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Abstract

The endophytic fungi were isolated from healthy Psidium guajava leaves after surface
disinfection. The selected bioactive isolate was identified based on colony morphology and
microscopic characteristics of the fungus. The evolutionary relationship of the fungus was inferred
from the ITS-rRNA sequence analysis using MEGA-X and the fungus is identified as Daldinia
eschscholtzii. The secondary metabolite was extracted from the selected endophytic fungus cultured
in rice medium and potato dextrose broth medium. The solvent extract was evaluated for
antimicrobial, antioxidant, and cytotoxic activities. The extract showed strong antibacterial activity
against the tested bacteria by the agar well diffusion method. The minimum inhibitory
concentration (MIC) of the extract observed was 0.312 to 5 mg/ml. The antioxidant activity was
determined by 1,1-diphenyl-2-picrylhydrazyl (DPPH), reducing power, and phosphomolybdenum
assays have shown strong inhibitory capacity. The total flavonoid and phenolic content estimates
amounted to 27.4763 + 0.68 quercetin equivalent per gram (QE/g) of the extract and 43.853056 *
0.059 gallic acid equivalent per gram (GAE/Q) of the extract, respectively. The extract showed
potent cytotoxicity against the lung adino carcinoma human cancer cell line A519 (92.66 + 0.56%),
whereas it is nontoxic to the normal mouse fibroblast cell line NIH3T3. The GC-MS analysis of the
extract exhibited the presence of 18 major volatile organic compounds. Therefore, this endophyte
can be a renewable source for therapeutic compounds and have the potential to develop
antimicrobial, anticancer, and antioxidant agents. To our knowledge, this is the first report of D.
eschscholtzii as an endophyte from P. guajava leaves.
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Introduction

Endophytes are microorganisms living in the internal tissue of plants without any obviate
consequences to the host at least at a certain stage of their life (Petrini 1991). The term endophyte
denotes transiently asymptomatic microbial colonization between host and endophyte involving the
momentary balance of antagonism (Schulz et al. 1999, Schulz & Boyle 2006). They are comprised
of diverse microbial communities including archaeal, bacterial, fungal, and protistic taxa (Hardoim
et al. 2015).
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Plants are inexhaustible producers of the natural bioactive compounds (Darwish et al. 2020).
They produce various important chemicals to adjust to unfavourable conditions. The endophyte and
plant symbiotic association involves a continuous metabolic exchange between the symbiotic
partners and maintain their balanced coexistence (Schulz et al. 2002).

Human beings are largely dependent on medicinal plants as sources of therapeutic drugs in
traditional and modern medicine. However, one-third of medicinal plant species are threatened with
anthropogenic activity (Chen et al. 2016). Moreover, access to plant-derived bioactive compounds
is challenging due to the low levels of metabolite production in the plant. Endophytic fungi
harboured inside plants synthesize bioactive secondary metabolites (Schulz et al. 2002). This has
raised the expectation that these compounds could be produced sustainably to meet the growing
demand for the drugs. Since plants are vulnerable and limited in productivity, endophyte derived
compounds avoid the dependence on endangered host plants for the metabolite extraction
(Venieraki et al. 2017, Gomez & Luiz 2018).

Endophytic fungi produce different metabolites with a wide range of biological activities.
Endophytic fungi synthesize diverse bioactive natural compounds with antimycotic and
antiparasitic, antidiabetic, antibiotic, anticancerous, antimicrobial, antioxidant, and anti-
inflammatory activities (Rana et al. 2020). Due to growing safety concerns, the bioactive molecules
produced from extant natural sources are in high demand as compared to their synthetic
counterparts (Helaly et al. 2018, Vasundhara et al. 2019).

Antioxidants are used in the food and cosmetic industries to prevent oxidation and as
nutritional additives. These are synthetic antioxidants such as butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), and propyl gallate. However, these artificial antioxidants could
no longer be reliable sources of antioxidants due to carcinogenicity, public safety, and economic
burden (Darwish et al. 2020). This has increasingly raised the interest in searching for natural
antioxidants (Shahidi 2000) and endophytic fungi from medicinal plants are alternative sources of
natural antioxidant compounds (Santos et al. 2020).

Cancer is one of the increasing human life-debilitating catastrophes (Bray et al. 2018). The
morbidity and mortality due to cancer are increasing, especially in developing nations (Fidler et al.
2018, Ferlay et al. 2019). It is estimated, in the coming decade, to be the main cause of illness and
death in the world despite the changing trends of cancer (Bray et al. 2012). The endophytic fungi
isolated from the medicinal plant synthesize cytotoxic compounds (Dzoyem et al. 2017). The
endophytic fungi isolated from Passiflora incarnate synthesized anticancer flavone chrysin with
cytotoxic activity. The potent endophyte Alternaria alternata showed significant cytotoxic activity
against human liver carcinoma cells (HepG2) (Seetharaman et al. 2017).

Daldinia (Hypoxylaceae, Ascomycota) is described by Cesati & Notaris (1863). In a recently
revised taxonomy, Daldinia is accommodated in Hypoxylaceae (Wendt et al. 2018). It is a
ubiquitous wood-inhabiting ascomycete (Johannesson et al. 2000) and occupies a wider geographic
area and host range (U'Ren et al. 2016). Some species of Daldinia cause white rot on dead plants.
Nevertheless, it colonizes the burnt woody substances and is found in the host tissues
asymptomatically, which asserts the endophytic lifestyle (Stadler et al. 2014). In a revised
taxonomy by Stadler et al. (2014), it was classified into 48 recognized taxa. In India, Daldinia and
other Hypoxylaceae fungi have been reported from different climatic regions and agricultural lands
(Nagadesi & Arya 2017, Narmani et al. 2019). U’Ren et al. (2016) reported endophyte D. loculata
from a wider geographic and host range than reported previously.

