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Objectives: The ecological niche of soil for microorganisms that produce beneficial naturally occurring
and biologically active products suitable for pharmaceutical industries is widely recognized. The purpose
of the current study is to isolate fungus from soil samples of Dandeli, Karnataka and its metabolic profil-
ing and investigating biological activities.
Methods: Soil fungal isolates were screened for their antimicrobial potency against pathogens. The
selected fungal isolate was morphologically characterized and ascertained by 18S rRNA gene sequencing,
and the extract was investigated by gas chromatography-mass spectrometry (GC–MS) to identify the bio-
molecules. Later the fungal extract was evaluated for antioxidant, antimicrobial, anti-mycobacterial and
anti-proliferative activity against Human acute leukemia (K562) cell line.
Results: The potential fungal isolate, Alternaria sp. KUDB15 showed a number of bioactive compounds
through GC–MS analysis. A significant antioxidant activity (IC50 = 37.60 lg/ml) was also reported for this
organism. A significant inhibitory activity against tested pathogens was shown by Alternaria sp. KUDB15
along with a strong anti-mycobacterial activity with an IC50 value of 3.12 lg/ml. During anticancer assay,
this organism showed a concentration dependent reduction in cell viability having IC50 of 112.09 lg/ml.
Further purification of the crude extract with column chromatography and thin layer chromatography
(TLC) recorded several bands and the particular band having antibacterial activity was determined by
bioautography.
Conclusions: In the present research, the in vitro evaluation of biological activities of the fungal extract
suggested that it might serve as a useful foundation for the discovery of compounds that have potential
for medical applications. Additional research is required to identify and understand the structure of bio-
molecules.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The abundance of diverse microorganisms in soil allows them
to adapt to changing environmental conditions by synthesizing
natural products as a means of surviving in harsh environments.
Amongst microorganisms, fungi are the most abundant natural
product producers. As a result, they could be regarded as a key
component of the antimicrobial production industries because
their metabolites may provide an alternative for health security
(Afrah et al., 2021).

The ecosystem fungi are one of the largest biodiversity groups
of microbial communities. They are available in almost all types
of habitats, including terrestrial, aquatic, glaciers, deserts, etc.
The terrestrial fungi are known as rich sources of biologically active
components having low molecular weight called ‘‘secondary
metabolites”. Besides secondary metabolites, they are the out-
standing producers of organic acids, hydrolytic enzymes, polysac-
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charides, biofuels, etc. (Sergio and Arnold, 2017). Different classes
of the secondary metabolites of fungi include terpenes, polyke-
tides, non-ribosomal peptides, and siderophores (Grzegorz et al.,
2021). Secondary metabolites have some of the major functions,
such as they can be competitive weapons against pathogenic
organisms and many of them are prescribed for doing biological
activities, like enzyme inhibitors, antitumor agents, immunosup-
pressive agents, antimicrobials and antiparasitic agents, etc.
(Thirumurugan et al., 2018).

The fungus Alternaria belongs to the family Pleosporaceae, it
thrives as parasitic, saprophytic or endophytic in various ecosys-
tems all over the world. A wide range of secondary metabolites,
primarily polyketides, terpenes, quinones, and other compounds,
are produced by Alternaria species. These metabolites have signif-
icant but underutilised applications in the chemical and pharma-
ceutical industries, as well as in the fields of medicine and
biological control, among others (Zhao et al., 2023).

Nowadays pathogenic microorganisms have developed drug-
resistant activity and this is one of the foremost problems in the
world (Gauchan et al., 2020). Furthermore, the antibiotics existing
today are limited by various factors, such as poor solubility, low
potency, drug toxicity, and the emergence of the MDR strains.
The search for the bioactive compounds from fungi is considered
for inventing therapeutic drugs. Therefore there is a need for isolat-
ing and synthesizing antibiotic agents from fungi (Pavithra et al.,
2014).

Similarly, the worldwide mortality rate of cancers is increasing
quickly in recent years, as novel anticancer drugs are in huge
demand (Ukwatta et al., 2020). According to studies, after the
China and US, India has the third-highest reported rate of blood
cancer cases, which, on a national level, affects above 70,000
women and men. Public health administrators in India are very
concerned about this growing burden. Leukemia is a frequent
malignant disease accounting for approximately 30% of all cancers
occurring in children (Atashrazm et al., 2016).

