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ABSTRACT
Lipolytic fungal isolates were screened from forty four marine sediment samples, collected from

South East Coast of Bay of Bengal, from 8 field stations by tributyrin agar clearing method and
submerged fermentation. Out of 66 strains a marine fungus isolated from Divipoint location was
observed to produce higher extracellular lipase and was subjected to characterization. Phenotypic
and genotypic methods were used to identify the isolate. Scanning electron micrograph indicated
echinuate spore morphology. Phylogenetic analysis of 18s rRNA gene highlighted it as
Aspergillus sydowii. Fatty acid methyl esters were analyzed by gas chromatography and major
cellular lipids were found to be linoleic acid (46.43%), oleic acid (19.90%) and palmitic acid
(19.67%).
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INTRODUCTION

Filamentous fungi were used for production  Aspergillus for more exploration into
of a range of valuable products. Aspergillus is secondary metabolite engineering. The
an important genus that has been used for  occurrence of fungi in deep sea sediments has
basic genetic research [1-3]. The wide been poorly studied and documented [4-8].
diversity of bioactive fungal metabolites Using selective media, 66 lipolytic fungal

identified is a strong motivation to develop strains were isolated from 44 marine
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sediments. On the basis of morphological and
molecular analysis the most promising isolate
BTSS-1005 was characterized. Data on fatty
acid composition is used for physiological,
chemotaxonomic and intrageneric
differentiation studies of many organisms.
Fatty acids make up a relatively constant
proportion of the cell biomass and signature
fatty acids exist that can differentiate major
taxonomic groups within a community [9-10].
FAME analysis provides information on the
microbial community composition based on
groupings of fatty acids [11-12]. Hence fatty
acid methyl esters were analyzed by gas
chromatography (GC) using the Sherlock
Microbial Identification System (MIDI Inc.).
We report here the occurrence of fungi in
deep-sea sediments and characterization of
most promising lipolytic fungal isolate,
identified as Aspergillus sydowii, based on
morphological and molecular traits.
MATERIAL AND METHODS

Strain and Cultural Conditions

A filamentous fungi was isolated from a
marine sediment sample collected from Bay
of Bengal at Divipoint location (Latitude
15°59.813N and Longitude 81°29.045E) at a
depth of 191 meters. The purified strain is
picked up and maintained on PDA slants.

Biomass for characterization studies was

obtained by cultivation in shaker flasks on
YEME broth.

Lipase Activity

Primary Screening for Lipolytic Isolates
Detection of lipolytic fungi is done by
tributyrin agar diffusion method [13]. Twenty
ml of tributyrin agar medium was inoculated
with a loopful of isolate and incubated at 28°C
for five days. The composition of tributyrin
(@/1): (NHg)2SOq4, 5
Na;HPO,, 6; KH,PO,, 2; MgSQO,, 3; CaCly, 3;
agar 20 and tributyrin, 10ml with pH 6.0.

agar medium is

Lipolytic zone of the isolates was measured
and these isolates were subjected to secondary
screening.
Secondary Screening for Lipase
Production

The selected isolates were cultivated in a
synthetic medium containing olive oil (source
of natural triglyceride, triolein) as the sole
carbon source under submerged fermentation
lipolytic
activity of the culture filtrates. 45ml of
in  250ml

inoculated with a

conditions and assayed for the
production medium is taken
Erlenmeyer flask and
loopful culture of each isolate. The flasks
were incubated at 28°C for 4 days on a rotary
shaker (120 rpm). The culture broth was
filtered and the clear filtrate was used as the
source of crude enzyme. The composition of
the production medium is (g/l): Olive oil, 10;
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(NH4)2 SO4, 5; Na;HPO4, 6; KH,PO4, 2;
MgSQy, 3; CaCl,, 3 with pH 6.0.

