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A NOVEL endophytic fungal strain, Talaromyces verruculosus (AUMC15459), was 
successfully isolated from leaves of the medicinal plant Catharanthus roseus in Tripoli, 

Libya. The potential antimicrobial and antioxidant activity of the fungus was investigated. 
The ethyl acetate crude extract was assessed for its antibacterial activity against four standard 
pathogenic microbial strains: Bacillus subtilis (ATCC® 6633), Staphylococcus aureus 
(ATCC® 6538), Escherichia coli (ATCC® 25922), and Candida albicans (ATCC® 10231). 
Furthermore, the ethyl acetate crude extract showed an in vitro growth inhibition of all tested 
pathogenic bacteria and Candida species. Moreover, the antioxidant activity was assessed using 
a DPPH radical scavenging assay with a recorded IC50 of 277.9 µg/mL. Additionally, GC-MS 
was conducted to identify the effective compounds in the fungal ethyl acetate crude extract. 
The most predominant compounds found in the ethyl acetate crude extract, Butyl-2-ethylhexyl 
phthalate and Heptadecene-(8)-carbonic acid-(1), are known for their antibacterial and 
antioxidant activities. The endophytic Talaromyces verruculosus (AUMC15459) was submitted 
to GenBank under the accession code OR755888. The identified isolate is a prospective strain 
with efficient metabolites. To the best of our knowledge, this study represents the initial 
discovery of the broad-spectrum antimicrobial and antioxidant efficacy of the endophytic T. 
verruculosus AUMC15459 crude extract for potential applications in the medicinal field.
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Introduction                                                                   

Microorganisms, known as endophytes, live in 
various plant sections, usually without displaying 
any outward signs of illness. Endophytes have 
a variety of connections with their host plants, 
including symbiosis, pathogenesis, antagonistic 
relationships, and more. They can counteract 
stress on the plants, encourage plant development, 
and even trigger plant defense against pathogenic 
invasions (Khare et al., 2018). They produce 
similar secondary metabolites, enabling them to 
strengthen their host plants’ defense mechanism 

and are, therefore, essential for the ex-planta 
synthesis of these substances (Fadiji and Babalola 
2020). Moreover, these microbes are recognized 
for producing bioactive secondary metabolites, 
some of which hold potential applications as 
antioxidants, antifungals, antibacterials, and 
anticancer agents, thereby underscoring their 
significance in nature (Pham et al., 2020; Tiwari 
et al., 2017).

Notably, these substances are pivotal in 
the medical sector and mirror those produced 
originally by the host plants. Often, these 
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endophytes function as elicitors for the in vivo 
augmentation of bioactive secondary metabolites 
that their host plants generate, raising the rate at 
which these compounds are produced (Pandey et 
al., 2016). There are hundreds of these endophytic 
bacteria in Catharanthus roseus. Alternate names 
for it include Vinca rosea, Old Maid, Sadabahar, 
Cape periwinkle, and Madagascar periwinkle. 
It is a member of the Apocynaceae family, 
whose members are primarily utilized for their 
therapeutic qualities (Ayob and Simarani 2016).

Additionally, it is recognized for producing a 
wide range of terpenoid indole alkaloids, which 
are extremely significant in the medical field and 
include vincristine, vinblastine, catharanthine, 
ajmalicine, and vindoline (Almagro et al., 2015). 
One significant alternative strategy to combat the 
rising drug resistance of specific plant and human 
pathogens is the discovery of novel antimicrobial 
compounds from endophytes (Song, 2008; Yu 
et al., 2010). These substances can infiltrate 
and eliminate pathogenic microorganisms that 
impact humans and animals (Strobel et al., 
1999a, 1999b). Bioactive materials are known 
as antioxidant chemicals that stop oxidation. 
Bioactive compounds derived from endophytic 
fungi can efficiently scavenge reactive oxygen 
species (ROS) and superoxide radicals. It has 
been discovered that a wide variety of fungal 
endophytes generate potent oxidation inhibitors 
(Khan et al., 2017). 

This study aimed to identify a new 
endophytic fungal strain from the medicinal plant 
Catharanthus roseus cultivated in a different 
geographic region, such as Tripoli, Libya, and 
investigate its prospective antimicrobial and 
antioxidant potentiality. 

Material and Methods                                                    

Collection of Catharanthus roseus samples
Healthy plant parts, including roots, stems, 

leaves, and flowers, were collected from 
Catharanthus roseus plants cultivated in Tripoli, 
Libya.

Sample processing and endophytic isolation
All selected healthy plant parts were washed 

thoroughly in running tap water, followed by 
double distilled water before surface sterilization 
processing. Catharanthus roseus plants were 
surface sterilized using a previously reported 
protocol (Chen et al., 2013; Thongsandee et al., 
2013) with some modifications to isolate fungal 
endophytes. The plant parts were separated and 

subjected to subsequent steps of rinsing and 
washing for surface sterilization in an air laminar 
flow as follows: rinsing in 70% ethanol for 60 s, 
3.4% sodium hypochlorite (NaClO) for 30 s, and 
washing two or three times with sterile distilled 
water. The washed parts were dried using sterile 
filter papers and left until thoroughly dried. 
Isolation of endophytes from plant samples was 
processed by two methods. The first method was 
the surface-inoculation method, in which the 
sterilized plant tissues were cut into 1.0 × 1.0 cm 
pieces and placed on the surface of Sabouraud 
agar medium, supplemented with 50 µL mL-1 
amoxicillin to prevent bacterial contamination. 
The second method included grinding the surface-
sterilized plant tissues with 10 mL of sterile distilled 
water with a sterile mortar and pestle. Then, 1 mL 
of the obtained suspension was serially diluted, 
and 100 µL from each dilution was distributed 
on the same agar media. The inoculated plates 
from the two methods were incubated at 28oC 
± 2.0 till the emergence of fungal hyphae from 
plant tissues. 100 µL water sample from the last 
wash was inoculated on the prepared media to 
ensure the plant tissues were successfully surface 
sterilized. The obtained fungi were then purified 
and preserved on Sabouraud agar slants in a 
refrigerator for further experiments.

