep liquor) sources,
inorganic phosphate (KH2PO4, NazHPO4, NaH2PO4, K2HPO4), as well as increasing concentrations of copper (from
zero to 100 pug mL™"), as nutritional requirements for enhancing laccase production by B. rhodina MAMB-05 were
also evaluated. Soybean oil was the only carbon source in a central composite factorialdesign (2°%) to optimize
laccase production with the selected variables NaNOs, KH2PO4 and copper (CuS04.5H20), using the response
surface methodology. The optimal conditions obtained were NaNOs (100 g L"), KH2POs (125 g L") and 50 yg mL-
T of CuS04.5H20. The specific laccase activity obtained (2.95 U mg-") in the validation experiments using the optimal
condition for laccase production by B. rhodina MAMB-05 was in agreement with the predicted value (3.07 U mg™),
and demonstrated the fitness of the proposed model.
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1. Introduction agro-industrial wastes, in fruit juice processing,
clarification of wine and beer, and biobleaching of
Laccases (p-diphenol:dioxygen  cellulose pulps for paper [4-8]. These enzymes

oxidoreductases; EC 1.10.3.2) are multi-copper are also implicated in the pathogenicity and
oxidases that reduce molecular oxygen to water, morphogenesis of a diversity of organisms,
simultaneously performing an one-electron including ligninolytic fungi [9].

oxidation of various aromatic substrates in the
reduced state such as diphenols, monophenols,
and aromatic amines [1-3]. Fungal laccases have
been studied and applied to several
biotechnological processes as a treatment of

A strain of Botryosphaeria sp. isolated from an
eucalypt stem canker [10] and classified as
Botryosphaeria rhodina MAMB-05 [11] has been
described as a constitutive producer of laccase
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[12], and enzyme titres could be enhanced
through induction by veratryl alcohol [13, 14, 15]
and copper [16], and was also influenced by
aeration [17], and the type of carbon and nitrogen
(N) sources used [15-18].

A study of the conditions of cultivation is
essential for optimization of processes in the
production of enzymes such as laccases, in order
to produce large amounts of enzyme in media
supplemented only with cheap and accessible
substrates, making  scale-up  production
economically viable [19]. Palm oil fibre and olive
oil mill wastewater have been described as raw
resources used in the production of laccases by
filamentous fungi [20, 21]. In previous work on
laccase production by B. rhodina MAMB-05,
Dekker et al. [16] found that soybean oil when
incorporated into basal medium was able to
produce laccase on this simple and inexpensive
fermentation substrate. However, the effect of
concentration of soybean oil and other
fermentation parameters were not optimized in
that work.

Response surface methodology (RSM) is an
effective statistical technique to investigate
complex processes and has been used in the
optimization of laccase production by different
fungal species [13, 22-24]. The advantage of
statistical factorial design is the reduced number
of experimental runs required to provide sufficient
information for statistically-acceptable results.
Furthermore, it is a faster and less-expensive
method for gathering research data than the
classical experimental methods [25].

In thework reported herein, eight vegetable oils
and glycerol were examined as sole carbon
sources by nine isolates of Botryosphaeria spp.
for the production of laccases. Among these were
five teleomorphs morphologically identified as
Lasiodiplodia theobromae isolated from rotting
tropical fruits [11]. B. rhodina MAMB-05 was found
to be the best laccase producer. The influence of
inorganic and organic nitrogen sources,
phosphate and copper to increase laccase
production using soybean oil as sole carbon
source was also evaluated. Laccase production
by B. rhodina MAMB-05 on soybean oil was
optimized examining the composition of the
nutrient medium by means of factorial design and
RSM. This information will contribute to
knowledgeon the production, properties and

applications of the enzymes produced by B.
rhodina MAMB-05, and the development of new
biotechnological processes.

2. Results and Discussion

The use of surfactants and soybean oil as
carbon sources to produce laccases by B. rhodina
MAMB-05 was previously reported when these
were added to basal medium [16]. In the present
work, different plant seed oils and glycerol were
examined as sole carbon sources to produce
laccase by nine isolates of Botryosphaeria spp.
(Table 1).

B. rhodina MAMB-05 was the best laccase-
producing isolate among those examined with
highest enzyme titers (expressed as specific
activity) resulting from glycerol (25.8 U mg™),
followed by babassu (14.7 U mg') and maize (9.3
U mg") oils. Among all of the Botryosphaeria spp.
examined, only B. rhodina isolates MAMB-05 and
MMLR produced laccase in significant amounts.
Both isolates were also considered the best
laccase producers when cultivated on glucose as
sole carbon source [11]. Earlier studies [12]
revealed that glycerol (1.5 % w v') was an
important carbon source in enhancing laccase
activity by B. rhodina MAMB-05, and this was also
found in our work (Table 1). Dijskstra et al. [26]
demonstrated that olive oil and soybean oil
separately stimulated growth and laccase
production by Agaricus bisporus using a casein-
malt extract medium.The use of an emulsion with
soybean oil and Tween-80 and glucose as
carbohydrate substrate also positively influenced
laccase and biomass production by a
basidiomyceteous fungus, Trametes Vvillosa
CCB176 [27].

