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ABSTRACT

Objective: This study is an approach to find the alternative drug for the dermatophytosis because some of the existing antibiotics cause toxicity and 
also found expensive.

Methods: There were 25 actinomycetes isolated from the soil sample of the mangrove, Avicennia marina from Ariyankuppam backwater area, 
Puducherry. Among the 25 isolates, the most active isolate, M20 was selected initially based on its antifungal activity, and it was checked for 
antidermatophytic activity against three dermatophytes, Microsporum gypseum, Trichophyton mentagrophytes, and Epidermophyton floccosum by agar 
plug method, well diffusion method followed by food poisoning technique. Release of volatile compounds from the isolate M20 has also been tested. 
Ultraviolet (UV)-vis spectral analysis of partially purified yellow compound fraction was done.

Results: The isolate M20 actively controlled the growth of dermatophytes by agar plug method in the primary screening, well diffusion method in the 
secondary screening. The isolate was identified as Streptomyces cacaoi sub sp. cacaoi by 16sRNA sequencing analysis. The 10% (10 ml) culture filtrate 
of the isolate M20 was found to control the radial growth of these three dermatophytic fungi by food poisoning technique. Volatile compounds of the 
isolate M20 affected the mycelial growth of M. gypseum tremendously. Complete arrest of growth of M. gypseum was noticed with the combination 
of both volatile and non-volatile antibiotic compound of the isolate M20. The partially purified compound fraction (yellow) (0.5 mg/6 mm disc) 
inhibited the growth of M. gypseum (12 mm), and it was compared with the standard antibiotic clotrimazole (0.5 mg/6 mm disc), whose inhibition on 
M. gypseum was only 6 mm. UV-vis spectral analysis revealed the compound belonged to nucleoside antibiotics.

Conclusion: It is evident that the mangrove actinomycetes are potential for preparing biomedicines for human welfare.
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INTRODUCTION

In recent years, 20-30% of people are affected by dermatophytosis 
caused by three fungal genera, i.e.,  Microsporum, Trichophyton, 
and Epidermophyton. These fungi feed on keratin of hair, skin, and 
nail. Serious consequences of dermatophytosis are uncommon and 
infections can be self-limiting. The illness may be disfiguring and 
uncomfortable, especially when the lesions are widespread. There are 
many antifungal antibiotics obtained from fungi and bacteria, and these 
are more common, antidermatophytic compounds from actinomycetes 
especially Streptomyces spp. [1-5], Streptosporangium spp. [6] have 
been intensively studied. Recently, the extraction of antibiotics from 
mangrove actinomycetes has been catalyzed in finding better antibiotics 
for dermatophytosis that are less expensive and less or no side effects. 
Studies related to antifungal, antibacterial, and anticandida activity have 
been regularly reported from mangrove actinomycetes [7-11]. Hence, 
definitely, the mangrove actinomycetes can be a source for extracting 
novel antidermatophytic compounds for dermatophytes. This is an 
approach to find the antidermatophytic activity and taken an initial step 
for better drug development for dermatophytosis from actinomycetes 
from mangroves of Ariyankuppam backwater area in Puducherry.

METHODS

Collection of soil sample and soil analysis
The dominant mangrove plant in Ariyankuppam backwater area of 
Puducherry (Lat 11°46  03’’ to 11°53´40’’ North and Longi 79°49´45” 
to 79°48´00” East) is Avicennia marina (Forsk). Vierh - (Avicenniaceae). 
Soil sample was collected near the root region of the mangrove plant, 
and it was air dried for 1  week at 40°C. Physio-chemical nature of 
soil sample was analyzed in Soil Testing Laboratory, Department of 
Agriculture, Puducherry, India.

Isolation of mangrove actinomycetes
The soil sample was subjected to dry heat (70oC for 15 minutes) [12,13] 
pretreatment. 0.1  ml of last two serial dilutions (10−5and 10−6) 
was inoculated by pour plate method [14] using starch casein agar 
supplemented with fluconazole 80 µg/ml and nalidixic acid 75 µg/ml. 
Plates were incubated at 30±°C for up to 30 days. The selected colonies 
were maintained in yeast malt extract agar slants.

Test organisms used in this study and their preparation
Microsporum gypseum (microbial type culture collection [MTCC]-4494), 
Trichophyton mentagrophytes (MTCC-8476), and Epidermophyton 
floccosum (MTCC-7880) are procured from MTCC-Chandigarh. Test 
pathogens were maintained in potato dextrose agar slants and plates, 
pH-6.5. These were stored in a refrigerator at 4°C for future use. 
5-7 days old cultures were used for antidermatophytic study.

