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ABSTRACT 

 

Out of the vast pool of enzymes, proteolytic enzymes from microorganisms are the most widely used in 

different industries such as detergent, food, peptide production etc. Several marine microorganisms are 

known to produce proteases with commercially desirable characteristics. We have isolated nine different 

cultures from marine samples of the Indian Ocean. All of them were i) motile ii) rod shaped iii) non spore 

forming iv) catalase and amylase positive v) able to grow in presence of 10 % NaCl. They produced acid 

from glucose, fructose and maltose and grew optimally at 30 0C temperature and pH 7.0-8.0. None of them 

could grow above 45 0C and below 15 0C. Only one of them (MBRI 7) exhibited extracellular protease 

activity on skim milk agar plates. Based on 16S rDNA sequencing, it belonged to the genus Marinobacter 

(98% sequence similarity, 1201 bp).  The cell free extract was used to study effects of temperature and pH 

on protease activity. The optimum temperature and pH for activity were found to be 40 0C and 7.0 

respectively. The crude enzyme was stable at temperature range of 30-80 0C and pH 5.0-9.0. It retained 60 % 

activity at 80 0C after 4 h and more than 70 % activity at 70 0C after 1 h. D value was found to be 342 

minutes and 78 minutes for 40 0C and 80 0C respectively. Interestingly the enzyme remained 50 % active at 

pH 9.0 after 1 h. Comparison with other proteases from different microbial sources indicated that the neutral 

protease from the halotolerant marine isolate MBRI 7 is a novel enzyme with high thermostability. 

 
Key words: Halotolerant, mesophilic, neutral protease, thermostable. 

 

INTRODUCTION 

 

With the recent advent of biotechnology, there has been a 

growing interest and demand for enzymes with novel 

properties. Considerable efforts have been directed towards the 

selection of microorganisms producing enzymes with new 

physiological properties and tolerance to extreme conditions 

used in industrial processes such as temperature, salts, pH etc. 

Proteases represent the class of enzymes that occupy a pivotal 

position with respect to their physiological roles as well as to 

their commercial applications. More than 75 % of industrial 

enzymes are observed as hydrolases (17). Proteases constitute 

one of the most important groups of hydrolytic enzymes which 

act upon native proteins to disintegrate them into small
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peptides and amino acids. They have applications in different 

industries like detergent, food, pharmaceuticals, silk and 

leather, and also for recovery of silver from used X-ray films 

(2, 22, 26, 33, 37). They are also used for meat tenderization 

and in some medical applications (11, 34). Proteases account 

for 60 % of the total worldwide enzyme sales (26). Although 

proteases are widespread in nature, microbes serve as a 

preferred source of these enzymes presently. Microbes are 

characterized on their rapid growth, the limited space required 

for their cultivation and the ease of their generating capability. 

They can be genetically manipulated to generate new enzymes 

with altered properties that are desirable for their various 

applications. Presently simultaneous efforts are being made to 

increase the protease production by i) optimizing media 

composition ii) genetic manipulation iii) looking for new 

strains. Marine microorganisms have recently emerged as a 

rich source for the isolation of industrial enzymes compatible 

solutes, polyhydroxyalkanote and also for enhanced oil 

recovery (20) and generally they are non pathogenic. Marine 

bacterial enzymes have several advantages for industrial 

utilization. Their optimum activity usually occurs at high 

salinity, making these enzymes utilizable in many harsh 

industrial processes, where the concentrated salt solutions used 

would otherwise inhibit many enzymatic transformations. In 

addition, enzymes from halophilic organisms are reported to be 

stable at room temperature over long periods (10). We have 

earlier reported halotolerant organisms from wall scrapings of 

historical building in India (13) and also from some food 

samples (14) with an ability to produce industrially useful 

enzymes. Recently we have characterized some marine isolates 

from the Antarctic Ocean as well as from the Indian Ocean 

with respect to their fatty acid profiles (15, 32). Comparatively 

few reports are available on the saline- tolerant proteases from 

microbial sources. So, it is meaningful to isolate 

microorganisms producing protease with greater NaCl 

tolerance. Therefore the aim of the present study was (i) to 

screen different marine samples from the Indian Ocean for the 

microbes producing proteases (ii) to characterize the enzyme.                  

