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biofuel, agriculture, pharmaceutical, leather, textile, cos-
metics, waste management and so on (Mahfoudhi et al. 
2022; Al-Rajhi et al. 2022, 2023). Among these, lipases are 
extensively used in biotech industries, which include food, 
production of surfactants, detergents, oil processing, envi-
ronmental management, pesticides and leather industries 
(Sharma et al. 2001). Lipases or triacylglycerol ester hydro-
lases (EC 3.1.1.3) are the carboxylesterases, which catalyze 
the hydrolysis and synthesis of acylglycerols containing 
long-chain fatty acids (Jaeger et al. 1999). Lipases show 
unprecedented levels of activity and are stable both in polar 
and non-polar environments and perform several reactions 
such as transesterification, acidolysis, aminolysis, and alco-
holysis (Chandra et al. 2020). Lipases are chosen for each 
application based on their substrates and stability towards 
temperature and pH. Enzymes with thermal and alkali sta-
bility are essential requirements for many industrial appli-
cations. Though many lipases have already been described, 
it is still essential to look for novel lipases with enhanced 

Introduction

Enzymes are biological catalysts that play an important 
role by accelerating the chemical reactions. Enzymes do 
not require expensive heating or cooling systems, and 
save energy costs, prevent undesired chemical transforma-
tion, and loss of volatile compounds; hence they are ben-
eficial in biotechnological applications (Margesin et al. 
2003). Enzymes are used in diverse sectors such as food, 
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Abstract
Fungi that inhabit fire-prone forests have to be adapted to harsh conditions and fungi affiliated to Ascomycota recovered 
from foliar litter samples were used for bioprospecting of molecules such as enzymes. Agni’s fungi isolated from leaf 
litter, whose spores are capable of tolerating 110 oC were screened for thermostable lipases. One of the isolates, Lepto-
sphaerulina trifolii A SMR-2011 exhibited high positive lipase activity than other isolates while screening through agar 
plate assay using Tween 20 in the medium. Maximum lipase activity (173.2 U/mg) of L. trifolii was observed at six days 
of inoculation and decreased thereafter. Among different oils used, the maximum lipase activity was attained by soybean 
oil (940.1 U/mg) followed by sunflower oil (917.1 U/mg), and then by mustard oil (884.8 U/mg), showing its specific-
ity towards unsaturated fatty acids. Among the various organic nitrogen sources tested, soybean meal showed maximum 
lipase activity (985.4 U/mg). The partially purified enzyme was active over a wide range of pH from 8 to 12 with a pH 
optimum of 11.0 (728.1 U/mg) and a temperature range of 60–80 oC with an optimal temperature of 70 oC (779.1 U/mg). 
The results showed that lipase produced by L. trifolii is alkali stable and retained 85% of its activity at pH 11.0. This 
enzyme also showed high thermal stability retaining more than 50% of activity when incubated at 60 oC to 90 °C for 2 h. 
The ions Ca2+ and Mn2+ induced the lipase activity, while Cu2+ and Zn2+ ions lowered the activity compared to control. 
These results suggests that the leaf litter fungus L. trifolii serves as a potential source for the production of alkali-tolerant 
and thermostable lipase.
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substrate specificity, alkali tolerance and thermal stability 
(Haki and Rahshit 2003).

Lipases produced by microbes have gained more atten-
tion from the industry due to their flexibility in pH, tempera-
ture, and organic solvent (Verma et al. 2012; Chandra et al. 
2020). Most of the lipases applied in biotech industries are 
derived from bacteria and fungi. Fungal lipases have gained 
more attention in the industries because of their extracel-
lular secretion, substrate specificity and stability under var-
ied chemical and physical conditions and are more adapted 
to less moisture content than bacteria and yeast in solid-
state fermentation (Hölker et al. 2004). Fungal enzymes 
are extracellular in nature and they can be extracted easily, 
which significantly reduces the cost and makes this source 
preferable over bacteria (Mehta et al. 2017). Different fungi, 
such as Aspergillus niger, Candida rugosa, Humicola lanu-
ginosa, Mucor miehei, Rhizopus spp., are capable of produc-
ing lipases in large scale and has given a favorable vision in 
meeting the needs of many bio-industries (Chandra et al. 
2020). These lipases shed light on various biotechnological 
fields such as agrochemical, food, dairy products, pharma-
ceutical, biodiesel production, paper and leather, detergent 
industries and in bioremediation along with their use in 
some medical applications.

