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Abstract. Setyati WA, Martani E, Triyanto, Zainuddin M, Puspita M, Suryono CA, Subagyo, Pringgenies D. 2019. Genetic heterogeneity 
of proteolytic bacteria isolated from sediments mangrove areas based on repetitive sequence-based polymerase chain reaction and 16S-

rRNA gene sequences. Biodiversitas 20: 3256-3261. Intensive shrimp farming has organic waste that results in pollution. Such waste 
needs to be bio-remediated for liquid waste. This study aimed to discover bacteria isolated from mangrove sediments that can degrade 
organic matter and apply them for bioremediation of polluted shrimp farms. The study consisted of bacterial isolation, bioassay of 
enzymatic activity, and isolates identification through cluster analysis. Bacterial isolates were collected from mangrove ecosystems in 
Rembang (R), Cilacap (C), Banyuwangi (B), and Karimunjawa (K). Enzymatic activity test consists of proteolytic, amylolytic, 
cellulolytic, lipolytic, and ligninolytic activity. Identification analysis was conducted with 16S-rRNA gene sequences followed by 
cluster analysis using the results of Rep-PCR. There were 19 isolates derived from proteolytic mangrove area represented in five clusters 
(groups). Group 1 consisted of 5 isolates; isolates 14.C, 22.R, 28.K, 15.C and 19.R. Group 2 consisted of 5 isolates; 30.K, 33.K, 34.K, 

39.K and 40.B. Group 3 consisted of 3 isolates of bacteria; 13.C, 2.C and 32.C. Group 4 consisted of 5 isolates; isolates 36.K, 35.K, 
37.K, 38.K and 48.B. Group 5 consisted of 1 isolate was isolate 26.R. The results of the sequences analysis of the 16S-rRNA gene 
indicated that the isolate 13C of the Group 3 had 97% sequence homology with Bacillus oceanisediminis strain H2. Isolate 14.C of the 
Group 1 had 96% sequence homology with Halomonas aquamarina strain DSM 30161. Isolate 26.R of the Group 5 had 98% sequence 
homology with Acinetobacter pitti strain ATCC 19004. Isolate 30.K of the Group 2 had 93% sequence homology with Salinicola 
salarius strain M27. Isolate 36.K of the Group 4 had 97% sequence homology with Bacillus aquimaris strain TF-12. Please write here 
your concluding remarks based on your results obtained. 
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INTRODUCTION 

Cultivation of brackish fisheries produces large 

amounts of organic waste discharged into the surrounding 

environment. Most of this organic waste comes from feed 

residues (uneaten feed) and feces (Qian et al. 2001; Holmer 

et al. 2007). Suspended solids in aquaculture have the 

potential to pollute the ponds leading to a decrease in the 

carrying capacity of ponds for shrimp farming. Therefore, 

bioremediation efforts are critical to conducting as a 

solution to reduce organic wastes in shrimp farming ponds. 

The high content of total nitrogen correlates with the 
protein content; thus, it suggests that to reduce the content 

of sediment organic matter primarily involves the role of 

proteolytic bacteria.
 

The mangrove ecosystem is the most productive in the 

coastal area, which is seven times higher than other coastal 

ecosystems. The productivity of mangroves is represented 

through their litterfall and decomposition of mangrove 

leaves. Diversity of the organic components from 

mangrove litters might become a nutritious source for 

different types of microorganisms having capabilities to 

produce extracellular enzymes to decompose the litters. 

The idea of using microorganism-producing extracellular 

enzymes from a mangrove ecosystem serving as a 

bioremediation agent of organic matter and biocontrol in 

shrimp farming might be interesting to develop in the 

future. These microorganisms might be used as a source of 

the bacterial isolate to be formed as a consortium of 

probiotics to decompose the organic wastes.
 

Mangrove is a coastal wetland forest mainly found in 

estuary intertidal, backwater, delta, creeks, lagoon, marsh, 
and mudflat zones in the tropical and sub-tropical zone 

(Sahoo and Dhal 2009). Mangrove forests are known as a 

productive ecosystem (Hoq et al. 2002; Kristensen et al. 

