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Abstract: Nowadays, one out of three coronavirus patients are infected with any form of neurological 

disorder like Alzheimer's, Parkinson's, multiple sclerosis, and dementia. There is no proper explanation 

behind the occurrence of neurological disorders during COVID-19 infection. To establish a relationship 

between coronavirus (wild type and mutant strains) and neurological disorders and identify the best 

neuroprotective agent to conquer both coronavirus infection and neurological disorder(s). Here, we 

performed protein-protein sequence similarity analysis between the FASTA sequence belonging to 

coronavirus (wild type and mutant strains) and the FASTA sequence of receptors belonging to 

neurological disorders. Also performed molecular docking studies between coronavirus (wild type and 

mutant strains) receptors 6LU7, 7NEH, and twenty-five neuroprotective agents. These sequence 

similarity data revealed that if a patient suffered from any coronavirus infection (wild type or mutant), 

there was a chance for the occurrence of neurological disorders associated with PCSK9 fab 6E2 lead 

brain injury, and connective tissue insulation, tau protein accumulation related Alzheimer as well as 

abnormal dopaminergic D2 receptor linked Parkinson disease. The molecular docking studies data 

showed that among all the neuroprotective agents that showed good receptor-ligand interaction, 

bromoergocryptine was observed with the best interaction with both the receptors (6LU7 and 7NEH) 

as well as fitted with receptor active site. So, if we consider bromoergocryptine in treating coronavirus 

infection, it may act as a good remedy for “Therapy of COVID-19” without any neurological disorder. 

Keywords: Coronavirus; neurological disorders; FASTA sequence similarity; neuroprotective agents, 

molecular docking studies. 
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1. Introduction 

We are in half past 2023 but still struggling with the pandemic situation caused by 

COVID-19. Different types of proteins are observed in coronavirus, such as replicase 

polyprotein, spike glycoprotein, ORF9b, and 2'-O-methyltransferase [1]. This virus is 

expressed in various organisms before infecting humans, such as feline, murine, bat, bovine, 

avian, porcine, rat, etc [2]. Till now, a total of 163,250,829 persons have been infected, with 
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almost 3,385,473 deaths reported and still counting [3]. When a person gets infected with 

coronavirus, his/her lungs are affected, and some serious neurological manifestations also 

occur in the veil. After being infected with the coronavirus, a person starts suffering from 

various neurological disorders like Alzheimer's, Parkinson's, multiple sclerosis, and dementia 

disease. In this context, a literature survey related to various data collection and analysis shows 

that one out of three patients suffering from coronavirus is concurrently infected with any of 

the above neurological disorders [4]. But it is our misfortune that, to date, we have not got any 

proper explanation (s) between coronavirus and neurological disorders relationship. A question 

automatically arises: Why does a viral protein (related to respiratory system infection) 

negatively affect neuronal regulation? [5] The virus was readily mutated from one variant to 

another. Among them, we selected the B 1.1.7 UK variant for our study [6,7]. Towards the 

establishment of a relationship between coronavirus and the occurrence of neurological 

disorders [8], we performed protein-protein BLAST between the FASTA sequence belonging 

to coronavirus (wild type and mutant strains) and the FASTA sequence of receptors belonging 

to neurological disorders [9]. Then, we also performed molecular docking interaction studies 

between selective neuroprotective agents and coronavirus receptors to identify the best 

neuroprotective agent to conquer both coronavirus infection and neurological disorder(s). 

2. Materials and Methods 

2.1. Selection of receptors. 

2.1.1. 6LU7. 

6LU7 is the crystal structure of COVID-19 main protease in complex with an inhibitor 

N3. Researchers isolated the receptor from the synthetic form of severe acute respiratory 

syndrome coronavirus 2 with E. coli BL21 as an expression system. The receptor belongs to 

the 3C-proteinase family with 306 amino acids in chain length A. As per drug discovery studio, 

the surrounding residues of 6LU7 were THR 190, GLU 166, GLN 189, ASP 187, HIS 164, 

PHE 140, CYS 145, GLY 143, HIS 172, SER 144, ASN 142, LEU 141, HIS 163, GLN 192 

and MET 165 [10]. 

2.1.2. 7NEH. 

The receptor belongs to the crystal structure of the receptor binding domain of SARS-

CoV-2 Spike glycoprotein in complex with COVOX-269 Fab.  

 

 

Figure 1. Active site residues of 6LU7 and 7NEH. 
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The receptor belongs to the immune system, isolated from Homo sapiens with the same 

expression system (Figure 1). It consists of three chains: the COVOX-269 fab heavy chain with 

222 amino acids, the COVOX-269 fab light chain with 215 amino acids, and spike glycoprotein 

with amino acids with 205 amino acids. As per Drug Discovery Studio, the surrounding 

residues of 7NEH were ARG 346, THR 345, ARG 355, LYS  356 2.2 Ǻ, GLU 340, SER 399, 

VAL 341, ALA 397, PHE 464 and ASN 354 [11]. 

2.1.3. 1GOS. 

