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Abstract

Background and objective: The plants with pharmacological potential host potential endophytic
fungi having metabolic interaction. Adhatoda vasica Nees, a well-reputed medicinal plant in Asia, has
very few investigations on the plant's endophytic fungi available. This study reports the isolation,
identification, and bioactive potential determination of the endophytes from the leaf and stem of the
plant growing in Bangladesh. Methods: A protocol for fungus isolation was followed, including the
significant steps: sample collection, surface sterilization, cultivation, preliminary selection, and
purification. The fungal species were identified by morphological and molecular features, and then,
small-scale cultivation followed solvent treatment (chloroform) to extract secondary metabolites. The
extract's cytotoxic, antimicrobial, and antioxidant activities were determined by brine shrimp lethality
bioassay, disc diffusion method, and DPPH free radical scavenging activity, respectively. Results:
Eight endophytic fungi were isolated and identified: four Fusarium sp., two Colletotrichum sp., one
Phacidiopycnis sp., one Lasiodiplodia sp. Genome sequence confirmed two novel fungi from the plant:
Fusarium solani (OR414980) and Colletotrichum gloeosporioides (OR420097). In bioactivity testing,
the fungi from the stem exhibited better activity than the leaf fungi. Among the eight fungi,
Lasiodiplodia sp. showed the highest and most significant potential in each bioactivity test. Its extract
(100 pg/disc) was approximately 80% susceptible against Gram-negative and Gram-positive bacteria
and a fungus A. flavus compared to references (30 pg/disc). The fungus's LCsq (4 h) was 0.45 pg/mL,
whereas vincristin sulfate showed nearly half. Conclusion: The study recorded uncommon fungi of
four genera from A. vasica; some showed remarkable bioactivity.
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Introduction

Endophytic fungi are taxonomically and least part of their life cycle without causing
ecologically heterogeneous groups of organisms. apparent disease [1,2]. At the same time, the
They reside in the tissues of living plants for at fungi evolve to the adaptive response against
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diseases, insects, pests, and herbivores that also
provide their protective role for the host plants
[3-6]. Their synthesis of different molecules
characterizes the evolution as like the secondary
metabolites of the plants. The astounding
chemical variety of their secondary metabolites is
consistent with entophytic fungi's tremendous
diversity and ecological roles [7,8]. For this
reason, endophytes have been of great interest
during the last two decades to discover
biologically active chemical constituents and
economically synthesize these molecules [9].

Usually, medicinal plant carries the potential
endophytic  fungi to produce secondary
metabolite due to metabolic interaction [10]. On
behalf of these points, Adhatoda vasica Nees, a
well-investigated medicinal plant with a wide
range of chemical constituents, might be a good
candidate for fungal isolation and getting
pharmacologically active compounds from their
metabolites [11]. The plant belongs to the
Acanthaceae family and is a well-known
medicinal plant for respiratory tract ailments in
treating cough, bronchitis, asthma, and common
cold [12]. However, it has more diverse
therapeutic  activities, including antiulcer,
hepatoprotective, cardioprotective, abortifacient,
antitubercular,  antimutagenic,  antibacterial,
antiasthmatic, and antitussive properties [13].

Endophytic fungi contain biosynthetic gene
clusters (BGCs) encoding the biosynthetic
enzymes responsible for producing several
classes of secondary metabolites, which
sometimes follow the biosynthetic pathways
analogous to plants [14,15]. Quinazoline
alkaloids are the most important bioactive
compounds isolated from A. vasica. Several
important bioactive alkaloids of quinolone,
isoquinoline, indole, ergot, pyridine and
guinazoline class have already been separated
from a different genus of endophytic fungi [16].
If A. vasica collected in Bangladesh harbor
similar type fungi, they might give forth similar
bioactive  metabolites.  Endophytic ~ fungi
belonging to several genera of Colletotrichum,
Diaporthe, Flavodon, Corynespora, and
Mycoleptodiscus were isolated from leaves of
Justicia brandegeana plant collected in Brazil
[17]. A report described the isolation of
endophytic fungi of Chaetomium sp. from leaves
of A. wvasica collected from Islamabad,
Pakistan[18] . The present study is the first
attempt to isolate endophytic fungi from A.

vasica collected in Bangladesh, along with the
bioactivity = determination of the fungal
metabolites.