Fungal cultivation and preparation of the crude 
extract

For each isolated strain, 3 discs of 5 mm size 
were inoculated in a 250 mL flask containing 100 
mL of Sabouraud dextrose broth medium. The 
cultures were incubated at 28°C for 2 weeks. After 
incubation, the culture media of fungal isolates 
were filtered through Whatman filter paper No.1 
to harvest the mycelia. The supernatant was 
collected and used to extract the metabolites 
(Shams et al., 2009; Aslam et al., 2011). As a 
result, a 100 mL petroleum ether was used to 
extract the supernatant, and the pH was adjusted 
to 2.0 using 0.1 M HCL. In a separating funnel, 
two phases were formed and left to stabilize. 
The organic phase was eliminated by removing 
the petroleum ether layer. Subsequently, it was 
transferred to a conical flask and treated with 25% 
ammonium hydroxide to adjust the pH to 8.5. The 
lower aqueous layer was extracted using an equal 
volume of ethyl acetate.

After extraction, two phases were segregated 
using a separating funnel. The ethyl acetate layer 
was subsequently dehydrated and evaporated 
utilizing a rotary evaporator (IKA, RV10, 
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Germany) under vacuum at 150 rpm and a 45 °C 
water bath until complete dryness, adhering to the 
methodology outlined by Zhu et al. (2010). The 
dried crude extracts were dissolved in methanol 
for further studies (Chandrasekaran et al., 2014). 

Investigation of the biological activities of the 
fungal endophyte crude extract

Antimicrobial activity test
Three pathogenic bacterial strains, Escherichia 

coli (ATCC® 25922), Staphylococcus aureus 
(ATCC® 6538), and Bacillus subtilis (ATCC® 
6633), were obtained from the Microbiology 
Unit of the Central Laboratory of the Faculty of 
Science, Ain Shams University, Cairo, Egypt. 
Meanwhile, the pathogenic yeast strain of 
Candida albicans (ATCC® 10231) was obtained 
from Nawah Scientific Inc. (Mokatam, Cairo, 
Egypt). A disk diffusion test (Zaidan et al., 
2005) was conducted to assess the antimicrobial 
activity of the ethyl acetate crude extract. 100 
µL of test inocula at a concentration of 108 cfu.
mL-1 were distributed using sterile cotton swabs 
onto Muller-Hinton agar media (for the tested 
bacterial strains) and Sabouraud dextrose agar 
(for the Candida albicans strain). 100 µL of the 
crude alkaloid extract was loaded onto filter paper 
discs (1.5 cm diameter). The discs were air-dried 
and transferred to the surface of the agar medium. 
The plates were left in a refrigerator for 2 h (to 
allow for diffusion) and then incubated at 37°C 

for 24 h. The appearance of the inhibition zone 
(IZ) around the discs was recorded and measured. 
All antimicrobial tests were applied in triplicates, 
and the mean IZ in mm was taken. 

Antioxidant activity test
The antioxidant activity of the ethyl acetate 

crude extract was assessed using the DPPH (2, 
2-dipheny-l- picrylhydrazyl) radical scavenging 
assay. DPPH is a purple-colored stable free 
radical. The tested extract is incubated with 
DPPH, and the antioxidant molecules in the 
extract transform the DPPH into yellowish 
2,2- diphenyl-1- picrylhydrazine. The level of 
purple-to-yellow transformation reflects the 
scavenging capability of extracts that could be 
detected at 540 nm. To conduct the DPPH assay, 
fungal crude extract was prepared at a final 
concentration of 200, 300, 400, 500, and 750 
µg mL-1 in methanol. A trolox standard solution 
was prepared at 6 concentrations of 1.25, 
2.5, 5, 6.25, 7.5, and 10 µg mL-1 in methanol. 
In a 96-well plate, 100 µL of fresh DPPH 
reagent (0.1% in methanol) and 100 µL of the 
tested crude extract were added at each tested 
concentration. The reaction was then allowed 
to run at room temperature for 30 min in the 
dark. The subsequent decrease in DPPH color 
intensity was measured at 540 nm. Results were 
expressed as means ± SD through the following 
equation (Zheng et al., 2013; Boly et al., 2016): 

Microsoft Excel® was applied for data 
analysis. Besides, Graph pad Prism 6® was 
applied to estimate the IC50 value by converting 
the concentrations to their logarithmic value 
and selecting a non-linear inhibitor regression 
equation (log (inhibitor) vs. normalized response 
– variable slope equation) (Zheng et al., 2013; 
Boly et al., 2016).

