
 

Introduction 

Despite being a harsh environment, Antarctica has high biodi- 

versity (Chown et al., 2015). Over 8,300 marine species are listed 

on the Register of Antarctic Marine Species (De Broyer, 2019). In 

particular, over 4,100 species are reported as benthic species in 

the Southern Ocean (Clarke and Johnston, 2003). Furthermore, new 

species are continuously discovered in Antarctica (Janosik and 

Halanych, 2010). Coral reefs harbor a large part of the diversity 

in marine ecosystems (Forest et al., 2002). Small et al. (1998) 

suggested that the number of species in coral reefs is almost 3 

million in pan tropic regions, suggesting that they might be the 

ecosystem with the highest specific diversity. However, coral reefs 

are facing bleaching and calcification under climate change (Cheal 

et al., 2017). Changes in the members of the community harbored 

by coral reefs might also be an indicator of global warming. The 

diversity of coral-associated bacterial community provides insight 

into the coral’s health status (Zhang et al., 2015). A coral microbial 

community consists of microbes that live on the surface of corals, 

within the tissue, and in the surrounding water (Rohwer et al., 

2001). The diversity of the microbes in the Antarctic region has 

been investigated continuously (Antony et al., 2012; Baek et al., 

 

2013; Ciesielski et al., 2014), including in the soft coral-associated 

bacteria (Webster and Bourne, 2006). However, the microbial com- 

munity of the Antarctic hard coral has not been extensively studied 

yet. The purpose of this work was to investigate the diversity, 

distribution, and characteristics of the culturable bacteria present 

in a hard coral found in the Ross Sea. 

Materials and Methods 

1. Sample collection and isolation of coral-
associated bacteria 

The red sea coral Errina fissurata was collected from the Ross 

Sea during the expedition cruise of Araon (the Korean research 

icebreaker) (Fig. 1), which was from February 29th to March 26th, 

2016; the samples were collected on March 13th at station num- 

ber 6 (73°23.1187'S, 173°20.6802'E). The dredge connected to the 

Araon was used to lift the biological organisms, including the red 

coral, from the benthic zone at a depth of 330 m. 

Five pieces of coral were randomly chosen, and their surfaces 

were washed with sterilized water. Each piece was ground using 

an autoclaved mortar and pestle. 4 ml of sterilized saline solution 
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was added to the ground coral and the solution was diluted until 

the colonies were able to pick individually. ISP Medium 4 (BD), 

Marine Broth 2216 (MB) (BD), Nutrient Broth (NB) (Sigma), Potato 

dextrose broth (PDB) (Acumedia), R2A (MBcell), ZoBell 2216e 

(ZoBell, 1946), and super ZoBell (2% of glucose added to ZoBell) 

agar (15%) were used to culture bacteria. Plates were incubated at 

15℃ for five to seven days and colonies were selected from the 

agar plate based on their shape and color. Colonies were named 

after the number of the piece of coral (1 to 5) and the order of 

the colony selected. Each isolate was then stored at -80℃ as a 

20% (v/v) glycerol stock solution. 

2. Identification of microorganisms 

The identification of the isolates were performed by PCR ampli- 

fication of the 16S rRNA gene using 27F (5' AGA GTT TGA TCM 

TGG CTC AG 3') and 1492R (5' TAC GGY TAC CTT GTT ACG ACT 

T 3') primers by methods described previously (Lane, 1991). For 

more precise results, 785F (5' GGA TTA GAT ACC CTG GTA 3') and 

907R (5' CCG TCA ATT CCT TTR AGT TT 3') primers were also used 

for sequencing. The sequencing was done by Macrogen Korea. 

Using two amplicons (1,465 bp and 122 bp), sequences were 

aligned and matched to strains from EzBioCloud database (Yoon 

et al., 2017). The strain showing the highest similarity was chosen 

for identification. 

3. Phylogenetic tree 

A phylogenetic tree was created based on the 16S rRNA gene 

sequences. Sequence information of isolates was altered to fasta 

file format using CLUSTAL X (Thompson et al., 1997), and sequence 

alignment and phylogenetic tree formation was performed by 

MEGA6 (Tamura et al., 2013). The alignment was performed with 

representative species of Actinobacteria, Firmicutes, and Proteo- 

bacteria. Deinococcus-Thermus was included as the ourgroup. The 

tree was constructed using the neighbor-joining method (Saitou 

and Nei, 1987) and calculated using Kimura's 2-parameter evolu- 

tionary model (Kimura, 1980). Bootstrap analysis to evaluate the 

confidence level was performed using 1,000 replications. 

