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Abstract 

Alzheimer’ disease, the primary cause of dementia, is rapidly becoming one of the most expensive, 

burdening, and lethal diseases of the century. The progression of this disease involves the accumulation 

of beta amyloid fragments forming amyloid plaques which disrupts brain function. The HTRA1 protein has 

shown promise in the inhibition of amyloid plaque formation and AD development, with studies of HTRA1 

exhibiting reduced aggregation of beta amyloid plaques and degraded fibrillar tau which contributes to 

Alzheimer’s. Developing a small molecule ligand of HTRA1 could be useful in regulating the progression of 

Alzheimer’s disease. Computational methods are used as a cost effective way for a primary investigation of 

determining potential ligands. HTRA1 was scanned through FPocketWeb, CavityPlus, and PrankWeb for 

potential ligand binding sites, which were found in promising quantities, warranting further investigation 

into molecules that would interact with these binding sites. PocketQuery and ZINCPharmer with HTRA1 

and a peptide (PBD code: 2JOA) were utilized for a pharmacophore based virtual screening to find 20 hit 

compounds fitting five pharmacophore maps. To determine the compound with the most favorable interaction 

with HTRA1, the identified compounds were subject to further screening using SwissDock. The five 

compounds with the lowest Gibbs free energy values and most favorable interactions were inputted into 

SwissADME. This was done to analyze drug likeness properties, which showed promising results for 

three out of five compounds. 
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I. Introduction 

Alzheimer's disease is a neurodegenerative disease that is a growing issue among today’s population. It 

results in the loss of memory, language, problem-solving and other thinking capabilities and is 

considered the main cause of dementia, a general term describing the impairment of brain function [1]. 

About 50 million people have dementia worldwide, and this number is predicted to triple, increasing to 152 

million globally in 2050, as reported by the World Alzheimer Report 2019 [2]. Alzheimer's disease is more 

prevalent in individuals over the age of 65, however, in rare cases of early onset Alzheimer's it can affect 

individuals under 65 [3]. Symptoms are known to worsen over time and eventually interfere with daily tasks 

[3]. While the disease does not directly cause death, it increases the vulnerability of an individual to other 

incidents [3]. The cause of Alzheimer’s disease is widely believed to be a result of a combination of genetic, 

lifestyle and environmental factors that affect the brain over time [4]. Possible risk factors contributing to 

Alzheimer’s disease include increasing age, family history and genetics, cardiovascular diseases, and 

environmental influence such as air pollution[4]. 

 

The development of Alzheimer’s usually begins with damage to the region of the brain that controls 

memory, including the entorhinal cortex and hippocampus [5]. The disease then progresses into the cerebral 

cortex, affecting many behaviors like communication and reasoning [6]. AD eventually reaches and damages 

http://www.questjournals.org/
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other areas of the brain [6]. Recent research on the cause and prevention of Alzheimer’s has been focused 

on the role of amyloid plaques and neurofibrillary tangles that are commonly found in the brain of 

Alzheimer’s patients [7]. Plaques are abnormal clumps and appear to have a toxic effect on neurons and 

to disrupt communication between brain cells [8]. They are made of cellular debris and misfolded α-Synuclein 

(α-syn), a proliferate neural protein which assists in regulation of synaptic function, that becomes β-sheet rich 

amyloid fibrils [9-11]. Neurofibrillary tangles are formed from tau proteins that change shape and 

organize into structures which disrupt the brain transport system and cause damage to cells [8]. The 

presence of the amyloid plaques and neurofibrillary tangles are considered the main indicators of AD. 

 

 
 

Fig.1 Comparison of Healthy Brain and a brain affected by Alzheimer’s. The AD brain has significantly 

more amyloid as a result of the increase in amyloid plaques in the brain [12]. 

 

The Amyloid Hypothesis is a possible explanation for the development of AD. It was previously discovered 

that the beta-amyloid protein is the central component of extracellular amyloid plaques in AD [13]. Since 

then, the Amyloid Hypothesis, believing that the flaws in the processes governing production, accumulation or 

disposal of beta-amyloid is the primary cause of Alzheimer’s, has become a leading theory of AD pathogenesis 

[14]. Over the past decades, targeting beta-amyloid protein has been the focus of developing AD treatment [14]. 

