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ABSTRACT

Objective: To study the antimicrobial activity of crude ethyl acetate extract from endophytic fungus in Calotropis procera root.

Methods: Endophytic fungus was screened for production of antimicrobial metabolites. Fermentation was carried out in 500 ml Erlenmeyer flask. 
Disc diffusion method was used to test antimicrobial activity of crude extract using chloramphenicol sulfate and fluconazole as a positive control.

Results: A total of 14 endophytic fungi were isolated (CPR1-CPR14). Among these 14 isolates, CPR5 was found to show maximum antimicrobial 
activity, in compare to other isolates, against Gram-positive, Gram-negative bacteria and fungi. The antimicrobial activity was tested in opposition 
to Escherichia coli, Pseudomonas aeroginosa, Bacillus subtilis, Staphylococcus aureus, Ralstonia solanacearum, Xanthomonas oryzae, Penicillium 
chrysogenum, Candida albicans, Phoma exigua, Sclerotium rolfsii, and Sclerotinia scleratiourum. Minimum inhibitory concentration of crude extract 
against test microorganisms was determined. Fungus was identified as Aspergillus sp. production parameters (temperature, pH, carbon source, 
nitrogen source, and sodium chloride concentration) were optimized.

Conclusion: Crud extract produced by the isolated endophytic fungus could be an important source of broad-spectrum antimicrobial metabolites.

Keywords: Endophytic fungi, Antimicrobial metabolites, Process optimization, Calotropis procera, Inhibition zone.

INTRODUCTION

Endophytes are the microbes that reside inside healthy plant tissues 
without showing any disease symptoms on the host [1]. This is a 
topographical term and includes bacteria, fungi, actinomycete, and 
algae, which spend their whole life or a period of life cycle in the healthy 
plant tissues without producing any disease or clinical symptoms [2]. 
Endophytic fungi that colonized inner plant tissues have been found 
to be associated with every plant species so far investigated. They 
are asymptomatic and often considered as mutualistic, benefiting the 
host by producing plant growth regulatory, antimicrobial, antiviral, 
and insecticidal substances [3]. It has been estimated that there may 
be as many as 1 million different fungal species on our planet [4,5] 
The symbiosis between plant and endophyte was ascertained, namely, 
the former protects and feeds the latter which produces “in return” 
bioactive (plant growth regulatory, antibacterial, antifungal, antiviral, 
insecticidal, etc.) substances to enhance the growth and competitiveness 
of the host in nature [6,7]. Antioxidant property of metabolites 
from endophytic fungi has also been reported by some workers [8]. 
Endophytic fungi are ubiquitous in plant species, and they have also 
been reported to produce anticancer antiprotozoal and antimalarial 
substances. Some can produce similar or identical biologically active 
constituents as the host, such as taxol [9,10]. Endophytic fungi are 
typically identified through a comparison of morphological features. 
Typically, distinguishing between closely related or morphologically 
similar species is a complex task. The morphological characters of 
endophytic fungi can be a growth medium specific, and the cultural 
conditions can impact the sexual and vegetative compatibility of the 
fungi [11,12]. Antimicrobial compounds produced by endophytes 
may be involved in defense against pathogens [13]. In addition, these 
compounds may also reduce cell toxicity toward higher organisms 
because the plant itself serves as a natural selection system [14]. In our 
preliminary research, 14 endophytic fungi from different sections of 

root of Calotropis procera were isolated, and one isolate which belongs 
to Aspergillus niger sp. was isolated and was found to have potential 
for production of antimicrobial metabolites. Media composition 
(effect of various carbon sources, nitrogen sources, and yeast extract 
concentration) and culture condition (pH and incubation period 
temperature) were also studied to observe maximum antimicrobial 
activity.

C. procera is the famous Indian traditional medicinal plant, all the parts, 
namely; root, stem, leaf, and flowers of calotropis are in common use 
in indigenous system of medicine. The leaves of C. procera are also 
used to treat jaundice. Other compounds have been found to have 
bactericidal and vermicidal properties. The latex contains a photolytic 
enzyme called caloptropaine. An infusion of bark powder is used in the 
treatment and cure of leprosy and elephantiasis [15-18]. Therefore, the 
plant was selected as a source of endophytic microorganisms. However, 
the available literature has provided information on the isolation 
of endophytes from C. Procera, but a little information on study of 
optimization parameter for bioactive metabolites from the endophytes. 
Therefore, the purpose of the report was to isolate an endophyte 
from this host plant and optimization of production parameter for 
antimicrobial metabolite. Thus, this report describes a Aspergillus sp. 
isolate that produces bioactive metabolites.

