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ABSTRACT: The objective of the present study was to isolate Endophytic Fungi from ethnomedicinally important
plant Phyllanthus reticulatus Poir. [Kirganelia reticulata (Poir.) Baill.] and to evaluate antimicrobial activities against
human pathogens. A total of seven endophytic fungi were isolated and identified from the leaves and stem of Phyllanthus
reticulatus Poir. Viz., Geotrichum candidum, Cylindrocladium sp. Fusarium sp. Cladosporium cladosporioides sp.,
Mucor pusillus, Rhizopus sp. and Alternaria alternata. The cell free ferment broth was subjected to antimicrobial assay
against human pathogenic microbes such as Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and
Candida albicans. The results of the present study showed that Cladopsporium cladosporioides has antibacterial activity
against Pseudomonas aeruginosa and Fusarium sp. is found to be effective against Escherichia coli. While other
endophytic fungi tested against human pathogens did not show any effectiveness. This study has proven that Phyllanthus
reticulatus Poir. is a very good source of endophytic fungi with potential to produce bioactive compounds having
antibacterial and antifungal effect.
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. INTRODUCTION

Endophytes are microorganisms that are present in living tissues of various plant parts establishing natural
relationship without apparently causing any symptom of diseases [1, 2]. These endophytes protect their hosts from
infectious agents and adverse conditions by securing bioactive secondary metabolites [3, 4]. Endophytes are recognized
as rich sources of bioactive metabolites of multifold importance in medicine, agriculture [5]. Many endophytic fungi
have been reported to produce novel antibacterial, antifungal, antiviral, anti-inflammatory, antitumor, and other
compounds belonging to the alkaloids, steroid, flavonoid, and terpenoids derivatives types [6]. Fungal endophytes protect
their hosts from contagious agents and withstand at adverse conditions by discharging active metabolites [7]. Endophytic
fungi are a good source of antibiotics. Natural products from entophytic microbes have been observed to inhibit or kill
wide variety of harmful disease causing agents. Endophytic fungi are also capable to produce antimicrobial metabolites.
The production of Hypericin, Anaphthodianthrone derivative and Emodin are believed to be the main precursor of
hypericin [8]. A compound polyketidecitrinin produced by endophytic fungus Penicillium janthinellum from fruits of
Melia azeadirachta, presented 100 % antibacterial activity against Leishmania sp. [9]. These creatures were drawing a
great attention after the discovery of fungi Taxus brevifolia, producing the anti-cancer drug taxol [10]. Endophytic fungi
are also reported from Avicennia officinalis [11].

Medicinal plants play a crucial role in providing primary health care to human populations, since the dawn of
civilization. The knowledge of medicinal plants has been accumulated from different medicinal systems such as
Ayurveda, Unani, and Siddha. During the last few decades, there has been an increasing interest in the study of these
medicinal plants has been witnessed in different parts of the world mainly due to many problems associated with
synthetic drugs and with the emergence of multi-drug resistant pathogens [12]. Medicinal plants contain a wide variety of
radical scavenging molecules such as phenolic compounds, quinones, coumarins, lignins, tannins, alkaloids, amines,
vitamins, terpenoids communities produce similar therapeutic products and other endogenous metabolites [13-15]. It was
assumed that medicinal plants and their fungal endophytic organisms that exist in the tissues of living plants are potential
resources of novel natural products for exploitation in pharmaceutical and agricultural industries [16]. Phyllanthus
reticulatus Poir. belongs to the family — Euphorbiaceae commonly known as karnelli, synonym: Kirganelia reticulata
(Poir.) Baill. It is an erect or straggling shrub; branch slender, drooping. Leaves upto 3 x 1.5cm, elliptic-orbicular,
rounded at both ends, glabrescent; petioles 3 mm long; stipules minute. Flowers in axillary fascicles; petioles filiform.
Calyx lobes 5, 3 inner often larger. Stamens 5, in two series; the outer short and free; the inner three slightly larger and
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connate. Ovary 5- many celled; ovules 2 per cell, superposed. Fruit baccate, 6 mm in diameter, globose, purple - black
when ripe. Flowering September- April [17].

Phyllanthus reticulatus is an ethnomedicinal plant and leaf extraction showed antidiabetic, antiplasmodial,
hypocholesterolemic, antimicrobial, hepatoprotective activity, analgesic and anti-inflammatory activity [18]. Hence, the
present study dealt with the isolation of endophytic fungi from both leaf and stem segments of Phyllanthus reticulatus
and their antimicrobial activity against selected human pathogens were studied.

1. MATERIALS AND METHODS
2.1 Plant collection and identification

Healthy mature leaves and stems of medicinal plant Phyllanthus reticulatus were collected from different places
of Udupi District of Karnataka State in plastic bags. The collected plant material was authenticated by the Taxonomist
Dr. K. Gopalakrishna Bhat, Department of Botany, Poornaprajna College, Udupi, Karnataka, India. Fresh plant materials
were used for isolation of endophytic fungi and evaluation of their antimicrobial activities.