Daldinia demonstrated a wide biological activity in various areas of human welfares such as
antimicrobial (Narmani et al. 2019), nematicidal (Liarzi et al. 2016a), bioremediation (Hassan et al.
2019, 2020a, 2020b), and biocontrol (Liarzi et al. 2016b). Various secondary metabolites of D.
eschscholtzii are reviewed in a monograph compiled by Helaly et al. (2018). Daldinia eschscholtzii
produces metabolite with various chemical structures such as dalesconols (Zhang et al. 2008,
Zhang et al. 2011), cytochalasin (Yang et al. 2018), 2,4-di-tert-butylphenol (Mishra et al. 2020),
spirodalesol (Zhang et al. 2016), and concentricols, binaphthalene tetrol (BNT), naphthalenes, and
chromones (Stadler & Hellwig 2005).
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In this study, we isolated the endophytic fungus D. eschscholtzii from Psidium guajava leaves
and investigated the antibacterial, antioxidant, and cytotoxic activities of the extract. To our
knowledge, this is the first report of endophytic D. eschscholtzii from P. guajava leaves. Psidium
guajava is widely studied for the ethnomedicinal property, but less investigated for endophytic
microflora and might harbour novel bioactive endophytes. Therefore, this study is conducted to (1)
explore the endophytic fungi of P. guajava, (2) identify the endophytic isolate based on
morphological and molecular analyses, (3) determine the major components of bioactive volatile
metabolites, and (4) evaluate the biological activities of the secondary metabolite of the endophytic
fungus.

Materials & Methods

Sample collection

The healthy fresh leaves from P. guajava were randomly collected from Mangalore
University staff quarters in a sterile plastic bag and brought to the laboratory. The samples were
processed for endophytic fungi isolation within two hours after collection.

Isolation of endophytic fungi from Psidium guajava leaves

The endophytic fungi were isolated from healthy leaves of P. guajava according to
Venkateswarulu et al. (2018). The surface disinfection process was carried out according to Petrini
& Dreyfuss (1981) with modifications. The leaves were washed in running tap water to remove
debris and rinsed with sterile distilled water. The leaves were surface disinfected through
consecutive submersion in 95% EtOH for 2 min, rinsed with sterile distilled water twice,
submerged into 5% Sodium hypochlorite (NaOCI) for 4 min, submerged into 95% EtOH (for 1
min), and rinsed with sterile distilled water twice and air-dried in aseptic conditions. The surface

disinfection effectiveness was confirmed by inoculating 0.3 ml distilled water from the last rinse
into the PDA culture medium.

The sterilized leaves were cut into small pieces by sterile stainless scissors and plated on
PDA medium supplemented with 50 pg/ml Chloramphenicol (Bayman et al. 1997). The inoculated
plates were sealed with parafilm and incubated at 28°C. The plates were visually checked for the
emergence of hyphae from the leaves, and the emerging hyphae were transferred to fresh PDA
medium. The hyphae that emerged were purified by sub-culturing into freshly prepared PDA
medium. The pure strains were preserved in PDA slant in a refrigerator for further studies. Two
extra slants of each isolate were kept in 20% glycerol at -80°C for long-time preservation.

The selected endophytic isolate from the leaves was characterized and identified by
morphological, microscopic, and ITS sequence analysis. The ITS rRNA sequence data were
deposited in the GenBank (NCBI) and the accession number was obtained. For colony morphology,
the endophytic isolate was cultured on the PDA medium for 7 days and the morphological features
such as mycelia growth pattern, colour on the plate, and growth rate were recorded every day. The
microscopic features of the isolate were characterized by the slide culture technique. The prepared
slide culture was stained by lactophenol cotton blue and observed using the Nikon phase-contrast
microscope (Nikon Y-TV55 ECLIPSE). Based on the cultural characteristics, the isolate was
identified by using standard mycological literature (Stadler et al. 2014).

Sequencing ITS rRNA of the endophytic fungus isolate

The PCR and DNA sequencing were done at the National Collection of Industrial
Microorganisms, CSIR-National Chemical Laboratory (NCL), Pune, India. Chromosomal DNA
was extracted by using a spin column kit (HiMedia, India). Fungal ITS rRNA sequence (600 bp)
(White et al. 1990) was amplified using PCR in a thermal cycler and were purified using
Exonuclease | - Shrimp Alkaline Phosphatase (Exo-SAP) (Darby et al. 2005). The PCR primers for
sequencing the ITS rRNA region were ITS1 (5-TCC GTA GGT GAA CCT GCG G-3") and ITS4
(5'-TCC TCC GCT TAT TGA TAT GC-3'). PCR conditions for amplification of the ITS region
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were as follow: initial denaturation at 95°C for 5 min, followed by 35 cycles of denaturation at
95°C for 30 secs, annealing at 55°C for 30 secs, extension at 72°C for 1 min, and a final extension
at 72°C for 7 min.

The purified amplicons were sequenced by the Sanger method in ABI 3500xI genetic
analyzer (Life Technologies, USA). Sequencing files (.abl) were edited using CHROMASLITE
(version 1.5) and further analyzed by the Basic Local Alignment Search Tool (BLAST) with the
closest matches retrieved from the National Centre for Biotechnology Information database that
finds regions of local similarity between sequences (Altschul et al. 1990). The nucleotide sequences
were compared to sequence databases and calculated the statistical significance of the matches
(Gertz 2005). The BLASTn program was used to find the potential closely related type strain
sequences (Altschul et al. 1990) and the sequence similarity values between the query sequence and
the sequences identified were calculated using pairwise alignment (States et al. 1991). Therefore,
the isolate was reported with the first five to ten hits observed in the NCBI database (Myers &
Miller 1988, Karlint & Altschult 1990).

Phylogenetic analysis

The sequence was submitted to the GenBank, and the accession number MT605149 was
obtained. Multiple sequences from the BLASTn search were aligned by ClustalW using MEGA-X
software (Kumar et al. 2018). The analysis involved 15 nucleotide sequences, and the most
appropriate model to infer evolutionary relationship was estimated using MEGA-X. The
phylogenetic relationship of the endophytic isolate was inferred by maximum likelihood analysis in
comparison to the type material and related species with 500 bootstrap replicates. The outgroup
taxa and the major groups of closely related Daldinia species were included in the tree (Stadler et
al. 2014).

Selection of the best candidate endophyte

The 5 days-old culture of endophytic fungus cube cut from the PDA medium was transferred
to the nutrient agar media swab inoculated with 18 hr old pathogenic test bacteria. The inoculated
bacterial cultures were incubated at 37°C for 48 hr. The endophytic cube produces a clear zone
against the tested bacteria, therefore, considered as a potential bioactive isolate and selected for
further study.