Western ghats are home to a huge number of different groups of
organisms, among them, microorganisms are unidentified and
novel, thus they should be explored for potential applications
(Nampoothiri et al., 2013). Hence this work describes isolation,
identification, and screening of biologically active compounds from
terrestrial fungi, for investigating antioxidative, antimicrobial, and
anticancer properties.
2. Material and methods

2.1. Soil sample collection and isolation of fungi

Twenty samples were gathered at a depth of 5–10 cm in the
inner forest land of Dandeli (latitude 15.247719 N and longitude
74.629678 W), Uttar-Kannada, Karnataka, India. In the laboratory,
the collected soil samples were sieved and the debris like stones,
twigs, etc., was eliminated. The samples were then air dried for 2
to 3 days at room temperature and stored at 4 ℃ until further
use. To isolate the fungi, the sample suspensions (100 ll) were
spread on potato dextrose agar (PDA) (#MH096, Himedia) med-
ium, added 1% streptomycin and incubated at 27 ± 2 ℃ for one
week.
2.2. Primary screening for antimicrobial activity

The fermented potato dextrose broth (PDB) (pH 5.1 ± 0.2) of iso-
lated fungi were used for primary screening through well diffusion
method against the pathogens, namely S. aureus, B. subtilis, E. coli, P.
aeruginosa, and C. albicans. Hundred ll of culture filtrates were
poured into respective wells of each fungal strain and the plates
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were placed in incubator for 24 h at 37 ℃. The fungus, Alternaria
sp. KUDB15 showed the highest zone of inhibition and was used
for further analysis.

2.3. Morphological characterizations

The colony features, like shape, margin, colour, etc. of Alternaria
sp. KUDB15 were inspected. Then hyphal structures and conidial
morphology were examined with a compound microscope (CX23,
OLYMPUS, Tokyo) and a scanning electron microscope (SEM)
(JSM-IT-500, JEOL, Tokyo). For SEM analysis, 6 mm diameter of fun-
gal mycelia was treated for 2 h with 2.5% glutaraldehyde and
washed with phosphate buffer saline (PBS). It was then gradually
dehydrated for 30 min with rising ethanol concentrations (20, 40,
60, 80, and 100%). Final dehydration was done for 30 min in abso-
lute ethanol. The sample was then dried in a critical point dryer,
coated with gold sputtering for 2 min and examined under SEM
(Uun and Rina, 2022).

2.4. Taxonomical characterization

The identification of Alternaria sp. KUDB15 was carried out by
18S rRNA gene sequencing in accordance with the method of
Ibtisam et al. (2021). Based on the neighbour-joining method, the
dendrogram was constructed. The total genomic DNA of the
Alternaria sp. KUDB15 was extracted by using a spin column
(#MB543, Himedia) and performed the amplification of the 18S
rRNA gene using universal primers. The amplicons were purified
and sequenced by Sanger DNA sequencing method using a genetic
analyzer (ABI 3500xl). BLAST analysis of the sequence was done
with the closest sequences retrieved from the National Center for
Biotechnology Information (NCBI) database. A phylogenetic tree
was built upon the neighbour-joining method utilizing MEGA7
software.

2.5. Preparation of methanol extract of Alternaria sp. KUDB15

The biomass of Alternaria sp. KUDB15 was washed thrice to
eliminate traces of the growth media. This was followed by air dry-
ing to remove the water content. The obtained biomass (15 g) was
then ground with 99.9% methanol (ratio 1:2, w/v) and filtered
using Whatman no.1 filter paper. The concentration of the filtrate
was done in a rotary evaporator at 40 ℃ for further
characterization.

2.6. Characterizations of methanol extract of Alternaria sp. KUDB15

2.6.1. Fourier transform infrared (FTIR) analysis
The existing functional groups in methanol extract were

inspected using FTIR instrument (NICOLET 6700, Thermo Fisher
Scientific, Massachusetts, USA) in accordance with the method of
Bidhayak et al. (2022).

The dried extract was ground with potassium bromide (5% of
sample) and thin disc was made. The disc was later analysed in
400 to 4000 cm�1 wavelength range.

2.6.2. GC–MS analysis of methanol extract
The identification of compounds available in the extract of

Alternaria sp. KUDB15 was achieved by GC–MS (QP2010S, Shi-
madzu, Japan) operated in electrospray ionization (ESI) mode and
was fitted with an ELITE-5MS column (0.25 l, 30 m � 0.25 mm).
Column oven temperature was set at 80 ℃ and then raised to
450 ℃ at a rate of 20 ℃/min. Through a 2 mm injector, 2 ll of sam-
ple was injected directly into the capillary column. Identification of
chromatographic peaks was guided by the relative retention times
and mass spectra comparisons of the compounds obtained from
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the National Institute of Standards and Technology (NIST) library
data (Chakraborty et al., 2022).
2.7. Biological applications of fungal methanol extract

2.7.1. Assessment of DPPH scavenging potential
The radical quenching potential was examined using a stable

free radical, DPPH (2,2-diphenyl-1-picrylhydrazyl) as per
Gauchan et al. (2020). Standard ascorbic acid was used in the assay.
Various concentrations (25, 50, 75, 100, and 125 lg/ml) of metha-
nol extract and ascorbic acid were taken in separate tubes and each
received 3 ml of DPPH (100 lM) before incubation in dark for
30 min at room temperature. The absorbance at 517 nm was doc-
umented utilizing a spectrophotometer (UV-1800, Shimadzu,
Kyoto, Japan); this was followed by calculation of the IC50.
2.7.2. Antimicrobial activity
The well diffusion method was employed to determine the

