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The present work accomplished with the aim of examination of anti-dermatophytic efficiency of
Streptomyces isolates against dermatophytic fungi from mangrove estuary area of Tamil Nadu. Five hun-
dred and six actinomycete isolates were retrieved from the sediment soil samples in Manakudi mangrove
estuary, south west coast of Tamil Nadu, India. Among 506, 138 isolated were identified and categorized
based on their structural similarity and cultural conditions. Selected actinomycete strains were screened
for anti-dermatopytic fungal activity by cross streak and agar well diffusion methods. The cultural, bio-
chemical and molecular features of the 10 antagonistic isolates were belongs to Streptomyces species
(60%) and other non-Streptomyces (40%) Among, Streptomyces sp. ACT2 strains exhibited significant activ-
ity against selected dermatophytes. The most promising Streptomyces sp. ACT2 (GQ478247) was identi-
fied and analyzed further of their bioactive compounds. The anti-dermatophytic compounds were
identified as bahamaolides and polyenepolyol from the active fraction ADF4 by GC–MS analysis.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Dermatomycoses, a kind of external fungal infection for human
beings are provoked by dermatophytic fungus. It is a group of fila-
mentous fungi attacking and accruing nutrients from the skin, hair
and nails, which is composed by keratin tissues (White et al., 2014;
Kim et al., 2016). Dermatophytoses are spread worldwide particu-
larly with more prevalent in tropical and sub-tropical countries
because of the hot and humid environment which favours their
growth (Janardhan and Vani, 2017). In general, the dermatophytic
fungus was categorized into three genera viz., Trichophyton,
Microsporum and Epidermophyton (Coulibaly et al., 2016). The asso-
ciation of dermatophytic infection may extent from slight to severe
as an effect of the hosts’ immune systems by fungus metabolic
products. Remarkably India is a largest sub-continent with diverse
geography, located within the world tropical and subtropical belts.
Hence, this climatic condition is favorable to the procurement and
supporting the fungal infections in India (Chakrabarti et al., 2008;
Ghannoum and Isham, 2009).

The frequency of antimicrobial resistance amongst fungal
pathogens is keep increasing and also frightening the entire world
(Lestari et al., 2012; Cowen et al., 2014). Antifungal medicines such
as imidazole are presently used to treat the dermatophytic fungal
infections, even-though it causes detrimental side effects and/or
also develops resistance (Vandeputte et al., 2012). As a result,
new antifungal compounds desirably existing with unique mode
of action and without side effects are required to expand the treat-
ment of dermatophytic fungal infections (Spadari et al., 2013). The
compound antimycin (non-polyenic) antifungal compound was
isolated from S. albidoflavus AS25 (Nafis et al., 2018).

Actinomycetes are Gram-positive bacteria with high G + C con-
tent in the genome and dominant in marine mangrove sediments
(Gong et al., 2018). It produces a series of bioactive metabolites,
many of which possessed antibacterial, antifungal and antitumor
properties (Raghava Rao et al., 2012; Kavitha and Vijayalakshmi,
2013). Since, over 60% of naturally occurring antibiotics are
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recovered from actinomycetes (Zotchev, 2012). Among, strepto-
mycetes are well known as antibiotic producers and represent
about 75–80% of important commercially available antibiotic pro-
ducer (Singh et al., 2012). They are reviewed highly valuable, as
they produce countless chemical compounds including antibiotics,
enzymes, vitamins, growth hormones, antitumor agents and other
pharmaceutically effective compounds with varied biological
activities (Gharaibeh et al., 2003). Study of such kind of economi-
cally viable actinomycetes more particularly Streptomyces could
offer an insight into the formulation of new antifungal antibiotics
to the support of human health by overwhelming the complica-
tions created by the drug resistant pathogenic fungus. Hence, the
present works were explored to screening and isolation of effective
antidermatophytic fungal bioactive compounds from actino-
mycetes associated with marine mangrove sediment.
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2. Materials and methods

2.1. Sampling site and collections

The sediment soil samples were collected from different man-
grove sites at different depths from Manakudy estuary (8�0880N,
77�4860E) located in Kanyakumar district, Tamil Nadu, India for
the period of one year. The samples were composed with Vanveen
grab sampler (Ravikumar et al., 2011) and it was collected with
sterile plastic containers from the field and were transferred to
the laboratory with proper labeling and stored prior to studies.

