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Searching for Versatile Polysaccharide-Degrading Alkali-tolerant or Alkaliphilic Bacillus 

Strains 

Sinan BAYRAM1, Mehmet Nuri AYDOĞAN2  

ABSTRACT: The plant-derived polysaccharides (Cellulose, xylose and amylose, etc.) are the most 

abundant renewable raw materials in nature. Cellulose and xylose are the predominant carbohydrate 

polymer components of the plant cell walls and the most abundant biopolymers in the world. Another 

plant-derived polysaccharide, starch is found in plant tubers, roots and seed endosperms as a major 

carbohydrate reserve. In this study, it was aimed to find multi-enzyme producer bacteria strains in terms 

of industrially important enzymes such as cellulase, xylanase and amylase. For this purpose, isolated 

Bacillus strains from different samples were qualitatively evaluated for cellulase, xylanase and amylase 

enzyme production potentials. The isolates that have the highest enzyme activity were selected for 

biochemical tests, molecular and phenotypic characterization. As a result of these characterization 

process, SB57, SB104, SB155, SB178, SB197 and SB199 strains were identified as Bacillus pumilus 

and SB118, SB138 strains were identified as Bacillus safensis. In addition to these strains, SB120 and 

SB147 strains were identified as Bacillus aerius and Bacillus licheniformis respectively. 16S rDNA 

sequence analysis results of these Bacillus strains were deposited in NCBI GenBank® under accession 

number KT371465 - KT371474 respectively. 
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INTRODUCTION 

Enzymes are biological catalysts that accelerate or catalyze, chemical reactions in living 

organisms. These biological catalysts, which can only be synthesized by living organisms, regulate 

reactions outside the cell as well as within the cell (Kagan and Li, 2003). The use of enzymes in daily 

life is nearly as old as the history of the civilization. Humans have been unwittingly benefited from the 

catalytic properties of enzymes for thousands of years in many processes such as the fermentation of 

bread, yogurt and cheese, the production of various alcoholic beverages and leather tanning (Kirk, 2002; 

Cherry and Fidantsef, 2003). It is reported that, the enzyme market reached annually 5.5 billion dollars 

in 2018, all over the world and it is estimated that this figure will reach 7 billion dollars by 2023 (Mishra 

et al., 2020). 

Cellulose, which is one of the basic components of the cell wall in plants, is undoubtedly of great 

importance among the most abundant structural polysaccharides in nature. According to calculations 

made from various sources, plants are reported to produce 180 billion tons of cellulose on a global scale 

each year (Taylor, 2007) and therefore undoubtedly cellulose is one of the most abundant renewable 

energy sources in the world (Reese and Mandels, 1984; Coughlan, 1985). 

Cellulose is formed by the linear bonding of approximately 15000 glucose units with β 1-4 

glycosidic bonds. Since it can be fermented and used as a substrate in biotechnological applications, 

cellulose is accepted as the most abundant carbon source in the world. Enzymes involved in hydrolysis 

of cellulose are called "cellulase" (Li et al., 2019). It is stated that three different enzymes act 

synergistically in the conversion of cellulose to ß-glucose. In this process, the enzymes that use cellulose 

as a substrate are endoglucanases (EC 3.2.1.4), exoglucanases (EC 3.2.1.91) and ß-glucosidases (EC 

3.2.1.21) (Podrepšek et al., 2019). 

Xylans are the second most abundant polysaccharide in nature made from units of xylose that are 

found in plant cell walls and some algae. Xylanases are a class of hydrolytic enzymes which randomly 

cleave the linear polysaccharide β-1,4-xylan into xylose (Hammed et al., 2013). Xylanases are 

glycosidases (O-glycoside hydrolases, EC 3.2.1.x) which are capable of cleaving the β-1,4 backbone of 

the complex plant cell wall polysaccharide xylan (Collins et al., 2005). Because of their catalytic 

properties, xylanases are widely used for industrial purposes including juice clarification, bioethanol 

production, dough processing, textile manufacturing, paper bleaching and feed additive etc. Selected 

strains to produce xylanase enzyme on industrial scales are generally isolated from plant pathogens. The 

xylanases used in industrial production are mostly isolated from bacterial and fungal strains (Beg et al., 

2001; Chen et al., 2015; Saadat, 2017). In the food industry, xylanases are used for clarifying fruit juices 

and reducing viscosity. In the production of wine, xylanase enzyme is also used for increasing quality 

and clarification of maceration liquid. The xylanase enzyme is used to increase extraction efficiency, 

product quality and process performance in corn oil and olive oil production (Bhat, 2000). 

The main purpose of using xylanase enzyme in the production of dough and bakery products is 

arabinoxylan, which is found in cereals and constitutes approximately 60-70% of the grain. 