The enzymes used in industries should be robust and tol-
erant to extreme conditions such as high temperature, pH, 
osmolarity, pressure, etc. Thermophilic fungi are potential 
sources of enzymes with thermostability and activity lev-
els (Yadav et al. 2022; Abdel-Ghany et al. 2019). There is 
dearth of information on lipases from this source as com-
pared to other thermophilic organisms such as eubacteria 
and archaea (Diaz et al. 2006). Fungi isolated from extreme 
environments are capable of producing enzymes tolerant to 
these harsh conditions (Bhadra et al. 2022). Previously, we 
have isolated some of the leaf litter fungi from litter samples 
(Agni fungi), whose spores are able to survive after expo-
sure to 100 oC for 2 h (Suryanarayanan et al. 2011). These 
organism might serve as potential sources for the produc-
tion of some industrially important enzymes such as lipases, 
which can resist extreme industrial conditions like high 
temperature and pH.

The present study was aimed to inestigate lipase produc-
tion by Leptosphaerulina trifolii A SMR-2011 which is a 
fungus that was previously isolated from leaf litter. The 
lipase enzyme produced by this fungus was characterized 
for its tolerance to different pH and temperatures.

Materials and methods

Isolation of leaf litter fungi

The foliar samples of litter of different hosts were collected 
from the private land of dry deciduous forest of Nilgiri Bio-
sphere Reserves, Western Ghats (10°50′ N and 12°16′ N 
latitude and 76°00′ E to 77°15′ E longitude) and used for 
the isolation of fungi. About 50% of the Nilgiri Biosphere 
forest areas are prone to forest fires (Vijayan et al. 2020). 
Twenty-five leaf litter fungi were isolated mostly in their 
anamorphic states, and induced sporulation by cultivating 
them on potato dextrose agar (PDA) at 28 oC for 7 d under a 
9 h: 15 h of light and dark cycle. The spores obtained from 
these fungi were exposed to 100 oC in a preheated hot air 
oven to test their survivability and found that the spores of 
nine fungi were regenerated after 2 h of exposure at 100 
oC (Suryanarayanan et al. 2011. The microscopic character-
ization of these fungi were described in our previous study 
(Suryanarayanan et al. 2011).

Screening for lipase production

All nine isolates of leaf litter fungi, whose spores survived 
high temperatures were screened for lipase production 
according to the method described in Sierra (1957). The 
fungi were grown on a medium consisting of peptone 1% 
(w/v), NaCl 0.5% (w/v), CaCl2 0.1% (w/v), bacteriological 
agar 1.5% (w/v), and Tween 20 1.0% (v/v) in Petri plates at 
28 °C for 7 days. Precipitation around the fungal colony indi-
cated the production of lipase (Rai et al. 2014). This method 
is based on the principle of calcium salt precipitation. The 
hydrolysis of tween releases fatty acids, which bind with 
the calcium in the medium to form insoluble crystals around 
the fungal colony. The isolate showing high positive activ-
ity was further selected for molecular identification, lipase 
production and characterization (Fig. 1S).

Identification of leaf litter fungi

The identification of these fungi were confirmed by internal 
transcribed spacer (ITS) region of rRNA. Genomic DNA 
was isolated as per the method described in Van Kan et al. 
(1991) and ITS region was amplified using ITS1 (5’- T C C 
G T A G G T G A A C C T G C G G-3’) and ITS4 (5’- T C C T C C G C 
T T A T T G A T A T G C-3’) primers. The amplified ITS products 
were sequenced and the sequence analysis was performed to 
identify the homologous sequences in NCBI database using 
BLASTN program. Phylogenetic tree was reconstructed by 
neighbour-joining (NJ) method using MEGA 11 software 
(Tamura et al. 2021). The fungal isolates were deposited at 
the National Fungal Culture Collection of India (NFCCI), 
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Agharkar Research Institute, Pune, India and the ITS 
sequences were deposited in NCBI. The accession numbers 
of the cultures as well as the GenBank accession numbers of 
ITS sequences are given in Table 1.

