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ABSTRACT 
In silico drug repurposing is a promising methodology to identify novel 
therapeutic applications for existing pharmaceuticals. This study explored 
the potential of eight third-generation cephalosporin antibiotics as matrix 
metalloproteinase-2 (MMP-2) allosteric inhibitors for selective targeting in 
ovarian cancer. MMP-2 is recognized for its pivotal role in tumor 
progression and metastasis, rendering it a compelling target for oncological 
treatment. We assessed the binding affinity and stability of selected 
cephalosporins with MMP-2 using molecular docking and molecular 
dynamics simulations. Our findings indicate that only Cefoperazone 
demonstrates robust binding interactions (∆G -8.1 Kcal/mol) within the 
active site of MMP-2, suggesting its viability as an effective inhibitor. 
Molecular dynamics (MD) simulations using normal mode analysis (NMA) 
further revealed that the Cefoperazone-MMP-2 complex is exceptionally 
stable under virtual physiological conditions. Complex stability was 
supported by a low B-factor and a minimal eigenvalue (1.51×10−4). Elastic 
network model analysis indicated proper molecular mobility close to the 
binding site, with atoms connected by flexible springs. Consequently, these 
findings offer novel insights into cefoperazone as a potential candidate for 
MMP-2 inhibition in the treatment of ovarian cancer. This research 
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validates in silico methodologies for drug repurposing and supports the 
development of targeted therapeutic strategies for ovarian cancer. 
Keywords: antibiotics, cephalosporin, collagenase, MMP-2, ovarian 
cancer, repurposing 

1.INTRODUCTION 
Ovarian cancer (OC) is the third most prevalent and deadly cancer of 

the female reproductive system [1]. Extracellular cell matrix (ECM) 
degradation, predominantly performed by Matrix Metalloproteinases 
(MMPs), namely, matrix metalloproteinase 2 (MMP-2), is one of the most 
popular causes of the invasiveness and metastasis of ovarian cancer [2].  

MMP-2, a zinc-dependent endopeptidase, that degrades type IV and V 
collagen in the extracellular scaffold, is crucial in cancer progression [3]. 
Overexpression of MMP-2 in advanced-stage ovarian cancer is associated 
with adverse prognosis [4, 5], especially in stimulating angiogenesis and 
metastasis of malignancy cells. Therefore, MMP-2 inhibition acts as an 
attractive therapeutic option in ovarian cancer.  

Computational techniques, such as drug repurposing and molecular 
docking, have dramatically transformed the roles of discovering inhibitors 
for MMP-2 as they provide considerable benefits compared with 
conventional drug discovery [6, 7]. These computational methods allow 
scientists to quickly scan through large databases of chemicals, significantly 
reducing the expenses and risks of conventional methodology and verifying 
the stage of drug development by pointing at early stages to preclinical and 
clinical trials [8, 9]. Molecular docking and virtual screening offer insights 
into interactions between the drug and target in detail, allowing the 
prediction of binding affinity, and optimizing baseline compounds before 
being tested [10]. In addition to speeding up the drug development process, 
this focused strategy raises the possibility of finding interesting candidates 
with higher efficacy and specificity.  

It has been demonstrated that antibiotics prevent cancer development 
and induce apoptosis [11]. Various antibiotics have been investigated as 
potential treatment of cancer such as anthracyclines, mitomycin, bleomycin, 
actinomycin, and guanorycin [12]. Previous research has demonstrated the 
potential of cephalosporins in cancer therapy by sensitizing cells to 
cisplatin, activating the p53 pathway, and upregulating the expression of 
genes linked to apoptosis, such as HMOX1 and THBS1, in malignancies 
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such as liver and nasopharyngeal carcinoma [13, 14]. 
Recent years have highlighted the potential use of antibiotics as MMP 

inhibitors within the scientific community. Varghese et al. [15] successfully 
employed these methods to investigate tetracycline compounds, such as 
eravacycline, as potential MMP inhibitors, proving the strength of in silico 
methods to study other new and repurposed drugs. Molecular docking and 
virtual screening studies also identified numerous possible ovarian cancer 
treatment agents by showing a promising level of binding to MMP-2 [16]. 
Therefore, through a combination of computational predictions and 
experimental interactions, investigators can find quicker ways to better 
chart out an increasingly complex territory of MMP-2 inhibition, which 
could reasonably give way to more practical therapeutic approaches to 
MMP-2-related diseases.  

