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Abstract
AIM: The purpose of this research is to evaluate the antibacterial activity of endophytic fungi derived from the flowers 
of Andrographis paniculata (Sambiloto).

METHODS: The endophytic fungi were obtained following the dilution method with potato dextrose agar as media. 
Four isolates of fungi have been obtained and then fermented with rice media for 3 weeks. The fermented fungi were 
extracted with ethyl acetate (EtOAc) and evaporated to yield the EtOAc extract. All EtOAc extracts were evaluated 
for their antibacterial activity using agar diffusion method.

RESULTS: The results indicated that the EtOAc extract from fungus RG-2 was the potential source of antibacterial 
compounds. Molecular identification showing fungus RG-2 was Xylaria sp.

CONCLUSION: Further investigation of the antibacterial compounds produced by fungus Xylaria sp. derived from 
the flowers of A. paniculata will be performed in the future. To the best of our knowledge, endophytic fungal Xylaria 
sp. is firstly isolated from A. paniculata.
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Introduction

Andrographis paniculata known as 
Sambiloto in Indonesia is a plant species in the family 
Acanthaceae. A. paniculata are found in subtropical 
areas including China, India, and Indonesia [1], [2]. 
A. paniculata has been widely used as medicinal 
herbs, such as treatment of diabetes, fever, diarrhea, 
skin diseases, flatulence, colic, and influenza [3], [4]. 
Previous phytochemical research of A. paniculata 
resulted in diverse groups of secondary metabolites 
with various biological activities, including antibacterial 
[5], [6], [7]. According to the report from the World 
Health Organization (WHO), many antibiotic-resistant 
infections occur in the world each year. Based on 
this data, research of drug discovery targeting drug-
resistant bacteria is important to occur. One of the 
sources for producing the antibacterial compounds is 
endophytic fungi from A. paniculata.

Endophytic fungi are microorganisms living in 
internal plant tissues without causing negative effects 
for their host plants [8], [9], [10], [11]. Endophytic 
fungi are sources of a variety of bioactive secondary 

metabolites where one of them is antibacterial 
compounds [9], [12], [13]. Previous research of 
antibacterial activity from endophytic fungi obtained from 
various host plants has been reported. Ethyl acetate 
(EtOAc) extract from 24 endophytic fungi obtained from 
Garcinia mangostana showed antibacterial activity 
against some pathogenic bacteria [14].

Furthermore, endophytic fungi derived from 
roots, leaves, and stems of A. paniculata also exhibited 
antibacterial activity [15]. A  new benzochromen 
derivative isolated from fungus Aspergillus sp. from 
the leaves of A. paniculata showing antibacterial 
activity against Staphylococcus aureus, Escherichia 
coli, Shigella dysenteriae, and S. typhi [16]. These 
data indicated that the endophytic fungi associated 
with A. paniculata have the potential as a source of 
antibacterial compounds. In the present study, we 
investigated the phytochemical screening of endophytic 
fungi isolated from flowers of A. paniculata and their 
antimicrobial activity against E. coli, S. aureus, and 
Streptococcus pyogenes following the disc diffusion 
method. One of the most potential fungi in this study 
was identified molecularly as Xylaria sp. For your 
information, the research of antibacterial screening 
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from the EtOAc extract of fungus Xylaria sp. obtained 
from the flowers of A. paniculata has not been reported.

Materials and Methods

Sample preparation

The flowers of A. paniculata were collected on 
January 2021 from Padang Pariaman, West Sumatera, 
Indonesia. Inoculation of the flowers was carried out an 
hour after collection in the laboratory.

Isolation of endophytic fungi from the 
flowers of A. paniculata

The isolation of endophytic fungi from 
the flowers of A. paniculata followed the reported 
method [17]. The fresh flowers of A. paniculata were 
sterilized with ethanol 70% for 45 s and NaClO 3.5% 
for 30 s. The sterile flowers were placed on the potato 
dextrose agar (PDA) media as a negative control. 
Then, the internal tissue of flowers was inoculated on 
the PDA media and incubated at 28°C. After 7 days, 
the endophytic fungi were transferred to the other 
PDA media to give the single isolate. All steps were 
processed under aseptic conditions. Based on the 
morphology of fungi, four endophytic fungi (RG-1, 
RG-2, RG-3, and RG-4) have been isolated from the 
flowers of A. paniculata.

