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Abstract The extremely acidophilic microorganisms
Bacillus pumilus and Bacillus subtilis were isolated from
soil collected from the commercial edible oil and fish oil
extraction industry. Optimization of conditions for acidic
lipase production from B. pumilus and B. subtilis using
palm oil and fish oil, respectively, was carried out using
response surface methodology. The extremely acidic lipa-
ses, thermo-tolerant acidic lipase (TAL) and acidic lipase
(AL), were produced by B. pumilus and B. subtilis,
respectively. The optimum conditions for B. pumilus
obtaining the maximum activity (1,100 U/mL) of TAL
were fermentation time, 96 h; pH, 1; temperature, 50 °C;
concentration of palm oil, 50 g/L. After purification, a 7.1-
fold purity of lipase with specific activity of 5,173 U/mg
protein was obtained. The molecular weight of the TAL
was 55 kDa. The AL from B. subtilis activity was 214 U/
mL at a fermentation time of 72 h; pH, 1; temperature,
35 °C; concentration of fish oil, 30 g/L; maltose concen-
tration, 10 g/L. After purification, an 11.4-fold purity of
lipase with specific activity of 2,189 U/mg protein was
obtained. The molecular weight of the extremely acidic
lipase was 22 kDa. The functional groups of lipases were

determined by Fourier transform-infrared (FT-IR)
spectroscopy.
Keywords B. pumilus - B. subtilis - Palm oil - Fish

oil - Thermo-tolerant acidic lipase - Acidic lipase

P. Saranya - H. S. Kumari - M. Jothieswari -

B. P. Rao - G. Sekaran (D)

Environmental Technology Division, Council of Scientific and
Industrial Research (CSIR)-Central Leather Research Institute
(CLRI), Adyar, Chennai 600 020, Tamil Nadu, India

e-mail: ganesansekaran @gmail.com

Introduction

Industries and restaurants are confronted with disposal
problems due to the inefficiency of the existing anaerobic and
aerobic biological methods for the treatment of lipid-con-
taining wastewater, which has hydrophobic characteristics.
Thus, there has been constant research on bioremediation of
lipid-rich wastewater, either aerobically or anaerobically [1].
The main pollutants in fish processing industry wastewater
include particulate and dissolved organic matter, and oil and
grease residues. High concentrations of these pollutants
produce indirect impacts as they require large amounts of
oxygen for their oxidation. In shallow waters with little
movement, they may produce suboxic or even anoxic con-
ditions [2]. The treatment of lipid-rich wastewater is still a
challenge. The conventional methods are discouraged owing
to their disadvantages [3]. In recent years, enzymatic hydro-
lysis has been considered an efficient method because of the
advantages of high selectivity and specificity to yield high-
purity products. Lipases catalyze the hydrolysis of triglycer-
ides at the oil-water interface [4]. Thermophilic enzymes are
active at high temperatures by restricting the active-site
flexibility entropically. A rigidifying salt bridge favors the
activity of thermophilic enzymes at high temperatures [5].

In the present study, oil substrates (palm oil and fish oil)
were used for the production of extremely acidic lipases
from B. pumilus and B. subtilis, respectively.

Materials and methods
Sample collection

The palm and fish oils were obtained from a commercial oil
extraction factory in Chennai, India. The composition of
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palm oil was palmitic acid (44 %), oleic acid (39 %), lin-
oleic acid (10 %), and others (7 %). The fish oil contained
13.3 % EPA, 8.9 % DHA, and 15.6 % oleic acid.

Isolation of lipolytic microorganisms

Oil-contaminated soil was serially diluted, and the organ-
isms were isolated, followed by incubation for 2448 h at
35° and 50 °C for the growth of microorganisms. Lipase-
producing microorganisms producing a clear zone of
hydrolysis on the tributyrin agar plates were incubated at
35° and 50 °C. The strain that showed the maximum
lipolytic activity was identified by 16S ribosomal DNA
(16S rDNA) sequencing and phylogenetic analysis [6].

Response surface methodology
Optimization experiments

The culture for the optimization of lipase production was
maintained by growing the organisms in the medium
containing palm and fish oil. Lipase production was opti-
mized by varying the time (24—-120 h), pH (1-10), substrate
concentration (1, 3, 4, 6, 7, 8, and 10 %), and temperature
(20-60 °C). The significant factors were optimized by
response surface methodology.

Assay of lipase

Lipase activity was measured by titrimetric assay using an
olive oil emulsion as described in our work [6]. A unit of
lipase activity was defined as the amount of enzyme that
released 1 pmol of fatty acid per minute under assay
conditions.

Purification of lipase and molecular weight determination

The acidic lipase was purified using the same steps as
reported in our earlier study [6]. Protein concentration was
determined by the Lowry method [7]. The molecular
weights of TAL and AL were determined using sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) according to the method of Laemmli [8].

