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ABSTRACT 

C-Reactive Protein (CRP) is the only marker of inflammation that independently predicts the risk of 

heart attack. CRP is phylogenetically conserved plasma protein that is present in human blood. Each anti-heart 

attack drugs docked with CRP at different or near active site with varied bond lengths. Based on the distance 

of docking region between the target and the drug molecule, the specificity and efficiency of the molecule as 

well as pharmacy kinetics of the drug can be determined. By using computational method, we have identified 

the domain region (25
th

 to 220
th

 position) and active site (Gln60, Ser62, Phe69, Asp88, Thr108, Thr116, 

Gly131 and Gly154) of the CRP. The 3D structure of CRP was validated by SAVS and quality factor was 

76.882. The motif regions were predicted and sequence was found to be Ser23, Tyr37 and Gly131 to Val145. 

Seventeen major anti-heart attack drugs were chosen and were docked with the CRP’s receptor and their bond 

lengths were calculated. Pro220, Tyr218, Lys219 and Val212 of CRP were closely bound to the drugs during 

docking. Among the 17 drugs, lovastatin has the lowest distance (3.63). It showed its maximum efficiency due 

to the high interaction with CRP. Then, the analogues of lovastatin were designed and docked with CRP and 

result showed Simvastatin ([(1S,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-hydroxy-6-oxooxan-2-yl]ethyl]-3, 7-

dimethyl-1,2,3,7,8,8a-hexahydronaphthalen-1-yl] (2S)-2-methylbutanoate) has a lowest distance (3.35). Then, 

we have suggested that the lowest distance showing drug may reduce the level of CRP and decrease the risk of 

heart attack. 
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1. INTRODUCTION 

The drug industry is one of the major players involved in the development of Bioinformatics. Many 

pharmaceutical companies have internal units conducting bioinformatics research. The objective behind this is 

purely commercial. The purpose is to beat the competition for finding the solution to a problem that may give 

their companies that crucial edge in producing the major drug. 

Drug resistance has become more and more of a problem in treating heart attack in human. New drugs 

are needed to replace those that have been developed by creating novel analogues of established. It is likely 

that most anti-heart attack drug design will be based on existing drug molecule structures, but an increasing 

number of new drug’s molecular structures may emerge from screening against the particular disease. Other 

importance of the analogue study is involved into the reducing the side effects in one person to person. The 

analogue preparation is new and important high through put technology for modern new drug discovery 

process of pharmacy. 

C-reactive protein (CRP) is a plasma protein, member of the pentraxin family, an acute phase protein 

produced by the liver. It is a phylogenetically conserved plasma protein that is present in the blood
[1]

. The 

CRP gene is located on the first chromosome (1q21-q23)
[2]

. CRP is a 224 residue protein with a monomer 

molar mass of 25106 Da, and native cyclic pentamer mass of 125530
[3]

. CRP is one of the plasma proteins 

known as acute-phase proteins whose plasma concentrations increase (or decrease) by 25% or more during 

inflammatory disorders
[4]

. Since inflammation is believed to play a major role in the development of coronary 

artery disease, markers of inflammation have been tested in respect to heart health
[5]

. 

C-reactive protein is known as an emerging recognized marker of the potential risk of myocardial 

infarction and stroke
[6]

.It possesses numerous cardiovascular effects that could result in cardiovascular 

disease
[7]

. CRP was identified for the first time involvement in early and delayed ischemic and 

pharmacological in an in vivo model of rat myocardial infarction
 [8]

 and has been identified as predictor for 

cardiovascular disease (CVD) for both men and women
[9]

. Its level was correlated with the clinical severity of 

CAD and with coronary events in both the acute and sub-acute phases of myocardial ischemia
[10]

. It is a novel 

and evolving biomarker for the extent and severity of cardiovascular disease and provides a useful predictive 

indicator for heart attack
[11]

, diabetes, hypertension and CVD
[12]

.  

