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Abstract 

Approximately 40% of all industrial enzyme applications involve proteases, and marine 

microorganisms represent an under-explored source of novel variants with unusual stability profiles. 

This research describes the isolation of a protease-producing bacterial strain from sediment samples 

collected off the New Jersey coastline and the subsequent purification and biochemical characterisation 

of its secreted enzyme. The bacterium, identified as Bacillus licheniformis MAR-07 by 16S rRNA gene 

sequencing, was cultivated in a casein-based medium, and the protease was purified to apparent 

homogeneity through ammonium sulphate precipitation, DEAE-cellulose ion-exchange 

chromatography, and Sephadex G-100 gel filtration. The final preparation achieved a purification fold 

of 23.7 with a specific activity of 1,847 U/mg and an overall yield of 8.2%. The molecular weight 

estimated by SDS-PAGE was 41.3 kDa. The enzyme showed maximum activity at pH 8.0 and 45 °C, 

retained more than 70% activity in the presence of non-ionic surfactants, and was strongly inhibited by 

phenylmethylsulfonyl fluoride, confirming it as a serine protease. These biochemical attributes suggest 

potential application in detergent formulation and in the protein processing industry, where moderate-

alkaline and thermostable proteases command a premium. 
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Introduction 

Around 60% of commercially produced enzymes worldwide are proteases, reflecting their 

wide use in food processing, leather manufacture, pharmaceutical production, and household 

detergents. The global market for industrial enzymes exceeded USD 5.5 billion in 2022, with 

proteases accounting for the largest single share. Most commercial preparations are derived 

from Bacillus subtilis or Aspergillus oryzae strains adapted for high-yield fermentation, but 

these well-characterised sources may not provide the unusual properties—extreme pH 

tolerance, salt resistance, or cold-active behaviour—needed for emerging applications. 

Marine bacteria inhabit an environment defined by high ionic strength, low temperatures in 

deep zones, and sometimes alkaline pH, conditions that favour the selection of enzymes with 

precisely the non-standard properties sought by industry. Research investigations from 

multiple laboratories have reported that marine Bacillus strains often produce alkaline serine 

proteases with superior stability against surfactants compared with their terrestrial 

counterparts, an attribute directly relevant to detergent performance. Despite this promise, 

the literature on thoroughly purified and characterised marine bacterial proteases remains 

smaller than that on terrestrial counterparts, partly because marine sampling adds logistical 

complexity. This research reports on the isolation and systematic biochemical 

characterisation of a protease from a Bacillus strain recovered from marine sediment. 

Purification was achieved through a three-stage protocol, and the biochemical profile of the 

purified enzyme—molecular weight, kinetic constants, pH and temperature optima, inhibitor 

sensitivity, and surfactant tolerance—was determined. The work aims to establish whether 

this marine-derived enzyme possesses sufficiently distinctive properties to justify further 

development as an industrial biocatalyst. 
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Material and Methods 

Materials 
Casein (Hammarsten grade), ammonium sulphate (enzyme 

grade), DEAE-cellulose (DE52), Sephadex G-100, 

azocasein, and phenylmethylsulfonyl fluoride (PMSF) were 

obtained from Sigma-Aldrich, St. Louis, USA. SDS-PAGE 

molecular weight markers (10-250 kDa) and acrylamide 

were from Bio-Rad Laboratories, Hercules, California, 

USA. Marine sediment samples were collected from the 

Atlantic coastal zone approximately 5 km offshore from 

Atlantic City, New Jersey, USA, in October 2022 under 

sampling permit NJ-MNR-2022-047. Sea water and 

sediment for culture enrichment were transported in sterile 

sealed containers on ice and processed within 8 h of 

collection. All reagents were stored per manufacturer's 

specifications. 

