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Identification of phytochemicals as potential inhibitors of 

Candida albicans SAP3: An in-silico approach 

Zain Alhindi 

 

ackground: Candida albicans is a major threat to human health, causing a variety of diseases. Candida 

albicans can overgrow and trigger infections like thrush, diaper rash, and vaginal yeast infections. 

Therefore, finding potential inhibitors of C. albicans from plant sources has become important, recently. 

Methods: This study investigated the interaction of natural compounds (N = 450) from the ZINC database with 

the C. albicans SAP3 protein. PyRx tools were used to conduct molecular docking analyses, which included 

ligand and target receptor preparation, data analysis, and visualization.  

Result: The binding energies between the natural compounds and SAP3 ranged from -8.8 to -7.8 kcal/mol, 

indicating that the interactions were predominantly strong. Among the compounds screened, 

ZINC000252509014, ZINC000252509722, ZINC000253389136, ZINC000251981944, and ZINC000252480871 

were extensively explored in this study because they were found to be the best among others. Furthermore, 

these compounds showed favorable drug-like properties.  

Conclusion: These findings lay the groundwork for future research aimed at developing potent SAP3 inhibitors 

to treat C. albicans infections. 
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Introduction 

Fungal infections kill an estimated 1.6 million people 

each year [1]. Candida albicans, a fungal pathogen, 

causes around 150 million mucosal infections and nearly 

200,000 deaths each year, largely through invasive and 

disseminated illnesses in vulnerable populations. 

Candida infections have an economic impact of around 

$2 billion in healthcare expenditures in the United 

States each year [2], with comparable per capita costs 

found in the European Union. C. albicans is responsible 

for approximately 75% of all Candida infections, making 

it a huge worldwide health concern whose severity is 

increasing.  

C. albicans frequently colonizes humans, with 

estimates indicating that between 20% and 80% of the 

global population is asymptomatically colonized at any 

given moment [3,4], albeit this incidence varies 

depending on host health state and dietary choices [5,6]. 

Colonization can occur at a variety of anatomical 

locations, including the mouth cavity, skin, 

gastrointestinal system, and vaginal mucosa [7,8]. These 

locales expose colonizing fungus to a variety of 

physiological challenges, including variations in pH, 

temperature, and oxygen levels, as well as nutritional 

scarcity and host immunological responses [9-11]. 

Although C. albicans' interactions with its human host 

are mostly commensal, the fungus can transform into an 

opportunistic pathogen, causing an estimated 400,000 

serious bloodstream infections each year [12-14]. C. 
albicans can also cause less severe mucosal infections, 

including oral and vaginal thrush, as well as cutaneous 

infections [1]. Hence, C. albicans is the second most 

common fungal pathogen in people and the leading 

cause of healthcare-associated fungal infections [15]. 

A variety of factors and behaviors have been linked to 

C. albicans pathogenicity [16,17]. Secreted aspartic 

proteinases (SAP) 1-3 have been identified as key 

players in adhesion and tissue damage during local 

infections [18,19]. A full understanding of the SAP 

family's participation in C. albicans pathogenicity has 

been established by determining the involvement of 

distinct SAP variants in mucosal vs systemic infections; 

specifically, SAP 1-3 in mucosal infections and SAP 4-6 

in systemic infections [18]. The diverse role of C. 
albicans SAP in the infection process highlights the 

potential of blocking SAP as a treatment method for a 

wide range of pathogen-caused illnesses [20]. 

Despite advances in basic life sciences and 

biotechnology, drug discovery and development still 

take 15 years and costs US$2 billion for a small-molecule 

drug. Clinical trials are the most expensive part of drug 

development, but discovery and preclinical research 

offer the most time and cost savings [21]. Preclinical 

research accounts for over 43% of pharmaceutical costs, 

with significant public funding, due to high attrition 

rates from target identification to lead optimization to 

clinical candidate selection. The 90% clinical trial failure 

rate is mostly due to early discovery challenges like 

target validation and ligand characteristics [22]. During 

the early stages of drug development, finding faster and 

more accessible methods to find more diverse arrays of 

high-quality chemical probes, hits, and leads with 

optimal ADMET profiles and pharmacokinetics 

properties would improve preclinical and clinical 

outcomes and help develop more efficacious, accessible, 

and safer therapies [21]. Increasing costs and attrition in 

conventional drug discovery and development have 

highlighted the need for computer-aided drug discovery 

methods [23]. This study aimed to find natural SAP3 

inhibitor to combat the C. albicans infections. 

