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ABSTRACT Endophytic fungi were isolated from the seeds of oil palm (ElaeisguineensisJacq) by biomonitoring lipase activity 
on semi-solid media with chromogenic substrate. Molecular and classical methods were used to identify the species, 

and the selected fungus was confirmed as Penicilliumcitrinum. Method for thermal stability of the enzyme carried on crude oil hydrolysis. The 
fermentation was carried out in shake flasks and results were compared with control at 30°C and pH 6.8 Induction of lipase activity promoted 
a concentrated fraction of extra-cell lipase (FOL) with 137mg/L and activity of 12000 U/L in submerged culture. The hydrolysis yielded YP/
So = 0.4623 of free fatty acids. It was not observed that crude oil inhibit lipase activity, only products as known, whereas refined oil enhanced 
lipase activity. The micro-organism showed a production of a robust enzyme with prospects for technological application.

INTRODUCTION 
In this work, systematic investigation of naturally occurring fun-
gi producing lipase was carried out to select fungus with poten-
tial production of lipase for technological application.  Lipases 
have been intensively investigated in micro-organisms, plants 
and animals sources [1], although the majority of the industrial 
enzymes are of microbial origin, and the most used microbial bi-
ocatalyst is lipase. In this way, yeast has been currently used for 
industrial production, so that CAL (Candida antarctica Lipase) 
and CRL (Candida rugosa Lipase) are the most used commercial 
lipases [2]. 

It is well known that fungal lipases have been deeply studied 
since 1950s due its physicochemical characteristics as biocata-
lysts: high thermal stability, mild pH conditions, activity in or-
ganic solvent and substrate specificity; that lead to find out 
several species as main producers of commercial lipases, like as 
Aspergillusniger[3], Thermomyceslanuginosus (Humicolalanugi-
nosa) [4], Mucormiehei (Rhizomucormiehei) [5], R. oryzae [6], R. 
niveus and R. japonicus [7]. Fungi are preferable lipase sources 
because fungal enzymes are usually extracellularly presenting 
high mass amount, high stability, high activity and facility of 
extraction from culture media, and also triglycerides with un-
saturated fatty acids or tween 80 are good inducer for lipase 
production in submerged culture. These characteristics are very 
important because lipase used in each application is selected 
based on its substrate and enantiospecificity, pH and solvent 
stability, as well as its temperature stability. As described by Gu-
tarra et al. [8] an important requirement for industrial applica-
tion of enzymes is thermal stability; that´s why the search for 
new lipases with improved thermal stability is still an important 
field of research for the application in industrial processes for 

fat and oil hydrolysis, modifications of triacylglycerol, and syn-
thesis of ester with commercial importance [9]. Biotechnological 
processes using lipases from filamentous fungi are widespread, 
as these fungi are recognized for producing extracellular lipases, 
a characteristic that favors the recovery of the enzyme in a pro-
duction process. Lipases are classified as triacylglycerol acylhy-
drolases, (E.C. 3.1.1.3) and are ubiquitous enzymes of consider-
able physiological and industrial significance being produced by 
bacteria, yeast and filamentous fungi from genera Candida, Yar-
rowia, Pseudomonas, Geotrichum, Rhizopus, Mucor, Rhizomucor, 
AspergillusandPenicillium [10], [11], [12]. However, even with a 
wide variety of microbial lipases, the use of these enzymes on an 
industrial scale is still scarce due to high cost production [13], 
although there are many commercial lipases available from dif-
ferent origins and still are the most used enzymes in synthetic 
organic chemistry [14].

An intensive industrial application of these enzymes in the fu-
ture depends on production facilities, cost reduction and bio-
chemical characteristics what are reflections of the selection of 
highly productive strains, high-level expression of extracellular 
lipases in adequate hosts, development and optimization of pro-
duction processes [15]. The great interest in finding new alter-
natives for obtaining biocatalysts with low costs and having the 
identical efficiency or greater than the existing one in the mar-
ket is the using of this biocatalyst in the hydrolysis of triacylglyc-
erol, which took us to explore the natural Amazonian resources 
to produce available products from enzymatic hydrolysis. Within 
this perspective, this paper describes the strategies of the us-
age of seed palm (Elaeisguineensis) to isolate endophytic micro-
organisms naturally adapted to the environment of oleaginous 
seeds, with potential to produce concentrated of lipase ready to 
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be applied in the hydrolysis of crude vegetable oils. In this work, 
effort was made to induce the production of a fraction of crude 
protein produced by filamentous fungi reach in lipase activity 
with the perspective to generate inputs to the cosmetic and fine 
chemistry industries.

