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ABSTRACT 

HCoV-NL63 main protease (M pro), also called 3C-like protease (3CL pro), plays a vital role in mediating viral 

replication and transcription by catalysing the cleavage of replicase polyproteins (pp1a and pp1ab) into functional 

subunits. Human coronavirusNL63 (HCoV-NL63), which belongs to the genus alphacoronavirus, mainly infects 

children and the immunocompromised and is responsible for a series of clinical manifestations, including cough, fever, 

rhinorrhoea, bronchiolitis and croup. HCoV-NL63, which was first isolated from a seven-month-old child in2004, has 

led to infections worldwide and accounts for 10% of all respiratory illnesses caused by etiological agents. Moreover, 

M pro is highly conserved among all coronaviruses, thus making it a prominent drug target for antiviral therapy. The 

crystal structures of HCoV-NL63 M pro in 3D form the show at different pH values are reported at resolutions of up 

to 1.78 Å. Comparison with (M pro) from other human beta coronaviruses such as SARS-CoV-2 and SARS-CoV 

reveals command distinct structural features in different genera and extends knowledge of the diversity, function and 

evolution of coronaviruses. 
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[I] INTRODUCTION 

Coronaviruses is largely responsible for common cold and respiratory tract infections in human. In children, Human 

coronaviruses (HCOVs) cause lower and upper respiratory tract infection which is identified as human coronavirus 

NL63 (HCoV-NL63). Respiratory tract infection is mostly a leading cause of complicated and mortality worldwide, 

observed in young children. NL63 was firstly segregate from a 7 months old baby in 2004. Children with symptoms 

of sore throat and hoarseness of voice are shifting for hospitalisation. This virus survives for at-least 7days in aqueous 

solution and respiratory secretions and patient remained infected at room temperature. According to studies, around 
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10% of population infected each by HCOV-NL63. Co. The genome which encodes 3'include spike(S), proteins, 

membrane(M)and structural envelope(E), nucleocapsid(N) which are common in all corona viruses. In some beta 

coronaviruses a short projection of hemagglutinin-esterase protein (HE) is also observed. These structural proteins are 

involved in viral processes such as virus particle formation. The S protein is a type I transmembrane protein having a 

molecular weight of 128-160 kDa (before glycosylation) and 150-200 kDa (after N-linked glycosylation). The spike 

protein which plays a central role in viral replication accomplished infection of different target cell which facilitates 

the entry of cell lead to SARS-CoV S-driven infection and also compared with 229E-S protein. The HE protein is also 

type I transmembrane protein with a molecular weight of 48 kDa and 67 kDa before and after glycosylation 
respectively. It mediated receptor-destroying activity which is specific to O-acetylated sialic acid recognise by its own 

S protein. The M protein have a molecular weight of 25-30kDa. it is a most abundant structural protein and dominate 

three transmembrane domains. In NL63 the ectodomain of M protein is modified by N-linked glycosylation only. The 

retinoic acid inducible gene I dependent induction of type I interferon is observed in cell which overexpress the M 

protein of SARS-CoV, therefore this protein is also contribute to viral pathogenesis. E protein with weight 8-12 kDa, 

is a small integral membrane protein observed in low amount in virions. This is reorganised by N-linked glycosylation 

and three cysteine residues in Endo domain mitigate from palmitoylation. The deletion of the protein is not fatal, the 

mutant virus is defective in virion morphogenesis which reduced the wild type control by in vivo. The N protein in 

viral envelope of about 43-50 kDa, form dimer and bind to genomic RNA and forms a helically symmetric 

nucleocapsid.This ease the RNA packaging and involve in processes such as viral genome replication and evasion of 

immune response. 

HCOV-NL63 have also been analogous with gastrointestinal system. Some of stool sample from children having acute 

gastroenteritis usually tested positive for HCOV-NL63 but not all the children tested the same, few are also reported 

the absence of HCOV-NL63. The interactivity between CoV proteins and cellular receptor determines that which cells 

can be infected. 

