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ABSTRACT 

 

L-Asparaginase, which catalyzes L-asparagine, an essential amino acid for leukemic cells, into 

L-aspartic acid and ammonia, is used as a chemotherapeutic agent for the treatment of acute 

lymphoblast leukemia (ALL). Commercially available L-asparaginases from Escherichia coli 

and Erwinia chrysanthemi have a short half-life and several side effects on the administration to 

the patient. Therefore, there is a need for stable, more specific L-asparaginase with no or 

minimal side effects. This study aims to conduct an in silico structural and functional analysis of 

B. megaterium asparaginase (BmA) to explore its physicochemical properties using various 

computational tools. This study is an effort to find its potential as an alternative to commercially 

available asparaginases. In silico investigation of BmA suggests that the enzyme’s homo-

tetramer is thermostable due to higher aliphatic indices (i.e. 98.95). Its monomeric unit has a 

molecular weight of 35.15 kDa. The stability of the protein is due to the presence of a high 

percentage of α-helices and β strands. In silico studies primarily suggest that BmA has all the 

desired properties for being used as a chemotherapeutic which further needs to be validated 

experimentally.  

 

 

 

 

 

 

 

 

 

 

 

 

 



2 
 

CHAPTER- 1 

INTRODUCTION 

 

L-asparaginase (LA) recognized as an amino-hydrolase, categories in the group of amidase 

[1] and involved in the hydrolysis of L-asparagine (L-Asn) to L-aspartate (L-Asp) and 

ammonia [2] LA has been used as an alternative for the treatment of different cancers such as 

acute lymphoblastic leukemia (ALL) and Hodgkin’s lymphomas and other asparagine 

auxotrophic cancers [3]. LA is widely distributed and is present in bacteria, fungi, plants and 

many animal tissues [1] [4]. Microbials are known to be the most important source of LA [5] 

The bacterial LA has been categorized as type I and type II isozymes based on their 

subcellular location and properties. Out of them, type II LA showed favorable 

pharmacological effects in ALL [4].  

Recently, this enzyme has found a novel application in the food industry to prevent the 

formation of a neurotoxin acrylamide (also classified as a potential carcinogen to humans) 

when foods are processed at high temperatures. They are potential candidates for leukemia 

treatment as they can effectively reduce blood plasma L-asparagine level [3]. To date, 

asparaginase from Escherichia coli (EcAII) and Erwinia chrysanthemi (ErA) have been used 

for therapy purposes. 

However, these enzymes cause side effects owing to associated glutaminase activity. 

Furthermore, these enzymes possess low stability and a reduced half-life in the blood, 

necessitating multiple doses for effective treatment. It is, therefore, needed to search for novel 

LA to overcome the shortcomings of these commercially available asparaginases [6]. 

For this reason, the sequence of BmA is considered for computational analysis. B. 

megaterium is a good source of LA and a GRAS (Generally Recognized as Safe) organism. 

To our knowledge, there is no prior in-silico study on the properties of B. megaterium LA. 

Sequence analysis, physicochemical characterization, secondary structure prediction, 

functional analysis and structure classification of this BmA were studied and the protein 

structure based on sequence homology was then predicted.  This study determines whether it 

will be a good alternative to ALL (acute lymphoblastic leukemia) treatment.  
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CHAPTER- 2 

REVIEW OF LITERATURE 

2.1 Enzyme  

Enzymes are protein in nature and capable of bringing about chemical and biochemical 

reactions within or outside of cells. They usually speed up the reaction and are highly 

particular to the substrate and working in mild pressure, temperature, and pH environments 

with high transfer rates, making them more efficient than conventional chemical catalysts. In 

most cases, undesirable by-products are formed which need to be removed through 

decontamination step to get the final products. Hydrolases are one of the enzymatic classes 

that stand out the most in industrial applications as they are inexpensive, highly specific and 

need the simple reaction conditions, and are also widely available [7], [8]. 

 

              Figure 1 Basic reaction of the enzyme [7] 

Biomolecules, such as enzymes, are widely used in the foodstuff, textile commerce to make 

detergents, polymers and enantiomerically pure chemical intermediates (Table 1). The use of 

enzymes in industrial processes could be limited by the cost of their production, the 

difficulties in their recovery and disposal, or even the harsh conditions of some processes that 

could inactivate or denature the protein. 
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Table 1 Sources of enzymes and their industrial applications 

Enzyme source Enzyme Industrial application Reference 

Rhizomucor miehei  Alpha-amylase Sweet-manufacturing, brewing, 

baking, detergent, and textile 

industries. 

[9] 

Pyrococcus furiosus DSM 3638 L-Asparaginase  Therapeutic and Industrial Use 

(in cancer therapy and prevents 

acrylamide formation of starchy 

food). 

[4] 

 Penicillium chrysogenum Lipase  Bioremediations [10] 

Aeromonas sp.  Chitinase 

 

Biocontrol of phytopathogenic 

fungi and harmful insects. 

[11] 

Erwinia carotovora NCYC 1526  L-Asparaginase Use in ALL and leukemia 

lymphosarcoma treatment. 

[12] 

Thermotoga sp. 

 

Cellulase 

 

Cellulose hydrolysis, polymer 

degradation in detergents 

[13] 

Escherichia coli DNA polymerase DNA Manipulation [14] 

Helicobacter pylori L-Arginase Use in the pathophysiology of 

various airways diseases such as 

asthma. 

[15] 

Jatropha curcas L Lipase  Biodiesel [16] 

Bacillus sp. Alkaline serine 

proteases  

Food and Tannery 

manufacturing, medicinal 

formulations, cleansing agents, 

and some methods such as waste 

management, recovery of silver. 

[17] 

Hypocrea jecorina L-Glutaminase production of fermented foods 

and potent antileukemic agent 

[6] 

Thermotoga sp. Xylanase  Pulp and paper industry [18] 

Streptomyces tendae L-Asparaginase ALL and tumour cells treatment [19] 

 

2.2 L-Asparaginase 

LA recognized as an amino-hydrolase, categorized in the group of amidase [1] and involved 

in the L-Asn hydrolysis to L-aspartate and ammonia via the process of hydrolyzing the amide 

group present in the side chain of the molecule of L-Asn [2] (Figure 2). LA has been used to 

treat various kinds of leukemia and sarcomas such as ALL, Hodgkin’s lymphomas, 
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lymphosarcoma, reticulosarcoma [3]. LA is widely distributed and can be obtained from 

animal, plant, bacterial, algal and fungal sources [1], [4]. Bacterial LA are usually found as 

homo-tetramers with a molecular weight of 140–150 kDa. They are best expressed as dimers 

of intimate dimmers (Table 2). Generally, bacterial LA monomer of 330 aa residues consist 

of 2 domains-N terminus and C-terminus linked through a linker (Figure 3). In LA, the 

active site is present at the inter-subunit interface between the N- and C-terminal domains of 

the intimate dimers [20]. 

 

Figure 2 Reactions catalyzed by L-Asparaginase [21]. 

 Table 2 Characteristics of the enzyme L-Asparaginase.  

 Molecular Weight: 140–150 kDa 

 Formula: C1377H2208N382O442S17  

 Plasma Half-Life- 39-49 hours (IM), 30 hrs (IV) 

 Bio Half-Life Clearance- 0.035 ml/min/kg 

 

  

Figure 3 Ribbon (3-D) structure of 

Helicobacter pylori L-Asparaginase 

[130], [PMID: 19966411] 
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There are some limitations regarding LA (Pharmaceutical and pharmacokinetics issues). 

Pharmaceutical issues of LA are shelf life, thermal stability, aggregation and denaturation. 

Pharmacokinetics issues are low half-life immunogenicity toxicity. 

Table 3 Development event of LA as anti-tumor medication [adapted from [22]. 

Year Event  Scientist  

1953 The sighting and development of LA as an anticancer drug began in 1953. 

The study described that serum from Guinea pig can slaughter resettled 

lymphomas in rats.  

Kidd 

1961 Feature accountable for the cell assassination capability in guinea pig serum 

is the LA activity.  

Broome 

1960 The earliest case of LA was reported in humans by converted LA from 

guinea and it is highly purified LA. 

Dolowy and 

Hill 

1963 Characterization of LA antileukemic agent in guinea pig serum Broome 

1964 - 1967 Destruction of cancer cell progress through E. coli-  derived LA; seclusion 

or refinement of active E. coli isoform 

- 

1966 Major scientific use of LA as clinical tries Dolowy 

1968 Separation of LA from Erwinia chrysanthemi Wade 

1978  FDA approval for native E. coli LA for ALL treatment - 

1981 Preliminary expansion of PEG-E. coli- consequent LA Kamisaki 

1985  In UK, Erwinia LA got approval for the ALL treatment - 

1993 Identify the distinct pharmacokinetic properties Asselin 

1994  FDA gave sanction to PEG-E. coli LA (Oncaspar) for use in the treatment 

of  ALL 

- 

2006  FDA approval to PEG- E. coli LA for first-line use for ALL treatment  - 

2008  Start of COG ALL07P2 and compassionate use EMTP trials to evaluate LA 

Erwinia chrysanthemi 

- 

2011 FDA permission to Er. chrysanthemi LA for practice in patients with 

antipathy to E. coli- LA 

- 

 

2.2.1 Mechanism of L-Asparaginase 

L-Asn is known to be a non-essential amino acid as the normal cells can synthesize for 

themselves as per their needs. However, the cancer cells are not able to synthesize L-Asn in 

sufficient amounts as per their demand due to a lack of or reduced activities of asparagine 

synthesis enzymes. As a consequence, they depend on serum L-Asn for its existence and 
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faster growth. L-asparaginase hydrolyzes L-Asn to L-Asp and ammonia by resulting in the 

unavailability of amino acids to develop tumor cubicles. 

Cancer cells require a high amount of amino acids to support their proliferation rate. 

Enzymes targeting the amino acids essential for the proliferation of cancerous cells are one of 

the tools used in cancer therapy. It disrupts amino acids and disrupts the DNA replication in 

the cancer cells and stops the new blood vessels formation, preventing the progression of 

cancer and helps to kill cancer cells (Figure 4). 

