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Abstract 

Snake venom is a complex mixture of many proteins and polypeptides which have pharmacological 

activities. These protein components usually comprise a highly evolved and organized armory of 

biomolecules that attack, often with precision and coordinated synergism, a wide range of molecular 

targets vital for physiological processes. Snake venom metalloproteinases (SVMPs) are one of the main 

toxin proteins widely distributed in snake venoms and play significant roles in neurodegenerative 

disorders, hemostatic disorders and local tissue damage that follows snakebite. The impact of SVMPs on 

hemostasis has been extensively studied showing diverse effects on soluble factors as well as cellular 

components. The action of SVMPs involves catalytic and anti-adhesive properties with direct cellular 

activation or the release of endogenous bioactive components. In this study, a total of 16 

metalloproteinases protein sequences were retrieved from NCBI protein database and characterized for 

different physic-chemical properties, Multiple Sequence Alignment (MSA), phylogenetic analysis and 

motifs election. ExPASy’s Prot Param tool was used to analyze the physic-chemical properties of the 

selected proteins. The Molecular Weight (M.Wt) ranges from 27813.6 to 69554.9 Da, Isoelectric points 

(pI) of ten distinct snake species were found to be acidic in nature and remaining six basic behaviors. The 

aliphatic index figure outs studied metalloproteinases illustrated the tendency of having both wide and 

low range of temperature as 9 proteins showed AI above 70 and others showed AI value below 70. The 

lower GRAVY value signifies that there will be better interaction of protein with water. The secondary 

structure prediction was carried out by SOPMA which showed that random coils dominated all the other 

conformations. Multiple sequence analysis and Phylogenetic analysis of metalloproteinases were done by 

MEGA 5. Motif election was completed by MEME which signifies motif 1 (13 sequences), Motif 2 (15 

sequences), Motif 3 (15 sequences) and these shows the region which was done by Pfam also allude the 

reprolysin protein family. 
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Introduction 

Snake venom is a very complex cocktail of powerful proteins and peptides possessing a 

variety of biological activities. They are the secretory substances which are synthesized and 

stored in highly specialized venom glands and are used for defense, in an evolutionary 

adaptation to immobilize the prey. It also helps in digestion of variety of diets of snakes [1]. 

The use of snake venom in different pathophysiological conditions has been referred in 

homeopathy and folk medicine for centuries. More than sixty years it was realized that the 

physiologically active components of snake venoms might have therapeutic potential [2]. 

Therefore, the venom enzymes are considered as important biological resource and very 

prominent models for biochemical and structural studies as they offer interesting strategies for 

vaccines or antidotes design. Several major human drugs or diagnostics have been developed 

based on snake venom components as well some fundamental biological processes have been 

disclosed using toxins as probes to study cells and their receptors. Captopril, an 

antihypertensive drug, is a classic example that was modeled from Bothrops jararaca venom 
[3]. Snake venom may be a crucial nominee for the medicine in the future which could open the 

doors for new era of medicines and research for treatment of cancer [4-7]. One of the major 

components of snake venom is the snake venom hemorrhagic metalloproteinases (SVMPs) 

which found in most Crotalid and Viperid venoms [8]. They belong to the family of zinc 

endopeptidases varying in size from 20 to 100 kDa, capable of degrading protein of extra 

cellular matrix and components of hemostatic system [9]. Metalloproteinases of different sizes 

are often present in the same venom. SVMPs are grouped into several types (PI to P-IV) 

according to their domain organization that are present in these complexes [10]. They generate  
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variable tissue and cellular pathology in bite victims. These 

enzymes induce profuse hemorrhage, blood coagulation, and 

the inactivation/activation of complement proteins [11]. 

Nevertheless other members of the SVMPs hold fibrin(-ogen) 

olytic activity [12], function as prothrombin activators [13] 

include proapoptotic activity [14], serve as in activators of 

blood serine proteinase inhibitors [15], and activate factor X (a 

pro-coagulation protein) [16]. Snake venom encloses panoply 

of metalloproteinases with miscellaneous biochemical 

activities. They can be used as potential tools for treating a 

variety of human disorders and conditions. SVMPs stand for 

promising candidate drugs for treating diseases concerning 

abnormal blood clot formation and for reversing brain 

pathology as observed for some neurodegenerative disorders, 

hemostatic disorders and local tissue damage since they serve 

as defibrinogenating agents [17]. In our present study we 

focused on the investigation of diversification profile of 

amino acid sequences, secondary structure analysis and 

conservation pattern of amino acid residues and phylogenetic 

tree of snake venom metalloproteinase proteins from different 

snake species. This also helps us to analyze comparative 

physicochemical and structural properties of snake 

metalloproteinase and also better understanding of effective 

conserved motif structure of metalloproteinases. 

