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Acmella paniculata (Wall. ex DC.)R.K.Jansen (Syn.: Spilanthespaniculata) belonging to Family Asteraceae
is an important medicinal plant. The present investigation focused on isolation and characterization of
fungal endophytes from A. paniculata and selected isolates were screened for their antimicrobial activity.
A total of 171 isolates of endophytic fungi assigned to 10 representative morphotypes, including six
genera i.e. Aspergillus, Trichoderma, Curvularia, Diaporthe, Penicillium, and Fusarium were found and
three Mycelia Sterilia forms were also obtained from leaves, stems and roots of A. paniculata. Endophytic
colonization frequency was found to be higher in leaves (97.14%) as compared to stem (87.14%) and
root (60%) samples. Antibacterial activity was determined using the agar disk diffusion method against
the gram-negative strains E.coli, P. aeruginosa and gram-positive B. subtilis, S. aureus with inhibition
zone diameter ranging from 7.0-19.4 mm. Among the tested fungal strain endophytic fungi Penicillium sp.
isolated from the leaves of A. paniculata exhibited the strongest antimicrobial activity against E.coli with
inhibition zone of 19.3+0.4 mm.The outcome of the study is providing scientific evidences for endophytic
fungi associated with medicinal plant A. paniculata and various endophytic fungi could be exploited as

sources of novel natural antimicrobial products.
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INTRODUCTION roles to the host plant. They enhance the growth

Endophytes are microorganisms that are found to
be inherent in the core tissues of plants without
causing any disease in the host. But there are
chances that they may cause disease after their
latency period. Endophytes colonize plant tissues
internally without any symptoms so they are called
asymptomatic. Endophytes live in a symbiotic rela-
tionship with the host. They show variation in host-
microbe interaction and are known to provide nu-
tritional benefits and protection against environ-
mental and microbial stresses (Schulz and Boyle,
2005). Endophytic fungi provide several beneficial
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and vigour of their host plants through acquiring
different nutritional elements such as nitrogen and
phosphorus useful for plants (Hartley and Gange,
2009). Some endophytic fungi could also enhance
thegrowth and fitness by increasing different plant
hormones. Endophytic fungi play a vital role in in-
creasing the resistance of different environmental
stresses of host plant by producing various
bioactive compounds such as alkaloids, terpenes,
flavonoids etc. (Firakova et al., 2007).

Acmella paniculata (Wall. ex DC.) R. K. Jansen
(Syn.- Spilanthes paniculata) belonging to family
Asteraceae is a significant medicinal plant distrib-
uted in the tropical and subtropical regions all over
the world with a wealthy source of beneficial and
medicinal constituents. Commonly, the plant is
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known as “toothache plant” which reduces tooth
pain. Some other important conventional uses of
this plant are the treatment of rheumatism, as a
sialagogue for stammering, tongue paralysis, anti-
pyretic, sore throat, and gum infections (Ley et
al.,2006). Acmella paniculata has multiple pharma-
cological actions such as Local anaesthetic Activ-
ity, Anti-Inflammatory/Analgesic Activity, Antifungal
activity etc. (Dubey et al., 2013). Acmella contains
many biologically active compounds (Prachaya-
sittikul et al., 2009), of which the most studied have
been the alkylamides, which this plant possesses
in abundance. Some common alkylamides com-
pounds isolated from Acmella paniculata are
spilanthol or affinin, amide derivatives etc.
(Prachayasittikul et al., 2013).

The literature survey revealed that till date there
are very few experimental studies accomplished
regarding endophytic fungi of Acmella paniculata.
Hence the present study is focused on isolation
and characterization of fungal endophytes from A.
paniculata and selected isolates were screened for
antimicrobial activity.

MATERIALS AND METHODS
Plant sample collection

Leaf, stem and root samples were collected from
apparently healthy and wild plant A. paniculata from
Suryamaninagar, Tripura (N 23°45’30" E 91°15'50"
at 23m). All plant samples were kept in plastic bags
and brought back to the Mycology and Plant Pa-
thology Laboratory at Tripura University. The plant
sample was preserved in the herbarium centre
Department of Botany, Tripura University after iden-
tification having collection No. 2730(Figs.1 & 2).

Media preparation

Malt extract agar (MEA) medium is used for the
isolation of fungal endophytes. An aliquote of, 50-
hg/ml streptomycin (Hi-media) was added to avoid
bacterial contamination.

Surface sterilization for isolation of endophytic
fungi

Surface sterilization of plant segments were done
within a few hours of sample collection. Plant tis-
sues (leaf, stem, roots) were surface sterilised by
the procedure mentioned by Tan et al., 2012. With
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a few modifications, the procedure can be briefly
described as all samples were carefully washed
under tap water then sterilised by immersing 70%
ethanol for 30 sec and 3% sodium hypochlorite
(NaOCl) solution for 5 min then all plant tissues
were rinsed three times with sterile distilled water
and surface-dried with sterile blotting paper.

