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Multidrug resistant (MDR) infections have been a world health issue for many decades, and therefore
exploration of new antibiotics to overcome this issue is urgently needed. Regarding antimicrobial prop-
erties in the coral holobiont, coral-associated bacteria are suggested as potential producer of new
antibacterial agents against MDR infections. The purposes of this study include isolation and identifica-
tion of pigmented coral-associated bacteria, preparation of pigmented extract and evaluation of its
antibacterial property, as well as the characterization of the pigmented extract using thin layer chro-
matography (TLC). Nine bacteria candidates were isolated from an unidentified stony coral collected from
Tanjung Gelam, Karimunjawa National Park, Jepara Region, Central Java Province, Indonesia. Bacterial
pigment and other metabolites were extracted using 1-butanol, ethyl acetate and acetone. Silica gel-
based TLC was applied to detect b-carotene and characterize the bacterial crude extracts. Antibacterial
activity was evaluated against the extended spectrum b-lactamase (ESBL) E. coli, Klebsiella pneumoniae,
and MRSA (methicillin-resistant Staphylococcus aureus). A yellow pigmented bacterium was isolated
and identified as Vibrio owensii TNKJ.CR.24-7. Nonribosomal peptide-synthetase Peptide-Synthetase
NRPS genes fragments were detected. All bacterial extracts from 1-butanol, ethyl acetate and acetone
contained the yellow pigment that was identified as b-carotene. Only the crude extract from ethyl acetate
inhibited all of MDR bacteria. TLC chromatogram showed that there were 7 bands from 1-butanol extract
and 6 bands from ethyl acetate extract. However, crude extract from acetone was not well separated
using silica-based TLC. Bands at Rf 0.64 and 0.81 were found both in 1-butanol and ethyl acetate extracts.
� 2018 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Infection by multidrug resistant (MDR) bacteria is one of the
major health issues in the world attributable to their resistance
to commercial antibiotics (van Duin and Paterson, 2017; WHO,
2018). The Center for Diseases Control and Prevention (CDC) iden-
tified 18 top MDR bacteria due to their threats in the United States.
Several pathogenic bacteria such as the extended spectrum b-
lactamase (ESBL) Enterobacteriaceae including Escherichia and
Klebsiella, methicillin-resistant Staphylococcus aureus (MRSA),
Mycobacterium tuberculosis and Streptococcus pneumoniae are con-
sidered as MDR bacteria which cause serious threats (CDC, 2018).
To overcome this issue, exploration of new antibiotic candidates
is urgently needed.
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The coral holobiont has unique and elusive competitive interac-
tion among associated microorganisms that induces antimicrobial
production involved with their competitive behavior inside of their
hosts (Ahila et al., 2017; Pereira et al., 2017; van de Water et al.,
2017). This bioactivity can be applicable not only to inhibit coral
pathogen but also human pathogenic bacteria. Raina et al. (2016)
reported that coral-associated Pseudovibrio sp. produced
tropodithietic acid, an antimicrobial compound which inhibited
coral pathogenic bacteria. Moreover, several studies applied
coral-associated bacteria to inhibit human pathogenic bacteria
such as Bacillus subtilis, Enterobacter cloacae, E. coli and Staphylococ-
cus epidermidis (El-Ahwany et al., 2013; Pham et al., 2015; Ahila
et al., 2017). Studies of antimicrobial activity from marine bacteria
have led to an interesting assumption that most of the pigmented
bacteria are able to produce antimicrobial compounds to inhibit
human pathogenic bacteria (Choi et al., 2015; Offret et al., 2016;
Kalinovskaya et al., 2017).

Ayuningrum et al. (2017) isolated orange-pigmented Pseudoal-
teromonas flavipulchra from an Indonesian stony coral. This bac-
terium inhibited several MDR bacteria such as Acinetobacter
baumannii, Enterobacter aerogenes, E. coli, MRSA and Staphylococcus
hemolyticus. In addition, several compounds such as mari-
noazepinone B; marinoquinoline I; marinopyrazinone B; marino-
quinolines A, C and D; diisobutyl-, dibutyl- and bis(2-ethylhexyl)
phthalates were reported as potential antimicrobial candidates
produced by marine pigmented bacteria (Choi et al., 2015;
Romanenko et al., 2015; Kalinovskaya et al., 2017). Due to their
antibacterial properties, pigmented coral-associated bacteria are
suggested as potential candidates to overcome multidrug resistant
(MDR) infections. This study was designed to isolate and identify
pigmented coral-associated bacteria, to obtain their pigment
extracts and evaluate their antibacterial property, and to charac-
terize the pigmented extracts using thin layer chromatography
(TLC).
Methodology

