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Abstract: Glioblastoma (GBM) is an aggressive, fast-growing, and treatment-resistant tumor with high recurrence and poor
prognosis. GRP78 is a molecular chaperone implicated in cancer cell survival, proliferation, and stress response, and overexpression
has been shown to play a role in GBM development and drug resistance. In this work, we examine Zidovudine triphosphate (ZDV -
TP) as a potential GRP78 inhibitor by computational approaches, including molecular docking, molecular dynamics (MD)
simulations, and MMGBSA calculations. The results indicate that ZDV-TP securely binds to and energetically favors the ATP-
binding site of GRP78, suggesting that it could disrupt its chaperone function. 100 ns MD simulations show that the GRP78-ZDV-
TP complex is stable without significant conformational change, implying no destabilization of the protein structure. Such findings
form a foundation that ZDV-TP is effective in inhibiting GRP78 and can abolish its role in GBM tumor formation and drug resistance.
Further experimental proof should be tested for ZDV-TP to be an auspicious therapeutic target of GBM.
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1. Introduction

Glucose-regulated protein 78, commonly known as HSPAS
or (immunoglobulin heavy chain binding protein, Bip), is one of
the key members of the HSP70 family and is mainly located in
the endoplasmic reticulum of eukaryotic cells. This
multifunctional protein plays a vital role in maintaining cellular
homeostasis by facilitating the proper folding and assembly of
proteins, preventing the accumulation of misfolded proteins, and
regulating the Unfolded Protein Response (UPR) [1, 2]. The
UPR is an intracellular stress response that becomes engaged in
response to an overwhelming number of unfolded or misfolded
proteins within the lumen of the ER. This can be the result of a
variety of cell stressors, such as hypoxia, nutrient deprivation,
and oxidative stress [3].

In the cell, GRP78, or BiP, is an important molecular
chaperone of the endoplasmic reticulum, maintaining correct
protein folding and quality control. This process is intricately
regulated through controlled hydrolysis of ATP, driven by the
two functional domains: the N-terminal nucleotide-binding
domain and the C-terminal substrate-binding domain of GRP78.
Conformational shift by the binding of ATP to NBD converts
GRP78 from an open ATP-bound state to a closed ADP-bound
state, promoting substrate binding and subsequent folding. In its
ATP-bound form, GRP78 has low substrate affinity, but upon
hydrolysis of ATP to ADP, in the ADP-bound form, the GRP78
protein shows higher affinity for the substrate to stabilize
unfolded or misfolded proteins during their folding process.
This ATP-ADP cycle is vital for protein homeostasis to prevent
aggregation [4-6]. While GRP78 is required for normal cellular
function, its expression is often dysregulated in neoplastic
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tissues. A number of studies have documented that tumor cells
hijack the cytoprotective functions of GRP78 to survive under
hostile conditions in the tumor microenvironment and to
develop resistance to therapeutic intervention [7, 8]. For
instance, high levels of GRP78 have been reported in various
malignancies, including breast cancer, pancreatic cancer,
melanoma, and glioblastoma, associated with tumor progression
in promoting cell survival and proliferation [1, 9, 10].
Glioblastoma or glioblastoma multiforme is a very malignant
and aggressive brain cancer and is a WHO grade IV
astrocytoma. It is the most common primary malignant central
nervous system tumor and is responsible for approximately half
of all CNS malignant tumors [11, 12]. Overexpression of
GRP78 not only contributes to the adaptation of the cancer cells
to stressors but also supports evasion from apoptosis-
programmed cell death, which otherwise clears the damaged or
dysfunctional cells from the body [13-15] .

