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ABSTRACT 

Alzheimer's disease (AD) is a genetically complicated, heterogeneous neurodegenerative 
disorder that affects the brain's neurons due to the accumulation of plaques formed by an 
amyloid-β peptide. Beta-Secretase 1 (BACE1) is a membrane-associated aspartic 
protease that cleaves the amyloid and is a prime target for developing anti-AD 
pharmaceuticals to reduce the amyloid burden. In this study, the MEGA software was 
used to know the phylogenetic relationship among secretase, and the Modeller tool was 
utilized to generate three-dimensional structures of BACE1. The 3D model was verified 
using PROCHECK, VERIFY 3D, and ERRAT programs, followed by binding site 
prediction by DoGSiteScorer. The model predicted by Modeller in this study showed 
93.5% residues in the most favored regions and 0% of residues in the disallowed regions 
as identified in the Ramachandran plot, which indicates the obtained model's good 
quality. Furthermore, the mode of inhibitions and proving certain drugs' activity can be 
studied with this predicted model using in silico approach as it is the therapeutic target 
for AD. 
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INTRODUCTION 

Alzheimer's disease (AD) is the most common neurodegenerative disorder in the elderly. 

It affects the neurons in the brain due to the accumulation of plaques and tangles formed by the 

amyloid beta-peptide (Aβ) (Hong et al., 2004). AD is a genetically complicated and 

heterogeneous disorder that primarily involves the brain's parts that control thought, memory, 

and language (Braak H & Braak E. 1991; Bertram et al., 2007; Scodellaro and Pin, 2011). The 

symptoms typically start with memory loss and slowly affect other cognitive domains like visual 
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skills, motor skills, executive function, language, and daily activities (McKhann et al., 2011; 

Huang and Mucke, 2012). 

Epidemiological studies predicted that this AD affects more than 35 million people 

worldwide (Querfurth and LaFerla, 2010; Kumar et al., 2015). Furthermore, this incidence will 

rise to 65 million by 2030 and about 115 million in 2050 (Prince et al., 2013; Wimo et al., 2017). 

Despite the recent progress in understanding the pathophysiology and neurobiology of AD, no 

therapeutic strategies can effectively cure or prevent it. Several proteins are responsible for this 

disease condition, but the real causatives are yet to be discovered. Autopsy of the brains of AD 

patients demonstrated an extensive neuronal loss in the brain region that controls cognition and 

memory and the presence of extracellular aggregates of proteinaceous debris, known as "amyloid 

plaques." (Selkoe, D J. 1991; Walsh, D.M., & Selkoe, D, J. 2007). These plaques are composed 

of aggregates of a peptide, known as an amyloid-β peptide. It is generated due to abnormal 

proteolysis of a more significant membrane-embedded protein called amyloid precursor protein 

(APP) (Murphy, M. P., & LeVine, H., 2010). Family history of patients suffering from early-

onset AD reveals that AD is inherited from parents to progeny, indicating the involvement of few 

genetic risk factors in the early-onset form of AD (Mattson, 2004). 

A positive correlation is observed between mutations on chromosome 21 and the 

frequency of early-onset of AD. Mutations on chromosome 21 cause abnormality in amyloid 

precursor protein (APP) processing (Goate, A et al. 1991; Borchelt et al. 1997). Aβ is generated 

due to consecutive proteolysis of APP by two proteases, namely β and γ-secretase. β-Secretase 1 

(BACE1) is a membrane-associated aspartic protease that cleaves the amyloid precursor protein 

(APP) at the N-terminus of the amyloid-beta (Aβ) peptide domain, thereby catalyzing the first 

step in A peptide generation. BACE1 is the key enzyme for producing the causative agent in AD. 

BACE1 is a compact globular protein with the molecular weight of 43722.54 Daltons, and 

isoelectric point (pI) is 5.04, formed by two domains specifically, residues 47-146 and residues 

146-385 (Artimo et al., 2012). It appears to be an important drug target upstream of Aβ 

generation. Therefore, β-Secretase is considered the prime target for developing anti-AD 

pharmaceuticals, and BACE1 inhibitors can reduce the amyloid burden (Selkoe DJ.2001; 

Rochette MJ & Murphy MP 2002).  
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There are several methods like crystallography and nuclear magnetic resonance 

spectroscopy (NMR) to determine protein structure, which is more expensive and tedious than In 

silico methods. On the other hand, homology/comparative modeling is the best method for 

sequences with the highest template similarity to predict the structure and identify errors in the 

structure for further studies like molecular docking and molecular simulations. Hence, this In 

silico study on structural analysis of BACE1 can lay a foundation for drug discovery and provide 

more insights into the molecular mechanisms of AD. 

