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Plants, including Dacrycarpus imbricatus, have important ecological functions as a carbon source, support the soil
microbial community, improve soil nutrients, and conserve water. Moreover, actinomycetes in rhizospheric soil have
a high potential in producing bioactive compounds, including anti-bacterial and antioxidant compounds. This study
investigated 11 actinomycetes extracts for their anti-bacterial activity against Escherichia coli and Staphylococcus
aureus and antioxidant activity as the 2,2-diphenyl-1-picrylhydrazyl (DPPH-free radical scavenging. Actinomycetes
strains were isolated from the rhizosphere soil of D. imbricatus. Anti-bacterial and DPPH scavenging activities
were carried out by thin-layer chromatography-bioautography. Besides, the microdilution method was performed to
determine IC,; and minimum inhibitory concentration values. Potential strains were identified based on molecular
identification and tested for their anti-bacterial activity against Mycobacterium smegmatis. Results revealed that
the highest anti-bacterial activity exhibited by two actinomycetes extracts, Streptomyces avermitilis A18TE-8 and
Micromonospora terminaliae A18TE1-1, had moderate-strong anti-bacterial activity against S. aureus (8 and 128
ng/ml, respectively) and the percentage of growth inhibition against M. smegmatis was moderate (80% and 60%,
respectively). Two extracts of actinomycetes M. terminaliae A18TE1-1 and Streptomyces nigrescens A18TE1-9 had
a moderate antioxidant activity with IC, values 122.96 and 98.79 pg/ml, respectively (or AAI values 0.25 and 0.31,
respectively). Therefore, actinomycetes extracts from D. imbricatus rhizosphere soil could be anti-bacterial sources,
especially against S. aureus and M. smegmatis, rather than antioxidant sources.

INTRODUCTION
Actinomycetes are

350 genera (Takahashi and Nakashima, 2018). Although they

saprophytic bacteria that are are present in the soil at a density of 10°~10° cells/g, more than

Gram-positive and free-living. They are found in terrestrial and
aquatic environments (Lacombe-Harvey ef al., 2018). In their
DNA, actinomycetes have a high guanine and cytosine content
of over 55% (Devi et al., 2013). Actinomycetes include at least
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95% of actinomycetes isolated from the soil are Streptomycetes
(Jakubiec-Krzesniak et al., 2018).

Actinomycetes are exceptionally rich, diverse, easily
accessible, and the most potent sources for producing bioactive
secondary metabolites with different biological activities
(Janardhan et al., 2014; Sharma and Thakur, 2020). Economically
and biotechnologically, they are considered the most important
prokaryotes with significant biological activity (Dholakiya et
al., 2017). They are widely distributed in soils and synthesize
biologically active compounds with good economic value,
including a lot of medical significance (Baltz, 2007). For example,
it has been estimated that approximately two-thirds of the natural
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antibiotics, anticancer, anthelmintic, and antifungal compounds
are obtained from actinomycetes (Jakubiec-Krzesniak er al.,
2018). Geographical area, soil type, cultivation and organic matter
content, soil temperature, pH, aeration, and moisture content play
key roles in actinomycetes’ isolation from the soil (Hazarika and
Thakur, 2020).

Dacrycarpus imbricatus is known as Jamuju in
Indonesia. Its timber has been used in construction, furniture,
firewood, and ornamental plant (Hau et al., 2017). Several
chemical compounds with their bioactivities have been reported.
For example, pimaric acid isolated from D. imbricatus has
medium activity against human cancer cell lines KB and HepG2
(Hau et al., 2017). In addition, 20-hydroxyecdysone isolated from
D. imbricatus bark has the activity to inhibit the proliferation of
acute myeloid leukemia cells (Thuy et al. 2017).

Rhizosphere soil, the area around the plant roots, is
inhabited by the microbial population, which is affected by
compounds or root exudates released by the plant roots (McNear,
2013). The rhizosphere also acts as the center of interaction
between microbes, plant roots, soil, and environments (Henneron
et al., 2020). Therefore, the nearby plant affects actinomycetes
from the rhizosphere soil. Furthermore, root exudates affect the
type of microbes in the rhizosphere soil, and the root exudates are
utilized as carbon and energy sources by microbes (Quian ef al.,
1997).

