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The objective of this study was to characterize an endophytic fungi producing-bioactive compound from
the aquatic plant, Nelumbo nucifera. All parts of such plant were cleaned with surface sterilization tech-
nique and cultured on potato dextrose agar to isolate endophytic fungi. The identification was character-
ized by morphological and molecular technique. Fungal isolates were screened to discover antimicrobial
activities by disc diffusion method against Methicillin-resistant Staphylococcus aureus DMST20651
(MRSA). MIC and MBC for those crude fungal extracts were determined. Finally, the chemical profile of
crude extract was determined by gas chromatography and mass spectrometry. Six endophytic fungi were
isolated from the surface-satirized parts of N. nucifera. Based on disc diffusion assay, the highest antibac-
terial activity against MRSA was isolate ST9.1 identified as Aspergillus cejpii. Results demonstrated that
the ethyl acetate extraction had more active fractions with MIC of 2.5 mg/ml and MBC concentration
of 50.0 mg/ml. The crude extracts were developed to identify the chemical constituents by gas chro-
matography and mass spectrometry. The major component of crude extract of endophytic fungi was
5-(1H-Indol-3-yl)-4,5-dihydro-[1,2,4]triazin-3-ylamine (C;1H;1Ns). Thus, the plant could be used in the
treatment of infectious diseases caused by bacterial pathogen.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

vancomycin-resistnat Enterococcus (VRE), Methicillin-resistant Sta-
phylococcus aureus (MRSA), as well as opportunistic pathogens

In recent years, the increasing antimicrobial resistance called
superbug has driven a critical need to develop a novel antimicrobial
agents (Spellberg et al., 2008). Multi-drug resistant strains do not
occur only through nosocomial infection but also in the public con-
dition (Talbot et al., 2006), especially resistant sexually transmitted
infectious bacteria (Unemo and Jensen, 2017; Shaskolskiy, et al.,
2016), Escherichia coli, Klebsiella pneumonia, Haemophilus sp.,
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(Giamarellou, 2006). The antibiotic resistant crisis can mainly be
caused by the overuse of broad spectrum antibiotics. In addition,
drug use in livestock and agriculture also directly affects environ-
mental microorganisms (Gootz, 2010; Chang et al., 2015; Amador
et al,, 2019; Coyne, et al., 2019). However, several novel antibiotic
agents that are best suited for use in the hospital environment have
been developed to combat both Gram-positive and Gram-negative
bacteria, especially screening the active bio-molecule with the
potential in pharmacological properties and drug safety, with a
return to traditional remedies medicines.

Endophytic fungi, ubiquitously found in the internal tissue of all
plant species, have been reported as the producers of important
biologically bioactive molecules (Spellberg et al., 2008;
Vasundhara et al., 2016; Manganyi et al., 2019). Generally, they
generate in plant tissues without inciting disease symptoms as
called symbiotic. They are capable of synthesizing bioactive com-
pounds that can be used by plants for the defense against pathogen
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and/or stimulating plant growth, and other agents have been pro-
ven useful for novel drug discovery process (Talbot et al., 2006).
However, the endophytes contained in different plants may have
unique biosynthetic capabilities, leading to the production of
unique metabolites with varied biological activities. Aquatic plants
or hydrophytes could highly adapt to their environment with
unique morphological and physiological features, and these fea-
tures are likely to make them unique habitats for the growth of
potentially distinctive endophytic fungi (Uzma et al., 2018). How-
ever, the study of endophytic fungi of aquatic plants or their bioac-
tive metabolites in Thailand have not been investigated earlier.

Hence, this paper describes the isolation and identification
including the screening of endophytic fungi-producing bioactive
agents of the aquatic plant, Nelumbo nucifera against Methicillin-
resistant S. aureus DMST20651 (MRSA).

2. Materials and methods
2.1. Preparation of plant materials

A healthy aquatic plant, Nelumbo nucifera, was collected from
Rajamangala University of Technology Thanyaburi, Pathumthani,
Thailand. All parts of such plant including root, seed, petal, leaf
vein, leaf intervein, pollen, stolon, stem and receptacle were
washed with tap water for 10 min to remove dust and debris. They
were, then, cut into small pieces with a dimension of 1 cm x 1 cm
each. To sterilize the surface, all parts were sequentially soaked in
70% ethanol for 1 min, 3% sodium hypochlorite for 1 min, and 70%
ethanol for 1 min, respectively. Then, they were rinsed in sterile-
distilled water and further dried with sterilized tissue paper. All
plant segments were placed on potato dextrose agar medium
(PDA) supplemented with streptomycin (100 pg/ml). The agar
plates were incubated at 30 °C for 7 days in the dark condition.
The pure fungal strains were obtained and morphologically differ-
entiated, and the spores were identified by using Lacto Phenol Cot-
ton blue staining (Spellberg et al., 2008; Talbot et al., 2006; Unemo
and Jensen, 2017).