 

Methods 

Bacterial isolation was conducted at the Department of 

Biological Chemistry, Liberty Bell College of Sciences, 

Philadelphia, Pennsylvania, USA, from October 2022 to 

August 2024. Sediment samples were serially diluted in 

phosphate-buffered saline and plated on nutrient agar 

containing 1% casein. Proteolytic colonies showing clear 

zones of hydrolysis after 48 h at 30 °C were sub-cultured 

and screened quantitatively by azocasein assay. The highest-

producing isolate, designated MAR-07, was identified by 

16S rRNA gene sequencing (GenBank accession: 

OP721934). For enzyme production, MAR-07 was 

cultivated in a 5 L fermenter (casein 10 g/L, peptone 5 g/L, 

NaCl 5 g/L, pH 7.5, 37 °C, 200 rpm, 48 h). Cell-free 

supernatant was obtained by centrifugation (10,000 × g, 20 

min, 4 °C). Ammonium sulphate precipitation (30-70% 

saturation fraction), DEAE-cellulose chromatography 

(linear NaCl gradient, 0-1 M), and Sephadex G-100 gel 

filtration were performed sequentially. Protein was 

quantified by Bradford assay [7] and enzyme activity by 

azocasein substrate. SDS-PAGE was performed according 

to Laemmli [6] using a 12% polyacrylamide gel. Kinetic 

parameters were determined by varying casein concentration 

(0.5-10 mg/mL) and fitting data to the Michaelis-Menten 

equation. 

 

Reagents and Chemicals 

All biochemical reagents used in the purification and 

characterisation research were sourced from Sigma-Aldrich 

(St. Louis, USA) or Bio-Rad Laboratories (Hercules, 

California, USA) and were of the highest available purity 

grade. Casein (Hammarsten grade, C7078) was dissolved 

freshly in 0.1 M phosphate buffer at pH 7.5 before each 

assay run; solutions older than 6 h were discarded. PMSF 

was prepared as a 100 mM stock in isopropanol and added 

to enzyme samples immediately before use to avoid 

hydrolytic instability. DEAE-cellulose (DE52, Whatman) 

was equilibrated in starting buffer (20 mM Tris-HCl, pH 

8.0) over 24 h before column packing. Sephadex G-100 was 

swollen in deionised water for 5 h at room temperature and 

degassed before use. All buffers were prepared from 

certified analytical-grade salts and adjusted to the target pH 

using a calibrated pH meter (Thermo Scientific Orion Star 

A111). Bradford reagent was prepared according to the 

original protocol and filtered through Whatman No. 1 paper 

before use. 

 

In-vitro Protocol 

Enzyme activity was measured using azocasein (2 mg/mL in 

0.1 M glycine-NaOH buffer) as substrate. Reaction mixtures 

(0.5 mL substrate + 0.1 mL enzyme solution) were 

incubated at 45 °C for 20 min and stopped by addition of 0.5 

mL of 10% trichloroacetic acid. After centrifugation (5,000 

× g, 10 min), the supernatant absorbance was read at 440 

nm. One unit of enzyme activity was defined as the amount 

of enzyme producing an increase in absorbance of 0.001 per 

minute under these conditions. For kinetic constants, 

substrate concentration was varied from 0.5 to 10 mg/mL 

and data were fitted to the Michaelis-Menten equation using 

non-linear regression (GraphPad Prism 9.0). Inhibitor 

sensitivity was tested by pre-incubating the enzyme with 

PMSF (1 mM), EDTA (5 mM), or iodoacetic acid (1 mM) at 

4 °C for 30 min before assay. Surfactant stability was 

assessed after 1 h incubation with Tween-20, Triton X-100, 

or sodium lauryl sulphate (each at 1% v/v). All assays were 

performed in triplicate and the means±standard deviations 

are reported. 

 

Results 
Purification of the MAR-07 protease proceeded with good 

resolution at each stage. Ammonium sulphate fractionation 

(30-70% saturation) recovered 61.4% of the initial activity 

with a 3.1-fold purification. Ion-exchange chromatography 

on DEAE-cellulose resolved a single major activity peak at 

approximately 0.4 M NaCl, achieving 11.2-fold purification 

and 18.7% yield. A final gel filtration step on Sephadex G-

100 gave a 23.7-fold purification with an overall yield of 

8.2% (Table 1). SDS-PAGE of the final fraction showed a 

single band at approximately 41.3 kDa, confirming apparent 

homogeneity. 