MATERIALS AND METHODS 

Sequence Analysis and Phylogenetic Studies: The protein sequences of secretase from 

homosapiens were aligned in FASTA format and then analyzed with ClustalW (Thompson et al., 

1994) using MEGA software (Kumar, Stecher, Li, Knyaz, and Tamura 2018). The program was 

then used to calculate the best match for selected sequences; similarities and differences were 

identified by viewing the Cladogram based on the UPGMA (unweighted pair group method with 

arithmetic mean) approach. 

Homology Search: The protein sequence of Beta-secretase 1 (P56817-BACE1_HUMAN) in 

FASTA format was obtained from the UniProtKB (http://www.uniprot.org/). BLASTP (Altshul 

et al., 1990) was used with the default parameters to find suitable templates to identify the most 

appropriate templates based on sequence identity and score for homology modeling of BACE1. 

The homology modeling was carried out using MODELLER (http://www.salilab.org/modeler) 

(Sali and Blundell, 1993), is a computer program that models the three-dimensional (3D) 

structure of proteins and their assemblies by satisfying spatial restraints. The core modeling 

procedure begins with aligning the sequence to be modeled (target) with a related known 3D 

structure (template). Then, the spatial features, such as Cα-Cα distance, hydrogen bonds, and 

main chain and side-chain dihedral angles, are transferred from the templates to the target (Vyas, 

V. K., 2012). 

Validation of Modeled Structure: The 3D model of BACE1 was verified using the 

PROCHECK; VERIFY 3D and ERRAT programs available from the Structural Analysis and 

Verification Server (SAVES) (http://nihserver.mbi.ucla.edu/SAVES). Out of the models 

generated by MODELLER, the one with the best G-score of PROCHECK (Laskoswki et al., 
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1993) to evaluate the quality of the modeled 3D structure of BACE1, and VERIFY3D 

(Eisenberg et al.,1997) was used to check the residue profiles of the obtained 3D models. In 

addition, to assess the stereochemical quality of the 3D models, Quality evaluation of the model 

for the environment profile was also predicted using ERRAT 

(http://nihserver.mbi.ucla.edu/ERRATv2/).  

Binding site Prediction: To find out the binding affinities, the modeled structure of BACE1 

from homosapiens and the default binding sites were predicted by submitting the structure to 

DoGSiteScorer, an active site prediction and analysis server (Andrea Volkamer 2012).  

RESULTS AND DISCUSSION 

Phylogenetic analysis of BACE-1: Evolution is the process where the population is altered with 

respect to time, and these changes in the population can be depicted in a Phylogenetic tree. The 

basic theory behind Phylogenetics is that members of a group share a common evolutionary 

history and are more related to each other than to the other group members. In this research 

study, the hierarchical clustering method indicates and infers that the Cladogram, as shown in 

Figure 1; the Clade of four Secretase sequences found in the Protein Data Bank (PDB) 

(https://www.rcsb.org/)  were selected with its PDB ID's; BACE-1 (6EJ2), BACE-2 (2EWY), 

and gamma-secretase (5A63) from homosapiens respectively. Furthermore, we successfully 

constructed phylogenetic relationships of Secretase sequences and found that the average 

supporting values of nodes on each branch were higher than 50%. However, beta-secretase one 

and beta-secretase two are related, but the gamma-secretase is distinct; Tree shows a high 

similarity between BACE1 and BACE2.  
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Figure 1: The phylogenetic analysis of Secretase proteins from homosapiens: Phylogenetic 

tree of the closest homolog for the protein, Beta-secretase with known 3D structure obtained 

with the BLAST server against PDB. 

Homology modeling and validation of the structure: The structure of BACE1 has been 

determined by using a homology modeling protocol. Based on the maximum identity and high 

score, the results were categorized and showed homology with the BACE-1 in the complex of 

compound #32 from Homo sapiens (PDB code 6UWP) with 99 % identity. This structure was 

selected as a template for further conformational studies by Structural Analysis and Verification 

Server (SAVES) (http://nihserver.mbi.ucla.edu/SAVES). These verification programs rely on the 

Ramachandran plot that determines the quality of the predicted structure by assessing different 

parameters such as lengths, angles, and planarity of the peptide bonds, the geometry of the 

hydrogen bonds, and side-chain conformations of protein structures as a function of atomic 

resolution (Hollingsworth, S. A., & Karplus, P. A. 2010). The model that satisfied all the 

validation criteria based on PROCHECK is presented in the Ramachandran plot (Fig 2 and Table 

1) showed that the Φ/Ψ (Phi/Psi) angles of modeled protein generated from the BACE1 sequence 

were (93.5%) residues are in the most favored regions, 6.5% residues in the additional allowed 

region, 0% residues in generously allowed region, and 0 % residues are in the disallowed region, 

confirming that the predicted model is of good quality. The Verify 3D server indicated that 

97.71% of the residues in modeled structure had an average 3D-1D score > 0.2, thereby verifying 

the model. For the present 3D model, the overall quality factor predicted by the ERRAT server 
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was 85.195. ERRAT is a so-called overall quality factor for nonbonded atomic interactions, with 

higher scores indicating higher quality. The generally accepted range is >50 for a high-quality 

model (Colovos 1993).  

