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Emerging drug-resistant bacteria creates an urgent need to search for antibiotics drugs with novel mechanisms of action.
Endophytes have established a reputation as a source of structurally novel secondary metabolites with a wide range of biological
activities. In the present study, we explore the antibacterial potential of endophytic fungi isolated from different tissues of
Terminalia mantaly, Terminalia catappa, and Cananga odorata. The crude ethyl acetate extracts of 56 different endophytic
fungi were screened against seven bacterial strains using the broth microdilution method. The antibacterial modes of action of
the most active extracts (04) were evaluated using E. coli ATCC 25922 and H. influenzae ATCC 49247 strains. Both the DPPH
and FRAP assays were used to investigate their antioxidant activity, and their cytotoxicity against the Vero cell line was
evaluated using the MTT assay. Out of the 56 crude extracts tested, about 13% were considered very active, 66% partially active,
and 21% nonactive against all tested bacterial strains with MIC values ranging from 0.32 yg/mL to 25 ug/mL. The four more
potent extracts (MIC <5 ug/mL) (from Aspergillus sp. N454, Aspergillus sp. N13, Curvularia sp. N101, and Aspergillus sp. N18)
significantly lysed the bacteria cells, increased outer membrane permeability, reduced salt tolerance, and inhibited bacterial
catalase activity. They exhibited a DPPH free radical scavenging activity with ICy, ranging from 150.71 to 936.08 ug/mL. Three
of the four potent extracts were noncytotoxic against the Vero cells line (CCs, > 100 ug/mL). Results from this investigation
demonstrated that endophytes from Cameroonian medicinal plants might content potent antibacterial metabolites. The
bioguided fractionation of these potent extracts is ongoing to isolate and characterise potential active ingredients.

1. Introduction

Pneumonia, a type of acute respiratory tract infection that
affects the lungs, is considered one of the significant public
health concerns. This disease is caused by several infectious
agents, including bacteria, viruses, fungi, and parasites with
bacteria responsible for most cases of mortality and morbid-
ity. In fact, in 2017, pneumonia caused by bacteria was
responsible for 808 694 children’s death worldwide, with
most of the cases reported in developing countries [1, 2].

For instance, pneumonia was responsible for 33.5% of
morbidity among children under-five at the Wondo Genet
district in Ethiopia [3] and 11.5% of deaths of children
under-five in Cameroon in 2018 [4]. For the management
of pneumonia, vaccines for the prevention (23-valent pneu-
mococcal polysaccharide vaccine (PPV23), pneumococcal
conjugate vaccine (PCV 13)) are available despites their lim-
ited protection [5]. On the other hand, antibiotics recom-
mended and usually prescribed for the treatment are costly,
inaccessible by the indigenous population, have several
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undesirables side effects, and more importantly, there is an
increasing loss of effectiveness due to the emergency
multidrug-resistant bacteria strains [1, 6]. Therefore, it is cru-
cial and urgent to search for novel, more effective, less toxic,
and safe antibiotic drugs with multiple modes of action to
fight pathogens resistance [7].

Over the past two decades, endophytic fungi have been
reported as excellent sources of structurally novel and bioac-
tive secondary metabolites which can constitute perfect start-
ing points for developing new potential antibiotic drugs.
Indeed, metabolites produced by endophytic fungi belong
to several classes, including alkaloids, lignans, terpenoids, fla-
vonoids, tannins, and steroids, and exhibit multiple biologi-
cal activities including antibacterial [8-12]. Moreover, our
previous study showed that extracts from some endophytic
fungi from Terminalia catappa, Terminalia mantaly, and
Cananga odorata, three Cameroonian medicinal plants
exhibit potent inhibition against various pathogenic bacteria
and parasites strains [13]. Therefore, we hypothesized that
extracts from these endophytic fungi may produce active
metabolites against bacteria pathogens causative agents of
human pneumonia. The present study was undertaken to
investigate the antibacterial and the modes of action of endo-
phytic fungi extracts isolated from the plants mentioned
above.

2. Materials and Methods

2.1. Endophytic Fungi Isolates and Extracts Preparation. A
total of fifty-six isolates (Supplementary material 1) of endo-
phytic fungi from Terminalia catappa (51244/HNC), Termi-
nalia mantaly (64212/HNC), and Cananga odorata
(42250/HNC) were used in this study [14]. For extract prep-
aration, each fungal isolate was cultivated by placing agar
blocks of actively growing pure culture (3 mm diameter) in
a 200mL Erlenmeyer flask containing 100 mL of Potatoes
Dextrose Broth (PDB) medium (Sigma Aldrich, USA). Flask
was incubated at 25°C for 7 days. After the incubation period,
100mL of ethyl acetate was added to each culture, shaken,
and kept overnight at room temperature. The mixture was
then transferred to a separatory funnel, the organic phase
was collected, and the solvent was then removed at 70°C
using a rotary vacuum evaporator (Heidolph, Germany).
The dry solid residue was prepared at 25 mg/mL in DMSO
100% (Loba Chemie, India) and kept at 4°C before the anti-
bacterial screening. The positive controls Amoxicillin and
Ciprofloxacin were prepared at 2 mg/mL in sterile distilled
water.

2.2. Bacteria and Culture Conditions. The bacteria strains
used in this investigation were obtained from the American
Type Culture Collection (ATCC) including Streptococcus
pneumoniae ATCC 49619, Klebsiella pneumoniae ATCC
13883, Staphylococcus aureus BAA-977, Staphylococcus
aureus ATCC 43300, Haemophilus influenzae ATCC 49247,
Escherichia coli ATCC 25922, and Pseudomonas aeruginosa
HM 601. Twenty-four hours before each experiment, bacte-
ria were subcultured on nutrient agar tubes at 37°C.
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2.3. Determination of Minimum Inhibitory Concentration
(MIC) of Extracts. The minimum inhibitory concentration
(MIC) of extracts was determined according to the M07-A9
Clinical Laboratory Standards Institute microdilution
method using 96-wells microtitre plates [15]. Briefly, 4 uL
of extracts and reference drugs (Amoxicillin and Ciprofloxa-
cin) from stock solutions were introduced in the well
followed by the addition of 96 uL of bacteria inoculum stan-
dardised at 10° CFU/mL. A blank column was included for
sterility control, while bacterial strains in the culture medium
without any inhibiting substance were negative control. The
concentrations of extracts ranged from 0.195ug/mL to
25 ug/mL, and that of Ciprofloxacin and amoxicillin ranged
from 0.562 yg/mL to 128 ug/mL. After 24 hours of incuba-
tion at 37°C, the turbidity was observed as an indication of
growth. MIC was defined as the lowest concentration inhibit-
ing the visible growth of bacteria. All tests were performed in
triplicate.