MATERIALS AND METHODS
Fungi strains isolation, lipolytic activity detection and iden-
tifications
The endophytic fungi were isolated from pieces of palm seeds 
(1 cm2) cultivated on semi-solid medium for five days at 30ºC 
according to the method describe [16]. Microorganisms were 
grown on plates with Sabouroud agar medium [17]. The isolat-
ed microorganisms were grown in specific media for the detec-
tion of lipolytic activity by Rhodamine B reactive [18]; [19]. The 
strains which showed maximum lipolytic activity were identi-
fied by classical methods (the macro and micro-morphology 
of vegetative and reproductive structures) in the Laboratoty of 
Fungal Culture Collection (Fiocruz-RJ-Brazil) according to usual 
methodology of this laboratory, and subsequently preserved in 
water : glycerol (95:5 v/v) and kept at 5ºC. These strains were 
also identified by molecular biology through the amplifica-
tion of ITS regions specifics. The genomic cDNA was isolated 
and ITS region of rDNA was amplified, and the purified rDNA 
product was sequenced using primers forward (F) and reverse 
(R). Amplification of the ITS region was achieved with fungi-
specific primers that amplify the ITS region from ascomycetes 
and basidiomycetes. The primers used were ITS2F (5’-GCATG-
CATGAAGAACGCAGC-3’) and ITS2R (5’-TCCTCCGCTTATT-
GATATGC-3’). The conditions for reaction were as follows: Taq 
polymerase buffer 2.0 µL, dNTPs 200 mM, each primer 3.2 pM, 
Taq polymerase 5 U in a reaction mix of 20 µL. The amplification 
was done in a System 9700 Applied Biosystems with the follow-
ing reaction conditions: initial denaturation at 95 ºC for 3 min 
followed by 14 cycles of denaturation at 95ºC for 30 s, annealing 
at 54.3ºC for 25 s, and extension at 60ºC for 4.0 min. There was 
a final extension step of 4.0 min at 60ºC with a 4ºC soak at the 
end. The capillary sequencing was performed on ABI 3130 equip-
ment brand (Applied Biosystems) using a BigDye Kit V3.1 Cycle 
Sequencing Kit. The deduced sequence was subject to BLAST 
search tool for the close match in the database. The visualiza-
tion of amplified fragments was performed by electrophoresis on 
1% agarose gel.

Investigation of lipolytic activity of fungi strain in sub-
merged culture.
The isolated filamentous fungi strains were investigated for po-
tential lipolytic activity. 0.2 mL of spores of selected fungi strains 
in a concentration of 108 conidia/mL were inoculated in BOB 
medium containing 3% v/v of olive oil as inducer and the system 
was incubated at 30°C with constant agitation of 120 rpm for 5 
days. Aliquots of 2.0 mL were withdrawn every 24 hours for lipo-
lytic activity and total protein quantification during time cultiva-
tion [20]. 

Preparation of lipolytic enzyme fraction concentrated
The culture supernatant was separated from the mycelium by 
filtration through sterilized Whatman® No. 1 filter paper, centri-
fuged at 8.000 rpm for 5 min, separated the supernatant from 
debris and the supernatant was lyophilized to reduce 70% of 
initial volume. Total enzyme precipitation was done by addition 
of ethanol (-20ºC), centrifuged at 10.000 rpm for 10 min. Enzyme 
precipitated (concentrated fraction of lipase (FOL) was resus-
pended by addition of buffer solution 0.1 M citrate/phosphate 
pH 6.5. Protein concentration measurements were determined 
by Bradford method employing bovine serum albumin as stand-
ard [21].

Lipolytic activity assay
The quantification of lipase activity was assayed using p-nitro-

phenylpalmitate (pNPP, Sigma-Aldrich®) as substrate. The re-
action mixture was prepared by addition of 300 µL of sample 
(FOL) to 2.7 mL of pNPP solution, incubated at 30°C for 30 min, 
in the same buffer and pH as described above .The chromogenic 
product formation (pNP, para-nitrophenol) was monitored after 
pNPP hydrolysis by produced lipase [22], [23], [24]. Liberated 
p-nitrophenol was determined at 410 nm (ɛ410 nm = 0.0169 µM-1.cm-
1) using a UV-VIS spectrophotometer. A control was used as a 
blank replacing FOL by deionized water. In this work, one inter-
national unit (U) was defined as the amount of enzyme needed 
to liberate 1 µmol of p-nitrophenol per minute under the assay 
conditions, according to   [25, 26].

