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ABSTRACT

An important cash crop of India is chili (Capsicum spp.). This spice crop suffers huge losses in
storage and transportation due to microbial infection. Fusarium lichenicola is well known as a
causal agent of fruit rot in chili fruits. The aim of the study was to find out the antifungal activity
of the isolated endophyte against the isolated pathogen from spoiled chili. The present study was
conducted by isolating fungal endophyte from fresh leaves of Capsicum annuum and its
metabolites were extracted. In ex-situ study, these metabolites were treated against chili
(Capsicum frutescens and Capsicum assamicum) brought from the market and stored in normal
room temperature. Molecular analysis revealed the presence of the endophyte Colletotrichum
siamense. Metabolite detection showed the secretion of alkaloid and reducing sugar in ethyl
acetate fraction. Treatment against spoilage of C.frutescens showed best results when treated
with ethyl acetate fraction of C.siamense. But in case of C.assamicum, mixture of ethyl acetate
fraction of C.siamense and chloroform fraction of Phyllantus emblica showed better efficacy
followed by only ethyl acetate fraction of the endophyte against spoilage. So, it could be

concluded that ethyl acetate fraction of C.siamense has a potent metabolite against chili
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pathogen, F.lichenicola. Also, the present study is the first report of the endophyte C.siamense

found in C.annuum grown in North-east Guwahati region of Assam.

Keywords: ex-situ study, C.siamense, F.lichenicola, C.frutescens, C.annuum

INTRODUCTION

Capsicum annuum L. is widely recorded to
be an economically important and major
spice crop for different countries in the world
[1]. Our subcontinent India holds the place of
largest chili producer in the world scenario
with million tons as its annual production [2].
Chili benefits were already in knowledge of
pre-Hispanic people and evidences from
modern science largely confirmed both its
medicinal and nutritional value [3]. Stored
and transported chili (Capsicum annuum and
Capsicum assamicum) fruits are prone to
varying degrees of decay in terms of
discoloration as well as breaking of pericarp,
pedicel detachment and formation of spore
dust inside the fruit. Numerous management
practices have been employed but these
agricultural chemicals are a major threat to
environmental pollution as well as healthcare
system. Therefore, the major search for
environment friendly, toxicologically safe
and cheap biocontrol agent remains the need
of the research [4].

Pharmaceutical as well as agricultural
industries are in continual hunt to screen out
contemporary products. In this regard,

natural selection stands superior to chemical

synthetic chemistry for discovering unique
compounds that could be formulated into
industrial products [S]. Thus, endophytic
fungi represent a biotope for the exploration
of novel secondary metabolites. They grow
internally in host plant tissue without causing
any overt negative effect and present an
unexplored trove of metabolic relationship
between fungus and host [6, 7]. They are
chemical synthesizers inside host plant that
synthesize biologically active compounds
which are utilized by plants for their
protection against pathogens [8]. Fungal
endophytic strains are known to be
potentially important in pigment production,
immunosuppressant, biocontrol agents and
anticancer substances [9, 10, 11].

Many fungal endophytes can produce potent
antimicrobial agents which could lead to a
promising new pavement to combat drug-
resistant strains of human and plant
pathogens. The production of phytoalexins
by endophytic fungus and their ecological
occupation pops up to be the prime reason
towards plant protection by these
endophytes. They can synthesize both single

and multiple array of antibiotics starting from
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alkaloids, terpenoids, polypeptides to
aromatic compounds [12]. Amongst these,
alkaloids are known to be strong suppressors
of microbes. Altersetin is an example of an
alkaloid isolated from Alternaria spp.
Possess antibacterial properties against
pathogenic bacteria [13]. In Assam, however,
studies on fungal endophytes from chili plant
as biocontrol agents have not been recorded.
The main aim of the study was to isolate
endophytic fungi from leaves of chili plant
species Capsicum annuum L. and extract
bioactive secondary metabolites and further
ex-situ evaluate the efficacy of these fungal
metabolites as antimicrobial agents in
treating chili  fruit (C.frutescens and
C.assamicum) pathogens during storage.
MATERIALS AND METHODS
Collection of sample:

Leaf sheath of chili variety (Capsicum
annum L.) was collected from Kundil nagar
area of  Narengi, Guwahati, Assam. Fresh
and uninfected leaf samples were used in this
study.
Isolation of fungal endophytes and
pathogen:

Fresh leaves were surface sterilized by
immersing in 70% ethanol, 0.5% NaClO and
distilled water using standard procedure. The
leaves were cut aseptically into smaller

segments and were carefully placed on potato

dextrose agar (PDA) petri plates and
incubated at 28 °C for 72 hrs [14]. The
cultures were routinely maintained on slants
for further analysis.

Pathogen was isolated from the spoiled
chili fruits (Capsicum frutescens and
C.assamicum) by allowing it to grow on to a
Potato Dextrose Agar (PDA) media and
incubated at 28 °C for 24-96 hrs [15]. The
cultures were routinely maintained on slants
for further studies.
Morphological and molecular
identification of the fungal isolates (both
endophyte and pathogen):

The isolated endophyte and pathogen
were morphologically identified using
lactophenol cotton blue as per standard
protocol [16].

