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Abstract 
A mesophilic isolate of  Streptomyces griseus TBG19NRA1 (synonym: S. setonii) from 

the forest soil of Neyyar WLS, Kerala,  which produces extracellular thermo stable α-

amylase. The strain was grown in a medium (pH 7) containing starch as the sole carbon 

source and showed maximum α-amylase activity at the end of 48 h of incubation at 

room temperature. The amylase activity of the TBG19NRA1 was demonstrated on 

starch-casein agar plate containing 1% soluble starch. The cells were grown in a 

medium containing starch as the sole carbon source. Optimum production of the 

enzyme was observed when inoculated medium of pH 7.0 was incubated  for 48 h of 

incubation. It was observed that enzyme activity was highest with 1% sucrose and 2% 

starch as carbon source. Among different organic nitrogen sources, 0.5% of Casein 

resulted maximum activity. Supplementation of 0.5% Valine and 0.025% CaCl2 

enhanced the enzyme production. It was found that α-amylase yield were also improved 

by the addition of 0.1% of Maleic acid and 0.05% of Triton X-100 in the medium.  

The enzyme was purified using ammonium sulfate precipitation, dialysis and followed 

by gel filtration using sephadex G-100.  SDS-PAGE and zymogram analysis showed 

that the purified protein has a molecular weight of aproximatly 60 kDa. The optimum 

temperature for the purified -amylase is ranging from 70-90°C with a maximum 

relative activity at 80oC without the addition of CaCl2. The relative activity was 92.3% 

and 56% at 90oC and 100oC respectively and it has revealed the enzyme is thermophilic 

in nature. The optimum pH was ranged from pH 6.0 to 9.0 (retained >80% activity) 

with a maximum activity at pH 7.0. The amylase activity was strongly stimulated by 

Fe3+ and Mg2+ (5 mM), Mn2+ showed slight enhancement in enzyme activity, while  

Ba2+, Ca2+ ions inhibited α-amylase activity. The chemical inhibitors and denaturants 

like dithiothreitol (DTT), β-mercaptoethanol (BME), ethylenediaminetetraacetic acid  
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(EDTA) and Urea, the activity of was slightly stimulated enzymatic activity, while 

phenylmethane sulfonyl fluoride (PMSF) and Sodium dodecyl sulfate (SDS) inhibited 

the activity. The analysis of kinetic showed that the enzyme has  of 1.6 mg/mL and 

max of 28 mg/mL/min at pH 7. The Peptide mass fingerprinting  using LC-MS 

analysis and subsequent Uniprot database search confirmed the enzyme as α-amylase. 

Our result showed that the enzyme was both, highly thermostable, calcium independent, 

with broad pH range and may be suitable in liquefaction of starch in high temperature, 

in starch based industrial applications. 
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Introduction 

 

Microbial enzymes are preferred due to their economic feasibility, high yields, 

consistency, ease of product modification and and greater catalytic activity (Gurung et 

al., 2013). The microbial enzymes are also more active and stable than the plant and 

animal enzymes and considered as a potential replacement, in absence of human 

enzymes (Anbu et al., 2013). The microbial world is considered as the largest 

unexplored reservoir of biodiversity on the earth (Vibha and Neelam, 2012). The 

number of microbial cells in aquatic environment has been estimated to be 

approximately 1.2 × 1029, while that in terrestrial environment is 4–5×1030 (Singh et al., 

2009). Owing to their unpredictable ability to adapt to varying environmental 

conditions, microorganisms can occur in all biological niches on earth, from terrestrial 

environments to the oceans. Microorganisms numerically dominate terrestrial 

biodiversity which represents at least two to three orders of magnitude more than all the 

plant and animal cells combined. Thus, microorganisms are highly diverse group of 

organisms which constitute about 60% of the earth’s biomass (Singh et al., 2009). The 

variation in microbial diversity in response to environmental variability shows that 

microbial diversity changes with environmental factor (Zeglin, 2015).   

 

chemical reactions in living cells. The action of enzymes depends on their ability to 

bind the substrate at a domain on the enzyme molecule called the active site (Duza and 

Mustan, 2013). The industries and household catalysis are becoming more and more 

dependent on enzymes. The enzymes are able to catalyze all kinds of chemical 

reactions within few minutes or seconds (Sarrouh et al., 2012). Usually enzymes with 

the desired activity under industrial conditions could be obtained by optimizing process 

conditions and by protein engineering using directed evolution (De Carvalho, 2011). 

With better knowledge and purification of enzymes, the number of applications has 
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increased manifold, and with the availability of enzymes with robust characters 

(thermostability, alkaline, cold active etc) a number of new possibilities for industrial 

processes have emerged (Tiwari et al., 2015). 

The opportunity for discovery of new industrial applications from microorganisms is as 

large as the variety of environments they confront. The majority of existing 

biotechnological applications are of microbial origin and enzymes are the most 

important among them. Microbial enzymes are often more useful than enzymes derived 

from plants or animals because of the great variety of catalytic activities available, the 

high yields possible, ease of genetic manipulation, regular supply due to absence of 

seasonal fluctuations and rapid growth of microorganisms on inexpensive media. 

Microbial enzymes are also more stable than their corresponding plant and animal 

enzymes and their production is more convenient and safe (Duza and Mastan, 2013). 

The exploration of important compounds produced by novel species from uncommon 

environments has considerable importance in drug discovery (Thornburg et al., 2010; 

Rateb et al., 2011; Pettit, 2011).  

Starch  
 

Starch and cellulose are the most abundant carbohydrate polymers on earth. Starch 

represents one of the most ubiquitous and an important renewable biological resource 

and also considered as a potential substrate for the production of fuels and chemicals by 

certain enzymatic processes (Vengadaramana, 2013). Starch-containing crops form an 

important constituent for the human diet and a large proportion of the world’s 

population consume it as the major food (Myat and Ryn, 2013). Native starch is a semi-

crystalline material synthesized as roughly spherical granules in plant tissues. Pure 

starch is a heterogeneous polysaccharide consisting predominantly of α-glucan in the 

form of amylose and amylopectin (Fig 2A and B). These two polymers have different 

structure and physical properties (Mojsov, 2012). Starch is a polymer of glucose linked 

to one another through the C1 oxygen, known as the glycosidic bond. This glycosidic 
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bond is stable at high pH but hydrolyzes at low pH. This group is known as the 

reducing end . 

 

 
Figure  2: Basic structure of amylose (A) and amylopectin (B) 

 
Amylose and amylopectin are fundamentally different molecules. Both consist of 

polymers of α-D-glucose units. Amylose molecules consist of single, mainly 

unbranched chains formed of 500 to 20,000 glucose units, depending on the source. It is 

a roughly linear molecule containing ~99% α-(1-4) and ~1% α-(1-6) bonds. It is low 

molecular weight in nature and has a relatively extended shape (hydrodynamic radius 7-

22 nm). Predominantly amylose has α-(1-4) linkage with all the ring oxygen atoms 

being located on the same side. In addition, a small number of α-(1-6) branches and 

linked phosphate groups are also found. Because of the molecular shape and structure 

of amylose, it is not stable in aqueous solution and retrogrades (precipitates 

spontaneously). This is because linear chains align themselves by hydrogen bonding 

and thus forms aggregates 

Alpha amylase 

Alpha amylase (endo-1,4-α-d-glucan glucanohydrolase (E.C 3.2.1.1), is widely 

distributed in nature. It is an extra cellular endo enzyme which cleaves internal α-1,4-

glycosidic linkage in starch and related compounds to produce glucose, maltose, and 

A 

B 
Amylopectin α-(1-6) branching points. For exterior 
chains a=ca. 12-23. For interior chains b=ca. 20-120. 
Both a and b can vary according to the botanical 
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dextrins. Amylase constitute approximately 30% of industrial enzymes in the market 

(Imran  et al., 2010; Zaferanloo et al., 2014). The α-amylases (1,4-α-D-glucan 

glucanohydrolases) are endo-acting enzymes, which cleave 1,4-α-D-glucosidic bonds 

but cannot hydrolyse 1,6-α-D-glucosidic branch points (Naidu and Saranraj, 2013). 

Alpha-amylases hydrolyze the glycosidic bonds in starch to low molecular weight 

products, such as glucose, maltose, and maltotriose units (Mobini-Dehkordi and Javan, 

2012). It is present in seeds containing starch as a food reserve and is also secreted by 

many microorganisms. Alpha-amylases are often divided into two categories according 

to the degree of hydrolysis of the substrate (Tiwari et al., 2015). Saccharifying α-

amylases hydrolyze 50 to 60% and liquefying α-amylases cleave about 30 to 40% of the 

glycosidic linkages of starch. Since α-amylase acts at random locations along the starch 

chain yielding maltose, maltotriose and some dextrins, it tends to be faster acting than 

β-amylase as it can act anywhere on the substrate (Liu et al., 2010). 

 Amylase enzymes are typically used as bulk enzymes in the detergent, textile, pulp, 

fermentation and starch processing, paper industry, and also for bioremediation 

processes (Pandey and Tewari, 2015). The demand for α-amylase is increasing because 

of its magnificent potential in industrial sector considering the properties such as 

thermo stability and pH (Karakas et al., 2010). Thermo stable enzymes are most widely 

exploited and are of considerable commercial interest in starch processing industries. It 

is desirable that α-amylases should be active at the high temperatures of  liquefaction 

(80–90 0C) to economize processes; therefore, there has been a need for more and 

thermo stable α-amylases. Most thermo stable amylases are of bacterial origin, 

especially from Bacillus spp. (B. licheniformis, B. amyloliquefaciens etc). 

Actinomycetes 

Actinomycetes are  ubiquitous, aerobic, spore forming gram-positive bacteria, 

belonging to the order Actinomycetales. Actinobacteria belong to the subdivision 

Actinomycetales of the Prokaryotae (Chaudhary, 2013). They  are characterized with 
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substrate and aerial mycelium growth (Lechevalier and Lechevalier, 1970) and are 

found to have high (G+C) ratio of the DNA (>55mol %). They form a distinct 

phylogenetic line in the 16S rDNA tree and have  major scientific interest in the past 

decades, with the discovery of  commercially important products such as 

pharmaceuticals, enzymes, antitumor agents and  enzyme inhibitors etc (Ballav, 2012). 

Actinomycetes constitute a significant portion of soil micro flora and are widely 

distributed in different types of soil.  

Streptomyces is the largest genus of Actinobacteria and the type genus of the family 

Streptomycetaceae (Hong et al., 2009). Streptomycetes constitute 40% of soil bacteria 

having genome with high GC content (Kavitha et al., 2010). The colonies show a slow-

growth and often have a soil-like odour because of production of a volatile metabolite, 

geosmin (Jüttner and Watson, 2007). The most characteristic feature of Streptomycetes 

is the ability to produce secondary metabolites such as antibiotics (Hasani et al., 2014). 

Streptomyces sp. TBG19NRA1 is a mesophilic actinomycete, isolated from forest soils 

collected in Neyyar WLS of Kerala, India (Shiburaj and Abraham, 2002) was used in 

this study. The strain was identified as S. setonii (Millard and Burr 1926) Waksman 

1953 based on morphological, biochemical and 16s rDNA sequence similarities and 

deposited in Microbial Type Culture Collection and Gene Bank (MTCC 3756), 

Chandigarh. This strain is producing an antimicrobial metabolite at its optimum 

conditions where starch is used as a carbon source. This observation leads to the 

identification of its ability produce amylase enzymes. The present study focus on the 

optimization of production conditions and purification of thermostable α-amylase from 

Streptomyces griseus TBG19NRA1. 

Applications of α-Amylases 
 
1. Starch Processing Industry: One of the major markets for α-amylase is in the 

production of starch hydrolysates such as glucose and fructose (Tiwari et al., 2015). 

The starch liquefaction requires the use of a highly thermostable α-amylase which act at 

temperatures around 70-100°C (Regulapati et al., 2007). The starch slurry is treated 
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with thermostable α-amylase at 105 to 107°C to provide a partially hydrolyzed low 

viscous starch suspension free from by-product and make it suitable for further 

processing ie., saccharification. If the liquefaction process does not go well, problems 

like poor filtration and turbidity occurs in solution. The α-amylase of B. 

amyloliquefaciens was used which was replaced by B. licheniformis or B. 

sterothermophilus, as the heat treatment at 140°C may be eliminated. The introduction 

of thermostable α-amylases has revolutionized the starch industry and reduced 

processing conditions.  
 
2. Detergent Industry: The use of enzymes in detergents enhances the ability of 

detergents to remove the tough stains and to make it eco-friendly (Hmidet et al., 2008). 

These enzymes catalyze the hydrolysis of glycosidic linkages in starch polymers, 

commonly found in food such as baby food, fruit, pasta, chocolate, sauce and gravy 

(Mukherjee et al., 2009). The removal of coloured stains is of great interest in both the 

detergent and dishwashing contexts. Examples of amylases used in the detergent 

industry are derived from Bacillus or Aspergillus (Mitidieri et al., 2006).  
 

3. Food Industry  Amylase can be added to the dough of bread to degrade the starch in 

the flour into smaller dextrins, which are subsequently fermented by the yeast. These 

enzymes are used in bread and rolls to give these products a higher volume, better 

colour and to improve the flavour (Prakash and Jaiswal, 2010). Currently, a 

thermostable maltogenic amylase of Bacillus stearothermophilus is used commercially 

in the baking industry ( Mobini-Dehkordi and Javan 2012). Commercial thermostable 

α-amylase of B. licheniformis or B. subtilisis is used to make G4 syrups (Vaidya, 2015). 
 

4. Textile Industry: Amylases are used in textile industry for desizing process. In 

textile weaving, a starch paste is applied for warping. This gives strength to the textile 

at weaving, prevents the loss of string by friction, cutting and generation of static 

electricity on the string by giving softness to the surface of string due to laid down warp 

(Aiyer, 2004). After weaving the cloth the starch has to be removed, it is at this point of 
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the process that α-amylase is introduced (Ahlawat et al., 2009). The α-amylases remove 

selectively the size (Feitkenhauer, 2003). Amylase from Bacillus strain was employed 

in textile industries for quite a long time (Haq et al., 2010; Tiwari et al., 2015).  

