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INTRODUCTION   

Proteases are an important class of enzymes, also 

known as peptidyl–peptide hydrolyses (EC 3.4), which have 

particular significance in physiological and cellular processes 
in microorganisms [1]. Nearly 75% of the industrial enzyme 

market consists of hydrolytic enzymes such as proteases, 

amylases, and lipases [2]. Proteases are grouped into two 

categories: exo-proteases and endo-proteases. Exo-proteases 

act at the ends of the polypeptide chain, whereas endo-proteases 

act on the internal bonds of the polypeptide chain [3]. Proteases 

are generally obtained from microorganisms, plants, and even 

animals. However, microorganisms from different habitats 

are the most widely and abundantly used protease sources. 

Microbial sources proliferate in specific environments and 
can be genetically altered for the production of novel enzymes 

[4]. Recently, proteases from halophilic microorganisms have 

gained significant importance due to their stability at high 
salt concentrations, temperatures, and pH conditions. These 

enzymes resist denaturation and demonstrate catalytic ability 

in aqueous and nonaqueous conditions [5]. Extremophiles that 

occur in extreme ecosystems can remain active in extreme 

physicochemical conditions and are considered to be significant 
and reliable sources of many extremozymes [6]. 

A conventional one factor at a time (OFAT) method of 

process optimization by changing OFAT while keeping others 

at a constant level is routinely used for the optimization of 

media and process variables to achieve optimum cell density 

and a higher amount of product formation. However, this 

approach is laborious, time-consuming, costly, and unable to 

detect interactions and optimal conditions in a multivariable 

bioprocess system [7]. Also, there is indeed no single universal 
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ABSTRACT

Proteases are the type of hydrolytic enzymes which have potential biotechnological applications. We report the 

isolation, optimized production, purification, and cell culture applications for halo-tolerant protease from Salinicola 

tamaricis BGN2, isolated from the marine environment on the West coast of India. Media optimization for protease 

production was done using a central composite design by response surface methodology. The initial screening and 

Plackett–Burman design revealed that glucose, fish glue, soybean flour, CaCl
2, 

and
 
NaCl were significant factors for 

protease production. A fivefold increase (55.2 U/ml) in protease production was observed with an optimized medium 
comprised of glucose (0.5%), fish glue (0.75%), and NaCl (10%) after 96 hours of incubation. Acetone precipitation 
and gel-filtration chromatography followed by   sodium dodecyl sulfate–polyacrylamide gel electrophoresis and 

zymography analysis showed a 43 KDa molecular weight for the purified protease. Application studies demonstrated 
significant trypsin-like activity of protease in sub-culturing MCF7 cell-line in both time and dose-dependent 
manner. Effective time and quantity of protease for cell dislodging activity were found to be one minute and 200 

µl, respectively. It is a rare report demonstrating the trypsin-like activity of proteases for cell culture applications.
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of enzymes increase their precise activities, improving their 

properties for various applications [16]. Precipitation and 

chromatographic methods are important procedures for enzyme 

purification [17]. 

A unique application of protease is its usage in 

mammalian cell culture [18]

time reported the use of trypsin for cell removal from blood 

clots. This method recommended using proteases for preparing 

isolated cells for primary cell culture. Since then, trypsin has 

continued a famous agent for dissociating cells from tissues 

and dislodging cells from monolayer cell lines for routine 

passaging. Trypsin has limitations in working with broad pH 

ranges; in this regard, enzymes such as collagenase, pronase, 

dispase, and TrypLETM (a recombinant fungal trypsin-like 

protease) are the enzymes from microbial sources that are used 

as alternatives to trypsin [20]. In this study, we reported the 

optimization of media components using the halophilic isolate 

Salinicola tamaricis BGN2 by PB design and RSM. Here, fish 
glue and soybean flour were used as economical sources of 
nutrients. The enzyme was subjected to purification by acetone 
precipitation and gel-filtration chromatographic methods. 
Furthermore, the purified protease was used in cell culture 
application, one of the less reported applications for protease 

from halophilic microorganisms. 

MATERIALS AND METHODS

Isolation and molecular characterization of S. tamaricis BGN2 

by 16S rDNA sequencing and phylogenetic analysis

Sea sediment and water samples were composed from 

the seashore of Honnavar and Kumata towns of Uttara Kannada 

District of Karnataka State, India. Different bacterial isolates 

were obtained from seawater and sediment samples. 10 ml of 

water sample/10 g of sediment samples were mixed with 90 ml 

of saline solution separately. The sample was serially diluted 

from a 10−1 to 10−7 ratio with normal saline, and 0.1 ml of 

each diluted sample was inoculated on modified Horikoshi–I 
alkaline medium containing (% w/v): Glucose 1%; peptone 

0.5%; casein 0.75%; yeast extract 0.2%; KH
2
PO

4
 0.3%; Na

2
CO

3
 

0.5%; and NaCl 5.0%. The plates were incubated at 37°C for 

72 hours. Pure cultures of the isolates were grown at 37°C 

for 72 hours onto the skim milk agar containing (%w/v) skim 

milk 2%; NaCl 5%; glucose 1%; yeast extract 0.5%; and agar 

1.8% for the screening of proteolytic activity. The clear zone 

of casein hydrolysis around the colony confirmed the protease 
production. The isolates BGN1, BGN2, BGN3 (halophiles), 

and BGN4 (halotolerant) showed a zone of hydrolysis on the 

skim milk agar plate indicating protease production. 

Organism able to produce higher enzyme was selected 

and identified based on morphological, and biochemical 
characteristics and 16S rRNA gene sequence [21]. Genomic 

DNA from the bacterial strain was isolated and purified 
using a spin column kit (HiMedia, India). Forward primer: 

16F 27 (5′-AGAGTTTGATCCTGGCTCAG-3′), and reverse 
primer: 16R 1525 (5′-AAGGAGGTGATCCAGCCGCA-3′) 
were used for gene amplification. The amplification process 
was performed using polymerase chain reaction (PCR) in a 

reaction volume of 50 μl. The PCR reaction mixture contains 

medium for alkaline protease production because each 

microbial strain has its own optimum growth and production 

conditions for maximum enzyme production [8]. Due to all 

these limitations, statistical experimental designs have been 

recognized as ideal ways for bioprocess optimization studies 

[9]. 

Optimization studies for media components help 

increase product yield [10]. Statistical optimization is rapid 

and reliable in finalizing different concentrations leading to 
a lesser number of total experiments compared to traditional 

approaches. Plackett–Burman (PB) design (PBD) is a factorial 

design used to screen the factors initially. This design is a 

preliminary study whose primary objective is to find the 
significant factors/parameters for further optimization. 
This two-level fractional factorial design uses (n + 1) test 

blends to estimate the main effects of “n” factors provided 

the interaction effects are negligible [11]. Response surface 

methodology (RSM) is a statistical approach that models and 

analyses screened parameters using mathematical equations 

based on fit empirical models to the obtained data using 
relevant experimental trials. RSM has eliminated the setbacks 

of the classical method and full fractional design and is widely 

used to optimize response obtained from PB design. One of 

the significant advantages of this design is that the interaction 
effects are also considered during the study. Central composite 

design (CCD) is a second-order statistical tool used to find 
out the yield of significant factors using a small number of 
experimental runs. Studying the interaction between the 

variables and the efficiency with the minimum number of 
runs makes CCD one of the unique and widely used models 

in optimization studies. There are four major stages involved 

in CCD: (1) execution of designed experimental runs; (2) 

accurate prediction of a mathematical model based on the 

data obtained and focus on statistics obtained from variance 

analysis [analysis of variance (ANOVA)]; (3) efficiency of the 
model using diagnostic plots; and (4) estimation of response 

using the mathematical model.  