Sample collection

An unidentified coral was collected from Tanjung Gelam,
Karimunjawa National Park, Jepara Region, Central Java Province,
Indonesia (Fig. 1) with permission number 1096/T.34/TU/
SIMAKSI/7/2017 by SCUBA diving at 15 m in depth. Approximately
2 cm fragment of the coral was collected using pliers and then kept
in a sterilized zip lock for bacterial isolation.
Bacterial isolation and identification

The coral sample and 10 mL of sterilized natural seawater were
homogenized with a mortar under aseptic condition, and then
diluted until 10�6 in sterilized marine water. The dilution of
10�4, 10�5 and 10�6 were spread onto marine agar (MA) consisting
of marine broth (MB) from DifcoTM and agar, and then the agar
plates were incubated at room temperature (27 �C) for 5 � 24 h.
Everyday the isolation media were observed to obtain the pig-
mented strain. Then, the pigmented strain was purified for the fur-
ther investigations. One selected isolate was identified by Gram
staining and molecular identification which was carried out by
Ayuningrum et al. (2017). Primers 27F (50-AGA GTT TGA TCM
TGG CTC AG-3) and 1492 R (50- GGT TAC CTT GTT ACG ACT T-30)
were applied for bacterial 16S rDNA amplification and sequenced
by 1st Base Laboratories Sdn Bhd, Malaysia. Basic Local Alignment
Search Tool (BLAST) was carried out to compare the sample
sequence to GenBank to obtain bacterial homologues. Phylogenetic
tree was reconstructed using MEGA 7 software package with
neighbor-joining method and 1000 number of bootstrap replica-
tion (Tamura et al., 2011).
NRPS and PKS-I genes detection

Non-ribosomal peptide synthetase (NRPS) was detected using
the primers A2gam (50-AAG GCN GGC GSB GCS TAY STG CC-30)
and A3gam (50-TTG GGB IKB CCG GTS GIN CCS GAG GTG-30), while
type I polyketide synthase (PKS-I) was detected using the primers
K1 (50-TSA AGT CSA ACA TCG GBCA-30) and M6R (50-CGC AGG TTS
CSG TAC CAG TA-3) (Ayuso-Sacido and Genilloud, 2005; Radjasa
et al., 2007). The presence of these genes were confirmed using
electrophoresis.
Bacterial cultivation and pigment extraction

Bacteria were cultivated in marine broth (MB) from DifcoTM.
Seed culture was prepared by adding 1 cm2 of agar culture of can-
didate isolates into 50 mL of MB and then cultured at room tem-
perature (27 �C) for 3 days on a shaker (120 r.p.m.). Production
cultures were prepared by adding 1% of the seed culture to
100 mL of MB in Erlenmeyer flasks and then cultured for 6 days
at room temperature (27 �C) on a shaker (120 r.p.m.).

Three different organic solvents (1-butanol, ethyl acetate and
acetone) were added into broth culture with single extraction
method in a ratio of 1:2 (broth: solvent v/v). The mixture was agi-
tated using a shaker (120 r.p.m.) for 1 h. The organic layer was sep-
arated from the broth using a separatory funnel and was
evaporated to obtain the pigment extract. The crude pigment
extracts were dried using rotary vacuum centrifugation for the
next experiments.
Antibacterial assay

ESBL E. coli, Klebsiella pneumoniae, and MRSA strain MDR are
from the clinical pathogenic collection in General Hospital Dr. Kari-
adi, Semarang, Central Java. Gram-negative ESBL E. coli and K. pneu-
moniae were refreshed onto MacConkey Agar (HiMedia) while
MRSA onto Nutrient Agar (NA, HiMedia) for 24 h at 32 �C before
bioassay. Pigment extracts from three different solvents were
diluted in dimethyl sulfoxide (DMSO) at the concentrations of
1000, 500, 250 and 125 lg/mL while amoxicillin 10 lg/disc was
used as a positive control and DMSO without extract as a negative
control. The presence of clear zone indicated the antibacterial
activity of the pigment extract. The antibacterial assay was carried
out according to CLSI (2016).
Pigment extract characterization

As the bacterial pigment had bright yellow to dark orange color,
b-carotene (Wako, Japan) was used as a pigment standard. Crude
extracts and b-carotene were loaded onto a TLC silica gel 60 F254
plate (Merck) as the stationary phase. For mobile phase, combina-
tion of acetone and hexane in a ratio of 6:4 v/v was employed. The
same color and Rf of standard sample and bacterial pigment extract
indicated the positive result in this analysis.

In addition, other compounds contained in the pigment extracts
were fractionated using TLC method. Fractionation was performed
using dichloromethane, ethyl acetate, and methanol as mobile
phase in a ratio of 5:3:2. TLC spots were visualized by illumination
of 356 nm UV lamp.



