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ABSTRACT

Endophytes are those organisms that colonize the living internal tissues of their hosts without causing detectable symptoms. Several
fungal endophytes have been isolated from a variety of plant species which have proved as a rich source of secondary metabolites.
For the first time Phlogacanthus thyrsiflorus Nees, a well known medicinal plant in Manipur has been explored for its endophytes. In
this present work a total of 6 fungal endophytes were isolated from Phlogacanthus thyrsiflorus Nees. Colletotrichum gloeosporioides
was the main isolate and were screened for the production of secondary metabolites. The fungus was identified based on the
morphological and molecular characterization. Volatile metabolites in the ethyl acetate extract of the Colletotrichum
gloeosporioides were determined using Gas chromatography— Mass spectrometry (GC-MS). GCMS analysis revealed the presence of
various metabolites. The main constituents were Phenol,2,4-bis (1,1-dimethylethyl), 1-Hexadecene, 1-Hexadecanol, Hexadecanoic
acid, octadecanoic acid methyl ester and 1-Nonadecene. The compounds produced by endophytic fungus Colletotrichum
gloeosporioides could be an alternative source for human welfare. This study is an important step in investigating the endophytic

fungal diversity and to explore the novel bioactive compounds from medicinal plants of Manipur.
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INTRODUCTION

hlogacanthus thyrsiflorus Nees locally known as
P Nongmangkha in Manipuri is a gregarious shrub

of Acanthaceae family, common in the Manipur
valley. This plant has long orange-red tubular flowers,
appearing in upright spikes at the end of branches. Leaves
are ovoid to lance-like, with smooth margins. The plant
possesses immense medicinal property. Both the leaves
and flower are used for the treatment of various
diseases’. Endophytic fungi have been associated with
various plants. Because of the high diversity of
endophytic fungi, the study of endophytic fungi has
become one of the main research area’. Endophytic fungi
produces a variety of novel bioactive metabolites for
exploitation in modern medicines. Endophytes are
recognized as rich sources of secondary metabolites of
immense importance®*.

Previous works have reported that the endophytes
isolated from medicinal plants are excellent producers of
strong fungicidal, bactericidal and cytotoxic metabolites °.
There is a need to exploits fungal endophytes from
medicinal plants because it has been hypothesized that
medicinal plants harbour distinct and rare microbes that
mimic the chemistry of their respective hosts and
synthesize identical bioactive products or derivatives that
are more bioactive than the one produced by the host.
The endophytes are mostly unexplored in Manipur. Thus,
an investigation was carried out to isolate and
characterize the endophytic fungi from medicinal plant
Phlogacanthus thyrsiflorus Nees to investigate a
repository and explore their bioactive potential.

MATERIALS AND METHODS
Plant materials and fungal isolates

Healthy symptomless leaf samples were randomly
collected from Imphal, Manipur. Samples were washed
under running tap water and surface sterilization was
carried out by immersion in 70% ethanol for 1 min, 5%
sodium hypochlorite for 5 min, 70 % ethanol for 1 min
and sterile distilled water for 1 min for two times, then
allowed to dry under sterile conditions®.

The leaf samples were then inoculated in PDA amended
with  streptomycin  150mgl*  concentration.  The
petridishes were incubated at 28° C and continuously
monitored for fungal growth. Individual fungal colonies
were transferred onto PDA plates. The identifications of
the endophytic fungi were based on their morphology
and mechanism of spore production. The promising
fungus was identified by using molecular techniques.