Fermentation and extraction of metabolite

The endophytic strain was fermented in rice medium and potato dextrose broth medium
(HiMedia). The metabolite was extracted from the fermented broth and solid medium using ethyl
acetate and acetone solvents until the metabolite was exhausted from the culture substrate.

Solid-state fermentation (SSF)

In 500 ml Erlenmeyer flasks, 100 g of rice grain was soaked with 100 ml distilled water
overnight and autoclaved twice at 121°C for 30 min. Five days old endophytic culture cultivated on
a PDA plate was cut using flame sterilized cork borer (6 mm). The culture cube was inoculated into
a rice medium and incubated for 30 days at 28°C. The fermented culture flask was filled with 200
ml of ethyl acetate, stand for overnight, shaken thoroughly, and filtered by four-fold Whatman #1
filter paper. The filtration process was repeated five times in our case until most of the metabolite
was extracted (Raviraja et al. 2006).

Submerged fermentation (SmF)

Three pieces of the pure endophytic fungal culture (5 days old) from PDA media was cut by
sterile cork borer (6 mm diameter) and transferred into a 500 ml Erlenmeyer flask containing
200 ml of PDB media in ten flasks for quantification. The inoculated cultures were incubated at
28°C for one month. The fermented media were separated from the fungal mat by filtration using
cheesecloth. The metabolite, extracellular and intracellular, was extracted by adding 200 ml of
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ethyl acetate into culture filtrate flasks and mixed intermittently and kept overnight. The treated
mixture was transferred into a separatory funnel and kept to stand for 10 minutes until the organic
solvent and the media component form two distinct layers. Thereafter, the upper organic solvent
layer containing the extract was separated, and the solvent was evaporated in a water bath at 50°C.
The separated mycelia were dried at 55°C in a hot air oven, and the dried mycelial mat was ground
into powder. To the dried mycelial powder, 40 ml acetone was poured, kept for 24 hr, and the
acetone extract was separated by filtration using whatman #1 filter paper (four folded). The ethyl
acetate and acetone extracts were pooled together. The crude extract collected after evaporating the
extraction solvent was dried in a hot air oven at 55°C, and the dried extract was stored in a
refrigerator for future biological activity evaluation (Venkateswarulu et al. 2018).

Screening antimicrobial activity of the extract

The antibacterial activity of the crude extract was tested according to Pinheiro et al. (2013)
with modifications. The antimicrobial activity of the endophytic fungus, Daldinia eschscholtzii,
was evaluated against seven bacteria by agar well diffusion and microdilution minimum inhibitory
concentration (MIC) assays. The tested pathogenic bacteria were Enterococcus faecalis, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Bacillus subtilis, Escherichia coli, Proteus vulgaris, and
Staphylococcus aureus.

Inoculum preparation and standardization of the test bacteria

The test bacteria were cultured in Mueller Hinton Broth (MHB) medium at 37°C for 24 hours
according to the procedure of Clinical and Laboratory Standards Institute (CLSI) document for
minimal inhibitory concentration (MIC) bacterial assays (NCCLS 1999, NCCLS 2012). The grown
test bacteria cultures were re-inoculated into MHA medium and incubated for 24 hours at 37°C.
Five colonies of 24 hours old test bacteria were inoculated using a flame-sterilized inoculating wire
loop into freshly prepared MHB and incubated overnight (Cavalieri et al. 2005). The overnight
incubated bacteria cultures were reinoculated into 0.85% normal saline solution and incubated at
37°C until the growth reaches 0.5 MacFarland unit through periodic check by taking a portion from
the inoculum and measured in a colourimeter (SYSTRONICS pC COLORIMETER 115).

Antimicrobial evaluation of endophyte extract by agar well diffusion
Extract preparation

The dried crude extract of the endophyte fungus was dissolved in DMSO and filtered with a
0.45 um filter paper (Millipore).

Test Microorganisms

The tested pathogenic bacteria were obtained from the Microbiology department, Yenepoya
Medical College, Derlakatte, Mangalore, India, and Biochemistry department, Mangalore
University, India.

Agar well diffusion assay was used to evaluate the antimicrobial potency of the endophytic
crude extract. The extract was prepared in four varying concentrations of 80, 60, 40, and 20 mg/ml
in 2.5% DMSO. The test bacteria cultures (200 ul) were uniformly inoculated into a sterile MHA
medium using a cotton swab. From each concentration of extract preparations, 30 ul was pipetted to
each of the 5 wells (6 mm) punched by a gel puncher (4 holes for the extract, 1 well for DMSO).
Chloramphenicol disc (30pug/disc) was used as a standard positive control. DMSO (2.5%) was used
as a negative control reference. The inoculated culture preparations were refrigerated for 1 hr to
permit diffusion of extract into the medium and incubated in the BOD incubator. The test was done
independently in a triplicate and the inhibition zone was measured (Valgas et al. 2007).

MIC determination of the extract

The minimum inhibitory concentration (MIC) of the crude extract was determined by
microdilution assay. The endophytic extract MIC was determined against the tested bacteria at
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concentrations ranging from 10 mg/ml to 0.078 mg/ml in 8 series of two-fold serial dilutions. The
MIC assay experiment encompasses a sterility check, negative control, and positive control
(Chloramphenicol). The Meuller Hinton Broth medium was prepared and bacterial inoculum was
standardized according to NCCLS (2012). The 96-well microplates were prepared by adding 90 pl
of sterilized distilled H2O into each well, 10 pl of extract dissolved in DMSO, 80 pl of MHB
medium, and 20 ul of the inoculum (Zgoda & Porter 2001). The microplate tray with its content
was sealed in a plastic bag NCCLS (2012) and incubated at 37°C for 22 hours in the BOD
incubator.

The MIC was determined using 0.5% of 2,3,5-Triphenyl Tetrazolium Chloride (TTC)
prepared in sterile distilled water. Twenty microliters of TTC was dispensed into the microplate
well and incubated for 2 hours. The microplate was checked for colour changes indicating the
inhibition of bacteria.