Of the many roles of GRP78 in cancer, the most concerning
is that it plays a role in enhancing resistance to chemotherapy
and radiotherapy; GRP78, by modulating UPR, helps the cancer
cells cope with cytotoxicity caused by these modes of treatment.
Other works showed that downregulation of GRP78 could
enhance the sensitivity of tumor cells to chemotherapy drugs
such as doxorubicin and cisplatin [2, 14, 16] .The GRP78
induction is suggested to play an important role in the induction
of angiogenesis-a process very crucial for tumor growth and
metastasis-by  regulating specific factors involved in
neovascularization. It does so by interacting with numerous
signaling pathways that trigger the proliferation and migration
of endothelial cells [10, 13, 17].
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Besides its established role in tumor biology, GRP78 has
also been found to act as a receptor for various ligands
associated with immune modulation and virus infection. For
instance, GRP78 was recently described to function as a cell
receptor for SARS-CoV-2, with very far-reaching implications
for the care of cancer patients during virus pandemics [18]. This
thus further underlines the intricacy of GRP78 functions in
driving both tumorigenesis and whole patient health.

Since GRP78 has a great and significant role in promoting
the survival of tumors and tumor resistance to drugs, potent
inhibitors against this protein have been under urgent demand.
Recently, it has been accentuated that some inhibitors can
effectively compromise its protecting role and increase the
sensibility of cancer cells to previously developed therapies. For
instance, compounds like HA15 have shown great potential in
the induction of apoptosis in lung cancer cells through the
inhibition of GRP78 activity [19]. There are also natural
products, such as genistein and epigallocatechin gallate, which
exhibit a potential to decrease the expression or activity of
GRP78 at pharmacological concentrations [20, 21]. The fact that
GRP78 is exposed on the surface of tumor cells but not on
normal tissues further justifies the possibility of targeted
therapies against this protein and may provide the ability to
selectively destroy malignant cells while sparing normal ones
[13].

Zidovudine (ZDV-TP) was initially developed as an
anticancer drug and later found effective against HIV in 1985
[22] . It was a synthetic analog of thymidine. Approved in 1990,
zidovudine was the first antiretroviral agent approved for use in
the treatment of HIV disease in children. Zidovudine must first
be converted to its active form, Zidovudine-triphosphate (ZDV-
TP), by intracellular phosphorylation by thymidylate and non-
specific kinases. In this way, zidovudine triphosphate acts to
inhibit HIV reverse transcriptase, terminate proviral DNA
synthesis, and prevent viral replication. Being a member of the
nucleoside reverse transcriptase inhibitor (NRTI) class of drugs,
it has remained a mainstay of many HIV treatment regimens [23,
24]. ATP, ADP, and AMP are critically an intracellular
molecule involved in energy transfer and signal transduction,
mostly through protein phosphorylation, hence controlling
cellular energy homeostasis. Since ZDV-TP, with its three
phosphate groups similar to ATP, may interact with the
nucleotide-binding domain of GRP78, it is of importance to
investigate the potential interaction between ZDV-TP and
GRP78, considering how this could affect the function of the
protein and cellular energy dynamics [25, 26].

All these words reveal that, while GRP78 plays a critical role
in the maintenance of protein homeostasis under physiological
conditions, its dysregulation accounts for a major "dark side" in
cancer pathology. The dual role of GRP78 as guardian of
cellular integrity and facilitator of tumor survival points to its
great potential as a target for therapy [9]. Further research into
the mechanisms by which GRP78 supports tumor growth and
treatment resistance may thus open new avenues for innovative
strategies aimed at disrupting its protective roles in cancer cells.
By understanding the multifaceted functions of GRP78 within
the context of oncology, researchers hope to develop more
effective therapies that can overcome the challenges posed by

©2025 Sohag University

sjsci.journals.ekb.eg

SOHAG JOURNAL OF SCIENCES

this enigmatic protein [27]. Utilizing the computational
biophysical approach and using bioinformatics tools such as
protein data bank (PDB) a website contains the solved structures
of all proteins by x-ray diffraction or Nuclear magnetic
resonance (NMR) or Cryogenic electron microscopy (cryo-
EM), also PubChem a website contains the structures of the
ligands (chemical compounds) [28, 29]. We further use protein-
ligand docking which is a method used to investigate whether
the suggested ligand makes good interaction with protein [30,
31]. Moreover, molecular dynamics simulation is widely used
to ensure the interaction between the ligand and the protein by
analyzing the resulted trajectory of the MDS [32]. So, we aim to
find a new inhibitive activity for ZDV-TP to GRP78 protein in
order to enhance the cancer therapeutics.