The present study contributes to the field of ovarian cancer treatment by 
exploring the repurposing potential of cephalosporins as possible allosteric 
inhibitors of matrix metalloproteinases (MMP-2), with noncatalytic regions 
targeted to enhance the specificity of the inhibitors. By systematically 
analyzing the binding affinities of eight cephalosporin molecules against 
MMP-2, this study not only identifies potentially effective drug candidates 
but also lays the foundation for new cost-efficient management approaches 
that can significantly transform the management of ovarian cancer and its 
outcome in patients. 

2.MATERIALS AND METHODS 
2.1.Protein Sequence Retrieval 

UniProt, a leading resource for protein sequences and functional 
annotation (https://www.uniprot.org/), was used to retrieve the MMP-2 
protein FASTA sequence with UniProt ID P08253.  

2.2.Physiochemical Properties 
To determine the physiochemical properties of the selected protein, The 

ExPASy (Expert Protein Analysis) bioinformatics resource portal, 
established by the Swiss Institute of Bioinformatics. The ExPASy (Expert 
Protein Analysis) ProtParam tool was used to determine the 
physicochemical properties of the selected protein [17]. 
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2.3.Secondary Structure Prediction 
PSIPRED database was used for the secondary structure prediction of 

the desired protein (http://bioinf.cs.ucl.ac.uk/psipred/). It is based upon 
information of the evolutionary related proteins that predict secondary 
structure of a novel amino acid sequence. A machine learning algorithm has 
been used to discover similar sequences and to create a position-specific 
scoring matrix that is then further refined by use of an artificial neural 
network that has been developed and trained to predict the secondary 
structure of the query sequence.  

2.4.Tertiary Structure Retrieval  
PDB (Protein Data Bank) database was used to retrieve the tertiary 

structure of human MMP-2 (PDB ID: 1RTG) (https://www.rcsb.org/) which 
is hemopexin like regulatory domain lacking Zn+2 ion catalytic region. This 
database is home to the three-dimensional structural information of 
biological molecules like proteins and nucleic acids that have been 
deposited by biologists using experimental techniques like cryo-electron 
microscopy, NMR spectroscopy, and X-ray crystallography. 

2.5.Refinement of the Protein Model 
ERRAT, a web-based tool, was used to assess the accuracy of protein 

structure derived from crystallography [18]. Further, Galaxy refine 
webserver (https://galaxy.seoklab.org/cgi-bin/submit.cgi?type=REFINE) 
was employed to achieve refined 3D structure of MMP-2 protein. 

2.6.Verification of 3D Structure 
The two-dimensional plot was generated through Ramachandran plot 

(https://swift.cmbi.umcn.nl/servers/html/ramaplot.html), a tool used to 
verify the protein structure. It displays the result in a chart form with torsion 
angles calculated of the protein with the values taken on the x-axis and the 
y-axis.  

2.7.Ligand Retrieval  
The structure of eight cephalosporins used as inhibitors against the 

target MMP-2 was retrieved from the PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/) (Table 1).  

 

http://bioinf.cs.ucl.ac.uk/psipred/
https://www.rcsb.org/
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Table 1. Cephalosporins with PubChem IDs selected as Ligands 

S no. Ligand Name PubChem ID 
1 Cefixime 5362065 
2 Cefditoren 9870843 
3 Ceftibuten 5282242 
4 Cefoperazone 44187 
5 Ceftazidime 5481173 
6 Cefpodoxime 6335986 
7 Cefotaxime 5742673 
8 Ceftizoxime 6533629 

2.8.Drug Interaction Analysis 
Molecular docking was performed using AutoDock Vina. The possible 

inhibitors (Table 1) were screened against the target MMP-2 protein. 
Analysis was done on basis of interaction between potential inhibitors and 
the target MMP-2 protein's binding site. After being extracted from the 
PDB, the MMP-2 structure underwent preprocessing to exclude ligand 
molecules and water. The appropriate charges were assigned to the target 
protein. Ligand structures were prepared by removing unnecessary 
molecules and adding polar hydrogens after being downloaded from 
PubChem. These ligands were energy-minimized and converted into the 
PDBQT format with flexible torsional bonds. A docking grid of 30x, 30y, 
30z Å was centered on the active site, covering key catalytic sites. The 
exhaustiveness level of 20 was selected to improve docking accuracy. The 
docked results were evaluated based on binding affinity (kcal/mol) and 
interface contacts, including hydrogen bonds, salt bridges, and hydrophobic 
interactions. High-affinity compounds were selected for further validation 
through molecular dynamics simulations [19]. 