 
5.  Paper Industry: The use of α-amylases in the pulp and paper industry is to provide 

modification on starch coated paper (Maarel et al., 2002). As for textiles, sizing of 

paper is performed to protect the paper against mechanical damage during processing. 

This process is said to improve the writing quality of the finished paper, and enhances 

the stiffness and the strength in paper. The viscosity of the natural starch is too high for 

paper sizing and this is altered by partially degrading the polymer with α-amylase in a 

batch or continuous processes (Fryer and Asteriadou, 2009).  

Advantages of Thermostable α-Amylases 
 
Thermostable enzymes and microorganisms have been topics for much research during 

the last two decades (Turner et al., 2007). Microbial enzymes are categorized as 

thermophilic, acidophilic or alkalophilic. An enzyme or protein is called thermostable 

when a high defined unfolding (transition) temperature (Tm), or a long half-life at a 

selected high temperature, is observed. A high temperature should be a temperature 

above the thermophile boundary for growth (>55°C). Most, but not all proteins from 

thermophiles are thermostable (Turner et al., 2007). In addition, a few thermostable 

enzymes have also been identified from organisms growing at lower temperatures (for 

example amylase from B. licheniformis). Microorganisms with systems of thermostable 

enzymes that can function at higher than normal reaction temperatures would decrease 

the possibility of microbial contamination in large scale industrial reactions of 

prolonged durations (Wang et al., 2012). The quality of thermostability in enzymes 

promotes the breakdown and digestion of raw materials and also the higher reaction 

temperature enhances the penetration of enzymes (Zhang and Wu, 2011). 

Thermostable α-amylases are available from different sources and they have extensive 

commercial applications in starch processing, brewing and sugar production (Abu et al., 
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2014) designing in textile industries, and in detergent manufacturing processes 

(Satyanarayana and Mehta 2013; Rekadwad, 2015). Each application of α-amylase 

requires unique properties with respect to specificity, stability, temperature and pH. 
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Review of Literature 
 

Microorganisms play an integral and unique role in the functioning of the ecosystems 

and to maintain a sustainable biosphere and productivity (Vibha and  Neelam, 2012). 

They have a key role in ecological processes and had significant contribution 

in production of various hydrolytic enzymes (Tsiamis et al., 2014). Microorganisms 

particularly actinomycetes, bacteria and fungi encounter complex organic matter in soil 

that is a potential source of the energy, carbon and nutrients which are required for cell 

maintenance and growth. Extracellular enzymes in soils catalyze the degradation of 

plant, animal and microbial macromolecules (Burns and Wallenstein, 2010). 

Enzymes isolated from different microbial sources are already being used in various 

commercial processes. Selected microorganisms including actinomycetes, bacteria, 

fungi and yeasts have been globally studied for the production of economically viable 

enzymes for commercial applications (Nigam, 2013). Among the 22,500 known 

microbial secondary metabolites produced, 45% are contributed by actinomycetes 

Actinomycetes are a group of filamentous, prokaryotic organisms belonging to the 

order Actinomycetales (Williams et al., 1989). According to Ribosomal Database 

Project II (RPD II), Actinomycetales currently comprises of 14 suborders and 46 

families with 246 genera. All members of this order are characterized by high G+C 

content (> 70 %) in their genomic DNA (Maleki et al., 2013). It represents one of the 

largest taxonomic units among the 18 major lineages which is currently recognized 

within the domain bacteria (Chaudhary et al., 2013). The existence of actinomycetes 

has been recognized for over a hundred years. The first valid description of 

actinomycetes was done by Harz (1877), who isolated the Actinomyces bovis from the 

lesions of lumpy jaw disease in cattle. The name “Actinomycetes” was derived from 

Greek “atkis” (a ray) and “mykes” (fungus), having characteristics of both bacteria and  
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fungi (Das et al., 2008) but yet possess sufficient distinctive features to delimit them 

into ‘Kingdom bacteria’. 

The most interesting property of Streptomyces is the ability to produce bioactive 

secondary metabolites, such as antifungals, antivirals, antitumorals, anti-hypertensives, 

immuno suppressants, and especially antibiotics (Gopinath and Singara Charya, 2012; 

Bettache et al., 2013; Hasani et al., 2014). More than 500 species of the genus 

Streptomyces have been described and nearly two third of the naturally occurring 

antibiotics are produced by Streptomycetes (Solecka et al., 2012; Mohanraj and Sekar, 

2013). Two species of Streptomyces by the name of Streptomyces griseus and S. 

coelicolor are used for industrial production of streptomycin and novel antibiotics such 

as dihydrogranticin respectively. Doxorubicin as the anticancer agents (Mukhtar et al., 

2012) and rapamycin as the immunomodulatory agents are secondary metabolites 

produced by Streptomycetes (Ying and Marta, 2001). Another metabolite produced by 

Streptomycetes known as the geosmin and siderophore are responsible for the earthy 

odor of soil. However volatile product secreted by Streptomyces is also be responsible 

for the specific smell (Bais et al., 2012).  

Sources of α-Amylase  
 

α-Amylase can be isolated from plants, animals and microorganisms. The enzyme has 

been isolated from barley and rice plants (Oboh, 2005). It has been found that cassava 

mash is a source of α-amylase which is active in wide range of pH and temperature 

(Pandey et al., 2000). In the recent past, there has been extensive research on microbial 

production of α-amylase. There are two major reasons for the increasing interest in 

microbial sources. The growth of microorganisms is rapid and this will internally boost 

up the production of enzyme. Microorganisms are much easier to handle when 

compared to animals and plants as they require lesser space and serve as more cost 

effective sources.  Microorganisms can be easily manipulated using genetic engineering 

or other means (Adrio and Demain, 2014). They can also be subjected to strain 

improvement, mutations and other such changes by which the production of α-amylase 
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enzyme could be optimized. Also, the microorganisms can be grown to the exact needs 

of growing industries and to obtain enzymes with desired characteristic features like 

thermostability, detergent and chelator resistances. Thermostable α-amylases are 

desired as they minimize the contamination risk and reduce reaction time, thus saving 

considerable amount of energy. Also when hydrolysis is carried out at higher 

temperatures, the polymerization of D-glucose to iso-maltose is minimized (Konsoula, 

and Liakopoulou-Kyriakides, 2007). 
 

The α-amylases are produced by several bacteria, fungi and genetically modified 

species of microbes. The most widely used source among the bacterial species is the 

Bacillus. For commercial production of α-amylase, B. amyloliquefaciens and B. 

licheniformis are widely used. α-Amylases produced from B. licheniformis, B. 

stearothermophilus, and B. amyloliquefaciens show promising potential in a number of 

industrial applications in processes such as food, fermentation, textiles and paper 

industries (Coronado et al., 2000). Many of these Bacillus spp. are known to be good 

producers of thermostable α-amylase. Thermostable amylolytic enzymes are being 

investigated to improve industrial processes of starch degradation and are useful for the 

production of valuable products like glucose, crystalline dextrose, dextrose syrup, 

maltose and maltodextrins. Other species which have also been explored for production 

of the  amylase enzyme include B. cereus and B. subtilis. Use of enzyme produced by 

thermophiles has the added advantage of reduced risk of contamination by mesophiles. 

Vasant et al., (2010) reported the production of thermostable alpha amylase from 

Acremonium sporosulcatum. 

Enzymes are also produced by some halophilic microorganisms are stable at high 

salinities and therefore could be used in many harsh industrial processes where the 

concentrated salt solutions are used (Moreno et al., 2013). The halophilic nature the 

enzyme prevents inhibition of its activity under these conditions which would otherwise 

occur if a normal enzyme is used. In addition, most halobacterial enzymes are 

considerably tolerant to high temperatures and remain stable at room temperature over 
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long periods. Halophilic amylases were reported from halophilic bacteria such as Halo 

arculahispanica and Halo monasmeridiana (Kathiresan and Manivannan, 2006). 

Alkaline and thermotolerant amylases were produced by Bacillus licheniformis and B. 

halodurans (Setyorini et al., 2006).  
 
Amylase Production from Different Actinobacteria 
 

The most important bacterial genera that produce amylase are Streptomyces, 

Micrococcus, Pseudomonas, Arthrobacter, Escherichia, Proteus and Serratia (Shafiei 

et al., 2011). The thermostable amylotic enzymes were obtained from 

Streptosporangium  sp. isolated from the leaves of maize (Stamford et al., 2002). The 

α-amylase reported from marine Nocardiopsis sp. were purified by SDS-PAGE and gel 

filtration chromatography and the purified α-amylase was finally immobilized by 

ionotropic gelation technique using gellan gum (Chakraborty et al., 2014). From the 

empty fruit bunch compost of oil palm three actinomycetes isolates were identified such 

as Nocardiopsis sp. (ac9), Streptomyces violaceorubidus (6ca11) and Streptomyces sp. 

(ac19). The production of amylases, cellulases and xylanases were higher in isolates 

Nocardiopsis sp. (ac9) and S. violaceorubidus (6ca11) whereas, Streptomyces sp. (ac19) 

showed higher lignolytic activities (Ting et al., 2014). The optimum pH, temperature 

and incubation period for the α-amylase enzyme from Streptomyces sp. MSC702 were 

observed to be 5.0, 55°C, and 30 min (Singh et al., (2014). Halophilic Marinobacter sp. 

EMB8 were optimized by one-at-a-time approach and resulted a maximum α-amylase 

activity of 48.0 IU/mL. The purified α-amylase was immobilized on 3-aminopropyl 

functionalized silica nanoparticles using glutaraldehyde as cross-linking agent (Kumar 

and Khare, 2015). 

 Thermostable Enzymes 
 
Thermostable enzymes are more versatile than thermolabile as they have higher 

operational stability and a longer shelf life at elevated temperatures (Niehaus et al., 

1999). Bacteria belonging to the genus Bacillus have been widely used for the 
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commercial production of thermostable α-amylase. Some of the work on thermostable 

α-amylase from genus the Bacillus include B. stearothermophilus NCIM 2922 (Talekar 

and Patil, 2012), B. thermooleovorans NP54 (Malhotra et al., 2000), B. subtilis (Asghar 

et al., 2007), B. subtilis (ATCC 6633) (Mailty et al., 2015). A newly isolated alkali-

thermotolerant strain Streptomyces gulbargensis DAS131 exhibited maximum activity 

at pH 9.0 and 45°C (Syed et al., 2009). The thermostability is an important factor in the 

case of amylolytic enzymes in the starch processing. The amylases from thermophilic 

and hyperthermophilic bacteria are of special interest as a source of novel thermostable 

enzymes. 

The advantages of using thermostable amylases in industrial processes include the 

decreased risk of contamination and cost of external cooling, a better solubility of 

substrates, a lower viscosity allowing accelerated mixing and pumping (Lin et al., 

1998). Thermostability is an important characteristic as enzymatic liquefaction and 

saccharification of starch are performed at high temperatures (100–110°C). The 

development of saccharifying amylolytic enzymes that are active at high temperatures 

(90°C) would directly benefit the starch-processing industries. However, α-amylase 

production processes at higher temperatures will require new process design and 

improved knowledge of thermophilic bacteria (Leveque et al., 2000). Processes using 

thermophiles still lack the maturity of classical processes with mesophilic bacteria and 

yeasts (Naidu and Saranraj, 2013). Alkalophilic Bacillus strains often produce enzymes 

active at alkaline pH, including alkaline α-amylase, protease and carboxy methyl 

cellulose. 

Peptide identification with high sensitivity and accuracy is vital in mass spectrometry-

based proteomics. Database searching is the primary method for identifying tandem 

mass spectra. Unfortunately, standard database searching is limited to the identification 

of spectra for which peptides are present in the database, preventing the identification 

of peptides from mutated or alternatively sliced sequences (Hans et al., 2011). De novo 

sequencing has the ability to provide alternative peptide identifications, as it does not 
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require a protein database; however, identification without a database potentially 

reduces the accuracy. One approach to increase confidence of peptide identification is 

through high resolution tandem mass spectrometry on both precursor and fragment 

steps. A workflow is presented to combine de novo and database search for peptide 

identification on high resolution data (Zhang et al., 2011). 
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Objective 
 

a. To amplify and sequence α-amylase gene from S. griseus and to develop an 
E. coli expression vector: To achieve the objective, primers will be designed 
to amplify the genes of interest from the genome of Streptomyces and will be 
cloned in E. coli expression vectors like pQE31. 
 

 
b. To Optimize production conditions: The fermentation conditions will be 

optimized considering various parameters like, low cost starch medium, 
temperature, pH, aeration and standardization of optimum  condition for the 
production of more yield. 
 

c. Towards the Development of a process technology Maltose production: A 
process technology for the production of high yield maltose from low cost 
starch sources (tapioca starch) will be developed either by solid state or normal 
fermentation. 
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Materials and Methods 
Biological Material  
 

A mesophilic actinomycete, Streptomyces griseus TBG19NRA1 (MTCC 3756), 

previously named as S. setonii, isolated from forest soils collected from Neyyar WLS of 

Kerala, India was used in this study (Shiburaj and Abraham, 2002).  The strain was 

obtained as a stock culture from Microbial Type Culture Collection, Chandigarh. The 

stock culture was maintained on a SDA plate and they were kept at 4°C and transferred 

periodically. The TBG19NRA1 was sub cultured in the YEME medium and 1.5 mL of 

the culture were mixed with 0.5 mL of sterile 60 % glycerol stock and preserved in 

cryotubes. The tubes were mixed properly by vortexing and kept at -80°C for long term 

storage. S. peucetius (MTCC 3000) were considered as a negative control for the 

detection of amylase production in starch casein agar medium. 
 
