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Abstract

The lipase producing Aspergillus sp. ST11 was identified by molecular and morphological methods.
The primers ITS1/ITS4 were used for amplifying the ITS region. It showed that the strain was grouped
with Aspergillus oryzae and Aspergillus flavus (98 % bootstrap value). The colony morphology of
Aspergillus sp. ST11 on malt extract agar and Czapek yeast agar showed a characteristic of A. oryzae.
Therefore, it was identified as Aspergillus oryzae ST11. The lipase produced by the strain was purified
and characterized. The purification steps involved precipitation with chilled acetone and separation by
column chromatography, with HiTrap® Q HP and Toyopearl Butyl-650M, respectively. After
purification, the lipase activity was increased 13 fold and with 7.9 % yield. Its molecular mass was 25
kDa. The purified lipase was stable at a pH between 5.0 - 8.0 and had optimum activity at pH 7.5. It was
stable at 30 °C and had optimum activity at 37 °C. Its activity was promoted in the presence of Mg*" but
it was greatly decreased in the presence of Co**, Cu®*, Hg*" and Zn*". Surfactants (Triton X-100, Tween-
80, Tween-20, arabic gum, and sodium dodecyl sulfate) showed negative effects on lipase activity, while
inhibitors (PMSF, EDTA, and B-mercaptoethanol) did not reduce the activity significantly. Polar solvents,
such as methanol and ethanol, had much negative effect on lipase activity compared to non-polar
solvents, such as hexane and isooctane. The concentrated lipase from A. oryzae ST11 was used to
catalyze the transesterification and gave the highest bioconversion (90 %) after 24 h.
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Introduction

Triacylglycerol hydrolases, or lipases (E.C. 3.1.1.3), are groups of hydrolytic enzymes that break
down the molecules of triglycerides and release free fatty acids and glycerol. They are also able to
synthesize ester compounds. Lipases are obtained from various sources of living organisms, including
plants, animals, and microorganisms [1,2]. Most of the lipases used in the biotechnological application
are from bacteria and fungi, which are cultivated in submerged and solid-state fermentation [3-5]. The
prominent points of using microbial lipase for industrial application are stability, substrate specificity, and
production cost. They are more stable compared to lipases derived from animals or plants. Moreover,
microbial lipases could be produced in a large-scale process, which is very important to many industries
such as pharmaceuticals, detergents, and food [6-8]. Among lipase-producing microorganisms,
filamentous fungi have become the best source. They can produce an extracellular enzyme that is easy for
harvest and purification compared to bacterial lipases [7]. Moreover, fungal lipases are easily produced in
large-scale production, which is more attractive for industrial applications [9]. The utilization of lipases in
biofuel production has drawn attention from researchers due to their ability to catalyze with a wide range
of oils, including low-grade oil containing a high amount of free fatty acids [10]. Xiao ef al. [11] reported
biodiesel production using a whole-cell biocatalyst from Aspergillus niger, which gave a high biodiesel
yield (> 90 %) after 72 h. Li et al. [12] reported the utilization of Rhizopus oryzae lipase expressed in
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Pichia pastoris for enzymatic biodiesel production. Their study showed a high biodiesel production (> 90
%) after 72 h.

The development of polymerase chain reaction (PCR), DNA sequencing, and molecular techniques
has become the standard discipline to identify unknown organisms [13]. The identification of fungal
strains is very important for strain selection. The safety of fungal use has been a concern for many
applications. Some fungi produce mycotoxins, which affect the health of both humans and animals.
Aspergillus spp., such as A. niger, A. flavus, A. fumigatus and A. terreus, are known as mycotoxin
producers. Hence, the identification of fungal strains at the species level with morphological and
molecular techniques is required. The internal transcribed spacer (ITS) is amplified by using ITS1 and
ITS4 primers [14]. Kantak et al. [15] identified the isolate JK-1 using ITS1 and ITS4 primers and found
that this isolate belonged to Rhizopus oryzae. Durairaj et al. [16] isolated the pathogenic fungal strains
from ginseng root rot. The ITS1 and ITS2 primers were used for amplifying ITS region and showed
pathogenic strains such as Cladosporium, Ilyonectria liliigena, Neonectria sp., and Fusarium sp.
However, some species of Aspergillus could not be distinguished by using the only molecular technique.
Morphological study is required to reliably identify the species level of Aspergillus [14].

Lipases produced by living organisms have been extensively studied by the purification scheme to
understand their characteristics. Generally, the common steps of lipase purification consist of ion-exchange,
hydrophobic, and gel filtration chromatographies. The purification of lipase from Aspergillus sp. is normally
started from the ammonium sulfate precipitation of crude lipase, followed by applying it to ion-exchange
chromatography [17]. However, some studies have had a slightly different scheme for lipase purification, by
using a hydrophobic interaction column after ammonium sulfate precipitation [18,19].