antimicrobial potential of the methanol extract according to
Chakraborty et al. (2022). The pathogenic organisms, such as Sta-
phylococcus aureus (MTCC 6908), Bacillus subtilis (MTCC 6633),
Bacillus cereus (MTCC 11778), Proteus morganii (MTCC 2983), Pseu-
domonas aeruginosa (MTCC 9027), Proteus vulgaris (MTCC 4587),
Escherichia coli (MTCC 40), Shigella flexneri (MTCC 1457), and Can-
dida albicans (MTCC 227) were set to 0.5 Mc-Ferland standards
(1.5 � 108 CFU/ml) and were taken for antimicrobial activity. Mul-
ler Hinton media plates were swabbed with 100 ll of test microor-
ganisms and six mm wells were made. Methanol extract in 25, 50,
75, and 100 ll were filled in the respective wells for each pathogen.
Positive controls were amphotericin-B and streptomycin
(10 mg/ml) and sterilized distilled water was negative control.
Incubation of petri plates was done at 37℃ for about 24 h and inhi-
bition zones were determined in mm.
2.7.3. Anti-tubercular activity
Anti-tubercular capacity against the pathogen Mycobacterium

tuberculosis strain H37 RV (ATCC 27294) was assessed based on
microplate alamar blue assay (MABA). A total of 5 standard drugs
(isoniazid, ethambutol, pyrazinamide, rifampicin, and strepto-
mycin) and methanol extract were taken for analysis. Both the
drugs and methanol extract were diluted serially, starting from a
concentration of 100 lg/ml down to 0.2 lg/ml. For 5 days, the
microplate was incubated at 37 �C, this was followed by the addi-
tion of 10% tween 80 and 25 ll of alamar blue reagent (1:1) for
24 h. Finally, MIC of methanol extract was determined (Gauri
et al., 2021).
2.7.4. Anti-proliferative assay
The anti-proliferative assay was conducted by 3-(4,5-dimethyl

thiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)–2H-
tetrazolium (MTS) method against K562-Human blood cancer (leu-
kemia) cell line according to the method of Chakraborty et al.
(2021). Briefly, a cell suspension of 100 ll was seeded in a micro-
titer plate containing the required concentration of cells (̴20,000
cells/well). Various doses (12.5, 25, 50, 100, and 200 lg/ml) of
the extract were given to the cancer cells, which were then cul-
tured for 24 h under a 5% CO2 environment at 37 ℃. Doxorubicin
(3 lM/ml) was positive control and the cells without any treat-
ment were negative control. At the end of incubation, 20 ll of
MTS reagent (5 mg/ml) was added and incubated for 3 h. The pro-
duced formazan crystals were dissolved completely in DMSO
(100 ll) after incubation. At 450 nm, absorbance was measured
and 630 nm served as the reference wavelength. Cell viability per-
centage and IC50 were estimated.
3

2.7.5. Assessment of cell apoptosis
The extract was applied to the K562 cells (0.5 � 106 cells/ml) at

IC50 concentration and kept for 24 h for incubation. The cells that
were not treated with any substance were referred to as the con-
trol. After treatment, the cells were rinsed with PBS and combined
with 5 ll of Propidium iodide (PI) and Fluorescein isothiocyanate-
AnnexinV (FITC-AnnexinV) along with 1X binding buffer (400 ll)
and incubated in dark for 15 min at room temperature. Emitted flu-
orescence was analyzed further by flow-cytometer (BD FACS Cal-
ibur) (Razali et al., 2021).
2.8. Purification and characterization

2.8.1. Column chromatography, thin layer chromatography and
bioautography

The methanol extract obtained from Alternaria sp. KUDB15 was
purified using column chromatography. A glass column (1.8 � 70 c
m) was filled with silica gel (230–400 mesh, #GRM7484, Himedia)
and equilibrated with ethyl acetate. The fungal extract (0.5 g) in
methanol was added to the silica gel column and subsequently
eluted with a gradient solvent system of ethyl acetate and metha-
nol (v/v). The collected fractions were concentrated in a rotary
evaporator at 40 ℃ and checked for antibacterial activity against
P. vulgaris (Talwinder et al., 2016).

The eluted column fraction, which exhibited good antibacterial
efficacy, was further purified by silica gel TLC on aluminium plate
(1.5 � 10 cm) layered with silica gel (60 F254, Merck, Darmstadt,
Germany). The active fraction of 30 ll was applied on TLC plates
and were developed using the mobile phase (toluene, ethyl acetate,
methanol, and acetic acid) in the ratio of 5:3:1:0.5. Finally, the
bands were examined in a TLC chamber under a long wavelength
(366 nm) and a short wavelength (254 nm) (Praptiwi et al., 2018).

