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The increase in the development of multi-drug resistance among pathogens calls for the
development of novel therapeutic agents with better effectiveness and low toxicity. The plant-
associated endophytic fungi are producers of bioactive secondary metabolites with enormous
potential. The study aimed to isolate, identify, and characterize the secondary metabolites of
endophytic fungi isolated from different non-diseased plant parts (leaf, stem, and root bark) of
Synclisia. scabrida Miers. The isolation of endophytic fungi was carried out using standard
protocols and identified by molecular techniques. The bioactive secondary metabolites were
extracted using ethyl acetate. The quantitative phytochemical screening of the fungal metabolites
was carried out using Gas chromatography. The antimicrobial activities of ethyl acetate extracts
of the isolates were analyzed via agar well diffusion technique and the minimum inhibitory
concentrations (MICs) were determined by broth dilution method. The different endophytic
fungal metabolites exhibited a good presence of different phytochemical compounds. The fungal
metabolites showed antimicrobial activities against several of the six tested human pathogenic
bacteria or fungi. Among these metabolites, L1, R1 and R2 metabolites were the most potent,
exhibiting significant activities against the test organisms. L1 and R1 metabolites showed the
lowest MIC of 0.53£0.13 and 0.70+0.07 mg/ml against A. niger and C. albicans respectively. A
total of five endophytic fungi were isolated from the leaf, stem, and root bark of S. scabrida
Miers, and three different fungal species were identified using molecular techniques. The plant,
S. scabrida Miers harbors endophytic fungi yielding bioactive metabolites with potent
antimicrobial activities against pathogenic microorganisms.
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Introduction

The development of drug resistance in human pathogenic

bacteria has prompted a search for more and better antibiotics,
especially as diseases caused by pathogenic microorganisms now have
become a growing threat to world health.” Antimicrobial resistance
occurs when viruses, bacteria, fungi, and parasites do not respond to
antimicrobial treatments in humans and animals, thus allowing the
survival of microorganisms within the host. This results in an
increased risk of disease spread, severity of illness, and death.? The
cause of antimicrobial resistance is attributed to misuse and overuse of
antibiotics in clinical treatment.®> AMR also constitutes a threat to the
global economy, with an impact on international trade, health care,
and productivity. If not properly addressed, could cost the world’s
economy US$ 100 trillion by 2050.*
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Plants have served as a source of medicinal bioactive compounds
against many ailments for centuries. Recently, microorganisms that
associate with plants, called endophytes, have become an area of
interest and have proven to offer materials and products with high
therapeutic potential.> Endophytes are microorganisms that inhabit the
living tissues of plants, symbiotically. Researchers have reported the
presence of one or more types of endophytes in every single plant
studied to date.® Endophytes can colonize in the stem, roots, petioles,
leaf segments, inflorescences of weeds, fruit, buds, seeds, and also
dead and hollow hyaline cells of plants.”® The population of
endophytes in a plant species is highly variable and depends on
various components, such as host species, host developmental stage,
inoculum density, and environmental conditions.® They are known to
produce chemical compounds inside the healthy tissues of plants
without causing apparent symptoms of disease in the host.® A large
number of secondary metabolites have been extracted, isolated, and
characterized from endophytic microbes from various types of plants
throughout the world.®** Many of these synthesized chemical
compounds are bioactive, and they include alkaloids, steroids,
terpenoids, peptides, polyketides, flavonoids, quinols, and phenols as
well as some halogenated compounds.'? Therefore, plant endophytic
fungi have been recognized as an important and novel resource of
natural bioactive products with potential applications in medicine,
agriculture, and the food industry.® Many valuable bioactive
compounds with cytotoxic, antimicrobial, antidiabetic, insecticidal,
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and anticancer activities have been fruitfully discovered from the
endophytic fungi during the past two decades.®

Synclisia scabrida Mier, commonly known as ‘goat weed’ is a
common shrub of tropical Africa present in Southern Nigeria,
Cameroun, Gabon, Democratic Republic of Congo, and Angola. It is a
plant used in ethnomedicine for the treatment of various illnesses such
as gastrointestinal disorders, dyspepsia, menstrual pains, sexually
transmitted diseases, and gastric ulcers. The medicinal properties of
the plant are claimed to reside in the roots, stem, and leaves.”*****
This study focused on the isolation of endophytic fungi from the
leaves, stem, and root bark of Synclisia scabrida Mier (Figure 1). The
bioactive metabolites were extracted with ethyl acetate and the
antimicrobial properties against various microbial pathogens were
determined. This study hopes to establish some potent antimicrobial
agents that may provide potential solutions to the problem of
multidrug resistance in microbial infection treatment as well as the
high cost of the currently available antibacterial agents.

Materials and Methods

Isolation of endophytic fungi

The endophytic fungal strains were isolated from the leaf, stem, and
root of mature Synclisia scabrida Miers (medicinal plant), collected
from Orba in Udenu Local Government Area of Enugu State, Nigeria
in November, 2022 and duly authenticated (Voucher number:
InterCEDD/700) by Mr. Alfred O. Ozioko (a certified taxonomist) of
the International Centre for Ethnomedicine and Drug Development
(InterCEDD). The method described by Okezie et al.”® was used for
the isolation. The plant materials (root, stem, and leaves) were
thoroughly rinsed under running tap water to remove dust, soil
particles, and debris. They were immersed in 70 % ethanol for 3
minutes after which they were re-immersed in sodium hypochlorite (5
%) for 5 minutes. Finally, they were rinsed in sterile distilled water
twice to remove the effect of the sterilant and dried in between folds
of sterile filter paper.

The sterile plant materials were then cut with a sterile knife into
smaller pieces of about 3 cm under aseptic conditions and about 3 — 4
pieces of each plant part were placed on the surface of a prepared
Potato Dextrose Agar amended with chloramphenicol (40 pg/L) using
sterile forceps. The plates were incubated at 25 °C for about seven
days while observed daily for the hyphal growth of the endophytic
fungi. The hyphal tips of actively growing fungi from the plant parts
were sub-cultured until pure isolates were obtained for further studies.