 

Materials and Methods  
A set of 16 metalloproteinases protein sequences (Table 1) 

were retrieved in FASTA format [18-20] from National Centre 

for Biotechnology Information (NCBI), cited at 

http://www.ncbi.nlm.nih.gov. 

 
Table 1: Metallproteinase sequences retrieved from NCBI database 

 

S. No Accession no. Organism’s name 

01 ABN72536.1 Bungarus fasciatus 

02 B8K1W0.1 Daboia russellii russellii 

03 ABN72547.1 Naja atra 

04 AAQ63966.1 Protobothrops jerdonii 

05 ABM87941.1 Ophiophagus hannah 

06 ADI47712.1 Echis coloratus 

07 JC8020 Trimeresurus jerdonii 

08 ABE73077.1 Gloydius halys 

09 P0C6B6.1 Trimeresurus albolabris 

10 A8QL49.1 Bungarus multicinctus 

11 ABK63559.1 Demansia vestigiata 

12 F8RKW1.1 Drysdalia coronoides 

13 ADI47604.1 Echis carinatus sochureki 

14 JAB52758.1 Micrurus fulvius 

15 Q10749.3 Naja mossambica 

16 AAM27043.1 Crotalus molossus molossus 

 

Each Sequence depicts the metalloproteinase from each 

different snake species. The sequence was used as the input 

data type to compute various physical and chemical 

parameters, such as molecular weight, isoelectric point (pI), 

instability index, aliphatic index and Grand Average of 

Hydropathy (GRAVY) with the help of Expasy Protparam 

tool and these properties can be deduced from a protein 

sequence. The computed Isolelectric point (pI) will be helpful 

for developing buffer systems for purification by isoelectric 

focusing method [21]. Estimation of protein stability is possible 

through instability index where a protein whose instability 

index is smaller than 40 is predicted stable in nature and a 

value above 40 predicts that the protein may be unstable in 

nature [22]. The aliphatic index (AI) of a protein is defined as 

the relative volume occupied by aliphatic side chains helps to 

study thermo stable properties of an enzyme. Proteins with a 

high aliphatic index are more thermally stable. The secondary 

structural feature was predicted by SOPMA (Self-Optimized 

Prediction Method with Alignment [23], tool of NPS (Network 

Protein Sequence Analysis) [24]. This method determines the 

content of α-helix, β- sheets, turns, random coils and extended 

strands. SOPMA is a neural network based methods; global 

sequence prediction may be done by this sequence method 
[25]. Motif election is very necessary for predicting probable 

domain of selected metalloproteinases. Motif election and 

domain analysis was done through MEME. All 

metalloproteinase sequences from different snake species 

were subjected to multiple sequence alignment by Clwstal 

W2. Phylogenetic analyses based on protein sequences were 

found by using the maximum-likelihood method with MEGA 

5.2.2 version. 

 

Results 
The metalloproteinases sequences of selected sixteen snake 

species were retrieved from protein database of NCBI. The 

physicochemical parameters signify the behavior of 

metalloproteinases in different condition (Table 2).  

 
Table 2: Physicochemical properties analysis by ProtParam 

 

Accession no. Molecular weight Theoretical pI Grand average of hydropathicity (GRAVY) Instability index Aliphatic index 

ABN72536.1 68201.7 8.74 -0.548 42.44 66.38 

B8K1W0.1 69554.9 5.95 -0.438 37.66 73.20 

ABN72547.1 69402.5 5.25 -0.411 39.88 70.98 

AAQ63966.1 54613.4 5.27 -0.524 40.50 70.70 

ABM87941.1 69048.5 5.67 -0.473 44.17 69.23 

ADI47712.1 54992.6 5.43 -0.496 33.91 70.28 

JC8020 54613.4 5.27 -0.524 40.50 70.70 

ABE73077.1 53141.9 5.31 -0.375 34.99 78.07 

P0C6B6.1 54264.0 5.18 -0.477 35.93 73.70 
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A8QL49.1 68988.1 8.73 -0.487 42.57 73.68 

ABK63559.1 68312.2 5.55 -0.472 43.97 68.09 

F8RKW1.1 68239.7 5.20 -0.495 44.10 67.24 

ADI47604.1 27813.6 5.03 -0.615 44.49 44.98 

JAB52758.1 69037.0 8.54 -0.542 41.63 67.70 

Q10749.3 68176.1 6.30 -0.542 46.51 64.83 

AAM27043.1 46644.8 5.24 -0.387 36.50 88.72 

 