2.4. Determination of Possible Modes of Action of
Promising Extracts

2.4.1. Measurement of the Lytic Activity of Extracts. The
determination of extracts’ lytic activity was performed as
described by Limsuwan and Voravuthikunchai [16]. An
overnight bacterial culture was used to prepare bacterial sus-
pension at 0.5 Mc Farland in NaCl 0.9%. The bacterial sus-
pension was treated with extracts at MIC, 2 MIC, and 4
MIC and incubated at 37°C. The optical density (OD) at
620nm was measured at four different periods, including
Oh, 1h, 2h, and 4h using the microplate reader Infinite
M200 (TECAN). A decrease in OD 620 nm indicated bacte-
rial cell lysis. Corresponding dilutions of the extract were
used as blanks. Ciprofloxacin at 2 ug/mL was used as a posi-
tive control. The results were expressed as a ratio of the OD at
each time interval versus the OD at Omin (in %). All assays
were carried out in triplicate.

2.4.2. Integrity of the Cell Membrane. The integrity of the cell
membrane of Haemophilus influenzae ATCC 49247 and
Escherichia coli ATCC 25922 was carried out as previously
described by Carson et al. [17] with slight modifications.
Briefly, the test bacteria in the exponential growth phase were
washed and suspended in sterile peptone water
(0.1g/100 mL). The bacterial strains (5.10’ CFU/mL) were
incubated with extracts at 4 MIC for different periods (0,
30, 60, 90, and 120 min). The mixtures were then centrifuged
at 5000 rpm for 10 minutes, after which the UV absorbance
of the supernatant was measured at 260 nm using the micro-
plate reader Infinite M200 (TECAN). The untreated bacterial
cultures in sterile peptone water served as the negative con-
trol. Ciprofloxacin at 2 ug/mL was a positive control, and
each test was performed in triplicate. Results were expressed
in terms of the optical density of 260 nm absorbing materials
in each interval for the ultimate time.

2.4.3. Outer Membrane Permeability Assay. Outer membrane
(OM) permeability of H. influenzae ATCC 49247 and E. coli
ATCC 25922 was determined according to the method
described by Oliviera et al. [18] with small modifications.
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An overnight culture (5.10” CFU/mL) was inoculated into
nutrient broth containing the extracts at MIC, 2MIC, and 4
MIC. The media was then poured into sterilised 96-well
microplates (100 L) and incubated at 37°C for 24 h. After
the incubation time, the growth of H. influenzae ATCC
49247 and E. coli ATCC 25922 was measured at 450 nm
using the Microplate Reader Infinite M200 (TECAN). The
graph of bacterial growth parameter (OD/450 nm) in the
function of extract concentration (pug/mL) was plotted. Cip-
rofloxacin (concentration ranged from 1 to 4 ug/mL) was
used as positive control, and each test was conducted in
triplicate.

2.4.4. Salt Tolerance Assay. The salt tolerance effect of H.
influenzae ATCC 49247 and E. coli ATCC 25922 treated with
the MIC concentration of the extracts was evaluated on
nutrient agar plates supplemented with different potassium
concentrations chloride (KCl) [19]. 24 h before the experi-
ment, bacteria strains were cultured on a nutrient agar
medium and incubated at 37°C. The overnight culture was
treated with extracts at 4 MIC and further incubated for
60 min at 37°C. The samples were then serially diluted (Dilu-
tion Factor = 100) and inoculated on nutrient agar plates sup-
plemented with different concentrations of KCl (0%, 2.5%,
5.0%, and 10.0%). Each plate was incubated for 24 hours at
37°C. Ciprofloxacin at 4 ug/mL was used as a positive control.
After the incubation period, both the controls and treated
plates were compared, the colonies were counted, and the
results were expressed in terms of Logl0 CFU/mL. The
experiment was performed in triplicate.

2.4.5. Inhibition of Catalase Activity. The catalase inhibitory
activity of the extracts was evaluated using the protocol
described by Weydert and Cullen [20] with slight modifica-
tions. Extracts at the MIC concentration were added in a test
tube containing 400 yL of hydrogen peroxide (40 mM) and
400 uL of PBS. The mixture then transferred in another tube
containing 200 uL of a bacterial suspension (1.5x 10®
UFC/mL). The samples were incubated at 37°C for 30 min;
after which, they were centrifuged at 1200 rpm for 10 min.
The supernatants were collected, and their optical density
(OD) read at 232 nm. The phosphate buffer constituted the
blank, while bacterial strains in phosphate buffer without
any inhibiting substance was used as a negative control.
The mixture of Ciprofloxacin, phosphate buffer, and bacte-
rial strain constituted positive control. The percentage of
remaining hydrogen peroxide was determined according to
the following formula (1).

%of remaining H202 = (Asample - Anegative control) x 100 )
Anegative control
(1)
Apegativecontrol 18 the absorbance of H,0, without the

extract, and A
extract.

is the absorbance of H,O, with the

sample

2.5. Evaluation of the In Vitro Antioxidant Potential and
Cytotoxicity of Promising Extracts

2.5.1. DPPH Radical Reduction Assay. DPPH (1, 1-diphenyl-
2-picrylhydrazyl) radical scavenging assay was performed
according to the method described by Scherer and Godoy
[21]. Briefly, 25 uL of extracts dissolved in methanol were
added to wells of a microtiter plate in triplicate followed by
75uL of DPPH solution (0.01%) to yield extract solution
concentration ranging from 1000 to 1.95325ug/mL. The
content was mixed and incubated for 30 min in the dark at
25 +2°C after which the absorbance was taken at 517 nm
using a Microplate Reader Infinite M200 (TECAN). Ascorbic
acid was used as a standard antioxidant with final concentra-
tions ranging from 25 to 0.195ug/mL. The results were
expressed through the calculation of the DPPHe inhibition
percentage according to the following formula (2).