Further, for molecular analysis, genomic
DNA was isolated from the mycelial mat as
per an established protocol [17]. Endophytic
and pathogenic fungal species was identified
by sequencing (ABI 3500 Genetic Analyzer)
the ITS
GRAAGNAHADGTVGKAAYAWSG-3’)
and ITS

TCCTNCGYTKATKGVTADGH-3’).

forward primer &

reverse primer (5°-
Sequence homology of nucleotide was
compared using BLAST search program. The
alignment of sequences and phylogenetic tree

were constructed using weighbor software.
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The bootstrap replications were used as a
statistical support for the nodes in the
phylogenetic tree.

Metabolite extraction:

The endophytic isolates were further
processed using solvent-solvent extraction,
where the endophytes were grown in PDA
broth and biomass was separated by filtration
with slight modification [18, 19]. The broth
was incubated at room temperature for 21
days. It was filtered using cheesecloth to
separate the supernatant and mycelia. The
supernatant was used for secondary
metabolites extraction by addition of organic
solvents (hexane, chloroform, ethyl acetate
and butanol) treated thrice in the same ratio
as 1:1 v/v. The different extracts were
separated from broth medium and crude
extract was concentrated by using a rotary
evaporator under reduced pressure [20].
Phytochemical screening of the extracts:
The portions of the dry extract were
subjected to the phytochemical screening.
Phytochemical screening was performed to
test for alkaloids, saponin, tannins,
flavanoids, steroids, sugars and cardiac
glycosides using standard protocol [21-24].
After the performance of phytochemical
analysis through various test mentioned
above, different separation techniques was

performed for further confirmation about the

presence of secondary metabolites such as-
TLC (thin layer chromatography) and paper
chromatography. Different solvent systems
was used for both the techniques and results
were being analysed [25].

Ex-situ evaluation studies to treat fungal
infection in C.frutescens and C.assamicum
fruits [26]:

The metabolites detected were used in
treatment of fungal infection in the chili
fruits during storage. A set of five treatment
combinations (T1-T5) were prepared for the
ex-situ evaluation studies: T1 (control), T2
(alkaloid from
endophyte), T4 (endophyte alkaloid and
alkaloid from Phyllantus emblica) and T35
(alkaloid from Phyllantus emblica). The

(streptomycin), T3

control set was the normal untreated chili
samples studied for a period of 7 days for
C.assamicum and 5 days for C.frutescens.
The metabolites were prepared using 2%
DMSO prepared in methanol. The chili fruits
were topically applied with the treatment
combination solutions at 10~ dilution using
atomizer and colony forming unit (cfu) count
was monitored for an interval of 1,3,5,7 days
for C.assamicum and 1 to 5 days for
C.frutescens. All the combinations were
compared with the control set and standard
and each treatment was replicated three

times.
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RESULTS AND DISCUSSION

In the present study, fungal pathogen was
identified as Fusarium lichenicola which
belongs to  the phylum Ascomycota. The
infection was observed in two days in the
spoiled chili samples. Morphology of the
pathogen showed mat colony with distinct
cottony white aerial mycelium. Under
microscope, production of elongate, filiform,
conidiophores were observed (Figure 1).
This is in accordance with another study
done by [27] which showed similar features.
Its phylogenetic analysis was confirmed by
using ITS1 and ITS2 using 1000 bootstrap
replication using weighbor software (Figure
2). Similar study was performed for
F.lichenicola in Pomelo (Citrus maxima)
which was reported to be the first report
causing fruit spoilage [28].
Endophyte was isolated from young healthy
leaves of  C.annuum.  Morphological
characters showed white mat colony on PDA
plate. The organism was slow growing as
compared to the pathogen and took
approximately one week to cover the entire
PDA plate. A unique grey to pale brown
colour was observed on the backside of the
mat making it distinct from the pathogen.
Microscopic features showed the presence of
and branched

internal, septate, aerial

mycelium (Figure 3). Molecular

characterisation of this endophyte identified
it as Colletotrichum siamense belonging to
the phylum Ascomycota. ITS1 and ITS2
sequence with 1000 bootstrap replication
using Weighbor software was used for
molecular study (Figure 4). Earlier reports
suggests that Colletotrichum species was a
dominant endophyte isolated from C.annuum
at fruiting stage in Korea [29]. Also a report
from Assam highlighted the presence of C.
gloeosporioides from tea plant [30]. But in
north-east Guwahati region of Assam, this is
the first report of the presence of C.siamense
endophyte in leaves of C.annuum.

Ex-situ evaluation of the metabolite was
extracted from C.siamense. The extract was
prepared using solvent extraction method
after incubation of the culture for 21 days
from PDB culture. The extract showed the
presence of alkaloid and reducing sugar in
ethyl acetate fraction (Table 1). The
prevalence of phytochemicals in endophytes
is a clear indication towards development of
synthetic drugs and explored into medicinal
and industrial applications [31].

