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Abstract. Coral reefs in Southeast Asia are becoming progressively degraded due to the natural and
anthropogenic disturbances which lead to poor water quality threatening the reefs’ health. Coral disease is
one of the threats to the coral reefs worldwide but research on coral disease in Southeast Asia is relatively
scarce especially on bacterial community associated with the disease. The destructive coral black band
disease (BBD) can be found widely in the southern region of the South China Sea, Malaysia. This study
aims to compare the microbial communities of healthy and BBD-infected coral tissue from two different
coral species Montipora turtlensis and Acropora spicifera collected at the Shark Point of Pulau Redang,
Terengganu. The bacterial isolated from corals nubbins were examined by combining culture-dependent
method and bacterial sequencing of 16S rDNA. A total of 18 bacteria isolates were identified from both
species of coral tissue samples prior to sub-culturing colonies samples. The sequences detected were
derived from a wide taxonomic range, including representatives of Actinobacteria, Furmicutes and
Proteobacteria phyla. Bacteria belonging to the phyla Proteobacteria were further divided into alpha and
gammaproteobacteria. Most of the bacteria identified can be found on healthy and BBD-affected coral
tissue samples; however, there are few bacteria which can be only found on BBD-affected tissue of
respective coral species such as Lelliottia sp., Salnicola salarius and Microbacterium petrolearium for
M. turtlensis while Pseudomonas stutzeri and Erythrobacter sp. for A. spicifera.

Keywords: coral disease, pathogenic bacteria, Montipora turtlensis, Acropora spicifera, coral reefs,
Southeast Asia

Introduction

Over the last thirty years, scale deterioration of environmental situations has become
progressively worse on both local and a global scale, affecting the status of coral health
and hence compromising the ecosystem of coral reef entirely (Lesser et al., 2009). The
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springing up of coral diseases issue has become one of the most significant causes of
the dramatic loss of reef’s global decline. Over 20 recorded diseases were known
affecting the coral and three of them such as white band disease (WBD), white plague
disease (WPD) and Black band disease (BBD) was reported more than two thirds of
occurrence at the Caribbean (Weil et al., 2006). Bacteria communites that affecting the
coral reefs are quite comman. For instance, some of bacteria were isolated from putative
WBD have been identified as Vibrio and Rickettsia (Gignoux-Wolfsohn and Vollmer,
2015). The other bacteria identifiend from WPD such as from the families of
Alteromonadaceae, Rhodobacteraceae, Vibrionaceae are known as coral pathogens
(Roder et al., 2014).

According to some early studies regarding the disease on corals, BBD was the
earliest been reported to affect corals as reported by Antonius (1985) on the reef of
Florida Keys as well as in Belize. The occurance of the disease was futher reported by
other researchers such as Garret and Ducklow (1975), Rutzler et al. (1983) and Edmund
(1991). Since then, until recently, many researchers taking part in conducting study on
BBD regionally including in Sabah Marine Park (Miller et al., 2015), and Tioman Island
Marine Park (Akmal and Shahbudin, 2020) as well as in global scale such as in
Hawaiian Archipelago, Red Sea, Maldivian Archipelago and Seribu Archipelago
Indonesia (Montano et al., 2013; Aeby et al., 2015; Johan et al., 2015; Hadaidi and
Voolstra, 2020).

Other than symbiotic algae zooxanthellae, there are abundant and diverse bacterial
communities which incredibly well associate on corals. These corals rely on bacteria as
particularly in nitrogen and carbon cycle, dissolved organic matter and immunity
(Borneman, 1998). A bacterium plays a vital role against competitors or predators.
Coral tissue was thought to serve as first-line defense in counter with any foreign
organisms from trying to invade into it. It will be difficult task to puzzle out the nature
of these associations; therefore, numerous previous studies on bacterial community
associated with BBD are documented. For example, presence of boring cyanobacteria
and novel bacteria on infected coral in Florida, USA (Miller et al., 2011), changes in
bacterial community associated with BBD in coral Favia sp. and microbial community
characterization of BBD microbial mat in nine coral genera in Red Sea (Arotsker et al.,
2015; Hadaidi et al., 2018), classification of BBD cyanobacteria associated with
Okinawan BBD, Japan (Hutabarat et al., 2018) and identification of main pathogenic
bacteria stimulating BBD in hard coral Pachyseris speciosa from island around south
Sulawesi, Indonesia (Jompa et al., 2020). However, study conducted on the bacterial
communities of diseased and healthy corals are very few especially in Malaysia
(Kalimutho et al., 2007).