 

MATERIALS AND METHODS 

 

The chemicals used were procured from Hi-Media 

(Mumbai, India), Merck (Mumbai, India), s d FINE-chem Ltd 

(Mumbai, India) and all were of analytical grade. 

 

Sampling 

Marine seawater samples from the Indian Ocean were 

collected from different locations. (Table 1)  

 

Isolation and characterization of microorganisms 

10 % of each individual sample was inoculated in Marine 

salt medium (MSM) (Composition per liter: 81.0 g NaCl, 10.0 

g yeast extract, 9.6 g MgSO4, 7.0 g MgCl2, 5.0 g protease 

peptone no.3, 2.0 g KCl, 1.0 g glucose, 0.36 g CaCl2, 0.06 g 

NaHCO3 and 0.026 g NaBr) with pH adjusted to 7.0 + 0.2 and 

incubated at 30 0C, 120 rpm for 48 h. After 48 h, 0.1 ml of each 

sample was spread on MSM agar plates and incubated for 

another 48 h. The isolated colonies were maintained on MSM 

agar slants. The isolates were characterized morphologically 

and physiologically. They were studied for their salt-tolerance 

(8 % and above) and also examined for temperature tolerance 

by incubating at temperatures ranging from 15 0C to 45 0C for 

24 h. Various biochemical tests were performed (8). 

 

Screening of isolates for extracellular protease 

Pure cultures isolated from samples were spot inoculated 

on skim milk agar plates (3) (Composition per liter: 5.0 g 

peptone, 3.0 g yeast extract, 1.0 g skim milk powder) and 

incubated at 30 0C for 24 h. A clear zone of hydrolysis 

appeared after 24 h incubation indicative of protease synthesis. 

The isolate showing extracellular protease activity was used for 

further studies. 

 

16S rDNA sequencing 

The genomic DNA was isolated as described by Ausubel 
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et al. (4).The PCR assay was performed using Applied 

Biosystems, model 9800 with 1.5 µL of DNA extract in a total 

volume of 25 µL. The PCR master mixture contained 2.5 µL of 

10X PCR reaction buffer (with 1.5 M MgCl2), 2.5 µL of 2 mM 

dNTPs, 1.25 µL of 10 pm µL-1 of each oligonucleotide primers 

8F and 1392R, 0.2 µL of 3U µL-1  Taq DNA polymerase and 

15.76 µL of glass-distilled PCR water. 

Initially denaturation accomplished at 94 °C for 3 min. 

Thirty-two cycles of amplification consisted of denaturation at 

94 °C for 30 sec, annealing at 55 °C for 30 sec and extension at 

72 °C for 1.30 min. A final extension phase at 72 °C for 10 min 

was performed. The PCR product was purified by PEG-NaCl 

method. The sample was mixed with 0.6 times volume of PEG-

NaCl, 20 % [PEG (MW 6000) and 2.5 M NaCl] and incubated 

for 20 min at 37 °C. The precipitate was collected by 

centrifugation at 3,800 rpm for 20 min. The pellet was washed 

with 70 % ethanol, air dried and dissolved in 12 µL sterile 

distilled water. 

The sample was sequenced using a 96-well Applied 

Biosystems sequencing plate as per the manufacturer’s 

instructions. The thermocycling for the sequencing reactions 

began with an initial denaturation at 94 °C for 2 min, followed 

by 35 cycles of PCR consisting of denaturation at 94°C for 10 

s, annealing at 50 °C for 10 s, and extension at 60 °C for 4 min 

using primers 704F (5’GTAGCGGTGAAATGCG TAGA  3’) 

and 907R(5’ CCGTCAATTCMTTTGAGTTT 3’). The 

samples were purified using standard protocols described by 

Applied Biosystems, Foster City, USA. To this, 10 µL of Hi-Di 

formamide was added and vortexed briefly. 

The DNA was denatured by incubating at 95 °C for 3 min, 

kept on ice for 5-10 min, and was sequenced in a 3730 DNA 

analyzer (Applied Biosystems) following the manufacturer’s 

instructions. The obtained sequences of bacterial 16SrDNA 

(using 704F and 907R primers) were analysed using Sequence 

Scanner (Applied Biosystems) software.  The 16S rDNA 

sequence contigs were generated using Chromas Pro and then 

analysed using online databases viz. NCBI-BLAST and 

Ribosomal Database Project (RDP) to find the closest match of 

the contig sequence. 

