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Abstract: 
In order to find novel inhibitors that target the Isocitrate Dehydrogenase 1 R132Q mutant (IDH1-R132Q), a 

major oncogenic driver in secondary glioblastoma (GBM), this paper describes a Structure-Based Drug Design 

(SBDD) approach. We described the allosteric regulatory site using the high-resolution X-ray crystal structure 

(PDB: 8VHB), which was confirmed by strict quality metrics (ERRAT: 97.9%; PROCHECK: 91.4% preferred). 

The best binding pocket, C1, was found by computational analysis to have a large cavity volume (9201  A03) and 

the highest predicted affinity (Vina score: -9.9 kcal/mol). Both natural compounds and well-established clinical 

candidates were assessed using comparative molecular docking against this crucial dimer interface site. 

According to the results, the natural product Withaferin A had the highest theoretical binding affinity (-10.2 

kcal/mol), which was much higher than that of the approved inhibitor Olutasidenib (-9.2 kcal/mol) and the 

clinical benchmark Safusidenib (DS-1001b, -9.9 kcal/mol). Withaferin A's engagement of crucial allosteric 

residues (GLN90, TYR139, and ARG140) necessary for enzyme regulation was verified by interaction analysis. 

Withaferin A is suggested as an outstanding, structurally unique lead compound, providing a route toward the 

development of dual-action therapeutics for IDH1-R132Q-driven glioblastoma due to its structural suitability 

and proven synergistic anti-glioma activity (NF-κB and ER stress modulation). 
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I. Introduction 
One of the most deadly cancers in humans, glioblastoma multiforme (GBM) is distinguished by its 

aggressive infiltration, strong chemoresistance, and poor prognosis Despite the chemical diversity of glioma, the 

discovery of recurrent metabolic mutations has uncovered key vulnerabilities and dramatically changed how 

patients are categorized molecularly and treated in a substantial fraction. Isocitrate Dehydrogenase 1 (IDH1) is a 

pivotal enzyme that naturally resides in the cytosol and peroxisomes, necessary for cell homeostasis.By 

catalyzing the reversible oxidative decarboxylation of isocitrate to α-ketoglutarate (αKG), consuming NADP+, 

and producing the essential antioxidant co-factor, NADPH, its wild-type (WT) function is to sustain the flow of 

the tricarboxylic acid (TCA) cycle. The cellular defense against oxidative stress depends on a constant supply of 

NADPH, which makes WT IDH1 a protector of the cellular redox state [1, 2, 3, 4].Nonetheless, a recurrent 

heterozygous point mutation at codon 132 is found in a significant portion of diffuse gliomas, accounting for 

about 80% of Grade II and III cases and almost 45% of secondary GBMs. The most common substitution is 

R132H, but R132Q is also a key driver mutation that supports oncogenic transformation. A neomorphic, or 

"switch-of-function," mutation is what this particular substitution at the highly conserved arginine residue 

(R132Q) is classified as. This significant enzymatic alteration consists of two concurrent events: the enzyme's 

typical WT activity of generating αKG is reduced by an astounding 1000 times, and it acquires a new ability 

that allows it to reduce αKG to the R-enantiomer of 2-hydroxyglutarate (D-2-HG) in a NADPH-dependent 

manner [4, 5. 6, 7, 8].Unquestionably, the mechanism of IDH1-driven carcinogenesis is the dramatic 

accumulation of this aberrant oncometabolite, D-2-HG. In terms of function, D-2-HG functions as a potent 

competitive inhibitor of αKG-dependent dioxygenases, a group of enzymes essential for epigenetic control. D-

2-HG creates a pervasive state of DNA and histone hypermethylation by inhibiting the activity of Jumonji C 

(JmjC) domain-containing histone demethylases and the Ten-Eleven Translocation (TET) family of DNA 

hydroxylases. The malignant phenotype of IDH1-mutant gliomas is sustained by this worldwide epigenetic 

blockade, which stops normal cellular differentiation. IDH1 mutations have a significant prognostic impact and 

are frequently linked to better outcomes for patients with diffuse gliomas, highlighting their value as an accurate 

therapeutic marker [8, 9, 10, 11, 12]. 
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The structural and kinetic features of the R132Q variant present special opportunities and challenges 

for drug design, which makes it of particular interest. It has been demonstrated that the R132Q variant, in 

contrast to the R132H mutant, robustly produces D-2-HG while retaining some weak conventional WT-like 

activity. This combination suggests that R132Q-mutant cells have a unique metabolic adaptability. 