The biosynthesis of enzymes from microbial sources 

is affected by physicochemical parameters such as source of 

carbon, source of nitrogen, and process parameters [1,12]. 

Industries that process fishery generate huge amounts of 
by-products. Disposing of this waste is challenging as it 

poses many ecological and health problems. However, these 

cheap fish by-products will be excellent nutrient sources for 
cultivating microorganisms. As reported in previous studies, 

fish waste (heads, viscera, chitinous material, and wastewater) 
was used for the production of various microbial enzymes 

such as chitinolytic enzymes, ligninolytic enzymes, lipases, 

and proteases [13]. Diverse value-added products could be 

obtained from this fish waste, including glue. Fish glue is a 
natural by-product obtained by cooking fish skin and then 
performing evaporation [14]. Collagen is the main component 

of fish glue. Fish glue contains approximately 22%–28% 
protein and the least carbohydrate. Soybean flour has a huge 
potential to augment foods to provide satisfactory nutrients 

for individuals not fulfilling their daily needs. Soybean flour 
contains approximately 37%–41% protein content and 26%–

29% carbohydrates [15]. The concentration and purification 

.  Rous and Jones          for the first[19]
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2 × 25 μl GoTaq® Green Master Mix, 1 μl forward primer, 
1 μl reverse primer (10 μM each), 5 μl DNA template (100 
ng), and 18 μl nuclease-free water. The polymerization 
reaction was carried out for 30 cycles with the following 

amplification conditions: Early denaturation at 95°C for 5 
minutes, cycle denaturation at 95°C for 1 minute, annealing 

at 52°C for 1 minute, and DNA synthesis extension at 72°C 

for 1.5 minutes. The final amplification was performed by 
final extension for 10 minutes at 72°C [6]. Purified PCR 
products were then nucleotide sequenced by Sanger’s di-

deoxy method ABI 3500 × l genetic analyzer. Furthermore, 

the ribosomal DNA sequences (.abl files) were filtered 
using CHROMASLITE (version 1.5) and later computed 

with the Basic Local Alignment Search Tool. Ribosomal 

sequences with maximum similarities were obtained from 

the NCBI database, which finds specific regions with local 
similarities between different sequences. Multiple alignment 

sequences and phylogenetic analysis are adopted for 

precise and accurate species identification and evolutionary 
relationships. Ribosomal DNA sequences of the cultures 

were deposited into the NCBI database and the accession 

numbers were obtained. 

Protease production by submerged fermentation 

Protease production was done using the production 

media containing (%w/v) glucose 1; peptone 0.5; casein 0.75; 

yeast extract 0.2; KH
2
PO

4
 0.3; NaCl 5; Na

2
CO

3
 0.5; and pH 

9.2–9.4 while shaking at 120 rpm. Old cultures were grown 

in a 250 ml flask containing 100 ml modified halo bacterium 
medium. The cultures were grown at 37°C on a rotary shaker at 

120 rpm for 24 hours, which were used as inoculum for protease 

production. 2% of the inoculum was taken and inoculated from 

the grown cultures into a fresh 100 ml production medium. The 

flasks were incubated for 96 hours at 37°C in a rotary shaker 
at 120 rpm. At the end of incubation, the culture medium was 

centrifuged at 8,000 rpm for 10 minutes, and the supernatant 

obtained was further used as the crude enzyme [6].

Determination of protease activity

Protease enzyme activity was evaluated using casein 

as a substrate. A 0.5 ml aliquot of the culture supernatant (crude 

enzyme) was added with 3 ml of 200 mM glycine-NaOH buffer 

(pH 10) containing 1% (w/v) casein and kept for 10 minutes at 

50°C. The reaction process was stopped by adding 3.2 ml of 

trichloroacetic acid (20% w/v). The mixture was allowed to stand 

at room temperature for 30 minutes to remove the precipitate. 

A blank was prepared similarly, except 0.5 ml of buffer was 

added instead of crude enzyme. The absorbance of the sample 

was measured at 280 nm using a UV-Vis spectrophotometer. A 

tyrosine standard curve was plotted using 0–100 μg/ml tyrosine 
standards. One unit of protease activity was defined as the total 
enzyme required to liberate 1 μg of tyrosine per minute under 
standard conditions [22].

   

Enzyme activity  

(U/ml)                 
=

(µM of product produced)
× Dilution factor

(Volume of enzyme)  

(Time of incubation)   

   (1)

Profiling studies for growth and protease production

Effect of incubation period on growth and protease production

To assess the optimum bacterial growth and protease 

production kinetics by S. tamaricis BGN2, the culture was 

inoculated and grown in defined production media for 24, 48, 
72, 96, 120, 144, and 168 hours at pH 10 and 35°C at 120 rpm. 

After each incubation interval, the samples were centrifuged at 

8,000 rpm at 4°C in a centrifuge. The cell pellets obtained were 

further washed using Tris buffer (pH 8) and suspended again in 

1 ml of buffer. The growth of the bacterial culture was measured 

by taking absorbance of the sample at 660 nm. Furthermore, 

the supernatant was subjected to filtration (0.45 μm membrane 
filter) and the protease activity was calculated as described 
above. Experiments were performed in triplicate, and the mean 

results were used to calculate the growth and enzyme activity 

[6]. 

Effect of NaCl on growth and protease production

To determine the optimum concentration of NaCl for 

optimum growth and protease production by S. tamaricis BGN2 

was grown in a protease production medium added with varied 

concentrations of NaCl (1–25%). The temperature and pH of 

the culture medium were adjusted to 35°C and 10.0 with 1 N 

NaOH and incubated for 96 hours in an orbital shaker at 120 

rpm. Three sets of experiments were performed and the mean of 

results was used to calculate the effect of the optimal percentage 

of NaCl on growth and protease production [23].

Experimental design and statistical optimization for protease 

production

One factor at a time 

 Initial experiments were conducted in line with the 

previous literature, such as the OFAT approach to identify the 

range of significant factors on growth such as pH, temperature, 
incubation period, and sodium chloride on growth and enzyme 

production. Appropriate carbon and nitrogen sources for 

enzyme production were also screened. For this, a production 

medium consists of (%w/v) glucose 1; peptone 0.5; casein 0.75; 

yeast extract 0.2; KH
2
PO

4
 0.3; NaCl 5; Na

2
CO

3
 0.5; and pH 

9.2–9.4, while shaking at 120 rpm was supplemented with 1% 

(w/v) fructose, sucrose, maltose, lactose, xylose, galactose, 

and starch, as a sole source of carbon and (0.5%, w/v) organic 

nitrogen sources included tryptone, yeast extract, skim milk 

powder, and gelatin; while inorganic nitrogen sources used were 

sodium nitrate, ammonium nitrate, and urea as sole nitrogen 

source. Growth of the organism was measured and enzyme 

activity was calculated after 96 hours of incubation at 45°C in 

an orbital shaker with 120 rpm. Experiments were performed in 

triplicate, and the mean results were used to calculate the effect 

of different carbon and nitrogen sources on growth and enzyme 

production [6]. 

