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Introduction  

The antimicrobial resistance potential of pathogenic 

microorganisms to conventional drugs is of grim concern to the 

public's health today. Many factors have contributed to this challenge, 

including improper use of antimicrobials, poor hygiene, malnutrition, 

continuous flow of travelers in and out of a community, increasing 

rate of immune-compromised people, and delayed infection 

diagnosis.
1-2 

This has triggered the need to explore and develop new 

drugs that will curtail the problem, especially from natural sources, by 

exploring new microbial niches. One of the under-explored groups of 

microbes is fungal endophytes, which are found within the plant's 

tissues and are believed to be harmless to the plant hosting them. 

Dreyfuss et al. suggested that approximately one million fungal 

species live within plants tissues.
3-4

 

Extensive reports have been documented about the significance of this 

bio-product in pharmaceutical processes.
5 

the import of natural 

biomolecules as means for novel analeptic promoters can be 

demonstrated via antimicrobials application in infectious diseases 

management.
6-7 
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It is imperative to note that biological diversity often not explored or 

underexplored may be rich sources for novel biochemicals. 

Endophytes are microbes comprising fungi and bacteria adapted to 

live within plant tissues with no known pathology on the host. 

Examination of the metabolites of endophytes isolated from many 

plant species has proven that endophytes could be sources for many 

potential bio-products with novel uses in modern medicine, 

agriculture, and industrial procedures.
8-9 

Reports show that many 

endophytes synthesize bioactive compounds with antimicrobial 

potential against human pathogens.
10-11 

Many research works suggest 

that fungal endophytes confer a degree of protection over their plant 

hosts from contagious and parasitic pathogens and help them 

withstand adverse conditions by discharging active metabolites.
13 

Metabolites from fungi endophytes also have great beneficial 

applications in pharmaceuticals; the active agent in the anticancer drug 

taxol is synthesized by the fungi Taxus brevifolia. This discovery 

prompted many researchers to focus on fungal endophytes, searching 

for other beneficial biochemical compounds.
14-15 

Most medicinal herbs 

are believed to possess fungal endophytes. These fungi are assumed to 

produce bioactive molecules with pharmaceutical properties because 

of their association with known medicinal plants. These fungi are 

suggested to produce biochemical with similar properties as produced 

by the plants that harbor them.
16

 

Studies have proposed that endophytic fungi exist as symbiotic or 

mutualistic organisms within their host. This could explain the shared 

protection and provision both the host and fungi enjoy from the 

relationship.
17-20 

The research on endophytic fungi started over 30 

years ago, and more efforts have been put into understanding them to 

identify and extract various bioactive metabolites.
21-25 

Employing 

fungal endophytes are advantageous because of their ease of 
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fermentation and up-scaling for the industrial production process, 

reproducibility, and economic feasibility.
26

 

Endophytic fungi inhabiting plants of medicinal importance
27-28 

are 

therefore a possible source of biologically active compounds that can 

treat many diseases.
29-31 

This research focused on synthesizing and 

extracting bioactive metabolites of fungal endophytes and studying 

their antimicrobial potentials and other biological features.  

 

Materials and Methods 

Collection of plant parts 

Five (5) freshly collected whole plant samples, namely: Carica 

papaya, Jatropha gossypifoli, Moringa oleifera, Mangifera indica, 

and Ocimum gratissimum, were obtained from Ladoke Akintola 

University of Technology (LAUTECH), Ogbomoso, Nigeria Botanical 

Garden on 23 March 2019(Plate 1). The plant authentication was done 

at the Plant Biology Division of the Department with Voucher 

numbers (VN); VN005, VN007, VN012, VN017, and VN019, 

respectively. They were instantly placed in sterile polythene packs and 

taken straight to the Microbial Resources Research Laboratory for 

processing. 

 

 
Plate 1: Plants samples where the endophytic fungi were 

isolated. 
 

KEY: 

A: Jatropha gossypifolia, 

B: Ocimum gratissimum 

C: Moringa oleifera, 

D: Mangifera indica, 

E: Carica papaya 

 

Collection of test microbial isolates 

Three (3) clinical isolates: Candida albicans, Enterobacter cloaca, 

and Staphylococcus aureus, were collected from the culture bank of 

the Medical Microbiology Laboratory at Ladoke Akintola University 

of Technology (LTH) Teaching Hospital, Ogbomoso, Nigeria. The 

organisms were isolated from patients with different disease 

conditions and were used to assess the antimicrobial potentials of the 

synthesized metabolites. 