 

Culture Conditions 

The isolate showing extracellular protease activity (MBRI 

7) was cultivated in MSM and incubated at 30 0C for 24 h. 10 

% inoculum (107cells/ml) of this was used for all experiments.  

For protease production skim milk broth (3) (Composition 

per liter : 5.0 g casein hydrolysate, 2.5 g yeast extract, 1.0 g 

glucose, 1.0 g skim milk powder) was inoculated with 10 % 

inoculum and incubated at 30 0C for 24 h. The sample was 

centrifuged at 10000 rpm for 10 minutes at 4 0C. The clear 

supernatant was used as crude enzyme for further experimental 

studies.  

 

Enzyme Assay 

Protease activity was measured using caseinolytic assay 

(16) with some modifications. One unit is defined as the 

amount of enzyme that hydrolyzes casein to produce colour 

equivalent to 1.0 µmol of tyrosine per minute under standard 

conditions. 

 

Protein Assay 

Total protein of the cell free filtrate was determined by the 

method of Lowry et al (18). Bovine serum albumin (1000 µg 

mL-1) was used as a standard. 

 

Growth curve studies 

Growth curve characteristics of the isolate were studied by 

inoculating overnight grown culture in skim milk broth and 

incubating at 30 0C with shaking at 120 rpm. Growth was 

determined at the intervals of 4 h for 48 h by measuring 

absorbance at 660 nm. Each sample was used to determine 

protease activity.   

 

Effect of temperature and pH on enzyme activity  

Protease assay was performed under standard conditions 
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at various temperatures ranging from 30-70 0C to study the 

effect of temperature on enzyme activity. Optimum pH for 

protease activity was determined by carrying out the protease 

assay at various pH between 5-10. Protein assay was carried 

out as described above.  

 

Effect of temperature and pH on enzyme stability 

Cell free extract was exposed to various temperatures 

ranging from 30-80 0C to study the effect of increase in 

temperature on enzyme activity. The samples were removed at 

different time intervals ranging from 30 minutes to 8 h and 

protease activity was determined. Effect of change in pH on the 

activity of enzyme was studied as per the method described by 

Adinarayana et al (1). Different buffers (0.2M)) used were 

acetate (pH 5.0), potassium phosphate (pH 6.0-7.0), tris/HCl 

(pH 8.0) and carbonate (pH 9.0) (30). Enzyme samples were 

exposed to different pH (5-9) for 30 minutes at 40 0C and the 

assay was performed as described earlier. 

 

Statistical analysis  

All experiments were performed in triplicate. For 

statistical analysis, the standard error of the mean values was 

calculated and the means were tested according to Students t-

test for significant differences among the samples. A statistical 

significance was accepted at P< 0.05. 

 

RESULTS AND DISCUSSION 

 

In the present study, four different marine samples (Table 

1) from the Indian Ocean were used to isolate the bacterial 

cultures. Total nine cultures were isolated from the samples. 

They were characterized morphologically and physiologically 

(Table 2). They were found to be motile, non spore forming, 

catalase and amylase positive. They i) produced acid for 

glucose, fructose and maltose ii) showed optimum temperature 

35 0C and pH 7.0-8.0 for growth iii) tolerated NaCl up to 10 %. 

None of them could grow above 45 oC and below 15 oC. Only 

MBRI 3, MBRI 4, and MBRI 5 tolerated alkaline pH (10.0).  

MBRI 3 and 5 tolerated NaCl upto 25 % (Table 2).  

Only MBRI 7 exhibited extracellular protease activity on 

skim milk agar. It was identified using 16S rDNA sequencing. 

The sequence was deposited in EMBL+Genbank under 

accession number HQ199216. BLAST analysis of partial 16S 

rDNA sequence revealed that the strain belonged to 

Gammaproteobacteria and was closely related to Marinobacter 

sp (98 % sequence similarity, 1201 bp). Ming-Yang et al. (24) 

have reported that predominant cultivated protease producing 

bacteria are Gammaproteobacteria affiliated with the genera 

Pseudoalteromonas, Marinobacter, Alteromonas, Halomonas, 

Shewanella etc. Our results are in line with this observation. 

Marinobacter lipolyticus sp. nov., growing optimally at 7.5 % 

NaCl showed lipolytic activity along with other hydrolytic 

enzymes including protease (21). 