Total flavonoid content estimation of the extract

The content of the total flavonoids of the endophytic fungal extract was evaluated by the
aluminium chloride (AICI3) method (Quettier-Deleu et al. 2000). The Quercetin standard curve was
calibrated at different concentrations (25, 50, 100, 200, and 400 pg/ml) with little modification to
Quettier-Deleu et al. (2000). The mixtures were incubated at ambient temperature for 15 min (Qiu
et al. 2010) and the absorbance was recorded at 430 nm in a spectrophotometer (ThermoFisher
SCIENTIFIC MULTISKAN GO0). The content of total flavonoid was reported in Quercetin
equivalent per gram (QE/g) of extract.

Total phenolic content estimation of the extract

It has been reported by Bitzer et al. (2008) that all species of Daldinia overproduce
naphthalene derivatives in cultures, and these likely contribute to the observed effect. In this paper,
the total phenolic content of the crude extract was estimated with the Folin-Ciocalteau reagent
method (Spanos & Wrolstad 1990, Zahin et al. 2010). Both the fungal extract and gallic acid
standard were prepared in methanol at concentrations of 10, 20, 40, 60, 80, and 100 pg/ml. Each
experimental procedure was performed in independent triplicates and the absorbance was recorded
at 765 nm using a spectrophotometer (ThermoFisher SCIENTIFIC MULTISKAN GO0). The
phenolic content of the extract was estimated from the standard curve of Gallic acid (Y = 0.0095x -
0.0315) and the result was expressed in Gallic acid equivalent per gram (GAE/g) of extract.

Antioxidant activity of the extract
The antioxidant activity of the crude extract was determined by 1,1-diphenyl-2-picrylhydrazyl
(DPPH), reducing power assay, and phosphomolybdate assay methods.

FRS activity of the extract

The free radical scavenging (FRS) activity of the endophyte extract was evaluated using
DPPH radical scavenging assay. The fungus extract and DPPH solutions were prepared in methanol
at different dilutions (100, 200, 400, 600, and 800 pg/ml), according to Chan et al. (2007). To 1 ml
extract preparations from each dilution, 2 ml DPPH reagent was added in an aluminium foil
covered test tubes and incubated in dark at room temperature for 30 minutes. Ascorbic acid was a
reference standard antioxidant; the blank used was 95% methanol and control made of the
absorbance of DPPH alone. The independent experimental preparations were performed in
triplicates and the absorbance was measured at 517 nm in a spectrophotometer (MeRCK
Spectroquant®Prove 300). The ICso value required to reduce half the concentration of the free
radical was calculated. The percentage of free radical scavenging activity was calculated by the
formula:

. : i o Absorbance of control — Absorbance of extract
%% Free radical scavenging activity (%) =

w 100
Absorbance of control )
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Reducing power activity of the extract

The reducing power of D. eschscholtzii extract was evaluated according to the method
described in Barros et al. (2007) with modifications. The crude extract and standard ascorbic acid
were prepared at different concentrations (25, 50, 100, 200, and 400 pg ml?). From these extract
preparations, 2.5 ml were mixed with 2.5 ml of 200 mM sodium phosphate buffer (pH 6.6) and 2.5
ml of 1% potassium ferricyanide. The mixture was incubated at 50°C for 20 min. After incubation,
2.5 ml of 10% trichloroacetic acid (w/v) were added and the mixture was centrifuged at 2000 rpm
for 10 min (REMI R-8M centrifuge). Five milliliters from the upper layer was mixed with 5 ml of
Milli-Q water and 1 ml of 0.1% ferric chloride, and the absorbance was measured at 700 nm using
a spectrophotometer (ThermoFisher SCIENTIFIC MULTISKAN GO0). The experiment was done in
quadruplicate and the result was presented as mean + standard deviations.

Antioxidant capacity determination by phosphomolybdenum method

The phosphomolybdenum assay was used to evaluate the total antioxidant activity of the
extract (Prieto et al. 1999). The fungal extract was prepared at 1 mg ml* concentration in methanol
and filtered using 0.45 um pore size Millipore filter paper. The working solution was made by
diluting the filtered extract in distilled water. The phosphomolybdate reagent (0.6 M H2SOa, 28
mM Sodium Phosphate, and 4 mM of Ammonium Molybdate) was prepared by mixing 100 ml of
each in a brown bottle. Ascorbic acid was dissolved in distilled water and the standard solution was
prepared at different concentrations (100, 200, 400, 600, and 800 pg/ml) at the time of recording
the reading. From this standard solution, 400 ul was pipetted into a borosilicate test tube (covered
with aluminium foil) to which 4 ml of phosphomolybdate reagent was added. The blank reagent
was prepared by mixing 4 ml of the reagent with 400 pl methanol and incubated in the same
condition. The contents of the mixture covered in aluminium foil were incubated in a water bath at
95°C for 90 minutes. After the incubation period, the mixture was cooled to room temperature, and
the absorbance of the standard ascorbic acid and the fungal extract solutions was measured at 695
nm in a spectrophotometer (ThermoFisher SCIENTIFIC MULTISKAN GO0) against the blank (the
reagent). The total antioxidant activity of the crude extract was reported as ascorbic acid
equivalents per gram (AAE/g) of the extract.

Cytotoxic effect of the extract

The cytotoxicity of the crude extract was assessed using Methyl Thiazolyl Tetrazolium
(MTT) assay (Mosmann 1983). The crude extract was prepared in four series of three-fold dilutions
starting at the upper limit of 1 mg mI* (Monks et al. 1991).

Cells culture conditions and assessment of cytotoxicity

Lung adenocarcinoma (A549) cells and Mouse embryo fibroblast (NIH3T3) cells were
purchased from National Center for Cell Sciences (NCCS), Pune. They were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% FBS and 1% antibiotic-
antimycotic solution. The cultured cells were inoculated into 96 well microtiter plates at a seeding
density of 5000 cells/well. After adherence, the cells were treated with different concentrations of
the extract, viz., 37.037, 111.11, 333.33, and 1000 pg/m/I. After 48 hrs post-incubation with the
extract, MTT reagent was added to the wells and incubated at 37°C for 4 hrs. The formed Formazan
crystals were solubilized using DMSO and absorbance was recorded at 570 nm using a multimode
microplate reader (FluoOSTAR Omega, BMG Labtech) (Sahana & Rekha 2019). The concentration
of crude extract that inhibited 50% of cell growth (ICso) in the average of independent triplicate
experiments and the percentage cytotoxicity of the extract was calculated (Kim et al. 2017).