Asample)

Acontrol = x 100
Inhibition of DPPH (%) = ( control < ,

control

where A_,,,; is the DPPHe radical absorbance without the
extract and Ay, is the DPPHe absorbance with the extract.

The concentration of extract proportional to a 50% inhi-
bition of DPPHe radical (IC,,) was obtained by analysing
the extract solution concentration versus inhibition percent-
age graphic. Thus, lower extract concentrations (ug/mL)
mean greater antioxidant capacity provided by the analysed
extract.

2.5.2. Ferric Ion Reducing Antioxidant Power (FRAP) Assay.
The ferric reducing antioxidant power of potent extracts
was determined using the method described by Benzie et al.
[22]. 25uL of extracts at different concentrations (7.8125-
4000 ug/mL) were introduced into a microtiter plate, and
25 uL of a solution of Fe’* at 1.2 mg/mL were added. The
plates were preincubated for 15min at room temperature,
and 50 uL of 0.2% ortho-phenanthrolin were then added to
obtain a final extract concentration ranging from 1000 to
1.95325 ug/mL. The reaction mixtures were further incu-
bated for 15min at room temperature, and the absorbance
was measured at 505nm using a microplate reader Infinite
M200 (TECAN) against the blank (made of 25 uL methanol
+25uLl Fe3++50 uL ortho-phenanthrolin). Ascorbic acid
was used as positive control and tested at concentrations
ranging from 0.103 to 6.60 ug/mL. The assay was performed
in triplicate.

2.5.3. Evaluation of the Cytotoxicity of Promising Extracts.
The cytotoxic effect of antibacterial extracts was assessed
using the MTT assay [23], targeting normal monkey kidney
Vero cells ATCC CRL1586 cultured in complete medium
containing 13.5g/L DMEM (Gibco, Waltham, MA USA),
10% fetal bovine serum (Gibco, Waltham, MA, USA),
0.21% sodium bicarbonate (Sigma-Aldrich, New Delhi,
India), and 50 yg/mL gentamicin (Gibco, Waltham, MA,
USA). Essentially, Vero cells at 5 x 10° cells/200 yL/well were
seeded into 96-well flat-bottomed tissue culture plates
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F1GURE 1: Minimal inhibitory concentration (MIC) of the most potent extracts on bacteria strains. The errors bars represent the standard
deviation of measurement of a sample in three separate runs. (a) Aspergillus sp. N454. (b) Curvularia sp. N101. (c) Aspergillus sp. N18. (d)
Aspergillus sp. N13. SA: Staphylococcus aureus; EC: Escherichia coli; SP: Streptococcus pneumoniae; HI: Haemophilus influenzae; PA:

Pseudomonas aeruginosa; KP: Klebsiella pneumoniae.

(Corning, USA) in complete medium. Fifty microliters of
serially diluted extract solutions (<200 yug/mL) were added
after 24h of seeding and cells plus test substance incubated
for 48h in a humidified atmosphere at 37°C and 5% CO,.
DMSO (0.4% (v/v) was added as negative control (100%
growth). Twenty microliters of a stock solution of MTT
(5mg/mL in 1x phosphate-buffered saline) were added to
each well, gently mixed, and incubated for an additional
4h. After spinning the plate at 1500 rpm for 5 min, the super-
natant was carefully removed and 100 4L of 100% DMSO (
v/v) was added to dissolve the formazan. The plate was read

on a microtiter plate reader (Infinite M200 (TECAN)) at
570 nm. The 50% cytotoxic concentrations (CCs,) of extracts
were determined by analysis of the dose-response curves.

2.6. Statistical Analysis. Data collected from at least three
independent experiments were analysed using One-Way
ANOVA using Graph Pad Prism 5. Data are expressed as
mean + SD of experiments performed in triplicate. Error bars
represent the SD, and a, b, and ¢ represent p <0.05, **p <
0.001, ***p < 0.0001, respectively, significant difference com-
pared to untreated sample.
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FIGURE 2: Bacteriolytic activity of endophytic fungi extracts on E. coli ATCC 25922 and H. influenzae ATCC 49247. (a) Aspergillus sp. N454
on E. coli. (b) Aspergillus sp. N18 on E. coli. (c) Aspergillus sp. N13 on E. coli. (d) Curvularia sp. N101 on E. coli. (e) Aspergillus sp. N454 on H.
influenzae. (f) Aspergillus sp. N18 on H. influenzae. (g) Aspergillus sp. N13 on H. influenzae. (h) Curvularia sp. N101 on H. influenzae. Data
are expressed as the mean + SD. MIC: minimal inhibitory concentration; NC: negative control.

3. Results

3.1. Extraction Yield and Antibacterial Potency of Endophytic
Extracts. The extraction yield of endophytic fungi ranged
from 52 to 200 mg for 200 mL of culture medium, with the
unidentified fungal N445 from C. odorata root producing
the higher amount of metabolites (Supplementary material
2). Each of the fifty-six extracts was screened for antibacterial
activity against seven pathogenic bacteria. The MIC ranged
from 0.39 to >25ug/mL depending on the fungal extract
and the tested pathogen (Supplementary material 2). Our cri-
teria for the activity of extracts against bacteria were defined
as follows: very active (MIC <5 ug/mL), partially active (MIC
5-15ug/mL), and nonactive (MIC >15ug/mL). Therefore,
out of the 56 extracts, eight were very active (13%) with the
more potent (MIC <5 ug/mL) being extracts from Aspergillus
sp. N454, Aspergillus sp. N18, Curvularia sp. N101, and
Aspergillus sp. N13 isolated, respectively, from C. odorata
and T. catappa (Figure 1). Thirty-seven extracts (66%)
showed moderate potency with MIC between 5 and
15 pug/mL, while 12 extracts (21%) with MIC >15 ug/mL were
considered as inactive. Overall, endophytic Aspergillus spp.
exhibited the best activity (MIC ranged from 0.78 to
6.25 ug/mL), while E. coli ATCC 25922 and H. influenzae
ATCC 49247 were the more sensitive pathogenic strains.
To continue our investigation, the four most prominent
crude extracts, including Aspergillus sp. N454, Aspergillus
sp. N18, Curvularia sp. N101, and Aspergillus sp. N13
(Figure 1), were selected for the mode of action and antioxi-
dant studies.

