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Abstract  

Proteases are enzymes of considerable industrial importance, owing to their broad catalytic versatility across a wide range of 
applications.  In this study, twenty-three bacterial isolates were obtained from cultivated soil samples.  Among these, six 
isolates -designated B1, B7, D1, F2, G and H- exhibited notable proteolytic activity, as evidenced by clear zones of casein 
hydrolysis on skimmed milk agar and enhanced growth extending beyond the cultured disc boundary. Of these, isolate D1 
demonstrated the most pronounced proteolytic activity, characterized by extensive degradation zones and vigorous 
peripheral growth. This isolate was taxonomically identified as Alcaligenes faecalis and subsequently deposited in the 
GenBank database under accession number PQ357195 (EG1-AMY).   

Protease production was optimized by evaluating various submerged fermentation conditions.  Following characterization of 
enzyme's activity profile, the protease was classified as an alkaline protease based on its optimal activity in alkaline pH.  The 
highest enzymatic yield was achieved when all optimized parameters were combined in a single test, resulting in an 
approximately fourfold increase in protease activity compared to the original condition. 

Partial purification of the enzyme was performed using ammonium sulphate precipitation across a range of saturation levels.  
Maximum purity was attained at 90% saturation, followed by dialysis to eliminate residual salts and impurities.  Further 
purification was carried out using Fast protein Liquid Chromatography (FPLC).  The molecular mass of the purified protease 
was determined using Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE).  A consistent band at 57 
KDa was observed in both the dialyzed crude extract and the FPLC-purified fraction.  
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1. Introduction 

 

Enzymes play a vital role in the global industrial sector, 
serving as a highly efficient biocatalystes  that accelerate 
chemical reactions efficiently under mild conditions, 
significantly lowering energy demands and reducing 
environmental impact (Singh and Panesar, 2023). Thanks 
to their precision and versatility, enzymes become the key 
for improving product quality, enhancing process 
efficiency and minimizing waste across industries such as 
food and beverage, textiles, pharmaceuticals, biofeules, 
and detergents (Allied, Market Research, 2023; Khan, 
2025).  Enzymes not only boost economic performance but 
also pave the way for more sustainable and innovative 
manufacturing practices across diverse applications 
worldwide. 

Proteases (EC 3:4, 11-19, 20-24, 99) are a diverse 
group of enzymes that play a crucial role in proteolysis - 
the hydrolysis of peptide bonds in proteins (Watanabe and 
Hayano, 1994; Singhal et al., 2012, and Jisha et al., 2013).  
They are widely distributed across all forms of life, 
including plants, animals and microorganisms (Polaina and 
Mac Cabe, 2007).  Intracellular bacterial proteases, for 
instance, are responsible for degrading proteins that are 

either damaged or functionally obsolete. This targeted 
breakdown prevents the accumulation of toxic protein 
aggregates and replenishes the amino acids pool, 
supporting the synthesis of new proteins and maintaining 
cellular homoeostasis (Olivares et al., 2016). These 
enzymes are also essential for protein metabolism in 
human; for instance, they can be used as dietary 
supplements to enhance protein digestibility (Paulussen et 

al., 2024).   
Due to the growing industrial demand for proteases, 

microbial sources have become economically favorable for 
large-scale production (Rani et al., 2012 and Abdul 
Razzaq et al., 2019).  Proteases are generally classified 
into three main categories: alkaline, acidic and neutral.  
Additional classifications have also been proposed by 
Berrett, (1999). These enzymes have numerous industrial 
applications, as in detergents, leather processing and 
pharmaceuticals  (Singh et al., 2001; Shafee et al., 2005, 
and Liu et al., 2010).   

The genus Alcaligenes was first identified in fecal 
samples due to its presence in the intestines and respiratory 
tract of vertebrates.   Subsequently, members of this genus 
have been isolated from a wide range of environments, 
including soil, marine ecosystems, wastewater and other 
habitats (Rehfuss and Urban, 2005; Tena et al., 2014; 
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Olusola-Makinde et al., 2021; Aullybux et al., 2022, and 
Uttarotai et al., 2022).   Bacteria of this genus are aerobic, 
rod-shaped, Gram-negative, and motile due to the presence 
of flagella (Busse and Stolz, 2006).  Alcaligenes faecalis is 
one of the seven species formally recognized in the 9th 
edition of Bergey’s Manual of Determinative Bacteriology 
(Holt, 1994).  Alkaline proteases (EC. 3.4.21-24, 99), in 
particular, are produced by various bacterial species, the 

Alcaligenes faecalis being a notable producer.   
 