A decade ago, there was a link between anti-CMV antibodies and high CRP levels in patients with 

CAD was demonstrated
 [13]

. CRP levels do not affected by lipid lowering agents, ACE inhibitors, ARBs, 

antidiabetic agents, antiinflammatory and antiplatelet agents, vitamin E, and beta-adrenal receptor antagonists 

lower serum or plasma levels of CRP, while vitamin C, oral estrogen and hydrochlorothiazide
 [14]

. 
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In this study, we have carried out with the aim of developing suitable drug candidates for the heart attack 

disease. Out of the pool compounds, Aspirin
[15]

, Atorvastatin
[16]

, Catoprill
[17]

, Clopidogrel
[18]

, Celecoxib
[19]

, 

Ezetimibe
[20]

, Fenofibrate
[21]

, Fosinopril
[22]

, Lovastatin
[23]

, Olmesartan
[24]

, Ridrogrel
[25]

, Ramprill
[26]

, 

Timolol
[27]

, Rofecoxib
[28]

, Quinaprill
[29]

, Tirofiban
[30]

 and Valsartan
[31]

 drugs for heart attack was chosen based 

on their effectiveness. These drugs were docked with the receptor of CRP.  The distance between drug and 

protein should be less than 10 angstroms. 

2. MATERIALS AND METHODS 

The computational methods of 3D structure building is involving with template selection, 

alignment with the target, building the model, validation and refinement the structure and docking 

with selection of suitable ligand, receptors and binding of molecules. 

Template Selection 

The protein sequence is retrieved from Swiss-Prot. BLAST
[32]

 (Basic Local Alignment 

Search Tool) used for find an experimentally (X-ray diffraction and NMR) solved structure as a 

template by using Protein Data Bank (PDB), Blosum 80 as scoring algorithm matrices
[33]

 and 

program blastp 2.2.19 in BLAST
[34]

. Then, CLUSTAL X
[35]

 is used for find a homologous 3D 

structure with more than 35% identical sequence with the target sequence to do multiple sequence 

alignment in which The percentage of identity between the query and the template sequences are 

distinguished based upon their colours. NJplottree
[36]

 is used for construct a phylogenetic tree to view 

the closely similar sequences among the hits which are obtained through blastp program. Bioedit
[37]

 

(developed by to Ibis Biosciences which is a sequence alignment editor and sequence analysis 

program) has been used for find hydrophobic and hydrophilic regions in the form of plots. 

2.1 HOMOLOGY MODELLING 

The raw sequence of target is fit with 3D structure of template by using DEEPVIEW V4.0
[38]

 which is 

developed by Nicolas Guex , AlexandreDiemand , Manuel C. Peitsch , &TorstenSchwed in Swiss Institute of 

Bioinformatics. The structurally aligned backbone molecules submitted to SWISS-MODEL
[39]

, an automated 

Comparative Modelling Server, to perform the molecular dynamics and energy minimization to the aligned 

model. This protein model is evaluated by using SAVS. 

2.2 ACTIVE SITE 

To find the active sites of modeled target protein, CASTp
[40]

 server is used. Then, Jmol, a free and open source 

molecule viewer, is used for view the pocket information from CASTp. 

2.3 MOTIF REGION 
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The motif region of the protein can be predicated by using the tool motif scanner
[41]

. The Fasta 

format of the target protein is submitted in motif scanner. The motif region of amino acid is noted 

and its structure is visualized in Deep View. 

2.4 DOCKING 

Docking
[42]

 is a research technique for predicting whether one molecule will bind to another, usually 

a protein. Protein-protein, Protein-DNA and protein-ligand docking predications are all performed, 

though the techniques employed in each area are highly various. Protein-ligand docking is done by 

modelling
[43]

. The interaction between protein and ligand; if the geometry of the pair is 

complementary and involves favourable biochemical interactions, the ligand will potentially bind the 

protein in vitro or in vivo. The Docking process can be done by using the software Hex docking 

software
[44]

. 

3. RESULT AND DISCUSSION 

This study was carried out with the novel aim of developing suitable drug candidates for the heart 

attack disease. CRP is the inflammatory protein responsible for heart attack
[45]

. Molecular modelling 

is the method of choice when there is a close homology between the sequence of the target protein 

and the template
[46]

. Comparative modeling frequently provides a useful model of 3D structure
[47]

. 