Fig. 1. Sampling site in Tajung Gelam, Karimunjawa National Park, Central Java, Indonesia.

Fig. 2. (A and B) Isolate TNKJ.CR.24-7 on marine agar (MA) after 26 h of incubation at room temperature (27 �C). (A and B: bacterial colony, C: Gram staining).
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Result

Isolation of coral-associated bacteria gave 9 bacterial isolates
from dilution 10�4 to 10�6, however only one isolate showed color
production. An isolate TNKJ.CR.24-7 only existed at dilution 10�4

on marine agar. Fig. 2 shows that this isolate produces yellow pig-
ment in the colony after 26 h of incubation on agar. Coral-
associated TNKJ.CR.24-7 was selected as a prospective candidate
for further analysis.

Bacterial characterization was done using Gram staining,
molecular identification, and NRPS and PKS-I genes detection.
The colony was nonluminecent, nonswarming, smooth and
round. Based on the Gram staining test, this isolate was assigned
to Gram-negative bacteria. Advance identification was carried
out through molecular approach, by which the isolate TNKJ-
CR.24-7 was identified as Vibrio owensii with 99% similarity to
V. owensii MG896198.1. This isolate has been registered in Gen-
Bank with accession number MH488980.1. The phylogenetic tree
of this isolate is shown in Fig. 3. Bacterium V. owensii
TNKJ-CR.24-7 was confirmed to possess NRPS gene cluster,
while PKS-I gene was not detected by using K1 and M6R
primers (Fig. 4).

V. owensii TNKJ.CR.24-7 produced yellow pigment after 5 days
of cultivation in MB medium, which was readily recognized by
the color change to yellow. The yield of culture extracts is pre-
sented in Table 1.



Fig. 3. Phylogenetic tree of TNKJ.CR.24-7 according to 16S rRNA region.

Fig. 4. Detection of secondary metabolite biosynthetic genes (M: marker, 1: NRPS,
2: PKS-I).

Table 1
Bacterial pigment crude extract fom different organic solvents.

Organic solvent Yield (% w/v)

1-butanol 1.14 ± 0.01
Ethyl acetate 0.13 ± 0.05
Acetone 0.22 ± 0.08

(Data were average ± standard deviation).

Fig. 5. TLC chromatogram of carotenoid detection in bacterial pigment extract a) b-
carotene standard, b) 1-butanol extract, c) ethyl acetate extract, d) acetone extract.
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Extraction with 1-butanol gave the highest yield of crude
extract with the amount of 1.14 ± 0.01%, then followed by acetone
(0.22 ± 0.08%) and ethyl acetate (0.13 ± 0.05%). Furthermore, all of
the bacterial crude extracts contained carotenoid pigments dis-
playing the same characteristics with the b-carotene standard such
as yellow to orange color and Rf value of 0.94 (Fig. 5).
The characteristics of other compounds from the bacterial pig-
ment extracts are shown in Fig. 6 and Table 2. The compounds in
bacterial extracts from 1-butanol and ethyl acetate were well frac-
tionated in silica gel-based TLC, whereas the bacterial extract from
acetone solvent was not well separated displaying the smeared
bands (Fig. 6). Table 2 and Fig. 6 show that two bands with the
same color and Rf values (0.64 and 0.81) were detected in bacterial
extracts from 1-butanol and ethyl acetate.

In the antibacterial testing using paper-disc method, bacterial
pigment extracts from 1-butanol and acetone did not inhibit any
MDR bacteria, while the extract from ethyl acetate showed inhibi-



Fig. 6. TLC chromatogram of bacterial crude extracts from different solvents a) 1-
butanol, b) ethyl acetate, c) acetone under UV illumination at 356 nm.

Table 2
Retention factors of bacterial crude extracts from different solvents.

Extract Retention factor (Rf)

From 1-butanol 0.10; 0.25; 0.64*; 0.66; 0.81y; 0.84; 0.93
From ethyl acetate 0.20; 0.58; 0.64*; 0.64; 0.77; 0.81y

From acetone Not well separated

(Same notation indicates the same Rf values).

Table 3
Antibacterial activity of pigment extract from ethyl acetate solvent against MDR
bacteria.