2. Materials and Experimental Methods  

2.1. Selection of protease- producing bacteria  

2.1.1. Bacterial isolation 

Soil samples were aseptically collected in sterile 
polyethylene bags from various crop-cultivated fields in 
Giza, Egypt.  Under sterile conditions, 5g of each sample 
was mixed with 100 ml of peptone water (pH 7.2 at 25 oC) 
prepared as described by Atlas, (2010).  The mixtures were 
shaken at 150 rpm for 1 hour, then allowed to settle for 30 
minutes.  Serial dilutions (10-1 - 10-5) were prepared.   
From each dilution, 100 µl was spread onto nutrient agar 
(NA) plates prepared following Atlas, (2010) and 
supplemented with nystatin to inhibit fungal growth.   
Plates were incubated at 37 oC for 48 hours, and distinct 
colonies were selected and sub-cultured.   

2.1.2. proteolytic activity screening 

Selected bacterial isolates were cultured using the 
inverted agar disc method on skimmed milk agar (SKM-A) 
prepared according to Atlas, (2010), then plates were 
incubated.  Proteolytic activity was assessed by measuring 
the diameter of the clear zones around the discs and the 
growth zones of the isolates.  

2.1.3. Assay for protease activity  

Under submerged fermentation conditions, 49 ml of 
autoclaved skimmed milk broth (SKM-B) was dispensed 
into sterile 250 ml  capped bottles, and inoculated with 1 
ml of bacterial suspension (1.8 x 10-8 CFU) standardized 
using the 0.5 McFarland method.  Cultures were incubated 
at 37 oC and 150 rpm for 48 hours in a shaking incubator.  
Post-incubation, samples were centrifuged at 8000 rpm 
and 4 oC for 10 minutes, and the supernatants were 
collected for protease analysis.   

Protease activity was determined using casein as the 
substrate, following a modified protocol based on 
Chimbekujwoa et al., (2020), incorporating principles 
from Kunitz, (1946) and Boethling, (1975).  The enzyme 
extract was diluted 1:1 with 0.2 M sodium phosphate 
buffer (pH 7.0), then 1 ml of this solution was mixed with 
2 ml of 1 % casein (prepared in the same buffer) and 
incubated at 37 oC for 15 minutes. The reaction was 
stopped by adding 2.5 ml of 5% trichloroacetic acid 
(TCA), and the  precipitate was removed via  Whatman 
filter paper.  For spectroscopic analysis, 1 ml of filterate 
was mixed with 2.5 ml of 0.5 M sodium carbonate and 1 
ml of Folin -Ciocalteau reagent (Alpha Chemika, India), 
vortexed for 30 seconds, and incubated at 37 oC for 20 
minutes.  A blank was prepared by substituting buffer for 
the enzyme extract, and the standard curve was generated 
using 5.5 mM tyrosine.  Absorbance was measured at 660 
nm using a UV-VIS spectrophotometer (photolab 7600 

,WTW), and protease activity was calculated as per 
Septianingrum et al. (2023): 

 

 Enzyme activity (unit ml-1)  =   

tyrosine conc (ppm) x (substrate volume + enzyme volume) (ml) 
enzyme volume (ml) x incubation time (min)  

  Eq. nu. 
(1) 

Under the described assay conditions, one unit of 
protease activity (U/ml) is defined as the amount of 
enzyme that releases 1 µg of tyrosine per minute.   

2.2. Identification and microscopic examination of isolate 

2.2.1. Identification of the selected proteolytic isolate  

Molecular identification was performed using 16S 
rRNA gene sequencing method.  DNA was extracted 
following  Macrogene lab protocols, and the 16S rDNA 
was amplified via PCR using the sequencing primer 785F 
in conjunction with 907R (Zhang et al., 2000). The 
resulting sequence was compared against the GenBank 
database, and a phylogenetic tree was constructed using 
the neighbor- joining method in  MEGA11 software.  