3.2. The Mode of Action of Promising Extracts

3.2.1. Bacteriolytic Effect of Selected Extracts. The bacterioly-
sis assay was performed to investigate if active extracts inhibit
H. influenzae ATCC 49247 and E. coli ATCC 25922 through

cell lysis. A viable bacteria absorb light at 620 nm; therefore,
bacteriolysis occurs if the optical density of the medium at
620 nm decreased with time [17]. The cell lysis activity exhib-
ited by fungi extracts is summarised in Figure 2. Globally, the
bacterial cells’” treatment with fungal extracts caused gram-
negative bacteria cell lysis at all tested concentrations. This
cell lysis was more significant than 50% and 55% for E. coli
and H. influenzae, respectively, after 4 hours of incubation
at 2 MIC and 4 MIC depending on the tested extract. The
reduction of the bacterial population was more drastic in
the case of H. influenzae than E. coli. Overall, the bacteriolysis
was higher with an extract from Aspergillus sp. N18 (71%) on
E. coli at 4 MIC and Curvularia sp. N101 (75%) on H. influ-
enzae at 2 MIC, respectively.

3.2.2. The Effect of Extracts on the Integrity of the Cell
Membrane. The cytoplasmic membrane’s integrity was ana-
lysed by determining the release of cellular materials includ-
ing nucleic acids, proteins, metabolites, and ions, which were
absorbed at 260 nm into the bacterial suspensions. Treat-
ment of H. influenzae ATCC 49247 and E. coli ATCC
25922 with potent fungal extracts at the MIC concentrations
indicated no significant cell leakage of 260 nm absorbing
material in a time-dependent manner. This absence of nucle-
otide leakage was observed until the 120™ minute of incuba-
tion (Figures 3(a) and 3(b)). The same result was obtained in
the control group treated with Ciprofloxacin, revealing its
disability to damage the tested bacteria strains’ cytoplasmic
membrane.

3.2.3. The Effect of Extracts on the Permeability of Outer Cell
Membrane. Bacterial cell membrane permeability was deter-
mined in terms of optical density at 450 nm (Figures 4(a) and
4(b)). Measurement of the optical density of bacterial cells
treated with endophytes extracts demonstrated that extracts
from Aspergillus sp. N454, Aspergillus sp. N18, Aspergillus
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F1Gure 3: Total nucleotide leakage from (a) Escherichia coli ATCC 25922 and (b) Haemophilus influenzae ATCC 49247 treated with different
endophytic fungi extracts at their MIC concentration. Data are expressed as the mean + SD.

sp. N13, and Curvularia sp. N101 affect the permeability of E.
coli ATCC 25922 and H. Influenzae ATCC 49247. All
extracts resulted in a decrease of the optical density at
450 nm, which indicated leakage of intracellular components,
including electrolytes from the cells. Furthermore, in both
treated bacteria, when the concentration of extracts increases
from 0.39 to 3.125 ug/mL, there was a sharp decrease in the
optical density which corresponds to the loss of viability of
tested bacteria (Figures 4(a) and 4(b)). The inhibition of the
growth of H. influenzae and E. coli was more intense when
treated with an extract from Aspergillus sp. N454 as com-
pared to antibiotic Ciprofloxacin at almost all the concentra-
tions tested.

3.2.4. The Effect of Extracts on the Loss of Salt Tolerance
Capacity. The effect extracts on salt tolerance of bacteria are
summarised in Figures 5(a) and 5(b). The addition of KCl
to nutrient agar (NA) medium significantly reduced the
colony-forming units of treated E. coli ATCC 25922 and H.
influenzae ATCC 49247. H. influenzae treated with KCl
and fungal extract revealed that the number of bacteria able

to form colonies on NA-KCI was not significantly reduced
at 2.5% and 5% of KCI concentration compared to the con-
trol (0% KCI), while, at 10% of KCI, a minimal bacterial
growth was recorded. However, regarding E. coli, the propor-
tion of bacteria able to form colonies on KCI nutrient agar
was significantly reduced when KCl was used at 5% and
10% g/L. In general, the reduction of colonies formation
while treated with extracts was proportional to the medium’s
KCI concentration.

3.2.5. The Effect of Extracts on the Catalase Activity. The inhi-
bition of the catalase activity of E. coli and H. influenzae was
evaluated by comparing the amount of H,O, remaining in
the medium after the addition of fungal extracts to the con-
trol. The results obtained were summarised in Figure 6
below. The percentages of remaining H,O, in bacteria cul-
ture treated with extracts were ranged from 28.48 to 47.63%
for E. coli and from 55.28 to 76.67% for H. influenzae
highlighting the ability of tested extracts to exert a certain
degree of inhibition against the activity of the bacterial cata-
lase enzyme. The crude extract from Aspergillus sp. N18
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F1GURE 4: Effect of endophytic fungi extracts on the membrane permeability of (a) H. influenzae ATCC 49247 and (b) E. coli ATCC 25922.

Data are expressed as the mean + SD.

exerted the highest degree of inhibition against H. influenzae
(%of remaining H,0, = 47.63) and E. coli (%of remaining
H,0, =76.67). The catalase inhibition activity exhibited by
Aspergillus sp. N18 is comparable to that of the positive con-
trol, Ciprofloxacin showing a percentage of remaining H,0,
0f45.09 and 81.57% on H. influenzae and E. coli, respectively.

