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                                             ABSTRACT 

 

Arginase is a ubiquitously occurring metalloenzyme that shows an anticancer property. It can 

be isolated from various species of plants, animals, bacteria and fungi. Although several 

bacterial species have already been explored to get new arginases, they are not up to the mark 

for application in cancer treatment. As a result, there is a need for a new arginase with a 

longer half-life, improved stability, and efficacy. Therefore, the present study is aimed to 

conduct an in silico study of the arginase of Bacillus megaterium to analyze its 

physicochemical properties and their correlations with their structure. For performing the 

current study, full-length sequences of Bacillus arginases were procured from the UNIPROT 

database and then analyzed the physicochemical and secondary structures and active site 

composition using various online bioinformatics tools. PROTOPARAM is used to analyze 

physicochemical characteristics. SWISS-Model and I-Tasser server were used for making the 

3D structure of the B. megaterium arginase (BmA). The current study suggests that B. 

megaterium arginase is a thermostable enzyme with a slightly acidic pH. All other properties 

of Bacillus megaterium arginase are in the line as for from different Bacillus sp. Hence, the 

current studies suggest that Bacillus megaterium arginase also has similar potential as other 

arginases of various Bacillus sp. Further experimental validation is needed for the 

characterization of BmA to establish its potential application in cancer treatment. 
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1. INTRODUCTION 

 

1.1 What is arginase  

 Arginase takes stayed and rummage-sale to extravagance arginine reliant on cancers. 

Arginase (EC 3.5.3.1, arginine amidinase, canavanase, L- arginase, arginine transamidase) is 

a manganese encompassing enzyme that catalyzes the deamination of L- arginine to L- 

ornithine and urea. Arginase is an enzyme that catalyzes the last phase of the urea cycle, 

which will help to marshal noxious constituents by altering L – arginine to L – ornithine and 

urea [1]. Arginase is one of the important medical enzymes [2] 

There are two forms of arginase[3] 

a) Type 1 is liver type 

b) Type 2 is mitochondrial type 

Arginase type 1 is mainly present in the mammalian liver and the mammary glands. 

Arginase type 2 is a mitochondrial enzyme, and it is articulated in the kidney. 

1.2 Arginase applications 

Arginase affect the arginine auxotrophic malignancies, such as melanoma, lung cancer, renal 

cell carcinomas and hepatocellular carcinomas, and acute neurological disorders, supervisor 

of penial and vaginal movement, therefore in concert an imperative protagonist the masculine 

besides feminine erotic provocation, neural regeneration pathways, maintenance of semen 

quality, treatment of Hepatitis -B, biosensors for monitoring arginine levels in juice samples, 

prostate cancer, human T- lymphoblastic leukaemia, and osteosarcoma, rheumatoid arthritis 

therapy, an unintended controller of penial and vaginal movement playing an imperative 

character in man and feminine sexual stimulation [4]. 

Presently recombinant human arginase (rhArg1) is one of the arginases which is under 

clinical trials. But it has several side effects such as abdominal pain, bloating, diarrhoea, 

worsening of asthma, and low blood pressure. It can also cause nausea, vomiting and blood 

abnormalities. Sometimes it may cause liver failure. Therefore, we scan the Uniprot database 

for available and unexplored arginase sequences to search for novel arginase. Out of many 

unexplored arginase sequences, the Bacillus megaterium arginase sequence was selected for 

further analysis as the Bacillus is known for synthesizing various industrial and medicinal 
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importance enzyme production. So in the same line, B. megaterium can be a good source of 

arginase and also it is known to be a GRAS organism. Also, there is no in silico and wet-lab 

studies available for B. megaterium arginase (BmA). Therefore, the current work is aimed for 

in silico analysis of BmA using various bioinformatics tools to understand its functional and 

structural properties, including sequence analysis, physicochemical characterization, 

secondary structure prediction, functional analysis, and structure classification. This work 

will provide an initial understanding of the enzyme's properties and its potential application 

in cancer treatment. 
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2.  REVIEW OF LITERATURE 

 

2.1 Background 

Malignancy is connected through a large number of impermanence tolls granting high 

amounts of improvements that have been made in early recognition and dealing. Major 

techniques involved in cancer treatment are radiotherapy, chemotherapy and surgery; these 

depend upon the type and requirement of the tumor. But these types of therapy have 

maximum chances, which can cause damage to the normal cells [5]. Scientists try to find out 

different kinds of treatments to cause minimal damage to the normal cells. 

It is a well-known fact that cancer cells require a higher amount of nutrition than normal 

cells. Cancer cells get their nutrition from external sources; on the other hand. Normal cells 

can capability grow from their nutrition. 

Arginine is a semi-essential amino acid and the major sources of arginine are dietary products 

and synthesized in the kidney and liver. Roughly tumor cells require amino acid arginine for 

growth. Several studies show that the exhaustion of arginine can exaggerate tumor cells. 

Normal cells can synthesize their arginine, but tumor cells require their arginine from the 

external environment.  

2.2 History of arginase 

 There were two scientists named Krebs and Henseleit who showed a sequence of 

experimentations by exploitation of the portions of liver and manometric assays to illustration 

down the occurrence of arginase; ornithine produced urea [6]. There were different events 

related to arginase its first discovery, preparation, inhibitor investigation that is shown in 

(Table 1) 

Table1 Some events related to the development of arginase with Scientist's name  

YEAR EVENT SCIENTIST 

1931 Rudimentary arrangements of arginase were testified  Salaskin and Solowjew 

1935 First initiation by divalent metallic ions counting 

cobalt, nickel, manganese, and iron 

Hellerman and Perkins 
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1940 Improved purification development exhibited that the 

commotion might be re-established to pH – 

incapacitated arginase by Mn
2+ 

and Fe
2+

 

Richards and Hellerman 

1956 The limited decontamination was supplementarily 

amended 

Robbins and Shields 

1975 Investigating inhibitors Rosenfeld  

1977 Deliberate the consequence of the merchandise/ 

inhibitor orthenine, and anticipated an allosteric 

archetypal for a directive of enzyme's commotion 

Bedino  

2006 Current investigates the protagonists of arginase in 

vascular illness, pulmonary illness, infectious illness, 

and cancer. 