In vitro screening for antidermatophytic activity
Initially, the antidermatophytic activity was tested with 25 isolates of 
actinomycetes by agar plug method [15,16]. Among the 25 isolates, the 
isolate M20 found to be better in controlling all the three dermatophytes 
tested. Hence, the isolate M20 was selected for secondary screening by 
agar well diffusion method [17]. Among the three dermatophytes tested 
against mangrove actinomycetes for antidermatophytic activity, the 
dermatophyte M. gypseum found grow better in potato dextrose agar, 
nutrient agar than compared to T. mentagrophytes and E. floccosum.

Biochemical and molecular characterization of isolate M20
Production of extracellular enzyme chitinase [18] was tested, to find 
chitin degradation in the cell wall of fungal pathogens. For the 16sRNA 
sequencing analysis of isolate M20, the purified PCR products of 
approximately 1,400bp were sequenced using two universal primers: 
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518F 5’CCAGCAGCCGCGGTAATACG 3’, 800R 5’ TACCAGGGTATCTAATCC 
3’. The isolate M20 was identified.

Effect of culture filtrate of isolate M20 on radial growth of 
M. gypseum
Food poisoning technique [19] was followed to study the effect of 
culture filtrate of M20 on radial growth of M. gypseum, 10 ml culture 
filtrate was added to 90 ml of molten potato dextrose agar (pH 6) to 
get a final concentration of 10%. Now the 100  ml potato dextrose 
agar medium was ready to serve five sterilized Petri plates with dia 
90 mm. PDA Petri plates without 10% culture filtrate were kept as a 
control for the test fungal pathogen-M. gypseum. All the plates were 
then inoculated in the center with 8  mm dia. Mycelial plug cut from 
actively growing plate culture of M. gypseum. All the plates were 
incubated under room temperature 28±2°C for 4-5  days. Growth of 
the fungal pathogen in treated plates was measured when the growth 
of the organism in control plate was full. The percentage inhibition 
in mycelial growth was calculated using the standard equation given 
below.

Inhibition of mycelia growth in 
Control  treatment 1

%
%

=
(− 0 ))

×
Control

1  00

Production of volatile compounds
Production of volatile compounds by the isolate of the M20 was 
assessed by inverted plate technique [20]. Six modified nutrient 
glucose agar plates (pH 7.5) were inoculated with the spore suspension 
of isolate M20 and incubated for 10  days. After 10  days, another set 
of six PDA Petri plates was inoculated center with mycelial disc of the 
test pathogen M. gypseum. Then, the base of the plates containing the 
test fungi was placed upside down on the basal plates containing the 
growth of isolate M20. Plates were sealed with adhesive tape to prevent 
the escape of volatile factors. The sealed plates were incubated at 
room temperature along with a suitable control for 5 days. The growth 
measurements were made after 5 days. In another set of Petri plates, 
PDA amended with culture filtrate 10% of isolate M20 was used to test 
the combined effect of volatile as well as non-volatile antibiotics on the 
mycelial growth of the pathogen.

Partial purification of methanolic crude extract by column 
chromatography
Using chloroform: Methanol: Acetic acid (8.5:1.5: 0.2 ml) as the mobile 
phase two color spots were resolved in both in ascending paper 
chromatography and TLC. Since methanol extraction produced the 
highest activity, the culture filtrate (1 l) was extracted in methanol, 
after drying, produced six gram of dark brown oily residue. The residue 
was mixed with silica gel and applied to the silica gel column (230-400 
mesh) and eluted with chloroform: Methanol: Acetic acid (85:15:2 ml) 
to give two active fractions. The yellow compound fraction was used for 
further investigation.

Antidermatophytic activity of the partially purified compound 
fraction against M. gypseum with reference standard antimicrobial 
agent clotrimazole
The isolate M20 inhibited the growth of dermatophytes better by agar 
plug, well diffusion method and food poisoning method. The efficiency 
of inhibition of dermatophytes by partially purified compound fraction 
was tested for antidermatophytic activity against M. gypseum.

Antibiotic activity of the partially purified methanol compound fraction 
was compared with the standard antibiotic clotrimazole discs. Sterile 
6  mm Whatman No.1 paper disc with 0.5  mg of clotrimazole was 
prepared. Sterile 6 mm Whatman No. 1 paper discs loaded with 0.5 mg 
of partially purified compound fraction in methanol and control discs 
loaded 25 µl of methanol was used for bioassay against M. gypseum. The 
plates were incubated under the room temperature for 24-72 hrs. The 
development of inhibition zone around the discs was measured and 
recorded after the 24 hrs of incubation.

Minimum inhibitory concentration (MIC)
MIC of the partially purified compound fraction was determined using 
the test fungi by tube dilution method [21].