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  Ramachandran plot of modeled protein derived from PROCHECK.  

Table 1: Ramachandran plot statistics of modeled protein. 

 PLOT STATISTICS 
RESIDUES  PERCENTAGE (%) 

Residues in the most favored regions (A, B, L) 93.5 
Residues in additional allowed regions (a, b, l, p]) 6.5 
Residues in generously allowed regions (-a, -b, -l, -p) 0 
Residues in disallowed regions  0 

 

Superimposition of Template and Modeled structures: This work studied the superimposition 

of protein structures at the residue level with dynamically weighted RMSD (root-mean-square 
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deviation). Superimpositions and plots of residue fluctuations of

domains and suggested possible protein motions

positioning a given group of protein structures in three

determined, i.e., protein structure alignment or superimposition

conventional approach to superimposing a group of structures is to translate and rota

structures so that the arithmetic average of the coordinate differences of the corresponding atoms 

in the structures, called the RMSD, is minimized. Here, the best superimposition of the structures 

is obtained when the minimal possible root

measure the similarity of the structures. 

structure with modeled structure and the 

6UWP vs. modeled structure was

 

 

 

 

 

 

 

 

 

 

Figure 3: Regular root mean squares deviation (RMSD) superimposition of 6UWP (Template) 

and modeled structure: The picture shows the superimposition of proteins 6UWP

Modeled protein (green) visualized by Pymol.

Superimpositions and plots of residue fluctuations of proteins identified protein 

possible protein motions. A significant problem in protein modeling is 

a given group of protein structures in three-dimensional space once they are 

determined, i.e., protein structure alignment or superimposition (Wu, D. and Wu, Z.

conventional approach to superimposing a group of structures is to translate and rota

structures so that the arithmetic average of the coordinate differences of the corresponding atoms 

in the structures, called the RMSD, is minimized. Here, the best superimposition of the structures 

is obtained when the minimal possible root-mean-square deviation is reached and is used 

the similarity of the structures. When superimposed and aligned, i.e., the PDB template 

structure with modeled structure and the RMSD was observed (Fig 3). The RMSD value of 

was 0.798 A0. 

Regular root mean squares deviation (RMSD) superimposition of 6UWP (Template) 

and modeled structure: The picture shows the superimposition of proteins 6UWP

Modeled protein (green) visualized by Pymol. 

identified protein 

ant problem in protein modeling is 

dimensional space once they are 

Wu, Z. 2010). A 

conventional approach to superimposing a group of structures is to translate and rotate the 

structures so that the arithmetic average of the coordinate differences of the corresponding atoms 

in the structures, called the RMSD, is minimized. Here, the best superimposition of the structures 

are deviation is reached and is used to 

When superimposed and aligned, i.e., the PDB template 

. The RMSD value of  

Regular root mean squares deviation (RMSD) superimposition of 6UWP (Template) 

and modeled structure: The picture shows the superimposition of proteins 6UWP (red) and 
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Binding site Prediction: The modeled structure submitted to DoGSiteScorer, by default, 

detected two potential pockets on the surface of the modeled protein structure, listed in Table 2. 

These pockets are estimated to be druggable and were used for further docking studies. The 

properties of the searched pockets showed best with pocket two, such as hydrogen bond 

acceptors, hydrogen bond donors, and hydrophobic contacts, respectively. Furthermore, when 

compared with the surface volume ratio, pocket two also showed highest (0.54) than pocket one. 

(Figure 4). Further, as the target is not available for every protein-ligand interaction, using these 

physicochemical properties, the potential binding sites could be identified to analyze molecular 

interaction studies.   

Figure 4: Detection of potential binding pockets in modeled structure by DoGSiteScorer: 

A) Two binding pockets were identified by default B) The geometric and physicochemical 

properties of potential binding pockets. 

CONCLUSION 

In conclusion, the three-dimensional structure of BACE1 was generated, which is helpful 

to study protein-ligand interactions to develop drugs to target AD. The model predicted by 
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Modeller in this study showed 93.5% residues in the most favored regions and 0% of residues in 

the disallowed regions, which indicates the obtained model's good quality. The superimposition 

suggested by the RMSD value may also have the potential to become a starting point for 

researchers when studying protein conformational transformation and molecular dynamic 

simulations. Furthermore, the mode of inhibitions and proving certain drugs' activity can be 

studied with this predicted model using in silico approach as it is the therapeutic target for AD.  
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