Additionally, the R132Q active site has been remodeled into a conformation that is "primed for catalysis," 

according to high-resolution structural studies. In particular, IDH1-R132Q adopts a closed, catalytically 

competent conformation when bound to its substrate, in contrast to the R132H variant's frequently less prepared 

state. The optimised, more buried active site of R132Q has implications for an intrinsic resistance mechanism 

against therapeutic inhibitors designed to target other mutants. To create next-generation therapies, it is essential 

to understand and selectively target this unique structural and dynamic fingerprint [13, 14, 15, 16, 17, 

18].Selective small-molecule inhibition of the mutant IDH1 (mIDH1) enzyme is the foundation of this 

therapeutic concept. Highly selective small-molecule inhibition of the mutant IDH1 (mIDH1) enzyme is the 

cornerstone of the established therapeutic approach. The allosteric regulatory pocket at the enzyme's dimer 

interface, a region essential to the stability of quaternary structures, is the primary focus of Structure-Based 

Drug Design (SBDD) efforts. In contrast to the highly conserved active site, this allosteric site is favored due to 

its distinct topology, which is shaped by the R132 mutation and offers a foundation for better selectivity against 

the mutant enzyme. An inactive conformation is stabilized and the necessary catalytic transition is prevented by 

a ligand binding to this distant site. This basic mechanism of allosteric inhibition frequently occurs by 

interfering with the binding of necessary co-factors, most notably the divalent Mg2+ cation, which is crucial for 

the reaction mechanism [19, 20, 21, 22, 23]. 

The FDA's approval of selective mIDH1 inhibitors, such as Ivosidenib and Olutasidenib, for patients 

with acute myeloid leukemia (AML), demonstrates the clinical efficacy of this strategy. Safusidenib (DS-

1001b), a well-known, brain-penetrant mIDH1 inhibitor, is presently undergoing Phase I clinical trials for 

IDH1-mutant gliomas, which is significant for the neuro-oncology field. Safusidenib stands out from other first-

generation inhibitors due to its capacity to cross the blood-brain barrier, which also makes it a crucial standard 

for creating novel treatments for CNS cancers. Yet, the development of resistance mechanisms, including 

secondary mutations like S280F, to known inhibitors necessitates the ongoing search for structurally unique 

lead compounds that can continue to be effective against the R132Q variant and its intricate resistance 

pathways. 

To find new therapeutic leads from natural sources, this study makes use of a strict SBDD pipeline. 

The main goal is twofold and is accomplished by using the high-resolution X-ray crystal structure of IDH1-

R132Q (PDB: 8VHB), which has been verified for its geometric excellence. Initially, we aim to precisely 

identify the most energetically favorable allosteric binding cavity (Pocket C1) within this distinct R132Q 

structure using automated Biopython-driven structure processing and methodical pocket analysis. Second, we 

use comparative molecular docking against this site to assess established clinical candidates against new 

phytochemicals with anti-glioma properties. Finding a lead compound with a higher predicted binding affinity 

to the IDH1-R132Q dimer interface than existing clinical benchmarks in order to pave the way for the creation 

of a potent, structurally unique, and possibly dual-action therapeutic agent for R132Q-driven glioblastoma is the 

ultimate objective [24, 25, 26, 27, 28]. 

 

II. Material And Methods 
A. Materials and Data Retrieval 

Using the entry ID 8VHB, the three-dimensional crystal structure of the Isocitrate Dehydrogenase 1 

R132Q mutant (IDH1-R132Q) was obtained from the Research Collaboratory for Structural Bioinformatics 

Protein Data Bank (RCSB PDB). This structure, which was identified by X-ray diffraction at a resolution of 

1.89 A˚, shows the enzyme complexed with residual ligands and cofactors, such as α-ketoglutarate and 

NADPH. Seven molecules were chosen for comparative docking against IDH1-R132Q, including promising 

phytochemicals with known anti-glioma activity and clinically proven inhibitors. These ligands' structures were 

obtained from the PubChem chemical database [16,32.33,34,43]. Table 1 lists the chosen compounds along 

with the PubChem Compound Identifiers (CIDs) that correspond to them. 

 

Table 1: Ligands Selected for Comparative Molecular Docking 
Compound Name 

Safusidenib (DS-1001b) 

Olutasidenib 

Ivosidenib 

Withaferin A 

Cannabidiol (CBD) 

Curcumin 

Quercetin 
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B. Structural Validation and Physicochemical Characterization 

Rigorous structural quality assessment was performed on the PDB: 8VHB model to confirm its 

application in high-precision SBDD research. Ramachandran plot (BioPython) was used to check the 

stereoisomeric quality of the protein backbone. Complementary global quality assessment was performed with 

ERRAT server, which is based of non-bonded atom-atom contacts statistics. The overall quality factor of the 

8VHB structure is 97.94%, significantly above the 95% confidence limit, which indicates its high quality and 

ability for providing as a fine-grained computational system [32,33,36,39].Local structural integrity/flexibility 

were shown through visualization of B-factor (temperature factor) using PyMOL molecular graphics system. 