2.2. Identification of fungal endophytes

Initially, the morphological characteristics (color, colony sur-
face, colony margin, pattern, and pigment exuded) of the fungal
isolated were examined. The identification of the fungal isolate
was mainly performed using molecular characterization by analyz-
ing the DNA sequence of the ITS region of the ribosomal RNA gene.
The fungal strain was cultured in PDA at a room temperature for
3 days. Mycelium of fungus was scraped and the isolation of geno-
mic DNA from the mycelia of fungal isolate was carried out accord-
ing to the published protocol as previously reported (Dissanayake
et al., 2016). The ITS region of the isolated genomic DNA was
amplified by polymerase chain reaction (PCR) using the forward
primer ITS1 and the reverse primer ITS4 under the conditions.
The amplified DNA was commercially sequenced and BLAST was
analyzed (National Center for Biotechnology Information, NCBI).
When the top three matching BLAST hits were from the same spe-
cies and were > 98% similar to the query sequence, this species
name was assigned to the selected isolate (Zhou et al., 2018).

2.3. Preliminary screening of bioactive compounds

Each fungal isolate was cultured in 10 ml of potato dextrose
broth (PDB) at 30 °C for 14 days. Mycelium of the fungus was fil-
tered and tested against Methicillin-resistant S. aureus DMST20651
(MRSA). 10 mg/ml streptomycin was used as standard in agar disc
diffusion assay and PDB was used as a negative control. Bioassay

was conducted in triplicate. After a 24 h-incubation, the mean
diameter of the inhibition zones was recorded and a standard error
was calculated. Further, the most potent of the fungal strain was
selected and identified.

2.4. Fungal growth of endophytic fungi

To determine the fungal growth rate, all fungal endophytes iso-
lates were grown on potato dextrose agar (PDA) and incubated at
30 °C for 21 days. The fungal growth rate was measured by the
diameter of mycelial growth on the agar plates (mm) every 3 days
(Basu et al., 2015).

2.5. Production time of bioactive compounds

After previous screening of antimicrobial activity, a positive
fungal isolate was selected to study the secretion of bioactive com-
pounds. Briefly, three pieces of fungal colony were grown into
50 ml of potato dextrose broth (PDB) medium in 100 ml Erlen-
meyer flask and incubated for 30 days at 30 °C for bioactive com-
pound production. The culture broth of fermentation was taken off
and transferred into a micro-centrifuge tube on day 1, 3, 5,7 14, 21
and 28 for antibacterial determination by disc diffusion assay.

2.6. Submerged fermentation of endophytic fungi

The fungal strain with the best antimicrobial activity was grown
into 500 ml potato dextrose broth (PDB) medium (potato: 200 g/L;
dextrose: 20 g/L; pH 6.0) in 1000 ml Erlenmeyer flask and incu-
bated for 30 days at 30 °C for bioactive compound production.
After incubation, the culture was filtrated using filtrate paper
Whatman No. 1 and kept at 4 °C for solvent extraction.

2.7. Extraction of bioactive compounds of endophytic fungi

The culture filtrate was extracted twice with the equal volume
of hexane, ethyl acetate, and methanol using fungal separation.
Each solvent phase was collected and condensed using the rotary
vacuum evaporator. The dry crude extract metabolite was obtained
at 4 °C, kept at — 200C and 2% DMSO, respectively, for use in the
future (Palanichamy et al., 2018a).

2.8. Antimicrobial determination

2.8.1. Preparation of inoculums

The bacterial pathogen, Methicillin-resistant S. aureus
DMST20651 (MRSA), was obtained from the National Institute of
Health, Thailand. Tested bacteria was inoculated in nutrient broth
and incubated for 16-18 h at 37 °C in aerobic condition. The sus-
pension was adjusted to 0.5 McFarland turbidity standard corre-
sponding to 107-10% CFU/ml.