The agar overlay bioautography was performed against the
pathogens S. aureus and P. vulgaris to determine the bioactive com-
pound present on the TLC plates. Nutrient agar medium was over-
laid onto the developed TLC plates and 100 ll of the pathogens (0.5
Mc-Farland standards) were swabbed thoroughly on respective
petri plates and incubated for 24 h at 37 ℃. The clear zones were
marked and were scrapped from reference TLC plates based on
similar Rf values (Praptiwi et al., 2018).
2.9. Statistical analysis

Experiments were carried out three times (n = 3), and each
value was the mean value of three similar studies. The outcome
was shown as the mean and standard deviation (±SD).
3. Results

3.1. Soil sample collection and isolation of fungi

Twenty samples were gathered and totally eighteen fungi were
isolated. Isolated fungal colonies were having characteristic fea-
tures, such as cottony, flat, concave, convex, and powdery appear-
ance, and of different sizes and colours ranging from yellow, black,
brownish, greyish, white, and green.
3.2. Primary screening of antimicrobial activity

The fungus Alternaria sp. KUDB15 expressed the best antimicro-
bial activity in primary screening (Table 1). Among the fungal iso-
lates, 9 isolates (50%) displayed activity against S. aureus, 10
isolates (55.55%) displayed activity against B. subtilis, 6 isolates
(33.33%) were active against E. coli, 7 isolates (38.88%) expressed



Table 1
Primary screening of fungal isolates against pathogenic bacteria and yeast.

S. aureus B. subtilis E. coli P. aeruginosa C. albicans

KUDB1 + – – – –
KUDB2 – ++ + – –
KUDB3 ++ + – – –
KUDB4 – – – – –
KUDB5 – – + – –
KUDB6 ++ + – – +
KUDB7 – – + + +
KUDB8 + – – + –
KUDB9 – + – – –
KUDB10 – ++ + + +
KUDB11 – + – – +
KUDB12 ++ – – + +
KUDB13 – + – – –
KUDB14 + ++ + + +
KUDB15 +++ + ++ +++ ++
KUDB16 – – – + –
KUDB17 + – – – –
KUDB18 + + – – –

Note: -= No activity, += Weak activity, ++=Moderate activity, and +++=Good activity.
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activity against P. aeruginosa, and 8 isolates (44.44%) expressed
activity against C. albicans.

3.3. Morphological and molecular characterizations

The Alternaria sp. KUDB15 was greyish to black on the aerial
side (Fig. 1A) and black on the reverse (Fig. 1B). The colonies were
circular, filamentous and mycelia were branched, multicellular and
septate. Conidia were brownish with various shapes like ellipsoidal
or obclavate and having tapered apex with transverse and
longitudinal septa (Fig. 1C). The SEM micrograph displayed
obclavate-shaped individual conidia tapering to the apex and
having verruculose surface (Fig. 1D).

The partial 18S rRNA gene sequencing of the Alternaria sp.
KUDB15 was 890 base-pairs (NCBI accession no. OP071594). The
BLAST analysis showed 99.78% sequence similarity with Alternaria
Fig. 1. Characterizations of Alternaria sp. KUDB15: (A) aerial side of the fungal colony, (B)
conidia, and (D) SEM micrograph of conidia and mycelia, and (E) Phylogenetic tree of Alte
MG1.
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alternata strain MG1. The phylogenetic tree of the Alternaria sp.
KUDB15 constituted a single clad with Alternaria alternata strain
MG1 (Fig. 1E).

3.4. Characterizations of methanol extract

The intracellular metabolites of Alternaria sp. KUDB15 was
achieved by grinding the mycelial mass with methanol followed
by drying it in a rotary evaporator. The intracellular extract
(yield = 55.2%) was slightly oily in consistency and reddish-
brown in colour.

3.4.1. FTIR spectroscopy analysis
The FTIR spectroscopy of methanol extract was shown in

Fig. 2A. The broad and strong peak at 3372 cm�1 indicated alcohol
with O–H stretching, the peak at 2935 cm�1 was corresponded to
reverse side of the fungal colony, (C) light microscopic image showing long chains of
rnaria sp. KUDB15 showing evolutionary relationship with Alternaria alternata strain



Fig. 2. (A) FTIR spectrum of methanol extract and (B) GC–MS chromatogram of methanol extract of Alternaria sp. KUBD15.
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C–H stretching of alkane. A peak at 1654 cm�1 showed C=N
stretching of imine/ oxime, the peak at 1414 cm�1 was because
of O–H bending of carboxylic acid and peak 1302 cm�1 arose owing
to C-N stretching of aromatic amine. An absorption peak at
1079 cm�1 was attributed to C-O stretching of primary alcohol,
the peak at 861 cm�1 indicated P-O-C stretching of aromatic phos-
phates, the peak at 779 cm�1 indicated C-Cl stretch of aliphatic
chloro compounds and the peak at 636 cm�1 was assigned to C–
H bending of alkyne.

3.4.2. Detection of compounds by GC–MS analysis
The intracellular metabolite from Alternaria sp. KUDB15 was

subjected to GC–MS analysis. The chromatogram manifested the
occurrence of 14 compounds (Fig. 2B), which were listed with their
molecular formula, molecular weight, area%, height%, and biologi-
cal activities in the Table 2. Among the 14 compounds, the major
compounds were Tetratetracontane with the highest area% of
32.39, Pentatriacontane with an area% of 17.43, Eicosane with an
area% of 11.40, Isosorbide,bis(tert-butyldimethylsilyl)ether with
an area% of 9.06. The compounds were identified as having major
bioactivities, such as antioxidant, antimicrobial, anticancer, etc.