This research aims to find the capability of an extracellular lipase produced by this fungus, which is
expected to offer the flexibility of enzymatic use in many applications over the use of whole-cell
biocatalyst that is widely studied. Moreover, with the versatility of lipase, it would be expected to apply it
to a process that requires high specificity towards a substrate and give a high quality of product. To
achieve this objective, the selected strain of lipase-producing fungus was identified and used to produce
lipase by cultivating it in submerged fermentation. The produced extracellular lipase was then purified
and characterized to study its properties. The concentrated crude lipase was used for biodiesel production
to study the possibility of organic synthesis.

Materials and methods

Substrates and chemicals

Palm oil, rice bran oil, coconut oil, sunflower oil, soybean oil, corn oil, and olive oil were purchased
from a local market. The metal ions; FeCl;, CoCl;, CuCl,, MgCl,, HgCl,, CaCl,, ZnCl,, KCl, NaCl and
AICl;, and the surfactants; Triton X-100, Tween 80, Tween 20, gum arabic, and sodium dodecyl sulfate
(SDS) were purchased from Analytical Univar Reagent (Auckland, New Zealand). The enzyme
inhibitors: ethylenediaminetetraacetic acid (EDTA), phenylmethylsulfonyl fluoride (PMSF), and -
mercaptoethanol were purchased from Sigma-Aldrich (St. Louis, USA).

Analytical methods

Lipase activity

The hydrolytic activity of lipase was measured in a 2-phase system according to the modified
colorimetric method [20], using palm oil as a substrate in isooctane. 0.1 mL of the crude enzyme was
added to 0.5 mL of 10 % w/v palm oil in isooctane. After that, the mixture was incubated in a
Thermomixer (TAITEC, Japan) at 37 °C and 1,200 rpm for 30 min. The reaction was eventually stopped
by adding 0.15 mL of 6 N HCI. 0.1 mL of the upper organic phase was withdrawn and mixed with 0.9
mL of iso-octane. The solution was then mixed thoroughly with 0.2 mL of cupric acetate solution. The
upper phase was measured for absorbance at 715 nm using isooctane as a blank. Lipase activity was
determined by measuring the amount of fatty acids liberated as palmitic acid. One unit of enzyme activity
was defined as the enzyme necessary to release 1 pumol of palmitic acid per min at the specified
conditions [21].

Protein determination

The protein of the samples in the purification steps was determined using Folin-Ciocalteu reagent
according to Lowry’s method [22].

Analysis of biodiesel production using thin-layer chromatography with flame-ionized detector
(TLC-FID analyzer)
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Transesterification products were analyzed by IATROSCAN™ MK-5 TLC-FID analyzer (Iatron
Laboratories, Inc. Tokyo, Japan). The sample was spotted on the Chromarod-SIII. The spotted
Chromarods were developed by the 2-solvent system. The 1% chamber contained a solvent mixture of n-
hexane/diethyl ether/formic acid (50:20:0.3 v/v/v), and the 2™ chamber contained a solvent mixture
between benzene/n-hexane (1:1 v/v). The spotted Chromarods were developed in the 1* chamber for 15
min and subsequently transferred to the 2" chamber with a development time of 30 min. The Chromarods
were dried in a hot air oven at 105 °C for 10 min. The dried Chromarods were scanned by a TLC-FID
analyzer (2,000 mL/min air flow rate, 160 mL/min of H2 flow rate, and 30 s/scan of scanning speed). The
peak area ratio was calculated with i-ChromStar software. Biodiesel production was reported as the
percentage of the area compared to all peak areas of transesterification reaction [23].

Molecular and morphological identification

Aspergillus sp. isolate ST11 was obtained from the stock culture of the Enzyme Laboratory,
Department of Industrial Biotechnology, Faculty of Agro-Industry, Prince of Songkla University. Hat
Yai, Thailand. The internal transcribed spacer (ITS) region was amplified using primers ITS1/ITS4 [24].
The universal primers used for fungal amplification were ITS1 (5'-TCC GTA GGT GAA CCT GCG G-
3" and ITS4 (5-TCC TCC GCT TAT TGA TAT GC-3'). Reactions involved 1 cycle of initial
denaturation at 94 °C for 5 min, followed by 35 cycles with a denaturation step at 94 °C for 1 min, an
annealing step at 58 °C for 1 min, and an extension step at 72 °C for 1 min, followed by 1 cycle at 72 °C
for 10 mins. The ClutalWin Bioedit was used for aligning the consensus sequence amplified by
ITS1/ITS4 primers [25]. The sequence was then compared (BLAST) against the GenBank database.
Phylogenetic analysis was performed using MEGA software version 6.0 [26] by applying a neighbor-
joining (NJ) method on ITS sequence.