Gas chromatography-mass spectrometry (GC-MS) analysis of the major metabolites

The major components of the crude extract were analyzed and identified by the GC-MS
analysis using Shimadzu GC-MS (GCMS-QP2010 Ultra) in JNU, New Delhi. The GC-MS was
operated in the following conditions: the oven temperature was initially held for 2 min at 60°C and
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raised to 280°C, hold for 26 min. The injection temperature was set to 260°C. Helium gas was used
as a carrier with a flow rate of 1.21 ml/min with a capillary column (60 m x 0.25 mm x 0.25 pum).
The ionization voltage was 70 eV. The extract was dissolved in methanol and filtered with a
syringe filter (0.22 um), and the filtered methanolic crude extract was subjected to GC-MS
analysis. The crude sample was injected in a split mode as 10.0 and the mass spectrum was scanned
from 40 to 650 m/z. The identification of major bioactive compounds of the crude extract was done
by comparison of mass spectra to library spectra using the NIST (National Institute of Standards
and Technology, US) database and WILEY library (Lauterbach et al. 2019, Samarakoon et al.
2020).

Statistical data analysis

The statistical data analysis was done by SPSS version 25.0 (SPSS Inc, Chicago, Illinois,
USA), and the result was presented in mean + standard deviation (SD). One-way ANOVA (Dunnett
t-tests) was used to test the significance of the antibacterial activity of the extract p < 0.05. The
regression analysis was carried out in the Microsoft Excel spreadsheet application for the
antioxidant standard curve plotting. The GraphPad Prism 5 (San Diego, CA, USA) software was
used to calculate the 1Cso values of the antioxidant activity and cytotoxicity of the extract by non-
linear regression analysis (Andreicut et al. 2019).

Results

Leaves sample collection and isolation of the endophytic fungi

The healthy leaves were collected from the P. guajava at Mangalore University staff quarters.
The endophytic fungi inside the leaf tissues have emerged from the surface disinfected leaves
inoculated onto the PDA medium and incubated (Fig. 1).

e —

Fig. 1 — Endophytic fungi emerging from surface disinfected leaf tissues of Psidium guajava.

Identification of the endophytic fungus

The endophytic fungus that emerged from the leaves was identified based on colony
morphology, microscopic characteristics, and ITS-rRNA sequencing.

Morphologically, the endophyte fungus Daldinia species examined in this study showed
moderately rapid growth. The culture colonizes the agar plate from the point of inoculation at the
center, producing initial whitish septate hyphae. This hyphae, later on, form a mycelium and
become greenish, finally turning grayish (Fig. 2). The mycelium of the culture turns blackish at the
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center in the reverse side in agar plate and black-gray at the margin. The colony colour showed a
slight deviation upon subsequent cultivation. The mycelia grow moderately thick with a maximum
growth of 7.83 cm on PDA. The culture finally reaches the edge of the agar plate on the eighth day
of incubation at 28°C. The conidiogenous cells were nodulisporium-like producing slender conidia
(Fig. 2a-e).

Phylogeny of the endophytic fungus

The phylogram of the endophytic isolate was inferred based on ITS-rRNA sequence analysis.
Multiple sequences from the BLAST search related to the endophytic isolate were aligned and the
phylogenetic tree was constructed using MEGA-X (Fig. 3). The BLAST search of the endophytic
isolate report in the GenBank database showed a 99.65% similarity to Daldinia eschscholtzii CFL7
(Accession: MN180849). Phylogenetic analysis of the ITS dataset consisted of 15 related taxa from
Daldinia species with type and outgroup taxa by maximum likelihood analysis.

Antibacterial activity of Daldinia eschscholtzii extract

The crude extract of the endophytic D. eschscholtzii showed broad-spectrum antibacterial
activity against the tested gram-positive and gram-negative bacteria. The extract has shown the
bacterial inhibition zone diameter from 6.0 + 1.0 mm to 16.67 £ 2.08 mm (Table 1). From the
tested bacteria, the extract showed a wider inhibition zone diameter to B. subtilis whereas,
relatively, less inhibition zone diameter was observed to S. aureus and P. Aeruginosa. None of the
tested bacteria were resistant to the endophytic extract. The endophytic extract showed significant
antibacterial activity against the tested bacteria is at p < 0.05. The crude extract has shown a wide
spectrum of antibiosis against both gram-positive and gram-negative bacteria.

50 um

Fig. 2 — Observed characteristics of D. eschscholtzii. a-b colony morphology of D. eschscholtzii on
PDA medium, c-e microscopic characteristics of D. eschscholtzii examined via slide culture.
c hyphae, d conidiophores, e conidia.

The MIC of D. eschscholtzii extract

The MIC of the crude extract of D. eschscholtzii against the tested bacteria ranged from 0.312
mg/ml to 5 mg/ml (Table 2). The extract showed different inhibitory concentrations to the tested
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bacteria. The lowest MIC was observed against E. faecalis, and the highest MIC was observed
against B. subtilis and S. aureus. The extract showed remarkable inhibition against E. faecalis. The
inhibitory concentration of 1.25 mg/ml was observed against E. coli, P. aeruginosa, and P.
vulgaris. From the tested bacteria, E. faecalis was highly sensitive to the crude extract, whereas B.
subtilis and S. aureus were relatively less sensitive. None of the tested pathogenic bacteria was
resistant to the extract. The endophytic extract showed a strong and broad spectrum of antibacterial
activity.

a5 | Daldinia eschscholtzii MTG05149%*

Daldinia eschscholtzii CFL7 Gossypium arboreim MNI180840
Daldinia eschscholtziit CEL42 Gossypium hivsutum MNI73139
Daldinia eschscholtzii RM-30 Acanthophora spicifera MH748178
Daldinia eschscholtzii CG4 Cerops tagal MH712260

Daldinia starbaeckii JX058487

89! Daldinia starbaeckii NR 147519

'— Daldinia eschscholtzii MEL:2382009 KP012054

— ' Daldinia bambusicola CBS 122872 Bambuseae sp. NR 152464

_,— Entonaema liguescens ATCC 46302 ET610389
42 Ruwenzoria pseudoamndata MUCL 51304 NR 137733

Daldinia childiae KoRLI047374 Peltigera horizontalis MN341716

@0 I: Daldinia loculata ARIZ:AK 1402 Amvgdalaria panaeola JO739710
70 Daldinia petriniae Wiw 3393 AM749937

Hypoxylon petriniae CBS 114740 NR 153185
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Fig. 3 — The phylogenetic relationship was constructed based on ITS-rRNA sequence data using
maximum likelihood analysis. The endophytic fungus isolate was deposited in the GenBank with
accession number MT605149. The evolutionary tree was inferred using the MEGA-X software
package. **Endophytic isolate reported in this study.