2.2. Isolation and characterization of actinomycetes

The soil sediment samples were processed according to method
described by Singh et al. (2016). One gram of sediment samples
was serially diluted with 5 ml of sterilized sea water (dilution
2 � 10�1), mixing and further diluting 1:10 with sterilized sea
water (dilutions 2 � 10�4). The dilution procedure was repeated
in triplicate for each sample. One ml of each sample was inoculated
by spreading over the surface of starch casein nitrate (SCN) agar
plates added with Nalidixic acid (20 mg/ml), Nystatin (25 mg/ml)
and Cycloheximide (50 mg/ml) to minimize the other microbial
contaminations respectively. All media were prepared by using
50% of sea water and distilled water. The plates were incubated
at 28 �C for 5 days.

2.3. Screening of actinomycete isolates for antidermatophytic fungal
activity

The pure cultures of actinomycetes were screened for antider-
matophytic fungal activity by cross streaking and well diffusion
method described by CLSI (2004). SCN agar plates were prepared
and inoculated with pure culture of actinomycetes and incubated
at 28 �C for 7 days. After adequate growth of the isolates, the test
fungal pathogens viz., Trichophyton rubrum, Trichophyton menta-
grophytes, Epidermophyton floccosum, and Microsporum canis were
inoculated at perpendicular to the actinomycetes streak and incu-
bated for 3 days at 28 �C. After 3 days of inhibition zone was mea-
sured. Fluconazole as positive and DMSO as negative control were
used for evaluation.

2.4. Characterization of actinomycetes

2.4.1. Cultural and biochemical characters
The medium used for morphological studies was SCN and ISP2

(yeast extract malt extract agar) (Shirling and Gottlieb, 1966) and
the incubation time of pure cultures were 3–5 days at 28 �C. Mor-
phological characterizes were observed by microscopy techniques.
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Fig. 1. Antifungal activities of actinomycete isolate ACT2 against dermatophytic fungal pathogens (Ef - Epidermophyton floccosum; Tr - Trichophyton rubrum; Tm -
Trichophyton mentagrophytes; Mc - Microsporum canis).
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Cultural and biochemical characteristics of strain ACT2 were
studied as per the methods described by Holt et al. (1994) and
Williams et al. (1989).
Table 2
Phenotypic characteristics of isolate ACT2 on ISP2

Characteristics ACT2

Gram reaction Positive
Mycelium Aerial mycelium
Color of the mycelium White
Production of diffusible pigment �
Range of temperature for growth 26 �C–30 �C
Optimum temperature for growth 28 �C
Range of pH for growth 5.0–7.5
Optimum pH for growth 7.0
Protease Hydrolysis �
Strach Hydrolysis +
2.4.2. Molecular characters
The DNA was isolated with standard protocol described by

Hopwood (1985) and 16S rRNA gene were amplified by PCR with
forward primer- F243 (50GGATGAGCCCGCGGCCTA-30) and reverse
primer R513 GC (50-CGGCCGCGGCTGCTGGCACGTA- 30). The PCR
reaction mixture consists of 50 ng of DNA, PCR buffer, 1.5 Mm
MgCl2, 10 Mm deoxynucleoside triphosphate mixture, 50 pmol of
each primer, and 0.5 U of ExTaq polymerase. The PCR reaction con-
ditions consisted of an initial denaturation at 94 �C for 5 mins; 30
cycles at 94 �C for 1 min, annealing 63 �C for 1 min and 72 �C for
1 min; and final 5 mins extension at 72 �C. The amplified 16S rRNA
product were observed by DNA gel electrophoresis and purified by
using a QIA quick PCR clean up kit (Qiagen Inc., USA). The clarified
gene products were sequenced and the evolutionary tree was gen-
erated using neighbor-joining method (Saitou and Nei, 1987) and
using MEGA X (Kumar et al., 2018).
Lipase Hydrolysis +
Gelatinase Hydrolysis �
Utilization of Sugars
L-Arabinose �
Fructose +
Galactose +
D-Mannitol +
Rhamnose �
Sucrose +
Xylose �
Cellulose �
Glucose +