2. Materials and methods
2.1. Preparing materials
2.1.1. Protein Structure Preparation

The crystallography structure of GRP78 by X-ray was
obtained from the Protein Data Bank [PDB ID: 7N1R] as
reported at 2.03 A resolution, which was released in 2022 [33].
Also ATP-bound state structure of GRP78 with PDB ID [5E84]
was obtained to study the interaction between ATP and GRP78
[28, 34]. The protein structure was further prepared using
PyMOL software for subsequent docking studies. In particular,
all the water molecules, cofactors, ions, and ligands were
removed, as were other chains, which means it only left the main
chain of interest to be pursued. The cleaned PDB file was saved
for later use in docking simulations.

2.1.2. Ligand Preparation
Ligand of interest was identified as Zidovudine-triphosphate
(ZDV-TP), obtained from the PubChem database

(https://pubchem.ncbi.nlm.nih.gov/compound/72187) with 1D
number (72187). The chemical structure of the ligand was
optimized and minimized using Open Babel software, with the
application of conjugate gradient method with the Universal
Force Field (UFF) in order to ensure a stable conformation for
docking [35] . Further, the minimized ligand structure was
prepared for docking with the GRP78 protein.

2.2. Protein-ligand docking

The re-docking experiment was performed on GRP78 with
the ligand co-crystallized (AMP) in the crystal structure PDB
ID: 7N1R to validate the correctness of the docking protocol and
resulted in -8.8 kcal/mol binding affinity. Subsequently, the
Root-mean-square deviation (RMSD) was calculated between
the re-docked ligand and its corresponding crystallographic
pose. An RMSD value less than 2.0 A was taken as acceptable
and therefore representative of the reliability of the adopted
docking procedure in reproducing the known binding mode of
the ligand within the protein active site.

In doing so, the docking grid box was centered over the
putative binding site of GRP78. For GRP78 with the center of
the grid specified at coordinates (x: 67.88, y: -8.840, z: -1.12),
setting up the grid box dimensions of 78 x 46 x 72 A3. which
was considered big enough for the ligand to explore potential
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binding modes within the protein's active site. Resolution was
performed with a grid spacing of 0.375 A to give high-resolution
outcomes for the docking calculation. This grid box had been
defined using Auto Dock Tools, allowing the proper fine-tuning
of the space where the docking search took place and ensuring
the capability for interaction of the ligand with key active
residues in the GRP78 binding pocket [36, 37] .

Molecular docking simulations were performed using Auto
Dock Vina software, one of the most powerful and widely used
software tools due to its efficiency in computing putative
protein- ligand interactions. A total of 9 docking poses for the
ZDV-TP ligand were generated in this study to ensure diversity
in possible binding configurations of the ligands. The
exhaustiveness parameter, which defines the thoroughness of
the search, was set to 32 [38] .

Full flexibility of the ligand was considered by enabling
rotatable bonds, which will allow the ligand to assume multiple
orientations and conformations during the docking process.
Auto Dock Vina used a Monte Carlo search algorithm to explore
the conformational space of the ligand and predict the optimal
binding pose. The search algorithm iteratively sampled different
ligand conformations and binding modes, evaluating each pose
based on its predicted binding affinity. The final docking result
was ranked according to the lowest binding affinity (AG), with
the most favorable pose selected for further analysis.