Currently, there is an increase in antibiotic resistance,
which has become a global public health problem, with a
prediction of causing 10 million deaths by 2050 and a global cost
of 100 trillion USD (Trotter et al., 2019). In addition, antibiotic
resistance may result in prolonged illness, disability, and even
death (Chandra et al., 2020). Globally, infectious diseases are
the second leading cause of death (Luzhetskyy ez al., 2007).
Therefore, the search for new antibiotic sources that can overcome
resistance by improving binding complexity with the drug target
and improving pharmacological properties (Hoffman, 2020) is
necessary to be carried out.

On the other hand, normal cell metabolism produces
free radicals continuously that harm our health. Because of
their unpaired electrons, free radicals are extremely reactive and
unstable. Free radicals destroy healthy tissue to become stable.
Endogenous antioxidants produced within the cells might be
inadequate. Therefore, exogenous antioxidants are required to
eliminate the adverse effect of free radicals on DNA, proteins,
lipids, and other biomolecules in the human body (Abu et al.,
2017).

Dacrycarpus imbricatus has important ecological
functions as a carbon source, supports the soil microbial community,
improves soil nutrients, and conserves water (Rahadiantoro ez al.,
2013). Due to the high potential of actinomycetes in producing
bioactive compounds and the relationship between microbes and
the rhizospheres, a study on the potency of actinomycetes collected
from the rhizosphere soil of D. imbricatus (Podocarpaceae) from
Toba Samosir needs to be determined.

MATERIAL AND METHODS

Isolation and molecular identification of actinomycetes

The soil samples were taken from the rhizosphere
soil of D. imbricatus in Toba Samosir, North Sumatra. At room

temperature, soil samples were air-dried, mashed, and sifted to
obtain uniform soil particles. Actinomycetes were isolated by
sodium dodecyl sulfate-yeast extract (SDS-YE) (Hayakawa and
Nonomura, 1989). About 9 ml of sterile aqua dest was used to
dissolve 1 g of soil particles and homogenized using vortex for
10 minutes. Next, 500 pl of soil suspension was placed in a test
tube containing SDS-YE and homogenized for 5 minutes. After
homogenizing, tubes were incubated in a shaker water bath for 20
minutes at 40°C. After incubation was complete, the suspension
was diluted to 10°unity. The diluted suspension (100 pl) was
cultivated on humic acid-vitamin agar (HVA) growth media in a
Petri dish. HVA medium was supplemented with nalidixic acid
and chlortetracycline antibiotics (Wako Pure Chemical Industries)
at 10 mg/l. This media was incubated at 30°C for 2 weeks. The
emerging actinomycetes on HVA were purified by re-cultivating on
yeast extract agar and incubated for 1-2 weeks. The pure isolates
of actinomycetes were preserved in 10% glycerol at —80°C for
further study. Actinomycetes isolate (1 x 1 cm?) from yeast extract
agar was cultured in broth YIM 310 media (Hazarika and Thakur,
2020) and incubated in a shaker water bath for 2 weeks at 130 rpm,
22°C-24°C.

Molecular identification of potential isolates and the
phylogenetic analysis were carried out as follows. Actinomycetes
were cultured on a yeast starch agar plate for 7 days. First, the
mass of mycelia and spore were harvested and transferred into
a 2 ml micro-tube, and the micro-tube was incubated overnight
at —20°C. Then, 500 pl of distilled water was used to wash the
mycelium and spores of actinomycetes (Putri and Sumerta,
2020). DNA extraction was carried out following Franco-Correa
et al. (2010). Using a set of universal primers 27F and 1492R,
polymerase chain reaction (PCR) amplification of 16S rDNA was
performed. Initial denaturation was at 94°C for 1 minute, followed
by 30 cycles of PCR amplification, denaturation at 95°C for 30
seconds, annealing at 50°C for 30 seconds, and then elongation
at 72°C for 1 minute 30 seconds (Putri and Sumerta, 2020). The
16S rRNA gene fragment was sequenced at Macrogen®, Republic
of Korea. Cromaspro program version 1.6 was used to analyze
the raw sequencing data. The 16S rDNA sequence of the isolates
was matched to those in the public database using the EzBioCloud
tool (http://eztaxon-e.ezbiocloud.net) for phylogenetic analysis
(Yoon et al., 2017). The isolates were aligned with the closest
representative gene sequences by the Clustal W program. The
construction of phylogenetic trees of the isolates was done by
the neighbor-joining method with bootstrap analysis of 1,000
replicates performed in the MEGA version 6.

