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ABSTRACT

Lipase was one of the most important industrial enzymes and has diverse applications in food
industry, detergent industry, fats and oil hydrelysis, peptide synthesis and pharmaceutical
industries. The aim of this study was focused on isclation of a lipase producing strain from waste
cooking oily soil and characterization of the lipase. The strain, Aspergillus oryzae CJLU-31 was
isolated from the waste cocking oily scil and identified by ITS rDINA analysis. The lipase from
Aspergillus oryzae CJLU-31 was purified by ammonium sulfate precipitation and two-step
chromatography. The results showed that the purified lipase had a specific activity of
11552.2 U mg ™, 23.9-fold purification factor and molecular mass of 27 kDa by Sodium Dodecyl
Sulfate-polyacrylamide Gel Electrophoresis (SDS-PAGE). The purified lipase showed higher activity
when the waste cooking oil was used as the substrate. It also showed maximum activity and
stability at pH 4.0 and 40°C. The lipase retained high activity over ranges of pH (2-5) and
temperature (30-50°C). It was enhanced by low concentration metal ions, such as K7, Li", Mg*,
Zn*, Mn* and Ca”, while inhibited by Fe*, Fe® and Cu®". It showed high stability in the presence
of lower polarity organic solvents and activated in 0.1% polyvinyl alcohol-124. The Km and Vmax

of the lipase acting on olive oil were 0.11 and 0.41 mM min™

, respectively. Heating and cocling
refold-treatment activated the lipase. These features provided the lipase from Aspergillus oryzae
CJLU-31 as a potential application for lipase-catalyzed synthesis of fatty acid methyl esters

(biodiesel) using waste cooking oil.

Key words: Waste cooking oil, Aspergillus oryzae, acidic lipase, purification, heating-cooling

refold-treatment

INTRODUCTION

Waste Cooking Cil (WCQO) originated from food restaurants and househeld disposals, was
creating serious problems of food safety and envirenmental contrel in China. In order to obtain
higher economic benefit, WCO was recovered te produce edible o0il by some undesirable
businessmen, though this behavior was prohibited by law in China. Production of biodiesel with
WCO as feedstock not only could reduce these problems, but, more importantly, would decrease the
cost of biodiesel (Chen et al., 2005; Chhetri et ¢l., 2008; Wan Omar et al., 2009),

Lipase of triacylglycerol hydrolase (EC 8.1.1.3) was cne of the carboxyl esterases, which
catalyzed the hydrolysis of triacylglycerol synthesis to form esters and the long chain fatty acids
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at the oil-water interface and transesterification of acylglycerols (Zaks and Klibanov, 1985,
Susumu et al., 1979). Lipases constitute one of the most important groups of industrial enzymes
due to their unique ability of activities in both aquecus and non-aqueous solvent systems
(Gaur ef al., 2008). Because of these advantages, they became the focus of bio-refinery. In recent
years, many scholars had carried out a lot of studies aiming at lipase-catalyzed synthesis of
biodiesel (De los Rios ef al., 2011; Halim and Kamaruddin, 2008; Yan ef af., 2011; Al-Zuhair ef al.,
2009). Isolation of new lipase with potential industrial applications from novel sources stimulated
many researchers interest (Islam et al., 2008),

Aspergillus orvzae was one of the extensively investigated lipase-production microorganisms
and had been applied widely in lipase preduction industry or other related industry
{Contesini et al., 2010; Lee et al., 2006; Elbashiti et al., 2010; El-Atta et al., 2011). First, they are
on the Generally Recognized As Safe (GRAS) list of the Food and Drug Administration (FDA) in
the United States. Then they are recognized as the best lipase producers since they produce
extracellular lipases, facilitating the extraction from fermentation media (Carvalho et @l., 2005).
Many studies had optimized the culture compositions, nutritional requirements for production of
Aspergillus spp. lipase and purified the homoegeneity using a variety of methods involving
ammonium sulfate precipitation, 1on exchange chromatography followed by gel filtration (Fei ef al.,
2009; Basheer ef al., 2011; Ventura ef al.,, 2012). In addition, lipases from various sources had been
characterized in terms of their activity and stability profiles with respect to pH, temperature, metal
ions, detergents and organic solvents (Yadav et al., 2011; Zheng et al., 2011; Rivera-Perez et al.,
2011) as well as their molecular weights (Jiang ef al., 2012; Supakdamrongkul et al., 2010).

