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rotease is an enzyme that hydrolyzes peptide bonds of 
proteins and breaks them down into polypeptides or 
free amino acids. Proteases have applications in 
various industries such as the detergent, food, 
pharmaceutical, leather, and silk industries. This study 

was conducted to assess protease activities of alkaliphilic and 
alkalitolerant bacteria isolated from water, microbial mat, and 
sediment samples from Manleluag Hyperalkaline Spring by 
Skim Milk Assay (SMA) and by in-gel zymography. Of the 90 
isolates obtained, 35 showed protease activity by SMA and were 
ranked according to their zone of clearing (Cz) ratio. The 5 
isolates with the highest protease activities as determined by the 
lowest Cz ratio were SNE 3 (Cz 0.2908), SNE 2 (Cz 0.2971), 
SNE 9 (Cz 0.3338), W10 (Cz 0.3426), and W1 (Cz 0.3611). 
Molecular identification based on 16S rDNA sequencing 
showed closest identity of the 5 isolates to Bacillus 
pseudofirmus and B. marmarensis (99% similarity: SNE 3 and 
SNE 2), Cellulosimicrobium funkei and C. cellulans (99% 
similarity: SNE 9), and Bacillus hornekiae (96% similarity: 
W10 and W1), respectively. To determine if only one or more 
proteases were synthesized by the isolates, proteolytic activities 
under alkaline condition of crude enzyme extracts were 
visualized by zymography using gelatin and casein as substrates. 
Gelatinases and caseinases active in alkaline condition with 
different molecular weights (35 kDA up to <250 kDA) were 
detected. Strains isolated in this study present the potential for 
biotechnological uses. 
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INTRODUCTION 
 
Manleluag Hyperalkaline Spring is a good potential source of 
microorganisms for the production of extracellular protease 
(Mora 2013; Baculi et al. 2015). It is located seven kilometers 
uphill in a forested area of Brgy. Malabobo, Mangatarem, 
Pangasinan. The spring is characterized as hyperalkaline due to 
its high pH of 10 to 11.5. The high alkalinity can be attributed to 
the dissolution or hydrolysis of gabbros (magnesium-rich rocks) 
from the Zambales Ophiolite Complex (Vargas et al. 2009).  
 
All microorganisms are pH-dependent and follow a normal 
distribution pattern for their optimal growth (Ellaiah et al. 2002). 
Alkaliphiles are organisms that grow optimally at pH values 
between 9 and 10 (Horikoshi 1999). By contrast, alkalitolerant 
microorganisms are capable of growth at alkaline pH values, 
with their optima near neutral pH range. Homeostasis, enzyme 
stability, and reversal of the pH gradient are some adaptations 
by alkaliphiles to the environment (Krulwich et al. 2011).  
 
In 1971 the discovery of 35 new enzymes identified and purified 
from alkaliphiles was reported (Horikoshi 1971). One of them 
was alkaline protease, an enzyme produced by a Bacillus sp. 
strain. Proteases are a group of enzymes whose catalytic 
function is to hydrolyze peptide bonds of proteins and break 
them down into polypeptides or free amino acids (Khan et al. 
2011). Specifically, alkaline proteases are enzymes active at  
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Table 1: Pairwise comparison of the mean Cz values of the five Manleluag Hyperalkaline Spring in Pangasinan isolates using Scheffe’s Test. 

ISOLATES 
Mean Cz value 

(Ȳi·) 
S grouping* 

W1 0.361000 a 
W10 0.342600 a  b 

SNE 9 0.332567 a  b  c 
SNE 2 0.297100 b  c 
SNE 3 0.289633 c 

* Mean Cz values with the same letters have no significant differences. 

Table 2: Cultural characteristics and Gram reaction of the five Manleluag Hyperalkaline Spring in Pangasinan isolates with the lowest Cz 
values suggesting highest protease activity from Skim Milk Assay. 

  