+: presence; �: absence.
2.5. Fermentation of antagonistic isolate ACT2

The pure culture of Streptomyces sp. ACT2 was inoculated in to
100 ml Erlenmeyer flasks containing 25 ml of starch yeast peptone
(SYP) broth. For large scale fermentations, 25 ml of the seed culture
were transferred to a 1000 ml Erlenmeyer flask contained 500 ml
of SYP medium. The flasks were incubated for 7 days at 28 �C.
The total 5 L volumes of fermented broth were collected for sepa-
ration of antifungal compounds.
2.6. Extraction and purification of bioactive metabolites

The filtered fermented broth (pH 7.2) was adjusted to pH 5.0
using 1 N HCl. The equal volume of ethyl acetate was used for com-
plete extraction of compound. The upper solvent phase was con-
centrated with rotary vacuum evaporator at 50 �C room
temperature. This vacuum evaporator extraction process was
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Fig. 2. (a) Colony morphology of isolate ACT2 on SCN agar; (b) Microscopic observation of isolate ACT2 mycelium and spores (100�); (c) Scanning electron micrograph of
Streptomyces sp. ACT2 spore grown on SCN agar at 28 �C for 10 days.
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repeated for three times to obtain complete extraction of active
principles and then the crude extracts were used for further purifi-
cation. 3.8 g of crude extract was subjected to purification by silica
gel column chromatography (22 � 5 cm, Silica gel 60, Merck). Chlo-
roform and methanol were used as an eluting solvent. Total twelve
fractions were collected i.e., ADF1-ADF12 and further evaluated for
their antidermatophytic fungal activities. The active fraction of
ADF4 was further analyzed by GC–MS.
2.7. Minimum inhibitory concentration (MIC) determination of
fraction ADF4

The MIC for active fraction ADF4 was determined by standard
broth micro-dilution method (24). Muller Hinton Broth (MHB)
was prepared and autoclaved at 121 �C for 15 min. In the 96 well
micro-titer plate first 0.1 ml broth was added and then different
concentrations of ADF4 i.e., 500 lg/ml, 250 lg/ml, 125 lg/ml,
62.5 lg/ml, 31.25 lg/ml, 15.62 lg/ml and 7.81 lg/ml were added
to their respective wells. Three ml of fungal culture (1 � 105 PFU/
ml) was transferred into the corresponding wells. The micro-titer
plate was incubated for 2 days at 28 �C. DMSO and fluconazole
were included as a negative and positive control respectively. Later
five ml of the test broth was inoculated on Muller Hinton Agar
(MHA) plates to observe the sustainability of the fungus. MIC
was determined at a low concentration of the ADF4 fraction
needed to complete growth inhibition of fungus. The experiments
were done in triplicate (Duraipandiyan et al., 2009).
2.8. GC–MS analysis

The partially refined ADF4 fraction was examined by GC–MS in
Indian Institute of Technology (IIT), Chennai. GC–MS system
equipped with a fused silica capillary column (CW- amine
60 � 0.25 mm I.D., Film thickness 0.5 lm) was used to analyze
the compounds from the active fraction. The total GC–MS condi-
tions were programmed described by Roy et al. (2006). The peaks
of the fraction in gas chromatography were analyzed with mass
spectroscopy. The spectrum was evaluated with NIST library data
(Version 2.0).
3. Results

3.1. Isolation of actinomycetes

Manakudy mangrove ecosystem is one of the artificially regen-
erated mangroves in south west cost of Tamil Nadu, India. Which is
8 years old, exploration of microbial diversity in the Manakudy
mangroves ecosystem are not attempted so far. Hence, the present
study has been undertaken to isolates Actinomycetes and their
antifungal properties against dermatophytes. The sediment soil
samples from different depths at various sites were collected
monthly for a period of one year and all the samples were sub-
jected to actinomycetes isolation. The isolated actinomycetes in
AIM (Actinomycetes Isolation Medium) were showed different col-
ony morphology. After three days of incubation period, the plates
with chalky white spots colonies were selected and extended for
two more days and it were showed slight difference in morphology
with variation in aerial mycelia colour with white, pale pink, grey,
yellow, orange, brown and black.