 

Further evidence for this hypothesis comes from genetic studies that have supported the causative role of 

beta-amyloid accumulation in AD pathogenesis [14]. Mutations in the genes APP, presenilin 1 (PSEN1) 

and PSEN2 that increase beta-amyloid formation are shown to promote plaque formation and lead to 

autosomal dominant early-onset familial AD (FAD) [15, 16]. In addition, Down syndrome (DS) patients have 

an extra copy of the APP gene, which leads to most patients exhibiting typical AD neuropathology with 

significant levels of beta-amyloid plaques and tau tangles by age 40 [17-19]. On the other hand, a mutation 

in the APP gene in icelandic populations reduces beta-amyloid production, which is shown to reduce the 

risk of dementia in the population [20]. Both genetic and non-genetic risk factors for late-onset Alzheimer's 

(SAD) have been found to affect beta-amyloid production [14]. Beta-amyloid’s involvement in AD 

progression supports the motivation of Alzheimer research to pursue anti-beta-amyloid therapies. While 

failures have occurred in the targeting of beta-amyloid, recent developments on anti-beta-amyloid therapies 

have shown further progress [14]. Recently, Aducanumab   and   Lecanemab,  both   therapeutics   targeting   

Aβ   aggregation,   obtained FDA-approval [21, 22]. These drugs have seen positive results in slowing the 

progression of AD, displaying promise that targeting amyloid plaques can successfully result in modification of 

disease progression [23]. 
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Fig.2 Illustration of aggregation in the brain from beta-amyloid monomers to form an Amyloid plaque 

[24]. The monomers are shown to be generated from the APP gene, with an extra copy in DS patients causing 

an increase in Amyloid plaques [17-19]. 

 

HTRA1 is a promising target gene for inhibiting amyloid plaque formation and AD development. HTRA1, 

known as high-temperature requirement factor A1 (HTRA1), is a serine protease, an enzyme responsible for 

breaking down other proteins. The protein is ATP-independent with a PDZ domain [25]. HTRA1 and its 

isoforms are found in bacteria, fungi, plants, and animals and function in the stress response by binding from 

its PDZ domain to damaged proteins to break them down [26, 27]. The protein is found throughout the 

extracellular matrix and is found in the cytoplasm and nucleus intracellularly [23, 28]. PDZ domain 

proteins are known to bind to substrates containing β-sheets, which suggests it may bind to β-sheet rich 

amyloid species present in AD [23]. 

 

Other studies support this prediction, suggesting that HTRA1 may be involved in the reduced aggregation of 

beta amyloid plaques, and alterations in HTRA1 activity could impact the buildup of these plaques [23, 29]. 

Amyloid and other misfolded proteins are seen to be highly resistant to degradation and currently without 

therapeutics to remove misfolded proteins; however, HTRA1 was found to degrade amyloid fibril aggregates 

[23, 30] Developing a drug to regulate HTRA1 expression would be beneficial in an attempt to inhibit AD 

development. The goal of this project is to determine small molecule ligands of HTRA1 which can serve as 

the starting point for future development of AD treatment in targeting amyloid plaques. 

 

 

 

2. Materials and Methods 

2.1  Analysi of binding sites in HTRA1: 

In the first experiment, three tools were used to determine viable ligand binding sites on HTRA1, 

including CavityPlus (http://www.pkumdl.cn:8000/cavityplus/index.php#/), FPocketWeb 

(https://durrantlab.pitt.edu/fpocketweb/), and PrankWeb (https://prankweb.cz/). The PDB code 3TJN was 

used in each of these programs. This PDB code is of the unbound protein HTRA1 without additional 

molecules. 

