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Abstract. The  study aimed to identify antibiotic-producing bacteria isolated from mangrove mud snake 
(Cerberus rynchops) gut against fish pathogenic bacteria Aeromonas hydrophila, Aeromonas salmonicida 
and Edwardsiella ictaluri. Samples of 0.01-0.1 mL lower gut were diluted into a sterile physiological 
solution, and plated on nutrient agar (NA) and tryptic soy agar (TSA) media. Well grown colonies were 
selected and screened for their ability to produce antibiotics against pathogenic bacteria by the streaking 
method on the media. The test was preceded by paper disc diffusion method on the same media. A 
number of 18 potential antibiotic-producing isolates were then identified through a series of phenotypic 
and genotypic tests. An isolate, considered as the most potential one (U1c), was selected and identified 
molecularly. The results of DNA analysis using the 16S rRNA PCR method and BLAST analysis revealed 
that the U1c isolate was identified as Enterococcus gallinarum.   
Key Words: C. rynchops, antibiotic-producing bacteria, A. hydrophila, A. salmonicida, E. ictaluri, E. 
gallinarum. 
 
 

Introduction. Fish disease is still a serious problem in the aquaculture industry. 
Aeromonas hydrophila, Aeromonas salmonicida, and Edwardsiella ictaluri are examples of 
common fish pathogens (Austin & Austin 2012; Aisiah et al 2019). Today, antibiotic is 
still one of the most important commercially exploited secondary metabolites produced 
by bacteria and fungi (Langaoen et al 2018). The use of bacteria from the sea as 
producers of inhibitory substances against pathogenic bacteria in aqua systems has 
become more common as an efficacious alternative to ensure the organisms health, and 
minimizing the use of antimicrobials (Valenzuela et al 2009; Concha-Meyer et al 2011).  

Soil, water and weathered or rot organic matter are common sources of antibiotic-
producing microorganisms. Nowaday, some extreme microhabitats from the above 
general habitats have started to become the source of these microorganisms (Clardy et al 
2009; Bizuye et al 2013; Begum et al 2017). Environmental sources have been crucial in 
the discovery of important bioactive compounds producing bacteria, including antibiotics, 
immunosuppressive drugs, anticancer drugs, and other biologically active chemicals. In 
recent years, much of the attention was focused on unexplored or more extreme 
environment habitats such as deep-sea, desert, cryo, and volcanic environments for the 
isolation of potential bacteria such as Streptomyces species (Pathom-Aree et al 2006; 
Romanenko et al 2013; Li et al 2014; Skropeta & Wei 2014). Certain parts of alive plants 
and animals, for instance, lower digestive tract of mangrove mud snake (Cerberus 
rhynchops) is an example of such extreme or unexploited microhabitat.   

Mangrove mud snake is one of biota that inhabits the mangrove ecosystem. The 
snake is relatively small in size, less venomous, inhabiting holes in mud in the mangrove 
forest, and native to coastal waters of South and Southeast Asia. This is a saltwater-
tolerant species found in India (including Andaman and Nicobar Islands), Sri Lanka, North 
Western Pakistan (Khyber Pakhtunkhwa), Bangladesh, Myanmar, the Philippines, 
Indonesia and Thailand (Karns et al 2000; Murphy et al 2012). As an aquatic 
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and nocturnal snake, it feeds mainly on fish, worm and other invertrates (Karns et al 
2000; Murphy et al 2012).  

This study aimed to isolate and identify the antibiotic-producing bacteria from 
extreme microhabitats, namely mangrove mud snake lower gut against the fish 
pathogenic bacteria. 

