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ABSTRACT

The constant demand for new biochemicals to advance human life necessitates
the study of organisms from novel biotopes. The scientific community is paying
more attention to endophytes, one of the inhabitants of novel biotopes, as they
have already gained recognition for their production of numerous novel bio-
chemicals an(% for their enormous Potential to contribute to the development
of effective solutions to the world's most pressing problems. The aim of the
current study is to discover, compare, and isolate the endophytic community of
Ficus exasperata Vahl. and Fieus drupacea Thunb. The presence of endophytes was
discovered in the leaves and fruits of both plant species. A greater number of
organisms were found in the leaves, while only a few were f%und in the fruits.
All'of the isolates were from the Ascomycota and Basidiomycota divisions. The
majority of the isolates belonged to the Ascomycota division, with only a few
belongings to the Basidiomycota division.
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PE3IOME

Hymmu6a Hacep ILT., Toonmmua Axx.D. HM3oaanma u mAeHTH(HUKAIAA
IpUOKOBBIX 9HAO(PUTOB U3 AUCTHEB U IIAOAOB ABYX T€PAIIEBTHYIECKH BAXK-
HBIX BUAOB Ficus. [TocToAHHBII CIIPOC HA HOBBIEC OMOXHMUYCCKIE TIPEIAPATHI
AASL YAYUILICHISA KH3HI YCAOBEKA OOYCAABAUBACT HCOOXOAUMOCTD U3YUCHUS OpP-
TaHI3MOB M3 HOBBIX OMOTOITOB. Bee OoAbIIIee BHIMAHUA YACAACTCA SJHAODPUTAM,
obnTaTeAeii HOBBIX OHOTOIIOB, IIOCKOABKY Y/KE€ AOKa3aHA BEIPAOOTKA IMH MHOIO-
YHCACHHBIX HOBBIX OHMOXHMIYECKHX BEITICCTB U YCTAHOBACH MX OIPOMHBII ITO-
TEHIINAA, CIOCOOCTBYIOIUI pa3paboTke 3P(EKTUBHBIX PEIIeHHI HaubOAee
AKTYAABHBIX IIPOOACM ITOHCKA HOBBIX ACKAPCTB. LIeABIO HACTOAIIIErO MCCACAOBA-
HUA ABAACTCS O6Ha€7y')KCHI/IC, CPaBHEHHE W BBHIACACHHE SHAO(PUTHOIO COOOIIIE-
crBa Fieus exasperata Nahl. ut Ficus drupacea Thunb. Ipucyrcrsne sHAODHTOB OBIAO
OOHAPYKEHO B AUCTBAX U IIAOAAX ODOMX BHAOB pacTeHuil. B ArcTnax 6510 00-
HAPYIKEHO OOABIIICE YHCAO OPraHH3MOB, B TO BPEMfA KaK B IIAOAAX AHIID He-
CKOABKO. Bce H30AATEI TPHHAAACKAAT K OTACAAM Ascomycota i Basidiomycota.
BOABIIMHCTBO H30AATOB OTHOCHAOCH K OTACAY ASCOMYyCOta, 1 TOABKO HECKOAB-
KO — K oTAeAy Basidiomycota.

KaroueBpre caoBa: sHAODUT, H30AAHA, PUKYC, IPUOKOBBIC SHAO(UTEI, HACHTUDH-
KAITHS

Iepesedero pedwonnecuei

The challenges that humanity is currently confronting
are connected to the fields of medicine and wotld food
production. sporadic pandemic outbreaks, an increase in
bacteria with medication resistance, a growth in the popu-
lation's immunocompromised individuals, and disease-cau-
sing organisms that wreak havoc on enormous food fields,
Despite the success of scientific research, problems like
this still exist. All of this results in a constant demand for
new agrochemicals, antibiotics, and chemotherapeutics.
This reveals the significance of microbes. When comparing
the number of microorganisms to their potential, they are
underutilised. Regardless of their contribution to science,
only 5 % of fungi have been studied to date (Hawksworth
2001). These microorganisms have the potential to act as
novel compound introducers, bio pesticides, bio fertilisers,
nutrient supplements, and so on. Finding the most powerful
organisms to improve vatious fields through research is an
important topic to investigate

