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Harnessing Natural Compounds for Effective Inhibition of 

HK2 and GLS1 in Rheumatoid Arthritis: A Structure-Based 

Virtual Screening Approach 

Yousef M. Alshehre 

 

ackground: Rheumatoid arthritis (RA) is a persistent, inflammatory autoimmune disease that mostly 

affects joints. Advanced RA may cause irreversible bone damage, limiting joint mobility. RA patients are 

at higher risk of secondary complications like myocardial infarctions, strokes, pulmonary dysfunction, 

neurological abnormalities, and depression. Physical therapy is a common arthritis treatment that can reduce 

symptoms when combined with medications. In RA, metabolic reprogramming is frequently characterized by 

increased glycolysis and glutaminolysis, which coincide with increased expression of key enzymes, namely 

hexokinase 2 (HK2) and glutaminase 1 (GLS1).  

Methods: Here in this study, 2706 phytochemicals from the Biopurify Phytochemicals subsets of the ZINC 

database were computationally screened against the active sites of HK2 and GLS1 proteins using Autodock 

vina. The docking poses and interaction analysis were examined using the Discovery Studio visualizer. 

Results: The compounds ZINC8234294, ZINC49888756, ZINC95627883, ZINC4096846, ZINC4098366 and 

ZINC49823084 interacted strongly with the majority of the active site residues of both HK2 and GLS1 proteins. 

The interactions of these compounds with HK2 and GLS1 were found to be facilitated by various aspects of the 

interactions, including the Ligand SASA, the total number of favorable and unfavorable interactions, the 

charge, and the number of hydrophobic and hydrogen bonds formed during the interaction. 

Conclusion: Targeting HK2 and GLS1, these compounds could serve as potential drug candidates for metabolic 

reprogramming in RA. Given that the current study is based on in silico analysis, experimental validation is 

necessary. 
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Introduction 

Rheumatoid arthritis (RA) is a persistent autoimmune 

disease that causes joint stiffness, tenderness, swelling, 

eventually leading to bone erosion, joint deformities, 

and physical impairments [1-4]. The global prevalence 

of RA is around 1%, with a predilection for middle-aged 

women [5]. Physical therapy is a common arthritis 

intervention that, when combined with other modalities 

such as pharmaceuticals, can significantly improve 

arthritic symptoms. Nonsteroidal anti-inflammatory 

drugs, corticosteroids, disease-modifying antirheumatic 

drugs, and glucocorticoids are the mainstays of RA 

treatment. Nonetheless, these pharmaceuticals are 

primarily capable of slowing the progression of RA and 

may also increase susceptibility to infections. Prolonged 

use of these pharmaceuticals can lead to drug 

dependency as well as a slew of side effects such as 

gastrointestinal irritation, dermatological rashes, 

hepatic toxicity, and alopecia [6,7]. 

Metabolic reprogramming (MR) is a complicated 

biological response that is intricately controlled by 

increased enzyme expression. It is the basic mechanism 

that drives both physiological and pathological changes 

in the RA synovium. RA synovial fibroblasts (RASFs) in 

particular play a critical role in orchestrating the 

degenerative processes affecting bone and cartilage in 

RA. The transformation of RASFs from dormant to 

metabolically aggressive fibroblasts like synoviocytes 

(FLS) needs a significant rise in biosynthetic demands. 

This metabolic shift coincides with changes in cellular 

metabolism and the bioenergetic network, allowing for 

rapid cell proliferation and fueling enhanced migratory 

and invasive capacities, as well as increased pro-

inflammatory mediator synthesis within the RA joint 

[8,9]. Proliferating cells within this context undergo a 

transition from reliance on oxidative phosphorylation to 

a preference for aerobic glycolysis and glutaminolysis. 

This metabolic adaptation increases the breakdown of 

glucose and glutamine as energy sources dramatically 

[10,11]. The increased glycolysis levels provide the cells 

with the means to meet their increased energy 

requirements. Further, glutaminolysis offers the crucial 

biosynthetic building blocks required to sustain the 

increased metabolic demands. These metabolic 

enhancements are accompanied by elevated expressions 

of key enzymes, namely hexokinase 2 (HK2) and 

glutaminase 1 (GLS1) in the RA. HK2 is expressed at a 

high, yet modulable, level in adipose, skeletal, and 

cardiac tissues. In the K/BxN arthritis model, 

suppression of HK2 improved inflammatory responses 

and reduced the extent of cartilage deterioration [12]. 