 
Material and Method  
 
Collecting sample. A number of 6 snakes were caught by using a fishing landing net 
and followed bare hand catch from mangrove ecosystem Sungai Kayuara, Siak, Riau, 
Indonesia, during the months of July, August and September 2019. These animals were 
then kept in an iced box and taken to the laboratory. The snakes were then killed by 
hitting the nape of the neck and dissected. Samples of 0.01-0.1 mL lower gut content 
were taken from the snakes. The samples were diluted into a sterile physiological 
solution, and plated on nutrient agar (NA; Oxoid) and tryptic soy agar (TSA; Oxoid) 
media. Well grown colonies were selected and tested for their ability to produce 
antibiotics against fish pathogenic bacteria, A. hydrophila, A. salmonicida, and E. ictaluri 
(isolated fom some diseased fish in Sumatera, Indonesia). Streaking method on muller 
hilton agar (MHA;Oxoid) media was applied (Effendi & Austin 1991). The test was 
proceeded to paper disc diffusion method (Austin et al 1993) on  MHA medium. Positive 
results was indicated by a clear zone around the disc paper. 
 
Phenotypical identification. A number of 18 potential antibiotic-producing isolates 
were then identified through a series of phenotypic (morphology and physiology) and 
genotypic tests. Morphologically the color, shape, size, margin and elevation of the 
colonies were observed, and the cells were Gram stained. Physiological tests included 
catalase production, sulfide production (H2S), sugar use, motility, citrate production, and 
methyl red test. All of these tests were carried out based on Lapage (1976), Odds 
(1981),  MacFaddin (2000), and Hemraj et al (2013).  
 
Genotypical identification. An isolate (U1c), considered as the most potential one, was 
selected and identified molecularly. DNA of the bacteria were extracted using DNA easy 
mini column and amplified by using Kappa PCR kit with 16S rDNA 1A and 16S rDNA2A 
primers. The PCR results were analyzed on a 0.5% agarose gel in Tris-acetat-EDTA (TAE) 
and electrophoresis buffer (4 mM Tris-acetate and 1 mM disodium EDTA at pH 8.0). The 
electrophoresis process was carried out at 60 mA (100-120 v) for 30-45 minutes and 
read by UV transilluminator (Singh et al 1973).  

The PCR result from bacterial isolate was sent to PT. Genetics Science, Jakarta for 
DNA sequencing in the 16S rRNA region. The nucleotide sequences were then analysed 
by comparing it to sequence databases by BLAST (basic local alignment search tool). 
Furthermore, the relationship in phylogenetic tree was analyzed by using the maximum 
parsimony method and neighbor joining with 1000 bootstrap resampling. 

  
Result and Dicussion. A number of 300 well grown bacterial colonies were examined 
for their potential against the fish pathogens. Through streaking method,  as many as 18 
bacterial isolates, expected to be potential antibiotics producing bacteria, were isolated in 
initial screening. These isolates were further purified and identified by observing colony 
morphology; diameter, color, shape, edge and surface of each colony (Table 1).  

Identification of selected bacterial isolates was then further pursued by serial 
biochemical tests, including Gram staining, motility, catalase, indole, citrate, sulfide and 
methyl red tests, and sugar usage test (Table 2). 

Confirmation of the ability of bacterial isolates to produce antibiotics to the fish 
pathogenic bacteria was further examined through the paper disc diffusion method. The 
existence of inhibition and wide clear zone around the disc paper is considered as an 
indication of producing antibiotics. The diameter of the clear zone was measured and 
averaged. This study showed that these isolates have different abilities in inhibiting 
pathogenic bacteria A. hydrophylla, A. salmonicida and E. ictaluri. Generally the isolates 
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obtained did not show good inhibition. However, one isolate (U1c) exhibited a high 
inhibitory properties (Table 3). 