1 ml portions of potato dextrose broth were amended with the sample 
to get 10 µg, 20 µg, 30 µg, 40 µg, 50 µg, 75 µg, and 100 µg/ml. One set 
of potato dextrose broth tubes without any addition was maintained 
as control and another set amended with 100  µg/ml of clotrimazole 
served as positive control. All the tubes were inoculated with a loop full 
of spores of M. gypseum, mixed well and incubated at 30°C for 24 hrs. 
After 24 hrs, the growth level in each tube was noted; cultures from 
all tubes were aseptically streaked onto potato dextrose agar plate 
using sterile cotton swabs and incubated at 30°C for 72 hrs. The growth 
inhibition of M. gypseum was recorded after 72 hrs.

Ultraviolet (UV)-visible spectral analyses of methanolic crude 
extract of isolate M20
UV-visible spectral analysis of methanol crude extract of isolate M20 
was performed using Hitachi U-2010 spectrophotometer, wavelength 
range: 200-800 nm to know the group of the compounds responsible 
for antidermatophytic activity.

RESULTS AND DISCUSSION

Collection and analysis of soil sample
The mangrove plant A. marina in Ariyankuppam backwater area in 
Puducherry, showed high tolerance with ethnobotanical medicinal 
importance to survive in the saline environment. The diversity of 
microbes in root region of plant highly depends on the bioactive 
compounds that are secreted and released out by the plant for its 
survival. The interaction of rhizosphere actinomycetes with plant is 
coordinated by the root exudates. The wet pH of mangrove sediment 
sample collected from A. marina was 7.7. The physicochemical analysis 
of soil sample showed that there were very low available Nitrogen, P2O5, 
and Cu. K2O was medium. Micronutrients such as Zn and Fe were high 
in their available form, Mn was medium.

Isolation and in vitro screening of mangrove actinomycetes for 
antidermatophytic activity
The air-dried soil sample had reduced the unwanted bacteria and 
fungi initially. The soil sample pretreated with dry heat (70oC for 
15  minutes)  [12,13] pretreatment had eliminated unwanted bacteria 
and fungi further, and also it enhanced the chances of isolating rare and 
novel actinomycetes [22]. Yeast malt extract agar was found better in 
the maintenance of actinomycetes that produced spores.

When the 25 actinomycetes were subjected for primary 
screening against the three dermatophytes, namely, M. gypseum, 
T.  mentagrophytes, and E. floccosum, the isolate M20 was found to 
better in controlling all the three dermatophytes (Plate 1). Isolate 
M20 not only controlled these three dermatophytes but also broad 
spectrum antifungal activity was observed and noted against 12 fungi 
tested in the earlier study [10]. A polyene belonging to the pentaene 
group which has a broad spectrum antifungal activity in vitro against 
many fungal strains including dermatophytes was extracted from 
Streptomyces griseus strain  [1]. Novel antibiotics UK-2A, B, C, and 
D produced by Streptomyces sp.  517-02 exhibit strong antifungal 

Table 1: Effect of culture filtrate of M20 of radial growth of 
dermatophytes

Fungi tested 10% culture filtrate

Growth in mm Inhibition in mm
Microsporum gypseum 4.4±0.2 85.6±0.2
Trichophyton mentagrophytes 4.4±0.2 85.6±0.2
Epidermophyton floccosum 8.9±0.3 81.1±0.3
The data are presented as mean±value standard deviation of three 
replicates (n=3)
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activity [23]. Streptomyces halstedii K122 found to produce antifungal 
compounds on solid substrates that inhibited the radial growth of 
dermatophytic fungi [24].

Biochemical and molecular characterization of isolate M20
The broad spectrum antifungal activity not only depends on the 
compounds in the form of antibiotics but also mainly depends on the 
extracellular enzyme production by isolates. When the isolate M20 was 
tested for chitinase production, it was found better in the production of 
chitinase enzyme that may also responsible for cell wall degeneration 
in fungi. The study about chitinase production by Streptomyces sp got 
its support from the studies [25,26]. Molecular characterization of 
isolate M20 was done by 16S rRNA sequencing analysis. The sequence 
of isolate M20 was submitted to GeneBank with the accession No. 
KP872910. Phylogenetic analysis of 16S rRNA gene (1427 bp) of M20, 
species of Streptomyces was carried out with 18 different reference 
species of Streptomyces available in the GeneBank database. The isolate 
M20 branched along with Streptomyces cacaoi subsp cacaoi (NRBC 
12748(T)-AB184115 in the analysis.

Antidermatophytic activity  -  Effect of culture filtrate of M20 on 
radial growth of dermatophytes
Control of three dermatophytes was initially tested under in vitro 
condition using agar plug method, agar well diffusion method. 10% 
culture filtrate of isolate M20. 