Nutritional requirements for laccase production
by B. rhodina MAMB-05 on soybean oil (1 % v v-
) were examined, as different N and P sources
have been reported to enhance laccase
production by some microorganisms [16, 28]. In
the present work, the best N source for laccase
production by B. rhodina MAMB-05 grown on
soybean oil as sole carbon source was sodium
nitrate (2.49 U mg), while for ammonium nitrate
(the N source present in VMSM), the activity was
considerably lower (0.05 U mg-") (Figure 1A).

Cavallazzi et al. [29] investigated the effect of
ammonium tartrate on the production of laccase
by Lentinula edodes, and showed that the
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appropriate N source greatly influenced the
production of this enzyme. The same was found
for laccase production by Pestalotiopsis sp.,
where ammonium tartrate was chosen as the best
N source among urea, YE and ammonium
chloride [30]. Dekker et al. [16] reported that
ammonium chloride reduced laccase titres in B.
rhodina MAMB-05 when cultured only on glucose
as carbon source, even in the presence of veratryl
alcohol, an inducer of laccase production [17].
According to the authors, this effect may be
explained by the potential inhibitory action that
chloride ion exerted on the activity of laccase [17,
26]. The assimilation of different nitrogen sources
for each microorganism varies, and is strongly
influenced by the characteristics of cultivation
[31]. Yeast extract and corn syrup liquor that are
rich in organic N sources also enhanced laccase
activity (Figure 1A).

According to Figure 1B, potassium phosphate
was the best P source for laccase production by
B. rhodina MAMB-05 on soybean oil. Fungal
biomass was positively affected (9.76 g L-') by the
absence of P when compared to VMSM medium
containing potassium phosphate (6.12 g L") or
sodium phosphate (4.43 g L"). In Streptomyces
psammoticus ~ MTCC 7334, magnesium
phosphate was found as the optimal P source to
enhance laccase yields [24]. In a series of studies
to determine the influence of P on laccase
production, Cavallazzi et al. [29, 32] observed that
potassium phosphate was the best P source for
laccase production by Lepistasordida and
Lentinus edodes when compared to other salt
sources.

Production of laccase by different fungi is also
regulated by the presence of copper, which is
present in the active site of the enzyme structure.
Dekker et al. [16] tested different concentrations
of copper (0 - 40 ug CumL-") for the production of
laccase by B. rhodina MAMB-05 growing on
glucose, and found that in the absence of copper,
the fungus produced only minor levels of laccase,
suggesting that this fungus was copper-
dependent for the production of this enzyme.

Palmieri et al. [33] reported that copper
induced laccase production in cultures of
Trametes  versicolor and  Phanerochaete
chrysosporium when these strains were grown on
glucose. The production of this enzyme by

Pleurotus ostreatus also significantly increased

with higher concentrations of copper added to the
nutrient medium. Copper also enhanced laccase
production in Trametes pubescens MB89 [34],
and Phanerochaete chrysosporium NCIM 1197
[35] using glucose-based medium.

Although the amount of copper required for the
production of laccase by B. rhodina MAMB-05 in
the presence of glucose varied between 0.003
and 40 ug mL-' [16], the present study found that
in the presence of soybean oil as sole carbon
source, the appropriate concentration of copper
was higher, 50 uyg mL-". In a related study, laccase
production by B. rhodina MAMB-05 on poplar
hemicellulose prehydrolyzate was optimized by a
ox-Behnken(33%)-factorial design, resulting in
optimal enzyme titers (36.37UmL"")by varying the
concentration of xylose in the prehydrolyzate to
0.06 % w v, together with adding copper (2 mM
CuS04.5H20) as laccase inducer, and glycerol
(1.5 % w v') to increase the level of fermentable
substrate [12].

Biomass production was found to be
negatively affected(reduced by ~16 %) at
concentrations of copper in the culture

mediumgreater than 41 pg mL-'.Baldrian and
Gabriel [36] similarlyfound that the biomass
produced by Pleurotus ostreatus was affected by
the level of copper being less in the presence of 5
mM CuS0O4.5H20.
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Figure 1. Production of laccases by
Botryosphaeria rhodina MAMB-05 grown on
soybean oil as sole carbon source: Effect of
different (A) nitrogen and (B) phosphate sources.
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Table 1. Specific activities of laccase produced by nine isolates of Botryosphaeria spp. cultivated on vegetable oils and glycerol as sole carbon sources.