Lipase production by submerged fermentation

Three mycelial discs (5 mm diam) cut from the margin 
of actively growing colony of Leptosphaerulina trifolii A 
SMR-2011 was inoculated into a basal medium (peptone 
0.5 g; MgSO4.7H2O 0.05 g; KCl 0.05 g; KH2PO4 0.2 g; 
NaNO3 0.05 g; Olive oil 1.0 ml; and distilled water 1000 ml; 
pH 6.5) in 250 ml Erlenmeyer flasks, and incubated at 28 oC 
in a rotatory shaker at 120 rpm. After six days, the contents 
were centrifuged at 10,000 g for 15 min at 4 °C, and the 
supernatant was used (crude extract) to assess lipase activ-
ity by p-nitrophenyl palmitate (p-NPP) method as described 
in Licia et al. (2006). Briefly, the substrate was prepared 
by adding 1 ml of solution A (40 mg of p-NPP dissolved in 
12 ml isopropanol) dropwise to 19 ml of solution B (0.1 g of 
gum arabic and 0.4 ml of Triton X-100 dissolved in 90 ml 
of distilled water) with constant stirring to obtain an emul-
sion. The assay mixture consisted of 1.0 ml of the substrate, 
0.5 ml of 0.1 M potassium phosphate buffer (pH 7.0), 0.1 ml 
of the crude extract, and the final volume was made to 4 ml 
with distilled water. The contents were incubated at 40 ºC 
for 30 min, and 0.2 ml of isopropanol was added to stop 
the enzyme activity, and the absorbance was recorded at 
410 nm. The p-nitrophenol prepared in 0.1 M potassium 
phosphate buffer (pH 7.0) was used to prepare the standard 
graph. The maximum activity of enzyme data was assumed 
to be 100%, and relative enzyme activity was determined 
for each data. The specific enzyme activity of the enzyme 
(U/mg protein) was calculated by dividing the enzyme 
activity value by protein content (mg/ml). Bradford assay 
was performed to determine the protein content (Bradford 
1976). The amount of enzyme that released 1.0 µM p-NP 
per minute under the assay conditions is defined as one unit 
(U) of the enzyme (Maia et al. 1999).

Enzyme optimization and characterization

Optimal time for lipase production

L. trifolii was grown in a basal medium along with 1% olive 
oil (v/v) as an enzyme substrate and carbon source by incu-
bating at 28 °C in a rotatory shaker at 120 rpm. Aliquots of 
the culture broth were withdrawn every two-day intervals 
up to 10 days. The contents were centrifuged at 10,000 g for 
15 min at 4 °C, and the supernatant was used to determine 
lipase activity. The maximum lipase activity was recorded 

on the 6th day, and hence, for further experiments, a 6-day-
old fungal culture broth was used.

Effect of glucose on lipase production

Glucose is known to inhibit the hydrolysis activities of 
many lipases (Tsuzuki et al. 1999). To test whether glucose 
have any impact on the lipase production by L. trifolii, the 
fungus was grown in presence of glucose, olive oil and 
glucose olive oil combination. The fungus was inoculated 
into 250 ml Erlenmeyer flasks containing 100 ml of basal 
medium supplemented with 4 ml of 20% glucose solution 
(w/v), 1% olive oil (v/v) separately and in combination. The 
fungus was grown for six days at 28 °C in a rotatory shaker 
at 120 rpm. After six days, the fungal culture was centri-
fuged, and assessed the lipase activity from the supernatant 
sample.

Effect of different oils and organic nitrogen sources 
on lipase production

The influence of different vegetable oils were tested on 
lipase production using them as carbon sources and induc-
ers. L. trifolii was grown in a basal medium supplemented 
with different vegetable oils like sunflower oil, soybean oil, 
mustard oil, and coconut oil for six days of fermentation. 
These were added separately to the basal medium in place 
of olive oil (1% v/v). Organic nitrogen sources are generally 
used to produce higher yields of lipase by microorganisms 
than inorganic sources. Hence, different organic nitrogen 
sources such as urea, casein, yeast extract, and soybean 
meal were added in place of peptone (0.5% w/v) in the basal 
medium. The fungus was grown for six days at 28 °C in a 
rotatory shaker at 120 rpm. After six days, the fungal culture 
was centrifuged and the supernatant was used to assess the 
lipase activity (Licia et al. 2006).