3.5. Biological applications of methanol extract

3.5.1. DPPH scavenging potentiality
DPPH scavenging potentiality was estimated using the metha-

nol extract of Alternaria sp. KUDB15 (Fig. 3). The result indicated
a steady increase in the scavenging activity in a concentration-
dependent approach. The scavenging activity was done with differ-
5

ent concentrations of methanol extract, such as 25, 50, 75, 100, and
125 lg/ml and the inhibition ratios were obtained as 45.09%,
54.60%, 64.85%, 76.92%, and 85.21%, respectively. The IC50 of
methanol extract obtained from the graph was 37.60 lg/ml.

3.5.2. Antimicrobial activity of methanol extract
A total of 9 pathogens were taken to check the extract’s antimi-

crobial activity (Fig. 4A to I). The inhibition zones formed with 25,
50, 75, and 100 ll of the methanol extract were measured in mm
against pathogens. Methanol extract exhibited the highest inhibi-
tory activity against P. vulgaris (20.58 ± 1.55), followed by S. aureus
(20.43 ± 1.28), and S. flexneri (19.68 ± 1.9), the lowest activity was
noticed against E. coli (13.42 ± 1.24). The antimicrobial activity was
increased with an increase in volumes of methanol extract (Fig. 4J).

3.5.3. Anti-mycobacterial activity of methanol extract
The methanol extract was used to test its anti-mycobacterial

activity by MABA method in 96 well plate (Fig. 5). The minimum
inhibitory concentration (MIC) was calculated for standard
antibiotics were as follows: isoniazid (1.6 lg/ml), ethambutol
(1.6 lg/ml), pyrazinamide (3.12 lg/ml), rifampicin (0.8 lg/ml),
and streptomycin (0.8 lg/ml). The methanol extract revealed
MIC 3.12 lg/ml and expressed considerable anti-mycobacterial
activity.

3.5.4. Anti-proliferative activity of methanol extract
MTS cell proliferation assay was carried out against the leuke-

mia K562 cell line. Cell viability in the untreated control was 100
% and the standard drug, doxorubicin exhibited 51.00% cell



Table 2
Compounds identified in Alternaria sp. KUDB15 methanol extract.

Compound names Retention
Times

Area
%

Height
%

Chemical
formulas

Molecular
weights

Biological activities References

Isosorbide, bis(tert-
butyldimethylsilyl) ether

22.015 9.06 10.28 C23H48O5Si3 488.8 Not reported –

Alpha.-d-galactopyranose, 1,2,3-
tris-o-(trimethylsilyl)-, cyclic
methylboronate

22.744 2.36 3.39 C11H22B2O6Si 300.0 Not reported –

1,4-di-o-acetyl-2,3,5-tri-o-
methylpentitol

22.821 2.46 2.95 C12H22O7 278.30 Not reported –

Methyl palmitate 28.282 3.71 5.92 C17H34O2 270.5 Antiinflammatory, antifibrotic El-Demerdash, 2011
Methyl linolelaidate 31.504 2.66 4.63 C19H34O2 294.5 Catechol-O-Methyl-transferase-

inhibitor and methyl-guanidine-
inhibitor

Igwe et al., 2016

9-octadecenoic acid (z)-, methyl
ester

31.601 2.24 3.50 C19H36O2 296.4879 Antioxidant, anticancer, enzyme
inhibitor

Eman et al., 2021

2,20 ,20 ’-nitrilotriethanol, triethyl
ether

32.235 2.56 4.73 C12H27NO3 233.3477 Not reported –

Tetratetracontane 37.174 32.39 15.17 C44H90 619.2 Hypoglycaemic, anti-oxidant,
antibacterial

Nurbani et al., 2016, Rhetso
et al., 2020

Tetracosane 38.210 1.72 3.41 C24H50 338.7 Cytotoxic activity Uddin et al., 2012
Methyl 11-docosenoate 38.348 2.08 2.83 C23H44O2 352.6 Not reported –
Heneicosane 39.723 3.16 5.59 C21H44 296.6 Antimicrobial,

bio-pesticide
Vanitha et al., 2020, Rhetso
et al., 2020

Pentatriacontane 42.226 19.33 17.43 C35H72 492.9 Antibacterial, antiviral, herbistat Soosairaj and Dons, 2016,
Nurbani et al., 2016

Octacosane 42.598 4.87 9.44 C28H58 394.8 Mosquitocidal, Cytotoxic Rajkumar and Jebanesan,
2004, Figueiredo et al.,
2014

Eicosane 45.389 11.40 10.73 C20H42 282.5 Cytotoxicity, antifungal, antioxidant,
antiinflamatory

Rhetso et al., 2020, Patrick,
2020.

