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ABSTRACT

All the microorganisms produce primary and secondary metabolites which have various industrial applications.
Metabolites such as antibiotics are mainly produced by the filamentous micro- organisms such as bacteria and
fungi. The rhizosphere is a narrow zone surrounding and influenced by plant roots and also a hot spot for several
organisms. Organisms found in vicinity of roots include bacteria, fungi, oomycetes, nematodes, protozoa, algae,
viruses, archaea, and arthropods. Microorganisms in rhizosphere are different from those residing in the non-
rhizosphere surrounding soil, both in numbers of cells and the variety of strains. Rhizosphere microorganisms have
been recognized as an important source of a variety of structurally unique and active secondary metabolites. In
present study, 6 fungi were isolated form rhizosphere of medicinal plant Azadirachta indica (Neem). Out of 6
isolates, one isolate was selected and identified (Aspergillus niger) as showed maximum antimicrobial activity
against test microbe E. coli. Fermentation conditions were optimized such as temperature (25°C), pH (5), carbon
source (glucose) and nitrogen source (ammonium nitrate) for maximum production of antimicrobial compound.
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INTRODUCTION

Microbes usually produce several compounds with lots of applications in daily life such as pigments, dyes, health
components, antibiotics [1]. Antibiotic means ‘against the living organisms’ [2]. Antibiotics are the secondary
metabolites produced by microorganisms after synthesis of primary metabolites. Secondary metabolites do not play
any role in the growth and development of microbes. These are synthesized during the stationary phase and have
toxic effect on the microorganism other than the producer one. Antimicrobial compounds are used to kill or retard
the growth of the living organisms [3]. Antibiotics are produced by bacteria, fungi, sponges etc. Antibiotics play a
very important role in controlling infectious diseases [4]. Penicillin, kanamycin, neomycin are the some examples of
antibiotics. Antibiotics are used all over the world. Mainly antibiotic producing microbes are found from soil and
water as all growth nutrients are present in the soil and water. It also depends on nature of environment and texture
of soil or many other features of soil and water [4]. The large population of the microbes is found in the rhizospheric
region of the plants. Rhizosphere is defined as the soil volume present near the roots of the plants [5]. Secretion of
organic nutrients from the roots of the plants favors the growth and development of the microorganisms in
rhizosphere [6]. The inappropriate use of antimicrobial medicines has prompted the resistant microbes to emerge.
Therefore, there is an urgent need to isolate new antibiotic producing microbial strains or new antibiotic molecules
to meet the challenges such as emergence of new diseases or resistivity of some pathogens to the existing antibiotics
[7-9]. In lieu of the above justification, the objective of present study was to search for the antibiotic producing fungi
from rhizosphere that can produce more effective antimicrobial compounds which can kill the life-threatening
pathogens.
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EXPERIMENTAL SECTION

Collection of Sample

The soil sample was collected from the rhizosphere of medicinal plant ‘Azadirachta indica’ (Neem) of Kurukshetra
University, Kurukshetra, Haryana, India. The sample was taken in clean and sterilized polythene bags. The sample
was taken directly to the laboratory and allowed to air dry. Within 24 hours, the collected sample was used to isolate
the fungi [10].

Isolation of Antibiotic Producing Microorganisms

Serial dilution method was used to isolate the fungi. The soil sample was serially diluted in the sterilized water
under the sterilized conditions (laminar air flow chamber). Serial dilutions were made upto 10 and 0.1 ml of each
dilution was spread on the Potato Dextrose Agar (PDA) plates having antibacterial agent (50 pg/ml streptomycin)
[11]. Plates were incubated at the 30°C in the incubator for 7 days. Morphologically different fungal colonies were
separated by inoculating each colony on the different plate to maintain the pure culture.