2.8.2. Antimicrobial assay

The disc diffusion method was used to determine the antibacte-
rial activity of the endophytic fungi extracts by using nutrient agar
(NA). A fresh bacterial suspension adjusted to 107-108 CFU/ml was
spread on NA plates with sterile cotton swab. Disc diffusion assay
was completed by adding tested crude extract in 2% DMSO at an
initial concentration of 100 mg/ml onto a 6 mm paper disc. The
culture plates were then incubated at 37 °C for 24 h in an incuba-
tor. The experiment was carried out in triplicate and the diameter
in millimeters (mm) of the inhibition zone was recorded. The
results were represented as mean * sd (Tamijothi et al., 2011).



S. Techaoei et al. /Saudi Journal of Biological Sciences 27 (2020) 2883-2889 2885

2.9. Determination of minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC)

To assess the MIC and MBC of endophytic fungi extracts, the
serial two-flow dilution was carried out with broth dilution assay.
The absence of bacterial growth with the lowest concentration was
interpreted as the MIC. The MBC was determined by sub-culturing
which showed no bacterial growth on agar plates after incubated
at 37 °C for 24 h in an incubator. The lowest concentration that
did not show bacterial growth was defined as the MBC value.
The experiment was conducted in triplicate and the mean diameter
in millimeters (mm) of the zone of inhibition was recorded. Ery-
thromycin and 2% dimethyl sulfoxide (DMSO) solution were used
as a positive control and a negative control, respectively. All exper-
iments were performed in triplicate. The results were represented
as mean * sd (Chen et al., 2016).

2.10. Gas chromatography-mass spectrometry analysis

GC-MS analysis tests for bioactive compounds of endophytic
fungi crude extract composition analysis were performed on a Agi-
lent 7890 GC system instrument equipped with HP-5MS (5% diphe-
nyl 95% dimethylpolysiloxane) column (30 m x 0.25 mm, 0.25 um)
and interfaced to a 5975C inert XL MSD with Triple-Axis Detector.
An injection volume of 2 pL was employed (split ration of 10:1) at
an injector temperature of 250 °C. The column temperature was
increased from 60 to 250 °C with a rate of 5 °C /min. The outlet
temperature was 280 °C. Mass spectra were taken at 70 Da. Ms
transfer line temperature was 250 °C. The components of the
extract were identified by the comparison of fragmentation pat-
terns in mass spectra with those stored on the spectrometer data-
base and reported in the literature. The relative percentage of
individual components was calculated from the GC peak areas
(Valgas et al., 2007).

2.11. Identification of bioactive constituents

Interpretation on Mass-spectrum GC-MS was carried out by
using the database of National institute Standard and Technology
(NIST) with more than 62,000 patterns. The spectrum of the
unknown components was compared with the spectrum of known
components stored in the NIST library. The name, molecular for-
mula, weight and chemical structure of the components of the test
materials were ascertained (Carbonero, et al., 2012).

2.12. Time kill kinetics

Time-kill assay was analyzed using the MIC values, the MRSA
suspension were adjusted a bacterial serial ten-fold dilutions
(1072 and 10~ from 1.5 x 10® cfu/mL) and tested antimicrobial
activity with concentration of MIC values of 1MIC, 2MIC and 3
MIC of fungal extracts including EtOAc (E), intracellular (I) and
intra + extracellular extracts (IE). Streptomycin at concentration
of 40 mg/mL was used as a positive control. The 80 uL of each treat-
ment was put into each well containing 100 pL nutrient broth sup-
plemented with 20 uL of bacterial suspension and incubated at
37 °C for 24 h. All samples were collected at 3, 6, 9, 18 and 24 h.
After that, 100 pL of collected samples were cultured on nutrient
agar and incubated at 37 °C for 24 h. A number of viable bacterial
cell was determined.

2.13. Statistical analysis

All data of the experiments were statistically analyzed by
mean * sd for groups (n = 3).

3. Results and discussion
3.1. Isolation of endophytic fungi from Nelumbo nucifera

Six endophytic fungi were isolated from several parts of
Nelumbo nucifera (Fig. 1): root, seed, petal, leaf veins, leaf inter-
veins, pollen, stolon, stem, and receptacle. The result showed that
endophytic fungi were more prevalent in the root of N. nucifera
(3/6 or 50.0%) than other parts. Similarly to the report from the
researcher in Sri Lanka, eight out of twenty endophytic fungi were
isolated from leaves of Sri Lankan aquatic plant Nymphaea nouchali.
All fungal isolates were screened to test the anti-bacterial activity
(Dissanayake et al., 2016).