2008), resulting in 4.26-3.58 g m-2 day-1 of litterfall 

(Bernini and Rezende 2010). As a consequence, mangrove 

sediments are habitats that are biologically rich and provide 

unique ecological agents for a wide range of organisms, 

including microorganisms (Sahoo and Dhal 2008). Results 

of research on microorganisms in mangrove ecosystems 

show that in tropical mangroves bacteria and fungi occupy 
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91% of total biomass, whereas algae and protozoa occupy 

only 7% and 2% of total biomass (Holguin et al. 2001). 

Total heterotrophic bacteria (THB) in decomposed 

mangrove leaves Rhizophora mucronata (8-40 days) ranges 

from 0.24 x 10 to 0.95 x 10 CFU g-1, whereas in Avicennia 

marina ranges from 0.28 x 10 to 0.99 x 10 CFU g-1 

(Kathiresan et al. 2011). Based on the depth of the 

sediment, it is found that the population of microorganisms 

classified into three sections. At the topsoil section, there is 

2.437 ± 0.821 × 10 CFU g-1 dry weight, 10.966 ± 0.725 × 
10 CFU g-1 dry weight in the middle and 9.647 ± 0.788 × 

10 CFU g-1 dry weight at the bottom (Das et al. 2011). 

Results of the bacterial community profile study based on 

the culture-independent PCR-denaturing gradient gel 

electrophoresis (DGGE) classify the bacteria into 

Proteobacteria, Bacteroidetes, Gemmatimonadetes, 

Actinobacteria, and Firmicutes groups.
 

According to Holguin et al. (2001) and Sahoo and Dhal 

(2008), microorganism activity plays a significant role in 

the process of nutrient transformation within the mangrove 

ecosystem. This transformation process involves the work 
of extracellular enzymes. Mahasneh (2001) research on the 

bacterial composition of the maize leaf composition of 

Avicennia marina showed that the proteolytic, amylolytic, 

cellulolytic and lipolytic bacteria were 21.86%, 30.32%, 

20.70%, and 3.45%, respectively. According to Gupta et al. 

(2007), most bacteria (from 567 total bacterial isolates) 

were amylase and protease enzyme producers, and only 41 

lipase-producing bacteria, 33 phosphate-dissolving 

bacteria. The result of bacterial identification and ability to 

produce extracellular enzyme by Bacillus sp generates 

amylase, lipase, chitinase, and protease, but is unable to 
produce cellulase. Lactobacillus (L. brevis, L. fermentum, 

L. lactis, and L. buchneri), Actinobacteria sp, and 

Azotobacter sp produce amylase, lipase, chitinase, protease 

and cellulase. 

Previous researches on microorganisms in the 

mangrove ecosystem showed the existence of antimicrobial 

activity. Gupta et al. (2007) in their study obtained 26 

isolates from a total of 567 bacterial isolates showing 

antifungal activity with a broad spectrum of inhibition. 

Annamalai et al. (2009) obtained Enterococcus faecium 

isolates that was capable of producing enterocin showing a 

broad spectrum of inhibition against gram-positive and 
gram-negative bacteria such as Lactobacillus plantarum, 

Enterococcus facealis, Listeria monocytogens and 

Salmonella paratyphii, obtained four isolates of tolerant 

bacteria and capable of degrading phenols which also 

showed antibacterial activity against some pathogens 

(Salmonella typhi, Streptococcus pyogenes and Klebsiella 

pneumonia). These four isolates were identified as 

Pseudomonas aeruginosa, Micrococcus luteus, Shigella 

dysenteriae, and Bacillus cereus. In this study, 

heterogeneity studies of proteolytic bacteria originating 

from mangrove areas based on repetitive DNA sequences 
and 16S-rRNA gene sequences was conducted. 

