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1. INTRODUCTION 

 

Microbial enzymes are increasingly being 

favored due to their being relatively easier to produce 

compared with other sources1. Owing to their conditions, 

soils harbor a diverse plethora of microbial species, thereby 

resulting in a wide range of enzymes with varying charac-

teristics2. Among these species, the genus Bacillus has 

been widely regarded as “factory” of different bioactive 

compounds including enzymes3. Some of the commonly 

produced enzymes of Bacillus sp. with pharmaceutical 

importance are amylases and proteases4-5. 

Amylases are enzymes that catalyze the 

cleavage of glycosidic bonds of starch6. Hence, they are 

typically used in food processing and bioremediation1. 

Because of their activity, amylases are also widely used 

for pharmaceutical purposes such as for the treatment of  

calorie deficiency and as digestive tonics6-7. On the other 

hand, proteases are enzymes that hydrolyze the peptide 

bonds in polypeptides. These enzymes are commonly 

used in the waste management, food and feed processing, 

and other industries8. In the field of pharmacy, proteases 

are used in the treatment of various communicable and 

non-communicable diseases9. 

Changes in the conditions of the soil alter the 

production and stability of microbial enzymes10. These 

changes may be brought about by several factors from the 

continuous and rapid urban development11, to changes as 

drastic as volcanic eruptions12. Hence, in this study, 

microbial amylases and proteases produced by Bacillus 

sp. isolated from soils collected in highly-urbanized areas, 

with one having experienced a volcanic eruption in the 

past13 were screened. 
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ABSTRACT 
 

Amylase and protease are two of the most commonly used enzymes in the pharmaceutical industry. 

Particularly, Bacillus spp. is widely regarded as a “factory” of these enzymes. In this study, a total of 40 isolates 

were collected from four soil samples from different metropolitan sites namely, near Chemicals and Energy 

Division (CED), and National Metrology Laboratory (NML) oil tankers parking lot inside the Department of 

Science and Technology (DOST) Compound in Taguig City, and two metropolitan-volcanic sites in Clark Freeport 

Zone, Pampanga (CRK1, CRK2). Of these, 33 isolates were deemed putative Bacillus spp. via phenotypic assays 

and were screened for the production of amylase and protease. Results showed that 26 of the screened isolates 

were able to produce protease and 12 were positive for amylase production. Molecular identification revealed 

that the enzyme-producing isolates were Bacillus spp., B. cereus, B. aryabhattai, B. amyloliquefaciens, B. firmus, 

B. velezensis, and Fictibacillus sp. No isolate was able to produce amylase alone. These results show the potential 

of Bacillus spp. from metropolitan soil as sources of pharmaceutically-important enzymes. 

 
Keywords:  
Amylase, Bacillus spp., Enzyme production, Metropolitan soil, Protease, Volcanic soil 
 

Research Article 



Pharmaceutical Sciences Asia 

 
203 

2. MATERIALS AND METHODS 

 

2.1. Collection of soil samples 

 

Approximately 250 g of 2- to 5-cm-deep surface 

soil samples were collected from two sites in the Depart-

ment of Science and Technology (DOST) Compound, 

Bicutan, Taguig City: (1) near the Chemicals and Energy 

Division (CED) Building (14°29'29.0"N 121°03'10.0"E) 

and (2) at the National Metrology Laboratory (NML) oil 

tankers calibration site (14°29'24.1"N 121°03'05.2"E). 

These two locations were selected due to their being 

situated in Metro Manila, and the heavy foot and vehi-

cular traffic in these areas. Furthermore, a pilot plant for 

chemicals production is situated in proximity with the 

CED sampling site, and oil tankers are being calibrated 

at the NML sampling site. Similarly, soil samples were 

also collected from two sites in Clark Freeport Zone, 

Pampanga: (3) Bonifacio Street (15°09'47.3"N 120°34' 

20.6"E) and (4) Sarmiento Street (15°09'45.3"N 120°34' 

21.8"E). The Clark Freeport Zone is among the areas in 

Northern Luzon which was directly affected by the 1991 

Mt. Pinatubo eruption14. All four soil samples were stored 

in sterile, resealable plastic bags for immediate transport 

to the laboratory. The temperature and relative humidity 

(RH) of the sampling sites were also noted. 

 

2.2. Isolation of putative Bacillus spp. 

 

Twenty-five grams of each soil sample was 

first homogenized in 250 mL 0.1% peptone water (PW). 

