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Abstract 

The SERPINA1 gene provides instructions for making 

a protein called alpha-1 antitrypsin, which is a type of 

serine protease inhibitor (serpin). Alpha-1 antitrypsin 

protects the lungs from neutrophil elastase, which can 

damage lung tissue if not properly controlled. The 

current work involves the complete annotation of 

SERPINA1 followed by analysing its role in COPD 

disease. The work can be extended in designing a 

potential ligand (drug) that can exhibit a good docking 

energy and can be used in the therapy of the same. By 

using different Bioinformatics Tools Structural & 

functional analysis of alpha-1 antitrypsin is done. 

Serpins (serine proteinase inhibitors) belong to 

MEROPS inhibitor family I4, clan ID. Several 

softwares and Databases have been used in the work. 

NCBI, Gene Cards, PDB, Pubchem were the databases 

used for collecting the protein Sequence, Functional 

Information, Structure and chemical compounds 

respectively. Certain tools like Dundee ProDrg Server, 

Protparam, CASTP etc are used for data analysis. The 

docking was performed using Hex software. Based on 

the energy values exhibited, the best ligand selected 

was Gabexate mesylate with its docking energy of - 

264.27. 
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Introduction 

COPD, or chronic obstructive pulmonary (PULL-

mun-ary) disease, is a progressive disease that makes 

it hard to breathe. "Progressive" means the disease gets 

worse over time. COPD can cause coughing that 

produces large amounts of mucus (a slimy substance), 

wheezing, shortness of breath, chest tightness, and 

other symptoms. Cigarette smoking is the leading 

cause of COPD. Most people who have COPD smoke 

or used to smoke. Long-term exposure to other lung 

irritants—such as air pollution, chemical fumes, or 

dust—also may contribute to COPD. The airways and 

air sacs are elastic (stretchy). When you breathe in, 

each air sac fills up with air like a small balloon. When 

you breathe out, the air sacs deflate and the air goes 

out. In COPD, less air flows in and out of the airways 

because of one or more of the following: The airways 

and air sacs lose their elastic quality. The walls 

between many of the air sacs are destroyed. The walls 

of the airways become thick and inflamed. The 

airways make more mucus than usual, which can clog 

them. 

In the United States, the term "COPD" includes two 

main conditions—emphysema (em-fih-SE-ma) 

and chronic bronchitis (bron-KI-tis). (Note: The 

Health Topics article about bronchitis discusses both 

acute and chronic bronchitis.) 

In emphysema, the walls between many of the air sacs 

are damaged. As a result, the air sacs lose their shape 

and become floppy. This damage also can destroy the 

walls of the air sacs, leading to fewer and larger air 

sacs instead of many tiny ones. If this happens, the 

amount of gas exchange in the lungs is reduced. 

 

The SERPINA1 gene provides instructions for making 

a protein called alpha-1 antitrypsin, which is a type of 

serine protease inhibitor (serpin). Serpins help control 

several types of chemical reactions by blocking 

(inhibiting) the activity of certain enzymes. Alpha-1 

antitrypsin prevents the digestive enzyme trypsin from 

breaking down proteins until trypsin reaches the 

intestines. Alpha-1 antitrypsin also inhibits other 

enzymes, including a powerful enzyme called 

neutrophil elastase that is released from white blood 

cells to fight infection. Alpha-1 antitrypsin protects the 

lungs from neutrophil elastase, which can damage 

lung tissue if not properly controlled. Alpha-1 

antitrypsin is produced in the liver and then 

transported to the lungs via the blood. 

 

More than 120 mutations in the SERPINA1 gene have 

been identified. Some of these mutations do not affect 

the production of alpha-1 antitrypsin, while others 

cause a shortage (deficiency) of the protein. Without 

enough functional alpha-1 antitrypsin, neutrophil 

elastase destroys the small air sacs in the lungs 

(alveoli) and causes lung disease. Excessive damage 

to the alveoli leads to emphysema, an irreversible lung 

disease that causes extreme shortness of breath.  
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Materials and Methods 

Identification of protein cause in the disease: 

GeneCards®: The Human Gene Database 

GeneCards is a searchable, integrative database that 

provides comprehensive, user-friendly information on 

all annotated and predicted human genes. It contains 

genomic, transcriptomic, proteomic, genetic, clinical 

and functional information. The gene related to a 

disease can be easily identified by its data search 

engine. The tool provides a list of genes involved in 

the onset of a disease along with the other information 

like location, function, mutations structure etc.  