Partial purification of lipase

Partial purification of lipase was carried out according to the 
method described in El-Ghonemy et al. (2017). The crude 
enzyme was extracted as mentioned above and precipitated 
by adding various mass fractions of ammonium sulfate solu-
tion by bringing to 70 to 80% saturation with constant stir-
ring at 4 oC at 24 h. The precipitated proteins were separated 
by centrifugation at 10,000 g for 15 min at 4 °C, suspended 
in a minimal volume of (5 ml) of 0.1 M Tric HCl buffer 
(pH 8.0) and dialized against the same buffer by placing it 
in a cellulose membrane bag for 24 h at 4 ºC. The precipi-
tate was collected after dialysis and centrifuged 10,000 g 
for 10 min at 4ºC. About 40–60% of fractions, with max-
imum lipase activity, were collected and used for protein 
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Results

Isolation and identification

Twenty five isolates of leaf litter fungi were isolated from 
the foliar litter samples collected from different host plants. 
The majority of the fungi isolated were belong to Ascomy-
cota and were in their anamorphic states. Among these , the 
spores of 9 leaf litter fungi exposed to 100 oC for 2 h sur-
vived when regenerated on PDA medium. These leaf litter 
fungi were identified by their microscopic and ITS of rRNA 
sequence analysis. Sequence analysis using BLASTN led 
to the identification of these fungal isolates as Bartalinia 
pondoensis, Chaetomella raphigera, Curvularia sp., Exse-
rohilum rostratum, Leptosphaerulina trifolii, Pithomyces 
sp., Pestalotiopsis microspora, and Phoma sp. Phyloge-
netic analysis confirmed the identity by clustering with their 
homologus groups (Fig. 1). The accession numbers of the 
cultures deposited at the National Fungal Culture Collection 
of India (NFCCI) and GenBank accession numbers of ITS 
sequences are given in Table 1.

Lipase production

Among nine leaf litter fungi, Leptosphaerulina trifolii 
exhibited maximum lipase activity as determined by plate 
assay (Table 1). The other isolates such as B. pondoensis, C. 
raphigera, Montagnulaceae sp., P. microspora and Phoma 
sp. showed moderate activity, while the other isolates, P. 
microspora and Curvularia sp. did not exhibit the lipase 
activity (Table 1). Leptosphaerulina trifolii was chosen for 
further studies based on its high lipase activity and faster 
growth.

Optimal time for lipase production

To find the optimal time for higher lipase production, L. tri-
folii was grown at different time periods. The lipase activ-
ity increased up to 6th day and decreased thereafter (107.2, 
153.2, 173.2, 153.9 and 128.7 U/mg for 2, 4, 6, 8 and 10 
days, respectively) with maximum activity being on the 6th 
day (Fig. 2). The pH of the culture filtrate did not change 
significantly, where it reduced from 6.9 to 6.7 at the end of 
the 10th day (Fig. 2).

Effect of glucose on lipase production

To find the effect of glucose on lipase activity, L. trifolii 
was grown in the presence and absence of glucose along 
with 1% olive oil. The results showed that basal media 
supplemented with olive oil alone significantly increased 
the lipase activity compared to glucose and glucose olive 

content and lipase activity. Protein content in the fractions 
was determined by Bradford assay (Bradford 1976) and the 
lipase activity by according to the method described in Licia 
et al. (2006).

Enzyme characterization

Effect of pH on lipase activity and stability

To investigate the alkaliphilic nature of lipase, the partially 
purified enzyme was incubated at a varied range of pH from 
4.0 to 12.0 using different buffers (100 mM). For pH 4.0 to 
5.0, sodium acetate buffer, for pH 6–7, potassium phosphate 
buffer, for pH 8.0, Tris-HCl buffer and for pH 9–12, glycine-
NaOH buffer were used. The reaction mixture (500 µl each 
buffer, 1 ml substrate, and 100 µl partially purified enzyme) 
was incubated at 40 °C for 30 min and assessed the lipase 
activity. Stability assay was carried out by incubating the 
partially purified enzyme at 40 °C for 2 h in different buf-
fers (100 mM). The residual activity was then determined 
by p-NPP method (Licia et al. 2006).