Characteristics of purified TAL and AL

Effect of pH and temperature of purified lipases

The effect of pH on the purified lipase was determined by
incubating the enzyme and substrate at different pHs
ranging from 1 to 10 using buffer solutions: 0.1 M HCl/

KCl buffer (for pH range 1-2), 0.1 M acetate buffer (for
pH range 3-6), 0.1 M phosphate buffer (for pH 7 and 8),
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and 0.1 M Tris buffer (for pH 9 and 10). The activity of the
pH was determined by lipase assay. The stability of pH was
determined by incubating the lipase at different pH solu-
tions and various time intervals (1-4 h), and then the lipase
activity was estimated.

The effect of temperature on the purified TAL and AL
was determined by incubating the enzyme and substrate at
different temperatures ranging from 20 to 70 °C at pH 1.
The stability was determined by incubating the lipase at
different temperatures and time intervals (1-4 h), and the
lipase activity was estimated.

FT-IR analysis of acidic lipases

The functional groups present in TAL and AL were identified
using a FT-IR spectrophotometer (Perkin Elmer). The sam-
ples were made in the form of a pellet with 1-mm thickness
and 13-mm diameter, using spectroscopic grade KBr. The
spectrum was analyzed in the spectral range of 400—4,000/cm.

Results
Isolation and identification of microorganisms

Among the various microorganisms, isolates from the soil
contaminated with palm oil and fish oil that showed maximum
lipase activity (1,100 U/mL) and (214 U/mL), respectively,
were used in further studies. The 16S rDNA sequencing data
showed that the isolated organisms were B. pumilus and B.
subtilis. The nucleotide sequence has been assigned accession
no. KC921219 and was KC921218 from the NCBI GeneBank
database for B. pumilus and B. subtilis, respectively. B.
pumilus and B. subtilis were grown at extremely acidic pH 1
and at temperatures of 50° and 35 °C, respectively.

Response surface methodology (RSM)

RSM using the central composite design was employed
to determine the optimal levels of the significant

Table 1 Coded and real values of the factors tested in the RSM
experimental design

Factor TAL AL
Levels of Levels of
factors factors

X1 Concentration of substrate (mL/L) 40 60 20 40

X2 pH 0 2 0 2
X3 Temperature (°C) 40 60 30 40
X4 Time 72 120 48 96
X5 Maltose concentration(g/L) 5 15
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factors that affected lipase activity. The high and low
levels with the coded levels for the factors are shown
in Table 1. Based on the regression analysis of the
data, the effects of significant factors on lipase activity
were predicted by the second order polynomial func-
tion as
Lipase activity (U/mL)
= +1,100.00 —98.54 * A +67.79 « B +35.13 « C
—30.29%+148.94% A « B+49.69+« A «C
42094 x A« D4+45.69 * Bx C +3.19 x B x D
+33.69 * C x D —145.99 x A*> — 169.24  B*

—106.74 * C* —17.36 * D* (1)
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Lipase activity (U/ml)
= 424636 +3.76 * A +8.87 * B—8.69 « C
— 126 * D+342 «x E+453 xAxB—10.72 x A «C
— 134 xAxD—-291 xAx E+497 «x B*x C
—253«xB+«xD—-647«BxE+797 %« C x D
+11.78 « C x E+ 541« DxE —5.03 % A?
— 2423 % B2 —11.59 %« C?> —17.26 «x D> —20.43 x E?

(2)

where A, B, C, D, and E are time, pH, temperature, sub-
strate concentration, and maltose concentration, respec-
tively: Eq. (1) for TAL from palm oil and Eq. (2) for AL
from fish oil, respectively.
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Fig. 1 Response surface curve for thermostable acidic lipase activity (U/mL) by B. pumilus as the function of a time (h) and pH, b time (h) and
temperature (°C), ¢ pH and temperature (°C), and d pH and substrate concentration (g/L)
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Analysis of variance (ANOVA) for the response surface
quadratic model for TAL and AL

ANOVA (partial sum of squares—type III)

The statistical significance of the equation was checked by
the F test and ANOVA for the second order polynomial
model. The analysis of the factor (F test) showed that the
second order polynomial model was well adjusted to the
experimental data, and the coefficient of variation (CV)
indicated the degree of precision of the experiment.

