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HIGHLIGHTS

e This study focused on new extracellular lipase producing fungi
¢ Identification of the selected lipase-producing fungi was carried out.
e Determination of the lipase production in two different media and different pHs.

e Study of temperature and pH influence on lipase activity.

Abstract: Fungi have always attracted a lot of attention as they are able to produce a vast repertoire of
enzymes that find a broad spectrum of uses in biotechnological and industrial fields. Undoubtedly, one of the
most promising biocatalysts is the lipase, which has been widely used for the biotransformation of a number
of commercial products due to its high stability, high catalytic efficiency, versatility and selectivity, making it
one of the most attractive and best-studied enzymes.

In this study we report the isolation and molecular identification of new lipase-producing fungi from
different environmental samples from Morocco. The production and activity of extracellular lipases, at
different parameters, was evaluated using the Rhodamine B agar, submerged fermentation and biochemical
methods.
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Two fungal strains Arthrographis curvata and Rhodosporidium babjevae, were isolated and found to produce
large amounts of lipases. The optimal activity of the extracellular lipase was detected at 40°C and pH 9.0 for
A. curvata and at 40 °C and pH 8.0 for R. babjevae.

This study add new information at the growing list of fungal species producing lipases with improved
physicochemical proprieties which could constitute a new line of research for further studies and to be
exploited for industrial or bioremediation purposes.

Keywords: Fungal lipases; Lipolytic activity; enzymes; lipolytic fungi; Arthrographis curvata; Rhodosporidium
babjevae.

INTRODUCTION

Lipases (triacylglycerol acyl hydrolases EC 3.1.1.3) are ubiquitous enzymes with high biotechnological
and industrial potential that normally act to hydrolyze triacylglycerols into a mixture of free fatty acids and
acylglycerols [1,2]. However these enzymes can also successfully catalyze, with high regio- and
enantioselectivity, the synthesis of organic compounds by esterification and transesterification reactions in
water-restricted media or organic solvents [3,4]. The versatility of these natural biocatalysts, including their
eco-friendliness and stability, has made lipases remarkably useful in catalyzing numerous processes relevant
to the pharmaceutical, cosmetic, leather, paper, food and beverage industries as well as for biodiesel
production and bioremediation applications [5,6,7]. Farther, lipases serve as a part of the growing interest of
biosensors helping in medical diagnostics [8].

Lipases have been found in many species of animals, plants, and microrganisms [5,9,10,4,11] but the
ease with which they are isolated from microbes has made both bacteria and fungi the predominant sources
of these enzymes [5,4,12].

Fungi are widely recognized as the best producers of extracellular lipases and are preferably used for
several industrial applications due to the ease with which these enzymes are recovered from the fermentation
broth [10,13]. Currently, most of commercially important lipases are produced by yeasts, such as Candida
rugosa and Candida antarctica, or by filamentous fungi belonging to different fungal genera such as Mucor,
Humicola, Aspergillus, Rhizopus, Geotrichum and Penicillium [5,14]. However, nature offers a big potential
for identifying new microbial lipases with novel or better physicochemical properties. In fact, lipolytic fungi
can be easily isolated from different natural sources [10,15,16] including polluted environments or industrial
and domestic wastes [5,10,13]. Therefore many researchers worldwide have tried to obtain new fungal
lipases by screening lipid-rich products and/or samples recovered from natural or polluted habitats [5,16] thus
stimulating an intensive research that constantly leads to the identification of new lipase producers [17,18,19].

The main objective of the present work was to screen for new lipase-producing fungi collected from
different environmental samples from two regions in Morocco: Meknes and Beni Mellal. In this study we report
new fungal species capable of producing extracellular lipases in different culture media and pH values.

MATERIAL AND METHODS

Environmental samples and fungal isolation

In this study a total of 27 environmental samples: 11 olive pomace (skins, pulp, seeds and stems of the
fruit), 2 black olive, 9 rancid butter, 3 rotten strawberry and 2 rotten orange were collected from two different
regions in Morocco: Meknes (coordinates: 33°53'42"N 5°33'17"W) and Beni Mellal (coordinates:
32°2022"N 6°21'39"W).

Twenty grams of each sample, except rancid butter, were suspended in 20 ml of sterile saline solution
(0.85% w/v NaCl) and homogenized using a stomacher blender (Pbi international, Italy) for 3 min. Conversely,
for rancid butter, 10 g were added to 10 ml of sterile saline solution and incubated in water bath at 45°C for
30 min. After incubation the mixture was homogenized by vortex stirring (30 s) and then left to settle at room
temperature until complete separation of the aqueous phase that was used for microbiological analysis.