To date, assessment on coral disease have gained interest in Malaysia but the studies
(e.g., Miller et al., 2015; Browne et al., 2019; Akmal and Shahbudin, 2020) only limited
to the quantitative distribution of hard coral affected by the disease. To further
understand the bacteria communities that associated with the coral disease, this study
aims to isolate and identify bacterial communities for healthy and BBD-infected coral
tissue. Isolation and identification of microbial communities allied with BBD is
essential to determine as it will give access to future researchers on the potential bacteria
associated with the coral disease. Additionally, we also compared the bacteria species
presence on healthy and BBD-infected tissue from coral samples.
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Materials and methods
Coral sampling collection

The coral specimens (Montipora turletensis and Acropora spicifera) used for this
study were collected from Pulau Redang, Terengganu (Fig. 1) which are located in the
east coast of Peninsular Malaysia. Shark Point (05°46°43” N, 103°0” E) has been selected
as study area and monitoring have been conducted for four consecutive months started in
July until October 2019, in order to observe the disease progression on infected coral
colonies.
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Figure 1. The map of Pulau Redang, Terengganu, Malaysia. Red triangle indicate Shark Point
where the study of corals infected with black band disease took place

Coral specimens were collected in monthly between 1 m to 3 m depth at Shark Point,
Pulau Redang from July to October 2019. The coral species Montipora turtlensis and
Acropora spicifera were identified according to their corallite’s characteristics (Veron,
2000). Six coral colonies; three each from healthy and BBD infected of the two identified
coral species (Fig. 2) were selected and tagged with plastic tag for the repetitive sampling.
During each sampling, one coral fragment with a size approximately of 1.5 cm x 1.5 cm
was collected using a chisel and hammer from each tagged coral colony. The corals tissue
layers have then been scraped from the healthy and diseased area using sterile dissecting
knife and the tissues were kept separately in 1 ml labelled Eppendorf tubes. The samples
then stored in ice chest and transporting back to the laboratory immediately after
sampling.
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Figure 2. Photos of the targeted coral colonies. Photo of BBD distinguished between healthy,
affected and death area on Montipora turtlensis (top left). A healthy colony of M. turtlensis
without infected by BBD (top right). Lesion progression; a black band on an Acropora
specifiera spreading out from the centre of the colony (below)

Bacteria isolation and purification

Ten-fold serial dilution was performed on each sample from three different coral
colonies before being poured onto marine agar. All plates then were placed in the
incubator at 28°C for seven days with daily observation on colonies presence. Each
bacterial colony was morphologically characterized by shape, margin, elevation, size,
texture, appearance, pigmentation and optical property. After seven days incubation
period, colonies’ displaying different morphologies was systematically purified and
preserved in 40% glycerol at -80°C (Cardenas et al., 2012).

Extraction of DNA and 16s rRNA gene amplification

Colonies possess different characteristics morphologically, varies between the
abundance of affected or healthy coral tissue, absent in healthy condition but present in
the infected tissue or the other way round, were selected for further analysis to identify
the bacterial species by sequencing full length 16S rRNA gene. The extractions of DNA
on isolated bacteria took place by boiling the colony in 100 pl of sterile water for 10
minutes at 94°C then immediately cool the sample in ice for 5 minutes (Lane, 1991). The
supernatant then served as a template to amplify the 16S rDNA using universal primers
27F(5-AGAGTTTGATCCTGGCTCAG-3") and 1492R(5-GGTTACCTTGTTAC-
GACTT-3’) in a final volume of 25 pl containing 5 m application buffer, 0.1 U of
Platinum Pfx Tag DNA polymerase (Invitrogen, Carlsbad, CA, USA), 0.4 u of each
primer and 0.6 m MgSO4, 0.4 m deoxyribonucleotide triphosphates. Amplification
process was carried out at an initial cycle at 94°C for 5 minutes, after that 1 minute of 30
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cycles at 94°C, 1 minute at 52°C and 72°C, with a last extension step at 72°C for 7
minutes. The PCR product then outsourced to 1% Base DNA Sequencing Division,
Selangor, Malaysia,company and MEGA-X software was used for editing the
chromatogram. Lastly, sequence which match the values of 97.5-100% in EZ Bio Cloud
16S Database were used to assign species (Stackebrandt and Goebel, 1994) and
establishing Venn diagram for bacteria species distribution present on healthy, affected
or both on coral tissue.