The final docking poses were visualized using Auto Dock
Tools and PyMOL software to study the interactions between
the ZDV-TP ligand and the GRP78 protein [36, 39] . The
interactions of the ligand with the specific key residues at the
active site of the protein were closely monitored, taking into
consideration hydrogen bonds, hydrophobic interactions, and
electrostatic forces that are responsible for the stability of
binding using the Protein-Ligand interaction profiler (PLIP) and
Protein Plus webservers [40-42].

2.3. Molecular dynamics simulation

Further validation on the stability of ligand-protein
interactions and to study the dynamic behavior of the complex,
MDS was carried out. The initial structure of the ligand-protein
complex was taken from the best docking pose produced
through Auto Dock Vina. Input files were prepared through
using the CHARMM-GUI web server for preparing the system
into an MD simulation [43]. The protein alone and the protein-
ligand complex was prepared by uploading the structure of the
cleaned protein (no water or ligands) and the docked complex to
the CHARMM-GUI web platform, where it was processed for
solvation, ionization, and force field application. A water box
was added around the complex to mimic the physiological
environment, and then sodium (Na+) or chloride (CI-) ions were
added in order to neutralize the system and maintain
physiological ionic strength with a concentration 0.154 mol/L
[43] . The CHARMM36 force field was applied to the system,
which is widely used for protein-ligand simulations due to its
accuracy in describing macromolecular and small molecule
interactions [44].

Using GROMACS, a molecular dynamics simulation
software [45]. The two systems (protein and complex) were
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minimized for energy to get rid of some steric clashes or
unnatural interactions introduced during the system's setup. The
minimized systems were allowed to equilibrate under an NVT
ensemble to stabilize the temperature using the V-rescale
thermostat at 310.15 K with cut-off 12 A, time constant of 0.1
ps and the integration time step was 1 fs. and then under NPT
ensemble to achieve proper equilibration of pressure and
density. Production MD simulations were performed under NPT
ensemble after equilibration using C-rescale (stochastic cell
rescaling) barostat at 310.15 K and 1 atm for 100 ns using the
Langevin dynamics method to control the temperature and
pressure. The integration time step was 2 fs, with a cut-off
distance of 12 A, time constant of 0.5 for the non-bonded
interaction. The long-range electrostatic interactions were
treated using the particle mesh Ewald (PME) method.

In this simulation, the stability of the protein-ligand interaction
was pursued using the RMSD of the protein alone and the
protein- ligand complex and also using the Root-mean-square
fluctuation RMSF of crucial residues involved in the binding of
the ligand to the protein. The trajectories were analyzed using
VMD and PyMOL for visualization of the interactions and
conformational changes of the ligand within the protein binding
site [46].

2.4. Gibbs binding free energy

The Gibbs binding free energy calculation was executed on
the trajectories of MD simulation using Gmx_MMPBSA
software in order to predict the Gibbs binding free energy
between the ligand and GRP78 [47]. This calculation combines
molecular mechanics energy terms with solvation free energy
components to yield the theoretical binding affinity for a given
complex with the aim of estimating the stability and strength of
the protein-ligand interaction.

The binding free energy has been calculated by the following
equations:

AGping = Geomplex — (Greceptor + Giigand) (1)
AGping = AH — TAS ~ AByy + AGggy, — TAS )
AEmm = AEjpter + AEejectrostatic T AEvaw 3)
AGsorvation = AGgp + AGga 4)

Where, GeomplexiS the free energy of the entire receptor-ligand
complex, Greceptor 1S the free energy of the receptor alone and
Giiganals the free energy of the ligand alone.

AEwmm is the molecular mechanics energy of the complex that
includes van der Waals, electrostatic, and bond (interaction)
energies.

TAS is the entropy change, AGgovationiS the solvation free
energy is divided into two terms:

AGgg is the Polar solvation energy, which is determined by
using the Generalized Born equation, and AGsa is the non-polar
solvation energy, estimated from solvent-accessible surface area
(SASA).