Specific laccase activity (U mg™")

Isolates of

Botryosphaeria Vegetable oils

spp. - - Glycerol
Soybean Olive Sunflower Maize Canola Babassu Sesame Cotton

B. rhodina MAMB-05 5.1 +1.60 2.4 +0.09 44+316 9.3+2.77 6.9+6.27 14.7 £+ 4.74 7.7+2.67 74+145 25.8+0.96

B. ribis EC-01 0.01 £0.01 0.02 £ 0.00 0.02 £ 0.01 0.01 £0.00 0.01 +£0.01 0.02 £ 0.01 0.01 £ 0.00 0.01 £0.00 0.02 £ 0.02

B. rhodinaMC-01 0.1 +0.06 0.1 +0.01 0.2+0.02 0.1 +£0.00 0.2 +£0.07 0.1 +£0.00 0.3+0.05 0.2+0.10 0.7 £0.40

B. rhodina MMBJ* 0.1 +0.01 0.1 +0.00 0.1 +£0.00 0.1+0.01 0.1+0.04 0.1 +0.01 0.2+0.04 0.1 +0.01 0.2+0.10

B. rhodina MMGR* 0.1+0.02 0.05 + 0.04 0.02 £ 0.00 0.06 £ 0.03 0.04 +0.02 0.02 £ 0.01 0.03 £ 0.00 0.04 £ 0.03 0.04 + 0.01

B. rhodina MMLR* 2.7+0.48 2.7+248 2.6+ 1.46 1.8+0.85 1.4+0.33 0.3+0.06 3.9+1.39 2.0+1.37 0.9+0.00

B. rhodina MMMFO*  0.03 + 0.01 0.2+0.14 0.03 £ 0.01 0.03 £ 0.01 0.03 + 0.01 0.05 £ 0.04 0.04 + 0.00 0.02 £ 0.00 0.1 +0.01

B. rhodinaMMMFR* 0.1+0.03 0.03 + 0.00 0.1+0.02 0.3+0.22 0.1+0.01 0.08 £ 0.04 0.4+0.28 0.1+0.03 0.2+0.03

B. rhodina MMPI* 0.1 +0.01 0.03 £ 0.01 0.09 + 0.02 0.1 +0.00 0.1+0.01 0.1+0.05 0.2+0.08 0.1+ 0.06 0.2+0.05

* classified morphological as the teleomorphic form, Lasiodiplodia theobromae [11].

Orbital: Electron. J. Chem. 10 (7): 568-577, 2018
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Besides these advantages, Tychanowicz et al.
[37] and Hao et al. [30] reported that high
concentrations of copper and aromatic
compounds increased the production of laccase
by the ascomycete Podospora anserina, and that
this enzyme acted in a defense mechanism
against oxidative stress caused by free radicals.
The mechanism of action was based on the
formation of a chelate between Cu2*ion during the
synthesis of laccase.For Trichoderma harzianum
ZF-2, the interactions between different
fermentation parameters for laccase production
were characterized using a Plackett-Burman
design and the response surface methodology.

Wheat straw powder, soybean meal, and CuSOa4
were all found to have a significant influence on
laccase production, and the resulting optimal
medium components were determined as follows:
wheat straw powder 7.63 g L', soybean meal
23.07 g L', (NH4)2S04 1 g L', CuSO4 0.51 g L,
Tween-20 1 gL', MgSO4 1 g L', and KH2PO4 0.6
g L' [38].

Based upon the above findings, the laccase
production by B. rhodina MAMB-05 using
soybean oil as carbon source was optimized
based upon response surface methodology using
different concentrations of copper, KH2PO4 and
NaNO:s as indicated in Table 2.

Table 2. Central-composite experimental-design matrix defining conditions for concentrations of copper
(CuS04.5H20), KH2PO4 and NaNOs on laccase production by Botryosphaeria rhodina MAMB-05.

Variables In Coded Levels Responses
Laccase activity Specific activity . Biomass

Runs X1 X2 X3 (U mL) (U mL™) Final pH (L)
1 -1 -1 -1 0.02 0.02 8.2 7.54
2 +1 -1 -1 0.01 0.007 8.6 7.16
3 -1 +1 -1 0.62 1.52 6.6 6.50
4 +1 +1 -1 1.22 2.26 6.7 8.31
5 -1 -1 +1 0.02 0.01 8.7 7.57
6 +1 -1 +1 1.11 0.57 7.8 3.95
7 -1 +1 +1 0.99 1.82 6.6 7.89
8 +1 +1 +1 1.88 2.02 7.3 8.80
9 +1.68 0 0 0.02 0.01 8.4 7.37
10 -1.68 0 0 0.003 0.004 9.0 8.21
11 0 -1 0 0.004 0.001 9.3 2.64
12 0 +168 O 0.60 0.90 6.5 7.21
13 0 0 +1.68 0.003 0.001 8.7 3.06
14 0 0 -1.68 0.57 0.29 6.8 5.14
15 (0) 0 0 0 1.61 3.04 6.9 7.24
16 (0) 0 0 0 1.68 3.1 71 8.44
17 (0) 0 0 0 1.66 3.07 6.9 6.53
Factors Real values

-1.68 -1 0 1 1.68
x1, [Cu?*] (ug mL™") 8 25 50 75 100
x2, [KH2PO4](g L) 0 0 125 250 335
x3, [NaNOs] (g L) 16 50 100 150 184

In the present work, the results presented in
the Pareto chart showed the relative importance
of the variable effects studied. Figure 2 shows a
graphical depiction of each of the effects in the
above table, where the effects were displayed in
decreasing order after each effect was converted
to a t-statistic by dividing it by its standard error
[25].

