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ABSTRACT

The objectives of this study are to find out the applications of fungal enzymes
for bio-ethanol production from agricultural residues. White-rot fungus was selected
for laccase production and hydrolysate fungus was selected for cellulase and xylanase
production. The optimum conditions for these enzymes and sugar production were
investigated.

White-rot fungi were primary screened for laccase production by degrading
with Poly-R dye and enzyme activity were determined using 2,6-dimethoxyphenol
(2,6-DMP) as a substrate. Isolate WR710-1, which produced the highest laccase
activity was selected from 31 isolates. Molecular identification using an ITS gene
sequence analysis indicated that the selected isolate was Trametes polyzona
(accession number JN848329). Mycelial colonies of T. polyzona on PDA media were

off-white, showing high density, velvety texture, and abundant aerial hyphae.



Trametes polyzona WR 710-1 completed colonization of an entire Petri dish after 5
days at 37°C. The fungus had generative hyphae with clamp connections, thin-walled
and 1.5-2.5 um wide.

In this study, the optimal conditions for laccase production were determined.
Among 10 agricultural residues, orange peel showed the highest level of laccase at
12-14 days incubation (0.69 U/gds). The chemical composition of orange peel
substrate was shown; 16.5% cellulose, 9.31% hemicelluloses, and 8.99% lignin. For
cultures grown with different nitrogen sources, peptone exhibited the highest activity
of laccase (1.67 U/gds). The optimal carbon to nitrogen (C/N) ratio was done by
central composite design (CCD). From the significance equation, the optimal C/N
ratio at a 15/2 % (w/v) when a predicted laccase activity of 1.0 U/gds. The solid to
liquid (S/L ratio) of solid state cultivation condition was 1:4, initial pH of 6.0,
incubated temperature at 37°C, and an addition of 50 mM CuSO, increased the
amount of laccase produced 4.48-folds.

Laccase from T. polyzona, was produced under solid state fermentation using
the peel of Tangerine orange (Citrus reticulata) as a substrate, and was purified to
homogeneity. This laccase was found to be a monomeric protein with a molecular
mass of about 71 kDa estimated by SDS-PAGE. The optimum pH were 2.0 for
ABTS, 4.0 for L-DOPA, guaiacol and catechol, and 5.0 for 2,6-DMP. The K, value
of the enzyme for substrate ABTS was 0.15 mM, its corresponding Vmax Value was
1.84 mM min™ and kea/Krm value was 3960 s mM™. The enzyme activity was stable
between pH 6.0 and 8.0, and temperature up to 40 °C. Laccase was inhibited more
than 50 % by 20mM NaCl, 95 % inhibition at 5 mM of Fe®* and completely inhibited

by 0.1 mM NaNs. The N-terminal amino acid sequence of this laccase was
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AVTPVADLQISNAGISPDTF, which is highly similar to laccases from other white-
rot basidiomycetes.

Purified laccase from T. polyzona was used as biocatalyst for bisphenol A
biodegradation and decolorization of synthetic dyes. Degradation of bisphenol A by
laccase with or without redox mediator, 1-hydroxybenzotriazole (HBT), was studied.
A quantitative analysis by HPLC showed that bisphenol A was rapidly oxidized by
laccase with HBT. Bisphenol A was completely removed within 3 hours and 4-
isopropenylphenol was found to be the oxidative degradation product from bisphenol
A when analyzed by GC-MS. All synthetic dyes used in this experiment,
Bromophenol Blue, Remazol Brilliant Blue R, Methyl Orange, Relative Black 5,
Congo Red, and Acridine Orange were decolorized by Trametes’ laccase and the
percentage of decolorization increased when 2mM HBT was added in the reaction
mixture. This is the first report showing that laccase from T. polyzona is an effective
enzyme for environmental detoxification, bisphenol A degradation and synthetic dye
decolorization.