The goal of this study was to find new natural compound 

inhibitors of HK2 and GLS1 using in silico tools, with the 

goal of addressing the MR underlying RA. 

Methods 

Protein preparation 

The 3-dimensional (3D) structures of HK2 (PDB ID: 

5HEX) and GLS1 (PDB ID: 3VP1) were obtained from the 

Protein Databank [13]. To ensure the integrity and 

unobstructed nature of the protein structures used in 

molecular docking simulations, the HK2 and GLS1 

protein structures underwent preprocessing using 

Discovery Studio (DS) 2021 software. This preprocessing 

involved the elimination of native ligands (Q27456136 

for HK2 and BPTES for GLS1) and water molecules from 

the structures. The monomeric proteins were subjected 

to minimization and subsequently converted into the. 

pdbqt format in order to facilitate subsequent docking 

analysis. 

Natural compound library retrieval and preparation 

The Biopurify Phytochemicals subsets were obtained in 

the .sdf file format from the ZINC database. In the DS 

2021 software, the 'Prepare Ligands module' was used to 

prepare a dataset of 2706 phytochemicals for 

subsequent docking analysis. This preparation involved 

performing energy minimization and applying a force 

field to ensure the suitability of the ligands for the 

docking analysis. 

Molecular docking-based virtual screening 

Virtual screening (VS) contributes to the expansion of 

compound databases by identifying active compounds 

and eliminating inactive ones prior to experimental 

validation. This method uses computational methods to 

analyze large datasets of three-dimensional molecule 

structures [14]. Autodock vina was used to screen the 

compound library against the enzyme active sites of HK2 

and GLS1. DS 2021 accomplished further analyses of 

compound interactions and visual inspections, focusing 

on complexes with lower binding energy values to 

determine the most thermodynamically stable 

complexes. 

Ligand interaction analysis 

Following the docking-based VS, the resulting docked 

complex was subjected to additional analysis to examine 

the interaction between the ligand and the target 

proteins (HK2 and GLS1) using the 'analyze ligand poses' 

tool in DS software. The ligands' favorable, unfavorable, 

total charge, the total number of hydrophobic, and 

hydrogen bond interactions with the active site residues 

of the target proteins were computed. 

Results 

The main objective of this study was to specifically focus 

on two key enzymes, HK2 and GLS1, which are 

associated with RA. The 3D structure of both enzymes 
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was available in the PDB database in complex with 

certain inhibitors, which helped to find the specific 

binding sites and screening of the potential ligands. In 

the search of potential natural inhibitors targeting both 

the targeted enzymes, ‘Biopurify Phytochemicals’ were 

utilized for the VS process. 

During the screening procedure, the XYZ coordinates 

of the HK2 (5HEX) were established as 85.678242, 

15.727273, and -102.007333, correspondingly. In 

addition, Q27456136 (co-crystal ligand) and a 

recognized inhibitor, Cypate-2DG, were employed as 

positive controls. Likewise, the XYZ coordinates of the 

GLS1 (3VP1) were determined to be 2.347000, -

9.268778, and -0.893333. The co-crystal ligand BPTES 

and the GLS1 inhibitor Telaglenastat were used as 

positive controls. 

During the VS process, it was observed that 34 

phytochemicals exhibited higher binding energy 

compared to the control in the HK2 case, whereas 72 

phytochemicals were identified in the GLS1 case. In the 

context of visual inspection and interaction analysis, it 

was observed that 13 compounds exhibited the best 

effectiveness and prevalence in targeting both HK2 and 

GLS1 (Table 1).  

Common hits Binding affinity (kcal/mol) 

HK2 GLS1 

ZINC8234294 -10.4 -7.8 

ZINC49888756 -10.1 -7.3 

ZINC95627883 -9.9 -7.3 

ZINC4096846 -9.9 -7.2 

ZINC4098366 -9.7 -6.8 

ZINC49823084 -9.6 -6.8 

ZINC253387844       -9.4 -6.1 

ZINC4097454      -9.2 -6.1 

ZINC79216650        -9.2 -6.1 

ZINC79216652       -9.2 -5.9 

ZINC195823779       -9.1 -5.9 

ZINC252490795     -9.1 -5.9 

ZINC252507338     -9.1 -5.9 

Q27456136*  -9.1 - 

Cypate-2DG* 9.2 - 

Telaglenastat**  - -6.1 

BPTES** - -5.9 

*Control for HK2, **Control for GLS1  

Table 1: Common hits of the HK2 and GLS1. 