3.2. Screening actinomycete isolates for anti-dermatopytic fungal
activity

About 506 actinomycetes strains were obtained from various
sites of marine mangrove sediments in our previous studies
(Ravikumar et al., 2011). 138 morphologically different



Fig. 3. The evolutionary history was inferred using the Neighbor-Joining method. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (1000 replicates) was shown next to the branches (frequencies below 40% disregarded). The GenBank accession number together with the culture collection
number for each isolate was listed; the accession numbers were underlined, which are our isolates.

Table 3
Culturable actinomycete isolates from marine mangrove sediments with GeneBank
accession number

Isolates No. Name of the isolates Accession number Identity (%)

Act1 Actinobacterium sp.ACT1 GQ478246 98
Act2 Streptomyces sp. ACT2 GQ478247 100
Act3 Actinobacterium sp. ACT3 GQ478248 98
Act4 Streptomyces sp. ACT4 GQ478249 100
Act5 Actinobacterium sp. ACT5 GQ478250 98
Act6 Streptomyces sp. fvkcu01 GU985264 100
Act7 Streptomyces sp. ukkvf GU985265 100
Act8 Streptomyces sp. ksr03 GU985266 100
Act9 Streptomyces sp. nkm1 HM125709 100
Act10 Nocardiopsis sp. mosae1 GU353189 98
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actinomycetes were screened for antidermatophytic fungal activity
by cross streak assay. Out of 138 isolates, most effective 10 isolates
were selected for further screening and fermentation process. The
ethyl acetate crude extract was collected after 10 days of incuba-
tion and it was used for antidermatophytic activity. All the 10
isolates were exhibited significant antidermatophytic activities
against four tested dermatophytes such as T. rubrum, T. mentagro-
phytes, E. floccosum, M. canis. The isolate ACT2 exhibited maximum
antifungal activity than the other actinomycete isolates (Table 1).
Among 10, ACT2 isolate was observed to be most prominent isolate
and showed maximum zone of inhibition (23 mm) against E. floc-
cosum in comparison with standard fluconazole (30 mg/well) zone
of inhibition (35 mm), followed by 19 mm (T. mentagrophytes),
16 mm (T. rubrum) and 14 mm (M. canis) (Fig. 1).
3.3. Characterization of efficacious isolate ACT2

The external and biochemical features of isolate ACT2 were
depicted in Table 2 and Fig. 2. The genomic DNA were extracted
from the selected actinomycetes and followed by PCR amplifica-



Fig. 4. Phylogenetic tree showing relationships between the representatives isolate ACT2 and other marker strains belonging to Streptomyces sp. clad based on its 16S rDNA
gene sequence by neighbor-joining method.
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tion of gene 16S rRNA. The resulted sequences were aligned with
BLAST analysis through GenBank (http://www.ncbi.nlm.nih.gov).
Phylogenetic analysis of the isolated actinomycetes was revealed
that 6 isolates out of ten are the members of the genus belongs
to Streptomyces, which was dominant actinomycetes genus of the
marine mangrove sediments (Fig. 3). Three isolates were either
member of uncultured Actinobaterium and Nocardiopsis, with the
closest 16S rDNA gene sequence similarity of 98% uncultured Acti-
nobacterium and 100% similarity with Streptomyces sp. and its
accession number were showed in the Table 3.