Screening for Antimicrobial Activity

Agar well diffusion method was used to screen the fungal isolates for antimicrobial activity [12]. Fungal isolates
were grown in 250 ml conical flasks containing 100 ml Potato Dextrose Broth (PDB), autoclaved at 121°C for 20
minutes. After cooling the medium, each flask was inoculated with fungal disc, cut from the 6-7 days old culture of
fungi. These flasks were incubated for 15 days at 30°C. After 15 days, fungi were filtered through Whatman No.1
filter paper. The culture filtrates were separated from mycelium. Two test microbes, one gram-negative such as
Escherichia coli MTCC 40 and one gram-positive such as Staphylococcus aureus MTCC 87 were procured from
Microbial Type Culture Collection (MTCC), Institute of Microbial Technology (IMTECH), Chandigarh. Mueller
Hinton Agar (MHA) plates were prepared under the sterilized conditions. Pure culture of two test microbes were
swabbed on the MHA plates by using sterilized cotton buds. After that, wells were made on the agar plates. To each
well, culture filtrate and Ciprofloxacin as positive control were added. Uninoculated broth was added as negative
control. The plates were incubated at 37°C for 24 hours. After the incubation, the diameter of growth inhibition zone
surrounding the well was measured by using the zone scale [10] and fungal isolate was selected on basis of
maximum diameter of zone of growth inhibition against test microbes.

Morphological and Molecular Identification of Fungi

The growth pattern, pigmentation and colony morphology were observed during the incubation period for
identification of fungi. Lactophenol cotton blue dye was used for spore staining. A single drop of lactophenol cotton
blue was placed on the clean glass slide. With the help of sterilized needle, a small portion of mycelium was taken
from the fungal culture and the mycelia was spread on the slide within the drop area [13]. The glass slide was
observed under the microscope to see the sporulating structure. The fungal genera were identified by using various
manuals and monographs [14-16]. Molecular identification of promising fungal isolate was performed by National
Fungal Culture Collection of India (NFCCI), Agharkar Research Institute, Pune and Maharashtra.

Optimization of Cultural Conditions

Maximum metabolite production as well as growth of the microorganism is influenced by some environmental
factors such as pH, temperature, carbon source and nitrogen source [17]. Therefore, the growth conditions and
composition of media were optimized for maximum antibiotic production by stepwise modifications in parameters
such as pH, temperature, carbon source and nitrogen source [18].

To determine the effective temperature for the growth of fungus and maximum antimicrobial activity, four different
temperatures 25°C, 29°C, 33°C, 37°C were adjusted for broths with discs of selected fungus and incubated under
stationary conditions for 15 days. After incubation, the filtration was done with sterilized whatman filter paper and
culture filtrates were used for testing antimicrobial activity against test microbes by agar well diffusion assay. All
experiments were performed in triplicates. Five pH values 3, 5, 7, 9, 11 were taken to determine the optimum pH for
the growth of fungal isolate. Broths were autoclaved at 121°C for 15 minutes. Fungal discs were inoculated into
broths and incubated at 30°C for 15 days. The culture filtrates after filtering through whatman filter paper were
tested for antimicrobial activity against test microbes by agar well diffusion method. All experiments were
performed in triplicates.

To optimize the carbon source, three discs of selected fungus were inoculated into Potato broth added with five
different carbon sources dextrose, glucose, lactose, fructose, and sucrose was incubated at 30°C for 15 days under
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stationary conditions. After incubation, broths were filtered using whatman filter paper and culture filtrates were
tested for antimicrobial activity against test microbes by agar well diffusion method. All experiments were
performed in triplicates.

The nitrogen source was optimized by adding five different nitrogen sources that were peptone, urea, ammonium
sulfate, ammonium nitrate and ammonium chloride into Potato broth with selected carbon source. Three discs of
selected fungal isolate were transferred to these broths and incubated at 30°C for 15 days under stationary
conditions. After incubation, broths were filtered using whatman filter paper and culture filtrates were tested for
antimicrobial activity against test microbes by agar well diffusion method. All experiments were performed in
triplicates.

RESULTS AND DISCUSSION

Isolation of Fungi from Rhizospheric Soil

A total of six fungi were isolated from the rhizospheric soil of medicinal plant ‘Azadirachta indica’ (Neem) from
Kurukshetra University. All the isolates were sub-cultured on Potato Dextrose Agar (PDA) plates and incubated at
30°C for 7 days. PDA slants were also made for further use in future. The same culture conditions such as growth
media (Potato dextrose agar), growth temperature (30°C) and incubation period (7days) were also used by Sharma et
al. [19] for Aspergillus sp. and Penicillium sp.