For all samples, serial ten-fold dilutions were prepared in saline solution and aliquots of 100 pl of each
suspension were plated in duplicate on malt extract agar (MEA) and Sabouraud dextrose agar (SDA)
supplemented with antibiotics (penicillin 20U/mL and streptomycin 40U/mL). Inoculated plates were then
incubated at 30 °C and examined daily for up to 7 days for the presence of fungal colonies that were
subcultured and purified onto SDA as they appeared.

Brazilian Archives of Biology and Technology. Vol.63: €20180444, 2020 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

New Extracellular Lipase Producing Fungi 3

Qualitative and quantitative screening for lipase-producing fungi

All purified fungal strains were screened for their ability to produce extracellular lipases using the
rhodamine B agar medium (8 g L™ nutrient broth; 4 g L™ NaCl; 10 g I'* agar; 31.25 ml L olive oil and 10 mL
rhodamine B solution, final concentration 0.001% w/v; pH 7.0).

Ten microliters of each standardized fungal suspension (=20 x 10° cells mIt) were dispensed into agar
wells (6 mm diameter) of the culture medium and plates were incubated at 30 °C for one week. To detected
and monitor lipase production, plates were exposed to UV light (366 nm) and the wells showing an orange
fluorescent halo were considered indicative for lipase production by the tested strain. The ratio between the
diameters of the halo (H) and wells containing fungi (w) (H/W index) was determined and utilized as a
measure of lipase production. An H/W value of 1 indicated the absence of lipase production while higher H/W
values were considered as a signal of lipase secretion. Only fungal strains with H/W index comparable to that
obtained from a reference strain were selected for further studies.

C. antarctica CBS 6678, whose lipolytic activity was previously well-documented [20], was used as
reference strain in all experiments.

Phenotypic and molecular identification of the selected lipase-producing fungal strains

Only the fungal strains showing high lipase-production levels on rhodamine B agar, comparable to those
of the C. antarctica CBS 6678 reference strain, were identified at the species level.

Standard phenotypic identification was based on colony appearance on different solid media including
macro and micro-morphological characters according to the methods of traditional mycological identification
[21,22].

The identity of the fungal strains was subsequently obtained by sequencing the entire ITS region (ITS1-
5,8S-ITS2) as well as D1/D2 domain of the 28S rDNA of the isolate LE.154 to provide a complete draft for
microbial taxonomy. Total genomic DNA was isolated using the glass-beads disruption method followed by
conventional phenol/chloroform extraction and ethanol precipitation as described in Miller and coauthors
[23].

In vitro amplifications were carried out separately using the DreamTag™ PCR master mix (Fermentas,
Milan, Italy) to which were only added 0.5 ug of genomic DNA template and 0.5 pmol L* of each primer
depending on the genetic marker amplified. The PCR primers used for the partial amplification of the 28S
rDNA were: NL1-GCATATCAATAAGCGGAGGAAAAG and NL4-GGTCCGTGTTTCAAGACGG [24]
whereas the following primers ITS1-TCCGTAGGTGAACCTGCGG and ITS4-TCCTCCGCTTATTGATATGC
were used for the amplification of the whole ITS1-5,8S-ITS2 region [25].

The PCR reactions were carried out in a MyCycler thermal cycler (BioRad, Milan, Italy) using the
following settings: initial heating to 95 °C for 5 min, followed by 35 cycles of denaturation at 94°C for 1 min,
annealing at 52 °C (NL-1/NL-4) or 55 °C (ITS1/ITS4) for 60 s and extension at 72 °C for 1 min (NL-1/NL-4)
or for 90 s (ITS1/ITS4), with a final elongation step of 10 min at 72 °C.

2 uL aliquot of each amplicon was subjected to agarose gel (1.5%) electrophoresis to confirm the
presence of the amplified product. Then, the remaining amount of the PCR product was first purified using
the QIAquik PCR purification kit (Qiagen, Milan, Italy) and subsequently sequenced at the Eurofins
Genomics, Ebersberg, Germany (www.eurofinsgenomics.eu) using the same PCR primers. Sequencing
chromatograms were visually inspected using the FinchTV v1.4 software to detect call errors and then the
identity of the obtained nucleotide sequence was assessed by BLAST searches
(https:/lwww.ncbi.nim.nih.gov/BLAST) against the Genbank database for taxonomic recognition of our fungal
strains.