Fig. 3. Histogram representing a gradual increase in the DPPH free radical scavenging potential of methanol extract of Alternaria sp. KUDB15.
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viability (Fig. 6A and B). The K562 cell line was exposed to the
extract for 24 h, which evidenced a steady decrease in the viability
of cancer cells with the increase in the extract concentration. The
cancer cells treated with extract of 12.5, 25, 50, 75, 100, and
200 lg/ml showed 91.54%, 84.56%, 63.90%, 53.26%, and 37.66% of
cell viability, respectively (Fig. 6C to G). Among all the concentra-
tions of methanol extract, the 200 lg/ml showed more efficiency
in destroying more number of cancer cells, while the 12.5 lg/ml
concentration showed the lowest efficiency. Further, the results
indicated a significant anti-proliferative activity of the leukemia
(K562) cell line and IC50 of 112.09 lg/ml (Fig. 6H).

3.5.5. Apoptosis assay
The K562 cells were exposed to IC50 of methanol extract for

24 h. The untreated cells showed 0.0% necrosis, 4.28% late apopto-
sis, 7.93% early apoptosis, and 87.79% viable cells (Fig. 7A), whereas
the treated cells showed 21.76% late apoptosis, 32.66% early apop-
tosis, and 45.58% viable cells (Fig. 7B). No necrotic cell population
6

was recorded. Hence, the shift in the percentage of viable cells sig-
nified that the methanol extract of fungi triggered apoptosis in
K562 leukemia cell line. The untreated cells’ cell cycle analysis
revealed 87.79% viable cells in marker 1 (M1) and 12.21% apoptotic
cells in M2 (Fig. 7C), while the treated cells showed 45.58% viable
cells in M1 and 54.42% apoptotic cells in M2 (Fig. 7D). The bar
graph (Fig. 7E) represents the percentage of different apoptotic cell
populations.

3.6. Purification, TLC and bioautography

The methanol extract of Alternaria sp. KUDB15 was purified and
a total of twenty fractions were collected. The fraction 9 (ethyl
acetate: methanol, 2:8, v/v) was selected owing to its good antibac-
terial activity and further purified by TLC.

The TLC analysis of fraction 9 exhibited 3 bands under the fluo-
rescent light (Fig. 8A), 7 bands under the short wavelength
(254 nm) (Fig. 8B), and 13 bands under the long wavelength



Fig. 4. Antimicrobial activity of methanol extract of Alternaria sp. KUDB15 against pathogens: (A) S. aureus, (B) B. subtilis, (C) B. cereus, (D) P. aeruginosa, (E) P. morganii, (F) S.
flexneri, (G) E. coli, (H) P. vulgaris, (I) C. albicans, and (J) Histogram representing the zones of inhibition formed by methanol extract against pathogens.
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Fig. 5. Anti-mycobacterial activity of methanol extract of Alternaria sp. KUDB15 by MABA method showing MIC of 3.12 lg/ml.
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(366 nm) (Fig. 8C). Later, agar overlay bioautography analysis indi-
cated the band with the Rf value of 0.80 expressed antibacterial
activity against the pathogens S. aureus (Fig. 8D) and P. vulgaris
(Fig. 8E). The band was therefore scrapped from the reference
TLC plate and analysed further for identification of the antibacterial
compound.

4. Discussion

Fungi are considered one of the most successful inhabitants of
soil because of their ability to thrive in harsh and unfavorable con-
ditions. Dandeli forest region is covered by tropical semi-evergreen
and moist deciduous type of trees. Eighteen fungal strains were
isolated from soil samples by serial dilution on PDA medium. This
is compared to a previous study, where serial dilution of desert soil
samples from Saudi Arabia gave rise to isolation of fungal strains
(Ameen et al., 2022). The primary screening result conferred that
Alternaria sp. KUDB15 was the most potent among all the isolates.
Morphologically Alternaria sp. KUDB15 produced circular colonies,
greyish to black coloured mycelia. The SEM analysis revealed sep-
tate mycelia and long chains of club-shaped conidia. The result
obtained here can be linked to the findings of Madonna et al.
(2018), where SEM investigation of the soil fungus Aspergillus
aculeatus showed swollen vesicles and ellipsoidal to globose or
subglobose conidia.

The 18S rRNA gene sequencing has emerged as the most popu-
lar technique to identify the fungal community up to the species
level due to its sequence conservation and high specificity. The
18S rRNA gene sequencing of Alternaria sp. KUDB15 showed
99.78% similarity to Alternaria alternata strain MG1. Eukaryotic
ribosome contains 18S rRNA as the small subunit. The gene fre-
quently employed in phylogenetic investigations, widely recog-
nized as important marker for conducting environmental
biodiversity screening with random target PCR. It is primarily
employed for detailed taxonomic investigations of fungi and it con-
tains both conserved and variable regions that can reflect the dis-
crepancy among eukaryotic species (Shu et al., 2015). The
phylogenetic analysis of Alternaria sp. KUDB15 represented its evo-
lutionary relationship with Alternaria alternata strain MG1 forming
a single clad. This outcome is compared with the findings of
Ibtisam et al. (2021), where the fungal isolates: AS1, AS2, and
AS6 were identified as Aspergillus oryzae, Penicillium chrysogenum,
and Aspergillus niger, respectively.