Results
Disease progression on affected coral colonies

Observation on coral colonies infected by BBD shows dark, distinctive band which
move across the surface of the coral, separating live tissue and exposed skeleton and
spread out over short time leaving behind coral skeleton covered with algal. Fig. 3 shows
BBD progression on affected coral colonies were captured during the sampling time.
During the active phase of lesion progression, the black band manifest on coral showing
the microbial assemblage adjacent to healthy tissue, penetrating and covering both intact
and death coral tissues in the infected area thus showed BBD lesion external macroscopic
sign.

old

Figure 3. Colony 1 of Montipora turtlensis. (a) July, 2019 (b) August, 2019 (c) September, 2019

Bacteria identification based on 16s rRNA sequence

A total of 18 bacteria isolates were selected based on their morphological
characteristics (Fig. 4). In all, 50% of the colonies were cream-colored, circular and with
creamy texture (Fig. 4a,b,c etc.). The colonies abundance between healthy and affected
coral tissues were differentiate based on its morphological characteristics and identified
taxonomically by 16S rDNA sequencing.
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Figure 4. Morphology and colonial character of different bacterial isolates from healthy and
BBD coral tissue. The morphological characteristics are irregular, undulate, flat, large,
smooth, dull, cream, opaque (a) GM; circular, entire, flat moderate, smooth, dull, cream,
opaque (b) RM; circular, entire, flat, punctiform, smooth, dull, yellow, opaque (c)YM; circular,
entire, flat, moderate, smooth, dull, orange, opaque (d)OM; irregular, undulate, flat, moderate,
smooth, dull, white, translucent (¢) BLM; irregular, undulate, flat, large, rough, dull, cream,
opaque ()LGM; circular, entire, flat, punctiform, smooth, dull, cream, opaque (g)BM;
irregular, undulate, flat, swarm, smooth, dull, white, translucent(h)BRM; circular, entire, flat,
punctiform, smooth, dull, red, opaque (i)RDM; circular, entire, flat, small, smooth, shiny,
yellow, translucent (j)RRCA; circular, entire, flat, small, smooth, shiny, orange, translucent
(k)YOGM; irregular, undulate, flat, small, rough, dull, yellow, opaque (I)YRA; irregular,
undulate, flat, moderate, smooth, dull, white, transparent (m)RSA; irregular, undulate, flat,
swarm, smooth, dull, white, translucent (n)STA; circular, undulate, flat, moderate, smooth, dull,
white, opaque (0)ROSA; irregular, undulate, flat, moderate, smooth, dull, cream, opaque
(p)OCA,; irregular, undulate, flat, small, smooth, dull, light yellow, opaque (q)YIA; and
irregular, undulate, flat, moderate, smooth, dull, orange, opaque (r)OIA; colony. Refer Table 1
for the full names of the bacteria species

Bacteria community isolates from healthy and BBD corals tissue

These samples were sequenced at 1st BASE DNA Sequencing Division and analysed
by Ez Bio Cloud (Table 1). It should be noted that bacteria belong to the phyla
Proteobacteria were further divided into alpha and gammaproteobacteria. Table 1
represent the detected sequences derived from a wide taxonomic range as showed that the
isolates included representatives of Actinobacteria, Firmicutes and Proteobacteria phyla
(alpha and gamma) whereas Fig. 5 represent the percentage of bacterial abundance of
coral tissue Montipora turtlensis and Acropora spicifera derived from the sequencing
data.

The distributions of the cultured bacteria were spread between healthy and
BBD-infected tissue from two coral species (Fig. 6). There were no bacteria common to
both healthy coral species only; however, Microbacterium aquimaris strain YM was a
single bacterium that present to both BBD-affected tissues for both coral species.
Nevertheless, this study is considered impetuous to derive any conclusion about the
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character of this bacterium in the pathogenesis of the disease. A formal confirmation test
of such causal association by applying in vitro infection assays would be suggested. For
Montipora turtlensis, there are only 3 bacteria that are present in BBD-affected tissue
sample; Lelliottia sp. strain OCA, Salinicola salarius strain YRA and Microbacterium
petrolearium strain ROSA and BM, while Pseudomonas stutzeri strain RSA and
Erythrobacter sp. strain STA were found only in BBD-affected tissue sample of Acropora
sp. In addition, Citrobacter koseri strain YIA and Paracoccus sp. strain OGM were
isolated from both healthy and affected sample of A.spicifera. Further, there are total of
seven bacteria which can be found in both condition healthy and affected tissue from both
Montipora turtlensis and A.spicifera; Gordinia didemni strain RRCA, Barrientosiimonas
humi strain RM, Virgibacillus pantothenticus strain GM, Staphylococcus warneri strain
OM, Virgibacillus sp. strain LGM, Pseudomonas sp. strain OIA, and Bacillus sp. strain
BLM. Unfortunately, bacterial strain labelled BRM could not be identified because of the
bacterial base pair sequence was too short.