MM-GBSA (Molecular Mechanics/Generalized Born
Surface Area) calculations were performed for the last 50 ns of

Sohag J. Sci. 2025, 10(2), 266-273 268


https://sjsci.journals.ekb.eg/

Research Article

the 100 ns MD simulation trajectory to ensure that proper
sampling of the stable interactions between ligand and protein is
taken into consideration. The MMPBSA.py script, integrated
under Amber Tools, was employed to process trajectory files for
the computation of binding free energy [48]. Energy
components (AEwm, AGes, and AGsa) were extracted and
averaged over selected frames from the trajectory in order to
obtain the final value of AGyinding.

Further, each energy component's contribution was
calculated to obtain an idea about the relative importance of
electrostatic, van der Waals, and solvation energies in the
binding of the ligand with the protein.

3. Results and Discussion
3.1. Protein-Ligand docking

The docking results from AUTODOCK vina contained 9
modes for binding of ZDV-TP with GRP78 NBD (ATP pocket),
the best score of binding affinity is (-10.4 kcal/mol) which
indicates favorable interaction between the protein and the
ligand, figure.1 clarifies the representation of the best pose.

Figure 1: (A) cartoon representation of the GRP78-ZDVTP complex
and (B) surface representation of the GRP78-ZDVTP complex

The GRP78-ATP PLIP analysis revealed 17 significant
hydrogen bonds formed between the protein and the ligand as
clarified in (Figure 2A)). Significant residues involved in
hydrogen bonding are Asp34A (1 bond), Thr37A (3 bonds),
Thr38A (1 bond), Tyr39A (1 bond), and Lys96A (1 bond) made

contact with oxygen and nitrogen atoms of ATP. A short
residue region Gly226A, Gly227A, Gly228A, and Ala229A all
contributed to ligand stabilizing with 1 bond, also Lys296A and
Ser300A contributed with (1 bond) provided additional affinity.
Notably, Gly364A was involved in 2 bonds, and Arg367A had
2 bonds through its guanidinium group, stabilizing ATP inside
the binding pocket with crucial significance in GRP78's active
site.

Also, the PLIP and protein plus webservers results show the
type of interaction between ZDV-TP and the amino acids from
GRP78 as shown in Table 1, Table 2 and Figure 2. The
interaction between GRP78 and zidovudine triphosphate
includes a series of significant hydrogen bonds, hydrophobic
interactions, and salt bridges that collectively stabilize the
complex. Notable hydrogen bonds include the interaction
between residue (THR37) and ligand atom 9638 (O3), with a
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donor-acceptor distance of 3.02 A and a donor angle of 145.19°.
Another hydrogen bond is made by residue (TYR39) with the
ligand atom 9635 (O3) at 3.87 A with the donor angle of
134.04°. Further, the residue (LYS96) forms a hydrogen bond
with the ligand atom 9638 (O3) at 2.61 A, whereas residue
(GLU201) interacts with the ligand atom 9639 (0O3) at 2.99 A
and another bond with the ligand atom 9638 (O3) at 3.93 A.
More contributions are added through the glycine residues,
where (GLY227) shows a bond at 3.00 A distance to 9637 (03)
while (GLY228) contributes a contact to 9640 (03) at 2.85 A
distance. Residue (THR229) also participates with two H-
bonds-one ligand atom, 9640 (O3), and 3169 (02)-at 2.99 and
3.89 A distance, respectively.

The contribution of residue (GLU293) involves one hydrogen
bond with the ligand atom 4235-0.co2 at 3.52 A, while residue
(LYS296) forms one bond with ligand atom 9644-03 at 3.22 A.
Finally, residue (SER300) contributes two hydrogen bonds with
ligand atom 9643-03 at 2.96 A and 2.41 A, respectively. In
addition to hydrogen bonding, another hydrophobic interaction
occurred at the (ARG367) residue; here, the ligand atom 9629
and protein atom 5444 are 3.77 A apart, suggesting a stabilizing
nonpolar interaction. Besides, the complex is stabilized by salt
bridges: (GLU256) and (ASP259) electrostatically interact with
ZDV-TP at 4.11 A and 5.37 A distances, respectively, while
(GLU293) also contributes a salt bridge at 3.15 A.