1GOS is the crystal structure of human monooxidase amine B complexed with flavin 

adenine dinucleotide. Researchers procured the receptor from Homo sapiens with 

Komagataella pastoris as an expression system. The receptor consists of two chains with 520 

amino acids on each chain. 

2.1.4. 2XFU. 

2XFU is the crystal structure of human monooxidase amine B complexed with 

tranylcypromine. Researchers procured the receptor from Homo sapiens with Komagataella 

pastoris as an expression system. The receptor consists of two chains with 519 amino acids on 

each chain. 

2.1.5. 2BK3. 

2BK3 is the crystal structure of human monooxidase amine B complexed with farnesol. 

Researchers procured the receptor from Homo sapiens with Komagataella pastoris as an 

expression system. The receptor consists of two chains with 520 amino acids on each chain 

[12]. 

2.1.6. 1OJA. 

1OJA is the crystal structure of human monooxidase amine B complexed with isatin. 

Researchers procured the receptor from Homo sapiens with Komagataella pastoris as an 

expression system. The receptor consists of two chains with 520 amino acids on each chain 

[13]. 

2.1.7. 2BYB. 

2BYB is the crystal structure of human monooxidase amine B complexed with 

deprenyl. Researchers procured the receptor from Homo sapiens with Komagataella pastoris 

as an expression system. The receptor consists of two chains with 520 amino acids on each 

chain [14]. 

2.1.8. 3PO7. 

3PO7 is the crystal structure of human monooxidase amine B complexed with 

zonisamide. Researchers procured the receptor from Homo sapiens with Komagataella 

pastoris as an expression system. The receptor consists of two chains with 520 amino acids on 

each chain. 

 

https://doi.org/10.33263/LIANBS141.004
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS141.004  

https://nanobioletters.com/ 4 of 19 

 

2.1.9. 1OJD. 

1OJD is the crystal structure of human mono oxidase amine B complexed with lauryl 

dimethylamine-N-oxide. Researchers procured the receptor from Homo sapiens with 

Komagataella pastoris as an expression system. The receptor consists of eight chains with 520 

amino acids on each chain [15]. 

2.1.10. 4GRB. 

4GRB is the crystal structure of casein kinase-2 complexed with 5-(2-{[4-

(dimethylcarbamoyl)phenyl]amino}-4-methoxypyrimidin-5-yl)thiophene-3-carboxylic acid. 

Researchers procured the receptor from Homo sapiens with Escherichia coli as an expression 

system. The receptor consists of one chain with 333 amino acids [16]. 

2.1.11. 3U4U. 

3U4U is the crystal structure of casein kinase-2 complexed with 3-{5-(acetylamino)-3-

[3-cyano-7-(cyclopropylamino)pyrazolo[1,5-a]pyrimidin-5-yl]-1H-indol-1-yl}propanoic acid. 

Researchers procured the receptor from Homo sapiens with Escherichia coli as an expression 

system. The receptor consists of one chain with 333 amino acids. 

2.1.12. 5B3J. 

5B3J is the crystal structure of N-methyl-D-aspartate receptors complexed with 

ifenprodil. Researchers procured the receptor from Xenopus laevis, Rattus norvegicus, and Mus 

musculus with Trichoplusia ni as an expression system. The receptor consists of two chains 

with 383 amino acids on each chain [17]. 

2.1.13. 5H8N. 

5H8N is the crystal structure of glutamate and N-methyl-D-aspartate receptors 

complexed with 4-[[(4- fluorophenyl)sulfonylamino]methyl]-~{N}-(pyridin-3-

ylmethyl)benzamide. Researchers procured the receptor from Homo sapiens with Escherichia 

coli as an expression system. The receptor consists of one chain with 285 amino acids. 

2.1.14. 5H8Q. 

5H8Q is the crystal structure of glutamate and N-methyl-D-aspartate receptors 

complexed with 6-[[ethyl-(4-fluorophenyl)amino]methyl]-2,3-dihydro-1~{H}-

cyclopenta[3,4][1,3]thiazolo[1,4-~{a}]pyrimidin-8-one.Researchers procured the receptor 

from Homo sapiens with Escherichia coli as expression system. The receptor consists of two 

chains; among them, the A chain consists of 285 amino acids, and the B chain consists of 293 

amino acids. 

2.1.15. 5H8S. 

5H8S is the crystal structure of glutamate and N-methyl-D-aspartate receptors 

complexed with 7-[[ethyl(phenyl)amino]methyl]-2-methyl-[1,3,4]thiadiazolo[3,2-

a]pyrimidin-5-one. Researchers procured the receptor from Homo sapiens with Escherichia 

coli as an expression system. The receptor consists of three chains with 263 amino acids on 

each chain [18]. 
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2.1.16. 5IDE. 

5IDE is the crystal structure of AMPA-type glutamate receptors. Researchers procured 

the receptor from Rattus norvegicus with Homo sapiens as an expression system. The receptor 

consists of four chains; chains A and C consist of 872 amino acids, and chains B and D with 

874 amino acids [19]. 