Methods  
Screening and Assay Methods    
Primary Screening for Amylase Production 
 

The amylase activity of the TBG19NRA1 was demonstrated on starch-casein agar plate 

containing 1% soluble starch by inoculating single spore of the strain along with S. 

peucetius (MTCC 3000) as a negative control. After 4 -7 days of incubation at 30°C, 

the plates were stained with Gram’s iodine solution (0.2% I2 and 2% KI) and the clear 

zone showing starch hydrolysis was observed. 
 
Preparation of Inoculum : The seed culture of S. griseus was prepared in 10 mL of 

amylase production broth in a 100 mL Erlenmeyer flask on a reciprocal shaker at 120 

rpm at 30°C for 24 h. 10 mL of seed culture was transferred into 90 mL of sterile 

production medium in 250 mL Erlenmeyer flasks and incubated at 30°C for 48 h.  
 
Submerged Batch Fermentation : A loopfull of growing culture of S. griseus strain  

was inoculated  in a 5 mL of amylase production medium was incubated at 30°C for 24 
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h. The 5 mL of 24 h old culture was then transferred into 45 mL of sterile amylase 

production medium and was incubated at 30°C for 48 h. After incubation, the crude 

enzyme was obtained by centrifugation of the production medium at 10,000 rpm for 10 

min at 4°C and the cell free filtrate was stored at 4°C. This cell free content was used as 

a crude enzyme sources. 
 
Media Composition :   
The seed culture of S. griseus was prepared in 10 mL of Sabaraud’s broth in a 100 ml 

Erlenmeyer flask on a reciprocal shaker at 125 rpm at 30°C for 24 h. The medium used for 

amylase production consisting 6.0 g Na2HPO4,  3.0 g KH2PO4, 5.0 g NH4Cl, 0.5 g NaCl, 0.15 g 

CaCl2, 0.25 g MgSO4 7H2O, 0.2 g Casein hydrolysate, 0.10g Yeast extract, 10 g Starch per liter 

of distilled water (pH7). 10 ml of seed culture was transferred into 90 ml of sterile production 

medium in 250 mL Erlenmeyer flasks. Incubation was carried out at 30°C, in an orbital incubator 

(Orbiteck, India), with stirring at 120 rpm for 48h. The culture broth was centrifuged at 10,000 

× g for 10 min at 4°C and  the supernatant was used as crude enzyme. 

 

Fermentation for α- amylase:  
Five ml of amylase production medium was inoculated with a loopfull of growing culture of S. 

griseus strain and was incubated at 30°C for 24 hrs. This 5 ml of 24 hrs old culture was then 

transferred into 45 ml of sterile amylase production medium and was incubated at 30°C for 48 

hrs. After incubation the crude enzyme was obtained by centrifugation of the cultural medium 

at 10,000 rpm for 10 min at 4°C and the cell free filtrate was stored at 4°C. 

α- amylase  assay :  

The activity of α –amylase was detected based on Miller (1959). Reaction mixture 

consisted of 1 ml of 1% starch solution, 0.8 ml of phosphate buffer (0.1 M, pH 6.9) and 

0.2 ml of enzyme (cell free supernatant) was incubated for 10 min at 80°C in water 

bath. At end of the incubation period the reaction was stopped by adding 2 ml DNS 

solution. The control was prepared without adding the enzyme. The optical density of 

the resultant colored solution was measured at 540 nm against a blank. α-amylase 



20 

 

activity was expressed in units (one unit is the amount of enzyme which releases 

1µmole of reducing sugar as maltose per minute, under the assay condition (U/ml). All 

experiments were carried out in triplicates. The protein concentration of the enzyme 

was determined by the Lowry’s method  (1951) with bovine serum albumin as standard. 

Effect of process parameter on α amylase production :   

The factors such as days of incubation (24, 48, 72, 96, 120, 144, 168, 192 h), pH (4, 5, 6, 7, 8, 

9, 10), carbon sources (sucrose, maltose, galactose, dextrose, fructose, and  lactose each at 1% 

in addition to starch),organic and inorganic nitrogen sources (Beef extract, Casein, Peptone, 

Yeast extract, Urea, Ammonium  sulphate, Calcium nitrate, Sodium nitrate and Potassium 

nitrate  each at 0.5% replacing Ammonium chloride) and amino acids (L- Asparagine, L-

histidine, Glutamic acid, Cysteine, Threonine, Arginine, Valine and Aspartic acid each at 

0.5%) affecting production of amylase were optimized by varying the parameters one at a time. 

The experiments were conducted in 250 ml Erlenmeyer flask containing production medium. 

After 48 h (expect for incubation period effect), the culture filtrate was assayed in triplicate for 

amylase activity and total protein content. Effect of different concentrations of selected 

nutrients such as starch (0.5%- 2.5%), Casein (0.25% - 2%), Valine (0.1% - 0.5%) and 

CaCl2(0.1% - 0.5%) on enzyme production were also studied. The  effect of 0.1% of Organic 

acid (Salicyclic acid, Citric acid, Maleic acid and Sulphanilic acid) and 0.05% of Surfactants 

Tween 80, Triton X-100,and SDS were evaluated. 

Fermentation for α-amylase:  
Five mL of amylase production medium was inoculated with a loopfull of growing culture of 

S. griseus strain and was incubated at 30°C for 24 h. This 5 mL of 24 h old culture was then 

transferred into 45 mL of sterile amylase production medium and was incubated at 30°C for 48 

h. After incubation the crude enzyme was obtained by centrifugation of the cultural medium at 

10,000 rpm for 10 min at 4°C and the cell free filtrate was stored at 4°C. 

 

α- amylase  assay : The activity of α-amylase was detected based on Miller (1959). Reaction 

mixture consisted of 1 mL of 1% starch solution, 0.8 ml of phosphate buffer (0.1 M, pH 6.9) 
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and 0.2 ml of enzyme (cell free supernatant) was incubated for 10 min at 80°C in water bath. 

At end of the incubation period the reaction was stopped by adding 2 ml DNS solution. The 

control was prepared without adding the enzyme. The optical density of the resultant colored 

solution was measured at 540 nm against a blank. α-amylase activity was expressed in units 

(one unit is the amount of enzyme which releases 1µmole of reducing sugar as maltose per 

minute, under the assay condition (U/ml). All experiments were carried out in triplicates. The 

protein concentration of the enzyme was determined by the Lowry’s method (1951) with 

bovine serum albumin as standard. 

Enzyme purification: 

After 48 h cultivation of S. griseus TBG19NRA1in batch culture (250 ml) amylase-

production medium under optimized conditions, was centrifuged at 10,000 × g for 10 

min at 4◦C to remove cells. The supernatant was then brought to 20% to 40% saturation 

with ammonium sulfate and the precipitate was removed by centrifugation at 10,000 × 

g for 30 min, then made to 60% saturation. The precipitate was collected, dissolved in 

100mM phosphate buffer (pH 7.0), and desalted by dialysis. The desalted enzyme 

solution was applied to a Sephadex  G-100 column (45cm×30 cm) previously 

equilibrated with the same buffer. The active fractions were eluted, pooled, and 

analyzed for amylase activity, active fractions were pooled and used as the purified 

enzyme. The molecular weight of purified protein was determined by 12% SDS-PAGE. 

Thermal Stability of Purified Enzyme with or without CaCl2 : To determine the 

thermal stability of the enzyme, the purified enzyme was incubated for various 

temperatures (60°C, 70°C and 80 °C) in 0.1M  phosphate buffer (pH 7). The influence 

of CaCl2 on the thermo stability of α-amylase was studied by incubating the enzyme- 

substrate reaction in water bath adjusted at different temperature from 60°C, 70°C and  

80°C with and without the presences of CaCl2  (0.2 M ) .The amylase activity were 

analyzed at different time interval from 30 min to 4h. 
  



22 

 

Effect of Thermostability of Purified α-Amylase with the α-Amylase from Bacillus 

licheniformis : The thermal stability of the purified enzyme was compared with the  

commercially available α-amylase of Bacillus licheniformis (Sigma-Aldrich). The 

activity was studied by incubating the enzyme at 30°C - 100°C in 0.1M phosphate 

buffer (pH 7). 
 
LC-MS/MS Analysis of Tryptic Digests  
Sample preparation for LCMS analysis :Purified proteins were separated on a 10% 1D SDS-

PAGE and the single band obtained was cut into 1 mm2 pieces. The gel were washed with 

destaining solution (25 mM ammonium bicarbonate in 50% acetonitrile) followed by 

incubation in 100% acetonitrile to dehydrate the gel pieces and air dried for 10 min. Then the 

gel  were rehydrated for 30 min on ice with 600 ng of trypsin (Invitrogen) in 5μl of 100 mM 

ammonium bicarbonate in 10% acetonitrile. The reduced proteins were subsequently alkylated 

by incubating gel pieces with 20μl of 40mM ammonium bicarbonate in 10% acetonitrile and 

incubated at 37°C for 16 h. After reduction and  alkylation peptides were extracted from gel 

pieces using 25μl of 0.1% trifluoroacetic acid (TFA) in 60% acetonitrile and then with 20μl of 

100% acetonitrile. Extracted peptides were vacuum dried, desalted using C18 tips dried and 

stored at 4°C. Dried tryptic peptides were suspended in 10 μl of 0.1% formic acid (FA) and 

finally  analyzed using LC-MS/MS (Ananthi et al., 2008). 

 
Peptide sequencing by mass spectrometry (LC-ESI-MS/MS): Tryptic  digested peptides 

were pooled and analyzed using a Thermo Easy nLC 1000 (Thermo, USA) coupled to Orbitrap 

Velos Pro mass spectrometer (Thermo, USA). A capillary RSLC column (EASY-spray column 

pepMapRRSLC, C18, 2_m, 100 A, 75 _m x 50 cm or 15cm Thermo SCIENTIFIC, CA) was 

used for separation of peptides. Samples were first loaded onto a pre- column (AcclaimR 

PepMap 100, C18, 3 _m particle size, 100A, 75 _m×2 cm Thermo SCIENTIFIC,CA) from an 

autosampler at a maximum pressure of 700 bar. The tryptic peptides were analyzed with a 

linear gradient programme where the component of solution B (95% ACN in 0.1% FA) was 

changed from 5% to 100 % over 90 minutes at a constant flow rate of 200 nL/min (from 5% to 

30% over 72min, 30% to 100% over 10min, and kept at 100% for 5 minutes at a flow rate of 

200 nL/min. The peptide sequences from the MS/MS spectra were identified by the MASCOT 
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searching tool against the Uniprot (Protein sequence database). Essential peptides with a high 

probability (MASCOT scores exceeding threshold; p < 0.05) were referred to as hits. Protein 

scores were derived from peptide ion scores as a non-probabilistic basis for ranking proteins. 

 

Isolation of total DNA :Genomic DNA was extracted from the cultures grown in yeast extract 

malt extract broth (YEME broth) following the method of Murray and Thompson (1980) with 

adequate modifications. Spores from a highly sporulated growth on Sabouraud's agar were 

inoculated to 25 mL YEME broth supplemented with 0.5% glycine and 5 mM MgCl2 in a 100 

mL Erlenmeyer flask. It was incubated for 2-3 days at 30±20C at 120 rpm. The cells, harvested 

by centrifugation (1 g wet weight), were suspended in 500 μL TE buffer in 2 mL reaction tube. 

To this 100 μL of lysozyme (10 mg/mL) was added and swirled to dissolve. After incubation at 

30°C for 30 minutes, 100 μL of 0.5 M EDTA was added and mixed gently. Proteinase K (7 

μL) was added to this, mixed gently and incubated for 7 minutes at 65°C. Then 35 μL SDS 

(20%) was added and mixed gently by inversion. After incubation at 370C for 2 h, 600 μL 

phenol (pH 8.0) was added, shaken thoroughly for 10 minutes at room temperature and 

centrifuged on a micro-centrifuge (Hittich, Germany) at 12,000 rpm for 10 minutes. The upper 

aqueous phase was transferred to a fresh tube and extracted with 600 μL chloroform: 

isoamylalcohol (24:1). Traces of phenol were removed by adding 600 μL chloroform thrice 

followed by 5 minutes shaking and collecting aqueous phase. To this 20 μL of 4 M NaCl was 

added and the total DNA was precipitated by adding 2 volumes of cold ethanol. The precipitate 

was washed twice in 70% ethanol. The pellet was dried and re-suspended in 100-250 μL dd 

H2O or TE buffer. 

Blast analysis was performed and primers were designed  based on specific alpha amylase 

genes of Streptomyces species. PCR amplification of approximately 400bp  were done using 

the Specific Primer of  α- amylase  Forward primer (5'-AAC CTG GCC CAC CTG A-3') and 

Reverse primer (5'-GCA GCG AGG TCT GGA A-3'). 

 
PCR Amplification: 
 

• The DNA was quantified using the formula:  
DNA concentration = 50µg x OD 260 x dilution factor /1000. 

• 50 ng of DNA was used for a PCR reaction. 
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• The PCR reaction was prepared as follows: 
 

Component For 25µl reation 
10x Buffer 2.5µl 
Forward Primer 1.0µl of 10 mM 
ReversePrimer 1.0µl of 10 mM 
dNTP 0.2µl of 25mM 
Taq 0.5µl 
Template 1.0µl 
Distilled H2O 18.8 

  
• The PCR programme was designed as follows: 

Step Temperature (°C) Time (min) 
1 95 5:00 
2 95 0:30 
3 56.7 0:30 
4 72 1:00 
5 Go to step 2, 29 
6 72 5:00 
7 4 forever 

 

SOLID STATE FERMENTATION  
 
Solid Substrate Moisture Content 
 

Different agricultural residues  such as  wheat bran, Sugarcane bagasse, banana peel, 

Pineapple Peel and Tapioca were used as solid substrate (support and nutrient source) for 

SSF.  Each substrates were collected from different  places. Due to the water content, the 

residues were de-watered , sun-dried for 2 days and then oven – dried at 80°C for 24 h. The 

dried  agricultural residues were stored in air-tight container until required. The moisture 

content of the solid substrate was estimated by drying 5 g of solid substrate to a constant 

weight at 70 °C for 24 h and the dry weight was recorded. To fix the initial moisture content 

of the solid medium, 5 g  of different solid substrates was soaked with 5-mL inoculums and 

10-mL fermentation media. After soaking, the solid substrate was again dried as described 

above and the percent moisture content was calculated using Equation as follows 

                       Initial moisture content (%) =    W Final  - W Initial    x 100% 
 

                                                                                      W Initial 
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where Wfinal is the weight of the dried solid substrate after soaking and Winitial is the weight of 

dried solid substrate before soaking. From the above procedure, it was found that the initial 

moisture content of different solid substrate. 