Fermentation and extraction

The four purified fungi (2 × 2  cm) on agar 
media were transferred to 250 mL Erlenmeyer flasks 
containing rice media (25  g rice/30  mL aquadest). 
Endophytic fungi were cultivated at 28°C for 1, 2, 3, 
and 4  weeks under stationary conditions [17]. The 
cultivated endophytic fungi were repeatedly extracted 
with EtOAc to give the crude extract. Endophytic fungi 
with potential cultivation time were analyzed for their 
antibacterial activity and phytochemical screening.

Screening for antibacterial activity

The EtOAc extract of each fungus was 
evaluated for the antibacterial activity following the disc 
diffusion method [18], [19] against three bacteria (E. coli, 
S. aureus, and Streptococcus pyogenes). All tested 
bacteria were isolated from patients and identified by 
morphological and biochemical tests in Universitas 
Indonesia. Fifteen milliliters of the MHA media were 
poured into Petri dishes followed by inoculation of 
bacteria on the MHA media. Each EtOAc extract with 
the series concentrations (1%, 3%, and 5%) dissolved 
in methanol. Amoxicillin was used as a positive control 

and methanol was used as a negative control. Sterile 
paper discs (6 mm) loaded with 20 µL of the samples 
were placed onto the surface of the agar. After 24  h 
incubation, the diameter of the zone of inhibition 
was measured and recorded. Each experiment was 
performed in triplicate. The inhibition zone of each 
extract was analyzed statistically and presented as 
mean ± standard deviation.

Minimum inhibitory concentration (MIC) of 
the EtOAc extract

MIC assay was evaluated for the EtOAc 
extract of fungus RG-2 following microplate broth 
dilution method (Radji et al., 2011). Overnight culture 
of tested bacteria (approximately 106 CFU) was seeded 
into the wells. The crude extract was tested at serial 
concentrations from 400 to 3.125  µg/mL and then 
incubated at 37°C. After 24  h, MIC was determined 
as the least concentration of the extract inhibiting the 
growth of the tested bacteria. Amoxicillin was used as 
a positive control.

Phytochemical screening of EtOAc extract

All EtOAc extracts of endophytic fungi were 
evaluated for their chemical constituents following the 
standard method [20] with modification. The aim of 
this step is to know the presence of alkaloids, phenolic 
compounds, terpenoids, and steroids from each extract.

Steroid and terpenoid screening

The EtOAc extract was dissolved with 
ammonia-chloroform and H2SO4  2 N and shaken to 
form two layers. The bottom layer was evaporated 
and added anhydrous acetic acid and H2SO4 p.a. The 
presence of steroid will be shown by green-blue color, 
while the presence of terpenoid will be indicated by red 
color.

Alkaloid screening

The top layer in steroid and terpenoid screening 
was transferred into three test tubes and added with 
Dragendorff reagent, Mayer reagent, and Wagner 
reagent, respectively. Alkaloid positive will be shown by 
a brown precipitate, a white precipitate, and an orange 
precipitate, respectively.

Phenolic compound screening

The EtOAc extract was dissolved with 
FeCl3 1%. The presence of phenolic compounds will be 
shown by the pink color of the filtrate.
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Identification of fungus

Identification of endophytic fungus was carried 
out using analyses of the Internal Transcribed Spacer 
(ITS) region of the ribosomal DNA [21]. After 72  h 
cultivation of endophytic fungus on PDB media, the DNA 
of fungus was extracted using nucleon PHYTO pure and 
then amplified using primer ITS 4  (5’- TCC TCC GCT 
TAT TGA TAT GC-3’) and ITS 5 (5’- GGA AGT AAA AGT 
CGT AAC AAG G-3). The method of polyethylene glycol 
precipitation was used for the purification of the PCR 
product. Furthermore, the PCR product was sequenced 
with an automated DNA sequencer. The sequencing data 
were trimmed and assembled with the BioEdit program 
and then blasted at National Center for Biotechnology 
Information. Constructing the phylogenetic tree following 
neighbor joining method with a bootstrap value of 1.000 
replication used MEGA 7.0 software [22].