Bacteria Concentrations (lg/mL) Inhibition zone (mm)

ESBL E. coli DMSO (Negative control) 0.00 ± 0.00a

125 1.25 ± 1.76b

250 2.05 ± 0.21b

500 4.30 ± 1.31d

1000 5.11 ± 0.02d

Amoxicillin 10 lg/disc 3.75 ± 0.21c

K. pneumoniae DMSO (Negative control) 0.00 ± 0.00a

125 0.00 ± 0.00a

250 2.15 ± 0.15b

500 4.05 ± 0.07c

1000 4.25 ± 0.07d

Amoxicillin 10 lg/disc 6.30 ± 1.27e

MRSA DMSO (Negative control) 0.00 ± 0.00a

125 1.40 ± 0.42b

250 2.35 ± 1.35b

500 4.35 ± 1.06c

1000 5.45 ± 1.65c

Amoxicillin 10 lg/disc 4.10 ± 0.84c

(Data were average ± standard deviation. Different notations indicate significant
difference at P < 0.05).
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tion against ESBL E. coli, K. pneumoniae, and MRSA. The inhibition
zones of bacterial pigment extract from ethyl acetate solvent are
summarized in Table 3.

Pigment extract from ethyl acetate displayed weak activity
against ESBL E. coli and MRSA at concentration 125 mg/mL with val-
ues 1.25 ± 1.76 mm and 1.40 ± 0.42 mm, respectively, while K.
pneumoniaewas weakly inhibited at concentration 250 mg/mL with
values 2.15 ± 0.1 mm. Moreover, bacterial pigment extract showed
stronger antibacterial activity than amoxicillin 10 mg/disc against
ESBL E. coli and MRSA at concentration 1000 mg/mL with values
5.11 ± 0.02 mm and 5.45 ± 1.65 mm, respectively.
Discussion

V. owensii is known as a marine bacterium commonly isolated
from crustaceans and corals. This species was firstly isolated from
crustaceans in Australia with characteristics such as bright yellow,
nonluminiscent, nonswarming and round colonies (2–3 mm)
(Cano-Gómez et al., 2009). Our strain TNKJ.CR.24-7 also displayed
all these characteristcs. V. owensii is also known as a pathogen of
shrimp and corals (Wilson et al., 2012; Liu et al., 2018). Wilson
et al. (2012) revealed that V. owensiiwas a prevalent species among
Vibrio isolates associated with Acropora white syndrome (AWS).
Moreover, this bacterial species was also reported as an inducer
of the tissue loss disease of Montipora white syndrome (MWS) in
Hawaii (Ushijima et al., 2012). According to Fig. 3, strain TNKJ.
CR-24.7 belongs to Harveyi clade with V. harveyi, V. campbellii, V.
rotiferianus, V. alginolyticus and V. parahaemolyticus. This result
was consistent with the work of Cano-Gómez et al. (2009) report-
ing that V. owensii belongs to Harveyi clade with 16S rRNA gene
sequence close to V. harveyi, V. campbellii and V. rotiferianus.

Since 1-butanol is able to extract not only bacterial metabolites
but also water-soluble compounds, the yield of bacterial crude
extract from this solvent was higher than the extracts from ethyl
acetate and acetone. V. owensii TNKJ.CR.24-7 produces carotenoid
pigments that give yellow color to its colonies. Carotenoid is a
fat-soluble terpenoid with yellow, orange or reddish color pro-
duced by most of the living organisms (Avalos and Limón, 2015).
Kusmita et al. (2017) reported that several symbiotic bacteria such
as Pseudoalteromonas shioyasakiensis, P. rubra, P. spongiae and Vir-
gibacillus salaries from an Indonesian soft coral Sarcophyton sp. pro-
duced yellow carotenoid pigments. Based on the chemical
structure and oxygen functionality carotenoids are classified into
two types, there are carotenes and carotenoid hydrocarbons such
as lycopene and b-carotene that consist of only carbon and hydro-
gen; whereas xanthopylls and oxygenated carotenoids such as
lutein, canthaxanthin, zeaxanthin, violaxanthin, capsorubin and
astaxanthin are oxygenated and may contain epoxy, carbonyl,
hydroxyl, methoxy or carboxylic acid functional group (Rivera
and Canela-Garayoa, 2012; Fassett and Coombes, 2012). It should
be noted that the yellow pigment produced by V. owensii TNKJ.
CR.24-7 is b-carotene according to the result of TLC analysis
(Fig. 5). In microorganisms, carotenoid has important roles for
UV protection, cell coloration, and resistance to oxidative stress
(Avalos and Limón, 2015; Rodrigo-Baños et al., 2015).