Identifying the fungal endophytic strain
The most potent endophytic fungal strain that 

showed antimicrobial activity against all tested 
pathogenic strains and antioxidant activity was 
identified based on cultural morphology and 
microscopic characteristics (Moubasher, 1993). In 
addition, molecular identification was conducted 
as follows: a 7-day-old culture of the fungal strain 

was prepared on Czapek’s yeast extract agar 
(CYA) at 28°C. Fungal DNA was extracted using a 
Patho-gene-spin DNA/RNA extraction kit (Intron 
Biotechnology Company, Korea). PCR was 
carried out using the following primers: forward 
ITS1 primer 5’ - TCC GTA GGT GAA CCT GCG 
G – 3’ and reverse ITS4 primer 5’- TCC TCC 
GCT TAT TGA TAT GC - 3’. Then, the recovered 
amplicons were sequenced (White et al.,1990). 
The resulting sequence was submitted to the 
BLAST tool on the website https://blast.ncbi.nlm.
nih.gov. The nucleotide sequences were aligned, 
and phylogenetic analysis was conducted using 
MegAlign software version 5.05. The endophytic 
Talaromyces verruculosus (AUMC15459) was 
deposited in the GenBank under accession no. 
OR755888.
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Gas chromatography-mass spectrometry analysis 
(GC-MS) methodology                         

The GC-MS system (Agilent Technologies) 
was equipped with a gas chromatograph (7890B) 
and mass spectrometer detector (5977A) at 
Central Laboratories Network, National Research 
Centre, Cairo, Egypt. The GC had an HP-5MS 
column (30 m x 0.25 mm internal diameter and 
0.25 μm film thickness). Analyses were conducted 
using helium as the carrier gas at a 2.0 mL/min 
flow rate at a splitless injection volume of 2 µL. 
The temperature program consisted of an initial 
2-minute period at 45°C, followed by a 10°C/min 
increase to 310°C, held for 10 minutes; further 
elevated at 10°C/min to 325°C, and maintained 
for 5 minutes. The injector and detector were held 
at 280°C and 280°C, respectively. Mass spectra 
were obtained by electron ionization (EI) at 70 eV, 
using a spectral range of m/z 50-550. Different 
constituents were identified by comparing the 
spectrum fragmentation pattern with those stored 
in Wiley and NIST Mass Spectral Library data 
(El-Hagrassi et al., 2020). GC-MS was employed 
to identify the compounds responsible for the 
broad biological spectrum. 

Statistics
All tests were performed in triplicates, 

statistical significance was assessed using a 
one-way ANOVA (analysis of variance, SPSS 
software v.18) test, and the means were compared 
with Duncan’s test at 0.05 level.  

Results                                                                                             

Endophytic isolation from Catharanthus roseus
36 fungal isolates were purified from 

Catharanthus roseus collected samples: 13 
isolates from roots, 9 from stem, 4 from leaves, 
and 10 from flowers.

Investigation of the biological activities of the 
fungal endophyte crude extract 
Antimicrobial activity of crude extract of 
Talaromyces verruculosus 

As presented in Figure 1 and Table 1, the tested 
crude extract displayed a significant (P ≤ 0.05) 
capability in controlling the tested pathogenic 
bacterial and yeast strains. The crude extract of 
T. verruculosus presented a broad antimicrobial 
spectrum. It formed a maximum significant clear 
inhibition zone of 44 mm ± 0.0000a towards 
the Gram-positive bacterial strain of S. aureus 
ATCC® 6538. Moreover, close mean inhibition 
zones’ values of 38.6 mm ± 0.5507b and 37 mm 
± 0.1000b were recorded for the Gram-negative 
bacterial strain of E. coli ATCC® 25922 and 
B. subtilis ATCC® 6633, respectively, with 
no significant differences between them. In 
addition, the crude fungal extract showed a lower 
significant (P ≤ 0.05) clear inhibition zone of 19.3 
mm ± 0.0577c for the yeast strain of C. albicans 
ATCC® 10231. 

Antioxidant activity of crude extract of 
Talaromyces verruculosus 

The ability of the extract to scavenge free 
radicals was investigated using DPPH, a stable free 
radical with a distinctive absorbance at 540 nm. 
The absorption diminishes as antioxidants give 
protons to this radical. The sample was evaluated 
against this radical at various concentrations, and 
readings were recorded by observing a decrease 
in absorbance, indicating the degree of radical 
scavenging property. The sample’s scavenging 
abilities were assessed alongside the reference 
“trolox.” The recorded IC50 value was 277.9 ± 
2.63 µg mL-1 (Figure 2). 

Fig.1.  Antimicrobial activity of the crude extract of Talaromyces verruculosus (AUMC15459) against tested strains, 
(a) E. coli, (b) S. aureus, (c) B. subtilis, and (d) C.  albicans.
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TABLE1. Mean values of inhibition zones (mm) ± standard deviation (SD) recorded from the different tested 
microbial strains after treatment by the crude extract of Talaromyces verruculosus.

Microbial Strains Inhibition Zones (mm) ± (SD)

E. coli 38.6±0.5507b

S. aureus 44±0.0000a

B. Subtilis 37±0.1000b

C. albicans 19.3±0.0577c 

Data are shown as the mean ± SD of triplicate measurements from independent experiments. a-c means with different 
superscripts in the same column are considered statistically different (LSD test, P ≤ 0.05).

Fig.2. DPPH scavenging activity inhibition percentages exhibited by crude extract of T. verruculosus with standard 
trolox. 

Fungal identification
Macroscopic and microscopic criteria 

of the most potent endophyte fungus with 
positive antimicrobial, and antioxidant activity 
is represented in Figure 3 (a, b).  The cultural 
morphology on Czapek`s yeast agar medium 
at 28 oC for 15 days. Colony surface showing 
green to olive green color and brown reverse. The 
microscopic characteristics after staining with 
lactophenol cotton blue stain showed pigmented 
conidiophores. Conidiophores terminating in 
metulae and lanceolate phialides which produce 
chains of spheroidal unicellular conidia. The 
nucleotide sequence of the fungal partial 
sequence of the internal transcribed spacer 1 
coding gene sequence (556 bp) showed 99.64% 
- 100.0% identity and 99%-100% coverage with 
several strains of Talaromyces verruculosus. 
The nucleotide sequence was submitted at the 

GenBank database under accession number 
OR755888.  Phylogenetic tree was constructed 
to illustrate the phylogenetic relation between 
Talaromyces verruculosus (AUMC15459) and 
related strains in the GenBank. Figure (4).