Molecular identification of the fungal isolates

Fungal DNA extraction was done using a ZR fungal/bacterial DNA
miniprep kit (USA) following the manufacturer’s instructions. The
ribosomal RNA (rRNA) of the endophytic fungal isolates was
amplified using the Internal Transcribed Spacer (ITS) gene
amplification method described by Maksun."” A pair of primers,
forward primer (ITS 1: 5TCC GTA GGT GAA CCT GCG G3’ and
reverse primer ((ITS: 5°TCC TCC GCT TAT TGA TAT G3’) were
used to amplify the highly specific nucleic acid for endophytic fungi
targeting the gene encoding for 185 rRNA.*® The PCR reaction
mixture (25 pl) consisting of 12.5 pL of Taq 2X Master Mix (PCR
buffer, 4 Mm MgCl;, 0.4 Mm of each dNTP, 0.05 U/ul Taq
polymerase); 1uL each of 10uM forward primer (ITS 1: TCC GTA
GGT GAA CCT GCG G) and reverse primer (ITS4
TCCTCCGCTTATTGATATGS); 2 puL of DNA template was made
up with 8.5pL Nuclease free water. The PCR cycling conditions were
initial denaturation at 94 °C for 5mins, followed by 36 cycles of
denaturation at 94°C for 30sec; annealing at 50 °C for 30 secs, and
elongation at 72 °C for 45 sec. Followed by a final elongation step at
72 °C for 7 minutes and hold temperature at 10 °C forever. The PCR
amplicons were electrophoresed using agar rose gel electrophoresis.
The final extension was carried out at 72 °C for 5 min and held at
4 °C. The PCR amplification of the ITS region was verified by
electrophoresis (10 pL) and the rest of the PCR products (40 pl) were
purified according to the requirement of Cambridge Genomic Services
(The University of Cambridge, UK) for DNA sequencing. Multiple
BLASTN searches against the sequence were made at the National
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Center for Biotechnology Information (NCBI). Consensus sequences
were submitted to the GenBank. Primarily, Clustal Omega was
employed for Multiple Sequence Alignment and further followed by
trimming using the trimAl tool for later alignment.

Fermentation and Extraction of Fungal Metabolites

Fermentation of endophytic fungal isolates

The fermentation was done according to Kumar & Kaushik (2013), *°
It was carried out using a rice medium. The fermentation medium
consisted of 200 g of local rice with 400 ml of distilled water
contained in a 2 L Erlenmeyer flask which was sealed tightly and
sterilized at 121 for 15 minutes. Thereafter, the flask was allowed to
stand for 24 hours to cool down completely. It was homogenized
thoroughly to break up the rice lumps from its congealed state. The
endophytic fungal isolate was aseptically transferred into the flask
mixed thoroughly by shaking and then incubated for 20 days at room
temperature.

Extraction of the fungal metabolites from the fermentation medium
After the 20-day incubation period, a 400 ml volume of ethyl acetate
was poured into the flask, homogenized, and shaken occasionally for 2
days for proper extraction of the fungal metabolite. Thereafter, the
ethyl acetate was filtered using Whatman filter paper (size: 188 mm).
the filtrate was concentrated at 50 °C under reduced pressure using a
rotary evaporator. The corresponding metabolites were weighed and
their respective percentage yields were recorded. The fungal
metabolites were reconstituted in dimethyl sulphoxide (DMSO) and
subjected to biological studies.

Antimicrobial assay

The antimicrobial activities of the endophytic fungal metabolite were
carried out using the agar well diffusion method.”® The activities were
tested against six human pathogenic microorganisms namely
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus,
Klebsiella pneumonia, and two fungi: Candida albicans and
Aspergillus niger. These were laboratory cultures whose susceptibility
to commonly used antibiotics was already established. The bacterial
suspensions were prepared from an overnight culture of the bacterial
test organisms. The bacterial suspensions were standardized to 0.5
MacFarland turbidity standard while the fungal suspensions were
standardized using the spectrophotometric (ODsgoo) technique. 0.1 ml
of standardized bacterial suspension was spread on the surface of
previously sterilized Mueller Hinton agar plates using the spread plate
method while the standardized fungal cultures were spread onto sterile
potato Dextrose agar plates following the same method. A total of 6
wells, 8 mm in diameter were made on each of the MHA and PDA
plates using a sterile cork borer.

A 100 mg/ml concentration of each of the fungal metabolites
reconstituted using dimethylsulfoxide (DMSO) was further subjected
to two-fold serial dilution, with DMSO to obtain other graded
concentrations of 50, 25, and 12.5 mg/ml. A 0.1 ml dilution was
applied in each of the wells in culture plates previously inoculated
with the test organisms. Ciprofloxacin (10 pg/ml) and ketoconazole
(50 pg/ml) were used as the positive controls against the bacterial and
fungal test organisms respectively. The culture plates were left for 30
minutes at room temperature for pre-diffusion, after which, they were
incubated at 37 °C for 24 h (for bacteria) and 25 ° C for 48 h (for
fungi) respectively. The antimicrobial activity of each metabolite was
determined by measuring the diameters of the zones of inhibition
(1ZD) at the end of the incubation period. The mean of triplicate
determinations was taken for each organism.