Antibacterial activity of bacteria is related to the existence of
NRPS and PKS-I genes (Wu et al., 2015; Falanga et al., 2016;
Chakraborty et al., 2017; Schinke et al., 2017). However, Fig. 4
shows that only NRPS gene fragments were detected from V. owen-
sii TNKJ.CR.24-7 at 300 bp. This result is consistent with the previ-
ous studies in which the set primers A2gamF/A3gamR amplify
NRPS fragments of 200–300 bp (Sibero et al., 2018). The diameter
of inhibition zone is related to the antibacterial components pre-
sent in the crude extracts. Interestingly, only the crude extract
from ethyl acetate showed antibacterial activity against all of
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MDR bacteria. Moreover, the crude extract had wider inhibition
zones against ESBL E. coli and MRSA rather than amoxicillin. Due
to the existence of NRPS fragments, the production of antimicrobial
peptides (AMPs) is expected as the reason of antibacterial proper-
ties in V. owensii TNKJ.CR.24-7. AMPs from marine bacteria include
fijimycins A–C, peptidolipins B–F and champacyclin (Agrawal et al.,
2017; Schinke et al., 2017). In fact, there are no reports of AMPs
from marine Vibrio owensii (DNP, 2018).

The result of TLC analysis showed that the crude extract from
ethyl acetate had 6 different bands under UV illumination at
356 nm (Table 2). Owing to its antibacterial acitivity, activity-
guided isolation method is applicable to isolate lead compounds
from this extract. In addition, two bands with the same color and
Rf were found in the bacterial extracts from 1-butanol and ethyl
acetate (Fig. 6), while b-carotene (Fig. 5) was found in all of the
crude extracts. It was suggested that antibacterial activity of the
crude extract from ethyl acetate was not related to the existence
of the b-carotene. Furthermore, the two bands in 1-butanol which
also existed in ethyl acetate were also suggested to be irrelevant to
the antibacterial activity. Therefore, we proposed that the presence
of active compounds and the ratio between the active compounds
and the junk compounds in a crude extract may influence the
antibacterial performance.

Conclusion

One pigmented bacterium from an unidentified coral was iso-
lated and identified as Vibrio owensii TNKJ.CR.24-7 with accession
number MH488980.1. NRPS fragments were detected in this iso-
late. This isolate produced yellow pigment which was identified
as b-carotene, a member of carotenoids. According to the result
of bacterial metabolite extraction, b-carotene was found in all of
the crude culture extract obtained by using 1-butanol, ethyl acet-
ate and acetone. Interestingly, only the crude extract from ethyl
acetate inhibited ESBL E. coli, Klebsiella pneumoniae, and MRSA
strain MDR. TLC chromatogram showed that there were 7 bands
from 1-butanol extract and 6 bands from ethyl acetate extract.
However, crude extract from acetone was not well separated using
silica gel-based TLC. Bands at Rf 0.64 and 0.81 were found in both
of 1-butanol and ethyl acetate extracts.

Conflict of interest

None.

Authors’ contributions

The present research was designed by Mada Triandala Sibero
(MTS), Yasuhiro Igarashi (YI), Ocky Karna Radjasa (OKR), Agus Sab-
dono (AS), Agus Trianto (AS). The sample collection was done by
MTS, Enjuro Harunari (EH) and Amit Raj Sharma (ARS). The bacte-
rial isolations and molecular characterization were done by EH,
ARS, Tiara Ulfa Bachtiarini (TUB), Adindalifa Hayu Lupita (AHL)
and Defi Puspita Sari (DPS). The chemical characterization was
done by MTS, TUB and YI. The manuscript was written and cor-
rected by MTS, TUB and YI. All authors have read and approved
the final manuscript.

Acknowledgements

The authors wish to acknowledge the Balai Taman Nasional
Karimunjawa for the research permit with number 1096/T.34/TU/
SIMAKSI/7/2017. This research was partly funded by the Ministry
of Research, Technology and Higher Education, Indonesia under
the Program Pendidikan Magister Menuju Doktor untuk Sarjana
Unggul (PMDSU) with contract number 315-06/UN7.5.1/PP/2017,
World Class University Program from Diponegoro University and
USAID-PEER Science grant cycle 5 Subaward number 2000007644.

References

Center for Diseases Control and Prevention. 2018. Biggest threats. Link: https://
www.cdc.gov/drugresistance/biggest_threats.html (Access: June, 5th 2018).

Clinical Laboratory Standard Institute. 2016. Performance Standards for
Antimicrobial Susceptibility Testing. 26 Ed. CLSI Supplement M100S.

Dictionary of Natural Product. Vibrio owensii. Link: http://dnp.
chemnetbase.com/faces/chemical/ChemicalSearchResults.xhtml (Access:
October, 26th 2018)

World Health Organization. 2018. Antimicrobial resistance. Link: http://www.who.
int/en/news-room/fact-sheets/detail/antimicrobial-resistance. (Access: June,
5th 2018).