For morphological identification, the isolate ST11 was cultured on malt extract agar (MEA) and
Czapek yeast agar (CYA) and incubated at 25 and 37 °C for 7 days. The colony color and microscopic
morphology were observed [14].

Production and purification of lipase

The fungal spore was inoculated on potato dextrose agar and incubated at 37 °C for 5 days. The spores
were collected and adjusted to 1x10” spore/mL using a hemacytometer, and 1 mL of inoculum was
inoculated into the optimized medium (100 mL) containing 1 % olive oil, 2 % peptone, 0.2 % NaNOs, 1 %
KH,PO,, 0.05 % MgSO,, and 0.5 % lactose (w/v), and the pH adjusted to 6.0. The culture medium was
shaken at 150 rpm and 37 °C for 4 days. Purification of the lipase was carried out with the steps of
solvent precipitation (chilled acetone), an anion-exchange column chromatography (HiTrap Q HP 5 mL),
and a hydrophobic column chromatography (Toyopearl Butyl-650M).

The culture broth was separated from the mycelium by filtration with Whatman no.1 filter paper.
The crude enzyme was precipitated from the culture broth by adding 3 volumes of cold acetone per 1
volume of the culture broth and being kept at 4 °C overnight. The solution was centrifuged (8,000 rpm at
4 °C for 10 min) and the precipitate was dissolved with a small amount of 50 mM Tris-HCI buffer pH 7.5
and transferred to a dialysis bag (3,500 Da). The sample was dialyzed against the same buffer at 4 °C
overnight. The expanded volume of the sample was reduced using the adsorption of carboxymethyl
cellulose powder (CMC). The concentrated lipase was collected for purification and characterization.

The lipase solution (2 mL) was applied to a HiTrap Q HP column by using an AKTA Prime
chromatography system (Amersham Pharmacia Biotechnique Group, Sweden). The process was carried
out with 2 buffer systems (50 mM Tris-HCI buffer pH 7.5) that contained no NaCl and with 1 N NaCl.
The concentration of NaCl was increased from 0 - 5, 5 - 15 and 15 - 100 %. All fractions were monitored
for absorbance at 280 nm and lipase activity was assayed. The active fractions were combined and used
for the next purification step.

The enzyme obtained from the anion exchange chromatography step was applied to the Toyopearl
Butyl 650M column. The column was equilibrated with 50 mM Tris-HCI buffer pH 7.5 with 50 %
ammonium sulfate. After applying enzyme solution to the column, the column was washed with
equilibrate buffer and the concentration of salt was gradually decreased from 50 to 0 %. The fractions
showing absorbance (280 nm) were collected and the lipase activity was assayed. The active fractions
were pooled and dialyzed against the same buffer without ammonium sulfate at 4 °C overnight and
concentrated by adsorption with CMC. The concentrated enzyme solution was evaluated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The samples were mixed in sample
buffer and boiled in the water bath at 90 °C for 10 min. Samples were applied to a 5.0 % gel system
concentrator and a 10 % separator. Electrophoresis was performed at 50 V for 30 min and 100 V for 60
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min. After electrophoresis, the separated proteins were stained with Coommassie Blue R-250 reagent.
The molecular weight of the purified ST11 lipase was compared to the standard marker (Pink Plus
Prestained Protein ladder with sizes ranging from 10 - 175 kDa).

Characterization of purified lipase from Aspergillus oryzae ST11

Effect of pH and pH stability

The optimum pH for lipase ST11 activity was studied; the lipase was prepared in different buffers with
the same concentration (50 mM) and was determined for activity at 37 °C. The buffers used in the study
were acetate buffer (pH 4.0 - 6.0), phosphate buffer (pH 6.0 - 7.0), and Tris-HCI buffer (pH 7.0-9.0). In the
case of pH stability, the purified lipase was mixed with the above buffers (1:3, v/v), and the sample was
incubated at 30 °C for 2 h. The residual activity of the purified lipase ST11 was determined at pH 7.5.

Effect of temperature and thermostability

The purified lipase activity was assayed at temperatures ranging from 30 - 65 °C in 50 mM Tris-
HCI buffer, pH 7.5. For effect of temperature on lipase stability, the purified lipase was incubated at
different temperatures from 30 - 65 °C for 2 h before determining activity at 37 °C.