Table 1: PLIP webserver analysis results show the hydrophobic
interactions and salt bridges between GRP78 and ZDVTP.

o Salt bridge Hydrophobic Interactions
N
Amino Distanc ngan Amino Distanc ngan
Acid € Atoms Acid € Atoms
1 G'—é’ZS 411 | 9619 AR7G36 377 | 9629
2 GL; % 5.37 9619
3 GLéJ 2 3.15 9619

These combined hydrogen bonds, hydrophobic interactions,
and salt bridges of GRP78-ZDV-TP complex compared to the
interaction between GRP78 and ATP shows a similar hydrogen
bonding interaction (15 bonds for ZDV-TP, 17 bonds for ATP).
Also clarifies the importance of both polar and nonpolar forces
in stabilizing the GRP78-ZDV-TP complex, contributing to the
binding affinity and specificity of the interaction.

3.2. Molecular dynamics simulation

MD simulations provided dynamic stability and flexibility of the
ligand-protein complex, confirming the reliability of the docking
results and further providing evidence of the strength and stability of
the ligand-protein interaction. As the systems of GRP78 and GRP78-
ZDVTP were equilibrated along 100 ns. Figure 3 shows the stability of
the root mean square deviation (RMSD) of both the protein and the
protein-ligand complex around average value of 4.80 A and 4.73 A
respectively. As the values of RMSD were nearly the same this means
the protein (GRP78) is stable during the interaction with the ligand
(ZDV-TP). Also Figure 4 clarifies the root mean square fluctuations
(per-residue RMSF) of GRP78 and GRP78-ZDVTP as it was the
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Figure 2: (A) PLIP webserver results, GRP78 interacted amino acids (blue - sticks) with ATP (spheres). (B) GRP78 interacted amino acids (blue -
sticks) with ZDV-TP (spheres). (C) protein plus webserver results, the diagram shows the interactions between GRP78 and ZDV-TP.

same along the simulation. Only the two terminals of the protein
fluctuated and that’s due to the flexibility of these terminals is

Table 2: PLIP webserver analysis results, show the formed Hydrogen
bonds between GRP78 and ZDVTP.

more than the core of structure of the protein, also residues (200-

400) slightly fluctuate less in the complex than the protein due Hydrogen bond
. . . . . NO.

to the interaction between the ligand and the protein. This means A - -

. . . mino Distance | Distance | Donor | Donor | Acceptor
that there is no conformational change of the protein structure Acid H-A D-A | Angle | Atom | Atom
due to the binding of ZDV-TP with GRP78, and the structure 172

