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Abstract

Background: Cathepsin B (CatB) is a lysosomal cysteine protease belonging to the papain family, involved in antigen processing during the immune

response, hormone activation, and circulation, as well as in the pathology of chronic inflammatory diseases and cancer. The expression levels of the CatB

enzyme are elevated in numerous tumor cells, serving as both a prognostic and therapeutic marker for various cancers. Considering the specific functional role

of CatB within cancer cells, it is possible to inhibit cancer progression by either reducing the activity of the CatB proteolytic enzyme or enhancing lysosomal

permeability. The alkaloids vincristine and vinblastine have been recognized for their significant contributions to the category of antitumor medications, owing

to their strong anticancer effects, functioning as effective mitotic inhibitors.

Objectives: Investigate the potential of vinblastine and vincristine molecules to function as ligands that interact with the CatB enzyme through the process of

molecular docking.

Methods: In this study, the first two ligands were sourced from the PubChem database. Subsequently, the structure of the CatB enzyme was acquired from the

RCSB Protein Data Bank website. After optimizing the molecular structures, they were saved in PDBQT format, which included the addition of Gasteiger and

Kollman charges to both the ligands and the target enzyme, respectively. Finally, the molecular docking process was carried out using the Melligro Virtual

Docker software, specifically targeting the cavity where the primary ligands bind to the CatB enzyme.

Results: The results obtained from the molecular docking analysis demonstrated that vinblastine can bind to the active site of the CatB enzyme, forming

hydrogen bonds with Met 196. The estimated bond length was 3.16 angstroms. The total energy measured was -218.647 kcal/mol for the MolDock score and

-129.661 kcal/mol for the Rerank score. Vincristine demonstrated significant potential for hydrogen bonding with the Ser 175 residues of both chains A and B. The

scores derived from the docking results suggest that vincristine possesses a relatively strong capacity to bind to this site, with a MolDock score of -184.221

kcal/mol and a Rerank score of -96.239 kcal/mol. Additionally, the positioning of both ligands with the primary ligands of the cathepsin enzyme was compared

using the Discovery Studio software.

Conclusions: Both vincristine and vinblastine demonstrated considerable potential for interacting with the enzyme CatB, which may facilitate additional

research into the in vitro activity of these ligands.
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1. Background

1.1. Cathepsins

Cathepsins are a type of endopeptidase present in the

majority of cells, leading to cell autolysis and the

autodigestion of tissues. They are categorized into
serine (cathepsins A and G), aspartic (cathepsins D and

E), and cysteine cathepsins (cathepsins B, C, F, H, K, L, O,
S, V, W, and X) based on their structural characteristics

and catalytic mechanisms (1-3). Among the various

cathepsins, cathepsin B (CatB) holds significant
relevance due to its critical involvement in numerous

pathologies and carcinogenic processes (2). The CatB is a

lysosomal cysteine protease belonging to the papain

family, which is essential for intracellular protein

catabolism (1, 4, 5). It is produced in the rough
endoplasmic reticulum (RER) as a proenzyme consisting

of 339 amino acids, accompanied by a 17 amino acid

signal peptide. This enzyme plays a crucial role in

degrading excess organelles and proteins within the

acidic environment of lysosomes, thereby facilitating
recycling processes (3, 6). Additionally, it participates in

various physiological functions, including antigen

processing during the immune response, hormone

activation, and the regulation of blood circulation (1, 4,
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7). The CatB is implicated in the pathogenesis of chronic

inflammatory diseases (3,5) and is also associated with

cancer (7, 8). The CatB enzyme exhibits activity outside
the cell in tumors and plasma (1, 4, 6). Cathepsins serve a

dual function in tumor progression, with this process
being contingent upon the equilibrium between

proteases and their inhibitors (5). In numerous tumor

cells, the expression of the enzyme CatB is elevated,
serving as a prognostic and therapeutic marker for

various cancers. Lysosomal cathepsins are frequently
present in cancer cells to meet metabolic demands

linked to heightened invasion and metastasis (1, 5, 8, 9).

The increased expression of CatB in many human

cancers at both the mRNA and protein levels indicates

that this enzyme may possess pro-apoptotic
characteristics (5, 8, 9). The CatB is located on

chromosome 8p22, which is recognized as a tumor
suppressor. Alternative splicing plays a significant role

in the oncogenic potential of CatB (2).

Considering the specific functional role of CatB in

cancer cells, there are presently two methods to directly

or indirectly influence cancer cell death by targeting it:

(A) Inhibition of the proteolytic enzyme CatB's activity.

As CatB is involved in cancer metastasis by modifying

extracellular matrix remodeling and promoting

angiogenesis, its inhibition leads to a decrease in the

migration, invasion, and proliferation of cancer cells.

RNA interference can be employed to inhibit CatB, thus

diminishing the invasion, growth, and angiogenesis of

gliomas (1, 5); (B) Enhanced lysosomal permeability,

which results in the release of CatB into the cytoplasm

and subsequent apoptosis of tumor cells, has been

extensively studied in therapeutic strategies targeting

CatB for various cancer types. Nevertheless, since

increased lysosomal permeability can induce cancer cell

death, potential side effects must be assessed when

utilizing these drugs (1).