 

2.1.1 CavityPlus 

Using CavityPlus (http://www.pkumdl.cn:8000/cavityplus/index.php#/) and inputting the PDB code 3TJN, 

then selecting chains A, B, and D and pressing “Submit” yields the results. The default settings are kept 

for other parts of the program. Google sheets were used to generate the data table based on the results from 

CavityPlus. 

 

2.1.2 FPocketWeb 

Using FPocketWeb (https://durrantlab.pitt.edu/fpocketweb/) and inputting the PDB code 3TJN, proceed to 

press “Load” then “Start FPocketWeb” which yields the results. Ensure that chains A, B, and D are selected on 

the first page before pressing “Start FPocketWeb.” The default settings are kept for other parts of the program. 

Google sheets were used to generate the data table based on the results from FPocketWeb. 
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2.1.3 PrankWeb 

Using PrankWeb (https://prankweb.cz/) and inputting the PDB code 3TJN, then pressing submit yields the 

results. The default settings are kept for other parts of the program. Google sheets were used to generate the 

data table based on the results from theresultsfrom PrankWeb. 

 

2.2 Pharmacophore map using Pocket Query 

PocketQuery(http://pocketquery.csb.pitt.edu/) was used to generate pharmacophore maps of HTRA1. Entering 

the PDB code 2JOA yielded the results in the data table and figures. Five clusters were selected based on if 

the clusters were chain B and highest score. 

 

2.3 Molecule identification utilizing ZINC Pharmer 

The top five clusters identified by PocketQuery were exported to ZINCPharmer 

(http://zincpharmer.csb.pitt.edu) to produce the results. In clusters two through five, some of the duplicate 

pharmacophore elements were removed to where each cluster had four interactions remaining. This was to 

ensure there was a reliable number of hit molecules below RMSD .4 to conduct further studies. Four 

molecules from each cluster were selected based on the lowest RMSD value by clicking RMSD twice. 

 

2.4 Molecular docking with SwissDock 

The binding ability of the compounds previously identified by ZINCPharmer to HTRA1 was observed 

using SwissDock (http://old.swissdock.ch/docking). HTRA1 (PBD code: 3TJN) was uploaded as the target 

selection. The twenty ZINC codes found previously by ZINCPharmer were inputted for ligand selection. 

Two of the twenty ZINC codes were repeated, resulting in SwissDock being run 18 times. If the ZINC code 

was recognized by SwissDock, the ligand was selected and designated to “Dock selected ligand.” If the 

ZINC code was not recognized by SwissDock, a file of the compound was obtained through OPENBABEL 

(https://www.cheminfo.org/Chemistry/Cheminformatics/FormatConverter/index.html) by converting the ZINC code 

to a SMILE code to a mol2 format, with coordinates in 3D and Add hydrogens selected, and this file was 

then uploaded to SwissDock. A job name and email were entered. “Start Docking” was pressed and the results 

were received by email.  

 

2.5 Drug Likeness prediction by SwissADME 

Drug likeness properties were analyzed by SwissADME (http://www.swissadme.ch/). A SMILE code was 

entered for each of the top 5 compounds identified by SwissDock. The SMILE code was obtained using ZINC 

12 (https://zinc12.docking.org/) by entering ZINC code into the search bar. After the SMILE code was 

inputted, RUN was pressed on default settings. Molecular Weight (g/mol), Num. H-bond acceptors, Num. 

H-bond donors, Log Po/w (iLOGP), Lipinski, Violations, Water Solubility Log S (ESOL) Class, GI 

absorption, and BBB permeant properties were recorded in the data table. 

 

3. Results and Discussion 

3.1 Analysis of potential ligand binding sites 

The first experiment is focused on determining binding sites for small molecules in proteins. This is crucial as the 

availability of such binding sites for small molecules will allow for further studies to identify smaller molecules 

that bind to the protein. From the three programs used to determine binding sites, over fifty possible binding sites 

were found. 

