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Abstract—Enzymes have greatly contributed to environmentally 
adapted clean and green technology due to their biodegradable 
nature and therefore have replaced harsh chemicals to a great extent. 
Proteases are a unique class of enzymes as they possess both 
degradative and synthetic properties. Their applications in industry 
and therapeutics have grown rapidly in the last two decades. 
Proteases comprise a vast group of enzymes with applications in 
various industries viz; pulp and paper, textiles, detergent, leathering, 
baking and bioremediation processes. They account for 65% of total 
world wide enzyme sale. Multiple application of these enzymes 
stimulated interest to discover them with novel properties and 
considerable advancement of basic research into these enzymes. A 
broad understanding of the active site of the enzyme and of the 
mechanism of its inactivation is essential for delineating its structure-
function relationship. In this investigation, seven papain family 
cysteine protease from different organisms were retrieved from 
NCBI. All the seven protease sequences were analyzed and 
characterized in silico using various computational Their physico-
chemical properties, hydropathicity and secondary structure have 
been identified. Phylogenetic analysis was also performed using 
MEGA6. The study might be an initiation in understanding the 
underlying structural and functional aspects of these proteins, their 
common characteristics and other features for academic and 
industrial purposes.  

1. INTRODUCTION 

 Proteases (also termed as proteolytic enzymes or proteinases) 
refer to a group of enzymes whose catalytic function is to 
hydrolyze peptide bonds of proteins. These enzymes are 
widely distributed in all plants, animals and microorganisms. 
Proteases account for approximately 2% of the human genome 
and 1 to 5% of genomes of infectious organisms [1, 2]. The 
necessity of proteases has made them industrially important 
enzyme. They account for 65% of total worldwide enzyme 
sale. Many proteases have been isolated from latex, fruits and 
seeds. They have importance in both commercial and 
physiological fields. They have major applications in 
industrial process such as laundry, silk, pharmaceutical, food 
and degradation of gelatin on X-ray films [3]. They are also 

used in bioremediation process. They are widely used in 
detergents, leather, waste management and silver recovery [4].  

Proteases are ubiquitous in nature. A variety of 
microorganisms such as bacteria, fungi and actinomycetes are 
known to yield these enzymes [5]. It would be beneficial to 
utilize a fungal protease as fungal expression systems are 
accomplished of producing huge quantities of enzymes [6]. 
Proteases are formed by various species of fungi such as 
Aspergillus [7], Mucor [8], Fusarium [9], Cephalosporium 
[10] and Rhizopus [11]. Filamentous fungi, such as 
Aspergillus are used for large scale production of bulk 
industrial enzymes. [12]. Actinomycetes, a protease producing 
bacteria used in industrial purpose, pharmaceutical and 
cytotoxic agent [13]. Bacillus sp. was found to be predominant 
and rich source of alkaline proteases and have been reported to 
produce extracellular alkaline protease [14]. B. substilis 
produce large amount of protease and used for industrial 
purposes [15]. Among several proteases, bacterial proteases 
are more significant compared to with animal and fungal 
protease [16]. They are present in Bacillus subtilis, 
B.amyloliquefaciens, Pseudomonas sp., Lysobacter 
enzymogene, E. coli etc. [17]. B. subtilis yield alkaline 
protease that can be utilize in textiles, leather and food 
industries [18]. Plants are also the rich source of protease 
enzyme [19]. The objective of this study is to characterize all 
the sequences of papain family cysteine protease from 
Legionella pneumophila, Dictyocaulus viviparus, 
Pandoravirus inopinatum, Bacillus cereus, Gregarina 
niphandrodes, Ancylostoma duodenale and Capsaspora 
owczarzaki ATCC 30864 by using in-silico techniques which 
will be valuable to understand the structural features and will 
raise the prospects of its academic or commercial use. 
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2. MATERIAL AND METHODS 

2.1 Sequence analysis  

 Papain family cysteine protease sequences were retrieved 
from the NCBI (National Center for Biotechnology 
Information) by using the keywords ‘Papain family cysteine 
protease’ for Legionella pneumophila, Dictyocaulus viviparus, 
Pandoravirus inopinatum, Bacillus cereus, Gregarina 
niphandrodes, Ancylostoma duodenale and Capsaspora 
owczarzaki ATCC 30864 (Table 1).  

2.2 Physico-chemical characterization  

 The amino acid compositions (Fig. 1) of papain family 
cysteine protease sequences were computed using the 
Expasy’s Protparam tool. The physico-chemical 
characterization, isoelectric point (Ip), molecular weight 
(M.W.), total number of positive and negative residues, 
extinction coefficient (E.C.), instability index (I.I.) [21], 
aliphatic index (A.I) [22] and grand averge hydropathicity 
(GRAVY) [23] were computed using the Expasy ProtParam 
[24] prediction server (Fig. 2). 

Table 1: Papain family cysteine protease sequences  
retrieved from NCBI. 