Higher B-factors were predominantly observed at areas enriched of Leucine (LEU) and Lysine (LYS). These 

flexible regions, for instance LYS89 and LYS217, are structurally relevant to the allosteric site; therefore 

efficient inhibitors should stabilize this intrinsic dynamic disorder in order to promote effective inhibition. The 

PyMOL analysis also confirmed that the minor regions of error identified by the ERRAT plot (near residues 

∼180 and ∼270) were structurally distant from the critical allosteric binding pocket [29, 30,43,44,45]. 

 

C. BioPython-Driven Structural Analysis Pipeline 

A custom pipeline was created utilizing the Python programming language and the Biopython library 

to automate the extensive analysis of the IDH1-R132Q structure. This method went beyond straightforward 

visualization to quantitative physicochemical profiling, enabling high-throughput processing and in-depth 

characterization of the protein's sequence and structure: 

• Sequence Similarity Search (BLAST): The Biopython framework's Basic Local Alignment Search Tool 

(BLAST) was used to carry out the initial sequence validation and homology identification [29, 30]. 

• Amino Acid Distribution and Composition: To verify the protein's tetrameric assembly and biochemical 

makeup, the percentage distribution of each amino acid was computed using ProtParam [29, 30]. 

• Residue Mass Distribution: To shed light on possible high-mass areas or domains, distribution charts 

showing the molecular weight of individual residues throughout the protein chain were created [29, 30]. 

• 3D Alpha Carbon Scatter Plots: To see the overall tertiary and quaternary structure of the IDH1-R132Q 

tetramer in Cartesian space, three-dimensional coordinates of the alpha carbon (Cα) atoms were taken and 

plotted [29, 30]. 

• Hydrophobicity Distribution: For the purpose of mapping surface exposure and interaction potential within 

the dimer interface, localized hydrophobicity and hydrophilicity profiles were computed along the protein 

sequence [29, 30]. 

• Atom Type Frequency: To establish a baseline for examining chemical interactions (such as hydrogen 

bonding potential) in the final protein-ligand complexes, the frequency of various atom types (such as C, N, 

O, and S) was measured throughout the protein structure [29, 30]. 

 

D. Molecular Docking 

The IDH1-R132Q tetramer (PDB: 8VHB) was thoroughly searched for putative drug-binding sites (C1 

to C5). The C1 cavity, which is positioned strategically at the dimer interface, was given priority in the pocket 

analysis based on two crucial factors: the largest cavity volume and the highest negative predicted binding 

affinity. The site's status as the canonical allosteric regulatory interface is confirmed by this large pocket. 

CBDock, a physics-based method that creates binding poses and scores the binding free energy (ΔG) 

in kcal/mol, was used to run molecular docking simulations. Higher predicted binding affinity and stability are 

directly correlated with a lower Vina score. The lowest energy pose for each ligand was chosen for further 

interaction analysis after each ligand was docked against the fixed IDH1-R132Q receptor structure (PDB: 

8VHB) [31]. 

 

III. Result And Discussion 
Structure Validation 

The ERRAT plot, which evaluates the statistics of non-bonded atom-atom interactions, was used to 

confirm the overall quality of the protein model. The structure's exceptional overall quality factor of 97.949% 

attests to its appropriateness for use in pharmaceutical and medical applications, especially SBDD. Although the 

model quality is generally high, minor deviations, represented by tiny yellow peaks, were found close to residue 

windows ∼180 and ∼270, according to an examination of the per-residue quality plot (ERRAT). Because of 

their structural separation from the ideal binding site (C1), these moderate error regions guarantee that the 

integrity of the target pocket is maintained. A moderately good model quality was also indicated by the per-

residue quality assessment for Chain A, which revealed that 80% of the residues matched the expected 

environment for a high-quality model, with the majority of average scores (blue line) clustering around 0.0 to 

+0.5. 
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Figure 1: Structure validation of protein model through ERRAT 

 

This structure model evaluation demonstrates a high-quality protein structure with a small area of 

error, making it appropriate for use in pharmaceutical and medical applications, particularly in structure-based 

drug design, docking studies, protein engineering, and target validation. 

