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they are unlimited natural source of novel
biologically active secondary metabolites (Hughes
and Fenical, 2010). As variation of the culture
media according to the OSMAC (one strain many
compounds) approach, can drastically altered
metabolite of the same strain which is helpful in the
production of different compounds (Liu et. al.,
2016). Secondary metabolites produced by marine
organisms are thought to facilitate their survival
and adaptation in marine environments which has
special adverse conditions (Bhakuni et. al., 2005).

Abstract
In search of new bioactive compounds against
human pathogens, marine and terrestrial fungi were
isolated from Puducherry coastline and Bengaluru
respectively. A comparative study was done on
both terrestrial and marine fungi with respect to the
mycochemical analysis and antimicrobial activity
against Staphylococcus aureus, Salmonella typhi,
Bacillus cereus, Escherichia coli and Candida
albicans. Morphologically identified selected fungi
were cultured for the production of secondary
metabolites in Potato Dextrose Broth medium to
obtain the crude extract using ethyl acetate. Mycoconstituents revealed the presence of tannins,
terpenoids, steroids, phenolics and flavanoids in
marine derived fungi SW13, in SW7 only
phenolics and tanins were present. Terrestial fungi
SS3 showed the presence of phenolics, tanins,
flavanoids whereas SS7 showed the absence of all
myco-constituents. The marine derived fungi
SW13 gave effective inhibition to all the tested
pathogens, whereas SW7 gave effective inhibition
against S. typhi, B. cereus and C. albicans. While,
terrestrial fungi SS3 recorded inhibition against S.
aureus, S. typhi and B. cereus. SS7 showed no
antimicrobial activity against pathogens.
Keywords:
Marine fungi, terrestrial fungi,
comparative study, mycochemical analysis
antimicrobial activity.

When it comes to terrestrial fungi, they have been
exploited effectively for secondary metabolites
production. It started with the discovery of
Penicillin (the foremost authentic antibiotic to be
used therapeutically) by Flemming's serendipity in
1926, and thereafter the search for novel
biologically active natural products from terrestrial
fungi started and is still going on. While the
attention of finding drug from the sea started from
1970's. For instance, about 300 patents on
biologically active marine natural products have
been issued between 1969 & 1999. So far, more
than 10,000 compounds have been isolated from
marine organisms (Jirge et. al., 2010). Though,
only few new antibacterial compounds get
approved by the U.S. Food & Drug Administration.
There is a huge scope for the discovery of effective
new antimicrobial compounds.

1. Introduction

The present study therefore is focused on
identification of different myco-constituents of
secondary metabolites produced by terrestrial and
marine fungi. As the salinity is one of the main
environmental factors that affect fungal growth as
well as the production of secondary metabolites. In

Marine microorganisms comprise of an important
group of secondary metabolite producers and
natural products shown diverse activities such as
antibacterial, antifungal, anticancer and antiviral.
There had been continuous investigations carried
out on marine microorganisms which proved that
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media were incubated at 27±20C for 14 days.
(Fuhang et. al., 2012).

this work, a comparative study had been conducted
on secondary metabolites of terrestrial and marine
derived fungi, their myco-constituents and
antimicrobial activity against some selected human
pathogens.

2.4. Extraction
After 14 days of fermentation, mycelia and culture
broth were separated. Filtered culture broth was
extracted with ethyl acetate (1:1 V\V) thrice and
mycelia were macerated using ethyl acetate in
mortar and pestle, and then filtered using Whatman
No.1 filter paper. The culture broth containing
ethyl acetate was separated using separating funnel
(Kalyani et. al., 2017) to get the crude extract for
further studies.

2. Materials and Methods
2.1. Isolation and Purification
Isolation of marine derived fungi was done from
sea water collected from Muthialpet coastline,
Pudducherry. The water samples were collected by
specific technique used by Hohnk, 1972. Fungal
strains were isolated from sea water following
serial dilution-pour plate method by using Artificial
Sea Water (ASW), (Lyman & Flemming, 1940).
From each dilution, plating was done on PDA
medium at pH-8.0. All the plates were incubated at
27±20C for 10-15 days.