These results clearly demonstrate that the
effect of copper is the most significant factor in the
production of laccase, followed by N source. The

Pareto chart also showed that the interactions of
copper versus N and P were not significant at the
95% confidence level.

The R-squared value implied that 72% of the
variability in the observed response values could
be explained by the model. The analysis of
variance (ANOVA) (Table 3) showed the lack-of-
fit (p> 0.05) was not significant, indicating that the
model was predictive. The pure error was low,
indicating good reproducibility of the experimental
data.

Orbital: Electron. J. Chem. 10 (7): 568-577, 2018
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Figure 2. Pareto chart representing the analysis of variance for linear (L) and quadratic (Q)
components of the parameters studied for the production of laccase by Botryosphaeria rhodina
MAMB-05 grown on soybean oil as sole carbon source.Results are significant for p> 0.05.

Table 3. ANOVA data for the laccase production by Botryosphaeria rhodina MAMB-05 grown on

soybean oil as sole carbon source, and test of significance for the regression coefficients.

Source of Variation sSQ gf Qm F-test P
Copper (L) 0.3343 1 0.3343 32.69 <0.0001
Copper (Q) 12.6918 1 12.6918 1241.29 <0.0001
Phosphate (L) 1.3506 1 1.3506 132.09 <0.0001
Phosphate (Q) 9.5564 1 9.5564 934.64 <0.0001
Nitrogen (L) 0.1402 1 0.1402 13.71 0.007
Nitrogen (Q) 9.9693 1 9.9693 975.02 <0.0001
Phosphateversus Nitrogen (L) 0.0599 1 0.0599 5.85 0.02
Lack-of-fit 13.2282 7 1.8897 184.82
Pure error 0.1942 19 0.0102
Total 47.8235 33

SQ, sum of squares; gf, degrees of freedom; QM, means square; L, linear components; Q, quadratic components.

Based upon the values of laccase activities
observed in the different experimental runs, the
optimal concentrations of copper,KH2PO4 and
NaNOs for maximum production of laccase (3.07
U mg') observed for B. rhodina MAMB-05 grown
on soybean oil as carbon source, occurred exactly
in the central point in the factorial design, which
was composed of the following real values of each
component KH2PO4 (125 g L"), NaNOs (100 g L-
1) and Cu?*(50 g mL"), respectively.

Regression coefficients obtained by multiple
regression analysis in terms of coded variables
and their values for standard error are shown in
Equation 1. All values represented are significant
(p<0.05), therefore, when possible, the obtained
models were simplified by the elimination of terms
that were not statistically significant. The second-
order polynomial model was presented in its
reduced form:

A

Y = 2.747 + 0.11x, — 0.73x,% + 0.816x, —
0.803x22 - 0.061X3 - 0.664X32 - 0.06].xe3 (1)

where specific laccase activity (Y), copper (x1),
KH2POs (x2) and NaNOs (x3) were encoded.
According to this model, a decrease in the
concentration of NaNOs (negative values of x3)
must be accompanied by a slight increase in the
concentration of KH2PO4 (+0.816x2) to get an
increase in laccase titres.

Figure 3 represents the contour surfaces of the
studied interactions. All three contour surfaces
exhibited similar behavior for the predicted
specific activity of laccase (Y), reaching maximal
activity at 3.07 U mg'. Maximal experimental
activities found for laccase by B. rhodina MAMB-
05 grown on soybean oil was observed for
CuS04.5H20at 48 - 52 g mL-";NaNOs, 99 - 101 g
L*; and KH2PO4, 124 - 126 g L-'. Vasconcelos et
al. (2000) [13] optimized the production of laccase

Orbital: Electron. J. Chem. 10 (7): 568-577, 2018
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by Botryosphaeria sp. in the presence of veratryl
alcohol and found that the concentration of VA
and time of cultivation had significant effects.
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Figure 3: Contour surface plots of laccase
production by Botryosphaeria rhodina MAMB-05
grown on soybean oil as sole carbon source
showing the interactions between (A) KH2PO4
versus copper; (B) NaNOs versus KH2POs; and
(C) NaNOs versus copper.

Tavares et al. [39] optimized the production of
laccase in Trametes versicolor by studying
glucose concentration, initial pH and agitation
rates, and obtained a mathematical model that
showed that only glucose concentration and initial
pH, and the interaction between both variables,
were significant in the production of the enzyme.

