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ABSTRACT

Background: Cathepsin B comprises a group of lysosomal cysteine proteases belonging to

Article info: the Papain family; it has an intracellular function in the process of protein catabolism, antigen

Received: 10 Aug 2019 processing in the immune response, and Alzheimer’s disease. In cancers, cathepsin B interferes
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Accepted: 03 Sep 2019 protease inhibitors expression, and ultimately helps to accelerate metastasis, tumor malignancy,

and reduce immune resistance.
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Methods: In this study, the 3D structure of cathepsin B was constructed using modeler

and Iterative Threading ASSEmbly Refinement (I-TASSER), based on similarity to the
crystallographic model of procathepsin B (1PBH). Then, the predicted cathepsin B model
was evaluated using PROCHECK and PROSA for quality and reliability. Molecular studies
suggested that the amino acids cysteine 108, histidine 189, and histidine 190 form the envelope
of the active site of cathepsin B. The docking studies of cathepsin B was performed with
protease inhibitors cystatin C, E-64 and leupeptin.

Results: The lowest binding energy was related to the cathepsin B-E-64 complex. Accordingly,
it was found that E64 interacts with the amino acid cysteine 108 of the active site of cathepsin B.
Leupeptin made 2 hydrogen bonds with cathepsin B, but none with the active site of cathepsin
amino acids. Cystatin C established a hydrogen bond with the arginine 18 of cathepsin B and
made electrostatic bonds with aspartate 148 of cathepsin B.

Keywords: i Conclusion: Therefore, the bioinformatics and docking studies of cathepsin B with its
Cathepsins, Cysteine, Cysteine | inhibitors could be used as reliable identification, treatment, and alternative methods for
Proteinase Inhibitors i selecting the inhibitors and controllers of cancer progression.
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1. Introduction

athepsin B is a member of Papain family;
with its hydrolase activity as a proprietary
enzyme with a molecular weight of 38
kDa, it is classified as a cysteine protease.
Cathepsin B has V-cleft catalytic active
site surrounded in a cleft by tow domains. Most cathep-
sins have a cysteine residue at their active site that inter-
acts with histidine or aspartate to form a tetrad catalytic
site. The nucleophilic attack is conducted by the sulfur
amino acid agent; cysteine acts as a proton donor at this
step and eventually leads to the cleavage of the peptide
bonds. Cathepsin B has endopeptidase and exopeptidase
activities [1]. Cathepsin B plays an essential role within
the cell, as it helps to renovation proteins, the inflamma-
tory response to antigen, and tissue regeneration. How-
ever, when excreted, it plays a destructive role, like the
Extracellular Matrix (ECM) degradation [2].

The attenuation of the extracellular matrix enhances tu-
mor regeneration, angiogenesis, tumor migration, inva-
sion, and even cancer metastasis. Accordingly, by deter-
mining the serum levels of cathepsins L and B, we could
detect the extent of cancer progression [3]. Cathepsin B,
currently used as a prognostic marker (tumor marker)
for cancer, could be an appropriate target for develop-
ing anticancer medications [4]. Understanding the func-
tional mechanisms and binding sites and investigating
how to inhibit cathepsin B activity using bioinformatics
software is a very viable and justifiable solution in this
respect. Numerous inhibitors for cysteine proteases have
been identified.

Cystatin C is a class of natural cysteine protease inhibi-
tors that decreases its ratio to cathepsin B during cancer;
however, as increases cystatin C expression, it increases
cathepsin B activity inhibition [5, 6]. Increased cystatin
C expression alters the metastatic properties of melano-
cyte cells. It also reduces their mobility and aggression.
For example, the serum levels of cystatin C/cathepsin
B complex in patients with lung cancer are lower than
those of healthy individuals [7]. This is because cathep-
sins also have hydrolase activity similar to cysteine pro-
teases. Besides, they are inhibited by the synthetic inhib-
itors of cysteine proteases. A group of synthetic cysteine
protease inhibitors, like E-64 and leupeptin as epoxide
inhibitors, specifically inhibit cysteine protease activity.
E-64 and leupeptin could inhibit cathepsin B activities
[8, 9]. In this study, using docking studies, we investigat-
ed and compared the interactions between chemical and
natural cysteine protease inhibitors with cathepsin B.
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2. Materials and methods

Initially, online software http://web.expasy.org/prot-
param was used to calculate biochemical properties,
including molecular weight, isoelectric point, instabil-
ity index, aliphatic coefficient, and the net charge of ca-
thepsin B [10]. The peptide signal was calculated by the
online software http://www.cbs.dtu.dk/services/SignalP
[11]. The possibility of disulfide bonding was investi-
gated using http://disulfind.dsi.unifi.it website [12].