Three lignocelluloses (sugarcane bagasse, coffee husk and rice husk) were used
as solid substrates for bio-ethanol fermentation. Pretreatment of lignocelluloses were
done by biological (by T. polyzona) and chemical methods. The surface morphology
of these lignocelluloses, showed some decreasing in cell wall thickness and
crystallinity during pretreatment. Lignin content was greatly removed by 2% NaOH
(remaining lignin 8.73%) followed by enzymatic pretreatment (23.13%) while, lignin
content was unchanged when pretreated by 2% H,SO,. Cellulose content significantly
increased to 59.65% by alkali, 43.89% by acid pretreatment, and slightly increased by

using biological pretreatment (38.87%). Although, the cellulose content in samples
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pretreated biologically were low, but their surface structure contained a lot of micro-
pores, increasing the available surface area (pore volume) leading to an increase of
fungal hydrolysis by Thermoascus aurantiacus. Total soluble sugar increased 85%
when compared with untreated control.

The optimal growth conditions for production of cellulase and xylanase by
Thermoascus aurantiacus SL16W were studied. The fungus T. aurantiacus
completely covered a PDA Petri dish after 4 days (colony diameter of 9 cm) and
spores were produced on the 7" day at the optimal incubation temperature (45°C).
Among different residues, coffee husk ensured the highest cellulase (8.72 U/mg) and
xylanase (86.6 U/mg) yield. Three agricultural wastes with high enzyme activity
(Rice husk, coffee husk and sugarcane bagasse) were combined following a mixture
design experiment. From the significance quadratic model, the optimal combination
ratio for both cellulase and xylanase production were 37% (w/w) rice husk; 6% (w/w)
coffee husk and 57% (w/w) sugarcane bagasse, when the predicted activity of
cellulase was 20.0 U/mg and xylanase was 157 U/mg. Among the cultures tested with
different sources of nitrogen, peptone showed the highest activity for both cellulase
and xylanse 13.08 and 253.92 U/gds, respectively. The optimal concentration of each
component in mineral solution was determined by a CCD experiment. From the
significance quadratic model, the optimal concentration of mineral solution
components were 0.89 %(w/v) of peptone, 0.46 %(w/v) of KH,PQO,, 0.09 %(w/v) of
MgSQO,.7H,0 and 0.07 %(w/v) of CaCl,.2H,O when predict activity of cellulase was
47.25 U/gds and xylanase was 333.06 U/gds. The modified mineral solution following
CCD experiment showed an increase of cellulase and xylanase activities, 58.03 and

57.86% respectively, when compared with the mineral solution control. Moreover, the
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S/L ratio for solid state cultivation was 1:4, with a range of pH 6.0-8.0 and incubated
at 45°C for 10-12 days was optimal for cellulase (112.3 U/gds), and xylanase (989.2
U/gds) production. Characterization of cellulase and xylanase showed that cellulase
activity was highly stable in the pH 6.0-8.0 range and 30-50°C temperature range.
Xylanase activity showed a high stability in the pH 4.0-8.0 range and 30-65°C
temperature range for 1 hr.

Fungal hydrolysis by T. aurantiacus showed the highest production of range
reducing sugar (0.15 mg/ml) at the 10" day of incubation. The pretreated substrates
produced more reducing sugars compared with control (unpretreated) substrates,
increasing the rate by 78.72%. The optimal levels of some important factors; initial
pH, the inoculums (yeast) concentration, and the incubation time of ethanol
fermentation by Sacchromycetes cerevisiae were done by CCD experiment. The
optimal values of the test variables were pH 5.04, the concentration of inoculums was
1.97 % and incubation time 22.27 hr, and the predicted ethanol production (0.31 g/L)
was observed when initial sugar was about 3 mg/ml. For ethanol production by
separate saccharification and fermentation was 4.6 g/L of ethanol were produced from
19.3 mg/ml of initial reducing sugar. Based on a theoretical yield of 0.51 g ethanol/g
sugars, the ethanol yield from this experiment was calculated to be 0.24 g ethanol/g

sugar or 47.06 % of the theoretical yield.

Keywords: biological pretreatment, fungal hydrolysis, white-rot fungus, enzyme, bio-

ethanol
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