2.1.17. 3DP4. 

3DP4 is the crystal structure of AMPA-type glutamate receptors complexed with (S)-

Alpha-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid. Researchers procured the 

receptor from Rattus norvegicus with Escherichia coli as an expression system. The receptor 

consists of one chain with 278 amino acids. 

2.1.18. 5VOV. 

5VOV is the crystal structure of AMPA receptors coassembled with transmembrane 

AMPA receptor regulatory proteins. Researchers procured the receptor from Rattus norvegicus 

with Homo sapiens as an expression system. The receptor consists of four chains with 889 

amino acids on each chain [20]. 

2.1.19. 5L1B. 

5L1B is the crystal structure of AMPA subtype ionotropic glutamate receptor. 

Researchers procured the receptor from Rattus norvegicus with Homo sapiens as an expression 

system. The receptor consists of four chains with 803 amino acids on each chain. 

2.1.20. 1BX4. 

1BX4 is the crystal structure of the human adenosine kinase receptor. Researchers 

procured the receptor from Homo sapiens with Escherichia coli as an expression system. The 

receptor consists of one chain with 345 amino acids [21]. 

2.1.21. 6TCA. 

6TCA is the crystal structure of Phosphorylated p38 and MAPKAPK2 receptor 

complexed with L-peptide. Researchers procured the receptor from Homo sapiens with 

Escherichia coli as an expression system. The receptor consists of four chains with 371 amino 

acids on each chain [22]. 

2.1.22. 6UNA.  

6UNA is the crystal structure of the mitogen-activated protein p38 gamma kinase 

receptor. Researchers procured the receptor from Homo sapiens with Escherichia coli as an 

expression system. The receptor consists of two chains with 361 amino acids on each chain 

[23]. 

2.1.23. 4ACC. 

4ACC is a GSK-3β enzyme receptor complexed with 3-amino-6-(4-{[2-

(dimethylamino)ethyl]sulfamoyl}phenyl)-n-pyridin-3-ylpyrazine-2-carboxamide (7YG) as a 
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ligand and dimethylsulfoxide. The researcher isolated the receptor from Homo sapiens with the 

Trichoplusia ni expressing system. Two chains of the receptor comprised 385 amino acids in 

both chains, with 266 molecules of water in chain A and 244 molecules of water in chain B.  

2.1.24. 4ACH. 

4ACH is a GSK-3β enzyme receptor complexed with 3-amino-n-(3-methoxy propyl)-

6-{4-[(4-methyl piperazine-1-yl)sulfonyl]phenyl}pyrazine-2-carboxamide (KDI) as a ligand. 

Scientists isolated the receptor from Homo sapiens with Tri-choplusia ni as an expressing 

system. It had two chains with 465 amino acids [24]. 

2.1.25. 1UV5. 

1UV5 is a GSK-3β enzyme receptor complexed with 6-bromoindirubin-3'-oxime 

(BRW) as a ligand. Researchers screened the receptor from Homo sapiens with Spodoptera 

frugiperda as an expression system [25]. 

2.1.26. 6H0U. 

6H0U is a GSK-3β enzyme receptor complexed with (2{R})-3-[7-azanyl-5-

(cyclohexylamino)-[1,2,4]triazolo[1,5-a][1,3,5]triazin-2-yl]-2-cyano-propanamide (FKB) as 

ligand. Researchers screened the receptor from Homo sapiens with Trichoplusia ni as an 

expression system. It has two chains of 420 amino acids [26]. 

2.1.27. 2V17. 

2V17 is a structure of the complex of antibody MN423 with a fragment of tau protein. 

Researchers screened the receptor from Homo sapiens and Mus musculus. It has two chains 

with 222 and 214 amino acids. 

2.1.28. 6DCA. 

6DCA is a structure Fab/epitope complex of mouse monoclonal antibody 6B2 targeting 

a non-phosphorylated tau epitope. Researchers screened the receptor from Homo sapiens and 

Mus musculus. It has four chains with 218 amino acids on each chain [27]. 

2.1.29. 6DCW. 

6DCW is the crystal structure of the human anti-tau antibody CBTAU-27.1 Fab in 

complex with a human tau peptide. Researchers screened the receptor from Homo sapiens. It 

has two chains with 220 and 231 amino acids [28]. 

2.1.30. 5E2U. 

5E2U is the crystal structure of anti-TAU AT8 FAB in the presence of phosphopeptide. 

Researchers screened the receptor from Mus musculus with Homo sapiens as an expression 

system. It has two chains with 219 and 222 amino acids [29]. 
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2.1.31. 6E4Y. 

6E4Y is the crystal structure of Anti-PCSK9 fab 6E2 bound to the N-terminal peptide 

from PCSK9. Researchers screened the receptor from Mus musculus and Homo sapiens with 

Escherichia coli as an expression system. It has two chains with 224 and 219 amino acids [30]. 

2.1.32. 6VMS. 