Extraction of bioactive metabolites

The method of bioactive metabolite extraction was
following Praptiwi et al. (2019). Liquid media and biomass of
actinomycetes were extracted three times with ethyl acetate as
a solvent after 2 weeks of incubation. A separating funnel was
used to separate the ethyl acetate extract, concentrated using an
evaporator, and then stored at —4°C in a glass vial.

Chemical compounds analysis by thin-layer
chromatography (TLC)

Analysis of chemical compounds using the TLC method
was following Praptiwi et al. (2019). The TLC used silica plates
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(Merck GF,,,) to separate chemical compounds in actinomycetes
extracts. Extracts (10 pl in a concentration of 10 mg/ml) were
loaded on the normal phase of silica gel plates (Merck GF,,,).
Silica plates were developed in a mobile phase containing
dichloromethane: methanol (10:1). The chromatogram was
observed by UV light at 254 and 366 nm and sprayed with cerium
sulfate reagent and vanillin sulfate for the color reaction.

Detection of anti-bacterial activity by TLC-bioautography

Anti-bacterial activity by TLC-bioautography method
was following Praptiwi et al. (2019). Anti-bacterial assay of 11
actinomycetes extracts was tested against Staphylococcus aureus
and Escherichia coli by TLC-bioautography. The ethyl acetate
extract of actinomycetes (10 pul at a concentration of 10 mg/ml) was
loaded on silica plates. After drying the plates, they were dipped
in the bacterial suspension. Plates were incubated at 37°C for
18 hours under humid conditions. Aqueous iodonitrotetrazolium
(INT) chloride solution (4 mg/ml, Sigma) was used to spray
the TLC plate after incubation. A clear zone against a purple
background indicated an active anti-bacterial extract (Famuyide et
al., 2019). The active extracts were further analyzed to determine
the active anti-bacterial compounds in the extract by loading
extract (10 pl at a concentration of 10 mg/ml) and were developed
using the mobile phase of dichloromethane: methanol (10:1). The
dried plates that have been developed were dipped in bacterial
suspension followed by incubation under the humid condition
at 37°C for 18 hours. Plates were sprayed with an INT solution
after the incubation was completed. The formation of a clear zone
with a purple background characterized the active anti-bacterial
compounds. Positive control in this study used chloramphenicol,
while ethyl acetate was used as a negative control.

Determination of minimum inhibitory concentration (MIC)
by broth microdilution method

The MIC by broth microdilution method was following
Praptiwi et al. (2019). The MIC value was performed by two-fold
microdilution on 96 microwell plates in triplicate. All 12 wells
in the first row were filled with 100 pl of Mueller Hinton broth
(MHB) and 10 pl of extract (at the concentration of 10,240 ppm
in dimethyl sulfoxide) and added with sterilized distilled water
(90 pl). At the second to eighth row, 100 ul of MHB was added
to every well. The well in row 1 was thoroughly mixed, took
100 pl from it, transferred to the well on the second row, and
homogenized. Again, 100 pl of the mixture on the second row is
transferred into the third row. The serial dilution is continued, and
100 pl is removed and discarded in the last row. After diluting,
each well is filled with 100 pl bacterial suspension and incubated
for 24 hours at 37°C. This assay was performed in the laminar
airflow aseptically. After incubation, each well was added with 10
pl INT chloride (4 mg/ml). The lowest concentration of the well
that had no change in color is determined as the MIC value.