2.9.iMODS 
iMODS (https://imods.iqf.csic.es/) server was used for molecular 

dynamics simulations which significantly reduces computational costs 
while providing details about molecular motion. The method computes 
normal modes in provided structure using internal parameters, which 
include torsion angles, to represent the aggregate functional motions of 
biological macromolecules [20].  
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3.RESULTS 
3.1.Sequence Retrieval and Protein Analysis 

The protein sequence of MMP-2 was retrieved from database UniProt 
with UniProt ID: P08253 in FASTA format. The three-dimensional 
structure of C terminal hemopexin like regulatory domain of MMP-2 was 
obtained from Protein Data Bank (PDB) with PDB ID: 1RTG having 
resolution of 2.60 Å, which was used for further analysis and was visualized 
using discovery studio as shown in Figure 1 to examine its overall structure 
indicating coils, beta sheets and alpha-helix.  

 
Figure 1.  3D Structure of Hemopexin Like Domain of MMP-2 (PDB ID: 
1RTG) Illustrating Coils, Sheets and Helix Region 

3.2.Analysis of Physiochemical Properties 
To analyze physiochemical properties of MMP-2, the ExPASy 

ProtParam tool was used. This analysis provided key insights into the 
stability, solubility and characteristics of protein. It showed that hemopexin 
like domain of MMP-2 protein comprised of 210 amino acids. The 
instability index was 19.17, indicating that MMP-2 protein is stable as the 
score less than 40 indicates protein stability. The MMP-2 protein appeared 
to be hydrophilic based on a negative ground average hydrophobicity gravy 
coefficient. The protein's pH was represented by the Pi value of 6.81; a value 
less than 7 suggested that the protein was moderately acidic, which may 
affect how the protein interacts with the body. The half-life of 20 h 
suggested that the MMP-2 had moderate stability in a cellular environment 
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as shown in Table 2.   
Table 2. The Physiochemical Properties of MMP-2 Protein Obtained 
Through ExPASy ProtParam 

S.no Instability 
index 

Gravy 
Value Pi value Extinction 

coefficient Half life 

1 19.17 -0.305 6.81 51910 20 hours 

3.3.Secondary Structure Prediction 
By utilizing PSIPRED, the secondary structure of the MMP-2 protein 

was predicted. Alpha helices and beta sheets were distributed throughout 
the MMP-2 protein, as seen in Figure 2. Pink region represented 14 residues 
of alpha helix, 75 residues of yellow region indicated beta sheets, and the 
rest of the grey part depicted the loop and coil region. Overall results 
indicated the uniform distribution of alpha and beta helix making it a well-
defined functional protein.  

 
Figure 2. Secondary Structure of MMP-2 Obtained Through PSIPRED 

3.4. Analysis of Protein Quality 
The ERRAT tool was used to evaluate the overall quality of MMP-2 

protein providing an overall quality factor of 86.772 (Figure 3). The analysis 
indicated that the overall structure was suitable for docking but 
improvement in certain regions was required, as an ERRAT value of 90 or 
higher was regarded as an acceptable result.  
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Figure 3. Results obtained through ERRAT 

The Y axis represents the error rate, and the X axis represents the 
sequence position. Red bars indicate residues where error exceed 99% 
confidence, yellow bar indicates residues exceeding 95% confidence and 
white and grey bar represents region with acceptable limits. 