Effect of temperature on lipase activity and stability

To determine the optimum temperature for lipase, the par-
tially purified enzyme was incubated at different temper-
atures (30 °C to 100 °C) for 30 min in standard reaction 
mixure. The lipase activity was assessed by p-NPP method 
(Licia et al. 2006). The thermal stability of the enzyme was 
evaluated by incubating partially purified enzyme at differ-
ent temperatures (30 °C to 100 °C) for 2 h. The residual 
activity of lipase was then determined.

Effect of metal ions on lipase activity

The influence of metal cations and the chelating agent ethyl-
enediaminetetraacetic acid (EDTA) on the partially purified 
lipase activity was evaluated. The enzyme was incubated 
for 30 min at 70 oC with Ca2+, Mn2+ as CaCl2 and MnCl2 
salts, Cu2+, Zn2+ as CuSO4 and ZnSO4 salts, and EDTA, all 
at 1.0 mM concentration. Lipase activity was determined 
with and without the addition of metal salts or EDTA.

Statistical analysis

Three replicates were used for all the experiments. Analysis 
of variance was used to analyze the data and the signifi-
cant differences among the mean values were determined by 
Tukey’s test at P < 0.05. Graph Pad Prism 8.1 software was 
used to analyze all the data.

1 3

  264  Page 4 of 10



Archives of Microbiology

Effect of different oils and organic nitrogen sources 
on lipase production

Lipase activity was investigated by growing the fungus 
supplemented with different oils. The lipase showed greater 
activity for oils with a higher percentage of unsaturated fatty 
acids. The highest lipase level was observed with 1% soy-
bean oil (940.1 U/mg) followed by sunflower (917.1 U/mg) 
and mustard oil (884.8 U/mg) compared to basal medium 
(785.3 U/mg). Coconut oil showed the least lipase activity 
of 687.1 U/mg (Fig. 3a). When tested with different organic 
nitrogen sources for maximum lipase production, soybean 
meal showed maximum lipase activity (985.4 U/mg), fol-
lowed by yeast extract (878.9 U/mg). Casine hydrolysate 
and urea showed less lipase activity than the basal medium 
(Fig. 3b).

oil combination. The lipase activities observed for olive oil 
alone, glucose alone and a combination of glucose and olive 
oil are 181.9 ± 8.2 U/mg, 156.8 ± 2.8 U/mg, and 175.6 ± 4.6 
U/mg, respectively.

Table 1 Different fungi isolated from the leaf litter samples, their hosts, culture accession numbers, GenBank accession numbers of ITS sequences 
and production of lipase activity by plate assay
Fungal isolates Host GenBank accession no. Culture

accession no.
Lipase activity

Bartalinia pondoensis B SMR-2011 Bridelia retusa HQ909075 NFCCI2307 +
Chaetomella raphigera C SMR-2011 Pterocarpus marsupium HQ909076 NFCCI2308 +
Curvularia sp. F SMR-2011 Holoptelia integrifolia HQ909079 NFCCI2311 -
Exserohilum rostratum G SMR-2011 Bridelia retusa HQ909080 NFCCI2312 -
Leptosphaerulina trifolii A SMR-2011 Holoptelea integrifolia HQ909074 NFCCI4854 ++
Montagnulaceae sp. I SMR-2011 Sapindus emarginatus HQ909081 NFCCI4855 +
Pestalotiopsis microspora D SMR-2011 Maytenus emarginatus HQ909077 NFCCI2309 -
P. microspora J SMR-2011 Syzygium cumini HQ909082 NFCCI2313 +
Phoma sp. E SMR-2011 Butea monosperma HQ909078 NFCCI2310 +
++: High activity; +: Moderate activity; -: No activity

Fig. 2 Effect of incubation time on lipase production and pH change of 
Leptosphaerulina trifolii grown under submerged conditions. Values 
sharing different letters within the treatment are significantly different 
at p < 0.05

 

Fig. 1 Phylogenetic tree reconstructed by neighbour-joining method 
showing the relationship between ITS sequences of leaf litter fungi 
of the present study and those of related sequences from Genbank of 
NCBI. Accession numbers are mentioned in parentheses. Numbers at 
the nodes are bootstrap values
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Partial purification and characterization of lipase

Results presented in Table 2 clearly demonstrated that the 
purification of lipase enzyme from L. trifolii through ammo-
nium sulphate precipitation and dialysis showed a 4.5 fold 
purification with 42.1% recovery. Besides, the total protein 
mass decreased from 355 mg/ml to 33.2 mg/ml, while the 
specific activity increased from 173.2 U/mg to 779.9 U/mg.