Screening for Antimicrobial Activity

The antimicrobial activity of the six morphologically different isolates (NS1, NS2, NS3, NS4, NS5, NS6) were
tested against the two test microbes, gram-positive (S. aureus) and gram-negative (E. coli). All of six isolates did not
inhibit the growth of test microbe S. aureus. Three isolates (NS1, NS4 and NS5) showed zone of growth inhibition
against test microbe E. coli. Isolates NS4, NS5 produced the zone of growth inhibition of 14 mm and 17 mm
respectively. The isolate NS1 produced the maximum diameter of zone of growth inhibition against the E. coli with
20 mm. Uninoculated broth used as negative control and ciprofloxacin used as positive control did not inhibit the
growth of test microbes. The results of antimicrobial activity of fungal isolates are shown in Table 1.

Table 1: Antimicrobial activity of fungal isolates against test microbes

Diameter of zone of growth inhibition (in mm)
Code Gram-negative bacteria | Gram-positive bacteria
of sample
E. coli S. aureus

NS1 20.33+0.57

NS2 -

NS3 -

NS4 14.66 + 0.57

NS5 17.00 +1.00

NS6 -

Ciprofloxacin
(positive control)
Uninoculated broth

Identification of Fungal Isolate

The fungi were identified as Aspergillus sp., Fusarium sp. and Penicillium sp. based on colony characterization
(colony color, colony growth) and sporulating structures and by following various manuals [14-16]. The
morphological results are given in Table 2. The fungi Aspergillus sp., Fusarium sp. and Penicillium sp. were also
isolated from soil by Jahangeer et al. [20] and Raju et al. [21]. Saravanan and Radhakrishnan [1] also reported the
same fungi from the soil of Western Ghat. Henerique et al. [22] isolated the fungi A. niger, A. flavus, and Mucor
from the soil sample. Variation in species and genus of fungi from different soils can be happened due to some
environmental factors such as pH, temperature of the soil, humidity, salt concentration, nutrient concentration etc.
Fungal isolate (NS1) which showed maximum antimicrobial activity was identified as Aspergillus niger based on
molecular identification from National Fungal Culture Collection of India (NFCCI), Agahrkar Research Institute,
Pune. The results of molecular identification are shown in Figure 1.
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Table 2: morphological identification of isolated fungi

Code of sample Genus name Colony morphology
NS1 Aspergillus sp. Black, powdery
NS2 Fusarium sp. White pink
NS3 Aspergillus sp Light green, powdery
NS4 Aspergillus sp. Greenish blue
NS5 Penicillium sp. Dark green
NS6 Aspergillus sp. Light green

Results of Molecular Tdenfificafion:
o The tested fungal isolate A showed 100% sequence similarity with Aspergillus niger.
o Sequence analyses with NCBI accession number KT192372, Aspergillus niger strain 2-00349-1
resulted in following alignment statistics.
o Alignment statistics: Query Length - 525, Score - 948 bits (1050), Expect - 0.0, Identities -
525/525 (100 %), Gaps - 0/525 (0%), Strand - Plus/Minus