 

Figure 4 Scheme of the mechanism of  L-Asparaginase [adapted from [23]. 

2.2.2 Sources of LA 

The LA will be present in numerous organisms, which includes faunas, floras and microbes. 

The microorganisms are bacteria, fungi, yeast, algae and actinomycetes.  

 

 Bacteria Sources 

 LA will be isolated from gram-positive and gram-negative microbial classes from the earthly 

and marine atmosphere. Gram-negative possesses high activity on LA. The two main 

microbial sources, E. coli and Erwinia carotovora are presently used for the clinical handling 

of ALL. Some examples of bacterial origins of LA are Acinetobacter calcoaceticus, 

Azotobacter agilis, Erwinia aroideae, Klebsiella pneumonia, Thermus thermophiles, and B. 

subtilus etc. 
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Table 4 Sources of LA from gram-negative bacteria 

Sr. No. Gram-negative bacteria Reference 

1. Pyrococcus furiosus [4] 

2. Azotobacter  vinelandii [24] 

3. Bacillus brevis [25] 

4. Citrobacter sp. [26] 

5. E. coli [27] 

6. Enterbacter aerogenes [28] 

7. Enterobacter cloacae [29] 

8. Erwinia aroideae [30] 

9. Er. Carotovara [12] 

10. Er. Chrysanthemi [31] 

11. Chryseobacterium taeanese BCCS 016 [32] 

12. Acinetobacter baumannii [33] 

13. Pectobacterium carotovorum [34] 

14. Pseudomonas aeruginosa 50071 [35] 

15. Pseudomonas fluorescens [36] 

 

   Table 5 Sources of LA from gram-positive bacteria. 

Sr. No. Gram-positive  bacteria  Reference 

1. Bacillus circulans (MTCC 8574) [37] 

2. B. coagulans [38] 

3. B. firmus [39] 

4. B. mesentericus  [40] 

5. B. velezensis [41] 

6. B. subtilis168 [42] 

7. B. licheniformis [43] 

8. Streptomyces albidoflavus [44] 

9. Corynebacterium glutamicum [45] 

10. Mycobacterium bovis [46] 

11. M. phlei [40] 
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12. Staphylococcus sp. [47] 

13. S. aureus [48] 

14. S. tendae [44] 

 

 Fungal Sources 

Fungi are another source of LA laterally with microbes. Production of LA was investigated 

in filamentous fungi. The molds were refined in different intermediates that contain diverse 

nitrogen foundations. As the fungal LA has produced extracellular, which makes its 

purification easier. Alternaria sp., Fusarium roseum, A. niger, Cylidrocapron obtusisporum 

and Mucor sp. etc., are examples of LA's fungal sources. 

 

Table 6 Sources of LA from fungi. 

Sr. No. Fungal Source Reference 

1. Alternaria sp. [49] 

2. Aspergillus nidulans [50] 

3. A. niger [51] 

4. A. oryzae [52] 

5. A. tamari [53] 

6. A. terreus [54] 

7. Cylidrocapron obtusisporum [40] 

8. Mucor hiemalis [55] 

9. Fusarium Sp. [49] 

 

 Algal Sources 

Algae are another source of LA. Spirulina maxima, Chlamydomonas sp., Sargassum sp, 

Sargassum binderi and a yellow-green alga (Vaucheria uncinated) are examples of algal 

sources of LA. 

Table 7 Sources of LA from algae 

Sr. No. Algal Source Reference 

1. Spirulina maxima [56] 

2. Chlamydomonas sp [57] 

3. Sargassum sp. [58] 
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4. Sargassum binderi [59] 

5. Fucus serratus [60] 

 

 Actinomycete Sources  

Actinomycetes are unescapable wide-reaching in loam, aquatic and wildlife, but only those 

that originate in existing faunas, especially in fishes, are initiated to tolerate decent enzymatic 

movement. Actinomycetes sources of LA are Actinomycetes sp, Streptomyces albidoflavis, S. 

collinus, S. griseus, and S. aurantiacus. 

 

 Yeast Sources 

LA has been discovered in eukaryotic systems in a quest to discover new potential 

biopharmaceuticals. The yeast Saccharomyces cerevisiae expressed the genetic factor ASP1 

constitutively, resulting in the intracellular cytoplasmic LA. LA with fewer distressing 

possessions conveyed from the yeast. Candida utilis, Pichia polymorpha, Rhodotorula sp. 

and Saccharomyces cerevisiae are examples of yeast sources of LA. 

 

Table 8 Sources of LA from yeast. 

Sr. No. Yeast Source Reference 

1. Candida utilis [61] 

2. C. guilliermondii [62] 

3. Streptomyces albidoflavus [44] 

4. Pichia polymorpha [63] 

5. Rhodosporidium toruloides [64] 

6. Rhodotorula sp. [65] 

7. Saccharomyces cerevisiae [66] 

8. P. pastoris [66] 

 

 Plant  Sources 

Plants are also a rich source of LA. Plant sources of LA are Ocimum tenuiflorum, Pisum 

sativum, Withania somnifera, Asparagus racemosus, and Arabidopsis thaliana etc. 
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Table 9 Sources of LA from plant 

Sr. No. Common Name 

(Plant source) 

Scientific Name 

(Plant source) 

Reference 

1. Holy basil Ocimum tenuiflorum [67] 

2. Green chillies Capsicum annum L [68] 

3. Tamarind Tamarindus Indica [68] 

4. Pea  Pisum sativum [69] 

5. Lupin  Lupin arboreus [70] 

6. Red chillies Capsicum annum L [71] 

7. Ashwagandha Withania somnifera L. [72] 

8. Bean Phaseolus vulgaris [55] 

9. Cowpea  Vigna unguiculata [73] 

10. Soybean Glycine max [74] 

11. Mouse ear cress Arabidopsis thaliana [75] 

12. Shatavari  Asparagus racemosus [76] 

13. Marijuana  Cannabis Sativa [77] 

 

2.2.3 Production and Purification 

 Production of  LA 

There are various methods for the production and LA optimization from different 

microorganisms. A schematic flowchart for the LA production followed by its purification is 

mentioned in Figure 5. Primarily solid-state fermentation (SSF) and submerged fermentation 

(SmF) are used conditions of reaction that differ from one microorganism to another to the 

production of the enzyme, and it is produced constitutively. SmF process has certain 

limitations such as very low net yield and also costly. At the same time, SSF economical and 

product yield is much more significant than the SmF (Table 10). LA has been produced by 

both SSF and SmF methods (Table 11).  
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Figure 5 Flow chart of Production of the L-Asparaginase. 

Table 10 Comparison of characteristics for SmF, SSF and Solid-state Cultivation (SSC) 

methods [adapted from [78], [79]]. 

Sr. No. Factor SmF SSF SSC 

1. Energy consumed High energy  Low energy Low energy 

2. Water High amount of water 

consumed along with 

effluents. 

Low water requirement 

and Substrate are 

agricultural wastes. 

Less water use and 

no effluent 

3. Concentration 30-80 g/l - 100-300 g/l 
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4. Equipment Volume High volumes and high costs High volume and high 

cost 

Low volumes and 

lost costs 

5. Scale-up Industrial equipment 

available 

Difficult to control 

process parameters and 

Large-scale inoculums. 

New design 

equipment 

needed 

6. Yield/product activity low yield  High yield and product 

activity 

Mild yield 

7. Mechanical agitation Good homogenization - Static conditions 

preferred 

 

Table 11 Production method, Enzyme yield, optimization temperature and pH of LA from 

various sources. 

Organism Production 

Method 

Medium Opt. 

Temp. 

(°C) 

Opt. 

pH 

Nitrogen Source/ 

Carbon Source 

Enzyme 

yield 

(IU/ml) 

References 

Bacillus stratosphericus SSF Nutrient Broth 25 7 Yeast extract / 

Maltose 

7.81 [80] 

Aspergillus niger  

 

SSF Glycine max 

Bran 

30 6.5 N/A /Glucose  28.97 [51] 

Serratia marcescens SSF coconut oil cake 

(COC) 

35.5 7.5 - - [81] 

Aspergillus sp. SSF Cotton seed oil 

cake, wheat 

bran, and red 

gram husk. 

35 8 Yeast extract/ 

glucose 

12.57 [82] 

Citrobacter sp. SSF Tryptose 

Glucose Yeast 

Extract broth  

37 8 Yeast extract/ 

glucose 

82 [83] 

Enterobacter aerogenes 

MTCC111 

SmF Modified M-9 

agar medium 

33 6.0 Ammonium 

chloride/Tri-

sodium citrate 

18.35 [28] 

Staphylococcus sp SmF M-9 medium 37 7·5 Ammonium 

chloride/ Glucose 

6-19 [47] 

 

Purification of LA 

A need for purified enzyme and concentrated form of the enzyme is to know the stability and 

physiological activity of the enzyme. Enzyme purification is necessary for homogeneity level 
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to know enzyme conformation and structure. After purification of the enzyme, we can simply 

study the thermodynamic properties and kinetic properties and the enzyme mechanisms of the 

reaction. The importance of purified LA is to check enzyme antineoplastic activity and 

further therapeutic properties. Purified enzymes are of great importance for medicinal and 

industrial formulations. LA purified form is derived from crude microbial extract, with slight 

dissimilarities in it, according to the microorganism being used that is fungi or bacteria.  

The extracellular LA is known to be the most useful/efficient compared to the intracellular 

LA because it contributes worthy yield in normal parameters. It has been discovered that 

different microbiological environments necessitate somewhat different conditions for its 

isolation and purification. There is definitely no distinct fixed composition of the medium 

from various bacterial sources yet known for the LA production. On the other hand, carbon 

and nitrogen sources play a vital role in LA production and microbial growth. For the 

production of LA, various types of microbes have variable growth parameters and optimum 

conditions such as temperature, pH, moisture content, etc. Various fungal and bacterial 

strains are used to produce the LA by using different necessities and drawbacks, purification 

steps, and kinetic properties of LA from multiple sources. All parameters are given in Table 

12, [84] 

Table 12 Purification steps and kinetic properties of LA from various sources. 

