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Thermophilic lipase producing microorganisms were isolated from Pasir Impun
thermogenic compost at temperature between 50-70° C. From 40 isolates tested, 10 isolates
showed lipolytic activity on agar plate media containing olive oil and rhodamine B. The
isolates showed lipolytic activity in the range of 15 — 315 U/L on p-nitrophenyl palmitate
(pNPP) as substrate. Two isolates, namely PI6A and PI13C, were further characterized and
showed maximum specific activity at a mid exponential of growth phase. Identification of the
isolate was performed through ribotyping method. Chromosomal DNA from these isolates
was extracted and the 16S rRNA gene fragments were amplified, resulting fragment length at
around 1.5 kb on agarose gel. Further analysis of the 16S rRNA gene sequences using
homological and phylogentetical methods showed that the PIGA and PI13C were close to
Bacillus licheniformic and Bacillus subtilis respectively.
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Lipases or acylglycerol hydrolases (E.C. 3.1.1.3)
are enzymes that catalyze the hydrolysis of long
chain triacylglycerides with the formation of
diacylglyceride, monoglyceride, glycerol and free
fatty acids at the interface between the insoluble
substrate and water through interfacial
activation.'? Apart from their natural substrates,
lipases catalyze the enantio- and regio-selective-
hydrolysis and synthesis of a broad range of
natural and non-natural esters>.
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Microbial lipases have been widely used
for biotechnological application in fat, food
ingredients, detergents, dairy, textile industries,
production surfactants, and oil processing.*>¢
Most biocatalys are inherently labile; therefore,
their operational stability is of paramount
important for any bioprocess.” Enzymes derived
from thermophilic bacteria are more resistant to
denaturation than their mesophilic counterpart.?®
Most of lipases are mesophilic enzymes, which
hydrolyzing a substrate that exits in solid form at
room temperature. Thermophilic lipases show
higher thermostability, higher activity at elevated
temperatures, and often shows more resistance to
chemical denaturation. This makes them ideal
tools in industrial and chemical processes where
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relatively high reaction temperatures and/ or
organic solvent are used. Furthermore, running
bioprocess at elevated temperatures lead to high
diffusion rate, increased solubility of lipids and
other hydrophobic substrates in water and reduced
risk of contamination’.

A small number of thermophilic lipase
producing bacteria have been described in the last
decades'®!"!213. As each industrial application may
require specific properties of biocatalysts, there
is still an interest in finding new lipases that could
create novel application'.

In the last decades composting process is
believed as one of the alternative to overcome
domestic waste which is very rich of protein, lipid
and carbohydrate complex. The process is
decomposition of organic material by community
of microbes in humid, aerobic and thermogenic
condition.'> This process consists of 3 steps,
mesophilic, thermophilic and maturation
processes'®. In the early of the process the
mesophilic microbes use organic materials as
carbon and nitrogen sources.'” On the thermogenic
process (40-60°C) degradation of protein, lipid and
carbohydrate carry out very fast'®.

In this report, we describe isolation,
characterization and identification of
thermophilic lipase producing bacteria from
thermogenic compost. Identification of
thermophilic strains was based on ribotyping
method through homological and phylogenetic
analysis.

MATERIAL AND METHODS

Sampling of compost

Sample of compost was taken from TPA
Pasir Impun, Bandung with the distance at around
10 km from the Laboratory. The composting
process use domestic waste with traditional
process. 3 -4 kg of thermogenic phase of compost
at temperature at around 50-70°C was collected
and used for this study.
Isolation and cultivation of microbes

Approximately 30 gram of compost was
diluted in 250 mL sterile H2O with temperature
at 50°C, and filtered. The filtrate was added into
twice concentration of Nutrient Broth (1% Beef
extract, 1% Peptone, 0,5% NaCl). The cultures
were incubated at 50 and 60°C for 48-72 hours
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with shaking at 150 rpm. The pure culture was
made by serial dilution and growth on agar plate.
Identification of lypolitic activity

The presence of lipase producing isolates
were determined by growing the culture onto agar
plates media containing olive oil 1% and
rhodamine B as described by Kouker and Jaeger."
Lipase producing isolates were monitored by
irradiating the plates with UV light at 350 nm.
Quantitative assay of lipase

The isolates were grown in 250 mL
medium with composition of olive oil 1%, yeast
extract 0.2%, pepton 0.1%, (NH,),SO, 0.1%,
MgSO, 0.1%, Na,HPO, 0.1%, NaCl 3%. *
Extracelluler lipase was isolated by centrifugation
of culture for 30 minutes at 15.000 g. Supernatant
was collected and stored in -20°C.