Lipase Activity Determination

The culture broth was filtered and the lipase
activity in the culture filtrate was determined
by titrimetry using olive oil substrate
emulsion method [14]. One unit of enzyme
activity is defined as the amount of enzyme
required to liberate 1umole equivalent fatty
acid / ml/ min at 30 °C under the standard
assay conditions. All the experiments were
carried out in triplicate and the mean of the
three values is presented.

Characterization

The best lipolytic fungal isolate, BTSS-1005
was grown on various types of media [15] for
morphological studies. The colonies were
observed after 7 days of cultivation at 28 °C.
The color names used in this study were taken
from the Methuen Handbook of Colour [15]
and taxonomic characterization was done [16-
17]. Scanning Electron Micrograph was taken
at Advanced Analytical Laboratory (using
Scanning Electron Microscope JEOL; JSM-
6610LV), Andhra University. Molecular and
chemotaxonomical analysis was done by
sequencing studies and by determining the
fatty acid composition (using standard
Microbial identification system) at MTCC,
Chandigarh. For cellular fatty acid analysis,

the strains were grown on PDA agar medium

at 25°C for 48 hours and biomasses from
which fatty acids were extracted were
standardized for their physiological age at the
point of harvest according to the protocol
given by MIDI. Fatty acids were saponified,
methylated and extracted using the standard
of MIDI (Sherlock Microbial
Identification System, version 4.0). The fatty

protocol

acids were analyzed by GC (Agilent 6890
Series) and identified using the TSBAS50
database of the Microbial
System [18].

Filamentous fungi were identified on the basis
of their 18S rRNA gene and
transcribed spacer regions of rDNA [19, 20].

Identification

internal

The conditions for PCR amplification of both
targets were 50 ng of DNA, 5 pL of 10X
buffer, 0.5 U of Tag DNA
polymerase, 200 pM of the four

reaction

deoxynucleotides (all components from
Promega lItalia s.r.l. Milan, Italy) and 0.2 uM
of each primer was combined in a total
volume of 50 pL. The PCR procedure for all
primer sets used consisted of 30 cycles: initial
denaturation at 95°C for 5min,denaturation
95°C for 30 s, annealing at 50 °C for 30 s, and
elongation at 72 °C for 1:30 and final
extension at 72 °C for 10min .The primers
used for PCR amplification of ITS-D1/D2
region: ITS1 (F) :TCC GTA GGT GAA CCT

GCG G and NL4 (R) :GGT CCG TGT TTC
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AAG ACG G. For Sequencing: For ITS
region ITS1 (F) TCC GTA GGT GAA CCT
GCG G ITS4 (R) TCC TCC GCT TAT TGA
TAT G and for D1D2 region: NL1 (F) GCA
TAT CAA TAA GCG GAG GAA AAG and
NL4 (R) GGT CCG TGT TTC AAG ACG G.
Sequencing was carried out and the results
compared to sequences held in GenBank
databases using the BLAST program [21].
Closely related or phylogenetically relevant
sequences were obtained from the GenBank
databases. Sequences were aligned using
CLUSTAL W and the sequence alignment
editor MEGA 5.05 [22].

Corrected pairwise distances were computed

available in

using the Jukes and Cantor correction [23].
Bootstrap analysis was based on 1000 re-
samplings of the sequence alignment. The
evolutionary tree was inferred by using
Neighbour joining method with Mega 5.05
software.

Nucleotide Sequence Accession Number
The 18S rRNA gene sequence of strain
(975nucleotides) has
GeneBank with the
JQ755254.