Effect of pH and temperature on lipase production

The partially purified lipase activity by L. trifolii was active 
over a broad pH range of 8.0 to 12.0, and lower at pH 4.0 to 
7.0. The partially purified lipase showed its optimum activ-
ity at pH 11.0. The lipase activity of pH 11.0 was considered 
as 100% relative activity with specific activity of 728.1 U/
mg (Fig. 4a). The lipase activity was significantly reduced 
when the pH levels were below 6.0. The pH stability was 
estimated by incubating the partially purified enzyme for 
2 h at 40 °C. These results indicated that lipase is an alkaline 
pH stability enzyme which was more stable at pH 8.0 − 12.0 
and the maximum stability was recorded at pH 11.0, where 
it retained its 85% activity (Fig. 4a). The optimal tempera-
ture of partially purified lipase was determined by assessing 
the enzyme activity at varied temperatures (30, 40, 50, 60, 
70, 80, 90 and 100 °C) at pH 11.0. The enzyme exhibited 
its optimal activity at 70 °C and the lowest at 30 °C. Lipase 
activity at 70 oC was considered as 100% relative activity, 
which showed a specific activity of 779.1 U/mg). Partially 
purified lipase was more stable between 60 and 90 °C and 
more than 50% of its activity was retained in these tempera-
tures after 2 h of incubation. At 70 oC, the partially puri-
fied enzyme retained 72% of activity after 2 h of incubation 
(Fig. 4b).

Effect of metal ions on lipase activity

Cations such as Ca2+, Mn2+, Cu2+, and Zn2+ and EDTA on 
the lipase activity of partially purified lipase were examined. 
The results showed that Ca2+ and Mn2+ ions induced the 
lipase activity, while Cu2+ and Zn2+ lowered compared to 
the control. The maximum activity of lipase was recorded in 
the presence of Mn2+ ions (243.2 U/mg) compared to other 

Table 2 Yield and fold of purification of lipase produced by L. trifolii
Sample Total protein (mg/ml) Total activity (U/ml) Specific activity (U/mg) Yield of activity (5) Fold 

of 
purifi-
cation

Crude extract 355.2 61,486 173.2 100 1
Ammonium sulphate fraction 
40–80%

33.2 25,892 779.9 42.1 4.5

Fig. 3 Influence of (a) different oils and (b) organic nitrogen sources 
on the lipase activity of Leptosphaerulina trifolii grown in submerged 
fermentation. Bars sharing different letters are significantly different 
at p < 0.05
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ions. The chelating agent EDTA did not affect the lipase 
activity compared to control (Fig. 5).

Discussion

Fungi are capable of producing several enzymes for their 
survival within a wide range of substrates.

The production of fungal lipases are affecteded by 
nutritional and physico chemical factors, presence of lip-
ids, inorganic salts and more importantly the fungal strains 
(Mehta et al. 2017). Use of fungal lipases as biocatalysts 
for the production of various biomolecules has a tremen-
dous potential benefit for future developments. The major 
genera of filamentous fungi which produce lipases are Rhi-
zopus, Aspergillus, Penicillium, Mucor, Geotrichum, Humi-
cola, Rhizomucor, Fusarium, Acremonium, and Alternaria 
(Mehta et al. 2017). In the present study, Leptosphaerulina 
trifolii A SMR-2011 was selected for the lipase production 
because of its thermotolerance and also explore the leaf lit-
ter fungi for the enzyme production.