2.2 Isolation of endophytic fungi

The plant materials were rinsed gently in running tap water to remove dust and debris. After proper washing, the
leaf and stem is cut into small pieces of 0.5-1cm in length. Highly sterile conditions were maintained during the isolation
of endophytes. All the work was performed in the laminar air hood. Sterile glass wares and mechanical things, such as
scissors, forceps, scalpel, and blades were used. The isolation of endophytic fungi was done according to the standard
method [19]. The surface sterilization was done by sodium hypochlorite (NaOCI) and 95% ethanol. Finally the leaves
were washed in sterile distilled water for 2 minutes. The plant material was blotted on sterile blotting paper. In each Petri
dish 5-6 segments were placed on PDA medium. Each Petri dish containing PDA is supplemented with antibiotics
Penicillin G 100 units per ml and streptomycin 100 microgram per ml. The Petri dishes were sealed with parafilm and
incubated at 27 +2° C for 4-6 weeks at dark. Most of the fungal growth was expected within two weeks of inoculation.
The incubation period for each fungus was recorded and the growth of endophytic fungi was observed daily.

Leaf segments of P. reticulatus inoculated on PDA medium

2.3 Identification of endophytic fungi

The isolated fungi were identified based on the morphology of surface texture, pigmentation and spores at the
hyphal tips which were used to identify the endophytic fungi at species level using standard manual [20, 21]. The
microscopic examination was also done to study their reproductive spores [22]. The identified fungal isolates from the
plant tissue segments were sub cultured in a Petri dish containing sterile PDA media. To preserve as a pure culture, the
endophytic fungi was inoculated in PDA slant and incubated at 4°C.

Endophytic fungal growth on PDA medium

WwWw.ijesi.org 41 | Page



Antimicrobial Activity of Endophytic Fungi Isolated from Ethnomedicinal Plant Phyllanthus...

2.4 Calculation of colonizing frequency

Colonizing frequency was calculated as per standard procedure [23].

Colonization frequency = Number of segments colonized by fungi y 10
Total number of segments observed

2.5 Relative Percentage Occurrence (RPO) of Different Fungi was calculated with slight modification [24]

rRpo = Density of colonization of one group X 100
Total Density of colonization
2.6 Screening for antimicrobial activity
150 ml of Potato Dextrose Broth was prepared in 250 ml flasks and autoclaved at 15 Ibs psi for 20 min. The
medium was inoculated with various fungi culture and incubated at 28+1°C in the incubator for 1-2 weeks. After 9 days
the culture medium is centrifuged at 10000 rpm for 30 minutes. After centrifugation, the supernatant was collected and
subjected to antimicrobial screening by Agar diffusion technique [25].

2.7 Antibacterial Activity of Test organisms

Three human pathogenic bacteria such as Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa
and one fungal pathogen like Candida albicans were used for antimicrobial assay. All the test microbial strains were
obtained from the Culture Collection Centre, IMTECH, Chandigarh (India).

2.9 Antimicrobial screening by Agar Well Diffusion Technique

Antimicrobial activity of culture supernatants of endophytic fungi were tested by Agar well Diffusion Method
using Mueller Hinton Agar Medium. All the overnight culture of test microbes were inoculated into Mueller Hinton Agar
plates using sterile cotton swabs. About 5 mm size wells were made using sterile cork borer and 200 ul of culture
supernatants added into separate wells. All the plates were observed for zone of inhibition after incubation at 37°C for 24
hours for bacterial pathogens and at 30°C for 48 hours for fungal pathogens. Sterile Sabouraud Dextrose Broth is used as
negative control. The antimicrobial activities were analysed by presence or absence of inhibition zones [26].

1. RESULTS

In the present study, 12 leaflets and 12 stem segments of ethnomedicinal plant P. reticulatus was processed for
isolation of endophytic fungi. A total of 7 endophytic fungi Geotrichum candidum, Cylindrocladium sp., Fusarium sp.,
Mucor pusillus, Cladpsporium cladosporioides, Alternaria alternata, Rhizopus sp. were isolated which is shown in Table
1. Colonization frequency percentage (% CF) and Relative Percentage Occurrence (RPO) are also given in Table 2 and 3
and Figure 1 respectively. The seven endophytic fungi were subjected for antimicrobial activity against pathogenic
bacteria viz., Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli and fungal pathogens like Candida
albicans. Cladpsporium cladosporioides had shown antimicrobial activity against Pseudomonas aeruginosa and showed
inhibition zone of 12 mm. Fusarium sp. is found to be effective against Escherichia coli and showed inhibition zone of
10 mm. Whereas other endophytic fungal forms tested for antimicrobial sensitivity did not show any effectiveness
against the pathogenic forms (Table 4).

Tablel: Endophytic fungi isolated from different parts of P. reticulatus Poir.