 
Table 1: Summary of Protease Purification from Bacillus licheniformis MAR-07 

 

Purification Step Total Activity (U) Total Protein (mg) Specific Activity (U/mg) Purification Fold Yield (%) 

Crude extract 14,280 183.4 77.9 1.0 100.0 

(NH₄)₂SO₄ pptn 8,765 35.7 245.4 3.1 61.4 

DEAE-cellulose 2,668 8.3 871.6 11.2 18.7 

Sephadex G-100 1,171 0.63 1,847.0 23.7 8.2 

 

The pH-activity profile showed maximum activity at pH 8.0 

with more than 80% activity retained between pH 7.0 and 

9.0. Temperature optimum was 45 °C, with rapid activity 

loss above 55 °C. The enzyme retained 73.4% activity after 

1 h at 55 °C but only 31.2% after 1 h at 65 °C. Figure 1 

illustrates the distribution of recovered activity across 

purification stages, while Figure 2 shows the combined 

effect of pH and temperature on relative activity. 
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Table 2: Biochemical and Kinetic Properties of Purified MAR-07 

Protease 
 

Property Value 

Molecular weight (SDS-PAGE) 41.3 kDa 

Optimal pH 8.0 

Optimal temperature 45 °C 

Km (casein) 3.47 mg/mL 

Vmax 2,310 U/mg 

PMSF inhibition (residual activity) < 5% 

Tween-20 stability (1 h, 1%) 78.4% 

Triton X-100 stability (1 h, 1%) 71.3% 

 

 
 

Fig 1: Distribution of total protease activity across purification 

steps from Bacillus licheniformis MAR-07. 

 

 
 

Fig 2: Combined effect of pH and temperature on relative protease 

activity (%) of the purified MAR-07 protease 

 

Discussion 
The 23.7-fold purification with a specific activity of 1,847 

U/mg places the MAR-07 protease among the more active 

alkaline serine proteases reported from marine Bacillus 

strains. For comparison, Joo and Chang reported a specific 

activity of 1,340 U/mg for a halotolerant Bacillus clausii 

protease, while Deng et al. achieved 1,621 U/mg for a high-

alkaline variant from Bacillus sp. B001. The MAR-07 

enzyme thus appears to belong to a high-activity subgroup 

that could be attractive for industrial use. The serine 

protease classification is supported unambiguously by near-

complete inhibition with PMSF, which covalently modifies 

the active-site serine residue. The insensitivity to EDTA 

rules out a metalloprotease contribution. Alkaline serine 

proteases from Bacillus are well established in detergent 

applications, and the 71-78% activity retention in the 

presence of 1% non-ionic surfactants (Tween-20, Triton X-

100) is consistent with industrial-grade detergent 

compatibility. Sodium lauryl sulphate caused greater 

inactivation (residual activity 41.7%), which is not unusual 

since the anionic surfactant can unfold the enzyme at these 

concentrations. The molecular weight of 41.3 kDa is slightly 

larger than the 27-34 kDa range often reported for subtilisin-

type proteases from Bacillus, suggesting either a longer 

polypeptide chain or glycosylation. Glycosylation 

sometimes improves thermostability, which may explain the 

relatively good retention at 55 °C. The marine origin of the 

isolate—high ionic strength, moderate cold temperatures—
may also have selected for protein stability that is above 

average for terrestrial strains. These considerations 

recommend future research into the gene sequence, 

structural modelling, and directed evolution of MAR-07 to 

further tailor its properties for specific industrial streams. 

 

Conclusion 

A serine protease secreted by the marine isolate Bacillus 

licheniformis MAR-07 was purified to apparent 

homogeneity through a three-stage protocol achieving 23.7-

fold purification and a specific activity of 1,847 U/mg at 

8.2% yield. The enzyme is optimally active at pH 8.0 and 45 

°C, stable in the presence of non-ionic surfactants, and 

strongly inhibited by PMSF, collectively identifying it as an 

alkaline serine protease. Its molecular weight of 41.3 kDa 

and kinetic constants (Km 3.47 mg/mL, Vmax 2,310 U/mg) 

are consistent with high-activity subtilisin-family enzymes. 

These properties position the MAR-07 protease as a 

candidate for detergent and protein-processing applications. 

Forthcoming research should include gene cloning, 

recombinant expression in a high-yield host, and pilot-scale 

fermentation optimisation to assess commercial feasibility. 
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