The life cycle of HCoV is divided into five stages that are: Attachment of host cell- The HCOV-NL63 uses angiotensin 

converting enzyme (ACE)-2 for entry into the host cell. It might lead to mild respiratory infection rather than SARS-

CoV which cause severe respiratory infections. The S protein (virus receptor binding protein) binds to ACE-2 on the 

surface of cell. HCoV-NL63 located in C-terminal and not in N-terminal of S1 functional domain of S protein. M 

protein also bind to target cell by using heparin sulphate proteoglycans which is followed by engagement of S protein 

with ACE2 receptor protein. Viral entry and coating- the binding of S1 subunit protein with cognate receptor led to a 

recognitional change in S2 subunit which results in fusion of virus and cell membranes and release of viral 

nucleocapsid into cytoplasm. HCoV-229E can enter host cell transmission either by type II transmembrane protease 

serine 2 (TMPRSS2) or by endosomal cathepsin L. Formation of the replication- The genomic RNA serves as 

transcript encoding after releasing the viral nucleocapsid into the cytoplasm. The replicase gene includes ORF1a and 

ORF1b in which ORF1a polyprotein pp l a (440-500kDa). The programmed 1 with frequency of 25%-30% allows a 

translation to ORF1b which produce a large polyprotein pp l ab(740-810kDa). Viral RNA synthesis- by using RNA 

template new copies of full-length viral genome is synthesized and the full-length negative sense genomic RNA as 

intermediate template. The replication and transcription of viral protein is carried out by replicase which involve the 

factors such as viral structural protein and host protein been implicated. During sgRNA, the N protein facilitates the 

template switching by serving as an RNA chaperon. Assembly and release of virions- the membrane associated 

accessory proteins (S, HE, M, and E) are translated by ribosome in endoplasmic reticulum, on the other hand the viral 

proteins such as N protein are translated by free ribosome. After the assembling of virions progeny virions transported 

in smooth wall vesicles by the secretory pathway which after released by exocytosis. In cytoskeletal system, the 

interaction between tubulin and cytosolic domain of S protein are required for assembly of virions during HCoV-

NL63infections.ORF3 i.e., Open Reading Frame 3, is a highly conserved protein among coronavirus. 225 amino acid 

sequence of NL63 ORF3 with size about 25.6 kDa, a triple membrane spanning protein detected. The important 

function of ORF3 observed in virus assembly and budding from infected cell. 

[II] MATERIAL AND METHOD 

The study in bioinformatics mainly focuses on identifying the genomic sequence of HCoV-NL63. The approach aligns 

the phylogenetic analysis which is performed to understand their evolutionary relationships. The NL63 is a n 

observing pathogen found in human than it is commonly believed. The clinical information of HCoV-NL63 is 

summarized by observing the data from different software.The Protein Data Bank (PDB) is a resource for observing 

biological macromolecular crystal structures. It is the single worldwide source for the record of structural data of 

biological macromolecules. Biologists and biochemists submitted the data which include by X-ray crystallography 

and nuclear magnetic resonance (NMR) spectrometry from all over the world.PDB files are long text files; atom 
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coordinates are not comprehensible by reading these files. Moreover, PDB files do not include connectivity data.  

There is a File format in PDB in which data is stored in 3 different file formats: PDB file, mmCIF format, PDBML. 

The NCBI is a series of databases which is an important tool for bioinformatics. It provides GenBank for DNA 

sequences, map of human genomes and also assign different ID number to each species of organism. The software 

tools such as BLAST are available in NCBI. BLAST(Basic Local Alignment Search Tool) is basically used for 

comparing the biological sequences such as nucleotide sequences of DNA and amino acid sequences of 

proteins.BLAST statistical theory to produce a bit score and E value (expected no. of chance alignment) of each 

alignment pair. The lower the E-value or closer to zero the more significant match. BLAST can be seen in HTML 
format, XML format. The main objective is to alignment of high score segment pair showing similar residues. A 

computer program, RasMol is for molecular graphic visualization and used to depict biological macromolecule 

structures, such as those found in the Protein Data Bank. RasMol structure can be represented by different colors and 

in 3D structure. The RasMol command allows different objects such as bonds and ribbons. The RasMol amino color 

scheme colors amino acids according to amino acid properties. RasMol includes a scripting language, to perform 

many functions such as selecting certain protein chains, changing colors, etc. Most of the protein sequences observed 

in 3-D structure by MMDB (molecular modeling database) which links sequence classification resources. 3D 

structures can be seen using any viewer that works with PDB file format, such as RasMol. the user may select between 