Material and Methods

Ethical considerations

This study was approved at the Faculty of
Science by Noakhali Science and Technology
University Ethical Committee, Bangladesh, with
the ethical code: NSTU/SCI/EC/2018/148.

Chemicals

Water agar medium (HiMedia, Germany); Potato
dextrose agar medium (HiMedia, Germany); 2,2-
Diphenyl-1-Picrylhydrazyl (Merck, Germany);
Chloroform (S D Fine Chem, India); Dimethyl
sulfoxide (Rx Chemicals, India) were used in the
study.

Plant material

Healthy and mature plant leaves and stems were
carefully collected from the Botanical Garden of
Jahangirnagar University, Savar, Dhaka, in May
2018 and identified by a taxonomist of the
Bangladesh ~ National = Herbarium,  Dhaka,
Bangladesh (DACB 78253).

Isolation of endophytic fungi

The respective plant parts were washed with tap
water, followed by washing with distilled water.
The leaves and stems were then cut into small
pieces. Then, the smaller plant parts were
surface-sterilized by sequential immersion in 70%
ethanol, 1.3 M sodium hypochlorite, 70% ethanol,
and sterile distilled water. Surface-sterilized leaf
and stem fragments spaced in Petri dishes
containing water agar medium amended with
streptomycin (100 mg/L) and incubated at 28+
2 °C until fungal growth started. Unsterilized
stem segments were set under the same
conditions in parallel to isolate the surface-
contaminating fungi as control. The hyphal tips,
which grew from sample segments over 4-6
weeks, were separated and purified by sub-
culturing onto potato dextrose agar (PDA)
medium [19].

Identification of the fungi

Morphology and DNA sequence was used to
identify the fungus. Conidial size, shape,
structure, color, and growth pattern on PDA
media were observed at different intervals.
Furthermore,  microscopic  observation  of
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endophytic fungal spores confirmed the genus of
the fungi. For microscopic identification, the
slide specimen was stained with lactophenol
cotton blue reagent and examined with a bright
field and phase-contrast microscope. The
characteristic arrangement of spores under 10x,
40x, and 100x objective lenses of a compound
microscope was observed (Kriss, Germany).
Finally, fungal taxonomical positions were
determined by described methods by Humber,
1997 [20]. To get the conformation up to species,
we amplified and sequenced the intervening 5.8S
rRNA and the Internal Transcript Spacer regions
(ITS4 and ITS5) in an electrophoretic sequencing
DNA analyzer (Applied Biosystems, USA)
applying Big Dye Terminator v 3.1 cycle
sequencing kit for molecular identification. The
universal ITS primers were 5"-TCC GTA GGT
GAA CCT GCC G-3" for ITS4 region and 5"-
GGA AGT AAA AGT CGT AAC AAG G-3" for
ITS5 region. Hot Start Green Master Mix (Cat.
M7432, Promega, USA) was used to purify and
desalting of the PCR products [21]. The
sequences were aligned using Chromas software
(V 2.6.2) and matched against the nucleotide-
nucleotide database BLASTn of NCBI (National
Center for Biotechnology Information) for the
final determination of the endophytic isolates
[22].

Extraction of fungal secondary metabolites
The isolated fungal strains were cultivated on a
small scale for 21 days on PDA medium. Then
the cultures were kept in a freezer (-4 to -10 °C),
and after 24 h, these were transferred to a fume
hood at average temperature. The resulting water
portions from the media were filtrated, and the
remaining solid cultures were cut into small
fragments and soaked into ethyl acetate. After the
7" and 14" day, liquid ethyl acetate portions were
filtrated and evaporated using a rotary evaporator
to get dry and solid crude extracts.

Bioactivity determination

The study evaluated the biological potential of
the fungi through antioxidant properties,
antimicrobial activity, and brine shrimp lethality
assyas. Additinally, the leaf and stem extracts of
A. vasica were undertaken in the study to
compare the biochemicals of fungi to their host.

Antioxidant activity
The free radical scavenging activity of the plant

and endophyte extracts on the stable radical
DPPH were estimated by modification of the
method described by Brand —Williams et al. [23].
The amount of 1.6 mg samples and standards
(ascorbic acid and tert- butyl-1-hydroxytoluene)
were dissolved in 4 mL methanol to make a stock
solution. Then, 2 mL was transferred to ten test
tubes with consecutive addition of 2 mL
methanol into the solution. Afterwards, 2 mL
DPPH methanol solution of 20 pg/mL was added
to each test tube to maintain a serial
concentration of 200.0 to 0.78125 pg/mL of
sample. After 30 minutes of reaction period at
room temperature in a dark place, the absorbance
was measured at 517 nm against methanol as
blank by UV spectrophotometer (SPECORD 250
PLUS: Analytik Jena double-beam spectrometer,
Japan).

