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Abstract. Damayanti E, Lisdiyanti P, Sundowo A, Ratnakomala S, Dinoto A, Widada J, Mustofa. 2021. Antiplasmodial activity,
biosynthetic gene clusters diversity, and secondary metabolite constituent of selected Indonesian Streptomyces. Biodiversitas 22: 3478-
3487. Actinobacteria of the genus Streptomyces are known as the primary candidate antibiotics, but still limited for antiplasmodial
drugs. This study aimed to investigate the antiplasmodial activity, the biosynthetic gene clusters (BGCs) diversity, and the secondary
metabolites constituent of selected Indonesian Streptomyces. The bacteria were isolated from various habitats: karst soil (GMR22),
mangrove sediments (BSE7F and SHP 22-7), and marine sediment (GMY01). Molecular identification by 16S rDNA sequencing were
performed for confirmation and morphological characterization by scanning electron microscope (SEM) were performed for
identification. In vitro antiplasmodial assay was performed on human Plasmodium falciparum FCR-3. The BGCs which encode
secondary metabolites were analysed using antiSMASH version 5 based on available whole genome sequence (WGS) data. The
secondary metabolites were obtained from liquid fermentation followed by extraction using methanol and ethyl acetate. The secondary
metabolites constituent was determined by liquid chromatography tandem mass spectrometry (LC-MS/MS). The molecular
identification showed that GMR22 had similarity to Streptomyces lactacystinicus (98.02%), while BSE7F was similar to Streptomyces
althioticus (97.06%), SHP 22-7 was similar to Streptomyces rochei (94.84%), and GMYO01 to Streptomyces odonnellii (98.57%). All of
isolates had morphological characteristics as the genus Streptomyces bacteria. The highest Plasmodium inhibition (81.84 + 3.5%) was
demonstrated by ethyl acetate extract of marine-derived Streptomyces sp. GMY01 (12.5 pug/mL). Non-ribosomal polyketide synthetase
(NRPS), polyketide synthase (PKS) and hybrid of NRPS-PKS were the major BGCs in all Streptomyces. Majority of the Streptomyces
produced compounds containing CHON elements with molecular weight approximately 100-400 Da. The active extract of GMY01
bacterium had five major detected compounds, namely kuraramine (C12H1sN202), laminine (CoH20N202) 2-ethylacetanilide (C10H13NO),
propoxur (C11H1sNOs), and 3-methyl-1,2-diphenylbutan-1-one (C17H180). This Indonesian marine bacterium is potential for bioassay
guided isolation of antiplasmodial compounds in the future studies.

Keywords: Actinobacteria, drug discovery, malaria, Streptomyces, genome mining
Abbreviations: BGCs: biosynthetic gene clusters; WGS: whole genome sequence; NRPS: non-ribosomal polyketide synthetase; PKS:

polyketide synthase; LC-MS/MS: liquid chromatography mass spectrometry tandem mass spectrometry; 16S rDNA: 16S ribosomal
deoxyribonucleic acid; SEM: scanning electron microscope

INTRODUCTION

Malaria is a serious infectious disease caused by
Plasmodium parasite which still has problem of
antimalarial drug resistance (Bloland 2001). World Health
Organization (WHO) has established artemisinin-based
combination therapies (ACTSs) as first-line drugs for the
treatment of malaria to replace sulfadoxine/pyrimethamine
and chloroquine (Haldar et al. 2018). However, recent
studies have reported cases of artemisinin resistance in
Plasmodium falciparum in Southeast Asia and western
Cambodia (Antony and Parija 2016; Duru et al. 2016). Re-

emergence of malaria outbreaks is a great concern for
public health, hence the need for finding and developing
new drugs.

Actinobacteria, especially genus Streptomyces bacteria,
are known as the main sources of candidates for
commercial drugs for decades (Choi et al. 2015).
Streptomyces is a provider of bioactive molecules for two-
thirds of all existing antibiotics. Of the 18,000 known
bacterial bioactive compounds, more than 10,000 are from
the genus Streptomyces (Bérdy, 2012). However, the
discovery of new antimalarial agents from Actinobacteria
is still very limited because 72% of antiplasmodial natural



DAMAYANTI et al. — Antiplasmodial activity of Indonesian Streptomyces

products are still from plants (Tajuddeen and Van Heerden
2019). In contrast to the general bacteria, Streptomyces has
a linear chromosome with a very large genome size
between 6.2-12.7 Mb, and as much as 5% of the genome is
devoted to the synthesis of secondary metabolites
(Undabarrena et al. 2017).