 
Table 1 

Morphology of potential bacterial colonies against pathogenic bacteria A. hydrophylla,  
A. salmonicida and E. ictaluri 

 

No. Isolate 
code 

Diameter 
 (cm) Colony colour Shape Colony edge 

shape 
Colony 

elevation 
1 U1a 1.2 White yellowish Round Irregular Raised 
2 No 2.3 White yellowish Round Smooth Raised 
3 U1c 2.2 Milky white Round Smooth Flat 
4 U1d 2 Milky white Round Wavy Flat 
5 U1e 2.5 Milky white Punctiform Smooth Unbonate 
6 U1f 2.1 Milky white Punctiform Smooth Raised 
7 U2a 1.5 Milky white Round Irregular Flat 
8 U2b 1.7 White yellowish Round Smooth Raised 
9 U2c 1.9 White yellowish Irregular Wavy Unbonate 
10 U2d 2.5 White yellowish Round Irregular Unbonate 
11 U2e 2.5 White yellowish Round Smooth Flat 
12 U2f 1.6 Milky white Round Irregular Flat 
13 U2g 2.4 Milky white Punctiform Irregular Unbonate 
14 U3a 2 Milky white Irregular Smooth Unbonate 
15 U3b 2.4 Milky white Round Smooth Raised 
16 U3c 1.4 Milky white Round Wavy Raised 
17 U3d 1.8 Milky white Irregular Wavy Raised 
18 U3e 1.1 White yellowish Round Smooth Flat 

 
Table 2 

Biochemical tests of potential bacterial isolates against pathogenic bacteria A. 
hydrophylla,  

A. salmonicida and E. ictaluri 
 

No. Isolate 
code 

Gram 
staining Catalase Citrate Sulfide Motility Indol MR Glucose Lactose Sucrose 

1 U1a + + - - - + - - - - 
2 U1b + + - - + - - + + + 
3 U1c + + + - - - + + + + 
4 U1d + + + - + - - - - - 
5 U1e - + + + + - - + + + 
6 U1f - + - + + + + - + + 
7 U2a + + - + + - - - + + 
8 U2b - + + + + - - - + + 
9 U2c + + + + - - - + + + 
10 U2d - - + + + + - - - - 
11 U2e + - - + + - + - - - 
12 U2f + + + + - - + + - - 
13 U2g - - + - - + + + - - 
14 U3a + + - + + + - + - - 
15 U3b + - - - + + - + - - 
16 U3c + - + - + - - + +- + 
17 U3d - - + - + - + + + + 
18 U3e - - + + + - + + - - 
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Table 3 
Results of confirmation test of antibiotic production and inhibitory zone (mm) of isolates 

against pathogenic bacteria A. hydrophylla, A. salmonicida and E. ictaluri 
 

No. Isolates code A. hydrophila A. salmonicida E. ictaluri 
1 U1a 2.3 3.6 2.0 
2 U1b 5.0 4.5 1.0 
3 U1c 19.6 16.6 13.6 
4 U1d 2.0 3.3 1.2 
5 U1e 5.3 0.0 5.0 
6 U1f 0.0 3.2 5.2 
7 U2a 1.8 4.3 2.8 
8 U2b 6.0 5.8 7.5 
9 U2c 9.7 5.5 4.8 
10 U2d 6.8 8.2 0.0 
11 U2e 0.0 0.0 0.0 
12 U2f 1.8 3.3 0.0 
13 U2g 0.0 0.0 0.0 
14 U3a 2.3 2.1 1.8 
15 U3b 2.5 4.1 1.5 
16 U3c 0.6 0.8 4.1 
17 U3d 2.8 0.0 1.0 
18 U3e 2.9 2.2 0.0 

 
The total extracted DNA of U1c isolate was then electrophoresed using 0.5% agarose 
(Figure 1). This total DNA was then replicated through the PCR process until it reached 
±1500 bp (base pair). The DNA of this PCR product was then electrophoresed using 1% 
agarose gel (Figure 2).  

 

 
Figure 1. Electrophoresis of total DNA extract 

in 0.5% agarose gel. 

 
Figure 2. Electrophoresis of PCR products in 1% 

agarose gel. 

