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ABSTRACT

Challenges in drug discovery include biosynthetic gene clusters which remain silent under standard
laboratory culture conditions. On the other hand, the rediscovery of the known compounds is inevitable.
Accordingly, One Strain-MAny Compounds (OSMAC) approach and molecular networking analysis are
currently applicable to discovering new bioactive compounds. Sinomicrobium sp. PAP.21 isolated from
marine sediment collected in Cenderawasih Bay, West Papua, was added to the culture. Then, the bacterium
was cultured in five different liquid media (RL1, A1BFe+C, NB, LB, and seawater) and incubated for 4, 5, and
7 days. The bacterial cultures were extracted using ethyl acetate (EtOAc) separately for each medium and
incubation period, followed by LC-HRMS measurement. A total of 45 ethyl acetate extracts were assayed for
in vitro antibacterial activity against Micrococcus luteus and Escherichia coli. Molecular networking analysis
through GNPS indicated that three putative compounds possess antibacterial properties. EtOAc extracts
from the A1BFe+C medium demonstrated antibacterial activity against M. luteus. However, none of them
were active against E. coli. Collectively, Sinomicrobium sp. PAP.21 produced bioactive compounds exhibiting

antibacterial potential, particularly against Gram-positive bacteria.
Keywords: antibacterial; LC-HRMS; molecular networking; OSMAC; Sinomicrobium sp. PAP.21

INTRODUCTION

The level of resistance of pathogenic
bacteria to antibiotics is increasing due to overuse
and misuse of antibiotics (Thawabteh et al., 2023).
Antimicrobial Resistance Collaborators, (2022)
reported that 1.72 million deaths in 2019 were
caused by antibiotic resistance. Marine
microorganisms, including bacteria, are an
important source for discovering and developing
new antibiotics (Thawabteh et al., 2023; Tortorella
et al, 2018). However, drug discovery is
challenging as exceed 99% of marine
microorganisms cannot be grown under standard
laboratory culture conditions (Wang et al,, 2021).
It means that biosynthetic gene clusters (BGCs)
encode the production of secondary metabolites
are often silent or cryptic. Culture-based
approaches such as an OSMAC (One Strain-MAny
Compounds) method can activate the silent BGCs,
leading to increased discovery of novel lead
structures. The critical factors in the biosynthesis
of secondary metabolites using the OSMAC method
include culture media and incubation period
(Tangerina et al., 2020).

On the other hand, the rediscovery of known
compounds also hinders the discovery of novel
bioactive substances (Pinedo-Rivilla et al.,, 2022).
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However, a comprehensive strategy is urgently
needed to overcome the historical and complex
bottlenecks, including the timescale and
complexity of traditional procedures and small
amounts of pure metabolites. For instance,
untargeted metabolomics using mass
spectrometry with liquid chromatography enables
the analysis of minor compounds in samples
(Tangerina et al, 2020). The development of
molecular networking allows rapid comparison of
many metabolites expressed under different
conditions. Molecular networking is an effective
strategy to assess the effects of different culture
conditions and to shorten dereplication time
(Esposito et al.,, 2021).

The most abundant marine bacteria
originated from the phylum Bacteroidetes (Li et al.,
2021). However, studies on secondary metabolites
from this bacterial phylum are still limited
(Brinkmann et al., 2021). In this study, a bacterium
Sinomicrobium sp. PAP.21 was isolated from
marine sediments collected in the Cenderawasih
Bay, West Papua, Indonesia. Sinomicrobium is a
new genus of bacteria in the phylum Bacteroidetes
belonging to the Flavobacteriaceae family (Riyanti
et al, 2023). The Flavobacteriaceae family is
known to afford antibacterial compounds such as
-lactam and quinolones (Gavriilidou et al., 2020).
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Based on GC-MS analysis by Pringgenies et al,,
(2023), methanol extracts of S. oceani and
S. pectinilyticum contained bioactive metabolites
with antibacterial potential.

However, related studies on the
Sinomicrobium genus are still focusing on the
isolation of new species and the classical analysis
of their compounds by using GC-MS (Pringgenies et
al,, 2023). Therefore, in this study, we implement
the OSMAC method on bacterial cultures of
Sinomicrobium sp. PAP.21 uses a variety of media
and incubation periods, analyzes secondary
metabolites through molecular networking, and
assesses in vitro antibacterial activity.