NCBI's variant of the PDB file formatted data and the original record as obtained from the PDB archive. It is also 

viable to save the data for any given biological unit as a PDB formatted file, according to crystallographic symmetry. 

COBALT, a constraint-based alignment tool that execute a basic structure for multiple alignment of protein sequence. 

it is inserted in the NCBI C++ toolkit. COBALT uses collection of pairwise constraints to represent the groups of 

conserved columns which contain gaps.  
 

[III] RESULTS AND DISCUSSION 

After usingSeveral resources, we have studied different aspects of HCoV-NL63 which includes sequences of data 

obtained from the resources and the structures in different form. In this study, we overlook the 3D structure of NL63 

in PDB, Protein Data Bank. The PDB provide 3D structures data for the larger biomolecules such as protein, RNA, 

DNA. The crystal structure of HCoV-NL63 main proteases (also called 3C-like protease) classified as viral protein 

which mainly have Escherichia coli BL21 expression system. The experimental data show that in the resolution up to 

1.78Å, four crystals of main proteases are formed at different pH values. This data is observed by X-RAY diffraction 

method. 
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Figure 1: 3D structure of 7E6M in ribbon form (Human coronavirus NL63 3C-like protease, which have one unique protein chain. The total 

structural weight is 65.53kDa with 4685 non-hydrogen atom in deposited model)

 

Figure 2Residue property plots of 3C-like proteinase 

 

According to the number of geometric qualities, the residues are colour-coded for the norms which contain at least 

one outlier that is green = 0, yellow = 1, orange = 2 and red = 3 or more.  Red dotsare observed above a residue which 

shows a poor fit to the electron density (RSRZ > 2). Stretches of 2 or more consecutive residues without any outlier 

are viewed as a green connector. The residues present in the sample are shown in grey.  

The 3d structures can also be visualized in MMDB which work with PDB file format. The structures in MMDB 

provides the molecular graphic thumbnail which shows the view of the biological unit. The default colouring has 

changed from ‘secondary structure’ to ‘colour by molecule’, as the presentation now which highlights the multi-

molecular complexes. 

 

Figure 3 molecular component of 7E6M: there is 2 molecules of protein, A and B. Between interval of 3-229 domain families 

alphaCoV_Nsp5_Mpro is subfamily which contain coronavirus (CoV) non-structural protein 5 (Nsp5 or Mpro). And a superfamily, 

CoV_Nsp5_Mpro between interval of 4-296 is a family which generates as cleavage product of ORF1a and ORF1ab viral polyproteins 

assemble to facilitate viral replication and transcription. 
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The FASTA format sequence is used for representing nucleotide sequences of its Genome with NCBI Reference 

Sequence: 7E6M_A and 7E6M_B where the description line is distinguished from the sequence data by a greater-

than [>] symbol at the beginning. The word following the >* symbol is the identifier of the sequence, and the rest of 

the line is the description. Result of NCBI-BLAST is presented in a graphical format with all the hits found in the 

aligned sequences, the most similar are shown closest to the query in database matches. (Red bars) that align to the 

>200 alignment score. 

 
Figure 4 graphic summary of NL63 with query ID 7E6M_A which shows red bars aligns >200 alignment score. The score of replicase 

polyprotein orf1a is 625 with E value 0. 

 

Figure 56 graphic summary of NL63 with query ID 7E6M_B which shows red bars aligns >200 alignment score. The score of replicase 
polyprotein orf1ab is 625 with E value 0. 