Evaluation of minimum inhibitory concentration (MIC) of the fungal
metabolites

The MIC of the active fungal metabolites in the preliminary evaluation
was determined by the standard method described by Deeksha et al.?*
Mueller-Hinton broth (MHB) was prepared and sterilized in an
autoclave at 121 °C for 15 min. Two milliliters of the prepared broth
were aseptically dispensed into sterile test tubes labeled 1 to 8 using a
sterile syringe and needle. A stock of MHB containing 25 mg/ml of
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each metabolite was prepared. The sterile MHB with 25 mg/ml crude
metabolite was serially diluted two-fold in sterile tubes aseptically.
Thereafter, each tube was inoculated with 0.2 ml of standardized
bacterial or fungal culture. Tube 8 was used as a control for sterility of
the medium and tube 9 for viability of the organisms. The final
concentration of the metabolite in each of the test tubes numbered
after dilution 25, 12.5, 6.25, 3.125, 1.563, 0.78 0.39,0.2 mg/ml were
incubated at 37 °C for 24 h or 25 °C for 48 h for bacteria or fungi
respectively. Thereafter, the content of each tube was streaked on a
sterile nutrient agar plate and incubated appropriately. The plates were
examined for growth and the lowest dilution that inhibited the growth
of the test organisms was taken as the MIC. The readings were taken
in triplicates.

Statistical analysis
Results obtained in this study were presented as mean + standard error
of the mean (SEM) of sample replicates (n = 3).

Figure 1: Synclisia scabrida Miers (Leaves and stem)

Results and Discussion

Endophytic fungal isolated from the different parts of the plant

The fungal isolates from different parts of Synclisia scabrida Miers
plated on potato dextrose agar are shown in Figure 2. A total of five
endophytic fungi were obtained: two fungal isolates (R1 and R2) from
the root, two isolates (S1 and S2) from the stem, and one fungal
isolate (L1) from the leaf of Synclisia scabrida Miers. These are
shown in table 1 below.

Percentage yield of the fungal metabolites

The percentage yields of the different fungal metabolites are shown in
Table 4. Varying yields of the fungal metabolites were observed for
the isolates. L1 produced the highest yield of 3.974 %, followed by
S2 which gave a percentage yield of 3.714 %. The lowest yield was
observed with the S1 which gave a yield of 2.033 % while R1 gave a
yield of 2.38 %.

Molecular identification of the endophytic fungal isolates

The genomic DNA of all five endophytic fungi was extracted and
amplified by ITS4 and ITS5 universal primers. After gel
electrophoresis, the PCR amplified products of 600 bases were
obtained are presented in Table 2. A base pair of approximately 600
bp sequences was obtained for all the isolates. DNA sequences
obtained from the amplification of the ITS region were submitted to
GenBank and accession numbers for each fungus were obtained.
Table 2 represents the sequence data of isolated endophytic fungi from
S. scabrida Miers where 98 to 100 % BLAST match sequences were
obtained.

Figure 3 shows the electrophoregram of the polymerase chain reaction
result of different fungal isolates from Synclisia scabrida Miers. The
DNA extract from all the fungal isolates showed distinct bands with a
band size of 600bp. This implies that the DNA extraction was
successful. The molecular weight of the DNA ladder which served as
the DNA marker was 50bp.
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The various fungal identities that resulted from sequence blasting with
the GenBank database are presented in Table 2. The use of molecular
techniques in the identification of fungi has been reported by many
scientists. Deepthi et al.”? made use of molecular techniques in
identifying eight endophytic fungi from Elaeocarpus sphaericus.
Sequenced amplicons from the endophytic fungi extracted genomic
DNA were compared against the GenBank database to identify the
endophytic fungi isolated in this study. Hence, L1 fungal isolate was
identified as Colletotrichum gloeosporioides strain LCM 938.01, S1 -
Fusarium oxysprum strain PSD-2, S2 - Penicillium citrinum strain JB-
GC-3-4, R1 - Penicillium citrinum strain XQ18 while R2 as Fusarium
oxysporum strain SUF191. Nurumbin et al reported the isolation of
520 to 602 nucleotide pair sequences from endophytic fungi isolated
from the mangrove  plant, Sonneratia apetala (Buch.-Ham).
Neopestalotiopsis chrysea, reportedly, had the shortest length of ITS
region of 520 base pair in contrast to Aspergillus niger which was 602
base pair.”® Table2 represents the sequence data of isolated
endophytes from S. scabrida Miers, where 90 to 100% BLAST match
sequences were obtained.

The evolutionary relationship of the identified fungal isolates and their
closest Genbank relatives is shown in Figure 3. It can be seen that the
S1 fungal isolate, Fusarium oxysporum strain PSD-2 has the closest
relationship with Fusarium oxysporum PSD-3 in the GenBank. These
are related to S1 (Fusarium oxysporum strain SUF191) and L1
(Colletotrichum gloeosporioides strain LCM 938.01) which was
closely related to Colletotrichum gleosporioides strain C6 in the
GenBank. S2 (Penicillium citrinum strain JB-GC-3-4) and R1
(Penicillium citrinum strain XQ18) exhibited a distant relationship.

1
i

R2 fungal isolate

51 fungal solate S2 fungsl isolate

Figure 2: Pure cultures of endophytic fungi isolated from
different parts of Synclisia scabrida Miers.

1,500 - emmn
| —
=
200 R
—
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Gel image showing the amplification of the ITS region of the isolates.
M is a 50bp DNA ladder
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Figure 3: The molecular weight of the different
endophytic fungal isolates identified from Synclisia
scabrida Miers

Quantitative phytochemical screening of crude endophytic fungal
metabolites from Synclsia scabrida Miers

Chemical analysis was carried out on fungal crude metabolites to
determine the presence and type of chemical components that may
serve as potential sources of drugs for medicinal and industrial use.*
Their presence is an indication that they can be exploited as precursors
in the development and advancement of synthetic drugs.