The application of CatB inhibitors in vitro has

demonstrated a reduction in both the motility and

invasion of tumor cells. The inhibitors employed

encompass a range of protein inhibitors, some of which

are of endogenous origin and serve as regulators of CatB

activity within the cell, such as cystatins. Conversely,

certain exogenous protein inhibitors have been

extracted from various natural sources. The utilization

of X-ray crystal structures of CatB in complex with these

protein inhibitors has facilitated the design and

synthesis of numerous new small molecular weight

compounds that act as CatB inhibitors. Typically, these

compounds feature an electrophilic moiety that

interacts with CatB (4).

1.2. Vinblastine and Vincristine

The alkaloids vincristine and vinblastine (Figure 1),
both obtained from the Madagascar periwinkle (10), Vinca

rosea L., have secured a significant position within the
antitumor drug category due to their anticancer

properties (11-13). Vincristine and vinblastine function as

inhibitors by attaching to microtubules and the mitotic
spindle during the metaphase stage of the cell cycle (12,

14, 15). Microtubules, which form the cytoskeleton,
consist of dimers of α- and β-tubulin, and are essential

for the transport and positioning of intracellular

organelles, as well as for the separation of chromatids

during anaphase in mitosis (16-18). Both vincristine and

vinblastine are effective mitotic inhibitors, with their

molecular structures differing solely by one carbonyl

group. The primary sites of toxicity for vincristine are

the nervous system, whereas for vinblastine, it is the

hematopoietic system (10, 15). Vinblastine has a methyl

group, while vincristine has a formyl group on the

indole nitrogen of the vinblastine skeleton (10, 13).

Vincristine, a naturally occurring vinca alkaloid,

attaches to the vinca domain within the h-tubulin

subunit, leading to microtubule destabilization at

different concentrations (14, 16, 18, 20). At elevated

concentrations, this results in the total disintegration of

the microtubule network, which in turn facilitates the

formation of the mitotic spindle (16, 18). Vincristine is an

antimitotic medication that has been utilized in the

treatment of cancer for more than 40 years (18, 20).

Studies indicate that both vincristine and vinblastine

lead to significant alterations in the lysosomal

compartment, making cells more susceptible to

lysosomal membrane permeability. This results in an

increase in lysosomal volume and leakage, which

subsequently activates the intrinsic apoptotic pathway.

For instance, in HeLa cervical carcinoma cells,

vincristine induces mitotic arrest and considerable cell

death, initially characterized by an increase in

lysosomal volume, ultimately leading to apoptosis (18,

21). Apoptosis is regarded as the most effective cell death

mechanism for inhibiting tumor growth (16, 18, 21).

2. Objectives

The main aim of this study is to investigate the

potential of vinblastine and vincristine molecules to

function as ligands that attach to the CatB enzyme

through molecular docking, thus offering a further

approach for employing these medications to target

different locations in cancer cells.

3. Methods
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Figure 1. The structure of vincristine (A) and vinblastine (B) (19)

In this research, the Molegro Virtual Docker (MVD)

software version 6 was initially installed on the

Windows operating system. Subsequently, the

structures of Vinblastine and Vincristine, identified by

CID: 13342 and CID: 5978 respectively, were retrieved

from the www.pubchem.ncbi.nlm.nih.gov website in

the form of an SDF file. Both structures were optimized

utilizing the Avogadro software and stored in the Mol2

format. Subsequently, the Gasteiger charge was applied

to these ligands using the AutoDock Tools 1.5.7 software

and saved in PDBQT format. In order to prepare the CatB

molecule for the docking procedure, the PDB structure

was first downloaded from the www.rcsb.org website (ID

= 1gmy). Subsequently, this molecule was imported into

AutoDock Tools, where it was saved as a PDBQT file by

eliminating water molecules, adding polar hydrogens,

and incorporating Kollman charges. Subsequently, these

molecules were imported into the MVD software, and in

the preparation section of the molecule, the option 'if

missing' was chosen. Following the optimization of the

selected peptides by the software, the docking process

for these ligands was conducted at the binding site of

the primary CatB ligands within cavity 998, with

coordinates X = 37.60, Y = 36.70, and Z = 31.82. In the

course of this procedure, the MolDock score (GRID)

mode was chosen, and the MolDock simplex evolution

(SE) algorithm was implemented as well. Subsequently,

the software was instructed to conduct 10 distinct runs

for each ligand at the designated position. Ultimately,

the outcomes of this procedure were assessed (22-24).