MATERIALS AND METHODS 

Sediment sampling and bacterial isolation 

Mangrove has collected sediments from several 

locations, i.e. the district of Rembang (R), Cilacap (C), 

Banyuwangi (B), and Karimunjawa (K). Sediment samples 

were taken at a depth of 10 cm. Sediment samples were 

inserted into the sample container in a cold box, then 

diluted up to 105 fold. Each level of dilution was spread on 

Zobel media and incubated at 37C for one day. Colonies 

with different morphology were transferred to a new media 

three times to obtain a pure culture. 

Isolation and purification of DNA 

Pure bacterial isolates were cultured in Zobell 2216E 

liquid medium at 37C for 24 hours. Bacterial cells from 

1.5 mL culture were recovered by centrifugation at 10.000 

rpm for 5 min and discarded the supernatant. Pellets were 

suspended with 250 μL TE, and 100 μL (20 mg mL-1) 

lysozyme were added. The suspensions were incubated at 

37 °C for 1 h and 100 μL SDS 10% was added to form as 

mucus. Later, they were added with 10 μL of the enzyme 

proteinase K (10 mg/L) and were incubated for 1 h at 37 

°C. Further, pellets were coupled with 100 μL 5 M NaCl, 

were homogenized, were added with 100 l CTAB, and 

were incubated at 65 °C. for 20 min. A 500 μL of phenol: 
chloroform: isoamyl alcohol solution (25: 24: 1) were put 

in the pellets and were centrifuged at 13.000 rpm for 15 

min. The liquid phase was taken and was put into a new 

microtube, then was added with 500 μL of chloroform and 

isoamyl alcohol (24: 1) and were shaken, and centrifuged at 

13.000 rpm for 5 min. The liquid phase was taken, and the 

volume was measured. It was then added with cold 

isopropanol as much as the volume obtained in the liquid 

phase and homogenized, and incubated at-20 °C for 20 

minutes. In the next steps, the microtube was centrifuged at 

13.000 rpm for 5 min, the supernatant was discarded and 
70% cold ethanol was added into the pellets. The tube was 

centrifuged at 13.000 rpm for 5 min, and the supernatant 

was carefully removed, followed by drying overnight. In 

the end, 30 μL dd H2O was added. The DNA obtained was 

used for the analysis of 16S-rRNA via Polymerase Chain 

Reaction (PCR) (Marchesi et al. 1998). 

Antibacterial and enzymatic activity 

Amplification of repetitive sequences was performed by 

mixing DNA (50 ng) with PCR PuReTaqReady-To-Go 

PCR Beads kit (containing deoxynucleoside triphosphate at 

200 μM, 2.5 UpuReTaq-DNA polymerase, 10 mM Tris-

HCl (pH 9.0), 50 mM KCl, 1.5 mM MgCl2 and sterile 
deionized water to 25 μL) and BOX A1R primers (59-

CTACGGCAAGGCGACGCTGACG-39) (Mohammed et 

al. 2009). PCR amplification was performed by thermal 

cycle: initial denaturation (95 °C, 7 min), followed by 30 

cycles consisting of denaturation (94 °C, 1 min), annealing 

(53 °C, 1 min) and extension (65 °C, 8 min), and final 

extension (65 ° C, 16 min). The amplification products 

were then detected by electrophoresis on a 1.5% (w/v) 

agarose gel in 0.5 × Tris acetate-EDTA (TAE) buffer. 

Staining process was conducted using ethidium bromide 
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and visualized under UV light. Rep-PCR fingerprints were 

further clustered using the Unweighed Paired Group 

Arithmetic Average (UPGMA) method (Tran et al. 2011; 

Wullschleger et al. 2013). Subsequently, dendrograms were 

created using the program of HYPERLINK (Wullschleger 

et al. 2013). 

Amplification of 16S-rRNA 

Amplification of the 16S-rRNA gene was performed 

using RTG PCR Beads kit and universal primary specific 

prokaryotes (Marchesi et al. 1998), 63f (5'-
CAGGCCTAACACATGCAAGTC) and 1387r (5 '-

GGGCGGWGTGTACAAGGC). The thermal cycles used 

for the amplification process were of: Pre-PCR (94 °C, 2 

min), denaturation (92 °C, 30 cycles), primer annealing (55 

°C, 30 cycles), elongation (75 °C, 1 min), and post 

extension at 75 °C for 5 min, with a cycle of 30 times. 