Organism Purification steps Km 

(mM) 

Vmax Specific 

activity 

(U/mg) 

Fold / 

Yield 

(%) 

Reference 

Pectobacterium 

carotovorum 

 MTCC 1428 

DEAE cellulose 

chromatography, 

Sephadex G-100 

chromatography, and 

ammonium sulfate 

precipitation. 

0.657  4.45 

U/µg 

 

2020.91  72.12/ 

42.05 % 

[10] 

Cladosporium sp. Crude extract, Methanol 

precipitation, DEAE-

cellulose column, 

Sepharose 6B 

0.100  4.0 U/µg 

 

83.3  867.7 

fold 

[85] 

Penicillium digitatum Ammonium sulfate 

precipitation and 

chromatography 

0.01 - 

 

833.15  60.94/  

4.35 % 

[86] 
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Aspergillus niger AKV-

MKBU 

Ultra filtration, Ethanol 

Precipitation, and DEAE 

cellulose column 

0.8141 6.228 

M/mg/mi

n. 

46.75 10.3686 

/24.88 % 

[87] 

P. cyclopium Acetone Precipitation,  

Sephadex G-100 gel 

filtration 

0.3 3333 

U/mg 

39480 52.3 /  

4.5 % 

[88] 

Erwinia chrysanthemi 

3937 

 (cloned in Escherichia 

coli BL21) 

S-Sepharose FF column 0.058 ± 

0.013 

3.57 

U/µg 

 

118.7 15.4 / 

69.8 % 

[31] 

Streptomyces 

gulbargensis 

Sephacryl S-200 gel 

filtration, ammonium 

sulfate precipitation, and 

CM Sephadex C50 

chromatography. 

- - 

 

2053 82.12/  

32 % 

[89] 

 

2.2.4 L-Asparaginase Importance in medical industry and food industry 

LA is a well-known enzyme for medical purposes and used in the drug to stop the growth of 

tumor cells. The enzyme has so much potential, it's not only limited as a chemotherapeutic 

agent, but it is also used in a wide range of medical applications such as auto immune 

disease, antimicrobial property, canine cancer, treatment of infectious disease and also in 

feline cancer treatment (Figure 6). In addition to this use, it is also used in the food industry 

to reduce the carcinogenic substance (i.e. acrylamide) concentration during the process of 

starchy food manufacturing [23]. 

 

Figure 6 Therapeutic applications of L-Asparaginase [23]. 



16 
 

a) LA Importance in the medical industry 

Enzymes play an important role as a therapeutic agent in the treatment of cancer. There are 

only two commercially available sources of LA that are E. coli and Erwinia chrysanthemi, 

which is used in the treatment of leukemia. It is now well known that the inhibitory effect of 

the enzyme is mediated by the depletion/ elimination of circulatory L-asparagine, which is a 

necessary nutrient for some tumor (leukemic) cells that are impaired in their capacity to 

synthesize L-asparagine but not for normal cells. The LA administration to leukemic 

individuals causes tumor cells to die selectively by hydrolyzing L-asparagine, leading in the 

malignant tumors treatment (Figure 7) [90]. 

 

Figure 7 Schematic representation of the antitumor activity of L-Asparaginase [adapted from 

[91] 

b) LA Importance in the food industry 

Current developments in food technology have studied that when fried and baked food 

(especially starch-containing food) is heated at 120
o
C, it leads to acrylamide sugar (a cancer-

causing agent) formation. This reaction occurs between the asparagine and the reducing 

sugar, recognized as the Maillard reaction (Figure 8). Bread dough and potato slices are 
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pretreated along with the LA enzyme before frying and baking, preventing acrylamide 

formation (Table 13).     

 

 

Figure 8 Acrylamide formation in fried and baked foods [92] 

Table 13 Acrylamide contents of different food products 

Sr. No. Food product Acrylamide content  References 

1. Potato chips 173.51 ± 0.8 ug/g [85] 

2. Gingerbread  890 mg/kg [93] 

3. Chips (deep-fried) 351 mg/kg [93] 

4. Cocktail snacks 1060 mg/kg [93] 

5. Potato crisps 1249 mg/kg [93] 

6. Commercial shortbread 278-326 mg/kg [94] 

7. Roasted Barley and Corn 116 to 449 µg/kg [95] 

8. Chips 12 to 3241 µg/kg [95] 

 

In this context, LA derived from A. oryzae and A. niger are utilized in the baking industry 

(Table 14). These enzymes perform optimally at temperatures ranging from 40 to 60°C and 

the pH levels ranging from 6.0 to 7.0. Since baking temperatures frequently exceeds 120°C, it 

is desirable to have enzymes that are stable and active across a wide temperature and pH 

range. As a result, LA derived from diverse sources (bacterial, fungal, plant, and animal) 

have been explored [4]. 
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Table 14 Commercial LA used in food industry. 

Application Form Micro 

organism 

Commercial 

Name 

Commercial 

LA Activity 

Manufacturer References 

Food 

Industry 

Native 

LA 

 

A. niger 1) PreventASe XR L 3500 ASNU/g DSM, Heerlen, 

Netherlands 

[91], [96] 

2) PreventASe L 6000 TASU/g 

A. oryzae 3) Acrylaway L 47000 XRU/g Novozyme, 

Bagsvaerd, 

Denmark 

4) Acrylaway High T L 2500 ASPU/g 

 

Other Importance of L-Asparaginase 

 LA in Amino Acid Metabolism 

The enzyme LA plays an important role in the biosynthesis of certain amino acids such as 

methionine, threonine, aspartic acid, and lysine. Aspartic acid, the precursors of threonine 

and lysine, is also formed by means of the LA enzyme action. 

 LA as Biosensor 

A biosensor technique is a reliable, eco-friendly and economical approach. For biosensors 

development, LA and L- glutaminase are recently used. Using LA (as a biosensor) to 

determine the asparagine and aspartate gives a precise measurement, compared to the older 

method such as nesslerization, which determined the ammonia liberation. The biosensor’s 

mode of action is based on LA activity, which produces ammonium ions as a result of 

asparagine hydrolysis. It affects the pH, which is causing the alteration of the color and 

absorption. LA is used either in the food industry or leukemia by measuring the asparagine 

level [97]. 

 

2.3 Commercial Available Source of L-Asparaginase  

At present, there are only two types of bacterial sources, such as E. coli and Erwinia 

chrysanthemi, which have been considered as the commercial source of asparaginase 

production for therapeutic and industrial applications. E. coli and Er. chrysanthemi LA form, 

half-life and commercial manufacturer names are given below (Table 15). 
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Table 15 Commercial LA for therapeutic and pharmaceutical applications [14]. 

Application LA Form Source Organism Half-life/ Asparagine 

depletion 

Commercial 

Name 

LA Manufacturer 

Therapeutic/ 

Pharmaceutical 

Native 

recombinant 

LA 

E. chrysanthemi 

 

0.65 ± 0.13 days/ 7–15 

days 

Erwinase EUSA Pharma 

 E. coli - Spectrila Medac Gesellschaft 

Native LA 

 

E. coli  1.28 ± 0.35 days/ 14–

23 days 

1) Kidrolas EUSA Pharma 

 

2) Elspar 

 

Ovation 

Pharmaceuticals  

3) Leukanase Sanofi-aventis  

PEGylated 

LA 

E. coli 5.73 ± 3.24 days/ 26–

34 days 

Oncaspar Enzon 

Pharmaceuticals 

 

2.4 Drawbacks of E.coli and E. chrysanthemi LA 

Currently, E. coli and Er. chrysanthemi asparaginases (EcA II and ErA) have been used for 

commercial purposes in the treatment of leukemia. But these LAs have been associated with 

several side effects, such as urticaria, laryngeal constriction, hypertension, oedema, loss of 

consciousness, diaphoresis, and asthma (hypersensitivity reactions) owing to associated L-

glutaminase activity. Other adverse effects include vomiting, nausea, anorexia, 

hepatotoxicity, immunosuppression, acute pancreatitis, anemia, coma, lethargy, disorientation 

and drowsiness (Table 16). In addition, there is a need for the administration of multiple 

doses for effective leukemia treatment due to poor stability and a short half-life in the 

bloodstream [98].  

Table 16 Side effects of E.coli and Erwinia chrysanthemi LA observed in ALL patients. 

Sr. No. Asparaginase type Side effects References 

1. E. coli Allergy 2.5 %, Neurotoxicity 2.5%, Coagulation abnormalities 

30.2 %, Convulsions 1.7%, Diabetes requiring insulin 1.4%, 

Pancreatitis 0.3%, Infection 5.1%, Liver toxicity 4.5%, and 

Death 0.3%. 

[98] 

2. Erwinia 

chrysanthemi 

Allergy 2.6 % , Neurotoxicity 1.4 %, Coagulation 

abnormalities  11.8%, Convulsions 0.3%, Diabetes requiring 

insulin 0.6%, Pancreatitis 0.9%, Infection 4.6%, Liver toxicity 

3.8%, and Death 0.6% 
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2.5 Bacillus megaterium 

B. megaterium is a gram-positive bacterium that grows in the aerobic condition, forming an 

endospore that can resist the adverse condition (Figure 9). B. megaterium is widely 

distributed in diverse habitats such as rice paddies, soil, sediments and dried food etc. [99]. B. 

megaterium is fascinating, particularly due to bacterium morphology, rare or beneficial 

enzymes (for example, asparaginase) and its yield, and also have a wide-ranging biological 

habitation. [97,100] 

 

Figure 9 Stained B. megaterium cells [129]. 

2.5.1 Classification 

Table 17 Classification of B. megaterium. 