Plant endophytes are endosymbiotic microorganisms that
live inside plants without causing visible disease symptoms.
They are kept in a finely tuned balance of virulence and de-
fence (Schulz et al. 2002). Searching for new molecules inside
the same framework as the past won't lead to anything inno-
vative. For this reason, more attention should be paid to novel
and different biotopes. Endophytes will frequently interact
with different bio components and physiochemical factors
within the host while living inside the plant tissue. Endophytes
become occupants of unique biotopes as a result, and they
may create novel biochemicals (Schulz et al. 2002). Almost
all plants on the planet will be associated with one or more
endophytes at some point in their life cycle (Govindappa et
al. 2014). There are surprisingly few plants when compared to
the plants that have already had their endophytic components
investigated. Endophytes are microorganisms that may mi-
mic and produce host biochemicals after spending a long pe-
riod inside the host (Zhou et al. 2010). This ability can be
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used to produce necessary biochemicals without harming the
plants in an eco-friendly friendly manner.

Endophytes should be studied more thoroughly in a va-
riety of fields, including endophytes of therapeutically impor-
tant plants for biomedical applications, endophytes of plants
that live in stressful environments (e.g, halophytes), and
endophytes of disease resistant wild varieties of crop plants
for crop improvement, etc. Concentrating on different fields
can eventually use the capacity of these microorganisms as a
holistic solution to all of the human problems. Despite the
fact that the world has shifted to chemistry and automation,
the importance of natural bioactive compounds has not dimi-
nished, as 40 % of the prescribed drugs that we use today are
solely based on natural compounds (Strobel & Daisy 2003).
It is remarkable how well natural molecules can serve as a
guide for many other compounds. whereas screening one
million chemical structures each day using combinatorial
chemistry, results in the production of a single commercial
product per year (Schulz et al. 2002). In this study, we attemp-
ted to separate and identify endophytic fungi from the fruits
and leaves of two understudied Fieus species for their endo-
phytes: Ficus drupace and Ficus exasperata. 'The genus Fieus is
well known for its medicinal and nutraceutical potentials,
including its anticancer, anti-diabetic, antibacterial, and
antihelminthic properties (Odunbaku et al. 2008, Salem et al.
2013, Yessoufou et al. 2015, Mbosso Teinkela et al. 2018).
There are only a few reports on endophytes from the genus,
and it appears that neither the endophytic community of the
species F. drupacea nor the fruit endophytes of F exasperata
have been studied despite the plants' reputedly enormous im-
portance in the medical and nutritional fields. Through this
study, 12 species of fungus were successfully isolated and
identified, 3 of which were from fruits.

MATERIAL AND METHODS

Purified agar, Potato sucrose agar (PDSA), KH,PO,,
MgSO,, and Peptone, were obtained from Hi Media Labo-
ratories Pvt Ltd (Mumbai, Maharashtra). Leaves and fruits
were collected from the Calicut University Botanical Gar-
den. Plant parts collected were washed surface sterilised and
processed within 24 hours after collection.

Media preparation. Media were specially prepared
for both fruit, leave mediated isolation. PDSA (0.04 mg/
ml), KH,PO, (0.0018 mg/ml), MgSO, (0.0001 mg/ml),
Peptone (0.005 mg/ml) Purified agar (0.02 mg/ml), dried

fruit powder (0.02 mg/ml) for fruit mediated endophyte
isolation, and dtied leaf powder (0.02 mg/ml) for leaf
mediated endophyte isolation. All these components were
mixed well in distilled water and autoclaved at 121°C and
15 Lbs pressure for 15 minutes.