Statistical analysis

The endophytic fungal isolates from each host plant tissue
segment were analyzed based on the Percentage of
density of colonization frequency’, Relative percentage
occurrence of different groups of fungi 8

Colonization frequency

Number of species isolated
x 100

CF (%) =
Number segments screened
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Identification of Endophytic Fungi
DNA extraction, PCR and sequencing

Total genomic DNA was extracted from fresh mycelia of
the endophytic fungus grown on PDA medium A pair of
primer Fungal forward: 5'-TCC GTA GGT GAA CCT GCG G-
3" and Fungal reverse: 5'-TCC TCC GCT TAT TGA TAT GC-3
were used to amplify the highly specific sequence for
endophytic fungi targeting the gene encoding for 18S
rRNA'. The PCR amplification cycle consisted of 30 s at
94°C, 1 min at 50 °C, and 1 min at 72 °C. PCR products
were sequenced by using an instrument ABI 3130,
Amersham Biosciences United Kingdom using the same
primers as for the amplification. The sequence of the
fungal strain was deposited in the NCBI GenBank
database with the help of BankIT system. Sequence
similarity search was performed for the fungal sequence.
The sequence was compared to the sequences in
GenBank database with BLAST algorithm to identify
known closely related sequences.

Cultivation and metabolite extraction

The fungus was cultivated on potato dextrose broth by
placing agar blocks of pure culture of actively growing
culture in 500ml Erlenmeyer flask containing 200ml of the
medium. The flask was incubated with periodic shaking at
150 rpm for 30 days at 28+ 2°C. The fermentation broth
of the endophyte was filtered through Whatmann filter
paper to remove the mycelial mats. The filtrate was
extracted thrice with ethyl acetate at room temperature.
Ethyl acetate collected after extraction was evaporated
and the resultant compound was dried in vacuum
evaporator using MgSO, to yield the crude metabolite.
After evaporation a brown coloured crude extract was
obtained.

Fourier Transform Infrared Spectroscopy (FTIR) Analysis

The crude extract of fungus was analyzed by FTIR (FTIR
BRUKER ALPHA-E) to know the different functional groups
present in the fungal extracts. The dried crude extract
was subjected to analyze in FTIR in which the diffuse
reflectance technique was followed. The crude dried
sample was mixed with potassium bromide (KBr) to form
a very fine powder. This powder was then compressed
into a thin pellet which was analyzed. KBr was also
transparent in infra red light.

The sample was irradiated by a broad spectrum of infra
red light and the level of absorbance at a particular
frequency was plotted after Fourier transformation of the
data. The resulting spectrum was characteristic of the
organic molecule present in the sample. The absorbance
was measured at 400- 600 nm for the identification and
quantification of organic species. Compounds contained
in the extract werre identified according to established
criteria of .
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Gas Chromatography Mass Spectrometry (GC-MS)
Analysis

The fungal extract was subjected to GC MS analysis to
identify the bioactive compound. The sample was
analysed in GC Clarus 500 Perkin Elmer by using software
Turbomass 5.2 equipped with mass detector Turbo mass
gold Perkin Elmer. 2ul sample was introduced via an all-
glass injector working in the split mode, with He as the
carrier gas with a linear velocity of 32 cm/s. The HP-5
fused silica capillary column (Length — 30 m; Film
thickness- 25 um I.D - 0.2 mm) was used. The
identification of components was accomplished using
computer searches in NIST version 2005.

RESULTS AND DISCUSSION

A total of 6 endophytes were isolated from
Phlogacanthus thyrsiflorus Nees only one fungus that
showed promising result was selected for analysis. The
medicinal plants are known to harbour the endophytic
fungi which have the capability to produce the bioactive
compounds, which can be used for pharmaceutical
application 2. Phlogacanthus thyrsiflorus Nees has been
used for various treatments’>. We used conidia and
mycelia morphology to identify the endophyte, and then
confirmed the identification by rDNA sequences analysis.
The colonization frequency was found to be 62%.
Molecular characterization was carried out and it
revealed that the fungus sequence showed 100%
homology with Colletotrichum gloeosporioides from
nucleotide database of NCBI. This sequence is submitted
in genebank as Colletotrichum gloeosporioides strain
NP13 and can be accessed with the Accession number
KC662170. Colletotrichum gloeosporioides has been
reported as an endophytes from other plants™*®,