Effect of metal ions

Different metal ions (Fe*", Co*", Cu*', Mg**, Hg*", Ca*’, Zn*, K*, Na" and AI’") were used for
testing their effects on the activity of the purified ST11 lipase. The enzyme was added into the reaction
mixture containing 50 mM Tris-HCI buffer pH 7.5 and metal ions at 1.0 and 10.0 mM. The reaction was
carried out at 30 °C for 30 min. The lipase activity was assayed and compared to the control without the
addition of metal ions.

Effect of inhibitors and surfactants

Different inhibitors and surfactants were determined for their effects on the lipase ST11 activity.
The purified ST11 lipase was incubated at 30 °C for 30 min in 50 mM Tris-HCI buffer pH 7.5 containing
different inhibitors (1.0 mM): B-mercaptoethanol, phenyl methyl sulphonyl fluoride (PMSF), and
ethylene diamine tetra-acetic acid (EDTA), and surfactants (1.0 %, w/v): gum arabic, Triton X-100,
Tween 20, Tween 80, and sodium dodecyl sulfate (SDS). The lipase activity was assayed and compared
to the control without the addition of inhibitors or surfactants.

Effect of organic solvents

The effects of different organic solvents (ethanol, methanol, acetone, ethyl acetate, isopropanol,
xylene, toluene, isooctane, and hexane) on the lipase activity was determined. The organic solvent (0.15 mL)
was added to purified lipase solution (0.45 mL) in a microcentrifuge tube. The mixture was incubated in a
Thermomixer shaker (TAITEC, Japan) at 30 °C and 500 rpm for 1 h. The lipase activity was then measured
and compared to the control.

Substrate specificity

The substrate specificity of the purified ST11 lipase was studied by using different vegetable oils as
a substrate, including palm oil, rice bran oil, coconut oil, sunflower oil, soybean oil, corn oil and olive oil.
Each kind of oil was used to replace the palm oil in the reaction mixture for lipase activity determination
using the cupric acetate method.

Biodiesel production catalyzed by concentrated ST11 lipase

The concentrated 4. oryzae ST1 lipase (100 puL) from the chilled acetone precipitation step was
mixed with 2 mL of 10 % palm oil in isooctane and methanol at a molar ratio of methanol/palm oil at 3:1.
The reaction mixture was incubated at 37 °C in a Thermomixer with 1,200 rpm for 24 h. The sample (50
puL) was withdrawn and mixed with isooctane (50 uL). The biodiesel produced was analyzed by the TLC-
FID analyzer.

Statistical analysis

The experimental data were expressed as mean + standard deviation from triplicates. One-way
analysis of variance (ANOVA) was carried out, and comparisons of means were done by Duncan’s new
multiple range tests, with a significance threshold p < 0.05. Statistical analyses were performed with the
statistical program SPSS (version 16.0 for Windows, SPSS Inc., Chicago, IL, USA).
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Results and discussion

Molecular and morphological identifications

According to neighbor-joining (NJ) phylogenetic tree analysis of the ITS sequence, Aspergillus sp.
ST11 was grouped with A. flavus and A. oryzae (98 % bootstrap value). This strain showed sequence
similarity to A. flavus UOA/HCPF 10017 (FJ878656) and A. oryzae A-4 (GU120193) with 100 %
(Figure 1). Molecular identification using ITS sequence cannot be used to differentiate 4. flavus and A.
oryzae. Therefore, the morphology of the strain ST11 on MEA and CYA was further investigated. For
morphological identification, the strain ST11 grew well on CYA and MEA. The colony on CYA was
yellow-green (Figures 2(a) - 2(d)) and the colony on MEA was olive green (Figures 2(e) - 2(h)).
Conidiophores were 0.08 - 0.09 um in length, colorless, and roughened (Figures 3(a) and 3(b)). Conidia
were 3.2 - 4.1 um in diameter, globose to the ellipsoidal, and had smooth walls (Figure 3(c)). The results
from this study were well related to the morphology of the A. oryzae colony on CYA and MEA [14].
Therefore, the isolate ST11 was designated as A. oryzae ST11 using molecular identification based on
ITS regions and morphological characters (GenBank accession number MK784896).

Purification of lipase

The purification table is summarized in Table 1. The yield of lipase after chilled acetone
precipitation was 56 %, and there was a 7.7-fold increase in activity. The sample was then applied to the
AKTA Prime chromatography system connected with a HiTrap Q HP column. It was found that 15 %
NacCl could elute the target enzyme from the column (Figure 4(a)). At this step, 28.9 % of lipase yield
and a 10.2-fold increase of activity were obtained. For Toyopearl Butyl-650M column chromatography,
the active fractions were obtained after 50 mM Tris-HCI buffer pH 7.5 with 0.4 % ammonium sulfate was
applied to the column (Figure 4(b)). The yield of lipase at this step was 7.9 %, and the purification fold
was 13.0. The decrease of the lipase yield after the lipase concentration step was similar to the study of
Toida et al. [27] that reported a decrease of lipase yield of A. oryzae to 54 % after ammonium sulfate
precipitation and gave s yield of only 5.5 % after the final purification step. Mehta et al. [18] studied the
purification of lipase from A. fumigatus using Octyl Sepharose column chromatography (hydrophobic
column) and found that the lipase yield was 11.03 % and the purification fold was 6.96.