Lipase activity was measured by
spectrophotometric assay as described by Lee
et al®' with p-nitrophenyl palmitate as substrate.
One unit of lipase is defined as the amount of
enzyme releasing 1 mmol PNP per min under the
assay conditions. The molar absorption coeficient
of PNP at 405 nm was determined to be 1.457x103
cm? mol ™.

Isolation of chromosomal DNA

The pellet cells were suspended in 10
mM Tris HCI buffer (pH 8.0) containing 8 mg/
mL of lysozyme and incubated at 37°C for 1 h.
The cells were lysed by adding lysis buffer
containing 2% SDS, 0.8 mg/mL proteinase K and
200 mM EDTA pH 8.0. The lysis process was
carried out by incubation at 50°C for 30 min. Ice
cold potassium acetate and acetic acid glacial
mixed solution were added. The denatured
proteins were precipitated by centrifugation.
Supernatants were mixed with an equal volume
of chloroform isoamylalcohol (24:1, v/v). The
aqueous phase was recovered by centrifugation
and precipitated with 0.6 volume of isopropanol
at room temperature for 1 h. The pellet of crude
nucleic acids were obtained by centrifugation at
16.000 g for 20 min at room temperature, washed
twice with cold 70% ethanol, and resuspended in
sterile deionized water.

Amplification and sequencing of 16S rRNA
gene

The amplification of 16S rRNA gene was
carried out as described previously by Baker e?
al > The 16S rRNA genes were amplified using a
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fluorescence was variation among the colonies.
Two colonies showed strongest intensity of
fluorescence, namely PI6A and PI13C were
further characterized. The lypolytic activity of
PI13C was observed since the first day while
isolate of PI6A showed lypolytic activity on the
5% day of incubation. PI13C showed stronger
lipolytic activity compared to that the PI6A isolate.

In both isolates the lipases were produced
associated with the growth of the isolates,
however, the highest activity was shown at the
middle of exponential phase (Fig. 2 and 3). The
quantitative of lipolytic activity was assayed based
on hydrolysis of p-nitrophenyl palmitate.
Chromosomal and 16S rRNA genes of pasir
impun isolates

The 16S rRNA genes were amplified
from total chromosomal DNA of the isolates
respectively. The agarose gel electrophoresis
showed that the sized of the amplicons were at
around 1.5 kb as expected (Fig. 4). For further
characterization the amplicons were purified and

exposed for direct sequencing. The sequences of
the amplicons were deposit in the GenBank
database under accession number EU998983 and
EU998984 for PI6A and PI13C respectively.
Homology of 16S rDNA fragment

The complete sequence of the fragments
were compared to available sequences data on the
GenBank and the result showed that the sequences
have close homology to all 16S rRNA genes.
Homological analysis of isolate PI6A showed that
the isolate close to B. licheniformis (Table 1) with
99% homologous. Meanwhile, PI13C showed
99% homolog to B. subtilis (Table 2).
Phylogenetic analysis of the sequences was
conducted through comparison with other 20 best
homologous sequences (Fig. 5). The result
confirmed that the PI6A and PI13C were closed
to B. licheniformis and B. subtilis respectively.
Further analysis by comparing 16S rRNA gene
sequences among the highest homology showed
that the PI6A isolate showed 5 nucleotide
difference with the consensus sequences, two of