A novel endophytic  fungus, Colletotrichum
gloeosporioides, was isolated from the medicinal plant
Vitex negundo L. and extracts of C. gloeosporioides
exhibited an effective antimicrobial activity against
bacterial and fungal strains'’. There are many studies on
endophytic fungi from various plants; this is the first
report on endophytic fungi from Phlogacanthus
thyrsiflorus Nees. The combined use of molecular
diagnostic tools along with traditional morphological
techniques is at present an appropriate approach for
studying Colletotrichum species 18

Fourier Transform Infrared Spectroscopy (FTIR) Analysis

FT-IR spectral analysis showed the wave number
878.88cm™(CH alkene group), 938.62 cm™ (OH group),
699.18 cm™(C-H bond of Aromatic group), 1035 cm™(C-N
stretch Aliphatic amine group), 1647.92 cm™ (C=C,stretch,
alkene group), 2929.00 cm™ (C-H, stretch, alkyl group),
3371.50 cm™ (N-H,stretch, Amine group) and 1409.68 cm’
'(C-C stretch, aromatic group) as in Figure 1.
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Figure 1: FTIR result for ethyl acetate extract of Colletotrichum gloeosporioides NP13
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Figure 2: GC/MS Chromatogram of volatile compounds from Colletotrichum gloeosporioides NP13 extract.

GCMS analysis

GCMS analysis indicated that the fungus Colletotrichum
gloeosporioides NP13 produced bioactive compounds.
The compounds were identified based on the NIST
database by virtue of comparisons made of the actual
mass spectral data acquired shown in Figure 2. The
chromatogram predict the presence of 3-Dodecene,
Benzene,1,3-bis(1,1-dimethylethyl), Dodecane,2,6,10-
trimethyl-, 1-Undecanol, Phenol,2,4-bis(1,1-
dimethylethyl)-, 1-Hexadecene, 1-Hexadecanol,
Octahydro-2H-pyrido(1,2-a)pyrimidin-2-one, Pyrrolo[1,2-
a]pyrazine-1,4-dione, hexahydro-3(2-methylpropyl)-, 1-
Nonadecene,  9,12-Octadecadienoic  acid, = methyl
ester(E,E)-, 9-Octadecanoic acid(Z)-methyl ester, 3-
Eicosene,(E)-,  Hexadecanoic  acid,  2-hydroxyl-1-
(hydroxymethyl)ethyl  ester, 10-Heneicosene(c,t),
Octadecanoic acid,3-hydroxypropyl ester, 1,2-
Benzenedicarboxylic acid, diisooctylester. Hexadecanoic
acid and octadecanoic acid methyl ester were mainly
found in endophytic fungi obtained from five Thai
medicinal plants which are commonly used in Thai
traditional medicines ** *°. Dodecene was obtained as a
major compound from an endophytic fungus Fusarium
solani isolated from Taxus baccata bark %, 1-Hexadecene
was identified as an extract of fungi Monochaetia

kansensis. Phenol, 2, 4-bis (1,1- dimethyl ethyl) and
eicosene was reported in ethyl acetate fraction of the
fungi Monochaetia kansensis as a main compounds
identified by GCMS *2. Phenol, 2, 4-Bis (1, 1-Dimethyl
ethyl) has good antioxidant activity”. (92)-octadecenoic
acid methyl ester and (9Z,122)-octadecadienoic acid
methyl ester that displayed cytotoxic activity against
different cancer cell lines were reported from the fungal
endophyte Fusarium oxysporum SS46 isolated from the
medicinal plant Smallanthus sonchifolius (Poepp.) ot
was reported that various antimicrobial compounds were
isolated from Colletotrichum gloeosporioides %,

CONCLUSION

In this study 6 endophytic fungi from medicinal plant
Phlogacanthus thyrsiflorus Nees were isolated and one
promising fungus Colletotrichum gloeosporioides was
studied. This preliminary work is for exploration of the
endophytic fungal strain for their novel bioactive
compounds. The compounds were identified by using
FTIR and GCMS. In conclusion, the identification of the
metabolites from the culture of Colletotrichum
gloeosporioides predict that this endophyte is capable of
producing bioactive compounds. Further work is to be
carried out to confirm the bioactivities of these
metabolites.
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