Agrawal, S., Acharya, D., Adholeya, A., Barrow, C.J., Deshmukh, S.K., 2017.
Nonribosomal peptides from marine microbes and their antimicrobial and
anticancer potential. Front. Pharmacol. 8, 828. https://doi.org/10.3389/
fphar.2017.00828.

Ahila, N.K., Prakash, S., Manikandan, B., Ravindran, J., Prabhu, N.M., Kannapiran, E.,
2017. Bio-prospecting of coral (Porites lutea) mucus associated bacteria, Palk
Bay reefs, southeast coast of India. Microb. Pathog. 113, 113–123. https://doi.
org/10.1016/j.micpath.2017.09.056.

Avalos, J., Limon, M.C., 2015. Biological roles of fungal carotenoids. Curr. Genet. 61,
309–324. https://doi.org/10.1007/s00294-014-0454-x.

Ayuningrum, D., Kristiana, R., Asagabaldan, M.A., Sabdono, A., Radjasa, O.K., Nuryadi,
H., Trianto, A., 2017. Isolation, characterization and antagonistic activity of
bacterial symbionts hard coral Pavona sp. isolated from Panjang Island, Jepara
against infectious multi-drug resistant (MDR) bacteria. IOP Conf. Ser. Earth.
Environ. Sci. 55 (1). DOI: http://iopscience.iop.org/article/10.1088/1755-1315/
55/1/012029.

Ayuso-Sacido, A., Genilloud, O., 2005. New PCR Primers for the Screening of NRPS
and PKS-I systems in actinomycetes: detection and distribution of these
biosynthetic gene sequences in major taxonomic groups. Microb. Ecol. 49,
10–24. https://doi.org/10.1007/s00248-004-0249-6.

Cano-Gómez, A., Goulden, E.F., Owens, L., Høj, L., 2009. Vibrio owensii sp. nov.,
isolated from cultured crustaceans in Australia. FEMS Microbiol. Lett. 302, 175–
181. https://doi.org/10.1111/j.1574-6968.2009.01850.x.

Chakraborty, K., Thilakan, B., Chakraborty, R.D., Raola, V.K., Joy, M., 2017. O-
heterocyclic derivatives with antibacterial properties from marine bacterium
Bacillus subtilis associated with seaweed, Sargassum myriocystum. Appl.
Microbiol. Biotechnol. 101 (2), 569–583. https://doi.org/10.1007/s00253-016-
7810-3.

Choi, E.J., Nam, S.J., Paul, L., Beatty, D., Kauffman, C.A., Jensen, P.R., Fenical, W., 2015.
Previously uncultured marine bacteria linked to novel alkaloid production.
Chem. Biol. 22 (9), 1270–1279. https://doi.org/10.1016/j.chembiol.2015.07.014.

El-Ahwany, A.M.D., Ghozlan, H.A., El-Sharif, H.A., Sabry, S.A., 2013. Phylogenetic
diversity and antimicrobial activity of marine bacteria associated with the soft
coral Sarcophyton glaucum. J. Basic Microbiol. 53, 1–9. https://doi.org/10.1002/
jobm.201300195.

Falanga, A., Lombardi, L., Franci, G., Vitiello, M., Iovene, M.R., Morelli, G., Galdiero,
M., Galdiero, S., 2016. Marine antimicrobial peptides: nature provides templates
for the design of novel compounds against pathogenic bacteria DOI Int. J. Mol.
Sci. 17 (785) https://dx.doi.org/10.3390%2Fijms17050785.

Fassett, R.G., Coombes, J.S., 2012. Astaxanthin in cardiovascular health and disease.
Molecules 17 (2), 2030–2048. https://doi.org/10.3390/molecules17022030.

Kalinovskaya, N.I., Romanenko, L.A., Kalinovsky, A.I., 2017. Antibacterial low-
molecular-weight compounds produced by the marine bacterium Rheinheimera
japonica KMM 9513T. Antonie van Leeuwenhoek 110 (5), 719–726. https://doi.
org/10.1007/s10482-017-0839-1.

Kusmita, L., Mutiara, E.V., Nuryadi, H., Pratama, P.A., Wiguna, A.S., Radjasa, O.K.,
2017. Characterization of carotenoid pigments from bacterial symbionts of soft-
coral Sarcophyton sp. from North Java Sea. Int. Aqua. Res. 9 (1), 61–69. https://
doi.org/10.1007/s40071-017-0157-2.

Liu, L., Xiao, J., Zhang, M., Zhu, W., Xia, X., Dai, X., Pan, Y., Yan, S., Wang, Y., 2018. A
Vibrio owensii strain as the causative agent of AHPND in cultured shrimp,
Litopenaeus vannamei. J. Invertebr. Pathol. 153, 156–164. https://doi.org/
10.1016/j.jip.2018.02.005.