RESULTS AND DISCUSSION

Lipase Activity

been deposited in

accession number

Using the selective media, 66 lipolytic fungal
strains were isolated. The samples of 7
locations are found suitable for the isolation

of lipolytic fungi. Number of active strains
found depends on many factors like the
medium and methods of screening. The
isolate BTSS-1005 of DIV 3 sediment of
Divipoint location showed maximum lipolytic
activity of 0.166U among all the isolates
(Table 1).
Characterization
Identification of the Most Promising
Lipolytic Fungal Isolate

Morphological properties serve as the primary
results

indicate that BTSS 1005 was characterized by

basis of characterization and the

its bluish green colonies, moderate growth,
reverse in shades of red, conidial heads
radiate to nearly globose, conidiophores

colourless, smooth, vesicles globose,
sterigmata in two series, conidia globose to
subglobose spores. On Potato dextrose agar
(PDA) it was blue-green color, often with
reddish exudate, reverse reddish and with
extremely rough conidia. Colonies on malt
extract agar grew more rapidly 4 to 5 cm. in 2
weeks, essentially plane, with crowded
conidial structures arising from the sub-
merged mycelium. Conidial heads typical of
the species are produced in greater abundance
and are characteristically more blue-green
than on Czapek's agar; exudate lacking;
reverse uncolored to pale reddish maroon or

with the green color of the conidial heads
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apparent  through the substrate. The
morphological and cultural features in all the
media used for study coincided with the
features of A.sydowii reported earlier by many

researchers (Table 2) On the basis of

morphological characteristics (Figure 1)
strain  BTSS-1005 was identified as
Aspergillus  sydowii. This report was

confirmed after observing the scanning

electron micrograph (Fig 2) and also
sequencing studies on the isolate. While a few
species of Aspergillus, including A. sydowii,
have been isolated from the ocean before [24-
30], they are not considered normal
inhabitants of the marine environment. This
suggests that the marine sediments are also
good sources for isolation of lipolytic
Aspergillus sydowii.

Molecular Characterization of the Isolate
The complete sequence of 18S r RNA gene of
the strain of BTSS 1005 strain showed 100%
similarity with Aspergillus sydowii. The

sequence was deposited in the GenBank

database (Accession No. JQ755254). This
compared  with  the
RNA gene

sequence  was
corresponding partial 18S r
sequence of representative members of the
genus Aspergillus retrieved from the public
database by using BLAST and the tree
topology of 18S r RNA (Figure 3) confirms it
as Aspergillus sydowii [31-35].

Chemotaxonomy of the Isolate

The fatty acid methyl esters were identified
on the basis of their retention times and
quantified. The percentage contents of fatty
0.08-46.43%. The
compounds occurring in smaller quantities
were C18:0 (4.65%) and C14:0 (1.85%). 21

compounds were present in concentrations

acids vary from

less than 1%. The major cellular lipids were
linoleic acid (46.43%), oleic acid (19.90%)
and palmitic acid (19.67%) (Figure 4). There
are no reports available on the fatty acid
profile of Aspergillus sydowii. Characteristic
Fatty acid profiles are used to identify fungi
taxonomically [36-42].

Table 1: Location of the Promising Isolate and its Lipase Activity

Divipoint Isolate No. Depth Latitude Longitude Lipolytic Lipase
Sediment No. BTSS (meters) zone (R/r) Activity (U/ml)
DIV3 1005 191 15°59.813N | 81°29.045E 1.77 0.16600
Table 2: Morphological Characteristics of the Strain BTSS 1005
S. No. Medium Growth Vegetative Aerial Spore Soluble
mycelium | mycelium Colour pigment
1 Potato Abundant White Yellow Greenish No
dextrose agar pigment
2 Czapek Abundant White Brown Brown Brown
1492
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3 Sabouraud Abundant White Brown Greenish | Purple
dextrose agar
4 YEME Abundant Reddish Brown Black Brown
Agar brown
5 Oat meal Good White Brown Greenish No
agar black pigment
6 Inorganic salts Good White Brown Black No
starch agar pigment
7 Glycerol- Good Reddish Brown Black Brown
Aspargine brown
agar
8 Peptone Abundant White White Dark Orange
agar medium brown brown red
9 Tryptone Good White White Dark No
yeast glucose brown pigment
agar
10 Nutrient agar Moderate White White Brown No
pigment

Figure 1: Aspergillus sydowii (Strain BTSS1005) on PDA Agar and YEME Agar

Figure 2: Scanning Electron Micrograph of Marine Aspergillus sydowii (Strain BTSS 1005) Grown on YEME