Zimmerman and 

Rothenberg 

 

 2.3 Different roles of arginase 

2.3.1 Role in the skeletal – muscle system  

High intensity dynamic human muscles performance is enhanced by arginine, and amino acid 

is now being promoted throughout the healthy living sector involving dietary supplements. 

Arginine can diminish the paraphernalia of sepsis and infection, concluded the NO alleyway. 

2.3.2 Role in nervous systems  

Arginine plays a role in regenerating dented axons of neurons, substitute as a negotiator for 

undignified proteins scratched through axon injury. It has been claimed that it also acts as a 

memory enhancer and hormonal control modulator. It is convenient to handle Alzheimer's 

disease through its ability to increase polyamide levels and help repair damaged axons. 

2.3.3 In skin  

 Arginine plays a role in healing wounds by stimulating the proliferation of fibroblasts, the 

proclamation of anthropological evolution hormone and collagen manufacture. Treatment 

increases vascular endothelial growth factor release, which helps to keep the skin young and 

improve scleroderma. A high risk of infection after cardiac surgery can be reduced where the 

healing of wounds is dramatically accelerated. 
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2.3.4 In cardiovascular 

Arginase is an abundant enzyme that legalizes polyamine- and nitric-oxide-necessitating 

vascular purposes. It is fine-conventional that, in creatures, arginase overactivation subsidizes 

endothelial dysfunction, a symbol of cardiac sicknesses [7]. 

 

Figure 1 Role of Arginase in Cardiovascular and cardiometabolic diseases imported from 

[7], [8]  

 

2.4 L- Arginase reaction  

The arginase catalyzes the bivalent positive ion reliant on hydrolysis of L- arginine to arrange 

the non – protein amino acid L- ornithine and urea. 
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                Arginine                   Ornithine               Urea 

2.5 Mechanism of arginase as anticancer drugs  

When arginase is converted into ornithine and urea, the normal cells will not be affected 

because they can manufacture arginine from citrulline using enzymes argininosuccinate 

synthase (ASS) and argininosuccinate lyase (ASL), which are not expressed in the cancerous 

cells shown in (Figure 2). 

 

Figure 2 Arginine metabolism in humans. Here OCT: Ornithine Carbamoyl Transferase, 

ASS: Argininosuccinate synthase, ASL: Argininosuccinate lyase.  

2.6 Different Sources of L- arginase  

L- arginase has been identified and characterized from microbial, plants and animal sources. 

Microbial sources are subdivided into bacteria, fungi, yeasts and protozoa. 

2.6.1 Bacterial sources  

Helicobacter pylori roc F gene is the gene that encodes the arginase, which plays a vital 

protagonist in the pathogenesis of its infection. Arginase has similar molecular parameters 
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and kinetic constants to that of bacteria Saccharomyces cerevisiae. Other bacterial sources 

are listed below (Table 2). 

Table 2 Bacterial sources of L – arginase 

BACTERIAL SOURCES REFERENCE 

Bacillus licheniformis [9] 

Bacillus subtilis KY 3281 [10] 

Agrobacterium Ti plasmid C58 [11] 

Bacillus caldovelox [12] 

Streptomyces clavuligerus [13] 

Nocardia lactamdurans [14] 

Bacillus brevis [15] 

Helicobacter pylori [8] 

Rhodobacter [16] 

Cyanobacteria [17] 

Bacillus anthracis [18] 

Chlamydia pneumonia [19] 

Arthrobacter sp. [20] 

 

2.6.2 Fungal sources  

 Neurospora crassa, this fungus, does not possess a urea cycle and has a uricotelic arginase. 

Glycosylated arginase was secreted on or after Xanthoria parietina thallus persuades 

forfeiture cytoplasmatic quantifiable as of its photobionts. According to studies, Arginase is 
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also isolated from Neurospora crassa as isoforms and lots of fungal sources are available 

according to studies (Table3). 

Table 3 Fungal sources of L – arginase  

FUNGAL SOURCES REFERENCES 

Aspergillus nidulans [21] 

Xanthoria parietina [22] 

Trichoderma sp. [23] 

Agaricus bisporus [24] 

Neurospora crassa [25] 

 

2.6.3 Yeast sources  

 S. cerevisiae arginase forms multienzyme composite through ornithine transcarbamoylase on 

which arginase will act as an undesirable allosteric effecter of ornithine transcarbamoylase. 

Different types of yeast sources are listed below (Table 4). 

Table 4 Sources of L – arginase from yeast 

YEAST SOURCES REFERENCE 

Schizosaccharomyces pombe strain 972 [26] 

Xanthoria prientina [27] 

Evernia prunastri [28] 

Peltigera canina [29] 

Leptogium corniculatum [30] 

 

2.6.4 Plant sources  

Arginase is the enzyme that has been reported to isolate from Xylem sap of apple shoots. 