The molecular mass of the purified lipase was determined by using the SDS-PAGE technique. The
purity of the A. oryzae ST11 lipase was examined and confirmed with a single band of protein with 25
kDa molecular mass (Figure 5). The molecular mass of the lipase from A4. oryzae ST11 in this study was
similar to the size (27 kDa) of lipase from A. oryzae isolated from waste cooking oily soil [28]. However,
the study of Toida et al. [27] showed that the molecular mass of lipase from A. oryzae was 41 kDa.
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Aspergillus flavus Type E 1 (GU183163)
Aspergilius flavus AUMC 10331 (KX531011)
Aspergilius flavus CI-B4 (HQ285545)
Aspergilius flavus AD-B3 (HQ285520)
Aspergilius flavus DF1 (LT745394)
Aspergilius oryzae BPPTCC 6036 (KP165433)
Aspergilius orvzae C1-7(JQT717325)
Aspergilius oryzae F5-03 (IN561266)
Aspergilius oryzae UPM A22 (HM145964)
Aspergilius orvzae YI-A6 (HQ285587)
Aspergilius oryzae DG-C3 (HQ285550)
Aspergilius ory=ae 1C-A3 (HQ285562)
Aspergillus oryzae GS-A3 (HQ285557)
Aspergilius oryzae BS-A2 (HQ285529)
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Figure 1 The Neighbor-joining phylogenetic tree obtained from ITS rDNA sequence analysis based on
the Tamura Nei model, calculated using MEGA 6.0. The scale bar denotes 0.02 substitutions per position.
Paecilimyces variotii was used as the root of tree.
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Figure 2 Colony morphology of Aspergillus sp. ST11 on Czapek’s yeast agar at 25 °C (a, b) and 37 °C
(c, d) and on malt extract agar at 25 °C (e, f) and 37 °C (g, h) for 7 days.
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Figure 3 Conidiophores at 100x (a) and 400x (b), and conidia at 400% (c), of Aspergillus sp. ST11.

Table 1 Purification table of lipase from Aspergillus oryzae ST11.

Total Total Specific . . .
. . . - .. Yield Purification
Purification step protein activity activity (%) fold (fold)
(mg) (unit) (U/mg) °
Supernatant 1,300 16,000 12.3 100 1.0
Acetone precipitation 95 8,960 94.3 56 7.7
Q-HP column 37 4,635 1253 28.9 10.2
chromatography

Butyl-Toyo pearl column 8 1278 159.8 79 13.0
chromatography




Trends Sci. 2021; 18(21): 45 90of17

50 - - 10 r 120
(a)
Aerrarnervarvesvasy b 100
40 - g LS
= i L s
5 i
E 300 : s
H
B H F .
- s - -
F : e[® £
£ m H Fd o
- : £lao 2
£ i 3
- » -
5 100 s 2 | 2
04 \.wﬁk‘___)' _____ — L o
esaras Lo
T T T T
0 2 4 6 5 1012 141615 20 22 24 26 25 30 32 M 36 35 40 42 44 46 45 S0 32 4
Fraction
—— UV absoddance
—_——— == Hydmlyss acny
srasratraar NaCUlconcentmtwn
0s - 4 - 60
ii 50
Iy
{ F3
I \
F 40 =~
2 | "l s
a 1 Kl ]
8 P M2 g
i 2
S |J \ £ é
= \ E |-
] I 13
B { \
- \
vy ) \ 10
3
——ﬁ—-‘— ]
T T T T T T T
12345678 91011121314151617151920212223242526272529 30313233 4353637353940
Fraction
—— N absOBan
——— Hydrolysi actwity
-0 Amoonmem seifie Concentnivn

Figure 4 Purification of Aspergillus oryzae ST11 lipase carried out by ion exchange chromatography (a)
and hydrophobic chromatography (b).