Methods 

Protein preparation 

The crystal structure of SAP3, indicated by the PDB ID: 

2H6T, was obtained from the Protein Data Bank. The 

structure was cleaned in Discovery Studio Visualizer by 

removing molecules of pepstatin A, water molecules, 

and Zn. The cleaned and processed protein structure was 

subsequently saved in the .pdb format for further 

analysis. 

Natural compound library preparation 

A collection of 450 natural substances was compiled for 

this study, which were obtained from the ZINC database. 

The compounds underwent energy minimization 

utilizing the Universal Force Field (UFF) in the PyRx 

program. The compounds were converted to the pdbqt 

format after minimization to aid in further docking 

studies. 

Virtual screening 

Over the past ten years, docking—the main 

computational approach used in virtual screening (VS) 

has been the subject of intensive research and 

widespread use in the drug discovery industry [24]. To 

investigate the possibility of ligand binding in SAP3's 

catalytic pocket, molecular docking studies were carried 

out with the PyRx0.8 tool [25]. These analyses were 

presented in 2D and 3D formats to visualize and 

examine the ligand-protein complex interaction profile. 

The pepstatin has used as the positive control. 

Physicochemical, pharmacokinetics, and drug likeness 

properties estimation  

The SwissADME tool was utilized to assess the 

physicochemical characteristics, pharmacokinetics, and 

drug-likeness of the five intriguing compounds. This 

web-based application allowed for a thorough 

assessment of each compound's feasibility for future 

drug development by analyzing significant variables 
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crucial to their potential effectiveness and safety as 

therapeutic substances.  

Results 

The study aimed to find natural inhibitors of C. albicans 

SAP3 by using computational screening to analyze 450 

compounds from the ZINC database for potential 

inhibitory properties. Redocking analysis was conducted 

on the original PDB structure and ligand to validate the 

docking protocol. The preciseness of the docking 

approach was confirmed by comparing the position of 

the redocked ligand to its initial configuration (Figure 

1). 

 
Figure 1: Docking protocol validation: Comparison of original 
(green) versus redocked ligand (blue) positions in the PDB 
structure, confirming the accuracy of the docking approach. 

After optimizing the docking protocol, virtual 

screening was conducted using the PyRx program. The 

positive control chosen for this study was pepstatin A, 

which is a co-crystal ligand. The top 10 compounds 

identified in the screening process are presented in 

Table 1. 

Molecule name  Binding energy (kcal/mol) 

ZINC000252509014 -8.8 

ZINC000252509722 -8.7 

ZINC000253389136 -8.7 

ZINC000251981944 -8.4 

ZINC000252480871 -8.3 

ZINC000247968735 -8.3 

ZINC000248332069 -8.1 

ZINC000250891340 -8 

ZINC000247647500 -8 

ZINC000247845833 -7.8 

Pepstatin A -7.8 

Table 1: Top 10 hit compounds having higher binding energies 
than the control compound (Pepstatin A).   

Even though several compounds showed comparable 

binding energy and interaction, the top five namely 

ZINC000252509014, ZINC000252509722, 

ZINC000253389136, ZINC000251981944, and 

ZINC000252480871 were extensively explored in this 

study because they were found to be the best among 

others. Figure 2 illustrates that the top five compounds 

and the control compound (blue) are binding in the same 

pocket and share most of the interacting residues of 

SAP3. 

 
Figure 2: Representation of docked poses of the top five hits and 
control compounds. Representation of binding poses in the 
binding pocket of SAP3 (A); and representation of interacting 
residues of SAP3 with the top hits and control (B). 