The physicochemical properties illustrate that the molecular 

weight ranges from ranges from 27813.6 to 69554.9 Da. The 

highest molecular weight was found in Daboia russellii 

russellii (69554.9 Da) and lowest in Protobothrops jerdonii 

(27813.6 Da). The computed Isoelectric point (pI) of the 

studied metalloproteinases revealed their acidic behavior 

(pI<7), whereas pI for Bungarus fasciatus (ABN72536.1), 

Bungarus multicinctus (A8QL49.1), Micrurus fulvius 

(JAB52758.1) indicated their basic behaviour. On the basis of 

instability index Expasy’s ProtParam classified the ten 

metalloproteinases were unstable (Instability index >40) and 

remaining six Daboia russellii russellii (B8K1W0.1), Naja 

atra (ABN72547.1), Echis coloratus (ADI47712.1), Gloydius 

halys (ABE73077.1), Trimeresurus albolabris (P0C6B6.1) 

and Crotalus molossus molossus (AAM27043.1) respectively 

were stable (Instability index <40). In addition, Aliphatic 

Index (AI) of studied metalloproteinases found to span within 

a range of 64.83 to 88.72. Stability of snake 

metalloproteinases in a small range suggests their unstable 

nature over wide temperature range, although particular 

metalloproteinase of Crotalus molossus molossus is observed 

as the most thermo stable metalloproteinase. GRAVY value 

of the considered metalloproteinases demonstrated that all 

proteins show lower GRAVY value which indicates the better 

interaction of that protein with water. The very low GRAVY 

index of proteins from Crotalus molossus molossus 

(AAM27043.1) and Gloydius halys (ABE73077.1) infers that 

these proteins could result in a better interaction with water.  

Secondary structural analysis indicates that random coil 

predominate the other structures where β-turn being the least 

conformational structure (Table 3). Among all studied 

metalloproteinase, it was found that β-turns showing very less 

percentage of conformation (below 13%). Extended strands 

were ranging from 19- 28% in the majority of the 

metalloproteinase. The secondary structure shows whether a 

given amino acid lies in a helix, strand or coil [26-27]. 

 
Table 3: Secondary structure analysis by SOPMA 

 

Accession 

no. 

Alpha helix 

(Hh %) 

Extended 

strand (Ee %) 

Beta turn 

(Tt %) 

Random 

coil (Cc %) 

ABN72536.1 22.31 25.62 12.89 39.17 

B8K1W0.1 26.18 25.85 9.11 38.86 

ABN72547.1 23.67 24.96 10.79 40.58 

AAQ63966.1 25.62 23.97 9.09 41.32 

ABM87941.1 24.88 24.71 9.49 40.92 

ADI47712.1 21.26 22.27 10.53 45.95 

JC8020 25.62 23.97 9.09 41.32 

ABE73077.1 26.42 22.64 9.64 41.30 

P0C6B6.1 21.49 24.59 9.09 44.83 

A8QL49.1 21.82 25.57 10.59 42.02 

ABK63559.1 21.60 25.70 9.49 43.21 

F8RKW1.1 16.97 26.59 8.65 47.80 

ADI47604.1 14.57 19.43 10.93 55.06 

JAB52758.1 20.72 28.22 9014 41.92 

Q10749.3 22.82 24.14 11.49 41.54 

AAM27043.1 24.40 27.29 10.14 38.16 

 

Phylogenetic analyses based on protein sequences were done 

by the maximum likelihood method with the MEGA 5.2.2. 

The resulting tree is represented in (Fig. 1).  

 

 
 

Fig 1: phylogenetic tree of neurotrxin 

 

Phylogenetic tree was built using Neighbor-Joining method. 

A number of clusters with close relationships were revealed 

including Bungarus fasciatus (ABN72536.1) and Bungarus 

multicinctus (A8QL49.1), Demansia vestigiata 

(ABK63559.1) and Drysdalia coronoides (F8RKW1.1), Naja 

atra (ABN72547.1) and Ophiophagus hannah 

(ABM87941.1). Furthermore, Daboia russellii russellii 

(B8K1W0.1) and Echis carinatus (ADI47604.1), 

Protobothrops jerdonii (AAQ63966.1) and Trimeresurus 

jerdonii (JC8020) has close relation Trimeresurus albolabris 

(P0C6B6.1). Proteins in close evolutionary relationship may 

be considered together for their association in similar 

biological processes. 
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Motif analysis of the metalloproteinase sequences was 

performed by using MEME. The output of this modal of 

MEME shows color graphical alignment with common 

regular expression of motifs. The block depicts start and end 

point of the amino acid sequences with motif length. This is 

recognized fact E-value describes the statistical significance 

of the motif. The E-value is an evaluation of the probable 

number of motifs with the given log probability ratio (or 

higher) along with the same width and site count present, that 

one would find in a similarly sized set of random sequences. 