GC-MS analysis of the T. verruculosus extract
Using GC-MS to analyze the crude extract of 
Talaromyces verruculosus (AUMC15459), it was 
possible to identify the chemical components of 
the fungal extract. The n-hexane fraction of the 
tested fungal extract revealed the existence of a 
diverse range of chemicals. The total peak areas, 
the molecular weights, the molecular formulas, and 
the retention times of the discovered compounds 
included in the extract are listed in Table 2. The 
total peak area of the detected compounds is 
90.13 %. The obtained GC-MS chromatogram 
is displayed in Figure 5. In the T. verruculosus 
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Fig.3. The macroscopic characteristics of Talaromyces verruculosus AUMC15459 Colony appearance on Czapek`s 
yeast agar after 15 days at 28⁰C (a) and the microscopic examination (b).

Fig. 4. Phylogenetic tree based on ITS sequences of rDNA of the fungal sample isolated in the present study 
(Talaromyces verruculosus AUMC 15459, GenBank accession OR755888, arrowed) aligned with sequences 
of closely related strains in the GenBank. This strain showed 99.64% - 100.0% identity and 99%-100% 
coverage with several strains of T. verruculosus including the type strain NRRL1050 (KF741994). 
Aspergillus nidulans is included as outgroup strain. A.= Aspergillus, and T. = Talaromyces.

extract, 15 compounds were detected. The major 
compounds were butyl-2-ethylhexyl phthalate 
(52.99%), heptadecene-(8)-carbonic acid 
(21.69%), and triethyl phosphate (4.54%), which 
represented 79.22 % of the total peak areas. The 
rest of detected compounds were benzoic acid, 
4-[(1,3-dihydro-1,3-dioxo-2H-isoindol-2-yl)-
NNO-azoxy]-, methyl ester (2.72%), 10-methoxy-
nb-alphamethyl corynantheol (2.21%), methyl 
12,13-tetradecadienoate (1.04%), 2-cinnamoyl-

2-(N-phenylamino) ethyl t-butyl ketone (1.00%), 
glycerine-1,3-diolein (0.84%), cyclopentyl-
methyl phosphonic acid, 2-isopropyl-5-
methylcyclo hexyl ester (0.64%), (7-Oxo-2-
oxa-7-thiatricyclo [4.4.0.0 (3,8)] decan-4-ol 
(0.47%), methyl 9,10-octadecadienoate (0.47%), 
1,1-dideuterio-hexadecanyl methane sulfonate 
(0.38%), and hexyl(methylidyne) ammonium 
(0.29%), for which represented 20.78% of the 
total peak areas.   
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Fig. 5. GC/MS analysis of n-hexane fraction of the extracted crude from the identified fungal strain.

Discussion                                                                                     

Medicinal plants provide people with 
medicines to prevent disease, maintain health, or 
cure ailments (Balick et al., 1996). Catharanthus 
roseus is an important medicinal plant that is a vital 
source of alkaloids, indole, phenolics, and other 
compounds. It is an essential herbal drug because 
different plant parts are used as antimicrobial 
agents and antioxidants (Patil and Ghosh, 2010; 

TABLE 2. GC/MS analysis of the extracted crude from the identified fungal strain.
 

Peak
No.

Rt

(min.)
MF

Area
%

Identified compounds

1 3.184 C7H13N 0.29 Hexyl(methylidyne) ammonium
2 7.459 C6H15O4P 4.54 Triethyl phosphate

3 16.746
C16H11N3O5

2.72
Benzoic acid, 4-[(1,3-dihydro-1,3-dioxo-2H-
isoindol-2-yl)-NNO-azoxy]-, methyl ester, (Z)-;

4 17.564 C20H26O4 52.99 Butyl-2-ethylhexyl phthalate

5 17.678
C21H29N2O2

2.21 10-Methoxy-nb-alphamethyl corynantheol

6 19.412 C18H34O2 21.69 Heptadecene-(8)-carbonic acid-(1)

7 19.527
C21H29N2O2

0.57 10-Methoxy-nbalpha methyl corynantheol

8 21.861 C15H26O2 1.04 Methyl 12,13-tetradecadienoate:

9 22.027 C8H12O3S 0.47
(7-Oxo-2-oxa-7-thiatricyclo [4.4.0.0 (3,8)] decan-
4-ol

10 22.422 C21H25NO 1.00
2-Cinnamayl-2-(N-phenylamino) ethyl t-butyl 
ketone

11 22.788 C17H34D2O3S 0.38 1,1-Dideuterio-hexadecanyl methane sulfonate

12 24.156
C16H31O2P

0.64
Cyclopentyl-methylphosphinic acid, 2-isopropyl-
5-methylcyclo hexyl ester

13 29.54 C19H34O2 0.47 Methyl 9,10-octadecadienoate

14 32.321
C19H34O2

0.28 Heptadecene-(8)-carbonic acid-(1)

15 38.289
C39H72O5

0.84
Glycerine-1,3-diolein

Rt: Retention time                     MF: Molecular formul

Bhutkar and Bhise, 2011). Furthermore, it has 
been used to treat various diseases, such as cancer, 
diabetes, hypertension, and menstrual disorders 
(Hisiger and Jolicoeur, 2007). Endophytic fungi 
have been found in each plant species examined, 
and it is estimated that over one million fungal 
endophytes exist in nature (Petrini, 1991). Fungi 
are the most frequent endophytes as they can 
survive asymptomatically in the tissues of plants 
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aboveground and belowground as roots, stems, 
and leaves (Staniek et al., 2008). The relationship 
of fungal endophytes with their host plants 
depends upon the host genotype, the genotype of 
the endophyte, and the environment in which they 
grow (Unterseher and Schnittler, 2010; Salam 
et al., 2017). Horizontal gene transfer (HGT) 
refers to the transmission of genetic material 
across the genomes of biological organisms 
by processes other than fertilization. HGT is a 
universal phenomenon observed in bacterial, 
fungal, and eukaryotic genomes (Bansal and 
Meyer, 2002; Vos et al., 2015). Because natural 
selection favors the evolution of beneficial 
endophytic strains, several endophytes have been 
identified for secreting secondary metabolites that 
protect plants against insect pests, pathogenetic 
organisms, and herbivores (Saikkonen et al., 
2004). Thus, endophytes represent a promising 
source of novel, biologically active metabolites 
for pharmacological and agricultural applications 
(Dreyfuss and Chapela, 1994; Schulz et al., 2002). 
In the current study, crude extract of Talaromyces 
verruculosus exhibited a broad, significant 
(P ≤ 0.05) antimicrobial activity against all 
tested microbial pathogens (Escherichia coli 
ATCC®25922, Staphylococcus aureus TCC® 
6538, Bacillus subtilis ATCC® 6633, and 
Candida Albicans ATCC® 10231). Previous 
studies showed that fungal endophytic Alternaria 
alternata crude extract displayed significant 
biological activities as an antimicrobial and anti-
mycotoxigenic agent for a bioactive chemical 
extracted from Catharanthus roseus (leaf tissues) 
(Sudharshana et al., 2019). Both endophytic fungi, 
Alternaria sp. (plant host; Withania somnifera) 
and Colletotrichum sp. (plant host; Moringa 
oleifera), have demonstrated antibacterial activity 
towards E. coli and Staphylococcus aureus in 
their ethanolic extract (Atri et al., 2020). In 
agreement with this study, Talaromyces sp. (plant 
host; Kandelia candel L. Druce) has biological 
activities as an antifungal and antibacterial agent 
towards Pseudomonas aeruginosa, Sarcina 
ventriculi, and E. coli (Liu et al., 2010). In the 
current study, the antimicrobial activity of crude 
extract of Talaromyces verruculosus against 
the tested microbial pathogens was studied 
by measuring the inhibition zone by the disc 
diffusion assay. The crude extract of Talaromyces 
verruculosus exhibited considerable microbial 
growth controlling against the tested microbial 
pathogens: Escherichia coli ATCC®25922, 
Staphylococcus aureus ATCC®6538, Bacillus 

subtilis ATCC®6633, and Candida Albicans 
ATCC®10231.

In the present study, the crude extract of 
Talaromyces verruculosus displayed significant 
biological activity with its antioxidant behavior 
through DPPH scavenging. It was reported 
that the ethyl extract from C. roseus-associated 
Chaetomium nigricolor had been found to have 
antioxidant, cytotoxic, and apoptotic properties 
(Dhayanithy et al.,2019). Endophytic fungi 
(Arthinium sp., Colletotrichum sp., and Diaporthe 
sp.) related to Aquilaria subintegra tend to 
produce a wide range of bioactive compounds 
with potent antioxidant effects estimated through 
DPPH scavenging assay (Monggoot et al., 2017). 
According to an in vitro study, the endophytic 
fungal strains of the genus Fusarium sp. that host 
Fritillaria unibracteata are potent at producing 
antioxidants, such as gallic acid, rutin, and 
phlorizin (Pan et al., 2017).

Concerning the results of gas-chromatography/
mass-spectrometry (GC-MS) analysis of the 
fungal extract, which contains the bioactive 
constituents that might be responsible for the 
antimicrobial and antioxidant activities, their 
compatibility with relevant studies was explored 
(Table 1). Some previous studies detected 
bioactive components such as alkaloids, acids, 
phosphates, aldehydes, ketones, flavonoids, 
hydrocarbons, phenolics, esters, and additional 
compounds in other endophytic fungal species. In 
this study, 15 constituents were detected by GC-
MS analysis in the fungal crude extract. The major 
constituents have been detected in Talaromyces 
verruculosus crude extract were; butyl-2-
ethylhexyl phthalate (52.99 %), heptadecene-(8)-
carbonic acid (21.69%), triethyl phosphate (4.45 
%), and benzoic acid, 4-[(1,3-dihydro-1,3-dioxo-
2H-isoindol-2-yl)-NNO-azoxy]-, and methyl 
ester (2.72 %). The findings of this study agree 
with numerous previous scientific studies (Habib 
and Karim, 2009; Tarik et al., 2019; Bratty et al., 
2020; Siswadi and Saragih, 2020). Certain hexyl-
ammonium compounds exhibit antimicrobial 
properties and can be used as antimicrobials in 
various applications. Depending on the specific 
microorganism targeted, these compounds may 
have bactericidal or fungicidal effects. Quaternary 
ammonium compounds (QACs), particularly 
those bringing long hydrocarbon chains, show a 
broad-spectrum antimicrobial activity to gram-
positive and gram-negative bacteria, fungi, and 
some viruses (Simoncic and Tomsic, 2010). 
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Several prior studies have examined benzoic 
acid’s antioxidant properties, antifungal activity, 
and its derivatives against Candida albicans 
(Hsuan et al., 2021). Furthermore, recent research 
has examined the antioxidant and antimicrobial 
properties of butyl-2-ethylhexyl phthalate (Singh 
et al., 2021). The antioxidant activity properties 
of methyl 12,13-tetradecadienoate (Gupta et al., 
2023; Oli et al., 2023), in addition to the antioxidant 
and antimicrobial potentials of heptadecene-(8)-
carbonic acid compound (Iqbal et al., 2024) were 
reported. All these pertinent results contribute to 
the significance of this study. In summary, most 
of these outcomes align with the findings of the 
present investigation. This study proved the 
antimicrobial and antioxidant activities of the 
fungus Talaromyces verruculosus, which should 
be considered a novel and prospective source 
for antimicrobial and antioxidant producers. 
Optimizing the growing conditions of endophytes 
is essential for the large-scale production of these 
noteworthy bioactive secondary metabolites and 
for evaluating the cytotoxicity of the compounds.                                   