 

3.1.1 CavityPlus 

As a first approach to find such binding sites, CavityPlus is used, which is a geometric based method considering 

the structure of the site to determine a Cavity score for the site [31]. It then utilizes this score to quantitatively 

determine a site's druggability, showing if a site is suitable for binding drug-like molecules [31]. The results of 

CavityPlus predict 23 possible ligand binding sites (Fig.3), with five prospective binding sites having strong and 

medium druggability and drug score. The binding site with the highest drug score (blue) is significantly larger 

than the others with a score of 2768, over two times the second highest drug score. 

http://pocketquery.csb.pitt.edu/)
http://old.swissdock.ch/docking)
http://www.cheminfo.org/Chemistry/Cheminformatics/FormatConverter/index.html)
http://www.swissadme.ch/)
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Fig.3 Generated image of HTRA1 using CavityPlus showing select binding sites (PDB ID: 3TJN). The 

figures show four Strong and one Medium predicted binding sites and are highlighted in green, magenta, pink, 

and blue. 

 

 

Table 1. DrugScore and Druggability of first 10 binding sites by CavityPlus 

 

# ↑↓ DrugScore↑↓ Druggability↑↓ 

1           2768 Strong 

2            1011 Strong 

3           1339 Strong 

4 907 Strong 

5 -842 Weak 

6 153 Medium 

7 -273 Weak 

8 -874 Weak 

9 -563 Weak 

10           -1085 Weak 

 

 

3.1.2 FPocketWeb 

FPocketWeb is a website that runs the program fpocket3 [32]. It is one of the few programs that consider an 

energy-based approach to identify possible ligand binding sites with energetically favorable conditions [33]. This 

program resulted in 43 possible binding sites, with 5 ligand binding sites over .1 druggability. Out of these sites, 

pocket number 43 had the highest druggability, more than two times the druggability of the next highest 

druggability. 
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Fig.4 Illustration of 43 predicted binding sites by FPocketWeb (PDB ID: 3TJN). 
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Fig.5 Image of pocket #29 with the highest druggability score. Generated by FPocketWeb (PDB ID: 3TJN). 

 

 

Table 2. Table of top 5 binding sites on FPocketWeb based on druggability over 0.1 

 

PocketNumber Druggability Score Volume 

29 0.582 -0.017 314.663 

16 0.238 0.046 393.467 

28 0.177 -0.015 481.56 

6 0.114 0.134 321.631 

2 0.107 0.182 690.074 

 

 

3.1.3 PrankWeb 

Prank Web was used to determine potential binding sites. PrankWeb is the online interface for the program 

P2Rank, a machine learning-based method for determining ligand binding sites [34]. It is shown to predict 

novel sites due to its template free method, allowing it to discover new possible protein–ligand complexes 

[35]. Out of the 5 binding sites, there are three prospective binding sites with scores above three. Out of 

these three, the score of the first binding site (red) is significantly higher than the other ones, 13.47 compared 

to 3.7. PrankWeb, FPocketWeb, and CavityPlus all yielded promising results with abundant prospective 

binding sites for further investigation of targeting HTRA1 for inhibiting amyloid production using ligands. 



Targeting Serine Protease High-temperature .. 

DOI: 10.35629/076X-11126580                                 www.questjournals.org                                            72 | Page  

 

 
 

Fig.6 Predicted binding sites of HTRA1 by PrankWeb (PDB ID: 3TJN). Binding sites are highlighted in green, red, 

yellow, dark yellow, and blue. 

 

Table 3. Results of the 5 binding sites found by PrankWeb  

 

Rank Score Probability 

1           13.47        0.706 

2 3.7         0.147 

3 3.51         0.133 

4 1.62         0.025 

5 1.13           0.01 

 

3.2 Virtual Screening 

The second experiment entailed determining suitable small molecules that could bind to HTRA1. The PDB code 

2JOA was used and it consisted of HTRA1 and a peptide. The binding sites of the peptide to HTRA1 were observed 

using PocketQuery and through ZINCPharmer, 20 small molecules were identified as possible ligands.rved using 

PocketQuery and through ZINCPharmer, 20small molecules were identified as possible ligands. 