The study used two carbon sources: glucose and starch, 

two nitrogen sources: fish glue and soybean flour, and two 
substrates: casein and skim milk, along with NaCl and CaCl

2
. 

Table 1 represents the coded high levels and low levels taken 

into consideration depending on the production media used 
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earlier. Protease production can also be influenced by different 
agro-based waste materials such as wheat bran and green gram 

husk [24]. The by-products of the fish are extensively utilized 
for microbial growth media. The protein hydrolysates attained 

by acid or alkali treatment of defatted by-products are a nitrogen 

source for further enzyme production [13]. 

Furthermore, to appraise the optimum conditions for 

enhanced bacterial growth and protease production, a software-

aided (MATLAB 20.0) statistical tool was used. The PBD 

was engaged to primarily screen variables. The screened and 

potentially significant variables were further optimized by RSM 
using CCD to determine the optimum values of individual 

variables.

Screening of significant variables by PBD

The PBD is an operative and reliable approach to 

identifying significant factors required to improve protease 
production. It evaluates the variables at two levels −1 for low 
level and +1 for high level. The first stage was PB design 
based on screening different media variables. The second 

stage was CCD to optimize the essential factors that impact 

enzyme production. The first stage in the optimization process 
is PB design, which is based on screening different variables. 

The second stage is CCD to optimize the essential variables 

impacting protease production. The PB method is a reliable 

approach to selecting the parameters that influence protease 
production. The assessments of the variables at high and low 

levels are given in Table 2 [25,26]. 

In the existing study, a fractional factorial design was 

used to define whether eight variables, namely glucose, starch, 
fish glue, soybean flour, casein, skim milk, NaCl, and CaCl

2
, 

have any significant linear effect on extracellular protease 
production. Based on a two-level full factorial design, each 

variable is examined at two levels (−1 and +1). 
This approach tested the level (low and high) of eight 

factors, viz. glucose (0.5, 1.5%); starch (0.5, 1.5%); fish glue 
(0.25, 0.75%); soybean flour (0.25, 0.75%); casein (0.5, 1.0%); 
skim milk (0.5, 1.0%); NaCl (0.0, 10.0%); and CaCl

2
 (0.11, 

0.20%). Table 3 shows twelve experimental set-ups to evaluate 

responses (growth and protease activity). The two responses 

were analyzed for regression equalities [27]. A polynomial 

equation was used to represent the linear correlation shown by 

these independent variables: 

Y = βo+Σβi Xi  (2)

where Y is the response (enzyme activity), β
o
 is the 

model intercept, and β
i
 is the linear coefficient for the variable 

X
i
. 

Optimization of significant variables by RSM using CCD

Based on the responses observed in the PBD 

experiment for protease production, the influencing variables 
were selected and included in CCD analysis (glucose, fish glue, 
NaCl, soybean flour, and CaCl

2
). Sixteen experiments were 

designed using the MINITAB, version 21, and all variable’s 

central values were coded as zero. The minimum and maximum 

ranges of the variables and the detailed experimental design 

layout concerning their values in the actual and coded form are 

presented in Table 5. The three variables, glucose (0.5%–1.5%), 

fish glue (0.25%–0.75%), and NaCl (0%–10%), exhibited their 
significant effects on protease production and were subjected to 
a 2n factorial CCD for optimizing the individual and interaction 

effects of the selected variables. The results obtained from 

Table 2. PBD matrix used for screening of medium ingredients with coded values for protease activity.

Runs Glucose Starch Fish glue Soybean flour Casein Skim milk NaCl CaCl
2

Protease activity (U/ml)

1 1.5 0.5 0.75 0.25 0.5 0.5 10 0.11 11.63

2 1.5 1.5 0.25 0.75 0.5 0.5 0 0.11 8.49

3 0.5 1.5 0.75 0.25 1 0.5 0 0.02 5.76

4 1.5 0.5 0.75 0.75 0.5 1 0 0.02 8.41

5 1.5 1.5 0.25 0.75 1 0.5 10 0.02 6.58

6 1.5 1.5 0.75 0.25 1 1 0 0.11 6.53

7 0.5 1.5 0.75 0.75 0.5 1 10 0.02 7.37

8 0.5 0.5 0.75 0.75 1 0.5 10 0.11 8.52

9 0.5 0.5 0.25 0.75 1 1 0 0.11 5.46

10 1.5 0.5 0.25 0.25 1 1 10 0.02 6.05

11 0.5 1.5 0.25 0.25 0.5 1 10 0.11 4.97

12 0.5 0.5 0.25 0.25 0.5 0.5 0 0.02 3.75

Table 1. Medium ingredients used for PBD.

Variables Components High level (+) Low level (−)

A Glucose 1.5 0.5

B Starch 1.5 0.5

C Fish glue 0.75 0.25

D Soybean flour 0.75 0.25

E Casein 1.0 0.5

F Skim milk 1.0 0.5

G NaCl 10.0 0.0

H CaCl
2

0.11 0.02



 Tennalli et al. / Journal of Applied Pharmaceutical Science 14 (03); 2024: 119-135 123

(Sigma, USA) and diethylaminoethyl cellulose (DEAE-

cellulose) (Hi-Media, Mumbai, India) as reported earlier [29]. 

All purification steps were performed at 4°C. 

Purification by ion exchange and gel filtration chromatography

Next, the partially purified enzyme was subjected to 
further purification by DEAE-cellulose column chromatography 
with a column height of 15 cm and a diameter of 2.5 cm. 

The column was eluted with the salt solutions of a different 

concentration gradient of 0.1–1.0 M NaCl, and the purified 
protein fractions of 5 ml were collected at the flow rate of 0.5 
ml per minute. All fractions were monitored for protein content 

by calculating absorbance at 280 nm [30]. The total protein 

content was calculated by the Lowry method with bovine serum 

albumin  as the reference material [31]. 

RSM studies were analyzed for variance (ANOVA) and were 

fitted with the response surface regression method using the 
following second-order polynomial equation:

Y = βo+ Σβi Xi+ Σβij XiXj+Σβii Xi²   (3)

where Y is the predicted response, β
o
 is the offset term, 

β
i
 is the linear offset, β

ii
 is the squared offset, β

ij
 is the interaction 

effect, and X
i
 is variable [28]. The statistical analysis of the 

results was done using Minitab 21. 

Protease production yield was documented as a 

response. The response data were processed and analyzed by 

the Minitab software, and the 2-D and 3-D response contour 

plots were generated to estimate the interaction among 

significant variables. The legitimacy of the chosen quadratic 
model predicted by the Minitab tool was established with 

experimentation.