4. Effect of temperature on cell growth 

To determine the effect of temperature on cell growth, all the 

isolates were cultured on each media which the isolates were 

originally selected at three different temperatures. First, the isolates 

were seed cultured at 15℃, and used as the inoculum adjusting 

the initial cell density to OD600=0.01. Each strain was grown at 

4℃, 15℃, and 25℃, and the cell density was measured on the 3rd, 

7th, and 18th days after inoculation. The OD600 (optical density 

at 600 nm) was measured using a SCINCO S-3100 spectropho- 

tometer (SINCO, Seoul, Republic of Korea). Specific growth rate 

(Berney et al., 2006) was determined at the third day of cultivation 

to consider the isolates' growth characteristics. 

Results 

1. Isolation of bacteria from an Antarctic hard coral 

From the Antarctic hard coral, 34 colonies were isolated (Table 

1). To obtain numerous isolates, various media was used such as 

ZoBell, ISP4, MB, NB, PDB, R2A, and Super ZoBell. Except Marin 

broth, Antarctic sea water sterilized with a membrane filter (0.22 μm 

pore size) was used to cultivate marine bacteria. Each media has 

a difference at nutrient levels such as poor to rich. Among seven 

media, ZoBell cultured the highest variety of isolates. The colors 

of isolates were yellow, beige, orange, lemon, pink, apricot, reddish, 

and white (Table 1). Yellow and pink pigments from Bacillus isolates 

are known as carotenoids and its role is to protect from light 

and to have more residency to UV radiation (Khaneja et al., 2010). 

Thirty strains (86%) had round-shaped colonies, and the others 

(14%) had irregular shaped colonies. 

2. Identification and phylogenetic analysis 

The identified isolates were classified as Actinobacteria (56%), 
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Table 1. Characteristics of the 34 isolated strains 

No. 
 

Strain No. 
 

Cultured media 
 

Color 
 

Shape 
 

Closest relative 
 

Sequence 
identity (%) 

1 4-07 NB Yellow Round Arthrobacter subterraneus 99.93 

2 1-13 ZoBell Orange Round Dietzia maris 99.86 

3 4-23 SuperZoBell Orange Round Dietzia maris 99.72 

4 4-17 MB Lemon Round Georgenia muralis 99.86 

5 2-02 NB Lemon Round Microbacterium lacus 98.97 

6 3-10 R2A Lemon Round Microbacterium lacus 98.9 

7 4-02 ZoBell Lemon Round Microbacterium lacus 99.11 

8 2-05 ZoBell Apricot Irregular Modestobacter marinus 99.65 

9 3-07 SuperZoBell Apricot Irregular Modestobacter marinus 99.59 

10 3-09 NB Orange Round Modestobacter marinus 99.52 

11 4-20 SuperZoBell Apricot Irregular Modestobacter marinus 99.52 

12 1-05 R2A Orange Round Nesterenkonia jeotgali 99.73 

13 1-08 MB Yellow Round Nesterenkonia jeotgali 99.73 

14 2-11 ISP4 Lemon Round Nesterenkonia jeotgali 99.25 

15 4-01 ZoBell Orange Round Nesterenkonia jeotgali 99.73 

16 4-06 NB Yellow Round Nesterenkonia lutea 99.73 

17 4-12 ZoBell Yellow Round Ornithinimicrobium kibberense 100 

18 3-04 MB Yellow Round Rhodococcus fascians 99.86 

19 4-15 R2A White Irregular Rhodococcus marinonascens 99.93 

20 2-03 NB Yellow Round Staphylococcus warneri 100 

21 2-07 ZoBell White Round Staphylococcus warneri 100 

22 1-01 ZoBell Yellow Round Bacillus aerophilus 99.34 

23 1-03 SuperZoBell Yellow Round Bacillus aerophilus 99.2 

24 1-06 MB Yellow Round Bacillus aerophilus 99.93 

25 1-09 NB Yellow Round Bacillus aerophilus 100 

26 1-10 PDB Yellow Round Bacillus aerophilus 99.93 

27 1-04 R2A Yellow Irregular Bacillus altitudinis 99.93 

28 2-01 NB Beige Round Bacillus safensis 99.53 

29 3-01 SuperZoBell Yellow Round Bacillus safensis 99.93 

30 4-03 R2A Pink Round Bacillus safensis 99.4 

31 5-01 PDB Beige Round Bacillus safensis 100 

32 4-04 MB Yellow Round Croceicoccus marinus 100 

33 4-18 MB Reddish Round Porphyrobacter mercurialis 99 

34 1-02 ZoBell Beige Round Psychrobacter marincola 99.23 
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Firmicutes (35%) and Proteobacteria (9%). Each isolate was 16 dif- 

ferent species and 13 different genera (Fig. 2). Genus Bacillus 

occupied the largest portion – ten isolates among thirty-four. The 

phylum proteobacteria comprises Alphaproteobacteria (two isol- 

ates), and Gammaproteobacteria (one isolates). 