 

Protein Sequence Retrieval from NCBI:  

NCBI is the database which provides the Molecular 

and Biotechnology information. NCBI (National 

Center for Biotechnology Information is an archive of 

information related to proteins and genes with respect 

to its medical applications.  It gives complete 

information of gene, sequences and protein structures. 

By using the NCBI data base we can retrieve the 

protein and gene sequences. It also contains 

information about various journals publications, 

books, SNP etc. 

FUNCTIONAL ANALYSIS: 

The functional Analysis of the protein is done by using 

following tools, they are. 

SMART (a Simple Modular Architecture Research 

Tool) allows the identification and annotation of 

genetically mobile domains and the analysis of domain 

architectures. Domain indicates a restricted, 

independent functional unit within the protein 

sequence. Many domains are 'genetically mobile', 

meaning that they can be found associated with 

different domain combinations in different proteins. 

The information provided by SMART includes mainly 

the number and the name of the domains present for a 

specific protein and the function of each domain are 

mentioned.  

Protein Interaction Study: 

String EMBL: 

STRING is a database which provides information 

about the protein-protein interactions. The interactions 

are two types’ direct and indirect associations. Here a 

compact network chart of the study protein is provided 

showing the total number of direct and indirectly 

interacting proteins with their function and 

importance. This tool is mainly used to identify the 

important proteins linked to the study protein and their 

functions. 

 

 

 

STRUCTURAL ANALYSIS: 

The structure Analysis of the can be performed using 

the following tool: Protparam from Primary 

characterization of protein, SOPMA for secondary 

structure confirmation and Phyre for tertiary structure 

prediction. 

 

Protparam: 
A simple tool running on a theoretical calculations and 

algorithms providing maximum information about the 

protein with only the sequence input. Basic physic 

chemical characterization of the protein is performed 

by the tool providing ample information which can be 

used for designing the experiments for the lab based 

analysis. Information like protein sequence length, 

Molecular Weight, stability, Polar nature, pH, 

Isoelectric Point etc can be analyzed by the tool.  

 

SOPMA for Secondary Structure Prediction 

SOPMA is a secondary structure prediction tool used 

to characterize the secondary structural confirmations 

of the protein that include helix, coil, sheet, turn, 

extended strand etc. This tool would be useful to 

analyse the total helical regions present in the protein 

structure and the graphical representation of each kind 

of structure. The tool can be obtained at  

https://npsa-prabi.ibcp.fr/cgi-

bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html 

 

PHYRE2 

This is a tool linked to the PDB database of the protein 

structures. It would provide the pdb id for the protein 

whose 3D structure can be retrieved from the RCSB 

Protein Databank. Once the sequence is entered into 

the tool it would perform an internal BLAST with the 

PDB to provide all the similar PDB Ids for each hit 

performed. The best structure is the one which 

possesses the closet sequence to the query. Phyre is 

available at the link 

http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?i

d=index 

 

Rasmol Visualization 

Rasmol is a visualization software that is used to 

visualize the 3D structure of the protein and identify 

the various structural elements in the protein like the 

secondary confirmation, embedded water molecules, 

presence of ligands or co factors, polar and Polar 

Regions etc. However the software is used to study the 

existing structure but manipulation of the structure is 

not available. Rasmol can be freely downloaded from 

the online server. 

 

Binding site prediction using CASTP 

Pocket or binding sites are the important regions on 

the protein used for docking with the external ligands. 

https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html
https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html
http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=index
http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=index
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These sites are detected using the CASTP server. The 

tool would provide the total no of pockets along with 

the residues of amino acids involved in making of the 

pocket. The pockets are also sorted as per the volume 

and area. The tool can be obtained at 

http://sts.bioe.uic.edu/castp/ 

 

