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Background: Lipases (acylglycerol acylhydrolase, E. C. 3. 1. 1. 3) are widely distributed among microorganisms, animals and plants,
catalyzing the hydrolysis of triglycerides to free fatty acids and glycerol. Their commercial application includes pharmaceutical, chemical,
and paper industries.

Objectives: This study aimed to isolate and screen lipolytic fungi from coastal waters of the southern Caspian Sea by Internal Transcribed
Spacer-Polymerase Chain Reaction (ITS-PCR), and to optimize their lipolytic activity, pH and temperature. The ITS regions possess a high
variation among taxonomically distinct fungal species and even within species.

Materials and Methods: All fungal were tested to determine their lipolytic activity by the Tributyrin agar plate assay. After DNA extraction,
lipase-producing fungi were identified via ITS-PCR of rDNA region with ITS1and ITS4 primers.

Results: Four fungal species were isolated from water samples of the Caspian Sea (north of Iran) between February and June 2011. The
nucleotide sequences reported for three of these isolates have been assigned accession numbers from NCBI Gene Bank database. Among
these species, Cladosporium langeronii showed maximum lipolytic activity (34 U/mL) and maximum clear zone formation (6 mm) on the
Tributyrin agar plates. The optimum pH and temperature for activity were 8.0 and 35°C, respectively.

Conclusions: The findings of this study indicated that these isolates were plant pathogenic fungi, which entered seawater from the

Keywords: Lipase; Cladosporium; Fungi; Water

environment, and were likely to have a suitable lipase activity on plant oils.

1. Background

Caspian Sea is amongst valuable water resources,
which takes up nearly 40% of the total area of lakes in
the world and because of the lack of relationships with
other oceans, it has become a unique aquatic habitat.
The physicochemical conditions of this lake, especially
its salt concentration, have an important role in creating
its unique biodiversity (1). Among organisms in aquatic
ecosystems, fungi have efficient enzymatic systems, and
have important effects on biodegradation of undesirable
compounds, including industrial and agricultural efflu-
ents, detergents and various oils (2, 3). Although fungi
have been identified in aquatic environments for many
years, their importance is often ignored in the develop-
ment of ecological processes and the elimination of wa-
ter pollution (3).

Lipases (triacylglycerol acylhydrolase, EC 3. 1. 1. 3) are
hydrolytic enzymes that catalyze the hydrolysis of fats
and oils to glycerol and free fatty acids at the oil-water
interface (4). Recently, lipases have been the subject of ac-
tive research on account of their versatile applications in

different industries. Lipases with new properties are of
particular interest, and can be obtained through isolation
from various natural sources (5). Although lipases have
been widely used in several areas of medicinal, biotech-
nological, detergent, dairy, and food and hydrolysis of fats
and oil, there are still substantial current interests in de-
veloping new microbial lipases (6, 7). A considerable num-
ber of fungal and bacterial lipases have been commercially
produced with the former being preferable, because fungi
generally produce extracellular enzymes which facilitate
recovery of the lipase from the fermentation broth (8).

Internal Transcribed Spacer (ITS) regions have been suc-
cessfully used to generate specific primers capable of dif-
ferentiating closely related fungal species. Analysis of
the ITS is also sensitive enough to identify intraspecific
variation that is not apparent from morphological analy-
sis (9). In the present paper, we did not only determine li-
pase activity at different temperatures and pH values, but
also performed molecular identification of these species
by the ITS-PCR sequencing method.
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2. Objectives

The Caspian Sea has a high diversity of marine fungi and
different species of fungi are able to produce valuable
enzymes. The objective of the present study was to iso-
late and screen lipolytic fungi from coastal waters of the
southern Caspian Sea by ITS-PCR, and to optimize their
lipolytic activity, pH and temperature.