3. Effect of temperature on cell growth 

Sixteen isolates (47%) reached their highest density at 15℃, 

fourteen (41%) at 25°C, and four (12%) at 4℃ when they were 

seed cultured at 15℃, and then cultured at three different tem- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15 June 2019; 4(1): 22-28 Diversity of Culturable Bacteria Associated with Hard Coral from the Antarctic Ross Sea 27 

http://jmls.or.kr 

peratures (Fig. 3). Even the isolates were from the harsh cold 

environments and capable growing at low temperatures, the isol- 

ated bacteria demonstrated better growth at higher temperatures 

showing psychrotolerant features (Romanovaskaia et al., 2012). 

However, four isolates which demonstrated highest cell growth 

at 4℃ were psychrophilic. Specific growth rates (μ, d-1) of each 

microbe were calculated. Overall, the cell growth rate of isolates 

at 4℃ was lower than that at the other two higher temperatures 

showing faster growth at high temperatures (Fig. 4). Among the 

34 isolates, 25 (74%) showed highest growth rate at 25℃. This is 

in accord with a previous study (Ratkowsky et al., 1982). Seven 

isolates (21%) presented the highest growth rate at 15℃, and two 

isolates (1-10 and 5-01) grew faster at 4℃ than other higher 

temperatures. Isolate 1-10 and 5-01 seems psychrophilic about 

their growth. 

Discussion 

Bacteria are discovered in corals from diverse environments. A 

soft coral that inhabits the Antarctic, Alcyonium antarcticum, 

shows high diversity of coral-associated bacteria, including Proteo- 

bacteria, Bacteroidetes, Firmicutes, Actinomycetales, Planctomycetes, 

Chlorobi, and sulfate-reducing bacteria (Webster and Bourne, 2006). 

In contrast, the majority of Mediterranean coral-associated bac- 

teria were disclosed to be Vibrio splendidus, which belongs to the 

phylum Proteobacteria (Koren and Rosenberg, 2006). Tropical corals 

typically cover a broad phylum of bacteria (Rohwer et al., 2001). 

Refer to Rohwer's study, from the tropical corals, isolate belonging 

to genus Bacillus was cultured which is overlapping with our results. 

It seems that genus Bacillus has a broad range of temperature 

tolerance. Here, we investigated the coral-associated cultured 

bacteria of Antarctic hard coral. The community comprised Actino- 

bacteria (55%), Firmicutes (35%), and Proteobacteria (9%). Different 

coral species contain different microbial communities, and environ- 

mental factors affect the community (Forest et al., 2002; Zhang et 

al., 2015). 

The temperature effect on cell growth seems relative, and the 

growth rate was affected by the culturing temperature. From 

273.15K (0℃) to 300K (26.85℃), the cell growth rate of a Pseudo- 

monas strain showed directly proportionate increase (Ratkowsky 

et al., 1982). Pseudomonas is an aerobic Gammaproteobacteria 

that is widespread in water environments. One of the reasons 

that temperature affects bacterial growth might be that tempera- 

tures below the optimum lower the enzyme affinity to substrates 

(Nedwell, 1999). Therefore, at low temperature, the growth of 

bacteria slows down. Given that most of the isolates in this study 

showed highest growth rate at 25℃ and a few isolates demon- 

strated a high growth rate at 4℃. It seems that even though the 

isolates were originated from the Antarctic, if a better condition 

such as higher temperature is given, they might expand their 

growth capacity. 

In conclusion, we obtained 34 bacterial isolates from Antarctic 

hard coral. The isolates consisted of Actinobacteria, Firmicutes and 

Proteobacteria. Most of the isolates showed the fastest growth 

rate at 25℃; however, nine isolates showed a psychrophilic charac- 

teristics. To understand the diversity of hard coral-associated bac- 

teria completely, other methods of retaining unculturable bacteria 

should be applied. To discover the unrevealed bacteria, genomic 

DNA extraction and metagenome sequencing using the coral 

samples should be conducted. To our knowledge, this is the first 

study on Antarctic hard coral-associated bacteria. Given that we 

used a ground sample of hard coral, we most likely isolated the 

bacteria located on the coral's surface and inside its tissue. Even 

though we only isolated culturable bacteria, we were able to 

reveal the diversity of the bacteria associated with Antarctic hard 

coral. Variations of community members might be the barometer 

of environmental change for the Antarctic Ross Sea. 
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