3.3. Antioxidant Potential and Cytotoxicity of Selected
Extracts. To understand the effect of active extracts to fight
against oxidative stress, the DPPH and the Fe’" reducing
ability of extracts were evaluated (Table 1). The results show
that the inhibition concentration 50 (ICs,) of DPPH ranged
from 150.71 to 936.08 ug/mL depending on tested extracts.
Extract of Aspergillus sp. N454 showed a high scavenging
activity with IC, of 150.71 pg/mL, whereas the extract from
Curvularia sp. N101 showed the least antioxidant activity
(ICs, > 1000 yg/mL). Concerning the Fe’*-reducing power

assay, only the ethyl acetate extract from Aspergillus sp.
N13 exhibited activity, although very weak with RC, of
760.96 pg/mL (Table 1).

The cytotoxicity of the extracts was tested against Vero
cells ATCC CRL1586. As shown in Table 1, extract from
Aspergillus sp. N13 was cytotoxic against Vero cells ATCC
CRL1586 (CCs, of 14.285 pg/mL), while no cytotoxic activity
was observed with other tested extracts (CCs, > 100 pg/mL).
These values were within the cutoff point of the National
Cancer Institute criteria for noncytotoxicity crude extract
(ICs < 20 pg/mL).

4. Discussion

The antibacterial activity of the crude ethyl acetate extracts of
different endophytic fungi isolated from Cananga odorata,
Terminalia mantaly, and Terminalia catappa was evaluated
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with the aims of identifying potential active extract(s) that
can be further investigated for the discovery of active princi-
ple useful in the treatment of lower respiratory tract infection
as pneumonia. Endophytic fungi have enormous potential to
produce an extensive range of bioactive secondary metabo-
lites with therapeutic activity such as antibacterial, antifun-
gal, and antioxidant [10-12]. In the present study, a total of
8 (13%) strains showed excellent antibacterial activity with
a broad spectrum among which extracts from endophytic
tungi Aspergillus sp. N454, Aspergillus sp. N13, Aspergillus
sp. N18, and Curvularia sp. N101 was more active against
all tested bacteria. Literature reveals that the fungi from

: significantly different compared to the untreated samples (p < 0.001);

EEN

: significantly different compared to the

Aspergillus and Curvularia genera can produce antimicrobial
compounds [24, 25]. In the present work, the antibacterial
mode was done to understand the mechanism of inhibition
of active extracts against bacteria (H. influenzae and E. coli).
The bacteriolysis assay results showed that the crude extracts’
inhibitory effect could be related to bacterial cell lysis. Posi-
tive results obtained with endophytic fungi extracts suggested
that each extract’s active metabolites content might have
entered into the bacterial cell through bacterial porins. They
might have affected the bacterial enzymes, causing cell lysis
and death [26]. Additionally, the cell lysis observed may also
have been due to the weakening of the cell wall and the
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TasLe 1: DPPH radical (IC5,) and RCs, of fungi extract and cytotoxicity (CCs,). Means + SD.

RC;, (pug/mL) CCs (ug/mL)

Fungi name ICs, (ug/mL)
Aspergillus sp. N13 250 +0.350°
Curvularia sp. N101 >1000

Aspergillus sp. N454 150.71 +0.02°
936.08 + 1.93¢

2.71 +£0.08%

Aspergillus sp. N18

Ascorbic acid

760 + 0.07° 14.28 +5.86
>1000 >100
>1000 >100
>1000 >100

13.94 + 0.27° —

Values carrying the same letter superscripts are not significantly different (p > 0.05). ICy,: inhibitory concentration 50 of DPPH radical; RCs,: Fe**-reducing
concentration 50; CCs: cytotoxic concentration 50; SD: standard deviation. Data are presented as mean values + standard deviation of triplicate experiments.

subsequent rupture of the cytoplasmic membrane due to
osmotic pressure rather than a specific action on the cyto-
plasmic membrane [17].

Further, the action of extracts on the permeability of the
bacterial outer membrane was studied. The permeability of
the outer membrane of E. coli ATCC 25922 and H. influenzae
ATCC 49247 was significantly impaired by the addition of
fungal extracts into the culture as indicated by the decrease
of the relative absorbance in the bacterial solution. Gram-
negative bacteria’s outer membrane is made by lipoproteins,
phospholipids, and vital lipopolysaccharide molecules, which
confer to her impermeability to various antibacterial agents
[27]. The control of the cellular membrane’s permeability is
a crucial regulatory factor for various cellular functions,
including cell metabolism maintenance, solute transport, and
energy transduction processes [28, 29]. These potent extracts
may content hydrophobic compounds which enhanced their
accumulation inside periplasmic space inducing the degrada-
tion of some necessary bacterial enzymes such as alkaline
phosphatase leading to cellular lysis [17, 30-32].

Additionally, extracts may have altered the bacterial cell’s
permeability by reducing its osmoregulatory ability to pene-
trate or exclude toxic materials, resulting in their loss of salt
tolerance [19]. This hypothesis is supported by the fact that
the treatment of E. coli and H. influenzae with fungal extracts

reduced the bacteria’s ability to form colonies on media con-
taining KCl. The studies on salt tolerance of bacteria were
also reported by many investigators [17, 33, 34]. The leakage
of the 260nm absorbing material was evaluated to see
whether potent extracts were also acting on the bacterial
inner membrane. Unfortunately, E. coli ATCC 25922 and
H. Influenzae ATCC 49247 treated with endophytic fungi
extracts did not significantly lose 260-nm-absorbing mate-
rials, suggesting nucleic acids were not lost through a dam-
aged cytoplasmic membrane. The inactivity of extracts on
the inner membrane compare to the outer membrane can
be explained by their difference in composition which is
essentially made of phospholipids. Previous reports demon-
strated that antimicrobial compounds such as chlorhexidine,
hexachlorophene, phenethyl alcohol, tetracyclines, and poly-
myxin that act on cytoplasmic membrane induced structural
and functional abnormalities of the bacterial membrane
phospholipids bilayer [17, 35].

Inhibition of catalase activity of an extract can indicate
the reduction of pathogen resistance towards oxidative stress.
Several pathogens produced catalase in order to defend
themselves against attacks by hydrogen peroxide, a weapon
commonly used by macrophages, in addition to oxidative
stress [36]. Fungal extracts tested revealed a high inhibition
of catalase activity of E. coli and H. influenzae indicating that
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those extracts can be used to prevent DNA damage caused by
hydroxyl radicals (OH-) issued from the decomposition of
hydrogen peroxide by pathogenic bacteria [36].