Determination of anti-mycobacterial activity by resazurin
reduction assay against Mycobacterium smegmatis

Anti-mycobacterial activity by resazurin reduction
assay against M. smegmatis was following Fathoni et al. (2022).
Resazurin reduction assay was carried out only on potential
extracts (A18-TE1-1 and A18-TE1-8). Mycobacterium smegmatis
was cultivated in Middlebrook (7H9) broth media and incubated

overnight on a shaker incubator. After incubation, M. smegmatis
was diluted 1,000x using Middlebrook media. Each well on a 96-
well microplate was filled with 2 pl of extract (2.5 mg/ml in 50%
DMSO), followed by filling with 48 pl of diluted M. smegmatis
cells. The positive control well contained 2 pl of 50% DMSO and
48 ul of diluted M. smegmatis cells. The negative control well
contained 2 pl of 50% dimethyl sulfoxide (DMSO) and 48 pl
of 7H9 media. After overnight incubation, each well was added
with 20 pl of resazurin mixed with tween 80 (1:1) and incubated
overnight. The absorbance was carried out using Varioscan LUX
and determined at 530 nm with the emission at 590 nm.

TLC-bioautography for DPPH-free radicals scavenging
activity

The 2,2-diphenyl-1-picrylhydrazyl (DPPH)-free radical
scavenging activity by TLC-bioautography was following
Praptiwi et al. (2019). Screening of radical scavenging activity
on DPPH was performed by the TLC-bioautographic method on
TLC silica plates. About 10 pl of extract (containing 10 mg/ml)
were loaded on silica plates. After loading, the plates were sprayed
with 0.2% DPPH methanolic solution. The plates were incubated
at room temperature for 30 minutes. After incubation, the extracts
producing yellowish-white color against a purple background
were considered DPPH-free radical scavengers. The extracts with
DPPH-free radical scavenging activity were further analyzed
by separating the compounds on TLC plates. The mixture of
dichloromethane and methanol (10: 1, v/v) was used as the mobile
phase. After the TLC plate dried, the plates were sprayed with
DPPH solution in methanol. Observations were made 30 minutes
after spraying. Yellowish-white band formation against a purple
background was considered the active compound with DPPH-free
radical scavenging activity.

Determination of IC,; value for DPPH-free radicals
scavenging activity

The determination of the IC,  value for free radical
scavenging activity was following Praptiwi et al. (2019). The
determination of IC,, for DPPH-free radicals scavenging activity
was performed by serial microdilution on 96 microwell plates in
triplicate. Each well was filled with 100 pul methanol p.a. Wells in
the first row of the microwell plate were added with 5 pl of extract
and 95 pl methanol and homogenized. Next, 100 pl of the mixture
from the first row was removed, transferred into the second row,
and homogenized. Again, 100 pl of the mixture from the second
row was removed and transferred into the third row. Finally, in the
last row, 100 ul of the mixture was discarded. After serial dilution,
100 pl of DPPH (61.5 pl/ml) was added to each well, and the
final concentration of DPPH was 30.75 pg/ml. The microwell
plate was incubated for 90 minutes at room temperature in the
dark. A Vario Scan Flash microplate reader (Thermo Scientific)
at a wavelength of 517 nm was used to determine the absorbance
of the samples. Inhibitory concentration was calculated using the
following equation:

IC (%) = (4 A )% 100/4

DPPH 100% - sample sample.

The sample concentration inhibits 50% of free radicals
DPPH as the IC,, value. The linear regression curve was
determined from the graph of the inhibitory percentage against
extract concentration (Guchu et al., 2020).
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RESULTS AND DISCUSSION

Isolation and molecular identification of actinomycetes from
D. imbricatus

Eleven actinomycetes isolates were successfully isolated
and identified from the rhizosphere soil of D. imbricatus (Table 1).
Several isolates also have been identified at the genus or species
level, and the potential isolates were identified further using
molecular identification and phylogenetic tree reconstruction.
The result in Table 1 showed that the rhizosphere soil of D.
imbricatus was inhabited by several genera, even several species
of actinomycetes.