In recent vyears, the biotechnological potency of
Streptomyces bacteria can be revealed through genome
mining techniques, where biosynthetic gene clusters
(BGCs) can be identified and can be used to predict the
chemical core structures of molecules (Weber et al. 2015).
The BGCs are a group of genes in the microbial genome
that encode enzymes involved in secondary metabolite
production. Biosynthetic machineries for many compounds
are often conserved even though the resulting compounds
vary widely. This similarity is seen in the high similarity of
the amino acid sequences of most of the biosynthetic
enzymes. The metabolites that use these conserved
machines such as polyketides (PK), which is synthesized
by polyketide synthase (PKS), and non-ribosomal
synthesized peptide (NRP), produced by non-ribosomal
peptide synthetase (NRPS) (Ziemert et al. 2016). The well-
known polyketide class, such as the antibiotic erythromycin
or the immunosuppressant rapamycin are bio-synthesized
by PKS whereas the non-ribosomal peptide class
compound, such as penicillin antibiotics is bio-synthesized
by NRPS (Beck et al. 2020).

This study focuses on investigating of antiplasmodial
activity, biosynthetic gene clusters (BGCs) diversity, and
secondary metabolite constituent of four selected
Indonesian Streptomyces isolates from different habitats.
Streptomyces sp. GMR22 originated from the rhizosphere
of cajuput plant (Melaleuca leucodendron L.) at
Wanagama Forest (Yogyakarta, Indonesia). This bacterium
has antifungal activity against Candida albicans
(Alimuddin et al. 2011) with 1Cso of 62.5ug/mL (Herdini et
al. 2017). Streptomyces sp. SHP 22-7 was isolated from the
mangrove sediment isolated from Enggano Island (North
Bengkulu, Indonesia) which has potential as an antibiotic
producer (Handayani et al. 2018a). Streptomyces sp.
BSE7F was isolated from mangrove sediment in Bali
Island, Indonesia which has antimicrobial activity against
Gram-positive bacteria, Gram-negative bacteria, and yeast
(Handayani et al. 2018a). Streptomyces sp. GMYO01 was
isolated from marine sediment at Krakal Beach
(Yogyakarta, Indonesia) which has high cytotoxicity
against cancer cell line (Farida et al. 2007). Morphological
and molecular characteristics were also performed to
confirm the taxonomical properties of the bacteria.

MATERIALS AND METHODS

Biological materials

The bacterial isolates are the research collection from
previous studies. SHP 22-7 isolate and BSE7F isolate are
bacterial collection of Research Center for Biotechnology,
Indonesian Institute of Sciences (Cibinong, Indonesia).
GMR22 isolate and GMYO0L1 isolate are bacterial collection
of Laboratory of Agricultural Microbiology, Faculty of
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Agriculture,  Universitas  Gadjah Mada (UGM)
(Yogyakarta, Indonesia). GMY01 and GMR22 have been
deposited in Indonesian Culture Collection (InaCC) as
InaCC A 147 and InaCC A 148, respectively. These
bacteria were also deposited in NITE Biological Resource
Center (NBRC) Japan with accession number of NBRC
110111 and NBRC 110112 for GMY01 and GMR22,
respectively. The human P. falciparum FCR-3 was
obtained from Eijkman Institute for Molecular Biology,
Jakarta, Indonesia.