Next, Http://www.sbg.bio.ic.ac.uk/pHyre2 was used to
predict the secondary structure of online software [13].
The server was defined by the Self-Optimized Prediction
Method (SOPM). As a result, the increased rate of the
second-order prediction improves based on the amino
acid sequence.

Predicting the active site of the modeled protein was
performed by combining data from two online soft-
ware. Using the online website http://www.sbg.bio.ic.ac.
uk/~3dligandsite/, the amino acids active site of cathep-
sin B were predicted [14]. Cathepsin B binding sites
were also identified using the software https://zhanglab.
ccmb.med.umich.edu/COFACTOR/[15, 16]. Finally, by
comparing the results of both online software, the amino
acids involved in the active site were selected.

Using the Uniprot database, the blast results were
stored at the 95% default similarity between the cathep-
sin B amino acid sequence and the amino acid sequence
of other similar proteins. Then, using the Multiple
Alignment Tool online website www.ebi.ac.uk, based on
CLUSTAL O (1.2.4) algorithm, the conserved sequence
of cathepsin B was evaluated and compared.

Modeller V.9 software was used to create the 3D build-
ing for homology modeling. The crystallographic struc-
ture of cathepsin B is only available as procathepsin;
therefore, the cathepsin amino acid sequence was incor-
porated into the Blast-PDB. The 1G96 crystallographic
Structure that demonstrated the highest similarity and e-
Value to cathepsin B was used for the Three-Dimension-
al (3D) structure of cathepsin B.

The websites http://services.mbi.ucla.edu/PROCHECK
and http://services.mbi.ucla.edu/SAVES were used to veri-
fy the 3D predicted structure [17]. The collected data from
WHAT CHECK, ERRAT, VERIFY 3D, and CRYST1 re-
cord matches were also reviewed. The website https://prosa.
services.came.sbg.ac.at/prosa.pHp was used to determine
the Z-Score point and protein-energy balance [18, 19]. The
Ramachandran plot graph was plotted by the online website
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http://mordred.bioc.cam.ac.uk/~rapper/rampage.pHp [20].
The optimal spatial positioning of the protein was identified
in terms of optimum energy by Chimera [21].

The mol2 structure of E-64 and leupeptin inhibitors
was first obtained by PubChem. Then, the mol2 struc-
ture of E-64 and leupeptin together with the predicted
3-D structure of cathepsin B was corrected in Chimera
for energy. The PDB structure of cathepsin B was imple-
mented in Molegro Virtual Docker (MVD) software. All
water molecules were removed from the PDB structure
of cathepsin B. Nest, polar hydrogen atoms were added
to the structure, and the amount and volume of the com-
ponents were calculated by MVD. After preparing the
cathepsin 3-D structure in the MVD, the cavity confine
was determined.

The closest cavity to the active site of cathepsin B
was selected and the grid size of the docking box was
12x16x10 with a central distance of A 0.32. Docking
was then performed between cathepsin B and E-64, as
well as cathepsin B and leupeptin. At each step, the best
complexes were selected in terms of binding energy. For
protein-protein docking between cathepsin B and cys-
tatin C, all step of cathepsin B preparation for cystatin
C were also performed. Protein-protein docking be-
tween cathepsin B and cysteine C was performed using
the ZDOCK server. H-bond formation was investigated
by LIGPLOT [22].

3. Results

The molecular weight of cathepsin was estimated
to be 37.82 kDa. Cathepsin B has an isoelectric point
(pL: 5.88). The interpretation of cathepsin stability was
determined using the instability index scale of 31.25.
The Grand Average of Hydropathicity (GRAVY) was
equal to -0.394. The aliphatic coefficient of the enzyme
was measured as 64.69. The half-life of this protein in
mammalian cells was estimated to be approximately
30 hours. Cathepsin B had 6 disulfide bonds due to its
amino acid content.

The secondary structure of the protein was predicted
using the SOPMA method. The relevant data revealed
that the second structure of cathepsin B consisted of
24.8% alpha-helix, 16.8% beta-sheet, and 58.4% of the
total random coil/beta-turn (Figure 1).