S. No. Accession No. 
Sequence 

description 
Organism 

name 
Sequence 

length 

1 GAN27912 

papain 
family 
cysteine 
protease  

Legionella 
pneumophila 

364 AA 

2 KJH4665 

papain 
family 
cysteine 
protease 

Dictyocaulus 
viviparus 

356 AA 

3  YP_009120189  

papain 
family 
cysteine 
protease 

Pandoravirus 
inopinatum 

370 AA 

4  AJI16751  

papain 
family 
cysteine 
protease 

Bacillus 
cereus 

268 AA 

5 XP_011129855 

papain 
family 
cysteine 
protease 

Gregarina 
niphandrodes 

372 AA 

6 KIH68116 

papain 
family 
cysteine 
protease 

Ancylostoma 
duodenale 

214 AA 

7 KJE88537 

papain 
family 
cysteine 
protease 

Capsaspora 
owczarzaki 

589 AA 

 

 

2.3 Secondary structure prediction  

The analysis of the secondary structure of protein sequences 
were based only on knowledge of their primary structure. The 
secondary structure feature of the papain family cysteine 
protease sequences from Legionella pneumophila, 
Dictyocaulus viviparus, Pandoravirus inopinatum, Bacillus 
cereus, Gregarina niphandrodes, Ancylostoma duodenale and 
Capsaspora owczarzaki ATCC 30864 were identified by 
GORIV [25]. It is used to describe secondary structure 
freatures such as sequence length, alpha helix, beta turn and 
random coil etc. (Fig. 3). 

2.4 Phylogenetic Analysis 

Phylogentic tree (Fig. 4) was constructed using neighbor-
joining method [26] using Molecular Evolutionary Genetics 
Analysis (MEGA) software version 6 [27]. 

3. RESULTS AND DISCUSSION 

The amino acid sequence determines the fundamental 
properties of the enzymes. A set of conserved amino acid 
residues located in vicinity that provide clues to the functions 
is termed as motif. Motifs were predicted using Motif Finder. 
It has been predicted that all the sequences have similar motif 
among all the protease but at different positions (Table 2). 
Protease sequences were classified as soluble protein by 
SOSUI server except KJH46615 and KJE88537.1, which were 
classified as membrane proteins. SOSUI server identified one 
transmembrane region in KJH46615 and KJE88537.1. 

The amino acid composition of papain family cysteine 
protease is represented in Fig. 1. The values of isoelectric 
point (pI) of the proteases from Legionella pneumophila, 
Dictyocaulus viviparus, Pandoravirus inopinatum, Bacillus 
cereus, Gregarina niphandrodes, Ancylostoma duodenale and 
Capsaspora owczarzaki ATCC 30864 were in the range 4.96 
to 9.18 indicating that all are acidic in nature except 
YP_009120189.1 and KIH68116.1 because their pI value was 
more than 7. The computed isolelectric point will be useful for 
developing buffer system when these enzymes are to be 
purified in solution by isoelectric focusing method [28]. The 
Expasy’s Protparam was used to determine the extinction 
coefficient of the proteases. Extinction coefficient of proteases 
at 280nm ranged from 31525 to 126500 M−1 cm−1 with respect 
to the concentration of Cys, Trp and Tyr. The extinction 
coefficient was high in KJE88537.1 indicating the presence of 
high concentration of aromatic amino acids. The computed 
protease concentrations and extinction coefficients will be 
used in the quantitative study of protein-protein and protein-
ligand interactions in solution.  

The aliphatic index (AI), defined as the relative volume of a 
protein occupied by aliphatic side chains, is regarded as a 
positive factor for the increase of thermal stability of globular 
proteins. Aliphatic index for the protease sequences ranged 
from 59.72 – 91.65. The very high aliphatic index of these 
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Fig. 4: Results of phylogenetic analysis using MEGA 6. 

4. CONCLUSION 

In our study, we have characterized amino acid sequences of 
multiple papain family cysteine proteases present in 
Legionella pneumophila, Dictyocaulus viviparus, 
Pandoravirus inopinatum, Bacillus cereus, Gregarina 
niphandrodes, Ancylostoma duodenale and Capsaspora 
owczarzaki ATCC 30864. Total seven sequences of cysteine 
protease have been analyzed to acquire an understanding 
about their functional properties, physico-chemical properties 
and phylogenetic analysis by using in silico techniques. By 
performing motif search it has been observed that papin family 
cysteine protease domain is present but at varied position. 
SOUSI predicts that all are the soluble protein except 
KJH46615 and KJE88537.1. Primary structure analyses 
revealed that the proteases were hydrophilic and are expected 
to be stable over wide range of temperature. Secondary 
structure analysis established that in most of the sequences, 
random coils were the dominating secondary structure 
elements followed by alpha helix, extended strand and beta 
turns. The construction of phylogeny tree was done by 
neighbor joining algorithm. The evolutionary analysis shows 
that all the protease sequences share common ancestor and 
they are evolutionary related. This study will provide insight 
about the physicochemical properties and function of cysteine 
protease which will further aid in formulating their uses in 
academics and industries.  
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