Arabinoxylan that is the target substrate of the xylanase is about 60-70% of the cereal flour (Aehle, 

2006). The use of xylanase enzyme in the production of doughs and bakery products increases the dough 

strength and at the same time gives the dough elasticity properties. These processes make it easier to 

knead the dough and increase the quality of the dough (Bhat, 2000; Dutron et al., 2011). 

 In the production process of feeds of farm animals such as poultry, pigs and ruminants, the 

xylanase enzyme has a great importance. The xylanase enzyme is used to reduce polysaccharide content, 

which is found in products such as barley and wheat, which are mostly used in feed production, and 
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which is difficult to digest. With the use of xylanase, the digestibility of animal feeds is increased and 

as a result, the meat and milk yield is increased in animals (Bhat, 2000; Mathlouthi et al., 2003). In 

addition, in the textile industry, the xylanase enzymes are widely used in the process of pooling 

industrially important herbal products such as linen, ramie and hemp (Sharma, 1987; Prade, 1995; Beg 

et al., 2001). 

As an important storage polysaccharide starch is a polymer made up of glucose units connected 

by glycosidic bonds and is generally found in seeds, roots and tubers of large plants. There are two 

different types of glucose polymers in the starch: amylose and amylopectin. In amylose, which makes 

up approximately 30% of starch, α 1-4 glycosidic bonds are seen, while amylopectin, which makes up 

about 70%, has α1-6 glycosidic bonds (Barsby et al., 2001). Starch has a very complex structure and two 

different enzyme groups take part in the separation of starch into oligosaccharides and smaller building 

blocks. Endohydrolases (Endo-acting) and exohydrolases (Exo-acting) (Polaina and MacCabe, 2007). 

Among the commercially used enzymes, amylases have an important place. Amylase enzyme is used in 

many industrial fields such as food, textile, pharmaceutical, paper and detergent industries. The first use 

of this enzyme as a pharmaceutical supplement was in 1984 for the treatment of digestive disorders 

(Gupta et al., 2003; Debarati et al., 2014). 

Alkaliphiles are a group of extremophilic microorganisms that grow optimally in alkaline 

environments at pH values above 9.0. Alkaline enzymes produced by alkaliphilic microorganisms are 

used in many fields such as detergent industry, tanning of the leather, food industry, cosmetics and 

pharmacology (Horikoshi, 1999). 

In this study, alkaliphyl and alkalitolerant Bacillus strains has been isolated from different origins 

and these strains has been investigated for cellulose, xylanase and amylase enzyme production 

potentials. The strains with the highest enzyme activity were selected for physiological, biochemical and 

morphological and molecular characterization procedures. Based on the information obtained from these 

results, isolates were registered in the NCBI database. 

MATERIALS AND METHODS 

Isolation of Bacterial Strains 

The microorganisms used in this study were isolated from different sources. For this purpose, soil 

samples were taken from the rhizosphere and the surface, in addition, rotten fruit samples, decaying 

plants and paper samples were used for purification of microorganisms. The samples taken from nature 

were transferred to sterilized 50 mL falcon tubes and brought to the laboratory. Samples diluted by serial 

dilution using physiological saline in the laboratory were inoculated into appropriate media (Ghadiri et 

al., 2021). 

Qualitative determination of cellulase enzyme activity 

PYC (Peptone, yeast and carboxy-methyl cellulose) medium (pH: 9.0) was used to determine the 

cellulase enzyme activity of isolated Bacillus strains (Figure 1a). For this purpose, microorganisms were 

inoculated in a straight line on the prepared solid PYC medium which was composed of 10.0 g L-1 

carboxy-methyl cellulose (CMC), 5.0 g L-1 peptone, 5.0 g L-1 yeast extract, 1.0 g L-1 KH2PO4, 0.2 g L-1 

MgSO4.7H2O, 15.0 g L-1 agar-agar. All isolates were incubated for 72 h at 30 °C. At the end of the 

incubation period, 3 mL, 0.1% Congo red was added to the media and waited for 20 minutes and staining 

was performed in this way. After the staining process, 5mL, 1M NaCl was added in order to remove the 

dye from the medium and waited for 15 minutes. Yellow zones were observed around microorganisms 

capable of degrading cellulose and these bacteria were recorded as cellulase positive (Kim et al., 2005; 

Nelson et al., 2021). 
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Qualitative determination of xylanase enzyme activity 

All isolates were incubated in xylan medium (pH: 9.0) was composed of 5.0 g L-1 oat spelt xylan, 

5.0 g L-1 peptone, 1.0 g L-1 yeast extract, 1.0 g L-1 KH2PO4, 0.2 g L-1 MgSO4.7H2O, 0.1 g L-1 

CaCl2.2H2O, 1.0 g L-1 K2HPO4, 15.0 g L-1 agar-agar. After these Bacillus strains were inoculated in a 

straight line on the prepared solid media, they were left to incubate at 30 ° C for 72 hours. Then, plates 

were flooded with 0.1% Congo red (Sigma-Aldrich) for 15 min. Finally, 10 mL, 1 M NaCl was added 

to the medium and waited for 15 minutes to de-staining (Figure 1b). Strains showing discoloration 

around the samples were selected as xylanase positive bacteria (Teather and Wood, 1982; Bozoglu et 

al., 2015). 