 

 
Figure 2: Represent a per -residue quality Assessment for 8VHB. (PDB Chain A in protein structure 

model 80% High Quality model (Pass) good model quality residue match expected environment) 

 

Several individual residues with a quality score of -1.0 were shown by the raw scores (shown by green 

dots), which specifically indicated localized structural instability and cases where the residue environment 

deviates significantly from expected norms in high-quality protein models. The occurrence of these low raw 

scores reveals small, highly localized regions of diminished local stability within Chain A of the IDH1-R132Q 

structure, even though the overall averaged score minimizes these fluctuations. 
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Figure 3: Ramachandran plot generated through Biopython 

 

The Ramachandran Plot analysis, which maps the phi (ϕ) and psi (ψ) dihedral angles of all non-proline 

and non-glycine residues to evaluate the quality of the protein backbone, was used to map the IDH1-R132Q 

structure stereochemically. The remarkable geometric quality of the model was validated by quantitative 

evaluation using PROCHECK, which showed that 91.4% (1329 residues) were found in the most preferred 

areas. The additionally permitted regions contained an additional 8.1% (118 residues), while the generously 

allowed regions contained 0.9% (13 residues). Importantly, 0.0% (0 residues), a crucial sign of a dependable 

structure appropriate for drug design applications, was discovered in the prohibited areas. High stereochemical 

stability and accurate backbone conformation of the PDB: 8VHB structure are confirmed by the visual 

representation of the Ramachandran Plot (Figure 3), which shows that most dihedral angles cluster tightly 

within the expected α-helical and β-sheet regions. 

 

 
Figure 4: B-factor Analysis and representing Disordered region (LYS, LEU) through PyMol 

 

The localized dynamics of the protein were revealed by analyzing the crystallographic B-factors 

(temperature factors), which were displayed using PyMOL. The distribution of the B-factors' frequency 

histogram was centered below 40, but the structure's visualization revealed certain areas with higher flexibility 

and conformational disorder, particularly those connected to the residues of leucine (LEU) and lysine (LYS). 

Regions involved in dimer interface movement are consistent with this observation, which associates high 

flexibility with LYS and LEU. One important design criterion is the stabilization of these dynamic regions by a 

strong inhibitor, as this flexibility frequently correlates with tumor aggressiveness in gliomas. 
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Figure 5:  Average B-factor per residue through BioPython 

 

Nonetheless, notable regional differences in flexibility were shown by the per-residue B-factor plot. 

High peaks were seen throughout the polypeptide chain, particularly toward the C-terminus (e.g., residues near 

400), even though the majority of the structure maintained low B-factors. Some average B-factor values were 

even closer to or higher than 90. These regions with high B factors are associated with intrinsic dynamic 

movement or substantial conformational disorder. 

 

 
Figure 6:   Histogram of B-factor through BioPython 

 

This enhanced flexibility was mainly linked to leucine (LEU) and lysine (LYS) residues, including 

those that are essential for the allosteric dimer interface, like LYS89 and LYS217, according to PyMOL 

visualization. Since effective inhibitors need to form robust interactions that can stabilize or "arrest" this 

intrinsic motion in order to lock the enzyme into an inactive state, the structural flexibility in the dimer interface 

is consistent with the protein's allosteric function. Thus, a crucial design criterion for directing strong inhibitors 

against R132Q-driven gliomas is the identification of these extremely adaptable LYS/LEU-rich regions. 

 

Protein Analysis 

An in-depth physicochemical characterization of the IDH1-R132Q structure was carried out using the 

Biopython structural pipeline. This included establishing the hydrophobicity distribution and atom type 

frequency, calculating the amino acid percentage and residue mass distribution, performing a Basic Local 

Alignment Search Tool (BLAST) for sequence similarity, and plotting the 3D scatter coordinates of the alpha 

carbons. These analyses validated the structural integrity used for the subsequent docking studies by confirming 

the tetramer's overall fold and quaternary structure, especially the visualization of the alpha carbon backbone. 
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Figure 7:   Chain identification (8VHB) [chain A (yellow), chain B (BLUE), CHAIN C (GREEN), Chain 

D (red)] 

 

The IDH1-R132Q enzyme complex is an assembly of homotetramers. This quaternary structure is 

confirmed by the protein's visualization, which shows the four different chains and how they interact at the 

dimer interface. The chains were colored in accordance with the convention for thorough mapping: Chain A 

(yellow), Chain B (blue), Chain C (green), and Chain D (red). The functional tetramer is essentially formed by 

the interaction of two dimer pairs (A-B and C-D). 