In this study, six of the 13 common ligands were 

described in detail with their binding interactions with 

the receptor molecules (Table 2). The receptor-ligand 

interactions of the six determined compounds with HK2 

and GLS1 were found to facilitate various aspects of the 

interactions, such as Ligand SASA, total favorable and 

unfavorable interactions, charge, as well as the total 

number of hydrophobic and hydrogen bonds formed 

during the interaction. 

 

Interaction with HK2 

The common ligands that were found to have better 

efficacy in terms of binding energy were examined using 

2D and 3D interaction analysis, as well as an 

examination of the ligand poses during receptor-ligand 

interactions. Figure 1 depicts the binding poses of the 

control compounds for HK2 enzyme, namely Cypate-

2DG and Q27456136, which show that some of the 

residues such as ASN706, SER614, ASN683, ASP657, 

PRO513, PHE604, PHE602, THR680, ASN656, and others 

are the main binding residues in the active site of HK2. 

 
Figure 1: Binding poses of control compounds Cypate-2DG and 

Q27456136 and their 2D interaction with active site residues of 

HK2. 

The selected six ligands, namely, ZINC8234294, 

ZINC49888756, ZINC95627883, ZINC4096846, 

ZINC4098366, and ZINC49823084 and their 

superimposed interaction with active site residues and 

the positive controls Cypate-2DG and Q27456136 were 

displayed in figure 2. 

 
Figure 2: Superimposed poses of the selected six common 

compounds (yellow color) and positive controls Cypate-2DG (blue 

color) and Q27456136 (red color). 
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Figure 2 illustrates that all selected compounds and 

positive controls are located within the identical binding 

pocket of the HK2 enzyme. Further, each of the selected 

common compounds and its 2D interaction with the 

active site residues of the HK2 is displayed in figure 3. It 

is glaringly obvious that the majority of active site 

residues interact with the six compounds via hydrogen 

bonds, hydrophobic interactions, van der Waals 

interactions, and other types of interactions. 

 
Figure 3: 2D interaction of the selected top six common 

compounds with the active site residues of the target protein 

(HK2). 

Interaction with GLS1 

Using 2D and 3D interaction analysis, as well as an 

examination of the ligand poses during receptor-ligand 

interactions, six common ligands with greater binding 

energy efficiency with both receptors (HK2 and GLS1) 

were investigated. Figure 4 illustrates the binding 

conformations of the control compounds, Telaglenastat 

and BPTES, with the GLS1 enzyme. The binding poses 

reveal that specific residues, such as LEU323, ASP327, 

GLU325, TYR94, PHE322, LEU321, and ASN324, among 

others, serve as the primary binding residues within the 

active site of GLS1. 

All six of the specified compounds—

ZINC000008234294, ZINC000049888756, 

ZINC000095627883, ZINC000004096846, 

ZINC000004098366, and ZINC000049823084 as well as 

their superimposed interactions with GLS1's active site 

residues and the positive controls Telaglenastat (green 

color) and BPTES were shown in Figure 5.  

 

 

 

 

 

 

 
Figure 4: Binding poses of control compounds Telaglenastat 

(green color) and BPTES (blue color) and their 2D interaction with 

active site residues of GLS1. 

 
Figure 5: Superimposed poses of the selected six common 

compounds (pink color) and positive controls Telaglenastat 

(green color) and BPTES (blue color). 

Similar to the case of HK2, Figure 6 depicts the 2D 

interaction between the active site residues of GLS1 and 

the selected common compounds. The six compounds 

(ZINC000008234294, ZINC000049888756, 

ZINC000095627883, ZINC000004096846, 

ZINC000004098366, and ZINC000049823084) establish 

interactions with most active site residues through 

various mechanisms, including hydrogen bonding, 

hydrophobic interactions, van der Waals interactions, 

and other means. 