Lipase production is mainly affected by carbon sources 
as they have been reported as suitable inducers for extra-
cellular lipases (Fickers et al. 2004). Various vegetable oils 
have been reported to serve as carbon sources as well as 
inducers for lipase production (Mehta et al. 2017). Fatty 
acids of vegetable oils are metabolized by lipases through 
β-oxidation by hydrolyzing vegetable oil triacylglycerides 
in the medium (Obradors et al. 1993). Salihu et al. (2011) 
reported the highest lipase activity by Candida cylindracea 
in presence of olive oil (4.02 U/ml) compared to corn (3.31 
U/ml), sunflower (2.99 U/ml) and palm oil (2.78 U/ml). The 
highest hydrolytic activity (28 U/ml) of lipase produced by 
Preussia africana was observed with sunflower oil com-
pared to cotton, palm kernel, corn, canola and linseed oil 
(Oliveira et al. 2021). Rajendran et al. (2008) reported that 
olive oil had significant influence on lipase production (3.8 
U/ml) in Candida rugosa. Aspergillus sp. F18 isolated from 
the oily residues showed maximum yield of lipase (110 mg/
ml) in presence of 2% soybean oil. Canseco-Pérez et al. 
(2018) isolated Trichoderma harzianum from plant debris 
of banana plantation, which exhibited lipolytic activity of 
205 U/ml in presence of olive oil. In the present study L. 
trifolii exhibited maximum lipase activity in presence of 
soybean oil 940 (U/mg), followed by sunflower oil (917.1 
U/mg). The lipase produced by L. trifolii showed higher 
specificity for unsaturated fatty acids present in soybean, 
sunflower and mustard oil than saturated fatty acids present 
in coconut oil. Similar results were reported by Oliveira et 
al. (2021), where lipase exhibited greater activity for oils 
that had higher percentage of unsaturated fatty acids in their 
composition. The substrate specificity of lipase produced by 

Fig. 5 Influence of different metal ions and EDTA on partially purified 
lipase activity of Leptosphaerulina trifolii. Bars sharing different let-
ters are significantly different at p < 0.05

 

Fig. 4 Characterization of partially purified lipase activity from Lepto-
sphaerulina trifolii (a) Lipase activity and stability at different pH. The 
data are shown as relative values taking maximum activity obtained at 
pH 11.0 and 40 oC (728.1 U/mg), and (b) ) Lipase activity and stability 
at different temperatures The data are shown as relative values taking 
maximum activity obtained at 70 oC and pH 11.0 (779.1 U/mg)
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U/ml) and reduced at pH 6.0, 10 and 11.0 and showed its 
stability from pH 8.0 to10.0 (Ktata et al. 2020). The lipase 
produced by Trichosporon sp. showed its optimal relative 
activity at pH 8.0 and stability at pH 7.0 to 9.0 (Cao et al. 
2020). Lipase produced by A. niger MH078571.1 and A. 
niger MH079049.1 showed its optimal activity (795.39 and 
795.77 U/ml, respectively) and stability at pH 8.0 (Alabda-
lall et al. 2021. Qu et al. (2022) reported the optimal relative 
lipase activity and stability at pH 9.0 for the lipase produced 
by thermophilic fungus Thermomyces lanuginosus. The 
lipase produced by L. trifolii in this study also showed its 
maximum activity at pH 11.0 (728.1 U/mg) pH stability at 
pH 8.0 to 12.0, indicating this enzyme as pH stable enzyme 
retaining 85% activity at pH 11.0.

Metal ions play various important roles by influencing 
the structure and function of enzymes including lipases 
(Mahfoudhi et al. 2022). Ezenwelu et al. (2022) reported 
increased lipase activity of Aspergillus sp. in presence of 
Ca2+ (68 µmoles/min) and Co2+ (69 µmoles/min) compared 
to control (62 µmoles/min). A lipase purified from Aspergil-
lus carbonarius NRRL 369 increased its activity by 240% 
in presence of Mn2+, 150% in presence of Ca2 and Zn2+, 
and 180% with Co2+ compared to control (Panojotova et al. 
2023). Hafez et al. (2024) reported that metal ions such as 
Cu2+ increased the lipase activity (9.14 U/mg), while Zn2+ 
(4.95 U/mg), and Mn2+ (5.22 U/mg) lowered the activity 
compared to control (8.54 U/mg). In the present study, Mn2+ 
(243.3 U/mg) and Ca2+ 206. 7 U/mg) increased the lipase 
activity, while Zn2+ (146.4 U/mg), Cu2+ (123.9 U/mg) and 
EDTA (181.4 U/mg) lowered compared to control (187.5 
U/mg). These results suggests various metal ions affect the 
lipases activity and is influenced by the type of metal ions, 
and the type of fungal strains.