Lipase production in submerged culture

For lipase production, two different culture media were used: the mineral medium (10 g L yeast extract;
12 g Lt NapHPOg; 2 g L't KH2POy4; 0.3 g L™t MgS04-7H20; 0.3 g L™ CaCl.-H20; 2% olive oil; final pH 7.5+0.2)
and a complex medium (8 g L nutrient broth; 4 g L't NaCl; 2% olive oil; final pH 7.5+0.2). For both culture
media, we used commercially available extra virgin olive oil.

All components, except olive oil, were autoclaved at 121 °C for 15 min and after cooling (~60 °C), the
olive all, sterilized by filtration (filter 0.22 um pore size), was added to the culture media.

Experiments were performed 3 times in duplicate using 100 mL Erlenmeyer flasks containing 20 ml of
liguid medium. The media were inoculated with a standardized fungal suspension (~2 x 10° cells mL?) and
incubated at 28 °C for 96 h in an orbital shaker operating at 180 rpm.
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To evaluate the effect of the pH on the lipase production, additional cultures were done in both mineral
and complex liquid media with pH values of 6.0 and 9.0 respectively.

Two species for which lipase production was previously studied C. antarctica CBS 6678 [20] and
Rhodosporidium babjevae BD19 [26] were included as reference strains and used in the comparative
analysis.

Crude lipase preparation

In order to remove fungal cells, the cultures were centrifuged at 12,000 rpm at 4 °C for 15 min and
supernatants were filtered through 0.22 mm pore-sized filters. The filtrates were collected and stored at -
20 °C until lipolytic activity assays were performed.

Determination of the lipase and esterase activities using p-nitrophenyl palmitate (p-NPP) and p-
nitrophenyl acetate (p-NPA) as substrates

For lipase assay, the substrate solution was prepared by adding 100 uL of the p-NPP solution (7.5 mg
p-NPP from Sigma Aldrich, Italy, dissolved in 2 mL of propane-2-ol and acetonitrile 1:1) to 800 pL of 0.05
mol L Tris-HCI buffer (pH 8.0) and 75 pL of water. The lipase assay was carried out at 25 °C in the presence
of Triton X-100 (20 pl mL?) [27] by adding 25 pL of the enzyme extract to the substrate solution. After 20 min,
the reaction was stopped by incubating the mixture on ice. The absorbance was spectrophotometrically
measured at 405 nm, against an enzyme-free control.

One lipase unit (U) was defined as the amount of enzyme that liberates 1 umol of p-nitrophenol per min,
under the described assay conditions. All enzyme assays were carried out in double and the average values
were calculated.

The eventual unspecific esterase activity was spectrophotometrically determined following the protocol
described above but replacing the p-nitrophenyl palmitate with p-nitrophenyl acetate (p-NPA) (Sigma Aldrich,
Italy) at 25 °C and pH 8.0.

Effect of the temperature and pH on enzyme activity

The optimal temperature of the lipase was determined by measuring its activity in 0.05 mol L Tris HCI
(pH 8.0) under temperatures ranging from 25 °C to 60 °C with regular increments intervals of 5 °C.

For each strain, the effect of pH was also determined by measuring lipase activity at its optimum
temperature (as established above) using 0.05 mol L of the following buffers with different pH values
(ranging from 5 to 11): acetate (pH 5.0), sodium bicarbonate (pH 6.0), phosphate (pH 7.0), Tris-HCI (pH 7.5
to 10) and sodium phosphate (pH 11.0).

Statistical analysis

All biochemical and physiological data were analysed with GraphPad prism version 6.0 software
(Graphpad Software, Inc., CA, USA) and expressed as mean * standard deviation (SD).

RESULTS

Indentification of lipolityc fungi

In this study, a total of 107 filamentous fungi (moulds) and 18 yeasts were isolated from the examined
environmental samples. The selective rhodamine B medium used for detecting lipolytic strains revealed that
only two fungal strains, LE.154 (isolated from rotten strawberry) and LE.170 (isolated from olive pomace),
showed a significant orange fluorescence halo comparable to that obtained from the C. antarctica CBS 6678
reference strain when excited by UV light after 6 days of incubation. The H/W ratio (Hydrolysis/Well) for the
reference strain C. antarctica CBS 6678 was found to be 2.00, whereas for LE.154 strain the value was 2.17
and for LE.170 strain it was 1.83. In contrast, the H/W index value was about 1 for the other isolates.
Therefore, only the two strains LE.154 and LE.170 were considered for further analysis. The colonies formed
by LE.154 strain resulted red, smooth, glistening and mucoid and microscopic analysis showed the presence
of ovoidal cells. No pseudomycelium nor true mycelium was observed in corn meal agar cultures after 7 days
of incubation at 25 °C.