MATERIALS AND METHODS
Materials

Sinomicrobium sp. PAP.21 was isolated from
marine sediment collected in the Cenderawasih
Bay, West Papua, from 10 m depth and taken from
the 5-10 cm top layer, Marine Broth medium
(Zobell Marine Broth Himedia), RL1 medium,
A1BFe+C medium, Nutrient Broth medium
(Himedia), Luria Bertani medium (LB), seawater,
aquadest (Prima Chemical), Nutrient Agar medium
(Himedia), trace metals, vitamin B12, ethyl acetate
(EtOAc) (Prima Chemical), dimethyl sulfoxide
(DMSO) (Merck), methanol, Micrococcus luteus
(ATCC 4698) and Escherichia coli from the
Microbiology Laboratory, Faculty of Biology
Jenderal Soedirman University, and
Phenoxymethylpenicillin (Erela, Semarang).

The tools wused in this study were
micropipettes 1-10 uL (Eppendorf Research) and
100-1000 uL (Dragon Lab), Bunsen lamp, 50 mL
centrifuge tube (Biologix), ose needle, vernier
caliper, Biological Safety Cabinet (BSC) (Myco7-
Mycolab), petri dish (Anumbra), centrifuge tube
racks (Biologix), hair dryer, autoclave (All
American Model 1925X), shaker (Cleaver
Scientific), LC-HRMS instrument (HPLC Dionex
Ultimate 3000 Thermo Scientific combination
Micro-TOF-Q II MS Bruker) and glassware.

Methods
Bacterial preculture

The preculture was prepared by dissolving
Zobell Marine Broth (MB) 2216 in aquadest. A total
of 1.6 g of MB was transferred into a 100 mL
Erlenmeyer and dissolved in a 40 mL aquadest.
Preculture was made based on a modified method
from Riyanti et al. (2020a). Single colonies were
transferred to MB medium, and the preculture was
incubated at 30°C and shaken at 160 rpm for 48
hours.

Bacterial culture
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Cultures were performed using the
following five different sterile liquid media per 1 L
seawater: (1) RL1:2 g yeast extract (Himedia), 3 g
peptone (Himedia), and 0.5 g potassium nitrate
(Carl Roth GmbH, Germany) (Spyere et al., 2003);
(2) A1BFe+C:10 g starch (Merck), 4 g yeast extract
(Himedia), 2 g peptone (Himedia), 1 g CaCO3
(Merck), 40 mg Fe2(S04)3.4H20, and 100 mg KBr
(Merck) (Choi et al., 2015); (3) NB:13 g nutrient
broth; (4) LB: 10 g yeast extract (Himedia) and 5 g
peptone (Himedia) (Hamill et al., 2020); and (5)
seawater medium. For each medium, secondary
metabolite extractions were carried out based on
variations of the incubation period, and the culture
was grown in triplicate; then, 9 of 250-mL
Erlenmeyer flasks were used for one type of media.
A total of 1 mL of preculture was added to each
Erlenmeyer flask containing 100 mL of media
(Riyanti et al.,, 2020a). 0,1% each of trace metals
and vitamin B12 were added to the culture. The
strains were grown for the specified incubation
period and shaken at 160 rpm.

Extraction of secondary metabolites

Extraction was performed using the liquid-
liquid extraction (LLE) method using ethyl acetate
(EtOAc). Extraction was carried out on days 4, 5,
and 7 to vary the incubation time according to the
stationary growth phase of the bacteria. The
extraction method follows Ambarwati et al. (2020)
with a bit of modification. The culture was
extracted using EtOAc with a ratio of 1:1 v/v in a
centrifuge tube. The mixture was shaken manually
for 20 minutes and left for 15 minutes to separate
the supernatant and water phase. The supernatant
was poured into a container and evaporated with
a fan and hair dryer to obtain EtOAc crude extracts
(Riyanti et al., 2020a).

