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Abstract 
Alkaline protease are one of the most important enzymes in the biological world. Microbial production of alkaline protease is getting more 
attention from researchers due to their unique properties and substantial activity. The present study was to isolate protease producing bacteria 
from contaminated sardine fish sample collected from local habitat of Ernakulam. The isolation was done by serial dilution and plating methods. 
All the isolates were screened for proteolytic activity on Skim milk agar plate at 37˚C for 48hrs. Protease activities were determined by the 
formation of clear zone around the colonies on SMA medium. Protease activity was compared using protease assay. The selected isolate was 
identified as B. cereus using standard identification parameters such as Gram staining followed by molecular analysis. The16srDNA of the 
selected organism showed 100% similarity in the BLAST search with B. cereus. The activity of enzyme in purified sample and supernatant was 
measured by tyrosine standard curve and it was found to be as 0.48 U/ml/min respectively. This result showed that B. cereus is a good producer 
of extra cellular protease and it can be used as biocleaner or in detergent manufacture.  
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Introduction 
Protease are a group of enzymes that have been found in 
several microorganisms like bacteria and fungi which are 
involved in the breakdown of complex protein molecules into 
simple polypeptide chains (Absida, 1985). Alkaline proteases 
are one of the most important groups of microbial enzymes 
that find varied uses in various industrial sectors such as 
leather, detergents, textile, food and feed etc. Industrially 
important alkaline proteases from bacterial sources have been 
studied extensively, of which Bacillus sp. was most reported 
(Singhal et al., 2012) [20]. Currently, a large Proportion of 
commercially available proteases are derived from Bacillus 
strain (Sevine N et al., 2011). Prominent bacterial producers 
of this enzyme are Pseudomonas sp., Bacillus sp., 
Staphylococcus sp., and Aeromonas sp. (Saha and Masi 
2017). Traditionally, digestion is described as the process by 
which food in the gastrointestinal (GI) tract is split into 
simpler absorbable compounds performed primarily by the 
digestive enzymes (Kapoor et al., 1975). Prior to the 
discussion of the contribution of the gut microbiota in 
production of digestive enzymes, a brief introduction 
regarding endogenous enzyme activities in fish seems 
pertinent. The endogenous digestive enzymes, which are 
secreted to the lumen of the alimentary canal, originate from 
the oesophageal, gastric, pyloric caeca and intestinal mucosa 
and from the pancreas (De Silva & Anderson 1995). 
Numerous studies have reported diverse microbial 

communities in the GI tract of carnivorous, herbivorous and 
omnivorous fish species (Merrifield and Nayak 2010). Austin 
(2006) and Nayak (2010) presented some information on 
studies of exogenous enzyme activity in fish, but a more 
comprehensive review is needed as the GI microbiota of fish 
have been reported to produce a wide range of enzymes; 
amylase, cellulase, lipase, proteases, chitinase and phytase. 
Furthermore, the role of enzyme-producing fish gut bacteria 
as probiotics in enhancement of food digestibility and their 
effect on gut enzyme activity has been evaluated through 
several investigations (Ray and Ghosh 2012).  
 
Materials and Methods 
A. Collection of Sample 
Gut of the sardine fish samples were collected from the local 
habitat of South kalamassery Kochi, Kerala, India with the aid 
of sterile spatula. The samples were stored under sterile 
conditions under dark place in an airtight container. Date and 
time were labelled on it.  
 
B. Isolation of Bacteria from Gut of the Sardine Fish 
Serial dilution is a procedure of stepwise dilution of substance 
in a solution. To minimise the microbial load, the serial 
dilution approach was used .5gm gut of sardine fish sample 
was dissolved in the 50 ml of distilled water taken as a first 
tube which has a dilution of 10-1 and serially diluted up to 10-
9 dilution. The target bacteria were isolated using serial 
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dilution and spread plate techniques. Spread plate technique is 
employed to plate the liquid sample for the purpose of 
isolating the bacteria present in it. A countable number of 
bacterial cells were evenly distributed on an agar plate.0.1 ml 
of diluted sample from 10-5dilutions were spread on to the 
plates using an L-rod. The plates were kept at the incubated at 
30°c for 24hours.  
 