2.2.2. Light microscopy examination 

A Gram-staining bacterial slide was prepared from a 
24- hour SKM-A slant culture, following the America 
Society for Microbiology protocol (Gerhardt et al., 1981) 
with minor modifications.  Sterile distilled water replaced 
tap water for washing, and crystal violet was applied post-
fixation. Morphological features were observed using an 
Olympus CHBS Laboratory Binocular Microscope 
(160/0.17) provided with camera. 

2.2.3. Scanning Electron Microscopy (SEM) 

SEM slides were prepared using a modified method 
based on Odedina et al., (2015).  A loopful of 24-hour 
culture was spread  on a clean slide and fixed with 2.5% 
glutaraldhyde in 50 mM sodium phosphate buffer (pH 7).  
After 90 minutes, the slide was washed thrice (10 minutes 
each) with buffer and dehydrated through graded ethanol 
(30-100%).  The dried slide was examined using a FESEM 
(QUANTA FEG 250).    

2.3. Optimization of cultural condition for protease 

production  

2.3.1. Optimization of pH, temperature and incubation 

time  

To evaluate the impact of fermentation condition on 
protease activity, the isolate was cultured in SKM-B 
medium under varying pH ranges (3, 5, 5.3, 7, 9 and 11), 
temperature ranges (4, 20, 37, 40, 50 and 60 oC) and 
incubation time ranges (0, 3, 6, 24, 48, 72, 96, 120, 144 
and 168 hour). Protease activity was measured post-
incubation to identify optimal conditions.  

2.3.2. Effect of Carbon and Nitrogen sources 

To assess the influence of media composition on 
enzyme production, the isolate was cultured in SKM-B 
supplemented with various Carbon sources (glucose, 
sucrose, maltose, fructose, lactose, carboxymethylcellulose 
and starch) and Nitrogen sources (yeast extract, urea, 
ammonium sulphate and sodium nitrate).  Protease activity 
was quantified to determine the most effective nutrient 
sources. 
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2.3.3. Comparison of optimized vs. original culturing 

conditions  

Optimal parameters from each test were combined into 
a single optimum test. Protease activity under these 
conditions was compared to that of the original setup to 
evaluate enhancement.  

2.4. Extraction and purification of protease       
2.4.1. Ammonium sulphate fractionation     

Protease was precipitated from the crud extract- 
obtained under optimized culture conditions- by the salting 
out method using ammonium sulphate at varying 
saturation levels (20-100 %), following a slightly modified 
method based on Wang et al., (2022).  The solution was 
stirred at room temperature for complete salt dissolution, 
then incubated at 4 0C for 2 hours. Precipitates were 
recovered by centrifugation (10,000 rpm, 15 minutes, 4 
0C), dried at 45 0C, weighted, and redissolved in 50 mM 
tris-HCl buffer (pH 9).  Ammonium sulphate saturation 
was calculated using the equation described by  Wingfield, 
(2016): 

Weight (g) = Gsat (S2 - S1)                                              Eq. nu. (2) 

1 - (P S2) 

Where: Gsat: A constant = 515.35  

(It is the grams of ammonium sulphate /L of saturated solution at 
0 0C). 

  S2:  Final saturation (i.e.: the target saturation, for example: a 
20% saturation is expressed as 0.2.). 

  S1: Initial saturation (= Zero). 

P : Density (g/mL) = 0.2722 at 0 0C 

2.4.2. Fractions evaluation  

Collected fractions were evaluated through multiple 
steps, starting with protease activity assessment. Total 
protein content was measured using the Kjeldahl method 
(Jamal et al., 2020) with a fully automated analyzer 
equipped with an auto-sampler (BKN-986). Specific 
protease activity was calculated using Equation number (3) 
(Mega et al., 2020), while the yield percentage and 
purification fold were determined using Equations (4) and 
(5) (Islam et al., 2009; Arshad et al., 2017 ), respectively 
as follows :  

 

Specific enzyme activity (unit/mg protein) =  

protease activity (unit/ mL) / total protein (mg/mL)   

 Eq. nu. (3) 
% yield=  

(activity in the fraction/ activity in crude extract )X 100     

                                                 Eq. nu. (4) 
Purification fold =  

specific activity / specific activity of crude extract      

                                          Eq. nu. 
(5) 

2.4.3. Dialyses and Anion Exchange Chromatography 
 

The purified protease fraction was dialyzed for 24 hour 
at room temperature (23-17 0C ± 1) with gentle stirring (80 
rpm).   The extract  was  processed using an ÄKTA Avant 
150 FPLC system (GE Healthcare Life Sciences), 
following a modified protocol based on Ullah et al., 2022.  