LC-HRMS measurement

A total of 45 EtOAc extracts were dissolved
in MeOH to a final concentration of 10 mg/mL.
Liquid Chromatography High-Resolution Mass
Spectrometry (LC-HRMS) measurements were
performed using a Micro-TOF-Q II mass
spectrometer (Bruker, Billerica, MA, USA) with an
ESI source combined with a Dionex Ultimate 3000
HPLC (Thermo Scientific, Darmstadt, Germany)
using a 2.7 um EC10/2 Nucleoshell C18 column
(Macherey-Nagel, Diiren, Germany) at 25°C. MS
data were acquired in positive mode over 100 to
1000 m/z. Auto MS/MS fragmentation was
achieved with increasing collision energy (35-50
kV with a gradient from 500 to 2000 m/z)
at a frequency of 4 Hz for all ions with a threshold
of 100. The injected volume was 2 pL with an
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extract concentration of 1 mg/mL (Riyanti et al,,
2020a).
Antibacterial assays

An antibacterial assay against Gram-
positive M. luteus and Gram-negative E. coli test
strains was performed using the disc diffusion
method using sterile NA media. The concentration
of the crude extract was 10 mg/mL dissolved in
10% DMSO. The test microbial inoculum was
inoculated by swabbing the agar surface using a
sterile cotton bud. Then, 10 pL of extract was
dripped on a paper disk (7 mm diameter) and
placed on the agar surface. Petri dishes were then
wrapped and incubated for 1 hour at 4°C and then
moved to 30°C for 24-48 hours (Riyanti et al,,
2020a). The positive control, penicillin, was made
in the same concentration as the extract, and
DMSO 10% was used as a negative control. The
diameter of the inhibition zone was observed and
measured using a caliper with a millimeter scale.

Data analysis

MS/MS data will be converted from
MassHunter (.d) data files to mzXML file format
using MS Convert (Riyanti et al, 2020a). Data
were analyzed using Global Natural Products
Social Molecular Networking (GNPS;
https://gnps.ucsd.edu/) by uploading data
through the WinSCP application connecting to the
GNPS account. Furthermore, the data were input
into the default group, and GNPS analysis was
carried out with a parent mass tolerance of 2.0 Da
and an MS/MS fragment ion tolerance of 0.5 Da.
Molecular networking data were analyzed and
visualized using Cytoscape 3.10.0 software (Wang
etal, 2016).

RESULTS

A pure isolate of Sinomicrobium sp. PAP.21
was precultured using Zobell Marine Broth 2216
medium, widely used to grow marine bacteria.
Preculture of bacteria aims to activate bacteria that
are in a dormant state (Manalu, 2017) and to
optimize bacterial growth (Prihanto et al., 2018).
Preculture results revealed bacterial growth that
can be observed based on turbidity. Preculture
with an incubation period of 2 days showed
turbidity and was used for culture in 5 liquid
culture media. In the culture, trace metals and
vitamin B12 were added as a growth factor.
Growth factors are elements which can not be
synthesized by bacteria from nutrients in the
media (Bonnet et al., 2019).

The culture was extracted by the LLE
method to separate target compounds based on
their relative solubility in two immiscible liquids
(Lopez-Rodriguez et al., 2022). LLE was applied to
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extract compounds from microbial cultures, the
extract would contain fewer media components,
allowing the purification step to be more
straightforward until the isolation. The average
weight of bacterial extracts obtained is shown in
Table I.

Molecular networking analysis

Forty-five ethyl acetate extracts of
Sinomicrobium sp. PAP.21 obtained from the
OSMAC method were analyzed using molecular
networking based on LC-HRMS data. The analysis
was conducted in order to determine compounds
possessing  antibacterial activity. Molecular
networking analysis was performed based on
variations of media and incubation period to reveal
the effect of different culture conditions on the
production of secondary metabolites.

The results of molecular networking based
on media variation formed 189 molecular
networks. Meanwhile, 188 molecular networks
were found in the variation of the incubation
period. A total of 35 replicated compounds were
obtained automatically (in comparison with the
GNPS database), but only three compounds listed
in Table Il have no networking with media (Figures
1 and 2). Figure 1 shows a molecular network
constructed by Sinomicrobium sp. PAP.21 in five
different liquid media. Meanwhile, figure 2
displays molecular networking from different
incubation periods and exhibits the compounds
produced at any time.

The putative compounds that play an
important role in the antibacterial activity are
listed in Table II. Compounds produced by more
than one medium may also affect the antibacterial
activity in the A1BFe+C medium. However, the
molecular networking analysis is only qualitative,
and the amount of bioactive compound in the
extract possessing an antibacterial effect cannot be
determined.