Sequencing 

Sequencing was carried out using the Big Dyne 

terminator V3.1 dye and an automated DNA sequencer 

ABI 3130 XL Genetic Analyzer Applied Biosystem. 

Sequencing is done with the aim of seeing the composition 
of acid-base forming DNA sequences. 

Blast analysis 

Analysis of DNA sequences of the best bacterial 

isolates is then compared with DNA sequences in DNA 

databases. Database searches are carried out using the 

internet through the Basic Local Alignment Search Tool 

(BLAST) database tracking program at the National Center 

for Biotechnology Information, National Institute for 

Health, USA (www.ncbi.nlm.nih.gov) (Emerson et al. 

2008; Mohan et al. 2016). 

Data analysis  
The research data obtained were analyzed using 

descriptive methods. Homology of DNA sequence 

sequences was determined using BLAST (Altschul et al. 

1997 in Kwon et al. 2002). Furthermore, phylogenetic tree 

construction is carried out using the Clustal X program 

(version 1.60). 

RESULTS AND DISCUSSION  

PCR BOX analysis on 19 isolates of proteolytic 

bacteria from the selected mangrove ecosystem showed 

that there was a variation of band pattern as illustrated in 

Figure 1. This variation indicated the presence of different 

types of bacteria.
 

Based on the electrophoresis gel visualization of Rep-

PCR amplification product, the marker used in this study 

showed 10 bands (band 1-10). Visually, there were 

variations of band patterns in each sample. Comparison 
between the marker's and sample's band showed that there 

was a similarity between them as seen in isolate 2C, 13C, 

14C, 15C, 19R, 22R, 26R, 28K, 30K, 32K, 33K, 34K, 35K, 

36K, 38K, 39K, 40B, and 48b. In 2C isolate, there were 

four same bands (no. 1, 2, 6 and 7), five bands from 13C 

(no. 1, 2, 3, 6 and 7), four bands from 14C (no. 1, 3, 4, and 

9), three bands from 15C (no. 1, 8 and 9). Isolate no. 19R 

had three same bands as the marker (no. 1, 8 and 9), three 

same bands from 22R (no. 1, 9 and 10), two bands from 

26R (no. 1 and 6) and 28K  (no. 1 and 9). As for the isolate 

no 30K and 32K, there were three (no. 1, 7 and 10) and five 
same bands (no. 1, 3, 5, 6 and 7). Isolate no 33K and 34K 

had six bands that were the same as the marker, they are 

bands no. 1, 3, 5, 6, 9 and 10 and bands no. 1, 5, 6, 7, 9 and 

10, respectively. Isolates no.35K, 37K and 40B had four 

bands similar to those the marker, i.e., bands no. 1, 4, 7 and 

9; no. 1, 4, 6 and 7; and 1, 5, 7 and 10. 36K, 37K, 38K and 

39K showed five (no. 1, 2, 5, 7 and 9), four (no. 1, 4, 6 and 

7), three (no. 1, 2 and 9), and seven (no. 1, 3, 5, 6, 7, 9 and 

10) bands that were the same as the marker. Then, isolates 

no 48B had five same bands, namely band no. 1, 2, 4, 7 and 9. 

Dendrogram (Figure 2) shows that there are five groups 
based on similarity value, and it was equipped with 

bootstrapping value (repetition count 1000). Group 1 

consisted of five bacterial isolates, namely isolates 14C, 

22R, 28K, 15C, and 19R with bootstrapping values 10-77. 

Among the five isolates, bacterial isolate 14C had the best 

proteolytic activity with 14.915 ± 0,474 mm², amylolytic 

activity with 14.130 ± 0.614 mm², cellulolytic activity with 

3.925 ± 0.062 mm², lipolytic activity with 5.495 ± 0.473 

mm², ligninolytic activity 14.915 ± 0.611 mm². This 

bacterial isolate showed a generation number 5.367 ± 

0.021, generation time 6.708 ± 0.026 h, and growth rate 

0,103 h-1. Group 1 had a similarity value of 40-50%, which 
was the similarity between 14C and 22R, 15C, and 19R 

with 40%, and 50% between 14C and 28K.  