The multiple alignments of the cathepsin B amino acid
sequence were performed using blast at the UniProt
database. The results of multiple alignments suggested
the conserved regions and cathepsin B active site amino
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acids with similar other proteins. As per Figure 2, the
cysteine 108, histidine 189, and histidine 190 located in
conserved regions were involved in the formation of the
active site of cathepsin B.

The cathepsin B sequence was submitted in BLAST-
PDB and the 1PBH structure was selected as the base
structure of the homology modeling. As shown in Figure
3a, the Z-SCORE point was set at -6.34. In the graph, to
determine the negative energy level of the protein, the
amino acid sequence was considered lower than zero
(Figure 3b). In Figure 3c, the red and blue spots of the
protein indicate high-energy and low-energy areas, re-
spectively. Ramachandran graph analysis relative to the
quality of the predicted model indicated that 82.2% of
amino acids were found in most favored regions, 15.6%
in additional allowed regions, 1.1% in the areas of gen-
erously permitted regions, and only 1.1% were reported
in disallowed regions (Figure 4). VERIFY-3D results for
cathepsin B were found to be above 2 (Figure 5).

The PDB multiple alignments between the predicted
cathepsin B model and the 5 predicted by the I-Tasser
online software at http://ekhidna2.biocenter.helsinki.fi
suggested an acceptable similarity between them (Fig-
ure 6). As per Figure 7, superimposition using Chimera
(RMSD A 2.32) revealed the active site of the cathepsin
B structure consisting of the amino acids Cys 108, His
189, and His 190. By Chimera software, the best spatial
positioning for enzyme optimal energy in the docks was
obtained (Figure 8).

The cathepsin B-E-64 complex indicated that the ni-
trogen atom 4 of the E-64 ligand interacts with oxygen
atom 8 of the cysteine 108 at the active site of cathepsin
B at 2.68 angstroms by the hydrogen bond (Figure 9a).
Additionally, the glutamine 115 of cathepsin B forms
two electrostatic bonds with the nitrogen atom 7 of the
E-64 ligand. Some of the cathepsin B amino acids also
interact with E-64 by the citric bond (Figure 9b). Other
hydrogen bonds between cathepsin B and E-64 are sum-
marized in Table 1. The cathepsin B-leupeptin complex
demonstrated no hydrogen bonding to the active site
amino acids (Figure 10-a), while there was a hydrogen
bond between the nitrogen atom 4 of glycine 60 cathep-
sin B with the oxygen atom 10 of leupeptin. It also re-
vealed a hydrogen bond between the oxygen atom 8 of
the asparagine 151 of cathepsin B and the nitrogen atom
3 of leupeptin ligand (Figure 10-b).

According to Figure 11a, the cathepsin B-cystatin C
complex (25KQIVAGVNY{LDVE35) suggested no
hydrogen bonding to the cathepsin B active site amino
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Table 1. Hydrogen Bond (HB) and Electrostatic Interaction (EI)

Complex Interaction Hydrogen Bond Electrostatic Interaction Distance (A)
Gly 64 H_E-64 0 1.2
Lys 67 H_E-64 0 1.2
Cys 108 0_E-64 N 1.52
Gly 112 N_E-64 N 1.55
Cathepsin B_E-64 Gly 251 O_E-64 N 1.52
Complex Energy (-71 kcal/mol) Ser299 0_E-64 N 1.52
Glu 324 O_E-64 0 1.52
Glu 115 H_E-64 N (2) 1.2
His 278 O_E-64 N 1.2
Ans 16 N_Leu O 1.55
Gly 60 N_Leu O 1.55

Cathepsin B_Leupeptin

Complex Energy (-28 kcal/mol) Thr610_LeuN 1.52
Gly 277 N_Leu O 1.55

Cathepsin B_Cystatine C Arg 18 H_Cys Glu 26 0 (2) 1.52
Complex Energy (-37 kcal/mol) Asp 184.0_Cys Gly 30 N 15
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Figure 1. The second structure of cathepsin B
R "E‘): Alpha-helix, beta-sheet, and beta-turn, respectively.
((5 {I)): The probability of disulfide bond formation.
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Figure 2. The cathepsin B active site amino acids, compared to other similar proteins

The cysteine 108, histidine 189, and histidine 190 amino acids are located in conserved regions. The red circle (*) indicates the
amino acids of the active site.

