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Abstract: BACE1 is involved in the production of beta-amyloid peptides, and inhibiting its activity 

is a potential therapeutic strategy for managing Alzheimer's disease, as excessive beta-amyloid 

accumulation is a characteristic feature of the disease.Computational results suggest that hypericin 

has the potential to act as an inhibitor of BACE1. The Molecular Docking results indicate a high 

binding affinity between hypericin and BACE1, with a notable binding energy score of -10.3 

kcal/mol. Additionally, the formation of various chemical bonds, including hydrogen bonds and 

hydrophobic bonds, further supports the idea that hypericin may effectively interact with the active 

site of BACE1. It's important to note that while the in silico Molecular Docking results are promising, 

further in vitro and in vivo studies would be necessary to validate and better understand the 

inhibitory potential of hypericin against BACE1. Additionally, the practical application of hypericin 

as a BACE1 inhibitor in a therapeutic context would require careful consideration of factors such as 

bioavailability, safety, and efficacy. 
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1. Introduction 

Beta-secretase 1 (BACE1), also known as beta-site amyloid precursor protein cleavage enzyme 

1, is an enzyme encoded by the BACE1 gene in humans. This enzyme is mainly expressed in neurons. 

Its importance is evident in the formation of myelin sheaths in peripheral nerve cells, with high 

expression during postnatal stages in mice, related to myelination[1-4]. 

The structure of BACE1 is characterized by two aspartate residues in the active site of its 

extracellular protein domain. It can function as a dimer, and its cytoplasmic tail is crucial for proper 

maturation and efficient intracellular trafficking, although it does not directly influence enzymatic 

activity. It is produced as a proenzyme, undergoing endoproteolysis after leaving the endoplasmic 

reticulum and reaching the Golgi apparatus. During this process, the pro-peptide receives additional 

sugars to increase its molecular mass, and the tail becomes palmitoylated[1-4]. 

BACE1 expression is subject to the influence of the inflammatory state. During Alzheimer's 

disease (AD), cytokines downregulate PPAR1, an inhibitor of BACE1 mRNA, thus contributing to 

the regulation of BACE1 expression during inflammatory conditions[1-4].The present study aims to 

investigate this protein with a natural molecule called Hypericin known for its anti-inflammator [5], 

anti-viral and anti-tumor properties [6].Several pharmaceutical companies are studying different 

BACE1 inhibitors [7]. However, the priority need is to discover a natural molecule with low side 

effects that has the ability to behave as a selective inhibitor of this protein, implicated in Alzheimer's 

disease, a progressive and irreversible neurodegenerative disease that affects the brain.  It 

characterized by a gradual loss of memory and cognitive function, Alzheimer's is the most common 

form of dementia [8].The present study is based on computational methods based on Molecular 

Docking[9], a highly precise in-Silico technique that aims to automatically calculate the energetic 

affinities between Hypericin and BACE-1. Furthermore, the amino acids involved in the active site of 

the protein involved with Hypericin are also investigated. 
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2. Material and Methods 

Crystal Structure of  Beta-secretase 1 (BACE-1) was taken from Protein Data Bank and 

Molecular Docking investigation [9] was performed by Mcule Database[10]. Binding site center of  

BACE-1 protein ( PDB Code 3cic) was X( 19,4438), Y( 32,672) Z( 57,4953). Hypericin was taked from 

Drug Bank Database. 

3. Results and Discussion 

This brief communication presents, for the first time, an exploration of the interaction between 

Hypericin and BACE-1. Hypericin, derived from anthraquinone, is naturally found in the yellow 

flowers of Hypericum perforatum (St. John's wort). It demonstrates antidepressant properties, as well 

as potential antiviral, antineoplastic, and immunostimulating activities [5,6].  

The selected approach was Molecular Docking[9], a well-established and potent method 

commonly employed in drug design, typically employed prior to conducting in vitro and in vivo 

studies.  

In Figure 1 below, the outcomes of Molecular Docking and associated characterizations between 

BACE-1 and hypericin are depicted. The results are notably intriguing, revealing a remarkably high 

binding energy affinity of hypericin with the protein, registering a score of -10.3 kcal/mol. This 

suggests that, theoretically, this natural substance can effectively bind to the active site of the protein. 

Furthermore, hypericin seems to establish several chemical bonds with the protein, including 

hydrogen bonds with ASN 237, THR 236, and ARG 239, as well as hydrophobic bonds with ASP 232, 

THR 76, TYR 75, and PHE 112. 

 

Figure 1. displays the docking outcomes of BACE-1 in conjunction with Hypericin within the Ligand 

Binding Site, as analyzed by Autodock Vina through the Mcule Database. On the left side, 2D 

diagrams illustrate the residue interactions between the protein and Hypericin . Meanwhile, the right 

side exhibits the Ligand Binding Site of the protein, highlighting the specific location of Hypericin . 

4. Conclusion 

BACE1's role in beta-amyloid peptide production makes it a target for Alzheimer's disease 

treatment, aiming to mitigate the associated beta-amyloid accumulation. Computational analyses 

suggest hypericin's potential as a BACE1 inhibitor. Molecular Docking reveals a robust binding 

affinity with a significant energy score of -10.3 kcal/mol, supported by the formation of chemical 

bonds (hydrogen and hydrophobic) indicating effective interaction at BACE1's active site. While 
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promising, in silico results require validation through in vitro and in vivo studies to deepen our 

understanding of hypericin's inhibitory capabilities against BACE1. Additionally, practical use as a 

BACE1 inhibitor mandates careful consideration of factors such as bioavailability, safety, and efficacy 

in a therapeutic context. Hypericin's capacity to modulate BACE1 presents a potential avenue for 

Alzheimer's disease intervention, though further research is vital to confirm its efficacy and safety in 

more complex biological settings. 
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