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ABSTRACT
Fifteen soil samples were collected and special isolation methods were employed using Sabouraud’s dextrose agar fortified with suitable
antibiotics in order to suppress the bacterial growth on the plate, thus help in picking up only rare fungal colonies. Primary screening using
agar plug and agar diffusion assay were used to check the antagonistic activity of isolated fungi against test organism. In secondary
screening liquid fermentation followed by crude extraction were used for the production of antibiotic from selected fungal isolate. Agar well
diffusion was used for antimicrobial activity of crude extract against test organism. As the results of primary screening, thirteen fungal
isolates were showed antimicrobial activity against one or more test bacteria and fungus. In agar plug assay as well as in methanol extract
well diffusion assay, three isolates which was designated as I - 5, I - 8 and I - 12, have been shown antimicrobial activity against Gram
positive bacteria and fungus. Out of the three isolates with greater antimicrobial activity in primary screening, the most promising isolates I 8 showed inhibitory action against S. aureus, C. albicans and A. terreus during secondary screening. The crude methanol extracts have
shown promising and encouraging antimicrobial activities against standard strains. This investigation is a primary study, further
investigations needs to be embarked upon to determine the type of antimicrobial entity. Further purification, structural elucidation and
characterization are recommended to know the quality and commercial viability of the product.
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INTRODUCTION
Soil microflora such as bacteria, fungi and actinomycetes produce various secondary metabolites. In the soil
environment, fungi are one of the many members of a cosmopolitan microbial community characterized by
complex interactions. In fact, soil fungi can control infections caused by other microorganisms using defense
mechanisms that involve either enzymes or secondary metabolite production [15,1,13].
Over the last 40 to 45 years which was seen as the golden era of antibiotic research, the majority of drug
classes currently being used today was discovered and was from the old scaffold [2].
New antibacterial drugs launched since 2000 were either natural products or semi synthetically derived.
Majority of them (6) were beta-lactams (Cephalosporins); a Macrolide (ketolide) Erythromycin class from
actinomycete; Lipopeptide (Daptomycin) from actinomycete; Tetracycline from actinomycete; Pleuromutilin
from Pleuromutilin fungus and Glycopeptide (Vancomycin) from actinomycete.
While the difficulty in identifying new Gram-positive antibacterial template is well documented, it is
encouraging to know that some monobactam - siderophore hybrid, the aminoglycoside and various quinolones
are being developed to treat the Gram-negative bacteria [4].
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Similarly, treatment of invasive fungal infections is becoming a major problem and challenge particularly in
immuno-compromised patients resulting out of AIDS infections, cancer treatments, organ transplants and other
nosocomial infections. Clinically available drugs were limited to Amphotericin B, azoles and flucytosine.
However, these have problems with antifungal spectra of activity, toxicity or resistance. Emergence of
multi-azole-resistant Candida strains have led to many serious fungal infection hence needs to be looked at.
During the last decade screening of new therapeutic leads resulted in the Echinocandin class of drugs
(Anidulafungin, Micafungin and Caspofungin) which mainly inhibit the synthesis of 1,3 -Beta-glucan. A major
cell wall component of fungi. As human cells lack this component, such compounds are likely to be non toxic
and are mostly fungicidal [4].
India is prosperous in fungal biodiversity which exceeds more than 27,000 species, the most widespread
biotic community after insects [9,12]. Fungi are an important component of soil microbiota, contributing more
soil biomass than bacteria. We investigated the diversity and community dynamics in microfungal population
numbers from Northern region soil of India for therapeutic alternatives. Northern Region of India is a huge
potential area for bio-prospecting, since the region is best known for rich biodiversity [6].
If bacteria continue to develop new resistance mechanisms and if the pharmaceutical industry produces new
class of antibiotics at the existing rate, then future for medicine is a concern. In the current scenario It is unlikely
that the industry will dramatically increase the rate of production of new classes of antibiotics. This means that
the present global antibiotic discovery process is probably unsustainable in the long term [4].
Based on current scenario exploratory work designed for isolation, purification, fermentation and
identification of rare/ uncommon and unexplored species of fungi for screening using in vitro microbial models