acids. None of the amino acids active site of cathepsin B tate 148 of cathepsin B formed an electrostatic bonded
hydrogen-bonded with cystatin C; however, the oxygen with the nitrogen atom 6 of glycine 30 of the cystatin C
atom 8 of the arginine 18 of cathepsin B, formed a hy- (Figure 11b).

drogen bond with the oxygen atom 16 of the glutamine

26 of cystatin. Furthermore, the oxygen atom 8 of aspar-
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Figure 3. Predicted modeling homology and the validation of cathepsin B structure Meeal Toxicology & Forensic Medicine

a. The Z-score graph of ProSA; b. Local model quality in this graph, the amino acids are compared to 40 amino acids and 10
amino acids, respectively; if the value is below zero, it indicates the high quality of the predicted model; c. Three-dimensional
structures of proteins energy; the blue areas indicate the low energy level of the predicted model.
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Figure 6. Comparing the predicted 3D structure of cathepsin B by MODELLER with the predicted 3D structure of I-Tasser
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Figure 7. Adaptation the predicted 3D structure of cathepsin B (Amino acid 1 to 339) and the crystallographic 3D structure
of 1PBH (Amino acid 80 to 420) using Superimpose and comparing the positioning of active site amino acids in both models

Yellow color: Cathepsin B predicted 3D structure; Purple color: 1PBH 3D Structure; Red color: Cysteine amino acid, Turquoise
color: Histidine amino acid
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Figure 8. Superimpose shape of cathepsin B predicted 3D structure in the minimized state with its 3D structure

Yellow color: Cathepsin B predicted 3D structure; Turquoise color: Cathepsin B predicted 3D structure in minimized mode
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Figure 9. Cathepsin B _E-64 complex docking results

a. Cathepsin B _E-64 complex; Interaction between the cysteine amino acid 108 active sites of cathepsin B and E-64 Thin red
color: Cysteine amino acid; wide white color: E-64; cross-hatching blue: Hydrogen bond; b. 2D graph of the amino acids in-
volved in the cathepsin B_E-64 complex; Green color: Hydrogen bonded amino acids; Black color: hydrophobic amino acids

with electrostatic and stearic bonds

4. Discussion

Cathepsins are considered as a class of tumor markers.
The extent and location of expression of B and L cathep-
sins in tumors vary with normal tissues [7]. Increased
expression of cathepsin B has been observed in vari-
ous cancers, including breast, colon, stomach, lung, and
prostate types [23]. The imbalance between cathepsins
and their endogenous inhibitors has been implicated in
the processes of cancer formation, tumor invasion, and
metastasis [24]. Various studies have examined the role
of cystatin C as one of the major inhibitors of cathepsins.
For example, the growth of lymph cancer cells in mice
was associated with decreased extracellular cystatin C
content in the tumor and plasma.

Figure 10. Cathepsin B_Leupeptin Complex docking results

Moreover, antitumor drug treatment led to increased
lifespan, reduced tumor size, and increased cystatin C
content in tumor and plasma tissues [25]. Studies have
reported that measuring cystatin C in tumor and plasma
tissues could help predict tumor growth and evaluate the
efficacy of antitumor treatment [26]. In a study, the ef-
fect of cystatin C on papain, cathepsin B, H, and L was
investigated and found to decrease or completely inhibit
their activity [27]. Numerous in vitro studies have been
performed to investigate mechanisms that control and
reduce the expression and inhibition of cathepsin B ac-
tivity [28]. In addition to natural inhibitors, like cystatin
C, chemical inhibitors, such as E-64 and leupeptin, could
also inhibit cathepsin B activity [9, 29]. A study assessed
the inhibition of cathepsin B activity by E-64 induction
[30]. In vitro, leupeptin also reduced the activity of ca-
thepsin B [31, 32]. Yoko Hashimoto identified the vari-

International Journal of
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a. Cathepsin B_Leupeptin Complex; Interaction between glycine 60 and asparagine 151 amino acids of cathepsin B with Leu-
peptin; Thin red color: glycine 60 and asparagine 151 amino acid; wide white color: Leupeptin; cross-hatching blue: Hydrogen
bond; b. 2D graph of the amino acids involved in the cathepsin B_Leupeptin complex; Green color: Hydrogen bonded amino
acids; Black color: hydrophobic amino acids with electrostatic and stearic bonds

Khara A, et al. Modeling and Docking of Cathepsin. IIMTFM. 2020; 10(1):26687.
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Figure 11. Cathepsin B_Leupeptin Complex docking results
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a. Cathepsin B-Cystatin C Complex; Interaction between aspartate 148 of cathepsin B with glycine 30 cystatin C. Thin red
color: aspartate amino acid, wide white color: glycine amino acid, continuous green: electrostatic bond. b) 2D graph of the
amino acids involved in the cathepsin B_ cystatin C complex. Green color: Hydrogen bonded amino acids, Black color: hy-

drophobic amino acids with electrostatic and stearic bonds.

ants of cathepsin L by zymogram using the inhibitory
property of leupeptin [33].