Purification of protease

Partial purification by ammonium sulfate and acetone precipitation 

Salinicola tamaricis BGN2 was grown in the optimized 

medium; the cell (fermented) broth was centrifuged (6,000 

rpm, 15 minutes, 4°C). The cell-free culture supernatant was 

sequentially precipitated with an increasing ammonium sulfate 

concentration. Solid ammonium sulfate was added to cell-free 

500 ml of the fermented broth (70% saturation) with acetone 

(70%). The sample was subjected to a centrifugation process and 

precipitation was collected. The concentrated protein precipitate 

was collected by centrifugation at 10,000 rpm for 15 minutes at 

4°C. Later, the protein precipitate was dissolved in 5 ml glycine-

NaOH buffer (pH 10.0) and dialyzed for 12–14 hours using 

glycine-NaOH buffer (pH 10.0). The dialyzed protein samples 

were further fractionated and purified by using Sephadex-G-75 

Table 3. Statistical analysis of medium ingredients for protease 

production by PBD.

Term Effect Coef SE Coef t-value p-value

Constant 0.06960 0.00309 22.54 0.000

Glucose 0.01977 0.00988 0.00309 3.20 0.049

Starch −0.00687 −0.00343 0.00309 −1.11 0.347

Fish glue 0.02153 0.01077 0.00309 3.49 0.040

Soybean flour 0.01023 0.00512 0.00309 1.66 0.196

Casein −0.00953 −0.00477 0.00309 −1.54 0.220

Skim milk −0.00990 −0.00495 0.00309 −1.60 0.207

NaCl 0.01120 0.00560 0.00309 1.81 0.167

CaCl
2

0.01280 0.00640 0.00309 2.07 0.130

Table 4. Results of model fitting test.

Model parameter Value

R2 0.93

Adjusted R2 0.85

Predicted R2 0.76

p-value for lack of fitness 0.0106

Table 5. Central composite design. 

Run
Glucose 

(A)

Fish-glue 

(B)
NaCl (C)

CaCl
2
 

(D)

Soybean 

flour (E)

EA (Y) 

U/ml 

1 0.5 0.25 0 0.02 0.75 18.25

2 1.5 0.25 0 0.02 0.25 26.72

3 0.5 0.75 0 0.02 0.25 19.56

4 1.5 0.75 0 0.02 0.75 36.5

5 0.5 0.25 10 0.02 0.25 28.61

6 1.5 0.25 10 0.02 0.75 41.32

7 0.5 0.75 10 0.02 0.75 24.33

8 1.5 0.75 10 0.02 0.25 15.3

9 0.5 0.25 0 0.12 0.25 20.6

10 1.5 0.25 0 0.12 0.75 34.3

11 0.5 0.75 0 0.12 0.75 16.4

12 1.5 0.75 0 0.12 0.25 55.22

13 0.5 0.25 10 0.12 0.75 45.48

14 1.5 0.25 10 0.12 0.25 50.18

15 0.5 0.75 10 0.12 0.25 33.6

16 1.5 0.75 10 0.12 0.75 19.35

17 0.5 0.5 5 0.07 0.5 32.51

18 1.5 0.5 5 0.07 0.5 27.59

19 1 0.25 5 0.07 0.5 45.11

20 1 0.75 5 0.07 0.5 35.23

21 1 0.5 0 0.07 0.5 51.07

22 1 0.5 10 0.07 0.5 28.94

23 1 0.5 5 0.02 0.5 33.34

24 1 0.5 5 0.12 0.5 22.91

25 1 0.5 5 0.07 0.25 18.77

26 1 0.5 5 0.07 0.75 41.9

27 1 0.5 5 0.07 0.5 36.74

28 1 0.5 5 0.07 0.5 21.82

29 1 0.5 5 0.07 0.5 51.11

30 1 0.5 5 0.07 0.5 47.92

31 1 0.5 5 0.07 0.5 21.99

32 1 0.5 5 0.07 0.5 29.68
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The gel chromatography matrix (Sephadex G-75) 

was soaked in sterile distilled water for 10–12 hours. The 

swollen gel matrix beads were removed from the gel slurry 

and filled into a glass column (100 × 2.5 cm) and with 
sintered filter was placed at the bottom. Care was taken to 
make the column free from air bubbles while preparing the 

gel pack into the column. The packed gel matrix column was 

saturated and equilibrated with 50 mM Tris-HCl buffer of pH 

10.0. The dialyzed and ion exchange column purified protein 
preparation was loaded onto the Sephadex G-75 column 

and eluted with 50 mM Tris-HCl buffer of pH 10.0 at a flow 
rate of 3.0 ml per 5 minutes. The partially purified enzyme 
from the earlier step was then subjected to gel filtration 
chromatography on a Sephadex G-75 column (100 × 2.5 

cm) equilibrated with 50 mM Tris-HCl buffer of pH 10.0 

containing 0.5% Triton X-100. Sample fractions (5 ml) were 
collected using 50 mM Tris-HCl buffer of pH 10 with a flow 
rate of 12 ml/hour. Furthermore, the fractions were analyzed 

for enzyme (protease) activity. The fraction (11–20) showing 

protease activities were pooled and further analyzed for total 

protein content and enzyme activity. As explained above, the 

eluted samples’ protein concentration and protease activity 

were determined. Active protease fractions were pooled 

together and concentrated by lyophilization for enzyme 

characterization studies [4].

Molecular weight determination by Sodium dodecyl sulfate–

polyacrylamide gel electrophoresis (SDS-PAGE) and Casein 

zymography

The SDS-PAGE (denaturing) was performed (12%) 

to assess the molecular masses of the protease. The protein 

markers have a broad range from 10 to 250 kDa. The purified 
enzyme preparations were mixed in the ratio of 1:5 (v/v) using 

double distilled water containing 10 mM Tris-HCl (pH 8.0), 

2.5% SDS, 5% β-mercaptoethanol, and 0.002% bromophenol 
blue. The temperature of the samples was increased to 100°C 

for 5 minutes and loaded. Following electrophoresis, the gel 

was stained with Coomassie brilliant blue, and the gel image 

was documented [26]. 

For zymography studies toward protease activity, the 

samples obtained from purification by the gel chromatography 
step were loaded onto the polyacrylamide gel without 

denaturation of the protein samples. The gel was removed from 

electrophoresis and put into 0.05 M Tris-HCl buffer (pH 10.0) 

containing 2.5% Triton X-100 for 30 minutes, the preparation 
is constantly stirred for the removal of SDS. The gel extracted 

with Triton X-100 was then incubated with 0.1% (w/v) casein in 
0.05 M Tris-HCl buffer at pH 10.0 for 20 minutes at 50°C. The 

gel was then stained with Coomassie Brilliant Blue R-250. The 

development of clear zones in the blue background of the gel 

indicated the confirmation of protease activity and its molecular 
weight [32].

Application of protease in dissociation of MCF7 monolayer cell 

line 

The MCF7 cancer cell line was used to evaluate the 

dislodging ability of protease enzyme compared to routine 

trypsin as described by earlier studies [25] in cell culture. 

In the present study, the volume of protease enzyme and 

incubation period was considered a parameter, and the same 

analyses were performed by taking trypsin for comparison. 