 

Isolation of fungi endophytes 

The plants were washed thoroughly under running water to wash off 

the sand and other impurities. The leaves, stems, or roots were cut 

separately to 0.5 – 0.7 cm in sterile Petri dishes using a sterile razor 

blade under a laminar airflow chamber. The leaf, stem, and root were 

surfaces-sterilized for 30 seconds in 50 ml of 70% ethanol to eliminate 

epiphytic microorganisms. The ethanol was neutralized with 65 ml of 

3.5% sodium hypochlorite treatment for 2 minutes. Furthermore, the 

samples were washed thrice with sterilized water and placed on Potato 

Dextrose Agar (PDA) medium treated with chloramphenicol as an 

antibacterial at 0.25 mg/L.
32

Incubation was done at 28ºC for the period 

of7 days. The plates were observed daily for growth. Fungal colonies 

observed on the plates were collected and sub-cultured to achieve pure 

colonies maintained on PDA slants. All pure colonies were transferred 

and maintained for identification and characterization on PDA slants. 

 

Synthesis and extraction of the fungal metabolite by Submerged 

Fermentation (SMF) 

Fresh mycelium of the isolated endophytic fungi was excised using a 

cork-borer and transferred into 500 mL of aseptically prepared 

(PDB)contained in Erlenmeyer flask (1 L). Media were maintained at 

28
o
C. Growth was monitored for fourteen (14) days, and biomass 

production rate was observed daily and recorded. On the 14th day of 

incubation, the biomasses were harvested using sterilized muslin cloth 

under an aseptic condition. The biomass was crushed to release their 

intracellular metabolite, and the leftover was separated from the 

intracellular product using a sterilized muslin cloth. The metabolite 

extraction were achieved using ethanol as an organic solvent in the 

ratio of 1:2 left overnight for total separation to occur. Each of the four 

(4) crude metabolites were then later separated from the solvents by 

centrifugation at 10,000 rpm.
16,29

 

 

Antimicrobial susceptibility test (AST) 

Aseptically prepared Muller Hilton agar (MHA) was poured into Petri 

dishes into which the microbial isolates were inoculated by evenly 

streaking the surface of the MHA media. Sterilized filter paper discs 

were impregnated separately with 100 µL of each of the four crude 

metabolites. The paper discs were carefully laid at the center of the 

inoculated plates; the setups were incubated at 37ºC for 18 – 24 hours. 

The bacterial inhibitory potential of each metabolite were estimated by 

measuring the observed zones of inhibition in millimeters.
33

 

 

Gas Chromatographic-Mass Spectrometry  

The five fungi metabolites were analyzed via GC-MS analysis to 

detect probable biologically active molecules present in them.
32 

A 

triple axis detector Mass Spectrophotometer (5975C) furnished with a 

10 µL syringe auto-injector hyphenated to an Agilent USA Gas 

Chromatography which uses Helium gas as a carrier gas was used in 

this process. Capillary column (0.2 µm diameter, 30 m in length, and 

250 µm thickness) for all chromatographic separation was pre-treated 

using phenyl methyl siloxane.GC-MS conditions were maintained as 

thus: temperature (EI) of ion source was maintained at 250
o
C, 

interface temperature was maintained at 300
o
C, the pressure was set at 

16.2 psi, out time was set at 1.8 mm, 1 µL injector in Split mode with 

split ratio 1:50 with injection temperature of 300
o
C. 

The column start temperature was fixed at 35
o
C for 5min, then 

increased at 4
o
C/min to 150

o
C. The temperature was later raised at a 

rate of 20
o
C/min to 250

o
C and was maintained for 5mins while total 

elution was 47 minutes.
34

System control and data retrieval were done 

with MS Solution software. Compound identification was established 

by comparing with the standard mass spectra readings. 

 