The evaluation and prediction of the activation mech-
anism of cathepsin B inhibitors using bioinformatics
software are among the most accurate and cost-effec-
tive methods in drug design and cancer suppressors.
The in vitro use of inhibitors requires time, cost, and
equipment. In this study, the interaction between ca-
thepsin B and inhibitors was detected using bioinfor-
matics software. First, the 3D modeling of cathepsin B
was performed. Then, the interaction between the pre-
dicted model of cathepsin B with cystatin C, E-64 and
leupeptin were investigated.

Based on bioinformatics databases, cathepsin is a class
of cysteine protease family. Cathepsin B has a domain
with one cysteine amino acid 108 and two histidine ami-
no acids 189 and 190 in the active site; i.e., nucleophilic
attacked by the cysteine amino acid present in the active
site. Bioinformatics studies determined some biochemi-
cal properties of cathepsin B, the presence of signal pep-
tide, and the formation of disulfide bonds. The achieved
instability index was 31.25, i.e., in the range of stable
enzymes with a numerical range of <40. The aliphatic
coefficient of the enzyme, which indicates the volume
occupied by the side chain of amino acids, ALa, Val,
Leu, and Ile, was equal to 64.69.

ProFunc and PSIPRED databases were used to predict
the secondary structure of the protein. The Self-Opti-
mized Prediction Method With Alignment (SOPMA)
analysis results revealed that alpha-helix constituted
the largest amount of cathepsin B secondary structure.
Comparing [-Tasser’s active site prediction with other

cathepsin B was used for molecular modeling and dock-
ing studies.

Since the cathepsin B crystallographic sequence ex-
ists only as procathepsin, modeling was performed from
sequence 1 to 339 of cathepsin B amino acids. Predic-
tive model validation was performed by online software
PROCHECK, PROSA, and GENO3D. The Z-SCORE
point was set at -6.34. The Z-score is used to evaluate the
validity of the modeled protein based on Nuclear Mag-
netic Resonance (NMR) or X-ray methods. The NMR
method is used for the crystallography of proteins with
<200 amino acids, i.e., more accurate than X-ray.

If the Z-Score dot lies in the NMR or X-Ray region, the
simulation accuracy is higher; thus, the simulated model
has the lowest error rate and the highest confidence. Fur-
thermore, in the graph plotted to determine the negative
energy level of the protein if the amino acid sequence is
found to be 10 and 40 less than zero, the low energy level
signifies greater protein stability and the high value of
the simulated 3D data for the protein.

In the Ramachandran graph, amino acids are grouped
according to the Phi (¢) and Psi (y) angles. The final
quality of the predicted model is acceptable, because
generally, 99% of the amino acids are in their proper
place. The VERIFY3D program determines the com-
patibility of the atomic model of cathepsin B predicted
3D with its first amino acid sequence. The compatibility
scores above zero in the VERIFY3D graph are related
to the adaptation degree of the cathepsin B amino acid
sequence in this pattern. The VERIFY3D results for ca-
thepsin B were >2; therefore, the predicted model was
associated with high affinities, compared to the 1BPH

Khara A, et al. Modeling and Docking of Cathepsin. IIMTFM. 2020; 10(1):26687.
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structure. These results indicate that the homology mod-
eling of the predicted cathepsin B structure has been suc-
cessfully accomplished; accordingly, this model is ben-
eficial for applying in docking reviews.

Superimposition using Chimera (RMSD A 2.32) re-
vealed the active site of the cathepsin B structure. Such
structure consisted of the amino acids Cys 108, His 189,
His 190, i.e, very similar to the active site of the proca-
thepsin 1PBH structure (80 to 420 amino acid sequenc-
es); the amino acids were Cys 32, His 112, His 113.
With Chimera software, the best spatial positioning for
optimal enzyme energy in the dock was achieved. This
software calculates and estimates the total energy of the
predicted structure of cathepsin B, making the protein
ideally stable and reducing energy.