In contrast the colonies produced by LE.170 strain on MEA were orange-yellow and on PDA pale to
greyish orange with whitish margin, powdery, umbonate at centre and flat toward the periphery.
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Direct microscopic examination showed the presence of unicellular cylindrical arthroconidia, curved,
cashew- nut-shaped.

BLAST analysis of the entire ITS region revealed that LE.170 strain had 99% similarity to Arthrographis
curvata and to Arthrographis kalrae.

Conversely, sequence analysis of complete ITS region including the D1/D2 domain of the 28S rDNA of
the LE.154 isolate showed 99% homology to Rhodotorula glutinis, Rhodotorula graminis and
Rhodosporidium babjevae indicating that this genetic marker was not sufficient to clearly identify our isolate.
However comparison of the nucleotide sequence of D1/D2 with the corresponding sequences of five R.
glutinis, two R. graminis and 18 Rh. babjevae strains published by Kurtzman and coauthors. revealed that a
single base mismatch between R. glutinis and the pair Rh. babjevae/R. graminis. And the comparison of
ITS1-5,8S-ITS2 region showed that one mismatch and three indels were found to occur between R. glutinis
and R. graminis and three mismatches between R. glutinis and Rh. babjevae [22]. The LE.154 isolate shares
the same genetic polymorphisms with Rh. babjevae and therefore was identified as such by molecular
analysis.

The sequences obtained in this work were submitted to Genbank under the accession numbers
MN521448 and MN521449 for sequences of ITS region and D1/D2 domain of Rh. babjevae LE.154,
respectively, and MN521451 for ITS region of A. curvata LE.170.

The type cultures of the two fungal lipase producers isolated in the present study have been deposited
in the Westerdijk Fungal Biodiversity Institute (formerly Centraalbureau voor Schimmelcultures, CBS,
collection), The Netherlands (www.westerdijkinstitute.nl), under the codes CBS 15207 and CBS 143248 for
R. babjevae LE.154 and A. curvata LE.170 strains respectively.

Lipase production by A. curvata and R. babjevae strains in mineral and complex culture media

Lipase production was evaluated using submerged fermentation and two different culture media. In
mineral medium, after 96 h of incubation at 28 °C, the highest lipase activity was obtained by the reference
strain used in this study, C. antarctica CBS 6678 (140.57 U mI! + SD 15.04), followed by R. babjevae LE.154
strain (122.0 U ml*+ SD 5.86) and A. curvata LE.170 strain (115.43 U ml't+ SD 14.79). The reference strain
R. babjevae BD19 was the lowest lipase producer (74.29 U ml** + SD 8.28) (Figure 1).

In contrast, using the complex medium, the maximum lipase activity was observed for the A. curvata
LE.170 strain (120.95 U ml* + 3.46) followed by C. antarctica CBS 6678 (110.86 U ml*+ 12.68), R. babjevae
LE.154 (45.71 U ml'+ 5.11) and BD19 (45.24 U ml™ + 2.81) strains (Figure 1).

When p-NPA was used as substrate, no esterase activity was notified (data not shown).

Strains
LE.154 Rh. babjevae BD19 C. antarctica CBS 6678
150 I M pHo
H 75

x T x 1 B pHO

100
" o
J l ' I .
N I Afa mil.
> & > + > + > +
& & & g & & & g®
< 006\ & 006‘ & 00@ & oo‘('
Type of medium

Figure 1.Effect of mineral and complex liquid media and pH on lipase production. Data are given as means + SD.

Lipase production by A. curvata and R. babjevae strains in culture media with different pHs

The effect of pH on lipase production was also investigated by using both mineral and complex liquid
media with two different pH values each, 6.0 and 9.0. Overall, except for the R. babjevae LE.154 strain, for
each medium we observed a maximum of lipase production when the initial pH was adjusted to 7.5 (Figure
1). Only the R. babjevae LE.154 strain showed an increase of the lipase production in the complex medium
at pH 9.0 while in mineral medium, the maximum production was observed at pH 7.5 (122.29 U ml* + 5.85)

Brazilian Archives of Biology and Technology. Vol.63: €20180444, 2020 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

6 El aamri, L.; et al.

and decreased by 31% and 46% when the pHs were 6 and 9 respectively (Figure 1). On the contrary, the A.
curvata LE.170 strain showed a strong lipase production at pH 7.5 in both culture media used but it lost 80%
and 89% of its capacity of lipase production in mineral medium and 86% and 96% in the complex one when
pHs were 6.0 and 9.0 respectively (Figure 1).