Table 1. 16S rDNA sequencing results for healthy and BBD affected coral of Montipora
turtlensis and Acropora spicifera colony from Shark Point in Pulau Redang, Terengganu

Label ID% Accession no. Nearest phylogenetic relative
GM 98.9 OM243119 Virgibacillus pantothenticus
RM 98.6 OM243115 Barrientosiimonas humi
YM 98.3 OM243123 Microbacterium aquimaris
oM 99.5 OM243117 Staphylococcus warneri
BLM 82.7 AE016877 Bacillus sp.

LGM 98.8 OoM243124 Virgibacillus sp.

RRCA 97.7 OM243111 Gordinia didemni

OGM 91.4 OM243122 Paracoccus sp.

YRA 99.4 OM243116 Salinicola salarius
RSA 98.7 CP002881 Pseudomonas stutzeri
STA 97.2 j0i.1058038 Erythrobacter sp.

ROSA 99.1 OM243118 Microbacterium petrolearium
OlA 89.1 OM243112 Pseudomonas sp.

BRM - - Undefine
OCA 89.6 KX709881 Lelliottia sp.

YIA 98.8 OM243113 Citrobacter koseri
BM 98.9 KF697702 Microbacterium petrolearium
RDM 87.9 DQ119293 Microbacterium sp.
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Figure 5. Percentage of bacterial abundance of coral tissue Montipora turtlensis and Acropora
spicifera from Pulau Redang
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Discussion

The relationship between the host immunity, the microorganisms and the
environmental factors creates synergy to balance the coral homeostasis, and any of three
factors affected could resulting the development and progression of diseases. Further, the
disease will give rise to secondary change in the composition of microbial communities
that associated with coral host together with the various immune parameters. The present
work studied the comparison of microbial communities from two coral species Montipora
turtlensis and Acropora specifera infected with black band disease (BBD) collected from
Shark Point, Pulau Redang, Terengganu. For both coral species, there was no difference
in bacterial variations for the healthy coral tissue. On the other hand, there are slightly
differences in bacteria identified on BBD infected tissue. This indicates that the diversity
of bacteria is rely upon the basal community composition specific for each coral species
and are not represent the disease condition (Cardenas et al., 2012).

The polymicrobial mat of BBD includes filamentous cyanobacteria (no result),
together with various heterotrophic bacteria which lace up with disrupted and necrotic
coral tissues fragments. To date, there are yet comprehensive study conducted particularly
on microbial communities of BBD on coral tissue in Pulau Redang, Malaysia to compare
the findings of molecular and identification of the bacteria species on the area. Dunphy
et al. (2019) suggested that local host are responsible in structuring the microbial
community, this is because the dissimilarity increased with geographical distance which
there are significant differences could be observed in microbial community composition
across space and time.

In total, proteobacteria was the predominant bacteria phylum with percentage of 41%
bacterial strain identified in both healthy and BBD infected coral tissue, this finding
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consistent with previous survey in other reef-building corals based on culture-
independent methods (Santiago-Vazquez et al., 2007; Kvennefors et al., 2010), followed
by Actinobacteria and Firmicutes with percentage of 35% and 24% respectively.
Although strain of cyanobacteria (Phormidium corallyticum) are commonly reported in
previous studies to be the dominant causative agent of BBD towards the corals (Rutzler
et al., 1983; Carlton and Richardson, 1995; Richardson and Kuta, 2003; Klaus et al.,
2011), the finding from this study could be beneficial to determine other microbial
consortium comprise of various strain of bacteria which possibly pathogenic and
associated with the disease since the methods used were not adequate to isolate and
extract of cyanobacteria.

According to Stackebrandt and Goebel (1994), 16S rDNA sequences identified that
have similarities <97.5% are unlikely to be related at the species level. Further, nine from
18 bacterial strain with similarity >97.5% were identified including Virgibacillus
pantothenticus, Barrientosiimonas humi, Microbacterium aquimaris, Staphylococcus
warneri, Godinia didemni, Salinicola salarius, Pseudomonas stutzeri, Microbacterium
petrolearium, and Citrobacter koseri. The problem encountered with the remaining of the
bacterial strain which below 97.5% are mainly because of low percentage of
completeness due to the short length of base pair sequences. To reconfirm the bacterial
strain below accepted percentage of similarity, the bacterial isolates should be culture
again and undergoing DNA extraction step until gel electrophoresis before outsourced for
identification. The other possibility was that the isolates might be not yet been describe
species elsewhere. This statement needs further identification studies such as DNA base
composition (mol% G+C content) and whole genome DNA-DNA hybridization (DDH)
(Wayne et al., 1987).