In the present study, therefore a strain of Aspergillus oryzae, named CJLU-31, was isolated
from WCO waste soil and identified by ITS rDINA (first internal transcribed spacer of rDINA )
sequence analysis. This strain was to have high acidic extracellular lipase production ability. Also,
the production, purification and characterization of the hpase from Aspergillus orvzae CJLU-31 was
investigated.

MATERIALS AND METHODS

Isolation and identification of lipolytic bacterial strain: The cily waste soil sample was
collected in September 2010, from Xiasha area, Hangzhou city, Zhejiang province, China. The soil
sample (5.0 g) was suspended in 45.0 mL of sterilized normal saline for 24 h and serial dilutions
were made. Aliquots (200 uLy) of appropriate dilutions were surface plated on the selective plate
containing (NH,),SO,: 2.0 g L7, K.HPO, 1.0g L™, KCl: 0.5 g L', MgS0O,.7H,0: 0.5 g L™, FeSO,:
0.01 g L, agar: 20.0 g L™, bromeresol purple indicator: 0.004 g L™' and olive oil emulsion
(30.0 g L! 0il emulsified with 90 g ™" (v/v) polyvinyl alechol-124): 120.0 g L1, Plates were then
incubated at 30°C and periodically examined for 5-7 days. The size of the yellow color ring was used
to evaluate lipase production. The micromorphology of the 1solate was studied by viewing spore
morphology and microflora in Czapek’s medium plate.

Confirmation of the assigned taxon was carried out by ITS gene sequence analysis. FCR
amplification of this gene was carried out using primers ITS1 (5-TCCGTAGGTGAACCTGCGG-3)
and IT54 (B-TCCTCCGUTTATTGATATGC-3). Partial ITS gene sequence thus obtained was
submitted to GenBank database at NCBI (GenBank accession No. JN874631.1, Zhou, 2011).
Sequence comparisons were performed with the BLAST program (NCEI, USA).

Lipase production: The fermentation condition was optimized through single factor test and
orthogonal test. Aspergillus orvzae CJLU-31 was grown in a basal medium eontaining (NH_),S0,:
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1.0g L, KHPO,: 1.0g LY, MgSO,.7TH,0: 1.0 g L}, beef extract: 30.0 g L.™?, polyvinyl alcohol-124:
0.025% and olive cil: 0.125 g L™ at pH 7.0. Culture conditions were: 100 mL of medium in 250 mL
Erlenmeyer flask, strain age 24 h inoculum size 6%, rotation at 150 rpm at 32°C. Biomass in the
broth was removed by centrifugation and the supernatant was subjected to lipase activity
determination.

Lipase assay: Lipase activity was measured by copper soap calorimetric method (Kwon and
Rhee, 1986; Jermsuntiea ef «l., 2011), using an n-hexane-clive oil micro emulsions with slight
modifications. Simply, the reaction mixture (5.80 mL) consisted 0.50 mL olive ail, 4.50 mL n-hexane
and 20 mM phosphate buffer 0.8 mL {emulsified with 5% (w/v) gum acacia in buffer (pH 4.0) as
substrate. The olive oil substrate incubated for 5 min at 40°C. Then, 0.2 mL of enzyme was added
and the reaction was allowed to proceed for 15 min. The reaction was stopped by the addition of
1 mL of 6 M HCI. Then, 0.40 mL supernatant fluid was absorbed to the centrifuge tube, with
4.6 mL toluene and 1.0 mL of 5% (w/v) cupric acetate (pH adjusted to 6.0 with pyridine). The two
phases were vortexed for 60 sec and the absorbance of the toluene phase was read at 715 nm using
a Apada UV-1200 spectrophotometer. The toluene phase containing the Free Fatty Acids (FFAs)
was separated when 1.0 mL of copper reagent was added. Standard curve with oleic acid was used
for determination of the free fatty acids. One activity unit of lipase was defined as the amount of
enzyme that released 1 pmol of fatty acid per min under assay conditions.

Protein assay: The protein content was determined by the method of Bradferd (1978) using
bovine serum albumin as the standard.