Domain Bacteria 

Phylum: Firmicutes 

Class: Bacilli 

Order: Bacillales 

Family: Bacillaceae 

Genus: Bacillus 

Species: Megaterium 

 

 2.5.2 Source of B. megaterium 

Although bacterium is usually grown in the soil, it is also found in diverse habitats like 

seawater, paddies, normal flora, sediments, bee honey, and fish [99]. 
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2.5.3 Biotechnological importance of B. megaterium 

LA from B. megaterium was clinically much more beneficial as they possess less harmful 

activity, generally known as safe organisms. Like other species of Bacillus, B. megaterium 

having various industrial applications. Different industrially and pharmaceutically important 

products are produced by B. megaterium like heparosan, which is used in heparin synthesis, 

production of biomaterials, polyhydroxyalkanoates; an eco-friendly alternative to traditional 

petrochemical polymers like polyethylene and polypropylene, and xylanase (Used in bio-

bleaching of pulp and paper industry). 

In addition, B. megaterium is used for the synthesis of fungicidal toxins, herpes simplex 

corneal ulcers, HIV inhibitors, vitamin B12, hepatitis B virus, and pyruvate. Many of its 

industrial applications are given above in Table 18, [99] 

Table 18 Industrially and pharmaceutically products produced by B. megaterium.  

Product Production 

strain 

Expression 

plasmid 

Medium Product 

yield 

Productivities Application(s) 

 

Reference 

 

Heparosan  B. megaterium 

MS941  

T7RNA 

polymerase 

(T7 RNAP) 

M9+  

medium 

- ~ 250 mg/L  

and 2.74 g/L 

Heparin synthesis, 

production of 

biomaterials 

[101] 

Glucose 

dehydrogenase 

B. 

megaterium M 

1286 

- Opt. 

medium  

101 

U/mg 

- catalyzes the 

oxidation of D-

glucose 

[102] 

Polyhydroxy-

alkanoates 

 

B. megaterium 

CCM 2037 

- cheese 

whey 

2.51 g/ l
 

 and 

0.79 g/ l 

 

 Eco-friendly 

alternate to 

traditional 

petrochemical 

polymers like 

polyethylene and 

polypropylene 

[103] 

Alpha-amylase B. megaterium 

VUMB109 

- Enriched 

culture 

media 

3.2 mg/ 

ml 

- Starch 

saccharification, 

used in baking, 

brewing, 

detergent, textile, 

paper and 

distilling industry 

[104] 
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Xylanase B. megaterium - MS2 

medium 

415.5 

U/g 

105 U/g Used in bio-

bleaching of pulp 

and paper industry  

[105] 

polyhydroxy 

butyrate (PHB) 

B. megaterium 

B2 

- glycerol 

(7.6 g/L) 

and 

Na2HPO

4 (3 g/L) 

1.20 g/L - Used to produce 

biodegradable, 

biocompatible and 

thermoplastic 

polyesters. 

[106] 

Keratinase B. megaterium 

ATCC 14945 

pWHK3 LB 

medium 

- 166.2  

U ml−1 

- [100] 

Penicillin G 

amidase 

B. 

megaterium  

- LB 

medium 

~2000 U/ 

L 

- used in the reverse 

synthesis of β-

lactam antibiotics 

[107] 

 

2.6 In Silico Study 

In these few years, the enzyme industry is continuously developing exponentially. In-silico 

method can be used to discover a new natural enzyme and helping biotechnologists in the 

discovery of a novel (beneficial) enzyme at a meagre cost, in less time and by the eco-

friendly method as compared to the traditional costly areas. In silico method is a highly 

successful method of searching for new enzymes followed by computer-based approaches 

and protein engineering. The exponent will develop computational capacity and biological 

data to make in-silico screening of enzymes to the competitive planned for finding new 

industrial enzymes [108]. The high-speed microprocessor used for the computational study is 

the best power, enabling the expert system to run multiple algorithms in parallel, providing 

an accessible interface and helps to generate the end results with a click of one button [109]. 

Computational methods are in-silico methods are help us to predict is the tertiary structure. 

Structure of proteins using in-silico method we can detect this structure of the protein and 

obviously it has no cost at all and takes very little time.  
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Figure 10 Steps followed in the computational method for protein engineering.  
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Table 19 Tools used for protein structure prediction. 

Tools Basic function 

UniProtKB Sequence retrieval 

BLASTp Sequence analysis 

Clustal-w Multiple sequence alignment 

Expasy-ProtParam Physicochemical characterization 

PSIPRED or CFSSPS Secondary structure prediction 

Motif search tool Functional analysis 

CATH server Structural classification 

SWISS MODEL/ I- TASSER Homology Modeling/ Threading for protein prediction. 

QMEAN and UCLA Evaluation of predicted protein 

 

2.6.1 Sequence retrieval 

Swiss Institute of Bioinformatics (SIB), the Protein Information Resource (PIR) and the 

European Bioinformatics Institute (EBI); these databases formed a knowledge base of the 

Universal Protein Resource (UniProt) consortium, which is found in the UniProtKB server 

[111]. In the  UniProtKB, at least 120 million proteins sequences collections and annotations 

across all branches of life found [112]. There are two major sections: UniProtKB/TrEMBL, 

containing computer annotated entries and UniProtKB/Swiss-Prot, which contains manually 

annotated entries and contains data curated by scientists and offer users cross-links to 

approximately a hundred external databases and along with additional tools or information 

access [108].  
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Figure 11 UniProtKB web-based server for the sequence retrieval. 

2.6.2 Sequence analysis 

NCBI BLAST has a major accelerating significance due to its de facto standard in 

bioinformatics approximate string matching [114]. A  BLAST algorithm [115] has originally 

3 phases: identifying short sequences (words) with high match scores, extending those 

matches, and merging proximate extensions [110] 

BLAST tools discover the sections of local similarity in the middle of sequences. BLAST 

tools can conclude evolutionary and functional relationships among sequences and 

advantages in the identification of the gene families members [116]. 

2.6.3 Multiple sequence alignment (MSA)  

A Clustal server is extensively used for carrying out programmed multiple alignments of the 

sequences of amino acid or nucleotide. MSA be used to discover conserved residues and 

sections that can help recognize evolutionary conservation of functionally and structurally 

significant portions of the specific protein sequences [117]. As a result, predicted protein 

sequence important functionally and structurally region are determined using Clustal-W.  It is 

very important that align sequences are related to each other to reduce error and make the 

result more useful [116]. 
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Figure 12 BLAST User-Interface (UI) for the protein analysis. 

 

Figure 13 Programmed multiple alignments by Clustal-W 
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2.6.4 Physicochemical characterization 

Various physicochemical properties of LA include amino acid composition, isoelectric point 

(pI), aliphatic index, instability index (stability of proteins), extinction coefficient, aliphatic 

index, GRAVY or Grand Average Hydropathy and molecular weight were calculated by 

primary structure analysis by means of the Expasy-ProtParam server. Expasy (Bioinformatics 

Resource Portal) operated by SIB is an integrative  and extensible portal that make available 

access to a range of  scientific resources, databases, and software tools in various fields of 

science [118] 

 

Figure 14 Expasy-ProtParam server for the physicochemical characterization of query 

protein sequence. 

2.6.5 Secondary structure prediction 

The secondary structural elements of a protein combine to generate its ultimate tertiary 

structure, which determines its functionality [113]. The secondary structural elements such as 

alpha helices, turns, beta-pleated sheet and loops were therefore predicted using these web-

based servers, PSIPRED, SOPMA (Self- Optimized Prediction Method with Alignment) 

server, and CFSSP (Chou and Fasman Secondary Structure Prediction server) [120, 121]. 
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Figure 15 PSIPRED web-based server for the secondary structure prediction 

2.6.6  Functional analysis 

The Motif search tool analyzed the set of a conserved region of the amino acid residues, 

which can be accessed online. Whether the protein is a membrane-bound or a soluble protein 

can be identified using the SOSUI server, which is capable of predicting trans-membrane 

alpha-helices from the sequences of the amino acid using high accuracy and precision [113]. 

2.6.7 Structural classification 

The CATH server was used for structural classification. The CATH website database clusters 

the protein structures based on their similarity or a common phylogenetic origin via physical 

curation and specific algorithms. CATH Classification is categorized into four different 

groups; these are (C) represents the class, (A) represents the architecture, (T) represents the 

topology and (H) represents the homologous family [109].  

The class refers to the contents of the secondary structure of the proteins such as alpha, beta, 

mixed alpha/beta etc. In contrast, architecture illustrates the overall arrangement of the 

secondary structures, regardless of their connectivity, for example, an alpha/beta-sandwich. 

Topology also called the ‘fold level’, considers the connectivity of the secondary structures 

within the chain. The last hierarchical classification, i.e. homologous superfamily, pertains to 

a group of domains that share a common ancestor [109]. 
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Figure 16 Motif search tool to analyze the conserved region of the amino acids residues. 

 

Figure 17 CATH server for the structural classification 
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2.6.8 Homology Modeling 

Homology modeling predicts protein structure based on sequence homology. For homology 

modeling, we used SWISS-MODEL [122], [123]. Initially, we performed a BLAST, pairwise 

alignment of the BmA sequence with all the other protein sequences procured from the 

databases like UniProtKB, Swiss-Prot. The sequence with a known structure having a higher 

similarity with our sequence is used to predict the three-dimensional structure. Homology 

modeling predicts the protein structure of the query protein sequence (in this case, BmA) 

based on the experimentally determined structure of the protein sequence that is closely 

related to the query sequence. Predicted protein structure based on sequence homology, also 

known as comparative modeling. Since, two proteins with a high sequence similarity possess 

a similar 3-D structure; one protein with a known structure is used to be copied for a protein 

with an unknown structure with a high degree of confidence. 

 

Figure 18 SWISS-MODEL server for the protein structure prediction. 

 Template selection  

A SWISS-MODEL server template library extracts the template (known protein structure 

sequence) from the Protein Data Bank (PDB). The sequences from the template structure 

library are searched for the query protein to pick the templates for a query protein (unknown 

protein structure sequence). Then perform protein BLAST to the unknown protein structure 

sequence, then got a highly identical sequence. That highly identical sequence is called a 

template, which acts as a reference to the unknown protein structure sequence to predict 

tertiary protein structure. Highly identical sequences have probably similar 3-D structures or 

tertiary protein structures. 
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Figure 19 Steps followed in homology modeling. 