 
The total DNA electrophoresis (Figure 1) clearly visiblelysed that DNA bands with a large 
size above 10,000 bp, whereas in Figure 2 the large band size of the resulting PCR 
product was 1500 bp. The thickness of the band indicates that the isolate has sufficient 
DNA. This size corresponds to the expected size of the 16S rRNA genes of 1500-1600 bp.  
BLAST analysis is a species name search system for an organism based on the level of 
DNA homology resulting from sequencing of isolates compared with a data base that 
already exists in Gen Bank through the website of http://www.ncbi.nlm.nih.gov. The 
results of identification of U1c isolates based on BLAST are presented in Table 4. 

From Table 4 it is noted that the U1c bacterial isolate has a homology level of 
97.22% against Enterococcus gallinarum strain 166-a white bacteria. Judging from the 
level of homology (97.22%) U1c isolates can represent at the same species level (Figure 
3). Hung & Weng (2016) stated that if homology has a percentage close to 100% or 
above 97% it can be confirmed as the same species. Conversely, if the homology is lower  
than 97%, it is likely that the isolate is a new species.  
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Table 4 
The BLAST analysis of isolate U1c 

  
Species Origin Strain Acces code References Homology 

Enterococcus 
gallinarum 

Wolf feces 46W MK929299.1 Dec et al (2020) 97.22% 

Enterococcus 
gallinarum 

Human wound 16S LN829114.2 Loong et al (2016) 97.22% 

Enterococcus 
gallinarum 

Wolf feces 166-a white MN208191.1 Deng (2019) 97.22% 

Bacterium 8 weeks 
pig feces 

NLAE-zl-P779 JQ607614.1 Ziemer (2014) 97.36% 

Bacterium 8 weeks 
pig feces 

NLAE-zl-P715 JQ607501.1 Ziemer (2014) 97.36% 

Uncultured 
organism 

Gastrointestinal 
specimen 

ELU0043 HQ759124.1 Li et al (2014) 97.22% 

Uncultured 
Enterococcus sp. 

Milk Clone 49 KM030265.1 Hou et al (2015) 97.22% 

Uncultured 
bacterium 

Sea water Clone W2-79 MF498221.1 Kolm et al (2018) 97.22% 

   

 
Figure 3. Philogenetic tree of isolate U1c, Enterococcus gallinarum. 

 
In this study, based on its morphological, biochemical and 16S rDNA properties, the 
results of identification are consistent with some previous researchers report. U1c isolate 
is Gram positive and non-motile. The colony shape is round, milky white in color, wavy 
edge, and flat elevation. Catalase positive, indole  negative, and MR test negative. 
Eshaghi et al (2015) reported that E. gallinarum as Gram-positive bacterium, negative 
catalase and positive motility. E. gallinarum is a facultative anaerobic organism (Fisher & 
Phillips 2009).  

The presence of E. gallinarum bacterium in mangrove ecosystems, especially in 
snake intestine is considered to be normal, since this bacterium is usually found in the 
intestines of mammals, and appears in feces, soil and water as fecal contamination. 
According to Monticelli et al (2018). E. gallinarum is relatively rare in humans and 
poultry. However, the bacterium can also be found in human food, for example in fish, 
beef, a combination of cheese and meat, minced beef and minced pork. Enterococcus 
spp. can be easily isolated from soil, water, plants, humans, animals, fish and 
crustaceans intestines and bivalve mollusks (Martines & de Oliveira 2010). Enterococcus 
is known to be very tolerant to various environmental conditions. This allows them to 
grow over a wide range variety of microhabitats. The temperature range is relatively 
extreme (10-45°C) but the optimal growth temperature of Enterococcus is 37oC, growth 
can occur in the pH range of 4.4-10.6 (Fisher & Phillips 2009). Ogier & Serror (2008) and 
Hammad et al (2014) also reported that the bacterium survives in environments with salt 
concentrations up to 6.5%, pH between 4.0 and 9.6 and temperatures between 10 and 
45°C.  
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The antibiotic-producing bacteria isolated from marine ecosystem have been 
reported by some researchers. The bacteria are widely distributed in the nature, where 
they play an important role in regulating the microbial population of soil, water, sewage, 
and compost. Effendi et al (2020) reported that Bacillus amyloliquefaciens, Bacillus 
cereus, Enterobacter hormaechei, and Klebsiella pneumonia produced inhibitory 
compound against fish pathogens A. hydrophila, Vibrio alginolyticus, Edwarsiella tarda 
and Escherichia coli. B. amyloliquefaciens B94 strain produces iturin A used as biocontrol 
to suppress the disturbing fungi of Rhizoctonia solani plants (Yu et al 2002), B. 
amyloliquefaciens GA1 was reported as a source of potent antibiotics and other 
secondary metabolites for biocontrol of plant pathogens (Arguelles-Arias et al 2009), and  
B. cereus strain SU12 was indicated as a high capacity enzyme producer of proteinase 
(Umayaparvathi et al 2013), an inhibiting enzyme to some other microbes. Enterobacter 
hormaechei is one of the species in Enterobacter group producing an extended-spectrum 
beta-lactamase (ESBL). This enzyme is inhibiting and even killing other bacteria (Said et 
al 2015).    