The quantitative phytochemical screening of crude metabolite from
Colletotrichum gloeosporioides strain LCM 938.01 is shown in Table
3. It contains different classes of flavonoids with catechin (10.7512
%), kaempferol (10.8399 %), and flavone (8.4224 %) being the most
abundant. Other phytochemicals present include different classes of
alkaloids (linamarin, 7.1050 % and spartein, 16.0280 %), tannin
(8.6868 %) and cyanogenic glycosides (11.1203 %). Sapogenin
(1.4628 %), steroids (5.0560 %), and oxalates (2.4525%) were also
present in small amounts. These phytochemicals have been observed
to be responsible for the antimicrobial activities exhibited by crude
metabolite from Colletotrichum gloeosporioides strain LCM 938.01.
Table 4 shows the quantitative phytochemical screening of crude
metabolite from Fusarium oxysporum strain PSD-2 isolate. It can be
seen that the metabolite contains different phytochemicals which are
responsible for the activities shown by the metabolite. The metabolite
contains different classes of flavonoids, saponins (2.8239 %),
alkaloids %), oxalates (7.7642 %), resveratrol (7.1800 %) and phylates
(7.0490 %). Flavonoid was the most abundant chemical detected in the
fungal extract, with flavone (11.5813 %), kaempferol (8.4061 %), and
flavanones (7.2275 %) being the most abundant class of flavonoid
present in the fungal extract

The quantitative phytochemical screening of crude metabolite from
Penicillium citrinum strain JB-GC-3-4 isolate is shown in Table 5. It
contains different classes of flavonoids at varying concentrations, with
flavone (13.695 %), kaempferol (8.245 %), catechin (7.128 %), and
resveratrol (7.025 %) being the most abundant. Tannins (10.234 %)
and oxalates (7. 470 %) also occurred in large amounts. Other
phytochemicals present include sapogenin (2. 739 %), linamarin
(3.474 %), steroids (3.582 %), etc. These phytochemicals may be
responsible for the activities shown by the fungal metabolite. The
qualitative and quantitative phytochemical analysis performed on the
extract of Aspergillus sp.3 showed the presence of phenol, flavonoids,
alkaloids, steroids, and terpenoids, 11.66 + 0.577, 17.66 + 0.577,
1.746 + 0.0057, 0.446 + 0.0057, and 9.746 + 0.0057 (pg of
standard/mg of extract), respectively.”

The different endophytic fungal metabolites have shown to be rich
sources of different phytochemicals with good antimicrobial potentials
against both the bacterial and fungal pathogens used in the study, and
therefore, could be employed in the advancement of new drugs.
Bhardwaj et al.*® reported the presence of constituents such as
flavonoids, alkaloids, phenols, saponins, steroids, tannins, and
terpenoids in endophytic fungi from spikes of Pinus rouxburghii.”®
The phytochemical screening of ethyl acetate extract of Penicillium
sp. lsolated from Centella asiatica has shown the presence of
alkaloids, phenols, flavonoids, tannins, and glycosides.27 The presence
of alkaloids, flavonoids, phenolics, terpene, and saponins
which belong to phenolics (natural antioxidant compounds) was
reported in ethyl acetate extract of endophytic fungi associated
with Dillenia indicaL. These phytochemicals are reportedly
responsible for the anti-oxidant activity exhibited by the extract.?®
Phylogenetic analysis

Antimicrobial activity

From Figure 5, L1 fungal metabolite from the isolate from the leaf
showed great activity against both the Gram-positive and Gram-
negative bacterial test organisms and against, Candida albicans used
in the study. However, the metabolite showed no activity against
Aspergillus niger. Generally, the susceptibility of the test organisms to
the active metabolites followed a concentration-dependent pattern.
Among the test organisms, K. pneumonia and Candida albicans
exhibited the highest susceptibility against L1 fungal metabolite at the
different concentrations tested. The 1ZDs of the L1 metabolite against
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the bacterial test organisms were significantly higher than the control
at 100 mg/ml and 50 mg/ml except for E. coli at 100 mg/ml (1ZD = 18
mm) which was significantly lower than the control (25 mm).
ciprofloxacin and ketoconazole used as the controls exerted different
activities on the bacteria and fungi respectively. This indicates that the
L1 fungal metabolite evaluated in this work possesses good
antimicrobial activity. Generally, bioactive compounds in L1
metabolite had shown antimicrobial activity relative to the control,
ciprofloxacin. The susceptibility of these Gram-positive and Gram-
negative test organisms shows the broad-spectrum action of L1 fungal
metabolite.

ON950393.1 Fusarium oxysporum strain PSD-2
ON927009.1 Fusarium oxysporum strain PSD-3
St

MT081555.1 Fusarium oxysporum strain SUF191

MF495437.1 Colletotrichum gloeosporioides strain LCM
4[: ON005152.1 Colletotrichum gloeosporioides strain C6

OM959558.1 Fusarium graminearum isolate F4P5Rk
[ 0OK103925.1:2-534 Penicillium citrinum isolate 13C

KY400584.1:1-557 Penicillium citrinum strain DGLF6
MG554246.1:3-532 Penicillium citrinum strain JB-GC-3-4
R1

MK729113.1:422-1257 Penicillium citinum isolate CCL2 ABK

Figure 4: Evolutionary relationship of the identified fungal
isolates and their closest GenBank relatives.
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Figure 6: Antimicrobial activities of R1 metabolite on the test
organisms. Where E. ¢ = Escherichia coli; S. a
Staphylococcus aureus; P. a = Pseudomonas aeruginosa; K.
= Klebsiella pneumoniae; A. n = Aspergillus niger and C. a
Candida albicans.
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Figure 7: Antimicrobial activities of R2 metabolite against the
test organisms. Where E. ¢ = Escherichia coli; S. a =
Staphylococcus aureus; P. a = Pseudomonas aeruginosa; K. p
= Klebsiella pneumoniae; A. n = Aspergillus niger and C. a =
Candida albicans
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Figure 9: Antimicrobial activities of S2 metabolite against the
test organisms. Where E. ¢ = Escherichia coli; S. a
Staphylococcus aureus; P. a = Pseudomonas aeruginosa; K.
= Klebsiella pneumoniae; A. n = Aspergillus niger and C. a
Candida albicans

o

The antimicrobial susceptibility shown in Figure 6 indicated that
metabolite from R1 endophytic fungal isolate has activity against all
the test organisms. The fungal test organisms were the most
susceptible. At a concentration of 12.5 mg/ml, however, only S..
aureus was susceptible among the bacterial test species (1ZD = 8 mm).
A. niger and C. albicans were also susceptible. There was no
significant difference between the 1ZDs recorded against the fungi test
organisms (A. niger (24 mm), C. albicans (20 mm) and the control
(ketoconazole) (A. niger (24 mm), C. albicans (22 mm)) at the
concentration of 100 mg/ml. The 1ZDs produced by the R1 fungal
extract against the bacterial test organisms were significantly lower
than the control values. Generally, R1 metabolite exhibited potent
antimicrobial activity against the test organisms comparable with that
of the controls.

