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Abstract
The antimicrobial properties of secondary
metabolites produced by the endophytic

Aspergillus brunneoviolaceus associated with
the Nigerian plant Bryophyllum pinnatum were
investigated in this study. Standard procedures
were followed for fungal isolation and
identification, as well as fermentation and
extraction of fungal secondary metabolites. The
agar-well diffusion method was used to assess
the antimicrobial activity of the fungal extract.
At 1 mg/mL, the fungal extract demonstrated
broad spectrum antibacterial activity against the
test  bacteria  (Staphylococcus  aureus,
Escherichia coli, Klebsiella pneumoniae, and
Bacillus subtilis), with inhibition zone diameters
(1ZD) ranging from 14 to 16 mm. The extract
also exhibited antifungal activity with an 1ZD of
16 mm produced against Candida albicans. The
findings of this study indicate that endophytic A.
brunneoviolaceus associated with B. pinnatum
has the potential to be a promising source of
novel antimicrobial compounds  with
pharmaceutical importance.
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INTRODUCTION

Endophytic  microorganisms  have  been
demonstrated to be a reliable source of novel
lead molecules with a wide range of biological
activities (Okezie et al., 2021). This study was
conducted as part of our ongoing research into
the drug discovery potentials of endophytes. It
was designed to evaluate the antimicrobial
activity of an endophytic fungus isolated from
the leaves of Bryophyllum pinnatum growing in
Anambra State, South-East Nigeria.

B. pinnatum (known as Odaa opuo in the South-
East of Nigeria) is a member of the
Crassulaceae family and is found in tropical
areas of Africa, America, India, China, and
Australia. The entire plant or plant parts are
used for ethnomedicinal purposes, and the plant
is reported to possess significant antimicrobial,
anti-inflammatory, analgesic, antihypertensive,
wound healing, hepatoprotective,
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neuropharmacological and antidiabetic activities
(Umebese and Falana, 2013; Furer et al., 2016).

Investigations of the endophytic fungal
populations of some Nigerian medicinal plants
have revealed the enormous potentials
possessed by these organisms as sources of
compounds of pharmaceutical and industrial
importance (Okezie et al., 2021; Akpotu et al.,
2017; Eze etal., 2018; Abba et al., 2016; Ebada
et al., 2016; Wang et al., 2018; Eze et al.,
2019). The search for biotechnologically-
important  microorganisms based on the
ethnobotanical pharmacology of the plants with
which they are associated is an alternative
method of discovering new microorganisms and
bioactive molecules (Conti et al., 2012; Nnanna
et al.,, 2018). In addition, endophytes are a
promising environmentally-friendly source of
high-valued bioactive phytochemicals produced
by their host. These organisms have been found
to produce compounds that are similar to those
found in their host plants (Ebada et al., 2016).
Based on these principles, this study justifies the
investigation of endophytes from B. pinnatum, a
well-known Nigerian medicinal plant.

MATERIALS AND METHODS

Isolation and Identification of Endophytic
Fungus

Fresh B. pinnatum leaves were collected in
September 2020 from a private garden in
Okpuno-Awka, Anambra State, Nigeria. The
plant was identified by a plant taxonomist and
deposited in the herbarium of the Department of
Pharmacognosy and Traditional Medicine,
Faculty of Pharmaceutical Sciences, Nnamdi
Azikiwe University, Nigeria, under the voucher
number: PCG/474/A/073. An endophytic fungus
was isolated from the plant leaves using a
previously described method (Abba et al.,
2016). The fungus was identified through DNA
amplification and sequencing of its internal
transcribed spacer ribosomal-deoxyribonucleic
acid (ITS-rDNA) region (Kjer et al., 2010).
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Fungal Fermentation and Extraction of
Secondary Metabolites

The fungus was subjected to solid state
fermentation in sterile rice medium as described
by Abba et al. (2016). At the end of
fermentation, the fungal secondary metabolites

were extracted with ethyl acetate and
concentrated under pressure with rotary
evaporator.

Antimicrobial Assay

Preliminary antimicrobial evaluation of the
fungal extract (1 mg/mL) against laboratory
strains of Staphylococcus aureus, Escherichia
coli, Klebsiella pneumoniae, Bacillus subtilis,
and Candida albicans was carried out using the
method described by Akpotu et al. (2017).
Ciprofloxacin (5 pg/ml) and miconazole (50
png/ml) were used as positive controls in
antibacterial and antifungal studies respectively,
and DMSO (100% v/v) was used as the negative
control. The experiment was conducted in
triplicate, and the resulting inhibition zone
diameter (1ZD) was measured in millimeters
(mm). The mean 1ZD = standard deviation (SD)
were calculated and recorded.

RESULTS

Following standard procedures, an endophytic
fungus was isolated from fresh leaves of B.
pinnatum (Figures 1 and 2). The isolated fungus
was identified as Aspergillus brunneoviolaceus
according to molecular identification protocols
for DNA extraction, PCR amplification,
sequencing of the fungus internal transcribed
spacer (ITS) region and comparing the resulting
DNA sequence data with existing NCBI
GenBank data. The sequence data was deposited
in the NCBI GenBank database and ascribed the
accession number OM530251.