Inhibition of free radical DPPH in percent (1%)
was calculated as follows:

1% = (1 - Asample/Acontrol) %100

Then, 50% inhibitory concentration (ICsy) was
determined by linear regression analysis.

Antimicrobial activity

The disc diffusion method of antimicrobial
activity determination was followed as suggested
by Toma & Barriault against two Gram-positive
bacteria, two Gram-negative bacteria, and two
fungi [24]. The bacterial and fungal strains were
Bacillus megaterium (BTCC 18), Staphylococcus
aureus (ATCC 25923), Escherichia coli (ATCC
28739), Pseudomonas aeruginosa (ATCC
27833), Aspergillus niger, and Aspergillus flavus.
Kanamycin (antibacterial agent) and
ketoconazole (antifungal agent) standard discs
were used to compare the sample activity. The
entity concentrations per disc were 30 ug for
standards, 100 pg for fungal extracts, and 500 mg
for plant extracts.

Brine shrimp lethality assay

The test was followed as suggested by Meyer et
al. with simplification [25]. As the standard,
vincristine sulfate was used. Every ten living
brine shrimp nauplii were transferred into ten test
tubes containing 5 mL salt water (salt
concentration maintained like seawater). Then
samples  were added, dissolving in
dimethylsufoxide (DMSO) by serial dilution to
maintain concentration from 100 to 0.19531
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pg/mL. In the control group, only 30 uL DMSO
was added to 5 mL saltwater. After 4 h, the test
tubes were observed using a magnifying glass,
and the number of survived nauplii in each vial
was counted. From this data, the percent (%) of
the lethality of the brine shrimp nauplii was
calculated for each concentration.

Results and Discussion

Eight endophytic fungi were isolated from A.
vasica where four were from leaves, code AVLE-
1, AVLE-2, AVLE-3, and AVLE-4, and four
were from stems, code AVSE-1, AVSE-2,
AVSE-3, and AVSE-4. They exhibited
characteristic ~ colonies and  microscopic

morphology that assisted in differentiating them.

According to macroscopic and microscopic view,
AVLE-1, AVLE-2, AVLE-4, and AVSE-4 had
white, salmon, or gray-colored colonies with
velvety to cottony surfaces and microscopically,
the filaments were hyaline, and some septate
(Figures 1 and 2). AVLE-3 showed few unique
criteria such as gray myceliam with rapid growth,
curved created circular patterns on top and
bottom; chonidiospores simple; conidia hyaline,
one-celled, and ovoid. AVSE-1 and AVSE-3
showed wooly and gray tops with the brown
bottom view; conidiophores simple, elongated;
conidia hyaline. AVSE-2 exhibited wooly and
raised top with an entire margin and circular form,
dark bottom, and coenocytic hyphae, obovate and
dark spore (Figure 2).

Figure 1. The pictures represent a macroscopic and microscopic view of fungus from leaves of Adhatoda vasica after 11 days of
cultivation and a microscopic view of hyphae and spores (40X); a, b, ¢ indicate the top, bottom, and microscopic views of
AVLE-1, respectively. In the same way, (d, €, ), (g, h, i), (j, k, I) are the top, bottom, and microscopic view of AVLE-2, AVLE-3,
AVLE-4, respectively.
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Figure 2. The macroscopic and microscopic view of fungus isolated from stems of Adhatoda vasica after 11 days of cultivation
and a microscopic view of hyphae and spores (40X); a, b, ¢ indicates the top, bottom, and microscopic views of AVSE-1,
respectively. In the same way, (d, e, f), (g, h, i), (j, k, ) are the top, bottom, and microscopic view of AVSE-2, AVSE-3, AVSE-4,
respectively.