Germinating pumpkin cotyledons shows an increased arginase activity[31]. Arginase is also 

present in tulips in large an amount. The Arginase of cherry tomatoes protects them from 

chilling injury. Arginase can be isolated from many other plant sources (Table 5). 
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Table 5 Sources of L – arginase from plants 

PLANT SOURCES REFERENCES 

Lathyrus sativus seeds [32] 

Vicia faba [33] 

Vitis vinifera [34] 

Canavalia ensiformis [35] 

Glycine max  [36] 

Actinidia deliciosa var. deliciosa  [37] 

Pisum sativum [38] 

Lycopersicon esculatum [39] 

Saccharum officinarum  [40] 

Arabidopsis  [41] 

Panax ginseng [42] 

Pinus taeda [43] 

 

2.6.5 Animal sources  

Arginase can also be isolated from the gut of earthworms. Gills and bottom influence tissues 

of Chiton latus, a common mollusc, has been used as a source of arginase. The haemolymph 

of the giant African land snail is another source that has been reported to extract the arginase 

enzyme. There are several other sources from where arginase can be isolated (Table 6). 

Table 6 Sources of L – arginase from animals 

ANIMAL SOURCES REFERENCES 

Human heart [44] 

Human erythrocytes [45] 

Genypterus maculates [46] 

Clarias batrachus [47] 

Enthrocytes of pigs [48] 

Mus booduga [49] 

Human saliva [50] 

Buffalo liver [51] 

Notothenia neglecta [52] 
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Fruit bat [53] 

Felis catus (tissues of cat) [54] 

Notothenia rossii [55] 

Rana temporaria [56] 

 

2.7 Isolation of arginase 

For isolation of the arginase, the first step is the identification of a suitable source of arginase. 

The bacterial strains can be isolated from nature in different ways.  Several samples need to 

be collected from various sites such as soil or some watersides for the same. The samples are 

then serially diluted and streaked or poured off over the nutrient agar plate. The isolates are 

then allowed to grow by incubating at 37°C for 48 hours. The evolved isolates are then 

analyzed for arginase production and its desired characteristics. 

2.8 Production of arginase 

Many past years, human beings used different types of microorganisms and their enzymes to 

produce bread, cheese, and wine but nowadays, enzymes also used as a therapeutic agent, so 

many studies claim that those enzymes were produced by controlled and contained 

fermentation in closed fermentation tanks, by using proper fermentation tanks, and 

exploitation of glowing demarcated production strain. There are various types of methods 

from which we produce arginase by fermentation, including solid-state fermentation (SSF) 

and submerged fermentation (SmF). The enzyme production by fermentation has different 

advantages, such as it ensures a consistent quality of the product with a very high production 

yield. SSF has a high production yield compared to SmF. Bacteria are the primary sources for 

L-arginase production (Table 7). A general schematic flow chart for the Production and 

Purification of L-arginase is given in Figure 3. 

 Table 7 Production method of bacterial L–arginase 

S. 

No. 

Organism Production 

Method 

Medium Opt. 

Temp 

Opt. 

pH 

Nitrogen 

and carbon 

sources 

Yield References 

1 Bacillus firmus SSF Nutrient Broth 37°C 5 Glucose 7 – 15 

IU/ml 

[57] 

2 B. subtilis SSF Nutrient Broth 45°C 8.4 Yeast extract 

/ Glucose 

 [58] 
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3 B. cereus SSF Nutrient Broth 33°C 5 Glucose 31μg/ml [57] 

4 B. 

licheninformis 

SSF Nutrient Broth 25°C 8 Yeast extract 

/ maltose 

 [57] 

 

                                             Cultural isolation 

                                                  

 

                                   Screening of isolate (B. megaterium) 

 

                        

                                   Preparation of production media 

 

 

 

                             Production by submerged fermentation 

 

 

                                  Determination of arginase activity 

 

 

 

                                    Partial purification of the enzyme 

 

 

                      

                                Kinetics of the partially purified enzymes 

 

 

                Bioprocessing of arginase enzyme under solid-state fermentation 

 

 

 



15 | P a g e  
 

 

 

                                   Extraction of crude enzyme 

                                     

 

                                   Assay of L- arginase activity 

    

 Figure 3 Flow chart of Production and Purification of arginase from B. megaterium [59]                                

 

2.9 Purification of arginase  

Arginase can be purified from different microorganisms, plant and animal species by 

different purification methods and that is listed below in (Table 8) 

Table 8 Purification methods and characterization of arginase from different sources 

 

2.10 Arginase and cancer 

Several surveys have revealed that affected role through enduring provocative illnesses or 

conditions such as tumor, autoimmunity, contagions, and corporeal ordeal, among others, 

have lessened T lymphocyte answers. Upsurges in L-arginine breakdown, specifically 

through polyp cells, myelic cells, and freshly trendy distinctive lymphoid cells, yield 

occurred as per a chief intermediary in the intonation of T-cell rejoinders through pathologies 

Sr. 

No 

Name of organism Purification 

methods 

Km Vmax References 

1 Bacillus thuringiensis Gel filtration 15.6 mM  538.9 U/mg [60] 

2 Human Arginase I 

expressed in 

Saccharomyces cerevisiae 

Metal affinity 

chromatography 

21.8 mM 1600 U/mg [61] 

3 Pseudomonas aeruginosa 

IH2 

Ion Exchange, Gel 

filtration 

chromatography 

- - [62] 

4 Rummeliibacillus pycnus Column 

chromatography 

0.212 mM 1111 U/mg [63] 



16 | P a g e  
 

related to enduring tenderness. Though this vigorous ground is still emerging, empathetic of 

the consequence of L-arginine absorption purpose of invulnerable cells in the tumor. 

Tumor cells need nutrition from the outer environment to get extensive growth. Arginine is a 

nutritionally essential amino acid and plays very different types of functions in its cell 

activity. When a tumor cannot synthesize arginine vulnerably, it will be named as arginine 

auxotrophic. After that, arginine diminution will be attributed to Achille's heel in cancer and 

used to treat arginine auxotrophic cancers. 