After fermentation and extraction of the fungal
secondary metabolites, the fungal extract was
tested for antimicrobial activity against
laboratory strains of S. aureus, B. subtilis, K.
pneumoniae, E. coli, and C. albicans. Result of
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the antimicrobial assay (Table 1) shows that the
fungal extract (1 mg/mL) displayed a broad
spectrum antibacterial activity with inhibition
zone diameters (1ZD) in the range of 14 - 16

Figure 1: Leaves of B. pinnatum
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mm produced against the test bacteria. The
extract also exhibited antifungal activity with an
1ZD of 16 mm produced against C. albicans.

Figure 2: Axenic culture of A. brunneoviolaceus in
malt extract agar showing the top (A) and bottom
(B) views

Table 1: Antimicrobial activity of A. brunneoviolaceus extract showing mean 1ZD = SD (mm)

produced against test isolates

Test Organisms Fungus Extract (1 Positive control Negative control

mg/mL) [Ciprofloxacin (5 pg/ml)] [DMSO (100% v/v)]

S. aureus 16 +0.00 28 +1.40 0+0.00

B. subtilis 14 +1.00 19 + 3.68 0+0.00

K. pneumoniae 15+ 0.50 25+1.41 0+0.00

E. coli 15+ 0.00 24 +2.45 0+0.00

Miconazole (50 pg/ml) DMSO

C. albicans \ 16 +0.00 41 +1.70 0+0.00
DISCUSSIONS antimicrobial compounds present in the fungal

B. pinnatum is a well-known tropical plant
readily available in South-Eastern Nigeria. The
antimicrobial properties of the plant have been
reported (Umebese and Falana, 2013; Furer et
al., 2016). A previous study have also
investigated the endophytic populations of
Bryophyllum plants for bioactive secondary
metabolites (Sowemimo et al., 2008).

This current study evaluated the antimicrobial
potentials of secondary metabolites of an
endophytic A. brunneoviolaceus associated with
the leaves of B. pinnatum. The antibacterial and
antifungal activities exhibited by the endophytic
fungal extract (Table 1) may be attributed to
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extract. According to Abba et al., (2016), it is
reasonable to suggest that the antimicrobial
activity of this plant is related to or dependent
on its association with the endophytic fungus
and other endophytes that express antimicrobial
compounds.

Endophytic fungus of the Aspergillus genera are
well known to produce secondary metabolites
with antimicrobial and other pharmacological
properties (Varga et al. 2011, Vesth et al. 2018,
Ezekiel et al. 2020a; Ezekiel et al. 2020b; Wang
etal., 2018).
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A. brunneoviolaceus, which is phylogenetically
related and considered to be synonymous with
A. fijiensis (Vo et al., 2021). The fungus belongs
to the commercially important Aspergillus
Section Nigri, which are employed in the
industrial production of enzymes and organic
acids (Vo et al., 2021; Jurjevi¢ et al., 2012;
Varga et al., 2011). One of the most widely used
enzymes in the food industry, B-
fructofuranosidase (invertase), which catalyzes
the hydrolysis of sucrose into fructose and
glucose, was isolated from A. brunneoviolaceus
and found to be a safe and suitable source of
enzymes for use by the food industry (Vo et al.,
2021).

A. brunneoviolaceus thrives in a variety of
environments. This fungus has previously been
isolated from food, soil, water, plants, animal
droppings, industrial material, indoor air
environment, corneal scrapings, and human
sputum (Rozaliyani et al., 2022; Mistry et al.,
2021; Ezekiel et al., 2020a; Ezekiel et al., 2020b;
Jurjevi¢ etal., 2012; Varga et al. 2011).

A. brunneoviolaceus culture extracts have been
found to contain antimicrobial compounds such
as paspalin (syn. cytochalasin H), tryprostatin B,
brevianamide F, emodin, citreorosein (syn. -
hydroxyemodin), nigragillin, meleagrin, and
pyrophen (Varga et al. 2011, Vesth et al. 2018,
Ezekiel et al. 2020a, Ezekiel et al., 2020b). A
wide variety of other compounds with diverse
biological properties have been reported from A.
brunneoviolaceus, including: 16-
ketoaspergillimide, aspergillimide (syn.
asperparaline A), endocrocin, epoxyagroclavin,

secalonic acids B, D, and F, iso-
rhodoptilometrin, aurasperon C,
dimethylsulochrin, fellutanine A,

methylorsellinic  acid, iso-rhodoptilometrin,
oxaline, and paraherquamide E (Varga et al.
2011, Vesth et al. 2018, Ezekiel et al. 2020a,
Ezekiel et al, 2020b). These bioactive
compounds  have the  potential  for
pharmaceutical and industrial applications.
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Endophytic fungi are interesting and being
studied because they have the potential to be a
source of new drugs and novel bioactive
metabolites. As a result, the crude extract of
secondary metabolites of endophytic A.
brunneoviolaceus evaluated in this study is
promising enough to warrant further research
into the isolation and characterization of its
active antimicrobial principles.

CONCLUSION

The findings of this study highlights the
potential of endophytic A. brunneoviolaceus
associated with B. pinnatum as a promising
source of novel antimicrobial compounds with
pharmaceutical significance.
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