C. Primary Screening of Potential Alkaline Protease-

Producing Bacterial Isolates 
Primary screening of bacterial isolates was made to screen 
alkaline protease producers using skim milk agar, 2.6 g of 
nutrient agar was mixed with 80 ml of distilled water by 
autoclaving. Another 20 ml of distilled water, 2.8g of skim 
milk powder was dissolved by heating at 50 ºC. The milk 
solution was cooled and then combined with the agar in one 
conical flask. The solution was poured into the petri plates 
and allowed it to solidify under the laminar air flow chamber 
and maintaining pH 8.5 by using pH paper strips. The isolates 
are spotted on SMA plates and kept inside the incubator at 37 
ºC for 24 hours at inverted position.  
 
D. Identification of Bacteria 
The identification of bacteria was carried out by 
morphological studies i.e. Gram staining. Cultural 
characterization on agar plates like colony morphology that is 
shape, size, margin, elevation, opacity, texture and 
pigmentation.  
 
E. Production of Protease Enzyme 
To isolate was inoculated in to the medium (0.1% peptone, 
0.5% glucose, 0.05% NaCl (w/v), and 0.01% MgSO4.7H2O) 
and put in shaking incubator (150 rpm, 48h). Te culture-pellet 
was centrifuged (10,000 rpm; 150 min at 4 °C), then added to 
it the 500 μL of 1% casein in 50 mM phosphate bufer (pH 7) 
and 200 μl of cell-free supernatant, then incubated in a water 
bath (40 °C, 20 min), and the reaction was terminated with the 
addition of 1mL of 10% TCA, subsequently kept at room 
temperature (15 min). Te unreacted casein was separated by 
centrifuging the mixture, fnally the supernatant was added 
with Na2Co3 (2.5 m ML) and Folin-Ciocalteu phenol and 
incubated in dark room (30 min). Te OD was taken at 660 nm, 
using the standard. One unit of protease is defned as the 
amount of enzyme that releases 1 μg/ml/min of tyrosine.  
 
F. Molecular Identification of Selected Isolate 
The isolate was identified using the molecular technique. The 
genomic DNA of the isolate was extracted by using the 
Bacterial Genomic DNA extraction kit according to the 
manufacturer protocol (QIAGEN, QIAamp DNA Mini Kit) 
with some modification. The isolated DNA was then 
amplified using the following PCR mix: 1 μl of bacterial 
universal 16S rRNA primers forward (5’-
AGAGTTTGATCMTGG-3’) and 1 μl of reverse primer (5’-
ACCTTGTTACGACTT-3’), 2 μl of genomic DNA and 6 μl 
of PCR grade water were added and the PCR amplification 
was done. Amplified sequence threads were submitted to the 
NCBI database and NCBI BLAST 

(http://www.ncbi.nlm.nih.gov/Blast) was carried out to 
distinguish the nearest neighbors of the isolates.  
 
G. Application Study 
Removal of Stain (Washing Test) 
This experiment was done to evaluate how protease enzyme 
works as a bio-cleaner by their washing performance on the 
blood stain. A clean piece of cloth was cut into 4 pieces and 
stained with blood. Then cotton fabrics was treated with 
Distilled water, Crude enzyme (protease), and Crude enzyme 
with detergent at room temperature for 30 minutes. After 
incubation cloth was rinsed with water for 5 minutes and then 
dried. The same procedure was done with control (detergent).  
 
Result 
A. Sample Collection 
The sardine fish sample was collected from a local fish 
market in kalamassery town, Kochi, India.  
 