Antibacterial activity

The in vitro antibacterial activity tests were
carried out using the disc diffusion method against
Gram-positive (M. luteus) and Gram-negative (E.
coli) bacteria. The disc diffusion method is used for
antimicrobial  susceptibility = testing, where
antimicrobial agents diffuse into the media and
inhibit the growth of test bacteria (Balouiri et al,,
2016). The results of 45 ethyl acetate extracts of
Sinomicrobium sp. PAP.21 against M. luteus
obtained the diameter of the inhibition zone

in the Dbacterial extracts cultured in
Al1BFe+Cmedia which showed intermediate
215
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Figure 1. Molecular networking of Sinomicrobium sp. PAP.21 was produced by five different liquid
media

(a) Node's colors are based on each culture media. Blue: RL1 medium; orange: A1BFe + C medium; pink:
NB medium; red: LB medium; purple: seawater medium; grey: all media

(b) Nodes highlighted in the colored box represent parent ions that are dereplicated as D-erythro-C18-
Sphingosine (1), Picrolichenic acid (2), beta-D-Glucopyranose (3)

Table 1. Extract weight in various liquid culture media and incubation period
Average extract weight (mg) on three incubation periods

Media Day 4 Day 5 Day 7
RL1 12.53 68.03 72.93
A1BFe+C 63.73 35.70 79.83
NB 70.60 71.50 78.93
LB 43.40 80.03 107.03
Seawater 213.90 140.63 137.23
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Incubation period
I day 4
B day 5
I day 7

(b)

Figure 2. Molecular networking of Sinomicrobium sp. PAP.21 in 3 different incubation period

(a) Node's colors are based on each incubation period. Purple : day 4; blue : day 5; orange : day 7; grey:
all media
(b) Nodes highlighted in the colored box represent parent ions that are dereplicated as D-erythro-C18-

Sphingosine (1), Picrolichenic acid (2), beta-D-Glucopyranose (3)
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1) (2)

3)

Figure 3. Chemical structures of D-erythro-C18-Sphingosine (1), Picrolichenic acid (2), and beta-

D-Glucopyranose (3)

Table II. Compounds with antibacterial activity

Mass-to-

Incubation . .
No Chan:ge Compound Media Period Biological Bioactivity
Ratio Name (days) Source
(m/z)
1 302.211 D-erythro- LB 7 An endophytic Antibacterial
[M+H] C18- fungus, activity  against
Sphingosine Acremonium sp. Neisseria
(Khanetal, 2021) meningitidis, N.
gonorrhoeae, S.
aureus and E. coli
(Becam et al,
2017)
2 443,135 Picrolichenic LB, NB, 4,5and 7 Lichen (Rankovié,  Antibacterial
[M-H] acid RL1, 2019) activity from
A1BFe+C Pertusaria amara
extract against S.
aureus (Judith et
al, 2022)
3 483.311 beta-D- LB, NB, 4,5and 7 Endophytic Antibacterial
[M+Na] Glucopyranose RL1, bacterium activity against
A1BFe+C Pseudomonas Bacillus subtilis,
fluorescens (Nasab  S. aureus, and
& Salmonella typhi
Khodakaramian, (Matin et al,,
2022) 2013)
LB: Luria Bertani, NB: Nutrient Broth
Table II1. Antibacterial activity against Micrococcus luteus
Sample Inhibition diameter (mm) . .
(Medium_incubation period) Mean * SD Activity category™
A1BFe+C_4 6.0+0,9 Intermediate
A1BFe+ C_5 6.7+0.4 Intermediate
A1BFe+ C_7 6.7 £0.1 Intermediate
Penicillin 35.6+0.3 Very strong
DMSO0 10% 0 Inactive

*According to Davis & Stout (1971)
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activity (Table III). Herein, the extracts were only
active against Gram-positive bacteria rather than
Gram-negative bacteria.

DISCUSSION

Color differences can be observed in the
culture results among various media, presumably
caused by bacteria that produce colors or
pigments. Pigments are secondary metabolites
synthesized only when bacteria are grown under
appropriate growth conditions, where
pigmentation can be induced by the compositions
of media used (Agarwal et al, 2023). Thus,
different culture media will produce different
colors. In RL1, A1BFe+(C, LB, and NB media, yellow-
colored cultures were yielded, as reported by Xu et
al, (2013), and the genus Sinomicrobium afforded
yellow pigments. However, cultures of this
bacterium in seawater medium did not change its
color, indicating the absence of pigments produced
in this medium.