3. Materials and Methods

3.1. Isolation of Microorganisms

Gilan and Mazandaran provinces in north of Iran are
located on the southern coasts of the Caspian Sea. This
region possesses a moderate climate during all seasons
with plenty of rainfall. In this study, sampling was con-
ducted from Chalus, Tonekabon, Ramsar, Rudsar and
Bandar-e-Anzali cities (Figure 1). Between February and
June 2011, water samples were collected in 50 mL sterile
glass bottles, from different regions of the southern Cas-
pian Sea from sections, which had stagnant waters. Next,
the water samples were transported to the laboratory
at ambient temperature and stored at 4°C before they
were analyzed within two hours. Serial dilutions were
prepared and 100 pL from each dilution was cultivated
on Potato Dextrose Agar (PDA) (Merck, Germany) and in-

cubated at 30°C for five days. Grown fungi colonies were
purified on PDA plates (10).

3.2. Microscopic Identification of Fungi

For initial detection of fungal samples direct observa-
tion of samples was used. In microscopic examination,
slides were observed after staining samples with Lacto-
phenol Cotton Blue (3).

3.3. Detection of Lipase Activity by Tributyrin Agar
Plate Assay

We used the sensitive plate assay for detection of lipase
activity in growing cultures (10, 11). Detection of lipase ac-
tivity was performed on Tributyrin agar (Merck, Germa-
ny) containing glycerol oil as the substrate to identify H/C
for each isolate. The H/C clearly illustrates the ratio of the
diameters of hydrolysis halo on Tributyrin agar (H) rela-
tive to cell colony size (C). An H/C ratio of one means no
hydrolysis, thus no lipase production, whereas a higher
H/C ratio indicates lipase secretion. Isolated fungi were
cultured on Tributyrin plate.and incubated at 30°C for
48 hours. The colonies showing clear zones were picked
from plates and inoculated in Tributyrin broth for quan-
titative determination of lipase activity. The pH of the
medium was adjusted to 7.0, using 0.1 M NaOH and incu-
bated in a rotary shaker (100 rpm) at 30°C for 96 hours.
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Figure 1. The Coastal Areas of Water Sample Collection
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3.4. DNA Extraction

The strains which showed maximum lipolytic activity
were identified by internal transcribed spacer (ITS) se-
quencing. The genomic DNA was isolated according to
the procedure described by Lian et al. (12). Briefly, 400 nL
of lysis buffer (100 mM Nacl, 25 mM EDTA, 0.5% sodium
dodecyl sulfate (SDS), and 200 mM Tris-HCI) was mixed
with 50 mg of fungal tissue. After incubation at 65°C for
one hour, 350 uL of Cetyltrimethyl Ammonium Bromide
(CTAB) buffer (5% CTAB [w/v], 100 mM Tris-HCI pH 8.0, 1.4
M NacCl) was added and incubated for 10 minutes in a
water bath. Then, 700 pL of the mixture of phenol/chlo-
roform/isoamyl alcohol (1: 24: 25) was added to the test
tube, followed by centrifugation at 12,000 rpm. Then the
same amount of the supernatant chloroform/amyl alco-
hol was added and centrifuged. After transition of super-
natant to a new tube, an equal volume of isopropanol
was added and centrifuged at maximum rpm. The tube
was washed with cold 70% ethanol and the pellet of DNA
was air-dried for five minutes and re-suspended in 40 pL
of sterile water. The DNA was either used immediately or
frozen at-20°C for later analysis.

3.5. Polymerase Chain Reaction Amplification and
Sequencing of Partial Sequence of Lipase Gene

The rDNA gene was amplified, using the two prim-
ers ITS1 (5°-TCC GTA GGT GAA CCT GCG G-37) and ITS4
(57-TCC TCC GCT TAT TGA TAT GC-3") (Gene Fanavaran.,
Iran) based on the protocol described by Ferrer et al. (13)
with some minor modifications. A total of 3 pL of puri-
fied DNA was used as the template for PCR (BIO-RAD,
Germany). The PCR reaction volume was 50 uL contain-
ing 25 pmol of each primer, 3 mM MgCl2, 200 pM dNTPs,
and 2.5 U Taq DNA polymerase (Cinagen, Tehran, Iran) in
10x reaction buffer. The PCR cycling conditions included
95°C for five minutes (1 cycle), 95° C for 30 seconds, 55°C
for one minute, 72°C for one minute (35 cycle), and 72°C
for six minutes (1 cycle). After amplification, a volume
of 10 L of the PCR product was run on 1% agarose gel by
electrophoresis and bands were visualized using a UV
trans-illuminator (Uvitec, United Kingdom). A negative
control (sterile water) was used in each of the reactions.
Finally, PCR amplified fragments were sequenced (Mac-
rogen, Korea). The deduced sequence was subjected to
the Basic Alignment Search Tool (BLAST) for the closet
match in the database (14).