METHODS

Plant sample collection
Root samples of C. procera were collected from agricultural field of 
Banaras Hindu University, Varanasi, Uttar Pradesh, India (25.5-N 82.9-E, 
elevation: 279 ft/85  m). The plant was identified on the basis of 
external morphology characteristic features. A  complete mature and 
healthy plant was rooted out from soil surface. The samples were 
collected in sterile polythene bags and brought to the laboratory in an 
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icebox. Samples were preserved at 4°C in a refrigerator and processed 
for isolation of endophytic fungi immediately.

Isolation and extraction of endophytic fungi
Before applying any chemical treatment, roots were washed in running 
tap water for 10-12 minutes, to remove heavy load of soil particle and 
microbial concentration followed by washing with double distilled 
water. Samples were successively surface sterilized by the method 
given by Petrini et al. [19] and Schulz et al. [20]. Sample fragments 
were successively surface sterilized by immersing in 70% (v/v) ethanol 
for  1-3  minutes followed by washing with 5% aqueous solution of 
sodium hypochlorite for 5  minutes and again in 70% ethanol for 
30  seconds. After being rinsed in sterile water for 3  times, the roots 
were cut into 1 cm length bars. The bars were longitudinally halved and 
incubated in Petri dishes containing potato dextrose agar (PDA) medium 
supplemented with chloramphenicol (50  µg/ml) and streptomycin 
sulfate (250 µg/ml) to suppress bacterial growth PDA medium at 28°C 
until the mycelia or colonies appeared around the segments.

Identification and molecular characterization of the fungus
Morphologically, fungus was studied using lactophenol cotton blue 
staining; isolate was identified at genus level based on mycelial 
morphology and for identification and characterization at molecular 
level, total DNA of the endophytic fungus isolate was extracted from 
fungal mycelia grown in PDA using PrepMAN Ultra Sample Preparation 
Reagent kit according to the manufacture’s recommendation (Nucleopore). 
A pair of ITS primer IT1 (5’GTAGTCATATGCTTGTCTC 3’) [Qiagen] and 
IT4 (5’  CTTCCGTCAATTCCTTTAAG 3’) was used to amplify the highly 
specific and conserved sequence for endophytic fungi [21]. Polymerase 
chain reaction (PCR) was carried out in a programmable thermal 
controller (Biorad). In PCR reaction mixture of a total volume of 2.5 µl, it 
contained 10 µl template DNA, 14.5 µl PCR Master mix (PCR buffer, 4 mM 
MgCl2, 0.4 mM of each dNTP, and 0.05 U/µl Taq polymerase) (Fermentas), 
1 µl of each primer (IS1 and IS4), and double distilled water to make up 
the volume. The amplification was performed for 34 cycles having preset 
program of 1 minute at 94°C, 1 minute at 45°C, and 2 minute at 72°C. 
After the final cycle has been completed, the amplification was extended 
for 10  minute at 72°C. The amplified DNA fragment (approximately 
400  bp) was purified and was sequenced by Genetic Analyzer. The 
sequences were compared to rDNA-ITS gene sequences in the public 
database using the BlastN program (http://www.ncbi.nlm.nih.gov). The 
phylogenetic tree was produced using basic local alignment search tool 
(BLAST) pairwise alignments.

Microorganisms tested and antimicrobial activity test
Escherichia coli, Bacillus subtilis, Staphylococcus aureus, and Pseudomonas 
aeroginosa; and human pathogenic fungus, Candida albicans; and three 
plant pathogenic fungi Sclerotium rolfsii, Sclerotinia scleratiourum, and 
Penicillium sp., were used to test antimicrobial activity fungal extract. 
Disc diffusion method [22] was followed for all the microorganisms. 
The microbial suspensions of particular concentration (OD=0.5) 
were evenly spread out with sterile glass spreader. Sterile paper discs 
(6  mm diameter) were placed in the center of each Petri plate and 
loaded with 15 µl of crude extract and sealed with Parafilm. Bacterial 
plates were incubated at 36±2°C for 24 hrs and fungal plates at 27°C 
for 48 hrs, respectively. The zone of inhibition was recorded after the 
specified incubation period. Three replicates of each experiment were 
maintained to avoid error in measurements.