2.10.1 Advantages of arginase in cancer  

As a multipurpose amino acid, arginine plays an imperative role in physique well-being. 

Arginine is tangled in fatal expansion, brand-new development, tissue injury and chronic 

metabolic diseases. 

The request of arginine on a renal grievance is contingent on NO since disproportionate NO 

subsidized to the renal grievance. Lump cells have to inflate nourishing desires to encounter 

exhaustive evolution. Certain tumours mislay the capability to manufacture arginine 

vulnerably, explicitly as arginine auxotrophic. Therefore, arginine diminution was attributed 

as Achilles' heel in cancer treatment for arginine auxotrophic tumors.  

2.10.2 Drawbacks of arginase in cancer 

 The premature arginase inhibitors had numerous adjacent paraphernalia due to their low-

slung effectiveness and broad-spectrum arrangements. For example, (DFMO) is a scrawny 

inhibitor of arginase but is broad-based because the situation is correspondingly a compelling 

inhibitor intended for ODC. Thus, while DFMO conduct can intensify NO creation in mock-

ups of preeminent arginase commotion, this consequence might remain facilitated through the 

situation accomplishment in endorsing orthenine accumulations known to constrain arginase. 

2.10.3 Recent work in arginase enzyme 

It is cumulative vibrant that arginine has pedestals of biotic purposes in cellular commotion 

together with tumor pathogenesis. Arginine scarcity treatment unfastens up a new-fangled 

realm of meticulousness and embattled cancer dealing for certain cancer patients. More and 

more biomarkers of compassion and resistance to arginine scarcity will be acknowledged to 

afford methodical pulverized for forthcoming medical expansion.  

2.11 Therapeutic tactics 
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Initial arginase inhibitors have masses of lateral possessions due to their short effectiveness 

and non-explicit movements. For example, difluoro-methyl ornithine (DFMO) is considered 

as a feeble inhibitor of arginase nonetheless then broad-based in that it is correspondingly an 

active inhibitor of ODC. Therefore, though DFMO behaviour can intensify the NO 

manufacture in the presence of high arginase commotion, this result may remain influenced 

by the ability to promote ornithine accretion, which is acknowledged to constrain arginase. 

The embarrassment of ODC will similarly circumscribe polyamine construction, which may 

perhaps diminish oxidative pressure by averting the retrograde breakdown of spermine and 

spermidine by polyamine oxidases.  

2.12 Novel arginase for treating cancer 

Deuce isoforms of enzyme occur Arginase 1 is a cytosolic enzyme that mainly originates in 

hepatocytes, wherever it acts as a grave part in eliminating NH
3
 over urea amalgamation. 

Arginase 2, a mitochondrial enzyme extremely articulated in organ meats, elaborate in the 

creation of ornithine, an ancestor for polyamines and prolines significant for cell propagation 

and collagen manufacture. 

 Lumps practice manifold invulnerable oppressive devices towards dodge resistant 

classification. Ace of these is the lessening of L-arginine finished augmented heights of 

mingling arginase, augmented countenance, and excretion of arginase by growth cells, and 

enrolment of arginase articulating and concealing myeloid resulting suppresser gene cells. 

Pharmacological reserve of arginase motion has been reported to counteract the low L-

arginine-persuaded protected destruction in animal replicas. Thus, it is essential to 

discriminate arginase inhibitors to prevent invulnerable destruction and re-energize 

anticancer protection in patients. 

The contemporary tender designates a sequence of original arginase inhibitors intended to 

handle growth and respirational provocative sicknesses. Respirational provocative diseases 

comprise asthma or chronic obstructive pulmonary disease (COPD). Additionally, the 

submission unveils amalgams, their grounding, usage, pharmacological configuration, or 

handling. 

2.13 In Silico Study 

In silico term is devised in 1989. In Silico is an expression used to mean "performed on 

computer or via computer simulation". For in silico studies, various bioinformatics tools can 
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be used for the structural and functional analysis of the protein based on their primary 

structure (Table 9). 

Table 9 Tools used in the protein prediction 

 

 

 

 

 

 

 

 

 

2.13.1 UniProt 

UniProt is the universal protein resource. An essential source (storage area) for protein data. 

UniProt is an inclusive (large scope), high-value, spontaneously reachable catalogue. 

UniProt remains formed by the UniProt Association - a collaboration between  

 EBI  

 SIB 

 PIR. 

Use of UniProt = Useful in finding protein classification and efficient data.  

 Useful for inferring evolutionary information.  

 We also treasure the role of proteins by  

 Perusal possessions such as the biotic methods they are elaborate in.  

 Their column-translational alterations. 

 Their collaboration by extra particles. 

 Place in cells and creatures. 

Components = UniProt archive (UniParc). UniParc contains only protein sequences. 

Sr. No. Tools Basic function 

1 UniPtrotkb Sequence retrieval 

2 BLASTp Sequence analysis 

3 Clustal-w Multiple sequence alignment 

4 Expasy-ProtParam Physicochemical characterization 

5 PSIPRED or CFSSPS Secondary structure prediction 

6 Motif search tool Functional analysis 

7 CATH server Structural classification 

8 SWISS MODEL/ I- TASSER Homology Modelling/ Threading 

9 QMEAN and UCLA Evaluation of predicted protein 
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2.13.2 BLASTp 

BLAST: Basic Local Alignment Search Tool (BLAST) compares genetic factors and protein 

arrangements in contradiction of others in communal catalogues. 

 BLAST is a usual categorization assessment procedure second hand to exploration records 

for best local alignments to a query. 