3.2. Preliminary screening of endophytic fungi from Nelumbo nucifera

For the primary screening of bioactive compound production,
cultured cell-free broth of all fungal strains were tested against
Methicillin-resistant S. aureus DMST20651 (MRSA) by agar diffu-
sion assay. It was found that one out of six endophytic fungi,
named ST9.1 isolated from the stolon was strongly potential
against Methicillin-resistant S. aureus DMST20651 (MRSA) (Fig. 2)
indicating that the cell-free broth displayed extra-cellular bio-
active molecule.

3.3. Identification of endophytic fungi isolate ST9.1

Fungal endophytic fungi isolate ST9.1 was characterized based
on molecular identification and its ITS1 and ITS4 sequences were
submitted in Genbank. Identified isolates ST9.1 belongs to Aspergil-
lus cejpii with a similarity of 99.57%. When compared to the results
of the research from Sri Lanka (Dissanayake et al., 2016), which iso-
lated fungal endophyte from Sri Lankan aquatic plant (Nymphaea
nouchali), the best endophytic fungus, Chaetomium globosum pro-
duced chaetoglobosin A and C, with an antimicrobial activity
against S. aureus (ATCC 25923) and Bacillus cereus (ATCC 11778),
Pseudomonas aeruginosa (ATCC 9027) and Escherichia coli (ATCC
35218).

3.4. Production time of bioactive compounds

For bioactive compound production, the fungal endophyte iso-
late ST9.1 was selected and grown on PDB and incubated at
30°Cfor 3,5, 7,14, 21, and 28 days before the antibacterial activity
test. Results showed that the highest antibacterial activity of the
fungal endophytes isolate ST9.1 was performed on day 4 with an
inhibition zone of 12.67 + 0.47 mm. The activity was highest on
early fermentation suggested that such metabolism could lead to
an increase metabolic products (Adebo and Medina-Meza, 2020)
and the diversity of metabolites synthesis were produced by vari-
ous metabolic pathway (Palanichamy et al., 2018b). Noticeably,
when the incubation time was increased, the function of bioactive
molecule decreased (Fig. 3). These results suggest the possibility
that several compounds may also inhibits the specific biosynthesis
pathway (Pant et al., 2015).

3.5. Fungal growth rate

In this study, agar medium, PDA, was used to assess the growth
characteristic of mycelial growth of fungal endophyte because the
solid-state medium might be more realistic to study the growth
characteristics of fungal species (Singh and Kumar, 2012). Fig. 4
shows the results of the mycelial growth rate of all endophytic
fungi. For each fungal isolate, the vegetative mycelial growth was
determined by the colony diameter of radial mycelial growth.
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(A)

Fig. 2. Extracellular activity of bioactive molecules of fungal cell-free broth isolate
ST9.1 against Staphylococcus aureus DMST20651 (MRSA) under submerge fermen-
tation at 30 °C for three days (A1-6).
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Fig. 3. The production time of bioactive molecule of fungal endophyte isolate ST9.1.

The radial growth of the colonies of isolates PT1.1 (from petal),
ST9.1 (from stolon), and RT1.1 (from root) showed a more rapid
production in agar media when compared with fungal isolates
RE8.1, IT1.1, and RE3.1 in week 3, indicating that nutritionally-
rich media could promote abundant mycelial density and fungal
growth rate (Singh and Kumar, 2012).
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Fig. 4. The mycelial growth rate of endophytic fungi.

3.6. Antibacterial activities

Antimicrobial activity results of endophytic fungal isolate ST9.1
were determined by paper disc diffusion methods in Table 1.
Results of disc diffusion method in terms of size of inhibition zone
(mm) for the extracts were compared against microorganisms
studied, Methicillin-resistant S. aureus (MRSA). The highest
antibacterial activity was determined against S. aureus (MRSA) in
a clearing zone of 11.33 + 0.29 mm when extracted with ethyl acet-
ate (EtOAc-En fraction) whereas hexane extract (Hex-En fraction),
butanol extract (Bu-En fraction), and methanol extract (Me-En
fraction) displayed no activity. In the previous study, endophytic
fungal extracts from Nymphaea nouchali (Sri Lankan aquatic plant)
have been reported as having antimicrobial activity against Gram-
positive bacteria, S. aureus (ATCC 25923) and Bacillus cereus (ATCC
11778) identified as Chaetomium globosum (Dissanayake et al.,
2016). There are many reports of antimicrobial compounds pro-
duced by endophytic fungi active against plant and human patho-
gens (Chareprrasert et al., 2006).