SI. No. | Plant Endophytic fungi Class
Parts

1 Leaf Geotrichum candidum Deuteromycetes

2 Leaf Cylindrocladium sp. Deuteromycetes

3 Leaf Fusarium sp. Hyphomycetes

4 Leaf Mucor pusillus Zygomycetes

5 Stem Cladpsporium cladosporioides Hyphomycetes

6 Stem Alternaria alternata Ascomycetes

7 Leaf Rhizopus sp. Zygomycetes
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Table 2: Percentage Colonizing frequency (% CF) of Endophytic fungi isolated from P. reticulatus

Sl. No. Endophytic fungi Isolat | Total no.of | No of %
e segments segments Colonization
from | observed colonized Frequency
(%CF)
1 Geotrichum Leaf | 12 2 16.6
candidum
2 Cylindrocladium sp. | Leaf | 12 2 16.6
3 Fusarium sp. Leaf | 12 3 25
4 Mucor pusillus Leaf | 12 1 8.3
5 Cladpsporium Leaf | 12 2 16.66
cladosporioides
6 Alternaria alternata | Stem | 12 5 41.6
7 Rhizopus sp. Stem | 12 4 33.33

Figure 1: Percentage Colonizing Frequency (%CF) of Endophytic fungi isolated from
P. reticulatus Poir.
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Table3: RPO of endophytic fungi isolated from Phyllanthus reticulatus Poir.

.SI. No. | Name of the Endophytic fungi Isolate from RPO (%)
1 Geotrichum candidum Leaf 10.52

2 Cylindrocladium sp. Leaf 10.52

3 Fusarium sp. Leaf 15.78

4 Mucor pusillus Leaf 5.26

5 Cladpsporium cladosporioides Leaf 10.52

6 Alternaria alternata Stem 26.31

7 Rhizopus sp. Stem 21.05
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Table 4: Evaluation of anti microbial activities

Endophytes isolated from Zone of inhibition
Phyllanthus reticulatus E. coli | Staphylococcus | Pseudomonas |Candida
aureus aeruginosa Albicans

Geotrichum candidum - - - -
Cylindrocladium sp. - - - -
Fusarium sp. + - -
Mucor pusillus - - - -
Cladpsporium cladosporioides - - + -
Alternaria alternata - - - -
Rhizopus sp. - - - -
(“+”: Presence of inhibition zone & “-”’: Absence of inhibition zone)

Zone of inhibition (a) (b)
a. Cladosporium cladosporioides b. Fusarium sp.

V. DISCUSSION

A total of seven endophytic fungi were isolated from the medicinal plant Phyllanthus reticulatus Poir. belongs
to different classes. Geotrichum candidum, Cylindrocladium sp. belong to the class Deuteromycetes,, Fusarium sp and
Cladpsporium cladosporioides, belong to the class Hyphomycetes, Alternaria alternata belongs to the class
Ascomycetes, Rhizopus sp.and Mucor pusillus belong to the class Zygomycetes. Colonizing Frequency percentage (CF
%) of Alternaria alternata (41.6 %) was found to be highest, whereas Mucor pusillus showed lowest CF % (8.3 %).
Alternaria alternata has exhibited highest RPO (26.21%) and Mucor pusillus showed the lowest RPO (5.26 %). The
isolated endophytic forms were subjected for antimicrobial sensitivity test against pathogenic microbes such as
Pseudomonas aeruginosa, Escherichia coli. and Candida albicans. Cladpsporium cladosporioides was the most
effective endophytic fungus against Pseudomonas aeruginosa and zone of inhibition was 12 mm. Fusarium sp. was
found to be effective against Escherichia coli and zone of inhibition was 10 mm. Whereas other endophytic fungal forms
tested for anti microbial sensitivity test did not show any effectiveness to the tested pathogenic forms . Generally
endophytic fungi are widely distributed in all plant domains. It produces valuable plant secondary metabolites and
exploited for medical, agricultural and industrial uses [27]. Plants having an ethnobotanical history or used by local
indigenous people for any therapeutic purpose will provide the best opportunities to isolate novel endophytic fungi and to
make use of them to produce novel bioactive products [28].

V. CONCLUSION

The secondary metabolites present in endophytic fungi Cladosporium cladosporioides and Fusarium sp. may
act as potential antimicrobial agents. Phyllanthus reticulatus Poir. harbors several endophytic fungi which produce
biologically active antimicrobial substances with selective antimicrobial properties. A total of 7 endophytic fungi were
isolated from the medicinal plant Helicteres isora L. [29].The natural bioactive compounds obtained especially from the
endophytic fungi have been largely unexplored. Efforts must be made to ensure safe, effective and affordable treatments
for wide range of diseases by traditional methods which use locally available medicinal plants. The scientific and
authentic researches on these aspects are to be done in order to exploit traditional knowledge of ethnomedicinal plants.
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