The eight fungi were taxonomically identified
based on morphological features and DNA
sequencing. Based on microscopic and
morphological characters, the fungi exhibited the
probability of the following fungi: AVLE-1,
AVLE-2, AVLE-4, and AVSE-4 were Fusarium
sp.; AVLE-3 was Phacidiopycnis sp.; AVSE-1
and AVSE-3 were Colletotrichum sp.; AVSE-2
was Lasiodiplodia sp. Gene sequences of AVLE-
4 and AVSE-3 based on ITS-5.8S rRNA showed
99% similarity to Fusarium solani and

Colletotrichum gloeosporioides; National Center
for Biotechnology Information (NCBI) accession
numbers are OR414980 and OR420097,
respectively.

Evaluating the antioxidant activity, the stem
extract of A. vasica showed thirteen times more
antioxidant activity than the leaf extract, with
ICs of 31.69 pg/mL. The endophytic fungi from
the stem had relatively more activity than the
fungi from the leaf. Fungal extract of AVSE-2
(Lasiodiplodia sp.) exhibited the highest free
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radical  scavenging property among all
endophytes with 1Cs, value of 100.8 pg/mL
(Figure 3). On the other hand, AVSE-4 (one
Fusarium sp.) showed the least activity.

Leaf extract of the plant (AVL) exhibited
moderate activity against Bacillus megaterium,
Pseudomonus aeruginosa, and suiatbel activity
against E. coli. The stem extract of the plant
(AVS) did not show activity against tested
bacteria at a concentration of 500 pg/disc.
AVSE-2 (Lasiodiplodia sp.) exhibited the highest

activity against E. coli, Staphylococcus aureus, P.

aeruginosa, B. megaterium and Aspergillus
flavus at 100 pg/disc was roughly 80% of
references at 30 pg/disc (Table 1). Two Fusarium
sp. AVLE-2 and AVLE-4 exhibited activity

against P. aeruginosa with 10 mm and 7 mm
inhibition  zone, respectively. AVSE-3
(Colletotrichum gloeosporioides) showed activity
against both Gram-positive and Gram-negative
bacteria. But, no one except AVSE-2
successfully exhibited antifungal activity with a
zone inhibition of 25 mm. The Lasiodiplodia sp.
showed the most prominent antimicrobial activity
compared to Fusarium sp. and Colletotrichum sp.
In the cytotoxicity test, leaf fungal extracts of A.
vasica showed no substantive cytotoxicity,
whereas the values for stem fungi were fungi
were comparable with reference vincristine
sulphate. The significant results are shown in
Figure 4.

DPPH assay
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Figure 3. ICy, values of test samples and standard molecules; BHA, butylated hydroxyanisole; ASA: ascorbic acid; AVL:
Adhatoda vasica leaf; AVLE: A. vasica leaf endophyte; AVS: A. vasica stem; AVSE: A. vasica stem endophyte

Table 1. Antimicrobial activity of plant extracts and endophytic fungal strains

Antibacterial activity Antifungal activity

Tests Zone of inhibition (mm) Zone of inhibition (mm)

Ssamples Escheri_chia Pseugjomonus Bacillgs Staphylococcus Aspgrgillus Aspergillus
coli aurigenosa megaterium aureus niger flavus

Standards 25 25 27 23 35 45
AVL 13 12 - 12 - -
AVLE-1 - - - - - -
AVLE-2 - 10 - - - -
AVLE-3 - - - - - -
AVLE-4 - 7 - - - -
AVS 8 - - - - -
AVSE-1 7 - - - - -
AVSE-2 19 20 15 20 - 25
AVSE-3 11 9 - 7 - -
AVSE-4 - - - - -

-2 no activity; AVL: Adhatoda vasica leaf; AVLE-1: A. vasica leaf endophyte 1; AVLE-2: A. vasica leaf endophyte 2; AVLE-3:
A. vasica leaf endophyte 3; AVLE-4: A. vasica leaf endophyte 4; AVS: A. vasica stem; AVSE-1: A. vasica stem endophyte 1;
AVSE-2: A. vasica stem endophyte 2; AVSE-3: A. vasica stem endophyte 3; AVSE-4: A. vasica stem endophyte 4
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Brine shrimp lethality assay
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Figure 4. LCs values of test samples and standard drug;
AVLE-2: Adhatoda vasica leaf endophyte 2; AVSE-2: A.
vasica stem endophyte 2; AVSE-3: A. vasica stem
endophyte 3; AVSE-4: A. vasica stem endophyte 4

The lowest LCsy (4 h) value among the fungi
strains was for the AVSE-2 (Lasiodiplodia sp.)
extract with 0.45 pg/mL, whereas vincristine
sulfate had nearly a half of AVSE-2 logarithmic
LCs (4 h) values of AVLE-2, AVSE-3, and
AVSE-4 were considerable, and these were 0.91,
1.22, and 1.73 pg/mL, respectively (Figure 4).
Endophytic fungi are abundant in the plant
kingdom, including algae, ferns, lichens, mosses,
and vascular plants [26]. They are of growing
interest to scientists as rich sources of diversified
secondary metabolites. As a result, this research
aimed to investigate the diversity of fungi
isolated from the medicinal plant A. vasica,
which is predominantly grown in Bangladesh.