3.5.Refinement of the Protein 
To increase protein quality, Galaxy Refine tool was used. The tool 

worked by enhancing backbone flexibility, optimizing side-chain and 
minimizing steric clashes. The obtained 97.5 Rama favored value 
confirmed that the protein had strong geometry leading to more reliable and 
accurate structure for molecular docking as shown in Table 3. 
Table 3. Galaxy Refine Index of MMP-2  

Model GDT-
HA RMSD Mol 

Probity 
Clash 
score 

Poor 
rotamers 

Rama 
favored 

MODEL 
1 0.9692 0.387 1.713 12.7 0.0 97.5 

After refining the structure of MMP-2 protein, the ERRAT score was 
checked again, increasing the overall quality factor from 86.772 to 94.086, 
indicating that the protein was now more stable as the ERRAT score was 
above 90. The result (Figure 4) showed that the refined structure was of 
higher quality compared to the initial model shown in Figure 3. 
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Figure 4. ERRAT results after refining the protein 

3.6. Ramachandran Plot 
To evaluate the allowed zones of phi and psi dihedral angles in protein 

structure, a Ramachandran plot was constructed. The analysis revealed that 
92.9% of protein residues were in most favorable region, while 5.9% and 
1.2% were in generously allowed region, and 0% residue was in disallowed 
region demonstrating an excellent structural geometry (Figure 5). 

 
Figure 5. The Ramachandran Plot Findings Reveal That the Most 
Favorable Zone Contains 92.9% of the Residues 
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3.7.Binding Affinity of the Cephalosporins to MMP-2 
Among the eight cephalosporins evaluated, Cefoperazone exhibited the 

robust molecular interactions with the MMP-2 protein. The most significant 
binding affinity recorded was −8.1 Kcal/mol for cefoperazone in relation to 
MMP-2. In contrast, the remaining ligand molecules demonstrated 
comparatively lower binding affinities, ranging from −5.3 to −6.9 Kcal/mol, 
as presented in Table 4. The amino acids LYS 489, GLY 634, ARG 567 and 
LYS 519 contributed in the hydrogen bonding between cefoperazone and 
MMP-2 as elaborated in Table 5. 3D and 2D representations illustrating the 
molecular interactions of cefoperazone with MMP-2 are demonstrated in 
Figure 6 A and B, respectively.  

 
Figure 6. Interaction of Cefoperazone with MMP-2. (A) Cefoperazone 
(Ligand; Ball and Stick Form) Interacting with MMP-2 (Surface Form). (B) 
2D Image Shows Hydrogen Bonds and Hydrophobic Interactions between 
Cefoperazone and MMP-2. Weak Hydrogen Bond: (Light Blue Lines), 
Strong Hydrogen Bond (Dark Blue Lines), Cation Pi Interaction (Orange 
Line) and Hydrophobic Contact (Grey Line) 
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Table 4. Interaction Energies of Selected Ligands with MMP-2 

S no. Ligand Name Interactions Energies 
(Kcal/mol) 

1 Cefoperazone -8.1 
2 Cefixime -6.9 
3 Ceftazidime -6.4 
4 Ceftizoxime -6.4 
5 Cefditoren -6.3 
6 Ceftibuten -6.0 
7 Cefpodoxime -5.9 
8 Cefotaxime -5.3 

Table 5. MMP-2 Amino Acids Involved in Different Types of Interactions 
with Cefoperazone  

Type of interactions Amino acids 
Weak Hydrogen bond LYS 489, GLY 634 
Strong hydrogen bond ARG 567, LYS 519 
Cation pi interaction LYS 489, ARG 564 
Hydrophobic contact LYS 633 

3.8. Molecular Dynamic Simulations 
In biological macromolecules, flexibility is a crucial property for 

mediating protein–ligand interactions or for facilitating interactions with 
substrates. Therefore, iMODS used NMA to calculate molecular motion 
and geometric flexibility, and then integrated this information with the 
docked complex coordinates. The output generated by the server illustrated 
that the deformability of the complex was primarily influenced by the 
individual distortions of each residue, which were depicted through hinges 
(highest green peaks) along the chain (Fig. 7A). B-factor values served to 
quantify the uncertainty associated with each individual atom. The B-factor 
graph provided a lucid visualization of the relationship between the docked 
complex, the NMA, and the PDB sector. The B-factor graph specifically 
represented the stable structure of the docked molecules on the basis of 
average RMS, as demonstrated in Fig 7B. The server calculated the 
eigenvalue to be 1.513588e−04, indicating less fluctuation and stabilization 
of hemopexin domain after binding drug molecule which supported 
allosteric inhibition mechanism as depicted in Fig. 7D. According to each 
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normal mode, eigenvalue and variance also have an inverse relationship 
(Fig. 7C). Correlated, uncorrelated, and anti-correlated fluctuations were 
denoted by red, white, and blue colors, respectively, in the graphic 
representation of the covariance matrix (Fig. 7E). The docked protein 
molecule (Cα) atoms were held together by "springs" of different strengths, 
as shown by an elastic network model. Light grey revealed flexibility, while 
darker greys demonstrated more rigid springs.  