Offret, C., Desriac, F., le Chevalier, P., Mounier, J., Jégou, C., Fleury, Y., 2016. Marine
bacteria Pseudoalteromonas: chemodiversity and ecological significance. Mar.
Drugs 14 (7). https://doi.org/10.3390/md14070129.

Pereira, L.B., Palermo, B.R.Z., Carlos, C., Ottoboni, L.M.M., 2017. Diversity and
antimicrobial activity of bacteria isolated from different Brazilian coral species.
FEMS Microbiol. Lett. 364 (16). Doi: https://doi.org/10.1093/femsle/fnx164.

Pham, T.M., Wiese, J., Wenzel-Storjohann, A., Imhoff, J.F., 2015. Diversity and
antimicrobial potential of bacterial isolates associated with the soft coral
Alcyonium digitatum from the Baltic Sea. Antonie van Leeuwenhoek. https://doi.
org/10.1007/s10482-015-0613-1.

Radjasa, O.K., Martens, T., Grossart, H.P., Brinkhoff, T., Sabdono, A., Simon, M., 2007.
Antagonistic activity of a marine bacterium Pseudoalteromonas luteoviolacea
TAB4.2 associated with coral Acropora sp. J. Biol. Sci. 7 (2), 239–246. https://doi.
org/10.3923/jbs.2007.239.246.

https://www.cdc.gov/drugresistance/biggest_threats.html
https://www.cdc.gov/drugresistance/biggest_threats.html
http://dnp.chemnetbase.com/faces/chemical/ChemicalSearchResults.xhtml
http://dnp.chemnetbase.com/faces/chemical/ChemicalSearchResults.xhtml
http://www.who.int/en/news-room/fact-sheets/detail/antimicrobial-resistance
http://www.who.int/en/news-room/fact-sheets/detail/antimicrobial-resistance
https://doi.org/10.3389/fphar.2017.00828
https://doi.org/10.3389/fphar.2017.00828
https://doi.org/10.1016/j.micpath.2017.09.056
https://doi.org/10.1016/j.micpath.2017.09.056
https://doi.org/10.1007/s00294-014-0454-x
http://refhub.elsevier.com/S1687-4285(18)30075-X/h0040
http://refhub.elsevier.com/S1687-4285(18)30075-X/h0040
http://refhub.elsevier.com/S1687-4285(18)30075-X/h0040
http://refhub.elsevier.com/S1687-4285(18)30075-X/h0040
http://refhub.elsevier.com/S1687-4285(18)30075-X/h0040
http://refhub.elsevier.com/S1687-4285(18)30075-X/h0040
https://doi.org/10.1007/s00248-004-0249-6
https://doi.org/10.1111/j.1574-6968.2009.01850.x
https://doi.org/10.1007/s00253-016-7810-3
https://doi.org/10.1007/s00253-016-7810-3
https://doi.org/10.1016/j.chembiol.2015.07.014
https://doi.org/10.1002/jobm.201300195
https://doi.org/10.1002/jobm.201300195
https://dx.doi.org/10.3390%2Fijms17050785
https://doi.org/10.3390/molecules17022030
https://doi.org/10.1007/s10482-017-0839-1
https://doi.org/10.1007/s10482-017-0839-1
https://doi.org/10.1007/s40071-017-0157-2
https://doi.org/10.1007/s40071-017-0157-2
https://doi.org/10.1016/j.jip.2018.02.005
https://doi.org/10.1016/j.jip.2018.02.005
https://doi.org/10.3390/md14070129
http://refhub.elsevier.com/S1687-4285(18)30075-X/h0100
http://refhub.elsevier.com/S1687-4285(18)30075-X/h0100
http://refhub.elsevier.com/S1687-4285(18)30075-X/h0100
https://doi.org/10.1007/s10482-015-0613-1
https://doi.org/10.1007/s10482-015-0613-1
https://doi.org/10.3923/jbs.2007.239.246
https://doi.org/10.3923/jbs.2007.239.246


M.T. Sibero et al. / Egyptian Journal of Aquatic Research 45 (2019) 81–87 87
Raina, J.B., Tapiolas, D., Motti, C.A., Foret, S., Seemann, T., Tebben, J., Willis, B.L.,
Bourne, D.G., 2016. Isolation of an antimicrobial compound produced by
bacteria associated with reef-building corals. Peer J. https://doi.org/10.7717/
peerj.2275.

Rivera, S.M., Canela-Garayoa, R., 2012. Analytical tools for the analysis of
carotenoids in diverse materials. J. Chroma. A 1224, 1–10. https://doi.org/
10.1016/j.chroma.2011.12.025.