Purification of lipase: The purification procedure was referred to Shu method (Shu et al., 2006).
After 48 h of culture, the cells were separated from the fermented medium by centrifugation at
4°C and 4000 rpm. Ammonium sulphate was added to the filtrate to give final concentration of
60-80% (wiv) saturation at 4°C. The precipitate was collected by centrifugation at 4000 rpm
for 4 min. The precipitate was then dissolved in 20 mL of double distilled water and dialyzed for
24 h at 4°C against double distilled water. Then, the crude enzyme solution was loaded onto the
DEAE-Separose Fast Flow column (2.6X10 cm) previously equilibrated with 0.02 M phosphate
buffer (pH 7.8). Elution of lipase was performed by a linear gradient of NaCl (0-1.0 mol L™ in
equilibrating buffer) at 30 mL h™'. The fractions of 5.0 mL each were collected and assayed for
protein and lipase activity. The fractions showing lipase activity were dialyzed against distilled
water. The fractions were loaded on Sephadex G-100 column (£2.6x80 e¢m) and followed by elution
using 0.02 M phosphate buffer (pH 7.8) at 30 mL h™. The fractions of 2.5 mL each were collected
and assayed for protein and lipase activity.

Determination of molecular weight: Sodium dedocyl sulfate-polyacrylamide gel electrophoresis
(5DS-PAGE) was done on a 10% separating gel and 4% stacking gel (0.75 mm, 10x10.5 em mim
gel) under the conditions developed by Laemmli (1970). The protein marker ranging from
14.4-116.0 kDa was used as a standard marker for determination of molecular weight.

Effect of pH and temperature on activity and stability: The effects of pH and temperature

on purified lipase were investigated by using clive oil as the substrate. The optimal pH of the
purified enzyme was determmned at room temperature over a pH range of 2-9-20 mM acetate buffer

598



Am. J. Food Technol., 7 (10): 596-608, 2012

{(pH 2-5), phosphate huffer (pH 6-8) or tris-HCI buffer (pH 8-9). The residual lipase activity was
measured. The pH stability was studied by incubating the lipase at each desired pH for 30 min at
40°C.

The optimum temperature was determined by measuring the lipase activity at 30-65°Cin
20 mM acetate buffer, pH 4.0. The thermal stalility was studied by incubating the lipase mixture
at each desired temperature for 30 min, refolding at 4°C.,

Effect of metal ions, detergents and organic solvents: Several different molar concentrations
of LiCl, KCI, Fe50,, FeCl,, Cu50, MnCl,, ZnCl,, MgS0, and CaCl, were added to 20 mM pH 4.0
acetate buffer enzyme solution at room temperature for 30 min. Similarly, different detergents,
such as tween 40, tween 80, 5D5, gum acacia and polyvinyl alecohol-124, organic solvents including
methancl, ethanol, ether, acetone, propanediol, glyecerol and n-butanol, were studied.

Determination of kinetic parameters: The enzymatic kinetic parameters were determined
according to Shangguan method (Shangguan ef al., 2011). The olive cil emulsion substrate at
different concentrations (1-10 mM), temperature of 40°C and pH 4.0 were employed to determine
the kinetic parameters. The kinetic parameters were estimated from the Lineweaver-Burk equation
plot (1)

1 K 1 1
Lok 1 (1)
v Vmax [8] Vmax

where, [S] was the substrate concentration (mM), V was the initial reaction rate of the enzyme
{mM min™), Km was Michaelis-Menten constant and Vmax was maximum reaction rate.

RESULTS AND DISCUSSION

Strains isolation, identification and production of lipase from Aspergillus orvzae
CJLU-31: As the result of screening, 31 colonies formed a clear yellow coler ring on our plate
media, which showed lipase activity. A fungus (isolate CJLU-31, Fig. 1) exhibited a highest

Fig. 1: Colonial morphology of CJLU-31, D: Diameter of yellow color ring, d: Diameter of
colony
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Fig. 2: Spore morphology of CJLU-31

66 Talaromyces striatus (GU092972.1)

71 _|——Hamigem avellanea (GU092954.1)
40 Penicilliopsis clavariiformis (GU092973.1)
Hemicarpenteles paradoxus (EF669709.1)
Neosartorya hiratsukae (GQ461906.1)