3.6. Optimization Experiments

Lipase was produced by growing the fungal species in
Tributyrin broth medium containing yeast extract (3 g/L);
peptone (5 g/L) and 10% (v/v) glycerol. The same medium
was used to optimize lipase production. Lipase produc-
tion was optimized by varying pH (4-9) and temperature
(25-65°C).
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3.7. Enzyme Activity Assay

Lipase activity was determined by a spectrometric
method using p-nitrophenyl palmitate (p-NPP) (Sigma,
USA) as the substrate with some minor modifications (7,
15). Activity measurements were carried out by determin-
ing the absorbance of liberated p-nitrophenyl at 410 nm,
based on the protocol of Maia et al. (15). The assay mixture
consisted of 200 pL of sample and 800 pL of substrate
solution containing 3 mg of pNPP dissolved in 1 mL of
2-propanol diluted in 9 mL of 50 mM Tris-HCI pH 8.0 with
20 mg of Triton X-100 mg and 1 mg of glycerol. The assay
mixture was incubated at 40°C for one hour. One unit of
activity was defined as the amount of enzyme that liber-
ated 1 nmol of p-nitrophenyl per minute under the assay
conditions. This method was the standard assay for lipase
activity.

3.8. Effects of pH on Lipase Activity

The optimum pH for the purified lipase was determined
by incubating the enzyme-substrate at various pH values
ranging from 4 to 9 at room temperature in the following
buffers: citrate-phosphate pH 6.0 and 7.0; phosphate pH
7.0 and 8.0; Tris-HCI pH 8.0 and 9.0 and glycine-NaOH pH
9.0 and 10.0, all at 50 mM (8).

3.9. Effect of Temperature on Lipase Activity

The optimum temperature for the purified lipase was
determined by incubating the reaction mixture at tem-
peratures ranging from 25°Cto 65° C at the optimized pH
value.

4. Results

4.1. Isolation and Identification of Lipolytic Fungi

From the total samples obtained from coastal waters of
the southern Caspian Sea (Chalus, Tonekabon, Ramsar,
Rudsar and Bandar-e-Anzali in the north of Iran), four
fungal species were isolated and identified. The total size
of the ITS1and ITS2 regions, including the 5.8S TDNA gene,
of the isolates was 550 base pairs (bp). The ITS sequenc-
ing data indicated that the isolates were Cladosporium
langeronii, Phaeosphaeria setosa, C. cladosporioides and
Glomerella acutata (Figure 2). The nucleotide sequences
reported here for C. langeronii, Phaeosphaeria setosa and
C. cladosporioides have been assigned accession num-
bers of JF810856, JF810857 and JF810858, respectively by
the NCBI Gene Bank database. The BLAST results showed
98% similarity for C. langeronii and 99% for P. setosa and
C. cladosporioides with other fungal species (Figures 3, 4
and 5). Among the four isolated species, only C. langeronii
showed maximum lipolytic activity (34 U/mL) and maxi-
mum clear zone formation (6 mm) on the Tributyrin agar
plates containing glycerol substrate, indicating the pro-
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duction of an extracellular lipase, and for this reason C.
langeronii was selected for the investigation of pH and
temperature.

4.2. Effect of pH and Temperature on Lipase Pro-
duction

The pH of the culture is one of the mostimportant envi-
ronmental parameters that affect microbial cell growth
and enzyme production. The effect of pH on lipase activ-
ity of C. langeronii was determined for pH values ranging
from four to nine as shown in Figure 6. Maximum lipase
activity of C. langeronii was obtained when the initial pH
of the growth medium was 8.0, in the Tris-HCI buffer.
The incubation temperature of the growth media is also
one of the critical factors for lipase production, where
the optimum temperature varies from one organism to
other. The optimal temperature for lipase activity by C.
langeronii in the present study was 35°C and high activ-
ity was obtained between 35°C and 45°C (Figure 7). The
sharp decrease in lipase activity at higher temperatures
may be due to the denaturation effect of the produced
lipase.