 Alignment  

The alignment of the structure is created next to eliminating mismatched templates. The 

query sequence is aligned to the main template structures using local pair-wise alignment 

algorithm. In the next step, the alignment is further improved for modeling purposes. 

Therefore, location of the deletions and insertions is adjusted, allowing for the template 

structure context. In general, to help in the loop building process (in the alignment), isolated 

residues are relocated to the flanks. 

 Backbone and Loop Model Building  

In the process of protein structure prediction, the backbone atom positions of the template 

structure are averaged to create the core of the model. A scoring scheme best loop is selected, 

which accounts for the steric hindrance, favorable interactions like hydrogen bond formation, 

force, and field energy. If there is no appropriate loop to recognise, then to allow for more 

flexibility in the predicted structure, the flanking residues are involved in the reconstructed 

fragment. 
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 Side Chain Refinement 

A rebuilding of the model side chains is constructed on the weighted positions of parallel 

residues present in the structures of the template. The model side chains are created through 

conserved residues by sterically interchanging template structure side chains. The scoring 

function evaluating unfavorably close contacts and favorable interactions (disulfide bridges 

and hydrogen bonds) is functional to choose the best possible conformation. 

 Model refinement using energy function 

Molecular dynamics methods (energy minimization) are generally not capable of developing 

the built model accuracy, and it is only used in SWISS-MODEL to normalize the structure.   

 Modeling results and evaluation  

Potential applications of the protein models can be determined by generally on the built 

models quality. The quality (accuracy) of the built model can differ significantly, even inside 

altered sections of the identical protein. Generally, highly-conserved core regions can be able 

to model considerable or dependably than surface residues or variable loop regions. The users 

can evaluate the consistency of the built model using numerous tools provided by the SWISS-

MODEL server. The predicted protein structure model can be assessed by QMEAN and 

UCLA—DOE LAB SAVES server using six programs. These are ERRAT, Verify3D, 

PROVE, WHATCHECK, PROCHECK and CRYST  [110]. If the quality of the built model 

is not good, then the prediction of the protein model can be created by using I-TASSER from 

the threading of unknown protein structure sequence. 

 

2.6.9 Threading  

I-TASSER is a categorized methodology to predict protein structure. I-TASSER aimed to 

model single-domain globular proteins by using several approaches. It has been used to 

identifies structural templates from the PDB by multiple threading method LOMETS [124]. 

Therefore, BmA predicted structure was obtained using a web-based server, I- TASSER 

(Figure 20). Threading determines the model by structural similarity with or without 

detectable sequence similarity. 
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Figure 20 I-TASSER server to identify structural templates from the PDB by multiple 

threading approach LOMETS 

2.6.10 Evaluation of predicted protein  

QMEAN and UCLA—DOE LAB SAVES (The Structure Analysis and Verification Server 

version 6) servers were used to assess the predicted protein model. These servers execute six 

programmes to examine and validate protein structures during and after model refining 

(Table 20). 

 

Table 20 Model Assessment Program 

Programs Description 

ERRAT Analyzes the statistics of non-bonded interactions between distinct atom types and shows the 

value of the error function vs position of a 9-residue sliding window, which is obtained by 

comparing statistics from highly refined structures. 

Verify3D Determines an atomic model (3D) compatibility with its amino acid sequence (1D) by 

assigning a structural class based on its location and environment (alpha, beta, loop, polar, 

non-polar etc.) and comparing the findings to good structures. 

PROVE Calculates the volumes of atoms in macromolecules using an algorithm that treats the atoms 

as hard spheres and computes a statistical Z-score deviation for the model from PDB-

deposited structures that are well resolved (2.0 Å or higher) and refined (R-factor of 0.2 or 

better). 

WHATCHECK Derived from a subset of protein verification tools from the WHATIF program, The tool 
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performs comprehensive checks on numerous stereo-chemical parameters of the residues in 

the model. 

PROCHECK Analyzes residue-by-residue geometry and overall structural geometry to determine the 

stereo-chemical quality of a protein structure 

CRYST This program searches the Protein Data Bank for entries with a unit cell comparable to the 

one in your input file. CRYST1 record is needed. For more options, the standalone CRYST 

server may be used.   

 

2.7 Importance of Current Work 

Commercially available LA from E. coli and Erwinia chrysanthemi have a short half-life 

and several side effects on the administration to the patient. Therefore, there is a need for 

stable, more specific LA with no or minimal side effects. The current work aims to conduct 

an in-silico structural and functional analysis of BmA to explore its physicochemical 

properties using various computational tools. For this reason, the sequence of BmA is 

considered for computational analysis. B. megaterium is a good source of LA and a GRAS 

organism (Generally Recognized as Safe). To our knowledge, no prior in-silico studies on 

the properties of the B. megaterium LA are available. Sequence analysis, physicochemical 

characterization, secondary structure prediction, functional analysis and structure 

classification of this BmA were studied and the protein structure based on sequence 

homology was then predicted. This study gives an insight into the general characteristics of 

the BmA compared with its peer asparaginases. It will help in identifying whether BmA can 

be a good alternative to other asparaginases.  
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CHAPTER- 3 

OBJECTIVES 

 

 To analyze the structure and function correlation of B. megaterium asparaginase for 

potential application in cancer therapy using bioinformatics tools. 

o Sequence retrieval 

o Comparative sequence analysis of BmA with other Bacillus asparaginases 

o Physicochemical characterization based on BmA primary structure 

o Correlation establishment of BmA structure with its function 
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CHAPTER- 4 

MATERIALS AND METHODS 

 

4.1 Sequence retrieval 

The LA sequences of 10 different Bacillus sp. including B. megaterium were retrieved from 

the UniProtKB server, a knowledge base of UniProt consortium constructed by SIB, EBI, 

and the PIR [111]. The UniProt databases can be used online (http://www.uniprot.org/) or 

downloaded in different formats (ftp://ftp.uniprot.org/pub).  

For computational investigation, the full-length asparaginase protein sequences of 10 

different Bacillus species were downloaded in FASTA format [113].  

 

4.2 Sequence analysis 

BLAST discovers areas of local similarity in the middle of the sequences. BLAST can be 

used to understand evolutionary and functional connections among sequences, as well as to 

identify members of gene families. The NCBI BLASTp databases can be accessed online 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi)[116]. 

 

4.3 Multiple sequence alignment (MSA) 

The MSA can help recognize phylogenetic conservation of functionally and structurally 

significant regions of the protein sequences [117]. This can help to discover the conserved 

residues and sections that can advantage to understand the functional and evolutionary 

relationships. Therefore the structurally and functionally significant regions of the protein 

sequence predicted using Clustal-w (https://www.genome.jp/tools-bin/clustalw) 

 

4.4 Physicochemical characterization 

Various physicochemical properties of LA such as molecular weight, instability index 

(stability of proteins), isoelectric point (pI), amino acid composition, extinction coefficient, 

and aliphatic index, and GRAVY or Grand Average Hydropathy were calculated based on 

primary structure analysis by means of the Expasy-ProtParam tool 

(http://web.expasy.org/protparam/). Expasy (Bioinformatics Resource Portal) run through 

SIB, which is an integrative and extensible portal that provides access to a range of scientific 

resources, databases, and software tools in various fields of science [118] 

ftp://ftp.uniprot.org/pub
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.genome.jp/tools-bin/clustalw
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The isoelectric point (pI) values vary from 4–7, showing that the proteins are acidic and will 

migrate towards a positive electrode in a 2-D gel. If the protein’s instability index is more 

than 40, it implies that it is unstable. The higher value of aliphatic index suggests that the 

proteins are thermostable. The lower range of GRAVY indicates that the proteins have 

greater interactions with water [113]. The extinction coefficient shows how much light the 

protein absorbs at a specific wavelength [119]. 

4.5 Secondary structure prediction 

The secondary structural elements of a protein association to form its final tertiary structure 

that determines its functionality [113]. Secondary structural elements such as helix, turn, 

sheet and coil were therefore predicted using different web-based servers, PSIPRED 

(http://bioinf.cs.ucl.ac.uk/psipred/), SOPMA server, (https://npsa-prabi.ibcp.fr/cgi-

bin/secpred_sopma.pl) and CFSSP server, (http://cho-fas.sourceforge.net/)  [120, 121]. 

 

4.6  Functional analysis 

A set of conserved amino acid residues were examined by means of the Motif search tool, 

which can be accessed online (https://www.genome.jp/tools/motif/), soluble proteins and 

membrane were distinguished using SOSUI server (https://harrier.nagahama-i-

bio.ac.jp/sosui/cgi-bin/msosui.cgi), which predict trans-membrane helices from sequences 

of the amino acid with high accuracy and precision [113] 

 

4.7  Structural classification 

The CATH server helps to identify the structural classification of the predicted protein 

structure. The CATH website database clusters the protein structures based on their common 

phylogenetic origin or similarity using physical curation and assured algorithms [109]. The 

CATH server databases can be accessed online 

(http://www.cathdb.info/search/by_sequence). 

 

4.8 Homology Modeling of BmA sequence 

The 3-D structure of BmA was predicted based on homology modeling using SWISS-

MODEL (https://swissmodel.expasy.org/interactive) [122, 123].  

 

http://bioinf.cs.ucl.ac.uk/psipred/
https://npsa-prabi.ibcp.fr/cgi-bin/secpred_sopma.pl
https://npsa-prabi.ibcp.fr/cgi-bin/secpred_sopma.pl
http://cho-fas.sourceforge.net/
https://www.genome.jp/tools/motif/
http://www.cathdb.info/search/by_sequence
https://swissmodel.expasy.org/interactive
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4.9 Threading of BmA sequence  

I-TASSER is a categorized methodology for the prediction of the protein structure. I-

TASSER aimed to modeling single-domain globular proteins by using several approaches. It 

has been used to classifies structural templates as of the PDB through the multiple threading 

approach LOMETS [124]. Therefore, BmA predicted structure was obtained using a web-

based server, I- TASSER server database can be accessed online 

(https://zhanglab.dcmb.med.umich.edu/I-TASSER/). 