Bioactive metabolite from R2 in Figure 7 demonstrated activity
against the test organisms at varying degrees. S. aureus was not
susceptible to the metabolite at the different concentrations tested. At
the lowest concentration of 12.5 mg/ml, the metabolite showed
activity against K. pneumonia (1ZD = 8 mm). There was a significant
difference (p < 0.005) in the antimicrobial activities of R2 fungal
metabolite and the control (ciprofloxacin (50 pg/ml)) against the test
bacteria (E. coli, S. aureus, P. aeruginosa, and K. pneumonia).

As shown in Figure 8, for the S1 metabolite, Kleb pneumoniae had the
highest inhibition zone diameter at all the concentrations tested
relative to other test organisms. The 1ZDs of S1 fungal metabolite
against the bacteria and fungi test organisms were significantly lower
(p < 0.005) than the control (ciprofloxacin 10pg/ml) at the various
concentrations tested. There was no significant difference (p < 0.005)
in the susceptibility of E. coli and C. albicans at the different
concentrations of the S1 metabolite used. However, at a concentration
of 12.5 mg/ml, only E. coli (6 mm), Kleb pneumonia (10 mm), and C.
albicans (7 mm) were susceptible to S1 fungal metabolite.
Pseudomonas aeruginosa and Aspergillus niger were not susceptible
to the metabolite at the various concentrations used.

Bioactive compounds in S2 metabolite had no activity against K.
pneumoniae but showed concentration-dependent activity against
Gram-negatives, Gram-positive as well as fungi used in the study
(Figure 9). However, C. albicans showed the highest susceptibility at
all the concentrations used. At 12.5 mgml, only E. coli and C.
albicans were susceptible. The susceptibility of the test organisms
was significantly lower than the control, ciprofloxacin 10 pg/ml.

Minimum inhibitory concentration (MIC) of the crude endophytic
fungi metabolites

The MICs of the S. scabrida Miers fungal metabolites are shown in
Table 3. The MIC of R1 fungal metabolite against E. coli is higher
than the MICs of S1 and S2 fungal metabolites. The MICs of S2 and
R1 fungal metabolites against P. aeruginosa were higher than those
of L1 and R2 fungal metabolites. Among the endophytic fungal
species, R1 metabolite showed the highest MIC (16.67 + 4.17 mg/ml)
against E. coli followed by S2 and R1 against P. aeruginosa (8.33 £
2.08 mg/ml) and R2 metabolite against K. pneumonia (8.33 = 2.08
mg/ml). L1 fungal metabolite showed the least MIC (1.30 * 0.26
mg/ml) against s. aureus and K. pneumoniae among the bacterial test
organisms.

Table 1: Endophytic fungal isolates from Synclisia scabrida
Miers

Plant Unidentified Percentage (%) yield of metabolites
parts fungus
Leaf L1 3.974
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Stem S1 2.033
Stem S2 3.714
Root R1 2.380
Root R2 2.044

L1: fungal isolate from the leaf, Sl:fungal isolate from the stem,
S2:fungal isolate from the stem, R1: fungal isolate from the root, and
R2: fungal isolates from the root of Synclisia scabrida Miers
respectively.

The fungal metabolites showed the highest activities against the fungal
test organisms, with the lowest MIC of 0.70 + 0.07 mg/ml (L1) and
0.52 + 0.13 mg/ml (R1) against C. albicans and A. niger respectively.
S2 fungal metabolite produced the highest MIC (4.17 £ 1.04 mg/ml)
against A. niger among the fungal test organisms. The high MIC
values observed in some of the fungal metabolites can be attributed to
the low production of antimicrobial compounds which contributed to
the reduced antimicrobial activity observed in these metabolites.
However, S. aureus and Kleb. pneumoniae with MICs of 1.30 + 0.26
mg/ml for L1 fungal metabolite was the most susceptible among the
bacterial test organisms to the fungal bioactive metabolites.

The bioactive compounds in plants potentially impact the development
of new drugs.”® The microbial diversity known as the endophytes are
microorganisms that inhabit the living tissues of plants without
causing any sign of infection.”® Endophytic fungi have been reported
to be the most predominant endophytes and they live in symbiotic
association with their plant host thereby protecting the plant host from
both biotic and abiotic stresses.?* other researchers have worked on the
antimicrobial potentials of endophytic fungi isolated from plants.
Nurunnabi et al., 2020) reported the antimicrobial activity of extracts
of 12 different endophytic fungal species isolated from the mangrove
plant, Sonneratia apetala (Buch. -Ham) with their respective
minimum inhibitory concentrations (MICs). These endophytic fungal
extracts showed antimicrobial activity against more than one tested
bacterium or fungus among 5 human pathogenic microbes, which
included Escherichia coli NCTC 12241, Staphylococcus aureus
NCTC 12981, Micrococcus lutus NCTC 7508, Pseudomonas
aeruginosa NCTC 7508 and Candida albicans ATCC 90028. This
showed that endophytic fungi from S. apetala species possess
potential antimicrobial properties and in line with the findings of this
work

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

The plant, Synclisia scabrida Miers is a plant used in ethnomedicine
for the treatment of various ailments such as gastrointestinal disorders,
dyspepsia, menstrual pains, sexually transmitted diseases, and gastric
ulcers is rich in diversity of endophytic fungi. This study, reports for
the first time, the isolation of five endophytic fungi from Synclisia
scabrida Miers. These fungal endophytes have been molecularly
identified as Colletotrichum gloeosporioides strain LCM 938.01 (L1),
two different strains of Fusarium oxysporum (S1 and R2), and two
different trains of Penicillium citrinum (R1 and S2).