Most of the extracts cultured in the four
different media showed an increasing weight in a
time-dependent manner (Table 1). This is probably
due to the longer incubation time and the more
metabolites yielded by this bacterium. The highest
extract weight was afforded in the seawater
medium, while the lowest one was produced in the
RL1 medium.

In  molecular networking  analysis,
compound dereplication is recognized by
automatic comparison using mass spectrometry
profiles available in the database (Mohimani et al.,
2018). The selected molecular networking is not
connected to the media, indicating that bacterial
cultures only produce the compound. Molecular
networking can be formed because the cosine
score is above 0.7 and has more than 6 matched
peaks. When visualizing the data, a minimum
cosine score of 0.7 is used to group different
compound classes under the same molecular
family (Purves et al., 2016).

Subsequently, the bioactivity of
dereplicated compounds will be proved in this
study to inhibit pathogenic bacteria through the in
vitro antibacterial assay. Three compounds
possess antibacterial activity based on the
literature study as listed in Table Il (Figure 3).
These compounds will likely affect the results of
the further in vitro antibacterial assay of the EtOAc
extracts. Two of them do not originate from
bacteria and are rarely reported as bacterial
compounds. D-erythro-C18-Sphingosine belongs
to the sphingolipids group of fatty acids.
Picrolichenic acid is an aromatic polyketide in the
depsides group. Beta-d-glucopyranose is included
in the phenolic acids (C6-C1) group of cinnamic
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acids and  derivatives or  gallotannins.
Those compounds are known to possess
antibacterial activity against several pathogenic
bacteria.

A study related to the genus Sinomicrobium
was first published by Xu et al. (2013), which found
a bacterial isolate, S. oceani. This bacterium was
able to degrade alginate, so it can break down
seaweed biomass (Jegatheesan et al, 2017).
Another species, S. pectinilyticum, produced
pectinase and a-amylase that can hydrolyse pectin
and starch (Cheng et al, 2014). S. oceani, S.
pectinilyticum, and S. soli featuring fatty acids iso-
Ci15:0, i50-C17:0 3-OH and summed feature 3 (Cis:
1w6¢/C16 : 1w7c). High levels of branched-chain
fatty acids and 3-hydroxy Cis-Ci7 are typical of
members of the Flavobacteriaceae family (Liu etal.,
2019). Different from other species, S. weinanense
contained fatty acid iso-Cis.o, iso-C17.0 30H, and
summed feature 3, Ci6:0 and iso-Cis:1 G (Wu et al,,
2022), while S. kalidii possessed fatty acids
including iso-C17:0, iso-C16:0 3-OH, anteiso-C17.0 and
summed feature 6 (C19:1 w9c and/or Ci9:1 w1llc)
(Lietal., 2022).

Recently, Pringgenies et al. (2023) reported
that hexadecanoic acid, methyl ester mostly found
in six mangrove-derived bacteria  with
antibacterial and antifungal potentials. Up to now,
only a few publications related to Sinomicrobium
sp. PAP.21 that reported for their compounds and
biological activity. On the other hand, based on our
former study using antiSMASH analysis revealed
that Sinomicrobium sp. PAP.21 encodes the BGCs
siderophores desferrioxamine E, microviridin J,
and pinensin (Riyanti et al, 2023). These
compounds are known to have antibacterial
properties.

Further study of such micro-fractionation
can be conducted to trace the bioactive compounds
in the subsequent fractions, following the isolation
steps to obtain the pure active substances
(Wibowo et al, 2019). However, molecular
networking analysis is limited to compounds
replicated and recorded in the database. There is a
possibility that new compounds can be found to be
active against pathogenic bacteria. Hence, micro-
fractionation of the active extracts can be further

investigated to determine the bioactive
compounds (Riyanti et al., 2020b).
CONCLUSION

Based on the molecular networking

analysis, Sinomicrobium sp. PAP.21 possessed
three active compounds without networking with
media and exhibited antibacterial activity from 45
EtOAc extracts of Sinomicrobium sp. PAP.21, the
active extracts cultured on A1BFe+C medium were

219



Anggun Tri Rahmawati

capable of inhibiting the growth of M. luteus, even
though they were inactive against E. coli.
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