Enzyme production in SSF 

The SSF process was carried out in 250 ml Erlenmeyer flask using 5 g of different solid 

substrate. After proper agitation of the substrate with 4ml of the APM, it was autoclaved at 

121°C for 15 min. Later it was allowed to cool and incubated with 1ml of 24 h old culture of 

Streptomyces griseus TBG19NRA1. Subsequently, incubation was carried out at 37 °C for 7 

days of incubation. The SSF media flask was shaken after every 24 h for uniform mixing up 

of the substrate and inoculum. 

Enzyme extraction 

The fermented mass was mixed with 0.1M phosphate  buffer (pH 7.0) to a volume of 100 mL 

for each flask and agitated at 180 rpm for 30 min. The slurry thus obtained was squeezed 

through a cheesecloth, followed by centrifugation at 10,000 × g for 10 min at 4°C. The 

supernatant was collected in vials and stored at 4°C for further analysis.  

Optimization of incubation period, moisture holding capacity and Starch by applying 
RSM 

The characterization of different factors for - amylase production was optimized by 

applying the RSM. The statistical model was obtained using the Central Composite Design 

(CCD) with three independent variables [incubation period (A), Percentage of inoculum (B) 

and Starch (C)]. Each factor in this design was studied at five different levels (Table 1). A set 

of 24 experiments was performed. All the variables were taken at a central coded value 

considered as zero. The minimum and maximum ranges of variables were used. The full 

experimental plan with respect to their values in coded form is shown in Table 2. Upon 

completion of the experiments, the average of -amylase production was taken as the 

dependent variable or response 

 

Statistical analysis and modeling 
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The data obtained from the RSM on -amylase production was subjected to the analysis of 

variance (ANOVA). The results of RSM were used to fit a second order polynomial equation 

(1) as it represented the behavior of such a system more appropriately.. 

 
Y= β0 + β1A + β2 B + β3 C + β1 β1 A2 + β2 β2 B2 

+ β3 β3C2 + β1 β2 AB + β1 β3 AC + β2 β3 BC (1) 
 
Where Y was response variable, β0 was intercept, β1, β2 and β3 were linear coefficients, β1,1, β2,2 and β3,3 

were squared coefficient, β1,2, β1,3 and β2,3 were interaction coefficient and A, B, C, A2, B2, C2, AB, AC 
and BC were the level of independent 
 
Table 1 -Range of the values for the response surface methodology. 
 
Coded Independent variables Factor Levels 
 

Independent varibles Coded factor level 
 -α -1 +1 +α 
Incubation day 1.31 2 4 4.681 
Percentage of inoculum 0.02 1 4 5.02 
Starch 0.659 1 2 0.659 

 
 
Effect of incubation period on enzyme production 
The inoculum was prepared in soluble Amylase production medium by transferring a loop full 

of S. griseus TBG19NRA1  from a slant and  was incubated at room temperature for 24 h in an 

orbital incubator shaker at 120 rpm. Tapicoca (5 g) was taken in conical flask, moistened with 

9 ml of APM to provide 60% moisture holding capacity (MHC) and the contents were mixed 

thoroughly. The bottles were autoclaved at 15 lb pressure for 30 min. After cooling at room 

temperature, (30°C) these were inoculated with 1% (v/w) inoculum and incubated under static 

condition at room temperature for 7 days. Triplicate bottles were maintained for each 

treatment. The contents in the bottle were periodically mixed by gentle tapping. At interval of 

24 h, the enzyme were extracted twice with 25ml  of  0.1M Phosphate buffer. Initially the 

substrate were soaked in Phosphate buffer for 30 min at 30°C and kept in a rotatory shaker at 

150 rpm.  The slurry thus obtained were squeezed through a  wet cheese  cloths.  The pooled 
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enzyme extract were centrifuged at 10000 rpm for 20 min in refrigerated centrifuge and the 

clear supernatant was  further stored for enzyme assay. 

Effect of percentage of inoculum 
 
The influence of  percentage of inoculum on the enzyme titer was evaluated by varying the  

inoculum percentage  of the substrate from 1 to 5%  Different percentage of inoculum were 

incubated for 7 days at room temperature. 

Effect of  Starch concentration  
 
The effect  of  starch concentration on the enzyme titer was evaluated by varying the  starch 

concentration from 1 to 5%  Different percentage of starch were incubated  with the tapicoca 

for 7 days at room temperature. 

 Thin Layer Chromatography 
The hydrolysis products of soluble starch (1%; w/V) were analyzed by thin-layer 
chromatography (TLC) using buthanol/ethanol/water (5:3:2; V/V/V) as mobile phase. It was 
used 1% (w/V) of glucose, maltose and maltotriose solutions as standard. 

 
APPLICATION STUDIES  
IMMOBILIZATION 
Enzyme immobilization  
Immobilization of alpha-amylase from Streptomyces griseus TBG19NRA1 on alginate beads 

was performed by using entrapment and physical adsorption techniques (Bal et al., 2016).  

To perform entrapment technique, an equal volume of enzyme solution and sodium alginate 

solution were mixed to obtain final alginate concentration in the mixture ranged of 2% (w/v). 

The mixture was then extruded drop wise through a syringe (0.80 x 38.0 mm) into 2% (w/v)  

chilled CaCl2 solution with a gently stirred. After beads occurred, they stored at 4°C in 0.25 M 

CaCl2 solution. For physical adsorption, the alginate beads were prepared with the same 

method mentioned above. Enzyme solution was mixed with alginate beads with 2:1 alginate-

enzyme ratio and incubated at 25°C for 30 minutes for immobilization. After incubation, beads 

were removed and washed several times with distilled water to remove unbound enzyme. 
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Immobilized enzyme assay  
Activity of immobilized enzyme was determined by taking 0.5 gm enzyme entrapped beads in 

a test tube with 1 ml (2 % starch) substrate and incubated at 60°C for 10 min. The immobilized 

α-amylase activity was determined by estimating the reducing sugar released by hydrolysis of 

starch using DNS method (Miller, 1959). An immobilized enzyme unit is defined as the 

amount of enzyme that liberates 1 μ mol of reducing sugar from starch per gram of beads under 

the assay conditions. 

Reusability of the Immobilized α-amylase 
 
To test the stability of the amylase enzyme  entrapped in the Ca-alginate beads, the beads were 

used several times for the hydrolysis reaction. Each run lasted for 10 min, after which the 

beads were separated, washed  several times with distilled water and stored at 4 °C until the 

next use. The reaction medium was then replaced with fresh medium. The activity of beads in 

the first run was defined as 100%. 
 

Starch Hydrolysis Using the soluble α-amylase 
The activities of the free and the immobilized enzymes were tested in the presence of various 

starch sources such as a soluble starch and commercial starch (tapioca). The soluble alpha 

amylase enzyme were mixed with 0.1M phosphate buffer solution containing 1% of the soluble 

starch . The reaction mixture was incubated at 80°C for 2 hrs, and α-amylase activity was 

assayed by the DNS method.  
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RESULTS AND DISCUSSION 
Actinomycetes constitute a significant portion of soil microflora and are widely 

distributed in soil. Actinobacteria are ubiquitously distributed in the environments and 

are involved in the breakdown of organic matter and xenobiotic compounds. 

Streptomyces is the largest genus of Actinobacteria and the type genus of the family 

Streptomycetaceae (Hong et al., 2009). Streptomycetes constitute 40% of soil bacteria 

(Boone et al., 2001) having genome with high GC content (Kavitha et al., 2010). The 

colonies show a slow-growth and often have a soil-like odour because of production of 

a volatile metabolite, geosmin (Jüttner and Watson, 2007). The most characteristic 

feature of Streptomycetes is the ability to produce secondary metabolites such as 

antibiotics (Hasani et al., 2014). 

Streptomyces griseus TBG19NRA1 
 

Streptomyces sp. TBG19NRA1 is a mesophilic actinomycete, isolated from forest soils 
collected in Neyyar WLS of Kerala, India (Shiburaj and Abraham, 2002) was used in 
this study. The strain was identified as S. setonii (Millard and Burr 1926) Waksman 
1953 based on morphological, biochemical and 16s rDNA sequence similarities 
(Shiburaj, 2003) and deposited in Microbial Type Culture Collection and Gene Bank 
(MTCC 3756), Chandigarh. From 16S rRNA gene sequence data that the type strains of 
S. caviscabies, S. griseus and S. setonii form a distinct clade in the Streptomyces tree. 
Liu et al., (2005) conducted additional comparative studies to resolve the finer 
taxonomic relationships between members of the S. griseus clade, especially since 
representative strains of S. argenteolus, S. caviscabies, S. griseus and S. setonii share 
key morphological features and have identical or nearly identical 16S rRNA gene 
sequences (Manfio et al., 2003). The type strains of S. argenteolus, S. caviscabies 
Goyer et al., 1996, S. griseus (Krainsky 1914) Waksman and Henrici 1948 and S. 
setonii (Millard and Burr 1926) Waksman 1953 share DNA–DNA relatedness values 
between 84 and 100%, and also have key phenotypic properties in common, notably 
spore chain morphology and therefore proposed that S. argenteolus, S. caviscabies and 
S. setonii are heterotypic synonyms of S. griseus, the earliest described of these species 
with validly published names (Liu et al., 2005). The details of the S. griseus 
TBG19NRA1 were described in Figure 1. 
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Fig 1: Morphology of S.  griseus 
TBG19NRA1 

A- Colony morphology of 7 days old growth on SDA Media;         B-Microphotograph showing Substrate and aerial mycelium (Am) with spore chain (Sp);        C-SEM Photograph showing Smooth Spores. 

 Emended description of Streptomyces 
griseus (Krainsky 1914) Waksman and 
Henrici 1948. 

  

Streptomyces griseus  

(gri'se.us. M.L. masc. adj. griseus grey). 

 

Spore chains are rectiflexibiles; the 
spore surface is smooth. Aerial spore 
mass colour places the organism in 
the grey colour series; the reverse 
side of colonies is grey–yellow. 
Melanin pigment is not formed nor 
are soluble pigments produced. The 
G+C content of the DNA is 71–72 
mol%. The type strain is ATCC 
23921T.  

 

Heterotypic synonyms:  

S. argenteolus  Goyer et al., 1996  

S. caviscabies  Goyer et al., 1996  

S. setonii (Millard and Burr 1926) 
Waksman 1953. 

 

Primary screening was done on starch casein agar plates. Freshly prepared single 

spore cultures of S. griseus 19NRA1 and S. peucetius were point inoculated on the 

centre of the agar plates and incubated at 30oC for 3 days. The hydrolysis of starch 

around Streptomyces colonies were visualized by flooding the plates with Gram's 

iodine solution. The zone formation around the colony was due to the hydrolysis of 

A 

B 

C 
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starch by amylolytic enzymes produced by S. griseus (Fig 2). The S. peucetius is an 

amylase negative strain and no hydrolysis zone observed around the colony of 

negative control. 

 
 
 
                            A. Positive                                       B Negative                          

 Figure 2 The clear zone around S. griseus growth shows the utilization of Starch and is 
amylase positive. The Control strain S. peucetius shows less or no activity.  
 
Effect of incubation period and pH 
 
Among the physical parameters, incubation and pH plays an important role. Time profiles of 

enzyme activity and growth are shown in (Figure 3). Maximum enzyme production (25U/ml) 

was measured after 48 h of cultivation. Amylase production of the TBG19NRA1 strain 

initiated in a logarithmic growth phase, attain its maximum production and drop sharply in 

stationary phase, which is in agreement with the previous report on  amylase production in S. 

rimosus (Yang and Wang, 1999). Similar reports were obtained from  actinomycetes (S. 

rimosus)was found to produce amylase after 48 hs of incubation (Yang, 1999). The results 

obtained in the present experiment are in accordance with the results expressed by O. El-

Tayeb1(2007). In alpha amylase production, the pH profile and its role in production seem to 

be strain dependant. The pattern of amylase activity was influenced by varying pH (Figure 4). 

A relatively low level of activity was observed at pH values 4.0 to 5.5. Alpha-amylase activity 

of strain increased significantly from pH 6.0 to 7.0 and dropped at above pH 7.0. In  the  

present work ,optimum pH for high amylase yield (26.7 U/ml) was found to be 7.0. Similar 

result were produced by Patel et al., (2005) at pH 7 where as, Sodhi et al., (2005) found that 

amylase activity at pH 6.5 .  
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Figure 3: Amylase activity at different hours of Incubation 

 
  Figure 4: Effect of pH on Amylase Production  

 
 
 
Effect of carbon sources on amylase production     
 

In order to determine the best carbon source for α-amylase production, strain TBG19NRA1 

was cultivated for 48 h in fermentation media containing 1% of different carbon sources in 
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addition to starch (1%) and enzyme activity was measured. The better carbon source for S. 

griseus strain TBG19NRA1 to produce α-amylase was sucrose producing 30.4 U/ml of 

amylase, comparing to other carbon sources tried. (Figure 5). The present study showed 

similarity to observation made by Anto et al., (2006), that maximum enzyme produced on 

supplementation with sucrose. Ellaiah et al., (2002) reported maximum enzyme activity on 

supplementation with fructose. 