Figure 1: Molecular identification of fungal isolate NS1

Optimization of Growth Conditions

Temperature is an important parameter that influences the overall growth and development of the microorganism
[23]. The growth and development of the microorganisms could be decreased at much higher as well as much lower
temperature. In present study, the favourable temperature for the growth of fungus A. niger and maximum
antimicrobial activity was found 25°C with maximum zone of growth inhibition of 18 mm in diameter. At 29°C,
33°C and 37°C, the sizes of zone of growth inhibition by culture filtrate were lower as 13 mm, 17 mm and 17 mm
respectively compared to diameter of zone of growth inhibition obtained at 25°C. The temperature 25°C was
reported as the optimum temperature for maximum bioactive metabolite production from Aspergillus sp. by Mathan
et al. [24]. Parmar et al. [25] also reported 25°C as optimum temperature for the production of highest biomass and
fusaric acid by Fusarium oxysporum. The optimum pH value for the proper growth of the fungus A. niger and
maximum antibiotic production was found 5. The largest zone of growth inhibition was obtained at the pH 5 with 20
mm zone in diameter. Culture filtrate at pH values 3 and 7 showed zone of growth inhibition of 14mm and 19 mm
respectively. No zone of growth inhibition was obtained by culture filtrate kept at pH 9 and 11. Compared to results
of present study with previous studies, Mathan et al. [24] and Boonyapranai et al. [26] reported the 5.5 pH for
Aspergillus sp. The optimized parameters are not same for the microorganisms due to variations in the growth
conditions or the strain difference. Mainly the maximum metabolites are produced around the pH 5-6 such as fungus
Fusarium solani which produce large volume of metabolite at pH 6 [27]. During the microbial fermentations, the
carbon source not only acts as a major constituent for building material of cells but also used in synthesis of
polysaccharides and as energy source [28]. In present study, various carbon sources (glucose, lactose, fructose,
dextrose. Sucrose) were added individually to the potato infusion 2 g per 100 ml. The maximum activity was shown
by strain A. niger in the broth having glucose with maximum zone of growth inhibition (20 mm) against E. coli.
Culture filtrates of A. niger in medium amended with dextrose, fructose, lactose and sucrose produced the zone of
growth inhibition of 16 mm, 18 mm, 18 mm and 17 mm respectively. Therefore, the favourable carbon source for
fungus A. niger for maximum antimicrobial activity was glucose which is in accordance with results of Bhavana et
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al. [29] who observed Glucose as favourable carbon source for maximum antimicrobial compound and mycelium
growth of Streptomyces carpaticus MTCC 11062.

Five nitrogen sources, peptone, ammonium nitrate, ammonium sulfate, ammonium chloride and urea, were taken to
optimize the nitrogen source for maximum antibiotic production by fungus A. niger. Culture filtrate in medium
supplemented with peptone, ammonium sulfate and ammonium chloride showed the zone of growth inhibition of 25
mm, 26 mm and 27 mm in diameter. Addition of ammonium nitrate increased the antimicrobial production by strain
A. niger with 28 mm zone of growth inhibition. The results of present study demonstrate the fact that strain A. niger
can effectively utilize inorganic nitrogen sources containing nitrate. Ammonium sulphate as promised nitrogen
source was reported by the Padmavathi et al. [30]. Ismaiel et al. [31] reported sodium nitrate as best nitrogen source
for the production of metabolite by fungus Fusarium roseum. The results of the optimization of fermentation
conditions are in Table 3.

Table 3: Optimization of fermentation conditions for maximum antibiotic production

Diameter of zone -
Diameter of zone of
Parameters of growth Parameters L
L growth inhibition (mm)
inhibition (mm)
Dextrose 16.33 £ 0.57 3 14.66 + 0.57
Carb Fructose 17.66 + 0.57 5 20.00 + 0.00
arbon Lactose 17.33 £0.57 pH 7 18.00 £ 0.00
sources
Glucose 20.66 + 0.57 9 -
Sucrose 18.33 £ 0.57 11 -
Peptone 25.00 + 1.00 25°C 18.00 + 0.00
) Ammonium nitrate 28.33+0.57 30°C 13.66 £ 0.57
Ns:;lz(:g:sn Ammonium sulfate 26.33+0.57 Temperature 33°C 16.66 + 0.57
Ammonium chloride 26.66 £ 0.57 37°C 17.33+0.57
Urea -
CONCLUSION

Optimization of temperature, pH, carbon source and nitrogen source increased the yield of antimicrobial compound
by fungus A. niger. Work is needed to optimize the other parameters also like inoculum size, vessel size,
concentration of selected carbon source and nitrogen source etc. to further increase the yield of antimicrobial
metabolite. Purification and characterization of antimicrobial metabolite will be performed.

ACKNOWLEGDMENT

The authors are grateful to Hon’ble Vice-Chancellor, Kurukshetra University, Kurukshetra and the Director,
University Institute of Engineering and Technology, Kurukshetra University, Kurukshetra for providing basic
infrastructure to carry out research.

REFERENCES

[1] D Saravanan; M Radhakrishnan. J Chem Pharm Res. 2016, 8(1), 634-638.

[2] MD Makut; OA Owolewa. Trakia J Sci. 2011, 9(2), 33-39.

[B] A Pandey; T Malviya. Indian J Appl Res. 2014, 4(8), 25-32.

[4] P Sarkar; S Bhagavatula; V Suneetha. J Appl Pharm Sci. 2014, 4(1), 61-65.

