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Halotolerant proteases are known as one of the important groups of enzymes that have been used widely in 
various industries. However, high production cost of proteases in term of energy used for sterilization and high 
risk of microbial contamination during fermentation become the obstacles during upstream processing. Moreover, 
proteases that capable to withstand with harsh conditions of salinity, temperature and pH are required in industry. 
Therefore, this study presents newly isolated halophilic bacteria producing halotolerant proteases. Halophilic 
bacteria were isolated from fermented fish sauce. Screening of the bacteria producing halotolerant protease 
enzymes was carried out by using skim milk salt agar containing 10% NaCl at pH 7 and incubated under aerobic 
condition at 37oC for 2 days. The selected isolates were identified based on their morphology followed by 16S 
rDNA gene sequence analysis.  40 colonies of halophiles bacteria were isolated, however, only 20 of them showing 
proteolytic activity. All of 20 isolates are motile and gram positive bacteria. From 20 isolates, only 6 were chosen 
for further analysis. B7 showed the highest proteolytic activity compared with others. Results of 16S rDNA gene 
sequence analysis showed 98% homology to Bacillus amyloliquefaciens subsp. plantarum strain FZB42. Therefore, 
B7 is identified as Bacillus amyloliquefaciens strain B7.

1. INTRODUCTION

Halophilic bacteria are salt loving organisms that grow in saline 
environments and can be differentiated based on their requirements for 
sodium chloride. Ventosa et. al.[6] classified halophiles into slight halophiles 
grow optimally at 0.2-0.85M (1-5%) sodium chloride (NaCl); moderate 
halophiles grow optimally at 0.85-3.4M (5-20%) NaCl; and extreme 
halophiles grow optimally at 3.4-5.1M (20-30%) NaCl.
Previous research showed that the halophilic microorganisms as an ideal 
source to produce salt stable enzymes due to their ability to carry out 
catalysis under high salinity [4].  Furthermore, high salinity environments 
required by halophilic microorganisms may suppress the growth of other 
organisms and therefore, sterilization costs can be reduced.  In addition, the 
isolation of halophilic bacteria which may be able to produce enzymes which 
are not only salt tolerant but also tolerate and active at high temperature 
and pH [14].
However, harsh operational conditions during the enzyme production 
such as high salinity and high temperature may cause the inhibition of the 
enzymes [4]. Thus, halotolerant proteases that are stable and active at a 
wide range of temperature, pH and ionic strength is highly demanded in 
industrial process. Besides that, high risk of microbial contamination and 
high energy consumption for sterilization during enzyme production [5] 
encourage the researchers to identify the most suitable protease enzyme 
that can tolerate to those disadvantages. 
Halotolerant proteases are hydrolytic enzymes, which are mostly used in 
industries. For example, detergent industries add halotolerant proteases 
in their laundry detergent formulations to hydrolase proteinaceous stains 
[1]. The tannery industry uses halotolerant proteases to assist in de-hairing 
of animal hides and skin instead of using sodium sulphide treatment 
[2]. For therapeutic purpose, halotolerant proteases were used in the 
treatment of burns and purulent wounds. It is also acts as thrombolytic 
agent by showing fibrinolytic activity [3]. Besides that, in the food industry, 
halotolerant proteases play roles in meat tenderization and production 
of protein hydrolysates. Protein hydrolysates are used in hypoallergenic 
infant food formulations, in fortification of fruit juices or soft drinks and in 
manufacturing protein-rich therapeutic diets [2]. In the waste treatment, 
halotolerant proteases used to solubilize proteins in wastes such as waste 
feathers from poultry slaughterhouses. 
Therefore, the aim of this study is to isolate and identify the halophilic 

bacteria from fermented food that could produce salt stable proteases using 
16S rDNA as a molecular marker.
2. EXPERIMENTAL
2.1 Sample collection and isolation of bacterial strain
Sample of fermented fish sauce was cultured in nutrient broth and was 
incubated at 37oC in incubator shaker, at 250 rpm for 24h according to the 
method previously reported by Suganthi et al., (2013). Then, the sample
was serially diluted and 100µl suspension was spread uniformly on nutrient 
agar plates with 5-10% NaCl. Colonies were picked based on divergence in
morphology, size and color. 