In general, the higher the value of the CV was, the lower the
reliability of the experiment. Here, a lower value of CV, 10.12
and 7.58 for TAL and AL, respectively, indicated better pre-
cision and reliability of experiments [9]. The precision of a
model can be checked by the regression coefficient (R?). The
regression coefficient was calculated to be 0.9620 for TAL and
0.9521 for AL, indicating that 96.20 and 95.21 % of the vari-
ability in the response could be explained by this model. Linear
and quadratic terms were both significant at the 1 % level.
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Localization of optimum conditions

The contour plots described by the regression model were
drawn to illustrate the effects of the independent factors
and interactive effects of each independent factor on the
response factors. It also showed the optimum conditions
required for the maximum production of lipase were time,
96 h; temperature, 50 °C; pH, 1.0; substrate concentration,
5 % for TAL (Fig. 1); time, 72 h; temperature, 35 °C; pH,
1.0; substrate concentration, 3 %; maltose concentration,
10 g/L for AL (Fig. 2). Each figure presented the effect of
two factors, while the other factor was held at the zero
level.

Purification of TAL and AL

The TAL and AL were purified by ammonium sulfate
precipitation and DEAE cellulose column chromatography.
The specific activity of the purified lipases were found to
be 5,173 U/mg protein and 2,189 U/mg protein. The
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Lipase activity
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Fig. 2 Response surface curve for acidic lipase activity (U/mL) by B. subtilis as the function of a time (h) and pH, b time (h) and temperature
(°C), ¢ pH and temperature (°C), and d pH and maltose concentration (g/L)
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Characteristics of TAL and AL
Effect of pH and temperature on lipase activity

The TAL and AL produced by B. pumilus and B. subtilis
show the maximum relative activity at very acidic pH 1.
The lipase activity was reduced with an increase in pH. The
study illustrated that the TAL and AL produced in the
present investigation had high activity at very acidic con-
ditions. About 100 % of relative lipase activity was
observed at a very acidic pH (pH 1) (Fig. 4a). The relative
lipase activity was reduced to 50 % when the pH was
increased. The stability at pH 1 suggests that lipase was
found to be acidic in nature (Fig. 5a).

The activity of the purified lipase was determined at
different temperatures from 20 to 60 °C. The maximum
activity was observed at 50 °C for TAL and 35 °C for AL;
the activity was reduced at other temperatures. The TAL
enzyme remains active even at higher temperature. TAL
derived from B. pumilus was found to be active in the
temperature range 50-60 °C (Fig. 4b). Stability studies
show that the purified TAL was found to be highly stable
(100 %) at 50 °C. The results show that TAL was highly
stable at elevated temperature and at extremely acidic pH.

Temperature (°C)

Fig. 4 Relative lipase activity and stability of purified TAL at
different a pHs and b temperatures

Acidic lipase derived from Bacillus subtilis was found to
be active in the temperature range 30-40 °C (Fig. 5b).
Stability studies show that the purified acidic lipase was
found to be highly stable (100 %) at 35 °C. The results
conclude that acidic lipase was highly stable at 35 °C
temperature and at extremely acidic pH.

FT-IR spectrum of purified acidic lipases

The FT-IR spectrum of purified acidic lipase from B. sub-
tilis is shown in Fig. 6a. The spectrum shows major
stretching bands owing to the peptide group occurring in
the spectral region 1,200—1,700/cm. The band at 3,427.69/
cm is due to the C=O0 stretching vibrations of amide 1. The
bands at 1,237.80 and 1,457.25/cm are attributed to NH
bending and C-N stretching vibrations. The bands at
2,925.84 and 2,854.48/cm are attributed to stretching of
methylene C—H asym./sym.

The sharp peak at 17,420.35/cm is due to the presence of
alkyl carboxylate (C=0 stretch), which gives the lipase its
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Fig. 5 Relative lipase activity and stability of purified acidic lipase at
different a pHs and b temperatures
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Fig. 6 FT-IR spectrum of a AL from fish oil and b TAL from palm
oil

acidic nature. The bands at 1,645.22 and 1076.60/cm are
attributed to NH bending and CN stretching of the primary
amine, respectively.
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The FT-IR spectrum of the purified TAL is shown in
Fig. 6b. The spectrum shows major stretching bands owing
to the peptide group occurring in the spectral region
1,200-1,700/cm. The band at 1,643.71/cm is due to the
C=0 stretching vibrations of amide I[. The bands at
1,237.80 and 1,465.74/cm are attributed to NH bending and
C-N stretching vibrations [10]. The sharp peak at
17,460.87/cm is due to the presence of alkyl carboxylate
(C=0 stretch), which gives the lipase its acidic nature.