ISOLATES 
CULTURAL CHARACTERISTICS CELL MORPHOLOGY GROWTH ON 

SKIM MILK AGAR 
(pH 6.8) FORM MARGIN ELEVATION PIGMENTATION GRAM 

REACTION 
CELL 

SHAPE 

SNE 3 circular undulate raised pale orange Gram-
positive rods + 

SNE 2 circular entire raised pale orange Gram-
positive rods − 

SNE 9 punctiform entire convex yellow Gram-
positive coccoid rods + 

W10 irregular undulate convex cream Gram-
positive rods + 

W1 circular undulate convex cream Gram-
positive rods 

+ 

neutral in the alkaline pH range with optima at pH 9 to 11 (Tekin 
et al. 2012). Based on the enzymes’ active sites and catalytic 
mechanisms, proteases are grouped as serine protease, cysteine 
protease, aspartic protease, metalloprotease, threonine protease, 
glutamic protease, and asparagine protease (Rao et al. 1998). In 
the MEROPS peptidase database (http://merops.sanger.ac.uk/) 
there are at least 250 different proteolytic enzyme families 
grouped by amino acid similarity. Proteases have wide 
applications in various industries such as the detergent, food, 
pharmaceutical, leather, and silk industries (Singh et al. 2001). 
These enzymes can be obtained from a wide range of sources of 
bacteria, fungi, or certain insects (Anwar and Saleemuddin 
1997).  Approximately 40% to 60% of the total enzyme sales 
worldwide are proteases sourced from microorganisms (Kumar 
et al. 2011), a quarter of which are alkaline proteases. A 
significant fraction of these alkaline proteases is applied as 
components of laundry detergents (Niyonzima and More 2015). 
A majority of alkaline proteases so far described were found in 
alkaliphilic or alkalitolerant strains of Bacillus (Zhou et al. 2018; 
Niyonzima and More 2015). Alkaline proteases have also been 
reported from Gram-negative bacteria such as Pseudomonas and 
Vibrio (Rahman et al. 2010; Manjusha et al. 2013). Recently a 
novel alkaline protease with the potential application for 
enzymatic dehairing in the leather industry was isolated and 
characterized from an alkaliphilic Idiomarina sp. strain (Zhou et 
al. 2018). It showed maximum activity at pH 10.5 and 60 °C and 
was active and stable in a wide range of pH and temperature. A 
comprehensive review of alkaline proteases, which include 
microbial sources, production, properties, efficacies, and 
challenges as applied in detergents has been provided 
(Niyonzima and More 2015; Sharma et al. 2017). 
 
One way of measuring proteolytic activity based on degradation 
of proteases in a protein substrate is by zymography, an 
electrophoretic method based on a sodium dodecyl sulfate (SDS) 
gel loaded with the protein sample. The gel reveals sites of 
proteolysis as white bands in a dark blue background. Band 

intensity can be correlated with the amount of protease loaded 
in a certain range (Leber and Balkwill 1997; Vandooren et al. 
2013). In this study we made use of zymography not only to 
determine the proteolytic activities of the isolates but also to 
determine if these strains produced a single or multiple alkaline 
protease. 
 
This study presents the isolation and identification of bacteria 
that can produce extracellular proteases (caseinases and 
gelatinases) from Manleluag Hyperalkaline Spring in 
Mangatarem, Pangasinan, based on 16S rDNA sequencing. To 
our knowledge, this is the first report of the isolation of 
proteolytic strains of alkaliphilic and alkalitolerant bacteria from 
Manleluag Hyperalkaline Spring which can produce one or more 
types of protease as revealed by zymography.  
 
 
MATERIALS AND METHODS 

 

Sample collection 
Water samples were collected via composite sampling by using 
sterile amber bottles that can contain approximately four liters. 
Sediment samples (maximum of 1 m depth) were gathered by 
using sterile glass bottles (~ 437 ml volume) with lid, while 
microbial mat samples were collected by trapping the mat in the 
sterile container bottles. Samples were placed in an ice chest 
during transport and were processed immediately. 
 
Isolation, purification, and maintenance of alkaliphilic or 

alkalitolerant isolates 

Medium 
The medium used for the samples collected from alkaline 
environment was Horikoshi-I (Kimura and Horikoshi 1989). 
Sodium carbonate (20% w/v) was used to adjust the pH to 10.4. 
 
Processing of water, microbial mat, and sediment samples prior 
to isolation 
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Figure 1: Protease activity of the five alkaliphilic or alkalitolerant isolates from Manleluag Hyperalkaline Spring, Pangasinan, as determined 
by Skim Milk Assay.

 
Figure 2: Colony appearance and pigmentation of the five alkaliphilic isolates (SNE 3, SNE 2, SNE 9, W10, and W1) obtained from Manleluag 
Hyperalkaline Spring, Pangasinan.

Water. Approximately four liters of water sample were filtered 
by using 47-mm diameter Millipore ® sterile membrane filters 
with 0.22-µm pore size. Two filters were placed each on a 250- 
ml Horikoshi-I basal medium. They were incubated at room 
temperature (~30 °C) with constant shaking for 24 hours. Serial 
dilution from 10-1 to 10-8 was performed. Spread plating of 0.1 
ml of the inoculum was made from dilution 10-4 to 10-8 on a 

Horikoshi-I agar medium. The inoculated plates were incubated 
for at least 24 hours at 37 °C. Another batch of the water samples 
was prepared by placing the membrane filter on the top of a plate 
with Horikoshi-I agar medium. The plates were incubated at 
37 °C for at least 24 hours. Bacterial colonies with different 
morphological characteristics were selected and restreaked until 
pure culture was obtained. 
 
Microbial mat and sediment. Ten grams of each of the samples 
were transferred to a sterile bottle (437 ml container) containing 
a 250-ml Horikoshi-I basal medium. The samples were 
incubated with shaking at room temperature (~30 °C) for 24 
hours. The same protocol for plating of water samples above was 
done. Serial dilution was done, and spread plating of aliquots 
from the 10-1 to 10-5 dilutions was performed. Different colonies 
after incubation were picked and restreaked on a Horikoshi-I 
agar medium to obtain pure cultures.  
 