mainly for broad spectrum antibacterials, systemic antifungals and also for immunomodulatory as well as
metabolic disorders like diabetes and cardiovascular. Present study involved solid as well as shake flask
fermentation for preliminary processing to get crude extract and developing sensitive methods for locating and
identifying the active secondary metabolites in crude extracts.
MATERIALS AND METHODS
2.1Selection and description of study area:
Soil samples were collected from various locations of Northern himalyan region of India (Haridwar - Ganga
River, Rishikesh, Dehradun, Roorkee etc.). These sites were selected because of their biodiversity and dense
vegetation which suggested a high fungal diversity and hence would be interesting to characterize.
2.2 Collection of soil samples:
During the study, 15 soil samples were collected aseptically from 5 sites at different depth (5, 8 and 15 cm)
of the soil using standard methods [1]. The collected samples were transferred to research laboratory where the
entire research work was carried out. 10 soil cores were taken from a single site, mixed thoroughly and the
composite sample was used for isolation of fungi. Collected soil samples were dried and powdered in the
laboratory using mortar and pestle. The soil samples were sieved through 250 μm pore sieve size. The soil
samples were kept in a refrigerator at 4±1°C till isolation procedure was completed.
2.3 Test bacteria:
The test bacteria were obtained from Biotech R & D, Ipca Laboratories Ltd. Mumbai. The test bacteria used
were Staphlyococcus aureus (Gram+ve bacterium), Escherichia coli (Gram -ve bacerium) and fungal test strains
Candida albicans (unicellular yeast strain) and Aspergillus terreus (filamentous fungus strain).
2.4 Isolation and screening of Fungal isolates:
Special isolation methods were employed using suitable nutrient agar medium (Sabouraud’s dextrose agar)
fortified with 200ppm of antifungal antibiotic cycloheximide and or 0.2% of Sodium propionate (fungicidal
agent) and 40 ppm of Gentamycin on the plate for picking up only rare fungal colonies. The following two
isolation methods were employed:
a) The Warcup’s Direct Soil-Plate Method [11]:
0.2-0.5 gram of dried powdered soil is used for this purpose and directly put in the center of 6” dry sterile
glass Petri plate and then moistened with a drop of sterile water. The molten hot (~40-45 oC) sterile nutrient agar
medium is poured onto the surface of the soil and then swirled in “8” fashion. Allowed to cool and then
incubated at 26 oC in an incubator for a period of 1-2 weeks. The plates were periodically observed for the
appearance of fungal colonies on a day to day basis. The appeared fungal colonies were marked by a marker and
picked on the basis of their unusual morphological appearance and growth. Enough precaution and care was
taken to avoid duplication while picking up the similarly looking colonies from the same plate. The fungal
colonies were transferred by point inoculation with a bent inoculation needle on to the central surface of the
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SDA slants containing 40ppm of Gentamycin in order to avoid bacterial contamination and kept for incubation
for a week. Slants were observed on a regular basis after a week and were purified and sub cultured onto the
plain SDA slants. Generally one or two sub culturing is required to obtain a pure fungal isolate.
b) Serial soil dilution method [1]:
One gram of the dry and powdered soil is used for the serial dilution (1:10) purpose in a known volume
(5ml) of the sterile water. One drop of the soil diluted sample is put at the center of the sterile 6” glass Petri
plate and the molten nutrient Sab agar medium (40-45 oC) containing 40ppm of Gentamycin only is poured on
the drop of water and swirled gently and allowed to cool and solidify. The plates were incubated at 26 oC in an
incubator and the same procedure was followed as mentioned above for the isolation, purification and
maintenance.
2.5 Maintenance and preservation of fugal culture:
(a) Preservation of fungal culture on slant:
SDA slants were prepared and pure culture was point inoculated on fresh slant. Generally one or two sub
culturing is required to obtain a pure fungal isolate. Well grown pure fungal isolates were stored for the purpose
of screening.
(b) Lyophilization of fungal culture:
The well grown fungal cultures on slant were harvested with 10% skim milk. The culture suspensions were
quickly transferred to the sterilized vials. Approximately 1.5 ml of suspensions were added per vial and sealed
with the cotton. The culture suspensions were frozen inside the vials by placing the vials at -30oC in
re-circulated water bath. Once the cultures were frozen, the vials were aseptically placed into a freeze drier
chamber. Vacuum was applied to the chamber and cultures were allowed to lyophilize (dry out) completely. The
samples were removed from the freeze drier chamber and the vials were sealed immediately with the silica
beads and parafilm. The lyophilized culture collections were stored at -20°C in deep freeze in triplicate. A total