Assay to determine the optimal temperature for lipase activ-
ity
The effect of different temperature on the lipase activity was 
evaluated by incubating 0,3 mL of FOL with 2.7 mL of pNPP 
reactive solution in different temperatures: 30, 40, 50, 60°C and 
70ºC, using citrate-phosphate buffer pH 6.8 (50 mM) at 60 min. 

Assay to determine the maximum time of thermal stability 
for lipase activity
After optimal temperature lipase activity had been determined, 
the thermal lipase stability was assayed. The FOL was incubated 
at optimal temperature for a period of 12 hour to evaluate the 
thermal stability of lipase activity. An aliquot of 0.3mL were 
withdrawn at each our and incubated in the presence of 2.7 mL 
of pNPP solution at optimal temperature for 30 min to evaluate 
the lipase activity. The tendency of lipase activity decrease was 
analyzed by graphical plotting.

Gel electrophoresis analysis
The sample (FOL) (16 µL) were treated with citrate-phosphate 
buffer, 2% SDS (Amresco®), 50 mMTris–HCl pH 6.8 (Amresco®), 
10% glycerol (USB Corporation), and 0.1% bromophenol blue 
(Sigma-Aldrich®), in absence and presence of 100 mM DTT (Am-
resco®), by heating in a boiling water bath for 5 min. Polyacryla-
mide gel electrophoresis was carried out [27] using 12% poly-
acrylamide gel in the presence of 0.1% sodium dodecyl sulphate 
at 150 V, 30 mA and 4 W. Protein were detected according col-
loidal method of Coomassie Brilliant Blue (Sigma-Aldrich®) [28]. 
Relative molecular mass were calculated using standards of Low 
MW Marker (GE Healthcare).

Hydrolysis of palm crude oil by fraction concentrated of li-
pase (FOL)
Amount of 250 mg of FOL, 3 mL ( 2.67 g ) of palm oil and 20 
mL of 50 mMTris-HCl pH 8.0 were added into 125 mL cylindri-
cal glass flask. The reactant mixture was homogenized and sub-
jected to agitation on magnetic stirrer at 120 rpm for 12 hours 
at 25 °C. Hydrolysis reaction was carried out and after this pe-
riod of time, the free fatty acids released were titrated with 0,1 N 
sodium hydroxide by a factor equal to 0.9980. The samples were 
made in triplicate, followed by reference sample as a blank un-
der the same conditions, except by FOL addition.

RESULTS AND DISCUSSION
Detection, selection, Isolation and identification of lipolytic 
microorganisms
Four strains of endophytic fungi detected and isolated from 
palm seeds were studied. Investigation with Rhodamine B re-
sulted in a detection of lipolytic activity by halo formation with 
diameter of  (1.5 mm; 1.8 mm; 2.0 mm; 2.1 mm: subtracted 
0,5mm from inoculum), and posterior selection and isolation of 
only two strains, named D5-1B and D12-1A, which showed high 
activity hydrolysis by halo formation on the agar plate. D5-1.B 
showed better behave and activity than D12-1A, the result was 
confirmed by enzyme assay using pNPP as substrate. The two 
isolated strains were subjected of identification by molecular 
method and classical taxonomy for the certification of the mi-
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croorganisms. Molecular identification made from genetic mate-
rial of hyphae and pellets from the two strains showed a similar 
electrophoretic profile, which shows the result of amplification 
fragments of 300 bp, and indicated that the two strains were the 
same microorganism, Figure 1. The results of sequencing and 
comparative analysis with databases by BLAST showed that the 
isolated microorganisms are Penicilliumcitrinum. The identifica-
tion by classical taxonomy was done by Dr Maria Inez de M. Sar-
quis, from Fundação Oswaldo Cruz-FIOCRUZ (Brazil), and the 
result confirmed the identification obtained by molecular biol-
ogy. In this way the certification of the microorganisms in ques-
tion were Penicilliumcitrinumstrains MIBA-D5-1B.