2.2 Screening of strain for extracellular protease activity
Forty colonies were selected and screened for protease activity. Proteolytic 
activity of the colonies was screened on skim milk agar containing 1.5% 
(w/v) skim milk, supplemented with 5-10% (w/v) NaCl for determining the 
hydrolytic activity of moderate halophiles [7]. The plate was incubated at 
37oC for 24h. Colonies showing clear zone of skimmed milk hydrolysis were 
read as positive for protease production. However, from 40 colonies only 20 
colonies showed the positive results and 6 isolates were selected for further 
analysis. 
2.3 Protease assay
Quantitative protease assay (U/ml) was measured by using casein as a 
substrate at 37oC. 0.2ml of enzyme was mixed to 1ml casein (0.65% w/v 
in 50mM potassium phosphate buffer, pH 7.5) and the reaction mixture 
was incubated for 10 min. Then, 1ml trichloroacetic acid reagent (110mM) 
was added to stop the reaction and the mixture was incubated for 30 min. 
Then, supernatant was collected by centrifuging the mixture at 5000 rpm 
for 15 min. About 0.5ml of filtrate was mixed with 1.25ml sodium carbonate 
solution and 0.25ml Folin & Ciocalteu’s Phenol Reagent. Absorbance was 
measured at 660nm. One unit of protease was defined as the amount of 
the enzyme required to liberate 1 µmol of tyrosine per minute under the 
defined assay conditions as reported by Shivanand & Jayaraman (2009). 
Protein concentration was determined by Bradford method using bovine 
serum albumin (BSA) as standard [9].
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2.4 Identification of the bacterial strain
Morphology and molecular test were conducted on the B7 isolate. Gram 
staining was carried out to characterize the shape and type of the isolate 
while the genotype of protease producing strain B7 was identified by 
16S rDNA gene sequencing.  Genomic DNA was extracted according to 
the standard protocol by QIAGEN Genomic DNA handbook and the DNA 
was amplified by using universal 16S rDNA primers: forward primer 
27F (5’ AGAGTTTGATCMTGGCTCAG 3’) and reverse primer 1492R 
(5’ TACGGYTACCTTGTTACGACTT 3’). The amplified PCR product was 
sequenced by First Base Sdn. Bhd., Malaysia. The complete 16S rDNA gene 
sequence was compared with GenBank entries using Blast search [10]. 
For phylogenetic analysis, the complete gene sequence was aligned with 
closely related sequences, and a phylogenetic trees were constructed using 
neighbour-joining method.

3. RESULTS AND DISCUSSION
Among 6 isolates which were identified as protease producers, B7 strain 
showed the highest specific activity on the proteolytic activity as presented 
in Figure 1. Thus, the strain B7 was selected as the strain that produced 
more of protease compared than other isolates. It was a gram-positive, 
aerobic, motile and rod-shaped bacterium. This strain grew well at various 
salt concentrations ranging from 5-10% NaCl. Morphological characteristics 
of the strain were listed in Table 1.

For molecular characterization, a phylogenetic tree was constructed 
based on Blast (NCBI) search between B7 strains with other homologous 
sequences. From Figure 2, the isolate B7 positions related to cluster of type 
species of Bacillus amyloliquefaciens subsp. plantarum strain FZB42 and 
also showed 98% homology with that strain. Moreover, isolate was grouped 
with various species of Bacillus, thereby indicating the isolate is a member 
of the genus Bacillus. Thus, considering morphological and molecular 
analysis results, the isolate B7 was identified as Bacillus amyloliquefaciens 
B7 strain.  According to Singh, et al, [3], bacteria from genus Bacillus, mostly 
B. subtilis and B. amyloliquefaciens have been found in many fermented 

products, especially from fermented soybean and they produced proteases 
that react specifically on fibrinolytic activity. 

Based on the classification of halophilic bacteria, isolate B7 strain was 
moderate halophile which exhibit growth at 5-10% NaCl concentration.  
Formation of endospores gives an advantage to genus Bacillus to resist to 
a broad range of physiological stresses. Endospores is a dormant structure 
that is produced by some Gram-positive bacterial species that are exposed 
to harsh environmental conditions in order to survive such as in high 
concentration of salt environment [11]. Previously, another protease 
producing halotolerant bacterium B. licheniformis was isolated from 
saltern sediment and showed NaCl tolerance of up to 2M [10]. Furthermore, 
B. vietnamensis sp. nov., a moderately halotolerant, aerobic,endospore-
forming bacterium was initially isolated from Vietnamese fish sauce [12]. 
B. horikoshii, B. atrophaeus, and B. methylotrophicus were also moderately 
halotolerant from genus Bacillus which have been reported to tolerate on 
8–12 % NaCl concentration [13]. 

4. CONCLUSION
This study showed the isolation of a strain that is able to grow and tolerate 
with 10% NaCl concentration which could reduce the risk of microbial 
contamination.  Moreover, B7 could be used as a potential strain for 
production of protease under stress conditions of moderate salinity, thus 
give the high commercial value.  The availability of halophilic bacteria 
producing halotolerant proteases gave an advantage in industrial processes 
where high salinity conditions could inhibit mesophilic enzymes. However, 
further studies in enzyme production, purification and characterization of 
the protease produced by B7 strain are still needed for future developments. 
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