  The growth curve studies revealed that the culture 

entered late log phase after 16 h (Fig. 1) and entered stationary 

phase after 28 h. Maximum protease activity was obtained after 

16 h of incubation (Fig 1). Earlier studies on Bacillus sp. 

producing proteases reported longer incubation periods such as 

48, 72, 96 h for B. subtilis PE-11 (27), B. subtilis 3411 and 

Bacillus sp. K-30 (25, 28) respectively. This indicates that 

MBRI 7 (present work) exhibited maximum protease activity 

in lesser fermentation time which is a major prerequisite for 

commercial production. 

Quantitative estimation of protease activity using crude 

cell free extract of MBRI 7 yielded 52 U mL-1 activity.  

Streptomyces microflavus
 (31) and Bacillus amyloliquefaciens 

CMB01 (5) showed 726 U mL-1 and 2110 U mL-1 activity in 

crude cell free extract respectively. However neutral protease 

of Bacillus sp. 158 exhibited 30 U mL-1 activity in crude cell 

free extract (29). Thus MBRI 7 showed moderate protease 

activity in cell free extract that may be increased by mutations 

and/or by genetic manipulations. 
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Table 1. Sampling location 

 

 

 

 

  

 

 

 

 

 

 

 

 

Table 2. Characteristies differentiating marine organisms 

Characteristics MBRI 3 MBRI 4 MBRI 5 MBRI 6 MBRI 7 MBRI 8 MBRI 9 MBRI 10 MBRI 11 

Gram character + + - + - - - - - 
Temperature ºC          
15 - - + - - - + ++ - 
28 + + + + + + ++ + ++ 
35 ++ ++ +++ +++ +++ +++ +++ ++ +++ 
45 +++ +++ + ++ + + + + + 
pH          
4 - - - + - - - - - 
5 - - - ++ + + - - - 
6 +++ + + ++ ++ + - - + 
7 + + + +++ +++ +++ +++ +++ +++ 
8 + +++ +++ ++ ++ ++ + + ++ 
9 + + + - - - - + - 
10 + + + - - - + - - 
          
Salt tolerance (%)          
2 + + + + -- - - - - 
5 + + + + + + - + + 
8 + +++ + + + + + + + 
10 + + + + + + + + + 
15 +++ - +++ - + + + + + 
20 + - + - - - - - - 
25 + - + - - - - - - 
          
Acid production 
from 

         

Lactose + - + - + + - - + 
Sucrose + + + + + - + - - 
Mannitol + - + + + - + + - 
Biochemical 
characterization 

         

Citrate hydrolysis + + + - - - - - + 
Urease + + - - + + + + + 
Gelatin hydrolysis - + + + + + - - - 
Protease - - - - + - - - - 
Keywords: + = moderate Growth, ++=heavy growth, -=no growth. 

Sample 

 

Latitude Longitude Depth 

(m) 

pH Temp 

(
0
C) 

Salinity 

(ppt) 

Conductivity 

(ms) 

D.O. 

(mg/l) 

Isolates 

 
1 
 

 
18o50’9.0”N 

 
72 o50’0.0”E 

 

 
13.5 
 

 
8.48 
 

 
30.1 
 

 
71.73 

 

 
978.4 

 

 
4.14 
 

MBRI 3 
MBRI 4 
MBRI 5 

 
2 
 

 
15o33.01”6”N 

 

 
73o56.58’0”E 

 

 
9.5 
 

 
7.62 
 

 
31.8 
 

 
27.05 

 

 
412.4 

 

 
4.72 
 

 
3 

 
15o33.01”6”N 

 

 
73o56.58’0”E 

 

 
14 
 

 
7.75 
 

 
31.5 
 

 
37.64 

 

 
557.6 

 

 
5.32 
 

 
MBRI  6 
MBRI 7 

 
MBRI 8 
MBRI 11 

 
4 
 

 
18o48”52”N 

 

 
72 o 46’30”E 

 

 
13 
 

 
8.02 
 

 
30.4 
 

 
71.61 

 

 
974.7 

 

 
974.7 

 
MBRI 9 
MBRI 10 

 



 1369 

Fulzele, R. et al.               Protease produced by marine bacterial 
 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 4 8 12 16 20 24 28 32 36 40 44 48

Time (h)

O
p
ti
c
a
l 
D
e
n
s
it
y

-10

0

10

20

30

40

50

60

%
 R
e
s
id
u
a
l 
A
c
ti
v
it
y

 

Figure 1. Growth curve of an isolate MBRI 7 (present work). The cells were inoculated in skim milk broth, incubated at 30 0C, 

120 rpm and growth was determined by measuring absorbance at 660 nm. Protease activity was estimated at different time 

intervals and maximum activity was observed after 16 h (♦ optical density, ■ % residual activity). 