6VMS is the crystal structure of a D2 dopamine receptor-G-protein complex in a lipid 

membrane with bromoergocryptine as a ligand. Researchers screened the receptor from Rattus 

norvegicus, Homo sapiens, and Escherichia virus T4 with Spodoptera frugiperda as the 

expression system. It has five chains [31]. 

2.1.33. 1SOA. 

1SOA is the crystal structure of human DJ-1 with sulfinic acid. Researchers screened 

the receptor from Homo sapiens with Escherichia coli BL21(DE3) as an expression system. It 

has one chain with 185 amino acids. 

2.1.34. 4E08. 

4E08 is the crystal structure of Drosophila melanogaster DJ-1beta. Researchers 

screened the receptor from Drosophila melanogaster with Escherichia coli BL21(DE3) as an 

expression system. It has two chains with 190 amino acids on each chain [32]. 

2.1.35. 6AFL. 

6AFL is the crystal structure of DJ-1 with 5-fluoranyl-1-(2-phenylethyl)indole-2,3-

dione as ligand. Researchers screened the receptor from Homo sapiens with Escherichia coli 

BL21(DE3) as an expression system. It has one chain with 189 amino acids. 

2.1.36. 6U9W. 

6U9W is the cryo electron microscopy structure of the ATP-gated rat P2X 

purinoceptor7 ion channel with O-[(R)-[(2S)-2-(hexadecanoyloxy)-3-

(octadecanoyloxy)propoxy](hydroxy)phosphoryl]-D-serine as ligand. Researchers screened 

the receptor from Rattus norvegicus with Homo sapiens as an expression system. It has three 

chains with 609 amino acids on each chain. 

2.1.37. 6U9V. 

6U9V is the cryo electron microscopy structure of the ATP-gated rat P2X 

purinoceptor7 ion channel with O-[(R)-[(2S)-2-(hexadecanoyloxy)-3-

(octadecanoyloxy)propoxy](hydroxy)phosphoryl]-D-serine as ligand. Researchers screened 

the receptor from Rattus norvegicus with Homo sapiens as an expression system. It has three 

chains with 609 amino acids on each chain [33]. 

2.2. Performing protein-protein BLAST in search of similarity. 

In this context, we thoroughly searched various proteins/receptors associated with 

various neurological disorders. In this investigation, 6LU7 and 7NEH were considered as the 
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principal receptors belonging to wild-type and mutant (B.1.1.7) strains of coronavirus. Here, 

(1GOS, 2XFU,2BK3, 1OJA, 2BYB, 3PO7, 1OJD), (4GRB, 3U4U), (5B3J, 5H8N, 5H8Q, 

5H8S), (5IDE, 3DP4, 5VOV, 5L1B), (1BX4), (6TCA, 6UNA), (4ACC, 4ACH, 1UV5,6H0U), 

(2V17, 6DCA, 6DCW, 5E2U,6E4Y), (6VMS, 1SOA, 4E08, 6AFL) and (6U9W, 6U9V) were 

considered for monoamine oxidase, casein kinase-2, N-methyl-D-aspartate, α-amino-3-

hydroxy-5-methyl-4-isoxazolepropionic acid, adenosine kinase, mitogen-activated protein 

kinase, glycogen synthase kinase, Tau protein, Tau/Fab and P2X purinoceptor-7 respectively 

towards neurological disorder related proteins/receptors category. Then, protein-protein 

BLAST (Basic Local Alignment Search Tool) was performed between FASTA sequence 

6LU7, 7NEH, and the abovementioned neurological proteins/receptors [34]. 

2.3. Molecular docking studies between anti-alzheimer’s drugs/anti-Parkinson 

drugs/neuroprotective agents with 6LU7 and 7NEH. 

2.3.1. Selection of ligands.  

Here, we selected twenty-five ligands, i.e., baicalein, baicalein quinone, 

cinnamaldehyde, crystal violet, curcumin, donepezil, galantamine, memantine, methylene 

blue, oleocanthal, rivastigmine, carbidopa, levodopa, and bromoergocryptine associated with 

Alzheimer, Parkinson diseases and neuroprotective agents for molecular docking interaction 

studies with 6LU7 and 7NEH [35-46]. 

2.3.2. Preparation of receptor. 

Here, 6LU7 and 7NEH were considered for coronavirus (wild type and mutant B 1.1.7 

strain) receptors PDB id. The structure of 6LU7 was procured from a protein data bank in PDB 

format. The co-crystallized ligand and water molecules were removed completely before 

interaction. The energy minimization process was performed using the steepest decent method. 

Then, all the polar hydrogens and Gasteiger charges were added to the receptor using 

AUTODOCK Tools 1.5.6 [47]. 

2.3.3. Preparation of ligands. 

All the structures were procured from the PubChem database and saved in PDB format. 

Then, all the polar hydrogens and Gasteiger charges were added to the ligands using 

AUTODOCK Tools 1.5.6 [48]. 