Results and Discussion

Based on reported phytochemical research, 
hundreds of secondary metabolites including 
flavonoids, terpenoids, steroids, and alkaloids have 
been discovered from A. paniculata, some of which 
were novel compounds. Some isolated compounds 
reported various modes of biological activities in vivo 
as well as in vitro, such as antibacterial, anticancer, 
antiviral, and anti-HIV [5]. In our previous study, an 
endophytic fungus labeled with RG-2 obtained from 
the twigs of A. paniculata exhibited antibacterial activity 
against three tested bacteria, E. coli, S. aureus, and 
S. pyogenes [20]. To continue our study for searching 
antibacterial sources from endophytic fungi derived 
from host plant A. paniculata, we investigated the 
antibacterial screening from endophytic fungi obtained 
from the flowers of A. paniculata in this study.

Four single strains of endophytic fungi (RG-1, 
RG-2, RG-3, and RG-4) were isolated from the flowers of 
A. paniculata. Optimization of endophytic fungi to produce 
secondary metabolite was carried out by analyzing the 
EtOAc extract mass (Figure  1). These data indicated 
that the optimum cultivation time of all fungi isolated 
from flowers of A. paniculata is 3  weeks. These data 
indicated that the 3 weeks were the stationary phase of 
fungal growth. The stationary phase of fungal growth is a 
phase where cell division and cell death are equal. In this 
phase, the enzymes responsible for obtaining secondary 
metabolites accumulate, so secondary metabolites will 
be yielded significantly [9], [12].

Antibacterial activity of the EtOAc extract from 
all fungi showed that all of them were active against 
E. coli, S. aureus, and S. pyogenes. All extracts of 
endophyte fungi isolates were able to inhibit the growth 
of E. coli and S. pyogenes and three extracts were active 

Figure 1: Optimization of cultivation time of endophytic fungi

against S. aureus. Data of the inhibition zone in Table 1 
showed that the antibacterial activity increases with a 
higher concentration of extract. Increasing the number 
of bioactive metabolites will have a positive impact on 
the potential of the EtOAc extract as an antibacterial 
source [23]. The EtOAc extract of endophytic fungus 
RG-2 showed the largest inhibition zone against all 
tested bacteria in the concentration of 5% (inhibition 
zones of 10.67, 12.33, and 13.00 mm, respectively).

Table 1: Inhibition zone of endophytic fungal extract
Fungus Concentration (%) E. coli (mm) S. aureus (mm) S. pyogenes (mm)
RG‑1 5 6.67 ± 1.53 8.67 ± 1.53 9.33 ± 0.58

3 5.33 ± 0.58 7.67 ± 1.15 6.67 ± 0.58
1 4.33 ± 0.58 6.33 ± 1.15 5.33 ± 1.53

RG‑2 5 10.67 ± 0.58 12.33 ± 0.58 13.00 ± 1.00
3 8.33 ± 0.58 7.67 ± 0.58 9.33 ± 0.58
1 6.33 ± 0.58 5.67 ± 0.58 7.33 ± 0.58

RG‑3 5 8.67 ± 1.15 9.33 ± 0.58 7.33 ± 0.58
3 6.33 ± 0.58 7.33 ± 0.58 5.33 ± 1.15
1 4.33 ± 0.58 ‑ 4.67 ± 0.58

RG‑4 5 7.67 ± 0.58 ‑ 8.67 ± 0.58
3 6.33 ± 0.58 ‑ 6.33 ± 0.58 
1 5.33 ± 0.58 ‑ 4.33 ± 0.58

Positive Control 13.67 ± 0.58 14.33 ± 0.58 15.67 ± 0.58
*All the values are mean ± SD of three parallel measurements.

