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4. Report of activities
4.1 Bioremediation of dye-contaminated wastewater

Among several methods used for synthetic dye decolorization, enzymatic treatment seems to be
the most efficient due to its complete degradation and non-toxic byproduct formation. The major problem
of this treatment is the high investment cost since the enzymes could not be reused. The new technique
for laccase immobilization was developed in this research by using expanded perlite, glutaraldehyde and
3-aminopropyltriethoxysilane (APTES) as the supporter and cross-linker, respectively. Crude laccase
produced from a white rot fungus Trametes prolyzona CU-16, isolated in Thailand, presented the highest
ability to decolorize reactive black 5 (RB5; 50 ppm) at 98.45 + 5.25 % compared to those from other 25
fungal isolates. Therefore, laccase from this isolate was used as the model enzyme in this study. The
appropriated ratio for enzyme immobilization was investigated according to the experimental design of
Box-Behnken (1960) with three different concentrations of laccase, glutaraldehyde and APTES. The
maximum percentage of RB-5 decolorization was achieved at 97.34 + 2.54% when the compositions for
laccase immobilization were 5 g expanded perlite, 3% (v/iw) APTS, 5% (w/v) glutaraldehyde and 20
U/mL crude laccase. The immobilized laccase obtained in this experiment was found to be active over 16
cycles of dye decolorization. In the sixteenth cycle, the reused perlite was able to decolorize 49.25 +
3.66 % the original mixture. Moreover, the immobilized enzyme extended the optimum pH range of
laccase activity from 6 to 10 and tolerated a temperature up to 10 °C higher than that of the free enzyme.
These results suggest that the expanded perlite has a great potential as the matrix for enzyme
immobilization, which has applications in wastewater treatment.

4.2 Biosurfactant synthesis from industrial waste for remediation of oil spill in the ocean

Xylan is the most abundant heteropolysaccharide in plant biomass that commonly found as
organic waste especially in black liquor from the pulp and paper industry. The utilization of this
polysaccharide to produce the value-added products including xylooligosaccharide, xylose, xylitol and
alcohol has gained an attention for several decades while the reports of surfactant production from xylan
were rarely found. Alkyl xylosides are nonionic surfactant that normally synthesized by chemical reaction
while some microbial -xylosidases also exhibit transxylosyl reaction to synthesize these compounds
from xylan. In this research, several types of alkyl xylosides were successfully synthesized by the
reactions between black liquor xylan, crude B-xylosidase from Aureobasidiun pullulans and primary
alcohols (C1-C10). The reactions were performed at high temperature (70 °C) and high concentration of
alcohols (60 % (v/v)) due to the optimum condition of this enzyme. The structures of obtained
compounds were revealed by 'H and "C-NMR spectroscopy and were found to be methyl xyloside, ethyl
xyloside, propyl xyloside, butyl xyloside, pentyl xyloside, hexyl xylobioside, heptyl xyloside, octyl
xyloside, nonyl xyloside and decyl xyloside with the production yields of 740 = 23, 683 = 11, 662 + 64,
571 20, 500 = 12, 545 + 10, 454 = 23, 429 + 26, 372 + 18 and 244 = 27 mg/g xylan, respectively. The

properties of these compounds were also analyzed. All alkyl xylosides are biodegradable and display



little-to-no toxicity to living cells. The obtained alkyl xylosides with the short hydrophobic tail lower than
eight carbons presented the properties of wetting agents that could be used in paper impregnation and
other wood product industries due to their critical micelle concentration (CMC) values (> 100 mM).
Methyl xyloside was also found to effectively induce xylanase production in many microorganisms. For
long chain, nonyl and decyl xyloside, they presented the CMC values at 18 and 10 mM, respectively.
These CMC values were comparative with those of the commercial surfactants including sodium cholate
(14 mM), SDS (7-10 mM), and C;;TAB (35 mM). In addition, these compounds were found to reduce
the surface tension of engine oil and to create small droplets of oil in water. This phenomenon could
make engine oil dispersed through the water very well and easier to degrade by both physical forces and
microbes. These results suggest that the nonyl and decyl xyloside synthesized from black liquor xylan
could be efficiently used in remediation of oil spill in the ocean.
4.3. Biodegradation of crude oil and PAHs mixture by newly isolated tropical fungi

Spills, blowouts, and malfunctions may occur during any offshore oil and gas exploration
activity. Spilled oil can be rapidly lethal to fish, birds, mammals, and shoreline organisms due to the
readily dissolved components of oil. Polycyclic aromatic hydrocarbons (PAHs) is a hydrocarbon
class that is generally more toxic than saturates. Therefore, it needs to do environmental
bioremediation. This technique utilizes and manipulates the detoxification abilities of living
organisms to convert hazardous organic wastes into harmless products. White rot fungus WM 01
identified as Cymatoderma dendriticun WMO1 based on DNA sequence analysis was
newly isolated from Laiwangi Wanggameti National Park, Sumba, Nusa Tenggara Timur,
Indonesia. It has the ability to produce enzymes including manganese peroxidase (MnP) and laccases
to degrade the oil and PAHs. It was reported that biodegraded the aliphatic and aromatic fractions
and also PAHs in 45 d were 70, 62.50, and 43.90%, respectively. The biodegradation of PAHs
indicated laccases and MnP activities of 42.99 and 7.38 U/L, respectively, when incubated for 45 d
in liquid medium. Degradation products of PAHs mixture were analyzed by TMS derivatization

using GCMS. These result indicated that fungi WM 01 has the ability to degrade oil and PAHs.
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