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Abstract: Halophiles are microorganisms that inhabit saline and hypersaline environments, requir-
ing salinity to survive in such extreme conditions. These microorganisms are mainly researched for 
their biotechnological potential. The study aims to investigate the phenology of the studied strain, 
Idiomarina loihiensis, and to demonstrate its extracellular proteolytic activity as well as the produc-
tion of a protease by batch fermentation in halophilic microorganisms. Macroscopic studies revealed 
small colonies (≤5 mm) with a convex spherical structure, regular outline, smooth surface and color 
ranging from beige to opaque cream. Protease production was investigated in high salinity condi-
tions by a moderately halophilic bacterium using basal media with varying nitrogen sources. The 
study found that the highest proteolytic activity occurred in media with tryptone and casein pep-
tone as nitrogen sources at pH 10, temperature 70 °C, and 22.5% salt concentration. The results also 
demonstrated that the protease was a thermostable enzyme. 
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1. Introduction 
Extremophile microorganisms dwelling in harsh environmental habitats have 

evolved unique properties; which can be of biotechnological and commercial significance. 
These non-conventional microorganisms living in such extremely hostile environmental 
habitats possess special adaptation strategies that make them interesting [1]. And have 
developed the capacity to produce extremophile enzymes such as proteases with biotech-
nological potential [2]. 

Besides being intrinsically stable and active at high salt concentrations, halophilic 
enzymes offer important opportunities in biotechnological applications, such as food pro-
cessing, environmental bioremediation and biosynthetic process [3]. 

It is important to highlight that the use of enzymes from halophiles in industrial ap-
plications are not limited to their stability at high salt concentrations, since these extrem-
ozymes usually are also tolerant to high temperatures and they are stable in presence of 
organic solvents [2,3]. 

Halophilic microbes isolated from different saline soils have been found to produce 
proteases with potential industrial biotechnological value [4]. They are most significant 
as their properties can be easily modified through genetic manipulations to suit their var-
ious applications [5]. 

The industrial demand of proteases with special properties continues to stimulating 
the search for new enzymes. The genus Bacillus is the main producer of industrial alkaline 
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proteases, however other genus such as Pseudomonas and Streptomyces isolated from vari-
ous environments have been reported as producers of alkaline and thermostable proteases 
with industrial importance. Likewise, Idiomarina could represent an important source of 
novel proteases with commercial applications [2]. 

The aim of this study was the characterisation of the phenology and the demonstra-
tion of the extracellular proteolytic activity of the studied strain Idiomarina loihiensis and 
the production of a protease by batch fermentation in halophilic microorganisms. 

2. Material and Methods 
2.1. Samples and Strain Isolation and Identification 

A moderately halophilic bacterium was isolated from an evaporation table in Sebkhet 
Ez-Zemoul (Ain M’lila, eastern Algeria  35.874076, 6.544489) and its proteolytic poten-
tial was confirmed on agar with 1% casein/gelatin added (MGM solid medium-0.3% pep-
tone and 0.1% yeast extract with 12.5% salt) and by an enzymatic test on liquid medium 
in the presence of azocasein [6]. Molecular identification was carried out using the 16S 
rRNA gene [7]. 

2.2. Morphology and Physiology 
The strain was examined for morphology using cells from exponentially growing 

cultures. The aspect of the colonies was examined. Cell morphology and Gram staining 
were observed. Proteolytic activity was tested on MGM (modified growth medium) solid 
media (0.3% peptone and 0.1% yeast extract) supplemented with 1% (w/v) casein [8] or 1% 
(w/v) gelatin [9]; positive results were detected after 5 days at 37 °C by the presence of a 
precipitate around the colonies for casein and/or a translucent halo (after addition of Fra-
zier’s reagent) for gelatin. Growth rates were estimated on solid MGM medium at differ-
ent salt concentrations (0–27%), pH (5–10) incubated at 37 °C and temperatures (12–55 °C) 
under aerobic conditions for 24–72 h. 