2.3.4 Parameters associated with molecular docking studies. 

Molecular docking studies were performed using AUTODOCK Vina, MGLTools, and 

PyMol software. The grid measurement values of docking performance were as follows: 

6LU7: center_x = (-) 18.407, center_y = 12.577, center_z = 60.161. size_x = 24, size_y = 24, 

size_z = 24, exhaustiveness = 8. GLU 166 was considered a flexible residue. 7NEH:: center_x 

= 1.903, center_y = 72.062, center_z = 16.274. size_x = 24, size_y = 24, size_z = 24, 

exhaustiveness = 8. ASN 343 was considered a flexible residue [49]. 

3. Results and Discussion 

After performing prolonged and tedious sequence-sequence matching analysis (BLAST 

technique) between all the aforementioned receptors related to neurological disorders and 
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6LU7 (wild-type strain of COVID main protease) (Figure 2) [50-52]. The outcomes showed 

that 2V17 (receptor belongs to tau protein and Alzheimer’s disease), 6DCA(antigen-binding 

fragment (Fab)/epitope complex structure related to Alzheimer’s disease), 6DCW (human anti-

tau antibody CB Tau -27.1 Fab in complex related to Alzheimer’s disease), 5E2U (Tau AT8 

FAB associated with aggregation of aggregates of paired helical filaments (PHF- Tau) and 

Alzheimer’s disease), 6VMS (dopaminergic D2 receptor associated with Parkinson disease) 

and 6E4Y (PCSK9 fab 6E2 associated with brain injury and connective tissue insulation) were 

observed with noticeable percent similarities of 34.48%, 34.48%, 42.11%, 47.64%, 52.4% and 

52.4%, respectively (Table 1) [53,54].  

Figure 2. Protein-Protein sequence similarity data between 6LU7 with 2V17, 6DCA, 6DCW, 5E2U, 6E4Y, and 

6VMS. 

Table 1. Percent similarity between coronavirus and neurological disorders-related receptors. 

Principle receptor related to 

coronavirus (PDB id) 

Neurological disorders related receptors 

similar to coronavirus receptor 

Percent similarity between 

the receptors 

6LU7 

2V17 

(Structure of the complex of antibody MN423 

with a fragment of tau protein) 

34.48% 
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Principle receptor related to 

coronavirus (PDB id) 

Neurological disorders related receptors 

similar to coronavirus receptor 

Percent similarity between 

the receptors 

(Crystal structure of COVID-

19 main protease in complex 

with an inhibitor N3) 

6DCA 

(Fab/epitope complex of mouse monoclonal 

antibody 6B2 targeting a non-phosphorylated tau 

epitope) 

34.48% 

6DCW 

(Crystal structure of human anti-tau antibody 

CBTAU-27.1 Fab in complex with a human tau 

peptide) 

42.11% 

5E2U 

(Structure of anti-TAU AT8 FAB in the presence 

of phosphopeptide) 

47.64% 

6VMS 

(Structure of a D2 dopamine receptor-G-protein 

complex in a lipid membrane) 

52.4% 

6E4Y 

(Anti-PCSK9 fab 6E2 bound to the N-terminal 

peptide from PCSK9) 

52.4% 

 

In the case of sequence-sequence matching analysis between all the aforementioned 

receptors related to neurological disorders and 7NEH (SARS-COV-2-B.1.17) (Figure 3). The 

outcomes showed that 2V17 (receptor belongs to tau protein and Alzheimer’s disease), 6DCA 

(antigen-binding fragment (Fab)/epitope complex structure related to Alzheimer’s disease), 

6DCW (human anti-tau antibody CB Tau -27.1 Fab in complex related to Alzheimer’s disease), 

5E2U (Tau AT8 FAB associated with aggregation of aggregates of paired helical filaments 

(PHF- Tau) and Alzheimer’s disease), 6VMS (dopaminergic D2 receptor associated with 

Parkinson disease) and 6E4Y (PCSK9 fab 6E2 associated with brain injury and connective 

tissue insulation) were observed with noticeable percent similarities of 63.96%, 52.27%, 

73.78%, 72.40%, 67.8% and 78.22%, respectively (Table 2) [55-57].  

 

Table 2. Percent similarity between coronavirus mutant strain B 1.1.7 and neurological disorders-related 

receptors. 

Principle receptor related 

to coronavirus (PDB id) 

Neurological disorders related receptors 

similar to coronavirus receptor 

Percent similarity between 

the receptors 

7NEH 

(Crystal structure of the 

receptor binding domain of 

SARS-CoV-2 Spike 

glycoprotein in complex 

with COVOX-269 Fab) 

2V17 

(Structure of the complex of antibody MN423 

with a fragment of tau protein) 

63.96% 

6DCA 

(Fab/epitope complex of mouse monoclonal 

antibody 6B2 targeting a non-phosphorylated 

tau epitope) 

52.27% 

6DCW 

(Crystal structure of human anti-tau antibody 

CBTAU-27.1 Fab in complex with a human tau 

peptide) 

73.78% 

5E2U 

(Structure of anti-TAU AT8 FAB in the 

presence of phosphopeptide) 

72.40% 

6VMS 

(Structure of a D2 dopamine receptor-G-

protein complex in a lipid membrane) 

67.8% 

6E4Y 

(Anti-PCSK9 fab 6E2 bound to the N-terminal 

peptide from PCSK9) 

78.22% 
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Figure 3. Protein-Protein sequence similarity data between 7NEH with 2V17, 6DCA, 6DCW, 5E2U, 6E4Y, and 

6VMS. 