Thereafter, serial dilution up to 10-4 was performed. Each 

dilution was spread on Mannitol-Yolk-Polymyxin B 

(MYP) agar and incubated at 35°C for 24 h15. Dilutions 

with growths within the valid count (30-300 colonies) 

were selected for isolation. Putative Bacillus spp., which 

were selected based on their morphologies, were isolated 

by streaking each colony on Tryptone Soya Agar (TSA) 

until pure cultures were obtained. The isolates were 

stored at 4°C until further use. 

 

2.3. Screening for enzyme production 

 

2.3.1. Amylase production 

 

Each  isolate  was streaked  on starch  agar and 

incubated for 24 h at 35°C to screen for amylase activity. 

A clearing zone observed upon flooding with iodine 

indicated amylase activity4. 

 

2.3.2. Protease production 

 

Each isolate was streaked on TSA supple-

mented with 10% skim milk and incubated for 24 h at 

35°C to screen for protease activity. An isolate showing 

a clearing zone indicated protease activity16. 

 

2.4. Phenotypic and genotypic identification 

 

Colony morphologies of the isolates on TSA 

plates were noted and Gram staining was performed to 

characterize their cellular morphologies. Biochemical 

characterization including catalase test and sugar fer-

mentation were also conducted. 

The genomic DNA (gDNA) of putative Bacillus 

spp. isolates were extracted using ISOLATE II Genomic 

DNA extraction kit (Bioline, USA). Thereafter, the gDNA 

were subjected to Polymerase Chain Reaction (PCR) 

using the MyTaq Red HS PCR Mix (Bioline, USA) to 

amplify the 16S rRNA gene using the primers 27F (5'-

AGAGTTTGATCMTGGCTCAG-3') and 1492R (5'-

TACGGYTACCTTGTTACGACTT-3'). Amplicons were 

run on 1% agarose gel electrophoresis for verification. 

Amplicons were sent to Macrogen, Korea for capillary 

sequencing. The sequences were analyzed using NCBI 

BLASTn and phylogenetic trees were constructed using 

Maximum Likelihood Method via the BioEdit software. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Putative Bacillus spp. were isolated from soil 

samples from different localities 

 

Forty isolates were obtained upon plating each 

of the soil samples from all four sites on MYP agar 

(Figure 1). Fifteen of which were from soil collected 

near the CED Building and eight from the parking lot 

for oil tankers near the NML Building at the DOST Com-

pound, Taguig City. Eight isolates were collected from 

soil samples from Bonifacio Street (CRK1), and nine 

from Sarmiento Street (CRK2) in Clark Freeport Zone, 

Pampanga. During the time of collection, the atmospheric  
 

 

Figure 1. Representative plates showing putative Bacillus spp. isolates from (a) CED, (b) NML, (c) CRK1, and (d) CRK2 soil samples. 
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conditions were around 32°C, 56% RH, and 29°C, 77% 

RH, respectively. Whereas, edaphic temperature of the 

soil samples was around 21-24°C. 

Based on their phenotypic characterization, 33 

isolates were deemed to be putative Bacillus spp., 

showing Gram-positive rods and testing positive for 

catalase activity (Figure 2), and were thus selected for 

the succeeding screening for the enzyme production. 

 

3.2. Locally-isolated putative Bacillus spp. produce 

pharmaceutically-important enzymes 

 

Changes in edaphic conditions facilitate the 

dynamics of soil microbial ecology, and affect the 

enzymes produced by microorganisms in soil10. More 

specifically, urbanization has caused drastic changes in 

soil conditions11. In this study, the 33 putative Bacillus 

spp. isolates from soil samples from two different 

metropolitan areas in the Philippines were screened for 

their enzyme production. A total of 14 isolates from CED 

(Table 1), six from NML (Table 2), four from CRK1 and 

two from CRK2 (Table 3) were observed to produce 

enzymes based on phenotypic assays (Figure 3). Of these, 

12 isolates produced amylase, while 26 had protease 

activity. 

Amylases are enzymes that catalyze the hydro-

lysis of starch via the cleavage of its glycosidic bonds, 

thereby yielding shorter oligosaccharides as a result. 

Because of this enzymatic function, it is involved in the 

digestion of food6. Amylases of microbial origin have 

been observed, and are used in industrial-scale produc-

tion17. Because of this, its use in the pharmaceutical 

industry has become extensive, particularly as digestive 

tonics7, for enzyme replacement therapy18, and as treat-

ment for calorie deficiency6, to name a few. Among all 

microbial sources, Bacillus spp. have the most extensive  

 

 

Figure 2. Representative microscopy images of Gram-stained putative Bacillus spp. isolates from (a) CED, (b) NML, (c) CRK1, and (d) CRK2 

soil samples. 