 
Figure 7. iMODS Normal Mode Analysis (NMA) of Cefoperazone with 
Targeted MMP-2 Protein Illustrating the Following Graphical 
Representations: (A) Deformation Plot, (B) B-Factor, (C) Variance Plot, 
(D) Eigenvalues, (E) Covariance Matrix Plot (Where the Anticorrelated, 
Uncorrelated, and Correlated States of Atomic Motion are Depicted by 
Blue, White, and Red Hues, Respectively), and (F) Elastic Network Model, 
in Which Connections between Atoms are Denoted in Grey 
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4.DISCUSSION 
MMP-2 inhibition for cancer therapy is considered as a great approach 

as its role has been studied in ovarian cancer. MMP-2 plays a crucial role in 
both normal physiological processes and the pathology of ovarian cancer. 
In healthy tissues, it is involved in ECM remodeling, which is essential for 
tissue repair, wound healing, and angiogenesis. However, its dysregulation 
is linked to various diseases, including cancer, where it facilitates tumor 
invasion and metastasis [21]. In ovarian cancer, MMP-2 expression is 
significantly elevated compared to normal tissues, correlating with 
advanced disease stages and histological grades [22]. High level of MMP-
2 expression has been previously linked with poor prognosis in ovarian 
cancer patients, making it a viable therapeutic target [23, 24].  

Cephalosporins, a class of β-lactam antibiotics, has strong antibacterial 
effects and has minimum toxicity in humans [25]. Apart from their 
bactericidal role, their anti-cancer activity has also been studied previously. 
They can cause DNA damage, mostly by generating reactive oxygen 
species [26, 27], which can be toxic to cancer cells [28, 29].  This study 
investigated the potential of cephalosporins to be used as a drug in order to 
inhibit matrix metalloproteinase-2 in ovarian cancer through in silico drug 
repurposing and molecular docking.  

The initial phase of this study focused on the analysis of the MMP-2 
protein. The protein sequence, retrieved from UniProt (P08253), was 
subjected to physicochemical property analysis with the help of the ExPASy 
ProtParam tool. Results from this analysis showed that MMP-2 is a stable, 
hydrophilic protein that had an instability index of 19.17. The visualization 
of the three dimensional structure of the MMP-2 was retrieved and 
deposited in the protein data bank (PDB) and visualized in discovery Studio. 
Secondary structure prediction results obtained through PSIPRED indicated 
a balanced proportions of alpha helices and beta sheets. This demonstrates 
that the protein understudy, MMP-2 is a well characterized functional 
protein. The MMP-2 structure was improved using the Galaxy Refine tool. 
This step was necessary because geometric discrepancies, missing amino 
acid residues, steric clashes, and different resolutions in published PDB 
structures influence docking and simulation analysis [30]. The refining 
process contributed to a higher score of the ERRAT quality that rose to 
94.086 from 86.772 while Ramachandran plot analysis showed that 97.5% 
of residues were present in favorable regions which confirms the structural 
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integrity of the refined MMP-2 model.  
The core of this study focused on evaluating the interactions between 

MMP-2 and selected cephalosporins. In silico methods like drug 
repurposing and molecular docking, two promising tools were used to 
identify potential inhibitors that would selectively restrict the activity of 
MMP-2 regulatory domain and reducing off target effects linked with zinc 
ion chelation [31]. 