RMSD 2 | TYR39 | 309 387 | 13404 | 292 | 9635[03]
[Nam]
21 -
grp78 3 | Lvses | 160 261 | 17052 | 1978 | g638[03]
1,751 —grp78-zdvtp [N3+]
£ 1.57 4 | GLu201 | 261 299 | 10312 s[)g%s]; 2767[03]
£1.254
P 5 | GLU201 | 300 393 | 163.22 ‘[’gf]; 2768[0-]
)
5 0.751 3152
Y s 6 | GLY227 | 1.99 300 | 16940 | (o 9637[03]
0.251 7 | cLy2e8 | 188 285 | 157.41 [ﬁllaf’n?] 9640[03]
0 10 20 30 40 50 60 70 80 90 100 8 | THR229 | 219 299 | 133.73 [ﬁllaﬁrg] 9640[03]
Time (ns) 9640
) - ) THR22 11 . 138. 169[02
Figure 3: Root-mean-square deviation (RMSD) for protein and ° 8 3 389 38.00 [O3] 316902]
complex. GRP78 (red), GRP78-ZDVTP (blue). 10 | cLuzes | 262 350 | 14787 s[a’g%s]s : 323052]
The combination of the radius of gyration (RoG) and solvent 4282 :
accessible surface area (SASA) analysis showed the stability of 11 | Lvs296 | 261 822 | 11826 | [\a,y | 9644[03]
the protein and the complex. The RoG was around 3 nm and the 4354
SASA was slightly above 300 nm? for GRP78 and GRP78- 12| SER300 | 210 296 | 15029 | g | 9643[03]
ZDVTP as in figure 5 and figure 6 and proves that the structure 13 | sera0o ” a1 506 11541 | 9643 | 4354103
and the folding state of the protein wasn’t affected by the ' ' ' [O3] [03]
binding of the ligand. 14 | GLY3s4 | 293 386 | 151.66 [ﬁli?:] 9641[03]
9642 5851
15 | ASP391 2.52 305 | 11369 | 03 | [O.c02]
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Figure 4: Root-mean-square fluctuation (RMSF) for protein and
complex. GRP78 (red), GRP78-ZDVTP (blue).

As well as the number of hydrogen bonds analysis during the
simulation displays ZDV-TP and GRP78 exhibit hydrogen
bonds in between, and that’s despite of the number of bonds was
that the number of bonds not exceeded 10 while PLIP showed
15 bonds and that’s due to PLIP doing static prediction but MDS
calculation is more dynamic, reliable and depend on the
dynamic interaction between protein and ligand, in which atoms
is more flexible to move during time , as in figure 7.
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Figure 5: Surface accessible surface area (SASA) for protein and
complex. GRP78 (red), GRP78-ZDVTP (blue).
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Figure 6: Radius of Gyration (RoG) for protein and complex. GRP78
(red), GRP78-ZDVTP (blug).
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All these results indicate that the interaction between ZDV-
TP and GRP78 ATP binding site is stable, and that ZDV-TP can
prevent ATP binding which causes the interaction of GRP78
with other factors in the cell and inhibit the cancerous supportive
behavior of GRP78.

3.3. Gibbs binding free energy

The MMGBSA calculations for the GRP78-ZDVTP
complex were summarized in Table 3. The binding free energy
components of the complex, receptor, and ligand are indicated,
along with delta (A) values for complex minus receptor-ligand
systems[49, 50]. The total free energy of the complex system
was -11,699.46 kcal/mol, indicating a highly favorable
interaction between the protein and the ligand. Notably, the
electrostatic energy (EEL) of the complex was very negative (-
38,961.96 kcal/mol), showing significant attractive forces
between the charged residues of the receptor (GRP78) and the
negatively charged ZDVTP. Similarly, the van der Waals energy
(VDWaals) contribution was also very negative for the complex
(-4,033.34 kcal/mol), suggesting that hydrophobic interactions
are a dominant factor in the binding stability of the GRP78-
ZDVTP. The isolated ligand (ZDVTP) provided a much lower
total free energy of -89.02 kcal/mol with hardly any electrostatic
contribution and a little van der Waals interaction in line with
the assumption that the ligand itself does not bind strongly to
itself at the receptor's binding site. For the isolated receptor
(GRP78), though, a similarly low value of approximately -
11,584.67 kcal/mol for total free energy is uncovered, showing
how much the contribution of the ligand to binding affinity is
crucial.

The A values (Complex - Receptor - Ligand) were most
informative, with the AEEL value indicating a reduction in
electrostatic interactions between the complex and its receptor-
ligand components (-28.25 kcal/mol). The AVDWaals value of
-38.50 kcal/mol suggests a marginal increase in hydrophobic
interactions in the bound state, further stabilizing the complex.
These results support that the interaction of GRP78 and ZDVTP
is predominantly controlled by favorable electrostatic and van
der Waals interactions, which contribute significantly to the
binding free energy. The overall stability of the complex is
proven by the negative binding free energy (-25.76 kcal/mol)
with large magnitudes and by cooperative interactions of the
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protein and the ligand. These calculations provided insights into
the thermodynamic feasibility of the ligand binding to GRP78,
further giving validation to the predicted binding affinity.