These sequence similarity data revealed that if a patient suffered from any coronavirus 

infection (wild type or mutant), there was a chance for the occurrence of neurological disorders 

associated with PCSK9 fab 6E2 lead brain injury, and connective tissue insulation, tau protein 

accumulation related Alzheimer as well as abnormal dopaminergic D2 receptor linked 

Parkinson disease [58-60]. This information motivated us to go further to perform molecular 

docking interactions between selected neuroprotective agents (mainly used in the treatment of 

Alzheimer's, Parkinson's, brain ischemia [61,62], antiapoptotic behavior related to inhibition 

of caspase-3 enzyme, neuroprotection against age-induced neuronal apoptosis, autoimmune 

central nervous system inflammation) with 6LU7 and 7NEH [63,64]. The outcomes of 

molecular docking studies between selected neuroprotective agents and 6LU7 showed that 

binding energies lie between -10.2 Kcal/Mol and -4.3 Kcal/Mol (Table 3).  

Table 3. Molecular docking interactions between selected neuroprotective agents and 6LU7. 

Ligand Molecule Receptor 
Binding energy 

(Kcal/Mol) 
RMSD values Interactive residues present within 4.0 Ǻ 

Baicalein 6LU7 (-) 7.8 0.00 

GLU 166 2.0 Ǻ, HIS 163 2.5 Ǻ, HIS 163 

2.8 Ǻ, SER 144 2.9 Ǻ, SER 144 3.4 Ǻ, 

SER 144 2.2 Ǻ, LEU 141 3.1 Ǻ, LEU 141 

3.1, GLY 143 2.5 Ǻ,  CYS 145 3.0 Ǻ 

Baicalein quinone 6LU7 (-) 7.7 0.00 

GLU 166 2.1 Ǻ, HIS 163 2.3 Ǻ, HIS 163 

2.4 Ǻ, SER 144 2.9 Ǻ, SER 144 2.2 Ǻ, 

SER 144 3.3 Ǻ, LEU 141 3.1 Ǻ, GLY 143 

2.5 Ǻ 

Cinnamaldehyde 6LU7 (-) 4.3 0.00 

CYS 145 3.2 Ǻ, 

SER 144 3.1 Ǻ, SER 144 2.2 Ǻ, GLY 143 

2.8 Ǻ, LEU 141 2.9 Ǻ 
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Ligand Molecule Receptor 
Binding energy 

(Kcal/Mol) 
RMSD values Interactive residues present within 4.0 Ǻ 

Crystal violet 6LU7 (-) 5.8 0.00 No interactive residues 

Curcumin 6LU7 (-) 6.7 0.00 
LEU 141 3.4 Ǻ, THR 190 3.3 Ǻ, GLU 

166 2.6 Ǻ 

Donepazil 6LU7 (-) 7.7 0.00 No interactive residues 

Galantamine 6LU7 (-) 7.3 0.00 
GLY 143 2.5 Ǻ, GLY 143 2.1 Ǻ, HIS 163 

2.2 Ǻ 

Memantine 6LU7 (-) 5.9 0.00 No interactive residues 

Methylene blue 6LU7 (-) 6.3 0.00 No interactive residues 

Oleocanthal 6LU7 (-) 6.6 0.00 
HIS 164 3.4 Ǻ, HIS 163 2.4 Ǻ, HIS 41 2.8 

Ǻ 

Rivastigmine 6LU7 (-) 5.6 0.00 
GLY 143 2.4 Ǻ, CYS 145 2.2 Ǻ, SER 144 

2.6 Ǻ 

Carbidopa 6LU7 (-) 5.8 0.00 
GLN 189 3.3 Ǻ, LEU 141 3.4 Ǻ, ASN 

142 3.6 Ǻ, HIS 163 2.0 Ǻ 

Levodopa 6LU7 (-) 5.3 0.00 
GLY 143 2.2 Ǻ, GLY 143 2.6 Ǻ, SER 

144 2.1 Ǻ, SER 144 3.2 Ǻ, SER 144 2.9 Ǻ 

Bromoergocryptine 6LU7 (-) 10.2 0.00 
HIS 172 2.2 Ǻ, PRO 168 3.5 Ǻ (Π-Π 

interaction) 