Petromyces alliaceus (EF661556.1)
99) — CJLU31

100|Aspergillus oryzae (HQ380782.1)

Thermoascus crustaceus (EU021597)

d
B
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Fig. 3. Phylogenetic tree of the lipase genes, it shows the relationship of lipase producing strain
Aspergillus  oryzae CJLU-31 to other Aspergillus spp. with MAGE 4.0 using the
neighbor-joining methoed, values shown in the parenthesis are accession number

diameter ratio between yellow color ring and colony and it showed a maximum lipase activity
(16.0 U mL™" after fermentation. Therefore, the organism produced an extracellular lipase, which
was selected for the production of lipase. The spore morphology showed that the individual
smoother spores were black or brown (fading to brown with age), conidiophores were longer
average and the sterigmata was usually in 1 series (Fig. 2). The ITS1 sequencing data indicated
that the isolate was Aspergilius (Fig. 3). The nucleotide sequence reported here had been assigned
an accession number JN874631.1 from NCBI gene bank database. The BLAST result showed that
the isolated strain was 100% similar to those of nearest strain Aspergillus oryzae strain 1 (accession
number HQ 380782.1), named Aspergillus oryzae CJLU-31.

An appropriate incubation time for Aspergillus oryzae CJLU-31 had to be determined for the
purpose of maximum lipase production as it was dependent on the dry cell weight. From the growth
time profile as shown in Fig. 4, the highest activity of lipase (460.7 U mg™') was observed in the
beginning of the stationary phase. Thus, the best time period for harvesting lipase with the highest
activity was optimized at 48 h, which was faster than producing lipase from Aspergillus earneus
(Kaushik et al., 2006) or Aspergillus wentii (Chander ef al., 1980).
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Fig. 4. Effects of incubation time on lipase activity and cell growth profile, relative activity was
calculated by activity at 48 h as 100%, batches were harvested at 6 h intervals to monitor
dry mycelial weight and lipase activity, the average of relative value (n = 3) and SD 1s
represented by vertical bar
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Fig. H(a-b): Purification of hipase from Aspergillus oryzae CJLU-31, (a) Chromatography on DEAE-
Separose Fast Flow and (b) Chromatography on Sephadex G-100, In each step of
chromatography, elution of proteins was followed by measuring absorbance at
595 nm and the activity was followed by copper soap colorimetric method using olive
as a substrate, The downward arrows indicate the initiation of elution of lipase, The
transverse left-right and upward arrows indicate the fractions collected for
further studies

Purification of lipase: In the present study, homogeneous lipase was purified using ammonium
sulphate precipitation followed by anion exchange and gel filtration chromatography. By this
purification procedure a final yield of 22.0% 23.9-fcld purified lipase was achieved. The specific
activity of the lipase increased to 11552.2 IU mg™ (Table 1).

The patterns of DEAFK sepharose fast flow anion exchange chromatography and Sephadex
G-100 gel chromatographies were shown in Fig. 5. The molecular weight was determined by the
presence of a single band corresponding to an apparent molecular mass of 27 kDa on SDS-PAGE
gels (Fig. 6). The molecular mass of the purified lipase in our study was similar as those
reported elsewhere, using F. expansum PED-03 (Dai and Xia, 2008; Lianghua ef al., 2007). In the
first two process of purification, the enzyme activity was not completely separable from the
pigments which were reported by Demir and Tukel (2010). The lower lipase activity was obtained
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Table 1: Summary of purification procedure of lipase from Aspergillus orvaae CJLU-31

Purification steps Total activity IU)  Protein content (mg) Specific activity IU mg™ %)  Yield (%) Purification fold
Crude lipase 69975.1 151.9 460.7 100.0 1.0
40-60% ammonium 66843.0 66.2 1009.7 95.5 2.2
sulphate precipitate

DEAE-Separose fast flow 52444.9 33.1 1584.4 78.4 3.4
Sephadex G-100 11552.2 1.0 11552.2 22.0 23.9