The reference strain R. babjevae BD19 was the lowest lipase producer in both mineral and complex
media at pH 7.5 (Figure 1) while C. antarctica CBS 6678 showed a very high production in mineral (140.57
U ml?t £ 15.04) and complex (110.86 U ml* £12.68) media at the same pH value. The lipase production
declined drastically at pH 9 in both media (92% and 87% in mineral and complex media respectively) but not
at pH 6.0 (Figure 1).

Influence of the temperature and pH on lipase activity

In this study both A. curvata LE.170 and R. babjevae LE.154 extracts showed an optimum temperature
for enzyme activity at 40 °C (Figure 2). For the R. babjevae LE.154 strain, the lipase activity decreased with
the increase of the temperature with 24% of residual enzyme activity at 60 °C. Conversely, the enzymatic
activity observed for the A. curvata LE.170 strain showed an excellent thermo-stability up to 60 °C showing
a loss of only 19% of activity.

The lipase extracts from the reference strain R. babjevae BD19 showed an optimum of activity at 30 °C
whereas the C. antarctica CBS 6678 was highly active at high temperatures with an optimum of activity at
55 °C. However 60% of lipase activity was lost at 25 °C (Figure 2).

“(,:) Mineral medium Complex medium
E
pun
> 300+ LE.154
2 -» R. babjevae BD19
2 2004 -« LE.170
2 - C. antarctica CBS 6678
& 1004 - Lo
- o
. O
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Temperature (°C)
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Mineral medium Complex medium
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2
> LE 154
> 400 -« R. babjevae BD19
3 «LE.170
o - C. antarctica CBS 6678
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Q
o}
04 - ¢ -
4 4 8 10 124 3 s 10 12
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Figure 2. Influence of the temperature (a) and pH at optimum temperature (b) on lipase activity of the fungal strains
grown in mineral and complex media. Data are given as means + SD.

To test the influence of pH on lipase activity, the temperatures to which enzymatic reactions were carried
out were chosen according to the results shown above. Consequently the temperature of 40°C was used for
testing the A. curvata LE.170 and R. babjevae LE.154 strains while the temperatures of 30°C and 55°C were
chosen for the reference strains DB19 and CBS 6678 respectively.

Overall, except for the CBS 6678 strain, the highest enzymatic activities were observed in alkaline
conditions (Figure 2). Only C. antarctica CBS 6678 showed an optimum activity at pH 6.0 in both media used.
However, we also observed the presence of an additional peak of activity at pH 9.0 when the reference strain
was grown in the complex medium (Figure 2).

For the R. babjevae LE.154 strain, the highest lipase activity was recorded at pH 8 in both culture media
tested and an additional peak of activity was observed at pH 6.0 in mineral medium (Figure 2).

For the A. curvata LE.170 and R. babjevae DB19 strains, the maximum values were reached at pH 9.0.
Also in this case, for both strains we noted other peaks of activity at pH 6.0 when the lipase production was
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realized in mineral medium (Figure 2). The existence of these double peaks may be probably due to the
presence of enzyme isoforms in our extracts.

DISCUSSION

The potential biotechnological application of fungal metabolism has been recognized since ancient times
and still represents an invaluable resource for numerous industrial processes, ranging from the preparation
of traditional fermented foods to the production of high-value compounds [28]. In this context, fungal lipases
have become the most studied group of biocatalysts as they possess a remarkable ability to carry out a wide
variety of chemo-, regio-, and enantioselective transformations making them particularly attractive for many
applications in the chemical, pharmaceutical and biomedical sectors [5,13,7].

In the present work, the selective rhodamine B medium for detecting lipolytic strains was used. The
formed halos after incubation were easy to identify, since the binding of rhodamine B dye and fatty acids and
di- or monoglycerols produces an orange fluorescent complex, clearly and immediately visible under UV
irradiation. Two fungal strains LE.154 and LE.170, showed a significant orange fluorescence halo comparable
to that obtained from the C. antarctica CBS 6678 reference strain. This used method of screening for lipase-
producing microorganisms was reported for the first time by Kouker and Jaeger [29]. Since then, this method
has been used by Castro-Ochoa and coauthors [30] and many others [31,32,33,34], this procedure has
proved to be highly sensitive and reliable.