Isolation and cultivation of endophytic fungi Isola-
tion and cultivation of endophytic fungi is done by
the method described by Tan et al., 2012. The ster-
ilized plant segments were excised into pieces with
dimension of 0.5 x 0.5 cm using a sterile blade and
forceps. The fragments were aseptically transferred
to previously prepared Petri dishes containing Malt
extract agar medium supplemented with strepto-
mycin to inhibit the growth of bacteria. The Petri
dishes were incubated at 25° * 2°C for bdays at
BOD incubator. Colonies that emerged from the
cultures were subcultured in fresh MEA medium
maintain the conditions for purification.

Identification of fungal endophytes

The fungal strains were identified by observing
morphologically and microscopically. Morphologi-
cal identification of fungi was obtained through the
study of colony appearance, fungal morphology,
mycelium structure and colour. Microscopically
(OLYMPUS-CX21i) the fungi were identified by
staining the fungus with lactophenol cotton blue and
comparing with the help of standard textbook and
online portals (Ellis, 1971; Domsch ef al., 1980;
Watanabe, 2002 and www.mycobank.org).

Antimicrobial screening of selected fungal en-
dophytes
Freparation of fungal extract

The fungal extract was prepared by following the
method of Nath ef al.,, 2012. Fungal strains were
grown on malt extract broth medium by inoculating
them with mycelial plugs (3mm) from actively grow-
ing pure culture, The agar plugs were placed in
250 ml conical flagks containing 100 ml malt ex-
tract broth medium. The flasks were incubated for
3 weeks under 25z 20C in shaking condition at 150
rom. The cultured broth was filtered to separate
the fungal mycelia and the filtrate. The culture fil-
trate was filtered with an equal volume of methanol
twice and it was evaporated under reduced pres-
sure using a rotary vacuum evaporator (ROTAVAP
model number: PBV-7D) for removal of solvent and
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appearance of dried powder. The dried fungal ex-
tracts were dissolved in Dimethyl sulfoxide (DMSO)
(1 mg per ml) and evaluated their antimicrobial
activity by agar disc diffusion method (Heatley,
1944).

Antimicrobial assay was performed by well-known
Agar disc diffusion method in Nutrient agar media
(Heatley, 1944). In this procedure suspensions of
the test microorganisms were inoculated onto the
agar plates, spread uniformly and the inoculum was
allowed to dry for a few minutes. Then filter paper
discs (~ 6mm in diameter) were loaded with the
extracts. The loaded discs were placed on the sur-
face of the agar medium. The plates were kept for
incubation under suitable conditions. Streptomycin
was used for positive control and Dimethyl sulfox-
ide (DMSO) for negative control. At the end of
incubation, inhibition zones formed around the
disc were measured. These studies were per-
formed in triplicate.

Test organism

The bacterial species used for antimicrobial test of
fungal extract were the gram-negative Escherichia
coli (MTCC-40), Pseudomonas aeruginosa (MTCC-
424) and gram-positive Bacillus subtilis (MTCC-
619), Staphylococcus aureus (MTCC-96). The bac-
terial strains were provided by the Institute of Mi-
crobial Technology (IMTech), Chandigarh, India.

Data analysis
Colonization rates (CR%) of fungal isolates were

calculated as follows (Tan et al., 2018):
where, Nsc = Number of segments infected by fungi,

Nsc
CR%=(@) X100
Nss = Total number of segments investigated.
Isolation rates (IR) of fungal isolates were calcu-

lated as follows: (Tan et al., 2018):
where Ni = number of segments from which fungal

Ni

species were isolated, Nt = total number of seg-
ments incubated.
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Statistical analysis

All samples determinations were conducted in trip-
licate. Statistical analysis was done with the help of
Microsoft Office Excel 2007. The results were ex-
pressed as mean values + standard deviations
(SD).

RESULTS AND DISCUSSION
Isolation of Endophytic fungi

Endophytic fungi were the most unexplored organ-
ism with a rich source of biodiversity and biological
product. In the present study, endophytic fungi were
isolated from different plant tissues (leaf, stem and
roots) of A. paniculata. Each of 70 leaf, stem and
root samples were sterilized for endophytic fungal
isolation. These tissue segments leads to a total of
171fungal colonies recovered from 210 segments.
The colonization rates and isolation rates for en-
dophytic fungi are given below (Table1 and Table2).
The Isolation rate was significantly higher in the
leaves of A. paniculata.The present data showed
that A. paniculata exhibited a rich diversity of en-
dophytic fungi, and we found that the most ubiqui-
tous phylum is Ascomycota, which is reportedly
among the most prevalent group of eukaryotes
(Fig.3 and Fig. 4). In this present study leaves
samples of examinedplant colonized highest endo-
phytic diversity as compared to stem and root
samples.Similar findings were reported by Weber
and Anke (2006); Gamboa and Bayman (2001) and
Kurandawad and Lakshman (2014).Thus, the
present finding has supported that the endophytes
isolated from leaf samples exhibited greater diver-
sity and high colonization frequency compared to
the endophytes of the other plant parts examined.