4. Results

The active site of the CatB enzyme was determined by

examining the primary ligands that interact with this

enzyme. Among the various sites identified, the cavity

situated between the A and B chains was selected as the

optimal location for the binding of the vinblastine

ligand. The docking analysis performed after the

processing phase demonstrated that vinblastine can

establish hydrogen bonds with the amino acid Met 196,

which is situated on the chain B of the CatB enzyme at

this particular location (Figure 2). In addition, the

software analysis uncovered that the electrostatic

interactions with the residues Glu 255 and Glu 122, also

found in chain B, could play a crucial role in

significantly enhancing the stability of the binding of

this ligand to the enzyme's active site. The total energy

was determined to be -218.647 kcal/mol for the MolDock

score and -129.661 kcal/mol for the Rerank score. These

values indicate a significant affinity of the ligand for

binding at this specific location.

The molecular docking analysis conducted on

vincristine with CatB demonstrated that this ligand

possesses significant potential for interaction with the
enzyme's active site. Specifically, vincristine successfully

established hydrogen bonds with Ser 175 located in both
chain A and chain B of CatB. Furthermore, the ligand

showed the capability to form electrostatic interactions

with Glu residues 245 and 122 in chain A. The calculated
MolDock score for this interaction was -184.221 kcal/mol,

while the Rerank score was -96.239 kcal/mol, indicating
a strong binding affinity. Figure 3 provides a detailed

representation of the steric interaction bonds that are
formed by both the vinblastine and vincristine ligands

as they occupy the active site. This illustration

highlights the spatial arrangements and interactions
that occur between the ligands and the surrounding

molecular environment, emphasizing the significance
of these steric interactions in the binding process.
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Figure 2. Cathepsin B (CatB) enzyme structure and the interaction of vinblastine in the active site with Met 196: Chain A (light sea green), chain B (cornflower blue), and chain C
(grey).

Figure 3. The names of the residues that created the steric interaction bonds are displayed in white, while the residues that established the hydrogen bond are shown in green.
The estimated hydrogen bond length between vincristine and the Ser 175 residue of the B chain is 2.89 angstroms, whereas the bond length with Ser 175 of the A chain was
estimated to be 2.74 angstroms, and the bond length of vinblastine with Met 196 was calculated to be 3.16 angstroms.

After analyzing the results obtained from BIOVIA

Discovery Studio, it was found that both ligands

exhibited a strong capacity to bind in an optimal

disposition at the specific site where CatB ligands

https://brieflands.com/articles/jjcmb-165042
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Figure 4. The positioning of the ligands vinblastine and vincristine within the active site of the enzyme cathepsin B (CatB) is compared to the primary ligands of this enzyme.
The primary ligands of CatB are depicted in green, while vinblastine is represented in red and vincristine in blue.

typically attach (Figure 4). This suggests that these

ligands have the potential to compete with the primary

ligands for binding at this location, possibly occupying

it with greater affinity. As a result, this could impede the

binding of the main ligands to the site, ultimately

disrupting the enzyme's normal function.

5. Discussion

The docking process is regarded as an initial step in

identifying a specific molecule for the exploration of its

potential application in the development of new

pharmaceuticals, due to the method's cost-effectiveness,

speed, and reliability. Consequently, it is advisable for

researchers to first assess the potential of their target

ligand utilizing bioinformatics tools; if the ligand

demonstrates acceptable potential, further

investigation can be conducted in vivo and in vitro in

subsequent phases. In 2020, coinciding with the

coronavirus pandemic, Singh and Florez extracted 1121

ligands from the ZINK and DrugBank databases,

employing bioinformatics tools and molecular docking

to evaluate the potential of these ligands in inhibiting

the main protease enzyme of the coronavirus. Their

findings revealed that Furobinordentatin and

Alstiphyllanine F were among the most promising

ligands, exhibiting favorable binding energy for the

inhibition of this enzyme (25).

Furthermore, in a separate investigation, molecular

docking techniques were utilized to discover an

appropriate molecule that inhibits the coronavirus

protease enzyme, thus identifying a suitable ligand to

target this enzyme. In this research, 1600 approved

drugs from the ZINC database were examined as

potential inhibitors for this enzyme. Ultimately,

velpatasvir, molnupiravir, and Ivermectin were chosen

for additional studies using virtual screening methods

to identify an effective ligand for the treatment of

COVID-19 (26).

5.1. Conclusions

This research has demonstrated that the molecules

vinblastine and vincristine possess significant potential

for targeting the enzyme CatB. Furthermore, these

molecules serve as mitotic inhibitors in cancer cells (27-

29), making them of considerable interest to

researchers in this domain as multi-target drugs. This is

particularly valuable for advancing the development of

therapies that can simultaneously address multiple

targets within cancer cells, thereby reducing the

necessity for additional medications that may lead to

increased side effects for patients. Consequently, it is

advisable for researchers in subsequent phases to

explore the stability of the enzyme-ligand complex and

to employ molecular dynamics to enhance the precision

of experiments conducted on both in vivo and in vitro

grounds.

Ultimately, this study has laid the groundwork for

acquiring new insights into the application of ligands

https://brieflands.com/articles/jjcmb-165042
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such as vinblastine and vincristine, which target tubulin

in cancer, and also have potential for inhibiting other

enzymes with critical roles in cancer progression. The

findings indicate that these ligands may hold

significant promise for consideration within the

pharmaceutical sector.
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