Medeiros et al. [40] optimized the production of
laccase by Pleurotus ostreatus studying initial pH,
YE concentration and the action of some
inducers, which resulted in an observation that
only initial pH and YE concentration were
statistically significant in enzyme production.

From the analysis of variance (ANOVA), the
model was concluded to be significant
(p<0.0001), with a coefficient of determination R?=
0.72. This suggested that the model generated
provided good correlation between experimental
and predicted values. The predicted values
versus the values observed confirmed that the
proposed model described correlated well with the
experimental data. To confirm the possible
applicability of the model obtained by RSM,
validation experiments were performed using the
optimal conditions obtained, producing enzyme
activities of laccase of 2.95 U mg-', which were in
agreement with the predicted value of 3.07 U mg-
1, thereby demonstrating the fitness of the
proposed model.

3. Material and Methods

Materials

All vegetable oils used in this study were food
grade. Canola, cotton seed, maize and sunflower
oils were purchased from Salada, Bunge
Alimentos S/A (Brazil); sesame seed oil was from
Kenko, Sakura Nakaya Alimentos S/A; olive oil
from Andorinha, Sociedade Portuguesa de
Azeites S/A; castor oil (mamona) from Remy
Comércio e Beneficamento de Mamona
(Londrina-PR, Brazil); soybean oil from Liza,
Cargil do Brazil. Babagu oil (from babassu
palmnuts (Aftale aspeciosa, sin. Orbignya
phalerata) was kindly provided by Dr. Heizir F. de
Castro, Escola de Engenharia de Lorena, USP,
Lorena-SP, Brazil). Corn steep liquor (Milhocina®)
was provided by Corn Products Brazil (Mogi
Guagu-SP, Brazil).

Botryosphaeria isolates

An isolate of Botryosphaeria sp., viz., MAMB-
05, was isolated from a canker on the stem of an
eucalypt tree, and was molecularly identified as
Botryosphaeria rhodina [11]. B. rhodinaMC-01
[41] was isolated from currupixd wood,
Micropholis spp., in the Amazon region of Para

Orbital: Electron. J. Chem. 10 (7): 568-577, 2018
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(Brazil). B. ribis EC-01 was isolated from the stem
of an Eucalyptus citriodora tree in Sao Paulo
(Brazil) [41]. Isolates from five rotting Brazilian
tropical fruits and an infected mango tree leafwere
all morphologically identified as L. theobromae
and molecularly classified as B. rhodina [11]. They
are represented by B. rhodina MMGR (from
soursop (graviola), Annona muricata); B. rhodina
MMPI (from custard-apple (pinha), Annona
squamosa); B. rhodina MMLR (from orange,
Citrus sp.), B. rhodina MMMFR and MMMFO
(respectively from mango fruit and mango tree
leaf, Mangifera sp.), B. rhodina MMBJ (from
eggplant (berinjela), Solanum sp.). All nine
isolates of the Botryosphaeria spp. were
maintained on potato-dextrose agar (PDA) slants
at 4.0 £ 2 °C, and sub-cultured at three-monthly
intervals.

Cultivation conditions

Inocula of the fungal isolates were prepared by
growing the fungi on agar plates containing
minimal salts medium (VMSM, [42]), agar (20 g L-
1y and glucose (10 g L") for 120 h at 28 = 2
°C.Each fungal isolate was grown in submerged
liquid cultivation in 125-mL baffled Erlenmeyer
flasks (4 baffles per flask) containing 25 mL
nutrient medium comprizing VMSM and vegetable
seed oils (1.0 %, v v-') or glycerol (1.0 %, v v-1),
as sole carbon source (pH 6.0), using four 7-mm
diam. agar plugs for inoculum. Cultures were
incubated at 28 +2 °C in a rotary shaker at 180
rpm for 120 h.

In experiments where different nitrogen (N)
sources were examined: inorganic N (NaNOs,
NH4CI, (NH4)2S04, and NH4NO3 - the N source of
VMSM) and organic N (yeast extract (YE),
peptone, urea and corn steep liquor), a modified
VMSM was prepared incorporating the N sources
described above, each added separately. Corn
steep liquor was used as a suspension according
to Messias et al. [43].A modified VMSM was also
prepared to evaluate the effect of phosphate (P)
on the production of laccase by B. rhodina MAMB-
05 by incorporating the following: K2HPOQu4,
NaH2PO4, Na2HPO4 and KH2PO4 (the latter being
the source of P in VMSM). To evaluate the effect
of copper (Cu) in the nutrient medium, a VMSM
was prepared omitting copper from the trace
element solution. Instead a CuS04.5H20 solution
was added directly to VMSM to give final copper

concentrations ranging from 0 — 100 pg Cu mL-"
in the nutrient medium. All experiments were
performed in duplicate, and the results represent
the mean value + SD.