Drug Designing 

The process of developing or identifying a suitable 

drug candidate for a particular disease or receptor 

requires a tedious analysis and a step by step protocol 

making it a rational drug designing protocol. Some of 

the major steps include Chemical library creation, 

Screening for Drug likeliness, Ambiguity checking 

and finally docking. Chemical library can be created 

using suitable chemicals as per their function required 

form the pubchem database, for whom the Lipinski 

parameters of Molecular weight (300 to 600), H bond 

donor (1-5), H bond receptors (>5) Log p value (1-5) 

are all recorded in the chemical library. These 

parameters would make a chemical either drug or a 

non-drug. Once all the chemicals possessing drug 

likeliness are selected they are subjected for a 

screening called ambiguity check performed using 

Dundee Prodrg server. This is available online and 

would detect the standard nature of each bond, bong 

angle, length etc., making the chemical non 

ambiguous or standard. All the selected chemicals are 

downloaded and are used for docking with the 

identified receptor of the disease.  

The docking can be performed using any of the 

softwares like MolDock, Sybyl, Argus lab etc., here 

Hex docking has been performed.  

 

Results and Discussion 

Protein Sequence Retrieval: 

The Protein sequence of alpha 1 Anti-Trypsin 

Inhibitor is collected from the NCBI, Accession No: 

NP_001121179, It is Linear structure containing 418 

AA, it is present on the chromosome 14 

(map="14q32.13"), the signal peptide sequence start 

from 1 – 24 AA, and molecular weight is 2430. Mat 

peptide sequence start from 25 – 418 AA, product is 

alpha-1-antitrypsin and calculated molecular weight is 

44325. Region 55 – 412 this family contains a variety 

of different members of clade A of the serpin 

superfamily. They include the classical serine 

proteinase inhibitors, alpha-1-antitrypsin and alpha-1-

antichymotrypsin, protein C inhibitor. The protein 

sequence of alpha 1 anti-trypsin inhibitor. Represented 

id FASTA format is shown below which is used for 

the complete analysis 

 

>NP_001121179.1 alpha-1-antitrypsin precursor 

[Homo sapiens] 

MPSSVSWGILLLAGLCCLVPVSLAEDPQGDAA

QKTDTSHHDQDHPTFNKITPNLAEFAFSLYRQL

AHQSNSTNIFFSPVSIATAFAMLSLGTKADTHD

EILEGLNFNLTEIPEAQIHEGFQELLRTLNQPDS

QLQLTTGNGLFLSEGLKLVDKFLEDVKKLYHS

EAFTVNFGDTEEAKKQINDYVEKGTQGKIVDL

VKELDRDTVFALVNYIFFKGKWERPFEVKDTE

EEDFHVDQVTTVKVPMMKRLGMFNIQHCKKL

SSWVLLMKYLGNATAIFFLPDEGKLQHLENEL

THDIITKFLENEDRRSASLHLPKLSITGTYDLKS

VLGQLGITKVFSNGADLSGVTEEAPLKLSKAV

HKAVLTIDEKGTEAAGAMFLEAIPMSIPPEVKF

NKPFVFLMIEQNTKSPLFMGKVVNPTQK 

 

SMART analysis 

Fig 1 SMART showing the SERPIN domain in the 

protein 

 
The above result of SMART shows that there is only 

one domain in the protein ie., SERPIN. This belong to 

MEROPS inhibitor family I4. This domain extends 

from 59 to 415 on the sequence. 

 

STRING for protein network study 

STRING has generated the following network chart 

for the protein showing several other interacting 

proteins. 

 

Fig 2 showing the protein network 

 
From the above result of STRING it can be inferred 

that the there are several proteins which would interact 

with the study protein at various molecular levels. 

Some of the interacting proteins or genes include 

KNG1, A2M, TIM1 PLG, ALB etc.  

 

 

 

http://sts.bioe.uic.edu/castp/
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Protparam for physicochemical characterization of 

protein: 

The result of PROTPARAM depicts that the sequence 

has the length of 418AA, Its PI value is 5.37, it is an 

acidic protein with its aliphatic index 91.20, the 

protein is a polar molecule with the hydropathicity 

index to be -0.183. The protein is acidic with more 

number of negatively charged residues.  

 

Fig 3 SOPMA result showing the secondary 

structural confirmations 

 
The picture indicates the percentage of each type of 

secondary structure present in the sequence.  From the 

above result of SOPMA it can be inferred that the 

secondary structure of the sequence contain a majority 

of  alpha helical confirmation constituting 42% of the 

protein structure followed by random coil 32%,  15% 

extended strand and 10% beta turn. 