The crude fungal metabolites exhibited good antimicrobial activities
with varying inhibition zone diameters (I1ZDs) against Gram-positive
and Gram-negative bacteria as well as fungi used in this study and
therefore, could serve as lead materials in the development of
antimicrobial drugs. Other researchers have reported that crude ethyl
acetate extract of endophytic fungal metabolites exerted activity
against test organisms. species of genus Epicoccum have been
reported to produce active metabolites against Gram-positive and
Gram-negative bacteria.?

Among the bacterial species, R1 metabolite showed the highest MIC
(16.67 = 4.17) against the bacterial test organisms followed by S2 and
R1 against P. aeruginosa (8.33 + 2.08) and R2 metabolite against K.
pneumonia (8.33 + 2.08). These higher MIC values were attributed to
the reduced antimicrobial activity observed in these metabolites.
However, S. aureus and Kleb. pneumoniae with MICs of 1.30 + 0.26
mg/ml for L1 fungal metabolite was the most susceptible among the
bacterial test organisms to the fungal bioactive metabolites. All the
fungal metabolites were active against C. albicans with L1 being the
most active (MIC = 0.70 + 0.07). L1 and S1 metabolites were not
active against Aspergillus niger. Similarly, Deepthi et al.?* reported
MIC range values of 0.625 to 10 pl/ml for extracted bioactive
compounds from fungal isolates. The endophytic fungus, Penicillium
griseofulvum MPR1 from the medicinal plant, Mentha pulegium L.
was reported to have antibacterial activity against bacteria with a
maximal inhibition zone of 45.5 mm against Escherichia coli and MIC
of 50 pug / ml and 100 pg / ml on Gram-negative and Gram-positive
bacteria respectively.*® Munaganti et al.** evaluated the antimicrobial
profile of Arthrobacter kerguelensis VL-RK_09 isolated from Mango
orchards which exhibited antimicrobial activity against both Gram-
positive and negative bacteria and fungi. These results support the
finding of this study which showed that endophytic fungi can be
promising sources of important antimicrobial bioactive molecules.

Table 2: Identified fungal species from different parts of S. scabrida Mier with their pairwise percentage similarities

Isolate code Fungal species NCBI Accession Number Similarity (%)
L1 Colletotrichum gloeosporioides strain LCM 938.01 MF495437 99.47
S1 Fusarium oxysporum strain PSD-2 ON950393 98.79
S2 Penicillium citrinum strain JB-GC-3-4 MG554246 100
R1 Penicillium citrinum strain XQ18 KU216720 98.20
R2 Fusarium oxysporum strain SUF191 MT081555 90.71
Conclusion compounds with potential applications in pharmacy and industry. The

This study, reports for the first time, the successful isolation of five
different species of endophytic fungi belonging to three different
genera from Synclisia scabrida Miers. These fungal endophytes have
been molecularly identified as Colletotrichum gloeosporioides strain
LCM 938.01 (L1), two different strains of Fusarium oxysprum (S1
and R2), and two different strains of Penicillium citrinum (R1 and S2).
Endophytic fungi are dependable sources of bioactive novel
results showed promising activities. The findings of this study also
suggest that endophytic fungi might be good sources for bio-
prospecting of new antimicrobial compounds.
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Table 3: Quantitative phytochemical constituents of the crude metabolite from Colletotrichum gloeosporioides strain LCM 938.01

isolate.
SIN Components Subclass Concentration (ug/ml) % Concentration
1. Flavonoids Naringenin 5.6171 5.9352
Catechin 10.1749 10.7512
Flavone 8.4224 8.8994
Rutin 0.8419 0.8895
Flavanones 6.9145 7.3061
Kaempferol 10.2588 10.8399
Epicatechin 1.6295 1.7218
Proanthocyanin  1.5198 1.6058
2. Saponin Sapogenin 1.3844 1.4628
3. Tannin 8.2212 8.6868
4. Alkaloids Linamarin 6.7242 7.1050
Spartein 15.1688 16.0280
5. Steroids 4.7850 5.0560
6. Cyanogenic glycosides 10.5242 11.1203
7. Oxalate 2.4525 2.5914
Total 94.6391

Table 4: Quantitative phytochemical constituents of the crude metabolite from Fusarium oxysporum strain PSD-2 isolate.

SIN Components Subclass Concentration (pg/ml) % Concentration
1 Flavonoids Anthocyanin 3.2759 1.3286
Kaempferol 20.7265 8.4061
Rutin 7.9824 3.2374
Catechin 15.7348 6.3816
Flavone 28.5556 11.5813
Epicatechin 3.4787 1.4108
Naringenin 4.0270 1.6332
Flavanones 17.8205 7.2275
Proanthocyanin 1.6706 0.6776
2. Alkaloid Linamarin 8.8426 3.5863
3. Saponin Sapogenin 6.9629 2.8239
3. Cardiac glycosides 3.8521 1.5623
4. Steroids 9.1157 3.6971
5. Tannin 31.2807 12.6865
6. Ephedrine 8.9631 3.6351
7. Resveratrol 17.7036 7.1800
8. Oxalate 19.1439 7.7642
9. Phytate 17.3805 7.0490
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Total

246.5649

Table 5: Quantitative phytochemical constituents of the crude metabolite from Penicillium citrinum strain JB-GC-3-4 isolate.