Table 1
Bacterial activities of the crude extracts of fungal endophyte isolate ST9.1.

Extracts Inhibition zone (mm) of MRSA

Hex-En (Hexane) -

EtOAc-En (Ethyl acetate) 1133 £0.29
Bu-En (Buthanol) -
Me-En (Methanol) -
Negative control® -
Positive control® 19.00 £ 0.29

Note: *negative control (2% DMSO); positive control (streptomycin; 10 mg/ml);
statistical analysis as mean * sd.
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Fig. 5. GC chromatogram of fungal endophytic extracts with ethyl acetate (EtOAc-En).
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Fig. 7. Mass spectrum of 5-(1H-Indol-3-yl)-4,5-dihydro-[1,2,4] triazin-3-ylamine.

Table 2

The minimum inhibitory concentration (MIC) and the minimum bactericidal
concentration (MBC) of fungal endophyte isolate ST9.1 used to inhibit Methicillin-
resistant S. aureus (MRSA).

Concentration (mg/ml)
MIC? MBC®

Bacterial strain

MRSA 25 50

Note: °MIC: the minimum inhibitory concentration;
PMBC: the minimum bactericidal concentration (mean # SD).

3.7. Bacteriostatic and bactericidal effect

With a minimum inhibitory concentration (MIC) and a mini-
mum bactericidal concentration (MBC) against Methicillin-
resistant S. aureus (MRSA), a lower MIC was observed in Table 2.
The MIC test indicated that the extract of endophytic fungi isolate
ST9.1 exhibited minimal values of MIC (2.50 mg/ml) against
Methicillin-resistant S. aureus (MRSA). With a minimal bactericidal
concentration, MBC at the concentration of 50.0 mg/ml was
discovered.
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Table 3
Characterized chemical constituents of fungal endophyte isolate ST 9.1.
Compounds RT? MwWP MF€
2-Naphthalenemethanol 10.309 222 Ci5H,60
n-Hexadecanoic acid 13.989 256 Ci16H3202
9,12-Octadecadienoic acid (Z,Z) 16.415 280 CygH320,
Oleic Acid 16.701 282 C5H340,
Pyrazino|[1,2-alindole-1,4-dione, 2,3-dihydro-2-methyl-3-methylene- 17.743 226 Ci3H10N20,
n-Octanoic acid,methyl(tetramethylene)silyl ester 19.956 242 Cq3H260,Si1
Nonadecane 21.395 268 Ci9Hao
5-(1H-Indol-3-yl)-4,5-dihydro-[1,2,4] triazin-3-ylamine 23.009 213 Cy1H11Ns
Diisooctyl phthalate 2217 390 Cy4H3504
9,12,15-Octadecatrienoic acid, 2-[(trimethylsilyl)oxy]-1-[[(trimethylsilyl) oxy]methyl]ethyl ester, (Z,Z,Z)- 22.428 496 Ca7H5204Si;
1-Ethyl-1-heptyloxy-1-silacyclohexane 21.985 242 Cq14H300S
Hydroxylamine, O-decyl- 24.199 173 CqoH23NO
2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl- 26.016 222 Cy5H60
Dehydroergosterol 3,5-dinitrobenzoate 27.98 588 C35H44N206
Note: °RT: retention time (min); "MW: molecular weight; MF: molecular formula.
Table 4
Time kill kinetics of fungal endophyte isolate ST9.1 extracts with various different concentration.
Samples Concentration Logrithmic CFU/mL (h)
3 6 9 18 24
Negative control - 6.58 6.60 7.81 7.81 7.81
Streptomycin 40 mg/mL 4.40 4.40 4.40 4.40 4.40
EtOAC (E) MIC? 7.29 5.77 535 5.04 4.40
2MICP 7.27 5.50 5.30 4.54 4.40
3MICC 5.42 5.40 523 4.52 4.40
Intracellular (I) MIC? 7.24 5.47 5.30 448 4.40
2MIC” 5.73 5.39 5.16 4.40 4.40
3MIC® 5.45 5.37 5.09 4.40 4.40
Intra + Extracellular (IE) MIC? 7.31 6.48 7.34 7.81 7.81
2MIC” 7.07 5.47 535 7.19 7.24
3MIC® 5.45 5.42 541 535 5.28

Note: *MIC (2.5 mg/mL), >2MIC (5 mg/mL) and 3MIC (7.5 mg/mL).