Agar for 1 Week at 28°C. Bar 2um
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AM 883154.1/Aspergillus
sydowii RKPG1241/797

AM 883160.1/Aspergillus
sydowii NRRL254T
AJ937748.1/Aspergillus
sydowii NHRC-FC014
EF652451.1/Aspergillus
sydowii NRRL254

AM 883157.1/Aspergillus
sydowii VKM F-441

1 EF52473.1/Aspergillus
sydowii NRRLA768

Pa 10755254.1/Aspergillus
v sydowii BTSS
0 ———

sydowii NHRC-FC096

EF652450.1/Aspergillus
1 sydowii NRRL250

AM 883158.1/Aspergillus
sydowii VKMFI68

2 HF546367.1/Aspergillus
sydowii TUEF8

HF546373.1/Aspergillus
9 sydowii TUEF14
HF546383.1/Aspergillus
sydowii TUEF24

AM 883159.1/Aspergillus
sydowii VKMF2488

HF546365.1/Aspergillus
sydowii TUEFE

078.1/Aspergillus
owii LT3001-2

Figure 3: Phylogenetic Tree Based on 18S rRNA Gene Sequences Showing Relationship Between Marine
Active Strain and Related Members of Genus Aspergillus by Neighbour Joining Method Using Mega 5.05
Version Software. Bootstrap Values (Expressed as Percentages of 1000 Replications) Greater Than 50% are
Given at Nodes. Bar 0.01 Substitutions per Nucleotide Positions
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Sherlock Sample Report E12201555A Page 1
Volume: DATA File: E122015.55A Samp Ctr: 3 ID Number: 1000
Type: Samp Bottle: 2 Method: FUNGI6