For experimentation, the cell was maintained on high-glucose 

Dulbecco’s modified Eagle’s medium augmented with 10% 
fetal calf serum (FCS). Experiments were conducted in 6-well 

cell-culture plates with uniform cell density in all wells. After 

24 hours of incubation, cells were observed for the desired 

confluence of ≥80%. Further removing the growth medium, 
cells were washed with 2 ml 1× phosphate-buffered saline 

(PBS).  The PBS was removed, and 1× PBS containing protease 

and parallelly 0.5 ml trypsin ethylenediaminetetraacetic acid 

(EDTA) solution was added and incubated at 37°C in a CO
2
 

chamber. The cells were then added with fresh complete media 

containing FCS and flushed out into clean tubes. Further cell 
suspensions were centrifuged at 2,000 g for 5 minutes and re-

suspended in 2 ml fresh growth medium. Cell counting was done 

using a hemocytometer to assess protease’s dislodging capacity 

compared to trypsin enzyme. Cell detachment was observed 

with a microscope using PBS alone for control experiments. 

RESULTS AND DISCUSSION

Isolation and molecular characterization of S. tamaricis BGN2 

by 16S rRNA gene sequencing and phylogenetic analysis

The spread plate technique was used to obtain 

protease-producing bacteria from the sea sediment and water 

samples using a modified halobacterium medium. The medium 
composition (%w/v): NaCl-5.0 g, MgSO

4
-1.0 g, KCl-0.5 g, 

Tryptone-0.25 g, Yeast extract-1.0 g, and CaCl
2
.2H

2
O-0.02 

g (pH 8.0). After incubation, morphologically distinct pure 

colonies were streaked on skim milk agar plates for screening 

protease production. The screening process resulted in 

isolating protease-producing bacterial isolates showing clear 

zones around their colonies. The isolates reported to produce 

protease were further grown in a production medium and an 

enzyme assay was performed. Among all the isolates BGN2 

strain showing the highest protease enzyme activity (12.4 U/

ml) was chosen for further study. Based on the phenotypic and 

biochemical characterization referring to Bergey’s Manual of 

Systematic Bacteriology, the strain was identified as Salinicola 

sp. [33].

The organism was then characterized by 16S rRNA 

gene analysis for a nucleotide length of 1,487 bp. The 16 rRNA 

gene sequence of the isolated halophilic bacteria exhibited 

(1487/1487) 100% similarity with S. tamaricis strain F01 and 

97% (1449/1487) similarity with other species of Salinicola 

genera such as Salinicola salarius strain M27, Salinicola 

peritrichatus strain DY22, and Salinicola socius strain 

SMB35, and showed closest homology with Salinicola sp. The 

phylogenetic tree (Fig. 1), based on 16S rRNA gene sequences 

homology, showed that strain BGN2 was most closely related 

to S. tamaricis [34]. Similarly, the the16S rRNA gene sequence 

shows ≥72% similarity with many Chromohalobacter spp. and 

Halomonas spp. The rRNA gene sequence was deposited in the 

NCBI GenBank 16S rRNA database with accession number 

OR485958, and the isolate was named S. tamaricis strain BGN2 

as it matches 100% similarity with S. tamaricis strain F01.
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concentrations from 0% to 25%. Salinicola tamaricis BGN2 

grows optimally at 10%–15% of NaCl in the media, and no 

or very little growth was observed in the absence of sodium 

chloride, confirming the halophilic nature of the isolate. 
Between 10% and 15% of NaCl, there is maximum growth 

and protease production (14 U/ml) showing the physiological 

effect of sodium chloride on bacterial growth and enzyme 

production. Earlier studies on the effect of salinity on the 

growth of halotolerant bacteria have shown that a polar lipid 

composition changes at cell membranes, resulting in a decrease 

in growth and enzyme production [35]. Increased growth 

and enzyme production were observed for production media 

containing 0%–5% of NaCl and increased salt concentration 

to 7.5% resulted in both growth and protease production by 

a halotolerant strain Bacillus sp. NPST-AK15 [6]. Similarly, 

Growth kinetics and protease production

Effect of incubation period on growth and protease production 

The protease production by isolates of S. tamaricis 

BGN2 was studied during 168 hours (7 days) of cultivation 

under the optimized medium and physicochemical conditions. 

As shown in Figure 2, after 36 hours of lag phase, the growth 

was exponential till 96 hours followed by the stationary 

phase. At 96 hours, maximum growth and enzyme activity at 

96 hours (11 U/ml) were observed and this was retained till 

120 hours in the stationary phase. After 120 hours, both cell 

biomass and protease activity decreased exponentially. The 

induction protease enzyme production after 72 hours indicates 

the inducing and sole carbon source role for casein at the later 

log phase (Fig. 2). The incubation period is one of the initial 

and significant parameters that influence the enzyme production 
ability significantly in bacteria; it generally varies from 36 to 120 
hours depending upon the bacteria and the role of the enzyme 

in the cell’s metabolism. The protease enzyme secretion pattern 

is similar to haloalkaliphilic Bacillus sp. Po2 and alkaliphilic 

Bacillus sp. B001 [6], where maximal protease production was 

detected at the stationary phase. The protease section by B. 

pumilus MCAS8 was found to be at a late stationary phase (48 

hours) [33]. The production of protease enzymes from the late 

logarithmic phase to the stationary phase indicates the important 

role of extracellular proteolytic enzymes in the metabolism and 

ecological sustainment of organisms.

Effect of NaCl on growth and protease production 

The results are presented in Figure 3 which shows 

the influence of NaCl concentration on bacterial cell growth 
and protease production by S. tamaricis BGN2. Further study 

revealed that organisms can grow over a wide range of NaCl 

Figure 1. Phylogenetic analysis of S. tamaricis BGN2.

Figure 2. Effect of incubation period on growth and protease activity.
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in another report, it was reported that an increase in sodium 

chloride (1%–9% NaCl) has led to increased protease 

production with a higher amount of protease production 

observed between 4% and 5% sodium chloride concentration 

for Bacillus luteus H11 [36]. These results indicate the 

halophilic nature of the protease enzyme where salt seems to 

be a prerequisite for protease production.

Experimental design and statistical optimization for protease 

production

Effect of carbon and nitrogen sources on growth and protease 

production 

The different carbon and nitrogen sources influencing 
the bacterial growth and halophilic protease production from 

S. tamaricis BGN2 were screened through a preliminary 

nonstatistical methodology (OFAT experiments). The OFAT 

strategy was adopted to screen the best carbon/nitrogen source 

among the 08 different carbon and 08 different nitrogen sources. 

1% (w/v) xylose, fructose, maltose, galactose, sucrose, lactose, 

and starch were included in the media in place of glucose 

(modified Horikoshi-1). The results confirmed that all the 
carbon sources were able to support for the protease production. 

Different carbon sources have different effects on growth 

and protease production in different ways (Fig. 4). Glucose 

(13 U/ml) and starch (11 U/ml) were found to be effective in 

significant induction of both growth and enzyme production 
(Fig. 4) whereas, lactose and xylose were reported less effective 

for enzyme production. Glucose at lower concentrations (up 

to 1%) supports the increase in cell biomass and protease 

production in many microbial fermentation processes. At higher 

concentrations (more than 1%) glucose has also been shown 

to repress the protease production and activity by catabolite 

repression mechanism [16]. The protease-inducing effect of 

glucose and starch on protease production was similar to that 

observed for Bacillus sp. AR-009, Bacillus licheniformis ATCC 

21415, and Bacillus cereus strain 146 [37,38]. The observed 

results support the previous studies, where the protease 

production by halotolerant Halomonas sp. PV1 starch was a 

better carbon source [39]. The enhanced growth and enzyme 

activity by both glucose and starch concludes their simpler 

nature and were used initially to increase the biomass and later 

period, casein induced the enhancement of protease activity. 