 

 
                                 
 
                Figure 5: Effect of additional carbon sources on amylase production 

 

Effect of different aminoacid on amylase production  

Supplementation of various aminoacid in the media showed different impact in the enzyme 

synthesis. The maximum amylase activity of (32.9U/ml) was observed when 0.5%(w/v) of 

valine was used (Figure 6). The control flask was maintained without the addition of aminoacid 

supplements. But Poornima et al., (2008) observed maximum activity in L- histidine as 

nitrogen sources in actinomyetes strain AE-19. Patel et al., (2005) and Kundu (2006) observed 

maximum activity in L-Phenylalanine in Streptomyces galtiaeus and Aspergillus oryzae.  
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Poornima (2008)  reported maximum activity in L-histidine when worked with Streptomyces 

aureofasciculus.  

 
                 

                            Figure 6 : Effect of aminoacid on α amylase production 

 

Effect of starch on amylase production  

    Carbon sources greatly influences amylase production and the most commonly used 

substrate for optimization is starch. This shows that starch is the better source of carbon for 

amylase production by the strain TBG19NRA1 (Figure 7). In this work effect of different 

concentration of starch on amylase production was studied  and the maximum activity of (35.7 

U/ml ) were obtained at 2% starch concentration. Similar reports were obtained from Santos 

when worked in Bacillus. The  study also showed some similarity with the observations made 

by Suman (2010) in which high enzyme production were obtained at 2% of starch. 
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Figure 7 : Effect of  different starch concentration on α amylase production 

3.5 Effect of surfactants on alpha amylase production   

    Surfactants often results in increased in enzyme production. In the present study, 

0.05%(w/v) of different surfactants were added in which maximum activity was shown by 

Triton X-100.  The maximum  amylase activity  (35.9 U/ml)  were reported  by Triton X-100 

than SDS & Tween-80 (Figure8). 

 

                       Figure 8: Effect of surfactants on α amylase production.   
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The α-amylase production using S. griseus TBG19NRA1 was carried out in 200 mL of 

optimized amylase production medium under standardized physiological conditions. 

The cell free supernatant was collected and subjected to different steps of purification 

viz. ammonium sulphate precipitation, dialysis and gel filtration in the final step. 

Ammonium sulphate precipitation was started with 20% saturation and slowly 

increased to 40, 60, 80, and 100%. The precipitates of each saturation were collected by 

centrifugation, dissolved in minimum volume of 0.1 M phosphate buffer (pH 7) and  

analyzed for specific activity. Fig 9 shows the specific activity of the precipitated 

protein from each saturation level. Among the various ammonium sulphate fractions, 

60% fraction showed maximum α-amylase activity and these fractions were used for 

further purification.  

 
Figure 9: Amylase activity of ammonium sulphate fraction. 

 

The precipitate obtained by 60% ammonium sulphate precipitation was dialyzed against 

the phosphate buffer 0.1M (pH 7) and  salts were removed. The dialysate was 

centrifuged to 10,000 rpm at 4°C and the pellet was re-dissolved in phosphate buffer 

and specific activity was determined. The dialysed enzyme solution was subjected to 

gel filtration chromatography on Sephadex G-100 column (1.5cm×30 cm) which was 

previously equilibrated with 0.1M phosphate buffer. Each fractions of  500 µl/min were 

collected and measured at 280 nm. The elution profile of gel filtration chromatography 
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is shown in Fig 10. Out of 70 fractions eluted from gel filtration column, fractions from 

31–52 showed amylase activity with high protein content. All the active fractions were 

pooled, collected and stored at ¯20°C . 

 
 

Figure 10: The elution profile of α-amylase from S.griseus TBG19NRA1  by using Sephadex G-100 column chromatography 
 
The steps involved in purification of α-amylase produced by S. griseus TBG19NRA1 

was summarized and shown in Table 2. (NH4)2SO4 precipitation of 60% saturation has 

resulted in 1.48 fold purification. The specific activity for α-amylase produced was 

reasonable (7.4 U/mg) with yield of 39 %. After Sephadex G-100 filtration, the specific 

activity of α-amylase increased up to 34.7 U/mg with 7 fold purification with a yield of 

14.5 % 
Purification Steps Volume 

(mL) 

Total 
activity 

(Units) 

Total 
protein 

(mg) 

Specific 
activity 
(units/m

g 
protein) 

Yield 

(%) 

Fold of 

Purification

Culture Filtrate 200.00 8140 .00 1652 5 100.00 0 

Ammonium 
sulphate (60%) 

10.00 3165 .00 425.00 7.4 39 1.48 

Dialysis 5.00 1390.00 142.5 9.75 17.07 1.95 

Sephadex G-100 5.00 1182.00 34 34.76 14.5 7 
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Table 2: Purification profile of α-amylase produced by Streptomyces griseus TBG19NRA1 
 

Molecular Weight Determination and Zymogram 
 

 SDS-PAGE Electrophoresis and Zymogram 
  
The purified enzyme samples was analyzed on a 12% polyacrylamide gel (SDS-

PAGE). The protein bands in the gel was visualized with coomassie blue and silver 

staining. Electrophoresis of the enzyme on SDS-PAGE gave a single band of protein 

with a molecular weight of approximately 60 kDa (Fig 11). An activity staining 

(zymogram) was carried out to confirm the amylase activity of the protein band. In 

zymogram, enzyme activity was visible as a pale yellow band in the dark coloured 

background. The band approximate to 60 kDa showed a pale yellow colour thus 

confirmed that the band belongs to α-amylase.   
 
 
 
 

 
Figure 11  SDS-PAGE pattern of the purified α- amylase from Sreptomyces griseus. 

 
Lane 1: Molecular weight markers, myosin (198 kDa); β-galactosidase (103 kDa) ; Bovine serum abumin (58 kDa); Ova albumin (41 kDa) and Carbonic anhydrase (27 kDa); Soybean trysin inhibitor (20 kDa); Lysozyme (15kDa); Aprotinin (6kDa)  Lane 2: Crude enzyme; Lane 
3: purified amylase; Lane 4: silver staining;  Lane 5 activity staining (zymogram).   

 



39 

 

 
 Qualitative Determination of α-Amylase  
 

Qualitative determination of α-amylase was carried out using well cut assay. The cell 

free culture supernatent (100 µl), 60% NH4SO4 precipitate dissolved in 0.1M phosphate 

bufffer (100µl), purified sample (100µl) were analyzed on 1% starch agar plates to 

demonstrate the amylase activity. The activity was determined by iodine staining after 

an incubation at 50°C for 10 minutes and zones of enzymatic activity were noted (Fig 

12). The purified enzyme (d) showed a zone of 15mm and is more than that of others, 

(a) crude enzyme (8mm), and (b) 60% NH4SO4 precipitate dissolved in 0.1M phosphate 

bufffer (9mm).The activity of purified sample was comparable with that of standard (e) 

α-amylase (Sigma).   
 

 

Figure 12 : Comparison of the activities of crude and purified amylase fractions using Well diffusion: a; crude enzyme, b; 60% ammonium sulphate precipitate dissolved in 0.1M phosphate buffer, c; 0.1M phosphate buffer (negative control), d; purified enzyme, e; standard enzyme (Himedia). 
 
Effect of Temperature on the Activity of Purified Enzyme  
For estimation of optimum temperature of the purified enzyme, the activity was 

determined at varying temperature from 30 to 100°C with or without CaCl2. The results 

were compared with that of standard α-amylase (Bacillus licheniformis) purchased from 
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Sigma. The results were compared and  explained in 13. The purified amylase from S. 

griseus TBG19NRA1 exhibited maximal activity at 70 - 80°C without the addition of 

CaCl2 and showed drastic decrease in activity above 90°C. The results thus obtained 

were comparable with that of standard amylase without CaCl2. However with the 

addition of CaCl2, standard amylase shows more activity but have a negative effect on 

the S. griseus amylase. The maximum relative activity of S. griseus amylase is at 80°C 

and  revealed that the enzyme is thermophilic in nature.  

 
Figure 13: Effect of Temperature on activity of the purified α-amylase.  The activity of enzyme at 80°C was taken as100%. 

 
 
 LC-MS/MS Analysis of Sample 
 

In order to identification, 75 μg of purified enzyme  was prefractionated on 1D PAGE 

and band was processed for analysis using an Orbitrap Velos Pro mass spectrometer. 

The workflow followed in the analysis and identification of proteins using Proteome 

Discoverer (PD) version 1.4.1.14 is shown in Fig 14. Proteome Discoverer  of version 

1.4.1.14 and two search engines such as SEQUEST HT and MASCOT were used for 

the analysis of report. Each of the raw files acquired from Orbitrap Velos Pro Mass 

Spectrometer were searched against the complete proteome of α-amylase protein 

sequences in Streptomyces including the iso-forms downloaded from the Uniprot 

database.  
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The peptide spectrum obtained from in-gel tryptic digestion of purified α-amylase gave 

14 prominent ions (Fig 15). These peak list generated from the spectrum was used for 

protein identification against the Uniprot database using the MASCOT search engine, 

resulting in one hit. The signal 14.78 was chosen as the target to analyze in the MS 

mode to identify the precursor ion formed by the ESI ion source. The fragments and 

fingerprint information of the MS/MS spectrum of the precursor peak were analyzed 

further and the results with scores higher than 54 identified the amino acid sequence of 

an 18-mer peptide as GIYGTSGSPGHVTSGADK (Fig 16). The peptide sequence were 

used to search the Uniprot database and it is identified as an α-amylase (Table-3) with 

more similarity to that of Streptomyces albulus (alpha amylase catalytic subunit, 

Accession-A0A059WI20).  

 

 
 

 
Figure  14: Software Workflow followed for the process of RAW files from the ORBITRAP   
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Figure 15: The  total ion chromatogram of purified sample JNTBGRI_AmyA1   

 
 

Figure 16: Fragmentation Spectrum of JNTBGRI_AmyA. Sequence: GIYGTSGSPGHVTSGADK G1-Acetyl (42.01057 Da), S6-Phospho (79.96633 Da) Charge: +2,   Monoisotopic m/z: 906.88916 Da (-4.51 mmu/-4.98 ppm),   MH+: 1812.77104 Da,  RT 44.11 min    
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 Accession Description ΣCoverage MW [kDa] 

A0A059WI20 Alpha amylase catalytic subunit 
OS=Streptomyces albulus 
GN=DC74_7018 PE=4 SV=1 - 
[A0A059WI20_STRA9] 

6.22 62.9 

M3G0D4 Alpha-amylase OS=Streptomyces bottropensis 
ATCC 25435 GN=SBD_0686 PE=4 SV=1 - 
[M3G0D4_9ACTO] 

4.55 57.7 

D9WE18 Alpha-amylase OS=Streptomyces 
himastatinicus ATCC 53653 GN=SSOG_00790 
PE=4 SV=1 - [D9WE18_9ACTO] 

4.28 58.6 

D9Y0J5 Secreted alpha-amylase OS=Streptomyces 
griseoflavus Tu4000 GN=SSRG_05690 PE=4 
SV=1 - [D9Y0J5_9ACTO] 

2.53 106.9 

D9XMJ7 Alpha-amylase OS=Streptomyces griseoflavus 
Tu4000 GN=SSRG_04515 PE=4 SV=1 - 
[D9XMJ7_9ACTO] 

1.39 194.1 

H1Q7Z5 Alpha-amylase ScatZ1 OS=Streptomyces 
coelicoflavus ZG0656 GN=scatZ1 PE=4 SV=1 - 
[H1Q7Z5_9ACTO] 

1.25 112.9 

L1KPE8 Alpha amylase, catalytic domain protein 
OS=Streptomyces ipomoeae 91-03 
GN=STRIP9103_02454 PE=4 SV=1 - 
[L1KPE8_9ACTO] 

0.99 196.4 

L7EZQ8 Alpha amylase, catalytic domain protein 
OS=Streptomyces turgidiscabies Car8 
GN=STRTUCAR8_03129 PE=4 SV=1 - 
[L7EZQ8_9ACTO] 

0.66 196.6 

 
Table 3   : Uniprot database search results of JNTBGRI_AmyA1. 

 

Peptide ALC Score Scatter Plot.   In a typical de novo sequencing analysis, peptides 

with higher ALC scores are more likely to have a small mass error, indicating a higher 

chance for the peptide to be correctly sequenced. This figure provides a rule-of-thumb 

for setting the ALC score threshold. The threshold can be set at the score where the 

precursor mass error starts to converge. Figure 17  is a scatter plot showing de 

novo sequences' ALC score versus precursor mass error in ppm. PEAKS de 

novo sequencing result can be filtered by ALC (Average Local Confidence) score. 
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Figure 17 Scatterplot of peptide ALC score versus precursor mass error 

 

The purpose of filtering is to remove poor sequences in which residues are incorrectly 

sequenced. By default, the ALC threshold is set to 50%. Statistical figures are shown to 

help evaluate the overall quality of the sequencing result. They also provide guidelines 

for determining a proper ALC threshold: 

Residue Local Confidence Distribution.   It is essentially a mixed score distribution 

of both correct and incorrect residues. This figure helps to examine the proportion of 

correct and incorrect residues when adjusting the ALC threshold. By increasing the 

ALC threshold, the number of incorrect residues will decrease because poor sequences 

are filtered out first. Gradually ALC threshold  will be raised until the number of 

correct residues starts to significantly decrease. Figure 18 shows the local confidence 

score distribution of residues in filtered de novo sequences. 
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Figure 18.Distribution of residue local confidence in filtered result. 

 
Molecular Analysis of Amylase Gene. 
Gene Specific Primers for Amylase Gene of  S. griseus TBG19NRA1:  
The PCR primers were designed with Primer 3 tool software based on the conserved regions in 

the nucleotide sequences encoding alpha amylase of different Streptomyces spp. retrieved from 

GenBank. Five sets of primers were designed in this way (Table-4).  