2.5. Mycochemical analysis
The preliminary analyses were carried out
according to Zohra et. al., 2012, Ramamurthy et.
al., 2017, Thurati et. al., 2017, Shabaan et. al.,
2014. The extracts obtained were subjected to
various standard chemical tests to detect the
mycoconstituents.

Terrestrial fungi were isolated from the soil
samples which were collected from Bangalore
University campus, Bengaluru. Isolation of fungi
was done following standard serial dilution-spread
plate method using PDA medium. The plates were
incubated at 27±20C for 7-10 days (Aneja 2015).

2.6. Antimicrobial assay of crude extract by
Well-Diffusion method
The extracted secondary metabolites were
dissolved in Dimethyl Sulfoxide (DMSO) at
concentrations of 100μg/ml poured into the 5mm
diameter well made in Petri dishes containing
Nutient Agar (NA) for bacteria, Sabaroud’s
Dextrose Agar (SDA) for yeast. The plates were
seeded with a fixed amount of test-microorganisms
(106 cells/ml). The cultures were kept for 12 hours
at 2-80C for antimicrobial metabolite diffusion and
thereafter they were incubated at an appropriate
temperature for the growth of test-microorganisms.
The zone of inhibition was measured in mm
(Ramesha et. al., 2014).

The distinct sporulated hyphal colonies on the agar
plates were then sub-cultured on sterile PDA plates
using monohyphal tip method for purification
(Ainsworth, 1993). The culture media plates used
were supplemented with antibiotic streptomycin
sulphate to avoid bacterial contamination (Samuel
et. al., 2011).

2.2. Identification
Identification was carried by using keys,
descriptions and illustrations given in standard
fungal identification books. Morphological
characters were observed under binocular light
microscope (40x and 100x) using lactophenol
cotton blue stain and identified with the help of
keys given by Kohlmeyer and Kohlmeyer (1979,
1991), Barghoom & Linder (1944), Johnson &
Sparrow (1961), Barnett & Hunter (2000). Also by
following the taxonomic arrangements proposed in
the 6th edition of Ainsworth and Bisby's Dictionary
of Fungi (Ainsworth, 1971).

Antimicrobial assay of ethyl acetate crude extract
was done against two gram positive bacteria:
Bacillus cereus (MTCC 497), Staphylococcus
aureus (NCIM 2079), gram negative bacteria:
Escherichia coli (MTCC 443), Salmonella
typhimurium (NCIM 2501) and yeast: Candida
albicans
(MTCC
227)
using
100µg/ml
concentration (Perez et. al., 1990). Antibiotic
Ciprofloxacin was used as positive control for
bacteria and Nystatin dihydrate for yeast.

2.3. Fermentation

2.7. Statistical analysis

Small inoculums’ discs from well grown pure
cultures of selected fungi were inoculated into
conical flasks containing PDB medium. The
fermentation medium of the terrestrial strains was
prepared using distilled water, while for marine
derived strains ASW was used. The fermentation

Two way Analysis of Variance (ANOVA) has been
done to determine the significance of difference
between different fungal extracts and pathogens
(p<0.05) using SPSS-16.0. Mean values between
extracts and pathogens were compared for
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significant differences using
multiple range post-hoc test.

Duncan’s

new

Table-1: Qualitative analysis of mycochemicals
in ethyl acetate extract of marine derived fungi
(SW7 & SW13)
Mycoconstituents

3. Results and Discussions
3.1. Isolation and identification

Alkaloids

The fungi investigated in this study were
predominantly isolated from soil and sea water.
Some fungi which were repeating and producing
spores were selected, isolated and identified by
their cultural and morphological characteristic
features. Thus, four repeated isolates were
identified, two from soil and two from marine
water for further screening. The fungi were
identified as Aspergillus sp. (SW7 & SW13) from
Sea water and Penicillium sp. (SS3 & SS7) from
soil sample.