Molecular identification

Bacterial identification was performed molecularly by
amplifying the 16S ribosomal DNA (rDNA) sequence
region. Amplification of 16S rDNA area of bacteria was
carried out using universal primer of bacteria (Fukui and
Sawabe 2007) with modification. Streptomyces was grown
on 5 mL of TSB at 29 °C for 3x24 hours. Cell biomass
from two 2 mL of culture was separated by sentrifugated
method at 13.000 rpm for 5 minutes. Cell biomass was
added with 800 pL of lysis buffer and was added with 0.25
of g glass bead and homogenized for 2 minutes. This
solution was added with 20 pL of proteinaseK and was
followed by shaking method for 20 minutes. This solution
was added with 60 pL of lysozyme and was keep on
waterbath at 50 °C of temperature for 30 minutes and was
homogenized each 15 minutes. The supernatant was
separated from solution using centrifugation method at
13,000 rpm for 5 minutes. Eight hundred pL of supernatant
was collect in another new microtube and was added with
phenol at 1:1 (v/v). This solution was homogenized using
high speed vortex for 30 minutes and was centrifugated at
14,000 rpm for 5 minutes. The 800 pL of supernatant was
collected slowly in another new 2 mL microtube.
Supernatant was added with 800 pL cold chloroform 800 at
1:1 (v/v). The solution was mixed slowly and shaked for 30
minutes. The 750 pL of supernatant was collected by
centrifugation at 14,000 rpm for 5 minutes and was
transferred in another new microtube. The solution was
added with absolute ethanol 1:1.5 (v/v). The 750 pL of
solution was transferred in DF column 750 pL and was
centrifugated at 14,000 rpm for 2 minutes. The liquid
solution in under column was discharged. The ethanol 70%
was added in DF column then centrifugated at 14,000 rpm
for 2 minutes. Ethanol was discharged and the column was
dried using centrifugation method at 14,000 rpm for 2
minutes. The column was eluted using 75 pL of TE buffer
then followed by centrifugation at 13,000 rpm for 2
minutes. The colleted filtrate was a genome product of
bacteria. The genome size was measured using
electrophoresis method at 90 volt for 30 minutes. The
genome solution was added with 8 pL RNAse and
incubated at 37 °C for 1 hour. The genome DNA was re-
checked using electrophoresis. The 16S rRNA gene was
amplified using PCR method. The volume total of PCR
reaction was 50 pL containing 25 pL PCR mix, 1 pyL of
1429f primer (5°- GGT TAC CTT GTT ACG ACT T - 3)),
1 pL 27r primer (5- AGA GTT TGA TCC TGG CTC AG
- 37), 1 uL DNA genome and 22 pL H,O (free nuclease)
(Srinivasan et al. 2015). The PCR reaction was performed
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using PCR machine (BioRad) with following programe: 96
°C for 3 minutes, 95 °C for 30 seconds, 57 °C for 30
seconds, 72 °C for 1 minutes, 72 °C for 7 minutes and 12
°C for 15 minutes. PCR product was checked using
electrophoresis. The 1500 bp of 16S rRNA gene was used
for sequencing method. The PCR product was further
purified and cycled sequenced with the same universal
primer. Sequence analysis was conducted in the Integrated
Laboratory for Researching and Testing (LPPT) UGM
(Yogyakarta, Indonesia). The next sequenced data were
trimmed and assembled with BioEdit program (Hall 2013)
and then converted in FASTA format. The DNA
sequencing results in FASTA format were analysed at
Basic Local Alignment Search Tool - Nucleotide
(BLASTN) to locate the homology online at the DNA
database center at National Center for Biotechnology
Information (NCBI). Phylogenetic analysis was performed
by neighbor-joining (NJ) tree method using Clustal X2
(Thompson et al. 1997) and MEGA X programs (Kumar et
al. 2018). Grouping stability was calculated using 1000
bootstrap value.

Scanning electron microscope analyses

Morphological characteristics of the bacterial isolates
were identified using scanning electron microscope (SEM)
after incubation at 28 °C for 7-14 days on International
Streptomyces Project (ISP)-2 medium (BD Difco, USA)
without any chemical fixation (Kumar et al. 2011). After
incubation, one loop of bacterial biomass was added evenly
on the surface of the carbon-tape-covered stub. The sample
was air dried and coated with Au (using Au ion sputter-
Hitachi MC1000) and was set at 10 mA for 60 seconds, and
observed using SEM Hitachi SU3500 (Japan). The SEM
was set in high vacuum mode, accelerating voltage of 5 kV,
spot intensity of 30%, and magnification of 5,000x and
10,000x.

Production of secondary metabolites

Streptomyces sp. SHP 22-7 and Streptomyces sp.
GMR22 were maintained on ISP-2 medium (BD Difco,
USA), while Streptomyces sp. BSE7F and Streptomyces sp.
GMYO01 were maintained on ISP-4 medium (BD Difco,
USA). Aerial spores were inoculated using sterile loop on
the surface of the agar medium. Streptomyces cultures were
then stored in an incubator at an optimum temperature of
28 °C, 7x24 hours. The production of secondary
metabolites of Streptomyces bacteria was conducted using
the liquid fermentation medium. The 7x24 hours spores of
Streptomyces were inoculated on tryptic soy broth (TSB)
medium (BD Difco, USA), incubated for 2x24 hours at 28
°C, and agitated at 180 rpm in a shaker incubator. Five
percent of inoculum was then transferred into liquid
fermentation medium. The fermentation medium of
Streptomyces sp. BSE7F was glucose yeast maltose (Low
et al. 2018). The fermentation medium of Streptomyces sp.
SHP 22-7 was I1SP-2 broth with a composition of 10 g malt
extract, 4 g yeast extract, and 4 g dextrose (Merck,
Germany) in 1,000 mL distilled water. The fermentation
medium of Streptomyces sp. GMYO01 and Streptomyces sp.
GMR22 was starch nitrate broth (SNB) (Farida et al. 2007;
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Herdini et al. 2017). All these chemical reagents were
purchased form Merck, Germany. BSE7F, SHP22-7, and
GMR22 were then fermented for 7-8 days, while GMY01
was fermented for 11 days (at 28 °C and agitated at 180
rpm in a shaker incubator). Secondary metabolites were
obtained by separating the cell biomass and liquid using
centrifugation at 5,000 rpm, 4 °C for 15 minutes. The
supernatant was extracted by liquid-liquid extraction
technique using ethyl acetate solvent (Merck, Germany) at
the same volume twice. Cell biomass was subsequently
extracted by liquid-solid technique using methanol solvent
(Merck, Germany) at a ratio of 1:5 (w/v) using a slow
stirrer for 30 minutes. Separation of methanolic extract
from the cells was carried out by centrifugation at 5,000
rpm, 4 °C for 15 minutes. The ethyl acetate and methanolic
extracts were then evaporated using vacuum evaporator
(Buchi, Germany). The crude extracts were weighed for
extraction yield analysis and were stored in refrigerator.
Extraction yield (% wi/v) was calculated by comparing the
weight of crude extract (g) with the volume of fermentation
(L) multiplied by 100%.