 

 

 
Figure 1. Visualization of Electrophoresis Results of RP-PCR Amplification Products by using BOX AIR  
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Figure 2. Dendrogram grouping of mangrove sedimentary 
bacterial isolates based on the amplification Rep-PCR products 
 

 
Group 2 consisted of five bacterial isolates, namely 

isolates no. 30K, 33K, 34K, 39K, and 40B with 

bootstrapping values 3-55. Among these five isolates, 

bacterial isolate no. 30K had the best activities. Proteolytic, 

amylolytic, cellulolytic, lipolytic, and ligninolytic activity 

of bacterial isolate 30K were 13.345 ± 0.412 mm², 13.345 

± 0.425 mm², 14.130 ± 0.441 mm², 5.495 ± 0.532 mm², and 

6.280 ± 0.584 mm², respectively. Antibacterial activity of 

bacterial isolate 30K against Vibrio harveyi, V. 

alginolitycus, and V. parahemolitycus were 4.710 ± 0.059 

mm², 0.785 ± 0.053 mm², 0.785 ± 0.052 mm². Generation 
number of this isolate was 5.491 ± 0.123, generation time 

was 6.559 ± 0.147 h, and its growth rate was 0.106 h-1. The 

similarity value of group 2 ranged from 25 to 60%, namely 

the similarity between 30K and 33K, 34K, 39K, 38K and 

40B with 25%, 57%, 38%, and 60%, respectively. 

Group 3 consisted of three bacterial isolates, i.e., 

isolates 13C, 2C, and 32C with bootstrapping values 9-42 

. Among the three isolates, bacterial isolate 13C had the 

best bioactivities. Proteolytic activity was 25.120 ± 0.497 

mm², amylolytic activity was 29.830 ± 0.550 mm², 

cellulolytic activity 18.840 ± 0,540 mm², lipolytic activity 

was 2,355 ± 0,057 mm², ligninolytic activity 10.990 ± 
0.509 mm², antibacterial activity against V. harveyi was 

2.355 ± 0.062 mm², with generation number, time, and 

growth rate were 5.256 ± 0.008, 7.991 ± 0.012 h, and 0,087 

h-1, respectively. Group 3 had a similarity value of 67-71%, 

i.e., the similarity between 13C and 2C. 

Group 4 consisted of five bacterial isolates, i.e., 36K, 

35K, 37K, 38K, and 48B with bootstrapping values 8-32. 

36K showed the best bioactivities of proteolytic (9.420 ± 

0.558 mm²), amylolytic (7.850 ± 0,518 mm²), cellulolytic 

(12.560 ± 0.558 mm²), lipolytic (4.710 ± 0.273 mm²), 

antibacterial against V. harveyi (7.065 ± 0.532 mm²), V. 
alginolitycus (2.355 ± 0,044 mm²), and V. parahemolitycus 

(3.925 ± 0.041 mm²). The generation number was 5.207 ± 

0.029, the generation time was 4.609 ± 0.026 h, and the 

growth rate was 0.150 h-1. Group 4 had a value of 

similarity of 38-67%, i.e. similarity between 36K and 35.K 

(57%,), 37K (38%), 38K (67%), and with 48B (57%). 

Group 5 consisted of one bacterial isolate (26R) with 

bootstrapping value 3. Isolate 26R had proteolytic activity 

of 3.140 ± 0.053 mm², amylolytic activity of 6.280 ± 0.064 

mm², cellulolytic activity of 3.140 ± 0.053 mm², lipolytic 

activity of 25.120 ± 1.958 mm², ligninolytic activity of 

9.420 ± 0.124 mm², antibacterial activity against V. harveyi 

of 3.925 ± 0.082 mm², and against V. parahemolitycus of 

4.710 ± 0.054 mm². The generation number of 26R was 

5.841 ± 0.069, the generation time was 6.164 ± 0.073 h, 

and the growth rate was 0.112 h-1. Isolate 26R has a 

similarity value to other isolates in groups of 1, 2, 3, and 4 
of 14-50%. 