[B] LJ Rebecca; V Dhanalakshmi; S Sharmila; G Susithra; S Kumar; S Bala. Int J Horti Crop Sci Res. 2012, 2(1),
1-6.

[(] CM de souza- Motta; MA de Queiroz Cavalcanti; MJDS Fernandes; DMM Lima; JP Nascimento; D
Laranjeira. Braz J Microbiol. 2003, 34, 273-280.

[71 A Mashoria; HS Lovewanshi; BS Rajawat. Int J Curr Microbiol Appl Sci. 2014, 3(12), 563-569.

[8] C Eddie. Soil Biol Biochem. 2013, 63, 18-23.

[9] C Nithya; MF Begum; SK Pandian. Appl Microbiol Biotechnol. 2010, 88(1), 341-358.

[10] Geetanjali; P Jain; T Kumar. Int Res J Pharm. 2016, 7(9), 37-40.

[11] OJ Oghonna; WB Ekpete; Pl Onyekpe; ECC Udenze; GO Ogbeihe. Arch Appl Sci Res. 2013, 5(3), 1-6.

[12] WH Ho; PC To; KD Hyde. Fungal Divers. 2003, 12, 45-51.

269



N Rani et al J. Chem. Pharm. Res., 2017, 9(10):265-270

[13] PKR Kumar; G Hemanth; PS Niharika; SK Kolli. Int J Adv Pharm Biol Chem. 2015, 4(2), 484-490.

[14] KH Domsch, W Gams, TH Anderson. Compendium of soil fungi, Academic press, A subsidiary of Harcourt
Brace Jovanovich, Publisher, 1980.

[15] BC Sutton. The Coelomycetes: Fungi Imperfecti with Pycnidia, Acervuli and Stromata. Knew, England:
Commonwealth Mycological Institute, 1980.

[16] CJ Alexopoulos, CW Mims, MM Blackwell. Introductory Mycology, 4™ Edition, New York: John Wiley,
1996.

[17] G Immanuel; R Dhanusa; P Prema; A Palavesam. Int J Environ Sci Technol. 2006, 3, 25-34.

[18] S Sethi; S Gupta. J Global Biosci. 2015, 4(9), 3356-3363.

[19] R Sharma; S Chandra; A Singh. J Soil Sci Environ Manage. 2013, 4(2), 23-27.

[20] S Jahangeer; N Khan; S Jahangeer; M Sohail; S Shahzad; A Ahmad; SK Khan. Pak J Bot. 2005, 37(3), 739-
748.

[21] NS Raju; GV Venkataramana; ST Girish; VB Raghavendra; P Shivashankar. J Appl Sci Res. 2007, 7(2), 298-
301.

[22] SGL Henerique; CPN Simone; M Michele; CSR Ana; CS Valeria; FZ Fabiana; MMAA Carla; BJ Altino.
Braz J Microbiol. 2010, 37, 474-480.

[23] AK Pandey; AK Singh; S Queresh; C Pandey. J Basic Appl Mycol. 2005, 4, 65-67.

[24] S Mathan; V Subramanian; S Nagamony. Eur J Exp Biol. 2013, 3(4), 138-144.

[25] P Parmar; VP Ojha; RB Subramanian. Indian J Sci Technol. 2010, 3(4), 411-416.

[26] KB Boonyapranai; R Tungpradit; S Lhieochaiphant; S Phutrakul. Chiang Mai J Sci. 2008, 35(3), 457-466.

[27] IN Merlin; IVS Nimal; S Christhuda; KP Praveen; P Agastian. Asian J Pharm Clin Res. 2013, 6(3), 98-103.

[28] PF Stanbury, A Whitaker, SJ Hall. Principles of fermentation technology, 2™ Edition, India: Aditya, New
Delhi, 1997; 93- 105.

[29] M Bhavana; VSSL Prasad Talluri; KS Kumar; SV Rajagopal. J Pharm Pharm Sci. 2014, 6(8), 281-285.

[30] T Padmavathi; V Nandy; P Agarwal. Eur J Exp Biol. 2012, 2(4), 1161-1170.

[31] A Ismaiel, ES Ahmed, A Asmaa, A Mahmoud. Proceeding of Fifth Scientific Environmental Conference,
Zagazig University, Egypt, 2010, 21-35.

270