 

3.2.1 Map using PocketQuery 

Pharmacophore maps were generated using Pocketquery and the five maps with the highest score were selected for 

further analysis. Pocketquery is an online interface that observes the properties of protein–protein interaction (PPI) 

for the purpose of drug discovery [36]. It identifies potential binding sites through a given druggability score [36]. 

The druggability score of the cluster represents its ability to form interactions with a small molecule inhibitor [36]. 

The score is on a scale of 0-1. A score of over 0.85 indicating good druggability and a possible binding site of HTRA1. 

The top 5 clusters with the highest scores all have scores above 0.85, and thus was further investigated using 

ZINCPharmer. Visual illustrations of the clusters and their interactions are shown below (Fig.7). 
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Fig.7 PocketQuery generated Pharmacophore maps of HTRA1 bound to a peptide (PDB ID: 2JOA) 

 

 

 

Table4. Results of the top5 clusters ranked by score(PDBID:2JOA) 

 

Cluster# Score Residue Residue# Size Distance Chain 

1 0.898084 VAL 7 1 0 B 
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3.2.2 Molecule identification 

The top 5 clusters from PocketQuery were exported to ZINC Pharmer. ZINC Pharmer is a web interface that 

identifies purchasable compounds which align with a specific pharmacophore map [37]. ZINCPharmer 

quantifies the alignment between the molecule and the cluster through Root Mean Square Deviation or 

RMSD. Compounds with lower RMSD have a better geometric match to the pharmacophore [37]. 4 

compounds from each cluster were chosen for further investigation based on Root Mean Square Deviation 

or RMSD value. ZINCPharmer includes different conformers when determining possible ligands, resulting 

in two repeat ZINC codes for a total of 18 compounds. 

 

 

 

Cluster 1 molecules 

 

 
 

Cluster 2 molecules 
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Cluster 3 molecules 

 

 
 

Cluster 4 molecules 

 

 
 

Cluster 5 molecules 

 

 
 

Fig.8 20 small molecules identified by ZINCPHarmer. The pharmacophore map interactions are represented 

by Green, hydrophobic, yellow, hydrogen acceptor, and white, hydrogen donor 

 

Table5. Details of the top 4 molecules of each cluster based on RMSD 

 

Cluster# Name RMSD Mass RBnds 

 

 

 

 

              1 

 

 

 

ZINC36533601 0.353 301 5 

ZINC15444140 0.353 301 5 

ZINC15444140 0.353 301 5 

ZINC15444133 0.354 232 5 

 

 

 

 

 

 

2 

ZINC92715070 0.151 295 4 

ZINC93426091 0.215 311 6 

ZINC67363835 0.282 344 5 

ZINC19580940 0.282 419 8 
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3 

ZINC94679710 0.293 288 10 

ZINC85893874 0.304 750 15 

ZINC85444486 0.328 333 12 

ZINC81188012 0.331 319 11 

 

 

 

 

 

 

4 

ZINC94879818 0.147 255 8 

ZINC27928090 0.152 331 8 

ZINC27928791 0.155 303 6 

ZINC75487197 0.158 276 7 

 

 

 

 

 

 

5 

ZINC06681836 0.289 328 7 

ZINC06681836 0.289 328 7 

ZINC34114798 0.297 445 9 

ZINC21992914 0.297 461 10 

 

 

 

 

 

3.3 Molecular Docking 

Molecular docking was used to determine the favorability of the identified compounds from PocketQuery 

as ligands to HTRA1. This was done through SwissDock, a web server that simulates protein ligand 

docking based on the program EADock DSS [38]. The results showed that there were multiple 

locations/pockets where the ligand could bind. There were also multiple conformations that the ligand could be 

presented. The location and conformation could impact the delta g value of the interaction. The lowest 

delta G value considering the location and conformation from each simulated protein-ligand interaction was 

recorded in the table. A lower or more negative delta G value correlates to a more favorable protein ligand 

interaction which means that the ligand has a higher binding ability to the protein. 

 

 

 

 
 

 

ZINC36533601   ZINC15444140  ZINC15444133  ZINC92715070



Targeting Serine Protease High-temperature .. 