The potential of extracts to prevent oxidative stress in
human was also investigated through the DPPH radical scav-
enging assay and FRAP reducing power. Antioxidants are
known to prevent oxidative stress-mediated toxicity caused
by oxygen-free radicals [37]. It was evident from the results
that the fungal extracts contain radical scavenging com-
pounds as previously reported [13, 38, 39]. Iron is essential
for life because it is required for many enzymes’ activity, oxy-
gen transport, and respiration. However, iron is an extremely
reactive metal and catalyses oxidative changes in lipids, pro-
teins, and other cellular components. It causes lipid peroxi-
dation through the reaction and decomposes the lipid
hydroxide into peroxyl and alkoxyl radicals that can perpet-
uate the chain reactions [40]. From this study, it may be
noted that only endophytic fungal extract from Aspergillus
sp. N13 showed promising reducing potential indicating its
antioxidant potential.

Results obtained are precise concerning the noncytotoxi-
city of fungal extracts from Aspergillus sp. N454, Aspergillus
sp. N18, and Curvularia sp. N101. However, Aspergillus sp.
N13 exhibited high cytotoxic activity against Vero cell. This
cytotoxicity could be attributed to the quality and quantity
of compounds produced by this isolate. Endophytic fungi,
particularly from the Aspergillus genus, have been reported
as excellent producers of strong cytotoxic metabolites [41].
The difference observed in cytotoxicity found among active
extracts from the Aspergillus genus could be due to culture
conditions that could have favored or unfavored toxic com-
pounds’ production [42, 43]. For instance, our previous
investigation of endophytic fungal Aspergillus sp. 58 isolated
from the bark of T. catappa showed that ethyl acetate extract
obtained from the culture in PDB was nontoxic; however,
when the growth medium was supplemented with DMSO,
extract obtained was highly cytotoxic against HEK293T cell
line [44]. Watanabe et al. [45] also reported that A. fumigatus
cultured produced toxic gliotoxins compounds in the presence
of high oxygen concentration. Kamei et al. [46] also reported
the production of cytotoxic molecules produced by A. fumiga-
tus when cultured in the presence of macrophages.

5. Conclusion

In this study, ethyl acetate extracts of endophytic fungi
derived from T. catappa, T. mantaly, and C. odorata demon-
strated strong antibacterial activity against pathogenic bacte-
ria implicated in pneumonia. Results indicated that fungal
isolates of Aspergillus sp. N454, Aspergillus sp. N18, and Cur-
vularia sp. N101 may be useful as an alternative to producing
antibacterial drugs. Therefore, further investigation to isolate
and identify the bioactive compounds responsible for these
fungi’s specified biological activities is currently ongoing.

Data Availability

Data used to support the findings of this study are all
included within the article.

11

Conflicts of Interest

The authors declare no conflicts of interest.

Acknowledgments

This research has been financed by the German Academic
Exchange Service (DAAD) with funds from the German Fed-
eral Foreign Office in the frame of the YaBiNaPA project
“Yaounde-Bielefield Natural Products with Antiparasitic
and Antimicrobial activity.” None of this work would have
been possible without the relentless assistance of a number

of dedicated undergraduate researchers, to whom we are
indebted.

Supplementary Materials

Supplementary material 1: endophytic fungi: their host plant,
isolation site and names. Supplementary material 2: extrac-
tion yield (mg/200 mL), and mimimal inhibitory concentra-
tion (ug/mL (mean + SD)) of ethyl acetate extracts from the
56 endophytic fungi used in the present investigation.
(Supplementary Materials)

References

[1] World Health Organisation 2 August 2019 Pneumonia, 2019,
https://www.who.int/news-room/fact-sheets/detail/pneumonia.

[2] GBD, “Estimates of the global, regional, and national morbid-
ity, mortality, and aetiologies of lower respiratory infections in
195 countries, 1990-2016: a systematic analysis for the Global
Burden of Disease Study 2016,” Lancet Infectious Diseases,
vol. 18, no. 11, pp. 1211-1228, 2018.

[3] A.Teshome, “Prevalence of pneumonia and factors associated
among children 2-59 months old in Wondo Genet district,
Sidama zone, SNNPR, Ethiopia,” Current Pediatric Research,
vol. 21, no. 1, pp. 19-25, 2017.

[4] A.-A. Seidu, K. S. Dickson, B. O. Ahinkorah, H. Amu, E. K. M.
Darteh, and A. Kumi-Kyereme, “Prevalence and determinants
of acute lower respiratory infections among children under-
five years in sub-Saharan Africa: evidence from demographic
and health surveys,” SSM Popular Health, vol. 8, 2019.

[5] R.Cohen, S.Biscardi, and C. Levy, “The multifaceted impact of
pneumococcal conjugate vaccine implementation in children
in France between 2001 to 2014,” Human Vaccines and Immu-
notherapeutics, vol. 12, no. 2, pp. 277-284, 2016.

[6] World Health Organisation september, Children: reducing
mortality, 2019, https://www.who.int/news-room/fact-sheets/
detail/children-reducing-mortality.

[7] C. Balachandran, V. Duraipandiyan, N. Emi, and
S. Ignacimuthu, “Antimicrobial and cytotoxic properties of
Streptomyces sp. (ERINLG-51) isolated from Southern West-
ern Ghats South,” Indian journal of biological sciences, vol. 1,
2015.

[8] N. Radic and B. Strukelj, “Endophytic fungi-The treasure
chest of antibacterial substances,” Phytomedicine, vol. 19,
no. 14, pp. 1270-1284, 2012.

[9] A.P. Alfaro and P. Boyman, “Hidden fungi, emergent proper-
ties: endophytes and microbiomes,” Annual Review of. Phyto-
pathology, vol. 49, no. 1, pp. 291-315, 2011.


https://downloads.hindawi.com/journals/bmri/2021/6697973.f1.pdf
https://www.who.int/news-room/fact-sheets/detail/children-reducing-mortality
https://www.who.int/news-room/fact-sheets/detail/children-reducing-mortality

12

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

R. M. K. Toghueo and F. F. Boyom, “Endophytic fungi from
Terminalia species: a comprehensive review,” Journal of Fungi,
vol. 5, 2019.