116.0kDa @
66.2kDa

45.0kDa

35.0kDa

25.0kDa

18.4kDa
14.4kDa

Fig. 6(a-b); SDS-PAGE of purified lipase, the purified protein was electrophoresed on 12%
tris-glycine SDS-PAGE, the markers are p-galactosidase (116.0 kDa), bovine serum
albumin (66.2 kDa), ovalbumin (45.0 kDa), lactase dehydrogenase (35.0 kDa),
Rease Bsp898I (25.0 kDa), pP-lactoglobulin (184 kDa) and lysozyme (14.0 kDa),
M: Marker, lane 1: Crude lipase, lane 2: 40-60% ammonium sulphate precipitation,
lane 3: Purified fraction after DEAK-Separose Fast Flow chromatography, lane 4
and lane 5: Purified enzyme after Sephadex G-100 gel chromatography, The
downward arrows indicate the purified lipase for further studies

in these steps, which might be related with one strain of microorganism screening different lipases.
Fernandez-Lorente et al. (2005) purified different lipases from an A. niger strain by using a highly
selective adsorption on hydrophobic supports.

Effects of pH and temperature: The optimal pH of purified lipase was about 4.0 (Fig. 7). The
lipase activity was not much affected between pH 2-5 where it showed around 80% of residual
activity. The lipase was stable in pH range of 2-5 even after incubation for 30 min (Fig. 7).
Moreover, the lipase had an optimal temperature of 40°C and was also active in temperature range
of 30-50°C (Fig. 8).

Interestingly, a heating and cooling cycle enhanced the activity of the lipases (Fig. 9). The lipase
exhibited increased activity at 40°C after 30 rmn, at 50°C after 120 min and retained 100% activity
after 3 h at 30°C, which was different property amongst the lipases isolated from many other
fungal species (Heerden ef al., 2002; Namhoodir and Chattopadhyaya, 2000). The reason was
reported by Zhu et al. (2001), which showed the protein to be trapped in an intermediate, higher
energy state, contribute significantly to the stability, structure and activity.
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Fig. 7. Effects of pH on activity and stability of lipase, relative activity was calculated by activity
at pH 4.0 without treatment as 100%, data are means of three determinations and

standard errors are reported, the average of relative value (n = 3) and SD is represented by
vertical bar
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Fig. 8 Effects of temperature on activity and stability of lipase, relative activity was calculated by
activity at 40°C without treatment as 100%, data are means of three determinations and
standard errors are reported, the average of relative value (n = 3) and 8D is represented

by vertical bar
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Fig. 9. Effects of heating (for 30 min) and cooling refold-treatment on activity of lipase, the relative
activity at 30, 40 and 50°C for 30, 60, 90, 120, 150 and 180 min were monitored
throughout the experiment and were calculated by taking the activity of pH 4.0 and
40°C without treatment as 100%, Data are means of three determinations and standard

errors are reported, the average of relative value (n = 3) and SD is represented by
vertical bar
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Table 2: Effects of detergents on lipase from Aspergillus oryzae CJLU-31

Relative activity (%6+SD)

Detergents 0.1% (viv) 1% (viv) 5% (v/v)

Control 100.0+1.2 100.0+1.2 100.0+1.2
Tween 40 22.044.7 20.0+£10.8 37.0:8.6
Tween 80 13.0£1.7 11.0+£0.9 46.0+6.9
SDS 5.041.7 22.0+£4.3 16.0£0.9
Polyvinyl alcohol-124 128.0+14.2 115.0+9.5 115.0+7.3

Experiments were performed in triplicate and activity without detergents was set as 100%

Table 3: Effects of metal ions on lipase from Aspergillus oryzae CJLU-31
Residual activity (%=SD)

Metal ions 1 mM 5mM 10 mM
Control 100.0+1.4 100.0+1.4 100.0+1.4
K* 170.0+1.2 131.0£18.8 117.0£15.2
Li* 165.0+3.3 137.0+8.2 123.0+5.8
Fe’* 51.0+4.6 15.0+6.7 2.0+1.5
Fe** 25.0+0.3 9.0+1.5 6.0+0.6
Cu® 84.0£4.8 34.0:11.8 60.0+£8.5
Mn? 208.0£7.0 162.0+4.8 137.046.7
Zn® 180.0+£12.7 117.045.8 96.0+8.2
Mg? 178.0+0.3 94.0+3.9 99.0+3.0
Ca? 132.0+12.1 148.0+11.5 153.0+5.8

Experiments were performed in triplicate and activity without metal ions was set as 100%

Effects of detergents and metal ions: Table 2 depicted the effects of detergents on the purified
lipase activities. The presence of Polyvinyl alcohol-124 enhanced the lipase activity. The polyvinyl
alcchol-124 (0.1%, v/v) was found to increase the lipase activity to 128%. However, the lipase
activity was inhibited below 50% by tween-40 and tween-80, which were classified to same kind
of nonionic surfactant. Inhibition by SDS suggested that the anionic surfactant intensively
decreased the activity of lipases, which was also reported by Ebrahimpour et af. (2011).