 

4.10 Evaluation of predicted protein  

The quality of model of the predicted protein structure was evaluated using QMEAN and 

UCLA—DOE LAB SAVES (Verification and a Structure Analysis Server version 6) servers  

(https://saves.mbi.ucla.edu/), which inspected and validated the protein structure by running 

six programs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

https://saves.mbi.ucla.edu/
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CHAPTER- 5 

RESULTS AND DISCUSSION 

5.1 Sequence Retrieval 

A total of 10 asparaginase sequences were retrieved for different Bacillus species (B. subtilis, 

B. altitudinis, B. mycoides, B. cereus, B. wiedmannii, B. safensis, B. circulans, B. sonorensis, 

and B. licheniformis) along with B. megaterium. After phylogenetic analysis, it was 

discovered that B. megaterium is more closely related to B. mycoides, B. cereus, and B. 

wiedmannii [109] (Table 21). 

Table 21 Details of selected sequences of LA from different Bacillus species. 

Sr. No. Protein Accession Number Organism Length 

1 KNH26430.1 B. megaterium 323 aa 

2 KFF56126.1 B. subtilis 329 aa 

3 KLV14741.1 B. altitudinis 324 aa 

4 TKI83183.1 B. mycoides 324 aa 

5 TKI94247.1 B. cereus 324 aa 

6 TKI15105.1 B. wiedmannii 324 aa 

7 AYJ88275.1 B. safensis 329 aa 

8 KLV25750.1 B. circulans 332 aa 

9 RHJ11726.1 B. sonorensis 329 aa 

10 RHL19359.1 B. licheniformis 322 aa 

 

5.2 Sequence Analysis 

BLAST tools discover the sections of local similarity in the middle of sequences. BLAST 

tools can be used to conclude evolutionary and functional relationships among sequences in 

addition to the advantage in the identification of the gene families members. BLASTp of all 

the ten asparaginase sequences of Bacillus species (Table 22), [116]. 
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Table 22 Pairwise sequence alignment of BmA with L-asparaginases of various Bacillus 

species using BLASTp  

Organism 

Name 

Amino Acid 

Length 

Similarity Identity Query 

Coverage 

E-

Value 

B. megaterium 323 aa 100% 100% - - 

B. subtilis 329 aa 46% 26% 95% 1e-22 

B. altitudinis 324 aa 45% 25% 99% 8e-22 

B. mycoides 324 aa 78% 64% 100% 1e-156 

B. cereus 324 aa 78% 64% 100% 5e-158 

B. wiedmannii 324 aa 78% 64% 100% 2e-152 

B. safensis 329 aa 45% 27% 99% 2e-23 

B. circulans 332 aa 43% 24% 95% 2e-20 

B. sonorensis 329 aa 45% 24% 99% 3e-19 

B. licheniformis 322 aa 50% 34% 95% 1e-56 

 

5.3 Multiple Sequence Alignment  

MSA can discover conserved residues and sections that can help recognize evolutionary 

conservation of functionally and structurally significant portions of the specific protein 

sequences [117]. As a result, predicted protein sequence important functionally and 

structurally region are determined by means of Clustal-W. It is very important that align 

sequences are related to each other in order to reduce error and make the result more useful 

[116].  

MSA and phylogenetic tree construction were performed to analyze the diversity of selected 

proteins and their evolutionary relationship (Figure 21). Additional, these sequences helped 

to analyse the physicochemical characterization [109] 
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Figure 21 Phylogenetic tree of 10 Asparaginase protein sequences from Bacillus species. 

5.4 Physicochemical Characterization 

 Theoretical pI: An isoelectric point (pI) of the protein symbolizes the pH at which a 

given amino acid sequence will have a total neutral charge. The theoretical pI parameter used 

to determine the 2-D gel of a specific protein will migrate. PI values lie in the middle of the 

ranges of 4–7 that confirmations the proteins are acidic and will migrate towards a positive 

electrode in a 2-D gel. 

Therefore, all sequences under study have pI ranges of 4–7; all asparaginases are acidic. 

  Instability index: It measures the stability of a given protein in vitro. It is designed 

based on the presence of certain di-peptides, which confer a degree of stability of the protein. 

If the protein instability index is below 40, it is then considered stable in atmospheric 

conditions. If the instability index is greater than 40, it indicates that the protein is unstable.   

Since all sequences under study have an instability index of less than 40, all asparaginases are 

stable in atmospheric conditions.  

 Aliphatic index: The aliphatic index of the protein is defined as the comparative volume 

occupied by means of aliphatic side chains (valine, alanine, leucine and isoleucine,). It may 

possibly be regarded as a positive factor in the rise of the thermostability of the globular 

proteins [122]. A high aliphatic index confers a degree of thermal stability to a given protein. 

All the selected sequences have a high aliphatic index. BmA shows a 98.95 aliphatic index 

that means BmA has a high degree of thermal stability. 
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 Extinction coefficient: It shows how much light the protein absorbs at a specific 

wavelength; it determines the purified protein concentration using a spectrophotometer [109]. 

 GRAVY: This parameter represents the overall hydrophilic or hydrophobic character of 

a given protein. A negative GRAVY value indicates hydrophilic protein, whereas a positive 

GRAVY value indicates hydrophobic protein. 

B. wiedmannii, B. cereus, and B. mycoides. have reported a positive value of GRAVY. All 

the other sequences have been reported here to have negative GRAVY values. 

Table 23 Physicochemical property of selected Bacillus species sequences. 

Organism Name Protein 

Accession 

Number 

Theoretical pI Extinction 

coefficient 

Instability 

index 

Aliphatic 

index 

 

GRAVY 

 

B. megaterium KNH26430.1 6.53 11920 26.85 98.95 -0.044 

B. subtilis KFF56126.1 4.65 33600 39.33 95.38 -0.074 

B. altitudinis KLV14741.1 5.02 34840 29.92 95.11 -0.182 

B. mycoides TKI83183.1 5.57 10555 29.07 105.49 0.059 

B. cereus TKI94247.1 5.32 12045 30.46 105.49 0.046 

B. wiedmannii TKI15105.1 5.41 12045 30.03 105.19 0.057 

B. safensis AYJ88275.1 5.03 34965 28.59 93.92 -0.184 

B. circulans KLV25750.1 4.87 37025 33.60 102.47 -0.005 

B. sonorensis RHJ11726.1 5.09 33600 35.37 95.68 -0.157 

B. licheniformis RHL19359.1 5.49 27070 34.60 89.60 -0.181 

 

Amino acid composition and Molecular weight:  

BmA has 323 amino acid residues and possesses a molecular weight of 35154.51 Da. There 

are (Asp + Glu) 31 total no. of negatively charged residues and the total number of positively 

charged residues is (Arg + Lys) 28, as shown in figure 22. 
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Figure 22 Pie chart here represent the amino acid residues percentage in BmA. 

 

Comparison of physicochemical properties with commercially available 

asparaginases:  

When we did a comparative study of B. megaterium physicochemical properties with a 

commercially available source of asparaginase, i.e. E. coli and E. chrysanthemi, B. 

megaterium found a good aliphatic index .and theoretical pI of BmA lies in between E. coli 

and E. chrysanthemi (as shown in table 24). The theoretical pI of BmA suggests that the 

BmA can be more effective at the blood pH range. 

Table 24 Comparison of physicochemical properties of BmA with the commercially 

available asparaginases; EcAII and ErA 

Organism 

Name 

Protein 

Accession 

Number 

Theoretical 

pI 

Extinction 

coefficient 

Instability 

index 

Aliphatic 

index 

GRAVY 

B. megaterium KNH26430.1 6.53 11920 26.85 98.95 -0.044 

E. coli BAE77020.1 5.96 23505 18.27 85.46 -0.114 

E. chrysanthemi P06608.1 7.84 24870 17.20 98.30 0.042 
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Asparagine Aspartic acid 
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L- pyrrolysine 
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5.5 Structure Prediction 

Based on the secondary organization (α-helices, β-sheets and coils), it has been observed that 

asparaginase proteins can be categorized into three main groups: α-helices, β-sheets and coils. 

(Figure 23), (Table 25). This illustration has been supported by various structural findings of 

asparaginase from multiple organisms. Crystal structure calculations have revealed a 

variation of the structural parameters to a number of asparaginases [109, 125].  

 

 

Figure 23 Secondary structure map for BmA sequence. 

Table 25 Calculated secondary structure elements of BmA sequence by using SOPMA. 

 

 

 

 

 

 

 

 

SOPMA calculates the %age of α-helices, β-sheets and loops present in between these α-

helices and β-sheets that is also called coils. SOPMA is using a homology approach for the 

prediction of secondary structure. There are 70 amino acid residues in each line because it 

shows output width as 70 by default (Figure 23). Graphical representation of  α-helix (blue), 

extended strand (red), beta-turn (green) and  random coils ( yellow) shown in different colors 

(Figure 24),  [126], [122]  

Secondary structure  Number of Residues Number of Residues  

(In Percentage) 

Alpha helix (Hh)  104 32.20% 

Extended strand (Ee)  66 20.43% 

Beta turn (Tt)  26 8.05% 

Random coil (Cc)  127 39.32% 
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Figure 24 Graphical representation of secondary structure by using SOPMA. 

The graphical representation shows the number of residues of helices, sheets and coils present 

in the BmA sequence.  

 

 Secondary structure map (amino acid position) 

 

 Figure 25 Secondary structure map representing the position of amino acids. 

This orange region shows an extracellular region of amino acid and the grey colored amino 

acid residues are belonging to the trans-membrane helix (as shown in figure 25). That means 

BmA have certain interaction with the membrane. 

 

The white region represents the cytoplasmic amino acids and is an extracellular region shown 

(figure 26) by orange. Similarly, the blue-colored region shows the gap present in the 

membrane. 
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Figure 26 Graphical representation of amino acid position (trans-membrane, extracellular 

helices region) 

 

Figure 27 Secondary structure map shows a hydrophobic and hydrophilic region of amino 

acid present in the BmA sequence. 