R. K. Toghueo and F. Boyom, “Endophytic Penicillium species
and their agricultural, biotechnological, and pharmaceutical
applications,” 3 Biotech, vol. 10, no. 3, p. 107, 2020.

R. M. K. Toghueo, “Endophytes from Gingko biloba: the cur-
rent status,” Phytochemistry Reviews, vol. 19, no. 4, pp. 743-
759, 2020.

R. M. K. Toghueo, M. E. Zeuko'o, and K. M. 1. Mbekou,
“Antimicrobial and antiradical activities of ethyl acetate
extracts from endophytic fungi isolated from Cameroonian
medicinal plants,” Journal of Medical Studies, vol. 4,
Pp. 290-295, 2016.

R. M. K. Toghueo, I. G. Zabalgogeazcoa, B. R. Vézquez de
Aldana, and F. F. Boyom, “Enzymatic activity of endophytic
fungi from the medicinal plants _Terminalia catappa_, _Ter-
minalia mantaly_ and _Cananga odorata_,” South African
Journal of Botany, vol. 109, pp. 146-153, 2017.

CLSI, “Methods for Dilution Antimicrobial Susceptibility
Tests f or Bacteria That Grow Aerobically; Approved St
andard—Ninth Edition. CLSI document M07-A9. Wayne,”
Clinical and Laboratory Standards Institute, vol. 32, no. 2,
2012.

S. Limsuwan and P. Voravuthikunchai, “Bactericidal, bacterio-
Iytic, and antibacterial virulence activities of Boesenbergia
pandurata (Roxb) Schltr extract against Streptococcus pyo-
genes,” Tropical Journal of Pharmaceutical Research, vol. 12,
no. 6, pp. 1023-1028, 2013.

C. F. Carson, B. ]. Mee, and T. V. Riley, “Mechanism of action
of Melaleuca alternifolia (tea tree) oil on Staphylococcus
aureus determined by time-kill, lysis, leakage, and salt toler-
ance assays and electron microscopyAntimicrobial Agents
Chemotherapy,” vol. 46, pp. 1914-1920, 2002.

D. M. Oliveira, G. F. Melo, and S. O. Balogun, “Antibacterial
mode of action of the hydroethanolic extract of _Leonotis
nepetifolia_ (L.) R. Br. involves bacterial membrane perturba-
tions,” Journal of Ethnopharmacology, vol. 172, pp. 356-363,
2015.

M. Miksusanti, B. S. L. Jenie, B. Priosoeryanto, R. Syarief, and
G. Rekso, “Mode of Action Temu Kunci ( _Kaempferia pan-
durata_ ) Essential Oil on _E. coli_ K1.1 Cell Determined by
Leakage of Material Cell and Salt Tolerance Assays,” Hayati
Journal of Biosciences, vol. 15, no. 2, pp. 56-60, 2008.

C. J. Weydert and J. J. Cullen, “Measurement of superoxide
dismutase, catalase and glutathione peroxidase in cultured
cells and tissue,” Nature Protocols, vol. 5, no. 1, pp. 51-66,
2010.

R. Scherer and H. T. Godoy, “Antioxidant activity index (AAI)
by the 2,2-diphenyl-1-picrylhydrazyl method,” Food Chemis-
try, vol. 112, no. 3, pp. 654-658, 2009.

I. F. Benzie and J. Strain, “The Ferric Reducing Ability of
Plasma (FRAP) as a Measure of "Antioxidant Power": The
FRAP Assay,” Analytical Biochemistry, vol. 239, no. 1,
pp. 70-76, 1996.

T. Mosmann, “Rapid colorimetric assay for cellular growth
and survival: Application to proliferation and cytotoxicity
assays,” Journal of Immunological Methods, vol. 65, no. 1-2,
pp. 55-63, 1983.

W. B. Han, Y. H. Ly, and A. H. Zhang, “Curvulamine, a new
antibacterial alkaloid incorporating two undescribed units

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

BioMed Research International

from a Curvularia species,” American Chemical Society
Organics Letters, vol. 16, no. 20, pp. 5366-5369, 2014.

S. Liu, H. Dai, B. Konuklugil et al., “Phenolic bisabolanes from
the sponge-derived fungus Aspergillus sp.,,” Phytochemistry
Letters, vol. 1, pp. 187-191, 2017.

P. Kotzekidou, P. Giannakidis, and A. Boulamatsis, “Antimi-
crobial activity of some plant extracts and essential oils against
foodborne pathogens _in vitro_ and on the fate of inoculated
pathogens in chocolate,” LWT-Food Science and Technology,
vol. 41, no. 1, pp. 119-127, 2008.

A. Sharma, V. K. Bajpai, and K. H. Baek, “Determination of
antibacterial mode of action ofAllium sativumEssential oil
against Foodborne pathogens using membrane permeability
and surface characteristic parameters,” Journal of Food Safety,
vol. 33, no. 2, pp- 197-208, 2013.

S.D. Cox, J. E. Gustafson, and C. M. Mann, “Tea tree oil causes
K+ leakage and inhibits respiration in Escherichia coli,” Letter
in Applied Microbiology, vol. 26, no. 5, pp. 355-358, 1998.

H. M. Ayres, J. R. Furr, and A. D. Russell, “effect of permeabi-
lizers on antibiotic sensitivity of Pseudomonas aeruginosa,”
Letters in Applied Microbiology, vol. 28, no. 1, pp. 13-16, 1999.
G. Hao, Y. H. Shi, Y. L. Tang, and G. W. Le, “The membrane
action mechanism of analogs of the antimicrobial peptide
Buforin 2,” Peptides, vol. 30, no. 8, pp. 1421-1427, 2009.

M. R. Moreira, A. G. Ponce, C. E. Del-Valle, and S. I. Roura,
“Inhibitory parameters of essential oils to reduce a foodborne
pathogen,” LWT Food Science and Technology, vol. 38, no. 5,
pp. 565-570, 2005.