Molecular characterization and identification of fungal endophytes 

Fungal genomic DNA extraction 

Endophytic fungal isolates for genomic DNA isolation were grown 

and incubated at room temperature on a cellophane membrane placed 

on Potato dextrose agar (PDA). 50 to100 mg (wet weight) of the 

fungal isolates were collected in sterile ZR Bashing Lysis tubes and 

mixed with 750 µL of lysis buffer for complete crushing. This was 

held on a bead fitted on a tube measuring 2 mL in a holder setup and 

treated at maximum speed for > 5 minutes, swirled briefly, and 

centrifuged with ZR Bashing Bead
TM 

Lysis Tube at 10,000 rpm for 

one minute. About 400 µL supernatant was decanted into a Zymo-

Spin
TM

 IV Spin Filter placed within a Collection Tube, and further 

centrifugation at 7,000 rpm for 1 min, 1200 µL of fungal DNA 

binding buffer was introduced into the filtrate contained in the 

collection tube, 800 µL of the mixture was decanted into a Zymo-

Spin
TM

 IIC Column in a Collection Tube and further centrifuged at 

10,000 rpm for 1 minute. The flow-through after centrifugation was 

discarded, and 200 µL DNA pre-wash buffer was introduced into the 

Zymo-Spin 
TM

 IIC Column in fresh Collection Tube; this was 

centrifuge at 10,000 rpm for 1 minute. Fungal DNA wash buffer 

measuring about five hundred (500) µL was introduced to the Zymo-

Spin
TM

 IIC Column a second time; this was also centrifuged at 10,000 
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rpm for 1 minute. Zymo-Spin 
TM

 IIC Column was transferred to a 

clean 1.5 mL micro-centrifuge tube within which 100 µL (35 µL 

minimum) DNA elution buffer was introduced and centrifuged at 

10,000 rpm for 30 seconds to elude the fungal DNA for PCR and other 

downstream applications.
35

 

 

Polymerase chain reaction  

Amplification of extracted fungal DNA was achieved utilizing a 

thermal cycler (Gene Amp PCR system 9700). The PCR reaction 

mixture consisted of 10 µL extracted fungal DNA, 2.5 µL 10X PCR 

loading buffer, 2.0 µL 2.5Mm dNTPs mix, 2.5 µL H2O, 1.0 µL 25Mm 

MgCl2, 1 µL DMSO, 5 µL of Taq Polymerase and 1 µL each of the 

forward and reverse primer which made a total reaction volume of 25 

µL. 

The forward primer sequence was ITS1- F 

(5'CTTGGTCATTTAGAGGAAGTAA3ˈ), while the reverse primer 

sequence was ITS4- R (5’TCCTCCGCCGCTTATTGATAGC3ˈ).
35

 

 

Agarose gel electrophoresis 

Agarose salt (1.5 g) was dissolved in TBE buffer (100 mL). In 

preparing Agarose gel electrophoresis using a magnetic stirrer, 2 µL of 

ethidium bromide was added to this mixture using a Pasteur pipette 

and allowed to cool for some minutes. The mixture was pipetted into 

the electrophoretic gel tray. The amplicon from the PCR reaction was 

homogenized with the loading buffer/dye and electrophoresed for 

about 1 hr at 50 V in TBE buffer. The DNA was visualized using a 

UV transilluminator. The standard base pair of the amplicons was 

650bp. 

 

DNA sequencing and identification of fungal isolates 

Genetic analyzer ABI 3500 was used for sequencing. Recovery of 

PCR amplicons was made using a DNA isolation Test kit. Isolates 

with sequence similarity of >99% were accepted as the same species. 

FASTA Algorithms and EMBL/Gen-bank database for fungal 

nucleotide sequences were used in Sequence-based identifications. 

That with sequence similarity less than 99% was considered as 

unidentified.
36-37

 

 

Results and Discussion 

Isolation and identification of endophytic fungi 

Four (4) fungi endophytes strains obtained from within the tissues of 

leaf, stem, and root of five medicinal plants obtained from LAUTECH 

Botanical Garden, Ogbomoso, Oyo State, Nigeria are shown in Table 

1. Initially, each fungus was coded after isolation (Table 1) for easy 

identification before further work on their cellular morphology and 

molecular characterization. The fungal endophytes found in each of 

the excised plants parts are as shown in Table 2 where all the plants 

parts showed the presence of fungal endophytes except the stem of C. 

Papaya. Under submerged fermentation, the growth rate of each of the 

fungi was monitored. There was consistency in the growth rate of all 

the strains at 72 hours interval as shown in Table 3.  

 

Antimicrobial susceptibility test 

Fungal endophytes have been poorly explored as a source for natural 

products; hence it is necessary to include them in research involving 

new bioactive metabolites. 
38

The significance of bioactive compounds 

in the process of drug discovery and development has been 

extensively reported.
39

 It is only appropriate to isolate and identify 

endophytic mycobiota since the therapeutic properties may be related 

to the product of the endophytes within its tissue.
40-41 

The case of taxol 

produced by Taxus brevifolia as an anticancer agent has also been 

reported many times.
41

 

In this work, each fungal endophyte was cultured to synthesize their 

metabolites at optimum pH, although this varies from one fungal 

endophyte to another, as seen in Figure 1. The pH was between 8.6 

and 9.7. The antimicrobial activities of the five (5) fungal metabolites 

were studied by challenging three (3) pathogenic organisms of clinical 

origins with the metabolite. These were: Staphylococcus aureus, 

Enterobacter cloaca, and Candida albicans.  