In this secondary structure map, there are four distinct groups of amino acids at the molecular 

behavior level: non-polar, polar, hydrophobic, and aromatic amino acids. As shown (in figure 

27) green region shows hydrophobic amino acids and the red region shows a hydrophilic 

region of the amino acids. As you have shown in the map, non-polar (orange region) and 

aromatic (blue region) amino acids are very small in number.  
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Table 26 gives the data of all the selected sequences, the number of residues to the total 

residues present in the secondary structure (helix, sheet and coils) of the sequence. 

Table 26 Secondary structures of selected all sequences by using CFSSP. 

 

Sr. No. Protein Accession 

Number 

Organism Name Helix (%) Sheet (%) Turn (%) 

1 KNH26430.1 B. megaterium 74.6 46.1 12.4 

2 KFF56126.1 B. subtilis 79.9 50.8 12.5 

3 KLV14741.1 B. altitudinis 76.9 46.2 12.5 

4 TKI83183.1 B. mycoides 77.8 54.9 10.2 

5 TKI94247.1 B. cereus 77.5 50.6 9.6 

6 TKI15105.1 B. wiedmannii 77.2 46.6 9.6 

7 AYJ88275.1 B. safensis 77.5 46.2 11.9 

8 KLV25750.1 B. circulans 83.7 54.8 12.3 

9 RHJ11726.1 B. sonorensis 79.3 43.5 12.8 

10 RHL19359.1 B. licheniformis 71.4 69.3 14.3 

 

5.6 Functional Analysis 

 

a) Determination of the motif present in the BmA sequence.  

Motifs are the conserved region of the sequence or protein which determines the function of 

the protein. Two domains are present in the B. megaterium asparaginase sequence, i.e. 

TPF00710, Asparaginase, N-terminal, and PF17763, Asparaginase C-terminal domain, as 

shown in Figure 28. 

Two motifs are existing in sequences through a number of motifs 10, a min. width of 100 and 

maximum width of 150. Conserved sequences in these motifs can be used to design definite 

degenerate primers to identify the type, isolate, and a class of asparaginase. Here, all the 

sequences under study are found to be soluble in nature [109]. 

 

 

 

 

http://www.biogem.org/tool/chou-fasman/
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KEY:   Pfam A domain  Secondary structure  

 

Figure 28 Motif present in the BmA sequence.  

 

Figure 29 Identified motif graphical details. 
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Table 27 Multi-level consensus sequence of motifs 

Motif No. Multi-level consensus sequence 

1.  MNKKVALITTGGTIASRKTESGRLAAGAISGPELAEMCSLPEDVQIDVY

PAFQLPSMHITFEHLLELKQTIERVFQNGGYDGAVVTHGTDTLEETAYF

LDLTIEDERPVVVTGSQRAPEQQGTDAYTNIRHAVYTACSPDIKGAGTV

VVFNERIFNARYVKKVHASNLQGFDVFGFGYLGIIDNDKVYVYQ 

2.  AVDIVKCYLDGDGKFIRAAVREGVEGIVLEGVGRGQVPPNMMADIEQA

LNQGVYIVITTSAEEGEVYTTYDYAGSSYDLAKKGVILGKDYDSKKAR

MKLAVLLASYKEGIKDKFCY 

 

b) Determination of the hydrophobicity of BmA using SOSUI Server 

 

The average hydrophobicity of B. megaterium is - 0.043963, suggesting that BmA is a 

soluble protein and has a cytoplasmic subcellular localization site (Table 28, Figure 30). 

 

Table 28 Details of the hydrophobicity of BmA using SOSUI Server. 

 

Organism Total 

Length 

Average of 

Hydrophobicity 

Subcellular 

localization 

site 

Nature  of 

protein 

B. megaterium 323 aa -0.043963 Cytoplasmic Soluble protein 
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Figure 30 Graphical representation of hydrophobicity of B. megaterium and their net charge 

density. 

5.7 Structural Classification 

Structural classification of BmA was done using CATH server, which categorizes the protein 

based on four different groups; these are (C) represents the class, (A) represents the 

architecture, (T) represents the topology and (H) represents the homologous family [109]. 

CATH server categorized BmA protein as an alpha-beta class, 3-layer sandwich architecture, 

Rossmann fold topology and the homologous family is L-Asparaginase (N-terminal domain). 

Table 29 Classification of BmA protein. 

Level Description 

C Alpha Beta 

A 3 layer sandwich 

T Rossmann fold 

H L- Asparaginase, N- terminal domain 

 

For the classification of BmA protein, the CATH server firstly predicted its secondary 

structure based on sequence alignment (Figure 31) 
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Prediction of the secondary structure of BmA by using CATH Server  

Match E- Value 

Cytoplasmic L-asparaginase I 1.3e-66 

 

 

Figure 31 Sequence alignment of BmA. 

Further CATH server superposes four representative domains within this superfamily when 

choosing how to superpose the structure; more emphasis is given to structurally similar 

residues (according to SSAP) to generate a superfamily superposition structure of BmA 

(Figure 32). The structure highlights a highly conserved "core" even in super-families with 

substantial structural diversity. At the same time, it generates 3D structure of BmA (Figure 

32). 
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Figure 32 Superfamily Superposition structure of BmA using CATH server. 

 

 

                  Figure 33 Ribbon (3-D) Structure of BmA generated by CATH server. 
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5.8 Homology Modeling of BmA 

The comparative protein model of BmA was built through the SWISS-Model using the 

selected template. Helicobacter pylori has a 33.12% similarity with B. megaterium 

asparaginase sequence. There are four ligands (aspartic acid) present in this predicted 

structure and they have 0.76 GMQE values and -1.95 QMEAN values, respectively. All the 

data related to homology modeling are given in Table 30.  

 

5.8.1 SWISS-Model 

 

Model-Template Alignment 

 

Figure 34 Sequence alignment of BmA with the selected template Helicobacter pylori 

asparaginase 
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Table 30 Details of template H. pylori asparaginase with respect to BmA. 

Template  Coverage GMQE QMEAN Identity Ligands Oligo State Method  

Helicobacter 

pylori  

1-323 

(0.98%) 

0.76 -1.95 33.12% 

 

4x Aspartic 

acid  

Homo-

tetramer 

X- Ray 

Diffraction 1.40 Å 

 

Table 31 H. pylori asparaginase ligands PLIP interactions with respect to BmA 

 

Ligands (4x Aspartic acid) Number of Residues (within 4  ) PLIP Interactions 

ASP.1 13 15 

ASP.2 13 16 

ASP.3 13 16 

ASP.4 13 15 

 

 

Figure 35 Chemical structure of aspartic acid 

 

 

Figure 36 Predicted protein structure of BmA based on sequence homology 
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5.8.2 Quality estimation of predicted protein 

 

                     Figure (a) 

 

 

 

 

 

 

 

 

Figure 37 Quality examination of predicted protein from different servers: Figure (a) Global 

estimation score of predicted protein, Figure (b) Using QMEAN server estimate the local 

quality of the predicted protein structure and Figure (c) Built model comparison with a non-

redundant set of  PDB structures from QMEAN server. 

The Swiss model web-based tool calculates the QMEAN score function to estimate global 

and local model quality based on the geometry interaction and the solvent potential of a query 

protein model. The global estimation score of predicted protein over here provided the 

individual scores for each of the different quality estimations given in figure 37 (a). 

Predicted local quality estimate similarity to the crystal structure that has been used as a 

target template. Z-score ranges from 0 to 1 (Z-score which are compared to the expected 

Figure (b) 

Figure (c) 
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value from the native structure). If the value close to 1, then the quality of the particular 

region is higher. As shown in figure 37 (b), most of the residues are below 1, which means 

the quality of the amino acid residues in the regions is not good.  

Figure 37 (c) compares the predicted protein model to the other protein crystal structure in 

the PDB. Since the red star lies in the white region (outside the other crystal structures) of the 

plot, the structure built may be unreliable or less stable. 

 

RAMPAGE provides the stereochemical properties of the predicted protein structure (Figure 

38). RAMPAGE also provides the residues percentage in various regions such as favored 

region, outlier region and allowed region. If more residues are in the favored region, the 

protein structure will be more stable. 

 

Table 32 Structure Assessment of predicted protein from RAMPAGE. 

MolProbity Score 2.05 

Clash Score 12.94 

Favored region 94.08% 

Outliers region 1.56% 

Rotamer Outliers 1.09% 

C-  Deviations 20 

Bad Bonds 0/10068 

Bad Angles 120/13660 

Cis Non-Proline 12/1224 

Twisted Non-Proline 4/1224 
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Figure 38 Ramachandran plot generated by RAMPAGE (Figure a) Show general 

Ramachandran plot, (figure b) No. of glycine residues, (Figure c) No. of proline residues, 

and (Figure d) no. of Pre-Proline residues. 

We conclude that the structure we get from homology modeling was not a good quality 

model from this data. So we further perform threading for model building and evaluation 

[127] 

5.9 Threading of BmA sequence  

The detailed steps involved in predicting the BmA structure using I-TASSER is given in 

Figure 39.  
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Figure 39 Steps followed by I-TASSER for protein prediction 

Figure 40 (b) shows the secondary structure elements of BmA based on sequence alignment. 

Here, H represents the alpha helices and S represents the beta sheets and C represents the 

coils (which is present between helices and sheets). If the secondary structure score is close 

SUBMITTED SEQUENCE IN FASTA FORMAT 

SECONDARY STRUCTURE PREDICTION 

PREDICTION OF  SOLVENT ACCESSIBILITY 

PREDICTION OF  NORMALIZED B- FACTOR 

TOP-10 THREADING TEMPLATES USED BY I-TASSER 

MODEL PREDICTED BY I-TASSER 

PREDICTION OF  PROTEIN STRUCTURE CLOSE TO THE TARGET IN THE PDB 

PREDICTION OF  FUNCTION USING COFACTOR AND COACH 

PREDICTION OF  ENZYME COMMISSION NUMBERS ANDACTIVE SITES 

PREDICTION OF  GENE ONTOLOGY TERMS 
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to 9, the predicted structure is quite reliable, but if the score is closed to 0-2, we can't rely on 

the structure. 