Qualitative determination of amylase enzyme activity 

To determine the amylase enzyme activity of isolated Bacillus strains, M9 Starch agar (pH: 9.0) 

was used (Figure 1c). All isolates were incubated in M9 Starch agar (pH: 9.0) was composed of 10.0 g 

L-1 soluble starch, 3.0 g L-1 peptone, 6.0 g L-1 Na2HPO4.7H2O, 3.0 K2HPO4, 1.0 g L-1 NH4Cl, 0.5 g L-1 

NaCl, 0.24 g L-1 MgSO4.7H2O, 0.24 g L-1 CaCl2.2H2O, 15.0 g L-1 agar-agar). After the microorganisms 

were inoculated in a straight line on the prepared solid media, they were left to incubate at 30 ° C for 72 

hours. At the end of the incubation period, the media are stained with iodine vapor. After this process, 

while the starch-containing medium was dyed dark blue, colorless zones were observed around the 

microorganisms capable of degrading starch and these bacteria were recorded as amylase positive (Hols 

et al., 1994; Al-Dhabi et al., 2020). 

Physiological, Biochemical and Morphological Characterization of Bacillus strains 

In order to carry out the physiological, biochemical and morphological characterization of the 

enzyme producer Bacillus strains, features such as endospore formation, colony color, catalase activity, 

gram stain and motility etc. were determined (Table 1 and figure 1d) (Harley and Prescott, 2002; 

Whitman et al., 2012). 

Isolation of Total Genomic DNA and PCR amplification of 16S rDNA 

Total genomic DNA extraction procedures was modified from Wilson (2001). The isolated DNA 

pellets were dissolved 100 mL of TE buffer and stored at -20 °C until being used (Figure 2a). Before the 

amplification process, in order to perform the reaction, a 50 μl master mix was prepared for each sample. 

For this purpose, 2 μL of extracted genomic DNA was added to 48 μL of mastermix for the PCR reaction 

mixture (Figure 2b). Universal primers 27F and 1492R were used in this amplification process. PCR 

amplification process of 16S rRNA was carried out with small modification described by Bayram 

(2021). Then, the 16S rRNA nucleotide sequence analysis results of these Bacillus strains were 

determined (Macrogen, Korea). The nucleotide sequences of the 16S rRNA amplicons were subjected 

to BLAST analysis with the NCBI GenBank® database. The sequence analysis results of these Bacillus 

strains have been deposited in GenBank® Data Library (Table 1). 

RESULTS AND DISCUSSION 

Bacillus are endospore-forming, gram-positive, rod shape aerobic bacteria and this genus are 

known as a one of the most important industrial enzyme sources (Gordon et al., 1973; Turnbull et al., 

1991; Nicholson, 2002; Merghni et al., 2014). In this study, it has been investigated xylanase cellulase 

and amylase enzyme activities of alkalophil and alkaline-tolerant Bacillus strains isolated from different 

origins (Figure 1). Among the isolated strains, 10 strains were observed to have enzyme activity in terms 

of cellulase, xylanase and amylase enzymes, and these strains were selected for 16S rDNA sequence 

analysis. Sequence analysis results are given in table 1. 
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It is seen that there are numerous studies in the literature about industrial enzyme production with 

the use of microorganisms (Adrio and Demain, 2014; Singh et al., 2016; Naureen, 2021). In a study 

conducted by Ariffin et al., (2014) the cellulase enzyme production potential of the local isolate Bacillus 

pumilus EB3 was evaluated (Ariffin et al., 2014). In that study, after determining the enzyme activity 

qualitatively, the cellulase enzyme was purified and characterized by anion exchange chromatography. 

It has been stated by the researchers that the purified carboxymethyl cellulase enzyme had a molecular 

weight range of 30-65 kDa and the optimum temperature is 60 °C and the optimum pH value is 6.0. 

In a study conducted by Thite et al., (2020) different agrowaste biomasses such as wheat bran and 

citrus peel were used as fermentation substrates. In this study, the xylanolytic and pectinolytic enzyme 

activities of Bacillus safensis M35 and Bacillus altitudinis J208 strains were evaluated by the Central 

Composite Design of Response Surface Method. As a result of these assays, the content of optimized 

production medium (OPM) was determined as 1.57% wheat bran and 1.26% citrus peel. Xylanolytic and 

pectinolytic enzyme activities for Bacillus safensis M35 strain were determined as 15.10 U and 411.58 

U, respectively. 