Laccase assay

The cell-free extract used as the source of
laccase was obtained on harvesting the fungal
cultures following the removal of the mycelium by
centrifugation (2,240 x g at 4 °C for 15 min).
Fungal mycelium (biomass) was determined
gravimetrically after drying to constant weight at
70 °C.

Laccase activity was determined using 2,2'-
azino-bis(3-ethyl-benzthiazoline-6-sulfonic acid)
(ABTS, Sigma-Aldrich, St. Louis, MO, USA) as
substrate at pH 3.0 using 120 mM citrate-
phosphate buffer and incubated at 50 °C for 5 min,
and the absorbance measured at 420 nm (¢ =
36,000 mol' cm) [44]. Laccase activity is
expressed in units as the number of umols of
oxidized ABTS formed per min.

Extracellular protein was determined by a
modified Lowry procedure according to Hartree
[45] using bovine serum albumin as standard.

Experimental Design

To optimize the production of laccase by B.
rhodina MAMB-05 grown on soybean oil as sole
carbon, a 23 factorialcentral-composite design
was developed, summarizing 17 experimental
runs conducted in duplicate with 3 replicates at
the central point (Table 2). Statistical analyses
including the Pareto chart, estimated effects and
23 factorial central-composite calculations were
obtained from Experimental Design
(DOE) analysis using StatisticaV. 6.
www.statsoft.com (StatSoft, Inc. 2001).(Page 10).

4. Conclusions

In conclusion, this work demonstrated that B.
rhodina MAMB-05 was able to produce laccase
with an alternative substrate, soybean oil, as sole
carbon source. Under optimal conditions, the
enzyme activity predicted by the model agreed
well with the experimental data, confirming the
validity of use of RSM to optimize enzyme
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production by microorganisms. Our results
strongly suggest that laccase production by B.
rhodina MAMB-05 may present interesting
properties for industrial applications.

Acknowledgments

The authors are grateful to CNPq for financial
support of this research. The authors express
their gratitude to Dr. Simone H. Fléres of Food
Science & Technology Institute, Federal
University of Rio Grande do Sul State, Brasil for
valuable suggestions on CCD (Central Composite
Design). J.P. Sacchetto acknowledges CAPES
for a post-graduate scholarship, and A.F. da Silva
Filho for an IC/UEL scholarship.

References and Notes

[1 Kles, U.; Ruhl, M. Curr. Genomics. 2011, 12, 72.
[Crossref]

[2] Strong, P. J.; Claus, H. Critical Rev. Environ. Sci.
Technol. 2011, 373. [Crossref]

[3] Niladevi, K. N.; Prema, P. Biores. Technol. 2008, 99,
4583. [Crossref]

[4] Viswanath, B.; Rajesh, B.; Janardhan, A.; Kumar, A.
P.; Narasimha, G. Enzyme Res. 2014, 163242.
[Crossref]

[5] Minussi, R. C.; Pastore, G. M.; Duran, N. Trends Food
Sci. Technol. 2002, 13, 205. [Crossref]

[6] Monteiro, M. C.; De Carvalho, M.E.A. Appl. Biochem.
Biotechnol. 2008, 70-72, 983. [Crossref]

[7] Widsten, P.; Kandelbauer, A. Enz. Microbial Technol.
2008, 42, 293. [Crossref]

[8] Rivera-Hoyos, C. M.; Morales-Alvarez, E. D.; Poutou-
Pinales, R. A.; Pedroza-Rodriguez, A. M.; Delgado-
Boada, J. M. Fungal Biol. Rev. 2013, 27, 67. [Crossref]

[9] Gianfreda, L.; Xu, F.;Bollag, J-M. Bioremed. J. Res.
1999, 3, 1. [Crossref]

[10] Barbosa, A. M.; Dekker, R. F. H.; Kurtbdke, |.; Hardy,
G. E. S. Proceedings of 4th Pacific RIM Biotechnology
Conference, Melbourne, Australia. 1995, 88-90.

[11] Saldanha, R. L.; Garcia, J. E.; Dekker, R. F. H.; Villas-
Boas, L. A.; Barbosa, A.M. Braz. J. Microbiol. 2007,
38, 259. [Crossref]

[12] Vithanage, L. N. G.;Barbosa, A. M.; Borsato,
D.; Dekker, R. F. H. BioEnergy Res. 2015,8, 657.
[Crossref]

[13] Vasconcelos, A. F. D.; Barbosa, A. M.; Dekker, R. F.
H.; Scarminio, I. S.; Rezende, M. |. Process Biochem.
2000,35, 1131. [Crossref]

[14] Dekker, R. F. H.; Vasconcelos, A. F. D.; Barbosa, A.
M.; Giese, E. C.; Meirelles, L. P. Biotechnol. Lett.
2001, 23, 1987. [Crossref]