Antiplasmodial assay

Antiplasmodial assay was carried out by culturing
human P. falciparum FCR-3 in RPMI medium + red blood
cell (RBC) and human serum (HS) based on the previous
method with minor modifications (Trager and Jensen
2005). The extract was prepared by adding dimethyl
sulfoxide (DMSO) of 1% (w/v) at concentration level of
12.5 pg/mL. This concentration is the extract concentration
for screening in Plasmodium assay (100 - 1.5 pg/mL)
(\Valdés et al. 2010) Plasmodium growth inhibition assay
was performed with a total volume of 200 pL using 96
microplate wells, each containing a 100 pL extract solution
and 100 pL Plasmodium inoculum at 5% parasitemia
levels, at 37 °C for 3x24 hours in 5% CO; incubator.
Plasmodium growth was observed by making thin blood
film preparations with Giemsa coloring under a
microscope. Parasitemia was calculated from a minimum
of 1,000 RBC. Percentage of Plasmodium inhibition was
obtained by calculating the control parasitemia (medium)
reduced by parasitemia in the treatment divided by control
parasitemia multiplied by 100%. Statistical analysis of
percentage Plasmodium inhibition was performed by the
one-way analysis of variance (ANOVA) (p value=0.05)
using GraphPad Prism 9.0.1. In vitro antiplasmodial assay
have received approval from Faculty of Medicine, Public
Health and Nursing ethics commission, UGM (Yogyakarta,
Indonesia) (Ref. No.: KE/FK/0279/EC/2019).

Biosynthetic gene cluster analysis

The whole-genome shotgun  projects of  four
Actinobacteria have been deposited in Data Bank of Japan/
European Nucleotide Archive/GenBank with accession
numbers of JABBNA000000000 and JACGSQ000000000
for Streptomyces sp. GMYO01 and Streptomyces sp. GMR22
respectively, and accession numbers of QEQV00000000
and QXMMO00000000 for Streptomyces sp. BSE7F and
Streptomyces sp. SHP 22-7, respectively (Handayani et al.
2018a; Handayani et al. 2018b). Biosynthetic gene clusters


https://www.ncbi.nlm.nih.gov/nuccore/JABBNA000000000
https://www.ncbi.nlm.nih.gov/nuccore/JACGSQ000000000
https://www.ncbi.nlm.nih.gov/nuccore/QEQV00000000
https://www.ncbi.nlm.nih.gov/nuccore/QXMM00000000
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(BGCs) analysis, based on whole-genome sequencing
(WGS) which encode secondary metabolites of
Streptomyces spp., was performed using antiSMASH
version 5 (Blind et al. 2019).

Secondary metabolites constituent analysis

Secondary metabolite constituent of methanol and ethyl
acetate extract from Streptomyces was analysis using
Liquid chromatography tandem mass spectrometry (LC-
MS/MS). LCMS/MS analysis was performed using Xevo
G2-XS QT of mass spectrometer (Waters MS
Technologies, Milford, USA) (Zhang et al. 2019) with
minor modification. Electrospray ionization was adopted.
The scan range was from 100 to 1,200 m/z. The capillary
and cone voltages were set at 0.8kV and 30 KkV,
respectively, and positive electron spray mode was
adopted. The desolvation gas was set at 1,000 L/hour,
500 °C. The cone gas was set at 50 L/hour and the source
temperature was set at 120 °C. Ultra-performance liquid
chromatography (UPLC) was performed using a Waters
Acquity Ultra Performance LC system. Chromatographic
separation was carried out with a ACQUITY UPLC HSS
T3 column (100 mm x 2.1 mm, 1.7 um) at column
temperature of 40 °C. The mobile phase consisted of
solvent A (0.1% formic acid in water, v/v) and solvent B
(0.1% formic acid in acetonitrile (v/v)), with gradient
polarity (A:B) of 95:5 to 5:95. The flow rate was set at
0.3 mL/min. The column and autosampler were maintained
at 40 °C and 20 °C, respectively. The injection volume was
1 pL (0.002 pg/mL of concentration). The data acquisition
and processing were performed using UNIFI software. The
parameter was retention time (RT) in the range of 1-16
minutes.