R. J. W. Lambert, P. N. Skandamis, P. Coote, and G. J. E.
Nychas, “A study of the minimum inhibitory concentratio-
nand mode of action of oregano essential oil, thymol and car-
vacrol,” Journal of Applied Microbiology, vol. 91, no. 3,
pp. 453-462, 2001.

V. K. Bajpai, A. Sharma, and K. H. Baek, “Antibacterial mech-
anism of action ofTaxus cuspidataStem essential oil against
selected foodborne pathogens,” Journal of Food Safety,
vol. 33, no. 3, pp. 348-359, 2013.

J. K. Patra and K. Baek, “Antibacterial activity and action
mechanism of the essential oil from Enteromorpha linza L.
against foodborne pathogenic bacteria,” Molecules, vol. 21,
no. 3, p. 388, 2016.

C. Z. Chen and S. L. Cooper, “Interactions between dendrimer
biocides and bacterial membranes,” Biomaterials, vol. 23,
no. 16, pp. 3359-3368, 2002.

T. Iwase, A. Tajima, S. Sugimoto et al., “A Simple Assay for
Measuring Catalase Activity: A Visual Approach,” Scientific
reports, vol. 3, no. 1, 2013.

V. Hajhashemi, G. Vaseghi, M. Pourfarzam, and A. Abdollahi,
“Are antioxidants helpful for disease prevention?,” Research in
Pharmaceutical Science, vol. 5, 2010.

V. L. Maheshwari, Department of Biochemistry, School of Life
sciences, North Maharashatra University, Jalgaon 425001
(MS), India, M. P. Patil, R. H. Patil, and S. G. Patil, “Endo-
phytic Mycoflora of Indian medicinal plant, Terminalia arjuna
and their biological activities,” International Journal of Bio-
technology, vol. 3, 2014.

V. M. Tejesvi, R. K. Kini, S. H. Prakash, V. Subbiah, and S. H.
Shetty, “Antioxidant, antihypertensive, and antibacterial prop-
erties of endophytic Pestalotiopsis species from medicinal
plants,” Canadian Journal of Microbiology, vol. 54, no. 9,
pp. 769-780, 2008.



BioMed Research International

(40]

[41]

(42]

(43]

(44]

[45]

[46]

M. Govindappa, R. Channabasava, K. R. Sunil Kumar, and
K. C. Pushpalatha, “Antioxidant activity and phytochemical
screening of crude endophytes extracts of &lt;i&gt;Tabebuia
argentea&lt;/i&gt; Bur. &amp; K. Sch,” American Journal of
Plant Sciences, vol. 4, no. 8, pp. 1641-1652, 2013.

F. W. Wang, R. H. Jiao, A. B. Cheng, S. H. Tan, and Y. C. Song,
“Antimicrobial potentials of endophytic fungi residing in
Quercus variabilis and brefeldin A obtained from Cladospor-
ium sp,” World Journal of Microbiology and Biotechnology,
vol. 23, no. 1, pp. 79-83, 2006.

G. Fischer and W. Dott, “Relevance of airborne fungi and their
secondary metabolitesfor environmental, occupational and
indoor hygiene,” Archives of Microbiology, vol. 179, no. 2,
pp. 75-82, 2003.

B. Jarvis and J. Miller, “Mycotoxins as harmful indoor air con-
taminants,” Applied Microbiology and Biotechnology, vol. 66,
no. 4, pp. 367-372, 2005.

R. M. K. Toghueo, D. Sahal, 1. Zabalgogeazcoa, B. Baker, and
F. F. Boyom, “Conditioned media and organic elicitors under-
pin the production of potent antiplasmodial metabolites by
endophytic fungi from Cameroonian medicinal plants,” Para-
sitology Research, vol. 117, no. 8, pp. 2473-2485, 2018.

A. Watanabe, K. Kamei, T. Sekine, and H. Higurashi, “Cyto-
toxic substances from Aspergillus fumigatus in oxygenated or
poorly oxygenated environment,” Mycopathologia, vol. 158,
no. 1, pp. 1-7, 2004.

K. Kamei, A. Watanabe, K. Nishimura, and M. Miyaji, “Cyto-
toxicity of Aspergillus fumigatus culture filtrate against macro-
phages,” Nihon Ishinkin Gakkai Zasshi, vol. 43, no. 1, pp. 37-
41, 2002.

13



	Antibacterial and Mode of Action of Extracts from Endophytic Fungi Derived from Terminalia mantaly, Terminalia catappa, and Cananga odorata
	1. Introduction
	2. Materials and Methods
	2.1. Endophytic Fungi Isolates and Extracts Preparation
	2.2. Bacteria and Culture Conditions
	2.3. Determination of Minimum Inhibitory Concentration (MIC) of Extracts
	2.4. Determination of Possible Modes of Action of Promising Extracts
	2.4.1. Measurement of the Lytic Activity of Extracts
	2.4.2. Integrity of the Cell Membrane
	2.4.3. Outer Membrane Permeability Assay
	2.4.4. Salt Tolerance Assay
	2.4.5. Inhibition of Catalase Activity

	2.5. Evaluation of the In Vitro Antioxidant Potential and Cytotoxicity of Promising Extracts
	2.5.1. DPPH Radical Reduction Assay
	2.5.2. Ferric Ion Reducing Antioxidant Power (FRAP) Assay
	2.5.3. Evaluation of the Cytotoxicity of Promising Extracts

	2.6. Statistical Analysis

	3. Results
	3.1. Extraction Yield and Antibacterial Potency of Endophytic Extracts
	3.2. The Mode of Action of Promising Extracts
	3.2.1. Bacteriolytic Effect of Selected Extracts
	3.2.2. The Effect of Extracts on the Integrity of the Cell Membrane
	3.2.3. The Effect of Extracts on the Permeability of Outer Cell Membrane
	3.2.4. The Effect of Extracts on the Loss of Salt Tolerance Capacity
	3.2.5. The Effect of Extracts on the Catalase Activity

	3.3. Antioxidant Potential and Cytotoxicity of Selected Extracts

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments
	Supplementary Materials