 

 

Our results of temperature and pH optimization showed 

that the enzyme had maximum activity at 40 0C and at pH 7.0 

(Fig. 2a and 2b) indicating that it was a neutral protease. Strain 

R2 of Marinobacter sp. produced protease optimally at 20 0C, 

pH 9.0 to 10.0 (36). 

 Effect of varying temperature and pH on enzyme stability 

of protease was determined. Figure 3a depicts kinetics of 

thermal inactivation of crude enzyme. D values of the enzyme 

at different temperatures were determined and used to calculate 

z value. D values were in the range of 342 minutes to 78 

minutes for temperatures ranging from 40 0C to 80 0C. Based 

on D values for the crude enzyme at different temperatures, z 

value was determined graphically and it was found to be 56 0C 

(Fig. 3b). The enzyme retained 100 % activity at 40 0C after 4 

h. It showed 60 % activity at 80 0C after 4 h and more than 70 

% activity was retained at 70 0C after 1 hr. Extracellular 

alkaline proteases have been reported from halophilic and 

alkaline bacteria isolated from saline habitat of costal Gujarat 

in India with optimum pH 9.0 to 9.5 (10). Extracellular 

protease from thermophilic Bacillus sp SMIA 2 was stable for 

2 h at 30 0C while at 40 ºC and 80 ºC, 14 % and 84 % of the 

original activities were lost, respectively (26). Heat stable 

protease from P. fluroescences P26 was found to require 15 hrs 

at 62.8 0C and 9 minutes at 121 0C for complete inactivation 

(23). The neutral protease of Pseudomonas aeruginosa CCRC 

15541 retained 85% activity for 1 hr at 60 0C (19) while the 

acid protease of Penicillium duponti K1014 was stable at 60 0C 

for 1 hr and retained more than 65 % of original activity for 1 
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hr at 70 0C (12). In the light of above, protease produced by 

Marinobacter sp.MBRI 7 (present work) is a novel 

extracellular neutral protease with significant thermostability. 

Besides, the enzyme exhibited 50 % activity at pH 9 after 1 h 

indicating reasonable stability at alkaline pH.  

Increased awareness of the use of biocatalytic capabilities 

of the enzymes and microorganisms has made possible the 

development of biologically based processes and products (9). 

Interest in thermostable enzymes has grown, mainly due to the 

fact that most of the existing industrial enzyme processes are 

run at high temperatures using enzymes from mesophilic 

sources. There are certain advantages in using thermostable 

enzymes in industrial processes such as high reaction rate, 

longer half life, lesser risk of contamination, and decrease in 

viscosity allowing higher concentration of less soluble 

materials (7). The main application for thermostable enzymes 

has predominantly been food processing and in detergents 

industries (38). The results of the present study indicate that the 

neutral protease from MBRI 7, a novel thermostable enzyme 

from mesophilic organism, appears to have considerable 

potential for industrial applications. Advances in the field of 

genetic and enzyme engineering coupled with the novel 

properties of this enzyme from halotolerant microorganism will 

make it possible to move the desired gene coding for this novel 

enzyme from prokaryote to eukaryote and to amplify its 

expression. 
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Figure 2. a) Effect of temperature on protease activity. The assay was carried out using crude culture supernatant at different 

temperatures ranging from 30 to 70 0C. b) Effect of pH on protease activity. The assay was carried out using crude culture 

supernatant at different pH  in the range of 5.0-10.0. 

 

 

 

A)  
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Figure 3. a) Kinetics of thermal inactivation of crude enzyme. Culture supernatant was exposed to different temperatures ranging 

from 30-80 0C. Enzyme activity was measured at time intervals of 30 minutes, 1 h, 2 h, and 4 h. b) Stability of crude enzyme at 

various pH. Culture supernatant was exposed to various pH ranging from 5.0-9.0. Enzyme activity was measured at time intervals 

of 30 minutes and 60 minutes.(100 % activity corresponds to 52 U mL-1) (▓ - 0 minutes,  - 30 minutes, ░ - 60 minutes).  
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