Molecular docking studies, which are considered mostly accurate to 
identify potential inhibitors [32], revealed that cefoperazone exhibited the 
highest binding affinity, with an interaction energy of -8.1 Kcal/mol. This 
intrinsic interaction is an indication that cefoperazone can be very useful in 
the inhibition of MMP-2 activity. Detailed analysis of the cefoperazone-
MMP-2 complex indicated specific molecular interactions. All the ligand 
molecules have shown interactions with MMP-2 with all the molecules 
showing negative ΔG (binding affinity). In a time-invariant electric field, 
electrostatic energy is the potential energy of a system; a positive value 
denotes repulsion, while a negative value denotes surface contact between 
two molecules. Cefoperazone demonstrated stronger binding affinity with 
MMP-2 measuring −8.1 ΔG (kcal mol−1). The negative value of docking 
complex has confirmed the thermodynamic stability in docked structure. 
While studying protein-ligand interactions, hydrogen bonding, hydrophobic 
interactions and electrostatic interactions were considered. The interactions 
studied between the two molecules showed strong hydrogen bonds with 
ARG 567 and LYS 519, weak hydrogen bonds with LYS 489 and GLY 634, 
cation-pi interactions with LYS 489 and ARG 564, and hydrophobic contact 
with LYS 633. These interactions contribute to the stability and efficacy of 
the cefoperazone-MMP-2 complex. Thus, after analyzing the ∆G value for 
cefoperazone and MMP-2 complex by molecular docking, it can be 
concluded that cefoperazone exhibited highest binding affinity with MMP-
2.   

The flexibility of the Cefaperazone-MMP-2 complex was investigated 
using iMODS. The analysis of the internal coordinates based on the 
structural interactions between proteins and ligands was done by iMODS. 
B-factor is also attributed to the mobility and deformability of a protein and 
deformability measures the flexibility of a protein [33]. The generated 
eigenvalues of the docked proteins are also closely related to the energy 
required to modify the structure. It describes the restricted motion of the 
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protein-ligand complex. The complex becomes more deformable as the 
eigenvalue reduces [34]. We discovered that this complex has very low 
eigenvalue with appreciable degree of deformablity and it indicates that the 
molecular motion of the docked protein complex was not only flexible but 
stable as well. Good correlations with slight anticorrelations were depicted 
by the covariance matrix. Additionally, the elastic network map revealed 
positive outcomes.  

Hemopexin like domain of MMP-2 is an important regulatory domain 
in recognition of substrates, deactivation of enzyme and contact with 
metalloproteinase tissue inhibitors (TIMPs) [35, 36]. The observed 
interactions indicate that Cefoperazone can affect MMP-2 activity via an 
allosteric inhibition mechanism. Allosteric inhibition of MMP-2 provides a 
novel promising pathway enhancing selectivity and bypassing the off-target 
toxicity related with Zn-chelating inhibitors [37, 38]. The hypothesis is also 
supported by the conformational stabilization during the iMODS analysis. 
The catalytic-domain structure should be further investigated in the future 
to uncover the possibility of Cefoperazone binding with Zn2+ center for 
evaluation of its dual inhibitory potential. 

The repurposing of third-generation antibiotics for cancer treatment 
presents a double-edged sword, as it may cause significant side effects, 
including the development of antibiotic resistance and off target effects. 
Modifying existing antibiotics, controlling dose concentration and using 
combination therapy can improve efficacy while reducing unwanted 
cellular responses, leading to better survival rates in cancer patients. 
Another approach is to use nanocarriers like liposomes, dendrimers, and 
nanoparticles, which allow precise targeting of cancer cells [39]. 

4.1.Conclusion 
In the current investigation, cefoperazone has manifested the most 

substantial interaction energy with the MMP 2 protein. The current study 
hypothesizes that an FDA-approved antibiotic cefoperazone can be used in 
a new therapeutic method, as it directly acts on MMP-2 as a target in ovarian 
cancer. Repurposing cefoperazone would help develop new therapy 
solutions in patients with ovarian cancer using its favorable safety profile. 
The negative ΔG value of the docking complex (-8.1 kcal/mol) further 
indicates the thermodynamically stable nature of the interaction. 

While these in silico results are promising, they represent a preliminary 
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step. Computational predictions require validation through in vitro and in 
vivo studies to confirm the inhibitory effects of cefoperazone on MMP-2 
activity and its impact on ovarian cancer progression. Future research 
should also investigate the pharmacokinetics and optimal dosing regimens 
for cefoperazone in an oncological context, as well as potential synergistic 
effects when combined with existing chemotherapeutic agents. 
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