Figure 1. PCR- agarose gel electrophoresis: Column1 rep-
resent D5.1B, column 2 represents D12.1A. Column 3 is the 
standard marker of DNA and column 4 is the negative refer-
ence.

Biomonitoring of lipolytic enzyme production in submerged 
culture.
After microorganisms isolation and identification, it was pro-
ceeded the investigation of lipase production in submerged 
cultures of P. citrinum(strain D5-1B) by monitoring the produc-
tion of lipase every 24 hours, using the adopted methodology 
of the hydrolysis of pNPP to release pNP [20], promoted by the 
biocatalyst (concentrated fraction of lipase - FOL) produced by 
identified microorganism. This methodology was initially used to 
obtain a general result for the lipase activity. Although it`s well 
known that this kind of substrate does not assure the real poten-
tiality for the enzyme activity and in most cases it is not a final 
substrate to select enzymes to act as biocatalyst in the hydrolyze 
of crude vegetable oils, being necessary the investigation with 
crude oil to evaluate the potential for triacylglycerol hydrolysis 
by titrimetric methodology to quantify free fatty acids released 
into the medium. Chromogenic substrate such as pNPP is not a 
specific substrate and does behave as a general substrate. It is 
not adequate to select potential lipase for a specific fatty acid 
length chain [19], [8], even though in the presence of certain 
secondary metabolites that can act as inhibiter; although this 
methodology has been used in many experiments as a prelimi-
nary way of selecting and quantifying lipase activity [29].

Effect of temperature on lipase activity 
The optimum temperature for lipase activity produced by P. cit-
rinum in submerged culture was 50°C on pH 6.5. High values of 
lipase activity reached 12000 U/L, and from 60 oC to on the li-

pase enzyme lost parts of it activity (Figure 2). This result seems 
to be very interesting for technological application, due opti-
mal lipolytic activity value be well defined at 50 oC. This result 
tends to direct lead the design of an experiment to use the FOL 
to be used as biocatalyst in the oil hydrolysis. A huge number of 
micro-organism has been evaluated as lipase producer and it is 
well known that enzyme from bacteria present high thermal sta-
bility [1], although fungi lipases present more stability and facil-
ity in the obtaining process.

Figure2. Lipolytic stability at 50oC,incubated for 12h.
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Effect of pH on the microorganism growth and lipase pro-
duction
The submerged cultivation in BOB culture medium showed high 
activity on the fourth day reaching the value of 12,387.20 U/L. In 
comparison with the result obtained by Pimentel et al. [30], that 
studied a strain of P.citrinum isolated as a contaminant from ol-
ive oil presented an activity of 409 U/L after nine days of cultiva-
tion, this result obtained was higher than the value obtained by 
the contaminant and presented shorter time of cultivation than 
that one. In the same way result obtained with Metarhiziuman-
isopliae that produced extracellular lipase presented value of 
activity of 4,540 U/L with detergent induction [31]. This aspect 
is very important in an enzyme process production, which fol-
lows a tendency of technological application [32]. In Figure 3, 
was shown the profile of enzyme activity during 10 days of fer-
mentation. It was observed that the values of enzyme activity 
is increased until the fourth day of fermentation, the maximum 
activity is kept from 2nd to 4th day. The optimum activity reach 
a value of 12.39 U/mL, and from the fifth day a decrease in the 
activity was observed (Figure 3). Decreasing in activity may be 
related to variation in pH and products released in the medium, 
as shown, where the highest values of enzymatic activity during 
the cultivation were observed at pH 6.5. The values of the activ-
ity variation during the time curse of cultivation were depend-
ent of pH values and products (glycerol and free fatty acids). 
Based on these results could be inferred that the values of en-
zyme activity during the cultivation time were totally dependent 
on the values of pH change in the culture medium because the 
activity values decreased with the decrease of pH. These values 
were measured at 50 oC, after optimum temperature activity had 
been evaluated.
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Figure 3. Lipase activity  at 50oC 12.387,2 U/L: Activity  ver-
sus pH, time and protein concentration 
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Thermal stability of lipase activity 
After the incubation and monitoring the lipase activity at 50 
°C, it was showed that the lipase concentrated remained its ac-
tivity unchanged until 10 hours of incubation. Residual activity 
was measured to determine lipase stability after eleven hour of 
incubation, after this period of time a decreasing began and con-
firmation occurred after 12 hours in which time the experiment 
was terminated (Figure 2). We observed that thermal stability 
was strongly affected by pH variation of culture. This fraction 
FOL was more stable at pH 6.5 in culture. These results permit-
ted to evaluate the thermal resistance of this enzyme, and to 
confirm the potential of this microorganism in producing a high 
stability lipase activity with perspective to be applied at crude 
oil hydrolysis. As described in the literature many enzymes pro-
duced by bacteria, fungi and yeast presented optimum activity 
above 60 oC, although neither of them presented a result with 
these characteristics of application.