RESULTS AND DISCUSSION

Molecular identification

Molecular analysis of the 16S rDNA gene sequences
with BLAST nucleotide showed that all bacteria belong to
the genus Streptomyces (Table 1). The nucleotide
sequences of 16S rRNA gene were assigned to the
GenBank with accession numbers of MN922642
(GMYO01), MN922646 (GMR22), MT348711 (SHP22-7),
and MT348728 (BSETF).

GMR22 was closely related to S. lactacystinicus strain
OM-6519" which also originally isolated from soil. This
bacterium produced lactacystin which has activity for
inducing neurogenesis in neuroblastoma cells and also
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inhibiting proteasome activity (Také et al. 2015). BSE7F as
mangrove bacterium was closely related to S. althioticus
strain NBRC 128897 which was isolated from marine
habitat. This bacterium produced desertomycin G, with
strong antibiotic activity against resistant pathogen (Brafa
et al. 2019). SHP 22-7 was closely related to S. rochei
strain NRRL B-1559T which known to have the ability to
produce macrocylic antibiotic (Arakawa et al. 2005). In
contrast, GMYO01 as marine bacterium was closely related
to S. odonnellii strain 5947 which was isolated from
savanna soil (Pereira et al. 2017). The four reference
Streptomyces were not able to produce antiplasmodial
compounds.

The results of phylogenetic tree analysis using NJ tree
method showed that the four isolates clustered in the same
genus of Streptomyces and Nocardia as outgroup genus
(Figure 1). Based on the phylogenetic tree analysis,
SHP22-7 and BSE7F were grouped together. These
bacteria were isolated from the same habitat which was
mangrove sediment. Furthermore, GMYO01 and GMR22
were grouped together, although they were isolated from
different habitats. However, these bacteria were isolated
from the same location which was Gunungkidul
(Yogyakarta, Indonesia). GMYO01 was isolated from marine
sediment, while GMR22 was isolated from terrestrial area.

Morphological characteristics

The microscopic analysis using SEM showed the
diversity of morphology, hyphae, and spore forms of all the
Streptomyces isolates (Figure 2). GMR22 on ISP-2 medium
produced gray spores and had brown pigmentation. Round
air spores twisted to form chains. SHPP22-7 was grayish
on ISP-2 medium with ovoid spores in hyphal stalks.
BSE7F produced black, round-haired spores which form
chains on ISP-2 medium. BSE7F was similar with GMR22
which had brown pigmentation on ISP-2 medium. GMY01
produced white spores with short-stemmed spores at the tip
of the circular hyphae.

Differences in the shapes of hyphae and spores are due
to the different habitats of the four Streptomyces. It is
possible that these differences might be based on
adaptation in their environments. Previous study states that
the diverse morphology of S. hygroscopicus var. geldanus,
was affected by environmental conditions changes (Dobson
et al. 2008). The hyphal tip growth and morphological
differentiation in Streptomyces were dependent on cellulose
synthase-like protein (CslAsc). This gene mutation resulted
in the delay of aerial-hyphal formation and altered cell wall
morphology (Xu et al. 2008).

Table 1. Molecular identification based on analysis of 16S rDNA gene sequence

Isolates Sources Description Similarity (%) Accession numbers
GMR22 Karst soil Streptomyces lactacystinicus strain OM-65197 98.02 NR_136866.1
BSE7F Mangrove sediment Streptomyces althioticus strain NBRC 128897 97.06 NR_112254.1
SHP 22-7 Mangrove sediment Streptomyces rochei strain NRRL B-15597 94.84 NR_116078.1
GMYO01 Marine sediment Streptomyces odonnellii strain 5947 98.57 NR_159203.1
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640 Streptomyces rochei strain NRRL B-1559T [NR_116078.1]

Streptomyces vinaceusdrappus strain NBRC 130997 [NR_112368.1]

Streptomyces enissocaesilis strain NRRL B-16365T [NR_115668.1]
Streptomyces plicatus strain NBRC 130717 [NR_112357 1]

Streptomyces geysiriensis strain NRRL B-12102T [NR_043818.1]

SHP227

BSE7F

830
1000

GMR22

900

670

Streptomyces matensis strain NBRC 12889T [NR_041088.1]
Streptomyces althioticus strain NBRC 127407 [NR_112254 1]
Streptomyces althioticus strain CSSP673T [NR_043359.1]