Anti-bacterial activity of actinomycetes

Pathogenic microorganisms’ emergence and antibiotic
resistance pose a serious global (Aslam et al., 2018). Therefore,
it is necessary to search for a new source of anti-bacterial
compounds, such as actinomycetes, that may overcome
resistance problems. Eleven actinomycete isolates were cultured
on HVA medium from the rhizosphere soil of D. imbricatus
in Toba Samosir and determined their anti-bacterial activity.
TLC-bioautography carried out the anti-bacterial screening of
actinomycetes extracts from Toba Samosir. TLC-bioautography
combines planar chromatographic separation and in situ detection
of biological activity (Zang et al., 2020). It enables rapid detection
of antimicrobial compounds due to the response of the active
compound as a clear zone around the compound, as well as the
Rf value of the compound on the TLC plate after INT spraying.
In addition, the Dot-Blot test was carried out to detect the anti-
bacterial activity of the unseparated compounds in the extract.

Table 2 showed that five extracts (nos. 2, 3, 8, 9, and
10) were active against E. coli, and seven were active against
S. aureus (1, 4, 6, 8, 9, 10, and 11). The anti-bacterial activity
was visualized by spraying the TLC plate with an INT solution.
The white area formation against a purple background indicated
the growth inhibition of bacteria (Praptiwi et al., 2019). The
purple background resulted from converting tetrazolium salt
by the dehydrogenase enzymes in living microorganisms into a
purple formazan (Villegas-Mendoza et al., 2019). The formazan
production per cell increases following an increase in growth

Table 1. Identified actinomycetes isolate from rhizosphere soil of
D. imbricatus.

No. Code of isolate Genus/species
1 AI8TE1-1 Micromonospora terminaliae
2 AI8TE1-2 Streptomyces sp.

3 AI18TE1-3 Streptomyces cirratus
4 A18TE1-4 Streptomyces sp.
5 AI8TEI1-5 Streptomyces neopeptinius
6 A18TEI-6 Streptomyces avermitilis
7 AI8TE1-7 Streptomyces adustus
8 A18TE1-8 S. avermitilis
9 AI8TE1-9 Streptomyces nigrescens
10 A18-TE1-10 Streptomyces sp.
11 AI8-TEI-11 Streptomyces sp.

rate (Cretu and Morlock, 2014). In the presence of anti-bacterial
compounds, INT reduction to the color formazan did not occur, as
indicated by the white area formation (Aslam et al., 2018).

The MIC value in Table 3 showed that E. coli was less
sensitive than S. aureus toward actinomycetes extracts. The MIC
values of actinomycetes extract against S. aureus ranged from 8
to >256 pg/ml, while the MIC value against E. coli was >256 pg/
ml. The differences in Gram-negative and Gram-positive bacteria
cell wall structures might influence the sensitivity of bioactive
compounds in the extract of actinomycetes. The outer membranes
of Gram-negative cell walls were arranged phospholipidic,
containing a thick layer of lipopolysaccharide components as a
barrier that protects the cell wall and inner membrane (Shaku et
al.,2020; Vaara, 1992). Gram-negative bacteria have a synergistic
action of outer membrane permeability, efflux pump activities,

Table 2. Anti-bacterial activity of 11 actinomycetes extracts from
Toba Samosir against S. aureus and E. coli by Dot-Blot method.

No. Code of isolate  Active against S. aureus Active against E. coli

1 AI8TEI-1 ++ -
2 AI8TEI1-2 - +
3 AISTEIL-3 -
4  AI8TEl-4 ++ -
5 AI8TEIL-5 - -
6 AI8TEIL-6 ++ -
7  AISTEL-7 - -
8 AISTEI-8 ++
9 AISTEL-9 +
10 AI8-TEI1-10 ++
11 Al8-TEl-11 ++ -

(—): not active, (+) or (++): active as anti-bacterial.

Table 3. The MIC of actinomycetes extracts from D. imbricatus
rhizosphere soil in Toba Samosir, North Sumatra, against S. aureus and
E. coli and the inhibition percentage against M. smegmatis.