The partially sequenced ACT2 isolate was deposited in GenBank
with accession number GQ478247 and it consists of 266 bp in
length. Phylogenetic relationships were constructed with the
alignment and cladistics analysis of homologous nucleotide
sequence of known 12 Streptomyces sp. The approximate phyloge-
netic position of the isolate ACT2 is displayed in Fig. 4. According to
the 16S rRNA gene sequence analysis, ACT2 was found similar to S.
Table 4
Minimum inhibitory concentration of active fraction AF4

Tested fungal dermatophytes MIC (mg/ml)

AF 4 Fluconazole

Epidermophyton floccosum >15.625 15
Trichophyton rubrum >62.5 25
Trichophyton mentagrophytes >31.25 20
Microsporum canis >62.5 25
ramulosus strain DSM 40,100 (KC954558) (homology 100%) and
identified our isolate belongs to Streptomyces sp.
3.4. MIC determination of fraction ADF4

MIC was determined only with active fraction of ADF4. Fraction
ADF4 displayed MIC values of 15.62 lg/ml against E. floccosum,
62.5 lg/ml against T. rubrum and M. canis and 31.25 lg/ml against
T. mentagrophytes. Whereas MIC values of standard fluconazole
were also determined and low concentration was observed in E.
floccosum (15.0 lg/ml), followed by T. mentagrophytes (20.0 lg/ml)
and 25.0 lg/ml for T. rubrum and M. canis (Table 4).
3.5. Purification and GC–MS analysis

The twelve fractions (ADF1 to ADF12) were obtained through
column chromatography purification process with silica gel and
eluting solvent composed of chloroform and methanol CHCl3/
MeOH in linear gradient (90:10, 80:20, 70:30, 60:40, 0:100). The
significant inhibitory activity was observed for ADF4 fraction and
partially purified ADF4 fraction was further analyzed by GC–MS.
Two peaks were observed with retention time of 7.99 and
8.85 min respectively. Compared with available NIST library and
above peaks were showed as bahamaolides (7.99) and polyene
polyol macrolides (8.85) respectively and both compounds were
antifungal compounds as per earlier literature (Fig. 5).

http://www.ncbi.nlm.nih.gov


Fig. 5. GC–MS spectrum of partially purified ethyl acetate extracts of isolate ACT2 and the peaks indicate active antifungal metabolic compounds.
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4. Discussion

Marine environment and ecology has been confirmed that
remarkable and fascinating expedient for inventing new and
potent bioactive compounds producing organisms. Among, acti-
nomycete includes 10% of the total colonizing in marine collec-
tions. There have been forty new bioactive microbial
metabolites from marine organisms in the late 1990 (Bernan
et al., 1997) to present years, and near 50 percent of them be
found in actinomycetes (Kasanah and Triyanto, 2019;
Subramani and Sipkema, 2019). It clearly demonstrated that
the hit rate of new antibiotics from marine actinomycetes was
higher than the other microorganisms.

In our screening of actinomycetes from Manakudy marine
mangrove sediments, which are exhibiting potential antider-
matophytic fungal activities, the culture colony morphology of
our isolates were related to that earlier work reported by
Sengupta et al. (2015) it evidently shows that it’s belonged to
the genus Streptomyces. The marine actinomycetes were sources
of new antibacterial compounds viz., marinomycin, abyssomicin,
marinopyrrole, and lipoxazolidinone. The marine actinomycetes
based antifungal metabolites are very lower than antibacterial
compounds. Although, the antifungal compounds such as polyke-
tides, spiroketals, reveromycins, bafilomycin derivatives, were
recently isolated from marine Streptomyces strains (Aiab et al.,
2014). Our present investigations were revealed Streptomyces
sp. ACT2 produce antifungal compounds such as bahamaolides
(7.99) and polyenepolyol macrolides (8.85) were analyzed by
GC–MS. This research study, showed prospective antifungal
principal compounds were found in Streptomyces sp. ACT2 iso-
lated from Manakudy marine sediments.
5. Conclusions

The present work presented that, antifungal bioactive com-
pounds from Streptomycetes sp. ACT2 fermentation broth exhibited
significant inhibition activity against dermatophytic fungi such as
E. floccosum, T. mentagrophytes, T. rubrum and M. canis. The GC–
MS analysis results revealed two antifungal compounds i.e., baha-
maolides and polyenepolyol were owned in the active fraction of
the strains ACT2. The Manakudy marine mangrove sediments of
Kanyakumari, south west coast of India, consists utmost biodiver-
sity of actinomycetes and possess biological active compounds
more specifically against with fungal pathogens.
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