Table 3: The MM-GBSA calculations for the complex (GRP78-
ZDVTP) after 100 ns Molecular dynamics simulation. Van der Waals
Energy, Electrostatic Energy, Generalized Born, Solvent Accessible
Surface Area Energy, Solvation Free Energy, and Total Free Energy
Change components are listed.

Ener Delta (Complex
9y Complex Receptor Ligand - Receptor -
Component :
Average Average Average Ligand)
(kcal/mol)
Average
BOND 2007.16 1995.84 11.33 -0.00
ANGLE 4847.11 4796.31 50.80 0.00
DIHED 5822.64 5779.91 42.73 -0.00
VDWAALS -4033.34 -3988.92 -5.92 -38.50
EEL -38961.96 -39059.37 125.66 -28.25
EGB -9398.97 -9417.55 -28.05 46.63
ESURF 254.32 255.63 4.33 -5.64
GGAS -2554.81 -2422.75 -65.30 -66.76
GSOLV -9144.65 -9161.92 -23.72 40.99
TOTAL -11699.46 -11584.67 -89.02 -25.76

4. Conclusion

Glioblastoma (GBM) remains one of the most aggressive
and treatment-resistant cancer forms, characterized by rapid
tumor growth, high recurrence rates, and resistance to current
treatment. Despite the clinical advances in surgery and
chemotherapy treatments, therapy remains not very specific, and
new methods of therapy are urgently needed. GRP78, a
molecular chaperone in normal cells, also is involved in
survival, growth, and stress response in cancer cells, is an
excellent therapeutic target. Through inhibition of GRP78, it
may be possible to disrupt vital cellular functions facilitating
cancer progression and drug resistance.

In this study, we investigated Zidovudine triphosphate
(ZDV-TP) as a potential GRP78 inhibitor by employing
computer techniques like molecular docking, molecular
dynamics (MD) simulation, and MMGBSA calculations.
Molecular docking analysis revealed that ZDV-TP significantly
interacted with GRP78 ATP-binding site in an energetically
favorable manner, signifying tight and stable binding. The
findings were further supported by MMGBSA calculations
recognizing ZDV-TP binding to GRP78 to be energy-favorable
and likely interfere with GRP78's chaperone activity.

The MD simulations for 100 ns showed that the GRP78-
ZDV-TP complex was stable during the simulation. The RMSD
and RMSF analyses verified that GRP78 maintained its
structural integrity during the interaction with ZDV-TP without
any remarkable conformational changes. In addition, the radius
of gyration (RoG), solvent-accessible surface area (SASA) and
number of hydrogen bonds analysis also favored the stability of
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the complex, indicating that the binding of ZDV-TP does not
have an effect on the overall protein structure but may alter its
functional dynamics.

These results show that ZDV-TP is a potent inhibitor of
GRP78, blocking its binding to other cellular factors involved in
tumor growth. By disrupting the chaperone function of GRP78,
ZDV-TP has the potential to suppress the viability and
proliferation of GBM cells, offering a novel approach to the
therapy of glioblastoma. As a basis for the promising results of
our computational studies, we propose experimental validation
in vitro and in vivo to establish if ZDV-TP is truly a therapeutic
agent. In addition, it is suggested that future research endeavors
seek to elucidate the specific mechanism of action of ZDV-TP
in GBM cells, assess its potential impact on GBM proliferation,
and assess its combination with existing treatment strategies.
This drug can enhance the treatment of GBM patients and
potentially be usable in treatment of other cancers where GRP78
is essential for tumor proliferation and drug resistance.
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