Compound name Ligand SASA 

Buried % 

Ligand SASA 

Complex 

Ligand SASA Favorable Total Unfavorable Total Charge Total Hydrophobic 

Total 

Hydrogen 

Bond Total 

GLS1 HK2 GLS1 HK2 GLS1 HK2 GLS1 HK2 GLS1 HK2 GLS1 HK2 GLS1 HK2 GLS1 HK2 

ZINC8234294 51.57 76.36 363.83 193.12 751.28 816.79 10 12 1 1 1 1 2 1 7 10 

ZINC49888756 43.51 78.67 426.87 164.89 755.67 773.07 5 11 3 2 0 2 1 1 4 8 

ZINC95627883 50.11 80.55 383.41 150.14 768.56 771.89 5 10 0 0 0 3 2 0 3 7 

ZINC4096846 46.27 78.44 392.09 169.67 729.73 786.93 9 8 1 1 0 2 4 0 5 6 

ZINC4098366 40.7 74.39 512.93 224.71 865 877.32 5 16 0 1 0 2 2 5 3 9 

ZINC49823084 41.38 78.92 425.13 164.97 725.27 782.43 8 9 0 0 0 2 3 2 5 5 

Table 2: Receptor-ligand interaction of top 6 compounds with HK2 and GLS1. 
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Figure 6: 2D interaction of the selected common top six 

compounds with the active site residues of the target protein 

(GLS1). 

Discussion 

RA is an inflammatory disease that causes symmetrical 

joint inflammation, discomfort, and substantial 

stiffness at rest [3]. Currently, the major goal of RA 

therapy is to reduce inflammatory reactions and relieve 

pain [15]. A synergistic approach combining physical 

therapy and pharmaceutical therapies has shown 

significant success in alleviating arthritic symptoms. 

While NSAIDs, corticosteroids, and disease-modifying 

antirheumatic drugs are the cornerstones of RA 

treatment, assistive equipment such as braces and 

splints are also used to improve overall body function 

[16]. In extreme situations, surgical procedures aimed at 

the affected joints can effectively slow disease 

development. Nonetheless, continuous use of the 

aforementioned pharmacological agents has the 

potential for side effects such as gastrointestinal 

bleeding, dyspepsia, and other NSAID-related adverse 

reactions [17]. Therefore, finding anti-RA treatments 

from natural sources becomes critical in order to avoid 

the adverse effects associated with present medications. 

With this purpose this study screened the natural 

compounds against the HK2 and GLS1 enzyme to 

address the MR underlying RA.  

Thirteen compounds were identified as having the 

highest efficacy and prevalence in simultaneously 

targeting both HK2 and GLS1. Six compounds from the 

common pool (ZINC000008234294, ZINC000049888756, 

ZINC000095627883, ZINC000004096846, 

ZINC000004098366, and ZINC000049823084) were 

examined in detail to determine their binding 

interactions with the receptor molecules (HK2 and 

GLS1). These compounds interact with both HK2 and 

GLS1 proteins, primarily at active site residues, using a 

variety of mechanisms including hydrogen bonding, 

hydrophobic interactions, van der Waals interactions, 

and other molecular affinities. 

Natural products and their derivatives have played an 

important role in the discovery of therapeutic agents 

throughout history [18]. These natural compounds are 

distinguished by their inherent ability to interact with 

biologically significant protein targets. Their 

remarkable structural diversity and biological activities 

continue to inspire the development of both small-

molecule [19] and macrocyclic drugs [20]. Natural 

products have had a significant impact on the 

pharmaceutical landscape, serving as a primary source 

of novel therapeutics in the drug development pipeline 

since the mid-1970s. Specifically, from the 1980s to the 

2010s, approximately two-thirds of pharmaceutical 

drugs were derived from unmodified natural products 

(5%), derivatives of natural products (28%), or 

compounds containing pharmacophores derived from 

natural products (35%) [21]. 

RA is a chronic, inflammatory autoimmune disease 

that primarily affects joints. In RA, MR increases 

glycolysis and glutaminolysis, as well as HK2 and GLS1 

expression. This study tested phytochemicals from the 

ZINC database against the HK2 and GLS1 proteins. The 

compounds ZINC000008234294, ZINC000049888756, 

ZINC000095627883, ZINC000004096846, 

ZINC000004098366, and ZINC000049823084 interacted 

strongly with the majority of the active site residues of 

the HK2 and GLS1 proteins. By targeting the HK2 and 

GLS1, these compounds could be potential drug 

candidates for MR in RA.  
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