A total of eight endophytic fungi were isolated
and purified from the plant: four Phacidiopycnis
sp., two Colletotrichum sp., one Fusarium sp.
and one Lasiodiplodia sp. Previous studies
reported the presence of endophytic fungi of
multiple genera from the plant, namely
Aspergillus sp., Emericella sp., Fusarium sp.,
Gliocladium sp., Penicillium sp. Colletotrichum
sp. Chaetomium sp., Glomerella sp., and
Alternaria sp. [18,27,28]. Therefore,
Phacidiopycnis sp. and Lasiodiplodia sp. are
reported for the first time from the plant in this
study. Moreover, although Fusarium oxysporum,
Fusarium avenaceum, and Colletotrichum
dermatium were reported before, the present
species Fusarium solani and Colletotrichum
gloeosporioides are also novel as the plant’s
fungi.

Some fungal endophytes, including Fusarium sp.,
Colletotrichum sp., previously identified from the
medicinal plants of Bangladesh exhibited varied
bioactivity such as antioxidant, antimicrobial,
cytotoxic, and anti-cancer properties [29,30].

Researchers from several ecoregions have
uncovered  specific  bioactive  endophytes
producing essential molecules [31-33]. Therefore,
the study analyzed the biological activities of the
isolated fungi.

ICs, values of the free radical scavenging test and
LCs values of lethality bioassay showed that the
fungi from the stem had better activity than the
fungi from the leaf. Extracts of Lasiodiplodia sp.
exhibited significant bioactivy. A study described
the presence of 134 compounds of the fungi
belonging to the category of secondary
metabolites including cyclohexenones, indoles,
jasmonates, lactones, melleins, and phenols.
These compounds were prone to potential
antimicrobial and cytotoxic activities [34]. In the
antibacterial assay, compounds from
Lasiodiplodia ~ theobromae  have  shown
significant susceptibility against S. aureus, with
MIC levels from 1.6 to 13 pug/mL. Also, those
compounds revealed cytotoxicity against human
cancer cell lines, with ICsq values range of 2.5—
9.4 uM [35]. In the present study, Lasiodiplodia
sp. exhibited excellent antimicrobial activities
against E. coli, S. aureus, P. aeruginosa, B.
megaterium, and A. flavus. Moreover, LCs, of
brine shrimp lethality bioassay for Lasiodiplodia
sp. was the lowest among all samples that
indicated the toxicity of its metabolites. Also, the
results match the finding described by Cimmino
et al. [36].

We identified Fusarium  solani  and
Colletotrichum gloeosporioides by ITS 5.8S
ribosomal gene sequencing technique. Fusarium
solani is a plant pathogen and saprophyte in the
soil, and its direct inoculation or spore inhalation
causes a variety of illnesses, including keratitis,
onychomycosis, eumycetoma, and skin lesions
[37]. Colletotrichum gloeosporioidesis also a
plant pathogen that causes bitter rot in various
crops worldwide, particularly perennials in
tropical regions [38]. The fungal metabolites
exhibited significant antimicrobial and cytotoxic
effects in several investigations. A study isolated
napthaquinone aza-anthraguinones from the F.
solani that had antimicrobial and cytotoxic
properties [39]. Another study revealed that the

endophytic fungus Colletotrichum
gloeosporioides  produced novel bioactive
compounds against multidrug-resistant

Staphylococcus aureus [40]. Our study complied
with the reports to some extent, except for the
cytotoxic effects of AVLE-4 (F. solani).
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Conclusion

The findings explored the significant scientific
and industrial potentials of A. vasica and its
endophytic fungi. Eight fungi were isolated, and
few were first reported. The bioactivity of
isolated few fungal metabolites give a clue to
potentially ~ valuable  compounds.  Further
investigation is required to isolate and
characterize the molecules from the potential
fungi.
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