Conclusion                                                                                 

This study proved the potential biological 
activities of the novel identified fungus, 
Talaromyces verruculosus AUMC15459, isolated 
from the Catharanthus roseus plant in Libya, 
which should be considered a prospective 
alternative source of antimicrobial and antioxidant 
compounds. In future research, it is imperative 
to optimize fungal cultivation conditions and 
investigate the cytotoxicity of the fungal crude 
extract to facilitate the application of these 
outstanding bioactive secondary metabolites on a 
potential large-scale industrial level. 

Acknowledgment
All thanks to Faculty of Pharmacy, Elmergib 

University, Al-khoms, Libya and Faculty of 
Science, Ain Shams University, Cairo, Egypt for 
their contentious support.

Ethical approval: Not applicable

Research involving Human Participation and/or 
Animals: Not applicable 

Competing interests: The authors declare no 
conflict of interest 

Authors contribution: SJ article investigation, 
conducting the experiments, recording the obtained 
results, data analysis, providing resources, and 
contribution in manuscript writing, reviewing and 

editing. AGZ article investigation, designing and 
conducting experiments, data analysis, designing 
the statistical modeling, data representation, 
preparing the original draft, manuscript revising 
and editing. EHE and ST suggested the 
research point, providing supervision, designing 
experiments, and participated in manuscript 
writing, reviewing, and editing. All authors 
reviewed the article. 

Funding: None 

Availability of data and materials: All data 
generated or analyzed during this study are 
included in this published article.

References                                                                                                        

Almagro L, Fernández-Pérez F, Pedreño MA 
(2015) Indole alkaloids from Catharanthus roseus: 
bioproduction and their effect on human health. 
Molecules. 20(2):2973–3000

Aslam J, Mujib A, Sharma MP (2011) Influence of 
freezing and non-freezing temperature on somatic 
embryogenesis and vinblastine production in 
Catharanthus roseus (L.) G. Don. Acta Physiol 
Plant. 33(2):473-80

Atri N, Rai N, Singh AK, Verma M, Barik S, Gautam 
V, Singh SK (2020) Screening for endophytic fungi 
with antibacterial efficiency from Moringa oleifera 
and Withania somnifera. J Sci Res. 64(1):127-133

Ayob FW, Simarani K (2016) Endophytic filamentous 
fungi from a Catharanthus roseus: Identification 
and its hydrolytic enzymes. Saudi Pharm. J. 
24:273–278 

Balick MJ, Elisabetsky E, Laind, SA (1996) Medicinal 
resources of the tropical forest: Biodiversity and its 
importance for human health. Columbia University 
Press, New York. pp 440.Medicinal-Resources-
TropicalForestMichael/dp/0231101716?asin=0231
101716&revisionId=&format=4&depth=1

Bansal AK, Meyer TE (2002) Evolutionary analysis 
by whole-genome comparisons. J Bacteriol. 
184:2260–2272

Bhutkar M, Bhise S (2011) Studies on antioxidant 
properties of Catharanthus roseus and 
Catharanthus alba. J Curr Pharma Res. 1(4):337

Boly R, Lamkami T, Lompo M, Dubois J, Guissou 
I (2016) DPPH Free Radical Scavenging Activity 
of Two Extracts from Agelanthus dodoneifolius 
(Loranthaceae) Leaves. International Journal of 
Toxicological and Pharmacological Research. 



10

Egypt. J. Bot. 64, No.2 (2024)

SAFINAZ J. ABURAGAEGAH. et al.

8(1):29-34

Bratty MA, Makeen HA, Alhazmi HA, Syame SM, 
Homeida HE, Sultana S (2020) Phytochemical. 
Cytotoxic, and antimicrobial evaluation of the fruits 
of miswak plant, Salvadora persica L. Journal of 
Chemistry. Article ID 4521952

Chandrasekaran N, Vanitha M, Kaavyalakshmi M 
(2014) Extraction of vindoline from Catharanthus 
roseus and instrumental model of automatic column 
chromatography by using PLC. Int J Chemtech 
Res. 6(9):4216-24

Chen XY, Sui C, Wei JH, Gan BC, Wang DL, Feng 
JD (2013) Isolation of endophytic fungi from 
Huperziaserrata grown in Guangxi Province, China 
Med Plant Res 7:2638–2644

Dhayanithy G, Subban K, Chelliah J (2019) 
Diversity and biological activities of endophytic 
fungi associated with Catharanthus roseus. BMC 
Microbiol 19(1):22

Dreyfuss MM, Chapela IH (1994) Potential of 
fungi in the discovery of novel low-molecular 
weight pharmaceuticals. In: The discovery of 
natural products with therapeutic potential (e.d. 
Gullo V. P.). Butterworth-Heinemann, London, 
UK: 49 – 80 .https://www.oreilly.com/library/
view/discovery-of-novel/9780750690034/xhtml/
B9780750690034500095.htm  

El-Hagrassi A, Ghoson D, Waill E, Eman A, Asmaa 
NE, Walid, F, Mohamed S, Riham S, May El, 
Ting CW (2020) In vitro bioactive potential 
and chemical analysis of the n-hexane extract of 
the medicinal mushroom; Cordyceps militaris. 
Malaysian J. of Microbiology. 16(1):40-48 

Fadiji AE, Babalola OO (2020) Elucidating 
mechanisms of endophytes used in plant protection 
and other bioactivities with multifunctional 
prospects. Front. Bioeng. Biotechnol. 8:467 