Cultivation and metabolite extraction
A piece of agar plug (0.3×0.3 cm2) containing fungal hyphae was 
transferred to each 250 mL Erlenmeyer flask containing 100 ml sterile 
medium (yeast extract 3.0 g/l; malt extract 3.0 g/l; peptone 0 g/l; and 
glucose 10 g/l) and incubated on a Rotary Shaker at 140 rpm and at 
28±2°C for 8-10 days. A total of 50 flasks were used to collect required 
volume of broth. Thereafter, a total of 5 l fermentation broth was 
collected for each isolate (CPR1-CPR18). The filtrate was extracted 
three times with an equal volume of ethyl acetate (EtOAc), and the 
EtOAc layer was collected. The frozen mycelia were crushed completely 
and extracted three times repeatedly by ultrasonic treatment and with 

EtOAc. Both the broth extract mycelial extract were combined and 
evaporated in a Rotary Vacuum Dryer till solid residue remained. Crude 
extract was evaporated to make solid residue, and the stock solution 
was prepared in the concentration of dimethyl sulfoxide

Antimicrobial activity of fungal extracts
Antimicrobial activity of fungal extracts was tested using paper disc 
diffusion method. 15 µl of crude extract from stock solution (1 mg/ml) 
was added into sterile filter paper disc (6  mm diameter). Discs with 
the crude extract were placed over Petri plates inoculated with test 
organisms. All the plates were incubated at 37°C for 24 hrs. The zone of 
inhibition was measured and expressed in millimeter.

Incubation period for antimicrobial agent production
The cultures were incubated for 8-12  days having optimized culture 
conditions, and optimum period for antimicrobial metabolite 
production was determined.

Medium optimization
Parameter optimization is one of the key parts of microbial production 
system. Optimum culture condition imparts suitable physiological and 
physical conditions that would affect the antimicrobial agent production 
of the selected strain. 1% (w/v) of different carbon sources (sucrose, 
maltose starch, lactose, and fructose) including glucose was used in 
the experiments for antimicrobial agent production by CPR5. The 
effect of addition of different inorganic and organic nitrogen sources 
at equimolar concentration was studied to enhance the antimicrobial 
agent production by CPR5. Temperature variation was also studied as 
one of the parameters for antimicrobial agent production, a temperature 
range of 15-40°C was studied for maximum level of antimicrobial agent 
production. Different concentrations of yeast extract were added to 
test their effect on the antimicrobial agent production. pH is also a very 
important in parameter because inappropriate pH may change overall 
physiological and physical environment of microorganisms resulting 
in decrease in the production of desired product; therefore, we have 
also optimized pH in the range of 3.0-9.0 for maximum metabolite 
production.

Standardization of biomass production
The biomass accumulation and secondary metabolite production 
were recorded. Biomass accumulation was determined by drying 
the mycelial mat at 70°C until a constant weight was obtained and 
expressed as mg/ml.

RESULTS AND DISCUSSION

Morphological and molecular identification of fungal isolate
Eighteen endophytic fungal isolates have been isolated from C. procera 
plant and tested for antimicrobial activity, and among the 18 isolates, 
only one strain, which produced the wide-spectrum antibacterial 
substances with highest efficiency, was selected for morphological and 
molecular identification.

The growth of mycelial colonies found to be opaque and almost circular 
when grown on PDA at 34°C for 4  days. Representative image of 
endophytic fungal mycelia (×40 inverted microscope) was obtained in 
the laboratory as image taken from 1-week old liquid culture it clearly 
shown that dense mycelia are intermingled with each other (Fig. 1).

The 18S rRNA sequencing (Fig.  2) followed by BLAST and SeqMatch 
analysis was used for molecular conformation endophytic isolate [23]. 
The 18S rRNA sequence was submitted to the DNA Data Bank of Japan 
and assigned an accession number (LC062385).