No.  Samples MIC (ug/ml) Inhibition against

S .aureus E. coli M. smegmatis™ (%)
1 A18TEI1-1 128 >256 60
2 A18TE1-2 >256 >256 nt
3 AI8TE1-3 >256 >256 nt
4 AI8TE1-4 >256 >256 nt
5 AI8TEI1-5 >256 >256 nt
6 AI8TE1-6 >256 >256 nt
7 AI18TEI1-7 >256 >256 nt
8  AISTEI1-8 8" >256 80
9 AI18TEI-9 >256 >256 nt
10 AI18TEI-10 >256 >256 nt
11 AISTEIl-11 >256 >256 nt

*Strong activity (MIC value <100 pg/ml).
“The extract was tested at a concentration of 100 pg/ml.
nt: not tested.
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UV 254 nm

Figure 1. Dot-Blot assay for DPPH-free radical scavenging activity of 11 actinomycetes extracts (A18TE1-1—
AI18TEIL-11) (left). The plates were eluted in a dichloromethane: methanol (10:1) solvent system (right). A 0.2%
DPPH methanolic solution was sprayed onto the plate. Catechin was used as a positive control (C+). A yellowish-
white spot or band on a purple background is considered a DPPH-free radical scavenger.

Table 4. The value of IC,  and Antioxidant Activity Index (AAI) of actinomycetes extracts
from D. imbricatus rhizosphere soil in Toba Samosir, North Sumatra.

No. Samples IC,, (ng/ml) AAI value Category based on AAI value
1 A18TE1-1 122.96 0.25* Moderate
2 A18TE1-2 >125 <0246 Weak
3 A18TE1-3 >125 <0246 Weak
4 A18TE1-4 >125 <0246 Weak
5 A18TE1-5 >125 <0246 Weak
6 A18TE1-6 >125 <0246 Weak
7 A18TE1-7 >125 <0246 Weak
8 A18TE1-8 >125 <0246 Weak
9 A18TE1-9 98.78 0.31% Moderate
10 A18TE1-10 >125 <0246 Weak
11 A18TEIL-11 >125 <0246 Weak

“moderate activity (0.05 <AAI value <1).

and enzymatic degradation that efficiently reduce the intracellular
concentrations of small molecules (Vergalli et al., 2020). Gram-
positive bacteria’s cell walls have a multilayer peptidoglycan
structure without an outer cell membrane (Shaku et al., 2020). As
a result, the hydrophobic anti-bacterial component can damage
Gram-positive bacterial cell walls (Vaara, 1992). Cell membranes
of Gram-positive bacteria become more permeable and cause
bacterial death.

The results of the resazurin reduction assay on two
extracts (A18-TE1-1 and A18TE1-8) showed that A18-TE1-1 had
the inhibition of 60% while A18-TE1-8 had the inhibition of 80%
on the tested concentration of 100 pg/ml. Based on this result, both

extracts will be addressed for further isolation and purification of
the active compound.

Determination of the activity of DPPH-free radicals
scavenging

The DPPH-free radical scavenging activity of
actinomycetes extracts from Toba Samosir was evaluated by TLC-
bioautography (Dot-Blot assay and developed TLC) on DPPH.
Since DPPH is a stable free radical that embraces an electron or
hydrogen radical, it is commonly used and approved for testing
natural products’ antiradical activity (Pattusamy and Changa,
2017). In addition, bioautography is a fast, simple, and inexpensive
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method for screening biological and chemical extracts (Praptiwi
et al., 2018). In the Dot-Blot assay, the individual activity of the
extract was visible.

A yellowish-white spot suggested that almost all extracts
have DPPH-free radical scavenging activity, as shown in Figure 1
and Table 4. The yellowish-white spot on the purple background
is due to free radicals DPPH, with the purple color reduced by
natural antioxidants or reducing compounds to pale yellow
hydrazine (Nurul ez al., 2013). The capacity of the extract as a
DPPH-free radical scavenger could be indicated by the yellowish-
white color intensity (Praptiwi et al., 2018). A TLC plate was
developed in dichloromethane: methanol solvent system to further
analyze active extracts (10:1).

Figure 1 also showed the presence of yellowish-white
bands against a purple background on the TLC plate and several
chemical compounds with DPPH-free radicals scavenging activity,
but it varied amongst extracts. The yellowish-white band indicated
reducing compounds that can donate electrons and result in the
disappearance of its violet color (AlNeyadi et al., 2020).