Crucially, the deep gorge created at this dimer-dimer interface, which spans several subunits, contains 

the allosteric binding pockets, including the optimal sites that have been found. These binding regions are 

evidently grouped at the points of contact between the chains in Figure 7, which shows the active sites with 

bound ligands (yellow dots). Essential polar contacts (the hydrogen-bonding network, here represented as H-H 

interactions) and hydrophobic interactions define these pockets and control the enzyme's cooperative transition 

between its active and inactive conformations. It is crucial to target this allosteric interface because inhibitor 

binding there stabilizes the enzyme in its inactive state by mechanically preventing the conformational shifts 

required for neomorphic catalysis. 

An in-depth physicochemical characterization of the IDH1-R132Q structure was carried out using the 

Biopython structural pipeline. This included establishing the hydrophobicity distribution and atom type 

frequency, calculating the amino acid percentage and residue mass distribution, performing a Basic Local 

Alignment Search Tool (BLAST) for sequence similarity, and plotting the 3D scatter coordinates of the alpha 

carbons. These analyses validated the structural integrity used for the subsequent docking studies by confirming 

the tetramer's overall fold and quaternary structure, especially the visualization of the alpha carbon backbone. 

 

 
Figure 8: Amino Acid composition for chain A and chain B of 8VHB 

 

The predicted high degree of sequence homology between the subunits of the IDH1 homotetramer is 

confirmed by the extremely similar percentage distributions across all 20 standard amino acids in the Amino 

Acid Composition plots for Chain A and Chain B. Notably, both chains exhibit a high frequency of charged and 

hydrophilic residues, particularly lysine (K), along with other notable residues like glutamic acid (E) and 

alanine (A). Lysine's high concentration is especially significant because it is consistent with the B-factor 

analysis, which shows that these residues support the flexible dynamics of the allosteric binding interface and 

are therefore important targets for strong inhibitors to rigidly stabilize. 
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Figure 9: 3D Scatter plot of Alpha Carbons 

 

The overall quaternary arrangement of the IDH1-R132Q enzyme is visually confirmed by the 3D 

Scatter Plot of Alpha Carbons. The protein complex used in the subsequent docking simulations is shown to 

have a stable folding pattern and structural integrity thanks to the plotting of the Cα atoms, which displays a 

compact, well-defined ellipsoidal structure typical of a globular  protein tetramer. 

 

 
Figure10: Hydrophobicity Distribution of 8VHB 

 

Over the whole sequence length (residue index), the Hydrophobicity Distribution profile (Kyte-

Doolittle scale) exhibits frequent, sharp oscillations above (hydrophobic) and below (hydrophilic) the neutral 

axis (score=0). This significant fluctuation is characteristic of soluble, globular proteins such as IDH1, which 

exhibit a stable core made up of hydrophobic residues that alternate with hydrophilic segments on the protein 

surface. The allosteric pocket, which must hold both non-polar components of drug scaffolds (hydrophobic) and 

crucial polar contacts (hydrophilic, such as GLU80 and ARG140), is directly related to this hydrophilic/ 

hydrophobic mosaic. 

 

 
Figure 11: Atom Type Frequency 
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The baseline elemental composition of the protein is provided by the Atom Type Frequency analysis. 

The most prevalent element is carbon (C) atoms (more than 8,000 counts), which are followed by oxygen (O) 

and nitrogen (N), which are found at about the same high frequencies (between 2,200 and 2,500 counts). As 

might be expected, sulfur (S) atoms are the least common. While confirming the protein's primarily organic, 

carbon-based makeup, this distribution also quantifies the substantial presence of polar atoms (N and O), which 

are critical for mediating high-affinity interactions with polar ligand moieties and for forming hydrogen bonds 

within the protein structure. 

 

 
Figure 12: Residue Mass Distribution 

 

The approximate molecular weight of each individual amino acid residue along the IDH1 polypeptide 

chain is depicted in the Residue Mass Distribution plot; values mainly fall between 80 and 200 Da. This 

distribution provides the structural stability required for a feasible crystal structure and gives confidence to the 

subsequent computational modeling procedures by confirming a varied but structurally consistent sequence with 

minimal residue mass deviations. 

 

 
Figure 13: Top 10 BLAST Hits for chain A 

 

The IDH1-R132Q structure's sequence homology to known protein entries was validated by the 

Network Graph of BLAST Hits for Chain A. Multiple PDB entries (e.g., 3MAS, 5SUN, 8VH9, 4I3K) and 

global reference sequence identifiers (NP_001269315.1, gb|AAH93020.1) were connected to the central node, 

which represented the query sequence (unnamed protein product, PDB: 8VHB). The structural identity of the 

IDH1 enzyme and its conservation across homologous structures are confirmed by these connections, which 

usually show a sequence identity above 30%. This is a fundamental prerequisite for structure-based research. 