Furthermore, the MIC values of the EtOAc extract 
of fungus RG-2 were determined by the dilution method. The 
MIC values of the EtOAc extract are presented in Table 2. 
Table 2: The MIC values of the EtOAc extract of fungus RG‑2
Tested bacteria MIC (µg/mL)

EtOAc Extract Amoxicillin
E. coli 25 6.25
S. aureus 12.5 6.25
S. pyogenes 25 12.5

Interestingly, the EtOAc extract from fungus RG-2 had 
MIC values of 12.5 μg/ml against M. luteus, 25 μg/mL 
against E. coli, and 25 μg/mL against S. pyogenes. 
They were only 2 and 4 times higher than amoxicillin as 
a positive control. 
Table 3: Phytochemical screening of endophytic fungal extract

RG‑1 RG‑2 RG‑3 RG‑4
Steroid/terpenoid ++ +++ + +
Alkaloid

Dragendorff 
reagent

++ ++ + +

Mayer reagent + ++ + +
Wagner reagent + ++ + +

Phenolic compound + ++ ++ ‑
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These results presented in this study indicated that 
fungal RG-2 bears a potent antibacterial activity and 
could be a valuable candidate for the discovery of lead 
compounds for antibacterial purpose.

The antibacterial activity of the EtOAc extract 
from fungus RG-2 is related to the presence of bioactive 
metabolites. Phytochemical screening of each EtOAc 
extract showing the presence of steroids/terpenoids, 
alkaloids, and phenolic compounds is presented in 
Table 3. Alkaloids inhibited bacterial growth by disrupting 
the peptidoglycan in bacterial cells. The mechanism 
of terpenoids as antibacterial agents disrupted the 
formation of the membrane. It will make the membrane 
will not be perfectly formed [24]. The factors of phenolic 
compounds as an antibacterial source are lipophilicity, 
electronic activity, and polyphenol content. Phenolic 
compounds will inhibit the reverse transcription 
enzymes and DNA topoisomerase [25], [26], [27].

Based on this antibacterial and phytochemical 
screening, fungus RG-2 has the greatest secondary 
metabolites with antibacterial activity. Molecular 
identification of fungal RG-2 showed that RG-2 was 
Xylaria sp. with sequence identities of 99%. The 
phylogenetic tree was constructed using neighbor-joining 
method with a bootstrap value of 1.000 (Figure 2). RG-2 
is clustered with Xylaria sp. JQ341083 from West African. 
The genetic difference between Xylaria sp. JQ341083 is 
only 0.4% according to the Kimura2-parameter model 
(Table 4). Meanwhile, the genetic difference among the 
other fungi is more than 1.1%.

Figure 2: The phylogenetic tree inferred using the neighbor-joining 
method of ITS sequence of fungus RG-2 derived from A. paniculata 
and its allied taxa

Genus Xylaria has been previously reported 
for its chemical constituents and has proven to be a 
potential source of antibacterial compounds. A coumarin 
derivative, 7-amino-4-methylcoumarin, exhibited strong 
antibacterial activity against 10 bacteria, including 

S. aureus, E. coli, S. typhi, Salmonella typhimurium, 
S enteritidis, Aeromonas hydrophila, Yersinia sp., Vibrio 
anguillarum, Shigella sp., and Vibrio parahaemolyticus 
with MIC less than 25  µg/mL [28]. In addition, two 
cyclopentapeptides, xylapeptides A and B, showed 
strong antibacterial activity against Bacillus subtilis 
and B. cereus (MIC values < 12.5 µg/mL) [29]. These 
reported studies indicated that the EtOAc extract of 
Xylaria sp. derived from the flowers of A. paniculata 
may also produce various secondary metabolites 
with antibacterial activity. Further investigation of the 
antibacterial compounds isolated from fungal Xylaria 
sp. from A. paniculata needs to be done in the future.

Conclusions

An endophytic fungus RG-2, identified 
as Xylaria sp., was obtained from the flowers of 
A. paniculata having broad antibacterial activity against 
E. coli, S. aureus, and S. pyogenes. It is the firstly 
isolated Xylaria sp. from A. paniculata. Further study 
to identify secondary metabolites that play a role in the 
antibacterial properties of the EtOAc extract from fungal 
Xylaria sp. obtained from the lowers of A. paniculata 
needs to be continued.
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