Total flavonoid and total phenolic contents of the extract

The total phenolic and total flavonoid contents of the crude extract of the endophyte
D. eschscholtzii were evaluated by Folin-Ciocalteu reagent and aluminium chloride methods
respectively. The amounts of the flavonoid and phenolic contents were estimated from the standard
curve calibration of the regression equation Y = 0.0055x + 0.0766 and Y = 0.0095x - 0.0315
respectively. The crude extract contained the total flavonoid and total phenolic contents of 27.4763
+ 0.68423 QE/g of the extract, and 43.853056 + 0.05894 GAE/g of the extract respectively. The
extract contains a high amount of antioxidant compounds responsible for the antioxidant property.

DPPH radical scavenging activity of the extract

The antioxidant activity of the extract was determined by the DPPH assay and estimated from
the regression equation of the standard curve (Fig. 4).

The crude extract showed high DPPH free radical scavenging activity. At low concentrations,
it scavenges the free radicals by 52.646 + 0.848%. This observed inhibition was higher than the
inhibition observed by ascorbic acid at low concentration, 8.997 + 3.903%. At high concentrations,
the crude extract has shown strong inhibition (80.298 £+ 0.0608%) of the free radicals, which was
almost closer to the standard antioxidant (91.0451 + 1.384%) (Table 3). The crude extract showed
concentration-dependent free radical scavenging activity and exhibited increased free radical
inhibition at higher concentrations (Fig. 5).
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Table 1 Antibacterial screening of the endophytic D. eschscholtzii crude extract against the tested bacterial pathogens (n = 3)

Diameter of inhibition zone (mm)*

Concentration B. subtilis E. coli P. vulgaris S. aureus E. faecalis K. pneumoniae P. aeruginosa
(mg/ml)
20 8.0£1.0 6.33+0.58 6.67+0.58 6.0£1.0 7.0£1.0 6.0£1.0 6.33+0.58
40 10.67+0.58 8.0£0.0 9.33+0.58 9.33+0.58 10.00£1.0 8.33+1.53 8.67+1.53
60 12.33£t0.58 10.0£1.0  11.33+0.58 11.0+1.0 13.0+1.0 11.0+1.0 10.0+1.0
80 16.67+2.08 13.0+1.0  13.0+1.0 12.0£1.0 15.67+0.58 14.0+1.0 12.0£1.0
Chlo30 29.33£1.15 30.0£1.0  21.00+1.00 28.00£0.0  28.33£0.58 24.00+0.0 27.67+0.58

*All the tests were performed in independent triplicates; Chlo30: Chloramphenicol 30 pg/disk

Table 2 The minimum inhibitory concentrations of the endophytic D. eschscholtzii extract

MIC of the extract against test bacteria (mg/ml)
E. faecalis K. pneumoniae P. aeruginosa B. subtilis E.coli  P.vulgaris S. aureus
0.312 2.5 1.25 5 1.25 1.25 5

Table 3 DPPH free radical scavenging activity of Daldinia eschscholtzii extract

Percent inhibition of antioxidant activity by DPPH*
Concentration (ug/ml)  Ascorbic acid D. eschscholtzii

100 8.997+3.903 52.646+0.848
200 24.845+2.342 55.7603+1.811
400 55.118+1.243 60.246+1.702
600 62.331+0.540 63.513+0.545
800 78.440+0.374 67.059+0.515
1000 91.0451+1.384  80.298+0.0608

*The experiments were measured independently in triplicate
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Fig. 4 — Standard ascorbic acid calibration curve for evaluation of free radical inhibition.
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Fig. 5 — Free radical inhibition of the endophytic D. eschscholtzii extract and ascorbic acid standard
based on ICsp values.

Reducing power activity of the extract

The endophytic D. eschscholtzii extract has shown high reducing potential against ferric ion
with 1Cso of 180.0 pug/ml. The extract showed increased reducing activity in a dose-dependent
function (Fig. 7). At low concentration (25 pg/ml), the extract showed low reducing activity
(0.0408 = 0.03015), whereas it showed significant reducing activity at high concentration (400
pg/ml) close to the standard antioxidant (Table 4).
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Table 4 Antioxidant activity of Daldinia eschscholtzii extract by reducing power assay (n =4) *

The absorbance of standard and the endophytic extract

Concentration (ug/ml)  Ascorbic acid D. eschscholtzii
25 0.1824+0.00765 0.0408+0.0301
50 0.2359+0.00829 0.1987+0.0166
100 0.3802+0.00793 0.2587+0.0287
200 0.7096+0.01833 0.5233+0.0334
400 1.1624+0.00974 1.0510+0.0091

*The values were taken in four independent measurements

The reducing power activity of the extract was evaluated from the regression equation of the
standard curve (Fig. 6).

Antioxidant activity of extract by phosphomolybdenum assay (PMA)

The total antioxidant activity (TAC) of D. eschscholtzii extract determined
spectrophotometrically by phosphomolybdenum assay showed strong antioxidant capacity. The
antioxidant activity of the extract was estimated from the regression equation of the standard curve
of ascorbic acid (Fig. 8).

The crude extract has shown the TAC in a dose-dependent manner. The antioxidant activity
increases with the concentration of the crude extract tested. At a lower concentration of extract (100
pg/ml), the TAC of the crude extract was 15.9293+0.31990 AAE/g. At high concentration 800
(ng/ml), it was 309.2337+£1.24197 AAE/g (Table 5). The crude extract of the endophytic fungus D.
eschscholtzii showed strong antioxidant activity with the ICso value of 396.5 pg/ml (Fig. 9).