 

 

Figure 3. Representative plates showing (a) amylase and (b) protease production. 

 
Table 1. Screening for enzyme production of putative Bacillus spp. isolated from CED soil sample. 

 

 Isolates 

Enzyme CED CED CED CED CED CED CED CED CED CED CED CED CED CED 

 1 2 3 4 5 6 7 9 10 11 12 14 15 16 

Amylase + - + + - - - + + - - + + + 

Protease + + + + + + + + + + + + + + 

 
Table 2. Screening for enzyme production of putative Bacillus spp. isolated from NML soil sample. 

 

Enzyme Isolates 

 W2 W3 W4 W5 W8 W9 

Amylase + - - - - + 

Protease + + + + + + 

 
Table 3. Screening for enzyme production of putative Bacillus spp. isolated from CRK1 and CRK2 soil samples. 

 

Enzyme Isolates 

 CRK1-1 CRK1-3 CRK1-5 CRK1-8 CRK2-5 CRK2-7 

Amylase - + - - + - 

Protease + + + + + + 
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amylase production17. 

Out of the 12 isolates observed to produce 

amylase, eight were from CED (Table 1), and two were 

from NML soil samples (Table 2). Variations in the 

number of isolates found to produce amylase might be 

the effect of the changed edaphic conditions brought 

about by urbanization in these areas11. Meanwhile, only 

one from each of the two CRK samples (Table 3) was 

observed to produce amylase. It is noteworthy that the 

area where these samples were collected is now a highly- 

urbanized area after experiencing an intense volcanic 

eruption in the past14. Previous studies have shown that 

volcanic eruptions drastically change the conditions of 

the soil, particularly by introducing heavy metals12,19. 

These changes significantly decrease enzymatic activi-

ties in soil20-22. Interestingly, amylase-producing isolates 

were still collected from the soil samples in this study. 

Perhaps this is due to the subsequent changes in soil 

conditions brought about by urbanization in the area 

post-eruption. 

In this study, all screened isolates were able to 

produce protease (Table 1-3). The high number of isolates 

capable of producing protease is expected since the 

samples where they were isolated are soils which are 

high in minerals (usually in organic form). Proteases are 

capable of hydrolyzing proteins which results in the 

availability of free nitrogen for plants. Thus, this enzyme 

is important in the nitrogen cycle in soils. In the pharma-

ceutical industry, proteases are incorporated in solutions 

for bandages, gauzes, among others, for the treatment 

of wounds and burns8. Furthermore, proteases are also 

used in therapeutics, particularly in the treatment of 

cardiovascular diseases, inflammation, and even infec-

tious diseases9. Interestingly, similar to amylase, Bacillus 

spp. are considered to be the most widely-used in the 

production of proteases8. 

It is noteworthy that while all screened isolates 

were able to solely produce protease, no isolate was able 

to produce amylase alone (Tables 1-3). This result is 

similar to a previous study wherein the authors also 

observed that no isolate was able to produce only amy-

lase1. Moreover, they have also isolated strains which were 

able to produce only one of the enzymes tested. They 

argued that this may be because the specific substrate 

of the enzyme is important in the metabolism of the 

microbial cell. Furthermore, the ability of the isolates to 

produce two or more enzymes suggests that there might 

be synergistic activities between these enzymes on the 

overall metabolism of the cell. Hence, co-production of 

these two enzymes is being pursued2-3. These also suggest 

that the isolates from this study which were able to pro-

duce both enzymes may be tapped in the co-production 

of amylase and protease. Optimization studies on the 

enzyme production of these isolates may be pursued to 

exploit these capabilities. 

 

3.3. Enzyme-producing isolates identified as Bacillus 

spp. and Fictibacillus sp. via 16S rRNA amplification 

and phylogenetic analyses 

 

Isolates which were observed capable of pro-

ducing any of the two selected enzymes were subjected 

to molecular identification. In this study, 79% of all the 

isolates tested were observed to produce enzymes (Table 

1) and were identified as Bacillus spp. This genus is 

increasingly being favored as a “factory” of different 

industrially-important compounds such as enzymes due 

to their safety as well as their capability to produce large 

amounts of proteins4. Particularly, Bacillus spp. are 

considered to be the most widely-used bacteria in the 

production of both amylase and protease5-6. 