Prior to chromatography, the sample was mixed with 50 
mM tris-HCl buffer (pH6), and 1ml loaded onto a HiTrap 
DEAE FF weak anion exchange column. Elution was 
performed with a linear gradient of  sodium chloride (0-1 
M) in buffer B at constant flow rate of 1mL /min.  
Fractions  exhibiting absorbance at 280 nm were collected 
and assayed for protease activity.  The fraction displaying 
the highest enzymatic activity was stored at - 23 0C for 
further analysis.  

 
  

2.4.4. SDS-PAGE analysis 

The molecular weight of purified protease that gave the 
highest activity for both the dialyzed crude extract and 
FPLC fraction was assessed via SDS-PAGE on a 15% 
(w/v) polyacrylamide gel, following Laemmli's method 
(1970) as detailed by Banik et al., (2018). Protein bands  
were visualized using Coomassie Brilliant Blue staining 
(Merck, Germany), and molecular weight markers (15- 
260 KDa) served as references. 

2.5.  Statistical analyses  

Statistical analyses were conducted  using IBM SPSS 
Statistics (version 27).  All experiments were performed in 
triplicate (n=3) to ensure reproducibility and reliability of 
the results.  Protease activity assays were evaluated using 
one -way analysis of variance (ANOVA).  Additionally, 
comparisons of total protein content, protease activity and 
specific protease activity across fractions obtained via 
ammonium sulphate precipitations, and FPLC fractions 
were analyzed using one- way ANOVA followed by 
Tukey’s Honestly Significant Difference (HSD) post hoc 
test to determine pairwise differences.  Data are presented 
as mean ± standard deviation (SD).  Statistical significance 
was reported where applicable, and error bars representing  
SD are included in the corresponding graphical 
representations.  

3. Results and Discussion  

Most  biochemical reactions within living cells rely on 
enzymes for their functionality and survival (Pandey, 
2024).  Among these, proteases are  a class of enzymes 
that catalyze the hydrolysis of proteins by cleaving peptide 
bonds, thereby generating polypeptides or free amino 
acids. These enzymes are produced both intracellulary and 
extracellulary by a wide range of microorganisms (Moo-
young and Chisti, 1994, and Gupta et al., 2002).  In the 
present study, twenty-three bacterial isolates - previously 
cultured on nutrient agar (NA)- were evaluated for their 
ability to produce protease using Skimmed milk agar 
(SKM-A) medium supplemented with casein as the 
substrate.  Of these, six bacterial isolates demonstrated 
clear zones surrounding the culture discs, accompanied by 
visible growth beyond the disc area (Figure 1a & b), 
indicating proteolytic activity.   This approach served as a 
qualitative assessment of protease production.  
Subsequently, the protease activity of these six isolates 
was quantitatively analyzed to identify the isolate 
producing the highest enzyme concentration (Figure 3).  



 © 2026  Jordan Journal of Biological Sciences. All rights reserved - Volume 19, Number 2 

 

212 

Figure 1.  The clear zone and growth zone diameters for the six 
protease -producing bacterial isolates.  
 

 

Protease enzymes hydrolyze the protein substrate 
casein, releasing its constituent amino acid tyrosine, which 
was quantitatively measured to assess  protease activity 
(Benimana et al., 2020).  A standard curve for tyrosine 
concentration was prepared as illustrated in Figure (2).  
Among the tested isolates, isolate D1 demonstrated the 
highest level of protease activity (Figure 3). This 
observation was statistically validated, with a p-value of 
0.003 (< 0.05) indicating strong evidence of significant 
variation in protease activity among the isolates.  
Furthermore, the F-value (= 6.8) for the test reinforcing the 
conclusion that the differences observed were not due to 
random variation but reflect genuine biological differences 
in enzyme production across the isolates.  

Figure 2. Tyrosine Standard curve.  

Figure 3. Screening  of protease activity for the six protease- 
producing isolates. 