Leaves. Collected leaves were washed thoroughly in
running tap water and surface sterilized using 3 % sodium
hypochlorite (3 minutes) and washed in sterile distilled
water followed by 75 % ethyl alcohol for 5 minutes. Again
washed in sterile distilled water and taken in to the sterilised
LAF. Sterilized leaves were cut in to 2 cm square pieces and
inoculated to potato dextrose sucrose agar plates.

Fruits. Fully ripened fruits of F drupaceae, F. exasperata
were handpicked from the tree, and collected in to sterile
plastic bags, which were thoroughly washed in running tap
water, and soaked in 3 % sodium hypochlorite for 5 minutes.
The fruits were then cut open and again soaked in 3 %
sodium hypochlorite for 3 minutes. Which were washed
with sterilised water and soaked in 75 % ethyl alcohol
for 4 minutes and again washed in sterile distilled water.
Sterilized fruits are taken in to sterile LAF. Sterilized blotting
paper is used to remove the water droplets, skin and exposed
parts were removed by using sterile scalpel, and they were
made in to 2 cm square pieces and inoculated in to potato
dextrose sucrose agar medium under sterile conditions.

Sterilisation was strictly followed to avoid any sort of
contamination throughout the process.

RESULTS

Extensive fungal growths were observed from the cut
ends of the plant parts after 3 days of incubation at room
temperature (Fig. 1). Based on external morphology, 22
endophytes were isolated and pure cultured. Streak plate
method were used to isolate pure colonies. These isolated
pure fungal cultures were used for DNA isolation, followed
by PCR amplification and sequencing. Among this only 3 of
them were isolated from the fruits. Using DNA sequencing
of ITS, LSU region could reveal only 12 out of the 22
isolates to the genus level. So in this report, only 12 of them
are included. Among this 3 of them were fruit endophytes
and the rest of them are leaf endophytes.

Pure isolates of identified fungal samples were repre-
sented as follows. Isolates from leaves of F. drupaceae and
F. exasperata were DRPL 1, DRPL II, DRPL III, DRPL 1V,
DRPL YV, EXPL I, EXPLIL, EXPL IV, EXPLV respectively.

Figure 173 hrs. of endophytic growth from fruits and leaves of both the plants on nutrient medium: a — endophytic growth from the leaves
of Ficus drupacea, b — endophytic growth from the fruits of F. drupacea, c — endophytic growth from the leaves of F exasperata, d — endophytic
growth from the fruits of F exasperata
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Fruit isolates were named as DRPFT 1,
DRPFT II and EXPFT I respectively.

All the 12 organism identified based
on the sequencing of ITS, LSU region
confirmed they were basically from
two divisions of the fungi which are
Ascomycota and Basidiomycota. Majority
of the endophytes were found to be from
Ascomycota (Table 1).

Looking in to the total number of
isolates from both the plants, higher
number of colonisation were found in the
leaves rather than in the fruits. More than
one organism were found to be same in
the leaves, and one of the fruit endophyte

isolated were also same for both the plants
studied (Fig. 2).