 

 
Figure 14: Top 10 BLAST Hits for chain B 
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A nearly identical pattern of sequence hits was also seen in the Network Graph of BLAST Hits for 

Chain B. The fact that Chains A and B have the same primary structure and high sequence conservation across 

the alignment threshold is confirmed explicitly by this result. There is confidence in using this particular crystal 

structure (8VHB) as a basis for molecular docking against the identified allosteric pocket because of the 

consistent network of hits, which includes homologous IDH1 structures, supporting the conclusion that the core 

enzyme structure is conserved and correctly classified. 

 

Molecular Docking 

 
Figure 15:  Showing molecular docking interaction for Pocket C1 with Score -9.9 with Safusidenib 

 

Table 2: Docking Score for Pocket C1 with Safusidenib 
CurPocket ID Vina Score Cavity Volume (Å³) Center (x, y, z) Docking size (x, y, z) 

C1 -9.9 9201 18, -10, -15 35, 35, 35 

C5 -8.8 809 1, -12, -12 23, 23, 23 

C4 -8.6 941 25, -8, 20 23, 23, 23 

C3 -8.5 1937 -4, -27, 9 23, 23, 31 

C2 -8.3 2992 40, -14, -40 23, 23, 23 

 

Contact Residue: Chain A: GLU80 VAL83 LEU88 LYS89 GLN90 MET91 LYS93 TYR139 ARG140 

ALA141 THR142 ASP143 PHE144 VAL145 VAL146 PRO147 

Chain B: TYR156 PRO158 THR162 GLN163 VAL165 TYR167 ILE215 LYS217 LYS218 

Chain C: THR142 ASP143 PHE144 VAL145 VAL146 PRO147 GLY176; Chain D: TYR156 PRO158 

ASP160 THR162 GLN163 LYS164 VAL165 TYR167 ASP186 LYS217 LYS218 ARG222 

 

 
Figure 16:  Showing molecular docking interaction for Pocket C1 with Score -7.8 with Cannabidiol 

 

Table 3: Docking Score for Pocket C1 with Cannabidiol 
CurPocket ID Vina Score Cavity Volume (Å³) Center (x, y, z) Docking size (x, y, z) 

C1 -7.8 9201 18, -10, -15 35, 35, 35 

C2 -7.2 2992 40, -14, -40 21, 21, 21 

C5 -6.5 809 1, -12, -12 21, 21, 21 

C3 -6.4 1937 -4, -27, 9 21, 21, 21 
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C4 -6.2 941 25, -8, 20 21, 21, 21 

 

Chain A: GLN90 MET91 LYS93 GLN138 TYR139 ARG140 ALA141 THR142 ASP143 PHE144 VAL145 

PRO147; 

Chain B: TYR156 PRO158 ASP160 THR162 GLN163 VAL165 TYR167 THR214 ILE215 LYS217 

LYS218; 

Chain C: GLN90 MET91 ALA141 THR142 ASP143 PHE144 VAL145 PRO147; Chain D: TYR156 

PRO158 ASP160 THR162 GLN163 VAL165 TYR167 LYS217 LYS218 

 

 
Figure 17:  Showing molecular docking interaction for Pocket C1 with Score -9.2 with Olutasidenib 

 

Table 4: Docking Score for Pocket C1 with Olutasidenib 
CurPocket ID Vina Score Cavity Volume (Å³) Center (x, y, z) Docking size (x, y, z) 

C1 -9.2 9201 18, -10, -15 35, 35, 35 

C5 -8.3 809 1, -12, -12 23, 23, 23 

C4 -8.1 941 25, -8, 20 23, 23, 23 

C2 -8.0 2992 40, -14, -40 23, 23, 23 

C3 -7.6 1937 -4, -27, 9 23, 23, 31 

 

Chain A: GLN90 MET91 LYS93 SER94 GLN138 TYR139 ARG140 ALA141 THR142 ASP143 PHE144 

VAL145 VAL146 PRO147; 

Chain B: TYR156 PRO158 GLN163 VAL165 TYR167 THR214 ILE215 LYS217 LYS218; 

Chain C: THR142 ASP143 PHE144 VAL145 VAL146 PRO147; 

Chain D: TYR156 PRO158 ASP160 THR162 GLN163 VAL165 TYR167 LYS218 

 

 
Figure 18:  Showing molecular docking interaction for Pocket C1 with Score -7.9 with Curcumin 

 

Table 5: Docking Score for Pocket C1 with Curcumin 
CurPocket ID Vina Score Cavity Volume (Å³) Center (x, y, z) Docking Size (x, y, z) 