               

The identification of isolate D1 was confirmed as 
Alcaligenes faecalis through DNA sequencing using the 
16s rRNA method. BLAST analysis revealed a 98% 

sequence identity with Alcaligenes faecalis strain P156, 
indicating a high level of homology.  According to Janda 
and Abbot, (2007), bacterial species identification is 
considered valid when the 16S rRNA gene sequence 
similarity is ≥ 97%, supporting the classification of isolate 
D1 as Alcaligenes faecalis.  The 16S rDNA sequence of 
the strain was submitted to the GenBank database under 
the accession number PQ357195 (EG1-AMY).                          
A phylogenetic tree was subsequently constructed to 
illustrate its evolutionary relationship with closely related 
strains (Figure 4). 

 PQ357195.1 Alcaligenes faecalis EG1-AMY

 LC769478.1:13-1481 Alcaligenes faecalis P26-H5(2)

 CP033861.1:1292595-1294063 Alcaligenes faecalis strain FDAARGOS 491

 CP023667.1:17917-19385 Alcaligenes faecalis strain DSM 30030

 PP849724.1:13-1481 Alcaligenes faecalis strain JSHTR8

 LC213619.1:27-1495 Alcaligenes faecalis strain IMH

 LC769478.1:13-1481 Alcaligenes faecalis P26-H5

 CP071957.1:300684-302152 Alcaligenes faecalis strain JLAF9

 CP047670.1:401373-402841 Alcaligenes faecalis strain SCSIO B001

 HM145896.1:26-1494 Alcaligenes faecalis strain AU02

 CP066058.1:644751-646219 Alcaligenes faecalis strain FDAARGOS 1024

 CP021079.1 Alcaligenes faecalis strain P156

100

100

88

79

79

79

62

62

62

 

Figure 4.  The phylogenetic tree for  Alcaligenes faecalis 

PQ357195 (EG1-AMY) 

 Alcaligenes faecalis is a Gram-negative, rod-shaped 
bacterium observed to form long chains under scanning 
electron microscopy (Figure 5b). This species is 
characterized by its motility, facilitated by peritrichous 
flagella which were visible under light microscopy (Figure 
5a) (Fatima et al., 2020; Quach et al., 2023).  In general, 
flagellar-driven motility provides bacteria with a 
significant adaptive advantage, allowing them to actively 
move toward nutrient -rich environments or sites and steer 
away from harmful conditions.  This locomotion enhance 
their capacity to locate, colonize, and persist within 
ecological niches that are support their growth and long-
term survival  (Creppy et al., 2019; Makarchuk et al., 
2019; Colin et al., 2021, and  Zheng et al., 2021).  Such 
motility may explain the wide growth zone observed for 
the strain (isolate D1) as  presented in Figures 1a and 1b.  

Motile bacterial cells generally outperform non-motile 
ones in liquid media due to their ability to navigate the 
environment using flagella.  Initially, Alcaligenes faecalis 
(isolate D1) was incubated in a shaking incubator to 
enhance aeration and facilitate uniform nutrient 
distribution throughout the medium.  However, this 
method was later discontinued, and the cultures were 
subsequently maintained in a static incubator to better suit 
the growth characteristics of the strain. 
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Figure 5. Examination of Alcaligenes faecalis PQ357195 (EG1-AMY) under light  microscopy (a) and scanning electron microscopy (b). 

 
In this study, the cultivation conditions for Alcaligenes 

faecalis and its protease production were evaluated under 
various selected parameters.  The impact of these 
parameters was assessed by measuring enzyme activity.  
Maximum protease activity was recorded at pH 9, 
indicating that the isolate performs best under alkaline 
conditions.   However, enzyme activity declined sharply at 
pH 11, which exceeds the optimal range (Figure 6a).  
These findings align with previous reports identifying A. 

faecalis as a potent producer of alkaline protease (Marathe 
et al., 2018 and Obichi and Ezebuiro, 2021).   Temperature 
optimization experiments were conducted across a range 
of 4-60 oC (Figure 6b).  The highest protease activity was 
observed at 37 oC, which corresponds to the original 
culturing temperature.  This result is consistent with 
findings by  Annamalai et al., (2011). Regarding 
incubation time, 96 hours yielded the highest protease 
activity (Figure 6c).  Prolonged incubation beyond this 
point led to a notable decline in enzyme activity.  
Interestingly, this result contrasts with several studies that 
reported optimal activity at 72 hour (Srividya, 2011 and 