Streptomyces chartreusis strain NBRC 127537 [NR_118341.1]
Streptomyces lusitanus strain NBRC 134647 [NR_041143.1]
Streptomyces purpureus strain LMG 19368T [NR_042292 1]
500 Streptomyces xanthocidicus strain LMG 134697 [NR 112406.1]
Streptomyces chrysomallus subsp. fumigatus strain NBRC 153947 [NR_041172.1]
Streptomyces lactacyntinicus strain OM-6519T [NR_136866.1]
Streptomyces indigoferus strain NBRC 38687 [NR 112502.1]

1000 Streptomyces pulveraceus strain NBRC 38557 [NR_041213.1]
Streptomyces gelaticus strain NRRL B-2928T [NR_043488.1]
Streptomyces sannanensis strain NBRC 142397 [NR_041160.1]

Streptomyces odonnellii strain 5947 [NR_159203.1]
W‘_} GMYO01
580 Streptomyces lushanensis strain JXJ 01357 [NR_136868.1]

0.010

Nocardia asteroides strain NBRC 155317 [NR_041856.1]

Figure 1. The evolutionary history was inferred using the NJ tree method (Saitou and Nei 1987). The optimal tree with the sum of
branch length = 0,33390593 is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap
test (1000 replicates) are shown next to the branches (Felsenstein 1985). The tree is drawn to scale, with branch lengths in the same units
as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the
Maximum Composite Likelihood method (Tamura et al. 2004). and are in the units of the number of base substitutions per site. This
analysis involved 20 nucleotide sequences. All ambiguous positions were removed for each sequence pair (pairwise deletion option).
There were a total of 1641 positions in the final dataset. . Evolutionary analyses were conducted in MEGA X (Kumar et al. 2018)

Extraction yield

The production of secondary metabolites was carried
out by the liquid fermentation method. The extraction yield
of ethyl acetate extract from the supernatant and
methanolic extract from the cells of the four bacteria is
presented in Figure 3. Overall, the methanolic extract from
the cells was more than the ethyl acetate extract from the
supernatant. The highest yield was obtained from
mangrove bacterium BSE7F extract, either in methanolic
(0.125 + 0.02%) or ethyl acetate extracts (0.03 + 0.00%).
The yield of crude extract produced by BSE7F was higher
than Streptomyces from other studies. Streptomyces sp.
BCC27095 in BIO19 medium produced 1.4 g of crude
extract from whole culture from 7 L of production medium
(0.02%) (Intaraudom et al. 2015). But the high extraction
yield extract not associated with the high antiplasmodial
activity.

Antiplasmodial activity

Screening for antiplasmodial activity at 12.5 ug/mL of
extract concentration is presented in Figure 5. The
inhibitory effect on the growth of P. falciparum FCR3 was
shown by ethyl acetate extract from GMYO01 supernatant

(81.84 = 3.49%). The second highest antiplasmodial
activity was shown by methanolic extract of GMR22
(31.55 + 12.63%).

In this study, ethyl acetate extract of GMYOL1 has the
highest antiplasmodial activity. This result might be related
to its anticancer activity. In previous study, ethyl acetate
extract of GMYO01 showed anticancer activity on breast
cancer cells T47D and MCF7 (Farida et al. 2007). This
result similar with other studies that antimalarial
artemisinin and its analogs show anticancer activities and
have synergetic effects with available anticancer drugs,
without increasing toxicity to normal cells (Das 2015; Sanz
et al. 2012). Additionally, anticancer compounds exhibit
antimalarial effects in various phases of the Plasmodium
life cycle (Sumanadasa et al. 2012). Another anticancer
compound, novobiocin-ferrocene conjugate, was known to
have anticancer activity against MDA-MB-231 breast
cancer cells and in vitro antiplasmodial activity against P.
falciparum 3D7 with heat shock protein 90 (Hsp90) as a
protein target (Mbaba et al. 2019). This discovery is an
opportunity  for accelerating the development of
antimalarial compounds from anticancer compounds.
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Figure 2. Morphology of Streptomyces sp. GMR22 (A), Streptomyces sp. GMYO01 (B), Streptomyces sp. BSE7F (C), and Streptomyces
sp. SHP 22-7 (D); macroscopic morphology on ISP-2 medium (1) and microscopic morphology on SEM with 5,000x of magnification

(2) and 10,000x% of magnification (3)

Biosynthetic gene clusters (BGCs) diversity

Based on genome mining analysis, the four bacterial
isolates had different number and different types of BGCs.
This was because the genome sizes of the four bacteria are
different. The types of BGCs present in the four bacterial
isolates showed differences, but in general, PKS, NRPS
and terpene were the most BGCs of the four Streptomyces.
The BGCs diversity based on WGS is shown in Figure 5.
GMR22 had 65 of BGCs with PKS as the dominant BGCs.
The other three Streptomyces sp., which were GMYO01,
BSE7F and SHP 22-7, had 20-28 of BGCs.