Table 1: Common/Scientific names of plants used and their 

Endophytic fungi codes 
 

Common Name Scientific Name Fungi Code Used 

Moringa Moringa oleifera MOL-MAJ-LAU 

Pawpaw Carica papaya CPR-MAJ-LAU 

Saint leaf Ocimum gratissimum OGR-MAJ-LAU 

Mango Mangifera indica MIL-MAJ-LAU 

Cotton-leaf Jatropha gossypifolia JGR-MAJ-LAU 

 

Table 2: Occurrence of Fungi Endophytes in Different Plant 

Parts 
 

Plant Leaf Stem Root 

Moringaoleifera + + + 

Carica papaya + - + 

Ocimum gratissimum + + + 

Mangifera indica + + + 

Jatropha gossypifolia + + + 

Present (+); Absent (-) 

 

Table 3: Qualitative Growth Pattern of Cell Biomass of the 

Endophytic Fungi 
 

DAYS 

Organisms/Day 3
rd

 6
th

 9
th

 12
th

 15
th

 

A. niger ++ +++ ++++ +++++ ++++++ 

R. mucilaginosa + ++ +++ ++++ +++++ 

A. niger ++ +++ ++++ +++++ ++++++ 

A. amstelodami ++ +++ ++++ +++++ ++++++ 

Growth (+); No growth (-) 

 

Table 4: Zones of inhibition observed by metabolites from 

endophytic fungi against clinical isolates 
 

Source of metabolite Zone of inhibition (mm) 

S. aureus E. coli C. albicans 

A. niger(CPR) - - - 

R. mucilaginosa 25±3.31 - - 

A. niger(OGR) 26±0.45 35±1.23 - 

A. amstelodami - - 20±2.47 

(-) resistant 

 
Figure 1: Biomass dry weight of the fungal endophytes at 

different pH values. A.n (Aspergillus niger); R.m (Rhodotorula 

mucilaginosa); A.a (Aspergillus amstelodami) 
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A zone of inhibition (ZI) of 26±0.45mm was observed with the 

metabolite of A. niger isolated from O. gratissimum root against S. 

aureus; it was observed to diffuse the entire plate of E. cloaca with ZI 

of 35±1.23mm and no inhibition against C. albicans. The metabolite 

of R. mucilaginosa isolated from M. indica leaf had a zone of 

inhibition of 25±3.31mm against S. aureus and none against E. cloaca 

and C. albicans. There was no zone of inhibition with the metabolite 

of A. amstelodami isolated from J. gossypifolia root against S. aureus 

and E. cloaca but had 20±2.47mm against C. albicans. The clinical 

isolates grew resistant to the metabolite of A. niger isolated from C. 

papaya root as represented in Table 4. This agrees with Wiyakrutta et 

al (2004),
41

 who suggested that the proficiency of endophytes as a 

prolific producer of antimicrobial compounds has already been 

reported.
7,43 

Studies have suggested that several factors such as 

medium composition, incubation temperature, and aeration can 

influence the quantity, quality and type of metabolite synthesized.
44-46

 

In addition, the endophytic fungi produced active metabolites due to 

the medicinal properties of the plants from which they were isolated. 

As can be seen from the GC-MS analysis (Figure 4), multiple peaks 

indicated the presence of several biomolecules that could be 

responsible for the antimicrobial activities of the synthesized 

metabolite. 

 

Molecular identification and phylogenic relationships 

Four (4) isolates nucleotide sequenced were related to two strains of 

Aspergillus niger, Rhodotorula mucilaginosa, and A. amstelodami. 

The nucleotide sequence of the fifth isolate had no similarity with 

sequences already deposited at the Gene bank. Phylogenetic 

relationships of each of the isolates were established using MEGA 

X.
47 

Multiple Sequence Alignment (MSA) using ClustalW Omega was 

performed (Figures 2a-d), while fifteen (15) retrieved sequences from 

the Gene bank was used for plotting the phylogenetic tree (Figures3a-

d). A Phylogenetic tree was constructed, with branch lengths 

equivalent to the evolutionary distances. The method “maximum 

composite likelihood” was used in computing the evolutionary 

distances; this calculated the base substitutions units per site.
48

In all 

the plant samples used in the research, fungal endophytes was found 

domiciled in the root and leaf parts of the plants. This indicates that 

the bioactive molecules of the plants that support the survival and 

growth conditions of the endophytes are prevalent in the leaf and roof 

parts of the plants studied. Aspergillus spp had the highest prevalence 

among all the isolated fungi located in the root part of the plants 

studied (Table 5). This indicates a more significant plant-microbe 

interaction that favors the growth of Aspergillus spp. Although there 

were variations in the nucleotide base pair (bp) in each fungal 

endophyte as follows: Aspergillus niger isolated from Carica papaya 

and Ocimum gratissimum had 563bp and 566bp, respectively. A. 