Twelve of the isolates from CED soil were 

identified as Bacillus spp., and two were B. cereus based 

on sequence similarities (Figure 4), whereas, enzyme-

producing isolates obtained from soil collected from the 

NML oil tankers parking lot were identified as Bacillus 

spp., B. cereus, B. aryabhattai, B. firmus, and Fictibac-

illus sp. (Figure 5). Meanwhile, B. cereus, B. aryabhattai 

and B. velezensis were the identities of the isolates from 

CRK1 and CRK2 samples. The differences in terms of 

species diversity in the soil samples may be due to their 

respective edaphic conditions, particularly with the 

variations brought about by urbanization, and in the case 

of CRK samples, volcanic eruptions7-10.  

Of particular interest with these results is that 

amylase production is observed only in the isolates 

identified as Bacillus spp. and B. cereus. Previous reports 

of these species isolated from various soil and hotspring 

samples in the Philippines have similarly showed their 

capabilities to produce amylase11. However, it is recom-

mended that a more in-depth genotypic characterization 

be performed to identify the Bacillus spp. isolates up to 

the species level. Nonetheless, amylase production was 

also observed in both the metropolitan (CED, NML) and 

metropolitan-volcanic (CRK1, CRK2) samples. 

Volcanic eruptions result in the introduction 

of heavy metals in soil, hence changing the overall 

edaphic conditions9. As a result, microbial ecology as well 

as their enzyme production are also affected7. In the CRK 

samples, B. cereus were identified as the sole producers 

of amylase. Perhaps, the persistence of B. cereus may be 

attributed to their reported capabilities to tolerate and 

even remediate heavy metals in soil12-13. 

In the case of protease, the identified isolates 

were more diverse. B. cereus was also identified in a 

number of isolates from all four samples (Figures 4-6). 

This species has been previously reported to produce 

protease14-16. Two isolates from NML (W3, W5) and one 

from CRK2 (CRK2-7) were identified as B. aryabhattai 

(Figures 5-6). It is a plant-growth promoting species first 

isolated in cryotubes used for air sampling17-18. There are 

very few reports on enzyme production by B. aryabhattai,  
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Figure 5. Phylogenetic tree of Bacillus spp. isolates from NML soil sample. 

 

nonetheless, it has been previously shown to produce 

protease19-20. 

This study may be the first to report B. 

aryabhattai isolates from the Philippines capable of 

producing protease. 

Isolate W4 from NML soil sample, identified 

as B. firmus, was also observed to produce protease. 

Previously, a novel Sep1 protein from B. firmus has been 

characterized as a serine protease capable of degrading 

the intestinal tissue and cuticle of nematodes21. Similarly, 

a protease-producing strain of B. firmus has also been 

isolated from soil and used to optimize the production 

of the enzyme relative to the effects of temperature, pH, 

and salinity22. This study also reports the isolation of 

Fictibacillus sp. (thought to be a putative Bacillus spp. 

isolate) from NML soil sample which produces protease 

(Figure 4). An earlier study which was able to isolate 

Fictibacillus sp. from rhizosphere has also reported its 

capability to produce protease23. Furthermore, a protease-

producing strain of B. velezensis was isolated from CRK1 

soil (Figure 6). B. velezensis associated with plants24-25 

and a strain isolated from manure26 have also been 

shown to produce protease. Its presence in the CRK1 

sample may be attributed to its potential tolerance to the 

edaphic conditions. A paper has previously reported a 

heavy metal-tolerant protease from a B. velezensis strain  
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Figure 6. Phylogenetic tree of Bacillus spp. isolates from CRK soil samples. 

 

isolated from the rhizosphere of tomato plant27. 

These results show the potential of urban soil 

as a source of industrially-important enzymes. It may be 

inferred that drastic changes in the environmental condi-

tions, such as those resulting from volcanic eruptions, 

might affect the enzyme production of these microorga-

nisms. By performing an in-depth phenotypic and geno-

typic characterization of the enzymes produced by these 

isolates, we may come up with a better understanding 

of their activities. Moreover, genetic modification tools 

may also be used in further applying this information in 

the mass production of these enzymes. Thereafter, their 

application for a wide variety of uses, especially those in 

the pharmaceutical industry, may be tapped. 

 

4. CONCLUSIONS 

 

Changes in the environment, particularly as a 

result of urbanization and volcanic eruptions, drastically 

alter the edaphic conditions, soil microbial ecology, and 

enzymatic activities. This work showed the diversity in 

terms of the species present in the different metropolitan 

and metropolitan-volcanic samples, as well as their cor-

responding enzymatic activities. It reported the ability 

of locally-isolated Bacillus spp. to produce amylase and 

protease. Interestingly, it was also observed that no isolate 

was able to produce amylase alone. Overall, these results 

suggest the potential use of these native isolates in the 

production of pharmaceutically-important enzymes. 
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