To obtain the intracellular metabolites, the biomass of Alternar-
ia sp. KUDB15 was ground with methanol followed by filtration.
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The cell envelope or cell membrane functions as a physical barrier
responsible to contain the internal metabolites within the cell.
Therefore, it is imperative to extract metabolites from within the
cell compartment in order to quantify and identify intracellular
metabolites. This is typically accomplished using extraction sol-
vents (organic, inorganic, non-aqueous or a mixture of the two).
The solvents create permeability or porosity in the cell’s mem-
brane, enabling the entry of these solvents into the intracellular
medium and enhanced recovery of intracellular metabolites
(Farhana et al., 2017).

FTIR is a highly useful technique for identifying functional
groups and chemical bonds in compounds, relying on the analysis
of absorbed light wavelengths. The annotated spectrum provides
informations and by interpreting the peak values, the functional
groups can be determined. The FTIR analysis of Alternaria sp.
KUDB15 methanol extract identified functional groups were
alkane, alkyne, alcohols, carboxylic acids, aromatic phosphates,
aromatic amines, aliphatics, etc. According to Muruganantham
et al. (2009), the existence of functional groups like carboxylic
acids, amines, and phosphates are responsible for various medici-
nal properties.

The methanol extract was subjected to GC–MS chemical profil-
ing, resulting in the identification of 14 compounds in 49 min. The
literature search of these chemicals indicated that they were doc-
umented for numerous biological activities like antimicrobial,
antioxidant, anticancer, and other pharmacological activities as
well as enzyme inhibitory and herbicidal properties. Therefore, it
could be assumed that the antimicrobial, antioxidant, and antipro-
liferative properties of Alternaria sp. KUDB15 could be ascribed to
the presence of these intracellular bioactive metabolites. In a sim-
ilar study by Skanda & Vijayakumar, (2022), the crude extract of a
soil fungus Periconia sp. was analysed by GC–MS, which revealed
the availability of 25 compounds. The major compounds identified
were 2-phenylethanol, 1-tetracosanol, p-menthan-3-one, etc.

Numerous diseases, persistent inflammation, and infections are
associated with overproduction of reactive oxygen species (ROS) or
free radicals. This abundance of ROS is strongly linked to the mech-
anisms underlying tumour initiation, promotion, and progression.
The DPPH assay is a very straightforward assay and delivers the
first indication on the capacity of compounds to scavenge free rad-
icals (Chakraborty et al., 2021). In our study, a gradual increase in
DPPH scavenging potentiality of methanol extract was shown hav-
ing the IC50 of 37.60 lg/ml. This indicated a promising antioxidant
activity. In the DPPH assay, the methanol extract was added, which
transformed the violet-colored DPPH solution to diphenylpicryl



Fig. 6. Anti-proliferative activity of different concentration of Alternaria sp. KUDB15 methanol extract: (A) Untreated control, (B) standard control (Doxorubicin), (C) 12.5 lg/
ml, (D) 25 lg/ml, (E) 50 lg/ml, (F) 100 lg/ml, (G) 200 lg/ml, and (H) Histogram depicting comparison in percentage cell viability of K562 cells treated with methanol extract.
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hydrazine, a pale yellow-coloured product, and this change in col-
our was influenced by the concentration of the extract. The accep-
tance of hydrogen atoms or electrons supplied by antioxidant
compounds present in the extract was the cause of this change
in colour. The outcome was in agreement with the result, where
the antioxidant capacity of endophytic fungi, A. fumigatus, A. nidu-
lans, and A. flavus isolated from Ocimum basilicum, revealed IC50 of
166.3, 68.4, and 151.2 lg/ml, respectively (Sharaf et al., 2022).

The antimicrobial activity of methanol extract showed pro-
nounced inhibitory activity against pathogens. The pathogen, P.
vulgaris was the most susceptible and the pathogen E. coli was
the most resistant one. The result showed a steady increase in
the diameter of zone of inhibitions along with a concomitant
increase in concentration of methanol extract. According to various
reports the antimicrobial activity of crude extracts, containing
multiple compounds, can be more potent than individual antimi-
9

crobial molecules. Hence, this pronounced antimicrobial activity
was due to a synergistic interaction among the constituents of
the extracts. The antimicrobial activity of compounds primarily
involves actions such as disrupting cell wall and protein biosynthe-
sis, damaging cell membranes, interfering with DNA replication
and repair, and inhibiting metabolic pathways. Moreover, bacteria
can develop resistance to antibacterial agents throughmechanisms
like porin and efflux pump structural modifications, destruction of
antibacterial agents, antibiotic modification, and alteration of drug
targets (Bidhayak et al., 2022). A similar finding was documented
by Meghashyama et al. (2023), where the fungi, A. niger demon-
strated various levels of inhibitory activity against B. subtilis, S. aur-
eus, S. flexneri, C. albicans, C. glabrata, and E. coli.