3.8. Gas Chromatography-Mass spectrometry analysis of crude
endophytic fungi isolate ST9.1 extract

Fungal strain ST9.1 showed the most promising antimicrobial
activities and was selected for bioassay-guided fractionations to
isolate and characterize the active compounds. The active princi-
ples with their retention time (RT), molecular formula, molecular
weight (MW), concentration (Peak area %) and the chemical struc-
ture were analyzed. Table 3 shows the components present in the
ethyl acetate extract as identified by GC-MS. The chromatogram of
endophytic fungi extracts which promoted a high peak area was
shown in Fig. 5. 2-Naphthalenemethanol (RT10.309) was shown
in Figs. 6, and 5-(1H-Indol-3-yl)-4,5-dihydro-[1,2,4] triazin-3-
ylamine (RT 23.009) was shown in Fig. 7. However, these com-
pounds derivatives like amino acid conjugated antimicrobial drugs

94
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s 71 -+ 2xMIC (E)
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=
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Fig. 8. The time kill kinetics of ethyl acetate extracts (E) of isolate RT9.1 against
MRSA. Control indicates cells without treatment while positive control indicates
treated cells with 40 mg/mL of streptomycin.

was prepared by the previously reported for their antimicrobial
activities (Saundane et al., 2013).

3.9. Time kill kinetics assay

The time kill assay is widely used to examine the ability of an
antimicrobial compounds against various pathogens. These assay
was subjected over 24 h with the MRSA being revealed to MIC
(2.5 mg/mL), 2MIC (5 mg/mL) and 3MIC (7.5 mg/mL) of fungal
endophyte extracts. From the results, a graph was plotted between
the logarithmic number of CFU/mL and incubation time (Table 4).
At 3MIC concentration, the fungal extracts isolate ST9.1 greatly
exhibited MRSA at 3 h and gradually rise up to the 24 h when com-
pared with the MIC, 2MIC and the control, respectively (Figs. 8-10).

94
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—— -
4 T T T T 1
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Fig. 9. The time kill kinetics of intracellular extracts (I) of isolate RT9.1 against
MRSA. Control indicates cells without treatment while positive control indicates
treated cells with 40 mg/mL of streptomycin.



S. Techaoei et al. /Saudi Journal of Biological Sciences 27 (2020) 2883-2889 2889

’ -o- Control
8- -8 Positive control
E} -+ | x MIC (IE)
S 7 - 2xMIC (IE)
@ ] —— 3 x MIC (IE)
¥ — . .
- 5- Y —

. o—o—=0 o a

0 é ll() 1I5 2I0 ZIS

Hours

Fig. 10. The time kill kinetics of intra and extracellular extracts (IE) of isolate RT9.1
against MRSA. Control indicates cells without treatment while positive control
indicates treated cells with 40 mg/mL of streptomycin.

From the results were exposed that the effect of fungal endophyte
extracts at different concentrations and incubation times was
bacteriostatic.

4. Conclusion

From the above study, the results revealed that the endophytic
fungi isolate ST9.1 isolated from the lotus stolon was Aspergillus
cejpii. The fungal ethyl acetate extracts showed antibacterial activ-
ity against Methicillin-resistant S. aureus with MIC and MBC of
2.5 mg/ml and 50.00 mg/ml, respectively. Such results also charac-
terized the chemical profile of extracts by GC-MS and displayed
major bioactive compounds as 5-(1H-Indol-3-yl)-4,5-dihydro-[1,2
/]triazin-3-ylamine(C;,H;1Ns). Finally, the fungal extracts isolate
ST9.1 greatly exhibited MRSA at concentration of 3MIC for 3 h
and gradually rise up to the 24 h when compared with the MIC,
2MIC and control. However, in order to use the fungal endophyte
in medicine, more detailed studies need to be conducted.
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