BLAST analysis of the entire ITS region revealed that LE.170 strain had 99% similarity to Arthrographis
curvata and to Arthrographis kalrae. The microscopic examination showed curved and cashew- nut-shaped
arthroconidia, a feature characterizing A. curvata over A. kalrae [35]. The latter is known to have cylindrical
with truncate arthroconidia [35]. Therefore, the strain LE.170 was identified as A. curvata.

The comparison of the nucleotide sequence of D1/D2 with the corresponding sequences of five R.
glutinis, two R. graminis and 18 Rh. babjevae strains published by Kurtzman and coauthors revealed that a
single base mismatch between R. glutinis and the pair Rh. babjevae/R. graminis [22]. And the comparison of
ITS1-5,8S-ITS2 region showed that one mismatch and three indels were found to occur between R. glutinis
and R. graminis and three mismatches between R. glutinis and Rh. babjevae [22]. Using Mega 7 software
for the comparison of our sequence of LE.154 isolate with different type material strains used by Kurtzman
and coauthors [22], the LE.154 isolate shares the same genetic polymorphisms with Rh. babjevae and
therefore was identified as such by molecular analysis.

In this study, A. curvata was added to the growing list of fungal lipases producers [5,17,18,19] by
highlighting that the production of this enzyme, from the studied strain appears to be independent of the type
of fermentation medium used (Figure 1). In addition, the lipase from A. curvata LE.170 strain showed an
excellent thermo-stability (up to 60 °C) with a pH-optimum of activity at 9.0, making it potentially suitable for
the bioindustry and/or for the bioremediation of agri-food waste with high fat content.

The optimum pH for lipase production is extremely variable among fungi, being related to the genus,
species and even to the strain. In fact it varies between 3.0 and 7.0 for members belonging to the Geotrichum
genus [36], to pH 4.0-9.0 for Penicillium [37] and pH 5.0-8.0 for Rhizopus species [38]. However, species that
produce extracellular lipases which are also stable at relatively high alkaline conditions and high temperatures
are rarely isolated [5] and therefore the A. curvata lipase could be a good candidate for industrial applications
according to the intrinsic physicochemical characteristics observed.

In this study, an additional fungal lipase producer R. babjevae, was isolated from rotten strawberry.
However, one strain of this species (R. babjevae BD19) was already previously reported to produce an
extracellular lipase [26] and the data obtained from the present study confirmed that this fungus is able to
secrete a versatile enzyme whose activity appears to be strain-dependent as well as related to the type of
culture medium used (Figures 1 and 2). This is also well-supported by Lukaszewicz and coauthors [26] and
could be related to the different environments from which LE.154 (rotten strawberry) and the BD19 strain
(freshwater from Arctic Archipelago of Svalbard) [26] were isolated. Interestingly, the lipase from R. babjevae
seems to have a specific regiospecificity among all existing fungal lipases [26,39] as it cleaves the triglyceride
triolein only once in position 1 releasing two products: 1,2 (or -2,3)-diolein and free fatty acid [26]. This unique
characteristic, including the high lipase activity observed in mineral medium, could be of biotechnological
interest for the design and synthesis of specific high-value molecules.

In this study, for the R. babjevae LE.154 strain, as well as for A. curvata, the presence of two distinct
peaks was detected during the evaluation of the pH effect on lipase activity (Figure 2) indicating that these
species were able to produce mixtures of lipase isoforms with different catalytic and regulatory properties like
other commercially available fungal lipase producers [40,41]. This could be of great scientific value and serve
as a good reference for future genetic and expression studies of the regulatory pathways controlling the
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lipase-genes transcription in these new producers, resulting in high industrial and biotechnological
applications.

CONCLUSION

Industrial demands for lipase are increasing and bacterial lipases are the most used for biotechnological
purposes. Comparing to bacteria, less number of fungi species have been studied for lipase production and
potential biotechnological applications. In this work, we showed that two isolates obtained from analyzed
environmental samples; olive pomace and rotten strawberry, identified as Rhodosporidium babjevae and
Arthrographis curvata, were able to produce lipase using different complex and mineral liquid media, and
which can be used for numerous biotechnological applications. We showed as well variable profiles of lipase
production and activity of one of the strains compared to the same species, but both were isolated in different
corner of the world; activities were strain dependent.

By contrast, the presence of lipase producing fungi in olive pomace could negatively influences the
guality of olive pomace oil through increasing its acidity, causing damage to olive oil companies. However,
the olive pomace could have immense benefits by reducing the cost of lipase production through solid state
fermentation.
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