~a0 e

25 kDa

~20 B -

~15
~10

Figure 5 SDS-PAGE of purified lipase from Aspergillus oryzae ST11.
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Characterization of purified lipase from Aspergillus oryzae ST11

Effect of pH on activity and stability

The purified A. oryzae ST11 lipase had an optimum pH for lipase activity at pH 7.5 (Figure 6(a)).
This still gave lipase activity of more than 80 % in the pH range between 6.5 - 8.0 and was 58 % at pH
9.0. The optimum pH for the activity of the purified lipase of 4. oryzae studied by Toida et al. [27] was at
pH 7.0. However, the optimum pH for the activity of the lipase from 4. oryzae CILU-31 was pH 4.0,
which was considered an acidic lipase [28]. For other Aspergillus species, A. fumigatus lipase had an
optimum pH at 9.0 [14], and 4. carneus lipase had an optimum pH at 8.5 [19], whereas 4. niger lipase
had an optimum pH at 7.0 [29]. It could be concluded that the lipase produced by Aspergillus species had
a wide range of optimum pH.

pH stability was the desired characteristic of enzyme application. After incubation of the purified
lipase in a wide range of pH buffers, the purified A. oryzae ST11 lipase retained an activity of more than
80 % in the buffers between pH 5.0 - 8.0. The relative activity of purified lipase greatly decreased after
incubation in buffer pH of lower than 5.0 and of higher than 8.0. In comparison, the activity of 4. oryzae
lipase was low at acidic pH and was stable in a pH range from 6.0 - 9.0 at 25 °C [27]. Another report
showed that the purified lipase from A. niger NCIM 1207 was stable at pH 8.0 - 11.0 but retained activity
at 10 % in acidic pH [30].

Effect of temperature on activity and stability

Figure 6(b) shows the effect of temperature on the activity and stability of 4. oryzae ST11 lipase.
The purified lipase from A. oryzae ST11 showed an optimum temperature for lipase activity at 37 °C. The
results showed that it still had high activity in a range of temperatures between 30 and 45 °C. However,
when the temperature of the system was higher than 55 °C, the activity was decreased drastically and
retained only 23 % at 65 °C.

For thermostability, after incubation of the purified lipase from 4. oryzae ST11 at 30 - 65 °C for 2 h,
the remaining activities of lipase at 30 and 37 °C were higher than 90 %. The thermal stability was
decreased rapidly when the temperature was higher than 45 °C, and the activity was 32 % at 65 °C.
However, its stability was different from the lipase of 4. oryzae studied by Toida et al. [27], which was
stable at 30 °C, but was greatly reduced at 40 °C, with 10 % of the original activity.

Effect of metal ions

Different metal ions were used to study the effect on the activity of the purified 4. oryzae ST11
lipase, with concentrations at 1.0 and 10.0 mM compared with the control of lipase solution in Tris-HCI
buffer without the addition of metal ions (Table 2). The results showed that the activity of lipase was
slightly enhanced when Ca*", K" or Mg®" (1.0 mM) was presented in the reaction mixture. However,
when the concentration of metal ions was increased to 10.0 mM, only the addition of Mg*" showed a
significant enhancement of activity compared to other metal ions. The increase of lipase activity in the
presence of Mg®" was also supported by the report of other studies with the lipases from 4. niger NRRL3
[31] and A. terreus var. africanus (CBS 130.55) [32]. However, the report of Toida ef al. [27] showed the
opposite effect; Mg®" (10.0 mM) slightly decreased the lipase activity of 4. oryzae. The lipase activity of
A. oryzae ST11 was drastically suppressed by Hg**, Zn*", Co*" and Cu*" at both 1.0 and 10.0 mM. The
negative effects of Hg*", Zn>" and Cu®" were also reported in the study of other purified 4. oryzae lipases
[27,32]. The negative effects of Zn*" and Cu®" on lipase activity might be due to the interactions of those
ions on the enzyme surface charge. It made the change of enzyme conformation, leading it to be less
stable. As well as the effect of Hg®", which had an inhibitory effect on the lipase activity with
participation of the SH group in the enzyme structure, this indicates that thiol-containing amino acid
residues might be important to enzymatic function [32,33].
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Figure 6 Effects of pH (a) and temperature (b) on the activity and stability of the purified lipase from

Aspergillus oryzae ST11.

Table 2 Effect of metal ions on the stability of the purified Aspergillus oryzae ST11 lipase.