Purification and maintenance of isolates 
Each pure culture was inoculated on a slant containing a 
Horikoshi-I medium. Glycerol stocks (25% v/v) were also 
prepared in duplicates.  
 
Screening for extracellular protease activity of the 

alkaliphilic or alkalitolerant isolates by Skim Milk Assay   

Skim Milk Agar adjusted to pH 10.4 was used to screen all the 
isolates obtained for protease activity. Each plate (in triplicate) 
was point inoculated with six different 24-hour old cultures. The 
plates were incubated at 37 °C for 24 to 72 hours. A positive 
result had a zone of clearing around the putative protease 
producing isolates. The colony and clearing diameters were 
measured and recorded.  
 

The amount of extracellular protease produced by the isolates 
was assessed by comparing the ratio of colony diameter over the 
clearing diameter. Modification of this formula (Price et al. 1982, 
as cited by Mahmoudaabadi et al. 2010) was followed: 

Cz   =		 	"#$#%&	'()*+,+-
"#$#%&	'()*+,+-./#%+	#0	"$+)-(%1	'()*+,+-	

 
The degree of enzyme activity of each isolate was determined 
by the computed clearing zone (Cz) values. A Cz value of 1.0 
meant that the isolate is negative for the production of the 
enzyme assayed (-); Cz 0.99–0.90, for weak enzyme activity (+); 
Cz 0.89–0.80, for poor enzyme activity (++); Cz 0.79–0.70, for 
moderate enzyme activity (+++); and Cz <0.70, for high enzyme 
activity (++++). The isolate with the lowest Cz value was chosen 
as the best protease producer (Mahmoudaabadi et al. 2010).  
 

Statistical analysis 

The Cz values of the five alkaliphilic or alkalitolerant isolates 
with the highest protease production based on Skim Milk Assay 
were subjected to F-test by analysis of variance (ANOVA). Any 
significant differences in the amount of enzyme produced by the 
isolates were grouped and compared. Specifically, pairwise 
comparison using Scheffe’s Test was done in order to compare 
the mean Cz values of the isolates. To interpret S grouping, the 
Cz values with the same letters have no significant differences.  
 

Identification of the alkaliphilic isolates 

Cultural and morphological characterization 
Colony appearance and pigmentation, as well as the Gram 
reaction and cell morphology were observed. Moreover, the 
ability of the five isolates to grow in neutral pH was tested by 
using Skim Milk Agar (pH 6.8). Duplicates were prepared and 
were incubated for at least 24 hours at 37 °C. 
 
Molecular identification 
Molecular identification based on 16S rRNA gene sequencing 
was performed. Genomic DNA was extracted by using 
PureLink® Genomic DNA Mini Kit (InvitrogenTM, USA). 
 
 

SNE 2 SNE 3 SNE 9 W10 W1 

SNE 2 SNE 3 SNE 9 W10 W1 
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Table 3: Sequence similarities of the five bacterial isolates from Manleluag Hyperalkaline Spring, Pangasinan, with highest protease activity 
in Skim Milk Assay after 16S rRNA gene sequencing and BLAST Analysis. 

ISOLATE CODE GENBANK ACCESSION NO. % SIMILARITY E VALUE NEAREST PHYLOGENETIC NEIGHBOR 

SNE 3 
NR_102774.1 99% 0.0 Bacillus pseudofirmus OF4 
NR_026139.1 99% 0.0 Bacillus pseudofirmus DSM 8715 
NR_116389.1 99% 0.0 Bacillus marmarensis DSM 21927 

SNE 2 
NR_102774.1 99% 0.0 Bacillus pseudofirmus OF4 
NR_026139.1 99% 0.0 Bacillus pseudofirmus DSM 8715 
NR_116389.1 99% 0.0 Bacillus marmarensis DSM 21297 

SNE 9 
NR_042937.1 99% 0.0 Cellulosimicrobium funkei W6122 
NR_119095.1 99% 0.0 Cellulosimicrobium cellulans DSM 43879 
NR_115251.1 99% 0.0 Cellulosimicrobium cellulans ATCC 12830 

W10 
KT719661.1 96% 0.0 Bacillus horneckiae MER_86 
KT719734.1 96% 0.0 Bacillus horneckiae MER_152.1 
KF751680.1 96% 0.0 Bacillus sp. SSKSD16 

W1 
KT719661.1 96% 0.0 Bacillus horneckiae MER_86 
KT719734.1 96% 0.0 Bacillus horneckiae MER_152.1 
KF751680.1 96% 0.0 Bacillus sp. SSKSD16 

Table 4: The total protein in mg/ml after ammonium sulfate 
precipitation and partial purification from the five isolates (SNE 
3, SNE 2, SNE 9, W10, and W1) from Manleluag Hyperalkaline 
Spring, Pangasinan, estimated via Bradford assay. 