There are 232 amino acid residues present in the BmA sequence. Some of the sections of 

these predicted secondary structures are more reliable than the residues of the other regions 

(as shown in Figure 40 (b). 

Solvent accessible protein is the surface area of an amino acid that is accessible to a solvent. 

If the predicted score of the solvent accessibility to the residue is close to 9, the residues are 

highly exposed and so present over the protein's surface. If the score is close to zero, that 

means the residues are buried in the core of the protein. As shown in figure 40 (c), many of 

the residues have the predicted solvent accessibility score is close to 0, which means these 

residues are buried in the 3D structure of the protein and make the core of the protein. 

 

      

Figure 40 Threading of BmA sequence for protein structure prediction: Figure (a) FASTA 

Format of BmA sequence, Figure (b) sequence-based prediction of secondary structure and 

Figure (c) Predicted solvent accessibility. 
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B-factor is a value to indicate the extent of the inheritance thermal mobility of residues/atoms 

in proteins. Amino acid absorbs heat energy to convert into kinetic energy, making the amino 

acid mobile; that phenomenon is called thermal mobility. 

In this graph, alpha-helices (red region), beta sheets (green region) and coils (black region) 

are shown (Figure 41). In the beginning, there are two coils present and these coils have a 

high B-factor that means they are more mobile as they move towards alpha helices and beta 

sheets. This blue line falls to the negative value and when it reaches again in the coil region, 

the mobility of the amino acid or residues is greater. That means the protein structure is more 

flexible in the coil region, making the amino acid residues more mobile. Based on the B-

factor profile (BFP) distributions and predictions, residues with BFP values higher than 0 are 

less stable in experimental structures [124]. 

 

Figure 41 Predicted Normalized B-Factor 

 

I-TASSER picks ten templates from the PDB, which are pretty close to the query protein. By 

using those templates, it can predict protein models. These templates are used for the 

prediction of the protein model. If Z-score is higher than 1, the predicted models are quite 

close to the native one. If it is less than 1, that means the predicted structure is not reliable.  

The predicted structures obtained from I-TASSER show Z-score greater than one (as shown 

in figure 42), which means the predicted structure may be very close to the native structure 

of BmA.  
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Figure 42 Top 10 template-query alignments generated by LOMETS. 

 

 

                               C-score= 1.22 

Figure 43 Predicted 3D model and the estimated global and local accuracy. 

C- Score range lies between [-5 to 2] and C-score > -1.5 indicates a model of correct global 

topology. The structure will be more reliable if it has a positive value, close to 2. The first 

predicted model has a C-score of 1.22 (Figure 43), which means the predicted 3D model has 

good global and local accuracy. 

 

                                                  

C-score = -1.26 
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                          Figure (c) Predicted enzyme commission numbers and active sites 

Figure 44 Tertiary 3D modelled structure of asparaginase of B. megaterium viewed by I-

TASSER, Fig (a) Structure superposition of query protein structure (shown in cartoon) and 

template proteins (show in the backbone), Fig (b) Predictive binding ligand is shown in the 

green-yellow sphere, Fig (c) Binding residues are shown in blue ball and stick. Predicted 

active site residues involved are shown in colored balls and stick. 

 

The predictions are made for all the 3 GO categories- molecular function for predicting 

asparaginase activity, the biological process for predicting asparagine metabolic process 

(Figure 45), and cellular components (Cytosol/ periplasmic space). GO- score should be in 

the range of 0 to 1; if it's close to 1, that information is more reliable.  

Figure (b) Predicted ligand-binding sites. Figure (a) Structure alignment between the first I-TASSER Model 

and top 10 most similar structure templates in PDB 



63 
 

 

Figure 45 Ancestor chart of asparagine metabolic process. 

 

As given in Table 33 GO score for molecular function, biological process and cellular 

component are 1.0, 0.99 and 0.70, respectively, which means all the gene ontology functions 

are reliable.  

Table 33 Consensus prediction derived based on the occurrence of the GO term among the 

selected templates. 

Gene ontology terms Molecular 

Function 

Biological Process 

 

Cellular Component 

GO-Score: 1.00 0.99 0.70/0.70 

 

5.10 Evaluation of predicted protein from QMEAN and UCLA—DOE LAB SAVES  

A predicted protein structure was evaluated using the two servers, QMEAN and UCLA—

DOE LAB SAVES (Verification and a Structure Analysis Server version6) server. 
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Figure 46 Evaluation of predicted protein from QMEAN and UCLA—DOE LAB SAVES: 

Figure (a) Graphically represented quality estimation of predicted BmA structure by ERRAT 

server, Figure (b) Averaged score and a raw score of predicted BmA structure by 

VERIFY3D, and Figure (c) Analysis of Entire predicted structure of BmA. 

ERROR plot function is based on the statistics of non-bonded atom interaction in the reported 

structure compared to a database of reliable high-resolution structures. Figure 46 (a) shows 

the overall quality factor of the predicted structure is 91.4286, which means that the predicted 

protein structure model has been passed. 
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Verify3D output contains a 3D or 1D profile of the protein model. The 3D- 1D profile 

describe the residue and environments from a three-dimensional structure to a one-

dimensional string. It describes whether the area of the side chain of amino acid residue is 

buried in the protein and represents the fraction of the side chain area exposed to polar atoms. 

94.12 % of the residues have averaged 3D-1D score >= 0.2 as shown in Figure 46 (b), which 

means quality estimation from Verify3d of the predicted protein structure has been passed. 

PROVE calculates the atom's volume in macromolecules using an algorithm that treats the 

atoms like hard-sphere and calculates a statistical z-score derivation for the model from high 

resolution (2.0  ) and refined (R- factor of 0.2) PDB deposited structure. Buried outlier 

protein atoms total from 1 Model: 5.6%, which means quality estimation from PROVE has 

failed (Figure 46 (c)). 

 Evaluation of predicted protein from PROCHECK 

PROCHECK tool is used to validate the 3-D organization of the predicted protein structures. 

The program made Ramachandran plot which contains a plot of phi-psi torsional angles, 

where the red region is the most favored region consisting of more than 90% of residues.  

Ramachandran plot demonstrates the phi-psi torsion angles to all amino acids (residues) 

present in the structure. The colored region shown in the plot represents the diverse regions 

(figure 47) as follow darkest areas (red region) relate to the "core" regions demonstrating the 

most favorable phi-psi value combinations [127].  

 

Table 34 Ramachandran plot- most favored, allowed, generously allowed, and disallowed 

regions percentage score. 

Ramachandran plot statistics No. of Residue Score Percentage 

Favored regions      [A,B,L]  1007 91.4% 

Allowed regions [a, b, l, p]          86 7.8% 

Generously allowed regions [~a, ~b, ~l, ~p]       4 0.4% 

Disallowed regions  [XX]                5 0.5% 
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 Figure 47 Ramachandran plot of Matrix protein of BmA generated using PROCHECK 

software. 

 

Table 35 All Ramachandran's, Chi1-chi2 plots and side-chain parameters of BmA generated 

using PROCHECK software. 

All 

Ramachandran 

Chi1-chi2 

plots 

Side-chain 

parameters 

Residue properties G-factors           

Dihedrals 

Planar groups 

35 labelled residues 

(out of 321) 

15 labelled 

residues (out 

of 188)                      

5 better     0 

inside      0 

worse                    

Max. deviation:  16.2              

Bad contacts:    0 

Bond Length/angle:    

6.8     

Dihedrals: 0.79  

Covalent:  0.08    

Overall:  0.48 

76.0% within 

limits   

24.0% highlighted       

5 off graph 
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Figure 48 Ramachandran plots for all residue types. 

This plot shows all Ramachandran’s plots to the twenty different amino acid types. 

The darkest shaded region in the given plot is the most favorable region (Figure 48). 
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Figure 49 Chi1-chi2 plots  

Chi1-Chi 2 plots demonstrate the chi1-chi2 side-chain torsion angle combinations  

The shaded region shows the favorable region in the plot, the darkest shaded region in the 

given plot is the most favorable region (Figure 49). 
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CHAPTER- 6 

CONCLUSION 

 

L-Asparaginase is an enzyme that hydrolyses the L-asparagine to L-aspartate and ammonia. 

LA activity has been studied in bacteria, yeast, fungus, algae, and plant tissues and certain 

rodents' serum. The current study involves numerous bio-computational tools to analyze the 

structural and functional parameters of BmA. Ten asparaginase protein sequences of different 

Bacillus species were retrieved from the UniProtKB database based on amino acid numbers. 

The evolutionary connections between different Bacillus species were analyzed based on the 

phylogenetic tree created through multiple sequence analysis of 10 asparaginase sequences. 

The alignment data suggested that B. megaterium asparaginase has similarities with the 

asparaginase of majority of Bacillus species. B. megaterium asparaginase (BmA) shows a 

78% similarity with the asparaginases of B. mycoides, B. cereus, and B. wiedmannii.  

The physicochemical properties of the asparaginases were derived using ProtParam server 

based on the primary structure of the proteins. The isoelectric point (pI) values for all the 10 

protin sequences lie between the ranges of 4–6, showing the acidic nature of the proteins. The 

high range of aliphatic indices of the protein under study indicates the thermostable nature of 

the proteins.  

The predicted secondary structure of the BmA using PSIPRED and CFSSP, suggested that 

BmA mainly consists of helix and sheets secondary elements. The Motif search tool and 

SOSUI server were utilized for functional analysis of the BmA whereas the CATH server 

was utilized for the classification based on 3D structure of the BmA. This study indicated that 

the BmA has the pI value of 6.53 and is stable. These properties can assist BmA to keep 

longer in blood circulation. This preliminary investigation of BmA leads to more 

experimental research to better understand its potential application in cancer treatment. 
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