Gupta A, Sharma R, Kumar N, Bansal M (2023) 
Phytochemical screening, gas chromatography-
mass spectrometry, and in vitro antioxidant 
potential of Dryopteris marginalis. Journal of 
Advanced Scientific Research. 14(10):13-21                                            

Habib MR, Karim MR. (2009) Antimicrobial and 
Cytotoxic Activity of Di-(2-ethylhexyl) Phthalate 
and Anhydrosophoradiol-3-acetate Isolated from 
Calotropis gigantea (Linn.) Flower. Mycobiology. 
37(1):31-36 

Hisiger S, Jolicoeur M (2007) Analysis of Catharanthus 
roseus alkaloids by HPLC. Phytochem Rev. 6(2-

3):207-234

Hsuan H, Sheth CC, Veses V (2021) Herbal Extracts 
with Antifungal Activity against Candida albicans: 
A Systematic Review. Mini Reviews in Medicinal 
Chemistry. 21(1):90-117

Iqbal A, Imran M, Badshah S L, Shami A, Ali, B, Shah 
Z, et al. (2024) Biochemical profile of Vaucheria 
karachiensis and evaluation of its nutritional, 
antioxidant, antimicrobial, and hypoglycemic 
potentials. Algal Research. 77:103346                                                          

Khan AL, Gilani SA, Waqas M, Al-Hosni K, Al-
Khiziri S, Kim YH, Ali L, Kang SM, Asaf S, 
Shahzad R (2017) Endophytes from medicinal 
plants and their potential for producing indole acetic 
acid, improving seed germination and mitigating 
oxidative stress. J Zhejiang Univ. Sci. B. 18(2):125

Khare E, Mishra J, Arora NK (2018) Multifaceted 
interactions between endophytes and plant: 
Developments and prospects. Front. Microbiol. 
9:2732

 Liu F, Cai XL, Yang H, Xia XK, Guo, ZY, Yuan 
J, Li MF, She ZG, Lin YC (2010) The bioactive 
metabolites of the mangrove endophytic fungus; 
Talaromyces sp. ZH-154 isolated from Kandelia 
candel (L.) Druce. Planta Med. 76(2):185–189

Monggoot S, Popluechai S, Gentekaki E, Pripdeevech 
P (2017) Fungal endophytes: an alternative 
source forproduction of volatile compounds from 
agarwood oil of Aquilaria subintegra. Microb Ecol. 
74(1):54–61

Moubasher AH (1993) Soil fungi in Qatar and other 
Arab countries. The Centre for Scientific and 
Applied Research. Doha, Qatar

Oli S, Kumar CH, Kumar BA, Agnihotri S, Dobhal 
P (2023) Bioactive compound, polyphenol content, 
and antioxidant activity of Asparagus racemosus 
Linn. root extract. Natural Product Research. 1-6

Pan F, Su TJ, Cai SM, Wu W, Wang Z, Tamada 
K, Takumi T, Hashimoto R, Otani H, Pazour 
GJ (2017) Fungal endophyte-derived Fritillaria 
unibracteata var. wabuensis: diversity, antioxidant 
capacities in vitro and relations to phenolic, 
flavonoid or saponin compounds. Sci Rep. 7(1):1–
14

Pandey SS, Singh S, Babu CSV, Shanker K, 
Srivastava NK, Shukla AK, Kalra A (2016) 
Fungal endophytes of Catharanthus roseus 
enhance vindoline content by modulating structural 
and regulatory genes related to terpenoid indole 



11 ANTIMICROBIAL AND ANTIOXIDANT ACTIVITIES OF ENDOPHYTIC TALAROMYCES ... 

Egypt. J. Bot. 64, No. 2 (2024)

alkaloid biosynthesis. Sci. Rep. 6: 26583

Patil P J, Ghosh JS (2010) Antimicrobial activity 
of Catharanthus roseus—a detailed study. Br J 
Pharmacol Toxicol. 1(1):40–4

Petrini O (1991) Fungal endophytes of tree leaves. In: 
Andrews, J.H. and Hirano, S.S. (Eds.) Microbial 
Ecology of Leaves. Springer-Verlag, New York, 
USA, pp 179-197.https://link.springer.com/
chapter/10.1007/978-1-4612-3168-49 

Pham HNT, Vuong QV, Bowyer MC, Scarlett CJ 
(2020) Phytochemicals derived from Catharanthus 
roseus and their health benefits. Technologies 8:80                                                   

Saikkonen K, Wali P, Helander M, Faeth SH (2004). 
Evolution of endophyte-plant symbiosis. Trends in 
Plant Science. 9:275-280

Salam N, Khieu TN, Liu MJ, Vu TT, Chu-Ky S, 
Quach NT, Phi QT, Rao N, Prabhu M, Fontana 
A (2017) Endophytic actinobacteria associated 
with Dracaena cochinchinensis Lour.: isolation, 
diversity, and their cytotoxic activities. Biomed 
Res Int. Article ID: 1308563

Schulz B, Boyle C, Draeger S, Römmert A, 
Krohn K (2002) Endophytic fungi: a source of 
novel biologically active secondary metabolites. 
Mycological Research. 106:996-1004

Shams K, Nazif N, Azim N, Shafeek K, Missiry 
M, Ismail S, Nasr M (2009) Isolation and 
characterization of antineoplastic alkaloids from 
Catharanthus roseus l. Don. cultivated in Egypt. 
Afr J Tradit Complement Altern Med. 6(2)

Simoncic, B. and Tomsic, B. (2010). Structure of 
novel antimicrobial agents for textile- A review. 
Text. Res. J. pp 1-17 