The 18S rRNA gene sequence (Fig. 2) was used to build a phylogenetic 
tree by performing automated BLASTN searches, to determine the 
closest type strain to the isolate under investigation. The percentage 
of identity was found to be 96%. Phylogenetic tree analysis indicated 
that 18S ribosome RNA sequence of CPR-5 strain was closely related 
to A. niger species (Fig.  2). The phylogenetic tree suggested that the 
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local isolated strain is definitely a member of the genus Aspergillus and 
formed a common phylogenetic lineage that could be equated with a 
novel local species. From the results of inhibition zone, it is observed 
that the metabolite is a broad-spectrum antimicrobial agent, it inhibits 
the growth of both Gram-positive and Gram-negative bacteria. 1 mg/ml 
of crude metabolite was used in the experiment.

Maximum zone of inhibition was recorded against Staphylococcus 
hyicus (21 mm) followed by E. coli (20 mm). Equal zone of inhibition 
(18  mm) was observed for Vibrio sp. and Bacillus sp. The Inhibition 

zones against Pseudomonas sp. and S. Typhi was 16.02(mm) and 17.02 
(mm), respectively  (Fig. 3).

The antibacterial activity of bioactive compound produced by isolates 
CPR5 is comparable with chloramphenicol as a standard antibiotic 
(Table  1). Similarly, when antifungal activity was tested, it was 
observed that equal zone of inhibition (18  mm) was observed for 
Penicillium chrysogenum and S. rolfsii. Minimum zone of inhibition 
(16  mm) was recorded for C. tropicalis. Zone of inhibition of 18 
and  17  mm was observed for S. scleratiourum and Phoma exigua. 
Maximum zone of inhibition was recorded for C. albicans (Table  1) 
[24]. These observations were obtained from crude metabolites, and 
the results compared with fluconazole as a standard. From Table 1, it is 
clear that the metabolite from this isolate could be a promising source 
of antifungal agents.

Media optimization
The experiment was carried out to study the optimization parameter 
of culture condition to maximize the production of antimicrobial 
agent. In our present study, we tested various carbon sources at the 
concentration of 1% (w/v) and of all the carbon sources added in the 
production medium inoculated with CPR5 isolate.

Fig. 1: Representative image of endophytic fungal mycelia 
(×40 inverted microscope)

Fig. 2: Phylogenic tree based on 18S rRNA sequence showing the relationship between fungal endophytic isolate from Calotropis procera 
(isolates R5) and reference strains, the evolutionary history was inferred using the UPGMA method
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Starch supported the highest level of antimicrobial metabolite 
followed by the medium supplemented with glucose and lactose, 
and low activity was observed with culture media supplemented 
with fructose maltose and galactose (Fig.  4). Addition of glucose 
resulted the highest growth of the fungus, but significantly in many 
fermentation processes, higher concentration of glucose has a 
suppressive effect on the production of bioactive metabolites [22]. All 
cultures were incubated for 8-9 days.

Various yeast extract concentrations were tested (0.5-4.5  g/l) to see 
the effect on growth, and secondary metabolite production among the 
various concentration tested, yeast extract of 3 g/l showed remarkable 
results followed by 3.5 g/l and 2.5 g/l concentrations (Fig. 5). A similar 
result was reported in literature [25,26]. The incubation temperature 
directly affects the overall growth and development pattern of the 
organism, and subsequently, the synthesis of various metabolites. 
Production levels of bioactive antibacterial compounds were observed 
at different temperatures such as 15°C, 20°C, 25°C, 30°C, 35°C, and 40°C.

Maximum growth and bioactive metabolite production by isolate 
CPR5 were recorded at incubation temperature 25°C (±2), and it was 
followed by 30°C and 35°C, respectively (Fig. 6). Similar results were 
reported in literature [27-29].

When effect of NaCl concentration was tested to see the effect of cell 
biomass production and bioactive metabolite production, it was 
observed that NaCl concentration at 3%, 3.5%, and 4% showed 
noticeable increase in both cell biomass and bioactive metabolite 
production and 3.5% of NaCl showed maximum observable values in 
biomass production (3.91 g/l) (Fig. 7).

Similar reports were given by Hansen [30] and Sailer et al. [31]. Initial 
pH 5.5 of the medium was observed to be optimal for growth and bioactive 
metabolites production by CPR5 (Fig.  8). Although initial pH  7.0 also 
supported biomass production and bioactive metabolite production, lower 
yield was observed. No growth was observed at pH 3, 4 and pH 9, 11.