Key: E. ¢ = Escherichia coli; S. a =Staphylococcus aureus; P. a = Pseudomonas aeruginosa; K. p = Klebsiella pneumoniae; A. n = Aspergillus niger

SIN Components Subclass Concentration (pg/ml) % Concentration
1 Flavonoids Anthocyanin 2.8989 1.1519
Catechin 17.9387 7.1283
Rutin 7.8262 3.1110
Kaempferol 20.7419 8.2451
Flavone 34.4641 13.6950
Naringenin 3.9682 1.5768
Flavanones 22.0302 8.7572
Epicatechin 3.3869 1.3463
Proanthocyanin 1.6826 0.6688
Resveratrol 17.6721 7.0248
2 Ephedrine 8.9142 3.5435
3 Saponin Sapogenin 6.8935 2.7392
4 Tannin 25.7538 10.2337
5 Alkaloid Linamarin 8.7431 3.4742
6 Steroids 9.0114 3.5821
7 Oxalate 18.7923 7.4701
8 Cardiac glycosides 3.8473 1.5288
9 Phytate 17.4633 6.9418

Total 251.6546

Table 6: Minimum inhibitory concentration (MIC) of the crude endophytic fungi metabolites

Fungal metabolites MIC (mg/ml)

E.c S.a P.a K. p C.a A.n
L1 2.083+052 1.30+0.26 2.60 £0.52 1.30+0.26 0.70 £ 0.07 0.0+0.0
S1 520+ 1.04 2.60 +0.52 0.0+0.0 4.16 +1.04 2.08 +0.52 0.0+0.0
S2 4,16 +1.04 2.08 +0.52 8.33+2.08 0.0+0.0 1.04 £0.26 417 +1.04
R1 16.67 £4.17  2.60 +0.52 8.33+2.08 4.16 +1.04 1.30 £0.26 0.52+0.13
R2 0.0+0.0 0.0+0.0 4.16 +1.04 8.33+2.08 2.08 +0.52 1.04+0.26

and C. a = Candida albicans

References

1. Visalakchi S, Muthumary J. Antimicrobial activity of the new
endophytic Monodictys castaneae SVJM139 pigment and its
optimization. Afr J Microbiol Res. 2010; 4(9):38-44.

2. Tang KWK, Millar BC, Moore JE. Antimicrobial resistance
(AMR). Brit J of Biomed Sci. 2023; 80:11387.
https://doi.org/10.3389/bjbs.2023.11387

3. Llor C, Bjerrum L (2014). Antimicrobial resistance: Risk

associated with antibiotic overuse and initiatives to reduce the
problem. Therap Adv in Dru Saf. 2014; 5(6):229-241.
https://doi.org/10.1177/2042098614554919

4. World Health Organization (WHO). Outlines 40 research

priorities on antimicrobial resistance, n.d. Accessed on 27th
March 2024.

Gouda S, Das, Sen S, Shin H, Patra JK. Endophytes: a treasure
house of bioactive compounds of medicinal importance. Front
in Microbio. 2016; 7. https://doi.org/10.3389/fmicb.2016.01538
Strobel G, Daisy B. Bioprospecting for microbial endophytes
and their natural products. Microbio and Mol Bio Rev. 2003;
67(4): 491-502.  https://doi.org/10.1128/MMBR.67.4.491-
502.2003

Specian V, Sarragiotto MH, Pamphile JA, Clemente E.
Chemical characterization of bioactive compounds from the

7818

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://doi.org/10.3389/bjbs.2023.11387
https://doi.org/10.1177/2042098614554919
https://doi.org/10.3389/fmicb.2016.01538
https://doi.org/10.1128/MMBR.67.4.491-502.2003
https://doi.org/10.1128/MMBR.67.4.491-502.2003

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Trop J Nat Prod Res, July 2024; 8(7):7811-7819

endophytic fungus Diaporthe helianthi isolated from Luehea
divaricata. Brazil J of Microbio. 2012; 43(3): 1174-1182.
https://doi.org/10.1590/S1517-838220120003000045
Stepniewska Z, Kuzniar A. Endophytic microorganisms—
Promising applications in bioremediation of greenhouse gases.
App Microbio and Biotech. 2013; 97(22):9589-9596.
https://doi.org/10.1007/s00253-013-5235-9

Dudeja SS, Giri, R. Beneficial properties, colonization,
establishment and molecular diversity of endophytic bacteria.
Afri J of Microbio Res. 2014;  8:1562-1572.
https://doi.org/10.5897/AJMR2013.6541

Bhandari V, Suresh A. Next-generation approaches needed to
tackle antimicrobial resistance for the development of novel
therapies against the deadly pathogens. Front in Pharmac. 2022;
13.
https://www.frontiersin.org/articles/10.3389/fphar.2022.838092
Hashem AH, Attia MS, Kandil EK, Fawzi MM, Abdelrahman
AS, Khader MS, Khodaira MA, Emam AE, Goma MA,
Abdelaziz AM (2023).

Bioactive compounds and biomedical applications of
endophytic fungi: A recent review. Microb Cel Facto. 2023;
22(1):107. https://doi.org/10.1186/512934-023-02118-x
Gunatilaka AAL. Natural products from plant-associated
microorganisms: distribution, structural diversity, bioactivity,
and implications of their occurrence. J of Nat Prod. 2006; 69(3):
509-526. https://doi.org/10.1021/np058128n

Onwudiwe TC, Ughachukwu PO, Unekwe PC, Ogamba JO.
Evaluation of antiulcer properties of ethanolic and hot aqueous
stem extracts of Synclisia Scabrida on experimentally induced
ulcer models in albino mice. Ann of Med and Healt Sci Res.
2012; 2(2):134-139 https://doi.org/10.4103/2141-9248.105660
Anowi FC, Onyekaba TU, Eze CC, lke C, Ezenachi VC.
Preliminary phytochemical investigations and evaluation of
antimicrobial activity of n-hexane extract of the leaves of
Synclisia  scabrida  family  menispermaceae. Res J
Pharmaceutical Sci. 2013; 2(3):1-5.

Afonne OJ, Orisakwe OE, Obi E, Orish C, Akumka DD. Some
pharmacological properties of Synclisia scabrida Miers. India J
Pharmacol. 2000; 32:239-241.