Discussion

In the present study, we produced thermo-tolerant acido-
philic lipase and acidic lipase from thermo-tolerant B.
Pumilus and B. subtilis by utilizing palm oil and fish oil as
substrates. The strain was identified using 16S rDNA
sequencing and phylogenetic analysis. The strain B.
pumilus produced 1,100 U of lipase activity per mL of
medium at optimum conditions of time, 96 h; pH, 1;
temperature, 50 °C; substrate concentration (palm oil), 5 %
(Fig. 2). The strain B. subtilis produced 214 U of lipase
activity per mL of medium at the optimum conditions of
time, 72 h; pH, 1; temperature, 35° C; substrate concen-
tration (fish oil), 3 %; maltose concentration, 1 % (Fig. 3).
Approximately 7.1-fold purification with 10.1 % recovery
of TAL and 11.4-fold purification with 38 % recovery of
acidic lipase were achieved, which were higher than
reported by earlier researchers [11, 12]. The purified lipase
was active at extremely acidic pH 1 and at a temperature of
50 °C for TAL and 35 °C for AL (Fig. 4). The extremely
acidic lipases (pH 1) produced using Bacillus species were
novel when compared to other reported acidic lipases
active at pH 1.5 [13] and pH 3.5 [14]. The functional
groups of purified lipases were identified by FT-IR spec-
troscopy (Fig. 6).

Acknowledgments Financial assistance from EMEP and INDEPTH
(CSIR network project) is greatly appreciated.

References

1. Gombert AK, Pinto AL, Castilho LR, Freire DMG (1999) Lipase
production by Penicillium restrictum in solid-state fermentation
using babassu oil cake as substrate. Process Biochem 35:85-89

2. Rudolph A (1995) Changes in the coastal environment caused by
organic material from the fishing industry: a case study. J Sea Sci
Technol CONA, No. Especial, pp 69-78

3. Crine DG, Paloumet X, Bjornsson L, Alves MM, Mattiasson B
(2007) Anaerobic digestion of lipid-rich waste—effects of lipid
concentration. Renew Energy 32:965-975

4. Brockman HL, Borgstorm B (1984) Lipases. Elsevier, Amster-
dam, pp 3—4

5. Lam SY, Yeung RCY, Yu TH, Sze KH, Wong KB (2011) A
rigidifying salt-bridge favors the activity of thermophilic enzyme



J Ind Microbiol Biotechnol (2014) 41:9-15

15

10.

at high temperatures at the expense of low-temperature activity.
PLoS Biol 9(3):e1001027. doi:10.1371/journal.pbio.1001027

. Ramani K, Saranya P, Chandan jain S, Sekaran G (2013) Lipase

from marine strain using cooked sunflower oil waste: production
optimization and application for hydrolysis and thermodynamic
studies. Bioprocess Biosyst Eng 36:301-315

. Lowry OH, Rosebrough NJ, Farr AL, Randal J (1951) Protein

measurement with the Folin-phenol reagent. J Biol Chem
193:265-275

. Laemmli UK (1970) Cleavage of structural proteins during

assembly of the head of bacteriophage T,. Nature 227:680-685

. Box GEP, Hunter WG, Hunter JS (1978) Statistics for experi-

ments. Wiley, New York

Ramani K, Chockalingam Evvie, Sekaran G (2010) Production of
a novel extracellular acidic lipase from Pseudomonas gessardii
using slaughterhouse waste as a substrate. J Ind Microbiol Bio-
technol 37:531-535

11.

12.

14.

Anuradha B, Darah I, Rashidah Abdul R, Fatimah Azzahra AR
(2012) Purification and characterization of a thermostable lipase
form Geobacillus thermodenitrificans IBRL-nra. Enzyme Res.
doi:10.1155/2012/987523

Nirupama Nawani N, Dosanjh NS, Kaur J (1998) A novel ther-
mostable lipase from a thermophilic Bacillus sp.: characterization
and esterification studies. Biotechnol Lett 20:997-1000

. Mahadik ND, Puntambekar US, Bastawde KB, Khire JM, Gok-

hale DV (2002) Production of acidic lipase by Aspergillus niger
in solid state fermentation. Process Biochem 38:715-721
Ramani K, John Kennedy L, Ramakrishnan M, Sekaran G (2010)
Purification, characterization and application of acidic lipase
from Pseudomonas gessardii using beef tallow as a substrate for
fats and oil hydrolysis. Process Biochem 45:1683-1691

@ Springer


http://dx.doi.org/10.1371/journal.pbio.1001027
http://dx.doi.org/10.1155/2012/987523

	Novel extremely acidic lipases produced from Bacillus species using oil substrates
	Abstract
	Introduction
	Materials and methods
	Sample collection
	Isolation of lipolytic microorganisms
	Response surface methodology
	Optimization experiments
	Assay of lipase
	Purification of lipase and molecular weight determination

	Characteristics of purified TAL and AL
	Effect of pH and temperature of purified lipases
	FT--IR analysis of acidic lipases


	Results
	Isolation and identification of microorganisms
	Response surface methodology (RSM)
	Analysis of variance (ANOVA) for the response surface quadratic model for TAL and AL
	ANOVA (partial sum of squares---type III)

	Localization of optimum conditions
	Purification of TAL and AL
	Characteristics of TAL and AL
	Effect of pH and temperature on lipase activity

	FT--IR spectrum of purified acidic lipases

	Discussion
	Acknowledgments
	References