Protein-protein BLAST (BLASTp) gives the protein query and proceeds the maximum 

alike protein sequences since the operator stipulates the protein catalogue. 

2.13.3 ClustalW 

Multiple sequence alignment: MSA is the arrangement of 3 or additional biological orders 

of parallel extent. From the production of MSA requests, homology can be indirect and the 

evolutionary connection between the sequences premeditated. 

A popular heuristic algorithm is ClustalW by Des Higgins and Paul Sharp in 1988.  

ClustalW makes multiple global alignments using a progressive alignment approach. 

The ClustalW processing: First, it computes all pairwise alignment and calculates sequence 

similarity between pairs  

1. Then align the most similar pairs of sequences (this gives us an alignment of 2 

sequences called 'profile'). 

2. Align the next closest pair of sequence (or pair of profiles or sequence and profile). 

3.  Align the nest closest pair of sequences/profile 

2.13.4 ExPASy (PROTOPARAM) 

ProtParam is an implement tool that permits the totalling of numerous corporal and chemical 

structures for a given protein stored in Swiss-Prot or TrEMBL or for a user-entered sequence.  

The calculated structures comprise the molecular weight, theoretical pI, amino acid 

composition, atomic composition, extinction coefficient, estimated half-life, instability index, 

aliphatic index or GRAVY. 

2.13.5 CFSSP 

In the Chou Fasman method, the propensity value is important.  
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 R- groups attached to the protein chain are responsible for the propensity value.  

  The main terms used in the Chou Fasman method was 

o Alpha helix or Beta sheet makers  

o Alpha helix or Beta sheet breakers  

o Propensity Value  

Many online and offline server tools are available to envisaging the subordinate structure by 

the Chou Fasman method. 

2.13.6 MOTIF search tool 

Defined as a nucleotide or amino acid sequence pattern that is widespread and is associated 

with a biological function.  

o A sequence motif = A structural Motif.  

o A sequence motif residing in the coding region may encode a structural motif.  

o Non-coding nucleotide motifs may have a regulatory role. May have recognition sites 

for DNA binding proteins. 

2.13.7 CATH 

The CATH catalogue runs a classified organization of protein.  

 Provinces are attained after protein edifices placed in Protein Data Bank.  

Mutually area credentials and consequent classification use guide as well as automatic 

dealings. 

Database construction  

o The information in CATH is attained since PDB records placed in the Protein Data 

Bank. 

o The structures can be determined only through a determination of 4Ǻ or improved are 

encompassed. 

Structural Classification 

Class: Highest level-placed the selected protein into 1 of 4 categories of secondary structure. 

Architecture: Description of the cross arrangement of secondary structure, independent of 

topology.  
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Topology: Indication of complete outline and connectivity of protein's secondary structures. 

Homologous superfamily: Homologous Proteins of known structure (share a common 

ancestor) to a selected protein. 

 2.13.8 SWISS MODEL 

Homology modelling: Homology modelling, similarly recognized as qualified modelling of 

protein, is the procedure that permits to hypothesis an anonymous atomic-resolution 

prototypical of the "target" protein from:  

1. Its amino acid classifications  

SWISS-MODEL: It is an entirely automatic protein homology modelling server. 

Reachable through the ExPASy Molecular Biology web server (http://www.expasy.org/) 

Also, accessible as of Deep view (Swiss Pdb-Viewer) program 

Deep view provides manual control during homology modelling and tools for analyzing 

generated models, 

Swiss-model provides two ways of doing homology modelling 

First approach mode fully automatic procedure 

(http://www.expasy.org/swissmod/SWISS-MODEL.html) 

Optimize Mode manually optimized sequence alignment via DeepView program (Swiss 

Pdb-Viewer) 

2.14 My work 

From the literature survey, we identified that arginase has therapeutic potential for cancer 

treatment, particularly arginine auxotrophic cancers. The already studies arginases have their 

limitations, such as low stability, less efficacy and short half-life. Therefore, we tried to 

identify an alternative source of arginase, which was not yet explored, neither in silico nor 

experimentally.  

During that search, we find out that arginase has been isolated, produced and purified from 

five different Bacillus sp., those species are: 

 Bacillus licheniformis 

 Bacillus subtilis 
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 Bacillus brevis 

 Bacillus caldovelox 

 Bacillus anthracis 

As we study further, we learnt that the arginase from Bacillus megaterium is not explored yet. 

To date, the enzyme isolated from various Bacillus sp. are very promising for producing 

different enzymes. B. megaterium is also a GRAS (Generally Referred As Safe) organism. 

Therefore, we selected B. megaterium arginase for our study. 

Bacillus megaterium is a rod-like Gram-positive aerobic bacteria. These bacteria are mainly 

found in soil and considered as saprophytic organisms. It is a tremendously huge bacteria; it 

is approximately 100 epochs as great as E. coli. Owing to its massive magnitude, which is 

near about 60 micrometres diced. B. megaterium takes remained used to study its assembly, 

protein localization and membranes of the bacteria. While studying the B. megaterium, a new 

study known as the lysogeny classification of B. megaterium can be shown in (Table 10). 

Table 10 Classification of B. megaterium. 

Domain  Bacteria 

Phylum Firmicutes 

Class Bacilli 

Order Bacillales 

Family Bacillaceae 

Genus  Bacillus 

Species  megaterium 
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                                                    OBJECTIVE  

 

1. Identification of a suitable arginase producing bacterial source 

2. To analyze the primary structure of B. megaterium arginase for physiochemical 

characteristics 

3. To analyze the protein structure and its correlation with its function using 

bioinformatics tools 
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                                   3 MATERIALS AND METHODS  

 

3.1 Literature survey 

The literature review survey is carried out by reading some erudite foundations such as book 

chapters, journal articles, and books on bioinformatics, arginase enzyme, and Bacillus 

megaterium. 