Conclusions

The leaf litter fungi isolated from forest fire-prone areas 
capable of tolerating high temepratures were exploredfor 
the first time for the production of lipases. One of the iso-
lates, L. trifolii is capable of producing lipase under sub-
merged conditions with maximum enzyme activity after 
six days of cultivation in a basal medium using olive oil 
as a carbon source. Soybean oil supported the maximum 
lipase production (940.1 U/mg) followed by sunflower oil 
(917.1 U/mg) showing its specificity towards unsaturated 
fatty acids. The enzyme was active over a broad range of pH 
8.0 to 12.0, with maximum lipase activity at a pH of 11.0. 
These results suggest that lipase produced by L. trifolii is 
an alkaline pH-stable enzyme where it retained 85% of its 
activity at pH 11.0. The lipase exhibited its optimal activity 
at 70 °C and was stable between 60 oC and 90 °C, retaining 

L. trifolii might be related to the substrate being used as an 
inducer, which explains the soybean oil, sunflower and mus-
tard oil have more than 85% unsaturated fatty acids com-
pared to coconut oil with 90% saturated fatty acids. Strảnský 
et al. (2007) reported that due to substrate specificity, lipase 
can recognize and hydrolyze rapidly the certain esters pres-
ent in fatty acids, which are bound to triacylglycerides.Vari-
ous organic nitrogen sources influence the cell growth as 
well as lipase production. Fickers et al. (2004) reported the 
maximum lipolytic production by the yeast Yarrowia lipo-
lytica in presence of tryptone N1 (484.7 U/mg) followed 
by petone E1 (109 U/mg) compared to different other nitro-
gen sources. Fusarium solani F61 grown in culture medium 
supplemented with tryptone increased lipase production 
by 461.3% and by 419.4% with yeast extract (Mendes et 
al. 2019). Al-Meshal and Suliman (2022) reported that the 
lipase production by Aspergillus niger increased from 22.86 
U/ml to 36.93 U/ml due to the addition of peptone to the 
mdedium. Panuthai et al. (2012) reported maximum lipase 
production by Fusarium oxysporum in presence of peptone 
(2.2 U/ml) and soybean powder (2.1 U/ml). In the present 
study, L. trifolii exhibited maximum lipase production in 
presence of soybean meal (985.4 U/mg) followed by yeast 
extract (878.9 U/mg) among the nitrogen sources tested, 
which were significantly higher than the basal medium 
alone (785.7 U/mg). These results suggests that both car-
bon and nitrogen sources play an important role in lipase 
production.

Many studies have reported that fungal lipases are active 
and stable at temperatures ranging from 30 °C to 40 °C (Ali 
et al. 2023). Some other studies indicated that the lipases 
extracted from thermotolerant fungal isolates exhibited their 
activities at higher temperatures. Alabdalall et al. (2021) 
reported the optimi\um lipases activity for two fungal iso-
lates A. niger MH078571.1 and A. niger MH079049.1 were 
45oC (794.2 U/ml) and 55 oC (796.9 U/ml), respectively. The 
lipase produced by thermophilic fungus Thermomyces lanu-
ginosus showed its optimium activity at 40 oC with 100% 
relative activity (Qu et al. 2022). Ezenwelu et al. (2022) 
reported that the optimal temperature of lipase produced 
by Aspergillus sp. was 70 µmoles/min at 60 oC compared 
to other temperatures. Facin et al. (2018) reported that the 
relative activity of lipase isolated from thermotolerant and 
organic solvent resistant T. lanuginosus showed its optimal 
activity at 60 °C and retained 90% of its activity at 60 °C for 
24 h. In the present study, lipase produced by a thermotoler-
ant L. trifolii, showed its optimal relative activity at 70 oC 
(779.1 U/mg) and retained more than 50% of its activity till 
90 oC for 2 h. Previous studies have revealed that fungal 
lipases in general are active and stable in a wide range of 
pH (Kumar et al. 2023). The extracellular lipase produced 
by Peziza sp. showed its maximal activity at pH 8.0 (4.92 
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more than 50% of activity in 2 h of incubation. The lipase 
production was increased in the presence of Mn2+ and Ca2+ 
ions. These results suggests that lipase produced by L. trifo-
lii have the alkaline stability and thermostability compared 
to many lipaases produced by various fungi. Also, leaf litter 
fungi isolated from fire-prone forest areas serves as a poten-
tial source for thermostable and alkali-tolerant enzymes. 
Further, investigations are needed to purify the enzyme and 
optimize the conditions for maximum lipase production.
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