Based on cluster analysis, there were five groups with 

five isolates representing each group. The isolates 

representing each group were selected based on enzymatic 

activity (proteolytic, amylolytic, cellulolytic, lipolytic and 

ligninolytic), antibacterial inflammation of vibriosis 

bacteria, and growth rates, they were 13C, 14C, 26R, 30K, 

and 36K. 

The purification of the 16S-rRNA gene amplification 

products of 13C, 14C, 26R, 30K, and 36K isolates. The 

amplification showed that isolates 13C, 14C, 26R, 30K, 
and 36K generated single band sizing 1.500 bp (base pair) 

following the comparator using DNA marker. This size 

corresponded with the expected bacterial 16S-rRNA genes 

with 1541 bases long. Sabdono (2001) in Sabdono et al. 

(2006) stated that DNA amplification of isolated single-

band bacteria indicated that the primer used was a specific 

primer to amplify the 16S-rRNA gene in bacteria. The 

amplification of 16S-rRNA has become the standard for 

studying the phylogenetic and biodiversity of marine 

microorganisms (Radjasa, 2004).
 

After obtaining the sequence result of 13C, 14C, 26R, 

30K, and 36K isolates, then a search on DNA database of 
Gen Bank using BLAST system through National Center 

for Biotechnology Information, National Institute for 

Health, USA (https://blast.ncbi.nlm.nih.gov) was carried 

out. The results of BLAST homology isolates 13C, 14C, 

26R, 30K, and 36K were shown in Table 1.

 

Results showed that bacterial isolate 13C had a 

sequence length of 1031 bp and homology of 97% with 

bacteria Bacillus oceanisediminis strain H2 (Table 1). 

Isolate 14C had 1311 bp and homology of 96% with 

Halomonas aquamarina strain of DSM 30161. Isolate 26R 

had a sequence length of 1060 bp and 98% homology with 
Acinetobacter pitti ATCC strain 19004. Isolate 30K had a 

1097 bp and homology of 93% with Salinicola salarius 

strain M27. Isolate 36K had 967 bp and showed 97% 

homology with Bacillus aquimaris strain TF-12. Hagström 

et al. (2000) stated that isolates having a sequence of 16S-

rRNA sequences greater than 97% may represent the same 

species. While the sequence equation between 93-97% 

might represent bacterial identity at the genus level but 

different species. Bacterial isolate 26R had close relation 

with Acinetobacter pitti strain ATCC 19004 species with 

98% of homology.  
 
 
 

http://www.ddbj.nic.ac.jp/
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Table 1. BLAST homology of isolate 13C, 14C, 26R, 30K, 36K 
from the database of Gen Bank DDJB. 
 

Sequencing 

code 
Name 

Base 

pair (bp) 

Homology 

 (%) 

13C Bacillus oceanisediminis 1031 97 
14C Halomonas aquamarina 1311 96 
26R Acinetobacter pittii  1060 98 

30K Salinicola salarius 1097 93 
36K Bacillus aquimaris 967 97 

 

 

The DDBJ BLAST homology results showed that 

isolate 26R had the same characteristics as Acinetobacter 

sp. with 98% homology. Acinetobacter is one of the major 

pathogenic bacteria that plague worldwide. Acinetobacter 
sp is mostly found as a bacteria causing urinary tract 

infections, wound infections, vascular infections, 

ventilator-associated pneumonia (VAP) and meningitis, 

especially patients with low immune systems in the 

intensive care unit (ICU). Research in Indonesia found that 

Acinetobacter as one of the most commonly infecting 

gram-negative bacteria that is equal to 25, 8%. The 

presence of these bacteria in the sediments is thought to be 

carried by the waste or surface water flow from the 

settlement activity.
 