2.3. Inoculum Preparation and Halophilic Proteases Production 
The inoculum is prepared from a 24-h culture on Petri dishes, inoculated into tubes 

containing 5 mL MGM medium with 10% salt and incubated at 37 °C for 48 h. Enzyme 
extract was prepared by inoculating 10% v/v of bacterial suspension into 250 mL flasks 
containing 45 mL production medium (MGM 0.05% peptone and 0.01% yeast extract) sup-
plemented with different nitrogen sources: glycine, peptone, gelatin, casein, casein-pep-
tone, tryptone, cream, gelatin- tryptone. The pH, salt concentration and temperature are 
adjusted according to the optimal growth conditions for the culture [10]; 

The media are incubated in a shaking bath at 37 °C for 06 days. The cultures are then 
centrifuged (4000× g for 10 min) and the supernatant is cooled to 0 °C. To compare prote-
olytic activity on the different nitrogen sources, a two-factor analysis of variance was per-
formed using Minitab 18 Statistical Software. 

2.4. Enzymatique Assay 
Enzymatic assay was performed using two methods to confirm proteolytic activity 

at 0% and 10% of salt. A positive control with proteinase K and a blank assay (addition of 
TCA prior to reaction) were performed each time. 

2.4.1. Method 1 
Proteolytic activity was determined by the method of Tsuchida et al. (1986). The re-

action mixture contained 1 mL of 2% casein (prepared in phosphate buffer at pH 7) and 1 
mL of the enzyme extract. The mixture was incubated in a water bath for 30 min at 40 °C 
(standard conditions). The enzymatic reaction was stopped by the addition of 2 mL of 0.4 
M TCA and centrifuged at 4000× g for 10 min. Then 1 mL of the supernatant was trans-
ferred to another tube to which 5 mL of 0.4 M Na2CO3 and 1 mL of 10% v/v Folin’s calcium 
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reagent were added. The reaction was incubated for 20 min at 40 °C in the dark. The ab-
sorbance was measured at a wavelength of 750 nm. One unit of proteolytic activity is de-
fined as the amount of enzyme capable of releasing 1 µg of tyrosine per ml/min [11]. 

2.4.2. Method 2 
Halophilic protease activity was determined acording to the method of Brock et al. 

1982 modified by Chuprom et al. 2016, using azocasein (sulfanilamide azocasein) as sub-
strate. 1 mL of a reaction mixture consisting of 1/1 crude enzyme (cell-free supernatant) 
and 0.8% (w/v) azocasein (in 0.1 M Tris-HCl buffer (pH 8.0) at 10% (w/v) salinity) was 
incubated at 40 °C for 2 h in a Marie bath. The reaction was stopped by adding 1 mL of 
10% (w/v) TCA solution and the mixture was allowed to stand for 30 min at room temper-
ature. After centrifugation at 4000× g for 10 min, 600 µL of the supernatant was transferred 
to a microcentrifuge tube and 700 µL of 1.0 N NaOH was added. Absorbance was meas-
ured at 440 nm using a UV-vis spectrophotometer (one unit (U) of halophilic protease 
activity was defined as the amount of enzymatic activity that produced a 0.01 change in 
absorbance at 440 nm in 2 h at 40 C under standard assay conditions). Halophilic protease 
activity was calculated using the following equation: 

Halophilic protease activity (U/µL) = (஺ି஻)∗௏௧
௏௘∗଴.଴ଵ

 

where A and B are the optical densities of the crude enzyme and the control, respectively, 
Vt is the total reaction volume and Ve is the volume of crude enzyme [10]. 

2.5. Partial Physico-Chemical Characterisation of the Enzyme Extract 
In order to determine the parameters required for optimum proteolytic activity, the 

enzymatic reaction is carried out in different buffer solutions from pH 4 to 12, at different 
temperatures (30, 40, 50, 60, 70, 80 and 90 °C) for 30 min, in the presence of 0–30% salts 
and, finally, to study thermostability, the reaction mixture is heated to 70 °C for 4 periods 
(30, 60, 90 and 120 min) and the residual activity is compared with the optimum activity. 
Proteolytic activity was determined in duplicate by the Tsuchida method [12]. 

3. Results and Discussion 
A moderately halophilic bacterium strain producing a halophilic extracellular prote-

ase was isolated from a hypersaline environment. The bacteria hydrolyzed casein and gel-
atin, demonstrating their proteolytic potential. The halophilic strain was identified as Idi-
omarina loihiensis. 

3.1. Strain Isolation and Identification 
The strain studied showed small colonies (≤5 mm) of domed spherical shape, regular 

outline, smooth surface, beige to opaque cream in colour. Gram staining using the tech-
nique of (Dussault, 1955) [13] showed that the strain was Gram-negative small rods with 
cells arranged in chains, pairs or dispersed, as is the case with most isolates of moderately 
halophilic, halotolerant and halophilic bacteria isolated from different saline habitats [14–
16]. The halophilic bacterium was identified as Idiomarina loihiensis by molecular charac-
terization. 