60 no. of cultures have been lyophilized.
After isolation of the pure colonies, each colony was further identified on the basis of its colonial
morphology, colour of hyphae and presence or absence of aerial and substrate mycelium. Then, selected and
identified colonies of fungi were screened for their antimicrobial spectrum.
2.6 Screening of fungal culture for Biological activities:
Well grown and sporulated fungal cultures (2-3 weeks old) were obtained and started screening activity
using in-vitro antibiotic screening model which was easy to establish using the available bacterial test strains
Staphlyococcus aureus (Gram+ve bacterium), Escherichia. coli (Gram -ve bacerium) and fungal test strains
Candida albicans (unicellular yeast strain) and Aspergillus terreus (filamentous fungus strain).
It was necessary to standardize the preparation of the above test strain plates using the suitable and standard
growth nutrient media and temperature. While the bacterial test strains were grown on nutrient broth medium
with pH 7.2 and incubated at 37 oC, the fungal test strains were grown on Sabouraud Dextrose broth medium
with pH 6.5 and incubated at 28 oC. In order to have the test plates standardized, it was necessary to use the
standard amount of inoculum of the pre grown test cultures (both bacteria and fungi) and standard antibiotics
tested at different concentrations. While One mg of standard Gentamycin (1:10 dilutions) was tested against
the bacterial test strains, one mg of standard caspofungin (1:10 dilutions) was tested against the fungal test
strains. The plates were incubated and observed after 18-20 hours of incubation (bacterial strains) and 24-36hrs
of incubation (fungal strains). The activity in the form of zone of inhibition in diameters were measured and
recorded for reference. It was decided to use 500ppm stock solutions of both the antibiotics as standard control.
(a) PrimaryScreening:
(i) Solid screening by agar plug assay amd agar well diffusion assay:
Solid screening of fungal isolates I - 1 to I - 13 was done by agar pug assay and agar well diffusion assay.
Sterilized SDA plates of 150mm diameter with 150 ml volume were made and solidified. Wells were
punched and plugs were placed in 150mm sterile plates in duplicate (one plate for direct agar-plug assay and the
other for methanol extraction). The plugs were inoculated with a loopful of well sporulated cultures and
incubated in a moist chamber at 25oC. Growth was checked periodically. Well grown plugs were transferred in
methanol in 1:2 ratio for their extraction from one plate and kept for 3 - 4 hrs. In the other plate, cotton soaked
in chloroform was kept for 24 hours in order to kill the grown cultures. Assay plates were made with bacterial
and fungal test organism.
While the methanol extracts were tested by the agar well method using 50 μl of the extract, the duplicate
grown agar plugs were directly placed on the assay plates. All the test plates were stored at 4 oC for diffusion
(15 min.) and then incubated at 37o C for E. coli and S. aureus & 28o C for C. albicans and A. terreus. The
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activity as zone of inhibition were measured after 18 – 36 hours and documented (Table 1 and Fig. 1).
(b) SecodaryScreening:
(i) Liquid screening of Fungal cultures for antimicrobial activity:
Based on the zone of inhibition in primary screening, isolates that have potential antimicrobial activity were
selected for liquid fermentation and extraction, and then the crude extracts were assessed following agar well
diffusion methods. The promising cultures of fungal isolates were grown in seed media (sabourauds dextrose
broth-100 mL) at 26 °C and 220 rpm. The growth was checked periodically and then transfer to production
media (113, 213 and Sab media). The growth in production media was observed periodically and the samples
were harvested at 72 hrs , 96 hrs and 120 hrs (03-04 flask each). The 03-04 flask for each hour was pulled
together and preceeded for solvent extraction. Extraction was carried out with Methanol and Ethyl acetate. The
crude extracts sample obtained from each isolates were used as stock concentration for determination of
antimicrobial activity against test pathogens i.e. bacteria (S. aureus and E. coli) and fungi (C. albicans and A.
terreus). Then the plates were incubated for 24 h at 37 °C for bacteria and 48 h at 28 °C for fungi. After
incubation, the zone of inhibitions were measured and recorded.
3. Results
3.1 Sampling and isolation of fungi:
From a total of 15 soil samples, 60 different fungal isolates were obtained at different depth of the soil. Of
these 60 isolates, maxium 38 no. were isolated from Ganga side and nearby areas of Haridwar (Table 1).
3.2 Screening of isolated fungal isolates for their antimicrobial activities:
(a) Primary screening:
As the results of primary screening, thirteen fungal isolates were showed antimicrobial activity against one
or more test bacteria and fungus. Of these thirteen isolates, five (I - 1, I - 2, I - 3, I - 4, I - 5) from Haridwar area,