 

Figure 7 the distance tree view of NL63 in BLAST. It evaluates the alignment between a query and the database sequences. it displays the 

relationship between blast hits. 

 

RasMol software is used to run the structure of 7E6M protein. It can be visualized by rotating the structure and identify 

the different atoms in the molecule by colours. The 3D visualization of protein shown above in cartoon form in 

monochromatic colour. Colour background, size, and identification of atoms follows by command references 

suggested by software. To color by protein secondary structure are α-helices: magenta, β- sheets: yellow, turns: pale 

blue, all other residues: white. The Keywords in command lines may be entered in either upper- or lower-case letters. 
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Figure 8: 7E6M chain B in RasMol have sticks display and CPK colours. The command line shows 30 strands and the total number of atoms 

are 4473 in which 1057 atoms selected of red colour, 2836 atoms selected of grey colour, 33 atoms selected of yellow colour and 759 atoms 

selected of nitrogen. 

 

By using BLASTP, COBALT shows the evolutionary relationship and results of matches and mismatches of 

sequence alignment. Multiple sequence alignment (MSA) and phylogenetic tree construction using NCBI COBALT 

tool. COBALT does progressive multiple alignment of protein sequences. The MSA is performed by pairwise 

constraints derived from conserved domain database. 

 

 

Figure 9: NL63 multiple sequence alignment in COBALT with sequence ID 7E6M A. At Sequence aligned pos 205 have all the matches to 

101 out of 101 rows whereas alignment pos of 221, 90 of 101 rows matches and 11 of 101 rows mismatches. 
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Figure 10: NL63 multiple sequence alignment in COBALT with sequence ID 7E6M B. there is no gaps in the sequence (0 of 101 rows). Red 

bars between the shows Alignment view, mismatches. Gaps are indicated by a gray line while insertions relative to the consensus/anchor 

sequence are indicated by a blue bracket.  

 

 

 

Figure 11: Rows section in graphical overview of NL63 (sequence ID 7E6M_A). Panorama at the top with the Alignment view below it, with 

the first row representing the consensus sequence. 

 

[IV] CONCLUSIONS 

Computational analyses to study the CoV-NL63 sequences in terms of protein structures, functions, phylogeny, and 

interactions at both molecular and sequenced levels. The RasMol show the 3D structure with different colours, 

displays, and differentiation of atoms by particular colour forms. In RasMol the group properties the colour codes 

residue can be visualizes by their position in macromolecular structure. In PDB, the structure of NL63 verified as a 

viral protein. The data is observed by X-RAY diffraction method where different R-value and residue counts are 

observed. The BLAST algorithm compares the protein database sequence with the query protein. E-value in sequence 

similarity search technique describes the number of hits one can "expect" for  searching a database of a particular size. 

The colour bar in graphics summarizes the BLAST result at the top in linear map represents a protein that matches 

the query sequence. the 3D visualization colour codes each atom according to temperature stored in PDB file. In 

MMDB, the FASTA sequence of reference ID 7E6M_A and 7E6M_B pairwise sequence alignment tool showed input 

as nucleotide or protein sequences and compared it with existing databases. Multiple sequence alignment residues 

provide comparative structure and functional analysis of biological sequences. Sequence alignment analysis often 
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leads to fundamental biological insight into sequence-structure-function relationships of nucleotide or protein 

sequence families. COBALT alignment quality to improve as the fundamental resources pursue to expand. expect to 

integrate the algorithm into NCBI resources and into user tools such as alignment editors.The BLASTP module of 

BLAST is used after RPS-BLAST to observe the sequence similarity in regions where RPS-BLAST fails to detect 

possible structural similarities to CDD domains.The dynamic programming is the computational method that provides 

in mathematical sense the best alignment between two sequences. The increase of the number of sequenced genomes 

provides continuous updates and maintenance of the database in the future. This database will play more important 

roles in fighting against the infection of coronavirus in future. 
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