The DDBJ BLAST homology results showed that 

isolate 14C had same characteristics as the Halomonas sp. 
bacteria. with a kinship rate of 96% (homology) According 

to Holt et al. (1994). Halomonas sp. is a gram-negative 

bacterium, stem cell shape, non-motile, creamy colony 

color, circular colony shape, flat colony elevation, coarsely 

colonic structure, entire colony edges, reaction to oxidase 

test is negative, positive towards catalase test, the ability of 

isolates to use glucose as a carbon source and the ability of 

isolates to form indole from tryptophan are negative. 

Halomonas sp. produces gelatinase enzyme that can be 

active at 15% NaCl. It is possible to utilize this enzyme on 

an industrial scale or identify other enzymes, for example, 

lipase or cellulase from this isolate, with further research.
 

The DDBJ BLAST homology described that 13C and 

36K isolates had characteristics like Bacillus sp. with a 

kinship rate of 97% homology). Bacillus bacteria are gram-

positive, rod-shaped bacteria that form resistant to high 

temperature, low temperature, radiation, drying and 

disinfecting, aerobic, or anaerobic facultative (Turnbul 
1996). The bacteria of the genus Bacillus have been widely 

used and developed as an agent to decompose organic 

matter and control pathogens. This potential arises from the 

ability of bacteria to produce various extracellular enzymes 

necessary for the biodegradation of organic matter as well 

as the ability to produce antibacterial compounds including 

in this case enzymes capable of liquefying certain bacteria. 

Therefore, this bacteria is also potential to be developed as 

a probiotic for bioremediation of organic matters and 

pathogens on shrimp farming. Bacillus's ability to produce 

antibacterial compounds was demonstrated by Vaseeharan 
and Ramasamy (2003) tested the application of Bacillus 

subtilis BT 23 to control vibrio bacteria in shrimp culture. 

In addition, the study of Banerjee et al. (2007) showed that 

90% of the pathogen bacteria used as test bacteria could be 

inhibited by Bacillus bacteria. Balcázar and Rojas-Luna 

(2007) recommended the use of Bacillus subtilis UTM 126 

as probiotics to control Vibrio pathogenic bacteria in 

vanamei shrimp culture. Also, the presence of probiotic 

bacteria allows the role of a growth promoter (Panigrahi 

and Azad 2007). Some studies show that Bacillus 

application affects improving shrimp growth performance 
such as Bacillus subtilis E20, (Liu et al. 2009), Bacillus 

subtilis (Far, et al. 2009). 

 

 
 

Figure 4. Phylogenetic Tree Analysis 

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_645320409
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In conclusion, Rep-PCR on 19 isolates of proteolytic 

bacteria derived from the selected mangrove area obtained 

five clusters (groups). Group 1 consisted of five isolates of 

bacteria, i.e., isolates 14C, 22R, 28K, 15C, and 19R with 

bootstrapping values 10-77 and 40-50% similarity value. 

Group 2 consisted of five bacterial, namely isolates 30K, 

33K, 34K, 39K, and 40B with bootstrapping values 3-55 

and similarity values. Group 3 consisted of 3 bacterial 

isolates, i.e., 13C, 2C, and 32C with bootstrapping values 

9-42 and similarity values ranging from 67 to 71%. Group 

4 consisted of five bacterial isolates, i.e., 36K, 35K, 37K, 
38K, and 48B with bootstrapping values 8-32 and 38-67% 

similarity values. Group 5 consisted of 1 isolate bacterium 

26R with the value of bootstrapping 3, and the value of 

similarity to other isolates in groups 1, 2, 3, and 4 were 14-

50%. 16S-rRNA gene sequence analysis identified 13C 

isolates had 97% homology with Bacillus oceanisediminis 

strain H2. Isolate 14C had homology of 96% with 

Halomonas aquamarina strain of DSM 30161. Isolate 26R 

had 98% homology with Acinetobacter pitti strain ATCC 

19004. Isolate 30K had 93% homology with Salinicola 

salarius strain M27. Isolate 36K had homology of 97% 
with bacteria Bacillus aquimaris strain TF-12. 
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