 
 

Fig 1: Sardine fish sample 
 
B. Spread Plate Method 
 

 
 

Fig 2: Sub culturing of fish sample 
 
In the Nutrient agar plates inoculated with the serially diluted 
fish sample, growth was observed after 24 hours of 
incubation.  
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Plate Screening 
 

  
(a) (b) 

  
(c) (d) 

  

Fig 3: Screening after 24 hours and 48 hours of incubation 
 

C. Skim Milk Agar Plating 
 

 
 

Fig 4: Zone formation analysis on skim milk agar 
 

D. Gram Staining 
 

 
 

Fig 5: Morphology analysis of culture by gram staining 
Gram staining showed the presence of gram positive bacteria 
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E. Enzyme assay 
 

 
 

Fig 7: Enzyme Essay 
 

Activity of Enzyme (Unit/ml) = 
Tyrosine equivalent released X total assay 

Time in assay X Vol enzyme used X vol in calorimeter 
 

F. Isolation of DNA 
 

 
 

Fig 8: Agarose gel image 
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G. PCR 
 

 
 

Fig 9: PCR bands 
 

H. Sequencing 
Bacillus Cereus 
TATGAGTTAGCGGCGGACGGGTGAGTAACACGTGGG
TAACCTGCCCATAAGACTGGGATAA CTCCGGGAA 

ACCGGGGCTAATACCGGATAACATTTTGAACCGCAT
GGTTCGAAATTGAAAGGCGGCTTCGG CTGTCACT 

TATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCAACGAT GCGTAGCCG 

ACCTGAGAGGGTGATCGGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCA GCAGTAGGG 

AATCTTCCGCAATGACGAAAGTCTGACGGAGCAACG
CCGCGTGAGTGATGAGGCTTTCGGG TCGTAAAAC 
TCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAA
GCTGGCACCTTGACGGTACCTAACCA GAAAGCCA 

CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA
GGTGGCAAGCGTTATCCGGAATTATT GGGCGTAA 

 
I. Blast 
 

 
 

Fig 10: BLAST analysis 
 

The DNA sequence obtained is tested, for finding the region 
of local similarity between sequences, in the BLAST 

software. The results showed that Bacillus bacteria gives 
100% result for Bacillus cereus.  
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J. Application Study 
Removal of Strain 
 

 
 

Fig 11: Blood stain removal assay using the extracted enzyme 
 
Discussion 
Protease producing organisms are generally isolated from gut 
of the sardine fish and most of the work is focused on alkaline 
protease. Therefore the present study deals with the isolation 
of protease producing bacteria from fish. Members of the 
genus Bacillus produce a large variety of extracellular 
enzymes of which protease are of particularly significant 
industrial importance. A major commercial use is the addition 
of microbial protease to domestic detergents for the digestion 
of proteinacious stains of fabrics (Sharma et al., 1980). 
Isolation of protease producing bacteria was performed by the 
serial dilution and spread plate method. Similar method has 
been used by Clark et al., 1958. Identification of selected 
Bacillus strain was identified on the basis of standard 
morphological tests according to the method described in 
Bergeys’s Manual of Determinative Bacteriology. The 
selection of organism was based on the zone of clearance it 
showed in the skim milk agar plate. The protease enzyme 
produced by the organism showed a clear zone around the 
colony as the protein near the colonies was utilized. These 
colonies were taken for gram staining and it was found out 
that they were rod shaped and gram positive. Weiss and Ollis, 
1980 also reported that B. licheniforms produced very narrow 
zone of hydrolysis on casein agar despite giving very good 
protease production in submerged condition. For quantitative 
screening casein yeast extract dextrose broth is used and 
inoculated with isolated Bacillus sp. which was incubated at 
37˚C for 24hrs. Abo-Abe et al., (2006) produced alkaline 
protease from Bacillus circulance, B. alvei, B. sphaericus and 
B. pumilus using Luria-Bertanibroth, Luria-Bertani agar milk. 
Atalo et al., (1993) showed that yeast extract and peptone can 
induce the alkaline protease production in growth medium. 
On the place of peptone we prefer casein, which have high 
protein concentration. Protease activity was compared using 
protease assay. The activity of enzyme in purified sample and 
supernatant was measured by tyrosine standard curve and it 
was found to be as 0.2191 U/ml/min and 0.186285 U/ml/min 
respectively. The potential of removing blood stains was 
tested by Bacillus cereus. It was observed that crude enzyme 
removed stains completely as compared to water and 
detergent without hampering the texture of the cloth, this 
potential of Bacillus spp makes it ideal to be used as 
biocleaner or in a detergent manufacture 
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