Phenolics
Proteins
Tanins
Terpenoids &
Steroids
Flavanoids

Tests Conducted
Mayer's
test
Neutral Ferric
chloride test
Ninhydrin
test
Ferric chloride
(Alcoholic) test
Chloroform
test
Dil. NaOH test

Results
SW7
SW13
-

-

+

+

-

-

+

+

-

+

-

+

Note: + Present, - Absent

Table-2: Qualitative analysis of mycochemicals
in ethyl acetate extract of terrestrial fungi
(SS3 & SS7)

Further, molecular protocol of 16srRNA
amplification and sequencing of Internal
Transcribed Spacer (ITS) region is a relevant
strategy for rapid taxonomic assessment of fungal
strains which is useful for drug discovery need to
be carried out.

Mycoconstituents
Alkaloids
Phenolics

3.2. Mycochemical analysis

Proteins

In the comparative study of the mycochemcial
constituents of marine derived fungi and terrestrial
fungi, it has been found that marine derived fungi
were rich in mycoconstituents as compared to
terrestrial fungi. Both the marine derived fungal
isolates were rich in phenolics and tannins, while
flavanoids, terpenoids and steroids were present
only in SW13 (Table-1). Whereas, in terrestrial
fungi SS3, only phenolics, flavanoids and tannins
were present and rest were absent. In SS7, there
were no mycoconstituents found (Table-2).
Alkaloids were not present in both marine and
terrestrial isolates.

Tanins
Terpenoids &
Steroids
Flavanoids

Tests Conducted
Mayer's
test
Neutral Ferric
chloride test
Ninhydrin
test
Ferric chloride test

Results
SS3
SS7
-

-

+

-

-

-

+

-

Chloroform test

-

-

Dil. NaOH test

+

-

Note: + Present, - Absent

In future, the preliminary work is to be proceeded
with compound isolation, purification and
characterization.

3.3. Antimicrobial assay of crude extract by
Well-Diffusion method
The crude extract of the potential fungal isolates
exhibited a broad spectrum of antimicrobial
activity against human pathogens when compared
with that of standard positive control Ciprofloxacin
for bacteria and Nystatin dehydrate for Candida
albicans. According to Rios and Recio, 2005
extracts of natural origin showing antimicrobial
activity above 100 μg/mL concentration should be
avoided; therefore, in the present study, the crude
extract was maintained at concentration of 100
μg/mL. The results showed the zone of inhibition
of test pathogens ranged from 8.16 mm to 18.66
mm of tested fungal crude extracts.

It has been previously found that terpenoids have
been isolated as bioactive agents from marine
sources. Chinworrungsee et. al., 2001 reported an
ophiobolane sesterterpene named halorosellinic
acid from cultured marine fungus Halorosellinia
oceanica BCC 5149 which showed antibacterial
activity with an IC50 value of 13 µg/ml. Kuznetsova
et. al., 2001 found out a steroid named fusidic acid
in Stilbella aciculosa having antibacterial activity
against S. aureus (MIC-0.05 mg/ml) and B. subtilis
(MIC- 0.05mg/ml). Thus, increase the antibacterial
activity of marine derived fungus. This shows the
previous research have also stated the presence of
terpenoid and steroids in marine derived fungi.

Well-diffusion assay of extracts showed activity
against both Gram positive and Gram negative
bacteria. Among two marine derived crude extracts
of Aspergillus strains SW7 and SW13, SW13 had
recorded antibacterial and antifungal activity
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against all the test pathogens. As present in table-3,
there was a significant difference against the
activity of SW13 & SW7 between pathogens.
Between pathogens, SW13 crude extract showed
highest inhibition against S. typhi (18.66mm)
followed by B. cereus (13.25mm) whereas it
recorded minimum activity against E. coli
(8.16mm). There was no significant difference
between S. aureus (11.25mm) and
C.
albicans (11.61mm). In SW7 only S. typhi
observed maximum inhibition with 12.33mm,
followed by B. cereus (10.83mm) and C. albicans
(10.50mm).