Nitrogen sources in the production media are essential 

for the growth of halophilic/halotolerant heterotrophic microbes 

[40]. To check the effects of nitrogen sources on enzyme 

production, 0.5% (w/v) yeast extract, gelatin, skim milk powder, 

ammonium nitrate, sodium nitrate, urea, and tryptophan were 

included in the media to replace peptone from the production 

medium (modified Horikoshi-1). The organic nitrogen sources 
positively influenced bacterial growth and protease production 
by S. tamaricis BGN2. Protease production was maximum (13 

U/ml) for skim milk powder, followed by tryptone, yeast extract, 

and gelatin (Fig. 5). In the present study, peptone is a nitrogen 

source during initial biomass production, whereas, in a later 

stage, the casein from skim milk powder acts as both sources 

of carbon and nitrogen, evidenced by the increased protease at 

Figure 5. Effect of nitrogen sources (PEP-Peptone, YEX-Yeast extract, GLT-
Gelatin, SMP-Skim milk powder, ANT-Ammonium nitrate, SNT-Sodium 

nitrate, URE-Urea, and TRP-Tryptone) on protease production. 

Figure 3. Effect of percentage of sodium chloride (NaCl) on growth and 

protease activity.

Figure 4. Effect of carbon sources (GLU-Glucose, GAL-Galactose, FRU-

Fructose, MAL-Maltose, LAC-Lactose, SUC-Sucrose, STR-Starch, and XYL-
Xylose) on protease production. 
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[14,15]. NaCl and CaCl
2
 have been taken based on initial growth 

profiling studies and the positive effect of CaCl
2
 on protease 

production and protease activity [36,41]. All the experimental 

sets were incubated for 96 hours, yielding the highest enzyme. 

Table 1 summarizes the experimental outcomes of PB design in 

terms of response (protease activity). 

The PB designs for 12 trials with 2 concentration levels 

for 8 variables were carried out according to the experimental 

matrix in Table 2. The response was measured in terms of 

protease activity. The main effects of the variables on protease 

96 hours. Protease production was significantly inhibited by 
inorganic nitrogen sources, viz., sodium nitrate and ammonium 

nitrate. The nitrogen sources should be used in optimum 

concentration otherwise an excessive amount of nitrogen 

sources in the media can lead to feedback repression of protease 

production. The nitrogen sources have feedback repression on 

protease production if they have been added in excess or even 

if the free amino acids are supplemented. Compared to organic 

nitrogen sources, the inorganic nitrogen sources have not been 

able to induce protease production as observed in the earlier 

studies [6]. Earlier studies showed that decreased protease 

activity was due to an increased concentration of ammonium ions 

(1%) or inhibition by both sulfate and ammonium ions [38]. The 

induced growth and enzyme activity by both nitrogen sources, 

peptone and skim milk indicates the physiological synergism in 

inducing maximum growth and protease production. 

Screening of media components using PBD

The suitability of any bacterial strain producing 

protease for industrial applications depends on the yield of 

enzyme production. In microbial fermentation, metabolite 

production and growth are influenced by both media ingredients 
and process parameters. In the present study, eight media 

ingredients (glucose, starch, fish glue, soybean flour, casein, 
skim milk powder, NaCl, and CaCl

2
) were selected for primary 

selection by the PBD approach. Among eight media ingredients, 

glucose, starch, skim milk, and casein were taken based on 

OFAT studies, and fish glue and soybean flour were taken as 
an inducer of protease production based on a literature review 

Figure 6. Pareto chart showing the significant media components for protease 

activity.

Figure 7. Residual plots that examine the goodness-of-fit in regression. (A) Normal probability plot for residual value, (B) residual 

plots against fitted values, (C) histogram of residual value, and (D) residual plot against observation order.
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The first-order linear equation for protease production 
can be given as follows:

Y (Response) = 0.0390 + 0.02073 Glucose − 0.00783 
Starch + 0.0450 Fish glue + 0.0224 Soybean Flour − 0.0210 Casein 
− 0.0179 Skim milk + 0.001023 NaCl + 0.1315 CaCl

2
.         (4)

The medium components were screened at a 

confidence level of 95%. Factors having a p-value less than 0.05 

are considered significant. The t-value and p-value are essential 

for determining the factors’ significance. Higher coefficients 
will be obtained at higher t-values and smaller p-values. 

Depending on the p-value, the confidence levels of fish glue 
(0.040) and glucose (0.049) were significant. Components 
such as starch, skim milk, and casein have a negative t-value, 

because of their least preference in comparison to glucose and 

fish glue. Salinicola tamaricis BGN2 is a halophilic bacterium 

requiring NaCl for good growth and enzyme production; hence, 

NaCl was included throughout the study. Furthermore, the other 

components such as soybean flour and CaCl
2
 were also included 

in the interaction studies in CCD in RSM due to their positive 

t-values [4]. 

In the model, if the R value (multiple correlation 

coefficients) is nearer to 1 considered to be a better correlation 
and the R2 value (determination coefficient) indicates the model 
has fitted and justifies the value of 0.99 variability. The high 
R2 value (93%) indicated that the experimental results and 

predicted theoretical values by the model agreed very well 

[42]. The predicted and measured values are given in Table 

4. According to this, the predicted R2 value is 0.76 and the 

adjusted R2 value is 0.85, which also supports the significance 
of the model. The residual plots (Fig. 7) further justify the 

goodness of fit in a regression model. The normality of the 
experimental data can be obtained from the normal probability 

plots of residual. The residual explains the difference between 

the predicted and experimental values of regression. Figure 

7a shows the experimental points are aligned on the standard 

probability plot indicating the data is not skewed anywhere 

and is in compliance with the normality of the data, Figure 7b 

shows a plot of residuals versus fitted values. From the above 
results, it is evident that the residuals are randomly distributed 

near the zero line, indicating lesser bias in the variance. Figure 

7c shows histograms with symmetrical observation supporting 

the normality of the plot. Finally, the residuals are randomly 

distributed for the observed order confirming nonbiased data 
(Fig. 7d). Based on the values of the regression coefficient of 
responses; glucose; fish glue; soybean flour; CaCl

2
; and NaCl; 

further factors were selected for the CCD of the response 

surface method [43]. 

Optimization of screened components using RSM  

The experiments were formulated using the Minitab 

software (Version 20). In the CCD design, the other media 

components having p-value > 0.05 (in PB design) were kept 

at lower concentrations. Table 5 shows the selection of five 
significant media ingredients at three levers (−1, 0, and +1) 
for their interaction studies among the significant variables. 
The CCD design shows a total of 32 experimental trials. A 

production were calculated and drawn as a Pareto chart (Fig. 