Isolate Code Total Protein 
(mg/ml) 

SNE 3 0.9689 
SNE 2 0.3839 
SNE 9 1.0327 
W10 0.8436 
W1 0.5358 

 
Polymerase chain reaction amplification of 16S rRNA gene 
Polymerase chain reaction (PCR) amplification was carried out 
by using the Bacteria–specific primer 27F (AGAGTTTG 
ATCCTGGCTCAG) paired with universal primer 1492R 
(GGGTTACCTTGTTACGACTT) (Lane et al. 1991). PCR was 
performed by using Veriti™ 96-Well Thermal Cycler (Applied 
Biosystems, USA) with the following conditions: initial 
denaturation at 94 °C for 5 minutes; 30 cycles of denaturation at 
94 °C for 1 minute, annealing at 53°C for 1 minute, extension at 
72 °C for 1 minute and 45 seconds, and final extension at 72 °C 
for 10 minutes with a holding temperature of 4 °C. 
 
Three µl of each of the PCR products were further mixed with 
five µl of loading dye and was loaded on 1% agarose gel in 0.5x 
Tris-Acetate-EDTA (TAE) buffer with GoodViewTM Nucleic 
Acid Stain (SBS Genetech Co., Ltd., China) run in Mupid®-
2plus System (OPTIMA, Inc., Japan) gel electrophoresis 
equipment at 100 V for 30 minutes. The gel afterward was 
viewed on a transilluminator with long ultraviolet (UV) light. 
The expected size of PCR products is ~1.5 kb. PCR products 
were sent to 1st BASE Laboratories Sdn Bhd, Malaysia, for 16S 
rRNA gene sequencing using the same set of primers as above.   
 
BLAST analysis of 16S rRNA gene sequences and 

phylogenetic analysis 

The 16S rRNA gene sequence chromatograms and sequences 
were analyzed by using 4Peaks (v. 1.7.2.) (Griekspoor and 
Groothuis 2005) and were aligned by using the Basic Local 
Alignment Search Tool (BLAST) software v. 2.3.0 (Altschul et 
al. 1997) of the National Center for Biotechnology Information 
(NCBI) website (http://blast.ncbi.nlm.nih.gov/Blast.cgi).  
 
The evolutionary tree was inferred by using the Neighbor-
Joining method (Saitou and Nei 1987). The bootstrap consensus 
tree inferred from 1,000 replicates is taken to represent the 
evolutionary history of the taxa analyzed (Felsenstein 1985). 
Branches corresponding to partitions reproduced in less than 
50% bootstrap replicates are collapsed. The evolutionary 
distances were computed by using the Tajima-Nei method 

(Tajima and Nei 1984) and are in the units of the number of base 
substitutions per site. The rate of variation among sites was 
modeled with a gamma distribution (shape parameter = 1). The 
analysis involved 21 nucleotide sequences. All positions 
containing gaps and missing data were eliminated. There were 
756 positions in the final dataset. Evolutionary analyses were 
conducted in MEGA6 (v. 6.0) (Tamura et al. 2013). 
 
Partial purification of crude alkaline protease by 

ammonium sulfate precipitation and dialysis 

The five isolates with the lowest Cz values were inoculated each 
in 100 ml Horikoshi-I broth (pH 10.5) using casein as the main 
carbon source. Each setup was incubated at 37 °C for 72 hours. 
The culture broth was centrifuged at 10,000 x g for 10 minutes 
to obtain crude enzyme solution. Pellet was discarded, and 
supernatant was subjected to ammonium sulfate precipitation.  
 
Solid ammonium sulfate was added gradually to the crude 
enzyme solution up to 70% saturation. The solution was placed 
on an ice bath (~4 °C) and stirred until all ammonium sulfate 
was dissolved. Then it was centrifuged at 12,000 x g for 30 
minutes to collect the precipitate. The precipitate was dissolved 
in minimal volume of 10 mM sodium borate buffer with 2 mM 
calcium acetate (pH 10.5). The saturated solution was 
transferred to new sterile 50 ml conical tubes and allowed to 
stand for another 24 hours in the refrigerator (~4 °C). The 
enzyme solution was dialyzed against the same buffer overnight. 
Six centimeters of seamless cellulose tubing (SIGMA Chemical 
Co., USA) with molecular weight cutoff of > 12,000 Da was 
used as dialysis tubing. All purification procedures were done at 
4 °C. All purification steps were maintained at approximately 
4°C since proteins are not irreversibly denatured in this 
temperature and precipitates can be redissolved in the buffer. 
The enzyme solution was lyophilized overnight and was 
reconstituted in a minimal volume of 10 mM sodium borate 
buffer with 2 mM calcium acetate (pH 10.5). It was stored at 
−20°C until use. Sodium borate buffer was used as the 
resuspending buffer due to its buffering capacity and stability at 
a pH range of 8 to 11 (Shimogaki et al. 1991).  
 
Determination of protein concentration by Bradford 

Method 

Six dilutions of BSA (bovine serum albumin) were prepared 
with a range from 0 to 1 mg/ml (w/v) with increment of 0.2. The 
dilution buffer used was 10 mM sodium borate with 2 mM 
calcium acetate (pH 10.5). 
 