Rodrigo-Baños, M., Garbayo, I., Vilchez, C., Bonete, M.J., Martinez-Espinosa, R.M.,
2015. Carotenoids from Haloarchaea and their potential in biotechnology. Mar.
Drugs 13, 5508–5532. https://doi.org/10.3390/md13095508.

Romanenko, L.A., Tanaka, N., Svetashev, V.I., Kalinovskaya, N.I., Mikhailov, V.V.,
2015. Rheinheimera japonica sp. nov., a novel bacterium with antimicrobial
activity from seashore sediments of the Sea of Japan. Arch. Microbiol. 197 (4),
613–620. https://doi.org/10.1007/s00203-015-1095-2.

Schinke, C., Martins, T., Queiroz, S.C.N., Melo, I.S., Reyes, F.G.R., 2017. Antibacterial
compounds from marine bacteria, 2010–2015. J. Nat. Prod. 80, 1215–1228.
https://doi.org/10.1021/acs.jnatprod.6b00235.

Sibero, M.T., Herdikiawan, D., Radjasa, O.K., Sabdono, A., Trianto, A., Triningsih, D.
W., 2018. Antibacterial activity of sponge associated fungi against vibriosis
agents in shrimp and its toxicity to Litopenaeus vannamei. AACL Bioflux 11 (1),
10–18 http://www.bioflux.com.ro/docs/2018.10-18.pdf.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., Kumar, S., 2011. MEGA5:
Molecular evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods. Molecul. Biol. Evol.
28 (10), 2731–2739. https://doi.org/10.1093/molbev/msr121.

Ushijima, B., Smith, A., Aeby, G.S., Callahan, S.M., 2012. Vibrio owensii induces the
tissue loss disease Montipora white syndrome in the Hawaiian Reef Coral
Montipora capitata. PLoS ONE 7, (10). https://doi.org/10.1371/journal.
pone.0046717 e46717.

van Duin, D., Paterson, D., 2017. Multidrug resistant bacteria in community: trends
and lesson learned. Infect. Dis. Clin. North Am. 30 (2), 377–390. https://doi.org/
10.1016/j.idc.2016.02.004.

van de Water, J.A.J.M., Melkonian, R., Voolstra, C.R., Junca, H., Beraud, E., Allemand,
D., Ferrier-Pagès, C., 2017. Comparative assessment of Mediterranean
gorgonian-associated microbial communities reveals conserved core and
locally variant bacteria. Microb. Ecol. 73, 466–478. https://doi.org/10.1007/
s00248-016-0858-x.

Wilso, B., Aeby, G.S., Work, T.M., Bourne, D.G., 2012. Bacterial communities
associated with healthy and Acropora white syndrome-affected corals from
American Samoa. FEMS Microb. Ecol. 80, 509–520. https://doi.org/10.1111/
j.1574-6941.2012.01319.x.

Wu, B., Wiese, J., Labes, A., Kramer, A., Schmaljohann, R., Imhoff, J.F., 2015.
Lindgomycin, an unusual antibiotic polyketide from a marine fungus of the
Lindgomycetaceae. Mar. Drugs 8, 4617–4632. https://doi.org/10.3390/
md13084617.

https://doi.org/10.7717/peerj.2275
https://doi.org/10.7717/peerj.2275
https://doi.org/10.1016/j.chroma.2011.12.025
https://doi.org/10.1016/j.chroma.2011.12.025
https://doi.org/10.3390/md13095508
https://doi.org/10.1007/s00203-015-1095-2
https://doi.org/10.1021/acs.jnatprod.6b00235
http://www.bioflux.com.ro/docs/2018.10-18.pdf
https://doi.org/10.1093/molbev/msr121
https://doi.org/10.1371/journal.pone.0046717
https://doi.org/10.1371/journal.pone.0046717
https://doi.org/10.1016/j.idc.2016.02.004
https://doi.org/10.1016/j.idc.2016.02.004
https://doi.org/10.1007/s00248-016-0858-x
https://doi.org/10.1007/s00248-016-0858-x
https://doi.org/10.1111/j.1574-6941.2012.01319.x
https://doi.org/10.1111/j.1574-6941.2012.01319.x
https://doi.org/10.3390/md13084617
https://doi.org/10.3390/md13084617

	Characterization of a yellow pigmented coral-associated bacterium exhibiting anti-Bacterial Activity Against Multidrug Resistant (MDR) Organism
	Introduction
	Methodology
	Sample collection
	Bacterial isolation and identification
	NRPS and PKS-I genes detection
	Bacterial cultivation and pigment extraction
	Antibacterial assay
	Pigment extract characterization

	Result
	Discussion
	Conclusion
	Conflict of interest
	Authors' contributions
	Acknowledgements
	References