Metal 1ons at different concentrations were used to evaluate their effects on the lipase activity
{Table 3). The monovalent metal 1on such as K and [i1" were observed as promoters of the lipase.
Meanwhile, lower concentration of K" and Li" were more effective to enhance the lipase activity.
Some of divalent metal ions, such as Fe’ and Cu®, reduced the lipase activity more than 40%, but
the other divalent metal ions increased significantly the lipase activity at 1 mM Mn* (208%), Zn*
(180%) and Mg? (178%), respectively. Meanwhile, when treated with Ca® at increased
concentrations, there was cbvious enhancement of the lipase activity. Dheeman ef al. (2011)
reported a significant enzyme activity enhancement of 17%, when a purified microbial lipase PEL
was treated with Ca®.

Effect of organic solvents: Lipase hydrolysis reaction must cccur at a water-oil interface. In
order to investigate the effects of organic solvents on lipase activity, the lipase solution was

incubated with organic solvents (10-30%, v/v) at room temperature, 150 rpm for 30 min and the
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Table 4: Effects of organic solvents on lipase from Aspergillus oryzae CJLU-31
Residual activity (%+SD)

Organic solvents 10% (vhr) 20% (v/v) 30% (viv)
Control 100.0+1.1 100.0+1.1 100.0+1.1
Methanol 40.0£9.5 10.0+3.4 17.0+1.8
Ethanol 15.04£7.3 0.0£0.0 0.0£0.0
Ether 99.044.2 31.0:4.7 18.045.5
Acetane 48.04£1.2 27.0+4.0 0.0£0.0
Propanediol 45.0+5.7 9.0+2.6 24.0+2.0
Glycerol 96.0+12.4 110.0+7.3 70.0+7.1
n-butanol 9.0+0.4 3.0£0.2 5.0+1.4

Experiments were performed in triplicate and activity without organic solvents was set as 100%

14
12
10
: 4
_10 B 5 Y 15 20 25
1[S] (mM™)

Fig. 10: Lineweaver-Burk plot of purified lipase from Aspergillus orvzae CJLU-31 using clive oil
as a substrate, data are means of three determinations

residual activity of the lipase was shown in Table 4. The lipase activity was inhibited with the
whereas, ethanol, n-butanol strongly inhibited the lipase activity. It was believed that
water-miscible organic solvents strip water from the enzymes, leading to the unfelding of the
molecule with exposure of the inner hydrophobic residues and that this denaturation occurred at
a much faster rate than in a pure agqueous system (Azevedo et al., 2001). In addition, lipase
retained 40% of activity after incubation at 10% (v/v) methanol, which exhibited the tolerance of
methanol. 20% (viv) glycerol in the solvent, as the product of the lipase hydrolysis reaction,
enhanced its activity. These two points indicated that lipase of Aspergillus orvzae CJLU-31 may be
used in industrial application as catalysis.

Kinetic parameters of the lipase: Lineweaver-Burk plots in this study showed that apparent

Km and Vmax values of the purified acidic lipase were 0.11 and 0.41 mM min™’

, respectively
{(Fig. 10). The lower value of Km represents higher affinity between enzymes and substrates, while

Vmax represents the higher catalytic efficiency of lipase (Sharma et af., 2001},

CONCLUSION
The strain, Aspergillus oryzae CJLU-31 was isolated from the olly (WCQO) waste soil, then
identified using [TS rDINA sequencing and phylogenetic analysis. The lipase showed a good activity
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of the waste cooking il as the substrate and exhibited an enhanced activity after heating and
cooling refold-treatment at appropriate temperature, The lipase from Aspergillus oryzae CJLU-31
might be a potential application for using waste cooking oil to produce bicdiesel.
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