 

 
Primer Sequences 
AMYF1 5'- AGG AGG AAA GAC ATG GCC C-3' 
AMYR1 5'- CGT ACT AGG CGA ACG TG - 3' 
AMYF2 5'- ATC GCC GGC TAC CTG A- 3' 
AMYR2 5'- AGC CGT CCG AGT AGC A-3' 
AMYF3 5'-CGC AGG AGC ACA TCC A-3' 
AMYR3 5'-ACG TTC GGG TTG GTC A-3' 
AMYF4 5'-GTG GAA GTT CGC CTC GA-3' 
AMYR4 5'-AGC AGG TCG TTC AGG TA-3' 
AMYF5 5'-AAC CTG GCC CAC CTG A-3' 
AMYR5 5'-GCA GCG AGG TCT GGA A-3' 

 

Table 4: List of forward and reversed primers  designed with primer 3 software 
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PCR Amplification and Sequencing  
 

Among the different combinations of primers used in the PCR reaction, an amplified 

product of ~500 bp was obtained with specific primers AMYF5 (5'-AACCTGG 

CCCACCTGA-3') and AMYR5 (5'-GCAGCGAGGTCTGGAA-3)'. Figure 12 shows 

the agarose gel electrophoresis of PCR product and the corresponding band was excised 

and purified. The PCR product was sequenced using both forward and reverse primers 

at SciGenom Labs Pvt. Ltd., Cochin. The sequences obtained were conting aligned 

using BioEdit software and is shown in Figure-19.  

 

 

Figure 19: PCR Amplification of AMY gene: Lane 1: Molecular weight markers; Lane 2: PCR  Product  
 
Sequence Analysis 
 

A homology search was performed with partial AMY gene sequences (498 bp) using 

BLAST algorithm. In Blast analysis S. griseus TBG19NRA1 amylase gene shows more 

similarities to the glycosidase gene of Streptomyces sp. CFMR7 strain (98%), alpha-

amylase gene of  S. fulvissimus DSM 40593 (95%), alpha-amylase gene of S. griseus 

sub.sp. griseus NBRC 13350 (93%) and alpha-amylase gene of several other 
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Streptomyces spp.. Similar sequences were retrieved from GenBank, aligned using 

CLUSTAL W and a phylogentic tree was constructed using the MEGA 4 software 

(Figure 20). The evolutionary history was inferred using the Neighbor-Joining method 

based on 1000 resamplings. In the phylogenetic tree also the S. griseus TBG19NRA1 

AMYLASE gene clusters with the glycosidase gene of Streptomyces sp. CFMR7 strain 

and alpha-amylase gene of S. griseus sub.sp. griseus NBRC 13350.  

 
 

 
 

Figure 20 : The Partial Sequence of AMY gene of S. griseus TBG19NRA1 (498 bp)  
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Figure 21:  Neighbour-joining Phylogenetic tree based on 498 bp sequences of Partial AMYLASE gene of S. griseus TBG19NRA1 generated using MEGA 4 package. The evolutionary history was inferred using the Neighbor-Joining method (Saitou & Nei, 1987). The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches (Felsenstein, 1985). The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Jukes-Cantor method (Jukes & Cantor, 1969) and are in the units of the number of base substitutions per site. Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated from the dataset (Complete deletion option). There were a total of 360 positions in the final dataset. Phylogenetic analyses were conducted in MEGA4 (Tamura et al., 2007).   
 

SOLID STATE FERMENTATION  

Different agricultural residues  such as  wheat bran, Sugarcane bagasse, banana peel, 

Pineapple Peel and Tapioca were used as solid substrate (support and nutrient source) for 

SSF.  Each substrates were collected from different  places fig 22. Among these substrates,  

maximum amylase activity was shown by sugarcane bagasse. 
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                                   A                                 B                               C 

 

                                            D                                        E 

Fig:22 Different solid substrates  A: Wheat bran; B:Pineapple Peel; C: banana Peel;   D:Tapioca ;E: 
Sugarcane bagasse. 

 
The effect of incubation period for  maximum enzyme production were detected by 
using different sold substrates. Among different  solid substrates used, it was observed 
that  tapioca  as solid substrate resulted maximum alpha amylase production when 
compared with other substrates.    
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Figure 22.(a). Effect of incubation period for α-amylase production using wheat bran 

 

 

 
 

Figure 22(b).. Effect of incubation period for α-amylase production using Banana Peel 
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Figure 22(c).. Effect of incubation period for α-amylase production using Sugarcane bagasse 

 

 
 

Figure 22.(d). Effect of incubation period for α-amylase production using Pineapple Peel 

 

 
 

Figure 22.(e). Effect of incubation period for α-amylase production using Tapicoca 
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The results of CCD experiments for studying the effect of three independent 
fermentation variables (incubation period, Percentage of inoculum and Starch) along 
with the mean predicted and observed responses are presented in Table 5. The 
regression equations obtained after the ANOVA gave the level of α- amylase 
production as a function of the initial values of incubation period, percentage of 
inoculum  and temperature. The final response equation that represented a suitable 
model for α-amylase production was as below: 

Y=279.23-19.09A-10.13B+4.44C+3.40AB-0.52AC 
+3.95BC-97.44A2-103.65XB2+4.35C2 

Where Y was enzyme production, A was incubation period (h), B was percentage of 
inoculum  (%) and C was starch (mg/ml). 
 

Std Run Incubation 
day 

Percentage of 
inoculum 

Starch Amylase 
U/dgs 

Predicted 
value 

9 1 1.68 2.5 2.25 106.3 135.59 
8 2 4 4 2.5 58.2 64.54 
7 3 2 4 2.5 107.7 96.97 
23 4 3 2.5 2.25 279 279.93 
2 5 4 1 2 64.9 70.16 
12 6 3 4.4 2.25 84 86.38 
13 7 3 2.5 1.92 276.9 280.91 
5 8 2 1 2.5 127.5 116.13 
15 9 3 2.5 2.25 269.8 279.23 
6 10 4 1 2.5 68.3 70.10 
14 11 3 2.5 2.5 284 292.61 
17 12 3 2.5 2.25 281.9 279.23 
22 13 3 2.5 2.25 286.3 279.23 
4 14 4 4 2 42.9 48.80 
10 15 4.3 2.5 2.25 102 85.34 
16 16 3 2.5 2.25 286.3 279.23 
20 17 3 2.5 2.25 279.4 279.23 
18 18 3 2.5 2.25 284.9 274.23 
21 19 3 2.5 2.25 286.54 280.16 
1 20 2 1 2 125.9 114.10 
24 21 3 2.5 2.25 297.7 279.23 
11 22 3 0.525889 2.25 102.8 113.04 
19 23 3 2.5 2.25 273.9 279.23 
3 24 2 4 2 86.4 79.13 

                   Table 5 :Experimental design and result of CCD of response surface methodology 
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Table 6 shows the analysis of variance (partial sum of squares). The Model F-value of 
159.28 implies the model is significant. There is only a 0.01% chance that an F-value 
this large could occur due to noise. Values of "Prob > F" less than 0.0500 indicate 
model terms are significant. In this case A, B, A2, B2 are significant model terms. 
Values greater than 0.1000 indicate the model terms are not significant. If there are 
many insignificant model terms (not counting those required to support hierarchy), 
model reduction may improve your model. The "Lack of Fit F-value" of 11.68 implies 
the Lack of Fit is significant. There is only a 0.10% chance that a "Lack of Fit F-value" 
this large could occur due to noise. Significant lack of fit is bad -- we want the model to 
fit. The Response surface was generated by plotting the response (α-amylase 
production) on the z-axis against any two independent variables while keeping the other 
independent variable at their zero level. Therefore, three response surfaces were 
obtained by considering all the possible combinations. 

Source Sum of squares df Mean 
square 

F value P- value significant 

Model 2.250E+005 9 25003.63 159.28 <0.0001 significant 
A-Incubation 
day 

4178.20 1 4178.20 26.62 0.0001 significant 

B- % of 
inoculum 

1176.63 1 1176.63 7.50 0.0160 significant 

C- Starch 226.39 1 226.39 1.44 0.2497 not  significant 
AB 92.48 1 92.48 0.59 0.4555 not  significant 
AC 2.20 1 2.20 0.014 0.9073 not  significant 
BC 124.82 1 124.82 0.80 0.3876 not  significant 
A2 69982.59 1 69982.59 445.81 0.0001 significant 
B2 79181.65 1 79181.65 504.41 0.0001 significant 
C2 139.23 1 139.23 0.89 0.3623  
Residual 2197.71 14 156.98    
Lack of fit 1904.28 5 380.86 11.68 0.0010 significant 
Cor Total 2.272E+005 23     

 
Std.Dev 12.53 R-squared 0.9903 
Mean 182.26 Adj R-squared 0.9841 
C.V% 6.76 Pred R-squared 0.9369 
PRESS 14334.46 Adeq Precision 30.146 
-2 Log Likelihood 176.52 BIC 208.30 
  AICc 213.44 

 
Table 6 Analysis of Variance (ANOVA)  of alpha amylase production depicted from CCD 
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The coefficient of determination (R2) was calculated as 0.9903 for -amylase 

production (Table 5), indicating that the statistical model could explain 99.03% of 

variability in the response. The R2 value is always between 0 and 1. The closer the 

value of R2 to 1.0, the stronger the model and the better it predicts the response (Swain 

and Ray, 2007). The "Pred R-Squared" of 0.9369 is in reasonable agreement with the 

"Adj R-Squared" of 0.9841; i.e. the difference is less than 0.2."Adeq Precision" 

measures the signal to noise ratio. A ratio greater than 4 is desirable i.e, ratio of 30.146 

indicates an adequate signal. This model can be used to navigate the design space. 

  An adequate precision of 30.146 for α-amylase production was recorded. The 

predicted R2 of 0.9365 was in reasonable agreement with the adjusted R2 of 0.9841. 

This indicated a good agreement between the experimental and predicted value for α-

amylase production. The model F- value of 159.28 and values of prob> F (< 0.05) 

indicated that the model terms were significant. For α- amylase production A, B, A2 

and B2  were significant model. The “lack of fit F-value” of 11.68 implied that the 

“lack of fit” was significant. In analysing the effect of variables, normally the 3-D 

contour plots (Fig. 23 and Fig. 24) were used. 3-D contour plots represent the 

relationship of response surface function of two variables; meanwhile another variable 

is maintained at zero level. The coordinates of the central point within the highest 

contour levels in these figures represent the optimum condition and concentrations of 

respective parameters. The circular shape of the curve indicates that no interaction 

occurred, whereas the elliptical shape indicated good variation of the two variables 

[Garg].  

 

To investigate the interaction and to visualize the effects of the two factors on amylase 

activity, a graphical representation of RSM is presented in Fig. 25.  The figure depicts 

three dimensional diagram of calculated response surface from the interaction between 

incubation day and percentage of inoculum while keeping the other variable (Starch) at 
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‘0’ level. The response surface obtained in this study was convex in nature, which 

suggested that the optimum conditions were well defined. A gradual increase in α-

amylase production was observed when incubation period was increased up to third day 

of incubation, and there after, decline in enzyme production was notizied. it can be 

observed that the enzyme activity was increased upon the percentage of inoculum at the 

range of 1 to 4%. Further increase in the percentage of inoculum and prolonged 

incubation day have a positive effect on the response until certain  optimum value, 

whereas extremely high values of these variables will inhibit amylase production. 
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Figure 23: Response surface plot showing the effect of incubation day and percentage of inoculum. 
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Figure 24: Response surface plot showing the effect of incubstion day and starch 
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In figure 24, the activity of alpha amylase increased upon the incubation day and 

reached maximum on the third day. However,further increase in the incubation day had 

no effect in the enzyme production. The concentration of starch from 2 to 2.5% resulted 

no increase in the enzyme production. When the percentage of inoculum was increased, 

increase in amylase production were detected and reached optimum on the third day of 

incubation. later on increase on the incubation day showed a gradual decrease in 

enzyme production Whereas,  starch concentration of  2 to 2.5%  showed no increase in 

the enzyme production. The details are shown in fig 25. 
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Figure 25: Response surface plot showing the effect of percentage of inoculum and Starch 
 
Thin Layer Chromatography 

   

                       S    0h   2h    4h 

Glucose 
Maltose 
Maltotriose 
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 Fig 26: Analysis of the hydrolysis product  produced by Streptomyces griseus TBG19NRAI, 
S- Standard, Time of reaction- oh, 2h , 4h. The mobile phase was butanol/ethanol/water 
(5:3:2). Sugars were determined by using 0.2% orcinol in a methanol sulphuric acid (9:1)v/v  
solution. Glucose, maltose and maltosetriose were used as the standards. 

HPTLC Result 

Presence of maltose product was confirmed with HPTLC  on comparison with the standard maltose . In 

HPTLC, standard maltose showed major peak at Rf value 0.19 whereas, the product also showed peaks 

at Rf value 0.19 (Figure 19). So from the Rf values and the three dimensional profile of all the samples 

it was clear that test sample contained maltose. So from the Rf values and the three dimensional profile 

of all the samples it was clear that test sample contained maltose 

 

Figure 19: Analysis of maltose: comparison with the standard and sample 

 

Analysis of maltose using HPTLC High performance thin layer chromatography (HPTLC) analysis was 

performed by using HPTLC system (CAMAG, Switzerland). The 10 μl of the standard maltose and 

product were loaded on pre-coated HPTLC plates (Silica gel 60 F 254, Merck, Germany), by using 

spray gas nitrogen and TLC sample loading instrument (CAMAG LINOMAT 5). The HPTLC plates 

were developed in solvent system n-butanol:acetone : water; 5:3:1 in a CAMAG glass twin-through 

chamber (10 × 10 cm) previously saturated with the solvent for 30 min (Inamdar et al, 2012). After 
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development, the plate was observed in UV chamber and scanned at 282 nm (250-300nm) with slit 

dimension 5 × 0.45 mm by using TLC scanner. The results were analyzed by using HPTLC software 

WinCATS 1.4.4.6337. Figure 20 

  

Figure 20  Analysis of maltose using HPTLC  A Standard; B :Sample 

 

APPLICATION  

IMMOBILIZATION 

Alginate as an immobilization medium has been extensively studied mainly because of its ease 

of formulation, mild gelation conditions, biocompatibility, acceptability as a food additive 

(Riaz et al., 2015). The entrapment technique was performed by adding  an equal volume of 
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enzyme solution and sodium alginate solution were mixed to obtain final alginate 

concentration in the mixture ranged of 2% (w/v). The mixture was then extruded drop wise 

through a syringe (0.80 x 38.0 mm) into 2% (w/v)  chilled CaCl2 solution with a gently stirred. 