AC-11 6LU7 (-) 5.6 0.00 No interactive residues 

Acetyl-L-carnitine 6LU7 (-) 4.7 0.00 
HIS 163 1.9 Ǻ, CYS 145 2.3 Ǻ, SER 144 

2.2 Ǻ 

Acetylcysteine 6LU7 (-) 4.6 0.00 
GLY 143 2.1 Ǻ, GLY 143 2.7 Ǻ, SER 

144 2.1 Ǻ, CYS 145 2.4 Ǻ 

Alpha-synuclein 6LU7 (-) 8.2 0.00 GLU 166 3.8 Ǻ 

Caffeine 6LU7 (-) 5.1 0.00 GLY 143 2.1 Ǻ, LEU 141 3.3 Ǻ 

Citicoline 6LU7 (-) 7.6 0.00 

GLN 189 3.4 Ǻ, GLU 166 2.8 Ǻ, HIS 163 

2.2 Ǻ, GLY 143 2.1 Ǻ, SER 144 2.8 Ǻ, 

LEU 141 3.0 Ǻ, CYS 145 2.6 Ǻ 

Melatonin 6LU7 (-) 6.1 0.00 No interactive residues 

Minocycline 6LU7 (-) 8.5 0.00 
ASN 142 3.1 Ǻ, LEU 141 3.2 Ǻ, HIS 163 

2.0 Ǻ 

Resveratrol 6LU7 (-) 6.3 0.00 
GLU 166 2.2 Ǻ, HIS 163 2.0 Ǻ, SER 144 

3.2 Ǻ, LEU 141 3.2 Ǻ 

Selegiline 6LU7 (-) 5.0 0.00 No interactive residues 

Sodium 

phenylbutyrate 
6LU7 (-) 5.0 0.00 HIS 163 2.1 Ǻ 

 

In the case of 7NEH, binding energies lie between -8.4 Kcal/Mol and -4.3 Kcal/Mol (Table 4). 

Table 4. Molecular docking interactions between selected neuroprotective agents and 7NEH. 

Ligand Molecule Receptor 
Binding energy 

(Kcal/Mol) 
RMSD values 

Interactive residues present within 

4.0 Ǻ 

Baicalein 7NEH (-) 6.9 0.00 
ARG 346 2.5 Ǻ, ARG 346 2.3 Ǻ, 

THR 345 3.0 Ǻ. 

Baicalein quinone 7NEH (-) 6.7 0.00 
ARG 346 2.4 Ǻ, ARG 346 2.3 Ǻ, 

THR 345 3.0 Ǻ. 

Cinnamaldehyde 7NEH (-) 4.6 0.00 SER 514 2.9 Ǻ, ARG  355 2.5 Ǻ 

Crystal violet 7NEH (-) 5.3 0.00 No Interactive residues 

Curcumin 7NEH (-) 6.2 0.00 

LYS 356 2.2 Ǻ, GLU 340 3.2 Ǻ, SER 

399 3.1 Ǻ, VAL 341 3.3 Ǻ, THR 345 

2.7 Ǻ, THR 345 2.6 Ǻ 

Donepazil 7NEH (-) 6.8 0.00 No Interactive residues 

Galantamine 7NEH (-) 6.4 0.00 ARG 346 2.7 Ǻ, SER 399 2.6 Ǻ 

Memantine 7NEH (-) 6.6 0.00 No Interactive residues 

Methylene blue 7NEH (-) 5.1 0.00 No Interactive residues 

Oleocanthal 7NEH (-) 6.1 0.00 
THR 345 2.2 Ǻ, THR 345 3.2 Ǻ, ALA 

397 3.0 Ǻ, SER 399 3.2 Ǻ 
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Ligand Molecule Receptor 
Binding energy 