Khatoon et al., 2023). Alcaligenes species are 
chemoorganotrophic bacteria capable of utilizing a broad 
spectrum of carbon sources (Robinson, 2014).  To assess 
the influence of carbon sources, glucose in the original 
medium was substituted with various alternatives. All 
tested carbon sources supported bacterial growth, but 
glucose resulted in the highest protease activity          
(Figure 6d).  Similarly, when nitrogen sources were varied, 
yeast extract produced the highest enzyme activity (Figure 
6e).   These outcomes are consistent with previous findings 
by Marathe et al., (2018) on alkaline protease produced by 
A. faecalis.  The statistical analysis confirmed that all 
tested parameters had a significant impact  on protease 
production by A. faecalis. Variations in pH (F = 4.1, p = 
0.022), temperature (F = 23.1, p < 0.001), incubation time 
(F = 8.9, p < 0.001), carbon source (F = 12.5, p < 0.001), 
and nitrogen source (F = 16.8, p < 0.001) each produced 
statistically significant differences in protease activity.  
These results underscore the importance of optimizing 
environmental and nutritional factors to enhance protease 
yield.

 

 

 

a b 
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(b) 

 

 
(c) 

 

 

 
(d) 

 

 
             (e) 

 
                                                   

  * : indicates the used parameter in the original test.      

  Figure (6): Optimization of cultivation conditions for protease production by Alcaligenes faecalis  PQ357195 (EG1-AMY).

The combined impact of all optimized parameters were 
assessed by applying them in a single test and comparing 
the results to the original conditions.  As illustrated in 
Figure 7, the optimized setup led to marked increase in 
protease activity, confirming the effectiveness of the 
optimization.  The statistical analysis yielded an F-value of 
55 and a p-value of 0.002, indicating a strong and reliable 
improvement in protease yield due to the applied 
optimization strategy.    

Figure 7. Comparative analysis of protease yield under original 
and optimized cultivation conditions in  Alcaligenes faecalis 

PQ357195 (EG1-AMY). 

The crude extract containing the extracellular alkaline 
protease was successfully subjected to successive 
purification steps.  The initial partial purification was 
achieved by using the salting- out method at varying 
ammonium sulphate saturation levels (Table 1).  Protein 

precipitation using ammonium sulphate had a statistically 
significant impact on total protein concentration (F = 
8667.0 and p < 0.001), protease activity (F = 548.8 and     
p < 0.001) and enzyme specific activity (F = 171.4 and        
p< 0.001).  These effects were highly significant (p < 
0.05), as further evidenced by the high  F - statistic values, 
which indicate substantial between- group differences. The 
highest protease recovery was achieved at 90 % saturation 
as presented in Table 1. The ammonium sulphate 
precipitation method relies on the principle that the ions of 
the salt compete for  water molecules, thereby reducing 
protein solubility.  This reduction promotes the interaction 
among the proteins molecules resulting their aggregation 
and subsequent precipitation (Vetal & Rathod, 2014 and 
Urgessa et al., 2019). Although 100% saturation is 
theoretically  intended to precipitate all proteins, it may 
induce protein unfolding and subsequent enzymatic 
inactivation.  This is evidenced by the observed decline in 
protease activity, specific activity, yield and  purification 
fold compared to 90% saturation as shown in Table 1.   
The observed variations in specific protease activity across  
different saturation levels  likely reflect  the heterogeneous 
distribution of enzymatic and non-enzymatic proteins as 
well as protease inhibitors, each exhibiting different  
solubility profiles at varying salt concentrations  (Scopes, 
1994; Meza-Espinoza et al., 2018; Khadka et al., 2024).    
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Table 1: Summary of alkaline protease fractions obtained via precipitation by ammonium sulphate. 