Table 1. Physiological, biochemical and morphological and molecular characterization results of 

Bacillus strains 

No Strain Species Morphology 
Gram 

Stain 
Catalase 

Endospore formation Accession 

Number 

Enyzme 

Activiy Formation Location 

1 SB57 B. pumilus Rod-shaped Gram + Catalase + + Subterminal KT371465 Xylanase 

2 SB104 B. pumilus Rod-shaped Gram + Catalase + + Subterminal KT371466 Cellulase 

3 SB118 B. safensis Rod-shaped Gram + Catalase + + Terminal KT371467 Xylanase 

4 SB120 B. aerius Rod-shaped Gram + Catalase + + Terminal KT371468 Cellulase 

5 SB138 B. safensis Rod-shaped Gram + Catalase + + Subterminal KT371469 Cellulase 

6 SB147 B. licheniformis Rod-shaped Gram + Catalase + + Teminal KT371470 Cellulase 

7 SB155 B. pumilus Rod-shaped Gram + Catalase + + Subterminal KT371471 Amylase 

8 SB178 B. pumilus Rod-shaped Gram + Catalase + + Subterminal KT371472 Amylase 

9 SB197 B. pumilus Rod-shaped Gram + Catalase + + Subterminal KT371473 Cellulase 

10 SB199 B. pumilus Rod-shaped Gram + Catalase + + Subterminal KT371474 Xylanase 

In a study performed by Nelson et al., (2021), the cellulolytic capacities of Bacillus strains isolated 

from the intestinal flora of Schistocerca gregaria were investigated. The cellulase enzyme activities of 

these isolated bacteria were determined by zone clearance assay, and the Index Cellulolytic Activity 

values (ICA values) of Bacillus safensis strain MED1 and Bacillus safensis strain CACO strains were 

determined as 1.146 ± 0.109 and 0.8442 ± 0.09203, respectively. 

In another study conducted by Yoon et al., (2014), it was aimed to isolation and identification of 

xylanolytic bacteria from Ceratotherium simum feces. It has been stated that Bacillus pumilus H10-1 

strain had the highest xylanase activity among isolated 67 strains and the optimum conditions are pH 9 

at 30°C and the incubation period is 7 days (Yoon et al., 2014). 

In addition, in a study conducted by Ayansina et al., (2017) amylase enzyme activities of 

microorganisms isolated from Cassava shells were determined and the amylase enzyme partially purified 

from these isolated microorganisms was characterized. In that study, compared to other microorganisms, 

Bacillus pumilus was found to have the highest amylase enzyme activity (44.6 units mL-1 on day 3). 



Sinan BAYRAM and Mehmet Nuri AYDOĞAN 12(1): 133-141, 2022 

Searching for Versatile Polysaccharide-Degrading Alkali-tolerant or Alkaliphilic Bacillus Strains 

 

138 

In addition to these studies, cellulase enzyme activities of thermophilic bacteria isolated from West 

Coast hot spring in Rat-nagiri District of Maharashtra (India) were determined by Shajahan et al., (2017). 

In that study, optimal conditions were determined for Bacillus licheniformis NCIM5556 strain using the 

response surface methodology (RSM) and it was reported that the highest cellulase enzyme production 

in a 7 L volume fermentor was determined as 42.99 IU mL-1 (Shajahan et al., 2017). 

 

 
Figure 1. Qualitative determination of bacterial cellulase (a), xylanase (b) amylase (c) enzyme 

activities and immersion image of a Bacillus strain (d) 

  
(a) (b) 

Figure 2. Agarose gel electrophoresis image of genomic DNA (a) and agarose gel electrophoresis 

image of 16S rDNA (b) 
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CONCLUSION 

In this presented study, isolated alkaliphil and alkalitolerant Bacillus strains from various sources 

such as soil and decaying vegetation have been evaluated for cellulase, xylanase and amylase enzyme 

activity. In this way, industrial enzyme production potentials (cellulase, xylanase and amylase) of these 

Bacillus strains were qualitatively evaluated. During these processess, it was aimed to find versatile 

polysaccharide degrading alkali-tolerant or alkaliphilic Bacillus strains. Enzyme activities were 

evaluated qualitatively and the bacterial strains observed in the largest zone were selected for 16S rDNA 

sequence analysis. Among these strains, 6 Bacillus pumilus, 2 Bacillus safensis, 1 Bacillus licheniformis 

and 1 Bacillus aerius were identified. The obtained results were evaluated and among these isolated 

strains, no strain was found showing high activity in terms of two or more enzymes. Finally, sequence 

analysis results of these strains have been deposited in NCBI GenBank® Data Library under accession 

number KT371465 - KT371474 respectively.  Following this study, it is planned to partial purification 

of these enzymes, determining the molecular weights and determine the stability against parameters such 

as pH and temperature in future studies. 
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