DOI: 10.35629/076X-11126580                                 www.questjournals.org                                            77 | Page  

   ZINC92715070 

 

 

 
 

 

ZINC93426091 ZINC67363835 ZINC19580940 ZINC94679710 

 

 

 
 

 

ZINC85893874 ZINC85444486 ZINC81188012 ZINC94879818 

 

 

 
 

 

ZINC27928090 ZINC27928791 ZINC75487197 ZINC06681836 
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ZINC34114798     ZINC21992914 

 

Fig.9 Models of interactions between compounds identified by PocketQuery and binding site of HTRA1 

using SwissDock (PDB ID: 3TJN) 

 

 

Table6. ΔG values of interactions between compounds identified by PocketQuery and binding site of 

HTRA1 using SwissDock comparing binding favorability (PDB ID: 3TJN) 

 

Molecule Numberof bindingsites EstimatedΔG(kcal/mol) 

ZINC36533601 50 -9.64 

ZINC15444140 37 -8.58 

ZINC15444133 48 -9.06 

ZINC92715070 43 -9.37 

ZINC93426091 49 -10.77 

ZINC67363835 48 -7.95 

ZINC19580940 37 -8.16 

ZINC94679710 35 -8.12 

ZINC85893874 31 -8.74 

ZINC85444486 42 -7.98 

ZINC81188012 36 -8.39 

ZINC94879818 40 -7.94 
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ZINC27928090 47 -9.68 

ZINC27928791 40 -8.07 

ZINC75487197 42 -8.62 

ZINC06681836 47 -8.47 

ZINC34114798 39 -10.62 

ZINC21992914 32 -11.13 

 

Out of the 18 hit molecules, the top 5 molecules with the lowest delta g value and the highest binding ability 

had estimated ΔG (kcal/mol) of -11.13, -10.77, -10.62, -9.68, -9.64. The number of possible binding sites was 

shown to have little impact on the estimated ΔG value. 

 

 

Table7. Top 5 molecules with most favorable interactions 

 

Molecule Numberof bindingsites EstimatedΔG(kcal/mol) 

ZINC21992914 32 -11.13 

ZINC93426091 49 -10.77 

ZINC34114798 39 -10.62 

ZINC27928090 47 -9.68 

ZINC36533601 50 -9.64 

 

 

 

 

 

3.4 SwissADME Drug Likeness 

Five selected ligands based on SwissDock were inputted into SwissADME to determine their theoretical 

drug likeness properties for the goal of deciding whether they would be viable small molecule drugs. 

SwissADME (http://www.swissadme.ch/) is a website that takes a SMILE code or drawn chemical structure 

and predicts its physicochemical properties, pharmacokinetics, drug-likeness and medicinal chemistry 

friendliness, estimating the success rate of the molecule as a drug [39]. The results of SwissADME are 

shown in Table 8. Three compounds, ZINC93426091, ZINC27928090, and ZINC36533601, were shown to 

follow Lipinski’s rule. When drugs are taken orally, the drug has to remain in the body in sufficient 

concentration to bind to the target and achieve the desired effect. The drug has to remain in the body   

through the processes of absorption, distribution, metabolism, and excretion. Lipinski’s rule helps to 

predict this, requiring that the number of hydrogen-bond acceptors ≤ 10, number of hydrogen-bond 

donors ≤ 5, molecular weight ≤ 500 g/mol, and a calculated Log P (cLogP) ≤ 5 for sufficient absorption of the 

drug [40]. Interestingly, ZINC21992914 with the lowest change in Gibbs free energy did not follow 

Lipinski’s rule. Water Solubility and GI absorption is also an important factor in predicting drug likeness, 

with the molecule being preferably at least moderately soluble in water and high GI absorption. The five 

compounds all meet the requirement for water solubility. ZINC27928090 and ZINC36533601 seem 

promising, fulfilling the qualifications for a potential drug in Lipinski, water solubility, and GI absorption. In 

addition, both molecules are blood brain barrier (BBB) permeant, which is estimated to appear in only 2% 

of small molecule drugs [41]. This is crucial for potential HTRA1 ligands as the protein resides within 

the BBB. While molecules can be modified to increase BBB permeability, this would shorten the drug 

synthesis process, making these molecules more advantageous. 

http://www.swissadme.ch/)
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Fig.10 Chemical structure of one of the top compounds for drug likeness, ZINC36533601. 