three (I - 6, I - 7, I - 8) from Rishiksh and four (I - 9, I - 10, I - 11, I - 12) from Dehradun and one (I - 13) from
Roorkee were obtained.
In agar plug assay, among a total of 13 isolates showing antimicrobial activities, three isolates which was
designated as I - 4 (17mm), I - 7 (24mm) and I - 10 (21mm), have been shown antimicrobial activity against
Gram positive bacteria only. In this study, two isolate, I - 1 and I - 3 (12mm), were active against Candida
albicans and I - 9 (15mm) against A. terreus. Moreover, four isolates (I - 2, I - 5, I - 8 and I - 12) were active
against Gram positive and fungus. Isolate I - 2 showed antimicrobial activity against S. aureus (14mm), C.
albicans (13mm) and A. terreus (16mm), Isolate I - 5 showed activity against S. aureus (15mm), C. albicans
(20mm) and A. terreus (23mm), Isolate I - 8 showed activity against S. aureus (13mm), C. albicans (23mm) and
A. terreus (20mm) while Isolate I - 12 showed activity against S. aureus (13mm), C. albicans (20mm) and A.
terreus (18mm) as compared to standard antibiotics. Isolate I - 6 and I - 13 showed antagonistic activity against
Candida albicans and Aspergillus terreus. Isolate I - 6 showed activity against C. albicans (14mm) and A.
terreus (13mm) and Isolate I - 13 showed activity against C. albicans (20mm) and A. terreus (13mm). Only one
isloate I - 11 showed antimicrobial activity against both S. aureus (23mm) and A. terreus (11mm). From the
total 13 isolates, eight have been shown antagonistic activity against S.aureus while none showed acivity against
E. coli . Seven isolate showed antagonistic activity against Candida albicans while eight isolate against
Aspergillus terreus (Fig 1 a).
In Methanol extract well diffusion assay, among a total of 13 isolates showing antimicrobial activities in
agar plug assay, methnol extract of three isolates which was designated as I - 5, I - 8 and I - 12, have been
shown antimicrobial activity against Gram positive bacteria and fungus (Fig 1 b).
Metanol extract of isolate I - 5 showed antimicrobial activity against C. albicans (19) and A. terreus
(18mm), Isolate I - 8 showed activity against S. aureus (15mm), C. albicans (21mm) and A. terreus (20mm) and
Isolate I - 12 showed activity against S. aureus (12mm), C. albicans (15mm) and A. terreus (18mm). Only one
methanolic extract of isolate I - 11 showed antimicrobial activity against A. terreus (20mm) as compared to
standard antibiotics. Methanolic solution of Caspofungin was used as antifungal standard and Gentamycin as an
antibacterial standard and Methanol as control (Table 2).
On the basis of primary screening three isolates such as I - 5, I - 8, and I - 12 were selected for secodary
screening.
(b) Secondary Screening:
Methanol crude extract of selected isolates have been shown significant activity against test organism
during secondary screening process. Crude extract from isolate I - 8 showed high antimicrobial activity against S.
aureus (16mm), C. albicans (20mm) and A. terreus (18mm) as compared to standard antibiotics. Crude extract
from isolate I - 12 was the second active extract that showed antimicrobial activity against S. aureus (13mm), C.
albicans (17mm) and A. terreus (16mm) as compared to standard antibiotics. Crude extract from isolate I - 5
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was the third active extract in comparison to with other extracts that showed antagonistic activity against S.
aureus (12mm), C. albicans (15mm) and A. terreus (16mm) as compared to standard antibiotics. None of the
isolate showed antimicrobial activity against Gram negative baceria.
Out of the three isolates with greater antimicrobial activity in primary screening, the most promising
isolates I - 8 showed inhibitory action against S. aureus, C. albicans and A. terreus during secondary screening.
The crude extracts have shown promising and encouraging antimicrobial activities against standard strains when
compared to the standard antibiotics of gentamycin and caspofungin (Table 3).
Table 1: Description of samples collected from different sites of Northern Himalyan region and isolated fungi
S. No.
Sample collection site
Total No. samples
Soil depth (cm)
Total no. of pure fungal isolates
1
Haridwar
11
5
38
2
Rishikesh
1
8
3
3
Dehradun
2
5
15
4
Roorkee
1
5
4
Total
15
60
Table 2: Solid screening results of fungal cultures I-1 to I-13 for antimicrobial activity:
Agar Plug
Methanol Extract
S.No.
Samples
E.coli
S.aureus
C.albicans
A.terreus
E.coli
S.aureus
(mm)
(mm)
(mm)
(mm)
(mm)
(mm)
1
I-1
12
2
I-2
14
13
16
3
I-3
12
4
I-4
17
5
I-5
15
20
23
6
I-6
14
13
7
I-7
24
8
I-8
13
23
20
15
9
I-9
15
10
I - 10
21
11
I - 11
23
11
12
I - 12
13
20
18
12
13
I - 13
20
13
14
Gentamycin
20
20
18
22
(500µg/ml)
15
Caspofungin
25
28
(500µg/ml)
16
Solvent
control
(Methanol)
Table 3: Agar well diffusion assay of potential isolates against test organisms
S.No.
Methanol Crude extracts and Zone of Inhibition
standard antibiotics
E.coli (mm)
S.aureus (mm)
1
I-5
12
2
I-8
16
3
I - 12
13
4
Gentamycin (500µg/ml)
18
20
5
Caspofungin (500µg/ml)
6
Solvent control (Methanol)
-