3.2 Sequence retrieval 

Sequence retrieval is the procedure to retrieve or gain specific direction of a gene in DNA, 

RNA and protein[64]. The complete B. megaterium arginase sequence was recognized and 

recovered since the operational UNIPROT/ Swiss Prot catalogue server, the knowledge base 

of universal protein resource[65]. The protein sequences of arginase of B. megaterium and 

other Bacillus sp. (Bacillus licheniformis, B. subtilis, B. brevis, B. caldovelox, B. anthracis) 

were copied in the FASTA format for further study. 

3.3 Sequence analysis  

The protein (arginase) sequence of B. megaterium was used as a query sequence and other 

species sequences as a subject sequence for carrying out BLASTp (protein-protein BLAST). 

The BLASTp has given information about amino acid length, similarity/positivity, identity, 

query coverage and E- values of the sequence [66]. 

3.4 Multiple sequence alignment  

MSA remained done using ClustalW. All the arginase sequences of various species in 

FASTA format were aligned and got the MSA results and the evolutionary relationship in the 

phylogenetic tree format[67]. 

3.5 Physico – Chemical characterization  

A server is used to calculate the Physico – Chemical characterization of all the retrieved 

sequences that software is Expasy and ProtParam [68]. The server provides various 

information about the protein based on their primary structure. The report includes protein 

accession number, theoretical pi, extinction coefficient (  , instability index, aliphatic index, 

and grand average of hydropathicity (GRAVY). 
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3.6 Secondary structure prediction  

Secondary structure prediction consists of the secondary elements: helix, turn and sheet, 

which is predicted using the PSIPRED and CFSSP [69]. It defines the functions of proteins. 

3.7 Functional analysis  

Function analysis of arginase was done using the Motif search tool [70]. The SOSUI server 

was used to identify whether BmA is membrane-bound or a soluble protein by exploiting to 

envisage transmembrane helices amino acid arrangements through high meticulousness and 

accuracy [71]. 

3.8 Structural classification  

Structural classification of arginase was done using the CATH server. The CATH catalogue 

assemblages the protein edifices based on the resemblance or a communal evolutionary 

derivation using manual curation and particular processes. This cataloguing technique 

comprises the dispersal of proteins into 4 clusters that are (C) class, (A) architecture, (T) 

topology and (H) homologous family[72]. The class refers to the contents of the secondary 

structure of the proteins such as alpha, beta, mixed alpha/beta mixed etc. In contrast, 

architecture describes the overall arrangements 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 and the last 

hierarchical classification, i.e., homologous superfamily proteins to a group of domains that 

share a common ancestor. 

3.9 Homology modelling  

The comparative protein model of B. megaterium Arginase prepared using SWISS-Model (2) 

using the selected template. If two proteins have a high sequence similarity, then they have a 

similar 3D structure. The prophesied protein model was appraised concluded by both 

QMEAN and UCLA—DOE LAB SAVES [73] (The Structure Analysis and Verification 

Server), which runs six programs for inspection and confirmative protein assemblies 

throughout and subsequently model modification. 

3.10 I – Tasser 

I-TASSER (Iterative Threading Assembly Refinement) is a classified tactic to protein 

building prophecy and structure-based function explanation. 
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                               4 RESULTS AND DISCUSSIONS 

 

4.1 Sequence retrieval  

For the current studies, five different Bacillus species (B. licheniformis, B. subtilis, B. brevis, 

B. caldovelox and B. anthracis) were identified and their arginase sequences were retrieved 

along with Bacillus megaterium arginase (BmA) in FASTA format (Figure 4) from UniProt 

server (1). The five species have been selected based on their comparative arginase length 

with respect to BmA obtained in UniProt through an equivalent number of amino acids 

(length) to illustrate homogeneity in the study (Table 11).   

>tr|D5DKK5|D5DKK5_BACMD Arginase OS:Bacillus megaterium (strain DSM 319) 

OX:592022GN:argIPE:3SV:1MKKDISIIGVPMDYGQTRRGVDMGPSAIRYAGMNTRLE

ALGYTVHDEGDIKVEIKERADVDKNTNLKNLAAVASGNEQLAARVEEVREQDRFPL

ILGGDHSIAIGTLAGVAKGSENLGVIWYDAHGDLNTAETSPSGNIHGMPLAVSLGIGH

PVLLNIGGYTPKIKPENLVIIGARSLDDGEKELIKEKGIKVYTMHEIRLGMTQVMKETI

DYLSGTDGVHLSLDLDGLDPDDAPGVGTPVKGGISYRESHLEMLAEADIVTSAEFVE

VNPILDQHNKTAEVAVALMSSLFGDKLL  

    Figure 4    FASTA sequence of Bacillus megaterium arginase from UniProtKb tool 

 

Table 11 Details of selected sequences of Bacillus sp.  

S. No. Protein Accession number Name of The Bacteria Length 

1  A0A109FWS0 Bacillus megaterium 299 

2  Q65DS7 Bacillus licheniformis 297 

3  P39138 Bacillus subtilis 296 

4  Q65DS7 Bacillus brevis 299 

5  P53608 Bacillus caldovelox 299 

6  D8GXL7 Bacillus anthracis 299 
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4.2 Sequence analysis  

While carrying out the NCBI BLASTp (protein-protein BLAST), the amino acid sequence of 

BmA was used as query and other species sequences as the subject. The BLASTp gave the 

data of amino acid length, similarity/positivity, identity, query coverage and E- value of the 

arginase sequences of B. megaterium and other Bacillus species. BmA shows higher 

homology (>68%) with the selected arginase sequences (Table 12).   