C1 -7.9 9201 18, -10, -15 35, 35, 35 

C3 -7.2 1937 -4, -27, 9 26, 26, 26 

C5 -7.2 809 1, -12, -12 26, 26, 26 

C2 -7.1 2992 40, -14, -40 26, 26, 26 

C4 -7.1 941 25, -8, 20 26, 26, 26 
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Chain A: GLN90 MET91 LYS93 GLN138 TYR139 ARG140 ALA141 THR142 ASP143 PHE144 VAL145 

PRO147: 

Chain B: TYR156 PRO158 THR162 GLN163 LYS164 VAL165 TYR167 THR214 ILE215 LEU216 

LYS217 LYS218; 

Chain C: GLN90 MET91 ARG140 ALA141 THR142 ASP143 PHE144 VAL145 VAL146 PRO147; 

Chain D: TYR156 PRO158 ASP160 THR162 GLN163 LYS164 VAL165 TYR167 ILE215 LYS217 

LYS218 

 

 
Figure 19:  Showing molecular docking interaction for Pocket C1 with Score -10.2 with Withaferin A 

 

Table 6: Docking Score for Pocket C1 with Withaferin A 
CurPocket ID Vina Score Cavity Volume (Å³) Center (x, y, z) Docking Size (x, y, z) 

C1 -10.2 9201 18, -10, -15 35, 35, 35 

C4 -9.6 941 25, -8, 20 24, 24, 24 

C2 -9.2 2992 40, -14, -40 24, 24, 24 

C3 -8.9 1937 -4, -27, 9 24, 24, 31 

C5 -8.5 809 1, -12, -12 24, 24, 24 

 

Chain A: GLN90 MET91 LYS93 GLN138 TYR139 ARG140 ALA141 THR142 ASP143 PHE144 VAL145 

PRO147; 

Chain B: TYR156 PRO158 ASP160 THR162 GLN163 LYS164 VAL165 TYR167 THR214 ILE215 

LEU216 LYS217 LYS218; 

Chain C: GLN90 MET91 ALA141 THR142 ASP143 PHE144 VAL145 VAL146 PRO147; 

Chain D: TYR156 PRO158 ASP160 THR162 GLN163 VAL165 TYR167 THR214 ILE215 LYS217 

LYS218 

 

 
Figure 20:  Showing molecular docking interaction for Pocket C1 with Score -8.2 with Quercetin 
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Table 7: Docking Score for Pocket C1 with Quercetin 
CurPocket ID Vina Score Cavity Volume (Å³) Center (x, y, z) Docking Size (x, y, z) 

C1 -8.2 9201 18, -10, -15 35, 35, 35 

C2 -8.2 2992 40, -14, -40 21, 21, 21 

C3 -7.7 1937 -4, -27, 9 21, 21, 31 

C4 -7.5 941 25, -8, 20 21, 21, 21 

C5 -7.5 809 1, -12, -12 21, 21, 21 

 

Chain A: GLN90 ALA141 THR142 ASP143 PHE144 VAL145 VAL146 PRO147; 

Chain B: TYR156 PRO158 ASP160 THR162 GLN163 LYS164 VAL165 TYR167; 

Chain C: GLN90 MET91 TRP92 LYS93 SER94 GLN138 TYR139 ARG140 ALA141 THR142 ASP143 

PHE144 VAL145 VAL146 PRO147 GLY148 GLY175 GLY176 GLY177; 

Chain D: TYR156 PRO158 THR162 GLN163 VAL165 TYR167 LEU168 ASP186 GLU190 THR214 

ILE215 LYS217 LYS218 ARG222 ILE226 GLU229 

 

 
Figure 21:  Showing molecular docking interaction for Pocket C1 with Score -9.3 with Ivosidenib 

 

Table 8: Docking Score for Pocket C1 with Ivosidenib 
CurPocket ID Vina Score Cavity Volume (Å³) Center (x, y, z) Docking Size (x, y, z) 

C1 -9.3 9201 18, -10, -15 35, 35, 35 

C2 -9.2 2992 40, -14, -40 23, 23, 23 

C5 -8.8 809 1, -12, -12 23, 23, 23 

C4 -8.5 941 25, -8, 20 23, 23, 23 

C3 -8.0 1937 -4, -27, 9 23, 23, 31 

 

Using CBDock, the molecular docking analysis was carried out across several binding pockets found 

in the target protein. To investigate how pocket geometry and search space affect binding affinity, seven sets of 

docking simulations were run with different docking grid sizes. The most advantageous binding region was 

found by comparing the binding energies (Vina scores) that were produced from characterizing each pocket 

according to its distinct coordinates, cavity volume, and docking box dimensions.CurPocket ID C1 continuously 

showed the lowest (most negative) binding energies in every simulation, suggesting that it has a great chance of 

serving as the main active site. C1's cavity volume remained constant at 9201 Å³, and its center coordinates 

were at (18, -10, -15). Its binding energy varied between -7.8 and -10.2 kcal/mol. In various trials, the docking 

grid size for this pocket ranged from 35 × 35 × 35 to smaller cubic boxes. According to this consistency, pocket 

C1 offers a very large and easily accessible cavity that promotes ligand accommodation and ideal binding 

configurations. C1 is further highlighted as the most likely active binding region for the tested ligand due to its 

large pocket size and favorable energy. 