Table 1 Table 2
Accession Description Max Accession Description Max
Number ident Number ident
EU050709 Uncultured Bacillus 99 % AMO981261 Bacillus sp 99 %
DQ981800 Uncultured bacterium 99 % EUS581710 Bacillus subtilis 99 %
EU257697 Bacillus licheniformis 99 % EUS571106 B. subtilis 99 %
EU256501 B. licheniformis 99 % EU144043 B. subtilis 99 %
EU256500 B. licheniformis 99 % EU557030 B. subtilis 99 %
AY 871102 B. licheniformis 99 % EU835569 Bacillus sp 99 %
EU344793 B. licheniformis 99 % EU262980 B. subtilis 99 %
AY 786999 B. licheniformis 99 % EU251191 B. subtilis 99 %
AY750906 B. licheniformis 99 % AB244447 Bacillus sp 99 %
AY071857 B. licheniformis 99 % EU047884 B. subtilis 99 %
Table 3 Table 4

Base Nucleotide sequence Region Base Nucleotide sequence Region

Number Consensus PIGA Number Consensus PIGA

166 C T variable 234 C T variable

194 A G variable 919 T G variable

637 G A conserved 1385 A G variable

701 G A conserved

731 G A conserved
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them on the variable region of the gene, however
three nucleotide differences with the consensus
lied at the conserved regions (Table 3). Meanwhile
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for the isolate PI13C only showed three
nucleotides differences to the consensus sequences
at variable region (Table 4).
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DISCUSSION

Lipase is one of the enzyme that have
been long interested to detergent industry for their
ability to aid in the removal of lipid stains and to
deliver unique benefit that can not otherwise be
obtained with the conventional detergent
technologies. The main objective of the present
work was to broaden the sources of lipase by
screening, characterization and identification of
thermophilic lipase producing microorganisms.

Ten lipase producing isolates have been
identified from thermogenic domestic waste
compost. The choice to use domestic waste
compost was due to that the domestic waste is
rich of lipid content.?’” Two of the best producing
isolates, namely PI6A and P113C, were identified
close to B. lichenoformis and B. subtilis (Fig. 5).
Some of lipase producing Bacillus have been
reported.'>> Lipase is one of the enzymes that
catalysing hydrolysis of esters formed glycerol and
long fatty acids®® and thus involved on the primary
metabolite. This type of enzyme usually expressed
on the exponential phase of bacterial growth. The
result on this work confirmed that the best
expression of lipase in both isolates occurred at
the mid logarithmic phase (Fig. 2 & 3).

Identification of the isolates was carried
out based on the ribotyping method through the
sequences of 16S rRNA gene. Analysis using the
BLAST Program?® resulted that the sequences had
high homology to all 16S rRNA genes available
on the GenBank. The result confirmed that the
amplicons were part of the 16S rRNA gene. 10
highest homology of each sequence showed that
the PI6A has 99% homolog to B. lichenoformis
(Table 1), while PI13C has 99% homolog to B
subtilis. The highest homology of the isolates to
the genus of Bacillus was also supported by
morphological identification (data not shown). A
large collection of rod shaped bacteria?®** may be
due to the media or technique used on the
sampling and the treatment of the compost sample
during cultivation in laboratories. Bacillus was
known as dominance bacteria on the environment
due to its ability to form endospore, while other
bacteria need very specific condition to struggle
for growth.’!

Phylogenetic trees were constructed by
Clustal W, using 20 nucleotide sequences that
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displayed close homology from the BLAST
program. Pasir Impun isolates, PI6A and PI13C,
are closet to B. licheniformis (EU 257697) and
B. subtilis (EU251191). However, for the PI6A
isolate, the closest homology did not occur in the
same branch as PI13C. Further analysis by detail
comparison of the 16S rRNA sequences of the
isolates to the GenBank showed that PI13C only
has 3 nucleotide variations in the variable regions,
meanwhile PI6A has more nucleotide variation
and some of them in the conserved regions. All
of the data suggested that PI13C is most probably
as B. subtilis, meanwhile PI6A was unlikely as
known B. licheniformis but rather as unique B.
licheniformis or other new spesies of Bacillus. The
last proposal was supported by the detail
homological results and phylogenetic analysis
which showed variation on the conserved regions
and made new branch with other known B.
licheniformus.