 Table 12 Pairwise sequence alignment of BmA using BLASTp 

 

Multiple sequence alignment is done with the software named ClustalW. It also generates a 

phylogenetic tree of all the species to check the evolutionary relationship between the B. 

megaterium and other Bacillus species (Figure 4). The result we get is Bacillus megaterium is 

ancestrally very similar to another bacillus species.  

 

Bacteria Amino Acid 

Length 

Similarity / 

Positivity 

Identity Query Coverage E - Value 

Bacillus 

licheniformis 

297 243/300(81%) 213/300 (71%) 100% 5e - 154 

Bacillus subtilis 296 248/299(82%) 216/299 (72%) 100% 1e - 159 

Bacillus brevis 299 236/300(78%) 204/300 (68%) 100% 5e - 146 

Bacillus 

caldovelox 

299 253/298(84%) 222/298 (74%) 99% 9e - 165 

Bacillus anthracis 299 253/298(84%) 217/298 (73%) 99% 1e - 160 
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      Figure 4 Phylogenetic classification of B. megaterium with other Bacillus species 

 

4.3 Physico – Chemical characterization  

A server ExpASY ProtoParam was used to calculate the Physico-chemical characterization of 

all the retrieved sequences. The server provides information about protein accession number, 

theoretical pi, extinction coefficient (Ɛ), instability index, aliphatic index, GRAVY (Table 

13). 

a) Theoretical pI: This is the pH of protein at which protein posses a net charge of 

zero. The proteins with more basic amino acids will have a higher pI value; acidic 

protein will have a lower pI value. 

b) Extinction coefficient: It measures the strongly a chemical species or substrate 

absorbs light at a particular wavelength. 

c) Instability index: It quantitates the protein's stability. It determines whether the 

protein is altering in the test tube or not. If the index is less than 40, it is stable in 

the test tube; if it is greater than 40, then probably not stable. 

d) Aliphatic index: This restriction signifies the overall measurements of a protein 

engaged by aliphatic chains. Studies have revealed that a high aliphatic index may 

deliberate a grade of thermostability to a prearranged protein. The aliphatic index 

of a given protein characterizes the capacity of a protein encompassed by aliphatic 

amino acids. 

e) GRAVY: This stricture is illustrative of the general hydrophilic or aquaphobic 

attractiveness of a specified protein. An undesirable GRAVY value implies that 
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the protein is aquaholic though an optimistic charge designates that the protein is 

aquaphobic. All the classifications testified here were originate from having 

undesirable GRAVY values.  

Table 13 Physico-chemical characteristics of arginases of selected Bacillus sp. using 

ExpASY PROTOPARAM tool. 

 

4.4 Secondary structure prediction  

In secondary structure prediction, the secondary elements are helix, turn and sheet prophesied 

via the PSIPRED and CFSSP. It defines the functions of the proteins. The server generates 

secondary structural elements (helices, turns and sheets) (Table 14); it's been pragmatic that 

B. megaterium proteins remained confidential in the two main assemblies' helix and sheet. 

Numerous structural verdicts of B. megaterium have maintained this illustration from diverse 

microbes. Crystal assembly taxations have exposed a variability of organizational structures 

for several B. megaterium from CFSSP server (Figure 5). 

Bacteria Protein 

Accession 

number 

Theoretical 

pI 

 

Extinction 

coefficients 

(M
-1

cm
-1

) 

 

Instability 

index 

 

Aliphatic 

index 

 

Grand average 

of 

hydropathicity 

(GRAVY) 

Bacillus 

megaterium 

 A0A109FWS0 4.85 17420 23.02 99.46 0.152 

Bacillus 

licheniformis 

 Q65DS7 5.07 20400 35.33 104.01 -0.161 

Bacillus 

subtilis 

 P39138 5.10 20400 35.62 102.74 -0.168 

Bacillus 

brevis 

 Q65DS7 5.32 7450 27.92 99.77 0.024 

Bacillus 

caldovelox 

 P53608 5.58 17420 31.86 98.83 -0.116 

Bacillus 

anthracis 

 D8GXL7 4.84 18910 33.66 97.14 -0.081 
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Figure 5 Built secondary structure of B. megaterium from Chou and Fasman server showing 

the percentage of different secondary arrangements 

Table 14 Secondary structures of selected sequences.  

  

 

 

 

 

 

4.5 Functional analysis  

For function analysis, we use the Motif search tool casing and solvable proteins. It is 

illustrious via the SOSUI server that was able to envisage transmembrane helices as amino 

S. No. Protein Acession Numer Helix (%) Sheet (%) Turn (%) 

1  A0A109FWS0 68.6 55.9 12.0 

2  Q65DS7 72.1 64.0 9.1 

3  P39138 75.0 60.1 10.8 

4  Q65DS7 72.8 58.1 8.1 

5  P53608 77.6 30.4 9.7 

6  D8GXL7 77.1 60.6 9.1 
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acid sequences with tall exactness and correctness. There is one motif present in the complete 

BmA sequence shown in (Figure 6). 

                                             

 

                      Figure 6 Identified motif graphical details.                                                      

SOSUI  

Bacillus megaterium: The amino acid sequence is of a soluble protein. 