According to their morphological characteristics on
malt extract agar, and all cultured endophytic fungi
were identified on the basis of microscopic obser-
vations (morphology of vegetative and reproduc-
tive structures). The 171colonies from different plant
parts were assigned to 10 representative
morphotypes, including six genera i.e. Aspergillus,
Trichoderma, Curvularia, Diaporthe, Penicillium,
and Fusarium sp. and three sterile forms were
found. The colonization frequencies of the fungal
isolates from A. paniculata were from 2.72 % to
33.33%.Nonsporulating endophytic fungal strain,
which failed to sporulate in culture condition was
designated as sterile hyphae. This is the common
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Fig. 1 : Collection site of plant samples for
isolation of endophytic fungi

Fig.4:Culturable endophytic fungi from A. paniculata and corre-
sponding isolation rates (IR%).
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Fig.5: Antibacterial activity of crude extracts of endophytic fungi.

Table 1:Colonization rate of Endophytic fungi from A. paniculata

Tissues  Segments Segments  Total

Examined infected CR%
Leaf 70 78 97.14
Stem 70 61 87.14
Root 70 42 60
Total 210 171

Table 2: Culturable endophytic fungi from A. paniculata and cor-
responding isolation rates (IR%).

Lab. Accession Fungal isolates Isolation plant tissue IR %

number
S6R3B Aspergillus sp. Root, leaf 5.45
S6L7B Trichoderma sp.  Leaf 2.72
S6L7A Curvularia sp. Leaf, stem, root 5.71
S6L4A Diaporthe sp. Leaf, stem, root 5.45
S6L4C Penicillium sp.1 Leaf 5.71
S6S3D Penicillium sp.2 ~ Stem 2.72
Fig.3: Pure cultures and microscopic study of endophytic fungal S6S3C Fusarium sp. Stem 2.72
isolates: A. Aspergillus sp. (S6R3B) B. Trichoderma sp. (S6L7B) SBR2A White Sterile 1 Leaf, stem, root 33.33
B o e L o) S ool 63 WhteStele2  Leafsemrod 174
S6R3D Black sterile Leaf, stem, root 16.14

(S6S3C) H-J. Some non-sporulating fungal mycelia
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Table 3: Antibacterial activity (inhibition zone mm) of crude extracts of endophytic fungi

Inhibition zone in diameter on Petri plates (mm)

Fungal taxa Lab accession  E.coli P. aeruginosa B. subtilis S. aureus
number

Trichoderma sp.  S6L7B 10.1+£0.6 12.1+0.2 9.1+0.2 10.5+0.4

Penicillium sp. S6L4C 19.3+0.4 7.0+£0.0 7.1+0.2 16.5+0.4

Diaporthesp. S6L4A 15.1+0.6 7.6+0.2 9.6+0.2 13.940.2

problem relating to endophytic fungal identification
(Gamboa and Bayman, 2001; Promputtha et al.,
2005). In the present study, sterile spp. were found
to be the most dominant endophytic species which
were not organ-specific, this results came in ac-
cordance with many endophytic studies. (Froehlich
et al., 2000; Promputtha et al., 2005).

Antimicrobial essay

Microorganisms produce many bioactive com-
pounds as secondary metabolites including antibi-
otics and cytotoxic compounds. Antimicrobial ac-
tivity of the filamentous fungal extracts against bac-
terial pathogen strains was determined by agar disc
diffusion method. We have selected three fungal
isolates for antimicrobial screening. The three se-
lected fungi identified as Trichoderma sp., Penicil-
lium sp. and Diaporthe sp. All extracts showed an-
timicrobial activity against the test organisms i.e.
gram-negative strains Escherichia coli, Pseudomo-
nas aeruginosa and gram-positive Bacillus subtilis,
Staphylococcus aureus with inhibition zone diam-
eter ranging from 7.1-19.3 mm (Table. 3 and Fig.5).
Extract of Trichoderma sp. showed the highest ac-
tivity against P. Aeruginosa with inhibition zone
12.12£0.2 mm and lowest against B. subtilis with in-
hibition zone diameter of 9.1£0.2mm. Whereas ex-
tract of Penicillium sp. showed the highest inhibi-
tion zone against E. coli with inhibition zone of
19.3x0.4 mm and lowest activity against P.
aeruginosa with inhibition zone 7.0£0.0 mm.
Diaporthe sp. showed the highest activity against
E. coliwith inhibition zone 12.1£0.2 mm and lowest
against B. subtilis with inhibition zone diameters of
7.620.2mm.The most antimicrobial activity was re-
corded for Penicillium sp. (S6L4C), which inhibited
the growth of most test organisms; however, Tri-
choderma sp. and Diaporthe sp. also had good in-
hibitory action against test organisms. Thereby, our
investigations suggest that these fungal endo-
phytes can be used as producers of metabolites
with broad and specific antimicrobial activity. Anti-
bacterial activity may be due to the active compo-
nents present in the fungal extracts. (Joel and
Bhimba,2013).

The outcome of the study has provided scientific
evidence for endophytic fungi associated with the
medicinal plant A. paniculata. Moreover,the present
investigation that suggested different endophytic
fungi of A. paniculata could be exploited as sources
of novel natural antimicrobial products,therefore an
endeavour humble initiative to explore the poten-
tial fungal endophytic population in medicinal plant
will pave a opportunities for future fungal endophytic
research.
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