Singh N, Mansoori A, Jiwani G, Solanke AU, Thakur 
TK, Kumar R, Chaurasiy M, Anirudh K (2021) 
Antioxidant and antimicrobial study of Schefflera 
vinosa leaves crude extracts against rice pathogens. 
Arabian Journal of Chemistry. 14(7):103243

Siswadi S, Saragih GS (2020) Phytochemical analysis 
of bioactive compounds in Ethanolic extract of 
Sterculia quadrifida R. Br. International Conference 
on Life Sciences and Technology. AIP. Conf. Proc. 
030098-1-7

Song JH (2008) What is new on the antimicrobial 
horizon? Int. J. Antimicrobial Agents. 32: S207 – 
S213 

Staniek A, Woerdenbag HJ, Kayser O (2008) 

Endophytes: exploiting biodiversity for the 
improvement of natural product-based drug 
discovery. J. Plant Interact. 3:75–93

Strobel GA, Ford E, Li J, Sears J, Sidhu RS, Hess 
W.(1999a) Seimatoantlerium tepuiense gen. nov., 
a unique epiphytic fungus producing taxol from 
the Venezuelan Guyana. Syst Appl Microbiol. 
22(3):426–433

Strobel GA, Miller RV, Martinez-Miller C, 
Condron MM, Teplow DB, Hess WM. (1999b) 
Cryptocandin, a potent antimycotic from the 
endophytic fungus; Cryptosporiopsis cf. quercina. 
Microbiology. 145(8):1919–1926

Sudharshana T, Venkatesh H, Nayana B, Manjunath 
K, Mohana D (2019) Anti-microbial and anti-
mycotoxigenic activities of endophytic Alternaria 
alternata isolated from Catharanthus roseus (L.) 
G Don: molecular characterisation and bioactive 
compound isolation. Mycology. 10(1):40–48

Tarik EA, Mohammed AA, Hafez M, El-Shaaer M, 
Hassan M, Ahmed MF, Hassanin NM (2019) 
Reaction of 2-imino-2H-chromene-3-carboxamide 
with some phosphorus esters: Synthesis of 
some novel chromenes containing phosphorus 
heterocycles and phosphonate groups and their 
antioxidant and cytotoxicity properties, Synthetic 
Communications. 49(21) 2983-2994

Thongsandee W, Matsuda Y, Shimizu M, Ehara H, 
Ito S (2013) Isolation of endophytic streptomycetes 
from above- and belowground organs of Quercus 
serrata. J For Res 18:179–189

Tiwari P, Nithya R, Mahalingam G (2017) 
Antidiabetic activity of endophytic fungi isolated 
from Ficus religiosa. Asian J. Pharm. Clin. Res. 
10:59 

Unterseher M, Schnittler M (2010) Species richness 
analysis and ITS rDNA phylogeny revealed the 
majority of cultivable foliar endophytes from beech 
(Fagus sylvatica). Fungal Ecol. 3(4):366–378 

Vos M, Hesselman MC, Te-Beek TA, Van-Passel 
MWJ, Eyre-Walker A (2015) Rates of Lateral 
gene transfer in prokaryotes: High but why? 
Trends. Microbiol. 23:598–605

White TJ, Bruns T, Lee S, Taylor J (1990) 
Amplification and direct sequencing of fungal 
ribosomal RNA genes for phylogenetics. In PCR 
Protocols: A guide to Methods and Applications 
(ed. M AInnis, DH Gelfand, JJ Sninsky, T. J. White) 
pp 315-322 Academic Press: San Diego, USA



12

Egypt. J. Bot. 64, No.2 (2024)

SAFINAZ J. ABURAGAEGAH. et al.

Yu H, Zhang L, Li L, Sun P, Qin L, et al. (2010) 
Recent developments and future prospects of 
antimicrobial metabolites produced by endophytes. 
Microbiol, Res. 165:437–449

Zaidan MR, Noor-Rain A, Badrul AR, Adlin A, 
Norazah A, Zakiah I (2005) In vitro screening 
of five local medicinal plants for antibacterial 
activity using; disc-diffusion method. Trop biomed 
22(2):165-170

السليمة  والأزهار  والأوراق  والسيقان  الجذور  من  الداخلية  الدقيقة  الحية  الفطريات  عزل  تم  الدراسة  هذه  في 
لنبات الكاثارانثوس روزيوس الطبية المزروعة في طرابلس ، ليبيا كتضاد ميكروبي ومضاد للأكسدة ، من بين 
هذه العزلات :Talaromyces verruculosus AUMC15459  والذي تم تحديده شكلياً وجزيئياً وتسجيله 
   T. verruculosu المستخلص   في  الميكروبات  مضادات  نتجية  اظهرت   .NBCI العالمي  الجينات  بنك  في 
التي تم اختبارها (ايشيريشيا كولاى ، أستافيلوكوكاس أورياس، باسيلاس  الميكروبات الاربعة الممرضة  تجاه 
كمضاد  اظهر  كما  المستخدمة  الممرضة  الميكروبات  على  وفعالا  قويا  تاثيرا  البيكانس)  ،وكانديدا  سبتيلس 
 IC50،) نتيجة T. verruculosus AUMC15459 لمستخلص DPPH للأكسدة عبرمقايسة الكسح الجذري
تم إجراء GC-MS للتعرف على المركبات الفعالة للمستخلصات الفطرية  277.9 ميكروغرام/مل) ، وأخيراً 
Talaromyces verruculosus. اكتشفت هذه الدراسة فعالية الكائنات الحية الدقيقة الداخلية للسلالات فطرية 

جديدة لنبات الكاثارانثوس روزيوس البنفسجية  ذات التطبيقات  المحتملة على نطاق واسع في المجال الطبي.
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