6). The significance of each media parameter was determined 
using Student’s t-test. Table 3 represents the result of PB trials 

concerning effects, standard error (SE), t-value, and p-value 

(significance level) of each component which describes the 
results of regression analysis using the regression coefficients 
for protease production.

Table 6. ANOVA for the quadratic model obtained as a result of CCD 

for the protease production by S. tamaricis BGN2.

Source DF Adj SS
Adj 

MS
f-value p-value

Model 20 2,579.89 128.994 0.88 0.618

Linear 5 590.42 118.083 0.80 0.572

Glucose 1 250.43 250.432 1.70 0.219

Fish glue 1 168.54 168.545 1.14 0.308

NaCl 1 4.00 4.004 0.03 0.872

CaCl
2

1 162.66 162.661 1.10 0.316

Soybean flour 1 4.77 4.774 0.03 0.860

Square 5 395.21 79.042 0.54 0.745

Glucose*Glucose 1 51.25 51.249 0.35 0.567

Fish glue*Fish glue 1 75.97 75.974 0.52 0.488

NaCl*NaCl 1 71.53 71.528 0.49 0.500

CaCl
2
*CaCl

2
1 103.60 103.603 0.70 0.420

Soybean flour*Soybean 

flour

1 45.05 45.048 0.31 0.591

2-Way Interaction 10 1,594.26 159.426 1.08 0.447

Glucose*Fish glue 1 3.15 3.151 0.02 0.886

Glucose*NaCl 1 438.90 438.903 2.98 0.112

Glucose*CaCl
2

1 12.04 12.041 0.08 0.780

Glucose*Soybean flour 1 20.34 20.340 0.14 0.717

Fish glue*NaCl 1 635.29 635.292 4.31 0.062

Fish glue*CaCl
2

1 2.87 2.873 0.02 0.891

Fish glue*Soybean flour 1 101.71 101.707 0.69 0.424

NaCl*CaCl
2

1 11.49 11.492 0.08 0.785

NaCl*Soybean flour 1 23.62 23.620 0.16 0.697

CaCl
2
*Soybean flour 1 344.84 344.845 2.34 0.154

Error 11 1,621.36 147.397   

Lack-of-fit 6 820.69 136.782 0.85 0.580

Pure error 5 800.67 160.134   

Total 31 4,201.25    

Table 7. Model fitting results for CCD.

Model parameters Value

R2 0.80

Adjusted R2 0.75

Predicted R2 0.66

p-value for lack of fitness 0.01480
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quadratic model for protease production was generated. 

Protease production (Y), expressed in terms of glucose (A), 

fish glue (B), NaCl (C), CaCl
2
 (D), and Soybean flour (E), is 

presented in the second-order polynomial equation (Equation 

5):

Y (Protease activity) U/ml = −40.4 + 58.3 Glucose − 
50 Fish-glue + 1.83 NaCl + 574 CaCl

2
 + 121 Soya-flour − 18.3 

Glucose * Glucose + 89 Fish-glue * Fish-glue + 0.216 NaCl * 

NaCl − 2595 CaCl
2 
* CaCl

2
 − 68 Soya-flour * Soya-flour − 3.6 

Glucose * Fish-glue − 2.09 Glucose * NaCl + 35 Glucose * 
CaCl

2
 − 9.0 Glucose * Soya-flour − 5.04 Fish-glue * NaCl − 

34 Fish-glue * CaCl
2 
− 40.3 Fish-glue * Soya-flour + 3.4 NaCl 

* CaCl
2
 + 0.97 NaCl * Soya-flour − 371 CaCl

2 
* Soya-flour.             

 (5) 

Figure 8. Response surface plots for protease production demonstrating the interactive effects for (a) enzymatic 

activity as a function of glucose and soy flour, (b) enzymatic activity as a function of glucose and CaCl
2
, (c) enzymatic 

activity as a function of glucose and NaCl, and (d) enzymatic activity as a function of glucose and fish glue.

Figure 9. Response optimizer plot.

Figure 10. Purification profile of protease by gel filtration chromatography. 
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between the variables is depicted in the 3-D response surface 

plots, which describe the interaction between these factors 

[20,12]. The 3-D plot generated is a convex plot that designates 

the precision of some medium elements necessary for protease 

production. Figure 8a shows that increasing glucose and 

soybean flour concentration leads to increasing protease 
production. At constant NaCl, CaCl

2,
 and fish glue levels, the 

glucose till 1% and soybean flour till 0.6% will induce increased 
protease production after that there is a decrease in protease 

activity indicating the catabolite repressive activity of both the 

variables. Soybean flour is rich in proteins and induces protease 
production at lower or optimal concentrations [44]. Figure 

8b shows, that at constant NaCl, soybean flour, and fish glue 
levels, glucose, and CaCl

2
 interact positively till 1% and 0.9%, 

respectively, and induce the increased protease production. Like 

glucose, CaCl
2
 can also induce both protease production and 

protease enzyme activity by induction and affecting the stability 

of the enzyme. The interaction of glucose with NaCl and fish 
glue showed that in both cases NaCl and fish glue were able to 
induce protease production in optimal concentrations of 5% and 

0.4%, respectively (Fig. 8c and d) [45]. In all the interactions, 

the glucose supported protease production to 1% but higher 

glucose levels negatively influence enzyme production. Similar 
inhibition for enzyme production was reported by many of 

the previous investigators [46,16]. Both fish glue and soybean 
flour influenced protease production in different ways because 
of their complex biochemical nature and animal and plant 

origin, respectively. Furthermore, both fish glue and soybean 
flour were found to be effective low-cost substrates for large-
scale protease production. The significance of each medium 
ingredient was evaluated using ANOVA, resulting in a high 

t-value of glucose and fish glue, indicating the null hypothesis 
can be accepted. The model accuracy was verified using the 
coefficient of determination R2, which was 0.80, showing that 

the null hypothesis can be obtained. Overall the statistical 

medium optimization by CCD and RSM has resulted in five-
fold (55.2 U/ml) enzyme production under optimized media 

conditions. 

Purification of protease 

Enzyme purification helps enzyme characterization, 
functional abilities, and potential applications. Excess salt in 

the metabolite production media poses a challenge to purifying 

proteins produced by halophilic microorganisms. Also, salts are 

necessary for maintaining the structural integrity and functional 

The influence of each variable was tested using 
ANOVA at α = 0.05 and mathematical correlation using the 

least square method, which is conducted by fitting the values 
of enzyme activity obtained at set levels of media ingredients. 

In the analysis, the t-value is used to determine the significance 
of the regression coefficients of the parameters. The p-value 

represents the significance of rejecting the null hypothesis. 
From the ANOVA test tabulated in Table 6, high t-values for 

both glucose and fish glue concentration show that both of 
these parameters have a more significant effect on protease 
activity when compared to other parameters. From the 

quadratic interactions between the selected media parameters 

and protease activity, the results from Table 6 show that fish 
glue and NaCl have the most potent quadratic effect with the 

highest t-value compared to other interactions. Model fitting 
analysis was measured to ensure the model’s dependency on the 

enhancement of product formation. Values of R2 and the lack-

of-fit will determine the accuracy of the model. The high value 
of R2 (0.80) shows the model fits the experimental data well. 
The nonsignificant value of lack-of-fit (p > 0.05) represents that 

the model agrees with the experimental data (Table 7).