Vahidi et al. [32] reported that highest production of biomass by El-Wahid 
et al. 2011. was at pH 8, whereas maximum toxic metabolite was produced 
at the pH  5. The pH of culture media is one of the very important 
determining parameters for the metabolism and hence for the biosynthesis 
of secondary metabolites. Permeability characteristics of the cell wall and 
membrane are also related to the cell environment pH value and thus have 
got the effect on either ion uptake or loss to the nutrient medium [33].

Incubation period was also observed for maximum bioactive metabolite 
production, and it was noticed that the cultures which were incubated 
for 8-9  days showed maximum bioactive metabolite production in 
comparison to other incubation period (Fig. 9).

Effect of various nitrogen sources was also studied. Equimolar 
concentration (2%, w/v) and various nitrogen sources (NaNO3, KNO3, 

Table 1: Antifungal activity (inhibition zone) of the crude ethyl 
acetate extracts of isolate CPR5

Test fungi Zone of inhibition (mm)

Culture filtrate  
(1 mg/ml)

Fluconazole (1 mg/ml)

P. chrysogenum 19±0.2 28±0.2
P. exigua 17±0.2 23±0.2
S. rolfsii 19±0.2 26±0.2
S. scleratiourum 18±0.2 25±0.2
C. albicans 19.5±0.2 24±0.2
C. tropicalis 16±0.2 26±0.2
P. chrysogenum: Penicillium chrysogenum, P. exigua: Phoma exigua, 
S. rolfsii: Sclerotium rolfsii, S. scleratiourum: Sclerotinia scleratiourum, 
C. albicans: Candida albicans, C. tropicalis: Candida tropicalis

Fig. 3: Antibacterial activity (inhibition zone) of the crude ethyl 
acetate extracts of Isolate CPR5

Fig. 4: Effect of various carbon sources on antimicrobial agent 
production

Fig. 5: Effect of yeast extracts concentration on antimicrobial 
agent production

Fig. 6: Effect of temperature on production of antimicrobial 
metabolite

Fig. 7: Effect of various concentrations of NaCl on production of 
antimicrobial metabolite
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yeast extract, peptone, ammonium chloride, and ammonium sulfate) 
were added in the production medium, and after desired incubation 
period, it was observed that Yeast extract supported maximum 
biomass production (4.2 g/l) followed by potassium nitrate (3.94 g/l) 
was observed as the best nitrogen source for enhanced production 
of antimicrobial agent (Fig. 10). The requirement of nitrogen source 
generally differs from one microorganism to another. In case of 
most microorganisms, both inorganic and organic nitrogen source 
are metabolized to produce protein nucleic acid and various cell 
components. However, it has also been observed that some carbon 
and nitrogen sources have inhibitory effect of antimicrobial agent 
production. This negative result may be due to acid accumulation 
resulting in pH imbalance and oxygen depletion due to sugar 
catabolic repression.

Maximum antimicrobial agent was produced in starch medium 
followed glucose, by the isolate. In contrast, low activity was observed 
with maltose, lactose with least activity was shown by galactose, these 
carbon sources may affect metabolic pathway of primary and secondary 
metabolite production. It has been reported that generally addition of 
glucose enhances the metabolite production, but its significance in many 
fermentation processes decreases because at higher concentration, it 
has inhibitory effect.

CONCLUSIONS

From the above study, it was observed that various parameters such 
as temperature, incubation period, media composition, concentration 
of carbon sources, nitrogen sources, salt concentration, and pH affect 
the growth and production of metabolites from endophytic fungi 
A. niger  sp. isolated from the plant C. procera. Medium composition 
prominently affects the growth and production of metabolites, and it 
also concludes that the isolate CPR5 is a potential source for bioactive 
metabolite production. The endophytes of medicinal plants provide a 
good source for compounds of biological activity, and endophytes are 
an untapped reservoir of potentially novel effective drugs. It can be 
concluded that the antibacterial activity of endophytic fungi is varied 
from species to species. Further isolation of bioactive compounds from 
the isolate reported in this study could work as a lead molecule in 
pharmaceutical industry.
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