The dominant extracted metabolite was
further chromatographed wusing different
combinations of solvent system. Our study
revealed that using relatively high polar
solvents like chloroform: methanol (8:2) was

best in detection of alkaloid from C.siamense
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and spot detection was done using iodine
fumes. Brown spot development on the TLC
plate confirmed the presence of alkaloid
which is in accordance with the result of
qualitative detection of alkaloid. Other
reports also demonstrate the presence of
orange /brown spot on TLC plate that
correlates with our present study [25].

varieties

For ex-situ evaluation, chili

(C.frutescens and  C.assamicum) were
purchased from the market. The study was
carried out at an interval of odd days for
C.assamicum and consecutive 5 days for
C.frutescens. Various combinations were
used where T3, T4 and T5 against T1
(control) and standard T2 (streptomycin) was
studied. The effectiveness of plant extracts
on microorganism has been studied
worldwide [29]. Over the last few years,
reports were found on endophytic fungi
exhibiting substantial and sustainable
antimicrobial activity [32], where inhibitory
activity against Pestalotiopsis spp. was
reported [33]. A study in Assam
demonstrated saprophytic antagonists and its

bio-formulations being evaluated in effective

management of bacterial wilt disease in Naga
chili. Different bioformulations including talc
based formulation, vermicompost (VC) and
mustard oil cake (MOC) were applied to seed
treatment, seedling treatment, soil application
[34].

While treating C.frutescens with all the ex-
situ treatment groups, the microbial count
was found to be increased in combination
treatment (T4) as compared to control on day
1 and 2. Since the extract showed the
presence of reducing sugar, so it might
increase the microbial load in initial days but
later the secondary metabolite showed its
better result in reducing the microbial load in
comparison to control from day 3 to day 5.
Best result was seen with T3 in all days
compared to standard T2 (Figure 5a).
Ex-situ treatment study on C.assamicum also
showed better treatment result with T3 as
compared to standard T2.Efficiency of T4
was increased as compared to T3 on day 5.
So, combinatorial treatment (T4) showed
best activity in C.assamicum as compared to

best result T3 in C.frutescens (Figure Sb).
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Figure 1: a) Fungal pathogen, F.lichenicola on PDA plate b) Morphology based on lactophenol

cotton blue staining

! Fsariom sclaoate Ngar208, i 81 'S4 iotenel transcrihee! spacer 1, portial sequence; .85 ribosornal RNA geme and interna trnscre spacer 2,
B

 Fusarit solan geoomic INA sequece contain 1151, 88 RNA peng, 1182, solate LENM 122004

l

* " Fuserum Jichenicola - collcton NCCPE3700C3 188 ntosomal RNA gene, prtal saquence; infemalta

L4 4

‘ I Fusarim ichenicola siwin CNRMALD. 13 sclut ISHAM-ITS. D MITS1524 188 ribosomal R
Nevcosmospord ramosa sirwin (B8 0963 188 nhosomal RNA pane, porial saquence; imernal

' Neccestmospors ramasa solate 753017 steal] subumit bosomal RNA peng, parial seqenc
-'}-Nammmuipmmmmmlm (395 17 sal bt rbosommal RNA. pene, il sequen
Neocosmuosporsramsd sl S5 sl subunit rbosoml RNA g, pardal seqence; i
IM' j‘ﬁumumsp strin FAT-31006 smal] sobunit ihosamal RNA gone, parial saquenc; inkemal
*Fr e iy FAT-100 sl st s A e, pertil saquemce;

Figure 2: Phylogenetic tree formed by Weighbor joining method using ITS sequence of fungal pathogen Fusarium lichenicola
and related fungi

3485
IJBPAS, October, 2021, 10(10)



Barman I et al Research Article

Figure 3: a) White cottony mat colony of C.siamense on PDA plate. b) Lactophenol cotton blue

staining showing morphology of the fungus
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Table 1: Metabolite detection in crude extract of C.siamense

Metabolites Hexane Chloroform Ethyl acetate Butanol
Alkaloid - - +++ -
Phenol - - - -
Flavonoid - - - -
Reducing sugar - - + -
Tannin - - - -
Steroid - - - -

**presence of metabolite: sparingly (+), mildly (++), dominant (+++) and absence (-)
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Figure 5a: Graph showing ex-situ data for C.frutescens
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Figure 5b: Graph showing ex-situ data for C.assamicum
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CONCLUSION
From the present study, it can be concluded
that ex-situ evaluation of C.siamense
secondary  metabolite =~ has  efficient
antimicrobial activity in the formulation of
2% DMSO in methanol. C.siamense has been
first reported from C.annuum from north-east
Guwabhati region of Assam which has strong
antimicrobial activity. Further, chemical
study of this metabolite and enrichment of
endophyte would help in generating a potent
antimicrobial agent for chili infection during
storage and transportation.
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