A total of 20 µl of each standard and sample solution (five 
samples) were transferred to a sterile 2-ml Eppendorf tube. Then 
1,000 µl of the dye reagent were added to each tube. The protein 
assay dye reagent concentrate was composed of Coomassie® 
Brilliant Blue G-250 dye, phosphoric acid, and methanol. The 
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Figure 3: Gram reaction and cell morphology of the five alkaliphilic isolates (SNE 3, SNE 2, SNE 9, W10, and W1) from Manleluag 
Hyperalkaline Spring, Pangasinan.

 
Figure 4: Phylogenetic tree showing the relationship among the five Manleluag Hyperalkaline Spring, Pangasinan, isolates (SNE 3, SNE 2, 
SNE 9, W10, and W1) and closely related species based on 16S rRNA gene sequences.

protein solution was allowed to stand for 15 minutes at room 
temperature. The absorbance was measured at 595 nm by using 
Perkin-Elmer Lambda 25 UV-Vis spectrophotometer (Perkin-
Elmer, Massachusetts, USA).  
 
Samples were diluted accordingly by using the dilution buffer to 
obtain suitable optical density readings. Protein concentration of 
each sample was determined to standardize the amount of 
protein to be used in succeeding experiments.  
 
Zymography using gelatin and casein as substrates 

Gel preparation 
Gelatin zymography. Type A gelatin from porcine skin (Sigma-
Aldrich Co., USA) was used to prepare a 1% gelatin solution. 
The gelatin was dissolved in sterile deionized water with gentle 
heating. Per 10 ml of the resolving gel, 1.5 ml of 1% gelatin 
solution was added.  
 
Casein zymography. Casein from bovine milk (Sigma-Aldrich, 
Co., USA) was dissolved to a final concentration of 0.2% (w/v) 
in sterile deionized water, 30% Acrylamide/Bis stock, and 4x 
Tris (pH 8.8). Ammonium persulfate (APS) and 
tetramethylethylenediamine (TEMED) were added after letting 

the mixture to stand for 3 minutes at room temperature. Gels 
were prerun for 15 minutes before samples were loaded into the 
wells. 
 
Sample preparation, loading, and gel electrophoresis 
Per sample, 10 µg of protein were used. The samples (20 µl 
volume) were equalized with 10 mM sodium borate buffer with 
2.0 mM calcium acetate. The positive control was trypsin, and 
negative control was the buffer.  Samples at a volume of 4 µl 
and 8 µl trypsin were loaded.  
 
PAGE 
Each reaction mixture was visualized by using PAGE 
(polyacrylamide gel electrophoresis). Protein substrate 
degradation was evidenced by the appearance of clearing bands 
along the gel. Briefly 10 ml of 10% resolving gel solution was 
prepared by thoroughly mixing sterile deionized water, 30% 
Acrylamide/Bis stock, 4X Tris (pH 8.8), 10% APS, and TEMED. 
APS and TEMED were added after letting the mixture stand for 
three minutes at room temperature. The gel solution was poured 
into gel chamber (Mini-PROTEAN® Tetra Cell, BIO-RAD) 
with a 1.5 mm spacer. Then it was overlaid by water-saturated 
butanol solution. The gel was allowed to polymerize until  

SNE 2 SNE 3 SNE 9 W10 W1 
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Figure 5: Scanned zymogram of protein extracts from five 
isolates using gelatin as substrate run in Mini-PROTEAN® Tetra 
Cell at 120 V, stained with Coomassie blue solution. Lane 1-
PageRuler™ Plus Prestained Protein Ladder, lane 2- trypsin, lane 3- 
SNE 3, lane 4-SNE 2, lane 5-SNE 9, lane 6-W10, lane 7-W1, lane 8-
negative control (10 mM sodium borate and 2 mM calcium acetate 
buffer), lane 9-PageRuler™ Plus Prestained Protein Ladder. 

bubbles formed. The overlay solution was removed, and 2 ml of 
stacking gel was poured over. Stacking gel has the same 
composition as resolving gel with the removal of 4x Tris (pH 
8.8) and the replacement of 4x Tris (pH 6.8). 
 
The samples were mixed with 5x loading dye (6 µl). For trypsin, 
8 µl of loading dye were used. For gel electrophoresis, Mini-
PROTEAN® Tetra Cell (BIO-RAD, USA) was used at 120 V 
for 75 minutes. The running buffer was 1x Tris-Glycine-SDS 
buffer (per liter: 3.03 g Tris-base, 14.4 g glycine, 1 g SDS, and 
100 ml distilled water). The protein ladder used was 
PageRuler™ Plus Prestained Protein Ladder (Thermo Scientific, 
USA). 
 
After electrophoresis, the gel was activated by washing it three 
times with gel washing buffer (per liter: 25 ml Triton X-100, and 
975 ml sterile deionized water) for 15 minutes each washing. 