Ssaturation 
(%) 

Ammonium 
sulphate 
(g/mL) 

Precipitate 

(g) 

Total protein 

(mg/mL) 

Protease activity 

(unit/mL) 

Specific activity 

(U/mg ) 

Yield 
(%) 

Purification 
fold 

crude - - 14.0 ± 0.12 11.6 ± 0.03 0.83 ± 0.006 - - 

20% 10.9 0.25 4.70 ± 0.03 a 0.03 ± 0.05 0.01 ± 0.011 0.8 0 

30% 16.8 1.58 4.80 ± 0.0 a 0.50 ± 0.06 d 0.11 ± 0.012 4.3 0.1 

40% 23.1 1.84 5.50 ± 0.03 1.36 ± 0.34 d 0.25 ± 0.060 c 11.7 0.3 

50% 29.8 1.98 6.00 ± 0.1 1.58 ± 0.09 d 0.26 ± 0.011 c 13.6 0.3 

60% 38.8 2.41 7.00 ± 0.09 2.82 ± 0.17 c 0.40 ± 0.029 a 24.3 0.5 

70% 44.5 2.67 7.70 ± 0.03 3.46 ± 0.28 b,c 0.45 ± 0.034 a 29.8 0.5 

80% 52.6 3.28 11.4 ± 0.01 4.32 ± 0.03 a,b 0.38 ± 0.002 a,b 37.3 0.5 

90% 61.3 5.14 12.4 ± 0.1 4.97 ± 0.54 a 0.40 ± 0.047 a 42.8 0.5 

100% 70.6 9.97 13.5 ± 0.05 4.73 ± 0.29 a 0.35 ± 0.02 a,b 40.7 0.4 

 
The protein precipitated at 90%  ammonium sulphate 

saturation was dialyzed to remove residual salts and 
impurities, followed by further purification using FPLC.   
Based on the absorbance at optical density 280 nm, seven 
distinct fractions were collected (Figure 8) and 
subsequently assayed for protease activity.  Among these, 
the 1C4 fraction exhibited the highest protease activity 
(Figure 9).  Notably the overall enzyme yield following the 
purification  was relatively low,  likely  attributed to 
protease autolysis occurring during the successive  
purification steps (EL-Eskafy et al., 2016).  This may 
account for the observed variation in protease activity 
across the FPLC fractions, showing a marginally 
significant difference (p=0.055) suggestive of potential 
fraction-specific enrichment.  The corresponding F-value 
(F=2.8) indicates that the observed differences among the 
fractions are meaningful but not pronounced.  

 

 

Figure 8: Elution profile from FPLC at optical density 280 nm. 

 

 
Figure 9: Evaluation of protease activity in the FPLC 
fractionations. 
 

Alkaline proteases purified from various bacterial 
species exhibit considerable wide range of molecular mass 
(Hashmi et al., 2022; Ullah et al., 2022 ; Salim et al., 
2023; Santos et al., 2024 ;  Punnarath et al., 2025 ). In this 
study, SDS-PAGE analysis of the dialyzed crude protease 
extract obtained at 90% ammonium sulphate saturation 
revealed three bands at approximately 37, 55 and 57 KDa 
as shown in Figure 10a. Subsequent purification using 
FPLC confirmed the enzyme's purity, as evidenced by a 
single band at approximately 57 KDa, corresponding to its 
molecular mass as appeared in Figure 10b.  
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Figure 10: SDS-PAGE analysis of dialyzed crude protease extract 
and FPLC- purified 1C4 fraction. 

4. Conclusion 

This study aimed to isolate bacterial  strain  capable of 
producing protease with high concentration and activity.   
Among the isolates, the isolate D1 - later identified as 
Alcaligenes faecalis and registered in GenBank under 
accession nu. PQ357195 (EG1-AMY) - exhibited the most 
prominent clear zone and growth zone diameters, 
indicating superior proteolytic potential. 

Following a series of optimization experiments, all 
optimized parameters were combined and applied in a 
single test.  Protease production was markedly improved 
under conditions utilizing  glucose and yeast extract as 
carbon and nitrogen sources, respectively, at pH 9 and 
incubated at 37 oC for 96 hours.   Compared with the 
original conditions, this approach significantly enhanced 
protease production.  The enzyme produced was classified 
as an alkaline protease.  The crude extract, precipitated at 
90% ammonium sulphate saturation, was subsequently 
purified using FPLC.  SDS-PAGE analysis revealed that 
the purified  alkaline protease had a molecular mass of 
approximately 57 KDa.  
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