Gel electrophoresis
The SDS-PAGE of the concentrated, with and without reducing 
agent (dithiothreitol, Sigma-Aldrich®), showed presence of only 
two bands with relative molecular mass of 41.7 kDa and 35.1 
kDa (Figure 4). The molecular masses (MM) were calculated by 
linear regression of the log MM standards versus Rf (relative 
mobility), the equation of the line found was Y = 2.0717-0.9931X 
with the regression coefficient of 0.9825. The masses are found 
within the range reported in the literature, where most lipases 
have a molecular mass from 40 kDa to 50 kDa.

Figure 4. SDS-PAGE: column 0 molecular weight standard 
(Low marker Invitrogen), column 1 lipase fraction concen-
trated produced by  D5.1B strain.

Hydrolysis of crude palm oil.
The hydrolysis reaction of crude palm oil catalyzed by FOL, 
showed high yield production of free fatty acids, the yield 
reached a value of 4,011.2 mmol fatty acids in 12 hours of reac-
tion in the presence of 250 mg of FOL. This result indicates that 
the hydrolysis reaction released 334.27 mmol / hour of fatty acid 
or 5.57 mmol / min. The product yield coefficient (YP/So, relates 
the micromoles of product formed by micromoles of initial sub-
strate referred as linoleic acid molecular weight), found from 
this reaction was 46.74, a significant result justified by the value 
calculated for the apparent molecular weight of initial substrate 
(So) and apparent specific activity of FOL 8.06 U/mg [33]. It is 
important to know that free fatty acids based on linoleic acids 
presents 90.13% and the glycerol represents only 9.87% of total 
molecular weight of a generic triacylglycerol.

This work is the base investigation for endophytic producer lipo-
lytic enzyme with technological perspective to be applied in the 
hydrolysis of crude palm oil to produce inputs for commercial 
products. As a complementary result, the half-life time of this 
enzyme activity seem to be high, even though it was not deter-
mined, and the resistance of this enzyme shows that it is very 
robust for using in a future scale up process.

CASE STUDY
The present study investigated if the enzymehas great potential 
to hydrolyze crude oil without pre-treatment. In this sense it is a 
fact that such kind of activity is required by the industry due the 
robustness in hydrolyze oil with many molecules dissolved that 
act as inhibiters. In this case FOL can be applied on raw mate-
rial in a hydrolysis process to produce concentrate of free fatty 
acids to be used as inputs for cosmetic industry or as fatty acid 
patterns of commercial interest.

CONCLUSIONS
Several methods are been used for the screening of lipases from 
fungi with chromogenic lipid substrates, and sometimes the suc-
cess of the assay depends on the fatty acids chain linked to the 
p-nitro-phenol; even the assay be positive, it is not a guarantee 
that the enzyme will hydrolyze crude oil. That’s why is preferred 
to use titration as a complementary assay to investigate such 
real activity and possible application of the studied enzyme. In 
this work is described the investigation of endophytics fungus 
with potential to hydrolyze crude palm oil. 

The Investigation of lipase production pointed that olive oil 
is one of the best inducers for this type of lipase producer. The 
submerged fermentation was carried out to obtain the enzyme 
fraction concentrated and was decisive for the determination of 
important parameters such as optimum time, temperature and 
pH of cultivation. 

It is noteworthy that, based on the results of the literature, this 
concentrated enzyme showed great potential to hydrolyze of 
such crude oil. In this sense it is a fact that such kind of activ-
ity is required by the industry due the robustness in hydrolyze 
oil with many molecules dissolved that act as inhibiters of many 
enzymes with lipase activity. In this case FOL can be applied on 
raw material in a hydrolysis process to produce concentrate free 
fatty acids or isolated free fatty acid to be used as inputs for cos-
metic industry or as fatty acid patterns of commercial interest, 
respectively. This amount of free fatty acid released is enough to 
initiate a biotechnological process for crude oil hydrolysis.
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