3.2. Nitrogene Source 
Different nitrogen sources affecting the production of halophilic protease by the iso-

late give differences in activity depending on the dosing method and the salinity of the 
medium, as shown in Figure 1. In the absence of salt, the most cost-effective nitrogen 
sources are peptone for the asocasein method and casein peptone for the Tsuchida 
method, yielding higher activity as positive control. However, in the presence of 10% (w/v) 
salt, the best nitrogen source for both methods is tryptone, which results in greater 
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proteolysis compared to proteinase K (control). Analysis of variance confirms that tryp-
tone is the best carbon source. 

  
(a) (b) 

Figure 1. Proteolytic activity of the enzymatic curd from Idiomarina loihiensis against various nitro-
gen sources. (a) at 0% salt and (b) at 10% salt concentration. 

3.3. Partial Physico-Chemical Characterization 
A characteristic curve of the pH effect on enzymatic activity is shown in Figure 2a. 

Maximum activity is observed at pH 10, before and after this value, it decreases until 
reaching a minimum at pH 7, leading to the conclusion that our extract contains alkaline 
proteases. Similar results were obtained with proteases produced by the moderate halo-
philic bacterium Halobacillus karajensis, whose optimum pH is 9 [17], other proteolytic en-
zymes of Bacillus luteus H11 have a pH optimum at 10.5 [18]. Other similar results are 
obtained with proteases produced by Thermoactinomyces sp. HS682, whose optimum pH 
is 11 [19]. 

  
(a) (b) 

Figure 2. Physiological effects oh pH (a) and salinity (b) on the proteolytic activity of enzyme 
curd. 

Figure 2b shows a characteristic curve of the effect of salts on enzymatic activity. In-
deed, the maximum activity is observed at 22.5% salt with a maximum activity of 2.55 
U/mL/min. Similar results were obtained for the halophilic bacteria Halobacillus sp. SR5-3, 
which showed optimum activity at 20% salt. The activity of the enzyme was increased 
approximately 2.5-fold by the addition of 20 to 35% salt, and the enzyme was strongly 
stabilised by the salt. 

For the temperature effect, it can be seen that the proteolytic activity increases at a 
temperature of 70 °C, but decreases sharply above this temperature (Figure 3a). We can 
therefore conclude that the optimum temperature at which the enzyme extract shows 
maximum proteolytic activity is 70 °C. Results similar to ours have been obtained for the 
strain Chromohalobacter sp. TVSP101, which shows a protease with maximum activity at 
75 °C [20]. The strain Thermoactinomyces sp. HS682 studied by Tsuchida et al. (1992) has 
an active protease at 70 °C. 
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(a) (b) 

Figure 3. Temperature effect (a) on proteolytic activity and thermal stability (b) of the enzyme curd. 

Thermostability of the enzyme extract at the optimum temperature showed maxi-
mum activity at 30 min as shown in Figure 3b, a 33% loss of activity at 60 min, which 
remained stable until 90 min and increased to 86% after 120 min. The results obtained 
reveal that the protease from Idiomarina loihiensis strain is a thermostable enzyme. There 
are thermostable bacterial enzymes such as thermolysin, a protease produced by Bacillus 
thermoproteolyticus, which retains half of its activity after one hour at 80 °C [21]. 

Table 1. Variance analysis (Turkey test). Tukey’s method and 95% confidence level for grouping 
information. 

Midium N Average Group 
Tryptone 8 0.825750 A *  

Cesein peptone 8 0.797250 A  

Gelatine + Tryptone  8 0.759250 A  

Skim. milk 8 0.755625 A  

Peptone 8 0.589125 A B * 
Gelatine 8 0.379750  B 
Caseine 8 0.353375  B 
Glycine 8 0.335375  B 
* Groups. Averages with no common letters are significantly different. 

4. Conclusions 
The moderately halophilic strain Idiomarina loihiensis secretes a proteolytic enzyme 

extract with maximum activity at salinity 22.5%, pH 10 and temperature 70 °C, maintain-
ing more than 80% of the proteolytic activity after 120 min at this temperature. 

This shows that we are dealing with a halophilic, alkaliphilic and thermostable pro-
tease capable of maintaining a good hydrolytic activity under extreme conditions, which 
makes it very interesting from a biotechnological point of view. 
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