After beads occurred, they stored at 4°C in 0.25 M CaCl2 solution. For physical adsorption, the 

alginate beads were prepared with the same method mentioned above. Enzyme solution was 

mixed with alginate beads with 2:1 alginate-enzyme ratio and incubated at 25°C for 30 minutes 

for immobilization. After incubation, beads were removed and washed several times with 

distilled water to remove unbound enzyme. the beads obtained are shown in figure 27. 

 
 
 

   
 
                                             A                                                    B 
 
Fig 27:  Beads obtained  after sodium alginate addition from a height of 1-2 cm in to the chilled 
0.25 M CaCl2 
A: Beads placed in 0.25M CaCl2     B: After immobilization, beads kept for preservation 
 
 
 
Effect of incubation time on immobilized enzyme substrate reaction  
 
Immobilized α-amylase from Streptomyces griseus TB19NRA1 showed maximum activity 

when incubated with tapioca  substrate at 48 hrs of incubation  for 10 min at 60°C. The  

immobilized α-amylase activity was compared with soluble alpha amylase  and the results are   

shown in Figure 28.Values are plotted as mean of triplicate observations, while standard 

deviations are shown as standard bars. 
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Fig 28:  Comparison of soluble enzyme activity with immobilized enzyme activity   
 
Effect on reusability of immobilized enzyme 
 
The operational on stability of the immobilized enzyme is one of the most important factors 

affecting the utilization of an immobilized enzyme system. Immobilized beads prepared from 

2% (w/v) alginate and 0.25 MCaCl2 were suitable for up to 7 repeated uses, and 40% of the 

initial activity was retained. The highest operational stability was 6 reuses with 58% residual 

activity (Fig. 29). The repeated use of the amylase entrapped in the Ca-alginate beads was 

tested as several times. Each treatment was performed in triplicate. In this case, the activity 

decreased and could have been due to enzyme denaturation and physical loss of enzyme from 

the carriers because beads were overused. 

 
 

Figure 29. Reusability of immobilized α-amylase enzyme 
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Discussion 
 
 
 

Actinomycetes or actinobacteria is one of the prominent group of microorgasms in soil 

or any other natural habitat. They are aerobic, spore forming gram-positive bacteria, 

belonging to the order Actinomycetales. Actinobacteria belong to the subdivision 

Actinomycetales of the Prokaryotae (Prakash et al., 2013).  
 

Streptomyces members are abundant in soil and they use an extracellular mechanism for 

primary growth and to facilitate growth for their well-known attributes of 

developmental complexity and secondary metabolism (Chater et al., 2010). 

Streptomyces have large genomes and that enable them to produce some types of 

secondary metabolites, antibiotics and industrially  important enzymes (Santos et al., 

2012). Several species of Streptomyces are among the most important industrial 

microorganism due to their capacity to produce bioactive compounds (Gopinath, and  

Singara Charya, 2012). 
 

The actiomycete strain TBG19NRA1 was originally isolated from the soil samples 

collected from the Neyyar Wild Life Sanctuary of Kerala State (Shiburaj, 2003). 

Streptomyces griseus (S. setonii) TBG19NRA1 (MTCC 3756) is a mesophilic 

actinomycete strain isolated from the forest soil collected from Neyyar Wild Life 

Sanctuary of Western Ghats of Kerala. This strain is producing an antimicrobial 

metabolite at its optimum conditions where starch is used as a carbon source (Shiburaj 

and Abraham, 2002).This observation leads to the identification of amylase production 

by S. griseus TBG19NRA1. In the present study, S. griseus TBG19NRA1 are 

considered to be the important source of α-amylase and submerged fermentation (batch 

fermentation) is used for enzyme production. 
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In primary screening prior to fermentations, rational selection is achieved by the use of 

techniques which allows visual identification. The selection of amylase producers were 

done by comparing the size of the zone of hydrolysis of starch on agar-plates  
 

Design and selection of a growth medium has an important role in any fermentation 

studies and the cultivation method can vary fermentation products qualitatively or 

quantitatively (Iwai and Omura, 1982). Production of enzyme is greatly affected by the 

cultivation method. Alpha amylase can be produced both by solid state and submerged 

fermentation technique (Yovita et al., 2005). Submerged fermentation process was 

chosen for the production of α-amylase due to the easy control of different physico-

chemical parameters (Coronado et al., 2000). Submerged fermentation (SmF) utilizes 

free flowing liquid substrates, such as corn steep liquor, molasses and nutrient broths 

etc. Generally, the microbial production of α-amylase is greatly influenced by the 

physical conditions, such as the incubation period, agitation, pH, and components of the 

culture medium such as  carbon, nitrogen sources and amino acid sources (Oshoma et 

al., 2010; Rajagopalan and Krishnan 2010; Rezaei et al., 2010). The present study 

focussed on improving the α-amylase production by S. griseus through optimization of 

some nutritional factors. 
 

Culture conditions have been found to have a profound influence on amylase 

production by S. griseus TBG19NRA1. The enzyme production was found to be 

maximal when the cell population entered into stationary phase, suggesting that enzyme 

secretion is not growth associated. The incubation period is governed by characteristics 

of the culture and is also based on growth rate and enzyme production. The production 

of α-amylase by S. griseus TBG19NRA1 began after 12 h and reached a maximum of 

25 U/mL at 48 h of incubation and later declined. Since it is important to produce 

enzyme in a short time i.e. an incubation period of 48 h is important in the field of 

biotechnology. Similar reports on α-amylase production were reported on S. 

albidoflavus (Narayana and Vijyalakshmi, 2008), S. erumpens MTCC 7317 (Kar and 
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Ray, 2008), S. rimosus (Yang and Wang, 1999) and Streptomyces spp. (Chakraborty et 

al., 2009; Salahuddin et al., 2011). Similar results were also observed in the α-amylase 

production by a Thermophilic Streptomyces sp. MSC702 (Singh et al., 2011).   
 

The enzyme production and protein content increased gradually and reached maximum 

at 48 h of incubation and after which a decline in both activity and protein content were 

noticed. Further increase in incubation period reduced the enzyme production and 

protein content significantly. The effect of initial activity and protein content were 

significant on amylase production (p<0.05) indicate that the factor level observations 

means are different. But in the case of bio mass, gradual increase were noticed from 24 

h of incubation and reached maximum at 72 h of incubation. 
 

All Nitrogen sources, both the organic and inorganic sources supported the amylase 

production in S. griseus TBG19NRA1. Among all the nitrogen sources tested, Casein 

was observed to exhibit maximum amylase activity (33.8 U/mL) in S. griseus 

TBG19NRA1 and the optimum concentration of casein was found to be 1% (w/v). On 

the other hand, maximum α-amylase yield by S. erumpens was obtained when 1% of 

beef extract, or peptone was used as nitrogen source in the culture medium (Syed et al., 

2009). Where as in the case of S. clavifer, the most suitable nitrogen sources was 2% 

corn steep liquor (Yassien and Asfour, 2011. The addition of aminoacids to the 

fermentation medium is occasionally required to improve the yield of many useful 

metabolites. In the present study, a significant increase in the α-amylase activity 

(37.3U/mL) was observed by S. griseus in the presence of valine. Arginine has also 

enhanced amylase production related to control but lesser than valine, where as 

histidine resulted no effect on amylase production.  These results are in agreement with 

the previous reports in S. clavifer (Yassein,  et al., 2011), where the highest level of 

amylase production was obtained in the presence of 0.01% DL-valine.  

The calcium ions were the best stabilizer and activator of amylase. Role of calcium as 

well as chloride ion in stabilization of amylase structure had been reported earlier by 
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many workers (Gupta et al., 2003). Role of calcium ion in the stability and catalytic 

activity of α-amylase had been a topic of research since years. The presence of calcium 

ion in the fermentation media had a stimulatory effect and it enhanced the yield of 

amylase in presence of 100 mM Ca+2 in B. amyloliquefaciens (MTCC 1270) during the 

solid state fermentation (Saha et al., 2014). In the present study different concentration 

of calcium was evaluated and it was observed that 0.025% of CaCl2 was optimum for 

amylase production with a maximum activity of 39.7 U/mL. Increase in CaCl2 

concentration above 0.025% resulted reduction in enzyme production. 

According to the obtained results, a new formula of production medium were optimized 

(Amylase production medium containing Sucrose -1%, Casein - 1%,Valine - 0.3%, 

Mannitol - 0.5%, Maleic acid - 0.1%, Triton X-100- 0.05%). The level of amylase 

production in the new formulated culture medium resulted approximately 61.5% 

increased in the enzyme activity when compared to the amylase production medium. 

However it is not cost effective in terms of industrial production of α-amylase 

production using this media formulation  
 

Purification  
 

The enzyme produced was purified up to homogeneity level by three steps purification. 

The ammonium sulphate precipitation of 60% saturation has resulted in 1.48 fold 

purification. The specific activity for α-amylase produced was reasonable (7.4 U/mg) 

with yield of 39%. After Sephadex G-100 filtration, the specific activity of α-amylase 

increased up to 34.7 U/mg with 7 fold purification with a yield of 14.5%. Where as 

Singh et al., (2014) recovered 56.58% of enzyme with 2.98 fold purification by 40-60% 

NH4SO4 precipitation in Streptomyces sp. MSC702. Chakraborty et al., (2012) 

succeeded to purify the enzyme from a haloalkaliphilic marine Streptomyces strain A3 

using ammonium sulfate and gel filtration chromatography by using sephadex G-75. 

The purified enzyme showed a single band of 45 Kda and correspond to 43.92 fold 

purification with a yield of 20.27%. 
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The molecular mass of α-amylase from S. griseus TBG19NRA1 was calculated to be 

60 kDa as observed on SDS-PAGE. However, the molecular weight of the amylase 

from S. clavifer is slightly lower than that of S. griseus TBG19NRA1 i.e. approximate 

relative molecular mass, 50 kDa. Other molecular masses for amylases have been 

reported: 55kDa for S. gulbargensis (Syed et al., 2009); 54.5 kDa for S. erumpens (Kar 

et al., 2010); 40 kDa for Streptomyces strain (Chakraborty et al., 2012); B. subtilis 

KIBGE HAS (Bano et al., 2011). Where as in the study of α-amylase from 

Thermoactinomyces vulgaris detected a mol wt of 135 and 145 kDa by SDS–PAGE. 

The apparent molecular weight of the purified enzyme from the Bacillus sp. KR-8104 

was estimated to be 59 kDa by SDS-PAGE (Sajedi et al., 2005). 
 

Thermostability is a desired characteristic of most of the industrial enzymes. As 

enzymatic liquefaction and saccharification of starch is performed at high temperatures 

(100-110ºC), thermal stability is a very important aspect of industrial enzymatic 

bioreactors. The thermostable amylolytic enzymes have been currently investigated to 

improve industrial processes of starch degradation and are of great interest for the 

production of valuable products like glucose, crystalline dextrose, dextrose syrup, 

maltose and maltodextrins. The purified amylase from S. griseus TBG19NRA1 

exhibited maximal activity at 70 - 80°C and showed decrease in activity above 90°C. 

The relative activity at 80°C revealed that the enzyme is thermostable in nature. Usually 

at higher temperatures, there is reduction in the activity due to increased flexibility and 

denaturation of enzyme. But even after heating for 1 h at 80°C, the enzyme was found 

to exhibit 100% of enzyme activity and was found to retain even 92% at 90°C. Thermal 

stability of α-amylase from Streptomyces sp. MSC702 was  found to be 100% for 1 h at 

60°C and retained 51.38% activity at 90°C (Singh et al., 2014). From these results, the 

enzyme seemed to have considerable thermostability, which could be favorable in 

industrial operations for brewing and food processing.  
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The stability or activity of α-amylases used in starch hydrolysis are usually Ca2+ 

dependent. Since Ca2+ ions inhibit glucose isomerase, (the enzyme used before the 

isomerization step from glucose to fructose), Ca2+ has to be removed from the product 

stream using ion-exchangers (Hashemi et al., 2011). Consequently, the demand for Ca2+ 

independent α- amylases in the industry has increased. In S. griseus TBG19NRA1 the 

thermo stability of α-amylase were retained at different temperatures such as 60, 70 and 

80°C in the absences of Ca2+ ions. It is observed that the purified enzyme when 

incubated at 80°C, without the addition of CaCl2 retained 100 % activity and  observed 

to be stable up to 1h of incubation. But results showed that addition of CaCl2 decreased 

the enzyme activity at 60-80°C from a period of 30 min to 4 h. Similar results were also 

reported by Singh et al., 2014 on the thermostable, Ca+2-independent, maltose 

producing α-amylase from Streptomyces sp. MSC702.  
  
In the manufacture of fructose syrup, Ca2+ ions inhibit the glucose isomerase enzyme 

used in the final process leads to the formation of inorganic precipitate which have the 

deleterious effects on the fermentation process. More over the removal of the metal ions 

is both cost and time consuming in the overall industrial process. Similar reports were 

obtained on amylase production from Thermoactinomyces vulgaris in which 1mM of 

CaCl2 caused significant inhibitory effect (El-Sayed, et al., 2013. The enzyme's activity 

nor the thermostability of intracellular α-amylase from Thermotoga maritima, 
expressed in Escherichia coli was enhanced by the addition of Ca2+. But during long-

term incubation of CaCl2 for 6 h at 90°C, had a destabilizing effect on the AmyC 

protein (Ballschmiter et al., 2006). Hence, the use of stable and functional alpha 

amylase in the absences of Ca2+ ions at high temperature is much favorable. This agrees 

with the result obtained with S. griseus TBG19NRA1. 
 