Inhibition in radial growth of test fungi was observed and noted as 
M. gypseum 95.6%, T. mentagrophytes 95.6%, and E. floccosum 91.1% 
(Plate 2).

It was evidenced that the 10% culture filtrate had effectively controlled 
the dermatophytes (Table 1) and also noted that the inhibition in radial 
growth of fungi tested for the activity was stable up to 10-15 days.

Production of volatile compounds of the M20
The volatile compounds produced by the isolate M20 was tested with 
M. gypseum. It was noticed that the presence of volatile compounds 
adversely affected the growth and mycelial mass of fungi as 76.2%. 
The combination of volatile toxicity of M20+10% culture filtrate 
enhanced the inhibition of as 99.8% (Plate 3). The effectiveness of 
volatile compounds with non-volatile antibiotic compounds on the 
mycelial growth of test pathogen proved the suppressing capacity of 
isolate M20. From these, it was clear that the volatile and non-volatile 
compounds secreted by the isolate M20 actively controlled the growth 
of dermatophyte - M. gypseum.

Antidermatophytic activity of the partially purified compound 
fraction against M. gypseum with reference standard antibiotic 
clotrimazole
Antidermatophytic activity was initially tested with isolate M20 against 
three dermatophytes M. gypseum, T. Mentagrophytes, and E. floccosum 
by agar plug and agar well diffusion method. The activity was found 
to better in both the methods. Since the culture filtrate of isolate 
M20 was found to be better, the activity was tested with the partially 
purified compound fraction that was extracted from the culture filtrate. 
Antidermatophytic activity of the partially purified compound fraction 
(0.5 mg/disc) with reference standard antimicrobial agent clotrimazole 
(0.5  mg/disc) was tested against M. gypseum. The inhibition zone in 
antidermatophytic activity of compound fraction was better (12 mm) 
than the clotrimazole (6 mm) tested (Plate 4).

Plate 1: Antidermatophytic activity of isolate M20 by agar plug 
method

Plate 2: Effect on 10% culture filtrate of isolate M20 on radial growth of dermatophytes control Microsporum gypseum Trichophyton 
mentagrophytes Epidermophyton floccosum treated with 10% culture filtrate of isolate M20 M. gypseum T. mentagrophytes, E. floccosum
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Minimum inhibitory concentration (MIC)
MIC of partially purified compound fraction of isolate M20 for 
antidermatophytic activity against M. gypseum was 75  µg/ml. 
The complete antidermatophytic activity was observed with the 
concentration of 100 µg/ml (Plate 5).

UV-visible spectrum of partially purified yellow compound fraction
The presence of neutral and acidic polyoxins (270-290  nm) and 
heptaene antifungal antibiotics (385-417  nm) are confirmed from 
the UV-vis spectral analysis with the help of absorption spectra of 
reference antibiotics [27]. The nucleoside antibiotics are very effective 
in broad spectrum antifungal, antibacterial, anticandida activity 

and also they have insecticidal, nematocidal, and larvicidal antiviral 
properties. Hence, this group of antibiotics used for curing and 
controlling multiple diseases in humans and animals. Since they have 
strong antifungal activity including antidermatophytic activity, they 
can be used to prepare biomedicines for human and animal welfare 
(Fig. 1).

CONCLUSIONS

Every day human pathogens are getting resistance to the drugs to tackle 
the problem of getting rid of them. Hence, they enhance their resistive 
virulence with the help of suitable environmental conditions, food habit 
of humans and over usage of antibiotics. This leads to search of new 
and newer antibiotics to protect ourselves from the human pathogens. 

Plate 3: Effect of volatile compounds of the isolate M20 on Microsporum gypseum control volatile toxicity of M20 volatile toxicity of 
M20+10% C.F on M. gypseum on M. gypseum antidermatophytic activity of the partially purified compound fraction against M. gypseum 

with reference standard antibiotic clotrimazole

Plate 4: Antidermatophytic activity of the partially purified 
compound fraction with clotrimazole against Microsporum 

gypseum

Fig. 1: Analysis of Ultraviolet- visible spectrum of partially purified yellow compound fraction

Plate 5: Detection of minimum inhibitory concentration for 
Microsporum gypseum from broth dilution technique
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The dermatophytes do not cause any serious problems in human 
beings, and other animals but disfiguring and uncomfortable are 
common. This can be controlled by the antifungal antibiotics that are 
already available in the market but some antibiotics are expensive and 
most cause severe side effects. This experimental research work is an 
approach to find the efficiency of antidermatophytic activity of culture 
filtrate, partially purified compound fraction of isolate M20 to proceed 
further toward the alternative drug from mangrove actinomycetes for 
dermatophytosis. It is a preliminary work, needs further research work 
for better drug delivery for dermatophytosis.
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