ZINC000252509014 interacted with Tyr84, Asp32, 

Gly220, Thr221, Val30, Ile123, Thr222, Ser13, Asp120, 

Val12, Asp86, Val119, Gly85, and Asp218 residues of 

SAP3. Among them, Asp32, Thr221, Val30, Ile123, 

Thr222, Ser13, Asp120, Val12, Val119, Gly85, and 

Asp218 residues make Van der Waals interactions with 

ZINC000252509014 (Figure 3A). ZINC000252509722 

interacted with Asn192, Glu193, Leu216, Asp218, Gly85, 

Ile305, Tyr225, Thr221, Gly220, Tyr84, Gly34, Asp32, 

Glu83, Ser35, Ile82, Glu132, Lys129, Asp37, and Ser36 

residues of SAP3 (Figure 3B). ZINC000253389136 

interacted with Tyr303, Glu193, Gly34, Ser35, Asp218, 

Asp32, Ile123, Asp86, Thr88, Tyr84, Val30, Val119, 

Asp120, Gly220, Thr221, Gly85, and Ile305 residues of 

SAP3 (Figure 3C). ZINC000251981944 interacted with 

Tyr303, Glu193, Gly34, Asn192, Thr130, Tyr128, Ser35, 

Glu132, Lys129, Ile82, Ser36, Asp37, Tyr84, Glu83, and 

Gly85 residues of SAP3 (Figure 3D). Further, 

ZINC000252480871 interacted with Glu132, Lys129, 

Gly127, Thr130, Tyr128, Leu216, Asn192, His131, 

Glu193, Gly34, Ile82, Asp37, Ser35, and Ser36 residues 

of SAP3 (Figure 3E). 

 
Figure 3: Interacting residues of SAP3 with the hit compounds 
ZINC000252509014 (A), ZINC000252509722 (B), 
ZINC000253389136 (C), ZINC000251981944 (D), and 
ZINC000252480871 (E). 

A compound must possess favorable physicochemical, 

pharmacokinetic, and drug-likeness properties to be 

deemed a potent drug candidate. In this context, the five 

chosen compounds were evaluated based on various 

parameters.  
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All compounds were found to have favorable 

properties and met the criteria for potential drug 

efficacy based on the assessments (Table 2). 

Discussion 

Currently, the Candida genus has about 150 species, 

with approximately 20 recognized for their 

pathogenicity in humans. Candida albicans is the most 

common cause of candidiasis, a fungal illness that 

affects both adults and children [26,27]. It has been 

established that C. albicans contains genes encoding for 

SAP1 to SAP10 proteins, which are known as classical 

virulence factors and whose expression is modulated by 

a variety of factors such as pH, temperature, infection 

site, and physicochemical environmental conditions 

[20,28]. This work focused on SAP3, one of the SAP 

proteins, because it has previously crystallized with 

pepstatin [18]. The study examined 450 chemicals from 

the ZINC database for putative SAP3 inhibitory action. 

Among these compounds, the top five 

(ZINC000252509014, ZINC000252509722, 

ZINC000253389136, ZINC000251981944, and 

ZINC000252480871) were found to have a high affinity 

for SAP3.  

The minimal binding energy obtained from docking 

simulations can be used to determine the ligand binding 

efficiency to the target protein [29-32]. When compared 

to the positive control, pepstatin, the hit compounds 

(ZINC000252509014, ZINC000252509722, 

ZINC000253389136, ZINC000251981944, and 

ZINC000252480871) show lower binding energies, 

suggesting a robust interaction between the hit 

compounds and SAP3. 

H-bonding has an important role in mediating the 

ligand-protein interactions [33]. The hit compounds 

ZINC000252509014, ZINC000252509722, 

ZINC000252480871, and ZINC000253389136 

demonstrated H-bonding interactions with several SAP3 

protein residues. 

Although antifungal medications with novel 

mechanisms of action are being developed in clinical 

trials, their number is rather modest in comparison to 

therapeutic treatments for other diseases [34]. 

Identification of further preclinical leads is critical, and 

natural product screening plays an important part in this 

effort. Natural products are distinguished by their 

significant structural variety, which allows for study of  

 

 

 

 

 

 

 

 

chemical regions that would be difficult to access only 

through synthetic substances [35,36]. Furthermore, 

natural products have been extensively evaluated for 

their biological functions, with multiple examples of 

approval as medicinal agents, either in their native form 

or as semisynthetic derivatives [37]. 

This study used the in-silico screening strategy to 

investigate the potential of compounds as SAP3 

inhibitors. ZINC000252509014, ZINC000252509722, 

ZINC000252480871, and ZINC000253389136 were 

identified as having a high binding energy to the SAP3 

protein. The favorable interactions observed were 

attributed to Van der Waals and H-bonding interactions. 

Furthermore, these compounds demonstrated 

promising drug-like characteristics. These findings lay 

the groundwork for future experimental research into 

the development of potent SAP3 inhibitors for C. 
albicans infections. 
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