Results shown that all bacteria (i.e., Lelliottia sp., Salinicola salarius, Microbacterium
petrolearium, Microbacterium aquimaris, Pseudomonas stutzeri and Erythrobacter sp.)
identified from the BBD infected coral tissue could be found in seawater, but there is no
study been performed previously to confirm the pathogenicity of those bacteria in causing
the BBD. Lelliottia sp. is one of the genus in the Enterobacteriaceae family which has
been known associated with coral disease. For example, Enterobacteriaceae found to be
more abundant in coral samples with White Plague Disease (WPD) in Montastraea
faveolata (Sunagawa et al., 2009) and building coral Orbicella faveolata (Daniels et al.,
2015). The specific role of Lelliottia sp. in coral disease is not yet fully understood,
however, report of Lelliottia in insect guts have been found, where the authors suggest a
protective antimicrobial role of this bacterium (Fang et al., 2020) suggesting a possible
role of this bacteria in managing coral disease. Meanwhile, a study suggested that
Salinicola sp. may play a beneficial role by solubilizing phosphate (Zhang et al., 2021)
suggesting the presence of Salinicola salarius could be due to the stress condition such
as low levels of phosphorus that resulted to the disease.

Next, Microbacterium sp. phylum of Actinobacteria is the only bacteria identified
present to both BBD-infected tissues for both coral species sample. This bacterium is
widely distributed in the marine ecosystem and known to associate with one soft coral
Alcyonium gracllimum and one stony coral Tubastrea coccinea (Yang et al., 2013).
Microbacterium sp. was proven to frgshave the ability in producing the porphyrin that
causing lesion to human in cutaneous tissue called erythrasma (Yasuma et al., 2011), thus
may presumed the potential of this bacteria give rise to substantial tissue loss which
eventually led to necrotic coral tissue.
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Genus Erythrobacter is known to be one of the marine aerobic anoxygenic
phototrophs, although this bacterium was not previously found in other studies related to
black band disease to confirm the pathogenicity, it was shown that Erythrobacter sp. was
present in the diseased tissue of Montastrea annularis in conjunction of the study
conducted in Caribbean Sea on White Plague (WP)-like disease (Pantos et al., 2003).
Despite the presence in Acropora spicifera BBD affected coral tissue sample,
Pseudomonas stutzeri are documented in other study to have the ability to inhibit the
growth of diseased isolates by exhibiting their anti-pathogenic property (Sabdono et al.,
2015). In addition, Pseudomonas sp. which categorised as heterogeneous and ubiquitous
group is commonly can be found in many habitats including water and soil, study
conducted by Cervino et al. (2006) found that several Pseudomonas sp. are associated
with a disease affecting marine sponge lanthella basta.

As for the bacteria of phylum Firmicutes identified present on both healthy and
affected tissue sample which is Virgibacillus sp. and Bacillus sp. have formerly been
documented in coral BBD consortium members (Cooney et al., 2002; Barneah et al.,
2007; Klaus et al., 2011). In addition, the Firmicute associated with the BBD in the data
as well known to be associated with other coral disease for instance in WP disease
(Sunagawa et al., 2009; Roder et al., 2014) and Porites white patch syndrome (Sér¢ et al.,
2013). Unfortunately, out of the 18 bacterial isolates identified, there was one strain of
BRM unsuccessfully to be identified in EZ Bio Cloud due the shortness of the bacteria
strain. The observation performed during the incubation period of the bacteria culture
shown that the BRM strain was presently available in both healthy and BBD affected
corals tissue samples.

Conclusions

As the first study conducted to isolate and identify the bacterial communities from
coral tissues infected by black band disease on coral reef of Pulau Redang, Terengganu,
this finding requires further experimental investigation by introducing those successfully
bacterial isolates on another healthy coral tissue to validate that it relates to specific
pathogenic feature. Despite of no causality explanations can be acquired from this
observation, finding from this study provides the first estimate of the bacterial diversity
associated with healthy and BBD affected coral tissue and may serve as a baseline data
for future reference particularly in Pulau Redang, Malaysia. Better comprehensive
experimental approaches should take into consideration in determining bacterial
communities from healthy and diseased tissues such as metagenomics methods,
evaluation of antibiotic production and evaluation of antagonistic behaviours.
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