Cathepsin B belongs to the cysteine proteases group,
the main characteristic of cysteine proteases being the
presence of cysteine and histidine amino acids in the en-
zyme’s active site. The cysteine amino acid of the active
site in cathepsin B significantly affects the nucleophilic
attack. Thus, it is important to investigate compounds
that could inhibit or interfere with this site’s function.
Therefore, we investigated the interaction of cathepsin
B with cystatin C, as a natural inhibitor, as well as the
interaction of cathepsin B with E-64 and leupeptin, as
synthetic compounds.

Molecular docking studies were used to understand
the protein-ligand and protein-protein interaction in this
study. The docking of the protein-ligand was performed
between the cathepsin’s act ive site, and E-64 and leu-
peptin. Protein-pr otein docking was also established
between cathepsin B and cystatin C. The cystatin PDB
structure was downloaded from the RCSB database, and
initial preparation for docking was performed by MVD.
The structures of E-64 and leupeptin as ligands obtained
from PubChem were also evaluated for energy and sta-
bility and prepared for docking.

Applying E-64 in the in vivo environment is due to its
high permeability to cells and tissues, as well as its low
toxicity. As noted in previous research, E-64, through
its trans-epoxy- succinyl group, forms an irreversible
bond with the cysteine amino thiol group of the active
site of cysteine protease. This process ultimately inhib-
its cathepsin B activity by forming a linkage. Atsushi
Yamamoto implemented a specific method and argued
that E-64 interacts with the cathepsin B active site of the
cysteine 32amino acid [34]. This result, consistent with
that of the present study, demonstrates the interaction of
E-64 with the active site of cathepsin B. Although leu-
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peptin, like E-64, is an epoxide compound, the cathepsin
B-leupeptin complex demonstrated no hydrogen bond in
the active site amino acids.

As per Figure 11a, the cathepsin B-cystatin C complex
(25KQIVAGVNY{L DVE35) revealed no hydrogen
bonding to the active site amino acids. A study explored
the interaction of cathepsin L with a cystatin family. As
a result, it was reported that no hydrogen bonds were es-
tablished between cathepsin L and cystatin C; however,
an electrostatic bond was established between cathepsin
L and cystatin C. We analyzed the results of cathepsin L
docking with the A and B Stefin groups, as well as the
cystatin groups C, D, F, M, E, S, SA and SN.

Accordingly, it was found that the two amino acids of
ANS66 and A SP162 derived from cathepsin L, inter-
acted with all inhibitors in combination [35]. Since the
active site was similar to cathepsin B and L, these results
were consistent with the molecular docking result of our
study. In other words, in our study, an electrostatic bond
was established between the aspartate 148 of cathepsin B
and glycine 30 of cystatin C. These results indicated that
our research using bioinformatics software was largely
consistent with the experimental results.

5. Conclusion

Cathepsin B, as a cysteine protease, plays a highly
beneficial role in the intracellular processes of protein
catabolism; however, under the conditions of cancer, it
plays a very positive role in furthering cancer therapy.
In cancer, cathepsin B negatively affects the metabolic
process of cells by degrading and destroying the ex-
tracellular matrix and stimulates the cancer metastasis
stage. Additionally, by interfering with the body’s im-
mune resistance, it promotes the proper growth of ma-
lignant tumors. As the cancer progresses, cathepsin B
reduces cystatin C expression.

Decreased cystatin C expression level disrupts the bal-
ance of cathepsin B/cystatin C ratio; finally, a decrease
in cystatin C concentration, as a natural inhibitor of cys-
teine proteases, reduces its ability to inhibit cathepsin B
activity. In this study, we could construct the cathepsin
B 3D model and ensure the predicted model’s quality.
After docking cathepsin B with three cysteine protease
inhibitors, it was found that cystatin C forms a strong
electrostatic bond with the aspartate 148 of cathepsin B.
However, the E-64, and leupeptin, as two epoxide inhibi-
tors for cysteine proteases, E-64 could form a hydrogen
bond with the active site cysteine 108 carboxylic group
of cathepsin B. This interaction may reduce the ability
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of the cysteine 108 amino acid sulfur atom to attack the
nucleophilic peptide bond. Therefore, investigating the
interaction by docking in this study could help to select
the type of inhibitor and identify the methods of cancer
control.
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