CONCLUSION

Two of lipase producing isolates, namely
PI6A and PI13C, have been identified from
thermogenic compost. The highest lipolytic
activity of the isolates showed at mid exponential
of growth phase. Based on 16S rRNA sequences
analysis, the PI13C was belong to B. substilis.
While PI6A was close to B. licheniformis, however
based on homological and phylogenetic analysis,
PI13C might be belong to unique B. licheniformis
or other spesies of Bacillus.

ACKNOWLEDGEMENTS

This research was funded by grant from
ITB Research Program to Akhmaloka and
Incentive of Fundamental Research from Ministry
of Research and Technology, Republic of
Indonesia to Fida Madayanti, and Voucher
Scholarship from ITB to Made Puspasari
Widhiastuty and Baiq Vera El Viera.

REFFERENCES

1. Brockman, H.W., Mornsen, W.E., Tsuijita, T.
The Biology, biochemistry and technology of
lipases. J. Am. Oil. Chem. Soc., 1988; 65:
891-896.



10.

11.

12.

13.

14.

MADAYANTI et al.: LIPASE PRODUCING BACTERIA FROM COMPOST 331

Verger, R. Interfacial activation of lipase: facts
and artifacts. Trends Biotechnol., 1997; 15:
32-38.

Schmidt-Dannert, C. Recombinant Microbial
Lipases for Biotechnological Applications.
Bioorg. Med. Chem., 1999; 7: 2123-2130.
Ateslier, Z.B.B., Metin, K. Production and
partial characterization of a novel thermostable
esterase from a thermophilic Bacillus sp.
Enzyme and Microbial Technology, 2006; 38:
628-635.

Bora, L. and Kalita, M.C. Production and
optimization of thermostable lipase from a
thermophilic Bacillus sp. LBN4. Inter. J.
Microbiol., 2007; 4(1): 1-12.

Sharma, R., Soni, S.K., Vohra, R M., Gupta,
L.K., Gupta, J.K. Purification and
characterization of a thermostable alkaline
lipase from a new thermophilic Bacillus sp.
RSJ-1. Proc. Biochem., 2002; 37: 1075-1084.
Lllanes, A. Stability of biocatalysis. Electron.
J. Biotechnol., 1999; 2(1): 1-9.

Coolbear, T., Daniel, R.M., Morgan, H.-W. The
enzyme from extreme thermophiles: bacterial
sources, thermostabilities and industrial
relevance. Adv. Biochem. Eng. Biotechnol.,
1992; 45: 57-59.

Becker, P., Abu-Reesh, 1., Markossian, S.,
Antranikian, G., Markl, H. Determination of
the kinetic parameters during continuous
cultivation of the lipase-producing thermophile
Bacillus sp. THI-91 on olive oil. Appl.
Microbiol. Biotechnol., 1997; 48: 184-190.
Darmusthii, S. and Luchai, S. Production,
purification and characterization of
thermophilic lipase from Bacillus sp. THL0127.
FEMS Microbiol. Lett., 1999; 179: 241-246.
Kambourova, M., Kirilova, N., Mandeva, R.,
Derekova, A. Purification and properties of
thermostable lipase from a thermophilic
Bacillus stearothermophilus MC 7. Journal of
Molecular Catalysis B: Enzymatic, 2003; 22:
307-313.

Bayoumi, R.A., El-louboudey, S.S., Sidkey,
N.M., Abd-El-Rahman, M.A. Production,
Purification and Characterization of
Thermoalkalophilic Lipase for Application in
Bio-detergent Industry. J. Appl. Sci. Res.,2007;
3(12): 1752-1765.

Leow, T.C., Rahman, R.N.Z.R.A., Basri, M.,
Salleh, A.B.A. Thermoalkaliphilic lipase of
Geobacillus sp. T1. Extremophiles, 2007; 11:
527-535.

Gupta, R., Gupta, N., Rathi, P. Bacterial

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

lipases: an overview of production, purification
and biochemical properties. Appl. Microbiol.
Biotechnol., 2004; 64: 763-781.

Glavica, J., Friedrich, J., Pavko, A. Enzyme
activities during composting of waste microbial
biomass from pharmaceutical industry. Acta
Chim. Slov., 2002; 49: 885-892.