The interactions were recorded as the extent of enzyme 

activity and were analyzed allowing two factors simultaneously 

and keeping one factor constant. The resulting protease activity 

Figure 11. SDS-PAGE and casein zymography of protease produced from S. 

tamaricis BGN2. Lane 1: molecular weight markers; Lane 2: crude protease 

from culture supernatant; Lane 3: acetone precipitation and dialysis of protease; 

Lane 4: ammonium sulphate precipitation and dialysis of protease; Lane 5: 

DEAE-cellulose ion exchange chromatography; and Lane 6: Sephadex G 75 

column chromatography; Lane 7: Casein-Zymography. 

Table 8. Acetone/ammonium sulfate precipitation and chromatographic purification of protease. 

Purification stage Total enzyme activity (U) Total protein (mg) Specific activity (U/mg) Yield (%) Purification fold

Culture supernatant 2,90,000 12,047 2.41 100% 1.00

Acetone precipitation and dialysis 17,500 3,846 4.56 60% 1.90

Ammonium sulfate precipitation 

and dialysis

10,400 2,655 3.90 36% 1.60

DEAE-cellulose ion-exchange 

chromatography

9,572 1,248 7.66 33% 3.17

Sephadex G-75 Gel-filtration 

chromatography

7,245 424 17.1 24% 7.10
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permeation chromatography were used here. In the initial stage, 

the precipitation of the enzyme was carried out with 70% 

acetone saturation. This stage resulted in 60% enzyme recovery 

and 1.9-fold purification compared to 36% recovery and 1.6-
fold purification with ammonium sulfate precipitation. Then, 
the dialyzed concentrated acetone concentrated sample was 

exposed to anion exchange chromatography using a DEAE-

cellulose and Sephadex G-75 column. The dynamic fractions 

were eluted using 0.4 M NaCl during the purification process. 
Active fractions showing protease activity were collected, 

attributes of most halophilic proteins throughout the purification 
process [3]. The ideal purification technique is usually 
unavailable for any halophilic enzyme purification, as there is 
no standard literature and methodology to purify the halophilic 

enzymes/proteins. In the case of halophilic enzyme purification, 
the traditional ammonium sulfate precipitation method may 

result in a precipitate with a significant loss of protease activity. 
The extracellular protease produced by S. tamaricis BGN2 was 

successfully purified using a combination of two approaches. 
The acetone precipitation and anion exchange and gel filtration 

Figure 12. The trypsin-like activity of protease in sub-culture of MCF7 cell-line. Control-

untreated cells (A) effects of trypsin and protease at different doses (100, 200, and 400 µl) 

and (B) effects of trypsin and protease at time intervals (30 seconds, 1 minute, and 2 minutes).
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concentrated, and subjected to gel permeation chromatography 

using a Sephadex G-75 column [47]. 

The pattern for elution showed a prominent protein 

peak having protease activity (Fig. 10). For S. tamaricis 

BGN2, 70% acetone was effective and demonstrated a specific 
activity of 4.56 U/mg against 3.90 U/mg by ammonium sulfate 

precipitation. After the final purification step, the protease was 
found to be purified by 7.10 fold, with a recovery of 24% with 
a specific activity of 17.1 U/mg (Table 8). The extent of S. 

tamaricis BGN2 protease purification at each stage is shown 
in Table 8, and the final gel filtration chromatography using 
Sephadex G-75 column (Fig. 10) to yield 7.10 fold-purified 
protease having 7,245 U of total enzyme activity and 17.1 U/

mg of specific activity. Details of the purification stages, elution 
pattern, protein content, and enzyme activity of the enzyme 

indicated that the enzyme was purified up to 7.1-fold, with a 
recovery yield of 24%. In one of the earlier studies, protease 

produced from Bacillus sp. APP07 was purified by acetone 
precipitation and gel filtration chromatography resulting in 
three-fold protease enzyme purification [48].

Furthermore, the homogenous nature of the purified 
enzyme was evaluated and confirmed by denaturing SDS-PAGE 
and native casein zymography, which reveals a single band of 43 

kDa with a clear zone of casein substrate hydrolysis in the gel 

after Coomassie blue staining (Fig. 11). As per the earlier studies, 

the molecular weight of microbial alkaline proteases is 20–45 

kDa [4]. Further molecular weights of many of the salt-stable 

proteases obtained from halophilic/halotolerant microbes have 

molecular weights that range from 20 to 71 kDa [37]. However, 

high molecular weight halophilic proteases with 100 kDa have 

also been reported from Halobacillus thailandensis sp. Nov [49]. 

Application of protease in dissociation of MCF7 monolayer 

cell line 

Here, we studied the ability of enzymes to dissociate 

monolayer cells grown on the surface of a culture plate. Protease 

demonstrated a significant dissociation of adhered cells during 
passaging of the MCF-7 monolayer cell line, as reported in the 

earlier study [18,26]. Cell monolayer before treatment with the 

enzyme and then flooded with PBS containing purified enzyme 
and trypsin in different volumes (100, 200, and 400 µl) and 

incubated for 2 minutes and visualized under a microscope 

(Fig. 12). Further cellular monolayer before treatment with 

the protease and then flooded with PBS containing purified 
protease and trypsin (200 µl) incubated at different intervals of 

time (30 seconds, 1 minute, and 2 minutes) and observed under 

microscope (Fig. 12). This shows that the adhered cells were 

freed from the surface after adding the enzyme, and the cells 

were found to float freely after adding the fresh medium. In both 
parameter studies, it was observed that protease was showing 

similar results as trypsin. A negative control experiment was 

carried out without trypsin as well as protease. 

The dissociation activity of protease was observed 

in both a time-dependent and dose-dependent manner. The 

dissociation activity of protease was optimal without having a 

visible damaging effect from 100 to 200 µl. Still, the 300 µl 

dose showed slight distortions in cell morphologies (Fig. 13) 

compared to untreated cells (control). Similarly, in the time-

dependent studies, it was observed that even after 2 minutes 

treatment with a protease, the MCF7 cell line does not show 

any cellular distortions suggesting its suitability in successful 

dissociation of cell lines before subculture. Furthermore, we 

believe that the protease may belong to the serine protease class 

which the trypsin belongs as many of the halophilic proteases are 

predominantly serine protease type [18]. In routine passaging of 

mammalian cell lines, cells are usually treated with EDTA to 

remove Ca2+ as it inhibits the dissociation activity of trypsin. 

The enzyme characterization studies found that Ca2+ increased 

protease activity; hence, treatment with EDTA was not required 

when protease was used for cell dissociation. 
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fivefold increase in protease production was achieved, i.e., from 
11.2 to 55.2 U/ml under optimized conditions. Purified protease 
demonstrated unique trypsin-like activity and excellent cell 

dislodging properties in the sub-culture MCF7 cell line. Purified 
protease demonstrated significant cell dislodging activity even 
without EDTA treatment providing an alternative to trypsin/

pepsin for cell culture application. Further studies need to be 

conducted with different media components and cell lines to 

prove the suitability of protease in cell culture applications. 
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