550 D o

100 bp

Figure 2. Polymerase Chain Reaction Products Obtained From Water
Samples Following Internal Transcribed Spacer-Polymerase Chain Reac-
tion. Lanes 1-4, PCR products of fungal species with a specific amplifica-
tion product of 550 bp; NC, negative control; M, molecular weight ladder
(100-3000 bp).

quy 1 TETIGGACCNTETIG S aseoTTR T secosegpTIeaTen 6
Sbjct 1 TGTTGTCCGACCATGTTGCCTCCGGGGCGACCCTGCCTCCGGGCGGGGGCTCCGGGTGGA 60
Query 61  CAATTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAATTTAATTAATAAATTAAAACTT 120
e o EobrHAATHOL A AR LA
Query 121 TCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAA 180
e HehbLAEAEHAREE TR UMM o
Query 181 TGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCCTGGTA 240
it 1 O ACATCAOMTCATLCAAIToARCLACATICEE LA s
Query 241 TTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTATTIGGG 300
e 2ot HOAE LA HONIATHHALHAME B o
Query 301 CAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTAAGCG-TG 360
s 201 IMLSORCHLEMEH S SRR oo
Query 361 TGGAA-CTATTCGCTAAAGGAGGTTCGGGAGGCTACGCCGTAAAACAACCCCATTTCTAA 420
it 301 FOOAMATATIC ARG ALTTO S AU TAACAACCCORTIEAA s
Query 421 GGT-GACCTCG-ATCAGGTAGG-ATACC-GCTG 453

e o SRR MUAHASMALL,

Figure 3. Blast Results of Cladosporium langeronii With an Accession Number of JF810856 From NCBI Gene Bank
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Query 1 TCAGCGTCAGAAATAACTATAATAGTTACAACTTTCAACAACGGATCTCTTGGTTCTGGC
PEErrrrrrrrrrrrrrrrrrrrrr e et e e e
Sbjct TCAGCGTCAGAAATAACTATAATAGTTACAACTTTCAACAACGGATCTCTTGGTTCTGGC
Query 61 ATCGATGAAGAACGCAGCGAAATGCGAAAAGTAGTGTGAATTGCAGAATTCAGTGAATCA
Frrrrrrerrrrerrrrrerrrrrerrrrre et et et e e
Sbjct 61 ATCGATGAAGAACGCAGCGAAATGCGAAAAGTAGTGTGAATTGCAGAATTCAGTGAATCA

—_

Query 121 TCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCATGGGGCATGCCTGTTCGAGCG

Frrrrrrerrrrerrrrreerrrrer et et e et et e
Sbjct 121  TCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCATGGGGCATGCCTGTTCGAGCG

Query 181 TCATTTGTACCCTCAAGCTCTGCTTGGTGTITGGGTGTT-GTCTCGCCATTGCGCG-AGAC

FEErrrrrrrrrrrrrrrrrrrrrr et et rrr e
Sbjct 181 TCATTTGTACCCTCAAGCTCTGCTTGGTGTTGGGTGTTTGTCTCGCCATTGCGCGCAGAC

Query 241 TCG 243

]|
Sbjct 241 TCG 243

60

60
120

120

180

180

240

240

Figure 4. Blast Results of Phaeosphaeria setosa With an Accession Number of JF810857 From NCBI Gene Bank

Query 1 GTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTAA

FErrrrrrrrrrrrrrrrrrrrrer e e r e et
Sbjct 1 GTGGACACTTCAAACTCTTGCGTAACTTITGCAGTCTGAGTAAACTTAATTAATAAATTAA

Query 61 AACTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATA

Frrrrrrrreerrreerrrrrrrrerrrr ettt e e
Sbjct 61  AACTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATA

Query 121 AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTT-GAACGCACATTGCGCCCCC

FEErrrrrrrrrr et e et ettt et
Sbjct 121 AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCC

Query 181  TGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTA

Frrrrrrrrrerrrrrrrrrerrrr e e ettt e e
Sbjct 181  TGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTITGGTA

Query 241 TTGGGCATCGCGGTCCGCCGCGTGCCTCAAATCGAC-GGCTGGGTCTTCTGTCCC-TAAG

Frrrrrerrrerrrrrrrrrrerrrrerrrrr ettt e e
Sbjct 241 TTGGGCATCGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTAAG

Query 301 CGTTGTGGAAACTATTCGCT 320

PEEETTTEEErrr il
Sbjct 301 CGTTGTGGAAACTATTCGCT 320

60

60

120

120

180

180

240

240

300

300

Figure 5. Blast Results of Cladosporium Cladosporioides With an Accession Number of JF810858 From NCBI Gene Bank
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Figure 6. Effect of pH on Lipase Production by Cladosporium langeronii
After 48 Hours at 35°C
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Figure 7. Effect of Temperature on Lipase production by Cladosporium
langeronii After 48 Hours (pH 8.0)

5. Discussion

Fungi cause most soil-borne vegetable diseases and
thus are considered the most important pathogenic
group of organisms. Plant-pathogenic fungi fall into five
main taxonomic classes based on morphological and bio-
logical characteristics: Plasmodiophoromycetes, Zygomyce-
tes, Oomycetes, Basidiomycetes and Ascomycetes (16). Our
results indicated that most strains isolated from coastal
waters of the southern Caspian Sea, belonged to the ge-
nus of Cladosporium and the series of Ascomycota. Also,
Damare et al. (17) showed that genuses of Penicillium, As-
pergillus and Cladosporium are the most abundant fungal
species in aquatic environments. Furthermore, spores of
Cladosporium have been often seen in aquatic environ-
ments, which are located in the vicinity of agricultural
land and farms (18).

Since the main habitat of this fungus is the soil, it is able
to adapt, grow and survive in aquatic environments, with
production of extracellular enzymes (2, 3). In a closed
ecosystem like the Caspian Sea, with the salt concentra-
tion and lack of nutrients, marine fungi could be a good
source for industrial applications Also in the meantime,
we should consider oily wastewater pollution that enters
the lake. Vegetable oils that are used for different applica-

tions are released and accumulate in the environment. A
few studies that have been done on oily wastewater, indi-
cated that different fungal species such as Cladosporium
with production of extracellular enzymes such as lipases,
are very useful in decomposition of oil and cleaning up
the environment (2). The identification of fungal species
by classic taxonomy is based mainly on the use of mor-
phological markers. However, the number of available
markers is generally low, which makes the classification
or identification of related species difficult.

The amplification of Internal Transcribed Spacer (ITS)
of ribosomal DNA (rDNA) by the Polymerase Chain Re-
action (PCR), combined with sequencing of the ampli-
con and analysis of similarity between the obtained se-
quences and those already deposited in the gene bank
data base, has been frequently employed for identifica-
tion of fungal species. The rRNA gene for 5.8S RNA sepa-
rates the two ITS regions. The sequence variation of ITS
regions has led to their use in phylogenetic studies of
many different organisms. Recently, Guarro et al. (19)
proposed the use of ITS amplicons of different lengths
for identification of Aspergillus species by capillary elec-
trophoresis. The focal theme of the present investiga-
tion was to produce lipase from fungi, which were iso-
lated from coastal waters of the southern Caspian Sea.
These species were identified using ITS-PCR sequencing
and microscopic analysis.

Our experiments on the effect of temperature on activ-
ity of lipase were confined to the range of 20 - 65°C. The
optimal temperature of 35°C was similar to that of lipase
from Cryptococcus sp. S-2, described by Kamini et al. (20).
Like most fungal and yeast lipases that generally have
optimal activity at neutral pH, the lipase from C. lange-
ronii had maximum activity at pH 8.0 and 35°C (8). High
pH optima for lipase activity have also been reported for
Antrodia cinnamomea and Rhizopus oryzae (21, 22). Similar
results were reported by Gopinath et al. (23) and Yu et al.
(24) for lipase from Cunninghamella verticillata and Yar-
rowia lipolytica with maximum activities at pH 7.5 and 8.0,
respectively. Since the lipase from C. langeronii retained
51% and 57% activity even at pH 6.0 and 9.0, respectively,
it had good alkaline lipase characteristics for potential
application in decomposition of oil and cleaning up the
environment.
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