The gel was agitated in a rotary shaker and was further incubated 
at 37 °C for 24 hours in 10 mM sodium borate buffer (pH 10.5) 
with 2 mM calcium acetate. 
 
The gel was stained with Coomassie blue solution (per 100 ml: 
0.125 g Coomassie brilliant blue G-250, 1 ml acetic acid, 45 ml 
ethanol, and 54 ml sterile distilled water) for 1 hour with 
constant shaking. Destaining was further achieved by using 
destaining solution I (per liter: 400 ml methanol, 70 ml acetic 
acid, and 530 ml sterile distilled water) for 3 to 5 hours. After 
completely destained, the gel was washed with sterile deionized 
water overnight. It was also preserved and sealed in a plastic 
container with sterile deionized water. Scanning of the gel was 
accomplished by using BIO-RAD densitometer (BIO-RAD 
Laboratories, USA).  
 
After activation, the gel was stained, preserved, sealed, and 
scanned as described above. 
 
 
RESULTS AND DISCUSSION 

 

Sample collection and physicochemical characteristics of 

Manleluag Hyperalkaline Spring 

The average pH and temperature of the study site after they were 
measured three times were pH 10.4 and 35.0 °C, respectively. In 
other studies (Vargas et al. 2009; Mora 2013), the mean pH was 
11.5. This was higher compared with the measured pH of this  
 

 

Figure 6: Scanned zymogram of protein extracts from five 
isolates using casein as substrate run in Mini-PROTEAN® Tetra 
Cell at 120 V, stained with Coomassie blue solution. Lane 1-
PageRuler™ Plus Prestained Protein Ladder, lane 2- SNE 3, lane 3-
SNE 2, lane 4-SNE 9, lane 5-W10, lane 6-W1, lane 7-negative control 
(10 mM sodium borate and 2 mM calcium acetate buffer), lane 8-
positive control (trypsin), lane 9-PageRuler™ Plus Prestained Protein 
Ladder. 
 
study. However, the pH range of the site can vary from pH 9 to 
12 (Vargas et al. 2009). 
 
Isolation, purification, and maintenance of alkaliphilic or 

alkalitolerant isolates 

A total of 90 putative alkaliphilic or alkalitolerant isolates were 
obtained from water, microbial mat, and sediment samples from 
Manleluag Hyperalkaline Spring, Pangasinan. Cultural 
characteristics of all the isolates were determined. The isolates 
varied in form (circular, punctiform, or irregular), elevation (flat, 
raised, or umbonate), and margin (entire, undulate, or curled). 
Pigmentation of the isolates also varied from white to off-white, 
cream, pale yellow to yellow to intense yellow, and pale orange 
to orange to intense orange (fig. 2). Thus, with these results, 
Manleluag Hyperalkaline Spring is a good source of diverse, 
cultivable microorganisms capable of growing at high pH (>10) 
and with possible interesting features.  
 

Screening for extracellular protease production of the 

isolates by Skim Milk Assay 
Casein or skim milk agar plate assay allows principally the 
qualitative determination of protease production and activity 
(Vijayaraghavan and Vincent 2013). The formation of clearing 
zone around the colonies is a positive result of casein hydrolysis. 
Secreted proteases can catalyze the breakdown of the milk 
protein (casein) into smaller peptides and amino acids. These 
subunits can be taken up by the microorganisms for building 
cellular material and for energy use. Hydrolysis reaction occurs 
when the white opacity of the medium turns into clear zones 
around growth because of the conversion of the casein protein 
into soluble and transparent end-products (small chains of amino 
acids, dipeptides, and polypeptides). If there is no clearing zone 
surrounding the colony, a negative degradation of casein is 
indicated.  
 
Out of the 90 isolates, 35 isolates were able to hydrolyze the 
casein as evidenced by clearing zones surrounding the colony 
growth. Twelve isolates were obtained from the water samples, 
4 isolates from the microbial mat samples, and 3 isolates were 
from sediment samples. Only 5 isolates (SNE 3, SNE 2, SNE 9, 
W10, and W1) with the highest alkaline protease activity from 
Skim Milk Assay as indicated by their low Cz ratio were used 
further for protein concentration and enzyme characterization. 
Casein hydrolysis of the 5 isolates is shown in figure 1. 
 
Since an isolate with a low Cz value is associated with protease 
activity, the isolate SNE 3 (Cz 0.2908) can be considered as the 
best protease producer among the isolates. It was followed by 
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SNE 2 (Cz value of 0.2971). The other 3 isolates were SNE 9 
(0.3338), W10 (0.3426), and W1 (0.3611). Hence the 5 chosen 
isolates were SNE 3, SNE 2, SNE 9, W10, and W1.  
 

Statistical analysis 

The overall mean Cz values of the 5 isolates were subjected to 
F-test using ANOVA. Based on the results, at α = 0.05, at least 
one group had a different mean zone of clearing (Cz) values. 
Therefore they were further grouped and compared by using 
Scheffe’s method of pairwise comparison of means. Based on S 
grouping, results showed that W1−SNE 2, W1−SNE 3, and 
W10−SNE 3 are significantly different from one another (table 
1). 
 