constituents from the crude extracts of terrestrial
fungi.
The crude extract of secondary metabolites
potentially inhibited growth of human pathogeics
bacteria and C. albicans and can diminish the
growth of the harmful bacteria or fungi by their
different mode of action. The present results
correlated with the previous findings (Zheng et. al,
2013, Liu et. al., 2011, Chun-Yan et. al., 2013,
Wang et. al., 2012) who have earlier reported
antimicrobial activities of marine fungi. Aspergillus
sp. has been reported as marine fungi with diverse
biological activity (Saleem et. al., 2007) and it
provides an opportunity to discover novel bioactive
metabolites.

Among terrestrial fungal crude extracts of two
Penicillium sp. SS3 and SS7, SS3 showed
maximum inhibition for B. cereus (14.66mm)
followed by S. typhi (14.33mm), S. aureus
(11.66mm). Whereas, no inhibition zone was
observed in E. coli and
C. albicans.
While, SS7 showed no antibacterial and antifungal
activity.

Wang et. al., 2011, reported three new compounds,
terremides and terrelactone, along with twelve
known other compounds purified and identified
from the fermentation broth of Aspergillus terreus
PT06-2 at 10% salinity having antibacterial and
anti-H1N1 activity. This showed that high salt
stress affected the quantity and profile of secondary
metabolites.

Among all the crude extracts SW13, SW7 & SS3,
SS13 have significant difference in antimicrobial
activity against all tested pathogens when
compared to SW7 and SS3. It was found out that
activity of crude extract SW13 was relatively
similar to that of reference antibacterial agent
Ciprofloxacin and antifungal agent Nystatin
dihydrate. There was no activity in SS7 which
could be due to the absence of important myco-

While terrestrial fungi being exploited nicely which
has been studied for years, marine fungi has not
been explored as thoroughly. Kohlmeyer, 1979
stated that, due to salinity, the quantity and profile
of secondary metabolites of fungi change in marine
environment as compared to soil fungi.

Table-3: Antimicrobial activity of ethyl acetate crude extracts obtained from marine derived fungi
(SW7 & SW13) and terrestrial fungi (SS3 & SS7)
Source

Test Fungal
Extracts

Antimicrobial Activity (Zone of inhibition in mm)

Code
E. coli

S. aureus

S. typhi

B. cereus

C. albicans

Marine derived
fungi

Aspergillus sp.

SW7

0±0

0±0

12.33±1.01

10.83±0.62

10.50±0.50

Aspergillus sp.

SW13

8.16±0.52

11.25±0.66

18.66±1.04

13.25±0.43

11.61±0.78

Terrestrial
fungi

Penicillium sp.

SS3

0±0

11.66±0.57

14.33±0.57

14.66±0.57

0±0

Penicillium sp.

SS7

0±0

0±0

0±0

0±0

0±0

PC-Bacteria

Ciprofloxacin

-

24.10±0.17

27.53±0.50

23.86±3.35

19.66±4.72

-

PC-Fungus

Nystatin dihydrate

-

-

-

-

-

13.10±0.45

In each column, inhibition zone expressed according to DMRT at p=0.50 as Mean ±SD (n=3); “-“Not determined.
PC = Positive Control
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Inhibition Zone in mm
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Fig-1: Antimicrobial activity of ethyl acetate crude extracts obtained from marine derived fungi
(SW7 & SW13) and terrestrial fungi (SS3 & SS7)

4. Conclusion
From this comparative study, the isolated marine
derived fungi showed more myco-constituents and
more antimicrobial activity while terrestrial fungi
showed minimum activity. The above crude extracts
of marine derived fungi can be further studied for
characterization, compound isolation and purification.
Biological assays for anticancer, antiviral and
antioxidant activities can be carried out from the
bioactive compounds.
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