C.albicans (mm)
15
20
17
21
-

C.albicans
(mm)
19
21
15
-

A.terreus
(mm)
18
20
20
18
-

24

28

-

-

A.terreus (mm)
16
18
16
25
-
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(a) Agar plug assay:

(b) Agar well diffusion assay of methanol extracts:

Fig. 1: Screening of fungal culture by (a) Agar plug assay; (b) Agar well diffusion assay:
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Discussion:
The future of modern medicine depends upon effective antibiotics [14]. The world produced more than 20
novel classes of antibiotics between 1930 and 1962 [4,5,10]. Since then, only two new classes of antibiotics
have been marketed [2]. Numerous analogues of existing classes have reached the market in this time period.
Meanwhile, multi-drug-resistant bacteria (superbugs) have emerged throughout the world [7].
Antibiotics are secondary metabolites produced by microbes or chemically synthesized substances with the
ability to kill other microorganism or inhibit their growth. In searching for new antibiotics, relatively simple and
rapid methods have been developed for screening microorganisms for antibiotic producing ability. Soil sample
are commonly employed in the antibiotic producing organism [13].
In the present study, soil samples were randomly taken from Haridwar, Rishikesh, Dehradun and Roorkee
areas for isolation of fungi. Selective isolation techniques were employed i.e. soil plating (Warcup’s method)
and soil dilution for the isolation of rare fungi. In primary screening, using agar plug and diffusion assay showed
potential antimicrobial activity against one or more test bacteria and/or fungus. Observation of clear inhibition
zones around the wells on the inoculated wells is an indication of antimicrobial activities of antibiotics extracted
from fungi against test organisms [8].
Isolates I - 5, I - 8, and I - 12 showed antimicrobial activity against S. aureus, C. albicans and A. terreus in
both agar plug as well as diffusion assay. Escherichia coli proved to be resistance to all the isolates that is there
is no clear zone of inhibition observed against the bacteria. On the basis of primary screening three isolates such
as I - 5, I - 8, and I - 12 were selected for secodary screening. In secondary screening methanol crude extract
from isolate I - 8 showed high antimicrobial activity against S. aureus, C. albicans and A. terreus as compared
to standard other isolates.
This investigation reveals that all fungal species isolated from the soil environment do produce some form
of antimicrobials. Although the identification of these isolated fungal colonies were not yet done up to the
species level, but their morphological and biochemical characteristics indicate that they belong to the genus
Aspergillus, Penicillium and Fusarium [8].
This investigation is a primary study, further investigations needs to be embarked upon to determine the
type of antimicrobial substance produced whether static or cidal. Therefore, further purification process is
significant to get pure antibiotic substance for the application of treatment of different pathogenic
microorganisms.
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