1.4

1.2 y =0.0028x + 0.0836

R?=0.9841
1

0.8

Absorbance at 700 nm

0 50 100 150 200 250 300 350 400
Concentration of ascorbic acid (ug/ml)

Fig. 6 — Standard ascorbic acid calibration curve for evaluation of ferric ion reducing activity of the
endophytic D. eschscholtzii extract.

Cytotoxic effect of the extract

The cell toxic effect of the endophyte D. eschscholtzii extract was evaluated by MTT assay
against lung adino carcinoma (A549) and mouse fibroblast (NIH3T3) cell lines. The crude extract
revealed a high toxic effect against the A549 cell line (92.66 £ 0.56%). The crude extract has
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reduced half the number of cancer cells at a concentration of 196.8 pg/ml (R? = 0.9536) (Table 6).
On the other hand, the extract did not show any toxic effects on the normal cell lines tested
(NIH3T3). Only at high concentration (1000 pg/ml), little toxicity was observed (Fig. 10).

We used three antioxidant determination assays rather than merely relying on a single assay
to avoid bias in the experiment and its output. Based on the antioxidant activity results of the three
assay methods, variations were observed among the responses obtained. High antioxidant activity
was observed in the DPPH method followed by ferric ion reducing power and
phosphomolybdenum methods. The high free radical scavenging activity possibly has a more
sensitive response compared to reducing power and phosphomolybdenum.

Table 5 Total antioxidant capacity (TAC) of D. eschscholtzii extract by phosphomolybdate assay*

Concentration (ug/ml) MeanzStd. D (AAE/Q)

100 15.9293+0.319
200 63.3661+0.469
400 144.1269+1.655
600 203.9166+0.751
800 309.2337+1.241

* Values were taken in triplicate independent replicates

1.54

1.0

Absorbance at 700 nm

o [ Hﬂ

Concentration of extract (ug/ml)
[ Ascorbicacid [ D. eschscholtzii

Fig. 7 — Ferric ion reducing activity of the endophytic D. eschscholtzii crude extract and ascorbic
acid standard.

Table 6 Cytotoxicity of the extract on cells assessed using MTT assay

Concentration Cytotoxicity (Mean% + SD)*
(Mg/mL) A549 NIH3T3
37.037 25.38+0.26 0.78+0.06
111.11 50.62+0.48 1.05+0.23
333.33 66.35+0.37 2.27+0.59
1000 92.66+0.56 6.91+0.27

*All measurements were performed independently in triplicates
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Fig. 9 — Total antioxidant capacity of D. eschscholtzii extract by phosphomolybdenum assay.

Determination of volatile bioactive metabolites

The GC-MS analysis of the crude extract of the endophyte D. eschscholtzii showed different
metabolite profiles. The mass peak search from the NIST and WILEY libraries showed the
presence of a total of 68 volatile bioactive compounds (Fig. 11). Nonetheless, only 18 major
bioactive compounds of the fungal crude extract observed with greater than 1% of abundance
(Table 7).
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Fig. 10 — The cytotoxicity of D. eschscholtzii extract against A549 and NIH3T3 cell lines.

Table 7 The major bioactive compounds identified from the crude extract of endophytic fungus

D. eschscholtzii

Peak# R.Time Area% Name of identified compounds

1 15.496 1.70 5-Hydroxy-2,4,4-trimethyl-cyclopentane-1,3-dione

2 17.563 4.25 Octan-2-one, 3,6-dimethyl-

3 17.872 5.52 Hexadecanoic Acid, Methyl Ester

4 18.234 2.95 Dibutyl phthalate

5 18.402 2.39 1,2-Benzenedicarboxylic acid, butyl 2-ethylhexyl ester
6 19.157 1.81 1,2-Benzenedicarboxylic acid, butyl 2-ethylhexyl ester
7 19.512 8.28 9,12-Octadecadienoic acid (Z,Z)-, methyl ester

8 19.573 10.03 9-Octadecenoic acid, methyl ester, (E)-

9 19.801 3.02 Methyl stearate

10 20.248 2.78 Acetic acid, octyl ester

11 20.405 1.90 1-Eicosanol

12 21.124 1.26 Octan-2-one, 3,6-dimethyl-

13 23.212 1.01 Nonadecanoic acid, methyl ester

14 23.279 24.67 Bis)2-ethylhexyl( phthalate

15 24.772 1.60 Tetracosanoic Acid, Methyl Ester

16 24.923 1.30 1,4-Benzenedicarboxylic acid, bis)2-ethylhexyl( ester
17 35.215 2.04 Ergosta-4,6,8)14(,22-tetraen-3-one

18 40.170 2.06 Betulinaldehyde
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Fig. 11 — chromatogram of the crude extract showing m/z peaks of D. eschscholtzii metabolites.

Discussion

Endophytic fungi are the major natural source of bioactive secondary metabolites useful in
agriculture, medicine, and industry. Endophytic fungi have been known to biosynthesize bioactive
natural compounds with antidiabetic, antibiotic, anticancer, antimicrobial, antioxidant, and anti-
inflammatory properties (Dzoyem et al. 2017, Praptiwi et al. 2018, Rana et al. 2020). The
endophyte D. eschscholtzii reported in this study demonstrated significant antioxidant,
antimicrobial, and cytotoxic activities.

The endophytic fungus Penicillium sp. G22 culture filtrate showed antibacterial activity
against Staphylococcus aureus with 5-10 mm of inhibition zone (Wu et al. 2012). The antibacterial
activity of the crude extract has shown the zone of inhibition diameter of 14.5 mm against S.
aureus, 13 mm against B. subtilis, and 15 mm against E. coli respectively (Sharma et al. 2016). A
similar study conducted by Tan et al. (2018) showed the bioactive potential of fungal endophytes of
Dysosma versipellis with antibacterial inhibition zone from 7.5-25.0 mm. Our endophyte exhibited
a 12 mm zone of inhibition against S. aureus, 13 mm inhibition diameter against E. coli, and 16.67
mm against B. subtilis.