Tuomela, M., Degradation of lignin and other
14C-labelled compounds in compost and soil
with an emphasis on white-rot fungi,
Dissertation, 2002, University of Helsinki.
Crawford, D.L., Pometto III A.L., Crawford,
R.L. Lignin degradation by Streptomyces
viridosporus: Isolation and characterization of
new polymeric lignin degradation intermediate.
Appl. Environ. Microbiol., 1983; 45:
898-904.

Strom, P.F. Effect of temperature on bacterial
species diversity in thermophilic solid-waste
composting. Appl. Environ. Microbiol., 1985;
50: 899-905.

Kouker, G. and Jaeger, K.E. Specific and
Sensitive Plate Assay for Bacterial Lipases,
Appl. Environ. Microbiol., 1987; 53(1):
211-213.

Schmidt-Dannert, C., Rua, M.L., Wahl, S.,
Sprauer, A., Schmidt-Dannert, R.D.
Thermoalkalophilic lipase of Bacillus
thermocatenulatus. Large scale production,
purification, and properties: aggregation
behaviour and its effect on activity. J.
Biotechnol., 1997; 56: 89-102.

Lee, D.W., Koh, Y.S., Kim, K.J., Kim, B.C.,
Choi, H.J., Kim, D.S., Suhartono, M.T., Pyun
Y.R. Isolation and characterization of a
thermophilic lipase from  Bacillus
thermoleovorans 1D-1, FEMS Microbiol. Lett.,
1999; 179: 393-400.

Baker, G.C., Gaffar, S., Cowan, D.A., Suharto,
A.R. Bacterial community analysis of
Indonesian hot springs, FEMS Microbiol. Lett.,
2001; 103-109.

Altschul, S. F., Madden T.S., Schaffer A.A.,
ZhangJ., Zhang Z., Miller W., and Lipman D.J.
Gapped BLAST and PSI-BLAST:
A new generation of protein database search
programs, Nucleic Acids Res.,1997; 25(17):
3389-3402.

Thompson, J.D., Higgins, D.G. and Gibson, T.J.
CLUSTAL W: Improving the Sensitivity of
Progressive Multiple Sequence Alignment
Through Sequence Weighting, Position-Specific
Gap Penalties and Weight Matrix Choice.
Nucleic Acids Res., 1994; 22: 4673-4680.

J. Pure & Appl. Microbiol., 2(2), Oct. 2008.



332

25.

26.

217.

28.

29.

MADAYANTI et al.: LIPASE PRODUCING BACTERIA FROM COMPOST

Felsenstein, J. PHYLIP- phylogeny inference
package. Cladistic, 1989; 5: 164-166.

Saitou, N., Nei, M. The Neighbor-Joining
Method: a New Method for Reconstructing
Phylogenetic Trees. Mol. Biol. Evol., 1987, 4:
406-425.

Cooperband, L.R. Composting: Art and science
of organic waste conversion to a valuable soil
resource, Lab. Med., 2000; 31: 283-290.
Jaeger, K.E., Reetz, M.T. Microbial Lipases
Form Versatile Tools for Biotechnology, Trends
Biotechnol., 1998; 16 396-403.

Akhmaloka, Suharto A., Nurbaiti S., Tika I.N.

J. Pure & Appl. Microbiol., 2(2), Oct. 2008.

30.

31.

and Madayanti F. Ribotyping Identification of
Thermophilic Bacterium from Papandayan
Crater. Proceeding ITB on Engineering
Sciences, 2006; 38B(1): 1-10.

Indrajaya, Madayanti F. and Akhmaloka.
Isolastion and Identification of Thermophilic
Microorganisms from Wayang Crater. Jurnal
Mikrobiologi Indonesia, 2003; 8: 53-56.
Aminin A.L.N., Madayanti F., Adiatiawati P.,
and Akhmaloka. Culture Independent and
Culture Dependent Approaches on Microbiol
Community Analysis at Gedongsongo (GS-2)
Hot Spring. 1JIB, 2008; 2: 145-152.