Identification of the alkaliphilic isolates 

Cultural and morphological characterization 
Colony appearance and pigmentation, and cell morphology and 
Gram reaction, are presented in figures 2 and 3, respectively. 
Table 2 shows the morphological characteristics of the five 
isolates (SNE 3, SNE 2, SNE 9, W10, and W1). 
  
Moreover, the ability of the five isolates to grow on a near 
neutral medium was examined to determine whether the isolates 
are alkaliphiles or alkalitolerant. Results showed that the four 
isolates (SNE 3, SNE 9, W10, and W1) were able to grow on 
Skim Milk Agar (pH 6.8). Hence these isolates can be 
considered as alkalitolerant and not obligate alkaliphiles. By 
contrast, SNE 2 failed to grow on the said medium. Therefore it 
may be considered as an obligate alkaliphilic strain (table 2). 
 
Molecular identification 
Gene sequencing and BLAST analysis results. The percent 
similarity of the gene sequences of the five isolates (SNE 3, SNE 
2, SNE 9, W10, and W1) and the phylogenetic relationship 
among isolates and other reference strains were known after a 
BLAST analysis of the 16S rRNA gene sequences, multiple 
sequence alignment, and phylogenetic tree reconstruction. 
Sequence similarities of the isolates are presented in table 3. 
Nucleotide sequences are available from the NCBI GenBank 
database with accession numbers MK503980 to MK503984.  
 
The genus Bacillus has been reported as the most important 
source of alkaline proteases (Khan et al. 2011). Isolates (SNE 3 
and SNE 2) showed a 99% sequence similarity with Bacillus 
pseudofirmus OF4 (Janto et al. 2011), Bacillus pseudofirmus 
DSM 8715 (Neilsen et al.1994), and Bacillus marmarensis DSM 
21297 (Denizci et al. 2010). W10 and W1 isolates, based on a 
BLAST analysis, are both similar to Bacillus horneckiae 
MER_86 (NCBI Acc. no.: KT719661.1) and Bacillus 
horneckiae MER_152.1 (KT719734.1), and to Bacillus sp. 
SSKSD16 (KF751680.1) both with a 96% sequence similarity.  
 
Isolate SNE 9 showed a 99% similarity with Cellulosimicrobium 
funkei W6122 (Brown et al. 2006), C. cellulans DSM 43879, and 
C. cellulans ATCC 12830 (Schumann et al. 2001). A strain of 
C. cellulans has been reported to exhibit alkaline protease 
activity when grown on dried cells of Saccharomyces cerevisiae 
(Ferracini-Santos and Sato 2009). Maximum protease 
production of C. cellulans was observed when this strain was 
grown in a medium containing 0.2 g/l of MgSO4.7H2O, 2.0 g/l 
of (NH4)2SO4, and 8% of dried yeast cells in 0.15 M phosphate 
buffer at pH 8.0. Subjecting our isolate SNE 9 to similar 
treatment would be interesting to determine if our isolate would 
show an increase in protease yield.  
 
Figure 4 presents an evolutionary tree showing the relatedness 
of the five isolates with selected reference strains. Phylogenetic 
interpretations according to 16S rRNA gene sequences revealed 
that the nearest phylogenetic neighbor of SNE 2 and SNE 3 is 

Bacillus pseudofirmus and B. marmarensis strains supported 
with 100% bootstrap confidence level. W10 and W1 had a 100% 
bootstrap confidence level relating them to their nearest 
neighbor, Bacillus horneckiae clade. SNE 9 was more related to 
C. funkei strain W6122 than to C. cellulans with a bootstrap 
confidence level of 83%, which coincides with the results of a 
sequence similarity (99%) on a BLAST analysis. To ascertain 
the identity of the isolates at the species level, additional 
biochemical tests, sequencing of additional gene loci, and whole 
genome sequencing should be done. 
   
Zymography using gelatin and casein as substrates 

The protein concentration for every isolate was standardized so 
that the enzyme solutions for zymography have equal total 
protein content. The total protein content of the five isolates is 
presented in table 4.  
 
Gelatin zymography 
The zymogram using porcine skin gelatin as substrate is shown 
in figure 5. Gelatin zymography is done to detect and assess 
specifically matrix metalloproteinase-2 (gelatinase A) and 
matrix metalloproteinase-9 (gelatinase B) activity (Toth and 
Fridman 2012). 
 