Effect of metal ions

Relative activity (%)

1.0 mM 10.0 mM
Control* 100.0 + 4.5° 100.0 + 4.5°
FeCls 102.5 + 6.6 83.5+8.0°
CoCl, 82.8£2.6° 14.3 +0.9"
CuCl, 32.5+5.4¢ 33.5+4.4"
MgCl, 103.9 +£2.3® 122.7 + 1.4°
HgCl, 14.6 £ 2.6° 14.1+14"
CaCl, 109.3 +1.2° 66.7 + 1.4
ZnCl, 18.7 +0.3° 19.4+1.6"
KCl 106.3 + 1.9%® 84.1 +6.2°
NaCl 101.9 +1.3%® 88.9+£9.0°
AICl, 87.2+5.9° 482 +5.1°

*Lipase solution in 50 mM Tris-HCI buffer pH 7.5 without the addition of metal ions

Effects of inhibitors and surfactants
Many surfactants and inhibitors were investigated for their effects on the lipase activity of 4. oryzae
ST11. In general, surfactants are used to enhance the catalysis of lipase by increasing the lipid water
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interfacial area [2]. However, in this study, most surfactants showed a negative effect on the lipase
activity of 4. oryzae ST11 (Table 3). The negative effect of surfactants was observed in the presence of
sodium dodecyl sulfate (SDS), Tween-80, Tween-20, and arabic gum with the activity of 21.1, 21.6, 23.7
and 72.1 %, respectively. Triton X-100 severely reduced the activity of the purified lipase, and the
activity was retained at only 6 %. A reduction of lipase activity after the addition of surfactants also
occurred in the study by Zhou et al. [28]. The activity of purified lipase from A. oryzae CJLU-31 was
decreased in the presence of Tween-40, Tween-80, and SDS, and retained activity at 20.0, 11.0 and 22.0
%, respectively [28]. Saxena et al. [19] found that anionic detergent, such as SDS, had a negative effect
on lipase activity. The strong inhibitory effects of Tween-20 and Tween-80 were most likely due to their
competitive attaching to the lipase molecule or the change in protein conformation; this leads to the
blocking of the active form of protein, which negatively influences lipase catalysis [18,34,35].

The inhibitors (EDTA, PMSF, and B-mercaptoethanol) were used for studying the effect on the
lipase activity at 1.0 and 10.0 mM. There was no significant loss of the lipase activity of A. oryzae ST11
in the presence of these inhibitors (Table 3). The presence of f-mercaptoethanol showed a slight effect on
lipase activity. This meant there was no disulfide bond in the structure of lipase. In the case of EDTA
addition, the activity of A. oryzae ST11 lipase was slightly higher than that of the control condition. It
also implied that purified 4. oryzae ST11 lipase was a non-metalloenzyme [2]. The PMSF which was
used as serine inhibitors did not reduce the 4. oryzae ST11 lipase activity. A similar result was observed
from the study of Toida et al. [27], which revealed a non-significant reduction of 4. oryzae lipase activity
after incubation with PMSF. However, PMSF affected negatively the activity of purified A. carneus
lipase [19].

Table 3 Effects of surfactants and inhibitors on the stability of the purified Aspergillus oryzae ST11
lipase.

Effects of surfactants and inhibitors Relative activity (%)
Control* 100.0 = 0.02°
Surfactants
Triton X-100 (1 %) 6.0+0.5¢
Tween-80 (1 %) 21.6+9.8°
Tween-20 (1 %) 237+ 1.0°
Gum Arabic (1 %) 72.1 £8.5°
SDS (1 %) 21.1+4.7°
Inhibitors
EDTA (1.0 mM) 101.9 + 5.2°
EDTA (10.0 mM) 92.3+1.6"
B-mercaptoethanol (1.0 mM) 92.7+23°
B-mercaptoethanol (10.0 mM) 925+29°
PMSF (1.0 mM) 97.1 +4.1°

* Lipase solution in 50 mM Tris-HCI buffer pH 7.5 without the addition of surfactants or inhibitors

Effect of organic solvents

The hydrolysis reaction catalyzed by lipases of water-insoluble substrates takes place at the
interface. The use of organic solvents can encourage the hydrolysis reaction of water-insoluble substrates
by the lipase [1]. Hence, the high stability and the activity of lipase in the solvent system are of concern
for the application of the enzyme. Investigation of the organic solvent effect on the stability of the
purified A. oryzae ST11 lipase was conducted. The different polar and non-polar organic solvents
(polarity index 0.0 - 5.2) were studied (Table 4). The activity of purified lipase was decreased after 1 h of
incubation in all organic solvents compared to the control condition containing 50 mM Tris-HCI buffer
pH 7.5. The highest relative activity was obtained in the presence of isooctane and hexane, which are
hydrophobic solvents. The high stability of A. oryzae ST11 lipase in non-polar solvents was supported by
the many reports showing that the lipase was stable in the presence of hydrophobic solvents, while the
activity was reduced in systems containing polar solvents. This was caused by the promotion of
hydrophilicity of the solvent, leading to the removal of water from enzyme molecules [36-39].
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Table 4 Effects of organic solvents on the lipase activity of the purified Aspergillus oryzae ST11 lipase.