[15] Cunha, M. A. A.; Barbosa, A. M.; Giese, E. C.; Dekker,

R. F. H. J. Basic Microbiol. 2003, 43, 376. [Crossref]

[16] Dekker, R. F. H.; Barbosa, A. M.; Giese, E. C.; Godoy,
S. D. S.; Covizzi, L. G. Inter. Microbiol. 2007,10, 177.
[Crossref]

[17] Dekker, R. F. H. and Barbosa, A. M. Enz. Microbial
Technol. 2001, 28, 81. [Crossref] h

[18] Giese, E. C.; Dekker, R. F. H.; Barbosa, A. M.
Bioresources 2008, 2, 335. [Crossref]

[19] Duran, N.; Esposito, E. Appl. Cat. B: Environ. 2000,
28, 83. [Crossref]

[20] D’Annibale, A.; Stazi, S. R.; Vinciguerra, V.; Di Mattia,
E.; Sermanni, G. G. Process Biochem. 1999, 34, 697.
[Crossref]

[21] Champagne, P. P.; Ramsay, J. A. Appl. Microbiol.
Technol. 2007, 77, 819. [Crossref]

[22] Nyanhongo, G. S.; Gomes, J.; Geubitz, G.; Zvauya,
R.; Read, J. S.; Steiner, W. Biores. Technol. 2002, 84,
259.[Crossref]

[23] Quaratino, D.; Ciaffi, M.; Federici, E.; D’annibale, A.
Biochem. Eng. J. 2008, 39, 236. [Crossref]

[24] Niladevi, K. N.; Sukumaran, R. K.; Jacob, N.; Anisha,
G. S.; Prema, P. Microbiol. 2009, 164, 105. [Crossref]

[25] Bruns, R. E.; Scarminio, I. S.; Barros Neto, B.
Statistical Design - Chemometrics(Data Handling in
Science and Technology), 1% Ed., Elsevier
Science.2006, 738, 422 [Crossref

[26] Dijkstra, F. I.; Scheffers, W. A.; Wikin, T. O. Antonie
van Leeuwenh. 1972, 38, 329. [Crossref]

[27] Yamanaka, R.; Soares, C. F.; Matheus, D. R
Machado, K. M. G. Braz. J. Microbiol .2008, 39, 78.
[Crossref]

[28] Rodriguez Couto, S.; Toca-Herrera, J. L. Biotechnol.
Adv. 2007, 25, 558. [Crossref]

[29] Cavallazzi, J. R.; Kasuya, C. M.; Soares, M. A. Braz.
J. Microbiol. 2005, 36, 383. [Crossref]

[30] Hao, J.; Song, F.; Huang, F.; Yang, C.; Zhang, Z;
Zheng, Y.; Tian, X. J. Ind. Microbiol. Bitechnol. 2007,
34, 233. [Crossref]

[31] Stajic, M.; Persky, L.; Friesem, D. Enz. Microbial
Technol. 2006, 38, 65. [Crossref]

[32] Cavallazzi, J. R.; Oliveira, M. G. A.; Kasuya, C. M.
Braz. J. Microbiol. 2004, 35, 261. [Crossref]

[33] Palmieri, G.; Giardina, P.; Bianco, C.; Scaloni, A;
Capasso, A.; Sannia, G. A. J. Biol. Chem. 1997, 272,
31301. [Crossref]

[34] Galhaup, C.; Wagner, H.; Hinterstoisser, B.; Haltrich,
D. Enz. Microbial Technol. 2002, 30, 529. [Crossref]

[35] Gnanamani, A.; Jauaprakashvel, M.; Arulmani, M;
Sadulla, S. Enz. Microb. Technol. 2006, 38, 1017.
[Crossref]

[36] Baldrian, P.; Gabriel, J. FEMS Microbiol. Lett. 2006,
206, 69. [Crossref]

[37] Tychanowicz, G. K.; Souza, D. F.; Souza, C. G. M,
Kadowaki, M. K.; Peralta, R. M. Braz. Arch. Biol.
Technol. 2006, 49, 699. [Crossref]

[38] Gao, H.; Chu, X;; Wang, Y.; Zhou, F.; Zhao, K.; Mu,
Z.; Liu, Q. J Microbiol. Biotechnol. 2013, 23, 1757.
[Link]

[39] Tavares, A. P. M.; Coelho, M. A. Z.; Agapito, M. S. M,;

Coutinho, J. A. P.; Xavier, A. M. R. B. Appl. Biochem.
Biotechnol. Res. 2006, 134, 233. [Crossref]