Created: 2/1/2012 2:05:55 PM
Sample ID: BTSS 1005

) RT | Response | Ar/Ht RFact | ECL | Peak Name Percent | Commentl ) Comment2
~ 0.060 373 | 0.037 ] 3699 - | <minrt
1.730 | 4.674E+8 | 0.029 ---- | 7.004 | SOLVENT PEAK | <minet '\ -
1927 5415 | 0.021 7.392 ) i < min rt
1.970 16754 | 0.023 - 7.477 ---- | <minrt
2.002 10781 | 0.026 o 7.541 - | <minnt
2.080 9948 | 0.023 - | 7.694 - | <minrt
2116 1974 | 0.027 — 7.766 ---—- | <minnt
2.339 407 | 0.024 — 8.205 ---- | <minrt
2.743 425 | 0.028 1,23 ~9.003 | 9:0 0.22 | ECL deviates 0.003 Reference 0.002
3.033 213 | 0.015 -- 9.576 : ---- | < min ar/ht
3.246 394 | 0022 | 1.155 ] 9.998 | 10:0 | 0.19 | ECL deviates -0.002 | Reference -0.003
3.282 7210011 | - 10.049 - ---- | < min ar/ht
3.596 391 | 0043 | - 10.500 | -=--
3945 | 434 | 0.037 1.095 | 11.000 | 11:0 . 0.20 | ECL deviates 0.000 Reference 0.000
4325 | 630 | 0.061 | R P R B e
4.632 495 | 0.027 | - | 11.745 |
4.864 1258 | 0.033 1.047 11.996 | 12:0 0.55 | ECL deviates -0.004 Reference -0.004
~5.079 1189 | 0.032 B 12.183 o B - N .
| 5592 792 | 0.033 - 12.628 | R D Y
5.934 433 [ 0033 | 1.012 | 12923 | 13:1 AT 12-13 0.18 | ECL deviates -0.008 - -
6.023 195 | 0.022 1.010 13.001 | 13:0 0.08 | ECL deviates 0.001 Reference 0.000
7252 | 808 | 0.035 0.985 13.896 | Sum In Feature 1 ) ~ 0.33 | ECL deviates 0.002 | 14:1 TRANS 9/CIS 9
7391 | 4506 | 0.038 0.983 13.997 | 140 1.85 | ECL deviates -0.003 Reference -0.003
7.879 550 | 0.029 0.976 | 14313 | 2-Me-14:0 0.22 | ECL deviates -0.003
8.359 715 | 0.039 0970 | 14.625 | 15:01SO 0.29 | ECL deviates 0.004 Reference 0.003
8.499 889 | 0.035 0.968 14.715 | 15:0 ANTEISO 0.36 | ECL deviates 0.004 Reference 0.004
8.937 1535 | 0.038 0.963 14.999 | 15:0 0.62 | ECL deviates -0.001 Reference -0.002
9.555 801 | 0.039 ——— -— B
9.858 _ 539 | 0.036 0.955 0.22 | ECL deviates 0.002
10.302 1146 | 0.030 | 0952 | 0.46 | ECL deviates 0.000
10.490 1174 | 0.044 0.950 | | 047 | ECL deviates -0.009
10.605 | 49576 | 0.043 | 0.949 z o 19.67 | ECL deviates -0.002 Reference -0.003
11.370 | 683 | 0.036 0.945 16.441 | I1so 17:1 G (w 11) 0.27 | ECL deviates 0.007
11:975 2199 | 0.050 | 0.942 16.790 | 17:1Cis9(w8) |  0.87 | ECL deviates -0.002 |
12.342 1646 | 0.047 0.940 | 17.002 | 17:0 | 065 | ECL deviates 0.002 B
13156 | 608 | 0.039 | 0936 | 17.464 | 18:11SOH 024 | ECL deviates 0.004 |
13.616 118889 | 0.046 0935 | 17.725 | 18:2 CIS 9.12/18:0a 46.43 | ECL deviates 0.005 -
13.701 50974 | 0.059 0.934 17.773 | Sum In Feature 8 19.90 | ECL deviates 0.000 18:1CIS9 (W 9)
| 14.099 | 11937 | 0.045 | 18:0 4.65 | ECL deviates -0.001 | Reference -0.003
14377 | 351 | 0.032 17:0 ISO 30H 0.14 | ECL deviates -0.007 N
15.089 816 | 0.045 - —
15.854 565 | 0.037 19:0 0.22 | ECL deviates 0.001 Reference -0.002
| 16.347 423 | 0.037 —
17.053 1143 | 0.047 — ]
17.581 1913 | 0.044 0.919 19.999 | 20:0 0.73 | ECL deviates -0.001 Reference -0.005
~18.248 1942+ 0.043 ---- | >maxrt
el 808 -  Summed Feature | | 0.33 | 14:1 TRANS 9/CIS 9 14:1 CIS 9/TRANS 9
L -1 50974 | | @ -1 Summed Feature 8 1990 | 18:1CIS9(w9) 18:1 (w 8)
ECL Deviation: 0.004 Reference ECL Shift: 0.003  Number Reference Peaks: 14
Total Response: 261303 Total Named: 254339
Percent Named: 97.34% Total Amount: 239316
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Sherlock Sample Report E12201555A Page 2
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Figure 4: Fatty Acid Profile of Aspergillus sydowii (Strain BTSS 1005)

CONCLUSION

Filamentous fungi are recognized as the best
lipase producers and are currently the
preferred sources; since they produce
extracellular lipases their extraction from
fermentation media is easy. It is the first
report on Aspergillus sydowii from marine
sediment producing lipase. In the present
study the morphological and molecular
characterization has been carried out to
identify the filamentous fungi Aspergillus
sydowii. largely

Phylogenetic  analysis

confirms the morphological identification,

specifying accurately the taxonomic position

and their possible molecular traceability.
Considering the high lipase activity, it is
further proposed that the marine Aspergillus
sydowii holds enormous scope for commercial
exploitation of lipase production and there is
abundant scope for research on marine fungi
for production of bioactive compounds.
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