 

 

Table8.SwissADME generated drug likeness properties of the top 5 ligands with the lowest ΔG value 

 

 

 

ZINCID 

Molecula

Weight(g/

mol) 

Num. 

H-

bondacceptor

s 

Num.H-

bonddonors 

LogPo/w(

iLOGP) 

 

 

 

Lipinski 

 

Violati

ns 

WaterSolubilityo 

LogS(ESOL) 

Class 

GI 

absorpto

n 

BBB 

permean

t 

ZINC21992

914 

461.35 12 6 1.98 No 2 Soluble Low No 
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ZINC93426

091 

 

311.4 

 

4 

 

2 

 

1.67 

 

Yes 

 

0 

 

VerySoluble 

 

Low 

 

No 

ZINC34114

798 

 

445.35 

 

11 

 

5 

 

1.86 

 

No 

 

1 

 

Soluble 

 

Low 

 

No 

ZINC27928

090 

 

331.25 

 

2 

 

2 

 

2.6 

 

Yes 

 

0 

 

Soluble 

 

High 

 

Yes 

ZINC36533

601 

 

300.12 

 

4 

 

0 

 

2.25 

 

Yes 

 

0 

 

Soluble 

 

High 

 

Yes 

 

 

 

4. Conclusion 

Alzheimer’s disease is one of the most rapidly expanding diseases, with estimates predicting that the affected 

population will triple to about 152 million people globally with dementia in 2050, with Alzheimer's 

contributing to 60–70% of cases. The major indicators of AD are the formation of amyloid plaques and 

neurofibrillary tangles, which inhibit brain functions. Preventing the build up of amyloid fragments and 

formation of amyloid plaques to inhibit AD development has been the focus of the Amyloid Hypothesis and 

AD drug development in recent years. The HTRA1 protein has shown promise in achieving this goal, 

with studies showing its correlation of reduced amyloid aggregation and its ability to degrade fibrillar tar, 

which is also associated with AD. HTRA1 was first screened for potential binding sites using PrankWeb, 

FPocketWeb, and CavityPlus, with 5 from PrankWeb, 43 from FPocketWeb, and 23 from CavityPlus, with 

more than one binding site from each program showing promising druggability results. Warranting further 

study to identify possible ligands, the second screening involved PocketQuery conducting a 

pharmacophore based virtual screening analyzing the druggability of binding sites of HTRA1 to a protein 

(PBD code: 2JOA). 5 pharmacophores maps with a score of over .85 were then inputted into ZINCPharmer 

generating 20 compounds. SwissDock then determined the gibbs free energy of the identified compounds 

binding to HTRA1, with ZINC21992914, ZINC93426091, ZINC34114798, ZINC27928090, ZINC36533601 

having the lowest gibbs free energy values and most favorable interactions. These compounds were then 

screened by SwissADME, finding that ZINC93426091, ZINC27928090, ZINC36533601 follow Lipinski’s 

rule and show promising drug likeness properties. Interestingly, ZINC21992914 with the most favorable 

interaction did not follow Lipinski’s rule. 

Limitations to this study are that results are theoretically calculated using computer programs and have not 

been verified physically. In addition, the RMSD values for compounds in the first cluster were higher than 

recommended being over 0.35. There has also been a limited quantity of compounds taken from 

ZINCPharmer while there were more molecules that met the above mark due to the limited number of people 

working on this project. This project can be taken further by physical screening of the final compounds, testing 

if they successfully bind to HTRA1 in a real setting. Further objectives if physical screening is successful could 

be testing the small molecule drugs in animal models. 
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