Orbital: Electron. J. Chem. 10 (7): 568-577, 2018


https://dx.doi.org/10.2174/138920211795564377
https://dx.doi.org/10.1080/10643380902945706
https://doi.org/10.1016/j.biortech.2007.06.056
https://www.ncbi.nlm.nih.gov/pubmed/?term=Viswanath%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24959348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rajesh%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24959348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Janardhan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24959348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=24959348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=24959348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Narasimha%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24959348
https://doi.org/10.1155/2014/163242.
https://doi.org/10.1016/S0924-2244(02)00155-3
https://doi.org/10.1007/bf02920208
https://doi.org/10.1016/j.enzmictec.2007.12.003
https://doi.org/10.1016/j.fbr.2013.07.001
https://doi.org/10.1080/10889869991219163
http://lattes.cnpq.br/1672269409156109
http://lattes.cnpq.br/6327674964744476
http://dx.doi.org/10.1590/S1517-83822007000200013
http://lattes.cnpq.br/8703225783188622
https://doi.org/10.1007/s12155-014-9547-0
https://doi.org/10.1016/s0032-9592(00)00149-7
http://lattes.cnpq.br/6327674964744476
http://lattes.cnpq.br/3707535147537449
https://doi.org/10.1023/a:1013742527550
https://doi.org/10.1023/a:1013742527550
http://lattes.cnpq.br/6327674964744476
http://lattes.cnpq.br/6327674964744476
https://doi.org/10.1002/jobm.200310250
https://doi.org/10.5433/1679-0375.2007v28n2p143
https://doi.org/10.5433/1679-0375.2007v28n2p143
http://lattes.cnpq.br/6327674964744476
https://doi.org/10.1016/s0141-0229(00)00274-x
https://doi.org/10.1016/s0141-0229(00)00274-x
http://lattes.cnpq.br/3707535147537449
http://lattes.cnpq.br/6327674964744476
https://doi.org/10.1016/B978-008045405-4.00176-2
https://doi.org/10.1016/s0926-3373(00)00168-5
https://doi.org/10.1016/s0032-9592(98)00144-7
https://doi.org/10.1007/s00253-007-1208-1
https://doi.org/10.1016/S0960-8524(02)00044-5
https://doi.org/10.1016/j.bej.2007.09.007
https://doi.org/10.1016/j.micres.2006.10.006
https://books.google.com.au/books?id=QtaVV95cqbUC&dq=ISBN:+0-444-52181-X&source=gbs_navlinks_s)
https://doi.org/10.1007/bf02328102
https://doi.org/10.1007/bf02328102
https://doi.org/10.1590/s1517-83822008000100019
https://doi.org/10.1590/s1517-83822008000100019
http://dx.doi.org/10.1016/j.biotechadv.2007.07.002
http://dx.doi.org/10.1590/S1517-83822005000400015
http://dx.doi.org/10.1007/s10295-006-0191-3
https://doi.org/10.1016/j.enzmictec.2005.03.026
http://dx.doi.org/10.1590/S1517-83822004000200016
https://doi.org/10.1074/jbc.272.50.31301
https://doi.org/10.1016/s0141-0229(01)00522-1
http://www.eurekaselect.com/73937/article
https://doi.org/10.1111/j.1574-6968.2002.tb10988.x
http://dx.doi.org/10.1590/S1516-89132006000600002
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24043124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24043124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24043124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24043124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24043124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=24043124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=24043124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=24043124
https://www.ncbi.nlm.nih.gov/pubmed/24043124
http://www.jmb.or.kr/journal/viewJournal.html?doi=10.4014/jmb.1302.02057
https://doi.org/10.1385/abab:134:3:233

Sacchetto et al.
SHORT COMMUNICATION

[40] Medeiros, M. B.; Bento, A. V.; Nunes, A. L. L.; Oliveira, [43] Messias, J. M.; Costa, B. Z.; Lima, V. M. G.; Dekker,

S. C. Bioprocess Biosys. Eng. Res.1999, 21, 483. R. F. H.; Rezende, M. |.; Krieger, N.; Barbosa, A. M.
[Crossref] Enz. Microbial Technol. 2009, 45, 426. [Crossref]

[41] Silveira, R. L. V. A;; Krugner, T. L.; Silveira, R. I; [44] Barbosa, A. M.; Dekker, R. F. H.; Hardy, G. E. S. Lett.
Gongalves, A. N. Fitopatol. Brasil. 1996, 2, 482. [Link Appl. Microbiol. 1996, 23, 93. [Crossref]

[42] Vogel, H. J. Microbial Gen. Bull.1956, 13, 42. [45] Hartree, D. Anal. Biochem. 1972, 48, 422. [Crossref]

577 Orbital: Electron. J. Chem. 10 (7): 568-577, 2018


https://doi.org/10.1007/pl00009087
http://bdpi.usp.br/single.php?_id=000922013
http://lattes.cnpq.br/6270434614742725
http://lattes.cnpq.br/1259574638814069
http://lattes.cnpq.br/6327674964744476
http://lattes.cnpq.br/6327674964744476
http://lattes.cnpq.br/4501838876495703
https://www.sciencedirect.com/science/article/pii/S0141022909001872?via%3Dihub
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1472-765X.1996.tb00038.xhttp:/www.eurekaselect.com/73937/article
http://www.eurekaselect.com/73937/article