(Kcal/Mol) 
RMSD values 

Interactive residues present within 

4.0 Ǻ 

Rivastigmine 7NEH (-) 4.9 0.00 SER 399 3.7 Ǻ 

Carbidopa 7NEH (-) 5.8 0.00 
VAL 341 3.5 Ǻ, SER 399 3.4 Ǻ, SER 

399 2.7 Ǻ, ALA 397 3.2 Ǻ 

Levodopa 7NEH (-) 5.2 0.00 
ARG 355 2.3 Ǻ, ARG 355 2.0 Ǻ, PHE 

464 3.4 Ǻ 

Bromoergocryptine 7NEH (-) 8.4 0.00 TYR 396 2.6 Ǻ, TYR 396 2.7 Ǻ 

AC-11 7NEH (-) 6.8 0.00 ARG 357 2.8 Ǻ 

Acetyl-L-carnitine 7NEH (-) 4.5 0.00 ALA 248 2.1 Ǻ 

Acetylcysteine 7NEH (-) 4.3 0.00 SER 399 2.1 Ǻ, ALA 248 2.5 Ǻ 

Alpha-synuclein 7NEH (-) 7.1 0.00 ASN 354 2.5 Ǻ, ARG 355 2.2 Ǻ 

Caffeine 7NEH (-) 4.9 0.00 SER 399 2.7 Ǻ 

Citicoline 7NEH (-) 6.7 0.00 

GLU 516 3.5 Ǻ, GLU 516 3.6 Ǻ, 

ARG 355 2.6 Ǻ, ARG 355 2.2 Ǻ, 

ARG 355 2.1 Ǻ 

Melatonin 7NEH (-) 5.5 0.00 ASN 354 2.5 Ǻ, SER 399 2.1 Ǻ 

Minocycline 7NEH (-) 7.0 0.00 
ARG 357 2.4 Ǻ, TYR 396 3.2 Ǻ, ASN 

354 2.2 Ǻ, ARG 357 2.0 Ǻ 

Resveratrol 7NEH (-) 6.0 0.00 
THR 345 2.1 Ǻ, THR 345 2.1 Ǻ, ALA 

397 3.5 Ǻ 

Selegiline 7NEH (-) 4.8 0.00 No interactive residues 

Sodium 

phenylbutyrate 
7NEH (-) 5.3 0.00 ARG 355 2.3 Ǻ 

 

Here, we considered interaction within 4Ǻ of the ligand molecule [65,66]. In the case 

of 6LU7, we found that crystal violet, donepezil, memantine, methylene blue, AC-11, 

melatonin, and selegiline were not interactive with any active site amino acids within the 4Ǻ 

range. In the case of 7NEH, crystal violet, donepezil, memantine, methylene blue, and 

selegiline. In the case of 6LU7, the best four docking interactions observed with 

bromoergocryptine -10.2 Kcal/Mol, minocycline - 8.5 Kcal/Mol, alpha-synuclein - 8.2 

Kcal/Mol and baicalein - 7.8 Kcal/Mol (Figure 4).  

 

Figure 4. Molecular docking interaction data between selected neuroprotective agents and 6LU7. 
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The interactive residues of these ligands were HIS 172 2.2 Ǻ, PRO 168 3.5 Ǻ (Π-Π 

interaction) for bromoergocryptine, ASN 142 3.1 Ǻ, LEU 141 3.2 Ǻ, HIS 163 2.0 Ǻ for 

minocycline, GLU 166 3.8 Ǻ for alpha-synuclein and GLU 166 2.0 Ǻ, HIS 163 2.5 Ǻ, HIS 163 

2.8 Ǻ, SER 144 2.9 Ǻ, SER 144 3.4 Ǻ, SER 144 2.2 Ǻ, LEU 141 3.1 Ǻ, LEU 141 3.1, GLY 

143 2.5 Ǻ, CYS 145 3.0 Ǻ for baicalein [67,68]. These data suggested that the aforementioned 

ligands were well docked within the receptor active site as surrounding residues of 6LU7 

(active site) THR 190, GLU 166, GLN 189, ASP 187, HIS 164, PHE 140, CYS 145, GLY 143, 

HIS 172, SER 144, ASN 142, LEU 141, HIS 163, GLN 192 and MET 165 were similar with 

the interactive residues of bromoergocryptine, minocycline, alpha-synuclein and baicalein. In 

the case of 7NEH, the best four docking interactions observed with bromoergocryptine - 8.4 

Kcal/Mol, alpha-synuclein - 7.1 Kcal/Mol, minocycline - 7.0 Kcal/Mol, and baicalein - 6.9 

Kcal/Mol (Figure 5).  

Figure 5. Molecular docking interaction data between selected neuroprotective agents and 7NEH. 

The interactive residues of these ligands were TYR 396 2.6 Ǻ, TYR 396 2.7 Ǻ for 

bromoergocryptine, ASN 354 2.5 Ǻ, ARG 355 2.2 Ǻ for alpha-synuclein, ARG 357 2.4 Ǻ, 

TYR 396 3.2 Ǻ, ASN 354 2.2 Ǻ, ARG 357 2.0 Ǻ for minocycline and ARG 346 2.5 Ǻ, ARG 

346 2.3 Ǻ, THR 345 3.0 Ǻ for baicalein. These data suggested that aforementioned ligands 

were well docked within the receptor active site as surrounding residues of 7NEH (active site) 

ARG 346, THR 345, ARG 355, LYS 356 2.2 Ǻ, GLU 340, SER 399, VAL 341, ALA 397, 

PHE 464 and ASN 354 were similar with the interactive residues of bromoergocryptine, alpha-

synuclein, minocycline and baicalein [69,70]. Among all the neuroprotective agents that 

showed good receptor-ligand interaction, bromoergocryptine was observed to have the best 

interaction with both the receptors (6LU7 and 7NEH) and was fitted with a receptor active site. 
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4. Conclusion 

The sequence similarity data suggested that if a person suffered from coronavirus 

infections, there was a probability for the development of neurological disorders associated 

with PCSK9 fab 6E2 lead brain injury and connective tissue insulation, tau protein 

accumulation related Alzheimer's as well as abnormal dopaminergic D2 receptor linked 

Parkinson disease. In conquering these conditions along with coronavirus infection, 

bromoergocryptine might be the best molecule. So, if we consider bromoergocryptine in for 

treating coronavirus infection, it may act as a good remedy for “Therapy of COVID-19” 

without any neurological disorder. Our data suggest and encourage further in vitro and in vivo 

investigations for repurposing neuroprotective agents therapeutically. 
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