amstelodami isolated from the root of Jatropha gossypifolia has 

571bp, while Rhodotorula mucilaginosa isolated from the leaf of 

Mangifera indica had 585bp. According to Masumi et al (2015), 

Aspergillus spp were among the colonizing fungal endophyte that was 

isolated from Thymus plants among other organisms.
49-50 

 

GC-MS analysis of the metabolites for their biologically active 

molecules 

GC-MS analysis shows the active ingredients present in the crude 

metabolites of all the fungi metabolites. The GC-MS chromatogram 

results of the metabolites are shown in Figure 4, showing multiple 

peaks. Many bioactive molecules were detected in the metabolite, 

which possesses antimicrobial properties. Ethylene was found present 

in the metabolite of Aspergillus niger obtained from OGR and had 

applications in agriculture as an agent for causing the ripening of 

fruits. Hydrocinnamic acid present in the metabolite of Aspergillus 

niger obtained from CPR has a role as an antifungal agent. L-arginine 

present in the metabolite of Aspergillus niger (OGR) is α-amino acid 

used in the biosynthesis of proteins. It is also used to treat cardiac, and 

blood vessel diseases conditions and high blood pressure. Further 

investigations on the isolation and purity of these molecules and many 

more are still under study.  

The diverse ways by which endophytes have been applied have been 

extensively discussed by many researchers, including anticancer, 

antiviral, and precursor for manufacturing many essential chemicals.
44-

45
 

 

 
Figure 2a: Multiple Sequence Alignment (MSA) of the query 

sequence of Aspergillus niger with a subject sequence using 

ClustalW Omega 

 

 
Figure 2b: MSA of query sequence of Aspergillus 

amstelodami with a subject sequence using ClustalW Omega. 



                                                    Trop J Nat Prod Res, April 2022; 6(4):572-579                       ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

576 
 © 2022 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

 
Figure 2c: MSA of query sequence of Rhodotorula 

mucilaginosa with a subject sequence using ClustalW Omega. 

 
Figure 2d: MSA of query sequence of Aspergillus niger with a 

subject sequence using ClustalW Omega. 

 

Table 5: Plant Site of Each Fungal Endophytes and Their Molecular Identity Search 
 

Fungi Code Plant Plant Parts No. of Nucleotide Bases Molecular Identity Using NCBI BLAST 

CPR-MAJ-LAU Carica papaya Root 563 Aspergillus niger 

JGR-MAJ-LAU Jatropha gossypifolia Root 571 Aspergillus amstelodami 

OGR-MAJ-LAU Occimum gratissimum Root 566 Aspergillus niger 

MIL-MAJ-LAU Mangifera indica Leaf 585 Rhodotorula mucilaginosa 

 

 
Figure 3a: Phylogenetic tree showing evolutionary 

relationships between JGR-MAJ-LAU and Aspergillus species 

retrieved at Gene bank Evolutionary history inferred by the 

neighbor-joining method [43] 

 
Figure 3b: Phylogenetic tree showing evolutionary 

relationships between MIL-MAJ-LAU and Aspergillus species 

retrieved at Gene bank. 
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Figure 3c: Phylogenetic tree showing evolutionary 

relationships between OGR-MAJ-LAU and Aspergillus 

species retrieved at Gene bank. 

 

 
Figure 3d: Phylogenetic tree showing evolutionary 

relationships between CPR-MAJ-LAU and Aspergillus species 

retrieved at Gene bank 

 
 

Figure 4: GC-MS Chromatogram of Metabolite Showing Multiple Peaks of Bio-molecules Present. 

 

 

Conclusion 

This research has shown that secondary endophytic fungi metabolites 

of fungi are reservoirs of valuable biomolecules which can be 

explored for applications in antimicrobial study. These metabolites 

have demonstrated inhibition against microbial pathogens which are of 

clinical origin. The arrays of these bioactive molecules were seen in 

the GC-MS Chromatogram peaks. They can be purified further to 

obtain pure compounds, which can later be scaled up by 

pharmaceutical industries and harnessed to manufacture drugs. It is 

highly recommended that bioactive molecules deposited in fungi be 

explored to detect new and novel substances for combating infectious 

agents that threaten lives. 
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