 

Phyre Analysis for the PDB id of the protein 

To retrieve the PDB id of the protein so as to download 

the 3D structure from the RCSB Protein Data Bank 

Phyre analysis is performed. As per the result of Phyre 

best pdb id selected as the structure representative for 

the above protein is 1QLP. 

 

Rasmol Visualization 
The 3D structure of the protein is visualized using 

RASMOL software. The command line programme is 

used to control the structure and instruct the software. 

 

Fig 4 showing the 3D structure of the protein as 

shown by RASMOL 

 
 

Binding site Analysis using CASTP 

The binding sites or pockets present within the 3D 

structure are identified using CASTP. A total number 

of 66 pockets have been identified which can be 

targeted for docking. The pockets are shown in the 

figure 5. 

 

Fig 5: Showing the binding sites on the 3D structure 

of the protein 

From the above result of CASTP it can be inferred that 

that a total of 66 pockets have been identified in the 

selected protein structure. The pocket details are 

further furnished in the above results.  

 

Chemical Analysis: 

Compound library generation from Pubchem 

In the Puchem database a total of 106 chemicals were 

detected possessing the required function. However 

only 68 chemicals were found to be qualifying the 

Lipinsky rule of Druglikeliness. Thus only these 68 

were further analyzed. Further these chemicals are 

subjected for secondary screening for ambiguity. 

 

Ambiguity Check using Dundee prodrg server: 

Dundee prodrg server detects the defects in the 

molecular structures with respect to Bond angle, 

Partial Charges, Dihedrals etc. The compound in its 

standard state would have least ambiguity and the  

one with more defects is known to have high 

ambiguity. 

Fig 6: Ambiguity details for the compound 

Gabexate mesylate 
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The above figure shows the ambiguity details for the 

compound Gabexate mesylate. The similar analysis 

has been performed for several other chemicals and 

the one showing the lowest ambiguity is further 

selected for docking. Followed by the ambiguity check 

using Dundee prodrug server 4 chemicals have been 

selected as lead molecules from a total list of 68. 

 

Docking Analysis 

Docking of the above receptor with 4 final ligands is 

performed using HEX 8.0 Software and the results are 

depicted below. 

The Hex results indicate that the docking value of 

Gabexate mesylate is Etotal = -264.27, Nco 650; 

OR348951 is Etotal = -298.30, trans-4-

Guanidinomethylcyclohexanecarboxylic acid p-tert-

butylphenyl ester hydrochloride is Etotal = -278.66, 

Batebulast is Etotal = -272.62 out of which the best 

ligand selected was Gabexate mesylate due to its 

lowest docking energy. 

 

Fig 7:  Showing the docking result of Gabexate 

methylase with the receptor of pdb id 1q1p 

 
The above picture shows the docking between the 

selected receptor  1q1p with Gabexate methylase 

showing a docking energy of -264.27 making a stable 

complex. 

 

Conclusion 

In the above analysis the protein sequence of 

SERPINA1 was collected from NCBI and the 

functional study was undertaken in genecards. The 

protein sequence was used for the Sequence based 

analysis which includes Protparam for physic 

chemical characterization, SMART for Domain 

identification, String for network analysis etc. The 

protein structural analysis was performed using 

SOPMA and Phyre followed by its 3D visualization 

using Rasmol. The total binding sites present in the 

protein were identified using CASTP tool. The study 

was directed for Drug development using the regular 

CADD approach. Activators of serine protease 

inhibitor (serpin) are collected from the PubChem 

database, out of 108 Activators obtained only 68 

activators are selected for analysis which followed 

lipinsky rule as they possess the drug likeliness. These 

chemicals were further screened for Ambiguity at the 

secondary screening level. For this Dundee Prodrg 

server has been used. The structures were downloaded 

from the same data base. A docking study was 

performed between the selected list of ligands and the 

one receptor SERPINA1 using HEX 8.0 Software. The 

final ligands with lowest binding energy was found to 

be Gabexate methylate which was selected as the best 

drug to target the above receptor. It can be used as a 

therapeutic drug to treat COPD. 
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