A band with proteolytic activity for all isolates was seen 
between 130 and 250 kDa. There was activity for isolates SNE 
3, SNE 2, and SNE 9 at approximately 70 kDa. Other proteolytic 
bands were seen near 55 kDA for SNE 3, SNE 2, and SNE 9. 
Gelatinases (two bands) were also observed below 35 kDa for 
SNE 3 and SNE 2. Based on the molecular sizes of these 
proteases alone, the gelatinases from SNE 3 are possibly the 
same as those of SNE 2. This is also the case since isolates SNE 
3 and SNE 2 are possibly of the same species of bacteria 
(putative B. pseudofirmus or B. marmarensis) as supported by 
their respective 16S rDNA sequences. All in all, there were five 
gelatinases of different molecular weights observed from SNE 3 
and SNE 2. By contrast, there were three gelatinases from SNE 
9 (Cellulosimicrobium sp.) with molecular weights similar to 
those of SNE 3 and SNE 2. A strain of Cellulosimicrobium has 
also been reported to show gelatinolytic activity (Huang et al. 
2012). However, there is no mention of how many types of 
gelatinase enzyme this strain has. For W1 and W10 (Bacillus 
sp.), only one band with gelatinase activity was observed. Many 
strains of Bacillus, including B. pseudofirmus and B. 
marmarensis, the closest phylogenetic neighbors of strains 
SNE3 and SNE2, are known to be gelatinolytic (Denizci et al. 
2010).  In fact, certain Bacillus species have been reported to 
produce extracellular proteases with gelatinolytic activities that 
are useful for the production of gelatin and collagen-derived 
hydrolysates and peptides (Rao et al. 1998; Gómez-Guillén et al. 
2011; Sai-Ut et al. 2013). Gelatin hydrolysate has been used as 
an ingredient in drugs, drinks, foods, cosmetics, and health care 
products (Liu et al. 2010).   
 
Interestingly, no proteolytic activity against gelatin was 
observed on the lane with trypsin. Possibly the trypsin was 
inactivated at a high pH of the solution (Bisswanger 2014). 
Therefore a suitable positive control (probably an alkaline 
trypsin) which can actively degrade the substrates at a high pH 
should be used.  
 
Casein zymography 
The five isolates showed positive proteolytic activities in casein 
zymography as presented in figure. 6. Caseinase was observed 
between 130 and 250 kDa from all samples. Three samples 
(from SNE 3, SNE 2, and SNE 9) showed the presence of 
caseinase (one distinct band) with molecular weight a little 
below 55 kDa. SNE 3 and SNE 2 (Bacillus sp.) extracts had one 
band also between 35 and 55 kDa. In total, there were at least 



 
  Philippine Science Letters                        Vol. 12 (Supplemental) | 2019 88 

three bands of different molecular weights with caseinolytic 
activity observed from lanes containing protein extracts from 
SNE 2 and SNE 3. For SNE 9 (Cellulosimicrobium sp.), only 
two dominant proteolytic bands were observed. Only one 
proteolytic band was present in W1 and W10 lanes (between 130 
kDa and 250 kDa), suggesting the presence of only a single 
caseinase enzyme produced by these strains grown in the 
conditions described above. 
 
Similarly with gelatinases, many strains of Bacillus have been 
found to exhibit caseinolytic activity (Ma et al. 2012; Denizci et 
al. 2010). Similarly Cellulosimicrobium species have been 
reported to be able to hydrolyze casein (Ferracini-Santos and 
Sato 2009). However, in most cases, zymography was not 
included in the assays for alkaline proteases, resulting in very 
limited information whether the crude enzymes being analyzed 
contained only a single type of alkaline protease or more. 
 
Different molecular weights of proteolytic bands in zymography 
are an indication of the production of several proteases. A single 
species can produce several kinds of gelatinases and caseinases. 
The proteolytic activity routinely detected in Skim Milk Assays 
may come from multiple active proteases of varying molecular 
sizes synergistically degrading casein—the main protein 
component of skim milk. Therefore including zymography in 
characterizing an isolate for proteolytic activity is important to 
determine whether the proteolytic activity observed in a plate 
assay is from a single protease or more. The resulting 
zymograms may also be used as a guide in purifying and 
fractionating proteolytic protein pools or crude enzyme extracts 
for further tests since molecular weights of the active enzymes 
can be determined. Zymography can help in targeted isolation 
and purification of proteases of known molecular size. 
Furthermore, assays of crude extracts for the effect of 
physicochemical factors on enzyme activity should be 
interpreted with caution as these extracts may have more than 
one type of enzymes present.  
 

 

CONCLUSION AND RECOMMENDATIONS 

 
Manleluag Hyperalkaline Spring harbors microorganisms with 
interesting features such as producing enzymes that are stable in 
alkaline pH. Note that our Bacillus spp. and Cellulosimicrobium 
sp. isolates were able to produce two or more types of alkaline 
proteases such as gelatinases and caseinases of varying 
molecular sizes. Strains isolated in this study present the 
potential for biotechnological uses. Further experiments and 
tests are recommended to know more about the ability of these 
isolates to produce proteases as well as the molecular 
characterization of the enzymes after isolation and purification 
of each of the detected proteases from the strains described 
above.  Some additional tests for the proteases are to determine 
the influence of pH and temperature in protease production of 
the isolates, assess the effect of carbon and nitrogen sources on 
the isolates, determine the effect of temperature on protease 
activity, detect the pH range of the proteases, and identify the 
type of protease fractions present on the isolates, to mention a 
few.  
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