The DPPH method was also used to assess the quantitative
DPPH-free radical scavenging activity of actinomycetes extracts
and catechin as a positive control. According to Scherer and Godoy
(2009), a free radical scavenger on DPPH can be classified based on
the AAI values as follows: weak (low) < 0.05 < moderate < 1.00 <
strong (significant) < 2.00 < very strong activity as an antioxidant
agent. Amongthe 11 extractsused inthis study, 2 extracts (A18TE1-1a
and A18TE1-9) displayed moderate DPPH-free radical scavenging
activity. In the previous study, a bioactive metabolite derivative of

anthracene-9,10-dione isolated from actinomycetes from mangrove
soil has antioxidant activity near values to the standard ascorbic acid
(Janardhan et al., 2014). Another research also showed that some
extracts of actinomycetes from rhizospheric soil have strong anti-
bacterial activity against S. aureus and E. coli, and one extract had
strong antioxidant activity (Praptiwi et al., 2019).

AISTEL1 [ AISTE1-8

Figure 2. Tree of potential isolates M. terminaliae A18TE 1(1), S. avermitilis
AI18TE 1(8), and S. nigrescens A18TE 1(9) from D. imbricatus rhizosphere soil
in Toba Samosir.

Table 5. Identification of three potential actinomycetes based on 16S
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Figure 3. Phylogenetic tree of isolates A18TE 1(1), A18TE 1(8), and A18TE 1(9) from D. imbricatus rhizosphere soil in Toba Samosir and their closely related type
strains based on the 16S rDNA sequences in the 1,000 bootstrap replicates. The bar represents 0.02 substitutions per nucleotide position. Pseudocordavia suis DPTE4

was used as an out-group.
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Molecular identification of three potential isolates

Three potential isolates (A18TE1-1, A18TEI1-8, and
AI18TE1-9) (Fig. 2) were identified based on 16S rDNA sequencing
analysis and compared with strain type from the EzBioCloud
database. The potential strains were obtained based on a similarity
search including Streptomyces (two strains) and Micronospora
(one strain). In addition, three strains belonged to the species
Micromonaspora chersina (A18TE 1-1) with a similarity of
99.48%, S. avermitilis (A18TE 1-8) with a similarity of 98.98%,
and S. nigrescens (A18TE 1-9) with a similarity of 100% (Table 5).
In addition, the phylogenetic tree analysis based on the neighbor-
joining tree was performed for molecular identification (Fig. 3).

Actinomycetes isolates such as Micromonaspora
spp. and Streptomyces spp. that are isolated from rhizospheric
soil of plants Barringtonia racemosa, Albizia odoratissima,
Spondias pinnata, and Azadirachta indica have anti-bacterial and
antifungal activity (Malisorn et al., 2020). Most of the bioactive
metabolites derived from the genus of Micromonospora have
shown excellent antimicrobial and anticancer activities,such as
aminoglycosides and ansamycins (Hifnawy et al., 2020). The
isolates of Streptomyces spp. showed significant antimicrobial
activity and was found to possess an antioxidant potential for
DPPH and 2,2'-Azinobis- (3-Ethylbenzothiazoline-6-Sulfonic
Acid (ABTS) radical scavenging activity (Siddharth ez al., 2020).
Streptomyces sp. MUM212 demonstrated potent antioxidant
activity as a DPPH-free radical scavenger (Tan ef al., 2017).
Comparatively, S. avermitilis has been a potential species for
producing avermectin as an anthelmintic (Kitani ez a/., 2011). In
addition, S. avermitilis can produce avenolide, a hormone that
controls antibiotic production (Kitani ez al., 2011). Due to this
ability, isolate A18TE1-8, identified as S. avermitilis, has good
anti-bacterial activity against S. aureus and M. smegmatis.

CONCLUSION

This study showed that two actinomycetes extracts,
i.e., S. avermitilis A18TE-8 and M. terminaliae A18TE1-1, had
moderate-strong anti-bacterial activity against S. aureus and the
growth inhibition percentage against M. smegmatis was moderate
(60%—80%). Two extracts of actinomycetes, i.e., S. avermitilis
A18TE -8 and S. nigrescens A18TE1-9, had moderate antioxidant
activity (AAI value > 0.05). All extracts are weak against E.
coli. This study concluded that actinomycetes collected from the
rhizosphere soil of D. imbricatus in Toba Samosir could be used
as a source of anti-bacterial and antioxidants.
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