With coordinates at (40, -14, -40) and a consistent cavity volume of 2992 Å³, the second-highest 

scoring pocket, C2, displayed Vina scores ranging from –7.1 to –9.2 kcal/mol. C2 ranked second in almost all 

trials and demonstrated strong binding affinities across various configurations despite having a moderate cavity 

size. The performance of the pocket shows that, despite being smaller than C1, its orientation and shape help to 

create advantageous ligand interactions. Nonetheless, the marginally higher (less negative) scores in contrast to 

C1 imply fewer stabilizing interactions or steric constraints influencing ligand fitting. 

CurPocket C3, which has a cavity volume of 1937 Å³ and is situated at (–4, –27, 9) consistently 

produced moderate binding energies between –6.4 and –8.9 kcal/mol. This pattern implies that although the 
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pocket can support ligand binding, the strength of the interaction is not as strong as it is for C1 and C2. The 

dimensions of the docking box, which range from 21 × 21 × 21 to 31 Å in one axis, suggest that the 

conformational sampling may have been constrained by a smaller search space, resulting in comparatively 

higher energy values. The decreased binding affinity suggests that C3 might not be the primary active site but 

rather a secondary or allosteric binding pocket. 

Likewise, CurPocket C4, which had a cavity volume of 941 Å³ and was centered at (25, -8, 20), 

displayed binding energies ranging from –6.2 to –9.6 kcal/mol. C4's much smaller cavity volume indicates 

limited spatial accommodation for larger ligands, despite the fact that it occasionally showed competitive 

scores, especially in smaller grid configurations. 

With coordinates of (1, -12, -12) and a small cavity volume of 809 Å³, CurPocket C5 showed the least 

favorable docking scores, ranging from -6.5 to -8.8 kcal/mol. Its comparatively constant energy pattern 

throughout trials, however, suggests weak but consistent binding. In contrast to the more accessible and open 

C1 site, the small pocket space may prevent the best possible ligand orientation, decreasing hydrogen bonds and 

van der Waals interactions. C1 is consistently identified as the dominant and most energetically favorable 

binding site in the comparative analysis of all seven docking experiments. Strong molecular recognition and 

ligand accommodation are indicated by its large cavity volume and strong affinity scores. The binding affinity's 

downward trend from C1 to C5 emphasizes how crucial cavity volume and spatial accessibility are in affecting 

docking results. C3, C4, and C5 showed noticeably weaker interactions, but C2 occasionally came close to C1 

in terms of affinity. In summary, C1 is the most promising candidate for additional binding validation, 

molecular dynamics simulation, and pharmacophore analysis out of all the binding pockets that were examined. 

Its function as the principal binding region is strongly supported by the convergence of low binding energies 

and a sizable accessible cavity. For further optimization and the creation of strong ligands that target the 

protein's most advantageous active site, this observation offers a structural basis. 

 

IV. Conclusion 
Using a multifaceted computational pipeline and the high-resolution IDH1-R132Q crystal structure 

(PDB: 8VHB), this Structure-Based Drug Design study was able to find a powerful and structurally distinct lead 

compound for the treatment of IDH1-mutant glioblastoma. With a remarkably favorable predicted binding 

affinity (−10.2 kcal/mol), the natural product Withaferin A was found to be the superior candidate by molecular 

docking against the critical allosteric site. This score not only confirms the complex steroidal lactone scaffold's 

fitness but also greatly outperforms the optimized clinical benchmarks, such as the approved medication 

Olutasidenib (−9.2 kcal/mol) and the brain-penetrant inhibitor Safusidenib (−9.9 kcal/mol). The broad contact 

profile of Withaferin A across important regulatory residues (GLN90, TYR139, and ARG140) is the source of 

the high affinity and suggests strong stabilization of the inactive enzyme conformation. According to this study, 

Withaferin A presents a viable means of avoiding possible drug resistance mechanisms linked to existing 

heterocyclic inhibitors because of its unique structure. More importantly, it has demonstrated anti-glioma 

activity in targeting ER stress/apoptosis and NF-κB, two key oncogenic pathways, suggesting that it may be a 

dual-action therapeutic agent. 
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