Mycobacterium tuberculosis causes the contagious disease called
TB, which is one of the leading factors in death across the globe.
The methanol extract of Alternaria sp. KUDB15 showed moderate



Fig. 7. Flow cytometric analysis showing quadrangular plot of Annexin-V/PI expression of methanol extract of Alternaria sp. KUDB15 against K562 cancer cell line: (A)
Untreated control, (B) Cancer cells treated with IC50 of methanol extract, (C) Cell cycle analysis of untreated control cells, (D) Cell cycle analysis of treated cells, and (E) Graph
showing % of different apoptotic cell population.
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anti-mycobacterial activity at IC50 of 3.12 lg/ml. The work was in
accordance with the findings of Kudzanai et al. (2022), where the
methanol extract of a fungus, C. rogersoniana showed antitubercu-
lar activity against M. tuberculosis and M. smegmatis having MIC of
0.2 and 0.125 mg/ml, respectively.

The methanol extract showed a significant anti-proliferative
activity against K562 cell line with different concentrations of
extract (12.5 to 200 lg/ml). This expressed a reduction in cell via-
bility from 91.54% to 37.66% with IC50 of 112.09 lg/ml. The specific
mechanism responsible for the anti-proliferative activity is
unclear. Along with the anti-proliferative property, a significant
antioxidant activity of Alternaria sp. KUDB15 extract was also
recorded. It is assumed that methanol extract, a potent antioxidant,
can affect the redox state of cancer cells, which in turn inhibits cell
proliferation. Redox alterations have a noteworthy impact on the
signal transduction pathways, which is crucial for the regulation
of cell growth. It was proposed that protein prenylation and
antioxidant properties, in addition to cytotoxicity could potentially
10
have a role in the manifestation of antitumor activity (Jelena et al.,
2020). The result was compared with Elavarasi et al. (2018), where
the Fusarium sp. exhibited strong cytotoxicity with IC50 of 0.03 and
0.06 lg/ml, against HeLa and K562 cell lines, respectively.

The quantification of apoptosis using FITC-AnnexinV/PI dyes
relies on the properties of membrane disintegration of cancer cells.
Results of apoptosis induction demonstrated that percentage of
early and late apoptotic cells were increased after treatment with
IC50 of Alterneria sp. KUDB15 methanol extract. The untreated con-
trol experiment showed 12.21% apoptotic cells and 87.79% viable
cells, whereas the treated cells showed 52.42% apoptotic cells
and 45.58% viable cells without any necrotic cell population. The
significant variation after treatment in the apoptotic and viable
cells’ percentage was attributed to the combined impact of individ-
ual molecules present in the methanol extract. In the staining pro-
cess, viable cells remained unstained, whereas AnnexinV dye
selectively stained early apoptotic cells upon exposure of phos-
phatidylserine on the cell membrane. On the other hand, both



Fig. 8. TLC and bioautography of column purified fraction 9: (A) TLC plate under fluorescent light, (B) TLC plate under short wavelength 254 nm, (C) TLC plate under long
wavelength 366 nm, (D) Bioautograpgy against S. aureus, and (E) Bioautograpgy against P. vulgaris showing inhibition zones.
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AnnexinV and PI can stain the late apoptotic cells and the necrotic
cells get stained only with PI (Hugo et al., 2008). The result was
compared with the report of Meghashyama et al. (2023).

Gravity column chromatography technique employed for
purification of methanol extract resulted in twenty fractions.
Among the fractions, the fraction 9 exhibited good antibacterial
activity against P. vulgaris. The obtained band, which showed
antibacterial activity, was checked by agar overlay bioautography.
Here, the TLC band with an Rf value of 0.80 exhibited antibacterial
activity against S. aureus and P. vulgaris. The result was similar to
the report of Sedjati et al. (2022), where the extract of Trichoderma
longibrachiatum was purified by TLC and bioautography. TLC anal-
ysis revealed 5 bands and the band with the smallest Rf value
(0.14) showed antibacterial activity against K. pneumoniae through
bioautography.

5. Conclusion

The soil fungi constitute the most prominent group of microor-
ganisms because of their active role in nutrient cycling and decom-
position in soil ecosystems and produce vast range of bioactive
compounds. In this study, Alternaria sp. KUDB15 was obtained
from soil and characterized morphologically. The methanol extract
of the fungus revealed the presence of different compounds having
biological activities. The organism showed pronounced antioxi-
dant, antimicrobial, and anti-proliferative activities. Further, the
extract was purified by column chromatography and TLC. Bioauto-
graphy analysis revealed the TLC fraction with antibacterial activ-
ity against pathogens. Therefore, further studies on this organism
for identification and structure elucidation of antimicrobial and
anticancer compounds will be carried out. In future, comprehen-
sive studies on biosynthetic pathways of Alternaria sp. KUDB15
metabolites can optimize the synthesis of bioactive compounds
and can also inhibit the production of unwanted, toxic metabolites.
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