Organic solvents (25 %) Polarity index Relative activity (%)

Ethanol 5.2 3704
Methanol 5.1 26+1.1

Acetone 5.1 263 +2.8"

Ethyl acetate 44 48.0 £2.1°

Isopropanol 3.9 56.0+2.9¢

Xylene 25 133+ 1.1"

Toluene 2.4 19.0 +1.48
Iso-Octane 0.1 70.0 + 1.8

Hexane 0.1 62.0+2.8°

50 mM Tris-HCI buffer pH 7.5 - 100.0 +3.5"

Substrate specificity

The different natural oils were tested to determine the substrate specificity of the purified 4. oryzae
ST11 lipase. The results are shown in Figure 7. A hydrolysis reaction using palm oil as a substrate was
controlled as a base value at 100 % relative activity, and was measured at pH 7.5 and 37 °C. Among nine
natural oils, it was found that olive oil showed the highest activity, at 110 % relative activity higher than
that of palm oil. The rice bran oil and coconut oil had relative activities of lipase of more than 70 %,
followed by linseed oil, for which the activity was around 50 %. In contrast, sunflower oil, soybean oil,
canola oil, and corn oil showed lower activities of below 40 %. Considering the fatty acid compositions in
each type of oil, the substrate specificity of the lipase was enhanced when the content of C18:n in the oil
increased corresponding to oleic acid (C18:1) content existing largely in olive oil [40]. Shu et al. [41] also
studied the substrate specificity of natural oils on the activity of A. niger F044 lipase. The results showed
that A. niger F044 lipase had a broad range utilization of oil, and that olive oil gave the highest relative
activity, while the lowest relative activity was obtained from castor oil.
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Figure 7 Effects of oil types on the activity of the purified lipase from Aspergillus oryzae ST11.

Biodiesel production catalyzed by concentrated 4. oryzae ST11 lipase

Concentrated A. oryzae ST11 lipase was obtained from chilled acetone precipitation and used as a
liquid enzyme for biodiesel conversion from palm oil and methanol. Figure 8 shows the highest biodiesel
conversion (90 %) at 24 h with one-step addition of methanol (3 moles of methanol per 1 mole of palm oil).
This result was obtained under the condition that water content in the system was 50 % compared with the
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weight of palm oil in isooctane. Even though water was crucial for stabilizing the protein structure, the
excess amount of water content from the lipase solution led to the presence of free fatty acid in the final
product, which was caused by the promotion of hydrolysis reaction (Figure 9). The existence of free fatty
acids in a system containing high water content was supported by the study of Andrade ef al. [42] to produce
biodiesel from Castor oil. The addition of water enhanced the biodiesel production providing the water-lipid
phase for lipase catalysis. Water hydrolyzed the one mole of triglyceride into 3 moles of free fatty acid and 1
mole of glycerol. The 3-fatty acids were subsequently reacted with an alcohol to form biodiesel. However,
increasing the water beyond the optimal point led to a negative effect on the biodiesel production, with the
reverse reaction to break down the biodiesel molecule and gave a lower yield of biodiesel. Nevertheless, the
suitable water content for biodiesel production might be different depending on the type and the condition of
the reaction. Chen et al. [43] reported that biodiesel production from waste cooking oil using immobilized
Candida lipase can be achieved at 91.08 % with water content at 25 %, and that the yield of biodiesel was
decreased when the water content applied to the system was higher than 25 %. In contrast, Baloch et al. [44]
reported that biodiesel production from Jatropha oil by immobilized Magnusiomyces capitatus A4C
extracellular lipase was enhanced when the water content was increased in the system, and it was achieved
at 89.7 % with water content at 100 %.
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Figure 8 Time course of biodiesel production from palm oil catalyzed by concentrated 4. oryzae ST11
lipase. The reaction mixture contained palm oil to methanol (1:3 mol/mol) and 100 pL of the
concentrated lipase. The reaction was carried out in a Thermomixer at 37 °C and 1,200 rpm for 24 h.
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Figure 9 The transesterification profile analyzed by a TLC-FID analyzer with different standard
compounds containing methyl ester, triglyceride, free fatty acid, diglyceride and monoglyceride,
respectively (a) and the final product profile of transesterification reaction after 24 h (b).

Conclusions

The selected fungus was identified as Aspergillus oryzae ST11 and showed its capability to produce
an extracellular lipase. This offered more flexibility of enzyme to be used in many industrial applications,
compared with the use of whole-cell biocatalysts which might be limited in some applications. Moreover,
the purified lipase from 4. oryzae ST11 also presented the desired characteristics, with good stability at
different pH and temperature. Even the use of the partially purified form of enzyme still had the ability to
catalyze the transesterification reaction and yielded a high biodiesel conversion. Thus, these capabilities
of lipase promise the biotechnological potential to be further studied and to be used in industrial
applications.
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