The endophytic Daldinia cf concentrica from Olea europaea and its volatile metabolites
showed antimicrobial activity against plant pathogenic fungi (Liarzi et al. 2016b). Likewise, the
metabolites of Daldinia sacchari from sugarcane in South India showed antimicrobial activity
against fungi and Gram-positive bacteria (Narmani et al. 2019). The endophytic fungi isolated from
Aralia elata exhibited potential antibacterial activity against Staphylococcus aureus (Wu et al.
2012). In a different study, the crude extract of Pestalotiopsis sp. showed potent antimicrobial
activity with MIC of 6.25 mg/ml against S. typhimurium and S. aureus (Sharma et al. 2016). The
endophytic Penicillium species exhibited antibacterial potential with the MIC values against seven
bacteria ranging from 1.25 to 6 mg/ml (Wu et al. 2020). The crude extract of D. eschscholtzii
showed potent antibacterial activity with the lowest MIC value against E. faecalis (0.312 mg/ml)
and the highest MIC value of (5 mg/ml) against B. subtilis and S. aureus.

Being an integral part of plant micro-ecosystems, endophytic fungi have become an
alternative source for natural antioxidant sources. The ability of endophytic fungi to produce
antioxidant compounds from medicinal plants has been demonstrated in several studies (Santos et
al. 2020). Some of the endophytes derived metabolites showed better antioxidant activity than
synthetic antioxidants (Darwish et al. 2020). Antioxidants impart a strong protective mechanism to
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the body against the disorders caused by free radicals. The synthetic antioxidants such as BHA,
BHT, and propyl gallate are used in the food and cosmetics industries to prevent oxidation and as
nutritional additives. Nonetheless, these synthetic antioxidants can no longer remain in use due to
carcinogenicity, public safety, and economic burden (Darwish et al. 2020). Consequently, the
interest in searching for natural antioxidants devoid of or less side effect has increased (Shahidi
2000, Nanditha & Prabhasankar 2008). Plant-based production of a natural product is not
recommendable due to environmental and ecological impacts. Therefore, the use of endophytes
from medicinal plants has become unguestionable alternatives (Darwish et al. 2020).

The phenolic compounds are known for the antioxidant capacity due to their redox potential.
Phenols and flavonoids are natural compounds comprising diverse groups with a broad spectrum of
biological activities such as antioxidants, antimicrobials, and metal chelators (Seleem et al. 2017).
They are sourced from plants (Shahidi 2000), microorganisms, and synthesized chemically
(Darwish et al. 2020). The crude extract of endophytic Fusarium oxysporum isolated from Psidium
guajava has the TFC and TPC amounting to 18.2591023 + 0.104 QE/g and 23.5035443 + 0.102
GAE/qg of extract respectively (Chutulo et al. 2020). The fungus C. madrasense isolated from Cairo
soil produced high TPC (17.43 mg/ml) (Abo-Elmagd 2014). The total phenolic and flavonoids
content of the aqueous crude extract of the endophytic fungus Aspergillus tamari from Bombax
ceiba was 29.0060 + 0.03223 and 12.2549 + 0.02345 GAE/g of extract, respectively (Mane &
Vedamurthy 2020). In the present study, the endophyte D. eschscholtzii crude extract showed a
high amount of total phenolic content, 43.853056 + 0.05894 GAE/g of the extract. The extract
contains a high amount of antioxidant compounds. This fungus could be the potential source of
natural antioxidant compounds to remediate oxidative stress.

The reactive free radical species produced in the body during the metabolism of the food is
responsible for the various ailment of the health system unless the radicals are removed. DPPH has
been well known for the scavenging of the deleterious free radicals. The antioxidant activity of
C. madrasense isolated from soil showed a good scavenging effect amounted to 70.21% on DPPH
radicals (Abo-Elmagd 2014). In our study, the crude extract of the endophytic D. eschscholtzii has
shown strong inhibition (80.298 £+ 0.0608%) of the DPPH free radicals. This property of the fungus
suggests its potential to bioprospecting for potent antioxidant moieties.

The endophytic fungi isolated from Passiflora incarnate synthesized flavone chrysin with
cytotoxic activity. The potent endophyte Alternaria alternata KT380662 showed significant
cytotoxic activity against HepG2 (Seetharaman et al. 2017). The endophytic Daldinia synthesizes
diverse bioactive secondary metabolites (Helaly et al. 2018). The endophytic D. eschscholtzii in
this study exhibited cytotoxicity against lung adenocarcinoma cell line (A549) whereas the extract
is nontoxic to normal mouse fibroblast cell line (NIH3T3). Only at higher concentrations, it showed
negligible toxicity to the normal cell line tested. Another study on the cytotoxic activity of
endophytic fungi by Dzoyem et al. (2017) reported that their isolates did not show a toxic effect on
normal Vero cells. Therefore, from this study, it can be deduced that the endophytic D.
eschscholtzii can be the potential resource for the cytotoxic, antimicrobial, and antioxidant
compounds.

Hypoxylaceae endophytes producing VOC with significant activities against competing
microbes have been studied (Wang et al. 2018). The major bioactive compounds identified in this
study are responsible for the antimicrobial (Melappa et al. 2017, Lotfy et al. 2018), anticancer
(Fernando et al. 2016, Alasmary et al. 2018), diuretic (Zhao et al. 2009), antioxidant ( EI-Sayed et
al. 2015, Govindappa et al. 2015), immunosuppressive (Fujimoto et al. 2004), and
anti-inflammatory activities. The biological activities presented by the crude extract may be due to

the synergistic action of these major identified compounds (Pansanit & Pripdeevech 2018).

The endophyte D. eschscholtzii reported in this study demonstrated broad antibacterial
activity against all the tested bacterial pathogens. It also showed potent cytotoxicity to the cancer
cells and strong antioxidant activity. The crude extract from the D. eschscholtzii contains high
phenolic contents and has shown strong antioxidant potential by free radical scavenging assay. The
use of endophytes to bioprospecting bioactive metabolites is advantageous in that they are
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reproducible once isolated, safest, and help to conserve biodiversity. Therefore, the endophytic D.
eschscholtzii from P. guajava leaves could be a potential source for therapeutic agent development
and industrially valuable compounds. Further study of the antimicrobial, antioxidant, and cytotoxic
activities of the extract is. Further separation of bioactive fractions and activity assays are needed to
be conducted in isolated specific compounds.
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