Length: 356 AA 

Average of hydrophobicity: -0.137302 

4.6 Structural classification  

For structural classification, the CATH server remained cast off. CATH catalogue 

assemblages the protein edifices on the source of resemblance or a communal evolutionary 

derivation through manual curation lengthways with convinced procedures. This cataloguing 

technique embraces the circulation of proteins hooked on four assemblages that are (C) class, 

(A) architecture, (T) topology and (H) homologous family. It gives the 3D structure of 

arginase (Figure 7) 
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                        Figure 7 Structure of B. megaterium arginase 

CATH CLASSIFICATION 

C: Alpha Beta 

A: 3 – Layer (aba) sandwich 

T: Arginase; Chain A 

H: Ureohydrolase domain 

4.7 Homology modelling  

The comparative protein model of Bacillus megaterium in Arginase was built through the 

SWISS-Model using the selected template. It gives different types of structures ribbon-

shaped, cartoon shaped that is shown in (Figure 8). Bacillus cereus has 71.96% similarity 

with B. megaterium arginase sequence. It has homo – trimer state and they have 0.88 GMQE 

values and 0.91 QMEAN values, respectively. The data is given in (Table 15). 

        

Figure 8 Predicted protein structures of arginase based on sequence homology modelling 

using SWISS MODEL                            
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Table 15 Homology modelling data of primary sequence of B. megaterium arginase. 

S. No Template Coverage GMQE QMEAN Identity Oligo state 

1 Bacillus cereus (crystal structure) 0.99 0.88 0.91 71.96 Homo - trimer 

 

Quality estimation of predicted protein 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Quality analysis of predicted protein from different sources: (1) QMEAN score of 

predicted protein,(B) Local quality estimate of QMEAN server, (C) Comparison of built 

model with non – reductant set of structures from QMEAN server. 

 

Ramachandran plot: Used to check chemical properties of protein structure. This plot is 

generated by RAMPAGE  (Figure 10) 
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                  Figure 10 Ramachandran plot  

 

4.8 I-TASSER 

I-TASSER (Iterative Threading Assembly Refinement) is a classified tactic to protein 

construction prophecy and structure-based function explanation. C – score of the structure is 

1.45, which is considered a positive score and the model is correct according to I-Tasser tool 

(Figure11). 

 

 

Figure 11 Predicted 3D model of arginase using I-Tasser tool. C – score = 1.45 
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4.8.1 Predicted secondary structure  

There are lots of helices in this structure; strands and coils are also present, which is shown in 

(Figure 12). When the value of the amino acid score is close to 9 the structure is reliable. 

When the score is close to 0 – 3 then the structure is unreliable; in Figure 12, only a few 

residues are unreliable mainly, all residues are reliable. 

 

 

 

              Figure 12 Sequence-based prediction of secondary structure  

 

Predicted normalized B – factor 

 

 

                    Figure 13 Predicted normalized B - factor 
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4.9 QMEAN and UCLA—DOE LAB SAVES (For evaluation of predicted protein)  

 4.9.1 ERRAT SERVER OUTPUT  

Conferring to SAVES ERRAT, a decent high tenacity (>3 A˚) building commonly produce 

standards around 95% or advanced. As the general eminence feature determined from 

SAVES ERRAT was 97.905, the tenacity of the current erected 3D model is upright than 3 

A˚ which is required that is shown in (Figure 14). 

 

 

 

 

                 Figure 14 Overall quality check by ERRAT (SAVES server)                                                 

                                   Overall quality factor = 97.905 
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 4.9.2 Verify 3D output  

Giving to SAVES Verify3D, the tiniest 80% of the amino acids would score C 0.2 in the 3D/ 

1D outline to get a pass for existence a normal good quality edifice, which is here 89.83% 

At least 80% of the amino acids have scored >= 0.2 in the 3D/1D profile. 

The model is pass because it is an 89.93% score, as shown in (Figure 15). 
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Figure 15 Average score and raw score of predicted B. megaterium arginase structure by 

VERIFY3D 89.93% of the residues have averaged 3D – 1D score > = 0.2 

 

 

Figure 16 Ramachandran plot of matrix protein of BmA generated using Procheck software 

 

4.9.3 PROCHECK 

Ramachandran plot: 93.3% core,  6.5% allow, 0.1% general, 0.1% disallow,  

Overall = - 0.06 

This plot shows the psi – psi torsion angles for all deposits in the collaborative.  
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Discussion: From the literature survey, it was determined that the arginase enzyme has some 

antineoplastic possessions, which is convenient to treat arginase auxotrophic cancers such as 

prostate cancer, melanoma, lung cancer, T- lymphoblastic leukaemia, and osteosarcoma. 

From the UniProt kb database, a total of 6 arginase sequences of B. species were retrieved 

based on the number of amino acid residues length. The sequence was analyzed using 

BLASTp. The result suggested that B. megaterium arginase has great similarity with other 

Bacillus species arginases. Multiple sequence alignment of selected arginase sequences was 

done using ClustalW. This data is then used to get the phylogenetic tree which showed very 

similar ancestral characters of Bacillus megaterium arginase with that of other Bacillus 

species.  

Primary structures of BmA and other selected arginases were used to characterize 

physicochemical properties of the protein using Expasy PROTPARAM Tools, which detailed 

the information about amino acid composition, identification, quality, purity and stability of 

all the Bacillus sp. The data suggested all the arginase proteins are stable, having pI near to 

acidic range.  

The secondary structure of the BmA was predicted using the PSIPRED server that suggested 

the protein is an αβ type. Then another step is structural classification. It gives the protein 

structure of the Bacillus megaterium, which is required for the purpose of future studies. 

Since the BmA protein crystal structure is not available, the 3D structure was homology 

modelled using SWISS-MODEL. The overall quality factor determined from SAVES 

ERRAT was 97.905% which is desirable hence the model is passed. According to SAVES 

Verify3D, which is here 89.89%.and considered as good score hence our model is passed. 

According to all the results, it is concluded that the B. megaterium is a good source for 

isolating the arginase enzyme. 
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