Similar to the general Streptomyces bacteria, the four
bacteria had genome sizes ranging from 7 to 12 Mbp
(Undabarrena et al. 2017). The total genome size of
mangrove bacterium BSE7F was 7,510,161 bp (Handayani
et al. 2018a) and SHP22-7 was 7,899,734 bp (Handayani et

al. 2018b). The total genome size of marine bacterium
GMYO01 was 7,970,865 bp (Herdini et al. 2015) and soil
bacterium GMR22 was 11,420,050 bp (Herdini et al.
2017). The genome size also affects the number of
functional genes, the number of BGCs, and the diversity of
metabolite profiles. Previous study also reported that
strains belonging to distinct species have species-specific
pathways, in addition to the common BGCs (Komaki et al.
2018). The soil bacterium GMR22 had the largest genome
size and consequently produced the highest BGCs (65
BGCs) as well as had the most diverse metabolites. This
result was supported by previous study which stated that
statistical analysis pointed out that phylotypes, ecotypes,
and genome size are associated with gene counts and
secondary metabolite BGCs distribution patterns (Xu et al.
2019).
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Overall, NRPS and PKS were the two largest BGCs.
This result was similar to other previous studies. GMR22
exhibited the presence of PKS-1 and NRPS genes which
was amplified by PCR (Nurjasmi and Widada 2009) and
GMYO01 had NRPS as dominant BGCs and had NRPS gene
diversity based on PCR amplification and restriction
fragment analysis of NRPS genes with Haelll (Herdini et
al. 2015). BSE7F had BGCs with terpene and hybrid
NRPS-PKS-other as the major BGCs (Handayani et al.
2018a). SHP 22-7 had BGCs with NRPS as the dominant
BGCs (Handayani et al. 2018b).

Secondary metabolites constituent

The profiles of compounds detected in the LC-MS/MS
analysis of the four bacteria were presented in Table 2. The
constituent elements of the detected compounds were
dominated by compounds with CHON elements of
molecular weights between 100 < MW compound < 400
Da. Soil bacterium GMR22 produced compounds with the
constituent elements CHON and CHN with molecular
weights varying from 100 < MW compound < 400 Da.
Similarly, marine bacterium GMYO01 was dominated by
compounds with CHON and CHO elements with molecular
weights ranging from 100 < MW compound < 400 Da.
Mangrove bacterium BSE7F produced compounds with the
constituent elements of CHO and CHON with the most
varied molecular weights, between 100 < MW compound <
600 Da. In contrast, mangrove bacterium SHP 22-7 was
dominated by compounds with CHON elements, and the
molecular weight was from 100 <MW compound <400 Da.

The diversity of the secondary metabolites in terms of
the formula and molecular weight is more determined by
the genetic factors of the species and the specific strains. A
study reported that two Streptomyces strains with identical
16S rRNA gene sequences and geographically distant
origins exhibited several common features, such as
morphological characteristics and core secondary
metabolites production, but they revealed differences in
pigmentation and in the production of accessory secondary
metabolites (Sottorff et al. 2019). The expression of the
genes for secondary metabolites might be influenced by
environmental factors. Many of the gene clusters encoded
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Table 2. Secondary metabolites profile of methanolic and ethyl acetate extracts of Streptomyces spp. based on LC-MS/MS analysis

Neutral mass Retention
Streptomyces Compounds (Da) times (min)
Methanolic extracts

GMYO01 N-phenyl-2-naphthalene amine (C1sH13N) 207.10480 1.15
Candidate Mass CéH10N203 158.06914 1.09

Candidate Mass C2sH41NO4 431.30356 9.33

Candidate Mass C1oH17N 151.13610 4.42

Candidate Mass C2sH39NO4 417.28791 9.24

SHP 22-7 2,6-Bis(4-hydroxyphenyl)-3',5-dimethoxy-3-hydroxybibenzyl (C3oH300s) 470.20932 0.98
Heterodendrin (C11H19NOg) 261.12124 1.21

Laminine (CoH20N202) 188.15248 4.88
Phenylpropionic acid (CoH1:NO2) 165.07898 2.17

Valine (CsH1:NO2) 117.07898 1.12

BSE7F Gentiatibetine (CoH1:NO2) 165.07898 2.17
Guanine (CsHsNsO) 151.04941 1.42

Valine (CsH1:NO2) 117.07898 1.12

Candidate Mass CagH7003 574.53250 9.20

Candidate Mass C27H41NO4 443.30356 9.33

GMR22 2,6-Bis(4-hydroxyphenyl)-3',5-dimethoxy-3-hydroxybibenzyl (C3oH300s) 470.20932 0.95
Candidate Mass C17H29NO14 471.15880 1.08