Swiss-PDB viewer helps to resolve the problem effectively. 

In this study, the 3D model of unmodelled chain A of CRP protein was built from 3D modelled 

protein (Fig. 1) which is identical with target sequences and 3 D structure of target (Fig. 2) was 

generated by using Deepview. The domain region of the CRP was predicted by using a Pfam tools. It 

found to be start from 25th position of sequence and end from 220
th
 position of sequence. The active 

site of the CRP was predicted by using the tool CASTp which identified the amino acid residues 

present at the active site of CRP. They were Gln60, Ser62, Pha69, Asp88, Thr108, Thr116, Gly131 

and Gly154 (Fig. 3). The 3D validation of the predicted homology structure of CRP (Fig 2) can be 

assessed by SAVS. The quality factor of protein was found to be 76.882. The motif region of the 

sequence found to be Ser23 to Tyr37, Gly131 to Val145 (Fig. 4). 

The drug candidates chosen for this study is commercially marketed drugs for heart attack in order to 

reduce the level of CRP. Huddles of drugs were identified through Drug Bank
[48]

. Out of the pool 

compounds Aspirin
[15]

, Atorvastatin
[16]

, Catoprill
[17]

, Clopidogrel
[18]

, Celecoxib
[19]

, Ezetimibe
[20]

, 

Fenofibrate
[21]

, Fosinopril
[22]

, Lovastatin
[23]

, Olmesartan
[24]

, Ridrogrel
[25]

, Ramprill
[26]

, Timolol
[27]

, 

Rofecoxib
[28]

, Quinaprill
[29]

, Tirofiban
[30]

 and Valsartan
[31]

 drugs for heart attack was chosen based 
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on their effectiveness. These drugs were docked with the receptor and their bond lengths were 

tabulated (Table 1). The distance between drug and protein should be less than 10 angstroms. Some 

of the few amino acids, which are closely bound to drug molecules were Pro220, Tyr218, Lys219, 

and Val 212. The distance of Lovastatin (Fig. 5) showed its maximum efficiency (Fig. 6). It may be 

due to more interactions with the target CRP. So the analogue structure of Lovastatin was created 

and docked with the CRP. 

Analogues are compounds in which one or more individual atoms have been replaced, either 

with a different atom or with a different functional group. Analogues structure of Lovastatin was 

found to be 

1. Simvastatin ([(1S,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-hydroxy-6-oxooxan-2-yl]ethyl]-3, 7-

dimethyl-1,2,3,7,8,8a-hexahydronaphthalen-1-yl] (2S)-2-methylbutanoate) 

2. Pravastatin (3R,5R)-7-[(1S,2S,6S,8S,8aR)-6-hydroxy-2-methyl-8-[(2S)-2-methylbutanoyl]oxy-

1,2,6,7,8,8a-hexahydronaphthalen-1-yl]-3,5-dihydroxyheptanoic acid 

3. Fluvastatin ((E,3S,5R)-7-[3-(4-fluorophenyl)-1-propan-2-ylindol-2-yl]-3,5-dihydroxyhept-6-

enoic acid) 

These three designed drugs were docked with CRP to reduce the level of protein. These result 

suggest that Simvastatin ([(1S,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-hydroxy-6-oxooxan-2-yl]ethyl]-3, 7-

dimethyl-1,2,3,7,8,8a-hexahydronaphthalen-1-yl] (2S)-2-methylbutanoate) (Table 2) Fig. 7 and 8) 

showed the distance of 3.35 angstroms which was very affinity than others. So this designed drug 

may reduce the level of CRP and decreased the risk of heart attack. 

4. CONCLUSION 

The study describes the computational analysis of potential interactions of this molecule with the 

analogues of Lovastatin. This CRP molecule has been identified as a potential heart diseases’ 

marker, and the interactions observed with analogues of Lovastatin suggested that this compound 

may have potential as a lead for future drug design for heart diseases. Further investigations are 

required for a better understanding of how CRP and Lovastatin derivatives bind at their site. This 

work provides comprehensive insight and understanding for the molecular interaction of CRP with 

other antiheart drugs especially with Lovastatin. 
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