The finding of this work is insteresting since so far there is only one report 
informing that E. gallinarum is antibiotic producing bacterium. Jennes et al (2000) 
notified E. gallinarum strain 012, isolated from the duodenum of ostrich, produced 
enterocin 012 which is active against E. faecalis, Lactobacillus acidophilus, Lactobacillus 
sakei, Listeria innocua, Propionibacterium acidipropionici, Propionibacterium sp., 
Clostridium perfringens, Pseudomonas aeruginosa and Salmonella typhimurium. 
However, bioactive compound inhibiting effect from other species of Enterobacter genus 
has been reported by some researchers. E. faecium has been reported to inhibit biofilm 
formation by cariogenic bacteria Streptococci (Kumada et al 2009; Suzuki et al 2011). 
The inhibitory activity presented by E. faecalis isolates is promising regarding exploitation 
of its biotechnological potential, especially when considering microorganisms with 
probiotic potential for aquaculture (De Souza Carneiro et al 2015).   

The antagonism of Enterococcus with other bacteria has been studied also by 
some other researchers. The genus has been indicated in the selection of potential 
probiotic bacteria (Concha-Meyer et al 2011). De Souza Carneiro et al (2015) reported 
that 18 strains of Enterococcus isolated from marine ecosystem (sea water, oysters 
Crassostrea rhizophorae and sururu Mytella guyanensis) inhibited Lactobacillus lactis (5 
isolates), L. inoccua (1 isolate), L. monocytogenes (1 isolate), Micrococcus luteus (4 
isolates) Enterococcus faecalis (5 isolates), and Staphylococcus aureus (2 isolates).  

Microorganisms may produce several inhibitory substances, such as metabolism 
sub products: lactic acid, diacetyl, hydrogen peroxide, lithic agents, exotoxins and 
bacteriocins (Schillinger & Lücke 1989). The study on Enterococcus bacteriocins producer 
has gained interest since it can be used as biocontrol to pathogenic bacteria such as L. 
monocytogenes. Bacteriocin production by some bacterial isolates from seafood was 
reported by Valenzuela et al (2010) and Pinto et al (2009). Bacteriacin ST15, produced 
by Enterococcus mundtii, has also been reported (De Kwaadsteniet et al 2005). 
Enterococcus spp. can produce some proteases that help them to survive in the medium 
where they live and produced only when necessary (Park et al 2007).  

 
Conclusions. This research succeeded in isolating antibiotic-producing bacteria to fish 
pathogenic bacteria of A. hydrophylla, A.salmonicida and E. ictaluri. The bacterium was 
isolated from the gut of mangrove mud snakes. Phenotive and genotive tests identified 
the isolate as Enterococcus gallinarum. It is hoped that this finding will contribute to 
solve the problem in fish diseases, at least caused by the above pathogenic bacteria. 
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