Okezie U, Eze P, Ajaghaku D, Okoye F, Esimone C. Isolation
and screening of secondary metabolites from endophytic fungi
of Vernonia amygdalina and Carica papaya for their cytotoxic
activity.  Plant  Medic. 2015; 81(16):5-0035-1565554.
https://doi.org/10.1055/s-0035-1565554

Maksun R. Molecular identification of endophytic fungi isolated
from Garcinia porrecta and Garcinia forbesii. J Farma Indon.
2009; 4(4):156-160.

Wu J, Shen W, Sun W, Tueller P. (2002). Empirical patterns of
the effects of changing scale on landscape metrics. Landsca
Ecolo. 2002; 17:761-782.
https://doi.org/10.1023/A:1022995922992

Kumar S, Kaushik N. Batch culture fermentation of endophytic
fungi and extraction of their metabolites. Bio-protocol. 2013;
3(19). https://doi.org/10.21769/BioProtoc.926

Aida P, Rosa V, Blamea F, Tomas A, Salvaador C. Paraguyan
plants used in traditional medicine. Shor Com. J. Ethnopharm.
2001: 16:93-98.

Deeksha S, Avijit P, Pavan KA. Evaluation of bioactive
secondary metabolites from Endophytin fungus Pestalotiopsis
neglecta-5510 isolated from leaves of Cupressus torulosa D.
Don. 3 Biotech. 2016; 6:210.

Deepthi VC, Sumathi S, Athikkavil F, Elyas, K. Isolation and
identification of endophytic fungi with antimicrobial activities
from the leaves of Elaeocarpus sphaericus (gaertn.) k. Shum.
and Myristica fragrans houtt. Intern J of Pharmaceu Sci and
Res. 2018. https://doi.org/10.13040/1JPSR.0975-
8232.9(7).2783-91

Bisht DR, Sharma D, Agrawal PK. Antagonistic and
antibacterial activity of endophytic fungi isolated from needle of
Cupressus torulosa D. Don. Asian J Pharm Clin Res. 2016;
9(3):282-288.

25.

26.

217.

28.

29.

30.

3L

32.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Thakur D, Sahani K (2019). Qualitative and quantitative
phytochemical analysis of endophytic fungi (ef8; Aspergillus
sp.3) isolated from Boerhavia diffusa I., stem. Asian J of
Pharmaceut and Clin Res. 2019; 111-116.
https://doi.org/10.22159/ajpcr.2019.v12i3.28242

Nurunnabi, T. R., Sabrin, F., Sharif, D. I., Nahar, L., Sohrab,
Md. H., Sarker, S. D., Rahman, S. M. M., & Billah, Md. M.
(2020). Antimicrobial activity of endophytic fungi isolated from
the mangrove plant Sonneratia apetala (Buch.-Ham) from the
Sundarbans mangrove forest. Ad. Trad. Med., 20(3), 419-425.
https://doi.org/10.1007/s13596-019-00422-9

Bhardwaj A, Sharma D, Jadon N, Agrawal P. Antimicrobial and
phytochemical screening of endophytic fungi isolated from
spikes of Pinus rouxburghii. Archiv of Clin Microb. 2015; 6.
Devi NN, Prabaka JJ, Wahab F. Phytochemical analysis and
enzyme analysis of endophytic fungi from Centella asiatica.
Asian Pac J Trop Biomed. 2012; 2:1280-1284.
https://doi.org/10.1016/52221-1691(12)60400-6

Kumar V, Prasher IB. Phytochemical analysis and antioxidant
activity of endophytic fungi isolated from Dillenia indica Linn.
Appl Biochem and Biotech. 2024; 196(1):332-349.
https://doi.org/10.1007/s12010-023-04498-7

Dzoyem J, Mcgaw L, Kuete V, Bakowsky U. Anti-
inflammatory and Anti-nociceptive Activities of African
Medicinal Spices and Vegetables. In: Medicinal Spices and
Vegetables from Africa: Therapeutic Potential Against
Metabolic, Inflammatory, Infectious and Systemic Diseases.
2017; 239-270. https://doi.org/10.1016/B978-0-12-809286-
6.00009-1

Zerroug A, Sadrati N, Demirel R, Sabrina B, Harzallah D.
Antibacterial activity of endophytic fungus, Penicillium
griseofulvum MPR1 isolated from medicinal plant, Mentha
pulegium L. Afr. J. Micr, Res, 2018; 12:1056-1066.
https://doi.org/10.5897/AJMR2018.8887

Munaganti, R. K., Muwva, V., Konda, S., Naragani, K.,
Mangamuri, U. K., Dorigondla, K. R., & Akkewar, Dattatray.
M. (2016). Antimicrobial profile of Arthrobacter kerguelensis
VL-RK_09 isolated from Mango orchards. Brazilian Journal of
Microbiology, 47(4), 1030-1038.
https://doi.org/10.1016/j.bjm.2016.07.010

7819

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://doi.org/10.1590/S1517-838220120003000045
https://doi.org/10.1007/s00253-013-5235-9
https://doi.org/10.5897/AJMR2013.6541
https://www.frontiersin.org/articles/10.3389/fphar.2022.838092
https://doi.org/10.1186/s12934-023-02118-x
https://doi.org/10.1021/np058128n
https://doi.org/10.4103/2141-9248.105660
https://doi.org/10.1055/s-0035-1565554
https://doi.org/10.1023/A:1022995922992
https://doi.org/10.21769/BioProtoc.926
https://doi.org/10.13040/IJPSR.0975-8232.9(7).2783-91
https://doi.org/10.13040/IJPSR.0975-8232.9(7).2783-91
https://doi.org/10.22159/ajpcr.2019.v12i3.28242
https://doi.org/10.1016/S2221-1691(12)60400-6
https://doi.org/10.1007/s12010-023-04498-7
https://doi.org/10.1016/B978-0-12-809286-6.00009-1
https://doi.org/10.1016/B978-0-12-809286-6.00009-1
https://doi.org/10.5897/AJMR2018.8887