LC-MS/MS Analysis 
 
 

The peptide spectrum obtained from in-gel tryptic digestion of purified α-amylase gave 

14 prominent ions and these peak list obtained from the spectrum were used for protein 
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identification against the Uniprot database using the MASCOT search engine. The 

signal 14.78 was chosen as the target to analyze  the MS mode to identify the precursor 

ion. The fragments and fingerprint information of the MS/MS spectrum of the precursor 

peak were analyzed further and the results with higher score than 54 were identified as 

the amino acid sequence of an 18-mer peptide as GIYGTSGSPGHVTSGADK. The 

peptide sequence thus obtained were used to search the Uniprot database and finally the 

protein was identified as an α-amylase with more similarity towards Streptomyces 

albulus (alpha amylase catalytic subunit, Accession-A0A059WI20).  

The α-amylase gene sequences obtained from GenBank were aligned and primers were 

designed based on the conserved regions identified. The nucleotide sequences of alpha 

amylase genes of the desired Streptomyces spp. retrieved from the NCBI  were 

subjected to multiple alignment using CLUSTAL W and the conserved regions were 

obtained. Based on the conserved regions 5 set of primers were designed using Primer 3 

tool software. Among the different combinations of primers used in the PCR reaction, 

an amplified product of ~500 bp were obtained with  specific AMY F5 5'-AAC CTG 

GCC CAC CTG A-3' and AMYR5 5'-GCA GCG AGG TCT GGA A-3' primers. The 

PCR product thus obtained were sequenced using both forward and reverse primers. A 

homology search was performed with resultant sequence using BLAST algorithm. The 

BLAST analysis showed that the partial amylase gene sequence of S. griseus 

TBG19NRA1 is having high similarity to alpha-amylase genes of other Streptomyces 

spp. including that of S. griseus sub.sp. griseus NBRC 13350 strain. The evolutionary 

history was inferred using the Neighbor-Joining method based on 1000 resamplings. In 

the phylogenetic tree, the S. griseus TBG19NRA1 AMYLASE gene clusters with the 

glycosidase gene of Streptomyces sp. CFMR7 strain and alpha-amylase gene of S. 

griseus sub.sp. griseus NBRC 13350. Phylogenetic analysis by neighbour-joining 

method also support this and in agreement with the results of LC-MS analysis of this 

protein. So based on this evidence the amylolytic enzyme of the strain TBG19NRA1 is 

confirmed as an α-amylase. 
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Summary 

 
Streptomyces is the largest genus of Actinobacteria and the type genus of the family 

Streptomycetaceae. A mesophilic actinomycete, Streptomyces griseus TBG19NRA1 

(synonym: S. setonii) was isolated and characterized from forest soils of Neyyar WLS 

of Kerala, India previously. We have found that the strain capable of degrading starch 

and is producing an amylolytic enzyme. Considering the industrial potential of amylase 

enzymes, we have chosen this strain for further studies with an objective to develop a 

bioprocess technology for the production of amylase enzyme and to characterize it.  

Primary screening was done by inoculating on starch casein agar plates. The plates 

were incubated at 30oC for 3 days. The zone formation around the colony indicated the 

hydrolysis of starch by amylolytic enzymes produced by S. griseus. The zone formation 

was detected by flooding the plates with Gram's iodine solution and was compared with 

a non-amylase producing organism, S. peucetius. Culture condition and media 

composition were successively optimized using series of experimental trials to improve 

the enzyme production of TBG19NRA1.  

The amylase activity was determined by DNS method (Miller, 1959). Optimum 

amylase production was first studied at fixed time intervals by incubating TBG19NRA1 

in APM for 192 h. The maximal activity of 25 U/mL was recorded on 48 hours of 

incubation at room temperature. Maximum activity was recorded at pH 7. The results of 

all the experiments in triplicates were statistically evaluated using one way ANOVA 

analysis. Study on different concentration of soluble starch on amylase production was 

checked and found 2% has enhanced the amylase production. 1% of sucrose and  1% of 

casein resulted maximum activity. Among inorganic nitrogen source 0.05% of 

ammonium chloride  enhanced enzyme production. Different amino acids were added 

as supplement, of which 0.3% of valine enhanced the amylase production. Surfactants 

are known to increase the permeability of the cell membrane and it was found that 

0.05% of Triton X-100 enhanced the amylase activity.  
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Purification of amylase enzyme was attempted and started with ammonium sulphate 

precipitation, dialysis and followed by gel filtration chromatography. Among the 

various ammonium sulphate fractions, 60% fraction showed maximum α-amylase 

activity and this fractions was subjected for dialyzes.  The dialyzed product was 

separated on Sephadex G-100 column chromatography. The specific activity for α-

amylase (60% (NH4)2SO4 precipitation) resulted 7.4 U/mg with yield of 39%. After 

Sephadex G-100 filtration, the specific activity of α-amylase increased up to 34.7 U/mg 

with 7 fold purification with a yield of 14.5. Electrophoresis of the enzyme on SDS-

PAGE gave a single band of protein with a molecular weight of approximately 60 kDa 

and the confirmed by zymogram analysis. The activity of purified and crude 

prepaerations were confirmed by well diffusion assay on starch agar plates.  

Thermo stability is one of the highest desired industrial factor for amylase and we have 

studied the same with purified enzyme at a temperature ranging from 30 to 100°C. The 

enzyme resulted maximal activity at 80°C. The thermo stability of purified α-amylase 

was shown to retain without the addition of CaCl2 at high temperatures (60, 70 and 

80°C). It was observed that the purified enzyme when incubated at 80°C retained 

(100% activity) and is stable up to 1 h of incubation without the addition of CaCl2. The 

enzyme when incubated with CaCl2 resulted in a decrease of enzymatic activity at 60-

80°C from a period of 30 min to 4 h. The study revealed that the purified enzyme was 

calcium independent in nature. The thermo stability of α-amylase from S. griseus 

TBGA19NRA1 was compared with that of commercially available α-amylase of 

Bacillus licheniformis (Sigma-Aldrich). Both the enzymes exhibited activity above 

60°C and found to be maximum at 80 - 90°C.  

LC-MS analysis of the purified protein gave 14 prominent ions peaks in the spectrum 

and was used for protein identification by searching against the Uniprot  database using 

the MASCOT search engine, resulting in one hit. The signal 14.78 was chosen as the 

target to analyse in the MS mode to identify the precursor ion formed by the ESI ion 
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source. The fragments were analysed further and the results with scores higher than 54 

identified the amino acid sequence of 18-mer peptide as GIYGTSGSPGHVTSGADK. 

The peptide sequence were used for further search in the Uniprot database which 

showed similarity to α-amylase (Alpha amylase catalytic subunit NCBI A0A059WI) 

from Streptomyces albulus.  

Gene specific primers were designed based on the conserved regions of available  α-

amylase gene sequences  in GenBank (NCBI) using Primer 3 software. Approximately 

500  bp PCR product was obtained with  the primers, AMY F5 5'-AAC CTG GCC 

CAC CTG A-3' and AMYR5 5'-GCA GCG AGG TCT GGA A-3'. The purified PCR 

product was sequenced and  subjected to BLAST search. Similar sequences retrieved 

from GenBank were subjected to multiple alignment using CLUSTALW programme 

and  phylogenetic tree was constructed based on Neighbour-joining method using 

MEGA4 software. In the phylogenetic tree the S. griseus TBG19NRA1 AMYLASE 

gene clusters with the glycosidase gene of Streptomyces sp. CFMR7 strain and alpha-

amylase gene of S. griseus sub.sp. griseus NBRC 13350. Based on the proteomic and 

genomic analysis, the amylolytic enzyme produced by S. griseus TBG19NRA1is 

identified as an α-amylase. 

Different agricultural residues  such as  wheat bran, Sugarcane bagasse, banana peel, 

Pineapple Peel and Tapioca were used as solid substrate (support and nutrient source) 

for SSF, maximum amylase activity was shown by sugarcane bagasse. To study the 

statistical analysis, Rough surface methodology was used in which CCD CCD 

experiments were done for studying the effect of three independent fermentation 

variables (incubation period, Percentage of inoculum and Starch) along with the mean 

predicted and observed responses.  
Immobilized beads were prepared and enzyme activity were calculated. For the clarification 

studies, orange juice were treated using the free enzyme. The clarification of juice was 

measured in terms of turbidity reduction. After 24 hrs of enzyme treatment 20% of reduction in 

turbidity was noticed where as after 48 hrs, 12% of reduction in turbidity was obtained.   
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Out come of the project 
 Maximum amylase production (25 U/mL) was recorded after 48 h of incubation at 

room temperature under shaking (120 rpm) condition.  
  
 The thermostability of amylase enzyme is a desired factor on industrial point of view 

and the purified enzyme showed an optimum activity at 80°C.  
 

 The thermo stability of α-amylase is shown to be calcium independent and retain the 
activity without the addition of CaCl2 at high temperatures ranging 60 to 80°C.  
 

 LC-MS analysis of the purified protein were done and Finally  the  peptide sequence 
was showed high  similarity to α-amylase (Alpha amylase catalytic subunit NCBI 
A0A059WI) from Streptomyces albulus.  
 

 Based on the conserved regions of Streptomyces α-amylase gene sequences  available 
with GenBank, 5 set of primers were designed with Primer 3 tool software and the 
phylogenetic tree were constructed.  
 

 It is concluded that the mesophilic actinomycetes isolate, S. griseus TBG19NRA1 
(MTCC 3756) is capable of producing a potential thermostable calcium independent α-
amylase and its bioprocess technology was developed at laboratory scale.  
 

 Solid state fermentation was carried out and  among different Solid state substrate , 
tapioca   resulted maximum enzyme production. 
 

 To study the statistical analysis, Rough surface methodology was used in which CCD 
experiments were done.  
 

 Immobilized beads were prepared and enzyme activity were calculated. For the 
clarification studies, orange juice were treated using the free enzyme.  

 
The invention relates to the development of a process technology for the production of a 

thermostable and Calcium independent α-amylase from Streptomyces griseus TBG19NRA1.  

The maximum α-amylase production was achieved at the 48 h(incubation period), pH(7), 

temperature (27°C), rotation 120 rpm and under optimized amylase production media (Starch -

2%, Sucrose -1%, Casein - 1%,Valine - 0.3%, NH4SO4-0.5%, CaCl2-0.025%, Maleic acid - 

0.1%, Triton X-100-0.05%). One unit of enzyme activity is defined as the amount of enzyme 

that releases one micromoles of reducing sugar as maltose per minute under the assay 

conditions. The purified α-amylase from S. griseus TBG19NRA1 grown under optimized 

production condition showed Ca-independentany and thermostability at 80°C. The purified 
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enzyme incubated at 80°C had retained (100% activity) and showed decrease in activity above 

90°C. The enzyme was found to be  stable up to 1h of incubation without the addition of 

CaCl2. The Ca-independency of α-amylase activity from the S. griseus TBG19NRA1 could be 

observed as an appropriate alternative for industrial application, especially in starch hydrolysis 

industry. The invention relates to the development of a process technology for the production 

of thermostable and calcium independent α-amylase from Streptomyces griseus TBG19NRA1. 
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published in the 55th Annual conference of Association of Microbiologists (AMI), India held at 
Tamil Nadu Agricultural University, Coimbatore from 12-14th November, 2014. 
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Divya Balakrishnan, Shiburaj Sugathan & Pradeep N.S “Production, Purification and 
Characterisation of thermostable α-amylase from Streptomyces griseus TBG19NRA1” 
presented paper in the 26th Kerala Science Congress held at KVASU, Pookode, Wayanad from 
28-31st Jant. jeuary, 2014. 

iii. Other publications 

Awards, Honours,Membership in Professional bodies 

Divya Balakrishnan awarded Second Prize in the Prof  A .Abraham memorial Seminar held at 
Jawaharlal Nehru Tropical Botanic Garden and Research Institute, Palode on 25th may 2015. 

Innovations/Technology developed 

A thermostable, Calcium in dependent alpha- amylse from a mesophilic Streptomyces strain is 
innovation came out from this project. 

Technologies 

Bioprocess for the production and purification of a thermostable and calcium independent 
alpha-amylase using Streptomyces griseus TBG19NRa1 strain was developed 

Another process technology for the production of maltose using low cost starch source and 
Streptomyces griseus TBG19NRA1 strain was developed. The process is under validation. 

Patents 

A process for the Production and Purification of a thermostable and Calcium independent 
alpha-amylase using Streptomyces griseus TBG19NRA1 strain was developed. The process 
patent filing is under progress (Divya B and Shiburaj S, 2017). 

Application potential 

The technologies developed could be applied in the Industrial manufacturing of thermostable , 
Calcium in dependent alpha- amylase and also the production of maltose. 
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Scope of future work 
 

The Streptomyces griseus TBG19NRA1 (Synonym- S. setonii), a mesophilic strain isolated 

from Neyyar Wild Life Sanctuary is producing a  thermostable alpha amylase enzyme with a 

molecular weight of 60 kDa size. Laboratory level batch submerged  fermentation conditions 

were optimized for the maximum production of enzyme. However, further studies on its large 

scale processing at industrial level is to be carried out in future. The interest of new and 

improved α-amylase in industry is growing vastly. In the manufacture of fructose syrup, Ca2+ 

ions inhibit the glucose isomerase enzyme used in the final process and which may lead to the 

formation of inorganic precipitates which have deleterious effects on fermentation and 

downstream processing. The removal of these metal ions is both costly and time consuming to 

the overall industrial process. Hence, the use of stable and functional α-amylases in the absence 

of Ca2+ ions at high temperatures would be highly favored.  
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