Candidate Mass C17H25sNO12 435.13768 1.27

Candidate Mass C2sH3sNO4 417.28791 9.24

Ethyl acetate extracts

GMYO01 Kuraramine (C12H1sN202) 222.13683 5.10
Laminine (CoH20N202) 188.15248 4.70

Candidate Mass C10H13NO 163.09971 5.04

Candidate Mass C11H15sNO3 209.10519 5.47

Candidate Mass C17H180 238.13577 3.48

SHP 22-7 Cyclo(Pro-Val) (C10H16N20z) 196.12118 3.64
Kuraramine (C12H1sN202) 222.13683 5.09

Laminine (CoH20N202) 188.15248 4.70

Poricoic acid F (C3s1H460s) 498.33452 9.58

Candidate Mass C17H180 238.13577 3.48

BSE7F 12-hydroxy-methyl abietate (C21H3203) 332.23514 9.58
Candidate Mass Ca7H70N204 606.53356 10.51

Candidate Mass CasHssN20a 578.50226 10.29

Candidate Mass C24H100s 456.27232 9.37

Candidate Mass C23H420s 446.28797 9.24

GMR22 Cyclo(Pro-Val) (C10H16N202) 196.12118 3.64
Kuraramine (C12H1sN202) 222.13683 5.08

Laminine (CoH20N202) 188.15248 4.69

Candidate Mass C17H180 238.13577 3.48

Candidate Mass C2sHa3sNO 373.33447 7.07

Several extracts from different bacteria are known to
contain the same compound. 2,6-Bis(4-hydroxyphenyl)-
3’,5-dimethoxy-3-hydroxybibenzyl (CsoH300s) compound
was detected in methanol extract of SHP 22-7 and GMR22.
Laminine (CoH20N20,) was detected in methanol extract of
SHP 22-7 and ethyl acetate extract of GMY01, SHP 22-7
and GMR22. Kuraramine (Ci2H1sN2O) was detected in
ethyl acetate extract of GMY01, SHP 22-7 and GMR22.
Valine (CsH11NO;) was detected in methanol extract of
SHP 22-7 and BSE7F. Cyclo(Pro-Val) (C1oH1sN202) was
detected in ethyl acetate extract of SHP-227 and GMR22.
Meanwhile, other compounds are specific compounds
found only in certain bacterial extracts.

Detected compounds in active ethyl acetate extract of
GMYO01 were confirmed as laminine (CyH20N20,) and

kuraramine (Ci2.H1sN202) based on LCMS/MS database.
The other compounds were predicted as 3-methyl-1,2-
diphenylbutan-1-one (C17H150), 2-ethylacetanilide
(C10H13NO), and Propoxur (C11HisNOs) based on
PubChem database (https://pubchem.ncbi.nlm.nih.gov/)
based on based on the formula and exact mass similarity.
The 3-methyl-1,2-diphenylbutan-1-one, laminine, 2-
ethylacetanilide, and kuraramine had no known activities.
In contrast, propoxur was active as pesticide. All detected
compounds in active methanol extract of GMR22 have
unknown biological activities. To the best of our
knowledge, the five compounds of ethyl acetate extract
GMYO01 have not been reported to have antiplasmodial
activities. In another study, it was reported that traditional
antimalarial plant Azadirachta indica, which was known as
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a natural pesticide (Chaudhary et al. 2017), produced
gedunin, azadirone, and the new neemfruitin which have
significant antiplasmodial activities (Chianese et al. 2010).
This fact indicates that antiplasmodial compounds might
act as pesticides, not only as anticancer and antimicrobial
as in previous studies.

In conclusion, four selected Indonesian Streptomyces
from different habitats have different molecular properties,
and morphological characteristics. There were differences
in antiplasmodial activities, types of BGCs, and secondary
metabolites constituent. All isolates had NRPS and PKS as
the major BGCs, and produced compounds containing
CHON elements with molecular weight approximately
100-400 Da. Marine-derived Streptomyces sp. GMYO01
resulted ethyl acetate extract with the highest
antiplasmodial activity. The five major detected
compounds in ethyl acetate extract of GMYO01 were
kuraramine (C12H1gN202), laminine (CoHzoN202) 2-
ethylacetanilide (C10H13NO), propoxur (C11H1sNOs3), and 3-
methyl-1,2-diphenylbutan-1-one (Ci7H1s0), which have
not been reported to have antiplasmodial activities. This
Indonesian marine bacterium is potential for bioassay
guided isolation of antiplasmodial compounds in further
studies.
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