Fungal endophytes from the leaves and fruits of two Ficuses

DISCUSSION

Twelve distinct fungal species were found when endophytes from F. exa-

sperata and F. drupacea are studied. The majority of these species had already

been described from other plants and had significant bioactivities. Among

Table 1. Results of isolated fungi identification

Percentage

o, Name of = Similar organism of similtiey Division

1 DRPLI Phanerochaete sp. 99.62 Basidiomycota
2 DRPLIL  Aspergillus nomiae 87.29 Ascomycota

3 DRP LI  Daldinia eschscholtzii 99.80 Ascomycota

4 DRPLIV  Endomelanconiopsis endophytica — 99.77 Ascomycota

5  DRPLV  Alternaria alternata 90.06 Ascomycota

6 DRPETI  Trichoderma asperellum 97.44 Ascomycota

7 DRPFTII  Phlebia sp. 99.82 Basidiomycota
8 EXPLI Endame/z[zjmoniapxix endophytica  99.77 Ascomycota

9  EXPLIL  _Alternaria alternata 90.06. Ascomycota
10 EXPLIV  Lasiodiploida psuedotheobromae 100 Ascomycota
11 EXPLYV  Malassezia restricta 98.71 Basidiomycota
12 EXPFT1  Phlebia spc 99.82 Basidiomycota
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Figure 2 Pure isolates of
endophytic fungi from Fieus
drupacea: a — DRPL 1, b —
DRPLII, c — DRPLIIL, d
—DRPLIV,e—-DRPLYV,f -
DRPFT I, g— DRPFT II

Figure 3 Pure isolates of endophytic fungi from Ficus exasperata : a — EXPL 1, b — EXPLII, ¢ —
EXPL1V,d - EXPL YV, e - EXPFT I
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the isolated species Phlebia and Lasiodiploida psuedotheobromae
confirms the thought of Schulz et al. (2002). That is, the
emergence of illness may result from a disruption in the
balance between plant defence and fungal virulence. Most
of the previous studies supports our research findings on
the endophytes of the selected species. Do Nascimento
et al. (2020) identified Phanerocheate species from Androan-
thus impetigenosis with high trypanocydal activity. Endophy-
tc Aspergillus nomiae from Alve vera was found to have anti-
cancerous activity against breast cancer cell lines (Mane &
Vedamurthy 2020). Daldinia eschscholtzii were also isolated
and identified with potential herbicidal property on mono-
cotyledonous and dicotyledonous weeds (Flores-Resén-
diz et al. 2021). In a study on Fieus hirta researchers found
Endomelanconiopsis endophytica which was able to contribute
two new xyloketals to the scientific world (Sun et al. 2016).
Alternaria alternata isolated from Camellia sinensis yielded
three new compounds .This fungus was also found to have
antimicrobial as well as cytotoxic potentials (Wang et al.
2014). Endophytic Trichoderma asperellum was found to be
very effective against the vascular streak dieback disease of
Cacao by scientists in 2015 (Rosmana et al. 2015). A study on
endophytic Lasiodiploida psuedotheobromae revealed its thera-
peutic ability in xanthine oxidase inhibitory activity (Ka-
poor & Saxena 2014). Malassezia restricta was also isolated as
an endophyte in a previous study by (Harrison et al. 20106).
Endophytic Phlebia species were found to be useful in textile
dye decolourisation and degradation (Bulla et al. 2017).

All the previous reports on this endophytic species re-
vealed the importance of this species in various fields from
therapeutics to biopesticides and as environmental protec-
tors. So all the isolated endophytes of both the plants are
extremely important to in order to revealing their abilities.
As the host plants differ in their biological activities, so will
their biochemical status. Among the isolates, two of the leaf
endophytes and one of the fruit endophyte were found to
be common in both the species which supports the previous
research finding of Solis et al. (2016) from the genus Fieus.
Phylogenetic distance has an inverse relationship with the
number of similar endophytic organisms within the host
species(Solis et al. 2016). Representation of higher number
of ascomycetes and few basidiomycetes in the present
study is also in accordance with the research findings of
the same team.

CONCLUSION

The present study was to isolate and identify the endo-
phytic community from the fruits and leaves of the two
therapeutically important Fieus species. All the isolates fall
under two divisions, Ascomycota and Basidiomycota. Most
of the members were under Ascomycota. Among the total
12 isolates, 3 of them were similar for both the plant spe-
cies. This may be due to the similarity in the phylogeny of
the two plant species which might have contributed to the
similarity in their endophytic population. Almost all the
isolates were already reported as endophytes with various
benefits to human life. Further studies are inevitable for
making use of these microorganisms as a wholesome
solution for mankind.
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