On the other hand, motif width identifies that each motif 

describes a pattern of a fixed with as no gaps are allowed in 

MEME motifs. In MEME package, sites characterize the 

conserved regions present in the particular motifs. Site 

numbers are the important contributing factor to the 

construction of the motifs. MEME selects the width and 

number of occurrences of each motif automatically to 

minimize the ‘E-value’ of the motif which increases the 

probability of finding an equally well-conserved pattern in 

random sequences. Motif overview has revealed in figure 

describing 1.5e-440 E-value of motif one, 7.0e-572 E-value of 

motif two and 82.9e-516 Evalue of motif three. E-value, 

width, sites and sequence logo are given in Table 4.  

 
Table 4: MEME result of 3 motifs of metalloproteinase sequences. 

 

Motif number Width E-Value Sites Sequence logo 

1 50 1.5e-440 13  

2 50 7.0e-572 15  
3 50 2.9e-516 15  

 

These three motifs (Fig. 2) found by MEME are subjected to 

Pfam (protein family database) to identify the domain of 

protein family related to our MEME motifs. Multiple 

sequence alignment using ClustalW2 shows significant 

alignment pattern (Fig. 3). 

 

 
 

Fig 2: Motif Elkection by me me modf1, modf2, motif3 
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Fig 3: Moultiple Sequence Alignment by Clustal W2 

 

Discussion 

The physicochemical properties of metalloproteinases stand 

for several features which reveal molecular weight, theoretical 

pI, instability index, aliphatic index and grand average of 

hydropathicity. In this investigation, most studied 

metalloproteinases are unstable, acidic and can exhibit better 

interaction with water. A predominance of random coil is seen 

in the secondary structure of metalloproteinases. This is 

proficient to predict three dimensional structures of proteins 

and can assist in approximation of some aspects of protein 

function and their classification into families [28-29]. Phylogeny 

stands for the evolutionary spectrum of studied 

metalloproteinases. Motif is very significant for representing 

the domain of particular protein family. There are some 

conserved regions in a protein sequence which are known as 

motifs. Each protein has specific function in the living 

organism and proteins can be characterized by more than one 

motif and it can be classified using certain specific motifs. 

Motif helps to observe the functional domain of proteins and 

also motif represents the conserved pattern in protein 

sequences through which we can design degenerate primer of 

that protein sequence. Motif one embodies the similarity with 

Domain of Unknown Function (DUF) protein family and 

more than 30% of all protein domains are currently annotated 

as “Domains of Unknown Function” (DUFs). Evolutionary 

conservation recommends that many of these DUFs are very 

significant [30]. All motifs (one, two and three) represent the 

domain of reprolysin protein family. By using ClustalW2 tool, 

multiple sequence alignment was done which displays a 

useful alignment pattern where all motifs were sought out. 

Comparative analysis by using multiple sequence alignment, 

conserved cysteine is present in all sequences and cysteine 

also finds in maximum sequences. Cysteine amino acid 

illustrates the disulphide bonds and also reveals the 

subsistence of functional domain. 

 

Conclusion  

In this research, it was tried to disclose the hidden information 

about 16 metalloproteinases sequences from different snake 

species by analyzing their structural features e.g. physico-

chemical properties, secondary structural features and 

phylogenetic classification. Intensive characterization and 

comparative analysis of the neurotoxins with the help of 

numerous bio-computational tools were used to ease up the 

process of finding and yielded novel insights and views which 

can be employed in pharmaceutical industry. Secondary 

structure studies showed that all the studied proteins contain 

high percentage of random coils and the least conformation 

was of β-turns. In motifs conserved sequences aid us to 

culminate an important insight of functional domain. 

Conserved sequences also may be exploited for designing 

specific degenerate primers for identification and isolation of 

type and class of neurotoxins as numerous neurotoxins are 

being isolated to fulfill the need of efficient application in 

various system. This study has shown the preliminary outlook 

of metalloproteinases. More study is needed which will 

facilitate us to comprehend the structure and mechanism of 

metalloproteinases. The findings throughout this study may be 

used by researchers working on snake metalloproteinases in 

context of any experimental system. 
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